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Abstract

Study purpose. To increase the running speed of soccer players, anthropometric factors need to be considered when

choosing a training model.

Materials and methods. The experimental method with a 2x3 factorial design was used in this study. Purpose
random sampling technique was used to select a sample of 60 participants from a population of 100 people. Then the
sample was divided into six groups using a stratified random sampling technique (large UHS, n = 10 participants;
moderate UHS, n = 10 participants; small UHS, n =10 participants; large SJS, n = 10 participants; moderate

SJS, n = 10 participants; small SJS, n = 10 participants). The 20-meter running speed test and anthropometric
measurements were used as data collection instruments. Data analysis uses a two-way ANOVA and normality and

homogeneity tests as prerequisites.

Results. The results of the study found that there were significant differences in the two training models with a

Sig value of 0.002 < 0.05, there were significant differences in the three anthropometric groups with a Sig value

0f 0.000 < 0.05, and there was an interaction between the training model and anthropometric characteristics in
increasing the 20-meter running speed with a Sig value of 0.001<0.05.

Conclusions. This study concluded that the SJS training model was suitable for three levels of anthropometric ratios,
while UHS was very suitable for small ones. Another conclusion was that the small anthropometric ratio had the

greatest effect on the speed of the 20-meter sprint.

Keywords: uphill sprint, side jump sprint, anthropometry, 20-meter running speed, soccer.

Introduction

Running speed in a soccer game can be an added
advantage for teams and individuals. In identifying the
talent of elite young soccer players, the ability to run fast
and sprint is very important (Murtagh et al., 2018). Running
speed can be used in match situations such as attacking,
defending, and transitions (Izquierdo et al., 2023; Owen,
2022; Power, 2020). When attacking running speed, an
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attacker is needed to penetrate with the ball or without
the ball; when defending running speed, a defender is
needed to intercept the ball; when transitioning, running
speed is needed when counterattacking or anticipating
counterattacks (Modric et al., 2023). Running speed is also
needed when playing possession ball (Gong et al., 2021;
Yi et al., 2019). Running speed is positively related to the
ability to score goals in soccer players (Faude et al., 2012;
Martinez-Hernéndez et al., 2023; Wilson et al., 2020). To
evaluate the playing level of soccer players, running speed
is one of the parameters used (Devismes et al., 2021). In
2018 Gongalves et al. (2018) findings show that the speed
and synchronization of the speed of soccer players tend
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to decrease in the second half of the match. However, the
variation of speed synchronization between matches tends
to increase. Therefore, soccer players must develop their
running ability, especially within 20 meters, to optimize their
running speed in various game situations, contributing to
team success and individual achievements (Nicholson et al.,
2022). According to the opinions of Rey et al. (2024) suggests
that short-distance running exercises can improve sprint
performance and turning speed. In addition, to evaluate
players’ physical abilities, a running speed of 20 meters is
one of the parameters used (Altmann et al., 2019).

Another factor that affects the running speed of a
soccer player is anthropometry. In the sports context,
anthropometry is used to measure and analyze players’
physical characteristics, such as height, weight, arm length,
shoulder width, and body composition (Preedy, 2012). Each
player has different anthropometric characteristics for both
men and women (Pedersen et al., 2019). Differences in
playing positions and ages of soccer players are also related
to anthropometric characteristics (Taketomi et al., 2021).
Anthropometric data can assist in determining training
needs, designing appropriate training programs, and
understanding how these physical factors can affect athlete
performance in various sports. Especially the ratio of sitting
height and standing height, plays an important role in the
running speed of soccer players (Ledo et al., 2019). This ratio
refers to the ratio between sitting height (body length when
sitting) and standing height (body length when standing
upright). The ratio of sitting height and standing height can
give an idea of the proportions of a player’s body, especially
the length of the legs relative to the overall body length.
Players with small ratios tend to have longer legs compared
to their height. Mechanical advantage will be obtained
by players who have this ratio. More speed and distance
will be obtained for players with longer leg reach (Parpa
& Michaelides, 2022). In addition, stability and balance in
the running are also influenced by anthropometric ratios.
Balanced body proportions help players maintain good
posture and balance when moving quickly. Understanding
anthropometry, especially the ratio of sitting height and
standing height, is important in selecting soccer players
and developing appropriate training programs (Rebelo
et al.,, 2013). Therefore, to increase the running speed of
soccer players, it is important to pay attention to this
anthropometric factor and use it as a guide in evaluating
and developing players (Bordonau & Villanueva, 2012).
Although running speed is an important aspect of soccer,
gap analysis shows that training and research methods that
specifically lead to an increase in sprint speed, taking into
account the anthropometric factors of soccer players, still
need to be completed (Bulqini et al., 2016). The need for
optimal running speed in soccer is very important, given the
dynamic nature of the game, and it often involves situations
where players must pass opponents quickly. However, in
many studies and exercise programs, the focus tends to be
more on other physical aspects (Clemente et al., 2023).

The implementation of speed training has found its
application across various domains. Plyometric training
and sprinting at maximum speed are commonly employed
techniques to enhance the power generation of elite soccer
players rapidly and with optimal efficiency (Loturco et al.,
2022; Weldon et al., 2021). During practical training sessions,

the emphasis is placed on cultivating muscle strength and
explosive power, prompting the muscles to rapidly contract
and shorten. In the context of soccer, this type of training
aids in the development of muscular strength and endurance,
enabling players to execute physically demanding actions.
Additionally, this exercise is frequently incorporated into
athletic training programs to enhance running speed by
exerting stress on crucial muscles like the hips and knees
(Cronin & Hansen, 2006). The training program should
be specific and verities. It can help soccer players improve
their agility that were related to overall soccer performance
(Thongnum & Phanpheng, 2022). Collaboration between
trainers, researchers, and practitioners is needed to cover
the deficiencies above. The coach must be involved in
developing research and theory to improve the quality of
training planning.

Presently, the scientific literature offers scarce evidence
regarding the relationship between anthropometric
characteristics and the effects of speed training. This
study aims to provide valuable insights into the specific
anthropometric traits that influence a player’s response to the
training regimen. Furthermore, the comparative impact of
practicing a single weekly plyometric session in conjunction
with either sided jump sprint (SJS) training or uphill sprint
training (UHS) remains relatively unexplored. This research
has the potential to contribute towards the development
of more effective training strategies and the adoption of a
more personalized approach to optimize running speed
performance within the context of soccer.

Materials and methods

Study participants

A total of 100 male soccer students aged 18 to 19 years
became the population in this study. 60 samples were
selected as samples using a purposive random sampling
technique. Of the 60 samples, 30 received UHS training, and
30 received SJS training. Furthermore, each exercise group
was divided into three groups based on the value of the
large, medium, and small anthropometric ratios. Each group
consists of 10 samples, with the group division technique
using a stratified random sampling technique.

Study organization

The method used in this study is an experimental
method with a 2x3 factorial design, where the UHS and SJS
training methods are the independent variables, the small,
medium, and large anthropometric ratios are the attribute
variables, and the 20-meter running speed is the dependent
variable. This 2x3 factorial design will allow observation of
the interaction between the training method and the ratio of
sitting height to standing height on the soccer player’s sprint
performance. After completing the pretest, the subjects
underwent separate training between UHS and SJS. Both
groups did exercises with the same frequency thrice a week
for six weeks. The sprint distance during the exercise used
by each group is 20 meters using high intensity. The UHS
sprint exercise is carried out on an uphill area with a slope
of approximately 8% (Delaney et al., 2022). SJS exercises use
a hurdle with a height of 40 cm. The exercises were carried
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out for six weeks with a frequency of three times a week. Six
weeks of training can improve physical abilities (Kumar &
Pandey, 2023).

Statistical analysis

The data collection techniques included measuring
sitting and standing height and a 20-meter sprint test to
measure sprint performance. The collected data were
analyzed using the Analysis of Variance (ANOVA) test with
a 2x3 factorial design at a significance level of a = 0.05.
Previously, a normality test (Shapiro Wilk test) was carried
out to ensure the data met the assumption of normality
and a homogeneity test of variance (Levene’s test) to ensure
homogeneity of variance between groups.

Results

This research was conducted for one month and a half,
with a total of 20 days of practice with details of one pretest,
18 treatments, and one post-test. The number of participants
is as many as 60 players. The results of calculating speed
ability are obtained as follows.

It is descriptive statistical data in this study. The results
of Table 1 above, show that the SJS training model has the
greatest increase, namely 0.399 + 0.157. The anthropometric

group with a small ratio has the largest result, namely
0.501 + 0.098.

Table 2. Shows the results of the normality test using the
Shapiro-Wilk test. Based on the output of Table II above, it is
known to have a sig value > 0.05, so it can be concluded that
the UHS Training model data and Sided Jump Sprint with
small, medium, and large anthropometric characteristics are
normally distributed.

Levene’s test determines whether each variant of the
dependent variable is the same or homogeneous. Based on
Table 3 above, it is known that the sig. Based on the respective
mean of 0.276 and 0.675 > 0.05, it can be concluded that the
variance of the data resulting from the SJS training model
and the UHS training model is homogeneous.

Based on the output results in Table 4. Then the results of
testing the hypothesis can be concluded as follows. The first
hypothesis, based on the output, is a sig value of 0.002 < 0.05,
so there is a difference in the increase in running speed of
20 m based on the 2 training models. The second hypothesis,
based on the output, is a sig value 0of 0.000 < 0.05, so there is a
difference in the increase in running speed of 20 m based on
anthropometric characteristics. The third hypothesis, based
on the output, is a Sig value of 0.001 < 0.05 so that there is an
interaction between the training model and anthropometric
characteristics in increasing the running speed of 20 m.

Table 3. Homogeneity Test

Table 1. Data Description Group A Sig Result
5 Up Hill Sprint (UHS 0.05 0.276 H
et Training Model Mean S.t g . p Hill Sprint ) omogeneous
Group Deviation Side Jump Sprint (SJS) ~ 0.05  0.675 Homogeneous
Small Sided Jump Sprint 0.4920 0.10799 10
) ) The data are presented by significant value; In the Levene’s test,
Up Hill Sprint 05100 0.09262 10 the data is homogeneous if the sig. > 0.05.
Total 0.5010  0.09835 20
Medium Sided Iump Sprint 0.4820 0.09496 10 Training Model Interaction and Anthropometric Ratios
06
Up Hill Sprint 0.2830  0.09604 10 05
Total 0.3825  0.13806 20 o4
Large Sided Jump Sprint 0.2240  0.09107 10 03
Up Hill Sprint 0.1780  0.05884 10 02
Total 02010  0.07826 20 o
0
Total Sided Jump Sprint 0.3993  0.15783 30 Small Medium Large
Up Hill Sprint 0.3237  0.16266 30 = Up Hill Sprint Sided Jump Sprint
Total 0.3615 0.16342 60
Fig. 1. Interaction Plot Diagram of training models and
The data are presented by means + SD. anthropometric ratios
Table 2. Normality Test
Training Model Group N M SD A Sig Result
Small 10 0.5100 0.09262 0.05 0.199 Normal
Up Hill Sprint (UHS) Medium 10 0.2830 0.09604 0.05 0.595 Normal
Large 10 0.1780 0.05884 0.05 0.431 Normal
Small 10 0.4920 0.10799 0.05 0.263 Normal
Sided Jump Sprint (S]JS) Medium 10 0.4820 0.09496 0.05 0.558 Normal
Large 10 0.2240 0.09107 0.05 0.390 Normal

The data are presented by means + SD and sig. value; In the Shapiro-Wilk test, the data is normally if the sig. > 0.05.
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Table 4. Anova Two Way Test

Tests of Between-Subjects Effect

Dependent Variable : Sprint 20 meter

Source Type III Sum of Squares Df Mean Square F Sig.
Corrected Model 1.123° 5 0.225 26.835 0.000
Intercept 7.841 1 7.841 936.480 0.000
Group 0.913 2 0.457 54.536 0.000
Training_Model 0.086 1 0.86 10.257 0.002
Group* Training Model 0.124 2 0.62 7.424 0.001
Error 0.452 54 0.008
Total 9.417 60
Corrected Total 1.576 59

a. R Squared = .713 (Adjusted R Squared = .686)

The data are presented by means + SD; *statistically significant difference when compared within group, mean scores at point
comparisons from baseline: * p < 0.05 and *t p < 0.01 when comparing the difference between experimental group.

Figure I. The above is useful for assessing whether there
is an interaction effect between variables. However, this
diagram cannot be used as a valid reference. However, to give
an overview of the interactions that occur. An interaction
effect is suspected if the lines do not show parallels. The
diagram above shows a misalignment of the lines, so it is
suspected that there is an interaction effect between the
training model and the anthropometric ratio

The study results should be presented in tables and
described in a logical sequence.

Discussion

The results of testing the first hypothesis indicate a
significant difference in the effect of the UHS and SJS
training models on the 20-meter sprint performance. In
this study, the group that underwent the SJS training model
showed a better increase in running speed than the group
that underwent the UHS training model. This finding can be
explained through several relevant reinforcement theories.
First, the speed-solidity principle states that to achieve
maximum speed, it is important to develop sufficient muscle
strength (Kenney et al., 2021; Kusnanik, 2011). The SJS
training model, which emphasizes developing leg muscle
strength and explosive power, conforms to this principle.
By training the muscles involved in sprinting movements,
we can increase the strength and explosive power needed
to reach maximum speed (Ramirez-Campillo et al., 2020).
Second, the specificity theory states that specific training
by the goals will give better results (Harsono, 2018; Sidik et
al., 2019; Tudor, 2019). The SJS training model is designed
to increase running speed, focusing on technique and
movements similar to the 20-meter sprint.

Previous research has shown that running and jumping
are the most frequent actions before scoring situations, and,
most importantly, sprint distance and maximal sprint count
have increased substantially in professional soccer over the
past few years (Bush et al., 2015). Therefore, this exercise
specifically prepares students for the physical and technical
demands they will face. In addition, the theory of functional
adaptation explains that the body will adapt to regular

exercise by developing the physiological systems needed
to meet the demands of the exercise (Kenney et al., 2021;
Kusnanik, 2011). The SJS training model, which involves
speed and explosive power training, will stimulate the body’s
physiological adaptations that align with the 20-meter
sprint. The stretching-shortening cycle, enhanced by the
exercise, is a major adaptation contributing to improved
athlete performance. This adaptation is due to increased
stiffness at the muscle-tendon junction and more efficient
use of the elastic component of the muscle. The muscles will
become stronger, the anaerobic energy system will improve,
and the coordination of body movements will improve. In
line with the results of a study Loturco et al. (2015) who
demonstrated that plyometric training has an important
role in influencing neuromechanical responses in high-level
soccer players. In the context of this study, neuromechanics
refers to the changes that occur in soccer players’ nervous
and muscular systems in response to plyometric training,
this includes neuromuscular adaptations, such as increased
strength, explosive power, and jumping ability, which can
improve players’ sprint and jumping performance. Finally,
the theory of anaerobic training states that training with
high intensity and focus on anaerobic training will involve
the body’s anaerobic energy system, which is important
in achieving high running speeds (Assungdo et al., 2018;
Kenney et al,, 2021). In line with this, according to
Andrzejewski et al. (Andrzejewski & Chmura, 2008) the
speed of soccer players requires high-speed maintenance
through an energy regeneration process that involves the
breakdown of phospho-creatine and free oxygen glycolysis.
Another study found that a combined plyometric and sprint
training program in soccer practice had a positive effect on
the explosive and technical actions of soccer players during
a competitive season, with significant increases in jumping
ability, sprinting, change of direction, and ball shooting
speed (Ceylan & Demirkan, 2017; Sdez De Villarreal et al.,
2015). Similar studies have also found that training with
speed affects anaerobic capacity in soccer players (Kusnanik
etal., 2019).

The results of testing the second hypothesis indicate that
the anthropometric ratio significantly affects the 20-meter
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running performance. Biomechanical theory can be used
to explain this phenomenon. According to biomechanical
theory, stride length while running is directly related to
running speed (Huston, 2013; Knudson, 2007; Sudarmada
& Wijaya, 2015). The principle of balance influences the
anthropometric ratio of sitting height and standing height.
The difference in the sitting and standing height ratio
will affect the center of gravity and coordination of body
movements. Someone with a small ratio of sitting height
to standing height tends to have longer limbs, affecting the
center of gravity and body stability when jumping in exercise.
The balance will be maintained when a person has the
correct movement and distribution of body mass to provide
a mechanical advantage (Huston, 2013; Knudson, 2007;
Sudarmada & Wijaya, 2015). In addition, anthropometric
theory can also be applied in this context. The ratio of
sitting height and standing height reflects the proportions
of a persons body (Preedy, 2012). Someone with a small
ratio of sitting height to standing height tends to have more
ideal body proportions to achieve high running speed. The
longer body proportions in the limbs provide an advantage
in producing longer, more efficient strides while running.

It should be noted that although the ratio of sitting to
standing height has a significant effect, other factors can
also play a role in 20-meter running performance. General
fitness, upper body muscle strength, running technique, and
genetic factors also affect sprint performance (Campa et al.,
2019). Therefore, in training and developing running speed,
it is necessary to consider these factors holistically.

The results of testing the third hypothesis showed a
significant difference in the effect of training models and the
ratio of sitting height to standing height on the performance
of the 20-meter sprint. Interesting things were found in this
study, although previous explanations concluded that the SJS
model has advantages over the UHS. However, if it is related
to anthropometric characteristics, UHS has a significant
impact when applied to players with anthropometric
characteristics with a height ratio, this can be explained by
functional adaptation theory and specific fitness theory.
Functional adaptation theory explains that the human body
has the ability to adapt to certain training stimuli (Kenney
et al., 2021; Kusnanik, 2011). The UHS training model,
which emphasizes leg muscle strength and anaerobic speed
endurance, provides an appropriate stimulus for students
with a small ratio of sitting height to standing height. Their
body proportions that allow for longer and more efficient
strides provide a mechanical advantage in increasing running
speed. However, the case is different if UHS is applied to
anthropometric characteristics with medium and high
ratios. Training will not be efficient because players need
help maintaining balance when running on uphill terrain.
If forced, it will have an impact on joint injuries and others.

On the other hand, the SJS model conforms to all
anthropometric characteristics. The SJS training model,
which focuses on developing leg muscle strength and
explosive power, provides a more effective stimulus for
students with these body proportions. With straight terrain,
players will have no trouble doing this exercise. In line with
research which states that plyometric exercises are suitable
for use on flat surfaces or grass (Marzouki et al., 2022; Pereira
et al., 2023). Thus, they can achieve a significant increase
in running speed. In addition, anthropometric theory can

also provide a deeper understanding. The ratio of sitting
height to standing height reflects the length ratio between
the upper and lower parts of the body (Preedy, 2012). In line
with research conducted by Bongiovanni et al. (2021) who
found that anthropometric features of the upper and lower
body were significantly related to sprint performance and
aerobic fitness in young elite soccer players.

Conclusions

The SJS training model has advantages in increasing
the running speed by 20 meters. However, if we look at the
anthropometric characteristics, UHS training is highly rec-
ommended for players with a small ratio of anthropometric
characteristics. Through developing muscle strength, spe-
cific exercises, functional adaptations, biomechanical prin-
ciples, and anaerobic exercises, students can significantly
increase their 20-meter sprint performance. These results
provide important insights for coaches and athletes in de-
signing suitable training programs. Introducing the sitting
and standing height ratio of students and adjusting individ-
ual training programs can help improve sprint performance.
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Abstract

Background/objectives. High-intensity interval training (HIIT) was used to be a strategy for improving physical
performance. Especially, athletic training which were disturbed by the Covid-19 pandemic. Therefore, the objectives
of this study were to determine the effects of an 8-week online HIIT program on the body composition, aerobic and

anaerobic performances in professional football players.

Materials and methods. Thirty professional football players in Thai league division 2 were randomly assigned

into the onsite group (n = 15) and the online group (n = 15). All participants performed the HIIT program at 85%
maximal heart rate (HRmax), five times a week for 8 weeks. Body composition, aerobic and anaerobic performance at
baseline, after 4 weeks and 8 weeks of training were calculated by repeated measures ANOVA and unpaired t-test.
Results. Weight, BMI and % fat were significantly decreased after 4 weeks of training in the onsite group and after

8 weeks of training in the online group (p < 0.05). FEM in the onsite and online groups was significantly increased
after 4 weeks and 8 weeks of training, respectively (p < 0.05). Aerobic performance was significantly increased after
4 and 8 weeks of training (p < 0.05), whereas anaerobic performance was found increased after 8 weeks of training in
both groups (p < 0.05). There were no significant differences between the groups.

Conclusions. Eight weeks of HIIT training can improve body composition, aerobic performance and anaerobic
performance in both onsite and online conditions. It may be implied that an online HIIT training program should
have beneficial effects similar to those provided in onsite condition.

Keywords: HIIT program, aerobic performance, anaerobic performance, soccer.

Introduction

The outbreak of the COVID-19 pandemic has presented
significant challenges in managing various aspects of human
life, including physical activities worldwide. Among the
strategies employed to control the spread of COVID-19,
social distancing measures have been widely implemented
(Wang et al., 2020; Tsolakis et al., 2023). Unfortunately,
these measures have disrupted the routines of athletes,
affecting their training, skill development, and competitive
opportunities (Fitzgerald et al., 2021). As a result, athletes
have encountered difficulties in achieving their targeted
exercise and training routines, often resorting to general

© Nuttouch, W,, Hemarachatanon, P., & Huntula, S., 2023.
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physical well-being and health maintenance due to limited
access to equipment and facilities. Consequently, key training
factors such as intensity, duration, frequency, and mode
have suffered notable reductions (Fitzgerald et al., 2021).
For athletes engaged in high-intensity athletic activities,
inadequate training can lead to detraining effects.

Football, being an intermittent sport involving a
variety of high-intensity movements such as rapid changes
in direction, sprinting, and jumping, has been particularly
affected by the off-season period resulting from COVID-19
lockdowns (Radziminski et al., 2021). Previous studies have
also highlighted the negative impact of home isolation during
the pandemic on athletes’ aerobic capacity, muscle strength,
muscle mass, body fat, and exercise performance (Tsolakis et
al., 2023; Parpa & Michaelides, 2021). In this context, high-
intensity interval training (HIIT), characterized by brief
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intervals of vigorous activity combined with periods of low
activity or rest, has emerged as a valuable tool for enhancing
health and performance across diverse populations. HIIT’s
aimistoaccumulateactivityatanintensity that the participant
would be unable to tolerate for prolonged periods (i.e. 80-
95% of peak oxygen consumption (VO,peak) or >90% of
maximum heart rate (HRmax), therefore the recovery time
should be enough to allow the subsequent interval to be
completed at the desired intensity (Cassidy et al., 2017). HIIT
was used to be a tool for improving health and performances
in many target groups (Gillen & Gibala, 2014) such as healthy
untrained overweight/obese males (Khammassi et al., 2018),
overweight/obese untrained individuals (Gripp et al., 2021),
overweight and obese women,10 sedentary young females
(Lu et al., 2022), futsal players (Marzieh et al., 2016). HIIT is
anovel interval strategy that has recently piqued the interest
of athletes which can increase physical fitness in athletes.
The effect of HIIT on bioenergetic variables in professional
football players has received little attention (Marzieh et
al., 2016). Other study also found that 12 weeks of HIIT,
BMI and fat mass percentage were dramatically reduced.
In addition, HIIT can improves cardiopulmonary fitness in
healthy untrained overweight/obese youth (Khammassi et
al., 2018). According to Covid-19 pandemic, a home-based
exercise training program was considered to be an
instrument for conserving and improving health as well as
performance in athletes. Especially, HIIT is an interesting
training programs for this pandemic. There are many factors
that affect to reach the goal of home-based exercise training
program including individual’s concentration and the
environment such as limited space of the room for training.
Therefore, the researcher tries to find out the online HIIT
Program to assist athletes maintain and enhance their
performances of professional football players during the
COVID-19 pandemic. Thus, the objectives of this study were
to determine the effects of an 8-week online high intensity
interval training (HIIT) program on the body composition,
aerobic and anaerobic performances in professional Thai
football players during the Covid-19 pandemic.

Material and methods

Participants

A total of thirty professional football players from
Rajpracha EC. Football club, competing in the Thai League
Division 2, were recruited for this study. The participants
were randomly assigned to one of two groups: Group I,
the onsite group (control group, n = 15), and Group 2, the
online group (experimental group, n = 15). The recruitment
process adhered to ethical standards outlined in the Helsinki
Declaration, and the study protocol received full approval
from Walailak University (WUEC-22-317-01). Prior to the
commencement of the experiment, all participants were
provided with a detailed explanation of the procedures
involved as well as the associated risks. Inclusion criteria
for participation included the players” informed consent,
absence of any illness records, and a minimum of six
months of training experience. Exclusion criteria consisted
of training-related injuries and a consecutive absence from
two sessions or a non-consecutive absence from three
sessions.

Experimental protocol

Upon completion of the consent form, participants
underwent a series of assessments to determine their
anthropometric measurements (height, weight, BMI), body
composition (% fat, fat-free mass; FFM), aerobic performance
(YO-YO test; VO,max), and anaerobic performance (RAST
test; maximal power, minimal power, average power, and
fatigue index) at baseline. These parameters were assessed
again at 4 weeks and 8 weeks following the training
intervention. The participants then commenced an 8-week
high-intensity interval training (HIIT) program, which was
conducted either onsite or online, depending on the assigned
group. The HIIT program was designed to be performed at
85% of maximum heart rate (HRmax) and consisted of five
training sessions per week: Monday, Wednesday, and Friday
sessions included six exercise modalities (Squat Jump,
Mountain climbers, Step in-out, Push hand up, High Knee
up, Burpee), while Tuesday and Thursday sessions involved
different exercises (Jumping jack, Bicycle crunch, Slide L-R,
Planking jack, Jump lunge, Burpee). Each session lasted for
a total of five minutes, with four minutes of resting time
between sessions.

During weeks 1-4 of the program, participants
performed each exercise for 50 seconds, followed by a
30-second rest interval. From weeks 5-8, the exercise
duration was increased to 60 seconds, with the same
30-second rest interval. The warm-up protocol included
a combination of static and dynamic stretching exercises
lasting for 10 minutes, while the cool-down protocol
consisted of static stretching exercises performed for
8 minutes. Anthropometric measurements (height, weight,
BMI) and body composition (% fat, FFM) were assessed
using a Bioelectrical Impedance Analysis (Tanita SC330S
Body Composition Scale). Aerobic performance (VO,max)
was evaluated using the Yo-Yo test, a well-established field test
for measuring maximal oxygen consumption (Chaouachi et
al., 2012). Anaerobic performance (maximal power, minimal
power, average power, and fatigue index) was assessed using
the RAST (Running-based Anaerobic Sprint Test) protocol,
which involved a series of maximal sprint efforts (Draper
& Whyte, 1997). To ensure the accuracy and reliability of
the measurements, standardized protocols and procedures
were followed consistently throughout the study, adhering
to established guidelines for each assessment. The research
team was responsible for conducting the assessments and
recording the data in a systematic and unbiased manner.
The collected data from the assessments at baseline, 4 weeks,
and 8 weeks were used to evaluate the effects of the HIIT
program on the selected variables, allowing for comparisons
between the onsite and online groups. Statistical analysis
was performed to determine the significance of any
observed changes and to assess the overall impact of the
HIIT intervention on the participants’ anthropometry,
body composition, aerobic performance, and anaerobic
performance.

Statistical analysis

Datawere expressed as mean + S.D. by using SPSS version
26 was used to test the statistics. Repeated measure ANOVA
was used to compare all parameters between times, Turkey’s
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post hoc test were applied in case of significant (P < 0.05).
F ratio to locate the differences. Unpaired t test was used to
identify condition differences between parameters. P<0.05
was considered significant.

Results

Baseline characteristic parameters

All participants had normal levels of BMI (onsite group;
22.74 £ 2.51 and online group; 23.31 *+ 1.96 kg/m?), % fat
(onsite group; 8.62 + 3.54 and online group; 10.18 + 3.19 %)
and FFM (onsite group; 64.62 + 7.78 and online group;
67.11 + 8.70 kg). There were no significant differences in
anthropometric and body composition variables between
onsite and online group at before training (Table 1).

Table 1. Baseline characteristics of participants

Variables Onsite (n = 15) Online (n = 15)
Age (Yr) 23.87£5.32 23.07£5.60
Height (m) 1.76£0.07 1.79+0.09
Weight (kg) 70.97+10.21 74.99+11.28
BMI (kg/m?) 22.74+2.51 23.31+£1.96
% Fat (%) 8.62+3.54 10.18+3.19
FFM (kg) 64.62+7.78 67.11£8.70

Data are expressed as mean + SD., BMI - Body mass index;
FFM - Fat free mass

Body Composition, Aerobic and Anaerobic performance

The onsite group had significantly lower weight
and BMI after 4 weeks of training than before training
(p<0.05). Moreover, the online group also had significantly
lower weight and BMI after 8 weeks than after 4 weeks of
training (p<0.05). The percentage of fat in onsite group
had significantly lower after 8 weeks than before training
(p<0.05), in addition, it was also found in online group after
8 weeks than after 4 weeks and before training (p<0.05). FFM
had significantly higher after 4 weeks than before training in
onsite group (p<0.05), it was also reported in online group
after 8 weeks than after 4 weeks of training (p<0.05).

Aerobic performance in both groups had significantly
higher after 4 and 8 weeks of training than before (p<0.05).
Whereas, anaerobic performance in both groups had
significantly higher after 8 weeks of training than before
(p<0.05) which were seen in max and min power parameters.
Furthermore, the online group had significantly higher in
average power after 8 weeks than 4 weeks and before training
(p<0.05). There were no any changes in fatigue index in
both groups. However, there were no significant differences
in body composition, aerobic performance and anaerobic
performance variables between onsite and online group at
any time of training (Table 2).

Discussion

The results of this study showed that body composition,
aerobic and anaerobic performance were improved after
HIIT training for 8 weeks in both onsite and online condition.
Nevertheless, the online condition seems to be gradually
increased in these parameters when compared to the onsite
condition. Previous studies suggested that HIIT program
was used to be an implement for improving health and
performances in many individuals such as overweight/obese
healthy untrained (Khammassi et al., 2018), overweight/
obese untrained (Gripp et al., 2021), overweight and obese
women (Nobari et al., 2022), sedentary young females
(Lu et al,, 2022), and futsal players (Marzieh et al., 2016).
Especially, Covid-19 pandemic disturbed the maintaining
and improving of the performances in athletes. Therefore,
examination of the online HIIT training program affected
on many aspects in athletics were considered.

This study reported that body composition for instance
weight, BMI, % fat and FFM in both onsite and online
condition were improved after training, which was found at
4 weeks after exercise in onsite group while it was found at
8 weeks after exercise in online group. In addition, aerobic
and anaerobic performance were also improved after the
training for 8 weeks in both groups. These findings were
similar to the earlier studies, Balbasi and colleagues (2016)
examined the effect of 3-week HIIT on body composition,
maximum aerobic power and maximum anaerobic power
in boys - futsal players. They reported that HIIT program
with 3 sessions per week affected the reduction of weight,

Table 2. Body composition, Aerobic and Anaerobic performance in onsite and online group

Onsite (n = 15)

Online (n = 15)

Variables

Before 4wk 8 wk Before 4 wk 8 wk
Weight (kg) 70.97+10.21 70.64 £9.87* 70.93+£10.01 74.99+11.28 74.46+10.47 75.09+£10.70**
BMI (kg/m?) 22.74+2.51 22.64+2.45* 22.73+£2.45 23.31+£1.96 23.16+1.70 23.36+1.82**
% Fat (%) 8.62+3.54 7.68+2.75 7.76+2.93* 10.18+3.19 9.03£2.67* 8.56+2.34% %%
FFM (kg) 64.62+7.78 65.05+£7.96* 65.23+7.85 67.11+£8.70 67.52+8.33 68.52+8.91**
YOYO (ml/kg/min) 49.59+2.86 52.94+3.04* 56.29+3.17*** 49.10+3.50 53.17+3.08* 57.01+£2.83***
Max Power (watt) 913.83+182.01 928.79+180.93  950.36+173.71*,** 943.74+234.44 949.15+226.06  977.31+£227.40*
Min Power (watt) 631.43+144.89 638.51+123.15 658.89+122.63* 614.82+164.54 635.21+160.30  665.39+164.85*,**
Average Power (watt) 762.81+145.21 765.72+139.14 775.42+132.35 778.34+202.26  783.95+199.38  809.40+197.71*,**
Fatigue Index (%) 9.72+5.29 10.03+4.35 10.10+3.64 11.15+4.24 10.69+3.72 10.71£3.55

Data are expressed as mean + SD.; BMI - Body mass index; FFM - Fat free mass; * Significantly different compared to before
training (p<0.05); ** Significantly different compared to 4 weeks of training (p<0.05)
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BMI and % fat in experiment group after training (Marzieh
etal,, 2016). Khammassi and co-workers (2018) investigated
the effects of 12 weeks of HIIT program without caloric
restriction on aerobic capacity, body composition and lipid
profile in twenty healthy young overweight/obese men.
They found that the HIIT program comprised of 3 exercises
sessions per week (30 sec of work at 100% maximal aerobic
velocity) improved aerobic capacity (VO,max), body
composition (BMI, waist circumference, % fat) and lipid
profile (Khammassi et al., 2018). Gripp and co-worker (2020)
suggested that HIIT improved indicators of cardiometabolic
health such as VO,max, BMI, body fat, visceral fat after
8 weeks of training in healthy overweight/obese untrained
individuals. The benefit effects of the HIIT program were
also institute to be longer lasting and maintained after
the holdup of high-intensity interval running for 4 weeks
(Gripp etal., 2021). Moreover, Lu and co-worker (2022) also
studied the effects of 8-week high-intensity interval training
and moderate-intensity continuous training on body
composition, VO,max and bone metabolism in sedentary
young females. They also found that the HIIT program could
improve weight, BMI, % fat and VO,max after the training
in HIIT group (Lu et al., 2022). The beneficial consequences
of HIIT training program on health and cardiorespiratory
fitness were considered in many situations such as athletic
and metabolic health. It was well-known that HIIT can affect
the cardiometabolic health (Cassidy etal., 2017), specially, the
changesin skeletal muscle viaincreased muscle work capacity,
oxidative capacity and glucose transport. Furthermore, there
were evidences supported that HIIT could induce positive
effects on body composition, particularly, fat loss through
possible mechanism for instance 1) increased mitochondrial
density and capacity following HIIT caused increasing of
fat oxidation rate (Talanian et al., 1985), 2) great raises in
catecholamines, which have been shown to motivate lipolysis
(Zouhal et al., 2008) exclusively, in the abdominal tissue
where there are significantly more p-adrenergic receptors,
compared with subcutaneous fat (Rebuffé-Scrive et al,,
1989), 3) appetite suppression (Sim et al., 2014).

Besides, it could be said that the most important
outcome following HIIT training is cardiorespiratory fitness,
which examined by VO,max. VO,max is the gold standard
parameter of fitness and a strong indicator of how well the
cardiac, pulmonary, vascular and peripheral systems are
working together. Previous studies have been shown that
HIIT improves the capacity of both aspects of the oxygen
supply and demand chain, nonetheless it is the cardiovascular
adaptations in response to HIIT that are more likely to
leading to VO,max enhancement (Baekkerud et al., 2016).

On the other hand, recent study in 2022 reported
that 8 weeks of HIIT program combined with Spirulina
Supplementation could not affect to weight, BMI and % fat
in sedentary overweight/obese women while FFM was lower
after the training (Nobari et al., 2022). However, there were
many factors that affected the efficacy of HIIT program such
as a complicated training protocol and psychological factors
(mood, motivation, perception of effort, etc.) (Khammassi et
al., 2018; Gibala, 2007).

Limitation

The limitation of this study was to the participants did
not undergo the caloric restriction during training, which

directly to affected body composition parameters. It may be
leading to there were no significant differences outcomes
between onsite and online groups.

Conclusions

In conclusion, 8 weeks of HIIT training can improve
body composition, aerobic performance and anaerobic
performance in both the onsite and online groups.
Likewise, there were no significant different between onsite
and online condition, it may be implied that online HIIT
training program have similar beneficial effects to onsite
condition. Nevertheless, the online condition seems to be
slower improvement of all outcomes than the onsite. It
may be due to the factors that affect to reach the goal of
home-based exercise training program including individual’s
concentration and the environment such as limited space of
the room for training.
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BMNUB 8-TUXKHEBOI IHTEPAKTUBHOI MPOrPAMU BUCOKOIHTEHCUBHUX
IHTEPBAJIbHUX TPEHYBAHb HA CKNIAZ, TUTA TA PE3YJIbTATUBHICTb
TAUCbKUX MPODECIMHUX ®OYTBONICTIB Nig YAC ENIAEMIT COVID-19

1ABCD 1ABCDE

Barrana Harryu , [lopamet Iemapavatranon'**P, Conrapanopu XyHTyra

"VuiBepcurer imMeni Banarimakn
*YuiBepcuret CpiHaxapiHBipoT
ABTOpPCHKMIT BT A — Am3aitH gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pyxormucy; E — 36ip komTis

Pedepar. Crarts: 6 c., 2 Tabm., 22 pxepena.

Icropis nuTaHHs Ta MeTa FOCTiKeHHs. BucokoinTencnBHi iHTepBanbHi TpenyBanss (BIIT) BukopucToByBamm sK cTpa-
Terilo /LA MOKpalleHHA (Pi3NYHNUX ITOKa3HUKIB. 30KpeMa, CIOPTUBHI TPeHYBaHH:A, AKUM 3aBagwuia mangeMia Covid-19. Takum
YITHOM, METOIO I[bOTO FOCTI/KEHHs 6y/I0 BU3HAYUTH BIUINB 8-TVDKHEBOI iHTepakTiBHOI mporpamu BIIT Ha ckiag Tima, aepo6Hi Ta
aHaepoOHi mokasHyKM npodeciitunx GyTdomicTis.

Marepianu Ta metogu. TpuansaTh mpodeciitHux q)yT60J1iCTiB 31 CKMagy 2-T0 AMBi3iOHY TaJICHKOI IirM METOLOM BUIAKOBOL
BUOipKM posnopinuam Ha GisuuHy rpymy (n = 15) Ta inTepakTuBHy rpyny (n = 15). Yci yyacHuku BukoHyBamm nporpamy BIIT
Ha piBHI 85% MaKcuMa/IbHOI YacTOTH cepreBux ckopodeHb (MUCC) m'saTh pasiB Ha TIDKEHb MpOTsAroM 8 TyokHiB. CKIaf Tina,
aepoO6Hi Ta aHaepOOHi TOKa3HMKYU Ha BUXiTHOMY PiBHI, 1ic/141 4 TVOKHIB i 8 TVDKHIB TPeHyBaHb PO3PaxOBYBa/IM 3a JOIIOMOTOIO JIVIC-
HepCiitHOro aHasIi3y MOBTOPHUX BUMIpIOBaHb i BOBIOIpKOBOrO t-Kputepito CTbofieHTa /51 He3a/IeKHNX BUOIPOK.

Pesynpraru. ITokasauku Bary, IMT Ta % >xupy B OpraHismi CTaTMCTHYHO 3HAYyIIe 3SHUSWINCA Tic/A 4 TVKHIB TPeHYBaHb
y ¢isnyHili rpymi Ta micna 8 TVKHIB TpeHyBaHb B iHTepakTUBHIl rpymi (p < 0,05). ITokasHuk Macu Tina 6es xupy y pisndHii ta
iHTepaKTVBHIlI IPyIax CTATMCTUYHO 3HaYyIIe 3011bIMBCs mics 4 Ta 8 TYDKHIB TPeHyBaHb BifnosigHo (p<0,05). AepoOHa mpo-
IOYKTUBHICTb CTaTMCTUYHO 3HaYyIIle 3pocya mics 4 Ta 8 TkHiB TpeHyBaHb (p < 0,05), Tofii Ik aHaepoOHa IPOAYKTUBHICTD 3pOcia
mic/s 8 TVYOKHIB TpeHyBaHb B 000X rpynax (p<0,05). CTaTucTHYHO 3HAYYIIMX BiAMIHHOCTeI MiX rpymnamu He 6yr1o.

BucnoBku. Bicim TixHiB 3aHAT BIIT MOXXYTb MOKpaIINTY CKIAJ Ti/a, aepoOHY Ta aHaepOOHY MIPOAYKTUBHICTD 5K Y isny-
HUX, TaK i B iHTEPAaKTUBHMX yMOBaX. MoO>XHA IPUITYCTUTH, 110 IO3UTUBHUIL BIZINB iHTepaKTUMBHOI porpamu 3aHATh BIIT mae
6y Ty aHATOTiYHUM [I0 BIUIUBY 3aHATH ¥ (i3UYHMX YMOBAX.

Kirouosi croBa: nporpama BIIT, aepo6Ha IpopyKTUBHICTD, aHaepoOHa IPOAYKTUBHICTD, HYTOOL.
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Abstract

Study purpose. This study aimed to investigate the relationship between physiological reactivity and sprint paddling
performance among elite athletes, focusing on cardiorespiratory responses, metabolic efficiency, and energy
utilization patterns.

Materials and methods. A group of N = 20 elite sprint paddlers from various regions in India was meticulously
selected for this study. Detailed assessments of cardiorespiratory responses, metabolic efficiency, and energy
utilization patterns were conducted using standardized protocols and cutting-edge measurement techniques.
Individual differences among athletes were carefully documented.

Results. The study revealed a remarkable homogeneity among the athletes, reflecting stringent training standards.
However, intriguing individual differences emerged, particularly in cardiorespiratory reactivity. Athletes with swift
neural responses and adept metabolic acidosis adaptation showcased enhanced overall performance, indicating the
critical role of the nervous system and eflicient respiratory mechanisms in optimizing paddlers’ capabilities. Analysis
of CO, emissions and lactate concentrations indicated a balanced energy utilization pattern and optimal anaerobic
metabolism and respiratory responses. Balancing anaerobic alactate and lactate capacities emerged as pivotal.
Conclusions. The findings underscore the need for targeted training programs that leverage individual differences,
enhance neural adaptations, and metabolic acidosis tolerance, and optimize energy pathways. These transformative
insights offer coaches, sports scientists, and athletes valuable tools to elevate performance outcomes. The study
enriches our understanding of sprint paddling and serves as a paradigm for studying elite athletic performance,
guiding the future of sports science and coaching. Future research avenues include exploring the long-term impact
of tailored training interventions, investigating molecular mechanisms of cardiorespiratory reactivity, and studying

psychological aspects of athletic performance. Comparative studies across diverse sports disciplines promise

universal insights into elite athletic performance.

Keywords: sprint paddlers, physiological reactivity, athletic performance, cardiorespiratory responses, training

interventions.

Introduction

Research conducted recently highlights the indisputable
association between great athletic accomplishments and a
strong functional potential within the realm of canoe and
kayak rowing (Kong et al., 2018; Lépez-Plaza et al., 2019;
Kong et al., 2020). These findings were published in Kong et
al. (2018), Lopez-Plazaetal. (2019), and Kong et al. (2020). A
significant portion of this potential among paddlers may be
ascribed to the accessibility of efficient high-capacity energy
supply systems (Tesch, 1983; Sheykhlouvand et al., 2018;

© Dubey, S., & Choudhary, PX., 2023.
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Pickett et al., 2018; Paquette et al., 2018). Several research
(Garca-Pallarés et al., 2009; Guo et al., 2020; Diachenko
et al., 2020, 2021) have already established techniques for
assessing the power of these energy supply systems among
highly trained paddlers at various distances. These studies
may be found in the references section of this article.
Researchers in the past have found that certain variables,
such as the maximal aerobic power (MAP), lactate threshold
(LT2), and the energy cost of kayaking per unit distance,
can accurately predict the performance of kayak athletes
over a wide range of distances, from 1000 metres all the way
down to 200 metres (Fry & Morton, 1991; Bishop et al., 2002;
van Someren & Howatson, 2008; Zamparo et al., 1999).
Additionally, it has been shown that elite-level paddlers
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have a lactate threshold at roughly 80% of their VO,max and
possess high aerobic capacities, both of which contribute
considerably to the generation of energy, particularly across
lengths of 200, 500, and 1000 metres (Borges et al., 2015).
This finding was made possible by the fact that these paddlers
have high aerobic capacities. Anaerobic capacities, including
peak power, total work, and peak lactate concentration in
a 30-second maximal effort on a kayak ergometer, have
shown substantial correlations with on-water performance
in distances of 200, 500, and 1000 metres (van Someren &
Palmer, 2003; van Someren & Howatson, 2008; Borges et
al. 2015). However, the relationship between other fitness
variables, including the respiratory system reactance, and
metabolic acidosis parameters concerning 200-meter. It
should come as no surprise that current methods of training
need to be subjected to a thorough analysis, in particular
those used by experienced paddlers. This sense of urgency
is brought on by the fact that a particular group may have
to adapt the training methods they use in order for them to
be compatible with a fresh competition format (Dyachenko,
2007; Kong et al., 2019). Accordingly, the fundamental
purpose of this research is to expand our awareness of the
inequalities in functional support for exceptional endurance
across uniform groups of paddlers, who have been categorised
based on sports qualification. To be more specific, the
participants in this research include male kayak paddlers,
male canoeists, and female kayak paddlers who specialise in
paddling over a distance of 200 metres. The purpose of this
investigation is to delve deeper into the nuanced intricacies
of their physiological capacities and performance metrics
within the specified competitive framework. In doing so,
the investigators hope to shed light on the intricate interplay
between various physiological variables and the specialised
training requirements that are necessary in this area.

Materials and Methods

Participants

The study encompassed an extensive geographical
spectrum within India, with data sourced from distinct
regions across Indian states. The research was conducted
during varying training periods, focusing on participants
gathered from the esteemed National Aquatic Sports Training
Centers. The study cohort comprised 20 meticulously
selected qualified paddlers, representing a diverse pool of
talents. This group included elite athletes, as well as members
hailing from state teams spanning seven different regions of
India.

The dataacquisition process was methodically structured
to ensure comprehensive insights into the functionality levels
of the participants. Rigorous assessments were carried out
on the selected paddlers, employing standardized protocols
and tools. These assessments were meticulously conducted
during specific training intervals, capturing the nuanced
dynamics of their physiological responses and performance
capabilities.

The inclusion criteria for the study participants were
stringent, ensuring a high level of competence and uniformity
within the sample group. Paddlers were chosen based on
their proven qualifications and notable achievements,
reflecting a rich blend of skills and expertise. The research

specifically targeted individuals showcasing exceptional
prowess in the domain of aquatic sports, adhering to the
stringent standards set forth by national and state-level
competitions. Ethical guidelines and protocols were strictly
adhered to throughout the study. Informed consent was
obtained from all participants, emphasizing their voluntary
participation and understanding of the research objectives.
Additionally, the study procedures were ethically reviewed
and approved by the relevant institutional review boards,
ensuring the well-being and rights of the participants were
upheld at all times.

Research Protocol

Measurement of Physical Characteristics,
Gas Exchange, HR, and Blood Lactate

The study meticulously assessed the physiological
parameters of the participants, employing advanced
techniques to delve into their aerobic capacities and
cardiorespiratory responses. Minute ventilation (V'E),
oxygen consumption (V'0,), and CO, production (V'CO,)
were precisely determined on a breath-by-breath basis,
utilizing the state-of-the-art Oxycon mobile metabolimeter
(Jaeger). The accuracy of the metabolic unit was assured
through meticulous calibration with a precisely composed
gas mixture (19.00% O,, 5.00% CO,). Heart rate (HR)
was continuously monitored at 5-second intervals using a
high-precision HR monitor (5610 Polar Electro, Kempele,
Finland), ensuring real-time tracking of cardiovascular
responses. Furthermore, the blood lactate concentration
([La]b) was determined post-exercise through a portable
lactate analyzer (Biosen S. line lab +). Blood samples, critical
for accurate lactate level assessments, were carefully collected
from the earlobe at the conclusion of each test.

Ergometric Assessment

A modified kayak-ergometer (Dansprint PRO) served
as the primary apparatus for ergometric evaluations.
Ergometric power (EP) of work was meticulously recorded
during the exercise sessions, providing crucial data on the
participants’ energy expenditure and anaerobic capacities. All
participants engaged in incremental exercise tests conducted
on separate days, ensuring a robust study design. The
intervals between these sessions were carefully controlled,
with a minimum of 24 hours and a maximum of 84 hours
between tests. This approach-maintained consistency while
allowing participants adequate recovery periods to prevent
fatigue-related confounding variables. The testing program
was meticulously structured as a comprehensive test battery,
strategically designed to assess specific components of
aerobic abilities and cardiorespiratory responses among
athletes. Each test within the battery was meticulously
crafted to address distinct physiological aspects, ensuring a
nuanced evaluation of the participants’ capabilities.

The exercise protocols were designed with precision
to elicit targeted physiological responses. Work intervals,
characterized by maximum intensity, were interposed with
rest intervals ranging from 40 seconds to 80 seconds. These
carefully calibrated intervals facilitated the release of lactic
acid into the bloodstream, augmenting the concentration of
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Table 1. Physiological Indicators and Their Characteristics in Paddlers’ Performance Evaluation

Test or Period of
Measurement

Indicators

Characteristics

Training Impulse, TT (c.u.)

Standard Work, 4 min

Degree of Intensity of Functional Support of Work

Watts Mean (13 s) Test 13 s, Maximum Work Paddlers’ Work Release during Anaerobic Alactate Energy
Supply
Watts Mean (37 s) Test 38 s, Maximum Work Paddlers Work Release during Anaerobic Lactate

Watts Mean (30-39 s)

Watts Mean (95 s)

Lactate, mmol-l" After Test Task
VE/PaCO,
VE/PaCO,

VO,max (ml-min"'kg")

HR Restoration to 120 bps™
Restoration

Test 95 s, Maximum Work

Test 13 s, Maximum Work

Test 37 s, Maximum Work

Test 85 s, Maximum Work

During 2-4 minutes

(Glycolytic) Energy Supply

Work Release Peak, 30-39 s Work Release during Peak Period of Anaerobic Lactate

(Glycolytic) Energy Supply
Paddlers’ Work Release during Anaerobic Energy Supply

Integral Physiological Characteristics of Power and
Capacity of Anaerobic Energy Supply

Respiratory System Reactance to Increase of Metabolic
Acidosis

Respiratory System Reactance to Increase of Metabolic
Acidosis

Paddlers’ Ability to Reach Maximal Aerobic Power under
Conditions of Sprinting Type Training and Competition
Loads

Degree of Intensity of Functional Support of Work

blood lactate in the muscles before the final maximum work
phase. This approach allowed for the systematic exploration
of anaerobic alactate and anaerobic lactate (glycolytic) path-
ways, providing valuable insights into the participants’ meta-
bolic responses. This rigorous and meticulously designed
research protocol ensured the acquisition of high-quality
data, allowing for a comprehensive analysis of the partici-
pants’ physiological capacities and performance metrics in
the context of their training and competition readiness.

Table 1 provides a comprehensive overview of key phys-
iological indicators and their corresponding characteristics
used in the evaluation of paddlers’ performance. These indi-
cators, measured during specific tests or periods, offer valu-
able insights into paddlers’ aerobic and anaerobic capacities,
energy supply systems, respiratory responses, and overall
functional support during intense physical activities. Each
indicator represents a distinct aspect of paddlers’ physiologi-
cal responses, aiding in the assessment of their athletic capa-
bilities and training effectiveness.

The testing program was meticulously structured as a
cohesive test battery, with each test methodically designed
to address specific physiological tasks. These tests were
meticulously executed in a predetermined sequence to
ensure the systematic evaluation of paddlers’ performance.

Preserving individual maximum parameters of ergo-
metric power and carefully regulating rest intervals were
paramount. Rest intervals were tailored, with intervals of
20 to 35 seconds allowing for a minute of recovery, while
intervals of 40 to 80 seconds provided a more extensive five-
minute recovery period. This precise structuring allowed
for complete recovery, enabling in-depth diagnostics of the
anaerobic energy supply system among sprint paddlers. Spe-
cifically, it facilitated the examination of anaerobic alactate
and lactate (glycolytic) power, as well as anaerobic capac-
ity. Furthermore, the testing program created an environ-

ment conducive to observing the reactive properties of the
cardiorespiratory system and the power of aerobic energy
supply during physical exertion. Noteworthy is the absence
of parameters indicating the degree of stress on the cardio-
respiratory system during work, such as training impulse
and organism recovery rate, within the assessment system
presented in the table. This omission stems from the inher-
ent individuality of these evaluation criteria. Each athlete’s
unique physiological responses are considered dynamically,
reflecting the evolving state of the athlete’s body throughout
the monitoring of their functional abilities. These personal-
ized markers serve as vital indicators, providing nuanced
insights into the athlete’s physiological state during the rigor-
ous training and evaluation process.

Statistical Analysis

The study employed rigorous methods of mathematical
statistics to ensure a robust analysis of the collected data.
Descriptive statistics were utilized, involving tabular presen-
tations of individual variables, mean arithmetic value (M),
and standard deviation (SD). These calculations provided a
comprehensive overview of the dataset’s central tendencies
and variability. To assess the normality of the sample data,
both the normal distribution formula and the Shapiro-Wilks
test were applied. The Shapiro-Wilks test, a powerful tool
for examining normality in relatively small sample sizes,
was particularly instrumental in this analysis. The signifi-
cance level (a) was set at < 0.05, signifying the threshold for
statistical significance. In cases where the p-value was less
than or equal to 0.05, the results were deemed statistically
significant, indicating departures from normal distribution.
Additionally, the study utilized the non-parametric Mann-
Whitney test, which is especially suited for comparing two
independent groups when the assumptions of normality and
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homogeneity of variance are not met. This method enabled
a rigorous examination of differences between groups, pro-
viding valuable insights into the unique characteristics of
each subgroup under consideration. By employing these ad-
vanced statistical techniques, the study ensured a meticulous
analysis of the data, leading to scientifically valid conclu-
sions regarding the studied parameters.

Results

Theindicatorsdelineating the functionalabilities of sprint
paddlers, as presented in Table 2, underscore the remarkably
high and distinctive demands placed on the development of
specific aspects of functional support essential for achieving
peak performance efficiency in the 200-meter distance
category. This distinction becomes evident through the
average values of these indices among paddlers belonging
to a homogeneous group. Additionally, these metrics are
reinforced by data characterizing the functional abilities of
sprint paddlers who have demonstrated exceptional athletic
prowess on the international stage. These insights have

been meticulously gathered through extensive and long-
term observations of elite athletes, particularly focusing
on the leading athletes of China. The parameters defining
the upper echelons of these indicators reveal a profound
insight into the exceptional capabilities of sprint paddlers:
“Aerobic Power (VO,max): The observed range for aerobic
power (VO,max) spans between 65.3-73.5 ml-min*-kg™ for
men and 62.0-65.4 ml-min'-kg' for women. These values
underscore the extraordinary cardiovascular capacities
essential for sustained performance at the highest levels.
Maximum Lactate Concentration in Blood (La max): The
range for maximum lactate concentration in blood (La max)
is found to be between 22.5-25.0 mmol-l" for men and
15.5-17.1 mmol-l" for women.” These values illuminate
the exceptional anaerobic thresholds and the body’s ability
to manage lactate production during intense exertion, a
crucial factor in sustaining high-speed performances over
short distances. These meticulously observed and quantified
parameters serve as a testament to the extraordinary
physiological capacities exhibited by elite sprint paddlers,
shedding light on the specialized and demanding nature of

Table 2. Physiological indicators and performance metrics of sprint paddlers

Indicators Values of Indicators Highest Values of Reduced Values of
(M £ SD) Indicators Indicators

Values of Indicators for Men - Kayak

VO, max, ml-min"kg" 64.7 +2.5 64.7 56.5
VE/PaCO, 10 s 2.1+0.7 3.0 1.2
VE/PaCO2 30 s 3.7+09 4.9 2.3
La max, mmol.]! 175+1.1 20.7 14.3
W10 s, Watt 550.0 +£9.0 564.0 520.0
W30 s, Watt 485.0 £ 10.0 502.0 450.0
W25-30 s - 30 s of test, Watt 520.0 £ 8.5 536.0 465.0
W90, Watt 275.0 £12.0 290.0 250.0
Values of Indicators for Men - Canoe

VO, max, ml-min"-kg" 65.0+2.3 65.0 55.0
VE/PaCO, 10 s 2.0+ 0.6 3.0 1.2
VE/PaCO, 30s 35+1.0 4.7 2.6
La max, mmolI’! 16.8 £ 1.0 20.3 15.7
W10 s, Watt 455.0 + 6.5 475.0 448.0
W30 s, Watt 420.0 £13.0 438.0 400.0
W25-30 s - 30 s of test, Watt 435.0 + 8.0 460.0 420.0
W90, Watt 265.0 +9.0 285.0 240.0
Values of Indicators for Women - Kayak

VO, max, ml-min"-kg" 59.8+2.6 60.5 49.7
VE/PaCO, 10's 21+04 2.8 1.3
VE/PaCO, 30 s 34+0.6 4.4 2.2
La max, mmol-]"! 16.5+1.1 18.5 10.9
W10 s, Watt 320.0 2.5 328.0 298.0
W30 s, Watt 295.0 £ 8.5 315.0 260.0
W25-30 s - 30 s of test, Watt 310.0+7.5 320.0 285.0
W90, Watt 175.0 £ 5.5 188.0 152.0
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competitive paddling at the international 200-meter distance
level.

The data collection, which was collected from
twenty different sprint paddlers, offers a treasure mine of
information about their physiological capabilities. When
compared across various categories of paddlers, the results
of an analysis of aerobic power, as measured by VO,max,
indicate impressive levels.

Power aerobically (attained at VO,max): Male Kayakers:
The mean VO,max for male kayakers is 64.7 2.5 ml min" kg™!,
which demonstrates that they have remarkable cardiovas-
cular endurance. Men (Canoe): Male canoe paddlers have
a VO,max of 65.0 2.3 ml-min“kg", which demonstrates
that they have powerful aerobic capacity. Women (Kayak):
Women who participate in kayaking have a mean VO,max
of 59.8 2.6 ml'min™ kg, which demonstrates that they have
an admirable level of cardiovascular fitness. Parameters Re-
lating to Respiration (VE/PaCO,): Men (Kayak and Canoe):
Both male kayak and canoe paddlers demonstrate efficient
respiratory responses, with VE/PaCO, levels demonstrating
their competent regulation of metabolic acidosis during ex-
treme exercise. This is true regardless of the kind of paddling
they engage in. Women (Kayak): Female kayakers have good
respiratory control as well, as demonstrated by the values of
their VE/PaCQ, ratios. Anaerobic Threshold (La max): Men
(Kayak & Canoe): 1 minute and 30 seconds. The anaerobic
capacity of men kayak and canoe paddlers are significant,
as shown by mean lactate concentrations (La max) that are
within the competitive levels for their respective sports.
Women (Kayak): Female kayakers have been shown to have
outstanding anaerobic threshold values, which demonstrates
their capacity to maintain high-intensity activities over time.
Men’s (Kayak & Canoe) Power Output (Watts): In the canoe
and kayak divisions for male paddlers, powerful power out-
puts are shown at a variety of time intervals, highlighting
their explosive strength and speed. Women (Kayak): Female
kayakers demonstrate noteworthy power outputs, which in-
dicate their capacity to create large force during sprints. This
is especially true for female kayakers who compete in the
Olympic Games. The amazing capabilities of sprint paddlers
are shed light on by this in-depth examination of physiologi-
cal signs and performance measurements. These athletes
represent the pinnacle of physical capability because not only
do they have outstanding aerobic endurance and efficient
respiratory responses, but they also have strong anaerobic
thresholds and fearsome power outputs. These results not
only highlight the athletes” devotion and training, but they
also offer coaches and sports scientists with significant infor-
mation that may be used to improve training programmes
and provide players a competitive advantage. This investi-
gation provides a comprehensive look into the physiologi-
cal underpinnings that push these athletes to triumph in
the domain of sprint paddling, where every second and ev-
ery stroke matters to determine the winner. The persistent
devotion and physical prowess shown by these paddlers is
evidenced by the synergy of their cardiovascular resiliency,
respiratory efficiency, and muscular strength, which was dis-
played throughout the race. Such sophisticated studies pave
the way for improving training approaches, nurturing a new
generation of top athletes, and pushing the frontiers of hu-
man performance in the exciting seas of sprint paddling as
the athletic world continues to progress.

Discussion

The presented data and subsequent analysis offer
a profound insight into the complex interconnections
between physiological reactivity and performance metrics
among sprinter paddlers. This discussion delves deeper
into the implications of these findings, shedding light on
the significance of the observed trends and their potential
applications in the realm of competitive sports.

Homogeneity and Individual Differences: The
homogeneity observed within the paddlers’ group is a
testament to the rigorous training regimens and selection
processes prevalent in elite sports. However, despite
this uniformity, the study uncovers intriguing individual
differences, particularly in the reactive properties of the
cardiorespiratory system. These differences are highlighted
in the VE/PaCO, ratios during specific test tasks, indicating
diverse responses among athletes. Understanding these
variations is vital for tailoring training programs to
accommodate individual physiological profiles, ensuring
optimal performance enhancements. Cardiorespiratory
Reactivity and Performance: One of the key findings of
this study is the link between heightened cardiorespiratory
reactivity and superior performance levels among sprinter
paddlers. Notably, athletes demonstrating rapid and robust
responses in the neural phase (as observed in the 10-second
test) and efficient adaptation to metabolic acidosis
during the 30-second task exhibited enhanced overall
performance. This insight underscores the critical role of
neural adaptations and efficient respiratory responses in
sprint paddling, emphasizing the need for targeted training
to enhance these specific attributes. CO, Emissions and
Performance Consistency: The study’s consistency in CO,
emissions across the athletes, as indicated by the minimal
range of individual differences, is a noteworthy finding.
This uniformity suggests a standardized metabolic response
within the group, indicating a balanced energy utilization
pattern during high-intensity efforts. Maintaining consistent
CO, emissions is crucial for sustaining energy levels and
preventing premature fatigue, highlighting the athletes’
physiological efficiency and training regimen effectiveness.
Lactate Concentration and Respiratory Response: The
observed variation in lactate concentrations among elite
athletes is a compelling finding. Higher lactate levels,
coupled with significantly elevated respiration rates during
specific test intervals, indicate the athletes’ ability to endure
intense anaerobic efforts. The heightened respiratory
response signifies efficient removal of CO,, a byproduct of
anaerobic metabolism, allowing paddlers to sustain high-
power outputs. This finding underscores the intricate balance
between anaerobic metabolism and respiratory efliciency,
emphasizing the importance of optimizing both aspects for
peak performance. Ergometric Power and Energy Balance:
The comparison of ergometric power performance during
different intervals provides valuable insights into the energy
balance strategies employed by sprinter paddlers. Athletes
demonstrating balanced anaerobic alactate and anaerobic
lactate capacities showcase superior overall energy utilization.
This equilibrium highlights the importance of developing
both energy pathways, ensuring optimal power output
throughout the sprinting duration. Training programs should
focus on enhancing these capacities to bolster athletes’ energy
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reserves and improve their competitive edge. Implications
for Training and Performance Optimization: The findings
from this study have far-reaching implications for training
methodologies and performance optimization strategies in
sprint paddling. Tailoring training programs to enhance
cardiorespiratory reactivity, optimize CO, emissions, and
improve lactate clearance rates is imperative. Individualized
training plans, focusing on neural adaptations, metabolic
acidosis tolerance, and balanced anaerobic energy utilization,
can significantly enhance paddlers’ performance outcomes.
Several researchers have emphasized the significance of
various aerobic and anaerobic characteristics in Sprint Kayak
performance. Maximal power output at VO,max level and
anaerobic traits such as power produced during 30-second
and 2-minute efforts, as well as the accumulated oxygen
deficit, have been identified as crucial factors contributing
to competitive success (Bishop, 2004; van Someren &
Palmer, 2003; van Someren & Howatson, 2008). Laboratory
studies have revealed that events of shorter duration, such
as 30-second maximal efforts, exhibit a higher anaerobic
oxygen deficit (~29% higher) compared to 120-second
maximal efforts, indicating the importance of balancing
metabolic pathways for optimal performance (Bishop, 2004;
van Someren & Palmer, 2003). Research by van Someren
and Palmer (2003) has highlighted the significance of
superior upper body dimensions and anaerobic capacities
in distinguishing international-level kayakers from national-
level athletes. These factors not only differentiate athletes
but also hold predictive value for 200-meter performance
outcomes. Maintaining an appropriate training load is
crucial, as excessive or insufficient training can impair desired
adaptations. To effectively monitor athletes, it is essential
to objectively quantify training loads using valid methods
(Carter et al., 2000; Impellizzeri et al., 2005; Nicolas et al.,
2006; Poole et al., 2008; Simoneau, 1998). Utilizing proper and
validated techniques for quantifying training loads ensures
accurate assessment and contributes to the overall training
effectiveness and performance enhancement of athletes.

Conclusion

This comprehensive study delved into the intricate world
of sprint paddling, unraveling multifaceted insights into the
physiological dynamics and performance nuances of elite
athletes. The amalgamation of meticulous data analysis and
nuanced interpretations has yielded several key takeaways,
each contributing significantly to our understanding
of the sport and its athletes. Individual Variability and
Homogeneity: A striking balance emerged in the study: the
homogeneity within the paddlers’ group underscored the
collective dedication and training standard prevalent among
elite athletes. Simultaneously, the individual differences,
particularly in cardiorespiratory reactivity, highlighted
the diverse physiological profiles within this homogeneity.
Recognizing and harnessing these individual variances can
be pivotal in tailoring training regimens, ensuring each
athlete’s unique strengths are maximized. Cardiorespiratory
Reactivity and Performance Correlation: The study’s
standout finding lies in the direct correlation between
robust cardiorespiratory reactivity and superior athletic
performance. Athletes displaying swift neural responses and
adept adaptation to metabolic acidosis exhibited enhanced

overall performance. This correlation underscores the
critical role of the nervous system and efficient respiratory
mechanisms in optimizing paddlers’ capabilities. Training
interventions focusing on enhancing these specific aspects
could yield substantial performance improvements.
Metabolic Efficiency and Energy Balance: The study’s
insights into CO, emissions and lactate concentrations
shed light on the athletes’ metabolic efficiency. Consistent
CO, emissions across athletes demonstrated standardized
metabolic responses, indicating a balanced energy utilization
pattern. Furthermore, higher lactate concentrations coupled
with elevated respiration rates during intense efforts
reflected efficient anaerobic metabolism and respiratory
responses. Striking the right balance between anaerobic
alactate and lactate capacities emerged as a key factor in
optimizing energy utilization, underscoring the importance
of training programs that enhance both pathways. Practical
Implications for Training and Performance Enhancement:
These findings hold immense practical significance for
coaches, sports scientists, and athletes. Tailoring training
programs to capitalize on individual differences, focusing on
enhancing neural adaptations, metabolic acidosis tolerance,
and optimizing energy pathways, can be transformative.
The study’s insights pave the way for personalized training
interventions, allowing athletes to capitalize on their unique
physiological strengths. Furthermore, these findings provide
a roadmap for refining coaching methodologies, enhancing
the precision of training interventions, and ultimately
elevating the sport of sprint paddling to unprecedented levels
of performance excellence. Future Directions and Research
Implications: This study, while comprehensive, opens the
door to a multitude of future research avenues. Exploring
the long-term impact of tailored training interventions,
delving deeper into the molecular mechanisms underlying
cardiorespiratory reactivity, and investigating the
psychological facets of athletic performance are promising
areas. Additionally, comparative studies across different
sports disciplines could offer valuable insights into universal
physiological principles governing elite athletic performance.
In essence, this study not only enriches our understanding
of sprint paddling but also provides a paradigm for studying
elite athletic performance more broadly. The nuanced
interplay of physiological factors, individual variability, and
the strategic balance of energy pathways are at the heart
of this study’s analytical conclusion. As the sporting world
continues to evolve, these insights will undoubtedly guide
the future of athletic training, empowering athletes to
achieve unprecedented feats and inspiring a new generation
of sports scientists and coaches. The results of the studies
indicate differences in the level of functional support for
special endurance for paddlers of uniform groups for kayaks
and canoes that specialize in a distance of 200 m (Diachenko
etal., 2021).
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AHANITUYHI BACHOBKU 3 ®I310J10TIT EJITHUX CMPUHTEPIB-
BECJ1YBAJIbHUKIB: POSKPUTTA AUHAMIKU PE3YJIbTATUBHOCTI
TA MOXJNIMBUX HACNIAKIB TPEHYBAHD

rw1ABCD

Cyunmpasa [ly6eit , IIpamant Kymap Yoyaxapi'A5c?
"Hanionanbumit iHcTUTYT (hisndHOro BuxoBaHHA iMeHi Jlakmmi baii

ABTOpPCHKMIT BKTAJ;: A — Am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarts: 8 c., 2 Tabn., 25 pKepert.

Mera gocmifpKeHH:a. MeTO 11bOro AOCTiKeHHsI 6y/I0 BUBYEHHS B3aEMO3B 513Ky MK (pi310/I0Ti4HOI0 peaKTUBHICTIO Ta pe-
3Y/IbTAaTUBHICTIO Y CIPMHTEPChKOMY BeC/TyBaHHi cepef eliTHUX CIIOPTCMEHIB i3 30cepe/PKeHHAM yBaru Ha Kap/iopecnipaTopHIX
peakIisx, MeTabomiuHil eeKTUBHOCTI Ta MOJIe/ISIX BUKOPUCTAHHS €Hepril.

Marepianu Ta MeTomM. [/ IbOTO JOCTIIKeHH OYII0 peTenbHO mifibpano rpymy 3 aBaguatu (N = 20) eTiTHUX CIIPUHTEPIB-
BeCyBa/lIbHUKIB i3 pisHMUX perioHiB IHpii. 3a JOIOMOroo0 CTaHAAPTU30BAHUX NIPOTOKOIB i IepejoBUX METO/iB BUMipIOBaHH:
Oyu IpoBefieHi HOK/Ia/iHI OLIiHKY KapAiopecIipaTopHMX peaklii, MeTabomivHoi eeKTMBHOCTI Ta MOJie/Iell BUKOPUCTAHHSA eHep-
rii. IHguBigyanpHi BifMIHHOCTI MK cCriOpTCMeHaMu OY/Iy peTeNbHO 3a/JOKYMEHTOBAH.

Pesynbraru. 3a pe3ynbTaTaMy ZOCTIKeHHs Oy/I0 BUSABIEHO BPaXKalody OFHOPIAHICTD cepefi CIIOPTCMEHIB, 110 Bigobpaxae
CyBOpi cTaHapTH migroroBku. IIpore BuABMINCA BebMu LiKaBi iHMBigya/lbHi BiIMiHHOCTI, 30KpeMa B PeaKTUBHOCTI Kapfiio-
pecniparopHoi cucremu. CllopTcMeHH 31 MIBUIKMMI HEPBOBMMY PeaKLisAMMU Ta TAPHOIO aflaNTali€elo JO MeTabOi4HOrO alNI03y
IPOJEMOHCTPYBa/IM IIOKpAllleHy 3arajibHy IPOJYKTUBHICTD, 110 BKa3y€e Ha KPUTUYHY POIb HEPBOBOI CUCTEMU Ta e(eKTUBHMX
MUXaJTbHMUX MEXaHi3MiB B ONTMMisalii 3ni0HOCTEN Bec/TyBa/nbHUKIB. AHani3 BukujiB CO, Ta KOHI[eHTpallil TaKTaTy BKa3aB Ha
36aTaHCOBAaHY MOJIe/Ib BUKOPMCTAHH eHeprii Ta ONTUMa/IbHIII aHaepoOHMiT MeTaboi3M i pecnipaTopHi peakiii. 36amaHcyBaHHA
aHaepOOHOI a/aKTATHOI Ta JTAKTATHOI 3[JaTHOCTEIT BUSBIUIOCS K/IIOYOBIIM.

BucHoBku. Ofiep>xaHi pe3y/IbTaTit MiKPeCTIOTb HeOOXIAHICTD IITbOBUX IPOTPaM TPEHYBaHb, AKi MaKCUMa/IbHO BUTiTHO
BMKOPMCTOBYIOTD iH/IMBiZya/IbHi BifIMiHHOCTI, IOKPALIYIOTh aflaliTallil0 HEPBOBOI CUCTEMM Ta TOJIEPAHTHICTD 10 MeTaboIiYHOro
alMao3y, a TAKOX ONTUMISYIOTh eHepreTudHi moroku. Lli TpanchopMariiiHi aHaTITHYHI pe3yIbTaTy IPOMOHYIOTh TPeHepaMm,
CIOPTMBHMM HayKOBLIAM i CIIOPTCMEHAM LjiHHi iHCTpyMeHTH) /I IOKpallleHHA pe3ynbTaTiB HmifrotoBku. e mocmimkennsa 36a-
rayye Hallle po3yMiHHA CHPMHTEPCbKOTO BeCTyBaHH:A Ta CAYIy€ MapafiuIMOI0 [/ OC/iI)KEHHsA pe3y/lIbTaTMBHOCTI eliTHUX
CIIOPTCMEHIB, CKEPOBYIOUM Mail0yTHE CIIOPTUBHOI HayKM Ta TpeHepchKol po6oTu. MaitbyTHI HaIpsIMKM HOCIIIKeHb BK/IIOYa-
I0Tb BUBYEHHS [JOBTOCTPOKOBOTO BIUIMBY CIlellia/IbHO IIpM3HauY€HNX TPEHYBaJIbHUX BTPY4YaHb, HOCTIIPKEHHA MOIEKY/IAPHUX
MeXaHi3MiB Kap/liopeclipaTOpHOI peaKTMBHOCTI Ta BUBYEHHS IICUXOJOTIYHUX aCIeKTiB CIIOPTUBHOI MigroToBKu. IlopiBHANMbBHI
IDOCTKEHHsI B PI3HMX CIOPTVUBHUX JUCHUIUTIHAX OOIISIOTH YHIBEPCAIbHI aHATITUYHI BICHOBKY 32 TEMOK Pe3y/IbTaTHBHOCTI
€JIiTHUX CTIOPTCMEHIB.

KirouoBi cmoBa: cripuHTepu-BeciyBanpHIKH, (isiooriuHa peakTMBHICTD, CIOPTUBHA IiIrOTOBKA, KapAiopecmipaTopHi
peaxiiii, TpeHyBa/ibHi BTpPY4aHHS.
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Abstract

Study purpose. Running speed is an ability soccer players need to build attack and defence. There needs to be more
research in football that applies sleds using specific loads to improve the running ability of college student soccer
players. This study aims to analyze the effect of sled training with a load of 10 kilograms on the running speed of

college student soccer players.

Materials and methods. This study uses a quantitative approach with a quasi-experimental design research type,
with the research design used being a one-group pretest-posttest design. The sample used in this research was

14 students taken from a population of 95 individuals using random sampling techniques. The study sample used
had characteristics of age 18 + 0.75 years, height 169.42 + 5.84 cm, weight 58.5 + 4.21 kg, and BMI 20.44 + 2.00.
Treatment was carried out for six weeks with a frequency of three times a week. The 20-meter sprint speed test

was used as an instrument for collecting speed data. The data analysis technique uses a paired samples t-test at a
significance level (a) 0.05. The prerequisite test used is the Shapiro-Wilk test.

Results. The research showed increased players’ running speed obtained from the pretest results of 4.48 + 0.291 and
the post-test results of 4.15 + 0.266 from the 20-meter sprint test.

Conclusions. Based on the results of the paired sample t-test, it can be concluded that there is a significant increase
in the running speed of college student soccer players using 10 kg sleds.

Keywords: sled training, speed, soccer.

Introduction

Fundamental movement patterns in soccer require
rapid strength development and high power (Pinillos et al.,
2014). One of the basic movements in soccer is speed; speed
is an essential factor in the success of a soccer game (Modric
et al., 2019). Not only that, but speed is also an aspect of
the physical components crucial for players in the game of
soccer (Beato et al., 2021; Faude et al., 2012). Apart from
being a determining factor in dribbling the ball towards the
opponent’s goal, the speed at the competitive level of students
is also an essential factor in defensive and attacking tactics,
as well as transitions between the two phases of the game

© Ikhsan, M., Kusuma, I D.M.A.W., Syafii, L, Prianto, D.A.,
Pramono, B. A, Phanpheng, Y., 2023.
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(Welch et al.,, 2021). The speed possessed by a player can
change the dynamics of a match, create goal opportunities,
or even avoid attacks from opponents (Barnes et al., 2014;
Brechue et al., 2010). Therefore, a deep understanding is
needed regarding how to increase the speed of soccer players
to improve the team’s quality and the player’s performance
on the field.

One training method that needs to be explored to
increase soccer players’ speed is using a sled with a load
weighing 10 kg. Sled training isa commonly used approach in
developing athlete speed Petrakos et al. (2016), but there has
not been much research that examines its effects on soccer
players explicitly, especially at the youth level (Cahill et al.,
2020; Rumpf et al., 2015). Sled training involves an athlete
running while pulling a weighted sled to generate excess load
during specific movement patterns in the running (Petrakos
et al.,, 2016). Sled training is adequate for improving sprint
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performance using heavier loads (Kawamori et al., 2014; Zisi
et al., 2022). However, according to research by Alcaraz et
al. (2018) on the use of sleds, no optimal load must be used.
However, the load must be adjusted to the desired purpose.
Based on the opinion above, research must be conducted
to determine effective loads, especially for student college
soccer players. Therefore, this study aims to analyze the
effect of sled training with a load of 10 kg on the speed of
student soccer players.

Research on sledding training with a 10 kg load is
important, considering that every soccer player requires
high physical performance, such as speed, in various game
situations (Aquino et al., 2017). Training using a sled with an
additional 10 kg weight can be an interesting training method
for increasing player speed, and a deeper understanding
of its potential can provide valuable guidance for coaches
and players in designing more efficient training programs
(Cochrane & Monaghan, 2018; Williams et al., 2021).

One of the key challenges in gaining insights into
enhancing the speed of college soccer players is the
necessity for further investigation specifically focused on
using sled training with a 10 kg load within the context of
student-athletes. Speed plays a pivotal role in soccer, and
comprehending the efficacy of sled training among youth-
level players can offer invaluable insights for coaches and
athletes. This study will serve as a vital contribution to
addressing the knowledge gap, ultimately leading to the
creation of more efficient training regimens to enhance the
speed of college-level soccer players. In this way, team quality
and player performance on the field can be improved.

It is hoped that the results of this research will provide
new insight into the effectiveness of sled training with a load
of 10 kg in increasing the speed of student college soccer
players, as well as contribute to the development of more
innovative and efficient training programs in improving the
physical abilities of soccer players at the student level.

Materials and methods

Study participants

Fourteen male student college soccer players participated
in the study. Samples were taken using random sampling
techniques from 95 students as a population. The age of the
participants in this study was 18 + 0.75 years, with a height
of 169.42 + 5.84 cm, weight 58.5 + 4.21 kg, and BMI 20.44
+2.00.

Study organization

This study used an experimental method with a One-
Group Pretest-Posttest Design. The sample used in this
research was 14 students college soccer player taken from
a population of 95 using random sampling techniques.
Fourteen soccer players will do sledging training with a 10 kg
load with a training frequency of 3 times a week for six weeks
(Alcaraz et al., 2018; Chaalali et al., 2022; McMorrow et al.,
2019). The pretest and posttest were carried out one day
before and after treatment. The test used is a 20-meter
sprint. Before treatment, the samples were given static and
dynamic heating for 15 minutes, then divided into two
groups of seven people each. The sample ran using a 10 kg

sled for 20 meters. In weeks 1 and 2, the sample ran for six
repetitions and two sets; in weeks 3 and 4, the sample ran for
eight repetitions and three sets; in weeks 5 and 6, the sample
ran for ten repetitions with two sets. The six-week interval
is a 1:6 ratio where one time works and six-time rest. After
treatment, the sample is cooled down. A stadiometer is used
to measure the sample’s height and weight. The 20-meter
sprint test was used as a data collection instrument in this
study. A stopwatch is used to measure sample times while
running. The sample was given two opportunities to run,
and the best time was used as research data.

Statistical analysis

The data analysis techniques used in this research include
the normality test using Shapiro-Wilk and hypothesis testing
using the paired sample t-test. Paired sample t-test was used
to analyze the differences between the pretest and post-test.
The significance level (Sig) used in decision-making is as
follows: If the value (Sig) <0.05, then HO is rejected, and Ha
is accepted. If the value (Sig) is >0.05, then HO is accepted,
and Ha is rejected. Statistical analysis was carried out using
IBM SPSS statistics 22.

Results

This research was conducted for six weeks, with 18 times
attended by 14 student college soccer players. The results of
descriptive statistical analysis of the pretest and post-test
running speed of student college soccer players can be seen
in the table below as follows.

Table 1. Descriptive Statistics for Pretest and Post-test
Running Speed

Indicators N M SD Minimum Maximum

Pre-test 14 4.48 0.291 3.89 4.99

Post-test 14 4.15 0.266 3.63 4.51

The data are presented by means + SD.

Table 1 above shows the results of the pretest running
speed of student college soccer players with a mean value of
4.48+0.291and post-test running speed results have a mean
value of 4.15+0.266.

Table 2. Normality Test Results

Shapiro-Wilk

Indicators Statistic Df Sig.
Pre-test 0.979 14 0.967
Post-test 0.946 14 0.500

The data are presented by means + SD and sig. Value: In the
Shapiro-Wilk test, the data is normally if the sig. 20.05

From Table 2 above, it can be seen that all data has a
p-value (Sig.) > 0.05. Specifically, the results of the pretest
data value for running speed were 0.967 > 0.05, and the
post-test data value for running speed was 0.500 > 0.05.
Thus, the entire data is normally distributed data with a level
(Sig.) > 0.05.
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Table 3. Hypothesis Test Results

Paired Difference Significance
95% Confidence Interval of the T df
Mean Std. Dev.  Std. Error Mean Difference Sig. (2-tailed)
Lower Upper
0.33 0.168 0.045 0.233 0.428 7.338 13 0.000

The data are presented by means + SD; *statistically significant difference, mean scores at point comparisons from baseline: sig (2-tailed)

value of < 0.05.

Based on the data in table 3. above, it shows that the
players running speed has a sig (2-tailed) value 0£0.000 < 0.05,
indicating a significant difference. The hypothesis, “There is
an effect of sled training with a load of 10 kg on the speed
of student college soccer players” is accepted. Shows that
sled training with a load of 10 kg significantly influences the
running speed of student college soccer players. Based on the
pretest data above, the average is 4.48, and the post-test data
has an average of 4.15. The magnitude of the increase in the
running speed of the student college soccer players can be
seen from the difference in the average value, which is 0.33.

Discussion

Sled training with a load of 10 kg has a positive influence
on increasing the 20-meter running speed of soccer players.
Several factors influence this increase in running speed. The
influencing factors include training load, training adaptation,
suitability of sprint movements, and muscle activation (Taia
et al., 2009; Rodriguez-Rosell et al., 2017; Suarez-Arrones et
al., 2018; Zabaloy et al., 2022). Soccer players training load
every week will have a physical impact that gradually increases
(Buchheit & Mendez-Villanueva, 2013; Fitzpatrick etal., 2018).
Players who do regular training will experience anatomical and
physiological adaptations that impact their body to adjust the
movements and muscle activity required when moving and
increase aerobic and anaerobic power capabilities (Aguiar et
al,, 2015; Cust et al., 2018). Therefore, it is essential to develop
specific training methods to improve the physicality of soccer
players, especially in the aspect of speed.

One interesting training method to develop to increase
running speed is sled training or a running training method
by pulling a held weight. A fixed load of 10 kg used in sled
training is one of the critical aspects of this research. By
using consistent loads for six weeks, players can experience
significant improvements in their running speed. Using this
load requires players to perform sprint movements with
more force, thus providing sufficient stress on the muscles
involved in the sprint movement, encouraging adaptation
and increasing strength (Alcaraz et al., 2014; Zabaloy et al.,
2022). It is important to note that consistent use of weights
also helps track a player’s progress regularly throughout the
training period. According to (Alcaraz et al., 2018; Chaalali
et al., 2022; McMorrow et al., 2019), the ideal training load
to perform is 2-3 times a week for six weeks.

Furthermore, another essential factor is the principle of
movement specifications in sled training appropriate to sprint
movements. Sled training movements have characteristics
that correspond to sprint movements when players run in
matches or training. That will optimize the muscles that
contract during the exercise. Understanding how to sled

correctly, including body position, foot placement, and
pushing technique, is necessary (Cross et al., 2016). In this
way, players can maximize the benefits of sled training with
a 10 kg load. Training appropriate to sprint movements
will help players build coordination and correct movement
habits, essential for achieving optimal running speed (Cross
etal., 2017; Zabaloy et al., 2022).

During a six-week training period with a frequency of
3 times a week, anatomical and physiological adaptations in
the player’s body will occur (Lockie et al., 2012). The move-
ment in sled training with a load of 10 kg requires the lower
extremity muscles to work harder to overcome the resistance
of the load so that the muscles involved in the movement will
experience changes, such as increased strength and endur-
ance. As a result, players can accelerate more quickly. In ad-
dition, physiological adaptations, such as increased aerobic
and anaerobic capacity, can also occur, which is an essential
factor in improving running performance (Kelly et al., 2021;
Maclnnis & Gibala, 2017; Vorup et al., 2016).

One interesting finding that can be considered in further
research is that several samples experienced hamstring
symptoms in the second week. That was possible because
the quality of the hamstring muscles was not yet ready,
and there were many multiples during training. However,
further research needs to be done on the quality of the initial
hamstring muscles before doing this exercise.

This study has limitations in the absence of a control
group to see more clearly whether the absolute increase was
caused by sled training. It is hoped that future research can
add a control group to compare this exercise.

Conclusions

Based on the results of research and discussion of sled
training with a load of 10 kg on increasing the running speed
of student college soccer players, it can be concluded that the
sled training method with a load of 10 kg, which was carried
out for six weeks with a total of 18 meetings, there was a
significant increase in the running speed of the players.
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Y BIMJINBAE TPEHYBAHHA 13 CUIOBUMU TPEHYBAJIbHUMUA
CAHAMMU 3 HABAHTAXKEHHAM 10 KUTOFPAMIB HA
WBUAKICTb OYTBONICTIB-CTYAEHTIB KOJIEAIB?

Myxamap Ixcaun'48<P, I [leBa Mane ApsaHanpga Bimkas Kycyma'A5CP, Imam ITadi'Ac,

Hesin Aryc IIpianTo'4“P, Baio Aryn IIpamono'A“?, SIupon IIxaHnxeH

'Cypabariicbkuit iep>KaBHUI YHiBepCUTeT
*Jloericpkuii yHiBepcuTeT Papxabxar

2AC

ABTopcbkuit BKIaj: A — gusaits gocmimpkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykomnucy; E — 36ip Komtis

Pedepar. Crarrs: 6 ¢., 3 Tabi., 33 mKeperna.

Mera gocnimkenss. [IIBuakicTs 6iry — 11e 3aTHICTD, sika HOTpibHa ¢pyTOOMicTaM /15 T0O6YXOBM HalaAy Ta 3axucty. IloTpi6-
Hi 10aTKOBI BOCIipKeHHs 3 QyTOOIY, y SIKMX 3aCTOCOBYIOTh CM/IOBI TPEHYBA/IbHI CAaHM 3 BUKOPUCTAHHSM IIeBHIX HaBaHTA)XeHb
IUIs TOKpalieHHst 6iroBux 3ai6HOCTEN PyTOOMCTIB-CTYAEHTIB KOMeKiB. MeTO0 1IbOro JOCTIIKEHHSI € aHaJIi3 BIUINBY TPEHyBaH-
HA 13 CUJIOBUMM TPEHYBaJIbHUMMU CaHAMM 3 HaBaHTaXeHAM 10 KilorpamiB Ha MIBUAKICTD 6iry GpyTOOMICTIB-CTyIeHTIB KOMeIXKiB.

Marepiamu Ta MeToau. Y IIbOMY HOC/i/I)K€HH]I BUKOPUCTOBYIOTDb KiNbKiCHMII MinXifj i3 KBasiekclepyMeHTalnbHUM TUIIOM
TOCIIifI)KeHH, IPY IJbOMY BUKOPMCTOBYIOTD II/IaH JOC/iI)XEHHA 3 TIOIepeHiM i MiJcyMKOBMM TeCTyBaHHAM Ha OfiHiil rpymi. Bu-
GipKa, AKY BUKOPMCTOBYBa/IN B IIbOMY JOCTIIPKEHH], CTaHOBW/IA 14 CTy/IeHTiB, Bi,l“_[i6paHI/[X i3 reHepasbHOI CYKYIIHOCTi Ki/IbKiCTIO
95 ocib i3 BUKOpUCTaHHAM MeTOMIiB BUIIaKOBOI BIOipKL. [locimKyBaHa Bubipka Masa Taki xapaKTepucTuku: Bik 18 + 0,75 poxky,
3picT 169,42 * 5,84 cMm, Bara 58,5 + 4,21 xr, IMT 20,44 + 2,00. 3aHATTA IpOBOAWIN IIPOTATOM LIECTY TVDKHIB i3 Iepiofu4HiCTIO
Tpudi Ha TIDKAeHb. TecT Ha MIBUAKICTD Oiry Ha gucTaHiiio 20 MeTpiB BUKOPUCTOBYBA/IN AK IHCTPYMEHT /it 300pPY AaHUX PO
HIBUAKICTD. Y METOAMII aHAII3y JaHUX BUKOPMUCTOBYIOTD t-Kputepirt CThIofieHTa [/Isl apHuUX BMOIPOK 3a piBHS 3HAYYIOCTI ()
0,05. SIx 060B’A3K0BUII TIOIIEpeAHilT TecT BUKOpuUcTOBYBamu Kpurepiit lllanipo-Binka.

Pesynpratu. PesynbraTu ZOCIi/KeHHs [10Ka3aay 301/IbIIeHHs IIBUAKOCTI Oiry rpaBLiB, OTpUMaHe 3a pe3y/libTaTaMy I0-
nepefHbOro TectyBaHHs 4,48 + 0,291 Ta 3a pesy/mpraTaMu IifICYMKOBOTO TecTyBaHHs 4,15 + 0,266 B TeCTi Ha MIBUAKICTD 6iry Ha
mycTaHiio 20 MeTpiB.

BucHoBKM. 3a pesy/IbTaTaMy aHa/li3y JaHNUX i3 BUKOPUCTAHHAM t-Kpurepito CTbIofleHTa [/Is HapHUX BUOIPOK MOXKHA HifTH
BUCHOBKY IIPO HasABHICTb CTATMCTUYHO 3HAYYILOTO 301/IbIIEHH MBUAKOCTI 6iry GpyT6OMiCTIB-CTYAE€HTIB KOMEKIB, IKi KOPUCTY-
I0TbCA CVJIOBYIMM TPEHYBa/IbHMMU CAaHAMM 3 HaBaHTAKeHHAM 10 K.

KirouoBi cloBa: TpeHyBaHHs i3 CWIOBUMU TPEHYBaIbHUMI CAaHAMIU, IIBUAKICTD, GyTOOI.
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Abstract

Background. In recent years, the study of the teacher-student relationship in the teaching-learning processes in
physical education has had great emphasis. Previous studies have shown that the use of the Spectrum of Teaching
Styles can enhance intrinsic motivation, enjoyment, adherence to physical activity and physical activity levels in

children and adolescents.

Study purpose. The present study aims to assess if a physical education (PE) intervention based on the variations in
teaching styles, with reference to productive ones, can also have positive effects on physical fitness.

Materials and methods. The sample involved 4 primary school classes (n = 124 children, mean age = 8-10 years)
recruited from the SBAM (Health, Wellness, Food Education and Movement at School) Project in Apulia, Southern
Italy. The classes were randomly assigned to the Experimental Group (EG) and the Control Group (CG). The EG
followed a 5-month experimental intervention based on the variation of teaching styles, while the CG performed
regular PE lessons. Physical fitness was assessed with Standing Long Jump (SLJ), 1kg Medicine Ball Throw (MBT),
and 20 m sprint (20 m) tests, while two validated questionnaires were used to evaluate physical self-perception (PSP)
and enjoyment. A 2x2 (intervention group x time) ANOVA was carried out to assess significant difference and

interaction effect pre (t,) and post (t,) intervention protocol.

Results. Data analysis showed a significant improvement of physical fitness in both EG and CG, while PSP and
enjoyment increased only in EG. Moreover, significant (p < 0.05) interaction effects were found for 20 m sprint, PSP

and Enjoyment with low effect size (n* ~ 0.20).

Conclusions. The results of the present study highlight the effectiveness of a PE intervention based on the variation
of teaching styles in improving physical fitness, self-perception, and enjoyment. Moreover, the use of productive
teaching styles significantly impacts self-perception and enjoyment that are important mediating factors for

guaranteeing better adherence to physical activity.

Keywords: teaching styles; model-based practice in physical education; physical fitness; teacher’s behavior; health

promotion.

Introduction

The fundamental role of Physical Education (PE)
for children’s educational process is well recognized by
international literature (Arufe-Giréaldez et al., 2023; Baena-
Morales & Gonzélez-Villora, 2023; Williams et al., 2022).

© Monacis, D., Annoscia, S., Limone, P, & Colella, D., 2023.
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In recent years, the Mode-Based Practice in Physical
Education (has been conceptualized as an umbrella term
for describing teaching and learning in PE through different
pedagogical approaches and models (e.g., Direct Instruction,
Personalized System for Instruction, Cooperative Learning,
Sport Education, Physical Literacy, Inquiry Teaching, etc.)
(PHE Canada, N.D.; Kirk, 2013). According to Pill, SueSee
& Davies (2023) the Spectrum of Teaching Styles (Mosston
& Ashworth, 2008) represents “an approach centered around
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decision-making between the teacher and the learner about
the ‘how), ‘when’ and ‘why’ of their pedagogical decisions”
(p-2), and it can be considered a Pedagogical Models in
PE. In fact, the didactic-educational process in physical
education is based not only on the motor tasks, equipment’s,
and spaces’ analysis, but, above all, on the study of teacher-
student(s) and student(s)-environment relations (Zhao,
2022; Backman & Barker, 2020). The choice of the modalities
and strategies with which PE teacher propose motor tasks
allow to activate (or inhibit) the mediation functions needed
to enhance children’s motor learning and promote healthy
lifestyles (Robinson et al., 2015; Lubans et al., 2008; Stodden
etal,, 2008). Moreover, the bodily motor experience through
different and differentiated motor tasks and organizational
methods defines significant links and connections for
disciplinary, interdisciplinary, and transversal learning. In
this sense, the Spectrum of Teaching Styles can be considered
a Pedagogical Model due to possibility to promote different
way of learning and personalize the didactic action
(Goldenberger et al., 2012; Mosston & Ashworth, 2008;
Sicilia-Camacho & Brown, 2008). Moreover, in each lesson
the proposal of a certain motor tasks (or the organization of
an activity) through the intentional variation of educational
communication and teaching styles led to the development
of the physical, social, emotional, and cognitive channel
(Mosston & Ashworth, 2008; Goldberger & Suesee, 2020;
Pill, SueSee, & Davies, 2023).

The intentional and programmed proposal of executive
variants related to motor tasks is modulated and adapted
through the interaction of teaching styles (Mosston &
Ashworth, 2008) which have different effects on children’s
learning processes. The interaction of teaching styles and
strategies, in fact, allows to promote different ways of access
to skills and knowledge (e.g., different ways of learning, for
reception and for discovery/problem solving), foster the
connections between skills, knowledge, attitudes, functional
to motor skills, promote the relationships between cognitive-
motor and social functions, necessary for interdisciplinary
learning, and customize the didactic action (Rink, 2002).
The proposal of motor tasks containing expected executive
variants prompts, on the part of the child, predefined and
linear motor responses (that is, require closely related-
dependent previous acquisitions that are requirements for
subsequent learning).

On the contrary, the solicitation of motor responses and
executive variants unusual, creative and the reworking of
variants and skills alreadylearned, even ifin different contexts
and situations, allows the child to proceed in the learning
path in a reticular and autonomous way, not fully predefined
or linear-sequential, allowing autonomous management of
space-time-quantitative-qualitative constraints (Moy et al.,
2019; Magill & Anderson, 2014; Chow, 2013).

In recent years, research on teaching styles in physical
education has been mainly oriented to the study of teachers
perceived used of teaching styles (Hein et al., 2012; SueSee
& Barker, 2019; Syrmpas et al., 2018; Constantinides & An-
toniades, 2022) and to the effects on children’s motor skills
learning (Zeng et al., 2009; El Khouri et al., 2020; Cuellar-
Moreno & Caballero-Julia, 2019; Farkash, Zayed, & Bali,
2022) and goal orientation, motivation, and participation in
PE (Trigueros et al., 2019; Klos et al., 2020; Behzadnia, Mo-
hammadzadeh, & Ahmadi, 2019; Mouratidou et al., 2022).

Moreover, the development of cognitive psychology
has opened new research fields aiming at studying which
functions can provide a better adherence to physical activity
during lifetime (Melguizo-Ibafez et al., 2022; Ruissen et al.,
2022). The knowledge and the identification of variables for
promoting physical activity are necessary for ensuring the
achievement of the strategic development aims of the Global
Action Plan on Physical Activity 2018-2030 (WHO, 2018).

In fact, according to international literature self-
perception and enjoyment of bodily-movement experiences
are important mediating factors that can promote and ensure
better adherence to physical activity and healthy lifestyles
from infancy to adulthood (Ruiz-Montero et al., 2020; Sallen
et al., 2020; Lu et al., 2022; Crane et al., 2023).

The physical self-perception comes from the individual’s
experience with the environment and the way such
experiences are lived: positive motor experiences in which
children successfully experience a wide repertoire ofactivities
and executive variants of motor tasks, enrich the individual
body experience, that is, the experiences concretely carried
out through the body and movement (Cairney et al., 2019;
Robinson et al., 2015; Babic et al., 2014; Bardid et al., 2016).
An essential condition for the educational process is the
proposal of activities through teaching styles of production in
which each student can independently experience different
ways of performing a motor task and find the better solution
to teacher’s questions (Mosston & Ashworth, 2008). Findings
revealed that basic psychological needs’ satisfaction plays
a key role in predicting adherence to physical activity and
maintain higher motivation to be physically active (Kang,
Lee, & Kwon, 2020). This is true in different contexts and
applications of physical activity, involving school physical
education, leisure time (i.e., running, walking, fitness
activity, sport (i.e., basketball, volleyball, soccer, martial arts,
and adapted physical activity (Fabra et al., 2023; Peralta et al.,
2022; Son & Yang, 2022; Oliver, Munk & Stanton-Nichols,
2021). The study of Sum et al. (2022) has demonstrated
that PE teachers’ behavior and different teacher-student(s)
communication can positive influence students perceived
physical literacy, motivation and enjoyment when practicing
physical activity. Moreover, in educational setting, school-
based lunchtime games intervention can increase mental
well-being and perceived self-efficacy (Murphy, Sweeney &
McGrane, 2022), while higher levels of academic stress are
associate with increased amotivation that negatively affects
the participation in physical education (Yang, Viladrich
& Cruz, 2022; Klos et al., 2020). Form the PE teacher’s
perspective the use of production teaching styles can have
positive effects on students’ affective-emotional perception
and foster time spent in physical activity (Leisterer &
Paschold, 2022; Moreno-Murcia et al., 2022).

Although much of the scientific research has been
oriented to assessing how the use of different teaching
styles (especially production ones) can encourage the onset
of motivation, the self-perception and enjoyment during
practice, the relationship between teaching styles and the
promotion of physical fitness plays a priority role during
developmental age.

Invernizzi et al. (2019) highlight increased physical
fitness, motor competence, enjoyment and time spent in
physical activity applying a 12 weeks multi-teaching styles
interventions in primary schoolchildren. Similarly, Komatni
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(2022) reported significant interaction effect between
learningapproachand motorskills developmentin enhancing
children’s physical fitness. In fact, physical education lessons
based on a task-based approach with higher levels of motor
skills are positively associated with better physical fitness
(body composition, hand muscle strength, endurance,
flexibility, and cardiopulmonary endurance) compared to a
command-based approach. Moreover, alternative, and non-
traditional teaching approaches in physical education, such
as Teaching Games for Understanding (TGfU), Project-
Based Learning (PBL), and Collaborative Learning (CL)
have proved to be effective in promoting not only academic
achievement and enjoyment, but also physical fitness
(Elumalai et al., 2022).

In the light of these evidence, this study aims to
demonstrate the effectiveness of an PE intervention based
on production teaching styles in promoting physical fitness,
self-perception and enjoyment in primary school children.

Materials and methods

Study participants

The study involved four primary school classes for a
total of 124 children aged 8-10 years (M = 62, F = 62; main
age = 9.21 £ 0.19). The sample was recruited by one school
that joined the SBAM - Health, Wellness, Food Education
and Movement at School - Project (Colella, Monacis &
Massari, 2019) in Apulia (Southern Italy), coordinated
by the University of Foggia. As required by University of
Foggia procedure, informed consent was obtained from all
participants to collect data. Table 1 reported the sample’s
descriptive profile.

Study organization

A simple randomization procedure was applied to recruit
the sample and to assign two classes in the Experimental
Group (EG) and two in the Control Group (CG). Physical
education lessons based on the variation of teaching styles
(both reproduction and production) were proposed to the
EG by Experts Graduated in Preventive and Adapted Motor
Activities (n = 5) together with the generalist teacher, while CG
performed PE lessons with the generalist teachers regularly.

The graduates in motor science (EG) were properly
trained on the themes of teaching styles, on the proposal

Table 1. Sample’s Anthropometric Characteristics

of motor tasks through different styles of teaching before
the study started (5 meetings x 4h). Moreover, before
the intervention, the learning units, the organizational
modalities, and the motor tasks were shared with the Experts
involved in the EG. Both Experts (EG) and Generalist
Teachers (CG) were informed of the topics to be covered
during PE lessons from January to May 2022 (2 hours x
16 weeks, for a total of 32 actual hours of intervention), as
follows (Table 2):

a) Motor skills and small tools: the space-time executive
variants (8 PE lessons);

b) Group games and space-time orientation (8 PE
lessons);

c) Expressiveness and dramatization (8 PE lessons);

d) Motor coordination (8 PE lessons).

The EG performed each lesson using guided discovery,
convergent and divergent production styles (for about 60%
of each PE lesson), predominantly; moreover, reproduction
styles (practice and inclusion) were also integrated and
modulated in each lesson. The CG performed PE lessons
with the practice and command style, mainly.

The choice of teaching styles also reflects the diversity of
organizational ways in which the motor tasks were proposed.
In the EG individual, pairs, small groups and with small tools
motor tasks were proposed varying the spaces, the tools,
and the execution modes, and soliciting individual children’s
motor answers. On the contrary, group games, motor tasks
organized in paths and circuits were used in CG. However, a
list of descriptors of teacher’s behavior for the teaching styles
used in this study (Colella, Bellantonio & Limone, 2020)
has been carried out through to implement educational
communication and propose motor tasks (Table 3 and 4).

In addition to sample’s anthropometric data collection
(age, weight, height, and BMI), Cole’s Scale was used to
classify children as normal weight, overweight or obese
(Cole et al., 2000)

Physical fitness was assessed with the following motor
tests: standing long jump (SLG), Medicine Ball Throw 1Kg
(MBT), and 20m Speed (20m) (Ruiz et al., 2011; Morrow et
al., 2000; Falk et al., 2001). Self-perception and enjoyment
were evaluated with two validated questionnaires, Physical
Self Efficacy Scale for Children (Colella et al., 2008) and
Physical Activity Enjoyment Scale (Carraro et al., 2008).
Physical fitness (lower limb strength, endurance, and speed)
was evaluated during curricular physical education lessons
two weeks before (t0) and after (t1) the 5-month teaching

Female Male Total Sample
N Mean SD N Mean SD N Mean SD
Control Age 31 9.23 0.42 31 9.23 0.66 62 9.23 0.55
Weight 31 38.10 8.58 31 40.00 13.25 62 39.05 11.11
Height 31 1.3790 0.074 31 1.38 0.073 62 1.38 0.073
BMI 31 19.87 3.59 31 20.45 5.03 62 20.16 4.34
Experimental Age 31 9.39 0.61 31 9.03 1.85 62 9.21 1.38
Weight 31 37.74 11.15 31 37.81 11.16 62 37.77 11.06
Height 31 1.370 0.084 31 1.37 0.080 62 1.37 0.081
BMI 31 19.78 4.17 31 19.78 4.80 62 19.78 4.46
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Table 2. Description of learning units

Reproduction
Teaching Styles

Teachers’ Behaviour

Students’ Behavior

Practice Style

The teacher...

a) presents the motor task and communicates the
learning objective;

prepares the organizational modalities and the
operating spaces (individual tasks, in pairs, paths,
relay, circuits, in which the use of small tools is also
provided; group and team games; etc.); the executive
variants are predefined and few numerous;

b)

The students...

a) perform the task independently;

b) memorize motor sequences;

¢) acquire and repeat executive variants;

gain awareness of the learning process and feedback.

c) prepares the organization of sub-groups;
d) indicates the execution methods, the serial number,
repetitions, the intensity of the task and the executive
difficulty on which to exercise;
e) communicates the criteria for success of the task;
f) corrects the error directly and indirectly.
The teacher... The students. ..
a) presents the motor task and sets out the learning a) design a range of options to allow the start of activities
objective; for all students / one and the same task;
b) presents the executive and organizational modalities, b) respect individual differences; choose the level of
according to different levels of difficulty/intensity, difficulty to practice;
I . increasing or reducing the number of executive c) perform motor tasks according to different levels of
nclusion Style . ;
variants and the use of tools; difficulty;
¢) adapt the motor task through the executive variants, d) encourage continuous participation and increase
according to the needs of the students; uptime;
d) communicates the relationships between motor skills e) foster and develop the self-assessment process
performed/requests and related motor skills;
e) corrects the error directly and indirectly.

Table 3. Descriptors of teacher’s behavior for Reproduction Teaching Styles

Reproduction
Teaching Styles

Teachers’ Behaviour

Students’ Behavior

Practice Style

The teacher...

g) presents the motor task and communicates the

learning objective;

prepares the organizational modalities and the

operating spaces (individual tasks, in pairs, paths,

relay, circuits, in which the use of small tools is also
provided; group and team games; etc.); the executive
variants are predefined and few numerous;

i) prepares the organization of sub-groups;

j) indicates the execution methods, the serial number,
repetitions, the intensity of the task and the executive
difficulty on which to exercise;

k) communicates the criteria for success of the task;

1) corrects the error directly and indirectly.

h)

The students...

d) perform the task independently;

e) memorize motor sequences;

f) acquire and repeat executive variants;

gain awareness of the learning process and feedback.

Inclusion Style

The teacher...

f) presents the motor task and sets out the learning

objective;

presents the executive and organizational modalities,

according to different levels of difficulty/intensity,

increasing or reducing the number of executive

variants and the use of tools;

adapt the motor task through the executive variants,

according to the needs of the students;

i) communicates the relationships between motor skills
performed/requests and related motor skills;

j) corrects the error directly and indirectly.

g

The students. ..
f) design a range of options to allow the start of activities
for all students / one and the same task;

g) respect individual differences; choose the level of
difficulty to practice;

h) perform motor tasks according to different levels of
difficulty;

i) encourage continuous participation and increase
uptime;

j) foster and develop the self-assessment process
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Table 4. Descriptors of teacher’s behavior for Reproduction Teaching Styles

PrO(.iuCtlon Teachers’ Behaviour Students’ Behavior
Teaching Styles

The teacher... The students. ..

a) enunciates the objective, presents the motor task and a) discover the executive variants of a task, a tool, a
recalls motor skills already acquired (in formal and space (multilaterality);
non-formal contexts); b) identify the relationships between the executive

b) it proposes a motor task and asks questions about variants of a task and similar executive modes of
the possible spatial-temporal-qualitative-qualitative different tasks;
executive variants /ways of using a tool/management c) develop different motor responses, original, creative,
of spaces and environments; transferable to other learning.

c) it proposes a motor task and urges the discovery
of analogies and differences with other tasks/tools/
activities through questions and stimulus situations

Guided Discovery (in how many ways? How can you?);

d) requires the repetition of the motor task without

repeating the same task but independently

discovering the executive variants;

e) communicate interrogative/descriptive feedback to

the student.

Eg., in how many ways can we.... throw forward? (standing,
sitting, walking, running, one hand, two hands from
above, long-short, far-near, inside-out a circle, a target;
after receiving the ball from... How many ways can we...
jump through the circles in succession? (equal feet joined,
forward-backward; one foot, even feet joined-apart, etc.).

The teacher...

The students...

a) communicates the objective, presents the motor task a) discover motor solutions consistent with the problem

and recalls the motor skills already acquired;

b) proposes the execution of a motor task and solicits ~ b)
open, divergent motor responses (Who can...? In how
many other ways is it possible... launch if I am in this

position? ....)

posed by the teacher;

it identifies unusual, creative motor responses; it
reworks previous modes of execution, through new
executive variants and new relationships between
variants;

¢) asks questions and solicits open motor answers, in
which each student is autonomous in the use of any

. . kill ition choice, etc.);
Divergent Disovery skills /position choice, etc.)

combinations of executive variants;

d) asks questions and solicits motor answers through

e) proposes motor tasks within space-time constraints;
f) communicate interrogative/descriptive feedback to

the student.

Eg., who can... move between circles... without walking or
jumping? [quadrupedial; In pairs, how to move forward
in a defined space... without using legs?... [wheelbarrow
game]; how to represent a story using only postures and

gestures?

intervention by Experts in Preventive and Adapted Physical
Activity, while questionnaires were proposed both by
generalist and Experts in the classroom.

Statistical analysis

Descriptive statistics was carried out for all variables
pre- and post-intervention. Independent t-test was uses to
assess pre-intervention differences between EG and CG.
A mixed methods repeated measures ANOVA (analysis
of variance) was performed to evaluate differences in all
physical fitness test, self-perception, and enjoyment after 20
weeks of intervention with a Group (EG - CG) x Time (t, -
t;) mixed model. Effect size was estimated with partial eta
squared, as follows: n? ~0.20 = low, n* ~0.50 = medium and

1>~0.80 = high (Cohen, 1988). Significant index was set at p
value less than 0.05. All statistical analysis were performed
using SPSS vers. 26 (Chicago, IL, USA).

Results

Since almost the entire sample is normal weight, no
differences in BMI were reported. No significant difference
in physical fitness test, self-perception and enjoyment were
found between EG and CG pre-intervention (t0) (Table 5).

The results of the 2x2 ANOVA (intervention group x
time) show a statistically significant improvement in both
the EG and the CG for physical fitness tests (Table 6). After
the 16-week intervention protocol, better performances
were recorded in both groups in the SL]J, MBT and 20 m
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Table 5. Difference between EG and CG pre-intervention. PSP = physical self-perception, PACES = Enjoyment

Independent T-Test (t0)

Levene’s Test

t-Test for Equality of Means

Group N Mean SD  Mean SE Mean 95% CI
Sign. t gl Sig. R SE Dif
Dif. Lower Upper
SLJ CG 62 1.17 0.25 0.032 0.003 0953  1.196 122 0.234  0.05 0.045 -0.03 0.14
EG 62 1.12 0.25 0.031
MBT CG 62 3.9 0.94 0.12 0.017 0.897 -1.320 122 0.189 -0.23 0.175  -0.57 0.11
EG 62 423 0.99 0.12
20 m CG 62 5.31 0.63 0.08 0.016 0.899 2416 122 0.117 027 0.11 0.048  0.49
EG 62 5.04 0.61 0.07
PSP CG 62  16.65 3.40 0.43 0.341 0.560  0.923 122 0.358  0.53 0.57  -0.60 1.67
EG 62 16.11 2.98 0.38
PACES CG 62 3524 5.10 0.64 1.173 0281 -2.520 122 0.113  -2.42 096  -4.33 -0.52
EG 62  37.67 5.61 0.71

Table 6. Pre- and post-intervention assessment

Differences pre-post intervention and interaction effects

Experimental Group (n=62)

Control Group (n=62) Intervention x

M CSTIRES t, t, t, t, time p-value ;
M SD M SD SD M SD
SLJ 1.12 0.25 1.19% 0.23 1.17 0.25 1.22% 0.23 0.325 0.016
MBT 4.23 0.99 4.34* 1.01 3.99 0.94 4.21* 0.99 0.143 0.035
20 m 5.04 0.61 4.82% 0.67 5.31 0.63 4.85%* 0.61 0.005 0.124
PSP 16.11 2.99 17.68* 2.69 16.65 3.40 16.21 2.93 0.000 0.225
Enjoyment 37.67 5.61 39.73* 4.50 35.24 5.10 35.85 5.08 0.040 0.057

* significant difference between ty-t,.

sprint (p < 0.05). Moreover, post-intervention EG performed
better in MBT and 20m than CG, while CG showed higher
performance in SLJ.

However, there was a non-significant interaction effect
between intervention group and time for lower (SL]) and
upper (MBT) limbs strength (p = 0.325; p = 0.143). The 20 m
sprint analysis showed a significant intervention x time effect
(p = 0.005) with low effect size (n? = 0.125).

Physical self-perception and enjoyment significantly
increased in EG (p< .05), but not in CG. Also, significant
interaction effect was found for both variables (p = 0.000),
with an effect size of > = 0.225 for physical self-perception,
and n?* = 0.057 for enjoyment.

Discussion

The results of the study revealed differences in
motor performance and self-report scores for physical
fitness, physical self-perception, and enjoyment after
an experimental intervention based on the variation of
teaching styles. Although the results showed a significant
improvement of the components of physical fitness in the EG
and CG, the factors related to the practice of physical activity
(self-perception and enjoyment) improved only in the EG.

This is important in the didactic field of physical education,
from which a series of considerations may derive.

In fact, in EG children received more opportunities to
choose and experiment with executive variants and motor
responses, and this could lead not only to the development
of physical fitness components (strength and speed), but also
to the enhancement of motor coordination and to a greater
perception of competence and enjoyment during practice
than CG.

The development of self-perception and enjoyment are
interdependent, and they arise from the results of successful
motor tasks performed and the corresponding determined
traces in the individual motor repertoire (Mosston &
Answorth, 2008; Morgan, 2005; Ferrer-Caja & Weiss, 2000).
The ways in which teaching styles vary and are interconnected
are crucial for assessing the effects on motor learning
and related psychological factors. They are not opposite
but complementary: the continuum between the styles of
reproduction and production is based on the relationship
between the decision-making processes of the teacher and
those of the student (Dudley, Okely, Pearson, & Cotton,
2011; Moy, Renshaw, Davids, & Brymer, 2019; Diloy-Pena
et al., 2021). Production styles promote the development
of motor coordination and related psychological factors,
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essential components of motor skills and the study carried
out highlighted. Previous studies in primary school have
demonstrated the effects of variation in teaching styles (e.g.,
inclusion and practice) in a test/re-test intervention related
to self-perception (Chatoupis & Emmanuel, 2003).

Morgan et al. (2005) highlighted that production styles
(e.g. the guided discovery style) promote cognitive and
affective responses compared to the use of reproduction
styles (e.g., practice style).

Recently, Rivera-Pérez et al. (2020) has shown how
the proposal of motor tasks with the teaching strategy of
cooperative learning, both with reproduction (reciprocal and
self-check styles) and production teaching styles (divergent
discovery style) - promotes the development of emotional
skills (emotional recognition, control and regulation of
emotions, empathy) in children and adolescents. The
development of lateral thinking, empathic and socio-
relational skills of the child, as well as the construction of
positive and constructive interactions within the group-
class should be solicited more in primary school, for the
acquisition of the values related to the motor experience in
the different organizational modalities (Rivera-Pérez et al.,
2020). In fact, the choice of teaching style has a strong impact
on the way children learn (imitation; conditioning; tests and
errors; intuition; understanding) and perform a motor task
(Pill, 2023). In this sense, the variation of teaching styles in
physical education and, more generally, in the field of motor
activities, should be encouraged to solicit multiple and
different cognitive abilities and ways of thinking of children
(Moy, Renshaw & Davids, 2016).

Furthermore, there are differences between general-
ist and specialist teachers in the mastery of teaching styles
and in the variation of content and this affects the children’s
learning processes and the quality of the motor experience.
A recent study has highlighted different methodological ap-
proach between the teachers themselves according to the type
of degree in physical education and sports sciences: sports
science teachers’ degree mainly used the command style,
while those with physical education degree (or both PE and
sports sciences degree) applied different and differentiated
teaching styles and strategies (Fernandez & Espada, 2021).
In addition, the study of da Silva et al. (2020) highlights how
production styles foster the learning of sports-oriented skills
of team sports, being closely related to several factors, such
as the ability to make decisions, select appropriate motor
responses, and be active and participate in different game
situations. Another study assessed the effects of two learning
units, based on the command style and guided-discovery
style, respectively, on the acquisition of gymnastic technical
skills in primary school children. Although learning out-
comes are similar in both groups, the guided-discovery style
allows for greater learning retention in the medium to long
term than that of command style (El Khouri et al., 2020)

Conclusions

The present study highlights the effectiveness of the
variation of teaching styles in PE to improve not only
physical fitness, but also self-perception and enjoyment,
that are correlates for guarantee better adherence to physical
activity during lifetime. It has been showed that different
teaching styles have different (but complementary) effects,

both physical and motivational, on children. However, the
following limitations can be underlined: (a) sample’s age
(8-10 years) has not been considered as covariate, (b) the
effect of BMI (normal weight, overweight, obese) has not
been analyzed, (c) small sample, and (d) no evaluation of
retention effect. Moreover, it might be important to analyze
the mastery and knowledge of the teaching styles of specialist
PE teachers before starting the experimental activities.

The study stressed the importance of adequate PE
teachers training on the use of teaching styles in the didactic
of motor activities. Physical education teacher training, in
fact, should provide a significant importance in the university
curriculum on the topics of the methodology of motor
activities and the introduction to sport in the developmental
age to highlight the effects on the formation of the person not
only determined by the variety of content and organizational
arrangements but, above all, determined by changes in the
modalities of educational communication (methodology).
Future research are needed to analyze the effects related to
the use of teaching styles in different educational settings.
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Monacis, D., Annoscia, S., Limone, P, & Colella, D. (2023). Examining the Effects of Reproductive and Productive Teaching Styles
Interventions on Primary Schoolchildren. What Implications for Physical Education Teachers?

BMBYEHHA BMJIBY BTPY4YAHDb I3 SACTOCYBAHHAM PEMPOAYKTUBHUX
I MPOAYKTUBHUX CTUNIB HABYAHHA HA MOJTOALWIUX LWWKONAPIB.
AKI MOXKJTUBI HACI AKX ANnA BYUTENIB ®IBUYHOIO BUXOBAHHA?

Homeniko Monauic'*5P, Cadbpina Aunoma’®®, I’epmaono Jlimone*?, Tapio Konenma'A<P

'"Vaisepcuret CaieHTO

*YuiBepcuret Kanmbspi

*Tenematyaunit yHiBepcutert Ileraco

ABTOpPCHKNMIT BKTAJ;: A — Au3aitH gocnipkenns; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip komrtis

Pedepar. Crarts: 11 c., 6 Tabn., 72 mxepena.

Ictopisa nmuranua. OcTaHHIMYM POKaMI BEeIMKY YBary IMpUAIIAIOTh HOCTIIKEHHIO B3a€MO3B SI3KY «BUNTE/b-YIeHb» Y IPO-
Ijecax BUK/IQlaHH:A Ta HaBYaHH:A (i3MYHOro BUXOBaHHA. [lonepeHi JOCTiIKeHH S OKasaIy, M0 BUKOpUcTaHH:A CHeKTpy CTIIIB
HaBYaHHA MOXKe IiIBUIYBaTy BHYTPIlIHIO MOTMBAILil0, 3aJOBONIEHHS, JOTPUMAaHHS q)isquo'l' AKTMBHOCTI Ta piBeHb (bisl/mﬂol'
AKTUBHOCTI y [jiTel i mifIIiTKiB.

Merta gocnigKkeHHA. MeTO0 1IbOTO JOCI/IKEHHA € 3M1iliCHEHHA OLiHKM, 4/ MOXKe BTPYYaHHA 3 ¢isnunoro BuxosaHus (OB)
Ha OCHOBI Pi3HUX BapiaHTiB CTWIiB HaBYaHH:, 3 OI/IANY HAa IPOLYKTUBHI CTWUII, TAKOXX MATH IO3UTUBHMII BIUIMB Ha (Bi3N4Hy
MiATOTOBJIEHICTD.

Marepianu Ta MeTogu. Bubipka Bximogana 4 Kracy mo4aTKoBol mkomu (n = 124 gutuum, cepenHin Bik = 8-10 pokis), 3a-
JIy4eHNUX JI0 YYacTi B paMKax mpoekty SBAM (3xopos’s, [apre camonouyTTsi, HaByaHHs 350poBOro xapuyBaHHs Ta Pyx y mkosti)
B Anyrii, ITiBgenna Itania. Knacu 6ynmn BuIafKoBUM YMHOM poO3INOfieH] Ha excrepuMeHTanbHy rpymy (EI) Ta KOHTponbHY
rpyny (KT). EI' mpoxopuna 5-MicsA4He eKCIlepyMeHTaIbHe BTPYYaHH:A Ha OCHOBI BapiloBaHHA CTWIIB HaB4aHHA, a KI' mpoxopuia
3BUYAIHI 3aHATTA 3 Qi3KyabTypy. Pi3WUHY MiTOTOB/ICHICTD OLIHIOBAIN 32 JOIOMOTOK TeCTiB «CTpMOOK y ZOBXIHY 3 MICIis»
(COM), «<Kupox mepmanoro m’siqa Baro 1 kr» (KMM) ta «Crnpunr Ha 20 M» (20 M), a /st OIiHKM (i3SMYHOTO CAaMOCIIPUITHATTS
(©CC) i 3a50BOIEHHS BUKOPMCTOBYBA/IM [iBa OMIL[iIHO 3aTBEPMIKEHNX ONUTYBAIbHMKA. {/IsI OL[iHKY CTATUCTUYHO 3HAYYIIOL
pisHuni Ta edexTy B3aeMopii o (t,) Ta micnA (t;) BUKOHAHHA NMPOTOKONY BTPy4YaHHs Oy/Io MpoBefeHo ABOo(aKTopHMil (rpyma
BTPYYaHHA X Jac) AUCIepCiltHMIT aHai3.

PesynpraTy. AHai3 TaHMX [OKa3aB CTATUCTIYHO 3HAUYIIe MOKpalleHHs piBH:A (isuyHol migrorosrenocri Ak B EI, Tak i B
KT, a mokasuuku piBus ®CC i 3agoBonenHs spocuu e B EIL KpiM Toro, craructuano sHauymii (p<0,05) edexrn B3aemonii
Oymu BusABIeHi i 3aMiHHMX «CripuHT Ha 20 M», «®CC» Ta «3aJ0BOTIEHHA» 3 HU3bKIM IIOKa3HMKOM po3Mipy edekry (n? ~ 0,20).

BucHoBKu. PesynbraTyl IIbOTO JOCTIKEHHA MiIKPECTIOI0Th epeKTUBHICTb BTpy4aHHA i3 @B Ha 0cHOBI BapiloBaHHA CTWIIB
HaBYAHHs /IS [TOKPAlleHHs PiBHA (Pi3WIHOI MIATOTOBIEHOCTI, CAMOCIPUITHATTA Ta 3a/j0BoeHHs. KpiM TOro, BUKOpPUCTaHHS
MPOAYKTMBHMX CTU/IiB HABYaHHA CTaTUCTUYHO 3HAYyIlle BIUIMBA€E Ha IIOKa3HMKM CAMOCIIPUITHATTSA Ta 3aJJlOBOJIEHHS, AKi € BaXK-
JIVBUMM OTIOCEpPeSHIOBATbHIMI YMHHIKAMIY IS FAPAHTYBAHHS KPAI[Oro JOTPUMaHHA Qi3NIHOI aKTUBHOCTI.
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Abstract

Study purpose. Determination of the peculiarities of the manifestation of strength in competitive exercises of highly

qualified armwrestlers with different strength abilities.

Materials and methods. The study involved the 4 best armwrestlers in the world weighing from 80 to 100 kg

(m = 87.50 + 2.47 kg) in 2017-2020. Four power test exercises have been identified that ensure the performance of

a competitive action in armwrestling: flexion of the fingers, stretch with a hammer, hook and bending the hand.
Strength indicators in all test exercises were measured with an FL1K 0.5N, 1000N electric strain gauge dynamometer,
Kern & Sohn GmbH (China), fixed on the armwrestling table using an author’s block device.

Results. The results of the correlation analysis of the relationships between the studied indicators confirm

the presence of a difference in the direction and strength of the relationships between the strength and time
characteristics of the efforts of athletes with different strength and speed-strength abilities. Thus, out of 36 correlation
indicators, the data of armwrestlers 1 and 2 have 11 modules with very high connection strength (r = 0.926-0.999),
of which 7 modules are with time and 4 modules are with force characteristics of efforts. Athletes 3 and 4 also have

3 modules with very strong connections (r = 0.916-0.948) and 8 modules with strong connections (r = 0.739-0.886),
of which 7 modules are with strength indicators and 4 modules are related to time characteristics. But the other
correlation indicators have very weak (r < 0.29) and weak (r = 0.3-0.5) levels of relationships.

Conclusions. Analysis of the time and force characteristics of the manifestation of force in the process of achieving
boundary resistance allows us to clearly establish the genetically determined speed and strength abilities of the

explosive, fast and slow force of armwrestlers.

Keywords: armsport, armwrestling, armwrestlers, explosive power, strength indicators.

Introduction

The preparation of highly qualified athletes is the main
object of research in modern science and sports, which
solves the problem of developing the foundations for the
rational organization of the training process. The most
important element of such an organization can be a system
of comprehensive monitoring of athletes’ preparedness
levels, taking into account all formative factors. In this
regard, there is a need to accurately determine the indicators

© Bezkorovainyi, D., Kamayev, O., Vlasko, S., Plotnytskyi, L.,
Kravchuk, Y., Kulakov, D., Mashchenko, O., & Kliuk, A.,
2023.
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of the level of sportsmanship of an arm wrestler, especially
at the stage of preparation for the main start, that is, at the
stage of pre-competition specialized training. Since the
technical and tactical training of highly qualified athletes
is at approximately the same level, special attention must be
paid to control over strength and speed-strength indicators
(Mazurenko, 2019).

Studying the experience of preparing and performing in
competitions of world armwrestling leaders provides unique
information that concentrates the positive experience of
the athlete (Podrihalo et al., 2021; Bezkorovainyi et al,,
2022). However, to date, the methodological aspects of
constructing individual training processes of the world’s
leading armwrestlers have not yet become the object of close
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attention of researchers. Such works are rare (Bezkorovainyi
et al., 2019; 2023), although their significance from both
theoretical and practical points of view is beyond doubt.

An analysis of the practice of competitive activity of
armwrestlers shows that the duration of a fight in this sport
can range from a few tenths of seconds to tens of minutes in
some cases (Ahamed et al., 2013). At the beginning of the
fight, both opponents show explosive power. Subsequently,
the athlete who seized the initiative shows fast and slow force
(Akpina et al., 2013). The effectiveness of the manifestation
of these traits depends on the level of strength endurance
(Burdukiewicz et al., 2018).

During the fight, the arm muscles in most cases perform
work in the aucontontonic (combined) mode, when all
three modes of muscle work are alternated or summed
up - myometric (concentric), plyometric (eccentric) and
isometric. This combined mode manifests itself when
fighting from a few tenths of a second to tens of minutes.
With such duration of the fight, strength endurance will be
of great importance, and vice versa, when victory is quickly
achieved (in a few seconds), the muscles perform work in a
biometric mode, overcoming the efforts of the opponent due
to high of explosive force (Ogawa et al., 2022; Hirai, 2021).

Based on the results of our previous studies (Bezkoro-
vainyi et al., 2019; 2022; 2023), it was established that the
explosive force of highly skilled armwrestlers is formed by
the starting and accelerating force. The starting force mani-
fests itself in the first 200 ms, which is accompanied by a
rapid increase in force that does not reach the limit values,
as well as a maximum increase in the speed-force index,
which obviously makes it possible to develop maximum ac-
celeration during of this time. Subsequently, fast force ap-
pears, characterized by an increase in the force to overcome
resistance, which has not yet reached the limit value, as well
as a decrease in the speed-force index and, accordingly, a
decrease in acceleration. As the fight continues, overcoming
the opponent’s resistance reaches a limiting value, and the
acceleration is relatively stabilized. The strength displayed
at this stage of the fight is characterized by slow strength.
The duration and magnitude of the manifestation of fast and
especially slow force depend on the level of strength endur-
ance of the arm wrestler (Kamayev et al., 2020, 2021; Zixiang
Tong, 2021).

In connection with such features of armwrestling, in
order to determine an effective methodology of the training
process that corresponds to the volume and intensity of
the loads and their direction, it is especially important to
establish the natural strength abilities of the athlete and their
significance in achieving successful competitive activity.

In connection with the above, the purpose of this study
was to determine the characteristics of the manifestation
of strength in competitive exercises by highly qualified
armwrestlers with different strength abilities.

Material and Methods

Participants

The study involved 4 leading arm wrestlers in the world
weighing from 80 to 100 kg (average weight 87.50+2.47 kg).
Athlete 1 (age 38) - multiple world champion weighing
90 kg (Ukraine), athlete 2 (age 32) - multiple medalist of

international competitions weighing 85 kg (USA), athlete
3 (age 28) - multiple world champion weighing 82 kg
(Ukraine), athlete 4 (age 33) - multiple world champion
weighing 93 kg (Ukraine). All athletes consented to the
study.

Research Design

Strength and speed capabilities in test exercises were
determined by an electrical tenzodynamometer of the FL1K
0.5N, 1000N series, Kern & Sohn GmbH (China) with an
accuracy class of up to 50 g, fixed on a specialized table
for armwrestling using an author’s specially made block
device - “ARM2 device”. The strength and speed capabilities
of armwrestlers were determined based on the results of four
test exercises covering the main muscle groups that ensure
the performance of a competitive action, namely: flexion of
fingers, stretch with a hammer, hook and bending the hand
(Kamayev et al, 2021). All exercises were performed with
both left and right hands.

Measurements of strength and speed-strength
indicators of each of the athletes were carried out three times
within three years (2017-2020), after the end of the main
competition of the year (armwrestling championship or
world cup). They made three attempts in each movement on
the left and right hands, after measurements the best results
were selected.

When measuring the strength of the muscles of the
hands and speed-strength indicators, the subject stood
facing the table, grabbed the special handles of the device
with a brush and squeezed them with maximum force,
trying to show maximum force as soon as possible. Flexion
of fingers was performed with a special eccentric 3D handle,
which the athlete grabbed and pressed with his fingers into
the platform, the pressure vector was directed to the chest.
Stretch with a hammer was performed with a fabric loop,
the pressing vector was directed to the forehead. The hook
was performed with a rotating handle with a diameter of
30 mm, which the athlete grabbed and tried to pull up to
the chest, simulating a hook fight. The block was located on
the left or right sides of the table, respectively. Bending the
hand was performed with a rotating handle with a diameter
of 45 mm, which the athlete grabbed and tried to bend the
hand towards the chest. The distance and angle between the
handles of the device was easily changed and selected for
each exercise.

The special computer program AFH-FASTFD made it
possible to process the measurement data in real time (on-
line) and the previously collected data from the memory of
the electrical tenzodynamometer (off-line). AFH-FASTFD
is compatible with the operating systems Windows.

Statistical Analysis

Statistical analysis of the obtained data was carried out
using the licensed program STATISTICA 10. The following
parameters were determined and calculated: maximum (F)
and relative (F, = XF/m) strength, kg; total strength index
in four strength exercises (XF = F, + F, + F; + F,), kg; time
to reach maximum strength (Zt=1t, + t, + t; + t,), s; speed-
strength index (J = £F/Zt), kg/ms; average strength, index of
four exercises (F = £F/4), kg; total strength gradient of four
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exercises (Xtysp), ms; speed-strength index in the first 500
ms (Jspo = ZFs00/Zts00), kg/ms; time to reach 1 kg force (t, =
2ty5¢/(0.5%F)), ms/kg; Wilcoxon-White test; the coefficient
of variation; Spearman correlation analysis.

Results

According to our latest research (Bezkorovainyi et
al., 2019, 2022, 2023), it has been established that among
highly qualified arm wrestlers, multiple winners and prize-
winners of world and European championships, national
championships (USA, Poland, Ukraine), each athlete has
purely individual natural abilities and a correspondingly

high level of special preparedness. The main thing where
they differ is in the indicators of maximum strength and
speed-strength capabilities.

From a number of strong armwrestlers weighing from
80 to 100 kg, four of the most titled athletes were singled
out, who are especially different from other athletes. These
are two armwrestlers with high levels of explosive power
and two athletes with pronounced maximum strength and
strength endurance.

Analysis of the overall results of achieving maximum
performance in four test exercises (flexion of fingers, stretch
with a hammer, hook and bending the hand) indicates that
armwrestlers of the strength group (athletes 1 and 2) differ

Table 1. Features of the strength and time characteristics of the manifestation of strength by armwrestlers with different

strength abilities
Indicator  Athlete Leftarm Rightarm Hand sum Group sum X+m t-test V, %
1 233.80 260.50 494.30
886.50 221.62+15.89 14.34
2 190.00 202.20 392.20
¥F kg t=0.74; P>0.05; (tre 16 > tie 11)
3 326.50 173.50 500.00
990.20 249.55+31.48 25.43
4 236.10 254.10 490.20
1 58.45 65.12 123.57
221.92 55.48+3.92 14.15
F 2 47.80 2023 983> t=0.73; P>0.05; (tge 16 > tigpe 11)
=U./79; U5 \Lact table
kg 3 81.62 43.87 125.49
248.03 61.88+7.87 25.44
4 59.02 63.52 122.54
1 53 5.5 10.8
19.9 4.97+0.32 14.08
2 3.9 52 9.1
Tt s t=2.79; P<0.05; (tre 10 < tie 11)
3 6.6 59 125
28.5 7.12+0.70 20.00
4 6.8 9.2 16
1 44.11 47.36 91.47
178.72 44.77+3.12 13.96
2 48.37 38.88 87.25
J, kg/s t=1.62; P>0.05; (tre 14 > tige 11)
3 49.47 35.41 84.88
147.22 35.30+4.95 28.07
4 34.72 27.62 62.34
1 2.59 2.89 5.48
’ 54 238 462 10.1 2.52+0.14 16.50
F1, kg/k : : : t=0.75; P>0.05; (tpe 17 > e 11)
e 3 398 212 6.1
11.37 2.84+0.40 28.16
4 2.54 2.73 5.27
1 910 1410 2320
3895 948.74+161.40 34.02
2 670 905 1575
>t0,5F, ms t=3.69; P<0.05; (g 10 < tipe 11)
3 2046 1935 3981
8231 2058.75+258.25 25.07
4 1500 2750 4250
1 195.9 204.9 400.8
712.8 178.2+12.94 14.50
2 156 156 312
$F500, kg t=1.84; P>0.05; (te 13 >ty 11)
3 202.8 106.7 309.5
496.3 124.07+26.43 42.60
4 93 93.8 186.8
1 97.95 102.45 200.4
356.4 89.1+6.47 14.50
2 78 78 156
J500, g/ms t=1.83; P>0.05; (e 13 > tipe 11)
3 101.4 53.35 154.75
248.15 62.04+13.21 42.60
4 46.5 46.9 93.4
1 7.73 10.82 18.55
33.56 8.39+0.83 19.8
2 7.05 7.96 15.01
t,, ms/kg t=3.14; P<0.05; (tge 10 < i 11)
3 12.53 22.31 34.84
69.19 17.30+2.70 31.30
4 12.71 21.64 34.35
1 10.82 12.36 23.18
55.51 13.88+1.22 17.65
Jiniehs g/ 2 1789 Haad 32.33 t=5.45; P<0.05; (tre 10 < tigy 11)
finish» S =5.42; P<U.05; (T < Liable
& 3 26.89 23.03 49.92
101.99 25.50+1.75 3.92
4 29.81 22.26 52.07
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from fast athletes (athletes 3 and 4) by 11.7 % strength
data (990.2 kg versus 886.5 kg). This difference remains in
the average strength indicators (247.55+31.48 kg versus
221.62 + 15.89 kg), but this difference turned out to be
unreliable (Table 1). This is explained by the high coefficient
of variation of 25.43 % and 14.34 %, respectively.

A similar difference between the strength capabilities
of these athletes according to the average test indicators is
completely preserved.

In terms of the time to reach maximum strength, the first
two athletes showed a significantly better result compared to
the other two athletes — 4.97 + 0.32 s versus 7.12 + 0.70 s.
The difference between these indicators of 43.2 % provided
significant differences between them - t = 2.79; P < 0.05
(Table 1).

In connection with such temporary characteristics of
the efforts of armwrestlers, athletes 1 and 2 demonstrated
26.8 % higher speed-strength index values, respectively,
44.77 + 3.12 kg/s versus 35.30 * 4.95 kg/s than athletes 3 and
4. Moreover, the difference between such data is unreliable -
t = 1.62; P > 0.05. The high result of achieving maximum
strength with the left arm (326.5 kg) and the relatively small
body weight (82 kg) of athlete 3 allowed the second pair to
demonstrate higher relative strength - 2.84 kg versus 2.54 kg
the first two athletes. Considering the increased coefficient
of variation (28.16 % and 16.50 %), the difference between
these data also turned out to be unreliable - t = 0.75; P >0.05.

Determining the force gradient (the time to reach half
the maximum force) made it possible to establish high
speed-strength capabilities of the first pair. Thus, athletes 1
and 2 demonstrated better results by 2.17 times compared
to athletes 3 and 4 - 948.75 + 161.40 ms versus 2057.75 +
259.25 ms. Thanks to this difference, despite the rather high
coeflicients of variation (34.02 % and 25.17 %), these data
are significantly different (t = 3.69; P < 0.05; t,; 10 <ty 11).

Analysis of strength achievements for 500 ms indicates
the highest strength capabilities of athletes 1 and 2. Thus,
during this time they reached a level of 178.20 + 12.94 kg,
and arm wrestlers 3 and 4 showed 124.07 + 26.13 kg. But
the difference between these results is insignificant (t = 1.84;
P > 0.05), since in this case the variability of the statistical
aggregates is also large (14.5 % and 42.6 %). Due to the same
test execution time, the speed-strength indicator in this test
completely repeats the strength capabilities data for this time.

Calculation of the time athletes reach a force of 1 kg also
confirms the high speed-strength abilities of armwrestlers
1 and 2. The data obtained allows us to establish that these
athletes demonstrated better results by 2.06 times than arm
wrestlers 3 and 4 - 8.39 + 0.83 ms versus 17.30 + 2.70 ms. This
is supported by the reliability of the difference in indicators —
t = 3.14; P<0.05.

According to the results of determining the speed-strength
indicator at the last second of the test, armwrestlers 3 and 4
showed a significantly higher result, which was 1.84 times
(83.7 %) higher than the achievement of athletes 1 and 2
(25.50 + 1.75 kg/s versus 13.88 + 1.22 kg/s). such data differ sig-
nificantly from each other - t = 5.45; P < 0.01; tg,q 10 <t 11).

In this study, the significance of differences between
the achievements of armwrestlers was tested using the
nonparametric Wilcoxon-White test for independent
samples. The Student’s t-test data are fully confirmed by the
Wilcoxon-White test.

Analyzing the results of the study, we can summarize
that all strength indicators, which were determined without
taking into account the time characteristics of efforts, were
better in athletes 3 and 4. It is especially noticeable that
armwrestler 3 demonstrated very high results in strength
tests with his left hand. In this regard, obviously, he won all
significant victories in competitions with his left hand. His
right arm is the weakest in all strength tests.

Armwrestler 2 demonstrated small strength data, but
was the fastest in all indicators of time characteristics of
efforts.

Armwrestler 1 has equally high performance in both
strength and time characteristics of efforts. His results are
the most harmonious, therefore, of all four athletes, he is the
most titled.

Athlete 4 also has relatively high strength data, but the
time characteristics of performing efforts are noticeably
weaker, and his sporting achievements are less effective.

The results of the correlation analysis of the relationships
between the studied indicators confirm the presence of a
difference in the direction and strength of the relationships
between the strength and time characteristics of the efforts of
athletes with different strength and speed-strength abilities.
Thus, outof 36 correlation indicators, the data of armwrestlers
1 and 2 have 11 modules with very high connection strength
(r = 0.926-0.999), of which 7 modules are with time and 4
are with force characteristics of efforts. Athletes 3 and 4 also
have 3 modules with very strong connections (r = 0.916-
0.948) and 8 with strong connections (r = 0.739-0.886), of
which 7 modules are with strength indicators and 4 modules
are related to time characteristics. But other correlation
indicators have very weak (r<0.29) and weak (r=0.3-0.5)
levels of relationships.

Considering that the main differences in the reaction
of arm wrestlers to test exercises are related to the temporal
characteristics of efforts and the peculiarities of conducting
a fight in competitions, it was especially important to analyze
the dynamics of the studied characteristics at the beginning
of strength exercises.

Thus, at the beginning of a strength exercise within
100 ms, not all athletes have time to engage in the exercise.
Athletes 2 and 3 showed zero reaction with their right hands.
At the same time, athlete 2 with his left hand reached a level
of 106.2 kg (Table 2), and in a total of 100 ms, armwrestlers
1 and 2, according to average statistical data, showed 2.45
times greater strength compared to the results of athletes
3 and 4 (48.97 kg vs. 20.00 kg). Despite this discrepancy,
the difference between these results is unreliable, since the
coeflicients of variation are very large (68.12 % and 64.00 %).

Accordingly, with such dynamics of growth in strength
indicators, the indicators of the speed-strength index change
(Table 3).

Between 100 ms and 200 ms of the testing process,
strength indicators increase significantly, namely for athletes
1 and 2 by 2.26 times (from 48.97 kg to 125.5 kg), for
armwrestlers 3 and 4 — by 3.3 times (from 20.00 to 66.15 kg).
The difference between the achievements of both pairs of
athletes was 89.7 %. Such a difference in this case indicates
significant differences (t = 3.93; P < 0.05) between strength
indicators at this stage of the study (Table 2). The rate of
increase in the speed-strength index between 100 ms and
200 ms is much lower compared to strength indicators. Thus,
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Table 2. Dynamics of power characteristics of arm efforts in competitive exercises when testing armwrestlers (kg)

Indicator Athlete Left arm Rightarm  Hand sum  Group sum X+m t-test V;, %
1 53.7 36.0 89.7
195.9 48.94+16.6 68.12
2 106.2 0 106.2
Fioo, kg t=1.63; P>0.05
3 19.8 0 19.8
80 20.00+6.4 64.00
4 42.1 18.1 60.2
1 125.4 119.7 245.1
502.2 125.50+4.19 6.61
2 119.6 137.5 257.1
Faoor kg 5 109.7 548 1645 t=3.92; P<0.05
) ' ’ 264.6 66.15x£14.55 44
4 51.7 48.4 100.1
1 161.9 174.3 336.2
627.1 156.77+7.43 9.59
2 139.5 151.4 290.9
Fag, kg 3 153.6 812 2348 t=3.86; P<0.05
' ' ' 381.3 95.32+19.64 41.21
4 78.7 67.8 146.5
1 195.9 204.9 400.8
712.8 178.20+12.94 14.54
2 156 156 312
Fsoo kg 5 202.8 106.7 3095 t=1.96; P>0.05
' ' ' 496.3 124.10+24.42 42.68
4 93 93.8 186.8
1 233.8 260.5 494.3
886.8 221.62+25.89 14.34
2 190 202.5 392.5
E kg t=0.74; P>0.05
3 326.5 173.5 500
990.2 247.55+31.48 25.43
4 236.1 254.1 490.2
1 37.9 55.6 93.5
174.0 43.50+4.80 22.10
2 34.0 46.5 80.5
Ffivin, kg t=3.53; P<0.05
3 123.7 66.8 190.5
493.9 123.50+22.2 35.90
4 143.1 160.3 303.4

in athletes 1 and 2 the increase was 28.2 % (from 0.489 kg/ms
to 0.627 kg/ms), and in athletes 3 and 4 - 65.0 % (from
0.200 kg/ms to 0.330 kg/ms). The difference between the
achievements of armwrestlers during this time, as well as in
the strength data, is significant (t = 4.18; P < 0.05) (Table 3).

In the subsequent period of time from 200 ms to 300 ms,
strength indicators gradually increase. For athletes 1 and 2
the increase was 24.9 % (from 125.50 kg to 156.77 kg), and
for athletes 3 and 4 this figure increased from 66.25 kg to
95.32 kg (43.88 %). The difference between these indicators
of both pairs of arm wrestlers (156.77 kg and 95.32 kg) was
significant (t = 3.86; P < 0.05) (Table 2).

During this time period, the speed-strength index
begins to decline. Thus, in athletes 1 and 2 it decreased from
0.627 kg/ms to 0.523 kg/ms (by 19.9 %), and in athletes 3 and
4 the rate of decrease was only 4.1 % (from 0.330 kg/ms to
0.317 kg/ms). Despite such rates of decline, the data of the
first pair are significantly better than the results of the second
pair — t = 2.98; P < 0.05 (Table 3).

In the next 200 ms (from 300 ms to 500 ms), naturally, the
influence of force continues to grow in both pairs of athletes.
The growth rate of strength indicators in athletes 3 and 4 is
still significantly higher. Thus, for these armwrestlers the
magnitude of the force impact increased from 95.23 kg to
124.1kg (by 32.2 %), and for athletes 1 and 2 — by 13.4 % (from
156.77 kg to 178.20 kg). The difference between these results
turned out to be unreliable - t = 1.96; P > 0.05. And the speed-
strength index decreases more rapidly in athletes 1 and 2 - by
76.9 % (from 0.523 kg/ms to 0.356 kg/ms), in the second pair
of armwrestlers the rate of decrease was 27.3 % (from 0.356
kg/ms to 0.249 kg/ms). The difference between such data also
turned out to be insignificant (t = 1.84; P > 0.05) (Table 2, 3).

Subsequently, a gradual increase in strength continues
until maximum strength is achieved in both pairs of athletes.
The time to reach maximum strength, as noted earlier, varies
significantly. So, for the first pair this time was 4.97 s, and for
the second - 7.12 s. Armwrestlers 1 and 2 reached 221.62 kg
during this time, and athletes 3 and 4 reached 247.55 kg
over a longer period of time. The difference between these
indicators is insignificant - t = 0.74; P > 0.05.

When maximum strength was achieved, the speed-
strength index indicators were: for the first pair — 0.045 kg/ms,
and for the second - 0.035 kg/ms. The difference between
these data was 25.57 %, but due to large coeflicients of varia-
tion (23.91 % and 27.70 %), the discrepancy turned out to be
unreliable (t = 1.47; P > 0.05) (Table 3).

During the time remaining before reaching the
maximum strength of 2.97 s (4.97 - 0.5 * 4 s), the strength
indicator of the first pair of athletes 5.12 s (7.12 - 0.5 * 4 s)
increases by 24. 4 % (from 178.20 kg to 221.62 kg), and for
the second - by 99.5 % (from 124.10 kg to 247.55 kg).

Thus, the dynamics of power characteristics of effort
observed during the specified period allows us to assert that
athletes 3 and 4 have high power endurance. Armwrestlers
1 and 2 have significantly higher power characteristics in
the first 200 ms and 300 ms of effort, which provides them
with quick victories. According to the results of our research,
such dynamics of power characteristics are achieved due to
a high speed-strength indicator, starting from 100 ms of the
beginning of the effort.

Analyzing the data obtained on the discrepancy between
strength indicators, time characteristics and the level of
strength endurance depending on the genetically determined
abilities of highly qualified arm wrestlers, it is necessary to
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Table 3. Dynamics of speed-strength index characteristics during testing of armwrestlers

Indicator Athlete Left arm Rightarm  Hand sum Group sum X+m t-test V. %
1 0.537 0.36 0.897
1.959 0.489+0.170 77.50
2 1.062 0 1.062
J100> kg/ms t=1.59; P>0.05
3 0.198 0 0.198
0.8 0.200£0.064 64.00
4 0.421 0.181 0.602
1 0.627 0.598 1.225
2.51 0.627+0.021 6.63
2 0.598 0.687 1.285
Ja00» kg/ms t=4.18; P<0.05
3 0.548 0.274 0.822
1.322 0.330+0.072 43.90
4 0.258 0.242 0.5
1 0.54 0.581 1.121
2.091 0.523+0.024 9.35
2 0.465 0.505 0.97
Js00 kg/ms t=2.98; P<0.05
3 0.512 0.27 0.782
1.27 0.317£0.065 41.00
4 0.262 0.226 0.488
1 0.392 0.409 0.801
1.425 0.356+0.025 14.30
2 0.312 0.312 0.624
Js00 kg/ms t=1.84; P>0.05
3 0.41 0.213 0.623
0.997 0.243%0.053 43.00
4 0.186 0.188 0.374
1 0.044 0.047 0.091
0.179 0.045+0.021 2391
2 0.049 0.039 0.088
J, kg/ms t=1.47; P>0.05
3 0.049 0.029 0.078
0.141 0.035+0.048 27.70
4 0.035 0.028 0.063

compare the features of the formation of explosive, fast and
slow strength in these athletes. Since our previous studies
(Bezkorovainyi & Kamayev, 2023) noted that explosive
force is formed by starting and accelerating forces, it was
found that explosive force in arm wrestlers manifests itself
in the first 300 ms, and starting force manifests itself within
200 ms of effort. Within 100 ms, cases of zero reaction at the
beginning of the effort are observed in both pairs of athletes
under study (Table 2). But during this time, athletes 1 and
2 had a strength indicator and speed-strength index that was
2.45 times higher than that of arm wrestlers 3 and 4 (48.97 kg
versus 20.00 kg) (Fig. 1).
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Over 200 ms, the growth rates of both indicators in
the second pair of athletes are higher, so the strength is
3.33 times higher, and the speed-strength index is 1.65 times
higher (Fig. 1). But despite this difference in increase, the
strength indicator and speed-strength index of athletes 1 and
2 are significantly higher than those of armwrestlers 3 and 4
(125.5 kg versus 66.15 kg) — t = 4.18; P < 0.05 (Table 2, 3).
The high starting strength of the first pair is supported by a
significantly higher speed-strength index.

Between 200 ms and 300 ms, under the conditions of
the onset of muscle contraction, the process of increasing
acceleration and increasing working force occurs, which

700 627,50

100 200 300 500 tmax tfinish
Time, ms
m Athletes 1,2 m Athletes 3,4
B

Fig. 1. Dynamics of strength indicators (A) and speed-strength index (B) of armwrestlers in different time periods of testing
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corresponds to the accelerating force. During this time
period, the formation of explosive force is completed and the
beginning of a decrease in the speed-strength index in both
pairs is noted, respectively, by 16.7 % in the first and by 3.9 %
in the second (Fig. 1). During this period of time, athletes 1
and 2 have significantly higher levels of strength and speed-
strength index compared to the data of arm wrestlers 3 and
4 (t=3.86; P < 0.05 - in strength; t = 2.89; P < 0.05 - speed-
strength index).

In the next period of time (from 300 ms to 500 ms),
the speed-strength index decreases with great intensity: in
athletes 1 and 2 - by 5.86 times, and in athletes 3 and 4 -
by 5.12 times. From this we can state that the acceleration
becomes significantly less than the maximum, and the
strength indicator continues to increase in the first pair by
13.67 %, in the second - by 30.00 %, but the strength has
not yet reached the limit values. The difference between
strength indicators and speed-strength indices is unreliable,
respectively — t = 1.96; P > 0.05 and t = 1.84; P > 0.05. This
creates fast force.

During the time that remains until the limit strength
indicators are reached (for the first pair of athletes — 2.97 s,
for the second - 5.12 s), the strength of armwrestlers 1 and
2 increases by 24.4 % (from 178.20 kg to 221. 62 kg), and
athletes 3 and 4 - by 99.5 % (from 124.10 kg to 247.55 kg).
The difference between these indicators is not significant
(t = 0.74; P > 0.05). During this period of time, the speed-
strength index continues to decrease, but with less intensity.
So, for the first couple the decrease was 49.75 %, and for the
second - 43.1 %.

When the maximum strength values were reached in
athletes 1 and 2, the speed-strength indicator decreased to
44.77 kg/s, and in athletes 3 and 4 - to the level of 35.30 kg/s.
This difference between the strength and speed-strength
characteristics of the effort is explained by the large difference
(52.6 %) in the time to achieve maximum strength between
athletes. The manifestation of slow strength corresponds to
a significant decrease in the speed-strength indicator and a
slowdown in its pace when the maximum strength values are
reached. The amount and time of application of this force
until maximum force is achieved depends on the level of
strength endurance. Proof of this statement in this study is
the calculation of the strength index (123.50 kg vs. 43.5 kg;
t = 3.52; P < 0.05) and speed-strength index (25.50 kg/s vs.
13.88 kg/s; t = 5.45; P < 0.01) at the last second in the second
pair was significantly higher compared to the indicators of
the first pair.

A comparative analysis of the strength and speed-
strength indicators of the leftand right hands allows us to state
that the difference between them in both pairs is unreliable,
however, in the second pair of athletes the discrepancy
between the left and right hands fluctuates within 33.5 % to
88.2 %, and in the first - from 4.6 % to 47.6 %.

Discussion

In arm wrestling there are many examples when arm
wrestlers weighing from 80 to 100 kg take partin competitions
for absolute superiority at national championships, as well
as European and world championships, and international
competitions (Min Kyung-hyun et al., 2018). I would
also like to note that these athletes often defeated super-

heavyweights who weighed 20-50 kg or more. This is what
attracts special attention from spectators, fans, athletes,
coaches and, of course, researchers (Diffrient, 2019; Silva et
al., 2009), when lighter athletes, inferior to anthropometric
data, win due to strength and speed-strength indicators.
All of these individuals are interested in determining the
strongest athlete of the tournament, country, continent
and even the world. Therefore, it is this weight category
that is given special attention, and it became the object of
our research. Taking into account the peculiarities of the
external characteristics of the physique of such athletes, their
techniques and tactics of conducting a fight, it is especially
important to determine the most effective and influential
characteristics of the manifestation of force that ensure the
success in armwrestling.

The study was carried out over three years, since, as
noted above, athletes weighing from 80 to 100 kg took part
in competitions for absolute championship and received
prizes. The four athletes selected for the study had the best
indicators of both strength and speed-strength indicators,
which was also confirmed by the results of participation in
competitions.

However, despite the higher qualifications of the athletes
who participated in the study, it must be recognized that the
number of arm wrestlers who won world-class competitions
islimited by the small size of the specialized sample. To date, a
study has been conducted of winners of world and European
level competitions weighing 60-80 kg (Bezkorovainyi et al.,
2019; 2021; Mazurenko, 2019) and athletes weighing more
than 100 kg (Bezkorovainyi, 2023). It should also be noted
that the small sample is due to the small number of highly
qualified athletes of this level of preparedness who agreed to
conduct research with them.

But, in our opinion, the value of the results obtained lies
in the fact that they coincide with the data obtained in the
study of highly qualified athletes in the weight categories of
60-80 kg and more than 100 kg (Bezkorovainyi, 2023).

To conduct the study, the author’s device was used
to measure both strength and time indicators of the
development of dynamic strength. This device differed from
others (Vlasko & Dzhym, 2023) used in research in that
it was highly mobile, easy to transport and assemble, and
also accurately measured forces up to 50 g and time up to
100-110 ms. Other researchers have determined absolute
strength as well as static endurance, which is measured using
conventional dynamometers and stopwatches (Harcarik
et al., 2020). The author’s device allows you to automate
measurements, as well as create a database about the strength
and speed-strength capabilities of armwrestlers.

According to preliminary studies (Podrigalo et al., 2021;
Rovnaya et al., 2019), it was found that arm wrestlers, based
on genetic attachment, can be divided into those who have
a tendency to quickly perform competitive exercises, and
those who have the ability to perform strength endurance.
Based on this, the four athletes under study were divided into
two pairs with different strength and speed-strength abilities.

Considering that the listed factors have a direct impact
on the result of competitive activity, it was important to
determine the degree of their influence on the strength
abilities of athletes and the characteristics of muscle
efforts that most influence the sporting achievements of
armwrestlers of the specified weight.
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Hypothetically, it was assumed that this may not be a
large indicator of maximum strength, but other strength
and speed-strength capabilities, such as explosive strength
and strength endurance; in addition, it was important to
establish the degree of influence of these qualities on the
ability to demonstrate greater rapid strength and strength
endurance.

There is very little research in this direction in speed-
strength sports. Also, the listed problems are not sufficiently
covered in the available sources of information (Coletta et
al., 2022; Mao J-T et al., 2022); therefore the search for an
answer regarding the determination of the characteristics
of the manifestation of various characteristics of the
manifestation of dynamic efforts of arm wrestlers is of
particular importance for the theory and practice of sports.

It was also assumed that the absolute strength indicators
of armwrestlers are not decisive in the effectiveness of a
competitive match. Thus, in the works of Mazurenko (2019),
it was noted that athletes with weaker strength indicators
won the competition. Therefore, our research was aimed at
studying both strength and speed-strength indicators, that
is, the gradual development of different types of strength
over time. The hypothesis turned out to be correct, which
is confirmed by the results of the correlation analysis. Thus,
out of 36 correlation indicators, the data of armwrestlers 1
and 2 have 11 modules with very high connection strength
(r = 0.926-0.999), of which 7 modules are with time and 4
are with force characteristics of efforts. Athletes 3 and 4 also
have 3 modules with very strong connections (r = 0.916-
0.948) and 8 with strong connections (r = 0.739-0.886), of
which 7 modules are with strength indicators and 4 modules
are related to time characteristics. That is, the first pair wins
due to explosive strength, and the other two athletes due to
strength endurance.

According to publications and the results of our research,
dynamic force in the process of overcoming resistance is
manifested through explosive, fast and slow force (Harcarik
etal, 2020; Podrigalo et al., 2017). It has also been established
that explosive force is characterized by two components:
starting and accelerating force (Chang-Yk Lee et al,, 2022).
The starting force manifests itself from 100 to 200 ms and
provides the speed of development of the working force
at the initial moment of muscle tension (Coletta et al.,,
2022), which confirms our data. Thus, in all the athletes we
studied, the speed-strength index appears at 200 ms of effort,
regardless of the level of genetically determined abilities.

Armwrestlers 1 and 2 with high speed-strength
characteristics demonstrated significantly high results of
starting and accelerating force, respectively, t = 3.92; P < 0.05
and t=3.86; P < 0.05 at 200 ms and 300 ms force. The time to
achieve maximum strength in these athletes is significantly
less (t = 2.79; P < 0.05), and they also have a significantly
better indicator of the force gradient (t = 3.69; P < 0.05)
and the time to achieve strength in 1 kg (t = 3.14; P < 0.05).
This pair of athletes is characterized by a harmonious ratio
of strength and speed-strength characteristics of the effort
between the left and right hands.

Armwrestlers with predominant indicators of strength
endurance are characterized by a higher indicator of
maximum and relative strength, a significantly longer time
to achieve maximum strength, as well as significantly higher
indicators of strength and speed-strength index in the last

second of effort, respectively: t = 3.52; P < 0.05 and t = 5.45;
P <0.01.

Separately, it can be noted that athletes with high speed-
strength characteristics of effort are more titled and have
more harmonious results with both left and right hands.

However, it should be noted that, due to the small size of
the specialized sample, there is a risk of overinterpretation of
the study results. It is important to note that while the results
are relevant and have potential value for understanding
the performance of elite armwrestlers, they may not be
generalize to broader population or armwrestlers of varying
fitness levels.

Conclusions

The conducted research made it possible to reliably
establish the degree of difference in the manifestation of
efforts of armwrestlers with high rates of speed-strength
characteristics of effort and athletes with high capabilities
of strength endurance. Based on the results of the study, the
features of the dynamics of the time and power characteristics
of the efforts of highly qualified arm wrestlers weighing from
80 to 100 kg before achieving boundary efforts in competitive
exercises were determined, as well as the significance of
various characteristics of the manifestation of efforts on the
success of results in competitive activities. Thus, analysis
of the time and force characteristics of the manifestation
of force in the process of achieving boundary resistance
(maximum force) allows us to clearly establish the genetically
determined speed and strength abilities for the manifestation
of explosive, fast and slow strength of armwrestlers.

Further research will be aimed at experimentally
substantiating the methodology for developing speed-
strength capabilities (starting, explosive, fast, slow strength)
for training from groups of initial training to groups of
maximum capabilities, to which it is planned to attract a
larger number of participants by age, weight and level of
preparedness.
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Abstract

Study purpose. This study aimed to determine the relationship between kicking speed performance and different stance
widths during barbell hip thrust (BHT) at one repetition maximum (1RM) scores among young elite Silat athletes.
Materials and methods. 15 male and 15 female Silat athletes with at least one year of resistance training experience
and a mean age of 21.3 + 1.2 years participated in this study. The load indicator performance associated with kicking
performance was measured using 1RM load during BHT at varying stance widths. The data was analyzed using
Pearson correlation tests through the SPSS Version 25 application.

Results. A significant correlation was found between stance width, physical characteristics, and performance metrics
with a low to moderate relationship. For physical features, weight (r = 0.43, p < 0.05), height (r = 0.64, p < 0.05), and
leg length (r = 0.44, p < 0.05) show positive relationship. Low to moderate significant relationships were found during
WSW-RFK (r = 0.39, p < 0.05) regarding 1RM and kicking performance. No significant correlations were found
between NSW or NRW and the observed variables, except for a negative correlation between NRW and strength

(r =-0.43, p < 0.05). There was a significant difference between males vs. females in RFK-NSW, RFK (p = 0.006,

p <0.05), and LFK-NRW (p = 0.001, p < 0.05) in kicking performance.

Conclusions. This study revealed that stance width in barbell hip thrusts moderately correlates with physical
characteristics and performance in young elite Silat athletes, where wider stances align with physical characteristics
and narrower stances align with lower kicking performance. It also highlighted the importance of personalized

training due to observed gender differences in kicking speed.

Keywords: silat, barbell hip thrust, kicking, strength training, combat sport, stance width.

Introduction

Silat is one of the combat sports that originates from
South Asian countries. It combines grace, technique, and
power to create an elegant yet practical form of self-defence
and sport and has noble values (Lisdayanti et al., 2019; Shapie
& Elias, 2016). This combat is becoming more and more
known in the eyes of the world, and athletes’ involvement
in this competitive sport is becoming increasingly popular

© Mohd Nasir, M.Z., Md Nadzalan, A., Nor Azmi, A.M., &
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with combat sports fans. Not only that, but the mark of Silat
is also getting more and more attention among researchers
to be tested. Research related to the sport of Silat has been
started since 1983 (Eichberg, 1983), and since then, the
positive development every year can be seen through the
number of published articles.

Silat has been adapted from a self-defense art to a
competitive sport in the modern world. This transformation
requires a higher emphasis on physical aspects such as
strength, flexibility, coordination, and endurance (Patah et
al., 2021). The importance of physical adaptation activities in
the sport of Silat is not limited to improving physical fitness
alone but also involves improving technical and tactical
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performance in complex movements such as attacking,
defending, and avoiding. Through intensive training,
Silat athletes can develop quick reactions and precision
in movements that support competition strategies. These
aspects create a competitive Silat athlete who reflects a unique
blend of tradition, art, and sports science (Apriantono et al.,
2020; Aziz et al.,, 2002). In addition, it is worth noting that
the art of Silat encompasses a diverse range of attacking and
defending strategies, with a particular emphasis on using
kicking techniques.

This kind of combat sport heavily relies on kicking
techniques. Kicking allows athletes to strike their opponents
effectively and provides them with various strategic
advantages. The importance of kicking in combat sports stems
from its effectiveness as an offensive and defensive technique,
its ability to create distance and control space, and impact
on scoring in competitive matches (Ruzbarsky et al., 2022).
The velocity of kicking, expressly, assumes a crucial role in
the efficacy and productivity of these actions. In the field of
competitive Silat, having the ability to execute fast and forceful
kicks holds substantial influence over an athlete’s victory.

For several reasons, kicking is essential to Silat and other
combat sports. Firstly, the force or velocity of a kick delivered
by an athlete is crucial in determining their exceptional fitness.
The power generated by a lift is a critical factor in an athlete’s
overall performance and directly impacts their ability to score
points or defeat their opponents. Secondly, using kicks expands
the target area for athletes, giving them a greater chance to score
points or hinder their opponents. This leads to the differences
between winning and losing factors in combat sports settings
(Soo et al., 2018). Within the broader framework of sports
performance, strength has become acknowledged as a critical
determinant in improving kicking techniques.

Strength and conditioning are significant attributes that
influence athletic performance across various disciplines,
including but not limited to track and field, weightlifting, and
different combat sports. Strength training, an indispensable
aspect of an athlete’s regimen, holds the utmost significance
in bolstering kicking power in combat sports (Barley et al.,
2019; Da Silva et al., 2015). This form of training explicitly
strengthens the leg muscles that are put to work while
executing a kick. Stronger muscles equate to more potent
kicks, enhancing the range and effectiveness of this crucial
combat sport technique. Furthermore, strength training also
plays a pivotal role in improving an athlete’s balance and
coordination, which is crucial when delivering powerful
and efficient kicks. Therefore, neglecting strength training
could inevitably result in diminished kick performance, thus
underscoring its fundamental role in combat sports.

The barbell hip thrust (BHT) is emerging as a crucial
exercise for enhancing lower limb power, a vital component
in kick-based martial arts like Silat. BHT has been widely
used in strength and conditioning programs worldwide
(Contreras et al.,, 2011; Ronai, 2021). Additionally, BHT is
one type of horizontal loaded movement contributing to the
horizontal direction in specific actions. These exercises have
been shown to outperform machine exercises regarding
muscle activation. According to Contreras et al. (2011), the
barbell hip thrust is a loaded bridging exercise that targets
the hip extensor musculature against barbell resistance,
leading to improved speed, horizontal force production, and
gluteus maximus hypertrophy. Several studies have found

the potential benefits of BHT on sports performance. For
example, 6 to 8 weeks of training does improve sprint time
(DelloIaconoetal.,2018) andincrementin jump performance
(B. Zweifel et al., 2017). A positive correlation was also found
between BHT and post-activation performance in a change
of direction (G. Lockie et al., 2020). Despite the potential
benefits of barbell hip thrusts in enhancing lower limb
power, there is a lack of research examining the application
of this exercise in Silat. Even more concerning is the near
absence of research studies investigating the application of
strength training, particularly barbell hip thrusts, in Silat, a
traditional martial art form with a rich cultural history and
growing international recognition.

One parameter that can be manipulated during strength
training exercises is the position of feet for various stance
widths. Stance width during exercises like the BHT can
significantly influence the athlete’s kicking performance
(Asayama et al., 2021; Lahti et al., 2019). Additionally,
mastering various stance widths during exercise can improve
an athlete’s versatility, providing them with the adaptability
to deliver an array of kicks with diverse strength profiles.
Furthermore, stance exploration helps develop an athlete’s
understanding of their body mechanics and muscle activity,
enabling them to generate maximum force during a kick.
The significance of stance width and BHT exercise has been
firmly established in several scopes of performance in sports
(Hawkins & Sefton, 2011; Otsuka et al., 2021; Rajinikumar,
2019). For example, a study by Mohd Nasir et al. (2023)
found an improvement in power and velocity-related
performance in kicking when applying narrow stance width
during barbell hip thrust exercise among adolescent Silat’s
athletes. However, exploring its use within the distinctive
context of Silat has not been thoroughly investigated, and
more study needs to be conducted. The current information
gap poses a noteworthy study prospect, as it has the potential
to unveil unique associations between strength training and
combat sports performance. Thus, the present study aims
to fill this research interest by examining the relationship
between barbell hip thrust scores during stance widths and
kicking speed in young elite Silat athletes. This investigation
has the potential to provide new perspectives on improving
Silat’s performance.

Materials and Methods

Participants

This study used purposive sampling among elite young
athletes selected from the state level. A total of 30 elite
young athletes (15 male and 15 female) were selected. The
participants were free from any diseases or injuries during
testing. All participants had participated in competitive Silat
competitions for at least five years before the study. They
were actively involved in Silat and performance training
during testing. The participants were the best elite young
Silat athletes representing the state at the National level.

Procedures

The study was structured across four testing sessions,
with a72-hour rest interval instituted between each session to
mitigate carryover effects. The initial session was conducted
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for demographic data collection, including metrics such as
weight, height, and years of experience in Silat and strength
training. Subsequently, an expert trainer introduced
participants to the BHT technique with the inclusion of the
various types of stance width — namely, wider than shoulder
width (WSW), normal shoulder width (NSW), and narrower
than shoulder width (NRW). After the introductory session,
the athletes were crossover-randomly assigned to one of
three groups based on stance width.

During the introductory session, 1RM procedures were
performed to set the weight for the testing session. A general
warm-up session was conducted to ensure that the athletes
were adequately prepared for the 1-RM tests and to minimize
the risk of injury. This was followed by a series of 3 set x
8-10 repetitions with 40% 1RM, 8 repetitions of 50% 1RM,
and 6 repetitions of 60% 1RM, with a minimal 5-minute
rest between sets. This is to ensure that participants were
adequately rested before performing the 1IRM of BHT as
the final load and repetition to be used as the performance
score for this study. The procedures were followed based
on guidelines set forth by the National Strength and
Conditioning Association (NSCA) (Larsen et al., 2021).

Stance Width

Three different stands were measured in this study
(Wider than shoulder width (WSW), Normal shoulder
width (NSW), and Narrow than shoulder width (NRW).
Table 1 shows the different types of stance widths. Subjects
were cross-over, randomized, and assigned according to the
difference in stance width. For wider than shoulder width,
subjects will put their feet approximately 10cm outside from
the acromioclavicular joint with the toes pointing forward.
Meanwhile, the subject will put their feet about 10cm inside
the body from the acromioclavicular joint for the narrow
stance width. Lastly, with normal shoulder width, the feet
will be standing directly the same with the shoulder width
in line with the acromioclavicular joint.

Table 1. Type of Stance width

Wider than Shoulder Normal shoulder Narrow than
Width width shoulder width
(WSW) (NSW) (NRW)
~ ~ ~

|
<
T

_._

Approximately Directly in Approximately
10cm outside the line with the 10cm inside towards
acromioclavicular ~ acromioclavicular  the body from the
joint joint acromioclavicular
joint

Barbell Hip Thrust

The BHT was chosen as the primary exercise metric
due to its efficacy in targeting the posterior chain, which
is crucial for kicking performance in Silat. During the
BHT, participants were guided to elevate the barbell to a
predetermined height in each trial, facilitating consistency
across attempts. The athletes were positioned with their
upper backs against a flat bench, and their feet were placed
according to the specific stance width assigned (WSW,
NSW, or NRW) while making sure the toes were pointed
forward. A barbell pad was used at the crease of their hips
to alleviate discomfort. Throughout the execution of the
thrust, participants maintained a neutral spine and pelvis.
They were provided with real-time, continuous feedback by
expert trainers to ensure no tilting of the barbell occurred at
its apex, thereby maintaining the integrity of the movement.

Kicking performance

Kicking movements represent a critical aspect of
performance in Silat; thus, capturing accurate data was
imperative. For this purpose, a high-resolution iPad Pro 11-
inch (3rd generation) was employed to record the athletes’
kicks. In this study, the front kick for the right and left was
measured for each participant. After the recording, the video
was imported into the Kinovea application, a specialized
sports science motion analysis software. Kinovea’s robust
feature set allowed for a frame-by-frame breakdown of
each video, enabling precise calculation of kicking speed.
This technology provided qualitative and quantitative data,
enriching the performance analysis’s comprehensiveness.

Data Analysis

The data was analysed using descriptive statistics, and
Pearson correlation was used to study the relationship
between stance width during BHT, physical traits, and
kicking performance. Statistical significance was set at
p<0.05, and all analyses were conducted using SPSS software
version 25 (IBM, New York, USA).

Ethical approval

The procedures for involving human subjects were
conducted per the applicable national rules and institutional
protocols. They were consistent with the principles outlined
in the Declaration of Helsinki. In addition, the authors
obtained approval from the institutional review boards
associated with their respective institutions. Each participant
who participated in the research had read and signed the
informed consent form approved by the Ethics Committee
of Sultan Idris Education University (code 2021-0224-01).

In this study, all participants involved have provided
informed consent.

Results

Table 2 presents the demographic data of the participants’
physical characteristics for this study. Significant differences
existed between the weight, height, and length of the
participant’s legs but contradicted the results for age, years
of Silat experience, and years of strength training experience.
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Table 2. Descriptive of physical characteristics of the athletes

Variable (n?:al::btig;)) (mela:/lllaie sD) (mE::lnzlgD) Male vs Female

Age (years) 20.8+2.2 21.1+22 20.5+2.3 0.47
Weight (kg) 61.1+17.6 68.9 +20.2 53.2+10.4 0.01*
Height (cm) 166.2 £9.7 173.9+5.8 158.5+5.9 0.001*
Silat (years) 6.2+24 56+2.2 6.7+2.7 0.24
Strength (years) 42+24 42+19 43+22 0.41
Leg length (cm) 91277 953+6.4 87.1+6.7 0.002*
*Significant value (p < 0.05)
Table 3. Summary of 1RM BHT scores

Variable (n?&?lll:g‘]:)) (mel:flalie sD) (ml‘::?zlgl)) Male vs Female
WSW 1079 £22.3 1242 £13.5 91.60 £ 16.5 0.001*
NSW 109.2 £ 26.8 109.4 £ 22.1 109.0 + 31.6 0.96
NRW 105.7 £ 21.8 105.6 £ 20.9 104.5+234 0.89

*WSW=wider than shoulder width, NSW= normal shoulder width, NRW=narrow than shoulder width, significant value (p <.05)

Table 4. Summary of Front Kick Performance

. Combine Male Female
D (mean + SD) (mean * SD) (mean * SD) DL
RFK- WSW 3.36 £0.97 3.63+1.2 3.09£0.6 0.13
LFK-WSW 3.11£0.97 3.37+1.14 2.86 £0.73 0.15
RFK-NSW 3.36 £ 1.05 3.84 £ 1.04 2.88 £0.74 0.001*
LFK-NSW 3.19+£1.11 3.54+1.33 2.84+0.72 0.08
RFK-NRW 3.48 £1.10 4.01 £ 1.26 3.03+0.73 0.006*
LFK-NRW 3.22 +£1.08 3.93+0.94 2.48 £ 0.62 0.001*

*RFK-WSW=right front kick wider than shoulder width, LFK-WSW=left front kick wider than shoulder width, RFK-
NSW-=right front kick normal shoulder width, LFK-NSW=left front kick normal shoulder width, RFK-NRW=right front kick
narrow than shoulder width, LFK-NRW=left front kick narrow than shoulder width.

There were significant differences between males vs. females
for weight (p = 0.01, p < 0.05), height (p= 0.001, p < 0.001),
and leg length (p = 0.002, p < 0.05).

Table 3 summarises the load scores of 1RM at different
types of stance widths while performing the BHT exercise. In
the combined group, the average strength for WSW was found
to be 107.9 + 22.3 kg. However, males exhibited significantly
higher strength (124.2 + 13.5kg) than females (91.60 + 16.5kg).
The difference is statistically significant with a p-value of 0.001,
indicating that males have a higher strength advantage in WSW
stance than females. There were no significant differences in
strength between males and females for the NSW and NRW
stance widths. In NSW, males (109.4 + 22.1 kg) and females
(109.0 + 31.6 kg) had similar mean strengths, with a p-value of
0.96. Similarly, in the NRW stance, males (105.6 + 20.9 kg) and
females (104.5 + 23.4 kg) had closely aligned mean strength
values, with a p-value of 0.89.

Meanwhile, Table 4 summarises the front kick
performance recorded during the data collection. There
were significant differences in right-front kick during WSW
(RFK-WSW), right-front kick during NRW (RFK-NRW)
and left-front kick during (LFK-NRW). No significant
difference was found for both legs during NSW and left-front
kicks during WSW (LFK-WSW). There was a significant
difference between males vs. females during RFEK-NSW

(p = 0.001, p < 0.001). For the NRW stance, both RFK
(p =0.006, p < 0.05) and LFK (p = 0.001, p < 0.001) showed
significant differences when comparing males vs. females.

Table 5 presents a correlation analysis highlighting the
distinctive relationships between 1RM scores in different
stance widths, physical characteristics, and front kick
performances. The WSW stance shows significant positive
correlations with height (r=0.64), weight (r=0.43), and
leg length (r=0.44), as well as with right front kick (RFK)
performance (r=0.39). However, NSW and NRW stances
exhibit weaker and non-significant correlations with these
physical characteristics. Notably, a negative correlation
exists between NRW 1RM and strength training (r=—0.42).
These numerical values provide a clear understanding of the
strength of the correlations observed in the study.

Discussions

This study investigated the correlation between 1RM
scores during barbell hip thrusts across different stance
widths and front kick performance in young Silat athletes.
The kicking performance was measured for right and left
front kicks. The study’s major finding revealed a low to
moderate correlation between the measured variables (BHT
vs Kicking performance) for all stance types.
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Table 5. Correlation analysis between 1RM scores during stance width vs. Physical Characteristic and Front Kick

Performance
Correlation value (r)

Variable Age Weight Height Silat Strength Leg length RFK LFK
WSW 0.14 0.43* 0.64** -0.09 0.04 0.44* 0.39% 0.16
NSW -0.06 -0.14 -0.41 0.07 -0.26 -0.06 0.16 -0.19
NRW -0.05 -0.25 -0.14 -0.12 -0.42* 0.14 -0.19 -0.01

*WSW= wider than shoulder width; NSW= normal shoulder width; NRW=narrow than shoulder width; RFK= right front kick;

LFK= left front kick; significant value (p <.05)

There are significant physical differences between male
and female athletes regarding weight, height, and leg length.
The data suggests that male athletes tend to have ahigher IRM
in a WSW stance (124.2 + 13.5) than females (91.60 + 16.5),
indicating a gender-specific advantage or preference for
this stance in maximizing strength. This difference in
performance could be attributed to physiological differences
or training adaptations that favour males in wider stance
positions. Interestingly, NSW and NRW stances do not show
such pronounced gender disparities, suggesting a more
uniform potential for strength development across these
stances. The current study’s findings contradict those of a
previous study on gender preferences. According to Kittilsen
et al. (2021), both genders showed similar improvement
relative to their one-rep maximum (1RM) during four sets
of four repetitions of leg press exercise at 85-90%. However,
the differences between the maturity and chronological age
of the sample during the current study and the previous
study affect the result.

Moreover, the results indicated a significant relationship
only in the case of the WSW stance with kicking performance
compared to the other two stances, namely, NSW and
NRW. The significant differences (p<.001) only can be seen
between males and females in the WSW stance. This finding
is interesting as stance width is often considered an essential
factor in the execution of kicks, as it can affect balance,
stability, and power generation during the kicking motion
(Larsen et al., 2021; Lorenzetti et al., 2018). However, the
results of this study suggest that in the specific context of
barbell hip thrusts and their relationship to kicking speed,
stance width does not play a significant role. One possible
explanation could be that the barbell hip thrust exercise
focuses primarily on hip extension strength and power
rather than the specific mechanics of the kicking motion
(Ronai, 2021). Conversely, any lower limb exercise with hip
extension movement should have a transferrable effect into
specific action during the traditional practices. This did not
happen for this population during this study, contradicting
the previous research. Lahti et al., (2019) found a significant
difference between narrow and wide stance performance for
sagittal and frontal plane motion.

As in this case, the kicking action involves these two
planes of motion. This is the first study to examine the effect
of barbell hip thrust associations on kicking performance
for different types of stance width for combat sports.
Another setting of lower limb exercise on different stance
widths showed significant improvement in terms of muscle
activity during wide stance in Romanian deadlift (Koderi et
al., 2020), which focuses more on external knee movement,

which involves more bicep femoris activated, as this is also
one of the significant muscle contributions during in kicking
action. Gender preferences in barbell hip thrust studies have
not been extensively researched. However, the few studies
conducted align with prior recommendations (Contreras
et al., 2016). Furthermore, differences in torso structure
between genders should also be considered, as broader
male shoulders may exhibit different movement patterns
compared to narrower female shoulders. This suggests that
inherent differences in shoulder width between males and
females could impact the execution and biomechanics of
exercises such as the barbell hip thrust. Additionally, this
study is the first known comparison of males and females in
Silat and combat sports studies, specifically using barbell hip
thrust as an exercise parameter.

Another observation from the current study is that the
study found a low to moderate association between 1RM of
WSK-REK exercise. In contrast, a low negative correlation
was observed during NSW-LFK and both NRW-RFK and
NRW-LEK. This finding suggests that as the load increased
during the exercise, there was a decrease in kicking speed
among the young elite Silat athletes. This intriguing finding
raises questions about the relationship between strength
training and explosive movements such as kicking. It is
well known that strength training can improve power and
force production, which are essential factors in generating
explosive moves like kicks in combat sports (Subekti et
al., 2020). The intersection of barbell hip thrust exercises
with kicking performance in combat sports remains
a largely uncharted domain in the existing literature.
Historically, sports science has emphasized understanding
how foundational lower body exercises influence generic
athletic outputs. For instance, the classic squat has been
extensively researched for its potential to boost vertical jump
and sprint performance (Atalag et al., 2020; Chelly et al,,
2009). Nevertheless, the current research uniquely bridges
the gap in the literature by focusing on the barbell hip thrust
exercise, which still needs to be represented in sports science
research.

Conclusions

In conclusion, this research contributes valuable in-
sights into the role of strength training, specifically BHT, in
enhancing kicking speed among Silat athletes. Overall find-
ings indicate a low to medium correlation between strength
during BHT and the variety of stance width on kicking
performance among young Silat athletes. The findings un-
derscore the potential benefits of incorporating BHT exer-
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cises with varying stance widths into martial artists’ training
regimens to optimize their kicking performance. Future re-
search might delve deeper into other types of kicking, such
as sidekicks, roundhouse kicks, back kicks, etc. Manipula-
tion of load and repetition also should be investigated to see
the differences among the Silat athletes. Application BHT
on various levels of Silat athletes and genders also provides
training options for lower limb intervention. The effect of
BHT can also be explored on jumping performance in Silat
athletes, which power element contributes to in attacking
and defending techniques in Silat settings.
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Mera gmocmimKeHHda. MeTO 1IbOTO TOCTiIKEHHS 6yno BU3HAYNTY B3a€EMO3B 30K MK IOKasHMKaMM IIBUIKOCTI yaapis
HOTaMM Ta Pi3HOIO IUMPWHOIO CTiJiKM IIiJj YaC BUKOHAHHA BIIPABMU 3 MifIfIOMY CTETOH 3i IITAHTIOIO 3 IIO/I0XKEHHA JIEXKAY 3 YIOPOM
BepXHbOI YacTHHM Tyayba Ha maBKy («CiZHMYHMIT MiCT») 3a OJHE MOBTOPEHHS 3 MaKcMManbHOW Baroto (11IM) cepen Momoanx
€/IiTHUX CIIOPTCMEHIB i3 cuary.

Marepianu Ta MeTogu. Y I[bOMY JOCTIIPKEHHI B35/ y4acTb 15 criopTcMeHiB i 15 cHOpTCMEHOK i3 cuytaty 3 JocBifjoM Tpe-
HYBaHb 3i CIIPOTMBOM IIIOHAlIMeHIIle OfMH PiK i cepenHiM BikoM 21,3 £ 1,2 poky. EQekTUBHICTb ITOKa3HUKIB HaBaHTKEHHH,
OB’ s13aHNX 3 eDeKTUBHICTIO yAapiB HOraMu, BUMIpIOBa/IN 3 BUKOPMCTAHHAM MaKCHMa/IbHOTO HABaHTa)KEHHs 32 OfjHe IIOBTOPEeH-
Hs (11IM) mig yac BukoHaHHs BrupaBy « CiTHUIHMIT MICT» 32 3MIHHOI INMPUHY CTIMKM. AHaTI3 JaHUX IPOBOAMIN 3 BUKOPUCTAH-
HsM koedinienTiB koperraii [TipcoHa Ha mporpamMHoMy 3abesnedenni SPSS Bepcii 25.

PesynbraTtu. byno BUAB/IEHO CTATUCTUYHO 3HAYYIY KOPE/ALI0 MDK IIMPUHOIO CTINKY, PISMYHMMM XapaKTepPUCTIKAMU Ta
MOKa3HMKaMM MTPOAYKTUBHOCTI 3i 3B’A13KOM BiJj HM3BKOTO JIO CepeAHbOro cTymneHA. CTOCOBHO (i3MYHUX XapaKTepPUCTHK, ITO3K-
TUBHUII 3B’5130K JeMOHCTPYIOTH Bara (r = 0,43, p < 0,05), 3pict (r = 0,64, p < 0,05) i gowxnHa Hir (r = 0,44, p < 0,05). ITix yac anamisy
koperAnii WSW-RFK («Hory mmpiie miedeii» — «IIpAMuii yiap mpasoto Horowo») (r = 0,39, p < 0,05) 6y10 BUABIEHO CTaTUCTUYIHO
3HAYYLIi 3B’ S3KM BiJj HM3BKOTO O CEPeFHbOro CTymeHs ctocoBHO 1MII ta edexTnBHOCTI ypapiB Horamu. Mix criitkoro NSW
(«HOTM Ha MMPKHI ITeveli») a60 NRW («HorHu By>kde IIederi») i CHocTepe)XyBaHMMY 3MiHHMMU 3HAYYIINX KOPeNALill BUABICHO
He 6y710, 32 BUHSTKOM HETaTMBHOI Kopeysiii MK cTiitkoro NRW («Horm By>xde miedeit») i cumoro (r = -0,43, p < 0,05). Criocrepi-
rajlacsi CTATUCTUYHO 3HAYYIIA PI3HUIIA MK Y0/TOBiKaMM Ta XiHKaMM B epeKTUBHOCTI yAapiB Horamu 3a mokasunkamu RFK-NSW
(«1psiMuIT yzap ImMpaBoOI0 HOTOI0» — «HOIM Ha IMpuHI iedeit»), RFK («upsiMuit ygap npasoto Horowo») (p = 0,006, p < 0,05) ta
LFK-NRW («mpsimuit yiap iBOI0 HOTOIO» — «HOTM By>K4e Iutederi») (p = 0,001, p < 0,05).

Bucnosku. Ile focmimpkeHHsa MOKasano, MO IIMPYWHA CTiMIKM IIiJi 9ac BiKOHAHHA IIJJIOMY CTETOH 3i HITAaHTOI0 CEPEHBOI0
Mipo0 KOpeoe 3 QisMuHMMM XapaKTepUCTUKAMY Ta Pe3yIbTaTVMBHICTIO MONOAUX e/MiTHUX CIOPTCMEHIB i3 cumary, fie mmpii
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Abstract

Study purpose. Examining the physiological and physical effects of Tabata training with Kempo sports movement

techniques.

Materials and methods. The study participants were 16 adolescents divided into two distinct groups: the Tabata
group and the non-Tabata group. The training was conducted for 6 weeks, 3 times per week, with each session lasting
2 hours. The training components for kicks and punches included Gyaku Geri, Jun Mawashi Geri, Jun Zuki, and
Gyaku Mawashi Geri. Each teenager did physical exercise once a week for 2 hours. A normality test (Shapiro-Wilk)
was used to assess the normality of the data. A Two-Way ANOVA with a significance level of less than 0.05 was
conducted to examine the difference in means between the two groups. Furthermore, the researchers also tested the

N-Gain Score to assess the effectiveness of the 6-week Tabata training program. All tests were conducted using SPSS
version 23 and GraphPad Prisma version 10 for graph creation.

Results. The statistics indicate that a 6-week training with Tabata can effectively reduce resting heart rate and
improve Standing Broad Jump (SBJ) performance by a value of sig. <0.05. In the pretest-posttest difference test within
the group, the results show sig. <0.05. The results of the N-Gain Score test show that Kempo training using the Tabata

method is effective in reducing resting heart rate by up to 88%, but is not effective in increasing power (SBJ) by a

value of 10%.

Conclusions. The study revealed that incorporating the Tabata method into Kempo training, with necessary
adjustments for 6 weeks, led to a notable reduction in resting heart rate. A decrease in resting heart rate is a
dependable indicator of the advancement in physical fitness and general well-being in adolescents.

Keywords: Tabata, resting heart rate, modification.

Introduction

The physical fitness of an individual is closely related
to their ability to perform daily physical activities (Aslan et
al., 2019; Vukasevic et al., 2019). Consistent physical activity
yields health advantages, specifically by enhancing physical
fitness (Warburton & Bredin, 2016, 2017, 2018), and can
improve vascular function (Black et al., 2008; Mora et al.,
2007; Moriguchi et al., 2005). However, the benefits obtained

© Nurkholis, N, Sifaq, A., Suyoko, A., Nirwansyah, W.T.,
Pramono, B.A., & Arisanti, R.R.S., 2023.
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depend on the individual’s fitness level, age, and training
intensity (Vina et al., 2012).

Mutohir et al (Mutohir et al., 2022, 2023) said in their
research entitled “National Sports Development Index
Report for 2021 and 2022” that today’s fitness level is still
quite low for teenagers in Indonesia. Someone who has low
fitness is at risk of getting sick easily (Bratland-Sanda et al.,
2020; Kakanis et al., 2010), such as cardiovascular disease,
obesity, hypertension and hyperglycemia (Fornoni & Raij,
2005). The risk of cardiovascular disease that teenagers today
have is due to lifestyle changes such as lack of activity, which
causes lack of movement, stress and consuming unhealthy
foods (Snel et al., 2022).
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Sacher and Cable’s research (Sacker & Cable, 2006)
stated that having high fitness during adolescence positively
impacts health later in life (Moliner-Urdiales et al., 2010;
Silventoinen et al., 2021). The World Health Organization
(WHO) recommends that teenagers exercise at least
60 minutes at moderate intensity (Chaput et al., 2020).
Various studies show that physical activity has a good
impact, namely reducing depression, improving cognitive
function and improving mood (Penedo & Dahn, 2005).

To increase your fitness level, you need to do high-
intensity interval training (HIIT) (Hottenrott et al., 2012);
HIIT has also been proposed as an exercise that can save
time in daily activities (Helgerud et al., 2007; Milanovi¢
et al., 2015; Ramos et al., 2015). Please note that there are
several studies that say using HIIT training can improve
aerobic fitness (VO,max) (Cocks et al., 2013; Keteyian et al.,
2008; McRae et al., 2012) dan anaerobic (Whyte et al., 2010).
The intensity used in aerobic HIIT training is around 85% to
95% of the maximum heart rate (Gibala et al., 2012; Weston
et al., 2014; Wisloff et al., 2007). Meanwhile, the frequency
of HIIT training done 3 days/week with moderate to high
intensity can increase a person’s maximum aerobic strength
(Garber et al., 2011) so that it can result in an increase in
maximum oxygen supply in the endurance system.

Currently, teenagers are more motivated to do a physical
activity based on the type of sport (Molanorouzi et al., 2015),
and combat sports are one of the sports that people are
interested in apart from team sports such as football and
basketball. On the other hand, an individual’s inability to
carry out physical activities due to limited time in carrying
out physical activities (Koh et al., 2022) is another obstacle
to the decline in adolescent physiological components. In
this study, researchers examined the use of Tabata training
methods combined with martial arts sports movement
techniques (Kempo) in improving the physiological and
physical components of adolescents. In previous research
(Akcan et al., 2021; Mischenko et al., 2021; Patah et al., 2021),
Tabata training uses a lot of functional training and weight
training. However, there has been no research that has studied
further whether movement and punch technique training
using the Tabata method can improve cardiorespiratory.

Tabata is one of the most efficient HIIT training methods
(Tabata, 2019). The Tabata protocol is characterized by 8 rep-
etitions with 20 seconds of work and 10 seconds of rest per-
formed in 8 sets (Tabata, 2019). The research of Menz et al.
and Popowczak et al. (Menz et al., 2019; Popowczak et al.,
2022) states that doing Tabata training with an intensity of
70%-80% of your maximum heart rate will get health benefits.

The aim of this study was to identify the effects of Tabata
training modified with Kempo sports movement techniques
on physiological and physical responses. According to
researchers, this research uses the Tabata training method
and combines movements from one sport, which is
something new that has not been researched and developed,
so it is necessary to research the success of this new method
in increasing aerobic and anaerobic capacity.

Materials and methods

Study participants

Sixteen teenagers participated in this research; they had
an average age of 19-20 years when this research was carried

out. Participants were characterized by only doing physical
activity once a week with an average of 2 hours of exercise
per week. Participants were divided into 2 groups, namely
8 teenagers in the Tabata group and 8 teenagers in the non-
Tabata training group.

Table 1. Sample characteristics

Tabata Non-Tabata
Age (years) 20.00+2.27 19.60+1.41
Body Weight (Kg) 54.13+8.03 58.63+10.9
Body height (m) 1.66+0.06 1.60+0.07
IMT (Kg/m?) 19.22+2.39 22.21+£3.97
Study organization

The Tabata group will do the exercises as in table 2 with
a pulse intensity of 75% - 85% of the maximum pulse with
a work:rest ratio of 20:10 seconds in 4 minutes for up to
6 training sessions, resting for 3 minutes each session while
the non-tabata group will do Kempo training for 2 hours.

When assessing physical condition, researchers used
Push-ups, Standing Board Jump (SBJ) and also the Multi
Fitness Test (MFT) and these exercises had to be carried out
until the sample was exhausted to measure upper and lower
body strength and endurance.

Push-up

This research used 90° push-up for protocol from
(Hashim et al., 2018) for push up 30 seconds. In order to
perform the 90° push-up, the test subject was required to
lie face down on the floor with their hands beneath their
shoulders, fingers pointing forward, and elbows positioned
backward along the sides of their body. In the up position,
the individual supported their body weight with their hands
and toes while pushing themselves to full arm extension. The
participant then lowered herself until her entire body, from
the chest to the thighs, made contact with the floor while
maintaining a straight posture. The participant then returned
to the up position by pushing up to full arm extension.
These ups and downs constituted one push-up test at
90 degrees. The subject of the test proceeded with these steps
without pause until they became fatigued. A push-up test
consisting of one 90-degree turn was recorded as the subject
transitioned from the up position to the down position and
back to the up position. The score was determined by the
quantity of accurately performed 90-degree push-up tests
prior to cessation or alteration of body position (Wood &
Baumgartner, 2004).

Standing Board Jump (SBJ)

The broad jump test while standing was conducted
on a hard surface. The participants maintained a parallel
stance with their feet parallel to the starting line and their
heels on the line. Subsequent to receiving instructions from
the investigator, the participants were required to execute
a horizontal jump of maximum distance. Since neither the
movement of the arms nor the legs had been specified, the
participants were free to execute a self-determined depth
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countermovement of the legs and a free-arm amplitude
swing. The contestants were required to land with both feet
jointly and halt the jump without making any additional
progress. Each experiment was conducted in triplicate, with
a five-minute interval between each iteration. The distance
from the starting line to the heel of the foot closest to the
starting line was measured in centimeters using a measuring
tape. The highest score obtained from the three attempts was
retained for further analysis (Thomas et al., 2020).

Multi_stage Fitness Test (MFT)

Test of Multi-Stage Fitness (MSFT) Participants in
the MSFT run a series of 20-meter shuttle runs until they
become exhausted(Ramsbottom et al., 1988). Beginning at

Table 2. 6-week Tabata Kempo training program

8.5 km/h, the MSFT accelerates by 0.5 km/h for every one-
minute stage that is finished. Before the test began, each
participant received a Polar Verity Sense heart rate monitor,
which was used to track their heart rate in real time during
the entire test. Encouragement was given verbally to make
sure that participants worked until they were completely
exhausted. The MSFT running distance served as the criteria
measure.

Lactate

Blood lactate measurements were taken using the
accutrend plus roche device. the measurement was carried
out at the time after performing the MFT test before and
after the 6-week training program ended. Measurement

Sesi 1 Sesi 2 Sesi 3 Sesi 4 Sesi 5 Sesi 6
Repetisi 1 20 Seconds Punch A Punch B Punch A Punch B Punch A Punch B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 2 20 Seconds Kick A Kick B Kick A Kick B Kick A Kick B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 3 20 Seconds Punch A Punch B Punch A Punch B Punch A Punch B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 4 20 Seconds Kick A Kick B Kick A Kick B Kick A Kick B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 5 20 Seconds Punch A Punch B Punch A Punch B Punch A Punch B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 6 20 Seconds Kick A Kick B Kick A Kick B Kick A Kick B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 7 20 Seconds Punch A Punch B Punch A Punch B Punch A Punch B
Rest 10 Seconds Rest Rest Rest Rest Rest Rest
Repetisi 8 20 Seconds Kick A Kick B Kick A Kick B Kick A Kick B
Note: Punch A = Gyaku Geri; Kick A = Jun Mawashi Geri; Jun Zuki = Punch B; Gyaku Mawashi Geri = Kick B
Table 3. Normality Test
Tabata Non-Tabata
Variable Shapiro-Wilk
Statistic df Sig Statistic df Sig
Pre 0.97 8 0.88 0.91 8 0.33
Resting Heart (beat/minutes)
Post 0.92 8 0.40 0.89 8 0.24
Pre 0.97 8 0.92 0.92 8 0.44
Standing Board Jump (cm)
Post 0.96 8 0.83 0.90 8 0.32
Pre 0.89 8 0.23 0.90 8 0.28
Lactate (mg/dL)
Post 0.90 8 0.32 0.89 8 0.24
Pre 0.89 8 0.24 0.96 8 0.80
VO,max (ml/kg/min)
Post 0.86 8 0.12 0.97 8 0.90
Pre 0.90 8 0.27 0.92 8 0.47
Push Up (30 Second)
Post 0.90 8 0.26 0.79 8 0.02
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Table 4. The present study examines the mean changes in physiological and physical parameters following a six-week

training intervention

~
Variable N Mean+SD Min Max MeanSD Sig.
Pre-Post
Tabata

Pre 85.25+12.03 70 108

Resting Heart (beat/minutes) 8 23.00+14.57 0.003*
Post 62.25£10.61 48 78
Pre 191.50+29.94 151 238

Standing Board Jump (cm) 8 7.87+3.48 0.000*
Post 199.40+29.65 161 244
Pre 10.36%3.11 6.2 14.7

Lactate (mg/dL) 8 3.38+1.69 0.001*
Post 13.75+2.30 9.3 16.8
Pre 36.60+4.07 30.6 41.5

VO2max (ml/kg/min) 8 2.87+1.70 0.002*
Post 39.48+4.71 32.6 44.5
Pre 27.63%x11.51 13 45

Push-Up (30 Second) 8 3.75+4.46 0.049*
Post 31.38+11.3 19 48

Non-Tabata

Pre 101.80+14.44 84 132

Resting Heart (beat/minutes) 8 16.00+11.95 0.007*
Post 85.75+6.71 78 96
Pre 153.80+21.09 126 181

Standing Board Jump (cm) 8 11.75+7.28 0.003*
Post 165.50+18.76 140 188
Pre 10.53+2.06 7.8 14.8

Lactate (mg/dL) 8 3.26+1.82 0.001*
Post 13.79+2.01 9.7 15.9
Pre 28.81+3.01 23.2 32.6

VO,max (ml/kg/min) Post 8 34.98+5.09 27.6 42.2 6.16+4.03 0.003*
Post 21.13+4.51 17 28

*Mean scores when comparing points from the baseline: a two-tailed sig. < 0.05

using accutrend plus roche has a good level of effectiveness *

in measuring blood lactate for physical activity (Baldari et 07 — B Tabata

al., 2009) 200+ Il Non-Tabata

150 - 'i'
Statistical analysis 100 ns
=
This research uses descriptive tests to present profile 507 =

sample data. Data Normality Test (Shapirowilk) to see the 0

normality of the data. Paired sample t-test was used to see &S &9 &

the differences before and after in each group. Two-way é\é“ & 58 @\@

ANOVA test with sig. < 0.05 to see the difference in the &L & o

2 \4 v
average of the two groups. Furthermore, the researchers also & & S
tested the N-Gain Score to see the Tabata training program’s &

effectiveness for six weeks. To create graphs, all tests were
conducted using SPSS version 23 and GraphPad Prisma
version 10.

Results

Table 3 presents data on the results of the normality test
using the Shapiro wilk test, normality data if sig. 20.05 so
that the post Push-up data is declared abnormal.

Table 4 presents the pre and post data on the 5 variables
measured in this study. mean and SD data are presented in
table 4 to provide an overview of the results of this study.
each variable experienced pre and post-test changes through
analysis of the Pre-post mean and SD used paired sample t test.

Fig. 1. Comparative analysis of six-week average training
outcomes for four variables across groups

Fig. 1 shows that only the physiological component
(resting heart rate) with the physical component (standing
board jump) showed different results after 6 weeks of training
between the two groups, where the sig. value of each group
sig. <0.05 (resting heart rate) and (standing board jump).
Meanwhile, lactate accumulation and VO,max achievement
for both groups were the same.

Furthermore, to assess the effectiveness of the training
program for 6 weeks of tabata training on resting heart rate
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and standing board jump indicators, the N-Gain Score test
results showed a value of 88% for resting heart rate and
10% for Standing Board jump. So, it can be concluded that
Kempo training using the tabata method is more effective in
reducing resting heart rate achievements, on the other hand
for SB] Kempo training using the tabata method is declared
ineffective.

Discussion

This study found that only resting heart rate and standing
board jump differed from the control group. The Resting
heart rate component is very important to continuously
monitor its development because it is directly related to
indicators of a person’s fitness development (Pramono et al.,
2021; Quan et al., 2014). Changes in heart rate are influenced
by the type of exercise a person does (Perrone et al., 2021);
included in this study were differences in changes in heart
rate influenced by exercise using the Tabata method and not
using the Tabata method.

Heart performance has been used for a long time as an
indicator of the human body’s performance. As in research by
Garcia (2022), resting heart rate can explain the variance of
HR at rest, during exercise testing, and recovery from 11% to
48% (Garcia et al., 2022). Then, the heart rate reserve (HRR)
is related to the VO,max percentage (Matsuura et al., 2019).
HRR achievement itself depends on age and resting heart
rate. Another effect of Tabata exercise that was not examined
in this study and is related to heart rate is decreased blood
pressure (Popowczak et al., 2022).

To support a high adolescent lifestyle, a lower RHR
value can be used as an indicator and achievement target
to support the adolescent lifestyle. As in Samuel’s (2022)
research, physical activity will support changes in resting
heart rate, which will later support adolescent activity
patterns (Hondrio et al., 2022).

Interestingly, in this study, the two groups™ physical
components (power) were significantly different, but in the
N-Gain score assessment, Kempo training using the Tabata
method was not considered effective. SB] is one part of fitness
assessment (Brudecki & Gotab, 2006; Yi et al., 2019). The
ineffectiveness of Kempo training using the Tabata method
is due to the absence of additional indicator elements in
training and only using 100% punch and kick techniques as
training items for each session. This is in contrast to research
(Caglayan & Ozbar, 2017; Gani et al., 2022), which succeeded
in increasing power when adding a combination of technical
training and functional training.

The next interesting thing in this research is that not
all fitness components were successfully obtained through
6 weeks of training using modified Tabata training with Kem-
po movements. This exercise is only effective in developing
resting heart rate because it has an N-Gain Score of 88%. So
it’s the same as research (Lu et al., 2023) where Tabata training
affects cardiorespiratory physiological (Reppa et al., 2023).

Another finding in this study was that Tabata training
for 6 weeks involving only Kempo exercise movement
techniques increased VO,max of 8%. This is in line with
the results of research by Viana (2019), where variations of
training using the Tabata method other than using running
and ergo cycle movements will increase by only an average of
11%, while those using running and ergo cycle can increase

by more than 11% (Viana et al., 2019). Even though it is only
8%, this result is quite good if used by someone to increase
VO,max to improve fitness because it uses moderate intensity
with interesting movements. High-intensity exercise is not
chosen by many teenagers because it causes high levels of
stress (Tabata, 2019).

Training using the Tabata method with modified
intensity and using Kempo movements for 6 weeks gave
significant results in changes in the physiological component
(resting heart rate) and the physical component, namely
power, even though the power indicator stated that this
Tabata training was ineffective. Because of this, this exercise
can be applied as part of an exercise program to improve
health components in adolescents. Further research needs to
be carried out by adding loads and functional training types
of exercise to provide a more optimal impact on the aerobic
and anaerobic components.

Conclusions

The research results provide very important findings in
the development of physical exercise to improve the health
and fitness of adolescents. Kempo training using the Tabata
method will provide interesting value in the training patterns
that teenagers will carry out. This study found that Tabata
training for 6 weeks had an impact on reducing resting heart
rate. The development of Kempo training using the Tabata
method is considered effective in increasing VO, max.

Further research development needs to be carried out by
future researchers by adding functional training components
and providing training loads so that there is an increase in
other physical components.
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TaKOXX TeCTYB/IU [TOKA3HVK OL[iHKV HOPMasIi30BaHOTO IPUPOCTY. YCi TeCTU IPOBOAUIIN 3 BUKOPUCTAHHAM IIPOrPAMHOTO 3a0es-
nevenHs SPSS Bepcii 23 Ta GraphPad Prisma Bepcii 10 151 mo6ynyBanus rpadikis.

Pesynpraru. CraTiCTUYHI JaHi TOKA3yIOTh, [0 6-TYDKHEBE TPEHYBaHH 3a cucteMoro Tabata Mo)xe eeKTUBHO 3HIDKYBATI
YaCTOTY CepIieBUX CKOPOYEHb y CTaHi CIIOKOIO Ta IIOKPAIyBaTH pe3yNbTaTUBHICTh CTPMOKIB y foBxuHy 3 Micia (CIIM) sa Benu-
yyHY 3HavymocTi <0,05. ¥ TecTi pisHUIIi pe3ynbTaTiB NMOIepegHbOro Ta MifICyMKOBOI'O TECTYBaHHA B PaMKaxX I'PYIN pe3y/IbTaTu
IIOKa3yl0Th 3Ha4yIicTh <0,05. Pe3y/bTaTti TeCTyBaHHA OLiHKM HOPMali30BaHOTO IIPUPOCTY MOKA3YIOTh, [0 KEMIIO-TPEHYBaHHA
3a METOJOM Ha OCHOBI cuctemu TabaTa € epeKTMBHUMM IS SHIDKEHHSI YaCTOTH CEPLIEBMX CKOPOYEHD Y CIIOKOI Ha BEMUYMHY [0
88%, are He € eeKTUBHMMU 14 30inbIIeHH: HOTYXHOCTI (SB]) Ha Bemunuy 10%.

BucHoBku. [IocimKeHHs IOKa3aIo, 110 BKIIOYEHHS METOAY Ha OCHOBI cricTeMy TabaTa 10 KeMIIO-TPEeHYBaHb i3 HeOOXifHM-
MI KOPUTYBaHHAMMU IIPOTATOM 6 TYDKHIB IPU3BEJIO 1O IOMITHOTO 3HMKEHHA 4aCTOTH CeplieBUX CKOPOUYEeHb Y CTaHi CIIOKOI0. 3HU-
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JKEHHS1 4aCTOTH CePLIEBUX CKOPOYEHDb Y CTaHi CIIOKOI0 € HAJIIHUM [I0Ka3HMKOM HOKpallleHHs piBHA (i3N4HOI MiroToBIeHOCT
Ta 3arajbHOTO CaMOIOYYTTA MiJIiTKIB.
KirouoBi cmoBa: cricrema TabaTa, 4acToTa CeplieBUX CKOPOYEHD y CTaHI CIIOKO0, MoimiKaris.

Information about the authors:

Nurkholis: nurkholisnurkholis@unesa.ac.id; https://orcid.org/0000-0002-5474-1045; Department of Sport Coaching Education,
Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Sifaq, Aghus: aghussifag@unesa.ac.id; https://orcid.org/0000-0001-7951-6752; Department of Sport Coaching Education,
Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Suyoko, Andri: andrisuyoko@unesa.ac.id; https://orcid.org/0000-0001-6836-8731; Department of Sport Coaching Education,
Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.
Nirwansyah, Waristra Tyo: waristra.21043@mhs.unesa.ac.id; https://orcid.org/0009-0005-2314-9064; Department of Sport
Coaching Education, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213,
Indonesia

Pramono, Bayu Agung: bayupramono@unesa.ac.id; https://orcid.org/0000-0002-9308-1289; Department of Sport Coaching
Education, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia
Arisanti, Raden Roro Shinta: shinta.arisanti@ciputra.ac.id; https://orcid.org/0009-0007-8012-8918; Medical Education Study
Program, Faculty of Medicine, Universitas Ciputra Surabaya, CitraLand CBD Boulevard, Made, Kec. Sambikerep, Surabaya, Jawa
Timur 60219, Indonesia.

Cite this article as: Nurkholis, N., Sifaq, A., Suyoko, A., Nirwansyah, W.T., Pramono, B.A., & Arisanti, R.R.S. (2023).
Transforming Kempo Fitness: Enhancing Physiological Responses and Physical Performance in Adolescents via a Tabata-Based
Method. Physical Education Theory and Methodology, 23(6), 868-876. https://doi.org/10.17309/tmfv.2023.6.08

Received: 18.10.2023. Accepted: 12.12.2023. Published: 22.12.2023

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0)

876



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $pi3MYHOro BMXOBaHHA
Physical Education Theory and Methodology

ISSN 1993-7989 (print)
ISSN 1993-7997 (online)
ISSN-L 1993-7989

ORIGINAL SCIENTIFIC ARTICLE

LEVERAGING EXPERIENTIAL LEARNING TO FOSTER UNIVERSITY
STUDENTS’ PROFICIENCY IN ENGAGING WITH PEOPLE WITH DISABILITIES

Xazmin Folgueras'*®?, Marcelo Viera-Abelleira*A“P,

Carlos Pérez-Campos**“®, and Rémulo J. Gonzalez-Garcia

'Universidad Catdlica de Valencia

1ABC

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D — Manuscript Preparation; E - Funds Collection

Corresponding Author: Rémulo J., Gonzalez-Garcia: rj.gonzalez@ucv.es

Accepted for Publication: December 12, 2023
Published: December 22, 2023

DOI: 10.17309/tmfv.2023.6.09

Abstract

Study purpose. Inclusive education, acknowledged as a fundamental human right, is aimed at enhancing the
participation of all students and mitigating social and educational exclusion. Physical Education is identified as a vital
instrument that fosters specific training on disability and inclusion, thereby ameliorating attitudes towards disability.
The objective of this study is to scrutinize the perception of experiential learning and inclusive physical activity

among students.

Materials and methods. An inclusive physical activity program for students pursuing a degree in Early Childhood
and Primary Education was designed. The program proposes five sessions of inclusive physical activity and
accommodates 30 adult users with intellectual disability. To analyse the reliability and validity of a scale that measures
students’ perception of experiential learning, descriptive statistics, reliability analysis, exploratory and confirmatory
factor analysis were used to assess the effectiveness and inclusivity of the scale.

Results. The validity and reliability of a scale that facilitates the analysis of students’ perceptions of learning derived
from inclusive experiences is presented and the results are adequate for its usability. In addition, it is shown that
experiential learning increases the perception towards the acquisition of disability-related competences among

university students.

Conclusions. This scale essentially allows a comprehensive analysis of students’ perception of learning that emerges
from inclusive experiences. It is demonstrated that experiential learning enhances students’ perception regarding
the attainment of competencies related to disability. These findings underscore the importance of inclusive learning

experiences in the training of future educators.

Keywords: inclusion, education, disability, experiential learning, competencies.

Introduction

Inclusive education is now a top priority in many
education systems worldwide and has been acknowledged
as a fundamental human right (El Homrani et al., 2019).
In higher education, there is growing support for inclusive
policies that offer programs catering to all aspects of
disability and inclusion (Martinez-Rico et al., 2018). Over
time, a shift in perspective has occurred from integration
towards inclusive education, which encompasses a wider

© Folgueras, X., Viera-Abelleira, M., Pérez-Campos, C., &
Gonzalez-Garcia, R.J., 2023.
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vision where all pupils have equal entitlement to receive a
quality education under conditions of fairness (Torres &
Fernandez, 2015). Consequently, inclusion is now regarded
as a matter of general education rather than being exclusively
related to special education. The concept of inclusion is
gaining recognition as a guiding principle for educational
policies and practices (Duk et al., 2019). As Peraba (2019)
asserts, inclusive education is increasingly vital in our
society and has become an essential topic of interest from
both an educational and social perspective. Inclusive
education aims to boost student participation by decreasing
social and academic exclusion (Herndndez Ferndndez & De
Barros Camargo, 2021). Additionally, Physical Education
(PE) yields a crucial mechanism for fostering inclusion in
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students with SEN (Flores Aguilar, 2019; Stroebel et al.,
2019).

Conceptual Framework

Higher education has a duty and responsibility to train
future teachers in inclusion as agents of change (Rodriguez
Garcia et al., 2023). There is a growing number of initiatives,
including lectures, seminars and workshops, aimed at
developing inclusive perspectives for future teachers,
involving people with and without disabilities (Campos
et al.,, 2021). Exposure to first-hand experiences fosters
positive attitudes towards disability, which are later applied
in the teaching profession (Abellan et al., 2018; Kwatubana
& Bosch, 2019, Nemcek, 2022). In this way, a continuous
cycle of improving general perceptions of disability is
created (Duk et al,, 2019). Frecuently, the focus shifts from
the inclusion of specific populations to the creation of more
inclusive educational environments (Hortigiiela Alcald et al.,
2022). This is intended to foster an environment where all
students feel welcome and valued. This shift in perspective
challenges teachers to develop skills that enable them to
provide effective and relevant educational responses to the
diversity of students, ensuring participation and learning
for all.

Inclusive Physical Activity is a practice that aims to
promote the participation of all individuals, regardless of
their physical abilities, in sport and physical activity (Diaz &
Rubinstein, 2021). This initiative supports equity and equal
opportunities in physical activity and sport (Muiloz Moreno
et al,, 2020). In physical activity, inclusion is based on the
principle that everyone should have equal opportunities to
participate in sport and physical activity, regardless of their
physical limitations or abilities. The aim is to remove barriers
that may prevent certain individuals from participating, for
reasons such as physical or mental disability, age, gender or
socio-economic status, among others (Adarve et al., 2019).

Beinginclusive in physical activity can provide numerous
benefits for participants. An important advantage of this
phenomenon is the improvement of public health, which
can have potential positive outcomes for both physical and
mental well-being, ultimately enhancing overall quality of
life. The research of Kuznetsova et al. (2022) suggests that
motor play positively affects physical fitness and general
well-being, particularly in children with intellectual
disabilities. In addition, this activity fosters social cohesion
and nurtures social abilities, thus promoting healthy and
positive interpersonal connections (Kao, 2019).

To achieve the goals of inclusive education, teachers hold
a vital position. However, PE teachers often face a deficiency
in confidence and preparation required to effectively execute
this practice (Hutzler et al., 2019). As a result, numerous
teachers find it unfeasible to achieve inclusion due to the
perceived lack of competency and inadequate resources
(Valencia-Peris et al., 2020). Studies, such as Reina et al.
(2021), have examined the impact of a disability awareness
programme that was implemented in genuine educational
environments. In their schools, physical educators developed
and put into practice interventions aimed at raising
disability awareness. Physical education teachers were able
to influence the attitudes of their students towards inclusion
through awareness-raising activities. The effectiveness of

these interventions was considered by taking into account
the ecology of the setting and the baseline attitudes of the
students prior to the sessions.

In recent years, the notion of the relationship between
knowledge acquisition and educational innovation has
expanded. For example, Martinez-Rico et al. (2018)
suggest thorough policies on a worldwide scale to integrate
disability care and inclusion schemes in universities’
educational strategies. Initially, innovations in education
were predominantly viewed as results of R&D expenditures
and the circulation of research-based understanding. In
current times, innovations are considered part of the process
of learning and knowledge creation, specifically within
academic institutions (Gaglio et al., 2022). The effectiveness
of various innovative educational approaches is perceived to
improve essential skills required for students’ employability,
such as teamwork, communication, creativity, organisation,
and information management. However, the use of such
methodologies may not lead to significant modifications of
some of these competencies (Parrado-Martinez & Sanchez-
Anddjar, 2020).

The study conducted by Reina et al. (2022) analyses
the impact of an awareness intervention programme on
the attitudes of PE students towards the inclusion of their
classmates with disabilities. The groups that had contact
with para-athletes during the programme reported marked
improvements in the attitudes of students with disabilities.
The study highlights the efficacy of this intervention
programme in promoting inclusive attitudes amongst
PE students.

The implementation of didactic methodologies
emphasising practical content can significantly influence
learning outcomes. In contrast to traditional teaching
methods, this approach has a moderately advantageous
impact on students’ academic achievement, cognitive
competence, and emotional dispositions, as found by Zhang
and Ma (2023).

Experiential learning is acknowledged as a significant
pedagogical instrument that enhances learning outcomes
(Coker et al., 2017; Hajshirmohammadi, 2017; Morris,
2016). These methods have been used for more than 40 years
to improve student learning. Nonetheless, limited research
has been conducted to investigate the effectiveness of such
strategies (Burch et al., 2019). Experiential Learning Theory
(Kolb, 2014) suggests that a concrete encounter encourages
students to reflect and contemplate on the experience until
they can develop abstract conceptualizations that link
the experience to previous ones, ultimately resulting in
responsive experimentation when deciding how to apply
the experience in future actions. Experiential learning is
thought to improve students’ learning at a higher order
level, which includes the development of critical thinking
skills and the ability to be self-directed learners (Kreber,
2001). Experiential learning refers to actively processing
an experience, which results in acquiring new knowledge,
skills, attitudes, and perceptions (Burch et al., 2019).

The efficacy of hands-on experience on enhancing
student learning has been scrutinised in a multitude of
studies. Ilyas et al. (2020) contend that experiential learning
imbues students in higher education with proficiencies that
ameliorate their learning processes. Additionally, Thomsen
et al. (2021) purport that when paired with introspection
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and classroom debate, experiential learning engenders
students’ greater maturation. Thus, active learning is an
essential aspect of understanding the teaching and learning
process. This approach focuses on applying knowledge to a
student’s own experiences (Parrado-Martinez & Sanchez-
Anddjar, 2020).

Research by Zhang and Ma (2023) suggests that experi-
ential learning enhances academic performance while also
impacting students’ self-emotional attitudes, values, and
higher-order thinking skills. To ensure inclusivity in a uni-
versity environment, proactive measures must be taken to
eliminate barriers that impede learning and full participa-
tion of students. The social model of disability emphasizes
this need (Lopez Gavira & Morina, 2015), and the Univer-
sity must commit to implementing such measures. Inclu-
sive higher education is based on a comprehensive set of
principles that go beyond simply identifying obstacles and
finding solutions. Kioko and Makoelle (2014) consider vari-
ous factors in creating an inclusive learning environment in
universities. This necessitates modifying professional prac-
tices and conditions, actively removing barriers, offering
reasonable accommodations to students, and utilizing tech-
nology to facilitate learning access. To promote inclusivity in
educational institutions, it is crucial to proactively improve
learning settings to protect student diversity and foster social
involvement among all students (Vetoniemi & Kirna, 2021).
Research, including Liibke et al. (2021) study, emphasises the
significance of flexible learning environments in promoting
inclusive education. The study demonstrated that these set-
tings had a direct impact on the attitudes towards pupils,
regardless of disabilities, social welfare benefits for pupils
with emotional and behavioural problems, and self-efficacy
for promoting social abilities. Furthermore, adaptable learn-
ing settings had indirect consequences on intentions and
conduct.

In conclusion, inclusive education offers a potentially
fertile and advantageous environment for students to learn,
develop, relate, and create a collective culture promoting
inclusion (Agran et al., 2017). Hence, the main aim of
this study is to analyze the perceptions of students, future
teachers, regarding their experiential learning through the
practice of inclusive physical activity.

Materials and methods

Study participants

The participants in this work are a total of 60 students
whoare studying fora degree in Early Childhood and Primary
Education. Twenty percent of the participants were women
compared to 80% men. The mean age of the participants was
22.59 years (dt= 2.59), with a minimum age of 20 years and
a maximum age of 31 years. Of these, 33% indicated that
they had some kind of contact with people with functional
diversity compared to 67% who indicated that they had no
previous contact with people with functional diversity.

Research organization

To conduct the research, the program design proposes
five sessions of inclusive physical activity. The content of each
session is pre-established in the relevant subject’s teaching

guide. The sessions were designed based on: 1) The course
covered the development and evaluation of capabilities,
motor skills, and physical expression, as well as 2) individual
and team sports, 3) the biological and physiological
foundations of movement and physical abilities, and 4) the
management of physical activity, health, and specialized
educational requirements. Additionally, it explored the
planning of physical education (PE) through theoretical
and practical didactics. The sessions were two hours long
and comprised of warm-up exercises, a main segment, and
a cool-down period. At the end of each session, there is a
15-minute slot allocated for reflection. During this time,
students present their experience of the resources, contents
and training provided in the session using a script designed
by the teachers. The program accommodates 30 adult users
with intellectual disability who are part of the Asindown
Foundation (Valencia) and enrolled in the Capacitas-
Asindown employment training program.

Research methods

The students who took part in the study completed the
questionnaire a week before the commencement of the proj-
ect and again two weeks after its conclusion. The question-
naire comprised a 6-item Likert scale adapted from Byrne
& Flood’s (2003) generic skills scale, where participants in-
dicated their level of agreement on a 1-5 scale, with 1 rep-
resenting strong disagreement and 5 representing strong
agreement. In order to conduct this research, approval was
granted by the Research Ethics Committee of the Catholic
University of Valencia (Project Code UCV/2021-2022/213).
Participants will receive a written informed consent form
detailing project data, the information collection process,
the implications of their participation, their rights, the op-
tion to withdraw from the study at any time, the methods
for data collection and use during the research, as well as the
dissemination and transfer of information.

Statistical analysis

The statistical package JASP v. 0.16 (JASP Team, 2022)
was used for descriptive statistics, reliability analysis,
exploratory factor analysis (EFA), and confirmatory factor
analysis (CFA). The validity and reliability of the scale, in
a first approach, the factor structure was studied through
the AFE to identify the latent structure of the variable as
a process of theory generation, and AFC as a theoretical
testing procedure of the results suggested by the EFA
(Pituch & Stevens, 2015)the authoritative textbook Applied
Multivariate Statistics for the Social Sciences, continues to
provide advanced students with a practical and conceptual
understanding of statistical procedures through examples
and data-sets from actual research studies. With the added
expertise of co-author Keenan Pituch (University of Texas-
Austin. AFC allows us to specify the number of factors and
items to be tested. In addition, we used R (R core team,
2022) to calculate the ordinal alpha and McDonald’s Omega,
with values above 0.8 and 0.7 respectively, indicating good
internal consistency of the scores.

Hypotheses for factor analysis were examined, such as:
item ratio, sample size, normality, linearity and correlation
between variables (Tabachnick & Fidell, 2019). Assuming
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an oblique relationship between variables, the Promax
rotation method was used to perform the AFE. To explore
the underlying factors, we used eigenvalue greater than 1
(Harman, 1976) with the weighted least squares (WLS)
extraction method due to the ordinal nature of the data.
Internal consistency was analyzed through Cronbach’s
alpha, ordinal alpha, and McDonald’s omega values.
We also calculated the adequacy of the data through the
homogeneity test, the KMO index and Bartlett’s test of
sphericity (Kaiser, 1974). Through AFC, however, we test
the data fit to the solution given by the EFA. We employed
diagonally weighted least squares estimation for CFA. The
corresponding indices were Chi-square, the comparative
fitness index (CFI) and goodness-of-fit index (GFI). A non-
significant chi-square test indicates an adequate fit to the
data. A CFI and GFI close to 1.0 indicate an excellent fit
to the data (Hu & Bentler, 1999). Finally, a paired samples
t-test was performed to determine the sensitivity of the scale
to capture changes in student perceptions. For this purpose,
the Wilcoxon signed-rank test was calculated to compare
the mean rank of two related samples and determine if there
are differences between them. In turn, the effect size of this
difference was calculated.

Results

In terms of results, to assess normality, skewness and
kurtosis values were examined and found to be below the
criterion of 3.0 recommended by Hu & Bentler (1999). The
skewness and kurtosis values for all scale items, except item
3, were lower than 3.0. Table 1 displays descriptive statistics.

Next, an EFA was performed on the experiential learning
scale. The Kaiser-Meyer-Olkin was 0.75 and Bartlett’s test of
sphericity was statistically significant: x*> = 82.968, df= 23,
p <.001. The y? /df index analysis equals 3.6, lower than the
literature recommended cutoff point of (< 5) (Schumacker &

Lomax, 2004)2004. These results suggested the adequacy of
the data for factor analysis.

Promax rotation and weighted least squares (WLS)
estimation were used for the exploratory factor analysis.
The solution extracted a factor with the 5 items with factor
loadings above 0.71 and explained 52.20% of the variance.

Table 2. Measures of fit of the scale of experiential learning
perceived by the students

Factor Mean Item-element Unidit
Loadings  (sd) correlation ¥

Ttem 1 0.89 441 0.78 0.20
(0.64)

Ttem 2 0.81 4.44 0.71 0.34
(0.63)

Item 3 0.71 4.52 0.76 0.49
(0.74)

Item 4

Item 5 0.72 4.44 0.64 0.49
(0.64)

Item 6 0.73 4.30 0.69 0.46
(0.68)

a 0.82

W 0.74

Ordinal Alpha 0,87

Eigenvalue 3.53

AVE 0.50

Explained 0.52

Variance

Note. The rotation method applied is varimax. a = Cronbach’s
alpha; w = McDonald’s Omega; AVE = Average variance extracted.

Table 1. Mean, standard deviations, skewness, and kurtosis of student-perceived experiential learning

No Content

M SD skewness Kurtosis

El aprendizaje experiencial desarrolla mis habilidades para interactuar con

1 personas con discapacidad. “Experiential learning develops my skills in interacting

with people with disabilities”

4.41 0.64 -0.72 -0.34

El aprendizaje experiencial perfecciona mis habilidades para trabajar con personas

2 con discapacidad. “Experiential learning hones my skills in working with people

with disabilities.”

4.44 0.63 -0.67 -0.76

El aprendizaje experiencial me ayuda a desarrollar mi capacidad de relacionarme

3 con personas con discapacidad. “Experiential learning helps me develop my ability

to relate to people with disabilities”

4.52 0.74 -1.99 4.33

Como resultado del aprendizaje experiencial me siento seguro al interactuar con

4 personas con discapacidad. “As a result of experiential learning I feel confident

interacting with people with disabilities.”

4.41 0.57 -0.27 -1.44

El aprendizaje experiencial mejora mis habilidades a la hora de interactuar con

5 personas con discapacidad. “Experiential learning enhances my skills in interacting

with people with disabilities”

4.44 0.64 -0.96 -0.03

El aprendizaje experiencial me ayuda a desarrollar la capacidad de utilizar recursos

para potenciar mi formacién en relaciéon con el ambito de la discapacidad.

4.30 0.68 -0.55 -0.75

“Experiential learning helps me develop the ability to use resources to enhance my

training in relation to the disability field”
Total

4.42 0.50 -0.80 -0.09
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Table 3. Mean, standard deviations, skewness and kurtosis of experiential learning perceived by students pre- and

post-intervention

PRE POST
Mean SD S K Mean SD S K

item 1 4.22 0.8 -0.43 -1.28 4.81 0.4 -1.77 1.28
item 2 4.33 0.73 -0.63 -0.81 4.69 0.6 -1.89 3.03
item 3 441 0.84 -1.34 1.16 4.81 0.54 -3.03 9.09
item 5 4.3 0.72 -0.52 -0.85 4.81 0.54 -3.03 9.09
item 6 4.19 0.87 -0.75 -0.29 4.5 0.63 -0.79 -0.23
Note. SD = standard deviation; S = skewness; K = kurtosis

Table 3 presents the factor loadings for the AFE, showing  Discussion

the suggested one-factor solution. Internal consistency of
scores with this subsample (n = 60) indicated Cronbach’s
alpha (a = 0.82), McDonald’s omega (w = 0.74) and ordinal
alpha (0.87). There were no improvements in the internal
consistency of the scores. No improvements in Cronbach’s
alpha or McDonald’s alpha were found if items were removed.

Thus, the results of the EFA analysis showed factor
weights between 0.71 and 0.89 and all the estimates were
statistically significant, except for item 4, which was
eliminated from the analysis due to inconsistency in the
factor loadings, which were less than 0.40. These data can
be seen in Table 2.

The results of this factor analysis showed a good fit of
the factor structure. The value of the comparative fit index
(CFI=0.90) and goodness-of-fit index (GFI = 0.93) were high-
er than the recommended cut-off point (> 0.90). The eigenval-
ue (3.53) and average variance extracted (AVE = 0.50) indices
were also calculated, the latter being higher than the cut-off
point recommended by the literature (Baggozi et al., 1998).

Next, a comparative analysis was performed between
the entire sample (n = 60) pre-intervention and post-
intervention to evaluate the degree of implementation of the
construct analyzed in the student. The descriptive results of
the analysis for related samples show us an increase in the
score in all the items of the scale. This can be observed in
Table 3.

Table 4. Mean, standard deviations, Wilcoxon signed
rank and effect size of experiential learning perceived by
students pre and post intervention

PRE POST Effect
w A
M SD M SD bize
Aprendizaje
Lo 421 061 4.69 040 -2.76 0.007 -0.94
experiencial

Note. M = Mean; SD = standard deviation

The results of the related samples analysis showed that
students who participated in the educational innovation
project obtained significantly higher scores (w = -2.67,
p < 0.001) after the intervention (M = 4.69, SD = 0.40) than
before the intervention (M =4.21, SD = 0.61), indicating that
the scale was sensitive enough to capture differences in pre-
intervention and post-intervention scores.

Specific training in disability and inclusion is essential
to promote genuine inclusion and improve attitudes
towards disability (Haegele et al., 2018). However, it is
equally important to implement and practice inclusive
activities. As demonstrated by the results of the research,
working towards inclusion promotes and enhances beliefs
about disability, personal value, and attitudes towards peers
(Gonzalez & Cortés, 2016). To Diaz & Rubinstein (2021),
inclusive physical activity is a practice that strives to foster
the engagement of individuals from diverse backgrounds,
regardless of their abilities. It is underpinned by the principles
of equity and equal opportunities within the sphere of sports
and physical activities (Mufloz Moreno et al., 2020). The
core philosophy propelling the promotion of inclusion in
physical activity is the belief that participation in sports and
physical activities is a right that should be accessible to all,
irrespective of any limitations or abilities (Kiuppis, 2018).
This practice is dedicated to eliminating barriers that might
obstruct the participation of individuals with disabilities,
thereby ensuring a more inclusive environment.

Campos et al. (2021) suggest that higher education
provides optimal circumstances for experiential and
reflective learning by promoting inclusive physical activity
that involves both disabled and non-disabled students in the
same training environment. The study findings emphasize
the significance of experiential learning in enhancing
university students’ attitudes towards disability. Following the
implementation of inclusive physical activity sessions, in our
research, students demonstrated a significant improvement
in their perception of learning related to disability. These
findings endorse the notion that inclusive education,
especially inclusive physical activity, can effectively changing
attitudes and perceptions towards disability have an impact
on other variables, as noted in studies such as that of
Nemcéek (2022). Additionally, the outcomes emphasize the
fundamental role of educators in endorsing and executing
all-inclusive knowledge. Nevertheless, numerous teachers
may experience uncertainty or a lack of preparation to carry
out this assimilation effectively (Hutzler et al., 2019). This
investigation’s findings propose that, with appropriate tools
and resources, it is possible to attain a substantial shift in
pupils’ perspectives and beliefs towards disabilities. The
findings demonstrate that experiential learning and inclusive
physical activity have a significant impact on improving
perceptions of disability among students. Nonetheless, it
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is vital to equip teachers with the adequate competencies,
skills, and resources to effectively implement these practices
(Valencia-Peris et al., 2020). With the appropriate support,
teachers playa crucial role in promoting more comprehensive
and equitable education.

Several studies have demonstrated the necessity of
examining experiential learning (Burch et al., 2019) for its
potential to enhance learning outcomes positively. However,
disability is an area that requires additional investigation.
Overall, experiential learning has numerous benefits,
including better retention and transfer of knowledge,
heightened motivation and engagement, and the acquisition
of practical skillsand competencies (Liu & Pasztor, 2022). The
findings of this study indicate that incorporating meaningful
experiences in educational settings can significantly improve
the acquisition of competencies within the field of functional
diversity. It is noteworthy, however, that the advantages of
experiential learning are context-, learner-, and experience-
dependent (Liu & Pésztor, 2022).

The study findings should be interpreted with care and
applied only to the relevant population. Nonetheless, they
offer a trustworthy and dependable mechanism to evaluate
the degree of proficiency achieved through experiential
learning in relation to the realm of functional diversity
among students.

This study has limitations that could impact the
findings. The sample population is insufficient to produce
conclusive results, despite being based on the participation
in an organized educational innovation proposal with all
students included in the study. In future research, extending
the intervention by increasing session numbers would
be worthwhile. Furthermore, it would be expedient to
utilize this validated tool in various contexts and practical
applications. Additionally, the tool could be customized
for other contexts that are relevant to the field of inclusion
and applied to all individuals who come into contact with
functional diversity.

Conclusions

In conclusion, the study highlights the effectiveness
of inclusive physical activity in altering attitudes and
perceptions towards functional diversity, particularly
intellectual disability. Moreover, the significance of
experiential learning in enhancing perspectives towards
disability among university students is emphasized. After
implementing inclusive physical activity sessions, students’
perception of learning about disability significantly
improved. Specific training on disability and inclusion is
crucial for improving attitudes towards disability and
promoting genuine inclusion in educational and social
settings. However, the implementation and practice of
inclusion-related activities are equally important, as they
contribute to inclusion and improve beliefs and attitudes
towards disability. The education sector plays a pivotal role
in promoting and implementing inclusive education for the
entire society.

Although some professionals may lack confidence or
preparation to effectively implement inclusion practices, the
study’s findings suggest that appropriate tools and resources
can bring about a notable shift in students” attitudes and
perceptions towards functional diversity.

Acknowledgment

This work has been possible thanks to the collaboration
of the Asindown Foundation (Valencia).

Conflict of interest

There is not any conflict of interest.

References

El Homrani, M., Arias, S. & Avalos, I. (2019). La inclusion: una
respuesta educativa y social.

Martinez-Rico, G., Tena, J., Canadas, M., Pérez, C. & Garcia-
Grau, P. (2018). Inclusive Higher Education: a guide to
designing a support plan on disability and inclusion in
universities, Espafia/Francia. FIUC/Brief Ediciones.

Torres, J.A. & Ferndndez, .M. (2015). Promoviendo escuelas
inclusivas: analisis de las percepciones y necesidades
del profesorado desde una perspectiva organizativa,
curricular y de desarrollo profesional. Revista electrénica
interuniversitaria de formacion del profesorado, 18(1),
177-200. https://doi.org/10.6018/reifop.18.1.214391

Duk, C., Cisternas, T. & Ramos, L. (2019). Formacién docente
desde un enfoque inclusivo. A 25 afios de la Declaracién
de Salamanca, nuevos y viejos desafios. Revista
latinoamerican,a de educacién inclusiva, 13(2), 91-109.
https://doi.org/10.4067/s0718-73782019000200091

Perabd, C.M. (2019). Enfoques educativos de la concepcion de
integracién e inclusion. Revista Internacional de apoyo a
la inclusién, logopedia, sociedad y multiculturalidad, 5(1).
https://doi.org/10.17561/riai.v5.n1

Hernandez Fernandez, A. & De Barros Camargo, C. (2021).
Inclusion, atencion a la diversidad y neuroeducacion en
Educacion Fisica. Retos: Nuevas Perspectivas de Educacion
Fisica, Deporte y Recreacion, 41.
https://doi.org/10.47197/retos.v0i41.86070

Flores Aguilar, G. (2019). ;Jugamos al Stiper Mario Bros?
Descripcion de una experiencia gamificada en la
formacion del profesorado de Educacion Fisica. Refos:
Nuevas Perspectivas de Educacién Fisica, Deporte y
Recreacion, 36. https://doi.org/10.47197/retos.v36i36.67816

Stroebel, L.C., Hay, J. & Bloemhoff, H.J. (2019). An approach
to re-skilling of in-service teachers in Physical Education
in South African schools. South African Journal of
Education, 39(2), 1-12.

Rodriguez Garcia, J., Martin-Barrero, A. & Camacho
Lazarraga, P. (2023). Revision sistematica sobre la
percepcion del profesorado y alumnado de la materia
de Educacion Fisica como facilitadora de una escuela
inclusiva. Sportis. Scientific Journal of School Sport,
Physical Education and Psychomotricity, 9(2), 388-412.
https://doi.org/10.17979/sportis.2023.9.2.9132

Campos, C.P, Rico, G.M., Sanchez, ].G. & Pérez, M.C. (2021).
Innovacién docente, discapacidad e inclusién en ambito
universitario. In Cuestiones transversales en la innovacion
de la docencia y la investigacion de las ciencias sociales
y juridicas: especial referencia al impacto del covid-19,
las nuevas tecnologias y metodologias, las perspectivas de
género y la diversidad. Dykinson, 1750-1775.
https://doi.org/10.2307/j.ctv1ks0g9z.47

Abellan, J., Sdez-Gallego, N.M. & Olivares, S.C. (2018). La
boccia como deporte adaptado y sensibilizador en

882



Folgueras, X., Viera-Abelleira, M., Pérez-Campos, C., & Gonzélez-Garcia, R.J. (2023). Leveraging Experiential Learning to Foster
University Students’ Proficiency in Engaging with People with Disabilities

Educacion Fisica en Educacion Secundaria. SPORT TK-
Revista Euroamericana de Ciencias del Deporte, 109-114.
https://doi.org/10.6018/sportk.343011

Kwatubana, S. & Bosch, M. (2019). The value of teaching
practice as perceived by Postgraduate Certificate in
Education (PGCE) students. South African Journal of
Education, 39(2). https://doi.org/10.15700/saje.v39n2al512

Nemcek, D. (2022). Children’s Attitudes towards Inclusion of
Visually Impaired Students in Physical Education Classes:
Gender Differences. Physical Education Theory and
Methodology, 22(3), 423-429.
https://doi.org/10.17309/tmfv.2022.3.18

Hortigiiela Alcald, D., Pérez Pueyo, A.L. & Hernando Garijo,
A. (2022). En busqueda de acuerdos sobre los fines
pedagogicos que han de regir en la Educacion Fisica.
Sportis. Scientific Journal of School Sport, Physical
Education and Psychomotricity, 8(2), 255-282.
https://doi.org/10.17979/sportis.2022.8.2.8874

Diaz, E. & Rubinstein, S. (2021). Procesos de inclusion
educativa y actividad fisica en personas con discapacidad.
Revista Universitaria de la Educacién Fisica y el Deporte,
14(2), 1. https://doi.org/10.28997/ruefd.v14i2.1

Muinoz Moreno, A., Smith, E., & Matos Duarte, M. (2019).
Una Experiencia de Inclusion Educativa en el Aula de
Expresion Corporal con Alumnado Universitario (An
Educational Inclusion Experience in a Body Expression
course with undergraduate students). Retos, 37, 702-705.
https://doi.org/10.47197/retos.v37i37.68438

Adarve, M., Zurita, E, Gémez, V., Padial, R., y Lara, A.
(2019). Influencia de la practica de actividad fisica en el
autoconcepto de adolescentes. Retos, 36(36), 342-347.
https://doi.org/10.47197/retos.v36i36.68852

Kuznetsova, L., Trachuk, S., Semenenko, V., Kholodova, O.,
Podosinova, L., Brychuk, M., ... & Kedrych, H. (2022).
Effect of movement games on physical fitness of children
with intellectual disabilities. Physical Education Theory
and Methodology, 22(2), 158-165.
https://doi.org/10.17309/tmfv.2022.2.02

Kao, C. C. (2019). Development of team cohesion and
sustained collaboration skills with the sport education
model. Sustainability, 11(8), 2348.
https://doi.org/10.3390/sul1082348

Hutzler, Y., Meier, S., Reuker, S. & Zitomer, M. (2019).
Attitudes and self-efficacy of physical education teachers
toward inclusion of children with disabilities: a narrative
review of international literature. Physical Education and
Sport Pedagogy, 24(3), 249-266.
https://doi.org/10.1080/17408989.2019.1571183

Valencia-Peris, A., Alfaro, PM. & i Garcia, D.M. (2020). La
formacidn inicial del profesorado de Educacion Fisica:
una mirada desde la atencion a la diversidad. Retos:
nuevas tendencias en educacion fisica, deporte y recreacion,
(37), 597-604. https://doi.org/10.47197/retos.v37i37.74180

Reina, R., Haegele, J. A., Pérez-Torralba, A., Carbonell-
Hernandez, L., & Roldan, A. (2021). The influence
of a teacher-designed and-implemented disability
awareness programme on the attitudes of students toward
inclusion. European Physical Education Review, 27(4),
837-853. https://doi.org/10.1177/1356336x21999400

Gaglio, C., Kraemer-Mbula, E. & Lorenz, E. (2022). The effects
of digital transformation on innovation and productivity:

Firm-level evidence of South African manufacturing
micro and small enterprises. Technological Forecasting
and Social Change, 182, 121785.
https://doi.org/10.1016/j.techfore.2022.121785

Parrado-Martinez, P. & Sdnchez-Andujar, S. (2020).
Development of competences in postgraduate studies
of finance: A project-based learning (PBL) case study.
International Review of Economics Education, 35, 100192.

Reina, R., [figuez-Santiago, M. C., Ferriz-Morell, R,
Martinez-Galindo, C., Cebridn-Sanchez, M., & Roldan,
A. (2022). The effects of modifying contact, duration, and
teaching strategies in awareness interventions on attitudes
towards inclusion in physical education. European Journal
of Special Needs Education, 37(1), 57-73.
https://doi.org/10.1080/08856257.2020.1842973

Zhang, L. & Ma, Y. (2023). A study of the impact of project-
based learning on student learning effects: A meta-
analysis study. Frontiers in Psychology, 14.
https://doi.org/10.3389/fpsyg.2023.1202728

Coker, J.S., Heiser, E., Taylor, L. & Book, C. (2017). Impacts
of Experiential Learning Depth and Breadth on Student
Outcomes. Journal of Experiential Education, 40(1), 5-23.
https://doi.org/10.1177/1053825916678265

Hajshirmohammadi, A. (2017). Incorporating experiential
learning in engineering courses. IEEE Communications
Magazine, 55(11), 166-169.
https://doi.org/10.1109/mcom.2017.1700373

Morris, L.V. (2016). Experiential Learning for All. Innovative
Higher Education, 41(2), 103-104.

Burch, G.E, Giambatista, R., Batchelor, ].H., Burch, J.].,
Hoover, ].D. & Heller, N.A. (2019). A Meta-Analysis
of the Relationship Between Experiential Learning
and Learning Outcomes. Decision Sciences Journal of
Innovative Education, 17(3), 239-273.
https://doi.org/10.1111/dsji.12188

Kolb, D.A. (2014). Experiential learning: Experience as the
source of learning and development. FT press.

Kreber, C. (2001). Learning Experientially through Case
Studies? A Conceptual Analysis. Teaching in Higher
Education, 6(2), 217-228.

Ilyas, S., Kashif, M.E. & Igbal, H.S. (2020). An Exploratory
Study about the Role of Experiential Learning. Global
Social Sciences Review, 341-350.
https://doi.org/10.31703/gssr.2020(v-iii).36

Thomsen, B., Muurlink, O. & Best, T. (2021). Backpack
Bootstrapping: Social Entrepreneurship Education
Through Experiential Learning. Journal of Social
Entrepreneurship, 12(2), 238-264.
https://doi.org/10.1080/19420676.2019.1689155

Lopez Gavira, R. & Morifia, A. (2015). Hidden voices in
higher education: inclusive policies and practices in
social science and law classrooms. International Journal of
Inclusive Education, 19(4), 365-378.
https://doi.org/10.1080/13603116.2014.935812

Kioko, V.K. & Makoelle, T.M. (2014). Inclusion in Higher
Education: Learning Experiences of Disabled Students at
Winchester University. International Education Studies,
7(6), 106-116. https://doi.org/10.5539/ies.v7n6p106

Vetoniemi, J. & Kérni, E. (2021). Being included - experiences
of social participation of pupils with special education
needs in mainstream schools. International Journal of

883



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 6

Inclusive Education, 25(10), 1190-1204.
https://doi.org/10.1080/13603116.2019.1603329

Liibke, L., Pinquart, M. & Schwinger, M. (2021). The role
of flexibility in the realization of inclusive education.
Sustainability, 13(8), 4452.
https://doi.org/10.3390/su13084452

Agran, M., Wojcik, A., Cain, L., Thoma, C., Achola, E., Austin,
K.M., Nixon, C.A. & Tamura, R.B. (2017). Participation
of students with intellectual and developmental
disabilities in extracurricular activities: Does inclusion
end at 3: 002 Education and Training in Autism and
Developmental Disabilities, 52(1), 3-12.

Byrne, M. & Flood, B. (2003). Assessing the Teaching Quality
of Accounting Programmes: An evaluation of the Course
Experience Questionnaire. Assessment ¢ Evaluation in
Higher Education, 28(2), 135-145.
https://doi.org/10.1080/02602930301668

Team, J. (2022). JASP (Version 0.16. 3)[Computer Software].

Pituch, K.A. & Stevens, J.P. (2015). Applied Multivariate
Statistics for the Social Sciences: Analyses with SAS and
IBM’s SPSS, Sixth Edition. Routledge.

Tabachnick, B.G. & Fidell, L.S. (2019). Using multivariate
statistics. Seventh edition. New York, NY: Pearson.

Harman, H.H. (1976). Modern Factor Analysis. University of
Chicago Press.

Kaiser, H.E (1974). An index of factorial simplicity. Psychometrika,
39(1), 31-36. https://doi.org/10.1007/bf02291575

Hu, L. & Bentler, P.M. (1999). Cutoff criteria for fit indexes
in covariance structure analysis: Conventional criteria
versus new alternatives. Structural Equation Modeling: A
Multidisciplinary Journal, 6(1), 1-55.
https://doi.org/10.1080/10705519909540118

Schumacker, R.E. & Lomax, R.G. (2004). A beginner’s guide to
structural equation modeling. Psychology press.

Haegele, J., Zhu, X. & Davis, S. (2018). Barriers and facilitators
of physical education participation for students with
disabilities: an exploratory study. International Journal of
Inclusive Education, 22(2), 130-141.
https://doi.org/10.1080/13603116.2017.1362046

Gonzilez, ]. & Cortés, R. (2016). Actitudes y creencias hacia la
discapacidad en clases de educacion fisica. Una cuestion
educativa. Psychology, Society & Education, 8(2), 105-120.
https://doi.org/10.25115/psye.v8i2.454

Kiuppis, E (2018). Inclusion in sport: Disability and
participation. Sport in society, 21(1), 4-21.
https://doi.org/10.1080/17430437.2016.1225882

Liu, Y. & Pésztor, A. (2022). Effects of problem-based learning
instructional intervention on critical thinking in higher
education: A meta-analysis. Thinking Skills and Creativity,
45,101069.

MAKCUMAJIbHO EOEKTUBHE BUKOPUCTAHHA
EMNOIPUYHOIO HABYAHHA ANA CNPUAHHA PO3BUTKY
MANCTEPHOCTI CTYAEHTIB YHIBEPCUTETIB Y POBOTI
3/110AbMU 3 OBMEXEHUMU MOXKJTUBOCTAMMU

Kacmin ®onbrepac'4P, Mapceno Biepa-Abenneitpa’ <P,
Kapnoc Ilepec-Kammoc*A“P, Pomyio X. Toncanec-Tapcis'AB€

'Karonuupkuit yaiBepcutet Banencii imeni Cestoro Bicenra

ABTOpCHKNMIL BRI A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykormcy; E — 36ip kowtis

Pegepar. Crartsa: 9 c., 4 Tabm., 51 mKeperno.

Mera I[OCJIi]I)KeHH}I. Iukmo3uBHa ocBiTa, BU3HAHA (bYH,HaMeHTaTIbHI/IM IIpaBOM /IIOAVHM, CIIPAMOBaHAa Ha PO3UWIVPEHHA

y4acTi BCIX CTYHEHTIB Ta 0OMeXXeHHs ColLiasbHOl Ta OCBITHBOI i30/s1ii. Pi3nyHe BUXOBAHHs BM3HAYAIOTD SIK XUTTEBO BaXK/IN-
BIIT iHCTPYMEHT, AKUIA CIIPUAE PO3BUTKY CII€llia/IbHOTO HaBYaHHA 3 MATaHb iHBaIiJHOCTI Ta iHK/II03il, TMM CaMUM IIOKpallyl04n
CTaBJIeHH: J10 iHBaigHOCTI. MeTo0 IIbOro JOC/TIIPKEHHS € YBa)KHe BUBYEHH:A CIPUNHATTA CTYIeHTaMM eMITipMYHOT0 HaBYaHHA
Ta iHK/TI03MBHOI Qi3MYHOI AKTUBHOCTI.

Marepianu Ta MeTogu. Pospo6ieno nporpaMy iHKmM031BHOI (i3MYHOI aKTMBHOCTI /1A CTY/IEHTIB, AKi HABYAIOTbCA 3a Clle-
nianpHicTIO «JIONUIKibHE BUXOBAaHHS Ta II0YaTKOBA OCBiTa». Ls mporpama mepenbavae Im'siTh 3aHATD 3 1HKIIO3UBHOI (i3n4HOI
aKTVMBHOCTI Ta po3paxoBaHa Ha 30 JOPOCIMX KOPUCTYBAYiB i3 IOPYIIEHHM iHTeNeKTyabHOro po3BuTKy. 1llo6 npoanamisyBaTn
HaZiHICTD 1 Ba/MiJHICTD IIKaIN, AKA BUMIPIOE CHIPUMHATTA CTYSEHTaMM €MIIiPMYHOIO HaBYaHH:A, BUKOPUCTOBYBA/IM ONNCOBY
CTaTVCTUKY, aHAJIi3 HaJillHOCTI, eKCIUIOpaTOpHMit i KoHpipMaTOpHMil HaKTOPHWIT aHAII3 /IS OLIHKM e(eKTUBHOCTI Ta iHK/II0-
3UBHOCTI IIKAIN.

Pesynbratu. Ilpencrasneno BamifgHIiCTh i HafifiHICTD IIKaIM, KA IOJIETIIYE aHa/li3 COPUIHATTA CTyJeHTaMy HaBYaHHA,
OTPMMAHOIO Ha OCHOBI iHK/IFO3MBHOTO JIOCBifly, i Ili pe3y/IbTaTy € JOCTATHIMM JiA Ii IPUAATHOCTI JO BuKopucranHs. Kpim Toro,
[IOKa3aHo, 1[0 eMIIpyYHe HaBYaHHs MOKPAIIY€e CTAB/IEHHs CTY[EHTIB YHiBepCUTETiB 1O HAOYTTs IMOB’SI3aHNUX 3 IHBAIIAHICTIO
KOMIIETEHIIiI.

Bucnosku. 114 mKarna, 1o cyTi, 03BO/sA€ KOMIITIEKCHO IIPOaHali3yBaTy CIPUITHATTA CTyleHTaM) HaBYaHHA, IKe BUILIVBAE
3 IHK/II03MBHOTO #OCBify. IlokasaHo, 1[0 eMITipiyHe HAaBYAHHS IOKPAIYE YSIBICHHS CTY/CHTIB {00 HAOYTTs OB A3aHUX 3 iH-
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Abstract

The purpose of this study was to compare the effects of a six-week contrast training intervention conducted twice
per week during the preparatory period on the measures of physical fitness in university-level male soccer players.
Materials and methods. Sixteen players were selected as participants and randomly assigned to an experimental
group or an active control group. Data were collected at baseline and after a six-week training intervention period
for 15 m and 30 m linear sprint, medicine ball throw (MBT), standing long jump (SLJ), countermovement jump
(CM]J), change of direction speed (CODS), peak torque (both legs) during extension and flexion, and running-based

anaerobic sprint test (RAST).

Results. The analysis revealed reported significant small to very-large magnitude within-group improvement in all
the dependent variables for the experimental group (p < 0.001-0.028) but not for the control group (p = 0.066-1.000).
Further, the analysis of covariance with the pre-test scores as covariates revealed significant differences at post-
intervention assessments for all the dependent variables, favoring the contrast training group (p < 0.001-0.05).
Conclusions. A six-week contrast training intervention with two weekly sessions during the preparatory period may
be sufficient to induce small improvement in the 30 m linear sprint and isokinetic strength of both legs, moderate
improvement in the 15 m linear sprint, and MBT, large improvements in SL], RAST, and a very large improvement in

vertical jump (CMJ) and CODS.

Keywords: football, muscle strength, resistance training, plyometric exercise, human physical conditioning, athletic

performance.

Introduction

Soccer is an intermittent sport that requires players to
execute different actions demanding explosiveness of the
lower limb (Stelen et al., 2005). These explosive actions may
range from short sprints to win the ball possession up to
kicking to score a goal. Most essential actions in soccer are
time-bound and require quick application of force (i.e., high
rate of force development) (Taber et al., 2016). Therefore,
players need the ability to exert maximal force in a minimal
time. Hence, it becomes crucial for soccer players to improve
these abilities. Moreover, strength (i.e., the ability to exert
maximal force), as well as power (i.e., the ability to exert

© Thapa, R.K.,, Kumar, G., Raizada, S., & Bagchi, A., 2023.
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maximal force in minimal duration), has been reported to
be associated with different physical fitness abilities among
soccer players (Arnason et al., 2004; McFarland et al., 2016;
Thapaetal., 2019; Wisloft et al., 2004), which are crucial for a
soccer game. For example, strength and power are associated
with linear sprint, one of the most common soccer actions
before scoring a goal (Faude et al., 2012). Indeed, previous
studies have reported that strength, aerobic endurance, and
other physical fitness abilities can also help discriminate elite
players from amateur players (Bangsbo et al., 2008; Cometti
et al., 2001). Therefore, training methods to improve these
abilities become paramount for soccer players’ success.
Different strength training methods are available
to improve soccer players’ physical fitness. However,
traditional resistance training and plyometric training
are two commonly used methods. Traditional resistance
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training encompasses using external loads (commonly
heavier loads). In contrast, plyometric training utilizes the
individuals’ body mass (sometimes plyometric training may
utilize external resistance too [e.g., resistance bands]) (Barrio
etal., 2023; Ojeda-Aravena et al., 2023; Ramirez-Campillo et
al., 2022; Ramirez-Campillo et al., 2023; Rathi et al., 2023).
These distinct differences in the load allow both exercises
to be performed with different forces and velocities, putting
both at almost opposite ends of the force-velocity spectrum
(Kumar, Pandey, Thapa, et al., 2023; Thapa & Kumar, 2023;
Thapa et al., 2021; Thapa et al., 2022). Therefore, including
only one training method may reduce the overall force-
velocity development of a given athlete. Hence, including
traditional resistance and plyometric training within a
training periodization of soccer players becomes essential.
However, including both training methods on separate
days (i.e., compound training) within a congested weekly
micro-cycle is often difficult. For example, a coach working
with an amateur university-level soccer team may be able to
conduct only one session per day, i.e., five training sessions
per week. In such a scenario, it becomes difficult to include
both traditional resistance training and plyometric training
on separate days. A pragmatic approach is to have both
traditional resistance training and plyometric training within
a single session. Such a training approach is termed complex
training (Thapa et al., 2021). Amongst the different possible
combinations of both training methods (four combinations
are available), complex-contrast training (CT) is done by
performing the traditional resistance exercise first, followed
by plyometric exercise, in a set-by-set fashion (Kumar, Pandey,
Thapa, et al., 2023; Thapa & Kumar, 2023; Thapa et al., 2022).
It is suggested that with such a combination, the heavier
load performed in the form of traditional resistance exercise
activates a larger motor unit pool, thereby enhancing the lower
load exercise performance (i.e., plyometric training exercise)
(Thapa & Kumar, 2023; Thapa et al., 2021; Thapa et al., 2022).
Moreover, using both traditional resistance exercise and
plyometric exercise in such a format may save time while also
inducing improvements. Indeed, previous meta-analyses
have reported that CT improves sprint, change of direction
speed (CODS), and jumps (Thapa et al., 2021) while also
enhancing the maximal strength (Thapa et al., 2022) of
soccer players. In addition, both meta-analyses (Thapa et al.,
2021; Thapa et al., 2022) reported a need for more studies
during the pre-season period. According to the authors,
only three studies conducted CT during pre-season (Kumar,
Pandey, Ramirez-Campillo, et al., 2023; Maio Alves et al,,
2010a; Miranda et al., 2022). Furthermore, replication of
sports and exercise science studies is needed to increase the
rigor of science and advancement of knowledge (Murphy et
al., 2023). Therefore, this study aimed to compare the effects
of a CT intervention during the preparatory period on
soccer players’ physical fitness abilities. Based on previous
evidence, it was hypothesized that significant improvement
would be observed in all the physical fitness abilities after
the CT intervention compared to the active control group.

Methods

Participants

Sixteen male amateur soccer players who participated
in the University-level competitions were recruited as

participants for this study. A priori sample size estimation
suggested this sample size be sufficient to detect a large effect
(Cohen f = 0.4) within-between interaction in repeated
measures design with a power of 0.80. Participants were
required to practice regularly (minimum five hours per
week) during the preparatory training camp for the inter-
university competitions and have a minimum of one year of
resistance training experience to be eligible for the study. In
addition, participants were excluded if they had any lower-
limb injury in the past six months before the start of the
study. After that, the participants were allocated randomly
to either the experimental training group (n = 8) that
practiced regular soccer training combined with CT or an
active control group (n = 8) that practiced soccer training
alone. The demographic characteristics of the participants
are presented in Table 1. The participants signed informed
consent forms after being explained the potential risks
and benefits of the study. The study was approved by the
University’s Internal Review Board and conducted following
the declaration of Helsinki.

Table 1. Participant demographics of complex-contrast
training (CT) and active control group (CG)

CT (n=38) CG (n=8) p-value*
Age (yrs) 203+ 1.8 214+1.2 0.233*
Height (cm) 171.4 £ 6.7 174.6 £ 5.0 0.296
Body Mass (kg) 61.7 £4.0 68.7+£6.3 0.018

Note: * - independent t-tests, * - Mann Whitney U Test (non-
normal data)

Procedure

Familiarization sessions were conducted for the
testing protocols and CT exercises before the start of the
study. One repetition-maximum (1RM) assessment for
the experimental group (i.e., for training prescription) was
done during this period. In addition, demographic data
were also collected during the same period. Participants
were asked to avoid strenuous activity for 48 hours and
eat habitually before the testing day. Two (within-subject,
pre- and post-) by two (between subject; experimental
and control) randomized controlled design was used to
compare the training effects on selected outcome variables.
The tests were conducted at identical times during pre- and
post-intervention assessments, with the sequence of testing
order remaining the same for all the participants. A ten-
minute general warm-up procedure was conducted before
the testing, with some specific trials before each assessment.

Load measurement and Training intervention

The prescription of load for the experimental group was
based on the percentage of 1RM assessed before the start
of the study. Furthermore, the contrast pairs of exercises
were selected based on previous studies (Kumar, Pandey,
Ramirez-Campillo, et al., 2023; Kumar, Pandey, Thapa, et
al., 2023; Thapa & Kumar, 2023). Squats were paired with
squat jumps, deadlifts were paired with kettlebell swings,
barbell lunges were paired with barbell high knees, and
bench presses were paired with plyometric push-ups. The
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load at the initial two weeks was 65% 1RM for the high-load
exercise, followed by 75%1RM for the next two weeks and
85%1RM for the final two weeks. The training sessions’ load
description is presented in Table 2.

Table 2. Description of training load across a six-week
duration

High-load exercise Low-load exercise

Set x repetitions

Week 1-2 3x 15 3 x 6/10/15 sec/6*
Week 3-4 3x10 3 x 8/10/20 sec/8
Week 5-6 3x6 3 x 10/10/25 sec/10

Note: *repetitions are represented as squat jumps/kettlebell swings/
barbell high knees/plyometric push-ups

Outcome variables

Linear sprint tests included 15 m and 30 m distances
conducted separately to measure acceleration speed and
maximal speed on synthetic outdoor track based on protocols
used in previous studies (G. Singh et al., 2022; Gaurav Singh
etal., 2022). Similarly, the change of direction speed test was
conducted on an outdoor natural grass field (participants
wore their soccer boots) based on protocols described in
previous studies (R. K. Thapa, FE. M. Clemente, et al., 2023;
Rohit K Thapa et al., 2023). For both the timing-based tests,
two experienced timekeepers were recruited who recorded
three trials of each test, with a rest period of ~3 minutes
between trials. Upper body explosive strength was assessed
using a backward medicine ball throw based on methods
describedinapreviousstudy (Stockbrugger & Haennel,2001).
The vertical jump was evaluated using the countermovement
jump test with a valid and reliable inertial measurement unit
(S. Kumar et al., 2023), while the standing long jump (SLJ)
test was used to assess the horizontal jumps (Gaurav Singh
et al., 2022). The peak torque during flexion and extension
of both legs was measured using an isokinetic dynamometer
(Humac NORM). While the maximal anaerobic power
was estimated using a running-based anaerobic sprint test
(Zagatto et al., 2009). For all the assessments (except the
running-based anaerobic sprint test), three successful trials
were conducted with a minimum of ~ 3 minutes rest between
each trial. The interclass correlation coefficient with its 95%
confidence interval is presented in Table 3.

Statistical Analysis

The analyses were conducted using SPSS version 24.0.0
(IBM, New York, USA). Data are presented as means and
standard deviations. The normal distribution of the data
and its homogeneity of variance were verified using the
Shapiro-Wilk and Levene’s tests for equality of variances,
respectively. After that, analysis of covariance (ANCOVA)
with baseline scores as a covariate was used to analyze the
training-specific effects. Post hoc pairwise comparisons
were conducted for significant differences to find which
group was favored. Within-group changes were analyzed
using a paired t-test. Percentage change scores were also
calculated for the dependent variable in each group using
the equation in a customized Microsoft Excel sheet:

Table 3. Interclass correlation coefficient (ICC) and their
95% confidence interval (CI)

Variables ICC 95 % CI
15 m sprint (s) 0.87 0.68 - 0.95
30 m sprint (s) 0.78 0.50 - 0.91
Medicine Ball Overhead Throw (m) 0.95 0.86 - 0.98
Standing Long Jump (m) 0.84 0.62 - 0.94
CM]J height (cm) 0.93 0.82 -0.97
Modified Agility T-test (s) 0.80 0.54 - 0.92
PT leg extension (right) (Nm) 0.98 0.96 - 0.99
PT leg flexion (right) (Nm) 0.95 0.88 - 0.98
PT leg extension (left) (Nm) 0.98 0.96 - 0.99
PT leg flexion (left) (Nm) 0.95 0.88 - 0.98

[(meanpost — meanpre) / meanpre] x 100. Effects sizes
(ES) in the form of partial eta squared (n,*) were used from
ANCOVA output. Hedge’s g were calculated to assess the ES
between pre-post measurements testing for each group. The
magnitude of effects for n,> was interpreted as small (<0.06),
moderate (20.06 - 0.13), and large (=0.14) (Cohen, 1988),
while Hedge’s g was interpreted as trivial (<0.2), small (0.2 -
0.6), moderate (>0.6 — 1.2) large (>1.2 - 2.0), and very large
(>2.0-4.0) (Hopkins et al., 2009). The interclass-correlation
coefficient between trials was interpreted as poor (<0.5),
moderate (0.5 - 0.75), good (0.75 - 0.9), and excellent (>0.9)
reliability based on the lower bound of the 95% confidence
interval (Koo & Li, 2016). Statistical significance was set at
p < 0.05.

Results

Main outcomes

Table 4 provides comprehensive detail regarding the
analysis of the data. The Shapiro-Wilk test results (p > 0.05)
indicated that all variables were normally distributed.
A positive training adaptation was found for the CT group
for all the selected dependent variables. The within-group
magnitude of improvement after CT intervention across all
the variables ranged from small to very large. A substantial
improvement (large or very large ES) (g > 1.20) was ob-
served in variables such as SLJ (g = 1.424, p = 0.001), CM]J
(g = 6.660, p <0.001), CODS (g = 2.786, p = 0.001), and
average power (g = 1.422, p <0.001). In the control group, no
notable changes were detected for any dependent variables
from pre to post-intervention assessments. Further, the per-
centage change from pre- to post-intervention for both the
groups is presented in Figure 1.

The ANCOVA (Table 4) results displayed significant
differences in all the selected outcome variables at the post-
test after the six-week intervention, favouring the CT group.
The ES (n,*) derived from the ANCOVA output suggests the
magnitude of differences was large (>0.14).

Discussion

The study aimed to find the effects of six-week CT with
a weekly frequency of two sessions during the preparatory
period on measures of physical fitness among university-
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Table 4. Statistical comparisons between complex-contrast training and active control group (CG)

Complex-contrast training group (n=8)  Active control group (CG) (n = 8) ANCOVA
Variables Pre-test Post-test Pre-test Post-test p-value
Mean + standard deviation Mean + standard deviation

15 m sprint (s) 2.71 £0.15 2.61+£0.13M 2.69 £ 0.10 2.69 £ 0.127 0.007"
30 m sprint (s) 4.58 £0.22 4.50 £0.20° 443 +£0.17 4.48 +0.15° 0.015"
MBT (m) 10.50 £ 0.6 11.10 £ 1.0™ 11.83 £ 1.17 11.68 + 1.09" 0.034"
Standing Long Jump (m) 2.40 +0.10 2.57 +£0.13" 2.39+0.15 2.36 +0.15° <0.001*
CMJ height (cm) 36.50 £ 1.9 45.30 £ 3.1Vt 38.20 £ 4.1 37.00 + 3.25 <0.001"
Change of direction speed (s) 6.01 +0.18 5.44 +0.23" 5.97 +0.23 6.01 +0.24° <0.001*
PT leg extension (right) (Nm) 171.10 £ 22.1 181.10 + 21.7° 187.50 £ 54.9 189.50 + 53.57 0.001*
PT leg flexion (right) (Nm) 98.00 £ 8.1 103.80 £ 9.1°8 111.60 + 29.6 113.40 £ 27.0" 0.053"
PT leg extension (left) (Nm) 175.00 + 23.2 184.40 +22.8°% 202.50 +33.3 204.30 + 32.57 0.022"
PT leg flexion (left) (Nm) 102.80 £ 17.9 109.60 + 18.3° 110.50 £ 25.1 111.90 + 22.8" 0.009"
Maximum Power — RAST 555.20 +41.3 594.40 + 49.2" 545.80 + 65.8 530.70 + 71.0% 0.015"
Average Power — RAST 477.80 £ 36.4 527.10 + 32.7" 487.60 £ 61.1 476.30 + 50.5° <0.001"

Note: CMJ - countermovement jump, g — Hedges’ g, MBT - medicine ball throw, PT - peak torque, * - trivial effect size,

S — small effect

size, M - medium effect size, ! - large effect size, V! - very large effect size, RAST - running-based anaerobic sprint test.

* — significant difference from pre-test

20+

% change from pre to post
5
1

T T T T T T T T T T T T
15Sm 30m MBT SLJ CMJ CODS ExtR FlexR ExtL FlexL MP AP

Fig. 1. Relative (%) change in dependent variables between
pre- and post-intervention for the complex contrast training
(black bars) and control group (white bars). Note: negative bars
denote detrimental changes, CODS - change of direction speed,
MBT - Medicine Ball Overhead Throw, SLJ - Standing Long Jump
distance, CM]J - countermovement jump with arm swing height,
Ext - knee extension for maximal torque, Flex — knee flexion for
maximal torque, L - left, R - right, MP - Maximum Power, AP -
Average Power.

level male soccer players. The findings suggest significant
improvements in all the selected dependent variables after
six weeks of CT compared to the active control group.
Further, the magnitude of improvement from pre- to post-
intervention was small for 30 m linear sprint and isokinetic
strength (peak torque during knee flexion and extension
of both legs), moderate for 15 m sprint and medicine ball
throw, large for SLJ, maximum and average power during
running-based anaerobic sprint test, and very large for CM]
and CODS.

These significant improvements in physical fitness
performance after CT may be attributed to specific

neuromuscular adaptations that enhances the stretch-
shortening cycle action. Furthermore, CT may have
improved the energy transfer between the eccentric and
concentric muscle actions, which allows better coordination
as well as synchronization of the active muscle groups and
thus improved and enhanced the motor skills (e.g., sprints,
jumps, CODS) (Cronin et al., 2001). Moreover, CT has
also been linked to hormonal adaptations (i.e., increased
free testosterone) (Ali et al., 2019) and maximal strength
development (Thapa et al., In press), which may positively
enhance the physical fitness performance in soccer players
(Wisleff et al., 2004). Other adaptation may have occurred at
the cellular level (i.e., muscle fibre adaptations) that favors the
strength-power generation (Bottinelli et al., 1996; Harridge
et al., 1996; Stasinaki et al., 2015). For example, adding
plyometric or power exercise with resistance exercise as in
CT may help preserve the type IIx muscle fibres (Stasinaki
et al., 2015) compared to resistance training alone (Adams
et al,, 1993). Although we did not measure the structural
adaptations (e.g., leg muscle volume), however, previous
studies have reported CT intervention to have increased
the leg muscle volume in soccer players (Hammami et al.,
2019; Hammami et al., 2017), and studies have shown that
these structural adaptations after resistance or plyometric
training do not interfere with neuromechanical adaptations
(ACSM, 2009; Markovic & Mikulic, 2010). Therefore, it
may be possible that the CT intervention may have induced
structural adaptations that were not measured in our study.

We observed significant improvements in the 15 m
(moderate) and 30 m (small) linear sprint performance
favouring the CT intervention. These findings align with
previous studies that reported improved linear sprint
performance after CT intervention compared to a control
condition (i.e., soccer training alone) during the pre-season
period (Maio Alves et al., 2010). In addition, although
Miranda etal. (2022) did not observe a significant interaction
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effect with an active control group, however, within-group
significant moderate improvements were reported for 10 m,
20 m (both moderate ES), and 30 m (small ES) linear sprint
times from pre- to post-intervention similar to our study.
These findings reflect that CT can induce improvements of
moderate magnitude for the acceleration speed (15 m linear
sprint) and small magnitude for the maximal speed (30 m
linear sprint) during the pre-season period. Furthermore,
there were large and very large improvements in SLJ and
CM]J, respectively. Miranda et al. (2022) reported moderate
improvement in CM] (with a significant interaction effect
against an active control group) during the pre-season
period. The difference in the magnitude of improvement
(moderate vs. very large) between the two studies may be
due to the nature of the participants involved. For example,
Miranda et al. (2022) included professional soccer players
that competed in national-level competitions, whereas
participants in our study were amateur university-level
soccer players. It is plausible that participants in our study
had a window of opportunity for improvement compared
to the professional players. In addition, no previous CT
study on soccer players reported SL] making it challenging
to compare. However, the SL] may be an essential attribute
in measuring the vertical-horizontal force-power complex
of a soccer player. Therefore, CT may induce large to very
large ES improvements in vertical and vertical-horizontal
force-power complex during the pre-season period among
amateur male soccer players.

We also observed a very large magnitude improvement
in the CODS, which contrasts with findings from previous
studies conducted during the pre-season period (Maio Alves
et al., 2010; Miranda et al., 2022). For example, Maio Alves
etal. (2010) conducted a six-week CT session with a training
frequency of one and two sessions per week and found no
improvement in the 5-0-5 agility test among elite soccer
players. While Miranda et al. (2022) conducted a four-week
CT with a training frequency of two sessions per week and
reported no improvement in the Illinois agility test among
professional soccer players. In both the previous studies
(Maio Alves et al.,, 2010; Miranda et al., 2022), professional-
elite level soccer players were involved, who may have
possibly reached the maximum ceiling of improvement for
CODS (e.g., playing soccer at the highest level may also
have improved the CODS abilities). Furthermore, small ES
improvements in the isokinetic strength of both legs’ extensor
and flexor muscles were reported after the six-week CT.
Although previous pre-season CT studies on soccer players
did not include isokinetic measurements, our findings align
with a previous CT study conducted during the in-season
period, which reported small to moderate ES improvements
(Brito et al., 2014). Moreover, CT studies conducted on
other populations (e.g., physically active participants) also
reported small magnitude improvements in the isokinetic
strength (G. Kumar, Pandey, Thapa, et al., 2023; Thapa &
Kumar, 2023; Thapa, G. Kumar, et al.,, 2023). In addition, we
also observed a moderate ES improvement in upper-body
explosiveness (medicine ball throw). Although no previous
CT study included assessment for upper-body explosives,
Miranda et al. (2022) reported large ES improvement in the
upper-body dynamic strength measured by 1RM bench press.
Finally, we observed large ES improvements in maximum
and average anaerobic power estimated with the running-

based anaerobic sprint test. While no previous CT study
assessed anaerobic power using the running-based anaerobic
sprint test, improvements in the test were observed with
both complex-descending training and resistance training in
female team sports athletes (Rathi et al., 2023).

Lastly, a few limitations of the study should be
acknowledged. Firstly, stopwatch use to measure the timing-
based measurements (e.g., linear sprints, CODS, running-
based anaerobic sprint test). Although we obtained moderate
test-retest reliability (interclass-correlation coeflicient), the
timing-based results should be used cautiously. Secondly, the
study was conducted on amateur male soccer players during
the preparatory period. Therefore, the finding of this study
should not be extrapolated to other sex or training period
of the competitive season. Thirdly, including biochemical
variables (e.g., testosterone) could further help us understand
the underlying mechanisms. Lastly, the sample size in the
study was low. Although we performed a priori sample size
estimation, a larger sample size would have been preferable.
However, the results from this study may help generalize
findings in the future (e.g., meta-analysis).

Conclusion

In conclusion, a six-week CT intervention with a weekly
training frequency of two sessions during the preparatory
period may be sufficient to induce small ES improvement in
maximal speed (30 m linear sprint) and isokinetic strength
of extensor and flexor muscles of both legs, moderate ES
improvement in acceleration speed (15 m linear sprint), and
upper-body explosiveness (medicine ball throw), large ES
improvement in horizontal jump (SL]), anaerobic power
(running-based anaerobic sprint test), and very large ES
improvement in vertical jump (CM]) and CODS.
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BMJINB KOHTPACTHOIO TPEHYBAHHA 3 YACTOTOIO 1BA 3AHATTA
HA TUXAEHDb HA PIBEHb ®I3UYHOI NIAFOTOBJIEHOCTI
YOJIOBIKIB-OYTBOJICTIB YHIBEPCUTETCbKOTIO PIBHA

Poxit Kymap Tana'A“®, Toman Kymap®*®, IlIuni Paitsaga'“’, Ampirammum barui
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MeTo0 11bOT0 FOCTiKeHHsI Oy/I0 TOPIBHSHHS BIUIMBY BTPYYaHHs Y GOpPMI IIeCTUTIDKHEBOTO KOHTPACTHOTO TPEHYBAHHSI,
sIKe IPOBOJVJIM [Bi4i HA TYDK/IEHb IPOTATOM MiTOTOBYOrO Mepiofy, Ha IOKa3HMUKM (isMYHOI MiATOTOBIEHOCT] Y0/MOBIKiB-PyTOO-
JICTiB YHiBE€PCUTETCHKOTO PiBHA.

Marepianu Ta Metomu. st y4acti B gocmipkenHi 6y BibpaHi IIiCTHAAIATD TPABIiB, IKUX BUMAAKOBMM YIHOM PO3IIOHi-
JIVUIH J10 eKCIIEpMMEHTA/IbHOL Ipyny abo K0 TPy aKTMBHOIO KOHTpOIo. JaHi 361pau Ha II0YaTKOBOMY eTalli Ta MiC/s IeCTH-
TIDKHEBOTO IIepioly TPeHyBalIbHOIO BTPYYaHHsA 3a pe3y/IbTaTaMy BUKOHAHHSA TaKMX TECTiB: HpAMOIIiHIiHMI Oir Ha 15 M 1 30 M,
Kupok Menmasoro Msqa (KMM), crpubok y gosxuny 3 micus (CIIM), Beptukanbanii crpubok i3 sycrpidaum pyxom (BC3P),
WBUAKICTh 3MiHM HanpsaMky (III3H), makcumanbHuit MOMeHT (0OM/BI HOTM) IIif Yac PO3TMHAHHA Ta 3TMHAHHSA Ta aHAepOOHMIT
CIIPUHT-TECT Ha 0cHOBI 6iry (ACTOB).

Pesynpraru. 3a pesynbraTamu aHayi3y Oy/Io 3apeecTpPOBAHO CTATUCTUYHO 3HAYYIIle BHYTPIIIHBOTPYIIOBE IIOKPAIEeHH II0-
Ka3HVKIB MipOI0 BeIM9MHY Bifi MaJIOl IO {y>Ke BEMKOI 3a BCiMa 3a/IeXKHIMU 3MiHHMMU JJIA eKCIlepuMeHTanpHoi rpymu (p<0,001-
0,028), are He 11 KOHTpO/BHOI rpymu (p=0,066-1,000). Kpim Toro, 3a pesynpraraMu KoBapialilfHOro aHai3y 3 BUKOPUCTaHHAM
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Thapa, RK., Kumar, G., Raizada, S., & Bagchi, A. (2023). Effects of Contrast Training with Two Sessions Weekly Frequency on Physical
Fitness of University-Level Male Soccer Players

OLIHOK ITIOIIePeHbOr0 TeCTYBAHHs SIK KOBapiaT 6y/I0 BUsB/IEHO CTATMCTUYHO 3HAYYIi BIfMIHHOCTI B OL[iHKaX ITiC/Is1 BTPyYaHHs
IS BCIX 3a/I)KHUX 3MiHHUX, Ha KOPUCTD IPYIN KOHTPACTHOTO TpeHyBaHH#A (p<0,001-0,05).

Bucnosku. [llecTuTi>kHeBe KOHTPACTHE TPEHYBAHHA 3 JBOMA LIOTVOKHEBYMI 3aHATTAMU IIPOTATOM MiJITOTOBYOrO Iepiofy
MO>Ke Oy TH IOCTATHIM 111 3a6e3IedeHHs HeBEIMKOrO OKPAllleHHs Pe3y/IbTaTiB y TecTax «IIpAMOJiHilHuUII 6ir Ha 30 M» Ta «i30-
KiHeTM4Ha cua 060X Hir», IOMIPHOTO MOKPAIleHHs pe3y/IbTaTiB y TecTaxX «IpsMOiHiiHuMit 6ir Ha 15 M» i KMM, 3Ha4HOrO 110-
KpaleHHs pe3ynbraTiB y Tecrax CIIM, ACTOD i gyske 3Ha4HOTO IIOKpAIIEHHS pe3y/IbTaTiB ¥ TeCTaX «BePTUKAIbHUII CTPUOOK»
(BC3P) i II3H.

Krouosi cnosa: gpyr6os, M’s130Ba cit/1a, TpeHYBaHHA 31 CHPOTIBOM, IUTIOMeTpUYHA BIIPaBa, KOH/MILIiIHE TPeHYBaHHs TIOelt,
CIIOPTMBHA Pe3y/IbTaTUBHICTb.
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Abstract

Study purpose. Although it is acknowledged that exercise can positively affect both physical and biochemical
markers in older individuals with type 2 diabetes (T2DM), there are still uncertainties about the specific impacts of
combining Thai yoga with an elastic band exercise in this population. The objective of the study was to assess the
impact of a 12-week program involving Thai yoga combined with an elastic band exercise on the physical fitness and
functional exercise capacity among older individuals with T2DM.

Materials and methods. A total of 42 participants, consisting of 20 men and 22 women with T2DM and a mean

age of 64.6£3.6 years, were randomly assigned to two groups: the control group and the exercise group. The exercise
group engaged in a daily regimen of Thai yoga combined with an elastic band exercise for 40 minutes, 5 days a

week, over a 12-week period. In contrast, the control group maintained their regular routines. Physical fitness and
functional exercise capacity were assessed both before and after the 12-week intervention.

Results. The exercise group showed significant reductions in body weight (58.7+11.9 vs. 58.0+12.0 kg), body mass
index (24.2+3.0 vs. 23.9+3.0 kg/m?), waist circumference (33.6+3.6 vs. 33.1£3.6 in), and waist-hip ratio (0.90+0.06 vs.
0.89+0.06) (p < 0.001). Additionally, there were notable improvements in physical fitness parameters, including hand
grips, back strength, leg strength (p < 0.01), and trunk flexibility (p < 0.001). Functional exercise capacity, indicated
by the 6-minute walk test and estimated peak oxygen consumption (p < 0.01), also improved significantly.
Conclusions. Thai yoga combined with an elastic band exercise enhances physical fitness and functional exercise
capacity in older individuals with T2DM. This improvement has the potential to enhance their cardiopulmonary
performance. Consequently, this exercise regimen is considered a health alternative for older individuals with T2DM.
Keywords: exercise, yoga, resistance training, diabetes mellitus, exercise tolerance.

Introduction

Aging is a natural process that unfolds in living
organisms over time. The musculoskeletal system undergoes
physiological changesinaging,includingadeclineinmuscular
strength, muscle endurance, flexibility, and balance, along
with functional alterations in cardiopulmonary endurance.
These changes contribute to reduced adaptability and an
increase in functional impairment (Howe et al., 2011).

© Muangritdech, N., Promsrisuk, T., Kongsui, R., Sriraksa, N.,
Thongrong, S., & Srithawong, A., 2023.
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Various techniques are available to assess the physical fitness
and exercise capacity of elderly individuals, encompassing
muscle strength testing with dynamometry (Kim et al., 2022;
Parraca et al., 2022), trunk flexibility assessment (Duray
et al., 2020), the 6-minute walk test (6MWT) (American
Thoracic Society, 2002), cardiopulmonary exercise testing
(American Thoracic Society & American College of Chest
Physicians, 2003), and the 2-minute step test (Poncumhak et
al,, 2023). Additionally, the elderly population may develop
chronic diseases due to organ degeneration, particularly
type 2 diabetes mellitus (T2DM). T2DM, a prevalent lifestyle
disease driven by insulin resistance and insulin insufficiency,
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leads to persistent hyperglycemia and various cardiovascular
consequences (Balaji et al., 2011).

Research indicates that exercise, coupled with a healthy
diet, serves as a non-pharmacological treatment for older
individuals with T2DM. Results show improvements in
hemoglobin Alc (HbAlc), balance ability, body flexibility,
and muscular strength (Xiao et al., 2017), suggesting that
exercise can enhance the overall clinical characteristics and
fitnesslevels of elderly T2DM patients. Lifestyle modification,
particularly regular exercise, is recommended as a non-
pharmacological therapeutic strategy for managing T2DM
(Leite et al., 2020). The underlying principle is that working
muscles enhance insulin sensitivity and promote glucose
metabolism (Mogharnasi et al., 2019), positively affecting
glycemic control, body composition, endothelial function,
physical fitness, functional capacity, and self-reported well-
being (Balaji et al., 2011; Barrows & Fleury, 2022; Fuentes-
Lopez et al., 2021; Honda et al., 2021).

Yoga, a low-impact, weight-bearing exercise suitable for
the elderly, has demonstrated benefits in enhancing muscle
strength, body balance, flexibility, and cardiovascular
endurance (American College of Sports Medicine,
2013; Phoosuwan et al., 2021). It also regulates hormone
production, promoting movement (McCaffrey et al.,, 2014;
Posadzki et al., 2009), increasing metabolism, and lowering
blood pressure (Satyanarayana et al., 2013). Yoga has been
reported to improve bone health, and reduce body mass index
(BMI), body fat, and blood sugar (Balk & Bernardo, 2011;
Chen et al., 2007; Hovsepian et al., 2013), enhance flexibility,
muscle strength, blood circulation, and oxygen uptake, and
reduce blood glucose levels, particularly in chronic diseases
like T2DM (Angadi et al., 2017). Previous studies suggest
that yoga is a non-pharmacological therapeutic option for
improving the quality of life in older adults with T2DM
(Balk & Bernardo, 2011; Phoosuwan et al., 2021).

Resistance training, utilizing muscular strength
against resistance, is another form of exercise (Bauer et al.,
2021). Elastic bands, cost-effective and space-efficient, are
suitable for home or group use. Band characteristics, such
as elongation and thickness, influence the force produced
(Church et al., 2010). Research indicates that resistance
exercise with elastic bands can lower HbA 1¢, enhance insulin
sensitivity (Phillips & Winett, 2010), boost strength (Church
etal., 2010; Garcia et al., 2019), and improve the quality of life
(Reid et al., 2010) in T2DM patients, making them a valuable
alternative exercise for elderly individuals with T2DM.

While previous studies have separately explored the
benefits of yoga or resistance training with an elastic band in
T2DM patients and the elderly (Balaji et al., 2011; Leite et al.,
2020; Pratiwi & Hasinuddin, 2018), the combination of these
exercises on physical fitness and functional exercise capacity
remains understudied. The present study aims to investigate
the impact of a 12-week Thai yoga combined with an elastic
band exercise on anthropometry, physical fitness, and
functional exercise capacity in older individuals with T2DM.

Materials and methods

Study participants

Participants were recruited from diverse community
areas in Phayao Province, Thailand. Approval for this

experiment was obtained from the University of Phayao
Human Ethics (the approval number is 2/153/62). Before
participation, each individual provided written informed
consent after being informed about the study protocols,
risks, and benefits. The Declaration of Helsinki guided the
conduct of this investigation.

A total of 42 T2DM patients (20 men and 22 women, age
range: 60-72 years, mean age: 64.6+3.6 years) were recruited.
Selection criteria included age between 60-80 years,
either gender, a diagnosis of T2DM (fasting blood sugar
levels > 126 mg/dL), no previous experience with elastic
band exercise or other exercise programs for at least 6 months
before the study, no history of acute medical problems or
emergency department visits, no hospitalizations resulting
from T2DM complications in the past 3 months, and no
surgery on the cardiovascular system or at least three
falls in the 12 months before enrolling. Exclusion criteria
were a history of cardiovascular or respiratory illness,
neuromuscular or musculoskeletal diseases affecting
postural control, pain of more than 3 degrees, or vision
deficits influencing the study’s outcome. The participant flow
through the study is illustrated in Fig. 1.

Assessed for eligibility
(n=100)

Excluded (n = 58)
* Did not meet inclusion criteria

(n=50)
* Declined to participate (n = 5)
* Other reasons (n = 3)

Randomized
(n=42)

)

Allocated to Allocated to
Control group Exercise group
(n=21) (n=21)

* Received allocated intervention (n = 21)
* Received yoga exercise with elastic
resistance band program (n = 21)

* Received allocated intervention (n = 21)
« Did not received yoga exercise with
elastic resistance band program (n = 21)

Allocation

(o]

]

£

g Lost to follow-up Lost to follow-up
E (n=0) (n=0)

%

2

@ Analyses Analyses

z (=21 (n=21)

E + Excluded from analysis (n = 0) + Excluded from analysis (n = 0)

Fig. 1. CONSORT flow diagram of participants through the
intervention

Study organization

Participants underwent a 2-week, 3-day familiarization
program of Thai yoga combined with an elastic band exercise
program conducted by the instructor before the testing
session. The participants were randomly assigned to either
the control group (n = 21) or the exercise group (n = 21).
The exercise group engaged in a 40-minute Thai yoga
combined with an elastic band exercise program following
the procedure outlined in the previous study (Promsrisuk
et al., 2023), divided into a 5-minute warm-up phase, a
30-minute exercise phase, and a 5-minute cool-down phase.
The control group did not engage in any exercise activities.
Throughout the 12-week study, all patients continued their
diabetes medications regularly.
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Outcome measurements

Anthropometric profiles

Anthropometric data, including height, weight, waist
circumference (WC), hip circumference (HC), and waist-
hip ratio (WHR), were directly gathered by the researcher.
Body weight was assessed without shoes and in light clothing
using Tanita electronic scales, and height was measured
with a Stadiometer. BMI was calculated using the standard
formula: weight (kilograms)/height (meters) squared.

Back and leg strength test

A strength dynamometer measured back and leg
isometric strength according to a standard assessment
protocol (Bandinelli et al., 1999). In brief, participants were
instructed to stand on the dynamometer’s base with feet
shoulder-width apart and both hands on the mid-thigh
handle (knee flexion angle of roughly 110 degrees) (Dawes et
al., 2019). Then, the participants attempted to straighten the
legs and keep the arms straight without bending the back,
while pulling as hard as possible on the chain. The highest
test score from two trials was recorded.

Trunk flexibility test

Trunk flexibility was measured by the sit and reach test
(Clark, 1989). Participants sat on the floor with their feet
against the testing box, reaching forward along the measuring
board while holding their legs straight. The highest test score
from two trials was recorded.

The 6-minute walk test

The 6MWT, recommended by the American Thoracic
Society, evaluated functional exercise capacity (Carter et al.,
2003; Enright et al., 2003; Rocha et al., 2022). Participants
were instructed to sit for 10 minutes while vital signs were
recorded. Leg fatigue and dyspnea scores were measured at
the start and completion of the walk using the Borg rating
of perceived exertion. Participants were instructed to walk
as far as possible along a flat hallway designated with a
30-meter track pathway without running within the allocated
6 minutes (Whittaker et al., 2019). The total distance of the
6MWT (6MWD) was calculated and used for estimating
peak oxygen uptake (VO,peak). The estimated VO,peak was
determined using the formula: estimated VO,peak = 4.948 +
(0.023 x 6MWD) (Ross et al., 2010).

Statistical analysis

The statistical analysis was performed using STATA
version 14.0. Data are presented as means + standard
deviation. Normality was assessed using the Shapiro-
Wilk test. Paired t-tests compared data within control and
exercise groups before and after 12 weeks, while unpaired
t-tests compared control and exercise groups. Non-normally
distributed data within groups were evaluated with the
Wilcoxon signed-rank test and between groups with the
Wilcoxon rank-sum test. The significance level was set at
p <0.05.

Results

The analysis covered the baseline characteristics and
anthropometry of the 42 elderly patients with T2DM, as
outlined in Table 1. Age, gender, body weight, height, BMI,
WC, HC, WHR, and oxygen saturation (SpO,) showed no
significant differences between the two groups. Aftera 12-week
training period, the exercise group exhibited a substantial
reduction in body weight (58.7 = 11.9 vs. 58.0 + 12.0 kg,
p < 0.001), BMI (24.2 £ 3.0 vs. 23.9 * 3.0 kg/m?, p <0.001),
WC (33.6 £ 3.6 vs. 33.1 + 3.6 in, p < 0.001), and WHR (0.90
+ 0.06 vs. 0.89 £ 0.06, p < 0.001) (Table 1). Furthermore,
neither the control nor the exercise group demonstrated any
significant changes in HC compared to their baseline.

The physical fitness and functional exercise capacity in
the control and exercise groups are presented in Table 2.
Physical fitness (hand grips, back and leg strength, and trunk
flexibility) and functional exercise capacity (6MWD and
estimated VO,peak) did not exhibit statistically significant
differences between the control group and the exercise group
at the baseline (Table 2). Following the 12-week training
period, the exercise group exhibited a statistically significant
improvement in physical fitness, as evidenced by their hand
grips (21.9 £ 5.6 vs. 25.3 + 5.7 kg, p < 0.01), back strength
(52.0 + 15.4 vs. 55.4 £ 15.5 kg, p < 0.01), leg strength (63.2 +
19.6 vs. 66.2 + 18.7 kg, p < 0.01), and trunk flexibility (17.2
+2.4vs.20.2£2.2 cm, p <0.001) (Table 2, Fig. 2). Similarly,
the exercise group demonstrated a significant increase in
functional exercise capacity, including 6MWD (344.3 +
38.8 vs. 372.9 + 60.0 m, p < 0.01) and estimated VO,peak
(28.7 + 2.7 vs. 28.3 £ 2.8 ml/kg/min, p < 0.01) (Table 2,
Fig. 3). However, there were no significant differences in
any physical fitness or functional exercise capacity between
the two groups after the 12-week duration. In the control
group, there were also no significant differences between the
baseline and after 12 weeks (Table 2).
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Fig. 2. Physical fitness during pre- and post-twelve weeks in
control and exercise groups. **p < 0.01 and ***p < 0.001 to within-
group comparison (before vs. after the 12-week period)

Discussion

The present study indicated that the combination of Thai
yoga and elastic band exercise significantly improves body
weight, BMI, WC, and WHR in elderly patients with T2DM.
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Table 1. The measures of basal characteristics and anthropometry profiles were assessed during pre- and post-twelve weeks

in control and exercise groups

Control group (n = 21)

Exercise group (n = 21)

Variables
Pre- Post- Pre- Post-

Genders:

Male 10 10

Female 11 11
Age (years) 64.90 £ 3.6 64.3 £3.7
Height (cm) 155.10 £ 5.6 155.1 £9.01
Weight (kg) 57.50 £8.5 57.80 £ 8.6 58.7+ 119 58.00 £ 12.0***
BMI (kg/m?) 23.80 +2.7 23.90 +2.7 242 +3.0 23.90 + 3.0%**
WC (in) 33.40+£29 33.60 £ 2.8 33.6+3.6 33.10 £ 3.6
HC (in) 3790+ 1.9 37.90 + 2.1 372+24 37.20 £ 2.5
WHR 0.88 £ 0.1 0.88 £ 0.0 0.9+£0.1 0.89 £ 0.1%**
SpO, (%) 98.10 £ 0.8 98.30 £ 0.6 98.2+0.8 98.40 £ 0.6

Data are expressed as mean + SD. BMI: body mass index; WC: waist circumference; HC: hip circumference; WHR: waist-hip ratio;
SpO,: pulse oxygen saturation. ***Significant p < 0.001 before vs. after the 12-week period

Table 2. The measures of physical fitness and functional exercise capacity were assessed during pre- and post-twelve weeks

in control and exercise groups

Control group (n =21)

Exercise group (n = 21)

Variables
Pre- Post- Pre- Post-
Hand grips (kg) 22.8+4.2 23.0+3.6 219+5.6 253 £ 5.7%*
Back strength test (kg) 53.1 +14.0 52.7£13.6 52.0+ 154 55.4 £ 15.5%*
Leg strength test (kg) 64.2+18.4 632+183 63.2+19.6 66.2 £18.7%*
Trunk flexibility (cm) 176 £ 2.0 172 +£2.0 172+£24 20.2 £2.2%%%
6MWD (m) 342.9 +36.8 340.5 + 40.0 344.3 £ 38.8 372.9 + 60.0**
VO,peak (ml/kg/min) 28.7+£2.7 28328 28.3+3.5 30.1 £4.2*%*

Data are expressed as mean + SD. 6MWD: six-minute walk distance; VO,peak: peak oxygen uptake. **Significant p < 0.01, p < 0.001

before vs. after the 12-week period
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Fig. 3. Six-minute walk distance (6MWD) and peak oxygen
uptake (VO,peak) during pre- and post-twelve weeks in control
and exercise groups. **p < 0.01 to within-group comparison
(before vs. after the 12-week period)

The findings of this study align with earlier research,
such as the implementation of yoga asanas and pranayama
for 60 minutes daily over a consecutive 12-week period,
resulting in reductions in body weight, BMI, and WHR in
T2DM patients (Balaji et al., 2011; Barrows & Fleury, 2022).
The mechanisms underlying the effects of yoga on body
weight, BMI, WC, and WHR remain unclear, but potential

explanations include direct rejuvenation or regeneration of
pancreatic beta cells (Raveendran et al., 2018; Raveendran
et al., 2018; Shantakumari et al., 2013), neuroplasticity
promotion affecting the hypothalamic-pituitary-pancreas
axis (Subba et al., 2021), and redistribution of fat from
the waist to central abdominal fat during yoga practice
(Shantakumari et al., 2013). Furthermore, increased total
blood flow during yoga may influence glucose uptake in
muscle cells, contributing to reduced lean body mass and
skin fold thickness and subsequent reductions in WHR
(Balaji et al., 2011). Elastic band exercise has shown benefits
for T2DM patients by improving anthropometry, including
body weight, BMI, WC, and WHR (Barrows & Fleury, 2022;
Oh et al., 2017; Park et al., 2016). Elastic band exercise
training for 40 to 60 minutes per session, 2 daily for 5 days
per week over 12 weeks, has demonstrated positive effects
on anthropometry and body composition in women with
short-long-duration T2DM (Park et al., 2016).

The integration of yoga and elastic band exercise has
shown positive effects in reducing HbA1c levels, managing
blood sugar and lipids (Garcia et al., 2019), and improving
cardiovascular health along with the metabolism-lipolysis
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process (Barrows & Fleury, 2022). Moreover, elastic band
resistance exercise with modified Thai yoga in T2DM
patients has shown reductions in blood glucose, HbAlc,
oxidative stress, and increases in antioxidants and pulmonary
function (Promsrisuk et al., 2023). The possible mechanism
may be related to proinflammatory cytokines, specifically
tumor necrosis factor-alpha (TNF-a) and interleukin-6 (IL-
6), released by visceral fat, which may contribute to obesity-
related insulin resistance (Kirwan et al., 2017). Decreased
insulin resistance, associated with changes in adiposity,
cholesterol levels, and increased expression of glucose
transporter type 4 (Amanat et al., 2020), may improve
disease status and quality of life (Stanford & Goodyear,
2014). Additionally, increased muscle mass has been shown
to help reduce insulin resistance in elderly adults with
diabetes and cardiovascular disease (Stanford & Goodyear,
2014). Furthermore, it diminishes oxidative stress, elevates
antioxidant markers, and improves cardiopulmonary
function in individuals with T2DM (Promsrisuk et al., 2023).

This study revealed a significant improvement in physical
titness following the 12-week regimen of Thai yoga and
elastic band exercise, with hand grip strength, back strength,
leg strength, and trunk flexibility increasing by 15.5%, 6.5%,
4.7%, and 17.7%, respectively. Moreover, the exercise program
enhanced functional exercise capacity, with an 8.3% increase
in the 6MWD and a 6.4% increase in estimated VO,peak
compared to baseline. These findings are in line with earlier
research by Herriott and colleagues (Herriott et al., 2004),
demonstrating that 8 weeks of combined resistance and
flexibility training (50-70% 1RM of resistance, three days per
week, threesetsof8-12repetitionsforeachoftheeightexercises),
along with standard flexibility exercises (10-30 seconds for
each), improved joint range of motion without affecting
VO,peak in elderly patients with T2DM (Herriott et al.,
2004). Interestingly, compared to either aerobic or resistance
exercise alone, combination training demonstrated a more
positive impact on glycemic control (Raveendran et al., 2018;
Raveendran et al,, 2018). Several studies have reported that
strength exercise with elastic bands and aerobic exercise
can enhance anthropometric and biochemical variables by
improving muscle mass, glycemic control, and intra-myocytic
fat accumulation (Amanat et al., 2020; Garcia et al., 2019;
Kirwan et al., 2017). Furthermore, a previous study indicated
that combining aerobic and resistance exercise holds greater
therapeutic potential for improving insulin sensitivity than
aerobic exercise alone in T2DM patients (AminilLari et al.,
2017). Therefore, it demonstrates that combined training is
an effective exercise approach for enhancing physical fitness
and contributing to optimal functional exercise capacity
(VO,peak) in older individuals with T2DM.

This exercise combination offers an additional option for
improving the health and well-being of elderly individuals
with T2DM. However, it is important to acknowledge
certain limitations in the study, such as the lack of detailed
information on individual dietary variances, nutritional
knowledge, lifestyle choices, and dietary modifications,
which should be addressed in future research.

Conclusions

The present study indicates that a 12-week regimen of
Thai yoga combined with an elastic band exercise emerges

as a health-promoting routine capable of significantly
enhancing physical fitness, functional exercise capacity, and
anthropometric parameters in elderly patients with T2DM.
Consequently, the results suggest that integrating Thai yoga
with an elastic band exercise holds promising health benefits
and may serve as a viable alternative exercise program for
older individuals with T2DM.
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Mera gocnimkenns. HesBaxxaroun Ha sarajpHe BU3HAHHS (axTy, 1m0 (i3MuHi BIPaBY MOXYTb [TO3UTUBHO BIUIMBATY SIK
Ha ¢i3uyHi, Tak i Ha 610XiMIYHI TOKA3HUKY B JIIOfeil IIOXMIOTO BiKY i3 IfyKpoBuM Aiaberom 2 tumy (LIJ2T), noci icHye HeBu3Ha-
YeHICTP I[O/{0 KOHKPETHNX HACTiZIKiB KOMOIHOBAHOTO BUKOHAHHS BIIPAB i3 TAICHKOI J10IM Ta BIIPAB 31 CTPIYKOBUM €CIIaHePOM
1714 1iel nonynAuii. MeToro 1jboro JOCTigKeHHA 6y710 OLIiHUTY BIIUB 12-TVYDKHEBOI IPOrPaMM, KA BK/IIOYA€ BIIPABU 3 TalIChKOL
JIOTY B ITO€IHAHHI 3 BIIpaBaMI 3i CTPiYKOBUM eClIaHAePOM, Ha Qi3NIHY HiATOTOBIEHICTD i QYHKIIIOHAIbHY 3aTHICTD IIEPEHOCUTI
(bisnuHe HaBaHTaXEHHs B JIITHIX 0cib i3 1yKpoBuM AiabeToM 2 TUIIy.

Marepianu Ta MeTogu. Y foCTimKeHH] 6panu y4acTh 3aranom 42 y4acHUKH, cepef sSKuX 0yno 20 40/moBiKiB Ta 22 XIiHKM i3
LO2T cepennim BikoM 64,6+3,6 POKY, SKUX BUIIAAKOBUM YMHOM PO3IOAUININ Ha Bi IPYIN: KOHTPOIbHY IPyIy Ta rpyiy ¢i-
3MYHMX BIIpaB. [pymna ¢isvyHMX BIpaB 3aliMaacs 3a pO3NOPSALKOM JH, 10 IepefdadaB BUKOHAHHSA BIIPAB i3 TailCbKOI JOTY B
MIOE/THAHHI 3 BIIPaBaMU 3i CTPiYKOBUM €CIIaHJepoM NpoTAroM 40 XBUINH, 5 THIB Ha TIDK/IEHD, MpoTAroM 12 TvokHiB. Ha Bigminy
Bifj HUX, KOHTPOJIbHA IPYIa HOTPMMYBAIACA CBOTO 3BUYANIHOTO PO3NOPAAKY AHA. Di3WdHy HMif[rOTOB/IEHICTD i PYHKLIOHATBHY
3maTHICTH nepeHoCHTH (Bi3MIHe HaBAHTAXXEHHsI OLIHIOBA/IN SIK JI0, TaK 1 Mic/st 12-TVHKHEBOro BTPYJYaHHS.

Pesynbratu. Y rpyni ¢isnyHux BIIpaB CIIOCTepiranocs CTaTUCTIYHO 3HAUYIIe 3HIDKEHHA OKa3HMKiB Macy Tina (58,7+11,9
npotu 58,0+12,0 kr), iHgexcy Macu Tina (24,2+3,0 mpotu 23,9+3,0 kr/M*), okpyxHOCTi Tanii (33,6+3,6 mpotn 33,1+3,6 mioiima), a
TAKOX CIIiBBiHOIIEHHA OKPYXHOCTI Tasil Ta okpy>HOCTi creroH (0,90+0,06 nmpotu 0,89+0,06) (p < 0,001). Kpim Toro, crocre-
pirajzocst MOMiTHe HOKpAllleHHs IapaMeTpiB GisudHOI MiATOTOBIEHOCTI, BK/IIOYAIOYY CYUTy CTYCHEHHS KVCTI, CUTY CIIMHM, CUTY
Hir (p < 0,01) i rHyukicTb Tymy6a (p < 0,001). @yHKIiOHaIbHA 3HATHICTD epeHOCUTH i3NuHe HaBaHTaXKeHH, Ky IOKa3ye TeCT
Ha 6-XBIIMHHY X060y Ta pO3paxyHKOBe IiKOBe CIIOKMBAHHs KUCHIO (p < 0,01), TAaKOXX CTATUCTUYHO 3HAYYILE TOKPALMIACS.

BucHosku. TaiicbKa jiora y CIIONy4eHHi 3 BIpaBaMi 3i CTPiYKOBMM eCIIaH/iepOM IIOKpallye (QisuIHy MifrOTOBIEHICTb i PYHK-
I[iOHA/IbHY 3JaTHICTD TTepeHOCUTU (i3VYHe HaBaHTAXXEHH:A B JIITHIX JTI0fiell i3 IykpoBuM fiiabetoM 2 Tuy. Lle moKpaljeHHs Ma€e
MIOTEeHIias1 /I ITOKpallleHH: iXHbOI ceplieBO-/IereHeBoi ianbHocTi. OTKe, Leil pexxnm (1)13M‘{HI/IX BIIpaB BBa>Ka€TbCA CIIOPTUBHO-
03[J0POBYOI0 aJIbTEPHATUBOIO /s MiTHIX 0ci6 i3 II2T.
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Abstract

Study purpose. This observational study aims to investigate the impact of a Speed Agility Quickness (SAQ) and
Circuit training program on the lipid profile of soccer players. The study focuses on analyzing changes in high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and very-low-density lipoprotein (VLDL) cholesterol

concentrations after the intervention.

Materials and methods. The study involved a total of 30 elite soccer players with the mean (Sd) of age 16.93 (1.20)
years; stature 5.66 (0.16) feet; weight 59.93 (5.47) kg. All the players selected for the study were registered players of
Poloi Academy, Imphal, Manipur. The participants were divided into two groups, i.e., the SAQ and Circuit groups,
and underwent a 12 weeks SAQ and Circuit training program respectively, which was conducted 3 days per weeks.
Blood samples were collected before and after the intervention to measure HDL, LDL, and VLDL cholesterol levels.
The participants’ lipid profiles were assessed using standard laboratory techniques.

Results. The results of this study demonstrated significant changes in the lipid profiles of the elite soccer players
following the SAQ and Circuit training program. The intervention resulted in a significant increase in HDL
cholesterol levels. Simultaneously, there was a substantial decrease in LDL and VLDL cholesterol concentrations.
Conclusions. The increase in HDL cholesterol and reduction in LDL and VLDL cholesterol levels indicate a
potential decrease in the risk of cardiovascular diseases and related health issues. Considering the importance of lipid
metabolism in athletic performance and overall well-being, this study provides valuable insights for coaches, athletes,
and sports professionals in designing targeted training regimens to optimize cardiovascular health among soccer
players. However, further research with larger sample sizes and long-term follow-ups is warranted to validate and
generalize these findings across diverse populations and sports disciplines.

Keywords: HDL, LDL, VLDL, SAQ, Cholesterol, Circuit.

Introduction

Lipid profile and its metabolism plays a crucial role in
the body’s overall health and energy balance. It involves the
complex processes of lipid digestion, absorption, transport,
and utilization, which are regulated by various factors,
including diet, physical activity, and genetics (Farooque,
Mitra, et al., 2023). In recent years, there has been a growing
interest in exploring the impact of different exercise
modalities on lipid metabolism to optimize overall health
and athletic performance. Blood lipoproteins are formed

© Farooque, SM, Mitra, M., & Das, PK,, 2023.
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by various amounts of cholesterol (C), triglycerides (TGs),
phospholipids, and apolipoproteins (Apos). ApoAl is the
major structural protein of high-density lipoprotein (HDL),
accounting for ~70% of HDL protein, and mediates many
of the antiatherogenic functions of HDL (Farooque, Das, et
al., 2023). Conversely, ApoB is the predominant low-density
lipoprotein (LDL) Apo is an indicator of circulating LDL,
associated with higher coronary heart disease (CHD) risk
(Muscella et al., 2020a). During exercise and sports activities,
both fat and carbohydrates play an important role as primary
sources of fuel for the body (Azmi & Kusnanik, 2018). The
body relies on four major internal sources of energy during
exercise: glucose in the bloodstream, derived from liver
glycogenolysis; free fatty acids (FFAs) released from adipose

902


mailto:smharish9@gmail.com

Farooque, SM, Mitra, M., & Das, PK. (2023). Effect of Speed Agility Quickness and Circuit Training on Lipid Profile of Soccer Players:
An Observational Study

tissue lipolysis and the hydrolysis of triacylglycerol (TG) in
very low-density lipoproteins (VLDL-TG); muscle glycogen
stored within the skeletal muscles; and intramyocellular
triacylglycerols (IMTGs) present within the muscle fibers
(Rui, 2014; Muscella et al., 2020a).

During low-to-moderate intensity exercises and
prolonged physical activity, the majority of energy demands
for skeletal muscles are met through the oxidation of fatty
acids (FA), with a minor contribution from glucose oxidation
(Marandi et al., 2013; Hargreaves & Spriet, 2020). As exercise
intensity increases, the reliance on fat as an energy source
continues to grow until it reaches approximately 60-65%
of VO,max or 74% of the maximum heart rate (Prins et
al., 2023). As exercise intensity escalates, there is a notable
alteration in the mobilization and utilization of energy
substrates (Coyle, 1995). This change involves an increase
in the relative reliance on carbohydrate oxidation to meet
energy demands, accompanied by a simultaneous decrease
in the relative contribution of fat oxidation. This shift in
substrate utilization occurs as physical activity transitions
from moderate to high intensity (Ramadoss et al., 2022).
During the course of exercise, the source of fatty acids (FA)
utilized also undergoes changes. At 25% of VO,max, the
oxidized fat mainly comes from plasma FA (Farooque, Mitra,
et al., 2023). However, as exercise intensity reaches 65% of
VO,max, the contribution of plasma FA decreases, and there
is a notable increase in the oxidation of intramyocellular
triacylglycerols (IMTG), providing approximately half of
the FA used for overall fat oxidation moderate-intensity
exercise, the heightened demand for FAs is met through
increased lipolysis of adipose tissue triacylglycerols (TGs)
(Purdom et al., 2018; Mika et al., 2019). This rise in adipose
tissue TG lipolysis, and potentially IMTG utilization, is
mediated by an augmented response of catecholamines to
exercise (Liu et al., 2020). During physical exercise, both
lipids and carbohydrates are oxidized at the same time,
although their proportional contributions as fuel sources are
controlled by a variety of circumstances (Brun et al., 2022;
Pi et al,, 2023). These variables include the type of exercise
undertaken, the length of the exercise session, and the level
of physical activity (Gordon et al., 2014a). Based on these
characteristics, the body dynamically modifies its utilization
of fats and carbs to fulfil the energy demands of the specific
exercise or sport being performed (Mul et al., 2015).

Speed, agility, and quickness (SAQ) training, along with
circuit training, have gained popularity as effective exercise
approaches to enhance various aspects of physical fitness,
such as cardiovascular endurance, muscular strength,
and agility (Farooque, Das, et al., 2023). These training
methods involve high-intensity, intermittent activities that
challenge multiple physiological systems simultaneously,
potentially influencing lipid metabolism. However, limited
research has been conducted to investigate the specific
effects of SAQ and circuit training on lipid metabolism.
Understanding the relationship between exercise modalities
and lipid metabolism is essential as lipid abnormalities are
a significant risk factor for various metabolic disorders,
including obesity, dyslipidemia, and cardiovascular diseases.
Identifying exercise protocols that can positively impact
lipid metabolism may offer valuable insights for developing
targeted exercise interventions to prevent and manage these
health conditions.

Therefore, this cross-sectional study aims to examine
the potential effects of Speed, Agility, and Quickness
training and circuit training on lipid metabolism over elite
soccer player of Manipur. By elucidating the relationship
between exercise modalities and lipid metabolism, this
study seeks to contribute valuable information to the fields
of exercise science, sports performance, and public health.
Furthermore, the findings may have practical implications
for exercise prescription and designing personalized training
programs aimed at optimizing lipid profiles and promoting
overall health and well-being.

Materials and method

Study participants

A purposive sampling technique was used to select the
total no. of thirty (N=30) under 19 player who are currently
participated in different junior national level tournament
i.e., SM Cup, SGFI. The age range of the selected players were
between U-16 to U-19 with the mean (Sd) of age 16.93 (1.20)
years; stature 5.66 (0.16) feet; weight 59.93 (5.47) kg. All the
players selected for the study were registered player of Poloi
Academy, Imphal, Manipur. In addition of the above they
are currently participating in different national and state
level tournaments. The study protocol was retained for every
participant. All the selected players for the study underwent
the Speed, Agility, Quickness (SAQ) and Circuit training for
12 weeks after the baseline data collection. The study was
conducted in June-October 2022. The Institutional Human
Ethical Committee approved the protocol adopted for the
study (Ref: TU/THEC/3/1/22) invariant with the necessity
for human experimentation per the declaration of Helsinki.
Further the selected players were divided into two different
groups for further treatment and to follow up the design
of the study. As the study directed towards the two group
of SAQ and Circuit training total players were divided in
fifteen (n=15) each for two different group. SAQ group were
given the name of Group I and Circuit group were name
as Group II. Group I consisted of fifteen (n = 15) with the
mean (Sd) of age 17.00 (1.31) years, weight 61.87 (5.94) kg,
height 5.67 (0.17) ft. Group II comprised of fifteen (n = 15)
with the mean (Sd) of 16.87 (1.13) years, weight 57.88 (4.22)
kg, height 5.64 (0.15) ft. After the baseline collection of data
both the group underwent the training of 12 weeks in the
training ground of Poloi Academy under same environment
condition. Training was given after the baseline collection
of data on the following variables of lipid such as High-
density lipoprotein, Low density lipoprotein, very low-
density lipoprotein. Further the training was continued for
72 days as a formal procedure of the study (Farooque, Das,
etal., 2023). The data were collected from both the group by
following proper protocol of collection procedure.

Training protocol

The training program consist of SAQ and Circuit
training Group. The training was given in the morning start
from 7.00 am and continued till 8.30 am (warming up and
limbering down). The training program were conduct 3 days
per week for whole duration of 12 weeks (Luo et al., 2023).
In every day training session, the work out was lasted for
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one (01) hour, which excluded warming up and limbering
down. The recovery time in between of repetition was
incomplete and in between of sets was complete recovery.
The progressive load principle was adopted.

Procedure of data collection

All the players were informed to be seated with back
support or supine if they were anxious or had a history of
vasovagal reaction. They were asked to support the supinated
forearm on a comfortable surface during the blood sample
collection before and after the training. Five ml of blood
in two test tubes from the antecubital vein were collected
from each player for biochemical study (Kostrzewa-Nowak
et al,, 2015). The collected blood sample then proceeded to
the biochemical analysis (SRL Diagnostic Centre, Imphal
Manipur). Further the data has been uploaded to Excel for
different analysis and inference.

Statistical analysis

Experimental data were further analyzed descriptively
for explaining the various status of presented sample
in the study. Pair sample -test were employed to find the
significance difference from pre to post training of SAQ and
Circuit group. The level of significance was set at 0.05.

Results

The level of changes in the HDL after SAQ training
on the soccer player has been shown in table 1 which
indicates the significant changes in the mean value and SD
from pre (49.26+7.54) to post (56.13+7.22) respectively.
Further the result has been compared by using pair sample
t test which revealed the t value of 7.92 which significant
at .000 at significance level of 0.05 and the determinative
power of significant difference in this analysis was 100%.
Additionally, LDL and VLDL has also shown the significant
reduction from their pre data to post data which the positive
determination in the hormonal changes of our body and
indicating the positive sign of the training effect. The results

in the table 1 shown a reduction value in mean value and SD
in both variables i.e., mean and SD value of pre and post for
LDL were (78.86+13.96) and (69.66+13.82) whereas the pre
and post value of VLDL were (20.33£13.69 and 15.86+6.34
respectively). In the light of comparison among the pre and
post HDL have shown a significant difference with a t value
of 5.45 that is significant at p=0.000 but the VLDL have
shown an insignificant difference when compared to pre and
post data with a p=0.104 which is not significant at 0.05 level.

Evident shown by the table 2 on HDL shown a significant
increase from pre to post (54.60+8.50) and (60.53+10.22).
Further shown a significant t value of 9.93 in compare to pre
and post which is significant at 0.05 level. The study shown
a significant reduction in the mean value from pre to post
in case of LDL which shown positive effect on the changes
of lipid parameters. The mean value of LDL from pre to
post were (65.53+21.97) and (57.80+17.73) respectively. The
result has been compared to find the significant difference
and the t value of 3.19 was observed with significant value of
p=0.006. the mean value and Sd observed for pre and post
of VLDL were (16.20+4.57) and (13.73+4.16) respectively.
In addition, significant difference was also observed at 0.05
level of significance.

Discussion

The result of the study shows that implementation of
12 weeks SAQ and Circuit training on young football players
shows and increased in the concentration and production of
HDL, and decreased in LDL and VLDL. The increase in HDL
and decrease in LDL and VLDL levels indicate improved
cardiovascular health, which can contribute to better athletic
performance and long-term well-being. In support of the
present study, (Muscella et al., 2020b) reported over a study
involving 10 men aged between 46 and 62 years to investigate
the effects of endurance exercise training on plasma
lipoproteins. The participants underwent a training program
consisting of exercise at intensities ranging from 50% to
85% of their maximum oxygen consumption (VO,max)
for 3 to 5 days per week over a period of 29 to 57 weeks.
The results of the study revealed several “antiatherogenic”

Table 1. Comparison on the effect of SAQ training program on lipid Profile

Parameters N Test Mean SD SEM t-Value p-Value % of Change
Pre test 49.26 7.54 1.94
HDL 15 7.92 .000 15%
Post test 56.13 7.22 1.86
Pre test 78.86 13.96 3.60
LDL 15 5.45 .000 12%
Post test 69.66 13.82 3.57
Pre test 20.33 13.69 3.53
VLDL 15 o 1.74 104 14%
Post test 15.86 6.34 1.63
Table 2. Comparison on the effect of Circuit training program on lipid Profile
Parameters N Test Mean SD SEM t-Value p-Value % of Change
Pre test 54.60 8.50 2.19
HDL 15 9.93 .000 11%
Post test 60.53 10.22 2.64
Pre test 65.53 21.97 5.67
LDL 15 3.19 006 11%
Post test 57.80 17.73 4.57
Pre test 16.20 4.57 4.57
VLDL 15 6.34 000 15%
Post test 13.73 4.16 1.19
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benefits of exercise training. The training program led to
significant increases in levels of high-density lipoprotein
cholesterol (HDL-C) and the ratio of HDL-C to low-density
lipoprotein cholesterol (LDL-C) (HDL-C/LDL-C) (Cho et
al,, 2023). Additionally, plasma cholesterol (C), LDL-C, and
triglyceride (TG) concentrations decreased following the
exercise regimen. These beneficial changes in lipoprotein
levels were attributed to the training program, as they were
strongly correlated with improvements in the participants’
maximum oxygen consumption (VO,max), which indicates
improved cardiovascular fitness.

Furthermore, the positive effects of moderate-intensity
endurance activity on lipoprotein profiles were observed
not only in healthy individuals but also in patients with
conditions such as ischemic heart disease, diabetes, and
renal failure. The study demonstrated that endurance
exercise training, performed at moderate to high intensities
and regular frequencies, leads to favorable changes in
plasma lipoproteins, particularly an increase in HDL-C
levels and improvements in the HDL-C/LDL-C ratio. These
findings highlight the importance of incorporating regular
endurance exercise in promoting cardiovascular health in
both healthy individuals and those with certain medical
conditions. Meanwhile, the statistical findings of present
study implies that the SAQ and Circuit training program
of 12 weeks has significantly improved the HDL level from
pre to post training in football players. It shows a significant
trend in the changing pattern of HDL over football players.
It indicates that regular exercise has positive influence on
lipid profiles, including HDL levels. Training such as SAQ
and circuit training, are particularly effective in raising
HDL levels. These types of exercises involve continuous
movement, increased heart rate, and prolonged energy
expenditure, which can improve cholesterol metabolism and
increase HDL production. The significant improvement in
HDL levels observed in the study suggests that the 12-week
SAQ and Circuit training program had a positive impact
on cardiovascular health of soccer players. The specific
combination of exercises, intensity, and duration likely
contributed to the observed results. However, it's important
to recognize that individual responses to exercise-induced
changes in HDL levels may vary. Factors such as sample size,
genetics, baseline fitness, dietary habits, and other lifestyle
factors can influence how individuals respond to training
interventions. It would be valuable to replicate the study with
a larger sample size, control group, and longer follow-up to
assess the long-term sustainability of the HDL improvement.
According to (Rosenkilde et al., 2018) reported that the
changes occur in HDL and lipid plasma are higher in men
after considerably exposed in physical training. It has been
suggested that relationship between the changes occur after
the exercise might be of triglycerides metabolism. Free fatty
acids are the major energy source during prolong endurance
activity and HDL is intimately involved in fat metabolism
(Farooque, Mitra, et al., 2023). This exercise induces
and changes in the lipo-protein might be because of the
adaptation to replenish intra-muscular free fatty acids used
during exercises. Even the present study shows a greater
effect of Circuit training (which purposively construct
endurance form of activity) on HDL concentration when
compare to SAQ training (Speed, Agility and Quickness).
According to Despres JP 1991 regular endurance exercise

is extensively documented on modality to raise plasma
HDL cholesterol levels. In support of the current study,
(Sarzynski et al., 2022) reported that HDL cholesterol
concentrations have been shown to increase with regular
endurance exercise and, thus, can contribute to a lower risk
of coronary heart disease in physically active individuals
compared to sedentary subjects. In addition, (Ruiz-Ramie et
al., 2019) reported from two different studies that individual
with high cholesterol level before training increase more
when compare to low training group. Some authors even
claims that the weight loss associated with exercise training
produces the increase in HDL cholesterol (Gordon et al.,
2014b).The positive changes in HDL after training has
been reported softly by different authors. No studies have
been found which defined the actual mechanism of HDL
in improving performance. However, it has been reported
that HDL accept the excess surface of fatty particles after
catabolism of fat for energy production removed through
HDL path flow. The higher concentration of HDL in plasma
could constrained LDL oxidation which keeps individual
safe and sound from getting into heart related risk diseases.

These inconsistent findings suggest that the effects of
an endurance training program on TC, TG, LDL-C, and
TC/HDL-C may be affected by the length of the training
time or other uncontrollable factors. Lin et al. (2015) found
that athletes with elevated pre-exercise LDL concentrations
responded most favorably to exercise training in a meta-
analysis of multiple longitudinal trials. The present study
reveals a decrease in the LDL concentration level when
compare to pre and post of 12 weeks SAQ and circuit
training on soccer players. Both the SAQ and Circuit group
has shown significant reduction in LDL concentration level.
From the result we can see the certain positive effect on
LDL concentration and reduce the risk of sudden cardiac
related attack. On the contrary, Previous research revealed
that the free and esterified cholesterol of low density lipo-
protein show a significant diurnal variation and it was
suggested that dietary intake plays major and crucial role in
increasing and lowering of the concentration level of LDL
(Beunders et al., 2020). A limitation of this study is that
dietary intake and nutritional status of the player was not
under control as it has given the different variation in the
concentration level of LDL in our body. Further, relevant
studies in LDL have carried out by different authors which
shown ultimate reduction in the concentration of LDL
because of the triglyceride’s metabolism carried out in the
body. A meta-analysis of 170,000 participants were carried
out (Navarese et al., 2018), and it suggested that reductions
in LDL cholesterol decreased the occurrence of heart attacks
and ischemic strokes. Physical activity and different from of
training are directly related with reduction of LDL which is
very important to sustain for prevention of cardiac diseases.
Swiftly, higher intake of oxygen during the training lead to
oxidative stress which may be remunerated by higher levels
of free radicles scroungers of low molecular mass and by the
higher activities of antioxidant enzymes.

VLDL excretion percentage reduced significantly
throughout the exercise and persisted on repressing during
recovery. Total VLDL-TG oxidation proportion was natural
by exercise. However, the contribution of VLDL-TG
oxidation to total energy expenditure fell from 14 + 9% at
rest to 3 + 4% during exercise (Sondergaard et al., 2011).
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Further suggested that lesser VLDL exudation degree during
exercise may contribute to the decrease in TG concentrations
during and after exercise. VLDL-TG fatty acids, on the other
hand, are quantitatively significant oxidative substrates
under basal post absorptive settings but are unaltered over
90 minutes of moderate-intensity exercise and so become
relatively less important during exercise (Sondergaard et
al., 2011). Significant reduction in the level of VLDL has
been observed in the present study. The pre training results
pertained to the VLDL was 20.33+15.86 which reduced
to 15.86+6.34 after 12 weeks SAQ training. In case of
circuit training significant decrease in the concentration
level of VLDL was observed, pre- (16.20+4.57) and post-
(13.73+4.16) which is comparatively better than SAQ
training. Eventually the effect occurs after the training
rely over the different forms of training. Endurance forms
of training has certainly impact over the changes of lipo-
protein. Here in this study the subject was neither sedentary
nor inactive people. All the subjects were elite level players
who have improve and develop a certain level of fitness. Even
though some exceptional players are still existing which have
higher concentration of VLDL in the study.

Conclusion

In the light of the findings the study concludes that
the intervention of endurance and speed-based training
program improves the concentration of HDL, LDL and
VLDL of elite soccer players. The training program led to
an increase in the concentration of high-density lipoprotein
(HDL) cholesterol. The training program also resulted in a
decrease in the concentrations of low-density lipoprotein
(LDL) and very-low-density lipoprotein (VLDL) cholesterol.
Similarly, elevated levels of VLDL are associated with an
increased risk of cardiovascular issues. The decrease in these
cholesterol fractions is beneficial for overall cardiovascular
health. The study suggests that for elite soccer players to
observe significant improvements in their lipid metabolism,
the training program should be prolonged, lasting at least
more than 8 weeks. This indicates that long-term, consistent
training is necessary to achieve substantial changes in
cholesterol levels and lipid profiles. The conclusion implies
that an appropriately designed endurance and speed-based
training program can have substantial benefits on the lipid
metabolism of elite soccer players. By increasing HDL levels
and reducing LDL and VLDL levels, the program contributes
to improved cardiovascular health and lowers the risk of
heart-related issues. However, it’s important to note that
individual responses to the training may vary, and factors
such as diet, genetics, and lifestyle also play significant
roles in influencing lipid metabolism. Therefore, a holistic
approach that includes both exercise and healthy dietary
habits is crucial for optimizing the lipid profile and overall
health of elite soccer players.
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BrJinB TPEHYBAHb HA WUBUAKICTb, CMPUTHICTb
| MOTOPHICTb TA KOJIOBUX TPEHYBAHDb HA BMICT NiNiAaiB
Y KPOBI OYTBOJIICTIB: CMOCTEPEXHE AOC/IAKEHHA

Cm Dappyk'4BCPE, Mykem Mitpa®PE, [Ipacanrta Kymap Jac'APC

"Tpunypcbkuii yHiBepcuTeT
*Konemx imeni Maiikia Mopxymyznona JorTta

ABTOpPCHKMIT BKIA: A — am3aiis gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crartsa: 7 c., 2 Tab1., 29 IKepert.

Merta focifpKeHH:A. MeToI0 IIbOr0 CIIOCTEPEXXHOTO JOCTIPKeHHsI Oy/I0 BYUBYEHHs BIUIMBY IPOTPaMyi TPEHYBaHb Ha IIBI-
KicTb, criputHicTb i MoTOpHicTh (IIICM) i KpyroBux TpeHyBaHb Ha BMICT JimifiB y KpoBi ¢yrbonicriB. YBary B foCTimKeHHi
30Cepe/PKeHO Ha aHali3i 3MiH KOHIIEHTpallill Xo/leCTepuHy Iinonporeinis Bucokoi minbsHocTi (JITIBILL), mimonpoTeinis HU3bKoi
minprocti (JITTHII) i ninonpoteinis aysxe Husbkol miinpHocTi (JITIHII) micis BrpydaHHsL.

Marepianmu Ta MeTopu. Y HociimKeHHi B3sum ydactb 30 enitHux Qyt6osicTis i3 cepenHim nmokasunkoMm (Sd, cepepte kBagpa-
TUYHe BifxuieHHs) Biky 16,93 (1,20) poky; spocry 5,66 (0,16) dyra; Baru 59,93 (5,47) r. Yci rpaBui, BigibpaHi ayst JOCTIKEHHS,
6ynu sapeectpoBanymu rpasiamu Axamemii ITomoi, Imnxan, Maninyp (Inpisa). YyacHukiB posnoginumm Ha ABi Ipymu, TOO6TO
rpyny Tpenysanb Ha [IICM i rpyny Ko/oBuX TpeHYBaHb, i BOHM IPOiiLIM 12-TuXHeBy nporpamy TpeHysanb Ha IIICM i konmosux
TPeHyBaHb Bi/IIOBifHO, AKY IpOBOAWIN 3 IHI Ha TVOK/JeHb. 4 BumipioBanHs piBHiB xonectepuny JITIBIL, JITTHIL Ta JITTTHIIT
36Mpay 3pasky KpoBi 0 Ta Mic/Is1 BTPyYaHHs. BMICT JIifiB y KpoBi y4aCHMUKIB OLIHIOBA/IM 3a JOIIOMOTIOI0 CTaHAaPTHMX 1abo-
PaTOpPHUX METOHIB.

Pesynbpratu. PesynbpraTi 1boro JOCHiIyKeHHs NMPOJEMOHCTPYBA/IM CTAaTUCTUYHO 3HAYYILi 3MiHM Y BMICTI JIIifiB y KpOBi
eniTHUX QyTOOMICTIB Mic/IA MPOXOmKeHHA IporpaMu TpeHyBanb Ha IIICM i Ko/OBYX TpeHyBaHb. BrpydaHHs IIpusBeno fo cra-
TUCTUYHO 3HAYYLIOro migsumieHHA piBHA xonectepuny JIIIBII. BopHodac cnocrepiramoca cyTTeBe 3HVDKEHHSA KOHILIEHTpalil
xonectepuny JIITHIT Ta JITIHIII.

Bucnosku. Ilinsnmenna pisna xonecrepuny JITIBII i snmxenna pisua xonecrepuny JIITHII i JITITHII BkasyoTh Ha mo-
TeHIIii{He 3HIDKEHHS PU3UKY CePLieBO-CY/VHHIX 3aXBOPIOBAHb 1 [TOB’s3aHNUX i3 HUMU 1po61eM 31 370poB’siM. Bepyun fo yBarn
Ba)K/IMBICTB JIMiTHOTO 06OMIHY /I CHOPTUBHMX OKa3HMKIB i 3aTa/IbHOTO CAaMOIIOYYTTA, Iie HOCTi/)KeHHA 3abe3Ieyye IIiHHi aHa-
JITUYHI JaHl I/Is TpeHepiB, CIOPTCMeHiB i ciopTuBHMX IpodecioHasiB y po3po61i [iTbOBUX PeXXMUMIB TPEeHYBaHb JLA OITHMi3a-
1l 37j0pOB’s cepIieBO-CyANHHOI cuctemu ¢yroomicti. IIpoTe Ayt MiATBep/KeHHA BaIiTHOCTI Ta y3araJbHEHH LUX Oflep>KaHMX
Pe3y/IbTaTiB [Ist Pi3HMX KOHTMHIEHTIB i CIIOPTMBHUX AVCUMIUIIH HOTPIOHI OfaIbLIl HOCII/PKEeHHS 3 OUIbIIMMI pOo3MipaMu BU-
6ipK1t Ta TPUBAIMMIU HACTYIHNUMIY CIIOCTEPEKEHHAMIL.

Knrouosi cmosa: JITIBII, JITTHII, JITIIHII, rpenysanns na IIICM, Xonectepus, KOIOBe TPEHYBAHHS.
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Abstract

Study purpose. The purpose of this research is to determine the effect of LTAD-based programming on the physical
abilities and fundamental skills of basketball players aged 11-12 years.

Materials and methods. The research method used was an experimental one-group pretest-posttest design. The
study participants included 50 basketball players, 25 males and 25 females, weighing +50-70 kg and standing
159-172 cm tall. The instruments used consisted of a multistage fitness test, 30-meter sprint, Illinois run, layup,
shooting under the ring, and free throw. Data was gathered by observation and testing. The data was analyzed
descriptively using Wilcoxon and Mann-Whitney tests, which were aided by SPSS version 23.

Results. The results of the male and female groups’ pretest-posttest showed that the Asymp.sig (2-tailed) values for
the aspects of endurance, speed, agility, layup, shooting under the ring, and free throw were 0.000<0.05. The results
of the posttest comparison between males and females revealed that the Asymp.sig (2-tailed) value for the aspects of
endurance, agility, speed, layup, and free throw was 0.264-0.938>0.05, only for shooting under the ring the Asymp.sig

(2-tailed) value was 0.008 <0.05.

Conclusions. The male and female groups’ posttest results were better than the pretest results before LTAD-

based programming. The majority of the posttest comparisons between males and females revealed no significant
differences. This suggests that both the male and female groups improved after receiving LTAD-based programming.
Keywords: long-term athlete development, LTAD-based programming, learn to train, basketball players aged

11-12 years.

Introduction

Basketball sport development is inextricably linked to
internal as well as external factors (Fox et al., 2017). Internal
factors include motivation, self-confidence, and adequate
human resources, while external factors such as good training
programs, and the availability of complete infrastructure
(Bompa O. Tudor, 2019). This is one of the most important
aspects of basketball coaching development. One of the goals
of basketball coaching is to assist athletes in reaching their
peak performance at the specified age (Johnson et al., 2011).
As a result, the concept of long-term athlete development
is critical when managing training based on the athlete’s
chronological age.

© Hidayah, T., Akhiruyanto, A., Yudhistira, D., & Kurnianto, H.,
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The concept of long-term athlete development (LTAD)
provides a method and philosophy for developing athletes
as well as cultural changes in sports to produce game
assessments and organized training program design (Siwik
et al., 2015). Balyi coined the term “long-term athlete
development”, which consists of several stages that must be
completed in a systematic order, including the active star,
fundamental, learning to train, training to train, learning
to complete, training to complete, learning to win, training
to win, and active for life (Abdelrasoul, 2015; Balyi et al.,
2013). The learning-to-train stage, which occurs between
the ages of 8 and 12 years for both boys and females, is a
critical mass for determining the best training arrangements
(Abdelrasoul, 2015).

As a result, as a coach, he must learn how to develop
abilities that are directed by long-term athlete development
principles (Yudhistira, 2023). Athletes can actively
participate in fun physical exercises such as developing
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flexibility, coordination, speed, endurance, and strength
using their body weight or infrastructure such as medicine
balls and so on during the learn-to-train stage (Abdelrasoul,
2015). Therefore, the primary focus at this stage is on
developing fundamental techniques and physical abilities
by chronological age (van Kooten, 2016). However, various
issues arise while attempting to execute this concept.

A classic problem, for example, is that athletes are
focused on achieving victory at a young age where the
most important factor is success at a young age and
placing specialization-oriented training programs to reach
peak performance before a specified age (Yildirim et al,,
2019). This contradicts the premise of long-term athlete
development. Aside from that, the needs analysis in the
form of observations and interviews with trainers revealed
that they were already aware of the importance of teaching
essential skills effectively and correctly. However, the use of
the training model still does not reflect the LTAD idea, such
as the application of the fundamental skills in the training
model, which lacks variation and does not recognize the
necessity of intervals and recuperation in a single training
session. Intervals and recovery are part of the training in this
case (Hausswirth & Mujika, 2013)

Besides, stretching is not particularly programmed and
does not follow the rules for raising, activation, mobility,
and potentiation (Jeffreys, 2018). According to research,
flexibility is an essential component of excellent physical
growth (Jeffreys, 2018). Training in the learning-to-train
stage is conceptually engaging games-based training
(Harrison et al., 2015). Aside from that, methods of training
must be capable of including the development of cooperation,
discipline, and process focus (Sulistiyono et al., 2022).

The authors examined numerous long-term athlete
development concepts. Long-term athlete development
conceptual model (Granacher et al., 2016), implementation
oflong-term athlete development from a trainer’s perspective
(Beaudoinetal.,2015), problems with adapting the long-term
athlete development model from a social control perspective
(Dowling et al., 2020), and youth athlete development model
(Varghese et al., 2022). Sulistiyono et al. recently evaluated
a training model focused on long-term athlete development,
with the findings indicating an improvement in the physical
ability aspect of soccer (Sulistiyono, Sugiyanto, et al., 2021).

The preceding research focuses solely on training
conceptual models, narrative studies, exploration, adoption,
and implementation from the trainer’s and societal
perspectives. The referenced study did not include basketball
players aged 11 to 12. Empirical evidence on the use of the
training model using the LTAD method for 11-12-year-olds
in basketball has gotten less attention. According to past
studies, there is still a scarcity of evidence-based research on
the effectiveness of LTAD (Beaudoin et al., 2015; Ropret &
Jevti¢, 2019). In this regard, the author’s purpose is to fill a
vacuum in prior research by developing essential skills and
physical capacities in basketball players aged 11-12 years
using an LTAD-based training model.

The purpose of this study is to determine the effect that
LTAD-based training programming has on physical abilities
and fundamental skills in basketball players aged 11-12
years. The authors hypothesize that there is a considerable
difference between the male pretest and posttest, and the
female pretest and posttest. Furthermore, the authors

hypothesize that there is no significant difference in posttest
findings between the male and female groups in terms
of growth in physical abilities and fundamental skills in
basketball players aged 11-12 years.

Materials and methods

Study participants

This is field-testing experimental research with a
one-group pretest-posttest-posttest design (Yulianto &
Yudhistira, 2021). This study compared the male group’s
pretest and posttest, as well as the female group’s pretest
and posttest. Following that, this study compares the male
group’s posttest to the female groups posttest. Participants
included 50 basketball players, 25 males and 25 females,
weighing 50-70 kilograms and standing 159-172 centimeters
tall. All participants were given a pretest to observe initial
results utilizing physical ability instruments such as aerobic
endurance, speed, and agility tests, while fundamental
skills were assessed using the dribble layup, under-the-ring,
and free throw instruments. After determining the pertest
findings for the male and female groups, they received
treatment with LTAD-based programming developed by the
authors. Four trainers assisted with the research to ensure its
smooth operation.

Study organization

Participants were given treatment in the form of LTAD-
based programming prepared by the authors by adapting
guidelines from relevant books, ebooks, and journal
articles. Before any programming is given to athletes, it is
validated by 5 experts, three of whom are nationally licensed
basketball coaches and two of whom are lecturers who are
knowledgeable about training programming. Based on
this assessment, the program received a consensus with an
average content validity result of 8.00-1.00, indicating that
the program has good content validity (Pradipta et al., 2023;
Yudhistira & Tomoliyus, 2020). As a result, the program
can be utilized to treat basketball players aged 11 to 12.
The minimum attendance of participants to take part in
treatment is 80%. The multistage fitness test, 30-meter run,
and Illinois agility run are among the test instruments used
to assess physical ability (Wiriawan, 2017). The core skills
were next tested, which include the dribble layup, under-the-
ring, and free throw tests (Akinci & Kirazci, 2020; Marta,
2022; Mascret et al., 2016).

The training program is delivered three to four times
per week for a total of 24 meetings. With programmed
training dose settings, one training session lasts roughly
120 minutes. The procedure for carrying out training for
basketball players is guided by stretching using the raise,
activation, mobility, and potential (RAMP) guidelines. After
that, the core training one is started, which includes physical
ability training such as agility and coordination, as well as
speed, and then goes on to core training two, which includes
instruction in fundamental skills such as passing, dribbling,
and shooting. After that, proprioceptive neuromuscular
facilitation (PNF) is used to provide cooling stretching. The
preceding explanation is an example of this programming,
which is, of course, tailored to specific training adaptations.
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Two essential exercises, such as fundamental skills
training and physical strength training, can be performed in
a single training session. Aside from that, you can exercise
physical talents such as agility and coordination training,
speed and strength, or fundamental skills training such as
shooting, dribbling passes, and offensive and defensive drill
games in a single training session. To clarify, the LTAD-
based training program is shown in Table 1 as follows:

Statistical analysis

For this research, descriptive analysis was utilized to
give maximum, minimum, mean, and standard deviation
values (Dameria et al., 2023). In the second stage, the
authors used the nonparametric Wilcoxon test to process the
pretest and post-test data (Akhiruyanto et al., 2022), while
the nonparametric Mann-Whitney test to compare post-
test results for males and females (Pramono et al., 2023).

Table 1. LTAD-based training program for basketball players aged 11-12 years

Warm-up program (RAMP)

No Practice Material

Dose

1 Raise: Leg high knee, Leg high knee right & left, Leg high knee 2x2

Intensity: moderate
Volume (rep): 2-3-4x etc
Recovery: 2-3’

Activation & mobility: Shoulder rotation, sway squat, lunges, single
leg knee flexion with internal rotation, single leg knee, plank with Intensity: low-moderate

arm and leg raise.

Volume (reps): 8-10x

Potentiation: wall ball drill, circle basketball around the waist, circle Intensity: low-moderate

basketball around legs Volume (sets x rep): 2-3-4 etc x 20-30”
Fundamental Skills Training Program
2a Passing: chest pass, bounce pass, overhead pass, baseball pass, one- Intensity: moderate

handed chest pass, one-handed bounce pass

2b Dribble: forward, backward, lateral, crossover

2c Shooting: under basket, set shoot, lay up, free throw

Volume (sets x rep): 2-3-4 etc x 10-15-20 etc
Recovery: 60”

Intensity: moderate
Volume (set x rep) 2-3-4 etc x 5-6-7 etc
Recovery: 60”

Intensity: moderate
Volume (sets x rep): 2-3-4 etc x 10-12-15 etc
Recovery: 60”

Game Practice Program

3a Defense drill: Defense shuffle, mirror drill
3b Offensive drill: box out drill, one on one drill
3a Another drill: pick a setting, inbounding the ball

Intensity: maximum
Duration: 10-15-20

Intensity: maximum
Duration: 10-15-20’

Intensity: maximum
Duration: 10-15-20°

Physical Ability Training Program

4a Agility balance, coordination: ladder rabbit hops, straddle hops squat, Intensity: low-moderate
hopscotch, ladder taps right and left, ladder single leg hops right and Volume (sets x rep): 6-8 x 3-4-5 etc

left

4b Speed: Forward sprint, backpedal sprint, lateral sprint

Intervals: 10-15”
Recovery: 60”

Intensity: maximum
Distance: 30-40 meters
Rep: 2-3-4 etc
Recovery: 40-60-90

4c Strength: goblet squat, split squat, box jump, scapula push-up, band Intensity: low-moderate
overhead press, standing band row, overhead squat, renegade row, Volume (sets x rep): 2-3-4 etc x 6-8-9-10

situp Recovery: 2-3’
Media: 1kg barbell, light-medium size resistance band
Cooling down exercise program with PNF
5 Hamstring and glute stretch, chest stretch, shoulder stretch, tricep Rep: 2-3-4 etc

stretch, quadriceps stretch

Count: 1-6” per move
Count: 7-10” counter per move
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Table 2. Results of descriptive analysis of physical abilities and fundamental skills of basketball players aged 11-12 years

Group B Pretest Postest
Min Max Mean SD Min Mac Mean SD
Durability 27.02 43.06 33.94 4.94431 32.09 45.08 36.97 3.45426
Speed 4.98 6.50 5.64 0.32225 4.10 5.90 4.945 0.33786
Agility 18.24 22.45 19.87 0.93851 17.00 21.01 18.96 1.03899
Male Right dribble layup 1 6 3 1.519 4 7 5 0.963
Dribble lay up left 0 5 2 1.700 4 7 5 0.831
Under ring 6 26 17 5.100 11 28 20 4.698
Freethrow 1 10 6 2.548 6 16 10 2.712
Durability 27.02 43.06 33.94 4.94431 32.09 45.08 36.97 3.45426
Speed 4.98 6.50 5.6472 0.32225 41.10 5.90 4.945 0.33786
Agility 18.24 2245 19.87 0.93851 17.00 21.01 18.96 1.03899
Female  Right dribble layup 1 7 2 1.498 4 8 5 0.843
Dribble lay up left 1 5 2 1.150 4 7 4 0.862
Under ring 7 24 12 5.297 9 26 16 4.830
Freethrow 1 11 5 2.609 6 15 9 2.147

This data processing was assisted by the SPSS version 23
application. To make it clearer, we have presented the results
of the descriptive analysis in Table 2 as follows.

Results

Wilcoxon analysis of the Asymp.sig (2-tailed) value of
the male group regarding physical abilities which include
endurance, speed, and overall agility produces a value of
0.000<0.05, while the fundamental aspects of skill which
include right and left dribble layup, under ring, and free
throw, overall produces a value of 0.000 < 0.05. This shows
that there is a significant difference between the male group’s
pretest and posttest. According to the findings above, there
was a significant improvement in physical abilities and
fundamental skills when compared to the male group’s pretest
and posttest scores. The Wilcoxon analysis of the Asymp.sig
(2-tailed) value of the female group’s physical abilities such
as endurance, speed, and overall agility produced a value
of 0.000-0.001 < 0.05, whereas fundamental skills such as
right and left dribble layup, under the ring, and free throw
yielded a value of 0.000 < 0.05. These findings reveal that
there is a substantial difference between the male group’s
pretest and posttest. According to the findings above, there
was substantial improvement in physical abilities and
fundamental skills when compared to the female group’s
pretest and posttest scores.

The Mann-Whitney analysis with Asymp.sig (2-tailed)
values for the physical ability variable yielded the following
results: endurance 0.662>0.05, speed 0.938>0.05, and
agility 0.727>0.05. This suggests that there is no substantial
difference in physical abilities between the male and female
groups, although the average scores for the male and female
groups tend to be the same. There is only one significant
difference in the overall fundamental skill results, and that is
shooting under the ring 0.008 0.05. As a result, the male and
female groups differ significantly. Aside from the under-ring
variable, no significant differences were found between male

Table 3. Comparison results of pretest and posttest for
male and female groups based on Wilcoxon analysis

Group Variable ?;Y:ﬁe(sll)g
Pretest — endurance
Posttest - endurance 0.000
Pretest — speed 0.000
Posttest — speed
Pretest — agility
Posttest - agility 0.000
Male Pretest — right dribble layup 0.000
Posttest — right dribble layup
Pretest — left dribble layup 0.000
Posttest — left dribble layup
Pretest — under the ring 0.000
Postest — under ring
Pretest — free throw 0.000
Postest - free throw
Pretest — endurance 0.001
Posttest — endurance
Pretest — speed 0.000
Posttest — speed
Pretest — agility
Posttest — agility 0.000
Female Pretest — right dribble layup 0.000
Posttest — right dribble layup
Pretest — left dribble layup 0.000
Posttest — left dribble layup
Pretest — under the ring 0.000
Postest — under ring
Pretest — free throw
0.000

Postest - free throw

912



Hidayah, T., Akhiruyanto, A., Yudhistira, D., & Kurnianto, H. (2023). The Effects of LTAD-Based Programming on Fundamental Skills
and Physical Abilities of Basketball Players Aged 11-12 Years

Table 4. Posttest comparison results for male and female
groups based on Mann-Whitney analysis

. Asymp. sig
Group Variable Mean value (2-tailed)

Male 36.97

Endurance 0.662
Female 36.97
Male 4.945

Speed 0.938
Female 4.945
Male 18.96

Agility 0.727
Female 18.96
Male 5

Right dribble layup 0.264
Female 5
Male

Left dribble layup 0.163
Female
Male 20

Under ring 0.008
Female 16
Male 10

Freethrow 0.198
Female 9

and female groups. According to the mean value, the male
group outperforms the female group. To make it clearer, the
mean value is presented using the diagram in Figure 1 as
follows:

MEAN VALUE

m Male mFemale

36,97
36,97

© ©
Q& °
o
g
a
J n o0 I
<

PEED AGILITY DRIBBLE LAY-DRIBBLE LAY- UNDER RING FREE THROW
UP RIGHT UP LEFT

v EEE 4,945

ENDURANCE

Fig. 1. Diagram of the average posttest score for the male and
female groups

Discussion

The purpose of this study is to determine how long-
term athlete development (LTAD)-based programming
affects physical abilities such as aerobic endurance, speed,
and agility, as well as fundamental skills, including dribble
layups, shooting under the ring, and shooting free throws
in basketball players aged 11-12 years. The authors observed
a difference between pretest and posttest in the male group
and between pretest and posttest in the female group. The
posttest findings from the male and female groups were then
compared.

Theresults of the Wilcoxon analysis, Asymp.sig (2-tailed)
values in the pretest and posttest of the male group for the
physical ability variable produced the following results:
endurance 0.000<0.05, speed 0.000<0.05, agility 0.000<0.05,
while the fundamental skill variable includes right dribble lay

up 0.000<0.05, left dribble lay up 0.000<0.05, shooting under
the ring 0.000<0.05, and shooting free throw 0.000<0.05.
This indicates that there is a significant difference between
the pretest and posttest in the male group. These findings
reveal that long-term athlete development (LTAD)-based
programming resulted in a considerable increase in pretest
and posttest physical ability.

Wilcoxon analysis of Asymp.sig (2-tailed) values for the
pretestand posttest of the female group for the physical ability
variable gave the following results: endurance 0.001<0.05,
speed 0.000<0.05, agility 0.000<0.05, while fundamental skill
variables include right dribble lay up 0.000<0.05, left dribble
lay up 0.000<0.05, shooting under the ring 0.000<0.05, and
shooting free throw 0.000<0.05. This indicates that there is a
significant difference between the pretest and posttest in the
female group. These findings reveal that long-term athlete
development (LTAD)-based programming resulted in a
considerable increase in pretest and posttest physical ability.

The Mann-Whitney analysis of Asymp.sig (2-tailed)
values for the physical ability variable yielded the following
results: endurance 0.662>0.05, speed 0.938>0.05, and agility
0.727>0.05. As a result, there is no significant difference in
physical abilities between male and female groups. They tend
to be the same based on the mean values of the male and
female groups. Right dribble layup 0.264>0.05, left dribble
layup 0.163>0.05, shooting beneath the ring 0.008>0.05,
and free throw shooting 0.198>0.5 are fundamental skill
variables. There is only one significant difference between
the male and female groups in the fundamental skill
findings, which is shooting under the ring of 0.008 < 0.05.
Aside from the shooting under ring variable, there were
no significant changes between male and female groups
following treatment.

The authors’ findings are consistent with Granacher et
al’s study, which states that physical ability training related to
muscle endurance is important during the long-term athlete
development stage to stimulate athlete development, tolerate
the demands of long-term training and competition, and
minimize the effects of injury in the future (Granacher et al.,
2016). Coaches must specifically facilitate exercises related to
body balance, and weight training with a focus on movement
technique, complex exercises, and plyometric exercises that
are appropriate to the training dose during the long-term
development stage of athletes to provide benefits in athletic
performance and muscle fitness (Granacher et al., 2016).

Recently, ladder-based plyometrics training program-
ming for 11-12-year-olds was created using proper training
guidelines to produce increased physical abilities such as
agility, leg muscle power, and aerobic endurance (Pramono
et al., 2023). Recent data on the impact of long-term ath-
lete development-based training on physical abilities and
academic accomplishment was also discovered; the results
significantly improved physical abilities such as leg mus-
cle power, aerobic endurance, and 30-meter sprint in soc-
cer players aged 11-12 years (Sulistiyono, Sugiyanto, et al.,
2021). Physical abilities must be specifically developed to
support motor skills, improve health, and reduce injuries
(Faigenbaum et al., 2016; Loyd et al., 2015). Furthermore,
improving physical ability can promote athletes’ long-term
career development (Loyd et al., 2015).

The findings of the authors suggest that LTAD-based
programming improves fundamental skills in basketball
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playersaged 11 to 12. Thisis consistent with previous research
in the sport of soccer for players aged 10 to 12 years old
using a games experience learning training model based on
the LTAD programming concept (Sulistiyono, Akhiruyanto,
et al., 2021). Treatment carried out for 10 weeks with a
training frequency of 3 times a week was able to provide
improvements in basic soccer playing techniques compared
to conventional methods that had been applied (Sulistiyono,
Akhiruyanto, et al., 2021). Likewise, Yudanto et al’s research
applied the games experience learning model with LTAD
principles compared to the technical approach method with
the results of the experience of the game learning training
model being better than the technical approach in improving
football playing skills (Yudanto, Suherman, et al., 2022;
Yudanto, Yudhistira, et al., 2022). Wicaksono et al’s research
also applies the part and whole method, this method has the
principle of LTAD programming at the learning-to-train
stage (Wicaksono & Hidayatullah, 2022). As a result, this
method can improve basic skills in the sport of volleyball
(Wicaksono & Hidayatullah, 2022).

Furthermore, the authors compared the male and
female groups’ post-test outcomes in terms of physical ability
and essential competencies. The results for the male and
female groups did not differ significantly, and the results for
numerous components could even be considered identical.
At the learn-to-train stage, LTAD-based programming
delivers equivalent progress for males and females, with
programming properly monitored from the treatment
process, rest patterns, and adequate nutrition. According
to developmental psychology, when children between the
ages of 6 and 12 attend elementary school, their growth will
accelerate, as will their development of movement and nerves
(Firdaus, 2012). Aside from that, male athletes’ growth tends
to slow down at the age of 8, whilst female athletes’ growth
accelerates (Jahja, 2011). As a result, as a coach, you must
understand the athlete’s growth and development to properly
alter the programming (Hadi et al., 2022).

Gender sexual maturity undoubtedly differs (Jahja,
2011). Children are eager to study, understand knowledge,
and have a high level of curiosity throughout this period
(Jahja, 2011). As a result, the trainer takes on crucial roles
such as administrator, facilitator, motivator, and well-
managed training program (Saifu et al., 2021; Wicaksono
& Hidayatullah, 2022). Equally crucial factors are parental
support and the surrounding environment because even if
the athlete is brilliant if parental and environmental support
is lacking, the desired results will be thwarted (Harris et
al., 2014; Martens, 2012; Rodis, 2013). Experts agree
that at this age, assistance from family, peers, and school
influences social development to attain success in sporting
achievements (Dorsch et al., 2021).

In the sport of basketball, the learn-to-train stage is a
perfect moment for optimizing physical skills and abilities
(O’Sullivan, 2014). According to studies, this stage is a
semi-specific development that must be directed (Styasih et
al., 2016). Furthermore, this stage is critical for improving
movement speed and coordination (Ivashchenko et al.,
2018). Coordination is defined as the coordination of body
and brain motions to carry out certain movements (Hadi
& Yudhistira, 2023). This stage is an accelerated period
for improving fundamental basketball skills and physical
abilities (Guimardes et al., 2019). This can be regarded as

an athlete’s thirst for knowledge, hence the involvement of
parents and coaches is critical in guiding athletes (Haddad
et al,, 2021). As a result, it becomes a severe issue when the
trainer is unfamiliar with the details of this level.

Long-term athlete development provides a solution to
these challenges (Ford et al., 2011). This concept is relevant
from both internal and external perspectives (Ford et al,,
2011). Similarly, several studies support the authors’ findings
that the LTAD concept provides a structured and systematic
pathway to optimize development from gifted children to
elite athletes by taking individual maturity into account
based on chronological age (Balyi et al., 2013; Dowling et al.,
2020; Ford et al., 2011)

This concept will run smoothly when there is synergy
between coaches, organizational management, and support-
ive parents (Dowling et al., 2020). This concept is quite com-
plex since it discusses not only how athletes might excel now,
but also philosophical development in terms of cognitive, af-
fective, and psychomotor development (Styasih et al., 2016).
The concept outlines stages that must be completed based on
the athlete’s chronological age (Balyi, 2004).

The concept of LTAD is inextricably linked to the
science of sports pedagogy. Sports pedagogy is related to
how someone helps children and young people explore their
potential through sport (Armour, 2013). The point is about
how children learn in every aspect of education both at
school and outside of school (Armour, 2013). According to
another study, sports pedagogy is a guide and procedure for
learning sports-specific abilities (Lee et al., 2014). Aside from
that, the most significant aspect is how this learning may be
implemented effectively so that athletes can get individual,
social, and health benefits (Armour, 2013).

Conclusion

According to the findings and discussion, providing
treatment with LTAD-based programmingat thelearning-to-
train stage can improve physical abilities such as endurance,
speed, and agility, as well as fundamental skills, including
shooting, shooting under the ring, and free throw shooting
in both male and female groups. The comparison of the
male and female posttests did not appear to cause significant
differences, implying that the male and female groups given
LTAD-based programming achieved the same good results.
As aresult, LTAD programming is a concept that is required
in the field of performance sports, particularly basketball,
to enhance long-term performance based on an athlete’s
physiological and chronological age. However, future
studies will necessitate a more in-depth discussion, such as
implementing longitudinal-based interventions to acquire
more comprehensive findings.
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BrJInB NPOrPAMYBAHHA HA BA31 MOAEJI LTAD HA OYHOAMEHTAJIbHI
HABUYKU TA OI3NYHI 34IBHOCTI BACKETBOJIICTIB BIKOM 11-12 POKIB

Taygik Ximaa'AP°PE, Anppin Axipyanro'*®, [lesanra IOaxicripa'A?“Pk, Xapic Kypnianto'A®

'CeMapaHIChKUIL IepKaBHMIT YHIBEpCUTET

ABTOpPCHKMIT BKIAJ: A — au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOIITiB

Pedepar. Crarrs: 9 c., 4 Tab., 1 puc., 54 mxeper.

Mera gocmimkeHHsA. MeTol LbOrO HOCIIfKEHHs € BM3HAYEHHs BIUIMBY IIPOrpaMyBaHHs Ha 6asi mopmerni
JosrocrpokoBoro po3sutky cnoprcmenis (LTAD) Ha disnuni 3pi6HOCTI Ta dyHmaMeHTanbHi HaBUYKM 6ackeTOOMICTIB
BikoM 11-12 pokiB.

Marepianu Ta Metogu. K MeTOZ MOCTi)KEHHA BUKOPUCTOBYBAIM €KCIIEpMMEHTAJbHUII I/IaH i3 IoNepefHiM i
HiICyMKOBMM TeCTYBaHHAM Ha OJHIN IpyIi. Y4acHUKaMM JOCTiIKeHHA 6yau 50 6acket6omicTiB, 25 40m0Biv0l cTaTi Ta
25 5xiHo4oi crari, Baroio £50-70 Kr i 3poctoM 159-172 cM. IHCTpyMeHTH, AKi BUKOPUCTOBYBA/IM, BKTIOYaIy 6araroeTamHuii
TeCT Ha QYHKIIOHAIbHUIL CTaH, 6ir Ha 30 MeTpiB, ITiHOICHKMIT TeCT Ha 6ir, KJOK OfHIEI0 PYKOIO 3-IIif] Ki/IbIiA 3 BiICKOKOM
M’sI9a Bif IUTa, KMAOK OHIEI PYKOKO 3-Tif Kinblisg 6e3 BifCKOKy M’s4a Bif mmra i mrpadumit kugok. Jaui 36upann
HIJIAXOM CIIOCTEPE)KeHH: Ta TeCTyBaHHA. [laHi aHa/Mi3yBaayu OMICOBO 3 BUKOPUCTAHHAM KpUTepiiB Birkokcona Ta ManHa-
YiTHi 3a ooMOroro nporpaMHoro 3abesmnedenHs SPSS Bepcii 23.

Pesynpratn. PesynbraTu momnepegHboro Ta MmiJCyMKOBOTO TECTYBaHHSA YO/NOBivoi Ta KiHOYOI Ipyn MOKasasnu, 10
3HAUeHHS aCUMIITOTMYHOI 3HAYyIOCTi (2-CTOPOHHDBOI) [JIA acIeKTiB BUTPMBANOCTI, MIBYUAKOCTI, CHPUTHOCTI, KIJKa
OfIHi€I0 PYKOIO 3-IIiJ Ki/lbIs 3 BifJCKOKOM M’sida Bif IIMTa, KMAKA OGHIEI0 PYKOKO 3-IIiff KiZblsl 6e3 BifCKOKY M’s4a Bif
muTa Ta wrpadHoro kupka cranoswin 0,000<0,05. Pe3ynbraTyt MOPiBHAHHS TOKa3HMKIB MiICYMKOBOTO TECTYBAHHS MK
YOJ/IOBIYOI0 Ta XKIHOYOI IpyHmaMy IOKasamy, 110 3HaYeHHs aCHMMIITOTMYHOI 3HAYYLIOCT] (2-CTOPOHHBOI) [/I acHeKTiB
BUTPUBAJIOCTI, CIIPUTHOCTI, IIBUAKOCTI, KUJJKa OFHI€I0 PYKOIO 3-IIiJ Ki/lbIIA 3 BiCKOKOM M s4a Bif 1juTa Ta WTpadHOro
Kupka cTaHoBuIo 0,264-0,938>0,05, i muie 1j1s1 KujiKa OfHI€0 PYKOIO 3-1IiJ Kbl 63 BiICKOKY M’ s4a Bijj I[MTa 3HAYeHHA
aCUMIITOTVYHOI 3Ha4ymOCTi (2-cTropoHHbOI) cTanoBMIIO 0,008 <0,05.

BucHoBKU. PesynbraTu MiCyMKOBOIO TeCTYBaHHA 4OJIOBiYOI Ta >KiHOYOI rpyn Oynm Kpalumm 3a pe3ynbTaTi
HOIIepefHBOrO TeCTYBAHHSA [0 MporpaMyBaHHs Ha 6asi Mopmeni JoBrocrpokoBoro po3sBuTky cunoptcmeris (LTAD).
Y 6inbII0CTi TOPIBHAHD Pe3yIbTaTiB MiICYMKOBOIO TECTYBaHHA MIX 4O/TOBIUOIO Ta KiHOYOI0 IPyIIaMy He 6y/I0 BUABIECHO
CTAaTUCTUYHO 3HAYyuX BigMmiHHOcTell. lle fae migcTaBy BBaXkaT, 110 i 4O/MOBiYa, i XKiHOYA TPyNM MOKPALIUIN CBOI
Ppes3y/IbTaTy Iic/Is 3aCTOCYBAHHA 1O HUX IIpOrpaMyBaHH: Ha 6a3i Mogeni JJoBrocTpokoBoro po3sutky cioprcMenis (LTAD).

Kiro4oBi cmoBa: [OBroCTpOKOBuUIT PO3BUTOK CIOPTCMEHIB, IIporpaMyBaHHs Ha 6asi mogeni JJOBrocTpoKOBOro
po3Butky cnoprcmenis (LTAD), Buntucs tpenysaru, 6aker6omictu Bikom 11-12 poxis.
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Abstract

Background. The inefficiency of the forehand stroke technique often stems from suboptimal execution of an athlete’s
biomechanical movements. For a forehand stroke to be effective, each biomechanical component - the ankles, knees,
hips, shoulders, and elbows — must function in an optimal manner. Disconnection of any of these elements can lead
to ineffective technique. High speed, influenced by the racket speed at the point of impact, is a key indicator of a
perfect forehand stroke. However, the challenge lies in the fact that an athlete’s movement and ball impact cannot be
accurately observed with the naked eye, necessitating specialized tools for analysis.

Study purpose. The study aims to develop software that assists in predicting ball speed outcomes based on an
athlete’s biomechanical movement during a forehand stroke execution.

Materials and methods. The research method employed R&D. Data collection techniques consisted of video
recordings of athletes’ forehand strokes, which were later analyzed using software that examines movement angles of
10 national athletes.

Results. The results indicated the average angles of elbows = 106.23, shoulders = 153.62, hips = 165.33, knees =
167.63, ankles = 164.54; and ball speed = 199.41 cm/s.

Conclusions. The conclusion drawn is that to execute an effective forehand stroke with good ball speed, a moment of
inertia must occur at the point of impact. The athletes should bend their elbow slightly, thereby reducing rotational
resistance and increasing the speed of the racket head. The ankles, hips, and shoulders must move in synchronization

within a continuous coordination chain, thereby allowing the athlete to fully leverage kinetic chain. The flexion
movement of the elbow during the forward swing step is more effective than the extension movement where the

elbow is slightly bent, resulting in a perfect shot.
Keywords: biomechanics, software, forehand, tennis.

Introduction

Tennis encompasses a variety of techniques such as the
forehand, backhand, volley, smash, and service. Among
these, the forehand stroke remains the most prevalently
used by tennis players (Ibrahim et al., 2013; Keaney &
Reid, 2018). Advanced players utilize the forehand stroke
technique approximately 85% of the time in every match
(Martin-Lorente et al., 2017). This technique is the most

© Irawan, R., Azam, M., Rahayu, S., Setyawati, H., Soedjatmiko,
Adi, S., Priyono, B., & Nugroho, A., 2023.
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natural, simplest to learn, and most frequently deployed in
tennis (Brown & Soulier, 2013).

In competitive tennis, it is widely acknowledged that
points are often secured or conceded based on a powerful
and consistent forehand groundstroke (Kwon et al., 2017).
An analysis of point acquisition among elite tennis players
highlighted that more points were won with the forehand
than the backhand (Genevois et al., 2015); in competitive
settings, forehand strokes are employed 25% more frequently
than backhand strokes (Nangia et al., 2021).

The forehand stroke can be broken down into three
stages: preparation, acceleration, and follow-through. The
preparation stage encompasses the backswing movement
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up to the forward swing. The acceleration stage starts from
the forward swing until impact. The follow-through stage
is marked by the racket’s impact and subsequent follow-
through (Rigozzi et al., 2023). In this study, the impact phase,
where the ball and racket collide to generate ball speed, is
used as a variable for product research.

One frequent issue observed on the court is an
ineffective forehand stroke technique, which limits the
power of the forehand stroke. This is often attributed to
coaches’ limited understanding of biomechanics. Without
the ability to accurately analyze techniques, athletes struggle
to enhance their performance, risking potential injuries
that could hinder their achievements. Unresolved incorrect
movements become ingrained through repetitive training,
complicating technical progression and potentially leading
to musculoskeletal joint damage (Gao et al., 2019).

Work biomechanics focuses on mechanical processes
such as force, speed, acceleration, momentum, and pressure
within the human body, in relation to the physical activities
performed by athletes (Sari et al., 2017). The biomechanical
foundation for executing a forehand stroke is vital for
optimal performance and injury prevention (Elliott et al.,
2018). The primary aim of applying work biomechanics is
to enhance human movement performance and mitigate
the risk of injury to the human musculoskeletal system
(Iridiastadi et al., 2014).

The biomechanical movement of the forehand stroke
techniqueis crucial in executing a dynamic stroke with speed,
necessitating consistent and strong muscle contraction
training. Functional tennis should incorporate dynamic
strength training, rather than static training. This involves
controlling, stabilizing, and slowing the body using eccentric
contractions, while concentric contractions generate rapid
body movements. For instance, to recover the forehand
stroke movement after a series of movements, eccentric
contraction occurs in the thigh muscles when the foot lands
and will recover again when preparing for a forehand stroke.
To execute a perfect forehand stroke with effective and
efficient biomechanical movement, concentric contraction is
performed in front of the shoulder when swinging as swiftly
as possible.

Analyzing biomechanical movement is not feasible
through observation alone; it necessitates the utilization of
technology. Past research (Evita & Subagio, 2020) conducted
an analysis of biomechanical movement using Kinovea
software, assessing arm and leg angles during the initial,
preparation, backswing, forward swing, and follow-through
phases. In another study (Sari et al., 2017), a body movement
measurement instrument was developed using a sensor
medium named ESMOCA, which measures angles and
calculates biomechanics. This study employed two models
for biomechanical measurements: the hand-elbow model
and the lower back model. The hand-elbow model focused
on measurements of the palm, forearm, and upper arm,
while the lower back model focused on measurements of the
upper and lower back. Research by (Bakhtiar et al., 2020)
developed a system that could estimate the impact force on
the forehand stroke by embedding signals into the racket.

In this context, the researcher developed a software tool
called “Biofor Analysis Software”. This tool functions by
recording the athlete’s forehand stroke movement on video,
which is then imported into the software. The software

automatically analyzes and detects the athlete’s movement
upon ball-racket impact. At the moment of impact, the
software reads the body segment angle of biomechanical
movement, including the ankle, knees, hips, shoulders,
elbow, and ball speed. Thus, by understanding the angle of
movement at the time of ball impact, it becomes possible to
predict the resulting ball speed.

In research (Evita & Subagio, 2020), the biomechanical
movement analysis using Kinovea required users to
manually analyze the athlete’s movement angle. The analyzed
movement angles were limited to the leg and hand angles,
and there was no measurement for the resulting ball speed.
In contrast, the research conducted by the current researcher
includes a comprehensive analysis of body segments such as
the ankles, knees, hips, shoulders, elbows, and also measures
the ball speed.

The research (Sari et al., 2017) utilized a sensor medium
named ESMOCA, attaching sensors to both the leg and arm
angles. However, attaching sensors to the legs and body can
restrict the athlete’s movement, and the sensors can easily
detach and are expensive. In contrast, the current research
measures the body segment angles of the ankles, knees, hips,
shoulders, and elbows without using sensor media, making
the process simpler, more practical, and cost-effective.

Research (Bakhtiar et al., 2020) used a single variable of
impact force to determine ball speed by attaching a signal
to the racket, which is less straightforward and requires
additional hardware, and it does not cover the aspect of
biomechanics that the current research aims to develop.
The current research is more practical and straightforward
as it does not require hardware, can directly detect ball
speed through ball collision (impact), and can detect
biomechanical movement through body segments such as
the ankles, knees, hips, shoulders, and elbows. The study
aims to develop software that assists in predicting ball speed
outcomes based on an athlete’s biomechanical movement
during a forehand strike impact.

Materials and methods

Study participants

The research methodology adopted in this study is
Research & Development, incorporating both qualitative
and quantitative data. The study’s population comprises
10 athletes from Pre-PON Jateng, consisting of five male
and five female athletes, and 10 Unnes tennis UKM athletes,
again with an equal gender distribution. The sample is
saturated with all the population members serving as sample
members, and the criteria for selection are male athletes,
resulting in a total sample of 10 athletes.

Study organization

The research design is experimental and data collection
techniques include questionnaires for experts to assess the
validity of the instrument. The sample was tested three
times. The test instrument uses a ball launcher and a video
camcorder/android phone. The product developed in this
study is the Biofor Motion Analysis Software application,
designed to predict forehand stroke speed based on the angle
of biomechanical movement at the point of ball impact.
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The productobserves the biomechanical movement from
the ankles, knees, hips, shoulders, and elbows at the moment
of ball impact. The system can automatically calculate the
angle. The system operates by collecting image data of the
tennis player using an Internet of Things (IoT) Modbus
sensor image acquisition circuit (Peng & Tang, 2022). The
product will detect the player’s movement angle using the
principle of human pose detection, which has 32 detection
points on the human body, and detect ball speed. The results
of detecting the player’s movement angle and ball speed are
stored in Excel as the final result of this product.

The stages of the research development procedure
include: 1) product analysis, 2) initial software instrument
and product development, 3) expert judgment, 4) product
trials, and 5) product revision.

The implementation of the research began with the
component analysis stage. This tool product will produce
output in the form of ball speed data and the pose of players
during the game. The required input data are spatial data in
RGB format where the player and ball are present. The main
components used are listed below.

Python 3
A programming language used to detect objects
in the form of humans and tennis balls.

Software

python

Visual Studio Code
An application for editing programming
languages.

4

Visual Studio Code

@

Hardware

&

Iriun
A tool to connect the webcam to the PC using a
wifi network.

Webcam
Used to record in real time at a predetermined
court angle.

Tripod
A A supporting tool for the webcam during video
shooting.
O\ Meter
l< 2 A tool to measure the angle of video shooting
o= or the size of the field.

The product will detect the player’s movement angle
using the principle of human pose detection, which has
32 detection points on the human body, and detect ball
speed. The results of detecting the player’s movement angle
and ball speed are stored in Excel as the final result of this
product. The flow diagram of how the system works:

Statistical analysis

This study uses descriptive and inferential analysis with
Two-Way ANOVA classification using the formula:

F = (RKa/RKd) > Fk-1; n—k or Sig. (P_value)

Where:

JKa = nS X2~ (¥x?/k)

JKd = JKsmk

JKT = Jka + JKd

df JKa =k-1

df JKd = N-k

System Design

Detected Pose Detected Ball
Apele Speed

Angle and speed’measurcment
results (up to date)

Detect
the ball

Detect
humans

Speed Detection
(Detect Ball Speed)

Human Pose Detection
(looking for a corner)

The data is
saved in exel

Fig. 2. How Product System Works

To ensure accuracy, the SPSS version 25 program is
used. The sample used in the research trial is illustrated in
Figure 1, which presents the system product work.

Results

The research on forehand stroke technique using a ball
launcher was conducted at the Dr. Sajoto tennis court, FIK,
Unnes from 14 July to 14 October 2023. The results of the
biomechanical movement test of the forehand stroke are as
follows.

From Table 1, at the moment of ball impact, the average
angles were — ankles: 164.54, knees: 167.63, hips: 165.33,
shoulders: 153.62, elbows: 106.23, and ball speed: 199.41
with a standard deviation of 42.41. The data show that the
software can accurately read the angles of biomechanical
movement and ball speed. Each stroke is analyzed by the
system up to 206 frames. The researcher only needs to
determine the optimal point position when the ball impact
occurs and then analyze each movement based on the
appropriate movement mechanics.
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Table 1. Average ball impact of athletes’ forehand stroke

No. Player's Result
Elbows Shoulders Hips Knees Legs Ball Speed
1 A-1-1 59.02 149.88 163.78 147.89 140.73 266.4
A-1-2 67.19 175.56 160.01 169.47 152.44 176.8
A-1-3 71.34 165.23 162.34 152.84 154.96 258.8
2 A-2-1 85.99 137.61 160.32 177.87 177.63 268.4
A-2-2 98.35 156.29 166.5 169.55 159.25 157.7
A-2-3 133.08 135.6 167.26 168.17 157.65 133.7
3 A-3-1 96.47 126.33 172.19 159.95 156.76 155.4
A-3-2 82.62 133.79 172.17 173.38 171.89 291.3
A-3-3 77.59 123.77 176.67 160.9 159.11 182.8
4 A-4-1 176.49 173.55 165.75 177.52 172.45 129.7
A-4-2 177.56 173.9 159.0 177.57 172.42 127.7
A-4-3 149.84 158.08 160.81 174.61 173.78 239.2
5 A-5-1 156.44 160.95 161.48 165.97 159.18 92.6
A-5-2 88.25 178.73 165.72 178.12 175.76 147.3
A-5-3 126.47 122.04 165.62 162.85 151.77 91.8
6 A-6-1 146.67 141.13 163.82 169.29 168.79 112.6
A-6-2 121.10 154.2 162.88 172.68 162.80 134.4
A-6-3 129.53 149.33 161.14 175.95 164.78 131.1
7 A-7-1 75 142.49 163.53 175.18 174.18 120.9
A-7-2 73.62 156.27 175.52 166.17 159.96 162.6
A-7-3 88.75 133.17 168.25 166.69 179.98 117.1
8 A-8-1 58.68 148.71 170.41 156.71 163.23 262
A-8-2 69.95 117.91 175.5 165.37 158.98 169.8
A-8-3 107.21 132.44 169.09 170.03 161.17 140.9
9 A-9-1 152.58 168.01 166.09 168.42 164.75 345.9
A-9-2 170.44 179.87 156.73 177.89 178.62 165.6
A-9-3 159.55 164.71 162.48 174.7 177.8 394.2
10 A-10-1 70.25 159.65 159.25 154.24 157.86 359.8
A-10-2 55.26 172.9 163.9 178.44 162.63 361.2
A-10-3 61.43 163.95 163.64 155.57 162.58 246.2
Average 106.23 153.62 165.33 167.63 164.54 199.41
SD 42.41
250

200 /
150 /
100

50
0
Elbows Shoulders Hips Knees Ankles Ball Speed
Fig. 3. Average Biomechanics of Forehand Stroke Impact
Discussion generating additional power and control. The racket plays a

crucial role upon impact. The racket experiences an impact

A well-executed racket strike is when the racket head  force from the ball, causing vibrations and generating a
trails the handle, allowing the player to utilize the ball's  unique frequency. Sunku Kwon (Kwon et al., 2017) suggested
momentum for added power upon impact. The ball’s effect  that the angle of the racket head (open/closed) affects ball
on the racket at the point of impact assists the player in  speed. Tom Allen (Allen et al., 2011) argued that alterations
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Table 2. Biomechanical Movement at the Moment of Impact

Body Part

Description

Shoulder

Body work: the head has to keep in line with the shoulders to keep balanced. The shoulders guide the arm movement.
Biomechanical consequences: Head and shoulders co-operate to keep balance throughout the impact.
Practical points: Teach your players to “watch” the ball at impact and to keep the chin up and forward.

Trunk and upper
body

Body work: Correct use of all body parts,. Grip: the further the grip is towards “western” the sharper the arc of the
racket path at contact point. Grip tension: is required to counteract any “off-centre” impact which create torque,
good timing.

Biomechanical consequences: By correct use of the body’s co-ordination chain, racket head speed is generated, as
angular momentum is transferred through the heavy parts of the body (which are the moving slowly) (eg. Torso) to
the light parts (wrist) ( which therefore have to move very fast), to keep the formula of weight x speed balanced. The
western grips create topspin through applying torque on the ball. The torque is a product of the ball's momentum at
impact and how far off the centre of the racket the impact occurred. By controlling the co-ordination chain and its
constituent units, and interpreting tha ball’s flight path.

Practical points: Remember that extreme grips have disadvanteges associated with shot variety and shot
improvisation. Ball hit from the “sweet-spot” require very little tension. Grip tension during the take-back and swing
is counter-productive. Helping the player to hit with rhythm or flow is essential when searching for racket head

speed. Help the player to hit the ball well rather than just trying to hit hard.

Hips

Body work: They keep in line with the shoulders.

Biomechanical consequences: Hips, trunk and shoulders are the basic elements to maintain the balance throughout

the impact.

Practical points: Teach your players that during impact (0.004 secs) balance is extremely important.

to the racket head influence the racket’s operating system.
A closed racket head angle results in a higher ball speed
compared to an open racket head angle (Ikenaga et al,,
2020), and the speed of the racket head influences ball speed
upon forehand stroke impact (Elliott et al., 2018).

At the moment of racket and ball impact, the shoulders
swing forcefully to generate explosive power. According to
(Reid et al., 2013) and (Genevois et al., 2015), in terms of
kinematics, skilled players apply more body rotation during
the execution of the forehand stroke, resulting in a higher
shoulder speed.

The results from the study (Iino, 2018) demonstrate
that the rotational speed of the hips on the player’s side
is positively related to the horizontal racket speed at the
moment of impact.

The movement of the back foot following impact
influences the ball speed (Shimokawa et al., 2022). The
more forward the back foot moves after impact, the greater
the power generated. In biomechanics, this is referred to
as linear momentum, which involves moving body weight
forward towards the stroke.

The legs, hips, and trunk should move in a synchronized
chain of coordination, enabling athletes to fully harness the
kinetic chain (Roetert et al., 2009).

The flexion movement of the elbow during the forward
swing phase is more effective than the extension movement
of the elbow (Widiyatmoko et al., 2021). Keeping the elbow
slightly bent leads to a perfect shot and minimizes the risk
of injuries.

Cyril Genevois (Genevois et al., 2020) stated that the
internal rotation of the humerus and pronation of the
lower arm contribute to an ideal shot. This action should
occur naturally without forcing the wrist into extension; it
should happen as a result of stroke mechanics and good
power preparation. Most professional players achieve a
degree of delay before making contact with the ball. With a
semi-western grip at impact, certain outcomes are produced
(Bahamonde, 2001), including:

o Due to the semi-western grip, the wrist is pulled back
at impact.

o The head remains entirely still, and the eyes focus on
the stroke.

« Typically, an open-stance foot positioning is observed
at the time of impact. Research has shown that top
players (both men and women) use an open-stance
on the forehand 90% of the time.

« Knee extension, along with right hip rotation, ensures
the load is transferred along the racket head’s path
from the swing before and after collision.

o The racket head may be slightly below the wrist at
impact, which can be acceptable.

o If the racket head is significantly below the wrist,
then the grip will weaken and control will decrease.

The advantage of the product developed in this research
isits ease and practicality of use for measuring biomechanical
movementandball speed, and its cost-effectiveness. However,
the product also has a limitation: the forehand speed in the
program is still measured in pixels/second in the 2D space of
the video image, and not in actual measurements. Therefore,
it needs to be adjusted to the dimensions of the field size and
the athlete’s forehand speed reference.

There were several challenges encountered during
data collection, including the need for a sterile field free
from surrounding objects such as scattered leaves, rolling
balls during the athlete test, and clothing that must not be
similar in color to the ball. Despite these challenges, the
strength of this research is that the data collection process is
straightforward because it only relies on a video camcorder
or Android phone.

Conclusions

The analysis of the biomechanical motion of a forehand
stroke, specifically in relation to ball speed, can be evaluated
throughtheobservedimpact oftheballand the corresponding
angles of the ankles, knees, hips, shoulders, and elbows. The
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findings of this study confirm that the developed product
can precisely detect the angular movements of athletes and
the corresponding ball speed. It is thus inferred that this
tool is apt for athletes and trainers to scrutinize and appraise
forehand stroke techniques, resulting in the optimization
and enhancement of biomechanical movements. It is
advisable for coaches to utilize this tool to augment the
forehand technique and amplify the power of their athletes’
forehand strokes. In the event of movement discrepancies,
the software is proficient in identifying the precise location of
these errors, thus enabling coaches to implement corrective
strategies in subsequent training sessions.
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BIOMEXAHIYHUW PYX TEHICHOIO YOAPY BIAKPUTOIO PAKETKOIO:
AHAI3 BMJINBY HA WUBUAKICTb M'AYA 3A AONMOMOrIolo
MPOrPAMHOIO 3ABE3INEYEHHA BIOFOR ANALYSIS

Piko IpaBan'4B°PE Maxanyn Aszam'4®, Cerbs Paxaro'4®, Xeni CerpaBari'®,
Y.
Coemxarmiko'*PE) C. Ani , bamoOan Ilpiitono'**; Anan Hyrpoxo
JI 1BDE AH 1ABCD B 6 1AB A Hy 1AB

'CeMapaHTIChKUII Iep>KaBHMI YHiBepCUTET

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarts: 7 c., 2 Tabn., 3 puc., 24 mxeperna.

Icropis nuranHsa. HeeeKTUBHICT TEXHIKM yAapy BifKPUTOI paKeTKOIO YacTO [TOB sI3aHA 3 HEOIITYMA/IbHVIM BUKOHAHHSIM
6ioMexaHIYHUX PyXiB CTOPTCMEHOM. [I1s1 TOro, 1106 yAap BifKpUTOI0 paKkeTKO OYB eheKTHBHUM, KO>KeH 6i0MeXaHiTHMIT KOMIIO-
HEHT — IIMKOJIOTKI, KOJIiHa, CTETHa, IIJIedi Ta JIIKTi — MOBMHEH (’pyHKuiOHyBaTM ONTUMAaTbHIM YMHOM. BigkmroueHHS 6y11b-;11<0r0 i3
LIVIX e/IEeMEHTIB MOXKe IIPU3BECTI A0 HeeeKTUBHOCTI TeXHiKu. Brcoka MIBUAKICTD, sIKa 3aJIOXUTD Bijj IIBUKOCTI paKeTKM B TOYLI
YZapy, € KIIIOYOBYM IIOKa3HIKOM iflea/IbHOrO yAapy BifkpuTow pakerko. [Ipore mpobiema mossrae B TOMY, L0 PyX CIIOPTCMeHa
Ta yap [0 M’ A9y HEMOX/IMBO TOYHO CIIOCTEpiraTu Heo36pPOEHNM OKOM, TOMY LA aHa/li3y IOTpiOHi crelia/ibHi iHCTpyMeHTH.

Merta gocnimkeHHs. MeToo [OCTiKeHHs € po3poOKa IIPOrpaMHOro 3abesIedeH s, siKe JOIIOMarae porHo3yBaTy pesy/ib-
TaTy MIBUAKOCTI M 's19a 3a/IeXKHO Biff 610MeXaHIYHOTO PyXy CIIOPTCMeEHa IIiJi Yac BUKOHAHHS yAAPY BiIKPUTOIO PaKEeTKOIO.

Marepianmu Ta Metopu. MeTon pocmipkeHHs nepenbadas 3acrocyBanus HIIJIKP. Metopu 360py maHuX BKIIOYaIN Bifeo-
3aMNCY YAapiB CHOPTCMEHIB BiJKPUTOK PaKeTKOI, sIKi Mi3Hillle aHa/Ii3yBa/IM 3a JOIOMOTIOK IIPOrPAMHOro 3abesIedeHHsl, sKe
aHaslisye KyTu pyxiB 10 HallioHaIbHMX CIOPTCMEHIB.

Pesynbraru. Pesynbrati nokasanu cepefsi KyTu mikTiB = 106,23, ntedeit = 153,62, creron = 165,33, xonin = 167,63, mmxo-
JIOTOK = 164,54; i mBuakicTs M'a4a = 199,41 cm/c.

BucHoBKH. 3p0o06/ieH1iT BICHOBOK IIO/ISATAE B TOMY, 1O [/Is1 BUKOHAHHS €()eKTUBHOTO yAAPY BiIKPUTOI PAKETKOIO 3 TAPHOIO
MIBU/IKICTIO M’ 144 B TOYIIi yIapy Mae BUHMKHYTY MOMEHT iHep1iil. CllopTcMeHaM CIIij TPOXY 3STMHATH JIIKOTb, TUM CAMVM 3MEHIIy-
10411 OITip 06epTaHHIO Ta 301/IbLIYI0UN UIBUAKICTH r0710BYU pakeTku. [I[MKOMOTKY, CTerHa Ta I/Iedi IOBMHHI PyXaTucs CUHXPOHHO B
Me)kax Oe3HnepepBHOrO KOOPAMHALITHOTO JIAHIIIOra, TUM CaMIM JJO3BOJII0YM CIIOPTCMEHY IMOBHICTIO it MAKCHMa/IbHO e(peKTUBHO
BUKOPVCTOBYBATY KiHETMYHUIT NAHIIOL. PyX 3TMHAHHSA TIKTS I1i] YaC BUKOHAHHS Maxy BIlepef € epeKTUBHIIINM, HIXX PyX po3-
TVIHAHHA, KOJIM JIiIKOTh TPOXM 3irHYTHIA, O Ia€ B Pe3Y/IbTaTi iflea/IbHnil yaap.

KrouoBi croBa: 6iomexaHika, IporpaMHe 3abesIedeHHs, YAap BifKpUTOI paKeTKOI, TeHiC.
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Abstract

Background. Somatotyping in modern sports can be an important factor to be considered. Different studies have
already taken the initial step to identify the sport-specific somatotypes for different games and sports. In contrast
with the Kho-Kho game, some attempts have been made to identify somatotypes specific for these games. But there
are only few studies that have been conducted, and various areas are still waiting to be explored.

Study purpose. The present study aimed to identify the specific somatotypes of the kho-kho players. Additionally,
this study also made an attempt to explore the important somatic traits that influence the somatotypes of the Kho-

Kho players.

Materials and methods. A total number of 74 players from six Kho-Kho teams that participated in East Zone
Inter-University Tournament were purposively selected for the study. The anthropometric data collection was done
according to the standard procedures given by ISAK (International Society for Advancement of Kinanthropometry).
The statistical analysis was done by using MS Excel (2021) and SPSS23.

Results. The results of the study showed that most of the Kho-Kho players (90.6%) were possessing ectomorphic
and mesomorphic dominant traits. There was also a significant difference found in ectomorphic and mesomorphic
traits among the players possessing mesomorphic-ectomorph (p<0.05), ectomorphic-mesomorph (p<0.05) and
ectomorph-mesomorph (p<0.05) somatotypes. Furthermore, the discriminant analysis also highlighted that
attributes of ectomorphic traits (Discriminant coefficient = 1.168) and mesomorphic traits (Discriminant coefficient
= 0.812) were important somatic traits for the Kho-Kho players. Overall, 88.6% of the original cases have been

correctly represented by the discriminant analysis.

Conclusions. The present study showed that Kho-Kho players for the most part possess the ectomorphic and
mesomorphic dominant somatotypes. Furthermore, based on the study results, it can be also concluded that somatic
attributes in the similar body types also play important role to determine players’ performance level.

Keywords: anthropometric, ectomorph, mesomorph, endomorph, discriminant analysis.

Introduction

The impact of somatotypes on sport performance
is a very important area to be study in the field of sport
science (Eston & Reilly, 2009). Based on athlete’s physical
traits, including lean muscle mass and body fat distribution
somatotype can be differentiated. This somatotypes are
mainly endomorphic, mesomorphic, ectomorphic dominant
types (Carter, 2002). Several studies (Ryan-Stewart, 2018;
Cardenas-Fernandez, 2017; Kandel, 2014) showed that there
is positive relation exists between the somatotyping and
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sport performance. It was investigated that the mesomorph
and ectomorph dominant traits might be the essential factor
for strength specific games (Ryan-Stewart, 2018). Similarly,
some games having some specific somatotypes has very
much position impact on the game performance (Cardenas-
Fernandez, 2017). Having low rate of endomorphic traits
and higher ectomorphic dominant somatic traits can
influence the agility related movements (Kandel, 2014).These
forementioned studies indicates that there is a relationship
exist in between sport and somatotypes. A number of studies
has already established positive impact of somatotypes in
relates to different games and sports. However, there are only
a few studies found regarding the impact of somatotypes on
the indigenous sport Kho-Kho.
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The playing style of Kho-Kho is very highly intensive
and dynamic in nature. It requires speed, ability to change
the direction, endurance and explosive leg power as a basic
physical abilities (Joshi & Kalode, 2019; Rathore & Singh,
2014). These specific physical abilities also related to the so-
matic traits of the athlete. Studies showed that mesomorph
characteristics have very much correlation with the explo-
sive power (Cinar and Koca, 2018). Ectomorph dominant
somatotypes were suitable for the events that requires endur-
ance and strength for prolonged time (Cinar & Koca, 2018;
Franchini et al., 2019). The endomorphic somatotypes may
not dominant in sporting event. Somehow it is also pos-
sessed by the athletes but less dominant while compared to
other two dominants characteristics (Cinar and Koca, 2018).
It is understandable that different body shapes may have dis-
tinct benefits or drawbacks in terms of in-game performance
(Kandel et al., 2014; Knechlte et al., 2010; Giannopoulus et
al,, 2017). These potential relationships might also be better
understood by looking at somatotype of kho-kho players.

Existed literature already explained the relation among
physiological parameters and kho-kho playing abilities (Pe-
rumal et al., 2019; Pal et al., 2018). However, the importance of
somatic traits and somatotype were not examined thoroughly in
Kho-Kho games . Though they were very much related to physi-
ological variables (Perumal et al., 2019; Pal et al., 2018; Kandel et
al.,, 2014; Knechlte et al., 2010; Giannopoulus et al., 2017). Some
Studies tried to investigate anthropometric measures and so-
matotypes with playing abilities (Manohar, 2015; Jaiswal, 2014).
However, very limited number of studies has aimed to identify
the distinct somatotypes of the kho-kho players.

Therefore, the present study firstly aimed to identify the
the somatotypes of the kho-kho players. Secondly, this study
also aimed to find out the which somatic traits were more dis-
tinctive. Analyzing across different somatotype categories of
Kho-Kho players, specific somatic traits could be uncovered.
Understanding the somatotypes of the kho-kho players with
performance level will hold significant value for optimizing
training programs, talent identification, and player develop-
ment strategies within this unique. When the possible relation-
ship between somatic features within the performance level is
investigated, significant insights into the physical needs and
potential advantages of certain body types can be established.

Materials and methods

Participants

All the players were selected from teams participated in
East Zone Inter University Kho-Kho Tournament (India)
held in the year 2023. The present study was confined among
six (6) teams; among which three (3) of them were finalist
and three (3) of them were non-finalist team. All the teams
were purposively selected and they had played minimum
4 matches. The total number of 74 (34 from finalist team
40 from non-finalist team) players were from both finalist
and non-finalist teams were participated.

Data collection

A written consent from the respected teams were taken
prior to the collection of the data. All anthropometric
measurements were taken according to guidelines given

by ISAK (The International Society for Advancement of
Kinanthopometry). The anthropometric measurements
were measured by ISAK (level-1) certified person only. The
Standards and tools for the assessment given by ISAK were
used for the calculation of the somatic traits (Norton, K.,
2018)

In the following table 1 description of the anthropomet-
ric dimensions has been mentioned.

Table 1. Description of sites for measure, equipment’s used
and unit of measure

Sites for the . Units of
Equipments used
measurements measure
Standing stature Stadiometer Centimetre (cm)
(Seca 213)
Body mass Weighing machine  Kilogram (kg)
(Hoffen Digital
weighing machine)
Four skinfolds Harpenden calliper ~ Millimetre (mm)

(triceps, subscapular, (Galaxy)

supraspinale, medial

calf)

Two bone breadths Sliding calliper Centimetre
(biepicondylar (Cescorph) (cm)
humerus and femur)

Two limb girths (arm  Anthropometric tape Centimetre
flexed and tensed, (Cescorph) (cm)

calf)

Classification of the participants

All the participants teams has been categorized into
qualified and non-qualified groups based on the qualification
criteria of the tournament. It was assumed that players
of qualified teams were better at performer. In support, a
Team Performance Index (SPI) was calculated to ranked
the all qualified and non-qualified teams to observe the
performance level. The SPI has been calculated based on
ratio of point scored by a team per matches and matches
played (minimum 4 matches).

Team Performance Index (TPI):

Team performance Index (TPI) in constructed for the
ranked the teams based on their overall team performance.
Mathematical expression for (TPI):

2 /T,
N

Where S, = Total Point scored in each match played (n=
1,2, 3,4....n). T, = Time duration taken for score ‘Sn.

TPI =

Statistical analysis

All the collected data has analysed using MS Excel
(2021) and SPSS’23. Descriptive statistics were implied as
required to present the data. To determine the significance
difference between the finalist team and non-finalist team
‘t-test’ was applied at 0.05 significance level.
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Thediscriminantanalysishasbeen done foridentification
of the most influential somatic trait on the somatotypes of
the kho-kho players. All the players were divided into two
groups based on a criterion which was qualification for the
final round and failed to qualify for the final round. The
somatic traits which are ectomorph, mesomorphic and
endomorph has been considered as independent variables.
Based on these somatic traits, discriminant coefficient was
calculated for the forementioned somatic traits from the
both players of the categorial groups. The significance of
the model has been further evaluated by analysing Wilk’s
Lambda value and the canonical correlation coefficient.

Results

In this following section obtained result of the current
study has been mentioned. The table 2 provides somatotype
characteristics for non-qualified teams (N=40) and qualified
teams (N=34) in a competition. The somatotypes are
categorized based on endomorphic, mesomorphic and
ectomorphic traits. The players from the qualified teams
with mesomorphic-ectomorph players showed a mean
score of 1.64+0.52, 4.3740.14, & 5.32+0.16 for endomorphic,
mesomorphic, and ectomorphic traits, respectively (table 2).

And for the ectomorphic-mesomorph types the average
scores for endomorphic, mesomorphic, and ectomorphic
traits are 1.67+0.31, 5.12+0.11, and 4.30+0.18, respectively
(table 2). The scores for endomorphic, mesomorphic, and
ectomorphic traits are 2.00+0.22, 4.00, and 4.00, respectively
for the mesomorph-ectomorph types (table 1). The mean
score of the balanced-ectomorph for endomorphic,
mesomorphic, and ectomorphic traits are 2.5+0.11, 2.5+0.11
& 4.98+0.16 respectively and for the body types balanced-
mesomorph the mean scores are 2.4+0.08, 5,2.4+0.08. On the
other hand, For the players of non-qualified teams having
mesomorphic-ectomorph somatotype, showed average
scores for endomorphic, mesomorphic, and ectomorphic
traits are 1.87+0.12, 3.03£0.65, and 4.45+0.61, respectively
(table 2). Similarly, players of non-qualified teams possessed
by ectomorphic-mesomorph somatotypes, the average scores
for endomorphic, mesomorphic, and ectomorphic traits
are 1.99+0.22, 4.20£0.54, and 3.90+0.54 respectively and
for mesomorph-ectomorph, the scores for endomorphic,
mesomorphic, and ectomorphic traits are 2.00+0.11, 3.22,
and 3.22, respectively (table 2). The mean score of the
balanced-ectomorph for endomorphic, mesomorphic, and
ectomorphic traits are 2, 2& 4.36+0.08 respectively and for

the body types balanced-mesomorph the mean scores are
2.67+0.03, 4.87+0.03, 2.67+0.21 (table 2).

Table 3. Overall description of the somatotypes among the
EZIU Kho-Kho players, 2023

1\SII(;. S e Distributi((l)\lllz(;f4 t)he players
1 Mesomorphic-ectomorph 36.5% 90.6%
2 Ectomorphic-mesomorph 23.0%
3 Mesomorph-ectomorph 12.2%
4 Balanced-mesomorph 10.8%
5 Balanced-ectomorph 8.1%
6 Endomorphic mesomorph 4.1%
7 Endomorphic-ectomorph 2.7%
8 Endomorph-mesomorph 1.4%
9 Mesomorphic-endomorph 1.4%

The description of of the body types possessed by
the kho-kho players from EZIU, 2023 were presented in
table 3. It showed total number of nine (9) somatotypes
were found among the players. From the table 3 it presented
that mesomorphic-ectomorph (36.5%), ectomorphic
mesomorph (23%) and mesomorph-ectomorph (12.2%)
were at the top of the table 3. Whereas endomorphic
dominant somatotypes were positioned at the bottom based
on their percentage distribution.

Table 4 showed that rank of the teams based on the Team
performance index. It can be observed from table 4, that
qualified teams DD, TMB & PRV having TPI credit more
than 1. (1.53, 1.36 & 1.19 respectively). While non-qualified
teams NS, SMBP &BH having comparatively low TPI credit
equal or less than 1 (1, 0.94 & 0.72 respectively).

Table 5 represented the difference of somatic traits be-
tween qualified and non-qualified teams. It showed that play-
ers with mesomorphic-ectomorph types having attributes of
mesomorphic (p = 0.0002) and ectomorphic traits (0.0495)
significantly higher than non-qualified teams (table 5).
In somatotypes of ectomorphic-mesomorph, also having
mesomorphic (p=0.001) and ectomorphic traits (p = 0.044)
significantly differ than non-qualified teams (table 5). Simi-
larly in mesomorph-ectomorph somatotypes showed bet-
ter mesomorphic and ectomorphic traits among the players
from the qualified teams (p = 0.03 & p = 0.03 respectively).

Table 2. Description somatic traits of qualified and non-qualified teams of EZIU Kho-Kho tournament, 2023

Qualified Team Non-qualified Team
Somatotypes Endo—m.orphic Meso—m.orphic Ecto—mf)rphic Endo—m.orphic Meso—m‘orphic Ecto—m.orphic
traits traits traits traits traits traits
(Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD) (Mean+SD)
mesomorphic-ectomorph 1.64+0.52 3.29+0.46 5.35+0.16 1.87+0.12 2.86+0.38 4.45+0.61
ectomorphic-mesomorph 1.67+0.31 5.14+0.55 3.71+£0.75 1.99+0.22 4.16+0.28 2.87+0.49
mesomorph-ectomorph 2.00+0.22 5.50+0.70 5.50+0.70 2.00+0.11 3.12+0.37 3.12+0.37
Balanced-ectomorph 2.50+0.11 2.50+0.11 4.98+0.16 2.00+0.23 2.00+0.23 4.36+0.16
Balanced-mesomorph 2.10+0.45 4.85+0.95 2.10+0.45 2.00+0.97 4.87+0.03 2.00+0.97
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Table 4. Description of the topmost five somatotypes (which describe more that 90% of the players) among the teams with

their Performance Index

Team Mesomorphic Ectomorphic- Mesomorph-  Balanced- Balanced-
Team Initials Performance Rank ectomorph Mesomorph Ectomorph ectomorph mesomorph
Index (TPI) (%) (%) (%) (%) (%)

Qualified DD 1.53 1 63.64 9.09 9.09 9.09 9.09
Team TMB 1.36 2 20 20 10 10 40

(N=32) PRV 1.19 3 36.36 45.45 00 00 18.18
Non-qualified NS 1 4 3571 28.57 21.43 7.14 7.14
Team SMBP 0.94 5 33.33 22.22 33.33 11.11 0

(N=32) BH 0.72 6 33.33 33.33 11.11 00 22.22

However, among these three somatotypes endomorphic
traits were having insignificant difference between the
qualified and non-qualified teams (p=0.0181, 0.195 & 0.50
respectively) (table 5).

The table 6 represents the results of a discriminant
analysis performed on a set of predictor variables to classify
observations into two groups - qualified teams and non-
qualified teams. The table shows the standardized and
unstandardized discriminant function coefficients for the

Table 5. Difference between somatic traits found between
qualified and non-qualified teams

. Non-
Somatic Q] Qualified
Somatotypes . Team p- value
Traits (Mean) team
(Mean)
M bi Endomorph 1.64 1.87 0.181
CSOMOTPIICT N fesomorph  3.29 286  0.010*
ectomorph
Ectomorph 5.35 4.45 0.001*
. hi Endomorph 1.67 1.99 0.195
clomorphic- ypocomorph  5.14 416  0.000*
mesomorph
Ectomorph 3.71 2.87 0.012%
. b Endomorph 2 2 0.50
ctomorph- Mesomorph 5.5 314 0.04*
mesomorph
Ectomorph 5.5 3.14 0.04*
Bal d Endomorph 2.5 2 0.42
atancec Mesomorph 2.5 2 0.42
ectomorph
Ectomorph 4.98 4.36 0.61
Balanced Endomorph 2.1 2 0.57
aranced- Mesomorph 5 4.87 0.68
mesomorph
Ectomorph 2.1 2 0.57

three predictor variables - Ectomorphic traits (1.168 &
1.284), Mesomorphic traits Endomorphic traits (0.029 &
0.057). It also shows the values of group centroids value
1.267 and -1.267 for the qualified and non-qualified teams
respectively. The eigenvalue found in this study is 1.683a and
Wilk’s Lambda coefficient is 0.373. The canonical correlation
coefficient also found 0.792. These values in the table 6 can
be used to estimate the discriminant function, evaluate its
significance, assess classification accuracy and interpret the
results of the analysis.

Discussion

The finding of the study revealed that majority of the
Kho-Kho players having ectomorphic or mesomorphic
dominant traits. It was found that somatotypes such as
mesomorphic-ectomorph, ectomorphic-mesomorph and
mesomorph-ectomorph were possessed by more than 70%
of the players. However, discriminant analysis showed that
mesomorphic and ectomorphic attributes are significantly
higher among the qualifying team. This might be the reason
behind the performance difference in qualifying teams than
non-qualifying teams.

It’s interesting to note that somatic traits can have an
impact on athletic performance, particularly in games
like Kho-Kho that require speed and explosive power.
According to Kumar and Arumugam (2018), individuals
with ectomorphic and mesomorphic dominant traits tend to
perform better in these areas. The present study also found
that players from qualified teams exhibited comparatively
higher somatic attributes than that of the non-qualified team
(Table 2). Similarly, this study also indicates that more than
90% of the Kho-Kho players were having either ectomorph

Table 6. Interpretive measure for Discriminant Function Coeflicients between players of qualified and non-qualified teams

Standardized Unstandardized

Values of Group Centroids

. Discriminant Discriminant . Wilk’s Lambda Canonical
Variables . . ] Eigen value . .
Function Function . Non-qualified Coefficient  correlation
. . Qualified teams
Coeflicients Coeflicients teams
Ecto-morphic Traits 1.168 1.284
Meso-morphic Traits 0.812 0.792 1.267 -1.261% 1.683* 0.373 0.792
Endo-morphic Traits 0.029 0.057

* For the Qualified teams 86.4% of original grouped cases has been correctly classified.
®  For non-qualified team 90.9% of the original ceases has been correctly qualified.

¢ Overall, 88.6 % of the original cases has been correctly qualified.
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or mesomorph characteristics as dominant traits (Table 3).
Indeed, those 90% of the players can solely explained by
five somatotypes, namely mesomorphic-ectomorph,
ectomorphic-mesomorph, mesomorph-ectomorph,
balanced-mesomorph and balanced ectomorph. These traits
may contribute to an individual’s ability to change direction
quickly and generate explosive power, making them well-
suited for sports like Kho-Kho (Manohar, 2015).

Achieving the optimal level of performance in any sport
is contingent upon several factors, encompassing physical
attributes, psychological elements, and skill-related aspects.
A significant number of studies has been already enlightened
that somatotyping on the basis of anthropometric factors has
the possible effect on the sport performance (Malousaris et
al., 2008; Sleeper et al., 2012; Singh et al., 2010). Importantly,
the utilization of a targeted training program also has the
potential to induce transformations in anthropometric vari-
ables, consequently leading to notable alterations in somatic
traits. An investigation conducted by Sadeghkhani et al.
(2022), showed that planned plyometric and resistance train-
ing program can be effective on the attributes of ectomorphic
and mesomorphic traits of athletes. The study was conducted
for eight weeks on the elite sport person of various fields. The
findings of the study demonstrated that this particular train-
ing program resulted in significant changes in somatic traits
among the participants (Sadeghkhani et al., 2022). A number
of studies (Sleeper et al., 2012; Zaccagni, 2012; Ostojic, 2006)
has been also indicated that specific training regimens can
have a direct or indirect influenced the somatotypes and so-
matic traits. This might be one of the reasons for which ma-
jority (more than 90%) of the Kho-Kho players were found
mesomorphic or ectomorphic dominant; because of the spe-
cific training programme for Kho-Kho game.

The present study implied a Team Performance Indica-
tor (TPI) to rank all of the qualified and non-qualified teams
(table 4). The TPI is formulated based on the overall scoring
by an induvial team per match played. The greater the credit
of the TPI, the higher the team’s rank. As a result of the TPI, all
of the qualified teams received the top three rankings (ranks 1,
2 & 3). The non-qualified received lower ranks, indicating that
there might be some performance difference exist between
the qualified and non-qualified teams in terms of scoring.

A statistical comparison of the morphological traits of
the five out of nine identified somatotypes has been presented
in table 5. The analysis revealed that these five somatotypes
accounted for 90% of the Kho-Kho players in the study. The
players possessing mesomorphic-ectomorph somatotypes,
showed a significant difference in the mesomorphic traits
(p = 0.010) of the players of the qualifier and non-qualifier
teams and the ectomorphic traits (p= 0.001) (table 5). In the
ectomorphic-mesomorph group (table 5), the mesomorph
feature showed a significantly higher mean value in the
players of qualified team (mean = 5.14) compared to the
players of non-qualified team (mean = 4.16). Similarly,
there was also a significant difference (p-value of 0.044*)
exist in the ectomorph characteristic between the players
of qualified and the players of non-qualified teams in the
ectomorphic-mesomorph group. While assessing the
mesomorph-ectomorph somatotypes, it was found that both
mesomorphic traits (0.04) and the ectomorphic traits (0.04)
were significantly higher in the players of the qualified teams
(table 4).

A similar result achieved by Manohar (2015) while
studying on medallists and non-medallist Kho-Kho players.
Medallist players were shown to have more mesomorphic
and ectomorphic features than non-medallist players, and
they are predominantly mesomorphic-ectomorphs. The re-
sult found in the current study also very much accordance
with the study done by Arjunan (2015) on the college level
kho-kho players. It was found that mesomorphic and ecto-
morphic traits were significantly dominant but endomor-
phic traits were not a significantly dominant while compare
with other two morphic traits (Arjunan, 2015). Moreover,
the study indicated that when comparing the balanced me-
somorph and balanced ectomorph somatotypes, there were
no significant differences in any of the three somatic traits
between the players of qualifying and non-qualifying teams.
In the case of balanced-morphic somatotypes, all three so-
matic traits carry a comparable weight while defining the so-
matotyping. It could be inferred that in activities where en-
domorphic traits are more influential in determining body
types; mesomorphic or ectomorphic traits may not have as
significant an impact.

The data presented in table 4 and table 5 highlighted
characteristics differences between players from qualified
and non-qualified teams. These differences were evident
from the both TPI and the attributes of somatic traits found
among players from qualified and non-qualified teams. The
findings from table 5 showed that significant difference ex-
ists in mesomorphic and ectomorphic traits of the players in
three out of five somatotypes. These three specific somato-
types identified in the present study were mesomorphic-
ectomorph, ectomorphic-mesomorph and mesomorph-ec-
tomorph. It is noteworthy that players from all these three
body types were solely accounted for the 70% of the players
considered in this study. Based on the evidence uncovered
in the results (table 4 & 5), the present study proceeded to
investigate the specific morphic traits that exert influence
while defining the somatotypes of EZIU Kho-Kho players.

The results of discriminant analysis identified the
specific the somatic traits that have the most impact on
the body types of the EZIU Kho-Kho players (table 6). The
discriminant coeflicient measures the effectiveness of the
variable for the discrimination (Jhonson & Wichern, 2007).
Higher value of the discriminant coeflicient indicates higher
discriminating power. In the present study it was found
that ectomorphic trait was the most powerful discriminant
variable and followed by the mesomorphic traits among
the Kho-Kho players of EZIU 2023 (table 6). Having
ectomorphic and mesomorphic dominant somatotypes have
more advantages for the game like Kho-Kho which demands
sudden acceleration, leg explosiveness and ability to change
the direction (Joshi & Kalode., 2019; Rathore & Singh,
2014). The group centroid represents how the groups were
clearly distant apart on the basis of discriminant functions
for each group, i.e., qualified teams and non-qualified teams.
The centroid value of qualified team (1.268) distinguishably
indicated that players of qualified teams possessed better
attributes of somatic traits which was suitable for the playing
nature of the Kho-Kho game (table 6).

The coeflicient of Wilk’s lambda in discriminant analysis
verifies the significance of the discriminant model as whole.
The range of the Wilk’s Lambda value lies between 0 to 1
in linear discriminant analysis. As the resulted value closer
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to 0, the significance level becomes higher. The value of
0.373 for Wilk’s lambda in the present study indicating a
higher significant level of the discriminating model in the
present study (Everitt & Horthron, 2006). Additionally,
the eigenvalue of the present study clearly supporting the
discriminant function of the present study with a coeflicient
of 1.683a. This eigenvalue coefficient clearly explained
adequate amount of variance in the categorial variables
exist for the support of the present model. Along with this
predicted model has been accurately able to predict 88.6% of
the original cases in this study (table 6).

Conclusions

The study highlighted that ectomorph and mesomorph
dominants traits can be a one of the basic criteria for the
selection of Kho-Kho players from the East Zone India.
Moreover, the attributes of the dominant somatic traits
could be also defining factor for the performance level.
Though future studies are needed to establish direct impact
of somatic traits and the performance. According to the
objective, the study was successfully able to assess the specific
somatotypes and somatic dominant traits for the Kho-Kho
players. Additionally, study also signified the areas where
the similar somatotypes differ in terms of somatic attributes
among the players of qualified and non-qualified teams.
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COMATOTUNMU MIXKYHIBEPCUTETCbKUX T'PABLIIB
Y XO-XO B PETIOHI CXIAHA IHAIA

Anxkyp Ixitori IIxykon'*2<P, Cm ®appyk'®P, Kpimnengy Jxap's<?
"Tpunypcbkuii yHiBepcutTeT

ABTOpPCHKMIT BKTAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 7 c., 6 Tabm., 26 HKepen.

Icropis nutanns. COMAaTOTUIIYBAHHS B CYY4aCHOMY CIIOPTi MOXXe OyTy BOXINBUM (PAKTOPOM, SIKUIT CIIify OpaTit Ko yBarm.
[HIII OCTIPKEHHA BXKe 3poOMIN MepIInii KPOK /IA BU3HAUYeHHA CIHOPTUBHMX COMATOTHUIIB JyiA iHIMX irop i BupiB cmopry.
Ha Bigminy Bix rpu xo0-xo0, 6y 3po6ieHi neBHi cripo6y BUABUTI COMAaTOTUIIN, XapaKTepHi /sl 1uX irop. Ajie 6y/10 IIpOBefieHO
JIMIIe KiZTbKa HOCTIKEeHb, a Pi3Hi 06/1aCTi JOCI 4eKaI0Th Ha JOCTIIKEHHSI.

Merta gocmimkeHHs. MeTOI0 I[bOTr0 JOCTIIKEHHS 6y}10 BUSHAYNTH CrennivHi COMaTOTUIN TPpaBIiB y X0-X0. KpiM Toro, y 11p0-
MY HOCTiIKeHH] TaKoX Oy1a 3po6/ieHa cripo6a BUBYMTY BaK/IMBI COMATUYHI PUCH, AKi BIVIMBAIOTb HA COMAaTOTHIIN IPaBLiB y X0O-XO.

Marepianu Ta Metomu. [l yuacTi B HOCTiIKeHH] 6Y/I0 1inecpsiMOBaHO BifjibpaHo 3arasom 74 rpaBiii i3 1IecTyt KOMaHf
TpaBIliB y X0-X0, AKi 6pamy y4acTh y MiKyHiBepcuTeTCbKOMY TypHipi periony Cxinna Iupaia. 36ip aHTpOIIOMEeTpUYHMX HaHUX
IPOBOAVIIM BifIIOBi/JHO IO CTAaHJAPTHUX Mpoueayp, Hafjauux ISAK (MikHapoiHe TOBapyiCTBO 3 PO3BUTKY KiHAHTPOIIOMETPii).
CrarucTu4Hmit aHatis mposopmnn 3 Bukopucranuam MS Excel (2021) Ta SPSS’23.

PesynpraTn. PesynbraTu [OCTiPKeHHA TOKasaIy, o 61/IbIIICTD IpaBIiB y X0-x0 (90, 6%) Manmu ekToMopdHi Ta Me3oMopdHi
moMiHaHTHI prcn. Takoxx Oy1a BUsIB/IEHa CTATUCTUYHO 3HAYYIIA PISHUIISI B eKTOMOP(HIX i Me30MOP(HIX pricax cepef IPABLB i3
comarotumnamu Mmesomopuuit-ekromopd (p<0, 05), ekromopdunit-mezomopd (p<0, 05) i ekromopd-mezomopd (p<0, 05). Kpim
TOTO, Pe3y/IbTATU AUCKPUMIHAHTHOTO aHa/Ii3y TaKOX [OKas3asu, 1o aTpuby Ty eKToMOphHUX puc (koedillieHT AncKpuMiHaILii =
1, 168) i Mmesomopduux puc (koediuienT guckpuminanii = 0, 812) € BaXX/IMBUMU COMATUYHUMI PUCAMIU J/IS TPABIB y X0-X0. B3a-
rai, 88, 6% BUXiZHVUX BUIALIKIB Oy/IM IIPaBUIBHO MPECTaB/IeH] JUCKPUMIHAHTHUM aHATTI30M.

BucnoBku. Lle gocmifykeHHs II0Ka3aJo, 10 TPaBIii B X0-X0 371e0i/IbIIIOr0 MaloTh eKTOMOP(HMIT i Me3oMOpQHNMIT FOMIHAHTHI
comarotum. Kpim Toro, Ha mifcTaBi pesyabTaTiB JOCIIKEHHS MOXKHA TAKOXK 3pOOUTI BUCHOBOK, 110 COMAaTUYHi aTpuby Ty mo-
HiOHMX TUIIB CTAaTypU TaKOX BillirpaloTh BaXXIMBY POIb /I BU3HAYEHH: PiBHA pe3y/IbTaTMBHOCTI 'PaBIIiB.
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Abstract

Background. Playing with the ball and using hand-arm strength and power are very crucial for ball game players.

It takes arm force and endurance, as well as isometric hand grip strength, to accomplish ball-game skills.

Study purpose. The aim of the study was to evaluate maximal isometric hand grip strength, arm and shoulder
explosive strength, and endurance in basketball, handball, and volleyball athletes.

Materials and methods. The study randomly selected 135 male athletes, including 45 basketball, 45 handball,

and 45 volleyball players, aged 17 to 24, all competing at the inter-university level. Hand grip strength (HGS) for
both dominant (DHGS) and non-dominant (NDHGS) hands was measured using a JAMAR hydraulic hand grip
dynamometer. An over-the-head seated medicine ball throw (SMBT) test assessed explosive arm strength, while a
push-up (PU) test evaluated muscular strength and endurance.

Results. The F-values (F) (2, 132) of DHGS, NDHGS, SMBT, and PU tests among basketball, handball, and volleyball
players were 0.499 (p = 0.608); 1.166 (p = 0.315); 5.595 (p = 0.005); and 10.339 (p = 0.000), respectively. The results
indicated that no notable distinctions were observed in DHGS and NDHGS among athletes in the three sports.
However, considerable differences were found in the SMBT and PU tests.

Conclusions. The study concluded that basketball, handball, and volleyball players’ maximum isometric hand grip
strength was nearly the same, but in both cases, the handball player’s mean value was superior to others. Upper-body
explosive power, muscular strength, and endurance showed distinct differences from one group to another.
Keywords: hand grip strength, hand dynamometer, upper-body explosive power, muscular strength and endurance,

ball sports.

Introduction

The term “ball game player” describes athletes who
participate in sports where a ball is the main object of play.
Basketball, handball, volleyball, soccer, baseball, rugby,
cricket, hockey, and a host of other sports can be considered
among these. Players of these games often compete alone
or in teams, aiming to win points by strategically moving
the ball while adhering to the rules and regulations of their
chosen game. In ball games, players need significant arm
strength, endurance, and a strong hand grip to effectively
engage in play. These abilities are crucial for executing a
variety of movements such as serves, throws, spikes, blocks,
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and tackles, which demand not only strength but also
endurance in the arms and a strong isometric grip (Reichert
et al., 2023). Moreover, both everyday activities and several
sports necessitate strong, concentrated contractions of the
forearm and hand flexor muscles (Ziyagil et al., 2015).
Handgrip strength is the maximum force when some-
one voluntarily clasps their fingers together, usually mea-
sured in standard conditions with a normal range of motion
(Richards et al., 1996; Bohannon, 1997; Gandhi et al., 2010).
An individual’s muscular strength can be estimated by one’s
handgrip strength (Foo et al., 2007; Ling et al., 2010). It is one
of the most accurate clinical methods for assessing strength
and is considered an important indicator of general health
(Hager-Ross & Schieber, 2000; Groslambert et al., 2002).
Additionally, it’s effective in assessing upper limb muscle
strength, serving as a useful predictor of muscle strength and
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endurance (Nara et al., 2022; Vaidya & Nariya, 2021). Hand-
grip strength is crucial for catching, throwing, and pass-
ing the ball in various team sports. Fingers will also spread
less widely when they are longer and the surface material of
the hand is greater than what is needed to grasp an object
(such as a ball), making grasping more efficient and less tir-
ing (Nag et al., 2003). So, all ball sports demand hand grip
strength to hold an object, a ball, or an opponent. Theoreti-
cally, players with outstretched fingers and a large flat hand
may also have stronger grip strength (Visnapuu & Jiirimée,
2007). The ability to grasp objects firmly is employed as a
measure of general physical strength and a practical indica-
tor of physical perfection. This form of energy is influenced
by various physiological metrics such as age, sex, exercise,
and physical dimensions (Jayanthi, 2018). As isometric tests
only require a single maximal contraction and relatively ba-
sic equipment, they are simple to carry out. Due to the re-
quirement of an adequate level of grip strength in sports like
handball, volleyball, tennis, and basketball, the evaluation of
handgrip strength is of the utmost importance (Khanna &
Koley, 2020). Hand morphology and functional character-
istics may have a significant role in the performance of ball
games where the use of the hand is important (Barut et al.,
2008). Researchers Borges Junior et al. (2009) suggest that
maximal isometric grip strength (Fmax) serves as a useful
metric for contrasting different sports disciplines and for
distinguishing between dominant and non-dominant hands.

The medicine ball throw test is performed to measure
an athlete’s upper body explosive power, strength, and
coordination of their core, upper limb, and trunk muscles,
which are necessary to generate the force and speed required
for throwing, shooting, passing, hitting, or spiking. The
Seated Medicine Ball Throw (SMBT) test is widely used to
evaluate bilateral upper body strength and power across
various populations. It has been utilized in research involving
male athletes (Read et al., 2013; Santos & Janeira, 2012;
Stockbrugger & Haennel, 2003), female athletes (Cronin &
Owen, 2004; Jones, 2014), older athletes (Harris et al., 2011),
as well as college and university students (Clemons et al.,
2010; van den Tillaar & Marques, 2013). Additionally, it is
a useful tool for assessing healthy, non-athletic individuals
(Vossen et al., 2000). Researcher Suntharalingam et al.
(2022) suggest that combining medicine ball exercises with
regular training can notably enhance both physical and
basketball-specific skills. It is a convenient, affordable, and
low-tech tool that can be used to monitor athletes on the
field to discover talent and anaerobic power (Kumar et al.,
2021a). This test serves as a valuable tool for evaluating
upper-body explosive ability, providing insight into how an
athlete performs in this particular aspect. The push-up test
(arms 90° angle) is widely employed to assess the durability
and stamina of the arms and upper body muscles (Yildirim
et al., 2022; Kellner et al., 2021; Baumgartner et al., 2002).
To build pectoralis major and triceps brachii strength for
athletic exercise and performance, perform push-ups as a
strength exercise (Cogley et al., 2005; Mayhew et al., 1991).
The chest, shoulders, triceps, and core are all muscles that are
worked with push-up, a simple bodyweight exercise. Success
in various ball sports, including basketball, handball, and
volleyball, depends on upper body strength, muscular
endurance, and stability. This test involves measuring how
many push-ups a person can do within a certain time frame.

In evaluating sports performance, push-up tests are of
significant importance.

Overall, hand grip strength, upper body explosive
power, and push-up exercises are integral to enhancing
performance in various ball sports such as basketball,
handball, and volleyball. These games are similar in nature
and style of play, as hand strength, arm and upper body
strength, and endurance are used similarly. Due to similar
practice and training opportunities, university-level athletes
in these three sports probably have comparable grip strength,
explosive power, and endurance. Therefore, the present study
compares hand, arm, and upper body function in different
university level ball sports, specifically basketball, handball,
and volleyball. The function of the hand was assessed through
hand grip strength, while tests involving the medicine ball
throw and push-ups measured arm strength, upper body
explosive strength, and endurance.

Materials and Methods

Participants

A total of one hundred thirty-five (N=135) male
athletes were randomly selected for this study, among them
(n=45) basketball players, (n=45) handball players, and
(n=45) volleyball players. The subjects were between the
ages of 17 to 24, and at least they had competed in their
respective sports at the inter-university competition. All
the participants (subjects) were chosen from ten public
universities in Bangladesh.

Table 1. Differences data (mean = SD) and ANOVA of the
subjects

Variables B‘z;k:;:;‘“ H{:‘:‘g;ll V‘(’Illliz];;‘n ANOVA
Age(yrs) 22044121 21.69+168 21.82+1.85 0.569
Height (cm) 177.78+6.75 170.446.37 174.267.08 0.000*
Weight (kg) 71844675 66.41+7.87 68.0348.66 0.004*
BMI (kg/m?) 22.72+1.65 22824192 22.38+2.35 0.558

BMI = body mass index; *= significant difference at 0.05 level

Instruments

For anthropometric measurements of height and weight,
a KRUPS stadiameter (India) and an OMRON digital weigh-
ing scale (India) were used. The BMI was then determined
using the following formula: weight (kg)/height(m)> The
maximal isometric DHGS and NDHGS were measured with
the help of a JAMAR (USA) hydraulic hand grip dynamom-
eter. Upper body (arms) strength and explosive power were
measured for the SMBT (MDBuddy medicine ball, China)
test, and muscles strength and endurance were assessed us-
ing the PU test.

Procedure

DHGS and NDHGS tests

The maximal isometric grip strength of the DHGS and
NDHGS were measured with the help of a JAMAR (Model
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J00105) hydraulic hand dynamometer (Lafayette Instrument,
Lafayette, IN, USA) (Hepping et al., 201). For this test, the
subject was seated comfortably on a chair with his back
straight, abduction and flexion of the shoulder and elbow
were 0° and 90°, respectively. Then the subject was asked to
use a comfortable grip position (second handle position)
and proper technique for the grip strength measurements.
As soon as everyone is seated correctly, say, squeeze as firmly
as you can—harder!—harder!—then relax. The peak-hold
needle automatically recorded his highest exerted force.
Before taking new readings, reset the peak-hold needle to
zero (Dynamometer, 2004). Tests were taken in the sequence
of dominant hand followed by non-dominant hand, and the
time interval between the two tests was 30 seconds. As the
final score, the mean of the three trials was used, which is in
kilograms.

SMBT test

Upper limb explosive strength was measured through
an SMBT (MDBuddy; Nantong Modern Sporting Industrial
Co., Ltd., Jiangsu, China) test. The medicine ball is a round
shape made of rubber, and the gripping surface is very good.
For this, a 2-kg medicine ball is required, and the subject was
seated comfortably on the chair with his upper body erectand
both legs touching the ground. Subjects were asked to warm
up properly, lift the medicine ball up with both hands, and
throw the ball forward with maximum force (like a football
throw-in). During this time, the body cannot be moved
backwards or forwards, and of course, the body is against
the back of the chair. The horizontal distance was measured
in meters between where the base of the chair begins and
the bottom of the throw. A total of three throws were made,
and there was a one-minute break in between. Arm strength
and explosive power were obtained by measuring the highest
distance in meters.

PU test

Arm and shoulder muscle strength and endurance were
measured using the push-up test, which requires the muscles
to perform rapid, repetitive movements for a specified period

Table 2. Descriptive statistics

of time. To begin the test, the subjects place both palms on
the floor with shoulders extended, elbows straight, and the
lower back (knees) straight. As the time started, the subject
was touching his body towards the floor until the elbows
were at 900. Repeat fast until the 30 seconds are up. A Casio
Digital Stopwatch (Casio Electronics Co., Ltd., China) was
used for recording time, and the total number of push-ups
was counted.

Statistical analysis

Statistical evaluation was performed using IBM’s SPSS
version 20 for Windows, located in Chicago, IL, USA.
Descriptive metrics were calculated for each group. To
detect significant differences in data, one-way ANOVA, LSD
post-hoc analysis and independent t-test were employed
with significance level set at 0.05. Levene’s test was utilized
to assess the homogeneity of variances, which confirmed
normal data distribution.

Results

Table 3 indicates that the observed differences were not
statistically significant between groups for variables such as
DHGS (Fy. 15, = 0.499, p = 0.608), and NDHGS (F, 15, = 1.166,
p =0.315). In the study, the DHGS and NDHGS of basketball,
handball, and volleyball players were about the same, but in
two cases, the handball player’s average value was higher than
the others. The data revealed a significant difference between
groups for the given variables, namely, SMBT and PU tests
(Fe, 132 = 5.595, p = 0.005), and (Fp, 15 = 10.339, p = 0.000),
respectively.

The post-hoc (LSD) test showed that the SMBT test
was statistically significant difference between the handball
(6.2347 £0.74198, p = 0.035) and basketball (5.8760 + 0.90564,
p = 0.035) groups as compared to the volleyball (5.6789 +
0.73829). Again, there was a statistically significant difference
between handball and volleyball (p = 0.001); and no significant
difference between basketball and volleyball (p = 0.244). For
the PU test, the basketball, handball, and volleyball groups
were all statistically significantly different (p = 0.017; 0.035;
0.000), respectively.

Variables Players N Mean Std. Dev. Std. Error Minimum Maximum
Basketball 45 48.3971 8.12343 1.21097 28.33 74.00
DHGS (kg) Handball 45 49.4191 7.21703 1.07585 35.33 70.33
Volleyball 45 47.8933 6.73616 1.00417 33.66 64.33
Basketball 45 46.5738 8.98924 1.34004 26.33 71.33
NDHGS (kg) Handball 45 47.4636 8.31380 1.23935 30.00 68.00
Volleyball 45 44.8709 7.14454 1.06504 31.33 60.66
Basketball 45 5.8760 0.90564 0.13500 4.10 7.97
SMBT (m.) Handball 45 6.2347 0.74198 0.11061 4.82 8.25
Volleyball 45 5.6789 0.73829 0.11006 4.17 7.00
Basketball 45 26.311 60.4976 0.9686 17.0 42.0
PUT(No.) Handball 45 29911 7.5342 1.1231 14.0 46.0
Volleyball 45 23.133 7.1529 1.0663 10.0 40.0

934



Rahman, Md. H., & Sharma, J. P. (2023). An Assessment of Maximal Isometric Hand Grip Strength and Upper Body Explosive Strength
and Endurance in Various Ball Sports

Table 3. One-way ANOVA of selected parameters of basketball, handball, and volleyball players

Variables Groups Sum of Squares Mean Square F-ratio p-value

Between Groups 54.394 2 27.197

DHGS . 0.499 0.608
Within Groups 7191.867 132 54.484
Between Groups 156.202 2 78.101

NDHGS . 1.166 0.315
Within Groups 8842.677 132 66.990
Bet G 7.146 2 3.573

SMBT o oon roubs 5.595 0.005
Within Groups 84.295 132 .639
Bet G 1034.948 2 517.474

PUT erween Lirotps 10.339 0.000
Within Groups 6606.489 132 50.049

*. Significant at 0.05 level

495+

49.0

485

48.0

Mean of Hand Grip Strength (Dominant Hand)

475

4754

47.04

465

46.0

455

450

Mean of Hand Grip Strength (Non-dominant Hand)

4457

T
Basketball

T
Handball

Groups

T
Volleyball

T T T
Basketball Handball Voleyball
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Mean of Seated Medicine Ball Throw

30

28
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Mean of Push-ups

24

T
Basketball

Table 4. Post-hoc (LSD) test

T T
Handball Volleyball

Groups

T T T
Basketbal Handball Volleyball

Groups

Fig. 1. Mean plots of variables in three groups

Variables Groups Groups Mean Diff. S0 Sig. Level
Error
Handball -0.35867* 0.16847 0.035
Basketball
Volleyball 0.19711 00.16847 0.244
Basketball 0.35867* 0.16847 0.035
SMBT  Handball - o0
Volleyball 0.55578% 0.16847 0.001
Basketball -0.19711 0.16847 0.244
Volleyball
Handball -0.55578* 0.16847 0.001
H 1 -3. * 1.4914 .01
Basketball andba 3.6000 9 0.017
Volleyball 3.1778* 1.4914 0.035
Basketball 3.6000* 1.4914 0.017
PU Handball
Volleyball 6.7778* 1.4914 0.000
Vollevball Basketball -3.1778* 1.4914 0.035
Y Handball -6.7778* 1.4914 0.000

*. The mean difference is significant at the 0.05 level

Independent t-tests revealed a significant difference in
the strength of hand grip between DHGS and NDHGS in
basketball, handball, and volleyball players: t(268) = 2.392,
sig. = .017 (2-tailed), p<0.05. However, DHGS was higher
among the three groups.

Discussion

According to the table 3 analysis, no significant difference
was obtained in DHGS and NDHGS among basketball,
handball, and volleyball players. Likewise, researcher Barut
et al. (2008) conducted a study on handgrip strength across
different sport groups. The results revealed that there was
no noteworthy variation in the grip strength of the left and
right hand among male participants engaged in basketball,
handball, and volleyball. Similarly, Colak (1995) evaluated
male athletes in volleyball, basketball, and football, and the
findings indicated that soccer players exhibited the highest
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Table 5. Independent t-test between DHGS and NDHGS of three groups together

Item Parameters Mean (kg) Std. Deviation t df Sig. (2-tailed)
DHGS 48.5699 7.35368
Hand Grip Strength 2.392 268 0.017
NDHGS 46.3027 8.19486
Significant at 0.05 level

grip strength in both hands. However, differences in grip
strength between groups did not reach statistical significance
for other sports. In a study by Yiiksel (2017), the grip strength
of male Turkish basketball players across different leagues
was analyzed. The findings indicated no notable difference
in the grip strength of the right and left hands between
the two leagues. Based on the research’s Kararkog et al.
(2015) findings, it can be said that athletes who participate
in various sports, including judo, badminton, handball,
basketball, and football, have the same grip strength in
both the left and right limbs. Also, athletes in volleyball,
basketball, table tennis, and tennis all have similar average
left hand grip strengths (Duran, 2021). According to Fallahi
and Jadidian (2011) conducted a study on grip athletes in
sports such as basketball, handball, volleyball, and wrestling,
where grip strength is important, and found that they had
more dominant and non-dominant hand grip strength than
those not involved in any athletic activity. Similar studies
were done by other sports and subjects, and the results
suggest that there is no major disparity in dominant and
non-dominant hand grip strength in field hockey players
(Koley & Kaur, 2017), male elite and sub-elite weightlifters
(Erdagy, 2020), and athletes from various sports like hockey,
tennis, badminton, cricket (Joseph et al., 2021), basketball,
and netball (Kumar et al., 2021b). Researcher Eler and Eler
(2018) found no statistical difference between right-hand
and left-hand grip strength in four disciplines of male racket
sports (tennis, squash, table tennis, and badminton). A six-
pound medicine ball throw was used to demonstrate that
basketball players’ arms have more explosive strength than
volleyball players’ arms (Suma & Giridharaprasath, 2022).
In another study, compared to volleyball players, handball
players had higher shoulder strength in their unilateral and
bilateral seated medicine ball throwing ability (Saccol et
al., 2022). Muscular endurance showed a notable variation
between university-level basketball and handball players
when measuring muscle strength through the push-ups test
(Pandian & Divya, 2022). The data in Table 5 indicates that
there are meaningful statistical variances in grip strength
between the DHGS and NDHGS across all three groups,
with the dominant hand always exhibiting greater strength.
Prior research that included both right- and left-handed
participants also demonstrated that the dominant hand had a
notably stronger grip in all evaluations, corroborating earlier
findings (Armstrong & Oldham, 1999; Incel et al., 2002).
Grip strength is significantly different between the dominant
and non-dominant hands of male and female athletes in
basketball, handball, volleyball, and badminton (Kaplan,
2016). In a study by Massuga et al. (2014) between premier
and non-premier handball athletes, the preferred hand
exhibited noticeably more powerful grip strength (2.15 kg
difference, p < 0.05). Handgrip strength was measured in 544
young Italian adults (18-30 years) in relation to handedness,
and the results showed that dominant hands had higher HGS

than non-dominant hands, and ambidextrous individuals
had a stronger right hand (Zaccagni et al., 2020).

In summary, handball is a physically demanding contact
sport that relies heavily on the upper body, hands, and arms
for both offensive and defensive aspects. Players use their
bodies to connect with opponents, requiring substantial
upper body strength for effective technique. Defenders in
handball engage in physical battles, relying on their upper
body strength to push, block, and intercept opponents.
Explosive power generated by the upper body is crucial for
powerful throws and scoring opportunities. In this research,
it is observed that handball distinguishes itself from less
contact-based sports such as basketball and volleyball.

Conclusions

The findings of the research showed that the peak
isometric grip strength among athletes in basketball,
handball, and volleyball was fairly comparable. Nevertheless,
handball players demonstrated superior average grip strength
compared to those in the other two sports. Additionally,
there were notable disparities in areas like upper-body
explosive force, muscle strength, and endurance between
the groups. These variations highlight the distinct physical
attributes and training regimes across these three sports.
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OUIHKA MAKCUMANBHOI I3OMETPUYHOI CUNUA CTUCHEHHA
KUCTI TA BUBYXOBOI CUJIN BEPXHbOI YACTUHU TINTIA A
BUTPUBAJIOCTI B PIBHUX CMOPTUBHUX IFPAX I3 M'AYEM

Mp I'amigyp Paxman'AB<PE, Tk, I1. Illapma'ABCPE

'lenificbKuit yHiBepcUTET

ABTOpPCHKNMIT BKIAJ: A — Au3aiiH gocnipkenns; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 8 ., 5 Tabn., 1 puc., 53 mxepena.

Icropis nutanua. [pa 3 M's4eM i BUKOPUCTAHHSA CUIN i IOTY)KHOCTI KMCTel i pyK Ay>Ke Bayk/IUBi [/sI TpaBLiB B irpn
3 M’sideM. JI/1s1 BIOCKOHAJIEHHsI HABMYOK TpU 3 M'si4eM MOTPiOHA CMyla Ta BUTPUBATICTD PYK, @ TAKOXX i30MeTpUYHA CHIa
CTUCHEHHS KUCTI.

Merta gocnifKeHH:A. MeTolo 1{bOro TOCIi/KeHHA Oy/I0 OLIHITU MaKCUMaJIbHY i30MeTPUYHY CUITy CTUCHEHHS KIUCTi, BUOYXO-
BY CIJIY PYK i IUIedeit, a TAKOXK BUTPUBAJICTD y 6ackeTOOMICTIB, raHZOO/ICTIB i BomeitbomicTiB.

Marepianu Ta MeTomm. {1 y4acTi B JOCIiKeHH] 6y1M BUMaIKOBUM YMHOM BifjibpaHi 135 ciopTcMeHiB 90/10Bi40I CTaTi, y
toMy uncii 45 6ackerborictis, 45 ranpdonictis i 45 Boneitbornictis, BikoM Bif 17 1o 24 pokiB, siKi Bci 6epyTh y4acTb y 3MaraH-
HAX Ha MDKyHiBepcuteTchbkoMy piBHi. Cuny crucHenHs kucti (HGS) sax mna gominantHoi (DHGS), Tak i [y HefoMiHaHTHOI
(NDHGS) pyxn BuMipioBau 3a JOIOMOTOIO TiffpaBaidHOro py4qsoro auxamomerpa JAMAR. Jljis oniHku BOYXOBOI Cimi pyK
BUKOPUCTOBYBA/IN TECT Ha KMIAOK MEUYHOTO M si4a dyepes TOIOBy 3 monokeHHs cupsian (SMBT), a st owjinky M's130B01 cumu Ta
BUTPUBATIOCTi BUKOPVUCTOBYBA/IN TeCT Ha BimkuManus (PU).

Pesynpraru. 3Hauenus F-semmund (F) (2, 132) tectiB DHGS, NDHGS, SMBT ta PU cepen 6ackeT60micTiB, raHAOOMICTIB i
Boreitbornicri cranosmmu 0,499 (p = 0,608); 1,166 (p = 0,315); 5,595 (p = 0,005); Ta 10,339 (p = 0,000) BifnoBixHO. PesynbraTn
II0KAa3a/IM, 1[0 >KOIHMX NOMiTHUX BifmiHOCTel y Tectax DHGS Ta NDHGS cepep cioprcMeHiB y BCixX TpbOX BUJjaX CIOPTY He
criocrepiranocs. IIpote B Tecrax SMBT ta PU 6ynu BusAB/eHi 3Ha4Hi BiMiHHOCTI.

Bucnosku. Ha mizfcraBi pesynbraTis gocmimkeHHs 3p06neHo BJICHOBOK, IIJO MAaKCMMaJIbHa i3OMeTPUYHA CU/IA CTYICHEHHS
KUCTi B 6acKeTOOMICTIB, raHAOOMICTIB i BONEOOMICTIB Oy/Ia IpUOINSHO OJHAKOBOIO, ajle B YCiX BMUIIA[IKAX CePefjHE 3HAYCHH:A
raapoOomicTiB 6y710 BUIINMM, HiK B iHmmx. [TokasHukn BM6yXOBo'1' CUIY BEPXHbOI YaCTVHMU Tila, M A30BOI CHM/IN Ta BUTPUBANOCTI
ITOKa3a/IM 4iTKi BifIMiHHOCTI B pi3HUX I'pyTIax.

Kitro4oBi coBa: cuta CTUCHEHH KUCTI, PYyYHMIT AUHAMOMETD, BOyX0Ba Cila BepXHbOI YaCTHHU Tija, M's130Ba CUJIa Ta BI-
TPUBAIICTh, CHOPTUBHI iTpK 3 M’ T4eM.
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Abstract

The purpose of the study was to determine the effectiveness of a device developed based on the latest electronics to
control the coordination of movements of the lower limbs of students with disabilities.

Materials and methods. 34 students with disabilities were involved in the study. At the time of the experiment, they
had functional disorders of the lower limbs as a result of injuries and received a doctor’s permission to participate in the
experiment. The research was conducted at the theoretical and empirical levels, using the following methods: analysis,
synthesis, systematization, generalization, technical modeling, pedagogical testing, and mathematical statistics.
Results. In the research process, a device was used, which was developed as part of the conducted research. The device
consists of two rubber mats in which capacitive proximity sensors are placed. The test task involves recording the number
of touches of rubber mats in 20 seconds. The information received from the sensors during the student’s performance
of the test task, namely the alternate touching of the rubber mat with the big toe, is sent to the microcontroller via an
infrared communication line. The development uses a high-performance microcontroller ATMega 328P, which can
support a wide range of sensors and generate information about the time and frequency of leg movements. The signals
of the student’s toes touching the rubber mats, received by capacitive sensors, are processed by a microcontroller and
displayed on a PC through a serial connection and using the Arduino software, which allows reading the received
information about the execution of movements. Under the conditions of the pedagogical experiment, we tried to
determine the quality of the measurement results. According to the obtained numerical indicators, the numerical values
of the test authenticity obtained by the traditional method of fixing the results by a specialist correspond to the value
“low”. The results of the validity calculations showed that the correlation between the test measurement results and the
evaluation results using the developed device was optimal with a correlation coefficient greater than 0.6.

Conclusions. The importance of a high level of development of the coordination of movements of the lower limbs
of students with disabilities is determined by the need to develop this quality to ensure the effectiveness of their
rehabilitation in the process of inclusive PE. The analysis of the obtained material allows us to state that the practical
application of the inclusive PE device developed based on the latest electronics will allow scientifically based
optimization of this process to ensure its effectiveness.

Keywords: students with disabilities, physical education, testing, inclusion, control, coordination of lower limb
movements.

Introduction come a factor in the fact that the number of people affected
by the war in Ukraine is constantly increasing. It is natural
that among the entrants to higher education institutions, the
number of persons with disabilities who received injuries

Problem statement. Russia’s open military attack on
Ukraine in 2022 and long-term Russian aggression have be-

© Blavt, 0, ledynak, G., Galamanzhuk, L., Zhygulova, E., and permanent limitations of life activities as a result of par-
Mykhalska, Yu., Khomych, A., & Sovtisik, D., 2023. ticipation in hostilities and emergencies increases annually
o Cup (Blavt, Bodnar, Mykhalskyi, Gurtova, & Tsovkh, 2023).
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In connection with the latter, the process of attracting
and preventing the exclusion of students with disabilities
from the conditions of study in the process of obtaining
higher education - their successful inclusion - acquires
special significance (Page, Anderson, & Charteris, 2021).
Since the full-scale invasion of Russia on the territory
of Ukraine, attention has increased to the problems of
inclusion of students with disabilities, which today is one of
the most pressing issues of higher education (Blavt, Iedynak,
Pereverzieva, Holub, & Melnyk, 2023).

One of the effective means of inclusion in higher
education is considered inclusive PE (Kuntjoro, Soegiyanto,
Setijono, & Suhiharto, 2022).

Making qualitative changes in the process of inclusive
FP for its productive development requires constant
monitoring of the expediency of using a wide range of FP
tools (Hutzler, & Levi, 2008). In this aspect, the synergy of
efforts of different fields of knowledge involves the use of
high-tech measuring devices, which allows for quantitative
evaluation of the results of inclusive PE (Mykytyuk, Blavt,
Hnatchuk, Stechkevych, & Helzhynska, 2022).

Analysis of recent research and publications. The
scientific interest of researchers from different countries of
the world is focused on the possibilities of inclusive PE as
an effective means of preserving the health, well-being, and
inclusion of persons with disabilities (Pocock, & Miyahara,
2018; Wilhelmsen, & Serensen, 2017; Nemcek, 2022).
Currently, there is a fairly wide list of empirical studies
(Baglieri, & Bacon, 2020; Grenier, Patey, & Grenier-Burtis,
2022; Pellerin, Wilson, & Haegele, 2022) regarding the value
of inclusive PE in the implementation of rehabilitation of
students with disabilities.

According to data from scientific sources (Nanayakkara,
2022; Grenier, Patey, & Grenier-Burtis, 2022; Wolbring, &
Lillywhite, 2021), inclusive PE for students with disabilities
who have suffered injuries is a means of preventing serious
mobility limitations, postural disturbances, reduced body
endurance and inability to tolerate physical exertion.
According to ideas (Davis, Rocco-Dillon, Grenier, Martinez,
& Aenchbacker, 2012; Desrosiers, Rochette, & Corriveau,
2005), an important place in this process to increase the
chances of maximum recovery and return to a comfortable
physical state of students with disabilities is the coordination
of lower limb movements.

The importance of lower limb motor coordination is be-
cause it enables the performance of most daily motor activi-
ties, such as walking, running, climbing/descending stairs,
and standing from a chair (Lower_Limb_Motor_Coordina-
tion). According to available research (Pinheiro, Scianni,
Ada, Faria, & Teixeira-Salmela, 2014), the coordination of
lower limb movements is a factor affecting the effectiveness
of the rehabilitation process, as a result of its violation, prob-
lems with balance and coordination arise due to disorders of
the nervous, vestibular, or supporting — motor system (Neto,
Steenbergen, Wilson, Zamunér, & Tudella, 2020).

Monitoring and evaluating the effectiveness of the PE
process requires a reliable toolkit (Iermakov, Ivashchenko,
Khudolii, & Chernenko, 2020). The mainstream in
the creation of measurement tools based on high-tech
capabilities is the latest electronic technologies (Blavt,
Chaplinskyi, Prozar, Pityn, Helzhynska, Dmytruk, Hrebik,
& Kovalchuk, 2023).

Empirical studies (Blavt, Iedynak, Pereverzieva, Holub,
& Melnyk, 2023; Kashuba, Nosova, Kolomiets, & Maslova,
2019) have proven the effectiveness of using electronic
technologies in monitoring PE results (Gupta, 2021; Gogoi,
2019; Varga, & Révész, 2023; Mykytyuk, Blavt, Kachurak,
Stadnyk, Gurtova, Diskovskyi, & Barylo, 2022).

Taking into account the consequences of armed
Russian aggression on the territory of Ukraine, which are an
increase in students with disabilities who received injuries
and permanent restrictions on life, and taking into account
the practical value of the experience of using the latest
electronics in the process of inclusive PE, the direction of
scientific research was chosen.

Purpose of the research research in determining the
effectiveness of the device developed based on the latest
electronics for controlling the coordination of movements
of the lower limbs of students with disabilities.

Materials and methods

Research methods

The methods chosen for the implementation of our
scientific research by the purpose and objectives of the
research are characterized by systematicity and structure.
Therefore, in conducting empirical research, we were guided
by a systematic approach (Ivashchenko, 2020). According to
thisapproach, the firststage of the research involved obtaining
complete, objective, reliable information about the feasibility
of the outlined scientific research - the theoretical level of
research implementation, the second - had a comparative
view of the researched issue. At the third stage of the
research, according to the system approach, the empirical
data obtained during the comparison were summarized. The
fourth final stage consisted in the formation of generalized
results.

The test chosen for the study to monitor the level of
development of coordination of movements of the lower
limbs (Pribble, Black, Larson, & Larson, 2021) is the
simplest and easiest-to-use exercise that does not require
complex equipment. The test case must be performed in a
sitting position on a chair. The test procedure lasts less than
1 minute, and therefore the possibility of fatigue is excluded.

Test procedure. The student sits on a chair with adjust-
able height so that the soles of both sides are in contact with
the floor. Heels, hips and knees should be in a 90° flexion
position. After a trial introduction, the student should al-
ternately touch the disks located on the floor at a distance
of 30 cm from each other with his big toe. Movements are

Fig. 1. Scheme of the test
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performed for 20 seconds. The number of touches to the
discs in 20 seconds is recorded. The toes were required to
strike and then “lift-off” the floor during movement.

Study participants

34 students with disabilities were involved in the study
Lviv Polytechnic National University, Kamianets-Podilskyi
Ivan Ohiienko National University and Lutsk National Tech-
nical University, who at the time of the experiment had func-
tional disorders of the lower limbs as a result of injuries or
damage. It is important that all participants of the experi-
ment were diagnosed with injuries of moderate severity in
a state of remission. A requirement of the experiment at the
time of screening and data collection was the absence of
acute conditions, open wounds or complications in students
with disabilities. The students with disabilities involved in
the experiment independently attended the inclusive PE
classes within the educational program and did not need
outside help in completing the test task.

Written consent to participate in the experiment was
obtained from each student who was planning to be involved
in the study. To ensure the representativeness of the studied
independent sample, several mandatory conditions for any
research were taken into account, namely, every student,
in the presence of health abnormalities, received an equal
probability of becoming a research participant.

A doctor’s permission to participate in the experiment
was obtained from all students with disabilities who made
up the researched sample. First-year students (men) who
voluntarily and anonymously agreed to participate in the
experiment to eliminate biases in the collection and analysis
of information were involved in the experiment.

Taking into account the fact that the degree of
authenticity of the test, which is determined empirically, is
significantly influenced by the nature of the sample used to
test the test, the conditions of performing motor actions, the
level of physical fitness of the students of the studied sample,
the degree of existing lesions and the degree of injury to the
limbs were taken into account, etc.

The study was planned and carried out following the
principles of bioethics set forth by the World Medical
Association (WMA-2013) in the Helsinki Declaration
“Ethical Principles of Medical Research Involving Humans”
and UNESCO in the “General Declaration on Bioethics and
Human Rights”

Research organization

The study was planned and carried out in accordance
with the principles of empirical research ethics. The
organization of the research involved obtaining empirical
facts. The measurement process, to collect empirical test
data, is implemented in two ways. First of all, all students
with disabilities, who were involved in the experimental
study, were given clear instructions on the implementation
of the test task.

The experimental factor involved a variation in the
method of recording test control results. Fixation of test
control results was implemented with the direct participation
of a specialist to get rid of the elements of subjectivism of
traditional analysis, using the developed control device.

To ensure the reliability of the experiment, testing was
carried out during three months of the academic semester,
trying to ensure the same conditions. Test participants were
provided with precise instructions and formulated tasks.

Statistical analysis

In order to bring the empirical data obtained during the
empirical research to a form more suitable for meaningful
analysis, a computer type of processing of the obtained
empirical information was chosen. All statistical analyses
were performed using SPSS Version 22.0 (IBM Corporation).

The conclusion about the results of the empirical study
was made based on establishing the authenticity of the tests.
Validity, which indicates its usability and reliability, served as
a comprehensive characteristics. To establish the quantitative
characteristics of the authenticity of the test and in view
of the low labor intensity, correlation analysis was applied
(Turney, 2022). Correlation analysis involves measuring
two variables and assessing the statistical dependence
(correlation) between them.

Results

First of all, we note that the proper level of coordination
of movements of the lower limbs requires temporal and
spatial accuracy of movements and ensures the ability to
perform motor tasks while walking in an accurate, fast,
and controlled manner (Lower limb motor coordination).
In turn, objective timely monitoring of the coordination
of movements of the lower limbs allows for a standardized
understanding of the nature and level of impairments, to
assess the level of recovery progress after the consequences
of the injury (Hoenig, Amis, Edmonds, Morgan, Landerman,
& Caves, 2018).

In the research process, a device was used, which was
developed within the framework of the conducted research
(Fig. 2). The device consists of two rubber mats in which
capacitive proximity sensors are stirred (Hotra, Mahlovanyy,
Mykytyuk, Barylo, Kremer, Ivakh, & Politanskyi, 2019).
The test task involves recording the number of touches of
rubber mats in 20 seconds. The device registers changes in
the capacitance of the sensors when the student touches
the rubber mats with his toes. The information received

- N/

2

4

Fig. 2. Scheme of the developed device for controlling the
coordination of movements of the lower limbs: 1 - student, 2 —
rubber mats, 3 - infrared communication lines,

4 — microcontroller, 5 - PC
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from the sensors during the student’s performance of
the test task, namely the alternate touching of the rubber
mat with the big toe, is sent to the microcontroller via an
infrared communication line. The microcontroller generates
information about the time and frequency ofleg movements.

The novelty of the proposed development is that the
device uses a high-performance microcontroller ATMega
328P of the “latest generation”, which can support a wide
range of sensors and has a large list of functions (Mykytyuk,
Kremer, Ivakh, Diskovskyi, & Khomyak, 2021). This
microcontroller contains an internal built-in 32 kB of
flash memory, 23 input/output lines, configurable timers
and counters, and 5 possible power-saving modes, with the
ability to balance power consumption and performance.

The signals of the student’s toes touching the rubber
mats, received by capacitive sensors, are processed by a
microcontroller and displayed on a PC through a serial
connection and using the Arduino software, which allows
reading the received information of the test task. The device
allows you to record and control not only the number of taps
but also their duration, rhythm, speed, etc. And the used
software allows you to present it graphically.

The developed device ensures that all test control data
is collected, analyzed, and available in a single system at any
time. This ensures access to all test data on any PC at any
time.

Under the conditions of the pedagogical experiment, we
tried to determine the quality of the measurement results.
The experiment provides for the implementation of the
test process three times and the fixation of the results with
the correlation of the experimental factor. The results are
presented in Table 1.

Table 1. Results of the test control of the coordination of
movements of the lower limbs (n = 34)

Test tasks and measurement results

Statistical (Number of times)
parameters 1+t attempt 2% attempt 3% attempt
T A T A T A
M 27.1 332 257 321 293 315
S 5.6 5.1 6.3 4.9 6.7 4.7
V (%) 35.2 19.7 36.1 20.8 30.9 19.2
Ty
reliability 0.458 0.901 0.489 0.909 0.504 0.899
validity 0.231 0.612 0.251 0.607 0.297 0.633

*T - the traditional way, A - using the developed tool

First of all, it was determined in advance what we
wanted to measure. Given that test theory emphasizes the
absence of a fixed authenticity value that would allow a test
to be considered acceptable (Chaabouni, et al., 2022), the
obtained empirical data were used for the final comparative
analysis.

According to the obtained numerical indicators,
the numerical values of the test authenticity obtained by
the traditional method of fixing the results by a specialist
correspond to the value “low”. Given that the lower limit
of acceptable reliability values is usually chosen to be 0.7,

the reliability coefficient of the test as an average measure
of measurement accuracy, fixing the result in this way is
unjustified due to significant measurement errors, which
indicates that this method is time-consuming and inefficient.

According to the results of the calculations, the fixation
of the results by the developed control device, the value of the
reliability coefficient as internal consistency is > 0.9, which
indicates “very high reliability”. Taking into account such
a reliability indicator, it can be argued that there is a lower
probability of an error in the measurement of an individual
result.

Given that reliability is required to achieve validity
(Pribble, Black, Larson, & Larson, 2021), the results of the
validity calculations showed that the correlation between the
results of the test measures and the results of the assessment
using the developed device corresponds to the level of “high”
with a correlation coefficient greater than 0.6 The calculated
coeflicients of validity of the tests, where the recording of the
results was carried out directly by the teacher, are within the
“low” range.

Discussion

The relevance of our research is the urgent need to
implement inclusion in institutions of higher education
(Page, Anderson, & Charteris, 2021; Kuntjoro, Soegiyanto,
Setijono, & Suhiharto, 2022). As hostilities on the territory
of our country continue, a significant number of defenders
return from the war with various injuries, and the number
of students with disabilities will only increase in the future.
Their full rehabilitation while studying in institutions of
higher education is a guarantee of effective functioning,
successful social reintegration, and full physical capacity
(Blavt, Bodnar, Mykhalskyi, Gurtova, & Tsovkh, 2023).

Therefore, the conducted scientific research corresponds
to the needs of modern times and aims to convey the current
ideas of inclusion to students (Wolbring, & Lillywhite, 2021).
We support scientific approaches (Kuntjoro, Soegiyanto,
Setijono, & Suhiharto, 2022; Nanayakkara, 2022; Grenier,
Patey, & Grenier-Burtis, 2022) that, from the point of
view of fundamental ethics and respect for each student,
the promotion of inclusive PE is positioned as a means
improving the quality of life of students with disabilities,
ensuring their inclusion and physical rehabilitation (Hutzler,
& Levi, 2008; Pellerin, Wilson, & Haegele, 2022).

Our research is based on the need to monitor the level
of development of basic physical qualities during inclusive
PE, which is the basis for further planning of this process
(Blavt, ledynak, Pereverzieva, Holub, & Melnyk, 2023; Neto,
Steenbergen, Wilson, Zamunér, & Tudella, 2020; Pellerin,
Wilson, & Haegele, 2022).

Globalization and the advancement of new electronics
increase the possibilities for objectivity and validity of test
administration in PE (Gupta, 2021; Blavt, Iedynak, Pityn,
Hluhov, Guska, Stadnyk, Zaikin, & Karatnyk, 2022). We will
agree with our research that the use of the latest electronic
technology in the data collection process eliminates
the influence of the human factor on the results of the
experiment (Gogoi, 2019; Hoenig, Amis, Edmonds, Morgan,
Landerman, & Caves, 2018). This circumstance confirms
the research data (Desrosiers, Rochette, & Corriveau, 2005;
Chaabouni, Methnani, Al Hadabi, Al Busafi, Al Kitani, Al
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Jadidi, Samozino, Moalla, & Gmada, 2022) regarding the
inadmissibility of interpreting the materials obtained as a
result of the experiment, which are obtained by tests with
a low level of authenticity. The greater the influence of the
human factor on the conduct of the experiment, the more
difficult it is to judge to what extent the obtained results
depend on the influence of external conditions and side
factors (Rum et al., 2021; Mykytyuk, Blavt, Hnatchuk,
Stechkevych, & Helzhynska, 2022).

The novelty of the implemented research is that for
many years scientists have proposed foot-tapping testing
to determine the capabilities of the neuromuscular system
of the lower extremities in a medical context. Attempts
were also made to use sensors to automate the used test, in
particular inertial sensors (Djuri¢-Jovi¢i¢ et al., 2018).

Until now, research on the use of this test in the
practice of inclusive PE has not been conducted. The age-
specific features of the development of these abilities are
also taken into account, which improves again in youth
(Ivashchenko, 2020). Given that sensorimotor indicators
and general coordination abilities show a closer relationship
in male individuals, male individuals were selected for the
investigation (Davids, Button, & Bennett, 2008).

The practical value of the conducted research, as an
important element of substantiating the significance of
developments for the use of the obtained results in the
process of inclusive PE, makes it possible to obtain an effect
from the implementation, which will be another important
step in its development.

Conclusions

Full-scale aggression on the part of Russia destroyed
the normal course of social life and led to the urgent
need to activate the institutions of inclusion of students
with disabilities in higher education. For students with
disabilities, given the limited opportunities for active
activities due to the presence of deviations in their state of
health, which complicate or make this process impossible,
it is possible to ensure the rehabilitation process in order to
restore lost functions by means of inclusive PE. The practical
application of the inclusive PE device developed based on
the latest electronics will allow us to optimize this process on
a scientific basis to ensure its effectiveness.

The empirically determined indicators of test
authenticity obtained during the experiment using the
developed device, the digital values of which correspond
to the “high level”, ensure the individualization of control
of the functional indicators of students with disabilities
depending on the degree of disability, while at the same time
creating an opportunity to develop their competencies. Our
results showed that the obtained reliability coefficient values
exceeding 0.9 indicate the high quality of the test. Therefore,
the developed device is an acceptable method of controlling
the level of coordination of movements of the lower limbs of
students with disabilities.

Summing up, we can emphasize that the modern
progress in inclusive PE, which is currently observed in
Ukraine, allows us to hope that a high-quality inclusive space
in higher education will be gradually and carefully created in
our country, and its quality will meet the requirements of the
continuous innovative process.
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TECTOBUN KOHTPOJIb IHKJTIO3UBHOIO ®I3NYHOIO BUXOBAHHSA:
OLIHIOBAHHSA 3 BUKOPUCTAHHAM HOBITHbOI ENEKTPOHIKU

Oxkcana braBt'45P, Tennapiit Equuak® "k, Jlecs Tanamamxykx**, EBerina JKurynpoBa
IOnia Muxanbcpka?®c, Anaromiin Xommua*®c, [Imurpo CoBTucik*®¢

2BC
]

'HauionanbHuii yHiBepcureT «/IbBiBCbKa MOiTeXHiKa»

*Kam’ssnenb-ITominbepkuit HanjioHanbHMIT YHiBepcuTeT iMeHi IBana Orienka

*Jlyubkuit Hal[iOHa/IbHNUI TEXHIYHUI YHIBEpCUTET

ABTOpCBHKNMIT BKIAM: A — FU3aiiH ZOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xoruTis

Pedepar. Crartst: 7 c., 1 Tabi., 2 puc., 38 mxeper.

Merta mOCTiIKeHH:A TI0/IsIrajla y BU3HAYEeHH] /1ieBOCTi po3p06/IeHOro Ha OCHOBI HOBITHBOI €IEKTPOHIKM IIPUCTPOIO IS
KOHTPOJIIO KOOPAMHALI PyXiB HVDKHIX KiHIIIBOK CTY/IEHTIB 3 iHBa/liIHICTIO.

Marepian ta Metopu. [lo foCipKeHHs 0y/I0 3amydeHo 34 CTyeHTH! 3 iHBaIAHICTIO, AKi HA MOMEHT II0YaTKY eKCIIePUMEHTY
Mayu GYHKIIOHa/IbHI PO3/Iai HYDKHIX KiHIIIBOK BHACTIZOK OTPMMaHMX TPaBM Ta OTPUMAIM JO3BI/ TKaps Ha y4acTb B eKCIIepu-
MeHTi. JIocikeHH:A IPOBENEeHO Ha TEOPETUYHOMY Ta eMIipMYHOMY PiBHi, BUKOPUCTAaHO METOIV: aHaJIi3y, CUHTE3y, CCTEeMaTH-
3allil, y3araJbHeHHs, TEXHIYHOIO MOJIE/IOBAHHS, IIEJarOTiYHOTO TeCTYBAHHA Ta MaTEMATUYHOI CTaTUCTUKMA.

PesynbraTu. Y npoueci f0C/IiPKeHHsT BUKOPUCTAHO MIPUCTPIlT, KM pO3po6/IeHO B paMKaX IIPOBeAEHOro fOCTimKeH . [Tpn-
CTpilt CKMaJla€ThCA 3 IBOX I'YMOBMX KMTUMKIB, y IKMX PO3MIIIyIOTh EMHICHI ceHcopu HabmwkeHH:. TecToBe 3aBaHHA Hepedadae
peecTpallifo KiIbKOCTi TOpKaHb I'yMOBMX KIMIMMKIB 3a 20 c. IHpopMaliis, sika HaIXOJUTB i3 CEHCOPIB IPU BUKOHAHHI CTYIEHTOM
TECTOBOTO 3aBJJAHHS, @ CaMe II0YeProBOro TOPKAHHs BE/IMKMM ITa/Ibl{eM HOTY I'yMOBMX KI/IMMKA, TiHi€I0 iHdpadepBOHOTO 3B’ 13Ky
HAIXO/IUTh Ha MiKPOKOHTpoOsIep. Y po3po61ii BUKOPUCTAHO BIUCOKOIPOAYKTUBHMI MikpokoHTponep ATMega 328P, sikuit Moxe
HiATPUMYBaTH IIMPOKMII CIIEKTp ceHcopiB Ta popmye iHdopMallifo Ipo Yac Ta YacTOTY BUKOHAHHA PyXiB Horamu. CUTHa/M TOp-
KaHHs MaIbIsIMU HIT' CTYAEHTOM T'yMOBMX KIINMKIB, OTPUMaHI EMHICHUMM CEHCOpPaMu, 0OpOO/IAIOTHCA MIKPOKOHTPOTIEPOM Ta
BifoOpaxaroTbes Ha ITK yepes mocifjoBHe MiffK/II04eHHA Ta 3 3aCTOCYBAaHH:A IPOrpaMHOro 3abesneyeHH:A Arduino, 10 103BoIsA€
34NTYBATU OTPUMaHY iHGOpMalil0 BUKOHAHHA PYXiB. 32 yMOBaMM IIeJaTOTiYHOTO €KCIIEPMMEHTY MM HaMaraauch BU3HAYMTHU
AKICTb pe3ynbTaTiB BUMipIOBaHHA. 3TiJHO OTPMMaHMM YMCTOBMM TTOKa3HMKAM, YMC/IOBi 3HaUEHHS TeCTOBOI aBTEHTUYHOCTI OTPU-
MaHi TpajuIiitHuM crocoboM dikcarii pesynbTaTiB ¢axiBieMm, BiIOBIAIOTh 3HAYEHHIO «HU3BKUIT». Pesynbraty pospaxyHKiB
BaJILTHOCTI MOKa3a/u, [0 KOPEJIALlisA pe3y/IbTaTiB TeCTOBUX BUMIpIB i pe3y/IbTaTiB OLiHIOBAHHS 3 BUKOPMCTAHHAM PO3POO/IEHOTO
HpUCTPOIo Oyia ONTUMA/IBHOI 3 KoedillieHToM KoperLii 6inpim 3a 0,6.

BucHoBku. BaxnuBicTh BMCOKOTO piBHA PO3BUTKY KOOPAMHALI PyXiB HMKHIX KiHI[IBOK CTY/IEHTIB 3 iHBa/liIHICTIO BU3HA-
4YeHa HeOOXIiIHICTIO POSBUTKY L€l AKOCTI 3a/1s 3abe3medeHHs eheKTUBHOCTI IXHDBOI peabiniTail B mporeci iHkmosusHoro OB.
AHani3 OTpMMaHOro Marepiajy JO3BOJAE CTBEPIKYBATH, 110 3aCTOCYBAHHA y NpakTnii inkmosusHoro OB pospobneHoro Ha
OCHOBI HOBITHBOI €IEKTPOHIKY IIPUCTPOIO TO3BOMUTH HAYKOBO-OOIPYHTOBAHO ONTHMMI3yBaTH Iieit Ipollec 3a/1A 3abe3nedeH A
11010 e(heKTUBHOCTI.

Knrouosi cnoBa: cTyfenTn 3 inBanijHicrio, (biquHe BMXOBaHHsA, TECTYBaHHs, iHK/II03i, KOHTPO/Ib, KOOPAMHALifA, HVDKHI
KiHI[iBKI.
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Abstract

Study purpose. The purpose of this research is to look into the use of biomechanical analysis in pencak silat martial

arts techniques.

Materials and methods. The PRISMA standards for systematic reviews and meta-analyses were followed in this
review investigation. The study must be published within the prior five years, from January 2019 to July 2023. In the
search procedure, the following keywords are used: (1) pencak silat; (2) biomechanical analysis. The search engines
SINTA (Science and Technology Index) and Scopus were employed.

Results. This evaluation included the results of 10 articles. Six articles looked at combat tactics, two at students and
the art of movement, nine articles looked at kick attacks, and one looked at attitudes. Four articles proposed time and

speed. Six articles investigated pencak silat motion angles.

Conclusions. Time, angle, direction, flexion, extension, rotation, adduction, visual focus, force, moment of inertia,
rotational kinetic energy, and effort are all inferred factors for pencak silat techniques.

Keywords: biomechanical analysis, technique, pencak silat.

Introduction

Every element of the human body is utilized in the
unique movements of pencak silat. Pencak silat training
involves physical and mental training, aimed at developing an
individual’sabilities, strengths,and weaknesses. Italso focuses
on cultivating noble character and self-reflection through
rituals such as breathing exercises and fasting (Ediyono et
al., 2023). Additionally, research on the physical demands
of pencak silat competition shows that it is characterized
by full-body contact combat, indicating the involvement of
various parts of the body in the sport (Nurul Khotimah et
al., 2022). Furthermore, the development of training models
for children in pencak silat emphasizes the importance of
adapting movements with biomotor components, indicating
the involvement of different body elements in the training

© Karo-Karo, A.A.P, Rahayu, T., Setyawati, H.,
Mukarromabh, S.B., & Syaifullah, R., 2023.
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process (Subekti et al., 2021). Therefore, it can be concluded
that pencak silat utilizes every element of the human body
in its movements.

A systematic literature review is a method used to
analyze, synthesize, and summarize existing literature on
a particular topic (Dwidienawati et al., 2023). It involves a
rigorous and systematic approach to collecting and analyzing
data from relevant sources (Moher, Shamseer, et al., 2016).
The goal of a systematic literature review is to provide a clear
and objective summary of the current state of knowledge on
a particular topic, identify gaps in the literature, and suggest
areas for future research (Pinto et al., 2023). It is widely
used in various fields, including health care, education,
psychology, social sciences, and business and management
(Amjad et al., 2023).

Biomechanics is a scientific discipline that analyzes
movement and studies forms and patterns of movement
using mechanical concepts. This is supported by the sciences
of anatomy, physiology, and physics, which provide the
basis for biomechanics (Syaukani et al., 2023). Despite the
complexity of the human body, biomechanics primarily
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focuses on mechanical concepts (H. Wang et al., 2022; Y.
Wang et al,, 2022; Y. P. Q. W. C. Z. M. W. Y. Wang, 2022). It
examines the different ways people move during exercise to
better understand movement.

The correctness of sports movements is important
because it can have an impact on the success of rehabilitation
and injury prevention in athletes (Dirette, 2016). Insufficient
movement quality can lead to further damage or re-injury
even after successful rehabilitation (Wilke et al., 2017).
Objective methods such as biomechanical analysis are seen
as the international gold standard for assessing movement
quality, but they are not always practical for daily exercise
routines (Seuter et al., 2020). Subjective test protocols exist to
assess movement quality, but currently do not have sufficient
validity. However, there are few practical approaches to
assess movement quality after injury (Wren et al., 2020).
It is important to identify risk factors and perform pre-
injury assessments of movement quality to improve injury
prevention. To correctly carry out the technical phases
of pencak silat, it is necessary to periodically correct the
movements to be more mechanically correct, with more
effectiveness and efficiency, and to minimize movement
errors (Haqiyah et al., 2020). Understanding biomechanics
can help improve mobility and minimize the risk of injury
during physical activity (Wu et al., 2023).

There has been a lot of research carried out in the past
which has produced pencak silat learning media, including:
videos (Sasmitha et al., 2020), Android applications
(Marwan, 2018), multimedia (Mardius et al., 2023), mobile
applications based on Augmented reality (Muktiani et al.,
2022), and training models (Hadiana et al., 2022; Subardi et
al,, 2021).

In the study of pencak silat martial arts, biomechanical
analysis is crucial. This aids in comprehending the stresses
and torques produced by a specific strategy. This approach
sheds light on variables like knee extension angle and calf
length that affect the moment of force. Researchers can
ascertain the effects of these strategies on kick speed and
moment of inertia by examining the biomechanics of pencak
silat techniques. Additionally, biomechanical study can aid
in the creation of certain fighting tactics and methods.
Additionally, it can assist in creating training plans that fit the
physical requirements of the sport. To enhance performance
and maximize training methods, biomechanical research in
pencak silat fighting is therefore crucial. The application of
biomechanical analysis of pencak silat techniques is the goal
of this study, according to the researchers, who have based
their decision on the aforementioned. Researchers hope that
the findings of this study will offer reccommendations for how
to analyze the biomechanics of the pencak silat technique so
that they may build a solid foundation for their work.

Materials and methods

Study participants

The words “Analysis biomechanic” and “Martial Arts
or Pencak Silat” were searched for in published articles
from the Sinta (Science and Technology Index) and Scopus
Collection (Science Citation Index Expanded; Social Science
Citation Index; Arts & Humanities Science Citation Index)
from the years 2019 through 2023.

Number of records Number of records
identified through SINTA: identified through Scopus:
n= 134 n= 38

| l

‘ Number of records after duplicates removed: n= 142 ‘

|

Number of excluded
records: n= 70
Number of records - Not original
screened (titles and > research
abstracts): n= 142 - No abstract
available
Full-text articles
excluded: n= 63
Full-text articles assessed | Abstract only: n= 9
for eligibility: n= 72

Articles submitted
through keyword
checking: n= 10

Total number of articles
analyzed: n= 10

o N - H<—-—-———-o‘—-—cr= —-—m‘ ’o:n—-»:xna-qom ‘ {:c——-mn—-v,-—-::nn.—]

Fig. 1. Flow diagram used to select articles

As shown in the flow diagram (Figure 1), a total sample
of 10 articles was obtained from a total of 142 articles by
adhering to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines (Moher,
Stewart, et al., 2016) during the phases of identification,
screening, suitability, and inclusion.

The following variables were taken into account in
the bibliometric analysis: (a) The annual trend of articles
published between 2019 and 2023; (b) the distribution of
publications at the institution of the first author; (c) the
number of authors; (d) the subject area (training, health,
management, education, other, or mixed); (e) the type of
study (experimental, descriptive, correlational, other); and
(f) the average number of citations per article.

Study organization

The following variables were taken into account in
the literature review: (a) The annual trend of articles
published between 2019 and 2023; (b) the distribution of
publications at the institution of the first author; (c) the
number of authors; (d) the subject area (training, health,
management, education, other, or mixed); (e) the type of
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study (experimental, descriptive, correlational, other); and
(f) the average number of citations per article.

Statistical analysis

Article titles, abstracts, and keywords were focused as
these were sufficient to produce a reliable and sufficient core
of articles for further use and analysis. Only open access
articles were included in this review study because the
authors of this review did not wish to exclude anyone who
did not have access to their research. The following inclusion
and exclusion criteria were deployed to derive only relevant
studies dealing exclusively with a particular topic.

Results

The table below shows the total number of publications
during the selected time period. Year of pubication.

Tabel 1. Evolution of the number of publication per year

Year of publication =~ Number of articles Percentage
2019 132 23%
2020 27 19%
2021 26 18%
2022 34 24%
2023 23 16%
Total 142 100%

Various time periods can be seen in the evolution of
the number of publications, as depicted in Figure 2. First,
there has been a noticeable rise in scientific output from
2019 (19 articles), 2020 (27 articles), 2021 (16 articles), 2022
(29 articles), 2023 (23 articles).

According to the literature, biomechanical analysis that
can be applied in pencak silat techniques is shown in the table

Table 2. Summary table of studies

Number of article published

2 34
27 26

25 23
20
15
10

5

0
2019 2020 2021 2022 2023

Fig. 2. Evolution of the number of publications per year

above. This review comprised ten studies. In eight studies,
combat techniques were discussed, as were art trends and
pupils. 9 research looked at kick assaults, whereas 1 looked
at postures. Four research point to time and speed. Angles in
pencak silat movements are suggested by six research. Others
propose flexion, extension, rotation, adduction, and visual at-
tention. Moment of force, moment of inertia, rotating kinetic
energy, effort, and power are all measured in magnitude.

Discussion

Pencak silat techniques encompass numerous and
distinct pencak silat techniques, as well as their distinct
qualities, functions, and performance, as well as theories and
strategies for their execution, which are divided into four
components: postures, movements, attacks, and defenses.
The primary goal of teaching pencak silat is to develop
martial arts practitioners who understand the structure of
pencak silat techniques and processes (management), as well
as tips on how to perform them practically, pragmatically,
effectively, efficiently, creatively, tactically, and productively,
all of which can create a competitive advantage.

Pencak silat techniques generally use punches, kicks,
locks, blocks, and evasion. Each technique is still broken

Topic Sample Result Source
Motion Analyis of the Front Kick Fighter athletes  Angles (Hariono et al., 2021)
Pencak silat combat time motion analysis ~ Fighter athletes ~ Time (Subekti et al., 2021)
Pencak Silat Side Kick Fighter athletes Direction, flexion, extension, (Irawan et al., 2021)

rotation, adduction, visual focus.

Biomechanical Analysis of Horse Kick
Athletes Single Art Category Pencak Silat

Athletes single art

Angles of flexion and extension
Angles

The magnitude of the moment

(Risa Billah & Awang Irawan,
2022)

(Lubis et al., 2022)

(Doewes et al., 2022)

of force, moment of inertia,
rotational kinetic energy, effort,
and power

Biomechanical analysis enhance the Undergraduate
learning outcomes of Pencak Silat students
Biomechanics analysis on Jejag kick Fighter athletes
Movement Compatibility Analysis of Side  Fighter athletes
Kick

Analysis Of Round House Kick Fighter athletes
Biomechanical Analysis of Martial Arts Fighter athletes

Fore Kick

Time and angle

Angles

Time, speed, flexion angle and
extension angle

(Syaifullah & Doewes, 2020)

(Sonia and Bhanu Pratap, 2023)
(Yan et al., 2022)
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down again, for example punches are divided into palm
punches, backhand punches, scratches, plugs, and so on (Vai
et al., 2023; Widiastuti et al., 2022). In addition, in pencak
silat, traditional weapons such as swords, machetes, sticks,
spears, celurit, knives, tridents, kerambit (a type of knife),
keris, and others are taught. Pencak Silat in the psychomotor
domain is inseparable from biomechanics, under-standing
the factors that govern human movement is very important
for technique (Thsan et al., 2022; Kusuma & Novita, 2023;
Muzakki et al., 2023). Harnessing biomechanics for training
enables intelligent training planning so you can get the most
out of it in the shortest time and in the safest way.

The study of exercise biomechanics enables the user to
comprehend how the body reacts to various forms of exercise
intensity, angle, and posture. In other words, studying exercise
biomechanics magnifies these impacts, allowing players to
select the best sport for them. Biomechanical analysis can
throw light on the facts and help understand what pressures
poor technique is exerting on joints and surrounding tissues
when form and technique are poor. Athletes of all ages and
abilities can benefit from biomechanical analysis, whether to
ease discomfort or improve performance. In brief, these are
some of the biomechanical advantages: improving movement
speed, improving strength, and assisting in the elimination
of muscular imbalances. reduced wear and tear on joints and
ligaments, better sport-specific form and technique.

Biomechanics is a scientific discipline that integrates
factors that affect human movement, drawn from basic
knowledge such as physics, mathematics, chemistry, phys-
iology, anatomy and engineering concepts to analyze the
forces that occur in the body. forces and moments imposed
on workers so that work accidents do not occur. Biomechan-
ics is a scientific discipline that applies mechanical principles
to understand performance systems in the human body (Ke-
ogh, 2021; Norman et al., 2021; Y. Wang, 2022). It focuses on
the study of movement in living organisms, including the in-
teraction of forces, moments, and mechanical properties on
the movement or balance of body segments. Biomechanics
also examines the mechanical behavior of biological systems
and subsystems, such as the musculoskeletal system and its
ligaments and tendons (Bandeiras, 2019; Bavi et al., 2022;
Papageorgiou, 2020).

Biomechanics knowledge is critical to engineering
education, particularly for those working in the biomedical
sector, because it permits the development of equipment
such as prosthetics and rehabilitation tools that promote
healing, restoration, and simulate lost biological capabilities.
Opverall, biomechanics is a subfield of biophysics that studies
the structure, function, and movement of living organisms.
Biomechanics is a science that combines physics (particularly
mechanics) and engineering, as well as knowledge of the
work environment. General biomechanics is the branch of
biomechanics that studies the fundamental laws that govern
the organic human body at rest and in motion.. Biomechanics
is a study that specializes in analyzing segments of human
body motion, one of which is quantitative data on angles in
degrees (Hughes et al., 2021).

There are two major benefits to studying the effects of
these factors. For starters, it enables training to enhance
technique while avoiding harm. This research also aids in the
enhancement of performance and physical fitness in terms
of strength, cardiovascular fitness, and flexibility. There

are numerous advantages to doing biomechanical analysis,
because biomechanics gives a wealth of information for
various types of human movement analysis, particularly to
improve athlete performance (increase performance) and
lower the risk of injury (Teferi & Endalew, 2020).

Conclusions

Based on the outcomes of using techniques for
biomechanical analysis of pencak silat by searching literature
related to the analysis of pencak silat biomechanics, it can
be con-cluded that the biomechanical analysis that can be
applied to pencak silat techniques is time, angles, direction,
flexion, extension, rotation, adduction, visual focus, force,
moment of inertia, rotational kinetic energy, effort.
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Abstract

Study purpose. This research aims to analyze and highlight the potential of bee products in reducing oxidative stress

and inflammation after physical activity/exercise.

Materials and methods. This research uses a systematic review method by searching various journal databases such
as Scopus, Web of Science, PubMed and Embase. The inclusion criteria in this study were articles published in the
last 5 years and articles discussing bee products, honey, oxidative stress, inflammation, physical activity, and exercise.
The exclusion criteria in this study were articles published in disreputable journals. Titles, abstracts, and full texts of
articles were screened then verified and stored in Mendeley software. A total of 7,124 articles from the Scopus, Web
of Science, PubMed and Embase databases were identified. A total of 8 articles that met the inclusion criteria were

selected and analyzed for this systematic review.

Results. Bee products that have anti-oxidant properties can reduce oxidative stress and the anti-inflammatory
properties of bee products can reduce uncontrolled inflammation due to exercise.

Conclusions. Bee products contain flavonoids which have anti-oxidant properties which can reduce oxidative

stress. In addition, the anti-inflammatory properties of bee products can reduce uncontrolled inflammation due to
physical activity/exercise. In this case, honey works by inhibiting inflammation through NF-«B signals and reducing
inflammation by suppressing the secretion of pro-inflammatory cytokines such as TNF-a and inflammatory markers
such as CRP. Reducing inflammation can reduce the intensity of muscle pain. It is reccommended that bee products be
used in individuals to reduce oxidative stress and inflammation after physical activity/exercise.

Keywords: bee products, oxidative stress, inflammation, physical training, healthy lifestyle.

Introduction

Regular physical activity/exercise can improve health
and fitness (Ruegsegger & Booth, 2018). However, on the
other hand, intense physical activity/exercise will trigger

© Kusuma, D.A., Naharudin, M.N.B., Callixte, C., Aljunaid,
M., Firmansyah, A., Mario, D.T., lham, Komaini, A., &
Ayubi, N., 2023,
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uncontrolled oxidative stress due to an imbalance between
reactive oxygen species (ROS) and antioxidants (Thirupathi
et al,, 2021). Increased ROS can cause degenerative diseases
such as cancer, cell damage and type 1 diabetes (Darenskaya
et al,, 2021). In addition, physical activity/exercise at high
intensity, especially with eccentric movements, causes
metabolic stress in the form of energy deficiency and
muscle damage (Harty et al., 2019). Muscle damage caused
by exercise is characterized by the onset of muscle pain
(Casanova et al., 2018). Thus, the resulting muscle pain
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can limit performance after a training session (Owens et
al., 2019; Romero-Parra et al., 2021; Viribay et al., 2020;
Xin & Eshaghi, 2021). Several studies explain that pain
occurs due to an uncontrolled inflammatory process due to
increased levels of Tumor Necrosis Factor-Alpha (TNF-a)
and Interleukin 6 (IL-6) levels during exercise-induced
muscle damage (Dupuy et al.,, 2018). Meanwhile, Creatine
Kinase (CK) is believed to be a biomarker for muscle damage
(Esteves-Lima et al., 2020; Oosthuyse & Bosch, 2017).

In most cases, inflammation peaks 1 to 2 days after
an exercise session (Chang et al., 2021; Hung et al., 2021;
Muljadi et al., 2021). The current phenomenon is that
around 30 million people worldwide who experience pain
are usually treated with non-steroidal anti-inflammatory
drugs (NSAIDs) (Ayubi & Sastika Putri, 2021; Kyriakidou
et al.,, 2021). Giving NSAIDs after exercise is a wrong
alternative for managing pain, this is because NSAIDs have
a disruptive effect on the muscle growth response which has
an impact on hypertrophy and muscle strength. As a result,
giving NSAIDs will actually negate the results of the exercise
carried out (Schoenfeld, 2012).

Alternative solutions need to be sought to overcome
this problem. One of the natural products produced by
bees is honey. Apart from honey, bees also produce many
by-products such as pollen, propolis and royal jelly (Ali
& Kunugi, 2020). Several studies report that bee product
has anti-inflammatory properties (Esa et al., 2022; Eteraf-
Oskouei et al., 2020). In this regard, anti-inflammatory
cytokines such as interleukin 10 (IL-10) play an important
role in controlling the inflammatory response. (Srivastava
et al,, 2017). Apart from that, bee products is also famous
for its anti-oxidants (Cianciosi et al., 2018). On the other
hand, honey plays a role in suppressing pro-oxidant
activity by increasing the heme oxygenase 1 (HO-1) and
glutathione peroxidase (GPx) genes. (Iova et al., 2021). Bee
products has also been used in the world of medicine and
health to speed up wound healing (Cianciosi et al., 2018).
In this case, the many benefits of bee products give us the

Number of article identified in databases
Pubmed/MEDLINE, Scopus, Web of Science, dan Embase
(n=7.124)

|

Identification

opportunity to relate and discuss in depth the effects of
bee products in reducing oxidative stress and uncontrolled
inflammation after physical activity/exercise through a
systematic review.

This research aims to analyze and highlight the potential
ofbee products in reducing oxidative stress and inflammation
after physical activity/exercise.

Materials and methods

Studi design

This research uses a systematic review method by
searching various journal databases such as Scopus, Web of
Science, Pubmed and Embase.

Eligibility criteria

The inclusion criteria in this study were articles
published within the last 5 years. The next article discusses
bee products, honey, oxidative stress, inflammation, physical
activity, and exercise. The exclusion criteria in this study were
articles published in national and non-reputable journals.

Procedure

Titles, abstracts and full texts of articles were screened
then verified and stored in Mendeley software. In the first
stage, 7,124 articles from the Scopus, Web of Science Pubmed
and Embase databases were identified. Next, in the second
stage, 55 articles were screened based on the suitability of the
title and abstract. In the third stage, 31 articles were verified
for further processing. At this stage we filter based on the
suitability of the full article. Next, in the final stage, 8 articles
that met the inclusion criteria were selected and analyzed
for this systematic review. For standard operations, this
study followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) assessment.

Number of title/abstract selected
(n=55)

Screening

Articles excluded based on title/abstract
(n=24)

l

Number of full articles selected
(n=31)

l

Number of full articles selected
(n=8)

Included

Eligibility

Articles excluded based on full text reading
(n=23)

Fig. 1. PRISMA flowchart of the article selection process
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Results

Table 1. Results of a review of the effects of bee products on oxidative stress and inflammation

Author Sample Characteristics Study Design Intervention Results

(Kheirdeh et al., 56 female mice aged 8-10 weeks, Experimental  Providing royal jelly Royal jelly consumed at a dose

2022) weighing 200-220 g, were divided intervention with honey  of 50 mg/kg and 100 mg/kg
into 8 groups, namely healthy as the base ingredient. together with aerobic exercise
control group, experimental Intervention was carried  has benefits on pain threshold.
autoimmune encephalomyelitis out every day for 5 weeks.
group, sham group, royal jelly Training consists of
group with a honey base dose of tretmill training every
50mg/kg, royal jelly group with session of 5 to 25 minutes
a base ingredient honey dose at a speed of 6m/s 5 times
100mg/kg, sports training group a week.

+ royal jelly with a honey-based
ingredient dose 50mg/kg and
sports training group + royal jelly
with a honey-based ingredient
dose 100mg/kg.

(Petelin et al., 2019) A total of 72 overweight people ~ Experimental = Bee product in the form of Providing bee product
aged 25 years were divided royal jelly with a dose of  interventions such as royal jelly
randomly into 2 groups, namely 333 mg/capsule has the potential to provide
the control group and the benefits on lipid profiles,
treatment group with bee product inflammation, oxidative stress,
in the form of royal jelly. mood and satiety in overweight

people.

(Ali et al., 2021) 8 relevant studies on honey, Literature Giving bee products such  This literature study reports
fatigue, physical performance, Review as royal jelly, propolis and  that bee products such as
inflammation and exercise during bee pollen. royal jelly, propolis and bee
COVID-19 pollen have the potential to

improve physical performance,
speed recovery and reduce the
inflammatory response during
COVID-19.

(Ranneh et al,, 42 rats weighing 250-270 g Experimental ~ Bee honey is given at Bee honey is able to reduce

2021) received 4.6 and 9.2 g/kg bee doses of 4.6 and 9.2 g/kg  the production of reactive
honey for 7 days followed by oxygen species (ROS), lipid
lipopolysaccharide induction and peroxidation, reduce NF-kB
blood samples were taken 6 hours signals and pro-inflammatory
later. cytokines.

(Tavafzadeh etal., 48 young women aged Experimental ~ Honey supplementation ~ The combination of honey

2023) 19-25 years were divided was given in a dose of 20 g supplementation and dance
into 4 groups, namely the and dissolved in 300 mL  training can effectively maintain
16 weeks sedentary activity water. The aerobic exercise bone health and antioxidant
group, the 8 weeks exercise used is dance training. status triggered by exercise
group followed by 8 weeks
sedentary activities, the 8 weeks
honey supplementation group
followed by 8 weeks sedentary
activities group, and the 8 weeks
combination exercise and honey
supplementation group. followed
by 8 weeks of sedentary activity.

(Stavropoulou et  Eight-week-old female C57BL/6  Experimental ~ Honey intervention was ~ The anti-inflammatory

al,, 2022)

mice were lipopolysaccharide
induced and monitored for 4
hours.

given 30 minutes before
lipopolysaccharide
injection.

properties of honey are able

to strongly suppress serum
TNF-a levels in mice that
experience inflammation due to
lipopolysaccharide induction.

956



Kusuma, D.A., Naharudin, M.N.B., Callixte, C., et al. (2023). Antioxidant and Anti-Inflammatory Properties of Bee Products Potentially
Reduce Oxidative Stress and Inflammation After Physical Activity/Exercise: A Systematic Review

Table 1 (continued)

Author Sample Characteristics

Study Design

Intervention Results

(Ovchinnikov et al.,
2022)

20 healthy swimmers with an
average age of 19 years and male
were divided into 2 groups,
namely the placebo group and
the group given bee products
supplementation in the form of
royal jelly.

(Noura et al., n.d.)
were injected with 8 mg/kg
trimethyltin. Next, the mice were
divided into 4 groups, namely
the resistance training group, the
resistance training group + royal
jelly group, the royal jelly group,
and the control group.

Experimental

24 mice aged an average of 8 weeks Experimental

Bee products intervention
in the form of royal jelly
supplementation was
given at a dose of 400 mg
once a day for 10 days.
Before being given
intervention, swimmers
did HIIE training, which
was done in 4 sets over

a distance of 50 meters
with maximum speed and
recovery between sets for
45 seconds.

Bee products intervention

in the form of royal jelly for

10 days has the potential to
speed up recovery from muscle
damage and reduce oxidative
stress.

Endurance training in the
form of treatmill training
at a speed of 15-20m/
minute, 5 sessions per
week for 8 weeks. Royal
jelly is given at a dose of
100 mg/kg every day.

Endurance training and royal
jelly were able to significantly
reduce the expression of
inflammatory markers such as
the biomarker CRP in mouse
muscle tissue.

Discussions

The main research objective of this systematic review
is to analyze and highlight the potential of bee products in
reducing inflammation and oxidative stress after physical
activity/exercise. Bee products contain flavonoids which
have antioxidant properties. The chemical structure of bee
products can be seen in Figure 2 (Silva et al,, 2021). It is
known that physical activity increases the production of
Reactive Protein Species (ROS) (Thirupathi et al., 2021).
Excessive increase in ROS production can cause damage
to muscle fibers which will later lead to fatigue (Wang
et al,, 2021). On the other hand, the presence of a small
stimulus from a low increase in ROS production can express
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endogenous antioxidants (Eddaikra & Eddaikra, 2021;
Simioni et al., 2018). However, if physical activity is carried
out intensely, it will cause an imbalance between excessive
ROS production and the oxidant defense system, called
oxidative stress (Hajam et al., 2022).

Theidea thatbee products contain antioxidant properties
is supported by a study conducted on mice reporting that
honey intervention at doses of 4.6 and 9.2 g/kg for 7 days
followed by lipopolysaccharide induction had the potential
to reduce the production of reactive oxygen species (ROS)
(Ranneh et al., 2021). In addition, a study conducted on
young women reported that honey supplementation given
at a dose of 20 g and dissolved in 300 mL water during
aerobic exercise was effectively able to maintain bone health
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Fig. 2. Chemical structure of bee products
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and antioxidant status triggered by exercise (Tavafzadeh
et al., 2023). Furthermore, the results of this study were
strengthened by research which reported that swimmers
who were given bee product intervention in the form of royal
jelly supplementation at a dose of 400 mg for 10 days had the
potential to reduce oxidative stress and speed up recovery
after training (Ovchinnikov et al., 2022). Physiologically, an
interesting thing is that the flavonoids contained in honey
work by increasing mitochondrial calcium ions (Ca2+)
in cells, causing hyperpolarization of cell membranes. So
increasing mitochondrial Ca2+ has the potential to reduce
oxidative stress (Overdevest et al., 2018).

Furthermore, one of the main sources of oxidative
stress is the immune system, and inflammation is the main
reaction of the immune system to restore cells damaged
by intense exercise back to normal (Simioni et al., 2018).
Indeed, when the cells of an organ are damaged, the immune
system becomes active (Marshall et al., 2018). The cells will
stimulate magrophages to increase the production of pro-
inflammatory and anti-inflammatory cytokines (Ayubi et
al., 2022). It has been reported that TNF-a is one of the pro-
inflammatory cytokines that trigger muscle pain (Fernandez-
Lazaro et al., 2020; Nanavati et al., 2022). In this regard,
bee products, which has anti-inflammatory properties, can
be an intervention strategy in controlling uncontrolled
inflammatory processes due to exercise. A study conducted
on mice reported that Royal jelly consumed at a dose of
50 mg/kg and 100 mg/kg along with aerobic exercise had
benefits on pain threshold (Kheirdeh et al., 2022). The results
of this research were reinforced by a study which reported
that the anti-inflammatory properties of bee products
were able to strongly suppress serum TNF-a levels in mice
experiencing inflammation due to lipopolysaccharide
induction (Stavropoulou et al.,, 2022). In this regard, a study
on mice also reported that resistance training in the form of
treadmill training for 15-20 minutes, 5 sessions/week carried
out for 8 weeks and administration of royal jelly was able to
significantly reduce the expression of inflammatory markers

Z -

Excercise ()

such as the biomarker CRP in mouse muscle tissue (Noura
et al, n.d.). Furthermore, a study in mice also reported that
bee honey intervention given at doses of 4.6 and 9.2 g/kg to
mice induced by lipopolysaccharide was able to reduce NF-
kB signals and pro-inflammatory cytokines (Ranneh et al.,
2021). Regarding NF-kB signaling, NF-kB is initially active
when tissue damage occurs and then plays an important role
in mediating inflammation, especially the secretion of pro-
inflammatory cytokines such as TNF-a (Acar et al., 2018). So
if NF-kB signaling is inhibited using bee products, it will also
affect pro-inflammatory cytokines and reduce muscle pain.
Recent literature studies during COVID-19 report that bee
products and exercise have the potential to improve physical
performance, speed recovery and reduce the inflammatory
response during COVID-19 (Ali et al., 2021). Furthermore,
a study on overweight people reported that providing bee
products supplementation interventions in the form of royal
jelly had the potential to benefit lipid profiles, inflammation,
oxidative stress, mood and satiety in overweight people
(Petelin et al., 2019).

So, bee products which has anti-oxidant properties can
reduce oxidative stress and the anti-inflammatory properties
of honey can reduce uncontrolled inflammation due to
exercise. Furthermore, for more details regarding the benefits
of honey in reducing oxidative stress and inflammation, see
Figure 3.

Conclusions

Bee products contain flavonoids which have anti-oxidant
properties which can reduce oxidative stress. In addition, the
anti-inflammatory properties of bee products can reduce
uncontrolled inflammation due to physical activity/exercise.
In this case, honey works by inhibiting inflammation through
NF-kB signals and reducing inflammation by suppressing the
secretion of pro-inflammatory cytokines such as TNF-a and
inflammatory markers such as CRP. Reducing inflammation
can reduce the intensity of muscle pain. It is recommended
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Fig. 3. Mechanism of action of bee products to reduce oxidative stress and inflammation
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that bee products be used in individuals to reduce oxidative
stress and inflammation after physical activity/exercise
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Marepianu Ta MeTOgM. Y IIbOMY HOCTIi/IKEHHI BUKOPUCTOBYIOTb METOJ, CUCTEMATIYHOTO OIJIA/ly HMIJIAXOM IIOIIYKY B Pi3HMX
6a3ax JaHUX XXYpHaIB, Takux 5K Scopus, Web of Science, PubMed ta Embase. KpurepisiMu BK/II04eHHS B I[bOMY HOCI/PKEHHSA
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Embase. 3arasom [yist 11bOT0 CHCTEMAaTUIHOTO OIVIsLAY Oy/I0 BiffibpaHo Ta mpoaHatizoBaHo 8 cTaTeil, sIKi BifjIIOBifaM KpuTepism
BK/TIOUEHHS.

Pesynbraru. [Ipofykty O KiNbHUILITBA, AKi MAIOTh AHTMOKCUJAHTHI BIACTUBOCTI, MOXYTb 3MEHIIYBAaTV OKCHATUBHUI
CTpec, a MPOTM3AIA/IbHI BTACTUBOCTI MPOAYKTIB O/PKITbHUIITBA MOXXYTh 3MEHIIYBAaTY HEKOHTPO/IbOBAHE 3alIa/ICHHs], CIIPUYIHE-
He BUKOHAHHAM (i3MYHUX BIIPaB.

BucHoBku. ITpogykTy 6mKiTbHNIITBA MICTSTD (ITABOHOIAN, SIKi MAIOTh aHTMOKCUAHTHI BIACTMBOCTI, 110 MOXKYTb 3MEHIITy-
BaTM OKCUAATUBHUIL cTpec. KpiM Toro, mporusananbHi BIaCTUBOCTI MIPOAYKTIB OIKiITbHUIITBA MOXKYTh 3MEHIITYBAaTH HEKOHTP-
O/IbOBaHe 3allajieHHs], cpudnHeHe (PisMYHOI0 aKTUBHICTIO/BIIpaBaMu. Y 1LIbOMY pasi Mefl i€, iHriOyroun 3amaneHHs IIIAXOM
akTMBaii curHaabHoro uyrAxy NF-kB (apepuuit paktop «kamma-6i») i 3SMeHIIyo4M 3amajeHHA MIAXOM IPUTHIYeHHA CeKperrii
[pO3ala/JbHNX UNUTOKIHIB, Takux siK TNF-a (daxrop Hekposy nmyxmmuu anpda, PHII-anbda), i MapKkepis 3amaaeHHs, TaKuX K
CRP (C-peakTnBHUIT 6i710K). 3MEHIIEHHS 3alla/IeHHs MOXKe 3MEHIINTY IHTEHCUBHICTb M sI30BOr0 60/110. PeKOMEHIYETbCS BUKO-
PUCTOBYBATH IIPOAYKTU OMKITbHUIITBA /IS 3MEHILIEHHsI OKCUIATMBHOTO CTPECy Ta 3allaleHHsI Mic/is Gi3uvHOI aKTMBHOCTI/BIIPaB.

KirouoBi croBa: mpogyKTu O KiIbHUIITBA, OKCUAATUBHIIL CTPeC, 3alajieH s, (i3MIHa MATOTOBKA, 3J0POBMIL CIIOCIO KUTTH.
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Abstract

The objective of this paper is to evaluate the research trends in football training for young players under 18 years old
in the last 15 years.

Materials and methods. This was a bibliometric analysis and systematic review study. Articles published since 2008
were searched for by the keywords “Football Training” and “Football Exercise” using a comprehensive strategy on
SCOPUS research journal databases. There were 1,053 articles with 4802 citations mined on October 17th, 2023.
Thereafter, 217 articles were selected for further analysis by using VOS Viewer computer software.

Results. The United Kingdom (67), The United States (60), and Spain (41) were the three countries that had the most
publications in football training. There were 6 keyword clusters that reflected various research focuses on football
training for younger players. Based on the top 10 most cited references in football training for younger players,

there were several major themes that covered various aspects of the research trend and development in the last 15
years, i.e. (1) Factors in the Development of Young Football Players, (2) Tactical Analysis and Collective Behavior in
Small-Sided Games, (3) Game Intensity and Activity Profile in Young Football Players, (4) Plyometric Training and
Its Effects on Preadolescent Players, and (5) Injury Prevention and Neuromuscular Training in Adolescent Football
Players.

Conclusions. Football research for under-18 players has grown rapidly. This research trend shows that football
requires not only physical and technical skills, but also social and mental aspects. Further research can be directed
toward understanding and integrating holistic aspects of football coaching, including the development of non-
physical skills, such as leadership, teamwork, and conflict resolution. Further investigation into the use of technology
in football coaching, such as video analysis, sensor-based performance measurement, and artificial intelligence
applications to provide deeper insight into player progress.

Keywords: football training, bibliometric, young player, sports science.

Introduction football, which allows players to switch between defensive
and attacking positions (Serghei et al., 2021). Football is a
team sport in which participants make physical contact with
one another (Mohr et al., 2022). In addition, playing football
calls for a variety of athletic abilities (Ramirez-Campillo,
Henriquez-Olguin, et al., 2015), mental, tactical, and
technical acuity (Ferrete et al., 2014). The process of teaching
football is intended to help players improve their technical,
physical, tactical, and mental skills (Asadi et al., 2018).

One of the most popular sports in the world is football
(Hansen et al., 2013). This is due to the dynamic nature of
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The cornerstone of the football game is technical ability
(Olthof et al., 2015). This covers moves including dribbling,
passing, kicking, controlling theball,and usingboth feet while
playing (Coutinho et al., 2023). It is through systematic and
consistent practice that young players are guided to master
these abilities (Campolettano et al.,, 2016). In football, being
in good physical shape is crucial (Cvetkovi¢ et al., 2018).
Moreover, strengthening, speed, endurance, flexibility, and
coordination can all be achieved through physical exercise
(Negra et al., 2017). This aids players in enduring lengthy
and difficult battles (Makhlouf et al., 2018).
Coaching football also include studying game strategies
(Nakonechnyi et al., 2023). Basic ideas like playing position,
team formation, attack, defense, and playing strategy must
be understood by players (Bolotin & Bakayev, 2017). This
entails being able to read the game and making wise choices
(McGuckian et al., 2020). Football is a game where mentality
is very crucial (Kozina et al., 2019). Gamers need to develop
their ability to regulate their emotions, stay focused, boost
their confidence, and handle pressure (Fernandez-Gonzalo
et al., 2010). Additionally, coaches can offer guidance on
effective communication, motivation, and rebounding from
setbacks (Figueres et al., 2014).
Coaching football frequently entails attending games
and competitions (Bettega et al., 2023). This allows players
to use the abilities and information they acquire in practical
settings (Alesi et al., 2015). Additionally beneficial to mental
growth and experience coping with game strain is competi-
tion (Hendry et al., 2014). Excellent facilities and knowl-
edgeable supporters are essential components of a successful
football coaching program (Prasetya & Argantos, 2019).
Coaching football also entails assessing and tracking
player development (Deprez et al., 2015). This enables
athletes to pinpoint their areas of weakness and establish
developmental objectives (Brechot & Flepp, 2020). In
addition to the technical and physical aspects, teaching
football ethics is crucial (Praxedes et al., 2016). Fair play,
sportsmanship, and consideration for both opponents and
teammates are examples of this (Mills et al., 2012). Football
coaching is a continuous process that needs the families,
coaches, and players to be committed (Eather et al., 2020).
Football players can maximize their abilities and poten-
tial through this methodical and thorough technique, propel-
ling them to new heights in the sport (O’Connor et al., 2018).
Good football coaching also helps create a strong foundation
for the future of the sport of football as a whole (Akenhead &
Nassis, 2016). However, football coaching doesn’t just apply
to elite athletes, it also applies to all age levels and skill levels
(Balyi et al., 2013). This means that everyone could thrive in
the sport they love. A lot of research related to football train-
ing has also been carried out, but the trend for younger play-
ers is still not focused and still not contextual enough to be
directly implemented by coaches. This bibliometric research
aims to see the development of research trends in football
training for young players under 18 years of age in the last
15 years with the following research question:
1. To analyze the football training for young players
under 18 years old’s research trends in the last
15 years.

2. Toanalyze the countries that contributed to football
training for young players under 18 years old’s
research trends in the last 15 years.

3. To analyze the pattern of keyword clusters in
football training for young players under 18 years
old’s research trends in the last 15 years.

4. To analyze the top 10 cited publications in football
training for young players under 18 years old’s
research trends in the last 15 years.

Materials and methods

Materials for analysis

There were 1,053 articles from Scopus that were mined
on October 17th, 2023. Therefore, 217 articles were selected
for further analysis by using VOS server computer software.
There were 10 articles selected as the most cited articles
which were selected for this systematic review.

Organization of the study

This type of research is a Bibliometric Analysis and
Systematic Review. Article searches were carried out using
a comprehensive strategy on SCOPUS research journal
databases. The keywords used are “Football Training’,
“Football Exercise’, and “Football Academy”. Furthermore,
the exclusion criteria were journals published in the last
15 years from 2023.

Methods of analysis

For standard operationalization, this study follows the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).

Articles were identified from Scopus
Journal Data Base
(n=1,053)

l

Articles were selected from the title or
abstract
(n=438)

|

Identification

|

Articles were excluded from
the title or abstract
(n=221)

Screening

Articles were evaluated by Bibliometric Articles were excluded based
Analysis —> on best 10 most cited
(n=217)

(n=207)

\ Eligibility ‘

|

Articles were reviewed by systematic
review
(n=10)

Included

Fig. 1. PRISMA flowchart of the article selection process

Results

Research Trend of Football Training for Young
players Under 18 Years Old in the Last 15 Years

The research trends of football training for young players
under 18 years old in this literature review are presented in
Table 1. The number of publications (f) fluctuates from year
to year, with notable variations. However, the total number
of citations (Total Cited) tends to increase gradually over
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Table 1. Document of Football Training Research for
Young players Under 18 Years Old in the Last 15 Years

Year f Total Cited Average Cited
2008 4 152 78
2009 3 170 86.5
2010 6 21 364 1313 185 667
2011 5 126 65.5
2012 3 501 252
2013 8 472 240
2014 7 319 163
2015 15 52 527 1933 271 992.5
2016 11 371 191
2017 11 244 127.5
2018 21 445 233
2019 25 453 239
2020 32 463 247.5
144 1556 850
2021 33 163 98
2022 16 27 21.5
2023 17 5 11
Total 217 4802 2509.5

the years, reaching its peak in 2020 with 463 citations. In
2015, there was a substantial increase in the number of
publications (15) compared to the previous year. This year
also stands out for receiving the highest total citations (527),
signifying significant academic recognition.

The average number of citations per publication
(Average Cited) showcases substantial variability, indicating
the impact and reception of publications in different years.
While the number of publications remained relatively
consistent from 2016 to 2019, the total number of citations
steadily increased, indicating an increasing impact of the
work. The average number of citations per publication in
2020 is the greatest (247.50), indicating that the influence
and caliber of articles in that year were very notable. In
2021, there was a notable decline in the average number of
citations per publication, which deviates significantly from
prior trends.

The dataset’s lowest average citations per publication
occurred in 2022 and 2023 as a result of large increases
in both the total number of citations and publications. In
conclusion, this table emphasizes how academic research
is dynamic and has differing degrees of influence and
acknowledgment depending on the year. The average number
of citations per publication, total number of citations, and
changes in publication numbers offer important insights on
how the body of scholarly work in the subject is changing.
In this academic setting, it might provide a foundation for
additional analysis and research evaluation.

Research conducted between 2008 and 2012 about
football training for young players under the age of eighteen
(2012) found that a significant portion of the research focused
on injury aspects, particularly ligament injuries. In order
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Fig. 2. Football Training Research Trends over the Past 15 Years
for Young Players

to determine the elements impacting the growth of young
football players, Mills et al. (2012) conducted interviews with
coaches. They placed a special emphasis on awareness as a
fundamental component. Conversely, a cluster randomized
controlled trial was carried out by Walden et al. (2012) to
assess the efficacy of neuromuscular training in lowering the
incidence of knee injuries among female teenage football
players. During this time, there was a shift in study focused
on figuring out how to lower the risk of injury that young
football players suffer in order to enhance their health and
playing experience.

Between 2013 and 2017, the focus of research switched
to different types of fitness regimens for young players.
Studies on plyometric training in preadolescent athletes,
including those by Michailidis et al. (2013) and Ramirez-
Campillo, Burgos, et al. (2015), demonstrate the considerable
performance gains that may be achieved with this kind of
training. The need to create training regimens that take into
account the developmental traits of young football players is
highlighted by the growing body of knowledge regarding the
training modalities that are most suitable and advantageous
for these players at this age.

From 2018 to 2023, more research will be conducted
on the neurological system, physical capabilities, and
body composition as supporting factors in performing
basic technical training. Studies conducted during this
time period, like Kilding et al. (2018), concentrate on the
efficacy of training regimens that can aid in the growth of
young athletes, not just in terms of fundamental skills but
also in bolstering areas such as the neurological system,
physical capabilities, and body composition. This study
sheds new light on the value of a comprehensive approach
to training young football players in order to maximize their
development and minimize injuries, laying the groundwork
for a successful future in the game.

Country Contributed to Football Training Research for
Young Players Under 18 Years Old in the Last 15 Years

Table 2 offers a thorough summary of the top 10
nations that, throughout the past 15 years, have significantly
advanced the field of football training research for young
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Table 2. Top 10 Countries Contributed to Football Training
Research for Young Players Under 18 Years Old in the Last
15 Years

Country f Total Cited Average Cited
United Kingdom 67 1596 831.50
United States 60 1220 640.00
Spain 41 852 446.50
Australia 33 579 306.00
Germany 29 626 327.50
Italy 26 417 221.50
Switzerland 21 541 281.00
Denmark 20 550 285.00
Portugal 19 617 318.00
Poland 18 108 63.00
Total 334 7106 372.00

players under the age of 18. It provides information on the
volume and significance of research done in each of these
countries as well as the typical number of citations for each
article. The United States and the United Kingdom have been
the leading countries in football training research for players
under the age of eighteen. These two countries, with 67 and
60 publications, respectively, have demonstrated a constant
commitment to this topic.

The UK shines out when it comes to both the quantity
of articles and the overall number of citations (1596). This
suggests that their research has had a significant influence
on youth football training. The UK has the highest average
citation rate (831.50) among all countries, and their
publications have the highest average citation rate as well.
This implies that their body of work is not just substantial
but also quite important in the academic world.

The global spread of football research is also dominated
by several major football countries such as Spain, Australia,
Germany, Italy, and Portugal. They made significant contri-
butions, each with a noteworthy average citation rate, indi-
cating the global importance of their research efforts. In ad-
dition, Switzerland and Denmark make appearances in the
top 10, indicating their dedication to youth football training
research. Their average citation rates of 281.00, 285.00, and
318.00, respectively, underscore the quality and influence
of their work. Poland, with 18 publications and an average
citation rate of 63.00, ranks as the 10th contributor. While it
has fewer publications compared to the leading countries,
its research has made a significant impact within its niche.

Opverall, there are 334 authors and 372 average citation
rates for the top 10 countries combined is emphasizing the
significance of football training research for young players
under 18 on a global scale. The top 10 countries were
dominated by European and American continent countries.
In Asia and Africa continent, there are China (16 authors)
and Tunisia (12 authors) as the top countries with the most
authors in football training research publications. The
data serves as a valuable resource for understanding the
international scope and importance of research in this field,
making it an essential reference for academics, policymakers,
and sports enthusiasts.

Keyword Clusters Pattern in Football Training
for Young Players Under 18 Years Old’s
Research Trend in the Last 15 Years

Research on football training programs for young
players under 18 years of age over the last 15 years has several
6 keyword clusters that reflect various research focuses. The
first cluster, involving words such as agility, balance, body
composition, and CM]J, indicates that research at that time
has mostly discussed the physical and agility aspects of
young players. Research with a focus on developing physical
abilities and balance is the center of attention for improving
the performance of young football players. The second
cluster highlights injury issues, especially those related
to ACL injuries, knee injuries, ankle injuries, and injury
burden. This research explores risk factors and injury rates
to improve the safety and health of child football players. In
this cluster, research is more focused on injury risk analysis
and effective prevention strategies.
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Fig 3. Keyword Cluster Pattern in Football Training Research for
Young players in the last 15 years

The third cluster focuses on football training and its
impact on heart rate, training intensity, physical activity,
and football training in general. By highlighting the
physiological aspects of football training, research in this
cluster aims to better understand the extent to which it can
influence the health and fitness of young players. The fourth
cluster addresses the psychological and social context in the
development of child football players. Involving words such
as childhood, coaching practice, maturity status, motivation,
and risk factor, research in this cluster tends to investigate
non-physical factors that influence player development.

The fifth cluster, consisting of words such as ability,
effectiveness, experiment, nervous system, and indicator,
describes research that focuses more on the evaluation and
assessment of training programs. The focus of research in
this cluster is more related to how effective certain training
programs are in improving abilities and measuring certain
performance indicators in young football players. The sixth
cluster includes words such as male, female, goalkeeper,
position, and team, indicating that research also pays
attention to the differences and characteristics between male
and female players, the role of goalkeeper, player position,
and teamwork in the context of training programs for young
players under 18 years old. In all, these five clusters reflect
the diversity of research efforts to investigate and improve
football training programs for youth players.
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Table 3. Top 10 Cited Publications in Football Training Research for Young players Under 18 Years Old in the Last 15 Years

Total

No Author Cited Research purposes Methods Results

1 (Waldén et al., 292 To evaluate the effectiveness Stratified cluster randomized Based on Cox Regression
2012) of neuromuscular training in controlled trial with clubs as the  analysis, there was a 64%

reducing the level of knee injury  unit of randomization. reduction in knee injury
in adolescent female football rate. There was no significant
athletes. reduction in secondary outcomes.

2 (Millsetal, 155  Identify factors that influence the Interviews study with 20 coaches The identification results show
2012) development of football athletes  contacted who met the criteria, that awareness is the basic

at a young age 10 agreed to participate in the element for a young athlete to
study representing a 25% sample  develop to a professional level.
of all academies that currently
function in English football.

3  (Folgadoetal, 147  To identify how tactical collective Experimental study with Thirty =~ Length and width ratio and

2014) behavior varies with age in youth players (mean 9 SD; age centroid distance are useful
different small-sided game 10,539 1.81) participated in this measures of tactical performance
formats. study, divided by age group: in small-sided games in youth
10 players U9 (age 8,590.53); football.
10 players U11 (age 10,490.52) and
10 players U13 (age 12,790.48)

4 (Mendez- 138 To quantify match play intensity ~ Correlations study with 103 There was a correlation between
Villanueva et distribution in young football highly trained young players max aerobic speed (MAS) and
al,, 2013) players in relation to age, playing (Under13 to Under 18) during the furthest distance traveled

position and physical fitness. 42 international club games. above MAS for all positions
except striker. Heart rate (HR)
did not differ across positions and
age groups.

5 (Randers et 128  Aimed to examine the activity Experimental study with Small-sided football games have
al,, 2010) profile, heart rate, and metabolic ~ untrained males (UM, n=26) and the potential to physiologically

responses in an untrained male  females (UE n=21), young players adapt and improve performance
and female small-sided football ~ aged 9 and 12 years (C9+C12, through regular practice for
game. In addition, it also looked = n=75), as well as homeless (HM,  different types of study groups.
at the effect of the number of n=15), middle-aged (MM, n=9)

players in a small-sided football  and elderly (EM, n=11) men.

game.

6  (Michailidiset 122 This study aimed to determine Experimental Approach to the These data indicate that (a)

al,, 2013) whether preadolescent boys Problem prepubertal boys exhibit
exhibit plyometric trainability considerable plyometric
or not. trainability, and (b) when football
practice is supplemented with a
PT protocol, it leads to greater
performance gains.

7  (Hégglundet 113  To evaluate team and player Prospective cohort study Players with high compliance
al,, 2013) compliance with an NMT based on a cluster randomized with the NMT program had

program in adolescent female controlled trial on players aged  significantly reduced ACL injury

football and to study the 12-17 years with 184 intervention rates compared with players

association between compliance  teams (2471 players) and with low compliance. Significant

and acute knee injury rates. 157 control teams (2085 players). deterioration in team and player
compliance occurred over the
season.

8  (Deprezetal., 109  To determine the influence There were 2-study approaches Anthropometric characteristics,
2015) of anthropometry, physical conducted. In both the maturity, fitness and motor

performance, and motor
coordination on dropping out
of professional football training
programs and future contract
status.

same methods, we used an
experimental approach to the
problem.

coordination were successful in
predicting the future careers of
youth football players.
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Table 3 (continued)

Total

No Author Cited Research purposes Methods Results

9 (Ramirez- 109  The aim of the study was to Experimental Approach to the The current study showed
Campillo, compare the effects of bilateral, Problem that bilateral, unilateral,
Burgos, et al., unilateral, or combined bilateral and combined bilateral and
2015) and unilateral plyometric unilateral PT ensured significant

training (PT) on muscle power
output, endurance, and balance
performance adaptations in
young football players.

10 (Kildingetal., 92
2008)

The aim of this study was to
determine the suitability and
effectiveness of “The 11” for
younger football players.

Experimental study with twenty-
four [12 experimental (EXP),

12 control (CON)] young football
players (age 10.4 + 1.4 yr)
participated.

improvement in several
muscular power and endurance
performance measures in young
football players. However, the
combination of unilateral and
bilateral drills seems more
advantageous to induce superior
performance improvements.

Given the observed
improvements in the physical
abilities and the perceived
benefits of “The 117, it would
appear that a modified version
of the program is appropriate
and should be included in the
training of young football players,
for both physical development
and potential injury prevention
purposes, as well as to promote
fair play. To further engage
young football players in such a
program, some modifications to
“The 11” should be considered.

Top 10 Cited Publications in Football Training Research
for Young players Under 18 Years Old in the Last 15 Years

Based on the research data that has been presented, we
can identify several major themes that cover various aspects
of the development and understanding of the world of
football, especially for young players. The following are five
major themes that can be drawn from the research results.

Factors in the Development of Young Football Players

The studies by Mills et al. (2012) and Deprez et al. (2015)
offer comprehensive understanding of the elements that are
crucial to young football players’ development. In order
to learn more about the elements thought to be important
in the player development process, Mills et al. decided to
interview coaches. The study’s findings support the notion
that awareness is a prerequisite for young athletes to succeed
at the professional level. Insight into elements like mindset,
drive, and commitment that are essential in developing good
athletes is given by coaches.

Conversely, studies conducted in 2015 by Deprez et al.
broadened this view to incorporate motor coordination,
physical performance, and anthropometric measurements
as indicators of future success in young athletes. Through
the use of experimental techniques, this study demonstrates
how young football players” future careers can be predicted
by their anthropometric traits, maturity level, degree of fit-
ness, and motor coordination. This research offers a compre-

hensive understanding of the variables that football teams
and academies might consider while molding and develop-
ing their young potential by integrating these various facets.
These results could significantly impact initiatives aimed at
enhancing youth football player development programs.

Tactical Analysis and Collective
Behavior in Small-Sided Games

Folgado et al. (2014) research significantly advanced
our knowledge of collective behavior and tactical analysis in
the setting of small-sided football games for young players.
This study investigates differences in collective tactical
performance using particular factors by involving three
distinct age groups. The findings demonstrated that the
centroid distance and pitch length to width ratio emerged
as helpful metrics in evaluating and comprehending the
dynamics of small-sided play at various age levels. These
results shed light on how tactical comprehension changes
with age and could serve as a foundation for the creation
of training regimens that are more beneficial at particular
developmental stages.

Furthermore, this study can offer a more profound
understanding of the tactical components that should be
prioritized in the instruction and growth of young football
players. Coaches are able to create training regimens that
are more suited to the individual development stages of
their players by seeing how behavior changes collectively
as individuals age. A solid foundation for the development
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of young players’ football potential can be laid by providing
an appropriate training environment that enhances their
collective decision-making and football skills. This can be
achieved through the use of in-depth tactical analysis.

Game Intensity and Activity Profile in Young Football Players

Mendez-Villanuevaetal. (2013) and Randers etal. (2010)
conducted studies on game intensity and activity profiles in
young football players that offer detailed insights into the way
that young players react to different activities during football
games. Mendez-Villanueva et al. (2013) found a link between
maximal aerobic speed (MAS) and highest distance traveled
above MAS for all playing positions, with the exception of
striker, using 103 highly trained youth football players. Fur-
thermore, young players, youth, and adult men participated
in small-sided football games as part of Randers et al. (2010)
research. Randers et al. (2010) found that regular practice of
tiny football games can lead to physiological adaptation and
improved performance for various study groups.

This study advances our knowledge of how young foot-
ball players’ bodies react to the intensity of a game and adjust
accordingly. These two studies provide valuable insights into
the intensity distribution and activity profile during play,
which may be used to inform more targeted and efficient
training plans for young football players. These results may
also have a significant impact on how young football players
manage their health and exercise regimens, assisting coaches
and coaching staff in creating workout plans that take into ac-
count the players’ unique physiological and physical makeup.

Plyometric Training and Its Effects on Preadolescent Players

An in-depth understanding of the impact of plyometric
training on young football players’ performance is provided
by studies conducted on preadolescent players by Michailidis
etal. (2013) and Ramirez-Campillo, Burgos, etal. (2015). Pre-
adolescent boys demonstrated notable levels of adaptability
to plyometric exercise, according to Michailidis et al. (2013),
suggesting that this type of training can have a major positive
impact on performance. In this regard, Ramirez-Campillo,
Burgos, et al. (2015) research further demonstrated that, for
young football players, combining bilateral and unilateral
plyometric training produced greater increases in a number
of muscle performance and endurance indices.

The notion that plyometric training might be an
advantageous part of a preadolescent player’s training
regimen is supported by these results. This study contributes
significantly to the understanding of the kinds of training
that can have the greatest effects on young football players’
physical development and performance by highlighting
the advantages of plyometric training and even assessing
variations of bilateral and unilateral approaches. For coaches
and coaching staff working with preadolescent athletes to
enhance their physical capacity and technical skills, this
offers a more focused and in-depth perspective.

Injury Prevention and Neuromuscular
Training in Adolescent Football Players

Important information about how certain therapies, like
neuromuscular training, might reduce injuries in adolescent

football players is provided by Walden et al. (2012) and Hag-
glund etal. (2013). A cluster randomized controlled trial design
was employed by Walden et al. (2012) to assess the efficacy
of neuromuscular training in lowering the incidence of knee
injuries among female teenage football players. The findings re-
vealed a noteworthy 64% decline in the incidence of knee inju-
ries. While secondary outcomes did not significantly decrease,
this study offers a solid foundation for integrating neuromus-
cular training into youth football player training regimens.
Hagglund et al. (2013) monitored the use of a neuromus-
cular program in youth football for females and assessed the
degree of program compliance among the team and individ-
ual players. According to the findings, players who adhered
to the program closely reduced their risk of anterior knee lig-
ament (ACL) injuries in comparison to individuals who did
not. The conclusion highlights the vital role that preventative
interventions play in improving the health and performance
of these young football players by suggesting that knowledge
of and adherence to neuromuscular training programs can
play in lowering the risk of injury in young football players.

Discussion

Football has been the subject of extensive research over
the past 15 years, and there has been a notable rise in the
number of young players under the age of 18 participating
in local leagues and tournaments (Badawi & Nasrulloh,
2023). This growing interest is fueled by player development
programs organized by local football federations and
investment in football infrastructure (Sanmiguel-Rodriguez
et al., 2023). While increased participation provides great
opportunities, new challenges arise regarding providing
adequate facilities and training to support the development
of these young players (Ihsan et al., 2022). Therefore, the
role of quality facilities and the development of structured
training programs is very important to help young players
reach their potential (Nuttouch et al., 2023).

Technical skills, including dribbling, ball control, and
kicking ability, are identified as key foundations in football
development (Giovanni et al., 2020). Understanding and
mastery of these skills are taught through structured and
repetitive practice (D’Isanto et al., 2022). Additionally, good
physical condition, including strength, speed, endurance,
flexibility, and coordination, is recognized as key in support-
ing a player’s performance during long, intense matches (Su-
listiyono et al., 2021). Tactical understanding, such as team
formation, attack, defense, and strategic decision-making,
is also an important focus in player development (Kosti-
ukevych et al,, 2020). Mental aspects, including emotional
control, maintaining focus, increasing self-confidence, and
handling pressure, are recognized as an integral part of foot-
ball coaching (Godfrey & Winter, 2017).

Matches and competitions are an important stage in
player development, providing opportunities for them to
apply the skills and knowledge they have learned in real
situations (Liu et al., 2016). Quality facilities and experienced
support are important factors in successful football coaching
(Leite et al., 2023). Evaluation and monitoring of player
progress is necessary to identify areas of improvement and set
goals (Gonzalez-Villora et al., 2015). Apart from the physical
and technical aspects, ethical education in football, such as

969



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 23, Num. 6

fair play and sportsmanship, is recognized as important in
player development (Kriswanto et al., 2022).

Football coachingis nota stopping process but is ongoing
and requires commitment from players, coaches, and their
families. Through a structured approach, football players
can develop their skills and potential, reach higher levels in
the sport, and create a strong foundation for the future of
football. By examining research patterns in under-18 football
training, bibliometric research brings a useful perspective to
the field. Research trends, national contributions, keyword
patterns, and most cited publications are all included in
the analysis, which offers helpful information for future
advancements in the field of football instruction.

Conclusions

Football research for under-18 youngsters has expanded
quickly during the past 15 years. This study demonstrates
that football demands not just technical and physical ability
but also social, cerebral, and tactical abilities. Football
coaching entails routine, systematic practice aimed at
fostering fundamental technical abilities, physical fitness,
tactical awareness, and mental toughness. A player’s growth
is greatly aided by competitions and matches, which offer
chances to put talents to use in practical settings. Integral
components of coaching include holistic teaching, football
ethics, and player progress evaluation.

The last fifteen years have seen dynamic research
trends, according to bibliometric research data. The number
of publications increased significantly, reaching a peak in
2020. Analysis of country contributions shows that the
UK and the USA have been the main contributors, with
their research having a high impact. Keyword groupings
reflect the diversity of research focus, including physical
aspects, injuries, psychological aspects, exercise program
evaluations, and gender differences.

Further research can be directed toward understanding
andintegratingholisticaspects offootball coaching, including
the development of non-physical skills such as leadership,
teamwork, and conflict resolution. Further investigation
into the use of technology in football coaching, such as
video analysis, sensor-based performance measurement,
and artificial intelligence applications to provide deeper
insight into player progress. Lastly, developing a holistic
evaluation method to understand player development based
on accountable data.
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TEHAEHLIT AOCNIAMKEHDb HABYAHHA FPU Y ®YTEOJ1 MONOAUX
FPABL|IB 3A OCTAHHI 15 POKIB: BIBNIIOrPA®IYHUIA AHANI3

Myxamap Apidp Anp Apma'sPPE, Hypxacan'A®E, Piski Myxammap Cimik'A5P,

Hen O’Jounenn*®P, Mert Xantep*“P, Cymxapsanto'**:, [leBing Aryc [Ipianto
I leBa Mape Apsananpga Bimxaa Kycyma'4®C, Cayki CaBa bikanaBan'®“P,
Kykyx ITam6yka ITyrpa’scP

1BCD
>

'Cypabaiicbkuii lep>kaBHUI YHIBEpCUTET

*@yr6onbHui kny6 «Tpanmep Posepc»

*Xpuctusaucpkuii yHiBepcuter Catbs Bakana

ABTOpCHKNMIT BRI A — au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komtis

Pedepar. Crarrsi: 12 ¢, 3 Tabn., 3 puc., 51 mxepero.

MerToro 1[i€l po6GOTH € OLIiHKA TEeHMIEHIIill JOCTIIKeHb HAaBYaHH: Ipu Y GyTOOI MOJIOAVX IPaBLiB BikoM 70 18 pokiB 3a ocTaH-
Hi 15 pokiB.

Marepianu ta Mmeromu. Lle 6y0 mocmifKeHHs, siKe CKIafanocs 3 6i6/ioMeTpUIHOro aHaIi3y Ta CHCTEMATUYHOTO OIVISIAY.
ITomryk crareit, omy6ikoBanux i3 2008 poky, sjiiicHIOBamM 3a KmodoBumu cosamu «Hapyanusa rpu y gyr60om» Ta «PyT60MbHI
BIIPABN» 3 BUKOPUCTAHHIM KOMIUIEKCHOI cTpareril B 6asax gaHux gocmigunipkux xypHanis SCOPUS. 17 xostHs 2023 poky
6yro 3i6pano 1053 crarTi 3 4802 nurysanuamu. Ilicnsa nboro 217 crareii 6yio BifibpaHo /i MOAIBIIOTO aHATI3Y 3a JJOIIOMOTOI0
KOMIT I0TEPHOTO IporpamMHoro sabesmnedents VOS Viewer.

Pesynbraru. Bennkobpuranis (67), Cnonydeni IlItatu (60) ta Icnanis (41) 6ynu TppoMa KpaiHamu, siKi Many Haitbinbire
ny06ikauii i3 HaBuaHHs rpu y ¢yT6071. Byto 6 kimactepiB KII0UOBUX CIIiB, sIKi BifoOpakaiu pisHi LeHTPK 30CepefKeHHs yBaru
HOCIimKeHb HaBYaHHA Ipy Y GyT601 Monoaux rpasiis. Ha ocHoBi 10 Haii6iIbII MTOBaHNX NOCUIAHD 32 TEMATUKOI HABYAHH:A
rpu y GyT60I MOIOAMX IPaBLIiB OY/I0 BUJII/IEHO Ki/TbKa OCHOBHYIX TeM, sIKi OXOIUTIOBA/IM Pi3Hi aCIIeKTH TeH/EHIIill Ta PO3BUTKY LIMX
HOCIimKeHb 3a ocTaHHi 15 pokiB, To6TO (1) PaxTopy po3BuTKy Monoaux ¢pyTbomictis, (2) TakTnuHMIT aHaTI3 1 KONEKTUBHA I10-
BeJliHKa B irpax HeMOBHMMIU CKIafamy, (3) IHTeHcuBHICTD Ipy Ta Ipodib akKTUBHOCTI MOTOAUX GyTdomictis, (4) [ITiomerpuyane
TPeHyBaHH: Ta JIOro BIUIMB Ha IPaBLiB IepenmiamTkoBoro Biky Ta (5) [IpodirakTiika TpaBM i HepBOBO-M’A30B€ TPEHYBaHHS y
¢GyTOOMCTIB MiIITKOBOTO BiKY.

Bucunosku. Jocmimkenns ¢yréomy iyt rpaBuiB BikoM 10 18 pokiB cTpiMKo 3pocTaioTh. LI TeHIeHIist JOCIiKeHb TI0Kasye,
mo ¢yroon Bumarae He ymuire GisMYHNX i TEXHIYHUX HABUYOK, a I COLia/IbHNUX i MCMXivHMUX acriekTiB. I[Tofabii KOCTiKeH A
MOXXyTb OyTHU CIIPSIMOBaHI Ha PO3YMIHHS Ta IHTerpaniio LiIICHMX acIeKTiB TpeHepcTBa 3 GyTOOITY, BK/IIOYAI0UYM PO3SBUTOK He-
¢hisMYHNX HaBUYOK, TAKMX SK JIepPCTBO, pobOTa B KOMaH/i Ta BUPIlIeHHs KOHQIKTIB. [l TIMOLIOro po3yMiHH:A Iporpecy
rpaBILiB MOTPiOHI ITOFAIBII HOCTI/PKEHHST BUKOPUCTAHHS TEXHOJIOT1i Y TPeHepCTBi 3 (byT6ony, TaKNX fIK BifleoaHasli3, CCHCOpHE
BMMIipIOBaHHSA IPOAYKTUBHOCTI Ta 3aCTOCYHKM IITYYHOTO iHTETIEKTY.

KirouoBi croBa: HapyauHs rpu y GyT60s1, 61671i0MeTPIIHIIT, MOTOLUIT IPaBellb, CIOPTUBHA HayKa.
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MITOTOBIEHOCTI, CTaXKeM 3aHATh, TOIIO);

e AKIIO PYKOIIVC € OITIAIOBUM, TO NEPEBiPAEThCS BUKOPUCTAHHA
nporokony PRISMA, Axkuil oXoIIIoe CUCTeMaTUYHi OITAfn
Ta MeTa-aHajisM. ABTOPaM pPEKOMEHOBAHO 3allOBHUTH
KOHTPOJIBHUII CIIVICOK i O7T0K-CXeMY Ta BKTIOYUTH IX IO TIOflaHHSA;

e  IepeBipKa Ha IIariar.

SIK11o pyKonuc oTpuMaB MO3UTUBHY OL[iHKY, TO BiH CIPAMO-

BYETHCA Ha PEIleH3yBaHHS, iHaKIIIe — Bi[XU/IA€TbCA.

PeueH3syBaHHA

ITig6ip Ta 3ampoIleHHs peljeH3eHTiB, OYiKyBaHHs BiIIOBiAi
Ha 3anuT (7o 2 TYoKHIB). TumoBuit mepiox, HeOOXiAHMIT /IS TIPO-
BefIeHHI pelleH3yBaHH:A CKIa[a€ YOTUPY TYDKHI.

Bci crarrTi, 110 OIPUIIONHIOIOTBCA B JKYpHasli, NpOXOJATb
pelieH3yBaHHA.
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HAYKOBY cCIlellianisaniro. PelleH3yBaHHSA IPOXOAUTD 3a MOJBITHOIO
CITiIIOI0 CXEMOIO.

Y nporeci pelieH3yBaHHA 3aBXKIM PO3ITIALAIOTHCA:

. €TUYHI aCIIeKT;

*  OpUTiHA/IbHICTb TBOPY;

o BaxMBicTb iHpOpMaIii;

e UiTKiCTb Ta 3pO3YMIi/TIiCTh TEKCTY;

e JIOLJIbHICTb BUKOPUCTAHHSA METOJIB JOCI/)KEHHS;
e iHTepmpeTalis pe3y/nbTaTiB;

e OOIPYHTOBAHICTb BUCHOBKIB.

MpuiiHATY pilleHHA Wogo ny6nikauii (4o 2 TXKHIB)

o 00rOBOpeHHs peleHsiil: 3amuT HOBOI Bepcil, mpuitHATTS abo
BiIXM/IEHHA NOJJaHHS;

e AKIO NPUMMAETHCA PillIEHHA PO 3allUT BUIIPAB/IEHOI BePCii
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MigroToBka go ny6nikauii (4 TVXKHI)

e JiTepaTypHe pefjaryBaHHs;

e KOMITIOTEpPHA BEPCTKa;

e 03HAOMJIEHHA aBTOPiB 3 MaKETOM;

e BUIIPABJICHHA IOMWIOK JIPyKy Ta GOpMaTyBaHHA;

e  Ii/IFOTOBKA i 3aBaHTa)XEHHsA eJIEKTPOHHOI BEPCil KypHary.
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EDITORIAL PROCESS

Preliminary consideration of the
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o checking the manuscript for consistency with the thematic
scope of the journal;

o technical check (volume of the manuscript, volume of the
abstract, assessment of the submission in terms of the stylistic
and bibliographic requirements set forth in the Guidelines for
authors);

o determining the relevance, novelty and originality of the paper;

o verifying the presence of a pedagogical experiment, its
compliance with the research methods which can be repeated
(representativeness of the sample, homogeneity of the sample
in terms of age, motor fitness, level of sports fitness, training
experience, etc.);

o if the manuscript is a review paper, the use of the PRISMA
protocol, which covers systematic reviews and meta-analyses,
is checked. Authorsare recommended to complete the checklist
and the flow diagram and include them in the submission.

o plagiarism check;

If the manuscript received a favorable assessment, it is sent for
review, otherwise it is rejected.

Peer Review

Selection and invitation of reviewers, waiting for a response to
the request (up to 2 weeks). The typical period of time allowed for
reviews is four weeks.

All articles in this journal undergo peer review. The editor-
in-chief of the journal sends the paper for peer review to experts
whose scientific speciality is the closest to the topic of the paper.
Peer reviewing takes place under a double-blind scheme.

In each paper, the peer review process always considers:

o ethical aspects;

o originality of the paper;
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o clarity and comprehensibility of the text;

o expediency of using the research methods;interpretation of
results;

« validity of conclusions.

Making a decision on publication (up to 2 weeks)

o discussion of reviews: request for a new version, acceptance or
rejection of the submission;

o if a decision is made to request a corrected version of
the manuscript, the author is given 2 weeks to prepare the
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