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Abstract

Study purpose. The study aimed to evaluate the effect of strength training exercises on functional capacity, quality of

life and perception of well-being in elderly people.

Materials and methods. It was used a mixed study with sequential explanatory design, in which 25 elderly females
between 62 and 85 years participated in a physical exercise program for eight weeks, with a frequency of 3 days and
sessions of 58 minutes on average. The Senior Fitness Test battery of test item was conducted with a grip strength test,
heart rate monitoring in a 6-minute test, SF-36 health questionnaire and post-intervention focus group oriented to

well-being analysis.

Results. Cardiorespiratory capacities, strength and flexibility improved significantly (p < 0.05), but agility and heart
rate did not change (p > 0.05). Scores increased in the 8 quality of life dimensions analyzed, and in subjective well-
being, health improvement was identified in both the self-perception and autonomy of daily activities related to
vitality, motivation, social interaction and adherence to physical activity. The findings indicate that physical exercise
based on strength training improves functional capacity, health-related quality of life and the well-being of seniors.
Conclusions. The findings of this study show that eight weeks of physical exercise based on strength training with
affordable means (own body weight, elastic bands and dumbbells) with a frequency of 3 days a week, contribute

to improving the functional capacity of strength and flexibility in upper and lower limbs, and cardiorespiratory
endurance in older females. This intervention was also found to have a positive impact on quality of life, as well as on

the perception of well-being.

Keywords: human physical conditioning, sickness impact profile, physical fitness, emotions, ageing.

Introduction

The percentage of seniors in the world has increased
considerably in a relatively short period of time and
the physiological changes produced by age increase the
incidence of chronic diseases and issues surrounding daily
tasks and dependence on third parties (World Health
Organization & International Telecommunication Union,
2018). The predominant causes of death due to pathologies
are cardiovascular diseases and cancer (World Health
Organization, 2019). One of the most relevant risk factors
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is physical inactivity, given that one in four adults does not
meet the global recommendations for physical activity (Pan
American Health Organization, 2019) and in older adults
this compromises health and quality of life (Ahangar et al.,
2017). In Latin America and the Caribbean, the first cause
of death in older adults is related to cardiovascular diseases
that represent about 25% (Aranco et al., 2018). These are
associated with physical inactivity and being overweight, a
situation that generates alarm since the rates of insufficient
physical activity in older people in South America is between
30-56% in men and 36-69% in women (World Health
Organization, 2016).

In Colombia, approximately 6.5 million people were
over 60 years by 2019, representing about 13.2% of the total
population of which 20.6% accessed the health system due
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to circulatory system diseases, 11.1% for musculoskeletal
diseases and 2.4% for organic disorders and stress related to
mental health (Cubillos et al., 2020).

Regular physical activity has been implemented as
one of the strategies at the international level and has been
shown to help prevent and treat noncommunicable diseases
(NCDs), improve mental health, quality of life, well-being,
functional capacity and decrease mortality (Font-Jutgla
et al., 2020; Gallegos et al., 2019); these strategies and
guidelines have been directed from the recreational, leisure
and physical exercise spheres (Ramirez-Villada et al., 2015).
In Colombia, the policy on human aging and old age, headed
by the National Council of Older Persons, has proposed
guidelines focused on the promotion of health and quality of
life (QOL), as well as disease prevention, wellbeing, healthy
lifestyles and protection of this population group (Minsalud,
2021).

Different studies have shown that targeted physical
exercise programs for the elderly improve functional fitness
(Escalante et al., 2019), gait (Font-Jutgla et al., 2020) and
upper and lower extremity muscle strength, especially
those that include multicomponent training, evidencing
a decrease in body mass index (BMI) (Vargas-Vitoria et
al.,, 2021), mental illnesses such as depression and even
dementia, thus contributing to comprehensive well-being
(Duran-Agiiero et al., 2017). In this sense, such programs
stand out in promoting actions that generate an increase
in quality of life justified in the perceptions from physical
and mental well-being, independence and social integration
(Vargas-Vitoria et al.,, 2021); however, despite the fact
that several researches have focused on the link physical
activity has with functional condition and health-related
quality of life (Castro-Coronado et al., 2021; Poblete et al.,
2015), studies focusing on the possible relationship between
physical activity and well-being are limited.

However, it is of utmost importance to analyze studies
that combine physical exercise, functional capacity, quality of
life and well-being in older people from a holistic perspective
by integrating quantitative and qualitative approaches for a
broader understanding of the phenomenon. The objective
of this study was to evaluate the effect of physical exercise
based on strength training on functional capacity, quality of
life and perception of well-being in older adults in a locality
of the city of Bogota, Colombia.

Materials and Methods

Study Participants

Twenty-five elderly female volunteers between the ages
of 62 and 85 years (74.20 + 6.40 years), residents of the
Engativa district of the city of Bogota participated in the
study. Prior to inclusion in the study, it was verified that the
candidates did not participate in regular physical exercise
programs with a frequency of two or more days per week
in the last 6 months and those who presented some type of
contraindication for the practice of moderate and vigorous
physical activity were excluded; particularly uncontrolled
heart failure and arrhythmias, myocardial infarction, stroke,
angina pectoris, uncontrolled blood pressure, uncontrolled
diabetes or persons physically unable to perform physical
exercise. The initial sample consisted of 37 candidates,

eight of whom were excluded for not attending 80% of
the scheduled sessions, which is equivalent to 19 sessions
of the 24 planned in eight weeks; four were also excluded
due to health limitations that they presented during the
intervention, despite having met all the inclusion criteria.
The volunteers were informed of the objective as well as the
specific procedures of the study and after understanding
their participation, they accepted and signed an informed
consent form. They were also informed of the possibility
of voluntarily terminating their participation at any time.
In addition to this, the participants attached a copy of a
medical certificate attesting to their health conditions for
the performance of physical activity.

Study Organization

The intervention consisted of an eight-week physical
exercise program with a frequency of 3 sessions and an
average duration of 58 minutes. These sessions were carried
out on the same days of the week with one rest day between
sessions and two between the last session of the week and the
first of the following week. The exercises applied were based
on functional training, using body weight, elastic bands and
dumbbells as means, under the supervision of 3 professionals
specialized in physical exercise. The planning of the sessions
was organized according to the level of physical condition of
the participants.

The activities were carried out at the Center for Research
and Practices in Physical Activity and Sports (CIPAD) of
the Corporacion Universitaria Minuto de Dios where the
information on the variables and categories that are the object
of this study was collected before and after the intervention;
the program was conducted at the Quirigua Park, sector C,
located in the Engativa district of the city of Bogota, where
the training sessions were held taking into account the
residential proximity of the participants, as well as the
environmental and logistical conditions for its execution.
The Structure of the Physical Exercise Program, Pre: Battery
Senior Fitness Test (SFT) and Health-related quality of life
(SF36), Intervention: 3 sessions/week — 58 minutes, Heat
intake: 15 minutes, Functional exercise: 24-32 minutes
Sequence: 3 upper limb exercises and 3 lower limb exercises,
Means: Own weight - elastic bands — dumbbells, Load: 3 sets
between 6 and 8 repetitions with 50-60 s of recovery. Post:
Battery Senior Fitness Test (SFT), Health-related quality of
life (SF36) and Focus group perception of well-being and its
relationship with physical exercise.

Each session was divided into three moments: 1) warm-
up consisting of movements integrating the largest number
of muscles followed by dynamic stretching for 15 minutes;
2) functional exercises lasting between 24 and 32 minutes,
using own body weight, elastic bands and dumbbells as
training means in accordance with the participants’ level of
progress; the selected exercises emphasized the muscles of
the appendicular skeleton, and in the same action, the core
muscles as stabilizers of the movements; the progression of
the load was based on periodization by stages, adaptation of
the exercises, incorporation of external resistances, difficulty
in the base of support and the combination of increased
function with resistances (Heyward, 2008).

The sessions were organized so that the first three
exercises were performed on the lower limbs, followed by
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Table 1. Periodization and Organization of the Load during

the Intervention

Week 1-2 3-5 6-8
Stadium Conditioning Progress 1 Progress 2

Exercises MMSS: Triceps extension on MMSS: Triceps extension, Curl ~ MMSS: Curl biceps, triceps
the wall, Triceps extension with  biceps, Lateral shoulder flexion,  extension overhead, Knee
fit-ball, Biceps flexion fixed bar.  Lateral shoulder extension. shoulder press, Shoulder
MMII: Get up from the chair, MMIL: abduction. MMII: Free squat,
Free squat, Lunge with chair Free squat, Unsupported Lunge, =~ Unsupported lunge, Dead
support Side steps. weight.

Volume 3 series X 6 rep 4 series x 8 rep 5 series x 8 rep

Series duration 20s 30s 30s

Rest 60 s 50s 50s

Intensity OMNI-GSE 5-6 OMNI-GSE 7-8 OMNI-GSE 7-8

Middle Body weight Bands Bands - dumbbells

Total duration 24 min 27 min 32 min

MMSS = Upper Extremity Exercises; MMII = Exercises for lower extremities; repetition = repetitions; s = series duration in seconds;
OMNI-GSE = effort perception scale adapted for group classes with older people; min = total duration of the session in minutes.

three exercises on the upper limbs, thus completing a series.
In relation to the load, the number of series was initially
established at three, the number of repetitions per exercise
at six, and the recovery time of one minute during the first
two weeks; subsequently, the load was increased every three
weeks until reaching four series of eight repetitions with a
recovery of 50 seconds in each exercise, aspects that can be
observed in more detail in table 1.

As an element of subjective control of intensity, we used
the OMNI-GSE effort perception scale, adapted for group
classes with elderly people (Da Silva-Grigoletto et al., 2013).
3) once the CORE phase was finished, stretching was per-
formed for 15 minutes allowing a return to calm and relax-
ation. The intervention was based on the general principles
of exercise prescription: frequency, intensity, duration, type,
volume and progression of exercise (Heyward, 2008).

Three variables were the object of this study: functional
capacity, quality of life and well-being; also, basic
anthropometric measurements were taken to characterize
the participants.

Anthropometric Parameters: The data collection of basic
anthropometric measurements was performed based on the
guidelines of the Nutrition Group of the Spanish Society of
Geriatrics and Gerontology (Camina- Martin et al., 2016) and
those of the Ministry of Health and Social Protection of the
Republic of Colombia (2021) related to nutritional assessment
in older adults; these measurements were height determined
with a portable stadiometer (SECA 213) with an accuracy of
0.1 c¢m, total body mass with an Omron scale (HBF-514C)
with an accuracy of 0.01 kg and body mass index (BMI).

Functional Capacity: For the functional capacity vari-
able, the Senior Fitness Test (SFT) battery was used, consist-
ing of seven tests that allowed the evaluation of muscular
strength and endurance (elbow flexion; sitting down and
getting up from the chair), cardiorespiratory capacity (sta-
tionary walking for two minutes; walking for 6 minutes),
flexibility (joining hands behind the back; sitting down and
reaching for the foot) and agility (getting up, walking and
sitting down again), whose protocol was subject to the provi-
sions of Rikli and Jones (2013). In addition to this battery, the

prehensile strength test was applied, carrying out the ACSM
protocol (Ligouri, 2021) using a digital prehensile dynamom-
eter (Camry model EH101) with an accuracy of 0.1 kg. As for
the 6-minute test, which is part of the SFT battery, heart rate
was monitored with Polar® A300 heart rate monitors to es-
tablish the maximum average heart rate reached (in beats per
minute [bpm]). The tests were performed one week before
starting the physical exercise program and one week after its
completion at times between 8:00 and 10:00 in the morning.

Health-Related Quality of Life: For the collection of in-
formation on this variable, the survey technique was used
by means of the SF-36 questionnaire in its standard version
developed by Ware et al. (1993), consisted of 36 questions
divided into 8 dimensions in which the degree of physical
function (10 items), physical role (4), bodily pain (2), general
health (5), vitality (4), social function (2), emotional role (3),
mental health (5) and health transition (one item) were mea-
sured. They were completed by means of a personal interview
guided by the professionals responsible for the study, prior to
the anthropometric and functional tests programmed before
and after the intervention. To estimate the degree of health
status in each dimension, the score was standardized from 0
to 100 so that the higher the score, the better the health status.

Perception of well-being: As a qualitative category of
this study, the perception of well-being was developed under
a phenomenological design using the post-intervention
focus group as a data collection technique, to interpret the
experiences lived by the participants of the physical exercise
program. The focus group was organized based on the
construction of a semi-structured guide composed of nine
questions distributed in two categories: functional status
(four questions) and emotional well-being (five questions),
so that they were representative for the study in relation to
the objective (Nuapas et al., 2018); these were validated by
three experts in the areas of sociology, human development
and physical education, by means of the indicators of
sufficiency, clarity, coherence and relevance (Hernandez-
Nieto, 2011); the result of the total content validity coefficient
was good (CVC 0.89) understanding that to a high degree,
the questions were accepted by the three experts.
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The sample was divided into two groups, one of 13
and the other of 12 participants, to include enough elderly
people so that the information collected would be diverse,
but taking care that there would be no discomfort in sharing
opinions and experiences (Onwuegbuzie et al., 2009);
each older person authorized their participation and the
recording of the session through informed consent; the
session lasted approximately two hours, moderated by an
expert in qualitative research; a mobile device with a sound
recorder application was used to record the sessions; for
the transcription of the data, the “Word” application of the
Microsoft Office 365 package was used, in which a file was
created for each session to later load them and conduct a
thematic analysis of the data collected in this study.

This study was conducted in accordance with the
parameters for research on human subjects defined by the
Helsinki Declaration of the World Medical Association
(WMA, 2013) as well as the considerations outlined in the
scientific, technical and administrative standards for health
research (Ministry of Health and Social Protection Republic
of Colombia, 1993). All procedures applied were approved
by the Research Ethics Committee of the Corporacién
Universitaria Minuto de Dios (code: 24_06_20).

Statistical Analysis

The G*power software version 3.1.9.7 was used to cal-
culate of the estimate of statistical power and sample size,
in which a large effect size (0.8) determined from the re-
view of similar studies, an expected power (p) of 0.95 and
a probability of error (a) of 0.05 were indicated. As a result,
the minimum estimated sample was 23 participants, which
corresponds to the sample size of this study of 25 partici-
pants. For the statistical analysis of functional capacity and
health-related quality of life (HRQL), the IBM SPSS Statis-
tics software version 23.0 was used, and additionally, the
G Power program version 3.1.9.7 was used to determine
the effect size of the differences in the inferential tests. For
all quantitative variables under study, the mean (M) and
standard deviation (SD) were calculated; for the compari-
son of M before and after the intervention, the t Student
test for related samples was used after checking the assump-
tion of normality using the Shapiro-Wilk test; in relation to
the effect size derived from the intervention, the Cohen’s d
test was used. The significance level (a) established in the
analysis was .05. Regarding the qualitative analysis of the cat-
egory of well-being, a hermeneutic structure was developed
based on the proposal of Hernandez and Mendoza (2018),
which consisted of the transcription of recordings of the

interviews in the focus groups by means of a double-entry
matrix (group-responses). Subsequently, open coding was
carried out, which consisted of the organization and selec-
tion of key quotes articulated in the theoretical categories;
then the axial coding technique was applied, determined by
the resulting hierarchical relationships between the seman-
tic families (social, physical and psychological spheres) and
the emerging categories (companionship, family, inclusion,
health, exercise, physical condition, self-perception, motiva-
tion, spirituality, vitality, emotionality, and learning). Finally,
relational networks were structured between each category
for the holistic understanding of the appraisals and social
experience in the participation of the physical exercise pro-
gram (Rivera et al., 2014).

Results

The results are presented in two sections: the first is
focused on report the basic characteristics, functional
capacity and perception of quality of life of the participants
through the analysis of quantitative data before and after the
intervention; the second section examines the perception
of well-being through the interpretation of the narrative of
the participants from the experience after participation in
the physical exercise program. Table 2 presents the initial
anthropometric characteristics of the 25 participants who
completed all phases of the study.

Functional Capacity

Table 3 presents the results of the functional capacity
variables strength and flexibility in lower and upper
limbs, agility and cardiorespiratory endurance with their
respective descriptive statistics based on means, pre- and
post-intervention standard deviation and mean differences
(Dif-M), as well as the comparative inferential statistic (t),
p-value and effect size (d). After eight weeks of intervention,
we found an increase in right upper extremity muscle
strength (ESD) in the dynamic elbow flexion test, with a large
effect size (95% CI [1.53-3.03]); similar results were found in
the left upper extremity (ESI) with a medium effect size (95%
CI [0.32-1.21]). Regarding prehensile strength, the tension
exerted (kg) in both limbs increased after the intervention
with statistical significance, ESD 95% CI [0.33-1.23] and
ESI considering a large effect size, 95% CI [0.430-1.36]).
Regarding the sit-to-stand test which assessed lower limb
strength, the results show that the number of repetitions
increased with statistically significant difference and a large
effect size, 95% CI [0.69-1.72].

Table 2. Anthropometric characteristics of the participants (n=25)

CI 95%
M Me SD Rank EE
Li Ls
Age, years 74.20 74.12 6.40 22.65 1.28 71.56 76.84
Stature, cm 150.31 150.00 7.07 28.00 141 147.39 153.23
Body mass, kg 63.64 64.80 11.96 42.80 2.39 58.71 68.58
BMI, kg/m2 28.14 27.54 4.81 16.06 0.96 26.15 30.12

cm = centimeters; kg = kilograms; BMI = body mass index; M = Mean; Me = Medium; SD = Standard deviation of the mean; EE = Standard
error of the mean; CI 95% = effect size confidence interval from the lower (Li) and upper (Ls) limits.
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Table 3. Variables of functional capacity and behavior after eight weeks of intervention (n=25)

Pre-intervention

Post-intervention

Capacity Test Extremity Dif-M East d
M+ SD M+ SD
Right hand 14.87 +2.81 15.71 + 2.81** 0.84 3.92 0.78
PRF [kg]
Left hand 15.23 +3.56 16.38 + 3.51** 1.15 4.52 0.90
Strength EIF Right arm 14.32+3.44 17.88 + 3.46** 3.56 11.43 2.29
[rep-30s] Left arm 14.32 +3.38 16.72 + 3.26** 2.40 3.86 0.77
SL [s] bilateral 14.68 + 3.60 17.40 + 3.32** 2.72 6.06 1.21
Right arm -13.52 + 6.57 -11.28 £ 6.67** 2.24 6.44 1.29
CHB [cm]
Left arm -20.06 + 8.13 -17.40 £ 6.93** 2.66 4.05 0.81
Flexibility
Right foot -10.40 £ 10.13 -7.84 + 8.63* 2.56 3.47 0.69
SRF [cm]
Left foot -9.11 £8.25 -5.92 £ 7.75%* 3.19 6.24 1.25
Agility GWS [s] bilateral 5.53 £ 0.68 5.41 £0.70 -0.12 685.00 -0.28
M2M [Rep.]  Bilateral 68.08 + 16.71 76.20 £ 17.27** 8.12 4.86 0.97
W6M [m] Bilateral 455.37 + 89.01 570.59 + 120.33** 115.22 6.81 1.36
C. capacity )
HR6M [ppm] Not applicable 117.44 +10.76 115.80 + 11.40 -1.64 -1.65 -0.33
%HR6M Not applicable 75.12 +7.33 74.08 +£7.79 -1.04 -1.62 -0.32

C. capacity: Cardiorespiratory capacity; M: Medium; DS: Standard deviation; Dif-M = difference between the means of the dimension;
Est = Test statistic; **: significant values, p < 0.001; *: significant values, p < 0.05; d = Cohen’s d effect size; PRF: Prehensile Force; EIF:
Elbow flexion; SL: Sit back and get up from the chair; CHB: Clasp your hands behind your back; SREF: Sit and reach the foot in sedation;
LCS: Getting up, walking, and sitting again; M2M: Stationary march in 2 minutes; W6M: Walk 6 minutes; HR6M: Maximum heart rate at
the end of the Test walk 6 minutes; % HR6M: % HRmax at the end of Test walk 6 minutes.

In the flexibility capacity of the upper extremities
(shoulder joint), a decrease in the distance between the
fingers was identified in the test of joining the hands
behind the back, which assumes an improvement in the two
extremities with a large effect size (ESD: 95% CI [0.75-1.81];
ESI: 95% CI [0.35-1.26]). In relation to lower limb flexibility
(hip joint) from the sit and reach test, it is evident that the
distance between the distal phalanx of the toes and the tip of
the foot decreased, considered statistically significant with
moderate (EID: 95% CI [0.25-1.13]) and high (EII 95% CI
[0.71-1.77]) effect sizes.

For agility, it was observed that, when comparing the
means of the time used in the test of standing up, moving and
sitting down again, there were no significant changes between
the initial test and the post-intervention. When observing
the effects of physical exercise on this capacity, the results
showed that, in the 2-minute stationary walking test, the
number of repetitions performed increased significantly with
a large effect size (95% CI [0.49-1.44]). Along the same lines,
in the 6-minute walk test, a statistically significant increase in
the distance covered by the participants was observed with a
large effect size (95% CI [-0.81-0.12]). Additionally, during
the 6-minute test, the heart rate was recorded at the end of the
test, the results of which show that when comparing the initial
test of maximum heart rate with the recording at the end of
the intervention, no significant changes were found (p > 0.05).

Health-related Quality of Life (HRQOL)

Table 4 presents the effects of physical exercise on
the dimensions of health-related quality of life (HRQOL)
of the 25 participants from the descriptive statistics of the

standardized scores of the SF-36 questionnaire mean (M),
standard deviation (SD) pre- and post-intervention, and
the differences of these (Dif-M), as well as the comparative
inferential statistic (t), the p-value, the effect size (d) and the
confidence interval of the effect size (CI195%).

The results of the perception of HRQOL indicate that
the scores in the eight dimensions increased significantly
(p < 0.05), highlighting that general health, physical role,
physical function, emotional role and social function were
those with the highest scores, with large effect sizes (d >
0.80), while the dimensions bodily pain, mental health and
vitality, although they improved, obtained medium effect
sizes (d => 0.5). Regarding the overall quality of life score, it
was observed that it increased significantly with large effect
sizes.

Perception of Well-being

The qualitative results of this study based on the
perception of well-being are presented in Figure 1, which
exposes the theoretical categories (TC) functional status
for quality of life and emotional well-being, which were the
starting point for the interpretation of the narrative resulting
from the focus groups; consequently, 3 semantic families
(SF) and 12 emergent categories (EC) were identified.

Functional Status for Quality of Life

In this TC, the participants perceived the degree of
performance when carrying out activities of daily life, this
is interpreted as the levels of performance capacity and its
relationship with being healthy. Two SF were identified
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Table 4. Health-related quality of life dimensions before and after the intervention

Pre Score Post Score CI 95%
Dimension Dif-M t gl d

M+SD M+SD Li Ls
Physical Function 42.00+£14.22 58.00+11.27** 16.00 9.65 24 1.93 1.25 2.59
Physical Role 39.00+14.58 59.00+17.50** 20.00 4.90 24 0.98 0.49 1.45
Body Pain 64.08+20.34 71.88+16.47*F 7.80 3.97 24 0.79 0.34 1.24
General Health 29.60+6.67 57.28+11.25** 27.68 11.94 24 2.39 1.60 3.16
Vitality 76.40+11.50 80.80+11.43* 4.40 2.53 24 0.51 0.08 0.92
Social Function 71.50+12.25 83.50+8.63** 12.00 4.10 24 0.82 0.36 1.27
Emotional Role 23.99+24.58 38.65+15.77** 14.66 4.34 24 0.87 0.40 1.32
Mental health 81.44+9.58 87.36+7.89** 5.92 3.82 24 0.76 0.31 1.20
Global Score 58.53+5.53 71.32+5.39** 12.79 16.99 24 3.40 2.36 4.43

Dif-M = difference between the means of the dimension; t = Statistic of the student’s parametric test t for related samples selected according
to the result of the Shapiro Wilk normality test; gl = degrees of freedom; p = value that is contrasted with the proposed significance level of
0.05; **: significant values, p< 0.001; *: significant values, p< 0.05; d = Size of the effect obtained from Cohen’s d test; CI 95% = effect size
confidence interval from the lower (Li) and upper (Ls) limits.
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Fig. 1. Categories resulting from the focus group.
Note: TC = theoretical category; SF = semantic family; EC = emergent category

based on recurrence: Social sphere (14.3%) and physical
sphere (24.8%). The former contains the SGs companionship
(5.5%), inclusion (4.4%) and family (4.4%). Companionship
arises from the interaction and harmony of relationships
among the participants: “it is very beneficial and satisfying
to spend time with classmates and all of you teachers”; as for
the EC inclusion, the elderly participants indicated that they
are a fundamental part of the group due to the recognition
of individual capacities: “we have noticed that there is no
discrimination because if one person can do the exercises
well, and the other cant, they take us all into account, they
are very patient with us and help us to improve”; finally, the
participants associate the interaction as a manifestation of the
EC family since they state: “we are not really a group but like
a family and I feel very happy to be spending time with you”

Regarding the SF physical sphere (frequency 24.8%),
it groups the SGs health (17.1%) exercise (4.4%) and
physical condition (3.3%), and it is observed that they
have an influence on the perception of autonomy. This is
interpreted considering that the appreciation of QoL in older
adults is directly related to personal satisfaction, and the
optimal state of physical health (Ferradas & Freire, 2016).
From this SF, it is highlighted that in the EC of Health
there is an outstanding recurrence with respect to the other

EC, in which it is interpreted that the elderly manifest an
estimation of health improvement after the participation
in the program: “now I feel that my health has improved a
lot” which is articulated with the EC exercise that denotes
the improvement of functional autonomy from the changes
perceived during and after the intervention: “the exercises
have helped me a lot because my bones were very stiff and
in the short time I have been doing them I have felt much
better”. The physical condition EC aspects associated with
the perception of weight reduction are highlighted: “I started
losing weight little by little and with you I have lost 3 kilos”;
and participants say they are feeling healthy thanks to the
practice “stretching has strengthened me a lot it has helped
me a lot for my health I do not feel sick” These appreciations
become a decisive element for the participants to adhere
to the program, since a good physical condition favors
independence, obtaining better results in the quality of life,
through various collective activities that include physical
exercise (Villarreal-Angeles et al., 2021).

Emotional Well-being

The TC Emotional well-being (frequency 60.9%) in the
SF of the psychology sphere is directly related to mental

192



Sanchez-Roa, I.J., Reina-Monroy, J.L., Juliao-Vargas, C.S., & Cardozo, L.A. (2024). The Effect of Physical Exercise on Functional Capacity
and Perception of Well-Being in Older Adults

health and the perception that the older person has of his/
her current situation, i.e. psychological well-being; this
SF groups together the SGs of self-perception (15.5%),
spirituality (12.2%) motivation (12.2%) motivation (12.2%)
vitality (10%), emotionality (6.6%) and learning (4.4%). In
terms of frequency in this SE, the EC of Self-perception is
evidenced as relevant in which the discursive recurrence
in specific states is highlighted and is articulated with the
multidimensional model of psychological well-being from
the dimensions of acceptance with oneself, psychosocial
links, autonomy and control of situations, expressing
“feeling alive, feeling that despite my years I feel very well
and I feel fulfilled”. Particularly present are the emergent
relational networks which denote the appreciation of older
adults in aspects such as feeling ready for action from the
EC motivation: “wanting to do things, feeling good, feeling
active, feeling alive”; the EC of vitality from the openness to
practice: “I am an active person, my physique allows me to
do many more sports activities”; physical factors associated
with the EC emotionality: “feeling better because I have
gained a lot of flexibility, balance and mentality”. These
three emerging categories are articulated indicating that
people feel more satisfied with their lives and willing to do
physical exercise, likewise, participating in the program on a
continuous basis tends to the understanding of the routines
and the EC learning: “well after the exercises we learn, I feel
that I can repeat them and now I practice them at home”

On the other hand, it is evident that for the participants
the Spirituality EC is fundamental: from this, guidelines
regarding gratitude and possibility stand out: “I thank God
because first he has given me life, second he has given me
strength to do my exercises” and it is related to the motivation
EC for participation: “thanks to God for giving me the joy to
get up and have that incentive to get ready to go out and
exercise”. The above is essential for the practice of physical-
recreational activities by older adults who, from their self-
perception and beliefs, recognize themselves as more vital
and emotionally.

Discussion

The aim of this study was to evaluate the effect of
physical exercise on functional capacity, HRQOL and PB in
apparently healthy elderly females. The proposed training
consisted of functional strength exercises using training aids
easily acquired by the participants, the exercise progression
was differentiated by the number of repetitions and sets,
materials used, total time of the sessions and the subjective
perception of effort by means of the OMNI-GSE scale.The
main findings indicate that eight weeks of physical exercise
based on functional training triggers improvements in
cardiorespiratory capacity, improving the independence of
elderly women, which has an impact on the quality of life
(Da Silva et al., 2020). Therefore, it is deduced that, from
the proposed intervention, not only is cardiorespiratory
endurance related to static walking and 6-minute walk
is improved, but also a greater life expectancy can be
achieved an important aspect for the participants of this
type of program and their close relatives or caregivers by
contributing to their health (Yin et al., 2020).

In muscular endurance in upper limbs, a significant
improvement is denoted, which is inversely related to

cardiovascular risks and mortality (Figueroa et al., 2019).
A significant increase in prehensile strength was also
evidenced, which, accompanied with lower limb assessment,
isconsidered a practicaland relevantbiomarkerin concurrent
general strength for the elderly (Bohannon, 2019).

Regarding strength in lower limbs, the findings indicate
that functional muscular resistance training significantly
improved this capacity, which coincides with other studies
related to the increase of muscular strength, by means of
resistance training on unstable bases for 10 weeks and
combined exercise of traditional balance and virtual reality
for 8 weeks in which in addition to improving strength, so
did balance and functional mobility (Eckardt, 2016; Sadeghi
etal, 2021); this has a close correspondence with emotional
states by counteracting the degree of depression when
strength training is combined with aerobic training and a
positive influence on levels of health perception (Sola et al.,
2019).

In upper and lower limb flexibility, significant changes
are observed after participation in the program; data
similar to those found in other studies, are associated
with the improvements observed in strength training and
with studies that demonstrate high performances in joint
amplitude ranges in active older adults (Concha et al.,
2017; Escalante et al., 2019); likewise, differences between
limbs were evidenced, reflecting improvements in the lower
limbs (Vaca et al., 2017), which allows the effectiveness of
the implemented program to be verified. When referring
to HRQOL, older persons directly relate their social role
to participation in community activities, which indirectly
contributes to physical and emotional stability. Likewise,
these programs for the community are oriented to the
practice of physical exercise from institutionalized or
integrated service projects (Gallegos et al., 2019), as well
as in the subjective perception through the pre and post
application of the SF-36 questionnaire. At the conclusion
of the intervention of the physical exercise program, scores
in the dimensions of health perception in general stand out
with a significant improvement in the dimensions of role and
physical function, results similar to other studies (Gallegos
et al., 2019; Ramirez & Triana, 2007).

The effect of functional training programs originates
a significant improvement in physical fitness and in the
dimensions of quality of life related to health and well-being
associated with happiness (Sola et al., 2019; Vargas-Vitoria et
al., 2021). With respect to well-being, the resulting discursive
interpretation is aligned with other studies that denote the
increase of parameters regarding the perception of general
health, vitalityand social function in participants of programs
associated with exercise, and others performed as activities
in leisure time and that contribute to the establishment of
social relationships or friendships, benefiting the physical
and mental health of older adults and in turn, well-being
(Paggi et al., 2016). On the other hand, physical activity
levels can increase when older adults are allowed activities
that contribute to social relationships, i.e., conservation or
establishment of friendships, generating improvements not
only in physical activity but also in life satisfaction, an aspect
observed in another research (Huxhold et al., 2013).

Likewise, this type of physical training has a positive
impact on older adults reflected in functional independence
(Mora-Vicente et al., 2007), a situation that is related
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to subjective well-being and activities of daily living
(Almonacid et al., 2021). This aspect was observed by Sotelo
et al. (2014) in a group of 150 older adults who participated
in a physical activity program, finding an inverse association
between muscle mass and frailty criteria, those with less
muscle mass in the lower limbs presented lower levels of
functional independence.

Another aspect to take into account is that the normal
biological process of the older adult conditions to the
involution of physical skills, however, physical exercise is
devised as a relevant factor in the decrease of such condition
(Figueroa et al., 2019); similarly, the process of programs
for the promotion health from physical activity, strengthen
functional capacity, as well as contribute to positive
conditions of subjective well- being and quality of life in
the older adults (Honorio et al., 2021; Poblete-Valderrama
et al,, 2015). In this framework, physical exercise programs
are oriented by age and gender, taking as a reference
the cardiovascular vascular risk factors in participants
(Ramirez-Villada et al., 2015), projecting the benefits it
brings in functional independence (Alvarez & Alud-Sorao,
2017). Likewise, programs that combine multicomponent
physical activity, including aerobic strength, stretching and
balance exercises, reduce the level of depression, strengthen
cognitive processes (Da Silva et al., 2020). Their systematic
application and practice enable the improvement of various
physical abilities (Font-Jutgla et al., 2020; Vaca et al., 2017).

Regarding the qualitative analyses performed in the
category of functional status for quality of life and the
semantic family of physical sphere, it can be understood
that QOL in older person is directly related to personal
satisfaction, and the optimal state of physical health (Ferradas
& Freire, 2016). In addition, to contribute to the adherence
to physical activity programs in this population, considering
physical, social, economic and psychological particularities
of this population (Assumpgao et al., 2014). In addition, it
highlights the importance of targeted and systematic physical
activity programs, proposed by professionals who consider
the various factors that may be limiting or facilitating the
practice, permanence and adherence to this type of program
(Jefferis et al., 2014).

Limitations of the study

This study had limitations in the research design, the
monitoring of heart rate and the multicomponent aspect
in the training sessions, this factor sometimes means that
physiological intensity the subjects are being exposed to is
not known. Using subjective methods to solve this difficulty
it is suggested that for future research, controlled clinical
trials be developed to increase the internal methodological
validity, propose multicomponent physical exercise
interventions and monitor heart rate as an indicator of
internal load control during the sessions. Likewise, it is
recommended that male participants be included since this
study did not have the minimum required according to the
estimation of the statistical power of the sample (n=23).

Interpretation and Generalizability

This study can be a reference to contribute to local and
regional programs of physical activity in the elderly using

strength training, and to incorporate the methodology
applied to multicomponent physical exercise plans. Likewise,
and simultaneously, to follow-up on the perception of quality
of life and well-being as fundamental axes of active aging by
means of the techniques and instruments referenced in this
study.

Conclusions

The findings of this study indicate that eight weeks of
physical exercise based on strength training with affordable
means (own body weight, elastic bands and dumbbells) with
a frequency of 3 days a week between 54 and 62 minutes of
duration, improve the functional capacity of strength and
flexibility in upper and lower limbs, and cardiorespiratory
endurance in older women; however, no significant changes
were observed in agility and maximum heart rate during
the 6-minute test of the SFT battery. It was also found that
this intervention had a positive impact on HRQOL as well
as on the perception of well-being, which confirms that
the systematic practice of physical exercise contributes to
maintaining a healthy physical and mental life during aging.
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Bnane ¢pismuHnx BnpaB Ha PYHKLiOHaNbHY CPOMOXHICTb
Ta CNPUNHATTA CTaHY 340POB’A y 0Ci6 Nnoxmnoro BiKy

Iurpig [Ix. Canuec-Poa'ABCPE, Xag’ep JI. Peitna-Moupoii'AB<PE,
Knapa C. Xymriao-Baprac'®, Jlyic A. Kapmo30*“P

'"YuiBepcuTeTchKa Kopropatisa «boxka XBuamHa»
*YuiBepcureTchKa QyHAaLia AHACHKOI 061acTi

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocnipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis
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Mera gocmimKkeHHs. MeToI0 JOCTiKeHHs Oy/I0 OLHUTHU BIUIMB CHIOBUX TPEHYBAIbHMX BIIPaB Ha MOKA3HUKM (yHKIiO-
Ha/IbHMX MOXK/IMBOCTEN, AKICTD )KUTTSA Ta CIPUITHATTSA CTAHY 3I0POB’S Y 0Ci6 IIOXM/IOTro BiKYy.

Marepianu Ta MmeTomu. byno 3actocoBano sMillaHUII METOJ, JOC/i/I)KEHHA 3 CEKBEHIIIIHMM IOSACHIOBA/IbHUM IVIAHYBaHHAM,
B IKOMY B3s/IM Y4acTb 25 KiHOK IIOXMJIOrO BiKy Bif 62 10 85 poKiB, sIKi HpOTATrOM BOCbMM TYDKHIB 3aiiMaucs GisMaHMMY BIIpa-
BaMI 3 YaCTOTOIO 3 pasy Ha JIeHb i TPMBAIICTIO 3aHATD B CepeHbOMY 58 XBWINH. BaTapes TecTiB 11 BU3HaYeHHA PiBHA Qi3WIHOI
nigroroBneHoCTi 0ci6 moxmtoro Biky (Senior Fitness Test) BK/Ifo4aa TecT Ha CHITY XBaTa, MOHITOPVHT CEpPLieBOrO PUTMY IIPOTATOM
6-XBUIMHHOTO TeCTY, ONUTYBaTbHUK SF-36 3 MeTOI0 OLIiHKM CTaHY 3/J0POB A Ta (POKYC-TPYIy Mic/sA iHTepBeHIlil, OpieHTOBaHY Ha
aHaJIi3 CaMOIIOIyTTH.
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PiBEHDb CIPUTHOCTI Ta YaCTOTHU CEPLIEBUX CKOPOUYEHb 3a/MINMBCS He3MiHHUM (p>0,05). Takoxx crocrepiranocs mifjBuILeHHS pe-
3y/IbTaTiB y 8 IpOaHaIi30BaHMX BIUMipaX sSIKOCTI XXUTT, @ B CY0 €KTUBHIII OLIIHIIi CAMOIOYYTTS IIOKPAlleHHs CTaHy 3[[0POB s Oy/10
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BIIPaB) Ha OCHOBI CM/IOBYX TPEHYBAaHb IOKPAIYIOTh QYHKI[IOHAIBHY CIIPOMOXHICTB, SIKICTh XXUTTS, OB sI3aHy 31 300pOB’AM, i
CTaH 3arajJibHOro0 CaMOIOYYTTS 0Cib IOXUIIOro BiKYy.

BucHoBKM. Pesynbrati IbOro JOCTiI)KEHHA MOKA3yIOTh, 1[0 (i3VYHi BIPaBU MPOTATOM BOCbMM TYDKHIB, 3aCHOBaHi Ha CH-
JIOBOMY TPeHYBaHHI 3 BUKOPUCTaHHAM JOCTYIIHUX 3ac00iB (BIaCHOI Bary, elaCTUYHMX CTPIYOK i raHTeseit) 3 4acTOTO0 3 AHI Ha
TIDKJIEHD, CIIPYUAIOTD HOJIIIIeHHIO IIOKa3HNKIB (GYHKIIOHaTbBHUX MOX/IMBOCTeI! CU/IM Ta THYYKOCTI BEPXHIX i HIDKHIX KiHI[iBOK,
a TaKOXX KapyiopeciipaTopHOl BUTPUBAJIOCT] y )KIHOK CTapIIoro Biky. Takoxx 0y/10 BCTAaHOBJIEHO, IO JaHA IHTEPBEHILIS Ma€ I10-
3UTUBHMII BIUIUB Ha SIKiCTb )KNUTTH, @ TAKOXK Ha CIIPUIHATTS CTaHY 3[I0OPOB 4.

Krouosi croBa: disuannit cran monnum, podib BIVIMBY 3aXBOPIOBaHH, GpisyHa MiATOTOB/IEHICTD, eMOLil, CTapiHHS.
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Abstract

Study purpose. This study examines the effect of a 16-week interval progressive circuit training program on the skill
and health-related fitness of overweight university students.

Materials and methods. A total of 72 university students underwent health and skill-related fitness tests before and
after a 16-week progressive circuit training program. Paired sample t-tests and Wilcoxon signed-rank tests were used
to determine differences between pre- and post-tests.

Results. Significant decrease in BMI, cardiovascular endurance, agility, speed and reaction time was observed after

a 16 week progressive circuit training program (p < 0.05). In contrast, strength, flexibility, coordination and power
increased significantly (p < 0.05). The 16-week interval progressive circuit training programme has a positive effect
on the physical fitness among the study participants.

Conclusions. The findings encourage further research into optimized training protocols, long-term sustainability of
improvements, and tailored applications for specific population groups, ultimately advancing our understanding of
the multifaceted benefits of interval progressive circuit training.

Keywords: circuit training, physical fitness, training progression, overweight, university students, well-being.

Introduction

Physical fitness is a cornerstone of overall well-being
(Greenlee et al., 2017), and its importance becomes obvious
for university students. A growing concern for students’
sedentariness is linked to the advancement of education
and technology. The demands of academic life often tether
students to desks and screens for extended periods, leaving
little room for physical activity. The lack of movement,
unhealthy eating habits and stress made the rising epidemic
of overweight and obesity among university students.
A worldwide trend study published in Lancet Global Health
found an insufficient physical activity from 2001 to 2016
reveals that more than one in four adults worldwide fails to
get the recommended levels of physical exercise (Guthold
et al., 2018). Similarly, a recent study found a significant
decrease in doing regular exercise during one’s college years
compared to the school years before (Alkhateeb et al., 2019).

© Pocaan, ].M., 2024.
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The sedentary nature of modern university life is related
to the surge of overweight rates among university students
mirroring global trends (Hojjat, 2021). The accessibility of
fast food on campuses, irregular eating patterns, and the
allure of convenience contribute to unhealthy weight gain
(Maillet & Grouzet, 2023). Beyond the immediate health
concerns, carrying excess weight in young adulthood can
lead to a cascade of long-term health issues, including
diabetes, cardiovascular diseases, and a diminished quality
of life (Koliaki et al., 2019). These health issues affect the
present well-being of students and their future, which can
negatively influence their quality of life and life expectancy.

Aside from the physical implications, excess weight
has significant consequences for academic performance
(Greeff et al., 2018). It was proven by Poh et al. (2019)
which found a strong relationship between overweight and
cognitive function, where excessive weight is associated
with low academic performance. Decreased attention span
and memory impairment are among the cognitive effects
on students with excessive weight that hinder their ability
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to absorb and retain information (Jirout et al., 2019).
Furthermore, lower self-esteem and increased stress are
among the major psychosocial consequences of being
overweight that can further worsen academic challenges
(Robinson et al., 2020). The connection between physical
health and academic performance is complex. Students
who prioritize their well-being are expected to experience
better concentration, problem-solving skills, and overall
cognitive function (Borgonovi & Pal, 2016; Barry et al,,
2017). In contrast, excess weight may impede these cognitive
functions and create a challenging cycle to break.

In the Philippines, the curriculum in tertiary education
is considered overloaded (Ortiga, 2014; Durban & Catalan,
2012), especially for teacher education programs. This
means that pre-service teachers in the country have a high
chance of becoming overweight or obese. Meanwhile, the
Commission on Higher Education (CHED) revised the
physical education courses for tertiary education as one
of their realizations during the mid-COVID-19 pandemic
(Order No. 39, 2021). Among the new courses is Physical
Activity Towards Health and Fitness (PATHFit) 2 which
aims to provide experiences for the students to engage in
a variety of exercise programs to maintain and enhance
cardiorespiratory and musculoskeletal fitness. Currently,
based on my knowledge, there is no study conducted about
the effect of the course on the physical fitness of overweight
university students, specifically the use of a progressive
circuit training program. Relevant fitness programs like
circuit training can provide appropriate support, promoting
sustainable habits that extend beyond their university years
(Seo et al., 2019).

Circuit trainingisa dynamicand efficient form of exercise
thatinvolvesa series of structured, timed activities performed
consecutively with minimal rest between exercises (Getty et
al., 2018; Micielska, 2021). The principles of circuit training
revolve around high-intensity intervals and a progressive
structure. For the purpose of this study, a 16-week training
program was conducted and participated by overweight
university students during their PATHFit 2-course schedule
for one whole semester. Specifically, this study examines
the effect of the implemented program on health-related
(body composition, cardiovascular endurance, strength and
flexibility) and skill-related fitness (coordination, agility,
speed, power, balance and reaction time).

Materials and Methods

Participants

Seventy-two first-year pre-service university students
(male 33, female 39; age 18 (36), 19 (25), 20 (11) years old;
BMI 27.7 £ 1.4; cardiovascular endurance 108.4 + 12.2 HR;
strength 26.9 + 4.5 push-ups; flexibility 48.0 + 9.9 cm; co-
ordination 30.7 * 6.8 hints; agility 15.8 + 1.7 secs.; speed
22.3 + 5.0 secs.; balance 30.9 + 7.5 secs.; reaction time
15.7 £ 4.4 cm) volunteered to participate in the study (Ta-
ble 1). The participants were from the same university in the
Philippines where their physical fitness was monitored under
the Physical Activity Towards Fitness and Health (PATHFit)
2 course. All the participants were handled by the researcher
of this study. The present study obtained permission from
the participants in the form of written consent. Approval for

Table 1. Participants characteristics

N=72

Sex

Male 33 (45.8%)

Female 39 (54.2%)
Age

18 yrs. 36 (50%)

19 yrs.  25(34.7%)

20 yrs.  11(15.3%)
Health-related fitness

Body composition Body Mass Index ~ BMI ~ 27.7+14

Cardiovascular 3-minute step bpm 108.4 +12.2

endurance

Strength 90° Push-up reps. 269 +4.5

Flexibility Sit and reach cm 48.0+£9.9
Skill-related fitness

Coordination Juggling test hints  30.7 £6.8

Agility Hexagon agility test secs.  15.8 + 1.7

Speed 50m sprint test secs.  22.3%5.0

Power Standing long jump cm  164.4 £ 12.2

Balance Stork balance stand secs.  309+75

test
Reaction time Stick drop test cm. 157 £4.4

Abbreviation: yrs., years; BMI, body mass index; bpm, beats
per minute; reps., repetitions; cm., centimeter; secs., seconds.

conducting the study was secured from the recommending
and ethics committee of the Sorsogon State University.

Study Design

The participant’s physical fitness (health and skills-
related fitness) was tested before and after the 16-week
interval progressive circuit training program (Table 2).
The tests and program were conducted at Sorsogon State
University-Main Campus once a week during the scheduled
PATHFIT 2 course of the participants. The course is
equivalent to 2 units or 2 hours per week. The participants
came from 5 sections that were scheduled every 7:30 to 9:30
from Monday to Friday. The pre-test was a regular physical
fitness test conducted before the start of the course. All the
participants were instructed to reduce caffeine and high-
caloric foods during the semester.

For the purpose of the study, qualified participants were
determined by the initial BMI result as overweight (BMI 25-
29.9) based on the WHO BMI cut-off (Lim et al., 2017; Muc
Da Encarnacao, & NCD Risk Factor Collaboration, 2017)
and have no exposure to fitness training in the last 6 months.
During the second week of the first semester of 2022-2023
(August 15 to 19, 2022) the pre-test was conducted guided
by the researcher-made Physical Fitness Test (PFT) form
(body mass index, 3-minute step test, 90° push-up, sit and
reach, juggling, hexagon agility test, 50 m sprint, standing
long jump, stork balance stand test, and stick drop test).
Three trials were conducted to select the best performance
of the participants for each test.

The circuit training started after the pre-test (August 22
to December 9, 2022); the participants were given 15 mins.
warm-up and 15 mins. cooldown stretching exercises and
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were hydrated before, during and after the conduct of the
experiment for safety. Moreover, the participants were
instructed to jog in place during rests. The post-test was
conducted after 16 weeks, which was the final week of the
first semester (December 12 to 16, 2022). The results of the
tests were also made transparent to the participants for their
awareness and confirmation.

Materials and Test Procedure

To record the body composition, the BMI was assessed
using a weight machine and tape measure and used the for-
mula for accuracy. To test the cardiovascular endurance, the
3-min. step test was conducted on a sturdy step approximately
12 inches (30 cm) high. Moreover, the agility test was con-
ducted on a flat surface with a hexagonal tape pattern while
the 50m sprint was conducted on a straight track and the stork
balance stand test was on a flat surface in a quiet area. All time-
based fitness tests used a stopwatch to record the performance.

A tape measure was used (cm) and conducted in a flat
area to record flexibility for sit and reach and standing long
jump for power. Push-ups to measure the strength was also
conducted on a flat surface and recorded according to the
number of repetition (rep). The reaction time was measured
through a stick-drop test using a ruler (cm) positioned on an
armchair at a comfortable height in a quiet, well-lit testing area
with no distractions. Finally, the coordination was measured
by the number of hints in juggling tests using 3 balls in a des-
ignated testing area with enough space to juggle safely. All the
tests were administered 3 times with an interval of 30 mins. in
the same testing areas and select the best performance per test.
A similar procedure was implemented during the post-tests.

Aqrssod se AYOMO

Fig. 1. Circuit training design

The 16-week interval progressive circuit training
program was composed of 5 stations (Figure 1) with different
intensities: jumping jacks (fast with good form), body weight
squats (quickly with good form), push-ups (as many with
good form), curl-ups (as quickly as possible), and burpees
(as quickly as possible). The duration per station in the first
week was 15 secs. and was increased by 5 secs. every 5 weeks.
The number of sets per week started from 10 sets during the
initial week and was increased by 1 set every 5 weeks. The rest

per station in the first week was 10 secs. and was decreased
by 1 sec. every 5 weeks (Table 2). In general, the interval
progressive circuit training program of this study gradually
increases the duration and sets while gradually decreasing the
rest. The program also prioritizes proper form and gradually
increases the intensity to minimize the risk of injury.

Table 2. Training program timeline

Weeks 1to5 6to 10 11to 15 16
Sets 10 11 12 13
Duration 15 secs 20 secs 25 secs 30 secs
Rest per station 10 secs 9 secs 8 secs 7 secs

Statistical Analysis

Data are presented as mean + standard deviation for
continuous variables and number (n) with percentage (%) for
categorical variables. The Shapiro-Wilk test was performed
to assess the normality of the distribution. To assess the
difference between the pre-test and post-test, paired sample
t-tests were used for normal data and Wilcoxon signed-
rank tests for non-normal data. Statistical significance was
accepted at p<0.05. Cohen’s d effect size (ES) was computed
to display the magnitude of differences between variables
and interpreted as trivial (0-0.19), small (0.20-0.49), medium
(0.50-0.79), and large (=0.80) (Cohen, 1988). Welch’s t-test
was used to compare the mean difference by sex and age. The
statistical analysis was performed using IBM SPSS version
27 (IBM company, Armonk, New York, USA).

Results

The participants completed the 16-week training
program with 100% attendance.

a b

ES=281
30+ * 150

ES=283

BC (BMI)
CE (bpm)

Pre Post Pre Post

ES=-178

F (cm)

Pre Post Pre Post

Fig. 2. Health-related fitness performance variables pre-and post-test
Abbreviation: BC, Body Composition; BMI, Body Mass Index;
CE, Cardiovascular Endurance; bpm, beats per minute; S, Strength;
reps, repetitions; F, Flexibility; cm, centimeter. * Indicated significant
change comparing pre-and post-test. ES, Effect Size. p = 0.05
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Pre Post Pre

300 ES=-391 25+
*

P (cm)

Pre Post

ES=244

304

Sp (secs)

Post Pre Post

ES =167

Pre Post

Fig. 3. Skill-related fitness performance variables pre-and post-test
Abbreviation: C, Coordination; A, Agility; secs., seconds; Sp, Speed; P, Power; cm, centimeters; RT, Reaction time.
* Indicated significant change comparing pre-and post-test. ES, Effect Size. p = 0.05

According to the results on health-related fitness per-
formance, there was a significant decrease with a large effect
size in BMI (27.74 + 1.38 vs 26.11 + 1.25 [n]; ES = 2.81)
and cardiovascular endurance (108.35 + 12.23 vs 67.42 +
9.90 [bpm]; ES = 2.83), as well as increase with large effect
size in strength (26.88 + 4.54 vs 52.72 + 8.42 [rep]; ES =
-2.72) and flexibility (47.96 + 9.89 vs 50.97 £ 1.16 [cm]; ES =
-1.78) at p<0.05 (See Figure 2).

The performance in pre-and post-test results of skill-
related fitness performance shows a significant increase
with a large effect size in coordination (30.86 *+ 6.83 vs
65.07 £+ 7.81 [hints]; ES = -2.90) and power (164.36 + 12.17
vs 240.78 £ 16.16 [cm]; ES = -3.91), as well as significant
decrease with large effect size in agility (15.84 + 1.67
vs 12.77 + 1.35 [secs]; ES = 3.32), speed (22.30 + 4.99 vs
11.61 +£1.16 [secs]; ES = 2.44), and reaction time (15.72 + 4.36
vs 7.44 + 3.04 [cm]; ES = 1.67) at p<0.05 (See Figure 3).

Discussion

My findings showed that the 16-week interval progressive
circuit training program has a large effect on the physical
fitness of the participants. In line with health-related fitness,
there was a significant increase in strength and flexibility and
a significant decrease in BMI and cardiovascular endurance.
A significant increase in coordination and power and a
significant decrease in agility, speed, and reaction time were
also observed in skill-related fitness.

Health-related Fitness Performance

The decrease in BMI suggests that the overweight
participants in my study showed improvement. Previous
studies indicated that progressive training programs
positively reduced weights (Cvorovi¢ et al., 2021; Arrieta et

al., 2022). Although the mean score of the participants in the
BMI post-test (Figure 2) was still included in the overweight
category, it can be noted that the effect size was at large
magnitude size. In applied terms, high-intensity workouts
elevate heart rate and metabolic rate significantly during
intense bursts of exercise (Grace et al., 2018). This increased
intensity results in a higher calorie burn during the workout
compared to lower-intensity exercises (Moro et al., 2020).

The decrease in bpm in the post-tests (Figure 2) shows
a positive impact on the cardiovascular endurance of the
participants. The gradual increase of reps. and sets of the
training program trained the cardiovascular system of the
participants to be more efficient at delivering oxygen-rich
blood to the muscles during physical activity, allowing them
to sustain exercise for longer periods without experiencing
excessive fatigue or stress. This improved endurance can
lead to various health benefits, including increased stamina,
reduced risk of heart disease, and an overall improvement in
their ability to engage in physical activities (Wibowo et al.,
2022; Lan et al., 2021).

The increase in strength and flexibility with a large effect
size shown in the post-test indicated a positive effect on the
participants” skill-related fitness (Figure 2). The increase
in strength may linked to the intensity of the workout and
execution in the push-up station. While burpees station
involves several dynamic movements that require the
participants’ joints and muscles to move through a range
of motion. Koji¢ et al. (2021) in their experimental study,
mentioned that burpees help improve joint flexibility over
time, particularly in areas like the hips, knees, and shoulders.
These improvements suggest that the training program of
this study was successful in promoting muscle development
and joint mobility. In addition, previous studies indicated
that muscle development and joint mobility are essential
components of a healthy and active lifestyle (Guldas et al.,
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2023; Russo et al., 2021). It is worth mentioning that the
intensity of the training program of this study helps the
participants to improve their overall health-related fitness
performance.

Skill-related Fitness Performance

A significant increase with a large effect size in
coordination and power was also observed in the post-test
(Figure 3). My findings underscore the substantial impact
of the training program on participants’ motor skills and
explosive strength. It must be noted that the training
program used in this study incorporates a mix of dynamic
and strength-based exercises and provides a well-rounded
approach to improving coordination and power. The
combination of diverse movements, quick transitions, full-
body engagement, and neuromuscular adaptations makes
the training program an effective method for enhancing
coordination and power (Cvetkovi¢ et al., 2018; Kostikiadis
etal, 2018; Laursen & Buchheit, 2019) of the participants.

A significant decrease with a large effect size was also
shown in the post-test agility, speed, and reaction time
performance of the participants (Figure 3). The effect is due
to a dynamic blend of cardiovascular conditioning, strength
development, neuromuscular coordination, and functional
movement patterns gained from the training program.
Studies have indicated that high-intensity training program
promotes rapid force generation, improving explosive power
and speed (Suchomel et al.,, 2018; Kunz et al., 2019). The
incorporation of varied exercises challenges participants to
transition swiftly, sharpening their reaction time. Meanwhile,
the enhancement of neuromuscular coordination, core
strength, and overall fitness contributes to greater agility
(Sighamoney et al., 2018), enabling participants to move
with precision and quickness.

In general, my findings suggest that the combination
of diverse exercises, quick transitions, and neuromuscular
adaptations in high-intensity circuit training can effectively
enhance multiple aspects of physical performance.
Therefore, future research may delve into the optimization
of such training programs for specific groups and explore
potential long-term health and performance outcomes for
overweight individuals. Furthermore, investigating the
sustainability and maintenance of these improvements over
extended periods could provide insights into the long-term
benefits of interval progressive circuit training programs.
Finally, this research offers practical implications for fitness
professionals and university students seeking to improve
their physical fitness comprehensively, as it highlights the
potential of well-structured high-intensity circuit training
for achieving multifaceted fitness goals.

Conclusions

The study found that the 16-week interval progressive
circuit training program positively affected various
components of health and skill-related fitness among the
participants. The findings underscore the versatility and
effectiveness of high-intensity circuit training as a means
of enhancing overall physical fitness, encompassing weight
management, cardiovascular health, and skill-related
attributes crucial for physicalactivities. Theresults of my study

hold a valuable implication for fitness professionals, coaches,
and individuals seeking well-rounded fitness enhancement.
Additionally, my research encourages further exploration
of optimized training protocols, long-term sustainability
of improvements, and tailored applications for specific
populations, ultimately advancing our understanding of the
multifaceted benefits of interval progressive circuit training.
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Bnnue 16-TM>XHeBOI Nporpamm nNporpecuBHOro KpyroBoro
TPeHYBaHHA Ha NOKa3HNKM CTaHY 340pOB’A Ta PisNUHOI
NiAroToBNEHOCTi CTYAEHTIB YHiBepcuTeTy 3 HaAMipHOIO0 Baroto

Ixopman M. Ilokaan

CoOpcOroHChKMIT lep>)KaBHUN YHIBEPCUTET

ABTOpCBHKIMIT BKIIAM: A — FU3aitH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 7 c., 2 Tabn., 3 puc., 36 mxepena.

Merta pocnimxenns. Jlocnifi)KeHHA CIIpAMOBaHe Ha BUBYEHH:A BIUIMBY 16-TVDKHEBOI iHT€pBa/IbHOI TPOrpaMy IPOTPECUBHOTO
KPYrOBOTO TPeHYBaHHsI Ha (i3N4HY MiATOTOB/IEHICTD Ta CTAH 3J0POB's CTYAEHTIB YHIBEPCUTETY 3 OXKMPIHHAM.

Marepianm i MeTopu. 3arazioM 72 CTyZIeHT!U YHiBepCUTETY IIPOJIIIN TeCTYBaHH: Ha BM3HAYEHH: CTaHy 3[0pOB A Ta Bisnd-
HOI IiJIrOTOBNIEHOCTI [0 i micna 16-TV>KHEBOI MpOorpaMy IPOrpecUBHMUX KPYTOBMX TpeHyBaHb. /1A BU3Ha4Y€HHSA Bi]MiHHOCTE
MDK ITOKa3HMKaMI {0 1 i/ TeCTyBaHHA OY/I0 3aCTOCOBAHO t-TeCTH IMAPHUX BIOIPOK Ta KpKUTepiit 3HAKOBYUX PaHTiB YiTKOKCOHA.

Pesynprarum. Ilicia npoxomkenHsa 16-TV>KHEBOTO IPOrPeCHBHOIO KPYTOBOTO TPEHYBaHH:A CIIOCTEPIranocs 3HaYHe 3HUKEH-
Hs nokasHukis IMT, BUTPMBAIOCTi ceprieBO-CyMHHOI CuCTeMM, CIPUTHOCTI, BUAKOCTI Ta Yacy peakuii (p < 0,05). HaromicTp
MOKa3HMKM CU/IU, THYYKOCTi, KOOPAMHALII Ta pe3yIbTaTMBHOCTI 3Ha4HO 3poc (p < 0,05). 16-TyKHeBa iHTepBabHA IIpOrpaMa
IPOrPECUBHOTO KPYTOBOTO TPEHYBaHHS HO3UTUBHO BIUIMBAE Ha (Pi3MYHY MiATOTOB/IEHICTb yYaCHMKIB TOCIIKEHHA.

BucHoBku. OTpuMaHi pe3yabTaTit CIIOHYKAIOTh [0 IOJAIBIINX JOCIiIKeHb ONTYMi30BaHUX TPeHYBaIbHMUX IIPOTOKOJIB,
JOBrOTPUBAJIOL CTa/IOCTi HOKPalleHb Ta aflallTOBAHMX IIPOTPaM JIsI KOHKPETHIMX I'PYII HaCeJIeHHs, 10 B KiHI[eBOMY IIi[ICYMKY IIO-
IINOJTI0E Hallle pO3yMiHH:A 6araTorpaHHUX IepeBar iHTepBaJbHOTO IPOTPECHBHOIO KPYTOBOTO TPEHYBAHH.

KirouoBi cmoBa: Kpyrose TpeHyBaHHI, (pisyyHAa MMirOTOBIEHICTD, IPOTPeCis TPEeHYBaHHs1, HaMipHA Bara, CTYeHTH yHiBep-
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Abstract

Study purpose. The study purpose was to analyze the effect of moderate-intensity endurance exercise on reducing
inflammation in obese women.

Materials and methods. Twenty obese women selected according to the established criteria were used as subjects.
Then the subjects were divided into two groups: the control group (G1) and the endurance exercise group (G2).
Moderate-intensity endurance exercise was performed by running on a treadmill for 40 minutes, with a frequency
of 5 times/week for 2 weeks. Moderate-intensity was performed with 60%-70% HRmax (HRmax formula: 220-age).
Blood sampling for inflammation measurement using the biomarker High-sensitivity C-reactive protein (hs-CRP)
was performed before and after the intervention for 2 weeks. hs-CRP was measured using the enzyme-linked
immunosorbent assay (ELISA) method. A paired sample t-test with a significant level (p < 0.05) was used for data
analysis.

Results. The results showed the mean hs-CRP levels between before and after the intervention in G1 (6.76+4.40 vs.

6.43+4.89 ng/mL, (p=0.641)) and G2 (6.56:3.34 vs. 2.12+1.14 ng/mL, (p=0.004)).
Conclusions. The study indicates that moderate-intensity endurance exercise has been shown to be effective in
reducing inflammation levels in obese women, so individuals with obesity are advised to reduce inflammation levels

through moderate-intensity endurance exercise.

Keywords: endurance exercise, inflammation levels, obesity, healthy lifestyle.

Introduction

Obesity is a multifactorial disease, that not only has an
impact on the emergence of several diseases (Lin & Li, 2021)
but also has an impact on risk factors for complications
resulting from excess fat mass which can harm health. Obesity
is associated with decreased expression of lipogenic markers
leading to the development of metabolic complications,
such as ectopic lipid deposition in skeletal muscle and liver
(Moreno-Indias & Tinahones, 2015). This reduction has a
broad effect on accelerating risk factors for inflammation
and oxidative stress, as well as reducing overall muscle
function (Straight et al., 2021). Reduced muscle function
resulting from obesity will contribute to insulin resistance
and cardiovascular disease (Van Der Kolk et al., 2019), thus

© Sari, A.K,, Sugiharto, Merawati, D., & Pranoto, A., 2024.
( TMOB

@ TOB 0BC

=
=

" Croper

worsening morbidity and mortality (Bozzola et al., 2023).
This will harm human resources in the future. Physical
exercise is believed to be a strategic method and therapy
for obese conditions (Sugiharto et al., 2022). Physical
exercise has been widely used to reduce inflammation,
thereby preventing complications in obesity (Calcaterra et
al., 2022). However, the effectiveness of physical exercise
on inflammatory parameters in obesity is still a matter of
debate.

Inflammation was found to be high in obese conditions
(Khanna et al., 2022), which will have an impact on
metabolic disorders, stress, and tissue dysfunction
(Andersen et al., 2016). Metabolic disorders have a greater
risk of metabolic syndrome, and inflammation is associated
with leukocyte activation and dysfunction in metabolic
tissues such as adipose tissue, liver, pancreas, and blood
vessels (Sheridan et al., 2012). Meanwhile, the occurrence of
tissue dysfunction will have an impact on the accumulation
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of fat in primary lymphoid organs, which will damage tissue
integrity associated with a large number of leukocytes and
an inflammatory phenotype (Vucenik & Stains, 2012). This
will increase the risk of developing type 2 diabetes mellitus
and is likely to be the main distributor of complications
(Longo et al., 2019). In addition, high levels of inflammation
in obesity cause neuroinflammation which results in
decreased cognitive function (Salas-Venegas et al., 2022)
and motor abilities through changes in brain function and
the musculoskeletal system (Wang et al., 2016). Therefore,
appropriate strategies are needed to reduce risk factors for
inflammation in obesity.

Preventing increased inflammation in obesity can be done
by limiting calories and physical exercise. According to previ-
ous research, calorie restriction using intermittent fasting is
considered to have a beneficial impact on reducing inflamma-
tion (Hills et al., 2019). However, it requires longer time and
consistency and the results are only temporary (Yeoh et al.,
2015). Previous research has shown that calorie restriction in
humans has not been proven safe and effective for reducing
inflammation in obese conditions (Kokten et al., 2021).

Previous research suggests that physical exercise can
reduce inflammation, which is associated with a decrease
in fat mass and an increase in muscle mass (Mika et al.,
2019). However, appropriate physical exercise is still a matter
of debate. Proven by research conducted by Zheng et al.
(2019) physical exercise in the form of endurance exercise
can reduce inflammation levels in a group of adult women.
However, research conducted by Park & Nickerson (2022)
stated that physical exercise in the form of endurance
exercise could not change inflammation levels in a group
of adult women. Other research also states that women who
are obese tend to experience higher levels of inflammation
than women who have a normal weight (Cohen et al., 2021).
However, other studies show opposite results (Accattato et
al., 2017). Therefore, The study purpose was to analyze the
effect of endurance exercise on reducing inflammation using
the biomarker High-sensitivity C-reactive protein (hs-CRP).

Materials and Methods

Participants

This study was a true-experimental with a pretest-
posttest control group design. The study used 20 obese
women as research subjects selected based on the following
criteria: age 20-30 years, BMI 27-35 kg/m?, blood pressure
(systolic 110/120 mmHg and diastolic 70/80 mmHg), resting
heart rate 60-80 bpm, oxygen saturation 96-100%, inactive
in exercise, non-smoker, and non-alcohol consumer.

Study Design

Then, the subjects were divided into two groups, namely
the control group (G1; n=10), and the endurance exercise
group (G2; n=10). Endurance exercise was performed by
running on a treadmill for 40 minutes, using moderate in-
tensity (60%-70% HRmax) calculated by the formula (220-
age). During endurance exercise, heart rate was monitored
using POLAR H10. The entire research procedure was ap-
proved by the Research Ethics Committee Universitas Neg-
eri Malang with the number 07.12.2/UN32.20.2.9/LT/2023.

Blood samples were taken to measure inflammation
levels before and after endurance exercise intervention,
taken from the cubital vein as much as 4 ml. Inflammation
levels were analyzed using the ELISA method (Cat.No:
E-EL-H0043; Elabsciencer Biotechnology Inc, USA).

Statistical Analysis

Data analysis was performed using the Statistical
Package for the Social Science (SPSS) version 21.0. Data that
were normally distributed and had homogeneous variance
were analyzed using paired samples t-test and independent
samples t-test with a significance level of 5%.

Result

Based on the study results, the data on the characteristics
of the subjects in this study did not significant differences as
presented in Table 1.

Table 1. Characteristics of research subjects

Variable Gl(n=10) G2 (n=10) p-Value
Age, yrs 22.70+1.64  23.50£2.17  0.366
Zﬁﬂg blood pressure, 1305610 115254349 0.344
Ei;fg’ghc blood pressure, ) hei566 72654773 0.407
Heart rate, bpm 76.80+7.87 75.80+3.74  0.723
Height, m 1.5520.04 1.57£0.05  0.202
Weight, kg 71.04+4.55  73.0247.99  0.507
Body mass index (kg/m?)  29.85+1.87 29.52+1.81  0.691

Based on the research results, there was a difference in
the reduction in inflammation levels between the control
group (G1) and the endurance training group (G2), this can
be shown in the average reduction in inflammation levels in
the control group (G1) and the endurance training group
(G2) as in the Figure 1.

G, G,

15+ s 15+ *

—

hs-CRP (ng/mL)
hs-CRP (ng/mL)

Pretest Posttest Pretest Posttest

Fig. 1. Pretest and posttest hs-CRP levels (ng/mL) in both groups
Description: (*) The p-value indicates significant results
at pretest (p < 0.05)

The results of the paired sample t-test mean pretest
and posttest hs-CRP levels in the control group showed
(6.76+4.40 vs. 6.43+4.89 ng/mL, p=0.641) and the endurance
exercise group showed (6.56+3.34 vs. 2.12+1.14 ng/mL,
p=0.004). These results show that the endurance exercise
group significantly reduced inflammation levels, and the
control group did not show a significant reduction.
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Fig 2. Pretest, posttest, and delta hs-CRP levels in both groups
(G1 vs G2). Description: (ns) Not significant (p > 0.05). (*) Significant
with a control group (G1) (p < 0.05)

Discussion

Obesity is often associated with inflammation which
plays a role in the occurrence of complications (Marseglia et
al., 2014), therefore it is important to reduce inflammation
in conditions of obesity, one of which is endurance exercise.
Based on the results of research that has been conducted,
there is a difference in reducing inflammation levels between
the control group (G1) of 0.33 ng/mL and the endurance
training group (G2) of 4.44 ng/mL. The results showed a
significant decrease occurred in the endurance training
group (G2) compared to the control group (G1) (Table 1).
The decrease in inflammation levels in (G2) was caused by
endurance exercise. The endurance exercise used in this
study reduced levels of circulating inflammation in the blood
2 weeks after exercise. These results are in line with research
conducted by Fedewa et al. (2017) reported that endurance
exercise can reduce inflammation >2 weeks after treatment.
The results of previous research conducted by Gonzalo-
Encabo et al. (2021) reported that endurance exercise can
reduce inflammation levels in obesity cases.

This research involved subjects with obesity. In conditions
of obesity, reducing body fat mass can improve mitochondrial
function in adipocytes and reduce cytokine production which
plays an important role in controlling inflammatory respons-
es, endothelial function, and immunity (Bianchi, 2018). This
can be proven in previous research conducted by Pranoto et
al. (2023) reported that a decrease in inflammation occurred
as a result of endurance exercise. Endurance training in this
study is thought to increase anti-inflammatory activation
which is influenced by increasing IL-10, IL-1RA, and sTNFr,
thereby causing a decrease in inflammation such as IL-6, then
IL-6 will increase the differential uptake of energy released in
myocytes by increasing muscle insulin sensitivity and down-
regulates inflammation (Kistner et al., 2022). These results are
associated with research conducted by Leal et al. (2018) said
endurance exercise can induce myocytes that can modulate
adipose tissue to produce increased gene expression and se-
cretion of IL-6, and there is an increase in IL-10, IL1-ra, and
TNF-a, which is characterized as an anti-inflammatory effect.

The decrease in inflammation is thought to be due
to the effects of endurance exercise. Muscle contractions
caused by endurance exercise cause an increase in energy
requirements using body fat by simulating lipolysis in
adipose tissue, resulting in the release of free fatty acids
(FFA) into the circulation and oxidation in the muscles
(Mika et al., 2019) which can reduce the amount of fat mass
in the body (Wedell-Neergaard et al., 2019). In addition, the
reduction in inflammation is thought to be caused by the

infiltration of immune cells such as macrophages which can
be suppressed, and a phenotypic shift from M1 macrophages
as inflammatory to M2 macrophages as anti-inflammatory
which can be accelerated through endurance exercise
(Saltiel & Olefsky, 2017). Macrophages activated via IL-10
indicate that M2 macrophages promote the early stages
of proliferation myogenesis (Trendelenburg et al., 2012)
which shows a change in macrophage phenotype during
skeletal muscle regeneration with suppression of p38 MAPK
signals followed by an increase in IL-10, so that it can work
on M1 macrophage polarization to inhibit inflammation
(Costamagna et al., 2015).

Endurance training can induce fatty acid metabolism
through oxidation in muscle mitochondria to produce large
amounts of ATP (Muscella et al., 2020) thereby triggering the
activation of the adenosine monophosphate-activated protein
kinase (AMPK) pathway which plays a role in conserving
ATP by inhibiting the biosynthetic pathway and anabolic
(glycogen and protein synthesis), as well as stimulating
catabolic pathways by increasing glucose transport and
fat metabolism (Egan & Zierath, 2013). Apart from that,
endurance training can increase the number of mitochondria,
an increase in mitochondria will cause biogenesis which will
activate muscle cells by releasing myokines so that they can
secrete irisin to increase energy expenditure by encouraging
browning in white adipose tissue (Yano et al., 2021) and acts
as an anti-inflammatory in the long term and helps restore
inflammatory disorders in obesity conditions (Gonzalez-Gil
& Elizondo-Montemayor, 2020).

The endurance training carried out in this study also
paid attention to the intensity used because the subjects of
this study were women with obesity. Endurance training
performed at high intensity will result in major tissue damage
and initiate excessive inflammatory and immunosuppressive
reactions (Cavalcante et al., 2017). Meanwhile, endurance
exercise performed at moderate intensity will reduce
inflammation and increase fibrinolysis (Chen et al., 2014).
Therefore, previous research recommends that moderate-
intensity endurance exercise can reduce fat mass and reduce
inflammation (Geliebter et al., 2015). Exercise intensity
plays a role in determining the main energy source. The
energy source used at high intensity will use the oxidation
of carbohydrates, while at medium intensity the oxidation
of FFA is more dominant. Therefore, this study was given
endurance exercise with moderate intensity which is suitable
for obesity conditions (Rejeki et al., 2023).

The results of this research can be used as a way to reduce
inflammation levels in obesity through endurance exercise.
However, this research has limitations, such as the research
was only carried out on obese women, and endurance
exercise was only carried out for 2 weeks so adaptation had
not occurred. Therefore, it is recommended that further
research be carried out on male subjects who are obese and
in different age groups so that it can be generalized.

Conclusion

Based on research results, it was found that endurance
exercise using moderate intensity (60%-70% HRmax) carried
out for 2 weeks showed a decrease in inflammation levels in
obese women, so this research recommends that individuals
with obesity do endurance training consistently, taking into
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account the intensity used. The results of this research can be
used as a reference for future research by providing different
exercise interventions and adding new parameters.
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3miHM nokKa3sHuKiB C-peaKTUBHOroO 6i1ka BUCOKOI
YYT/IMBOCTI NiCNA ABOX TMXKHIB TPpeHyBaHb Ha BUTpUBanicTb
NOMiPHOI iIHTEHCUMBHOCTI Y XKIHOK 3 OXKUPIHHAM

Apiparix Ken Capi'4®?, Cyrixapto'*"¥, [leciana Mepasari'*"®, Axi [Ipanoro®*“?

'MaaHrCbKMiT lep>KaBHUI YHIBEpCUTET
*YHiBepcureT Ajfpranra

ABTOpCBHKNMIT BKIIAM: A — FU3aiTH JOCTIMKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 7 c., 1 Tabn., 2 puc., 41 mxeperna.

Mera gocmigpxeHHA. MeTo HOCIiPKeHHA Oy/I0 IpoaHaIi3yBaTy BIVIMB (i3NYHUX BIPaB Ha BUTPUBAJIICTD IIOMIpHOI iHTeH-
CMBHOCTI Ha 3MEHILIEHHS 3alla/leHH:A Y )KiHOK 3 O>KMPiHHAM.

Marepianu Ta Metopu. O6'€KTOM JOCTIPKEHH:A CTa/MN ABAMLATH XKIHOK 3 OKMPIHHAM, BifiOpaHNX 3a BCTAHOBIEHUMI KP1-
tepisivu. IloTim gocmimpkyBani ocobu 6ynmu posmnopineHi Ha ABi rpymu: KoHTponbHY (G1) Ta rpymy, wo 3ariManacs QisuaHnMI
BIpaBaMM Ha BUTpuBaIicTh (G2). BipaBu Ha BUTpMBaicTbh IOMIPHOI iIHTEHCMBHOCTI BUKOHYBA/IUCA HUIAXOM Oiry Ha 6irosiit
Jopixui npotarom 40 XBUINH, 3 YaCTOTOIO 5 pa3iB Ha TYDK/IEHb IPOTATOM 2 TYDKHIB. [loMipHa iHTEeHCHBHICTD BMKOHYBa/Iacs Ipu
nokasHukax 60%-70% MYCC - MakcuMa/lbHOI 4acTOTU cepleBUX cKopodeHb (dpopmyna MUYCC: 220 - Bik). 3abip kposi i1
OLIHKU 3aIaJIeHHs 3a JOIoMoro 6iomapkepa C-peakrusHoro 6inka Bucokoi ayrmBocti (hs-CRP) mpoBoannu o i mics inrtep-
BeHIii nporsrom 2 tyokHiB. [TokasHuk hs-CRP BusHavamu MetopoM iMmyHodepMenTHOro aHanisy (ELISA). [l ananisy maHux
BUKOPUCTOBYBA/N t-KpUTepiit MapHMUX BUOIpOK 3i sHauyIuM pisHeM (p < 0,05).

Pesynpraru. OTprMaHi pesynbraTy MoKasam cepenHi pisHi C-peakTnBHOro 6i7Ka BICOKOI Yy T/IMBOCTI 1O i IMic/st iHTepBeH-
uii B rpynax G1 (6,76+4,40 nporu 6,43+4,89 ur/mn, p=0,641) i G2 (6,56+3,34 nporu 2,12+1,14 ur/mi, p=0,004).

BucHosku. IIpoBefieHe HOCIiKeHHsT CBIYNTD TIPO Te, 110 (isyyHi BIpaBU Ha BUTPUBAIICTD HOMIpHOI iIHTEHCMBHOCTI BII-
ABWINCS ePeKTUBHUMM [I SHVDKEHH: PIBHSA 3aMa/IeHHs y )KiHOK 3 OKMPIiHHAM. TakuM 4nHOM, 0c06aM 3 OXXMPIHHAM PeKOMEH-
IYETBCS 3HIDKYBATH piBeHb 3alla/IeHHs 3a JOIOMOrolo Gi3NuHMX BIPaB Ha BUTPUBAIICTD TOMIPHOI iHTEHCUBHOCTI.

Kinrouosi coBa: disuyHi BIIpaBy Ha BUTPUBAJICTD, PiBHI 3aIa/ieHHs, O>KUPIHHA, 3T0POBUIL CIIOCIO SKUTTAL.
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Abstract

Objectives. The study purpose was to evaluate the effectiveness of an experimental program of training means aimed
at stimulating reactions of aerobic energy supply of athletes who are part of Ukraine national rugby union team.
Material and methods. The athletes of the Ukrainian national rugby union team were divided into two homogeneous
groups (experimental and control) consisting of 15 individuals. The experimental group underwent a specialized
program aimed at developing aerobic energy supply, whereas the control group followed a standard training program.
The object of study focused on the training process of Ukraine national rugby union team.

Results. The results of testing rugby players in the experimental group demonstrated reliable changes in reactions of
aerobic energy supply under the influence of a program of special training sessions. The most significant alterations
were noted in the indicators of kinetics and stability of reactions. The indicators of O, consumption and pulmonary
ventilation in the intensity zone of anaerobic metabolism threshold increased significantly. There was a tendency to
increase indicators characterizing the power of the respiratory response (max V), in particular under conditions

of growing fatigue (% excess V). However, there were no significant changes in indicators of aerobic capacities’

components in the athletes’ control group.

Conclusions. We believe that the mentioned indicators mostly reflect specialized manifestations of rugby players’
aerobic capacities and impact the increase of athletes’ special functional capabilities. This has been confirmed by

the results of the analysis of urgent adaptive responses registered in model conditions of competition activity. As a
result of the implementation of the specified experimental programme during the preparation process, the Ukrainian
national team achieved 2™ place at the European Rugby Union Championship in the Trophy division of the 2022-

2023 season.

Keywords: rugby, aerobic energy supply, cardiorespiratory system, experimental training program.

Introduction

To stimulate the reactions of aerobic energy supply, types
of work in which the activity of the cardiorespiratory system
is predominantly activated have been selected (Anderson &
Drust, 2023; Miller et al., 2023). The pedagogical component

© Kvasnytsya, O., Tyshchenko, V., Hlukhov, I., Drobot, K.,
Khimich, V., Mozoliuk, O., & Skrypchenko, I., 2024.
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of special training aimed at implementation of physiological
stimuli of reactions involves definition of universal
criteria for normalization of the load and assessment of
its effectiveness. Universal criteria for normalization of
the load may include the conditions for the development
of cardiorespiratory system and the associated heart rate
modes, reflecting the degree of activation (implementation)
of a certain physiological stimulus or their complex use
(Hulin et al.,, 2019; McHugh et al., 2019).
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Heart rate criteria for control of response stimuli were
applied when assessing the effectiveness of special motor
activity. To develop the function of aerobic energy supply,
operating modes in which the cardiorespiratory system is
stimulated and exercises were selected with consideration
to key factors of effective adaptation of rugby union athletes
were systematized. The results of studies of the components
of aerobic energy supply for athletes indicate that the key
factors in the reduced aerobic potential of rugby players are
expressed via an increase in the efficiency of the neurogenic
mechanism. This factor includes an increase in the mobility
of the nervous system as an activator of functional reactions
of the body and resistance of the central nervous system to
increasing fatigue (Grainger et al., 2022; Ahsan & Ali, 2023).

In this case, it is most advisable to use training tools
aimed at implementation of a neurogenic stimulus and
activation of a neurogenic stimulus under conditions of
increasing fatigue. Activation of the respiratory response
as a mechanism of respiratory compensation of metabolic
acidosis. The analysis showed that to enhance the reaction
of respiratory compensation of metabolic acidosis, modes
of activation of an “acute” hypoxic stimulus are used in
response to physical activity. Increasing the level of aerobic
energy supply with no significant acidemic changes in the
body (Périard et al., 2023). In this case, we are talking about
activating the work of cardiorespiratory system due to the
complex activation of neurogenic and acidemic stimulus
reactions.

It should be noted that the use of conditions for the
implementation of reaction stimuli in the process of func-
tional training in rugby differs with the use of this approach
in other sports (Briskin et al., 2016; Prystupa & Tyshchenko,
2017). These differences lie in the use of physical activity
modes in which the level of glycolytic energy supply does not
reach maximum levels at which the development of aerobic
function stops. The work lasts for 5-12 minutes, within the
period of predominant implementation of aerobic energy
supply.

The criterion for this ability is the stability of the body’s
cardiorespiratory system. Consistent manifestations of the
cardiorespiratory system can be assessed by the dynamics of
the heart rate response. This universal criterion is accepted in
sports practice as a way to assess changes in aerobic function
during work.

The practical significance of this problem has become a
prerequisite for conducting this study.

The purpose of the study is to check effectiveness of
the experimental program of training means aimed at
stimulating reactions of aerobic energy supply of athletes
who are part of Ukraine national rugby union team.

Materials and Methods

Participants

The athletes of the Ukraine national rugby union team
were divided into two homogeneous groups consisting of
15 people. One of them was experimental, the other was
control. The experimental group completed an experimental
program aimed at development of aerobic energy supply
in one month, and the control group completed a regular
training program. Prior to the testing, the procedures

were explained to all of them, including possible risks
involvement, and after the explanation, an informed consent
form was signed. The experiment has been done after every
participant was tested. The athletes were free from any
injuries or neuromuscular disorder.

The study has been approved by the Institutional
Ethics Committee, complied with all the relevant national
regulations and institutional policies, followed the tenets of
the declaration of Helsinki, and it has been approved by the
authors’ institutional review committee.

Methods and Procedures

The object of study is the implementation and effects of a
training program designed to enhance aerobic energy supply
reactions in National Rugby union athletes. This program
aims to improve athletes’ aerobic performance by focusing
on the kinetics and stability of aerobic energy supply under
conditions of increased fatigue and near the anaerobic
threshold, with the ultimate goal of optimizing athletes’
overall performance in competitive rugby union scenarios.

Changes in the reaction of the cardiorespiratory system
of rugby players in the experimental group were registered as
aresult of assessing changes in power, stability and kinetics of
the heart rate response. This reaction is an integral indicator
of the changes in the cardiorespiratory system under the
influence of training means. In addition, changes in this
reaction are the most accessible and informative means of
assessing changes in the aerobic function of the body when
modeling competition activity in many sports (Hendricks
et al., 2014; Meron & Saint-Phard, 2017; Lisenchuk et al.,
2019), including rugby (Tyshchenko et al., 2018). To assess
changes in reaction of rugby players in the experimental
and control groups, the analysis of heart rate dynamics
was carried out in the process of modeling the competition
activity of rugby players. The rate of development of heart
rate reaction was assessed under standard load conditions
on a running ergometer for 6 minutes. The inclination angle
of the treadmill was 0°, while the speed was 0.8 m/s™.

To standardize the measurements, the criteria of average
heart rate were used, which corresponded to the level of
maximum oxygen consumption (MOC) and the threshold
of anaerobic metabolism (Barnes et al., 2021; Canda et al.,
2023). For this purpose, changes in heart rate reactions were
analyzed in regards to the intensity of work that took place in
the zone of body’s aerobic function maximization.

The ability of athletes to repeatedly achieve the reaction
values of the cardiorespiratory system in the intensity
zone close to the MOC was assessed. At the same time, the
ability to repeatedly maintain stability of the reaction peak
magnitude and the level of reaction in the intensity zone
close to anaerobic metabolism threshold was assessed under
the conditions of one match.

As aresult of a contrastive analysis of the initial and final
testing, differences in the reaction of the initial part of the
experiment were obtained; the athletes noted an unstable
heart rate at standard competition load. Rugby players
achieved peak levels of cardiorespiratory response within a
single match. However, the stability of this function has not
been documented.

A tendency towards the function stability was noted only
when reaching reaction intensity level at the level of anaerobic
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Table 1. Orientation of the training process, reaction stimuli, characteristics of the load and conditions for the
implementation of neurogenic, “acute” hypoxic and complex neurogenic and acidemic reaction stimuli (generalized data)

Targeted

. . . Reaction stimuli
aerobic training

Load conditions Efficiency criteria

Increase of the efficiency of the
neurogenic mechanism at the
beginning of work

Neurogenic stimulus

Increase of the efficiency of the
neurogenic mechanism in the
process of growing fatigue

Neurogenic stimulus under
conditions of growing fatigue

Activization of the respirator
reaction as a mechanism of
respiratory compensation of
metabolic acidosis

“Acute” hypoxis stimulus

Increase of the level of aerobic
energy supply with no significant
acidemic changes in the body

Neurogenic and acidemic
stimulus (complex
conditions of use)

Repeated, 5-second pace
acceleration

Reaching peak heart rate
response

Increase of the pace for every 3
minutes of steady performance

Maintaining a steady heart
rate response

(sustainability of growth and
stability during the period of
uniform performance)

Linear 30-second increase and ~ Reaching and maintaining
linear 30-second decrease in the peak heart rate
work intensity for 60 seconds

metabolism threshold. Final testing of the rugby players
from the experimental group showed significant changes in
the reaction of the cardiorespiratory system in response to
the experimental training program. The number of reaction
peaks in different matches has increased. Stability of the peak
values of the heart rate reaction during competition activity
was noted. A linear nature of the increase in heart rate
response should also be noted, which confirms the dominant
influence of the work ensuring aerobic function.

At the same time, it is important to note the need to
maintain levels of anaerobic glycolytic energy supply that do
notaffectinhibition of the nervous system and aerobic energy
function of the body. The focus of special means of rugby
players training, reaction stimuli and load characteristics in
the process of implementing reaction stimuli are presented
in Table 1.

The table presents generalized data for the application
of conditions for the implementation of reaction stimuli in
sports practice to ensure the work of target settings close
to the tasks of aerobic training in rugby. The authors’ work
(Colosio et al., 2018; Pramkratok et al., 2022; Scott et al.,
2022) provided the methodological and theoretical basis for
our study.

The training program was based on modes of motor
activity, which were aimed at sequential stimulation of
neurogenic, “acute” hypoxic and acidemic stimulus reactions
and on the use of the principle of sequential increase in load.
The training program aimed at development of the aerobic
energy supply function was carried out for one month
(4 weeks). The program was based on motor activity modes
aimed at sequential stimulation of neurogenic, “acute”
hypoxic and acidemic reaction stimuli.

The principle of sequential increase in load was used.
For this purpose, at the first stage of the program (1 week),
during each session, athletes of the experimental group
completed an amount of work that corresponded to body’s
optimal response to the load. The body’s optimal response
to load is associated with achieving and maintaining peak
heart rate reaction values in response to an increase in work
intensity, of intense training is associated with improved

endurance performance (Hurley et al., 1984; Buchheit et al.,
2009). The sessions were held in the morning, 1.5-2.0 hours
before the main training. Functional training tools and
performance efficiency criteria at the first stage are presented
below.

The program for the first week of aerobic training of
qualified rugby players from the experimental group. The
purpose of this research stage was preliminary activation of
the cardiorespiratory system.

Days 1, 2, 3 of the first week - application of neurogenic
stimulation of the cardiorespiratory system:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes. Two times with a 3-minute rest interval. Part 2
— variable running: a combination of work at the level of 40-
50% of the maximum intensity level with short-term 5-sec-
ond accelerations in 1 minute. Duration of work is 6-8 min-
utes. The duration of work and the number of accelerations
are dosed depending on the degree of increase in heart rate,
achievement and maintenance of the peak reaction.

Days 4, 5, 6 of the first week — application of “acute”
hypoxic stimulation of the cardiorespiratory system:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes. Two times with a 3-minute rest interval.
Part 2 - variable running: a combination of work at 40-
50% of the maximum intensity level in combination with
15-second linear increase and linear decrease in the intensity
of work every minute. Duration of work is 9-12 minutes.
The duration of work and the number of accelerations are
dosed depending on the degree of increase in heart rate,
achievement and maintenance of the peak reaction.

Atthe first stage, sessions aimed at activation of acidemic
stimulation of aerobic functions were not held.

Day 7 - rest. A long, one-hour walk in fresh air is
recommended.

At the second stage (second week) of aerobic training of
qualified rugby players from the experimental group, the vol-
ume of exercises required during the session was increased.
This stimulated an increase in fatigue and the formation of
an adequate reaction of the body. This could be observed by
changes in heart rate dynamics during standard work.
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Standard work was performed at an average heart rate
level recorded for 3-5 minutes of steady work at the first
stage. During the first and second days of sessions, work
intensity was adjusted to optimize the load, at which a
tendency to maintain the stability of the heart rate response
during work was noted.

This is an important tool for activation of aerobic
function and a criterion for assessment of work efficiency
during the period of development of predominantly aerobic
energy supply, provided that the body’s glycolytic reactions
are minimized (Weston & Gabbett, 2001).

The sessions were held before noon, taking into account
the achieved effect of fatigue and the need to activate
recovery processes; the chief training sessions were held in
the afternoon in 3.5-4.0 hours. Functional training tools and
performance criteria for the first stage are presented below.

The program for the second week of aerobic training of
qualified rugby players from the experimental group. The
purpose of this research stage was targeted stimulation of the
cardiorespiratory system.

Days 1, 2, 3 of the second week - application of
neurogenic stimulation of the cardiorespiratory system.

Days 4, 5, 6 — application of “acute” hypoxic stimulation
of the cardiorespiratory system:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes. Two times with a 3-minute rest interval. A cor-
rection was made to the work intensity in order to standardize
the load at a steady heart rate level (+3 beats/min) for 1.5-
2.0 minutes of work. Part 2 - variable running: a combination
of work at a level of 40-50% of the maximum intensity level
in combination with 15-second linear increase and 15-second
linear decrease in the intensity of work in 1 minute. Series
duration is 5 minutes. Number of series is 4.

At the second stage, sessions aimed at activating
acidemic stimulation of aerobic functions were also not held.

Day 7 - rest. A long, one-hour walk in fresh air is
recommended.

At the third stage (third week) of the aerobic training
program for rugby players, long-term modes of steady work
were additionally applied, in which stimulation of aerobic
energy supply took place under conditions of increasing
fatigue. Training sessions were held with focus on activation
of acidemic stimulation of the cardiorespiratory system of
rugby players.

The efficiency of stimulation of cardiorespiratory
function as a result of the use of sequential implementation
of neurogenic and acidemic stimulation of reactions is
presented in scientific literature (Guo Pengcheng et al.,
2020; Efremenko, 2010). The effect of increasing reactivity
of the cardiorespiratory system on the next day, 20-24 hours
after work, has been shown. Sessions were held from 10 to
11 oclock in the morning. Taking into account the depth
of impact of the load on the body, chief training sessions
were held in the afternoon in 5.5-6.0 hours. Functional
training tools and performance criteria for the first stage are
presented below.

The program for the third week of aerobic training
of qualified rugby players from the experimental group.
The purpose of this research stage was stimulation of the
cardiorespiratory system through the use of conditions for
the implementation of neurogenic, “acute” hypoxic and
acidemic reaction stimuli.

Days 1and 2 of the third week — application of neurogenic
stimulation of the cardiorespiratory system:

Part 1 - steady running for 5 minutes. Two times with
a 3-minute rest interval. A correction was made to the work
intensity in order to standardize the load at a steady heart
rate level (+3 beats/min™) for 1.5-2.0 minutes of work. Part 2
- variable running: a combination of work at the level of
40-50% of the maximum intensity level with short-term
5-second accelerations in 30 seconds. Series duration is
3 minutes. Number of series is 5.

Day 3 - neurogenic stimulation of the cardiorespiratory
system under conditions of increasing fatigue

Part 1 - steady running for 5 minutes (warm-up).
The intensity is 40-50% of the maximum level, selected
individually. Part 2 - running at variable intensity for
12 minutes. 5-second maximum accelerations were done
every 45 seconds of work.

Day 4, 5 - the use of “acute” hypoxic stimulation of the
cardiorespiratory system:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes (warm-up). Part 2 - variable running: a
combination of work at a level of 40-50% of the maximum
intensity level in combination with 30-second linear increase
and 30-second linear decrease in the intensity of work every
3 minutes of work. At the final stage (5-10 s) of 30-second
linear increase in load, the intensity of work was maximum.
Work time was 12 min.

Day 6 - the use of complex neurogenic and acidemic
stimulation:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes. In three minutes, variable work (running)
was done: a combination of work at a level of 40-50% of
the maximum intensity level with short-term 5-second
accelerations in 30 seconds. Series duration is 5 minutes.
Number of series is 2. Part 2 — steady running at the peak
heart rate level (for 3-6 minutes of work), which was achieved
as a result of performing accelerations in the first part of the
session. Work time was 12 min.

Day 7 - rest. A long, one-hour walk in fresh air is
recommended.

The fourth stage of the program. The fourth stage of
the program lasted 12 days. These days included 9 days
of experimental training sessions and 3 days to monitor
changes in the athletes’ performance. In this part of the
aerobic training program for rugby players, additional
blocks of training sessions were used, the duration of each
block was 3 days. The goal of the stage was to achieve the
maximum effect of increasing the aerobic function of the
body due to the cumulative effect of using unidirectional
means of performance stimulating for 3 days, and the
cumulative effect of the training cycle. Sessions were held
from 10 am to 12 pm.

The amount of special work of rugby players was reduced.
Specific elements of rugby players training were worked out.
Functional training tools and performance criteria for the
first stage are presented below.

Days 1 and 2 (first block) - increase of the function
of aerobic energy supply through the implementation of
neurogenic stimulation of the cardiorespiratory system.

Part 1 - steady running for 5 minutes. Two times with
a 3-minute rest interval. A correction was made to the work
intensity in order to standardize the load at a steady heart
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rate level (+3 beats/min™) for 1.5-2.0 minutes of work. Part
2 - variable running: a combination of work at the level
of 40-50% of the maximum intensity level with short-term
5-second accelerations in 30 seconds. Series duration was
5 minutes. Number of series was 4.

Day 3 (first block)

Part 1 - steady running for 5 minutes (warm-up). The
intensity was 40-50% of the maximum level, selected indi-
vidually. Part 2 - running at variable intensity for 12 min-
utes. Maximum acceleration for 5 seconds was done every
45 seconds of work.

Day 4 - special work.

Days 5, 6, 7 (second block) - use of “acute” hypoxic
stimulation of the cardiorespiratory system:

Part 1 - steady running (40-50% of maximum intensity)
for 5 minutes (warm-up). Part 2 - variable running: a com-
bination of work at a level of 40-50% of the maximum inten-
sity level in combination with 30-second linear increase and
30-second decrease in the intensity of work every 3 minutes.
In the final stage (5-10 s), 30-second linear increase in load;
the intensity of work was maximum. Duration - 12 min.

Day 8 - special work.

Days 9, 10, 11 (third block) - complex use of neuro-
genic, “acute” hypoxic and acidemic stimulation of the car-
diorespiratory system:

Part 1 - steady running for 5 minutes. Two times with
a 3-minute rest interval. A correction was made to the work
intensity in order to standardize the load at a steady heart
rate level (+3 beats/min™) for 1.5-2.0 minutes of work. Part 2
- variable running: a combination of work at the level of
40-50% of the maximum intensity level with short-term
5-second accelerations in 30 seconds. Series duration was
5 minutes. Number of series was 4.

Day 12 - control measurements.

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 mean value (X) and standard deviation (s) of indicators
of qualified rugby players were measured. The t-test was also
used to compare indicators between the control group and
experimental group (independent samples) and between
groups before and after the experiment (paired samples).
A significance level of 0.05 was used for the analyses.
Before applying the t-test, a normality check of the data
distribution was conducted.

Results

The results of the research made it possible to identify
significant changes in the components of the aerobic energy
supply of rugby players of Ukraine national rugby union
team. In this context, the following key aspects and patterns
regarding the influence of a specialized training program on
the aerobic capacities of athletes can be identified.

The results of the analysis of changes in the rate of
development of the cardiorespiratory system response are
presented in Tables 2-4. As a result of the experiment, data

have been obtained that made it possible to evaluate changes
in the reactions of aerobic energy supply of rugby players.
Changes in power, reactions stability kinetics, changes in the
reaction of aerobic energy supply in the zone of anaerobic
metabolism threshold were analyzed.

The experimental group demonstrated significant im-
provements in indicators characterizing aerobic capacity,
namely maximum oxygen consumption (VO,max), maxi-
mum lung ventilation (max Vg), percentage of excess venti-
lation (% excess Vy), time to reach 50% of max Vi (Ts, V),
time to reach a VO, plateau, indicating increased levels of
aerobic function and oxygen use efficiency during intense
exercise.

Thus, the experimental group showed a statistically
significant increase in VO,max by 5.2%, which indicates
an improvement in aerobic power and endurance, which is
critical for rugby players, since increased VO,max improves
overall physical performance and rapid recovery after
intense exercise.

There was also a 4.8% increase in max V, indicating
improved respiratory efficiency and body’s ability to remove
carbon dioxide and oxygenate blood during intense exercise
more effectively.

Significant improvements in VO,max kinetics, including
a 7.3% reduction in time needed to reach 50% of max Vg
(T5 V), indicate improved oxygen use efficiency and faster
gains in aerobic power upon start of exercise.

Data show that the experimental training program
facilitated a higher percentage of excess ventilation (% excess
V3), indicating better adaptation to aerobic workload as well
as improved thermoregulatory mechanisms and oxygen
metabolism.

One of the main outcomes of the training program was
optimization of the response of the cardiorespiratory system
to workloads approximated to maximum aerobic capacities
of athletes. This demonstrates body’s improved adaptation
to high intensity and the ability to maintain high levels of
physical activity without significant fatigue.

A significant increase in the rate of development of
cardiorespiratory system reactions indicates an improvement
in aerobic function. This is especially important in a
competition environment, where the ability to quickly adapt
to changing conditions and maintain high work intensity
without significant fatigue can be a critical factor for success.

A significant increase in the effectiveness of aerobic
potential under conditions of increasing fatigue was
identified, which indicates an increase in endurance of
athletes and their ability to maintain high level of energy
supply for a long time, especially in critical phases of
competition activity.

In the control group that followed a traditional training
program, no significant changes in the components of aerobic
capacity were noticed, which emphasizes effectiveness of
using a specialized training program to improve aerobic
capacity.

The hypothesis that the use of a specialized training
program aimed at stimulating cardiorespiratory system helps
to increase aerobic function of the body of Rugby union
athletes has been confirmed. Effectiveness of the program
was revealed in optimization of the heart rate response at
workloads approaching the zone of maximum manifestation
of the athletes’ aerobic capabilities.
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Table 2. Dynamics of indicators of aerobic energy supply reactions of qualified rugby players during the experiment

Experimental 95% Confidence interval
Control group .
dicat Registration group (n=15) A . - of the difference between
N Indicators conditions (n=15) x 18- the means
X s X s Lower limit Upper limit
before experiment 54.10 3.00 53.60 3.20 0.50 043 0.67 -1.819 2.819
1 VO,max ml-min"-kg"’
after experiment 5490 1.10 54.00 1.10 090 216 0.04 0.077 1.723
before experiment ~ 114.00 16.90 114.10 16.00 -0.10 0.02 0.98 -12.406 12.206
2 max Vg (I/min)
after experiment 133.40 20.40 113.40 14.90 20.00 2.96 0.006 6.642 33.358
before experiment 2120  4.10 21.00 6.80 0.20 0.09 0.93 -3.999 4.399
3 9% excess Vg
after experiment 2490 2.80 2090 4.10 4.00 3.01 0.005 1.375 6.625
4 TLVL(s) before experiment 3190 890 32.00 12.70 -0.10 0.02 0.98 -8.301 8.101
$
o after experiment 2470  9.10 3290 11.20 -8.20 2.13 0.04 -15.831 -0.569
5 T.VO before experiment 35.00 9.60 3460 990 040 0.11 091 -6.892 7.692
)8
v after experiment  26.10  7.60 3170 670 -5.60 2.07 0.047 -10.958 -0.242
6 t VO,(+2 ml-min"-kg'VO, before experiment 22.00 6.80 24.00 6.90 -2.00 0.77 045 -7.123 3.123
“plateau”), s after experiment 4720 510 2820 6.10 19.00 894 0.0001 14.796 23.204
before experiment 7290 13.60 73.10 13.80 -0.20 0.04 0.97 -10.445 10.045
7  V’y TAMX, . min!
after experiment 99.10 12.10 79.10 12.00 20.00 4.39 0.0001 10.989 29.011
before experiment 40.00 290 3870 6.00 130 0.73 048 -2.224 4.824
8 VO,TAM ml'min™’kg*
after experiment 4520 2.00 4130 6.00 3.90 231 0.03 0.556 7.244

* Threshold of Anaerobic Metabolism

Table 3. Dynamics of indicators of aerobic energy supply reactions of qualified rugby players experimental group during

the experiment

95% Confidence interval of

N Indicators exl?:l'fi(::;int exptgf;ent Ax t Sig. the diﬂere;zz::tween the
X s X s Lower limit Upper limit
1 VO,max mlmin kg 54.10 3.00 5490 1.10 080 094 036 -0.890 2.490
2 max V; (/min) 11400 1690 13340 2040 1940 274 0011 5.392 33.408
3 %excess Vi 21.20 410 24.90 2.80 370 279 0.009 1.075 6.325
4 TyVi(s) 31.90 890 2470 9.10 720 212 004  -13.931 -0.469
5 TyuVO,s 35.00 9.60  26.10 760  -890 272 0011  -15375 -2.425
6 LVO(E2mlmintkgVO, ), o 6.80  47.20 510 2520 1109  0.0001  20.705 29.695
plateau”), s
7 V', TAM*, l-min’! 7290 1360  99.10 1210 2620 539 00001 16574 35.826
8  VO,TAM ml-min"kg' 40.00 290 4520 2.00 520 552 00001  3.337 7.063

* Threshold of Anaerobic Metabolism

The findings prove the scientific comprehension of how
specialized training programs can optimize aerobic capacity
and overall physical performance of athletes in team sports
such as rugby, where aerobic endurance and power play a
key role in successful competition activity.

The implementation of the innovative training meth-
odology aimed at optimization of kinetics of aerobic energy

metabolism and maximization of functionality of cardiovas-
cular and respiratory systems demonstrates statistically con-
firmed improvement in indices of maximum oxygen con-
sumption (VO,max), maximum lung ventilation (max Vg),
as well as oxygen use efficiency at the level of kinetic charac-
teristics of achieving VO,max. These modifications of physi-
ological parameters indicate a significant strengthening of
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Table 4. Dynamics of indicators of aerobic energy supply reactions of qualified rugby players control group during the

experiment
95% Confidence interval of
Bef.ore Affer the difference between the
N Indicators experiment experiment Ax t Sig. means
X s X s Lower limit Upper limit
1 VO,max ml-min"-kg’l 53.60 3.20 54.00 1.10 0.40 0.44 0.67 -1.389 2.189
2 max Vg (I/min) 114.10 16.00 113.40 14.90 -0.70 0.12 091 -12.261 10.861
3 % excess Vi 21.00 6.80 20.90 4.10 -0.10 0.05 0.96 -4.299 4.099
4 Ts5o Ve (s) 32.00 12.70 32.90 11.20 0.90 0.20 0.84 -8.054 9.854
5 TsVO,, s 34.60 9.90 31.70 6.70 -2.90 0.91 0.38 -9.221 3.421
+ min-llo!
6 LVO(£2mlmintkgiVO, o, o 690 2820 6.10 420 171 011 -0.670 9.070
plateau”), s
7 V' TAMX, I min’! 73.10 13.80 79.10 12.00 6.00 1.23 0.24 -3.670 15.670
8 V'O, TAM ml-min'l.kg'l 38.70 6.00 41.30 6.00 2.60 1.15 0.27 -1.887 7.087

* Threshold of Anaerobic Metabolism

adaptation processes in the body of athletes, which leads to
an increase in their aerobic power and endurance, as well as
to more effective recovery after high-intensity exercise.

Thus, the achieved results emphasize importance of
an individualized approach in the development of training
programs for high-level athletes, assuming the need for
further research of the mechanisms of adaptation to
aerobic exercise and their optimization to improve sports
performance. These findings may serve as the basis for
the development of innovative training strategies aimed at
maximization of aerobic potential of athletes, which opens
new horizons in sports medicine and physiology of higher
nervous activity.

Discussion

Our research has confirmed the hypothesis that the
use of a specialized program of training aids aimed at
stimulating the cardiorespiratory system helps to increase
the aerobic function of the body of the rugby union athletes.
The effectiveness of the program has been manifested in the
optimizationoftheheartrate (HR) response when performing
loads close to the zone of maximum manifestation of the’
aerobic capabilities of the athletes. These changes indicate an
increase in the functional capabilities of the athletes, which,
in turn, indicates the dominant influence of aerobic energy
supply with a reduced influence of glycolytic processes.

As a result of the application of the training means
program, it can be stated that the increase in the aerobic
function of the body occurred due to the stimulation of the
cardiorespiratory system of the body. This is evidenced by
the optimization of the heart rate response under conditions
ofload intensity close to the zone of maximum manifestation
of aerobic capabilities of athletes (Pastor et al., 2023; Waldron
et al., 2023).

Optimization of the cardiorespiratory system is
associated with an increase in the number of peak values
of the heart rate response close to the level of MROC
and an increase in the stability of the achieved levels of
function during this period (Meir et al., 2023). Available
tendency towards a linear increase of function indicates

the dominant influence of aerobic energy supply under
conditions of a reduced influence of glycolytic processes.
These findings confirmed the results of changes in the rate
of reaction development. A significant increase in the rate of
development of rugby players’ responses under the influence
of special training means was noted.

The increase of functional capabilities of rugby players is
shown by the increase of reactions that characterize various
aspects of the aerobic potential of athletes, which is confirmed
by Colosio AL et al. (Colosio et al., 2018). To a greater extent,
these changes concerned those aspects of aerobic capabilities
of athletes that influenced the performance of rugby players
in the zone of anaerobic metabolism threshold and under
conditions of growing fatigue in the process of competition
activity.

An analysis of the structure of aerobic capabilities of
qualified rugby players and its manifestations in the process
of competition activity gives reason to state that activation
of neurogenic, “acute” hypoxic and complex neurogenic and
acidemic reaction stimuli can be a factor in improvement of
functional capabilities of athletes (Pramkratok et al., 2022).

The results of using the program of training means aimed
at stimulating the cardiorespiratory system of the body. The
kinetics of the heart rate reaction has been analyzed. The
initial part of the heart rate reaction, which was determined
by the speed of development of the reaction has a close
connection with the speed of development of aerobic
energy supply reactions and objectively reflects the reactive
properties of the cardiorespiratory system (Korobeynikova
et al., 2018; Iso et al., 2023).

Increasing the speed of development of the cardiore-
spiratory system creates conditions for achieving peak reac-
tion values, increases the share of economical aerobic energy
supply in the overall energy balance to support performance
of athletes (Rovniy et al., 2017; Diachenko, et al., 2020; Tysh-
chenko et al., 2020). An increase in the kinetics of reactions
of the cardiorespiratory system is one of the objective indi-
cators of a positive change in the function of aerobic energy
supply as a response to special loads (Mishchenko et al.,
2009; Sado et al., 2023). The use of conditions for the imple-
mentation of these reaction stimuli allows the development
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of functions of the cardiorespiratory system with anaerobic
glycolytic energy supply not been actively used in the work,
which is a requirement for improvement of aerobic capa-
bilities of athletes. Strengthening the role of these factors will
enble to better form both mobilization and implementation
components of endurance, in relation to specific conditions
of body fatigue, in the process of competition activity of ath-
letes in Rugby union (Naughton et al., 2023; Scott et al., 2022).

The use of the program has led to a significant increase
in the speed of development of reactions of the cardiore-
spiratory system, which is an important indicator of im-
provement of aerobic function. This is especially important
within the competitive conditions, where the ability to adapt
quickly to changing conditions and maintain high intensity
of work without significant fatigue can become a decisive
factor for success.

The increase in functional capabilities in the anaerobic
metabolism threshold zone has been also noted, which
indicates an increased efficiency of aerobic potential in
conditions of increasing fatigue. These results highlight the
importance of aerobic fitness for the athletes participating
in sports with high aerobic demands, such as Rugby union.

The multilevel analysis demonstrates how specific train-
ing interventions, including neurogenic and hypoxic stimula-
tion, can optimize adaptive mechanisms of the cardiorespira-
tory system of athletes. This approach differs from traditional
methods presented in previous researches (Rovniy et al.,
2017), due to its ability to target specifically improvements in
the metabolic efficiency and aerobic power of athletes, which
represents a significant addition to the doctrinal provisions
in the field of sports physiology. Our research expands the
understanding of physiological adaptations to extreme train-
ing conditions and offers an innovative methodology for im-
proving the functional performance of rugby players based
on an integrated approach to the preparation process.

So Rovniy, A. et al. focused on the effect of normobaric
interval hypoxic training, depending on the playing position of
the players. We have added to existing knowledge by showing
that a specific training program can lead to the significant
improvements in aerobic performance and endurance of the
athletes, which highlights the importance of an individualized
approach to the preparation process in rugby.

The results of rugby players testing from the experimental
group showed significant changes in the reactions of aerobic
energy supply under the influence of a special training
program. With athletes of the experimental group, the most
significant changes were noted in terms of the kinetics and
stability of reactions; the indicators of O, consumption and
pulmonary ventilation in the intensity zone of the anaerobic
metabolism threshold significantly increased. A tendency
towards an increase in indicators that characterize the
power of the respiratory response (max Vy), including the
ones under conditions of increasing fatigue (% excess V)
was observed. At the same time, no significant changes
in the power of the O, consumption reaction (VO,max)
were observed. With the athletes of the control group, no
significant changes in the indicators of the components
of aerobic capacity were observed. The data presented
indicate the development of aerobic capabilities in the zone
of anaerobic metabolism threshold and an increase in the
efficiency of aerobic potential realization under conditions
of growing fatigue (McNeill et al., 2021).

The results suggest that rugby training imposes high
aerobic demands, which may be too high in addition to
strength training and therefore limit optimal endurance
development (Chtara et al., 2005). These indicators largely
reflect the specialized manifestations of the aerobic
capabilities of rugby players and influence on the increase
of special functional capabilities of athletes, as indicated
by studies of high-level rugby players in China (Fu et al.,
2019). The authors found that the aerobic power is different
between the forwards and the defenders, but the power of
aerobic of Chinese players is weaker than that of the foreign
rugby players. This has been proved by the results of the
analysis of urgent adaptive reactions recorded in model
conditions of competition activity (Luginbiihl et al., 2023;
Twist & Highton, 2023). However, scientists found no effect
of strength training on endurance performance (VO,max)
in studies of team sports players (Ignjatovic et al., 2011).
The increase in the kinetics and stability of aerobic energy
supply reactions and relatively reduced rates of increase in
MROC are logical from the point of view of the direction of
additional stimulating effects (Doma et al., 2019). To develop
MROC, modes of motor activity of submaximal intensity
and training sessions with a high load are usually used.

Our approach demonstrates an in-depth understanding
of the specific physiological mechanisms underlying
adaptations to rugby training, while the research by
O’Gorman, D. Et al. emphasizes the value of using field tests
to assess aerobic function (O’Gorman et al., 2000).

The results we have obtained stand out due to the
understanding of aerobic adaptations of rugby players,
adding to existing knowledge of physical fitness in the sport
(Colosio et al., 2018; Fu et al., 2019).

In contrast to the generally accepted view of the
predominant effect of anaerobic training on the performance
of rugby players (Soyler et al., 2024), our research highlights
the importance of aerobic training and its specific effect
on improving aerobic capacity, especially in the anaerobic
threshold zone, without a noticeable increase in maximum
oxygen consumption. This expands the understanding of
training approaches to improve endurance and aerobic
performance of high-level athletes (Chtara et al., 2005;
Doma et al., 2019; Booth et al., 2020).

We also emphasize the importance of aerobic fitness to
improve the performance capabilities of rugby players. The
scientists have confirmed that aerobic fitness plays a key role
in improving endurance on the rugby field, and includes the
development of aerobic power (Gabbett, 2005) and lactate
tolerance (Gabbett, 2006; Hurley et al., 1984; Taylor et al,,
2021), which is crucial for effective recovery from anaerobic
efforts in the game.

The experts emphasize the importance of aerobic endur-
ance for improving gaming performance. Aerobic power and
lactate tolerance are key components needed to maintain high
levels of energy production during play and recovery from
anaerobic efforts. It is suggested the use of various training
methods such as steady tempo (Rennie et al., 2021; Gabbett
& Masters, 2011), interval training (Tian, 2022; Vachon et
al,, 2022) and special endurance (Camillini et al., 2018; Sena-
virathna et al., 2021), to develop these components, which
complements our research on aerobic adaptations in rugby.

We have described the use of specialized training
programs to achieve improvements in aerobic performance
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of rugby players. The authors confirm that various training
methods are used to develop aerobic endurance, including
interval training and specialized exercises that simulate
real-life match conditions (Pastor et al., 2023) It is indicated
that training approaches can vary significantly and must be
adapted to the specific needs of athletes, as stated by a number
of experts (Mellalieu et al., 2023; Fazackerley et al., 2023).

Our research focuses on the fact that aerobic demands
may differ depending on playing position. Similar findings
have made by a team of specialists that considered the
physiology of aerobic exercise of professional rugby players,
where it has been found that attackers and defenders have
different levels of aerobic fitness (Hu et al., 2022; Hart et
al., 2023), highlighting the need for individualized training
programs (Zabaloy et al., 2020; Scott et al., 2023; Taylor et
al.,, 2021).

Our article is complemented and supported by the
findings of the specialists, regarding the effects of aerobic
training on rugby players. Thus, a study conducted by Julien
Robineau and his colleagues shows that recovery between
strength and aerobic training affects adaptation to combined
training (Robineau et al., 2016). They found out that training
without a break between strength and aerobic sessions
(C-0h), and to a lesser extent, training twice a day (C-6h),
was not optimal for improving neuromuscular and aerobic
performance, highlighting the importance of planning the
preparation process to achieve full adaptive response to
combined training. We have added to existing knowledge
demonstrating that a targeted combination of specific
stimulation can improve effectively the aerobic performance
of rugby players, suggesting new techniques for enhancing
athletic performance, while the reviewed study by Julien
Robineau et al. highlights the importance of recovery time
between strength and aerobic sessions to maximize increase
in strength and aerobic performance power.

We have presented an innovative approach to the prepa-
ration process of rugby players, including neurogenic and
hypoxic stimulation to improve aerobic capacity. Unlike pre-
viously studied methods by the Scott, A.C. et al., where they
emphasized on assessing the aerobic physiology of profes-
sional rugby players through standardized maximal oxygen
uptake tests, our approach adds to existing knowledge by
providing a technique that not only increases aerobic per-
formance indicators, but also maskes this with the help of
specific, targeted stimulation. This provides additional train-
ing opportunities based on physiological adaptations to ex-
ercise, increasing understanding of how rugby performance
can be effectively improved (Scott et al., 2003).

Thus, our research and information from other specialists
complement each other, emphasizing the importance of
aerobic training in rugby, confirming that aerobic training
should take into account the specifics of the sport, playing
positions and individual characteristics of athletes to achieve
optimal results.

Our research contributes to the specialized field of sports
science by introducing an innovative approach to training
for rugby players, focusing on the endogenous stimulation
of cardiorespiratory adaptation through a synergistic com-
bination of neurogenic activation and controlled hypoxic
exposure. This methodology opens up the new perspectives
for optimizing the physiological potential of athletes, pro-
viding an evidence base for the effectiveness of managing the

adaptive reactions of the body under conditions of variable
oxygen content, which, in turn, helps to increase aerobic
capacity and improve the overall endurance of athletes at a
highly competitive level.

Our research makes a significant contribution to the
field of sports science by focusing on optimizing aerobic
function of rugby players through tailored training ap-
proaches. It demonstrates how systematic stimulation of the
cardiorespiratory system using neurogenic, “acute” hypoxic
and acidemic stimuli can effectively increase the kinetics and
sustainability of aerobic energy supply responses without
causing significant acidemic changes in the body. This high-
lights the importance of integrating such training regimens
into preparatory programs to improve the specific functional
capabilities of rugby players, especially in the context of in-
creasing aerobic capacity and performance under increasing
fatigue conditions. The practical significance of the research
lies in its potential to serve as the basis for the development
of training programs that specifically influence the improve-
ment of gaming endurance and general physical fitness of
the athletes, which can directly affect their sporting achieve-
ments at the professional level.

Activation of neurogenic, “acute” hypoxic and acidemic
stimuli through a specially designed training program has
provided positive effects on aerobic capacity and fatigue
resistance of the Rugby union athletes. These findings can
be used to further development training methods aimed at
improving athletic performance.

Due to the introduction of our experimental program
in the preparation process, the Ukrainian national team
eventually took 2™ place at the European Rugby union
Championship in the Trophy division of the 2022-2023
season.

Conclusions

The study’s conclusions of the study affirm the effec-
tiveness of a specially devised training program aimed at
augmenting the aerobic energy system’s responsiveness in
rugby union athletes. Through methodical application, the
program significantly enhanced athletes’ aerobic capaci-
ties, particularly under conditions straddling the anaerobic
threshold and elevated fatigue levels. This was evidenced
by the experimental group’s superior performance metrics
in comparison to a control group adhering to convention-
al training paradigms. These findings not only underscore
the potential for tailored training interventions to optimize
aerobic performance but also highlight their pivotal role in
elevating competitive prowess, as exemplified by the Ukrai-
nian National Rugby union team’s accomplishments at the
European Championship.

The prospects for further research in this field should
focus on thelongitudinal assessment of the training program’s
impact on the athletes’ performance across multiple
competitive seasons. Investigating the program’s adaptability
and effectiveness across different athletic disciplines could
also yield valuable insights. Additionally, exploring the
psychological aspects of endurance and performance under
stress, as well as the integration of technology and data
analytics for personalized training regimes, could further
enhance the understanding and application of aerobic
energy system optimization in sports.

219



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 2

Conflicts of Interest

The authors declared no potential conflicts of interest
with respect to the research, authorship and publication of
this article.

References

Anderson, L., & Drust, B. (2023). Aerobic and anaerobic
training. Science and Soccer: Developing Elite Performers,
440. https://doi.org/10.4324/9781003148418

Miller, J., Comfort P, & McMahon J. (2023) Laboratory
Manual for Strength and Conditioning. Routledge. 208 p.
https://doi.org/10.4324/9781003186762

Hulin, B., Gabbett, T., Johnston, R., & Jenkins, D. (2019). Sub-
maximal heart rate is associated with changes in high-
intensity intermittent running ability in professional rugby
league players. Science and Medicine in Football, 3(1),
50-56. https://doi.org/10.1080/24733938.2018.1475748

McHugh, C., Hind, K., Davey, D., & Wilson, E (2019).
Cardiovascular health of retired field-based athletes: a
systematic review and meta-analysis. Orthopaedic Journal
of Sports Medicine, 7(8): 2325967119862750.
https://doi.org/10.1177/232596711986275

Grainger, A., Heffernan, S., Waldrom, M., & Sawczuk, T.
(2022). Autonomic nervous system indices of player
readiness during elite-level rugby union game-week
microcycles. The Journal of Strength & Conditioning
Research, 36(11), 3173-3178.
https://doi.org/10.1519/JSC.0000000000004292

Ahsan, M., & Ali, M. E. (2023). A comparative evaluation of
anthropometric characteristics and respiratory functions’
parameters among rugby and soccer players. Physical
Activity Review, 11(1), 31-39.
https://doi.org/10.16926/par.2023.11.05

Périard, J., Girard, O., Townsend, N., Bourdon, P., Cocking,
S., Ihsan, M., ... &Racinais, S. (2023). Hematological
Adaptations Following a Training Camp in Hot
and/or Hypoxic Conditions in Elite Rugby Union
Players. International Journal of Sports Physiology and
Performance, 18(9), 1053-1061.
https://doi.org/10.1123/ijspp.2023-0166

Briskin, Y., Pityn, M., & Tyshchenko, V.(2016). Dynamics of
changes in the functional state of qualified handballers
during macrocycle. Journal of Physical Education and
Sport, 16(1), Art 8, 46-49.
https://doi.org/10.7752/jpes.2016.01008

Prystupa, E., & Tyshchenko, V. (2017). Peculiar properties and
dynamics of physiological indicators in handball team.
Journal of Physical Education and Sport, 17(1), Art 49,
335-341. https://doi.org/10.7752/jpes.2017.01049

Hendricks, S., Karpul, D., & Lambert, M. (2014). Momentum
and kinetic energy before the tackle in rugby union.
J Sports Sci Med., 13(3), 557-63. PMCID: PMC4126292

Meron, A., & Saint-Phard, D. (2017) Track and Field Throwing
Sports: Injuries and Prevention. Curr Sports Med Rep,
16(6), 391-396.
https://doi.org/10.1249/JSR.0000000000000416.

Lisenchuk, G., Zhigadlo, G., Tyshchenko, V., Odynets, T.,
Omelianenko, H., Piptyk, P., Bessarabova, O., Galchenko,
L., &Dyadechko, L. (2019). Assess psychomotor, sensory-
perceptual functions in sport games. Journal of Physical

Education and Sport, 19(2), Art 175, 1205-1212.
https://doi.org/10.7752/jpes.2019.02175

Tyshchenko, V., Hnatchuk, Y., Pasichnyk, V., Bubela, O.,
&Semeryak, Z. (2018). Factor analysis of indicators of
physical and functional preparation for basketball players.
Journal of Physical Education and Sport, 18(4), Art 269,
1839-1844. https://doi.org/10.7752/jpes.2018.54269

Barnes, M., Guy, J., Elsworthy, N., & Scanlan, A. (2021).
A Comparison of PlayerLoadTMand Heart Rate
during Backwards and Forwards Locomotion during
Intermittent Exercise in Rugby League Players. Sports,
9(2). https://doi.org/10.3390/sports9020021

Canda, A., Agorreta, L., Marina-Breysse, M., Sainz, L.,
&Rabadéan, M. (2023). Allometric scaling for normalizing
maximal oxygen uptake in elite rugby union players. Arch
Med Deporte, 40(2), 85-93.
https://doi.org/10.18176/archmeddeporte.00122

Colosio, A., Pedrinolla, A., Da Lozzo, G., & Pogliaghi, S.
(2018). Heart Rate-Index Estimates Oxygen Uptake,
Energy Expenditure and Aerobic Fitness in Rugby
Players. ] Sports Sci Med, 17(4), 633-639. PMID:
30479532

Meir, R., Chapman, N., &Climstein, M. (2023). Training and
Playing in the Heat: Strategies for the Rugby Player.
In The Science of Rugby, 126-139.
https://doi.org/10.4324/9781003045052-9

Naughton, M., Scott, T., Weaving, D., Solomon, C., & McLean,
S. (2023). Defining and quantifying fatigue in the rugby
codes. PLoS one, 18(3):¢0282390.
https://doi.org/10.1371/journal.pone.0282390

Pastor, A., Villaseca-Vicufia, R., Segueida-Lorca, A., &Zufiiga,
P. (2023). Comparison of performance in official rugby
competitions by group and match time. Journal of
Physical Education and Sport, 23(8), 2051-2059.
https://doi.org/10.7752/jpes.2023.08236

Pramkratok, W., Songsupap, T., &Yimlamai, T. (2022).
Repeated sprint training under hypoxia improves aerobic
performance and repeated sprint ability by enhancing
muscle deoxygenation and markers of angiogenesis in
rugby sevens. European Journal of Applied Physiology,
1-12. https://doi.org/10.1007/s00421-021-04861-8

Scott, T., McLaren, S., Lovell, R., Scott, M., & Barrett, S. (2022).
The reliability, validity and sensitivity of an individualised
sub-maximal fitness test in elite rugby league athletes.
Journal of sports sciences, 40(8), 840-852.
https://doi.org/10.1080/02640414.2021.2021047

Waldron, M., Izri, E., & Twist, C. (2023). Monitoring the
Match and Training Demands of Rugby. The Science of
Rugby, 29-46.

Hurley, B., Hagberg, J., Allen, W., & Seals, D. (1984). Effect
of training on blood lactate levels during submaximal
exercise. Journal of Applied Physiology, 56(5), 1260-1264.
https://doi.org/10.1152/jappl.1984.56.5.1260

Buchheit, M., Haddad, H., Millet, G., Lepretre, P., Newton,
M., &Ahmaidi, S. (2009). Cardiorespiratory and cardiac
autonomic responses to 30-15 intermittent fitness test in
team sport players. J Strength Cond Res., 23(1), 93-100.
https://doi.org/10.1519/JSC.0b013e31818b9721

Guo Pengcheng, Kong Xianglin, Rusanova, O., Diachenko,
A., Wang Weilong. (2020). Functional support of the
first part of competitive distance in cyclic sports with

220



Sari, AK.,, Sugiharto, Merawati, D., & Pranoto, A. (2024). Changes in High-Sensitivity C-Reactive Protein Levels After Two-Weeks of
Moderate-Intensity Endurance Exercise in Obese Women

endurance ability: rowing materials. Journal Functional of
Physical Education and Sport, 20(5), Art 373: 2745-2750.
https://doi.org/10.7752/jpes.2020.05373

Efremenko,A. (2010) Effectiveness of the influence of training
means aimed at complex activation of neurogenic and
academic reaction stimuli in the period of athlete’s
recreation in modern pentathlon. Theory and methods of
physical education and sport, 3, 32-36.

Korobeynikova, L., Makarchuk, M., Korobeynikov,
G., Mischenko, V., &Zapovitriana, O. (2018).
Psychophysiological Functions of Elite Athletes in
Different Age Groups. International Journal of Physiology
and Pathophysiology, 9(1), 1-8.
https://doi.org/10.1615/IntJPhysPathophys.v9.i1.10

Iso, Y., Kitai, H., Ichimori, K., Kubota, M., Tsujiuchi, M.,
Nagumo, S., ... & Suzuki, H. (2023). Cardiac Structure and
Cardiorespiratory Fitness in Young Male Japanese Rugby
Athletes. Journal of Cardiovascular Development and
Disease, 10(1), 12. https://doi.org/10.3390/jcdd10010012

Rovniy, A., Pasko, V., & Martyrosyan, A. (2017). Adaptation of
the cardioresphiratory system to hypoxic actions of the
rugby players depending on the playing position. Journal
of Physical Education and Sport, 17(2), 804.
https://doi.org/10.7752/jpes.2017.02122

Diachenko, A., Pengcheng, G., Weilong, W., Rusanova, O.,
Xianglin, K., & Yuriy, S. (2020). Characteristics of the
power of aerobic energy supply for paddlers with high
qualification in China. Journal of physical education and
sport, 20, 312-317. https://doi.org/10.7752/jpes.2020.s1043

Tyshchenko V., Lisenchuk G., Odynets T., Piptyk P,
Bessarabova O., Galchenko L., &Dyadechko I. (2020).
The psychophysiological status of the handball players in
pre-competitive period correlated with the reactions of
autonomic nervous system. Advances in Rehabilitation,
34(1), 40-46. https://doi.org/10.5114/areh.2020.91526

Mishchenko, V., Suchanowski, A., & Lysenko, O. (2009).
Changes related to fatigue in cardiorespiratory response
sensitivity to hypoxic and hypercapnic stimulation during
strenuous physical load. Baltic Journal of Health and
Physical Activity, 1(1), 3.

Sado, N, Yoshioka, S., &Fukashiro, S. (2023). Pelvic elevation
induces vertical kinetic energy without losing horizontal
energy during running single-leg jump for distance. Eur J
Sport Sci., 23(7), 1146-1154.
https://doi.org/10.1080/17461391.2022.2070779

McNeill, C., Beaven, C., McMaster, D., & Gill, N. (2021).
Eccentric Force-Velocity Characteristics during a Novel
Squat Protocol in Trained Rugby Union Athletes-Pilot
Study. ] FunctMorpholKinesiol, 6(2), 32.
https://doi.org/10.3390/jfmk6020032

Chtara, M., Chamari, K., Chaouachi, M., Koubaa, D., Feki,
Y., Millet, G., & Amri, M. (2005). Effects of intra-session
concurrent endurance and strength training sequence
on aerobic performance and capacity. British ] of Sports
Medicine, 39(8), 555-560.

Fu, T, Yang, Y., Wu, P,, & Liu, G. (2019). The exploration of
aerobic power and energy expenditure of Chinese rugby
players. Zhongguo Ying Yong Sheng Li Xue Za Zhi, 35(3),
215-218. https://doi.org/10.12047/j.cjap.5760.2019.046

Luginbiihl, M., Gross, M., Lorenzetti, S., Graf, D., &Biinner, M.
(2023). Identification of Optimal Movement Patterns for

Energy Pumping. Sports (Basel), 11(2), 31.
https://doi.org/10.3390/sports11020031

Twist, C., & Highton, J. (2023). Monitoring Fatigue and
Training Adaptations in Rugby Players. The Science of
Rugby Routledge, 296

Ignjatovic, A., Radovanovic, D., Stankovic, R., &Marcovic,
Z.(2011). Influence of resistance training on
cardiorespiratory endurance and muscle power and
strength in young athletes. Acta PhysicaHungarica, 98(3),
305-312

Doma, K., Deakin, G., Schumann, M., &Bently, D. (2019).
Training considerations for optimising endurance
development: an alternate concurrent training
perspective. Sports Med, 49(5), 669-682.
https://doi.org/10.1007/s40279-019-01072-2

O’Gorman, D., Hunter, A., Mcdonnacha, C., & Kirwan, J. P.
(2000). Validity of field tests for evaluating endurance
capacity in competitive and international-level sports
participants. The Journal of Strength & Conditioning
Research, 14(1), 62-67.

Soyler, M., Zileli, R., Cingoz, Y. E., Kilingarslan, G., Kayantas,
L, Altug, T., ... & Giirkan, A. C. (2024). The effect of high-
intensity plyometric training on anaerobic performance
parameters: a pilot study in U17 elite A league. Peer], 12,
e16648. https://doi.org/10.7717/peerj.16648

Booth, M., Cobley, S., Halaki, M., & Orr, R. (2020). Is training
age predictive of physiological performance changes
in developmental rugby league players? A prospective
longitudinal study. International Journal of Sports Science
& Coaching, 15(3), 306-315.
https://doi.org/10.1177/1747954120919909

Gabbett, T. J. (2005). Changes in physiological and
anthropometric characteristics of rugby league players
during a competitive season. The Journal of Strength &
Conditioning Research, 19(2), 400-408.
https://doi.org/10.1519/14884.1

Gabbett, T. J. (2006). Skill-based conditioning games as an
alternative to traditional conditioning for rugby league
players. The Journal of Strength ¢~ Conditioning Research,
20(2), 306-315. https://doi.org/10.1519/R-17655.1

Taylor, R., Myers, T. D,, Sanders, D., Ellis, M., & Akubat,
I. (2021). The Relationship between Training Load
Measures and Next-Day Well-Being in Rugby Union
Players. Applied Sciences, 11(13), 5926.
https://doi.org/10.3390/app11135926

Rennie, G., Hart, B., Dalton-Barron, N., Weaving, D.,
Williams, S., & Jones, B. (2021). Longitudinal changes in
Super League match locomotor and event characteristics:
A league-wide investigation over three seasons in rugby
league. Plos one, 16(12), €0260711.
https://doi.org/10.1371/journal.pone.0260711

Gabbett, T., & Masters, R. (2011). Challenges and solutions
when applying implicit motor learning theory in a high
performance sport environment: Examples from rugby
league. International Journal of Sports Science & Coaching,
6(4), 567-575. https://doi.org/10.1260/1747-9541.6.4.567

Tian, H. (2022). Experimental study on the impact of
intermittent strengthening training on athletes. Revista
Brasileira de Medicina do Esporte, 28, 199-202.
https://doi.org/10.1123/ijspp.2021-0270

Vachon, A., Berryman, N., Mujika, I, Paquet, J. B., & Bosquet,
L. (2022). Preconditioning Activities to Enhance Repeated

221



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 2

High-Intensity Efforts in Elite Rugby Union Players.
International Journal of Sports Physiology and Performance,
17(6), 871-878. https://doi.org/10.1123/ijspp.2021-0270

Camillini, A., D’amen, G., & Ricardo, I. (2018). Concurrent
training in the conditional planning of elite rugby player.
Ovidius University Annals, Series Physical Education &
Sport/Science, Movement ¢ Health, 18.

Senavirathna, C. S., Mallawaarachchi, A. P., Karunanayake,
A. L., & Gunawardena, S. (2021). The effect of 6-week
core stability training on core endurance and physical
performance in professional rugby players: A randomized
controlled pilot study. Asian Journal of Medical Sciences,
12(11). https://doi.org/10.3126/ajms.v12i11.38816

Mellalieu, S. D., Sellars, P., Arnold, R., Williams, S., Campo,
M., & Lyons, D. (2023). Professional male rugby union
players’ perceived psychological recovery and physical
regeneration during the off-season. BMJ Open Sport—
Exercise Medicine, 9(1).

Fazackerley, L. A., Minett, G. M., Clark, J. D., & Kelly, V. G.
(2023). The Perceptions of Elite Professional Rugby
League Players and Staff on the National Rugby League
Annual Calendar: A Mixed-Methods Study. Sports

Hu, X., Boisbluche, S., Philippe, K., Maurelli, O., Li, S., Xu, B.,
& Prioux, J. (2022). Effects of Tactical Periodization
on Workload, Physical Fitness, and Well-Being in
Professional Rugby Union Players During a Preseason
Period. The Journal of Strength ¢ Conditioning Research,
10-1519. https://doi.org/10.1519/JSC.0000000000004607

Hart, A. S., Erskine, R. M., & Clark, D. R. (2023). The Use of
Physical Characteristics to Explain Variation in Ball-
Carrying Capability in Elite Rugby Union: A Narrative
Review. The Journal of Strength & Conditioning Research,
37(8), 1718-1727.
https://doi.org/10.1519/JSC.0000000000004468

Zabaloy, S., Pareja-Blanco, E, Giraldez, J. C., Rasmussen, J. I,
& Gonziélez, J. G. (2020). Effects of individualised
training programmes based on the force-velocity
imbalance on physical performance in rugby players.
Isokinetics and Exercise Science, 28(2), 181-190.
https://doi.org/10.3233/IES-192196

Robineau, J., Babault, N., Piscione, ., Lacome, M., & Bigard, A.
X. (2016). Specific training effects of concurrent aerobic
and strength exercises depend on recovery duration. The
Journal of Strength & Conditioning Research, 30(3), 672
683. https://doi.org/10.1519/JSC.0000000000000798

Medicine-Open, 9(1), 1-18.
https://doi.org/10.1186/s40798-023-00586-4

Ctumynsuia peakuin aepo6HOro eHepronocrayaHHA
CMopTCMeHiB y perb6i-15

Oner KBacuunsa'A5PE, Banepist Tumenko'PE, Isan Inyxos®®“F, Katepuna [Ipo6ot
Bira Ximiu'“PE, Onexcanap Mosonok*AE, Ipuna Ckpumyenko*AcP

3BCE
b

'XMenbHMIbKII HallilOHa/IbHUI YHIBEpCUTeT

*3anopi3pKuil HalliOHAJIbHUI YHIBepCUTET

*XepcOHChKIUII ep>KaBHII YHIBEpCUTET

*[JHIIPOIIeTPOBCHKMI lepKaBHUI YHIBEpCUTET BHYTPILIHIX CIIpaB

ABTOpPCHKMIT BKIA: A — Am3aiiH gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykomucy; E — 36ip komrtis

Pedepar. Crarrsa: 13 c., 4 Tabm., 58 mKepert.

Merta focmifKeHHs — HepeBipnTH e(PeKTUBHICTb eKCIIepMMEHTa/IbHOI IPOrpaMyl TPeHYBaIbHIUX 3ac00iB, CIPAMOBAHNX Ha
CTUMY/IALII0 PeAKIii aepo6Hor0 eHepr03a6e3HequHH CIIOPTCMEHIB, AKi BXOJATH O CKIaly HalliOHa/JIbHOI 36ipHo'1' Ykpainn 3
per6i-15.

Marepian i meropgu. CriopTcmenn 36ipHoi Ykpainu 3 per6i-15 6y posnopineHi Ha 1Bl ofHOPifHI Ipynu (eKCIIepyMeHTalIbHY
Ta KOHTPOJIbHY) 10 15 0ci6. ExcrieprmenTabHa rpyma 3aiiManacs 3a po3po6IeHO0 IPOrpamMoro, 10 CIPsIMOBaHA HA PO3BUTOK
aepoOHOro eHeprosabesIedeHH s, TOAi K KOHTPOJIbHA IPyIa — 33 CTAHAAPTHOI IIPOrpaMor0 TpeHyBaHb. O6 €KT HOCIi/KeHHS —
HaBYa/IbHO-TPEHYBATbHMII IIPOLleC HalliOHA/IbHOI 36ipHOI YkpaiHu 3 per6i-15.

PesynbraTtu. Pesynprartu TecTyBaHHA per0icTiB eKCIiepMMeHTaIbHOI IPYIHU IPOAEMOHCTPYBA/IN JOCTOBIPHI 3MiHM peakiiiit
aepoOHOro eHeprosabesneyeHHs MiJl BIVIMBOM IIPOTpaMM Cliellia/IbHUX TpeHyBaHb. Hait6inblr cyTTeBi 3MiHM BifidHaveHi B IO-
Ka3HMKaX KiHeTVKM Ta CTiJIKOCTi peak1iil, JOCTOBIpHO MiJBUIIVIINCS TOKAa3HMKM CIIOKMBAaHHA O, Ta JIereHeBOI BEHTWIALII B
30HI IHTEHCUBHOCTI IOpOry aHaepo6Horo obminy. Crocrepiraaacs TeHAEHIIsA O MiiBUIEHHS MOKa3HIKIB, [0 XapaKTepU3YIOTh
TOTY)KHICTD AMXanbHOI peakii (max Vi), 30KkpeMa B yMoBax HapocTarouoi Bromi (% TepeBnieHHA Vi). Y CTOPTCMeHiB KOHTp-
O/IbHOI I'PYIIN CYyTTEBUX 3MiH IIOKAa3HMKIB KOMIIOHEHTIB aepOOHIX MOX/IMBOCTEN He OYIO0.

BucHoBkn. BBarkaemo, 1110 3a3HaveHi MOKAa3HUKY 3/1e01IbIIOro BifjoOpaXkaoTh CIeliani3oBaHi IpOsBI aePOOHUX MOXKIINU-
BOCTell perbicTiB, i BIVIMBAIOTh Ha MiABUIIEHHS iX CIieljia/IbHUX (YHKLIOHAIBHUX MOX/IMBOCTEL, 10 MiATBEP/KEHO pe3y/IbTa-
TaMI aHaJIi3y TEPMiHOBMX aflaNTalliiHMX PeaKllili, 3apeeCTPOBAHMX y MOJENbHMUX YMOBaX 3MarajbHOI [iAnbHOCTi. PesynbraTom
pearisaril 3a3HaYeHOI eKCIIePMMEHTAIBHOI IIporpamu B mporeci migroroBkn cramo I miciie 36iproi Yxpainn na YemmionaTi
€sponu 3 per6i-15 y ausizioni Tpodi cesony 2022-2023 pokis.

Knrouosi cmoBa: per6i, acpobHe eHeproszabesnedeHHs, KapAiopecmipaTopHa CUCTeMa, eKCIIepIMeHTalbHa TPEHYBaTbHA
Iporpama.
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Abstract

Objectives. The study aimed to analyze external load indicators with the incidence of non-contact hamstring injuries.
Material and methods. A non-experimental correlative, retrospective cohort study was carried out. The data were
collected from 31 professional male soccer players over the course of one season. The following load indicators

were examined: duration (D), total distance travelled (TDT), distance travelled at high intensity (DTHI) > 20 km/h,
number of efforts between 20-25 km/h (NE 20-25 km/h), distance travelled at more than 25 km/h (DR+25 km/h),
number of sprints greater than 25 km/h (NE > 25 km/h), number of accelerations greater than 1 m/s? (Acc), and
number of minor decelerations at -1 m/s* (Dcc). Only non-contact hamstring injuries were included in the analysis.
For the multivariate analysis, we applied a logistic regression model, where a value of p < 0.05 was established both
for the statistical significance of the model (X?) and for each of the regressor variables (X?), the confidence interval

level was 95%.

Results. Two injuries were recorded and diagnosed: injury grade 2 and muscle fatigue. The load indicators analyzed
did not show a significant correlation with hamstring injury. Therefore, no association was found between external

load and hamstring injury in professional soccer players.

Conclusions. The logistic regression model (p > 0.05) did not present statistical significance. Consequently, none of
the external load variables monitored explain the rate of non-contact hamstring injuries in this population.

Keywords: external load indicators, hamstring injury, global positioning system (GPS).

Introduction

For Garcia Romero (2022), in high-level sport, the
physical and psychological requirements are essential; to
evaluate them, different types of monitoring of athletes are
carried out to assess their capacity to assimilate loads and
their state of recovery to be able to face training. or a match.
In Soccer, the need to evaluate the player correctly means that
different markers are analyzed to identify the player’s status
to compete at the highest level of his/her ability. According
to Barnes et al. (2014) Soccer has become a much faster,
more intense and more competitive game, with physical
and technical demands that have increased significantly.

© Herazo-Sanchez, R.T., Jiménez-Trujillo, J.O., &
Gonzélez-Palacio, E.V,, 2024.
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Newton et al. (2019) consider that the player must prepare
for the high physical demands that arise in training and
matches. Wallace et al. (2014) indicate that the external load
is the work done by the athlete in variables such as distance
traveled, number of sprints, accelerations, decelerations.
According to Gabbett (2016), this load refers to the athlete’s
locomotor movements that can be monitored and measured
with global positioning systems (GPS). This being an
instrument of validity and reliability (Casamichana et al.,
2013), approved by the Federation International Football
Association (FIFA, 2015). For Halson (2014), training load
monitoring has become a modern scientific approach that
allows us to better understand athletes’ training responses
and preparation for competition. Rago et al. (2019) suggest
that this technological advance allows optimization of the
monitoring, control and quantification processes of the load
in training and competition. Jaspers et al. (2016) indicate
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that tracking and monitoring the load allows optimizing
training processes and planning strategies for injury
prevention. Gabbett & Domrow (2007) state that a correct
balance between training and competition load with optimal
recovery is essential to achieve maximum performance and
of great importance in injury prevention. Baztan (2018)
states that one of the most frequent injuries in soccer is the
hamstring, the most common injury mechanism being linear
sprinting at maximum speed, presenting the highest injury
incidence at the end of matches, which raises suspicion of the
fatigue as a risk factor for injury in soccer. On their behalf,
Garrett et al. (1984) state that this muscle group has the
capacity to produce large forces, having an impact on actions
such as: accelerations, decelerations, high-speed actions and
changes of direction. Ekstrand et al. (2011) found that 12%
of the injuries recorded during a season occurred in the
hamstrings, generating approximately 80 days of absence, in
addition to the economic cost that this implies. According
to Ekstrand et al. (2022) in recent seasons hamstring injuries
have increased, the authors described the injury incidence
in professional soccer players during 21 seasons (2001/02
to 2021/22). There were 2,636 hamstring injuries, which
represented 19% of all reported injuries. The proportion of
injuries increased from 12% during the first season to 24% in
the most recent season. In this same period, the percentage
of days of absence due to said injury increased from 10% to
20%. Raya & De la Torre (2018) highlight the importance
of quantifying the load to improve performance and reduce
injuries. Knowing the individual demands in training
allows us to identify if the player manages to reproduce the
demands in competition, important information for the
coaching staft in the application of specific stimuli and work
that can cover the demands of each athlete. Jaspers et al.
(2018) demonstrated that load indicators, mainly external
ones, are associated with a greater or lesser risk of injury,
recommending the monitoring of different load indicators
for the prevention of injuries in professional soccer.

Objective. Determine the association of external load
with the incidence of hamstring injuries in professional
soccer players.

Hypothesis. Null hypothesis (Ho): There is no association
between external load and the incidence of hamstring
injuries in professional soccer players. Alternate hypothesis
(Ha): There is an association between external load and
the incidence of hamstring injuries in professional soccer

players.

Material and Methods

Participants

Thirty-one professional soccer players (age 25.2 +
4.8 years, weight 77.0 + 7.8 kg, height 181.1 + 8.3 cm, BMI
23.4 £ 1.6 kg/cm?) participated in the present study. The
ethical aspects promulgated in the Declaration of Helsinki
for research in human beings were taken into account,
as well as the provisions of Resolution 8430 of 1993 of
the Ministry of Health of Colombia, and in accordance
with it the study is classified as having minimal risk for
the subjects. All agreed to participate in the study, which
was protocolized by signing the informed consent. The
endorsement of the ethics committee of the University

Institute of Physical Education and Sports at the University
of Antioquia was obtained through document No. 069 of
December 14, 2020.

Data Collection

It was carried out following the guidelines for GPS data
collection and processing. All training sessions and matches
were individually quantified using 10 Hz GPS technology
(Catapult - OptimEye S5). For Scott et al. (2016) the GPS
is an instrument independently validated in more than
100 peer-reviewed scientific journals worldwide. This sam-
pling frequency has demonstrated validity and reliability for
high movement demands at high intensity in team sports. The
selected external load indicators were: duration (minutes),
total distance traveled (m), distance traveled at high intensity
(>20 km/h, equivalent to 5.56 m/s) (m), number of efforts 20-
25 km/ h, distance traveled (+25 km/h, equivalent to 6.94 m/s)
(m), 30 m sprints between 6-7 m/s? number of accelerations
(>1 m/s? ) and number of decelerations (<— 1 m/s?).

The injuries were diagnosed and recorded by members
of the professional soccer club’s medical staff. Following
the recommendations of Fuller et al. (2006) data collection
procedures were carried out in accordance with the
consensus statement for soccer injury studies endorsed
by the FIFA Medical Assessment and Research Centre,
coding each diagnosis by location, type and mechanism
of injury (traumatic or overuse). The study recorded non-
contact hamstring injuries during the 2021-1 season. It is
worth noting that the data were collected during the global
pandemic derived from COVID-19, which probably could
have generated alterations in the conditional expression of
the soccer players (both in training and in competition).

Design and Procedures

A non-experimental correlative retrospective cohort
study was carried out on thirty-one professional soccer
players during the 2021-1 season. 145 training sessions and
26 games were monitored.

The information on the external load was collected
by the clubs performance analyst using GPS; for the field
training sessions, he placed the devices on each player in their
respective vests before starting the activities, which were
identified with the competition jersey number, subsequently
verifying that each of these were being registered correctly.
Data were monitored and recorded for each period during
the training session. Recovery times were not included. At
the end of the last period, the devices were turned off and
collected for later downloading data to the software (Catapult
OptimEye, S5). For the matches, the same procedure used in
training was applied to the selected players; they turned on
when they went out to warm up, at the end of the match
they turned off and they were collected for the subsequent
download of data.

Hamstring overuse injuries during the 2021-1 season
were diagnosed and recorded by the club doctor after
analyzing the MRI results, confirming the diagnosis of
hamstring muscle tear and evaluating which muscle was
affected and the extension that presented such tear. Each
diagnosis was characterized by its location, type, mechanism
of injury, time of injury, training or match, and days of
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disability. The previous information was sent by the club
doctor to the performance analyst and the latter to the main
researcher to update data on the event that occurred.

Statistical Analysis

The information collected was recorded and stored in an
Excel spreadsheet. Once the quality of the information had
been refined and reviewed, it was exported for its respective
analysis in the SPSS V.27 and RStudio V.4.0 programs.

For the exploratory analysis, descriptive statistics were
used (mean, median, standard deviation, coefficient of
variation and interquartile range) depending on the type
of distribution of the variables, which was established from
the Shapiro-Wilk test. For the correlative and association
analysis between variables, the chi-square, Pearson’s r,
Spearman’s r and point biserial correlation coeflicient tests
were used, which depended on the type of variables to be
related. For the multivariate analysis, a logistic regression
model was used, where a value of P<0.05 was established
both for the statistical significance of the model (X?) and for
each of the regressor variables (X?), the interval confidence
level was 95%.

Results

Table 1 indicates the general profile of the external
load indicators per training session of the team, minimum,
maximum and percentiles.

Table 2 reveals the descriptive statistics referring to the
external load regressor variables in competition during the
2021-1 season.

Table 3 describes the statistical results for the different
external load indicators by position in competition,
where the longest duration (playing time) occurred in the
goalkeeper position; the greatest total distance traveled was
on the midfielders; In the lateral position, the maximums
are reflected in what corresponds to the total distance
traveled at high intensity, efforts between 20-25 km/h, the
distance traveled at more than 25 km/h, number of sprints
and number of accelerations. Finally, the greatest number of
decelerations in the central position.

The external load indicators analyzed did not present
any significant correlation with hamstring injury, therefore,
no association of load with non-contact hamstring injury
was found. However, the load presents a positive correlation
between the different indicators, revealing that the non-

Table 1. General load profile per training session

Table 2. Descriptive statistics referring to the competing
external load variables (regressors)

Variables Statistical Results
D (playi ime) (min) Mean 64
aying time) (min
payie S.D. 22
Mean 5740
DTR (m)
S.D. 1963
Mean 267
DTRAI 20-25 km/h (m)
S.D. 135
Mean 20
Esf. 20-25 km/h (No.)
S.D. 11
Median 117
DTR +25 km/h (m)
Interc range 107
Median 6
Sprints >25 km/h (No.)
Interc range 6
Median 14
Acc. >1 m/s* (No.)
S.D. 5
Median 16
Des. <-1 m/sec? (No.)
Interquartile range 10

(D) Duration (min), (DTR) Total distance traveled

(m), (DTRALI) Total distance traveled at high intensity
20-25 km/h (m), (E) Efforts between 20-25 km/h, (DTR)
Total distance traveled at more than 25 km/h (m), (Sprints)
30 m between 6-7 m/s?, (Acc.) Number of accelerations
(>1m/s?), (Dcc.) Number of decelerations (<—1 m/s?)

contact hamstring injuries that occurred during the season
were possibly due to other factors (table 4).

During the season, two players presented with a non-
contact hamstring injury, with a diagnosis of grade two
injury and muscle fatigue, generating 47 and 10 days of
disability, in the lateral and winger positions respectively.
The stepwise model discards the regressor variables; none of
them are able to predict the probability of occurrence with
the hamstring injury (Table 5).

The logistic regression model (p<0.05) did not present
statistical significance (Table 6), consequently, none of the
monitored external load regressor variables explains the rate
of hamstring injuries in this population.

D (min) DTR (m) DTRAI (m) E 20-25km/h (No.) DTR +25km/h (m) Sprints (No.) Acc. (No.) Dcc. (No.)

Minimum 31.3 1200.6 23 0.3
Maximum 78.0 5810.4 214.1 15.8
Percentiles 25 52.7 2899.0 60.4 52
50 56.0 3873.6 89.6 7.0
75 65.0 4188.1 121.9 10.8

0.8 0.2 6.4 8.8
115.5 6.0 25.5 54.2
133 0.8 11.3 13.7
22.5 1.6 14.3 19.6
43.1 2.8 17.3 27.9

(D) Duration (minutes), (DTR) Total distance traveled (m), (DTRAI) Total distance traveled at high intensity 20-25 km/h (m),
(E) Efforts between 20-25 km/h, (DTR) Total distance traveled at more than 25 km/h (m), (Sprints) 30 m between 6-7 m/s? (Acc.)
Number of accelerations (>1m/s?), (Dcc.) Number of decelerations (<—1m/s?)
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Table 3. External load indicators in competition by position

. . .. . DTR DTRAI Esf. 20 and Sprints  Acc. Dcc.
Position N Statistical D (min) (m) 20-25km/h (m) 25km/h (No.) DR (+25 km) (m) (No.) (No.) (No.)
Max. 97.8 4201 58 7 15 1 12 13
Min. 71.3 3520 12 1 2 0 8 13
Goalkeeper 2
Mean 84.6 3860 35 4 8 1 10 13
S.D. 18.7 481 33 4 9 1 3 1
Max. 89.1 8104 450 38 298 16 18 47
Min. 399 3329 118 9 61 3 11 12
Central 5
Mean 73.9 6448 291 23 155 8 14 25
S.D. 20.0 1918 148 12 92 5 3 13
Max. 87.8 8257 554 44 381 19 21 32
Min. 17.0 1818 123 10 69 4 0 0
Winger 5
Mean 54.2 5315 315 25 195 10 12 17
S.D. 26.3 2394 176 14 140 7 8 12
Max 94.8 8925 478 38 211 12 23 29
Min. 34.0 3266 94 8 0 0 7 11
Midfielders 7
Mean 69.4 6830 297 21 96 5 16 18
S.D. 21.3 1928 122 10 71 4 6 6
Max. 79.3 7755 345 26 242 12 16 22
Min. 30.4 2991 116 7 39 2 9 6
Wing Forward 5
Mean 50.5 4983 262 19 142 7 12 14
S.D. 20.4 1925 94 8 76 4 3 7
Max. 71.1 6135 253 19 132 7 18 17
Min. 36.7 3907 207 15 79 4 9 15
Forward 3
Mean 57.2 5241 235 17 97 5 14 16
S.D. 18.1 1178 25 2 30 2 5 1

(N) Quantity, (Est.) Statistics, (D) Duration (min), (DTR) Total distance traveled (m), (DTRAI) Total distance traveled at high
intensity 20-25 km/h (m), (E) Efforts between 20-25 km/h (N°), (DTR) Total distance traveled at more than 25 km/h (m), (Sprints)
30 m between 6-7 m/s?, (Acc.) Number of accelerations (>1 m/s?), (Dcc.) Number of decelerations (<—1 m/s?)

Discussion

The objective of the study was to determine the
association of different external load indicators with the
incidence of non-contact hamstring injuries in professional
soccer players. Verstappen et al. (2021) in their systematic
review took into account the evaluation of external load
parameters: duration, total distance traveled, high-speed
running and acceleration, they did not find sufficient
evidence or significant correlation of association between
training load and injury risk in elite youth soccer players.
and that non-contact muscle injuries may have possibly been
due to other factors. Similar results were obtained in the
present study in which similar external load indicators were
analyzed, which did not present an association with non-
contact hamstring injury.

Jaspers et al. (2018) demonstrated that load indica-
tors, mainly external ones, are associated with an increase
or decrease in the risk of injuries. On the contrary, for this

investigation the results demonstrated that the external load
indicators do not present an association with the risk of non-
contact hamstring injury. Likewise, Jaspers et al. (2018) ana-
lyzed data from 35 male professional soccer players during
two seasons (2014-2015 and 2015-2016), recording 64 over-
use injuries. For 21 consecutive seasons Ekstrand et al. (2022)
collected data from 3909 players from 54 teams (in 20 Euro-
pean countries) from 2001/02 to 2021/22, concluding that
the proportions in hamstring injuries in number of injuries
and days of total absence doubled during the study period.
Additionally, they found that over the past eight seasons,
hamstring injury rates increased in both training and match-
es. The season analyzed in this study was carried out with a
single team during the 6-month season (2021-1), recording
2 non-contact hamstring injuries.

The professional soccer club under research for the
2021-1 season presented a low non-contact hamstring injury
rate, reaching the final stages of the championship. In a study
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Table 4. Correlation of external load indicators with non-contact hamstring injury

DTRAI Esf. 20 and DR Hamstrin:
External load indicators D (min) DTR (m) 20-25km/h™~_~ (+25km/h) Sprints Acc. Dcc L. 8
25 km/h P injur
(m) (m) Y
D (min) Coef. corr.  1.000 0.688 ** 0.428 * 0.450 * 0.319 0.390*  0.627** 0.231 0.220
min
Sig. (bil.) 0.000 0.016 0.013 0.092 0.049 0.000 0.210 0.234
DTR (m) Coef. corr.  0.688 ** 1.000 0.740 **  0.706 ** 0.520 ** 0.418* 0.517** 0.456** 0.220
m
Sig. (bil.) 0.000 0.000 0.000 0.004 0.033 0.003 0.010 0.234
Coef. . 0.428*  0.740** 1.000 0.963 ** 0.753 ** 0.680 ** 0.283 0.475** 0.294
DTRAI 20-25km/h (m) ~ o O
Sig. (bil.) 0.016 0.000 0.000 0.000 0.000 0.123 0.007 0.109
Coef. . 0.450* 0.706 ** 0.963 **  1.000 0.838 ** 0.809 ** 0.369* 0.455* 0.262
Esf. 20 and 25 km/h (No.) — o 01
Sig. (bil.) 0.013 0.000 0.000 0.000 0.000 0.045 0.012 0.161
Coef. . 0.319 0.520 ** 0.753**  0.838 ** 1.000 0.983** 0.139 0.206 0.293
DR (+25km/h) (m) ot cott
Sig. (bil.) 0.092 0.004 0.000 0.000 0.000 0.471 0.284 0.123
Sprints (No.) Coef. corr.  0.390* 0.418*  0.680**  0.809 ** 0.983 ** 1.000 0.173 0.285 0.289
rints 0.
P Sig. (bil.) 0.049 0.033 0.000 0.000 0.000 0.398 0.158 0.152
Acc. (No.) Coef. corr.  0.627 ** 0.517** 0.283 0.369 * 0.139 0.173 1.000 0.249 0.242
cc. (No.
Sig. (bil.) 0.000 0.003 0.123 0.045 0.471 0.398 0.177 0.189
Dec. (Nov) Coef. corr.  0.231 0.456 ** 0.475** 0.455* 0.206 0.285 0.249 1.000 -0.007
cc. (No.
Sig. (bil.) 0.210 0.010 0.007 0.012 0.284 0.158 0.177 0.969
. Coef. corr.  0.220 0.220 0.294 0.262 0.293 0.289 0.242 -0.007 1.000
Hamstring injury
Sig. (bil.) 0.234 0.234 0.109 0.161 0.123 0.152 0.189 0.969

**The correlation is significant at the 0.01 level (two-sided). *The correlation is significant at the 0.05 level (two-sided).

(D) Duration (min), (DTR) Total distance traveled (m), (DTRAI) Total distance traveled at high intensity 20-25 km/h (m),
(E) Efforts between 20-25 km/h, (DTR) Total distance traveled at more than 25 km/h (m), (Sprints) 30 m between 6-7 m/s?,
(Acc.) Number of accelerations (>1 m/s?), (Dcc.) Number of decelerations (<—1 m/s?)

Table 5. Stepwise model of the regressor variables

Variables Punctuation gl Next.
D (min) 0.010 1 0.919
DTR (m) 0.149 1 0.699
DTRAT (20-25 km/h) (m) 0.209 1 0.647
Esf. 20 and 25 km/h (No.) 0.062 1 0.804
Sprints (No.) 0.222 1 0.637
Acc. (No.) 0.085 1 0.771
Dcc. (No.) 0.577 1 0.447
Global statistics 4.725 7 0.694

(D) Duration (min), (DTR) Total distance traveled

(m), (DTRATI) Total distance traveled at high intensity
20-25 km/h (m), (E) Efforts between 20-25 km/h, (Sprints)
30 m between 6-7 m/s?, (Acc.) Number of accelerations
(>1 m/s?), (Dcc.) Number of decelerations (<—1 m/s?)

Table 6. Omnibus tests of model coeflicients

Steps Chi squared gl Q

Step 35 0.061
Step1  Block 3.5 0.061

Model 35 0.061

conducted by Hagglund et al. (2013) found that teams with
high injury rates did not perform well compared to those
with low rates in major competitions in Europe. Although
sprinting did not present an association with hamstring
injury in the study, Lahti et al. (2020) propose sprinting as
a potential risk factor for hamstring injuries, expressing an
interest in analyzing the mechanical acceleration results of
said action. For Morin & Samozino (2016) the results in the
mechanical acceleration outputs in the sprint are important
in training orientation. In this regard, Edouard et al. (2021)
concluded that optimizing horizontal force production
capacity during sprinting can improve sprint performance
and reduce the risk of injury. In this sense Mendiguchia et
al. (2021), relating sprint kinematics to hamstring injury and
performance, examined whetheraspecific 6-week multimodal
intervention (combination of lumbopelvic control exercises
and running technique) could lead to changes in pelvic
kinematics and the lower extremities in actions at maximum
speed and improvement in sprint performance. These
authors concluded that such a training program induced
clear kinematic changes in the pelvis and lower extremities
during maximum speed running, associating these changes
collectively with a reduced risk of muscle strain and with a
significant improvement in sprint performance.

Regarding accelerations and decelerations, Akenhead
et al. (2013) indicate that the number of decelerations in a
match is greater than the accelerations; similar results were
presented in the present study in which these variables were
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analyzed. Important data when programming and directing
the training process towards these actions, since in the face
of continuous repetitions there could be fatigue at certain
moments of the competition and training. For Lago (2014),
this fatigue can occur due to maximum intensity efforts,
acceleration and deceleration actions with and without
the ball. For their part, Dalen et al. (2016) in addition to
technical-tactical actions anticipating, running, jumping,
intercepting, turning, changing direction, important efforts
in the dynamics of current soccer and in the development
of the competition that led to obtaining better results at the
end of the matches. Given this trend, for Alonso (2018),
an optimal organization and continuity of appropriate and
specific stimuli in the soccer player’s training process may
allow them to cope with higher demands in the future.

For the analysis of the different external load indicators
in competition during the season, contextual variables such as
the state of the scoreboard, the level of the opponent and the
location of the match were not taken into account. For Lucas
(2020) these variables are important when analyzing a player
individually or the team collectively during a season. The low
incidence of non-contact hamstring injury reported in the
study may indicate that training loads are being appropriately
planned, monitored, and prescribed. Gabbett (2016) links
high training loads and injuries, demonstrating that the prob-
lem is not in the training itself, but probably in inappropri-
ately applied stimuli. Excessive and rapid increases in training
loads are probably largely responsible for this type of injury.

Monitoring external load in training and matches is
essential in the design and planning of adequate training to
achieve optimal physical preparation for competition and
reduce the risk of injury (Malone et al., 2017; Owen et al,,
2015).

Conclusions

The logistic regression model (p>0.05) did not present sta-
tistical significance, consequently, none of the monitored exter-
nal load regressor variables explains the rate of hamstring inju-
ries in this population, therefore, based on the results found, it
is not possible to reject the null hypothesis of the study.

During the 2021-1 season, there were 2 non-contact
hamstring injuries, which can be established as a low
number of injuries for professional soccer players of the
Club under investigation. Therefore, it can be considered
that the findings regarding the training and competition
load developed by the athletes were adequate in terms of the
low number of hamstring injuries that occurred, possibly
this aspect has decreased the risk of injuries of those soccer
players, during that specific period of time.

It is noteworthy that the results obtained in the present
study correspond to professional soccer players from a spe-
cific club during the 2021-1 season, therefore, the findings
cannot be generalized since they were presented in a specific
population, season and competition under conditions in-
dividuals (during the pandemic generated by COVID-19).

Limitations

It is important to recognize and declare that the study
was developed during critical episodes of the pandemic
generated by COVID-19, which generated difficulties and

modifications due to mobility, training and competition
restrictions. Likewise, the study was carried out during
the 2021-1 season, making it a short period of time for the
analysis of the variables of interest. The results of this study
are only inferable to the players of the professional team
investigated.
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3'AcyBaHHA B3a€EMO3B’A3KY MiXK 30BHILUHIM
HaBaHTa)XeHHAM i YaCcTOTOI TPaBM NiAKONIHHOIO
cyxoxunnsa y npodecininx pyroéonicris

Pagaens Tageo Epazo-Canuec'*®?, Xyan OcBanbgo Ximenec-Tpyxinpo'AP,
Enox Banentun Ioncanec-ITamacio'P?

' AHTiOKiiICPKMIT YHiBepcuTeT

ABTOpPCHKMIT BRI A — au3aiitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrs: 7 c., 6 Tab., 33 mxepena.

Meta. MeTo10 fOCTiKeHHs OY/I0 MpoaHaTi3yBaTyl MOKa3HMUKY 30BHIIIHBOrO HABAHTAKEHHs 3 YaCTOTOI0 BYHMKHEHHs He-
KOHTAKTHMX TPABM ITiIKOTIHHOTO CYXOXXUJI/IA.

Marepian Ta MmeTogu. byno npoBefeHO HeeKCIlepMMeHTaIbHE KOpeAlLjiliHe, peTPOCHEKTUBHE KOTOPTHE locipkeHHA. [lani
6ynu sibpani y 31 npodeciitHoro ¢yrdosicta 40/10Biv0l CTATI IPOTATOM OFHOTO Ce30HY. JIOCIi/KEHO HACTYIHI MOKa3HNUKM
HaBaHTaXeHHA: TpuBanicTb (D), saranpHa mpoiifena Bincranb (TDT), BigcTaHb, mpoliieHa 3 BUCOKOK iHTEHCHBHICTIO
(DTHI) > 20 xm/rog, KinbKicTb 3ycunb Mk 20-25 km/rox (NE 20-25 kM/rox), BiicTaHb, IPOIieHa 31 MBNUAKICTIO TOHAN 25 KM/TOF,
(DR+25 kM/TOf), KiTbKIiCTh CIIPUHTEPCHbKIMX 3a6iriB monaz 25 km/rof (NE > 25 kM/Tof), KinbKicTh npucKkopenb moHax 1 m/c? (Acc)
Ta KiIbKiCTh He3HAYHMUX CIIOBiIbHEHD 110 -1 M/c? (Dcc). [lo aHani3y 6y BK/IIOUeHi nuliie HeKOHTAKTHI YIIKOMKEHHS IiIKOIIHHOTO
cyxoxmms. It 6araToBUMipHOTro aHasisy 6y/I0 3aCTOCOBAHO JIOTICTUYHY perpeciiiHy MOfienb, ie 6y/I0 BCTAHOB/ICHO 3HAYEHHS
P < 0,05 AK /14 CTaTUCTUYIHOI 3HadymocTi Mogeni (X?), Tak i 1A koxHoi 31 3MiHHMX perpecopis (X?), piBeHb joBipYoro iHTEpBaTy
cTaHoBUB 95%.

Pesynpratn. 3aikcoBaHO Ta [IiarHOCTOBAHO HAsBHICTH [{BOX TPAaBM: YIIKO/PKEHHS APYrOTO CTYIEHs Ta M s30Ba BTOMA.
IIpoananisoBaHi NOKa3HMKM HaBaHTa)K€HHA He NOKa3a/lM IOCTOBIPHOI KOpeNALil 3 YUIKOIKEHHAM MiJKOIIHHOTO CYXOXXVII/IA.
TakuM 4nHOM, 3B’3Ky MDK 30BHILIHIM HaBaHTA)XEHHSM 1 TPAaBMOIO IIKOMIHHOTO CYXOXWUIsA y mpodeciitHux ¢yT6omicTiB He
BCTaHOBJIEHO.

Bucnosku. JloricTnyHa perpeciitaa Mogens (p > 0,05) He TpoeMOHCTpyBaa CTaTUCTUYHOL 3HauyIocTi. OToXe, XKOJHA 3 [0-
CITi/PKYBAHMX 3MiHHMX 30BHIIIHPOTO HABaHTa)KEHHS HE TIOACHIOE YaCTOTY HEKOHTAKTHUX TPABM ITiZTKOJIIHHOTO CYXOXXWJIIA B Il
KaTeropii 1oCi[yKyBaHMXx.

Kiro4oBi croBa: iHAMKATOPM 30BHINIHBOrO HABAaHTAKEHHs, TPaBMa IMiIKOIIHHOTO CYXOXM/I/A, CUCTEMa I7I00a/IbHOTO I10-
surionysanns (GPS).
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Abstract

Objectives. Futsal is a team sport that requires anaerobic support tactics and playing techniques, some of which
include attack versus defend and high-intensity interval training (HIIT). The aim of this study was to determine the
effect of training small-sided games with high-intensity interval training on the anaerobic endurance of futsal players.
Materials and methods. In this study, a one-group pretest-posttest design was used. The study population consisted
of 25 players. 16 players were selected with an average age of 15.9 + 0.5 years, height 158.1 + 5.79 cm, weight

58.9 £ 9.79 kg, and BMI 19.9 + 2.41. The research data were analyzed using the paired sample t-test.

Results. Based on the results of the paired sample t-test, it was found that the sig (2-tailed) values were 0.002 < 0.005,

indicating a significant increase in anaerobic endurance.

Conclusions. It can be concluded that small-sided game training with high-intensity interval training contributes
significantly to the improvement of anaerobic endurance in student futsal players.
Keywords: futsal, small-sided games, high-intensity interval training, anaerobic endurance.

Introduction

Futsal is an intermittent sport that requires high
physical, technical, and tactical demands. Players engage in
high-intensity locomotor activity and require both aerobic
and anaerobic endurance (Barbero-Alvarez et al., 2008;
Mendes et al., 2022; Ribeiro et al., 2020). Tactical ability is
a crucial element for success in futsal. Futsal is a team sport
that requires high intensity and involves physical abilities,
techniques, and tactics. The game is characterized by short
recovery periods (Da Cruz et al.,, 2020; Naser et al., 2017;
Ohmuro et al., 2020). The game is also known for its high-
intensity efforts and frequent sprinting activities, which
necessitate players to perform at a high level of physical
ability (Caetano et al., 2015). Futsal, like football, demands
a comprehensive comprehension of tactical aspects such

© Fahrudin, M.E, Siantoro, G., Kusuma, I D.M.A.W, Syafii, L,
Prianto, D.A., Pramono, B.A., & Fajar, M.K., 2024.
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as attack, defense, and transition. This sport falls under
the category of competitive sports, and players are able to
maintain a specific formation during the game (Narizuka
& Yamazaki, 2019). They must also be capable of fulfilling
various roles, such as organizing attacks and guarding the
defense, as part of a team. Proficiency in these tactics not
only affects the outcome of the match but also reflects the
caliber of the players and the team as a whole.

To play with high intensity and execute planned tactics,
players must possess high anaerobic abilities, which require
a high level of fitness. Supporting the application of tactics,
techniques, and physicality in the game is crucial (Milioni
et al., 2016). Anaerobic endurance refers to the body’s
ability to produce energy quickly and powerfully. Futsal
sports demand high levels of anaerobic energy (Farhani
et al., 2019). In intense matches like futsal, players must
possess the physical strength to maintain high performance,
pressure opponents, and actively participate in attacking and
defensive patterns.

This research focuses on training that combines game
tactics elements, including attack versus defense, with
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HIIT to meet these needs. The exercise uses the anaerobic
energy system to improve physical abilities related to
anaerobic energy, such as endurance and speed (Ouertatani
et al.,, 2022). High-Intensity Interval Training (HIIT) is
commonly utilized in soccer games due to the similarities
in match intensity between soccer and futsal (Barnes et al.,
2014; Hostrup & Bangsbo, 2023; Rodrigues et al., 2011).
Previous research has explored the effects of HIIT on agility
and dribbling skills in futsal (Wiranata et al., 2023), but its
impact on the anaerobic endurance of futsal players can also
enhance their tactics and on-field performance.

The importance of understanding how integrated high-
intensity tactical and physical training can impact student
soccer players makes this research urgent. The results of this
study can provide valuable guidance for coaches and players
to design more effective and targeted training programs to
significantly improve futsal players’ anaerobic endurance.

Materials and Methods

Study Participants

The total population used in this research was 25 players
who participated in extracurricular activities. The sample
used in this research was 16 randomly selected players. The
characteristics of the sample used were 15.9 * 0.5 years old,
with a height of 158.1 + 5.79 cm, a body mass of 58.9 +
9.79 kg, and a BMI of 19.9 + 2.41.

Study Organization

This study employed a one-group pre-test and post-
test design. The research was conducted over a period of
six weeks, with three sessions per week (Ziemann et al.,
2011). Prior to treatment, subjects underwent a pre-test to
establish baseline data on anaerobic capacity. A post-test was
then administered after six weeks of treatment. The average
difference for each subject was determined by analyzing
the difference between the pre-test and post-test data. The
research employed the Running-based Anaerobic Sprint
Test (RAST) to train anaerobic endurance (Andrade et al.,
2015). The RAST test requires participants to sprint as fast as
possible over a certain distance, typically around 35 meters,
with short rests between each sprint. The test consists of
6 sprints. The variables to be analyzed in RAST are peak
power (W), minimum power (W), total effort time (s), and
fatigue index (FI) (calculated as (peak power — minimum
power)/peak power) x 100).

Training Program

This study involved 16 subjects divided into four
groups, each consisting of four individuals. One group
comprised two attacking players and two defensive players.
The first group played Small Sided Games (SSG) 2 against
2 without a goalkeeper for 90 seconds in an area measuring
20%20 meters, with the target intensity reaching 80-90% of
the maximum heart rate (HR max). Two small goal targets
were placed at each end of the pitch to add a competitive
element. Meanwhile, the other three groups waited in pairs
outside the area while the training interval, consisting of
90 seconds of HIIT and 270 seconds of active recovery,

was carried out. After completing the first repetition, each
group alternated with the second group to continue the same
exercise at 80-90% intensity for 90 seconds. This process
continued until each group had completed 8 repetitions.

Statistical Analysis

The research utilized data analysis methods such as the
Shapiro-Wilk normality test and the Paired Sample T-test to
compare pre-test and post-test results. The significance level
(Sig) was found to be less than 0.05.

Results

The results of the descriptive statistical analysis of the
pre-test and post-test RAST of student futsal players are
presented in the table below.

Table 1. Descriptive Statistics

Variable Pretest Posttest
Peak Power (w) 481.75+89.61 551.75+132.27
Minimum Power (w) 299.89+47.11 287.58+44.31
Total Effort Time (s) 34.23+1.20 33.93+1.53
Fatique Index (FI) 5.35+1.85 7.9243.50

The data are presented by means + SD

Table 1 presents the results of the descriptive statistical
analysis, indicatinganincrease in scores from pre-test to post-
test. In the pre-test, scores had a mean value of 5.35+1.85.
In contrast, the average score in the post-test increased to
7.92£3.50. These findings suggest that the intervention led
to improved performance among participants.

Table 2. Normality Test Results

Shapiro-Wilk

Variable
Statistics N Sig
Pretest 0.909 16 0.112
Fatique Index
Post-test 0.903 16 0.089

The data is presented as means + SD and statistical
significance. To determine normality, the Shapiro-Wilk test
was used, with data considered normal if the significance
level was >0.05

Based on the results presented in Table 2, the normality
test using the Shapiro-Wilk test instrument showed that
the pre-test fatigue index value was 0.112, which is greater
than the significance level of 0.05. Similarly, the post-test
fatigue index value was 0.089, which is also greater than the
significance level of 0.05. Therefore, all research data was
normally distributed, and parametric statistics paired sample
t-test was used for hypothesis testing. The data are presented
as + SD and significance values. According to the Shapiro-
Wilk test, data is considered normal if the significance value
is greater than 0.05.

According to the results presented in Table 3, the fatigue
index data obtained from the hypothesis testing using the
Paired Sample T-Test indicates a sig (2-tailed) value of
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Table 3. Hypothesis Test Results

Paired Difference Significance
95% Confidence Interval of the Difference T df
Mean Std. Dev.  Std. Error Mean Sig. (2- tailed)
Lower Upper
-2,71 2,82 0,70 -4,22 -1,20 -3,84 15 0,002

The data is presented as means + SD. Any statistically significant differences are denoted by a sig (2-tailed) value of < 0.05 when

comparing mean scores to the baseline

0.002<0.05. Therefore, it can be concluded that there is a
significant increase in anaerobic endurance through SSG
with HIIT.

Discussion

The aim of this study was to investigate the effects of SSG
with HIIT on the anaerobic endurance of student futsal teams.
The training was conducted for 1 month and 2 weeks, with a
frequency of 3 meetings per week, while adhering to the prin-
ciples of training and increasing the load every week. This study
is consistent with previous research, which also administered
treatment 3 times a week (Kumar & Pandey, 2023; Mashud et
al., 2019; Yan et al.,, 2022). The research results indicate that
SSG with HIIT has a positive effect on anaerobic endurance, as
demonstrated by a decrease in the player’s fatigue index.

Anaerobic endurance is increased through high-intensity
exercise alternated with short rest periods. When high-inten-
sity exercise is performed in the anaerobic zone for an average
of 90 seconds, lactic acid is produced. In theory, if training is
always conducted in the lactic anaerobic zone and is inter-
spersed with short breaks, it will improve the lactic acid toler-
ance of the muscles. This will result in the muscles not tiring
easily during these exercises. Previous research supports this
idea, as high-intensity training has been shown to positively
affect anaerobic ability (Bravo et al., 2008; McGinley & Bish-
op, 2016; Stoggl & Bjorklund, 2017). High-intensity exercise
interspersed with short rest periods is an effective training
method for improving athletes>» metabolic and cardiovascular
function (Buchheit & Laursen, 2013; Foster et al., 2015; Kunz
et al., 2019). This type of exercise is known as intermittent
exercise, which involves alternating short periods of high-
intensity activity with low-activity recovery or rest phases
(Cavar et al., 2019; Norton et al., 2010; Sloth et al., 2013).

The training model used in the research features a game
in which players face an equal number of situations and aim
to score quickly. This model is based on the demands of a
match, requiring each player to perform a series of intense
activities, such as sprinting, changing direction, and acceler-
ating during training. This approach aligns with the findings
of (Spyrou et al,, 2020). Increasing anaerobic ability can have
a positive impact on actions during small-sided games, such
as passing and shooting. This is supported by research con-
ducted by Apriantono et al. (2021), who found a strong cor-
relation between anaerobic ability and explosive movements
like passing, tackling, heading, and shooting. On the other
hand, this training model has the advantage of being suitable
for the high-intensity demands of the game. Additionally,
each group has the opportunity to participate in 2 versus
2 small-sided games without a goalkeeper, which provides
high intensity training while allowing for sufficient rest time
through active recovery. Paired passing drills outside the

area enable the resting group to stay involved in the drill and
maintain their body temperatures. This exercise is an alterna-
tive high-intensity activity that can be performed at or near
maximum capacity. The training model includes a holistic
approach that incorporates elements of technique and tactics
into physical training. This approach is based on the recom-
mendations of Kusuma et al. (2024), who concluded that a
holistic approach is ideal for training. According to (Engel et
al., 2018) improving endurance and anaerobic performance
variables can save time for adolescent athletes. However, this
research has yet to test the effect of training in terms of tactics
or techniques. Therefore, further research is needed to deter-
mine the effectiveness of this training in those areas.

Conclusions

According to the research and discussion results, the
use of SSG with HIIT methods has a significant impact on
the anaerobic endurance of student futsal players. This is
characterized by a decrease in fatigue levels.
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Soccer Training: Integrating Physical, Technical, Tactical,

MiaBuweHHA aHaepoOOHOI BUTPUBANOCTI Yy CTyAeHTIB-PpyT3anicTis
LWAAXOM NOEAHAHHA irop 3 06MeXKeHoI0 KinbKicTio rpaBLiB
Ta BUCOKOIHTE@HCMBHUM iHTEpPBaJIbHUM TPEHYBaHHAM

M. ®ykapg Paxpypin'4*P, I'irix Ciantopo'*5°P, I [leBa Mapme Apsananpa Bimkas Kycyma'A5<P,
Imam lagdi'*<, [IeBig Aryc IIpianto'A“P, bato Aryn [Ipamono'4“?, Myxammap Xapic @amkap'A<P

'Cypabaiicbkuit lep>kaBHUN YHIBEpCUTET

ABTopcbknii BKIa: A — nusaiis gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomcy; E - 36ip komris

Pedepar. Crartsi: 5 c., 3 Tab1., 33 mKepera.

Mera gocnimkenns. OyT3an € KOMaHHIM BUOM CIIOPTY, AKUIT HOTpebye 3aCTOCYBaHHA aHaePOOHUX TAKTUYHNX IPUITOMIB
Ta irpOBUX TeXHiK, JesKi 3 HUX BK/IIOYAIOTh KOMOiHallii Hallay IPOTH 3aXMCTy Ta BUCOKOIHTEHCHBHI iIHTepBa/IbHI TPEeHyBaHH
(BIIT). MeToto 11bOro HOCTi/KeHHA OY/I0 BUSHAYNTY BIUIMB 3aCTOCYBaHHA TPEHYBA/IbHIX irop 3 HeBEMKOIO Ki/TbKiCTIO IpaBIIiB
Ta BICOKOIHTEHCUBHOTO iHTepBa/IbHOIO TPEHYBAHH: Ha IIOKa3HMKY aHaepOOHOI BUTPUBAIOCTI (PyT3aiCTiB.

Marepiamm Ta MeTofu. Y LIbOMY IOC/Ii/[PKEHHI 3aCTOCOBAHO METOJL TPETECTY Ta OCTTECTY M/ ofHiel rpynu. Kareropis moci-
IKyBaHMX CKIafiaacs 3 25 rpasuis. Byso Bifibpano 16 rpaBuis i3 cepenuim Bikom 15,9 + 0,5 pokis, 3poctom 158,1 + 5,79 cm, Macoro
Tima 58,9 + 9,79 xr ra IMT 19,9 + 2,41. [lani focnifpkeHH: 6y/I0 IPpOaHaTi30BaHO i3 3aCTOCYBAHHAM t-KpUTepilo /I MapHUX BUOIPOK.

Pesynbratu. Ha nincrasi pesynbraris t-xpurepito 11 napHux Bubipok 6yI0o BCTaHOBJIEHO, 1o sig (2-tailed) (3HaummicTb
(2-croponsst)) craHoBwmaa 0,002 < 0,005, 1[0 CBifYNTD PO CyTTEBE 361/IbIICHHS TOKA3HUKIB aHAePOOHOI BUTPUBAIOCTI.

BucHoBku. TakyM 4MHOM, MO>KHAa 3pOOUTY BUCHOBOK, IO irpOBi TpeHyBaHHA 3 0OMEXEHOI KiJIbKiCTIO IpaBIiB y II0-
€[JHAHHI 3 BUCOKOIHTEHCUBHUM iHTepBa/JbHUM TPEHYBAaHHAM iCTOTHO CIPUAIOTH MOKPAILIEHHIO aHAaepOOHOI BUTPUBAIOCTI
cTyfeHTiB-dyT3amcTis.

KnrouoBi cnoBa: ¢yr3a, irpu 3 00MeXKeHOI0 KiNbKICTIO TpaBLiiB, BUCOKOIHTEHCHBHE iHTepBa/IbHe TPEeHYBaHHI, aHAepOOHA
BUTPUBAJIICTb.
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Abstract

Objectives. The study aimed to assess the impact of football training, particularly for goalkeepers, on children’s motor

skills and aerobic capacity over a 10-month period.

Materials and methods. This experimental study focused on evaluating the specific skills of goalkeepers and the
aerobic capacities of children who took on the role of goalkeeper after undergoing training. The study involved
totally 20 individuals aged 10-14 who played as goalkeepers and who were part of the entire population trained at
the Real Madrid Foundation UNY Football School. The changes in the goalkeeper’s aerobic capacity, reaction speed,
and diving, as well as anthropometric measurements were found in the study. The instruments used for this research
included a multi-stage fitness test, a test of the goalkeeper’s reaction and diving skills, as well as height and weight
measurements. The data analysis technique used was the t-test to determine differences in variables between the
pretest and post-test, with a significance level of less than 0.05 (p < 0.05).

Results. The results revealed significant improvements in aerobic endurance (p = 0.004), reaction ability (p = 0.007),
and goalkeeper diving (p = 0.002) after 10 months of football training. However, there were no significant changes in
height, weight, and BMI, as the p value was greater than 0.05.

Conclusions. These findings have important implications for evaluating goalkeeper training programs and provide a

basis for reccommending more effective ones.

Keywords: goalkeepers, aerobics, reaction speed, anthropometry.

Introduction

The goalkeeper plays a crucial role in a football match,
being one of the last players defending the team’s goal from
opponent attacks. Apart from preventing the ball from
entering the goal, the goalkeeper also leads and organizes the
team’s defense and coordinates with other players on the field
(Katani¢ et al., 2021). Over the years, goalkeeping has gained
immense respect in the world of football, as demonstrated
by the many famous goalkeepers who have achieved awards
and set records in their careers. After Euro 1992, several
football match rules changed, including the prohibition of
back passes to the goalkeeper, emphasizing the need for
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modern goalkeepers to have exceptional ball control skills.
During a match, goalkeepers perform various techniques,
such as making saves (41.6%), stopping the ball with their
feet (27.8%), parrying the ball (12.6%), and executing flying
movements (10.3%) (Rebelo-Gongalves et al., 2017). Despite
this, the goalkeeper position is often overlooked in sports
science research, and a multidisciplinary scientific approach
is required to understand the talent scouting process (Knoop
et al., 2013). The physical and technical abilities of young
goalkeepers must be carefully considered when identifying
special talents, as highlighted in the 2014 FIFA reports
and statistics in Brazil, emphasizing the importance of the
training process for junior and senior goalkeepers (Muracki,
2020).

While all players have the potential to act as a goalkeeper
during a match, specific conditions are required (FIFA,
2022). The abilities of a goalkeeper differ significantly from
those of other players on the team, as they also play a crucial
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role in organizing both slow attacks from behind and fast
counterattacks (Parada & Vargas, 2020). The ability to
concentrate, perceive the target of the kick and anticipate
a player’s kicking style are essential for a goalkeeper
to effectively defend the goal (Wood & Wilson, 2010).
Goalkeepers must possess the skills to read and react to
these dynamic situations, requiring a high level of alertness
during a game (Jarraya et al., 2014). A goalkeeper’s decision-
making abilities are central to their training (F W. Otte et
al., 2020), and aside from strong physical and technical
attributes, mental capabilities are also crucial. These mental
abilities include understanding how to approach penalty
kicks, controlling the tempo to disrupt the opponent’s
concentration, and generating momentum for the team
(Furley et al., 2017).

Aerobic endurance is a fundamental requirement for ev-
ery sport, including football, especially considering the long
durations and expansive fields involved (Hardinata et al.,
2021). International soccer players typically exhibit aerobic
endurance levels ranging from 50 to 75 ml kg/min, high-
lighting its significant contribution to players’ overall qual-
ity (Jemni et al., 2018). The continuous 90 minutes of foot-
ball gameplay heavily relies on the aerobic energy system
(Dzimbova & Ivanov, 2023), emphasizing the critical nature
of maintaining aerobic endurance throughout the season
(Kalinowski et al., 2021). Aerobic exercise plays a vital role in
enhancing heart function in young children (Suarez-Tijeras
etal,, 2023), and conflicting data exists in early childhood re-
garding approaches to aerobic endurance training, as high-
lighted in research by Charalampos et al. (2013). Without
adequate aerobic endurance, soccer players may struggle to
sustain their performance for the full 90 minutes of a match,
underscoring the pivotal role of aerobic endurance in deter-
mining overall performance (Gongalves, Clemente, Barrera,
Sarmento, Gonzélez-Fernandez, Rico-Gonzélez, et al., 2021)

Anthropometry involves the study of the size and
proportions of the human body and their correlation with
physical performance. Within sports, anthropometry is
commonly utilized to identify factors that can impact an
athlete’s overall performance. In the context of football,
anthropometry holds particular significance for the
goalkeeper position, which demands physical strength
and effective body coordination. Studies focusing on the
anthropometry of goalkeepers have revealed that factors
such as height and arm-to-body ratio can significantly
influence their ability to defend the goal. Furthermore,
human body proportions play a pivotal role in shaping team
performance and the specific positions played (Karakas et
al., 2011). An understanding of anthropometry holds the
potential to markedly influence performance in the field.
The growing body of research in the field of anthropometry
is indicative of the increasing emphasis placed on this area of
study (Kaplanova et al., 2020).

Materials and Methods

Study Participants

This research employed an experimental one-group pre-
test and post-test design to assess the development of techni-
cal abilities, aerobic endurance, and anthropometric changes
following 10 months of football training, with a specific fo-

cus on goalkeepers. The study involved 20 goalkeepers aged
10-14 who underwent training at the Real Madrid Founda-
tion Football School, Yogyakarta State University (UNY).
All participating students received detailed information and
provided written consent, signed by both the students and
their guardians, consenting to their inclusion as research
subjects.

Measurement

Before commencing a series of training programs,
the data was gathered regarding the children’s physical
abilities, technique, height, and weight. The conducted
tests encompassed the following: 1) anthropometric
measurements, wherein body weight and height were
assessed utilizing scales and a stadiometer, 2) measurements
of aerobic endurance, which were conducted via a multistage
test, 3) measurements of reaction ability to block the ball and
diving, which were assessed through evaluations of reaction
speed and goalkeeper diving.

Training protocol

Every child undergoes a warm-up session comprising a
3-minute static warm-up followed by a 7-minute dynamic
warm-up, featuring movements derived from FIFAs Eleven
Plus Movements and sports stretch book texts. Subsequently,
each child engages in a 50-minute core training session,
encompassing two main parts: 30 minutes of integrated
technical training focused on goalkeeper physical skills
and 20 minutes of game situation exercises. The goalkeeper
training regimen occurs three times a week over a period
of 10 months. Additionally, comprehensive class sessions
are conducted every two months, providing in-depth
explanations of goalkeeping techniques.

Table 1. Duration of each training session

No Training Composition Duration
1 Warming-up 10 minutes
2 Core Training:

3 Physical Integration Technique Training 30 minutes
4 Game 20 minutes
5 Cooling down 5 minutes

Statistical Analysis

The data analysis technique employed in this research
includes several key components: 1) Description test involv-
ing providing a descriptive summary of the data, 2) nor-
mality test, the Shapiro-Wilk test to assess whether the data
exhibits a normal distribution; 3) homogeneity test, the Lev-
ene’s Test with the F test to evaluate the homogeneity of vari-
ance, specifically to determine the similarity of variances in
the pretest and posttest experimental group data. This test
aims to establish if the data distribution (variance) of the two
experimental groups is not heterogeneous, ensuring they
possess balanced traits or characteristics suitable for com-
parison (van Breukelen & Candel, 2021). The data distribu-
tion (variance) of the two experimental groups is declared
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homogeneous if the Levene test results show a significance
value of p>0.05; 4) t-test to ascertain differences in variables
between the pretest and posttest in the experimental group.
A significance value of less than 0.05 (p < 0.05) indicates a
notable difference. The data from the initial test (pretest)
and final test (posttest) are statistically analyzed using the t
test within the SPSS version 27 program, with a significance
level of 5% or 0.05; 5) Cohen’s d test to assess the effect size
before and after the intervention. The effect sizes are classi-
fied as small (0.2), medium (0.5), and large (0.8) based on the
categorization by Hopkins et al. (2009). This comprehensive
analytical approach provides a robust basis for evaluating the
impact of the intervention.

Results

The Results of the Pre-Test’s Descriptive Statistic

Based on measurements of aerobic ability, technique,
and anthropometry conducted prior to the training/
intervention, descriptive statistical results are presented in
Table 2.

Table 2. The results of the pre-test’s descriptive statistic (n
=20)

Table 3. The results of the post-test’s descriptive statistic (n
=20)

Variables Mean SD Minimum Maximum
Height, m 1.53 0.121 1.32 1.71
Weight, kg 50.01 13.12 29.50 71.60
BMI, kg/m2 21.20 4.45 13.20 29.11
VO,max, ml/kg/min 35.75 6.19 24.30 45.30
Reaction 5.45 1.50 3.00 8.00
Diving 6.30 1.71 3.00 9.00

After conducting descriptive statistical tests, it is evident
that there has been an increase in all variables. However, fur-
ther analysis is required to ascertain the significance of these
results. The mean value is depicted in the following picture.

The Results of the Normality Test

The normality test using the Shapiro-Wilk test explains
that all data are normally distributed because all results
obtained a significant value > 0.05. These results can be seen
in Table 4.

Table 4. The results of the data normality test

) Pre-test Post-test
Indicators Mean SD Minimum Maximum Indicators S-w p S-W p
Height, m 152 0.123 131 L71 Height 0.946 0.310 0.944 0.279
Weight, kg 4975 13.42 29.50 71.60 Weight 0.945 0.301 0.953 0.420
BMI, kg/m> 21.15 455 13.37 29.11 BMI 0.957 0.479 0.961 0.572
VO,max, ml/kg/min 30.98  6.00 22.20 43.70 VO,max 0.963 0.605 0.961 0.567
Reaction 410 137 2.00 7.00 Reaction 0.939 0.233 0.945 0.293
Diving 470  1.38 2.00 7.00 Diving 0.950 0.372 0.953 0.421

The Results of the Post-Test’s Descriptive Statistic

The following table shows the results of the descriptive
statistics after the intervention was given in this study. It can
be seen in Table 3 as follows.
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The Results of the Homogeneity Test

The homogeneity test uses the Levene Statistic. In Table 5,
itis explained that all data are homogeneously distributed be-
cause all results obtained a significant value > 0.05.
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Fig. 1. The mean value is depicted
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Table 5. The results of the homogeneity test

Indicators Levene Statistic p

Height 0.005 0.945
Weight 0.018 0.893
BMI 0.020 0.889
VO,max 0.106 0.747
Reaction 0.700 0.408
Diving 1.317 0.258
Hypothesis Testing

Once the data has passed the prerequisite test, indicating
that all data is normally distributed and homogeneous,
hypothesis testing is conducted. The following presents the
results of the Paired Sample T-test to address the hypothesis
in this research.

Table 6. The results of the hypothesis testing

EG
Variables Indicators t p

Mean count value ES

Anthropometry Height 0.003  1.831 0.083 0.41
Weight 0.260 0.806 0.430 0.18

BMI 0.049 0.396 0.696 0.09

Aerobic Endurance VO,max 4.770 3275 0.004 0.73
Reaction 1.350 3.048 0.007 0.68

Technique Diving 1.600 3.606 0.002 0.81

Based on the above Table 6, this research found no
significant changes in the goalkeeper’s weight and height.
However, the goalkeeper experienced significant changes
in aerobic endurance (p = 0.004), reaction technique ability
(p =0.007), and diving technique ability (p = 0.002) as their
P-values were less than 0.05. Upon examining the Effect Size
(ES), it is observed that the anthropometric variable shows
small changes (small effect), whereas the aerobic endurance
and technique variables exhibit large changes (large effect).

Discussion

The study results did not indicate a significant difference
between height before and after exercise; however, the
average height of children did increase. Typically, height
increases by 5 cm per year during the growth period. Growth
starts at 0.2 m at birth and reaches 1.73 m in adolescence
(Alvear-Vasquez et al., 2023). The growth of children’s height
is influenced by the hormones estrogen and testosterone,
which stimulate bone and body tissue growth. Testosterone
plays a significant role in growth for boys. Moreover, genetic
factors also contribute to a child’s height growth, as the
height of both parents can influence the child’s height.

Aligned with the research conducted by Mohr et al.
(2015), physical activities such as football, swimming,
and brisk walking were found to influence bone density,
consequently impacting a child’s height. Similarly, the study
by Larsen et al. (2017) indicated that long-term physical

activity led to high levels of bone mineral content and bone
mineral density in the lower limbs of football players.

In general, children between the ages of 10 and 15 will
undergo natural height changes as part of their physical
development. The final height is influenced by genetic,
nutritional, hormonal, and environmental factors. Parents
and coaches can offer support and education to facilitate
optimal growth. A balanced diet, including sufficient protein,
calcium, vitamin D, vitamin C, and iron, plays a crucial role
in a child’s height. It is important to avoid fast food to prevent
obesity. Regular exercise promotes the optimal functioning
of growth hormones, while adequate rest also contributes to
children’s growth.

Anthropometry can significantly impact a goalkeeper’s
performance in a football match, particularly height. While
height is not the sole determining factor for a team’s success,
it plays a crucial role. Each position on the field possesses
distinct characteristics. A goalkeeper’s height greatly
aids in defending the goal, while tall defenders are adept
at thwarting overhead ball attacks and are challenging to
bypass. Conversely, height is not a primary consideration
for players in other positions. Notably, the French national
team, runners-up in the Qatar 2022 World Cup, had an
average height of 185.4 cm. It is essential to consider factors
that can support the optimal growth of young children and
teenagers.

In this study, no significant difference in body weight
was observed before and after 10 months of training, with
the average body weight ranging from 49.75 kg to 50.01 kg.
The most significant weight changes in children typically
occur during infancy, while from ages 4 to 10 years, the ideal
weight change is 2 to 3 kg per year. From ages 11 to 18 years,
this changes to 3 to 5 kg per year. Maintaining an ideal body
weight facilitates football players in enhancing speed, agility,
and endurance, while also reducing the likelihood of easily
sustaining injuries, as opposed to overweight players who
are more susceptible to muscle and ligament injuries.

The body weight is influenced by food, exercise, and
lifestyle changes, with the food consumed being adjusted to
match the expended energy needs. Children need to avoid
unhealthy lifestyles, such as staying up late and smoking, to
maintain a healthy weight. Regular exercise has a significant
impact on children’s overweight levels. According to
Muracki et al. (2021), goalkeepers sometimes have a higher
fat percentage than players in other positions. Maintaining
body weight is crucial for agility in movement, speed, and
the body’s reaction to the arrival of the opponent and the
ball. The goalkeeper position requires the player to cover the
shortest distance compared to other positions on the field.

Conducting football training over a 10-month period,
with three sessions per week, can significantly enhance
aerobic endurance, a crucial requirement for the sport.
Numerous studies have explored the impact of regular and
intensive football training on aerobic endurance. Naser
et al. (2017) conducted research indicating that just eight
weeks of football training can enhance an individual’s
aerobic endurance. Similarly, Krustrup et al. (2010) found
that 12 weeks of football training can notably increase an
individual’s maximum oxygen capacity (VO,max), a key
measure of aerobic endurance. VO,max reflects the body’s
ability to effectively utilize oxygen during physical activity.
Furthermore, Dzimbova and Ivanov (2023) have affirmed
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that exercise plays a significant role in improving aerobic
endurance.

The enhancement of aerobic endurance is influenced by
factors such as age, exercise intensity, and duration. Football
has been shown to boost lung capacity, enabling increased
oxygen intake. Both aerobic and anaerobic endurance play
pivotal roles in maintaining physical fitness during football
matches and are crucial determinants of victory (Gongalves,
Clemente, Barrera, Sarmento, Gonzalez-Fernandez, Vieira,
etal.,2021). Additionally, these types of endurance contribute
to the efficient functioning of the heart in circulating blood
throughout the body. Aerobic endurance is particularly vital
for football players, as they must sustain their performance
over 90 minutes, covering 10-12 km with 70% oxygen
intensity. Improving aerobic endurance enhances the heart
and lungs’ efficiency in supporting physical movements.
Football training has been found to enhance endurance (Hoft
et al,, 2002), thereby improving a player’s running distance,
intensity, and ball involvement (Helgerud et al., 2001).

Goalkeepers rely heavily on various physical abilities to
maintain concentration throughout the match (Lisenchuk
et al,, 2021). Research by F. W. Otte et al. (2020) emphasizes
the need for goalkeepers to develop strength, endurance,
speed, coordination, and agility. While goalkeepers may
excel in jumping ability, their VO,max might not be
as high (Muracki et al., 2021). In football, goalkeepers
require strong visual abilities, including spatial awareness,
reaction comprehension, and coordination between eyes
and limbs (Shafizadeh & Platt, 2012). The physical training
of goalkeepers demands a prolonged period to cultivate
specific automation and achieve optimal physical adaptation.
The degree of physical fatigue and the speed of recovery
are greatly influenced by the effectiveness of the training
regimen. Hence, coaches must have a deep understanding of
how to provide both physical and technical training tailored
to the unique demands of goalkeeping (Jara et al., 2019).

The study’s findings revealed a significant improvement
in goalkeepers’ reaction speed following 10 months of
training. This aligns with research by Rozi et al. (2023), which
emphasizes that agility training can enhance a goalkeeper’s
reaction speed, a factor influenced by reflexes. A goalkeeper’s
reaction speed is vital for thwarting opponents’ goal
attempts, making it essential for goalkeepers to consistently
work on enhancing this attribute. The ability to react swiftly
is crucial in determining a goalkeeper’s proficiency, as it
often determines whether they can successfully block the
opponent’s shots. To improve reaction speed, goalkeepers
can engage in specific training exercises, such as practicing
turns and stops, training with their back to the ball before
swiftly turning to catch it, and working with bouncing balls
(Singchainara et al., 2022). Additionally, the development of
goalkeeping skills can be facilitated through various visual
training methods (Rusu et al., 2011).

A goalkeeper’s reaction speed becomes crucial during
scenarios such as free kicks, corner kicks, or when the ball
is headed towards the goal. Immediate response to a fast-
moving ball is essential for the goalkeeper to effectively
defend the goal. Engaging in specific warm-up routines,
such as simulating match movements, can help goalkeepers
enhance their reaction time (Obetko et al., 2020). When
facing a penalty kick, goalkeepers must possess the ability
to analyze and anticipate the opponent’s kicking technique

(Noél et al.,, 2021). Training for accuracy in predicting and
intercepting kicks is a fundamental skill that goalkeepers
must continually refine (Dicks et al., 2011)

The goalkeeper position holds significant importance
within any football club (E Otte, 2021). Key elements
of goalkeeper techniques encompass the fundamental
goalkeeper stance, positioning, as well as the skills to catch
and save low and high balls, roll the ball to a teammate,
execute kicks, punch the ball, and make throws. Milanovi¢
et al. (2012) observed that the most commonly utilized
techniques by goalkeepers were saves (41.6%), foot controls
(27.8%), clearances (12.6%), and aerial plays (10.3%).

The goalkeeper’s role extends beyond defending the goal;
they also play a pivotal part in the team’s offensive strategies
(Struzik, 2020). In addition to possessing exceptional
technique, goalkeepers require intelligence, decision-
making acumen, and robust physical capabilities. Their
distinct ability to utilize their hands in the game contributes
to their high and intricate level of uniqueness (E. W. Otte et
al., 2020). Goalkeepers must adeptly balance basic football
playing skills with the ability to prevent goals. Furthermore,
they need specialized proficiency in thwarting penalty kicks
(Navarro et al., 2013). The effectiveness of a goalkeeper can
be gauged by their adeptness in making saves and securing
victories for the team (Montesano, 2016). Understanding a
goalkeeper’s value necessitates knowledge of their reaction
speed and physical condition data.

In formulating conclusions from this study, it is crucial
to acknowledge several limitations that could impact result
interpretation and the applicability of the findings. Firstly,
the study’s sample was confined to children aged 10-14 years
of training at the Real Madrid Foundation UNY Football
School, potentially limiting the extension of the findings to
the broader football population. Furthermore, the 10-month
training duration may not suffice to observe the long-term
effects of football training on anthropometric variables.
Other constraints encompass the utilization of measurement
methods, such as multistage tests, which may not
comprehensively represent overall aerobic capacity. Hence,
further research involving larger sample sizes, prolonged
training periods, and more sophisticated measurement
techniques may be necessary to validate and broaden these
findings. Despite these limitations, the study’s results still
offer a valuable contribution to comprehending the impacts
of football training in children, while also indicating avenues
for future research in this domain.

Conclusions

Based on the research findings, it is evident that football
training spanning a 10-month period yielded noteworthy
alterations in aerobic endurance (p = 0.004), reaction ability
(0.007), and goalkeeper diving technique (p = 0.002). Con-
versely, no significant changes in height, weight, and BMI
were observed, as evidenced by p values exceeding 0.05. These
discoveries carry substantial implications for assessing goal-
keeper training regimens and lay the groundwork for recom-
mending more eflicacious training programs. Moreover,
these observations underscore the significance of accounting
for children’s growth phase within the 10-14-year age range,
necessitating careful consideration of anthropometric aspects
when devising optimal exercise programs.
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Abstract

Objectives. The purpose of the study was to substantiate the influence of physical activity on stress-associated
conditions in higher education students.

Materials and methods. The dataset for building the models consisted of 1115 observations, 16 independent and

3 dependent variables. As the main method we used the random forest method, the idea of which is to obtain a
forecast by aggregating the predictions of a set of individual decision trees, each of which is trained on a data subset
isolated from the studied sample.

Results. Physical activity (PA) was found to be the most important factor in predicting stress-related conditions in
university students. In addition, PA levels involving moderate and high levels of energy expenditure, as well as the
number of stressful events experienced, played a significant role in predicting stress among students. In order to
predict stress-related conditions in higher education students, the models “Stress”, “Increased anxiety”, and “Risk

of PTSD” were built using the random forest method. The model “Stress” had the highest quality: its Accuracy was
0.77, Recall - 0.86, Precision — 0.79, and F1 Score - 0.82. The “PTSD Risk” model correctly predicted 78% of cases
that indicates its good overall performance, however it correctly identified only 23% of the students who actually had
the signs of this disorder. Regarding the state of anxiety, given that it is less stable than stress and PTSD, which can
make model training difficult, the model built had an average accuracy of 56%, as well as reduced completeness and
balance.

Conclusions. Models for predicting increased anxiety and identifying students with signs of PTSD require further
improvement. The implementation of developed models allows to quickly identify the manifestations of stress-related
conditions in higher education students and to take the necessary measures based on the engagement in PA to
prevent the development of stress-related disorders.

Keywords: physical activity, stress, students, model, condition, health, random forest.

Introduction Vypasniak et al., 2023; Kurapov et al., 2023), namely stress,
anxiety, and post-traumatic stress disorders (PTSD) among
the students (Rogowska & Pavlova, 2023; Zaitsev, 2023;
Meshko et al., 2023). Therefore, it has become an issue
particularly actively discussed by experts in the different
fields (Limone etal., 2022). Our previous research shows that
the field of physical education (PE) also has an inexhaustible
potential to help students counteract powerful stress factors

o (Andrieieva et al., 2023; Byshevets et al., 2022, 2023). So
g«f@fﬁm TMOB far, we have been able to make sure that the use of PA helps
: & TOB 0BC

Against the background of the action of stress factors
of increased potential in the country, there is a significant
prevalence of stress-related conditions (Pavlova et al., 2022;

© Byshevets, N., Andrieieva, O., Dutchak, M., Shynkaruk, O.,
Dmytriv, R., Zakharina, Ie., Serhiienko, K., & Hres, M., 2024.
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students develop stress resistance, causes the development
of resistance to anxiety, and prevents the emergence of post-
traumatic stress disorders (PTSD). Therefore, the research
aimed at identifying cases of stress-related conditions among
students, and determining the most significant factors
that influence their manifestation, will allow taking the
necessary measures based on the use of PA and prevent the
development of stress-related health disorders of students.

Modern scientists use methods of data mining based on
artificial intelligence in their research, which includes ma-
chine learning, deep learning, natural language and image
processing. The application of methods of data mining with
the use of artificial intelligence methods allows for finding
hidden patterns, trends, and interconnections, improving the
decision-making process based on empirical data, rather than
guided by intuition, and predicting the development of ob-
jects and events, etc. (Kim et al., 2022; Nachouki et al., 2023).

Data mining and machine learning have significant
potential in the field of training specialists (Li & Wang,
2022). Scientists are convinced that the use of machine
models makes it possible to determine the key factors
affecting the success of learning, and contributes to a
deeper understanding of the mechanisms and patterns of
educational activity (Nachouki et al., 2023).

The research of Ding et al. offered an improved system
for evaluating the educational achievements of university
students in PE which is more objective compared to the
traditional system (Ding et al., 2023).

The article written by Wang et al. (2022) presents
information on the method of evaluating the quality of PE
teaching and learning which is based on deep learning.

One of the methods of data mining, increasingly used
by experts in various fields of knowledge, is the random
forest (RF) method. This is one of the approaches to machine
learning, which is based on the RF algorithm (Schonlau &
Zou, 2020).

There is evidence of the successful application of the
RF method in pedagogics for predicting students’ academic
performance. Thus, Nachouki et al. (2023), using the RF
method, established that the last cumulative average score
of a student is the most important factor determining their
further educational achievements.

The results of the investigation indicate the successful
application of the RF method in the practice of PE (Xu & Yin,
2021). In order to improve the quality of PE, these authors
identified the factors affecting the success of students in PE,
and based on the use of an improved iterative RF algorithm,
constructed a model that allows predicting students’ grades
based on their scores for each factor. It should be noted that
the accuracy of the proposed model reached 88.55%.

J. Briand introduced a data mining system to predict
injuries to athletes during the next 7-day training microcycle.
The constructed models allow correctly predicting more
than 50% of future injury days and more than 70% of future
injury-free days (Briand et al., 2022).

Jiang (Jiang et al., 2023) also used the RF method to
improve the assessment of the quality of PE teaching. The use
of this model makes it possible to determine the weaknesses
and strengths of students, identify learning problems, and
provide appropriate recommendations (Jiang et al., 2023).

There is also some evidence of the use of the RF model
to classify stress based on the personal characteristics of

employees with an accuracy of up to 81% (Kim et al., 2022).
However, despite the significantly greater predictive power
of the RF compared to the single decision tree, researchers
faced the problem of the complexity of interpreting the
constructed models. This significantly limits their use in PE
research.

Materials and Methods

Study Participants

The presented study analyzed the results of a survey of
1115 students from different regions of Ukraine for 2022-
2023. Among the respondents, 42.8% were male students,
and 57.2% were female students; 40.2% indicated a negative
experience of being in the epicenter of hostilities. The
average age of the respondents was 20.0+3.9 years. During
the hostilities, higher education students experienced from 0
to 9 stressful events, the median indicator was 2 (1; 3) cases.
The research was carried out in accordance with bioethical
requirements.

Study Organization

The PA of students was measured according to the short
International Questionnaire on PA (IPAQ, 2016), in points;
the stress was measured according to the questionnaire of
Shcherbatykh (Shcherbatykh, 2002), in points; the reactive
anxiety was measured according to the Spielberger-Hanin
test (STAI), in points; the signs of PTSD were measured
according to the Mississippi scale for the assessment of post-
traumatic reactions (civilian version) (Sloan et al., 1995), in
points. The data set consisted of 1115 observations. Each data
observation had 16 attributes. Among them, the categorical
ones are gender, direction of education, negative experience,
and strengthening of unhealthy habits. The rest includes the
number of stressful events, PA, sleep, mood, etc., which are
quantitative attributes.

The description of the input data is given in the table
(Table 1).

Dichotomous variables were used as dependent signs that
characterized the existing manifestations of stress-related
conditions, in which stress (stress score exceeded 12 points),
increased anxiety (anxiety score exceeded 45 points), and
signs of PTSD (PTSD score exceeded 100 points) were as-
sumed as 1, and their absence - as 0, for particular mod-
els. In total, 63.9% of respondents had stress, 41.5% had in-
creased anxiety, and 23.0% had the symptoms of PTSD.

Statistical Analysis

The ensemble method of machine learning - the RF
method - was chosen as the key research method. This
method is a powerful tool for classification and regression
modeling and is a machine learning algorithm aimed at
reducing variance and overtraining, as well as evaluating the
importance of variables. The RF method was used to predict
the stress-related condition of students, namely increased
stress, anxiety, and the presence of PTSD symptoms.

The implementation of the RF method involves the
generation of a set of random subsets from the data set, for
each of which a decision tree is constructed. In the process
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Table 1. Description of input data

Predictors Description Range of values Encoding
V1 Sex male / female 1/0
V2 Field of education physical education and sport / other 1/0
V3 Negative experience was in the epicenter of hostilities/was not 1/0
V4 Number of stress events 0~10 Without encoding
V5 Increase of bad habits No/Somewhat not/Somewhat yes/Yes 1/2/3/4
V6 PA 7~42 Without encoding
V7 PA with high energy expenditure 0~14, points Without encoding
V8 PA with moderate energy expenditure 0~14, points Without encoding
V9 PA with low energy expenditure 0~14, points Without encoding
V10 PA with minimal energy expenditure 0~7, points Without encoding
Vi1 Activity 1~5, points Without encoding
Vi2 Sleep 1~5, points Without encoding
V13 Mood 1~5, points Without encoding
V14 Appetite 1~5, points Without encoding
V15 Physical working capacity 1~5, points Without encoding
V16 General health condition 1~5, points Without encoding

of constructing RF trees, a non-linear approach is used to
identify interconnections between attributes, which allows
identifying a wider range of attributes (Nachouki et al.,
2023). Each decision tree makes a prediction for new data,
and the final prediction in our case is determined by the

majority of votes (Fig. 1).

Classification 1
Testing
Classification 2 model
I Subset2 Classification quality

by majority
vote

Assignment of the student to
the classes “1 — stress-

100 associated condition;

0 — not”

Classification

Subset 100

Fig. 1. Application scheme of the RF algorithm

This makes the model more resistant to overtraining
and improves its generalization ability.

Model parameters. The construction of models was
carried out by sequentially adding decision trees. Each RF
consisted of 100 decision trees. The number of random
indicators (predictors) is 5. The depth of each tree in a
node did not exceed 10 levels, and each node could be split
into two child nodes only if at least 5 observations were
concentrated in it (according to the previous split, at least 5
higher education students were placed in it). The leaves of
the tree are nodes that do not have child nodes and make
decisions about the class that the object belongs to (Fig. 2).

root (depth = 0)

child node 1
(depth =1)

parent node 1
(depth =1)
child node 3
(depth =2)

leaf 1
(depth =2)

leaf 2
(depth =2)

child node 2
(depth = 2)

l—|—|

leaf 3 leaf 4
(depth =3)

leaf 5

(depth =3) (depth =3)

Fig. 2. Decision tree structure diagram in a random forest

This setting of parameters allows for simplifying the
models and prevents them from being overtrained.

Model training. To train the model, there was randomly
selected 50% of the data from the proposed data set. The
construction of each decision tree involved the random
selection of 5 attributes from 16 independent variables.

Assessment of accuracy. The accuracy of the model was
checked on the basis of 30% of the observed data that did not
participate in the training.

In the course of assessing the accuracy of the models,
there were constructed 2x2 classification matrices. On
the main diagonal of each matrix there are the results of
calculations of correctly classified students: true positive
(TP) and true negative (TN), where TP can be considered
as an “alarm signal’, that is, the classifier detects a student
with a stress-related condition. The remaining 2 elements
are the number of incorrectly classified cases - false positive
(FP) and false negative (FN). The accuracy of models can be
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calculated with the help of appropriate formulas (Xu & Yin,
2021). As a result, the following metrics were used to assess
the quality of the models:

A _ TP + TN

CCuracy = TP I TN + FP + FN 1)
Recall = — -

A= TP FFN (2)
orecicion — TP X
recision = TP T FP ( )

F1s _ 2-Precision - Recall 4
core = Precision + Recall (4)

To implement the tasks, the STATISTICA program
(StatSoft, USA) was used, which made it possible to automate
the process of constructing a RE.

Results

As shown by the results of previous research (Andrieieva
et al.,, 2023; Byshevets et al., 2023), the level of stress-related
conditions of students is determined by numerous factors,
including controlled and uncontrolled ones. Some of them
increase therisk of stress-related conditions of students, while
others allow them to counteract the negative consequences
of stress factors. Among the uncontrollable factors, it is
possible to point out the gender of students, since, according
to literature sources, for female students, it is more difficult
to experience the impact of stress factors compared to male
students. In addition, another uncontrolled harmful factor
can be a negative experience, which comes from being in the
epicenter of hostilities; and a positive one is the direction of
education, where we assumed that higher education students
in the specialty Physical culture and sport are more engaged
in PA. Among the controlled factors increasing stress-related
conditions of students, there can be addictive behavior,
sedentary lifestyle, etc., and the factors that contribute to
counteraction to stress include PA classes, adaptive ways of
behavior, etc.

We constructed three models aimed at predicting stress-
related conditions of students. Figure 3 shows the process of

Number of trees: 100; Maximum tree size: 100
0,36

0,34
0,32

|
0,30 ||
,

Misclassification Rate

0,18

10 20 30 40 50 60 70 80 90 100
Number of Trees
— Train data; - - - Test data

Fig. 3. The process of constructing a random forest (n=1115)

constructing a RF for predicting the stress of students, where
the horizontal axis represents the number of trees, and the
vertical axis represents the proportion of classification errors
for the training and test samples. The research showed that
despite the construction of 100 trees, the process relatively
stabilized after 30 trees. The proportion of classification
errors ranges from 0.19 to 0.33 (Fig. 3).

The program allows viewing individual decision trees
in a RF (Fig. 4).
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Fig. 4. An example of individual decision trees for predicting
stress of higher education students

The research made it possible to define the most
significant indicators for the prediction of stress in students.
The main indicator was their PA. Such indicators as PA
with high energy consumption; PA with moderate energy
consumption, and the number of stressful factors topped
the ranked list of significant features characterizing students.
Meanwhile, despite our assumptions, gender, negative
experience and the direction of education are at the end of
the rating of significant factors for the prediction of stress of
students (Fig. 5). Similarly, we constructed and analyzed a
prediction model for increased anxiety and PTSD symptoms.

Importance

Fig. 5. Importance plot (n=1115). Note: 1 - PA; 2 — PA with high
energy expenditure; 3 — PA with moderate energy expenditure;
4 - the number of stressors; 5 — general health condition; 6 - PA
with low energy expenditure; 7 — bad habits; 8 - mood; 9 - PA
with minimal energy expenditure; 10 - physical working capacity;
11 - appetite; 12 — activity; 13 - sleep; 14 - sex; 15 — negative
experience; 16 - field of education
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Table 2. Risk estimates for the constructed models

Models Stress Increased anxiety Risk of PTSD

Samples Risk Estimate Standard error Risk Estimate Standard error Risk Estimate Standard error
Training 0,204 0,014 0,331 0,017 0,187 0,014
Test 0,231 0,023 0,438 0,027 0,216 0,023

Table 3. Matrices of error classification and accuracy assessment of the built models (based on the test sample)

Model Class Class Predicted Model quality indicators
odels
Observed 0 1 Accuracy Recall Precision F1 Score

Observed 0 77 47

Stress 0.77 0.86 0.79 0.82
Observed 1 29 176
Observed 0 175 3

Increased anxiety 0.56 0.07 0.77 0.12
Observed 1 141 10

Risk of PTSD Observed 0 240 10 0.78 0.23 0.64 0.34

Table 4. Analysis of the significance of indicators of the stress-related condition of higher education students

Indicators of stress-
related condition

The most important variables (>0.7)

The least important variables
(<0.5)

Stress
with moderate energy expenditure

Increased anxiety

PA; PA with high energy expenditure; the number of stress events; PA

PA with moderate energy expenditure; PA; PA with high energy
expenditure; PA with low energy expenditure; bad habits; the number

appetite; sex; field of education;
negative experience;

field of education; negative
experience; sex;

of stress events; PA with minimal energy expenditure; physical working

capacity
Risk of PTSD

with low energy expenditure; bad habits;

PA with high energy expenditure; the number of stress events; PA;
general health condition; PA with moderate energy expenditure; PA

field of education; sex; negative
experience;

The Risk Estimate calculations showed how likely it is
that the proposed models will give an incorrect prediction.
Since the Risk Estimate in all cases turned out to be smaller
for the training sample than for the test one, it can be asserted
that the constructed models passed cross-checking (Table 2).

The data on classification matrices and model quality
assessments is presented in the table (Table 3).

The stress detection model turned out to be the best
among the constructed models. It shows good results
according to all metrics: with its help, in 77% of cases, it
is possible to predict the presence or absence of stress in
higher education students. The model correctly identifies
86% of cases of the stress of students, and in 79% of cases, it
identifies the stress of a student when it is actually present.
The F1 score indicates the balance of the model.

As for the “Anxiety Increase” model, despite its average
accuracy of 56%, its completeness of 7% is low, which
indicates a reduced ability of the model to determine a
student with increased anxiety, which means that in 93%
of cases, the students experiencing anxiety are classified as
those who feel no anxiety. In contrast, in 77% of the cases
when the model identifies increased anxiety in students,
they actually experience increased anxiety, and a low F1
Score indicates that the model is not sufficiently balanced.

The “PTSD Risk” model correctly predicts 78% of all
cases. However, the model is not good enough at identifying
students with PTSD symptoms. That is, the model correctly
identifies students with the signs of PTSD only in 23% of cas-

es, and in the remaining cases, it identifies them as having no
PTSD signs. In 64% of all the cases when the model identifies
the students as those having PTSD symptoms, the students
are actually characterized by the specified symptoms. The F1
score of 0.34 (or 34%) indicates that the model is sufficiently
balanced, but it still can be much improved.

The analysis of indicators significant for the prediction
allowed us to make sure that negative experience, gender,
and the direction of education in the models of classification
of higher education students, taking into account their
PA, are the least important variables. At the same time,
the general assessment of PA and PA with high energy
consumption turned out to be among the first and most
important variables for establishing the fact that a student
has a stress-related condition (Table 4).

It is worth emphasizing that the program allows saving
the PMML deployment codes for the created models for
further use of these codes through the Rapid Deployment
Engine module for the purpose of predicting the stress-
related condition of higher education students who did not
participate in previous research. In fact, we are talking about
developing a prediction for new observations based on the
proposed models.

Discussion

The research proved that the scientific community is
actively searching for innovative methods and approaches
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to improving the process of PE of students. The authors turn
to progressive ideas, i.e. the application of data mining to
identify patterns and predict objects and phenomena in the
field of PE (Andrieieva et al., 2022; Jinpeng & Le, 2022; Li
& Wang, 2022). Scientists convincingly prove that models
constructed on the basis of regression or classification algo-
rithms, which learn from regularities in accumulated data, are
more productive and accurate for constructing predictions in
the field of PE (Briand et al., 2022; Jiang et al., 2023). Among
such algorithms, the RF method is gaining more and more
recognition. This method has several advantages compared
to a single tree (Documentation for TIBCO Statistica, 2024;
Xu & Yin, 2021; Schonlau & Zou, 2020). The analysis indi-
cates that predictive models constructed by the RF method
are used to predict the academic achievements of students
in the field of PE. This approach to assessment is not only
more objective than the traditional one but also provides an
opportunity to better understand the significant factors influ-
encing educational achievements in the discipline and to gain
a deeper understanding of the patterns of educational activity,
allows timely corrections to be made in the process based on
the predicted educational effect (Jiang et al., 2023; Li &Wang,
2022; Nachouki et al., 2023; Palczewska et al., 2013). It is
worth pointing out that today there is some evidence of high-
er performance of models implemented by the RF method
compared to other approaches (Li &Wang, 2022). However,
the complexity of interpreting the results of applying the RF
method often prevents its wide use in applied research on PE.

The RF method generating a prediction by combining
the predictions of a group of decision trees, which allows
for significantly increasing its accuracy compared to other
methods based on the construction of a decision tree, can
be a modern powerful tool for predicting the stress-related
condition of students (Li &Wang, 2022; Ding et al., 2022).

It was found that the stress-related conditions of students
are most influenced by the PA of students, including PA with
high and moderate energy consumption and the number of
stressful events they have encountered. These variables were
the most significant for predicting stress, increased anxiety,
and PTSD symptoms in students.

The fact that gender did not turn out to be a significant
factor affecting the stress-related condition of the category
of youth under research was an interesting and unexpected
result for us. This contradicts not only the data given in scien-
tific sources (Pavlova et al., 2022; Rogowska &Pavlova, 2023;
Levin et al., 2022; Petrachkov et al., 2023) but also our previ-
ous research where we found that female students reported
symptoms of stress-related conditions more often than male
students (Andrieieva et al., 2023; Byshevets et al., 2023). It is
important to note that in previous research, either a separate
comparative analysis of indicators of stress-related conditions
depending on gender was carried out, or there was used the
data obtained by respondents’ reporting on the regularity of
their activity (No/Rather not/Rather yes/Yes), but the results
of measuring the level of their PA according to the IPAQ were
not taken into account. The construction of logistic mod-
els does not allow taking into account gender or other cat-
egorical variables. In addition, the data sets were significantly
smaller. Thus, we have every reason to believe that gender is
not the only or the main factor affecting stress-related condi-
tions in students. There are other variables that may moderate
or mediate the connection between gender and stress. One of

these variables is the level of PA which can mitigate the effects
of stress factors, as indicated by the results of numerous sci-
entific research, including ours (Andrieieva et al., 2022,2023;
Byshevets et al., 2023; Kashuba et al., 2021; Steinacker et al.,
2023). Therefore, due to the equally positive impact on stress
regardless of gender, physical activity can be a factor that al-
leviates differences in the reaction to stress factors between
students of different genders. Perhaps this is why, when we
added quantitative indicators of PA to our model, gender
ceased to be a significant factor for predicting stress-related
conditions of students. This can mean the following:

o PA is a more significant factor influencing the forma-
tion and development of a stress-related condition in
students than gender;

o gender indirectly affects the stress-related condition
of students through PA, i.e., PA is actually a mediator
for establishing the mechanism of gender influence
on the stress-related condition of students;

o the connection between gender and the stress-related
condition of students depends on the moderator —
another variable, for example, the direction of educa-
tion or the negative experience of being in the epicen-
ter of hostilities, which interact with each other and
have different effects on their stress-related condition.

Conclusions

Against the background of the continuation of the
armed conflict in Ukraine, cases of stress-related conditions
are becoming more and more frequent among students. An
important task in the field of PE and sports is the prompt
identification of students characterized by a stress-related
condition. This will make it possible to offer them appropriate
measures based on the use of means of PA to mitigate the
negative effects of stress factors of increased potential and to
prevent the development of stress-related disorders.

It was established that PA is the most important feature
that allows the prediction of stress-related conditions in
students. In addition, indicators of PA with moderate energy
consumption, PA with high energy consumption, as well as
the number of stressful events experienced by students are
important for predicting stress in students. We constructed
the “Stress”, “Increased anxiety” and “Risk of PTSD” models,
aimed at predicting stress-related conditions of students,
using the RF method. The models for predicting increased
anxiety and identifying students with PTSD symptoms
require further improvement.
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Mera mocmimKeHHsI — OOIPYHTYBATU BIUIMB PYXOBOI aKTMBHOCTI Ha CTPECACOLINOBAHI CTAHM CTYHEHTIB 3aK/IajiB
BUIIOI OCBITH.

Marepianu ta meropu. Habip gannx s HO6YI[OBI/I MofieneNt cknafiapes 3 1115 crmoctepexenb, 16 He3aneXHUX i 3 3aneXXHNX
3MiHHUX. B SIKOCTi OCHOBHOTO MeTOAY BUKOPMCTA/IN METOJ, BUIIAJKOBOTO JICY, iies IKOTO IIOJIATa€ B TOMY, {06 OTpUMATH IPO-
THO3 LIJISIXOM arperyBaHHs IIPOTHO3iB HaOOpy OKpeMUX JiepeB pillleHb, KOKHE 3 SIKJMX HABYAETHCS Ha MiIMHOXKIHI JaHNX, BUIi-
JIEHVX 13 JOCTII/PKYBaHOI BUOIPKIL.

PesynbraTi. BcTaHOB/IEHO, IO HalBaXKIMBIiMMM (GaKTOPOM IIPOTHO3YBAaHHA CTPECOBMX CTaHIB Y CTYAEHTIB € iX pyxoBa
axTuBHicTb (PA). KpiM TOTO0, 3Ha4HY pO/Ib Y IPOrHO3yBaHHI CTPECy B CTYAEHTIB BifirpaioThb piBHi PA, 1110 BK/II0Ya0Th HOMipHI Ta
BJCOKI piBHi BUTpAT €Heprii, a TAKOXX Ki/IbKiCTh NepeXXUTUX CTPECOBYUX MO, /11 IpOrHO3yBaHHA CTPECOBUX CTaHIB Y CTY/IEHTiB
BUIIOI OCBITH 32 METOJOM BUIIAAKOBOIO /Ticy mobynosano mogerni «Crpecy, «[TigBuinena TpuBoxHicTby», «Pusuk ITTCP». Mogenn
«Crpec» Maja HaIBUITY AKiCTb: Ii TOuHiCTb ckiasna 0,77, npuragyBanus — 0,86, Tounicts - 0,79, oninka F1 - 0,82. Mopenb «Pusnk
MOCTTPAaBMATHYHIX CTPECOBNUX PO3/IA/IiB» IPABIIBHO Iepenbadnia 78% BUIaKiB, {0 BKa3ye Ha ii XOpolli 3ara/ibHi IIOKa3HUK,
OJIHaK BOHA IIPaBUIbHO iffeHTN(diKyBana muine 23% CTyHeHTIB, sAKi HacIpaByi Manu 1i o3Haku. IIlo cTOCyeTbes CTaHy TPUBOTH,
BPAXOBYIOUM Te, 110 BiH MEHII CTabi/IbHII, HDK CTPeC i MOCTTpaBMaTHYHMII CTPECOBUIL PO3/Iaf, L0 MOXKe YCK/IafHUTI HABYaHHS
Moferi, To6yoBaHa MOJIE/Ib MajIa CepeIHIO TOYHICTb 56% 1 3HIDKYBasIa IIOBHOTY Ta 30a/TaHCOBAHICTD.

BucnoBku. Mofiesli IpOrHO3yBaHHsA MiIBUIEHOI TPMBOXXHOCTI Ta BUABJIEHHS CTY/eHTiB 3 o3Hakamu [ITCP HOTpe6y10Tb o-
JaJIbILIIOro BIOCKOHA/IeHHs. Po3po6ieni Mozieri 03BO/IAIOTD OIlepaTMBHO ifieHTN(IKyBaTy IPOsBU CTPECOBUX CTAHIB y CTY/IEHTIB
BUIIIOI OCBIiTH Ta Ha OCHOBI BUKOpUCTaHHs PA BXXMBaTy HeOOXiIHNX 3aXO/iB [/Is1 3aI00iraHHs PO3BUTKY CTPECOBMX PO3IAfiB.
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Abstract

Objectives. Jumping and landing constitute two movements that are used with a very high frequency in all sports
and are two skills that have received a lot of attention in the literature because of their relationship with injury risk.
The aim of this study is to analyze the following aspects: (a) to determine whether fatigue negatively affects landing
technique after a jump, and (b) to test whether different metabolic and neuromuscular exercises have an effect on the

landing technique.

Materials and methods. The sample is composed of young female soccer players Under 14 (n = 29,
13.06 £ 1.27 years, 47.8 + 2.6 kg; 143.2 + 3.4 cm). Before and after two training protocols aimed at determining the
state of fatigue (functional agility short-term fatigue protocol, and RSA protocol), landing technique was assessed

using the Landing Error Scoring System (LESS).

Results. The LESS assessment for the pre-fatigue and post-functional agility short-term fatigue protocol conditions
showed a value of 6.78 + 0.81 and 8.74 + 0.77 respectively (p > 0.001, ES: 1.39). The LESS assessment for the post-
RSA protocol condition was 8.52 + 0.87; this score was statistically significantly higher than the pre-fatigue condition

(p >0.001, ES: 1.24).

Conclusions. Intensive exercise, both neuromuscular and metabolic, appears to have an effect on the landing

technique of young female soccer players.

Keywords: landing, young female soccer players, injury prevention, fatigue.

Introduction

The process of developing motor skills related to basic
fundamental movements such as jumping or running has
been related to the possibility of increasing the quantity and
quality of motor experiences in developmental age (Tsuda
et al., 2020; Gao et al., 2021; Ceruso et al., 2019; Esposito et
al,, 2019).

The period within which most children develop
fundamental movements is completed around puberty,
while thereafter the process of refinement begins, spanning
into adulthood (D’Elia et al., 2023; Angulo-Barroso et al,,
2022; D’Isanto et al., 2021; Lima et al., 2019).

© Sannicandro, L., Esposito, G., D’Onofrio, R., & Giacomo, C.,
2024.
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Within the classification of basic functional movements,
jumping appears but ground landing, which is the
complementary and subsequent movement to jumping, is
not mentioned (Chow et al., 2020).

In fact, in sports, athletes resort to jumping, almost
always maximal (Ziv & Lidor, 2010), from about 18-23 times
per set in volleyball (Lima et al., 2019), to 12-43 jumps in
women’s basketball depending on the roles on the court
(Scanlan et al., 2012; Reina Romadn et al., 2019), to 21-45
jumps per contest in women’s beach volleyball (Natali et al.,
2019).

Often, the landing strategy can also vary, and for some
Authors, about 50 percent of ground contact holds are
performed in one-leg (Tillman et al., 2004).

Almost always these maximal jumping and landing
movements occur in a competitive context where metabolic
demands, and consequently central and peripheral fatigue
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levels, are high (Batalla-Gavalda et al., 2023; Choi & Joo,
2022; Vescovi et al., 2021; Esposito & Raiola, 2020).

Particularly in women’s soccer, performance differences
are observed when comparing young female soccer players
and elite female soccer players, leading to the hypothesis that
jumping skills are not sufficiently enhanced in the training of
female athletes (Castagna & Castellini, 2013).

Data on girls’ participation in sports around the world
indicate an incremental trend in recent years (Fink, 2015):
between 58% in the United States and 21% in Europe (Deng
& Fan, 2022; Kwon et al., 2021; Emmonds et al., 2021) are
approaching competitive sports so it seems of great relevance
to turn attention to the different phases of jumping.

In fact, jumping and landing constitute two movements
that are used with a very high frequency in all sports and
constitute two skills that have been highly attented in the
literature because of their relationship with injury risk (Song
et al., 2023; Chijimatsu et al., 2020; Bates et al., 2019).

In fact, it is known how the knee injuries, and
anterior cruciate ligament injuries in particular, take on
epidemiological significance when looking at the occurrence
of such injury in the female population participating in
sports (Mandorino et al., 2023; Di Paolo et al., 2023; Larwa
etal., 2021; Hiagglund & Waldén, 2016).

And great occirence has no-contact injuries in the knee
for young female athletes especially in the pre-puberty
period (Edison et al., 2022).

Therefore, evaluation of landing technique becomes
an indispensable time to intervene in training sessions and
introduce effective compensatory exercises for young female
athletes (Limroongreungrat et al.,, 2022; Okoruwa et al.,
2022; Beese et al., 2015, Root et al., 2015).

In particular, the differences in Ground Reaction Force
(GRF) in the landing phase between adults and youth are
known to lead to bias towards the landing technique itself
(Bassa et al., 2022).

The Landing Error Score System (LESS) constitutes
an effective and validated diagnostic assessment tool
to investigate two-legs landing technique in sports
(Limroongreungrat et al., 2022; Okoruwa et al., 2022; Fox et
al.,, 2016, Padua et al., 2015).

The total score obtained through the LESS is a valid
predictor of lower limb injury (Rostami et al., 2020; Root et
al,, 2015)

In fact, through this test it is possible to analyze landing
motion and know which positions present mechanics that
may be a risk factor for the lower limb (Jimenez-Garcia et
al., 2023; Barber-Westin & Noyes, 2017; Root et al., 2015).

Theliterature through systematicreviewshasinvestigated
how fatigue alters landing technique (Santamaria & Webster,
2010) in individuals who are engaged in a return-to-play
process (Peebles et al., 2021; Gokeler et al., 2014), in young
college athletes (Zhang et al., 2021), in basketball players
(Liveris et al., 2021), in female collegiate athletes over
19-years old (Cortes et al., 2012) or during different landing
techniques (Heebner et al., 2017).

To date, analysis of the effects of fatigue on landing tech-
nique has focused on activities very specific to the sports con-
sidered, such as simulated matches or high-intensity exercise
(Peebles et al., 2021; Liveris et al., 2021, Vermeulen et al., 2023).

And studies have mainly focused on sports that are
performed indoors with a consistently even surface, while

sports that are performed outdoors with weather conditions
that can vary and affect the firmness and evenness of the
playing surface have not been considered (Zhang et al., 2021;
Heebner et al., 2017).

Therefore, an open problem remains in the literature:
namely, understanding how landing technique can be
affected by sport-specific movements in young female soccer
players.

Indeed, the performance model imposes a number of
metabolic and neuromuscular demands on young female
soccer players that could alter the execution technique of
some soccer-specific skills.

This study aims to (a) analyze landing technique in
young female soccer players, (b) understand whether fatigue
negatively affects landing technique, and (c) test whether
different metabolic and neuromuscular exercises affect
landing technique.

Material and Methods

Partecipants

The 29 participants (average age:13.06+1.27 years,
weight: 47.8+2.6 kg; height: 143.2+3.4 cm) were youth
female soccer players who competed in élite soccer schools
in Italy. Participants were included if they were aged 11—
13 years old and had been training for soccer training and
competition for at least 2 years. Participants were excluded
if they had sustained a musculoskeletal/joint injury within
the previous 3 months prior to commencing experimental
testing or encountered any other injury that could obstruct
their performance at the assessment time.

The study was approved by the club’s manager, by
FIGC (Federazione Italiana Giuoco Calcio) regional ethics
committee and was performed according to the principles
expressed in the Declaration of Helsinki. The written
informed consent was obtained from the parents, while
the young female soccer players have signed the informed
assents.

Procedures

The two protocols aimed at achieving a fatigue condition
were proposed at the same time (3.30 PM) and 72 hours
apart to avoid biasing the assessments.

For both protocols, the same warm-up (15 minutes)
consisting of a running phase at 60% of HRmax (6 minutes),
a lower extremity and trunk mobility phase (4 minutes), and
a special and soccer-specific running phase (5 minutes) was
provided.

At the end of the warm-up, the LESS test was performed
under pre-fatigue conditions.

The LESS protocol involves a jump onto a landing
zone from a 30 cm box at a distance equal to 50% of the
individual’s height, followed by a maximum vertical jump
(Beese et al., 2015).

The LESS provides for 17 scored items to assessment
the landing from both the sagittal and frontal views. The
LESS test score is based on the detection of errors on a
number of easily observed markers of the jump-landing
movement. A higher LESS score indicates more errors
and, therefore, modest landing and jumping technique. In
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agreement with previous research (Beese et al., 2015), LESS
scores are categorized for the specific population observed
and are defined as excellent (0-3 points), good (4-5 points),
moderate (6 points), and poor (>7 points).

The execution of the test should be videotaped, ensuring
that the two cameras are placed to detect movements in the
frontal and sagittal planes (Liveris et al., 2021).

The cameras were mounted on tripods and placed in
front and to the side of the jump box and landing area. The
lens height of each camera was 121.92 cm from the floor and
345.44 cm from the landing area, in agreement with previous

research (Fig.1).

Each camera was 121.92 cm
from the floor and 345.44
cm from the landing zone

30 cm jumping —
box

The distance is
equal to half
the body height

Fig. 1. Landing Error Scoring System data-collection setting

The sample was randomly assigned in a 1:1 ratio to a
functional agility short-term fatigue protocol or to a Repetead
Sprint Ability (RSA) protocol. Then, each participant
followed a) a functional agility short-term fatigue protocol
(Cortes et al., 2012), implemented by other soccer-specific
skills, b) the RSA protocol (volume: 360 meters).

The functional agility short-term fatigue protocol
included: step-ups on a 30-cm box, diagonal run
exercise, an “L-drill” exercise (Carvalho et al., 2017),
n.5 countermovement maximal jumps with hands bound
at the hips, running back and forth on a speed ladder, and
a 5-0-5 run.

The functional agility short-term fatigue protocol
involved the following succession of exercises: a series of
step-up movements on a 30 cm high step for 20 seconds with
the metronome set at 160 bpm (McLean et al., 2007); then
they performed a repetition of fast “L-drill” running; then
they performed diagonal maximal speed run in 6 stretches
of 5 meters; after that they performed 5 maximal and
consecutive CMJs. After the CM]Js they would perform the
ladder agility exercise.

The sequence of running patterns on the speed ladder
(3 meters) were required as follows: in the first and second
repetitions, they touched with both feet in each space of the
ladder, while in the third and fourth repetitions, a lateral
run (once to the left and once to the right) was required,
with both feet touching each space of the speed ladder with
a metronome set at 180 bpm (McLean et al., 2007). Each set
included the four agility speed ladder drills.

Lastly, they performed 5-0-5 drill at maximal speed run
(Tab.1) .

Participants had to perform a total of four sets of the
fatiguing protocol with no rest between the sets. Four sets

Table 1. Sequence of exercises introduced in the functional
agility short-term fatigue protocol (this sequence was
repeated for 4 sets)

Functional agility short-term fatigue protocol
(sequence of the exercises)

1) Step-up on a 30 cm high step for 20 seconds (at 160 bpm -
metronome)

2)  L-drill running at maximal speed
3) Diagonal maximal speed run in 6 stretches of 5 meters
4) 5 maximal and consecutive CMJs

5) 4 repetitions of running on speed ladder of 3 meters
(at 180 bpm — metronome)

6) 5-0-5 drill at maximal speed run

were chosen based on similar research in the literature that
has been shown to induce an effective fatiguing state (Cortes
etal.,, 2012).

The RSA protocol (Gabbet, 2010; Lockie et al., 2020;
Bishop et al., 2011) involved performing 6 repetitions of
20 m (15 seconds after every 20 m and 3 minutes after the
6 repetitions); this exercise was repeated for 3 sets for a total
of 360 m (Tab.2). All exercises were performed requiring
all-out intensity.

Table 2. Sequence of exercises introduced in the RSA
protocol

Repetead Sprint Ability protocol

1) 20 meters X 6 (rest:15 sec)
Rest 3 minutes
2) 20 meters X 6 (rest:15 sec)
Rest 3 minutes
3) 20 meters x 6 (rest:15 sec)

Rest 3 minutes

During the functional agility short-term fatigue
protocol and RSA protocol, participants used wireless
heart rate (HR) monitors equipped with a telemetry system
(Polar Electro Oy, Kempele, Finland) to detect the exercise
sequence intensity (peak HR, and a percentage referred to
the maximum HR (%HRmax).

At the end of the protocol they reported the RPE value
using the CR10 Borg Scale.

To be considered in a fatigued condition, subjects’
heart rate had to be at a minimum of 80% of their estimated
maximum heart rate.

Immediately upon completion of functional agility
short-term fatigue or RSA protocol, participants again
performed the LESS post-fatigue assessment.

Statistical Analysis

At first, descriptive statistics analysis was performed.
Then, a t-test for dependent samples was carried out, using
the level of significance at p < 0.05. The evaluation of the
effect prior to and post- short-term fatigue protocol for the
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tested hypothesis was estimated using the Cohen’s d method
(Cohen, 1992): as for the effect size index (Effect Size), after
calculating the § index it is possible to convert it into Effect
Size: < 0.20 small; 0.50 average; > 0.80 large.

Statistical analyses were performed using the software
Statistical Package for Social Sciences (SPSS 22.0 for
Windows).

Results

The LESS assessment for the pre fatigue and post
functional agility short-term fatigue protocol condition
respectively showed a value of (mean + ds) 6.78+0.81 and
equal to 8.74+0.77 (p>0.001, ES: 1.39).

The load intensity determined by the functional agility
short-term fatigue protocol resulted in a peak HR value of
178.7616.55 bpm and a %HR of 85.04+4.66%.

Load assessment by CR10 Borg Scale showed a value of
7.59+0.68.

The LESS assessment for the post RSA protocol
condition showed a value of (mean + ds) 8.52+0.87; this
value was statistically significantly higher than the pre
fatigue condition (p>0.001, ES: 1.24).

The load intensity determined by the RSA protocol
resulted in a peak HR value of 174.55+4.65 bpm and a %HR
of 84.1746.16%.

Load assessment by CR10 Borg Scale showed a value of
7.55+0.69.

No statistically significant difference was observed
between the LESS, peak HR, %HR and CR-10 Borg Scale
values in the two post-fatigue conditions.

The values are summarized in Table 3.

Discussion

The aim of the study was to analyze the landing technique
in young prepubescent female soccer players. In addition,
the study wanted to test whether different protocols aimed
at the onset of fatigue could affect landing strategies in young
female soccer players.

To the knowledge currently available in the literature,
this is the first study that turns attention toward landing
technique under fatigue conditions in female youth soccer.

Monitoring the execution technique of certain sport-
specific skills such as stopping or landing takes on a strong
relevance in the young athlete training, especially if the
athlete is a young female soccer player. In fact, the literature
points out that age and gender are two factors that condition
lower limb motion patterns between 11-16 years old (Shultz
et al., 2022; Otsuki et al., 2021; Yu et al., 2005).

Comparison of values obtained in the LESS under
resting conditions and post functional agility short-term
fatigue protocol showed a statistically significant decrease
in landing technique in young female soccer players with a
large ES.

A similar result was observed when comparing LESS
values under resting conditions and LESS values after the
RSA protocol with a large ES.

No statistically significant difference emerged between
the two post-fatigue conditions.

The values obtained after the execution of the two
protocols aimed at achieving a fatigue state in young female
soccer players should direct attention toward the landing
technique, so far modestly investigated in the literature in
young female athletes (Angulo-Barroso et al., 2022; Zhang
et al., 2021).

In this regard, the literature highlights how landing
technique is sport-specific in young athletes and how this
varies in relation to the sport played especially in prepubertal
age (Estevan et al., 2020).

In particular, young female soccer players are engaged
in an activity that involves high exercise intensities, frequent
changes of direction, and jumps that induce high peripheral
and central fatigue (Vescovi et al., 2021; Esposito & Raiola,
2020).

In this direction, the literature argues that fatigue
adversely affects some risk factors by showing a reduction
in muscle strength, joint control and stabilization, and a
reduction in joint position sensation (Verschueren et al,,
2020; Vermeulen et al., 2023).

This reduction in postural and joint control represents
a worrisome picture for lower limb injury risk because
it is known to what extent landing can be affected by the
misalignment of different body segments (Vermeulen et al.,
2023; De Blaiser et al., 2018; De Ridder et al., 2015).

For example, trunk flexion appears to influence GRF
in landing, the proximal segments being crucial in the
execution and control of jumping and landing, just as lateral
trunk flexion substantially changes the load on the two lower
limbs (De Bleecker et al., 2020; Chuter & Janse de Jonge,
2012).

The performance decrease in the control of the landing
technique in the two intense exercise conditions between
25% and 29% leads to the hypothesis of a marked influence
of fatigue on this phase of the jump in young female soccer
players.

The two intense exercise conditions proposed to
the participants met the inclusion criteria because they
showed a value of 80% HR but it should be remembered
how competitions involve cardiovascular stresses even

Table 3. Values of the LESS test and internal load parameters measured under the observed conditions

Post- functional

Indicators Pre-fatigue  agility short-term P ES Post - RSA protocol p value ES
fatigue protocol value
LESS 6.78+0.81 8.74+0.77 0.0004 1.39 8.52+0.87 0.0005 1.24
FC peak 178.76+6.55 174.55+ 4.65
% HR 85.04+4,66 84.17+6,16
CR-10 Borg Scale 7.59+0.68 7.55%0.69
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higher than this value; and that the state of fatigue that may
be established could be even greater than the condition
presented in this study (Choi & Joo, 2022; Vescovi et al.,
2021; Lépez-Valenciano et al., 2021).

Therefore, the role of fatigue on landing technique calls
for a careful analysis in young prepubescent female athletes
in light of the knowledge derived from the literature: in fact,
maturation results in some gender differences in both vertical
jump performance and landing ability, where girls are unable
to reduce GRF during landing in drop jump trials (Larkin et
al., 2023; Holden et al., 2016; Quatman et al., 2006).

The other purpose of the study was to understand
whether different protocols aimed at the onset of fatigue
could affect landing technique.

The functional agility short term fatigue protocol
presented agility and neuromuscular exercises, while the
RSA protocol was structured only with sprints followed by
incomplete recovery. The former aimed to present all types
of demands that occur in competition, while the latter aimed
to stress young female soccer players metabolically.

Looking at peak HR values, HR percentages, and
CR 10 Borg scale values, the two protocols resulted in very
similar engagement: just this similarity for the internal load
observed, the two protocols very similarly influenced the
values and landing technique in the LESS post protocol.

The values obtained in LESS post fatigue were very
similar to those obtained from previous studies even with
different samples (Liveris et al., 2021; Gokeler et al., 2014;
Cortes et al., 2012).

Moreover, they are consistent with what has been
observed in GRF during drop jumps performed under
fatigued conditions by young soccer players: the GRF
increases significantly under fatigued conditions, due to the
reduced ability to attenuate the impact in the landing phase
(Oliver et al., 2008).

Conclusions

In conclusion, intense exercise appears to affect
landing technique in young female soccer players, both
when neuromuscular exercises are presented and when the
exercises are metabolic.

Knowing the behavior of young female soccer players
during the landing under fatigue conditions can help staffs
schedule training sessions more carefully: for example, it
might be less risky to place the most intense drills at the
end of the session; or, to provide a low-intensity technical
drill after planning a small-sided games or a high-intensity
metabolic phase.

Further studies will be able to implement this analysis
by observing what happens during an official competition
or during a tournament involving close matches with few
hours of recovery.

In addition, it will be very interesting to expand the
study by involving female athletes and soccer players at
post-puberty age to understand whether training age or
maturation can improve landing technique under fatigue
conditions.
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Itano Cannikanapo'45°P; lxioBanHni Ecio3ito'4*<P,
Posapio [I'Onodpio* P, [Irxakomo Kopano>*B<P
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ABTOpCHKNMIT BKIAJ;: A — au3aiis gocnimpkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komtis

Pedepar. Crarts: 9 ¢, 3 Tabn., 1 puc., 69 mxepern.

Merta gocmimkenns. CTpruOOK i Ipy3eM/IeHHS IPEACTaB/IAI0Th COOOI0 1Ba BUAM PYXiB, 1110 BUKOPMCTOBYIOTHCS 3 y>Ke BUCO-
KOIO YaCTOTOIO y BCIX BUJ]AX CIIOPTY, i € ABOMA HABUYKAMM, AKMM IPU/I/IAEThCA 3HAYHA YBara B JIiTepaTypi 4epes X B3a€MO3B 30K
3 PU3UKOM TPaBMYyBaHHA. MeTO0 IIbOTO JOCTIIKeHHA € aHa/Ii3 HACTYIIHUX acHeKTiB: (a) BUSHAUUTHU, YU Ma€ BTOMA HETaTUBHI
BIUIMB Ha TeXHIKy IIpU3eMJICHHs IiC/IA BUKOHAHHA CTpMOKa, i (6) mepeBipuTy, 4n BIUIMBAIOTH pi3Hi MeTaboniuHi Ta HEpPBOBO-
M’5130Bi BIIpaBM) Ha TEXHIKY IpU3eM/IEHHS.

Marepianu ta Metoau. Bubipka ckmapamacs 3 roHUx QyTb0micTOK BikoM 1o 14 pokis (n = 29, 13,06 + 1,27 pokis, 47,8 £
2,6 xr; 143,2 * 3,4 cm). [lo i micaA BUKOHaHHA [BOX TPEHYBA/IbHUX IPOTOKOJIB, CIIPAMOBAHUX Ha BU3HAYEHHA CTAHY BTOMMU
(mpoTokos BU3HAYeHH: (YHKIIIOHAIBHOI 3aTHOCTI Py KOPOTKOYACHIil BToMi Ta RSA mpoTOKON — 3[aTHICTD IO TIOBTOPHOTO
CIIPUHTY), TeXHIKY IpU3eM/IeHH: OlliHIoBanu 3a gornomoroio Landing Error Scoring System (LESS) — cucremu OLiHKM ITOMIIOK
PV IPU3EM/IEHHI.

Pesynprarn. Cucrema orjinoBanHsa LESS 11 mOKasHMKIB CTaHy 3[JOPOB’A Iepef BTOMOIO i MiC/Isi BUKOHAHHSA IIPOTOKOIY
BU3HAYEeHHA q)yHKuiOHaano'l' 3/IaTHOCTi NpM KOPOTKOYACHill BTOMi IOKasana 3HadyeHHA 6,78 + 0,81 i 8,74 + 0,77 BignosigHO
(p > 0,001, ES: 1,39). Pesynbrar LESS my1s crany micis nposegeHHs RSA mpoTokony cranoBus 8,52 + 0,87; 1jeit MOKasHUK OB
CTAQTUCTUYHO 3HAUYIIe BUIINM, HDK ITepef; cTaHoM BToMu (p > 0,001, ES: 1,24).

BucHoBKM. BrkoHaHHA iHTeHCUBHUX Bi3MYHMX BIIPAB, K HEPBOBO-M A30BMX, TaK i MeTabO/MIYHMX, BIUIMBA€E HA TEXHIKy
Hpu3eM/IeHH: 0HUX GyTOOMICTOK.
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Abstract

Objectives. The study aimed to investigate the quality characteristics of the tool developed based on electronic

IT resources for measuring the level of movements in the joints of the lower limbs of students with disabilities caused
by injuries.

Material and methods. The experimental study involved 32 first-year students who had sustained lower limb
injuries as a result of the war and were in remission. The methods used included analysis, synthesis, systematization,
generalization, technical modeling, pedagogical experiments, and mathematical statistics.

Results. A means of measuring movements in the joints of the lower limbs has been developed using electronic

IT resources. The basis of the tool is a measuring line consisting of a printed circuit board on which is placed a design

of capacitive sensors, a switching line, and a signal converter that measures the signal received by the sensors. The
measurement results are transmitted to the controller and then to the PC via an interface implemented based on Bluetooth
wireless technology. To implement the measuring tool, a controller is used, which has a board built on the synthesis of

the Arduino electronic hardware platform and the Raspberry Pi minicomputer. The test results are displayed on the PC
monitor screen. The determination of the qualitative characteristics of the test, in the case of recording the results of a tool
developed on the basis of electronic IT resources for measuring the level of movements in the joints of the lower limbs

of students with disabilities, established that the level of reliability of the test is above 0.90 (“excellent”) validity - from

0.6 (“high”). Empirical data collected directly from the experiment have a low level of reliability: qualitative indicators of
reliability in the range are below 0.70 (“may have limited applicability”), validity - < 0.3 (“low validity”).

Conclusions. Developed based on electronic IT resources, the tool for measuring the level of movements in the joints
of the lower limbs of students with disabilities due to limb injuries has significant advantages, such as the availability
of functions, ease of use and efficiency. Ensuring high efliciency and objectivity of control contributes to performing
control operations in real-time. By using assessment tools with a high level of reliability and validity, we ensure the
detection of reliable changes in the state of the joints of the lower limbs of students with disabilities, thus eliminating
the influence of errors in making managerial decisions in the planning process of their PE.

Keywords: students with disabilities, physical education, testing, inclusion, control, quality.

Introduction for more than two years in a row, the tendency to increase
the number of students with disabilities in higher education
institutions continues. At the moment, the first place among
such a contingent of students are students who received a dis-
© Mykytyuk, Z., Blavt, O, ledynak, G., Galamanzhuk, L., Klius, ability due to traumatic damage to their limbs. In particular,
0., Panasiuk, O., Kovalchuk, V., & Anatolii Khomych, A., 2024. Ukrainian civilians receive such injuries as a result of shelling
. and bombing, and during hostilities, an extremely relevant
3t ® TMOB mechanism of limb injuries today is an explosive injury.
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As a result of the full-scale war and massive missile at-
tacks that Russia has been waging on the territory of Ukraine
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Today requires a new approach to adapting and
restoring the health status of students with disabilities in the
environment of higher education — modern technological
solutions and an integrated approach (Blavt, Bodnar,
Mykhalskyi, Gurtova, & Tsovkh, 2023). Solving this
issue in the learning process takes place in the process of
implementing inclusive physical education (PE).

Educating students with disabilities in institutions of
higher education poses a number of challenges that require
comprehensive solutions (Grenier, Patey, & Grenier-Burtis,
2022). The view of well-known authorities in this field is
convincing (Kuntjoro, Soegiyanto, Setijono, & Suhiharto,
2022; Page, Anderson, & Charteris. 2021) that the indicator
of modern quality education is innovative activity. Scientific
investigations (Varga, & Révész, 2023; Blavt, Chaplinskyi,
Prozar, Pityn, Helzhynska, Dmytruk, Hrebik, & Kovalchuk,
2023; Gupta, 2021) focus on the fact that, in accordance
with the modern innovative progress, this involves the
introduction of the latest achievements of technological
development.

The problem of the quality of inclusive PE in connection
with the constant increase of students with disabilities is
in the epicenter of researchers’ attention (Blavt, Iedynak,
Pereverzieva, Holub, & Melnyk, 2023; Pellerin, Wilson, &
Haegele, 2022). In this context, they talk about the quality of
physical education (Pocock, & Miyahara, 2018), its control
(Blavt, & Gurtova, 2023; Mykytyuk, Blavt, Hnatchuk,
Stechkevych, & Helzhynska, 2022), verification (Rekaa,
Hanisch, & Ytterhus, 2019), evaluation (Lieberman, &
Houston-Wilson, 2017 ).

Certainworks, whicharefocused ontheissuesofrestoring
the health of students with disabilities, see the solution to
this issue in the use of the basics of inclusive pedagogy,
innovative practices of inclusive PE and integration into
this process, modern information and communication (IT)
resources (Gogoi, 2019; Qi, & Ha, 2012; Blavt, Chaplinskyi,
Prozar, Pityn, Helzhynska, Dmytruk, Hrebik, & Kovalchuk,
2023). On the other hand, according to (Beazell, Grindstaft,
Sauer, Magrum, MIngersoll, & Hertel, 2012; Cimbiz, &
Bayazit, 2004; Doherty, Delahunt, Caulfield, Hertel, Ryan,
& Bleakley, 2014), the complex recovery needs of traumatic
limb injury include ongoing assessment of the process of
strengthening lost functions.

In view of the continuation of the armed confrontation
with the aggressor and the prevalence of injuries associated
with the consequences of military actions, the issue of
restoring lost functions due to limb injuries in students
with disabilities during their studies in higher education
institutions is now gaining special importance.

Purpose of the research in the study of qualitative
characteristics of the quality of the tool developed on the
basis of electronic IT resources for measuring the level of
movements in the joints of the lower limbs of students with
disabilities due to injuries.

Materials and Methods

Study Participants

32 students with disabilities in the Ist year of study from
Lviv Polytechnic National University, Kamianets-Podilskyi
Ivan Ohiienko National University and Lutsk National

Technical University took part in the experimental study.
The studied sample for the implementation of the research
plan was formed randomly without taking into account the
gender factor. It included students who received injuries to
their lower limbs as a result of the war and were in remission.

Students with disabilities involved in the study
underwent a thorough medical examination and received a
doctor’s permission to participate in the experiment. Positive
dynamics of the functional state were established in all study
participants. Consent to participate in the experiment was
obtained from all students with disabilities who made up the
studied sample.

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 Methods

The research has a multi-method applied nature and
is implemented at the theoretical and empirical level. The
procedure for solving the research task involved the use of a
systematic approach in the search for research methods as an
integrated set of tools for its implementation (Ivashchenko,
2020).

General scientific methods of theoretical research are
used: analysis, synthesis, abstraction, generalization. At the
empirical level, the method of technical modeling (to create
a means of control) and a pedagogical experiment was used.

During the pedagogical experiment, testing was carried
out. The implementation of the research plan involved the
selection of the appropriate purpose of the test exercise. The
Weight Bearing Lunge Test was chosen by us due to its ease
of execution and the possibility of repeated reproduction.

According to the information (Weight-bearing lunge
test), this test is considered simple for measuring the range
of dorsiflexion of the ankle joint under load, which is a key
component of gait in healthy ankles and in diseases of the
musculoskeletal system (is a simple method of measuring
weight bearing ankle dorsiflexion range, a key component
of gait, in healthy ankles and a range of musculoskeletal
conditions)

The Weight-bearing lunge test (WBLT) is used to assess
the dorsiflexion range of movement at the ankle joint.
(Powden, Hoch, Hoch, 2015; Konor, Morton, Eckerson,
Grindstaff, 2012)

Test Procedure

This test needs to be done against a wall. A standard tape
measure (cm) is necessary. Students are asked to place their
feet in such a way that an imaginary line drawn through the
heel and big toe is aligned on the tape measure on the floor.
Furthermore, a vertical line is drawn on the wall in line with
the tape measure. Students are instructed to lunge forward
until their knee touches the wall (vertical line). The heel is
required to remain in contact with the floor at all times. The
foot is moved away from the wall to the point where the
knee can only make slight contact with the wall, while the
heel remains in contact with the floor. This puts the ankle
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joint in maximal dorsiflexion. The leg not being tested can
rest on the floor and students are allowed to hold onto the
wall for support. The maximum distance from the wall to
the tip of the big toe is recorded. The distance is measured
in centimeters (cm) with each centimeter corresponding to
approximately 3.6° of ankle dorsiflexion (Weight-bearing
lunge test).

Research Organization

The research was carried out within the course of
inclusive PE for three months. The testing was carried out
at the beginning of the month, the students of the studied
sample performed the tests three times with each limb. In
the presence of a pain syndrome, students were not allowed
to take the test. Clear instructions for performing the test
exercise were provided, after which there was an opportunity
to try.

The experimental factor consisted of fixing the results of
the test exercise since the degree of reliability can be affected
by the subjective approach when evaluating the test results.
In one case, the results were recorded by the teacher, in the
other - with the use of a tool developed for measurement,
the evaluation of the test was carried out without subjective
judgment. It should be noted that the test results were
recorded simultaneously by two alternative measurement
methods during each test. It is taken into account that the
presumption of obtaining data may be imperfect in the
presence of influence. To form research conclusions, the
average value of the generated data was used.

Statistical Analysis

Determining the quality characteristics of the test
involves establishing the numerical values of reliability and
validity. As the technical properties of the test, the quality
characteristics indicate the quality and usefulness of the test.
The determination of these parameters allows establishing
the compliance of the test with formal criteria that determine
its quality and suitability for use in practice with a certain
contingent of subjects.

The study takes into account that the reliability of a
test limits its validity, and therefore a test that is not reliable
cannot be valid. Quality control of the tests was carried
out by establishing the strength of the correlation, which is
determined by the value of the correlation coefficient. The
coefficient is expressed as a Pearson correlation, a measure of
linear correlation between two sets of data that ranges from
+1.00 to -1.00 (Turney, 2022). The measure of correlation has
become the basis of judgments about the validity of the test:
a correlation value of less than 0.2 or 0.3 provides empirical
evidence that the test is unsuitable for use in practical work
(Eisinga, Te Grotenhuis, Pelzer, 2012).

All statistical analyses were performed using SPSS
Version 22.0 (IBM Corporation).

Results

Determining the flexibility of the ankle joint in the
process of recovery after a traumatic injury to a limb is
considered an opportunity to control the process of recovery
after a traumatic injury to a limb, which is accompanied by

limitation of mobility and range of motion, possibly caused
by cicatricial tightening of the skin, tendons, pain reflex,
pathological changes in the muscular system (as excessive
foot pronation or plantar fascia), etc. (Dai, Herman, Liu,
Garrett, & Yu, 2012).

In our study, we were guided by the information that
a decrease in the range of motion of dorsiflexion of the
ankle joint has been identified as a risk factor for lower limb
injuries during physical activity (Wahlstedt, & Rasmussen-
Barr, 2014). According to available data (Hall, & Docherty,
2017), a total lunge distance of less than 10 cm or a side-to-
side discrepancy of more than 2 cm is associated with a risk
of lower extremity injuries such as sprained ankle ligaments
or possible tibial fracture. In addition, it has been proven
that the efficiency of the walking function is provided by
the appropriate range of motion in the ankle dorsiflexion
(O’Shea, & Grafton, 2013).

Asnoted, the absence of adequate amplitude in the ankle
indicates the presence of pathological changes (Lin, Moseley,
Robert, Herbert, & Refshauge, 2009). Therefore, permanent
control in the process of restoring the functions of the lower
limbs is the basis of this process.

Our scientific search was conditioned by the fact that,
according to empirical sources, ankle dorsiflexion testing
is traditionally performed using a goniometer (Cosby, &
Hertel, 2011) or an inclinometer (Beazell, Grindstaff, Sauer,
Magrum, Ingersoll, & Hertel, 2012) or a tape measure
(Matthew, Hoch & McKeon, 2011). However, none of these
methods ensures the elimination of the influence of the
human factor. In addition, fixing the result using such means
is technically difficult.

The actual material collected and analyzed proved the
possibility of developing a means of measuring movements
in the joints of the lower limbs based on electronic
IT resources. The design solution of the tool involves the
use of a measuring line, which is built using the concept of
capacitive sensors (Mykytyuk, Kremer, Ivakh, Diskovskyi, &
Khomyak, 2021). The basis of the capacitive measuring line
is a printed circuit board that integrates capacitive sensors,
a switching line, and a signal converter (Mykytyuk, Barylo,
Kremer, Kachurak, & Shymchyshyn, 2024).

The signal is measured by a signal converter, and the
measurement results are transferred to the controller by an
interface based on wireless Bluetooth technology. The signal
converter provides further signal conversion and processing
of digital data and RF radio frequency transmission to a
personal computer (PC). Processing of the received data
and their visualization is carried out by the corresponding
software for the implementation of the measurement, which
is developed in the Arduino IDE environment.

To implement the measuring tool, a controller is used,
which has a board built on the synthesis of the Arduino elec-
tronic hardware platform and the Raspberry Pi minicom-
puter. The controller in the developed control tool performs
the following functions: it automatically manages the control
process, in case of non-compliance with the requirements,
signals and stops this process, receives information recorded
by sensors, processes it, and transmits it to a PC.

All information is displayed on the PC monitor in
digital and graphic form. The PC implements recording and
storage of control data and statistical analysis of data that are
available to the user as needed.
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Table 1. Quality level of the Weight Bearing Lunge Test for students with disabilities due to injuries (n=32)*

rtt T R T T R T R
reliability 0.616 0.908 0.640 0.901 0.589 0.897 0.611 0.917
validity 0.201 0.603 0.207 0.597 0.176 0.612 0.233 0.591

* Note: T - recorded by the teacher, R - recorded using a measuring ruler

The developed measuring tool for the implementation
of the Weight-Bearing Lunge Test is used as follows. A ca-
pacitive measuring ruler is placed on the wall and the floor.
The student takes the starting position for the test exercise
and moves his foot on the ruler. Next, the student lunges
forward until his knee touches the wall, where a capacitive
measuring ruler is also placed along the vertical line. At the
moment of touching the ruler placed vertically on the wall
with the knee, the maximum distance from the wall to the
tip of the big toe is fixed with the ruler placed horizontally.

S

Fig. 1. Scheme of the developed on the basis of electronic
IT resources for measuring the level of movements in the joints of
the lower limbs (1 - student, 2 - capacitive measuring ruler with
printed circuit board, 3 - infrared communication lines,
4 - controller, 5 - PC)

Further, our study consisted in presenting the test
results, which were recorded using a measuring ruler and
directly by the teacher (Table 1).

The conducted research established that the use of
different means of fixing the test results leads to a significant
difference in the test results. Taking into account the fact that
the collection of empirical data of the experiment directly
depends on the human factor, in particular on professional
experience, the results obtained in this way have a low
level of quality: qualitative indicators of reliability within
the limits — below 0.70 (“may have limited applicability”),
validity - < 0.3 (“low validity”). Therefore, we have grounds
for the conclusion that such control cannot be an objective
basis for planning the educational process.

By determining the quality characteristics of the test,
in the case of fixing the results of a tool developed based on
electronic IT resources for measuring the level of movements
in the joints of the lower limbs of students with disabilities
due to injuries of the limbs, it was established that the level
of reliability of the test is above 0.90, validity — from 0.6.
Such numerical values of reliability correspond, according to
the rating scales, to the level of “excellent”, validity - to “low
validity of the test”.

Discussion

In Ukraine, persons with disabilities have access to
higher education and the conditions for obtaining it. The

conducted study expands the information (Blavt, Bodnar,
Mykhalskyi, Gurtova, & Tsovkh, 2023; Doherty, Delahunt,
Caulfield, Hertel, Ryan, & Bleakley, 2014) on solving the
problem of normalization of the physical condition of
students with disabilities who were injured as a result of war,
by eliminating existing health problems during training.

Our scientific intelligence is conditioned by the fact that
the challenges that have arisen before the education system
of Ukraine are connected with the long-term conduct of
hostilities in connection with the military aggression of the
Russian Federation. Our study extends the body of research
on inclusive PE in educational settings (Grenier, Patey, &
Grenier-Burtis, 2022; Pellerin, Wilson, & Haegele, 2022) as
a means of restoring function lost due to injury. Inclusion
in regular PE classes of students with disabilities requires
adaptation of strategies for this process and its assessment
to their individual needs (Pocock & Miyahara, 2018; Blavt
& Gurtova, 2023).

We support scientific approaches (Page, Anderson, &
Charteris. 2021; Gupta, 2021; Blavt, Chaplinskyi, Prozar,
Pityn, Helzhynska, Dmytruk, Hrebik, & Kovalchuk, 2023)
that meeting today’s demands in the field of inclusive
PE requires innovative solutions with using modern
technological resources.

The work presents a development that meets the chal-
lenges of modernity in the implementation of monitoring
procedures since when restoring functions are lost as a result
of an injury when it is extremely important to start recovery
quickly, monitoring must be informative and fast. In our
study, we were guided by the fact that ankle dorsiflexion
range of motion is often emphasized (Powden, Hoch, &
Hoch, 2015; Beynon, Le May, & Theroux, 2022) in rehabili-
tation of lower extremity injuries. To date, there is a certain
list of scientific studies where The Weight Bearing Lunge
Test has been used to test completely healthy individuals
(Konor, Morton, Eckerson, & Grindstaff, 2012; O’Shea, &
Grafton, 2013) and athletes (Cady, De Ste Croix, & Deighan,
2021) and as a universal assessment test (Howe, Bampouras,
North, & Waldron, 2020).

In our study, the sample was formed from persons
who have disabilities due to injuries of the lower limbs, and
therefore, it expands the range of previous studies in a certain
direction. The direction of the research was justified by the
fact that the validity of the test is established in relation to
specific reference groups (target group) of persons with
certain common characteristics.

Conclusions

Russian aggression against Ukraine has caused a serious
increase in the number of students with disabilities who have
been injured as a result of the war. Strategic orientations for
the recovery of the health status of students with disabilities,
who received injuries of the lower extremities as a result of
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the war, are considered in the context of the possibilities of
inclusive PE and the integration of the latest technologies
into the control of this process.

Developed based on electronic IT resources, the tool for
measuring the level of movements in the joints of the lower
limbs of students with disabilities due to limb injuries has
significant advantages, such as the availability of functions,
ease of use, and efficiency. Ensuring high efficiency and
objectivity of control performs control operations in real-
time. Moreover, this tool is non-invasive, inexpensive, and
does not emit radiation.

According to the results of the analysis of the qualitative
characteristics of the qualitative characteristics of the means
of measuring the level of movements in the joints of the
lower limbs of students with disabilities developed based on
electronic IT resources, it was established that the numerical
values of the reliability and validity indicators reached a
high level according to the rating scales. Using evaluation
tools with a high level of quality, we ensure the objectivity of
control and elimination of the influence of errors in making
management decisions in the planning of the PE process.

Using a test to measure the level of movement in the
joints of the lower limbs of students with disabilities, when
the results are recorded by the teacher, is not justified due to
large measurement errors. A low level of reliability is not the
basis for informed decisions and the understanding that the
test results are not an artifact of the instrument.
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BusHauyeHHA O6GPOTHOCTI pO3p06SIEHOro Ha OCHOBI
IT-pecypciB 3aco6y BuUmipioBaHHA piBHA pyXiB y cyrnobax
HVXKHIX KiHWiBOK Y iHK/I03MBHOMY $i3NMHOMY BUXOBaHHi

3inosiit Mukutiok'***, Oxcana braBr'*C?, Tennaniit €qunax> "k, Jlecsa TamamaHxyk
Onena Kmroc?®¢, Onexcangp Ilanacrok**c, Bonogumup Koanpuyk®*c, Anaroniit Xommy
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b
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'HauionanbHuii yHiBepcureT «/IbBiBCbKa MOiTeXHiKa»
*Kam’siHenb-TTominbepkuit HajioHanbHMIT YHiBepcuTeT iMeHi IBana Orienka

*Jlyubkuit HalliOHa/IbHUI TEXHIYHUI YHIBEpCUTET

ABTOpPCHKMIT BKIA;: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — miroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrst: 7 c., 1 Tab., 1 puc., 37 mxeper.

Merta goCTiKeHHA [oJAraa y JOCIpKeHH] AKICHUX XapaKTePUCTHK JOOPOTHOCTI pO3pO6/IEHOr0 Ha OCHOBI €1eKTPOHHMX
IT-pecypciB 3acoby BUMipIoBaHH:A PiBHA PyXiB y CYI7I00aX HVDKHIX KiHIIIBOK 300yBadiB BUILOI OCBIiTH 3 iHBa/TiIHICTIO BHACTI/IOK

TPaBM.

Marepian Ta MeTogu. Y HOCIi/KeHH] IPUITHAMN y4acTb 32 3000yBaviB BuIoi 0cBiTy I Kypcy HaBYaHHSA, AKi OTPUMAIM TPaB-
MU HIDKHIX KiHI[IBOK BHAC/IiJJOK BiJiHM i 3HAXOATBCA y CTaHi peMicii. Bukopucrano meTogu: aHamisy, CMHTe3Y, CICTeMaTu3alli,
y3arajabHEHHsA, TeEXHIYHOTO MOJIE/IIOBaHHS, IIEarOTiYHOTO eKCIIePYMEHTY Ta MaTeMaTU4HOI CTaTUCTUKMN.
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PesynbraTi. Po3po6ieno Ha ocHOBI enekTponHux IT-pecypcis 3aci6 BumipioBaHHs PyXiB y CyIZI06ax HVDKHIX KiHIIIBOK.
OcHOBOI0 3ac00y € BUMipIoBa/bHa JIiHilKa, KA CKIAJAETbCA 3 PYKOBAHOI I/IATH, Ha AKill po3MillleHO KOHCTPYKIIiA 3 EMHICHMX
CEHCOPpiB, IiHil KOMyTallii Ta CUTHaJIbHOTO IE€PETBOPIOBAYa, AKMUII BUMIPIOE CUTHAJI, OTPUMaHMIl ceHcopamu. Ilepemady pesymnb-
TaTiB BUMIipIOBaHH:A Ha KOHTpoJIep, a faii Ha IIK, — intepdeiicom, peaisoBaHo Ha ocHOBI 6e3mposigHoi Bluetooth Texnosorii.
Jist peanisanii 3aco6y BUMIipIOBaHHsI, BUKOPMCTAHO KOHTPOJIEP, AKMII Ma€ IJIATy, IOOYZOBaHy Ha CHHTe3] e/leKTPOHHOI amapar-
Hol wraTopmu Arduino u minikommr'orepa Raspberry Pi. Pe3ynbraTn TecTyBaHHS IPeACTaB/IAIOTLCA HA eKpaHi MoHiTopa IIK.
BusHadeHHAM SIKICHUX XapaKTepUCTUK JOOPOTHOCTI TecTy, y pasi ¢ikcauii pesynbTraTiB po3po6ieHNM Ha OCHOBI €IeKTPOHHIX
IT-pecypcis 3acoby BUMiploBaHH: piBHA PYXiB y CyI7I06axX HIDKHIX KiHI[IBOK CTY/IeHTiB 3 iHBa/Ii/[HICTIO, BCTAHOBJIEHO, ILJO PiBEHb
HafitHOCTI TecTy craHoBUTH Buie 0,90 («BigMiHHa») BamigHOCTI — Bif 0,6 («BucoKa»). EMnipuyni faHi ekcriepuMeHTy 3i6paHi
IPSIMUM CIIOCOOOM BOJIOAIIOTh HU3BKUM PiBHEM HOOPOTHOCTI: SIKiCHI MOKA3HMKM HAfiTHOCT] y Mexxax — Hipkde 0,70 («mae 06-
Me)KeHe 3aCTOCYBaHHA»), BalifHOCTI — < 0,3 («HM3bKa BaTigHICTD»).

BucHoBku. Po3po6rennit Ha ocHoBi enekTpoHHUX IT-pecypciB 3aco6y BUMipIoBaHH: piBH:A PYXiB y Cyrno6ax HVDKHIX KiHIIi-
BOK CTY/ICHTIB 3 iHBa/IiIHICTIO BHAC/IIJOK TPaBM KiHIIiBOK BOJIOJji€ 3HAYHMM IlepeBaraMi, AK OT JOCTYIHICTb (QYHKIIiN, IPOCTOTA Y
BUKOPMCTAHHI 11 epeKTUBHICTD. 3abe3nedyioun BUCOKY e(heKTUBHICTb Ta 00’ €KTUBHICTb KOHTPOJIIO, 31iIICHIOE BUKOHAHHS KOHTP-
OJIIOBAJIBHUX OIEpaLill y peX1Mi peasbHOro 4acy. BUKOpUCTOBYIOUM IHCTPYMEHTH OLiHIOBaHH 3 BUCOKMM PiBHEM JJOOPOTHOCTI,
3a0e31e4yeMO BUSIB/IEHHI JOCTOBIPHO 3MiH y CTaHi CyI‘]IO6iB HIVDKHIX KiHIIIBOK CTY[EHTIB 3 iHBa/liJHICTIO Ta yCYHEHHS BIUIUBY
MIOMMJIOK Y IPUITHATTI KepiBHMX pillleHb IJIaHYBaHHA Mpolecy ixuporo OB.

KnrouoBi cnoBa: 31106yBa({i BMIIOI OCBiTM 3 iHBamifHICTIO, (i3MYHEe BUXOBAHHS, TEeCTYBAaHH:A, iHK/I03iA, KOHTPOJIb,
HOOPOTHICTD.
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Abstract

Objectives. This study is aimed at analyzing the impact of short-term Speed Endurance Soccer Training (SEST)

training on the physical performance of young soccer players.

Materials and methods. The true experiment method was used in this study. The study population comprised a total
of 122 individuals. Furthermore, by using random sampling techniques, a sample of 30 persons was selected with

an average age of 15.2 + 0.81 years, height 168.1 + 4.82 cm, weight 57.85 + 11.93 kg, and BMI 20.34 + 3.37. Physical
performance instruments included the Running Based Anaerobic Sprint Test (RAST), Yo-Yo intermittent test level 1,
20-meter sprint, and standing broad jump test. The study used the paired t-test to evaluate the effect of each group
and the independent samples t-test to compare the improvement in the experimental (SEST) and control groups.

Statistical significance was set at p < 0.05.

Results. The paired t-test showed significant differences between the pretest and post-test in the SEST group
in anaerobic (p = 0.000, A% = 8.4), aerobic (p = 0.000, A% = 7.48), and speed (p = 0.000, A% = 3.39) capacities.
Meanwhile, there were no considerable differences in the variables for the control group. According to the
independent t-test results, a significant difference in effect between the SEST group and the CTRL group

was revealed. The SEST group demonstrated marked differences in anaerobic, aerobic and speed variables

with a p-value = 0.000.

Conclusions. The study reveals that short-term Speed Endurance Soccer Training contributes to enhancing
the physical performance of soccer players. However, caution should be exercised regarding the potential risk

of hamstring injury in individuals with unprepared muscles.

Keywords: soccer, speed endurance soccer training, physical performance.

Introduction

Soccer has high physical demands (Mendez-Villanueva
etal., 2013; Rebelo et al,, 2014). Attacking, transitioning and
defending are three important soccer moments requiring
high physical quality. Excellent physical quality is required
to make a positive transition from defending to attacking
well, and vice versa with negative transitions.

© Kusuma, I.D.M.A.W,, Kusnanik, N.W., Lumintuarso, R.,
Setijono, H., Muhammad, Muhammad, H.N., Kartiko, D.C.,
Siantoro, G., & Phanpheng, Ya., 2024.
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Often, training models that are partial or not holistic
can become an obstacle in the player development process.
Physical training is often carried out separately with
technical and tactical components, such as plyometric
training by Kusuma et al. (2023), Maciejczyk et al. (2021),
Padron-Cabo et al. (2021), High-Intensity Interval Training
(HIIT) by Arslan et al. (2021); D’Isanto et al. (2022), Speed
Endurance Training (SET) by Iaia et al. (2015), Ikhsan et al.
(2023), Mohr & Krustrup (2016) and others. Even though
the results of this research have a positive impact on the
physical performance of soccer players, if we look at the
implementation of the training, it is still separated between
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physical and other components, resulting in a lack of contact
with the ball on the players, so it is possible to have an impact
on the players’ performance on the field. Apart from that,
according to Izquierdo et al. (2023), coaches must develop
training programs that suit the needs of the competition.

A holistic training model is needed so that the physical
training carried out meets the competition’s needs. In line
with several studies that have been conducted, which found
the theory that the integration of non-specific training
together with soccer routines will maintain the level of
technical and physical skills, according to Clemente et al.
(2022), as well as player enjoyment Formenti et al. (2021),
Ridwan et al. (2022).

One solution that can be adopted to overcome the
problems faced in developing physical, technical, tactical
and mental components is to apply the Speed Endurance
Soccer Training (SEST) model. This exercise adopts the Long
Interval Speed Endurance Training Maintenance (SET-M)
theory with an intensity of 50-80%, 15-90 seconds duration,
ratio 1:1-1:3, and repetitions 6-12 (Hostrup & Bangsbo,
2023). This approach combines elements of high-intensity
speed training with tactical elements in matches, in line with
the research of M. Oliva-Lozano et al. (2023), who found that
repeated sprinting abilities are very much needed in soccer.
The training intensity used in this exercise is classified as high
intensity using anaerobic and aerobic energy systems. These
drills are designed to improve a player’s physical fitness,
technical skills, tactical understanding and mental toughness.

This research was conducted to analyze the SEST
training model on the physical abilities of football players.
SEST adopts a SET and tactical approach in the game of
soccer. Apart from that, this research aims to develop a
holistic training method. Conducting SEST research is
essential because it can provide scientific evidence about
this exercise’s effectiveness in improving soccer players’
performance and physical fitness. This is very important
because it can help soccer coaches design effective and
efficient training programs and improve the overall health
and performance of soccer players.

Materials and Methods

Study Participants

A total of 122 male soccer players were the population
in this study, and 30 players were taken as samples. Samples
were taken using a random sampling technique. Sample

Table 1. Training Program

characteristics: age 15.2 + 0.81 years, height 168.1 + 4.82 cm,
weight 57.63 + 11.93 kg, and BMI 20.26 + 3.37. Of the
30 samples, 15 were in the control group (CTRL), and
15 were in the treatment group (SEST).

Study Organization

The method used in this research is an experimental
method with a two-group pretest and posttest design, where
the sampleis divided intoa control group and an experimental
group. Sample selection used random sampling techniques.
This research uses Polar Verity Sense to monitor heart rate
to keep it at a high intensity. Physical performance test
instruments use the RAST Test, Yoyo Intermittent Recovery
Test level 1, RAST Test, and Srint 20 meter test. This research
was approved by the Health Research Ethics Committee
Nahdlatul Ulama University of Surabaya (registration
number 0276/EC/KEPK/UNUSA/2023 - Date of approval:
July 12, 2023).

Procedure and Training Program

Both groups were given a pretest to determine their
initial physical performance. Next, the treatment group was
given SEST training for four weeks with a frequency of three
times a week, while the control group was given training
as usual with the same duration and frequency as the
treatment group. Before the treatment, the 15 sample people
were divided into three groups, consisting of 3 attacking
players and two defensive players. The SEST implementation
procedure consists of several steps. First, group one played
3v2 in the penalty box area. During training, both teams
ran back and forth for four repetitions, both on attack and
defence, in one set. Each team player is given five balls to
score each time a team attacks or defends. After the first
group completes five balls or one set, proceed to the second
group. Each group’s total number of repetitions was six, with
three sets attacking from the right side and three from the
left side of the field. To maintain a high training intensity, a
training ratio of 1:3 is used, which means one work section
followed by three rest sections.

The training program implemented in this research is in
Table 1. In one set, the estimated distance covered by each
player is around 120 meters, with an average travel time of
around 88 seconds, followed by a rest of 234 seconds before
the next set begins. It is estimated that the total distance
travelled by players in one training session is 720 meters.

Set : Speed Endur?nce Tacti.cal Compone.nt Attack Side Intensity
Distance (m) Time (s) Action Time (s)
20 3 Early Cross 10 Right/Left
20 3 Penetration Cross 10 Right/Left
20 3 Early Cross 10 Right/Left
I Set 20 3 PenZtration Cross 10 Riiht/Left 80-90 % HrMax
20 3 Early Cross 10 Right/Left
20 3 Penetration Cross 10 Right/Left

Estimated distance 120 meters

Intervals 1:3, with 78 seconds of work and 234 seconds of rest

<70 % HrMax
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Statistical Analysis

Data are presented in the form of mean and standard
deviation. The normality test uses the Shapiro-Wilk test, and
the homogeneity test uses the Levene test. The percentage
change (A%) between the results before and after the
training period. The paired t-test was used to see the effect
of each group, and the independent sample t-test was used to
compare the improvement in the experimental and control
groups. Statistical significance was set at p < 0.05. Effect
sizes (ES) were calculated using Cohen’s ES to measure the
magnitude of differences between groups. ES above 0.8 is
large, 0.8-0.5 is medium, 0.5-0.2 is small, and less than 0.2 is
insignificant (Cohen, 2013).

Results

Average data for the two groups which took part in
Soccer Endurance Speed Training (SEST) and the control
group (CTRL) are shown in Table 2. Participants’ age, height,
weight, and Body Mass Index (BMI) were measured for both
groups.

Table 2. Characteristic of group

Group Age (year) Height (cm) Bocg(;\;lass BMI
SEST 15.27+0.8 168.07£5.61 57.53+12.15 20.21%3.30
CTRL 15.13+0.83 168.13+4.09 57.73+12.12 20.30+3.57

Data are presented as mean+SD

The Shapiro-Wilk normality test showed that all vari-
ables in the SEST and CTRL groups had a normal distribu-
tion with a significance value of Sig>0.05. The same thing
was also found in the homogeneity test using the Levene test,
showing a significance result of > 0.05.

Table 3. Results of pretest and posttest physical performance

The results of the pretest and posttest physical
performance tests are in Table 3. The variables observed
include anaerobic power (watts), aerobic power (ml/kg/
min), and speed (seconds). Data were divided into two
groups: the group that underwent SpeedEndurance Soccer
Training (SEST) and the control group (CTRL). Pretest and
posttest results and percentage changes (A%) are presented
for each variable in both groups. In addition, significance
(P) and effect size (ES) values were also reported for each
variable in the two groups.

The difference in effect was significant between the SEST
group and the CTRL group. Anaerobic, aerobic, and speed
variables in the SEST group showed significant differences
with p-value = 0.000. More complete data is shown in Table 4.

Discussion

The research results show that SEST has a significant
influence on improving the physical performance of soccer
players. SEST is a combination of speed endurance training
and soccer tactics training. These findings are in line with
previous research conducted by Sports Arslan et al. (2020),
which compared running-based high-intensity interval
training vs. small-sided game training programs with the
results of small-sided game training become more effective
training to improve technical abilities and dexterity with
a greater level of enjoyment, while running-based high-
intensity interval training is more suitable for speed-based
conditions in soccer players young.

Previous research found that high-intensity interval
training can improve soccer players’ aerobic and anaerobic
abilities (Arazietal.,2017; Fangetal.,2021). In practice, high-
intensity interval training induces more excellent glycolytic
activity in a short time, resulting in the production of lactic
acid, and this activity beneficially contributes to producing
higher levels of ATP (Stoggl & Bjorklund, 2017). In line
with the principles of the lactic anaerobic energy system,

Variable Group Pre Post A% P ES
SEST 386.63 + 106.50 411.22 £113.09 6.36 0.000* 1.79
Anaerobic Power (watt)
CTRL 389.41 + 105.87 388.53 + 106.78 -0.22 0.469 0.19
SEST 41.33 £ 3.01 44.42 +3.44 7.48 0.000* 2.61
Aerobic (ml/kg/min)
CTRL 41.30 £ 2.90 41.40 +2.71 0.22 0.464 0.19
SEST 4.03 £0.25 3.89 £ 0.19 3.39 0.000* 1.27
Speed (second)
CTRL 4.04 £0.26 4.03 £0.27 0.05 0.866 0.04

Data are presented as mean+SD; A (%): percentage of change between pre and post-training performance; p: level of significance;

ES: effect size; * Significant difference, p < 0.05.

Table 4. Comparison of physical performance variables in both groups

Variable SEST CTRL A% P ES
Anaerobic Power (watt) 24.59 + 13.69 -0.87 + 4.55 -103.56 0.000* 2.5
Aerobic (ml/kg/min) 3.09+1.18 0.09 £ 0.47 97.07 0.000* 3.33
Speed (second) 0.14 £ 0.011 0.00 £ 0.05 98.62 0.000* 1.7

Data are presented as mean+SD; A (%): percentage of change between group SEST and CTRL group; p: level of significance; ES:

effect size; * Significant difference, p < 0.05.
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SEST work applies a 1:3 interval with a high-intensity work
time of 50 seconds and rest for 150 seconds. Other research
has proven that 1:5 and 1:1 intervals significantly increase
endurance tested using a yoyo intermittent recovery test
level 1 (Diker et al., 2023).

The implementation of SEST covers a sprint distance
of 160 meters multiplied by 6 sets, where this model has
the Long Sprint Training category. In previous research,
Rey et al. (2024) reported that Short Sprint Training (SST)
and Long Sprint Training (LST) were effective in improving
performance measures specific to soccer. However, LST had
a better percentage of improvement, with analysis showing
significant improvement in 5 m, 10 m, 20 m, 30 m and
40 m sprint. This strengthens the SEST findings, which are
included in the ESG category.

Apart from that, SEST requires the work of the
hamstrings and quadriceps to perform and stabilize sprint
movements, pass the ball, and control the ball towards the
goal. This is in line with a systematic review study conducted
by Baroni et al. (2020), which concluded that the quadriceps
play an essential role in jumping and kicking a ball, while
the hamstrings are known to control running activities and
stabilize the knee joint when turning or making a tackle. This
aligns with research by Fransson et al. (2018), which found
that high-intensity interval training with speed resistance
increased muscle oxidative capacity and sports performance
as well as muscle ion transporters and muscle antioxidant
capacity in soccer players.

Previous research conducted by Nayiroglu et al. (2022)
comparing the effects of running-based small-sided games
(SSG) and high-intensity interval training (HIIT) on body
composition and physical fitness in youth women’s soccer
found HIIT SSG and HIIT were equally effective for
improving vertical and horizontal jumping ability, change of
direction, and aerobic capacity status, these findings are in
line with this research, but this research has a slightly different
model, namely combining a high-intensity training model
with football tactics. In contrast, the previous research was
carried out separately. Apart from that, this research has a
positive effect on anaerobic capacity. Previous research
combined tactical and physical training with almost the
same characteristics (Arslan et al., 2021). Previous research
shows that the combination of SSG and HIIT is efficacious
in improving young soccer players’ physical and technical
performance. These findings align with this research, but what
differentiates this research is how the training is carried out,
whereas previous research was carried out alternately. On the
other hand, this research was carried out jointly or holistically.

An interesting limitation of SEST is that hamstring
injury is possible in some samples. This is possible because
the hamstring muscles are not ready before SEST treatment.
This is in line with research by Moreno-Perez et al. (2023),
which indicates that short periods of unusually long running
can increase the risk of hamstring injury in soccer players.
With these findings, it can be concluded that SEST training
is unsuitable for players with weak hamstrings or players
who are not used to doing repetitive sprints.

Conclusions

Overall, the research results show that SEST, a
combination of speed endurance and soccer tactics training,

significantly influences players’ physical performance.
However, remember that this exercise can potentially
cause hamstring injuries in some individuals, especially
if the hamstring muscles are not ready. Therefore, when
implementing SEST, players’ physical condition and habits
must be considered to minimize the risk of injury.
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Y nokpalyyoTb KOPOTKOTpMBani TpeHyBaHHA 3 ¢yTOONy
Ha PO3BUTOK WBUAKICHOT BUTPUBanocTi ¢i3anyHy NpoayKTUBHICTb?

1ABCD 1AD
b

I leBa Mage Apananpga Bigkaa Kycyma , Hinin Bigpax KycHanik
Pia Jlymintyapco®*?, Xapi Cerimxono'*’, Myxamman'AP, Xeppsauto Hyp

Myxammap'AP, [TBi Kaxito Kapriko'AS, I'rix Ciantopo'AC, SIupon IIxanmxen*A¢

'Cypabaiicbkuii lep>kaBHUI YHIBEpCUTET

?[I)KOK’ IKapTChKMIT Jlep>KaBHUI YHIBEepCUTET

3Jloevicbkuii yHiBepcuTeT Paprabxar

ABTOpPCHKMIT BKTAJ: A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrs: 6 c., 4 Tabm1., 27 mxeper.

Merta gocnimkenns. e foCTifykeHHs CIIpsMOBaHe Ha aHAJIi3 BIUIMBY KOPOTKOTpUBaIMX QyTOOIBHUX TPEHYBAaHb 3 PO3-
BUTKY BUaKicHoi BuTpuBanocti (SEST — Speed Endurance Soccer Training) Ha ¢isn4ny npofyKTHBHICTD I0HUX (yTOOMICTIB.

Marepianu Ta MeToau. Y JOCHI/[)KEHH] 3aCTOCOBAHO METOJ, iCTMHHOIO €KCIEPUMEHTY. 3arajibHa Ki/IbKiCTb OCIiIKYBaHUX
craHoBma 122 ocobu. Kpim Toro, Merogom pangomisarii Oyma Bifibpana Bubipka B Kinmbkocti 30 ocib i3 cepenHiM Bikom 15,2 +
0,81 poxy, 3apoctom 168,1 + 4,82 cMm, Baroro 57,85 + 11,93 kr Ta IMT 20,34 + 3,37. 3aco6u ouinku ¢GisndHOI IPOXYKTMBHOCTI BK/II0Ya-
IV aHaepOOHMI TecT Ha OCHOBI cripuHTepcbKoro 6iry (RAST rtect), Yo-Yo TecT Ha BUTpUBaIiCTDb 1-T0 piBHA 3 IIepepBaMy Ha BiTHOB-
JIHHSI MDK TPeHYBaHHSM, CIIPMHTePChKMil 6ir Ha 20 MeTpiB Ta TeCT 31 CTPUOKIB y JOBXKUHY 3 MiCL. Y ZOCIIIKEHH] 3aCTOCOBAHO
HapHUIT t-KpUTepili A/IA OLIHKY BIUIMBY KOKHOI TPYIIN Ta t-KPUTEPilt A/IA He3aIeXKHUX BUOIPOK 3 METOIO IIOPiBHAHHS ITOKpallleHHA
HOKa3HMKIB B ekcriepuMeHTanbHilt (SEST) Ta KoHTpo/bHil rpymax. CraTiCTHYHA 3HAYYIIiCTh 6y/Ia BCTaHOB/IEHa Ha piBHI p < 0,05.

Pesynbrarn. 3a pesynbraTaMy JOCTIPKEHHS i3 3aCTOCYBAHHAM IIAPHOTO t-KpUTepilo BCTAHOB/IEHO HASBHICTh 3HAYHMX Bifl-
MiHHOCTell MK ITOKa3HMKaMU IO i Iic/i IpoBefieHHs TeCTy B rpyIi gocmimkysanux SEST B aHaepoO6Hiit (p = 0.000, A% = 8,4),
aepo6Hiit (p = 0.000, A% = 7,48) i mBnakicHiit (p = 0.000, A% = 3,39) 3gaTHOCTsX. HaTOMiCTh Y KOHTPOJIBHIII IPyIIi He CIIoCTepi-
rajIocs CyTTEBUX BiIMIHHOCTeI! y JOC/IIPKyBaHNX 3MiHHMX. 3Ti/{HO 3 pe3y/nbTaTaMu t-KpUTepiio 11 HesaIe>KHNX BUOipok, Oyio
BUSIBJIEHO CYTTEBY PiSHMUIIIO y TIOKa3HMKaX eeKTnBHOCTI MK rpynoto SEST Ta KoHTponbHOW rpynoto. Ipyma SEST npopemon-
CTpyBaJIa iCTOTHI BifMiHHOCTI B aHaepOOHNX, aepOOHNX i MBUAKICHUX MapaMeTpax 3 p-sHaueHHAM = 0,000.

BucHoBku. JloCIimKeHHs OKa3ye, 110 KOPOTKOTPMBaI TpeHyBaHHs 3 GyTOOTY A/ PO3BUTKY LIBUAKICHOI BUTPUBAIOCTI
CIIPUAIOTD MOKPAIeHHIO IIOKa3HMKIB (isnyHOl IPpOAYKTUBHOCTI ¢yTOomicTiB. OfHak cmif 6yTu 06epe>KHUMM Yepes TIOTeHIilt-
HIIT PUSUK TPaBMYBaHHs MIIKONIHHOTO CYXOXXI/ILA Y 0Ci6 3 HEJOCTATHBO PO3BMHEHNUMM M S3aMIL.

KirouoBi coBa: ¢pyT6071, TpeHyBaHH:A 3 PyTOONTY Ha pO3BUTOK LIBUAKICHOI BUTPUBAIOCTI, (hisMuHa MPOAYKTUBHICTB.
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Abstract

Objectives. The importance of physical activity is often underestimated, particularly by students, although there is
some scientific evidence to support this. There is a lack of data on students’ perceptions of sports practice, focusing
on the aspect of well-being and the positive benefits of the latter, including in the school environment. The objective
is to quantify the impact of sports practice on the well-being of secondary school students in the school setting.
Materials and methods. The sample taken consists of 25 students belonging to the first grades of the State Industrial
Technical Institute “G. Cardano” in PAVIA. A questionnaire consisting of 16 questions was developed in order to
investigate the relationship between well-being and physical activity among the students. Then, the responses to the
questionnaire questions were analyzed, applying chi-squared test analysis to understand any significance among the

qualitative variables.

Results. It was found that for the respondents, the relationship with sports is 16% indifferent, 4% not positive and
80% favorable. A first significant relationship was analyzed, between the amount in terms of frequency of sports
activity and the students’ feelings in the classroom while practicing (p = 0.001); and a second significant relationship
was found between the amount in terms of frequency of sports activity and the students’ feelings during the exercises

(p = 0.003).

Conclusions. The main conclusion that can be drawn from this study is that sports activity has a positive impact
on students’ school life, influencing their physical and emotional well-being, enhancing a sense of inclusion and
empowerment, and increasing motivation to achieve personal goals.

Keywords: school, wellness, sports, questionnaire, physical activity.

Introduction

In the fast-paced and increasingly competitive environ-
ment of modern life, the importance of sports in the school
setting emerges as a crucial element in the overall well-be-
ing of students (Raiola, 2020). In scientific literature, there
is evidence of the effectiveness of sports in developing not
only skills and abilities, but also skills applicable to daily life
(Raiola, 2019). Sport is not only a form of physical activity,
but a powerful educational tool that contributes significantly
to the formation of balanced and resilient individuals (D’Elia
& D’Isanto, 2021). Sport represents a distinctive educational
method that contributes to the formation of people with the
ability to face challenges with determination (Ratey, 2008).

© DiDomenico, E, Ceruso, R., Aliberti, S., & Esposito, G., 2024.
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Playing sports not only promotes physical health, but also
plays an instrumental role in stress management and en-
hancing cognitive abilities (Hristovski et al, 2012). In ad-
dition, it can be regarded as a beneficial component for the
brain, providing prevention against brain diseases (Raiola,
2017). Students who engage in sports develop better con-
centration, learning, and memory, which are key aspects
for meeting academic challenges more effectively (D’Elia,
2019b). In addition, sports act as a laboratory for the growth
of social and emotional skills. Practice in team sports teaches
the value of teamwork, leadership, and managing emotions
in high-pressure situations (Altavilla et al, 2018). Active par-
ticipation in sports provides fertile ground for the develop-
ment of social skills, including teamwork, leadership, and
emotion management (Bailey, 2010). Such skills not only
reflect positively in school dynamics, but also become an
asset for success in adult life (Invernizzi et al, 2022). The

276



Di Domenico, F., Ceruso, R., Aliberti, S., & Esposito, G. (2024). Analyzing the Perception of the Impact of Sports Practice on Students
in School Settings

school environment, therefore, should not only be a place
of learning, but also a fertile ground for the integral forma-
tion of individuals (Altavilla et al., 2015). Sport is presented
as an effective means of promoting health, resilience, and
socialization, thus creating a solid foundation for students’
overall success, both in their academic careers and in ev-
eryday life (D’Elia, 2021). In addition, it has been shown
how much sports practice can influence the cognitive aspect
of students, both in terms of learning, school performance,
and not to be underestimated, emotional development, un-
derstood as emotion management (Zourbanos et al., 2014).
Regular practice of sports not only improves physical health,
but also has a positive impact on cognitive functions, includ-
ing attention and memory (Hillman et al., 2008). Sports can
be an effective tool for promoting equity and inclusion with-
in the school environment (D’Isanto, 2019). Through well-
structured sports programs that are accessible to all students,
socioeconomic, cultural, and gender barriers can be over-
come, providing opportunities for everyone to participate in
and benefit from the educational values of sports (Altavilla,
2019). Active participation in sports can help prevent school
dropout by providing students with a positive and engaging
experience outside the classroom (Vazou et al., 2019). Not to
be underestimated, school sporting events can be an oppor-
tunity to actively involve families and the local community,
creating closer ties between the school and the surrounding
area. This involvement can contribute to greater social cohe-
sion and broader support for student education and develop-
ment (Abarca-Sos et al., 2013). Students involved in sports
tend to have a greater motivation and sense of belonging
to the school, reducing the risk of disengagement and poor
academic performance (Baena-Extremera et al., 2013). This
also enables the development of motivation in students, un-
derstood as achieving goals or simply in working to achieve

certain goals (Parish & Treasure, 2003). Despite this, with
the development of new technologies tending toward the
entertainment of subjects at a young age, sports practice is
not always considered of primary importance, taking into
consideration more and more sedentary habits. The absence
of the data of students’ perceptions regarding sports practice
was noted, focusing on the aspect of well-being and the posi-
tive benefits it brings even in the school environment. Often,
the focus is mainly on the psychophysical value of sports
in the social context, neglecting its relevance in the educa-
tional and school context.

Purpose of the research. The objective of the study is to
quantify the impact that sports practice has on secondary
school students in terms of well-being and positive influence,
in the school setting.

Materials and Methods

Study Participants

The sample taken consists of 25 pupils belonging to
the first classes of the State Industrial Technical Institute
“G. Cardano” in PAVIA (PV). They are divided into 14 male
and 11 female, with an age range of 14 to 16 years.

Study Organization

First, a questionnaire was developed to investigate the
relationship between well-being and physical movement
in students, containing 16 questions. The questionnaire
is divided into three sections: the first contains profiling
questions, the second contains questions about sports, and
the third section contains group interaction questions.
Analytically, the questions were designed to understand the

Table 1. Questionnaire to investigate the relationship between well-being and physical movement in students

Questions: Answer Answer Answer

1. Gender of the interviewee: Male Female

2. Age of the interviewee: Open answer

3. To which class the interviewee belongs? Open answer

4. What sports activities does the person engage in?  Open answer

5.  Sports activities are carried out: Once/twice a week Two/three times a week None

6.  For the interviewee, sport is: Fun Well-being Relationship

7. What relationship does the respondent have with  indifferent Not positive Favorable
sports:

8. In the classroom, the student feels: valued included hindered

9.  During sports, does the subject feel? valued included hindered

10. Does sports make you feel better? YES NO Other (please specify)

11. Does sport change your relationship with your YES NO Other (please specify)
teammates?

12. With sports, do you feel motivated to achieve YES NO Other (please specify)
your goals?

13.  With sports do you interact with the group with ~ YES NO Other (please specify)
interest and attention?

14. Are you attentive and participatory during sports  YES NO Other (please specify)
activities?

15. Do you feel a sense of well-being after exercising? YES NO Other (please specify)

16. Is it possible to say that thanks to sports the class ~ YES NO Other (please specify)

is satisfied?
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basic characteristics of the respondents, to understand the
respondent’s orientations in relation to sport, group, and the
topic of well-being and motivation. The questionnaire, of
structured type and processed through Google Forms, was
submitted aiming at the independent variables that cannot be
influenced with respect to the individual person’s behaviors
and are already guided in the choice of a predefined response
in relation to the Likert scale, the most used type among
the predefined response possibilities. The questionnaire is
represented in Table 1.

Statistical Analysis

Once the questionnaire was administered, a survey and
analysis of the results was conducted, with the application
of the ChiQuadro statistical tool to note any significant
relationships between the qualitative variables. This was
performed with the statistical analysis software “JASP”.

Results

With the administration of the questionnaire, the
following process was the processing of the latter Table 2.
Shows the results of the responses to the questions.

Table 2. Results of the questionnaire

Following the administration of the questionnaire, the
data were analyzed. With question number 1 ‘Gender of the
interviewee’ it turns out 56% male and 44%. With question
number 2 ‘Age of the interviewee, it turns out that the age of
the sample is between 14 and 16 years old, with 58% turned
out to be 14 years old, 35% turned out to be 15 years old,
and the remaining 4% turned out to be 16 years old. With
the question ‘What grade does the respondent belong to?’ it
turns out that 100% are attending the first grade of secondary
school. Next with the question ‘What sports activities does
the subject engage in?’ The following activities result with
different percentages: Soccer for 24%, Volleyball for 16%
%, Fitness for 40% (understood as activities carried out to
physical well-being in the gymnasium), Tennis for 12% and
No activity for 8%. With question 5 ‘Sports activities are
carried out’ it appears that 76% carry out the activity once/
twice a week, 20% two/three times a week and the remaining
4% responded with ‘other’ To the question ‘For the
interviewee, sport is’ for 80% it is fun, for 16% it is well-being
and for the remaining 4% it is relationship. With respect to
question number 7 “‘What relationship does the respondent
have with sports, it turns out that for the respondents the
relationship with sports is for 16% Indifferent, for 4% not
positive and for 80% Favorable. Next to question number 8
‘In the classroom the student feels’ it turns out that 20 % of

Questions

1.  Gender of the interviewee: Male
Percentage 56,00%
Frequency 14

2. Age of the interviewee: 14 years old
Percentage 15
Frequency 58,00%

3. What grade does the respondent First
belong to?
Percentage 25
Frequency 100%

4. What sports activities does the ~ Football
subject engage in?
Percentage 24,00%
Frequency 6

5. Sports activities are carried out:

the activity once/twice a week

Percentage 76%
Frequency 19

6.  For the interviewee, sport is: fun
Percentage 80%
Frequency 20

7.  What relationship does the Favoreble
respondent have with sports:
Percentage 80%
Frequency 20

8. Inthe classroom the student hindered

feels:

Female

44,00%

11

15 years old 16 years old

9 1

35,00% 4,00%

Second Third

0 0

0 0

Volleyball Fitness Tennis  No activity
16,00% 40,00% 12,00% 8,00%
4 10 3 2
two/three times a week ~ Not once

20% 4%

5 1

wellness relantionship

16% 4%

4 1

Indifferent not positive

16% 4%

4 1

enhanced included
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Questions
Percentage 20% 8% 72%
Frequency 5 2 18
9. During sports the subject feels?  hindered enhanced included
Percentage 8% 32% 60%
Frequency 2 8 15
10. Does sports make you feel YES NO
better?
Percentage 92% 8%
Frequency 23 2
11. Does sport change the YES NO
relationship with peers?
Percentage 92% 8%
Frequency 23 2
12.  With sports, do you feel YES NO
motivated to achieve your goals?
Percentage 72% 28%
Frequency 18 7
13. With sports do you interact YES NO
with the group with interest and
attention?
Percentage 72% 28%
Frequency 18 7
14. Are you attentive and YES NO
participatory during sports
activities?
Percentage 92% 8%
Frequency 23 2
15. Do you feel a sense of well-being YES NO
after exercising?
Percentage 92% 8%
Frequency 23 2
16. Isit possible to say that thanks to YES NO
sports the class is satisfied?
Percentage 76% 24%
Frequency 19 6

the students feel hindered, 8 % valued and 72 % included.
While on question 9, namely ‘During sports the subject
feels’ it turns out that 32% feel valued, 60% included and
the remaining 8% hindered. With question 10 ‘Does sport
make you feel better?” 92 % of the students answered yes,
while 8 % answered no. Continuing with question 11 ‘Does
sport change your relationship with peers?” 92 % answered
yes, while 8 % answered no. In question 12 ‘With sports
do you feel motivated to achieve your goals?” 72 % of the
sample answered yes, while 28 % answered no. In question13
‘With sports do you interact with the group with interest
and attention?’ 72% answered yes and the remaining 28%
answered no. Continuing with question 14 ‘Are you attentive
and participatory during sports activities?” 92 percent
of students answered yes, while 8 percent answered no.
Next to question 15 Do you feel a sense of well-being after
exercising?’ 92% answered yes and the remaining 8 answered
no. To conclude with question 16 ‘s it possible to say that

thanks to sports the class is satisfied?’, it turns out that 76 %
of the students answered yes, while 24 % answered no. Then
with Chi-Quadro analysis, two significant relationships were

Table 3. Table of contigency between question 5 and
question 8

Contingency Tables

5. Sports activities 8. In the classroom the student feels:

are carried out:  hindered enhanced included Total
Not once 0 1 0 1
two/three times a 4 1 0 5
week
the activity once/ 1 0 18 19
twice a week
Total 5 2 18 25
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Table 4. Chi-Quadro result between question 5 and
question 8

Chi-Squared Tests Value df P

X 29.947 4 <0.001

detected. Taking question 5 into consideration, the first
relationship was detected between it and question 8, with a
p=0.001, as is shown in Table 3 and Table 4.

A second significant relationship was found between
question 5 and question 9, with a p=0.003, as is shown in
Table 5 and Table 6.

Table 5. Table of contingency between question 5 and
question 9

Contingency Tables

5. Sports activities 9. During sports the subject feels?

are carried out:  hindered enhanced included Total
Not once 0 1 0 1
two/three times a 2 3 0 5
week
the activity once/ 0 4 15 19
twice a week
Total 2 8 15 25

Table 6. Chi-Quadro result between question 5 and question 9

Chi-Squared Tests Value df P

X 16.118 4 0.003

Discussion

In analyzing the responses, it was found that on average,
sports activities are carried out by the most between once and
twice a week, nevertheless, a good 20% play sports % times
a week. The responses showed that for most students, sports
is fun but for a good percentage it is also a source of well-
being; it was also found that for the students surveyed, the
relationship with sports is in 80% of cases favorable and
positive, small percentages report that there is a relationship
of indifference or lack of positivity. The class manifested
that they feel valued and included by sports. It was found
that enhancement, inclusion and the absence of obstacles
are more significant during sports hours than during
face-to-face teaching times. In addition, it was found that
movement and sports activity increase students’ perceived
percentages of feeling included and valued. Most students, a
good 92 percent of the cases, feel better during sports time,
feel they have a better chance of achieving their goals, and
say they are involved and attentive during sports activities.
Question number 16 manifested that thanks to sports, the
class feels satisfied and motivated. It emerged that in the
school, sports play a significant role, representing a free time
for the children, without prejudice and preconceptions.
A substantially positive situation emerges from the study
with respect to sports that makes the subjects feel welcomed
and valued. Sport initially helps students feel valued and
included from the very environment in which they practice
(Gould, 2006). A significant relationship, dictated by the

chi-square analysis, between the frequency of sports
activity and the student’s feelings about sports is inferred,
with p=0.003, which allows us to understand the positive
influence that sports activity has from the very beginning on
the practitioners. As shown in the questionnaire and in what
is reported in this paper, the presence of sports in school
has found positive results from various points of view:
sports increase children’s sense of well-being and inclusion,
and stimulate them to give their best according to skills,
knowledge and potential. It is important to understand
how there is significance dictated by the ChiQuadro, which
makes the overview of the study even more complete. As can
be seen from the results, there is a significant relationship
between the amount in terms of the frequency of sports
activity practiced by students and how the student feels in
the classroom, with a p %= 0.001. This means that even with
the support of sports activity, the student in the classroom
feels more valued as well as included, minimizing negative
perceptions in the school environment (Pesce et al., 2013).
Sports aims at sharing values, reinforcing self-esteem and
promoting a climate of trust and well-being in the classroom
(D’Isanto et al., 2019). Thus, a situation prevails in which
children are able to grasp the importance of teamwork,
the stimulation of motivation and the pre-eminence of
confrontation and communication.

Conclusion

The present study focused on the importance of sports in
the school setting, aiming to quantify the impact that sports
practice has on students in terms of well-being and positive
influence. The main conclusion that can be drawn from
this study is that sports have a positive impact on students’
school life, influencing their physical and emotional well-
being, enhancing a sense of inclusion and empowerment,
and increasing motivation toward personal goals. The class,
in general, says they are satisfied and motivated because of
the presence of sports. In view of these findings, the need to
recognize and promote the importance of sports in the school
setting, not only as a physical activity, but as an effective
educational tool for the integral formation of individuals
is highlighted. The integration of sports programs into the
school routine can contribute significantly to the creation
of balanced, resilient and motivated students, preparing
them not only for future challenges (work, educational,
social), but also by hardening “life and sotf skills” useful
for everyday life. Precisely because life and soft skills are
recognized as important skills for the individual. The study
has a methodological limitation, namely the survey sample,
as it is limited in size and stringent inclusion criteria.
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AHanis cNpUNHATTA BNNBY 3aHATb CNOPTOM
Ha YYHIB y WKiIbHOMY cepeAoBULLi

Penive [Ti [Jomeniko'*t, Pozapio Uepy3o* “P, Capa Anibepri'*“P, IxxioBanni Ecio3ito'®“®

'"YuiBepcuter CanepHo
*YuiBepcuteT Beporn

ABTOpCHKNMII BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrtis

Pedepar. Crarrs: 7 ., 6 Tab/L., 23 mKepena.

Mera gocmimkeHHA. BaxxmBicTb isndHOI aKTMBHOCTI YaCTO HEOOIiHIOETbCA, OCOONMMBO YYHAMM, HABIiTh MOIPU Te, III0
icHyIOTb IIeBHI HayKOBi [OKa3u, LIO MiTBEPKYIOTh Leil (akT. Takox 6paKye [aHUX LIOKO CIPUITHATTA YYHAMM CIIOPTUBHUX
MPAaKTUK 3 TOYKM 30Py IXHBOTO CaMOIOYYTTA Ta OTPMMAHHA NO3UTUBHUX Pe3y/NbTaTiB Iifl Yac 3aHATb CIIOPTOM, Y TOMY 4MCIIi
B LIKIZIbHOMY cepefoBuini. MeTo HOCTiIKeHHs € Ki/IbKiCHa OLfiHKa BIUIMBY 3aHATb CIIOPTOM Ha CTaH 3[I0POB’S y4YHIB cepefHix
IIKi/T y HABYa/IbHOMY CEepeJOBUIII.

Marepianu Ta meTogu. Bubipky TOCIIHKyBaHMX CKJIAMK 25 CTYIEHTiB IepInx KypciB Jlep>KaBHOTO iHZYCTpia/IbHOTO TeX-
Hiunoro inctutyry «I. Kapgano» y m. IlaBis. s mocmifpkeHHsA B3aEMO3B 13Ky MDXX CTAHOM 3[0pOB’s Ta (i3NIHOI0 aKTUBHICTIO
Y4HIB 6yn0 po3pobieHo aHKeTyBaHHS, WO CKIaganocs 3 16 muranb. I1oTiM BifIOBifi Ha 3aNMTaHHA AaHKETH 6ym/1 TpoaHali3oBaHi
i3 3acTocyBaHHAM KpuUTepilo Xi-KBajpar 3 METOI BUABJICHH:A Oy/Ib-AKOI 3HAYYIOCTI MIXK AKICHMMM 3MiHHUMIU.

PesynpraTi. BcTaHOBIIEHO, 1110 171 PeCHOH/EHTIB CTaBIeHHA [0 CIIOPTY € iHAudepeHTHNM cepeli 16%, He Mae MO3UTHBHOTO
CpuitHATTA A71st 4% i € cipusaTiusuM ayst 80% onmtaHyx. AHaIi3 II0Ka3as, [0 ICHYE MepUINii 3HAYYIINIT 3B 130K MiXX 4aCTOTOIO
3aHSATD CIIOPTOM Ta CAMOIIOYYTTSM CTYHEHTIB B ayfuTOpii i vac 3ausATh (p = 0,001), a TAaKOX APYTuil CYTTEBMII 3B 130K MK
JaCTOTOIO 3aHATH CHOPTOM Ta CAaMOIIOYYTTAM CTYHEHTIB IIpu BUKOHaHHI (isnuHoi aktuBHOCTI (p = 0,003).

BucHoBku. OCHOBHUIT BICHOBOK, SIKIIT MOXKHA 3pOOUTH 3 IIbOTO ZOCI/PKEHHS, IOJISTA€ B TOMY, IO CIIOPTUBHA AKTUBHICTH
MIO3UTUBHO BIUIMBAE HA LIKiNbHE )XUTTS YUHIB, CIIPUAIYY IXHPOMY (DiSTYHOMY Ta eMOLITHOMY 0/1arONoNy Yo, OCH/IIOIYY I10-
YyTTsA IHK/TIO3MBHOCT] Ta PO3LIMPEHHA MOXK/IMBOCTEN, @ TAKOX IiIBUIIYIOYN MOTUBALIIIO IO JOCATHEHHS 0COOMCTHX Lii/leil.

KirouoBi croBa: mkosa, 03j0pOB/IeHHs], CIIOPT, aHKETYBaHHs, (isNYHa aKTUBHICTb.
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Abstract

Background. Auditory and visual reaction time refers to the duration between the introduction of a sound or light
and the onset of a response. It is an important aspect of human behaviour, influencing performance in various
activities ranging from daily tasks to sports and emergency situations.

Objectives. The purpose of this study was to investigate reaction time (auditory and visual) as a component of skill-
related fitness between male college students practicing yoga and those who do not.

Materials and methods. A total of forty male college-going students (N = 40) were randomly selected to participate
in this study. Out of the total, twenty participants (n = 20) were dedicated yoga practitioners actively involved in
district and state-level yoga competitions. The remaining twenty individuals (n = 20) followed a sedentary lifestyle
and were not involved in yoga practices. The subjects’ ages ranged from 17 to 25 years, encompassing a cohort of
young adults. The data pertaining to visual reaction time (VRT) and auditory reaction time (ART) was collected
using an audio-visual reaction timer. Each participant performed the task thrice, and the mean score was used to
indicate the experimental reaction time in milliseconds (ms). Descriptive statistics and the independent samples
t-test were subsequently conducted to evaluate the significance level, with a predetermined threshold set at p < 0.05.
Results. The results showed that the comparison between VRT and ART of yoga and non-yoga practitioners revealed
that for yoga practitioners, t = 2.91, and p < 0.006, whereas for non-yoga practitioners, tsg = 3.55, and p < 0.001.
Regarding VRT between yogic and non-yogic practitioners, tsg = 1.99, and p > 0.054, and for ART between yogic
and non-yogic practitioners, tsg = 2.12, and p < 0.041.

Conclusions. The findings suggest that both yogic and non-yogic practitioners demonstrated significantly lower level
of ART compared to VRT. Further results indicate that hand speed in terms of VRT is nearly identical between yogic
and non-yogic practitioners, but the ART of yogic practitioners was observed to be faster than that of non-yogic
practitioners. Yoga has been associated with various physical and mental health benefits, and studies suggest that it
may have a positive impact on reaction times.

Keywords: simple reaction time, visual reaction time, auditory reaction time, yogic practitioner, non-yogic
practitioner.

Introduction In various fields such as psychology, sports training, and
physiology, reaction time is measured to assess how quickly
an individual can respond to a specific stimulus. It is a crucial
parameter in understanding cognitive and motor skills, as
well as the efficiency of sensory and neural processes. The

Reaction time refers to the period between the
presentation of a stimulus and the initiation of a response.

©  Pramanik, TN., Rahaman, A., Pramanick, S., Chowdhuri, P, sjgnificance of reaction time in performance is paramount,
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al., 2014). This assessment of how quickly information
is processed in the center and how well-coordinated
movements are in the periphery relies on the nervous
system’s ability to detect stimuli. Neurons send signals to the
brain and spinal cord before directing actions to the hands
and fingers through motor neurons to execute a suitable
response. Reaction time indicates how quickly an organism
responds to particular stimuli and is affected by factors like
age, gender, handedness, visual concentration, practice,
fatigue, fasting, breathing rhythms, personality traits,
physical activity, and cognitive capabilities (Jain et al., 2015).
In the context of events, reaction time pertains to the ability
to swiftly and effectively respond to stimuli such as sound or
light, demonstrating quick and suitable posture and control
(Reza et al., 2018; Singh & Singh, 2024). Auditory and visual
reaction time, vital in this context, denotes the time interval
from the introduction of a sound or light stimulus to the
commencement of the corresponding response.

Reaction time is a key component in the skill-related
aspects of physical fitness, distinct from agility but holding
unique significance within the spectrum of physical fitness
components. It plays a significant role in various sporting
scenarios, with experienced players in soccer demonstrating
quicker reaction times compared to their less-experienced
counterparts (Theofilou et al., 2022). In sports like basketball,
and tennis, rapid reaction times are crucial for adapting
promptly to opponents’ movements or shots (Bourgase,
2009; Debrousse, 2023). In cricket, for instance, a swift
reaction to an edge results in a skillful slip catch. Reaction
time is particularly indicative of sprinting ability, where
a quick response to the starting signal can significantly
impact the outcome of a close race (Jackson, 2017). Athletes
dedicate years to training, aiming to enhance reaction time
as milliseconds can be the game-changer between victory
and missed opportunities. Improving reaction time can
lead to heightened on-court efficiency, swifter responses to
stimuli, and a decreased likelihood of injuries (Debrousse,
2023). In various activities, spanning from everyday tasks
to engagements in sports and emergency situations, optimal
performance is associated with improved reaction time in
specific situations.

Dutch physiologist Franciscus C. Donders led the way
in measuring reaction time in a lab, challenging the prior
belief before 1865 that mental processes were too rapid to be
measured. Donders (1868), found it intriguing to quantify
the duration of fundamental mental processes. The emphasis
on precise measurement of reaction time laid the foundation
for contemporary psychological experiments, influencing
research methodologies to this day (Vinupradha, 2016).
The length of cognitive processes is frequently measured
in experimental psychology using reaction time (Yadav
et al., 2013). Within the realm of cognitive psychology,
reaction time serves as a metric for assessing the duration
it takes an individual to process information. It has been
demonstrated that pharmacological and physiological
variables affect reaction time (Mohan et al., 1984; Malathi et
al., 1990). According to Annett (1981), the left hemisphere
governs motor function in the right hand, while the right
hemisphere regulates motor function in the left hand.
The mind serves as the motivating factor for actions, as it
commands and directs the movements of the limbs in the
human body (Rahman & Islam, 2021a). Despite this, the

majority of hand patterns are still right-handed, accounting
for around 90% of the human population (Scharoun &
Bryden, 2014). Researcher has looked into three different
kinds of reaction time: simple, recognition, and choice
reaction time (Luce, 2008). For assessing routine reaction
time in humans, the practicality of utilizing visual, auditory,
and tactile neural pathways has been identified (Godlove et
al.,, 2014; Jain et al., 2015).

The holistic approach of yogic practices, as defined
by Patanjali, integrates the mastery of the mind and the
regulation of stress in individuals (Sonwane & Mishra,
2016). This ancient discipline covers a range of techniques
like asana, pranayama, and meditation, all aimed at syncing
up your mind and body for optimal harmony (Bagya et
al., 2018; Kuppusamy et al., 2017). Through practices like
meditation, individuals cultivate mindfulness and awareness,
reducing distractions and enhancing their ability to perceive
stimuli promptly. Regular participation in yoga leads to
improvements in mental well-being, central nervous system
processing, and sensorimotor performance (Kuppusamy et
al.,2020). The mindful movement, breath control, and mental
concentration in yoga positively influence reaction time
and overall skill-related fitness. Research shows that yoga
enhances sensory-motor conduction velocity, information
processing, and concentration, resulting in decreased visual
and auditory reaction times (Madanmohan et al., 1992;
Madanmohan et al., 2012; Andreou, 2017). The practice of
yoga reduces mental fatiguability and increases performance
quotient by improving arousal and concentration (Andreou,
2017). Pranayama techniques contribute to heightened
concentration and alertness, crucial for faster reactions, as
seen in Bhramari pranayama improving cognitive function
(Kuppusamy et al., 2020). Yoga poses not only improve
coordination and balance but also body awareness and
flexibility. It can increase a player’s mental and physical
relaxation, promote the development of body awareness
(Rahman & Islam, 2020), and provide quick responses to
external stimuli. Mountain Pose and Warrior I, emphasizing
attention to breath, posture, and alignment, contribute to
this awareness (Kulkarni, 2023). Visualization techniques
and sensory awareness exercises condition the mind and
body to react swiftly. Neuroplastic changes induced by yoga
lead to improved body awareness, heightened attention,
and enhanced present-moment awareness (Castro, 2020).
Additionally, the decrease in stress, anxiety, and depression
observed after hatha yoga practice optimizes brain function,
enhancing cognitive processing and reaction times (Shohani
et al.,, 2018). Practitioners employ concentration techniques
during yoga poses, enhancing attentiveness and decreasing
reaction time, which holds significance in activities
requiring quick responses, such as sports. Thus, the interplay
of mindfulness, breath control, and physical postures in yoga
creates a holistic foundation for improving reaction time and
overall skill-related fitness. Utilizing yogic interventions like
integrated yoga, meditation, and pranayama can enhance
brain wave activity and cognition, offering an alternative
medicine approach to boost performance in games and
sports (De & Mondal, 2020; Islam, 2021).

Yoga can have positive effects on cognitive functions,
including attention, concentration, and overall mental
well-being. Understanding the potential effects of yoga on
auditory and visual response time may contribute valuable
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insight into the broader cognitive benefits associated with
yoga practice. By comparing the reaction times of yogic and
non-yogic practitioners, the study seeks to provide empirical
evidence of how yoga may or may not affect sensory-motor
responses. Therefore, the research aims to explore and
examine thoroughly whether individuals engaged in yoga
practice exhibit differences in auditory and visual reaction
times compared to those who do not practice yoga.

Materials and Methods

Selection of Subjects

A cohort of forty (n = 40) male college-going students
from the University of Delhi were selected at random to
partake in this study. Among them, twenty individuals
(n = 20) were yoga practitioners at the Indira Gandhi
Institute of Physical Education and Sports Sciences
(IGIPESS), actively participating in district and state-level
yoga competitions. The remaining twenty participants
(n = 20) were non-yogic practitioners from the School
of Open Learning (SOL) and led a sedentary lifestyle.
The subjects’ ages ranged from 17 to 25, and the data was
gathered at the yoga lab of IGIPESS, University of Delhi,
India. All participants had normal vision, were free from
acute or chronic illnesses and medication use, and abstained
from smoking or alcohol consumption during the tests.
These undergraduate students volunteered for the study, and
it’s noteworthy that all participants were right-handed.

Table 1. The characteristics of the Participants (Mean + SD)

. Yogic Practitioner Non-. Y.oglc
Variables (n=20) Practitioner
B (n=20)
Age (yr) 21.80 £ 2.16 22,50 + 1.55
Weight (kg) 59.60 + 5.67 64.00 + 4.74
Height (m) 1.67 £ 0.05 1.69 + 0.06
BMI (kg/m?) 21.86 £ 1.79 22.70 £ 1.84
Instrument and Tools

The study utilized the Medisystems audio-visual reaction
(AVR) timer in India, which is ISO 9001:2015 (QMS)
certified. This timer comes with dual functionality, catering
to both the researcher and the subject. Each side has four
switches and four lights. The switches on the researcher’s side
control the lights, while those on the subject’s side are used
to turn off the lights. Additionally, there is a mode featuring
four different melodies or tones. The researcher initiates a
sound, and the subject’s task is to promptly turn it off in the
shortest time possible. This setup allows the researcher to
assess reaction times using both visual and auditory stimuli.
The reaction time of the subject, measured in milliseconds,
is considered indicative of their performance (Medi Systems
India, n.d.).

Test Administration

The Audio-Visual Reaction (AVR) timer was placed
on a table, with subjects comfortably seated in chairs. ART

and VRT were quantified in a serene, acoustically controlled
environment to optimize focus and eliminate distractions.
The reaction time task was conducted between 9 am and
noon, an hour after a light breakfast, to maintain consistent
conditions. Participants maintained contact between
their right index finger and the AVR timer switch while
performing tasks. Visual reaction time (VRT) was assessed in
response to illuminated lights, while auditory reaction time
(ART) was gauged through reactions to low- and medium-
pitched sounds. The test administrator, seated across from
the subject, controlled the AVR machine, creating lights or
sounds of the same amplitude. The AVR timer’s LCD display
showed reaction time in milliseconds. Each subject repeated
the task three times, and the average score represented the
experimental reaction time.

Statistical Analysis

After subjecting the data to Levene’s test, the researchers
confirmed a normal distribution. Statistical analysis involves
calculating descriptive statistics, such as the mean and
standard deviation (SD). An independent t-test was then
performed to determine the significance level, using a pre-
established threshold of p < 0.05.

Results

Table 2 descriptive analysis of reaction times among
yogic and non-yogic groups revealed notable differences. In
the yogic group, the mean and SD of VRT were 18.50+1.72,
while the ART was 17.20£1.02. On the other hand, the non-
yogic group exhibited a higher mean VRT of 19.65+1.93,
with a mean ART of 17.90£1.07.

Table 2. Descriptive statistics of reaction time for yogic and
non-yogic practitioners

Descriptive
Groups and Parameters o Std. Std. Err.
ean (ms) Deviation Mean

VRT 18.50 1.72 0.38
Yogic

ART 17.20 1.02 0.23

VRT 19.65 1.93 0.43
Non-Yogic

ART 17.90 1.07 0.24

Yogic 18.50 1.72 0.38
VRT

Non-Yogic 19.65 1.93 0.43

Yogic 17.20 1.02 0.23
ART

Non-Yogic 17.90 1.07 0.24

In Table 3, the comparison between VRT and ART
of yoga and non-yoga practitioners reveals that for yoga
practitioners, tsg = 2.91 and p = 0.006 (2-tailed). Similarly,
for non-yogic practitioners, tsgs = 3.55 and p = 0.001
(2-tailed). The findings suggest that both yogic and non-
yogic practitioners displayed significantly lower ART in
comparison to VRT. According to VRT between yogic and
non-yogic practitioners, tsg = 1.99, and p = 0.054 (2-tailed),
and ART between yogic and non-yogic practitioners,
tas = 2.12, and p = 0.041 (2-tailed). The results show that
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Table 3. Reaction time using an independent t-test of yogic
and non-yogic practitioners

Groups and Mean  Std. Err. daf Sig.
Parameters Difference Diff. (2-tailed)
VRT
Yogic 1.30 0.45 291 38 0.006*
ART
VRT
Non-Yogic 1.75 0.49 3.55 38 0.001*
ART
Yogic
VRT 1.15 0.58 1.99 38 0.054
Non-Yogic
Yogic
ART 0.70 033 2.12 38  0.041*
Non-Yogic

*Significance at the .05 level

the VRT between yogic and non-yogic practitioners’
hand quickness is almost the same, and the ART of yogic
practitioners was found to be faster than that of non-yogic
practitioners.

Discussion

The findings presented in Table 3 highlight a significant
difference in visual reaction time (VRT) compared to
auditory reaction time (ART) among both yogic and non-
yogic practitioners. This observation aligns with consistent
research indicating that individuals engaging in yogic
practices tend to have notably shorter ART in comparison
to VRT. A noteworthy yoga training program demonstrated
a significant decrease in both ART and VRT, with ART
experiencing a more pronounced reduction (Ramanathan
& Bhavanani, 2020). Further supporting this trend, Senel
and Eroglu (2006) found significant distinctions between
auditory and visual reaction times in male players, with
auditory reaction time being superior. The study by Rahman
and Islam (2021b) on male university team branch athletes
and non-athletes revealed that ART exhibited greater
statistical significance compared to VRT in both auditory and
visual domains. The physiological aspect of these findings is
reflected in the time taken for stimuli to reach the brain, with
auditory stimuli taking approximately 8-10 ms and visual
stimuli requiring 20-40 ms (Kemp, 1973; Marshall et al.,
1943). Consistent with these temporal differences, research
by Pain and Hibbs (2007), Shelton and Kumar (2010), and
Ghuntla et al. (2014) supports the notion that auditory
reaction time surpasses visual reaction time in terms of
speed. Researchers Jain et al. (2015) further contributed to
this body of knowledge by concluding, based on their study
of college students, that auditory reaction time is generally
quicker than visual reaction time.

The results of this study indicate that the VRT in terms
of hand quickness is nearly identical between yogic and non-
yogic practitioners. However, the auditory reaction time
(ART) of yogic practitioners was observed to be faster than
that of their non-yogic counterparts. This aligns with existing
research, such as a study suggesting that yoga practices can
significantly improve reaction times, both visually and
auditorily (Madanmohan et al., 1992). A meta-analysis
further supports the positive impact of yoga on auditory and

visual reaction times (Ghuntla & Dholakiya, 2023). Other
studies have demonstrated that short-term yoga training
can effectively reduce baseline values of auditory, visual, and
cutaneous reaction times in healthyindividuals (Begum etal.,
2012). Additionally, a study implementing a deep relaxation
technique reported a notable decrease in both auditory and
visual reaction times (Naik, 2021). Contrastingly, studies
on visual simple reaction times among different team
sports show no significant variations (Reza et al., 2023).
Interestingly, hand quickness in simple visual reaction time
was found to be similar between university athletes and
sedentary students in the population (Rahman et al., 2020).
Notably, research has consistently indicated that individuals
who do not engage in sports tend to exhibit poorer auditory
response times compared to athletes participating in various
sports (Atan & Akyol, 2014; Palashikar et al., 2014; Kaplan et
al., 2019). The observed reduction in ART and VRT within
the yoga group suggests enhanced sensorimotor skills and an
improved processing capacity of the central nervous system
among individuals practicing yoga (Shobana et al., 2021).

The findings demonstrate that yoga has a positive
impact on reaction times, enhanced sensorimotor skills, and
improved central nervous system processing capacity due to
yoga practice.

Conclusions

In summary, the investigation found that both yogic and
non-yogic practitioners exhibited notably reduced auditory
reaction time (ART) when compared to visual reaction time
(VRT). Additionally, the outcomes suggest that the speed of
hand reaction concerning VRT is almost indistinguishable
between yogic and non-yogic practitioners. However, it was
observed that the ART of yogic practitioners was faster than
that of their non-yogic counterparts. The results indicate
that regular yoga practice positively influences reaction
times, improves sensorimotor skills, and enhances central
nervous system processing capacity.
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'Neniitcbknit yHiBepcuTeT

*Konemx imeni Ka6i Haspyn

SKonemx imeni Ceami A6regananma

ABTOpCHKNMIT BKIAM: A — fU3aiiH KOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crartsi: 7 ., 3 TabL., 49 mKeper.

Icropia muranHa. Yac cyXoBoi Ta 30pOBOi peaxilii 03HaYa€e TPUBATICTb MDX IIOZAHHAM 3BYKYy ab0 CBiT/Ia i TOYAaTKOM pe-
axuii. Ie BaX/IMBMIT aCIIEKT JTIOACHKOI IOBEMIHK, 110 BIUIMBAE Ha e(heKTUBHICTH y pisHVX BUJaX FiATbHOCTI (Bifl TOBCAKIEHHUX
3aBJIaHb [IO CIIOPTY Ta HAA3BUYANHIX CUTYALil).

MeTta gocmimKeHHs. MeTO0 IIbOro JOCTiKEeHH 6yn0 BUBYNUTH 4Yac peakliii (crryxoBoi Ta 30poBoi) AK ckIafoBoi ¢isudHol
IiITOTOBJIEHOCTI MXK CTY[I€HTaMI1 YOJIOBI4OI CTaTi, AKi IPaKTUKYIOTD JI0Ty, Ta TUMH, XTO HE 3alIMa€ThCs JAHOK MPAKTUKOIO.

Marepianu Ta MeTopu. JI/s1 y4acTi B 1IbOMY JOCII/PKEHHI METOIOM paHioMisaliii 6y/1o BifibpaHO COPOK CTYeHTIiB 40/I0BI40i
crati (N = 40). I3 3arapHOI KiIIBKOCTI ABAALATH Y9acHUKIB (n = 20) 6y/IM JOCBIAYeHNMY [IPAKTUKAMIY JIOTH, Ki Opanu akTUBHY
y4acTb y 3MaTaHHAX 3 JIOTY Ha PAallOHHOMY Ta Jlep>)KaBHOMY piBHAX. PemnTa ABaguATh oci6 (n = 20) JOTpUMYBaNInUC MaIToOPyXIu-
BOTO CIOCOOY >KUTTs i He Oy 3amydeHi 10 BUKOHAHHS IPAKTHK itoru. Bik jocmimpkyBanux ocib cranoBuB Bif 17 1o 25 pokis,
IIJO OXOIUTIOE KOTOPTY MOJIOAMX HOPOCNX. [laHi, [0 XapaKTepu3yoThb yac 30poBoi peakuii (UY3P) rta yac cayxosoi peakuii (YCP),
6yr1o 3i6paHO 3a JOIIOMOTO0 ay/io-Bi3yaqbHOTO TaiiMepa peakijil. Ko)keH y4acHMK BIUKOHYBAaB 3aBJJaHHs TPUdi, a cepeHiit 6an
BUKOPUCTOBYBABCH [/l BU3HAYEHH: eKCIePUMEHTATbHOTO Yacy peakiii B MimicekyHmax (Mc). [l oLiHKM piBHA 3HAYYLIOCTI
BUKOPVICTOBYBAJII ONMCOBY CTATUCTIKY Ta t-KPUTePiil A/Is1 He3a/Ie)KHMX BUOIPOK i3 3a3/a/eriib BCTAHOB/IEHM IIOPOTOBMM 3Ha-
yeHHAM p < 0,05.

PesynbraTi. 3a pesynbraTaMu JOCTi>KeHHs, TOPiBHANbHMUI aHanis piBHA Y3P Ta YCP MiX TMMU, XTO IPAKTUKYE i He
IIPAKTHUKYE JOTY, TI0Ka3aB, 110 /I 0Ci0, IPaKTUKYIOUNX JIOTY, 3HAYCHH tg) = 2,911 p < 0,006, TOAI AK /I TUX, XTO He IPAKTUKYE
Jiory, piBeHb tg = 3,551 p < 0,001. o cTocyerbest UY3P mixk ocobamu, sIKi IPAaKTUKYIOTH i He IPAKTUKYIOTh JOTY, CIIOCTePirantncs
HACTyIHI mokasHuku — t(38) = 1,99 i p > 0,054, a mia YCP MiK MpaKTUKYIOUMMH Ta He IPAKTUKYIOUMMH JOTY, PiBEHb tgg = 2,12
ip<0,041.

BucnoBku. Pesynbraty gociijikeHHA CBif4aTh Ipo Te, 10 0cob6u, AKi 3alIMAIOTHCA JIOTOI0, i Ti, XTO He MIPAKTUKYIOTH TaHy
TEeXHiKY, IPOJIeMOHCTPYBa/Iu 3Ha4HO Hivkuuii pisenb YCP nopiBuAHO 3 U3P. [lofanbii pe3ynbraTti BKasyloThb Ha Te, IO MIBUJ-
KiCTb pyXy pyK npu BuMiproBaHHi UY3P y IpakTuKyounx i HEIPaKTUKYIOUMX /0Ty Malbke OfIHAKOBa, offHaK nokasHuku YCP y
MPaKTUKYIUUX JOTY Oy/IM BUIVIMY, HDX Y 0cib, AKi He MPaKTUKyBaIu HOTy. 3aHATTS JIOTOI0 OB A3YI0TD 3 PI3HMMM IlepeBaraMm
st GiSMYHOTO Ta ICHXIYHOTO 3[J0POB’SI, TOMY AOCTI/KEHHsI BKa3yIOTh Ha Te, [I0 TaKa IPAKTHKA MOXe IIO3UTUBHO BIUIMBATY Ha
Yac peaxuil.

KirouoBi cmoBa: yac mpocToi peakiiii, yac 30poBoi peaxiiii, Yac c1yxoBoi peakiiii, 0co6a, sKa IPaKTUKYE 0Ty, 0c00a, sKa He
NIPaKTUKYE JIOTY.

Information about the authors:
Pramanik, Tarak Nath: dr.taraknath@gmail.com; https://orcid.org/0009-0008-9322-6776; Indira Gandhi Institute of Physical Education
and Sports Sciences, University of Delhi, Benito Juarez Marg, South Campus, South Moti Bagh, New Delhi, Delhi 110021, India.
Rahaman, Aminur: aminur.rahaman844@gmail.com; https://orcid.org/0000-0003-2248-845X; Department of Physical Education
and Sports Sciences, University of Delhi, Benito Juarez Marg, South Campus, South Moti Bagh, New Delhi, Delhi 110021, India.
Pramanick, Subrata: subratapedg99@gmail.com; https://orcid.org/0009-0008-4515-179X; Department of Physical Education,
Kabi Nazrul College, Natun Bazar, Murarai, West Bengal 731219, India.
Chowdhuri, Prasoon: prasoonchowdhuri@gmail.com; https://orcid.org/0000-0002-3924-6599; Department of Physical
Education, Kabi Nazrul College, Natun Bazar, Murarai, West Bengal 731219, India.

Dutta, Rajib: rd39867@gmail.com; https://orcid.org/0009-0008-4579-2597; Department of Physical Education, Abhedananda
Mahavidyalaya, College Rd, Muradihi P, Sainthia, West Bengal 731234, India.

Cite this article as: Pramanik, T.N., Rahaman, A., Pramanick, S., Chowdhuri, P., & Dutta, R. (2024). An In-depth Analysis of
Multisensory Reaction Time Disparities between Yogic and Non-Yogic Practitioners. Physical Education Theory and Methodology,
24(2), 283-289. https://doi.org/10.17309/tmfv.2024.2.13

Received: 16.02.2024. Accepted: 27.03.2024. Published: 30.04.2024

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

289



Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

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

Original scientific article

Formulating Strategic Directions for Developing the National
Sports Federation in Modern Socio-Economic Conditions

Oleksandr Driukov'45<PE, Volodymyr Driukov?**“P, Olga Kuvaldina®*E¢E,

Svitlana Biryuk®**“* and Ludmila Kravchuk'®“®

'Khmelnytskyi Institute of Social Technologies of University “Ukraine”
*State Scientific-Research Institute of Physical Culture and Sports
’Admiral Makarov National University of Shipbuilding

*Klaipeda University

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

Corresponding Author: Oleksandr Driukov, E-mail: alcadro@gmail.com

Accepted for Publication: April 6, 2024
Published: April 30, 2024

DOI: 10.17309/tmfv.2024.2.14

Abstract

Objectives. The study aimed to substantiate theoretical and methodological approaches to choosing a development
strategy for the National Sports Federation based on a strategic analysis of its activities in the current socio-economic

conditions.

Material and methods. The study involved an analysis of scientific and methodological literature, SWOT-analysis,
methods of formalization and generalization, as well as mathematical statistics.

Results. A study was conducted on the activities of the public organization “Fencing Federation of Ukraine”

(“FFU” PO) using SWOT analysis, considering the current socio-economic conditions. As a result, the following
components of four possible directions of the organization’s activities are determined: development strategy, limited-
growth strategy, stabilization strategy, and protection strategy. After determining and quantitatively evaluating the
factors and quality of the four directions in the “FFU” PO development, while taking into account the trend of world
sports development, it can be concluded that the most promising direction for the “FFU” PO activities is a development
strategy envisaging the use of the organization’s strengths to realize the external environment opportunities.
Conclusions. It is proposed to use a development strategy in the activities of the “FFU” PO — diversification, which
envisages innovations in management and marketing, ensuring the financial stability of the organization, improving the
quality of athlete training through the introduction of new technologies, and consolidating the organization’s positive image.
Keywords: diversification, national sports federation, development strategy, SWOT analysis.

Introduction

The socio-economic transformations in which relations
in our society have been developing recently require the
sphere of physical culture and sports to search for and
substantiate the optimal ways to develop sports events, taking
into account the capabilities and needs of society. National
sports federations (NSFs) are the main entities in the field
of physical culture and sports on which the development
of sports events is based. The effectiveness of their activities
determines the development of sports event in the country
and the performance of athletes in the international arena.

© Driukov, O., Driukov, V,, Kuvaldina, O., Biryuk, S., &
Kravchuk, L., 2024.
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The analysis of recent studies and publications has
shown that the efficiency improvement of the activities of
the NSF is reflected in the scientific works of national and
foreign scientists.

In national science, some issues of statutory and
regulatory support governing the activities of the NSF were
considered in the works of Morhun (2017), Zozulia and
Dovhan (2019). The issues of national NSFs’ interaction
with international organizations were studied by Kaminska
and Paliukh (2018), Driukov, Panin and Driukov (2019).
The foreign experience of organizational and managerial
activities of the NSFs is described in the works of Bubka
and Platonov (2017); Pavlenko (2017); Driukov and Driukov
(2022). However, insufficient attention has been paid to the
problem of using marketing, which is now becoming an
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important element of the state market system and envisages
the use of various marketing tools in the activities of the
NSFs (Tanklevska & Vybranskyi, 2019).

In foreign science, the publications of Arnold, Fletcher
and Hobson (2018); Schleicher, Bauniann and Levy
(2018); Ferguson (2022), who studied the role of strategic
management in managing sports organizations are of
importance for our research. Studies by De Nisi and Murphy
(2017); Armstrong (2019); Molan, Kelly, Arnold and
Matthews (2019) were aimed at solving certain problems of
improving the efficiency of the management system of sports
organizations, including some issues of the organization’s
competitiveness in the international arena.

The analysis of national and foreign scientific and
methodological literature on improving the efficiency of the
NSFs’ activities allowed to identify the problem of the lack
of conceptual approaches to the development of strategies
(programs) for the development of the NSFs in Ukraine.

Therefore, this insufficiently studied problem is relevant
and requires further research.

Thus, in the current economic conditions, the search for
ways to form and realize a strategy for the development of
the NSFs in the context of modern theories of organizational
development assumes great importance (Mintzberg, 2008;
Bahorka, Kadyrus & Kravets, 2021; Filho, 2020, etc.)

It should be noted that a necessary element of research, a
mandatory preliminary stage in the preparation of any level
of strategic programs, according to national (Humeniuk,
2017; Malin, 2020; Halushka, Luste & Hruntovskyi, 2021, et
al.) and foreign authors (Bradbury & Galloway, 2021; Wani
& Faridi, 2021, et al.) is SWOT analysis.

There are all the necessary organizational and legal
grounds for the development and implementation of the NSF
development strategy. The “Strategy for the Development of
Physical Culture and Sports until 2028” document approved
by the Cabinet of Ministers of Ukraine on November 4,
2020, No. 1089, provides for increased autonomy of sports
federations, subsidized funding and cooperation and
partnership of state and public organizations and creates the
basis for the formation of the strategic management process
of the NSF and ensuring the unity of further processes to
achieve the goals.

Hypothesis. It was assumed that the study and
generalization of the main directions and mechanisms of
the national sports federation’s activities in the current
socio-economic conditions using SWOT analysis will allow
to substantiate the approach to choosing a strategy for the
development of the national sports federation with due
account of its socio-economic efficiency.

The objective of the study is to substantiate theoretical
and methodological approaches to choosing a development
strategy for the national sports federation based on a strategic
analysis of its activities in the current socio-economic
conditions.

Material and Methods

The study was conducted based on material of the
“Fencing Federation of Ukraine” public organization (“FFU”
PO). In the course of the study the analysis of scientific and
methodological literature and the Internet was used which
allowed to collect and systematize material characterizing

the main approaches to strategic analysis and planning of
the NSF development; SWOT analysis - to identify strengths
and weaknesses in the activities of the “FFU” PO, potential
external threats and favorable opportunities and their
assessment; methods of formalization and generalization - to
systematize and draw conclusions; methods of mathematical
and statistical analysis — to process and summarize the results.

Procedure

A SWOT analysis was conducted to determine the
internal and external factors influencing the development
of the “FFU” PO.

At the first stage of the study, 15 competent specialists
were selected to conduct a SWOT analysis: employees of the
“FFU” PO and the Ministry of Youth and Sports of Ukraine,
leading coaches, members of the interdisciplinary research
group (IRG) of the Ukrainian national fencing team.

Atthesecond stage, the experts compiled alist of the main
factors that can be attributed to the strengths and weaknesses
of the “FFU” PO, as well as opportunities and threats of
the external environment. Each index had a quantitative
evaluation depending on its impact on the organization on
the following scale of influence: 3 - strong; 2 — moderate;
1 - weak. The experts assessment of the ranking of strengths
and weaknesses of the internal environment, opportunities,
and threats of the external environment are consistent,
the calculation of the Kendall’s concordance coefficient
constituted W=0.87, which indicates a fairly high degree of
consistency of their opinions (Table 1).

A SWOT analysis matrix was built at the third stage (Fig. 1)
intwovectors: the state of the external environment (horizontal
axis) and the state of the internal environment (vertical axis).
Each vector was divided into two levels — opportunities
and threats identified in the external environment, strength
and weakness of the potential of the “FFU” PO. Four fields
(quadrants) are formed at the intersections of the individual
components of the factor groups.

Each field of the matrix has certain designations:

o The “Strengths-Opportunities” (S/O) field envisages the
development of a strategy to support and develop the
organization’s strengths to realize the opportunities of
the external environment.

o The “Strengths-Threats” (S/T) field - focuses the strategy
on fighting against threats by using internal reserves
(strengths).

o The “Weaknesses-Opportunities” (W/O) field - directs
the organization’s actions to use opportunities to
overcome the weaknesses of its internal potential.

o The “Weaknesses-Threats” (W/T) field - envisages
the elaboration of a strategy that would allow the
organization to change its potential and avert possible
threats in the external environment.

In the fourth stage, based on the construction of the SWOT
analysis matrix (Fig. 1), the paired combinations of the strengths
and weaknesses of the “FFU” PO with the opportunities and
threats in the external environment were considered, which
should be taken into account when determining possible
strategic measures for the development of the “FFU” PO.

The fifth stage envisaged the analysis of the findings and
the formation of strategic directions for the development of
the “FFU” PO.
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Table 1. The main factors of the internal and external environment of the “FFU” PO

Internal strengths (S) Esum.a tion, Internal weaknesses (W) Esum.a tion,
point point
S1. Image of the organization 3 W1. Insufficient amount of financial resources 2
S2. Established cooperation with representatives 3 W2. Lack of a long-term strategy for the 1
of state and public authorities in the field of development of the organization
physical culture and sports
S3. High level of sports achievements of Ukrainian 3 W3. Low salaries and wages 1
athletes in the international arena
S4. Availability of skilled employees to substantiate 3 W4. Insuflicient marketing activity 1
and implement the directions of the
organization’s development strategy
External favorable opportunities (O) External threats (T)
O1. Socio-economic stability in the country 3 T1. Unfavorable socio-economic situation in the 2
country
02. Use of innovative technologies of organizational 3 T2. Growth of expenses for material and technical 2
and managerial activity of the organization support of training of athletes
03. Creation of a general strategy for the 3 T3. Reduction of government funding 2
development of sports federations using the
experience of the world’s leading sports
O4. Bringing the current legal framework that 3 T4. Lack of a state-level strategy for the 1
regulates the activities of sports organizations development of sports organizations
in line with the requirements of the present and
international standards
External environment
Opportunities | Estimation, Threats Estimation,
point point
1. 1.
2. 2.
etc. etc.
Strengths Estimation, S/O FIELD (combination of | S/T FIELD (combination of
= point strengths and opportunities) strengths and threats)
=
< 1.
: |2
5 .
g etc.
,i; Weaknesses Estimation, W/O FIELD (combination W/T FIELD (combination
£ point of weaknesses and of weaknesses and threats)
g 1 opportunities)
2.
etc.
Fig. 1. Basic matrix of SWOT analysis (Based on the data of Halushka, Luste & Hruntovskyi, 2021)
Statistical Analysis concordance coeflicient exceeds 0.40-0.50, the quality of the

Using mathematical statistics methods, a generalized
opinion of experts was obtained. The coherence of their
opinions was measured by M. Kendall’s concordance
coefficient. Calculations of the concordance coefficient
and verification of its significance are given in detail in the
works of many authors (Hrinko, 2021; Yashkin, 2013; Haas
& Mortensen, 2016).

The concordance coefficient varies in the range of
0<W<1, with zero and one corresponding to inconsistency
and absolute consistency, respectively. If the value of the

assessment is considered satisfactory, if it is in the range
of 0.70-0.80 and above, a high degree of consistency is
indicated.

Results

As part of the formation of strategic directions for
the development of the “FFU” PO, according to the
recommendations of Halushko et al. (2021), a comparison
of the strengths and weaknesses of the “FFU” PO with the
opportunities and threats of the external environment was

292



Driukov, O., Driukov, V., Kuvaldina, O,, Biryuk, S., & Kravchuk, L. (2024). Formulating Strategic Directions for Developing the National
Sports Federation in Modern Socio-Economic Conditions

made. The SWOT matrix was used to compare pairwise

combinations between internal and external environmental

factors and to establish the basis for elaborating possible
strategic directions for the development of the “FFU” PO

(see Fig. 1).

Let’s consider the following combinations:

1. The “Strengths-Opportunities” (S/O) field:

o SI(3) - O1(3). The integral estimation is 6 points
(3+3). The positive image of the organization along
with the socio-economic stability of the country
allows to improve the quality of management at all
levels of management by recruiting skilled personnel
capable of implementing the adopted development
strategy of the “FFU” PO.

o S2(3) - 02(3). The integral estimation is 6 points
(3+3). Established cooperation with representatives
of state and public authorities in the field of sports
management and the use of innovative technologies
in the organizational and management activities of
the organization provide a favorable field for the
elaboration and implementation of the “FFU” PO
development strategy.

o S3(3)-03(3). Theintegral estimation is 6 points (3+3).
The high level of sports achievements of Ukrainian
athletes in the international arena and the focus on
the general development strategy of sports federations
leads to the effective activities of the “FFU” PO.

o S54(3) - O4(3). The integral estimation is 6 points
(3+3). The interest of the “FFU” PO leaders in using
innovative technologies on the basis of the legal
framework that regulates the activities of sports
organizations has a favorable field for substantiating
and implementing the directions of the organization’s
development strategy.

o Therefore, the average estimation of the “FFU” PO
paired combinations of the factors of the strengths
and the opportunities of the external environment
constitutes 6 points (3+3). The highest possible
estimation forms a strategy that consists in using the
strengths of the “FFU” PO to realize the opportunities
of the external environment.

. The “Strengths-Threats” (S/T) field:

o S1(3) - T1(2). The integral estimation is 5 points
(3+2). The high reputation of the organization and
its employees ensures the stable functioning of the
“FFU” PO amid the unfavorable socio-economic
situation in the country.

o S2(3) - T2(2). The integral estimation is 5 points
(3+2). Close cooperation with representatives of
state and public authorities in the field of sports
management contributes to marketing activities in
the activities of the “FFU” PO, which minimizes the
growth of expenditures for material and technical
support of athletes’ training.

o S3(3) - T3(2). The integral estimation is 5 points
(3+2). The high level of sports achievements of
Ukrainian athletes in the international arena
contributes to attracting additional investments from
companies that can be applied to the activities of the
“FFU” PO, despite the reduction in budget funding.

o S4(3) - T4(1). The integral estimation is 4 points
(3+1). The availability of skilled staff, despite the

\S}

absence of a strategy for the development of sports
organizations at the state level, ensures the stable
functioning of the “FFU” PO.

Thus, the average estimation of the “FFU” PO paired
combinations of the factors of strengths and external threats
constitutes 4.75 points (3+1.75). This estimation suggests a
strategy that consists in using the strengths of the “FFU” PO
to neutralize external threats.

3. The “Weaknesses-Opportunities” (W/O) field.

o WI(2) - O1(3). The integral estimation is 5 points
(2+3). The socio-economic stability in the country
minimizes the lack of adequate funding and helps to
find additional investors.

o W2(1) - O2(3). The integral estimation is 4 points
(143). The lack of a long-term strategy for the
development of the organization thwarts the
progress of the “FFU” PO, despite the possibility of
using innovative technologies in its organizational
and managerial activities.

o W3(1) - O3(3). The integral estimation is 4 points
(1+3). Thelow salaries of the organization’s employees
negatively affect the functioning of the “FFU” PO,
despite the possibility of creating a general strategy
for the development of sports federations, using the
experience of the world’s leading sports.

o W4(1) - O4(3). The integral estimation is 4 points
(1+3). The insufficient marketing activity of the
“FFU” PO, as a result of bringing the current legal
framework in line with the requirements of today
and international standards, may allow for the
restructuring of business processes in the work
of organizations that will help create favorable
conditions for attracting investment resources to the
activities of the “FFU” PO.

Therefore, the average estimation of the “FFU” PO
pairwise combinations of the factors of weaknesses and
opportunities of the external environment constitutes
4.25 points (1.25+3). This estimation envisages a strategy
aimed at minimizing the weaknesses of the “FFU” PO
through the use of external opportunities.

4. The “Weaknesses-Threats” (W/T) field.

o WI1(2) - T1(2). The integral estimation is 4 points
(2+2). Insufficient financial resources amid the
unfavorable socio-economic situation in the country
negatively affect the activities of the organization.

o W2(1) - T2(2). The integral estimation is 3 points
(1+2). The lack of a long-term strategy for the
development of the organization, as well as the
constant increase in the cost of logistics for training
athletes, hinder the development of the “FFU” PO.

o W3(1) - T3(2). The integral estimation is 3 points
(1+2). Low salaries amid the reduced government
funding threaten to lose qualified personnel in the
“FFU” PO.

o W4(1) - T4(1). The integral estimation is 2 points
(1+1). The activities of the “FFU” PO are limited by
insufficient marketing activity of the organization
and the absence of a strategy for the development of
sports organizations at the state level.

Thus, the average estimation of the “FFU” PO paired

combinations of the factors of weaknesses and external
threats constitutes 3 points (1.25+1.75). This estimation
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Table 2. Matrix of SWOT-analysis of the strategic alternative for the development of the “FFU” PO

Opportunities (O) (estimation, point)

Threats (T) (estimation, point)

O1. Socio-economic stability in the T1.

Unfavorable socio-economic

country (3)

02. Use of innovative technologies in

organizational and management
activities of the organization (3)

T2.

situation in the country (2)
Increased costs of material and
technical support for athletes’
training (2)

External environment
Intern environment

Strategies for the development of sports T3.
federations using the experience of
advanced world sports (3) T4.
O4. Bringing the current legal

framework regulating the activities

Reduction of government
funding (2)

Lack of a strategy for the
development of sports
organizations at the state level

of sports organizations to the (1)
requirements of the present and
international standards (3).

Strengths (S) (estimation, point)

S1. Image of the organization (3)

S2. Established cooperation with
representatives of state and public
authorities in the field of sports
management (3)

S3. High level of sports achievements of
Ukrainian athletes in the international
arena (3)

S4. Availability of skilled employees to
substantiate and implement the directions of
the organization’s development strategy (3)

environment

An estimation of 6 points (3+3) forms
a development strategy that envisages
the use of the organization’s strengths to
realize the opportunities of the external

An estimation of 4.75 points
(3+1.75) predicts a limited-growth
strategy, which is aimed at using the
organization’s strengths to counter
and neutralize threats

Weaknesses (W) (estimation, point)

An estimation of 4.25 points (1.25+3)
focuses on creating a stabilization strategy
that aims to minimize the organization’s
weaknesses in order to take advantage of
external opportunities

W1. Insufficient financial resources (2)
W2. Lack of a long-term strategy for the
organization development (1)

W3. Low salaries (1)
W4. Insufficient marketing activity (1)

An estimation of 3 points (1.25+1.75)
is considered a defense strategy that
is associated with attempts to get rid
of both the organization’s weaknesses
and external threats

envisages a strategy aimed at minimizing the weaknesses of
the “FFU” PO and avoiding external threats.

The conducted SWOT analysis based on the comparison
of the strengths and weaknesses of the “FFU” PO with
external opportunities and threats allowed us to identify
four possible directions for the organizations development
(Table 2).

The determination and quantification of the factors
and quality of the four directions for the development of
the “FFU” PO with due account for the trend of world
sports development, suggested that the most promising
direction will be the development strategy to be realized in
cooperation with the state authorities of physical culture and
sports management and the establishment of partnerships
with business. The development strategy is characterized by
diversification (expansion of the organization’s activities),
which envisages innovations in management and marketing,
ensuring the financial stability of the organization, improving
the quality of athletes’ training through the introduction of
new technologies, and strengthening the positive image of
the “FFU” PO.

Discussion

The conducted study allowed us to find out that in order
to qualitatively prepare national teams for the Olympic
Games, governments of many countries adopt state strategies
(programs) for the development of elite sports, in which
considerable attention is paid to improving the activities

of the NSFs (Australias Winning Edge 2012-2022, 2012;
2019 Canadian High Performance sport Strategy, 2018;
Olympiatoppens strategiske utviklings plan 2017-2022,
2017 (Norway) and other strategies (programs) in different
countries aimed at systematically addressing the existing
issues of the development of elite sports.

An analysis of foreign experience in organizational and
legal regulation and management of the NSFs in different
countries (Bubka & Platonov, 2017; Pavlenko, 2017; Driukov
and Driukov, 2022) has shown that the search for solutions to
improve this area is moving towards the use of mixed, flexible
forms with the participation of the state, public structures, and
private business. At the same time, the state budget retains the
function of the main source of funding for the NSFs.

It should be noted that management, which is usually
associated with a number of management aspects and
features of administration is an effective tool for the
development of the NSFs in many countries. For instance,
sports management in the United States has fully absorbed
the field of sports marketing, which plays a key role in the
commercial activities of the NSFs (Driukov, 2020).

Studies have shown that the main differences
between Ukrainian and foreign NSFs are the insufficient
implementation of advanced marketing technologies,
in particular, the use of various marketing tools in the
commercial activities of NSFs.

One of the ways of the NSF socio-economic development
is to elaborate a development strategy for the organization
based on SWOT analysis, with the help of which we have
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substantiated the diversification strategy as a strategy to
improve the efficiency of the “FFU” PO not only today but
also in the long term, with account for the trends in the
world sports development, in particular the acceleration
of sports commercialization development, as well as the
strategic potential of the organization.

It should be noted that until recently, there has been no
research in sports science on improving the activities of the
NSF in modern socio-economic conditions.

Our research has supplemented and expanded the
existing elaborations (Bahorka, et al., 2021; Halushka et al.,
2021; Mintzberg, 2008) on strategic analysis and planning
of the development of various subjects based on the SWOT
analysis methodology to build an effective strategy for the
development of the NSE

These new results are as follows:

 aquantitative assessment of the activities of the NSF in
the internal and external environment was obtained
for the first time, which allowed to systematize the
existing information and make an informed decision
on the development of the NSFs in Ukraine under
the current conditions;

o for the first time, the Strategy for the development
of the NSFs in Ukraine under the current conditions
was theoretically substantiated with account for the
political, social, and economic effect.

In general, our findings will allow to solve an important
state task - to elaborate strategic directions for the
development of the NSFs, taking into account the trends in
the development of world sports in modern socio-economic
conditions.

Conclusions

1. National sports federations have a huge development
potential and are not only strategically important subjects of
the development of sports events, but also a body that reflects
its global status. However, the development of market relations
in the field of physical culture and sports has a significant
impact on the conditions of the national sports federation’s
activities, which necessitate the elaboration of ways for the
prospective development of the national sports federation
with account for the political, social, and economic effect.

2. Based on the SWOT-analysis methodology, a
qualitative and quantitative assessment of the activities of
the “Fencing Federation of Ukraine” Public Organization
(“FFU” PO) from the internal and external environment
was obtained. This new knowledge allowed to form
and scientifically substantiate a development strategy -
diversification, which envisages innovations in management
and marketing, ensuring the financial stability of the
organization, improving the quality of athletes’ preparation
through the introduction of new technologies, and
strengthening the positive reputation of the “FFU” PO.
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dopmyBaHHSA cTpaTeriyHNX HanpAMiB pO3BUTKY
HalioHaNnbHOI CNOPTUBHOI pegepauii y cyyacHnx

couianbHO-eKOHOMIYHNX YMOBaXx

Onexcangp [Iprokos'*EPE, Bomopumup [IproxoB*5CP,

Onbra Kysanpgina®**“E, Ceitnana Biprok

3BCE Trogmmna KpaBuyk

1BCE

'XMenbHUIIbKMIT IHCTUTYT COLlia/IbHMUX TeXHOIOTiil YHiBepcuTeTy «YKpaina»
*Jlep>xaBHUI HAYKOBO-AOCTITHUI iIHCTUTYT QisMIHOI KYIbTYpH i ciopTy
*HarjioHanbHuit yHiBepcuTeT KopabneOynyBaHHs iMeHi agMipana Makaposa

*Knaiinencpkuit yHiBepcuTeT

ABTOpCBHKIMIT BKIAM: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarrs: 8 c., 2 Tabn., 1 puc., 30 mxeperr.

Mera ZOCTi)KEHHS — OOIPYHTYBaHHA TEOPETUKO-METOHOIOTIYHMX IIIXOAIB 10 B1OOPY cTpaTerii po3BuTky HauioHaabHoi
criopTuBHOI (efepartii Ha OCHOBI CTpaTEriYHOro aHaIi3y il AisUIBHOCTI B CYyYaCHUX COLia/IbHO-eKOHOMIYHIX YMOBaX.
Marepian Ta MeToaM. Y XOfIi TOC/Ii/KeHHA 3p00JIeHO aHali3 HayKOBO-MeTOANYHOI titepaTypu, SWOT-ananis, Metoau ¢op-

Manisaui’i Ta y3ara/ibHE€HHA, MaTEMAaTNIHa CTaTNCTNKa.

Pesynbraru. [IpoBefieHO JOCTIIKEHH AisIBHOCTI TpoMa/icbKoi opranisarii «Degeparis pexrysannsa Yipainm» (I'O «DDY»),
AKa IPAIiOE Y Cy9acHMX COIlia/IbHO-eKOHOMIYHMX yMOBax 3a gonomororw SWOT-ananisy. Y migcymMKy BUSHaYeHO CKIaZoBi 9o0-
THPbOX MOX/IVBUX HANpAMiB chepu AisA/IbHOCTI opraHisanii, a came — cTpaTeriss pO3BUTKY, CTparTeris 06OMeXXeHOro 3pOCTaHHS,
crpateris crabimisanii, crpareris saxucry. BusHadeHHs Ta KiZbKicHa OliHKa (JaKTOPIiB Ta AKOCTi YOTHPbOX HANPSAMIB POSBUTKY
'O «PPY» 3 ypaxyBaHHAM TeHJEHIIii PO3BUTKY CBITOBOTO CIIOPTY Ha/0 HiACTaBY, BBAXKAETbCA 110 HAJIO/IBII IepCIeKTYBHIM
HanpsiMoM fisutbHOCTI O «DDY» bype crparerisi posBUTKY, siKa Nepef0adae BUKOPUCTAHHS CIMIBHUX CTOPIH OpraHisauii s

peanisanii MOXXIMBOCTEN 30BHIIIHBOTO CEPEJOBUIIA.
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BucHoBku. 3anpononosaHo y gisibHOCTI O «@DY» BUKOPUCTOBYBATH CTPATETiI0 PO3BUTKY — AUBePCUQIKaILiio, sKa Iepes-
6auae iHHOBAIIil B MEHEIKMEHTI Ta MapKETHUHTY, 3a0esedeHHs: (PpiHaHCOBOI CTiiIKOCTI opraHisaliii, HiABNUIIEHHA AKOCT] MiATOTOB-
KM CIIOPTCMEHIB BHAC/iJOK BIIPOBA/)KEHHsI HOBMX TEXHOJIOTIM, 3aKPiIl/IEHHA IMO3UTUBHOI PeIryTallii opranisanii.

KirouoBi cmoBa: nusepcudikariis, HalfioHanpHa clIopTUBHA Qefepallis, cTpareria po3sutky, SWOT-ananis.
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Abstract

Background. The training methods for female athletes’ special physical training are considered to be a crucial aspect
of the overall preparation system for competitive activity, which requires correct planning and implementation.
Objectives. The study aimed to determine the impact of special preparatory exercises on female athletes engaged in
Cossack Fight, depending on the characteristics of the body’s functioning in different phases of a specific biological

cycle.

Materials and methods. The study involved 20 female athletes aged 17-24 years who participated in Cossack Fight,
and were divided into experimental and control groups. The qualification levels of female athletes in the experimental
group were as follows: 1 — Master of Sports of Ukraine; 2 — Candidates for Master of Sports of Ukraine; 7 - 1 sports
category. The control group comprised: 1 — Master of Sports of Ukraine; 2 — Candidates for Master of Sports of
Ukraine; 7 - 1 sports category. The training program lasted for ten weeks and took place at a special preparatory and

control-preparatory stage of the preparatory period.

Results. The findings showed that the variability of training loads, depending on the phase of the ovarian-menstrual
cycle, had a statistically significantly greater impact on the indicators of special physical fitness in the female athletes’
experimental group compared to the control group. Thus, after ten weeks of special physical training, the experimental
group demonstrated a significant increase in the number of direct punches on the punching bag in 4 seconds (t=4.07;
p<0.001) and 15 seconds (t=3.62; p<0.001), throwing a medicine ball weighing 3 kg (t=2.92; p<0.05), repeated circular
kicks on the punching bag to the torso level for 15 seconds (t=4.22; p<0.001), direct punches on the punching bag for
1 minute (t=4.23; p<0.001), repeated circular kicks on the punching bag for 1 minute (t=4.49; p<0.001), and jumping
rope after exercise (a 3-minute punching bag workout) for 1 minute (t=3.55; p<0.001).

Conclusions. The implementation of an experimental program for special physical training of female athletes, in
accordance with the phases of the ovarian-menstrual cycle, into the general system of preparation for competitive
activity, leads to a statistically reliable improvement in key indicators of physical fitness.

Keywords: cossack fight, special physical training, training process, ovarian-menstrual cycle.

Introduction

One of the main trends in the development of modern
martial arts in the world is the increase every year in the
number of women who systematically train and compete in
sports competitions. The same trend can be clearly seen in the
Ukrainian national form of combat sport — the Cossack Fight
(Lytvynenko, 2023; Lytvynenko, Mulyk, 2023). An analysis
of special literature on the theory and methodology of sports
training for women shows that in many works the authors

© Lytvynenko, A., Mulyk, V., & Dugina, L., 2024.
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study the structural features and physiological processes of
the female body in connection with reproductive function
(Alfaro-Magallanes, Romero-Parra, 2023; Shakhlyna et al.,
2016; Badenhorst et al., 2021). A number of studies reveal
the peculiarities of the functioning of the female body and
psychological processes under the influence of significant
physical activity in different phases of the ovarian-menstrual
cycle (OMC) (Vorontsov, 2020; Arenas-Pareja & Lopez-Sierra,
Ibanez, 2023). The works Mulyk (2016) Shakhlina, Chystyako-
va, and Avinov (2022), shows differences in the structure and
functioning of the female body and the level of development of
physical and psychophysical qualities depending on biological
age and experience in sports. A number of studies (Shakhlina,
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2021; Lysenko, Hasanova, Shynkaruk, 2021) are devoted to
the influence of sex hormones on the dynamics of physical
performance during the training of women in various sports.
Experts have established the dependence of the performance
indicators of female athletes in certain sports and the reaction
of their body to training loads depending on changes in the
concentration of sex hormones in different phases of OMC
(Janse de Jonge, 2003; Kanunova et al., 2020). A number of
studies have shown the individual dynamics of changes in the
performance of female athletes in individual phases of OMC
(Alfaro-Magallanes et al., 2023; Baranauskas et al., 2023).

The training process of highly qualified female athletes in
martial arts shows that with each decade it becomes more and
more specialized (Shakhlina, 2021; Lytvynenko, Mulyk, 2023).
According to researchers, this is due to the need for the great-
est compliance of means and methods of sports training with
the requirements of competitive activity. The priority of devel-
oping speed-strength qualities to achieve maximum competi-
tive results of female athletes in martial arts is shown in the
works (Ashanin, & Lytvynenko, 2023). Analysis of data from
specialized literature on combat sports and our own research
show that the volume and intensity of training loads of female
athletes in Ukrainian national types of combat sports have
reached natural limits and it is necessary to search for new
ways to improve sports training (Mulyk, & Dzhym, 2017).

The issues of constructing special physical training of
female athletes of Ukrainian national martial arts, taking
into account changes in the physiological indicators of
women in various phases of a specific biological cycle, have
not been sufficiently studied.

Purpose of the study. To determine the impact of the use
of special preparatory exercises on female athletes engaged
in Cossack Fight, depending on the characteristics of the
functioning of the body in different phases of a specific
biological cycle.

Materials and methods

Participants

The sample of this study included 20 qualified female
athletes from the Cossack Fight aged 17-24 years, divided
into experimental and control groups. Qualification level of
athletes of the experimental group: 1 — master of sports of
Ukraine; 2 — candidate master of sports of Ukraine; 7 - 1 sports
category, control group: 1 — master of sports of Ukraine; 2 -
candidate master of sports of Ukraine; 7 — 1 sports category.

Organization of the Study

The following research methods were used: theoretical
analysis and generalization of data from specialized literature,

methods of pedagogical control (testing of motor qualities,
pedagogical observations, methods for determining a specific
biological cycle (measurement of oral-basal temperature, crys-
tallization of nasal mucus), methods of mathematical statistics).

The training programs lasted ten weeks and took place
at special preparatory and control-preparatory stages of the
preparatory period.

The following research methods were used: theoretical
analysis and generalization of data from specialized literature,
methods of pedagogical control (testing of motor qualities,
pedagogical observations, methods for determining a specific
biological cycle (measurement of oral-basal temperature,
crystallization of nasal mucus), methods of mathematical
statistics).

The training programs lasted ten weeks and took place
at special preparatory and control-preparatory stages of the
preparatory period (fig. 1).

Testing Procedure

Testing took place during a control training session,
at the same time for each participant, under the same
conditions, without injuries, in a good emotional state.
Before testing, participants performed an individual warm-
up. Immediately before performing the test exercises,
participants were instructed to exert maximum effort. Test
exercises were used that were standard for determining the
level of special physical fitness in martial arts of striking,
wrestling and mixed types: direct punches on a bag for 4 s,
straight punches on a bag for 15 s, throwing a medicine ball
weighing 3 kg, repeated circular kicks on the bag to the level
of the torso for 15 s, double leg takedown for 20 s, running
onto the “springboard” around the head, 5 times to the right
and left, dynamometry of the muscles of the leading hand,
direct punches to the bag for 3 min, repeated circular kicks
to the level of the body for 1 minute, jumping rope after
exercise (work on a bag lasting 3 minutes) in 1 minute

Statistical Analysis

The research materials were processed in the statistical
analysis program — IBM SPSS 20. The following statistics
were calculated for each variable: mean value (X), standard
deviation (s), standard deviation error (m), Student’s t-test
for independent and pairwise related samples.

Results

Testing at the beginning of the retracting microcycle did
not reveal a significant difference between the study groups
in indicators of special preparedness (Table 1).

Periods Preparatory
Stages Special preparatory Control preparatory
Mesocycles Retracting from Basic from SPP and STP Control preparatory
SPP and STP
Microcycles Rt Rs Sh | Rs | Sh | Rs Cp | Rs | Cp

Fig. 1. Structure of the specially preparatory and control preparatory stages of the preparatory period. Note:
Microcycles: Rt — retractor, Sh - shock, Rs - restorative, Cp - control preparatory
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After the end of the special preparatory stage (basic
mesocycle for special training and control and preparatory
mesocycle), repeated testing was carried out, the results of
which are presented in Table 2.

As evidenced by the data obtained for most indicators
corresponding to the manifestation of special motor actions,
such as direct punches to the bag for 4 s, 15 s and 3 min,
repeated circular kicks on the bag to the level of the torso for
15 s and in 1 minute, as well as Jumping rope after exercise
for 1 minute, significantly better results were obtained from
female athletes in the experimental group (p<0,05).

In addition, during the implementation of the
experimental program, the results in terms of the number
of direct punches on the bagin 4 s (t = 4.07; p < 0.001) and
in 15 s increased significantly (t=3.62; p<0.001), throwing
a medicine ball weighing 3 kg (t=2.92; p<0.05), repeated
circular kicks on the bag to the level of the body in 15 s
(t=4.22; p<0.001), direct punches to the bag for 1 min (t=4.23;
p<0.001), repeated circular kicks to the bag for 1 min (t=4.49;
p<0.001) and jumping rope after exercise (work on the bag
for 3 minutes) for 1 minute (t=3,55; p<0,001) (Table 3).

Along with this, less significant changes were obtained
in the control group (Table 4).

Discussion

The main results of our study revealed noticeable
differences, in terms of indicators of special physical fitness,
between the experimental and control groups of female
Cossack Fight athletes. The variability of training loads
depending on the phase of OMC made it possible to improve
the indicators of special physical fitness of the experimental
group of female athletes compared to the control group.
During the implementation of the experimental program,
the results in terms of the number of direct punches to the
bag for 4 s, increased significantly (t=4.07; p<0.001) and
in 15 s (t=3.62; p<0.001), throwing a medicine ball weighing
3 kg (t=2.92; p<0.05), repeated circular kicks on the bag
to the level of the torso for 15 s (t=4.22; p<0.001), direct
punches on the bag for 1 min. (t=4.23; p<0.001), repeated
circular kicks to the level of the torso for 1 min (t=4.49;
p<0.001) and jumping rope after exercise (work on a bag
lasting 3 minutes) in 1 min (t=3.55; p<0.001).

Table 1. Results of testing indicators of special physical preparedness of qualified female athletes in the Cossack Fight
(competition section Hertz 3) of the control and experimental groups at the beginning of the special preparatory stage of

annual training (n1=n2=10), (X+m)

No Test exercises Control group  Experimental group t p
1  Direct punches to the bag for 4 s, times 8.1+0.18 8.0+0.17 0.42 >0.05
2 Direct punches to the bag for 15 s, times 35.310.46 36.1+0.48 1.21 >0.05
3 Throwing a medicine ball weighing 3 kg, m 6.5+0.16 6.4+0.16 0.44 >0.05
4 Repeated circular kicks on the bag to the level of the torso 15.5+0.31 15.3+0.30 0.46 >0.05

for 15 s, times
5 Double leg takedown in 20 s., times 10.9+0.20 10.8+0.19 0.38 >0.05
6 Running on the “springboard” around the head, 5 times to 33.0£0.41 32.740.40 0.53 >0.05
the right and left, s
7 Dynamometry of the muscles of the leading hand, kg 29.3£0.39 29.5£0.40 0.36 >0.05
8 Direct punches on the bag for 3 minutes, times 189.9+2.11 186.7£2.10 1.08 >0.05
9 Repeated circular kicks to the level of the torso for 1 min, 39.9+0.48 39.2+0.47 0.56 >0.05
times
10 Jumping rope after exercise (work on a bag lasting 59.9+0.52 60.0£0.50 0.40 >0.05

3 minutes) in 1 min, times

Table 2. Results of testing indicators of special physical fitness of qualified female athletes in the Cossack Fight
(competition section Hertz 3) of the control and experimental groups at the end of the study (n1=n2=10), (X+m)

No Test exercises Control group Experimental group t P
1 Direct punches to the bag for 4 s, times 8.4+0.20 9.1+0.21 2.42 <0.05
2 Direct punches to the bag for 15 s, times 36.7+0.47 38.6+0.50 2.75 <0.05
3 Throwing a medicine ball weighing 3 kg, m 6.840.50 7.1£0.18 1.00 <0.05
4 Repeated circular kicks on the bag to the level of the torso 15.8+0.32 17.2+0.33 3.04 <0.01
for 15 s, times
5 Double leg takedown in 20 s, times 10.9£0.20 11.1+0.22 0.71 >0.05
6 Running on the “springboard” around the head, 5 times to 33.0£0.41 32.5+0.40 0.88 >0.05
the right and left, s
7 Dynamometry of the muscles of the leading hand, kg 30.2+0.38 30.6+0.39 0.74 >0.05
8 Direct punches on the bag for 3 minutes, times 192.3£2.12 199.4+2.14 2.36 <0.05
9  Repeated circular kicks to the level of the torso for 1 min, 40.4+0.49 42.3+0.51 2.68 <0.05
times
10 Jumping rope after exercise (work on a bag lasting 60.4+0.54 69.7+0.57 2.95 <0.05

3 minutes) in 1 min, times
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Table 3. Results of testing indicators of special physical fitness of qualified athletes in the Cossack Fight (competition
section Hertz 3) of the experimental group at the beginning and at the end of the study (n=10), (X£+m)

No Test exercises At the beginning At the end t p
1 Direct punches to the bag for 4 s, times 8.0+0.17 9.1+0.21 4.07 <0.001
2 Direct punches to the bag for 15 s, times 36.1+0.48 38.6+0.50 3.62 <0.001
3 Throwing a medicine ball weighing 3 kg, m 6.4+0.16 7.1+0.18 2.92 <0.05
4 Repeated circular kicks on the bag to the level of the 15.3+0.30 17.2+0.33 4.22 <0.001
torso for 15 s, times
5 Double leg takedown in 20 s, times 10.8+0.19 11.1+0.22 1.03 >0.05
6 Running on the “springboard” around the head, 5 times 32.7+0.40 32.5+0.40 0.51 >0.05
to the right and left, s
7 Dynamometry of the muscles of the leading hand, kg 29.5+0.40 30.6+0.39 1.96 >0.05
8 Direct punches on the bag for 3 minutes, times 186.7+2.10 199.4+2.14 4.23 <0.001
9  Repeated circular kicks to the level of the torso for 39.240.47 42.3+0.51 4.49 <0.001
1 min, times
10 Jumping rope after exercise (work on a bag lasting 60.0£0.50 62.7£0.57 3.55 <0.001

3 minutes) in 1 min, times

Table 4. Results of testing indicators of special physical fitness of qualified athletes in the Cossack Fight (competition
section Hertz 3) of the control group at the beginning and at the end of the study (n=10), (X£+m)

No Test exercises At the beginning At the end t p
1 Direct punches to the bag for 4 s, times 8.1+0.18 8.4+0.20 1.15 >0.05
2 Direct punches to the bag for 15 s, times 35.3+0.46 36.7+0.47 2.12 <0.05
3 Throwing a medicine ball weighing 3 kg, m 6.5+0.16 6.8+0.17 1.30 >0.05
4 Repeated circular kicks on the bag to the level of the 15.5+0.31 15.840.32 0.67 >0.05
torso for 15 s, times
5 Double leg takedown in 20 s, times 10.9+0.20 10.9+0.20 0.0 <0.05
6 Running on the “springboard” around the head, 5 times ~ 33.0+0.41 33.0+0.41 0.0 <0.05
to the right and left, s
7 Dynamometry of the muscles of the leading hand, kg 29.3+0.39 30.240.38 1.67 >0.05
8 Direct punches on the bag for 3 minutes, times 189.9+2.11 192.3+2.12 0.80 >0.05
9 Repeated circular kicks to the level of the torso for 39.94+0.48 40.4+0.49 0.26 >0.05
1 min, times
10 Jumping rope after exercise (work on a bag lasting 59.9+0.52 60.4+0.54 0.21 >0.05

3 minutes) in 1 min, times

The results of the study complement the data on
increasing the speed and coordination capabilities of
female athletes specializing in judo in the postmenstrual
and postovulatory phases of the ovarian-menstrual cycle
(Shakhlina et al., 2022).

The data obtained confirm the information that periodic
changes in hormonal levels in the female body affect the
ability to adequately respond to training loads (Bosenko,
Orlik, & Palshkova, 2019; Dzhym, 2017; Kyrychenko, 2021;
Kanunova, & Piven, 2020), the data obtained confirm the
information that periodic changes in hormonal levels in
the female body affect the ability to adequately respond to
training loads. (Mulyk, 2016; Bosenko, Orlik, & Palshkova,
2019; Shakhlina, Chystyakova, Avinov, 2022).

The results of the study can be used to improve the
training system for female athletes in the types of combat
sports of striking, wrestling and mixed types.

In future works, the authors plan to study the dynamics
of indicators of psychophysiological qualities of female
athletes in Ukrainian national types of combat sports.

Conclusions

A significant increase in the number of female athletes
involved in Ukrainian national types of combat sports

requires a theoretical justification of approaches to building
the training process and the formation of special physical
training methods taking into account the specific biological
cycle. The use of significant and heavy loads in the training
process for special physical training in the postmenstrual
and postovulatory phases of a specific biological cycle and
a decrease in load in other phases of OMC contributes to a
significant increase in the indicators of special physical fitness
of female athletes. The use of special preparatory exercises
at the end of a training session against the background of
fatigue in the phases of increased performance of female
athletes (postmenstrual and postovulatory) makes it possible
to increase the competitive performance of female athletes
in the combat sports of Cossack Fight.
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Ocob6nusocTi cneuianbHOI ¢i3NYHOI NiArOTOBKN
XKIHOK-CNOPTCMEHOK Yy KO3aLbKOMy AiBO6OI B pi3HMX
¢asax cneuundiyHoro GionoriuyHoro UKy

Awnppiit IntBuneHKo'A5°PE, Bayecnas Mynuk'A8¢PE, Jliana [lyrina'ABCPE
'XapkiBcbKa flep>kaBHa akafieMid Gisu4HOI Ky/IbTypn

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 6 c., 4 Tab., 1 puc., 30 mxeper.

Icropia nuraHHA. TpeHyBa/IbHI METOAMKM CIelliabHOI (Bi3NYHOI MifTOTOBKY CIIOPTCMEHOK->KIHOK € BXX/IMBOIO YaCTIHOIO
3ara/IbHOI CHCTEMH IIATOTOBKY /10 3MarajibHOI AisbHOCTI, 0 OTPeby€e KOPEKTHOrO IUIAHYBAHHS Ta peasrisaril.

Merta mocnigkeHH:A. BusHaunTy BIVIMB 3aCTOCYBaHHA CIelliaTbHO-MiITOTOBYMX BIIpaB Ha )KiHOK-CIOPTCMEHOK 3 KO3allb-
KOTO IB060I0, B 3aJIEKHOCTI BiJj 0cOOMMBOCTEN @yHKuiOHyBaHHH opraHiaMmy B pi3HUX (asax crrenmgivyHOro 6i0I0riYHOTO LUIKITY.

Marepianu ta Metopgu. B excriepyumenTi B3amm ydacTb 20 SKiHOK-CIIOPTCMEHOK 3 KO3aIbKOTO [1B000I0 BikoM 17-24 pokiB
HOJIi/IEHNX Ha eKCIIepMMEeHTa/IbHY Ta KOHTPONbHY rpynn. KsamidikaniitHmit piBeHb CIOPTCMEHOK eKCIIepUMeHTaNIbHOI rpym: 1 —
MaricTep CopTy YKpainu; 2 — KaHAMAAT y MAliCTPy CHOPTY YKpainu; 7 — 1 ClIOpTUBHMIL PO3PAJ, KOHTPOIbHOIL rpymnu: 1 — Majicrep
CHOPTY YKpainy; 2 — KaHAU/AT Y MaiiCTpy criopTy YKpainm; 7 — 1 cnoptuBHMIi pospsap. Ilporpama TpeHyBaHb TpuBana JecATb
TVDKHIB 1 IPOXO/IM/IA Ha CIIELia/IbHOMY IIi[TOTOBYOMY Ta KOHTPOIbHO-M/ITOTOBYOMY €TaIaX IiZITOTOBYOTO IEPIOTy.

PesynpraTy. BapiaTuBHICTb TpeHYBaIbHIX HaBaHTaXKeHb B 3aJIOXKHOCTI Bifl (hasyu oBapia/bHO-MEHCTPYaTbHOTO LUKy MAE
CTAQTUCTUYHO JOCTOBIPHO OUIBLINIT BIVIMB Ha IIOKa3HMKM CIEl[ia/IbHOI (i3NIHOI MIATOTOBIEHOCT] eKCIIEPUMEHTANIBHOI IPYIIN
JKIHOK-CIIOPTCMEHOK Y IIOPiBHAHHI 3 KOHTPOJ/ILHOIO TPyIIo0. Tak, B eKCIlepuMeHTa/IbHil IPYI Mic/IA BecATH TYKHIB TPEeHYBaHb i3
crientiasibHOI (Di3MYHOI MATOTOBKM CYTTEBO IiIBULIVIVCA PE3YNbTaTH B IOKA3HMKaX Ki/IbKOCTi IPAMMX yapiB pyKaMI 1O MilIKy
3a4 ¢ (t=4,07; p<0,001) Ta 3a 15 c. (t=3,62; p<0,001), MeTanHi HabUBHOTO M sT9a Macoo 3 Kr (t=2,92; p<0,05), MOBTOPHUX KOTOBUX
yZapiB HOramu 110 MillIKy Ha piBeHb Tyny6a 3a 15 ¢ (t=4,22; p<0,001), npsiMux yaapis pykamu 1o mimky 3a 1 xB (t=4,23; p<0,001),
MOBTOPHMX KOJIOBUX yZlapiB HOraMy 110 Millky 3a 1 xB (t=4,49; p<0,001) Ta cTpuOKiB 31 CKaKaJIKOI0 MiC/IA HaBaHTaXeHH: (po6oTa
Ha MIIIKy TpuBaiicTio 3 xB) 3a 1 xB. (t=3,55; p<0,001).

BucHoBKM. BripoBaKeHHA eKCIIepYMeHTa/IbHOI IpOorpaMu i3 cerianbHoi (i3U4HOI MirOTOBKM XiHOK-CIIOPTCMEHOK Y Bifi-
HOBiHOCTI 10 (ha3 oBapiaTbHO-MEHCTPYaNTbHOTO IVKITY B 3aTa/IbHY CUCTEMY MiIFOTOBKM /10 3MaraJbHOI HiATbHOCTI CTATUCTUYIHO
JBOCTOBIPHO ITOKPAIIy€e K/IF0YOB] TOKA3HUKY (i3MIHOI TPEHOBAHOCTI.

KirouoBi cmoBa: ko3aipKuii Bo6iit, crieljiabHa ¢GisyyHa Mi[rOTOBKA, TPeHYBaIbHNUII IPOLeC, OBapiaTbHO-MEHCTPYaIbHUI
IUKJL.
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Abstract

Background. Random Forest is a popular machine learning algorithm used for classification and regression tasks.
The study purpose is to investigate the use of Random Forest machine learning to predict the winning chances of
teams in the 2024 Indian Premier League (IPL) season.

Objectives. By analyzing comprehensive player statistics, including matches played, batting and bowling averages, as
well as fielding contributions, the study aims to understand the factors that influence team success in T20 cricket and
provide actionable insights for team management, betting markets, and cricket enthusiasts.

Material and methods. The study involved 10 cricket teams competing in the IPL 2024 season. Player statistics and
match outcomes data from previous IPL seasons were collected and cleaned, with missing values addressed through
imputation. The features were based on player statistics, including both aggregate measures and calculated metrics.
A Random Forest is chosen as the machine learning model, trained using preprocessed data, with features derived
from player statistics as input and match outcomes as the target variable. The dataset was split into training and
validation sets, using methodologies such as cross-validation to ensure a robust model performance.

Results. The Random Forest model demonstrates strong predictive performance, with a low Mean Squared Error
(MSE) of 8.2174, Root Mean Squared Error (RMSE) of 2.8666, and a high R-Squared value of 0.9173, indicating
approximately 91.73% variance explained in the data. Chennai Super Kings emerge as frontrunners with a predicted
performance percentage of 83.4%, while teams like Punjab Kings and Lucknow Super Giants show lower predicted
performance percentages, suggesting potential areas for its improvement.

Conclusions. This study reveals the effectiveness of Random Forest machine learning in forecasting IPL match
outcomes based on player statistics. It provides valuable insights into team dynamics and offers actionable
recommendations for team management and cricket enthusiasts. The findings enrich our understanding of IPL match
dynamics, contribute to the evolution of cricket analytics, and promote greater engagement with sport, ultimately
enhancing the fan experience in the IPL.

Keywords: Indian Premier League, Random Forest, machine learning, team performance prediction, cricket
analytics.

Introduction phenomenon, captivating audiences with its blend of
athleticism, strategy, and sheer spectacle. Within this vibrant
tapestry of cricketing culture, the Indian Premier League
(IPL) stands as a beacon of innovation, drawing players from
© Sanjaykumar, S., Natarajan, S., Lakshmi, P.Y., & Boby, EA., across the cricketing world and electrifying audiences with

2024, its fast-paced format and star-studded line-ups (Subburaj et
al., 2023; Kapadia et al., 2022).

Cricket, often described as a gentleman’s game, has
transcended its traditional boundaries to become a global

oo Crmopm

§® TMOB
“A¥ 108 0BC

304


mailto:sanjayswaminathan007@gmail.com

Sanjaykumar, S., Natarajan, S., Lakshmi, P.Y., & Boby, F.A. (2024). Predicting Team Success in the Indian Premier League Cricket 2024
Season Using Random Forest Analysis

The Indian Premier League (IPL) stands as a testament
to the global appeal and excitement surrounding cricket,
captivating audiences worldwide with its blend of athleticism,
drama, and sheer spectacle. As the cricketing world gears up
for the upcoming IPL season in 2024, anticipation is at an
all-time high, with fans eagerly awaiting the clash of titans
and the quest for supremacy on the field (Sanjaykumar
et al., 2023). Central to the IPLs allure is the element of
unpredictability, where every match is a battleground where
teams vie for victory, driven by a potent mix of skill, strategy,
and determination. In this dynamic and ever-evolving
landscape, the ability to forecast winning chances emerges
as a tantalizing challenge, offering valuable insights into the
intricate dynamics that shape match outcomes (Passi and
Pandey, 2018; Sumathi et al., 2023).

The Random Forest machine learning technique is a
versatile algorithm renowned for its effectiveness in handling
complex datasets. It operates by aggregating the predictions
of multiple decision trees, mitigating overfitting through
feature selection and bootstrap sampling. With its ability to
handle high-dimensional feature spaces and deliver robust
predictions, Random Forest stands out as a valuable tool in
sports analytics. By leveraging historical data, it can uncover
patterns and identify key factors influencing outcomes,
making it particularly well-suited for predicting player
performance, match results, and tournament dynamics in
sports like cricket (Abebe et al., 2020; Passi & Pandey, 2018).

The IPL, with its fast-paced format and star-studded
line-ups, presents a unique challenge for predicting winning
chances. Team dynamics, player form, pitch conditions, and
match strategy all play pivotal roles in shaping the outcome
of a match, demanding a nuanced and data-driven approach
to analysis (Wickramasinghe, 2014; Bai & Bai, 2021).

Moreover, the IPLs evolving ecosystem, marked by
player auctions, tactical innovations, and fluctuating
fortunes, adds another layer of complexity to the prediction
task. While historical data provides a foundation for
analysis, it must be complemented by real-time insights
and contextual understanding to capture the dynamic
nature of the tournament accurately (Aburas et al., 2018;
Bunker and Thabtah, 2019). By leveraging a comprehensive
dataset encompassing past IPL seasons, player statistics,
match conditions, and other pertinent variables, we aim
to develop a predictive model capable of estimating the
likelihood of each team winning a match in the upcoming
season. Through rigorous analysis and validation, we seek to
uncover the underlying patterns and trends that drive match
outcomes in the IPL (ESPNcricinfo; Indian Premier League
official website).

The purpose of the research. To employ Random Forest
machine learning to predict winning chances of teams
in the 2024 Indian Premier League season. By analyzing
comprehensive player statistics, including the number of
matches played, batting and bowling averages, and fielding
contributions, we aim to understand the factors that
influence team success in T20 cricket. The implications of
the study extend beyond mere prediction, offering actionable
insights for team management, betting markets, and cricket
enthusiasts alike. By identifying key factors that influence
winning chances, teams can optimize their strategies, fine-
tune their player selections, and enhance their competitive
edge in the tournament.

Material and Methods

Participants

The participants of this study encompass 10 cricket teams
slated to compete in the upcoming Indian premier league
t20 2024. These teams represent diverse cricketing franchises
and comprise professional players selected to represent their
teams in the tournament. The dataset utilized for analysis
comprises player statistics and match outcomes sourced from
previous IPL and other pertinent t20 tournaments leading
up to the IPL t20 cricket tournament 2024 (ESPNcricinfo;
Indian Premier League official website).

Study Organization

Comprehensive player statistics, including the number
of matches played, batting averages, bowling averages, and
fielding contributions (e.g., catches taken), are gathered for
each player participating in the IPL 2024 in Indian premier
league official website (figure 1).

Matches Batting_Avg Bowling_Avg Catches
186 32.140000 24 070000 67.000000

44 17.310000 30.340000 8.000000

78 7.300000 24.310000 17.000000

30 6.160000 20.010000 6.000000

90 10.000000 25.620000 13.000000

94 8.400000 25.500000 29.000000

25 44300000 0.000000 13.000000

Fig. 1. Sample dataset

The collected data undergoes meticulous cleaning
to rectify inconsistencies or inaccuracies, with missing
values addressed through imputation or suitable handling
techniques Relevant features are derived from player
statistics, incorporating aggregate measures and calculated
metrics (Sanjaykumar et al., 2023; Vetukuri et al., 2019).
A random forest is chosen as the machine learning model for
predicting match outcomes. The model is trained using the
preprocessed data, with features derived from player statistics
as input and match outcomes as the target variable. The
dataset is split into training and validation sets, employing
methodologies like cross-validation to ensure robust model
performance (Hudnurkar & Rayavarapu, 2022; Baboota &
Kaur, 2019).

Dataset Data
Collection Preprocessing i

)

Machine Learning model

Day

-

/\\
M 0 el ‘ Performance
Prediction Analysis

Fig. 2. Methodological architecture of random forest training
model

Regressor Specifications

Callbacks=none

Test_size=0.20

gamma=0
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Statistical Analysis

To evaluate the employ Random Forest machine learning
to predict winning chances of teams in the 2024 Indian
Premier League cricket season. Random Forest, several
statistical metrics are employed, these metrics include Mean
Squared Error (MSE), Root Mean Squared Error (RMSE),
Mean Absolute Error (MAE), and the R-squared Metric (R?).
The MSE quantifies the average of the squared differences
between predicted and actual performance values, while
RMSE represents the square root of this average, maintaining
the same units as the original data. MAE assesses the
average absolute variance between predicted and observed
performance values, and R” evaluates the goodness of fit
of the model, ranging from 0 to 1 (Wickramasinghe, 2020;
Lakshmi et al., 2024).

Z( predict — Xactual)2

Root Mean Squared Error (RMSE) = v MSE

Z(Xactual_Xpredict)z]
Z(Xactual_xmean)z

In the provided equation, X, represents the observed
performance values, X,,.q« denotes the predicted perfor-
mance, X,,.., stands for the mean of the actual performance
values, and “a” symbolizes the number of data points. This
equation serves as a crucial tool in calculating the R-squared
Metric (R?), which assesses the goodness of fit of predic-
tive models by measuring the proportion of variance in the
dependent variable (match outcomes, in this context) that
is explained by the independent variables (player statistics).

Mean Squared Error (MSE) =

R-Squared (R2) = 1 —

Results

The results presented here serve to enrich our
understanding of IPL match dynamics, providing valuable
insights that can inform decision-making processes and
enhance the fan experience. Through a combination of data-
driven analysis, we aim to contribute to the ongoing evolution
of cricket analytics and promote greater engagement with
the sport.

Table 1. Random Forest Model Performance Metrics
analysis

Metrics Value

Mean Square Error 8.2174

Random Forest (RF) Root Mean Square Error 2.8666
Model

R-Squared 0.9173

The Random Forest (RF) model exhibits strong
predictive performance, as evidenced by the low Mean
Square Error (MSE) of 8.2174 and Root Mean Square Error
(RMSE) of 2.8666. The R-Squared value of 0.9173 indicates
that the model explains approximately 91.73% of the
variance in the data, suggesting a high level of accuracy in
predicting team winning chances (Table 1). These metrics
collectively demonstrate the effectiveness of the RF model in
forecasting IPL match outcomes, providing valuable insights
for stakeholders and decision-makers (Fig. 3).

- original
predicted
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Fig. 3. Performance prediction graph for a random forest model

Team Performance Predictions

Based on the study’s purpose of employing Random
Forest machine learning to predict winning chances, a
comprehensive analysis reveals significant insights. Chennai
Super Kings emerge as the frontrunners with a predicted
performance percentage of 83.4%, aligning with the aim of
the study to forecast team success. This suggests that factors
such as player statistics, including matches played, batting
and bowling averages, and fielding contributions, contribute
to Chennai Super Kings’ favorable outlook for the upcoming
IPL season. Conversely, teams like Punjab Kings (71.2%)
and Lucknow Super Giants (73.8%) display lower predicted
performance percentages, indicating potential areas for
improvement in their player statistics and team dynamics

(Fig. 4).

IPL Teams

100

80

‘Winning prediction chance in %
[ Y
=) = = =
0
- K

Fig. 4. Performance prediction (percentage) of Indian premier
league cricket teams

Discussions

The research study employs Random Forest machine
learning to predict the winning chances of teams in the
2024 Indian Premier League (IPL) season. By analyzing
comprehensive player statistics, including matches played,
batting and bowling averages, and fielding contributions,
the study aims to understand the factors influencing team
success in T20 cricket (Sanjaykumar et al., 2023; Saikia,
2020). The Random Forest model’s performance metrics,
including a low Mean Square Error (MSE) of 8.2174, Root
Mean Square Error (RMSE) of 2.8666, and an R-Squared
value of 0.9173, demonstrate its effectiveness in forecasting
IPL match outcomes (Table 1). These metrics indicate a
high level of accuracy in predicting team winning chances,
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providing valuable insights for stakeholders and decision-
makers (Kaur et al., 2021).

The performance prediction graph of IPL teams based on
the Random Forest model highlights Chennai Super Kings as
the frontrunners with a predicted performance percentage of
83.4%. This aligns with the study’s aim of forecasting team suc-
cess and suggests that player statistics, such as matches played,
batting and bowling averages, and fielding contributions,
contribute to Chennai Super Kings' favorable outlook for the
upcoming IPL season. Conversely, teams like Punjab Kings
(71.2%) and Lucknow Super Giants (73.8%) display lower
predicted performance percentages, indicating areas for im-
provement in their player statistics and team dynamics (Fig. 4)
(Bhattacharjee & Talukdar, 2020; Van Eetvelde et al., 2021).

The study enriches our understanding of IPL match
dynamics and provides actionable insights for team
management, betting markets, and cricket enthusiasts. By
identifying key factors that influence winning chances,
teams can optimize strategies, fine-tune player selections,
and enhance their competitive edge (Men, 2022; Turhan &
Canpolat, 2023). The study’s combination of data-driven
analysis and advanced modeling techniques contributes
to the ongoing evolution of cricket analytics and promotes
greater engagement with the sport, ultimately enhancing the
fan experience and decision-making processes in the IPL
(Sustarsic et al., 2022; Gu et al., 2023).

Conclusions

This study employs Random Forest machine learning
to forecast team winning probabilities for the 2024 Indian
Premier League (IPL) season, utilizing a wide array of
player statistics such as matches played, batting and
bowling averages, and fielding contributions. The model
demonstrates robust predictive capability, reflected in
the low Mean Square Error (MSE) of 8.2174, Root Mean
Square Error (RMSE) of 2.8666, and high R-Squared value
of 0.9173, signifying an explanatory power of approximately
91.73% in the data variance. Chennai Super Kings emerge
as the favored contenders with a predicted performance
percentage of 83.4%, in accordance with the study’s objective
of gauging team success. Conversely, Punjab Kings (71.2%)
and Lucknow Super Giants (73.8%) exhibit lower predicted
performance percentages, implying potential areas for
enhancement in player statistics and team dynamics.
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MporHo3yBaHHA ycNilWHOCTi KOMaHp, B IHAINCbKIN
npem’ep-nisi 3 Kpukety cesoHy 2024 poKy yepes
aHasi3 3acTocyBaHHA MeToAy BUNagKoBOro nicy

Caminaran Canpxkaiikymap'*B°PE, Cy6xacpi Harapamkan?CPE,
ITonnycami Vora JTakmmi'®*“E, ®apmxana Aktep bo6i*t"

'SRM IHCTUTYT HayKV Ta TeXHOJIOTiit
RV VYuiBepcuret
*Mixuapopuuii yHiBepcutet Japdonin

ABTOpPCHKMIT BT A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykomnucy; E — 36ip komtis

Pedepar. Crarst: 6 c., 1 Tabi., 4 puc., 26 mxeper.

Icropisa nmuranna. Bunagkosuit mic (anrn. “Random Forest”) — nomymsapHmit aIropuT™ MallMHHOTO HABYAHHS, AKNI BU-
KOPMCTOBYETbCA /I 3afiad Knacudikaliii Ta perpecii. MeToo po60Tu € ZOCTiANTI 3aCTOCYBaHHA METO/ly MAIITHHOTO HABYaHHA
BUIIaJIKOBOTO JICY /s IIPOTHO3yBaHHSI IIAHCIB KOMaH/| Ha IlepeMory B ce3oHi 2024 poxy [upiiicpkoi mpem’ep-mirn (ITUT).

Mera gocrnimkenns. [IraxoM aHanisy BceOi4HOI CTATUCTUKM TPABIiB, BK/IIOYAIOUM 3irpaHi MaTyi, cepefiHi MOKa3HUKY BifI-
OuBaHHs Ta OOYIIHTY, a TAKOXX aKTUBHICTD QUIANHIY, HOCTIIKEHHs Ma€ Ha MeTi 3’acyBaTy (pakTopy, 10 BIVIMBAIOTh HA YCIIiX
koMaHau B Kpuketi cepii T20 (“Twenty207), i HagaTu npakTuuHy iHpoOpMaIiio [ MeHeIXKMEHTY KOMaHJl, PUHKIB IPOrHO3iB Ta
IIOLIiHOBYBaYiB KPUKETY.

Martepian Ta MmeTogu. Y JOCIiIKeHH] B3N yyacTb 10 KOMaH[, 3 KPUKeTY, sAKi amaranucs B cesoni ITIJI 2024 poxy. Craruc-
THUYHI [JaHi PO TPaBLiB Ta pe3yIbTaTy MaT4iB 3a nomnepenHi cesonn II1JI 6ymo 3i6paHo Ta ONpaIbOBaHO, a BiICYTHI 3HAYEHHS
OTPMMAHO 3a JOIIOMOrO0 MEeTOAY iMmyTaril. XapaKTepucTKM 6a3yBaincs Ha CTATUCTUI TPABI[iB, BKIIOYAIYN 5K arperoBaHi
MOKA3HUKM, TaK i 064nc/IoBani MeTpuKN. B SIKOCTI MOZe/i MAaIIMHHOTO HaBYaHHsI OOPAaHO MeTOJ, BUIIAKOBOTO JICY, KMl BU-
KOPMCTOBYETHCS [/Is1 HABYAHHS Ha OCHOBI ITOIIEPeHbO 0OPOOIEHNX JAHNX, 3 XapPaKTEPUCTUKAMI, OTPUMAHIMI Ha OCHOBI CTa-
TUCTUKY TPABIB — B SIKOCTI BXIZHUX [JAHNUX Ta pe3y/lbTaTaMy MaT4iB B sKOCTI 11i/bOBOI 3MiHHOI. [I/1s1 3a0e31eueH sl HafiIHOTO
¢dyHKIioHyBaHHA Mofiei Habip HaHMX 6y/I0 PO3/i/IeHO Ha TPEHYBA/IbHILII Ta 3aTBEPIPKYBaIbHIIT HAOOPM 3 BUKOPMCTAHHSM TaKIX
METOJIUK, SIK IlepeXpecHe 3aTBepIKyBaHH:.
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Pesynpraru. Mopenb BUIIaIKOBOTO JIiCY IEMOHCTPYE CYyTTEBY IPOTHOCTIYHY epeKTUBHICTD 3 HU3BKOK CePeHbOKBAIPATIY-
Hoto noxn6xoro (CKII) 8,2174, xopeHeM i3 cepenabokBagpariynol moxubku (KCKII) 2,8666 i Bucokum 3HadeHHAM R-kBagpary
0,9173, BKasyouy Ha OsICHeHHs pubm3Ho 91,73% mucnepcii B gannx. Komanga “Chennai Super Kings” mignpye 3 nporaososa-
HMM BiJICOTKOM pe3ynbraTiBHOCTI 83,4%, B TOi yac Ak koMaHau “‘Punjab Kings” Ta “Lucknow Super Giants” nokasyorb HIKIMit
IIPOrHO30BaHMUI BiJICOTOK PE3y/IbTaTMBHOCTI, IO CBifYMTD PO HAABHICTD MOTEHIIIHIX MOXX/IMBOCTEN I/IA 11 OKPAIleHHA.

Bucnosku. Lle gocnifkeHHs feMOHCTPYE epeKTMBHICTh 3aCTOCYBaHHA METOAY MAIIMHHOIO HaBYAHHS BUIIAJIKOBOIO JICY
IIA TIPOTHO3YBaHHA pesynbrariB Matyis ITTJI Ha ocHOBI cTatvcTyky rpaBLiB. JJocmimKeHHA MICTUTD L[iHHY iHdOpMalilo Mmoxo
KOMaHJHOI JVHaMIiKJ Ta IPaKTM4YHI peKOMeHaLii /11 MeHeP)KMEeHTyY KOMaHJ i laHyBa/IbHUKIB KpukeTy. OTpuMaHi pesynbraTu
36araqyioTh Hallle PO3yMiHH 10f0 AuHaMiky MaT4iB IT1J], CIIpUSAIOTh POSBUTKY aHAIITUKI KPUKETY Ta O1/IbIIOMY 3a/Ty4eHHIO 1O
CIIOPTY, 1O B KiHIIEBOMY IiJICYMKY IIifiBUIIY€ piBeHb JOCBify BOOiBambHuKiB B 1T

KirouoBi cnoBa: [Hpiiicbka mpemM’ep-Jiira, BUNaJKOBUI JTic, MAaIIMHHE HAaBYaHHA, IPOTHO3YBAaHH:A Pe3y/IbTaTUBHOCTI KOMAH]I,
aHaJIiTMKa KPUKETY.
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Abstract

Background. Sports science experts play a crucial role in providing insights and appropriate recommendations

to delineate the desired traits of professional group exercise instructors.

Objectives. The study aimed to investigate the using expert Delphi techniques in developing a core model for
expected characteristics of group exercise instructors in sports science students.

Materials and methods. The study involved 18 exercise experts who served as group exercise instructors and
lecturers in sports science. Across three questionnaire rounds, the data was assessed using a rating scale, considering

Mode (Mo), Median (Mdn), and Interquartile range (IQR).

Results. The experts consistently emphasized the development of the eight core characteristics of group exercise

at the highest importance level (Mo = 5, Mdn = 5, IQR = 0). Their focus encompassed areas such as knowledge in
anatomy and exercise physiology, proficiency in exercise techniques, understanding of movement, psychological
aspects, the role of aerobic dance leadership, and attitude towards group exercise. Additionally, knowledge related

to injury prevention and nutrition received respective scores of Mo = 4, Mdn = 4, IQR = 1. Being a group exercise
instructor necessitated both physical and mental preparedness.

Conclusions. The desired characteristics for sports science students who will develop themselves to be group exercise
leaders have to include a broad range of knowledge to become a personality model, proficiency in all 8 areas, and the
ability to effectively teach that lead students to success. And most importantly, the FFITT-VS (Frequency Intensity
Training Time Training Type-Volume Progression) principles of teaching should be applied in organizing the group

exercise program to ensure appropriateness for each format.

Keywords: characteristic, Delphi technique, group exercise instructors, FFITT-VS principles.

Introduction

Physical activity and exercise across the lifespan can
have a profound positive effect on health and well-being
(Blair, 2009; Trost et al., 2014). Current recommendations,

© Phanpheng, Y., Tongnum, P, Kusuma, LD.M.A.-W.,,
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such as those from the World Health Organization, state that
adults should accumulate at least 150 minutes of moderate-
intensity (or at least 75 minutes of vigorous-intensity)
physical activity per week in bouts of at least 10 minutes.
Additionally, it is recommended that children and young
people should accumulate at least 60 minutes of moderate to
vigorous physicalactivity each day (WHO,2021). In Thailand,
there has been significant growth in many places, both public
and private, with foreign businessmen introducing modern,
innovative, fun, challenging, and internationally accepted
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exercise styles as part of providing a variety of services to
customers. This growth also includes the development and
upgrading of the abilities of exercise fitness trainers, ensuring
they possess knowledge and expertise in customer relations,
as well as proficiency as group exercise instructors in various
forms of aerobic exercise. The National Sport Development
Plan (2021-2025), with strategic goals geared towards having
sports volunteers and exercise leaders ready to help or
provide sports and physical activity for the local community
(Ministry of Tourism and Sports, 2021). According to the
policy of the government agency mentioned above, exercise
leaders play a key role in promoting healthy behavior, as their
roles and missions are related to changing health behaviors
for themselves, their families, and the community.

Currently, there are numerous avenues for individuals
to develop themselves as fitness trainers, with some
organizations offering training for those without a direct
degree in sports science but require certification. To become
a proficient leader in exercise, individuals should possess
a degree in sports and exercise science, be a physical
therapist, or have direct knowledge of health. Historically,
Thailand has prioritized this issue, providing guidelines
for developing fitness trainers with professional abilities
and specialized teaching knowledge, particularly in group
exercise instruction (GX), integrated into university courses,
especially in sports science professions. This is considered
a crucial source for producing personnel and leaders in
the exercise field, covering roles as leaders in aerobics and
fitness instruction. Therefore, the knowledge imparted by
leaders needs to be consistently and properly developed in
line with international standards, considering the current
increase in the number of group exercise instructors.
Currently, the format of aerobic dance has evolved with
diverse teaching methods, making exercise activities more
engaging. Therefore, it is crucial to consider and apply the
fundamental principles of aerobic dance training, which are
highly beneficial for development and health promotion.
Consequently, instructors should integrate these principles
into the design of exercise formats to achieve the objectives
of aerobic dance. This involves utilizing the “FFITT”
principles (Fun, Frequency, Intensity, Time, Type) (AFFA,
2022). Leaders in aerobic dance must comprehend factors
related to different forms of physical movement, utilizing
principles and theories of anatomical kinesiology and
mechanical kinesiology to design movements that ensure
safety in activities. Once understanding the mechanisms of
joint function or body movement, these can be effectively
introduced into practical learning styles. Good exercise
leaders should convey knowledge in exercise according to
the principles of exercise (ACE, 2007). However, it has been
observed that some aerobic dance leaders in the community
studied from videotapes purchased and learned on their
own, without a direct degree in sports science. This poses an
important factor that may lead to oversight in the teaching
process and safety during exercise (Pinitniyom, 2007). This
raises the question of what the quality and characteristics
of an aerobic leader should be and whether exercisers can
derive benefits if the aerobic leader possesses incorrect
knowledge.

A variety of fitness professionals play a key role in
providing concepts and practices to determine the desirable
qualities of a professional group exercise instructor. The

Delphi technique is a method for collecting opinions on
a particular topic, based on the premise that ‘pooled
intelligence’ enhances individual judgment and captures
the collective opinion of experts (Jones et al., 2000; Murry
& Hammons, 1995). There are three types of Delphi:
conventional, real-time, and policy. The conventional
Delphi is the classical forum for the prioritization of facts,
involving a questionnaire sent out to a group of experts.
A second questionnaire, based on the results of the first,
refines and defines the facts or proposals, gauging their
accuracy or support from participants (Mariet et al., 2005).
The conventional Delphi uses a series of questionnaires to
aggregate expert opinions anonymously, taking place over
a series of ‘rounds’ Communication can occur by post
or electronic exchange (Jones et al., 1992). The optimal
number of rounds appears to be 2 or 3; however, some
Delphi techniques may continue rounds until consensus
is achieved or until the last rounds show no significant
difference (Graham et al., 2003; Von der Gracht, 2012).
As a research process, each Delphi category shares the
same overall structure in terms of group communication,
anonymity, iteration, and central tendency (Nick & Barry,
2008; Trevelyan & Robinson, 2015).

Defining the right attributes for Group Exercise (GX)
can positively impact the development of knowledge and
abilities in the professional skills of sports science students.
Previous studies have discussed indicators to establish
professional competency for elderly exercise instructors (Lan
et al., 2016), providing a useful guideline that underscores
the importance of developing the characteristics of sports
science students to become professionally competent
exercise leaders. This aspect has not been studied at the
university level in Thailand before. Therefore, various aspects
of knowledge must be guided by experts whose knowledge
and experience are grounded in the principles of exercise
leadership. The researchers recognized the importance of
developing desirable attributes for GX using the Delphi
method. The Delphi technique, integrating knowledge with
experts to determine desirable attributes and incorporating
information obtained from the study, serves as a core model
for developing sports science students on the verge of
becoming future professional group exercise instructors.

Materials and Methods

Study Participants

The participants in this study consisted of 18 qualified
individuals with experience in the sports science profession
and sports medicine. They were selected using a purposive
selection method and divided into three groups: 2 group
exercise instructors certified by Les Mills (the copyright
owner of group exercise classes), 12 university lecturers
who were experts in sports science and exercise, holding
a master’s degree or higher, and having at least 5 years of
teaching experience, and 4 sports medicine professionals
in private hospitals who held a bachelor’s degree or higher
and had at least 5 years of experience in their positions. The
participants signed the consent document to participate in
the research. The researchers have no conflicts of interest,
accurately represent information, and adhere to research
ethics in both human and animal subjects. The research

311



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 2

was approved and supervised by the Ethics Committee in
Human Research at Loei Rajabhat University, Thailand,
project number H 012/2567.

Study Organization

The researcher introduced personal information, ex-
plained the research objectives, and provided a brief descrip-
tion of the use of the Delphi Technique. A three-round ques-
tionnaire was employed for the research using the Delphi
technique. Round 1 question utilized open-ended inquiries
to generate answers that would formulate questions for the
27 and 3™ rounds of the process. The data were analyzed
using a rating scale. Experts could express their opinions to
indicate agreement or disagreement with each question at
the end of the questionnaire, and they were also encouraged
to provide suggestions. The answers were then investigated
for Mode (Mo), Median (Mdn), and Interquartile Range
(IQR). In the final stage, experts could determine whether to
modify or confirm their answers (Fig. 1).

Statistical Analysis

The responses of the Delphi technique panelists were
analyzed using descriptive statistics. Central tendency
statistical analysis was conducted to analyze the data,
determining the level of agreement as a percentage. A pre-
established measure of consensus was set at 80%. The experts

Table 1. Removed statements

Round 1. Questions use open-ended questions.

1. What are your initial thoughts or ideas on the issue of group exercise instructor?

2. What factors do you think are most important to consider when developing of expected
characteristic core model of group exercise instructors in sports science students?

3. Whatare the main challenges facing the education system in expected characteristic core
model of group exercise instructors?

4. What opportunities do you see for improving characteristic core model of group exercise
instructors?

5. What do you think are the key trends and key cognitive drivers in the future of the ex-
pected characteristic core model of group exercise instructors in sports science students?

U

Round 2. Each experts received an individu-
alized survey comprising 24 statements,
across 8 topics, The data was analyzed with |[€
rating scale, which were presented alongside
participants’ own responses from Round 1.

g

Round 3. The answer was investigated for ; In the final process, experts can deter-
Mode (Mo), Median (Mdn) and Interquartile |4---- mine whether to change or confirm
range (IQR). : their answers.

The experts can give their opinion to
i support the agreement or disagree-
* ment regarding each question at the
i end of the questionnaire, also write
i down their suggestion.

Fig. 1. Flow diagram illustrating the three survey rounds of the
Delphi study

answered the questionnaire and freely expressed their
opinions about the questions. When there were no suggested
changes in the answers, it indicated that the data had high
reliability.

To establish a consensus of opinions, qualification
requirements include a median greater than or equal to 4.00
or higher and an interquartile range less than or equal to 1.50,
indicating consistency or alignment in the same direction.
Once the data were complete, the researcher summarized

0
Compone'nt .Of Statement % of Outcome Selected comments
Characteristics agreement
1 Knowledge of Anatomy 87.75%  Removed following Round 2 To design an exercise program tailored to the
and Physiology for activity, gender, and age, sports scientists need
exercise to possess understanding in anatomical and
physiological principles.

2 Knowledge of exercise 85.12%  Removed following Round 2 Group fitness instructors should possess a
variety of teaching skills but must also be
attentive to safety during exercise.

3 Knowledge of motionsin ~ 82.25%  Removed following Round 2 Can be a teaching model and can skillfully

exercise explain the method.

4 Knowledge for preventing ~ 78.47%  Removed following Round 3~ Sports scientists need to possess the ability to

injury from exercise administer appropriate first aid and adhere to
life-saving principles.

5 Knowledge of psychology ~ 82.54%  Removed following Round 2 There exists a remedy for immediate issues

in exercise and the capability to foster an environment
that facilitates enjoyable instruction through
language, emotions, and physical activity.

6 Knowledge of nutrition 77.52%  Removed following Round 3  Sports scientists need to comprehend the
ethical use of stimulants, including steroids or
misuse, which can result in enduring negative
health effects.

7 Knowledge of aerobic 85.43%  Removed following Round 2  Possess knowledge of instructional abilities and

dance leadership the presentation and elucidation of techniques.

8 Attitude toward being 88.71%  Removed following Round 2 Exercise leaders ought to convey information

group exercise instructor

in a clear and comprehensible manner,
ensuring brevity and employing a positive and
constructive communication style.
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Table 2. Responses to statements included in five scale which sought agreed approaches

5 rating scale questionnaires

Median Interpretation

Rating Meaning Median Interpretation
scale
1 Lowest possibility or lowest level of Lest than 1.50 The statement is mostly impossible or the experts strongly disagree
agreement with that statement.
2 Low possibility or low level of agreement 1.50-2.49  The statement is slightly possible or the experts disagree agree with
that statement.
3 Notsure 2.50-3.49  The statement is doubtful or the experts slightly agree with the
statement.
4 High possibility or high level of 3.49-449  The statement is highly possible or the experts mostly agree with
agreement the statement.
5  Highest possibility or highest level of More than 4.50 The statement is possible most or the experts agree the most with

agreement

the statement.

the information obtained from the analysis of the answers to
the three rounds of questionnaires, using the data to design
desirable characteristics for group exercise leaders.

Results

Out of the 18 experts surveyed in the field of group ex-
ercise instructors (male: 11, female: 7), 1 male and 1 female
(5.5%) had a master’s degree, with 3 males and 3 females
(16.6%). Additionally, 10 experts held a doctorate degree,
consisting of 6 males and 4 females (33.3% and 22.2%, respec-
tively). Around 75% of these experts have been researching
aerobic dance for over 10 years. Furthermore, approximately
50% of them have worked as group exercise instructors for
atleast 9 years, and 47.65% have experience as aerobic dance
leaders for at least 5 years.

Table 3. Demographic characteristics of Delphi participants

Experts (n=18)
Gender Male (11) Female (7)
Mean age in years (SD) 42.5(8.5) 38.6(6.6)
Education (Number; %)
Doctoral degree 6(33.3%) 4(22.2%)
Master degree 3(16.6%) 3(16.6%)
Bachelor degree 1(55%) 1(5.5%)
Current role (Number; %)
Professor - -
Associate Professor 3(16.6%) 2 (11.1%)
Assistance Professor 5(27.7%) 3(16.6%)
Lecturer 2(11.1%) 1(5.5%)
Working in the field 1(5.5%) 1(5.5%)
Years working in the field (SD)
Having research works related in aerobic 14 (4.7) 12 (3.3)
dance
With experience as a group exercise 11 (2.8) 10 (2.4)
instructor
With experience as an aerobic dance 8(1.8) 8(1.8)

leader

It was found that in round 3, 16 experts did not change their
answers, approximately 90.62%. Meanwhile, 2 experts changed
their answers in round 2, approximately 9.37%. If the change
rate is lower than 20%, the next round of the questionnaire can
be canceled (Murry & Hammons, 1995). A statement from
the corresponding luminary ideas on quartile range and the
difference between the median and baseline is summarized
as a point of opinion of the luminaries in defining desirable
attributes for fitness leaders. A section of opinions of luminaries
that are important on certain issues. If it is useful, the researcher
will discuss the results to make the study data more qualitative.
The consistency summary shows that the qualified person
has the concept of defining the desirable characteristics of an
exercise leader to be up-to-date and skilled in all professional
knowledge of 8 topic areas, as shown in Table 4.

The experts focused on knowledge in each area with
Mode (Mo) = 5, Median (Mdn) = 5, and Interquartile
Range (IQR) = 0. The highest levels were knowledge of
anatomy and physiology of exercise, knowledge of exercise,
knowledge of motion in exercise, knowledge of psychology
in exercise, knowledge of aerobic dance leadership, and
attitude toward Group Exercise (GX). Additionally, in the
highest knowledge areas, Mo = 4, Mdn = 4, IQR = 1, were
knowledge for preventing injury in exercise and knowledge
of nutrition.

Discussion

Being an exercise instructor requires knowledge in
various areas and the ability to convey the principles of
exercise accurately and safely. The researcher was supported
by 18 experts using the Delphi technique to gather opinions
based on the experts’ body of knowledge. It was found that
with 17 experts or more, the error rate in the questionnaire
process may be reduced to 0.02 (Macmillan, 1971). Therefore,
the credibility of the information obtained depends on the
skill and experience of experts who have knowledge and
expertise in specific areas.

In this research, it was found that most of the experts
were knowledgeable and experienced in being leaders in
exercise/health and group exercise instruction (GX) for
10 years or more. This information is valuable for developing
the expected characteristics of the model for group exercise
instructors from this research study. The important topic
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Table 4. Mode, Median and Interquartile ranks of the experts’ opinion toward 8 areas of knowledge

Round 2 Round 3
No Topic areas Level of importance
Mo Mdn IQR Mo Mdn IQR

1 Knowledge of Anatomy and Physiology 4 4 1 5 5 0  Strong agree
for exercise

2 Knowledge of exercise 5 0 5 5 Strong agree
Knowledge of motions in exercise 5 4 0.8 5 5 0 Strong agree

4 Knowledge for preventing injury from 4 5 0 4 4 1  Strong
exercise

5 Knowledge of psychology in exercise 4 4 1 5 5 0  Strong agree

6 Knowledge of nutrition 4 4 0.8 4 4 1  Strong

7 Knowledge of aerobic dance leadership 5 4 1 5 5 0  Strong agree

8 Attitude toward being group exercise 5 5 0 5 5 0  Strong agree

instructor

Mode = Mo, Median = Mdn, Interquartile range = IQR

areas consisted of 8, as follows: First, the knowledge of
anatomy and physiology of exercise. Most experts agreed
that understanding anatomy and physiology is fundamental
to exercise. Therefore, GX should have knowledge of the
structural position of the body and the functions of various
systems that affect the body, both at rest and during exercise.
GX should be able to understand and explain the changes
that occur to ensure safety and prevent dangers (Bryant et
al., 2011).

The second is knowledge of exercise. Mostly, experts
focused on this issue since GX must understand the
principles of exercise for maximum benefit and safety while
exercising. Therefore, the experts’ opinions consistently
emphasize that exercise knowledge has the highest level
of agreement. Additionally, the content emphasized by the
experts is the fundamental correct postures of exercise and
safe exercise program management. Exercise leaders should
understand each exercise activity pattern to support and
promote effective and sustained exercise (Wanke et al., 2021;
Haenel et al., 2021).

The third is movement or motion in exercise. The
experts scored this aspect as the highest level of importance
(Mo = 5, Mdn = 5, IQR = 0) in terms of muscles and
joints mechanisms that affect the efficiency of movement.
Therefore, it was proposed that GX should have good
motor skills and the correct form of movement according
to the mechanics of the body. GX should also transmit the
method and the key principles in moving the body properly
and safely because group exercise classes involve constant
movement in various forms and directions. Correct skill and
the performance of appropriate movements affect the ability
to control movements safely (Li et al., 2022).

The fourth is knowledge for preventing injuries from
exercise. Intensity and speed of movements are important
factors contributing to long-term acute and chronic injury
problems (Jacobs et al., 2012). Group exercise instructors or
aerobic dance leaders should have knowledge and practices
in preventing injuries and accidents (Mo = 4, Mdn = 4,
IQR = 1), with a focus on locations and equipment that
may cause harm while exercising and how to provide first
aid. Exercise leaders should have the knowledge to provide
advice in order to prevent injuries, assess initial injuries,

and treat injuries that occur. Exercise leaders check the
availability of venues, shoes, and exercise equipment, as well
as describe the factors that may cause injury to enhance the
exercise as effectively as possible (Bowerman et al., 2015;
Storm et al.,, 2018).

The fifth topic is knowledge of exercise psychology,
focusing on how to persuade others to join dance classes
regularly. The experts also suggested that aerobic dance
leaders need to strongly motivate dancers to feel the fun
of exercising and avoid getting bored with the dance class
atmosphere. Consequently, this area was rated with the
highest level of importance (Mo = 5, Mdn = 5, IQR = 0).
There were also mentions regarding the importance of the
good personality of GX that needs to be developed to attract
the audience to dance. Therefore, group exercise instructors
must be mentally prepared with teaching psychology, an
ability to entertain in the class to make it fun and challenging,
verbally motivate, and include each participant equally
(Marcus & Lewis, 2003).

The sixth topic is knowledge of nutrition (Mo = 4,
Mdn =4, IQR = 1). The experts suggested that it is necessary
to know some topics regarding nutrition, such as guidelines
for a proper diet program. However, exercise leaders need
knowledge and skills that can provide advice on healthy nu-
trition and nutrition for enhancing physical fitness. They can
give advice to service users who are questioning and want to
lose weight. Therefore, exercise leaders should have guide-
lines and useful recommendations for choosing the right
diet along with various forms of exercise (Benardot, 2007).

The seventh is knowledge of the group exercise instruc-
tor. The experts scored the importance of it at the highest
level (Mo =5, Mdn = 5, IQR = 0). It is significantly suggested
that exercise leaders must have a good personality, dress ap-
propriately to lead the dance, select suitable songs for teach-
ing activities, create a proper procedure for teaching dance,
and select appropriate dancing postures that fit well with
the participants. Exercise leaders should also avoid those
dancing postures that may be too dangerous to perform.
The dance leader must be able to correct the dancer’s incor-
rect movement posture until it can be safely followed. As the
saying goes, “Those who are going to lead others are not only
qualified with the expected physical qualities and personal-
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ity of a leader because characteristics of leaders are related or
compatible with the activities and goals of followers” (Stog-
dill, 1948). In this regard, experts focused on using a vari-
ety of techniques to apply dance teaching activities that are
modern, innovative, and challenging. During class, dance
leaders should greet participants by smiling or making eye
contact, walk thoroughly, and look widely at all participants
while leading the dance, and appreciate everyone appropri-
ately. Before finishing, use techniques to say goodbye and
thank all participants after completing every class.

Finally, the last topic is the attitude toward being a
group exercise instructor. The attitude toward being a GX
or instructor was scored by the experts at the highest level
of importance (Mo = 5, Mdn = 5, IQR = 0). Being a GX
requires both physical and mental readiness. Group exercise
instructors should be able to create interesting teachings,
always improve their own abilities, and love their own
responsibilities. The researcher recognizes the importance of
GX properties in developing the potential of sports science
students in leadership. Success as a group exercise instructor
requires a positive attitude and sincere self-respect, along
with respect for other professional peers.

This study indicates that building competency in the
characteristics of group exercise leaders should involve
specific learning approaches. In the past, there may have
been issues with the quality and capability of exercise
trainers working in fitness facilities across various locations.
Some individuals may lack the expertise to design exercise
programs. As reported by Ecclestone and Jones in 2004,
the quality of a fitness trainer should be someone who
undergoes a standardized learning process and holds
certification. Because the role and duties of an exercise
instructor require an understanding of the principles of
exercise steps, including safety while exercising, especially
among the elderly. For success in exercise, adherence to the
FFITT principles is essential. However, from the perspective
of current GX instructors, there’s a need to create diversity
in teaching to challenge abilities while also considering
the risk of injury and safety. Thus, researchers recognize
that both aspects are crucial in organizing GX programs
for successful and safe teaching practices. Therefore, they
propose modern principles of GX, specifically FFITT-VS,
where Variety and Safety principles are highly beneficial
for imparting knowledge effectively and safely to both
instructors and learners. This ensures that exercise sessions
are efficient and learners genuinely benefit from the training.
However, in Thailand, the development of training courses
for fitness trainers is becoming widespread in both public
and private agencies. The results of this research will serve
as an indicator certified at the university level and used in
teaching sports and exercise science students to develop
their potential as exercise trainers, including training future
fitness trainer experts.

Conclusions

This research shows that the advice given by the
experts is beneficial for the development of the expected
characteristics core model of a group exercise instructor in
sports science students. In terms of the body of knowledge,
it can be implemented for teaching and learning, as well as
serving as a guideline to develop sport scientists, including

group exercise instructors who need to be qualified with all
8 expected characteristics, being knowledgeable and skillful
to perform properly according to the correct procedure.
Additionally, being a person who is able to be a role model
for others and having good morals and ethics.
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Abstract

Background. Resistance training is an effective form of exercise that promotes healthy body weight regulation and
enhances flexibility. However, discrepancies exist regarding the varying impacts of resistance training based on
individuals’ training status across different fitness components, such as body composition and flexibility.

Objectives. The primary objective of this study is to assess whether there are significant differences in the outcomes
of resistance training responses between trained and untrained groups concerning body composition and flexibility.
Materials and methods. This experimental resistance training study involved 60 male students

(age = 20.83 + 0.85 years old) from the same university. The participants were divided into two groups based on their
training status: a trained group (S; n = 30) and an untrained group (NS; n = 30). Both groups underwent an identical
training regimen, consisting of three sessions per week over a total of four weeks or 12 training sessions.

Results. Significant differences were observed in the paired sample T-test analysis between pre-test and post-test
results in the untrained group for body weight (t. = 7.940, p < 0.001, d = 1.45), body mass index (tqq = 7.579,

p <0.001, d = 1.38), body fat percentage (tng) = 9.733, p < 0.001, d = 1.77), and sit-and-reach flexibility (t.) = -7.714,
p <0.001, d = -1.40). Similarly, the trained group showed significant changes in body weight (. = 2.644, p = 0.013,
d = 0.483), body fat (tns) = 2.561, p = 0.016, d = 0.351), and flexibility (. = -2.543, p = 0.017, d = 0.351), while no
substantial difference was found in body mass index (ty) = 1.925, p = 0.064, d = -0.464).

Conclusion. The study found that using resistance training protocols targeting weight reduction with 60-70%

of 1 Repetition Maximum (RM) over a one-month intervention period, without stringent calorie restriction,
significantly decreased weight and BMI while enhancing flexibility. Notably, regardless of training status disparities,
the untrained group demonstrated more expressed improvements compared to the trained group, indicating the
influence of training status on response variations to training stimuli.

Keywords: resistance training, body composition, flexibility, training status.

Introduction numbers annually. According to forecasts from the World
Obesity Federation, the prevalence of obesity among
children and adolescents is anticipated to soar to 206 million
individuals by 2025 and further to 254 million by 2030
(Lobstein & Brinsden, 2019). This issue holds significant
global importance due to the strong correlation between
adolescent obesity and the heightened risk of obesity-
related complications and premature mortality in adulthood

(Nicolucci & Maffeis, 2022). Moreover, obesity is linked

In 2022, global obesity rates have surged dramatically,
surpassing triple the figures recorded in 1975 (Di Cesare
et al.,, 2016). Presently, more than 650 million adults,
340 million teenagers, and 39 million children worldwide
are grappling with obesity (World Health Organization,
2021). with projections indicating a continual rise in these
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to an array of health concerns, including cardiovascular
diseases (Powell-Wiley et al., 2021), diabetes type 2 (Al-
Talabany et al., 2018), cancer (Pati, Irfan, Jameel, Ahmed,
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& Shahid, 2023), osteoarthritis (Nedunchezhiyan et al.,
2022), respiratory issues (Cortes-Telles, Ortiz-Farias, Pou-
Aguilar, Almeida-de-la-Cruz, & Perez-Padilla, 2021),
endocrine (Y1li, Sidhu, Parikh, & Burman, 2022), depression
(Fu et al., 2023), and reduced quality of life (Stephenson,
Smith, Kearns, Haywood, & Bissell, 2021). Hence, urgent
measures are imperative to curb the escalating growth rate
of overweight or obese adolescents globally.

Flexibility, defined as the capacity to move throughout
the full range of motion (ROM) at joints (Afonso, Olivares-
Jabalera, & Andrade, 2021), offers a plethora of health advan-
tages that contribute to enhancing daily life quality by averting
injuries, back pain, and balance issues (Pate, Oria, & Pills-
bury, 2012; Pfeifer, Ross, Weber, Sui, & Blair, 2022). Extensive
research indicates that body weight factors can significantly
impact flexibility levels. Studies by Pate, Oria, & Pillsbury
(2012) highlight that rising obesity rates among adolescents
lead to decreased flexibility and overall fitness, consequently
impairing postural control and triggering various musculo-
skeletal health issues. Maintaining a healthy weight and opti-
mal flexibility is imperative for overall well-being. Encourag-
ing the cultivation of these attributes among teenagers can be
achieved through engaging in resistance training activities.

Resistance training is recognized for its remarkable ef-
fects on the body’s metabolic system (Thyfault & Bergouig-
nan, 2020), body weight management (Thyfault & Bergouig-
nan, 2020; Wewege et al., 2022), and overall physical and
mental well-being (Gordon et al., 2018; Thyfault & Bergouig-
nan, 2020), consequently enhancing health-related quality
of life (Bampton, Johnson, & Vallance, 2015). Furthermore,
resistance training is acknowledged for its role in enhanc-
ing flexibility by elongating muscle fibers (Blazevich et al.,
2014), reducing stiffness in tendons and muscles (Pate et al.,
2012), and enhancing the effectiveness of the stretch-short-
ening cycle (Afonso, Ramirez-Campillo, et al., 2021; Kubo,
Ishigaki, & Ikebukuro, 2017). Despite these benefits, research
focusing on the impact of resistance training on flexibility re-
mains limited compared to studies on its effects on strength,
speed, and power. Given the outstanding advantages associ-
ated with resistance training, it comes as no surprise that
this form of exercise has gained popularity across diverse age
groups, backgrounds, and societal demographics.

While resistance training offers a range of benefits,
its primary purpose is to facilitate muscle adaptation
(Krzysztofik, Wilk, Wojdata, & Gotas, 2019). Properly
executed resistance training can optimize the adaptation
of the musculoskeletal system, leading to enhanced
strength in muscles, bones, joints, and tendons (Brumitt
& Cuddeford, 2015). Moreover, the outcomes of resistance
training adaptation are known to be diverse, influenced by
factors such as the type and methodology of training, as
well as the intricate interplay of complex training routines,
alongside individual differences in age, genetics, and gender
(Hughes, Ellefsen, & Baar, 2018). Additionally, various other
elements, including one’s training status, play a significant
role in determining the results of adaptation from resistance
training (Hughes et al., 2018).

Numerous studies have highlighted the variability
in adaptation outcomes following resistance training,
attributing this diversity to an individual’s capacity to
respond to training stimuli, commonly referred to as their
training status. Wetmore et al. (2020) emphasized that

trained individuals often require more intense training
to achieve notable muscle adaptations compared to their
untrained counterparts. Conversely, untrained individuals
exhibit heightened responsiveness to training stimuli,
enabling them to undergo more substantial adaptations. This
phenomenon, as elucidated by Kraemer & Ratamess (2004),
is known as the ceiling theory, now popularly recognized
as the “newbie gain” trend. This trend suggests that
untrained individuals have the potential to experience more
pronounced adaptations across various desired outcomes.
Existing research indicates a scarcity of direct
comparisons regarding resistance training adaptations
based on training status, particularly in experimental
studies focusing on weight loss and enhanced flexibility.
Therefore, the primary objective of this study is to investigate
the impact of training status on the outcomes of resistance
training among both untrained and trained groups, focusing
on sports students and non-sports students lacking training
experience. The findings from this research aim to shed
light on prevailing trends and have the potential to inform
strategies for promoting health and fitness effectively.

Materials and Methods

Study Participants

The study sample comprised 30 Non-Sports Col-
lege Students (NS) and 30 Sports College Students (S),
aged 21.03 + 0.89 years and 20.63 + 0.76 years, respectively.
Participants were randomly selected from Yogyakarta State
University and voluntarily agreed to take part until the
conclusion of the exercise intervention. Inclusion criteria
involved students majoring in sports and health sciences,
who were categorized as the trained group, and those from
non-sports disciplines, who were categorized as the un-
trained group. Each participant completed a questionnaire
derived from the Muscle-Strengthening Exercise Question-
naire (MSEQ) to ascertain their regular exercise habits, par-
ticularly engagement in resistance training. The study thus
featured two groups: NS (untrained) and S (trained). Body
composition and flexibility data (pre-post-test) were col-
lected for both groups to assess changes before and after the
resistance training intervention, enabling the evaluation of
intervention efficacy.

Experimental Design

This research implemented a resistance training
intervention spanning 12 sessions, each held three times a
week for 1 to 1.5 hours, resulting in a total intervention period
of one month. The primary objective was to investigate the
impact of resistance training on body composition metrics
(body weight, body mass index, and body fat percentage)
and flexibility among both trained and untrained groups.
Furthermore, the study aimed to identify which group,
between the trained and untrained groups, demonstrated
more significant adaptations in body composition and
flexibility.

The intervention provided to all research participants
aimed to facilitate weight loss through the circuit training
method. Both the Standard (S) and Non-Standard (NS)
groups adhered to a standardized training regimen,
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maintaining consistent sets, rest periods, and the number of
exercises, with the only variation being the intensity levels
utilized. Throughout the study, the prescribed intensity
followed the repetition maximum (RM) principle, with a
range set at 60-70% of 1 RM, progressively increasing over
the course of the intervention. This approach ensured that
the weight was tailored to each participant’s individual
capabilities. Since we enrolled untrained participants and
utilized various resistance training modalities, including
gym machines, bodyweight exercises, and free weights,
three fitness instructors were engaged to supervise and
guide the training program, ensuring participants’ safety
and injury prevention. Their involvement was voluntary, and
the intervention took place at the Health and Sport Center
(HSC) Fitness Center, Yogyakarta State University. Details

Table 1. Training sessions distribution in the intervention
period

Exercise Week 1-2* Week 3-4**
Sets Reps Sets Reps
SESSION 1
Leg Press 2-3 16-20 3-4 12-15
Chest Press 2-3 16-20 3-4 12-15
Pulley 2-3 16-20 3-4 12-15
Shoulder Press 2-3 16-20 3-4 12-15
Total Abdominal 2-3 16-20 3-4 12-15
Lower Back 2-3 16-20 3-4 12-15
Triceps Pushdown 2-3 16-20 3-4 12-15
Arms Curl 2-3 16-20 3-4 12-15
SESSION 2
Goblet Squat 2-3 16-20 3-4 12-15
Reverse Lunges 2-3 16-20 3-4 12-15
Barbell Romanian Deadlift 2-3 16-20 3-4 12-15
Bench Press 2-3 16-20 3-4 12-15
Barbell Bent-Over Row 2-3 16-20 3-4 12-15
Barbell Overhead Press 2-3 16-20 3-4 12-15
Diagonal Chop 2-3 16-20 3-4 12-15
Kettle Bell Swing 2-3 16-20 3-4 12-15
SESSION 3
Prisoner Squat Jump 2-3 16-20 3-4 12-15
Dumbbell Bench Step-Up 2-3 16-20 3-4 12-15
Chest Fly 2-3 16-20 3-4 12-15
Machine Lat Pull-down 2-3 16-20 3-4 12-15
Upright Row 2-3 16-20 3-4 12-15
Crunch Coaster 2-3 16-20 3-4 12-15
Biceps Curl 2-3 16-20 3-4 12-15
Triceps Pushdown 2-3 16-20 3-4 12-15

*) Reps according to 60-65% of 1 RM; Rest 2-3 minute
between round/circuit; rhyme. Contraction: smooth-fast.
**) Reps according to 65%-70% of 1 RM; Rest 1-2 minute
between round/circuit

of the training programs administered to the two groups are
outlined in Table 1 below.

Testing Procedure

The measurement sessions for each group took place
simultaneously at the Fitness Center of HSC. Participants
from both groups underwent measurements for body com-
position and flexibility at the commencement and conclu-
sion of the exercise intervention (pre-post-test). The specif-
ics of the body composition and flexibility measurements are
elaborated below.

Body Composition

Body composition measurements were conducted by
gathering data on body weight, BMI, and body fat per-
centage through the Bioelectric Impedance Analysis (BIA)
method. BIA is a technique that indirectly measures total
body fat percentage by using a low electric current, leverag-
ing the conductive properties of body tissues. This method is
commonly employed in health research, clinics, and fitness
centers. In this study, BIA measurements were obtained us-
ing the Omron Karada Scan tool. Prior to the measurements,
participants were advised to wear comfortable and light-
weight clothing. The categorization of body fat percentage
for individuals aged 20-39 was based on the norms estab-
lished by Gallagher et al., (2000). The BMI standards applied
in this research correspond to the Asia Pacific population
BMI guidelines set by the World Health Organisation (2000).

Flexibility

Flexibility measurements were conducted using a
sit-and-reach assessment method with the assistance of
a sit-and-reach box. Participants were instructed to wear
casual or sports attire and remove their footwear before the
measurements. They were then guided to sit on the floor
with legs extended forward, ensuring the soles of their
feet were in contact with the sit-and-reach box. The tester
maintained the participants’ feet on the floor by holding
their knees. Participants placed their hands together with
palms facing downward while seated. After taking a deep
breath, they exhaled while reaching as far forward as possible
along the measurement line on the box. The sit-and-reach
test was performed twice with a brief rest in between. The
best result from both trials, based on the furthest reach in
centimeters, was selected for analysis. These results were
compared against Fukuda’s (2019) standards to determine
the flexibility category for each participant in the study.

Statistical analysis

In this research, the data analysis involved several key
stages: descriptive statistical tests, normality test, paired
sample t-test, and Cohen’s d effect size test.

Descriptive statistical tests included calculations for mean,
standard deviation, minimum value, and maximum value.
Normality was assessed using the Shapiro-Wilk test, with nor-
mal data distribution confirmed if the significance value (p)
exceeded 0.05 for both experimental groups. To compare vari-
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ables between pre-test and post-test within the groups, the
paired sample t-test was applied. A significant difference was
indicated by a significance value of less than 0.05 (p < 0.05). Fol-
lowing the paired sample t-test results, the analysis proceeded
with the Cohen’s d test to assess the effect size before and after
the intervention. Effect size categories, as per were defined as
small (0.2), medium (0.5), and large (0.8). The data analysis
was conducted using the SPSS Version 27 software application.

Results

The study results reveal significant changes in all research
variables, encompassing both body composition and flexibil-
ity measures. These data transformations are evident when

Table 2. Statistical Description of Pre-Test Score

Groups Variables Mean Std.Dev Min Max
BM 64.97 7.95 49.00  80.00
Non-Sport BMI 23.10 1.79 19.95  27.61
Group (n = 30) BF% 21.12 3.58 13.5 27.00
S&R 30.66 491  21.00 42.00
BM 60.36 6.16  48.00  78.00
Sport Group BMI 21.56 1.65 17.85  26.67
(n=30) BF% 15.33 3.94 7.00  23.00
S&R 33.60 3.58  26.00 41.00
Table 3. Statistical Description of Post-Test Score
Groups Variables Mean Std.Dev Min Max
BM 26.00 795  49.00  80.00
Non-Sport BMI 23.10 1.79 19.95  27.61
Group (n = 30) BF% 21.12 3.58 13.50  27.00
S&R 30.66 491 21.00  42.00
BM 60.36 6.16  48.00  78.00
Sport Group BMI 21.56 1.65 17.85  26.67
(n=30) BF% 15.33 3.94 7.00  23.00
S&R 33.60 3.58  26.00 41.00
Table 4. Normality and Homogeneity Test Result
Pre-test Post-test
Groups  Variables

S-W p S-W p
BB 0.966 0.431 0.973 0.637
NS BMI 0.957 0.293 0.986 0.949
BF 0.944 0.116 0.956 0.240

S&R 0.951 0.185 0.936 0.70
BB 0.960 0.315 0.957 0.253
BMI 0.948 0.147 0.935 0.065

S BF 0.956 0.251 0.936 0.70
S&R 0.990 0.992 0.989 0.984

Table 5. Paired Sample T with Cohen’s D Test Results

comparing the measurement outcomes of the two groups be-
fore and after the tests, as illustrated in Tables 2 and 3 below.

Normality and Homogeneity Results

The normality test results using Shapiro-Wilk for all
variables in this study show non-significant values (p > 0.05).
In this case, the obtained results indicate that the data have
a normal distribution. Furthermore, detailed normality test
results can be viewed in Table 4.

Based on the assumption test requirements for the paired
sample t-test, all data that have passed the normality test are
considered suitable for the paired sample t-test.

Hypothesis Testing

In general, the results of the paired sample t-test in
this study indicate significant differences in the pre- and
post-test measurements in groups S and NS. The signifi-
cance difference of the paired sample t-test in group NS is
known to be more significant than in group S for the vari-
ables body weight (t,s) = 7.940, p < 0.001), body mass index
(tos) = 7.579, p < 0.001), body fat % (t.s) = 9.733, p < 0.001),
and sit and reach (tuy = -7.714, p < 0.001). On the other
hand, group S is found to have significant differences for
the variables body weight (t.) = 2.644, p = 0.013), body fat
(tog = 2.561, p = 0.016), and sit-and-reach (tqy = -2.543,
p =0.017) but is not superior to group NS. The Cohen’s d test
results also show a larger effect size in the pre- and post-
test variables of group NS for body weight (d = 1.45), body
mass index (d = 1.38), body fat % (d = 1.77), and sit-and-
reach (d = -1.40) compared to group S (d = 0.483, d = 0.351,
d =0.468, and d = -0.464, respectively) (table 5).

Discussion

This study found a statistically significant difference
between groups NS and S for all variables: body weight
(tos = 7.940, p < 0.001), BMI (tus) = 7.579, p < 0.001), body
fat% (tue) = 9.733, p < 0.001), and Flexibility (tyy) = -7.714,
p < 0.001). Furthermore, advanced tests to determine the
effect size through Cohen’s d showed that group NS had
better changes with a very large effect size on the impact of
resistance training from 64.97 + 7.95 kg to 62.77 £ 7.36 kg
(d =1.45), BMI from 23.10 + 1.79 t0 22.23 + 1.71 (d = 1.38),
body fat% from 21.12 + 3.58% to 18.62 + 2.72% (d = 1.77),
and flexibility from 30.66 + 4.91 cm to 34.71 *+ 4.65 cm
(d = -1.40) compared to group S with results of the impact
on weight from 60.36 + 6.16 kg to 60.04 + 5.93 kg (d = 0.483),
BMI from 21.56 + 1.65t0 21.46 + 1.58 (d = 0.351), body fat%
from 15.33 + 3.93% to 15.01 £ 3.76% (d = 0.468), and flex-
ibility from 33.60 + 3.58 cm to 34.52 + 3.29 cm (d = -0.464).

Non-Sport Group (n = 30)

Sport Group (n = 30)

Variables
Pre-Test  Post-Test t p E.S. Pre-Test  Post-Test t p E.S.
Body Weight (kg) 64.97£7.95 62.77£7.36 7.940 <0.001 145 60.36+6.16 60.04£5.93 2.644 0.013 0.483
Body Mass Index (BMI) 23.10£1.79 22.23%£1.71 7.579 <0.001 1.38 21.56+£1.65 21.46£1.58 1.925 0.064 0.351
Body Fat (%) 21.12+£3.58 18.62+2.72 9.733 <0.001 1.77 15.33£3.93 15.01£3.76 2.561 0.016 0.468
Sit and Reach (cm) 30.66+4.91 34.71+4.65 -7.714 <0.001 -1.40 33.60+3.58 34.52+3.29 -2.543 0.017 -0.464
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The variable BMI in the pre- and post-tests in group S is the
only variable that did not show significant differences in this
study. Nevertheless, the changes in group S for the BMI vari-
able tend to decrease as seen from the descriptive test results
in Tables 2 and 3 above. Overall, the impact of resistance
training on groups NS and S shows significant differences
(except for the BMI variable in group S), where group NS
outperforms group S. These findings support previous re-
search that training status affects the adaptation results of
resistance training or, in this study’s context, changes in body
composition and flexibility. Furthermore, the information
obtained from this study can be used to promote resistance
training and motivate students, especially the untrained
ones, to participate more in resistance training due to its
beneficial effects.

The Effects of Training Status Toward Body Composition

Itiswellknown thatbesides muscleadaptation, resistance
trainingiseffectivein helpingregulate fatorbody composition
in various populations (Buskard & Petrella, 2023; Campa
et al., 2020; Dias et al., 2015; Ribeiro et al., 2022; Schranz,
Tomkinson, & Olds, 2013). Similar to resistance training
aimed at muscle adaptation, resistance training aimed at
weight loss or regulation can also lead to different adaptation
results depending on the interaction of factors such as types,
methods, and interactions of the highly complex training
regimen, in addition to age differences, genetics, gender,
and others (Hughes et al., 2018). According to Ataeinosrat
et al. (2022), resistance training using circuit training or
interval resistance training methods can significantly reduce
weight compared to resistance training using traditional
resistance training methods. Meanwhile, the study by Kapsis
et al. (2022) shows that there are differences in the impact
of weight selection in High-Intensity Functional Training,
where training with light weights (30% of 1 RM) is more
significant for fat loss compared to moderate weights (70%
of 1 RM) in healthy adult populations. Even more simply,
resistance training using different modalities such as body-
weight, free-weight, and resistance bands can also affect
weight loss adaptation results (Liu et al., 2021). Through this
study, resistance training with moderate weights (60-70%
of 1 RM) to muscle failure using circuit training methods
and a combination of free weight, gym machines, and body
weight modalities can significantly reduce weight, BMI,
and fat percentage in the student population (young adults)
regardless of their training status.

Meanwhile, changes in weight, specifically fat, are
caused by the interaction of intake, expenditure, and energy
needs in the homeostatic energy system (Reis, Junior, Zajac,
& Oliveira, 2011; Ribeiro et al., 2022). Simply put, the key
to success in weight loss is the ability to manage these three
factors well to support a reduction in body fat percentage.
Therefore, individuals who can limit calorie intake and
increase their energy expenditure are more likely to reduce
their body fat percentage. Interestingly, this study shows that
resistance training to muscle failure with 60-70% of 1 RM
alone as one factor of energy expenditure, without strict
calorie restriction, can still reduce body fat percentage in
both groups.

The findings of this study may be supported by Brunelli
etal. (2019), who found that resistance training with low and

high weights (30% or 80% of 1 RM) performed to muscle
failure results in almost the same total amount of energy
expenditure, which can be applied to aid in weight loss.
Thus, resistance training can be utilized as one strategy in
regulating weight in a healthy manner. However, the study
highlights that low-resistance training is more effective in
assisting weight loss. This is due to the higher level of energy
expenditure during low-resistance training compared to
high-resistance training. In addition to this study, various
research also supports the findings of this study stating
that resistance training is an effective exercise for weight
regulation.

In this study, differences in resistance training responses
were observed between untrained and trained populations.
We acknowledge that without measurements for other sup-
porting variables, the process of connecting why the effects
of training status lead to apparent changes in body composi-
tion variables becomes challenging to comprehend. Never-
theless, these differences in response to resistance training
stimuli, particularly regarding changes in weight, BMI, and
body fat percentage between untrained and trained popula-
tions can be attributed to various factors such as differences
in BMR, the floor-ceiling effect, and sensitivity to training
stimulus responses as indicated by available literature sourc-
es (Farhana & Rehman, 2021; Souza, Barbalho, & Gentil,
2020). Studies by Poehlman, Melby, and Goran (1991) in-
dicates that the resting metabolic rate in trained popula-
tions is higher compared to untrained populations, implying
that trained individuals require significantly more energy.
As a result, trained populations may exhibit relatively effec-
tive regulation of body fat percentage compared to the un-
trained group. However, despite their lower RMR, untrained
populations tend to experience more significant changes,
including notable weight loss, possibly due to other factors
such as rapid metabolic adaptations or increased sensitivity
to training stimuli in this group.

Furthermore, the ceiling effect is a phenomenon in the
sports world wherein an individual (or a population sharing
the same characteristics) experiences adaptation to the
maximum level as a result of the stimulus response from
training (Lochbaum et al., 2022; Wetmore et al.,, 2020). In
this case, someone experiencing the ceiling effect will find
it difficult to improve their athletic performance to the next
level because they have reached a certain peak performance
(Behm et al., 2024; Schoenfeld et al., 2019). Regardless of
the various factors that can influence the ceiling effect,
this phenomenon has been extensively documented and
researched in various aspects of athletic performance such
as muscle strength and endurance (Hughes et al., 2018;
Peterson, Rhea, & Alvar, 2005), hypertrophy (Lopez et al.,
2021), VO,max (Santisteban, Lovering, Halliwill, & Minson,
2022), speed (Behm et al., 2017), power (Moran et al., 2023),
and even skill acquisition commonly observed in trained
individuals. In relation to this, the significant differences
in weight loss, BMI, and body fat percentage between the
NS and S groups may be greatly influenced by this effect.
Participants in the S group in this study are athletes from
various sports disciplines who regularly undergo training
sessions focusing on both technical and physical aspects. On
the other hand, untrained individuals in this study show low
levels of sports participation, especially in resistance training.
Given these conditions, it is logical that the untrained group
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experienced significant decreases in all body composition
variables compared to the trained group.

Meanwhile, although not yet precisely understood, the
ceiling effect theory may be associated with the theory of
beginner gains. The theory of beginner gains emphasizes
the potential of the untrained population to adapt more
significantly to training stimuli compared to the trained
population (Fyfe & Loenneke, 2018). In this case, untrained
individuals exhibit a higher potential for sensitivity to stimuli
compared to trained individuals. Some studies suggest that
differences exist in strength improvement, muscle size, and
overall fitness between trained and untrained individuals,
with greater improvements observed in the untrained
population. Furthermore, the differing sensitivity to stimuli
based on training status may also influence the adaptation
outcomes of body composition aspects from resistance
training. Trained individuals may require more advanced
training methods and/or increased training volume
compared to untrained individuals (Wetmore et al., 2020).

The Effects of Training Status Toward Flexibility

Flexibility can be enhanced through various methods
such as static stretching, dynamic stretching, PNF, and foam
rolling (Kasahara et al., 2023). Recent advancements in
scientific literature suggest that resistance training, when
performed without incorporating flexibility training, can
actually improve flexibility across different populations
(Leite et al., 2017). A recent meta-analysis by Afonso et
al. (2021) supports the notion that resistance training can
enhance flexibility by increasing the range of motion (ROM)
in specific joints. This type of resistance training involves
utilizing free weights, gym machines, and Pilates.
Furthermore, several studies concur that specific resistance
training exercises can improve flexibility and joint ROM to
a significant extent, comparable to traditional flexibility
exercises like static and dynamic stretching (Alizadeh et
al.,, 2023; Behm, Aragdo-Santos, Korooshfard, & Anvar,
2023). Additionally, flexibility was observed to increase
following resistance training interventions due to factors
such as increased muscle fiber length (Blazevich et al., 2014),
alterations in tendon-muscle stiffness (Pate et al., 2012), and
the effects of the stretch-shortening cycle during exercise
(Afonso, Ramirez-Campillo, et al., 2021; Kubo et al., 2017).
These findings shed light on why both groups in the study
experienced significant improvements in flexibility.

Moreover, research indicates a strong correlation
between muscle flexibility, range of motion (ROM), and
muscle weakness (Frasson et al., 2020; Pettersson et al., 2019).
Studies have demonstrated that weak muscles can lead to a
reduction in joint flexibility and ROM, as highlighted by
Zeng et al. (2021). While the researchers did not directly
measure muscle strength in this study; it is plausible that the
enhancements observed in both the NS and S groups could
be attributed to gains in muscle strength. The notably greater
improvementin flexibility among the untrained group maybe
attributed to their initial lower muscle strength compared to
the trained group. This discrepancy in muscle strength levels
between the groups likely influenced how they responded to
resistance training in terms of flexibility. Additionally, as per
Alizadeh et al. (2023), the trained group started with higher
baseline flexibility, potentially limiting further significant

gains in flexibility. Conversely, the untrained group, with
initially poorer flexibility fitness, benefited from a more
pronounced response to the resistance training stimulus,
leading to a more substantial increase in flexibility.

Some studies propose that stretch tolerance could play
a role in how resistance training affects flexibility gains.
Trained individuals often exhibit higher muscle stretch
tolerance, possibly due to their regular engagement in re-
sistance training and exercises that stretch muscles to their
maximum capacity. Conversely, the untrained group typical-
ly shows lower flexibility fitness and poorer stretch tolerance.
Resistance training is believed to enhance stretch tolerance,
potentially explaining the more substantial increase in
flexibility observed in the untrained group compared to the
S group.

In summary, variations in responses to resistance
training among populations with different training statuses
(trained and untrained) could be attributed to the interplay
of several intricate factors. While the NS group demonstrated
superior adaptation results regarding body composition,
the S group also exhibited significant outcomes. This implies
that resistance training proved advantageous for both
groups. The researcher acknowledges that this study alone
is inadequate to comprehensively explain a broad subject,
such as the effects of diverse training statuses, given the
limitations inherent in this research.

Resistance training response results can vary based on
the training program’s design, regimen, and methodology.
The researchers propose that relying solely on maximum
repetitions may not offer sufficient insight into the outcomes
of this study. While maximum repetitions can tailor to indi-
vidual characteristics, a more diverse and intricate training
regimen is necessary for comprehensive understanding. Ad-
ditionally, as this study exclusively focused on a young adult
population, its findings may not be universally applicable.
Research across different age groups is essential to explore
variations in the effects of training status. Drawing from
existing literature, this study suggests the presence of media-
tor variables that influence how training status impacts body
composition and flexibility. To delve deeper into these differ-
ences, researchers advocate for the inclusion of various vari-
ables such as RMR, ceiling effect, training stimuli sensitivity,
muscle fascicle length, and muscle stiffness. Furthermore,
the limited research on the effects of resistance training on
flexibility contrasts with the extensive studies on strength,
speed, power, and other variables.

Conclusions

The research findings indicate that resistance training
programs aimed at weight loss, utilizing 60-70% of 1 Repeti-
tion Maximum (RM) over a one-month intervention period
without strict calorie restrictions, can significantly decrease
weight and Body Mass Index (BMI) while enhancing flexi-
bility, irrespective of training status differences. Nonetheless,
the NS group in this study exhibited greater improvements
compared to the S group, suggesting that training status in-
fluences how groups respond to training stimuli differently.
Therefore, it is hoped that the outcomes of this study can
serve as a catalyst to underscore the significance of fitness,
body composition, and flexibility, particularly within the
student demographic.
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Bnnus iHTepBeHLii1 3 BUKOHAHHA CUNIOBUX TPEHYBaHb

Ha NMOKa3HUKN Bary, iHAEKcy Macu Tiﬂa, NMPOLIEHTHOrIo

BMICTY XMpY B TiNli Ta THYYKOCTI Y CTYAAGHTIB KONneaXiB:
NOPiIiBHANBHNI aHaNi3 MiXK NOKasHUKaMun CTYAEHTIB,

AIKi 3aiMalOTbCA | He 3alIMalTbCA CNOPTOM

Tanmant [Tamynkac'4P<PE, Yepika PicmaguTi'A®,

Axmap Hacpynmox'€, @arkypaxman ApmkyHa'®PE

!I>kOK AKApPTChKIUII IepyKaBHUI YHIBEepCUTET

ABTOpCBHKNMIT BKIIAM: A — FU3aiiH JOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomTis

Pedepar. Crartsi: 10 c., 5 Tabmn., 59 mKepert.

Icropia nuranusa. Cuiosi TpeHyBaHHS — 1l eekTuBHA PopMa (Pi3sMYHNX BIIPAB, IO CIPUSIE 3OPOBOMY PETYIIOBAHHIO
MacH Ti/la Ta HOKpAII[ye TIOKa3HUKYU THYYKOCTi. OfHAK iCHYIOTb pO361KHOCTI Moo pisHMUX (paKTOPiB BIUIMBY CUJIOBUX TPEHYBaHb
3aJIe)KHO BiJj CTaHY TPEHOBAHOCT] 0Ci0 CTOCOBHO Pi3HMX KOMIIOHEHTIB (i3ndHOI POpPMH, TAKUX K KOMIIO3NILis Ti/la Ta THYYKICTh.

Merta gocrnigxenHsa. OCHOBHA MeTa I[bOTO JOCIi/I)KeHH MOJIATA€E B OLiHIIi TOT0, Y1 iCHYIOTb 3HaYHi BifMiHHOCTi B pe3y/bTa-
Tax peaklliil Ha CMJIOBi TP€HYBAHHSA MK TPEHOBAaHMMM Ta HETPEHOBAaHMMI TPYIIaMI IIO/I0 KOMITO3MILil Tila Ta THYIKOCTI.

Marepianu Ta MeTogu. Y 11bOMYy €KCIIEpMMEHTA/IbHOMY [OC/II/PKEHHI 3 BUBYEHHSA BIUIMBY CUMJIOBOTO TPEHYBAaHHA B3NN
y4acTb 60 cTyfeHTiB YomoBivoi cTaTi (Bik = 20,83 + 0,85 pokiB) 3 OfHOTO YHiBepCHUTETY. YYaCHUKU 6ym/1 Ppos3pineHi Ha Bi Ipymy 3a-
JIEXKHO BiJ] IXHBOTO CTaHy TPEHOBAHOCTI: TpeHOBaHa rpyma (S; n = 30) i HerpeHoBaHa rpyna (NS; n = 30). O6uysi rpynu npoxopumm
ileHTUYHMIT TPEHYBAIbHIIL PEXKUM, 1110 CK/Ia/IaBCsl 3 TPhOX 3aHATH HA TVDK/EHD IIPOTATOM YOTUPBOX TIDKHIB 200 12 TpeHyBaHb.
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Pesynbraru. 3HayHi BifMiHHOCTI crioctepiramics B aHanisi T-koedinieHTy mapHol BuOipKy MK pesynpraramu o i micis
TEeCTY B HeTPEHOBaHIil IPYTIi A MOKasHMKIB MacH Tina (tug = 7,940, p < 0,001, d = 1,45), infexcy Macu Tina (tug) = 7,579, p < 0,001,
d = 1,38), mpouenTHOrO BMIiCTY SXUPY B Tini (toe = 9,733, p < 0,001, d = 1,77) i TecTy Ha rHy4HicTb sit-and-reach (croci6 Bumipro-
BaHHsA 3arajIbHOI THYYKOCTI Ti/la IIpy 3TMHAHHI TyTy6a BIiepef, CUAAYY Ha MiII03i 3 BUTATHYTUMIU BIIepel pyKamu) (tqg) =-7,714),
p < 0,001, d = -1,40). AHaOriYHMM YMHOM, TpeHOBaHa IPyNa JOCTiKyBaHMX IIPOIEMOHCTPYBaja 3HAYHI 3MiHM Y MOKa3HMKaX
Maci Tina (tyg) = 2,644, p = 0,013, d = 0,483), BmicTy >xupy B Tii (toy = 2,561, p = 0,016, d = 0,351) i ray4xocTi ( tuy) = -2,543,
p=0,017,d =0,351), Tozi six B infekci Macu Tina icroTHOI pisHML He criocTepiranocs (tay = 1,925, p = 0,064, d = -0,464).

BucHoBok. B xopi mocnifxeHHs 6y/10 BCTAHOBIIEHO, 1[0 BUKOPUCTAHHS IIPOTOKOJIB CHJIOBMX TPEHYBaHb, CIPSIMOBAHUX Ha
3HIVDKEeHHS Baru 3 piBHeM 60-70% Bifi OffHOTO ITOBTOPEHHS 3 MaKCUMaIbHOIO Baroio (RM) mpoTAroM ofHOTO Mics1is iHTepBeHIii,
6e3 cyBOpOro 0OMeXXeHHsI Ka/lopiil, CIIpMsiIo 3HAYHOMY 3MeHIIeHHI0 Baru ta IMT, mifBummBmm moxkasHuku ruydxocti. Crig
3a3HAYNTH, IO HEe3aJIeKHO BiJj po30KHOCTEl y CTaHi TPEHOBAHOCTI, HETPEHOBaHa TPyIa IPOJEMOHCTPYBaa Oi/NbII BIpaXKeHe
HOKpAI[eHHs IIOKa3HUKIB IOPIBHSHO 3 TPYIIOK TPEHOBAHMX OCi0, 110 BKa3ye Ha BIUIMB CTaHY TPEHOBAHOCTI Ha Bapiarjil peakiyii
BiJTHOCHO TPE€HYBa/IbHUX CTUMYIIiB.

Knroyosi cmoBa: cuioBe TpeHyBaHHs, KOMIIO3UIiA Ti/la, THYYKiCTb, CTaH TPEHOBAHOCTI.
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Abstract

Objectives. The study aimed to evaluate physical fitness and its dynamics in a year among primary school children
aged 7 to 10 years old concerning the child’s individual factors (health-related: physical activity, sedentary behaviour;

and psychosocial: physical activity enjoyment).

Materials and methods. The study involved a sample consisting of 902 1%-3" grade students (49% of boys and 51%
of girls), who participated in physical fitness testing at baseline and follow-up in a year. Additionally, questionnaire-
based data were collected from students and parents. Physical fitness was evaluated by administering eight out of nine
tests from a 9-item test battery developed by Fjortoft et al. (2011). The participants” height and weight were measured
using a mechanical stadiometer platform (Seca 274, Hamburg, Germany; TEM50.01%) and a portable electronic
scale — a TANITA BC 420 SMA (Tanita Europe BV, Amsterdam, The Netherlands), respectively. Physical activity,
sedentary behaviour, participation in sports, physical activity enjoyment were evaluated by children and parents at

different time points.

Results. The results indicated that physical fitness had improved from baseline to follow-up, with some exceptions for
particular tests and genders. Vigorous physical activity at Time 1 predicted better hand muscle strength (Std p = 0.18)
and agility (Std p = -0.12) at Time 2. The findings showed that participation in sports at Time 1 was also predictive

of improved agility (Std p = 0.15). Moderate to vigorous physical activity at Time 1 predicted enhanced speed at

Time 2 (Std = -0.16). The motivation for physical activity at Time 2 was found to be related to improvements in
agility (Std B = -0.18) and speed (Std p = -0.30), while there was a decline in hand muscle strength (Std = -0.11).
Altogether, predictors were able to significantly explain 10 percent of agility and 13 percent of speed test results.
Conclusions. As children grow and develop, their physical fitness levels tend to change in response to various factors
including different physical activity indicators, as well as motivation for engaging in physical activity.

Keywords: physical fitness, primary school children, longitudinal study, motor fitness, musculoskeletal fitness.

Introduction

The year 2020 was marked by the global COVID-19
pandemic followed by confinement and home-schooling
for almost a year. The pandemic had an impact on many
educational and health as well as health behavior outcomes of
schoolchildren including lower physical activity at physical
education (PE) lessons during distance learning (Roe et al.,
2021), lower levels of physical activity (Caputo & Reichert,
2020), more time spent passively (Roe etal.,2021; Rossi et al.,
2021), limited or none participation in after school organized
sports (Calcaterra et al., 2022). Meanwhile, physical activity

© Mieziene, B, Dilys, L., & Emeljanovas, A., 2024.
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in childhood is reported to have a significant accumulative
impact on future health, particularly physical fitness (Telama
et al., 2014). Moreover, studies report increased body mass
index as a negative consequence of the pandemic (Jarnig
et al., 2021; Tsoukos & Bogdanis, 2021) as another health
trigger. In Lithuania, schools closed on 16™ March 2020
and opened on 15" June 2020. Then, after the incidents of
COVID-19 increased dramatically again, schools closed
in 14th December 2020. Primary school children returned
to school and normal physical education on 15th March
2021. It became crucial to evaluate children’s after-pandemic
physical fitness, given it is a determinant of future health.
Organizations like the United States Department
of Health and Human Services ([USDHHS], 2018) and,
the National Center for Chronic Disease Prevention and
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Health Promotion (1996) called for regular youth fitness
testing. The assessment of physical fitness brings vital
information for individual healthcare and public health to
improve health (Kolimechkov, 2017; Ortega et al., 2015),
especially for primary prevention of cardiovascular disease
(Ruiz et al., 2016). Regular monitoring of physical fitness is
recommended by The American Heart Association (AHA).
Following these recommendations becomes specifically
important in times of crisis like COVID-19 when regular
education experiences drastic changes and normal PE is not
available in many cases.

Physical fitness is defined as a state of good health that
allows one to perform daily activities vigorously and also
helps to reduce the risk of chronic diseases and premature
death (Castro-Pifiero et al. 2019). The main components of
physical fitness are cardiorespiratory fitness, musculoskeletal
fitness, and motor fitness. Physical fitness plays a key role in a
child’s sustainable growth and developmental process (Zhou
et al,, 2014). Low physical fitness is an important risk factor
for cardiovascular disease, type 2 diabetes, and mortality
(Faselis et al., 2012; Kokkinos et al., 2012; Timpka et al.,
2014). Low cardiorespiratory fitness is associated with a risk
of mental and physical health (Ortega et al., 2008). Although
morbidity usually comes to manifestation in midlife, the basis
for disease develops progressively over time with some signs
appearing as early as childhood (Peralta-Huertas et al., 2008)
or adolescence (Hogstrom et al., 2016). Also, higher physical
fitness, particularly motor fitness is associated with improved
children’s cognitive abilities and academic achievements
(Batez et al., 2021; London & Castrechini, 2011; Moradi et
al., 2019; Ruiz-Ariza et al., 2017) as well as better quality of
life in childhood (RedondoTébar et al., 2019).

Before the pandemic, physical fitness in school-aged
children was constantly declining from decade to decade
(Malina, 2007; Olds, Ridley, & Tomkinson, 2007; Venckunas
etal, 2017). Reports on secular trends in physical fitness state
that cardiorespiratory fitness which is of utmost importance
for heart health declined during the last several decades
(Venckunas et al., 2017; Fithner et al., 2021) as well as mus-
culoskeletal fitness (Fithner et al., 2021). Some researchers
noticed that 7.3% of the decline in cardiorespiratory fitness
over 33 years from 1981 stabilized around 2000. However,
this is applied only to cardiorespiratory fitness and serves
as a general trend, given it was made by summarizing data
from 137 countries, and may vary from country to country
(Tomkinson et al.,, 2017). In Lithuania, cardiorespiratory fit-
ness has declined by as much as 50 percent from year 1992 to
2012 among adolescents (Venckunas et al., 2017). This might
be related to the population’s increasing and earlier onset of
health problems in society, and disease-related costs for the
health care system.

The complex etiology of physical fitness among other
factors like endogenous factors (genes, gender, and matu-
rity), and exogenous ones like health-related behaviors, with
children without overweight or obesity and more physically
active and eating healthier are more fit than those obese
and lacking appropriate dietary patterns as well as physical
activity (Cabanas-Sanchez et al., 2018). Studies of physical
fitness among young children mostly investigate the pre-
dictive value of the latter for different health and academic
outcomes. However, evidence for etiology is scarce for young
children. Moreover, there is a lack of longitudinal studies

including predictors of current physical fitness from differ-
ent time points.

Thus, physical fitness is affected by multiple factors,
and the effect of each could be compensated or amplified in
their interplay. Therefore, studies of separate factors do not
tackle this interaction. The most proximal factors according
to the Ecological approach are individual (intrapersonal)
ones (Sallis et al., 2015). Examining the interplay of these
factors and identifying the unique significance of each
contributing to improvement of physical fitness of primary
school children is of utmost importance and will let identify
targets for future interventions. Thus, we hypothesize that
physical fitness improves after returning to school and
normal life after COVID-19 confinement and improvement
is significantly associated with physical activity facors.

According to the statements mentioned above, the
research aims to estimate physical fitness and its dynamics
in a year among primary school children aged 7 to 10 years
in relation to the child’s individual factors (health-related:
physical activity, sedentary behavior; and psychosocial:
physical activity enjoyment).

Materials and Methods

Study Participants

This analysis included a sample consisting of 902 stu-
dents, who participated at both time points and whose ad-
ditional data from questionnaires were collected. At Time
1 they were 1st to 3rd grade students and at Time 2, they were
2nd to 4th grade students. For each of the tested students
data was obtained from one of their parents them filling the
questionnaires. Among students, there were 49% of boys and
51% of girls. The majority of parents consisted of mothers
(83.2%). Data included 38.8% 7-years-old, 24.8% 8-years-
old, 28.6% 9-years-old, 7.8% 10-years-old children at Time
1, and the respective amount of 8, 9, 10, and 11-years-old
students at Time 2.

Study Organization

This study was part of a bigger PhD project (KD-19062.
2019), which aimed to represent national indicators of
the physical fitness of primary school students. The initial
sample of tested students consisted of 2886 students in
primary school grades 1 to 4th. However, questionnaires
were delivered to the smaller part of students of the initial
sample and their parents or guardians. All children had
their physical fitness evaluated. At Time 1 parents filled
the questionnaires. At Time 2 students were also provided
questionnaires to fill out.

Ethics approval for the research was obtained
from the Lithuanian Sports University Ethics Commit-
tee (No. SMTEK-52). Research-related information was
disseminated through the schools’ administrations. Parents
or legal guardians provided written informed consent and
children for their consent were asked verbally. Physical fit-
ness testing is a part of a yearly physical education curricu-
lum and collected indicators are provided to the Lithuanian
Healthcare Ministry. Only students who were allowed to at-
tend physical education classes were tested. During the year
between tests, all tested students at their school had three
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physical education lessons per week.Indicate methods and
the purpose of their use; research procedures and an algo-
rithm for conducting a pedagogical experiment.

Measures

Physical Fitness

Eight out of nine tests from a 9-item test battery
developed by Fjortoft et al. (2011) and described in detail
elsewhere (Fjortoft et al., 2011) were used to evaluate
muscular, and motor fitness in primary school students. The
test battery included the following tests for musculoskeletal
fitness: Standing broad jump (explosive strength), Jumping
a distance of 7 m with both feet, Jumping a distance of 7 m
on 1 foot (both tests indicate leg muscle strength), Throwing
a tennis ball with one hand (arm muscle strength), and
Pushing a medicine ball with both hands (upper body
muscle power). For motor fitness, the students performed a
shuttle run of 10X5 m (agility) and Running 20m as fast as
possible (speed) (Fjortoft et al., 2011).

Height was measured to the nearest 0.1 cm using a
mechanical stadiometer platform (Seca 274, Hamburg,
Germany; TEM50.01%). Body mass was measured to
the nearest 0.1 kg using a portable electronic scale—a
TANITA BC 420 SMA (Tanita Europe BV, Amsterdam, The
Netherlands). Body mass index (BMI) was calculated as
mass kg/height (m)> The International cut-off points for
body mass index for overweight and obesity were applied
by Cole and colleagues (2000) to differentiate between
1) not overweight and 2) overweight or obese children. The
children were clothed in underwear and were barefoot while
their anthropometric measurements were taken.

Individual Measures

Physical activity and time spent passive (Time 1). Physi-
cal activity and time spent passively by primary school-aged
children were assessed by their parents filling out a question-
naire developed by Bacardi-Gascén and colleagues (Bacardi-
Gascon et al., 2012). We used four questions assessing time
spent passively, in light, moderate, and vigorous physical
activities (watching television, going to school, time in the
yard, in the park, playing games, etc.). Answers to choose
from were as follows: 15 minutes, 30 minutes, 45 minutes,
1 hour, and more than 1 hour. We binarized answers on each
item into 1 - less than an hour and 2) more than an hour.

Participation in sports (Time 1) was assessed by the
question “Does your child participate in any of these activities
during the week?”. A list of possible activities was provided
(karate, gymnastics, soccer, dance, baseball, swimming,
etc.). the answers were dichotomized into 1 (Yes) and 2 (No).

Physical activity (Time 2) was measured by asking
students themselves two questions: 1) How many times per
week do you play active games, and/or do sports until sweat;
2) How much time do you usually spend each time playing
active game and/or doing sports on average? The total score
of physical activity in hours was calculated by multiplying
the number of days per week with minutes per activity
ocation and dividing by 60.

Time spent passive (Time 2) was identified by asking
students how much time in hours and minutes they spend

watching TV, using a computer, doing homework, reading
books, playing table games, and playing with or talking on
a smartphone. All the numbers were summed up into total
minutes spent passively per day.

Physical activity enjoyment (Time 2). The 16-item
PACES (Physical Activity Enjoyment Scale; Moore et
al., 2009) questionnaire for students was used to assess
the enjoyment of being physically active. Answers were
provided on a 5-item Likert scale from 1 - “Definitely no”
to 5 — “Definitely yes”. The sum of all 16 items was used for
calculations. The higher the score the higher the motivation
to participate in physical activities. The Cronbach alpha of
the scale was 0.867.

Statistical Analysis

Descriptive statistics was employed for the evaluation of
means, standard deviation for scale variables, and frequencies
for categorical or ordinal variables. Student t criteria were
used to identify mean differences among two groups and
ANOVA - for more than two groups. A pairwise comparison
was performed to identify differences in scale variables
between the two time points. The series of hierarchical
linear regressions were made to evaluate the unique value of
independent variables - covariates and groups of predictors
- for dependent variables. Statistical software package
SPSS 28 was used for calculations. Results were considered
statistically significant when the value was <.05.

Results

Firstly, sample characteristics were analyzed and
compared in gender and age groups. Results presented in
Table 1.

Descriptive statistics in Table 1 show that there are 7 per-
cent of overweight or obese children. A comparison of results
between genders and age groups revealed that older children
are overweight or obese more often than their younger coun-
terparts. There is no gender-related prevalence of overweight
or obesity. Inactivity, light, and vigorous physical activity at
Time 1 were similar between genders and among age groups.
Boys and those aged 7 and 9 years old engaged in MVPA at
Time 1 more often than girls and those aged 8 and 9 years
old. At Time 2 boys displayed higher scores on time spent
passively than girls. However, inactivity is similar among
different ages primary school students. More than eight
out of ten children are engaged in extracurricular sports,
with boys and older children engaged more often than girls
and younger children. Engagement in MVPA in terms of
hours spent in MVPA per week constantly increases with
age. Physical activity enjoyment remains the same across
genders and age groups.

Results in Table 2 reveal that explosive muscle power
(Standing broad jump) constantly increases with age in both
boys and girls with a higher magnitude in older age for boys.
The older the age the higher the difference in Standing broad
jump results in comparison with the previous measurement
one year before in boys. However, the increase in girls is not
that smoothly rising - the gain between 7 and 8 years and
9 and 10 years is higher than between 8 and 9 years. Similarly,
in constantly increasing order changes in leg muscle strength
are observed performing Jumping on one foot test in girls for
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Table 1. Descriptive statistics and comparisons between age groups and gender

Individual factors Total Boys Girls 7/8 years 8/9 years 9/10 years
Gender
Boys (% (N)) 50.7 (263)
Girls (% (N)) 49.1 (254)
Age (years; Time 1; mean (SD))
7 242
8 239
9 23.5
10 23.1
11 5.3
BMI (Time 1; mean (SD))
Normal 93.0 92.5 93.4 90.4 92.7 93.0
overweight, obese 7.0# 7.5 6.6 9.6 7.3 7.0
Sedentary behavior after school
(Time 1; %)
<1 h/day 11.6 9.0 13.8 9.2 11.5 14.7
>1 h/day 88.4 91.0 86.2 90.8 88.5 85.3
Light PA (Time 1; %)
<1 h/day 48.1 48.1 48.1 50.8 49.3 47.3
>1 h/day 51.9 51.9 51.9 49.2 50.7 52.7
MVPA (Time 1; %)
<1 h/day 33.3 26.0 39.4 26.9 40.6 34.0
>1 h/day 66.7"# 74.0 60.6 73.1 59.4 66.0
VPA (Time 1; %)
<3.5 h/week 73.4 72.5 74.1 79.3 79.9 65.9
>3.5 h/week 26.6 27.5 259 20.7 23.1 34.1
Sports (Time 1; %)
Engaged 86.4%# 90.1 82.6 72.5 73.8 85.8
Not engaged 13.6 9.9. 17.4 27.5 26.2 14.2

Sedentary behavior after school
(Time 2; min/day; mean (SD))

MVPA (Time 2; h/week)
PA enjoyment (Time 2)

6.24 (5.03)#
68.28 (9.63)

6.81 (5.54)
68.19 (9.17)

394 (175)* 433.94 (172.75) 377.35(174.73) 393.13 (178.27) 419.80 (179.68) 397.54 (164.79)

5.89 (4.99)
69.35 (9.20)

5.45 (4.58)
69.85 (8.82)

6.22 (5.27)
68.72 (9.18)

6.37 (4.96)
68.42 (8.75)

Note: BMI - body mass index; PA — physical activity; MVPA - moderate to vigorous physical activity; VPA - vigorous physical
activity; * - statistically significant (p<.05) difference between genders; # - statistically significant (p<.05) difference among ages.

all age transitions and in boys from 8 to 10 years. Jumping
on two feet test results increase from 8 to 10, with a higher
magnitude between 8 and 9 in both genders. Hand muscle
power and upper body muscle power (Tennis ball and Medi-
cine ball, respectively) increase from year to year except for
no significant gain in girls in the transition between 9 and
10 years for the Medicine ball test. Agility results in boys
increasing across transitions from 8 to 9 years and from 9 to
10 years. There was no significant gain in one year between
7 and 8 years in boys for agility. In girls, agility increases
across all age transitions, the highest increase is between ages
9 and 10 years. The speed significantly increases in boys and
girls except for the transition in girls from 8 to 9 years.

Results in Table 3 show that among covariates the
initial result on the test on Time 1 and age are the strongest
predictors of the results a year after. The higher was initial
physical fitness the higher it remains after a year passes
by. Boys outperformed girls on explosive muscle power
(Standing broad jump) until predictors were added, and
hand muscle power (Tennis ball, Medicine ball). Leg muscle
power (Jumping on one foot and Jumping on two feet),
agility (5x10), and speed (20m run) were similar between
boys and girls (p>0.05). Overweight or obesity predicted
lower explosive muscle power, leg muscle power, speed until
predictors were added, and hand muscle power (Medicine
ball) after predictors were added. Covariates were able to
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Table 2. Pairwise comparison of physical fitness indicators in one year

The transition from 7 to 8 years The transition from 8 to 9 years The transition from 9 to 10 years

Tests Boys Girls Boys Girls Boys Girls
Time 1 115.71(20.23) 103.37(18.07)  116.03 (24.42) 114.02 (21.12) 128.64(23.20)  118.17(18.63)
Standing broad jump
Time 2 129.21 (17.84)*** 118.61 (16.74)*** 132.95 (20.66)***127.18 (21.41)***148.43 (24.31)*** 137.00 (22.41)***
, Time 1 3.62 (0.86) 3.93 (0.95) 3.53 (0.75) 3.69 (0.60) 3.28 (0.51) 3.48 (0.53)
Jumping on one foot __
Time 2 3.43 (0.75) 348 (0.61)**  3.19(0.59)**  3.18 (0.53)***  2.86 (0.55)**  2.96 (0.53)***
, Time 1 3.83 (0.95) 4.25 (0.85) 3.80 (0.78) 3.90 (0.67) 3.46 (0.76) 3.71 (0.55)
Jumping on two feet
Time 2 3.73 (0.85) 3.90 (0.62) 332 (0.72)%* 328 (0.62)**  3.16 (0.72)**  3.15 (0.61)***
Ternis ball Time 1 10.82 (2.98) 9.66 (4.52) 10.59 (3.95) 9.53 (3.00) 13.96 (5.28) 11.20 (3.67)
ennis bal
Time 2 15.57 (4.04)** 1228 (3.77)%  14.50 (4.61)*** 14.41 (3.77)** 18.09 (2.86)**  15.66 (2.71)***
Medicine ball Time 1 2.63 (0.65) 2.26 (0.62) 2.97 (0.86) 2.72 (0.65) 3.65 (0.80) 2.95 (0.63)
edicine ba
Time 2 4.00 (0.70)**  3.47 (0.60)***  3.87 (0.89)**  3.86 (0.82)***  4.81 (0.92)**  3.99 (0.79)
Time 1 23.31 (3.73) 24.60 (2.17) 23.89 (2.22) 23.64 (2.40) 22.85 (3.11) 22.57 (4.27)
Shuttle run 5x10 i
Time 2 22.17 (2.81) 22.82 (2.38)*  21.56 (2.99)** 21.58 (2.39)** 20.24 (2.40)**  21.14 (2.10)*
Time 1 5.26 (0.50) 5.60 (0.45) 5.00 (0.80) 4.81 (0.83) 4.60 (0.76) 4.80 (0.46)
Shuttle run 20 m i
Time 2 4.49 (0.71)**  4.56 (0.50)***  4.54 (0.53)**  4.56 (0.66) 412 (0.52)** 421 (0.64)**

Note: * - p < 0.05; ** - p < 0.01; *** - p < 0.001.

Table 3. Prediction of physical fitness among primary school children

Individual factors Stan(%ing Jumping on  Jumping on Tennis ball Medicine ball Shuttle run 5x10 Sl s
broad jump  one foot two feet 20 m
Covariates
Gender (female) 20.11%/-0.10  0.03/-0.02  -0.01/0.01  -0.15**/0.18* -0.18**/-0.18*  -0.02/0.10 0.03/0.06
Age 0.37+/0.22%% -0.33*%/-0.32%-0.41*%/-0.33** 0.47*%/0.34** 0.42*%/0.18* -0.22**/-0.24** -0.53**/-0.22*
BMI (overweight, obese) ~ -0.11%/-0.14*  0.10*/0.07  0.09*/0.10  -0.06/-0.03  0.06/0.14*  -0.02/0.08 0.11%/0.08
Time Lindicator forthe - 5o/ gpee 0 3500/0.3a%% 027%4/0.23% 028°/026* 0.15/0.18°  0.18/0.10  0.19°/0.15%*
corresponding test
Predictors
Inactivity (Time 1; >1 h/day)  0.01 0.02 0.01 0.10 0.02 0.24 -0.08
Light PA (Time 1; >1 h/day) 0.05 -0.05 -0.04 -0.003 -0.01 0.23 0.02
MVPA (Time 1; >1 h/day) 0.02 -0.05 -0.02 0.01 0.08 -0.03 -0.16*
VPA (Time 1; >3.5 h/week) 0.06 -0.01 -0.06 0.18* 0.07 -0.12* 0.002
Sports (Time 1; not -0.07 -0.04 0.03 0.06 -0.04 0.15% 0.11
engaged)
Inactivity (Time 2; h/day) 0.01 0.07 0.01 0.07 0.11 0.80 -0.12
MVPA (Time 2; h/week) 0.09 -0.04 0.001 0.07 0.09 -0.02 0.21
Motivation 0.07 -0.10 -0.11 0.06 0.11* -0.18* -0.30%*
AR(cov)/AR? (pred) 0.39/0.03  0.30/0.02  0.22**%/0.02  0.28*%/0.05 0.20%*/0.05 0.13***/0.10*** 0.16***/0.13**

Note: BMI - body mass index; PA - physical activity; MVPA - moderate to vigorous physical activity; VPA - vigorous physical
activity; * - p < 0.05; ** - p < 0.01.

explain from 13 percent (agility) up to 39 percent (explosive
muscle power).

Among predictors, vigorous physical activity at Time
1 predicted better performance in hand muscle power and
agility at Time 2. Participation in sports at Time 1 also pre-
dicted better agility. Moderate to vigorous physical activity
predicted better speed at Time 2. Motivation for physical
activity at Time 2 is related to better agility and speed and
worse hand muscle power. Predictors altogether were able
to significantly explain 10 percent of agility and 13 percent
of speed test results. Predictors explained 2 to 13 percent of
physical fitness depending on the test.

Discussion

This study aimed to identify predictors of after-
COVID-19 changes in the physical fitness of primary school
children. Firstly, the results revealed that, as supposed in
the previous research (Fransen et al., 2014), physical fitness
in primary school children improves with age with some
stagnation for some physical fitness characteristics at a
certain age transition. For instance, the most stagnative
transition for boys was the one from 7 to 8 years. In this
period explosive muscle power, hand muscle power, and
speed improved but leg muscle power and agility showed
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no significant gain. There might be a premise that for those
mostly first-graders their first year at school was not enough
time to accumulate the effects of organized sports including
school physical education and after-school sports, which
children usually begin to practice as they start primary
school. However, their natural physical activity deteriorated
during the confinement in the previous year. 7-year-old
children at baseline had lower VPA at baseline and less time
spent in MVPA at follow-up than their older counterparts.
Though these results are valid for both genders, still girls
were less sedentary than boys at follow-up in this study,
which probably contributed to their small improvements in
physical fitness at this particular transition from 7 to 8 years.
Despite all said above, a general trend observed that children
improve their physical abilities one year after returning to
school after COVID-19 confinement.

The increased over the year physical fitness discussed
above was associated with different physical activity factors
at baseline and follow-up. The importance of physical activity
was obvious even after controlling for baseline physical
fitness results, other sociodemographic characteristics, and
body mass index. Namely, children who performed better at
agility and muscle power tests had more vigorous physical
activity at baseline based on their parents’ evaluation.
Engagement in sports at baseline was associated with better
agility results at follow-up. The MVPA at baseline was related
to a better performance in the speed test. Motivation to
engage in physical activity at follow-up was related to better
agility and speed performance. Physical activity indicators
were more prominent in explaining speed and agility (13 and
10 percent, respectively) than other physical fitness qualities.

Other studies also found that children’s muscular
strength and endurance were associated with their total
weekly PA minutes and participation in sports/dance (Chen
etal.,2018). The UP&DOWN Study adds that the most active
and less sedentary cluster of students has the best physical
fitness among other clusters formed from health-related
behavior patterns (Cabanas-Sanchez et al., 2018). Moreover,
other researchers suggest that not minutes but intensity
of physical activity that counts. Each modality of physical
activity accumulates into better physical fitness in primary
school children, however, results favored more intensive
PA. In a similar study in Estonian children, researchers
found that VPA at the age of 6 years was positively related
to agility, explosive muscle power, and hand muscle strength
at 12-month follow-up (Reisberg, Riso, Jiirimie, 2020). So,
authors suggest that VPA is crucial for the development of
motor fitness and agility in young children (Reisberg, Riso,
Jurimie, 2020), as well as is required in different types of
sports and play (Miller et al., 2019). On the other hand,
the relationships between sports, play, motivation towards
physical activity, and physical fitness are reciprocal (Henning
et al., 2022).

The current study did not indicate any impact of
sedentary behavior on physical fitness either at baseline or
at the follow-up. Meanwhile, other studies show the negative
impact of sedentary behavior on upper and lower-body
muscular strength (Reisberg, Riso, Jirimide, 2020). After
school, primary school children in our sample are sedentary
for about 6.5 hours/day. However, most of them were
engaged in afterschool sports (86 percent), and the mean
time of engagement in MVPA was close to the recommended

norm (6.24 hours/week versus 7 h/week). So, probably these
sample characteristics compensated for the negative impact
that sedentary behavior has on physical fitness.

There is no available scientific data on changes in pri-
mary school children’s physical fitness after COVID-19
confinement. The current study is among the first in this
area of research. A similar study in Spain, just in a sample
of adolescents also found growth in physical fitness (up-
per body power, strength endurance, cardiovascular fitness,
flexibility, and eye-hand coordination). That study also high-
lighted the importance of after-school sports to compensate
for the negative effects of confinement on physical fitness
(Carriedo et al., 2022). Physical fitness in French primary
school children was measured right before and right after the
confinement and showed a drastic decline in performance
(Chambonniére et al., 2021). Another study in Greece,
among adolescents found that after 5 months long confine-
ment lower-body fitness, was impaired for both genders,
but flexibility and upper-body fitness were impaired only in
males (Tsoukos & Bogdanis, 2022). The EMOTIKON Proj-
ect study also revealed that a cohort of third-graders after the
confinement had lower physical fitness than is expected for
their age (Teich et al.,, 2023).

The comparison of this data with pre-COVID-19
nationally representative results (Emeljanovas et al., 2020)
showed inconsistent trends. Namely, at baseline explosive
muscle power and upper body muscle power were lower
in the post-COVID-19 sample than in the pre-COVID-19.
However, leg muscle power and agility results were better
in the after-COVID-19 sample. Pre- and post-COVID-19
studies in China with the same study participants also
identified interesting facts. Namely, cardiorespiratory fitness
and explosive force (i.e., 50-m sprint) deteriorated during
the lockdown. However, muscular strength (i.e., pull-ups)
improved. The deterioration was bigger for those adolescents
who had greater physical fitness before the lockdown (Zhou
etal., 2022).

Moreover, in the current study at follow-up, the results
for particular age children were in most cases better than
the results of their peers of the same age at baseline. That
again confirms that returning to school and having regular
physical education as well as after-school sports presumably
accelerated the improvement in physical fitness. Systematic
review and meta-analysis noticed that both quality and
quantity-based physical education interventions contributed
toan increase in physical and motor fitness (Garcia-Hermoso
et al., 2020). While some other studies add that to achieve
significant improvement in physical fitness daily physical
education is required (Greier et al., 2020; Erfle & Gamble,
2014). All previously mentioned characteristics of physical
fitness are important for children’s everyday functioning
and play (Henning et al., 2022; Sandford et al., 2015), which
promotes not only physical but also social and emotional
well-being (Bento & Dias, 2017).

Still, covariates explained the higher percent of the
variance than physical activity indicators. The baseline
result of a particular physical fitness indicator was one of
the most prominent predictors at follow-up for the same
physical fitness indicator. The baseline result was the most
prominent specifically for explosive muscle power. For
agility, speed, and hand muscle power age was even more
important for improvement. Baseline fitness results serve
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as a crucial reference point for assessing progress over time.
Differences in gender groups were found in explosive muscle
power and leg muscle strength results, boys have performed
better. Being overweight or obese predicted lower results of
explosive muscle power, leg muscle strength, and speed after
controlling for the rest covariates.

Absence of overweight is important for a child’s health
(Reilly & Kelly, 2011), life satisfaction (Lopez-Agudo &
Marcenaro-Gutierrez, 2021), physical activity (Ortega et
al., 2013), and academic performance (Kim & So, 2013).
The current study identified 7 percent of overweight or
obese primary school children. The prevalence of obesity in
Lithuania is lower than in some other countries, however, its
numbers have risen recently. Overweight and obesity in this
study predicted lower explosive muscle power, leg muscle
strength, and speed, but better hand muscle power, while
controlling for other study variables. Similarly, another
study found that body mass index was positively related
to upper-body muscle power and negatively to explosive
muscle power (Sacchetti et al., 2012). The study revealed
better performance in explosive muscle power, leg muscle
power, agility, flexibility, and cardiorespiratory tests for
under/normal weight students compared to overweight/
obese ones in the region of Emilia-Romagna region (Russo,
2020). Another research confirmed that body mass index
among other body composition indicators affects physical
fitness test results (Miiller et al., 2022).

Limitations

We did not measure changes in predictors. Physical
activity characteristics were measured with different
instruments at each time point. Moreover, at Time 1 these
characteristics were presented by children’s parents and at
Time 2 by primary school children themselves. Further,
despite we did control for some factors looking into the
unique impact of our predictors, there might be some other
covariates that we have not controlled for like heredity,
maturity level, and socioeconomic factors. Even though
there was not the aim of the current study, it would be more
valuable if we had measures right before the confinement as
baseline results. That would allow us to better identify the
impact of confinement with its restrictions on the physical
fitness of primary school students.

Conclusions

The explosive muscle power, leg muscle power, hand
muscle power, and upper body muscle power increase with
age. Agility in boys is constantly increasing from 8 to 10 years
and in girls from 7 to 10 years. The speed is constantly in-
creasing as children become older.

As children grow and develop, their physical fitness
levels tend to change in response to various factors including
different physical activity indicators. Vigorous physical
activity is uniquely related to a better performance in hand
muscle power and agility a year later. Practicing moderate-
to-vigorous physical activity uniquely contributes to greater
motor fitness even after controlling for sociodemographic
variables, baseline motor fitness values, current BMI, as well
as other physical activity-related factors at the moment or
a year before. Physical activity enjoyment is also associated

with greater motor physical fitness in primary school
children.

Ayearafter COVID-19 confinement returning to normal
life and having regular physical education, physical activities,
and sports as well as perceiving enjoyment from physical
activity contribute to improvements in physical fitness and
consequently primary school children’s health. Targeting
these factors in any possible way in any life circumstances
helps to maintain and/or strengthen children’s health.
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3miHa noKasHuKiB ¢i3NUYHOI NiAroTOBNEHOCTI giTten
MONOALLOro WKiNbHOro BiKy uepes pik nicna COVID-19
Ta Il npeANKTOpPU Ha iHANBIgYyanbHOMY PiBHi

Bpurira Mesiene'A“P, Jlaypinac [inic'*P, Apynac EmenpsnoBac'APF

!/INTOBCHKMIT CHOPTUBHNUI YHIBEPCUTET

ABTOpCHKNMIT BKIAM: A — FU3aiH KOCTiIKeHHsT; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 10 c., 3 Tabn., 58 mxeper.

Mera gocmimxeHHs. MeTo0 JOCTiKeHHs 0y/10 oLiHnTy Bi3MYHY MifrOTOB/IEHICTD Ta il JUHAMIKY IIPOTSTOM POKY Ceper Ai-
Teil MOJIOZIIIOTO LIKi/IBHOTO BiKYy Bifj 7 1o 10 pokiB 3 ypaxyBaHHAM iHUBiAyanbHUX (aKTOPiB AUTUHM (OB’ A3aHNUX 3i 3TOPOB’AM:
¢isnyHa aKTUBHICTD, MATOPYX/IVBA ITOBE/IHKA; Ta IICUXOCOLaNbHIIX: 3a{0BOJIEHHSI Bijf 3aHATH (i3MYHOI aKTVUBHICTIO).

Marepianu ta Metogu. JlocnifkeHHA BK/Io4Yano Bubipky 3 902 yuniB 1-3 kaciB (49% xsmomuis i 51% piBuar), Aki B3N
y4acTb y TECTYBaHHI TOKA3HNUKIB (i3NIHOI HIATOTOBIEHOCT] Ha IOYATKOBOMY €Talli JOCTIKEHHSI Ta B IOAA/IbLINX CIIOCTEPEKEH-
HsAX IpoTsAroM poky. Kpim toro, 6ymo 3i6paHo maHi MIAXOM MPOBefieHHs aHKeTYBaHH:A YYHIB Ta ixHix 6arbkiB. CTaH ¢isndHoi
HiJITOTOB/IEHOCTI OILIiHIOBA/IN 3a JOIIOMOTO BOCBMI 3 [I€B'SITM TECTOBMX 3aBJaHb i3 Garapel TecTiB 3 9 IyHKTiB, po3pobienoi
®itoprodrom Ta iH. (2011 p.). 3picT Ta Bary ZocIipKyBaHUX 0ci6 BUMipIOBa/IN 3a JOIIOMOTOI0 MeXaHi4HOI CTaioMeTpIYHOI II/1aT-
¢dopmu (Seca 274, Tam6ypr, Himeuunna; TEM50.01%) Ta nopratuBHyx enekrponanx sar — TANITA BC 420 SMA (Tanita Europe
BV, Amcreppam, Higepranan), BifmosigHo. PiBeHb ¢isndHOI aKTUBHOCTI, Ma/IOPYX/IMBOI HOBEAIHKY, YYACT] Y 3aHATTSIX CIOPTOM,
3a/J0BOJIEHHS BiJ 3aHATH Bi3MYHOI0 aKTUBHICTIO Y10 OL[iHEHO AiTbMM Ta 6aThbKaMI B PisHi Iepiofy dacy.

Pesynbrarn. PesynbTaTi BKasyloTh, 10 Bifj IOYaTKOBOTO eTally JOCIIIKEHHA 10 TO/Ja/IbLIOr0 CIIOCTEPEKEHHs CIIOCTepira-
JIOCsI HOKPAI[eHHS TI0Ka3HMKIB (i3MIHOI MiATOTOBIEHOCTI, 3 JeIKMMU BUHSATKAaMI JU/IsI OKPEMUX TECTIB Ta IPeICTaBHUKIB 000X
crareil. Bucokuit piBenb ¢i3n4HOI akKTMBHOCTI Ha 1 eTamni IPOrHOCTUYHO CIIPUSAB IOMIMIIEHHIO TOKa3HUKIB CUIN M A3iB KMCTI
(Std p — cranpaptusoBanmit 6era-koedinient = 0,18) Ta cnputHocTi (Std p = -0,12) Ha 2 eramni gocmimKeHHA. Sk MOKasanu pe-
3y/IBTATH, YYaCTb Y 3aHATTSX CIIOPTOM Ha | eTamni TakoX Oy/a MPOrHOCTIYHO OB s13aHa 3 IIOKPAI[eHHsIM [TOKAa3HNUKIB COPUTHOCTI
(Std p = 0,15). 3aHATTA Bi3UYHOI AKTUBHICTIO Biff HIOMIPHOTO 10 BUCOKOTO piBH:A iIHTEHCUBHOCTI Ha 1 eTami JOCTPKeHH TIpo-
THOCTMYHO CIIPYSIIO Mif{BUILEHHIO IIOKa3HMKIB MIBUAKOCTI mmif yac 2 etamy (Std = -0,16). BctaHOB/IEHO, 1110 MOTHBALis /10 3aHSATD
¢isnuHO aKTUBHICTIO Ha 2 eTari 6y/Ia OB’ A3aHa 3 MOKpalleHHAM piBH: criputHOCTi (Std f = -0,18) Ta mBupKocti (Std f = -0,30),
IIPY LbOMY CIIOCTEPIranocs 3HVYDKEHHS MMOKa3HMKIB CUIN M’ a3iB kucTi (Std [5 =-0,11). 3arasom, 3a ;OIIOMOT0I0 IIPEAMNKTOPIB Ba-
70cs CYTTEBO po3’sicHUTY 10% pe3ynbrariB TecTy Ha CIIPUTHICTD i 13% pe3ynbTaTiB TeCTy Ha IIBUAKICTD.

BucHoBKmM. Y mporieci pocTy Ta po3BUTKY JiTeil, piBeHb IXHDbOI (i3N9HOI MirOTOBICHOCTi Ma€e TeHMIEHI[iI0 3MiHIOBATUCH
y BifjIIoBizib Ha pisHi hakTOpY, BK/II0YA0OUN Pi3Hi HOKa3HMKM (i3MYIHOI aKTMBHOCTI, @ TAKOXX MOTMBAIIIIO 1O BUKOHAHHA (i3MYHUX
HaBaHTaXeHb.

KirouoBi cnoBa: isnyHa MiATOTOBIEHICTD, AT MOJIOAIIOrO LIKi/IBPHOTO BiKYy, IOHTITIO/{HE AOCTIXKEHHsI, PyX0OBa MiirOTOB-
JIEHICTD, MiITOTOB/IEHICTh OIIOPHO-PYXOBOI CUCTEMI.

Information about the authors:

Mieziene, Brigita: brigita.mieziene@lsu.lt; https://orcid.org/0000-0002-1109-559X; Department of Physical and Social
Education, Lithuanian Sports University, Sporto St, 6, Kaunas, 44221, Lithuania.

Dilys, Laurynas: laurynas.dilys@lsu.lt; https://orcid.org/0009-0002-8279-2488; Department of Physical and Social Education,
Lithuanian Sports University, Sporto St, 6, Kaunas, 44221, Lithuania.

Emeljanovas, Arunas: arunas.emeljanovas@lsu.lt; https://orcid.org/0000-0001-7762-0660; Department of Physical and Social
Education, Lithuanian Sports University, Sporto St, 6, Kaunas, 44221, Lithuania.

Cite this article as: Mieziene, B., Dilys, L., & Emeljanovas, A. (2024). One-Year Post Covid-19 Change in Physical Fitness of
Primary School Children and Its Individual-Level Predictors. Physical Education Theory and Methodology, 24(2), 328-337.
https://doi.org/10.17309/tmfv.2024.2.19

Received: 22.03.2024. Accepted: 22.04.2024. Published: 30.04.2024

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

337


mailto:brigita.mieziene@lsu.lt
mailto:laurynas.dilys@lsu.lt
mailto:arunas.emeljanovas@lsu.lt

Teoria ta Metodika Fizicnogo Vihovanna

Teopia Ta MeToAanKa $i3NYHOro BUXOBaHHA
Physical Education Theory and Methodology

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

REVIEW ARTICLE

Analyzing Handball Techniques Using A Biomechanical
Approach: A Systematic Literature Review

Yopi Hutomo Bhakti'A*“PE, Tandiyo Rahayu®**“PE, Agus Kristiyanto**?<PE,
Mahalul Azam?48¢PE, Adi $>4B°PE and Hilmy Aliriad*ABCPE

"Universitas Muhammadiyah Kotabumi
*Universitas Negeri Semarang
*Universitas Sebelas Maret

*Universitas Nahdlatul Ulama Sunan Giri

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

Corresponding Author: Tandiyo Rahayu, E-mail: tandiyo.rahayu@mail.unnes.ac.id

Accepted for Publication: April 6, 2024
Published: April 30, 2024

DOI: 10.17309/tmfv.2024.2.20

Abstract

Objectives. The study aimed to examine the use of biomechanical analysis in handball technique.

Materials and methods. This review study followed the PRISMA standards for systematic reviews and meta-analyses.
The study had to be published within the period of 2018 to 2023. The search procedure involved using the keywords
(1) handball and (2) biomechanics. Scopus search engine was used in the study.

Results. The search results on the database yielded 115 articles, which were adjusted according to the criteria into

11 articles.

Conclusion. Biomechanical analysis that can be applied to handball techniques includes such aspects: distance
travelled, speed, change of direction, joint angle, postural stability, movement pattern, and injury localization.

Keywords: handball, biomechanics, technique.

Introduction

Handball players have significant asymmetry in
body musculature and grip strength, which may impact
performance and increase injury risk (Lijewski et al.,
2021). Elite and sub-elite performers in beach handball
are differentiated by horizontal jump and technical ability
via the performance of specific throwing skills, rather than
anthropometric or other physical variables (Lemos et al.,
2022). The most frequent injuries in handball players are
located in the lower limbs (thigh, knee, ankle), and in the
shoulder in the upper limbs (Vila et al., 2022).

Systematic literature reviews provide a comprehensive
understanding of a business literature topic, guide future
research, and help business leaders make better decisions
(Clark et al., 2021). Systematic reviews are invaluable for
synthesising research findings and help demystify the
search process (Foo et al.,, 2021). A search summary table

©  Bhakti,Y.H., Rahayu, T, Kristiyanto, A., Azam, M,, S, Adi, &
Aliriad, H., 2024.
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in systematic reviews improves search results reporting
and adds to the evidence base about information retrieval
(Bethel et al., 2021).

Sports biomechanics examines athletic movements to
enhance performance and reduce injury risk, with motion
technologies being used in support of athletes (Aresta et
al., 2023). Biomechanics in sports performance involves
automating performance analysis and assessment by
using motion capture sensors and biomechanical software
to extract joint angle curves and summarize them into
standard performance curves (Fathalla et al., 2023). Sports
biomechanics aims to reduce injury risk and improve sports
performance, with the Journal of Sports Sciences combining
Sports Medicine and Biomechanics sections to form the
current Sports Medicine and Biomechanics section (Wallace
etal., 2022).

Different movement profiles of speed, acceleration, and
tortuosity were identified across phases of play and in-game
win probabilities (Gregory et al., 2022). Linear advancing
actions are the most common movements preceding goals,
followed by decelerations and turns (Martinez-Hernéndez et
al., 2023). Attacking agility actions, such as side steps, shuftle
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steps, crossover cutting, split steps, spins, decelerations, and
sharp turns, are important maneuvers in invasion team sports
to evade, create separation, generate high exit velocities, and
facilitate sharp redirections (Dos’Santos et al., 2022).

There has been a long history of research on handball
related to education (Arias et al.,, 2021), physicological
(Muntianu et al., 2022), body composition (Martinez-Ro-
driguez et al., 2021). Some sports place great importance on
biomechanics as an instrument of achievement. Biomechan-
ics is considered a determining factor in athlete performance
(Aresta et al., 2023; Wallace et al., 2022). Some of the previ-
ous studies that examined handball (Hidayat & Permana,
2023; Nurhadi et al., 2023) require updates regarding the
importance of training techniques and biomechanics in this
sport. This research can help in creating a training plan that
suits the requirements of the sport. Therefore, this research is
very important. The researchers hope that the findings from
this study will provide recommendations for readers.

Materials and Methods

The research method used is a systematic literature
review (SLR) for studying and interpreting biomechanical
analysis on handball.

Study Participants

The population of this study were articles published in
international journalsindexed by a highly reputable database,
namely Scopus, which is equivalent to the role of weight
training in gymnastics athletes. The sample selected was
articles with H-Index and articles published in international
journals with Elsevier homepage from 2018-2023. This study
has two types of research data sources, namely primary and
secondary data sources. The instrument used in this research
is a data coding sheet. This data not only serves as an internal
audit, but is also useful in answering why certain studies are
not included in the synthesis.

Data Collection Techniques and Instruments

a. Planning

The initial stage to start the systematic review process
is planning by forming a review panel of experts and
practitioners to develop a review question. Review questions
will result in data analysis and synthesis. Review questions
have been discussed in the problem formulation chapter.

b. Data Collection

The data collected in this study are secondary data
obtained from the results of research that has been carried
out by previous researchers and published in international
journals indexed by a highly reputable database Scopus.

The article search used the keywords “biomechanical”
AND “handball”. In addition, the authors also checked the
references of the articles searched to increase the number of
article searches.

c. Inclusion and Exclusion Criteria

The inclusion criteria in this study:

1. The data used only relates to keywords.

2. Data is an original article.

3. Only English articles and indexed according to pre-

determined criteria.
4. Data used in the time span 2018-2023.

While the exclusion criteria are as follows:

1. Data that is not related to biomechanics in handball.

2. Data is not an original article including review articles.

3. Not an English-language article and indexed accord-

ing to predetermined criteria.

4. Data used in the time range 2018-2023.

Searching for articles in the database using keywords
obtained a total of 115 articles. After filtering by determining
the publication period (2018-2023), language and type of
article, 60 articles were obtained. Furthermore, the articles were
selected based on inclusion and exclusion criteria according to
relevance and a total of 11 articles were obtained (fig. 1).

Literature search results in
the database using

| Identificati ‘

keywords
(n=115)
Articles are screened based
on publication period (2018- Articles that were
2024), language and article |, | jnaccessible and did not meet
type the inclusion criteria (n=55)
(n=60)
]:istz?zbf’:‘st:isn;:iﬁf; Articles outside subjective
1a, 1 Vi 1  — 1 " —
and relevance (n=20) erms (r=5)

Results based on inclusion
criteria, intensive reading
and relevance CASP (n=11)

\ Eligybility H Inclusion H Screening

Fig. 1. PRISMA scheme in the literature selection process

Study Instrument

The researcher used annotated bibliography analysis.
Several things were considered in analyzing the annotated
bibliography, namely:

1. Identity of the referenced source.

2. Qualification and purpose of the author.

3. A simple summary of the content.

4. The importance of the sources referred to in answer-

ing the problem that has been formulated.

Results

The table below shows the total number of publications
during the selected time period, year of publication.

Table 1. Evolution of the number of publication at year

Year of Publication Number of article
2023 10
2022 9
2021 8
2020 8
2019 13
2018 12

Based on the articles that met the inclusion criteria,
intensive reading and relevance to answer the research
questions, 5 studies were eligible to proceed to the next stage.
The collected studies were then analyzed using the mixed
methods appraisal tool (MMAT) adapted from Hong (2018).
The results of the MMAT analysis of the eleven quantitative
studies in table 4 show that nine studies used random
sampling using a control or comparison group.
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Table 2. Source from country

Discussion

Country

Number of article

Based on results handball techniques is distance

Spain

Denmark
Germany
Norway

Poland

United Kingdom
United States
Austria

Brazil

France

10

LG S A NN A W BN BN e

traveled, velocity, changes in direction, joint angle, postural
stability, movement pattern, location injury. High levels of
physical fitness and motor skill development, including the
ability to jump, throw, sprint short distances, move quickly,
have both anaerobic and aerobic capacity, and have strong
muscles, are hallmarks of the handball sport (Dimkova,
2022). Running, direction changes with and without the
ball, opponent interaction, and decision-making in both
offensive and defensive activities are all part of the game
(Fenici et al., 2022). Due to its comparatively quick mastery

Table 3. Mixed method apparaisal tool (MMAT) version 2018

Screening Questions

Quantitative randomized controlled trial

Is collection

2.4. What is the

. data 2.2. Are . . 2.5.Is
Is question . 2.1. Was intervention ..
collection .. the groups  2.3.Is there . participant
research randomization . given
Author, year . can answer . comparable is result data . obey
questions . carried out confidentially . .
questions . from the complete? . intervention
clear? appropriately? .. (blind) to the g .
research beginning? which given?
. results assessor?

question?
(Fathalla et al., 2023) Yes Yes Yes Yes Yes Yes Yes
(Miiller et al., 2022) Yes Yes Yes Yes Yes Yes Yes
(Lijewski et al., 2021) Yes Yes Yes Yes Yes Yes Yes
(Wilczynski et al., 2022) Yes Yes Yes Yes Yes Yes Yes
(Russomanno et al., Yes Yes Yes Yes Yes Yes Yes
2021)
(Guignard et al., 2022) Yes Yes Yes Yes Yes Yes Yes
(van den Tillaar et al., Yes Yes Yes Yes Yes Yes Yes
2021)
(Sanchez-Séez et al., Yes Yes Yes Yes Yes Yes Yes
2021)
(Di Credico et al., 2021) Yes Yes Yes Yes Yes Yes Yes
(Vila et al., 2022) Yes Yes Yes Yes Yes Yes Yes
(Wagner & Hinz, 2023) Yes Yes Yes Yes Yes Yes Yes
Table 4. Review of research results

Title Finding Method

(Fathalla et al., 2023) Observasional Study Joint Angle

(Miiller et al., 2022)
(Lijewski et al., 2021)
(Wilczynski et al., 2022)
(Russomanno et al., 2021)
(Guignard et al., 2022)

(van den Tillaar et al., 2021)

(Sdnchez-Séez et al., 2021)
(Di Credico et al., 2021)
(Vila et al., 2022)

(Wagner & Hinz, 2023)

Observasional Study
Observasional Study
Non RCT Trial
Observasional Study
Observasional Study
Non RCT Trial

Observasional Study
Observasional Study
Sistematic Literature Review

Observasional Study

Distance traveled, velocity, and changes in direction.

Segmental bioelectrical impedance analysis (SBIA)/Angle

Postural stability and angle

Movement

Movement

Handball throws and predict ball velocity, offering a practical and
automated method for quantifying throw counts and classifying
approach and throw types.

Movement patterns and physical demands during an official competition.

Bioelectrical characteristics in young male and female elite handball
players.

The most frequent injuries in handball players are located in the lower
limbs (thigh, knee, ankle), and in the shoulder in the upper limbs.

Specific game-based movements and general physical performance tests.
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based on natural human movements, handball has become
very popular very quickly (Sliz et al., 2022). In order to
enhance technical processes during games and minimise
injuries, the sport mandates that players follow particular
physical training regimens depending on their position and
level on the pitch (Russomanno et al., 2021). Handball is
a dynamic and difficult sport that integrates motor skills,
physical conditioning, and strategic decision-making.

Handball players experience frequent injuries in lower
limbs (thigh,knee,ankle), upperlimbs (shoulder),and playing
positions (over the 6-m line, women), with most occurring
during competition (Vila et al., 2022). Handball players
cover more total distance in offense (1217.48 + 699.33 m)
and in all locomotion categories (p < 0.001) than in defense
(900.96 + 538.95 m), with a similar average total time on
court (Manchado et al., 2021). Co-education in school
handball leads to significant improvements in skills, effort,
enjoyment, participation, and social climate, promoting
social and civic skills (Arias et al., 2021).

The results of biomechanical evaluations are crucial for
assessing athletic performance because they offer a more
thorough understanding of a person’s neuromuscular
capabilities, which traditional testing may miss (Plesa et
al., 2022). Understanding the mechanics of any sport is
essential for improving performance and avoiding injuries,
and biomechanics can help with this (Kumaran et al., 2022).
Accurate performance data is provided by biomechanics-
based performance analysis, which aids coaches and athletes
in achieving optimal athletic performance (Teferi & Endalew,
2020). In order to determine the biological components
that absorb shock and safeguard living systems, as well as
to comprehend the stresses and strains that various body
parts generate, biomechanics is used in the analysis of sports
performance (Bandeiras, 2019). A thorough examination of
the motions and coordination involved in sports like cycling
can be obtained by biomechanical evaluation, which enables
the accurate measurement of kinematic, kinetic, motor, and
physiological traits (Turpin & Watier, 2020).

Absence of biomechanical analysis in training can result
in a higher risk of injury and less than ideal performance
(Batheetal.,2023). Athlete movement patternsand mechanics
can be better understood by biomechanical analysis, which
also helps identify potential risk factors and opportunities
for improvement (Chenaut et al., 2019; Yin et al., 2022).
Coaches and athletes can lower the risk of injury and improve
performance by implementing focused training interventions
by being aware of and addressing these biomechanical risk
factors (Jones et al., 2022). One prevalent risk factor for lower
extremities landing injuries is knee flexion angle, which
can be reduced to a medium extent by technique training
and dynamic strengthening, as demonstrated by previous
research (Naichun, 2018). Furthermore, in order to ensure
the safety and effectiveness of exoskeletons for people with
lower limb limitations, biomechanical analysis can aid in
their design and optimisation. Thus, in order to reduce the
chance of injury and optimise performance, athletes must
integrate biomechanical analysis into their training regimens.

Conclusion

Based on the results of using techniques for analyzing
handball biomechanics by searching related literature,
it can be concluded that the biomechanical analysis that
can be applied to handball techniques is distance traveled,

velocity, changes in direction, joint angle, postural stability,
movement pattern, location injury.
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Hayxku: disnane BuxoBanHs i criopt. CrienianbHicTe: 017 — ®isnyna KynbTypa i ciopr (26.11.2020).
Hayxku: egarorivsi (26.11.2020). CreniansHocri: 011 — OcBirHi, megaroriuui Hayku (26.11.2020);

014 - CepepHst ocBiTa (3a mpeAMeTHUMI cHeliaabHOCTsIME) (26.11.2020).

Iipnucano Ko fpyky 28.04.2024. Gopmar 60x84 1/g. TTanip odcernnit. Tapuirypa Taitmc. Ipyk odcerHuit.
VM. mpyk. apk. 17,85. O6m.-Bup. apk.18,5. Bug. Ne 01-2024. 3am. Ne 156. Tupax 300 mpum. Ilina forosipHa.
TOB «OBC» Yxpaina, 61003 Xapkis, m1. Koncturymii, 18, k. 11.

Csinonrso Jlepxxxominpopmy Ykpainu Cepis JIK Ne 331 Bixg 08.02.2001 p.

Ipykapusa T3OB «Iludpa npint». 61166, m. Xapkis, Byn. Kynsrypn, 20-B
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