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Abstract

Background. Physical education as a subject in general secondary education institutions aims not only to solve health
and educational problems but also to form a value attitude to health, healthy lifestyle, fostering the interest in and the

need for physical activity.

Research purpose. The study aims to investigate the relationship between senior school age students’ value
orientations and physical development self-assessment indicators to determine incentives to increase motivation for

self-improvement by means of physical education.

Materials and methods. The research methods used to solve the tasks set in the paper were as follows: analysis and
generalization of data of scientific and methodological literature; content analysis; comparison and juxtaposition
method; Ye. Bochenkova’s test-questionnaire Self-description of physical development, M. Rokych’s technique for
defining value orientations; methods of mathematical statistics.

Results. Based on examining correlations between the 11th grade students’ terminal values and physical development
self-assessment, a tendency was found to shift the priority of youth values towards life values, values of professional
realization, and values of interpersonal relationships. Based on the results of the study, we found that the formation
of value orientations in boys and girls in high school can affect self-esteem, which in turn is a stimulus for self-
improvement and, through an effective component of physical activity, increases the importance of “health” for senior
school age boys. On the other hand, girls have no such pattern, and the value of “health” is declarative for them.
Conclusions. It has been determined that the formation of value orientations through an effective component of
physical activity can affect the self-esteem of boys and girls, which in turn is an indicator of self-awareness and
expresses the individual’s attitude to himself and is the basis for regulating their own behavior.

Keywords: physical culture, physical education, school, secondary school students, physical development self-

assessment, value orientations..

Introduction

Physical education as a discipline in general second-
ary education institutions aims not only to solve health and
educational problems but also to form a value attitude to
health, a healthy lifestyle, cultivating interest, and the need
for physical activity (Maievskiy, 2016; Krutsevich, 2017).
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Despite the fact that the school is an educational institu-
tion that focuses on the harmonious development of chil-
dren, there is a clear decline in the physical activity of stu-
dents and - as a consequence — a decrease in their physical
condition and morbidity (Krutsevich, Pangelova, Trachuk,
& Ivanik, 2019; Andrieieva et al., 2019).

Among all categories of student youth, the attention of
scientists is attracted by the senior school age, as a transi-
tional period in the physical, intellectual and spiritual de-
velopment of the individual (Back, 2015; Maievskiy, 2016;
Marchenko, 2018).
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Formation of value orientations in the field of physical
culture is possible first of all under conditions of the orien-
tation of the student on the possibility of realization of the
certain, most important personal needs which, in turn, will
become the main factor of the formation of value attitude,
and further — humanistic and culturological value orienta-
tions in the researched sphere (Erikson, 2006; Krutsevich,
Trachuk, Ivanik, Panhelova, Brychuk, & Kedrych, 2021).

Most often in psychology, values are revealed through
a person’s perception of the most desirable, attractive, and
important for him. A clear system of value orientations al-
lows a person to be more active and live their own lives more
productively. A person consciously chooses life priorities
for the first time in adolescence (Amorose, 2001; Ostrovska,
2003; Gest, Molloy & Ram, 2015; Fliarkovska, 2020).

The degree of acceptance of one’s own bodily image “T”
affects the formation of self-concept in adolescence and deter-
mines the ways of forming adequate self-esteem of adolescents
(Borozdina, 2009; Bekh, 2010; Golbert & Tolstykh, 2018).

In the context of our study, the most interesting are
those related to the coverage of various aspects of the forma-
tion of value orientations in the field of physical culture and
sports (Krutsevich & Marchenko, 2017).

However, today, unfortunately, there are no thorough
comprehensive studies to identify interdependent content
characteristics of self-assessment of physical development
of high school students and their choice of values, which
reflects their personal development and can be useful for
further development of recommendations for optimizing
physical education of senior school age students.

The above confirms the relevance of the problem, de-
termines its choice as a topic of research and is the basis of a
separate study of this problem, which has theoretical, practi-
cal and social significance.

The purpose of the study — to study the interdependence
of value orientations and indicators of self-assessment of
physical development of senior school age students to deter-
mine incentives to increase motivation for self-improvement
by means of physical education.

Materials and methods

Study participants

The research was conducted in a secondary school No
17 in Lutsk with the participation of senior school age stu-
dents in the number of 60 students (boys - 30; girls — 30).

Study organization

To solve the problem set in the work, the following re-
search methods were used: analysis and generalization of
data from scientific and methodological literature; content
analysis; method of comparison and juxtaposition; Ye. Bo-
chenkova’s test-questionnaire “Self-description of physical
development”, M. Rokych’s method of revealing value orien-
tations, methods of mathematical statistics.

The test questionnaire of “Self-description of physical
development” (Bochenkova, 2000) consists of 70 statements
that relate to the field of physical development of a person
and sets 10 indicators of physical development and an indi-
cator of general self-esteem of a person.

The indicators are: health, coordination of movements,
physical activity, harmony of the body, athletic abilities, physi-
cal “T”, appearance, strength, flexibility, endurance, self-esteem.

Evaluation of the results was carried out by correlating
the results with generally accepted norms of the level of per-
sonality self-esteem, in accordance with which the personal-
ity self-esteem scale was used for the following indicators:

o a very high level of self-esteem (overstated) — 75-

100% of the maximum number of points;

« high level of self-esteem - 60-74% of the maximum

number of points;

o theaverage level of self-esteem — 45-59% of the maxi-

mum number of points;

o low self-esteem — below 45% of the maximum num-

ber of points.

To study the peculiarities of the formation of value orien-
tations of schoolchildren, we used the method of M. Rokych
(adapted by Yadov, 2007), which took into account the age
characteristics of students that determine the functioning
of the mechanism of differentiation of values and character
choice of certain values.

Statistical analysis

The statistical analysis of the obtained data was per-
formed using the Statistica ver. 10.0 (Stat Soft, USA) statisti-
cal software and the Microsoft Excel 2016 spreadsheets (Mi-
crosoft, USA). Only licensed software was used to perform
the analysis.

Results

The results of the study show that between boys and
girls of senior classes there are some differences in indicators
of self-esteem of physical development and priority in the
choice of value orientations.

We suggest that the level of self-esteem of physical de-
velopment and health of boys and girls may have some influ-
ence on the formation of their value orientations.

To determine the interdependence of value orientations
and indicators of self-assessment of physical development of
boys and girls of senior school age, a correlation analysis was
conducted (table 1, 2).

According to the results of the study of the interde-
pendence of correlations between terminal values and in-
dicators of the questionnaire “Self-description of physical
development” of 11" grade boys, we note the largest num-
ber of correlations around the terminal value “interesting
work’, namely moderate correlation with: “health” (r = 0.32,
p <0.05), “slender body” (r =0.32, p < 0.05) and “self-esteem”
(r = 0.28, p < 0.05); value-goal “love” correlates with self-
esteem “health” (r = 0.27, p <0.05), “coordination of move-
ments” (r = 0.41, p < 0.05), “slim body” (r = 0.31, p < 0.05),
“athletic ability” (r = 0.29, p <0.05), “strength” (r = 0.26,
p < 0.05), “ flexibility “(r = 0.31, p <0.05) and “self-assess-
ment of physical development “ (r = 0.53, p<0.01) (Table 1).

In the context of our study, a significant correlation
between the terminal value of “health” and “self-esteem”
(r = 0.35, p < 0.05) as an indicator of self-description of
physical development deserves special attention. Young
people believe that in order to achieve a high level of health,
you need to have high self-esteem of physical development.
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Table 1 Correlation between the indicators of the test “Self-description of physical development” and value orientations in
11th grade students (n=30)

Indicators of the test “Self-description of physical development”

T s 3
. . ] > = 9
Value orientations g q ks = 2. g ° £
T & b Iz i = b= I S S
g g = S 9 i g = 2 3
= ¥§ & £ 3 3% § 5 Z £ 3
s §: £ £ 3z s §E : B % 3
& O &8 & 2 < T < & = £ &
Terminal values
Self-sufficiency as independence -0.10 -0.14 -0.07 -0.11 -0.16 0.10 017 0.10 005 0.15 -0.10
Self-confidence 0.08 0.16 -0.05 0.09 0.12 0.02 040 019 016 0.05 031
Material support 008 008 -034 025 003 020 039 026 012 001 035
Health 0.18 038 0.02 0.06 032 -0.15 013 023 037 022 045
Pleasure in life 0.29 032 -0.03 023 018 -0.05 022 018 029 015 0.50
Interesting job 0.32 0.16 -0.20 032 0.15 -0.03 0.02 0.06 015 0.07 0.28
Love 0.27 041 -0.13 031 0.29 -0.01 024 026 031 0.13  0.53
Freedom as independence 0.03 012 -016 026 -004 019 0.14 007 0.10 002 0.16
The beauty of nature 0.05 023 0.10 -0.04 025 -0.17 -0.12 0.05 0.19 031 0.05
Good and loyal friends 0.16 031 -0.06 0.14 0.13 0.3 033 032 032 014 0.55
cognition 020 -0.22 031 -0.31 0.03 -034 -032 -0.33 -0.22 -0.12 -0.23
Happy family life -0.02 032 031 -0.09 035 -0.17 0.08 0.18 023 0.09 045
Art 023 000 -0.05 0.04 004 -013 000 -0.17 -0.06 -0.13 0.12
Public recognition -0.10 0.16 023 -0.02 0.12 -0.19 -0.01 -0.08 0.00 -0.06 0.14
Active life 0.30 0.11 -0.11 -0.03 0.15 -0.11 0.00 -0.05 0.06 -0.01 0.13
Equal opportunities for all -0.13 035 0.17 0.07 031 -0.13 0.09 015 014 0.06 0.34
total X 2.54 347 234 237 267 212 266 268 277 .72 4.69
r Arithmetic mean 015 021 014 014 016 013 016 016 0.17 0.10 029
T T -
} Equal opportunities for all |
pommmmmmmm e . (r=031,p<0.05) !
! Health/ Self-esteem | ]
! (r=0.35, p<0.05 ' |
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Fig. 1. Correlations of the questionnaire “Self-description of physical development”
“self-assessment”
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Table 2. Correlation between the indicators of the test “Self-description of physical development” and value orientations in

11th grade girls (n=30)

Indicators of the test “Self-description of physical development”

Sl b @ '—:
© & e =
Value orientati g Iz z 2 ° .
alue orientations Sz 3 =
¢ 8 % £ = 2 g g
S g = 2 = £ g = & 2
= =& S = = = 3 - 2 = ®
= = Y 7 2 2 o ) = @
: 25 &2 E £ 2 & & & ¥ <
= Of R ®W <= T < & = & &
Terminal values
Self-sufficiency as independence 022 036 037 -037 031 -020 -034 0.13 033 037 -0.31
Self-confidence 020 031 033 -032 0.27 -0.18 -0.34 023 029 032 -0.37
Material support -0.09 -0.04 -0.04 0.04 -0.03 002 0.04 -0.03 -0.03 -0.04 0.04
Health -0.02 016 017 -017 0.14 -0.09 -0.18 0.12 0.15 0.17 -0.20
Pleasure in life 0.00 013 0.14 -013 0.11 -0.07 -0.14 0.09 012 0.13 -0.15
Interesting job 0.08 027 029 -028 0.24 -0.16 -030 020 025 028 -0.33
Love 009 023 024 -024 020 -013 -025 017 022 024 -0.28
Freedom as independence 0.08 027 029 -028 024 -0.16 -030 020 025 0.28 -0.33
Beauty 0.09 023 024 -024 0.20 -0.13 -025 0.17 022 024 -0.28
Good and loyal friends 0.09 023 024 -024 020 -0.13 -025 0.17 022 024 -0.28
Knowledge 024 022 023 -023 0.19 -0.12 -0.16 -0.03 020 022 -0.08
Happy family life 012 026 028 -027 023 -0.15 -029 019 025 027 -0.31
Art 0.17 023 024 -024 0.20 -0.13 -025 0.17 022 024 -0.28
Public recognition 012 026 028 -027 0.23 -0.15 -029 0.19 025 027 -0.31
Active life 020 024 025 -025 0.21 -0.14 -026 005 022 025 -0.29
Equality 026 012 0.08 -0.06 0.00 0.09 -0.02 -0.03 0.11 0.09 -0.10
Total £ 207 356 371 363 300 205 366 217 330 3.65 394
rArithmetic mean 0.12 022 023 023 0.18 012 022 013 021 022 024

Given the interdependence of health values and self-
esteem of young people, we made a detailed analysis of the
correlations of self-esteem of physical development and
found the maximum number of positive correlations with
the following values-goals of young men: “self-confidence”
(r = 0.31, p < 0.05), “health” (r = 0.45, p < 0.01), “life sat-
isfaction” (r = 0.50, p < 0.05), “interesting work” (r = 0.28,
p <0.05), “love” (r = 0.53, p < 0.05), “good and faithful
friends” (r = 0.55, p < 0.01), “happy family life “(r = 0.45,
p <0.05),” equal opportunities for all “(r =0.31, p <0.05) and
“self-confidence” (r = 0.31, p < 0.05) (Figure 1).

Thus, through the formation of value orientations,
we have the opportunity to influence the self-esteem of
young people, which in turn has an impact on increasing
the importance of the value of “health” through an effec-
tive component of physical activity. The above values are a
stimulating factor in increasing young people’s motivation
to self-improvement. In turn, human self-improvement can
be a means of physical education, which aims to improve
physical fitness, functional state of the body and the level of
physical health of young people.

In the context of considering the correlations between
value orientations and indicators of self-description of phys-
ical development of girls of senior school age, it should be

noted that the results of the study differ significantly from
those of boys. We found negative correlations between the
terminal value of “public recognition” and indicators of
“Self-description of physical development” of girls: “slim
body” (r =-0.27, p <0.05), “appearance” (r = - 0.29, p < 0.05)
and “self-assessment” (r = - 0.31, p < 0.05) (Table 2).

From this we conclude that the desire of girls for public
recognition is quite ambitious, but not due to good appear-
ance and slim body, but due to the development of certain
physical qualities, such as: “coordination of movements”
(r = 0.26, p < 0.05), “physical activity” (r = 0.28, p < 0.05),
“flexibility” (r = 0.25, p < 0.05) and “endurance” (r = 0.27,
p < 0.05). And a negative connection suggests that low self-
esteem of high school girls’ appearance prevents them from
fully realizing their career ambitions and reduces communi-
cative activity in communicating with peers.

It is worth noting that this can also be manifested in the
suppression of leadership qualities of girls. This assumption
is also consistent with the need of girls for freedom as inde-
pendence and the need for public recognition, as evidenced
by the correlations of the terminal value “freedom as inde-
pendence” with the following indicators of self-assessment
of physical development: “coordination of movements”
(r = 0.27, p < 0.05), “physical activity” (r = 0.29, p < 0.05),
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“flexibility” (r = 0.25, p < 0.05) and “endurance” (r = 0.28,
p < 0.05), “sports abilities” (r = 0.24, p < 0.05).

The value orientation towards a happy family life, which
they also associate with good physical development, turned
out to be quite predictable for high school students. We trace
a slight correlation between the value of “happy family life”
with the following indicators of physical development: “co-
ordination of movements” (r = 0.26, p < 0.05) and “physical
activity” (r = 0.28, p<0,05).

Analyzing the obtained results of correlations between
the indicators of the test “Self-description of physical devel-
opment” and value orientations in 11th grade girls, we also
note an unprecedented case when the indicators of the ques-
tionnaire “Self-description of physical development” “slim
body” and “appearance” received only negative correlations
connections with the following terminal values: “interesting
work”, “public recognition”, “self-confidence’, “self-sufficien-
cy as independence” (Table 2).

This fact can be explained by the fact that the 11th grade
in the life of schoolchildren is a very difficult period and a
responsible moment in the life of teenagers. This is a period
of increased workload and moral pressure from teachers
and parents because the decisive year ahead is the passing of
exams and the entrance campaign. Therefore, dissatisfaction
with the indicators of self-esteem of physical development
(“slim body” and “appearance”) have a negative impact on
the social activity and communication of girls in their mi-
croenvironment and on the above life values. Interest in one’s
appearance grows sharply, a new image of the physical “I” is
formed.

Discussion

The formed value orientations are the most important
regulator of vital activity of the person in society, and pro-
vide stability to the person’s display of its behavior, interest,
needs, and beliefs on the basis of which the hierarchy of
values of the individual is built (Bekh, 2010).

Mdivani (1991) predicted that “I-physical” has its own
structure and meaning, but due to the formation of gen-
der and role stereotypes in boys and girls, “I-physical” may
partially change. The object of self-esteem can be various
aspects of personality: features of construction and course of
activity, its results, behavior and relationships, existing abili-
ties, interests and needs, features of character, temperament,
intelligence, etc.

During this period, the attitude of young high school
students to physical activity changes somewhat, which de-
termines the concentration of efforts on the formation of
values, including the values of physical culture. According to
scientists, the emotional background of adolescents becomes
uneven and unstable. The teenager is forced to constantly
adapt to physical and physiological changes in his body.

We present the results of correlations between terminal
values and self-assessment of physical development of 11th
grade students, which indicate a trend of shifting the priority
of youth values towards life values, values of professional re-
alization, and values of interpersonal relationships. Note that
the interdependence of these indicators with self-assessment
of physical development.

In our study, self-esteem is seen as the ability of young
people to analyze their own physical condition, and this can

affect the formation of the inner world and on this basis to
form appropriate value orientations because they give the
opportunity to express certain individual characteristics of
adolescents and influence motivation to exercise and sports.

In the context of our study, we found the interdepen-
dence of “self-esteem” as one of the indicators of the ques-
tionnaire “Self-description of physical development” and the
value of “health” in young people, which is confirmed by a
strong correlation between them. In turn, it should be noted
that young people’s self-esteem has a large number of posi-
tive correlations with other terminal values. This suggests
that young people’s high self-esteem affects both their rela-
tionships with friends, improving their perceptions of life
and helping them to enjoy life, and adds confidence by influ-
encing their health and family relationships. Thus, through
the formation of value orientations, we have the opportunity
to influence the level of self-esteem, which in turn, through
an effective component of physical activity affects the im-
portance of the value of “health” (Krutsevych & Marchenko,
2017).

In this regard, it is worth noting the negative correla-
tion between good looks, slim body in girls and their value
choices for interesting work, the desire for public recogni-
tion, self-confidence and independence.

Back (2015) as a result of research, positive correlations
were found between participation and attitude to school
physical education, sports competence, appearance, physi-
cal activity, self-esteem, flexibility, endurance, strength and
body as a whole; however, a negative correlation was found
with fat deposits (obesity) and the health of senior school
age students.

The self-esteem of physical development of schoolchil-
dren is influenced by internal and external factors which
are connected with fashion for good appearance, develop-
ment of physical qualities, on various types of motor activity
(Krutsevych & Marchenko, 2017b).

Marchenko et al. (2021) determined the general level of
self-esteem of boys and girls of different age groups of their
physical development and critical periods of boys and girls
were identified, where self-esteem of physical development
has the lowest indicators, as well as those age periods in
which students are confident in their strengths and physical
qualities in a high level of general self-esteem of physical
development.

Self-assessment of physical development functions as
part of self-awareness and expresses the individual’s attitude
to himself and is the basis for regulating his own behavior,
has some influence on the formation of values and value
orientations of man. This is especially true of adolescence,
when the completion of a very important stage of person-
al formation (Bochenkova, 2000; Krutsevich, Marchenko,
Trachuk, Panhelova, Napadij, & Dovgal, 2021; Krutsevich,
Marchenko, Trachuk, Priymak, Panhelova, & Kholodova,
2021).

We are convinced that special attention needs to be paid
to the need to take into account the individual character-
istics of girls, to develop individual exercise programs for
them during physical education classes, which in turn will
contribute not only to the harmony of physique, but also to
the formation of girls’ values for them proved to be a priority,
namely, aimed at independence and autonomy in judgments
and public recognition, thereby increasing their self-esteem.
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Conclusions

Certain interdependencies of value orientations and the
level of self-assessment of physical development of senior
school age students and the impact on this process of physi-
cal culture and sports, of course, do not cover all aspects
of solving this problem. However, it is determined that the
formation of value orientations through an effective com-
ponent of physical activity can affect the self-esteem of boys
and girls, which in turn is an indicator of self-awareness and
expresses the individual’s attitude to himself and is the basis
for regulating their own behavior and self-improvement.
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Abstract

Research purpose. The study was aimed at investigating the effect of the proposed technology using movement
games on the physical and psychomotor fitness of young schoolchildren with intellectual disabilities.

Materials and Methods. Fourty children from an orphan asylum in Smila, Cherkasy region (Ukraine) participated
in the study. All children were divided into two groups: control and experimental; all of them had been diagnosed
with moderate-grade oligophrenia and were 2" and 3 graders (age 9-12 years). The control group consisted of

22 pupils, including 11 boys and 11 girls. The experimental group consisted of 18 pupils, including 9 boys and 9 girls.
The following research methods were used to solve the problems set in the paper: analysis and generalization of
information from special scientific literature, pedagogical research methods, method of comparison and similitude,
psychoemotional state and psychomotor development research methods, methods of mathematical statistics.
Results. The study results set forth in the paper will allow stating the fact that lessons with the use of movement
games have a positive effect on the physical and psychomotor fitness of young schoolchildren with intellectual
disabilities, which ensures their social adaptation in the context of growth.

Conclusions. Increasing the time spent on playing games not only in classes but also in extracurricular activities had
a positive effect that found expression in the improvement of the children’s health and psychoemotional condition,
which is the main component of the behavior of a child with mental disabilities. It can be stated that, after using the
proposed movement games, the indicators of the pupils’ psychomotor and mental condition, memory, perception

of reality and attention improved in the positive dynamics of their physical fitness. It was found that the number of
nervous breakdowns, depressive states and symptoms of stress decreased during the selected movement games.
Keywords: movement games, physical fitness, psychomotor development, mental condition.

Introduction

Today, in the society there is a tendency for increasing
the number of children born with intellectual disabilities, the
determinant of this is quite a lot (Imas, Dutchak, & Trachuk,
2013; Aloshyna, Bychuk, & Aloshyna, 2015; WHO, 2015).

Having studied the influence of physical education on
mentally retarded schoolchildren, Hammeken (2000), Ken-
neth (2007), and world practice (WHO, 2015) note that the

© Kuznetsova, L., Trachuk, S., Semenenko, V., Kholodova, O.,
Podosinova, L., Brychuk, M., Varenyk, O., & Kedrych, H.,
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number of children with hearing, visual, musculoskeletal
disorders has not changed significantly over the last decade,
while the number of children with intellectual disabilities
became twice bigger.

The variety of health disorders, impaired coordination
abilities, low levels of physical development and physical
performance, low levels of emotional life of children with
intellectual disabilities need special attention in the setting
of tasks of the adaptive physical education, starting from
the junior school age (Kuznetsova, 2015; Krutsevich et al,,
2020).

In her research, Giagazoglou et al. (2013) notes that the
children with disabilities have impaired motor function, in-
tellectual and cognitive development, regulation of emotions
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directly related to low levels of physical fitness and decreas-
ing the participation in physical activity at all stages of life.

The experts” studies (Pelyh, 2011; Kuznetsova, 2015;
Krutsevich, 2017) have generally recognized that one of the
best means of promoting the health and social adaptation of
such children is the exercise of the adaptive physical educa-
tion, because physical exercises promote the acquisition of
necessary skills and extension of range activity and forming
positive character traits.

The adaptive physical education plays an extremely im-
portant role in developing daily patterns of physical activities,
as there is evidence that children with disabilities have lack
access to physical activities and lower level of physical fitness
in structured and unstructured settings (Aharoni, 2005).

It is known that the successful social adaptation of chil-
dren with intellectual disabilities requires a sufficiently high
level of developing physical qualities, which will be a prereq-
uisite for the correcting their movement disorders (Viskova-
tova, 2012; Kuznetsova, 2015; Aloshyna et al., 2015).

It should be noted that mentally retarded children are
not capable for long, monotonous training, which is often
necessary to develop certain compensatory skills. Therefore,
all work must be done in such a way that the correction is
done out not obsessively, during the most attractive activi-
ties. The analysis of the scientific and methodological litera-
ture and pedagogical practices testified (Hammeken, 2000;
William, 2005; Kenneth, 2007; Dedeliuk, 2014; Shapkova,
2009; Osadchenko, Semenov, & Tkachenko, 2014) that there
are many programs and methods of the adaptive physical
education for working with children with intellectual dis-
abilities. Undoubtedly, their contribution to correcting the
deficiencies of mentally retarded children’s physical develop-
ment and physical fitness is great.

According to the UN High Commissioner for Human
Rights, the ‘Game’ has been recognized as an important com-
ponent in the optimal development of a child and the right
of every child to it. Every child deserves the opportunity to
develop his (her) unique potential, children’s defenders must
consider all factors that interfere optimal development, and
insist on circumstances allowing each child to fully use the
benefits of game (Office of the United Nations High Com-
missioner for Human Rights, 1989).

It is important to note that while there is an experience
in this area, in the process of the adaptive physical education
the use of moving games for children with intellectual dis-
abilities and their influence on improving the physical and
psycho-emotional condition remain poorly substantiated in
the context of social adaptation, which caused the actuality
of our research.

The purpose of the research was to learn the influence of
the proposed technology using moving games on the physi-
cal and psychomotor fitness of young schoolchildren with
intellectual disabilities.

Materials and Methods

Study participants

40 pupils of a special educational institution for chil-
dren with mental retardation, in Smila, Cherkasky region,
took part in the research. All children of mental age 9-12
years according to the Diagnostic and Statistical Manual of

Mental Disorders and the International Statistical Classifica-
tion of Diseases and Related Health Problems were divided
into two groups, control and experimental, with a diagnosis
of oligophrenia of moderate severity and studied in 2 and
3 grades. The control group consisted of 22 pupils, including
11 boys and 11 girls. The experimental group consisted of
18 students, 9 boys and 9 girls.

Study organization

Research methods: the theoretical analysis and gener-
alization of the scientific literature, the pedagogical, socio-
logical, anthropometric; physiological research methods,
the method of copying from medical cards; methods of
research of the psycho-emotional condition, the level of
physical fitness and psychomotor development, methods of
mathematical statistics.

Statistical analysis

The statistical analysis of the obtained data was per-
formed using the Statistica ver. 10.0 (Stat Soft, USA) statisti-
cal software. Only licensed software was used to perform the
analysis.

Legal representatives and authorized persons gave writ-
ten informed agree about participating this children in re-
search, which was approved by the local ethics committee
and by the Declaration of Helsinki.

Results

Moving games held at physical education lessons, twice
in a week, on walks, during excursions, during the adaptive
physical education classes and occupied 60 % of students’
time. So much attention has been paid to the moving games,
because the existing curriculum for the physical education
used in educational institutions of this type in our opinion
and in the light of current trends, needs modernization for
children’s good.

To confirm the expediency of the selected moving games
and their practical effectiveness, we conducted an expert
evaluation of used moving games. Twenty-one staff mem-
bers of the orphanage were interviewed for this purpose:
teachers, educators, medical staff and support staff (Table 1).

The analysis of the answers and the calculation of the
coefficient of concordance indicate the agreement of experts
(W =0.785): about 98% of employees consider that the chil-
dren’s behaviour has improved, 76% - the children’s mood
has improved, 86% - children have become less aggressive,
74% - children have improved friendship skills. 57% have
noticed a decrease in morbidity, 89% have noticed that chil-
dren have begun to show interest in physical education, 95%
of employees believe that children have improved self-care
skills. This demonstrates the effectiveness and correct selec-
tion and helding of moving games with a thematic focus on
solving the health problems of the adaptive physical educa-
tion (APE) of children with intellectual disabilities. Table 2
shows a list of moving games used during the experiment.

Table 3 presents the average indicators of developing
motor skills of schoolchildren with moderate degree intel-
lectual disabilities of the experimental and control groups
before and after the experiment.
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Table 1. The expert evaluation regarding moving games with children with intellectual disabilities (point)

Ne Content of the issue z 5 SD
point
1 Getacquainted with the list of moving games 210 10 1.0
2 Active games help improve schoolchildren’s behavior 206 9.8 1.1
3 Active games help improve schoolchildren’s mood 160 7.6 0.8
4 Active games, depending on the orientation, contribute to reducing the state of aggression 180 8.6 0.8
5 Active games improve the formation of friendship 155 7.4 0.8
6 Active games are an undeniably positive influence on improving health 150 7.2 1.1
7 Active games are a means of reducing morbidity 120 5.7 0.7
8 Active games are an increase in attention 120 5.7 0.7
9 Active games and confidence outside the boarding school 160 7.6 0.9
10 Active games and irritation reduction 118 5.6 0.8
11 Interest in the environment 130 6.2 1.1
12 Interest in physical education lessons 186 8.9 1.1
13 The value of games in improving self-care skills 199 9.5 0.9
14 The advisability of using moving games in practice 210 10 1.0

Table 2. Divides games into categories that help increase social adaptation of schoolchildren with intellectual disabilities

No. Category Games name Game content Pedagogical task

1 “Nature” “Elephant’, “Wolf and goats”, Different types of movements: Adaptation to natural conditions,
“Pigeons”, “Funny birds’, running, walking, jumping, development of attention, language,
“Bunnies”, “Ravens”, “Fox and simulating sounds and improvement of mental and
chickens”, “Catch a mosquito’, movements of animals physical condition
“Teddy bear”, “Flowers and
wind”, “Grasshoppers” ”

2 “Sport” “The sea is splashing”, “We Different types of movements Improving basic motor qualities
are fun guys’, “Fisherman’, (strength, speed, endurance,
“Potatoes”, “Run through the flexibility, agility)
hoop”, “Owl’”, “Path”, “Tunnel”

3 “Transport” “Traffic lights”, “Train’, Various movements, application ~ Getting acquainted with the
“Wheelchair racing”, “Tractors”,  of transport paraphernalia basics of traffic rules, education
“Steam across the road”, “Bus”, of attention, ability to find a way
“Merry scooter”. out of a situation, education

of endurance, development of
orientation
4 “Hygiene and self-  “Wash To Holes,” “Who will Multiple repetitions of the same ~ Forming ability to independently
care” help us?”, “Quick Boots,” “Who  actions in a certain sequence carry out morning and evening

washes your hands faster?”, hygienic measures, to put clothes
“Help a friend,” “Who will clasp and footwear correctly (not to
buttons faster? ” confuse right and left), to eat

5 “Consistency in “Owl’, “Have time to jump’, Various games, relay races with ~ Improving coordination abilities,

actions” “Replace hoops”, “Hold the item”, and without equipment performing complex movements,

“Let’s walk in a circle”, “Pass the developing orientation in space.
flag”

6 “Good mood” “Dwarves and giants”, “Bells”, Using simple and complex Improving overall health, mood,
“Planes”, “Catch the ball”, “Circle movements, various equipment  positive and friendly attitude
to circle” and fitments, various venues among schoolchildren.

7 “Smart game” “Grandpa Mazai”, “Polar bear’, Using a variety of visual aids, Forming general ideas about the

«»

“Falling stick 7 Quick step, look,
don't yell " The clap hands “

pictures, videos,
conducting games in different
conditions

environment, developing memory,
language, attention, education of
initiative.

Developing basic motor qualities: the speed of local ac-
tions, speed, the speed-force qualities, flexibility, and endur-
ance - positive dynamics is observed in the children of the

experimental group.

The local action speed rates were improved on 4.4%
compared to those observed before the experiment.
Speed has been improved on 2.9%, which can be consid-

ered as a good achievement. Considering that speed is one of

160



Kuznetsova, L., Trachuk, S., Semenenko, V., Kholodova, O., Podosinova, L., Brychuk, M., Varenyk, O., & Kedrych, H. (2022). Effect of
Movement Games on Physical Fitness of Children with Intellectual Disabilities

Table 3. Indicates the development of motor skills of children with intellectual disabilities in the control and experimental

groups before and after the experiment

group

Test exercises experimental n = 18 control n =22
X SD X SD
Speed of local actions (clap overhead, clap on hips, before 6.28 3.92 5.64 2.34
several times per second) after 8.22% 4.15 6.5 2.82
Speed (20 M run, sec.) before 28.5 13.25 29.82 13.68
after 27.94 13.68 29.84 9.29

Speed-power qualities (throwing the ball, m) before 2.01 1.48 1.77 0.9
after 2.61* 1.92 2.07 1.03
Stamina (squats, number of times) before 8.94 4.44 6.86 2.93
after 11.17* 5.09 8.64 4.14
Flexibility (holding the toes with two hands from a sitting position, before 2.28 0.89 2.23 0.81
sec.) after 2.76 0.94 2.23 0.81
Speed-power qualities (long jump from place, cm) before 1.02 0.33 0.72 0.32
after 1.17 1.01 0.83 0.33
Strength (hanging on the crossbar with bent arms, sec.) before 2.26 0.91 1.79 0.63
after 2.39 0.02 1.86 0.71

Note. CG - control group, EG - experimental group, * p < 0.05 significant differences before and after the experiment (Student’s t-test)

Table 4. Presents the values of indicators of developing psychomotor qualities for children with intellectual disabilities in
the control and experimental groups before and after the experiment

group
Test exercises experimental n = 18 control n = 22
X SD X SD
Simultaneous movements (hands clenching and stretching, before 5.39 1.69 4.64 1.89
multiple times) after 6 2.1 5.45 1.84
. L . before 135 88.67 95 57.52

Dynamic coordination (jump on 360° turn)

after 175.00* 109.02 120 71.62

beft 1.43 0.51 1.28 0.46
Rhythmic movements (rhythm beats, point) elore

after 1.67 0.49 1.56 0.51
Dynamic co-ordination (from the floor to stand without hands, before 1.56 0.86 1.45 0.67
point) after 1.98* 0.94 1.82 0.96

before 6.36 1.99 5.89 1.84
Mimic test (Alternate right and left eye closure, point)

after 7.34 2.26 7.23 2.33

before 2.06 1.06 2.09 0.87
Static coordination (on the right leg, s)

after 2.28 0.89 1.95 1.95

beft 2.28 0.89 2.23 0.81
Static coordination (on the left leg, s) elore

after 2.44 0.78 2.27 0.78

Note. CG control group, EG experimental group, * p < 0.05 significant differences before and after the experiment (Students t-test)

the physical qualities that is less developed in children with
mental retardation due to existing disorders of the nervous
processes, strength was improved by 1.5%.

It is possible to notice the improvement of flexibility
indicators (on 6.2%) and speed-force qualities (on 7.1%),
while in schoolchildren of the control group the local actions
speed indicators, velocity, speed-force qualities (throwing a
ball) have improved slightly, and the indicators of flexibility
and speed-power (long jump from place) remained practi-
cally unchanged.

As the experiment showed the schoolchildren of the
experimental and control groups are not ready to accept
time intervals and muscle efforts, incorrectly reproduce the
spatial parameters of movements.

Thus, the performed tests allow us to conclude that the
dynamics for young schoolchildren with intellectual dis-
abilities of the experimental and control groups corresponds
to the involved contingent, the level of developing their mo-
tor skills and can be considered positive after the use of the
selected moving games.
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Table 4 presents the indicators developing the psycho-
motor qualities of children with intellectual disabilities of
moderate degree of the experimental and control groups.

Almost all schoolchildren were showed different coor-
dination disorders, but all the children of the experimental
group can be seen the positive dynamics of developing psy-
chomotor qualities after the applied technology of moving
games.

The simultaneity of movements improved by 13.3%
compared to the beginning of the experiment, dynamic co-
ordination - by 15.1%, rhythmic motion - by 4.7%, dynamic
coordination — by 10.1%.

The average mimic test scores (alternate closure of the
right and left eyes) were improved by 13.2%. As the static
coordination, we can note slight improvements, both in the
experimental and control students’ groups.

There were improved the simultaneity of movements by
3.6%, the dynamic coordination - by 11.3%, the rhythmic
movements - by 1.3%, the dynamic coordination (from the
sitting on the floor to stand up without the help of hands) -
by 1.6%, the mimic test — by 3. 9%.

We noted that the psychomotor development indica-
tors of the experimental students’ group, who were more
involved in game activities, have much better positive results
than the children from the control group have.

This indicates that we have correctly selected such mov-
ing games and in such quantities that are appropriate to the
mental and physical health of students with intellectual dis-
abilities and have provided a positive effect.

Discussion

Yun and Beamer (2018) they say, promoting engage-
ment in lifelong physical activity for all children with dis-
abilities should be an important goal of the adaptive physical
education. This can be accomplished by developing IEPs
(individualized education program) with physical activity
goals; carefully considering the class content, the location
and instruction methods that maximize physical activity en-
gagement; and cooperating with other programs within the
school to encourage physical activity participation in and
outside of physical education classes.

Before, U.S. Department of Education (USDE) defined
physical education within its regulation. Section 121.a.14
(b) (2) defined physical education as the development of
physical and motor fitness, fundamental motor skills and
patterns and skills in aquatics, dance, and individualized
and group games and sports (including intramural and life-
time sports). The term includes the special physical edu-
cation, the specialized physical education, the movement
education, and the motor development (Federal Register,
1977, p. 42480).

There proved the data of native and foreign scientists
(Gorskaia, 2000; Evseev, 2007; Vinnik Dzhozef P., 2010;
Moskalenko et al., 2014; Krutsevych, 2017) that the adap-
tive physical education as a system of views and techniques
aiming to improve the condition of disabled people and to
solve the problem of their integration into the society. This
approach is directly related to the philosophy of humanism
and is with the society in the relationship of mutual influ-
ence with the society, which was confirmed in October 2013
in Ukraine by the All-Ukrainian Conference “Status and

Prospects of Implementation the UN Convention on the
Rights of the Disabled in Ukraine”

Chudnaia (2000) believes that the tendencies of the
modern adaptive physical education should be oriented to
a more thorough the analysis and correction of both motor
and cognitive abilities of children with deviations in order
to increase the effectiveness of their education. According to
the level of their development, formation of motor activity,
physical and psychological abilities allowing their adapta-
tion to the environment and society with different activities.

Jin and Yun (2010) presented the evidentiary practice
in the adaptive physical education and identified it in inte-
grating individualized learning strategies with the best fac-
tual available data to satisty the special needs of students in
physical education.

Kenneth (2007) points out that a game is necessary for
development because it promotes the cognitive, physical, so-
cial and emotional well-being of children and young people.
The game also offers an ideal opportunity for parents to par-
ticipate with their children.

The results of the Kosmakovas (2018) study, who has
integrated the elements of basic aerobics, football aerobics,
yoga fit, suggests that it helps increase the level of the physi-
cal development, physical fitness, psychomotor development
and correction of concomitant diseases of children with in-
tellectual disabilities, but the information of the physical
education wellness programs were used for middle school-
aged children.

In the Mozgovyi et al. (1996, 2006) and Sermeev’s (1990)
works there noted that many students with this nosology
have potential motor abilities, and to some extent, a number
of basic motor qualities indicators after the use of technology
tends to improve, in particular strength endurance, speed
of local movements, coordination abilities, velocity, speed
power qualities, flexibility.

According to Gorskaia (2000), Deriabin and Kalmykov’s,
(2017) researches, the age-related growth rates of all types of
mentally retarded students’ coordination abilities have the
same dynamics as in healthy schoolchildren, but with a lag
of 2-3 years. Most sensitive periods of development of coor-
dination abilities are in the range of 9-12 years.

According to Litosh (2002) the level of developing the
coordination abilities are determined by the mobility and
balance of the central nervous system, the degree of maturity
and individual structure of individual areas of the cerebral
cortex, the properties of analyzers (visual, auditory, motor,
vestibular), productivity of processes of perception, memory
and thinking.

Asonitou’s et al. study (2018) found that the adaptive
physical activity programs for the physical fitness of adults
with intellectual disabilities can improve their physical
shape, especially muscular strength and endurance, balance,
flexibility, speed and cardio-respiratory endurance, to pro-
mote a more active and healthy lifestyle.

The indicators of basic motor qualities improved due
to the fact that a large number of moving games of different
orientation and intensity were used in the classes, and many
new types of motor activity were used for children.

However, Golubovi¢ et al. (2011) examining the effect
of exercise on physical fitness of children with intellectual
disabilities suggests that the results in physical training tests
were much lower than in healthy children, a study found an
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association between the degree of the intellectual disability
(ID) and physical training.

As a result of the experimental work, the theoretical
positions of scientists (Shapkova, 2009; Baikina & Viedi-
ernikova, 2014; Aloshyna, 2015) have been supplemented on
the influence of moving games on the mental and physical
condition of young students with intellectual disabilities.

Conclusions

It can be stated that after using the proposed moving
games were improved that the indicators of students’ psy-
chomotor and mental condition, memory, perception of the
surrounding reality, attention are in the positive dynamics
according to their physical fitness were improved. It was
found that during the chosen moving games the number
of nervous breakdowns, depressive states, and symptoms of
stress decreased.

The process of social adaptation by using the moving
games is quite difficult and time-consuming, so it requires
much more investment to achieve the best result than is al-
lowed by the limits of our study.
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BMJIMB PYXJIUBUX ITOP HA ®13U4HY NIATOTOBJIEHICTb
AITEWN 3 BIAXUNEHHAMU PO3YMOBOI'O PO3BUTKY

JTapuca KysHenoBa'45¢?, Cepriit Tpauyk'4*“P, B’suecnaB CeMeHeHKO
Onbra Xonogosa'4*?, Trogmuna Iligocinosa'A®P, Mapia Bpuyayx

Orner Bapennk'*®“P, lanuna Kegpuy>A8c°

1ABCD
b
1ABCD
b

'HanjionanbHuii yHiBepcuTeT Gpi3sYHOrO BUXOBAHHA Ta CIOPTY YKpaiHu
’KpemeHenbka 06/1acHa ryMaHiTapHO-TIelaroriyia akaaemis imeni Tapaca IlleBuenka

ABTOpPCHKMIT BKTA: A — Amsaits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarra: 8 c., 4 Tabm., 1 puc., 34 mxepena.

MeTo10 mOCTimKeHHA OYy/I0 BUMBYEHHS BIUIMBY 3aIlpo-
ITIOHOBAHOI TEXHONOrI] 3 BUKOPUCTAHHAM PYXIMBMX irop Ha
¢isnyHy i ICMXOMOTOPHY IiJITOTOBJICHICTD [iTell MOTOALIOTO
LIKiZTBHOTO BiKY 3 BiIXMJIEHHAMY PO3YMOBOTO PO3BUTKY.

Marepianu Ta MmeTogu. Y HOCTiPKEHHAX B3AMU y4acTb
40 BrxoBaH1iB CMiISHCBKOTO AMUTAYOTO OyIMHKY-iHTepHATY
Yepkacbkoi obnmacti. Bei gitu 6ymu pospineni Ha iBi rpymnn
— KOHTPOJIbHY i €KCIIePMMEHTA/IbHY 3a HAABHUM JialrHO30M
«ojtiro¢peHis MOMipHOTo CTyIeHs» i HaBYamncs y 2 i 3 Kmacax.
KonTponbHa rpyna cknajjanaca 3 22 y4His, 3 akux 11 xon-
4yukKiB i 11 giByarok. B excriepumenTanbHy rpymy Bxopmau 18
Y4HiB, 3 AKMX 9 X/I0M4MKiB i 9 miB4yarok. 1A BupilleHHA II0-
CTaBJIeHNX 3aBJaHb BUKOPUCTOBYBA/INCA HACTYIHI MeTOIM
JOCIIiIPKEHHA: aHaJli3 Ta y3araJbHEHHA JaHMX CIlelia/IbHOI Ha-
YKOBOI JTiTepaTypy, NeJaroridydi METOAM MOCHTiIPKEHHS, METOT,
MOPiBHAHHA Ta 3iCTaBIEHHS, METOAM IOCITiIKEHH IICUX0eMO-
L[IfHOTO CTaHy; ICUXOMOTOPHOTO PO3BUTKY; METOMM MaTeMa-
TUYHOI CTATUCTUKIN.

Pesynpratu. IlpencraBneni B cTarTi pesynrbTaTu pmo-
CIIif[KEeHDb [JO3BOJIATh KOHCTATYBATM TOI (akKT, 1[0 3aHATTA

3 BUKOPUCTAaHHAM PYXJIMBUX irOp IO3UTUBHO BIIIMBAIOTh
Ha Q)isquy i ICMXOMOTOPHY Mi/ITOTOBJIEHICTD JiT€Nl MOIOJ-
1IOTO IIKi/IbHOTO BiKy 3 BiIXMJIEHHSAMM PO3yMOBOIO PO3BU-
TKy, 110 3abe3nedye iX COLia/bHY afamTallil0 B KOHTEKCTI
CTaHOBJIEHHA.

BucHoBKu. 306i/blIeHHs Yacy Ha MIPOBEJEHHS PYXINBUX
irop He TIIBKM Ha ypOKax, a I y M03aypoyHMX (opMax 3a-
HATDb MaJIO MO3UTUBHMI eeKT, IKUIT IIPOSIBUBCS B 3Mil[HEHH]
300pOB’s iTeil i MOMIMIIeHHs X IICMX0EMOLITHOTO CTaHy, 1110
€ TOJIOBHOIO CK/Ia[J0BOXO IIOBE/IiIHKM IUTMHY 3 BaJlaMI PO3yMO-
BOTO PO3BUTKY.

Mo>kHa KOHCTaTyBaTH, 1O MiC/IA BMKOPUCTAHHA 3aIlpo-
[IOHOBAHNUX PYX/IMBUX irop MOKpaImIncsa MOKa3HUKYU ICUXO-
MOTOPHOTO i IICUXiYHOTO CTaHy AiTeil, MaM ATi, CIPUIHATTA
HaBKOJIMIIHBOI JIifICHOCTI, yBary, B MO3UTUBHIN AMHAMIiLi IX
¢disnuHoI migrorosreHocTi. BuspieHo, 1o mix 9ac o6paHUx
PYXIUBUX irop 3MEHIITyBajacsA KiIbKiCTb HEPBOBMX 3PUBIB, Jie-
NPECUBHMX CTaHIB i CUMIITOMIB CTpecy.

Kirouosi cmoBa: pyxmmsi irpy, ¢isyyHa maroTosneHicTs,
IICUXOMOTOPHMUI PO3BUTOK, IICUXIYHUIT CTaH.
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Abstract

The study purpose was to compare high impact aerobic dance exercise versus Zumba to increase Maximum Oxygen

Volume (VO,max) in adolescent women.

Materials and methods. This research is quasi-experimental with a two-group pretest-posttest design research
design. A total of 30 adolescent women from the Student Activity Unit (UKM) aerobic gymnastics at Universitas
Nusantara PGRI Kediri, aged 18-24 years, body mass index (BMI) 18.5-24.9 kg/m? normal blood pressure
participated in the study. Respondents were randomly divided into two groups, namely ZADE (n = 15, Zumba

aerobic dance exercise) and HADE (n = 15, High impact aerobic dance exercise). HADE and ZADE were conducted
for 30 minutes/session, with an intensity of > 85% HRmax, as often as 3 times/week, and both types of training were
performed for 8 weeks. Measurements of VO,max, oxygen saturation (SpO,), and heart rate at rest (HRrest) were pre-
test and 1x24 hours post-test after 8 weeks of training intervention. Statistical analysis used Paired Sample t-Test with

a significance level of 5%.

Results. Paired Sample T-Test results showed significant differences in average VO,max, SpO,, HRrest between

pretest vs. posttest in both groups (p < 0.001).

Conclusions. Based on the study results, we have concluded that both HADE and ZADE increase VO,max, SpO,,
and decrease HRrest. But HADE is more effective in increasing VO,max, SpO,, and lowering HRrest than ZADE in

adolescent women.

Keywords: aerobic dance, exercise, high impact, maximum oxygen volume, zumba.

Introduction

A person who experiences fatigue while carrying out
daily activities can be caused by a lack of physical activ-
ity, resulting in a decrease in fitness levels. Physical activity
has benefits in health development and positively impacts

© Puspodari, P, Setijono, H., Wiriawan, O., Arfanda, P.E., Raha-
rjo, S., Muharram, N.A., Himawanto, W., Allsabah, M.A.H.,
& Koestanto, S.H., 2022.
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challenging things, such as exploration, skills building, and
social integration (Barber & Weichold, 2007). Aerobic fit-
ness is the maximum capacity when inhaling, channeling,
and using oxygen. Aerobic capacity is a major component
of the element of success in sporting achievement. Maxi-
mum oxygen volume (VO,max) is the best indicator of an
athlete’s physical capacity (Rankovic et al., 2010). VO,max
is the maximum amount of oxygen that can be consumed
during intense physical activity until fatigue occurs. Physical
freshness is a person’s ability to perform physical activities
that require strength, endurance, and flexibility. The element
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that affects physical health is cardiorespiratory endurance
(Kusnanik et al., 2019). During exercise there is an increase
in motor units, increased strength, and frequency of muscle
contractions, this is important because it shows changes in
muscle function during development towards exercise with
intensity approaching VO,max (Robergs, 2001).

Endurance is needed for daily activities, with good en-
durance then daily activities will not experience fatigue that
is so heavy. Endurance is strongly related to breathing, heart,
and circulatory (Irwandi & Aprizalmi, 2016). Physical fresh-
ness is an interpretation of the heart’s endurance ability to
maintain maximum body performance without fatigue for
a while. Parameters as a marker of a person’s physical fitness
can be assessed from high VO,max levels (Widodo et al,,
2021). VO,max is the maximum amount of oxygen that can
be consumed during intense physical activity until fatigue
occurs. A person with a good level of VO,max means having
good physical fitness as well. Physical fitness gives a person
the ability to do productive daily work without excessive
fatigue. Low cardiorespiratory fitness can increase the risk
of death from heart disease and hypertension (Irianto &
Hasnah, 2018).

Aerobic gymnastics is very popular in various parts of
the world (Schroeder, 2017). Aerobic exercise can be done
anywhere and anytime. Aerobic gymnastics in addition to
being able to train endurance is also able to increase motiva-
tion so that individuals who do it are more excited. Aerobic
exercise can also help break away from the routine (Wang
& Wu, 2016). Aerobic exercise performed 30-45 minutes,
3x/week for 10 weeks significantly increases physical work
capacity and cardiovascular function (Dowdy et al., 2015).
Aerobic gymnastics is one of the most common adult fit-
ness activities performed (Aleksandra et al., 2016). Based on
its intensity, aerobic gymnastics is divided into three types
low impact, high impact, and mixed impact. High impact
aerobic gymnastics has benefits to help boost the immune
system, heart, and blood circulation. High impact aerobic
exercise is an aerobic exercise with foot movements that
do not touch the floor (Suminar et al., 2018). In addition
to aerobic dance, doing zumba dance activities is also able
to increase flexibility, respiratory endurance, cardiovascular
endurance, and abdominal strength. Zumba is also a rhyth-
mic aerobic fitness program. Zumba involves dance and all
the aerobic components (Bandopadhyay, 2018). Zumba is a
new type of dance practice, inspired by Latin American mu-
sic and Latin American dance. This exercise combines the
basics of merengue dance, salsa, samba, cumbia, reggaeton,
and other Latin American dances, using basic aerobic steps,
but also has the advantages of other dance variations such as
hip hop, belly dance, India, African dance, etc (Perez, 2009).

High blood pressure is one of the riskiest factors for
cardiovascular disease and is one of eight causes of death
worldwide (Punia et al., 2016). Hypertension is a multifacto-
rial chronic disease that affects more than one billion adults
worldwide (Mills, 2016). This is considered an important
cardiovascular risk factor, as it is closely related to the occur-
rence of cardiovascular disease (Rapsomaniki et al., 2014)
and the risk of premature death (Pan, 2020). In addition to
treatment, lifestyle changes are very important in the treat-
ment of hypertension, in addition to regular physical exer-
cise also includes the prevention of hypertension (Whelton
et al., 2020). Variable variations of exercise can be an impor-

tant strategy in maintaining health (de Barcelos et al., 2022).
One way to assess a person’s cardiorespiratory endurance is
to measure VO,max values to measure the capacity of the
heart, lungs, and blood to hold oxygen to working muscles
and measure muscle oxygen use (Nugraheni et al., 2017).
The most common measurement for VO,max prediction is
the Multi-Stage 20-m Shuttle Run Fitness Test. This test is
widely used by sports scientists, teachers, trainers, and fit-
ness advisors because it requires limited equipment, is rela-
tively easy to perform, and is suitable for the assessment of
a large number of subjects. As is the case with all tests and
measurements used to assess the physical fitness component,
critical questions must be asked regarding the repetition
and validity of MFT (Cooper et al., 2005). Maximal oxygen
absorption is assessed by establishing an oxygen recovery
curve based on the Multi-Stage 20-m Shuttle Run Fitness
Test (Paradisis et al., 2014).

The goal of the study was to compare high-impact aer-
obic dance exercise versus Zumba aerobic dance exercise
against the increase in VO,max in adolescent girls. Increased
VO,max can be useful in health, such as the diagnosis of
potential heart disease in the elderly to measuring peak per-
formance in elite athletes (Snarr et al., 2018).

Materials and Methods

Study participants

This research is Quasi-Experimental with a two-group
pretest-posttest design. A total of 30 adolescent women from
the Student Activity Unit (UKM) aerobic gymnastics at Uni-
versitas Nusantara PGRI Kediri, aged 18-24 years, body mass
index (BMI) 18.5-24.9 kg/m? normal blood pressure partici-
pated in the study. Randomly respondents were divided into
two groups, namely ZADE (n = 15, Zumba aerobic dance ex-
ercise), HADE (n = 15, High impact aerobic dance exercise).
Before participating in the research, all respondents obtain
information both orally and in writing about the research
to be carried out. All respondents expressed willingness to
participate in the research by signing informed consent. All
procedures carried out in our research have complied with
the Helsinki World Medical Association Declaration on the
ethical conduct of research involving human subjects.

Study organization

The high-impact aerobic dance exercise and Zumba
program are applied and supervised by professional officers
from the Faculty of Health and Science, Universitas Nusan-
tara PGRI Kediri. High impact aerobic dance exercise and
Zumba for 30 minutes/training session with intensity > 85%
HRmax with a frequency of 3x/week for 8 weeks. Monitor-
ing heart rate during high impact aerobic dance exercise and
Zumba using polar heart rate monitor (Polar H7 Bluetooth
Heart Rate Sensor & Fitness Tracker, Inc., USA).

Data collection for body height (BH) measurement us-
ing a Stadiometer (Portable Seca® Stadiometer, North Amer-
ica). Body weight (BW) is measured using digital scales
(OMRON HN-246, Osaka, JAPAN). BMI is calculated using
BW (kg) divided by BH (m?). Blood pressure measurement
using digital meter tension (OMRON Model Deluxe HEM-
8712 BASIC, JAPAN) on the non-dominant arm 3 times in a
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row with a break interval of 2 minutes between the two mea-
surements then take the average value of the three measure-
ments. Measurements of heart rate rest (HR-rest) and oxygen
saturation (SpO,) using the Beurer Pulse Oximeter PO-30.
Measurement of maximum oxygen volume (VO,max) using
Multi-Stage 20-m Shuttle Run Fitness Test (Paradisis et al.,
2014). VO,max, SpO,, and HR-rest measurements were pre-
test and 1x24 hours post-test during 8 weeks of high-impact
aerobic dance exercise and Zumba interventions.

Statistical analysis

The technique of data analysis used the Statistical Pack-
age for Social Science (SPSS) version 21 software. The Sha-
piro-Wilk test was used for normality test analysis with a
significant level (p > 0.05). Paired Sample t-Test was used
to compare the mean VO,max, SpO,, and HR-rest between
pretest vs. posttest, while the Independent Samples t-Test
was used to compare the mean VO,max, SpO,, and HR-rest
between ZADE vs. HADE at the pretest, posttest, and delta
observation points. All statistical analyzes used a significant
level (p <0.05).

Results

Preliminary measurement results of the characteristic
parameters of study respondents which include age, body
height, body weight, body mass index, blood pressure are
shown in Table 1 below.

Based on Table 1, the results of the Independent Samples
t-Test analysis showed that there was no significant differ-
ence in the average parameter characteristics of study re-
spondents between ZADE vs. HADE (p = 0.05). The results
of the analysis of the average maximum oxygen volume (VO-
,max), oxygen saturation (SpO,), heart rate rest (HR-rest)
between pretest vs. posttest on ZADE and HADE can be
seen in Figure 1.

Based on Figure 1 it is seen that there is an average
change in VO,max, SpO,, HR-rest between pretest vs. post-
test on ZADE and HADE. Paired Sample T-Test results
showed significant differences in average VO,max, SpO,,
HR-rest between pretest vs. posttest in both groups (p <
0.001). The results of the analysis of the average VO,max,
SpO,, HR-rest between ZADE vs. HADE at the pretest, post-
test, delta observation points can be seen in Table 2.

Table 1. Initial measurement results of characteristic parameters of study respondents

No Parameter ZADE (n = 15) HADE (n = 15) p-value
1 Age (years) 20.73+£1.58 20.60+1.59 0.820
2 Body height (m) 1.55£0.04 1.54+0.06 0.662
3 Bodyweight (kg) 55.40+4.75 54.33+8.52 0.675
4 Body mass index (kg/m?) 23.11+2.15 22.78+2.60 0.710
5 Systolic blood pressure (mmHg) 117.87+3.02 116.60+2.56 0.225
6 Diastolic blood pressure (mmHg) 78.87+3.76 77.40+3.78 0.295

Description: ZADE: Zumba aerobic dance exercise, HADE: High impact aerobic dance exercise. p-value is obtained using the Indepen-

dent Samples t-Test. Data presented with Mean + SD.

Table 2. Average analysis results VO,max, SpO,, HR-rest between ZADE vs. HADE

No Observation Point ZADE (n = 15) HADE (n=15) p-value
1 VO,max (mL/kg/min)
Pretest 26.37+2.72 26.23+3.57 0.905
Posttest 30.49+2.31 32.91+£3.31% 0.029
Delta (Post - Pre) 4.12+2.02 6.67+1.25%* 0.000
2 SpO, (%)
Pretest 96.60+0.91 96.80+0.77 0.522
Posttest 98.00+0.93 98.87+0.92* 0.015
Delta (Post — Pre) 1.40+0.74 2.07+0.88* 0.033
3 HR-rest (bpm)
Pretest 79.07+4.13 79.6013.64 0.710
Posttest 76.40+4.07 73.07+£2.81* 0.014
Delta (Post - Pre) -2.67+1.05 -6.53+2.67** 0.000

Description: ZADE: Zumba aerobic dance exercise, HADE: High impact aerobic dance exercise. *Significant vs. ZADE (p < 0.05).
**Significant vs. ZADE (p < 0.001). p-value is obtained using the Independent Samples t-Test. Data presented with Mean + SD.
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Figure 1. Average VO,max, SpO,, HR-rest between pretest vs.
posttest on ZADE and HADE
Description: ZADE: Zumba aerobic dance exercise, HADE: High
impact aerobic dance exercise. *Significant vs. Pretest (p < 0.001).
p-value is obtained using the Paired Sample t-Test. Data presented
with Mean+SD

Independent Samples t-Test analysis showed no signifi-
cant difference in average VO,max, SpO,, HR-rest between
ZADE vs. HADE at the pretest observation point (p = 0.05),
while at the posttest and delta observation points there was
a significant difference in average VO,max, SpO,, HR-rest
between ZADE vs. HADE (p < 0.05).

Disscusion

Aerobic dance exercise is one form of physical activity
that can improve health and please many people around
the world (Vijayalakshmi et al., 2021). Currently, aerobic
dance exercise has become a lifestyle, this is because aero-

bic dance exercise can improve heart health (Donath et al.,
2014), overall muscle strength, balance, and coordination,
and reduce depression (Santos-Silva et al., 2021). Our re-
search aims to gain insight into the comparison of the ef-
fects of high-impact aerobic dance exercise (HADE) and
Zumba aerobic dance exercise (ZADE) to maximal oxygen
volume (VO,max), heart rate rest (HR-rest), oxygen satura-
tion (SpO,). Based on the results of the study showed that
there was a significant difference in the average increase in
VO,max and SpO, between pre-test vs. post-test on (HADE
and ZADE). While the average HR-rest between pretest vs.
posttest on HADE and ZADE decreased significantly (Figure
1). These results are in line with the results of research con-
ducted by Suminar et al. (2018) reported that high-impact
aerobics exercise, and Zumba fitness increase VO,max and
decrease heart rate recovery. Research of Nandhini (2013)
also reported an increase in VO,max after aerobic dance
training. Samba dance performed with moderate to heavy
intensity improves cardiorespiratory fitness (Santos-Silva et
al., 2021). Likewise, Zumba training (group fitness based
on salsa and aerobics) improves aerobic fitness (Donath et
al,, 2014). The 8-week Low Impact Aerobic Dance Program
significantly improved VO,max (Olufemi & Adaeze, 2012).
The increase in VO,max is likely due to high-impact aero-
bic dance exercise increasing Fast-twitch muscle fibers, thus
causing an increase in muscle contractions faster than Zum-
ba aerobic dance exercise. Muscle fibers are designed to pro-
duce powerful explosive power with the use of more energy
sources. Fast-twitch muscle fibers require more energy than
slow-twitch muscle fibers, so the recovery process after aero-
bic dance exercise is more effective (Mallesh et al., 2017).

Heart rate is one of the foundations in determining the
dose of physical activity. Heart rate can describe a person’s
intensity in doing a physical activity so that it can show how
hard the heart works. A person who has a normal pulse and
tends to be low can have good VO,max and will not easily
experience fatigue while doing aerobic exercise. This is sup-
ported by our results which showed an increase in VO,max
and a decrease in HR-rest after 8 weeks of high-impact aero-
bic dance exercise and Zumba. High levels of VO,max affect
the body’s ability to recover optimally. Maximum oxygen
volume (VO,max) can provide important information about
an individual’s capacity in the long-term energy system and
maximum oxygen consumption can be increased with long-
term aerobic exercise (Bandopaddhyay, 2018). Aerobic ex-
ercise has been shown to lower the risk of cardiovascular
disease in women with sedentary lifestyles characterized by
improvements in systolic and diastolic blood pressure as well
as increasing high-density lipoprotein (HDL) and lowering
total cholesterol (TC), low-density lipoprotein (LDL), and
triglyceride (TG) (Imamoglu et al., 2017).

Endurance is needed for daily activities, with good
endurance then daily activities will not experience fatigue
that is so heavy. Endurance is strongly related to breathing,
heart, and circulatory (Irwandi & Aprizalmi, 2016). Physi-
cal freshness is an interpretation of the heart’s endurance
ability to maintain maximum body performance without
experiencing fatigue for a period of time. The parameter
that can be used as a marker of a person’s physical fitness
level is VO,max (Widodo et al., 2021). VO,max is the maxi-
mum amount of oxygen that can be consumed during in-
tense physical activity until fatigue occurs. A person with
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a good level of VO,max means also having a good level of
physical fitness. Physical fitness gives a person the ability to
do productive daily work without excessive fatigue. A person
with a low level of physical fitness can increase the risk of
death from heart disease and hypertension (Irianto & Has-
nah, 2018). Based on the results showed that Zumba aerobic
dance exercise and high impact aerobic dance exercise con-
ducted 30 minutes/training sessions with a frequency of 3x/
week for 8 weeks increase VO,max, but high impact aerobic
dance exercise is more effective in increasing VO,max than
Zumba aerobic dance exercise (Table 2). Therefore, high-
impact aerobic dance exercise can be used as a method in
improving physical fitness, to reduce the risk of heart disease
and hypertension.

Conclusion

Based on the results of the study concluded that Zumba
aerobic dance exercise and high impact aerobic dance exer-
cise conducted 30 minutes/training session with a frequency
of 3x/week for 8 weeks increase VO,max, SpO, and decrease
HR-rest. But high impact aerobic dance exercise is more ef-
fective in increasing VO,max, SpO,, and lowering HR rest
than Zumba aerobic dance exercise in adolescent women.
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NMOPIBHAHHA BMJIUBY BMPAB I3 BUCOKOYAAPHOI TAHLIIOBAJIbHOI
AEPOBIKU TA 3YMbU HA NIABULLEHHA MOKA3HUKA
MAKCUMAJIbHOIO CMNOXXUBAHHA KUCHIO B OHUX XKIHOK

ITyciomapu'*®P, Xapi Ceti>xono'*®P, Oue BipiaBan'48?, ITonmi Ericano Apdanpma'®c,
Cnamer Paxapmxko?®®, Hyp Axman Myxappam®®, Bacic XimaBanto®®c, M. Ax6ap

Xyceitn Anmncabax®**“P, Cycimarypoxman XenapaBan Koecranrto

Nep>xaBHuit yHiBepcutet Cypabai
*Jlep>xaBHUI yHiBepcuTeT MamaHr

4BD

*Kenipiitcpkuii yHiBepcureT HycanTapa Acomnianii Bunrenis IngoHesii

*YuiBepcuret Kaxypinan B Kenipi

ABTOpCHKNMIT BKIAA: A — [U3aiiH KOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E — 36ip xowTis

Pedepar. Crarts: 7 c., 2 Tabn., 1 puc., 32 mxepena.

MeTo10 mOCTifKeHH: Oy/I0 MOPIBHAHHS BIPAaB i3 BUCOKOY-
JapHOI TaHIIIOBAJIbHOI aepoOiKy Ta 3yMOM 3a iXHIM BIUIMBOM Ha
HiIBUIIIEHHA TOKa3HMKa MAaKCYMAaTbHOTO CIIOKMBAHHA KUCHIO
(VO,max) y IoHUX >KiHOK.

Marepiammu ta metopu. Lle nocnifykeHHs € KBasiekcriepyMeH-
Ta/ZIbHUM, TP LIbOMY I/IaH MPOBEJEHHS JOC/i/[KEHH BK/IIOYa€E
TIOTIEpEHE Ta 3aK/I0YHE JOCIPKEHHA B PaMKaxX JIBOX eKCIIEpH-
MEHTA/IbHVX TPYIL. Y JOCIimKeHHi 6panu yaacTb 3araoM 30 I0HIX
JKIHOK 13 CeKIIil CTY/IeHTCHKOI is/IbHOCTI 31 CIIOPTUBHOI aepobiku,
AKi HaBYaloTbCcA B yHiBepcuteri Hycanrapa Acouianii Bumrenis
Innonesii B micti Kegipi (IngoHesist), Bikom 18-24 poku, iHfeKc
macu Tima (IMT) 18,5-24,9 xr/m? HOpMa/nbHWIT KPOB STHUI THCK.
Y4yacHuIb BUNAZIKOBO PO3IOAINMIN Ha ABi rpymu, a came: ZADE
(n = 15, BIpaBa 3 TaHIIOBaNIbHOI aepobiku 3ym6u) Ta HADE
(n =15, BIIpaBa 3 BMCOKOYAAPHOI TaHI[I0Ba/IbHOI aepobikm). Bripa-
B HADE ta ZADE Bukonysamucsa npotsarom 30 XB/3aHATTA 3
inTeHcuBHicTIO > 85% MakcuManbHoi YCC (HRmax), i3 yacToToro
3 pasu/TIDKLeHb, i 00MABa TUIIM TPEHYBaHb IPOBOAVIIICS IPOTA-
roM 8 TVDKHIB. BUMipIoBaHHSA MOKa3HMKIB MaKCYMa/IbHOTO CIIOXKM-
BaHH: KicHIO (VO,max), HacudeHoCTi kpoBi kucHeM (SpO,) i yac-
TOTH CeplieBMX CKOpOYeHb y cTaHi criokoro (HRrest) mpoBomummi o

IIOYATKy Ta 1X24 TOAMHM IIiC/IA 3aBePLIEHHs eKCIIePUMEHTaIbHOI
YaCTMHMU Mic/A 8 TUXKHIB TPEHYBa/lbHOTO BTpY4aHHA. CTaTUCTUY-
HIIT aHAJII3 JaHMX OY/I0 IPOBEEHO 3 BUKOPUCTAHHAM t-KpUTepiio
CrplofieHTa /1A TAPHUX BUOIPOK i3 piBHeM 3HauyIoCTi 5%.

Pesynbraru. PesynbTaty aHanisy JaHuX i3 BUKOPUCTAHHAM
t-kpurepito CTblofieHTa il apHUX BUOIPOK IOKasanu 3Ha4Hi
BiIMIHHOCTi B CepeHiX 3HaYeHHAX IIOKa3HUKIB MaKCHMa/lbHO-
ro croxxuBaHHsA KrcHO (VO,max), HaCM4YeHOCTi KPOBi KMCHeM
(SpO,) i YCC y craHi cnokoto (HRrest) MK gaHMMM [0 Ta MCTA
eKCIIepUMEeHTA/IbHOI YacTHHY B 000X rpynax (p < 0,001).

Bucnosku. Ha mifictasi ofiep>kaHUX pe3ynbTaTiB JOCTiIKeH-
HA MU JifiIJIM BUCHOBKY IIPO T€, IO i BIPAaBM 3 BUCOKOYHAapHOI
TaHoBaIbHOI aepobiku (HADE), i BipaBu 3 TaHI[IOBa/IbHOIL ae-
pobiku 3ym6u (ZADE) HigBMINYIOTh MOKA3HUKM MaKCHMaIbHO-
ro croxuBaHHsA KucHO (VO,max), HaCM4YeHOCTi KPOBi KMCHeM
(SpO,) rta sumwxkymwoTh nokasuuk YCC y crani cnokoro (HRrest).
ITpore Bupasu 3 HADE edexrusHini 3a Bupasu ZADE pa mipn-
BIIeHHA NoKasHMKIB VO,max, SpO, Ta 3HIKeHHA MOKa3HMKa
HRrest y roHuX XiHOK.

KirouoBi cnoBa: TaHIf0BanbHa aepobika, BIIPaBa, BUCOKOY-
JapHMIT, MaKCUMa/IbHe CIIOKMBAHHS KICHIO, 3yMba.
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Abstract

Research objectives. This study aimed to validate the use of the Physical Activity Questionnaire Adolescent (PAQ-A),
a physical activity instrument widely used in a school setting, among Indonesian adolescents, particularly during
blended learning or online schooling due to COVID-19 restrictions.

Materials and methods. This study was a cross-sectional survey of 370 Indonesian adolescents (62.2% female, mean
15+2 years) participating in online and blended learning. Participants completed the Indonesian version of the
PAQ-A online. Sixty-three (17%) participants completed the same questionnaire one week later (second survey) for
the test-retest reliability, from which the intraclass correlation coefficients (ICC) were calculated. Internal consistency
reliability was calculated in both surveys, while confirmatory factor analysis (CFA) was analyzed from the data in the

first survey.

Results. The Cronbach alpha of the PAQ-A for the first and second surveys was 0.78 and 0.82, thus indicating the
acceptability of internal consistency reliability. The ICC for all PAQ-A items ranged from 0.40 to 0.81, indicating fair
to excellent test and retest reliability. The root means square error of approximation was 0.033 suggesting acceptable

construct validity of the instrument.

Conclusions. In conclusion, sufficient evidence shows the validity and reliability of the PAQ-A to justify the use of
the questionnaires for measuring physical activity levels in the Indonesian adolescents in the blended learning or

online schooling setting.

Keywords: validity, reliability, physical activity questionnaire, adolescents, Indonesia.

Introduction

One of the objectives of physical education in school
is to promote physical activity, as an important aspect of
growth and development among children and adolescents
(Trudeau & Shephard, 2008). Moreover, regular physical ac-
tivity has been found to provide various benefits for physical,
mental, and psychosocial health, all of which are essential
for optimizing learning, thus, it fosters improved academic
performance among children and adolescents (Erwin et al.,
2012). Regular physical activity also plays a critical role in
health maintenance (WHO, 2018; Chooi et al., 2019), and
in preventing non-communicable diseases (NCD) (Badr et
al., 2017; Choukem et al., 2020; Geidl et al., 2020), such as
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diabetes mellitus, hypertension, heart disease, cancer, and
stroke (Kinlen et al., 2018; Longo et al., 2019). For optimum
health benefits, the World Health Organization (WHO) rec-
ommends at least 60 minutes per day of moderate or high-
intensity physical activity for adolescents (WHO, 2018).
Despite this recommendation, however, physical activity
level is declining among adolescents globally and in Indo-
nesia (WHO, 2020; Ministry of Health Republic of Indone-
sia, 2018), while physical inactivity increased from 70% in
2018 to 81% in 2020 in Asian countries (WHO, 2018; WHO,
2020). Therefore, physical activity promotion should be a
public health priority among Indonesian adolescents.
Interventions to promote physical activity are essential in
this age group because adolescents experience rapid physical,
psychosocial, and cognitive development (Regwelski et al.,
2019), affecting their physical activity. Moreover, behavioral
interventions in this stage are critical since physical activity
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is likely to continue into adulthood (Psaltopoulou et al., 2019;
Chaudhry et al,, 2020; Flodgren et al., 2020). These interven-
tions require valid and reliable instruments for measuring
physical activity. However, although several instruments have
been widely used to measure physical activity, such as the
International Physical Activity Questionnaire (IPAQ) and
Global Physical Activity Questionnaire (GPAQ) (Keating et
al,, 2019), only a few instruments were available for assessing
physical activity among adolescents.

One of the instruments is the Physical Activity Question-
naire-Adolescent (PAQ-A), which is considered a brief and
comprehensive instrument which is widely used in the school
setting. The validity of the PAQ-A during the instrument
development was reported by Kowalski et al. (1997) among
eighty-five students in grades 8 to 12. They demonstrated a sig-
nificant correlation of the PAQ-A with physical activity rating
(r = 0.73), the leisure time training (r = 0.57), a caltrac motion
sensor (r = 0.33), and the seven days of physical activity recall
interview (r = 0.59) (Kowalski et al., 1997).

However, while the PAQ-A has demonstrated good
validity and reliability in the countries such as Canada
(Kowalski et al., 2004), England (Aggio et al., 2016), Poland
(Wyszynska et al., 2019), Turkey (Polat et al., 2021), Malay-
sia (Koh et al,, 2020), Ethiopia (Andarge et al., 2021), and
Thailand (Pratanaphon et al., 2020), the validation of the
instrument during online or blended learning due to school
closure or social restriction associated with COVID-19 pre-
ventive measures have not been reported in the literature,
including in Indonesian setting. This study, therefore, aimed
to evaluate the validity and reliability of the Indonesian ver-
sion of the PAQ-A in the Indonesian adolescent popula-
tion during blended learning or online schooling due to the
COVID-19 restriction. It is expected that the validated in-
struments could be used as a basis for evaluating physical
activity levels among adolescents in this setting.

Materials and methods

Study participants

This research was a cross-sectional study assessing the
psychometric properties of the Indonesian version of PAQ-A
among adolescents in the school setting (online and blended
learning). The research involved 370 Indonesian adolescents
between 11-18 years old. Of those, 63 (17%) participated in
the second survey for the test and retest analysis the follow-
ing week. Participants were provided with written consent
and parental consent. The research protocol was approved by
the Human Ethics Committee of Universitas Gadjah Mada
(approval No. KE/FK/1052/EC/2021).

Instrument and Scoring Procedures

PAQ-A assesses physical activity levels for adolescents
in grades 9 to 12 or ages 11 to 18 in a school setting. PAQ-A
consists of nine questions about daily physical activity dur-
ing the week, in and outside the school for the last week.
The first question contains sixteen questions that specifically
discuss the time used for specific types of physical activity/
sports usually carried out by adolescents. Question #2 to #7
ask for their physical activity during leisure time, physical
education, lunch, after school, evening, weekend. Item #8

ask the frequency of physical activity during each day of the
last week, while the ninth question review changes in physi-
cal activity compared to the previous week. For the first eight
items, the score ranges from 1-5, in which the highest score
indicates a higher physically active level. Scores for item #1
and item #8 are the average of the responses. The final score
if PAQ-A is the average of items #1 to #8.

Statistical Analysis

Participants completed the Indonesian version of the
PAQ-A online (firs survey). They were again contacted in the
following week to complete the online questionnaire (sec-
ond survey). In the first survey, they have also completed
questionaries asking their age, weight, height, family history
of obesity, study mode (online or blended), type of school
(public or private), and duration of time they spend engag-
ing in moderate-vigorous physical activity.

Age data were categorized into two groups (i.e., early ado-
lescents ranging from 11 to 14 years old, and middle adoles-
cents from 15 to 18 years old). Body mass index (BMI) was
calculated as weight in kilograms divided by height in meters
squared and was categorized into underweight (<18.5), nor-
mal (18.5-23.5), and overweight (>23.5). The family history
of obesity was organized into two: the presence and absence
of obesity in both the father and or mother, grandfather, and
grandmother. Time engaging for physical activity was divided
into <60 minutes/day and 60 minutes/day. Group compari-
sons were made between participants who completed only the
first survey and completed twice based on those characteris-
tics using the Pearson Chi-Square test.

Internal reliability consistency of PAQ-A was assessed us-
ing Cronbach Alpha, with less than 0.70 to indicate acceptable
reliability (Sharma, 2016). We also calculated one-week- test
and retest reliability on both the PAQ-A by calculating each
item’s intra-class correlation (ICC) (single oneway model).
The ICC 0,4 to 0,59 was considered fair, >0.60 was considered
good, and the ICC >0.75 was considered excellent (Schreiber,
2006). To assess the construct’s validity, confirmatory factor
analysis (CFA) was used to determine the goodness of fit of
the observed data using the hypothesized model structure.
Several goods of fit criteria indices were used. First, chi-square
(X) of less than 3.00 indicated a good fit (Schreiber, 2006).
Second, the Root Mean Square Error of Approximation (RM-
SEA) less than 0.08 indicated a good fit (MacCallum et al.,
1996). Next, the Comparative Fit Index (CFI) and Tucker
Lewis Index (TLI) of >0.90, and the standard value of the root
mean Square Residual (SRMR) of <0.08 were also indicators
ofa good fit (Hu & Bentler, 1999). We also calculated the load-
ing factor for each PAQ-A with factor loadings of 0.30 to 0.50
considered low, 0,50 to 0,70 considered moderate, and 0.70
considered good (Shevlin & Miles, 1998). Data were analyzed
using SPSS® version 21.0 (IBM Corp., Armonk, NY, USA),
except the CFA uses Lisrel version 8.80 (Juli, 2006., by Karl
Joreskog and Dag Sorbom. Scientific Software International,
Inc, Copyright®2006) (Joreskog, & Sorbom, 1993).

Results

Participants Social Demographic Characteristics
Three hundred and seventy participants completed the
first survey, and 63 of them completed the second survey
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Table 1. Comparisons of Participants Sociodemographic in the First and Second Surveys

(like playing sports, games, doing dance,
or any other physical activity) for each
day last week

" Only completed Also completed
Characteristics (:gtgl7 0) the 1% survey the 2" survey p-value#
- (n=307) (n = 63)**
Teenage Age (years) 15+2 15+2 15+2 0.897
11-14 (early) 176 (47.6%) 147 (47.9%) 29 (46.0%)
15-18 (middle) 194 (52.4%) 160 (52.1%) 34 (54.0%)
Sex 0.811
Female 230 (62.2%) 190 (61.9%) 40 (63.5%)
Male 140 (37.8%) 117 (38.1%) 23 (36.5%)
Body mass index 0.554
Underweight <18.5 150 (40.5%) 122 (39,7%) 28 (44,4%)
Normal weight (18.5-23.5) 170 (45.9%) 141 (45.9%) 29 (46.0%)
Overweight >23.5 50 (13.5%) 44 (14.3%) 7 (9.5%)
Family history of obesity 0.475
Yes 147 (39.7%) 125 (40.7%) 22 (34.9%)
No 223 (60.3%) 185 (59.3%) 41 (65.1%)
Type of school 0.060
Public 280 (75.7%) 226 (73.6%) 54 (85.7%)
Private 90 (24.3%) 81 (26.4%) 9 (14.3%)
Learning Mode 0.378
Mix 170 (45.9%) 146 (47.6%) 24 (38.1%)
Full online 200 (54.1%) 161 (52.4%) 39 (61.9%)
Duration of time for physical activity/sports 0.213
< 60 minutes/day 281 (75.9%) 237 (77.2%) 44 (69.8%)
> 60 minutes/day 89 (24.1%) 70 (22,8%) 19 (30.2%)
Table 2. Descriptive Statistics and Reliabilities Assessments
First Survey (n = 370) Second Survey (n = 63)
No Characteristics Corrected  aif item Co.rrected aif
Mean + SD item-subscale deleted Mean + SD item item deleted fec
-subscale
PAQ-A
Physical activity in your spare time: Have ~ 1.47 £ 0.37 0.49 0.76 1.49 +0.29 0.55 0.77 0.79
you done any of the following activities
in the past 7 days (last week)? If yes, how
many times?
In the last 7 days, during your physical 3.70 +0.88 0.25* 0.77 3.76 £ 0.96 0.37* 0.78 0.73
education (PE) classes, how often were
you very active (playing hard, running,
jumping, throwing)?
In the last 7 days, what did you normally  1.70 £ 1.05 0.12% 0.80 1.95 £1.29 0.22% 0.82 0.83
do at lunch (besides eating lunch)?
. In the last 7 days, on how many days right 2.40 + 0.96 0.52 0.73 2.85+1.12 0.69 0.72 0.65
after school, did you do sports, dance, or
play games in which you were very active?
In the last 7 days, on how many evenings 2.26 £ 1.13 0.63 0.71 2.92 +0.85 0.59 0.74 0.64
did you do sports, dance, or play games
in which you were very active?
On the last weekend, how many times 2.15+1.02 0.54 0.73 2.58 +0.69 0.45 0.76 0.40
did you do sports, dance, or play games
in which you were very active?
. Which one of the following describes 214+ 1.11 0.69 0.70 242 +1.03 0.70 0.72 0.79
you best for the last 7 days?
. Mark how often you did physical activity 2.31 £ 0.87 0.68 0.70 2.52+£0.81 0.68 0.73 0.81

*=corrected item-total correlation item deleted <0.4
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for the retest reliability assessment (17%). Table 1 summa-
rizes and compares the characteristics of participants who
completed only the first survey (n = 307) and those who
completed both surveys in both the first and second surveys
(n = 63). Overall, the age of the participants ranged from
11-18 years with a mean of 15 + 2 years. The majority were
women, average weight, had no history of obesity in the
family, attended public school, learned online, had less than
60 minutes/day of physical activity, and lived in Java Island
in Indonesia. Participants who completed only the first sur-
vey and completed both surveys were similar in these char-
acteristics (p > 0.05).

Descriptive Statistics, and Reliability of PAQ-A

Table 2 summarizes the descriptive statistics of each
PAQ-A item as well as the internal consistency and test and
retest reliabilities. As seen in Table 2, the Cronbach alpha for
the PAQ-A was 0.77 and 0.78 in the first and second surveys.
As seen in Table 2, the corrected item subscale of one item of
the PAQ-A was below 0.4. However, the ICC for each PAQ-
A from 0.40 to 0.81, thus indicating fair to excellent test and
retest reliability.

Confirmatory Factor Analysis

The findings from the confirmatory factor analysis are
presented in Table 3 and Figure 1.

Table 3 demonstrates that all fitness indexes of the In-
donesian translated versions of PAQ-A indicated a good fit

Table 3. Goodness-of-fit statistics of the original and
PAQ-A structure (n=370)

Characteristics PAQ-A
x2/df 1.35
RMSEA (90%CI) 0.033 (0.000-0.059)
CFI 0.991
TLI 0.987
SMSR 0.062

Note: df, degree of freedom; RMSEA, root mean square approxi-
mation; CFI, comparative fit index; TLI, Tucker Lewis index;
SMSR, standardized root mean square residual.

0.95 3 024

1.00
0.€5™

0.4 &

Chi-Square=27.86, df=20, P-value=0.11264, RMSEA=0.033

Figure 1. Factor loading PAQ-A

with the original factor structure. Figure 1 further indicates
that all items except for items #2 and #3 on the PAQ-A have
acceptable factor loadings.

Discussion

This study was the first to validate the PAQ-A in Indo-
nesia and the first to report the validity and reliability of the
instrument in the online or blended learning school set-
ting. The overall finding of this study indicates an acceptable
internal consistency and test and retest reliability well as a
good construct validity of the instrument. The finding from
this study suggests that the Indonesian translated version of
the PAQ-A questionnaire shows a good and acceptable in-
ternal reliability consistency (a-Cronbach of 0.77 and 0.78 in
the first and second surveys) and an excellent total intraclass
correlation coeflicient (ICC = 0.40-0.83).

The findings from this study are in line with findings
by Aggio et al. (2016) in 169 adolescents with the mean age
14,8 £ 1.7 years in England, which reported a-Cronbach of 0.72
and ICC value of 0.78. It is also in line with findings reported by
Wyszyniska et al. (2019) in adolescents in 78 Poland age ranged
14-19 years, reporting a-Cronbach of 0.93; ICC = 0.97; r = 0.94
and ICC = 0.97. Our findings are also in corroboration with
Polat et al. (2021), who studied PAQ-A among 150 adolescents
aged 14-18 years in Turkey, which reported a-Cronbach of
0.86 ICC =0.71-0.99 (Polat et al., 2021). Our findings also sup-
port the findings from Koh et al. (2020), who validated PAQ-A
in 60 adolescents in Malaysia, age ranged from 15-17 years,
which reported with ICC = 0.72. It also supports the findings
by Pratanaphon et al. (2020) in 96 adolescents in Thailand
reporting a-Cronbach of 0.84 and ICC of 0.78, and a study by
Andarge etal. (2021) among 110 adolescents aged between 14-
19 years old in Southern Ethiopia, which reported a-Cronbach
a of 0.74 in their first study and 0.76 in their follow up study.
However, the intraclass correlation from the Andarge et al.
(2021) study was 0.34 was lower than the finding of our re-
search. The discrepancy might be due to the different intervals
of the test and retest study. Their study test and retest interval
were 5 weeks, compared to only 1 week in our study thus may
be attributed to the discrepancy of these findings.

These previous studies were paper-based surveys con-
ducted during offline schooling, while ours was an online
survey conducted during online schooling and blended
learning. The findings of this present study, therefore, ex-
tend the applicability of the PAQ-A within an online envi-
ronment. In addition, the overall goodness and fitness test
indicate a good fit of the data, thus supporting the use of
this instrument in this population. Two items in the PAQ
A, however, indicate low factor loadings. These items asked
about physical activity during physical education lessons
and lunchtime. Participants with full online schooling might
have difficulties in answering these questions. Therefore,
further studies are required to confirm this finding. Attempt
to compare this finding with confirmatory factor analysis
on other studies in PAQ-A is limited as studies to validate
PAQ-C in the literature are lacking (Cuberek et al., 2021).
The finding from this study thus extends the evidence of the
PAQ-C construct validity among adolescents in developing
countries such as Indonesia during online schooling.

The main strength of our study was that we assessed the
validity of the Indonesian version of PAQ-A using standard-
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ized guidelines (Kowalski et al., 2004; Johnson et al., 2002).
Another strength was that the sample size in our study ex-
ceeds the sample size for factor analysis, thereby increasing
the accuracy of the estimates (Jackson, 2003). We, however,
acknowledge several limitations. First, the study sample was
recruited using internet access and social media, so there are
limitations in generalizing our findings to adolescents who
do not have access to social media. Second, with a cross-sec-
tional design in the study, due to resource limitation, we did
not conduct convergent validity of the PAQ-a with the gold
standard such as accelerometers, further research to confirm
the validity of the PAQ-A compared to the accelerometers,
therefore, are recommended.

Conclusions

Preliminary evidence indicates the validity and reli-
ability of the Indonesian version of PAQ-A in Indonesian
adolescents to justify the use of the Indonesian translated
version of these questionnaires among Indonesian adoles-
cents in blended learning or online school settings. Further
research, however, is recommended to confirm the finding
of this study.
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BANIAHICTb | HABINHICTb AHKET I3 ®I3UYHOI AKTUBHOCTI
(PAQ-A) CEPEJ IHOOHE3IACbKMX NIQJITKIB NI YAC
ANCTAHUINHOIO TA 3MILWAHOIO HABYAHHA B LLKOJII

Arikax Paxar'4B°PE, Cymapanri'AB°PE, Hoita InTan Aposa'ABCPE

'lep>xaBHMit yHiBepcuTeT J)KOK IKapTH

ABTOpPCHKMIT BKTAJ;: A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E — 36ip komTis

Pedepar. Crartsi: 7 c., 3 Tabn., 1 puc., 33 mxepena.

Merta pocnimxkenns. Ie mocmimpKeHHsa Malo Ha MeTi 06-
I'PYHTYBaHHS BMKODPMCTaHHA aHKeTU 3 (Di3M4HOI aKTMBHOC-
i g migmitkis (PAQ-A), To6T0 3ac00y BUMIipIOBaHHS piB-
HiB (i3NIHOI aKTMBHOCTI, KNI MNMPOKO BUKOPUCTOBYIOTDH
y LIKiTbHOMY CepefloBUIL, cepef iH/IOHe3iICbKUX MifIiTKiB,
0Cco6/IMBO TIijJ Yac 3MimaHoro a6o AUCTaHIIIHOrO HaBYaHHSA
B LIIKOJTi Yepe3 0OMexxeHH: BHACTifoK maHgemii COVID-19.

Marepianu ta Mmeropm. Ile mocmim>KeHHA CTAaHOBUTIO CO-
6010 mepexpecHe onuTyBaHHs 370 iHIOHESIMCHKMX MiAITKIB
(62,2% >xiHO4YOi cTarti, cepenHiit Bik 15 + 2 poku), AKi 6pamu
Y4acTh y IpOILeCi AMCTaHIiIHOTO Ta 3MillIaHOTO HaBYaHHA.
VYyacHukn 3anopHioBanu aHkeTy PAQ-A iHfoHesificbKkoio
MoBolo onnaitH. Mlictaecsat tpu (17%) y4acHUKHU 3aIIOBHU-
JIM TY CaMy aHKeTy 4yepe3 TIDK/IeHDb (IIOBTOPHE OIMTYBAHHS)
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JUIA OLiHKYM HafIifiHOCTi Pe3y/nbTaTiB IOBTOPHOTO TECTYBAaHHS,
i3 stkoro Oymu pospaxoBaHi KoeQilli€eHTU BHYTPIIIHBOTPYIIO-
Boi kopesnii (ICC). HagiitHicTs BHYTPIIIHBOI Y3TOMKEHOCTI
6y/10 po3paxoBaHO B 000X ONUTYBAHHAX, TOAI AK MiATBEPIKY-
BanmbHUIT pakTopHuit aHanis (CFA) 6y1o mpoBefieHO Ha OCHOBI
JAHMX, OflepKaHMX y IIepLIOMY ONUTYBaHHI.

Pesynbrarn. Koediuient anpda Kponbaxa anker PAQ-A
IJIs TIePUIOro Ta IOBTOPHOIO ONUTyBaHb cTaHOBUB 0,78 Ta
0,82, TakMM 4YMHOM YKa3ylouM Ha IPUIHATHICTb MOKa3HUKIB
HaJiiiHOCTI BHYTpilHbOI ysromkenocri. Koedirientn BHY-
TpimHborpynosoi kopenanii (ICC) ana Bcix MyHKTIB aHKeTH
PAQ-A xonmpanucsa B Mexax Big 0,40 no 0,81, mokasywo4n Ha-

JiJHICTD Pe3y/IbTaTiB IOBTOPHOIO TECTYBAHHA BiJl 3aJOBi/IbHOL
1o BigminHol. CepeHbOKBaZpaTMYHA MOXMOKA alpOKCHUMAIii
cranosuma 0,033, M0 mae MigCTaByM BBa)KaTV KOHCTPYKTUBHY
Ba/Ii{HICTh 3a3HAYEHOTO BUIIE 3aCO0Y IPUITHATHOIO.

BucHoBKn. fIK BUCHOBOK, JOCTaTHi /J0Ka3yu IOKa3ylOTb
BaJIAHICTD 1 HafAilHICTh aHKeT PAQ-A A 06IpyHTYBaHHA
BUKOPVCTAHHS VX aHKeT J/Is1 BUMipIOBaHH: piBHIB (isnyHOI
AKTMBHOCTI B iHJOHE31/ICBKUX MifIJIITKIB y MIKiTbHOMY CEPefo-
BUIIi B yMOBaX 3MilllaHOI a60 AVCTaHIiTHOI GOPMI HaBYaAHHA.

KirouoBi cnoBa: BanifHicTh, HafiltHICTD, aHKeTa 3 isnd-
HOI aKTUBHOCTI, mimriTky, [HIOHe3is.

Information about the authors:
Atikah Rahayu: atikah.rahayu@uny.ac.id; https://orcid.org/0000-0002-2478-794X; Department of Sports Science, Faculty of

Sports Science, Universitas Negeri Yogyakarta, Indonesia.

Sumaryanti: sumaryanti@uny.ac.id; https://orcid.org/0000-0002-5989-5326; Department of Sports Science, Faculty of Sports

Science, Universitas Negeri Yogyakarta, Indonesia.

Novita Intan Arovah: novita@uny.ac.id; https://orcid.org/0000-0002-0779-3344; Department of Sports Science, Department of
Sports Science Faculty of Sports Science, Universitas Negeri Yogyakarta, Indonesia.

Cite this article as: Rahayu, A., Sumaryanti, & Arovah, N.I. (2022). The Validity and Reliability of the Physical Activity
Questionnaires (PAQ-A) among Indonesian Adolescents during Online and Blended Learning Schooling. Teorid ta Metodika
Fizi¢nogo Vihovannd, 22(2), 173-179. https://doi.org/10.17309/tmfv.2022.2.04

Received: 22.02.2022. Accepted: 7.04.2022. Published: 25.06.2022

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

179



Teoria ta Metodika Fizicnogo Vihovanna

Teopina Ta meToguKa $pi3UHOro BUXOBaHHS
Physical Education Theory and Methodology

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

ORIGINAL SCIENTIFIC ARTICLE

CONFIDENCE, ACADEMIC STRESS, COPING STRATEGIES
AS PREDICTORS OF STUDENT ACADEMIC ACHIEVEMENT
IN PHYSICAL EDUCATION CLASSES DURING COVID-19

Aria Kusuma Yuda'*®“P%, Citra Resita'*“’, Rhama Nurwansyah'A“P,
Ruslan Abdul Gani'A®¢, Zsolt Németh?28° and Edi Setiawan34B¢P

"University of Singaperbangsa Karawang
*University of Pécs
*University of Suryakancana

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

Corresponding Author: Aria Kusuma Yuda, E-mail: aria.kusumayuda@fkip.unsika.ac.id

Accepted for Publication: April 9, 2022
Published: June 25, 2022

DOI: 10.17309/tmfv.2022.2.05

Abstract

Research purpose. In this COVID-19 pandemic era, the psychological aspect takes an important role in achieving
optimal academic results among students, but the factors that correlate with academic achievement are not yet known
accurately. Thus, this study aims to assess the relationship between self-confidence, academic stress, coping strategies

and academic achievement.

Materials and methods. This study used a correlation method with subjects from among students in grades 7 to 9 at
Ibtidaiyah Junior High School (N = 90). The instrument used in this study was a self-confidence, academic stress and
coping strategy questionnaire, while the average score for the final semester examination was used as an indicator
that showed progress of student academic achievement. Data was analyzed using IBM SPSS to find out descriptive
statistics, data normality. Meanwhile, bivariate correlation and regression analysis were used to test the relationship
between variables. The following conclusions can be drawn from this study.

Results. First, self-confidence was related to academic achievement, second, academic stress was related to academic
achievement, and third, the coping strategy was related to academic achievement.

Conclusions. Thus, to obtain high academic achievement in physical education classes, contribution from self-
confidence, academic stress and coping strategies are highly needed. The findings from this study make several
contributions to the development of science in the physical education field in terms of psychology to improve

student academic achievement.

Keywords: self-confidence, academic stress, coping strategies, academic achievement.

Introduction

In December 2019 a new variant virus named Corona
(SARS-CoV-2) appeared in the city of Wuhan (China) has
infected millions of people around the world and the World
Health Organization (WHO) has declared the novel coro-
navirus (COVID-19) outbreak a global pandemic (Torales,
O’Higgins, Castaldelli-Maia & Ventriglio 2020; Pawar, 2020;
Leal Filho et al., 2021). Based on warning issued by WHO,
the governments in all countries have implemented a num-

© Yuda, AK, Resita, C., Nurwansyah, R., Gani, R.A.,
Németh, Z., & Setiawan, E., 2022.
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ber of measures to prevent COVID-19 from spreading mas-
sively in the society, for example applying social distancing,
physical distancing (Hu, Zhang, Sun & Li, 2021; Yomoda &
Kurita, 2021), lock down (Morgiil et al., 2020), then pro-
hibit daily activities in groups with relatively large numbers
in public places, shops, industry and schools (Chen, Byne
& Vélez, 2021). The existence of these policies often trig-
gers negative effects on the psychological aspects of society
(Saladino, Algeri & Auriemma, 2020; Li et al., 2020; Cielo,
Ulberg & Di Giacomo, 2021). The physical education learn-
ing process is one of the areas that has been significantly
affected by COVID-19 and currently often triggers a nega-
tive impact on the psychological aspects of students, such
as the emergence of laziness, depression, stress, frustration,
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anxiety (Spinelli, Lionetti, Pastore & Fasolo, 2020; Nearchou
et al., 2020; Alzween, Bashatwa & Hamadneh, 2021), loss of
self-confidence (Malureanu, Panisoara & Lazar, 2021), and
most fatally caused academic achievement to slowly decline
(Hammerstein, Konig, Dreisorner & Frey, 2021).

Academic achievement is an essential part and must be
achieved as high as possible by students when undergoing the
physical education process in the long term. High academic
achievement could support students to gain their potential,
so they will much easier to get a job and be successful in living
his life in the future (Moore, 2019). High academic achieve-
ment assists students more motivated to develop their ability
in obtaining a job during this difficult COVID-19 pandemic
and conversely, if students have low academic achievement, it
will cause students difficult to get a job (Tentama & Abdillah,
2019). Several factors are claimed to have a relationship with
the high or low academic achievement of a student, including
self-confidence, academic stress, and coping strategies.

Self-confidence is the first factor that is claimed to be
closely related to student academic achievement in school.
Self-confidence is one of the psychological aspects that gen-
erally has a definition as a student’s belief in own ability to
do the best assignment in a school or sports activities (Hays
et al., 2009; Besharat & Pourbohlool, 2011; Kuloor & Kumar,
2020). Self-confidence is one of the aspects that must be
developed in students’ character. Possessing a high level of
self-confidence will help them become more enthusiastic
about studying at school and at home during the COVID-19
pandemic (Malureanu et al., 2021). Recent studies reported
that crises in most current education systems were due to
low self-confidence, which causes low participation in learn-
ing activities (Ravichandran et al., 2021). Self-confidence is
needed for a student to be implicated in learning activities.
The results of another study found that the self-confidence
factor is the key for students to achieve optimal performance
in a competition (Ibrahim, Jafar, Kassim & Isab, 2016). How-
ever, when someone has a low level of self-confidence, it
often leads to higher levels of anxiety, depression, and stress
and impacts decreased performance (Marshall & Gibson,
2017). In addition, low levels of self-confidence will greatly
affect motivation and academic achievements (Malureanu,
Panisoara & Lazar, 2021). Even the biggest disadvantage is
when a person has a low level of self-confidence, it is possible
to trigger extreme stress (Litwic-Kaminska, 2020).

Academic stress is a psychological aspect that currently
often appears during learning process in the COVID-19 era
(Mahapatra, 2021; Chandra, 2021; Clabaugh, Duque & Lo-
gan, 2021; Fuente et al., 2021; Basheti, Mhaidat & Mhaidat,
2021). Academic stress is a condition in which a student ex-
periences a mental disorder or pressure caused by learning
activities at school (Basith, Syahputra, Fitriyadi, Rosmaiyadi,
Fitri & Triani, 2021). A student who experienced high stress
might have feelings of fear, anxiety, panic and worse can lead
to weakness, nausea, dizziness, shaking, loss of concentration,
and decreased motor skills (Runswick, Roca, Williams, Bezo-
dis & North, 2016). A recent study reported that students’
academic stress levels while taking lessons in the COVID-19
era increased by 12% (Moeller et al., 2020). Recent studies
have reported that several factors that cause the increment in
stress levels are online learning which has various obstacles is
a trigger for stress symptoms in students (Basheti, Mhaidat &
Mhaidat, 2021). Another factor is students are afraid of being

infected by COVID-19, students must undergo isolation/lock
down (Sundarasen et al., 2020), or the difficulty of carrying
out physical education lessons online (Jumareng, Setiawan,
Patah, Aryani, Asmuddin & Gani, 2021). Thus, these factors
will trigger the low academic achievement of students (Basith,
Syahputra, Fitriyadi, Rosmaiyadi, Fitri & Triani, 2021).

A coping strategy is one of the methods that can be used
in sports and in the context of physical education learning
to reduce stress levels in students and is claimed to have the
power to trigger self-confidence (Radochonski, Cynarski,
Perenc & Siorek-Maslanka, 2011). According to Skapinakis et
al.,, (2020) coping is a psychological response to a threat, loss,
or negative things and through coping strategies, all problems
that attack aspects can be overcome. Several studies have re-
ported that there was a link between academic stress and cop-
ing strategies with academic (Gustems-Carnicer et al., 2019).
However, not all coping strategies were effective in reducing
stress (Basith, Syahputra, Fitriyadi, Rosmaiyadi, Fitri & Tri-
ani, 2021). Research on coping strategies had been extensively
studied internationally and reported by previous studies (Kap-
lanova, 2019; Gustems-Carnicer et al., 2019; Morales & Pérez-
Marmol, 2019; Kaplanova, 2020; Muthmainah, Purwanta, Su-
warjo & Mariani, 2021). However, there are no studies that try
to explain the relationship between self-confidence, academic
stress, coping strategies, and academic achievement that have
been reported. Therefore, our main objective was to examine
the relationship between self-confidence, academic stress, and
coping strategies with academic achievement.

Materials and methods

Study participants

This study adopted a descriptive correlation method,
which investigated the correlation between independent
variables and another (Jumareng & Setiawan, 2021).

Table 1. Demographic of Subject

Demographic Information Frequency Percentage
Gender Male 60 66.7
Female 30 333
Age <13 21 233
14-15 42 46.7
16> 27 30.0
Class 7 19 21.1
8 48 53.3
9 23 25.6

The subjects involved in this study were Ibtidaiyah Ju-
nior High School located in Karawang Regency, West Java
Province (Indonesia) which was selected using a random
sampling technique and obtained 90 students from 120 stu-
dents who were willing to participate in this study. The char-
acteristics of the subjects are presented in Table 1.

Instrument

Self-Confidence. The instrument for measuring self-con-
fidence was a questionnaire that was adopted from Ibrahim,
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Jaafar, Kassim & Isab, (2016) with 7 items, and researchers
developed it into 30 question items. Items are scored using
a Likert scale ranging from 1 (“strongly disagree”), 2 (“dis-
agree”), 3 (“agree”) to 4 (“strongly agree”) and this instrument
had been validated, so it has a value alpha coefficient 0.85.

Academic Stress. In order to measure the level ofacademic
stress among students, the researcher used the academic stress
rating scale (SAAS). Indicators consist of cognitive, affective,
physical, social/interpersonal, and motivational. There were
30 questions (Basith, Syahputra, Fitriyadi, Rosmaiyadi, Fitri
& Triani, 2021) which was developed by researcher reference
to the academic stress felt by students when undergoing the
physical education learning process during the COVID-19
pandemic. Items were scored using a Likert scale ranging
from 1 (“strongly disagree”) to 4 (“strongly agree”). A Cron-
bach’s a of 0.78 was found in this study.

Coping strategy. Coping strategy instrument adopted
from previous research (Genc, 2016; Muthmainah, Pur-
wanta, Suwarjo & Mariani, 2021). This instrument has two
aspects, namely, problem-focused coping with indicators (a)
seeking instrumental support, (b) problem solving, (c) con-
frontive coping. the second aspect is emotion-focused coping
with indicators (a) seeking social support, (b) self-control,
(c) accepting responsibility, (d) optimistic thinking. Ques-
tion items were scored using a Likert scale ranging from 1
(“strongly disagree”), 2 (“disagree”), 3 (“agree”) to 4 (“strongly
agree”). The number of questions in this study was 28 items.
This instrument has an alpha coeflicient value of 0.81.

Academic achievement. The score of final semester exam
results in the form of a knowledge test was calculated based
on the points obtained by students. The average score on the
final semester exam was considered an indicator of the prog-
ress in academic achievement among students (Gustems-
Carnicer et al., 2021).

Study organization

This research has received permission from the Ibtidai-
yah Junior High School with approval date 08/11/2021 and
approval number E 255/K-45/2021. In addition, this study
has followed the Ethics guidelines from the World Medical
Association (Helsinki Declaration). Prior to this research,
the researcher had explained the implementation and the
rules in the research. Then all subjects had to sign a consent
form to participate in this research activities and all of them
were informed that this research was voluntary. All subjects
were given 30 minutes to fill in the self-confidence, academic
stress, coping strategies, and academic achievement instru-
ments. After completing the questionnaire, data were col-
lected and analyzed by the research team and 3 psychology
experts.

Statistical analysis

All data in this study were analyzed using the IBM SPSS
version 25.0 application. The first analysis was performed to
find descriptive statistics (mean, standard deviation), then
tested the normality of the data (Kolmogorov-Smirnov).
While, the third analysis was using Pearson correlation to
assess the relationship between self-confidence, academic
stress, coping strategies, and academic achievement. A mul-
tiple regression analysis was used to examine the strongest

predictor of self-confidence, academic stress, and coping
strategies with academic achievement (Asakereh & Yousofi,
2018). The significance level used was 0.05.

Results

The results of the data normality test show that the self-
confidence variable has (p = 0.189). While the academic
stress variable (p = 0.221), for the coping strategies variable
(p = 0.249) and academic achievement (p = 0.321), thus it
can be interpreted that all data were normally distributed.

Table 2 shows statistical descriptive of each variable and
Table 3 shows that academic stress was positively correlated
with self-confidence (r = 0.767, p < 0.05), coping strategies
was positively correlated with self-confidence (r = 0.645,
p <0.05), and academic stress (r = 0.638, p < 0.05), academic
achievement was positively correlated with self-confidence
(r = 0.747, p < 0.05), academic stress (r = 0.711, p < 0.05),
and coping strategies (r = 0.763, p < 0.05).

Table 4 shows the results of regression analysis ob-
tained self-confidence (B = 0.206; p < 0.05), academic
stress (f = 0.128; p < 0.05) and coping strategies (f = 0.307;
p < 0.05), which have a high correlation with academic
achievement, (B = 32.087; p < 0.05).

Discussion

This study aims to assess the relationship between self-
confidence, academic stress, coping strategies and student
academic achievement in the physical education process
during the COVID-19 pandemic.

This study shows the following results. First, the self-con-
fidence aspect was a predictor of students’ academic achieve-
ment in participating in the physical education learning pro-

Table 2. Descriptive statistics (N = 90)

Variable M SD
Self-confidence 88.89 12.141
Academic stress 91.22 10.914
Coping strategies 91.77 10.910
Academic achievement 90.16 7.661

Notes. M = Mean; SD = Standard deviation

Table 3. Correlations bivariate self-confidence, academic
stress, coping strategies with academic achievement (N = 90)

C. Pearson (r)

Variable SC AS CS AA
p-value
SC 1
AS r 0.767** 1
p 0.000
CS r 0.645** 0.638** 1
p 0.000  0.000
AA r 0.747*% 0.711*% 0.763**
P 0.000 0.000 0.000 1

Notes. **Correlation is significant at the 0.05 level (2-tailed). SC =
Self-confidence; AS = Academic stress; CS = Coping strate-
gies; AA = Academic Achievement
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Table 4. The regression coefficients (N = 90)

) Unstandardized  Standardized
Predictor Coefficients Coefficients ¢ P
Variable
B Std. Error Beta

(Constant)  32.087 4.175 7.685 0.000
SC 0.206 0.061 0.326 3.397 0.001
AS 0.128 0.067 0.282 2.907 0.006
CS 0.307 0.056 0.437 5.457 0.000

Notes. SC = Self-confidence; AS = Academic stress; CS = Coping
strategies; Dependent Variable = Academic Achievement

p =0.001
t=3.397
p =0.006
t=2.907
p =0.000
t=5.457

Figure 1. Relationship Model between Self-confidence (SC),
Academic stress (AS), Coping strategies (CS) and Academic
Achievement (AA)

cess during the COVID-19 pandemic. Self-confidence is one
of the psychological aspects that play an important role for
students when undergoing the physical education learning
process before as well as during the COVID-19 pandemic
(Blanco et al., 2020; Malureanu, Panisoara & Lazar, 2021)
ease of use, and usefulness of eLearning platforms in corpo-
rate training. The present research explored the relationship
among the employees’ beliefs regarding self-confidence, grit,
ease of use, self-efficacy, and usefulness of eLearning plat-
forms in their workplace during the COVID-19 pandemic.
In total, 307 responses from Romanian employees who used
eLearning platforms in corporate training (females = 60.3%,
males = 39.7%, age range of less than 24 years = 12.1%). For
example, students with high self-confidence had more inter-
est, motivation, mental toughness, and confidence in learn-
ing physical education and sports. The results of research by,
Ibrahim, Jaafar, Kassim and Isa (2016) reported that self-
confidence was an important aspect that supports the level
of achievement in physical education and sports activities.
Meanwhile, if students have a low level of self-confidence,
they will become quitters and not motivated to participate
in any activities (Toktas & Bas, 2019). In addition, students
with low confidence tend to have greater anxiety and stress,
which in turn will affect student performance and academic
achievement (Sari et al., 2015; Misra, 2021). The results of
this study are in line with previous research which reported
that success or failure in academics was closely related to the
level of self-confidence of a student (Malureanu, Panisoara

& Lazar, 2021) ease of use, and usefulness of eLearning plat-
forms in corporate training.

Second, the academic stress aspect was also a predic-
tor of student academic achievement in participating in the
physical education learning process during the COVID-19
pandemic. Academic stress is currently often experienced
by students when participating in learning activities dur-
ing the COVID-19 pandemic. For example, students felt
bored and frustrated with an online learning system which
is claimed more difficult for students (Yang, Chen & Chen,
2021). A recent study reported that poor internet network,
costly internet quota, and subject matter that was not de-
livered optimally were factors that caused student stress to
increase in the current era (Jumareng, Setiawan, Patah, Ary-
ani, Asmuddin & Gani, 2021). Therefore, academic stress
becomes an important aspect for students, if academic stress
can be managed properly then the academic achievement
will be much more optimal (Gustems-Carnicer, Calderon,
Calderon-Garrido & Martin-Pifiol, 2021), but on the oth-
er hand, when academic stress cannot be overcome, it will
cause students’ academic achievement to decrease drasti-
cally. The results of this study contradict previous studies
which reported that there was no significant relationship
between academic stress and academic achievement (Basith,
Syahputra, Fitriyadi, Rosmaiyadi, Fitri & Triani, 2021).

Third, similar to the previous result, the coping strategy
was a predictor variable that closely related to the high or low
academic achievement of students when undergoing physi-
cal education during the COVID-19 pandemic. For exam-
ple, previous research has proven that coping is an effective
way to reduce stress levels and prevent negative academic
outcomes (Neveu et al., 2012; Gustems-Carnicer & Calde-
ron, 2013). According to, Gustems-Carnicer, Calderén, and
Calderén-Garrido (2019) coping that focuses on problems
(overcoming, managing the source of the problem by find-
ing solutions) and emotions (controlling emotions) are the
main tools used to minimize the impact of stress on students
(Chandra, 2021), which subsequently delivered a better per-
formance (Morales Rodriguez, Torres, Pdez & Inglés, 2016).
Coping is a strategy-oriented to avoid situations that can
potentially cause stress, for example, involving students to
carry out interesting and fun activities (e.g., yoga, listening
to music, dancing, playing hula hoop, cycling, swimming,
playing with family, watching movies, playing games), which
can promote relaxation and calmly in facing their problem.
When stress can be overcome through coping strategies,
it will increase student academic achievement. This is also
reinforced by previous research which reported that there
was a significant relationship between coping strategies and
academic achievement (Genc, 2016; Yazon, Ang-Manaig &
Tesoro, 2018; Gustems-Carnicer, Calderén & Calderén-Gar-
rido, 2019). In addition, the results of this study contradict
other studies which show that there is no relationship be-
tween academic stress and coping strategies with academic
achievement (Basith, Syahputra, Fitriyadi, Rosmaiyadi, Fitri
& Triani, 2021).

Conclusions

The three psychological aspects including self-confi-
dence, academic stress, and coping strategies were proven in
this study to have a positive relationship with students’ aca-
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demic achievement when undergoing the physical educa-
tion process during the COVID-19 pandemic. Students who
have high self-confidence and good management of coping
strategies were able to cope with academic stress, which in
turn has an impact on high student academic achievement.
Similar to other studies, this study also has limitations, the
lack in subjects size, which is relatively small from one Junior
High School in Karawang Regency (Indonesia), adds further
caution regarding the generalisability of these findings. Fur-
ther research is expected to be able to use more subjects and
cover several schools to test other psychological factors that
are predicted to have a relationship with student academic
achievement.
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YMNEBHEHICTb Y COBI, AKA,D,EMI:-IHI/IVI CTPEC, CTPATErII NOQONAHHA
AKNPEAUKTOPU AKAAEMIYHOI YCNIWHOCTI YYHIB HA 3BAHATTAX
OI3NYHOIo BUXOBAHHA NPOTANOM nerpioay nAHAEMII COVID-19

Apis Kycyma I0pa'48“PE, Citrpa Pecita'A“PE, Pama HypBancsaa'4<P,
Pycnan A6pyn I'ani'45C, JKont Hemet**5?, Efi CeTtiaBan®*5¢P

"Yuisepcurer Cinranep6anrca Kapasanr
*Iledcpkmit yHiBepcHTET
*YuiBepcurer Cyp’sikaHYaHa

ABTOpCBHKMIT BKIIAL: A — FU3aiiH ZOCTIIKeHHsT; B — 36ip ganux; C - crarananis; D - migroroska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 7 c., 4 Tabm., 1 puc., 54 mxepena.

Mera nociigxennsi. Y HuHimH0 epy nannemii COV-
ID-19 nicuxosioriunuii acrekT HaOyBae BaXKIIMBOT POJTi B JIOCSAT-
HEeHHI ONTHMAJIBHUX aKaJeMiUYHMX pe3ylbTaTiB cepel Y4HiB,
ane (hakTopH, SIKi KOPENOITh 3 aKaJeMIYHOI YCIHINIHICTIO,
ITOKH 110 TOYHO He BigoMi. OTxKe, 1€ TOCITIHKEHHS Mae Ha METi
[IPOBEAEHHS OLIHKU B3a€MO3B’ 3Ky MDK YIEBHEHICTIO B COO1,
aKaJIEMIYHUM CTPECOM, CTPATETisIMU MOJIONIAHHS Ta aKaJeMid-
HOIO YCHIILIHICTIO.

Marepiajau Ta MeToaH. Y 1[bOMY JOCTIKEHHI BUKOPHUC-
TOBYBAJI KOPEJSLiMHUNA MeTox, a Habip yJacHUKIB 311HCHIO-
BaJIM 3 YMCIIA yUHIB 7-9 KiaciB KOH(ECIHHOT MyCyIbMaHChKOT
moztonmoi cepennboi mkonu (Inponesis) (N = 90). Sk 3acid
BHMIPIOBAaHHS B [[bOMY JOCIIPKEHHI BHKOPUCTOBYBAJIN aHKETY
Ha TeMy BIIEBHEHOCTI B c00l, aKaJIeMiYHOTO CTpeCy Ta CTpare-
Tiif TIOJJOJIAHHS, a SIK TIOKa3HUK 3POCTAaHHS aKaJeMITHOI YCITilI-
HOCTI] yYHIB BUKOPUCTOBYBAJIM CEPEAHIO OLIHKY, OAEPKaHy Ha
eK3aMeHax 3a OCTaHHI# ceMecTp HaB4aHHsI. /sl BCTAHOBIICHHS
OMKCOBOT CTATHCTUKH, MEPEBIPKU HOPMAIBHOCTI PO3MOJILITY
JIAHUX JIaHi OyJIo MpOaHaIi30BaHO 3 BUKOPUCTAHHIM MPOrpam-

Horo 3abe3neuennst IBM SPSS. Ilpu ubomy amst nepeBipku
B3a€MO3AJIEKHOCTI MK 3MIHHUMH BHKOPHCTOBYBAJIU JBOBH-
MipHY KOPEJALiIo Ta perpeciiinuii anamis. I3 nporo nociioken-
HSI MOYKHA JIITH HACTYITHUX BHCHOBKIB.

Pesynbraru. [lo-nepiie, Oy0 BCTAHOBICHO 3B’SI30K MIX
YIEBHEHICTIO B c00i Ta aKaJeMiuyHOI0 YCHIIIHICTIO, MO-JpyTe,
OyJ10 BCTAHOBJICHO 3B’SI30K MK aKa/IEMIYHUM CTPECOM Ta aKa-
JIEMIYHOIO YCIIIIHICTIO, 1, O-TPETE, OYJI0 BCTAHOBJIEHO 3B’ 30K
MIX CTpaTeriero MOJ0JIaHHS Ta aKaJIeMIYHO YCIINIHICTIO.

BucHoBku. TakiM YMHOM, [UIsl JOCSITHEHHSI BUCOKUX I10-
Ka3HUKIB aKaJIeMI4HOl yCIIIIHOCTI Ha 3aHATTSX 13 (i3UYIHOrO
BUXOBAHHS JIyXe MOTPiOHA y4acTh TaKUX CHPHUITIUBHX (ak-
TOpIB, K YIEBHEHICTh y CO01, akaJileMiuHMii cTpec 1 cTparerii
nozosanHs. OzpepkaHi 3a pe3yJabraTaMu [OTO J0CHIHKSHHS
JlaHi poOJISITh JICKIIbKA BHECKIB Y PO3BUTOK HayKH y cdepi ¢i-
3MYHOTO BUXOBAHHS B aCMEKTaX TCHUXOJOTIT JJIsI TOKPAIIECHHS
aKaJeMiqHOl YCHIIIHOCTI YYHIB.

KurouoBi ci1oBa: ynieBHEeHICTh y c001, akaieMiqHUH CTpeC,
CTparerii MoA0IaHHs, aKaJeMiuHa yCIIIIHICTb.
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Abstract

Background. The ability to quickly change direction has been considered an important physical quality related to

success in youth soccer.

The study purpose was to investigate the training effect of a complex agility training program on amateur male

soccer players.

Materials and methods. The participants were 60 amateur male football players (aged 18-22) divided into two groups
and selected by using purposive random sampling. Thirty athletes aged 19.7 + 1.34, BMI 21.8 + 1.75 performed

a complex training program (CTG) combined with sprint, agility or CoD, and plyometric session. While

30 participants of the control group (CG) aged 19.3 + 1.31, BMI of 21.2 + 1.02 followed a general football training
program. In both groups, each training session lasted 120 minutes, a 30-minute period, 3 times a week, a total of

6 weeks. The Arrowhead Agility Test was scheduled at the baseline, for the 4™ and 6™ weeks. The mean and standard
deviation of the data was calculated. The inferential statistic was repeated measure ANOVA. A Newman-Keuls post
hoc test was calculated if the group x time interactions were significant (p < 0.05).

Results. After training, agility was a statistical difference within the CTG, when comparing baseline and the 6th week
(p = 0.03), there were no significant changes in agility when comparing between-group. Therefore, this shows that
complex training programs can improve agility in amateur male soccer players.

Conclusions. This integrated training program can be applied to amateur male soccer players. The training program
should be specific and varied. It can help soccer players improve their agility that is related to overall soccer

performance.

Keywords: complex training, agility, amateur male soccer players.

Introduction

Soccer is characterized by an intermittent-activity pro-
file with metabolic contributions from both the aerobic and
anaerobic systems (Rampinini et al., 2007). Players cover dis-
tances of 10-13 km during matches and perform approximate-
ly 1,350 activities (every 4-6 seconds) (Mohr et al., 2005), such
as acceleration and deceleration, change of direction (CoDs)
and jump, all of which are interspersed with short recovery
periods (Asadi et al., 2016). In modern soccer, the appropriate
development of neuromuscular capabilities is an important
fundamental for players’ performance (Barnes et al., 2014;
Jeftreys et al., 2018). The ability to quickly change directions is

© Thongnum, P, & Phanpheng, Y., 2022.
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considered an important physical quality, related to success in
youth soccer (Hachana et al.,, 2017; Altmann et al., 2019). In
this context, coaches and fitness specialists have been facing a
great challenge to progressively increase strength, speed, and
power capacities in soccer athletes, from the early stages of de-
velopment to professionalism (Hammami et al., 2017; Loturco
et al,, 2017). Optimal training techniques designed to maxi-
mize strength receive considerable interest among strength
and conditioning specialists, strength coaches, and research-
ers (Duthie et al,, 2002). It is accepted by most industry profes-
sionals that athletes should incorporate both resistance train-
ing (RT) and plyometric training (PT) into their regimens to
increase the probability of developing higher muscular power
(Ebben & Blackard, 1997; Fatouros et al., 2000).

Complex training has gained popularity as a training
strategy combining weight training and plyometric training
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(Faigenbaum et al., 1999; Burger et al., 2000; William, 2002).
A form of combination training can be described as training
that alternates between traditional resistance (heavy resistance
exercise) and plyometric exercises (light resistance exercise)
within a single exercise session (Chu,1996). Previously, Ebben
and Watts (1998) reviewed the complex training literature
and described the effectiveness of combining weight training
and plyometrics. These authors offered suggestions for de-
signing complex training programs, and recommended fur-
ther research to assess the potential effectiveness of complex
training. Interestingly, recent research has examined complex
training as well as the ergogenic warm-up benefits associated
with weight training exercises performed prior to explosive
movements such as jumping (Burger et al., 2000; Ebben et
al., 2000; MacDonald et al., 2012). Complex training may
be an optimal training strategy for developing sport-specific
athletic strength, if it is true that this form of training is more
effective than other training programs at enhancing strength
(possibly strength-power) production because of enhanced
neuromuscular activity (Docherty et al., 2004; Ebben, 2002).
Research has also examined the effect of complex train-
ing while combining total body or lower body strength, pow-
er exercises and some form of jumping. Training studies have
also been conducted to examine the effectiveness of complex
training. For example, the effects of a three-week complex
training program with seven division I college female basket-
ball players. Pre and post test results revealed improvement
in the 300 m shuttle, 1 mile run, VO,max, 20 yd dash, pro
agility run and the T-test, reverse leg press and back squat.
The data showed that the complex training program was ef-
fective in eliciting statistically significant improvement in the
300-meter shuttle (Zepeda & Gonzalez, 2000). And there
was other research showing that improving significantly in
the change of direction (CoD) or agility and soccer shooting
precision was supported (Fiorilli et al., 2017). In many team
sports (e.g., ice hockey, soccer, handball, basketball, etc.), the
ability to quickly change direction while running, also known
as a cutting move or CoD, is a significant performance deter-

Table 1. The protocol of training

minant (Paul et al., 2016). It was previously proved that faster
athletes had greater strength in the leg responsible for the
push-off movement during CoD activities to one side (Young
et al., 2002). The support leg (i.e., the non-dominant leg)
was found to have better static balance and reactive strength.
There is evidence that soccer players kick the ball with their
dominant leg faster and more accurately (Carey et al., 2001).

Currently, the evidences about short-term (8 weeks)
training effects are very limited in the scientific literature in
both plyometric and directional training using elite young
players during the competitive season (Taylor et al., 2016).
Moreover, the effect of a single plyometric session a week
when combined with CoD training is not well known.
Therefore, the aim of this study was to assess the effects of
a CoD and a complex CoD and jumps protocol within a
6-week duration in amateur male soccer players.

Materials and methods

Study participants

The subjects were 60 amateur male soccer players of Su-
rindra Rajabhat University, aged 18-22 years with an average
height, body weight and body mas index of 174.13 + 4.47 cm,
68.27 + 6.86 and 21.8 + 1.75 respectively. obtained from andom
of the best time of Arrowhead Agility Test, and volunteered to
experiment and had no severe injuries. Each participant signed
a written informed consent form before the study began. The
study was approved by the Surindra Rajabhat University’s Ethi-
cal Committee on Human Research according to the current
edition of the Declaration of Helsinki (HE 642011).

Study organization

All of them tested their agility by using the standard-
ized Arrowhead agility test, and the best time statistics were
recorded. Then, the results were ranked 1-60 in order from
those with the lowest running time statistics to the highest,

Duration of

Day Training session Unit of training Reps/Set training
CTG General warm up Basic drills movement 5 minutes
Monday Sprint & accelerations 30 meter 30% Sprint
Wednesday 50% Sprint
Friday 70% Sprint 1/5 5 minutes
90% Sprint
100% Sprint
Agility or change of direction (CoD)  Forward zigzag direction (FZD) 10 meter 2/3
3 patterns Backward zigzag direction (BZD) 10 meter 2/3 10 minutes
Lateral zigzag direction (LZD) 10 meter 2/3
Lower body plyometric workout Forward double legs jump + 100% Sprint 5 m + 6/3
3 patterns FZD 5 meter
Lateral double legs jump + 100% Sprint 5 m + 6/3 15 minutes
LZD 5 meter
Combine 4 direction double legs jump + 100% 6/3
Sprint 10 meter
CG General warm up Basic drills movement 5 minutes
Monday Keeping up their regular training Running and dribbling drills, passes, and goal-
Wednesday schedule scoring drills 90 minutes
Friday
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respectively. Using the ability to sort from least to most used
time statistics (seconds) after matching individual (matched
subjects) was arranged for people with similar speed to match
and then separated into each group until the number was
reached. The groups were divided into 2 groups of 30 of the
complex training group (CTG) and 30 of the control group
(CG) using the matching group method, each group com-
prised of 9 defenders, 12 midfielders, and 9 strikers. The pro-
tocol of training was held 48 hours before testing to allow
for adequate recovery. The testing sessions were held within
2 hours to reduce the effects of diurnal variation. For all ses-
sions, players were required to wear the same footwear. Eyed-
ness, handedness, and footedness were determined prior to
the start of the study to evaluate the soccer player’s laterality
profile (Azémar et al., 2008). CTG and CG were instructed by
professional coaches and sport scientists during the interven-
tion period. Only CTG underwent the complex training pro-
gram30 minuite alongside a regular football training program.

Statistical analysis

Data processing was conducted using SPSS Version 17
software. The normal distribution of variables was tested
using the Shapiro wilk test. Descriptive statistics were mean
and standard deviation to express demographic characteris-
tic. Inferential statistic was repeated measure ANOVA used
to compare differences within and between groups at 95%
confidence interval. A Newman-Keuls post hoc test was cal-
culated if the group x time interactions were significant.

Results

The participant group was no baseline differences in
demographic characteristics findings between the experi-
mental and control groups.

Table 2. Demographic characteristics at base line

Age Weight Height BMI
X SO X SD X SD X SD

Group

CTG (n=30) 19.7 1.34 68.27 6.86 174.13 4.47 21.8 1.75 .184
CG (n=30) 19.3 1.31 67.67 6.70 171.67 4.75 21.2 1.02 .471

The ability test of agility by arrowhead agility test in
the complex training group showed a significant difference
when comparing within group from baseline after training
in 4th week and 6th week (p = 0.03). Meanwhile, there was
no significant difference (p = 0.82) in the control group.

Table 3. Comparison of the ability test of agility by
arrowhead agility test variable of the subjects

Variance §§ df MS F Sig.
Within group : Complex training group
Time 1.11 2 0.56 4.18 0.03*
Error 359 27 0.3
Within group : Control group
Time 0.13 2 0.07 0.21 0.82
Error 877 27 033

* p<0.05 statistically significant difference when compared
within group, mean scores at point comparisons from baseline.

A Newman-Keuls post hoc test was utilized if the group
X time interactions were significant. The agility variable
of the complex training group was a significant difference
(p = 0.02) when comparing between baseline and after the
6th week.

Table 4. The agility variable of the complex training group.

Time Mean Difference Sig.
Baseline X 4 week 0.18 0.52
4™ week X 6™ week 0.29 0.20
Baseline X 6 week 0.47 0.02*

* p<0.05 statistically significant difference when compared
within group, mean scores at point comparisons from base-
line.

Discussion

Soccer is a sport that requires a variety of skills and
abilities. The integrity of the gongs inevitably affects the per-
formance of excellent physical fitness during competition.
Having good physical mechanics can be advantageous for
movement required in a sport. Change of direction ability
(CoD) is an essential physical component for soccer. More
specifically, change of direction ability seems to have an
essential role in determining the success of soccer players
(Brughelli et al., 2008; Goral, 2015). Agility is a key perfor-
mance indicator in professional soccer and it’s also utilized to
discover young, talented players (Goral et al., 2012; Kaplan
et al., 2009). According to this study research, it was found
that a 6-week complex training program with integrated
skill sessions considerably increased agility performance in
amateur soccer players in Surindra Rajabhat University from
baseline after training in 4" week and 6™ week (p = 0.03).
From the integration of complex training programs, train-
ing steps were sequenced to have the quality of training vol-
ume. The intensity of the training is related to the recovery
between sets. The coaches were supervised and controlled
by focusing on athletes to show their skills with accuracy
including details of the rhythm of movement relative to each
other while in motion. The correct factors in training will
have a positive effect on the CoD tasks in the athlete. There
are various muscle responses and mechanisms involved in
controlling movement. There is a planned movement.

These findings show that the complex training program
was helpful in improving agility performance. Linear speed
and lower limb strength and power qualities are associated
with agility performance (Little & Williams, 2005; Asadi et
al., 2016). Therefore, Training to develop agility in the soc-
cer must be a training that has similar movement mobility
to that skill, thus it directly affects the force caused by the
muscles action of hips, knees and ankle action. When muscle
fibre works and responds quickly, it affects the effectiveness
of movements agility.

The data in this study were consistent with Markovic and
Mikulic (2010) that after a 6-week training program consist-
ing of workouts with one or more CoD, professional foot-
ball players increased their agility. The reaction force of the
lower limbs, on the other hand, can be improved by training.
While, Miller et al. (Miller et al., 2006) found that after six
weeks of plyometric training, adult athletes performed much
better on the Illinois test. In addition, Attene et al. (2015) re-
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vealed that jump performance increased after 4 weeks of re-
peated sprint ability with one CoD in male basketball players.
There are suggestions for the development of CoD training
performed with a horizontal application of force enhances
agility performance, whereas CoD training performed with
a vertical application of force does not (Young & Farrow,
2006). It can be concluded that both ability to respond to a
stimulus and ability to alter direction are important in agility.
It is vital to exercise these physical aspects while taking into
account the athlete’s laterality (e.g., slower and quicker direc-
tion) in order to increase agility performance.

The results of the agility test, in terms of performance,
are as follows: there were no significant changes in the agil-
ity in the current investigation at pre- and post-tests of CG
(p = 0.82). Therefore, designing a training program in the
form of complex training to have a variety of specific skills
will affect the skill performance and individual abilities of
each athlete. Coaches should have an understanding and
systematic training plan and build a commitment to the ath-
letes in the correct and safe cadence of movements that may
cause injury while practicing. A longer training period, on
the other hand, could reduce the agility during the agility
test (Keiner et al., 2014). The cognitive determinants of agil-
ity are the perception-action coupling. The visual, auditory,
or kinesthetic systems detected stimuli first, then the sensory
information was processed by the central nervous system,
and ultimately decision-making leads to an appropriate neu-
romuscular response (Sheppard et al., 2006). A limitation
of this study is that the applied agility test has not yet been
employed in correlational studies to see if there are any con-
nections between agility test performance and important
match-related key performance indicators in soccer that are
related to overall soccer performance.

Conclusions

This study shows that the designation of a variety of
training styles is defined, and the association of skills in com-
plex training has a positive impact on the efficiency of mo-
bility agility in football. Therefore, for further studies, to de-
velop effective training styles for different sports, the trainer
should apply the training style and test by applying dribbling
techniques along with movement in the form of agility tests,
which will reveal the ability to move while possession and
other skills-related factors are more clearly available.
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EQOEKTUBHICTb KOMIMJIEKCHOI MPOrPAMU TPEHYBAHHA ANA )
PO3BUTKY CMPUTHOCTIY OYTBOJIICTIB-AMATOPIB HOJIOBIYHOI CTATI
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Pedepar. Crars: 6 c., 4 Tab1., 39 Kepert.

basosa mpo6nemaruka. s ycmimuoi rpu y Gyrbon
3[JaTHICTb IOHMX TPABLIB MIBUAKO 3MIiHIOBATI HAIIPAMOK PyXy
BBAKAETHCA BAKINBOIO Pi3NIHOIO AKICTIO.

Mertor0 BoCHimKeHHA 6y/I0 BUBUEHHA e(peKTUBHOCTI Tpe-
HyBaHHA (yTOOTICTiB-aMaTOPiB YO/I0BiYOI cTaTi 3a KOMIIIEK-
CHOIO IIPOTPaMOI0 TPEHYBAHHSA /Il PO3BUTKY CIPUTHOCTI.

Marepiamu Ta Metopu. Ydacuukamu 6ynu 60 ¢yr6omic-
TiB-aMaTOpiB 40/0BiuOI cTaTi (BikoMm 18-22 poku), posmozi-
7eHi Ha ABi rpynu Ta BifiOpaHi MeTOIOM LiNMbOBOI BUITAIKO-
Boi Bubipkn. Tpunusare cioprcMeHis Bikom 19,7 + 1,34, IMT
21,8 + 1,75 BUKOHYBa/nmM KOMIIJIEKCHY IIPOTpaMy TPeHYBaH-
Hs (I'KT) y xombinawii 3i cipuHTOM, BIIpaBaMy Ha PO3BUTOK
CIIPUTHOCTI 260 LUIBUAKOCTI 3MiHM HAIPAMKY PYXY, @ TAKOXK
3aHATTAMU 3 ITioMeTpuku. Topi Ak 30 yJacHMKIB KOHTpPOJIb-
Hoi rpymu (KT') Bikom 19,3 + 1,31, IMT 21,2 + 1,02 3aitmanu-
¢4 3a 3aTa/IbHOIO IIPOTPaMoio TpeHyBaHHA 3 GyT6omy. B 060x
rpymax KO)KHe TPeHYBaHHA TpuBajao 120 XBUINH, 3aHATTA 110
30 XBWINH, 3 pas3y Ha TMXKJEHb, 3arajioM 6 TIOKHIB. TecT Ha
CIpUTHICTD «BicTpst cTpinu» OyB mepepndadennit rpadikom Ha
MOMEHT IOYATKY JOC/i/I)KeHHA, Ha 4-11 TU K/IeHD i Ha 6-11 TIX-
neHb. bymo pospaxoBaHo cepefiHE Ta CTaHJAPTE BiIXUIE€HHA

1ux faHuX. CTaTUCTUKOIO BUCHOBKY 6yB JVICTIEpCITHIMIT aHaTTi3
IIOBTOPHMX BUMIpIOBaHb. Y BUIA/IKaX, KON B3a€MOJII1 cbaKTo—
piB «rpyma x ac» O6yimm 3Hauyummiu (p < 0,05), 3a ofep>KaHNMu
pesynbpratamMu 6y/I0 pO3paxoBaHO AOCTEPiOpPHMIT KpuTepiit
Hrromana-Keyrca.

PesynbraTn. Ilicna 3aBeplieHHsA TpeHYBaHHA IOKAa3HUK
cnputHocTi B KT cTaHOBUB CTaTUCTUYHO 3HAUYILY Pi3HMUIIO,
IIOPiBHIOIOYM Pe3yAbTaTy HAa MOMEHT IIOYATKYy HOCTiPKEeHH:
Ta Ha 6-11 TYK/eHb (p = 0,03), a B MDKIpyIoBoMy HOpiBHAHHI
3HAYHMX 3MiH [OKa3HNMKa CIPUTHOCTI He Oymo. TakuM 41HOM,
1le TI0Ka3ye, 1[0 KOMIUIEKCHI IpOorpaMy TPeHyBaHb MOXYTb
HOKpAI[yBaTu CHPUTHICTH PyTOOMICTIB-aMaTOPiB 40TOBIYOT
crarTi.

Bucnoskm. 1110 KOMIIZIEKCHY IpOrpamMy TpeHyBaHHSA MOX-
Ha 3aCTOCOBYBaTH 70 (pyTOOIICTIB-aMaTOpiB 40/IOBI4OL CTATI.
IIporpama TpeHyBaHHs Mae OyTHU CIelia/bHOI Ta pisHOMa-
HiTHOM. BOoHa MOXe CIIpmsATH PO3BUTKY CIIpUTHOCTI PyT6HO-
JTCTiB, 10 BiOMBa€eTbCA Ha 3ara/lbHiil pe3ynbTaTMBHOCTI TPy
y pyt6o.

Knio4oBi cmoBa: KoMIIJIEKCHe TPEHYBAHHsA, CIPUTHICTD,
¢byT60MicTN-aMaTOPK YOIOBIYOI CTaTi.

Information about the authors:

Pattarapol Thongnum: jeffyswucukku@srru.ac.th; https://orcid.org/0000-0001-8178-5732; Department of Sports Science,
Faculty of Education, Surindra Rajabhat University, 186, Surin-Prasat Rd., Nokmuang subdistrict, Muang district, Surin, 32000,

Thailand.

Yanyong Phanpheng: yanyong.pha@lru.ac.th; https://orcid.org/0000-0002-9290-2479; Sports and Exercise Science Program,
Faculty of Science and Technology, Loei Rajabhat University, 234, Loei-Chiangkhan Rd., Muang district, Loei, 42000, Thailand.

Cite this article as: Thongnum, P., & Phanpheng, Y. (2022). Effectiveness of Complex Training Program Agility of Amateur Male
Soccer Players. Teorid ta Metodika Fizicnogo Vihovannd, 22(2), 188-193. https://doi.org/10.17309/tmfv.2022.2.06

Received: 15.03.2022. Accepted: 12.04.2022. Published: 25.06.2022

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

193



Teoria ta Metodika Fizicnogo Vihovanna

Teopina Ta meToguKa $pi3UHOro BUXOBaHHS
Physical Education Theory and Methodology

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

ORIGINAL SCIENTIFIC ARTICLE

PRACTICAL GROUP DEFENSE EXERCISE DESIGN
IN FOOTBALL GAME FOR 13-YEAR-OLD STUDENTS

Nurul Thsan'®?, Ardo Okilanda'4*¢, Donie'“®, Dede Dwiansyah Putra®P,

2CD 3BDE

Sugar Wanto?“” and Arisman

"Universitas Negeri Padang
*Universitas PGRI Palembang
*Universitas Mitra Karya Bekasi

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

Corresponding Author: Ardo Okilanda, E-mail: ardo.oku@gmail.com

Accepted for Publication: April 7, 2022
Published: June 25, 2022

DOI: 10.17309/tm{v.2022.2.07

Abstract

Research purpose. Football is popular in the society across the world. Everyone always watches football matches.
Nowadays, there are many football schools for kids or young athletes. Thus, there is a need for a model of exercise
that is appropriate for young athletes. This study aimed to create a model of group defense exercise in a football
game. It referred to 13-year-old football school students. It was designed using psychological and physiological

characteristics of the 13-year-old.

Materials and methods. The study participants were 120 football players aged 12 to 13. The study used a research
and development method (R&D) through Borg and Gall model. Data was obtained from observation, interview and
questionnaires. Data analysis techniques used expert judgments and three steps from Miles and Huberman, namely
reduction of data, display of data, and making conclusions.

Results. The findings show that the model of defense exercise in football for a 13-year-old football school player
has 13 variations of the exercise. It was created based upon the psychological and physiological characteristics of a
young player.

Conclusions. The result of the study is a recommendation for teachers or coaches to improve the defense exercise in

football as player needs.

Keywords: defense, exercise, football, group playing, 13-year-old.

Introduction

Football is favoured by all levels of society in the world
from children to parents, including Indonesia (Luxbacher,
2011). Even, football is also played by women with game de-
signs according to women's physical conditions (Martinez-
Lagunas et al., 2014). Football is not merely a physical activ-
ity in sports, but football also has a function as a form of
entertainment, even football has become a lucrative business
because of its huge profits. Football players are not only pro-
fessional players, but also can use their football playing skills
to enter the entertainment business. Many football schools
for children and adolescents have been held in various re-
gions as a form of non-formal education. They learn many
technical forms to play football (Garcia-Angulo et al., 2020).

© Thsan, N., Okilanda, A., Donie, Putra, D.D., Wanto, S., &
Arisman, 2022.
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However, Indonesia still has weaknesses in scoring foot-
ball achievements. The fundamental national problem of foot-
ball is the lack of attention to development at an early age
(grassroots) and youth. Even though, the key to the success
of a country's football takes care of the coaching process at an
early age and youth level. FIFA and AFC through the program
Vision Asia emphasizes the importance of coaching issues,
especially at the grassroots level aged 6 to 13 years (Weinberg,
2015). It is a long-term athlete development (Balyi et al., 2013).
So, what is the main important target in the Age-13 group is to
prepare a better future football team and it is not only in an in-
stant way through naturalizing foreigners (foreign nationals).

Football requires a lot of energy in every situation, both
defensive and attacking. The basic technique is fundamental
which all players must master to play football skillfully based
on the multilateral ability of motion. Therefore, the aspect
of training that needs to be developed in young children be-
comes the basis, especially the correct basic movement skills
(techniques) with the application of good defence and attack,
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good basic physical abilities also support the achievement of
good football games. Some factors affect the fundamental
competencies of Motor Skills, including training, teaching,
and experience (Valentini et al., 2016). It is very important that
in defence, the interaction between players in defence is need-
ed (Sautov et al., 2015). Creating of defence exercise model is
be as a solution to build football skills for the young player.

Some previous research has related to the football find-
ing. Many tactics are used to interact with training activities
as a form of changing behaviour towards football (Travassos,
Gongalves, Marcelino, Monteiro, & Sampaio, 2014; Pulling,
Twitchen, & Pettefer, 2016; Pulling et al., 2016). Interactive
group transfer their characteristic in football playing (Ryoo
et al,, 2018). Visual interactive has been done to analyze the
model of soccer learning (Bernard et al., 2017). To get inter-
active playing, it needs motivation. It is important motion in
defence of football player (Okilanda et al., 2020). Therefore,
model defence exercise has to design as young player psy-
chology and characteristic (Najah & Rejeb, 2016) because
each age level has different and competitive types of exercise
football matches (Harley et al., 2010; Hary & Firdiansyah,
2019). Every player must make the right decisions in car-
rying out various defensive techniques (Gonzalez-Villora
et al., 2013). But, the success of defensive technique needs
teamwork. The coach has to monitor the team coordination
(Silva et al., 2016) in order the group exercise is a meaningful
way in football playing. One of the model defence exercises
in football is ergonomics model of exercise. This model de-
mands the fitness of the player so that the players can develop
different physiological exercise (Reilly, 2005). However, the
development of a training program must differ according to
the age identification of the football player (Williams, 2000;
Tenga, Holme, Ronglan, & Bahr, 2010). Those researches
describe the way of making a defence exercise program and
comprehending the concept of young player age.

Currently, the study documented about developing a
group defence exercise model in football and can contribute
to solving the problems faced for the professional develop-
ment and talent of football players aged 13 years. This research
should be done for several reasons, namely: (1) providing an
understanding of the exercises provided can be programmed
properly. Trainers can provide defence training. (2) The coach
has not used a specific training model to improve defence
skills in playing football. (3) Trainers often apply the exercises
after a direct warm-up to the technique without providing an
understanding of the relevance of the defence situation. (4)
The training given has not focused on one of the elements of
the defence technique needed. (5) Not carrying out correc-
tions when an error occurs or not giving examples by stop-
ping corrections so that coaching learning occurs, (6) The
training model used by the players lacks an impression of en-
thusiasm. Meanwhile, students have a lot of contact between
the ball and the field and the number of players is reduced
such as playing 5 against 5 in a field size of 40x30 m.

Therefore, this study aims to create a defensive exercise
model in football activities referred to 13-year-old players.
The model designed is adapted to the concept of psycho-
logical and physiological conditions for players aged 13 years
and the playing environment for children aged 13. Thus,
football players aged 13 years can develop skills in playing
football appropriately according to their age development to
become professional football players.

This research is also expected to provide practical ben-
efits to the trainer regarding the concept of training that
must be designed according to the physiological and psycho-
logical conditions of the players. Besides, each player from
different countries has different character features and the
development of players aged 12 or 13 is also very vulnerable
to various changes. So, this research can be a reference in
developing a defensive training model in football.

Materials and methods

Participants

The research was conducted at the South Sumatra football
school from December 2019 until July 2020. Participants con-
sisted of 120 football players aged 12 to 13 years. In trial phase 2
used 40 participants and trial phase 3 used 120 participants. The
participants are taken from 16 football schools. The selection
of participants from 16 schools as the subject of the product
trial was based on the consideration of the similarity of char-
acteristics with the same level of active practice. Besides, the
participant in this study are football coach, and football expert.

Study organization

The study uses a research and development method
(R&D). Development research creates new products or
modifies existing products in education or other disciplines
(Creswell, 2012). It used Borg and Gall theory in doing the
research (Gall et al,, 2010). This study designed a model of
group defence exercise in football activity that is suitable for
the characteristics of football players aged 13 years.

Process of collecting data used observation, interview,
and questionnaire. Observation activities were carried out in
preliminary research to collect needs analysis data and dur-
ing trial product. Interviews are used to obtain additional
data to support trial data analysis. Meanwhile, the question-
naire was used to determine the needs of group defence ex-
ercise models in football activities.

Table 1. Procedure of Study That Adapted from Borg and
Gall Model

Steps Activities

Initial data collection
Needs analysis process
Product planning

Preliminary Step

Exercise defence modelling

Formative Evaluation, referring to the
Borg & Gall model

Trial phase (1)

Peer assessments who have competence
in football playing, materials, technology
and exercise programs

Revised stage (1) and judgment expert
Revised stage

Trial phase (2)

The evaluation scale is limited to 40
subjects

Operational model revised (1)

Trial phase (3) used 120 subjects
Revised final model

Dissemination of product

Development Step

N b

W

Evaluation Step

MG

S
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Procedures

The procedure of research used the Borg and Gall mod-
el. Here are the development research steps (table 1).

Statistical analysis

Research data must be valid and can be trusted. There-
fore, the process of verification of research data used trian-
gulation checking. This study used triangulation of theory
that refers to use more than one theoretical framework in
analyzing data. The technique of data analysis has three
steps, namely 1) data reduction is done by data selecting,

abstracting, and delivering the data that got from the field,
2) data display used to make category or classification of
data and in this study, the data divided as a sequence of
research procedure needed, and 3) conclusion drawing used
to analyze the data dan take conclusion (Miles & Huberman,
1994). Besides, the process of data analysis used judgment
expert in the initial until the end.

Results

The result of data analysis which has taken from needs
analysis, documentation, interview, and observation de-
scribe in the table below:

Table 2. Recapitulation of Finding Data

Finding

The defence ability in football takes the form of group defensive exercise.
The exercise model is consisting of exercise the core technical skills of small games and in the end,

Learning football game is by repeating skills as a group will get the results of changes in playing
performance for the better. For better technical skills, it is best to start with the development of

Defence skills learning is easier if it is learned in the form of pictures and simple visuals can also

The teaching process is carried out by basic techniques of passing, dribbling and shooting.
Football defence exercise patterns have not been taught intensively
The exercise material has not been prepared before going to the field and learning activities so far

The exercise model is not yet specific, such as warm-ups do not have a dynamic pattern. It is still
The material in warm-up exercises still limited with playing patterns 11 vs 11 which has an impact

The training element does not have a target-specific exact defensive ability
The coach does not provide direct corrections to defensive abilities, because the correction is
more directed at attacking patterns. Activities in the field have not provided special treatment for

The validation of three licensed football experts concluded that the 13-year-old football defensive

From the questionnaire given to the three experts, the percentage was 93.83%. As for the advice
from the three expert football coaches, namely organizing a defensive exercise model according to
the number of people on the field and exercise activities can be carried out by all football players.
Three expert football coaches suggest that the assignment of game value rules can use a score on
the game rules to be the goal of the exercise can increase the ability to survive as desired.

Components
Preliminary study L.
1. Literature study 2.
the exercises are carried out with situation games.
3.
the basic elements needed by practising and learning.
4.
be analyzed when implemented
2. Needs analysis is taken 1.
from interview and 2.
questionnaire) 3.
are suddenly remembered in the field.
4.
with a pattern long static.
5.
on ability mastery hold still low
6.
7.
group defence exercise.
Expert Validation 1.
1. Validation from football exercise model was appropriate for use on the field.
coach expert 2.
3.
4.

2. Peer assessment is taken
from the football school
coach

In the initial concept developed by the researcher, there were as many as 45 variations of the
exercise model, after discussion with the experts, they suggested that it be simplified again. It
presented the variety and number of players involved.

The football coaches in the school suggest that the model of defence exercise can be used by players.
The success of the players in doing defence exercise in football must be given score so that they know
the development of their defensive abilities in playing football.

The results of the small group trial provide suggestions, namely 1) the coach should be able to
reward players who have done defensive exercise in football well, this can motivate a group. 2)
Additional repetition of the exercise in implementing the previous model 3 times to 5-8 times. 3).

The results of observations in the field concluded that during the transition phase, players are still
slow in changing the principle character from defence to attacking principle, and vice versa.

It needs to be additional game rules that make this transition phase appear in exercise sessions.
Starting Point in an exercise session is very crucial because when the coach will train players to
defend, the player is given the ball to attack and after he loses the ball, then the coach will see if
the change in attitude from attacking to defensive principles takes place quickly or slow.

The result of the test in large group trial shows that player has a good score after using the model

The player has a high enthusiasm for football playing because the model of defence exercise is a

1. Trial phase 1.
a. Field trial results in a
small group by sample
as many as 40 people Provide a sample program daily exercise.
with the maximum score 2.
instrument 28
3.
4.
b. Field trial results in a 5.
large group by sample of group defence exercise.
as many as 120 people 6.
with the maximum score new concept in the exercise of football.
instrument 28 7.

4. Final model

Players can understand the instruction of defence exercise

The result of the trial and judgment expert concluded that model group defence exercise for player 13
ages called the model using “Do” and the final defence exercise model included 14 models.
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The following is the creating of defence exercise in foot-
ball playing. It is a final model that has been evaluated by
expert and trial (table 3).

Discussion

Table 2 know that the defensive exercise model has pro-
vided opportunities according to the needs of football play-
ers aged 13 in developing their talents and abilities to play
football. The equipment used in this research is a ball, cone,

marker, pole, goal small, target banner, whistle and vest.
The area used for conducting research must be considered
a safety factor and the perfection of the field and away from
objects, any harm to the football field is checked before start-
ing exercise. The order of the game modes from the warm-
up game to the core game has been systematic. The exercise
models that are presented have their characteristics lead-
ing to exercise the football defence for player 13-ages. Be-
sides, the involvement of coaches is to become an active part
of children/athletes in exercise necessary for enthusiastic

Table 3. Group Defence Exercise Model in Football Game

Name if group defence

exercises model “DO” New Finding Level

Model DO 1; Group It can be used in the game. The player must have speed and communication skills. Moderate
Keeps Opponents In Pros: The cooperation of the last defender can communicate

Cons: If the key target is not known, it will find it difficult.
Model DO 2; Group It can be used in the game. The player must have a good concentration and communication Difficult
Holds one ball to reach  skills
the target Pros: Eliminates the player’s fear of the ball used the actual game situation.

Cons: Lack of communication loses momentum to hold the ball/block
Model DO 3; Group It can be used in the game. The player must divide the job description in football playing Easy
Holds the ball two goals  to fail the enemy

Pros: Players have a way of thinking carefully about goals, cooperative communication is

done by the defender

Cons: If one of the defenders is not ready the ball, it is easily overlooked because the

attacker has two targets
Model DO 4; Two-ball It can be used in the game. The player must focus on the ball Moderate
two-goal Pros: Sharpen focus by sharing defender duties.

Cons: If there is no communication, an error occurs and the ball is lost block the ball
Model DO 5; Holds the It can be used in the game. Players must work together to thwart the opponents attack ~ Difficult
ball to target Pros: like the real game, the defender has the main target of removing the ball to the left

or right side

Cons: the ball is not predictable in actual playing situations
Model DO 6; Retrieves It can be used in the game. Players have the right way of dealing with opponents through Moderate
lost balls solid teamwork.

Quick moves to retrieve the ball or take responsibility for lost balls from entering

dangerous areas.
Model DO 7; Holds front It can be used in the game. The player knows the opponent’s attack from the front and Difficult
and side attacks the side

The anticipation left and front of the player must kick the ball away.
Model DO 8; holds off It can be used in the game. Players have cooperation to anticipate the opponent’s Difficult
attacks in the zone movement into the defence area

Located in their respective zones and can win the ball
Model DO 9; Keeps your It can be used in the game. Players have cooperation with anticipation of speed and agility. Difficult
opponent in the zone Keeping the zone by pressing the opponent.
Model DO 10; Hold the It can be used in the game. The player has the anticipation of a second attack by holding Moderate
ball into the area of the ~ the ball in
shot Stop the ball is from entering the area of the shot so that the defensive position is safe.

Block if there is dangerous / fire.
Model DO 11; Hold Shot It can be used in the game. Players have their focus and work together Moderate
Group Coordinate quickly with defenders to block attacks from opponents.
Model DO 12; Group It can be used in the game. Players have cooperation and anticipation with the speed of Difficult
withstand side shots holding the ball

The red one and two defenders share left or right block duties and the red three players

work hard with a quick motion holding the left and right balls.
Model DO 13; Group It can be used in the game. Collaboration players with joint strategy anticipation Difficult

Keeping four goals

movements.
Defensive players focus with the goal zone in the corner of the movement area blocking
the ball and removing the ball from the area is the key to the defence
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players/athletes and become more focused during exercise.
This study presented the collective action in each exercise
(Gréhaigne et al., 1997). They have awareness of resource in
the team (Feigean et al., 2018)

The findings of this study are relevant to other research
that shows the concept of developing exercise in playing
soccer for the age of 21. The coach has given the procedural
knowledge in using the model of exercise football (Garcia
Lépez et al., 2010). The variety of football defensive training
in this product also provides variations in the number and
position of goalposts as an exercise aid. This is in line with
previous research that coaches must vary the use of exercise
aids and various exercise patterns so that technical and tacti-
cal actions can be felt the same as in real game (Pulling et al.,
2016; Gréhaigne & Godbout, 2014). However, this research
is oriented to the basis of a drill (Jarrett, 2011). In simple
terms, drill defensive football training is very effective in
improving the defensive ability of Age-21 football players.

New findings in this study can be seen from the results
of the analysis of the needs of football players aged 13 years,
which refers to the development of individual abilities to
perform the defensive exercise (Chan et al., 2016), but it im-
plemented in group physical exercise. Besides, this product
is oriented towards the development of psychology, physiol-
ogy and talent of players at the age of 13 years, so that the
level of speed, accuracy and coordination in playing the ball
has been adjusted to the minimum limit of their exercise
ability. It is the requirement of a professional player (Webb
et al., 2020). Psychology aspect also determines the perfor-
mance of football playing tactics (Vaz et al., 2019). Thus,
increasing the ability to practice defensive can continue to
the maximum extent of the player's ability. It means that the
player is trained to be the leader for themselves in doing the
sport. It is important to face the future challenge (Gould,
Voelker, & Griffes, 2013; Cotterill & Fransen, 2016). Besides,
the leadership can influence effective teamwork (Fransen et
al., 2017). Besides, this study documented the creativity of
the player in football playing. Because the effectiveness of
sport creativy has developed but it is still limited with the
role (Fardilha & Allen, 2020; Zahno & Hossner, 2020) and
creativity is adaptation process on the environment (Oboeuf
et al., 2020). It means that the players are allowed to make
decisions about tactics should be used when facing different
conditions in a match and unlike the theoretical concepts
that are learned during exercise. It is intended for players to
be professional and understand contextual factors that influ-
ence action during the game (Levi & Jackson, 2018; Furley &
Memmert, 2018).

Therefore in exercise activities, it is necessary to describe
the tactics of playing football so that it can influence deci-
sions and skill application (Gonzalez-Villora et al., 2013).
Football defensive tactics have a special portion that must
be repeated in exercise. So exercise activities must have a
programmed exercise guide so that defence can be success-
fully achieved. DO defensive exercise model in the game of
football for players aged 13 years which was developed and
has been developed by researchers as a superior product for
football schools. The purpose of creating this model is for
coaches, lecturers and teachers in developing football exer-
cise, and also to reference a defensive exercise model. DO
defensive exercise model for players 13 years is made based
on the level of need in activity practice in a football school.

Thus, the result of study recommended using the physical
and technical skill in small games, like an 8-a-side game in
the under 12 football player. It can build the young player
ability (Bravo-Sanchez et al., 2017)

The product has advantages, namely: a) To reference
the defence exercise model in-game football which has the
character of a player aged 13. b) There are many types of
variations in defence model training so that they can be se-
lected to be applied according to the needs and character-
istics desired by the coach in the game of football. ¢) The
series of motion has a varied defence exercise pattern. d) Ar-
rangement of a series of motion are ranging from easy to dif-
ficult levels e) The movement combines physical condition
training, techniques and tactics, including speed, strength,
accuracy, coordination, power, agility, flexibility and dura-
bility. f) Players are enthusiastic and get to know new ways
of thinking in defensive exercise. g) Additional instruction
from the trainer is an important key in completing the de-
fensive task. h) DO defensive exercise model products in
football games for 13 years players are effective and efficient
in terms of equipment, time and cost. i) The coach is assisted
by simple instructions in improving his mastery of football
defensive tactics. j) This product is a special scientific contri-
bution to football coaching.

While disadvantages have found in this product are a) In
limited field trials, the number of samples who became play-
ers in research implementation was still small. b) Product
perfection has not been reached 100%, because the diversity
of exercise models designed has not fully met the needs of
every football school in Indonesia. ¢) Facilities and infra-
structure which are also training facilities used are limited
considering the circumstances of each football school are
different. d) Model drawings or photos in books still need
improvement to make them more interesting. e) The charac-
teristics that appear in the survival group exercise model are
limited to the physiology and psychology of the 13-year-old
players.

Conclusions

The development of a DO defensive exercise model in
football games for 13 years of age can be used as a form of
exercise that has an effective and efficient effect for football
coaches and football extracurricular teachers in maximizing
the potential of defender players in Indonesia. Football is a
sport that needs an archetype of play so that it can improve
the quality of the game. In the end, football achievements
in the future can be achieved. Besides, it can be used as an
exercise model by the coach through paying attention to
the rules of the picture and instructions, wherein its use, it
is necessary to consider the condition of the players. This is
taken into consideration in changing the pattern that ini-
tially the defensive task was only the defender, making all
players have a role in defence. DO defensive exercise model
is appropriate for all extracurricular teachers specifically for
the sport of football. This product provides training offerings
that can train defensive tactics following the cognitive and
motor skills of the players.

From the advantages and disadvantages found, research-
ers who want to develop the same concept can also focus
on the involvement of research subjects as a medium for
product implementation to have a greater number. Research
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activities can also involve informal schools or football clubs
who want to develop defensive exercise skills for young play-
ers because the age of 13 can be a foundation from an early
age in mastering or developing the ability to play football.
Besides, research can also consider physical conditions in
terms of body weight, height, food intake patterns, and the
home environment in developing defence exercise patterns
so that movement variations can have the right concept, it is
not only in general from the psychological or physiological
aspects of 13 years of age.
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MPAKTUYHA MOJEJIb BNMPABU 3 BEAEHHA I'PYINMOBOIO
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Mera pocmimkensa. PyTOon Mae MOMYIAPHICTD Y Cyc-
nibeTBi B yebomy cBiti. KoxxeH 3apxau nuButhes GpyroonbHi
3maraHHs. Cporoi icuye 6arato ¢pyTOOMbHIX MK A1 AiTel
a60 1oHUX croprcMeHiB. OTxe, MOTPi6HA MOJIeNIb BIIPABY, KA
MiAXOAUTD AJIA IOHMX CIOpTcMeHiB. e mocmimkeHHa Mano Ha
MeTi CTBOpEHH: MOJie/i BIIpaBy 3 Be[leHH: IPYIIOBOT0 3aXUCTY

mig gac rpu y gyrbon. BoHa mepenbayana ydactb 13-pidHux
y4HiB ¢pyT601bHOI IIKOMI. Mozennb 6y/a mobygoBaHa 3 ypaxy-
BaHHM IICUXOJIOTIYHUX i (Pi3i0/OriYHNX XapaKTePUCTUK, IPU-
TaMaHHKX 13-piuHuM.

Marepiann Ta merogu. Jlo cklany y4acHMKIB yBililIn
120 ¢yr6omicTiB Bikom 12-13 pokiB. Y gociifxeHH] BUKO-
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PUCTOBYBa/IM HAyKOBO-JOCTIAHUIIBKIIT METOJ, Ha 6asi Moperi
Bopra Ta [anna. [laHi ogep>xyBanu 3i CocTepesxeHb, CliB6ecin
Ta aHKeT. MeTopu aHamisy JaHMX BK/IIOYa/IN OLiHKM €KCIIEPTiB
i Tpm KpoKM 3 MAXORY /10 aHaisy maHux Maitnsa Ta [ybepma-
Ha, a caMe: CKOPOYEeHHsI 00CAry HaHMX, BifoOpaXKeHHs JaHUX
Ta H00y/[0Ba BUCHOBKIB.

Pesynbraru. PesynbraTit I0KasyloTb, 1110 MOJie/Ib BIIPaBU 3
BeJleHH: 3aXUCTy Yy GpyTOoi ms 13-piuHoro rpasis GyTOOD-

HOI mKonM Mae 13 BapiaHTiB 1ji€l Brpasyu. BoHa cTBOpeHa 3
ypaxyBaHHAM IICUXO/IOTiYHNX i (i3io/orivHIX XapaKTepUCTUK
JOHOTO I'PaBIAL.

BucHoBKu. PesynbraToM HOCTIKEHHA € peKOMeHfJallisg
BUUTE/ISAIM 200 TpeHepaM ONTHMI3yBaTy BIIPABY 3 BefleHHsI 3a-
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Abstract

The purpose of the study is to analyze the relationship between the habit of outdoor cycling activities and the level of
depression during the COVID-19 pandemic among the members of the bicycle community in Malang City.
Materials and methods. This research is correlational, with a cross-sectional study approach. A total of 125

subjects from the bicycle community in Malang City voluntarily participated to become respondents in this study.
The measurement of cycling physical activity habits was carried out using the International Physical Activity

Questionnaire (IPAQ), while the measurement of the level of depression used the Hamilton Depression Rating Scale
(HDRS). Measurements of physical activity habits and depression levels were performed at the same time. The data
analysis used the Pearson product-moment model using statistical software package for social science (SPSS) version
17.0 with a set significance level (p < 0.05).

Results. The results showed that there was a negative correlation between the habit of outdoor cycling activities and

the level of depression (r = -0.604; p < 0.001) and showed a strong correlation between the two variables.
Conclusions. Based on the results of the study, there is a negative correlation between the habit of outdoor cycling
activities and the level of depression during the COVID-19 pandemic among the members of the bicycle community

in Malang City.

Keywords: physical activity, cycling, depression, COVID-19, pandemic.

Introduction

Globally, there were 336,790,193 confirmed cases of
Coronavirus Disease (COVID-19), including 5,560,718
deaths, which were reported to the World Health Organiza-
tion (WHO) (WHO, 2022). Meanwhile, the first confirmed
case in Indonesia appeared in March 2020 and the preva-
lence continues to increase by 455,000 confirmed cases with
a mortality rate of more than 14,000 people (Kemenkes,
2020). COVID-19 is caused by infection of the SARS-CoV-2
virus. This virus can be transmitted through the air or ob-
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jects contaminated with droplets from people infected with
COVID-19 (WHO, 2020). Transmission of this virus is quite
easy and fast. The speed of transmission and uncontrolled
spread causes fear and interfere with the human ability to
meet needs in all fields of life (Dominski & Brandt, 2020).
In response to this, the government made rules for people
to carry out activities at home during the pandemic. How-
ever, this will have an impact on changing people’s lifestyles
into inactivity (Balanza-Martinez et al., 2020). Increased
sedentary behavior is marked by a 35% increase in inter-
net streaming online users, 39% distance learning or online
during the COVID-19 pandemic (Kominfo, 2020). During
the pandemic, the physical activity of the population in In-
donesia also decreased by more than 50 and it is estimated
that 28% of the world population (1.4 billion people) remain
physically inactive (Guthold et al., 2018).
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A prolonged COVID-19 pandemic can have an impact
on increasing the prevalence of depression (33.7%), stress
(29.6%), and anxiety (31.9%) compared to before the pan-
demic (Twenge & Joiner, 2020). Ettman et al. (2020) also
stated that social isolation increased symptoms of depres-
sion 3 times, which reached 27.8% during the pandemic
compared to before the pandemic which reached 8.5%. De-
pression is an emotional response caused by a loss of iden-
tity for individuals and is not easy to recover (eg lost a job,
failed exams, lack of social interaction), because it harms
the individual’s cognitive system (Sanderson et al., 2020).
Physiological depression will increase the secretion of the
hormone cortisol which harms all body systems. Depres-
sion causes a decrease in the monoamine neurotransmitter
system (serotonin, norepinephrine, dopamine) in the brain
that occurs slowly accompanied by a reduced functional re-
sponse to antidepressant therapy and increases chronic and
psychological stress (Park et al., 2019). Depression due to
lack of physical activity, excessive anxiety, boredom, and
chronic and psychological stress will cause mental disor-
ders to death. Excessive depression during a pandemic has a
negative and independent impact on people’s mental health
(Bauerle et al., 2020).

Increased physical activity and exercise are very use-
ful in relieving stress both in physically and psychologi-
cally that affect mental health (Maugeri et al., 2020). WHO
(2020), recommends physical activity outdoors during the
COVID-19 pandemic while maintaining health protocols.
Regular outdoor physical activity is beneficial in improving
mental health, immune system, and anti-inflammatory sys-
tem (Althoff et al., 2017). This is also recommended by the
issuance of the Decree of the Minister of Health of the Re-
public of Indonesia Number HK.01.07/MENKES/382/2020,
during the COVID-19 pandemic the public is still encour-
aged to do physical activity, physical exercise, and sports to
increase endurance and risk factors for disease (Kemenkes,
2020). Aerobic exercise (cycling) is a physical movement
that uses energy derived from burning fat that involves oxy-
gen and takes oxygen without causing fatigue (Palar et al.,
2015). Outdoor cycling is a phenomenon of physical activity
of choice that is widely practiced by the Indonesian people
during the pandemic, as evidenced by the increase in bicy-
cle sales during the COVID-19 pandemic by 1000% (ITDP,
2020). Cycling is a sports activity and alternative mode of
transportation of choice for the community because it can
be adapted to pandemic social distancing or health protocols
by not having direct physical contact and has benefits for
psychological health (Teixeira & Lopes, 2020).

Cycling is a low, moderate to high-intensity exercise
designed for health benefits, especially during a pandemic
(Ryu et al., 2020). The enactment of government regulations
regarding outdoor sports while still implementing health
protocols has made exercise (cycling) a lifestyle that is often
practiced by individuals of all ages (Saatchian et al., 2021).
Cycling exercise or outdoor cycling habits have antidepres-
sant effects that are beneficial for reducing depression re-
sulting from the interaction of several neurophysiological
mechanisms, such as hormones, neurotrophins, and inflam-
matory biomarkers (Leyland et al., 2019). Exercise can in-
crease the secretion of Brain-derived neurotrophic factor
(BDNF), Insulin-Like Growth Factor-1 (IGF-1), and Vascu-
lar endothelial growth factor (VEGF) as a neurotrophic fac-

tor in the hippocampus that is useful for nerve cell growth,
increasing stress hormone regulation (Pranoto et al., 2020;
Berry et al., 2018; Kraus et al., 2004), namely cortisol by
decreasing the activation of the Hypothalamus-Pituitary-
Adrenal axis (HPA-axis), and decreasing the release of pro-
inflammatory cytokines so that symptoms of depression can
be reduced (Andarianto et al., 2022; Arat & Wong, 2017). In
addition, regular outdoor cycling exercises will maximize
the synthesis of pleasure hormones, namely an increase in
endorphins and serotonin (Sharifi et al., 2018). On this ba-
sis, the purpose of this study was to analyze the relationship
between the habit of outdoor cycling physical activity on
the level of depression during the COVID-19 pandemic in
members of the bicycle community in Malang.

Materials and methods

Study participants

This research is correlational with a cross-sectional
study approach. The cross-sectional study approach is ap-
plied by connecting the dependent variable with the inde-
pendent variable simultaneously. The independent variable
in this study was the habit of cycling physical activity, while
the dependent variable was the level of depression. A total
of 125 subjects, male and female aged 18-45 years from the
bicycle community in Malang City participated voluntarily
as respondents in the study. Prior to participating, all sub-
jects received information both orally and in writing about
the study. The informed consent was obtained prior to the
conduct of the research.

Study organization

The instrument used to measure the habit of cycling
physical activity is the International Physical Activity Ques-
tionnaire (IPAQ), while the instrument to measure the level of
depression is the Hamilton Depression Rating Scale (HDRS).
Measurements of physical activity habits and levels of depres-
sion were carried out at the same time. The distribution of
IPAQ and HDRS scores is shown in Table 1 and Table 2.

Table 1. International Physical Activity Questionnaire score
distribution

HDRS Score Level of Physical Activity
<600 METS Low
601-1500 METS Moderate
1501-3000 METS High

IPAQ: International Physical Activity Questionnaire

Table 2. Hamilton Depression Rating Scale score
distribution

HDRS Score Severity of Depression
0-7 Normal
8-17 Low depression
18-24 Moderate depression

25 and above Severe Depression

HDRS: Hamilton Depression Rating Scale
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Statistical analysis

Statistical analysis using Statistical software package for
the social sciences (SPSS) version 17.0 (SPSP Inc., Chicago,
IL, USA). Descriptive statistics including means, standard
deviations and percentages were calculated. The Shapiro-
Wilk test was applied to the normality test, while to find
the relationship between outdoor cycling activity habits and
depression levels, the Pearson’s product-moment correlation
test was used. All statistical analyzes used a significant level
(p < 0.05).

Results

Based on the results of the study obtained data on age,
cycling community, cycling habits, depression levels and the
relationship between outdoor cycling physical activity habits
and depression levels which are presented in Tables 3-6 and
Figure 1.

Table 3. Results of the analysis of the percentage of
respondents’ age

No Age Amount Percentage
1 18-25 75 60.0%
2 26-30 18 14.4%
3 31-35 12 9.6%
4 36-40 9 7.2%
5 41-45 11 8.8%
Total 125 100%

Table 4. Results of the analysis of the percentage of
respondents’ bicycle communities

No Bike Community Amount Percentage
1  MTB Malang 25 20%
2 Malang Strattos Community 25 20%
3 Minionminitrek Malang 25 20%
4 Fed Ngalam 25 20%
5 Strolling Bastrad 25 20%

Total 125 100%
Table 5. Overview of cycling habits
No Cycling Habits Amount Percentage
Low 47 37.6%
Moderate 50 40.0%
3 High 28 22.4%
Total 125 100%

Table 6. Description of depression levels categories

No  Depression Levels Amount Percentage
1 Normal 27 21.6%
2 Low depression 37 29.6%
3 Moderate depression 35 28.0%
4  Severe Depression 26 20.8%
Total 125 100%

Based on the results of the Pearson correlation analysis
(Figure 1), it shows that there is a negative correlation be-
tween the habit of outdoor cycling physical activity and the
level of depression (r = -0.604; p < 0.001) and shows a strong
correlation between the two variables.

259 r=-0.604
o p<0.001
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Figure 1. Results of correlation analysis between outdoor
cycling physical activity habits and levels of depression. Pearson
correlation coefficients (r) and p-values are shown in graph.

Dicussion

This study aims to analyze the correlation between
outdoor cycling habits and depression levels during the
COVID-19 pandemic among members of the Malang bi-
cycle community. The findings reveal that there is a negative
correlation between outdoor cycling habits and depression
levels during the COVID-19 pandemic among members of
the Malang bicycle community. This result was confirmed
by Meyer et al. (2019), that cycling exercise at both moder-
ate and preferred intensity can reduce levels of depression
and anxiety. Ai et al. (2021) strengthen that physical exercise
such as cycling while still implementing health protocols
could improve mental health during the COVID-19 pan-
demic. Outdoor physical activity, (such as walking and cy-
cling) is generally associated with lower depression, tension,
anger, and confusion than indoor physical activity (Bowler
et al., 2010; Dunton et al., 2015), and has been associated
with improved emotional well-being, including in adoles-
cents (Pasanen et al., 2014). Wright et al. (2021), physical
activity during the coronavirus pandemic may counter the
negative effects of coronavirus fear on adolescent mental
health and well-being.

COVID-19 causes increased levels of anxiety and de-
pression in healthy patients and people detected after stay-
at-home orders in several countries (Hu et al., 2020; Huang
& Zhao, 2020; Li et al., 2020; Ozamiz-Etxebarria et al., 2020).
A study in college students showed that daily physical activ-
ity conferences have a beneficial effect in reducing stress
and anxiety caused by COVID-19 (Hu et al., 2020; Zhang,
et al., 2020). Exercise as an intervention for anxiety and de-
pression has been demonstrated in animal studies and clini-
cal trials in humans. The underlying mechanisms, include
regulation of BDNE, D-beta-hydroxybutyrate (D-BHB),
synaptic transmission, the hypothalamic-pituitary-adrenal
axis (HPA-axis), tryptophan hydroxylase, glycogen synthase
kinase-3 beta pathway (GSK3pB/p-catenin), neuroinflam-
mation, oxidative stress, peroxisome proliferator-activated
receptor-gamma coactivator 1 alpha (PGC-1a) and peroxi-
some proliferator-activated receptor gamma (PPARgamma)
(Hu et al., 2020; Pranoto et al., 2020).

During the COVID-19 pandemic, adults are more
prone to depression because of the increasing economic
and social needs and the closure of public spaces which cre-
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ates emotional stress. Immature emotional mastery makes
individuals in adulthood more susceptible to depression.
Psychosocial factors during the COVID-19 pandemic occur
very often with many respondents having to be dismissed
suddenly by the company which causes respondents to
experience a decrease in income. The declining income of
respondents made the level of depression increase due to
the increasing needs during the COVID-19 pandemic. In-
creasing age makes the work system and control in the body
decrease, making it difficult for individuals to control when
there is pressure (Schaakxs et al., 2017). This is following
the study with the most respondents aged 18-25 totaling
55 people consisting of 5 women and 50 men with a percent-
age (59.7%) with the most respondents’ occupations being
female students (16.6%) followed by employees. private sec-
tor (16.3%) and self-employed (15.4%).

During the COVID-19 pandemic, women experienced
the most severe depression, which amounted to 7 respon-
dents. Gender differences also cause differences in depres-
sion levels. generally, women experience twice as much
depression as men, because women have more difficulty con-
trolling emotional states when stress occurs than men (Salk
et al.,, 2017). In addition, women are more prone to depres-
sion because in women their emotional control and mood
often change, plus women who experience menstruation
every month make their emotional control more unstable.

During the COVID-19 pandemic, the closure of public
spaces and the application of social restrictions made indi-
viduals reduce their physical activity outdoors. The pressures
arising from COVID-19 and the social restrictions imposed
have a detrimental impact on mental health by increasing
fear and will lead to depressive disorders (Chi et al., 2020).
This makes people in Malang switch to physical activities
outside the room, namely by cycling, increasing bicycle us-
ers in Malang because many individuals experience bore-
dom just sitting at home. Many community members think
cycling is very fun because they can exercise by enjoying
nature, as evidenced by many members of the cycling com-
munity with destinations such as tourist attractions, namely
Batu City and nature tourism.

The road bike community represents a low percentage
of depression because high cycling habits and long distances
make their bodies better prepared to deal with COVID-19.
Cycling communities that only cycled short distances have
a fairly high percentage of major depression rates. Road
bikes will maximize muscle work when pedaling because
of a straight position when riding. Road racing bicycles will
be beneficial for health if done regularly. Road racing bi-
cycles will produce vibrations that the body will respond
to for health benefits. Vibration during road cycling will be
responded to by the muscles which then activate the neu-
romuscular system and will stimulate an increase in the re-
spiratory system (Viellehner & Potthast, 2020). An increase
in the respiratory system will increase the maximum oxy-
gen consumption (VO,max) of the rider. The increase in
VO,max causes the rider’s aerobic capacity to increase which
is beneficial for cardiovascular endurance so that the rider
will last longer when cycling long distances or cycling mara-
thons. Limitations in this study, the research method used
is descriptive-analytic cross-sectional, this method is only
used by researchers only to find a correlation or relation-
ship between two variables, namely outdoor cycling habits

with depression levels during the pandemic, and for physi-
cal activities other than outdoor cycling researchers cannot
control. The sample in this study was only 125 people, at
least the sample population was taken due to the COVID-19
pandemic and social restrictions, and questionnaires were
also distributed online of avoiding the spread of COVID-19.

Conclusions

The current study concluded that there is a negative
correlation between the habit of outdoor cycling physical
activity and the level of depression during the COVID-19
pandemic in members of the bicycle community in Malang
City. Low cycling habits will increase the risk of depression,
whereas high cycling habits will decrease the risk of depres-
sion. Outdoor cycling physical activity that is carried out
regularly, measurably and continuously will maximize the
work of the heart, lungs, metabolism, and brain which is
very beneficial for individual mental health.
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HEFATUBHA KOPENALIA MIXK ®I13UYHOIO AKTUBHICTIO

Yy ®OPMI 1341 HA BEJTOCUNEAI HA BIAKPUTOMY MOBITPI

TA PIBHEM AENPECII NiA YAC NMAHAEMIT COVID-19 CEPEl YNEHIB
CMNIJIbHOTU BENOCUNEAUCTIB MICTA MAJIAHT (IHAOHE3IA)

Cramer Paxapmko'*®P, Api Bi6oBo KypuiaBau'®?, Xeni IOni Xangaaui*®®, BigiactyT
Myxammap Camcyn Taydik*®P, Appsn Cangpsasan'®c, OniBis AngiaHa

'Ilep>xaBHMIt yHiBepcuTeT Manmanr
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Tlepgaroriynmii konemk banrkanan Aconianii Bunrenis [ugonesii

3[lep>xaBHUI yHiBepcureT [>kakapTn
*YuiBepcurer Cyp AKaHYaHU

ABTOpPCHKMIT BKIAJ: A — nu3aiiH gocnipkenns; B — 36ip ganux; C - cratananis; D — migroroska pykormucy; E — 36ip kowtis

Pedepar. Crarts: 7 c., 6 Tabn., 1 puc., 42 mxepena.

MeTa gOCTi)KeHH I I0/ISITA€ B aHATi31 B3aEMO3B SI3KY MIX
3BUMYKOIO JI0 pisHMX (OPM I3/111 Ha BeJIOCKIIENli HA BIIKPUTOMY
noBiTpi Ta piBHeM fienpecii nig yac manpemii COVID-19 cepep,
YjIeHiB CIiIbHOTY Benocunenuctis Micta Mananr (Ingonesis).

Marepianu ta meropu. lle mocmimxeHHsA € KopenAmii-
HUM, Y HbOMY BUKOPUCTOBYETBCA TepexpecHMil mifixifi 1o mo-
CTiKeHHsL. Y [[bOMY JOCTIKeHHI JOOPOBIIBHO Opany y4acTh
3aramoM 125 oci6 i3 4mcia mpefcTaBHMKIB CHiTBHOTU BeJO-

cumepuctiB Micta Masasr (InfoHesis). BumiproBaHHs mokas-
HVKIB 3BYOK 10 (bisnuHOI akTMBHOCTI Y popmi i31u Ha Bero-
cunesi MpoBOAVIN 3 BUKOPUCTaHHAM MIiKHapOJHOI aHKeTH
3 ¢ismunoi aktuBHoCTi (IPAQ), a maa BUMipIOBaHHS PiBHS
merpecii BUKOPMCTOBYBaIM IIKany laMinbTOHa A OL[iHKM
menpecii (HDRS). BuMipoBaHHs MOKa3HMKIB 3BMYOK 710 &i-
3MYHOI AKTMBHOCTI Ta PiBHIB fleNpecii MpOoBOAVIIN OTHOYACHO.
[ aHamisy JaHMX BUKOPUCTOBYBaIM KOe(illieHT KopeAamil
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ITipcona i3 3acTOCyBaHHAM CTaTMCTMYHOIO IIPOrPAMHOrO 3a-
6esnevyeHHs I cycminbHuX Hayk (SPSS) Bepcii 17.0 i3 3apa-
HMM piBHeM 3HauyocTi (p < 0,05).

PesynpraTn. Pesynpraty moxasanu HasBHICTb HeraTuB-
HOI KOpessnil MK 3BMYKOI 0 PisHMX GOpM I3[y Ha Bejo-
cuIlesii Ha BifKpUTOMY TOBITpi Ta piBHeM gemnpecii (r = -0,604;
p < 0,001), a TakOX HOKa3a/1Iu CWIbHY KOPeALi0 MK 060Ma
3MiHHUMIL.

BucnoBku. Ha mifcraBi ofgep>aHux pesynbTaTiB JOCHTI-
JKEHH: 3p00JIEHO BICHOBOK IIPO HasABHICTb HEraTMBHOI KO-
penAnii Mk 3BMYKOIO O pi3HUX GopM i3nu Ha Benmocurefni
Ha BiJKPUTOMY IIOBITpi Ta piBHEM Mempecil i 9ac maHgemil
COVID-19 cepen uneHiB CHiIbHOTM BEIOCUIIEAVCTIB MicTa
Mananr (Ingonesis).

KnrouoBi cmoBa: disnyHa aKTUBHICTS, 13/ja Ha BEJIOCUTIEN],
menpecia, COVID-19, mangemis.
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Abstract

The study purpose was to analyze the effect of continuous exercise and modification interval exercise on decreasing
malondialdehyde (MDA) and blood lactate levels in non-professional Shorinji Kempo athletes.

Materials and methods. This study used a quasi-experimental method with a randomized pretest posttest-only
group design. Subjects were 16 male adolescents aged 18-20, body mass index (BMI) 20-24 kg/m?, who had normal
blood pressure, normal resting heart rate, and no history of chronic disease. The subjects were randomly divided
into two groups: CEG (n = 8, continuous exercise group) and MIEG (n = 8, modification interval exercise group).
Continuous and modification interval exercises were carried out in 30 minutes/exercise sessions, with an intensity of
75% HRmax and 75% RM, as often as 3 times/week, for one week. Measurements of resting heart rate, blood lactate
and MDA levels were performed 30 minutes pre-exercise and 10 minutes post-exercise. The data analysis technique
used the Paired Sample T-Test and the independent T-test with SPSS software version 21.

Results. The results showed significant differences in resting heart rate, blood lactate and MDA levels pre-exercise
vs. post-exercise on CEG and MIEG (p < 0.05). A difference was also observed in Delta (A) heart rate pre-exercise
vs. post-exercise on CEG (-3.88 + 3.36 bpm) and MIEG (-15.25 + 3.45 bpm) (p < 0.001), but no differences were
observed in the Delta (A) blood lactate and MDA levels in both groups.

Conclusion. Based on the study results, it was shown that continuous exercise and modification interval exercise
increase blood lactate and MDA levels shortly after intervention but both exercises could reduce acute stress, which

was indicated by a decrease in resting heart rate.

Keywords: continuous exercise, modification interval exercise, Shorinji Kempo, healthy life style.

Introduction

Shorinji kempo was founded by Doshin in 1947 in Ja-
pan to be a training and self-development system based on
Shaolin kung fu. Shorinji kempo is a martial arts sport with

© Seputra, T. W. A,, Suyoko, A., Rejeki, P. S., Pranoto, A.,
Herawati, L., Andarianto, A., Yosika, G. E, [zzatunnisa, N., &
Wahab, M. K. A, 2022.
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competition numbers consisting of embu and randori. The
embu competition consists of combined movements such as
punches, kicks, blocks, and slams performed by two Kenshi
(Kempo athletes) in pairs or four to eight Kenshi in a team.
To support achievement in a match, of course, requires a
healthy and fit physical condition to maintain performance
when competing and increase the fatigue threshold (Ed-
wards et al., 2018). During the match, there will be repeated
muscle contractions, and physiologically, this will trigger
a response to oxidative stress (Steinbacher & Eckl, 2015).
In addition, blood lactate levels and heart rate will also in-
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crease as a sign that athletes use submaximal to maximum
intensity when competing (Stojanovi¢ et al., 2018). The high
intensity of movement demands and physiological stress
on athletes during competition can accumulate during the
match, presenting as signs of fatigue that lead to decreased
performance and even the risk of injury (Kristie-Lee Taylor,
2012). Of course, this should not happen, so action is needed
to maintain physical condition and fatigue levels and prevent
oxidative stress (Edwards et al., 2018).

Oxidative stress conditions characterized by increased
production of reactive oxygen species (ROS) have implica-
tions for various acute and chronic pathological processes
such as cardiovascular disease (CVDs), neurodegenerative
diseases (NDs), acute and chronic kidney disease (CKD),
macular degeneration (MD), biliary diseases and cancer
(Liguori et al., 2018). This is due to the high level of inflam-
mation characterized by ROS-mediated increases in IL-1a,
IL-6, and IL-8, and this condition usually occurs in individu-
als with obesity, diabetes, hypertension, and atherosclerosis
(Liguori et al., 2018; Andarianto et al., 2022). In addition, the
inflammatory process has a role in the pathogenesis of breast
cancer (Rejeki et al., 2021). Then the high level of lactate is
also a sign of hypoxia in body tissues (Uyar et al., 2020), an
increase in blood lactate caused by the high intensity of mus-
cle work characterized by an increase in heart rate. Hypoxia
is one of the factors that can cause an increase in ROS, lead-
ing to oxidative stress conditions through reperfusion injury
mechanisms (Ferrari & Andrade, 2015). Oxidative stress
levels can be determined by looking at changes in malo-
ndialdehyde (MDA) levels (Yosika et al., 2020). The reaction
between ROS and polyunsaturated fatty acids (on the cell
wall) will result in the formation of aldehydes, such as MDA,
through the lipid peroxidation process (Su et al., 2019). An
important new strategy is to reduce oxidative stress, char-
acterized by an increase in MDA levels. It is known that the
body has a natural antioxidant system that helps reduce oxi-
dative stress and this system can be improved with exercise
(Park & Kwak, 2016).

Bouzid et al. (2015) found that MDA levels increased
by 5 minutes after ergocycle exercise to experience fatigue.
However, a study conducted by Yosika et al. (2020) revealed
that moderate continuous exercise in testing in humans
could lower MDA levels. Bishop et al. (2008) has revealed
that exercise for 5 weeks can reduce blood lactate levels.
In his research, Zhao et al. (2021) stated that exercises per-
formed for 4 weeks did not affect the concentration of basal
blood lactate. Rahayu et al. (2019) in his study reported that
there was a significant difference in heart rate recovery be-
tween 60 and 90 minutes after exercise. Therefore, how the
fundamental impact of exercise on blood MDA and lactate
levels remains controversial. On this basis, the purpose of
this study was to analyze the influence of continuous exercise
and modification interval exercise on the reduction of blood
MDA and lactate levels in non-professional athletes with
ages 18-20 years and body mass index (BMI) 20-24 kg/m?.

Material and Methods

Study participants

This study was a quasi-experiment with a random-
ized pretest posttest-only group design. The subjects were

16 teenage boys aged 18-20 years, body mass index (BMI)
20-24 kg/m? had normal blood pressure, normal resting
heart rate, and no history of chronic disease. All subjects
obtained information both orally and in writing about the
study and agreed to sign informed consent. These research
procedures have been approved by the Health Research Eth-
ics Commission of the Faculty of Medicine, Universitas Air-
langga Surabaya Number: 125/EC/KEPK/FKUA/2015.

Study organization

The training program was conducted and supervised by
professionals from the Faculty of Sport Science, State Uni-
versity of Surabaya. Subjects were randomly divided into
two groups, namely CEG (n = 8, continuous exercise group),
MIEG (n = 8, modification interval exercise group). Conti-
nous exercise was done by jogging for 30 minutes with an in-
tensity of 75% HRmax for 30 minutes followed by warming
up and cooling for 5 minutes each, while modification inter-
val exercise was done with three stages, including warming
up (jogging for 5 minutes), core exercises (Knee up, Knee
up twist out, Knee up twist in, Hip twist, Hooping, Jumping
Jack, Front Jumping Jack) which was done continuously, 3
sets of 15 reps each type of movement, and followed by active
rest between intervals (jogging, side step and backward jog-
ging for 30 seconds), and cooling (jogging and PNF stretch-
ing for 5 minutes). Intervention of continuous exercise and
modification interval exercise were carried out for one week
with a frequency of 3x/week and continued with embu (pat-
tern of movement shorinji kempo (punch, kick, tank, slam,
lockdown, catch and throw)) paired for 2 minutes, subaxial
intensity, at the end of each exercise intervention. Heart rate
during exercise monitored using polar heart rate monitor
(Polar H10 Heart Rate Sensor, Inc., USA).

Height measurement using a stadiometer (accuracy of
0.5 cm) (SECA, Chino, CA). Weight measurement using
an electronic scale (Tech 05°, China). BMI is measured by
calculating weight (kg) divided by height in square meters
(m2). Blood pressure tests are performed using OMRON
digital meter tension (OMRON Model HEM-7130L, Omron
Co., Osaka, Japan) on the non-dominant arm 3 times in a
row at 1-2 minutes between two measurements, then the
average value of the measurement is taken. Resting heart rate
is measured using a Pulse Oximeter (PO 30 Pulse Oximeter,
Beurer North America LP, 900 N Federal Highway, Suite
300, Hallandale Beach, FL 33009).

Blood collection was done 30 minutes pre-exercise and
10 minutes post-exercise (Rejeki et al., 2021). Blood was
checked for 15 minutes at a speed of 3000 rpm. Plasma was
separated and stored at a temperature of -80°C for analysis
of MDA levels the next day. MDA level was measured using
the thiobarbituric acid reactive substance (TBARs) (Esgal-
hado et al., 2015) with a concentration unit of ng/mL. Mea-
surement of lactic acid levels using Accutrend Plus Meter
(Accutrend® lactate meter, Roche Diagnostics, Mannheim,
Germany) (Perez et al., 2008) with mmol/L concentration
units.

Statistical analysis

Statistical analysis using Statistic Package for Social Sci-
ence (SPSS) version 21 (SPSS Inc., Chicago, IL, USA). The
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normality test uses the Shapiro-Wilk test, while the other test
uses the Paired Sample T-Test and the Independent Samples
T-Test. All data is displayed with Mean * Standard Deviation
(SD). All statistical analyses use significant levels (p < 0.05).

Results

The results of descriptive analysis of the characteristic
data of the research subjects in each group can be seen in
Table 1.

Table 1. Results of analysis of characteristics of research
subjects

Group Independent
Parameter Samples T-Test
CEG (n=8) MIEG (n=8) p-value
Age (years) 19.88+0.83 19.50£1.20 0.480
Height (m) 60.50+6.91 59.38+3.96 0.697
Weight (kg) 1.68+0.05 1.67+0.05 0.801
BMI (kg/m?) 21.44+1.52 21.25+0.97 0.778
SBP (mmHg) 116.38+3.38 114.75+3.88 0.387
DBP (mmHg)  79.25+5.47 75.13+£3.80 0.104

Description: BMI: Body mass index; SBP: Systolic blood pressure;
DBP: Diastolic blood pressure; CEG: Continuous exercise
group; MIEG: Modification interval exercise group. p-Value
is obtained using the Independent Samples T-Test. All data is
displayed with the mean + standard deviation (SD).

Based on Table 1, the Independent Samples T-Test re-
sults showed no significant difference in average data on the
characteristics of the study subjects in each group (p > 0.05).
The results of the analysis of pre-exercise vs. post-exercise
MDA levels in each group can be seen in Figure 1.
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Figure 1. Average MDA pre-exercise vs. post-exercise on each
group. Description: CEG: Continuous exercise group; MIEG:
Modification interval exercise group. p-Value is obtained using
the Paired Sample T-Test. All data is displayed mean+SD. (*)
Significant vs. Pre-exercise (p < 0.05).

Based on Figure 1, there was an increase in post-exercise
MDA levels in each group. The Paired Sample T-Test showed
a significant difference in average increase in MDA levels
between pre-exercise vs. post-exercise on CEG and MIEG
(p £0.05). The results of the average analysis of blood lactate
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Figure 2. Average blood lactate pre-exercise vs. post-exercise on
each group. Description: CEG: Continuous exercise group; MIEG:
Modification interval exercise group. p-Value is obtained using
the Paired Sample T-Test. All data is displayed mean+SD. (*)
Significant vs. Pre-exercise (p < 0.05).

between pre-exercise vs. post-exercise on CEG and MIEG
are presented in Figure 2.

Based on Figure 2, there was an increase in post-exercise
blood lactate in each group. Paired Sample T-Test results
showed a significant difference in average increase in blood
lactate between pre-exercise vs. post-exercise on CEG and
MIEG (p < 0.05). The average resting heart rate analysis
results between pre-exercise vs. post-exercise on CEG and
MIEG are presented in Figure 3.
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Figure 3. Average resting heart rate pre-exercise vs. post-exercise
on each group. Description: CEG: Continuous exercise group;
MIEG: Modification interval exercise group. p-Value is obtained
using the Paired Sample T-Test. All data is displayed mean+SD.
(*) Significant vs. Pre-exercise (p < 0.05).

Based on Figure 3, there was a decrease in resting heart
rate post-exercise in each group. Paired Sample T-Test re-
sults showed a significant difference in average resting heart
rate reduction between pre-exercise vs. post-exercise on
CEG and MIEG (p < 0.05). The results of the analysis of the
average levels of MDA, blood lactate, and resting heart rate
based on the examination time are presented in Table 2.

Based on Table 2, the independent samples T-Test
showed no significant difference in average resting heart
rate pre-exercise between CEG and MIEG (p > 0.05). In
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Table 2. Results of RHR, blood lactate, and MDA analysis
based on examination time

Group Independent
Time Samples T-Test
CEG (n=8) MIEG (n=8) p-value
Resting Heart Rate (bpm)
Pre-exercise 84.25+4.03 81.00+4.87 0.168
Post-exercise 80.38+£4.27 65.75£2.96* 0.000
Delta (A) -3.88+3.36 -15.25+3.45* 0.000
Laktat Darah (mmol/L)
Pre-exercise 2.48+0.52  2.30+0.55 0.524
Post-exercise 10.70+£2.74 11.08+2.33 0.773
Delta (A) 8.23+2.82 8.78+2.46 0.684
Malondialdehyde (ng/mL)
Pre-exercise 4.10+1.83  6.84+1.87 0.070
Post-exercise 7.62+3.18 10.15+2.27 0.091
Delta (A) 3.53+3.48 3.31£2.55 0.891

Description: CEG: Continuous exercise group; MIEG: Modifica-
tion interval exercise group. p-Value is obtained using the
Independent Samples T-Test. All data is displayed mean+SD.
(*) Significant vs. CEG (p < 0.05).

contrast, the average resting heart rate post-exercise and
delta (A) showed significant differences (p < 0.05). Likewise,
the results of the Independent Samples T-Test showed that
there was no significant difference in average blood lactate
pre-exercise, post-exercise, and delta (A) between CEG and
MIEG (p = 0.05). Independent Samples T-Test results also
showed that there was no significant difference in average
levels of MDA pre-exercise, post-exercise, and delta (A) be-
tween CEG and MIEG (p < 0.05).

Discussion

Based on the results of the Independent Samples T-
Test test showed a significant difference in average resting
heart rate (RHR) between pretest vs. posttest in continuous
exercise group and modification of exercise group interval
(p £0.05). The findings in this study were a decrease in RHR
after doing CEG and MIEG and an increase after continuing
with embu. This proves that both exercises have the same
effect on RHR decline. Bahrainy et al. (2016) showed that
increased and decreased parasympathetic tone of resting
responses to beta-adrenergic stimulation contributed to a
decrease in RHR after regular exercise or physical activity
in humans. Silva et al. (2018) explained that increased car-
diorespiratory during exercise is associated with an increase
in diameter/thickness in the left ventricle and an increase in
the final systolic volume, leading to an increase in the stroke
volume. An increase in the volume of stroke volume resulted
in a decrease in the number of heartbeats, a reduction in
the heart’s metabolic load, and contributed to the decline
of RHR (Silva et al., 2018). In the case of a decrease in RHR
after CEG and MIEG it may also result from an increase in
output from parasympathetic. In comparison, the rise in
RHR after paired embu may be due to decreased parasympa-
thetic activity and an increase in sympathizer output (Tyagi

& Cohen, 2016). The results of this study are similar to sys-
tematic reviews and meta-analyses conducted by Reimers
et al. (2018), reporting that endurance training and yoga
decrease RHR. After endurance exercise, the average RHR of
exercise participants decreased compared to those who did
not exercise (4.5% to 9.0% and 2.7 to 5.8 bpm).

The main findings in the study related to the degree
of oxidative stress measured through parameters of blood
lactate levels and the MDA showed a 5-minute increase in
post CEG dab MIEG followed by paired embu. Based on the
Independent Samples T-Test, the average blood lactate level
and MDA showed a significant difference (p < 0.05) between
pre-exercise vs. post-exercise. This is possible because, at the
time of doing embu paired, there is a hypoxia moment due
to high intensity (sub-maxim), so the predominant energy
metabolism used is anaerobic. High blood lactate levels after
CEG and MIEG are also considered to be associated with
hypoxic conditions, and this is because hypoxia increases the
expression of hypoxia-inducible factor 1 a (HIFla) which
then stimulates the glycolysis process and increases lactic
acid dehydrogenase (LDH) activity so that lactate is pro-
duced higher (Ivashkiv, 2020). These results are similar to
the study conducted by Lesmana et al. (2016) showed that
treadmill exercise 5 times/week increased blood lactate lev-
els 25 minutes post-exercise. Kato et al. (2013) have also
proven that 5 minutes after moderate-intensity treadmill
exercise and swimming for 10 minutes showed that blood
lactate levels increased.

When the body undergoes hypoxia, it will also cause
electron leakage in the mitochondria during oxygen reper-
fusion. During oxidative phosphorylation in mitochondria,
oxygen is reduced by the mitochondrial electron transport
system to form adenosine triphosphate (ATP) and water
(H20) (Mrakic-Sposta et al., 2015). This explanation is sup-
ported by the explanation (Arsana et al., 2013) that when
oxidative phosphorylation (electron transport) as much as
2-5% of the total oxygen demand can be converted into free
radicals, resulting in ROS. The high ROS will result in a re-
action with polyunsaturated fatty acids (on the cell wall), re-
sulting in the formation of aldehydes, such as MDA, through
the lipid peroxidation process (Su et al., 2019). Therefore,
the level of MDA after CEG dab MIEG followed by paired
embu increased. The study’s findings are similar to the re-
search results conducted by Ilyas et al. (2017), which stated
that moderate-intensity exercise training in mice increased
MDA levels. Moflehi et al. (2012), in their study, also proved
that treadmill exercise, low, moderate, and high intensity
was shown to increase MDA levels compared to subjects
who did not do exercise. It is also supported by Huang et al.
(2015) that acute exercise can cause oxidative stress, in con-
trast to chronic exercise, which can provide a stimulus for
beneficial oxidative adaptation and improve physiological
performance and physical health.

Limitations of this study include (1) Lack of inflam-
matory parameters as a marker of generality due to oxida-
tive stress, (2) Absence of control groups, (3) Absence of
measurement of the body’s internal antioxidant parameters,
(4) This study only conducted acute exercises. First, in this
study, we only measured blood lactate levels and MDA as
oxidative stress markers. Therefore, future studies should
include more in-depth parameters as a sign of the discharge
from oxidative stress, such as inflammatory parameters
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(IL-6). Second, the absence of a control group that did not
intervene was exercised. Therefore, further research needs
to be added to control groups as a comparison with groups
given exercise interventions. Third, measurement of MDA
levels is only a marker of high levels of oxidative stress, but
the balance between antioxidants and oxidative stress is not
yet known. Therefore, further research is recommended
to take measurements of antioxidant activity (SOD, GPX).
Fourth, the study only conducted acute intervention (ex-
ercise), so more research is needed to find out the effects of
chronic intervention (training) in non-professional athletes.
The results are expected to be useful for leteration in creating
a pre-condition training program before the athlete’s games.

Conclusion

Based on the results of the study, it was concluded that
the provision of continuous exercise and modification inter-
val exercise which was carried out for 30 minutes/exercise
session with an intensity of 75% HRmax and 75% RM, a
frequency of 3x/week for one week was able to reduce acute
stress which was characterized by a decrease in RHR, but not
yet able to reduce blood lactate and oxidative stress which is
indicated by MDA levels.
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IHTEPBAJIbHOI BMPABU HA 3HUXXEHHA PIBHIB MAJIOHOBOIO
AIANbAErIAY TA IAKTATY B KPOBI B HENMPO®ECINHUX
CMOPTCMEHIB, AKI 3BAUMAIOTbCA CbOPIHA3I-KEMIMO

Tpu Bax’to Ara Cenmyrpa'**®, Auppi Cyexo?®®, Ilypso lpi Pemxexi'A®P,
Api ITpanoto'“®, Jlinik XepaBari'*®, Augpe Auppianto'®’, Tana ®epcra
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Pedepar. Crarts: 7 ¢, 3 Tabn., 3 puc., 31 mxeperno.

MeToro gocmifKeHHA 6yI0 MpoaHasisyBaTy BIUIMB Oe3-
HepepBHOI BIpaB) Ta MOAM(DIKOBAHOI IHTEPBaIbHOI BIPABNU
Ha 3HIDKEHH:A PiBHIB MaJIOHOBOTO Jianbaeriny (MJIA) ta mak-
Tary B KpOBi B HenpodecilfHIX CIIOPTCMEHIB, fAKi 3aiIMaIOTbCA
CbOPIHA3I-KEeMIIO.

Marepianu Ta MeTogu. Y LIbOMY IOCIiI)K€HH] BUKOpPMC-
TOBYBa/IM KBasieKCIIepMMEHTAIbHUI METOM, IPU LbOMY IIIaH
IIPOBEJIeHHA NOC/i/PKEHHS BK/IIOYA€E JMlIe IOIepeSHE Ta 3a-
K/IIOUHE JOCTIPKEHHA B PAMKaX [IBOX €KCIIepMMEHTaTbHUX
TPYII i3 BUITaIKOBOIO BUOIPKOIO yYaCHUKIB. Y4acHUKaMu 6yu
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16 mimIiTKiB i JoHAaKiB 40/M0Bivoi cTaTi BikoM 18-20 pokiB, iH-
nexc macu tina (IMT) 20-24 xr/m?% 3 HOPMaZIbHUM KPOB STHUM
TICKOM, HOPMaJIbHOK YacTOTOH cepreBux ckopouerb (HCC)
y CTaHi CIOKOI0 Ta 6e3 XpOHIYHMX 3aXBOPIOBAaHb. Y4YaCHMKIB
BUIAZIKOBO posnofinuayu Ha i rpynn: CEG (n =8, rpymna
6esnepepsHoi Bipasu) tra MIEG (n = 8, rpyna moandikoaHoi
inTepBanbHOI BripaBu). BesnepepsHi Ta MoandikoBaHi iHTEp-
BaJIbHI BIIPaBy IIPOBOAM/IN 110 30 XBWINH/3aHATTA BIIpaBaMM,
3 inTeHcuBHicTIO 75% MakcumanbHoi YCC (HRmax) Ta 75% 1o-
BTOpHOTo MakcumyMmy (RM), i3 yacToToro 3 pasu/TvoKzieHb, Ipo-
TATOM OffHOTO TVDKHA. BumiproBanHs nokasHukis YCC y crani
CITOKOI0, piBHIB ManoHOBoOro pianbperiny (MJJA) Ta makrary B
KpoBi poBopyn 3a 30 XBIINH IO I0YaTKy TPEHYBaHHA Ta Je-
pes 10 XBUINH Mic/IA 3aBepIeHHs TPeHYyBaHHA. Ik MeTop aHami-
3y JAHNUX BUKOPUCTOBYBa/IM t-KpuTepiit CTbIofieHTa /L1 apHUX
BuOipok Ta t-kpurepiit CTbIOfieHTa IS He3a/Ie)XHUX BUOIPOK
i3 3acTocyBaHHAM IporpamMHOro 3abesmedenns SPSS Bepcii 21.
PesynpraTtm. PesynbpraTy okasaam sHa4Hi BifIMiHHOCTI B
nokasHukax YCC y cTaHi CIIOKO, PiBHIB MaJIOHOBOTO Jlia/lb-

meriny (MJIA) Ta 1akTary B KpOBi [I0 [104aTKy TPEHYBaHH: Ta
Iic/IA 3aBeplIeHHs TPeHYBaHHA B IPyIi 6e3lepepBHOI BIIpa-
Bu (CEG) ra B rpyni MoaudikoBaHoi iHTepBa/nbHOI BIpaBU
(MIEG) (p < 0,05). Takox 3adixcoBaHa BiIMiHHICTb y pisHMII
(A) moxasumkiB YCC mo moyaTky TpeHyBaHHA Ta IiC/IA 3aBep-
mweHHA TpeHyBaHHA B CEG (3,88 * 3,36 yn./xB) Ta B MIEG
(-15,25 + 3,45 yn./xB) (p < 0,001), ane B 060X rpymax He 3a-
(hikcoBaHO >KORHUX BifMiHHOCTel! y pisHuLi (A) piBHIB Maso-
HoBoro fianbaeriny (MJIA) Ta makTary B KpOBi.

Bucnosku. Ha mifcrasi ofilepXaHux pesynbTaTiB JOCHIi-
IKeHHs 0Y/I0 I0Ka3aHo, 10 Oe3nepepBHa BIIpaBa Ta Mopudi-
KOBaHa iHTepBa/IbHA BIIpaBa MifiBUIIYIOTh piBHI M/TA Ta mak-
TaTy B KpOBi He3a0apoM IIiC/IA BTPYYaHHs, ajle 00uBa BUY
BIIPaB MOXKYTb 3MEHIIYBaTyU FOCTPUIL CTPEC, Ha 1[0 BKa3yBajIo
sHmkeHHA YCC y cTaHi CIIOKOIO0.

Kirouosi coBa: 6e3niepepsHa Bipasa, MopydikoBaHa iH-
TepBa/ibHA BIIPaBa, CbOPIH/3i-KEMIIO, 3[[OPOBMIT CIIOCIO KUTTL.
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Abstract

The purpose of this study is the experimental substantiation of the implementation of information and
communication technologies to test the control of back muscle strength in the process of physical education of

students.

Materials and methods. General scientific methods were used to solve the research problems: analysis, synthesis,
generalization, induction and systematization, technical modeling, pedagogical experiment, pedagogical testing, and
mathematical methods. The study involved 240 students aged 17 to 18 at the beginning of the study.

Results. An electronic device for determining the strength of the muscles of the back was developed and tested, the
readings of which allow the user to get clear current information on the panel of a personal computer. The device
was built on a combination of modern electronic technologies and software. For the purposes of the experimental
substantiation of the developed back muscle strength control device, a correlation analysis was used to empirically
investigate the authenticity degree of the tests used to control back muscle strength. According to the results of the
reliability of the tests of back muscle strength control tests, the results of which were recorded using a dynamometer,
those are between low and medium. The recording of the back muscle strength test results with the developed device

ensured the achievement of a high level of test authenticity.

Conclusions. The result of the research study aimed at solving the problematic aspects of test control was to ensure
the appropriate degree of authenticity of the tests used to control back muscle strength. The recording of the back
muscle strength test results with the developed device ensured the achievement of a high level of test authenticity.

Keywords: testing, control, physical education, student, back muscle strength, device, information and

communication technologies.

Introduction

Problem statement. The current stage of reorganiza-
tion of the system of physical education in universities as
an important part of social policy is characterized by active
evolutionary changes. Effective physical education of young
people is historically one of the first significant pedagogical
problems, and, at the same time, the center of the innovative
pedagogical movement (Anikieiev, 2015). The urgency of
finding ways to improve the effectiveness of physical educa-

© Mykytyuk, Z., Blavt, O., Hnatchuk, Ya., Stechkevych, O., &
Helzhynska, T., 2022.
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tion for students is growing significantly in connection with
the reorganization of higher education in accordance with
European standards. The problem is important for the health
of the nation, especially young people.

Promising, in connection with the above, is the use of
innovative methods based on information and communica-
tion technologies (ICT) in the physical education of students
(Born, Nguyen, Grambow, Meffert, & Vogt, 2018; Siregar,
Kasih, & Pardilla, 2022). According to the requirements of
the time, the global development of ICT necessitates sig-
nificant changes in all aspects of the organization of physi-
cal education and physical training in universities, which
are able to raise the quality of this process to a significantly
higher level (Di Tore, Schiavo, & D’isanto, 2016).
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Analysis of recent research and publications. The use of
innovative technologies in the practice of physical educa-
tion is considered in a fairly wide range of scientific papers
(Capobianco, Almuklass, & Enoka, 2018; Chow, Chung, Ma,
Macfarlane, & Shirley, 2017). It is considered that their ac-
tive implementation and use is one of the most important
priorities for the development of the industry in accordance
with today’s challenges (Born, Nguyen, Grambow, Meffert,
& Vogt, 2018; Koryahin, Mykytyuk, Blavt, Dolnikova, &
Stadnyk, 2020).

It is believed that an important mechanism of influence
and management in the course of physical education is con-
trol (Ivashchenko, & Khudolii, 2016; Magill, & Anderson,
2017; Solohubova, Lakhno, Shyyan, & Shyyan, 2020). Im-
provement of technologies of pedagogical control is con-
sidered as a possible direction of increase of quality and
efficiency of physical education of students. The target direc-
tion of control is to analyze the relationship between the dy-
namics of pedagogically oriented actions and pedagogically
determined changes during physical training (Vanhelst, Be-
ghin, Fardy, Ulmer, & Czaplicki, 2016). Control as a means
of improving the system of information support for the man-
agement of the process of physical education is considered
in a large list of works (Di Tore, Schiavo, & D’isanto, 2016;
Ivashchenko, Yermakova, Cieslicka, & Muszkieta, 2015; Kri-
ventsova, Pashkevych, Iermakov, Bartik, Michal, Nosko, &
Yermakova, 2017).

The growing importance of comprehensive control in
physical education and management of this process is due
to many factors characteristic of the current state of the field
of physical education (Edwards, 2010; Khudolii, Iermakov,
& Ananchenko, 2015). Among the main ones, it is believed,
is the lag in the quality of comprehensive control from the
requirements for the organization of the training process,
as well as increasing the requirements for metrological sup-
port for the collection and analysis of information (Chow,
Chung, Ma A.W.W, Macfarlane, & Shirley, 2017; Koryahin,
Mykytyuk, Turchyn, Blavt, Prystynskyi, & Stadnyk, 2021).

It is believed (Kok, Komen, van Capelleveen, &J. van der
Kamp, 2020; Koryahin, Blavt, Vanivska, & Stadnyk, 2020)
that all these issues are most effectively addressed in the case
of the introduction of automated techniques that allow you
to monitor the status of the main parameters in real-time.
A special role is given to information technology of auto-
mated control and evaluation of acquired skills (Magill, &
Anderson, 2017). The integration of ICT in the educational
process provides the establishment of facts, identification of
links and patterns, and forecasting of the consequences to
improve the effectiveness of this process (Chow, Chung, Ma,
Macfarlane, & Shirley, 2017; Siregar, Kasih, & Pardilla, 2022).

The purpose of this study is experimental substantiation
to implement ICT in test control of back muscle strength in
the process of physical education of students.

Materials and methods

Study participants

The first-year students from Lviv Polytechnic National
University were selected for research. The study involved
240 students, their age at the beginning of the study was 17-
18 years. It is important that the number of students in the

research groups was sufficient for the demonstrable evalu-
ation of the experiment’s results. The requirements for the
adequacy of the information volume at the level of p < 0.05
were met.

The organization of the study took into account the pro-
visions of the Declaration of Helsinki of the World Medical
Association (WMA-2013) on the ethical principles of medi-
cal research with human participation; the research protocol
was approved by the ethics commission of the Lviv Polytech-
nic National University.

Study organization

Research methods. In accordance with the goal, the
study required implementation at the theoretical and em-
pirical levels, in accordance with modern requirements for
research.

At the theoretical level, the following are applied: gener-
al scientific methods: analysis (analytical, structural-target,
problem-oriented) to obtain theoretical and empirical mate-
rial; synthesis and generalization of information presented
in the scientific literature, documentary, and methodological
sources (to clarify the theoretical aspects of the problem,
their state, and development; to establish methods, levels of
implementation, research approaches to research); induc-
tion and systematization (for processing of theoretical data,
formulation of the basic provisions of research and their
systematization in the context of the considered problems).

The methods used to obtain empirical data were the
pedagogical experiment, pedagogical testing, and mathe-
matical methods for processing digital files. Technical mod-
eling was used as a method of the empirical level of research.
Technical modeling was used to create an ICT-based device
to be studied.

Organization of research. The scientific research was
carried out in the process of interrelated stages of theoretical
and empirical research.

Pedagogical testing involved determining muscle
strength in the traditional way and using a developed de-
vice. This determined the strength of the torso flexors, torso
and extensor muscles, or the strength of the back extensor
muscles.

A back dynamometer (dynamometer from Baseline
Products) and a wide belt with a buckle were traditionally
used to determine back muscle strength. Measurements
were performed using a gymnastic wall.

The strength of the back muscles is a total indicator of
the group of muscles that perform flexion and extension of
the torso. Determination of torso flexors was performed in a
sitting position on the floor with the back to the gymnastic
wall (chain - dynamometer - chain to wall system in the belt
loop on the chest, Fig. 1.a). To avoid moving to the wall, the
student rests his pelvis on a gymnastic bench placed on the
edge, which is held by another person. Efforts are directed
forward, arms bent at the elbows. The strength of the torso
extensors was determined from the starting position sitting
on the floor facing the gymnastic wall.

We also measured strength, which is a total measure of
the group of muscles that stretch the torso. To determine it,
the student becomes the middle of the feet on a metal plat-
form with a hook and holds the dynamometer handle at the
level of the knee joints, gripping from above.
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The strength was determined as follows: the student
stands with his feet on a wooden platform with a dynamom-
eter attached to it, using a hook so that it is at knee level.
Bending at the waist, the student takes the handle of the
dynamometer with both hands and, without bending the
knees, straightens his back and squeezes to failure. The study
is conducted twice, the best result is recorded. Measure-
ments are made with an accuracy of 5 kg.

Statistical analysis

Within descriptive statistics, the comparative-statistical
method of determining of empirical authenticity of tests is
applied. To determine the empirical authenticity of the tests,
variance and correlation analysis (between the obtained test
results and the correlation criterion) were used. Quantita-
tively, the degree of authenticity of the tests is expressed using
the reliability and validity coefficients, which are calculated
using the intra-class correlation coefficient. The methods of
mathematical statistics are used, it can be confirmed that
the criteria of reliability and validity are adequately met. All
statistical analysis was performed using SPSS Version 20.

The statistical data required for the interpretation of the
studied parameters were obtained by sampling two samples
of 120 people of the same sex aged 18 to 22 years. The sample
was considered as an empirical analog of the general popula-
tion, which made it possible to form an opinion about the
numerical values of the studied parameters as a whole.

Results

The effectiveness of all types of physical activity and
ensuring a high level of efficiency limits the development of
strength abilities, which are also an important component
of the physical fitness of students. Compared to other motor
abilities, power abilities are the most multi-component in
structure and measurement and are the basis of their devel-
opment (Ivashchenko, Yermakova, Cieslicka, & Muszkieta,
2015; Prieske, Muehlbauer, & Granacher, 2016). That is why
specialists pay a lot of attention to the methods of control
and improvement of these characteristics of muscular work
(Alfrey, & Gard, 2014; Khudolii, et al., 2015).

The issue of control of the indicator of strength abilities
is one of the determining factors that regulate the dynamics
of physical fitness and allows you to purposefully manage
this process. From the standpoint of the theory of abilities,
the structure of these abilities is the least prone to adjust-
ment and change (Edwards, 2010).

The muscular strength of the back is distinguished by
the structure of strength abilities (Catala, Schroll, Laube,&
Arampatzis, 2018). There is a very strong muscle group in
the back, which is the basis of a properly formed musculo-
skeletal system and ensures its proper functioning. Research
of means and methods of force training is considered one of
the most priority directions of modern intelligence (Ivash-
chenko, Yermakova, Cieslicka, & Muszkieta, 2015).

Quantitatively, the level of development of strength
abilities in the practice of physical education of students
is assessed using special control exercises - strength tests
(Magill, & Anderson, 2017). This process is technically com-
plex, as testing involves maintaining balance by the student,
which can lead to errors in the results. It is impossible to

intensify the test process, as it requires constant registration
of results.

In order to eliminate the listed factors, objectify the as-
sessment, and to ensure the reliability of the test results, a
device was developed and tested, the readings of which al-
low receiving clear current information on the panel of the
personal computer. In the presented electronic device for
determining the strength of the back muscles, the system
“chain-dynamometer-chain” is replaced by a rubber band
with a known coefficient of elasticity (Fig. 1). When per-
forming the test, the bending and unbending force of the
torso will be proportional to the coeflicient of elasticity and
the amount of deformation.

7
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Fig. 1. Block diagram of a device for determining the strength of
the back muscles:1 - light reflector; 2 — rubber tape; 3 - line of
photodetectors; 4 — radiation source; 5 — amplification unit based
on the operational amplifier; 6 — personal computer;

7 — the course of the rays

The following scheme has been developed to fix the
amount of deformation. A light reflector is attached to the
rubber band. A wide-spectrum LED that covers the visible
range is used as the light source. Opposite the rubber band
on the rack is a line of photodiodes, which registers the sig-
nal that falls on a particular photodiode (Hotra, Mykytyuk,
Diskovskyi, Barylo, & Vezyr, 2018). During the flexion and
extension of the torso by the student in the testing process
is stretching the elastic band and displacement of the reflec-
tor due to its deformation, and hence change the position
of the reflected beam, which is fixed by photodiodes. The
value of the deformation of the rubber band is equal to the
signal from the corresponding photodiode on which the ra-
diation hit. The signal from the photodiodes is amplified by
an operational amplifier and fed to the screen of a personal
computer. Visual information about the strength of the back
muscles is generated on a personal computer using the de-
veloped software.

The expediency of using LEDs in our development is that
such a sensor has advantages that significantly differentiate
it from others, among them: high level of accuracy, speed,
and resolution, minimum size, lack of sensitivity to external
influences (vibration, etc.), low energy consumption level.
In addition, LEDs have a great advantage: the brightness
of the LEDs is very well adjustable, the ability to focus the
light flux in one direction of its increased energy efficiency,
and almost no negative environmental impact. Due to some
physical properties, LEDs have a so-called instantaneous
start. In its structure, the LED is similar to a conventional
semiconductor diode, just like any semiconductor diode,
the LED has the property of unilateral conductivity (Vistak,
Dmytrah, Mykytyuk, Sushynskyi, Barylo, Prysiazhniuk, &
Horbenko, 2017).
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Table 1. Authenticity of student control tests of back muscle strength (n - 240)

T A T A T A T A T A T A
H 0, 766 0,758 0,734 0,715 0,782 0,692 0,666 0,611 0,911 0,953 0,899 0,872
B 0,121 0,310 0,176 0,293 0,076 0,277 0,113 0,271 0,105 0,315 0,101 0,328

* Note: H - reliability of the test, B - validity of the text T - the traditional way, A - using the developed tool

The back muscle strength tester can use an optocoupler
to record signals: an optoelectronic semiconductor device
consisting of an emitter and a radiation receiver, between
which there is an optical link and electrical insulation. In the
electronic “circuit’, the optocoupler performs the function
of a communication element, in which the electrical isola-
tion of input and output is performed. At the same time, the
unidirectionality of information flow through the channel
is ensured, there is no feedback of the receiver to the signal.
Optocoupler is characterized by physical and structural-
technological compatibility with microelectronic devices
(Wojcik, Vistak, Mykytyuk, Politanskyi, Diskovskyi, Sushy-
nskyi, Kremer, Prystay, Jaxylykova, Shedreyeva, 2020).

In the case of using an optocoupler in the developed
device, the light reflector will be implemented on a rubber
band in the form of alternating dark and light stripes. Data
transmission in the control device is provided by wireless
information transmission devices — Bluetooth.

The combination of the necessary analysis of the ob-
tained control results with the visual form of presentation
in the developed device is implemented by the software. The
use of software allows simultaneous analysis of test results of
a group of students without loss of information. The software
includes recording and mathematical programs that quickly
process the obtained control results using the methods of
multidimensional mathematical analysis. At each current
test time, only the required measurement elements are vis-
ible on the screen, other graphic objects are hidden. It also
allows you to get a dynamic picture of the process, which
significantly expands the informativeness of the test control.

Our development provides for automatic receipt of the
results of multiple tests in the form of an electronic protocol.
Numerous control data are written to files stored on disk, so
it is available for further processing. Instant availability of
information materials allows you to plan practical actions
based on reliable information, therefore, you can signifi-
cantly influence the improvement of organizational forms of
physical education for students.

Thus, the unification and intensification of obtaining
and processing control results is ensured. The software
implements the accumulation, updating, adjustment and
multifaceted use of a large array of information stored in a
centralized database and automatic receipt of multiple test
results in the form of an electronic protocol. The use of the
developed device in the process of testing the strength of
the back muscles provides simplification and automation
of control procedures, accuracy and efliciency of testing,
consisting of information retrieval time (usually up to 60 s),
review time and analysis of results. Long-term observation
throughout the period of physical education of students in-
volves updating the results of control and storing them in a
database in the format of hypertext arrays, which ensures
the formation of information space at a qualitatively new
level.

For the practical substantiation of the developed device
for control of back muscle strength, correlation analysis has
empirically investigated the degree of authenticity of tests
used to control back muscle strength. To do this, the results
of testing students of research groups, which were used as
a retest, in three exercises to determine the strength of the
back muscles: flexion of the torso, stretching of the torso,
and posture. The test results were recorded traditionally and
using the developed device (Tab. 1).

According to the results of the reliability of the tests of back
muscle strength control tests, the results of which were recorded
using a dynamometer is between low and medium, which is
considered acceptable. The coeflicient of validity in numerical
values corresponds to the limits of low and medium. The re-
cording of the back muscle strength testwith the developed de-
vice ensured the achievement of a high level of test authenticity.

The developed device for testing the strength of the back
muscles is characterized by ease of use and compact size of
the device, and its use ensures the absence of human influ-
ence on the results of control.

Discussion

Ensuring the quality of physical education of university
students is due to a number of factors, in the list of which
control plays an important role. Control in physical educa-
tion is positioned as an important component of manag-
ing the process of physical training (Khudolii, Iermakov, &
Ananchenko, 2015). Management provides analysis of test
results, which is the basis of operational corrective decisions.
The tool in this case is the possibility of implementing op-
erational control (De Oliveira, Arrebola, De Oliveira, & Liu,
2021). Our research is consistent with the information on
the need to ensure the possibility of obtaining objective re-
sults as a basis for adjusting physical education plans for stu-
dents (Ivashchenko, & Khudolii, 2016; Koryahin, Mykytyuk,
Blavt, Dolnikova, & Stadnyk, 2020; Chernenko, Muszkieta,
Dolynniy, Oliynyk, & Honcharenko, 2022).

The study integrates scientific ideas that progress in
the field of knowledge of the theory and methods of physi-
cal education, increasing the importance of the scientific
component, and requires the development of automated
control using the potential of ICT (Kok, Komen, van Ca-
pelleveen, & Van der Kamp, 2020; Zanevskyy, & Labart-
kava, 2020). The implementation of information processes of
collecting, accumulating, storing, transmitting, processing
and presenting (displaying) information of test control of
back muscle strength in physical education of students using
ICT ensures the effectiveness of the control process, which
is consistent with the ideas presented in existing research
(Chow, Chung, Ma, Macfarlane, & Shirley, 2017; Koryahin,
Mykytyuk, Turchyn, Blavt, Prystynskyi, & Stadnyk, 2021).

Informatization of the control of physical education of
university students presupposes the transition to a qualita-
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tively new level of its efficiency (Born, Nguyen, Grambow,
Meffert, & Vogt, 2018; Koryahin, Blavt, Vanivska, & Stad-
nyk, 2020). At the heart of this direction is a technological
approach to the implementation of test control, aimed at
ensuring its high efliciency, which integrates existing sci-
entific ideas in this direction. This approach makes it pos-
sible to systematize the direction of research in this field of
knowledge in order to obtain objective and comprehensive
information for the effective implementation of manage-
ment functions in the process of physical training (Alfrey, &
Gard, 2014; Estivalet & Springer, 2009).

The obtained scientific results are represented in the
software’s complex information and communication sup-
port. In this way, there is a unification and intensification of
obtaining and processing test results, which generally reor-
ganizes the procedure of control of students’ strength abili-
ties and increases the level of information support.

We support scientific ideas on the introduction and use
of modern ICT in the process of control of physical educa-
tion to ensure the reliability and efficiency of this process. In
turn, it is possible to implement forecasting, design individ-
ual components of classes and evaluate the effectiveness of
the process of physical education for students while studying
at the university (Anikieiev, 2015; Koryahin, Blavt, Vanivska,
& Stadnyk, 2020).

Determining the reliability of tests used to control back
muscle strength confirms the data (Edwards, 2010; Vanhelst,
Beghin, Fardy, Ulmer, & Czaplicki, 2016) that tests measured
by mechanical dynamometers are quite unreliable. It is con-
firmed (Koryahin, & Blavt, 2019; Magill, & Anderson, 2017),
that the level of reliability of the test is not an absolute indi-
cator and depends on the method of obtaining test results.
Thus, there is a change in the degree of reliability of the tests
depending on how the results are recorded.

The obtained results expand and supplement the in-
formation on the possibilities of modernization of physical
education of students on the basis of integration of the lat-
est ICT to ensure the implementation of this process at the
modern scientific level as a factor of its effectiveness in terms
of health (Kok, Komen, van Capelleveen, & J. van der Kamp,
2020; Koryahin, Iedynak, Blavt, Galamandjuk, Prozar, Zai-
kin, Veselovska, Golub, Kucher, & Gurtova, 2019). The new
scientific results presented in the work are aimed at reor-
ganizing the procedures of control of physical education of
students and increasing the level of its information support,
which meets modern standards. Adaptation of teachers and
students to the information society allows for a new type of
educational service.

Conclusions

According to the results of the study, a new approach to
the implementation of the procedure of testing the strength
of the back muscles in physical education of students using
the potential of modernization and strengthening the pro-
cesses of informatization in physical education of students
based on ICT. The developed device of registration of test
results is scientifically substantiated and represented.

The novelty and practical significance of the ICT-based
back muscle strength testing device lies in the ability to en-
sure the efficiency and high efficiency of the procedure of
monitoring the strength abilities of students, the result of

which is the prompt receipt of reliable measurement data. In
case of their inconsistency, the necessary decisions are made
and adjustments are made to the process of physical training.

The paper presents a new approach to solving the prob-
lem of improving the effectiveness of control in physical edu-
cation of students, which meets modern standards. The use
of an ICT-based back muscle strength monitoring device has
been experimentally substantiated. In the obtained values of
the degree of authenticity of the tests there is a change in the
degree depending on the method of recording the results.
Based on the results obtained, we can conclude that the reli-
ability of the same test depends on the method of recording
the results.

The result of scientific research aimed at solving the
problematic aspects of test control was to ensure the ap-
propriate degree of authenticity of tests used to control back
muscle strength. Developed software complex automated
control and evaluation of back muscle strength parameters,
unifies and intensifies the receipt and processing of test re-
sults. All this provides modernization of the control process
in the physical education of students and is a significant
contribution to its implementation at the modern scientific
level.
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IHTECTUODIKALIA TECTOBOIO KOHTPOJIIO CUNU M’'A3IB
CNMMUHU Y OIBUHHOMY BUXOBAHI CTYAEHTIB HA OCHOBI
IHOOPMALINHO-KOMYHIKALIMHUX TEXHONOTIN

3inoBiit Mukutiok'*?t, Oxcana bnaB1'®“®, fIpocnas IHaTyyk*"F,

Oner CreukeBn4'APE| Tersina lenbKMHCbKA

1BCE

"HarnionanbHnit yHiBepcuteT “JIbBiBChbKa mommiTexHika”

*XMebHUIbKIUI HalllOHAIbHMIL YHIBEPCUTET

ABTOpPCHKMIT BKTAZ: A — Am3aits gocnipkeHHs; B — 36ip ganux; C — craraHanis; D — migroroska pykormucy; E — 36ip kowrris

Pegepar. Crarrs: 7 c., 1 Tabn., 1 puc., 30 mxeper.

MeTa JOCHigKeHHs NONATaNa y eKCIepUMEHTATbHOMY
OOIPyHTYBaHHI Ta yIpoBamXeHHi iHdopMaliliHO-KOMyHiKa-
L[iiHMX TEXHOJIOTi Y TECTOBMII KOHTPOJIb CHJIN M’A31B CIIVIHU B
mpoteci (GisMYHOTrO BUXOBAHHS CTYHEHTIB.

Marepianun ta meropu. [Ina BupillleHHA 3aBJaHb JO-
CHiKeHHsA BMKOPMCTOBYBAJIMCA 3aTraJlbHOHAYKOBI MeTOAM:
aHasli3, CMHTe3, y3araJbHeHHs, IHAYKIiA Ta cucTeMaTusanis,
TeXHiYHE MOJIENIIOBAHHA, NEJaTOTiYHNII eKCIIEPUMEHT, Iefia-
rOriuyHe TeCTyBaHH:A, MaTeMaTU4YHi MeToau. Y HOCHiJKeHHi
B3A/IM y4acTh 240 CTy/eHTiB, IX BiK Ha ITOYATOK JOCTi KEHHS
cTa”HoBUB 17-18 pokiB.

Pesynsratu. Po3pobiieHo Ta anpo6OBaHO e1eKTPOHHUI
HOPUCTPIil [/Is BUSHAYEHHS CUIM M SI3iB CIMHM, IIOKa3aHHS
SIKOTO TO3BOJISIIOTH OTPUMATH YiTKY HOTOYHY iHpoOpMaliio Ha
HaHesIi epcoHaIbHOro KoMII forepa. IIpuctpiit mobynoBaHmit
Ha TIO€IHAHHI Cy4YaCHMX €/IeKTPOHHMX TEXHOJIOTiN i mporpam-
HOro 3abe3medeHHs1. JI/Is eKCIIepPUMEHTa/IBHOTO OOIPYHTYBaH-
HS pO3pO06JIEHOTO IIPUCTPOIO /ISt KOHTPOJIIO CUIM M SI3iB CIIN-
HI KOPEALIMHIM aHa/li30M eMIIPMYHO JOCTIKEHO CTYIiHb

TOCTOBIPHOCTI TECTIB, 1[0 BUKOPUCTOBYIOTHCA I/l KOHTPOJIIO
cwm M’sA31B COMHN. 3a pesy/IbTaTaMi HOC/Ii/KEeHHs aBTeHTINY-
HICTDb TeCTiB KOHTPOJIIO CM/IM M SA3IB CIIVHU, Pe3YIbTaTH SKUX
peecTpyBaucs 3a IOIOMOIOK AMHAMOMETPA, 3HAXOAUTHCS
MiXXK HU3BKUM Ta cepefiHiM piBHeM. Peectpaniero pesynbraTis
KOHTPOJIIO CH/IM M s3iB CIMHM 3a JIOIOMOTOI0 PO3pOOIEHOro
IPUCTPOIO 3a6e3NeunIn JOCATHEHHA BYCOKOTO PiBHA JBOCTO-
BipHOCTI TecTiB.

BucnoBku. PesynbraToM HayKOBUX HOCHTi[KeHb, CIIp:-
MOBaHNIX Ha BUPIIIEHHs MPOOJEMHNUX ACIEKTIB TECTOBOTO
KOHTPOJIIO, CTa/I0 3abe3IIeueHHs HA/IeXHOTO CTYIEHsS HOCTO-
BipHOCTI TECTiB, 110 BUKOPUCTOBYIOTbCSA JJIs1 KOHTPOJIIO CHU/IN
M’sA31B ciuHK Y Bi3MIHOMY BUXOBaHHI CTyAeHTIB. Peectparis
pe3ynbTaTiB TECTOBMX BIPAB 3 BUKOPMCTAHHAM IIPE3€HTOBA-
HOTO NpuIajy 3abesledye JOCATHEHHsS BUCOKOIO PiBHA JO-
CTOBipHOCTI TecTy.

KirouoBi cmoBa: TecTyBaHH:, KOHTPO/b, (isuuHe BUXO-
BaHHSA, CTY/IeHT, CWIa M AI3iB CIIMHU, IPUCTPilt, indopMariiiiHo-
KOMYHiKalliJiHi TEXHO/IOTII.
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Abstract

Research purpose. This study aims to examine and determine the effect of wearable resistance loading during warm-
up protocol on front kick movement mechanics and muscle activation.

Materials and methods. Twenty-five (N = 25, height = 174.00 + 4.76 cm, weight = 75.93 + 13.64 kg, age =

22.57 + 1.36 years) male university tackwondo athletes were recruited as participants of the study. Wearable

resistance with loading of 0%, 5% and 10% of the athletes’ body mass were attached to participants’ thigh and shank.
Kinematics, kinetics and muscle activation during front kick were assessed.

Results. Overall, the results showed that there were no significant differences found between different WR loading
in kinematics, kinetics and muscle activation during front kick movement. The results reflected that there were no
detrimental effects of wearing wearable resistance during warm-up sessions. The findings are somewhat surprising
as it was hypothesized that WR loading would produce effects on the mechanics of kicking and muscle activation.
Wearable resistance did not increase kicking performance which was reflected by kicking velocity. This might be
due to percentage of loading used which are seen as not reducing the performance, which reflects that the wearable

resistance can be used during warm-up in training sessions as an add-on to resistance training.

Conclusions. We suggest that future studies should examine the chronic effects of wearable resistance as specific
tools to be used in enhancing the performance of taekwondo kicks.

Keywords: training, kinematic, kinetic, muscle activation, performance.

Introduction

Taekwondo is a martial art that focuses on empty-hand
combat, concentrating on striking with the use of hand and
leg techniques. Leg techniques such as roundhouse kicks, axe
kicks, back kicks, and other advanced kick that involves leap
action and rotation while executing kicks are commonly used
in competition. Since the 1950s, the techniques have been
modified and varied technically and strategically by old mas-
ters in the Korean army (Gillis, 2016). As a result, kicking tech-
niques account for 98% of match points (Kazemi et al., 2013).
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The athlete’s ability to execute an excellent kick is measured
by the velocity and kicking force. Meanwhile, the ability to ex-
ecute powerful and fast kicks will give the opponent less time
to counterattack and the need to admit the lost point scored.

Numerous studies had been conducted in Taekwondo
such as kicking speed and time of movement (Estevan et al.,
2016; Estevan et al., 2011), kinematic and kinetic (Mailapalli
et al., 2015; Qian et al., 2010; Yu et al., 2012), tactical and
technical (Casolino et al., 2012) and impact forces toward
the participants whose has different background expertise
(O’Sullivan et al., 2009). Therefore, based on the previous
study, kicking capability can influence the match outcome.
Thus, it becomes apparent that kicking variables need to be
focused on during taekwondo training.

Warm-up is one of the most important routines that
should be included in an athlete’s training regime to achieve
maximum potential during training. Warming up is a pre-
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workout practice that raises body temperature, improves
blood circulation, and prepares the body for heavy load
training (Erkut et al., 2017). In addition, a warm-up protocol
can help athletes or individuals avoid injury and muscular
soreness during training sessions (Cilli et al., 2014).

A dynamic warm-up is a warm-up method practiced by
various types of sports. Previous findings showed dynamic
stretching improves muscle locomotion, increases power
generation, and effectively stimulates nerve-muscle commu-
nication (Burkett et al., 2005; Faigenbaum et al., 2006; Gelen,
2010; Thacker et al., 2004; Thompsen et al., 2007). Besides, the
dynamic warm-up also was shown to boost force, strength,
response time, and flexibility (McMillian et al., 2006).

The use of wearable resistance devices during the Tae-
kwondo pre-training program is thought to reduce the time
needed to warm up for the next high-intensity training ses-
sion or upcoming match in a specific protocol, as athletes
can perform warm-up activities with load affixed to the tar-
geted muscle location. Due to its contribution to the specific
movement in sports, the load proportion on the targeted
muscle is still within the research range (Bustos et al., 2020;
Faigenbaum et al., 2006). Currently, little to no study has
been done on determining and comparing the various load
effects of wearable resistance intensities during warm-up
protocol toward kicking biomechanics in Taekwondo. As a
result, this research will add to the body of knowledge and
literature about the influence of various wearable resistance
intensities on tackwondo kicks during warm-up procedures.

The aims of this study are to examine, determine and com-
pare the acute effect of wearable resistance loading (0% of body
mass, 5% of body mass and 10% of body mass) applied during
warm-up sessions on kinematics (maximum kick height, peak
time, kicking velocity, kicking angle and displacement), kinetic
(ground reaction force) and muscle activations (bicep femoris,
gluteus maximus, gastrocnemius medial head, rectus abdomi-
nis and vastus lateralis) during front kick in Taekwondo. We hy-
pothesized that there will be changes and significant differences
of front kick movement mechanics and muscle activation as a
result of different WR loading worn during warm-up protocols.

Materials and methods

Study participants

Twenty-five (n = 25) male taekwondo elite athletes
voluntarily participated in this study. All of them hold a
black belt in taekwondo and were currently competing in
a national-level competition in taekwondo. All participants
were screened to ensure that they are injury-free. Despite
these requirements, it was discovered that the participants
had no prior experience with WR thus familiarisation ses-
sion is compulsory. All the participants were required to
fill in the Physical Activity Readiness Questionnaire and
informed consent. All the participants were told that they
could withdraw from the study at any time. This study has
been approved by the UPSI Human Research Ethics Com-
mittee [Code: UPSI/PPPI/PYK/ETIKA(M)/014(163)].

Study organization

Participants need to attend four sessions. Briefing and
familiarisation were done during the first session. There was

a 72-hour gap between sessions. Taking into account the
participants’ preparation and the actual testing of the proto-
cols, each session lasted around 30 minutes to an hour.

Participants were brief about the study, personal rights
to withdraw and a pre-exercise questionnaire screening was
also given. The session followed with an introduction of all
testing apparatus that would be used. Participants are then
asked to sign the consent letter. The equipment familiarisa-
tion session was crucial because none of the participants had
previously used WR in their training.

During the second, third and fourth sessions, partici-
pants wore the WR with 0, 5 and 10% of their body mass
during the warm-up session in a randomized order to avoid
order effects. After performing kicking drills while wear-
ing WR as a warm-up routine, the WR was removed from
their body and their movements were recorded. The kicking
drills included 10 minutes of various kicking movements.
The loading was attached to the participants’ lower limb at
the targeted muscles which is the thigh and shank.

Data analysis

The kinematic data were recorded using multiple high-
speed cameras (Vicon T10s). Reflective markers were placed
on the participant’s second metatarsals, lateral malleolus, cal-
caneus, lateral shank, lateral femoral epicondyle, lateral thigh,
and anterior superior iliac spine on the right and left lateral
side of the body using the plugin-gate marker set model. Vi-
con Nexus software then was used to analyse the kinematics
data acquired. The kicking kinematic model includes the hip,
thigh, shank, and ankle. Kicking height, peak time, kicking
angle, displacement and kicking velocity were analyzed.

The electromyography (EMG) signals were converted
from analog to digital, which was set at 1000Hz. The EMG
data were analysed using EMG workstation software.

Raw data from the force platform was filtered using six
channels of signal commercial conditioner (Gen5, AMTI,
Watertown, USA) and the final data were processed by us-
ing netforce software (Netforce, AMTI, Watertown, USA)
in Microsoft Excel file format (Microsoft Excel, Microsoft,
Washington, USA) for further analysis.

Statistical analysis

Mean and standard deviations were used to represent the
centrality and spread of the data for all biomechanical data
measured. One-way repeated measure analysis of variances
(ANOVA) was used to determine if significant differences
existed across different load percentages. An alpha level of
0.05 was set to assess statistical significance for all tests.

Results

Table 1 showed the demographic background of partici-
pants involved in this study.

Table 1. Characteristics of subjects

Variables Mean + Age
Age (years old) 22,57 +1.36
Height (m) 1.72£0.14
Body mass (kg) 75.93 + 13.64
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Table 2. Kinematics, kinetics and Muscle activation data for 0, 5 and 10 % WR

Parameters WRO WR5 WRI10 F value Sig.
Maximum kicking height (m) ~ 1.71 + 0.15 1.69 £0.12 1.70 £ 0.13 0.25 0.78
Kicking velocity (m/s) 5.13+0.95 4.88 +1.03 5.18 +0.96 1.14 0.33
Kinematics
Kicking angle (°) 112.84 + 13.63 115.16 £ 13.41 114.16 £ 11.74 0.64 0.53
Displacement (m) 2.17£0.11 2.16 £0.09 2.17£0.10 0.55 0.54
Kinetic Ground reaction force (N) ~ 955.10 + 169.77  955.24 + 169.68  950.91 + 173.57 0.25 0.78
Bicep femoris (% MVC) 13.48 + 5.26 13.63 + 6.85 13.74 £ 5.98 3.28 0.06
Gluteus maximus (% MVC) 14.66 + 8.50 13.55 + 7.68 13.96 + 7.84 2.19 0.15
Muscle activations  Gastrocnemius (% MVC) 17.74 + 10.75 17.92 +9.13 18.55 +9.63 0.20 0.82
Rectus abdominis (% MVC) 19.41 £ 6.49 19.84 £ 7.25 18.67 £ 7.67 0.69 0.47
Vastus lateralis (% MVC) 21.05+11.84 22.15+11.70 20.68 £ 10.84 2.52 0.09

* Significant difference (p < 0.05)

The mean and standard deviation of kinematics, kinet-
ics, and muscle activations data were shown in Table 2. No
significant interaction was found for all the variables tested.

Discussion

The purpose of this study was to compare the acute ef-
fects of wearable resistance loading used during a warm-up
session in taekwondo front kick where data of kinematic, ki-
netic, and muscle activities were compared between selected
loads of WR (0%, 5%, and 10% of body mass) attached on
the lower extremities. The analysis of kicking height, kicking
velocity, kicking angle, displacement, ground reaction force
(GRF), and muscle activities of BE, GM, G, RA, and VL were
acquired from the data.

Looking at the kinematic data, no significant differences
were found comparing all the loading conditions used dur-
ing warm-up. Thus our hypothesis was rejected. We assume
that there will be changes to the kinematic data, especially
in the kicking velocity and maximum kicking height due
to the warm-up protocols using loads. However, both these
performance indicators were found not to be changed. Be-
sides, kicking angle and displacement also were found not
to be changed, thus demonstrating the wearable resistance
can be used during warm-up as it did not change the move-
ment mechanics related to performance. In terms of specific
data during the kicks, we found that the kick velocity of the
participants is less than what has been found by (Wasik et al.,
2018). The differences might be contributed by the factors
of participants recruited. Wasik et al. (2018) recruited elite
level athletes while we in this study only recruit university
level athletes.

Although there is no significant difference detected be-
tween all the WR tested, kinematics analysis demonstrated
that kicking height is 1.16% lower when the front kick is
executed with 5% load, and 0.58% lower with 10% load WR
when compared to no WR implementation. Kicking velocity
also showed that it is faster by 4.87% when executed with 0%
load WR and 5.79% faster when executed with 10% load WR
when compared to 5% load used. The kicking angle showed

that the angle is larger by 2.01% and 1.15% when executed
with 5% load WR and 10% load WR respectively compared
to 0% load WR. Displacement of kicking on the other hand
showed an increase of 0.46% when executed with 0% load
WR and 10% load WR when compared to 5% load WR.

WR application during the warm-up session will alter
segment inertial properties and as such can be considered
an organismic constraint (Field et al., 2019; Martin & Cava-
nagh, 1990). A prolonged adaptation toward the application
of WR in training especially during the warm-up session
would ultimately be a useful stimulus to develop and train an
adapted movement behavior among athletes in preparation
for changing real-life situations during match games which
could be an advantage in terms of performance deliverance
later on.

As found in the kinematic data, the ground reaction
force that is the indicator of kinetic in this study was also
found not to be changed. The ground reaction force in this
study refers to the supporting legs that step on the force
plate. The results, it shows that the supporting leg did not
have any effects with the use of wearable resistance during
warm-up. The supporting leg really does play role in deter-
mining kicking performance as what was found by (Chin-
nasee et al., 2018) who found the greater kick was produced
by more force production by the supporting leg. Thus, the
analysis of the supporting leg is also important in a study like
this (Prajongjai et al., 2019).

Muscle activation data were collected to look at the mus-
cle contraction during the kicks as the result of warming up
with wearable resistance. The finding is somewhat surpris-
ing, that there were no significant changes occurred to the
muscle activation even though they wore wearable resistance
during warm-up. This showed that the muscles were able
to overcome the loading used during the warm-up and not
become tired to reduce muscle activation.

Muscle activation is a piece of vital information in deter-
mining which muscle contributes the most during kicking
in taekwondo (Ervilha et al., 2020). The findings revealed
a substantial difference between loads for the front kick.
Although there is no significant difference to the muscle ac-
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tivities when different WR load is applied during the warm-
up session, there is a slight difference in terms of muscle
activities when different WR load is applied. It can be seen
that gluteus maximus activate the most when no WR load
is applied compared to when there is WR load applied dur-
ing warm-up session. This showed that when there is no
load, there is less fatigue and typically the velocity of kick-
ing would be faster and gluteus maximus is the muscle that
are responsible to stabilize the whole movement of kicking
which originated from the movement of quadriceps. Since
the movement is light and faster, the gluteus maximus need
to work more in order to stabilize the kicking movement.

Based on this finding, it can be noted that different WR
load actually affect different type of leg muscles. The per-
centage involvement of muscle seems to be different when
the WR load is getting heavier. As such, this could be a good
indicator for coaches to determine which type of load effect
different type of leg muscles independently.

The objective for development of WR technology has
been to allow a relevant load to be applied directly to the
body that will then directly stress specific movements un-
der the specific demands of an actual sport and competi-
tive environment, with little compromise to the speed of
motion, range of motion and specific skill (Dolcetti et al.,
2019). Nowhere is this more important than in the realm of
speed and agility training where even slight modifications
in these parameters greatly reduce improvement in actual
competition. The application of WR in the movement of
kicking like in this study is significantly important to deliver
an optimum training mechanism which could then transfer
to competition.

Coaches and athletes could benefit from a good warm-
up session with the implementation of WR to optimize their
warm-up session. This is generally important because warm-
up is an important session before a workout session. This is
to avoid injury during training sessions, especially in a burst
activity like taekwondo. Further research could be done on
the different percentages of WR implementation to add to
the library oh knowledge upon an optimum WR loading to
be used in warm-up sessions. The physiological effect such
as the heart rate, lactate level, and also any biomarkers that
could indicate importance before starting an activity could
be measured to see the effect of WR effectively as stimulation
during warm-up.

Conclusions

The wearable resistance with 5% and 10% loads appear
to be the suitable weight used during warm-up protocols
without disrupting the whole movement of kicking and
causing a significant decrease in all the kinematic and ki-
netic variables that is important during a kicking movement
execution.

Future research should focus on long-term or chronic
effects, as this will allow researchers to see how long the
wearable resistance effect lasts on athletes. Furthermore, the
study should take into account the 3D design because each
WR placement will create a different outcome and more
loading will be able to attach to the body segment as well to
cover the important joint while exploring the biomechani-
cal characteristics of the specific skills. Wearable resistance
could be used by coaches and athletes as one of the choic-

es since it allows athletes to lift weights while performing
movements that are unique to the tournament’s skills with-
out jeopardizing the mechanics of movement.
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BrnJinB HABAHTAXKEHHA HATUJIbHAMW OBBAXKHIOBAYAMU
nig4YAC BUKOHAHHA NPOTOKOJ1Y POSMUHKU HA
BIOMEXAHIKY NMPAMOIO YAAPY HOIOKO B TXEKBOHAO

Tyan Myxammap Illadik Tyan I6parim'45°P, KeBin Tan**5°P, Hop
dasina A6y Mamex'**P, Axmapy Akinp Moxamap [I>xaxisi'A?, Hyp IxBan

Moxamapn'4“P, 3ynesBan A6 Manik'4“P, Ani Hapzanan

"YuiBepcuter ocsitn Cynrana Inpica
*YHiBepcHUTeT MEHEI)KMEHTY Ta HayKu

1ABCDE

ABTOpCHKMIT BRI A — nu3aiits gocnimpkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E — 36ip komrtis

Pegepar. Crarrst: 7 c., 2 Tabi., 1 puc., 25 mxeper.

Merta pocnimxkenHs. lle gocnigkeHHs Ma€ Ha MeTi BU-
BYEHHs Ta BY3HAYEHHs BIUIMBY HAaBAaHTa)K€HHS HATiIbHUMU
00Ba)XHIOBaYaMI i YaC BUKOHAHH: IIPOTOKONY POSMMHKI
Ha MeXaHiKy pyXy IIPsIMOTro yAapy HOTOI0 Ta aKTUBAI[ilo M sI3iB.

Marepiamu Ta MeTogm. Y [OCTIPKeHHI Opamu y4acTb
ABAALATD ISITh YHIBEPCUTETCHKUX CIOPTCMEHIB YOIOBIYOI

crari (N = 25, 3pict = 174,00 £ 4,76 cm, Mmaca = 75,93 + 13,64 kr,
Bik = 22,57 * 1,36 poky), AKi 3aifMaloTbcA TXeKBOH/IO. Jlo cTe-
TOH i FOMIJIOK y4acHUKIB Oy/Iy IpUKpiNIeHi HaTiIbHI 06BaX-
HIOBadi 3 HaBaHTaXeHHAM 0%, 5% Ta 10% macu Tina cmopTc-
MeHiB. OLiHIOBa/IM KiHeMaTHKy, KIHeTUKY Ta aKTMBaIlilo M A3iB
I1iJ] YaC BUKOHAHHA MPAMOTO yjapy HOT 0.
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Pesynbraru. 3arajioM pes3y/nbTaTi II0OKa3aau BifICyTHICTD
3HAUYHMX Bi]MIHHOCTe}l MK pi3HMMM HaBaHTaXeHHAMU Ha-
TiIPHMMM 00Ba)XHIOBaYaMy B IIOKA3HMKAX KiHEMATVKIM, KiHe-
TUKY Ta aKTUBalii M's3iB Iifj Yac BUKOHAHHA PyXy HPSMOTO
ymapy Horomw. PesynbraTy Tako)X IIOKa3alu BiICyTHICTD IKifI-
JIMBOTO BIUIMBY BHAC/IJOK HOCIHHA HATI/IbHUX 0OBa)KHIOBAYiB
IIifl 9ac 3aHATb PO3MMHKOIO. PesynbraTu € memo Hecnopisa-
HMMM, OCKiJIBKM OY/ZI0 BUCYHYTO TillOTe3y, 110 3aCTOCYBAaHHS
006Ba)KHIOBAYiB BIUIMBATMMe Ha MEXaHiKy y/japy HOTOIO Ta aK-
TuBanio M A3iB. HarinbHi 06BakHIOBaYi He MiIBUIIVIIN ITOKA3-
HUK BUKOHAHH:A yflapy HOTIOIO, AKOMY BiJIIOBiZla€ MIBM/JKiCTb
yaapy Horow. lle, MO>XX/IMBO, 3yMOB/IEHO BUKOPUCTOBYBAaHUMU

BiJICOTKOBMMM 4aCTKaMV HaBAHTA)XEHHs, AKi BBa)KAIOTbCA Ta-
KMMM, 1J0 He 3HVDKYIOTh ITOKa3HMK BMKOHAHH:A, LI0 TOKAa3YE,
IO 1i HAaTi/IbHI 0OBAXKHIOBAYi MOYKHA BMKOPMCTOBYBATH IIif|
Yac pO3MUHKM Ha TPEHYBa/JIbHUX 3aHATTAX AK JOIIOBHEHHA 10
TPEHYBaHb 3 OOTHKEHHAMIL.

BucHoBku. Mu peKoMeH[yeEMO B MaitOyTHIX JOCTiKeH-
HSIX BUBYUTY XPOHIYHI eeKTH HATIIBHMX OOBaKHIOBAYIB SIK
crienjianbHMX 3ac06iB, AKi BUKOPUCTOBYBaTMMYTb /IS IIOKpa-
LIeHHA OKa3HYKIB BUKOHAHHA yapiB HOTOIO B TXEKBOHJO.

KnrouoBi cmoBa: TpeHyBaHH:, KiHeMaTlKa, KiHeTHKa, aK-
TUBAI[ifA M A31B, HOKa3HUKM BUKOHAHHA.
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Abstract

Background. Telerehabilitation used as an exercise method has become increasingly common in recent years.
Various methods have been used to increase hamstring flexibility, but more research is required on the optimal

program.

The study purpose was to investigate the effect of hamstring stretching exercises given as telerehabilitation and home
exercise program on hamstring flexibility.

Materials and methods. Sixty-eight healthy adults were randomly assigned to two groups, namely telerehabilitation
and home exercise. Exercises were performed for 8 weeks (4 sessions/week) in both groups. Active and passive range
of motion (ROM), sit and reach test (SRT), and International Physical Activity Questionnaire Short Form (IPAQ-SF)

were conducted in the pre- and post-intervention and after a 6-month period.

Results. At the end of 8 weeks, a significant improvement was observed in the SRT scores in both the
telerehabilitation group (p = 0.001) and the home exercise group (p = 0.001). In addition, significant improvements
were observed in the passive ROM measurements of both the telerehabilitation group (p = 0.005) and the home
exercise group (p = 0.001). At the end of 8 weeks, the telerehabilitation group was found to be significantly superior
to the home exercise group in the SRT results (p = 0.034). As for the long-term results, significant improvement was
maintained in both SRT (p = 0.001) and passive ROM (p = 0.014) in the telerehabilitation group.

Conclusions. Eight-week telerehabilitation and home exercise program was observed to have positive effects on
passive and active ROM. The telerehabilitation method may prove to be more effective than the home exercise

method in the long term.

Keywords: exercise, hamstring muscle, telerehabilitation, muscle stretching, flexibility.

Introduction

Adequate extensibility of the hamstring muscle is known
to be an important factor in the efficiency and quality of ba-
sic activities such as walking and running. Physical inactivity
leads to a decrease in muscle-tendon flexibility, especially in
the hamstring muscles (De Oliveira et al., 2018).

It has been shown that decreased hamstring flexibility
can cause muscle imbalances, muscle injuries, musculoskel-
etal disorders such as patellar tendinopathy and patellofem-
oral pain (Medeiros et al., 2016).

© Geng, H., Poyraz [sleyen, T., Tugge Tahmaz, T., Aydogan,
Y., & Atilgan, E., 2022.
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Stretching exercises consist of three interventions,
namely, static, dynamic, and ballistic stretching, and both
static and dynamic stretching help to increase range of
motion (ROM) and flexibility (Lempke et al., 2018). Static
stretching usually involves moving a limb to the end of its
ROM (Matsuo et al., 2019). Dynamic stretching is a move-
ment-based method of stretching (Opplertid et al., 2020;
Demoulin et al., 2016).

Stretching exercises have acute effects through visco-
elastic change and chronic effects through the myogenic
response of sarcomeres (Shamsi et al., 2020). Hamstring
stretching exercises improve hip joint ROM, increase dy-
namic balance ability, and reduce the risk of injury by
enabling the development of functional skills for sports
(O’Sulliva et al., 2009; Martin et al.,2022).
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Lockdown imposed to prevent the spread of the dis-
ease during the COVID-19 pandemic has increased the need
for telerehabilitation methods (Hamadi et al., 2022). It has
been observed that the use of telerehabilitation can promote
standardization, improve patient compliance with exercise
programs and reduce costs (Syamsul Taufik et. al., 2021;
Middleton et al., 2020).

To our knowledge, there is no study examining the long-
term results of hamstring flexibility exercises applied through
telerehabilitation. Our aim is to use two different exercise
approaches to increase hamstring flexibility and to examine
the short- and long-term effectiveness of these approaches.
Our hypothesis is that the telerehabilitation method is more
effective than the home exercise method in increasing ham-
string flexibility, and that the short-term effects of the exer-
cise programs may be maintained in the long-term. For this
purpose, both groups performed static and dynamic stretch-
ing exercises for 8 weeks, but the first group did so through
telerehabilitation, and the second group through home ex-
ercise program. Whether they achieved superiority over one
another was assessed at the end of the 8" week and 6™ month.

Materials and methods

Study participants

University students with 18-25 years of age and ham-
string shortness were included in our study. The criteria for
inclusion in the study were: having active hip flexion ROM
between 0-80 degrees and being able to speak and under-
stand Turkish language. The criteria for exclusion from the
study were: being a professional athlete, having orthopedic or
neurological problems, and having undergone lower extrem-
ity musculoskeletal surgery. All participants read and signed
the informed consent form before participating in the study.

Having met the criteria for inclusion, 68 participants
were randomly divided into 2 groups of 34 individuals. Ex-
ercises were applied with telerehabilitation in the first group
(n = 34), and home exercise program in the second group
(n = 34) (Figure 1).

Study organization

This study was conducted between August 2021 and
February 2022 in accordance with the Declaration of Hel-
sinki, which provides ethical principles for medical research
involving humans. Ethical approval was obtained from Is-
tanbul Medipol University Non-Invasive Clinical Research
Ethics Committee (E-10840098-772.02-2899). Clinical trials
registration number: NCT05083533.

The study lasted for 8 weeks. The participants were evalu-
ated before the start of the study. Then, the participants were
randomly divided into two groups by means of a computer
program. Assesment was repeated at the end of 8 weeks. Final-
ly, the participants were re-evaluated at the end of 6 months.

Following the initial evaluations, the individuals were
divided into 2 groups using a computer-assisted randomiza-
tion table. This study was planned as a single-blind random-
ized controlled trial. The researchers who carried out the
assessment measurements were blinded to all participants.

The sample size was calculated using the raosoft sample
size calculator. The universe of our study consists of students

=280 Due to not wanting
to be involved in the
study and language
problem

TOTAL STUDENT NUMBER
N=560

NUMBER OF ASSESSED
PARTICIPANTS

N=280

n=212 For not meeting
the inclusion criteria.

NUMBER OF
PARTICIPANTS INCLUDED
IN THE STUDY
N=68

[

l Randomization

TELEREHABILITATION
GROUP
N=34

n=2 Inability to adapt to
exercise due to exam intensity

HOME EXERCISE

GROUP
N=34 n=2 Inability to adapt to

exercise due to settling
ﬁ ﬁ ———>

outside the city
l 8 Week Intervention ‘

n=2 Unable to continue exercise
program due to Covid

n=2 Inability to continue
exercise due to family reasons

8.WEEK 8. WEEK

NUMBER OF ASSESSED NUMBER OF ASSESSED
PARTICIPANTS

PARTICIPANTS
N=30 N=30

- 5 n=4 Due to moving to a
different city

6 Month Follow up

6. MONTH
NUMBER OF ASSESSED NUMBER OF ASSESSED
PARTICIPANTS PARTICIPANTS
N=28 N=28

6. MONTH

Figure 1. Flowchart of Participant Selection throughout the Study

of Bahgesehir University Physiotherapy and Rehabilitation De-
partment (n = 280). The sample size was calculated to be 55 with
%10 error in the %90 confidence interval. After calculating the
dropout rate as 20%, 68 individuals were included in the study.

Hamstring flexibility exercises were applied to the telere-
habilitation group via an online communication program
(Microsoft Teams program 1.5.00.8070). The participants
completed the exercises in front of the camera and under
the supervision of a physiotherapist. The exercise program
continued 4 days a week for 8 weeks. In the first four weeks,
3 different dynamic and static hamstring stretching exercises
were performed for 10 seconds and in 5 repetitions. These
exercises were hamstring stretching exercises performed in
the position of standing with the help of a chair, sitting and
supine. In the last 4 weeks, 4 different dynamic and static
stretching exercises were performed for 20 seconds and in 10
repetitions. These exercises were forward folding in straddle
and with straight legs, and hamstring stretching exercises
performed in the sitting and half-knee positions.

The participants in the second group were given a home
exercise program that included the same protocol as the first
group. The exercises were explained in a brochure contain-
ing written and visual information. The participants were
interviewed by phone once a week. The home exercise pro-
gram continued for 8 weeks.

Three different tests were implemented to assess ham-
string shortness. The sit and reach test (SRT) was performed
with a SRT box. The participants were asked to sit on a flat
surface, place their hands on top of each other with their
palms facing the ground, and move the indicator on the box
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Table 1. Baseline characteristic data

G?up. Group 2-Home exercise
. All (n = 60) 1-Telerehabilitation group
Characteristics group (n = 30) P
(Mean+SD) (n=30) (Mean+SD)
(Mean+SD) .
Age (yrs) 20.80 £ 1.59 20.60 = 1.26 21.00 + 1.85 0.33
BMI (kg/m?) 23.18 £3.76 24.07 £ 3.16 22.29+4.14 0.06
Gender (female) 33(55%) 10 (33.3%) 23 (76.7%) 0.44
Dominant side (right) 55 (91.6%) 27 (90.0%) 28 (93.3%) 1.0

The values are shown as mean + SD. p < 0.05 was considered statistically significant. Age: years, BMI: body mass index (kg/m?)

to the furthest point they could without bending their knees.
Measurements were repeated three times. The three mea-
surement results were averaged and the result was recorded
in centimeters (Ayala et al., 2012).

In the active straight leg raise test, while the participant
was in the supine position, they actively raised the dominant-
side lower extremity with their knee extended. In the mean-
time, care was taken not to flex the hip and knee on the non-
dominant side. The degree of hip flexion on the dominant side
was measured by the physiotherapist with the help of a goni-
ometer. Goniometric measurement was repeated 3 times. The
averages were taken and recorded in the participants’ files.

In the passive straight leg raise test, while the partici-
pant was in the supine position, the physiotherapist passively
lifted the dominant-side lower extremity with the knee ex-
tended. In the meantime, care was taken not to flex the non-
dominant hip and knee.

The degree of hip flexion on the dominant side was mea-
sured with the help of a goniometer. Goniometric measure-
ment was repeated 3 times. The averages were taken and
recorded in the participants’ files. All hamstring shortness
measurements were performed at the beginning, and re-
peated at the 8th week and 6" month.

The level of physical activity was evaluated using the
International Physical Activity Questionnaire Short Form
(IPAQ-SEF). The short form consists of 7 questions in to-

Table 2. Analysis of intra-group differences

tal. The questionnaire provides information about the time
spent walking, performing moderate and vigorous activities,
and sitting. The measurement of all activities performed is
based on the fact that each activity is carried out for at least
10 minutes at a time. According to the total physical activ-
ity score, the physical activity levels of the participants are
defined as “low, moderate and high” (Saglam et al., 2010).

Statistical analysis

Descriptive statistics were presented as mean + standard
deviation (SD). Independent samples t-test, Paired t-test, Wil-
coxon test and Mann Whitney U test were used for analysis.
Pearson correlation coeflicient was used to measure the cor-
relation. All statistical analyzes were performed using SPSS
for Windows, version 26.0 (SPSS Inc., Chicago, IL, USA). p
value lower than 0.05 was considered statistically significant.

Results

A total of 280 participants were initially evaluated, and
68 participants meeting the inclusion criteria were included
in the study. The 8"-week results of 60 participants and the
long-term results of 56 participants were analyzed.

The dropout rate was the same in both groups (13%).
The reasons for dropping out were the COVID-19 pandemic,

Group 1-Telerehabilitation group (n = 30)

Group 2-Home exercise group (n = 30)

Baseline 8t week 6" month Baseline 8t week 6" month

(Mean = SD) (Mean + SD) P (Mean * SD) P (Mean = SD) (Mean + SD) P (Mean * SD) P
Sit and reach  16.29 +3.89 2345 +7.25 0.001 24.25+7.97 0.001 16.75+5.02 20.87 £6.01  0.001 20.68 £ 6.21 0.001
test
Dominant 52.21+£1.52 66.35 +2.26 0.001 70.44 £2.72 0.162 53.96 +1.72 64.56 £2.48  0.001 68.89 + 1.84 0.454
side AROM
Dominant 5745+ 156 71.551724 +2.18 0.005 74.36 £2.99 0.014 57.20+2.18 68.63 £2.86 0.001 7295 +2.17 0.762
side PROM
IPAQ-SF 4678.60 + 317.76 4230.85 + 360.55 0.657 3512.394 +£368.56 0.02 497.15 + 475.56 4596.06 + 558.58 0.66 3788.74 +569.61 0.238
Total
IPAQ-SF 290.02 + 81.61 1065.45 +186.88 0.001 1040.33 +£144.76 0.001 480.88 + 130.13 1383.40 +329.93 0.319 1395.89 +258.2 0.388
Low
IPAQ-SF 286.20 + 104.95 380.01 +108.62 0.275 331.684729 + 71.35 0.234 432.00 £ 193.71 561.71 + 158.01 0.320 836.22 +312.48 0.538
Moderate
IPAQ-SF 806.53 + 158.43 1163.14 £ 194.88 0.015  994.01 £200.79  0.27 912.73 + 181.84 114.86 £235.53 0.170 874.67 £245.95 0.116
High

The values are shown as mean + SD, p < 0.05 was considered statistically significant. Dominant side AROM: Dominant side active range
of motion, Dominant side PROM: Dominant side passive range of motion, IPAQ: International Physical Activity Questionnaire
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Table 3. Analysis of Intergroup Differences

Group 1 - Difference Group 2 - Difference
between baseline-8" between baseline-8™

Group 1 - Difference Group 2 - Difference
between baseline-6" between baseline-6'"

week week P month month P
(Mean * SD) (Mean + SD) (Mean * SD) (Mean * SD)
Sit and Reach Test 6.60 +4.71 4.03 +4.42 0.033 7.26 + 8.33 3.83 £5.86 0.070
Dominant Side AROM 17.53 + 14.96 14.90 + 12.81 0.467 14.60 + 9.72 11.86 +10.43 0.298
Dominant Side PROM 11.43 £ 9.55 15.70 £ 12.66 0.146 8.10+ 17.26 12.44 + 8.10 0.370
12.44 + 8.10 8.10 £ 17.26
IPAQ SF Total 25.20 £ 257.23 43.93 + 276.49 0.763 39.16 + 206.28 -34.93 + 149.08 0.295
IPAQ SF Low 153.36 + 336.59 94.50 + 280.94 0.368 134.83 + 323.85 230.86 + 334.38 0.426
IPAQ SF Moderate 366.75 + 875.37 -114.36 +£ 1191.41 0,088 109.60 £ 290.71 100.20 + 317.08 0.905
IPAQ SF High 258.23 £1120.44 -38.13 £ 1460.63 0.169 786.86 + 1228.50 442.66 + 1050.0 0.116

The values are shown as mean + SD, p < 0.05 was considered statistically significant. Dominant side AROM: Dominant side active range of mo-
tion, Dominant side PROM: Dominant side passive range of motion, IPAQ SF: International Physical Activity Questionnaire Short Form

moving to a different city, busy exam schedule and family-
related ones. The long-term results of 76% of the participants
in both groups could be analyzed.

There were 30 participants in the telerehabilitation
group (mean age: 20.60 + 1.26) and the home exercise group
(mean age: 21.00 £ 1.85) each. There was no significant dif-
ference between the baseline values for mean age (p = 0.33),
BMI (p = 0.06), female-to-male ratio (p = 0.44) and domi-
nant side (p = 1.0). The characteristics of the participants are
presented in Table 1.

The effects of the 8-week intervention on hamstring
flexibility are given in Table 2. At the end of 8 weeks, sig-
nificant improvement was observed in the SRT scores of
both the telerehabilitation group (p = 0.001) and the home
exercise group (p = 0.001). In addition, significant improve-
ments were observed in active ROM (p = 0.001) and passive
ROM (p = 0.005) in the telerehabilitation group, and those
(p =0.001) in the home exercise group.

The long-term results revealed that the improvements
in both the SRT (p = 0.00) and passive ROM (p = 0.014)
were maintained in the telerehabilitation group, while the
improvement was maintained only in the SRT (p = 0.001) in
the home exercise group. When the difference between the
groups was analyzed, only the telerehabilitation group was
found to be significantly superior in the 8" week results of
the SRT (p = 0.034). No significant difference was observed
between the groups in the other parameters.

No significant change was observed in the level of physi-
cal activity in the home exercise group. In the telerehabilita-
tion group, a significant increase was observed in IPAQ-SF
total score in the 6" month (p = 0.028), IPAQ-SF low score in
both the 8" week (p = 0.001) and the 6th month (p = 0.001),
and IPAQ-SF high score in the 8th week (p = 0.015). There
was no significant difference in IPAQ-SF total score and its
categories between the groups.

When all participants were evaluated, a high level of
correlation was found between IPAQ-SF total score and ac-
tive ROM of dominant hip (r = 0.942).

Discussion

In this randomized controlled trial, significant im-
provements were found in passive ROM of hip flexion after
hamstring stretching in both the telerehabilitation group

(A =11.43) and the home exercise group (A = 15.70). There
was a significant difference between the groups in favor of
the telerehabilitation group only in the SRT. In addition, at
the end of the 6-month period, significant improvement was
observed in passive ROM of hip flexion only in the telereha-
bilitation group.

Studies have reported that adults with a sedentary life-
style have less hamstring flexibility (De Oliveira et al., 2018).
Cho et al. (2017) observed a significant relationship between
physical activity level and hamstring flexibility. This find-
ing agree with previous report, our initial evaluation results
showed that hamstring flexibility was low in individuals with
low physical activity levels.

Different measurement methods are used to measure
hamstring flexibility. The SRT is one of these methods. The
literature suggests that the SRT should not be used as a cut-
off value in the measurement of hamstring flexibility (Ayala
etal., 2012). We used passive ROM of the dominant extrem-
ity as the cut-off value in the measurement of hamstring flex-
ibility in the individuals included in our study. We included
both tests to evaluate the efficacy of the treatment.

The duration of the hamstring stretching exercises var-
ies. Ayala et al. (2010) examined the effect of 15-, 30- and
45-second active stretching exercises on the degree of hip
flexion. An increase in hip flexion angle was observed after
the treatment in our study. There was no statistically sig-
nificant difference between the effectiveness of the exercises
performed at different lengths. Takeuchi et al. (2020) investi-
gated the effectiveness of 20-second static stretching exercise
applied to the hamstring muscle in healthy individuals. The
study showed that the hip joint ROM increased as a result
of the 20-second stretching program, which is in line with
our study.

In a review study examining the effects of stretching
exercises, the immediate and chronic effects of stretching
were found to be different from each other (Knudson, 2006).
Similar to our study, the immediate effect of hamstring flex-
ibility exercises was examined in the study, in which 46 phys-
iotherapy students participated, and significant improve-
ments were observed in the degree of passive hip flexion
(Cini et al., 2017).

In some of the studies, four-week exercises were found
to be sufficient for significant improvement, while in others
they were not. Davis et al. (2005) did not observe any
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increase in hamstring flexibility after 4 weeks of hamstring
flexibility exercises. They stated that an exercise program
lasting longer than 4 weeks might be required to increase
the passive ROM of the hip. In the study LaRoche & Con-
nolly (2006) conducted, an improvement was observed in
functional capacity and muscle performance at the end of
the 4-week hamstring flexibility exercise program, while no
improvement was observed in muscle stiffness. We are of
the opinion that although a 4-week period is effective in
establishing regular exercise habits, it is not enough for an
effective rehabilitation program.

According to studies on the stretching of different mus-
cle groups, remarkable improvements were found thanks to
3 to 6 weeks of training in the ROM of the joint, and it was
reported that the muscle was lengthened by 5-31% or 6 to
12 degrees (Knudson, 2006). There are hamstring flexibility
exercise programs performed with different durations with
healthy adults in the literature. However, there is no con-
sensus on the optimal duration (Sainz de Baranda & Ayala,
2010). Chan etal. (2001) applied two stretching exercise pro-
grams lasting 4 and 8 weeks in their study on healthy adults.
The study reported that the 8-week program was more ef-
fective on hip joint ROM and hamstring flexibility than the
4-week program. Ayala et al. (2013) reported an increase in
passive hip flexion angle in individuals with and without
hamstring shortness after a 12-week exercise program. We
observed a significant improvement in hamstring flexibility
with an 8-week exercise program in our study. To the best of
our knowledge, there is no study in the literature examining
the long-term effects in this population. Our study found
that the effects of hamstring flexibility exercises in healthy
individuals were maintained in the long term.

The effect of exercise position on flexibility response
is also discussed in the literature. Investigating the effects
of hamstring stretching positions on flexibility, Borman et
al. (2011) reported that there was no difference between
exercises performed while sitting and standing. Stretching
exercises performed in both positions were included in the
flexibility program in our study. We believe that exercises
performed in different positions affect patient participation
in the exercise positively.

Different types of stretching exercises can be used to
increase hamstring flexibility (De Oliveira et al., 2018). In
their study comparing the effectiveness of active and passive
hamstring stretching exercises, Meroni et al. (2010) reported
that active stretching is more efficient in terms of time use
and requires less compliance in terms of performing the
exercises. We speculate that the high effectiveness of the
exercise program in our study may be because the exercises
were planned to be performed actively.

Fasen et al. (2009) compared four different types of
stretching, including static and dynamic stretching exer-
cises, in their study in healthy adults. Following the 8-week
exercise training, they reported that there was no difference
between the effectiveness of different stretching types on
flexibility. In our study, we implemented a combination of
active static and active dynamic hamstring stretching exer-
cises to increase the effectiveness of the exercise program.

Telerehabilitation applications are generally applied in
neurological and orthopedic patient groups, for whom it
is difficult to access the hospital (de Menezes et al., 2021;
Lawford et al., 2018). The pandemic process has adversely

affected not only certain patient groups but also all popula-
tions in accessing health services. This has revealed that we
need innovations in rehabilitation and exercise practices.
Studies on young individuals, who can use new technology
really well, are extremely insufficient (Hasani et al., 2021).

Exercise practices have been performed using differ-
ent telerehabilitation methods in the literature. The use of
mobile technology-based health interventions is encour-
aged, and the use of programs is supported to reach large
populations economically (Monninghoft et al., 2021; Stork
et al., 2021). Videoconference-based exercise training can
be considered a safe and effective way to maintain func-
tional capacity (Kuldavletova et al., 2021). We observed a
significant effect on flexibility by using the video conference
method in our study.

The advantage of telerehabilitation and home exercise
programs over one another is still debated. In their study,
Ozer et al. (2021) divided the patients diagnosed with non-
specific neck pain into two groups as telerehabilitation and
home exercise. After the four-week exercise program, sig-
nificant improvements were observed in both groups. How-
ever, the groups did not have superiority over each other. In
our study, in which we also applied telerehabilitation and
home exercise, the only difference between the short- and
long-term results was the evaluation of hamstring flexibil-
ity performed at the end of the 8th week. Dias et al. (2021)
concluded in their review study that telerehabilitation and
exercise practices could lead to clinical results similar to
other interventions in improving pain, physical function
and quality of life in the short and long term. Similarly, the
clinical results of the home exercise group and of the telere-
habilitation group were similar in our study.

Various studies also indicate that hamstring flexibility is
related to physical activity level, muscle injuries and perfor-
mance (Martin et al., 2022; Barbosa et al., 2020). However,
due to individual characteristics such as age and muscle-ten-
don structure, there is no consensus on the optimal exercise
program to increase hamstring flexibility in healthy adults
(Medeiros et al., 2016).

Conclusions

The pre- and post-treatment measurements of the
telerehabilitation and home exercise groups showed that the
improvement in the results of hamstring flexibility was more
significant in the former. The main reason for this differ-
ence could be the inability to perform a supervised exercise
program in the home exercise group. Based on the data we
obtained, we believe that hamstring stretching exercises per-
formed through telerehabilitation can be used to increase
flexibility, just like other methods. Our study has several
limitations. The limitation of our study is that we conducted
it with a healthy young population aged 18-25. The heteroge-
neity of physical activity levels is another limitation.
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BMNJINB TEJIEPEABINITALII HA THYYKICTb NIAKONIHHUX
M'A3IB CTETHA Y 34OPOBUX AOPOC/UNX

Xasan Ienu"*4“P, Tyrye Iloiipa3s Imneiien*®c, Tyrue Taxmas**?,

€npar Aitmoran®?, Ecpa Arinran'®?

'Crambynbcpknmit yHiBepcuTeT Mepinonnb
*YHiBepcureT baxuemexip

ABTOpCHKMIT BKIAJ;: A — Iu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroToska pykormcy; E — 36ip komrris

Pegepar. Crartst: 7 c., 3 Tabn., 1 puc., 37 mxeper.

basoBa npo6nemaruka. Tenepeabinitariis, sIKy BUKOPUC-
TOBYIOTb SIK METOJ] BUKOHAHHsI BIIPaB, HAOyBae fefarti 611bIio-
IO IOMIMPEHHSA 32 OCTaHHI poKu. JIna miiBUIeHHA THYYKOCTI
HiAKOMHHMX M s3iB CTerHa BMKOPMCTOBYIOTb Pi3Hi MeTOnM,
ajie MOIIYK ONTMMA/bHOI IporpamMm noTpebdye 6impumx 06-
CATiB OCTII>KEHb.

Mertoro gocmimKeHHA 6yT0 BYBYEHHA BIUIMBY Ha THYY-
KiCTb TiIKO/IIHAMX M S3iB CTETHA BIIPAB Ha PO3TATYBaHHA IIiJi-
KOJIHHMX M A3iB CTerHa, PeKOMEH/JJOBaHUX Y paMKax Terepea-
OimiTanii, i mporpamim JOMaIIHIX BIIpaB.

Marepianu Ta metogu. lllicTaecaT Bicim 3gopoBuUX Kopoc-
JIVIX BUITAJIKOBO PO3IOJiIVIIV Ha IBi TPYIIN, a CaMe: TpyIa Tefe-
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peabimitail Ta rpyma foMalIHix Bpas. B 060x rpymax Bupasu
BUKOHYBa/I IIPOTATOM 8 TVDKHIB (4 3aHATTSA/TVDK/IEHD). Y me-
pioz 6e3nocepeaHbO [0 Ta MiC/Is BTPYYaHH, @ TAKOXK Yepes 6
MICALIB ITiC/I BTPyYaHHA IPOBOA/IN BUMiPIOBAHHSA aKTMBHOI
Ta rmacuBHoI aMmiTyau pyxy (ROM), BumiproBaHHA THYYKOCTi
i Yac TeCTy Ha 3TMHAHHA TYAyba BIlepel CUAAYM Ha MifIo3i
3 BurpsiwieHnmu Brieper; pykamu (Sit and Reach Test, SRT), a
TaKOX BUMIpIOBaHH: piBHIB (i3M4HOI aKTMBHOCTI y4aCHUKIB
Ha ITifICTaBi 3a[IOBHEHVX HUMY KOPOTKMX GpopM MiKHAPOZHOI
ankeru 3 pisuanoi aktuBHOCTI (IPAQ-SF).

Pesynprarn. Hanpukinni 8 TM>KHIB crioctepiranocs 3Ha-
YHE MOKPallleHHsA NOKa3HMKIB THYYKOCTi 3a pe3ynbTaTaMu
TeCTy Ha 3TMHAHHA Tyay0a BIlepel CUAAYM Ha MiI03i 3 BU-
npsimieHnmu Breper pykamu (SRT) sik y rpymi tenepeabirni-
tanii (p = 0,001), Tak i B rpymi gomamHix supas (p = 0,001).
Kpim TOro, CyTTEBE MOKpAlEeHHA CIIOCTEPIraocs B IOKA3HNU-
Kax BMMipIoBaHb IacHBHOI aMIuTiTyau pyxy (ROM) sk y rpymi
tenepeabimitanii (p = 0,005), Tak i B IpyIi JOMALIHIX BIpaB

(p = 0,001). Hanpukinmni 8 TrokHIB 6y/10 BUSHAYEHO, 1[0 TPyIIa
TenepeabiniTallil 3HAYHO IepeBepIIye IPyIy JOMAIIHIX BIIpaB
3a pesy/IbTaTaMl TeCTY Ha 3STMHAHHA Ty/Tyba BIlepes CUiA9u Ha
mijyrosi 3 BunpsamwieHnMu Biepen pykamu (SRT) (p = 0,034).
o cTocyeThca JOBrOCTPOKOBMX PE3Y/IbTATiB, Y TPy Tere-
peabinmiTarii 36epirasocst CyTTeBe MOKpPAIIEHHs B TOKA3HIKAX
TEeCTy Ha 3IMHAHHs TyIyba BIlepel CHAYM Ha III03i 3 BU-
npsmiernmu sriepers pykamu (SRT) (p = 0,001) Ta BuMiproBaH-
HA nacuBHOi ammumitynu pyxy (ROM) (p = 0,014).

BucHoBKu. 3a pesynabTaTaMy CIIOCTEPEXeHHA BOCbMMU-
TY)KHEBOI Iporpamu Tenepeabimitanii Ta ZJOMaLIHIX BIpaB
6y/10 BCTAHOB/IEHO ii MOSUTMBHUII BIUIVB HAa IOKA3HMUKM Ia-
CMBHOI Ta akTUBHOI aMmIutiTyan pyxy (ROM). Y noBrocrpoko-
Bill MePCIEKTUBI METO, Tenepea6iniTaui'1', MO>XJ/IBO, BUSIBUTb-
cs1 epeKTUBHIIINM 32 METOJ IOMAIITHIX BIIPaB.

KnroyoBi cnoBa: Bripasa, migkoninui M 513U CTerHa, Tejle-
peabinmiTaris, po3TAryBaHHA M 3B, THYYKICTb.
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Abstract

Research purpose. The purpose of this study is to verify if there are significant differences between different
anthropometric and jumping ability variables by testing two groups of elite and amateur volleyball players (under 16)
after having submitted the two groups to the same training protocol performed 4 times a week for 4 months.
Materials and methods. The study was carried out on 24 volleyball players divided into two groups. The following
anthropometric and jumping ability parameters were assessed in all subjects: height, weight, body mass index, height
with a stretched arm and height with two extended arms. The jumping ability measurement was carried out with the

Vertec jump test.

Results. The results of the anthropometric parameters showed significant differences between the two groups

on all the variables considered: in height (p = 0.00), in weight (p = 0.00), in Vertec attack with a stretched arm,

AHI (p = 0.00) and in Vertec wall with two outstretched arms, AH2 (p = 0.01). The results of the jumping ability
parameters showed significant differences between the two groups (elite and amateur): in Vertec Wall, VW (p = 0.00)
and Vertec Attack with run-up, VA (p = 0.00); and a high correlation was shown for both the groups.

Conclusions. Above all, in high-level youth volleyball, the anthropometric and jumping ability profile is directly
linked to the evaluation; training and continuous monitoring of physical qualities and jumping ability become an
important aspect for the control of performance and the possibility of selecting talented players.

Keywords: anthropometric and conditional skills, training, testing, talent selection.

Introduction

Volleyball is a team sport involving short explosive ac-
tivity bursts, such as serves, receptions, passes, spikes, short
sprints, jumps and high-speed movement (Lidor & Ziv,
2010; Hank et al., 2015). Volleyball is classified as an activity
with alternating aerobic and anaerobic engagement (Forte et
al., 2019a) with a high percentage of body muscle mass and
district demands for high strength (D’Isanto et al., 2018).
The limited dimensions of the field determine a performance
characterized by technical gestures (jumps, attack shots, etc.)
at high intensities (Ferrara et al., 2019). The volleyball is a
sport considered of attack (Raiola et al., 2016) with technical
and physical characteristics where precision and power are a
very important aspect to obtain a winning action (D’Isanto
et al., 2017) and is a game-sport that includes some aspects

© Altavilla, G., Esposito, G., Ceruso, R., Di Domenico, E, &
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of human sciences and science experimental for descrip-
tively analyzing the movement (Parisi & Raiola, 2014).

In modern volleyball the use of the jump and the speed
of play is a clear sign of a greater demand for physical strength
and the speed of the technical gesture; the aim is to express
the power necessary to gain an advantage over the opponent
(steal time or acquire a space, a position), overcome or con-
tain it (Alminni et al., 2019). In fact, the explosive dynamic
strength, the elevation, and the speed of displacement are
selective and determining (Forte & Altavilla, 2018); while
physical demands during a training or the match differ from
each playing position (Altavilla et al., 2017). In volleyball, a
vertical jump is adopted (Forte et al., 2019b), preceded or not
by a movement (run-up), generally aimed at increasing its ef-
fectiveness; the aim is to express the necessary power in order
to gain an advantage over the opponent (steal time or acquire
a space, a position), overcome or contain it. Several research
has shown that anthropometric and physical variables are
able to discriminate players as starters vs. non-starters or elite
vs. amateur (Gabbett et al., 2007; Smith et al., 1992).
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The main objective of athletic training and sports partici-
pation has always been to improve the performance of players;
therefore, the ability to jump together at the anthropometric
parameters represent fundamentals quality (Aquino et al.,
2019) in this type of sport. The relationship between the po-
tential strength, power, and anthropometric contributors to
vertical jump performances is unknown for young jumping
athletes. Therefore, the purpose of this investigation was to
examine if there were significant differences between anthro-
pometric variables and jumping ability, by testing two groups
of Italian Under 16 volleyball players (elite and amateur).

The purpose of this study is to verify if there are significant
differences between different variables anthropometric and
jumping ability, by testing two groups: elité and amateur vol-
leyball players (under 16), after having submitted, for 4 months,
the two groups to the same training protocol, for 4 times a week.

Materials and methods

Study participants

The sample of subjects included young male volleyball
players (n=24), were divided in two groups of 12 with an age
(years) elité = 16.4 + 0.6 and amateur = 16.5 + 0.8; height (cm)
elite = 181.3 + 6.6 and amateur = 173.2 + 8.1; weight (kg)
elite = 77.2 + 3.6 and amateur = 71.6 + 6.7 and BMI (kg/m?)
elite =23.4 + 0.5 and amateur = 23.9 £ 0.5. The players had at
least four years of training experience and participated at the
Italian volleyball Under-16 Championship. The inclusion cri-
teria considered, for young volleyball players, was four years
of training experience and participate on average 4 months
training sessions; whereas the exclusion criteria was no his-
tory of injuries in the last year (i.e. muscles, tendons, bones).

Study organization

The variables investigated were: height (cm); weight
(kg); BMI (kg/m?); height with a stretched arm (AH1, cm);
height with two extended arms (AH2, cm); Vertec Wall (VW,
cm) and Vertec Attack with run-up (VA, cm). The method of
detection and analysis of data required the use of following
tests and devices: altimeter, electronic scale and vertec jump
test. The tests were carried out after having subjected the
two groups to the same training protocol 4 times a week for
4 months (Table 1). Vertec jump test was used to measure the
elevation in a specific way (Isaacs, 1998), using the technical
action of the attack to net (VA) and the technical action of
the wall (VW). Each player simulated the attack action with
a run-up step (VA) and the wall action (VW). For each test
three trials were performed: from the jumps performed
only the best result was considered for the statistical analy-
sis. It was possible to calculate the different elevations (with
and without the run-up) obtained by the various players,
for each group, by jumping with and without run-up (Table
2). Other data has been obtained by evaluating the results
obtained by the difference between the measurement of the
attack action with a run-up step (VA) and the maximum
measure reached by extending the dominant arm (AH1),
between the technical action of the wall from a standstill
(VW) and the maximum measure reached by completely
extending the upper limbs (AH2). The differences calculated
between VA-AH1 and VW-AH2 were obtained two values

that represents an evident index to evaluate the elasticity and
of power of the extensor muscles (Komi & Bosco, 1978) of
the lower limbs between two groups. In table 1 is shown the
workload (physical, technical and tactical) provided during
the four months of intensive training, specifying the distri-
bution of work in hours.

Statistical analysis

All data are presented as mean and standard deviation
(Mean=SD). Prior to the parametric analysis, the normality
of data distribution was verified by the using Shapiro-Wilk
test. The independent-samples t-test was used to examine
significance differences for each anthropometrics and jump-
ing ability variables between two groups (elite and amateur);
while homogeneity of variances was checked with Levene’s
test. The correlations between all the variables considered
were calculated using the Pearson correlation coefficient.
Type I error was set at a=5% and all statistical analyses were
performed with the software IBM SPSS Statistics 23.

Results

Table 1. Weekly training hours report for both two groups

Type of training Duration, hours
Physical training 2h 00’
Technique 2h 00’
Phases of game 2h 00’
Total 6h 00’

Table 2. Anthropometric and jumping ability values of all
players

Variables Group A Group B

Mean + SD (Elite) (Amateur) (GD:fIf:tegie;)
(n=24) (N=12) (N=12) ) ’
Age (years) 164+0.6 165+0.8 +0.2
Height (cm) 181.3+£6.6 173.2+8.1 +8.1
Weight (kg) 77.2 3.6 71.6 £ 6.7 +5,6
BMI (kg/mz) 234+0.5 23.9+0.5 +0.5
AHI1 (cm) 239.6+£7.6 221.7+174 +17.9
AH2 (cm) 234.7+6.3 219.0+17.3 +15.7
VW (cm) 270.0 £17.8 2373 +16.2 +32.7
VA with run-up (cm)  292.6 £ 16.9 254.3 £ 16.5 +38.3
Differences VA - AH1 +53.0 +32.6 +20.4
Differences VW - AH2 +35.3 +18.3 +17.0

Table 3. Comparison of anthropometric and jumping
ability values between groups

Variables ?Ifl():ull) 21; ?;;0:“}1) 21; t P
Height 181.3 173.2 2.847 0.00
Weight 77.2 71.6 4.475 0.00
AHI1 239.6 221.7 3.117 0.00
AH2 234.7 219.0 2.825 0.01
VW 270.0 237.3 4.479 0.00
VA with run-up 292.6 254.3 5.366 0.00
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Table 4. Correlation matrix (anthropometric and jumping
ability values)

Group A (Elit¢) Height Weight AHI AH2 VW Yﬁn‘_vig’
Height -

Weight 0.948 -

AHI 0917 0974 -

AH2 0963 0922 0938 -

VW 0.822 0.891 0932 0939 -
VAwithrun-up  0.844 0924 0921 0908 0971 -

Table 5. Correlation matrix (anthropometric and jumping
ability values)

(f;f;z fr ) Height Weight AHI AH2 VW Yﬁnv_"fg‘
Height -
Weight 0.978 -
AH1 0989 0985 -
AH2 0982 0984 0999 -
VW 0976 0991 0975 0972 -
VA with run-up 0957 0977 0979 0982 0954 -

Discussion

Table 2 show the mean and the standard deviation of
the anthropometric values and of the jumping ability of all
the volleyball players considered, as well as the differences
between two groups. The results of the comparison of the an-
thropometric parameters and of the jumping ability between
the two groups (elite and amateur) are shown in table 3. To
detect these differences between the different variables con-
sidered between two groups (elite and amateur) t-test for in-
dependent groups was used. Regarding the anthropometric
data, we obtained significant results for the Height (t = 2.847;
p = 0.00), Weight (t = 4.475; p = 0.00), AH1 measured with a
stretched arm (t = 3.117; p = 0.00) and AH2 measured with
two outstretched arms (t = 2.825; p = 0.01). The results of the
comparison on the Vertec jump test between the two groups
showed significant differences for the VW (t =4.479; p = 0.00)
and for the VA with run-up (t = 5.336, p = 0.00).

The results of the correlation matrix of the different vari-
ables considered between the two groups are shown in the
tables 4 and 5. A high correlation was found between the
results of the anthropometric parameters and those of the
Vertec Test for both groups. From the statistical analysis
of the tests, we can say that group A (elit¢), compared to
group B (amateur), recorded better values, in fact, both for
the anthropometric parameters and jumping ability there
was a significant difference on all the variables considered.
These analyzes show that different elements such as the arm
length, the push of the arms in the attack and block jumps,
the strength developed by the lower limbs, the use of an
effective run-up in the jump phase and the coordination
between the movements of the arms and legs, can be deci-
sive for assessing a talented player. The strong correlation
between VA and VW could be an indicator of an athlete’s

ability to transform the accumulated kinetic energy during
the run-up phase into potential energy.

The results of the anthropometric parameters, linked to
particular morphological characteristics, are already present
in the junior phase and can be used among the selection
criteria in the identification of talents. The attackers must
decrease the flight time to intercept the attacking actions
faster and faster, with the ball hit at higher elevated; a great-
er extension of the arms decreases the flight time needed
to intercept the ball. The correct identification of the mor-
phological characteristics and the close connection of these
with the technical role becomes at this point decisive for
obtaining excellent results. These results confirm, mostly
for regarding the elite group is concerned, the link between
the morphological characteristics, the orientation towards
specialization and the training of muscular qualities (Sands
et al., 2005). These qualities result to be fundamental in the
choice of the player of talent (elite). Finally, the analysis of
the correlation matrix (for both the groups) shows that all
the anthropometric and jumping ability variables are cor-
related with each other. In agreement with the findings in
the literature, we found that power and jump height increase
with age (Taylor et al., 2010). Similar study of Sheppard et al.,
(2008) examined the potential strength, power, and anthro-
pometric contributors to vertical jump performances that
are considered specific to volleyball success. The results of
this study clearly demonstrate that in an elite population of
volleyball players, stretch-shortening cycle performance and
the ability to tolerate high stretch loads, as in the depth jump,
is critical to performance in the jumps associated with vol-
leyball performance. Another study of Aouadi et al. (2012)
showed that age, weight, standing height and fat-free mass
were the predictors of jumping performance.

Thus, the measurement of anthropometric characteris-
tics, such as stature and lower limb length may assist coaches
in the early phases of talent identification in volleyball. The
results may help in verifying the effectiveness of a specific
training program and detecting highly talented athletes. This
study present a limited sample, instead with a much more
wide sample it is could come to stronger conclusions. Finally
a possible future research might be to repeat the study on a
female sample and then to compare the data obtained with
the male sample to detect performance and abilities differ-
ences, in quantitative and qualitative terms.

Conclusions

There are significant differences between the two groups
(elite and amateur) both in the characteristics anthropo-
metric that in the jumping ability. In particular, the group A
(elite) confirms that high-level volleyball players have an an-
thropometric and conditional profile directly linked to spe-
cific variables such as height, neuromotor coordination and
jumping ability. Modern volleyball, due to the reduced dura-
tion of play and increasing intensity of rhythm; therefore, we
increasingly need tall, fast and powerful athletes. In addition,
due to the reduced duration of the game actions and the
increasing intensity of the pace, we are increasingly in need
of tall, fast and powerful athletes. The evaluation, training
and continuous monitoring of physical qualities and jump-
ing ability become an important aspect for the control of
performance and the possibility of selecting talented players.
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NPO®IIb TA BIAMIHHOCTI B AHTPOMOMETPUYHUX AAHUX
I MTOKA3HUKAX CTPUBYYOCTI MI>XK BOJIENBOJIICTAMU BUCOKOIO
KNACY TA AMATOPCbKOIO PIBHA BIKOM A0 16 POKIB

Taetano AnpraBimna*tt, [[xoBanHi Eciosito*"Ct, Posapio Cepy30*5<P,
®enive i Tomeniko*BP, Tumiana I’ IcanToBCP

Yuisepcuret CanepHo

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D — migroroska pykorcy; E — 36ip kowrris

Pegepar. Crarrs: 5 ., 5 Tabn., 21 mxepero.

Merta gocnigKeHHA. MeTo0 1IbOTO JOCTi/I)KEHHA € Iepe-
BipKa HasABHOCTi CYyTTEBMX BiIMiHHOCTEN MK PiSHMMM 3MiH-
HUMMJ aHTPOIIOMETPUYHMX JAaHUX i MOKa3HUKIB cTpubydoC-
Ti HUIAXOM TeCTyBaHHs HBOX IPYyIl BO/Ieit6oicTiB BikoM 10
16 pokiB: BMCOKOro K/Iacy Ta aMaTOPCbKOTO PiBHA — IIC/IA BU-
KOHaHHs 060Ma IpynaMy TOr0 CaMoro IPOTOKOTY TPEHYBaHb
I10 4 pa3y Ha TVDK[EHD IIPOTATOM 4 MicALiB.

Marepiamn ta metoau. JOCTif>)KeHHA NPOBOAVIN Ha
24 BorertbornicTax, posHoAiIeHNx Ha ABi rpymu. B ycix yuacuu-
KiB OL|iHIOBa/IM HACTYIIHi ITapaMeTpy aHTPOIOMETPUYIHMX Jia-
HMX i TOKasHMKIiB cTpuOydoCTi: 3picT, Bara, iHAeKC Macu Tina,
3PICT i3 BUTATHYTOIO BrOPY PYKOIO Ta 3DiCT i3 BUTATHYTUMU
Bropy o6oma pykamu. BuMipioBaHHsI IOKa3HUKIB CTpUOY4IOCTi
3MiJICHIOBA/IN 3a JOIIOMOTOI0 TECTY Ha BICOTY CTpUOKa Bropy 3
BUKOPUCTAHHAM HPUCTPOIO «Vertecr.

PesynbraTu. PesynbraTu BUMipIOBaHHA IapaMeTpiB aH-
TPONOMETPUYHNUX NAHNUX IOKa3amM CyTTEBI BiIMiHHOCTI MiX
oboMa rpymamu 3a BCiMa B3ATUMM JO YBaru 3MiHHUMU: Y

3pocri (p = 0,00), y Basi (p = 0.00), y Tecti Vertec «CTprb6ox 3
aTaKoo» 3 OfjHi€I0 BUTATHYTOI pyKowo, AH1 (p = 0,00) i B Tecri
Vertec «Crpu6ok i3 6710koM» 3 BOMa BUTATHYTUMY PYKaMIt,
AH2 (p = 0,01). Pe3ynpraTyt BUMipiOBaHHs TapaMeTpiB IOKa3-
HUKIB CTpMOYYOCTi ITOKa3anu CyTTEBI BifMiHHOCTI Mk 060Ma
rpynamu (BMCOKOTO K/Iacy Ta aMaTOPCbKOrO piBHs): y TecTi
Vertec «Ctpubok i3 6moxom», VW (p = 0,00) i B Tecti Vertec
«Ctpubok 3 araxoio» 3 posbiry, VA (p = 0,00); Takox pe3yib-
TATU NOKA3a/IM BUCOKY KOPEIAILLIO 1 060X IPYIL

BucHosku. Ilepir 3a Bce, y I0HAIbKOMY BO/Ieit60i Bu-
COKOro piBHA Npogiib aHTPONOMETPUYHMX JAaHMX | HMOKa3-
HUKIB CTpUOYIOCTI Ge3nocepeHbO MOB SI3aHMIT 3 OLIHKOIO;
TpeHyBaHH: Ta Oe3lepepBHNUIT KOHTPO/Ib (Bi3MIHNUX AKOCTeI! i
MOKA3HMKIB CTPUOYYOCTI CTAIOTH BaXK/IMBUM aCIIEKTOM KOHTP-
OJI0 Pe3y/IbTATUBHOCTI Ta MOX/IMBOCTI BilOOPY Ta/laHOBUTUX
IpaBIIiB.

Kirouosi coBa: anTponomerpuyti Ta 06yMOB/IeHI HaBuU-
4KJ, HABYAHH:A, TeCTYBAaHHS, Bifj0ip TamaHTiB.
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Abstract

The study purpose is to establish differences in the joint activities of soccer teams of different age.

Materials and methods. Psychological methods for indicators of joint activity of sports teams were used. Statistical
analysis was performed using non-parametric analysis of variance (Kruskal-Wallis H-test). The study involved

105 soccer players, including 37 boys aged 15-18, 45 juniors aged 19-21 and 23 adult athletes aged 22 and over.
Results. In the young soccer players, group interaction, intellectual communication, psychological compatibility, as
well as indicators of real and reflective group subjectivity are higher than in the adult and junior teams. The levels
of group organization, diligence and success in performing sports tasks are dominant in the adult teams. At the
same time, the integrative characteristic of joint sports activities is group efficiency, which is presumably the most
pronounced in adults, thus characterizing the processes within the mental organization of joint activities of soccer
players. It is the result of their cooperation, a transformed form of external teamwork.

Conclusions. The organization of joint mental activity differs in different age groups. This affects the formation
and development of intra-group position of the athletes, influencing their optimal involvement in the team in the

performance of designed or creative functions.

Keywords: soccer players, efficiency, interaction, subjectivity, organization.

Introduction

The study of the joint activities of soccer teams in the
context of professional performance remains relevant in the
scientific and practical activities of sports pedagogy and psy-
chology. The importance of studying this problem lies in the
possibility of increasing the group efliciency of the sports
team through the organization of their mental activity. The
formation and development of the athlete’s active and col-
laborative personality requires his optimum inclusion in the
team for performing the designed or creative functions (Vo-
ronova, Petrovska, Kovalchuk, Smoliar, 2020). At the same
time, the athlete’s internal mental processes are transformed
forms of external team action, the result of their cooperation.

The relevance of our research is due the requirements
of psychological and pedagogical practice in assessing dif-
ferences in the joint activities of groups, in particular

© Kolosov, A., Voitenko, S., Kostiukevych, V., Vozniuk, T,
Perepelytsia, M., Svirshchuk, N., & Chernyshenko, T., 2022.
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interaction, organization and subjectivity, to determine the
group efficiency and to identify the factors of its regulation
in soccer players of different age groups.

Joint activity is considered one of the most important
scientific categories in social psychology, which is studied
at the level of general methodology, specific socio-psycho-
logical theory, as well as in applied activities (Petrovska, Vo-
ronova, Hryn, et al., 2021).

The team, as is known, represents the highest level of de-
velopment of the group, in which joint activity is built on the
basis of individual peculiarities, achievement of a personal
maxim and orientation for common success (Durdubas, &
Koruc, 2022). Individual achievements depend on the effec-
tive interaction of team members while preserving their in-
dividuality. Team members are characterised by the compat-
ibility of personal and professional goals, which provides the
basis for high cohesion, which makes them feel responsible
for the success of the overall performance (Jowett, Shanmu-
gan, Caccoulis, 2012; Kurdybakha, 2019; Vysochina, 2021).

The problems of increasing the effectiveness of joint
activities and optimizing the selection of individuals for
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groups to perform certain tasks are one of the priorities of
sports breeding today. An analysis of the literature on the
study revealed the existence of different views and concep-
tual approaches to the development of cooperative activities
among athletes. The phenomena of psychological compat-
ibility (Kurdybakha, 2020), homogeneity and heterogene-
ity of team members, organizational leadership (Duguay,
Loughead, Hoftmann, & Caron, 2022), motivation of group
activity (Vozniuk, Dibert, & Bazhan, 2020), collaboration,
communication and interaction in “athlete-athlete” systems
were studied in depth by domestic and foreign scientists,
“athlete-trainer” (Vojtenko, 2017; Demerouti et al., 2021),
conflicts in the sports team, team cohesion (McLaren, &
Spink, 2020; Tolkunova et al., 2021), psychological and
socio-psychological climate of the sports team (Petrovska,
Voronova, & Hryn, 2021), collective subjectivity of the joint
sports activity (Heilmann et al., 2022; Durdubas, & Koruc,
2022), reliability of the group activity (Hryn, 2009; Yong-
tawee et al., 2022), individualizing the training of the sports
team (Khurtenko et al., 2021; Fortes et al., 2022).

At the same time, despite the considerable scientific
achievements in this field, the methodological aspects of
diagnosis, development and control of the effectiveness of
joint competitive (training) actions remain underdeveloped.

The study of the joint activities of soccer teams of differ-
ent age groups involves, first of all, the identification of such
components as a source, means or additional mechanism
for influencing the formation process, Management and
enhancement of individual parties of joint activity, group
efficiency, interaction, organization and subjectivity, the sys-
tematization of which determines the scientific interest of
our research and determines its purpose.

The aim of the study is to establish differences in the joint
activities of soccer teams of different age groups.

The objectives of the work: to assess the effectiveness of
joint activities of soccer teams in different age groups.

Material and methods

Study participants

A total of 105 soccer athletes participated in the study,
including 37 boys aged 15-18, 45 boys aged 19-21 and
23 adults aged 22 and over from educational, sports and
educational institutions: The Faculty of Physical Education
and Sport of the Vinnytsia Mykhailo Kotsiubynskyi State
Pedagogical University, Vinnytsia National Agrarian Uni-
versity, Vinnytsia Oblast Children and Youth Sports School
of soccer “Nyva Vinnytsia”. Informed consent was obtained
from all participants and written consent was obtained from
the parents of the boys for participation in the experiment.

Study organization

In order to achieve these goals, a number of methods
were used: analysis and generalization of scientific and me-
thodical literature; questionnaires; and psycho-diagnostic
tests using methods. For the evaluation of the group efficacy
of the sports team, we adapted the questionnaire “Group
efficiency of the sports team” Feltz and Lirg (1998). For the
measurement of the athletes’ perception of the abilities of
their team to organize and perform joint actions, necessary

to achieve a team result (Kolosov, & Vojtenko, 2014; Lirgg,
Feltz, & Chase, 1994; Martinez, Roman, Guillen, & Feltz,
2011). The questionnaire contained 20 different questions
concerning the imaginary competitive situation described in
the instruction. Five indicators were evaluated: capacity, uni-
ty, sustainability, preparedness and effort. The questions con-
tained options of answers, each of which is asked to score on
a 10-point Likert’s scale (1-10). Scale determined higher or
lower scores from “not at all certain” to “absolutely certain”
For the evaluation of the group organization of the sports
team the test “Visually analogous scale of organization of
the group” (Hryn, 2013) was used. The players noted on the
form line how well-functioning, psychologically compatible
and successfully carrying out the assigned tasks their team.
The one on the far left will mean very low performance,
the one on the far right will mean very high performance.
The evaluation of each indicator was measured with a ruler
(0 to 10 cm) and the resulting data were given points. As a
study of group interaction in a sports team the methodology
“Map-scheme of the psychological-pedagogical character-
istics of the group” (Voronova, 2017). She is consisting of
questionnaires, forms a five-point scale, built into the set of
specific qualities (activity orientation, organization, intellec-
tual communication, psychological climate) characterizing
the integrative properties of the group. Since the quality of
the group is presented in the diagram map in most cases in
the opposite way, it is necessary to consider them simultane-
ously. To assess any quality, you have to read the positive
grade on the left, and the negative one on the right, and
then cross-reference the grade against the corresponding
score. The quantification is based on a comparison of the
total for all integrative properties of the development level
of the team. In order to determine the level of development
of the group subjectivity, the test questionnaire “Types of
group subjectivity” was used, the basis of which is the con-
cept of the collective subject A.L. Zhuravlev, developed by
K.M. Gaidar (Hryn, 2013). The study evaluated the team us-
ing a number of characteristics. To do so, first select the pole
of characteristic that the athlete believes correctly describes
his team. Then assessed the weighting of that quality using
the corresponding half of the response scale (right or left).
One of three variants of the answer is selected: “the quality is
absolutely expressed”, “the quality is significantly expressed”,
“the quality is expressed”. The answer is denoted by the sign
“+”, placing it in the answer graph located between the two
poles of the characteristic.

Statistical analysis

The digital material has been processed using traditional
methods of mathematical statistics. The arithmetic mean
of X, the square mean of S (standard deviation) was de-
termined for each indicator. A non-parametric dispersion
analysis (Kruskal-Wallis ANOVA ranks by H-test) was also
performed to determine the degree of variation between sev-
eral groups. Factor and cluster analysis of testing rates. The
data obtained are processed using STATISTICA.

Results

The study found differences in the quality of joint per-
formance of soccer teams of different age groups (Tab. 1).
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According to the evaluation of the results of the group
interaction we have found reliable differences in the indica-
tor “intellectual communicativeness” (H = 7.15; p < 0.05;
v =3). The highest data (44.11 £ 2.9) are found among young
athletes, the lowest (41.96 + 4.4) among junior athletes. This
shows that young soccers, unlike other age groups, quickly
and easily find a common language in the team, come to a
common opinion, find a common judgment.

According to the results of the analysis of the dynam-
ics of changes in the group organization of soccer teams of
different age groups, reliable significance has been estab-
lished on the basis of “performance” (H = 15.96; p < 0,001;
v = 3), “psychological compatibility” (H = 14.31; p < 0.005;
v = 3), “success in achieving the set sports goals” (H = 11.45;
p<0.0L;v=3).

The performance of the indicator “performance”
was the highest among soccer players of the adult group
(72.48 £21.1). This demonstrates the quality of interaction of
athletes, their joint productivity, their emotional and energy
costs, their satisfaction with themselves, their partners and
the content of their work, because the ability to interact with
team members leads to the greatest possible group result.

According to the indicator “psychological compatibil-
ity” high value is fixed in youth soccer teams (72.24 + 11.9),
which indicates formation of interpersonal interaction and
cooperation of partners, combination of personal character-
istics, which have a positive influence on the results of joint
sports activities.

A statistical difference in the indicator of “success in
achieving the set sport tasks” was found high value record-
ed in adult soccer teams (74.35 + 19.8). This is reflected in
the increased satisfaction of the partners with joint actions,
achievement of common tasks, as well as positive emotion-
al release after successfully overcoming difficulties during
competitions.

The analysis of the dynamics of the indicators of group
subjectivity found a statistically reliable difference in the in-
dicators of the “real subjectivity” (H = 7.03; p < 0.05; v = 3)
and the “reflective subjectivity” (H = 11.14; p < 0.01; v = 3).

High values (48.59 + 5.8) of “real subjectivity” have
been recorded in teams of young men, which may indicate
the manifestation of general activity of athletes realized in
various types and forms of communication and interaction,
as well as group relations. Adult soccer teams also recorded

Table 1. Comparative performance of joint soccer teams different age groups

Age groups of athletes
Boys Juniors Adults
Indicator 15-18 years 19-21 years 22 years and over H p
n=37 n=45 n=23
XS X+S X+S
Activity orientation 43.19+3.8 42.33+£53 4513 £5.7 3.54 0.17
Organization 42.27 +4.7 43.47 £ 4.6 43.26 £ 4.7 1.55 0.46
Group Intellectual communication 4411 +£2.9 4196 +4.4 43.83+£4.2 7.15 0.05%
interaction Psychological climate 4197 £3.7 41.98 +3.1 42.35+4.8 1.96 0.375
The average 42.89+2.7 4243 +35 43.64+4.1 0.64 0.72
Assessment of development 170.16 + 14.1 169.31 + 14.5 174.57 + 16.3 3.37 0.185
Teamwork 68.03 £13.5 63.11 = 8.9 7248 £21.1 15.96 0.001*
Grou Psychological compatibility 7224 +£11.9 61.04 £15.6 72.04 £20.2 14.31 0.005%
Orgalﬁzation iﬁ;f::;:s‘ meeting Sporting 71 934 10,3 64.93 = 12.4 74.35 % 19.8 1145 001*
The average 70.73+£9.3 63.03 £10.9 72.96 £18.9 3.86 0.145
Potential subjectivity 48.95+9.2 46.60 + 4.04 46.87 £3.2 2.58 0.275
Group Real subjectivity 48.59 £5.8 45.71 £5.7 4843 + 8.8 7.03 0.05*
subjectivity  Reflexive subjectivity 48.95+9.3 46.00 + 4.8 43,13 £4.2 11.14 0.01*
The average 48.83 +4.9 46.10 £ 4.1 46.14 + 3.7 3.46 0.177
Ability 32.68 +£4.0 28.36 £6.3 3357 +£48 17.81 0.001*
Unity 30.46 + 3.8 26.73 + 6.4 32.87+6.5 16.96 0.001*
Group Sustainability 31.89 +31.22 28.71+5.3 33.74+5.4 1491 0.005%
efficiency Preparedness 31.22+44 28.69 £5.3 3439+52 16.67 0.001*
Efforts 32.19+3.4 28.20 £5.0 3391+55 20.61 0.001*
The average 31.69 + 3.0 28.14+£49 3370+ 5.3 0.52 0.771

Notes: * - Indicators that differ reliably from the H-criterion (n = 105, v=3, H. ,<005) = 7.81; Her p<0.01) = 11.34; Her (p < 0.005 = 12.84;

H, (p=0.001) = 16-27)
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high numbers (48.43 + 8.8). This may indicate a coherent
formulation of common goals, mutual communication,
joint decision-making and implementation, and adherence
to group norms and values. According to the indicator of
“reflective subjectivity” high value was recorded in soccer
teams of youth age (48.95 + 9.3). This characterizes their
group self-reflection. The team realizes its psychological uni-
ty, the feeling of “We”, the ability to carry out self-assessment
of its own potentials, to relate them to group claims, to con-
duct self-analysis of its strengths and weaknesses. Players
are able to formulate agreed opinions and judgements, have
a common understanding of their own qualities and char-
acteristics, discuss team goals and objectives together, and
analyze group successes and failures.

An analysis of differences in the performance of group
soccer teams of different age groups statistically reliable sig-
nificance was established in the values “capacity” (H=17.81;
p < 0.001; v = 3), “unity” (H = 16.96; p < 0.001; v = 3),
“stability” (H = 14.91; p < 0.005; v = 3), “preparedness”
(H =16.67; p < 0.001; v = 3), “effort” (H = 20.61; p < 0.001;
v =23).

High values have been recorded for adult soccer teams
in all indicators: “ability” (33.57 + 4.8), indicates their indi-
vidual psychological characteristics, expressing readiness to
master certain types of activities and to successfully imple-
ment them, this peculiarity depends not only on the qual-
ity of training, but also on the level of intellectual activity.
Indicator “unity” (32.87 £ 6.5) indicates the community of
thoughts, a stimulating process of group decision-making
and a positive motivational factor both for the effective
sporting activity of each athlete and for the team as a whole.
“Stability” (33.74 + 5.4) indicates efficiency in achieving re-
sults of training and competitive activity, where the effect
depends on the stability of each team member. Indicator
“preparedness” (34.39 + 5.2) evaluation of the psychologi-
cal attitudes of athletes to specific competitions. “Effort”
(33.91 £ 5.5) evaluation of readiness to show better pos-
sibilities. Indicator “average value” (33.70 + 5.3) generalized
characteristic of the group of effectiveness of the athlete.

The results of the group effectiveness evaluation are an
integral characteristic of the joint activity of soccer teams of
different age groups. They express the shared belief of play-
ers in their ability to organize and execute the joint actions
necessary to achieve a certain result.

Discussion

In modern scientific and methodical literature, a wide
variety of material is widely presented, devoted to the regula-
tion of the cooperative activities of teams and the integration
of sports teams in order to achieve a better sporting result
(Meyer, & Fletcher, 2007; Martinez, Roman, Guillen, & Feltz,
2011; McCarthy, 2011). At the same time, the specific con-
ditions of joint sports activities, in particular the means of
team development, the reduction of factors limiting them,
the identification of indicators of psychological and peda-
gogical dynamics, and the assessment of the current status of
the team, leading dominant intra-command processes, pre-
paredness for joint action, etc. is rarely included in the group
of reference factors for training and preparatory activities.

Most studies of joint activities tend to focus on results,
for example, by showing a high level of group efficiency, bet-

ter results can be achieved (Lirgg et al., 1994; Pineau et al.,
2019; Kostiukevych et al., 2021), but studies of its mecha-
nisms, the sources of regulation in the literature are much
smaller.

In our study, we traced changes in the characteristics
of joint group activity in terms of age.Given the results, the
knowledge and understanding of group efficiency regula-
tors can have important practical implications for sports
educators and coaches who seek to develop their athletes to
become a successful team. Activities in a constantly chang-
ing environment require the ability to deal with new and un-
conventional situations and raise the requirements for com-
munication and cooperation among people in the process
of solving joint tasks (Brown et al., 2018; Van Slingerland et
al., 2020; Kinoshita et al., 2022). The ability to act in a team
is one of the most important qualities of the athlete, along
with other sporting skills, while the team becomes the lead-
ing form of organizing joint sporting activities (Heilmann
et al,, 2022). A careful study of the differences in the qual-
ity of the performance of soccer teams showed that soccer
players’ perception of organizing joint mental activity dif-
fers in different age groups, which affects the formation and
development of the intra-group position of the individual,
influencing their optimal inclusion in the actions of the team
in performing the designed or creative functions (Beavan et
al,, 2022).

The results of our experiment are being studied for the
first time and are well consistent with other group perfor-
mance studies in sport (Jowett et al., 2012; Kolosov et al.,
2014; Josefsson et al., 2020). Our data is a continuation of the
scientific problem of previous studies which have shown that
group efficiency is closely related to the interpersonal rela-
tions of the coach and the athlete where group efficiency is a
key variable of the group, as well as the coach’s motivational
climate, coach’s leadership, team cohesion (especially the
cohesiveness of athletes’ tasks) which are predicted by direct
commitment, and others (Vojtenko, 2017; McLaren et al.,
2020; Pineau et al., 2019).

The data suggest a positive outcome in combining the
effects of joint activities more pronounced in different age
groups. On that basis, in providing guidance on how to
maintain the most effective configuration of joint activities
soccer teams.

Conclusions

The organization of joint mental activity differs in differ-
ent age groups. It has an impact on the formation and devel-
opment of the personality of the athletes within the group,
influencing their optimal inclusion in the actions of the team
in performing the designed or creative functions. Young soc-
cer players have greater group interaction, intellectual com-
munication, psychological compatibility, and real and reflec-
tive group subjectivity than adult and junior teams. In adult
teams, the dominant levels are levels of group organization,
teamwork, and success in performing assigned sports tasks.
However, the integral characteristic of joint sports activity -
group efficiency is predictably most expressed in adults, thus
characterizing the processes within the mental organiza-
tion of joint activities of soccer players, through the result of
their cooperation, Transformed forms of external command
interaction.
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NMOPIBHANIbHA XAPAKTEPUCTUKA CMUJIbHOI A1AJIbHOCTI
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Merta mOCIiIKEeHHA — BCTAHOBUTY BiIMIHHOCTI CITi/IBHOI
BisbHOCTI PyTOOMIBHMX KOMaH[ PI3HUX BiKOBUX T'PYIL.

Marepianu i MeTogu. BUKOPUCTOBYBaIMCsA NMNCUXO/IOTiYHi
METOJVKM TIOKa3HMKIB CITiZIbHOI [iA/TbHOCTI CIIOPTUBHMX KO-
MaHj,. CTaTMCTMYHMII aHA/Ii3 IPOBOAMBCA 3 BUKOPUCTAHHAM
HelapaMeTPUYHOTo Aucnepciiinoro ananisy (H-xpurepino)
Kpyckana-Yomica. Y gocnimkenni 6pamu yyactb 105 ¢yT60-
nicTiB, 3 HUX 37 0HaKiB 15-18 pokis, 45 roHiopiB 19-21 poKy Ta
23 gopoci cnopTcMeHu 22 pOKiB i cTapiii.

Pesynbratu. Y ¢yT60micTiB I0HAKIB IPYyIIOBAa B3aEMOJS,
IHTe/IeKTya/IbHa KOMYHIKaTUBHICTb, IICUXO0/IOTiYHa CYMiCHICTb,
a TaKOX IIOKAa3HMKM peasbHOI Ta pedieKCyodol rpymnoBoi
Cy0'eKTHOCTI BMINi, HDK y KOMaH/JaX JOPOCINX Ta IOHIOPIB.
Y popocnux KoOMaHJax JOMiHYIOUMMM € PiBHI IPyIIOBOi Opra-
Hi30BaHOCTI, CIIPallbOBAHOCTI Ta YCIIIMIHOCTI Y BUKOHAHHI I10-
CTaB/IEHUX CIOPTUBHUX 3aBJjaHb. PasoM 3 Tum, iHTerparusHa
XapaKTepUCTHUKA CIiZIbHOI CIOPTUBHOI JiAIBHOCTI — IPyIo-
Ba e(DeKTUBHICTb, 1O HepedadyBaHO HAMOUIBII BUpaXkeHa Y
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ZOPOC/INX, XapaKTepU3yI4M TaKMM YMHOM IIpoliecy Bcepe-  Ha (GOpMyBaHHI Ta PO3BUTKY BHYTPIilIHbOIPYIIOBOI HMO3MUIIii
IViHi IIcuxivHOi opraHisauii cribHOI AismbHOCT] QyTOOMCTIB.  0COOM CIOPTCMEHIB, BIUIMBAIOYM Ha iX ONTUMAIbHY BKIIOYe-

BoHa € pesynbraToM IXHBOI CIiBIIpalji, mepeTBopeHon0 Gop-  HicTb y il KOMaHM Y BUKOHAHHI CIIPOEKTOBAaHMX 200 TBOPYMX
MOIO 30BHIIITHbOI KOMaHIHOI B3aEMO/Iil. yHKIIIT.
BucnoBku. Opranisanisa cminbHOI NCHXiYHOI aKTMBHOC- Knrouosi coBa: (byT60niCTM, e(beKTMBHiCTb, B3a€EMOJi,

Ti Bifipi3HAETbCA Y pisHMX BiKOBMX rpymax. lle BifOuBaerbca  Cy6’€KTHICTD, OPraHi30BaHICTD.
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Abstract

Research purpose. This study aimed to determine the EMG analysis of forehand topspin using different ball

materials.

Materials and methods. For the purposes of this study, seven male university-level table tennis players who were
right-hand dominant players (age 21.1 + 2.4 years, height 162.6 + 6.8 cm, mass 61.8 + 3.2 kg) with at least 6 years of
playing experience were selected. The selected participants were physically active and had no physical injuries. The
study was approved by the research committee. Pectoralis Major (PM), Deltoid Anterior (DA), Latissimus Dorsi
(LD), Biceps Brachii (BB), Extensor Carpi Radialis (ECR), Flexor Carpi Radialis (FCR) muscles were selected for the
electromyographical study. One of the EMG signals variable Root Mean Square was measured in all muscles, through
which the maximum muscle involvement was evaluated. For each assessed muscle and both ball materials, the mean
value of Root Mean Square EMG signals was computed. For descriptive statistics, minimum, maximum, mean, and
standard deviation were used, and a t-test was used as a statistical technique.

Results. The level of significance was set at 0.05. Results of the study showed no significant difference in EMG
variable Root Mean Square between celluloid and poly plastic ball material on selected muscles.

Conclusions. We conclude that the biceps brachii and extensor carpi radialis are important muscles for the forehand
topspin because they are responsible for flexion of the arm and work strongly in the action of gripping in the

performance of quick forehand spin strokes.

Keywords: electromyography, table tennis, forehand topspin, root mean square, celluloid balls, poly plastic balls.

Introduction

Today’s sports training program, which includes table
tennis, physical conditioning, and strength training, as well
as advanced fitness training diagnostic methods, have now
become significantly important (McCann & Bigliani, 1994).
Table tennis is a vigorous activity that needs tactical aware-
ness, as well as cognitive and motor preparation (Bankosz
& Winiarski, 2017). It is quick and requires a fast response.
Spinning the ball changes its path and minimizes the possi-
ble alternatives to a competitor, providing the player a major
benefit (Zagatto et al., 2018).

© Maheshwari, A., Pandey, G., Shukla, M., Rawat, V. S., &
Yadav, T., 2022.
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The International Table Tennis Federation changed the
ball material from celluloid to polyplastic in 2014 (Kuneth,
2014)”Balls that do not include celluloid” were identified as
polyplastic balls (Kiineth, 2020). Celluloid balls were con-
sidered to be costly and fragile, causing a fire issue while
transporting, that’s why this new material (polyplastic) was
introduced (Huges, 2014).

The ITTF equipment committee conducted a study on
polyplastic and celluloid balls material comparison (Huges,
2014; Kuneth, 2014; Paul, 2015). The polyplastic balls were
found to have a greater vertical speed but a slower horizontal
speed than celluloid balls (Lee, 2020). The fundamental is-
sue for the modification in ball material, according to ITTF
President Adam Sharara, is to decrease the game’s speed to
make it more viewer-friendly (Kuneth, 2014). Due to the
slowing down of the match, various regulations and ball
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materials have been changed in present table tennis. A lot of
elite players focused on the offensive or attacking style of play
(Wang et al., 2018).In table tennis, the forehand topspin is
the most dominant offensive shot (Seemiller & Holowchak,
1997). To win a game, attacking players must be successful in
generating racket force on the forehand side because a faster
forehand racket movement results in a quicker post-impact
ball velocity, greater post-impact ball spin, or maybe both,
that would be the fact (Iino & Kojima, 2011).

Nowadays, sports are becoming more professional, be-
cause we use a lot of technology to uncover flaws to stay on
top in the modern world.

Electromyography (EMG) is also used for providing the
first functional classification of certain muscles based on the
table tennis technique (Petrofsky, 1979). Few studies have
been conducted on EMG techniques to evaluate the kine-
matics of table tennis strokes (Tsai et al., 2010) as well as
muscle EMG activity patterns of table tennis forehand shots
(38mm and 40mm). They compare muscle patterns while
playing with various ball sizes (Kondri¢, Miran, Furjan-
Mandic, Gordana, Medved, 2006). However, no scientific
research has been conducted on muscular involvement us-
ing differences in table tennis ball material (celluloid and
polyplastic). As a result of this knowledge gap, the authors
decided to conduct this research study.

Figure 1. Surface electromyography (Bioengineering, 2011)

When we look at the muscular involvement of the
forearm muscle with different ball materials (celluloid and
polyplastic), we can identify which muscle is more involved
during the forehand topspin and which muscle is more ad-
vantageous for performance improvement.

The goal of this research is to see how the forearm mus-
cles Pectoralis Major, Deltoid Anterior, Latissimus Dorsi,
Biceps Brachii, Extensor Carpi Radialis, and Flexor Carpi
Radialis interact during forehand topspin skill using differ-
ent ball materials.

Material and methods

Study participants

This study included seven male national-level table ten-
nis players who were right-handed dominant (Age 21.1 +2.4
years, Height 162.6 + 6.8 cm, Bodyweight 61.8 + 3.2 kg). All
the participants had at least 6 years of playing experience at
the time of data collection. The participants were physically

active, and there were no reports of the recent upper limb,
neurological or ligament damage. All the participants were
briefed about the purpose and process of data collection and
they provided their written informed consent for participa-
tion. The study was approved by the Departmental Research
Committee of Lakshmibai National Institute of Physical
Education, Gwalior.

Test Administration

During the warm-up, participants performed ten min-
utes of dynamic stretching. Pectoralis Major (PM), Deltoid
Anterior (DA), Latissimus Dorsi (LD), Biceps Brachii (BB),
Extensor Carpi Radialis (ECR), Flexor Carpi Radialis (FCR)
were selected for assessment. The SENIAM (Surface Electro-
myography for Non-Invasive Assessment of Muscle) group’s
recommendations were followed for the procedure of elec-
trode placement on the muscles. Wireless surface electro-
myography with eight channels (Bioengineering, 2011a) was
used for the acquisition of EMG signals from the selected
upper extremity muscles.

During a 40s forehand topspin with balls composed of
two different materials, the measurements were taken (20
seconds for celluloid balls and 20 seconds for poly-plastic
balls). To ensure that all of the performers would be in the
same setting, a table tennis Robo machine was used (New-
gy's Pro Digital Robo-Pong Table Tennis Robot). Electrodes
were placed on the right side of the participants’ bodies due
to their right-handedness. The contraction intensity and du-
ration of activation were measured.

The EMG signal size method is a standardized approach
for detecting, amplifying, and registering bioelectrical ac-
tivity differences in skeletal muscle (Halaki & Gi, 2012a).
Two electrodes are placed beside the muscular fibers at the
midpoint of the studied muscle at a standardized distance of
3 cm, using a different method of detection (center to center
located). Differential detection eliminates noise (Latasa et
al., 2019). For signal recording and interpretation, the bio-
mechanical device (Bioengineering, 2011b) was used.

¥ Fr—vm -—1

Figure 2. Placement of Electrode on Specific Points
Data analysis

Analysis of the EMG signals was carried outin BTS EMG
Analyzer software (version 2.9.40.0). The RMS EMG signals
were band-pass filtered using the Butterworth smoothing
technique with a lower cut-off frequency of 20 Hz and a
higher cut-off frequency of 400 Hz (Halaki & Gi, 2012b)
and include: electrode configuration (distance between elec-
trodes as well as area and shape of the electrodes.
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Based on Root Mean Square EMG signals measured in
all muscles, the maximum muscle involvement was evalu-

EMG Envelopes - by mobile RMS

ated. For each assessed muscle and both ball materials, the 1 l ‘
mean value of Root Mean Square EMG signals was com- ERAGES e 7 - ‘
puted. Range, mean and standard deviation were reported es.01 X
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In Table 1 During forehand topspin using celluloid En:"” b '_
ball Extensor Carpi Radialis muscles showed maximum in- " VW floss b, A
volvement (469.31) and Lattismus Dorsi showed minimum . e S
involvement (169.04). For polyplastic ball Biceps Brachii, G . . I O
muscles showed maximum involvement (433.81), and La- e - Pl
tissimus Dorsi involved minimum (60.08). The maximum " -
deviation is found in Flexor Carpi Radialis (celluloid ball) g o T O T

and deltoid anterior (polyplastic ball).

Table 2 shows the significant values of equality of vari-
ances on both ball materials root mean square data. All val-
ues were greater than the .05 level which shows the equality
of variances for both celluloid and poly-plastic balls. The
obtained results from Table 2 showed no significant differ-
ence in selected muscles Root Mean Square using celluloid
and polyplastic ball material as p-values of these is >.05.

177.57
X Axis

Figure 3. Raw EMG Signal of Muscles Contraction

Figure 3 showed the EMG signals, Root Mean Square
(RMS) of muscles while forehand topspin, figure 4 showed
the descriptive values of muscles RMS with celluloid and
polyplastic ball.

Table 1. Descriptive statistics of Celluloid and Polyplastic balls on Root Mean Square

Range (EMG Signal)
Max. Min.

Mean SDA

Muscle N*

Celluloid Polyplastic Celluloid Polyplastic Celluloid Polyplastic Celluloid Polyplastic

Pectoralis Major 7 179.56 194.43 70.49 68.31 137.38 135.13 42.10 40.51
Deltoid Anterior 7 414.11 391.61 78.68 89.08 235.35 232.25 114.83 110.60
Latissimus Dorsi 7 169.04 151.49 69.51 60.08 104.34 92.49 40.54 35.14
Biceps Brachii 7 456.53 433.81 169.76 172.95 334.64 315.14 105.31 95.01
Extensor Carpi Radialis 7 469.31 339.66 173.76 176.79 297.87 271.06 95.18 56.39
Flexor Carpi Radialis 7 461.90 387.60 103.60 116.36 216.32 201.02 116.86 93.06

N* Number of Participants; Max. Maximum Range; Min. Minimum Range; SDA Standard Deviation

Table 2. Results of t-test on selected muscles Root Mean Square using Celluloid and Polyplastic Balls

Levene’s Test T-test for equality of means

Variables - e Sig. DRI
ig. t (2-Tailed) ean Difterence
RMS .
. . Equal Variances Assumed 0.881 0.14 12 0.88 3.35
Pectoralis Major
RMS Equal Vari Al d 0.945 0.51 12 0.96 3.10
Deltoid Anterior qual Variances Assume . . . .
RMS .
- . Equal Variances Assumed 0.672 0.58 12 0.57 11.85
Latissimus Dorsi
RMS .
. " Equal Variances Assumed 0.818 0.36 12 0.72 19.31
Biceps Brachii
RMS Equal Variances Assumed 0.385 0.64 12 0.53 26.81
Extensor Carpi Radialis 4 ’ ’ ’ ’
RMS Equal Variances Assumed 0.882 0.27 12 0.79 15.30
Flexor Carpi Radialis 4 ’ ’ ’ ’

RMS - Root Mean Square; t — Obtained Value of t; df - Degrees of Freedom; Sig. (2-Tailed) - Significance Level
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Figure 4. Mean and Standard Deviation (S.D.) values of Root
Mean Square on Celluloid ball and Polyplastic ball on selected
muscles

Discussion

Earlier gathered information on table tennis ball behav-
ior mostly concerned celluloid balls, which are being widely
used since their introduction around 1900 (http://www.ittf.
com/media/History/TimelineHistory.pdf). The Internation-
al Table Tennis Federation (ITTF) modified the ball mate-
rial from celluloid to “polyplastic” for most international
tournaments conducted from July 2014. “Balls that do not
include celluloid” were defined as polyplastic balls (Huges,
2014; Kuneth, 2014; Paul, 2015).

With varied ball materials (celluloid and polyplastic),
we looked at muscle activity during the forehand topspin
shot. This study compared the Root Mean Square EMG
signal value, which measures physiological activity during
contraction.

The findings of the study showed that there was no sig-
nificant difference found in selected muscles i.e. Pectoralis
Major, Deltoid Anterior, Latissimus Dorsi, Biceps Brachii,
Extensor Carpi Radialis, Flexor Carpi Radialis muscles’ Root
Mean Square value using different ball material (Celluloid
and Polyplastic ball). ITTF changed the ball material from
celluloid to polyplastic balls, (Paul, 2015) Because table ten-
nis balls are light and have a low density, any differences in
material, size, or sphericity are likely to influence the ball's
trajectory as well as the interactions between the ball, table,
racket, and players' responses (Kei et al., 2019). The minimal
changes in kinematics reaction to topspin might be explained
by the same changes in speed and spin of both types of balls
(celluloid and polyplastic) at ball-table contact (Lee, 2020).

Polyplastic balls had a higher speed increase (0.69 %)
and a lower spin decrement (0.19 %) after impact with the ta-
ble tennis surface than celluloid balls (Chen & Huang, 2020).
Differences in kinematic reactions to different ball materi-
als were identified when players rebounded backspin shots.
Players supinated their rackets 2.23 % ever more produced
3.37 % reduced ball to Polyplastic spin while returning Poly-
plastic balls than when returning celluloid balls, showing a
quick response to the lower spin rate of Polyplastic balls. The
absence of variations in kinematic reaction to topspin might
be explained by the similar changes in speed and spin of
both types of balls upon ball table impact (Iino et al., 2018;
Kondri¢ et al., 2013; David Paér, 2019).

The descriptive statistics of the study showed, maximum
RMS (Root Mean Square)for Extensor Carpi Radialis muscle

(469.31) and minimum for Lattisimus Dorsi muscle (169.04)
during forehand topspin using a celluloid ball. For the poly-
plastic ball, the Biceps Brachii muscles showed maximum
RMS (Root Mean Square) (433.81) and Latissimus Dorsi
showed minimum (60.08). The maximum RMS (Root Mean
Square)deviation is found in Flexor Carpi Radialis (celluloid
ball) and Deltoid Anterior (polyplastic) muscles.

The analysis of results supports the variations in maxi-
mum and minimum voluntary muscular contraction; for
slower balls with backspin, as in the case of a service, polyplas-
tic balls are predicted to endure more deceleration upon im-
pact with the table than celluloid balls. Polyplastic balls, on the
other hand, are predicted to experience higher acceleration
upon impact with the table tennis surface than celluloid balls
for quicker balls with more topspin (lino & Kojima, 2016).

When plastic balls strike the table, they are expected
to accelerate more than celluloid balls since they are faster
and have more topspin. Because the initial conditions have a
large effect on the ball's behavior, testing under various ini-
tial factors is necessary to know the properties of each type
of ball (Ozaki, 2017).

As the findings of this study showed no significant dif-
ference in RMS (Root Mean Square) EMG signals using
forehand topspin against backspin balls. Many more studies
should be done to understand the effects of ball spin more
comprehensively. One limitation of this study is that the
participants of this study may not be enough to find possible
significant effects of forehand topspin using different ball
materials. The participants were recruited from national-
level table tennis players.

Different types of styles of play of forehand topspin from
the players may be the reason for insignificant results. To
establish more definitive results on the examination of EMG
during table tennis forehand topspin using different ball ma-
terials, more research with a greater number of participants
recruited from bigger populations would be required.

Conclusion

The observed results and graphical displays from the
research showed that there is no significant difference in
activity of the analyzed muscles while using different ball
materials for forehand topspin. We conclude that the biceps
brachii and extensor carpi radialis is an important muscle
for the forehand topspin because it is responsible for flexion
of the arm and works strongly in the action of gripping in
the performance of quick forehand spin strokes (Buckley &
Kerwin, 1988). From this point of view, greater interest is to
be paid to the improvement of this muscle in the physical
training of the table tennis players. Qualified table tennis
players should therefore increase the muscles training that is
wanted for their particular style of play after they have set up
a large basis of physical fitness.
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ENEKTPOMIOTIPA®IYHUIA AHANI3 YOAPY BIAKPUTOIO PAKETKOIO
B HACTIJIbHOMY TEHICI 3 BUKOPUCTAHHAM PI3HUX MATEPIAJIIB M'AYA

Any6xa MaxemBapi'*®<P, Taarpi [Tangein'**P, Manim Illykna®A*<P,

Bimkait Cinrx PaBar***“P, Tanympi SIgap'45<P

'Hanionanbunit incTuTyT isndnoro BuxosanHs imeHi Jlakmmi bai

*[lep>kaBHUI IOPUAMYHUI KosemX MopeHa
*Jlep>xaBHUI HayKOBUII Komemx JleBac

ABTOpCHKNMI BKIAJ;: A — Iu3aiiH gocmipkeHHs; B — 36ip ganux; C — crataHanis; D - migroroska pykormcy; E — 36ip kowtis

Pedepar. Crartst: 6 c., 2 Tab1., 4 puc., 25 [Kepert.

Merta mocnimkenHs. [{ocnipkeHHsA Majio HA MeTi BCTa-
HOBJIEHHA NoKasHuKiB EMI-ananisy ymapy BifKpuTOIO paker-
KOIO 3 BepXHIM 00epTaHHAM 3 BUKOPYMCTAHHAM Pi3HMX Mare-
pianiB M’stya.

Marepianu Ta MmeTogu. 7151 CK/TaaHHA LIHOTO HOCTIKeH-
Hs1 6ynu BifibpaHi ciM rpaBLiB y HACTIIBHWII TeHIC piBHA VHi-
BEPCUTETCHKOI CIIOPTUBHOI KOMaH/M YOJIOBiYOi CTaTi, AKi BO-
JIOT{/IM ITPaBOIO PYKOIO Kpallle, HDK TiBoo, (Bik 21,1 + 2,4 poky,
3pict 162,6 £ 6,8 cM, Bara 61,8 + 3,2 Kr) Ta M/ IpUHAIMHI 6
PoKiB focBiny rpu. Bigibpani yuacHukm 6yau ¢isMuHO aKTUB-
HMMI Ta He Majit Gi3ndHuX TpaBM. JJocmimkeHHs 6y/o 3aTBep-
IPKeHe KOMITeTOM i3 HayKOBMX JOC/TiIpKeHb. [l eekTpomio-
rpadivHOro FOCTiIKeHH s Oyt BubpaHi Taki M'sI311: Be/IMKMI
rpynuuit M’s3 (Pectoralis Major, PM), mepepnHiit y4oK fjenn-
tonoxibroro m’s3a (Deltoid Anterior, DA), Harumpumit M’s13
crimuu (Latissimus Dorsi, LD), goronosnit M’s13 mteda (Biceps
Brachii, BB), mpomeHeBmit M’s13-po3ruHay 3am sictka (Extensor
Carpi Radialis, ECR), npomeHeBmil M 513-3TMHa4 3aIl ICTKA
(Flexor Carpi Radialis, FCR). CepennbokBafpaTudHe 3Ha-
4yeHHA 3MiHHOI ogHoro 3 EMI-curuanis BumipioBanm Ha Bcix
M’sA3aX, 3aBJSAKU YOMY OLIHIOBAIM MAaKCHMAJIbHY 3ajiiHICTh
M’s13iB. JI/Is1 KOXKHOTO OLI{HIOBAHOTO M’s13a Ta 000X MaTepiasis

M’s19a 00UMC/IIOBAIY CepefjHE 3HAYEHHs CepeiHbOKBa/IpaTHy-
Hux 3HayeHb EMI-curnanis. [l onmcoBOi CTaTUCTUKN BU-
KOPMCTOBYBa/IM MiHiMaJIbHi, MaKCMMaJbHi, CepeJjHi 3HAYCHHSA
Ta BEIMYMHY CTaHJAPTHOIO BiXM/IE€HHA, a AK CTaTUCTUYHMIL
METOJ; BUKOPUCTOBYBa/u t-kpurepiit CTbrofieHTa.

PesynpraTtu. PiBeHb 3Ha4yLIOCTi OYB 3aaHNIT 3HAYCHHAM
0.05. PesynbraTyt mociifiyKeHHs IOKa3aayu BifICyTHICTb CyTTe-
BOI BiIMiHHOCTi B CepeJHbOKBAJPaTUYHOMY 3HaYEeHHi 3MiHHOI
EMI Ha BubpaHux M’s13aX MK TaKMMU MaTepiaiaMit M 4a, K
LIe/Ty 1017 i TIoliMepHa ITacTMaca.

BucnoBku. My miiinim BUCHOBKY IIPO Te, IO ABOTOJIO-
BMII MsI3 II/Ie4a Ta IPOMEHEBMIT M 5A3-PO3IMHAY 3aIl ICTKA €
BOK/IMBUMM M sI3aMU [UIsI BUKOHAHHA YAapy BiIKpUTOIO pa-
KeTKOIO 3 BEPXHIM 00epTaHHAM, TOMY 1[0 BOHM BifjIIOBialoTh
3a 3TMHAHHA PYKM Ta iHTEHCHMBHO IIPAIIOIOTh y IPOLECi Jil 3
MIIHOTO YTPUMMYBAHHA IIiJj YaC BUKOHAHHA IUBUIKUX ylapiB
BiIKPUTOIO PaKeTKOIO 3 00epTaHHAM.

KirouoBi cmoBa: enexrpomiorpadisi, HacTinbHUIT TeHic,
yZap BiIKPUTOIO PAaKETKOIO 3 BEPXHIM 00epTaHHAM, CEPETHbO-
KBaJIpaTyyHe 3HAYEHHsI, LeTy/IOIAHI M sT4i, M’s14i 3 IToTiMepHOi
II/TaCTMACH.
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Abstract

The purpose of this study was to evaluate the impact of recreational futsal on passive middle-aged footballers in

body composition.

Materials and methods. The research was conducted on a sample of 58 men aged from 30 to 40, average age

35.88 + 2.39. The sample was divided into two groups. The first group included 29 passive football players

(average age 35.58 + 2.36) who were engaged in recreational futsal 2-3 times a week, and the second group included
29 passive football players (average age 36.17 + 2.42) who weren't engaged in recreational physical activity. The body
composition was assessed by TANITA BC-601, the method of bioelectrical impedance, which became a reference
method in research studies in the body composition analysis. The variables obtained were: body height (cm), body
weight (kg), fat mass (%), muscle mass (kg), bone mass (kg), body mass index (kg/m?), calorie consumption - daily
calorie intake (kcal), vitality of the body, quantity of water in the body (%), visceral fat (%).

Results. Groups are not distinguished in the variables body height (HBH), calorie consumption - daily calorie intake
(DCI), vitality of the body (BMR), and quantity of water in the body (TBV) because p > 0.05. In the variables where
body mass, body fat tissue and muscle mass were assed, namely body weight (BWT), fat mass (BFP), muscle mass
(TBM), bone mass (BMD), body mass index (BMI) and visceral fat (AVF), a statistically significant difference was
gained p < 0.05 in favor of the group of passive football players who were involved in recreational futsal.
Conclusions. It can be said that the recreational futsal as physical activity is an effective tool to improve body
composition not only in passive football players but in all persons of all ages regardless of gender. Intensity and
duration in recreational futsal is an effective way to reduce body fat in the population of passive middle-aged football

players.

Keywords: recreational futsal, body composition, passive football players, variables.

Introduction

Lifestyle changes, the transition from an active state in
sports to a passive state bring many psychophysical changes
that endanger the health of passive athletes. Physical inactiv-
ity on the one hand, as well as increased calorie intake, on
the other hand, lead to a reduction in (excess) calorie burn-
ing, which can have major negative effects on the human
body, activation of pathophysiological mechanisms and the
development of disease (Hollmann & Hettinger, 2000) as a
result of increased subcutaneous fat and blood fat (Booth
& Chakravarthy, 2002). Several other studies speak about
this issue (Trost et al., 2003; Hajmer, 2010) which stress that
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engagement in recreational sports is in significant correla-
tion with various social factors (Sallis et al., 2000). In these
studies, the finding for the negative impact of hypokinesia is
confirmed, and is stressed its impact on the increasingly pro-
nounced occurrence of non-communicable diseases which
can be prevented (and treated) directly with regular and ade-
quate physical activity (Warburton et al., 2001; World Health
Assembly, 2004; Schneider & Becker, 2005). Many studies
have shown that middle-aged people who are engaged in
sports and organized recreational activities enjoy better psy-
chophysical health, normal body mass index 18.5-24.9, are
more vigilant and resilient to the stresses of modern living
(Xu et al,, 2017; Altavilla et al., 2018). Recently research has
been done on the impact of recreational futsal on the health
of athletes and passive football players (Krustrup et al., 2010;
Raiola, 2013) and the effects on the fundamental health vari-
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ables that influence the risk of lifestyle-related illnesses of
young and middle-aged men (Severino et al., 2019). In addi-
tion to the health benefits, the improvements resulting from
practicing recreational futsal were compared to other types
of recreational physical activity that were practiced more
widely. And the results show recreational futsal is complete
in the various districts examined (Severino et al., 2019) al-
ways at the same level as other sports and more effective in
other fields where others are scarce (Krustrup et al., 2010).
Recreational futsal less structured than traditional fitness
classes, but for many people it is more enjoyable and thus
it has a greater potential to develop and sustain the intrin-
sic motivation of participants (Helge et al., 2010). Factors
such as pitch size, the number of players, and training time
and format can substantially modify exercise characteristics
(Randers et al., 2014). Compared to research in other fields
of anthropology conducted so far research with passive ath-
letes is less. This research is therefore an attempt to clarify
the effect of continuity from active competitive football to
recreational football.

The purpose of this study is to evaluate the impact of rec-
reational futsal on body composition at passive middle-aged
football players. In particular, we focus on reducing of some
parameters of body composition, especially body mass index
(BMI) and subcutaneous adipose tissue (as risk factors for
many diseases) in passive football players engaged in recre-
ational futsal compared to passive football players of this age
who have not been engaged in recreational physical activities.

Materials and Methods

Participants

The research was conducted on a sample of 58 men from
30 to 40 years of age, average age 35.88 + 2.39. The sample
is divided into two groups. The sample is divided into two
groups. In the first group are involved 29 passive football
players average age 35.58 + 2.36 who have been engaged
in recreational futsal 2-3 times a week by 2x20 min to a
playground between 20 and 25 meters wide, and between
38 and 42 meters long, and in the second group were in-
volved 29 passive football players who has not conducted

recreational physical activity average age 36.17 + 2.42. The
only condition that was applied in the sample determination
was that the passive football players involved in the research
voluntarily agreed to be a part of this research.

Anthropometric measurements and
assessment of body composition

The body composition was assessed by TANITA BC-
601, the method of bioelectrical impedance, which became
a reference method in research studies in the body composi-
tion analysis. Upon receiving data for each respondent, data
were provided on body height, age and gender of respon-
dents. Following the entry of these parameters in the memo-
ry of the measuring device, data on the body composition of
the respondents were obtained. The variables obtained are:
body height (cm), body weight (kg), fat mass (%), muscle
mass (kg), bone mass (kg), body mass index (kg/m?), calo-
rie consumption - daily calorie intake (kcal), vitality of the
body, quantity of water in the body (%), visceral fat (%).The
evaluation of the parameters of the body composition was
performed in the recreational sports centers in the city of
Gjilan, Ferizaj and Prishtina in the Republic of Kosovo.

Statistical analysis

For all variables that are applied for measurement of
the body composition are calculated basic statistical param-
eters and Independent Samples Test. All the analyses were
performed us-ing the Statistical Package for Social Sciences
software (SPSS,v. 22.0 for Windows; SPSS Inc., Chicago, IL,
USA), and valuesof p < 0.05 were considered statistically
significant.

Results

In the following text we will try to look at the results
obtained from the basic statistical analysis and Independent
Samples Test that have been made to respond to the objec-
tives of the work.

Table 1 shows the difference between the group of pas-
sive football players engaged in recreational futsal and the

Table 1. Basic statistical parameters and difference between groups

Passive football players in

Passive football players

Variables N recreational futsal t p
Mean + SD Mean + SD
Body height (cm) 29 178.55 £ 7.15 178.03 + 4.20 0.336 0.738
Body weight (kg) 29 73.65 £ 13.19 81.30 £ 14.748 -2.083 0.042
Fat mass (%) 29 17.47 £ 5.97 21.35+7.58 -2.167 0.035
Muscle mass (kg) 29 58.11 +7.96 53.43 +7.09 2.363 0.022
Bone mass (kg) 29 3.40+£0.34 3.19+£0.37 2.230 0.030
BMI 29 22.76 £2.79 27.05+4.28 -4.514 0.000
DCI 29 3018.55 £ 524.52 3284.24 £ 574.41 -1.839 0.071
BMR 29 34.65 £ 8.65 37.03£11.74 -0.879 0.383
TBW 29 59.30 £ 4.81 58.11 +5.88 0.843 0.403
AVF 29 3.24 +1.48 4.83 £3.09 -2.490 0.016

256



Maliqi, A., Sylejmani, B., & Myrtaj, N. (2022). Effect of Recreational Futsal on Body Composition in Passive Football Players

group of passive football players who were not engaged in
physical recreational activities. This table shows the one-sid-
ed differences in the same variables. Independent Samples
Test shows significant differences in most body composition
variables. Groups are not distinguished in variables body
height (HBH), calorie consumption - daily calorie intake
(DCI), vitality of the body (BMR), and quantity of water in
the body (TBV) because p > 0.05. In variables where were
assed body mass, body fat tissue and muscle mass, body
weight (BWT), fat mass (BFP), muscle mass (TBM), bone
mass (BMD), body mass index (BMI) and visceral fat (AVF)
a statistically significant difference was gained p < 0.05 in fa-
vor of the group of passive football players who are involved
in recreational futsal.

Discussion

The conducted research is defined as a transversal study
in order to determine the effect of kinesiological recreational
activity, respectively recreational futsal in the body composi-
tion of passive football players. What should be emphasized
is the fact that it is clear that there is a certain influence
of this recreational kinesiological activity on some param-
eters of body composition, especially on the parameters of
body fat tissue. The presented results of the analysis of the
differences in the arithmetic mean for the assessment of
body composition in passive football players involved in
recreational futsal, show that there has been a significant
reduction in body weight, body mass index, reduction in
the amount of subcutaneous adipose tissue and visceral fat.

The results of this research are in line with the results
of other research where it is emphasized that in the game
of recreational futsal there are sequences with high physical
loads, with an average heart rate of 80-85% of the maximum
heart rate (Krustrup et al, 2009), which is similar to the val-
ues observed in professional football players (Altavilla et al.,
2018) which significantly affect the reduction of body weight
and subcutaneous adipose tissue. The results obtained also
show that aerobic recreational content, such as recreational
futsal, contributes significantly to the reduction of adipose
tissue, body mass and other parameters of body composition
that is consistent with research (Donnelly et al., 2009; D’Elia,
2018; D’Isanto et al., 2019; D’Isanto, 2019).

Some research shows that more intense forms of physi-
cal activity offer more benefits when it comes to reducing a
persons body mass and health than moderate-intensity ac-
tivities (Tsourlou, 2006). This is mainly due to the reduction
of the risk of cardiovascular diseases as well as the increase of
the function of the locomotor apparatus (Swain et al., 2006).
In addition, the positive effects of high-intensity activities
on reducing and maintaining optimal body weight, both in
women and men, are well known (Donnelly et al., 2009).

It has been proven the fact that recreational futsal af-
fects the increase of muscle strength and thus the increase
of muscle mass at the expense of the reduction of body fat
tissue. Many studies confirm the positive effects of exercise
with sequences of submaximal intensity on muscle mass and
strength (Binder et al., 2005; Hanson et al., 2009). Benefits
from recreational kinesiological activity, respectively rec-
reational futsal are evident in the increase of bone mass,
which is confirmed in this research. Passive football players
who practice recreational futsal have higher bone mass than

passive football players who are not involved in recreational
physical activity. For this reason, many authors suggest that
physical activity with an intensity of 75% -85% and a dura-
tion of more than 30 minutes is a key factor in strengthening
and developing healthy bones at all stages of development
(Vicente-Rodriguez, 2006; Khan et al., 2001; Gracia-Marco
et al., 2011). Passive football players who practice recre-
ational futsal have a higher percentage of water by 1.2%,
(although statistically insignificant) compared with passive
football players who are not involved in recreational physi-
cal activity

The decrease in the percentage of water in the body is
partly due to the increase in fat mass and the reduction in
muscle mass which is consistent with the research of other
authors (Gallagher et al., 1997; Baumgartner, 1998). Programs
in the form of recreational activities such as recreational futsal
significantly lead to more significant improvements in body
composition compared to other recreational activities (Ho,
2012). As a conclusion, maintaining total body water is of ut-
most importance. Therefore, it is especially necessary to con-
sider whether programs, such as those that increase muscle
mass, and by increasing the total amount of water in the body,
improve the body water decline that naturally occurs with age.

Conclusions

As a conclusion, it can be said that recreational futsal as
physical activity is an effective tool to improve body compo-
sition not only in passive football players, but to all persons
of all ages regardless of gender. Intensity and duration in
recreational futsal is an effective way to reduce body fat in
the population of passive middle-aged football players.

The data found showed that recreational futsal is less
strenuous and less stressful than many recreational activities
due to the fact that recreational futsal is a sport based mainly
on fun and not on achieving a specific result or optimal per-
formance, therefore it is more easily both physically and psy-
chologically, so, participants feel better both physically and
mentally when practicing this type of recreational activity

This can be determined by the fact that participants, when
practicing this activity, relax emotionally, forgetting that they
are actually practicing. So recreational futsal reduces the fac-
tors that cause the appearance of many non-communicable
diseases improves the overall well-being of the person.
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BMJINB O340POBYOIo ®YT3AJ1Y HA CKNTIAA

TI1A B MACUBHUX OYTBOJIICTIB

Ap6en Maniki'4*“P, bnepim Cyneitmani'°, Haszim MipTair'45cP

'Konemx AAB

ABTOpPCHKMIT BKTAJ: A — Au3aiiH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormcy; E — 36ip komtis

Pedepar. Crarts: 5 c., 1 Tabn., 30 mxeper.

MeTol0 IIHOTO JOCTIIKeHHA OyIa OljiHKa BIUIMBY 03J0-
posuoro ¢yrsany Ha macuBHMX GyTOOMICTIB CEpPeAHBOTO BIiKy
B ITIOKa3HMKAX CK/Iafly Tifla.

Marepianu Ta MmetTogu. [JocmipKeHHA IPOBOAW/IN Ha BU-
6ipui 3 58 4onmoBikiB BikoM Bix 30 g0 40 pokiB, cepenHiil Bik
35,88 + 2,39. Bubipky posnopimim Ha i rpymu. JJo mepiioi
rpynu Bxopunn 29 macuBHUX QyTOOICTIB cepefHiM BikoM
35,58 + 2,36, siki 3aitManucs 03fopoBunM QyT3amom 2-3 pasu
Ha TIDKJIEHb, a O APYroi rpymm Bxogwan 29 macuBHuX ¢yt-
6omictiB cepenHiM BikoMm 36,17 + 2,42, AKi He 3aiiMasnucs
0370poBuok0 ¢isnuHOw akTuBHicTIO. CK/Iaf TiNa OLiHIOBAIN
3a pornomorolo aHanizaropa TANITA BC-601, metonom 6io-
€/IeKTPUYHOTO iIMIIEH/IAHCY, AKUI CTaB €TaJIOHHUM METONOM
aHaJi3y CKIajly Tila B HAyKOBUX JocCmifpkeHHAX. OpeprkaHi
Taki 3MiHHI: BucoTa Tina (cm), Maca tina (kr), maca xxupy (%),
Maca M’s3iB (Kr), Maca KicTok (Kr), iHfgekc macu Tima (kr/m?),
CITOXXVMBAHHSI KAJIOpiit — f060Be CIIOXXMBAHHS KajIopiit (KKai),
JKUTTE3ATHICTD TiNa, KiIbKicTh BoAu B Tini (%), BicLiepanbHMit
xup (%).

Pesynbraru. Ipynu He BifipisHAIOTbCA 3a TAKUMU 3MiHHM-
MI: BucOTa Tina (Bucora Tina, HBH), cioxxuBanHs Kanopiit —

1000Be CIIOKMBAHHs Kajlopiit (j060Be CIIOXXMBAHHS KaIopii,
DCI), sxnrTe3patHicTh Tia (piBeHb 6a3a/7bHOTO MeTab0i3MY,
BMR) Ta KinbkicTs Bogu Tini (3arampauit 06’em kposi, TBV),
ToMy 10 p > 0,05. Y TX 3MiHHMX, 32 IKMMM OLIiHIOBa/IM Macy
Ti/Ta, Macy KMpoBoi TKaHMHU Ta M A3iB Tila, Macy Tina (Maca
tima, BWT), macy xwpy (BifcoTok >xupy B oprauismi, BFP),
Macy M’sA3iB (3aranmbHa Maca Tina, TBM), macy kicTok (MiHe-
panbHa IiNBbHICTD KicToK, BMD), infekc macu Tina (inmexc
macu tina, BMI) ta BicuepanbHuii xxup (4epeBHMIT Bicijepanp-
Huit xup, AVE), 6yn0 OJlep>KaHO CTAaTUCTMYHO 3HAYYILy Bifi-
MiHHicTB p < 0,05 Ha KOPUCTb TPYIN MACUBHUX PyTOOIICTIB,
AKi 3aIManucA 030pOBYNM PYT3aIOM.

BucHoBku. Mo)XHa CKasaTy, 110 03Z0poBYnMii GpyTsan 5K
¢disnyHa aKTUBHICTh € e(eKTUBHMUM 3aCOO0M ITOKpaljeHHs
CKJIaAy Tima He jmire st macuBHuX (yTOoIicTiB, ane it At
BCiX 0ci6 ycix BiKOBUX KaTeropiit, He3ale)XHo Bifi crari. [HTeH-
CUBHI JI TPMBaI 3aHATTA 03TOPOBUMM (PyT3a/I0M € edeKTUB-
HVM CIIOCOO0M 3MeHINeHH: BMICTY XUPY B OpraHi3Mi B reHe-
PpaIbHiit CyKyIHOCT HacuBHMX QyTOOICTIB CEPEIHBOTO BiKY.

KirouoBi cmoBa: o3opoBunit ¢yTsa, CKIaj Tina, macus-
Hi QpyTOomicTy, 3MiHHI.
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Abstract

The study purpose was to substantiate, develop and test the effectiveness of the author’s program for physical

training of young female basketball players in the pre-competition period of the macrocycle preparatory stage, and to
experimentally test its effectiveness.

Materials and methods. The subjects were 15 young female basketball players born in 2007-2008, third year of study
(Ist year of study in the basic training group), members of the All-Ukrainian Youth Basketball League (AUYBL), who

participated in the experimental program to improve their physical fitness. Three tests on six indicators of physical
fitness were conducted. The results of a consecutive experiment for young basketball players during their training

in the camp were analyzed and interpreted.

Results. The author’s program for physical training of young female basketball players was developed and
implemented during the training camp in order to increase their level of physical fitness and preparation for
participation in the AUYBL competitions. The results of the study, which were obtained during a series of
experiments, allowed to examine and analyze six indicators of physical fitness, and to substantiate the effectiveness
of modern approaches to physical training of young female basketball players in the pre-competition period of
the macrocycle preparatory stage. They were based on the minimization of additional workload and focused
concentration of female athletes on the quality of specific exercises in a limited period.

Conclusions. The analysis of the results, the indicators of physical fitness of young female basketball players, allows
to state that the use of the author’s program for physical training makes it possible to record the improvement of
physical fitness on tests that have speed-strength and strength orientation, namely: high jump, long jump, run for
40 s, flexion-extension of the arms at thrust lying for 30 s. According to the indicators of speed tests (20 m run and
60 m sprint), no statistically significant differences were recorded, with a tendency to their improvement.
Keywords: basketball, program, physical training, physical fitness, training camp.

Introduction

Competitiveness of national basketball teams (national,
youth, junior, and cadet) at the international level is due to
the presence of an effective process for training (theoretical,
technical, tactical, psychological, physical, and integral) at
all stages of long-term improvement (Pluta & Andrzejewski,
2018; Teck, Wang, & Mallett, 2012). The final unresolved
complex issues of the correlation between general and special
physical training, taking into account the role and age char-
acteristics of players, indicates the possibility of improve-
ment in this area, which is emphasized by the publications of
influential scientists (Villa & Lozano, 2018; Koryahin, Blavt,
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& Ponomaryov, 2019). The motivational orientation of physi-
cal training taking into account the basketball players’ psy-
chotype, their leading representative system (audio, visual,
and kinaesthetic) are substantiated with the experimental
research of specialists. The issues of diagnosis of psychologi-
cal sex, determination of sexual dominance of the individual
(androgyny, muscularity and femininity) taking into account
the level of psychophysiological stress in competitive activi-
ties are the matter of importance too (Sushko et al., 2019).
Coaching approaches to technical and tactical training
based on morph functional specialization of the body, which
is a necessary prerequisite for physical training of athletes,
are noted to be effective (Tyshchenko et al., 2018; Dorosh-
enko et al.,, 2019; Koryahin et al., 2018; Oliinyk et al., 2021).
The exploring of the possibilities of theoretical train-
ing and a significant contribution to the effectiveness of the
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training process through the immersion of athletes in a thor-
ough understanding of the methodology and selection of
effective tools are proven by specialists studying this subject
(Bohuslavska et al., 2020). Professional scientific discussion
is more focused on different attitudes to integrated training,
the basis of which is physical training that requires strategi-
cally new approaches, generalization and systematization
of experimental results (Chucha et al., 2020). The issues of
athletes’ recovery and stimulation of their working capac-
ity in various structural components of the macrocycle re-
main promising for further implementation (Mustafa As-
saad Munsheed Al-Fartusi, & Sushko, 2015; Scanlan et al.,
2018). However, the current level of physical fitness of play-
ers is the priority for influence on the result of the match
at the present stage of basketball development. It allows in
specific conditions of competitive activity and highly com-
petitive struggle to effectively realize the available techni-
cal and tactical potential of athletes (Ricardo Ferraz et al,,
2021). These characteristics are not the exclusive advantage
of professional players, but relate to the problematic issues
of physical training at all stages of sports improvement of
basketball players (Cielicka et al., 2019). From this perspec-
tive, the normative indexes of indicators of physical fitness
in the curricula of children’s and youth sports schools have
reduced informativeness due to the heterochrony of physi-
cal development of young basketball players. This indirectly
affects the level of young basketball players’ motor skills de-
velopment and performance indicators of their competitive
activities. Increasing the volume and intensity of physical
activity at a young age leads to a temporary improvement
in performance, but with further negative consequences for
both integrated fitness and the health of athletes (Platonov
& Bolshakova, 2013; Koryahin, Blavt, & Ponomaryov, 2019).

Thus, modern methodological approaches to physical
training of young basketball players should be formed taking
into account the following factors: determining the optimal
ratio of general and special exercises in physical training,
individualization of training based on the pace of physical
development and the formation of positive emotional back-
ground during training.

This study presents the author’s program of physi-
cal training for girls born in 2007 during their training in a
camp, which aims to predominantly develop the motor skills
of young female basketball players in the pre-competition pe-
riod of the macrocycle’s preparatory stage for quality prepara-
tion for the All-Ukrainian Youth Basketball League (AUYBL).

Hypothesis. Directed use of special exercises in the
limited period of the preparatory process would help to in-
crease the level of physical fitness of young female basketball
players.

The study purpose was to substantiate, develop and test
the effectiveness of the author’s program of physical training
of young female basketball players in the pre-competition
period of the macrocycle’s preparatory stage, and to experi-
mentally test its effectiveness.

Materials and methods

Study participants

15 young female basketball players born in 2007-2008,
third year of study (1st year of study in the basic training

group), members of the All-Ukrainian Youth Basketball
League (AUYBL), took part in the experimental program to
improve physical fitness.

Study organization

Experimental research was conducted on August 16-30,
2020 in Bar (Ukraine) during the training camp of young
female basketball players born in 2007-2008 with the im-
plementation of the author’s physical training program
for further participation in the All-Ukrainian Youth Bas-
ketball League with the Basketball Federation of Ukraine’s
patronage.

The author’s program of physical training is implement-
ed and the pedagogical testing on six indicators according
to the curriculum for childrens and youth sports school,
sports children’s and youth school of the Olympic reserve,
school of higher sporting skills and specialized educational
institutions in a sports field (Poplavsky et al., 2019) is car-
ried out, the received results of an interpreted experiment
are analyzed.

The implementation of the author’s program involved
three stages of control through comparative analysis of the
results of testing the level of physical fitness. 16.08.2020 —
the first stage (control and diagnostic), before starting the
program implementation; 29.08.2020 - the second stage
(control and analytical), after the implementation of the pro-
gram; 14.09.2020 - the third stage (control-comparative), to
check the delayed effect of the implementation of the physi-
cal training program. All participants and their parents gave
informed consent to participate in a pedagogical experiment
in accordance with the bioethical standards of the Helsinki
Declaration of the World Medical Association “Ethical prin-
ciples of medical research with human participation as an
object of study” (latest version 1.10.2008 Helsinki Declara-
tion, 2008).

Tests and their organizational and methodological
guidelines are presented below:

1.20 m run, s

It is recommended to run the 20 m distance at maxi-
mum speed without stopping at the finish line.

2. Jumping height, cm

First, the player’s point is fixed with the raised hand up
standing in a profile at the wall. The jump is performed in a
convenient position for the player near the wall (face, side).
The second point is fixed after the player jumps out vertically
upwards as high as possible. The difference between the in-
dicators is the height of the player’s jump. The best result of
three attempts is scored.

3. Long jump, cm

The point of the maximum long jump is fixed from the
defined line; the measurement is registered on the player’s
heels. The best result of three attempts is scored.

4. Run for 40 ¢, m

The player expects his own strength to move for 40 s
(running face forward) from one to another front line of the
basketball court, trying to overcome a greater distance as
possible, which is scored as the result. After the whistle, the
player must stop to count the distance.

5. 60 m sprint, s

It is recommended to run the 60 m distance at maxi-
mum speed, without stopping at the finish line.
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6. Flexion-extension of the arms at thrust lying for 30 s.

The number of flexions / extensions of the arms per-
formed at a flat torso position and the maximum possible
bending angle is scored.

Table 1. Indicative indicators of the effectiveness of tests
to determine the level of physical fitness according to the
children’s and youth sports school’s curriculum (basic
training, 1st year of study, girls)

Test number / Result
Value

1,s 2,cm  3,cm 4, m 5,s 6, qty
satisfactory  4.1-4.3 35-41 160-174 172-175 9.6-10.1 10
good 3.6-4.0 42-46 175-189 175-181 8.9-9.5 11

excellent 3.5 47 190 182 8.8 12

Notes: 1 - 20 m run, s; 2 - Jumping height, cm; 3 - Long jump,
cm; 4 - Run for 40 s, m; 5 - 60 m sprint, s; 6 — Flexion-exten-
sion of the arms at thrust lying for 30 s, qty.

The team of young female basketball players born in
2007-2008 from Kyiv sports children’s and youth school of
the Olympic reserve in basketball took the 4th place in the
championship of the AUYBL season 2019/2020. The desire
to improve the result in the next game season has led to the
combined efforts of the scientific group and coaching staft
to improve approaches to physical, technical, tactical and
psychological training of young female basketball players.

The planned work provided a comprehensive interaction
in the training process during the preparatory and competitive
periods with the use of modern approaches to coaching and
taking into account the proposals of the scientific group on
load correction. The experiment is based not on the novelty of
exercises and increasing the volume and intensity of loads, but
modern coaching approaches to achieving quality performance
of simple exercises by maximizing the specification of tasks and
specifying the requirements for their implementation.

The selected tests and the author’s program provided
for the identification of informative indicators and further
targeted work to improve the speed and strength qualities of
female players. The set of exercises of the program does not
contain a direct repetition of test exercises.

The first joint work was implemented during the training
camp for physical training of young female basketball players.
It is worth noting that before the first test, the young athletes

spent two weeks of a macrocycle after a long rest. The second
test was made immediately after the end of the training camp
with the use of the author’s program to improve physical fitness,
the third test required to identify the delayed effect of the work.

After the first testing, an experimental program for im-
proving physical fitness was implemented into the training
process of young female basketball players, which consisted
of performing special exercises, which are additionally de-
signed for 15-20 minutes of work after each training session.
The program has three blocks, each of which consists of
seven training sessions.

Statistical analysis

The obtained informative data of experimental research-
es were processed by descriptive statistics. Methods of the
parametric statistics (the arithmetic mean value, standard de-
viation) were used in the study due to the fact that samples of
testing results of the level of physical fitness of young female
basketball players born in 2007-2008 complied with the law
of normal distribution (verified by the Shapiro-Wilkie index).

The statistical significance of the difference between the
indicators of testing the level of physical fitness of young
female basketball players by dates, namely 16.08.2020,
29.08.2020, 14.09.2020, was determined using the Student’s
criterion for paired samples (Vincent, 2005; Lang, Altman,
2013; Alexandropoulos et al., 2019).

Mathematical and statistical processing and analysis of
data were performed using the computational and graphical
capabilities of such software program, as Statistica (StatSoft,
version 10.0) and Microsoft Excel 2010.

Results

Analysis of indicators of physical fitness, presented
in table 2, allows to state that during the training camp
(16.08.2020 - 29.08.2020), the use of the author’s program
of physical training resulted in improving of physical fitness
on tests that have speed-strength and strength orientation,
namely:
 Jumping height, 37+3 cm (16.08.2020) and 38+2 cm
(29.08.2020) accordingly; differences are statistically
significant at the level, p < 0.001;

o Long jump, 181+23 cm (16.08.2020) and 184+20
(29.08.2020) accordingly; differences are statistically
significant at the level, p < 0.01;

Table 2. Dynamics of results of testing the level of physical fitness of young female basketball players born in 2007-2008

Date of the test 29.08.2020vs Dateof thetest  14.09.2020 vs

No Test 16.08.2020 29.08.2020 16.08.2020 14.09.2020 29.08.2020

X ) X S t P X S t P
1 20mrun,s 3.89 0.13 3.86 0.13 2.09 0.055  3.83 0.12 2.80 0.014
2 Jumping height, cm 37 3 38 2 4.01 0.001 39 2 1.78 0.096
3 Longjump, cm 181 23 184 20 3.09 0.008 188 15 2.36 0.033
4  Run for 40 s, m 176 9 180 6 5.08 0.001 181 5 4.73 0.001
5 60 m sprint, s 9.59 0.47 9.51 0.41 1.47 0.165 9.36 0.42 4.55 0.001
6  Flexion-extension of the arms at 13.8 2.3 15.3 1.4 3.77 0.002 16.3 1.5 4.30 0.001

thrust lying for 30 s, qty
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EXPERIMENTAL PROGRAM
for improving physical fitness of young female basketball players
(21 training sessions)

Block I (7 training sessions)

No Content Dosage Organization and methodology of the exercise
1 Lifting and lowering on toes (stairs, 3 sets of 15-20 times on the pace is dynamic, but not fast;

bench) each leg the maximum amplitude is important
2 Steppe on the spot + steppe across the line 3 sets of 10 s+ 10 s arms up, elbows bent — 900 angle

+ 6 m acceleration

3 Jumping rope on two legs 3 sets of 100 times jumps due to elastic repulsion of the feet, the heel does not
touch the floor, the knees are almost straight
4 Running on the spot with a high rise of ~ 3 setsof 10's performance with the maximum frequency and amplitude,
the thigh special concentration on the arm movements speed
5  Plank in the supine position 3setsof 15 s arms bent at the elbows, armrests at the expense of elbows
and palms
Block II (7 training sessions)
No Content Dosage Organization and methodology of the exercise
1 Lifting and lowering on toes (stairs, 3 sets of 15-20 times on  the pace is dynamic, the amplitude is maximum
bench) each leg
2 Steppe on the spot + jumping line 3setsof 10s+10s arms up, elbows bent - 90° angle
with both feet back and forth + 6 m
acceleration
3 Jumping rope on two legs 3 sets of 100 times jumping as fast as possible with an emphasis on the minimum
time for repulsion
4 Running on the spot against the wall 3setsof 15 maximum speed, emphasis on the height of the knee
5  Plank in the supine position 3setsof 20 s arms bent at the elbows, armrests at the expense of elbows and
palms
Block III (7 training sessions)
No Content Dosage Organization and methodology of the exercise
1 Lifting and lowering on toes (stairs, 3 sets of 15-20 times on  the pace and amplitude are maximum
bench) each leg
2 Steppe on the spot + steppe running on 3 setsof 10s + 10's arms up, elbows bent — 90° angle
the bench + 6 m acceleration
3 Jumping rope on two legs 3 sets of 100 times jumping as fast as possible with an emphasis on the minimum
time for repulsion
4 6 m starting acceleration 5 times it is important to perform with maximum concentration and
powerful repulsion
5  Plank in the supine position 3setsof 30 s arms bent at the elbows, armrests at the expense of elbows and

palms

e Run for 40 s, 176+9 m (16.08.2020) and 180+6 m
(29.08.2020) accordingly; differences are statistically
significant at the level, p < 0.01;

o Flexion-extension of the arms at thrust lying for 30
s, 13.842.3 (16.08.2020) and 15.3+1.4 (29.08.2020)
accordingly; differences are statistically significant at
the level, p < 0.001.

According to the indicators of speed tests (20 m run and

60 m sprint) no statistically significant differences were re-
corded, with a tendency to improve the indicators of physi-
cal fitness of speed orientation:

e 20 m run, 3.89+0.13 (16.08.2020) and 3.86+0.13
(29.08.2020) accordingly;

o 60 m sprint, 9.59+0.47 (16.08.2020) and 9.51+0.41
(29.08.2020) accordingly.

Experimental studies of the level of physical fitness of
young female basketball players also included checking the
presence of the delayed effect of the author’s program of
physical training.

A comparative analysis of the indicators of physical fit-
ness of young female basketball players after the training
camp (29.08.2020) and two weeks later (14.09.2020) shows
(see Table 1) that the results of tests of speed-power, speed
and power orientation are statistically significant differenc-
es — higher indexes were recorded in the tests conducted
after the training camp and two underlying microcycles
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Fig. 1. Dynamics of test results of young female basketball players, % by the
dates:

Test number

@ -29.08.20 vs 16.08.20: 0 -14.09.20 vs 29.08.20

(14.09.2020). Exceptions are the results of testing the Jump-
ing height 38+2 cm (29.08.2020) and 39+2 cm (14.09.2020),
accordingly, while maintaining the general trend to improve
the physical fitness of young female basketball players based
on the accumulation of delayed effect during the next two
consecutive underlying microcycles.

Figure 1 shows the dynamic characteristics of testing the
level of physical fitness of young female basketball players
after the implementation of the author’s program of physical
training.

To visually compare the results of testing the physical
fitness of young female basketball players in the dynamics
(according to the exercises shown in Table 1), which have
different units of measurement, the data are scaled so that
they fall into a specific interval (see Fig. 2).

20 m run, s

Flexion-extension of
the arms at thrust lying 77~

~ Jumping height, cm
for 30 s, qty '

60 m sprint, s *# Long jump, cm

Run for 40 s, m

Fig. 2. Dynamics of test results (standardized indexes) of
young female basketball players by the dates:

==16.08.20 =4=29.08.20 -%-14.09.20

It is recommended to use this operation for processing
certain comparison indicators and their evaluation in order
to remove data limits and turn them into dimensionless uni-
versal value. Thus, different, according to the scales of the
test results, you can compare the results in different units or
indexes. The most typical, in this context, is the standardiza-
tion of data; precisely their equal distribution is reflected in
the range (0,1).

In the process of mathematical and statistical processing
of experimental results, standardization includes the trans-

formation of data by subtracting each value from a reference
value (usually the average value of the sample) and dividing
it by the standard deviation (usually sample SD). When ap-
plied to inputs, standardization makes the results of various
statistical methods completely independent of ranges of val-
ues or units of measurement. This procedure allows to unify
the values of indicators (regardless of their distribution and
initial units of measurement) to compatible units of distri-
bution with an average value of 0 and a standard deviation
of 1. This procedure has a wide range of applications in the
processes of mathematical and statistical processing of in-
dicators, as it provides a distribution of values that can be
used in the process of comparative analysis of experimental
parameters in the dynamics of the preparation process.

Discussion

The basis for crucial issues of the study is the hypothesis
of the possibility of targeted use of special exercises in a limit-
ed time of the preparatory process of young female basketball
players in order to increase their level of physical fitness. The
substantiation of such possibility is based on the analysis and
systematization of scientific literature, personal pedagogical
observations and authors’ pedagogical experience. The results
of experimental research allow us to state that the targeted use
of special exercises in the limited period of the preparatory
process helps to increase the level of physical fitness of young
female basketball players, and the hypothesis is true.

Certain positions of scientific novelty have been defined
in the process of elaboration and systematization of the ob-
tained results of experimental researches. For the first time,
the possibility of improving the physical fitness of young
female basketball players based on the targeted use of special
exercises in the limited period of the preparatory process has
been proven in contrast to current theoretical and method-
ological provisions on the development of motor skills in
basketball, which do not specify their timing (Koryahin et
al., 2018, 2020; Doroshenko et al., 2019).

In other studies, the chronological limits of the use of
special exercises are determined, but without taking into
account the structural period of the macrocycle of training
- the micro- or mesocycles of training, training camps. In
particular, 6-week programs of plyometric training are con-
sidered by Gokmen Ozen, Ozdemir Atar, and Hurmuz Koc
(2020) to be effective for young basketball players’ physical
abilities. This thesis also applies to a study (Tuan Tran Minh
& Cuong Tran Ngoc, 2022), which identified the effects of
a 15-week club-based basketball training program for the
integrated development of physical and technical-tactical
abilities without limiting the use of special exercises.

Also, for the first time, the possibility of using the au-
thor’s training program in the preparatory process of young
female basketball players as an integral part of preparation
for the official national competitions - the All-Ukrainian
Youth Basketball League games — has been proven. At the
same time, the study (Doroshenko et al., 2020) emphasizes
that training programs in the preparatory process of young
female basketball players, which are aimed at intensifying
their training, can negatively affect the integrated training of
athletes in the subsequent stages of sports improvement - the
stage of preparation for higher sporting achievements, the
stage of maximum realization of individual capabilities, etc.
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However, the thesis of the short-term positive effect of
training programs on the level of physical fitness of young
female basketball players is not denied (Platonov & Bolsha-
kova, 2013), which, in our opinion, makes it possible to use
such programs, although with some caution - no often than
1-2 times per macrocycle training.

Besides, the data on the development and improvement
of young female basketball players’ physical abilities in the
preparatory period of the macrocycle were supplemented
based on the results of the study. At the theoretical level, the
results of scientific research (Platonov, 2017) on the develop-
ment of leading physical qualities of female athletes in team
sports games (speed-power and special endurance) and their
implementation in the process of long-term improvement
were deepen. At the methodological level, the scientific re-
sults (Ricardo Ferraz et al.,, 2021) have been supplemented,
regarding the effect of similar training programs on the in-
dicators of integrated basketball players, including the ac-
curacy of throwing the ball into the basket.

The dialectical issues of improving the physical fitness
of young female basketball players, namely, their early game
specialization, have also been supplemented. Onishchenko
and Mitova (2015) emphasized that the factors of heteroch-
rony of physical development and the current level of physical
capabilities are important in the problematic issues of early
game specialization of young female basketball players. At the
same time, without taking into account prognostic markers in
the process of physical training, early specialization signifi-
cantly reduces the competitiveness of young female basket-
ball players in the subsequent stages of sports improvement
due to reduced performance and tactical experience in other
(adjacent) positions (Kozina et al., 2017; Chucha et al., 2020).

A group of data of scientific novelty and the further de-
velopment of theoretical and methodological provisions has
been also identified while processing the results of experi-
mental research. In particular, the results of scientific research
on the motivational component in the educational process of
young female basketball players were further developed due
to the peculiarities of communication with this specific group
and the formation of motivation for sports improvement (Ko-
ryagin et al., 2019; Sushko et al., 2019) the influence of psy-
chological factors on the results of test exercises on physical
fitness of young female basketball players has been revealed.

Data on finding the most rational correlations of gen-
eral and special means in the process of physical training
programs for young female basketball players at the stages of
preliminary or specialized basic training were further devel-
oped (Doroshenko et al., 2020; Gokmen Ozen et al., 2020).
This indicates the need to modify modern approaches to the
training programs aimed at the effective realization of the in-
dividual potential of young female basketball players based
on the morpho-functional specialization of their body.

Perspectives for further research are based on in-depth
study and testing of modern methodological approaches to
improving special physical fitness in various structural ele-
ments of the macrocycle of training young female basketball
players aimed at developing speed and strength through the
use of special physical training exercises.

Conclusions

Analysis of the results, precisely indicators of physi-
cal fitness of young female basketball players, allows us to

state that the use of the author’s program of physical train-
ing made it possible to record the improvement of physi-
cal fitness on tests that have speed-strength and strength
orientation, namely: jumping height, long jump, run for 40
s, flexion-extension of the arms at thrust lying for 30 s. Ac-
cording to the indicators of speed tests (20 m run and 60 m
sprint) no statistically significant differences were recorded,
with a tendency to their improvement.

The hypothesis of the effectiveness of targeted use of
special exercises in the limited period of the preparatory
process (in the training camps), which contributes to the
positive dynamics of improving physical fitness and individ-
ual potential of young female basketball players is confirmed
based on the results of the study.
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CYYACHI NiAXOAU A0 ®I3UYHOI NIATOTOBKU IOHUX BACKETBOJICTOK

Oxcana Komonpka'4®“PE, Pycnana Cymko'APCPE

'KniBcpknit yHiBepcuteT imeni bopuca Ipindenka

ABTOpPCHKNMIT BKIAJ: A — au3aiiH gocnipkents; B — 36ip ganux; C - cratananis; D — migroroska pykorcy; E — 36ip komrtis

Pedepar. Crarra: 8 c., 2 Tab1., 2 puc., 28 mKeper.

Merta focifpKeHHsA — 0OIpyHTyBaTH, po3pobuTy i mepe-
BipuTI epeKTUBHICTh Mporpamy (isNyHOI MiATOTOBKM IOHMX
6ackeTb60MiCTOK y nepefsMarajbHOMY Iepiofii HiiroToBYO-
ro eTany MaKpOLMKIY i eKCIIePUMMEHTA/NIbHO IepeBiputn ii
e eKTHBHICTb.

Marepianu ta Mmetogu. KonTnHrent — 15 roHnx 6acker-
6omicrok 2007-2008 p.H., TpeTbOro poKy HaBuaHHA (lif pik
HaBYaHHs y IPyIi 6a30BOI MATOTOBKM), y4acHNUIb BceykpaiH-
cbKoi I0HaIbKOI 6ackeT60n1bHOI niru (BIOBJI), siki B3s/tn y4acThb
Y €KCIIEPMMEHTA/IbHIN MPOrpaMi 3 METOI0 IiIBUIIEHHs PiBHA
¢isnuHoI migrorosneHocti. Tpudi IpoBefieHO TecTyBaHHA 3a 6
nokasHukamu QisuyHoI marorosneHocri. [lpoananisoBano Ta
IHTEPIPETOBAHO PE3yNbTATH IIOCTiJOBHOTO EKCIIEPUMEHTY TIiJ
Jac HaBYa/IbHO-TPEHYBAIbHOTO 360y IOHIX 6aCKeTOOICTOK.

Pesynbratu. Po3po6reHo i mij yac HaBYaabHO-TPEHY-
BaJIBHOTO 360Dy BIIPOBAXKEHO aBTOPCHKY Iporpamy ¢ismd-
HOI MiArOTOBKM IOHUX 6acKeTOOMIICTOK 3 METOK IifBUIEHHA
ix piBHA (i3U4HOI MiATOTOBIEHOCTI i MiTOTOBKM O y4acTi y
smaranuax BIOBJI. Pesynbratu gocnimpkenns, oTpuMaHi B Xofi
IIPOBEZIEHH MOC/IiIOBHOTO €KCIIEPYMEHTY, JO3BOIN/IN BUBYM-
TH 1 IpOaHaIi3yBaTy 6 HOKa3HNKIB (i3MIHOI MirOTOBIEHOCTI,

06rpyHTyBaTI/[ e eKTUBHICTD CY4JaCHUX HiIXOfiB 1O ¢isnaHOl
HiTOTOBKY IOHUX 6aCKeTOOMICTOK Y Hepefi3MaraIbHOMY IHepi-
Ofii MJATOTOBYOTO eTany MaKPOLMK/Y, 3aCHOBaHi Ha MiHimisa-
Lii JOIAaTKOBOTO HABAHTA)XE€HHA i aKIIEHTOBAHIill KOHIIEHTpa-
1ii yBaru CHOPTCMEHOK Ha AKOCTi BMKOHAHH:A crienyivHMX
BIIPAB y JIIMiTOBaHMII IIEPiOf.

BucHoBKM. AHasi3 OTpMMaHNUX pe3y/lbTaTiB - IOKa3HU-
KiB (i3M4HOI MIATOTOBIEHOCTI IOHNX 06ACKEeTOOMICTOK JO3BO-
/i€ KOHCTAaTyBaTH, O BUKOPUCTAaHHA aBTOPCHKOI NPOrpaMu
¢bisnyHOl MArOTOBKM HO3BOMMIO 3adiKCyBaTH IOKpallleHHs
[TOKa3HMKIB (i3M9IHOI MiTOTOBIEHOCT] 3a TeCTaMu, sIKi MaTh
HIBY/IKICHO-CUJIOBY Ta CMJIOBY CIIPSIMOBaHICTb, a caMe: BYCO-
Ta MiJICKOKY, CTPMOOK Y ZOBXWHY 3 Micus, 6ir mporsarom 40 c,
3TMHAHHA-PO3TMHAHHA PYK B yHOpi exxaun 3a 30 c. 3a mokas-
HUKaMM TECTiB MIBUAKICHOI CIIpsIMOBAHOCTI (6ir 20 M i cIpMHT
60 M) CTaTHCTUYHO 3HAYYIIVX BifMiHHOCTelT He 3adikcoBaHoO,
IIpY HAABHIN TEHEHIil O IX TIOKPALeHHA.

Knrouosi croBa: 6acker6os, nmporpama, ¢isnvna migro-
TOBKa, (I)isqua MiITOTOB/IEHICTh, HABYaJIbHO-TPEHYBa/IbHI
360pu.
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Abstract

Research purpose. The study aimed to examine how the cognitive performances of preadolescent sports trainees
living and training under a controlled environment are affected during the three different day times.

Materials and methods. The research involved 16 male sports trainees from the Jharkhand State Sports Promotion
Society, Ranchi, who varied in age from 11 to 14 years and had a minimum of two years of training experience

in the same academy. To assess cognitive performance like long-term focused attention, ability to react, logical
reasoning, reactive stress tolerance, and visual perception, the TATEENS 2 test set from the Vienna Test System

was administered. The percentile ranks of all five tests were compared between three different times of the day. The
Friedman test and rANOVA were employed to analyze the data of repetitive measurements. The significance level was

setat p < 0.05.

Results. The p-values for statistical comparisons of reactive stress tolerance, visual perception, logical reasoning,
reaction abilities (reaction time and motor time), and long-term focused attention at three different times of the day

were all more than 0.05.

Conclusion. Different day times did not significantly affect the cognitive performances of preadolescent
sportspersons who lived and trained under similar conditions.

Keywords: time of day, long-term focused attention, reaction ability, logical reasoning, reactive stress tolerance,

visual perception, young athletes, Jharkhand.

Introduction

The primary objective of performance research is to
find ways to improve physical and mental performances by
discovering strategies that provide marginal improvements.
Athletic success is determined by the tiniest of margins at
the greatest levels of competition and the demand for deter-
mining new ways in which to obtain an advantage remains
highly desirable (Facer-Childs et al., 2018). Sporting success
is not a result of few training years rather it is a result of
several training years. Enhancing the physical abilities of
children throughout childhood and adolescence to maxi-
mize athletic success at adulthood is the goal of youth-based
training program used for long term athletic development
(Bompa, 1999). For enhancing sporting performance from

© Pahan, M.K,, & Singh, M.K., 2022.
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grass root level along with physical training, psychologi-
cal training is necessary to inculcate psychological skills to
tackle psychological issues that affect sporting performance
(Bali, 2015). As performance is not only influenced by physi-
cal features, but also by cognition, social context, and the
environment in which the activity is carried out (Georgiou
et al., 2007; Becchio et al., 2008). Sports are considered to
be composed of 90% mental and 10% physical activity (Sin-
clair & Geige, 2000; Abbas & Jasim, 2018). The behaviour
observed in sport is apparent, but the psychological aspect
that is responsible for such behaviour may not be directly de-
tected (Raglin, 2001). There are several psychological factors
that affect motor behaviour (Stefani et al., 2015) one such
ability that influences both motor behaviour and athletic
performance is information processing capability (Plessner
& Haar, 2006).

The information processing under cognitive approach
describes encoding and flow of information by the recep-
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tors, and the stages through which this information is pro-
cessed until a decision is made and a response is executed
(Marteniuk, 1976; Singer, 1980). In the stage between per-
ceiving the information through the sensory system (input)
and implementing a motor response (output), the cognitive-
perceptual mechanism identifies, organizes, and analyzes
the information for the purpose of decision making (Singer,
1980).

Biological cycles, in addition to cognitive factors, may
have an impact on performance (Ayala et al., 2020). All liv-
ing organisms’ internal cycles (Postolache et al., 2020; Okus-
aga & Postolache, 2013) are responsible for periodic natural
changes in chemical or biological processes (Gabbey, 2019).
This is an internal master clock that regulates the body’s
other clocks, such as the circadian, diurnal, ultradian, and
infradian clocks (Ayala et al., 2020). The circadian refers to
the periodic changes that follow a 24-hour cycle (Postolache
et al., 2020) synchronised by exogenous factors such as light
and social cues (Dijk et al., 2012; Shanahan et al.,, 1997). A
day and night cycle is referred to as a diurnal rhythm (Vitat-
erna etal.,, 2001). The ultradian cycle is a daily cycle that lasts
less than 20 hours, whereas the infradian cycle is a biological
cycle that lasts more than 28 hours (Ballastella et al., 2019).

Aside from biological cycles, the time of day at which
a skill is performed affects athletic performance (Rodahl et
al., 1976). This is determined by an athlete’s chronotypol-
ogy, or sleep-wake rhythm (Putilov, 2017). It is often divided
into three chronotypes: early, late, and intermediate (Roen-
neberg et al., 2003). The sleep-wake cycle has an impact on
an individual’s psychological and physiological functioning
as well as their behaviour (Roenneberg et al., 2003; Bailey
& Heitkemper, 2001). The early chronotype, also known as
the morning lark, has an earlier sleep-wake cycle than the
late chronotype, often known as the night owl (Putilov et
al., 2015).

According to evidence from previous studies, type of
task and time of day influence cognitive performance (Hei-
jden et al., 2010; Mazzucco et al., 2017), attention and mem-
ory (Guerrien et al., 1993), executive control and process-
ing speed (Allen et al., 2008), alertness (West et al., 2002),
long-term explicit memory (Maheu et al., 2005; Ramirez et
al., 2006; Ralph et al., 2002), sustained attention (Riley et al.,
2017), and executive functions (Lara et al., 2014).

Cognitive and physical task performed at day time has
a relation with the sleep-wake pattern of an individual (Van
Dongen, & Dinges, 2005) that influences psychomotor per-
formance (Payne, 1989), attentional performance, response
time, and visual scanning, physical performance, maxi-
mum-intensity power (Petit et al., 2013), and psychomotor
vigilance; reaction time, and attention (Rosa et al., 2021).

Research indicated, physical performance is linked to
an individual’s cognitive functioning in a specific setting.
However, the previous study only tested one or a few as-
pects of cognitive capacity. Competitions, like sports, may
be planned at any time of day and need strong executive
functioning for extended periods of time (Sanders, 1983).
As a result, all of the executive functions that are necessary
in any sport, regardless of how high or low the stakes must
be evaluated in a single trial.

There are various mental activities that may be used to
determine or test an individual’s cognitive level. (Schuh-
fried, 2016a) identified some common cognitive dimensions

required in every sports, such as focused attention, logical
reasoning, reaction time, reactive stress tolerance, and vi-
sual perception. The capacity to filter out information per-
tinent to a choice from a distracting backdrop is referred to
as “focused attention.” The capacity to recognise systematic
methods, patterns, or relationships and make accurate con-
clusions is referred to as logical reasoning. The ability to
respond refers to the ability to react rapidly and efficiently
to stimuli, and it is separated into two sections which are
reaction speed and motor speed. Reaction speed refers to
how quickly an athlete can react to a stimulus, while motor
speed refers to how quickly an athlete can complete a single
activity. Reactive stress tolerance is a component of attention
that evaluates ability to quickly and appropriately reaction to
the stimuli along with mental resilience. Visual perception
is the ability to see and understand complicated visual clues
(Schuhfried, 2016-b).

The study’s purpose: The goal of the study was to see
how the cognitive performances of preadolescent sports
trainees living and training in a controlled environment for
minimum of two years are altered at various times of the day.

Materials and methods

Study participants

Selection of Subjects: The study included 16 male sports
participants from the Jharkhand Sports Promotion Society.
The participants ranged in age from 11 to 14 years old, with
a minimum of two years of training and living experience at
the academy.

Study organization

Selection of Variables: Focused attention, reaction abil-
ity (both reaction and motor speed), logical reasoning, reac-
tive stress tolerance, and visual perception were the factors
considered for the research. The independent variables were
three separate time ranges (morning 7am-9am, lunchtime
1lam-1pm, and evening 3pm-5pm), while the percentile
rankings of the chosen variables were preserved as depen-
dent variables.

Selection of Test and Instrument: The administration
was done using the TATEENS 2 test set. Five independent
tests are included in the test set, each measuring a differ-
ent characteristic, such as focused attention, reaction ability
(which measures reaction and motor speed), logical reason-
ing, reactive stress tolerance, and visual perception. The test
set is described in full in Table 1. The Vienna test system, de-
veloped by Schuhfried GmbH, a computerised testing tool,
was used to evaluate the cognitive domain. The PR (percen-
tile rank) of the chosen variables was used for scoring.

Consent: Because the athletes were minors (under the
age of 18), permissions were obtained from the academy’s
administration and the athlete’s in-charge. Each participant
was told about the test ahead of time, and their consent was
also obtained.

Test procedure and time frame: To minimise a sudden
shift in score from the first to the third test and to familiar-
ise the participant, seven days of training with comparable
activities were provided. The time and day of the tests were
assigned at random, such that a participant who was tested
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Table 1. Test Description of Cognitive Tasks

Dimensions Tests Test form Duration in minutes Scoring (Percentile Ranks)
Long-term focused attention SIGNAL S3 Approx. 25 Number of correct and delayed
Ability to react Kt S3 Approx. 6 Mean reaction time

MT Mean motor time
Logical reasoning AMT S4 Approx. 15 General intelligence
Reactive stress tolerance DT S1 Approx. 6 Correct response
Visual perception LVT S2 Approx. 13 Test Score
Total length if all dimensions presented Approx. 65

SIGNAL = Signal Detection, RT = Reaction Time, MT = Motor Time, AMT = Adaptive Matrices Test

DT = Determination Test, LVT = Visual Pursuit Test

in the morning would be retested at noon or evening in the
follow-up test. The first test was administered after a ten-day
break from training, and the subsequent tests were given
at one-month intervals. The instructions were presented in
the same consistent way each time the subject requested
administration. The date and time of the tests were noti-
fied in advance. The tests were administered from 7am to
5pm (morning 7am-9am, noon llam-1pm, and evening
3pm-5pm). The participants were only permitted to depart
when the test had been successfully completed. A practise
set was provided by the computer software prior to the start
of each test. The actual testing began when the subject ac-
knowledged the practise set. An introspective report (feed-
back) was gathered at the end of test, and the incentive was
delivered.

Statistical Analysis

To ensure data normality, the Shapiro-Wilk test was
used. Friedman test was used to compare measures of logi-
cal reasoning (AMT) and rANOVA was used to compare
measures of reaction ability (AR) and reactive stress toler-
ance (DT) for data collected at three different times of the
day. The level of significance was preserved at p < 0.05. The
mean values of percentile rankings were used to develop the
profile chart.

Results

Table 2 shows the descriptive statistics for the examined
variables. In the result, it can be observed that the mean
scores of reactive stress tolerance (DT), focus attention (SIG-
NAL), visual perception (LVT), and reaction speed (RT)
and motor speed (MT) associated with to the ability to react
(AR) are nearly equal to their median values. Following Sha-
piro-Wilk tests, it was inferred that these data were normally
distributed. The descriptive scores of focused attention (SIG-
NAL) and visual perception (LVT) were found to be exactly
equal in the morning, noon, and evening sessions. Data for
logical reasoning (AMT) was not normally distributed in
any sessions.

A descriptive graph of cognitive functions at three dis-
tinct times of the day is shown in Figure 1. The descriptive
information of SIGNAL and LVT in Table 2 were deter-
mined to be equivalent. The visual presentation of data in
Figure 1 (A) SIGNAL and Figure 1 (F) LVT showed minimal
variations.

Table 3 displays the results of comparative statistics us-
ing the Friedman test for non-normal data sets (NP) and the
rANOVA test for normally distributed data (P). Because the
data for SIGNAL and LVT were determined to be equivalent,
no comparisons were made for these variables (NCP). As the
RT and MT under AR were shown to violate the sphericity
assumption, Greenhouse-Geisser degrees of freedom were

Table 2. Descriptive Statistics of Percentile Ranks of Cognitive Performances at Three Different Times of Day

Time

Dimension Morning Noon Evening

VY Menssp  Median o gy Medion Shaipro- g Median - Shaipro
SIGNAL 88.68 £6.71  88(8.25) 0443 88.68+6.71 88(8.25) 0.443  88.68 £6.71 88(8.25) 0.443
AR RT 95.31£3.77 95.5(6.75) 0.121 9518 +£3.69  95.5(6) 0918 9525+3.78 95 (6.75) 0.907

MT 85.75+5.80 86.5(7.5) 0419 8556 +5.46 86.5(6.5) 0.406  8525+558  86.5(7.5) 0.305

AMT 48.06 £ 13.77 45 (26.25) 0.006* 48.13 +13.81  45(27) 0.007* 48.44 +14.19 45 (27) 0.010*
DT 6237 £11.73 61 (23) 0.276 62+11.49  61(22.5) 0.22 6193 £11.15 62 (20.75) 0.278
LVT 7431+ 1566 76 (28) 0.262 74.31+15.66 76(28) 0.262  74.31 + 15.66 76 (28) 0.262

AMT = Logical Reasoning, DT = Reactive Stress Tolerance, SIGNAL = Focused Attention, LVT = Visual Perception, AR = Ability to React,

RT = Reaction Time, MT = Motor Time.
* Sig at 0.05 level at Shapiro-Wilk statistics.
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Figure 1. Data Distribution of Cognitive Performances on Three
Different Times of Day

Table 3. Comparative Statistics of Cognitive Performances
across Three Different Times of Day

Dimension Main Effect
(Variable) df F/Chi-square p - value Test Used
SIGNAL XXX XXX XXX NCP
RT 1.445# 1 0.359 P
AR MT 1.424# 1.022 0.352 p
AMT 2 2.923 0.232 NP
DT 2 0.703 0.503 P
LVT XXX XXX XXX NCP

*Significant at 0.05 level.

NP= Non-Parametric Test (Friedman), P= Parametric Test
(rANOVA), NCP= No Comparison Possible

#= Greenhouse-Giesser Applied

utilised to perform comparisons. When examined at three
different times of day, none of the factors were found to be
significantly different at p < 0.05.

The profile chart in Figure 2 was generated by taking the
mean values of each variable. The profile chart summarizes
the results depicted in Figure 1 and Table 2.

Discussion

The participants in the study strictly stayed and trained
for a minimum of two years in Jharkhand State Sports Promo-
tion Society. According to the past studies, it was observed
that the performance of cognitive tasks differed when tested
at different times of the day. However, it is not clear whether
those studies were conducted in sportsperson living and train-
ing under uniform condition. The study aimed to examine the
performance of cognitive tasks measured at three different
times of the day for the athletes who lived and trained in the
same academy, having a similar daytime schedule and lifestyle.

According to the findings, it can be stated that dispari-
ties in scores of each parameter did not exist when tested at
three different times of the day.

Before reaching a valid conclusion, it is necessary to un-
derstand the training and academic schedule of the academy.
During regular school days, the cadets trained twice (morn-
ing and evening) for six days a week. The duration of training
was two hours per session. During the academic vacations,

Figure 2. Profile Chart Depicts Percentile Ranks of Cognitive
Performances at Three Different Times of Day

the training sessions were scheduled at forenoon that con-
tinued till mid-noon or sometimes afternoon. According to
the protocol for avoiding premature specialisation in sports
(CSME 2000; Launay, 2015; Travassos et al., 2017; Buckley
et al., 2017), the subjects received general training appro-
priate to their age category (chronological, developmental,
and training). The majority of trainings were recreational in
character, with a focus on long-term athletic development.
The institution had a very strict academic programme that
ran six days a week from late morning to early afternoon.
As cognition is essential in both physical training (Kim et
al., 1996) and academic learning (Graizi et al., 2021), it is
possible that cadets adapted to the physical and mental load
given to them, which may be a reason why the homogeneity
in scores existed.

Previous studies implied that such stability of cognitive
performance could be attributed to task type, inhibition at-
tentional control, and adaptability.

Task Type: The type of task can be classified into two
categories: 1) novel or unfamiliar task, and 2) practised or fa-
miliar task. The familiar or well-learned task shows similar or
constant performance when performed at any time of the day
(Li et al., 1998) whereas the performance on unfamiliar or
novel tasks is influenced by the fluctuations of peak and non-
peak circadian arousal during the day (May et al., 2005). As it
happens in sports competitions, first the athletes are trained,
and then they were allowed to participate in competition.
Similarly, in the current study, the subjects were trained and
then, after an interval, the tests were administered. While
the subjects were trained, they were well informed about the
task they had to perform. Since the tasks and testing environ-
ment were familiar, it can be inferred that due to known and
already practised tasks, the time of the day showed no signifi-
cant differences in the scores of cognitive tasks.

Inhibition Attentional Control: Attentional inhibition is
the regulation of an individual’s attention and attentional pro-
cessing priorities, as well as the allocation of attention to target
stimuli. Three fundamental components of attentionl control,
e.g. blocking distractor stimuli, volitional control of attention,
and working memory are necessary for processing priori-
ties (Lavie et al., 2004). Because the trainees were engaged in
physical and academic activities throughout the day, it’s pos-
sible that it helped them to learn how to deal with distractors.

Adaptation: As it was mentioned that subjects had strict-
ly trained and stayed in the same academy for two years, it
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is possible that after spending so much time in the same set-
ting, the cadets learned and adapted to function their body
at any time of the day. Lally et al. (2010), stated a new habit
may take anywhere from 18 to 254 days to establish with an
average of 66 days for a new behaviour to become automatic.
In addition Chtourou & Souissi 2012, suggested, training ad-
aptations are stronger during the time of day when activities
are consistently practiced. Training is fun because it is recre-
ational in nature, which contributes high level of readiness.
Pleasure-based behaviours are especially simple to change
as they cause the production of dopamine, a chemical that
reinforces the habit and generates the desire to repeat the
action again (NIH, 2012).

Performing familiar task, developing good control over
attentional distractor, and adapting the environmental needs
can be related to extended-U model of Hancock et al., 2007,
that describes the relationship of stress to performance and
adaptation. Chtourou & Souissi, 2012; Gritton, et al, 2012;
Rae, et al, 2015 also confirmed that training at a given time of
day has no impact on an athlete’s cognitive or physical per-
formance. If athletes are nurtured in a controlled environ-
ment, the stablility on cognitive performance can be gained.

In a prior study, Pahan & Singh, 2022, observed no sig-
nificant difference in the percentile ranks of correct response,
but the study group differed in terms of committing errors
in cognitive task. When the controlled participants were as-
sessed, the findings on cognitive performance were similar
(Pahan & Singh, 2021). According to Chtourou and Souissi
(2012), Gritton et al. (2012), Rae et al. (2015) training at a
given time of day has no impact on an athlete’s cognitive or
physical performance. As a result, rather of analysing overall
task performance, each scoring parameter, such as the num-
ber of correct and incorrect responses, the number of stimuli
presented and attempted, and the duration of each cognitive
activity, can be utilised to arrive at a meaningful conclu-
sion. To confirm the effect of controlled living and training
environment, similar study can be conducted by involving
sportsperson who travel another venue for competetion.

Conclusion

According to the findings of this research, varied day-
times had no substantial impact on the cognitive perfor-
mances of preadolescent athletes who lived and trained in
identical settings for minimum of two years. The number of
stimuli presented and attempted, as well as the overall dura-
tion of task completion for each task, may be considered in
future research to get a better understanding of cognitive
functioning at various times of day.
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BMJINB YACY [,OBU HA MOKA3HUKN KOTHITUBHOI AIANIbHOCTI
CNMOPTCMEHIB NEPEANIANITKOBOIO BIKY, AKUX BUXOBYIOTb
Y KOHTPOJIbOBAHOMY CEPEAOBULLUI

Manoxap Kymap ITaxan"*5°, Maxenpgpa Kymap Cinrx

1AD

"Hanionanbamit iHCTUTYT hisnyHOro BuxoBaHHA iMeHi Jlakimi baii
*Micia Pamakpimman HasuanbHO-HayKoBMit iHCTUTYT BiBexananma

ABTOpPCBHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykormucy; E — 36ip komtis

Pedepar. Crartst: 8 c., 2 Tabi., 2 puc., 58 mxeper.

Meta mocnimkeHHA. lle mocnmimkeHHSA Majao Ha MeTi
BYBYEHHA BIUIMBY Ha IOKA3HMKM KOTHITMBHOI Hif/IbHOCTI
CIIOPTCMEHIB-BUXOBaHIIB MEPEAMiIIITKOBOIO BiKY, AKi Xu-
BYTb i TPEHYIOTbCSI B yMOBAX KOHTPO/IbOBAHOTO CEPENOBUIIA,
IPOTATOM TPbOX Pi3HUX 4YaciB OO

Marepianu ta MeToau. Y [oCTimKeHHi 6pamy ydacts 16
CIIOPTCMeEHiB-BUXOBaHIiB akafeMil «ToBapucTBo 31 cipusaHHA

PO3BUTKY criopty mtaTy Jkapkxanpa», micro Panui (Inpis),
sAKi 6ymu BikoM Bif 11 10 14 pokiB i Masy IpyHAMHI iBa pOKK
JOCBifly TpeHYBaHb y 3a3Ha4eHiil Buile akajeMii. [/ ominku
TOKa3HMUKiB KOTHITMBHOI JiA/IbHOCTI, TAKMX K TPUBaja CKOH-
LIeHTPOBaHa yBara, 3[JaTHICTb pearyBaTy, JIOTi4YHe MMIC/IE€HH,
CTIJIKICTD 10 PEaKTUBHOTIO CTPECY Ta 30POBe CIPUIHATTS, OYB
npusHadeHnit Habip tectiB « TATEENS 2» 3 Bigencbkoi Tecto-
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BOI cucremu. IIpoLieHTN/IbHI paHTy BCIX ITATH TecTiB 6yI10 HOo-
PiBHAHO B Tpu pisHi gacu f061. I/t aHaTi3y JaHMX HOBTOPHMUX
BUMIpIOBaHb 3aCTOCOBYBa/myu Kputepiit Opifmana Ta gucrep-
CiliHMI1 aHaji3 MOBTOPHUX BUMipIoBaHb. PiBeHb 3HA4YyIIOCTI
Oy10 3aaHo 3HaYeHHAM P < 0,05.

Pesynbraru. Yci p-3HaueHHS I CTaTUCTUYHUX HOPIB-
HAHD IIOKa3HMKIB CTiJIKOCTi 10 pEaKTMBHOIO CTPECY, 30pPOBOTO
CIIPUITHATTS, JIOTIYHOTO MUCTIEHHS, 3JaTHOCTI pearyBaTn (dac
pearyBaHH:A Ta 4ac PyXoBoi peakliii) Ta TpuBamoi CKOHIJEHTPO-
BaHOI yBaru B Tpu pisHi yacu go6bu 6ymm Buupmu 3a 0,05.

BucHoBok. PisHi yacu fo6u He CIpaBIsIN CYTTEBOTO
BII/IMBY Ha MOKa3HMKM KOTHITMBHOI HiAZIbHOCTI CIIOPTCMEHIB
IIEPEeAIiITIITKOBOTO BiKY, AKi XXMM Ta TPEHYBaINUCA B aHA/O-
IiYHMX YMOBaX.

KirouoBi cmoBa: yac 061, TpuBana CKOHIIEHTPOBaHA
yBara, 3IaTHICTb pearyBaTy, JIOTiYHE MUC/IE€HHS, CTIJIKiCTb [0
PE€aKTMBHOIO CTPECY, 30POBE CIPUIHATTS, IOHI CIIOPTCMEHM,
J>KapkxaH.
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Abstract

Background. Today, the problem of doping is the most well-known negative phenomenon in modern sport, which
has become widespread in response to its active commercialization. The majority of people would agree that doping
issue has moral and ethical basis, therefore the educational component of anti-doping policies is most promising in
achieving the desired result — doping-free sport.

Research purpose. The study was aimed to investigate the peculiarities of the ideas sambo athletes may have about
the problem of doping in modern sport.

Materials and methods. The study involved 97 highly professional sambo athletes from 21 countries, namely Russia,

Ukraine, Mexico, Japan, the USA, Canada, Cuba, Guatemala, Republic of Korea, Colombia, Paraguay, Venezuela,
Peru, Brazil, Nicaragua, El Salvador, Dominican Republic, Puerto Rico, Honduras, Uruguay, and Costa Rica.
Results. A survey conducted among the professional sambo athletes, participants of the 2018 World Cup, made

it possible to establish their knowledge about and their attitude to doping. It became known that 76.29% of the
athletes were well familiar with the doping control procedure, while 23.71% were not. At the same time, 78.35% of
the respondents believed that they knew their rights and responsibilities during the doping control procedure, and
21.65% of the athletes did not. 77.32% of the respondents knew the organizer of doping control and 22.68% did not.
Conclusions. The analysis of the study results and WADA statistics give grounds to state that the problem of doping
in modern athletes remains an urgent problem in professional sports, including sambo.

Keywords: anti-doping education, sambo athletes, doping.

Introduction

The history of the ancient Greek Olympic Movement
shows that the doping problem was relevant during the an-
cient Games. In the II century BC Greek athletes ate sesame
seeds and psychotropic mushrooms before competitions.
It is known that wrestlers rubbed their bodies with oil ren-
dering it difficult for rivals to take hold of each other. In
the V century BC Roman gladiators also used stimulants
to block fatigue and pain. And in the Middle Ages Scandi-
navian warriors ate the fly agaric infusion, which increased

© Mytskan, B., Mytskan, T., Oliinyk, Yu., Korobeynikov, G.,
Cynarski, W., Zaborniak, S., & Gutierrez-Garcia, C., 2022.
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aggression and blocked fatigue and pain (Morente-Sanchez
et al., 2013; Wagner et al., 2014; Geeraets, 2018).

The active modern sport development and the expan-
sion of its geographical and social areas have contributed
to a number of problems and negative phenomena, namely:
doping use by athletes, sport politicization and commercial-
ization, etc. These aspects cause modern Olympic movement
vulnerability, as they do not correspond to the ideas and
values of Olympism, according to which all sports are trying
to develop. In this regard, the doping, ecology, politics issues
have been repeatedly discussed at international conferences
and IOC, IOA, UNESCO, UN, Greenpeace events (FIAS,
2018). The problem of doping today is the most well-known
negative phenomenon of modern sport, which has become
widespread under the conditions of its active commercial-
ization (Barabanova, 2010; Platonov, 2016; Geeraets, 2018).
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The active doping scandals growth has necessitated the
IOC to hold meetings, sessions and conferences on this issue.
The largest event was the Lausanne Conference (February
2-4, 1999), attended by more than 600 delegates. It resulted
in the Lausanne Declaration on Doping in Sport, which con-
tains six sections, namely: “Education, prevention and rights
of athletes”; “Olympic Movement Anti-Doping Code”; “Sanc-
tions”; International Independent Anti-Doping Agency;
“Responsibility of the IOC, International Sports Federations
(IFS) and the Court of Arbitration for Sport”; “Cooperation
of the Olympic Movement with NGOs” (FIAS, 2018).

The purpose of the research is to study sambo athletes’
ideas peculiarities of doping problem in modern sports.

Materials and methods

Participants of the research

The article presents the survey results of athletes par-
ticipating in the World Sambo Championship in Bucharest
(Romania) in 2018.

The survey involved 97 highly professional athletes from
21 countries, namely: Russia, Ukraine, Mexico, Japan, USA,
Canada, Cuba, Guatemala, Republic of Korea, Colombia,
Paraguay, Venezuela, Peru, Brazil, Nicaragua, El Salvador,
Dominican Republic, Puerto Rico, Honduras, Uruguay,
Costa Rica.

This study was conducted with the support of the Medi-
cal and Anti-Doping Commission of the International Sam-
bo Federation (FIAS).

Research organization

In order to ensure the maximum obtained data reliability,
athletes were asked to fill out a questionnaire anonymously.

The main questionnaire items were formed at the Interna-
tional Seminar for Young Scientists of the International Olym-
pic Academy (IOA) in Olympia (Greece) in 2015. Also, some
questionnaire items were improved and adapted for sambo by
FIAS Medical and Anti-Doping Commission members in 2018.

The questionnaire contains three questions blocks
(Table 1). The first block contains 15 questions with 2 answers
types (“yes” and “no”). The other block contains 6 questions
with 5 answer options, in particular: fully agree, agree, neu-
tral, disagree, completely disagree. The last block contains
only one question with 5 already formulated possible answers.

It should be noted that of the three proposed questions
blocks, respondents answered the first block questions in
the best way, although sometimes had difficulties with some
questions and did not answer them.

Statistical analysis

Descriptive analysis methods were used, including tab-
ular representation of individual variables, calculation of
arithmetic mean (M) and standard deviation (s).

Results

WADA and the International Sports Federations an-
nually conduct doping control, increasing tests number.
However we can see that these measures are not enough to

Table 1. The structure of the survey of athletes

List of questionnaire questions

The first block of questions

1. Do you know anything about the list of banned WADA drugs?
Are you familiar with the doping control procedure?

3. From what sources did you receive information about doping
control?

4. Have you received information about doping control from the

International and National Sambo Federation?

Do you know the organizers of doping control?

Do you know your rights and responsibilities in the doping

control procedure?

Have you been doped?

Have you used banned substances and methods?

Have you participated in anti-doping educational activities?

0. From whom did you receive information about doping mea-

sures?

11. Have you been a member of an internationally or nationally
registered group of athletes “for out-of-competition doping”?

12. Should athletes be required to participate in doping education
activities?

13. Have you been encouraged to use doping substances and who?

14. Do you know about the negative effects of doping substances
on the body?

15. Do you share the opinion about the legalization of doping?

AN

= 0 ® N

The second block of questions

1. Do you know anything about the list of banned WADA drugs?
Are you familiar with the doping control procedure?

3. From what sources did you receive information about doping
control?

4. Do you have enough information on doping control?

5. Do you know the organizers of doping control?

6. Do you know your rights and responsibilities in the doping
control procedure?

The third block of questions

1. What are your actions if you became aware of doping by other
athletes?
a) I ignore the information received
b) tell the athlete about the dangers of doping for health
¢) inform the coach
d) pass the information to the doping officer
e) I will ask about the effectiveness of doping to use it as well.

reduce the number of cases of using doping by athletes, not
even mentioning the complete problem overcoming. This is
evidenced in particular by WADA official statistics, which
reflects the positive samples dynamics in sambo whreslers.
In the period from 2015 to 2020, the largest positive samples
number was observed in 2016, while the largest tested whre-
slers’ number was in 2019 (Table 2).

Obviously, it is almost impossible to overcome the doping
phenomenon in Olympic sports due to its total commercial-
ization and current trends in pharmacology and genetic engi-
neering. We assume that this phenomenon can be minimized.
The anti-doping procedure should be based on comprehen-
sive, systematic and specific educational activities, which is
confirmed by our previous studies (Oliynyk et al., 2014).

Currently, sambo is a particularly popular sport in
Ukraine. Analyzing the achievements of Ukrainian sambo
wrestlers at the World and European Championships, we
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Table 2. WADA statistics on doping testing in sambo (2015-2020)

Testing and sanctions Years
2015 2016 2017 2018 2019 2020
In-competition testing 171 177 183 184 243 70
Out-of-competition testing 40 28 18 29 35 25
Therapeutic use exemption (TUE) 1 2 0 0 0 0
Adverse and atypical findings (AAF) 7 15 4 5 10  Specified
Anti-Doping Rule Violations (ADRV) 7 15 4 5 11 Specified
Table 3. The total number of medals won by Ukrainian The first questions block

sambo wrestlers of all ages at the World Championships,
Europe, European Cups and European Games (2015-2020)

The total
Year Bronze Silver Gold number of Team rank,
medals medals medals medals per FIAS
year
2015 27 28 26 111 11
2016 83 39 23 145 1I
2017 60 48 19 127 1I
2018 74 54 39 167 I
2019 62 37 35 134 1I
2020 40 26 15 81 1I

can conclude that Ukraine takes one of the leading world
positions, constantly competing for the championship with
the country-founder of this sport the Russian Federation.
According to the unofficial record of FIAS 2015-2020, the
Ukrainian National Sambo Team by total number of medals,
won during the year, consistently occupies the second team
place (Table 3).

This confirms sambo popularity in Ukraine and great
human resources capacity in this sport. Worthy competition
is also made by the national teams of Bulgaria, Uzbekistan,
France, Georgia, Tajikistan, Mongolia, Romania, Spain, Italy
and others.

It is obvious that gaining popularity in Ukraine and the
world this type of wrestling becomes vulnerable to such neg-
ative professional sports phenomena as doping.

A survey conducted among professional sambo athletes,
participants of the 2018 World Cup, allowed to establish the
knowledge level and their attitude to doping.

Do you know anything about the list of WADA banned
drugs? Only 79.38% of respondents answered “Yes” and
20.62% answered “No” 82.47% of respondents point that
they were acquainted with the WADA list in their coun-
try, while 17.53% did not receive such information in their
country. In general, 84.54% of respondents indicate that they
receive enough information from sports federations in their
country, while 15.46% believe that such information is not
enough for them. It was found that 61.86% of the respon-
dents underwent doping control at competitions and 38.14%
did not. Interestingly, only 23.71% vs. 76.29% were members
of an internationally or nationally registered group of ath-
letes for doping outside the competition.

Itbecame known that 76.29% of athletes are well acquaint-
ed with the doping control procedure, while 23.71% do not. At
the same time, 78.35% of respondents believe that they know
their rights and responsibilities in doping control procedure,
and 21.65% of athletes do not know. 77.32% of respondents
know the organizer of doping control and 22.68% do not.

Interestingly, 57.73% of surveyed athletes participated in
anti-doping education symposia or seminars, while 42.27%
didn't participate in such events. At the same time it was found
that 50.52% of respondents received information about anti-
doping seminars or other similar events from their national
federation and 49.48% did not receive such information.

It is should be noted that 91.75% of athletes believe that
anti-doping education should be mandatory for profession-
al athletes, while 8.25% do not share their opinion. Thus,
81.44% believe that anti-doping education implementation
will reduce the use of doping by athletes and 18.56% do not
share this opinion.

It was found that 11.34% of athletes were encouraged to
use doping substances by other team members, but the ma-
jority (88.66%) did not have such an effect. It is worth noting

Table 4. The survey results of professional sambo athletes attitude to doping use in sports, %

Answer options

s Strongly agree Agree Neitziz:gzeee nor Disagree Strongly disagree
Doping are using in sambo 10.31+2.53 30.93+4.15 31.96+3.82 9.28+1.57 17.53+2.03
Doping is a problem in every sport 48.45+5.12 37.11+£3.48 7.22+0.97 2.06+0.05 5.15+0.87
Doping affects world records 30.93+4.53 40.21+5.01 11.34+1.27 10.31+2.41 7.2240.98
Doping should not be prohibited 6.19+0.56 3.09+0.09 5.15+086 16.49+2.09 69.07+6.55
All highly qualified athletes use doping - 2.06+0.08 22.68+2.89 37.11+3.98 38.14+3.67
Doping is a remedy helping in training 6.19+0.59 7.2240.96 32.99+4.58 26.80+3.07 26.80+3.18

process
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that 6.19% of athletes were proposed to use doping by their
coaches. It should be noted that 93.81% of athletes are well
aware of doping effects on the body.

The second questions block was aimed at determining
the attitude to certain doping use problems by athletes. The
results are given in Table 4.

The open question, offered to athletes with already
formed answers, was reflected in the following results.

Asking the athlete “If your fellow athlete uses dop-
ing, how will you do?”, We obtained the following answers,
namely: 18.56% ignore this fact, 46.39% will tell a friend
about doping dangers and health risks, 29.90% of respon-
dents tell the coach about it, 3.09% will tell the doping officer
about it and 2.06% of athletes will ask about the doping ef-
fectiveness in order to use it too.

Discussion

Analysis of research results, scientific literature (Bara-
banova, 2010; Halabchi, 2009; Mottram, 2018) and WADA
statistics (WADA, 2010, 2015) suggest that the problem of
doping by modern athletes continues to be a pressing prob-
lem in Olympic sports and sambo in particular.

It was found that highly qualified sambo athletes are
mostly familiar with the list of banned substances and
WADA methods. At the same time, they are aware of their
rights and responsibilities in the doping control procedure
(Bloodworth et al., 2012; Morente-Sanchez et al., 2013).
At the same time, according to the survey and data from
special literature (Backhouse, 2011; Wagner et al., 2014),
athletes are aware of the negative effects of doping on the
body and receive sufficient information on these issues from
their national federations (Oliynyk et al., 2014) and WADA
Centers (WADA, 2015; Van Bottenburg Maarten, 2021). The
question arises, why measures to prevent the use of dop-
ing substances are not able to overcome this detrimental
phenomenon for both athletes and sports? First, it is the
excessive commercialization of sports (for winning an ath-
lete receives a significant financial reward). Secondly, sports
victories at major international sports competitions increase
the prestige of the state. Third, the winning athlete becomes
a national hero, his victory in major competitions becomes
the meaning of his life ambitions. This view is fully shared by
other researchers of the problem of doping in sport (John-
son, 2012; Ivanova et al., 2012; Faria, 2018).

International and national sambo federations are edu-
cating about doping among both coaches and athletes (Mc-
Namee, 201 Wagner et al., 2014)

To this end, appropriate programs have been developed,
including in Ukraine (Oliynyk et al., 2014). However, ac-
cording to the results, a significant number of athletes are
tolerant of doping.

Apparently, this is due to the fact that some experts are
in favor of legalizing doping (Coleman et al., 2011). At the
same time, the data obtained indicate that this largely de-
pends on the coaches. After all, they must be aware that
modern research on the physiology of sports proves that
there are unused reserves in sports training. They allow ath-
letes to show record results without the use of doping (Lo-
land et al., 2012; Petrdczi et al., 2017).

The survey found that 91.75% of athletes are in favor of
making anti-doping education compulsory in the training

system. According to researchers of this problem (Drozd et
al., 1998; Kornbeck, 2013; Mottram, 2018), this will reduce
the use of doping by athletes.

Against the background of increasing doping substance
use, including among martial arts athletes, scandals with
doping test results in a large number of well-known athletes
encourage the search for effective approaches to minimize
this phenomenon (Thomas, 2017, Geeraets, 2018).

We believe, like other researchers (WADA, 2010; John-
son, 2012; Motoarca, 2015), that the doping education para-
digm should be based on a set of ideals, traditions, ethical
norms, taboos, ie a set of values based on on the spiritual and
moral attitudes of the past and present of sport.

Conclusions

Analysis of research results and WADA statistics give
reason to believe that the problem of doping by modern
athletes continues to be an urgent problem of professional
sports and sambo in particular.

It is established that highly qualified athletes are mainly
acquainted with the list of prohibited substances and WADA
methods. At the same time, they are aware of their rights and
responsibilities in doping control procedure. Athletes are
aware of the negative doping effects on the body and receive
sufficient information on these issues from their national
federations and WADA centers.

It was found that 7.22% of sambo athletes were offered
doping drugs by coaches, and 11.34% of their team members
were inclined to use doping. At the same time, a significant
number of sambo athletes are convinced that doping is used
in sambo and that it is a problem in all sports. Sambo athletes
are also convinced that doping affects world records.

The majority of sambo athletes (91.75%) consider anti-
doping education an important component of training and
competitive activities, and 81.44% are convinced that anti-
doping education will reduce the doping use by athletes.
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BOMOBI MUCTELITBA TA [OMNIHI (HA MPUKJIALI CAMBO)

Borpan Munkan'48PE, Terana Munkan'®P, I0piit Oniitnuk'*5¢, Teopriit Kopo6eitHikoB*“,

Boitex Ifunapcpknir®“®, Cranicnas 3a6opHaK
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, Kapmoc I'yrbeppec-Tapcisa

'TIpukapraTcbkumit HallioHa/IbHMIT yHiBepcuteT iMeHi Bacuna Credannka
’HauioHa/pHnit yHiBepcuTeT (PisMUHOrO BUXOBAHHA i clopTy YKpaiHu

*JKemryBcbkumit yHiBepcuTeT
*JleoHCcbKuMil yHiBEpCUTET
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IlepegymoBu i Meta mociuimxenHs. [Ipobrema gominry
CbOTOJIHI € HalI61/IbII BilOMMM HETaTUBHUM SABUILEM CY9aCHOTO
CIIOpPTY, siKe HaOy/IO MOIIMPEHHS B YMOBaX 10r0 aKTUBHOI KO-
Mepuiaisanii. BinbLIicTh crenianicTiB MOrogUTHCA, IO MUTAH-
Hsl JIOIIIHTY Ma€ MOPa/IbHO-€TUYHY OCHOBY, TOMY OCBIiTHS CKJIa-
IOBa aHTUIOIMIHTOBOI MOMITUKY € HailOiNbII MepPCIIeKTUBHO0
1A BOCSATHEHHs 6a)KaHOTO Pe3y/IbTaTy — COPTY 6e3 HOIHTY.

Merto10 JOCTiKeHHA O0y/I0 BUBYUTY OCOOMMBOCTI ysB-
JIeHb CIIOPTCMEHIB —caMO6iCTiB PO Mpo6IeMy JIOIIHTY Y Cydac-
HOMY CIIOPTi.

Marepian i MeToau. B ankeTyBaHHi B3smM y4acTb 97 BU-
coxornpodeciitHux araeriB 3 21 kpainn cBiry, a came: Pocis,
Ykpaina, Mekcuka, fAnownisa, CIIA, Kanapa, Ky6a, Isatemara,
Pecniy6nika Kopes, Komym6is, ITaparsait, Benecyena, Ilepy,
bpaswnnis, Hikaparya, CanbBagop, lomiHikaHcbka Pecriy6rika,
ITyepro Pixo, Tonpypac, Ypyrsait, Kocra Pixa.

PesynbraTu. IIpoBesieHe aHKeTyBaHH:A cepef mpodeciii-
HUX CIOPTCMeHIB caMm60, yqacHukis Yemmionary csity 2018
Jany 3MOTY BCTaHOBUTM PiBeHb 3HAHDb Ta IX CTaBJIEHHA O
BXMBaHHA JjoniHry. Crano BifjoMo, 1m0 76% CIIOpTCMeHiB J0-
6pe 3HAIOMI 3 IIPOLIEAYPOO HOIMIHT KOHTPOIIO, TOAL K 24%
BOHa He Bimoma. BomHouac, 78% onuraHux BBaXKaloTh 110 iM
BifjoMi iX mpaBa i 060B’A3KM IIifi Yac IPOLeYPH JOIMIHT KOHTP-
om0, i 21% cropTcMeHiB Ipo HUX He 3HaITb. na 77% onu-
TaHMX BiflOMO XTO € OPraHi3aTOPOM JOIIiHI KOHTpomo i 23%
LIbOTO HE 3HAIOTh.

BucHoBOK. AHajli3 pesynbTaTiB JOCTiIKeHb Ta CTATUCTH-
ku BAJTA, 1aroTh mificTaBy CTBEPAXKYBATH, 1[0 IpobIeMa BXI-
BaHHS JIOMIHTY Cy9acHUMM aT/leTaMy IIPOJOBXKYe OyTH aKTy-
QJIPHOIO ITPO6/IeMOoIo IpodeciiiHoro croptTy i cambo 30Kpema.

Kirro4oBi ¢moBa: aHTHIONIIHIOBa OCBiTa, cCaM60, TOIIIHT.
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Abstract

Research purpose. The aim of the study was to determine the model indicators of strength readiness of qualified
armwrestling student-athletes in the weight category from 80 to 100 kg in 4 strength exercises: flexion of the fingers,
stretch with a hammer, hook and bending of the hand.

Materials and Methods. The study involved 16 qualified armwrestling student-athletes weighing from 80 to 100 kg
(M = 86,63 kg), 7 of which are participants of national championships of Ukraine, and 9 of which are prize-winners
of competitions of regional level. During the study, strength indicators were determined in 4 competitive exercises.
Strength indices in all test exercises were measured in a static mode by an FB5k series digital force gauge (Poland)
with an accuracy class of up to 100 g, which was mounted on a special armwrestling table using a specially made
block device. The created design was called the “ARM1 Device” (patent 43082). During the statistical analysis, the
following parameters were calculated: arithmetic mean (M), standard deviation (o), error of representativeness (m)
and the coefficient of variation (V).

Results. The analysis of the strength capabilities of the qualified student-armwrestlers and the presented models

of their strength readiness made it possible to develop assessment criteria for the level of strength readiness of the
qualified student-armwrestlers. Three levels of strength readiness have been identified: low (M - o), high (M + ¢) and
medium, i.e. more than (M - o) but less than (M + o). Comparative analysis of the ratios of different levels of strength
training in this group of armwrestling athletes allowed to determine from 128 indicators of strength 14.84% (n = 19)
of low level, 62.50% (n = 80) of medium level and 22.66% (n = 29) of high level.

Conclusions. The study made it possible to establish the features of the levels of development of strength training of
qualified armwrestling athletes weighing from 80 to 100 kg. The model indicators of strength training of qualified
armwrestlers were also determined. The analysis found that the subject athletes have an insufficient level of strength
training and are not fully realized in terms of strength capabilities (62.50% indicators of the average level of strength).
Keywords: armsport, armwrestling, student-armwrestlers, model characteristics, power indicators.

Introduction movements and the value of overcoming the opponents re-

sistance indicate the need for the manifestation of maximum

dynamic, and with an increase in resistance from the op-

ponent, static efforts (Ahamed et al., 2013; Ilyushina, 2008).
The nature of dynamic efforts when overcoming re-

— - sistances can be different: explosive, fast, slow. Explosive

©  Bezkorovainyi, D., Kamayev, O., Vlasko, S., Plotnytskyi, L., strength is characterized by the fact that overcoming resis-
& Sadovska, L., 2022. tances that do not reach the limit values is performed with

el maximum acceleration.
i@ Mo
“\&5  100BC

Armwrestling according to the analysis of the fulfill-
ment of competitive exercises belongs to the group of sports
of a speed-strength nature. The structure of competitive
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The fast nature of efforts, or fast force, manifests itself
during overcoming resistances that do not reach their limit
values with acceleration below the maximum. The slow na-
ture of efforts, or slow force, manifests itself during overcom-
ing boundary resistances at a constant speed (Kamayev et
al., 2013).

It is important to distinguish that explosive strength
is manifested only with overcoming muscle work. Rapid
strength is manifested in both overcoming and yielding
movements. Also during their combination. Slow strength
is manifested during overcoming or yielding muscle work
(Karakurt & Aggon, 2018). During the manifestation of slow
force, the duration of the limiting stresses is greater than
during the manifestation of explosive force.

The practice of sports and special studies indicate that
there is no direct connection between the levels of develop-
ment of certain types of dynamic and static strength (Bur-
dukiewicz et al., 2018). Research results have shown that high
static force does not provide for the possibility of its rapid
manifestation (Mazurenko, 2019). Comparison of individual
indices of manifestation of static and dynamic strength in-
dicates that there is no direct connection between the level
of development of certain types of muscle strength in ath-
letes. Thus, from a methodological point of view, this means
that the effective development of any kind of strength in the
training of qualified athletes involves the use of a specialized
methodology (Gibadullin et al., 2014). In this regard, the de-
termination of the ability to show strength capabilities in var-
ious strength exercises allows you to effectively control and
correct the training process for the development of strength.

Several studies (Bezkorovainyi, 2013; Podrigalo et al.,
2017, 2019) determine the structural orientation of special
strength training, respectively, thereby determining the
structure of the special strength development of armwres-
tlers. The results of the study show that the structure of spe-
cial strength training ensures the predominant development
of specific muscle groups. Structurality also contributes to
technical improvement, which in turn helps to increase the
magnitude of the manifestation of strength.

It was found that qualified armwrestling athletes have
a relatively equally high level of technical readiness. There-
fore, the result of the fight will mainly depend on the level of
strength readiness (Matyushenko, 2020, 2022; Nikulin et al.,
2021; Podrihalo et al., 2020).

In the armwrestling technique, the main element is the
attack phase, the purpose of which is to achieve quick su-
periority over the opponent. According to Zhivora & Ra-
khmatov (2001), there are three main methods of attack: top
attack, hook attack and push attack. A questionnaire survey
of specialists and research by Bezkorovainyi (2013) showed
that highly qualified athletes use hook attack in 55% of cases,
top roll attack in 40% and push attack in 5%. It was found
that when performing a hook attack, the greatest load is ap-
plied to the flexors of the hand and forearm. Top roll attack
requires excessive flexor force of the fingers and hand. Dur-
ing the push attack, the greatest load falls on the elbow joint
and fingers. Usanov & Chuglina (2010) classified the fourth
method of attack - a side attack. During this technique, a
great deal of stress falls on the flexors of the hand.

In connection with the above, four strength exercises
were selected as test indicators: flexion of the fingers, stretch
with a hammer, hook and bending the hand. These exercises

were chosen to determine the level of strength readiness of
qualified student-armwrestlers.

Materials and methods

Study participants

The study involved 16 qualified armwrestling student-
athletes of 2-5 courses who studied at O.M. Beketov Na-
tional University of Urban Economy in Kharkiv and Kharkiv
National University of Civil Engineering and Architecture
weighing from 80 to 100 kg (m = 86,63 kg), 7 athletes
from which are participants of national championships of
Ukraine, 9 - prize-winners of competitions of regional level.

Study organization

Measurements of strength indicators were carried out
in the study group of participants one week after the end of
the regional competitions. Within 4 days, one competitive
movement of each athlete was measured, the order of the
participants was determined by lot, which created a com-
petitive effect.

Strength indices in all test exercises were measured with
an FB5k series electrical tenzodynamometer (Poland) with
an accuracy class of up to 100 g, which was fixed on a special-
ized armwrestling table using a specially made block device.
The created design was called the “ARM1 Device” (patent
#43082).

During the measurement of the strength of the muscles
of the hands, the subject became facing the table, grabbed
the device holders with his hand and squeezed them with
maximum force, without tearing the elbow of the working
arm from the table. The distance between the holders of the
device easily changed and was selected individually for each
subject.

The special computer program AXIS FM made it pos-
sible to process the measurement data in real time (on-line)
and the previously collected data from the memory of the
electrical tenzodynamometer (of-line). AXIS FM is compat-
ible with the operating systems Windows XP, Vista, Win-
dows 7.

Statistical analysis

Statistical analysis of the obtained data was carried out
using the licensed program STATISTICA 10. Statistical anal-
ysis calculated the following parameters: arithmetic mean
(M), standard deviation (o), error of representativeness (m)
and the coefficient of variation (V). On the basis of the ob-
tained digital data, three levels of strength readiness were
determined: low, medium and high.

Results

A comparative analysis of certain test exercises shows
that most arm athletes do not accidentally use a hook attack
during competitions. Because in all weight categories in this
exercise, athletes show the highest strength in comparison
with the data of other strength exercises (Table 1).

Analysis of the results of the study shows that the strength
of the right hand is on average better than the strength of the
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Table 1. Model indicators of strength training of qualified armwrestling athletes (n = 16; M = 86.63 kg)

Tt left arm right arm
M m o v M m o v

Flexion of fingers (kg) 42.78 0.95 3.80 8.90 44.33 1.31 5.24 11.82
Stretch with a hammer (kg) 49.99 1.10 4.40 8.80 51.19 1.25 5.00 9.76
Hook (kg) 53.16 1.30 5.20 9.63 54.51 1.40 5.60 1,27
Bending the hand (kg) 54.94 1.21 4.84 8.80 56.61 1.01 4.04 7.13
Total strength of the hands (kg) 200.87 206.64
General indicator of arm strength (kg) 407.51
Indicator of variability (%) V 36.13 38.98
XV, % 75.11

left by 2.87% (the difference ranges from 1.20 to 1.67 kg).
The highest indicators of strength were registered in the test
exercise of bending the hand: with the left hand - 54.94 kg,
with the right - 56.61 kg (Table 1; Fig. 1). The strength of
the left hand ranges from 42.87 to 54.94 kg, the right - from
44.33 to 56.16 kg. The coefficient of variation (V) or digital
display of variability of left arm strength indicators indicates
the homogeneity of the obtained results (V = 8.81-9.63%).

Data on the strength capabilities of the right hand indi-
cate increased variability in test results (V =10.27%; 11.82%),
in addition to data on flexion of the hand (V = 7.13%).

The analysis of strength capabilities of qualified arm-
wrestling athletes and the presented models of their strength

Flexion of fingers
60

Hook

e |cft arm = « erightarm

Figure 1. Model characteristics of the power capabilities of
qualified armwrestling athletes

Table 2. Evaluation criteria for the level of strength training
of qualified armwrestling athletes (n = 16; M = 86.63)

Arm Lowlevel (kg) Medium level (kg) High level (kg)

Flexion of fingers

left <38.98 39.98 - 46.58 > 46.58

right <39.09 39.09 - 49.57 >49.57

Stretch with a hammer
left <45.59 45.59 - 54.39 > 54.39
right <46.19 46.19 - 56.19 >56.19
Hook

left < 47.96 47.96 — 58.36 > 58.36

right <4891 48.91 - 60.11 >60.11
Bending the hand

left <50.10 50.10 - 59.78 >59.78

right <52.57 52.57 - 60.65 > 60.65

training made it possible to develop assessment criteria for
the level of strength training of armwrestlers of average
qualification (Table 2). Three levels of strength training are
determined: low (M - 0), high (M + 0) and medium - more
(M - 0), but less (M + 0).

Comparative analysis of the ratios of different levels of
strength training in this group of arm athletes allowed to de-
termine from 128 indicators of strength 14.84% (n = 19) low
level, 62.50 % medium (n = 80) and 22.66% high (n = 29) lev-
els (Table 3). Out of 16 athletes, only one participant in the
experiment performed all eight test exercises at a high level.
In all other athletes, the figures fluctuate in all three levels.

Table 3. Ratios of strength readiness levels of qualified armwrestling athletes (n = 16; M = 86.63)

Flexion of fingers Stretch witha Hook Bending the hand
Level hammer , un. % %
left right left right left right left right
low 3 3 2 3 1 3 2 2 19 14,84
medium 9 10 10 10 10 9 10 12 80 62,50
high 4 3 4 4 5 4 4 2 29 22,66
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The range of indicators of medium strength in this
group ranges from 19.30% to 28.34% and is 62.50% of the
total. This result proves that this indicator fully characterizes
the overall level of training of qualified arm athletes.

Discussion

Armwrestling refers to sports in which performance di-
rectly depends on the level of strength readiness, in particular,
the development of arm strength. It was confirmed that the
main predictions of success in hand wrestling include: muscle
development, physical strength, the value of conditional mo-
ments of strength of limb segments Podrihalo et al. (2020).
Strength fitness in many sports is used as criteria for assess-
ing the physical fitness of athletes (Burdukiewicz et al., 2018;
Karakurt & Aggon (2018). In armwrestling, according to Vo-
ronkov et al. (2014), the strength component is of decisive im-
portance in highly qualified athletes in competitive exercises.

Confirmed data based on the use of ergonomic ap-
proaches by the authors of Podrigalo et al. (2010) that high-
level armwrestlers have a significantly higher indicator of
hand strength, hand flexion, forearm muscle strength, arm
pronation and supination.

Kamayev et al. (2020, 2021) investigated model indi-
cators of armwrestlers of the highest qualification of three
weight categories: to 80 kg, from 80 to 100 kg and over
100 kg. So, at qualified armwrestlers of a weight category
from 80 to 100 kg power indicators of the right hand in com-
parison with data of the left are identical with data of highly
skilled, namely it is better, but less expressively. Thus, the
difference in highly qualified arm wrestlers was 12.47%, and
in the group of arm athletes we studied only 5.77%.

The studied athletes achieved higher results in the ex-
ercise of bending the hand, and highly qualified in the right
hook. This condition is not accidental. Given that the hook
exercise is of great importance in competitive activities, ath-
letes of medium level of qualification should provide in the
training program emphasis on the method of developing the
strength capabilities of the hook exercise.

The range of indicators of medium strength in the study
group is 62.50% of the total. This result proves that this in-
dicator fully characterizes the overall level of training of
athletes, because the highly qualified arm athletes weighing
from 80 to 100 kg, the number of indicators of the average
level of strength training was 65.50%.

Hand strength indicators are the most important in
hand wrestling. All athletes are characterized by high results
of hand power indices, and the higher the results of these
indices, the higher the success of competitive activity. Simi-
lar data are provided by Rovnaya et al. (2019). The results
of Akpina et al. (2013) also confirm that the indicators of
arm muscle strength is an important predictor of success in
armwrestling (Rovnaya et al., 2019).

Victory largely depends on the athlete’s ability to squeeze
the opponent’s hand as much as possible. This technique was
used by Iermakov et al. (2016) to predict success in martial arts.

Conclusions

The study made it possible to establish the features of
the levels of development of strength training of qualified
armwrestling athletes weighing from 80 to 100 kg. Model

indicators of strength training of qualified arm athletes are
also determined. The analysis revealed that the studied ath-
letes have an insufficient level of strength training and are
not fully realized in terms of strength capabilities (62.50%
of the average level of strength). It is obvious that athletes at
this stage of preparation need to pay maximum attention to
the development of strength indicators.
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BM3HAYEHHA MOAEJIbHUX MOKA3HUKIB n
OUIHOYHUX KPUTEPIIB CUTOBOI NIATOTOBJIEHOCTI
KBAJNIOIKOBAHUX CTYAEHTIB-APMPECTIJIEPIB

Omutpo beskoposaitamit'**“P, Oner Kamaep**®¢, Cranicnan

Bnacko'®P%, Jleonin ITmoTHnubkmit**®E, Ipuna CagoBcbka

1BD

'XapkiBcbK1IT HalliOHA/IbHUI YHIBepCHUTeT MicbKoro rocrnogapcTsa iMeni O. M. bekerosa
*XapkiBcbKa iep>kaBHa akafeMid Qi3NIHOI Ky/IbTypu
*XapkiBCcbKuil Hal[iOHAIBHNUII YHiBepCcUTeT OY/iBHUIITBA Ta apXUTEKTYPU

ABTOpCBHKMIT BKIAJ;: A — am3aitH gocnipkenHs; B — 36ip ganux; C - cratananis; D — migroroska pykomucy; E - 36ip komrtis

Pedepar. Crarts: 6 c., 3 Tabn., 1 puc., 23 mxepena.

MeTto10 KOCTifKeHHs Oy/10 BU3HAYCHHS MOJE/IbHNX I10-
Ka3HUKIB CMJIOBOI Ii/ITOTOB/IEHOCT] KBaihiKoBaHMX CTyZIEH-
TiB-CIIOPTCMEHIB 3 apMPECTIIIHIy BaroBoi Kareropii Big 80 mo
100 Kr y 4OTMPBOX CUJIOBMX BIIpaBax: 3STMHAHHA I1aJIblIiB, 3T1-
HaHHSA MOJIOTKOM, TaK Ta 3TMTHAHHS KUCTI.

Marepiamu Ta MeTOomM. Y [OCIiJ)KEHHI B350 y4acTb
16 xBasmiikoBaHMX CTYHAEHTIB-CIOPTCMEHIB 3 apMpPEeCTIiHTY

Baroro Bizg 80 1o 100 kr (M = 86,63 Kr), 7 CHOPTCMEHIB 3 SKUX €
yYYacHMKaMM HaljiOHa/JIbHMX YEMITIOHATIB YKpainu, 9 — mpuse-
pamu 3MaraHb 06acHoro piBHs. I1if 9ac JOCTiIKeHHs BU3HA-
YaJIy CUTIOBi ITOKa3HMKM y 4 3MarajnbHuX BrpaBax. [lokasaukn
CIIM Y BCIX TeCTOBMX BIIpaBaxX BMMipIOBaauCA B CTaTUYHO-
MY peXMMi eJIeKTPUYHUM TeH3oxMHamMoMeTpoM cepii FB5k
(ITonbia) 3 KmacoM TOYHOCTI 7o 100 1, AKuMit 3aKpiIIoBaBCcA
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Ha CIlelliaTbHOMY CTOJIi JI/I1 apMPECTIIiHTY 3a JOTIOMOTOIO CIIe-
Iia/IbHO BUTOTOBJIEHOTO 6104HOTO Mpunagy. CTBOpeHmit npu-
6op orprmas Ha3By «IIpuctpiit ARM1» (marent Ne 43082). ITix
Yac CTaTUCTUYHOTO aHali3y OyIu po3paxoBaHi Taki mapame-
Tpu: cepenne apupmernyre (M), cranpapTHe BigxmieHHs (0),
noxubxa perrpeseHTaTUBHOCTI (m) Ta KoedirieHT Bapianii (V).

PesynbraTu. AHani3 CMI0BUX MOXIMBOCTeT kBammidikoBa-
HUX CTY[EHTiB-apMPEeCT/IEPIB Ta MpPENCTaB/eHi MOMIE IXHbOI
CUJIOBOI HifITOTOBIEHOCTI JO3BOMMIN PO3pOOUTH Kpurepil
OIIiHIOBAaHH: PiBHA CUJIOBOI IiITOTOBIEHOCTI KBani(biKOBaHMX
CTyZleHTiB-apMpecTnepiB. Busnadeno Tpu piBHi cumoBoOi mif-
rotosjeHOCTi: HU3bKuit (M - o), Bucokuit (M + o) i cepexn-
Hilt - 6inp1nit (M - 0), ane merumit (M + o). ITopiBHsAIbHMIT
aHaJIi3 CIIBBiJHOLIEHHA Pi3HMUX PiBHIB CMIOBOI IATOTOBKA Y

iVl TPYIIi CHOPTCMEHIB 3 apDMPECTIIHTY JO3BO/IMB BU3HAYUTI
i3 128 mokasHukiB cunn 14,84 % (n = 19) HU3BKMIT piBeHbD,
62,50 % cepenHiit (n = 80) i 22,66 % Bucokuii (n = 29) piBHi.

BucHoBkmu. [JocmimkeHHs JO3BOMNMIO BCTAHOBUTU OCO-
O1MBOCTI PiBHIB PO3BUTKY CHJIOBOI Ii/irOTOB/IEHOCTI KBasIi-
(iKOBaHMX CTYJEHTIB-CIIOPTCMEHIB 3 apMpeCT/IiHIy Barow
Big 80 mo 100 kr. BusHayeHO MOMenbHI MOKa3HUKM CUIOBOIL
nigrorosneHocTi kBanidikoBaHUX apMpectiepis. AHami3 Bu-
ABUB, O IOCTiJ)KyBaHa IpyIa ClIOPTCMEHIB Ma€ HEJOCTAaTHI
PiBeHb CMIOBOI IiIFOTOBIEHOCTI Ta HE IMOBHICTIO pealisoBaHa
3a CIJIOBMMU MOX/MBOCTAMMU (62,50 % MOKa3HMKIB CepeHbO-
O piBHS CHN).

Knro4oBi cmoBa: apMcIIOpT, apMpPeCT/IiHT, CTyLeHT-apM-
pecTiepu, MOIENbHI XapaKTePUCTUKY, CUIOBi IIOKa3HUKM.
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TEeXHIYHOI MiATOTOB/IEHOCT] CTPUOYHOK MOTPiitHIM BICOKOI KBasTi(ikalii BKkadye Ha IepCreKTUBHICTD HOCII/KeHb
y IIbOMY HaIIPsIMKY.

MeTta BOCTiKEHHA: YTOYHUTY YACOBI XapaKTePUCTUKYU TEXHIYHOI MiATOTOBIEHOCT CTPUOYHOK IIOTPITHIM BICOKOI
kBai¢ikamii.

Marepianu i MmeTogu. Hamy BUKOpUCTaHO TaKi METOJY HOCTIPKEHHA: TEOPETUYHNUII aHA/Ii3 Ta y3araTbHEeHHA
IaHNX HayKOBO-METOAVYHOI JliTepaTypH, efjaroriyHe CIioCcTepeskeH s, iHCTpyMeHTaNbHi MeTOAMKM (BifeosiioMKa)
Ta METOIM MaTeMaTUYHOI CTaTUCTUKM. [JOoC/iPKeHHA IPOBOAMIOCA Ha OCHOBI BMBUEHHS YaCOBUX XapaKTePUCTUK
TEeXHIYHOI IiIrOTOB/IEHOCT] BICOKOKBaTi(ikoBaHMX CTPUOYHOK MOTpiitHMM. IlefaroriuHmil eKCIiepiMMeHT IPOXOANB
mip yac 3Maranb KyOky Ykpainn ta YeMmionaTy Ykpainu 3 jerkoi aieTuxu. Y HOCTipKeHHi 6pan y4acTb

9 cTpubyHOK HOTpirtHNM (cepenHiit Bik cTpubyHOK 25,3 * 5,1 poKu), 3 HUX IBOE MAICTPIB CIOPTY MDKHAPOHOTO
K/Iacy YKpaiHy, YOTUPU MAMCTPU CIOPTY YKpaiHu, TPOE — KaHAUJATIB B MaiiCTPU CIOPTY YKpaiHu.

Pesynprarn. Y xofi focmiiKeHHA HaMI BCTAaHOBJIEHO, 1[0 MIOKa3HMKY TPMBAJIOCTi OTIOPHUX IEPiOfiB 6-TI
OCTaHHIX KPOKiB p0o36iry y cTpiOyHOK IOTPiitHIM BICOKOI KBasTiiKaLiii XapaKTepu3yoThcsi HUSbKIUM PiBHEM
BapiaTMBHOCTI. ¥ OKa3HMKAX TPUBA/IOCTi IO/IbOTHUX NEPiOfiB HalBUILA BapiaTMBHICTD CIIOCTEpiranach

Ha 3-My, IepeloOCTAHHbOMY Ta OCTAHHbOMY KPOKax po36iry. 3a pesyabTaTaMim HOC/IIKEHHS PUTMO-TeMIIOBUX
XapaKTepUCTUK CTPUOYHOK MOTPITHMM BUCOKOI KBastiikaliii BCTAHOBJIEHO, 1110 HAMBUII TOKA3HUKYU TEMITY
6iroBoro KpoKy € Ha OCTaHHbOMY KpOLli po36iry i csAraioTh 4,67 kp/c. BusBIeHO KOpeALiiiHNIT B3a€MO3B A30K
TaKVX YaCOBUX XapaKTE€PUCTHK, SIK TPUBAJICTb IOIOTHOTO IEPIOAy epefOCTAaHHBOTO KPOKY po3biry (r = -0,85),
Temii tepegoctanHboro (r = 0,60) i ocranHbOrO KpokKiB (r = 0,78), Ta TemoBa iHTeHCUBHOCTI (r = 0,76)

31 CHOPTUBHMM Pe3y/NIbTaTOM. Y CTPMOYHOK IIOTPiifHMM BMCOKOI KBamidikallil TOKasHUKM TPUBAIOCTI (a3

«CKOKY», «<KPOKY», «CTpHOKa», iX 3araJIbHOI TPMBAIOCTI Ta CepeSHbOI IBNUAKOCTI BUKOHAHH:A CTPUOKOBUX (a3
XapaKTepn3yThCA HU3bKNM piBHeM BapiaTMBHOCTI. TpuBamicTh «ckoky» ctanoBuTb 0,66 + 0,06 c. Haitmosmuroro

3a TPUBAJIICTIO BUKOHAHHA € (pasa «cTpubOKar» (0,78 + 0,06), a HaiikoporiIoo — ¢asa «kpoky» (0,51 + 0,04 c).
BucHoBKI. BcTaHOBIIEHO, 1110 32 PaXYHOK 3MEHIIIEHHA TPUBAIOCTI TONbOTHMX NepiofliB Ha OCTaHHIX KPOKaxX po3biry
CIIOCTepiraeTbcs 3pOCTAHHA MBUAKOCTI po3biry cTpubyHOK BucoKoi kBaidikauii. BapiarBHicTb KOHTpacTHOCTI
3pocranHs Temiry 31,90 % Ta TemmoBoi Mobimizanii 35,12% cBigdaTh Ipo Te, 110 CTPUOYHKM BUCOKOI KBasridikarii
BUKOPMCTOBYIOTD Pi3Hi BapiaHT! HOEXHAHH pO36iry 3 BiJIITOBXYBAaHHAM. AHa/Ii3 PUTMIYHOI CTPYKTYPU TeXHIKM
HOTPilTHOTO CTpUOKA CBIAYNTD, [0 Y BCIX CTpUOYHOK HepeBakae ¢asa «ctpubdka» 40,05%, a HaltKOpOTIIOW € (asa
«KpOKY» 26,30%. BcTaHOB/IEHO, 110 TaKi 4aCOBi XapaKTepUCTUKI: TPUBANICTh IIOIbOTHOTO MEpiofy NepeoCTaHHbOIO
KpOKy po3b6iry (r = -0,85), Temn nepegocranuboro (r = 0,60), TeMII 0OCTaHHBOTO KPOKY (r = 0,78), Ta TeMmoBa
inTeHcHBHICTD (r = 0,76) MalOTh CTATUCTUYHO JOCTOBIPHIIT B3aEMO3B 30K 31 CIIOPTUBHUM pe3ybratoM (p < 0,05).

KirouoBi coBa: moTpiiiHuit cTpu6oK, TeXHIYHA Mi/ITOTOB/IEHICTb, YaCOB XapaKTePUCTHUKN, CTPUOYHKI BICOKOT
kBasridikami.

© Konecramin, B., ITaBnocs, O., Xaunikani, O.,
Hynens-Jlecoko, A., Iyx, T., & Cpum, f., 2022.
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Bctyn

ITocTiliHmil picT CHOPTUMBHUX pe3yNbTATIB Ta IOCK-
JIEHHA KOHKYPEHIii B JIETKiil aT/eTUIi Ha MI>XHapOJHiN
apeHi BuMarae BIIPOBa/KEHHs HOBUX 3ac00iB Ta MeTOHIB
KOHTPOJIIO 332 TEXHIYHOI MiITOTOBIEHICTIO CIIOPTCMEHIB.
[ToTpiftanit cTpu6OOK BifHOCATD 1O CK/IAfHO-KOOPAMHALil-
HIUX IIBUJKICHO-CUIOBUX BUJIIB JIETKOI aT/IETUKM, AKUI Y
HOpIBHAHHI 3 iHIIMMU BUAaMM Hepepdadae MOLONTAHHAM
BEMMKNX AUMHAMIYHUX HaBaHTaXeHb (Bob6poBHuK, 2005;
Kosnosa, 2015; Komnor, 2016).

Amnarnis ¢daxosoi miteparypu (Kosmosa, 2015; Konects-
nid, & Xanikani, 2017; Marinova, & Peev, 2020) cBigauTh, 1110
CIIOPTUBHUIL PE3Y/IbTAT y OTPIITHOMY CTPUOKY 3a/IeXKIUTh Bift
piBH: Gi3NYHOI Ta TEXHIYHOI MiTOTOBNIEHOCTI CTPUOYHIB, a
indopmalis Impo YacoBi XapaKTEePUCTUKY TEXHIKM CTPUOYHIB
Jia€ 3MOTI'y OIITMMIi3yBaTy IPOLIEC TEXHIYHOI MiATOTOBKI.

Hespakarouy Ha BeMMKNUII HAKONMYEHWIT TPAKTUIHMIA
IocBif 1 umcmenHi po6oTy, mpuUcBsAYeHi mpobremMaM mif-
roTOBKM KBasidikoBaHux cTpubyHis nmotpiitaum (Kpeep, &
ITomos, 1986; Banuynnuy, Illarynos, Orangxanos, & Jlo-
MOB, 2020; Iyx, Jlemenixo, JyHerp-Jlecpko, & Caui, 2018),
NUTaHHS TeXHiYHOI HifTOTOBNIEHOCTI CTPUOYHOK pi3HOI
kBayidikanii 3aIMIIa€ThCS He JOCTATHDBO FOCTIKEHNM.

Ha cporopni oueBMIHNUM € IIONOKEHHA IpPO Te, 110
HAsABHICTD y CTPUOYHIB MOTPIfHMM BMCOKOI KBamigikamii
ONTMMAa/IbHUX IIOKA3HUKIB TeXHIYHOI IiJTOTOBIEHOCTI Mae
BaK/IMBE 3HAYEHH: JI/IA JOCATHEHHS BYCOKMX CHOPTUBHMX
pesynpraris (Kosnosa, 2015; Konot, 2016). Y cyuacHiit Ha-
ykoBiit miteparypi (Pavlovi¢, 2018) TpamasfoTbes KOCi-
I>KeHHsI OKpeMUX KiHeMaTMYHUX MapaMeTpiB (iHamicTiB
4yeMITiOHaTiB CBiTY B bepnini, 2008 p. ta Tery, 2011 p. 3mic-
TOBHI Pe3y/IbTaT! I0J0 BU3HAYEHHs YAaCOBUX XapaKTeplc-
THUK TEXHIiKV HOTpiltHOro cTpubKa piHamCTOK YeMIioHaTy
cBity 2017 poKy Ta y4acHMIIb 3MMOBOTr'O Y€MIIIOHATY CBITY
2018 poky oTpuManu creniamictu BcecBiTHbOI aTneTMKM
Ha IiJICTaBi 3aCTOCYBaHH:A Cy4YacHOI METOJNMKU Bifleo 3Hi-
MaHHs Ta 06pOOKM OTPUMAaHMX JaHUX. Y IMX po6oTax Ha-
BeJleHi IHAMBiya/IbHI YaCOBI XapaKTepUCTUKY TEXHIKM BU-
KOHAHHS JIBOX OCTaHHIX KPOKiB pP0306iry, «CKOKy», «<KPOKY»,
«cTpubka» y BrcokokBaipikoBaHux crpubynok (Tucker,
Nicholson, Cooke, Bissas, & Merlino, 2017; Tucker, Bissas,
& Merlino, 2019). Oxpim TOrO, iCHy€ HM3Ka HOCTiI>KEHb,
HPUCBSIYEHNX PO3POOKAM MOJETbHIX XapaKTePUCTUK TeX-
HiYHOI HiATOTOBIEHOCT] ¥ asi po36iry Ta OmopHO-IOIBOT-
Hux dasax norpiiinoro crpubka (Coh, & Kugovnik, 2011;
Pavlovi¢, 2018). Orpumani pe3ynbrat JO3BOMAIOTb BUAB-
JIATU CUJIBbHI Ta C7TabKi CTOPOHM MiATOTOBIEHOCTI CTpUOyHa
Ta BHOCUTY KOPEKTUBH Y TPEHYBa/IbHUII IIPOIIEC.

Cporopisi y 4uncieHHUX Ipalax yueHi aHali3yloTb pUTM
HOTPIMIHOTO CTpUOKA Y YOTOBIKIB Ta ONMTUMAaNbHE CIiBBif-
HOIIIEHHS ONMOPHO-NIONbOTHUX (a3 (Benison, & M. Kumar,
2017), KyTU BiJIITOBXyBaHHA y (basax «CKOKY», «KpOKY»
ta «cTpubka» (Abdelkader, Madani, & Bouabdellah, 2018;
Su Jin, & Fang Liu, 2014; Miladinov, 2018). ¥ daxosit mi-
TepaTypy TPANIAKTLCA NOCTIIPKEeHHA KiHeMaTUYHMX I10-
Ka3HUKIiB TeXHIKM OCTAaHHbOTO KPOKY po30iry morpiifHoro
ctpubka (Ilie, 2010). OTpumaHi TOKA3HUKU MOXYTb CIYTy-
BaTK iHPOPMATUBHMMY KPUTEPiAMU OLIHIOBAaHHS TeXHi4-
HOI MiIrOTOB/IEHOCT] CTPMOYHIB OTPITHNM.

JocnimkeHHs uncieHHnX $axiBIiB (Coh, Zvan, & Burnik,
2013; Eissa, 2014; Joo-Ho Songa, & Jae-Kyun Ryu, 2011) npu-
CBAYEH] aHa/li3y OKpeMMUX KiHEMaTMYHMX XapaKTepPUCTUK

noTpiitHoro crpubka. [Ipore, y Bka3aHMX BuIIje TPALSIX, IpaK-
TUYHO BifICYTHi [jaHi OO YaCOBMX XapaKTEPUCTUK TEXHIKI
HoTpiitHoro cTprubka y crpubyHoK pisHol kBamidikaunii. He
BUBYEHMMH 3Q/IUIIAIOTHCS IMTAHHS iHGOPMATIBHOCTI Yaco-
BUX XapPaKTePUCTUK TeXHIYHOI Mi/[rOTOBNIEHOCTi CTPUOYHOK.

Mema pob6omu: yTOYHUTH 4acOBi XapaKTepUCTUKH
TEXHIYHOI MiATOTOBIEHOCTI CTPUOYHOK IMOTPITHUM BICO-
Kol KBasmidikaril.

Martepian i meTogn

YyacHuKu 00c/ioxeHHs

Ilemaroriune crocrepe)xeHHsA NMPOBOAMIOCA IIif 4ac
3MaraHb KyOKy YKkpainu Ta demiioHary YkpalHu 3 jIerkoi
aTIeTHKN. Y JOCTimKeHHi 6panmu yJ4acTb 9 cTpUOYHOK I10-
TpiiinuM (cepenHil Bik cTpubyHOK 25,3 + 5,1 poKu), 3 HUX
IBO€ MaJICTPiB CIIOPTY Mi>KHAPOJHOTIO K/Iacy YKpainu, 4yeT-
Bepo MANCTPiB CIOPTY YKpaiHu Ta TPOE KaHAMU/ATIB y Mali-
CTPM CIOPTY YKpaiHMu.

OpeaaHizayis 00cnioxeHHA

MeTopu [OCTiKEHHA: TEOPETUYHMI aHa/i3 Ta ys3a-
raJIbHEHHA TaHMX HayKOBO-METONMYHOI JIiTepaTypu, Iefia-
TOriyHe CIOCTepeXeHH:A, IHCTpYMeHTalIbHi MeTogyku (Bi-
[e03JI0MKa) Ta METOAM MaTeMaTUYHOI CTATUCTUKIL.

3a pomomoroln BimeosiioMku (Bimeokamepa Sony
DCR-XR 150E) 6ymo Bigibpano Ta mpoananisoBaHo (Ipo-
rpama — Tracker - 4.87) Bimeo Haiikpamiol 3a pe3y/lIbTaTOM
cripo6u 9 yaacHuIb 3Maranb. BusHauasm Taki 4acoBi xapax-
TEPUCTUKY TeXHIKM HOTPIiIHOrO cTpUOKa: TPUBAJICTD OIO-
PHUX Ta MObOTHMX IEPiofjiB KOXKHOTO 3 IIECTM OCTAHHIX
KPOKiB po36iry (c); TpUBaIiCTh IepILIOTO, APYTOro, TPETHOTO
Bi/IIIITOBXYBaHHs (C); TPUBAICT MONBOTHUX (a3 «CKOKY»,
KpOKy, cTprbka (c). 3a HOIOMOrow0 IporpaMHOro 3abes-
medeHHs Statistica po3paxoBaHO: TeMII KO>KHOTO 3 HIECTH
OCTaHHIX KpOKiB po36iry (kp *' ¢); KOHTPAaCTHICTb 3pOC-
TaHHA TeMITy po36iry (pisHMLA TeMIy OCTAaHHbOTO KPOKY i
4eTBEpPTOro KPOKy po3biry, kp ! ¢ ), TeMIIoBa iHTeHCUBHICTDb
(cepenHiit TeMIT TPHOX OCTAHHIX KPOKiB po3biry, kp - ¢),
TeMII0Ba Mo6inisanis (FOOYTOK KOHTPACTHOCTI Ta TEMIIOBOI
iHTeHCMBHOCTI, yM. Of1.); CyMapHa TPUBAJICTD (a3 «CKOKY»,
«KpOKy» Ta «CTpubka» (c); BijcOTKOBe CIiBBifHOIIEHH:A
TPUBAIOCTI a3 «CKOKY», «KKPOKY», «CTpubKa» (%); cepenHs
MIBUIKICTD (Da3 «CKOKY», «KPOKY», «CTpuOKa» (M/c).

CmamucmuyHut aHanis

CraTuCTUYHMIT aHA/i3 OTPUMMaHUX HAHMUX HPOBORM-
7Y 3 BUKOPUCTAHHAM CTaHJAPTHUX IPOLefyp Iporpam
Microsoft Excel 2010. Cepep MaTeMaTUKO-CTaTUCTUIHNX
METOJIiB HaMJ pO3PaXOBYBa/lINCh CEPENHI 3HAYE€HHs, CTaH-
maptHe BigxmaeHH: (X + 0), BapiaTMBHICTh YaCOBUX Xapak-
tepuctuk (V%) Ta KoediuieHT koperauil bpase-Ilipcona
(r). Kopenauitunii B3aeM03B’ 130K 4aCOBUX XapaKTepuc-
TUK T€XHIYHOI IiITOTOB/IEHOCTI 3 Pe3y/IbTaTOM IIOTPiliHOTO
cTpubKa IPOBENEHO /Il BUsABIEHHS iHQOPMATUBHUX I10-
Ka3HUKIB TeXHIYHOI Ii/IrOTOB/ICHOCT] CTPUOYHOK.

Pesynbratn

BigmToBXyBaHHA € OHMM 3 HalBaXK/IMBIlINX elIeMeH-
TiB TeXHIKU IOTPIiTHOTO CTpUOKa, KU BU3HAYAE Ja/IbHICTD
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i edexTuBHICTD cTpUOKA. Y (pasi OMOpU 3aKTaTAETHCS [MHA-
MiYHa OCHOBA BUCOKMX CIIOPTUBHIX PE3YNbTATIB i CTBOPIO-
I0TbCsI YMOBU 11 e(eKTUBHOI B3a€EMOZIl BHYTPILIHIX i 30-
BHIIITHIX CWJI, SIKi CIIPUAIOTH TPa€eKTOPii MONBbOTY CTPUOYHA.
Amnanisyoun TpMBaJiCTh OIIOPHUX IEPiOAiB IECTH OCTaH-
HiX KpOKiB po30iry Ta BillITOBXYBaHb Y «CKOKY», <KPOLii»,
«CTpUOKY» CTPUOYHOK IOTPIfHUM BUCOKOI KBamidikamii

BCTaHOBJ/IEHO HU3bKY BapiaTuBHicTh nokasHMkis (V < 10%)
(Tabm. 1).

TpuBasicTh OHOPHOTO Nepiofy BifJIITOBXYBaHHA y «KpPO-
Ii» i «cTpUOKY» i € JIeII0 TOBLIO, Y IIOPIBHAHHI 31 «CKOKOM»
i cranoButs 0,13 + 0,02 ¢, 110 € 0COOMMBICTIO TexXHiKU asu
«CcTpubKa» Ta OB s13aHe 3i crerdikow BUKOHAHHS TPETHO-
'O BiIIITOBXYBAaHH:1 Ha MEHILII TOPU30HTA/IbHII INBUKOCTI.

Ta6muua 1. TpyBaicTb OIOPHYX IEPiOAiB LIECTU OCTAaHHIX KPOKIB PO36iry Ta BifJIITOBXYBaHb Y «CKOKY», «KPOIIi» Ta
«CTpUOKY» CTPUOYHOK IOTPItHNM BICOKOI KBaidikauii, (n = 9)

ITokasHMKM X +0 V %
CrnopTHBHUII pe3ybTaT, M 13,76 0,46 3,34
TpuBaicTh OMOPHOTO TIepiofy 6-ro KpoKy posobiry, ¢ 0,12 0,00 0,00
TpuBamicTh OHOPHOrO MePiOfy 5-r0 KPOKy po3biry, ¢ 0,11 0,01 9,11
TpuBaicTh OMOPHOro Iepiofy 4-ro KpoKy posobiry, ¢ 0,11 0,01 9,68
TpuBanicTb OMOpHOTro 1epiofy 3-ro KpoKy posobiry, ¢ 0,11 0,01 9,68
TpuBaicTh OMOPHOTrO IIepiofly MepesocTaH. KpoKy posoiry, ¢ 0,10 0,01 7,90
TpuBaicTh ONMOPHOrO Nepiofy OCTaHHBOTO KPOKY po36iry, ¢ 0,10 0,01 7,90
TpuBanmicTh BilIITOBXyBaHHA y «CKOKY», C 0,10 0,01 7,90
TpuBanicTh BiAIITOBXYBaHHA y «KPOLi», C 0,13 0,02 12,25
TpuBanmicTh BifIITOBXyBaHHA y «CTpM61<y», C 0,13 0,02 12,25

Ta6mus 2. TpuBasIicTb MONBOTHMX HMEPIOAIB MECTN OCTAHHIX KPOKIB PO36iry Ta MONbOTY Y «CKOKY», «KPOIIi», «CTPUOKY»

CTpMOYHOK HOTPiitHMM BuCOKOI KBatidikarii (n = 9)

IToxasamkn X o V %
CropTuBHIII pe3ynbTaT, M 13,76 0,46 3,34
TpuBaicTh HOMBOTHOTO IEPiofy 6-ro KPOKy posobiry, ¢ 0,17 0,02 9,80
TpuBamicTh MOMTBOTHOTO MEPIOAY 5-T0 KPOKY po3obiry, ¢ 0,16 0,00 0,00
TpuBaicTh MOMBOTHOTO TePiofy 4-r0 KPOKy po3biry, ¢ 0,15 0,02 10,65
TpuBamicTh MOMTBOTHOTO IEPIOAY 3-r0 KPOKY po3obiry, ¢ 0,14 0,02 14,39
TpuBaicTb IOMBOTHOTO IEPiOAY MepefocTaH. KpPOKy posobiry, ¢ 0,14 0,02 12,78
TprBasicTh HOMBOTHOTO MEPIOAY OCTAHHBOTO KPOKY po36iry, ¢ 0,12 0,02 12,90
TpuBanicTh MOTBOTHOTO MEPIOAY Y «CKOIIi», C 0,55 0,02 4,38
TpuBanicTh MOTBOTHOTO MEPIOAY y «KPOILi», C 0,38 0,03 7,44
TpuUBaiCTh [IOIBOTHOTO IEPIOAY Y «CTPUOKY», C 0,65 0,06 8,86

Ta6mmus 3. Temit Ta pUTMO-TEMIIOBI XapAaKTEPUCTUKI LIECTV OCTAHHIX KPOKIB po36iry cTprOyHOK MOTPITHNM BICOKOI

kBastidikauii (n = 9)

IToxasHukm X o V %
CropTuBHIII pe3ynbTaT, M 13,76 0,46 3,34
Temm ocTaHHiX 6-r0 KpOKy po3biry, kp-c 3,55 0,23 6,61
TemIr ocTaHHIX 5-T0 KpOKy po3biry, kp-c 3,67 0,10 2,82
TeMIT 0CTaHHBOTO 4-TO KPOKY p036iry, 3,83 0,20 5,13
Temm ocTaHHBOTO 3-TO KPOKY p036iry, Kp-'c 4,13 0,30 7,28
TeMII IIepefOCTaHHbOTO KPOKY po36iry, kp-'c 4,13 0,30 7,28
TeMII 0CTaHHBOTO KPOKY po36iry, kp-'c 4,67 0,30 6,45
KoHTpacTHicTs, kKp-'c 0,83 0,27 31,90
TemIoBa iHTEHCUBHICTB, Kp-'c 4,28 0,21 4,99
TemmnoBa Mobinisanis, YM.OfI. 3,62 1,27 35,12
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IlepexopAaum [0 aHami3y gMHAMIKM TPUBAJIOCTI IIO-
JIbOTHUX IEPIOAIB 6-TV OCTAHHIX KPOKiB po36iry Ta Tpbox
HO/IbOTHYX HEPIiOfiB «CKOKY», «KPOKy» 1 «cTpubka» HamMm
BUABJIeHA Jelo 6inpmra ix BapiaTuBHicTb. HaliBumia Bapi-
aTUBHICTD y TPMBANOCTi MONBOTHUX II€PiofiiB HasABHA Ha
3-My, IepefOCTAHHbOMY Ta OCTAHHBOMY KPOKax posbiry
(14,39, 12,78 ta 12,90% BigmosigHO) (Tabm. 2). Tpusamicte
HONBbOTHMX IepiofiB 3 6-ro KpoKy posbiry 0,17 + 0,02 ¢
IIOCTYNOBO 3MeHIIyeThbes 1o 0,12 + 0,02 ¢ B ocTaHHbOMY
KpoLi, [0 CIIpUsi€ 3pOCTaHHA MBUAKOCTI po3biry cTpuby-
HOK Ta aKTMBHIl ITOCTAHOBK) HOTYM Ha BilIITOBXYBaHHA.
TpuBamicTh MOMBLOTY Mifl YaC BUKOHAHHA «CKOKY» B CTpU-
OyHOK 3HaxomuTbcs y Mexax 0,55 + 0,02 ¢, i Mae HUSBKY
BapiaTuBHicTh. «Kpok» € HallKOpOTIINM 3a TPUBAJICTIO ¥
CIiBBiIHOIIEHH] 31 «CKOKOM» Ta «CTPUOKOM».

[Ipy4MHOIO BiTHOCHO HEBEIMKOI TPUBAJIOCTi IONbOTY
«KPOKY» € Te, 1[0 IiC/IA BUKOHAHHA «CKOKY» OIIOPHO-PY-
XOBMIT amapar cTpuOyHOK IepebyBae Iifi [i€l0 BeIMKOTo
HaBaHTaXKEHH, 10 ICTOTHO 3HIDKYE e(PeKTUBHICTD IPY-
TOro BifjIITOBXyBaHHA. TPMBaMCTh MONBOTY «CTPUOKA» y
CropTcMeHOK cTanoBuTh 0,65 *+ 0,06 ¢, BapiaTMBHICTD Ja-
HOTO IIOKa3HMKa CTAaHOBUTD 8,86%.

Temrr mrecTy OCTaHHIX KPOKIiB po36iry y cTpnyHOK mo-
TpiftHUM BuCOKOI KBasmiikariii Mae HU3BKY BapiaTMBHICTB,
a MAaKCHMMAaJIbHMX 3HA4eHb [IOCATAE HA OCTAHHBOMY KPOLIi
4,67 * 0,30 xp./c (Tabmn. 3). CrpuOyHKU HOTPIilTHNM BUCOKOL
KBaji¢ikanil BUKOHYIOTb OCTaHHIl KPOK PO36iry y BUCOKOMY
TEeMITi, XapaKTepU3yIOTbCsA BUCOKMMM MOKa3HMKAMU KOHTP-
ACTHOCTI 3POCTaHHS TEMILY, CEPEIHbOI TEMIIOBOI iIHTEHCUB-
HOCTI Ta TeMIIOBOI MOGiTi3awil mepey MOYaTKOM IIEpIIOTo
BifuTOBXYBaHH:A. HaliBuily BapiaTMBHICTD pUTMO-TEMIIOBUX
XapaKTepUCTUK HaMJ BUAB/IEHO Y IOKa3HIKAX KOHTPACTHOCTI
3pOCTaHHA TEMITY Ta TeMIIOBoi Mobimisawii (31,90% Ta 35,12%
BinnoBigHO). Lle roBopKTb IO Te, 10 CTPUOYHKM BUKOPUCTO-
BYIOTb Pi3Hi BAPIaHTI [TOEHAHHsI PO36Iry 3 BIIITOBXYBAHHSIM.

Bicoka TpaexTOpis HONbOTY IIiff 4ac «CKOKY» 301/1bIye
HaBaHTA)XEHH: Ha IIOIITOBXOBY HOTY IIiJj Yac IpU3eM/IeHHS,
[0 HETaTMBHO BIUIMBA€ Ha JIOBXWHY HACTYIIHUX CTPUO-
KiB. Y ILiif YacTVHI BUKOHAHHA CTPUOKA BXIMBYUM € Ile-
PeTBOpPEHHA FOPU3OHTANbHOI MIBUIKOCTI Y BEPTUKAJIbHY,
Ta IOCATHEHHSA ONTHMAa/IbHOI TpaeKTOpii monboTy. Ha Tpa-
€KTOPiI0 MONIbOTY BINIMBAIOTH KYT i IIBUIKICTH BUIBOTY,
TOPM30HTA/IbHA i BePTUKA/IbHA IIBUAKOCTI, Ta BUCOTA 3a-
rajIbHOTO LIEHTPY MacH Tijla IIifJj 9ac BUIbOTY.

BaxximBuM € 36epesxeHHs TOpU3OHTAIbHOI IIBUAKOCTI
IiJ] Yac BUKOHaHHA NONbOTHUX (a3 cTpubka. TpuBamicTb
(bas «CKOKy», «KPOKY», «CTprOKa», iX 3arajibHa TPUBAIICTB,
Bi/ICOTKOBeE BiJHOIIIEHHSI, CepefiHs MIBU/KICTD ¥ CTPUOYHOK
HOTPiitHUM pi3HOI KBamidikanii MaloTh HM3bKY BapiaTuB-
HicTb (Tabn. 4). TpuBamicTb «CKOKY» y CTPUOYHOK MOTPIli-
HuM cTaHoBUTL 0,66 £ 0,02 c. HajigoB1Ioo 3a TpuBalicTo
BUKOHAHHA € (pasa «cTpmbka» (0,78 + 0,06 c), a HAKOPOT-
molo — dasa «xpoky» (0,51 + 0,04 ¢).

CepenHst mBUAKICTb CTPUOKOBUX (a3 «CKOKY», «KpO-
Ky», «CTprOKa», 3HAXORUTHCS y Mexax 7,07 £ 0,36 m/c. CriB-
Bi/JHOIIEHHs BUKOHAHHA «CKOKY», <KPOKY» Ta «CTpUOKa» €
Ba)X/IMBJMM TOKa3HMKOM TEXHIYHOI MiITOTOBJIEHOCTi CTpH-
OYHOK HOTpiitHNM. Y Tab/uIli 5 HaBeeHO PUTMIYHY CTPYK-
TYpPy OIIOPHO-HOMBOTHUX (a3 HOTPIitHOTO CTpubKa y BiA-
COTKOBOMY CIIiBBi[JHOLIEHH] 3a TPMUBAJIICTIO IX BMKOHAHHSL.
Y Bcix cTpubyHOK tepeBaxkae dasa «crpubxar 40,05 + 1,80%,
a HalIKOpOTILIOH € (asa «Kpoky» 26,30 + 1,89%.

Ta6muus 4. TprBanicTb cTpnOKOBUX (a3 Ta IxX cepenHs
IIBUAKICTD ¥ CTPUOYHOK IOTPitHUM BMCOKOI KBami¢ikaii,
n =9, pesynprar = 13,76 + 0,46 M

IToxasHukM X to V %
TpuamicTb «cKOKy», C 0,66 0,02 2,99
TpuBanmicTh «KpoKy», ¢ 0,51 0,04 7,66
TpuBamicTp «CTpubKa», 0,78 0,06 7,81
TpuBanicte «cymapHa», 1,95 0,08 4,23
CepefHs MBUAKICTD «CKOKY», 7,07 0,36 5,12

«KPOKY», «CTp1OKa», M/c

Ta6muusa 5. PutMivHa CTpyKTypa HOTPiIHOroO cTpubKa
CTpUOYHOK IOTPiltHMM BMCOKOI kBayiikanii, n = 9;
pesynbrar = 13,76 + 0,46 Mm

IToxasHuKM «CKOK», % «Kpoxk», % «Ctpubox», %
X 33,65 26,30 40,05

to 1,07 1,89 1,80
V% 3,18 7,18 4,49

KopenAniauit aHamis HU3KM YaCOBUX IOKA3HUKIB
TeXHIYHOI HiTOTOBIEHOCTI CTPMOYHOK HMOTPIiHUM BM-
cokol kBasidikanil mokasas, [0 CTATUCTUYHO ZOCTOBIp-
HUJ B3aeMO3B 30K (p < 0,05) 3i CHOPTMBHUM pe3ynbTa-
TOM MAalOTb ITOKa3HUKM TPUBAIOCTi IOIBOTHOTO IIepiomy
HepefoCTaHHbOTO KPOKY po36iry (r = -0,85) Temmi mepegoc-
TaHHbOrO (r = 0,60) TeMIle OCTaHHBOTO KPOKiB (r = 0,78) Ta
TeMIIOBil1 iHTeHcuBHOCTI (r = 0,76).

Anckycia

[MoTpiitHuit cTpUOOK BiJHOCHO MOJIOAMIT BUJ, XKiHOYOT
JIeTKOI aT/IeTUKY. 3MaraHHsA 3 MOTpilfHOro cTpubka cepen
JKIHOK ITOYa/Ii IPOBOAUTUCH Ha mo4aTKy XX ctomiTTa. Ic-
HY€ HM3Ka HallpalllOBaHb IIOJ0 BU3HAYeHHs 1HPOpPMATHB-
HUX MOKAa3HMKIB TEXHIYHOI mifgrorosneHocti. OmHak, goci
TPUBAE MOLIYK 00’€KTMBHUX KpuTepiiB omrumisauii mpo-
11eCy TeXHIYHOI MATOTOBKM Y HOTPITHOMY CTPUOKY.

¥ xopi JOCIiP)KEHHA HaMM OTPMMAaHO HOBIi [aHi om0
TPUBANOCTi ONOPHUX, MTONbOTHUX IepiofliB, TEMITY, pUTMO-
TEMIIOBMX XapaKTEePUCTHUK IIeCTI OCTAHHIX KPOKiB po36iry
Ta BiICOTKOBOIO CIIBBiFHOIIEHH:S (a3 «CKOKY», «KPOKY»,
«cTpubKa» y CTpUOYHOK IIOTPilfHUMM BMCOKOI KBasigika-
ii. Kpeepom & IMamanosum (1992) 6ymo nmposefeHo aHami3
KiHorpamu morpiitHoro ctpubka Ineccn Kpasers (pesyib-
tat 14,95 m). [lopiBHioroun Hami paui 3 ganumu (Kpeep &
[TamanoB, 1992) Hamu BMB/IEHO He3HAYHI BifMiHHOCTI y
TpuBanocti: nepuoro - 0,12 ¢, gpyroro - 0,17 ¢, TpeTboro
- 0,17 ¢ BipmroBxyBaHb (mokasHuku Ineccu Kpasenp). Y
MIOKA3HMKAX TPUBAIOCTI MONMBOTHNX CTPMOKOBUX (a3 BU-
ABJIEHO CYTTeBi BifmiHHOCTI Mk manumu 1. Kpasenp Ta
Haummy nokasHukamu. [TompotHa dasa «ckoky» B IHeccn
Kpasenup craHoBuma «kpoxky» — 0,50 ¢, «ctpubxa» — 0,79 c.
3a HaMMM JAHMMM BiMiHHOCTi BUABJIEHO Yy TPUBAJOCTI
¢as nompory «kpoxy» (0,38 + 0,03 ¢) ta ¢asn «crpubra»
(0,66 £ 0,02 c), pasa «ckoky» y I. Kpasenus (0,58 ¢) Ta Hammx
cioprcMeHok (0,55 £ 0,02 ¢) marbke OHAKOBI.

IMopiuiotoun pesynbratu gocniguukis (Kpeep & Ila-
[IaHOB, 1992) 3 HAIUMMM FAHVMU BUSBICHO CXOXKe PUTMI4-
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HY CTPYKTYPY BUKOHaHHS TPhOX CTpUOKoBUX (as. B Ineccu
KpaBenpb «kpok» cTaHOBUB 26,7% Ta «cTpubox» — 42,3%
cHiBIajae 3 OTpMMaHMMM HaMU JaHUMMU. BigMiHHICTD 1TO-
jsirana y OiIbIIOMY BHECKY «CKOKy» 33,65% (3a Hammmu
naHumu), a 3a ganumu Kpeepa ta ITananosa (1992) Bxnap
«CKOKY» B cTpubynku Ineccu Kpaseryp cranoButb 31%.

Opsieto 3i cTopin mifBuIeHHs eeKTUBHOCTI PyXiB B
TOPM3OHTAIbHUX CTPUOKAX € 3HVDKEHH: BUCOKUX YHApHMX
HaBaHTa)XeHb NIPY BiIITOBXyBaHHi — 3HIDKEHHAM TpPa€K-
TOPii «CKOKY». CTpUOYHM 3MEHIIYIOTh yAApHi BepTHKaIbHi
HaBaHTa)X€HHA B JPYrOMY BiJIITOBXYBaHHi ITOTPiliHOTO
cTpubKa, KOMIIEHCYIOUN 3MEHIIEeHHs JOBXUHM Li€el (asn
KpalllUM BUKOPUCTAHHAM TOPM3OHTAa/TbHOI IIBUKOCTI Mif]
Yac «CKOKY» 1 301/IbIIIEHHAM 3B SI3KY «KPOK + CTPUOOK».

ITpoBiBiNM aHaIi3 YacOBMX XapaKTePUCTUK TPUBAIOCTI
BipmToBXyBaHHA 3a gaHumu (bo6posHuk, 2005) Ta 3a Ha-
VMU JAaHVMY BUABJIEHO CXOXKi pe3ynbTaru. Tak, mpu cepen-
HbBOMY pe3y/brari morpirtaoro crpubxa 13,10 + 0,14 m, Tpu-
BaJIiCTh BiJIITOBXYBAaHH:A y «CKOKY» cTaHOBUTDH 0,10 + 0,02
¢, «kpoti» - 0,12 £ 0,01 ¢, «cTpubky» - 0,14 + 0,02 c. ABTOpU
nocrimpkenHs (Panoutsakopoulos, & Kollias, 2008) Ha mif-
CTaBi aHaji3y BifleO 31IOMKM 3MaraHb HaBOAATb iHAMBIAY-
a7bHi Ta TPYIOBi 3HaYE€HH:A TAKMX YaCOBUX XapaKTEPUCTUK
CTpUOYHOK: TPUBAIICTh OHOPHUX Ta IIOJIBOTHUX HEPiOAiB
OCTaHHBOTO KPOKY PO30Iry, «CKOKY», «<KPOKY» Ta «CTpuO-
Ka». Pesymprary cTpubka — 14,32 + 0,67 M BifIIOBifaIOTh:
TpuBaicth onopu - 0,11 + 0,01 ¢, monpory - 0,10 + 0,01 ¢
OCTaHHDBOTO KPOKY p0o30iry; 3a HalllMMI JaHVIMU IIPU Cepeli-
HbOMY pe3ynbTari 13,76 + 0,46 M, BCTAHOBJIEHO TPUBA/TiCTh
OIIOPM Ha OCTAHHBOMY KPOLIi p036iry - 0,10 = 0,01 ¢, mo-
npory - 0,12 + 0,02 c. ITopiBHIOIOYM pe3ynbTaTH TPUBA-
nocTi nepuoro BigmToBxyBaHHA — 0,12 + 0,01 ¢, gpyroro
- 0,14 £ 0,01 ¢, TpeTboro - 0,15 + 0,02 ¢ BifIITOBXyBaHb 3a
nmannmu aBTopiB (Panoutsakopoulos, & Kollias, 2008) i na-
VMM JaHUMHI «CKOK» — 0,10 £ 0,01 ¢, «<kpox» — 0,13 + 0,02 ¢,
«cTprboK» — 0,13 £ 0,02 ¢, BUFHO CXOXY TEHJIEHIIII0, AeI0
PisHUTbCA TPUBAMICTb TPETHOTO BiJIITOBXYBAHH:.

AHani3 TpuBanoCTi NONMbOTHUX (a3 «CKOKY» i «Kpo-
Ky» HalllMX JaHKX Ta faHux aBTopis (Panoutsakopoulos, &
Kollias, 2008) moka3ye BigMiHHOCTI. Y HaIIUX JOCIi/PKeH-
HAX (asa IObOTY IIiJ] YaC BUKOHAHHA «CKOKY» Ta «KPOKY»
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MAcmepcmea cnopmcmeHo8 8bICOKOTE K6anuPukayuu
6 71€2KOAMIeMU1ecKUX COPEBHOBAMENbHBIX NPBINHKAX:
Monoepagus. Knes: Haykosnit cBit, 127-128.
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€ KOpPOTLIOK, TaK «CKOK» CTaHOBUTD 0,54 + 0,03 ¢, «<KpOK» —
0,38 £ 0,03 c, Topi sik 3a ganyuMu aBTopis (Panoutsakopoulos,
& Kollias, 2008) «ckox» — 0,65 + 0,03 ¢, «<kpox» — 0,50 + 0,04 c.
JoBma ¢asa monporTy fae mifcTaBy rOBOPUTU IIPO BUILY
TPAEKTOPIIO IIOIBOTY CTPUOYHOK.

IIpoananisyBaBim pe3ynbTaTU HOCHiJ[)KEHb aBTO-
pis (Coh, Stuhec, & Verti¢, 2011) yacoBux XapaKTepuCTUK
HaMJ BCTAHOBJIEHO BiJIMiHHOCTI y IIOKa3HMKaX TPUBAIOCTL
HO/IBOTY CTPUOKOBMUX (pa3 MOTPiitHOTO cTPUOKA, i CXOXIi pe-
3y/IBTAaTY Y TPUBAJIOCTI ONOPHUX Iepiofis. IHmmmm ¢axis-
usamu (Santhosh & Shabu, 2019) moBeneHwUIt KOpesIitHMIT
B32€EMO3B’SI30K MIXK JJOBKMHOIO «CKOKY» Ta AESKUMH KiHe-
MAaTUYHUMIY [TOKa3HMKaMU TEXHIKM IOTPINIHOTO CTpuOKa,
a caMe KyTOM BUJIbOTY, CEPeHbOI0 IIBMU/KICTIO, TOPU30H-
TaJIbHOIO i BEPTUKAIbHOIO NIBUIKOCTAMMI.

BucHoBKM

BcranoBeHo, 1110 32 PaXyHOK 3MEHIIEHHS TPUBAIOCTI
MIO/IBOTHIIX TIE€PIOAiB Ha OCTAHHIX KPOKax pos3biry crocre-
PIra€TbCs 3pOCTaHHA MIBUAKOCTI po306iry cTprOyHOK BUCO-
koi kayi¢ikanii. BapiaTuBHiCTb KOHTPACTHOCTI 3pOCTaHHA
temny 31,90% Ta TeMIoBoi Mo6imisanii 35,12% cBig4aTh
PO Te, 10 CTPUOYHKY BUCOKOI KBaidikarii BUKOPUCTO-
BYIOTb pi3Hi BapiaHTM HMO€RHAHHS PO36iry 3 BifMITOBXY-
BaHHAM. AHaji3 pUTMIYHOI CTPYKTYpM TeXHiKM MOTPili-
HOTO CTpMOKa CBiJYNTB, IO ¥ BCIX CTPUOYHOK IlepeBakae
¢asza «crpubdxa» 40,05%, a HAMKOPOTIIOW € (a3a «KPOKy»
26,30%.

BcTaHOB/IEHO, 1[0 TaKi YacOBi XapaKTepUCTUKU: TPU-
BaJIiCTb MONbOTHOTO IIE€PiOfTy IEPENOCTAHHBOTO KPOKY PO3-
6iry (r = -0,85), Temn nepegocranHboro (r = 0,60), Temn
OCTaHHBOT'O KpOKy (r = 0,78), Ta TeMIOBa IHTEHCUBHICTD
(r=0,76) MarOTh CTATUCTUIHO [OCTOBIPHMIT B3AEMO3B SI30K
3i cnopTUBHUM pesynbraToM (p < 0,05).

KoHdnikT iHTepeciB

ABTOpYU BiI3HAYAIOTb, IO He iCHY€ HiAKOro KOHQIIKTY
iHTepeciB.
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Background. The relentless growth of sports results and
the lack of comparative analysis of a set of indicators of techni-
cal readiness of female triple jumpers of various qualifications
indicates the viability of research in this regard.

The study purpose was to specify the time character-
istics of technical readiness of female triple jumpers of high
qualification.

Materials and methods. We used the following research
methods: theoretical analysis and generalization of data from
scientific and methodological literature, pedagogical observa-
tion, instrumental methods (video recording) and methods of
mathematical statistics. The study was conducted on the basis of
investigating the time characteristics of the technical readiness
of skilled triple jumpers. The pedagogical experiment took place

during the competitions of the Cup of Ukraine and the Cham-
pionship of Ukraine in Athletics. The study involved 9 female
triple jumpers (average age 25.3 £ 5.1), including two masters of
sports of international class of Ukraine, four masters of sports of
Ukraine, and three candidates for masters of sports of Ukraine.

Results. In the course of the study, we found that the in-
dicators of the duration of the reference periods of the last 6
steps of the run in the triple jump by female jumpers of high
qualification are characterized by a low level of variability. In
terms of flight duration, the highest variability was observed in
the 3™, next to last and last steps of the run. According to the
results of the study of rhythmic-tempo characteristics of a triple
jump of high qualification, it was established that the highest
indicators of the pace of the running step are at the last step of
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the run and reach 4.67 + 0,03 st./s. The correlation between such
time characteristics as the duration of the flight period of the
next to last run step (r = -0.85), the rate of the next to last (r =
0.60) and last step (r = 0.78), and the rate of intensity (r = 0.76)
with a sports result. In the triple jump by female jumpers of high
qualification, indicators of the duration of the phases of “jump’,
“step”, “jump’, their total duration and the average speed of the
jumping phases are characterized by a low level of variability.
The duration of the “hop” is 0.66 £ 0.06 s. The longest phase is
the “jump” phase (0.78 £ 0.06 s), and the shortest is the “step”
phase (0.51 £ 0.04 s).

Conclusions. It was established that due to the reduction
of the duration of flight periods in the last steps of the take-off,
there is an increase in the take-off speed of high-skilled jump-

ers. The variability of the contrast between the growth rate of
31.90% and the rate of mobilization of 35.12% indicates that
high-skilled jumpers use different options to combine take-
off and repulsion. Analysis of the rhythmic structure of the
triple jump technique shows that all jumps are dominated by
the phase of “jump” (40.05%), and the shortest is the phase of
“step” (26.30%). It was found that the following time charac-
teristics: the duration of the flight period of the next to last run
step (r = -0.85), the pace of the next to last step (r = 0.60), the
pace of the last step (r = 0.78), and the pace intensity (r = 0.76)
have a statistically significant relationship with sports results
(p < 0.05).

Keywords: triple jump, technical readiness, time charac-
teristics, female jumpers of high qualification.
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