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Abstract

The purpose of this study was to evaluate the effectiveness of a combined exercise program focused on the

improvement of young women’s physical condition.

Materials and methods. The study involved 62 healthy women (an average age of 29.4 years). More than
50 parameters were assessed (anthropometric indicators, physical capacity and motor abilities, functional status of
the cardiorespiratory system, etc.). The structure of physical condition of the women was identified using the factor

analysis. The transforming experiment lasted for 14 months.

Results. The physical development indicators had the largest contribution (33.4 %) to the total variance of physical
characteristics of the subjects. The second factor related to the functional state and physical performance accounted
for 21.6 %, the third factor related to coordination abilities accounted for 19.8 %, and the fourth factor related to
physical fitness accounted for 10.3 % of the total variance. Those four factors explained 85.1 % of the total variance. The
35 indicators, which were selected by the factor analysis and characterized the women’s physical condition, were used
as criteria for the effectiveness of the proposed exercise program. Participation in the exercise program significantly
affected the morphological status of women. Functional indicators of the cardiovascular system improved significantly,
including resting heart rate decreased by 16.2 % (p < 0.05). Muscle strength increased by 32.2 % (p < 0.05), speed and
strength endurance and speed endurance increased by 31.5 % and 49.1 %, respectively (p < 0.05). Exercises targeting
coordination abilities lead to improvements in balance ability of women as assessed by the Romberg test (increase by
94.0 %, p < 0.05) and by the Flamingo test (increase by 65.6 %, p < 0.05).

Conclusions. The study confirmed the effectiveness of the combined exercise program according to selected criteria.
There were significant (p < 0.05) positive changes in physical condition components including physical development,
physical fitness, functional state of the cardiorespiratory system and in body balance.

Keywords: program, fitness training, physical condition, young women.

Introduction

Currently, there is a growing interest in new types of
physical activity among women, since a sedentary lifestyle
has been associated with a variety of health conditions (An-
drieieva et al., 2019b; Hakman et al., 2020; Yelizarova et al,,
2020). Physical inactivity inevitably results in lower aerobic
fitness levels (Baker et al., 2020). Inactivity and poor fitness

© Andrieieva, O., Yarmak, O., Kashuba, V., Drozdovska, S.,
Gineviciene, V., Blagii, O., Akimova-Ternovska, M., 2020.
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are associated with numerous health issues, including car-
diovascular diseases, metabolic disorders (e.g. overweight,
obesity, type-2 diabetes), musculoskeletal disorders, pulmo-
nary diseases, cancer, psychological issues, etc. (Heyward &
Gibson, 2014; Kashuba et al., 2020; Truszczynska-Baszak et
al., 2015).

Motivating women to an active lifestyle will improve the
demographic situation and reduce mortality from heart dis-
ease in women (Lamarche et al., 2017; Hakman et al., 2019).
This issue becomes especially important, given that it is
women who make up a significant portion of fitness services
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customers (> 60 %), and among them 38 % are women aged
25 to 34 years (Kashuba et al., 2019). An analysis of the data
reported in the literature (Rzepko et al., 2019; Kyslenko et al.,
2020) related to the issues of the influence of fitness training
on the female body showed that the current stage of the field
of recreation and health enhancing physical activity is associ-
ated with a rapid expansion of innovative fitness technologies
(Kujala et al., 2017; Yarmak et al., 2018; Song et al., 2019).

Over the past decades, new types of both aerobic (Ozcan
et al., 2018; Barranco-Ruiz & Villa-Gonzalez, 2020) and an-
aerobic (Beqa et al.,, 2019; Neto et al., 2020) fitness training
have appeared and actively grown. There are a huge number of
both theoretical and applied studies in this field (Drozdovska
et al., 2020; Gineviciené, 2010; Heyward & Gibson, 2014).
However, there are still untapped methodological reserves in
this field. The technology for designing exercise programs is
not sufficiently developed, their influence on the body is not
fully understood. Therefore, the purpose of the study was to
evaluate the efficiency of combined exercise program focused
on the improvement of physical condition and well-being of
young women.

Materials and Methods

Participants of the research

The study included 62 young women (aged 21-34 years);
among them, 59.7 % (n = 37) were aged under 30 and 40.3 %
(n = 25) were over 30 with an average age of 29.4 + 2.0 years.
All participants gave their written informed consent to
participate in this study, which was approved by the local
ethics committee and was in accordance with the Helsinki
Declaration.

The study included two stages. Stage I was aimed at de-
velopment of combined exercise program.

A generalized structure of exercise sessions was devel-
oped on the basis of the block principle of design. Seven
blocks were distinguished on the basis of the focus: warm-up,
aerobic, dance, corrective, preventive, relaxation, additional
(Table 1). The developed program consisted of 70 min work-
outs, three times per week. A training experiment lasted for
14 months was conducted to determine the effectiveness of
the developed methodology of designing exercise sessions.

Stage II was aimed at evaluating the cumulative effect
of exercise sessions based on the unified methodology that
included testing for more than 50 indicators (anthropom-
etry, physiological reaction, motor tests, the level of physical
condition).

The following anthropometric indicators were meas-
ured: height, body weight, circumference measurements of
the body by the Martirosov’s technique (Martirosov, 1982).
These anthropometric measurements were used to calculate
the Quetelet index 1 (g/cm) = body weight (g) / height (cm);
Chest excursion (cm) = thoracic circumference at max. inspi-
ration (cm) - thoracic circumference at max. expiration (cm);
waist index, WI (arb. un.) = height (cm) / waist circumference
(cm); abdominal index, Al (arb. un.) = height (cm) / abdomi-
nal circumference (cm); hip index, HI (arb. un.) = height
(cm) / thigh circumference (cm); shoulder index, SI (arb.
un.) = height (cm) / shoulder circumference (cm). The results
were scored according to Table 2. The technique is described
in detail in (Ivaschenko et al., 2008).

To examine the functional state of the cardiovascular
system, resting heart rate (HR) was used. The dynamics of
heart rate changes was studied to evaluate the intensity of dif-

Table 2. Scale for scoring anthropometric measurements

Research organization Index Norm Slight excess Sule);zlsl:lal
The study was cgrrled out at the Olymplc S'tyle Training g oo 56.66 1855 <48
and Health-Promoting Centre and the Scientific Research Waist 20-2.5 1.65-1.9 <165
Institute of the National University of Ukraine on Physical Abd 1' 1’ 1'4 ) 4 1'4
Education and Sport. omen =17 A-145 < b
Thigh 2.6-3.1 2.3-2.5 <23
Table 1. Parameters of the exercise sessions in the combined program
9 Content of block, Heart rate
= 2 0 . HR average
£ 5 % of exercises range
. B e & 0
Block g 58 =3 = 5 =l
= 2 s = i) = in+
g B § H 2 & 2 £ 9 S bpm %HRmax  Lkmin
5 s Y £ g <5 E, " & HRmax
A z§5 <3 E3 % % %
Warm-up 8 4 134 0.295 60 30 10 114,4+4 59.3 99-130
Aerobic 12 8 467 0.78 85 - 15 153+4 79.6 140-172
Dance 15 16 514 0.85 100 - - 149+4 77.3 140-170
Corrective 12 10 273 27.3 65.3 12.5 22.2 135 70.3 10-146
Preventive 9 5 157 0.26 55 45 - 125£2,5 65 100-130
Relaxation 9 4 20 0.05 40 60 - 92.8+6 48.3 84-98
Additional (balance exercises) 5 4 10 0.03 10 90 - 102+4 53 90-115
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ferent types of exercises as well as to compare the intensity of
different structural blocks of experimental training sessions.
During the training sessions, heart rate was measured using
the palpation method or with a Polar heart rate monitor and
a Polar heart rate analyser.

The systolic and diastolic blood pressure (BPsyst and BP-
diast) was measured in the rest. The adaptation capacity of
the circulatory system to environmental factors was calcu-
lated by the Bayevskiy method:

AC =0.011 x HR + 0.014 x BPsyst + 0.008 x BPdiast +
0.009 x body weight + 0.0014 x age - 0.009 x height - 0.27,
where HR is resting heart rate, BPsyst is systolic blood pres-
sure, and BPdiast is diastolic blood pressure.

Rate pressure product (RPP) was calculated by the equa-
tion (Ivaschenko et al., 2008):

RPP = (HR x BPsyst) / 100, where HR is resting heart
rate, BPsyst is systolic blood pressure.

The functional state of the respiratory system was as-
sessed using the breath-holding times after inspiration (the
Stange test) and after expiration (the Genche test) in seconds.
Physical work capacity was evaluated using the Ruffier test by
measuring heart rate before and after performing 30 squats in
45 seconds (Ivaschenko et al., 2008).

The following motor abilities were evaluated: flexibility,
speed, dynamic strength, speed and speed-strength endur-
ance, balance, and vestibular stability. Physical condition and
level of physical preparedness were assessed based on the
sum of 11 parameters of the Kontreks-2 scoring system (Ta-
ble 3) described in detail in (Ivaschenko et al., 2008).

Table 3. Scoring the level of physical condition (Ivaschenko
et al., 2008)

Physical condition Score, points
Low <50
Lower than moderate 51-90
Moderate 90-161
Higher than moderate 161-250
High > 250

To examine the biomechanics of stability, the functional
state of the body, physical exertion tolerance in terms of abil-
ity to maintain a vertical body position, as well as to control
the quality of new skills training, stabilographic studies were
performed on the Stabilan 01-2 stabilometric platform with
biological feedback. Six test tasks were performed: 1) Romb-
erg test; 2) Sharpened Romberg test; 3) Standing on the toes;
4) Standing on the toes with eyes closed; 5) Standing with the
head extended backward; 6) Flamingo test (Boloban et al.,
1990: Yuriev, 1991).

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.

The results of the studies were analysed using the follow-
ing parameters of descriptive statistics: mean values; sample
method; analysis of variance; and factor analysis. The fac-
tor analysis was performed by the method of principal com-
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ponents with varimax rotation. In total, 52 indicators were
subjected to the factor analysis including anthropometric
measurements, the indicators of physical condition, motor
abilities, and functional status of the cardiorespiratory system.

The significance of the difference between the samples
was tested at the confidence level of p = 95 % (significance
level of 0.05). Some hypotheses were tested at the higher
confidence level of p = 99 % (the significance level of 0.01).
The Shapiro-Wilk test was used to assess the deviation of the
sample distribution from normality. Analysis of variance was
used to assess the changes in physical condition parameters
of women. For samples with normal distribution, parametric
analysis of variance was performed. For samples without nor-
mal distribution, the non-parametric Kruskal-Wallis analysis
of variance was used (Byshevets et al., 2019).

Results

Based on the factor analysis, we identified the most im-
portant parameters of the physical condition of women to
design health-enhancing classes. The factor analysis allowed
us to determine the percentage contribution of each factor.
Thus, the structure of women’s physical condition was de-
termined by a group of four factors: physical development
(33.4 %), functional state of the cardiorespiratory system
(21.6 %), coordination abilities (19.8 %), and physical pre-
paredness, including speed and speed and strength abilities,
agility and flexibility (10.3 %). The total contribution of the
four factors to the explained variance was 85.1 %, the factor
loading matrix is given in table 4.

The analysis of the factor structure of women’s physical
condition confirmed that physical development takes a
leading place among the factors determining the human
physical condition. The first factor, which we associated
with physical development, was loaded by the variables that
characterise the body measurements: waist circumference
(r = -0.970 at p < 0.01); BW (r = -0.964, p < 0.01); hips
circumference (r = -0.897, p < 0.01); thigh circumference
(r=-0.893, p < 0.01); Quetelet index 1 (r = -0.887, p < 0.01);
chest circumference (r = -0.797, p < 0.01); height (r = 0.782,
p < 0.01); and shoulder circumference (r = -0.775, p < 0.01).

Furthermore, the first factor was loaded by the variables
that characterize the harmony of body shape: waist index
(r=-0.875, p < 0.01); abdominal index (r = -0.853, p < 0.01);
thigh index (r = -0.851, p < 0.01); and shoulder index
(r =-0.794, p < 0.01). All of them loaded to the first factor,
which had the largest contribution (33.4 %) to the total
variance.

The second important factor that determines the
structure of the physical condition was loaded by the variables
characterizing the function of the cardiorespiratory system
and physical work capacity: systolic blood pressure (r = 0.897,
p <0.01); resting heart rate (r = -0.880, p < 0.01); rate pressure
product (r =-0.874, p < 0.01); adaptation capacity (r = 0.862,
p < 0.01); Ruffier index (r = 0.832, p < 0.01); Genche test
(r = 0.797, p < 0.01); diastolic blood pressure (r = 0.794,
p < 0.01); Stange test (r = 0.773, p < 0.01); and average blood
pressure (r = 0.769, p < 0.01). This factor contributed 21.6 %
to the total variance.

The third important factor was loaded by the variables
that characterize the coordination abilities: sharpened
Romberg test (r = 0.889, p < 0.01); Flamingo test (r = 0.789,
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Table 4. Factor loading matrix of physical condition variables of women

Parameters Factor 1 Factor 2 Factor 3 Factor 4
Height, cm 0.782 -0.225 0.182 -0.066
Body weight, kg -0.964 -0.481 0.079 0.026
Quetelet index 1, g/cm -0.887 0.314 -0.168 0.071
Chest circumference, cm -0.797 0.136 0.156 0.126
Waist circumference, cm -0.970 -0.201 0.022 -0.504
Abdominal circumference, cm -0.944 0.306 -0.143 0.097
Hips circumference, cm -0.897 0.219 0.043 0.639
Thigh circumference, cm -0.893 -0.215 -0.124 -0.291
Shoulder circumference, cm -0.775 0.349 -0.164 -0.298
Lower leg circumference, cm -0.781 -0.351 0.045 0.092
Chest expansion, cm 0.790 0.281 0.171 0.298
Waist index, arb. un. -0.875 -0.171 -0.476 -0.016
Abdominal index, arb. un. -0.853 -0.259 -0.188 -0.609
Thigh index, arb. un. -0.851 0.134 -0.032 -0.208
Shoulder index, arb. un. -0.794 -0.109 -0.006 -0.028
Resting HR, bpm -0.353 -0.880 -0.004 0.003
BPsyst, mm Hg -0.402 0.897 -0.146 0.069
BPdiast, mm Hg -0.229 0.794 0.011 0.022
BPav, mm Hg 0.388 0.769 0.123 0.070
Rate pressure product, arb. un. -0.227 -0.874 -0.083 -0.233
Stange test, s 0.584 0.773 0.027 0.104
Genche test, s 0.276 0.797 0.637 0.244
Ruffier index, arb. un. 0.256 0.832 0.332 0.320
Adaptation capacity, arb. un. 0.362 0.862 0.262 0.047
Flexibility test: bending forward at the waist with the knees locked in 0.211 0.065 0.111 0.811
the straight position with the zero mark at the level of the feet, cm
Reaction time ruler test, cm -0.335 -0.378 -0.080 -0.780
Vertical jump test, cm 0.355 0.310 0.023 0.723
Straight leg lift in a supine position test, max number of lifts performed 0.187 0.234 0.189 0.789
during 20 s
Push-up test, number of push-ups performed during 30 s 0.164 0.212 0.031 0.731
Romberg test, s 0.399 0.424 0.743 0.043
Sharpened Romberg test, s 0.162 0.317 0.889 0.189
Standing on the toes, s 0.186 0.270 0.722 0.022
Standing on the toes with eyes closed, s 0.281 0.337 0.728 0.028
Standing with the head extended backward, s 0.317 0.132 0.704 0.104
Flamingo test, s 0.625 0.314 0.789 0.189
Total variance 6.502 5.617 5.405 2.824
D (F), % 33.4 21.6 19.8 10.3

p <0.01); Romberg test (r = 0.743, p < 0.01); standing on the
toes with eyes closed (r = 0.728, p < 0.01); standing on the toes
(r = 0.722, p < 0.01); and standing with the head extended
backward (r = 0.704, p < 0.01). This factor contributed 19.8 %
to the total variance.

The fourth important factor that determines the structure
of the physical condition of women was loaded by indicators
of the speed, and speed and strength abilities, and flexibility:
flexibility test, bending forward at the waist with the knees
locked in the straight position with the zero mark at the level of
the feet (r=0.811, p <0.01); reaction time ruler test (r = -0.780,
p <0.01); straight leg lift in a supine position test, max number
of lifts performed during 20 s (r = 0.789, p < 0.01); push-up
test, number of push-ups performed during 30 s (r = 0.731,
p < 0.01); and vertical jump test (r = 0.723, p < 0.01).
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The analysis of the factor structure of the physical con-
dition of women made it possible to identify 35 parameters
(Table 5), which we later used as criteria for the effectiveness
of the proposed exercise program.

The circumference measures of the chest and limbs de-
creased as a result of a decrease in fat mass in women, which
was not associated with a decrease in the muscle mass as
evidenced by an improvement in the strength indicators of
the participants.

The study indicated a high effectiveness of the developed
technology of fitness training. The program designed using
the unified approach can improve body shape and has a
positive effect on the morphological status of women. The
decrease in body weight was 5.6 % (p < 0.05). The body
circumference measures decreased as follows: the height-
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Table 5. The changes in the morphological and functional
status of young women (n=62)

Before the After the
Parameters experiment experiment p

X s X s
Height, cm 166.7 2.43 166.7 2.43 >0.01
Body weight, kg 622 3.17 587  3.66 <0.05
Quetelet index 1, g/cm 376.4 21.33 338.5 12.43 <0.05
Chest circumference, cm 953 249 88.7 2.19 <0.05
Waist circumference, cm 753 0.17 67.1 0.21 <0.05
Abdominal circumference,cm 94.3 4.85 86.5 3.97 <0.05
Hips circumference, cm 99.1 3.72 924 3.76 <0.05
Thigh circumference, cm 576 2.87 53,5 0.22 <0.05
Shoulder circumference, cm 28.1 146 269 1.05 >0.05

Lower leg circumference,cm ~ 37.1  1.25 34.8  2.11 <0.05

Chest expansion, cm 52 1.33 7.8 1.16 <0.05
Waist index, arb. un. 23 016 2.7 0.18 <0.05
Abdominal index, arb. un. 1.8 004 1.9 0.04 <0.05
Thigh index, arb. un. 28 0.14 3.0 0.16 <0.05
Shoulder index, arb. un. 6.3 022 6.2 0.23>0.01
Resting HR, bpm 754 498 632 234 <0.05
BPsyst, mm Hg 115.7 6.24 105.1 4.38 <0.05
BPdiast, mm Hg 75.0 3.27 67.0 5.41 <0.05
BPav, mm Hg 86.3 542 78.7 4.76 <0.05
Rate pressure product, arb. un. 83.6 6.34 654  4.27 <0.05
Stange test, s 32.8 7.39 504 5.88 <0.05
Genche test, s 19.1 431 27.5 2.72 <0.05
Ruffier index, arb. un. 10.7 1.85 85 1.04 <0.05
Adaptation capacity, arb. un. 34 004 26 0.03<0.05

to-waist ratio by 8.3% (p < 0.05), height-to-abdomen ratio
by 10.9% (p < 0.05), and height-to-thigh ratio by 8.3 %
(p < 0.05). Chest expansion after the completion of the
program increased by 50.0 % (p < 0.05).

The functional status was also improved that is indicated
by a decrease in the resting heart rate by 16.2% (p < 0.05),
a decrease in blood pressure by 9.2% - 10.7% (p < 0.05),
an increase in breath-holding times by 44.0 % - 53.7 %
(p < 0.05), and decrease in adaptive capacity by 23.5% (p <
0.05) that suggest reduced risk of cardiovascular disease.

Physical work capacity indicators increased significantly:
response of the cardiovascular system to the dynamic exercise
load improved by 20.6 % (p < 0.05). Significant positive
changes were observed in the motor development indicators
(Table 6). Strength and weight training exercises resulted
in an increase in strength by 32,2 % (p < 0.05), in speed by
27.2 %, in speed-strength endurance and strength endurance
by 31.5 % and 49.1 %, respectively (p < 0.05).

The stretching exercises contributed to improved
functional condition of the muscles and their nutrition, as
well as to increased flexibility (by 63.7 %, p < 0.05).

The assessment with the Kontreks-2 scoring system
(Table 7) showed that the individual level of physical
condition in the most of the women at the beginning of the
experiment was below average. At the end of the study, we
observed an improvement in the level of physical condition
of women by an average of 32.6 % (p < 0.05).

The initial and final levels of balance performance were
evaluated with six motor tests using stabilography in the
group of women who participated in the exercise program
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Table 6. Changes in motor development of young women
(n=62)

Before After
Test. motor task experiment experiment p
Xzts X+ts
Flexibility test: bending
forward at the waist with
the knees locked in the 10242.19 1674248  <0.05
straight position with the
zero mark at the level of the
feet, cm
Reaction time ruler test, cm  24.6+3.44 17.9+1.65 <0.05
Vertical jump test, cm 25.4+2.87 33.4+4.15  <0.05
Straight leg lift in a supine
position test, maxnumber 00,y 26 1614141 <005
of lifts performed during
20s
Push-up test, number of
push-ups performed during  14.3+5.36 18.9+3.22  <0.05
30s
Kontreks-2 total score, 156.4+28  207.4+18  <0.05
points

Table 7. Distribution of the women by physical condition at
the beginning and at the end of the pedagogical experiment,
% (n=62)

Time of Higher Lower
High  than  Moderate than Low
assessment
moderate moderate

At the beginning 0.0 9.7 19.4 56.5  14.4
of the study
At the end of the 6.5 27.4 53.2 12.9 0.0
study

for 2 years (Table 8). The use of general exercises with
higher coordination requirements contributed to significant
improvements in balance control ranged from 94.0 % to
65.6 % (p < 0.05).

We recorded a decrease in the number of balance losses
and an improvement in balance control when performing
complicated motor tasks.

At the end of the training experiment, there was a
significant (p < 0.05) decrease in the maximum amplitude of
trunk sway, resulted in the corresponding positive changes
in the ground reaction forces. Balance control has improved
in the stance with the head extended backward that indicates
an improvement in spatial orientation. Improvements in the
Rombergtest were the most substantial. There was a significant
(p < 0.05) decrease in the average and maximum range of
sway in the sagittal and frontal planes when performing the
test of standing on the toes with eyes closed. However, it
should be noted that inconsistent performance of balance
exercises in training sessions does not bring the desired effect.
It is necessary to perform balance exercises regularly and to
monitor the changes in balance control using special tests.

Discussion

The feasibility of using factor analysis of physical indica-
tors to determine the relationships among variables and to re-
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Table 8. Changes in postural stability of women, n=62

Average amplitude of trunk sway

Maximum amplitude of trunk

sway Frequency of sway

No. Motor X+s X +s X+s
tests Planes of motion
S F F S F
Romberg test

BE 5.740,54 6.7+0.15 17.2+4.26 20.3+4.18 7.4%0.58 7.6£0.75

! AE 3.2+0.18 4.1+0.09 9.1+1.28 11.24+2.04 4.2+0.23 4.5+0.21
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Sharpened Romberg test

: BE 6.8+0.45 6.5+0.27 17.3+0.51 23.4+0.42 3.9+0.27 4.3+0.26
AE 4.2+0.37 4.3+0.13 11.5+0.38 15.2+0.21 2.1+0.12 2.4+0.13
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Standing on the toes

3 BE 14.9+1.47 13.7+0.87 18.5+2.45 17.4+3.43 4.6+0.35 3.3+0.44
AE 10.1+£0.85 9.1+0.38 13.1£2.04 12.2+3.07 2.1+0.21 2.9+0.41
P <0.05 <0.05 <0.05 <0.05 <0.05 >0.05

Standing on the toes with eyes closed

4 BE 28.4+2.43 24.1+£2.33 41.3+£3.74 29.7£2.19 2.8+0.13 2.4+0.29
AE 20.2+1.76 16.2+1.42 28.1+1.96 20.1+1.27 2.5+0.09 2.2+0.07
P <0.05 <0.05 <0.05 <0.05 >0.05 >0.05

Standing with the head extended backward

5 BE 15.8+2.43 12.0+2.63 21.3+2.37 18.7+2.63 2.840.43 2.4%0.31
AE 10.7+1.51 10.9+1.28 15.2+1.64 12.4+1.42 2.4+0.22 2.2+0.12
P <0.05 >0.05 <0.05 <0.05 >0.05 >0.05

Flamingo test

p BE 22.7+3.14 25.4+3.42 26.3+£3.53 29.9+3.34 4.7+0.81 5.7+0.62
AE 16.2+2.17 18.1+1.25 20.2+1.31 22.4+1.73 4.1+0.52 5.2+0.41
p <0.05 <0.05 <0.05 <0.05 >0.05 >0.05

Note: BE - before the experiment; AE - after the experiment; S - sagittal plane; F - frontal plane

duce the number of variables needed to describe the data has
been confirmed in a number of studies (Galan et al., 2019a,
Yarmak et al., 2019). The analysis of the factor structure of
women’s physical condition confirmed that physical develop-
ment play an important role among the factors determining
the physical condition (Goncharova et al, 2020, Gurieieva
2014). Our data are consistent with the reported data (Peter-
man et al., 2019) that showed the importance of the indica-
tors of the functional state of the cardiorespiratory system,
coordination abilities, and physical fitness. The relationships
between indicators of physical development, functional sta-
tus, and coordination abilities have been confirmed (Giiler
& Yitksek & Goksu, 2020; Podrigalo, et al., 2019). We used
the data of factor analysis to select the most informative cri-
teria for the effectiveness of the proposed health-enhancing
exercise program. The similar approaches were taken in the
studies of Goncharova et al. (2020) and Yarmak et al. (2018).

To improve the physical condition of young women, a
wide range of health-enhancing exercises have been pro-
posed (Chukhlantseva, 2020, Kashuba et al., 2020). For ex-
ample, a positive effect was achieved with the use of aerobic
(Barranco-Ruiz, 2020) and strength exercises (Beqa et al.,
2019, Zhygalova, 2003) as well as of “Smart Body” programs
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(Kashuba et al., 2020, Ozcan et al., 2018). According to
Ivaschenko et al. (2008), the predominance of aerobic exer-
cise in the workouts results in a significant increase in overall
endurance and some indicators of the functional state of the
cardiovascular system, but significantly less improvement in
other fitness components. In contrast, performing a program
with a predominance of strength exercises and “Smart Body”
programs was accompanied with a significant improvement
in a number of indicators of development of muscle groups
and joint mobility. According to Ivaschenko et al. (2008), the
most effective is a combined approach. The effectiveness of
using combined exercise programs for people of various ages
has been demonstrated in the studies of Galan et al. (2019b)
and Zhygalova (2003). Ivaschenko et al. (2008) found that
the most optimal training mode is a mixed physical activity
that combines mainly aerobic exercises with anaerobic ones,
which are performed in the form of short repetitions. Stud-
ies have shown that this training mode provides a significant
increase in physical and functional fitness (Andrieieva et al.,
2019a, Kozhokar et al., 2019).

The importance of monitoring balance control in women
of different ages is pointed out by Olchowik et al. (2020).
Tavares et al. (2019) substantiated the use of exercise with
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a predominant focus on improving balance ability in exer-
cise programs for middle-aged women. Coordination of the
vertical position of the body in the standing position is an
indicator of the functional state and health of an individual
(Boloban et al., 1999). Direct relationships among physical
development, physical fitness, and the function of the ves-
tibular sensory system have been established (Truszczynska-
Basza et al., 2015).

Summarizing the available approaches for designing ex-
ercise programs for young women, we have proposed a com-
bined approach to program design. The designed program
included a balanced ratio of aerobic and strength training,
stretching, and coordination exercises. The effectiveness of
the program was evaluated according to the indicators iden-
tified in the factor analysis. We observed an improvement in
the physical condition of young women who participated in
the program. Our results support and corroborate the results
of previous studies on the effectiveness of combined programs
for improving coordination skills (Truszczynska-Basza et al.,
2015), the functional state of the cardiorespiratory system
(Baker et al., 2020), physical development (Vysotskaya et al.,
2020; Goncharova et al., 2020), and physical fitness (Galan
et al., 2019b). The findings of our study are consistent with
the data of Yarmak et al. (2019) about the beneficial effects of
exercise training.

Conclusions

Evaluation of the effectiveness of the combined fitness
program revealed noticeable positive long-term effects on
the level of physical condition, morphological status, health
status, and general well-being of young women. The results of
the study can be useful for fitness professionals when choos-
ing and developing new health-enhancing exercise programs
for young women.

The studies showed positive changes in the physical con-
dition of young women who participated in the program.

In conclusion, we note that designing of a specially or-
ganized physical training aimed at improving the health of
various population groups, in particular of women, is associ-
ated with the need to use a variety of means and a wide range
of methods. This is dictated, on the one hand, by the interests
of people of different ages and levels of fitness and physical
condition, and, on the other hand, by the specificity of the
impact of physical exercises on the body.
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EQEKTUBHICTb KOMMJIEKCHOI ®ITHEC-MPOrPAMU
y NiABULWEHHI PIBHA OIBUYHOIO CTAHY MOJIOAUX XKIHOK

Onena Anppeesa'*®cP, Onena SIpmax>**“P, Biraniit Kamry6a
Banentuna I'ineBiuene***“P, Onexkcanpgpa bariit'A*P, Mapis AkimoBa-TepHOBchKa

1ABCD  CiTmana [Ipo3goBcpka'ABeP,

1ABCD

'Hanjionanpunit yHiBepcuTeT HisMYHOrO BUXOBAHHA i ciopTy YKpaium
*binonepKoBChbKMIT HALliOHAJIbHWIL arpapHUIL YHIBepCUTET

*BinbHIOCHKUII yHiBEepCHUTET

ABTOpCHKNMIT BKIAM: A — [U3aiiH TOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip komTis

Pedepar. Crarrs: 10 c., 8 TabL., 41 mKeper.

MeToOI0 JAHOTO AOCTiAKeHHA Oy/1o OLiHUTU eeKTUB-
HiCTh KOMIIEKCHOI ITPOrpaMM BIIPAB, CIIPAMOBAHOI Ha MOJII-
1IeHHA Qi3NYHOrO CTaHy MOJIOAMX JKiHOK.

Marepianun Ta Meropu. Y JOCHiIKEHHI B3ANM y4acTb
62 3popoBi xiHKu (cepepHiit Bik 29,4 poxu). MeTogoorist fo-
CTIiJKeHHs BK/IIOYa/Ia OLHKY Oinbine 50 IOKa3HMKIB (aHTpPO-
HOMeTPHUYHI MOKasHMKY, GisnyHi 1 pyxoBi sKOCTi, QyHKIIO-
HaJIBHUII CTaH CepPLieBO-CYAVHHOI i AMXaNbHOI CUCTeM i T. 1I.).
AHasi3 JaHNX NPOBOAVIIN 3 BUKOPMCTAHHAM TaKUX METOJiB
CTATUCTUKY: OIMCOBI CTATUCTUKY, JUCTIEPCiitHMII i paKTOpHMIT
aHazis. CTpykTypy QisMdHOro cTaHy >KiHOK BU3HAYa/IM 3a HO-
HOMOTOK0 (paKTOPHOTO aHaIisy.

Pesynbraru. [TokasHukn $isM4HOro po3BUTKY Maju Haii-
6inpumit BHecoK (33,4 %) B 3arajibHy AUCIEPCiI0 XapaKTepuc-
TUK QI3MYHOrO CTaHy YYacCHMKIB mocmimkenHs. [pyruit dax-
TOp, IIOB’sA3aHNIT 3 YHKIIOHA/IPHIM CTAHOM i ITOKa3HMKaMIU
¢isnunoro crany, cknas 21,6 %, Tperiit ¢paxkTop, OB A3aHMII 3
KOOPAVHALITHUMU 3pibHOCTAMMU, CKIaB 19,8 %, a YeTBEPTUIL
¢daxTop, 1oB’A3aHMII 3 PiSUYHOI0 MiATOTOBKOI, cKMas 10,3 %
Bij saranpHoi ucnepcii. 1i wotypu dakropu B cyMi IOsACHIO-
Bau 85,1% 3araynpHOl fuctiepcii. 35 MOKasHMKIB, BigibpaHux 3a
IOIIOMOroi0 (PaKTOPHOTO aHa3y i XapaKTepusyloTb (isuIHMIA
CTaH XXiHOK, BUKOPUCTOBYBA/IN B AKOCTi KpUTePilB edeKTuB-
HOCTI 3aIponoHoBaHOI iTHec-porpamu. Y4actb y QitHec-
mporpami iCTOTHO BIUIMHY/IA Ha MOP(OIOTIYHMIT CTATYC XKi-

TM®B, 2020, Tom 20, N2 4

HOK. Maca Tina sHusmmacs Ha 5,6 % (p < 0,05), ingexc Ketre
3meHmmuBcs Ha 11,2 % (p < 0,05), a TaKo>X 3MeHIIMIICS 06XBaT-
Hi po3Mipy: BifjHOLIEHH: TOBXMHU Tila Jo 00XBaTy Talii Ha
14,8 % (p < 0,05), BifHOIIEHHSI JOBXMHM Ti/a 10 06XBaTy )XUBO-
ta Ha 5,3% (p < 0,05) i BigHOIIEHHS JOBKUHI Ti/Ta O 00XBaTy
cTeroH Ha 6,7 % (p < 0,05). BifsHaueHo icTOTHe IOMINIIEHHS
(bYHKLIOHAIBHUX OKa3HMKIB CeplieBO-CYAMHHOI CUCTEMMU, B
tomy uncti YCC B crokoi, Axa sHu3mnaca Ha 16,2 % (p < 0,05).
Yac saTpumky ayuxaHHs micns Bauxy (tect IllTanre) i micas
Bupnxy (tect Tenui) 36inpmmBes Ha 44,0 % - 53,7 % (p < 0,05).
[TosutnBHi cratucTyHO 3Havyi 3Mirm (p < 0,05) crocrepira-
JIMCS B TIOKa3HMKaX BisMYHOI MiATOTOBIEHOCT] XiHOK. M’s130Ba
cyma 36inpimtacst Ha 32,3 % (p < 0,05), mBuaKicHa i cumoBa Bu-
TPUBAIICTD i IIBUAKICHA BUTPUBATICTD 36inpImnca Ha 31,5 %
i 49,1% BignmosigHo (p < 0,05). Bukopucranus creniaipHuX
BIIPaB /ISl PO3BUTKY KOOPAMHALIHNX 31i0HOCTelT HO3UTUBHO
BIUIMHY/IO Ha QYHKIiI0 piBHOBary, mpoba Pombepra moxparmu-
macs Ha 94,0 % npu p < 0,05, a Tect «@naminro» Ha 65,6 % npu
p < 0,05.

BucHoBku. Ouinka edeKTnBHOCTI KOMIUIEKCHOI diTHec-
[IpOrpaMy BUSIBI/IA OCTOBIPHI TO3UTMBHI JOBTOCTPOKOBI ehek-
T BIUIMBY Ha piBHI (isNIHOrO cTany, MOpoIorivHoro cTaTycy,
CTaHy 37I0POB 4 i 3aTa/IBHOTO CAMOIIOYYTTS MOIOIUX >KiHOK.

KirouoBi cmoBa: nporpama, ditHec-TpeHyBaHHsA, (isnd-
HUI CTaH, MOJIOM >KiHKM
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Abstract

The study is to substantiate and implement modern electronic automated monitoring systems to improve the testing

of speed-strength abilities in the process of physical education.

Materials and methods. To solve the research tasks used the methods of comparing and contrasting are used and
analysis, synthesis, abstraction, formalization and technical modeling.

Results. The developed capacitive sensor device for speed control is presented. The device is built on a combination of
modern nanotechnology and microprocessor systems. As part of the device, the array of active electrodes with digital
output registers an input signal from a marker placed on the monitoring object and whose position changes during the
exercise. Then the digital signal through the interface and the communication line, goes to the signal converter, where
it is processed and wireless transmission devices signal goes to the personal computer, where the result of the exercise

is displayed.

Conclusions. Use in pedagogical control of the physical education process of the developed device provides a reliable
objective test data with little loss of time to ensure the quality of control.

Keywords: testing, control, physical education, student, vertical stability of the posture, device, innovation,

measurements.

Introduction

Problem statement. The effectiveness of physical educa-
tion of students depends largely on the promptness and time-
ly systematic process of obtaining information about their
physical condition - pedagogical control (Koryahin, Mukan,
Blavt, & Virt, 2019). Addressing the problem of pedagogical
control is explained by its theoretical and practical impor-
tance for optimal management of the efficiency of physical
education, as a factor of health of student youth.

A special place in the study of physical condition, as
a correlator of the effectiveness of physical training, is the
problem of factors that determine its level and features (Zat-
siorsky, 2006). Its level is the result of a complex interaction
of many factors, the contribution of which is determined by
the concerted activity of the set of functional systems in the
process of physical training.

The state of sensory systems and adaptation to train-
ing loads on indicators of coordination abilities is of great

© Koryahin, V., Turchyn, Ya., Blavt, O., Dolnikova, L., 2020.
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importance (Deliagina, Orlovsky, Zelenin, & Beloozerova,
2006). An important source of information on the state of co-
ordination abilities and the necessary condition that provides
an assessment of the physical condition of the organism, its
level of physical performance and reserve capabilities, is the
study of one of the manifestations of equilibrium - the ability
to maintain the vertical stability of the posture in the practice
of physical education of students (Huxham, Goldie, & Patla,
2001; Matin, Yalfani, Gandomi, Abbasi, & Parmoon, 2014).

Considering that the efficiency, pedagogical manage-
ment of the process of physical preparation of students de-
pends on the quality, timeliness and content of the received
control information (Koryahin, Blavt, & Ponomaryov, 2019),
the expediency and necessity of research of methods of re-
alization of control procedures of equilibrium control during
their physical education is substantiated.

In the national-state implementation of a topical study
of the challenge under consideration, the achievement of the
required for physical development, as a factor of health, in-
creased student youth. In pedagogical practice, the physical
increase in the level of urgent reliability of control of their
functional state is an urgent problem today.
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Analysis of recent research and publications. The relevance
of the answer to solving the problems with the most modern
low-level factors, among which the confidence of domestic
and foreign researchers to the knowledge and interpretation
of data related to the development of equilibrium as a result
of physical growth, was achieved (Di Stefano, Clark, & Pad-
ua, 2009; Karakaya, Rutbil, Akpinar, Yildirim, & Karakaya,
2015). The study of the source had on all the investigated
methods that correspond to the coordination (Schmidt &
Lee, 2011; Huxham, Goldie, & Patla, 2001), analyzing the
practical development of equilibrium that exist when using a
physical and functional station of the student (Plisky, Rauh,
Kaminski, & Underwood, 2006; Matin, Yalfani, Gandomi,
Abbasi, & Parmoon, 2014), methodological correction of the
third data downloaded by the shown coordinators vertical
level (Cloak, Nevill, & Wyon, 2016; Magill, 2007; Sell, 2012).

The analysis of the functional state of work within the
physical direction represents various aspects of these prob-
lems. Each specific state can be described for different mani-
festations, which are used to change different functions of the
physical system (Volery, Singh, de Bruin, List, Jaeggi, & Baur,
2017; McKeon & Hertel, 2008). Observed, interpreting the
basic physical laws of physical activity, regulate the organs of
the body, preventing the weathered, it is possible to achieve
the possibility of restoring the vertical work established on
the central nervous system (Cug, Ozdemir, & Ak, 2014; Gi-
boin, Gruber, & Kramer, 2015).

The ability to maintain vertical posture stability as a
manifestation of equilibrium is an important physiological
factor that determines the effectiveness of students’ physi-
cal fitness in their physical education (Koryahin, Blavt, &
Ponomaryov, 2019). In almost every type of physical activity,
equilibrium manifests itself in various positions of the body,
in static and dynamic conditions, in the presence of a support
and in a supportive position (Deliagina, Orlovsky, Zelenin,
& Beloozerova, 2006; Hrysomallis, 2011). This is due to the
growing interest in the development of information systems
to control and analyze the various manifestations of equilib-
rium (Boloban & Mistulova, 2000; Plisky, Gorman, Butler,
Kiesel, Underwood, & Elkins, 2009). However, the existing
list of available techniques is slowly being introduced into the
practice of physical education of students.

The analysis of the specialized scientific and methodo-
logical literature confirms the importance of pedagogical
control over the state of physical fitness of students as the
basis of physical education management (Koryahin & Blavt,
2018; Thomas, Nelson, & Silverman, 2015), but confirms the
imperfection of motor tests, which are the basis of the soft-
ware and methodological support of the physical education
process (Schmidt & Lee, 2011). Practices that are not uni-
fied (such as electrocardiography) (Reiman & Manske, 2009)
have several disadvantages and limitations, the main one be-
ing the subjectivity of the test process. In addition, there are
doubts about the reliability of the analysis and evaluation of
the results obtained by testing, and therefore the effectiveness
of a holistic process of physical education of students. The
scholars’ claim (Koryahin, Mukan, Blavt, & Virt, 2019; Silver-
man, 2011) that the system of controlling the development of
students’ coordination skills in higher education institutions
put into practice does not contribute to the correction and
realization of the educational and recreational tasks of their
physical education.
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Ukrainian scientists justify the need to raise the level of
scientific research in physical education, integrating them into
the world practice of informatization, is extremely important,
because it is an indicator of the development of the industry
(Kachan, 2017; Shuba & Shuba, 2017). In view of the above, in-
novations in the field of physical education, aimed at introduc-
ing in his progress of scientific achievements and dissemination
of the best experience of informatization, as a factor of ensuring
its effectiveness (Zatsiorsky, 2006), are of exceptional relevance.

In view of the above, introducing innovations into this
process is considered to be a promising area of improvement
of control means. As noted, innovative tendencies at the pre-
sent stage of scientific and technological progress cause pow-
erful evolutionary changes in all branches of higher educa-
tion knowledge in the context of its modernization (Morze &
Kocharian, 2014). Given that the most relevant topic for discus-
sion in science today is the topic of innovation (Donath, Roth,
Zahner, & Faude, 2017; Koryahin, Blavt, & Ponomaryov, 2019),
let us note the discreet consideration of issues in the control of
physical education of students in the literature, which requires
studies of adaptation and implementation of new information
services, which are recognized as relevant and developmental.

The purpose of the article is to substantiate and imple-
ment an information-measuring tool to control the level of
development of the ability to maintain the vertical stability
of postures of students in the process of physical education.

Materials and methods

Theoretical and methodological basis of the study are:
conceptual provisions of the theory and methods of physical
education and physical culture (Di Tore, Schiavo, D’isanto,
2016; Zatsiorsky, 2006); the theory of testing motor abilities
(Reiman & Manske, 2009; Wood & Zhu, 2006); theories of
pedagogical control in physical education (Silverman, 2011);
theory of evaluation of test tests (Zatsiorsky, 2006; Zhu, 1998),
the theory of functional systems (Lauber & Keller, 2014).

In order to achieve the goal of the research, the ideas of
introduction of innovations in physical education (Kachan,
2017; Shuba & Shuba, 2017), conceptual provisions on mod-
ernization of approaches to the organization, formation and
realization of the content of control (Zatsiorsky, 2006) in this
process were used in order to ensure the effective functioning
of the function of managing the process of physical training.

The innovative approach was ensured by the introduc-
tion of the latest technologies and information services into
the control process. The modernization envisaged the crea-
tion of a new control information system based on micro-
processor devices and systems that increase the capabilities
of this process (Mykytyuk, Fechan, Shymchyshyn, Rudyi,
Nazarenko, & Petryshak, 2012).

The use of ideas of a comprehensive approach is due to
the need to create new control technologies from the stand-
point of this approach for the qualitative modernization of
the testing process (updating of content, forms, methods,
tools) (Zatsiorsky, 2006).

The synergistic approach gave grounds to consider the
control in physical education as a structure with its own logic
of organization with the integral logical unity of the compo-
nents of the methodological apparatus for development and
integration into the process of control of innovative tech-
nologies for advancing.
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The complex of theoretical and practical methods was
used to solve the set tasks during the research:

o at the theoretical level general scientific: analytical and
problem-oriented analysis to obtain theoretical and
empirical material; synthesis and synthesis of information
presented in the scientific literature to establish methods,
levels of implementation, research approaches to the
formation of research provisions;

o at the empirical level - technical modeling to create
an innovative hardware and software control with
algorithmic and software to be studied; pedagogical
testing of the level of development of the ability to
maintain the vertical stability of the posture.

To perform pedagogical testing, we used the test of the
ability to maintain the vertical stability of the posture. The
test is that one-leg balancing is performed on a special stand.
The student stands on any stand and tries to balance on it.
The other leg is bent at the knee and pulled up to the buttocks
with a brush of the same name. If you lose your balance, you
must start the test first. The test is repeated as many times
as necessary to allow the total balancing duration to be one
minute (Thomas, Nelson, & Silverman, 2015).

Results

To realize the idea of research, it should be noted that the
ability to maintain a steady vertical position of the body is a
complex dynamic phenomenon (Deliagina, Orlovsky, Zelenin,
& Beloozerova, 2006). The development of such a phenomenon
is ensured by the functional state of the organism, the physi-
cal development and the development of coordination abilities.
Performing elementary simple movements requires a sufficient-
ly high level of equilibrium development, which ensures that
vertical stability is maintained. It seems legitimate, therefore,
that the manifestations of equilibrium are the subject of numer-
ous interdisciplinary studies (Bressel, Yonker, Kras, & Heath,
2007; Cloak, Nevill, & Wyon, 2016; Bressel, Yonker, Kras, &
Heath, 2007). Therefore, the need for information on the ability
to maintain the vertical stability of students’ postures is justified
by the diagnostic informativeness of the assessment of the re-
sults of physical education (Di Tore, Schiavo, & D’isanto, 2016).

However, a test exercise that takes into account the num-
ber of attempts that students spend on steady balancing on
a support for 1 minute is a fairly subjective assessment tech-
nique. In particular, the moment of loss of posture stability
is set visually during control. There is a likelihood of error
in determining the results of the exercise when calculating
the number of attempts that students spend on maintaining
a stable position and balancing on the support. This makes
it difficult to obtain reliable informative results of control,
respectively, they can not testify to the effectiveness of the
educational process of physical education of students.

In the future, the experimental study was aimed at elimi-
nating a number of problematic factors in the implementa-
tion of the test process. The results of the scientific search are
embodied in the innovation and information support of the
implementation of the test control of the ability to maintain
the vertical stability of the postures in order to obtain objec-
tive reliable information.

An electronic device for automated control of test exer-
cise execution was developed for the purpose of the research
purpose. The device is mounted on the bottom surface of the
stand on which the student balances. The device uses four
strain gauges.
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As elements of technical systems, the sensors in our de-
vice perform the functions of measuring, signaling, adjust-
ing, controlling the device. They are a sensitive component
of the measuring system of the device, which are used for
indirect measurement of force, pressure, weight, mechanical
stress (Mykytyuk, Fechan, Shymchyshyn, Rudyi, Nazarenko,
& Petryshak, 2012).

Tensosensors are a structurally separated part of a devel-
oped device that receives information, and therefore has the
self-sufficiency to accomplish this task, and certain metrologi-
cal characteristics. The use of strain gauges in our development
is substantiated by their properties of rapidly changing shapes,
high electrical resistivity and high strain sensitivity. The high
level of strain sensing provides the ability of the sensor to
respond to strain measurements under the action of pressure.
A distinctive feature of such sensors used in the developed
device is their low consumption (operation in the mode of
microcurrents), which made it possible to use autonomous
power in the device (Hotra, Mykytyuk, & Sushynskyy, 2010).

To ensure the operation of the strain gauge, discrete algo-
rithms for the analysis of input information signals are used,
which significantly improves the energy consumption of the
sensor (Hotra, Mykytyuk, Diskovskyi, Barylo, & Vezyr, 2018).
In the device, the high-precision gauges register the force of
pressure on the stand of the student’s foot, which, before the
test begins, stands on the stand with one leg and balances its
body. In this position, the signal from the sensors stabilizes
for two to three seconds and a test readiness message is dis-
played. Information about the magnitude of the pressure is
supplied to the wireless module WI-FI, which is also located
at the bottom in the middle of the stand. Once it is confirmed
(from the PC keyboard), a timer is triggered to record the
time of vertical posture retention. Loss of posture stability
causes a change in the value of the initial values of the sen-
sors. The module that is part of the device transmits data to
a personal computer or other compatible device (such as a
smartphone). The software runs the test and determines the
duration of the test. The end of the test occurs when the values
of the initial values of the sensors are changed - in automatic
mode or with the help of software through the user interface
- in manual mode. In automatic mode, the sensors will record
a sharp decrease in load as part of the student’s body weight
will be transferred to the second leg. In addition, the program
monitors short-term deviations of sensor values, avoiding
the possibility of rebalancing. In automatic mode, or with the
help of software through the user interface after a time (one
minute), the fixation of the results of the test stops (Fig. 1).

TC1 TC2

WI-FI module

A A

TC3 TC4

Stand

Fig. 1 Flowchart of the electronic part of the device (TC1 - TC4
- Sensors 1-4)
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The operation of the automated control unit, the accu-
mulation and reading of the test results is carried out remote-
ly via the Bluetooth interface between the personal computer
and the measuring device. To do this, use developed software.
Using the software developed for processing the test results,
the test is run and the duration of the test is determined.

The software implementation of the model significantly
improves performance by reducing the ergonomics of the in-
terface and reducing the number of operations. The interface
includes a power controller as well as internal built-in memory
to store the code. The program provides: the choice of param-
eters of the protocol of Connect interface, control of start and
end of measurement — Start / Stop, calibration of process of
measurement — Calibration, digital — Indicator and graphic -
Plot visualization of results, saving Data save and erasing Date
clear data, information about research algorithm - About.

Using the software implement digital and graphical visu-
alization of results, storage and disposal of data, information
about the algorithm of testing. The function of this provision
is to form an integrated database of test controls, which fa-
cilitates their replication, processing and interactive analysis
using statistical and mathematical methods and algorithms.
In this way, the accumulation, updating, correction and mul-
tidimensional use of a large amount of control information
is carried out.

At the end of the exercise, the results of the test are dis-
played on the screen using the software user interface and
the value of which assess the ability to maintain the vertical
stability of the posture. The application interface is comfort-
able and ergonomic. Measurement results are processed and
visualized as graphs or figures on a display screen, printed on
a form, saved to files for storage.

Developed electronic device for automated control of
the level of development of the ability to maintain the verti-
cal stability of student poses is able to detect the informa-
tion component of signals at the level of natural interference.
If necessary, subject to the use of special digital signal pro-
cessing (correlation analysis, etc.), the methods of technical
development can detect the information component of the
signals and slightly below the level of natural interference.
This is ensured by the high automatic sensitivity detection
threshold and the quasi-optimal method of receiving signals
implemented by the automated control devices, as well as by
the selection of an automatic detection threshold adapted
to each subband (Mykytyuk, Fechan, Shymchyshyn, Rudyi,
Nazarenko, & Petryshak, 2012).

The personal computer also records, visualizes and ana-
lyzes the results of the evaluation in accordance with the algo-
rithm of functioning of the internal software. In addition to
promptly displaying the results of controls, the device makes
it possible to store their values in internal memory to analyze
the dynamics of the ability to maintain the vertical position
of the body. Their further archiving is carried out in the in-
frastructure of the centers of data storage and processing in
a personal text format for each student and is accessible to
them.

The analysis of the obtained results of the control of the
level of development of the ability to maintain the vertical
stability of the postures is synthesized with a visual form of
presentation, which provides a convenient view of the struc-
ture of the obtained results, their dynamics and accounting
of the summary information during the period of physical
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education of students. This greatly increases the informative
content of the control.

Discussion

Our research expands information on pedagogical
control of students” physical education (Di Tore, Schiavo,
D’isanto, 2016; Morze & Kocharian, 2014). We support scien-
tific approaches to the need for prompt reliable information
about the dynamics of changes in physical and functional
fitness of the student, the absence of which reduces the effec-
tiveness of the physical preparation process (Silverman, 2011;
Shyrobokov, Malinina, & Malinin, 2012). The procedure of
pedagogical control is a classification of the present state of
motor and functional readiness, on which the decision-mak-
ing process in the management of physical education (lean)
depends (Ivashchenko, Khudolii, Iermakov, & Harkusha,
2017; Ivashchenko, 2020).

Despite the great interest of scientists, a number of prob-
lematic issues of test control in physical education of students
have not yet been resolved. We have not found many scientific
papers in this field in the specialized literature. The results of
our study add to the fact that managing the process of physi-
cal education of students is more effective if the teacher has
reliable information about the results of a particular stage of
classes (Anikieiev, 2015; Matin, Yalfani, Gandomi, Abbasi, &
Parmoon, 2014). The obtained results of the conducted scien-
tific intelligence supplement the data on pedagogical control
as a significant mechanism of influence and management of
the process of physical education of students (Kachan, 2017;
Shyrobokov, Malinina, & Malinin, 2012).

We align our study with the findings of a number of sci-
entists on the significant impact on the quality of physical
education of the development of coordination abilities (Ko-
ryahin, Mukan, Blavt, & Virt, 2019; Reiman & Manske, 2009;
Zatsiorsky, 2006). Equally important are the indicators of
equilibrium as a correlator of physical condition (Rutkowska-
Kucharska & Wuchowicz, 2018; Schmidt & Lee, 2011). Indi-
cators of the level of development of the ability to maintain
the vertical stability of students’ postures are the basis of the
conclusions about the need to make adjustments to the pro-
gram of classes in order to scientifically justify the training
process and increase its effectiveness (Anderson & Behm,
2005; Plisky, Rauh, Kaminski, & Underwood, 2006).

In the numerous list of scientific works the introduc-
tion of innovations in the control process is considered (Di
Tore, Schiavo, & D’isanto, 2016; Ringhof & Stein, 2018) as
an opportunity to increase the efficiency of physical educa-
tion classes. The obtained results expand and supplement the
data on the need to use the latest technologies in the control
of physical education of students as an innovative vector of
the development of the physical education system in higher
education institutions (Anikieiev, 2015; Koryahin & Blavt,
2018). We support scientific approaches that informatiza-
tion of modern education necessitates the development of a
new model of physical education based on interdisciplinary
integration processes of the use of the latest technologies
(Kachan, 2017; Zatsiorsky, 2006). The research conducted in-
tegrates the idea that an important direction in the develop-
ment of physical education of students is informatization, as
a factor in ensuring the effectiveness of this process in general
(Morze & Kocharian, 2014).
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We support scientific thinking about the need to innovate,
fundamentally new approaches to the development of control
theory in physical education (Feldman, 2016; Li, Ye, Shen,
Xie, & Li, 2018), and offer a qualitatively new approach to the
study of control implementation in this area of knowledge. In
the methodological support of the control process of using
automated systems, it is possible to reasonably build informa-
tion models of the process of physical preparation of students
(Kachan, 2017; Shyrobokov, Malinina, & Malinin, 2012).

Developed in the course of experimental research, an
electronic device for automated control of the level of de-
velopment of the ability to maintain the vertical stability of
postures of students in the process of physical education can
be useful in the study of the coordination abilities of athletes,
to give a quantitative and qualitative assessment of this abil-
ity, to supplement knowledge of sports technique exercises.
In addition, its practical application will allow specialists to
monitor the quality of exercise training associated with the
complex motor skill of maintaining body balance and to draw
conclusions about the orientation of children to engage in
complex coordination sports.

Conclusions

Intensive social development, increasing the impact
of scientific and technical process in science necessitates a
significant improvement in the quality of scientific research
and the implementation of dramatic changes in the organiza-
tion of control and analysis of the results of physical educa-
tion. The dominant tendency of development of the modern
system of physical education of students is conformity to
modern development, which is embodied in its transition to
information support. The integration of innovative informa-
tion and measurement resources into the physical education
of students forms an information space of control at a new
level, providing intensification of the test process.

According to the results of a scientific search, an infor-
mation-measuring device for controlling the level of develop-
ment of the ability to maintain vertical posture stability in the
process of physical education is presented. The developed elec-
tronic automation control device integrates the latest develop-
ments in electronic and microprocessor technology, intelligent
measurement programming, computer technology, modeling,
hardware and software design. The practical application of the
presented device ensures the unification and intensification of
the process of obtaining and processing the test results in real
time. Thus, the elimination of a number of problematic factors
of the control process based on the integration of multiple
functions technology into a single system is ensured. An at-
tempt has been made to increase the effectiveness of control in
the physical education of students by promptly analyzing and
interpreting large amounts of quantitative testing information.

Using information-measuring tool to control the level of
development of the ability to maintain the vertical stability of
postures of students in the process of physical education can
provide a qualitatively new step in the methods and didactics,
organization and practical implementation of control in the
physical education of students.
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IHOOPMALINHI CAICTEMU CYNPOBOAY NEAATOTNIYHOIo
KOHTPOJIIO Y ®I3NYHOMY BUXOBAHHI CTYAEHTIB

Biktop Kopsrin'A5°?, flpuna Typunu'4®P, Oxcana braBr'**“P, JI1o608B [JonpHiKoBa'ABCP

'HanionanpHuii yHiBepcuTeT «/IbBiBCbKUII MOMTiTEXHiKa»

ABTOpCHKNMII BKIAJ: A — Iu3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormcy; E — 36ip komtis

Pedepar. Crarrs: 7 c., 1 puc., 45 mxeper.

Mera gocnmif>KeHHA — OOIPYHTYBaHHA Ta peajisalisg
indopmariitHo-BUMIpIOBaIBHOTO 3aC00y KOHTPOJIO PiBH:
PO3BUTKY 34aTHOCTI 30epeXeHHs BEPTUKANBHOI CTIKOCTI
II03M CTYEHTIB Y Ipoleci Gpi3nIHOro BUXOBAHHS.

Marepiann Ta Metogu. IIpencraBneHo MeTOnV, BUKO-
pucCTaHi y JOCIIJPKEHH], cepel AKUX TEOPEeTUYHUI aHali3
HayKOBOI JIiTepaTypu, aHaIi3 i CUHTES, IHIYKIlid Ta IefyKILid,
CIiBCTaB/IEHHS, TOPIBHSHHSA Ta pedIeKCisl, METOR CrCTeMa-
TM3auii Ta ysarajbHeHHA. 14 BUPilleHHA NOCTiHULbKAX
3aBJJaHb BMKOPYMCTAHO METOMIM TEXHIYHOTO MOJIE/TIOBAHHA.

PesynbTaTi 37iliCHeHOrO HayKOBOTO IOIIYKY BTiZIEHO
y iHHOBawiliHO-iH(opMaLiiiHOMY 3abe3nedeHHi peanisanii
TECTOBOTO KOHTPOJIIO 3[JATHOCTI 30epeXKeHHsI BepTUKAIbHOI
CTIMIKOCTI TIO3M 3a[/151 OflepPXKaHHS 00’ €KTUBHOI HOCTOBIPHOI
inpopmauii KoHTpONIO y pexxumi peanpHoro 4acy. Ilpen-
CTaBJIEHO PO3pO0OJIeHNIT eJIEKTPOHHNII IPUCTPilt aBTOMATH -
30BaHOTO KOHTPOJII0 BUKOHAHH:A T€CTOBOI BIIPaBU y AIKOMY
indopmalig TecTyBaHHS PeECTPYETHCA TEH30Pe3UCTOPAMU
Ta IIePeJAEThCs y IePCOHAIBHIUI KOMIT I0Tep 32 JIOIIOMOTOI0

CTPYKTYPHOI Mepexi nepenaBaHHa fgaHux. Ilepemada pe-
3y/IBTATiB TECTYBaHHs 3A1MICHIOETbCS 6E3MPOBITHIMU IPU-
cTposiMu TepefaBanHs indopmauii — Bluetooth. Pospobre-
He TIporpaMHe 3abe3IedeHHs y IPUCTPOI KOHTPOo popmye
inTerpoBaHy 6a3y HaHVX TeCTyBaHH: 3JAaTHOCTI 30epe>keH-
HS BEPTUKAJIBHOI CTIIIKOCTI 11031, Y AKill Ha/larojpKeHa ixH
perurikariis, 06po6Ka Ta iHTepaKTUBHMII aHATI3.

BucHoBku. EQeKTUBHICTD 3aCTOCYBaHHS IIpefCTaBIIe-
HOTO 3aco0y aBTOMAaTHM30BaHOTO KOHTPOJIO PiBHS PO3BUT-
Ky 3[JaTHOCTI 30epeXXeHHs BePTMKaIbHOI CTIKOCTI mo3n
CTY[eHTIiB B mpoleci ¢isM4HOro BUXOBaHHA 3a0e3IedeHo
YCYHEHHS HU3KY IPOO/IeMHMX YMHHUKIB Ha OCHOBI iHTerpy-
BaJIbHOI TeXHOJIOrii MHOXVMHHUX (QYHKILiN B €guHYy iHpOP-
MallifiHO-BUMipIOBa/JIbHY CUCTEMY 3afijid peasisalil Tepmi-
HOBOTO OIIEPATIBHOTO 00 €KTVBHOIO KOHTPOIO.

KrmrouoBi cmoBa: TecTyBaHHA, KOHTPONb, Qi3NyHe BU-
XOBaHH#, CTY[I€HT, BEPTUKAJIbHA CTiMKICTb IIO3M, IPUCTPIli,
IHHOBALIil, BUMipIOBaHHA.
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Abstract

The objective of the study was to determine the age-related peculiarities of functional and motor fitness of students of

a special medical department of higher education institutions.

Material and methods. The study participants were 1% year (n = 34); 2™ year (n = 14); 3" year (n = 58); 4" year

(n =21); 5% year (n = 16) male students. One group was organized in each year of study, which added up to five
experimental groups. All the students participated in physical education classes twice a week. To solve the tasks set, the
following research methods were used: analysis of scientific literature, pedagogical observation, pedagogical testing,
formative experiment, index method, biomedical methods, and methods of mathematical statistics. During classes, the
study used the method of strictly regulated exercise (motor density of the class was 50-70%), for developing general
endurance - the continuous method with covering a distance of 1,000-2,000 m (heart rate: 120-150 beats per minute),

circuit and repetition methods.

Results. The study results show positive changes in the functional state of the respiratory system and speed and
strength abilities in the 1*-5" year students of the special medical department (p < 0.05).

Conclusions. A successful development of the basic functional body systems and motor abilities in 1st-5th year
students can be achieved under the influence of pedagogical conditions, namely: the method of strictly regulated
exercise using exercise equipment (motor density of the class was 50-70%); the continuous method with covering a
distance of 1,000-2,000 m at a slow pace (heart rate: 120-150 beats per minute); circuit and repetition methods.

By the results of comparative analysis of the functional and motor fitness, the 1¢-5" year male students of the special
medical department show better results in tests for assessing the cardiovascular and respiratory systems, speed and
strength abilities. In the 18-22 age range, according to the Ruffier index, there is an increase in the number of male
students of the special medical department with a “good” and “satisfactory” cardiovascular system state and a decrease

in the number of students with a “bad” result.

Keywords: male students, Stange test, Genchi test, Ruffier index, breath-hold.

Introduction

The solution to the problem of increasing the recrea-
tional process effectiveness in special medical groups is as-
sociated with knowing the peculiarities of development of
the functional state (Kopeikina, Drogomeretsky, Kondakov,
Kovaleva, & Iermakov, 2016; Koryahin, Blavt, Gurtova, &
Serbo, 2019; Solohubova, Lakhno, Shyyan, & Shyyan, 2020)

© Chernenko, S., Oliynyk, O., Dolynniy, Iu., Honcharenko,
O., Hordieieva, K., 2020.
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and motor fitness of students (Drozd, 1998; Serorez, 2014;
Koryahin, Blavt, & Ponomaryov, 2019).

Studies focus on the organization of pedagogical control
in physical education classes (Ivashchenko, 2020; Koryahin,
Blavt, & Ponomaryov, 2019), means and methods of influ-
ence (Chen, Dai, & Gao, 2017; Ivashchenko, Khudolii, Ier-
makov, Lochbaum, Cieslicka, Zukow, Nosko, & Yermakova,
2016; Skead & Rogers, 2016), and also on the use of pedagogi-
cal techniques of physical education with different nosologies
in the educational process (Adyrkhaev, 2016; Bondar, 2000;
Orikhovska, Andrieieva, Kashuba, Lazarieva, Lytvynenko,
Kirichenko, Arefyiev, & Khrypko, 2020).
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However, the existing scientific literature pays insuf-
ficient attention to studying the peculiarities of functional
and motor fitness dynamics of 1¢-5" year students of special
medical departments, taking into account their age, gender,
and type of disease.

The objective of the study was to determine the age-related
peculiarities of functional and motor fitness of students of a
special medical department of higher education institutions.

Material and methods

Study participants

The study participants were 1% year (n = 34); 2™ year (n =
14); 3" year (n = 58); 4" year (n = 21); 5" year (n = 16) male
students of Donbas State Engineering Academy, Kramatorsk.
According to the results of medical examination, the students
belonged to a special medical department with nosologies:
vision, hearing, musculoskeletal system.

Study organization

To solve the tasks set, the following research methods
were used: analysis and generalization of scientific and meth-
odological literature, index method and biomedical methods,
pedagogical testing, pedagogical observation and formative
experiment, methods of mathematical statistics.

One group was organized in each year of study, which
added up to five experimental groups. All the students par-
ticipated in physical education classes twice a week. During
classes, the study used methods of strictly regulated exercises
using exercise equipment (motor density of the class was 50-
70 %). To develop general endurance, the study used the con-
tinuous method with covering a distance of 1,000-2,000 m
at a slow pace (heart rate: 120-150 beats per minute), sports
games (basketball, football), circuit and repetition methods.
Various forms of additional independent physical activities,
including morning exercises, physical activity breaks, physi-
cal education homework became an important part of the
SMG students’ health improvement.

The testing program included motor tests given in Ta-
bles 1-5 (Cooper, 1970; Krucevich & Bezverkhnia, 2011; Ro-
manenko, 1999; Serhiyenko, 2001). The Stange test, Genchi
test, and Romberg test were used to assess the functional state
(Dubrovskij, 2005).

Testing procedure

Ruffier Index. The test was used to assess the cardiovas-
cular system activity. Equipment required. Stopwatch.

Test description. On command, the subject, after 5 min-
utes of sitting calmly, counts the number of pulses for 15 sec-
onds, then performs 30 squats for 45 seconds. Immediately
after squatting, the pulse is measured for the first 15 seconds
and the last 15 seconds from the first minute of the recovery
period.

The testing result is the Ruffier index (RI), which is cal-
culated by the formula:

RI=4(f0+f1+f2)—200,
10
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where f, is the heart rate before the load for 15 s; f, is the heart
rate after the load; f, is the heart rate for the last 15 s from the
first minute of recovery.

The cardiovascular system activity was assessed accord-
ing to the index result.

The Ruffier index is less than 0 - athletic heart;

0.1-5 - excellent (very good heart);

5.1-10 - good (good heart);

10.1-15 - satisfactory (heart with moderate insufficiency);

15.1-20 - bad (heart with significant insufficiency).

General instructions and remarks. When measuring the
pulse, the student places 2-4 fingers on the inside of his left
hand near the thumb and gently presses the artery to the bone
or places his hand on the carotid artery (it is comfortable to
do this on the right side). Upon the instructor’s command
and simultaneous start of the stopwatch, the counting begins
for 15 seconds with further recalculation for 1 minute.

Romberg test. The test was used to assess static balance.
Equipment required. Stopwatch.

Test description. On command, the subject is asked to
stand steadily on one leg. The other leg is bent, and its heel
touches the knee joint of the support leg, hands on hips, head
held straight. It is necessary to keep this position as long as
possible. The stopwatch starts recording time after the stable
position is adopted, and stops at the moment when balance is
lost or the eyelids and fingers begin twitching.

General instructions and remarks. The student should
do the exercise with his eyes closed. Time is recorded to the
nearest 1 second. The stable position is maintained on the
right and left legs. The best result is entered in the protocol.

Stange test (voluntary inspiratory breath-hold). The test
was used to assess the respiratory system activity.

Equipment required. Stopwatch. The subject stands and
does several deep breathing cycles. After a full inhale, he clos-
es his mouth (tightly closes his lips) and pinches the wings
of his nose with his thumb and index finger. The stopwatch
determines the time from the moment of breath-hold to its
recovery. The respiratory system activity was assessed by the
indicator of breath-hold duration:

more than 90 s — excellent;

from 60 to 90 s - good;

from 30 to 60 s — satisfactory;

less than 30 s — bad (unsatisfactory).

Genchi test (expiratory breath-hold). The test was used
to assess the respiratory system activity. After several breath-
ing cycles, the subject fully exhales, closes his mouth and
pinches his nose with his fingers. The stopwatch records the
time of breath-hold. The respiratory system activity was as-
sessed by the indicator of breath-hold duration:

more than 50 s — excellent;

from 35 to 50 s — good;

from 20 to 35 s - satisfactory;

less than 20 s — bad (unsatisfactory).

Standing long jump (cm). The test was used to assess
speed and strength abilities.

Equipment required. Carpet or gymnastic non-slip mats,
tape measure, chalk.

Test description. The subject stands in the starting posi-
tion with feet shoulder-width apart, toes behind the start line,
swings his arms backward, then sharply forward and, taking
off with both feet, jumps as far as possible. The test result is
the distance jumped, measured in centimeters from the start
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line to the nearest point where the heel touched the carpet
(mat). Two attempts were allowed (three times each), the best
result was recorded.

General instructions and remarks. The test is carried out
in accordance with the rules for running long jump competi-
tions. The places of take-off and landing must be at the same
level.

Running a distance of 2,500 (meters). The test was used
to determine general endurance.

Equipment required. Stopwatches. (One for each time-
keeper). Carefully measured distance (it should be measured
along the line passing at a distance of 15 cm from the inner
edge of the track). Starting pistol or flag.

Test description. For male and female students the testing
conditions are the same (the only difference is the distance
length). On the “Ready!” command, the subjects stand be-
hind the start line in a standing start position. When eve-
ryone is ready, on the “Go!” command (or after the starting
shot) they start running. The students should try to run the
distance. If necessary, they are allowed to walk. The test result
is the time taken to cover the distance to the nearest 1 second.

General instructions and remarks. The track should be
smooth and in good condition. Weather conditions should
be such that the subjects can show the best results. Only one
attempt is allowed.

Statistical analysis

The results obtained were processed using descriptive
statistics of the licensed Excel package. The study calculated:
arithmetic mean (x), error in calculating the arithmetic mean
(s); significance of difference between mean values (t). The
significance of difference between statistical indicators (t)
was evaluated using the Student’s t-test.

Results

Table 1 shows the results of the analysis of functional and
motor fitness of the 1* and 2", 3, 4%, 5* students. Elemen-
tary statistics were analyzed.

In students aged 18 and 20 (1* and 3™ year of study), no
statistically significant changes are observed in the set of tests,
except for the Stange test (69.8 s) and Standing long jump
(220.10 cm), (p < 0.05).

Male students aged 18 and 21 (1* and 4™ year of study)
differ statistically significantly in the set of tests (p <0.05).
Significant positive changes in the functional state were ob-
served in the Stange test (74.9 s), Genchi test (46.1 s), and
the result of jumping improves (224.5 cm), (p <0.05). This
indicates that the men are capable of demonstrating speed
and strength efforts and holding their breath for a longer
time. The Ruflier index, Romberg test, endurance running
are unchanged.

In students aged 18 and 22 (1* and 5" year of study),
there is deterioration in Standing long jump (182 cm) and
significant improvement in the Genchi test (44.2 s -“good”).
The results of Ruffier index, Romberg test, inspiratory breath-
hold, running (2,500 m) change statistically insignificantly.

Table 2 shows the results of the analysis of functional
and motor fitness of the 2" and 1%, 3, 4", 5" year students.
Male students aged 19 and 20 (2" and 3" year of study) show
significant changes in the indicators of the respiratory sys-
tem and motor fitness. Thus, at the age of 20, there is im-
provement in inspiratory breath-hold (69.8 s), static balance
(4.55), (p <0.05).

In students aged 19 and 21 (2! and 4" year of study), no
significant changes are observed in the set of tests, except for
the Stange test (74.86 s —“good”).

At the age of 22, only the indicator of speed and strength
abilities considerably deteriorates (199 cm), (p < 0.05).

Table 3 shows the results of the analysis of functional
and motor fitness of the 3 and 1%, 2™, 4", 5 year students.
Male students aged 20 and 21 (3" and 4" year of study) show
no changes in all indicators, except for deterioration in the
Romberg test (2.7 s).

In students aged 20 and 22 (3™ and 5% year of study),
there is deterioration in the results of Standing long jump
(182 cm) and Stange test (54.4 s), significant improvement
in the Ruffier index (11.6 s - “satisfactory”), which indicates
the dynamics of changes in the cardiovascular system. The
indicators of Genchi test, Romberg test, running (2,500 m)
change statistically insignificantly.

Tables 4, 5 show the results of the comparative analysis of
functional and motor fitness of the 4% and 1%, 27, 31, 5th; 5t
and 1%, 27, 3% 4" year students.

The analysis of average indicators shows that the indica-
tors of male students aged 21 and 22 (4™ and 5" year of study)
differ statistically significantly in the set of tests. Significant

Table 1. The results of testing the functional fitness and motor abilities development of the 1% and 2™, 3™, 4%, 5 year male

students of SMD
ls( =34 an =14 rd = 4(h =21 th =1
No Test year (n=34) year (n=14) 3" year (n=58) year (n=21) 5" year (n=16) Lottt
X s X S X S X S X S
1 Ruffierindex 13.52 0.84 13.29 1.04  14.29 0.43 14.39 1.01 11.63 0.79 0.17 0.82 0.66 1.64
2 Stange test (s) 60.41 346  58.43 368 69.83 244  74.86 333 5444 1.56 0.39 222 3.01 1.58
3 Genchi test (s) 37.76 191 41.29 3.52 39.78 1.50 46.10 3.37 4425 1.78 0.88 0.83 2.15 2.48
4 Romberg test 3.59 0.45 3.00 0.44 4.55 0.51 2.67 0.30 3.94 0.28 0.92 1.42 1.70 0.65
(s)
5 Standing long 208.38 4.01 216.0 6.13  220.1 3.57 224.52 5.78 182.06 1.99 1.04 2.18 2.30 6.03
jump (cm)
6 Running 14.60 0.49 13.80 0.92 14.26 0.44 13.65 0.64 13.60 0.42 0.77 0.52 1.18 1.64
(2,500 m)
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Table 2. The results of testing the functional fitness and motor abilities development of the 2" and 1, 3™, 4, 5 year male

students of SMD
No Test 2" year (n=14) 1%year (n=34) 3"year (n=58) 4"year (n=21) 5" year (n=16)
2-1 t23 t2—4 t25
X s X s X s X s X s
1 Ruffierindex 1329  1.04 1352  0.84 1429 043 1439 101 1163 079 0.17 0.89 0.76 127
2 Stangetest(s) 5843  3.68 6041 346 69.83 219 748 333 5477 156 0.39 2.66 331 1.00
3 Genchitest(s) 4129 352 3776 191 3978 150 4610 337 4425 135 0.88 039 1.18 0.79
4 Rombergtest ~ 3.00 044 339 045 455 051 267 030 394 028 092 230 0.62 1.78
(s)
> Standinglong 000 613 20838 401 22007 357 22452 578 18206 199 1.04 057 101 526
jump (cm)
6 Running 1380 092 1460 049 1426 035 1365  0.64 1360 042 0.77 0.46 0.13 021
(2,500 m)

Table 3. The results of testing the functional fitness and motor abilities development of the 3™ and 1%, 27, 4%, 5% year male

students of SMD
No Test 3"dyear (n=58) 1*tyear (n=34) 2"'year (n=14) 4%"year (n=21) 5% year (n=16) Lt
X S X S X S X S X s
1 Ruffier index 14.29 0.43 13.52 0.84 13.29 1.04 14.39 1.01 11.63 0.79 0.82 0.89 0.09 2.96
2 Stange test (s) 69.83 2.19 60.41 3.46 54.43 3.68 74.86 3.33 54.44 1.56 2.30 2.66 1.09 5.73
3 Genchitest (s) 39.78 1.50 37.76 1.91 41.29 3.52 46.10 3.37 44.25 1.78 0.83 0.39 1.44 1.92
4 Romberg test 4.55 0.51 3.59 0.45 3.00 0.44 2.67 0.30 3.94 0.28 1.41 2.30 3.03 1.06
(s)
5  Standinglong
jump (cm) 220.07 3.57 208.38 4.01 216.00 6.13 224.52 5.78 182.06 1.99 2.18 0.57 0.56 9.31
6 Running 14.26 0.35 14.60 0.49 13.80 0.92 13.65 0.64 13.60 0.42 0.57 0.46 0.71 1.20

(2,500 m)

Table 4. The results of testing the functional fitness and motor abilities development of the 4™ and 1%, 2, 3%, 5% year male

students of SMD
No Test 4" year (n=21) 1*year (n=34) 2"'year (n=14) 3"year (n=58) 5% year (n=16) Lt
X s X s X s X s X s
1 Ruffier index 14.39 1.01 13.52 0.84 13.29 1.04 14.29 0.43 11.63 0.79 0.66 0.76 0.09 2.16
2 Stange test (s) 74.86 3.33 60.41 3.46 54.43 3.68 69.83 2.19 54.44 1.56 3.01 3.31 1.26 5.56
3 Genchitest (s) 46.10 3.37 37.76 191 41.29 3.52 39.78 1.50 4425 1.78 2.15 0.99 1.71 0.48
4 Rombergtest 2.67 0.30 3.59 0.45 3.00 0.44 4,55 0.51 3.94 0.28 1.70 0.62 3.21 3.85
(s)
> Standinglong ), o 575 20838 401 21600 613 22007 357 18206 199 230 101 0.66 695
jump (cm)
6 Running 13.65 0.64 14.60 0.49 13.80 92 14.26 0.35 13.60 0.42 0.95 0.13 0.83 0.08
(2,500 m)

positive changes in the functional state were observed in the
results of Romberg test (4 s), Ruffier index (11.6); there is
deterioration in the result of Standing long jump (182 cm),
Stange test (54 s), and Genchi test (46.1 s) (p < 0.05). This
indicates that in the process of physical education of the spe-
cial medical department students there is a clear tendency for
improvement of the cardiovascular system functional fitness.
But conspicuous is the fact that there is considerable deterio-
ration in the indicators of inspiratory breath-hold and speed
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and strength abilities. The indicators of Genchi test, running
(2,500 m) change statistically insignificantly.

Thus, the study results show positive changes in the func-
tional state of the respiratory system and speed and strength
abilities in the 1*-5" year students of the special medical de-
partment (p < 0.05).

According to the obtained results of Ruffier index, with
age, there is an increase in the number of 1%-5" year male stu-
dents of SMD with a “good” and “satisfactory” cardiovascular

215



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis ma memoouka ¢hizu4Ho20 suxosaHHs. Tom 20, N 4

Table 5. The results of testing the functional fitness and motor abilities development of the 5™ and 1%, 2", 3, 4" year male

students of SMD
No Test 5%year (n=16) 1*year (n=34) 2"year(n=14) 3"year (n=58) 4" year (n=21) Lt
X S X s X S X s X S
1 Rufhier index 11.63 0.79 13.52 0.84 13.29 1.04 14.29 0.43 14.39 1.01 1.64 1.27 2.96 2.16
2 Stange test (s) 54.44 1.56 60.41 3.46 54.43 3.68 69.83 2.19 74.86 3.33 1.58 1.00 5.74 5.56
3 Genchi test (s)44.25 1.78 37.76 191 41.29 3.52 39.78 1.50 46.10 3.37 2.48 0.75 1.69 0.48
4 Romberg test 3.94 0.28 3.59 0.45 3.00 0.44 4.55 0.51 2.67 0.30 0.65 1.78 1.06 3.12
(s)
5 Standinglong o) 06 199 20838 401 21600 613 22007 357 22452 578 589 526 931 695
jump (cm)
6 Running 13.60 0.42 14.60 0.49 13.80 0.92 14.26 0.35 13.65 0.64 1.56 0.20 1.20 0.08
(2,500 m)
Table 6. The results of Ruffier index of the 1%-5" year students
1% year (age 18) 2" year (age 19) 3" year (age 20) 4" year (age 21) 5" year (age 22)
No Cardiovascular system state, % M M M M M
(n=34) (n=14) (n=58) (n=21) (n=16)
“Bad”- significant heart insufficiency 81.8 83 30.7 14.3 20
2 “Satisfactory”- moderate heart 9.1 334 384 42.8 40
insufficiency
3 “Good’- good heart 9.1 50 30.7 35.7 33.3
4 “Very good”- very good heart 0 8.3 0 7.2 6.7
5 Athletic heart 0 0 0 0 0

system state and a decrease in the number of students with a
“bad” result. The results are given in Table 6.

Discussion

The introduction of a pedagogical technique of physi-
cal education of students with different nosologies into the
educational process involves solving teaching, recreational,
and educational tasks. It can be assumed that a successful
development of the basic functional body systems and motor
abilities in 1%-5" year students can be achieved under the fol-
lowing pedagogical conditions:

o ensuring biomedical control over the state of the
cardiovascular and respiratory systems at the beginning
and end of physical education classes;

o providing and complicating the content, forms of
educational work with students of higher education
institutions, and the choice of exercise series with a
different focus for the body recovery after diseases and
an increase of physical activity during the day;

« ensuringa holistic system of students’ motor training, the
unity of individual development and means, methods,
and forms of pedagogical influence, taking into account
the type of nosologies;

« motivating students for motor fitness development and
self-improvement.

The obtained results supplement the data of Dovzhen-
ko (2002), Sukharev, (1991), Warburton, Nikol, and Bredin
(2006) on the physical health of students of higher educa-
tion institutions. The study confirmed the data of Smirnov
and Dubrovskij (2002) about the body involution at a young
age. When determining the informative value of well-known
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methods of quantitative health assessment (Romanenko,
1999; Baevskii, 2003; Baevskii & Chernikova, 2016), it was
found that the index method had the greatest diagnostic ef-
ficiency. The study confirmed the data of Matveev (1991),
Ilin (2003), who found that students’ physical education has
characteristic features of the well-known patterns of motor
abilities development, namely heterochrony, multidirec-
tionality, and sensitive periods. The study found that start-
ing from the age of 20, there is improvement in inspiratory
breath-hold (69.8 s), static balance (4.5 s), and a clear dynam-
ics of changes in the cardiovascular system from the age of
18-22.

Thus, a comparative analysis made it possible to deter-
mine the peculiarities of 1st-5th year students’ motor abilities
development, functional state of the cardiovascular and res-
piratory systems, which enables the instructor to effectively
plan the educational process of a special medical group.

The prospect for further research is to determine the pe-
culiarities of development of the functional state and motor
fitness in female students aged 18-22 with different nosolo-
gies under the influence of pedagogical conditions.

Conclusions

A successful development of the basic functional body
systems and motor abilities in 1*-5% year students can be
achieved under the influence of pedagogical conditions,
namely: the method of strictly regulated exercise using ex-
ercise equipment (motor density of the class was 50-70 %);
the continuous method with covering a distance of 1,000-
2,000 m at a slow pace (heart rate: 120-150 beats per minute);
circuit and repetition methods.

TM®B, 2020, Tom 20, N2 4
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By the results of comparative analysis of the functional
and motor fitness, the 1%-5" year male students of the special
medical department show better results in tests for assess-
ing the cardiovascular and respiratory systems, speed and
strength abilities. In the 18-22 age range, according to the
Ruffier index, there is an increase in the number of male
students of the special medical department with a “good” and
“satisfactory” cardiovascular system state and a decrease in
the number of students with a “bad” result.
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OCOBJIMBOCTI ®YHKLIIOHAJIbHOI | PYXOBOI NIArOTOBNEHOCTI
CTYOEHTIB CMELJIAJIbHOrO MEAUYHOIO BIAAINIEHHA 1-5-TO KYPCIB

Cepriit YepHenko'**“P, Oner Omiitauk**5°P, ¥0piit [Jommaumir* 5P,
Oner Ionuapenko* 5P, Karepuna lopgeeBa>**<P

23 4lonbacpKa iep>kaBHA MAlIMHOOY/iBHA aKaeMis
>[lep>KaBHMIT BULLVI HaBYaIbHMI 3aK/af, «[JoHOAChKMIT ep>KaBHUIT IIeJarOriYHMIl YHIBEpCUTET»

ABTOpCBHKMIT BKIIAZ: A — FU3aiiH JOCTIIKeHHsT; B — 36ip manux; C - crarananis; D - migroroska pykomucy; E - 36ip xomuTis

Pedepar. Crarts: 7 c., 6 TabL., 26 IKeperL.

MeTa goCTil)KeHH — BUSHAYNTY BiKOBi 0COOMMBOCTI HYHK-
1Ii0HA/IBHOI i pyXOBOI MiITOTOBIEHOCTI CTYEHTIB CIIelliaTbHOTO
MEeIUMYHOTO BiflIi/IeHHs BUIIMX HaBYQ/IbHUX 3aK/Ia/IiB.

Marepian i meTogu. Y mocmijKeHHI B3SIM y4acTb 4O-
noBiku 1-ro Kypcy (n = 34); 2-ro Kypcy (n = 14); 3-ro xypcy
(n = 58); 4-To Kypcy (n = 21); 5-ro kypcy (n = 16). byno opra-
Hi30BaHO 1O 1 rpymi Ha KOXXHOMY KYPCi, 1[0 CK/Ia/lIo 5 JOCTifI-
HUX IpyIL Bci crynenTtn saiiMamcs GpisuaHOIO Ky/IbTYpOIO fiBidi
Ha TIDKZIeHb. [l BupillleHHA 3aBfjaHb Oy/IM 3acTOCOBaHi Taki
METOAM JIOCTI/PKEHHA: aHaJli3 HayKOBOI JiTepaTypu, mejgaro-
riuHe CIIOCTEPEeXXEHH:, IefjaroriuHe TeCTyBaHH:A, GOPMYI0UNMIt
eKCIIepMMEHT, MEeTOJ iH/IeKCiB, MeinKo-6i0/oriuHi MeTonM Ta
METO/IM MaTeMAaTMYHOI CTAaTUCTUKI. B mpolieci mpoBesieHHA 3a-
HATb 3aCTOCOBYBABCA METOJ] CYBOPO-PEITIAMEHTOBAHOI BIIpaByU
(pyxoBa minbHIiCTD 3aHATTA cKIagana 50-70%), it pO3BUTKY
3arajibHOI BUTPUBAJIOCTi — PiBHOMIpHUII MeTOJ, 3 IOJOMAHHAM
pucrtannii 1000-2000 metpis (HCC 120-150 ynu/xB), Kpyrosuit
Ta IIOBTOPHUII METOJ,

Pesynpraru. HaBemeni pesynbratu JOCI)KEHHA CBij4aTh
IIPO NMO3UTUBHI 3MiHM QYHKIIIOHaIBHOTO CTaHy AMXaJIbHOI CHC-
TeMM Ta IIBUKICHO-CUIOBUX 3Ai6HOCTE y CTyieHTiB 1-5 Kyp-
ciB creriaibHOrO MeANYHOro BiffinenHs (p < 0,05).

BucHoBKM. YCHiIIHICTD PO3SBUTKY OCHOBHUX (YHKIIio-
HAJIbHUX CUCTEeM OPraHi3My Ta pyXOBMX 3[10HOCTeIl y CTy/IeH-
TiB 1-5 KypciB MOXe 6YTI JOCATHYTA IiJj BIVINBOM II€fjaroriv-
HIX YMOB, a CaMe: METO/ly CYyBOpPO-peIlaMeHTOBAaHOI BIIPAB 3
BUKOPMCTAHHAM CIOPTUBHUX TPeHaXepiB (pyXoBa IIiIbHICTD
3aHATTA cKnagana 50-70%); piBHOMIpHOTO MeTOLY 3 IOO/IaH-
HaAM auctaHnii 1000-2000 mMeTpis B mosinsHoMY Temmi (HCC
120-150 ya/xB); KpYyTOBOTO Ta TIOBTOPHOTO METOIB.

3a pesy/nbTaTaMy MOPIBHAIBHOTO aHasi3y QyHKI[iOHa/Ib-
HOI Ta PyXOBOI MiIFOTOBIEHOCTI CIIeLlia/IbHOI0 MEAMYHOTO Bijl-
TiZIeHHs 90/0BiKM 1-5 KypCy IeMOHCTPYIOTh Kpallli pe3y/1bTaTi
B TeCTaX Ha OLIiHIOBaHH:A CEPLIEBO-CY[JMHHOI i JUXaIbHOI CHC-
TEeMM, MIBUAKICHO-CUIOBKX 371i0HOCTel1. Y BiKOBOMY fAiamasoHi
18-22 pokiB 3a mokasHuKaMu iHpiekcy Pyd’e croctepiraerbes
30i/IbIIEHHAM KiTIBKOCTI CTYJEHTIB cepefi YOJIOBiKiB CIIelliab-
HOTO MEJVMYHOTO BiflJli/IeHHA, AKi MalOTh ITOKa3HUK CTaHY cep-
1[eBO-CY/JHHOI CYCTEMN 3 OLI{HKOI «J0Ope» Ta «3a0BI/IbHO»
3MEHIIEHHA KiJIbKOCTi CTY[EHTIiB 3 Pe3yIbTaTOM OLiHIOBAHHSA
«IIOTaHO».

Kirouosi cmoBa: yonosiku, npo6a Illtanre, npo6a lenui,
ingexc Pyd’e, saTpumKa AyxaHH.
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Abstract

The study purpose was to examine, analyze, and generalize the competitive activity structure based on the hierarchy of
technical and tactical indicators of skilled female basketball players in won and lost games using principal component

analysis.

Materials and methods. The study participants were 96 professional female basketball players, members of national
teams of Spain, France, Belgium, Greece, Turkey, Latvia, Italy, and Slovakia, which took the 1st-8th places in the

final tournament of the European Basketball Championship 2017. The study analyzed 16 main technical and tactical
indicators of skilled female basketball players in 52 official games to examine and interpret the obtained results using
principal component analysis. The total number of observations is 52.

Results. The experimental indicators obtained during the study made it possible to examine and analyze the grouping
of elements of the competitive activity structure of skilled female basketball players, to interpret the obtained results
in order to define informative criteria for optimizing training and improving the competitive activity effectiveness.
The study revealed considerable differences in the competitive activity structure in won and lost games: in accordance
with the most significant indicators of factor loadings, the percentage of a sample of elements that correlate with one

another is: for won games - 67.40%, for lost games — 69.52%.

Conclusions. Principal component analysis is quite effective and informative for studying the competitive activity
structure of skilled female basketball players. It was demonstrated that the greatest difficulties in studying the
competitive activity structure in basketball using principal component analysis are the selection of indicators that do
not duplicate one another and are not calculated, expert interpretation of the obtained results, and algorithmization of

special analysis of technical and tactical indicators.

Keywords: basketball, structure, technical and tactical activity, principal component analysis.

Introduction

Modern basketball is characterized by strong competi-
tion at the level of club and national teams (Okazaki, Ro-
dacki, & Satern, 2015; Sushko, Vysochina, Vorobiova, Dor-
oshenko, Pastuhova, & Vysochin, 2019). This determines the
popularity of basketball: increased attention of millions of

© Doroshenko, E., Sushko, R., Shamardin, V., Prykhodko,
V., Shapovalova, L, Yelisieieva, D., Demidova, O.,
Yakovenko, A., 2020.
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fans and viewers, managers of business structures and in-
vestment companies, researchers and practitioners (Calvo,
Garcia, & Navandar, 2017; Kozina, Bazylyuk, & Boyko, 2017).
The high level of technical and tactical skills and training sys-
tem of top athletes suggests the need to search for new, non-
traditional approaches to creating the most effective methods
for increasing the competitive activity efficiency in sports
games (Tao Zhang, Gongzhu Hu, & Qi Liao, 2013; Krizan &
Mikulié, 2018). One of the most relevant issues in the mod-
ern system of training skilled athletes in sports games is the
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use of methods of multivariate mathematical analysis of the
competitive activity indicators (Kawabata & Mallett, 2012)
and their further interpretation (Makuts & Vysochina, 2015).
This makes it possible to integrate the multivariate methods
of mathematical and statistical analysis into the theory of
athletic training in basketball in order to improve the system
of long-term training and competitive activity of skilled ath-
letes (Wei Yin, 2014). These methodological approaches are
of great practical importance (Vlachopoulos, Karageorghis,
& Terry, 2000), and the problematic issues are promising
areas for effective implementation in the system of athletic
training (Li, Wang, Chen, & Dai, 2015) and improvement
of the competitive activity efficiency (Shepelenko, Kozina,
Cieslicka, Prusik, Muszkieta, Sobko, Ryepko, Bazilyuk, Pol-
ishchuk, Osiptsov, & Kostiukevych, 2017).

Among promising experimental studies in this research
area are the papers by Cieélicka, Sobko, Ulaeva, Ishen-
ko, Shepelenko, Tamozhanska, & Bugayets, 2019; Gryko,
Mikolajec, Maszczyk, Cao, & Adamczyk, 2017, which, based
on the material of team games and using the multivariate
methods of mathematical analysis, examined the physical
fitness structure of athletes with different positions and de-
termined the factor models of technical and tactical actions
in the competitive activity. At the present stage of sports sci-
ence development, one of the first experimental studies of
the competitive activity structure of skilled female basketball
players using factor analysis methods is the research paper
by Kyrychenko and Doroshenko (2006), which is based on
the material of technical and tactical indicators of the com-
petitive activity in the Euroleague and EuropaCup 2003-2005
official games. A distinctive feature of the study is a modified
use of principal component analysis with Kaiser normaliza-
tion, varimax orthogonal rotation of the primary R matrix
and subsequent interpretation of the obtained data to de-
velop an algorithm for special analysis of indicators of the
competitive activity in basketball.

This research area was further developed in the papers by
Calvo, Garcia, and Navandar (2017) (study of technical and
tactical indicators in the competitive activity of professional
athletes in the Spanish Basketball League); Gryko, Mikotajec,
Maszczyk, Cao, and Adamczyk (2017) (analysis of technical
and tactical indicators in the competitive activity of basketball
players in the final tournament of the European Championship
2015); Teck, Wang, and Mallett (2012) (technical and tactical
characteristics in the competitive activity of elite women’s bas-
ketball teams while preparing for youth Olympic tournaments).

The problems with using the methods of multivariate
mathematical analysis when grouping technical and tacti-
cal indicators in the competitive activity of basketball play-
ers, taking into account their differentiation into individual,
group, and team values, are described in the studies by Kozi-
na, Jagiello, and Jagiello (2015); Kozina, Bazylyuk, and Boyko
(2017), as well as when analyzing the hidden components of
the competitive activity structure (Sporis, Sango, Vuceti¢, &
Masina, 2006). The authors point out that the most important
problem is a high complexity of qualitative interpretation of
collected data, which is based on practical experience, theo-
retical and methodological knowledge of researchers, the use
of modern computer technology in the process of multivari-
ate mathematical analysis.

Modern methodological approaches to analyzing fac-
tor variables that determine the parameters of teamwork of
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skilled basketball players in the conditions of growing com-
petition, and to forming the groups of factors are presented
in the study by Bazanov, Véhandu, & Haljand, 2006. This
makes it possible to develop a set of necessary prerequisites
for improving the indicators of integrated team skills based
on the teamwork of individual members of the team: “point
guard - shooting guard”, “small forward - power forward -
center”, and others.

A similar approach was implemented in the study by
Sampaio, Janeira, Ibafiez, & Lorenzo (2006), which deter-
mines the individual characteristics of the integrated skills of
athletes with different positions (point guard, shooting guard,
small forward, power forward, center), using the methods of
mathematical modeling and multivariate mathematical anal-
ysis. The study showed the possibilities of theoretical mod-
eling in multivariate mathematical analysis of technical and
tactical indicators in the competitive activity in basketball
based on the formation of models of a player with a specific
role according to the principle of “leading qualities”. The use
of this principle in the training process is of great practical
importance, since it enables differentiation of the focus of
training effects in order to select the most effective exercises.

The formation of an algorithm for selecting test tasks that
meet the criteria of objectivity, reliability, validity, and in-
formativity (Kozina, Repko, Ionova, Boychuk, & Korobeini-
kov, 2016) and make it possible to determine the level of
development of various aspects of basketball players’ fitness
at different stages of long-term improvement, is one of the
most relevant tasks in applying the methods of multivariate
mathematical analysis for studying the competitive activity
in basketball (Koryahin, Dutchak, Iedynak, Blavt, Galaman-
djuk, & Cherepovska, 2018).

The use of the methods of multivariate mathematical
analysis of technical and tactical indicators in the competitive
activity of skilled basketball players is also highlighted in the
study by Scanlan, Dascombe, and Reaburn (2011), which,
on the basis of comparative analysis of elementary technical
and tactical actions of basketball players of the Australian
National Basketball League, shows the need to study the hid-
den structure of standard indicators of game efliciency in
basketball, which significantly supplements the modern ap-
proaches to special analysis of indicators of the competitive
activity and the formation of its algorithm. The discriminant
analysis of game indicators of basketball players with differ-
ent positions is shown as an adequate, reliable, and informa-
tive method for studying technical and tactical indicators
and is a necessary prerequisite for developing an algorithm
for special analysis of the competitive activity in basketball
(Villa & Lozano, 2018).

Consequently, the methods of multivariate mathematical
analysis are adequate both in the study of theoretical (Fer-
reira, Volossovitch, & Sampaio, 2014), and applied (Pluta &
Andrzejewski, 2018) problems of analyzing the competitive
activity structure of skilled athletes in basketball. The present
study has examined the indicators of the competitive activity
structure of skilled female basketball players in the official
games of the European Basketball Championship 2017, using
principal component analysis.

The study of the peculiarities of technical and tactical ac-
tions in the competitive activity of skilled female basketball
players and the interpretation of the obtained results using
principal component analysis will create the prerequisites for
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developing an algorithm for special analysis of indicators of
the competitive activity in basketball.

Hypothesis. The grouping of elements of the competi-
tive activity structure of skilled female basketball players us-
ing principal component analysis has significant differences
in technical and tactical indicators in won and lost games.
Therefore, it needs to be studied in order to increase the ef-
fectiveness of the training and competitive activity.

The study purpose was to examine, analyze, and general-
ize the competitive activity structure based on the hierarchy
of technical and tactical indicators of skilled female basket-
ball players in won and lost games using principal compo-
nent analysis.

Materials and methods

Study participants

The study object was technical and tactical indicators in
the competitive activity of 96 skilled female basketball players,
members of national teams of Spain, France, Belgium, Greece,
Turkey, Latvia, Italy, and Slovakia, which took the 1st-8th places
in the final tournament of the European Basketball Champion-
ship 2017. Principal component analysis was used to study the
competitive activity structure indicators to group the leading
factors, determine their hierarchy, and interpret the obtained
results regarding the differences in won and lost games. Dur-
ing experimental research, we processed 8,784 technical and
tactical indicators in the competitive activity of skilled female
basketball players in 52 games of the final tournament of the
European Basketball Championship 2017: 5,392 indicators of
the competitive activity of skilled female basketball players in
32 won games and 3,392 indicators in 20 lost games.

Study organization

On June 16-25, 2017, the Czech Republic hosted the final
tournament of the European Women’s Basketball Champion-
ship. Its participants were 16 strongest national teams. The
results of the top 8 teams (total number of games, number of
wins and losses) are given in Table 1.

Statistical analysis

To study the competitive activity structure of skilled fe-
male basketball players based on the materials of the final
tournament of the European Basketball Championship 2017,
principal component analysis was used as a form of factor
analysis (Jiang, 2014; Wei, 2014). The study performed an
analysis of the grouping of elements of the competitive activ-
ity structure by the individual technical and tactical indica-
tors of skilled female basketball players. The indicators in
won and lost games were differentiated and generalized. To
process the obtained results, specialists of the Department of
Physical Rehabilitation, Sports Medicine, Physical Education
and Health of Zaporizhzhia State Medical University used the
SPSS-12 computer program.

Results

Tables 2 and 3 present the factor coefficients that make
it possible to determine the competitive activity structure of
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Table 1. Final results with the ratio of wins and losses of
skilled female basketball players in the games of the final
tournament of the European Basketball Championship
2017,n =52

Place = Team Number of Won Lost Ratio
games

1 Spain 6 5 1 5
2 France 6 5 1 5
3 Belgium 6 5 1 5
4 Greece 7 3 4 0.75
5 Turkey 6 5 1 5
6 Latvia 7 3 4 0.75
7 Italy 7 4 3 1.33
8 Slovakia 7 2 5 0.4

Total 52 32 20 1.6

skilled female basketball players, that is, are its elements, with
differentiation into won and lost games.

To determine the specifics of the competitive activity
structure of skilled female basketball players in won and lost
games using principal component analysis, the correspond-
ing technical and tactical indicators of the athletes were stud-
ied (Table 2, won games - 32; Table 3, lost games - 20).

In the case of our study, for the grouping of elements of
the general competitive activity structure of skilled female
basketball players, in accordance with the most significant
indicators of factor loadings, the percentage of a sample of
elements that significantly interrelate (correlate) with one an-
other is: for won games - 67.40 % (Table 2), for lost games —
69.52 % (Table 3). The obtained data point to a fairly high
degree of reliability of the results.

The analysis of the distribution of technical and tactical
indicators of skilled female basketball players in the hierar-
chical competitive activity structure in won and lost games
reveals the existence of significant differences.

In the won games, the first factor “Ball control” in-
cludes the following technical and tactical indicators of
the competitive activity: offensive rebounds, defensive re-
bounds, total rebounds, and blocks. Taking into account the
specifics of the competitive activity in basketball, we state
that these technical and tactical indicators reflect a great
importance of ball control after attacking the opponent’s
basket: offensive rebounds and, partially, total rebounds.
The quantitative indicators of defensive rebounds, blocks
and, partially, total rebounds indicate a great importance
of ball control after the opposing team’s attacking technical
and tactical actions. In addition, ball control after rebounds
and, sometimes, after blocks enables the team to effectively
use offensive technical and tactical actions, taking into ac-
count the tactical game plan and current game situation. In
this case, the attacking team players may vary technical and
tactical actions, using fast or positional tactical variants of
attack, which significantly increases the competitive activ-
ity efficiency.

In the lost games, the first factor “Points scored in long-
distance attack” includes the quantitative and qualitative in-
dicators of 3-point shots, points scored, turnovers, and play-
ing time. The expert interpretation of the obtained results
shows that in the structure of basketball competitive activity
in the lost games the indicators of shooting skills are of great
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Table 2. The competitive activity structure of skilled female basketball players in won games, n = 32

Competitive activity indicators

Values of factor coefficients

Factor 1 Factor 2 Factor 3 Factor 4

Time, min. 0.446 0.594 0.355 0.331
2-point shots, n 0.403 0.066 0.623 0.406
2-point shots, % 0.454 0.086 0.609 0.397
3-point shots, n 0.013 0.865 0.144 -0.060
3-point shots, % 0.059 0.892 0.186 0.020
free throws, n 0.081 0.168 0.913 -0.019
free throws, % 0.165 0.137 0.906 -0.003
offensive rebound, n 0.717 -0.221 0.108 0.100
defensive rebound, n 0.769 0.268 0.217 0.046
rebounds, n 0.915 0.131 0.203 0.045
efficient assists, n 0.011 0.583 0.194 0.304
fouls, n 0.130 -0.045 -0.087 0.681
turnovers, n 0.008 0.173 0.302 0.651
steals, n 0.111 0.403 0.077 0.276
blocks, n 0.462 -0.217 0.264 -0.088
points, n 0.256 0.537 0.716 0.186
total variance 2.861 2.968 3.425 1.560
variance, % 17.8 18.5 21.4 9.70

Table 3. The competitive activity structure of skilled female basketball players in lost games, n = 20

Competitive activity indicators

Values of factor coefficients

Factor 1 Factor 2 Factor 3 Factor 4

Time, min. 0.563 0.425 0.461 0.311
2-point shots, n 0.490 0.401 0.013 0.547
2-point shots, % 0.490 0.457 0.038 0.499
3-point shots, n 0.870 -0.113 0.060 0.078
3-point shots, % 0.836 -0.098 0.194 0.197
free throws, n 0.132 0.133 0.088 0.926
free throws, % 0.152 0.165 0.071 0.925
offensive rebound, n -0.134 0.715 -0.112 0.158
defensive rebound, n 0.056 0.692 0.320 0.330
rebounds, n -0.008 0.838 0.212 0.327
efficient assists, n 0.386 0.028 0.705 0.094
fouls, n 0.167 0.301 0.275 0.001
turnovers, n 0.481 0.262 0.408 0.021
steals, n 0.045 0.075 0.761 0.108
blocks, n 0.130 0.654 -0.264 -0.026
points, n 0.720 0.220 0.064 0.633
total variance 3.268 2.958 1.824 3.069
variance, % 20.40 18.40 11.40 19.20

importance: quantitative and qualitative indicators of 3-point
shots, points scored. The emphasis on using 3-point shots is
usually conditioned by high-level defensive actions of the
winning team. In these conditions, the losing team is forced
to change the emphasis in offensive actions to throwing the
ball into the basket from long distances. The indicators of
turnovers, by their characteristics, are opposite to rebounds.
If in the won games the quantitative indicators of rebounds
belong to the first factor, which points to the predominant
indicators of ball control, then in the lost games, the first fac-
tor includes the indicators of turnovers, which determine the
reduced indicators of ball control in the competitive activity.
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The indicator of points scored in the lost games belongs to the
first factor, obviously due to a greater complexity and reduced
efficiency of offensive technical and tactical actions. The in-
dicator of playing time also belongs to the first factor, which
indicates the existence of difficulties associated with a short-
age of skilled athletes who can substitute players and increase
the effectiveness of the losing team’s technical and tactical
actions. In the competitive activity structure of skilled female
basketball players, the first factor is 17.8 % in the won games,
20.4 % - in the lost games.

The second factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
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won games “Offensive actions from long distances” - quan-
titative and qualitative indicators of 3-point shots, playing
time, quantitative indicators of efficient assists and steals; in
the lost games “Ball control” - offensive rebounds, defensive
rebounds, total rebounds, fouls, and blocks.

The expert interpretation of the study results shows that
in the won games the second factor “Offensive actions from
long distances” includes the indicators of steals, which de-
termine the effectiveness of fast and positional offensive ac-
tions, and, as a result, efficient assists. The high efficiency
of quantitative and qualitative indicators of 3-point shots
usually allows the winning team to maintain a comfortable
advantage in the competitive activity. The indicator of play-
ing time in the second factor shows that the winning team
has skilled athletes, who are able to substitute other play-
ers in order to increase the competitive activity efficiency
and actively counteract the opposing team’s offensive actions
during defense. In the lost games, the second factor includes
the indicators of rebounds, blocks, and fouls. As we can see,
the composition of the second factor in the lost games “Ball
control” almost completely duplicates similar technical and
tactical indicators, which belong to the first factor in the won
games and determine the indicators of ball control. This cre-
ates the preconditions for increasing the effectiveness of of-
fensive technical and tactical actions, their variability (fast or
positional attacks), or their combinations. Exceptions are the
indicators of fouls, which significantly reduce the indicators
of ball control by the team in the competitive activity and, as a
result, the overall effectiveness and efficiency of the competi-
tive activity. In the competitive activity structure of skilled
female basketball players, the second factor is 18.5 % in the
won games, 18.4 % - in the lost games.

The third factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
won games “Game and standard offensive actions” - quanti-
tative and qualitative indicators of 2-point shots, free throws,
points scored; in the lost games “Efficient assists” — quantita-
tive indicators of efficient assists and steals.

The expert interpretation of the obtained data shows that
the third factor of the hierarchical competitive activity struc-
ture in basketball in the won games “Game and standard
offensive actions” includes: indicators of shooting skills with
differentiation into variable (quantitative and qualitative in-
dicators of 2-point shots) and standard components (quanti-
tative and qualitative indicators of free throws). In addition,
this factor includes the indicators of total points as a logical
reflection of the effectiveness of shooting skills.

In the lost games, the third factor “Efficient assists” in-
cludes indicators that directly determine the indicators of
ball control by the team (steals) and the efficiency of offen-
sive technical and tactical actions (efficient assists). In the
competitive activity structure in basketball (based on the
material of skilled female athletes), the third factor is 21.4 %
in the won games, 11.4 % - in the lost games. Significant
differences in the obtained data resulted from the fact that
the won games have the most frequently used technical and
tactical indicators in the competitive activity of skilled fe-
male basketball players (quantitative and qualitative indica-
tors of 2-point shots and free throws, quantitative indicators
of points scored). In the lost games, the third factor includes
only the indicators of steals and eflicient assists.

The fourth factor in the hierarchical competitive activity
structure of skilled female basketball players includes: in the
won games “Turnovers” - fouls and turnovers; in the lost
games “Game and standard offensive actions” - quantitative
and qualitative indicators of 2-point shots and free throws.

The quantitative indicators of fouls and turnovers di-
rectly determine the reduced indicators of ball control by
the team in the competitive activity in the won games. In the
lost games, the fourth factor “Game and standard offensive
actions” includes quantitative and qualitative indicators that
characterize shooting skills in variable conditions of the com-
petitive activity (2-point shots) and in standard conditions
(free throws). In the competitive activity structure of skilled
female basketball players, the total contribution of the fourth
factor is 9.7 % in the won games, 19.2 % - in the lost games.

Table 4. Generalized data of the grouping of elements of the competitive activity structure of skilled female basketball
players in accordance with the values of factor coefficients in the won and lost games, n = 52

Competitive activity

Factors

“Ball control”  “Offensive actions from “Game and standard of- “Turnovers”
long distances” fensive actions”
won games rebound-O** time* 2-point shots* fouls*
rebound-D** 3-point shots** % 2-point shots* turnovers*
rebounds** % 3-point shots** free throws -
blocks efficient assists* % free throws -
- steals points -
“Offensive  actions“Ball control” “Efficient assists” “Game and standard offensive
from long distances” actions”
lost games time* rebound-O** efficient assists** 2-point shots*
3-point shots** rebound-D* steals** % 2-point shots
% 3-point shots**  rebounds** - free throws**
turnovers fouls - % free throws**
points** blocks** - -

* — with a factor coeflicient from > 0.5 to < 0.7; ** — with a factor coeflicient > 0.7; rebound-O - offensive rebounds; rebound-D - deffen-

sive rebounds
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Table 4 shows the elements of the competitive activity struc-
ture of skilled female basketball players in accordance with
the values of factor coefficients in the won and lost games.

Discussion

The present experimental study for the first time provided
data on grouping technical and tactical indicators of the com-
petitive activity of skilled female basketball players in the final
tournament of the European Basketball Championship 2017,
with differentiation into won and lost games. The study con-
firmed the experts’ opinion (Doroshenko, Sushko, Koryahin,
Pityn, Tkalich, & Blavt, 2019; Teck, Wang, & Mallett, 2012)
on the possibility of studying technical and tactical indicators
of the competitive activity of skilled female basketball players
using principal component analysis in won and lost games,
which makes it possible to develop prerequisites for improving
the training and competitive process, supplementing the sys-
tem of knowledge about the general theory of athlete training.

In the modern system of athletic training, principal com-
ponent analysis does not belong to the group of the most popu-
lar multivariate mathematical and statistical methods used in
physical education and sports, due to a fairly high complexity of
methods for selecting indicators and interpreting the obtained
results (Kozina, Bazylyuk, & Boyko, 2017; Shepelenko, Kozina,
Cieslicka, Prusik, Muszkieta, Sobko, Ryepko, Bazilyuk, Polish-
chuk, Osiptsov, & Kostiukevych, 2017). The main purpose of
using principal component analysis in the theory of athletic
training is to reduce the number of competitive activity indi-
cators based on their classification and determination of the
structure of internal relationships. By identifying and group-
ing the hidden (latent) factors that explain the relationships
between basketball players’ technical and tactical indicators
in the competitive activity, specialists have the opportunity to
analyze data on the identified factors, which, to a large extent,
determine factor loadings of the competitive activity indicators
(atalevel close to 70%) (Doroshenko, Sushko, Koryahin, Pityn,
Tkalich, & Blavt, 2019; Teck, Wang, & Mallett, 2012).

For the practice of athletic training and analysis of the
competitive activity, relevant are the tasks of analyzing large-
scale data - indicators of technical and tactical actions of
basketball players with different positions in the competitive
activity (Sampaio, Janeira, Ibafiez, & Lorenzo, 2006).

The application of principal component analysis,
classification, and further interpretation of the competitive
activity indicators of highly skilled female basketball players
enables solutions of such tasks and serves to achieve two
goals: first, to reduce technical and tactical indicators in
the competitive activity of highly skilled female basketball
players and to identify technical and tactical indicators with
the largest “factor weight”; secondly, to classify technical
and tactical indicators in basketball competitive activity on
the basis of identification and grouping of factors (Kozina,
Jagiello, & Jagiello, 2015; Kyrychenko & Doroshenko, 2006).

Additionally, researchers (Doroshenko, Sushko, Ko-
ryahin, Pityn, Tkalich, & Blavt, 2019) point out that the use
of principal component analysis for the competitive activity
has significant similarity with factor analysis when formulat-
ing tasks and a number of fundamental differences:

o principal component analysis does not use iterative
clustering methods to categorize the indicators of
basketball competitive activity into groups of factors;
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« differentiation of the competitive activity leading
indicators, which are used to extract principal
components, and auxiliary indicators of basketball
competitive activity;

o projection of auxiliary indicators of basketball
competitive activity onto the primary R matrix of factor
space;

o use of principal component analysis to classify both
leading and auxiliary indicators of the competitive
activity, as well as to make observations (when
differentiating into friendly, control, official games, etc.).
Besides, the issues of selecting the competitive activity

indicators and interpreting the obtained results using princi-
pal component analysis are debatable. The greatest difficulty
in selecting technical and tactical indicators of the competi-
tive activity structure of skilled female basketball players is
the need to differentiate technical and tactical indicators,
which, to some extent, duplicate factor loadings. In the case
of basketball, we are talking about the technical and tacti-
cal indicators in the competitive activity structure, which
are used to assess the effectiveness of integrated technical
and tactical skills (Simovi¢, Matkovi¢, Mijanovi¢, Koci¢, &
Vojvodi¢, 2012) - free throws, 2-point and 3-point shots. In
the process of studying the competitive activity structure,
these technical and tactical indicators, in some way, duplicate
the corresponding factor values during multivariate math-
ematical analysis. However, these technical and tactical indi-
cators have considerable differences, which is also of impor-
tance (Gryko, Mikotajec, Maszczyk, Cao, & Adamczyk, 2017)
for performing adequate procedures of multivariate math-
ematical analysis of the competitive activity using principal
component analysis — these groups of shots are differentiated
by the number of points scored. Researchers believe that it is
possible to use different methodological approaches to solve
this problem (Tyshchenko, Hnatchuk, Pasichnyk, Bubela, &
Semeryak, 2018). It is reasonable to apply duplicating techni-
cal and tactical indicators of the competitive activity struc-
ture in basketball (analysis of the indicators of free throws,
2-point and 3-point shots) in the process of multivariate
mathematical and statistical analysis by principal component
analysis, as changes in the primary R matrix are not statisti-
cally significant and will not essentially affect the grouping of
factors. Also justified is a methodological approach, in which
technical and tactical indicators that duplicate factor loadings
in the primary matrix - indicators of free throws, 2-point and
3-point shots are combined into a group of “shots” for further
analysis and interpretation.

Among unsolved issues are also the problems of inter-
pretation of technical and tactical indicators obtained as
a result of using multivariate mathematical and statistical
methods - applying principal component analysis with Kai-
ser normalization and varimax orthogonal rotation of the
primary R matrix. In this case, the debatable issues include
the problems of interpreting the “playing time” indicator,
which can be used both as a value to calculate the individual
(relative) effectiveness of the competitive activity of skilled
female basketball players, and as a separate technical and
tactical indicator, which integrally reflects the athlete’s level
of technical and tactical skills (Doroshenko, Sushko, Ko-
ryahin, Pityn, Tkalich, & Blavt, 2019). We believe that these
methodological approaches can be used in the procedures of
multivariate mathematical and statistical analysis of the com-
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petitive activity structure of skilled female basketball players
using principal component analysis, with the availability of
qualified specialists’ opinions in each individual case.

In addition to the above, in scientific discussion, of im-
portance are the issues of developing an algorithm for mul-
tivariate mathematical and statistical analysis to study the
competitive activity structure of skilled female basketball
players using principal component analysis. This algorithm
should contain the following elements: selection of technical
and tactical indicators of the competitive activity structure
in basketball; identification of principal components using
Kaiser normalization and varimax orthogonal rotation of
the primary R matrix; special analysis and interpretation of
technical and tactical indicators of the competitive activ-
ity structure in basketball; development of methodological
recommendations on improving the training and competi-
tive activity. Despite the existence of controversial points,
we believe that principal component analysis is adequate for
studying the competitive activity structure of skilled female
basketball players. The differentiation of technical and tacti-
cal indicators and their grouping in won and lost games will
enable the development of necessary preconditions to in-
crease the efficiency of the training and competitive activity.

The prospects for further research in this area are based
on specifying and detailing the algorithm for analyzing the
structure of the training and competitive activity of skilled fe-
male basketball players using principal component analysis.

Conclusions

The study of the competitive activity structure of skilled
female basketball players by methods of multivariate math-
ematical and statistical analysis (principal component analy-
sis) reveals considerable differences in won and lost games,
with four most significant indicators of factor loadings and
a sample of elements that correlate with one another, the
percentage is 67.40 % for won games and 69.52 % - for lost
games, which shows a high degree of reliability of the ob-
tained experimental results (about 70 %). The differences in
the hierarchical competitive activity structure of skilled fe-
male basketball players in won and lost games are recorded
in four factors.

The methods of multivariate mathematical and statis-
tical analysis (in particular, principal component analysis)
are effective and informative for studying the hierarchical
competitive activity structure of skilled female basketball
players. The greatest difficulties in studying the competitive
activity structure in basketball using principal component
analysis are the selection of indicators that do not duplicate
one another, expert interpretation of the obtained results, and
algorithmization of special analysis of technical and tactical
indicators.
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AHANI3 CTPYKTYPU 3MATAJIbHOIO MPOLIECY
KBAJTIOIKOBAHUX BACKETBONICTOK

Enyapn Jopomenko'A*°P, Pycrana Cymko**®<P, Bamepiit
ITamappin*“PE, Bonogumup [Ipuxonpko*“PE, Ipuna [llanoBanosa's,

Hap’s EniceeBa*™, Okcana [IemigoBa*’t, Aprem SIKoBeHKO

4DE

'3amopi3bKuii jepyKaBHUIT MEAVYHUIT YHIBEPCUTET

*KuiBcpkuit yHiBepcureT iMeHi bopuca Ipinuenka

*LleHTp nileH3yBaHHA YKpalHCbKoi QpyTO0/MBbHOI acowiaril
‘IIpupHinpoBcbKa iepkaBHa akajeMis Gi3NdHOI KY/IbTYpH i copTy

ABTOpPCHKMIT BKIAJ: A — Am3aiiH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykorcy; E — 36ip komrtis

Pedepar. Crarts: 9 c., 4 Tabn., 33 mxeper.

Merta focmiyKeHHA — BUBYUTH, TIPOAHATIi3yBaTH i y3a-
TaJIbHUTY CTPYKTYPY 3MarajibHOTO IIPOIeCy Ha MifICTaBi BU-
3HAYeHH;I iepapxil TeXHIKO-TaKTMYIHIX TOKA3HMKIB KBaTii-
KOBaHIMX 6acKeTOOJIICTOK Y BUTPAHMX i IPOTPaHMX MAaTIax 3
BUKOPUCTAHHAM METOJIY TOJIOBHMX KOMIIOHEHT.

Marepiamu Ta Mmetogu. KoutuareHnT - 96 npodeciitanx
6acKeTOOMICTOK, TPaBIIiB HAI[iOHATBHUX 30ipHMX KOMaHT Ic-
nanii, @pannii, benprii, Ipenii, Typewunsn, Jlatsii, ITanii Ta
CroBawunHy, sAKi 3aitHsum 1-8 Miciyst B pinanpHOMY TypHIpi
yeMmionary €sponn 3 6acker6ony 2017 poky. IIpoanani-
30BaHO 16 OCHOBHMX TEXHIKO-TaKTMYHMX IIOKa3HUKIB KBa-
nidikoBaHNX 6ackeT6oMicTOK Vv 52 odiniiiuux irpax. Buko-
pUCTaHNIT METO, TOIOBHIX KOMITOHEHT. 3arajabHa Ki/lbKicTh
CIIOCTEPEXEHD — 52.

PesynbraTu. ExciepyMeHTanbHi NOKa3HUKH, AKi OTpU-
MaHi B XO[i JOCTi[I)KeHH, JO3BOIWIN BUBYUTY i IIpoaHa-
Ji3yBaTy TPYNYBaHH:A €/€MEHTIB CTPYKTYpPHU 3MaraabHOTO
npotecy kBayiikoBaHUX 6acKeTOOTICTOK, iHTepIpeTyBaTn
OTpUMaHi pe3y/IbTaTyl 3 METOI0 BU3HA4eHH: iH(pOpMaTuB-
HUX KPUTEPIIB I ONTUMI3allil TPEHYBa/JIbHOTO HisA/TbHOCTL

Ta HifiBUIeHHA e(eKTMBHOCTI 3MarajJpHOro Ipouecy. Bu-
ABJIEHO 3HAYYIi BITMIHHOCTI CTPYKTYpM 3MaraabHOro mpo-
1IeCy Y BUTPaHNX i IPOTPaHMX MaT4ax: BifIMOBiIHO IO Haii-
Oi/bII 3HAYYIIUX TTOKASHUKIB (PAaKTOPHUX HABAHTAXKEHb,
BiZICOTOK BUOIpKM €/1eMEHTIB, sIKi KOPEeIITh MK 06010,
CTaHOBUTb: JI/IA BUTPAHUX MaT4iB — 67,40 %, 114 Iporpanmux
MaryiB - 69,52 %.

BucHoBKM. MeToJ rOJIOBHUX KOMIIOHEHT € e(heKTUB-
HUM Ta iHpOPMATUBHUM /11 BUBYEHHA CTPYKTYPU 3Ma-
rajJibHOTO Ipolecy KBanipikoBauux 6ackerbomicrok. ITo-
Ka3aHo, I[0 HailOIIbIIy CKIAfHICTh B MpOLjeci BUBYEHHS
CTPYKTYpU 3MaraabHOTo Ipolecy B 6ackeT60Ii MeTOOM
TOJIOBHVX KOMIIOHEHT IIPefiCTaB/IAI0Th Bifi6ip ITOKa3HUKIB,
o He AyO/IIO0Th OOVH OZHOTO i He € pO3paxyHKOBUMU,
€KCIIepTHa iHTeprpeTanis OTPUMMAaHMX PE3Y/IbTaTiB Ta ajl-
rOpuTMi3alisg CIeliaJbHOrO aHali3y TeXHIKO-TaKTMYHMUX
MOKAa3HMKIB.

KmrouoBi cmoBa: 6ackeT60/1, CTPYKTYpa, TeXHiKO-TaK-
TUYHA aKTUBHICTh, aHaJIi3 TOTOBHNMX KOMIIOHEHT.
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Abstract

The purpose of the study was to identify gender-related peculiarities of 7-year-old schoolchildren’s motor fitness.
Materials and methods. The study participants were 59 7-year-old schoolchildren (girls - 27, boys - 32). The children
and their parents were informed about all the features of the study and gave their consent to participate in the experi-
ment. The study used the following research methods: analysis of scientific and methodological literature, pedagogical
observations, testing of motor fitness, probabilistic approach to assessing the learning process, methods of math-
ematical statistics. The study recorded the primary schoolchildren’s level of proficiency in gymnastic exercises. The
coeflicient was determined by the formula: p = (m/n)x100, where p is the level of proficiency, m is the number of suc-
cessfully performed exercises, n is the total number of attempts to perform the exercise. In the experiment, the study
controlled the level of proficiency in the following exercises: forward roll; backward roll; shoulderstand with bent legs.
Results. The differences in the development level of movement coordination of individual parts of the body and ves-
tibular stability are not statistically significant; in the 7-year-old girls and boys, there is a statistically significant differ-
ence in the development level of strength, speed strength, speed, endurance, and the level of proficiency in acrobatic

exercises.

Conclusions. A canonical discriminant function can be used to classify and identify the indicators that have the great-
est weight in assessing gender-related peculiarities of 7-year-old schoolchildren’s motor fitness. In assessing gender-
related peculiarities of 7-year-old schoolchildren’s motor fitness, these indicators include the level of proficiency in
acrobatic exercises, the level of relative strength of shoulder flexors, endurance, and speed strength.

Keywords: discriminant analysis, girls, boys, motor skills, motor fitness.

Introduction

The importance of studying gender-related peculiarities
of motor fitness in physical education and sports is indicat-
ed in the studies by Cai, Qiu, Chen, Pan, Shen, and Kang
(2019), Canadas, Gomez, Garcia-Rubio, and Ibanez (2018),
Cillik and Willwéber (2018). Gao, Zeng, Pope, Wang, and
Yu (2019), Herrmann, Heim, and Seelig (2019) point out that
gender-related peculiarities of motor fitness in children are
observed as early as 6-8 years of age.

The analysis of scientific literature revealed the following
gender-related peculiarities of motor function development
in children: at 3-5 years, there are no gender-related differ-
ences in motor fitness (Hnatiuk, Lamb, Ridgers, Salmon, &
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Hesketh, 2019); at the age of 6-8 years, gender-related dif-
ferences are observed in movement control, motor activ-
ity (Herrmann, Heim, & Seelig, 2019; Kashuba, Futornyi,
Andrieieva, Goncharova, Carp, Bondar, & Nosova, 2018;
Kondakov, Voloshina, Kopeikina, & Kadutskaya, 2020); at
7-10 years, there are statistically insignificant differences in
the indicators of dynamic and static balance (Moseichuk,
Zoriy, Kostashchuk, Kanivets, Nakonechnyi, Koshura, Potop,
Yarmak, & Galan, 2020).

To identify the patterns of motor function development,
modern research uses methods of multivariate statistics such
as factor and discriminant analysis (Brusseau & Burns, 2018;
Hohmann, Siener, & He, 2018; Ivashchenko, 2020). Discri-
minant analysis allows to obtain both a regression equation
to classify schoolchildren by their motor fitness level, and to
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identify the indicators that are key in the classification, which
is important in assessing schoolchildren’s gender-related pe-
culiarities (Ivashchenko, 2020).

However, in the studied scientific sources, there are no
results aimed at studying the priority of motor skills devel-
opment in schoolchildren. Therefore, the problem of iden-
tifying key indicators in assessing primary schoolchildren’s
gender-related peculiarities requires additional research.

The purpose of the study was to identify gender-related
peculiarities of 7-year-old schoolchildren’s motor fitness.

Materials and methods

Study participants

The study participants were 59 7-year-old schoolchildren
(girls — 27, boys - 32). The children and their parents were
informed about all the features of the study and gave their
consent to participate in the experiment.

Organization of the study

The study used the following research methods: analysis
of scientific and methodological literature, pedagogical ob-
servations, testing of motor fitness, probabilistic approach
to assessing the learning process, methods of mathematical
statistics.

The study recorded the indicators of height (cm), body
weight (kg), as well as the results in tests No. 3 “Standing long
jump (cm)”, No. 4 “Middle- and long-distance running. 300 m
running (s)”, No. 5 “30 m sprint running from a standing start
(s), No. 6 “Seated forward bend (cm)”, No. 7 “Mixed hang
rope pull-ups (times)”, No. 8 “Shuttle run 4x9 m (s)”, No. 9
“Combined movements of arms, torso and legs (points)”, No.
10 “Maintenance of stable posture - standing on one leg with
closed eyes (s)”, No. 11 “Walking along straight line after 5
rotations (deviations in cm)”.

The study recorded the primary schoolchildren’s level of
proficiency in gymnastic exercises. The coefficient was deter-
mined by the formula: p = (m/n)x100, where p is the level
of proficiency, m is the number of successfully performed
exercises, n is the total number of attempts to perform the
exercise. In the experiment, the study controlled the level of
proficiency in the following exercises: forward roll; backward
roll; shoulderstand with bent legs.

Statistical analysis

The study materials were processed using IBM SPSS
20 statistical analysis software. The study calculated: arith-
metic mean, standard deviation. Discriminant analysis was
performed.

The study protocol was approved by the Ethical Com-
mittee of the University. In addition, the children and their
parents or legal guardians were fully informed about all the
features of the study, and a signed informed-consent docu-
ment was obtained from all the parents.

Results

Table 1 shows the results of testing the 7-year-old school-
children’s motor fitness.

A comparison of testing results revealed that the 7-year-
old schoolchildren differ statistically insignificantly by the
anthropometric indicators. In test No. 9 “Combined move-
ments of arms, torso and legs, points’, the girls and boys show
high results, the difference in fitness is statistically insignifi-
cant. In the results of tests that characterize vestibular stabil-
ity (No. 10 “Maintenance of stable posture — standing on one
leg with closed eyes, s, No. 11 “Walking along straight line
after 5 rotations, deviations in cm”), the difference is statisti-
cally insignificant, the girls and boys show low results.

In the results of tests No. 3, 4, 5,7, 8, 12, 13, 14, the differ-
ence between the girls and boys is statistically significant, the

Table 1. The results of testing the 7-year-old schoolchildren’s motor fitness

No Indicator girls (n = 27) boys (n = 32) A t P
X s X s
1 Height, cm 123.85 3.62 123.34 4.43 0.51 476 .636
2 Body weight, kg 24.22 4.54 23.28 4.58 0.94 .790 433
3 Standing long jump, cm 108.7 12.37 130.91 16.06 -22.21 -5.862 .000
4 300 m running, s 136.44 18.18 109.47 14.3 26.97 6.379 .000
5 30 m running from a standing start, s 6.79 0.48 6.22 0.29 0.57 5.658 .000
6 Seated forward bend, cm 7.11 3.68 3.47 3.37 3.64 3.964 .000
7 Mixed hang rope pull-ups, times 2.63 1.8 4.56 1.95 -1.93 -3.927 .000
8 Shuttle run 4x9 m, s 13.4 0.77 12.63 0.73 0.77 3.906 .000
9 Combined movements of arms, torso and 9.17 0.76 9.38 0.71 -0.21 -1.090 .280
legs, points
10 Maintenance of stable posture — standing 17.54 14.05 18.59 13.14 -1.05 -.296 .768
on one leg with closed eyes, s
11 Walking along straight line after 90.07 66.24 80.84 63.85 9.23 544 .589
5 rotations, deviations in cm
12 Forward roll, level of proficiency 46.67 19.22 76.88 15.33 -30.21 -6.716 .000
13 Backward roll, level of proficiency 46.67 19.22 75.63 15.85 -28.96 -6.345 .000
14 Shoulderstand with bent legs, level of 46.67 19.22 80.63 14.8 -33.96 -7.664 .000
proficiency
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boys show better results. In test No. 6 “Seated forward bend,
cm’, statistically significantly better results are shown by the
7-year-old girls (see Table 1).

Thus, the differences in the development level of move-
ment coordination of individual parts of the body and ves-
tibular stability are not statistically significant; in the 7-year-
old girls and boys, there is a statistically significant difference
in the development level of strength, speed strength, speed,
endurance, and the level of proficiency in acrobatic exercises.

Tables 2-5 show the results of discriminant analysis,
which make it possible to classify the 7-year-old girls and
boys by the level of motor fitness.

The obtained canonical function explains the variation of
results by 100% and is informative for classifying the 7-year-
old schoolchildren’s motor fitness (see Table 2).

The analysis of the canonical function shows its statisti-
cal significance (A = 0.178; p < 0.001) (see Table 3).

Table 4 shows the standardized canonical discriminant
function coeflicients which allow to measure the ratio of con-
tribution of variables to the function result. Variables No.
14 “Shoulderstand with bent legs, level of proficiency”, No.
13 “Backward roll, level of proficiency”, No. 7 “Mixed hang
rope pull-ups, times” make the greatest contribution to the
canonical function: the larger the values of these variables,
the greater the value of the function. The above indicates that

Table 2. Canonical discriminant function. Eigenvalues

Function Eigenvalue % of Cumulative Canonical
Variance % Correlation
1 4.617 100 100 0.907

Table 3. Canonical discriminant function. Wilks’ Lambda

Test of Wilks’ Lambda  Chi-square df Sig.
Function(s)
1 0.178 87.156 13 0.001

Table 4. Canonical discriminant function coeflicients

the classification is based on the level of motor abilities and
motor skills development (see Table 4, column 3).

Table 4 shows the structure coeflicients of the canonical
discriminant function, which are the coefficients of correla-
tion between the variables and the function. Thus, the func-
tion is most closely connected with the level of proficiency
in acrobatic exercises and general endurance: therefore, a
significant difference between the girls and boys aged 7 is
observed in the level of proficiency in acrobatic exercises.

Table 5 shows the centroid coordinates for the two
groups. They make it possible to interpret the canonical func-
tion in terms of the role in classification. At the positive pole,
there is a centroid for the 7-year-old boys, at the negative — a
centroid for the 7-year-old girls (see Fig. 1, 2). This indicates
a significant difference in the fitness of the 7-year-old girls
and boys. The results of classification of the groups show that
98.3 % of the original grouped observations were classified
correctly.

Thus, a canonical discriminant function can be used to
classify gender-related peculiarities of 7-year-old schoolchil-
dren’s motor fitness.

Discussion

The study assumed that the identification of gender-re-
lated peculiarities of 7-year-old schoolchildren’s motor fitness
would reveal the cause-and-effect relationships that influence
motor skills development in 7-year-old girls and boys.

It is well known that the level of coordination abilities
development determines the success in developing mo-
tor skills (Khudolii, 2019; Marchenko & Dykhanova, 2019;
Ivashchenko, 2020), but the results of testing coordination
abilities showed that the girls and boys did not statistically
significantly differ by these indicators (Table 1) and had a
statistically significant difference in the level of proficiency
in acrobatic exercises. For the girls, the proposed acrobatic
exercises are difficult to perform.

Canonical discriminant function coefficients

Standardized  Structure matrix Unstandardized
No Indicator - - -
Function Function Function

1 1 1
1 Height, cm 0.154 -0.029 0.038
2 Body weight, kg -0.415 -0.049 -0.091
3 Standing long jump, cm 0.165 0.361 0.011
4 300 m running, s -0.123 -0.393 -0.008

5 30 m running from a standing start, s - -0.352 -
6 Seated forward bend, cm -0.285 -0.244 -0.081
7 Mixed hang rope pull-ups, times 0.517 0.242 0.274
8 Shuttle run 4x9 m, s -0.304 -0.241 -0.406
9 Combined movements of arms, torso and legs, points -0.187 0.067 -0.256
10 Maintenance of stable posture — standing on one leg with closed eyes, s -0.048 0.018 -0.004
11 Walking along straight line after 5 rotations, deviations in cm 0.770 -0.034 0.012
12 Forward roll, level of proficiency -0.533 0.414 -0.031
13 Backward roll, level of proficiency 0.962 0.391 0.055
14 Shoulderstand with bent legs, level of proficiency 1.041 0.472 0.061
(Constant) -2.311
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Table 5. Classification resultsa. Functions at group
centroids. 7-year-old schoolchildren.

1 - girls, Predicted group Functions
. at group
2 - boys membership Total .
centroids
2 class EEE—
1 2 1
1 26 1 27 -2.299
Count
'Té 2 0 32 32 1.940
kN 1 96.3 3.7 100
=) %
©) 2 0 100 100
a. 98.3% of original grouped cases correctly classified
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Fig. 1. Classification resultsa. 7-year-old girls
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Fig. 2. Classification Resultsa. 7-year-old boys

The analysis of comparison of the girls’ and boys’ testing
results indicates that the level of development of strength,
speed strength, agility, and endurance has a positive effect

TM®B, 2020, Tom 20, N2 4

on the level of proficiency in acrobatic exercises. The results
obtained supplement the data of Ivashchenko, Berezhna, and
Cieslicka (2020) who found that the level of proficiency in
exercises determines the variation of testing results in 7-year-
old boys by 28.437%, the development of “agility” and “move-
ment coordination” ensures the formation of motor skills,
and the development of arm strength and vestibular stability
is the reserve in training 7-year-old boys that will increase the
effectiveness of the educational process; and also the data of
Ivashchenko and Sirichenko (2020), according to which the
level of proficiency in exercises determines the variation of
testing results in 7-year-old girls by 29.772%.

A discriminant analysis revealed the indicators that have
the greatest weight in assessing gender-related peculiarities of
motor fitness of 7-year-old schoolchildren. They include the
level of proficiency in acrobatic exercises, the level of relative
strength of shoulder flexors, endurance, and speed strength.

The results obtained supplement the data of Kapkan,
Khudolii, and Bartik (2019a), Khudolii, Ivashchenko, and
Chernenko (2015), Khudolii, Kapkan, Harkusha, Marchenko,
and Veremeenko (2020) about the factors that influence the
effectiveness of motor skills development in schoolchildren.

The study used a discriminant model to identify the
cause-and-effect relationships that influence motor skills de-
velopment in 7-year-old schoolchildren. The study confirmed
the effectiveness of using a discriminant function to deter-
mine the indicators that have the greatest weight in assess-
ing gender-related peculiarities of 7-year-old schoolchildren’s
motor fitness; supplemented the data on using discriminant
analysis in physical education and sports (de Bruijn & Gard-
ner, 2011; Arede, Esteves, Ferreira, Sampaio, & Leite, 2019;
Brusseau & Burns, 2018). As in the study by Lovell, Fransen,
Bocking, and Coutts (2019), discriminant analysis revealed
the importance of motor skills development in school-age
children for further improvement of motor fitness.

The data obtained highlight the need to develop separate
educational programs for girls and boys, as well as conduct
separate physical education classes for them.

Conclusions

A canonical discriminant function can be used to classify
and identify the indicators that have the greatest weight in
assessing gender-related peculiarities of 7-year-old school-
children’s motor fitness.

In assessing gender-related peculiarities of 7-year-old
schoolchildren’s motor fitness, these indicators include the
level of proficiency in acrobatic exercises, the level of relative
strength of shoulder flexors, endurance, and speed strength.
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Abstract

The purpose of this study was to find the effects of a 12 weeks IAAF Kid’s Athletics programme on the psychological

and motor fitness abilities of sedentary school-going children.

Materials and methods. The study involved 40 students (age 10 to 14 years) with no previous history of systematic
training. The subjects were further sub-divided based on their age, i.e. low age (10 to 11 years) and high age (13 to

14 years), and then randomly assigned to either an experimental group (Kid’s Athletics) or a control group. The
psychological variables selected were stress tolerance reactive, simple motor speed, simple reaction speed, visual
perception, and focused attention, whereas motor variables selected were sit and reach test, standing broad jump, 50m
sprint, T-test, and 150m sprint. Tests were conducted pre-training, mid-training, and post-training for motor variables
while only pre-training and post-training tests were conducted for psychological variables.

Results. The two-way mixed ANOVA revealed a significant difference in all the selected variables (motor and
psychological variables) in group x time interaction (p = 0.001 to <0.001) with large effect sizes. Larger effect sizes in
motor fitness variables were observed after 12 weeks (ES=2.09 to 5.72) than 6 weeks (ES=1.92 to 3.47) when compared

to baseline in the experimental group.

Conclusion. The study shows that Kid’s Athletics recommended by IAAF may be considered as an effective
programme to improve psychological as well as motor abilities in sedentary school-going children.
Keywords: physical fitness, physical education, Vienna Test System Sport, sprint, jump, agility.

Introduction

In this last decade, modernization has taken a sharp
growth leading to a more sedentary lifestyle among children
resulting in the occurrence of hypokinetic diseases and men-
tal health issues, due to the lack of activities and social iso-
lation. In contrast to this, involvement in regular physical
activities during childhood and adolescence has been associ-
ated with improved physiological and psychological aspects
(Baranowski et al., 1992; Sallis & Patrick, 1994), and ultimate-
ly reducing the chances of occurrence of hypokinetic diseases
or mental health issues. Participating in sport as early as in
preschool has been linked to increased physical capacity and
social skills development in children (Chatrath, 2002), and
positively influences anthropometric measures such as body
weight and body composition (Sallis & Patrick, 1994), and
also improves physical fitness (Hands, 2008; Ortega et al.,
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2008; Reilly et al., 2005), considered an important marker
of health (Ortega et al., 2008). Besides, sports participation
at an early age develops motor coordination by providing
more opportunities to learn and refine motor skill executions
(Okely et al., 2001; Reilly et al., 2005). The differences in the
levels of physical fitness and motor coordination among chil-
dren involved in sport can be partly explained by the amount
of time spent within the sport. A previous study reported a
positive effect of the number of training hours per week on
flexibility, explosive leg power, and motor coordination in
children aged 10 to 12 years (Fransen et al., 2012). Sports is
also considered as a training strategy to stimulate intellectual
processes such as attention, memory, creativity, and reason-
ing (Krogius, 1972) and strengthen abilities such as concen-
tration, problem-solving, planning strategies, and creativity
for children with special education needs (Storey, 2000).
Although regular physical activity is linked to improved
physical and mental health, the major challenge is the in-
volvement of children in a long-term programme. This can
be countered by including new events and innovative organi-
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zation of activity sessions which enables children to discover
basic activities like sprint, endurance running, jumping, and
throwing. In addition, sports also create an excellent environ-
ment that allows interaction between children and inculcate a
peer group because of various competition. Previous research
has shown that game-based exercise intervention played a
pivotal role in these beneficial changes in both motor abili-
ties and athletic performance (Armstrong, 1992; Houston-
Wilson et al., 1997). This concept meets the needs of children
by providing appropriate activities, education, and fun.

Athletics, also known as track and field encompasses a
wide variety of events that involves walking, running, jump-
ing and throwing. Success in such events is underpinned by
a diversity of physiological, psychological, and biomechani-
cal attributes. The world’s governing body of athletics, the
International Association of Athletics Federation (IAAF),
recognizes a number of distinct disciplines to be included as
events. In the last few decades, a growing trend in every sport
is grassroots development. The respective governing bodies
of particular sport are putting in an endless effort to involve
as many children as possible in their grassroots development
programme. In the same vein, IAAF has developed a new
concept of athletics that focuses on the developmental needs
of children by inspiring children’s sporting enthusiasm and
mutual interaction and named it as “TAAF Kid’s Athletics”
programme (IAAFE, 2006). The objective of this programme
is to make athletics the most participated sport in school,
and to educate children about sport (athletics in particular),
thus promoting a balanced and healthy lifestyle. It also aims
to resolve the issue of early specialization in the training pro-
grammes, which temporarily boosts performance at a young
age but later becomes a reason for drop out from sport.

Previous studies (Calik et al., 2018; Cillik & Willweber,
2018; Petros et al., 2016; Willweber & Cillik, 2018) have tried
to find the benefits of Kid’s Athletics programme in various
age groups (6 to 7 years, and 11 to 12 years) and on motor vari-
ables such as sprint, jump, flexibility, agility, coordination, etc.
and psychological variables such as self-esteem. The duration
of the studies ranged from 12 weeks to 6 months (Calik et al.,
2018; Cillik & Willweber, 2018; Petros et al., 2016; Willweber
& Cillik, 2018). Although the results of the studies reported
positive outcomes, there is a lack of research conducted on
the short term effect (6 weeks) of Kid’s Athletics programme.
Additionally, there is limited research regarding the effect of
Kid’s Athletics programmes on psychomotor variables among
school-going children for the age of 10 to 14 years.

Therefore, the aim of this study was two-fold, i.e. to find
the effect of six weeks and twelve weeks of Kid’s Athletics pro-
gramme on psychological as well as motor abilities in seden-
tary school-going children, and to find if age (low and high)
has any effect on those abilities. The author’s hypothesized
that there would be a positive effect of the Kid’s Athletics
intervention on both psychological as well as motor abilities
compared to the control group.

Materials and methods

Study participants

A total of 40 subjects agreed to participate in the study.
The subjects were school-going children aged between
10 to 14 years and did not had any previous experience of
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a scheduled training programme. The inclusion criteria of
subjects in this study were the absence of any recent lower
extremity injury and any musculoskeletal disease which
could affect the training or data collection. The subjects were
grouped into two subgroups, i.e. low age (10 to 11 years) and
high age (13 to 14 years), and then randomly assigned to an
experimental group (i.e. IAAF Kid’s Athletics) and control
group with equal subjects in each subgroup. The 12 years
aged subjects were not included in this study to maintain a
sufficient gap between the low and high age groups. A written
consent form was signed by the parents/guardian after
explanations of the procedure and possible risk during the
intervention/data collection. The study was approved by the
Departmental Research Committee of Lakshmibai National
Institute of Physical Education and was conducted following
the ethical principles for human research proposed in the
declaration of Helsinki.

Study organization

A week-long familiarization session was conducted be-
fore the start of the intervention to make the subjects ac-
quainted with the test protocols. The subjects were explained
about the procedure of the data collection and training in-
tervention during the familiarization sessions. The training
intervention was conducted for a period of 12 weeks, with
36 training sessions of 60 minutes each. One micro-cycle
consisted of 7 days, with 3 training sessions conducted on
alternate days (i.e. Monday, Wednesday, and Friday; Table 1).
The training intervention was designed such that it focused
on developing the motor abilities with exercises based on
maximum fun and pleasure-based elements.

The motor fitness tests were conducted three times, i.e.
pre-training (0 week), mid-training (6 weeks), and post-
training (12 weeks), whereas the psychological tests were
conducted twice (due to the longer duration of test per sub-
ject it would possibly affect the training programme), i.e.,
pre-training (0 week) and post-training (12 weeks).

The motor fitness tests comprised of sit and reach test,
standing broad jump, 50m dash, T-test, and 150m sprint.

Sit and reach test. The sit and reach test was conducted
to measure the flexibility of the back and leg (hamstring)
muscles. A sit and reach flexibility assessment testing box
was placed on a plain surface and the subjects were asked to
sit on the floor with fully extended legs in such a way that
the bottom of the feet was fixed at the box. The subjects were
then asked to stretch and reach directly forward with palms
down along the measuring scale holding the position for one
second. Three trials were allowed with the highest measure-
ments recorded for analysis.

Standing Broad Jump. Standing broad jump was conducted
to measure the explosive strength of the subjects. The subjects
were asked to stand behind the take-off line with their feet sev-
eral inches apart and were asked to flex their knees and swing
their arms backward allowing them to jump forward. The best
trials among the three trials were recorded for analysis.

50m dash. This test was conducted to measure the speed
of the subjects. A pair of photoelectric timing gates (Cronox
sports, Madrid, Spain) were placed at the starting point and
finish point. The subjects started 50 cm from behind the first
timing gate and time was recorded between the first and sec-
ond pairs of timing gates placed 50m apart.
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Table 1. An example of training sessions followed during a micro-cycle by the Kid’s Athletics intervention group

Monday

Wednesday

Friday

Warm-up (10 minutes)

Form a group: Players run around in random
directions avoiding body contact with other
players. The coach calls a number and players
form groups of that size.

Sally & Steve: Players pair up and from
various starting positions sprint to their
marker to collect an object and sprint back
to the starting line. The first player back wins
a point.

Warm-up (10 minutes)

Racing Relay: Players race each other in a
relay, practicing hopping sequences along
the way.

Frogs & Lily pads: Players continuously
jump from lily pad to lily pad using a two-
foot forward jump. (Play in groups of 4-8.)

Warm-up (10 minutes)

Team Alphabet: Players move randomly
around the space until a letter of the alphabet
is called. They then must form groups in the
shape of the letter. (Play with 8-30.)

Stone, Bridge & Tree: A relay race using
various static and locomotion movements.
(Play in teams of 6-8.)

Main Session (40 minutes)

Ladder Drills: (10m x 5 reps)

Different speed & coordinative exercises.
Reaction Drills: (20m x 5 reps)

Short Sprints from different position x 5
Curve Running: (20m x 2 reps)

Players run curves around various markers
from the starting point, following the
directions that are called by the coach
Slalom Sprint: (5 x 50m relay x 1 rep)

In teams, players run slalom-style between
markers in a relay race.

Main Session (40 minutes)

Forward Squat Jump: (20m x 2) approx.
10 jumps

Do very explosive continuous 10 squat
jumps to the front.

Speed Bounce: (20 seconds x 2)

Players jump side to side over a foam
wedge as many times as possible in 20
seconds

Skip to my Lou: (40 nos. x 4)

Holding the skipping rope behind the
heels, players challenge themselves to skip
as many two-foot jumps within a time
limit.

Main Session (40 minutes)

Formula one: (80m x 2)

A team event in which each team member has
to complete the full course. Up to six teams can
compete at the same time on one course.

“8” Endurance Race: (150m x 2)

Each team has to run around a course of
150m from a given starting point. Each team
member tries to run around the course as often
as possible in 8 minutes. The start command is
set for all teams at the same time by blowing a
whistle.

Cool Down (10 minutes)

« Children do a slow jog to cool the body
down followed by slight stretching.

o Working from head to toe stretching all
main muscle groups.

Cool Down (10 minutes)

« Children do a slow jog to cool the body
down followed by slight stretching.

» Working from head to toe stretching all
main muscle groups.

Cool Down (10 minutes)

« Children do a slow jog to cool the body down
followed by slight stretching.

» Working from head to toe stretching all main
muscle groups.

T-test. T-test was used to determine the speed with di-

©

®

rectional changes, which included forward sprinting, left and
right shuffling, and backward running. The subjects were
asked to start at cone A. On the command of the researcher,
the subject sprints to cone B and touched the base of the
cone with their right hand. They then turned left and shuffled
sideways to cone C, and also touched its base, this time with
their left hand. Then shuffled sideways to the right to cone D
and touched the base with the right hand. Then they shuffled
back to cone B touched with the left hand, and ran backward
to cone A. The time was stopped as they passed cone A.

A pair of single beam photocell timing system (Cronox-
sports, Madrid, Spain) was placed at the start/finish line. Sub-
jects started 50 cm behind the photocell (Fig. 1)

150m sprint. The 150m test was conducted to measure
the speed endurance of the subjects. The photocell timing
gates were placed at the start and finish line 150m apart.

Whereas the psychological test was conducted using a
valid and reliable (Lienert and Raatz, 1998) Talent Assess-
ment Teens 2 (TATEENS2) test set in the Vienna Test Sys-
tem Sport (VTS Sport) which comprised of stress tolerance
reactive, simple motor speed, simple reaction speed, visual
perception, and focused attention. The tests were conducted
in a calm and quiet room on a laptop installed with VTS
software (TATEENS) and supporting equipments like VTS
keyboard and foot paddle. The duration of the test for each
subject was approximately 55 minutes. The procedure of all
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Fig. 1. Graphical representation of the T-test

the test protocols can be obtained from elsewhere (Vienna
Test System, 2013)

Statistical analysis

The data were analysed using IBM SPSS software (version
20.0.0) and presented as Mean [SD]. A two-way mixed ANO-
VA with time (Motor variables: pre-, mid-, and post-; Psy-
chological variables: pre- and post-) as within-subject factor,
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groups (experimental and control) as between-subject factor,
and age (low and high) as blocking factor were used for the
analyses. Normality was verified using the Shapiro-Wilk test,
while assumptions of sphericity were verified using Mauchly’s
test. In case of violation, the Greenhouse-Geisser correction
was used. The level of statistical significance was set at p <0.05.

The effect size of the interaction effect was calculated
using #*, with 0.01 meaning small, 0.06 moderate, and 0.14
large effect. Cohen d were also calculated for within-subject
baseline and post-assessment effect size with <0.2 trivial, 0.2-
0.6, small, >0.6-1.2, moderate, >1.2-2.0, large, >2.0-4.0, very
large, >4.0, extremely large (Hopkins et al., 2009).

Results

The two-way mixed ANOVA revealed a significant dif-
ference in all the selected variables (motor and psychological
variables) in group x time interaction (p = 0.001 to <0.001)
with large effect sizes (Table 2 and 3). Larger effect sizes in mo-
tor fitness variables were observed after 12 weeks (ES = 2.09
to 5.72) than 6 weeks (ES = 1.92 to 3.47) when compared to
baseline in the experimental group (Table 2).

Discussion

The aim of this study was two-fold, to find the effect
of TAAF Kid’s Athletics on motor variables and psychologi-
cal variables among sedentary school-going children, and to
find if age influenced the results. The findings of our study
suggest that Kid’s Athletics programme improves both the
motor fitness variables and psychological variables of the
subjects compared to control after 12 weeks of intervention.
In addition, both 6 weeks and 12 weeks programme duration
improved the motor fitness variables to a large extent when
compared to baseline, with larger improvements in 12 weeks
duration than in 6 weeks duration.

The findings of our study are in line with the previous
study conducted by Petros et al. (2016). The study (Petros et
al,, 2016) was conducted on elementary school students aged
11 to 12 years for 12 weeks and reported significant improve-
ment in all motor fitness components in Kid’s Athletics group
than the traditional method group. Petros et al. (2016) also
suggested that Kid’s Athletics may motivate the elementary
students to learn track and field as a new sport. In addition,
the Kid’s Athletics programme also helped the students to

Table 2. Mean and standard deviation of motor variables in the pre-test, mid-test, and post-test

Indicator Experimental Group Control group P-value  P-value ES ES (preto  ES (preto

Pre-test Mid-test Post-test Pre-test Mid-test Post-test (groupx  (groupx  (groupx mid) post)
time) timex time) d [95%CI] d[95%CI]

Mean [SD] age) 1

Sitand 216 243 2728 2308 2238 2248 3.47 5.72
reach [3.35]  [336] [335] [294] [281] [3.02] <0001 0.004 097" 12.49-445) [4.32-7.11]

SBJ 15 161 1.8 153 149 15 1.99 48
[023]  [022] [0.19] [02] [022] [o0.22)  <0.001  0.001 091 1123:274] [3.58-6.02]

50m 919 899 8.6 934 935 941 2.12 2.09
[0.86] [0.82] [0.69] [0.64] [0.6] [068] <0001 034 078 113529 [1.13-2.86]

T-test 1406 1345 1261 1444 145 1458 1.92 3.45
[45]  (127] [L18]  (131] [134] ([136] <0001 <0001 093y oh o1 [247-4.43)

150m 2942 27.63 2596 304 3055  30.75 2.93 3.14
[341] [278] [257] [405] [3.99] [402) <0001 <0.001 090 1219-3.68] [2.45-4.03]

Note: Pre-test = 0 week, mid-test = 6 weeks, post-test = 12 weeks, SB] = standing broad jump, #?, = partial eta squared, d = Cohen d

Table 3. Mean and standard deviation of psychological variables in pre-test and post-test

Experimental Group Control Group P-value ES
P-value (groupx ES (pre to post)
Indicator Pre-test Post-test Pre-test Post-test (gfoupx timex (gr oup2><time) d
time) age) M (95%CI)
Mean [SD]
. 16.8 52.55 17.55 17.4 4.65
Stress tolerance reactive [9.42] [9.7] [15.32] [12.58] <0.001 0.205 0.97 [3.65-5.65]
. 40.35 68.05 38.75 38.45 4.9
Simple motor speed [2759]  [17.36]  [31.46]  [29.81] <0.001 0093 089 [3.86-5.94]
. . 31.25 68 34.85 32.3 4.4
Simple reaction speed [17.42] [13.5] (22.92] [20.81] <0.001 0.457 0.95 [3.44-5.36]
. . 22.55 24.5 21.85 20.35 0.75
Visual Perception [18.33] 17.8] 16.04] [14.48] <0.001 0.26 0.48 [0.21-1.29]
. 21.2 54.6 24.25 21.45 7.08
Focused attention [9.88]  [10.52]  [13.57]  [12.15] <0001 0383 0% [5.68-8.48]
Note: Pre-test = 0 week, post-test = 12 weeks, #?, = partial eta squared, d = Cohen d
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Fig. 2. Graphical representation of pre-, mid-, and post- measurement of (A) sit and reach test, (B) standing broad jump,
(C) 50m sprint, (D) T-test, and (E) 150m test among low age (10-11 years) and high age (13-14 years) experimental group
and control group

realize the importance of this particular sport, while also
deriving benefits such as improvement in physical fitness and
track and field performance (Fig. 2).

The findings of our study reported that the subjects who
were involved in the Kid’s Athletics programme improved in
all the motor fitness variables than control. This can be partly
explained by the fact that the subjects included in our study
were sedentary school-going children with no previous expe-
rience of systematic training. The 3 days a week Kid’s Athletics
programme may have induced sufficient stimulus to improve
the motor abilities of students. In addition to this, it is worth
noting that intervention as low as 6 weeks were sufficient in
improving the motor abilities. In fact, it is already known that
when a new stimulus as training intervention is applied, the
maximum benefits can be extracted. Sports coaches and phys-
ical education professionals always look for a new approach
to training to benefit the players or students. The improve-
ment in the motor fitness variables can also be explained by
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the fact that Kid’s Athletics programme included a variety of
preparation exercises and modified games that were aimed at
improving track and field skills. This variety of exercises and
games may have benefitted in inducing the improvement by
motivating the students to learn track and field (Petros et al.,
2016). Previous studies also suggest that including wide varie-
ties of drills and multi-sport activities may result in a positive
outcome in physical fitness among students (Kirk, 2005; Pesce
et al,, 2012). In addition, the structured programme of Kid’s
Athletics may have helped students to improve the identified
regulation which resulted in an increase in the desire to put
greater effort (Petros et al., 2016). Previous studies have also
suggested that a self-determined profile is positively corre-
lated to motor fitness variables (Mouratidis et al., 2008; Shen
et al,, 2009). This means a higher self-determination profile
would possibly result in higher motor fitness measures.

In addition, our findings also suggest greater improve-
ments in motor fitness variables in the Kid’s Athletic group
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Fig. 3. Graphical representation of pre- and post- measurement of (A) stress tolerance reactive, (B) simple motor speed,
(C) simple reaction speed, (D) visual perception, and (E) focused attention among low age (10-11 years) and high age (13-14 years)
experimental group and control group

were observed after 12 weeks when compared to 6 weeks.
This finding is in line with the previous literature (Hands,
2008), where studies have shown a longer duration of train-
ing improves motor abilities to a greater level. This may be
due to greater physiological and neuromuscular adaptations
in sedentary children following a longer duration of Kid’s
Athletics programme (Fig. 3).

Another finding of our study was the psychological im-
provement in the Kid’s Athletics group than the control. Due
to a lack of studies in Kid’s athletics for psychological vari-
ables a comparison could not be made. In view of this, the
available literature does acknowledge the relationship be-
tween motor and cognitive skills (Gethell et al., 2005; Gioti
et al., 2006; Haines, 2003; Kambas et al., 2002; Spanaki et al.,
2016). Previous studies also highlighted the importance of
the organized motor programme with supporting evidence
that a structured programme may increase the activation
level of cognitive skills among children (Pascual-Leone &
Irwin, 1994).

Lastly, the findings of our study suggest no difference
in the effect of the intervention among both low (10 to 11
years) and high (13 to 14 years) age. Both the age groups
significantly improved in all the measured variables after the
Kid’s Athletics programme, suggesting a beneficial effect for
both age groups.

Conclusions

In conclusion, the findings of our study suggest that both
psychological measures and motor fitness can be improved in
sedentary school-going children to a larger extent following
a Kid’s Athletics programme as recommended by IAAE In

TM®B, 2020, Tom 20, N2 4

addition, both 6 weeks and 12 weeks duration are sufficient
in inducing the changes in all the motor fitness components.
Of note, physical education professionals may include Kid’s
Athletics programme in conjunction with other programmes
to facilitate the students. Also, the Kid’s Athletics programme
as recommended by IAAF may be included in the physical
education curriculum pertaining to its beneficial effect both
psychologically and physically.
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Merta DOCTiIKeHHA — BU3HAYNTH BIINMB 12-TH>KHEBOI
IIporpaMu AUTA4oi 1erkoi aTnetukn IAA® Ha ncyuxosnorivsi
i pyxoBi 30i6HOCTI AiiTelt, SIKi BeDyTh CUAAINIL CITOCIO SKUTTSL.

Martepianu Ta MeTogu. Y HOCTIIPKEHHi B3NN y4acThb
40 mkorsipiB (BikoMm Bif 10 mo 14 pokiB), ski paHilile He Ipo-
XOOWIM cucTeMaTyyHe HapyaHHA. [IIkonsApi 6ymm nogaTkoBo
PO3[IiNieHi Ha MiATPyIy B 3a7I€XKHOCTI Bifl BiKy, Iifrpymna Bij
10 mo 11 poxis i migrpyna Big 13 o 14 poxis, a OTiM BK-
HAaJKOBUM YMHOM OV/IM PO3IOAiNEHI B eKCIIepUMEHTANTbHY
rpyny (EMTs4Ya JIerka aTeTHKa) i B KOHTPOIbHY Ipymy. Sk
IICUXOJIOTiYHi 3MiHHI 6y 0OpaHi peaKTUMBHA CTIMKICTb O
CTpecy, MBUAKICTb IPOCTOI MOTOPUKMY, IIBUJKICTh IIPOCTOI
peaxliil, 3opoBe CIpUIHATTA i chOKycoBaHa yBara, B TOI 9ac
AK BUOpaHi MOTOPHI 3MiHHI BKJIFOYAIN TECT «CUAITH i 1O-
TATHYTUCS», CTPUOOK B TOBXMHY 3 MicCIisl, COpUHT Ha 50 M,
T-tect i cnpuHT Ha 150 M. TecTu Ha pyxoBi 3MiHHi Ipo-
BOJVUINCA JI0, B CEPEMHI 1 ITiC/IA TPEHYBaHHA, B TOM Yac sAK

TeCTY JJI ICUXO/IOTIYHUX 3MIHHUX IIPOBOAVIIACS TiIbKU 1O
1 IMiCIA TPEHYBAHHA.

PesynpraTi. [JBOCTOpOHHIN 3MillIaHMIT AMCIIEPCITHNUI
aHali3 [I0Ka3aB 3HAYHY PI3HUIII0 y BCIX 0OpaHMUX 3MiHHMX
(pyxoBi i ncuxornorivui) y B3aemogii rpyma x gac (p = 0,001
mo <0,001) 3 BenuKoIO BemMuMHO0 edekty. binbima Bemmran-
Ha e(peKTy B 3MiHHUX PyXOBOI IIifTOTOB/IEHOCTI CIIOCTepira-
nacst yepes 12 tiokHiB (ES = 2,09-5,72), Hix uepe3 6 TMKHIB
(ES = 1,92-3,47) nopiBHIHO 3 BUXiIZHUM piBHEM B eKCIIEPU-
MEHTa/IbHIil TPYIIL.

BucHoBku. [locnimpkeHHA MOKasye, 1[0 AUTAYA JIeTKa ar-
JeTuKa, pekoMennoBaHa [AAD, Moxke po3riaaTncA K edek-
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XOBUX 37{i6HOCTeI1 Y fjiTell, SIKi BEAyTh CUASIMUIT CIIOCIO KUTTI.
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Abstract

Research purpose. The present study aims to examine the changes in physical activity levels during the lockdown due
to COVID-19 in Italy. In particular, it aims to assess whether people have continued to exercise at home, how much the
home environment has influenced the desire to train and what people think about Smart-fitness and sport in general.
Materials and methods. A sample of 268 people from the province of Salerno participated in the study, with an
average age of 26 years. To achieve the tasks set, the study relied on the following methods: analysis of scientific
literature, formulation and administration of a questionnaire and data analysis through methods of mathematical
statistics. A structured questionnaire was prepared, disseminated through social networks. To analyze the data,

the Social Sciences Statistical Package (SPSS) and descriptive statistics were used to calculate the demographic
variables. The factor analysis was also calculated to verify the characteristics of the sport considered important by the
participants.

Results. The results obtained made it possible to understand the main type of physical activity carried out during the
quarantine (aerobic activity 35 %, functional training 27 %, anaerobic activity 19 %), the time dedicated to each session
(52.8 % practice for 1 hour) and the weekly frequency of the same (42.9 % practice physical activity continuously

more than % times a week). It was also understood the reasons that prompted the interviewees to train, the way they
planned their session and the equipment used. Finally, it was shown that the majority of the sample (64.17%) knew
smart fitness considering it an interesting activity, and the influence attributed to the home environment by a scale of
values from 1 to 5. Furthermore, the factor analysis shows us the most relevant aspects wich respondents attributed to
sport. More frequently, respondents place greater importance on being loyal and correct, on the contrary, lower values

are attributed to the importance of earning money, and not to disappoint others.
Conclusions. The study found that COVID-19 did not stop athletes, who quickly adapted to the new situation. The
home environment has proved to be very influential on the desire to train, despite this, they hope to return to the gym

as soon as possible.

Keywords: COVID-19, Health, Smart-fitness, Home-fitness, Quarantine, Sport.

Introduction

In Italy with the advent of the lockdown on 9 March
2020, due to Covid-19, the fitness centers and gyms have
been forced to stop their business, sending the fitness-ad-
dicted into crisis, who have had to reorganize their daily
routine (Maugeri, Castrogiovanni, Battaglia, Pippi, D’Agata,
Palma, Di Rosa, & Musumeci, 2020). However, physical ac-
tivity did not go on stand-by. On the contrary, it has evolved,
giving life to the phenomenon of “home fitness”, thanks to

© Raiola, G., Aliberti, S., Esposito, G., Altavilla, G., D’Isanto,
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the spirit of initiative of instructors of various disciplines
who have proposed to offer free lessons to the people, us-
ing social networks (Jiménez-Pavon, Carbonell-Baeza, & La-
vie, 2020; Hall, Laddu, Phillips, Lavie, & Arena, 2020). From
the gyms, fitness has moved to the virtual platform. Hence
the name «Smart fitness». Consequently, the owners of the
various sports centers have adapted to this new situation, of-
fering training prepared by their instructors and publishing
them on their web pages, so as not to abandon customers,
especially the most loyal ones (Hammami, Harrabi, Mohr, &
Krustrup, 2020). Smart fitness offers workouts of any disci-
pline, from aerobic activity to yoga, from functional to dance
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courses: it is possible to find entire lessons lasting about 40/50
minutes, video tutorials of circuits, that can be performed
both using of small tools, either, through bodyweight, or
even simple training instructions suitable for everyone (Jung,
Kwak, Park, & Lee, 2017). In short, from this point of view,
fitness seems to be well organized and having much more free
time, people could easily practice physical activity at no cost
and, perhaps, become passionate about some new discipline
(Sayed, Walsh, & Sheikh, 2020). As amply demonstrated, it is
very important to practice physical activity for your health
(Raiola, 2015; D’Isanto, 2016), both mental and physical (Al-
tavilla, 2016), and above all to prevent the risk of diseases (Ti-
ziana, Antonetta, & Gaetano, 2017). The home environment,
however, may not be motivating, especially for those who are
not passionate about fitness, or for those who prefer to train
in company (Nyenhuis, Greiwe, Zeiger, Nanda, & Cooke,
2020). Many could abandon the practice of training for poor
motivation (Yanguas, Dominguez, Ferrer, Florit, Mourtabib,
& Rodas, 2020). Although some are using exercise to manage
the stress of the pandemic, there are many people who are
managing their stress with food (Gallo, Gallo, Young, Moritz,
& Akison, 2020). Overeating and binge-eating can lead to
regret, physical discomfort, and weight gain (Ceciliani, 2018;
Gaetano, 2016; Schwendinger & Pocecco, 2020). It is impor-
tant to acknowledging the difficult emotions they may have
felt during the pandemic that led to the weight gain and pro-
viding encouragement that they can start fresh now without
judgment may help people reestablish their prepandemic eat-
ing patterns (Di Tore, Raiola, & D’'Isanto, 2018).

Purpose of the research - this study aims to verify wheth-
er, during the first two months of quarantine, March and
April, people continued to exercise at home, to verify how
much the home environment influenced the desire to train
and what people think of Smart-fitness and sports in general.

Materials and methods

Study participants

The study was attended by 268 samples belonging to the
province of Salerno, of different gender and age, with an av-
erage age of 26 years. Experimental procedures, discomforts,
and benefits were fully explained to all boys and parents/
guardians prior to participation. Signed informative consent
forms were provided by subjects’ parents and/or legal guard-
ians. The substantial number and the significant representa-
tion of the sample means that it can be subject to professional
discussion as well as scientific discussion.

Study organization

After choosing the reference application and carrying
out the sampling plan, there was a need to use an informa-
tion-gathering technique to meet the objectives set out, tak-
ing into account both the methodological implications, as
well as the economic and human resources available. On this
basis, it was decided to use a quantitative approach by adopt-
ing as a survey tool a structured questionnaire, the drafting
of which was based on the conceptual dimensions and related
indicators identified during the definition of the objectives.

Questionnaire was prepared with Google Forms, distrib-
uted through sharing on social networks. It is aimed at the
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inhabitants of the province of Salerno, Campania. Sampling
was random. In order to assess the goodness of the instru-
ment, and, more precisely, the fidelity of the data collected
with it, a pre-test was carried out prior to administration on
subjects with characteristics similar to those of the selected
analysis unit. The research group’s focus on the pre-testing
phase made it possible to assess the effectiveness of the tool
by identifying any distortions arising from the articulation
of the questionnaire, the operational definition of the ques-
tions, and estimating the average duration of an interview.
Some indicators have been reviewed, eliminating redundant
or invalid indicators from the indicated size. The questions
in the questionnaire are all closed-ended. The final question-
naire consists of several thematic sections. The first section
concerned the gender and sport practice of subjects during
quarantine. Specifically, the questions were aimed at investi-
gating the type of activity practiced, the duration of the train-
ing sessions and the weekly frequency of the same. Alongside
this information, it was also sought to identify the motiva-
tions that led respondents to play sports during quarantine,
based on what they planned their training and the type of
tools used. The second section of the questionnaire, instead,
is dedicated to smart fitness by investigating the knowledge
of the subjects about this practice, and the influence that the
home environment has had on physical activity.

The third and final section of the questionnaire, on the
other hand, is dedicated to the survey of the values that the
subjects interviewee associate with sport. More precisely, the
type of attitude they declare towards sport was noted: for
example, if instrumental and more competitive, or mainly
oriented towards peer socialization and psycho-physical
well-being. This section also includes a question to see if
there were preferred samples among the intervists and which
adjectives were most frequently associated with them. These
last questions were asked in order to understand also the dy-
namics of identification of the children interviewed.

Statistical analysis

To analyze the data, the statistical package for social sci-
ences (SPSS) and descriptive statistics were used to calculate
demographic variables. Factorial analysis was calculated to
verify the characteristics of the sport considered important
by the participants. The procedure adopted here is the two-
stage procedure; thisapproach avoids some problems such
as reification of axes, the constraint of orthogonality and se-
mantic complications related to the interpretation of factors.

Results

With regard to gender distribution, 59.7 % of respond-
ents are girls compared to 40.4 % of boys. The prevailing
age is between 25 and 26 years old. The data show from the
outset that 82.1 % of those surveyed practiced sports dur-
ing quarantine compared to 17.9 % who did not practice it.
The most practiced activity was aerobics (35 %), followed by
functional training (26 %), anaerobic training (19 %), dance
(11 %) gymnastics (0.9 %). Also interesting is the time spent
on the activity. 52.8 % of respondents said they train for 1
hour, 24.2 % for 30 minutes, 20.2 % for more than 1.5 hours
and 2.8 % for more than 2 hours. The same recording is re-
corded relatively for the frequency of workouts during the
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week: 42.9 % exercised continuously three to four times a
week, 39.1 % two to three times a week, 12.7 % once/twice a
week and 5.3 % occasionally. Compared to the reasons given,
it is clear that the subjects choose sport for aesthetic purposes
(40.8 %), for pleasure and passion (32.2 %), for health (9 %)
stress (8.1 %), finally there are those who claim to have a lot
of free time (6.9 %) or does it for leisure (3.1 %). With regard
to the planning of the training session, 36.9 % of respondents
said they took their cue from the video tutorials on the web,
33.9 % planned it based on their experience, 27 % asked for
the opinion of a gym instructor. Less significantly, 15.9 % con-
tinued to do the same exercises they did before the lockdown
and 7.2 % planned it themselves as instructors. The last ques-
tion for the first section was the equipment used: 34.9 % have
small gym equipment such as bands, small dumbbells. 23.7 %
do not have them and would like to have them, 20.7 % gave
themselves to DIY, building weights with crates of water and
sticks, 11.5 % do not have them because they are not needed
for their training, 9.2 % have a real home gym with high loads.

About the knowledge of smart fitness 64.7 % find this
new mode of fitness through virtual indications interesting,
18.7 % know this new mode, but they are not interested, 9.9 %
did not know it, but they are interested, 6.7 % are not and are
not interested. On the other hand, the influence that the home
environment has had on physical activity, as shown in Figure
1: the majority (32 %) gave an average 3/5 rating, 30.2 % gave
4/5,26.3 % gave 5/5, 6.7 % 2/5 and finally 4.9 % 1/5.

35,00%
30,00%
25,00%
20,00%
15,00%

10,00%

5,00% l
0,00%

1 2 3 4 5

Fig. 1. Influence of the home environment on physical activity

Finally, the last question dedicated to the recogni-
tion of the values that respondents associate with sport.
Table 1 shows us the most relevant aspects attributed to
sport through factor analysis. More frequently, respondents
attach greater importance to being fair and fair, converse-
ly, lower values are attached to the importance of earning
money and don't disappoint others.

Discussion

Athletes were not influenced by the quarantine, continu-
ing to practice indoor physical activity. Among those who do
not practice, the majority seem to feel a sense of unease given
by the home environment, which seems to negatively influ-
ence the desire to train. The current WHO recommendations
on physical activity for the health of the adult population rec-
ommend that, during the week, a minimum of 150 minutes
of moderate intensity aerobic physical activity, or a minimum
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Table 1. Factorial analysis

Rotation components matrix

Component
Indicator
1 2 3 4
Be fair and correct .013 702 226 .130
Be constant in training 337 .073 673 -.085

Help others when they need it 013 384 412 526
Being with friends .043 153 -.012  .898

Do not use doping substances ~ -.324  .128 501 .022

Improve the results 491 216 649  -.010
Accept defeats .101 138 565 .302
Avoid getting hurt .071 .804 019  .020
Avoid hurting others 107 838 130 .179
To win .865 126 178 -.042
Follow a sporty model 653  -108 425 282
Earn money 789 119 -.046  -.141
Don't disappoint others .854 033 .080  .233

of 75 minutes of vigorous activity, more strengthening exer-
cises for the major muscle groups, two or more times a week.
Sportsmen seem to follow these guidelines in a great way,
in fact the majority train for about an hour per session 3/4
times a week. The most practiced physical activity is aerobic
activity, probably because it is an easy activity to do at home,
which does not need specific equipment or skills (D’Isanto,
2016; Altavilla, 2016; Valentini, Bernardini, Beretta, & Raiola,
2018a). Cardio training is perfect for weight loss, toning and
improving body efficiency (Altavilla, D’Elia, & Raiola, 2018),
objectives among other things stated by the majority of par-
ticipants. After aerobic activity, functional, simple, and effec-
tive training takes place, which is based on free-body exercis-
es to be performed, with and without, using tools. It allows to
improve natural body movements, have a correct posture and
be more agile and coordinated (Raiola, 2020). It can be per-
formed both outdoors and at home but requires a minimum
of experience. Next, there is anaerobic training, which aims
to strengthen and define the muscles. However, it is difficult
to perform at home when there are no loads to lift. To solve
this problem, Smart fitness intervenes, which offers advice
on how to build a set of homemade weights, for those who
are used to training in the gym with overloads. An example
is building a barbell with a stick stuck between two crates of
water, use water bottles as dumbbells, or even fill a backpack
to make the sandbag, widely used in the functional. Many fol-
lowed this advice, while others already had tools, albeit light,
such as elastic bands or small dumbbells. Finally, other highly
practiced activities at home are dance and gymnastics, which
require only the movement of your body. Most practice
physical activity to keep fit. Keeping fit in this period is very
difficult: restrictions on movements and social relationships
can cause excessive and unbalanced nutrition, and sedentary
lifestyle, putting a strain on everyone’s weight (Raiola, 2016).
For this, you need to move as much as possible and adjust the

TM®B, 2020, Tom 20, N2 4



Raiola, G., Aliberti, S., Esposito, G., Altavilla, G., D’lsanto, T., & D'Elia, F. (2020). How has the Practice of Physical Activity Changed During
the COVID-19 Quarantine? A Preliminary Survey

power. Those who practice for passion, however, will face this
possible problem with more pleasure. Regular, low-intensity
physical activity brings significant health benefits, while a
sedentary lifestyle and other risk factors contribute to the de-
velopment of chronic degenerative diseases, cardiovascular
diseases (Altavilla, Mazzeo, D’Elia, & Raiola, 2018a). Smart
fitness seems to be of great help in helping people to move,
given that most rely on the video tutorials on social networks.
However, one must be careful in carrying out the exercises
because an incorrect performance can cause serious dam-
age to different parts of the body (D’Isanto, D’Elia, Raiola,
& Altavilla, 2019). Not being supervised, it is preferable not
to exaggerate and rely on competent instructors, distrusting
those who improvise instructors on the network. There are
also those who follow the cards/video tutorials proposed by
their trusted instructor, and this means that the instructors
have not abandoned their students, adapting to the new situ-
ation, and following the trend of the moment (Lister, West,
Cannon, Sax, & Brodegard, 2014). Another good part plans
it alone, based on their experience. In this case people did
not turn to online advice. Most train on their own, while only
someone involves a member of their family, strengthening
family relationships. Some have not given up on training in
the company of a friend in a video call and only a small part
of them train with a «live» instructor on social networks. The
latest initiative seems not to have been very successful, per-
haps due to an incompatibility of schedule between lessons
and personal commitments. Even if the population is very
active, one cannot help but notice that most believe that the
home environment influences the desire to train (Lesser &
Nienhuis, 2020). Especially the younger ones seem to suffer
(D’Elia, Mazzeo, & Raiola, 2018). A greater sense of discom-
fort could be felt when the age decreases, on the contrary, as
the age increases it seems that the home environment less
influences the desire to train. The poor motivation due to the
home environment is a sign of unease, but it has not caused
the abandonment of physical practice. Most prefer to train in
the gym and once the quarantine is over, they will return to
train in their trusted gym. Online fitness was unable to re-
place the gym location. The gym, compared to home training
is more motivating, for a number of factors: the cheerful and
socializing environment, the presence of an instructor who
encourages not giving up, the company of a friend, the com-
mitment to have paid a monthly (Giustino, Parroco, Genna-
ro, Musumeci, Palma, & Battaglia, 2020). Training at home,
on the other hand, requires assiduous willpower: without it,
it would not last long. However, training at home also has
advantages such as saving time, being able to train at any time
of the day, saving money and feeling free to train, without
being judged. It does not matter where; the important thing
is to move (Oliver, Morton, Baldwin, & Datta, 2019). In the
questionnaire a battery of thirteen sentences was inserted, on
each of which the interviewees had to declare the degree of
importance from a minimum of zero to a maximum of ten,
in order to identify which were the most relevant aspects
of sport. More frequently, respondents place greater impor-
tance on being fair and correct, on the contrary, lower values
are attributed to the importance of earning money and not
to disappoint others. Four dimensions have been identified,
characterized by as many groups of values. Characteristics of
the first dimension are improving results, winning, following
a sports model, making money and not disappointing others.
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In this case, we are dealing with an idea of sport focused on
competition, both towards ourselves and towards others, and
a sport that is also instrumental to the improvement of the
socio-economic condition of the athlete, therefore oriented
towards result and performance. On the second dimension,
we find ourselves being loyal and correct, avoiding hurting
ourselves, and avoiding hurting others. These are therefore
valuing attributable to fair play (D’Elia & Raiola, 2019) and
mainly detached from achieving a result in terms of sporting
victories. In the third dimension, we find ourselves being
constant in training, helping others when they need them,
not using doping substances (Raiola, D’Elia, & Altavilla,
2018), improving results, accepting defeats, and following a
sporting model. In this case, sport is lived in a healthy per-
spective, training with a set goal without resorting to impro-
prieties (Mazzeo, D’Elia, & Raiola, 2018). Being constant is
the most important element to obtain good results in terms
of performance. Finally, in the fourth dimension we find our-
selves staying with friends and helping others when they need
it. In this case, sport is experienced as a place of socialization,
in a purely relational non-competitive perspective.

Conclusions

The investigation showed that the COVID-19 did not
stop the sportsmen, who immediately adapted to the new
situation. It is very important to practice physical activity to
bring benefits to both the body and the mind: it can reduce
high blood pressure, help control weight and reduce the risk
of heart disease, stroke, type 2 diabetes and various types
of cancer, all conditions that may increase susceptibility to
COVID-19. The fitness revolution has affected many peo-
ple, but only momentarily, dictated by necessity: despite ac-
companying athletes for two months, the latter always prefer
training in the gym. The home environment has proved very
influential on the desire to train, not surprisingly, most hope
to return to the gym as soon as possible.
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AK 3MIHUIACA MPAKTUKA ®I3UYHOI AKTUBHOCTI MIA YAC
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ABTOpCHKNMIT BKIAM: A — [U3aiiH HOCTimMKeHHs; B - 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarts: 6 c., 1 Tabn., 1 puc., 31 mxepeno

Mera pocrmimkeHHs. JlaHe DOCTiIKeHHS Ma€ Ha MeTi BI-
BYUTY 3MiHM piBHA (i3MYHOI aKTUBHOCTI I1ifj Yac 67I0KyBaHHsA
gepe3 COVID-19 B Itanii. 30kpeMa, OLjiHUTH BIUTUB Pi3UIHUX
BIIPaB Ha IICHXOJIOTiYHE 3/{0POB’s, HACKITIbKI JJOMAIIHE Ceper-
OBHIIle BIUVIMBAE Ha GaXKaHHS TPEHYBATUCA Ta IO JIIOLU JyMa-
10Th I1po Smart-fitness Ta copr 3aranom.

Marepianu Ta MeTogu. Y BOCTifKeHHI Opann y4acTsb 268
mozielt i3 nmposinmii CanepHo, cepepHiil Bik AKMX CTAaHOBUB 26
pokiB. [l fOCATHEHH:A MOCTaB/I€HUX 3aBIaHb NOCTIIKEHH
CIMPAJIOCs Ha TaKi METO[U: aHajIi3 HAYKOBOI JIiTepaTypu, aHKe-
TYBaHHA Ta aHAJIi3 JAHNX 32 JIOTIOMOTOX0 METOJIiB MaTeMaTUYHOI
craTUCcTUKM. Byna mifrorosena cTpyKTypoBaHa aHKeTa, AKa
IIOLIVPIOBA/Iacs uepe3 coljialbHi Mepexi. [ly1a aHani3y maHux,
obumcieHHs geMorpadiuHuX 3MiHHUX BUKOPUCTOBYBAINCh
CraTrcTrIHMII DaKeT yisi conjianbHux Hayk (SPSS) ta ommcosa
craructuka. PakTOpHUII aHA/MI3 TaKOX OyB 3AiICHEHUIT I
HepeBipKM XapaKTePUCTUK BUJY CIIOPTY, AKMUI yYaCHUKY BBa-
SKAIOTh BaXK/IMBUM.

Pesynpraru. OTpyMaHi pesynbraTu Jaay 3MOTy 3pO3yMi-
TV OCHOBHMII BUJ (DISMYHUX HABAHTAXKEHb, IO IPOBOASITHCS
i yac KapaHTHHY (aepoOHa aKTUBHICTb 35 %, GyHKI[iOHAIbHA
migroroska 27 %, aHaepoOHa akTUBHICTD 19 %), wac, mpupine-

HUIT KOXKHOMY 3aHATTIO (52,8 % IMpaKTUKM HPOTATOM 1 TOIMHIM)
i moTmxHeBy ix yactory (42,9 % mpakTukyioTh (pisnyHi Ha-
BaHTa)KEHHsI IIOCTIITHO Oiiblile % pasiB Ha TIDKZEHDb). TaKoX
6y/10 BCTAHOB/IEHO IPUYMHY, IO CIIOHYKaIM PeCHOH/IEHTIB
TPEHYBATICS, CIIOCIO IIAHYBaHHA 3aHATD Ta BUKOPUCTOBYBAHEe
o6maguanna. Hapenrri, 6710 mokasaHo, 110 61/1b1icTs BUOIpKY
(64,17 %) 3Hamu npo posyMHMil QiTHeC, BBaXKa/lIuy HOro Iii-
KaBOIO NifAANIbHICTIO, i BI/IMB, AKUI NPUINCYIOTh JIOMAIlIHbO-
My CepefoBMILY 3a LIKa/J0K 3HaueHb Bifg 1 go 5. Kpim roro,
dbaxTOpHMIT aHA/Mi3 ITOKa3aB HaOiNbII pe/leBaHTHI acIeKTH,
AKi peCIIOH/IEHTI IPUIUCYIOTh cIOpTy. YacTille pecrioHieHTn
Haflal0Th Oifblile 3HAUYEHHsI JIOSIBHOCTI Ta KOPEKTHOCTI, Ha-
BIIaKV, HIDKY1 IIIHHOCT] IPUITMCYIOTbCS BAX/IMBOCTI 3apOOiTKY
rpoueii i 6a)kaHHIO He PO3YapOBYTH iHIINX.

BucnoBku. [locnimkenas nmokasano, mo COVID-19 ue
3YNUHAB CIOPTCMEHIB, AKi IIBUAKO aJJaliTyBaaUCh O HOBOI
cutyanii. /lomaliHe cepefoBuILe BUABNUIOCA Iy>Ke BIUIMBOBUM
Ha GaXXaHHS TPEHYBATUCs, He3Ba)XKAI0UM Ha 1ie, BOHU CIOfiBa-
I0TbCA AKHAMIIBULIE IIOBEPHYTHCA O CIOPT3aJly.

Kirouosi cioBa: COVID-19, 30poB’s1, po3ymunit ditHec,
IOMalIHii QiTHeC, KapaHTIH, CIIOPT.
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Abstract

The purpose of the study was to obtain regression models of immediate and delayed training effect of strength loads

in boys aged 8 years, based on a full factorial experiment.

Materials and methods. The study participants were 48 boys aged 8 years. The experiment was performed using a

2? factorial design. The study materials were processed by the IBM SPSS 22 statistical analysis program. The study
examined the impact of four variants of strength load on the immediate (ITE) and the delayed (DTE) training effect of
orthogonal strength exercises modes and rest intervals in boys aged 8 years.

Results. The study results show that in the proposed matrix of the 2? full factorial design, the chosen step of variation
of factors is sufficient to study the influence of different modes of strength exercises on the dynamics of ITE in boys
aged 8 years. Based on the data analysis, the study obtained regression models of load for calculating the ITE , ITE,,
and DTE. The obtained regression models make it possible to calculate the number of repetitions and rest interval to

achieve the most rational load variant.

Conclusions. The analysis of regression equations shows the interrelation between training effects: ITE, —> ITE,

—> DTE. The value of ITE , ITE,, and DTE at station I (exercises to strengthen arms and shoulders) and station II
(exercises to strengthen abdominal muscles) depends on the increase in the number of repetitions in a set and the
duration of the rest interval. The value of ITE , ITE, at station III (exercises to strengthen back muscles) depends

on the increase in the number of repetitions in a set and the duration of the rest interval. The value of DTE - on the
increase in the number of repetitions in a set and the reduction of the rest interval duration. The value of ITE, at
station IV (exercises to strengthen leg muscles) depends on the increase in the number of repetitions in a set and the
reduction of the rest interval duration. To strengthen the DTE, it is necessary to reduce the number of repetitions in a

set and the duration of the rest interval.

Keywords: boys aged 8 years, training effects, strength exercises, combined method of strength development, factorial

design.

Introduction

Normalization of physical loads in physical education
classes is one of the factors that ensure the effectiveness of
schoolchildren’s physical education (Ivashchenko, Khudolii,
Iermakov, Veremeenko, & Lopatiev, 2018; Veremeenko, Khu-
dolii, & Ivashchenko, 2019; Ivashchenko, 2020). Washabaugh,
Augenstein, and Krishnan (2020), Benzing, and Schmidt
(2019) emphasize the use of dosed efforts in both physical

© Khudolii, O., Iermakov, S., Ivashchenko, O., Nosko, M.,
2020.
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education and sports training. Bogdanis, Donti, Papia, Donti,
Apostolidis, and Sands (2019), Wertheimer, Antekolovic, and
Matkovic (2018) note a positive effect of plyometric loads
on the level of motor fitness of both children and adults.
The relevance of studying the “dose-effect” (cause-effect) in
children’s physical activity is indicated by Lovric, Mandic
Jelaska, and Bilic (2018), Marttinen, Fredrick III, and Silver-
man (2018).

Technological approaches to assessing the training ef-
fects of strength loads in primary schoolchildren are present-
ed in the studies by Ivashchenko (2020), Ivashchenko, Khu-
dolii, Prusik, and Giovanis (2020), Iermakov, Ivashchenko,

TM®B, 2020, Tom 20, N2 4



Khudolii, O., lermakov, S., Ivashchenko, O., & Nosko, M. (2020). Strength Abilities: Modeling of Immediate and Delayed Training Effect
of Strength Loads in Boys Aged 8 Years

Khudolii, and Chernenko (2020). One of the technological
approaches is the use of pattern recognition methodology
in research (Neimark & Teklina, 2007, 2012; Ivashchenko et
al., 2018). Ivashchenko, Khudolii, Iermakov, Chernenko, and
Honcharenko (2018) indicate the effectiveness of using facto-
rial designs and discriminant analysis in physical education
research.

The importance of developing methodological approach-
es to normalization and management of training loads in
physical education classes in order to improve the effective-
ness of teaching is pointed out in the studies by Khudolii,
Iermakov, and Bartik (2020), Ivashchenko, Berezhna, and
Cieslicka (2020), Ivashchenko and Sirichenko (2020).

Thus, the problem of normalization of strength loads in
primary schoolchildren’s physical education classes is rel-
evant and requires additional research.

The purpose of the study was to obtain regression models
of immediate and delayed training effect of strength loads in
boys aged 8 years, based on a full factorial experiment.

Materials and methods

Study participants

The study participants were boys aged 8 years (n = 48).
The children and their parents were fully informed about all
the features of the study and gave their consent to participate
in the experiment.

Study organization

To solve the tasks set, theoretical and empirical meth-
ods were used: analysis and generalization of scientific and
methodological literature; modeling, pedagogical observa-
tion and experiment, regression analysis.

Table 1. Factorial design in studying the influence of
different modes of the combined method of strength
development (variant I) in primary schoolchildren (x, -
number of repetitions in a set; x, - rest interval, s)

No.
of strength load Method x, X,
variant
Dynamic effort method 3- 30-
I Maximal effort method 1- 30-
Isometric effort method 3- 30-
Repeated effort method 6- 30-
Dynamic effort method 5+ 30-
Maximal effort method 3+ 30-
1 ,
Isometric effort method 5+ 30-
Repeated effort method 12+ 30-
Dynamic effort method 3- 60+
Maximal effort method 1- 60+
111 .
Isometric effort method 3- 60+
Repeated effort method 6- 60+
Dynamic effort method 5+ 60+
Maximal effort method 3+ 60+
v .
Isometric effort method 5+ 60+
Repeated effort method 12+ 60+
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To determine the dynamics of strength training effects
in boys aged 8 years, the study carried out an experiment
according to the plan given in Table 1. Variant I of the com-
bined method was used to strengthen arm and shoulder mus-
cles (station I), abdominal muscles (station II), back muscles
(station III), and leg muscles (station IV). At each station, the
following methods were used: dynamic effort method, maxi-
mal effort method, isometric effort method, repeated effort
method. The modes of performance for each group, for the
indicated stations are given in Table 1. The study examined
the impact of four variants of strength load on the immedi-
ate training effect (ITE ) after performing exercises at four
stations, the immediate training effect (ITE,) after training,
and the delayed training effect (DTE) 24 hours after training.

At each station, the following exercises were performed:

Station I. Exercises for arm and shoulder muscles.

1. Dynamic effort method. Knee push-ups. The exercise
is performed as quickly as possible.

2. Maximal effort method. Weighted push-ups (stuffed
ball).

3. Isometric effort method. Knee push-ups. The exercise
is performed with two stops and fixation of joint an-
gles (5s).

4. Repeated effort method. Knee push-ups.

Station II. Exercises to strengthen abdominal muscles.

1. Dynamic effort method. Sit-ups. The exercise is per-
formed as quickly as possible.

2. Maximal effort method. Hanging 90-degree leg raises
on wall bars.

3. Isometric effort method. Decline bench 90-degree leg
raises. The exercise is performed with two stops and
fixation of joint angles (5 s).

4. Repeated effort method. Decline bench leg raises to
plow.

Station III. Exercises to strengthen back muscles.

1. Dynamic effort method. Trunk lift. The exercise is
performed as quickly as possible.

2. Maximal effort method. Trunk lift on a pommel horse
with feet supported under wall bars.

3. Isometric effort method. Trunk lift with two stops and
holding each static position for 5 s. The exercise is
performed with two stops and fixation of joint angles
(5's) (hold positions in the upper point and horizon-
tally).

4. Repeated effort method. The same starting position.
Trunk lift.

Station IV. Exercises to strengthen leg muscles.

1. Dynamic effort method. Squats. The exercise is per-
formed as quickly as possible.

2. Maximal effort method. Weighted squats (stuffed ball,
dumbbells).

3. Isometric effort method. Weighted squats with stops.
The exercise is performed with two stops and fixation
of joint angles (5 s) (90°, 135°).

4. Repeated effort method. Squats.

During the experiment, the study recorded the results of
the following tests: 1. Push-ups. 2. Speed push-ups, 3 times.
3. Sit-ups in 30 seconds. 4. Trunk lift in 10 seconds. 5. Stand-
ing long jump.

On the first day before the experiment, the study re-
corded the results of Test 2 “Speed push-ups, 3 times”, Test 1
“Push-ups”, Test 3 “Sit-ups in 30 seconds”, Test 4 “Trunk lift

249



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis ma memoouka ¢izudHo20 suxosdaHHs. Tom 20, N2 4

in 10 seconds’, Test 5 “Standing long jump”. After performing
the exercises at station I — Tests 2, 1; at station II - Test 3; at
station IIT - Test 4; at station IV — Test 5. After training — Tests
2, 1, 3, 4. Twenty-four hours after training — Tests 2, 1, 3, 4, 5.
The dynamics of test results was determined as a percentage
relative to the initial level.

Statistical analysis

The study materials were processed using the IBM SPSS
22 statistical analysis program. The Yates’ algorithm was used
to calculate the regression coefficients.

The study protocol was approved by the Ethical Com-
mittee of H. S. Skovoroda Kharkiv National Pedagogical
University.

Results

Tables 2-7 show the results of the 27 full factorial design.
The study examined the impact of four variants of strength
load on the ITE after performing exercises at four stations,
the ITE, after training, and the DTE 24 hours after training.

The results of analysis of the immediate training effect
(ITE,) after performing exercises at four stations: station 1
“Exercises to strengthen arms and shoulders”; station II “Ex-
ercises to strengthen abdominal muscles”; station III “Exer-
cises to strengthen back muscles”; station IV “Exercises to
strengthen leg muscles” are given below (see Tables 2-3).

The analysis of the regression equations given in Table 2
made it possible to determine the influence of strength loads
on the immediate training effect (ITE,) of different modes of

exercises in boys aged 8 years. After training at stations I-IV,

the following data were obtained:

o after training at station I - exercises to strengthen arms
and shoulders - the ITE, is most influenced by the num-
ber of repetitions in a set (x,) (exercise No. 1) and the rest
interval (x,) (exercise No. 2). To strengthen the ITE,, it is
necessary to increase the number of repetitions in a set
and the duration of the rest interval;

« after training at station II - exercises to strengthen ab-
dominal muscles - the ITE, is most influenced by the
rest interval (x,), the number of repetitions in a set (x,),
and the interaction between the number of repetitions in
a set and the rest interval (x x,). To strengthen the ITE ,
it is necessary to increase the number of repetitions in a
set and the duration of the rest interval;

o  after training at station III - exercises to strengthen back
muscles - the ITE, is most influenced by the rest interval
(x,), the interaction between the number of repetitions
in a set and the rest interval (x x,), and the number of
repetitions in a set (x,). To strengthen the ITE, it is neces-
sary to increase the number of repetitions in a set and the
duration of the rest interval;

o after training at station IV - exercises to strengthen leg
muscles - the ITE, is most influenced by the rest interval
(x,), the interaction between the number of repetitions in
a set and the rest interval (x x,), and the number of rep-
etitions in a set (x,). To strengthen the ITE, it is necessary
to increase the number of repetitions in a set and reduce
the duration of the rest interval.

The analysis of variance given in Table 3 made it possible
to determine the percentage influence of the factors on the
immediate training effect (ITE)) of different modes of exer-

Table 2. Models of influence of different strength training modes on the change in the immediate training effect (ITE,) in
boys aged 8 years (n = 40) (x, — amount of training, x, — rest interval). The first variant of the combined method of strength

development.

Place of training Test

Conditions of recording

Regression equations

No. 1 “Push-ups”

Station I No. 2 “Speed push-ups, 3 times”
Station II No. 3 “Sit-ups in 30 seconds”
Station IIT No. 4 “Trunk lift in 10 seconds”
Station IV No. 5 “Standing long jump”

after performing the exercises
after performing the exercises
after performing the exercises
after performing the exercises

after performing the exercises

Y=90.113 - 2.998x, - 1.168x, - 0.967x x,
Y=104.660 + 2.655x, + 3.315x, - 1.240x x,
Y=92.753 - 1.553x, - 2.708x, + 1.138x x,
Y=93.943 - 0.918x, - 1.958x, + 0.963xx,
Y=98.768 - 0.078x, + 1.238x, +0.392 x,x,

Table 3. Results of the analysis of variance for the 2? FFE in studying the influence of different strength training modes on
the change in the immediate training effect (ITE,) in boys aged 8 years (n = 40) (x, - amount of training, x, - rest interval).
The first variant of the combined method of strength development.

Ratio of mean squares

Place of training Test Conditions of recording
x, x, XX,
No. 1 “Push-ups” after performing the exercises 79.6 12.0 8.4
Station I No. 2 “Speed push-ups, 3 times”  after performing the exercises 36.0 56.1 7.9
Station II No. 3 “Sit-ups in 30 seconds” after performing the exercises 21.8 66.4 11.8
Station IIT No. 4 “Trunk lift in 10 seconds”  after performing the exercises 15 68.4 16.6
Station IV No. 5 “Standing long jump” after performing the exercises 0.35 90.5 9.15
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Table 4. Models of influence of different strength training modes on the change in the immediate training effect (ITE,) in
boys aged 8 years (n = 40) (x, - amount of training, x, - rest interval). The first variant of the combined method of strength
development. Comprehensive strength development of arm, abdominal, back, and leg muscles.

Test

Regression equations

No. 1 “Push-ups”

No. 2 “Speed push-ups, 3 times”
No. 3 “Sit-ups in 30 seconds”
No. 4 “Trunk lift in 10 seconds”

No. 5 “Standing long jump”

Y=87.790 - 0.740x, - 0.1x, - 2.1xx,
Y=106.108 + 0.877x, + 1.258x, + 0.068x,x,
Y=91.698 + 0.968x, — 2.258x, - 0.627x X,
Y=92.875 - 0.395x, - 1.465x, + 0.265x X,
Y=98.985 + 0.095x, - 0.19x, + 0.1x,x,

cises in boys aged 8 years. After training at stations I-IV, the

following data were obtained:

o after training at station I - exercises to strengthen arms
and shoulders - the ITE, is most influenced by the num-
ber of repetitions in a set (x,) — 79.6% (exercise No. 1)
and the rest interval (x,) - 56.1% ;

o after training at station II - exercises to strengthen ab-
dominal muscles - the ITE is most influenced by the rest
interval (x,) - 66.4%;

«  after training at station III - exercises to strengthen back
muscles — the ITE is most influenced by the rest interval
(x,) - 68.4%;

« after training at station IV - exercises to strengthen leg
muscles - the ITE is most influenced by the rest interval
(x,) - 90.5%.

The data of analysis of the immediate training effect
(ITE,) after training are given in Tables 4-5.

The analysis of the regression equations given in Table 4
made it possible to determine the influence of strength loads
on the immediate training effect (ITE,) of different modes of
exercises in boys aged 8 years. After training, the following
data were obtained:

o exercises to strengthen arms and shoulders - the ITE, is
most influenced by the interaction between the number
of repetitions in a set and the rest interval (x x,) (ex-
ercise No. 1) and the rest interval (x,) (exercise No. 2).
To strengthen the ITE,, it is necessary to increase the
number of repetitions in a set and the duration of the
rest interval;

o exercises to strengthen abdominal muscles - the ITE,
is most influenced by the rest interval (x,), the number
of repetitions in a set (x ), and the interaction between
the number of repetitions in a set and the rest interval
(x,x,). To strengthen the ITE,, it is necessary to increase
the number of repetitions in a set and the duration of the
rest interval;

o exercises to strengthen back muscles - the ITE, is most
influenced by the rest interval (x,), the number of repeti-
tions in a set (x,), and the interaction between the num-
ber of repetitions in a set and the rest interval (x,x,). To
strengthen the ITE, it is necessary to increase the number
of repetitions in a set and the duration of the rest interval;

o  exercises to strengthen leg muscles — the ITE, is most in-
fluenced by the rest interval (x,), the interaction between
the number of repetitions in a set and the rest interval
(x,x,), and the number of repetitions in a set (x ). To
strengthen the ITE, it is necessary to reduce the number
of repetitions in a set and the duration of the rest interval.

TM®B, 2020, Tom 20, N2 4

The analysis of variance given in Table 5 made it possible
to determine the percentage influence of the factors on the
immediate training effect (ITE,) of different modes of exer-
cises in boys aged 8 years. After training, the following data
were obtained:

o exercises to strengthen arms and shoulders - the ITE, is
most influenced by the interaction between the number

of repetitions in a set and the rest interval (x,x,) - 88.8%

(exercise No. 1) and the rest interval (x,) - 67.1%;

o exercises to strengthen abdominal muscles - the ITE is

most influenced by the rest interval (x,) - 79.3%;

o exercises to strengthen back muscles - the ITE is most

influenced by the rest interval (x,) - 90.5%;

« exercises to strengthen leg muscles — the ITE is most

influenced by the rest interval (x,) - 65.5%.

The results of analysis of the delayed training effect
(DTE) 24 hours after training are given in Tables 6-7.

Table 5. Results of the analysis of variance for the 2> FFE

in studying the influence of different strength training
modes on the change in the immediate training effect

(ITE,) in boys aged 8 years (n = 40) (x, — amount of
training, x, — rest interval). The first variant of the combined
method of strength development. Comprehensive strength
development of arm, abdominal, back, and leg muscles.

Test Ratio of mean squares

X, x, XX,

No. 1 “Push-ups” 11 0.2 88.8
No. 2 “Speed push-ups, 3 times” 32.7 67.1 0.2
No. 3 “Sit-ups in 30 seconds” 14.6 79.3 6.1
No. 4 “Trunk lift in 10 seconds” 6.6 90.5 2.9
No. 5 “Standing long jump” 16.4 65.5 18.1

The analysis of the regression equations given in Table 6
made it possible to determine the influence of strength loads
on the delayed training effect (DTE) of different modes of
exercises in boys aged 8 years. 24 hours after training, the
following data were obtained:

o exercises to strengthen arms and shoulders - the DTE
is most influenced by the number of repetitions in a set
(x,), the rest interval (x,), the interaction between the
number of repetitions in a set and the rest interval (x x,)
(exercise No. 1), and the interaction between the number
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Table 6. Models of influence of different strength training modes on the change in the delayed training effect (DTE) in
boys aged 8 years (n = 40) (x, - amount of training, x, - rest interval). The first variant of the combined method of strength
development. Comprehensive strength development of arm, abdominal, back, and leg muscles.

Test

Regression equations

No. 1 “Push-ups”

No. 2 “Speed push-ups, 3 times”
No. 3 “Sit-ups in 30 seconds”
No. 4 “Trunk lift in 10 seconds”

No. 5 “Standing long jump”

Y=96.785 + 2.195x, - 1.315x, - 1.095xx,
Y=103.99 - 0.59x, + 0.475x, - 1.275x x,
Y=95.413 +0.092x, + 0.232x, - 0.278x x,
Y=96.23 - 0.07x, + 1.505x, + 0.015x x,
Y=99.115 + 1.765x, + 0.81x, - 1.73x,x,

Table 7. Results of the analysis of variance for the 2> FFE
in studying the influence of different strength training
modes on the change in the delayed training effect (DTE)
in boys aged 8 years (n = 40) (x, — amount of training,

x, — rest interval). The first variant of the combined
method of strength development. Comprehensive strength
development of arm, abdominal, back, and leg muscles.

Ratio of mean squares

Test
X, X, XX,
No. 1 “Push-ups” 62.2 223 15.5
No. 2 “Speed push-ups, 3 times” 15.8 10.3 73.9
No. 3 “Sit-ups in 30 seconds” 6.1 38.7 55.2
No. 4 “Trunk lift in 10 seconds” 0.2 99.8 0
No. 5 “Standing long jump” 46.1 9.7 442

of repetitions in a set and the rest interval (x x,) (exercise
No. 2). To strengthen the DTE, it is necessary to increase
the number of repetitions in a set and the duration of the
rest interval;

o exercises to strengthen abdominal muscles — the DTE is
most influenced by the interaction between the number
of repetitions in a set and the rest interval (x x,), the
rest interval (x,), the number of repetitions in a set (x,).
To strengthen the DTE, it is necessary to increase the
number of repetitions in a set and the duration of the
rest interval;

o exercises to strengthen back muscles — the DTE is most
influenced by the rest interval (x,), the interaction be-
tween the number of repetitions in a set and the rest
interval (x x,), and the number of repetitions in a set (x).
To strengthen the DTE, it is necessary to increase the
number of repetitions in a set and reduce the duration of
the rest interval;

« exercises to strengthen leg muscles - the DTE is most
influenced by the number of repetitions in a set (x,), the
interaction between the number of repetitions in a set
and the rest interval (x x,), and the rest interval (x,). To
strengthen the DTE, it is necessary to reduce the number
of repetitions in a set and the duration of the rest interval.
The analysis of variance given in Table 7 made it possible

to determine the percentage influence of the factors on the

delayed training effect (DTE) of different modes of exercises
in boys aged 8 years. 24 hours after training, the following
data were obtained:
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o exercises to strengthen arms and shoulders - the DTE
is most influenced by the number of repetitions in a set
(x,) - 62.2% (exercise No. 1) and the interaction between
the number of repetitions in a set and the rest interval
(x,x,) = 73.9%;

o exercises to strengthen abdominal muscles — the DTE is
most influenced by the interaction between the number
of repetitions in a set and the rest interval (x,x,) - 55.2%;

o exercises to strengthen back muscles - the DTE is most
influenced by the rest interval (x,) — 99.8%;

o exercises to strengthen leg muscles — the DTE is most
influenced by the number of repetitions in a set (x ) -
46.1% and the interaction between the number of repeti-
tions in a set and the rest interval (x x,) — 44.2%.

Discussion

The study assumed that a full factorial experiment would
allow to determine the influence of strength loads on the im-
mediate training effect (ITE) and the delayed training effect
(DTE) of different modes of exercises in boys aged 8 years.
The study results show that in the proposed matrix of the
2? full factorial design, the chosen step of variation of fac-
tors is sufficient to study the influence of different modes
of strength exercises on the dynamics of ITE in boys aged 8
years (Table 1). Based on the data analysis, the study obtained
regression models of load for calculating the ITE, (Table 2),
ITE, (Table 4), and DTE (Table 6).

The studies by Iermakov, Ivashchenko, Khudolii, and
Chernenko (2020), Ivashchenko, Khudolii, Prusik, and
Giovanis (2020), Ivashchenko, Nosko, and Ferents (2019)
substantiated the influence of different load variants on the
dynamics of the immediate and delayed training effect on
the basis of discriminant analysis. Iermakov, Ivashchenko,
Khudolii, and Chernenko (2020) found the interrelation of
training effects. The obtained data indicate that each of the
variants of strength load can be effectively used depending
on the educational tasks of both one and a series of physical
education classes, and also show that the ITE and DTE of
strength exercises depend on the initial level of fitness and
the total amount of strength exercises in a physical education
class. Ivashchenko, Khudolii, Prusik, and Giovanis (2020)
point out that in the first variant of strength load, the great-
est contribution to the dynamics of training effects is made
by training at the first station “exercises to strengthen arms
and shoulders”; in the second variant, the greatest contribu-
tion to the dynamics of training effects is made by training
at the third station “exercises to strengthen back muscles”;
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in the third variant, the greatest contribution to the dynam-
ics of training effects is made by training at the first station
“exercises to strengthen arms and shoulders” and the third
station “exercises to strengthen back muscles”; in the fourth
variant, the greatest contribution to the dynamics of the ITE
is made by training at the first “exercises to strengthen arms
and shoulders” and the third “exercises to strengthen back
muscles” stations; the most significant changes in the DTE
are connected with training at the fourth station “exercises to
strengthen leg muscles”

The obtained regression models make it possible to cal-
culate the number of repetitions and rest interval to achieve
the most rational load variant. These data supplement the
results presented in the studies by Iermakov, Ivashchenko,
Khudolii, and Chernenko (2020), Ivashchenko, Khudolii,
Prusik, and Giovanis (2020) and form a methodology for
studying training loads, which differs from the methods used
in the studies by Arazi et al. (2012), Ratamess et al. (2012),
Miranda et al. (2010) in that research is conducted using an
active 2* FFE and materials are processed with the help of
regression and discriminant analysis.

The results supplement the information of Ivashchenko
and Ciesélicka (2017), Cieslicka and Ivashchenko (2017) about
the effectiveness of using factorial designs in studying train-
ing effects of strength loads in children; that of Ivashchenko,
Khudolii, Iermakov, Chernenko and Honcharenko (2018),
Marchenko and Kovalenko (2020) about the reliability of ob-
tained regression equations for modeling the process of mo-
tor skills and motor abilities development in schoolchildren.

The effectiveness of using a 2* full factorial experiment
is confirmed by data of Correa, Grima, and Tort-Martorell
(2009, 2012), Ivashchenko, Nosko, and Ferents (2019). The
main purpose of designs is to neutralize the influence of un-
known factors, the authors recommend using designs with
three and four factors. The results of presented research (Ta-
bles 2-7) show the effectiveness of using a 22 FFE in studying
the ITE of strength loads in boys aged 8 years.

The obtained results specify the conceptual approach-
es to experiment planning in studying the effectiveness of
children’s physical education, factorial designs are an objec-
tive tool for obtaining data to calculate regression models of
training effects in children (Khudolii, Ivashchenko, Iermak-
ov, Nosko, & Marchenko, 2019; Khudolii, 2019; Ivashchenko,
2020).

In addition, strength training of schoolchildren is con-
sidered as a necessary condition of the educational process
(Kapkan, Khudolii, & Bartik, 2019a,b). Based on the analysis
of regression equations, it is possible to choose a load by fo-
cus, based on discriminant analysis - to choose a total load.

Conclusions

The study results show that in the proposed matrix of
the 22 full factorial design, the chosen step of variation of
factors is sufficient to study the influence of different modes
of strength exercises on the dynamics of ITE in boys aged 8
years. Based on the data analysis, the study obtained regres-
sion models of load for calculating the ITE,, ITE,, and DTE.
The obtained regression models make it possible to calculate
the number of repetitions and rest interval to achieve the
most rational load variant.

TM®B, 2020, Tom 20, N2 4

The analysis of regression equations shows the interrela-
tion between training effects: ITE, ->ITE, —> DTE. The val-
ue of ITE , ITE,, and DTE at station I (exercises to strengthen
arms and shoulders) and station II (exercises to strengthen
abdominal muscles) depends on the increase in the number
of repetitions in a set and the duration of the rest interval. The
value of ITE , ITE, at station III (exercises to strengthen back
muscles) depends on the increase in the number of repeti-
tions in a set and the duration of the rest interval. The value
of DTE - on the increase in the number of repetitions in a
set and the reduction of the rest interval duration. The value
of ITE, at station IV (exercises to strengthen leg muscles)
depends on the increase in the number of repetitions in a set
and the reduction of the rest interval duration. To strengthen
the DTE, it is necessary to reduce the number of repetitions
in a set and the duration of the rest interval.

Acknowledgement

The study was carried out in accordance with the plan
of research work of the Department of Theory and Meth-
odology of Physical Education of H. S. Skovoroda Kharkiv
National Pedagogical University.

Conflict of interest

The authors declare no conflict of interest.

References

Ivashchenko, O., Khudolii, O., Iermakov, S., Veremeenko, V.,
& Lopatiev, A. (2018). Power abilities: recognition of the
level of development in girls aged 12-14 years. Pedagogics,
Psychology, Medical-Biological Problems of Physical
Training and Sports, 22(3), 142-148.
https://doi.org/10.15561/18189172.2018.0305

Veremeenko, V., Khudolii, O., & Ivashchenko, O. (2019). Motor
abilities: methods of strength and strength endurance
development in middle-school-aged boys in a 4-week
physical training cycle. Pedagogics, Psychology, Medical-
Biological Problems of Physical Training and Sports, 23(2),
102-111. https://doi.org/10.15561/18189172.2019.0208

Washabaugh, E. P, Augenstein, T. E., & Krishnan, C. (2020).
Functional resistance training during walking: Mode of
application differentially affects gait biomechanics and
muscle activation patterns. Gait & Posture, 75, 129-136.
https://doi.org/10.1016/j.gaitpost.2019.10.024

Benzing, V., & Schmidt, M. (2019). The effect of exergaming
on executive functions in children with ADHD: A
randomized clinical trial. Scandinavian Journal of
Medicine & Science in Sports, 29(8), 1243-1253.
https://doi.org/10.1111/sms.13446

Bogdanis, G. C., Donti, O., Papia, A., Donti, A., Apostolidis,
N., & Sands, W. A. (2019). Effect of Plyometric Training
on Jumping, Sprinting and Change of Direction Speed in
Child Female Athletes. Sports, 7(5), 116.
https://doi.org/10.3390/sports7050116

Wertheimer, V., Antekolovic, L., & Matkovic, B. R. (2018).
Muscle damage indicators after land and aquatic
plyometric training programmes. Montenegrin Journal of

253



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis ma memoouka ¢izudHo20 suxosdaHHs. Tom 20, N2 4

Sports Science and Medicine, 7(1), 13-19.
https://doi.org/10.26773/mjssm.180302

Lovric, E, Mandic Jelaska, P, & Bilic, Z. (2018). Physical
activity cannot be treated as a predictor of anthropological
status among six-year-old children. Montenegrin Journal
of Sports Science and Medicine, 7(1), 53-57.
https://doi.org/10.26773/mjssm.180307

Marttinen, R., N. Fredrick, R., III, & Silverman, S. S. (2018).
Middle school students’ free-living physical activity on
physical education days, non-physical education days,
and weekends. Montenegrin Journal of Sports Science and
Medicine, 7(1), 5-12.
https://doi.org/10.26773/mjssm.180301

Ivashchenko, O. (2020). Research Program: Modeling of Motor
Abilities Development and Teaching of Schoolchildren.
Teorid ta Metodika Fizicnogo Vihovannd, 20(1), 32-41.
https://doi.org/10.17309/tmfv.2020.1.05

Iermakov, S., Ivashchenko, O., Khudolii, O., & Chernenko,
S. (2020). Strength Abilities: Assessment of Training
Effects of Strength Loads in Boys Aged 8 Years. Teorid ta
Metodika Fizi¢nogo Vihovannd, 20(3), 174-181.
https://doi.org/10.17309/tmfv.2020.3.07

Ivashchenko, O., Khudolii, O., Prusik, K., & Giovanis, V.
(2020). Strength Abilities: Immediate and Delayed
Training Effects of Orthogonal Modes of Strength
Training in Boys Aged 8 Years. Teorid ta Metodika
Fizi¢nogo Vihovannd, 20(2), 109-116.
https://doi.org/10.17309/tmfv.2020.2.07

Neimark, Y.I., & Teklina, L.G. (2007). Planirovanie
eksperimenta pri issledovanii konkretnykh
dinamicheskikh sistem metodami raspoznavaniia obrazov.
Matematicheskie metody raspoznavaniia obrazov, 13(1),
194-196

Neimark, Y. I., & Teklina, L. G. (2012). On possibilities of
using pattern recognition methods to study mathematical
models. Pattern Recognition and Image Analysis, 22(1),
144-149. https://doi.org/10.1134/S1054661812010282

Ivashchenko, O., Khudolii, O., Iermakov, S., Chernenko, S.,
& Honcharenko, O. (2018). Full factorial experiment
and discriminant analysis in determining peculiarities
of motor skills development in boys aged 9. Journal of
Physical Education and Sport, 18(4s), 1958-1965.
https://doi.org/10.7752/jpes.2018.54289

Khudolii, O., Iermakov, S., & Bartik, P. (2020). Didactics:
Methodological Basis of Motor Learning in Children and
Adolescents. Journal of Learning Theory and Methodology,
1(1), 5-13. https://doi.org/10.17309/j1tm.2020.1.01

Ivashchenko, O., Berezhna, H., & Cieslicka, M. (2020). Motor
Skills in the Structure of Physical Fitness of 7-Year-Old
Boys. Journal of Learning Theory and Methodology, 1(1),
14-19. https://doi.org/10.17309/jltm.2020.1.02

Ivashchenko, O., & Sirichenko, D. (2020). Structure of Motor
Fitness of 7-Year-Old Girls. Journal of Learning Theory and
Methodology, 1(1), 20-25.
https://doi.org/10.17309/j1tm.2020.1.03

Arazi, H., Mirzaei, B., Sangdevini, M., & Abadi, M. (2012).

An Interaction between Exercise Order and Rest Interval
during Lower-Body Resistance Exercise. Baltic Journal of

254

Health and Physical Activity, 4(2).
https://doi.org/10.2478/v10131-012-0008-x

Ratamess, N. A., Chiarello, C. M., Sacco, A. J., Hoffman, J. R.,
Faigenbaum, A. D., Ross, R. E., & Kang, J. (2012). The
effects of rest interval length manipulation of the first
upper-body resistance exercise in sequence on acute
performance of subsequent exercises in men and women.
Journal of Strength and Conditioning Research, 26(11),
2929-2938. https://doi.org/10.1519/JSC.0b013e318270£cf0

Miranda, H., Simao, R., Dos Santos Vigdrio, P, De Salles, B.
E, Pacheco, M. T. T., & Willardson, J. M. (2010). Exercise
order interacts with rest interval during upper-body
resistance exercise. Journal of Strength and Conditioning
Research, 24(6), 1573-1577.
https://doi.org/10.1519/JSC.0b013e3181d8ea61

Ivashchenko, O., & Cieslicka, M. (2017). Features of evaluations
of power loadsin boys 7 years old. Journal of Education,
Health and Sport, 7(1), 175-183.
http://dx.doi.org/10.5281/zenodo.249184

Cieslicka, M., & Ivashchenko, O. (2017). Features of formation
of the cumulative effect of power loads in boys 7 years old.
Journal of Education, Health and Sport, 7(1), 198-208.
https://doi.org/10.5281/zenodo.250599

Marchenko, S., & Kovalenko, K. (2020). Optimization of
Teaching Boys Aged 10 Mae-Geri (Front Kick) Technique
in Kyokushin Karate. Journal of Learning Theory and
Methodology, 1(1), 33-39.
https://doi.org/10.17309/j1tm.2020.1.05

Correa, A. A., Grima, P, & Tort-Martorell, X. (2009).
Experimentation order with good properties for 2*
factorial designs. Journal of Applied Statistics, 36(7), 743-
754.
https://doi.org/10.1080/02664760802499337

Correa, A. A., Grima, P, & Tort-Martorell, X. (2012).
Experimentation order in factorial designs: new findings.
Journal of Applied Statistics, 39(7), 1577-1591.
https://doi.org/10.1080/02664763.2012.661706

Khudolii, O. (2019). Research Program: Modeling of Young
Gymnasts’ Training Process. Teorid ta Metodika Fizicnogo
Vihovanna, 19(4), 168-178.
https://doi.org/10.17309/tmfv.2019.4.02

Ivashchenko, O., Nosko, Y., & Ferents, V. (2019). Strength
Abilities: Dynamics of Training Effect of Strength
Exercises in Girls Aged 9. Teorid ta Metodika Fizicnogo
Vihovannd, 19(4), 200-208.
https://doi.org/10.17309/tmfv.2019.4.06

Khudolii, O., Ivashchenko, O., Iermakov, S., Nosko, Y., &
Marchenko, S. (2019). Strength Abilities: Estimation of
Immediate Training Effect of Strength Loads in Girls Aged
7 Years. Teorid ta Metodika Fizicnogo Vihovannd, 19(2),
98-104. https://doi.org/10.17309/tmfv.2019.2.06

Kapkan, O., Khudolii, O., & Bartik, P. (2019a). Pattern
Recognition: Motor Skills Development in Girls Aged 15.
Teorid ta Metodika Fizicnogo Vihovannd, 19(1), 44-52.
https://doi.org/10.17309/tmfv.2019.1.06

Kapkan, O., Khudolii, O., & Bartik, P. (2019b). Motor Skills
Development: Optimization of Teaching Boys Aged
14. Teorid ta Metodika Fizi¢nogo Vihovannd, 19(3), 148-
155. https://doi.org/10.17309/tmfv.2019.3.06

TM®B, 2020, Tom 20, N2 4



Khudolii, O., lermakov, S., Ivashchenko, O., & Nosko, M. (2020). Strength Abilities: Modeling of Immediate and Delayed Training Effect
of Strength Loads in Boys Aged 8 Years

cnnosi 34IbHOCTI: MOAEJIIOBAHHA TEPMIHOBOTO | BIACTABJIEHOIO
TPEHYBAJIbHOIO EQEKTY CUJIOBUX HABAHTAMEHDb Y XJ1OMNLUIB 8 POKIB

Oner Xynoniit'A®<P, Cepriit Epmakos***P, Onpra IBamenko'**“’, Mukomna Hocko

3ABCD

'XapkiBcpKnit HallioHaMbHMIT Tefaroriunmii yHiBepcuret imeni I. C. CkoBoponn
*ImaHCcbKMit yHiBepcuTeT (Pi3NYHOrO BUXOBAHHA i CIOPTY
*HanionanpHuii yHiBepcuteT «YepririBcbkuii koneriym» imeni T. I. IlleBuenka

ABTOpCHKMIT BK/IAZ: A — IU3aiiH TOCTmKeHHsT; B — 36ip manux; C - cTarananis; D - migroroska pykomucy; E — 36ip xoruTis

Pedepar. Crarrs: 8 c., 6 Tab1., 30 HKepen

MeTa BOCTiTKeHHs — Ha OCHOBI IIOBHOTO (haKTOPHOTO
€KCIIEPMMEHTY OTPMMATH perpeciiiHi Mojiesli TepMiHOBOIO i
BiICTaBJIEHOTO TPEHYBa/JIbHOrO eeKTy CHIOBUX HaBaHTa-
JKEHb Y XJIONLiB 8 POKiB.

Marepianm i MeTogu. Y HOCi>KeHHI IPUITHAIN y4acTb
48 xyonis 8 pokis. ExcriepuMenT 6yB IpOBefeHNI 3a I1a-
HOM (DaKTOPHOTO eKCIlepuMeHTy 22 Matepianu TocmimKeH-
Hs OINpallbOBaHi B MpOrpaMi CTaTMCTUYHOTO aHanisy IBM
SPSS 22. BuByaBcs BIUIMB YOTUPHOX BapiHTUB CUIOBOTO Ha-
BanTaxeHHs Ha Tepminosuit (TTE) i BigcraBnennit (BTE)
TPEeHYBa/JIbHUI e(eKT OPTOTOHAIbHUX PEXMMIB BUKOHAH-
Hs CU/IOBMX BIIPaB Ta iHTEPBAJIB BiIIOYMHKY Y XJIOIYNUKIB
8 pokiB.

PesynbraTn. PesynpTatu JOCHiyKeHHA CBifyaTh, 110
y 3aIIpOIOHOBaHIll MaTpuli I/IaHy MOBHOIO (HaKTOPHO-
rO eKCIIepUMMEHTY Tuma 2° BubpaHmil KpOoK BapiloBaHHS
(dakTopiB € JOCTATHIM JyIA BUBYEHHA BIUIMBY Pi3HUX pe-
JKMMiB BUMKOHAHHA CUIOBUX BIpaB Ha aumHamiky TTE y
xJonuMKiB 8 pokis. Ha ocHOBIi aHajisy JaHUX OTpUMaHi
perpeciiiHi Mofieni HaBaHTaxeHHs it pospaxyHky TTE ,
TTE, ta BTE. Orpumani perpeciiini mopeni faioTb smMory
pO3paxyBaTy KibKiCTbh TIOBTOPEHD Ta iHTEpBaJI BillIOYMH-

Ky [JIs JOCATHEHHs Halbipll palioHanbHOrO BapiaHTa
HaBaHTa)XEeHHA.

BucnoBku. AHanis piBHAHb perpecii Bkasye Ha
B3aMO3B 30K TpeHyBanbhux edexris: TTE, —> TTE, —>
BTE. Benmunna TTE, TTE,, BTE na I cranmii (BupaBu
I PO3BUTKY CUIM PYK i mmedosoro moscy) Ta II cran-
il (BIpaBu I/ PO3BUTKY CUIU M'SI3iB YePEBHOTO IIPecy)
3aJIeXUTDH Bifi 301/IbIIEHHSA KiMbKOCTI IOBTOPEHD V IifXO-
mi i TpuBanocTi inTepsany Bifnounnky. Bemuanna TTE,,
TTE, wna II cranmii (BIpaBu [JIA PO3BUTKY CUIU M A3iB
CIIMHM) — Bifj 301IbLIIEHHS KIIBKOCTI IIOBTOPEHD y MifXOAi
1 TPUBAJIOCTi iHTepBaty BignounHKy. Bemnunna BTE - Bif
301/IbIIIEHHS KiZTBKOCTI TOBTOPEHbD Y MiXOfAi il 3MeHIIIeHHs
TPUBA/OCTi iHTepBany Bignoumnky. Bemmunua TTE, na IV
cTaHUii (BIpaBM I PO3BUTKY CU/IM M SI3iB HIr) 3a/IeXXUTD
BifI 301/IbIIEHHA KiIbKOCTi IIOBTOPEHD Y IiAXOA] /1 3MeHIIeH-
HsA TPUBAJIOCTi iHTepBany BigNOYMHKY. InA mifcuneHHa
BTE HeoOXifHO 3MEHIINTY KiIbKICTh OBTOPEHb Y MifXOZAi
/I SMEHIINTY TPUBAIiCTh iHTE€PBaTy BillIOYMHKY.

Kro4uoBi coBa: X101111iB 8 poKiB, TpeHYBa/IbHi epeKTH,
CIJIOBI BIIpaBy, KOMOIHOBAHWIT METOJ, PO3BUTKY CU/IH, IIaH
(haKTOPHOTO eKCIIePUMEHTY.
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Abstract

The aim of this study was to investigate the influence of body composition on the anaerobic strength of the lower
extremities, as well as the prediction of body composition on the results of anaerobic ability in professional football

players.

Materials and Method. The sample of respondents consists of female football players who compete in the highest rank
of the competition, the Serbian Super League. The total number of respondents included in the study was 21 female
football players (age 19.38 + 3.69, body height 166.48 + 6.17 cm, body weight 59.98 + 7.09 kg). The study is of a
transversal nature and testing was done in the pre-competition period. The sample of measuring instruments used

in the research are body composition and assessment of anaerobic strength of the lower extremities. Assessment of
body composition was performed indoors using a multifrequency bioelectric impedance (Inbody 770). Variables for
estimating the anaerobic strength of the lower extremities were obtained using a bicycle ergometer (Monark 839E) in

the Wingate Anaerobic Test.

Results. The results of body composition show a statistically significant influence on the prediction of maximum
anaerobic strength of the lower extremities in professional female football players (p < 0.05), as well as on the overall
work in the anaerobic zone and the mean values of anaerobic strength. Regression analysis of the influence of body
composition on the parameters of maximum strength in (W / kg) and fatigue rate does not show statistically signifi-

cant results.

Conclusion. There is a statistically significant influence of body composition, such as: body weight, lean body mass
(%), muscle mass in absolute and relative values, on the values of maximum anaerobic strength, mean values of
anaerobic strength and overall work in professional female footballers.

Keywords: Wingate Anaerobic Test, lower extremity anaerobic strength, body composition, training plan and

program.

Introduction

Today, about 20 million women play football worldwide,
which is approximately 10% compared to men (Ibrahim,
Yasar, Bayrakdaroglu, & Yildiz, 2019). However, despite the
growing popularity of women’s football around the world,
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studies on women’s football are limited. There is also an in-
creased need for specific studies such as the association and
impact of body composition on the physical predispositions
of female football players, which can help plan and program
training units and thus enable female football players to im-
prove and increase their physical abilities (Martinez-Lagu-
nas, Niessen, & Hartmann, 2014). Anaerobic activity is de-
fined as energy consumption that uses anaerobic metabolism
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(without the use of oxygen) that lasts less than 90 seconds
(Wilmore & Costill, 2004). The capacity to perform a variety
of activities of high, anaerobic intensity are important for
determining player’s abilities (Littl & Williams, 2005). Good
anaerobic capacity and good aerobic fitness are prerequi-
sites for a successful performance of women’s football (Mohr,
Krustrup, Andersson, Kirkendal, & Bangsbo, 2008; Sheppard
& Young, 2006), to help them perform high-intensity activi-
ties and help in recovery (Mohr, Krustrup, & Bangsbo, 2005).
Milanovi¢ et al,, 2017). Football is an activity in which an
occasional high-intensity exercise regimen is combined with
low-intensity movements (Krustrup, Mohr, Ellingsgaard, &
Bangsbo, 2005; Miller et al., 2007; Vescovi, Brown, & Mur-
ray, 2006). In addition to the different requirements in foot-
ball, there are movements that require maximum effort in a
short period of time, such as sprinting, acceleration, agility
and jumping (Gunnar & Svein, 2015). Krustrup et al., (2005)
found that female football players change different types of
activities, such as sprinting, walking, jogging, acceleration,
at different intensities from 152 to 186 heart rate per minute,
every four seconds. Reilly, Bangsbo, & Franks (2000) said that
most movements in a single match are performed without the
ball and mainly for this type of activity aerobic capacity is used,
while intense anaerobic activities occur during the activity at
the end of the game. Body composition is an important in-
dicator of an athlete’s physical condition and health (Mala et
al,, 2015). When it comes to women who play football profes-
sionally, Nikolaidis, (2014) concluded that body composition
values such as: body fat in% and kg, lean body mass in kg and
body mass index are closely related to somatotype and muscle
strength of the lower extremities. However, it is not possible to
talk about one, isolated property of body composition or abil-
ity, which is the decisive factor when talking about anaerobic
abilities and their results, values. When talking about the re-
lationship between body composition and anaerobic strength
of the lower extremities of women who play football profes-
sionally, Nikolaidis (2014) concludes that values for assessing
body composition, such as non-fat body mass (r = 0.84) and
body mass index (r = 0.70) , are significantly related to the
values of maximum anaerobic strength of the lower extremi-
ties as well as the values of body fat (r = 0.60) and the percent-
age of body fat (r = 0.42). Kiiglikkubas, Giinay, Lokliioglu, &
Kakil (2019) found that there is no correlation between the
percentage of lean body mass (r = 0.02), lean body mass in
kg (r = 0.26) and the percentage of body fat (r = -0.02) with
the values of maximum and mean anaerobic strength as well
as lower extremity fatigue rates in the Wingate test. Moraru,
Grigore, Alexandru-Rare, & Elisabeta (2017) the outcome of
their research also does not show a correlation between body
mass index (r = 0.434) and the values of maximum anaerobic
strength in professional football players. The relationship be-
tween the parameters for assessing body composition and an-
aerobic strength of the lower extremities in women, who play
football and compete in the highest rank of the competition,
remains unclear and requires additional research. Also, previ-
ous research has shown contradictory results when it comes
to the connection between body composition and anaerobic
strength of the lower extremities. When it comes to research,
which is based on the physiological and physical characteris-
tics of top female football players, still lagging behind, there
is not a sufficient number of papers, compared to research
related to their male football colleagues.
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The aim of this study was to investigate the influence of
body composition on the anaerobic strength of the lower
extremities, as well as the prediction of body composition on
the results of anaerobic ability in professional football players.

Materials and Method

Study participants

The sample of respondents consists of female football
players who compete in the highest rank of the competition,
the Serbian Super League. The total number of respondents
included in the study was 21 female football players (age
19.38 + 3.69, body height 166.48 + 6.17 cm, body weight
59.98 £ 7.09 kg). The study is of a transversal nature and
testing was done in the pre-competition period. The criteria
for inclusion were: players who joined the first team for at
least six months, players who played at least one half-season
before testing, that all players went through the preparation
period with the team, without injuries in the last six months.
Exclusion criteria were: persons in the recovery phase from
some form of acute or chronic injuries, persons in the process
of rehabilitation and football players who did not complete
the entire preparation period. All respondents were first in-
formed about the study, the purpose and goal of the research
and possible consequences were explained to them. Also, the
procedure and the course of the testing itself were explained
to the respondents. Prior to the survey, each respondent
signed a consent form to participate. For this research, the
consent and approval of the head coach and the president
of the club were obtained, and after that, testing was started.
The research was approved by the Ethics Commission of the
Faculty of Sports and Physical Education, University of Nis in
accordance with the Declaration of Helsinki.

Study organization

The sample of measuring instruments used in the re-
search are body composition and assessment of anaerobic
strength of the lower extremities. Assessment of body compo-
sition and anaerobic strength was determined in the morning
(09:30 h). Testing was done after the day of the break that the
players had. The day before the examination of the body com-
position, the examinees had to follow the protocol, which
included the requirements not to consume food or drink after
10 pm. Also, in the morning, before the test, the respondents
did not consume food and drink. Evaluation of body com-
position was performed indoors using multifrequency bio-
electric impedance (Inbody 770; Biospace Co. Ltd, Seoul, Ko-
rea), (Aandstad, Holtberget, Hageberg, Holme, & Anderssen,
2014) at frequencies 1, 5, 50, 250, 500 and 1000 kHz under a
controlled temperature of 23-28 ° C. This instrument uses an
eight-point tetrapolar tactile electrode system (four in con-
tact with the palm and thumb and the other four in contact
with legs) that separately measure the impedance of the arms,
trunk and legs. Participants (wearing minimal clothing)
placed their bare feet on metal scales and grabbed hand elec-
trodes according to the manufacturer’s instructions. Inbody
770 automatically measures total body mass, fat mass, muscle
mass and lean (muscle and bone) mass in absolute amount
up to the nearest 0.05 kg. Body height was measured using a
portable stadiometer (Seca 220, Seca Corporation, Hamburg,
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Germany) with a degree of 0.1 cm. Values of lean body mass
in% were obtained using the formula LBM % = LBM kg/ Body
weight kg. The values of muscle mass in% were obtained using
the formula MM % = MM kg / Body weight kg. Variables
for assessing the anaerobic strength of the lower extremities
were obtained using a bicycle ergometer (Monark 839E Swe-
den) in the Wingate Anaerobic Test (Hachana, Attia, Nassib,

tremities in female football players. The results of skewnwss
and kurtosis showed that there is a symmetry of the results
and that there is homogeneity of the results, the distribution
of the results was normal.

Table 1. Basic central and dispersion parameters of football
players (n = 21)

Shephard & Chelly, 2012; Beneke, Pollmann, Bleif, Leithauser Variables Mean+SD 95% CI

& Hiitler, 2002). The height of the seat is adjusted so that the - Lower Upper
subjects can take the optimal cycling position. The Wingate  TM (kg) 14.07 + 4.39 12.07 16.07
Anaerobic Test began with a five-minute warm-up ride at  LBM (kg) 45.91 + 4.1 44.05 47.78
50 to 60 rpm. .After five minutes of warming up, the subjects 1 (9) 76.93 + 5.02 74.64 79.22
continue driving. When the 70 rpm bicycle is reached, 'Fhe MM (kg) 25,42 + 241 2433 26.52
ergometer automatically applies (lowers) the load after which MM (%) 1258 4287 4127 143.89
the subjects pedal as fast as possible for the next 30 sec. After N e ) :
30 sec. the subject has two minutes of light pedaling to restore PP (W) >49.65 +92.57 >07:51 S9L.79
his heart rate. The load is adjusted on a predefined protocol, PP (W/kg) 9.34+1.59 8.61 10.06
7.5% by body weight. To estimate the anaerobic power of the ~ MP (W) 198.57 +74.37 164.71 23242
lower extremities, the variables were: maximum power (PP MP (W/kg) 331+1.17 2.77 3.84
W), maximum power (PP W / kg), mean power (MP W),  ER (%) 64.18 + 12.51 58.49 69.88
mean power (MP W / kg), fatigue rate (FR%) , total work  Tw () 11.02 + 1.51 10.33 11.71

(TWJ).

Statistical analysis

The data were processed by the Statistical Package for So-
cial Sciences SPSS (v17.0, SPSS Inc., Chicago, IL, USA). In the
first step, the basic descriptive parameters and distribution of
variables are determined. They were calculated for all tests
central and dispersive parameters: arithmetic mean (Mean),
standard deviation (Std. deviation) and Confidence interval
for mean (Lower and Upper). The normality of the distribu-
tion of the variables was derived through two procedures: the
asymmetries of the Skewness results and the homogeneity of
the Kurtosis results. Linear regression analysis was applied
to determine the influence and prediction of body composi-
tion parameters with the results of anaerobic strength of the
lower extremities. The statistical significance of the results
was p < 0.05.

Results

Table 1 shows the basic central and dispersion data on
body composition and anaerobic strength of the lower ex-

Legend: TM (kg) - body weight; LBM (kg) - lean body mass; LBM
(%) - lean body mass; MM (kg) — muscle mass; MM (%) — muscle
mass; PP (W) - maximum power; PP (W / kg) - maximum power;
MP (W) — mean power value; MP (W / kg) — mean value of power;
FR (%) - fatigue rate; TW (J) - total work.

The results of body composition show a statistically sig-
nificant influence on the maximum anaerobic strength of
the lower extremities in professional female football players
(Table 2). The statistical values were (p < 0.05), while the
coefficient of determination which tells how much of the
variance of the independent variable explains the model of
the dependent variable is 45% (R? = 0.457).

Regression analysis of the influence of body composition
on the parameters of maximum strength in (W / kg) does not
show statistically significant results. Also, when it comes to
the analysis of individual linear correlation (r) of body com-
position and PP (W / kg) there is no statistically significant
correlation.

The influence of body composition values on the pre-
diction of MP (W) shows statistically significant values
(p < 0.05). The coeflicient of determination of body com-

Table 2. Influence of body composition parameters on anaerobic strength of lower extremities of female football players

(n=21)

PP (W) PP (W/kg) MP (W) MP (W/kg) FR (%) TW (J)

Variables
r b r b r b r b r b r b

™ (kg) 309 1.053 -314 2.037 392% -.024 .149 -.606 -311 1.882 A412% 1.165
LBM (%) -.135* 903 .398 1.771 -.264*  3.664 -.057 3.089 267 -2.177 -.203* 2316
MM (kg) .667* .382 .156 -.382 .563* 918 .388 .896 -.297 -1.162 819* .628
MM (%) -.071* .019 420 .546 -251*  -3.883 -.059 -3.660 283 4.159 -.139%  -1.339
R2 457 236 517 297 .358 711

Legend: * p <.05; r — correlation coefficient; b — standardized regression coefficient; R? - coeflicient of determination; TM (kg) - body
weight; LBM (%) — lean body mass; MM (kg) — muscle mass; MM (%) - muscle mass; PP (W) - maximum power; PP (W / kg) — maxi-
mum power; MP (W) — mean power value; MP (W / kg) — mean value of power; FR (%) - fatigue rate; TW (J) - total work.
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position parameters to the mean value of strength was 51%
(R?=517). However, the independent variables did not show a
statistically significant effect on mean power values (W / kg).
The same results were obtained when talking about the influ-
ence of body composition on the fatigue rate. It has not been
established that there is a significant influence of body com-
position on the fatigue rate. The results of body composition
show a statistically significant influence on the total work in
the anaerobic zone (Table 2). Statistical values were (p < 0.05),
while the coefficient of determination was 71% (R? = 0.711).
Lean body mass (%) indicates the highest contribution to the
explanation of the dependent variable (b = 2.316).

Discussion

Changes in modern football have brought with them
changes in the intensity and type of movement. There is more
and more movement with a change of direction in a small
space, jumps, sprints, which requires high intensity. The study
by Ibrahim et al., (2019) shows that in football, different types
of activities, of different intensity, change every four seconds.
An anaerobic activity is defined as energy expenditure that
uses anaerobic metabolism(without the use of oxygen) that
lasts less than 90 seconds,utilizing an exhaustive effort. Two
major energy sourcesare required during the WAnT. The first
is the adenosinetriphosphate-phosphocreatine (ATP-PCr)
system, which lasts for 3 to 15 seconds during maximum ef-
fort. The second system is anaerobic glycolysis, which can be
sustained for the remainder of the all-out effort. Therefore,
the WANT measures the muscles” ability to work using both
the ATP-PCr and glycolytic systems. Many sports including
soccer, use anaerobic metabolism extensively during compe-
tition (Zupan et al., 2009). The values of body composition
in Table 2 show a statistically significant prediction on the
parameter of maximum anaerobic strength (W) (p < 0.05),
while the total variation of the system from the variable pre-
dictors and criteria was approximately 45% (R?* = 0.457).
Body mass (kg) is the value that most explains the depend-
ent variable (b = 1,053). The results of the study by Moraru
et al. (2017) also show a statistically significant correlation
between body weight and maximum anaerobic strength of
the lower extremities (p < 0.01), the correlation strength was
strong (r = 0.733) and body height and maximum anaerobic
strength (W) (p < 0.01, r = 0.612), however, there is no signif-
icant correlation between body mass index and maximum leg
strength in female football players. Kiiglikkubaset et al. (2019)
in top athletes did not get the relationship between lean body
mass in absolute and relative values and the percentage of
fat did not show a statistically significant correlation with
maximum strength (PP (W)). Analyzing the results of the
research Nikolaidis (2014), we noticed that the maximum an-
aerobic strength of the legs was statistically significantly asso-
ciated (p < 0.001) with the body fat index (r = 0.70), fat mass
(r = 0.60) and non-fat body mass (r = 0.84). ), while the per-
centage of body fat was statistically related (p < 0.01) in values
(r = 0.42). When it comes to the influence of body composi-
tion parameters on maximum strength in (W / kg), the re-
sults of our research do not show a correlation of these values.
However, Nikolaidis (2014) in his work obtained results in
which there is a relationship between maximum strength in
(W / kg) and body fat percentage (p < 0.01, r = -0.42). The
results of the mean value of strength (W) show a significant
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relationship p < 0.05) with body composition values. The
coeflicient of determination was (R* = 0.517), which means
that the set of independent variables, in this case the val-
ues of body composition, 51% explains the dependent vari-
able. The strength of the correlation between muscle mass
(kg) and the mean value of anaerobic strength of the legs is
(r = 0.563). The results of the study by Moraru et al. (2017)
show a significant correlation (p < 0.05, r = 0.457) between
mean strength (W) and body weight as well as body height
and mean strength (W) (p < 0.05, r = 0.416). Also, Nikolaidis
(2014) found that the mean values of anaerobic strength (W)
show a significant correlation (p < 0.001) with the body mass
index (r = 0.50) and lean body mass in kg (r = 0.71), while
fat mass in kg shows a slightly weaker correlation (p < 0.05,
r = 0.35). In the research of the same author, the percentage
of body fat does not show a significant correlation with the
average value of strength (W). Kiicikkubaget et al. (2019)
did not establish a correlation between lean body mass in
absolute and relative values and the percentage of fat with the
results of the mean value of strength (W). There are differ-
ences in the results of our research, when we talk about the
influence of body composition parameters on the mean value
of strength (W / kg), and the results obtained by Nikolaidis
(2014). In our research, we did not obtain and did not deter-
mine the influence and connection between body composi-
tion and the mean value of strength (W / kg). However, the
results of a study conducted by Nikolaidis (2014), suggest
that body mass index, body fat percentage, and fat mass in kg
are negatively correlated with mean strength (W / kg). Body
mass index shows a correlation in value (p < 0.01, r = 0.41),
and the percentage of body fat (p < 0.001, r = 0.63) and fat
mass in kg (p < 0.001, r = 0.63). Influence of parameters body
composition on fatigue rate values (%) in our study do not
show a statistically significant correlation and significant ef-
fects on the dependent variable. Similar results were obtained
by Kiigiikkubaset et al. (2019) who did not find a correlation
between lean body mass in absolute and relative values and
the percentage of fat with fatigue rate results (%). However,
the Nikolaidis study (2014) did not find a statistically signifi-
cant correlation only with lean body mass in kg, while body
mass index (p < 0.05, r = 0.36), body fat percentage (p < 0.05,
r = 0.34) and fat mass in kg (p < 0.05, r = 0.36) showed a
moderate correlation with fatigue rate values (%) in the Win-
gate Anaerobic Test. Moraru et al. (2017) in whose research
the results of the female football player show a correlation
(p < 0.05) only between body height and fatigue rate (%) in a
moderate correlation (r = 0.474). The results of body compo-
sition show a statistically significant influence on the predic-
tion of total work (J) in the anaerobic zone. Statistical values
were (p < 0.05). The coefficient of determination that tells
how much of the variance of the independent variable ex-
plains the model of the dependent variable 71% (R* = 0.711).
The highest contribution to the explanation of the dependent
variable is shown by LBM (%) with (b = 2.316).

Conclusion

Based on the obtained results, the following can be
concluded:

There is a statistically significant influence of body com-
position, such as: body mass, lean body mass (%), muscle
mass in absolute and relative values, on the values of PP (W),
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MP (W) and TW (J) in female professional footballers. Based
on the obtained results, we can conclude that the parameters
of body composition affect the values of anaerobic strength
of the lower extremities.

These results should be taken into account in the analysis
of the physical fitness of female professional football play-
ers. The anaerobic ability of the lower extremities, as one of
the important abilities for achieving top results in modern
football, has been shown to depend a lot on the value of body
composition. The proposal and conclusion of the paper is
that in some further research, in order to obtain the most
relevant results, more variables for the assessment of body
composition should be included, primarily body fat in per-
centages and lean body mass in kilograms. Also, it is recom-
mended to take other ranks of the competition as a sample of
respondents, as well as different age categories.
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*Hanionanbuuii ¢pyr6onpHmit Kiry6 YopHoropii

*YuiBepcurer “Ilapdenon”
*YuiBepcuter CxigHoro CapaeBo
*CopaHCbKuil YHiBepcuTeT

‘[TouaTkoBa 1mkona Joopucnas [Ix. [TlepyHoBuy

6AE

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

Pedepar. Crarts: 6 c., 2 Tab1., 21 HKepeno

Mera gocnigKeHHA — BU3HAUUTH BIUIMB CKIajly Tila Ha
aHaepoOHY CWIY HIDKHIX KiHIIIBOK, @ TAKOXK IPOTHO3YBaHH:A
BIUIMBY CK/IAfly Ti/Ia Ha pe3y/IbTaTyi aHaepoOHMX 3ai6HOCTEI ¥
npodeciitHux ¢pyTbOMicTIB.

Marepianu Ta MmeTomu. BM6ipKy PECIIOHTIEHTIB CKIajia-
10Tb GYTOOMICTKU-KIHKY, SIKI 3MAaraTbcA Yy HalBUIIOMY
paury smaranb, Cynepnisi Cep6ii. 3aranbpHa KinbKicTh pec-
HOHJEHTIB, AKi Oy BK/IIOYeHi B focimimKeHH:A, — 21 dyrbo-
micTka (Bik 19,38 * 3,69, spict Tina 166,48 + 6,17 cm, Maca Tina
59,98 + 7,09 kr). [Joc/ifpkeHHA HOCUTD TIOIePeYHMII XapaKTep,
i TeCTyBaHHA IPOBOAMJIOCA Y MifroroBuyomy nepiopi. ocmi-
MDKYBA/IMCSL CKJIAJ| Ti/la Ta OLiHKA aHAaepOOHOI CH/IM HIDKHIX
KinniBok. OLiHKY CKIaAy Tila IpOBOAMIN Y IpUMillleHHi 3 BU-
KOPUCTaHHIM 0araTo4acTOTHOTO 6i0e/IeKTPUYHOrO iMIteaH-
cy (Inbody 770). 3MiHHi fy1a OLiHKYM aHaepOOHOI CUIM HIDK-
HiX KiHIIIBOK Oy/1M OTpMMaHi 3a JOIOMOTOI0 Bel0eproMerpa
(Monark 839E) B anaepo6HoMy TecTti Wingate.

Pesynbratu. Anasis 6yfoBu Tina CBifYNTH PO JOTO CTa-
TUCTMYHO 3HAYYINI BIUIMB HA IIPOTHO3YBAaHHA MaKCYMAa/IbHOI
aHaepoOHOI cumM HIDKHIX KiHLIBOK y mpodeciitHux ¢yrodo-
mictok (p < 0,05), a TakoXX Ha 3arajabHy pobOTYy B aHaepob-
HilT 30Hi Ta cepefiHi 3HaYeHHs aHaepoOHOI cumn. Perpeciitamit
aHasli3 BIVIMBY CK/IAy Tilla Ha IapaMeTpy MaKCUMaIbHOI CUIN
(Bt / xr) Ta mBMAKOCTi BTOMM He IOKa3ye CTATUCTUYHO 3Ha-
YYILIUX PE3Y/IbTATIB.

BucHOBOK. IcHy€e cTaTMCTHMYHO 3HAYYLIMI BIVIMB CK/IAZY
tima (Maca tima, HeXXupHa Maca Tina (%), M’s30Ba Maca B abco-
JIIOTHUX Ta BITHOCHMX 3HAUeHHAX) Ha 3HAYeHHA MaKCYMaJIbHOI
aHaepoOHOI cuM, CepefiHi 3HaueHHs aHaepoOHOI cuIM Ta 3a-
rajbHi HOKa3HUKM po6oTu B mpodeciitHux GpyTdomicTok.

KnrouoBi cmoBa: aHaepo6Huit tect Wingate, aHaepo6-
Ha CMJIa HVDKHIX KiHLIBOK, CK/IaJ| Ti/lla, IJIaH Ta Iporpama
TPEHYBaHb.
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Abstract

Mera gocmigKeHHs — OOIPYHTYBATH BIUIMB 0OPaHNX He3a/IeXKHIX 3MIHHUX [U/IsI IIOOY/JOBY ONTUMA/IbHIX MOJeIeit
Ipoliecy HaBYaHHA cepii 3aBaHb, CIPAMOBAHNX Ha (POPMYBaHHA PYXOBMX HABUYOK Y X/IONLIB 10 poKiB.
Marepianu i MeTopu. Y gocmifxkeHHi B3sumu ydacts 32 xmomui 10 pokis. Jitn Ta ixui 6arsku Oymu inpopmosasi
PO BCi 0COOMMBOCTI BOCTIKEHHS i la/in 3TOAy Ha y4acTb B eKCIIepyMeHTi. [I/1 BUpillleHH: IOCTAaB/IeHNX 3aBJaHb
Oy/u BUKOPVICTaHI METOAY JOC/II/PKEHHS: BBYEHHS Ta aHa/li3 HAYKOBO-METO/MYHOI JIiTepaTypu; Mefaroriate
CIIOCTEPEKEHH:A, XPOHOMETPa)k HaBYa/IbHMX 3aB/jaHb; IIefarOTiYHMIA eKCIIePMMEHT, METOAY MaTeMaTUYHOl
CTATUCTUKY, METOIM MAaTEMATMYHOIO IJIaHyBaHH:A eKCIIEpUMEHTY. Y Ipolieci HaBYaHHA BUKOPMCTOBYBABCS METO
AITOPUTMIYHUX PO3NOPAKEHD.

Pesynbratu. Cuta BrymBy ¢akTopy MiHsnach Bif cepii go cepii. PospaxoBannit kpurepiit Koxpena mokasas, 1o
YCi Tpynnu eKCIepuMeHTa/IbHUX IaHMX OTPUMaHi 3 OfiHi€l i Tiel ) CyKyIHOCTi. YCTaHOB/IEHO, IO AMUCIIEPCil He
BifIpi3HAIOTBCS OffHA Bifi OfHOI /151 06paHoro piBHs 3HaunmocTi 0,05.

Kosxna Hesanmexxna sminna (X, X,, X, X)) Bizirpae cBoto meBHy pofib y 3MiHi MOKa3HMKa HABYEHOCTi BIIPaBi
KOJIOBOTO yZlapy HOTOIO «MaBallli Tepi dyfan». HO6YJ.IOBaHi MaTeMaTH4Hi MOJIeNi a/IeKBaTHO ONMCYIOTh OTPUMaHi
masi. Pospaxosani koedinientn perpecii crarucriano suauymi (Fp < Fkp) 1ie o3Hadae, 1110 perpeciitHa Mopiesb €
edexTnBHOI0. IIPOTATOM YChOTO EKCTIEPUMEHTY He3asieXHa 3MiHHa X, «KiNbKicTb HmifXomiB» 3AilicHIOBaIa MOCTiHMI
HO3UTUBHUI BIUINB Ha 1i/1boBY XapakTepuctuky (Y). BicoTkoBuit BHECOK CK/IaiaB y Iepliiit cepil HaBYaIbHMIX
3aBflaHb 59,3 %, mpyriit — 88,6 %, Tperiit — 56 %, yeTBepTiit — 93,9 %, mATiit - 81,3 %, mocTiit — 69,62 %. Hesanexna
sMiHHa X, «iHTEepBa/ BIIIOYMHKY» Ma€ HETATUBHMIT BIVIMB Y MepIIilt cepii — 25,9 %, apyriit cepii - 10,6 %, m’aTii

- 9,9 %, mwocrtitt - 13,1 %. [TosutusHuit edext B3aemonii mepioro nopsaaxy (X,X,) crocrepiraBes y Tperiit cepii -
29,1 %, m’ariit — 8,9 %, mocTiit — 17,28 %.

BucnHoBku. OnTuManbHUMM KOMOiHALIIAMY YMOB JIJIA Cepiif 3aBJaHb IiJi 4ac HaBYaHH:A KOJIOBOTO yfIapy HOTOIO
«MaBalli repi aygam» xmonuis 10 pokis €: 1 cepia - 3 migxopu, iHTepBan BignounHKy 60 ¢; 2 cepia - 3 migxonu,
inTepBan Bignmo4nHky 60 c; 3 cepis — 3 migxopu, iHTepBan BignounHKy 120 c; 4 cepia - 3 migxonu, inTepsan
BigmounHKy 60-120 ¢; 5 cepia - 3 migxonu, iHTepBan Bignounuky 120 ¢; 6 cepia — 3 mifxonu, iHTepBa BillTOYNMHKY
120 c.

KirouoBi cmoBa: xromiti, HaB4aHHs1, (GisndHi BIpasy, IporpaMoBaHe HaBYaHHS, PeKMMI BIKOHAHHS BIIPaB, Kapare,
KOJIOBMII YIap HOTOX0 «MaBallli Tepi».

Bctyn JleHMit y BUIIAAL BapiaTuBHOro Mopyna (Mapuenko & Ko-
3app, 2015; Kpynesnd, Tumunk, JepeBanko ta inmi, 2017).
L7ist mifBuIeHHS PiBHA 340POB’s, PyXOBOI aKTUBHOCTI Ta
6opotsbu 3 oxupinasam Chyu (2010) iHTerpysaB mporpamy
110 60JTOBOMY MIICTELITBY Y 3BMYaIHY Iporpamy 3 GisnaHoro
BMXOBaHHA B noyaTKoByx mkonax CHIA. ITe BHOCUTb HOBU3-
HY B nponec (isMYHOTO BMXOBAaHHS, CTYMYIIIOE 3alliKaBile-
HICTb YYHIB JI0 3aHATb, JO3BONAE YPiSHOMaHITHUTY BIIpaBU
Ha ypokax GisudIHOI KyZIbTYPH Ta B O3ayPOIHMIT Jac.

Ak Bimomo, mKinbHa mporpama 3arseppkeHa MOH
Ykpainu y 2017 potji gonoBHeHa 6araTbMa HOBUMI PO3Jia-
MIL: XOPTIHT, caM60, pexTyBaHH:, aepobiKa, BiliCbKOBO-CIIOP-
TUBHI irpu, 6afMiHTOH, BeC/lTyBaHHA Ha OaiifapKax i KaHoe,
ropopku Ta inmi (Kpyuesny, Tumunk, lepeBsHko Ta iHIi,
2017). ITpakTU4IHO KO>KeH BUJI CIIOPTY MOXKe OyTH IIpeficTaB-
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YIponoBX OCTaHHIX JecATHpidb B YKpaiHi HaOyBaloTb
Bce OiIbIIOI IOMY/IAPHOCTI Ta aKTUBHO PO3BUBAIOTHCS CXifl-
Hi OTHOOOPCTBA, 30KpeMa KiOKYIIMHKalT Kapare. YKpalHChKa
36ipHa IpefcTaBisie KpaiHy Ha €Bporeitcbkux i CBiTOBUX
TypHipaX B HOBHOMY CKJIafii. 3’sIB/IAIOTbCS HOBi CIIOPTMB-
Hi oprasisanii pisHOro piBHs, BiIKpMBAKTbCA CIOPTUBHI
CeKIil, IpYKyI0Tbcs HaykoBi cTaTTi (Blaszczyszyn, Szczgsna,
Pawlyta, Marszatek, & Karczmit, 2019; Mapuenko & Kosa-
neHKo, 2020), 3axniaoTbes gucepranii (Tomimcbkuii, 2014;
Kingnsep, 2016). Crin 3a3Ha4uTH, 10 B 6i7bIIOCTI BUMTAKIB
HayKOBi po3poOK i3 3a3HaueHOI IPO6IeMaTUKI CTOCYIOTh-
s TPEHYBA/ILHOTO Ipoljecy npodeciitHux croprcMenis (lo-
nimcbkuii, 2014; Kinpsep, 2016; Gavagan & Sayers, 2017).

Haskanb nitepaTypy, sfika 6 BUCBIT/IIOBaIa y TOBHIl Mipi
NUTAaHHA HABYAHHSA TEXHIKM OCi0, IO 3alIMalOThCS KioKy-
IIMHKAJl KapaTe 3 034OPOBYOI0 CIIPAMOBAHICTIO (30KpeMa,
IIKOJIAPIB MiJl Yac HaBYa/IbHOTO IIPOLIECy), Ha CbOTOAHI 06-
Marb i He 3aBXaM 114 iHdopMallisa HayKoBO OOIPYHTOBaHA B
cBiTii Teopil i MeTopuKY (Hi3sMYHOrO BUXOBaHHA.

Pospurok iHpoOpMaLiIHUX TeXHOIOriN HO3BOJIAE LIN-
POKO BIPOBAaJPKyBaTy B IJITAHYBaHH:A HaBYaJbHO-TPEHY-
BaJIBHOTO IIPOLIECY Ha eTalli MOYaTKOBOI IiITOTOBKY METO
MareMaTMYHOro MogenoBanus (Mapuenko, 2010; Lopatiev,
Ivashchenko, Khudolii, Pjanylo, Chernenko, & Yermakova,
2017; Khudolii, 2019). MarematudHa MOfieNnb MPeCTABIISIE
c00010 OINC IIEBHOTO 00’€KTY 3a JJOIIOMOTOI0 MaTeMaTu4-
HOI cuMBOIiKN. PisHi MOJieNi CTBOPIOIOTHCSA Il OTPUMaHHA
KUIBKICHMX XapaKTepUCTHK 00 €KTY, 110 BuBYaeThcsL. Illo mo-
3BO/IMTD BUPILITyBaTH 3aBJJaHHA MPOIeCYy HAaBYAaHHA 3 METOIO
(dopMyBaHHA PYXOBUX HaBMYOK Ha sAKiCHO HOBOMY piBHi,
ONTMMIi3yBaTV YMOB) HaBYaHHSA TE€XHIKM, JaCTh MOXK/INBiCTh
YHUKHYTHU HeOOIPYHTOBAHIX HABAHTAKEHb, SIKi IPU3BOLATH
mo }isyyHMX i MOpalbHUX TPaBM i, K IpaBUIO, BO IIPU-
NVHEeHHA 3aHATD cnoptoM (Mapuenko & Koanenko, 2020).

Mema docnioxennss — OGIPYHTYBATH BIUIMB 0OpaHUX
He3aTeXHNUX 3MIHHUX JUIA TOOY0BY ONTUMAaIbHUX MOJie-
7eli mpolecy HaBYaHHA cepii 3aB/laHb, CIIPAMOBAaHUX Ha
($hopMyBaHHA PyXOBUX HaBUYOK y X/IONIIB 10 pokiB.

Martepianu i meTogn

YyacHuKu 00C/1ioxeHHS

Y mocnimxenni B3 yyacTb 32 xymonui 10 pokis. [Jitu
Ta IxHi 6aTbKy 6y iHpOpMOBaHi PO BCi 0COOMMBOCTI 10-
CITiIPKEHHA 1 lany 3TOAY Ha Y4acTb B €KCIIEPUMEHTI.

OpeaaHizayis 00cnioxeHHs

Il BUpilIeHHSA IIOCTaB/IeHMX 3aBIaHb Oy/Iu BUKOPYC-
TaHi METOJY JOC/TI/PKEHHA: BUBYEHH Ta aHaJIi3 HAyKOBO-Me-
TOJVYHOI TiTePaTypH, MeJaroriyie CroCTepeXeHHs, XPOHO-
MeTpa)k HaBYa/IbHMX 3aB/laHb, IIeJJATOTiYHNUIT eKCIIEpPUMEHT,
METO[Y MaTeMaTUYHOI CTAaTUCTUKM, METOAY MaTeMaTUIHO-
IO IUVIAaHYBaHHSA eKCIIepMMEHTY. Y Ipolleci HaBYaHHA BUKO-
PYICTOBYBABCS METOJ, A/ICOPUTMIUYHNIX PO3IOPAKEHb.

Y cTBOpeHHi Moperi Ipolecy HaB4aHHA Gi3nyHiil BIpa-
Bi «KOJIOBMII yJap HOTOI «MaBallli repi YyJaH» MU KepyBa-
JIMCh TEOPETUMYHUMY OCHOBAMM HaBYaHH:A, fAKi Y JOCTaTHIN
mipi mpoananizosani Khudolii, lermakov, and Bartik (2020).
Hocnimxennamu Gavagan and Sayers (2017), Hariri and
Sadeghi (2018), Blaszczyszyn, Szczgsna, Pawlyta, Marszatek,
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and Karczmit (2019) mpo 6iomexaHiuHMiT aHaMi3 TeXHiKK
«KOJIOBUII yiap HOTOI0», 1106 BU3HAYMUTY IPOCTOPOBI, Yaco-
Bi Ta CM/IOBI XapaKkTepucTuku pyxy. lle macTtb MOXIMBicTh
OLI{HNUTH [JOCTATHIil piBeHb (isnuaHoi HopMM i ONTUMATBEHO
o0y yBaTH IPOLIeC PYXOBOI MiATOTOBKIL.

ITporpama HaBYaHHA TeXHiKM KOJIOBOTO y[apy HOIOXO
«MaBallli Tepi 9yjaH» CKIafiajaach i3 HaCTYIHUX MOCTiIOB-
HUX cepil HaBYA/IbHUX 3aBJaHb.

ITepma cepia — BHpaBM g PO3BUTKY PYXOBUX
3mibHOCTEI:

I. B.mm.: criflka Ha OfHiNl HO3i, CTOAYM OOMUYYAM L0
riMHACTMYHOI CTiHKM, XBaT Ha PiBHI IoACY, Jpyra 3irHyTa
Y KOJiHI B CTOPOHY Ha piBHI IOSCY, ITATKA IPUTUCKAETHCA
TO CTerHa, TOMiJIKa i cTerHo mapanenbHi go mipmorn. Croma
OIIOPHOI HOTY ITapaJIeIbHO CTiHIi BHYTPIIHBOIO CTOPOHOIO
o Hel, I'ATKAa PO3BePHYTa Y CTOPOHY yAAPHOI HOIM. YTpH-
MyBaTM CTilike TMONOXKeHHA 1o 10 ¢ 3 KoxHOI cToponn. Te
caMe JpyToI0 HOIo.

II. B.m.: cTilika Ha OfiHiil HO3i, [pyra 3irHyTa y KOJiHi B
CTOPOHY SIK y TIOIlepefiHiil BipaBi. Yepes 5 ¢ micna yTpuMan-
HA CTQTMYHOI I103M BAETbCS KOMaHIa 3pOOMUTH IIOBOPOT Ha
180° B cTopoHy omopHOI Horu. Yepes HacTyIHI 5 ¢ HOTPi6-
HO TOBEpPHYTHCH Yepe3 Toil cammil O6ik. BukonaTn 5 1ukiis
KOXKHOIO HOTOIO.

II1. B.i.: ax y II Bnpasi. BunpsamuTu HoOry, CIpAMOBYI0YN
YAAQPHOI IOBEPXHEI0 «XAMCOKY» 4O TIMHACTUYHOI CTiHKMU.
ITanpi MaKCMManbHO BUIPAMIIEHI. YTPUMYBaTH HNPAMY
HOTY B CTOPOHY IIapaJIeIbHO MiIory 50 10 ¢ KOYKHOIO HOT0X0.

Hpyra cepisl — BUXi/iHi i KiHII€Bi IIOJIO>KE€HH:

Criiika «a3eHKyny fadi» (miBoctopoHHs). Crilika HOrM
HapisHO Ha IIMPUHY IIJIeY JiBOXO BIEPEN, JOBXIMHA CTiIKM
mBi mupyHM miedeit. CTYIHI TOBHICTIO CIMparOThCA Ha Mif-
JIOTY, CTYIIHA JiBOI HOTM CHPAMOBaHa BIepefl, paBa IIij
KyToM 45° manpiAMu 308Hi. JoMinka niBoi HOI'M NepreHn-
KY/IAPHO MiAyI03i, KO/MiHO HaJ| II'sITOMo, IpaBa mpsama. Tyny6
y HonoxkeHHi 45° niBe 1tede ymepen, 6ins 70 % Baru Tina
nonepeny. Pyku Ha nosci. Buxip y cTilixy «g3eHKyny madi»
BUKOHYETbCA i3 IIOJIOKEHHS «II0M JJadi».

Cririxa «itoi magi». Criifflka HOIM Hapi3HO, CTYIIHI Ha-
pasenbHO, KOiHa po3cmabieHi Ta mero 3irHyTi, MOTUNN-
111, JIOTATKM, CITHMIY, I'ATKY pO3MillleHi B OfHilT IUTOIMHI,
PYKU Ha 1osici, Bara Tia po3nofiseHa piBHOMipHO Ha 0611/1Bi
HOTL.

Tpers cepist — fii 6e3 AKMX HEMOXXJIMBO BUKOHATH
BIIPaBY:

B.11.: exxaun Ha iBoMY 601ii 3 OIIOPOIO Ha TePeAIIivds
niBoi pyku. [TocTyoBo BUKOHATH (a3u KOIOBOTO yapy HO-
roto: pasa BUHOCY CTerHa, (pasa BUNPAMIECHHA HOIM 3 Gop-
MYBaHHAM yIapHOI IIOBepXHi, (haza moBepHeHH: Hory, dasa
TTOCTAaHOBKM HOTM Y BUXi/jHE ITOJIOKEHHA. YIapHOIO aTaKy-
I0Y0I0 IIOBEPXHEI0 € «XallCOKy» BepXH:A 4YacTMHA (Iifiiom)
cromu abo «cyHe» ToMinKa Horu. Te came Ipyroio HOTO.

YerBepTa cepis — HaBYAHHA YMiHHIO YIIPaB/IATY PyXaMI:

I. B.1m. crijika Ha OfHii HO31, TPUMAIOUNUCD 32 OTIOPY, APY-
ra 3irHyTa y KOJiHi, CTETHO Bropy-BIepe[ Ha piBHi rmoscy. o-
JIOBa, IJIEYOBi CyIIo0u, Ty1y6, Ta30CTErHOBI CYII06M, yaap-
Ha HOTa 3aXO/ATCs B OfHii rrouyHi. II'siTka onopHoi Horn
CIpAMOBaHa B CTOPOHY Liji. BiiBecTn cTernoM 3irnyTy HOTY
HasaJl i BUKOHATM iMiTallilo ylapy KOJIIHOM aKTBHUM PyXOM
Tasy HaJ «IIOflyLIKOI» II0 LOJIOHI MapTHepa.

II. B.m.: Te came AK y momepepHiii Bnpasi. Bukonyemo
X/IbOCTKE PO3TMHAHHA Ta 3TMHAHHA HOTM Y KOMTiHHOMY Cy-
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171061, 30epiraroum BUCOTY i IOJIO>KEHHA CTOIM «XayiCOKY».
BuxonaTy mmo 10 pasiB K0>KHOIO HOTOIO.

ITsiTa cepist — OKpeMi 4acTVMHY LiNbOBOI BIPABM i Iif-
BiflHi BIIpaBu:

L. B.iw.: cTos4m 60KOM [10 MapTHEpa, TPUMAIOUNCh OffHO-
JIMEHHMMI pyKaMi, Tyny6 y monoskenHi 180° mrede yreper,
OIIOpHA HOT4, 1J0 CTOITh 103y, PO3BEPHYTA IT ATKOIO Y CTO-
pony naptHepa. IligHATH Bropy-BHepes CTETHO HOTH, IO
CTOITb IOIEPENY, IT ITKA IPUTUCKAETHCS 0 CTETHA, TOMINKa
i crerHo mapanesnbHi Ko migIoru. BUKOHyeMO XIbOCTKe po3-
TMHAHHA HOTY, IOBEPTAEMO HOTY Y BUXiJTHE ITOJIOKEHHS.

II. B.i.: 1iBOCTOpPOHHA CTiliKa «A3€HKYIy Aaui». Bary
Ti/lla IepeHecTy Ha ONOpHY MiBy. OfHOYACHO MiIHATH Bropy-
BIIEPE]l CTETHO IIPABOI HOI'M, BifILITOBXYHOYMCh CTOIIOK Bif
migory, Tyny6 i cromy miBoi possepHyTH Ha 135°. Hanectn
yIap aKTUBHUM PYXOM Ta3y BIlepef i XTbOCTKUM PO3TMHAH-
HsAM IIpaBoi Horu. IloBepHyTH HOTY y BUXifjHe IONTOXXEHHA
1o TpaekTopii yaapy. Pyku sirnyTi, mikTi TOpkaroTbcs Tymy-
6a, Ky/Iakyl Ha piBHi migOOpinas.

[ocTa cepisi — BUKOHAHHA BIPABU B LiIOMY:

I. BignpanboByBaHHA TEXHIKM y/lapy HOI'OIO, IIO CTOITh
I03aJly B IOBIiTPA i3 CTIMIKY «I3€HKYIY [adi» IO YABHIN i
3 IPOCYBaHH:AM y nepef. 10 pas.

II. BigmpauboByBaHHSA TEXHIKM yapy HOTaMU I10 JIallaM
Ha TOYHICTD i3 CTIMIKM «[J3€HKYIY Jadi» 3 micud. 10 pas.

[ornap y nanpAMKy yzapy. [JJMxaHHA y BCiX BIpaBax
HeOOXiIHO CIIIBBIiTHOCUTM 3 TEMIIOM pyXiB i MOMeHTaMmu
HaIpyTH.

Ilepexin mo HacTynHOI BIpaBM 3[iJICHIOBaBCA 33 YMO-
BII BIPHOTO BMKOHAHH:A IIONIE€PEHbOI BIIPaBY 3 TOYHUM JI0-
TPUMaHHAM YCiX TexHiyHi BuMor. [Tpu oMy nomyckannuch
He3HauHi MOMMIKY. PiBeHb HaBUEHOCTI TeXHIKM KOIOBOTO
ymapy Horowo «MaBami repi gyman» (Y) oriHoBaBcA rpy-
010 He3a/IeXXHMX eKCIIePTiB y KibKOCTI IsATH 0ci6 3a 10-Tu
6aIbHOIO 1IKaI010. MiHiMabHa i MaKCHMaabHa OLIiHKY, BU-
CTaBJIeHi eKcnepramy, BigKupjamucs. I3 oniHoK, 1Mo sanm-
IIVIVCD, 3HAXOAMIOCA cepenHe apupmernaHe. OgHOpasoBa
HesHauHa IIOMIIKa Kapajach BigHiManHaAM 0,1 6any. OgHo-
pasoBa icTroTHa momuka BigaiMarusam 0,2 6ann. [Ipn ogHo-
pasoBiit rpy6iit momuLi BifHiMaaocs 0,3 6amn.

Il BUpilleHHs IIOCTABJIEHOI MeTH BMBYABCA BIUINB
Pi3sHMX BapiaHTiB BUKOHAHHA BIIPaB, a caMe: KiIBKOCTI IiJj-
xoziie (X)) Ta inTepsanis Bigmounnky (X)) Ha 3aCBOEHHA
TeXHiKM BMKOHAHH:A KOJIOBOTO y[apy HOTOI0 ««MaBalli repi
gyman»». Xtomni 10 pokis Oymu mmopineHi Ha 4OTHPK TPY-
I, 3TifIHO TUIAaHy eKCIIepUMMEHTY. BigMiHHOCTI MiX rpyma-
MU B METOZIMIIi IIPOBENEHHSA 3aHATD JUKTYBA/ICA YMOBAMU
(aKTOPHOTO eKCIIepUMEHTY, AKi ImpefcTaBIeHi y Tabnuii
1. HyokHi 11 BepxHi piBHI dpakTopiB 6y1m o6paHi Ha OCHOBI
manux Khudolii & Ivashchenko (2014), Mapuenko, (2017),
Khudolii, Kapkan, Harkusha, Marchenko, & Veremeenko

Ta6muus 1. ITnan GpakTOPHOTrO eKCIEepPUMEHTY TUITY 27

PexxuiMu HaBYaHHS

Bapiantu Bukonanna  Kinpkicts migxo- IurepBan Bimmo-

BIpaB niB, pasis YUHKY, C
X)) X,
1 1(-) 60 (-)
2 3(+) 60 (-)
3 1(-) 120 (+)
4 3(+) 120 (+)
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(2020), a TakoX OOMeEXYBa/IUCS paMKaMyl TPEHYBaJTbHOTO
3aHATTS.

CmamucmuyHuli aHani3

Y po6oTi BUKOpUCTaHi METOAMKIM aHaNi3y pe3y/lbTaTis
MaTeMaTUYHOTrO IUIaHYBaHHA ekcrnepuMeHTy Tuiy IIOE 2%
(Kononk, 2011; Khudolii & Ivashchenko, 2014; Khudolii,
Kapkan, Harkusha, Marchenko, & Veremeenko, 2020).

Pesynbratn

Cua BBy dakTopy MiHATach Bif cepii fo cepii. Pe-
synpratu aHanisy [IOE 2* Haseneni y Tabmmi 2. Pospaxo-
BaHMit Kputepiit KoxpeHa mokasas, 10 yci Ipymm exciepu-
MEHTA/IbHMX JAaHUX OTPMMaHi 3 OfIHi€l i Ti€l XK CYyKyITHOCTI.
YcraHOBIEHO, O AuCIepcil He Bipi3sHATbCA OfHA Bifl Of-
HOI i1 06paHoro piBHs 3HauymocTi 0,05.

PerpeciitHa 3a/e)XHICTb CIIOCTepiraeTbcsi MPOTArOM
BCHOI'O II€Piofly BMKOHAHHSA Cepiii HaBYa/JIbHUX 3aB/IaHb.
KoskHa He3anmexxHa sSMiHHA (Xl, X, X1Xz) Bifirpae cBolo mes-
HYy POJb Y 3MiHi ITOKa3HMKa HAaBYEHOCTi BIIPaBi KOJIOBOTrO
yAapy HOroo «MaBalli repi uygan». [lobymoBani Matemarny-
Hi Mofiefti afileKBaTHO ONUCYIOTh OTpMMaHi laHi. PospaxoBa-
Hi KoedinienTtu perpecii craructuyno snagynii (Fp<Fxp) e
O3Hauae, 1[0 perpeciiiHa MofieNib € epeKTUBHOIO.

KoediuienTn npy He3aje>XHUX 3MiHHUX YKa3ylOTb Ha
cuny BBy ¢axkTopiB. Unm 6inblna 4icioBa BenMIMHA
koedinieHTa, TiM 6inpunit BB 3ailicHioe daktop. IIpo
XapakTep BIUIMBY (aKTOPiB TOBOPATH 3HAKM KoediljieHTa.
3HaK IJTI0C CBIIYUTD MPO Te, IO 3i 30i/MbIIIeHHAM 3HAYEH-
HA $aKTOPy 3pOCTa€ BeMMYMHA IapaMeTpy ONTUMi3alil, a
IIpu 3HaKy MiHyc — yOyBae. OTpUMaHy CYKYIIHICTb YMHHU-
KiB PO3TalIOBAaHO B pAJ IO CUJIi IX BIUIMBY Ha ITapaMeTp
ortuMisanii. YuHHNMKK, Koe]illieHTN SKMUX He3HAUyIi, He
inTepnperyemo. MoxxeMo ckasaTu, 11j0 IIpY LIMX iHTepBajax
BapiloBaHHA 1 IOMMILI BiTBOPIOBAHOCTI BOHM iCTOTHO He
BIUIMBAIOTh Ha IIapaMeTp ONTMMi3aril.

Y mepuiit cepii HaBYANTbHUX 3aBIaHb HANOUTBIINIT TO-
3UTUBHUIT BIVIMB MA€ He3aJIeKHa 3MiHHA X| «KIIbKICTb Iifi-
XOZIiB», Il IPOLeHTHMII BHECOK CKTafae 59,3 %. A HesanexHa
3MiHHa X, «iHTepBa/ BiMIOYMHKY» Ma€ HEraTUBHMI BIINB
(25,9 %). [Ins 36inbleHHA TapaMeTpy onTHMisanii HeoOxif-
He MiIBMIEHHA KiMbKOCTI HiAXOAiB KO 3, iHTepBas BifIo-
YMHKY IOCTaTHbO yTPUMYyBaTH B MeXax 60 c.

Y nmpyriit cepii HaBYa/JIbHMX 3aBJaHb MO3UTUBHO BIIJIN-
Ba€ He3aJIeKHA 3MiHHA X «KUIbKICTD MifXOAiB» (88,6 %). A
He3a/leXkKHa 3MiHHa X, «iHTepBa/ BiIIOYMHKY» Ma€ 3HaYHO
6inpmmit HeratuBHMiT BIus (10,6 %). [I71s migBUIeHHS Ha-
BYEHOCTi HeoOXiJHO BUKOHYBaTK 3 Iigxopu, iHTepBa Bif-
TIOYMHKY CK1asiae 60 c.

Y rperiit cepil HaBYa/NPHMUX 3aBJaHb HAMOIIBIINIT HO-
3UTMBHUII BIVIMB MA€ He3a/IeXKHa 3MiHHA X «KIIbKICTb Iifl-
xopiB» (56,0 %). Edexr B3aemopii mepimoro nopsazaky (X X))
Mae mos3uTuBHMIT BB (29,1 %). [Ins migBuieHHs edex-
TUBHOCTi HaBYaHHA HeOOXiHO TpeHyBaTUCA y pexuMi 3
MiAXO[M 3 iHTepBanaMy BiflmounHKy 120 c.

Y 4eTBeprilt cepil HaBYaIbHUX 3aBJaHb HAMOITBIINIL
HO3UTUBHUIL BIUIVB MAa€ He3aleXXHa 3MiHHA X «KiIbKiCTh
nigxonis» (93,9 %). Ins migBumeHHsa edeKTUBHOCTI Ha-
BYAHH: HeOOXiHO TpeHyBaTyCA y pexxuMi 3 migxonu 3 iH-
TepBajaMu BifinmounHky Bijg 60 mo 120 c.
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Technique in Kyokushin Karate

Ta6muus 2. Pesynpraty ananisy [IOE 22. Xnonni 10 pokis

Cepii HaBYaTbHUX

BigcoTkoBuii BIVIMB Ha piBeHb

PiBHAHHA perpecii A KOIOBaHNX 3MiHHIX HaBYEHOCTi
3aHATH

X, X, XX,
1 Y=9,2 + 0,388X1 - 0,256)(2 59,3 25,9 14,8
2 Y=9,019 + 0,506X1 - 0,175X2 88,6 10,6 0,9
3 Y=8,416 + 0,516Xl + 0,372X1X2 56,0 14,9 29,1
4 Y=8,103 + 0,447X1 93,9 1,7 4,4
5 Y=8,484 + 0,691X1 - 0,241X2 + 0,228X1X2 81,3 9,9 8,9
6 Y=8,184 + 0,872X1 - 0,378X2 + 0,434X1X2 69,62 13,1 17,28

Y m’sTiit Ta MOCTIi Cepisix HABYa/bHUX 3aBIAHb B3a-
€MOJlid IBOX YMHHUKIB 3Ha4Yyllla i Mae MO3UTUBHUI 3HAK.
Lle cBigunTDH IPO Te, 1J0 OFHOYACHE 301IbIIEHH, 5K i OfHO-
YacHe 3MEHIIEeHHs, 3HaueHb [JBOX YMHHIKIB IPU3BOIUTD [0
30i/MbIIeHHA NapaMeTpa onTuMisanii (6e3 ypaxyBaHHA JIi-
HiltHuX edexriB). InTeprperania epexTiB B3aeMopil He Tak
OJfHO3HAYHa, AK JIHIHKMX edeKTiB. Y KO)KHOMY BUIIAIKy €
nBa BapianTi: X, = +1, X,= +1 260 X = -1, X = - 1. ITepenycim
Tpeba BpaxyBaTu 3HaKM iHIMHKUX edeKTiB BiAMOBIZHUX
YMHHYKIB. Y HALIOMy BUIIa[Ky 3HaKV JIHITHUX e(eKTiB pi3-
Hi. ToMy My BpaxoByBa/IM 4lCeNbHi 3Ha4eHH: KoedilieHTiB
i XepTByBa/mM HaMEHIINM eeKTOM.

Y m’sriit cepil HaBYaIbHUX 3aBJaHb HAMOUIBIIINIT 103U~
TUBHUIT BIUVIMB MA€ He3a/IeKHA 3MiHHA X «KIIbKICTh IifX0-
miB» (81,3 %), He3ame)KHa 3MiHHA X, «iHTepBaJI BillIOYMHKY»
(9,9 %) memoHcTpye HeraTMBHUI BIIMB. EdexT B3aemopii
nepmoro nopaaxy (X X,) Mae mosutusnmit Binus (8,9 %).
Jist miBuieHHs eeKTUBHOCTI HaBYAHH HEOOXiTHO Tpe-
HYBATUCA Y PEXMMI 3 MigXomy 3 iHTepBajmaMI BillTOYMHKY
120 c.

Y mocriit cepii HaB4a/NbHUX 3aBJAaHb Pe3y/IbTaTMBHA
O3HaKa 3aJIeKUThb Bifi MO3UTUBHOTO BIIMBY He3a/IeXXHOI
3MiHHOI X «Ki/IBKICTh MiXOpiB» (69,62 %) i HEraTMBHOTO
BIUIMBY He3a/leXXHOI 3MiHHOI X, «iHTepBa/l BIAIIOUMHKY»
(13,1 %). Edext B3aemonii meprmoro nmopsaxy (X, X,) mae mo-
sutuBHMIT BIvuB (17,28 %). [lna migBuineHHs eeKTUBHOCTI
HaBYaHHA HeOOXi[JHO TpeHyBaTucs y pexxumi 3 migxomm 3
inTepBanaMu Bigmounuky 120 c.

TakuM 4MHOM, ONTMMaJIbHUMM KOMOiHaIifiMu yMOB
IJIA Cepiif 3aBIaHb IIiJ] YaC HaBYaHH:A KOJOBOTO yJapy HOTOI0
«MaBalli repi 4yfaH» Xmomiis 10 pokiB €:

1 cepia - 3 migxonu, iHTepBas BifilIOYMHKY 60 c;

2 cepid - 3 migxoau, iHTepBas BiflIOYMHKY 60 c;

3 cepia - 3 migxonu, iHTepBan BiAnounHKy 120 c;

4 cepisa - 3 migxopau, iHTepBan Bigno4nHky 60-120 c;

5 cepia -3 migxony, inTepBan BignmounHky 120 ¢;

6 cepia — 3 migxopw, iHTepBan BigmounHky 120 c.

Avckycia

JloCiKeHHs IPUITYCKAJIO, 1[0 3HAYEHHs Pe3y/IbTaTIB-
HOI O3HaKM Y 3aJIeXXNTDb BiJi BIUIMBY PiSHMX BapiaHTIiB BU-
KOHaHH: BIIPaB, a CaMe Bifl BapiloBaHH:A KiJIbKOCTI MiIXOA1iB
(X,) Ta inTeppanis Bignounnky (X,). Hamri pesynbrarn ysro-
IKyroTbcs 3 pesynbratamu Ivashchenko, Khudolii, Iermakov
and Harkusha (2017), Lopatiev, Ivashchenko, Khudolii,
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Pjanylo, Chernenko, and Yermakova (2017), Khudolii,
Kapkan, Harkusha, Marchenko, and Veremeenko (2020)
PO Te, 10 YIPaB/IiHHA IPOLeCOM HaBYaHHs € 6ibII edek-
TUBHMM, SAKILO PEXMMU HaBYaHH:A BU3HAYAIOTHCA Ha OCHO-
Bi perpeciiinux mogpeneit. OTpuMaHa y XOfli eKCIIEPUMEHTY
indopMania mifTBEpIKy€e HOLIIbHICTD BUKOPUCTAHHA MO-
TENIOBAaHHA B HaBYaHHI Ta MOXK/IMBICTh CTBOPIOBATM Ha iX
OCHOBI Pi3HOMAaHITHI 3ac06M HaBYAHHS, IKi € BaXIMBUM
KOMIIOHEHTOM HaBYa/IbHO-BUXOBHOTrO Iporecy (Mapuen-
K0, 2010, 2017; Khudolii, Ivashchenko, Iermakov, Nosko, &
Marchenko, 2019; Khudolii, Kapkan, Harkusha, Marchenko,
& Veremeenko, 2020).

PosmupeHo ysABlIeHHA NPO ONTUMAJIbHY B3aEMOJII0
PisHMX JIAaHOK Ti/la MiJi Yac BUKOHAHH:A KOJIOBOTO yAapy HO-
roro «MaBai repi uygan» (Gavagan & Sayers, 2017; Hariri &
Sadeghi, 2018; Blaszczyszyn, Szczesna, Pawlyta, Marszatek, &
Karczmit, 2019). KonkperusoBaHna pojb pi3HUX JTaHOK Tina
Y LiZicHOMY pyci KOIOBOTO yfjapy HOTOX «MaBalli repi 4y-
man». Hami gani nigrBepmkyors BucHoBky Chyu (2010)
po epeKTUBHICTh BUKOPMCTAHHA HaBYATbHUX IIPOrpaM 3i
CXiTHMX OFHOOOPCTB IJORO MifiBMIeHHS (i3MYHOI aKTUB-
HOCTI Ha ypoKax (isM4HOI KyIbTYpH.

Otpumani HOBi faHi. Po3po6eHo moeTamnHy mporpamy
HaBYaHHA 6a30BOMY €lleMeHTY B KiOKYIIMHKail KapaTe KOJo-
BOTO YAy HOTOK «MaBallli Tepi 9yflaH» y BilLIOBiTHOCTI 3 BU-
3HAYEHMMM ONTMMAJIbHUMI KOMOiHaLisAMM piBHIB (akTopiB
HaBaHTaXeHHs1. Po3pob/ieHHi perpeciiiti Mozeri 4yt KofoBa-
HJIX 3MiHHUX JJO3BO/IAIOTD BYABUTY HAIOUIbII epeKTUBHI pe-
JKMIMJ BMKOHAaHH:A Cepill 3aBJJaHb IIiJl 9aC HaBYaHH:A KOJIOBOTO
yIapy HOro «MaBali repi». Bukopucranus pospobmeHol
METOAMKU [JO3BOJIA€E iCTOTHO CKOPOTUTU TEPMiHM OCBOEHHS
K/IIOYOBMX €/1EMEHTIB TeXHIYHOI Ii/JrOTOBIEHOCTI IIKOJLAPIB.

BucHoBKM

OnrumanpHuMM KOMOiHALisIMI yMOB [yIsi Cepiit 3a-
BJJaHb IIiJl 9aC HaBYaHHA KOJIOBOTO y[apy HOTOIO «MaBallli
repi yygan» xonuis 10 pokis e:

1 cepia - 3 migxonu, iHTepBas BiilIOYMHKY 60 C;

2 cepid - 3 migxopau, iHTEpBas BiilIOYMHKY 60 C;

3 cepia - 3 migxonu, iHTepBan BiAnounHKy 120 ¢;

4 cepia — 3 migxony, iHTepBas BifnmounHKy 60-120 ¢;

5 cepia - 3 migxopy, iHTepBan BignounHky 120 ¢;

6 cepia - 3 migxonu, iHTepBan BiAnmoynHKy 120 c.

[Tpup6aHHs TaKOTO TUILY 3HAHb MOXKe CIIPUATY IOKpa-
IIEHHIO Pe3y/IbTaTiB, YCYHEHHIO TIOMUJIOK B TPEHYBaHHAX,
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0CO06/IMBO B II0YaTKOBMII ITepiof] HABYAHHS, @ TAKOXX [TOIIepe-
IOVITV MOXX/IVIB1 TpaBMU, SIKi TPAIUIAIOTHCA Mifl YaC HABYaHHA
BIpaBaM abo Ha 3sMaraHHsaX. OTpUMaHi pe3yIbraTt MOXYTb
BUKOPUCTOBYBATICS SIK HA YPOKaX (i3N9HOI KYIBTYPY, TaK i
B IT03aK/IaCHilt poOoTi.
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MANAGING THE EFFECTIVENESS OF TEACHING
BOYS AGED 10 MAWASHI-GERI (ROUNDHOUSE
KICK) TECHNIQUE IN KYOKUSHIN KARATE
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The objective of the study was to substantiate the influence
of selected independent variables for building optimal models
of teaching a series of tasks aimed at motor skills development
in boys aged 10.

Materials and methods. The study involved 32 boys aged
10. The children and their parents were informed about all
the features of the study and gave their consent to participate
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in the experiment. To achieve the objective set, the following
research methods were used: study and analysis of scientific
and methodological literature; pedagogical observation,
timing of learning tasks; pedagogical experiment, methods of
mathematical statistics, methods of mathematical experiment
planning. In the process of teaching, a method of algorithmic
instructions was used.
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Results. The effect size of the factor varied from series to
series. The calculated Cochran's criterion showed that all the
groups of experimental data were obtained from the same
population. It was found that the variances do not differ for the
selected significance level of 0.05.

Each independent variable (X, X,, X,X)) plays a role in
changing the indicator of proficiency in the Mawashi-geri-jodan
(roundhouse kick). The constructed mathematical models
adequately describe the obtained data. The calculated regression
coefficients are statistically significant (Fp < Fkp), which
means that the regression model is effective. Throughout the
experiment, the independent variable X, “number of sets” had a
constant positive effect on the target feature (Y). The percentage
contribution in the first series of learning tasks was 59.3%, in the
second - 88.6%, in the third - 56%, in the fourth - 93.9%, in the

fifth — 81.3%, in the sixth - 69.62%. The independent variable
X, “rest interval” has a negative effect in the first series — 25.9%,
in the second series — 10.6%, in the fifth — 9.9%, in the sixth -
13.1%. A positive effect of the first-order interaction (X X,) was
observed in the third series — 29.1%, the fifth - 8.9%, the sixth
-17.28%.

Conclusions. The optimal combinations of conditions for
the series of tasks when teaching boys aged 10 the Mawashi-geri-
jodan (roundhouse kick) are the following: series 1 — 3 sets, rest
interval 60 s; series 2 — 3 sets, rest interval 60 s; series 3 — 3 sets,
rest interval 120 s; series 4 — 3 sets, rest interval 60-120 s; series
5 - 3 sets, rest interval 120 s; series 6 — 3 sets, rest interval 120 s.

Keywords: boys, teaching, physical exercises, programmed
learning, modes of performing exercises, karate, Mawashi-geri

(roundhouse kick).

Information about the authors:

Marchenko Svitlana: sport-svet1968@ukr.net; https://orcid.org/0000-0002-1013-9511; Department of Theory and Methodology of
Physical Education, H. S. Skovoroda Kharkiv National Pedagogical University, Alchevskykh St, 29, Kharkiv, 61002, Ukraine.

Mapuenko CaitmaHa: sport-svet1968@ukr.net; https://orcid.org/0000-0002-1013-9511; Kadenpa Teopii i MeToankm ¢isnanoro
BMXOBaHH:A, XapKiBCbKMIT HallioHa/IbHMII NTeiaroriunmit yHisepcutet imeni I.C. CkoBopopu, By AmdeBcbKux, 29, Xapkis, 61002,

Ykpaina.

Taranenko Oleksandr: 9778963325tas@gmail.com; https://orcid.org/0000-0002-8213-2896; Department of Theory and
Methodology of Physical Education, H. S. Skovoroda Kharkiv National Pedagogical University, Alchevskykh St, 29, Kharkiv,

61002, Ukraine.

Tapanenko Onekcauap: Taranenko Oleksandr: 9778963325tas@gmail.com; https://orcid.org/0000-0002-8213-2896; Kadenpa
Teopil i MeToAVKM Pi3MIHOrO BUXOBAHH:, XapKiBChKUIT HAIIIOHA/IbHMIT Tefaroriunuit yHiBepcutet imeHi I.C. CkoBopopu,

ByJL. ATTUeBCBKIX, 29, XapkiB, 61002, YkpaiHa.

Cite this article as:

Marchenko, S., & Taranenko, O. (2020). Managing the Effectiveness of Teaching Boys Aged 10 Mawashi-Geri (Roundhouse Kick)
Technique in Kyokushin Karate. Teorid ta Metodika Fizi¢nogo Vihovannd, 20(4), 262-268. https://doi.org/10.17309/tmfv.2020.4.10
Mapuenko, C., & Tapanenxo, O. (2020). KepyBaHHs edeKTUBHICTIO HABYaHHS TEXHIKM KOJIOBOTO yIapy HOTOIO «MaBalll repi» y
KiOKyIIMHKait Kapare xy1oniis 10 pokis. Teopis ma memoouka gisuurozo suxosarns, 20(4), 262-268.

https://doi.org/10.17309/tmfv.2020.4.10

Received: 27.09.2020. Accepted: 20.12.2020. Published: 25.12.2020

This work is licensed under a Creative Commons Attribution 4.0 International License

(http://creativecommons.org/licenses/by/4.0).

268

TM®B, 2020, Tom 20, N2 4



