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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.

©	 Andrieieva, O., Yarmak, O.,  Kashuba, V., Drozdovska, S., 
Gineviciene, V., Blagii, O., Akimova-Ternovska, M., 2020.

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 

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; Kуslenko 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 (Özcan 
et al., 2018; Barranco-Ruiz & Villa-González, 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; Ginevičienė, 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.

Research organization

The study was carried out at the Olympic Style Training 
and Health-Promoting Centre and the Scientific Research 
Institute of the National University of Ukraine on Physical 
Education and Sport.

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, AI (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 1. Parameters of the exercise sessions in the combined program
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% of exercises HR average Heart rate 

range

dy
na

m
ic

st
at

ic

st
re

tc
hi

ng

bpm %HRmax HRmin÷ 
HRmax

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

Table 2. Scale for scoring anthropometric measurements 

Index Norm Slight excess Substantial 
excess

Shoulders 5.6-6.6 4.8-5.5 < 4.8
Waist 2.0-2.5 1.65-1.9 < 1.65
Abdomen 1.5-1.7 1.4-1.45 < 1.4
Thigh 2.6-3.1 2.3-2.5 < 2.3



197

Andrieieva, O., Yarmak, O.,  Kashuba, V., Drozdovska, S., Gineviciene, V., Blagii, O., & Akimova-Ternovska, M. (2020). Efficiency of a 
Combined Fitness Program for Improving Physical Condition in Young Women 

 ТМФВ, 2020, том 20, № 4

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 × HR + 0.014 × BPsyst + 0.008 × BPdiast + 
0.009 × body weight + 0.0014 × age – 0.009 × 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 × 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-

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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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). 

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 
the straight position with the zero mark at the level of the feet, cm

0.211 0.065 0.111 0.811

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 
during 20 s

0.187 0.234 0.189 0.789

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

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) 

Parameters
Before the 

experiment
After the 

experiment p
X s X s

Height, cm 166.7 2.43 166.7 2.43 >0.01
Body weight, kg 62.2 3.17 58.7 3.66 <0.05
Quetelet index 1, g/cm 376.4 21.33 338.5 12.43 <0.05
Chest circumference, cm 95.3 2.49 88.7 2.19 <0.05
Waist circumference, cm 75.3 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 92.4 3.76 <0.05
Thigh circumference, cm 57.6 2.87 53.5 0.22 <0.05
Shoulder circumference, cm 28.1 1.46 26.9 1.05 >0.05
Lower leg circumference, cm 37.1 1.25 34.8 2.11 <0.05
Chest expansion, cm 5.2 1.33 7.8 1.16 <0.05
Waist index, arb. un. 2.3 0.16 2.7 0.18 <0.05
Abdominal index, arb. un. 1.8 0.04 1.9 0.04 <0.05
Thigh index, arb. un. 2.8 0.14 3.0 0.16 <0.05
Shoulder index, arb. un. 6.3 0.22 6.2 0.23 >0.01
Resting HR, bpm 75.4 4.98 63.2 2.34 <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 5.42 78.7 4.76 <0.05
Rate pressure product, arb. un. 83.6 6.34 65.4 4.27 <0.05
Stange test, s 32.8 7.39 50.4 5.88 <0.05
Genche test, s 19.1 4.31 27.5 2.72 <0.05
Ruffier index, arb. un. 10.7 1.85 8.5 1.04 <0.05
Adaptation capacity, arb. un. 3.4 0.04 2.6 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 % (р < 0.05), in speed by 
27.2 %, in speed-strength endurance and strength endurance 
by 31.5 % and 49.1 %, respectively (р < 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 

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 
Romberg test 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-

Table 6. Changes in motor development of young women 
(n=62) 

Test, motor task
Before  

experiment
After  

experiment p
X ± s X ± s

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, cm

10.2±2.19 16.7±2.48 <0.05

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, max number 
of lifts performed during 
20 s

10.8±1.76 16.1±1.41 <0.05

Push-up test, number of 
push-ups performed during 
30 s

14.3±5.36 18.9±3.22 <0.05

Kontreks-2 total score, 
points 156.4±28 207.4±18 <0.05

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

Time of 
assessment High 

Higher 
than 

moderate
Moderate  

Lower 
than 

moderate
Low 

At the beginning 
of the study

0.0 9.7 19.4 56.5 14.4

At the end of the 
study

6.5 27.4 53.2 12.9 0.0
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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 (Güler 
& Yüksek & Göksu, 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 

Table 8. Changes in postural stability of women, n=62

No. Motor  
tests

Average amplitude of trunk sway 
X ± s

Maximum amplitude of trunk 
sway 
X ± s

Frequency of sway 
X ± s

Planes of motion
S F S F S F

1

Romberg test
BE 5.7±0,54 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 11.2±2.04 4.2±0.23 4.5±0.21
р <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

2

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
р <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

3

Standing on the toes
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
р <0.05 <0.05 <0.05 <0.05 <0.05 >0.05

4

Standing on the toes with eyes closed

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
р <0.05 <0.05 <0.05 <0.05 >0.05 >0.05

5

Standing with the head extended backward
BE 15.8±2.43 12.0±2.63 21.3±2.37 18.7±2.63 2.8±0.43 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
р <0.05 >0.05 <0.05 <0.05 >0.05 >0.05

6

Flamingo test
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
р <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

(Kashuba et al., 2020, Özcan 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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Реферат. Стаття: 10 с., 8 табл., 41 джерел.

Метою даного дослідження було оцінити ефектив-
ність комплексної програми вправ, спрямованої на поліп-
шення фізичного стану молодих жінок.

Матеріали та методи. У дослідженні взяли участь 
62 здорові жінки (середній вік 29,4 роки). Методологія до-
слідження включала оцінку більше 50 показників (антро-
пометричні показники, фізичні і рухові якості, функціо-
нальний стан серцево-судинної і дихальної систем і т. д.). 
Аналіз даних проводили з використанням таких методів 
статистики: описові статистики, дисперсійний і факторний 
аналіз. Структуру фізичного стану жінок визначали за до-
помогою факторного аналізу.

Результати. Показники фізичного розвитку мали най-
більший внесок (33,4 %) в загальну дисперсію характерис-
тик фізичного стану учасників дослідження. Другий фак-
тор, пов’язаний з функціональним станом і показниками 
фізичного стану, склав 21,6 %, третій фактор, пов’язаний з 
координаційними здібностями, склав 19,8 %, а четвертий 
фактор, пов’язаний з фізичною підготовкою, склав 10,3 % 
від загальної дисперсії. Ці чотири фактори в сумі поясню-
вали 85,1% загальної дисперсії. 35 показників, відібраних за 
допомогою факторного аналізу і характеризують фізичний 
стан жінок, використовували в якості критеріїв ефектив-
ності запропонованої фітнес-програми. Участь у фітнес-
програмі істотно вплинула на морфологічний статус жі-

нок. Маса тіла знизилася на 5,6 % (р < 0,05), індекс Кетле 
зменшився на 11,2 % (р < 0,05), а також зменшилися обхват-
ні розміри: відношення довжини тіла до обхвату талії на 
14,8 % (р < 0,05), відношення довжини тіла до обхвату живо-
та на 5,3 % (р < 0,05) і відношення довжини тіла до обхвату 
стегон на 6,7 % (р < 0,05). Відзначено істотне поліпшення 
функціональних показників серцево-судинної системи, в 
тому числі ЧСС в спокої, яка знизилася на 16,2 % (р < 0,05). 
Час затримки дихання після вдиху (тест Штанге) і після 
видиху (тест Генчі) збільшився на 44,0 % – 53,7 % (р < 0,05). 
Позитивні статистично значущі зміни (р < 0,05) спостеріга-
лися в показниках фізичної підготовленості жінок. М’язова 
сила збільшилася на 32,3 % (р < 0,05), швидкісна і силова ви-
тривалість і швидкісна витривалість збільшилися на 31,5 % 
і 49,1 % відповідно (р < 0,05). Використання спеціальних 
вправ для розвитку координаційних здібностей позитивно 
вплинуло на функцію рівноваги, проба Ромберга покращи-
лася на 94,0 % при р < 0,05, а тест «Фламінго» на 65,6 % при 
р < 0,05.

Висновки. Оцінка ефективності комплексної фітнес-
програми виявила достовірні позитивні довгострокові ефек-
ти впливу на рівні фізичного стану, морфологічного статусу, 
стану здоров’я і загального самопочуття молодих жінок.

Ключові слова: програма, фітнес-тренування, фізич-
ний стан, молоді жінки
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ORIGINAL SCIENTIFIC ARTICLE

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 
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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.

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.

©	 Koryahin, V., Turchyn, Ya., Blavt, O., Dolnikova, L., 2020.
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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, Rutbİl, 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 (Cuğ, Özdemir, & 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.

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:
•• 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;

•• 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.

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).

Підставка

ТС1

ТС3

ТС2

ТС4

WI-FI модуль

Підставка

Fig. 1 Flowchart of the electronic part of the device (TC1 - TC4 
- Sensors 1-4)

Stand

WI-FI module
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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 

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.

Conflict of interest

The authors state no conflict of interest. 

References

American College of Sports Medicine. (2013). ACSM’s 
Guidelines for Exercise Testing and Prescription. 9th ed. 
Philadelphia. PA: Lippincott Williams & Wilkins. 

Anderson, K., & Behm, D.G. (2005). The impact of instability 
resistance training on balance and stability. Sports Med, 
35, 43-53.  
https://doi.org/10.2165/00007256-200535010-00004

Anikieiev, D.M. (2015). Criteria of effectiveness of students’ 
physical education system in higher educational 
establishments. Physical education of students, 19(5), 3-8. 
https://doi.org/10.15561/20755279.2015.0501

Boloban, V., & Mistulova, T. (2000). Stabilography: 
achievements and prospects. Science in Olympic Sports. 
Specialist, issue GNIIFKS, 5-13.

Bressel, E., Yonker, J.C., Kras, J., & Heath, E.M. (2007). 
Comparison of static and dynamic balance in female 
collegiate soccer, basketball, and gymnastics athletes. 
Journal of Athletic Training, 42(1), 42-46. 

Cloak, R., Nevill, А., & Wyon, М. (2016).The acute effects of 
vibration training on balance and stability amongst soccer 
players. Journal of Physical Education and Sport, 16(1), 20-
26. https://doi.org/10.1080/17461391.2014.973912

Cuğ, M., Özdemir, R.A., & Ak, E. (2014). Influence of leg 
dominance on single-leg stance performance during 
dynamic conditions: An investigation into the validity 
of symmetry hypothesis for dynamic postural control in 
healthy individuals. Turkish Journal of Physical Medicine & 
Rehabilitation, 60(1), 22-26.  
https://doi.org/10.5152/tftrd.2014.59354

Deliagina, T.G., Orlovsky, G.N., Zelenin, P.V., & Beloozerova, 
I.N. (2006). Neural bases of postural control. Physiology 
(Bethesda), 21, 216-225.  
https://doi.org/10.1152/physiol.00001.2006

Di Tore, P.A., Schiavo, R., & D’Isanto, T. (2016). Physical 
education, motor control and motor learning: theoretical 
paradigms and teaching practices from kindergarten 
to high school. Journal of Physical Education and Sport, 
16(4), 1293-1297. 
https://doi.org/10.7752/jpes.2016.04205

Di Stefano, L.J., Clark, M.A., & Padua, D.A. (2009). Evidence 
supporting balance training in healthy individuals: A 
systemic review. Journal of Strength and Conditioning 
Research, 23(9), 2718-2731.  
https://doi.org/10.1519/JSC.0b013e3181c1f7c5

Donath, L., Roth, R., Zahner, L., & Faude, O. (2017). Slackline 
training (balancing over narrow nylon ribbons) and 
balance performance: A meta-analytical review. Sports 
Medicine, 47(6), 1075-1086.  
https://doi.org/10.1007/s40279-016-0631-9

Feldman, A.G. (2016). The Relationship Between Postural and 
Movement Stability. Adv Exp Med Biol., 957, 105-120. 
https://doi.org/10.1007/978-3-319-47313-0_6

Giboin, L.-S., Gruber, M., & Kramer, A. (2015). Task-specificity 
of balance training. Human Movement Science, 44, 22-31. 
https://doi.org/10.1016/j.humov.2015.08.012

Hotra, Z., Mykytyuk, Z., Diskovskyi, I., Barylo, G., & Vezyr, 
F. (2018). Optic sensors of enzymes with sensitive 



210 ТМФВ, 2020, том 20, № 4

ISSN 1993-7989 (print). ISSN 1993-7997 (online). Теорія та методика фізичного виховання. Том 20, № 4

environment based on cholesterol liquid crystals. In 
14th International Conference on Advanced Trends in 
Radioelectronics, Telecommunications and Computer 
Engineering, TCSET, 716-719.  
https://doi.org/10.1109/TCSET.2018.8336300

Hotra, Z., Mykytyuk, Z, & Sushynskyy, O. (2010). Sensor 
systems with optical channel of information transferring. 
Przeglad Elektrotechniczny, 86(10), 21-23. 

Huxham, F.E., Goldie, P.A., & Patla, A.E. (2001). Theoretical 
considerations in balance assessment. Australian Journal 
of Physiotherapy, 47(2), 89-100.  
https://doi.org/10.1016/S0004-9514(14)60300-7

Ivashchenko, O., Khudolii, O., Iermakov, S., & Harkusha, S. 
(2017). Physical exercises’ mastering level in classification 
of motor preparedness of 11-13 years old boys. Journal of 
Physical Education and Sport, 17(3), 1031-1036.  
https://doi.org/10.7752/jpes.2017.03158

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

Kachan, O.A. (2017). Implementation of innovative 
technologies in physical culture and sports activities 
of educational institutions.  Slavyansk:Vytoky, 138. (in 
Ukrainian)

Karakaya, M.G., Rutbİl, H., Akpinar, E., Yildirim, A., & 
Karakaya, İ.Ç. (2015). Effect of ankle proprioceptive 
training on static body balance. Journal of Physical 
Therapy Science, 27(10), 3299-3302.

Koryahin, V., & Blavt, O. (2018). The Use of Information and 
Communication Technology for Determining the Level 
Mobility in Joint in Physical Education of Students. Teoria 
ta Metodika Fizičnogo Vihovanna, 18(3), 107-113.  
https://doi.org/10.17309/tmfv.2018.3.01

Koryahin, V., Blavt, O., & Ponomaryov, S. (2019). Innovative 
Intestification of Testing of Strength Endurance in 
Physical Education of Students With Chronic Diseases. 
Teorìâ ta Metodika Fìzičnogo Vihovannâ, 19(3), 116-122. 
https://doi.org/10.17309/tmfv.2019.3.02

Koryahin, V., Mukan, N., Blavt, О., & Virt, V. (2019). Students’ 
coordination skills testing in physical education: ICT 
application. Information Technologies and Learning Tools, 
70(2), 216–226. https://doi.org/10.33407/itlt.v70i2

Lauber, B., & Keller, M. (2014). Improving motor performance: 
Selected aspects of augmented feedback in exercise and 
health. European Journal of Sport Science, 14(1), 36-43. 
https://doi.org/10.1080/17461391.2012.725104

Li, Z., Ye, L., Shen, J., Xie, K., & Li, Y. (2018). Strain-gauge 
sensoring composite films with self-restoring water-
repellent properties for monitoring human movements. 
Composites Communications, 7, 23-29.  
https://doi.org/10.1016/j.coco.2017.12.007

Magill, R.A. (2007). Motor learning and control: Concepts and 
applications (8th ed.). McGraw-Hill International Edition. 

Matin, B.K., Yalfani, A., Gandomi, F., Abbasi, H., & Parmoon, 
A. (2014). Neuromuscular training as the basis for 
developing the level of the static and dynamic balance in 
selected students of physical fitness team of Kermanshah. 

International. Journal of Sports Sciences & Fitness, 4(1), 
20-38.

McKeon, P.O., & Hertel, J. (2008). Systematic review of postural 
control and lateral ankle instability, part I: Can deficits 
be detected with instrumented testing. Journal of Athletic 
Training, 43(3), 293-304.  
https://doi.org/10.4085/1062-6050-43.3.293

Morze, N., & Kocharian, А. (2014). ICT competence standards 
for higher educators and quality assurance in education. 
Information Technologies and Learning Tools, 5. (in 
Ukrainian)

Mykytyuk, Z., Fechan, A., Shymchyshyn, O., Rudyi, 
A., Nazarenko, V., & Petryshak, V. (2012). Sensor 
network based on gas smart sensors for environmental 
monitoring. Modern Problems of Radio Engineering, 
Telecommunications and Computer Science – Proceedings of 
the 11th International Conference, TCSET’2012, 503-504.

Plisky, P.J., Rauh, M.J., Kaminski, T.W., & Underwood, F.B. 
(2006). Star excursion balance test as a predictor of lower 
extremity injury in high school basketball players. Journal 
of Orthopaedic and Sports Physical Therapy, 36, 911-919. 
https://doi.org/10.2519/jospt.2006.2244

Reiman, M.P., & Manske, R.C. (2009). Functional testing in 
human performance. Champaign IL : Human Kinetics. 

Ringhof, S., & Stein, T. (2018). Biomechanical assessment of 
dynamic balance: Specificity of different balance tests. 
Human Movement Science, 58, 140-147.  
https://doi.org/10.1016/j.humov.2018.02.004

Rutkowska-Kucharska, А., & Wuchowicz, К. (2018). Body 
stability in synchronized swimming. Human Movement, 4, 
29-35. https://doi.org/10.1515/humo-2016-0008

Schmidt, R.A., & Lee, T.D. (2011). Motor control and learning. 
A behavioral emphasis (5th ed.). Champaign: Human 
Kinetics.

Sell, T.C. (2012). An examination, correlation, and comparison 
of static and dynamic measures of postural stability in 
healthy, physically active adult. Physical Therapy in Sport, 
13(2), 80-86. https://doi.org/10.1016/j.ptsp.2011.06.006

Silverman, S. (2011). Teaching for student learning in physical 
education. J Phys Educ Recreat Dance, 82, 29-34.

Shuba, L., & Shuba, V. (2017). Modernization of physical 
education of student youth. Physical education of students, 
21(6), 310-316.  
https://doi.org/10.15561/20755279.2017.0608

Shyrobokov, D., Malinina, Ya. & Malinin, V. (2012). Features 
and Disadvantages of Pedagogical Control of Physical 
Education of Secondary and Higher School Students, 
Innovations and Modern Technologies in the Education 
System, 2, 250-252. (in Russian)

Thomas, J.R, Nelson, J.K, & Silverman, S.J. (2015). Research 
methods in physical activity, 7th ed. Champaign: Human 
Kinetics.

Volery, S., Singh, N., E.D. de Bruin, List, R., Jaeggi, М.М., 
& Baur, В.М. (2017). Traditional balance and slackline 
training are associated with task-specific adaptations 
as assessed with sensorimotor tests. Journal of Physical 
Education and Sport, 17(7), 838-846.  
https://doi.org/10.1080/17461391.2017.1317833



211ТМФВ, 2020, том 20, №4

Koryahin, V., Turchyn, Ya., Blavt, O., & Dolnikova, L. (2020). Information Systems of Support of Pedagogical Control in the Physical 
Education of Students 

Wood, Т., & Zhu, W. (2006). Measurement Theory and Practice 
in Kinesiology. Human Kinetics.

Zatsiorsky, V.M. (2006). Kinetics of Human Motion. 
Champaign, IL: Human Kinetics.

Zatsiorsky, V.M. (2006). Fundamentals of sports metrology. 
Moscow: Physical Culture and Sport. (in Russian)

Zhu, W. (1998). Measurement and Evaluation. Test Equating: 
What, Why, How? Research Quarterly for Exercise and 
Sport, 69(1), 11-23.  
https://doi.org/10.1080/02701367.1998.10607662

ІНФОРМАЦІЙНІ СИСТЕМИ СУПРОВОДУ ПЕДАГОГІЧНОГО 
КОНТРОЛЮ У ФІЗИЧНОМУ ВИХОВАННІ СТУДЕНТІВ

Віктор Корягін1ABCD, Ярина Турчин1ABCD, Оксана Блавт1ABCD, Любов Дольнікова1ABCD

1Національний університет «Львівський політехніка»

Авторський вклад: A – дизайн дослідження; B – збір даних; C – статаналіз; D – підготовка рукопису; E – збір коштів

Реферат. Стаття: 7 с., 1 рис., 45 джерел.

Koryahin V.: koryahinv@meta.ua; https://orcid.org/0000-0003-1472-4846; Department of Physical Education, Lviv Polytechnic 
National University, Bandera St, 12, Lviv, 79013, Ukraine.
Turchyn Y.: turchynj@ukr.net; http://orcid.org/0000-0002-9114-1911; Department of Physical Education, Lviv Polytechnic 
National University, Bandera St, 12, Lviv, 79013, Ukraine.
Blavt O.: oksanablavt@ukr.net; https://orcid.org/0000-0001-5526-9339; Department of Physical Education, Lviv Polytechnic 
National University, Bandera St, 12, Lviv, 79013, Ukraine.
Dolnikova L.: dolnikova.lubov@ukr.net; http://orcid.org/0000-0003-0719-2028; Department of Physical Education, Lviv 
Polytechnic National University, Bandera St, 12, Lviv, 79013, Ukraine.

Cite this article as: Koryahin, V., Turchyn, Ya., Blavt, O., & Dolnikova, L. (2020). Information Systems of Support of Pedagogical 
Control in the Physical Education of Students. Teorìâ ta Metodika Fìzičnogo Vihovannâ, 20(4), 205-211.  
https://doi.org/10.17309/tmfv.2020.4.02 

Received: 15.07.2020. 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).

Information about the authors:

Мета дослідження – обґрунтування та реалізація 
інформаційно-вимірювального засобу контролю рівня 
розвитку здатності збереження вертикальної стійкості 
пози студентів у процесі фізичного виховання. 

Матеріали та методи. Представлено методи, вико-
ристані у дослідженні, серед яких теоретичний аналіз 
наукової літератури, аналіз і синтез, індукція та дедукція, 
співставлення, порівняння та рефлексія, метод система-
тизації та узагальнення. Для вирішення дослідницьких 
завдань використано методи технічного моделювання. 

Результати здійсненого наукового пошуку втілено 
у інноваційно-інформаційному забезпеченні реалізації 
тестового контролю здатності збереження вертикальної 
стійкості пози задля одержання об’єктивної достовірної 
інформації контролю у режимі реального часу. Пред-
ставлено розроблений електронний пристрій автомати-
зованого контролю виконання тестової вправи у якому 
інформація тестування реєструється тензорезисторами 
та передається у персональний комп’ютер за допомогою 

структурної мережі передавання даних. Передача ре-
зультатів тестування здійснюється безпровідними при-
строями передавання інформації – Bluetooth. Розробле-
не програмне забезпечення у пристрої контролю формує 
інтегровану базу даних тестування здатності збережен-
ня вертикальної стійкості пози, у якій налагоджена їхня 
реплікація, обробка та інтерактивний аналіз. 

Висновки. Ефективність застосування представле-
ного засобу автоматизованого контролю рівня розвит
ку здатності збереження вертикальної стійкості пози 
студентів в процесі фізичного виховання забезпечено 
усунення низки проблемних чинників на основі інтегру-
вальної технології множинних функцій в єдину інфор-
маційно-вимірювальну систему задля реалізації термі-
нового оперативного об’єктивного контролю.

Ключові слова: тестування, контроль, фізичне ви-
ховання, студент, вертикальна стійкість пози, пристрій, 
інновації, вимірювання.



212  ТМФВ, 2020, том 20, № 4

Сhernenko, S., Oliynyk, O., Dolynniy, Iu., Honcharenko, O., & Hordieieva, K. (2020). Peculiarities of Functional and Motor Fitness of 
1St–5Th Year Students of Special Medical Department. Teorìâ ta Metodika Fìzičnogo Vihovannâ, 20(4), 212-218.  
https://doi.org/10.17309/tmfv.2020.4.03 
ISSN 1993-7989 (print). ISSN 1993-7997 (online)

ORIGINAL SCIENTIFIC ARTICLE

PECULIARITIES OF FUNCTIONAL AND MOTOR FITNESS OF 1ST–
5TH YEAR STUDENTS OF SPECIAL MEDICAL DEPARTMENT 

Serhii Сhernenko1ABCD, Oleg Oliynyk2ABCD, Iuriy Dolynniy3ABCD, 
Oleg Honcharenko4ABCD, Kateryna Hordieieva5ABCD

1,2,3,4Donbas State Engineering Academy 
5State Higher Educational Institution “Donbas State Pedagogical University”

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

Corresponding Author: Serhii Сhernenko, E-mail: chernenko.sergey65@ukr.net 
Accepted for Publication: December 20, 2020 
Published: December 25, 2020

DOI: 10.17309/tmfv.2020.4.03

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 1st year (n = 34); 2nd year (n = 14); 3rd year (n = 58); 4th year 
(n = 21); 5th 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 1st-5th 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 1st-5th 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.

©	 Сhernenko, S., Oliynyk, O., Dolynniy, Iu., Honcharenko, 
O., Hordieieva, K., 2020.

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) 

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 1st-5th 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 1st year (n = 34); 2nd year (n = 
14); 3rd year (n = 58); 4th year (n = 21); 5th 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 = ,

where f0 is the heart rate before the load for 15 s; f1 is the heart 
rate after the load; f2 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). Thе 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 1st and 2nd, 3rd, 4th, 5th students. Elemen-
tary statistics were analyzed.

In students aged 18 and 20 (1st and 3rd 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 (1st and 4th 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 Ruffier index, Romberg test, endurance running 
are unchanged. 

In students aged 18 and 22 (1st and 5th 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 2nd and 1st, 3rd, 4th, 5th year students. 
Male students aged 19 and 20 (2nd and 3rd 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 
(4.5 s), (p < 0.05).

In students aged 19 and 21 (2nd and 4th 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), (р < 0.05).

Table 3 shows the results of the analysis of functional 
and motor fitness of the 3rd and 1st, 2nd, 4th, 5th year students. 
Male students aged 20 and 21 (3rd and 4th 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 (3rd and 5th 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 4th and 1st, 2nd, 3rd, 5th; 5th 
and 1st, 2nd, 3rd, 4th year students.

The analysis of average indicators shows that the indica-
tors of male students aged 21 and 22 (4th and 5th 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 1st and 2nd, 3rd, 4th, 5th year male 
students of SMD

No Test 1st year (n=34) 2nd year (n=14) 3rd year (n=58) 4th year (n=21) 5th year (n=16) t1-2 t1-3 t1-4 t1-5

X s X s X s X s X s
1 Ruffier index 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 3.46 58.43 3.68 69.83 2.44 74.86 3.33 54.44 1.56 0.39 2.22 3.01 1.58

3 Genchi test (s) 37.76 1.91 41.29 3.52 39.78 1.50 46.10 3.37 44.25 1.78 0.88 0.83 2.15 2.48

4 Romberg test 
(s)

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

5 Standing long 
jump (cm)

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

6 Running 
(2,500 m)

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
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Table 2. The results of testing the functional fitness and motor abilities development of the 2nd and 1st, 3rd, 4th, 5th year male 
students of SMD

No Test 2nd year (n=14) 1st year (n=34) 3rd year (n=58) 4th year (n=21) 5th year (n=16)
t2-1 t2-3 t2-4 t2-5

X s X s X s X s X s
1 Ruffier index 13.29 1.04 13.52 0.84 14.29 0.43 14.39 1.01 11.63 0.79 0.17 0.89 0.76 1.27
2 Stange test (s) 58.43 3.68 60.41 3.46 69.83 2.19 74.86 3.33 54.77 1.56 0.39 2.66 3.31 1.00
3 Genchi test (s) 41.29 3.52 37.76 1.91 39.78 1.50 46.10 3.37 44.25 1.35 0.88 0.39 1.18 0.79
4 Romberg test 

(s)
3.00 0.44 3.39 0.45 4.55 0.51 2.67 0.30 3.94 0.28 0.92 2.30 0.62 1.78

5 Standing long 
jump (cm) 216.00 6.13 208.38 4.01 220.07 3.57 224.52 5.78 182.06 1.99 1.04 0.57 1.01 5.26

6 Running 
(2,500 m)

13.80 0.92 14.60 0.49 14.26 0.35 13.65 0.64 13.60 0.42 0.77 0.46 0.13 0.21

Table 3. The results of testing the functional fitness and motor abilities development of the 3rd and 1st, 2nd, 4th, 5th year male 
students of SMD

No Test
3rd year (n=58) 1st year (n=34) 2nd year (n=14) 4th year (n=21) 5th year (n=16)

t3-1 t3-2 t3-4 t3-5

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 Genchi test (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 

(s)
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

5 Standing long 
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 
(2,500 m)

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

Table 4. The results of testing the functional fitness and motor abilities development of the 4th and 1st, 2nd, 3rd, 5th year male 
students of SMD

No Test
4th year (n=21) 1st year (n=34) 2nd year (n=14) 3rd year (n=58) 5th year (n=16)

t4-1 t4-2 t4-3 t4-5

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 Genchi test (s) 46.10 3.37 37.76 1.91 41.29 3.52 39.78 1.50 44.25 1.78 2.15 0.99 1.71 0.48
4 Romberg test 

(s)
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

5 Standing long 
jump (cm) 224.52 5.78 208.38 4.01 216.00 6.13 220.07 3.57 182.06 1.99 2.30 1.01 0.66 6.95

6 Running 
(2,500 m)

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

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 

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 1st-5th 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 1st-5th year male stu-
dents of SMD with a “good” and “satisfactory” cardiovascular 
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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 1st-5th year students can be achieved under the fol-
lowing pedagogical conditions:
•• ensuring biomedical control over the state of the 

cardiovascular and respiratory systems at the beginning 
and end of physical education classes;

•• 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;

•• ensuring a 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 

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 1st-5th 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.

Table 5. The results of testing the functional fitness and motor abilities development of the 5th and 1st, 2nd, 3rd, 4th year male 
students of SMD

No Test
5th year (n=16) 1st year (n=34 ) 2nd year (n=14) 3rd year (n=58) 4th year (n=21)

t5-1 t5-2 t5-3 t5-4

X s X s X s X s X s
1 Ruffier 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 1.91 41.29 3.52 39.78 1.50 46.10 3.37 2.48 0.75 1.69 0.48
4 Romberg test 

(s)
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

5 Standing long 
jump (cm) 182.06 1.99 208.38 4.01 216.00 6.13 220.07 3.57 224.52 5.78 5.89 5.26 9.31 6.95

6 Running 
(2,500 m)

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

Table 6. The results of Ruffier index of the 1st-5th year students

No Cardiovascular system state, %
1st year (age 18) 2nd year (age 19) 3rd year (age 20) 4th year (age 21) 5th year (age 22)

M
(n=34)

M
(n=14)

M
(n=58)

M
(n=21)

M
(n=16)

1 “Bad”- significant heart insufficiency 81.8 8.3 30.7 14.3 20
2 “Satisfactory”- moderate heart 

insufficiency
9.1 33.4 38.4 42.8 40

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
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By the results of comparative analysis of the functional 
and motor fitness, the 1st-5th 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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Мета дослідження – визначити вікові особливості функ-
ціональної і рухової підготовленості студентів спеціального 
медичного відділення вищих навчальних закладів. 

Матеріал і методи. У дослідженні взяли участь чо-
ловіки 1-го курсу (n = 34); 2-го курсу (n = 14); 3-го курсу 
(n = 58); 4-го курсу (n = 21); 5-го курсу (n = 16). Було орга-
нізовано по 1 групі на кожному курсі, що склало 5 дослід-
них груп. Всі студенти займалися фізичною культурою двічі 
на тиждень. Для вирішення завдань були застосовані такі 
методи дослідження: аналіз наукової літератури, педаго-
гічне спостереження, педагогічне тестування, формуючий 
експеримент, метод індексів, медико-біологічні методи та 
методи математичної статистики. В процесі проведення за-
нять застосовувався метод суворо-регламентованої вправи 
(рухова щільність заняття складала 50-70%),  для розвитку 
загальної витривалості – рівномірний метод з подоланням 
дистанції 1000-2000 метрів (ЧСС 120-150 уд/хв), круговий 
та повторний метод. 

Результати. Наведені результати дослідження свідчать 
про позитивні зміни функціонального стану дихальної сис-
теми та швидкісно-силових здібностей у студентів 1-5 кур-
сів спеціального медичного відділення (p < 0,05).

Висновки. Успішність розвитку основних функціо-
нальних систем організму та рухових здібностей у студен-
тів 1-5 курсів може бути досягнута під впливом педагогіч-
них умов, а саме: методу суворо-регламентованої вправи з 
використанням спортивних тренажерів (рухова щільність 
заняття складала 50-70%); рівномірного методу з подолан-
ням дистанції 1000-2000 метрів в повільному темпі (ЧСС 
120-150 уд/хв); кругового та повторного методів.

За результатами порівняльного аналізу функціональ-
ної та рухової підготовленості спеціального медичного від-
ділення чоловіки 1-5 курсу демонструють кращі результати 
в тестах на оцінювання серцево-судинної і дихальної сис-
теми, швидкісно-силових здібностей. У віковому діапазоні 
18-22 років за показниками індексу Руф’є спостерігається 
збільшенням кількості студентів серед чоловіків спеціаль-
ного медичного відділення, які мають показник стану сер-
цево-судинної системи з оцінкою «добре» та «задовільно» і 
зменшення кількості студентів з результатом оцінювання 
«погано».  

Ключові слова: чоловіки, проба Штанге, проба Генчі, 
індекс Руф’є, затримка дихання.
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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. 

©	 Doroshenko, E., Sushko, R., Shamardin, V., Prykhodko, 
V., Shapovalova, I., Yelisieieva, D., Demidova, O.,  
Yakovenko, A., 2020.

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 

fans and viewers, managers of business structures and in-
vestment companies, researchers and practitioners (Calvo, 
García, & 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; Križan & 
Mikulič, 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, 
Cieślicka, Prusik, Muszkieta, Sobko, Ryepko, Bazilyuk, Pol-
ishchuk, Osiptsov, & Kostiukevych, 2017).

Among promising experimental studies in this research 
area are the papers by Cieślicka, Sobko, Ulaeva, Ishen-
ko, Shepelenko, Tamozhanska, & Bugayets, 2019; Gryko, 
Mikołajec, 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, García, and Navandar (2017) (study of technical and 
tactical indicators in the competitive activity of professional 
athletes in the Spanish Basketball League); Gryko, Mikołajec, 
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 (Sporiš, Šango, Vučetić, & 
Mašina, 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 

skilled basketball players in the conditions of growing com-
petition, and to forming the groups of factors are presented 
in the study by Bazanov, Võhandu, & 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, Ibáñez, & 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 efficiency 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 

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 
games Won Lost Ratio

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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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. 

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

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 efficient 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 

long distances” 
“Game and standard of-

fensive actions”
“Turnovers”

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 
from long distances”

“Ball control” “Efficient assists” “Game and standard offensive 
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 coefficient from > 0.5 to < 0.7; ** – with a factor coefficient > 0.7; rebound-O – offensive rebounds; rebound-D – deffen-
sive rebounds



224 ТМФВ, 2020, том 20, № 4

ISSN 1993-7989 (print). ISSN 1993-7997 (online). Теорія та методика фізичного виховання. Том 20, № 4

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, 
Cieślicka, 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 
(at a level 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, Ibáñez, & 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:
•• principal component analysis does not use iterative 

clustering methods to categorize the indicators of 
basketball competitive activity into groups of factors;

•• differentiation of the competitive activity leading 
indicators, which are used to extract principal 
components, and auxiliary indicators of basketball 
competitive activity; 

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

•• 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 (Simović, Matković, Mijanović, Kocić, & 
Vojvodić, 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, Mikołajec, 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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Мета дослідження – вивчити, проаналізувати і уза-
гальнити структуру змагального процесу на підставі ви-
значення ієрархії техніко-тактичних показників кваліфі-
кованих баскетболісток у виграних і програних матчах з 
використанням методу головних компонент.

Матеріали та методи. Контингент – 96 професійних 
баскетболісток, гравців національних збірних команд Іс-
панії, Франції, Бельгії, Греції, Туреччини, Латвії, Італії та 
Словаччини, які зайняли 1-8 місця в фінальному турнірі 
чемпіонату Європи з баскетболу 2017 року. Проаналі-
зовано 16 основних техніко-тактичних показників ква-
ліфікованих баскетболісток у 52 офіційних іграх. Вико-
ристаний метод головних компонент. Загальна кількість 
спостережень – 52.

Результати. Експериментальні показники, які отри-
мані в ході дослідження, дозволили вивчити і проана-
лізувати групування елементів структури змагального 
процесу кваліфікованих баскетболісток, інтерпретувати 
отримані результати з метою визначення інформатив-
них критеріїв для оптимізації тренувального діяльності 

та підвищення ефективності змагального процесу. Ви-
явлено значущі відмінності структури змагального про-
цесу у виграних і програних матчах: відповідно до най-
більш значущих показників факторних навантажень, 
відсоток вибірки елементів, які корелюють між собою, 
становить: для виграних матчів – 67,40 %, для програних 
матчів – 69,52 %.

Висновки. Метод головних компонент є ефектив-
ним та інформативним для вивчення структури зма-
гального процесу кваліфікованих баскетболісток. По-
казано, що найбільшу складність в процесі вивчення 
структури змагального процесу в баскетболі методом 
головних компонент представляють відбір показників, 
що не дублюють один одного і не є розрахунковими, 
експертна інтерпретація отриманих результатів та ал-
горитмізація спеціального аналізу техніко-тактичних 
показників.

Ключові слова: баскетбол, структура, техніко-так-
тична активність, аналіз головних компонент.
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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 
coefficient was determined by the formula: p = (m/n)×100, 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.

©	 Ivashchenko, O., Nosko, Yu., Bartik, P., Makanin, O., 2020.

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), Cañadas, Gómez, García-Rubio, and Ibáñez (2018), 
Čillík 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, & 

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, Futornyі, 
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 4×9 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)×100, 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)

Δ 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 4×9 m, s 13.4 0.77 12.63 0.73 0.77 3.906 .000
9 Combined movements of arms, torso and 

legs, points
9.17 0.76 9.38 0.71 -0.21 -1.090 .280

10 Maintenance of stable posture – standing 
on one leg with closed eyes, s

17.54 14.05 18.59 13.14 -1.05 -.296 .768

11 Walking along straight line after 
5 rotations, deviations in cm

90.07 66.24 80.84 63.85 9.23 .544 .589

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 

proficiency
46.67 19.22 80.63 14.8 -33.96 -7.664 .000
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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 (λ = 0.178; р < 0.001) (see Table 3).

Table 4 shows the standardized canonical discriminant 
function coefficients 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 

Variance
Cumulative 

%
Canonical 

Correlation
1 4.617 100 100 0.907

Table 3. Canonical discriminant function. Wilks’ Lambda
Test of 

Function(s)
Wilks’ Lambda Chi-square df Sig.

1 0.178 87.156 13 0.001

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

Table 4 shows the structure coefficients 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. 

Table 4. Canonical discriminant function coefficients

No Indicator

Canonical discriminant function coefficients
Standardized Structure matrix Unstandardized

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 4×9 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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on the level of proficiency in acrobatic exercises. The results 
obtained supplement the data of Ivashchenko, Berezhna, and 
Cieślicka (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 Bartík (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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Table 5. Classification resultsa. Functions at group 
centroids. 7-year-old schoolchildren.

1 - girls,
2 - boys 
2 class

Predicted group  
membership Total

Functions 
at group 
centroids

1 2 1

O
rig

in
al

Count
1 26 1 27 -2.299
2 0 32 32 1.940

%
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 
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Мета дослідження – визначити гендерні особливості 
рухової підготовленості школярів 7 років. 

Матеріали і методи. У дослідженні прийняли участь 
59 школярів 7 років (дівчаток – 27 чол., хлопчиків – 32 чол.). 
Діти та їхні батьки були інформовані про всі особливості 
дослідження і дали згоду на участь в експерименті. Були 
використані такі методи дослідження як аналіз наукової 
та методичної літератури, педагогічні спостереження, тес-
тування рухової підготовленості, ймовірнісний підхід до 
оцінки процесу навчання, методи математичної статисти-
ки. У школярів молодших класів реєструвався рівень навче-
ності гімнастичних вправ. Коефіцієнт визначався за фор-
мулою: p = (m/n)×100, де p – рівень навченості, m – кількість 
успішно виконаних вправ, n – загальна кількість спроб на 
виконання вправи. В експерименті контролювався рівень 
навченості таким вправам: перекид уперед; перекид назад; 
стійка на лопатках зігнувши ноги.

Результати. У рівні розвитку координації рухів окре-
мими частинами тіла та вестибулярній стійкості розбіж-
ності статистично не достовірні, у рівні розвитку сили, 
швидкісної сили, бистроти, витривалості та рівня навче-
ності акробатичних вправ у дівчаток і хлопчиків 7 років 
спостерігається статистично достовірна різниця.

Висновки. Канонічна дискримінантна функція може 
бути використана для класифікації і визначення показників 
які мають найбільшу вагу в оцінці  гендерних особливостей 
рухової підготовленості школярів 7 років. В оцінці  гендер-
них особливостей рухової підготовленості школярів 7 ро-
ків  найбільшу вагу мають рівень навченості акробатичних 
вправ, рівень відносної сили згиначів плеча, витривалості і 
швидкісної сили.

Ключові слова: дискримінантний аналіз, дівчатка, 
хлопчики, рухові навички, рухова підготовленість.
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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 × 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.
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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., 

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 “IAAF Kid’s Athletics” 
programme (IAAF, 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 

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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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 

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.
• 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.

Table 1. An example of training sessions followed during a micro-cycle by the Kid’s Athletics intervention group

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 η2

p 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 × 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).

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
(group×

time)

P-value
(group×

time×
age)

ES
(group×

time) 
η2

p

ES (pre to 
mid)

d [95%CI]

ES (pre to 
post)

d [95%CI]
Pre-test Mid-test Post-test Pre-test Mid-test Post-test

Mean [SD]
Sit and 
reach 

21.6
[3.35]

24.3
[3.36]

27.28
[3.35]

23.08
[2.94]

22.38
[2.81]

22.48
[3.02] <0.001 0.004 0.97 3.47

[2.49-4.45]
5.72

[4.32-7.11]
SBJ 1.5 

[0.23]
1.61

[0.22]
1.82 

[0.19]
1.53
[0.2]

1.49
[0.22]

1.5
[0.22] <0.001 0.001 0.91 1.99

[1.23-2.74]
4.8

[3.58-6.02]
50m 9.19

[0.86]
8.99

[0.82]
8.6

[0.69]
9.34

[0.64]
9.35
[0.6]

9.41
[0.68] <0.001 0.34 0.78 2.12

[1.35-2.9]
2.09

[1.13-2.86]
T-test 14.06

[1.45]
13.45
[1.27]

12.61
[1.18]

14.44
[1.31]

14.5
[1.34]

14.58
[1.36] <0.001 <0.001 0.93 1.92

[1.17-2.67]
3.45

[2.47-4.43]
150m 29.42

[3.41]
27.63
[2.78]

25.96
[2.57]

30.4
[4.05]

30.55
[3.99]

30.75
[4.02] <0.001 <0.001 0.90 2.93

[2.19-3.68]
3.14

[2.45-4.03]
Note: Pre-test = 0 week, mid-test = 6 weeks, post-test = 12 weeks, SBJ = standing broad jump, η2

p = partial eta squared, d = Cohen d

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

Indicator

Experimental Group Control Group
P-value 
(group×

time)

P-value 
(group×

time×
age)

ES 
(group×time)

η2
p

ES
(pre to post)

d 
(95%CI)

Pre-test Post-test Pre-test Post-test

Mean [SD]

Stress tolerance reactive 16.8
[9.42]

52.55
[9.7]

17.55
[15.32]

17.4
[12.58] <0.001 0.205 0.97 4.65

[3.65-5.65]

Simple motor speed 40.35
[27.59]

68.05
[17.36]

38.75
[31.46]

38.45
[29.81] <0.001 0.093 0.89 4.9

[3.86-5.94]

Simple reaction speed 31.25
[17.42]

68
[13.5]

34.85
[22.92]

32.3
[20.81] <0.001 0.457 0.95 4.4

[3.44-5.36]

Visual Perception 22.55
[18.33]

24.5
[17.8]

21.85
[16.04]

20.35
[14.48] <0.001 0.26 0.48 0.75

[0.21-1.29]

Focused attention 21.2
[9.88]

54.6
[10.52]

24.25
[13.57]

21.45
[12.15] <0.001 0.343 0.98 7.08

[5.68-8.48]
Note: Pre-test = 0 week, post-test = 12 weeks, η2

p = partial eta squared, d = Cohen d

Discussion

The aim of this study was two-fold, to find the effect 
of IAAF 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 
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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 

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

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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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 IAAF. In 

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

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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Мета дослідження – визначити вплив 12-тижневої 
програми дитячої легкої атлетики ІААФ на психологічні 
і рухові здібності дітей, які ведуть сидячий спосіб життя.

Матеріали та методи. У дослідженні взяли участь 
40 школярів (віком від 10 до 14 років), які раніше не про-
ходили систематичне навчання. Школярі були додатково 
розділені на підгрупи в залежності від віку, підгрупа від 
10 до 11 років і підгрупа від 13 до 14 років, а потім ви-
падковим чином були розподілені в експериментальну 
групу (дитяча легка атлетика) і в контрольну групу. Як 
психологічні змінні були обрані реактивна стійкість до 
стресу, швидкість простої моторики, швидкість простої 
реакції, зорове сприйняття і сфокусована увага, в той час 
як вибрані моторні змінні включали тест «сидіти і до-
тягнутися», стрибок в довжину з місця, спринт на 50 м, 
Т-тест і спринт на 150 м. Тести на рухові змінні про-
водилися до, в середині і після тренування, в той час як 

ВПЛИВ ПРОГРАМИ ІААФ З ДИТЯЧОЇ ЛЕГКОЇ АТЛЕТИКИ 
НА ПСИХОЛОГІЧНІ І РУХОВІ ЗДІБНОСТІ ДІТЕЙ, 
ЯКІ ВЕДУТЬ СИДЯЧИЙ СПОСІБ ЖИТТЯ

К. С. Абхайдев1ABCD, Д. Букар1ABCD, Р. К. Тапа1ABCD
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тести для психологічних змінних проводилися тільки до 
і після тренування.

Результати. Двосторонній змішаний дисперсійний 
аналіз показав значну різницю у всіх обраних змінних 
(рухові і психологічні) у взаємодії група × час (p = 0,001 
до <0,001) з великою величиною ефекту. Більша величи-
на ефекту в змінних рухової підготовленості спостеріга-
лася через 12 тижнів (ES = 2,09-5,72), ніж через 6 тижнів 
(ES = 1,92-3,47) порівняно з вихідним рівнем в експери-
ментальній групі.

Висновки. Дослідження показує, що дитяча легка ат-
летика, рекомендована ІААФ, може розглядатися як ефек-
тивна програма для поліпшення психологічних, а також ру-
хових здібностей у дітей, які ведуть сидячий спосіб життя.

Ключові слова: фізична підготовка, фізичне вихо-
вання, Віденська тестова система спорту, спринт, стри-
бок, спритність.
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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 ¾ 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.

©	 Raiola, G., Aliberti, S., Esposito, G., Altavilla, G., D’Isanto, 
T., D’Elia, F. , 2020.

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 

the spirit of initiative of instructors of various disciplines 
who have proposed to offer free lessons to the people, us-
ing social networks (Jiménez-Pavón, 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 

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.

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 

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

Table 1. Factorial analysis

Rotation components matrix

Indicator
Component

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

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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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. 

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.

Conflict of interest

The authors declare that there is no conflict of interest.

References

Altavilla, G. (2016). Relationship between physical inactivity 
and effects on individual health status. Journal of Physical 
Education and Sport, 16(Suppl. 2): 1069-1074).  
https://doi.org/10.7752/jpes.2016.s2170

Altavilla, G., D’Elia, F., & Raiola, G. (2018). A breif review 
of the effects of physical activity in subjects with 
cardiovascular disease: An interpretative key. Sport Mont, 
16(3), 103-106. https://doi.org/10.26773/smj.181018

Altavilla, G., Mazzeo, F., D’Elia, F., & Raiola, G. (2018a). 
Physical commitment and specific work for each role in an 
elite soccer team. Journal of Physical Education and Sport, 
18(2), 570-574. https://doi.org/10.7752/jpes.2018.02083

Ceciliani, A. (2018). From the embodied cognition to the 
embodied education in the physical and sports sciences. 
Encyclopaideia, 22(51), 11-24.

D’Elia, F., Mazzeo, F., & Raiola, G. (2018). The core curriculum 
in the university training of the teacher of physical 



246 ТМФВ, 2020, том 20, № 4

ISSN 1993-7989 (print). ISSN 1993-7997 (online). Теорія та методика фізичного виховання. Том 20, № 4

education in Italy. Journal of Human Sport and Exercise, 
13, 413-420.  
https://doi.org/10.14198/jhse.2018.13.Proc2.25

D’Elia, F., & Raiola, G. (2019) Sport and Exercise Sciences 
Degrees in Italy: Comparison Between Online and 
Traditional Teaching Models. In: Burgos D. et al. 
(eds) Higher Education Learning Methodologies and 
Technologies Online. HELMeTO 2019. Communications 
in Computer and Information Science, vol 1091. Springer, 
Cham. https://doi.org/10.1007/978-3-030-31284-8_16

Di Tore, A.P., Raiola, G., & D’Isanto, T. (2018) Situation 
awareness in sports science: Beyond the cognitive 
paradigm [Situacijska svijest u sportskoj nauci: Van 
kognitivne paradigme]Sport Science, 11 (1), pp. 44-48.

D’Isanto, T. (2016). Pedagogical value of the body and physical 
activity in childhood, Sport Science, 9, 13-18.

D’Isanto, T., D’Elia, F., Raiola, G., & Altavilla, G. (2019). 
Assessment of sport performance: theoretical aspects and 
practical indications. Sport Mont, 17(1), 79-82.  
https://doi.org/10.26773/smj.190214

Gaetano, A. (2016) Relationship between physical inactivity 
and effects on individual health status. Journal of Physical 
Education and Sport, 16, pp. 1069-1074.

Gallo, L.A., Gallo, T.F., Young, S.L., Moritz, K.M., & Akison, 
L.K. (2020). The impact of isolation measures due to 
COVID-19 on energy intake and physical activity levels 
in Australian university students. Nutrients, 12(6), 1865. 
https://doi.org/10.3390/nu12061865

Giustino, V., Parroco, A.M., Gennaro, A., Musumeci, 
G., Palma, A., & Battaglia, G. (2020). Physical 
Activity Levels and Related Energy Expenditure 
during COVID-19 Quarantine among the Sicilian 
Active Population: A Cross-Sectional Online Survey 
Study. Sustainability, 12(11), 4356.  
https://doi.org/10.3390/su12114356

Hall, G., Laddu, D. R., Phillips, S. A., Lavie, C. J., & Arena, R. 
(2020). A tale of two pandemics: How will COVID-19 and 
global trends in physical inactivity and sedentary behavior 
affect one another? Progress in Cardiovascular Diseases. 
https://doi.org/10.1016/j.pcad.2020.04.005

Hammami, A., Harrabi, B., Mohr, M., & Krustrup, P. 
(2020). Physical activity and coronavirus disease 2019 
(COVID-19): Specific recommendations for home-based 
physical training. Managing Sport and Leisure, 1-6.  
https://doi.org/10.1080/23750472.2020.1757494

Jiménez-Pavón, D., Carbonell-Baeza, A., & Lavie, C. J. (2020). 
Physical exercise as therapy to fight against the mental and 
physical consequences of COVID-19 quarantine: Special 
focus in older people. Progress in Cardiovascular Diseases, 
63(3), 386-388. https://doi.org/10.1016/j.pcad.2020.03.009

Jung, C., Kwak, Y., Park, S., & Lee, J. (2017). Research on 
planning and design of smart fitness wear for personal 
training improvement. Science of Emotion and Sensibility, 
20(3), 97-108.  
https://doi.org/10.14695/KJSOS.2017.20.3.97

Lesser, I.A., & Nienhuis, C.P. (2020). The Impact of COVID-19 
on Physical Activity Behavior and Well-Being of 
Canadians. International Journal of Environmental 
Research and Public Health, 17(11), 3899.  
https://doi.org/10.3390/ijerph17113899

Lister, C., West, J. H., Cannon, B., Sax, T., & Brodegard, D. 
(2014). Just a Fad? Gamification in Health and Fitness 
Apps. JMIR Serious Games, 2(2), e9.  
https://doi.org/10.2196/games.3413

Maugeri, G., Castrogiovanni, P., Battaglia, G., Pippi, R., 
D’Agata, V., Palma, A., Di Rosa, M., & Musumeci, G. 
(2020). The impact of physical activity on psychological 
health during Covid-19 pandemic in Italy. Heliyon, 6(6), 
e04315. https://doi.org/10.1016/j.heliyon.2020.e04315

Mazzeo, F., D’Elia, F., & Raiola, G. (2018). Drugs in sport: 
Doping development and ethical analysis. Sport Science, 
11(1), pp. 106-112.

Nyenhuis, S. M., Greiwe, J., Zeiger, J. S., Nanda, A., & Cooke, 
A. (2020). Exercise and Fitness in the Age of Social 
Distancing During the COVID-19 Pandemic. The Journal 
of Allergy and Clinical Immunology: In Practice, 8(7), 2152-
2155. https://doi.org/10.1016/j.jaip.2020.04.039

Oliver, M. D., Morton, A. L., Baldwin, D. R., & Datta, S. (2020). 
A pilot study exploring the relationship between wellness 
and physical fitness: An examination into autonomic 
health. Journal of American College Health, 68(7), 712-719. 
https://doi.org/10.1080/07448481.2019.1596919

Raiola G. (2015). Sport skills and mental health, Journal of 
Human Sport and Exercise, 10 (suppl. 1).

Raiola, G., D’Elia, F., & Altavilla, G. (2018). Physical activity 
and sports sciences between European Research Council 
and academic disciplines in Italy. Journal of Human Sport 
& Exercise, 13(2), 283-295.  
https://doi.org/10.14198/jhse.2018.13.Proc2.13

Raiola, G. (2020). The Movement and Sport Science in Italy 
towards the European Research Council. Physical Culture 
and Sport. Studies and Research, 86(1), 37-48.  
https://doi.org/10.2478/pcssr-2020-0011

Sayed, M. A., Walsh, K., & Sheikh, Z. (2020). COVID-19 and 
the rise of the full ‘Fitness’ friction burn. Burns, 46(7), 
1717. https://doi.org/10.1016/j.burns.2020.08.005 

Schwendinger, F., & Pocecco, E. (2020). Counteracting 
Physical Inactivity during the COVID-19 Pandemic: 
Evidence-Based Recommendations for Home-Based 
Exercise. International Journal of Environmental Research 
and Public Health, 17(11), 3909.  
https://doi.org/10.3390/ijerph17113909

Severino, N.C., Cassese, P.F., Izzo, R., & Viscione, I. (2019) 
Self-perception about health and wellness effects on 
recreational five-a-side football athletes. Journal of Human 
Sport and Exercise, 14(3proc), 797-804.  
https://doi.org/10.14198/jhse.2019.14.Proc4.42

Tiziana, D., Antonetta, M., & Gaetano, A. (2017). Health and 
physical activity. Sport Science, 10 (1), pp. 100-105.

Valentini, M., Bernardini, C., Beretta, A., & Raiola, G. (2018). 
Movement and language development as an early 
childhood twin strategy: A systematic review. Sport Mont, 
16(3), 107-112. https://doi.org/10.26773/smj.181019

Yanguas, X., Dominguez, D., Ferrer, E., Florit, D., Mourtabib, 
Y., & Rodas, G. (2020). Returning to Sport during the 
Covid-19 pandemic: The sports physicians’ role. Apunts 
Sports Medicine, 55(206), 49-51.  
https://doi.org/10.1016/j.apunsm.2020.06.001



247ТМФВ, 2020, том 20, № 4

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

Мета дослідження. Дане дослідження має на меті ви-
вчити зміни рівня фізичної активності під час блокування 
через COVID-19 в Італії. Зокрема, оцінити вплив фізичних 
вправ на психологічне здоров’я, наскільки домашнє серед-
овище впливає на бажання тренуватися та що люди дума-
ють про Smart-fitness та спорт загалом.

Матеріали та методи. У дослідженні брали участь 268 
людей із провінції Салерно, середній вік яких становив 26 
років. Для досягнення поставлених завдань дослідження 
спиралося на такі методи: аналіз наукової літератури, анке-
тування та аналіз даних за допомогою методів математичної 
статистики. Була підготовлена структурована анкета, яка 
поширювалася через соціальні мережі. Для аналізу даних, 
обчислення демографічних змінних використовувались 
Статистичний пакет для соціальних наук (SPSS) та описова 
статистика. Факторний аналіз також був здійснений для 
перевірки характеристик виду спорту, який учасники вва-
жають важливим.

Результати. Отримані результати дали змогу зрозумі-
ти основний вид фізичних навантажень, що проводяться 
під час карантину (аеробна активність 35 %, функціональна 
підготовка 27 %, анаеробна активність 19 %), час, приділе-

ЯК ЗМІНИЛАСЯ ПРАКТИКА ФІЗИЧНОЇ АКТИВНОСТІ ПІД ЧАС 
КАРАНТИНУ COVID-19? ПОПЕРЕДНЄ ОПИТУВАННЯ
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ний кожному заняттю (52,8 % практики протягом 1 години) 
і щотижневу їх частоту (42,9 % практикують фізичні на-
вантаження постійно більше ¾ разів на тиждень). Також 
було встановлено причини, що спонукали респондентів 
тренуватися, спосіб планування занять та використовуване 
обладнання. Нарешті, було показано, що більшість вибірки 
(64,17 %) знали про розумний фітнес, вважалии його ці-
кавою діяльністю, і вплив, який приписують домашньо-
му середовищу за шкалою значень від 1 до 5. Крім того, 
факторний аналіз показав найбільш релевантні аспекти, 
які респонденти приписують спорту. Частіше респонденти 
надають більше значення лояльності та коректності, на-
впаки, нижчі цінності приписуються важливості заробітку 
грошей і бажанню не розчаровути інших.

Висновки. Дослідження показало, що COVID-19 не 
зупиняв спортсменів, які швидко адаптувались до нової 
ситуації. Домашнє середовище виявилося дуже впливовим 
на бажання тренуватися, незважаючи на це, вони сподіва-
ються якнайшвидше повернутися до спортзалу.

Ключові слова: COVID-19, здоров’я, розумний фітнес, 
домашній фітнес, карантин, спорт.
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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 
22 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 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 regression models of load for calculating the ITE1, ITE2, 
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: ITE1 —> ITE2 
—> DTE. The value of ITE1, ITE2, 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 ITE1, ITE2 at station ІІІ (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 ITE1 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.

©	 Khudolii, O., Iermakov, S., Ivashchenko, O., Nosko, M., 
2020.

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 

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, 
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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 
Cieślicka (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.

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 І 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 (ITE1) after performing exercises at four 
stations, the immediate training effect (ITE2) after training, 
and the delayed training effect (DTE) 24 hours after training.

At each station, the following exercises were performed:
Station І. 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 (5 s).

4.	 Repeated effort method. Knee push-ups.
Station ІІ. 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 ІІІ. 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 ІV. 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 

Table 1. Factorial design in studying the influence of 
different modes of the combined method of strength 
development (variant I) in primary schoolchildren (x1 – 
number of repetitions in a set; x2 – rest interval, s)

No. 
of strength load 

variant
Method x1 x2

І

Dynamic effort method 3- 30-
Maximal effort method 1- 30-
Isometric effort method 3- 30-
Repeated effort method 6- 30-

II

Dynamic effort method 5+ 30-
Maximal effort method 3+ 30-
Isometric effort method 5+ 30-
Repeated effort method 12+ 30-

ІІІ

Dynamic effort method 3- 60+
Maximal effort method 1- 60+
Isometric effort method 3- 60+
Repeated effort method 6- 60+

ІV

Dynamic effort method 5+ 60+
Maximal effort method 3+ 60+
Isometric effort method 5+ 60+
Repeated effort method 12+ 60+
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in 10 seconds”, Test 5 “Standing long jump”. After performing 
the exercises at station І – Tests 2, 1; at station ІІ – Test 3; at 
station ІІІ – 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 22 full factorial design. 
The study examined the impact of four variants of strength 
load on the ITE1 after performing exercises at four stations, 
the ITE2 after training, and the DTE 24 hours after training.

The results of analysis of the immediate training effect 
(ITE1) 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 ІV “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 (ITE1) of different modes of 

exercises in boys aged 8 years. After training at stations I-IV, 
the following data were obtained:
•• after training at station I – exercises to strengthen arms 

and shoulders – the ITE1 is most influenced by the num-
ber of repetitions in a set (х1) (exercise No. 1) and the rest 
interval (х2) (exercise No. 2). To strengthen the ITE1, 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 ITE1 is most influenced by the 
rest interval (х2), the number of repetitions in a set (х1), 
and the interaction between the number of repetitions in 
a set and the rest interval (х1х2). To strengthen the ITE1, 
it is necessary to increase the number of repetitions in a 
set and the duration of the rest interval;

•• after training at station III  – exercises to strengthen back 
muscles  – the ITE1 is most influenced by the rest interval 
(х2), the interaction between the number of repetitions 
in a set and the rest interval (х1х2), and the number of 
repetitions in a set (х1). To strengthen the ITE, it is neces-
sary to increase the number of repetitions in a set and the 
duration of the rest interval;

•• after training at station IV  – exercises to strengthen leg 
muscles  – the ITE1 is most influenced by the rest interval 
(х2), the interaction between the number of repetitions in 
a set and the rest interval (х1х2), and the number of rep-
etitions in a set (х1). 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 (ITE1) of different modes of exer-

Table 3. Results of the analysis of variance for the 22 FFE in studying the influence of different strength training modes on 
the change in the immediate training effect (ITE1) in boys aged 8 years (n = 40) (х1 – amount of training, х2 – rest interval). 
The first variant of the combined method of strength development.

Place of training Test Conditions of recording
Ratio of mean squares

x1 x2 x1x2

Station І
No. 1 “Push-ups” after performing the exercises 79.6 12.0 8.4

No. 2 “Speed push-ups, 3 times” after performing the exercises 36.0 56.1 7.9

Station ІІ No. 3 “Sit-ups in 30 seconds” after performing the exercises 21.8 66.4 11.8

Station ІІІ No. 4 “Trunk lift in 10 seconds” after performing the exercises 15 68.4 16.6

Station ІV No. 5 “Standing long jump” after performing the exercises 0.35 90.5 9.15

Table 2. Models of influence of different strength training modes on the change in the immediate training effect (ITE1) in 
boys aged 8 years (n = 40) (х1 – amount of training, х2 – rest interval). The first variant of the combined method of strength 
development.

Place of training Test Conditions of recording Regression equations

Station І 
No. 1 “Push-ups” after performing the exercises Y= 90.113 – 2.998x1 – 1.168x2 – 0.967x1x2

No. 2 “Speed push-ups, 3 times” after performing the exercises Y= 104.660 + 2.655x1 + 3.315x2 – 1.240x1x2

Station ІІ No. 3 “Sit-ups in 30 seconds” after performing the exercises Y= 92.753 – 1.553x1 – 2.708x2 + 1.138x1x2

Station ІІІ No. 4 “Trunk lift in 10 seconds” after performing the exercises Y= 93.943 – 0.918x1 – 1.958x2 + 0.963x1x2

Station ІV No. 5 “Standing long jump” after performing the exercises Y= 98.768 – 0.078x1 + 1.238x2  + 0.392 x1x2
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cises in boys aged 8 years. After training at stations I-IV, the 
following data were obtained:
•• after training at station I  – exercises to strengthen arms 

and shoulders  – the ITE1 is most influenced by the num-
ber of repetitions in a set (х1) – 79.6% (exercise No. 1) 
and the rest interval (х2) – 56.1% ;

•• after training at station II  – exercises to strengthen ab-
dominal muscles  – the ITE is most influenced by the rest 
interval (х2) – 66.4%;

•• after training at station III  – exercises to strengthen back 
muscles  – the ITE is most influenced by the rest interval 
(х2)  – 68.4%;

•• after training at station IV  – exercises to strengthen leg 
muscles  – the ITE is most influenced by the rest interval 
(х2)  – 90.5%.
The data of analysis of the immediate training effect 

(ITE2) 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 (ITE2) of different modes of 
exercises in boys aged 8 years. After training, the following 
data were obtained:
•• exercises to strengthen arms and shoulders – the ITE2 is 

most influenced by the interaction between the number 
of repetitions in a set and the rest interval (х1х2) (ex-
ercise No. 1) and the rest interval (х2) (exercise No. 2). 
To strengthen the ITE2, it is necessary to increase the 
number of repetitions in a set and the duration of the 
rest interval;

•• exercises to strengthen abdominal muscles – the ITE2 
is most influenced by the rest interval (х2), the number 
of repetitions in a set (х1), and the interaction between 
the number of repetitions in a set and the rest interval 
(х1х2). To strengthen the ITE2, it is necessary to increase 
the number of repetitions in a set and the duration of the 
rest interval;

•• exercises to strengthen back muscles – the ITE2 is most 
influenced by the rest interval (х2), the number of repeti-
tions in a set (х1), and the interaction between the num-
ber of repetitions in a set and the rest interval (х1х2). To 
strengthen the ITE, it is necessary to increase the number 
of repetitions in a set and the duration of the rest interval;

•• exercises to strengthen leg muscles – the ITE2 is most in-
fluenced by the rest interval (х2), the interaction between 
the number of repetitions in a set and the rest interval 
(х1х2), and the number of repetitions in a set (х1). To 
strengthen the ITE, 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 5 made it possible 
to determine the percentage influence of the factors on the 
immediate training effect (ITE2) of different modes of exer-
cises in boys aged 8 years. After training, the following data 
were obtained:
•• exercises to strengthen arms and shoulders – the ITE2 is 

most influenced by the interaction between the number 
of repetitions in a set and the rest interval (х1х2) – 88.8% 
(exercise No. 1) and the rest interval (х2) – 67.1%;

•• exercises to strengthen abdominal muscles – the ITE is 
most influenced by the rest interval (х2) – 79.3%;

•• exercises to strengthen back muscles – the ITE is most 
influenced by the rest interval (х2) – 90.5%;

•• exercises to strengthen leg muscles – the ITE is most 
influenced by the rest interval (х2) – 65.5%.
The results of analysis of the delayed training effect 

(DTE) 24 hours after training are given in Tables 6-7. 

Table 4. Models of influence of different strength training modes on the change in the immediate training effect (ITE2) in 
boys aged 8 years (n = 40) (х1 – amount of training, х2 – 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” Y= 87.790 – 0.740x1 – 0.1x2 – 2.1x1x2

No. 2 “Speed push-ups, 3 times” Y= 106.108 + 0.877x1 + 1.258x2 + 0.068x1x2

No. 3 “Sit-ups in 30 seconds” Y= 91.698 + 0.968x1 – 2.258x2 – 0.627x1x2

No. 4 “Trunk lift in 10 seconds” Y= 92.875 – 0.395x1 – 1.465x2 + 0.265x1x2

No. 5 “Standing long jump” Y= 98.985 + 0.095x1 – 0.19x2 + 0.1x1x2

Table 5. Results of the analysis of variance for the 22 FFE 
in studying the influence of different strength training 
modes on the change in the immediate training effect 
(ITE2) in boys aged 8 years (n = 40) (х1 – amount of 
training, х2 – 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

x1 x2 x1x2

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:
•• exercises to strengthen arms and shoulders – the DTE 

is most influenced by the number of repetitions in a set 
(х1), the rest interval (х2), the interaction between the 
number of repetitions in a set and the rest interval (х1х2) 
(exercise No. 1), and the interaction between the number 
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of repetitions in a set and the rest interval (х1х2) (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;

•• 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 (х1х2), the 
rest interval (х2), the number of repetitions in a set (х1). 
To strengthen the DTE, it is necessary to increase the 
number of repetitions in a set and the duration of the 
rest interval;

•• exercises to strengthen back muscles – the DTE is most 
influenced by the rest interval (х2), the interaction be-
tween the number of repetitions in a set and the rest 
interval (х1х2), and the number of repetitions in a set (х1). 
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 (х1), the 
interaction between the number of repetitions in a set 
and the rest interval (х1х2), and the rest interval (х2). 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:

•• exercises to strengthen arms and shoulders – the DTE 
is most influenced by the number of repetitions in a set 
(х1) – 62.2% (exercise No. 1) and the interaction between 
the number of repetitions in a set and the rest interval 
(х1х2) – 73.9%;

•• 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 (х1х2) – 55.2%;

•• exercises to strengthen back muscles  – the DTE is most 
influenced by the rest interval (х2) – 99.8%;

•• exercises to strengthen leg muscles  – the DTE is most 
influenced by the number of repetitions in a set (х1) – 
46.1% and the interaction between the number of repeti-
tions in a set and the rest interval (х1х2) – 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 
22 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 ITE1 (Table 2), 
ITE2 (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”; 

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) (х1 – amount of training, х2 – 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” Y= 96.785 + 2.195x1 – 1.315x2 – 1.095x1x2

No. 2 “Speed push-ups, 3 times” Y= 103.99 – 0.59x1 + 0.475x2 – 1.275x1x2

No. 3 “Sit-ups in 30 seconds” Y= 95.413 + 0.092x1 + 0.232x2 – 0.278x1x2

No. 4 “Trunk lift in 10 seconds” Y= 96.23 – 0.07x1 + 1.505x2 + 0.015x1x2

No. 5 “Standing long jump” Y= 99.115 + 1.765x1 + 0.81x2 – 1.73x1x2

Table 7. Results of the analysis of variance for the 22 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) (х1 – amount of training, 
х2 – 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
x1 x2 x1x2

No. 1 “Push-ups” 62.2 22.3 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 44.2
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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 2k FFE and materials are processed with the help of 
regression and discriminant analysis. 

The results supplement the information of Ivashchenko 
and Cieślicka (2017), Cieślicka 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 2k 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 ITE1, ITE2, 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.

The analysis of regression equations shows the interrela-
tion between training effects: ITE1  –> ITE2  –> DTE. The val-
ue of ITE1, ITE2, 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 ITE1, ITE2 at station ІІІ (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 ITE1 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. 
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Мета дослідження – на основі повного факторного 
експерименту отримати регресійні моделі термінового і 
відставленого тренувального ефекту силових наванта-
жень у хлопців 8 років.

Матеріали і методи. У дослідженні прийняли участь 
48 хлопців 8 років. Експеримент був проведений за пла-
ном факторного експерименту 22. Матеріали досліджен-
ня опрацьовані в програмі статистичного аналізу IBM 
SPSS 22. Вивчався вплив чотирьох варінтив силового на-
вантаження на терміновий (ТТЕ) і відставлений (ВТЕ) 
тренувальний ефект ортогональних режимів виконан-
ня силових вправ та інтервалів відпочинку у хлопчиків 
8 років.

Результати. Результати дослідження свідчать, що 
у запропонованій матриці плану повного факторно-
го експерименту типа 22 вибраний крок варіювання 
факторів є достатнім для вивчення впливу різних ре-
жимів виконання силових вправ на динаміку ТТЕ у 
хлопчиків 8 років. На основі аналізу даних отримані 
регресійні моделі навантаження для розрахунку ТТЕ1, 
ТТЕ2 та ВТЕ. Отримані регресійні моделі дають змогу 
розрахувати кількість повторень та інтервал відпочин-
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ку для досягнення найбільш раціонального варіанта 
навантаження.

Висновки. Аналіз рівнянь регресії вказує на 
взамозв’язок тренувальних ефектів: ТТЕ1 —> ТТЕ2 —> 
ВТЕ. Величина ТТЕ1,  ТТЕ2, ВТЕ на І станції (вправи 
для розвитку сили рук і плечового поясу) та ІІ стан-
ції (вправи для розвитку сили м'язів черевного пресу) 
залежить від збільшення кількості повторень у підхо-
ді й тривалості інтервалу відпочинку. Величина ТТЕ1,  
ТТЕ2  на ІІІ станції (вправи для розвитку сили м’язів 
спини) – від збільшення кількості повторень у підході 
й тривалості інтервалу відпочинку. Величина ВТЕ – від 
збільшення кількості повторень у підході й зменшення 
тривалості інтервалу відпочинку. Величина ТТЕ1 на IV 
станції (вправи для розвитку сили м’язів ніг) залежить 
від збільшення кількості повторень у підході й зменшен-
ня тривалості інтервалу відпочинку. Для  підсилення 
ВТЕ необхідно зменшити кількість повторень у підході 
й зменшити тривалість інтервалу відпочинку.
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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.

©	 Lilić, A., Joksimović, M., D’Angelo, S., Karišik, S., Hamad, 
S., Gardašević, N., 2020.

Introduction

Today, about 20 million women play football worldwide, 
which is approximately 10% compared to men (İbrahim, 
Yaşar, Bayrakdaroğlu, & Yildiz, 2019). However, despite the 
growing popularity of women’s football around the world, 

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 (Martínez-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). 
Milanović 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). Küçükkubaş, Günay, Löklüoğlu, & 
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. 

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 Меthod

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, 
Shephard & Chelly, 2012; Beneke, Pollmann, Bleif, Leithäuser 
& Hütler, 2002). The height of the seat is adjusted so that the 
subjects can take the optimal cycling position. The Wingate 
Anaerobic Test began with a five-minute warm-up ride at 
50 to 60 rpm. After five minutes of warming up, the subjects 
continue driving. When the 70 rpm bicycle is reached, the 
ergometer automatically applies (lowers) the load after which 
the subjects pedal as fast as possible for the next 30 sec. After 
30 sec. the subject has two minutes of light pedaling to restore 
his heart rate. The load is adjusted on a predefined protocol, 
7.5% by body weight. To estimate the anaerobic power of the 
lower extremities, the variables were: maximum power (PP 
W), maximum power (PP W / kg), mean power (MP W), 
mean power (MP W / kg), fatigue rate (FR%) , total work 
(TW J).

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-

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)

 Variables Mean±SD
95% CI

Lower Upper
TM (kg) 14.07 ± 4.39 12.07 16.07
LBM (kg) 45.91 ± 4.1 44.05 47.78
LBM (%) 76.93 ± 5.02 74.64 79.22
MM (kg) 25.42 ± 2.41 24.33 26.52
MM (%) 42.58 ± 2.87 41.27 43.89
PP (W) 549.65 ± 92.57 507.51 591.79
PP (W/kg) 9.34 ± 1.59 8.61 10.06
MP (W) 198.57 ± 74.37 164.71 232.42
MP (W/kg) 3.31 ± 1.17 2.77 3.84
FR (%) 64.18 ± 12.51 58.49 69.88
TW (J) 11.02 ± 1.51 10.33 11.71

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.

Table 2. Influence of body composition parameters on anaerobic strength of lower extremities of female football players  
(n = 21)

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

r b r b r b r b r b r b
TM (kg) .309* 1.053 -.314 2.037 .392* -.024 .149 -.606 -.311 1.882 .412* 1.165

LBM (%) -.135* .903 .398 1.771 -.264* 3.664 -.057 3.089 .267 -2.177 -.203* 2.316

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; R2 – coefficient 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.

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% (R2 = 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 coefficient of determination of body com-
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position parameters to the mean value of strength was 51% 
(R2 = 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% (R2 = 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 İbrahim 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% (R2 = 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. Küçükkubaşet 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 

relationship p <  0.05) with body composition values. The 
coefficient of determination was (R2 = 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). Küçükkubaşet 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 Küçükkubaşet 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% (R2 = 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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Мета дослідження – визначити вплив складу тіла на 
анаеробну силу нижніх кінцівок, а також прогнозування 
впливу складу тіла на результати анаеробних здібностей у 
професійних футболістів.

Матеріали та методи. Вибірку респондентів склада-
ють футболістки-жінки, які змагаються у найвищому 
рангу змагань, Суперлізі Сербії. Загальна кількість рес-
пондентів, які були включені в дослідження, – 21 футбо-
лістка (вік 19,38 ± 3,69, зріст тіла 166,48 ± 6,17 см, маса тіла 
59,98 ± 7,09 кг). Дослідження носить поперечний характер, 
і тестування проводилося у підготовчому періоді. Дослі-
джувалися склад тіла та оцінка анаеробної сили нижніх 
кінцівок. Оцінку складу тіла проводили у приміщенні з ви-
користанням багаточастотного біоелектричного імпедан-
су (Inbody 770). Змінні для оцінки анаеробної сили ниж-
ніх кінцівок були отримані за допомогою велоергометра 
(Monark 839E) в анаеробному тесті Wingate.

ВПЛИВ ПАРАМЕТРІВ БУДОВИ ТІЛА НА АНАЕРОБНУ 
СИЛУ НИЖНІХ КІНЦІВОК У ФУТБОЛІСТОК
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Результати. Аналіз будови тіла свідчить про його ста-
тистично значущий вплив на прогнозування максимальної 
анаеробної сили нижніх кінцівок у професійних футбо-
лісток (р < 0,05), а також на загальну роботу в анаероб-
ній зоні та середні значення анаеробної сили. Регресійний 
аналіз впливу складу тіла на параметри максимальної сили 
(Вт  /  кг) та швидкості втоми не показує статистично зна-
чущих результатів.

Висновок. Існує статистично значущий вплив складу 
тіла (маса тіла, нежирна маса тіла (%), м’язова маса в абсо-
лютних та відносних значеннях) на значення максимальної 
анаеробної сили, середні значення анаеробної сили та за-
гальні показники роботи в професійних футболісток.

Ключові слова: анаеробний тест Wingate, анаероб-
на сила нижніх кінцівок, склад тіла, план та програма 
тренувань.
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Abstract
Мета дослідження – обґрунтувати вплив обраних незалежних змінних для побудови оптимальних моделей 
процесу навчання серії завдань, спрямованих на формування рухових навичок у хлопців 10 років.
Матеріали і методи. У дослідженні взяли участь 32 хлопці 10 років. Діти та їхні батьки були інформовані 
про всі особливості дослідження і дали згоду на участь в експерименті. Для вирішення поставлених завдань 
були використані методи дослідження: вивчення та аналіз науково-методичної літератури; педагогічне 
спостереження, хронометраж навчальних завдань; педагогічний експеримент, методи математичної 
статистики, методи математичного планування експерименту. У процесі навчання використовувався метод 
алгоритмічних розпоряджень.
Результати. Сила впливу фактору мінялась від серії до серії. Розрахований критерій Кохрена показав, що 
усі групи експериментальних даних отримані з однієї і тієї ж сукупності. Установлено, що дисперсії не 
відрізняються одна від одної для обраного рівня значимості 0,05.
Кожна незалежна змінна (Х1, Х2, Х1Х2) відіграє свою певну роль у зміні показника навченості вправі 
колового удару ногою «маваші гері чудан». Побудовані математичні моделі адекватно описують отримані 
дані. Розраховані коефіцієнти регресії статистично значущі (Fр < Fкр) це означає, що регресійна модель є 
ефективною. Протягом усього експерименту незалежна змінна Х1 «кількість підходів» здійснювала постійний 
позитивний вплив на цільову характеристику (Y). Відсотковий внесок складав у першій серії навчальних 
завдань 59,3 %, другій – 88,6 %, третій – 56 %, четвертій – 93,9 %, п’ятій – 81,3 %, шостій – 69,62 %. Незалежна 
змінна Х2 «інтервал відпочинку» має негативний вплив у першій серії – 25,9 %, другій серії – 10,6 %, п’ятій 
– 9,9 %, шостій – 13,1 %. Позитивний ефект взаємодії першого порядку (Х1Х2) спостерігався у третій серії – 
29,1 %, п’ятій – 8,9 %, шостій – 17,28 %. 
Висновки. Оптимальними комбінаціями умов для серій завдань під час навчання колового удару ногою 
«маваші гері чудан» хлопців 10 років є: 1 серія – 3 підходи, інтервал відпочинку 60 с; 2 серія – 3 підходи, 
інтервал відпочинку 60 с; 3 серія – 3 підходи, інтервал відпочинку 120 с; 4 серія – 3 підходи, інтервал 
відпочинку 60–120 с; 5 серія – 3 підходи, інтервал відпочинку 120 с; 6 серія – 3 підходи, інтервал відпочинку 
120 с.
Ключові слова: хлопці, навчання, фізичні вправи, програмоване навчання, режими виконання вправ, карате, 
коловий удар ногою «маваші гері».
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Вступ

Як відомо, шкільна програма затверджена МОН 
України у 2017 році доповнена багатьма новими розділа-
ми: хортінг, самбо, фехтування, аеробіка, військово-спор-
тивні ігри, бадмінтон, веслування на байдарках і каное, 
городки та інші (Круцевич, Тимчик, Деревянко та інші, 
2017). Практично кожен вид спорту може бути представ-

лений у вигляді варіативного модуля (Марченко & Ко-
зарь, 2015; Круцевич, Тимчик, Деревянко та інші, 2017). 
Для підвищення рівня здоров’я, рухової активності та 
боротьби з ожирінням Chyu (2010) інтегрував програму 
по бойовому мистецтву у звичайну програму з фізичного 
виховання в початкових школах США. Це вносить новиз-
ну в процес фізичного виховання, стимулює зацікавле-
ність учнів до занять, дозволяє урізноманітнити вправи 
на уроках фізичної культури та в позаурочний час.
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Упродовж останніх десятирічь в Україні набувають 
все більшої популярності та активно розвиваються схід-
ні одноборства, зокрема кіокушинкай карате. Українська 
збірна представляє країну на Європейських і Світових 
турнірах в повному складі. З’являються нові спортив-
ні організації різного рівня, відкриваються спортивні 
секції, друкуються наукові статті (Błaszczyszyn, Szczęsna, 
Pawlyta, Marszałek, & Karczmit, 2019; Марченко & Кова-
ленко, 2020), захищаються дисертації (Голімський, 2014; 
Кіндзер, 2016). Слід зазначити, що в більшості випадків 
наукові розробки із зазначеної проблематики стосують-
ся тренувального процесу професійних спортсменів (Го-
лімський, 2014; Кіндзер, 2016; Gavagan & Sayers, 2017). 

Нажаль літератури, яка б висвітлювала у повній мірі 
питання навчання техніки осіб, що займаються кіоку-
шинкай карате з оздоровчою спрямованістю (зокрема, 
школярів під час навчального процесу), на сьогодні об-
маль і не завжди ця інформація науково обґрунтована в 
світлі теорії і методики фізичного виховання.

Розвиток інформаційних технологій дозволяє ши-
роко впроваджувати в планування навчально-трену-
вального процесу на етапі початкової підготовки метод 
математичного моделювання (Марченко, 2010; Lopatiev, 
Ivashchenko, Khudolii, Pjanylo, Chernenko, & Yermakova, 
2017; Khudolii, 2019). Математична модель представляє 
собою опис певного об’єкту за допомогою математич-
ної символіки. Різні моделі створюються для отримання 
кількісних характеристик об’єкту, що вивчається. Що до-
зволить вирішувати завдання процесу навчання з метою 
формування рухових навичок на якісно новому рівні, 
оптимізувати умови навчання техніки, дасть можливість 
уникнути необґрунтованих навантажень, які призводять 
до фізичних і моральних травм і, як правило, до при-
пинення занять спортом (Марченко & Коваленко, 2020).

Мета дослідження – обґрунтувати вплив обраних 
незалежних змінних для побудови оптимальних моде-
лей процесу навчання серії завдань, спрямованих на 
формування рухових навичок у хлопців 10 років.

Матеріали і методи

Учасники дослідження

У дослідженні взяли участь 32 хлопці 10 років. Діти 
та їхні батьки були інформовані про всі особливості до-
слідження і дали згоду на участь в експерименті.

Організація дослідження

Для вирішення поставлених завдань були викорис-
тані методи дослідження: вивчення та аналіз науково-ме-
тодичної літератури, педагогічне спостереження, хроно-
метраж навчальних завдань, педагогічний експеримент, 
методи математичної статистики, методи математично-
го планування експерименту. У процесі навчання вико-
ристовувався метод алгоритмічних розпоряджень.

У створенні моделі процесу навчання фізичній впра-
ві «коловий удар ногою «маваші гері чудан» ми керува-
лись теоретичними основами навчання, які у достатній 
мірі проаналізовані Khudolii, Iermakov, and Bartik (2020). 
Дослідженнями Gavagan and Sayers (2017), Hariri and 
Sadeghi (2018), Błaszczyszyn, Szczęsna, Pawlyta, Marszałek, 

and Karczmit (2019) про біомеханічний аналіз техніки 
«коловий удар ногою», щоб визначити просторові, часо-
ві та силові характеристики руху. Це дасть можливість 
оцінити достатній рівень фізичної форми і оптимально 
побудувати процес рухової підготовки.

Програма навчання техніки колового удару ногою 
«маваші гері чудан» складалась із наступних послідов-
них серії навчальних завдань.

Перша серія – вправи для розвитку рухових 
здібностей:

І. В.п.: стійка на одній нозі, стоячи обличчям до 
гімнастичної стінки, хват на рівні поясу, друга зігнута 
у коліні в сторону на рівні поясу, п’ятка притискається 
до стегна, гомілка і стегно паралельні до підлоги. Стопа 
опорної ноги паралельно стінці внутрішньою стороною 
до неї, п’ятка розвернута у сторону ударної ноги. Утри-
мувати стійке положення до 10 с з кожної сторони. Те 
саме другою ногою.

ІІ. В.п.: стійка на одній нозі, друга зігнута у коліні в 
сторону як у попередній вправі. Через 5 с після утриман-
ня статичної пози дається команда зробити поворот на 
180º в сторону опорної ноги. Через наступні 5 с потріб-
но повернутись через той самий бік. Виконати 5 циклів 
кожною ногою. 

ІІІ. В.п.: як у ІІ вправі. Випрямити ногу, спрямовуючи 
ударною поверхнею «хайсоку» до гімнастичної стінки. 
Пальці максимально випрямлені. Утримувати пряму 
ногу в сторону паралельно підлоги до 10 с кожною ногою.

Друга серія – вихідні і кінцеві положення:
Стійка «дзенкуцу дачі» (лівостороння). Стійка ноги 

нарізно на ширину плеч лівою вперед, довжина стійки 
дві ширини плечей. Ступні повністю спираються на під-
логу, ступня лівої ноги спрямована вперед, права під 
кутом 45° пальцями зовні. Гомілка лівої ноги перпенди-
кулярно підлозі, коліно над п’ятою, права пряма. Тулуб 
у положенні 45° ліве плече уперед, біля 70 % ваги тіла 
попереду. Руки на поясі. Вихід у стійку «дзенкуцу дачі» 
виконується із положення «йой дачі». 

Стійка «йой дачі». Стійка ноги нарізно, ступні па-
ралельно, коліна розслаблені та дещо зігнуті, потили-
ця, лопатки, сідниці, п’ятки розміщені в одній площині, 
руки на поясі, вага тіла розподілена рівномірно на обидві 
ноги.

Третя серія – дії без яких неможливо виконати 
вправу:

В.п.: лежачи на лівому боці з опорою на передпліччя 
лівої руки. Поступово виконати фази колового удару но-
гою: фаза виносу стегна, фаза випрямлення ноги з фор-
муванням ударної поверхні, фаза повернення ноги, фаза 
постановки ноги у вихідне положення. Ударною атаку-
ючою поверхнею є «хайсоку» верхня частина (підйом) 
стопи або «суне» гомілка ноги. Те саме другою ногою.

Четверта серія – навчання умінню управляти рухами:
І. В.п. стійка на одній нозі, тримаючись за опору, дру-

га зігнута у коліні, стегно вгору-вперед на рівні поясу. Го-
лова, плечові суглоби, тулуб, тазостегнові суглоби, удар-
на нога заходятся в одній площині. П’ятка опорної ноги 
спрямована в сторону цілі. Відвести стегном зігнуту ногу 
назад і виконати імітацію удару коліном активним рухом 
тазу над «подушкою» по долоні партнера.

ІІ. В.п.: те саме як у попередній вправі. Виконуємо 
хльостке розгинання та згинання ноги у колінному су-
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глобі, зберігаючи висоту і положення стопи «хайсоку». 
Виконати по 10 разів кожною ногою.

П’ята серія – окремі частини цільової вправи і під-
відні вправи:

І. В.п.: стоячи боком до партнера, тримаючись одно-
йменними руками, тулуб у положенні 180° плече уперед, 
опорна нога, що стоїть позаду, розвернута п’яткою у сто-
рону партнера. Підняти вгору-вперед стегно ноги, що 
стоїть попереду, п’ятка притискається до стегна, гомілка 
і стегно паралельні до підлоги. Виконуємо хльостке роз-
гинання ноги, повертаємо ногу у вихідне положення.

ІІ. В.п.: лівостороння стійка «дзенкуцу дачі». Вагу 
тіла перенести на опорну ліву. Одночасно підняти вгору-
вперед стегно правої ноги, відштовхуючись стопою від 
підлоги, тулуб і стопу лівої розвернути на 135°. Нанести 
удар активним рухом тазу вперед і хльостким розгинан-
ням правої ноги. Повернути ногу у вихідне положення 
по траєкторії удару. Руки зігнуті, лікті торкаються тулу-
ба, кулаки на рівні підборіддя.

Шоста серія – виконання вправи в цілому:
І. Відпрацьовування техніки удару ногою, що стоїть 

позаду в повітря із стійки «дзенкуцу дачі» по уявній цілі 
з просуванням у перед. 10 раз.

ІІ. Відпрацьовування техніки удару ногами по лапам 
на точність із стійки «дзенкуцу дачі» з місця. 10 раз.

Погляд у напрямку удару. Дихання у всіх вправах 
необхідно співвідносити з темпом рухів і моментами 
напруги.

Перехід до наступної вправи здійснювався за умо-
ви вірного виконання попередньої вправи з точним до-
триманням усіх технічні вимог. При цьому допускались 
незначні помилки. Рівень навченості техніки колового 
удару ногою «маваші гері чудан» (Y) оцінювався гру-
пою незалежних експертів у кількості п’яти осіб за 10-ти 
бальною шкалою. Мінімальна і максимальна оцінки, ви-
ставлені експертами, відкидалися. Із оцінок, що зали-
шились, знаходилося середнє арифметичне. Одноразова 
незначна помилка каралась відніманням 0,1 балу. Одно-
разова істотна помилка відніманням 0,2 бали. При одно-
разовій грубій помилці віднімалось 0,3 бали.

Для вирішення поставленої мети вивчався вплив 
різних варіантів виконання вправ, а саме: кількості під-
ходів (Х1) та інтервалів відпочинку (Х2) на засвоєння 
техніки виконання колового удару ногою ««маваші гері 
чудан»». Хлопці 10 років були поділені на чотири гру-
пи, згідно плану експерименту. Відмінності між група-
ми в методиці проведення занять диктувалися умовами 
факторного експерименту, які представлені у таблиці 
1. Нижні й верхні рівні факторів були обрані на основі 
даних Khudolii & Ivashchenko (2014), Марченко, (2017), 
Khudolii, Kapkan, Harkusha, Marchenko, & Veremeenko 

(2020), а також обмежувалися рамками тренувального 
заняття.

Статистичний аналіз

У роботі використані методики аналізу результатів 
математичного планування експерименту типу ПФЕ 2к 
(Кононюк, 2011; Khudolii & Ivashchenko, 2014; Khudolii, 
Kapkan, Harkusha, Marchenko, & Veremeenko, 2020).

Результати

Сила впливу фактору мінялась від серії до серії. Ре-
зультати аналізу ПФЕ 22 наведені у таблиці 2. Розрахо-
ваний критерій Кохрена показав, що усі групи експери-
ментальних даних отримані з однієї і тієї ж сукупності. 
Установлено, що дисперсії не відрізняються одна від од-
ної для обраного рівня значущості 0,05.

Регресійна залежність спостерігається протягом 
всього періоду виконання серій навчальних завдань. 
Кожна незалежна змінна (Х1, Х2, Х1Х2) відіграє свою пев-
ну роль у зміні показника навченості вправі колового 
удару ногою «маваші гері чудан». Побудовані математич-
ні моделі адекватно описують отримані дані. Розрахова-
ні коефіцієнти регресії статистично значущі (Fр<Fкр) це 
означає, що регресійна модель є ефективною.

Коефіцієнти при незалежних змінних указують на 
силу впливу факторів. Чим більша числова величина 
коефіцієнта, тим більший вплив здійснює фактор. Про 
характер впливу факторів говорять знаки коефіцієнта. 
Знак плюс свідчить про те, що зі збільшенням значен-
ня фактору зростає величина параметру оптимізації, а 
при знаку мінус – убуває. Отриману сукупність чинни-
ків розташовано в ряд по силі їх впливу на параметр 
оптимізації. Чинники, коефіцієнти яких незначущі, не 
інтерпретуємо. Можемо сказати, що при цих інтервалах 
варіювання і помилці відтворюваності вони істотно не 
впливають на параметр оптимізації.

У першій серії навчальних завдань найбільший по-
зитивний вплив має незалежна змінна Х1 «кількість під-
ходів», її процентний внесок складає 59,3 %. А незалежна 
змінна Х2 «інтервал відпочинку» має негативний вплив 
(25,9 %). Для збільшення параметру оптимізації необхід-
не підвищення кількості підходів до 3, інтервал відпо-
чинку достатньо утримувати в межах 60 с.

У другій серії навчальних завдань позитивно впли-
ває  незалежна змінна Х1 «кількість підходів» (88,6 %). А 
незалежна змінна Х2 «інтервал відпочинку» має значно 
більший негативний вплив (10,6 %). Для підвищення на-
вченості необхідно виконувати 3 підходи, інтервал від-
починку складає 60 с.

У третій серії навчальних завдань найбільший по-
зитивний вплив має незалежна змінна Х1 «кількість під-
ходів» (56,0 %). Ефект взаємодії першого порядку (Х1Х2) 
має позитивний вплив (29,1 %). Для підвищення ефек-
тивності навчання необхідно тренуватися у режимі 3 
підходи з інтервалами відпочинку 120 с.

У четвертій серії навчальних завдань найбільший 
позитивний вплив має незалежна змінна Х1 «кількість 
підходів» (93,9 %). Для підвищення ефективності на-
вчання необхідно тренуватися у режимі 3 підходи з ін-
тервалами відпочинку від 60 до 120 с.

Таблиця 1. План факторного експерименту типу 22

Варіанти виконання 
вправ

Режими навчання
Кількість підхо-

дів, разів
(Х1)

Інтервал відпо-
чинку, с

(Х2)
1
2
3
4

1 (–)
3 (+)
1 (–)
3 (+)

60 (–)
60 (–)

120 (+)
120 (+)
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У п’ятій та шостій серіях навчальних завдань вза-
ємодія двох чинників значуща і має позитивний знак. 
Це свідчить про те, що одночасне збільшення, як і одно-
часне зменшення, значень двох чинників призводить до 
збільшення параметра оптимізації (без урахування лі-
нійних ефектів). Інтерпретація ефектів взаємодії не так 
однозначна, як лінійних ефектів. У кожному випадку є 
два варіанти: Х1= +1, Х2= +1 або Х1= –1, Х2= –1. Передусім 
треба врахувати знаки лінійних ефектів відповідних 
чинників. У нашому випадку знаки лінійних ефектів різ-
ні. Тому ми враховували чисельні значення коефіцієнтів 
і жертвували найменшим ефектом.

У п’ятій серії навчальних завдань найбільший пози-
тивний вплив має незалежна змінна Х1 «кількість підхо-
дів» (81,3 %), незалежна змінна Х2 «інтервал відпочинку» 
(9,9 %) демонструє негативний вплив. Ефект взаємодії 
першого порядку (Х1Х2) має позитивний вплив (8,9 %). 
Для підвищення ефективності навчання необхідно тре-
нуватися у режимі 3 підходи з інтервалами відпочинку 
120 с.

У шостій серії навчальних завдань результативна 
ознака залежить від позитивного впливу незалежної 
змінної Х1 «кількість підходів» (69,62 %) і негативного 
впливу незалежної змінної Х2 «інтервал відпочинку» 
(13,1 %). Ефект взаємодії першого порядку (Х1Х2) має по-
зитивний вплив (17,28 %). Для підвищення ефективності 
навчання необхідно тренуватися у режимі 3 підходи з 
інтервалами відпочинку 120 с.

Таким чином, оптимальними комбінаціями умов 
для серій завдань під час навчання колового удару ногою 
«маваші гері чудан» хлопців 10 років є:

1 серія – 3 підходи, інтервал відпочинку 60 с;
2 серія – 3 підходи, інтервал відпочинку 60 с;
3 серія – 3 підходи, інтервал відпочинку 120 с;
4 серія – 3 підходи, інтервал відпочинку 60–120 с;
5 серія –3 підходи, інтервал відпочинку 120 с;
6 серія – 3 підходи, інтервал відпочинку 120 с.

Дискусія

Дослідження припускало, що значення результатив-
ної ознаки Y залежить від впливу різних варіантів ви-
конання вправ, а саме від варіювання кількості підходів 
(Х1) та інтервалів відпочинку (Х2). Наші результати узго-
джуються з результатами Ivashchenko, Khudolii, Iermakov 
and Harkusha (2017), Lopatiev, Ivashchenko, Khudolii, 

Pjanylo, Chernenko, and Yermakova (2017), Khudolii, 
Kapkan, Harkusha, Marchenko, and Veremeenko (2020) 
про те, що управління процесом навчання є більш ефек-
тивним, якщо режими навчання визначаються на осно-
ві регресійних моделей. Отримана у ході експерименту 
інформація підтверджує доцільність використання мо-
делювання в навчанні та можливість створювати на їх 
основі різноманітні засоби навчання, які є важливим 
компонентом навчально-виховного процесу (Марчен-
ко, 2010, 2017; Khudolii, Ivashchenko, Iermakov, Nosko, & 
Marchenko, 2019; Khudolii, Kapkan, Harkusha, Marchenko, 
& Veremeenko, 2020).

Розширено уявлення про оптимальну взаємодію 
різних ланок тіла під час виконання колового удару но-
гою «маваші гері чудан» (Gavagan & Sayers, 2017; Hariri & 
Sadeghi, 2018; Błaszczyszyn, Szczęsna, Pawlyta, Marszałek, & 
Karczmit, 2019). Конкретизована роль різних ланок тіла 
у цілісному русі колового удару ногою «маваші гері чу-
дан». Наші дані підтверджують висновки Chyu (2010) 
про ефективність використання навчальних програм зі 
східних одноборств щодо підвищення фізичної актив-
ності на уроках фізичної культури.

Отримані нові дані. Розроблено поетапну програму 
навчання базовому елементу в кіокушинкай карате коло-
вого удару ногою «маваші гері чудан» у відповідності з ви-
значеними оптимальними комбінаціями рівнів факторів 
навантаження. Розробленні регресійні моделі для кодова-
них змінних дозволяють виявити найбільш ефективні ре-
жими виконання серій завдань під час навчання колового 
удару ногою «маваші гері». Використання розробленої 
методики дозволяє істотно скоротити терміни освоєння 
ключових елементів технічної підготовленості школярів.

Висновки

Оптимальними комбінаціями умов для серій за-
вдань під час навчання колового удару ногою «маваші 
гері чудан» хлопців 10 років є:

1 серія – 3 підходи, інтервал відпочинку 60 с;
2 серія – 3 підходи, інтервал відпочинку 60 с;
3 серія – 3 підходи, інтервал відпочинку 120 с;
4 серія – 3 підходи, інтервал відпочинку 60–120 с;
5 серія – 3 підходи, інтервал відпочинку 120 с;
6 серія – 3 підходи, інтервал відпочинку 120 с.
Придбання такого типу знань може сприяти покра-

щенню результатів, усуненню помилок в тренуваннях, 

Таблиця 2. Результати аналізу ПФЕ 22. Хлопці 10 років

Серії навчальних  
занять Рівняння регресії для кодованих змінних

Відсотковий вплив на рівень  
навченості

Х1 Х2 Х1Х2

1 Y=9,2 + 0,388Х1 – 0,256Х2
59,3 25,9 14,8

2 Y=9,019 + 0,506Х1 – 0,175Х2
88,6 10,6 0,9

3 Y=8,416 + 0,516Х1 + 0,372Х1Х2
56,0 14,9 29,1

4 Y=8,103 + 0,447Х1
93,9 1,7 4,4

5 Y=8,484 + 0,691Х1 – 0,241Х2 + 0,228Х1Х2
81,3 9,9 8,9

6 Y=8,184 + 0,872Х1 – 0,378Х2 + 0,434Х1Х2
69,62 13,1 17,28
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особливо в початковий період навчання, а також попере-
дити можливі травми, які трапляються під час навчання 
вправам або на змаганнях. Отримані результати можуть 
використовуватися як на уроках фізичної культури, так і 
в позакласній роботі.
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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 

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 (X1, X2, X1X2) 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 (Fр < Fkр), which 
means that the regression model is effective. Throughout the 
experiment, the independent variable Х1 “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 
Х2 “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 (X1X2) 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).
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