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Abstract
The purpose of the study was to determine the place of motor skills in the motor fitness structure of 9-year-old boys. 
Materials and methods. The study participants were 48 9-year-old boys. The children and their parents were informed 
about all the features of the study and gave their consent to participate in the experiment. 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 mathematical statistics. In the experiment, 
the study controlled the level of proficiency in the following exercises: “Rope climbing in two steps”, “Rope climbing in 
three steps”, “One leg swing upward circle”.
Results. The level of fitness of the 9-year-old boys is homogeneous by the development of “agility”, “movement 
coordination”, “speed strength”, and “endurance”; inhomogeneous – by the development of flexibility, arm strength, 
vestibular stability, and the level of proficiency in rope climbing.
The most informative indicators that determine the level of 9-year-old boys’ motor fitness are: No. 12 “Rope climbing in 
two steps, level of proficiency” (r = 0.960); No. 13 “Rope climbing in three steps, level of proficiency” (r = 0.960); No. 14 
“One leg swing upward circle, level of proficiency” (r = 0.875); No. 10 “Maintenance of stable posture – standing on one 
leg with closed eyes, s” (r = 0.683).
Conclusions. Based on factor analysis, it was found that the level of proficiency in the exercises determines the 
variation of testing results by 24.287%, and the development of motor skills is a priority in the educational process at 
primary school.
The level of proficiency in rope climbing shows that the exercises are difficult for 9-year-old boys to perform. Based 
on the data analysis, it can be argued that the comprehensive development of motor abilities ensures the formation of 
motor skills, and the improvement of the level of development of 9-year-old boys’ arm flexors will positively influence 
the educational process effectiveness.
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Introduction

In research papers, motor activity is viewed as a necessary 
condition for developing cognitive functions and improving 
health-related quality of life (Evaristo, Moreira, Lopes, Abreu, 
Agostinis-Sobrinho, Oliveira-Santos, Póvoas, Oliveira, San-
tos, & Mota, 2018; Hsieh, Fung, Tsai, Chang, Huang, & Hung, 
2018; Kaiser-Jovy, Scheu, & Greier, 2017). The importance of 
increasing primary schoolchildren’s motor activity is pointed 
out by Krivolapchuk and Chernova (2019), Krivolapchuk, 
Chernova, & Gerasimova(2020), Krivolapchuk, Gerasimova, 
Myshiakov, & Chicherin (2020).

A physical education class at school is the main form of 
motor activity, which ensures the development of motor skills 
and motor abilities (Bădicu, 2018; Hiley, Schmid, & Yeadon, 
2019; Peng, Li, & Zhu, 2018), as well as the development 
of cognitive function during physical education (Sánchez-
López, Cavero-Redondo, Álvarez-Bueno, Ruiz-Hermosa, 
Pozuelo-Carrascosa, Díez-Fernández, Gutierrez-Díaz del 
Campo, Pardo-Guijarro, & Martínez-Vizcaíno, 2019; Mo-
radi, Damirchi, Narimani, Esmaeilzadeh, Dziembowska, 
Azevedo, & Do Prado, 2019).

It was found that the effectiveness of motor skills devel-
opment depends on consistent solving of learning tasks and 
rational application of methods aimed at developing motor 
abilities and mastering motor tasks (Khudolii, 2019; Ivash-
chenko, 2020; Khudolii, Iermakov, & Bartik, 2020).



59

 Petrov, D., Khudolii, O., & Cieślicka, M. (2020). Motor Skills: Motor Fitness Structure of 9-Year-Old Boys 

However, further research is needed to determine the 
leading role of motor skills development in the primary 
school educational environment.

The purpose of the study was to determine the place of 
motor skills in the motor fitness structure of 9-year-old boys. 

Materials and Methods

Study Participants 

The study participants were 48 9-year-old boys. The 
children and their parents were informed about all the fea-
tures 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), and the results in tests No. 3 “Standing long jump 
(cm)”, No. 4 “Middle- and long-distance running. 300 m run-
ning (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: “Rope climbing in two 
steps”, “Rope climbing in three steps”, “One leg swing upward 
circle”.

Statistical Analysis

The study materials were processed using the IBM SPSS 
20 statistical analysis software. Factor analysis was performed. 
In the factor analysis, the study used the model of principal 
components with the rotation method: Varimax with Kaiser 
Normalization.

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 9-year-old boys’ 
motor fitness.

The analysis of the coefficients of variation of testing re-
sults showed that the 9-year-old boys’ fitness is homogeneous 

by the following tests: No. 1 “Height, cm” (4%); No. 8 “Shuttle 
run 4×9 m, s” (5.47%); No. 5 “30 m running from a standing 
start, s” (6.93%); No. 3 “Standing long jump, cm” (7.54%); 
No. 9 “Combined movements of arms, torso and legs, points” 
(10.87%); No. 2 “Body weight, kg” (16.72%); No. 4 “300 m 
running, s” (17.21%); No. 14 “One leg swing upward circle, 
level of proficiency” (31.8%).

The level of the boys’ fitness is inhomogeneous by the re-
sults of tests: No. 6 “Seated forward bend, cm” (69.74); No. 10 
“Maintenance of stable posture – standing on one leg with 
closed eyes, s” (53.34%); No. 7 “Mixed hang rope pull-ups, 
times” (39.87%); No. 11 “Walking along straight line after 5 
rotations, deviations in cm” (81%); No. 12 “Rope climbing 
in two steps, level of proficiency”; No. 13 “Rope climbing in 
three steps, level of proficiency” (50.79%). 

The coefficient of variation in terms of the level of pro-
ficiency in the exercises “Rope climbing in two steps, level 
of proficiency” and “Rope climbing in three steps, level of 
proficiency” shows that the exercises are difficult to perform.

Thus, the level of fitness of the 9-year-old boys is homo-
geneous by the development of “agility”, “movement coordi-
nation”, “speed strength”, and “endurance”; inhomogeneous – 
by the development of flexibility, arm strength, vestibular 
stability, and the level of proficiency in rope climbing.

Table 2 shows the results of factor analysis. The analysis 
identified four factors that explain 66.348% of the variation 
of results.

The first factor has a weight of 24.287%. With the factor, 
the greatest correlation is in the level of proficiency in exer-
cises: No. 12 “Rope climbing in two steps, level of proficien-
cy” (r = 0.969); No. 13 “Rope climbing in three steps, level of 
proficiency” (r = 0.969); No.14 “One leg swing upward circle, 
level of proficiency” (r = 0.933); No. 7 “Mixed hang rope 

Table 1. The results of testing the 9-year-old boys’ motor 
fitness (n = 48)

No. Indicator X s V
1 Height, cm 135.88 5.43 4
2 Body weight, kg 32.77 5.48 16.72
3 Standing long jump, cm 135.42 10.21 7.54
4 300 m running, s 100.63 17.32 17.21
5 30 m running from a standing start, 

s 6.35 .44 6.93

6 Seated forward bend, cm 4.56 3.18 69.74
7 Mixed hang rope pull-ups, times 4.79 1.91 39.87
8 Shuttle run 4×9 m, s 12.24 .67 5.47
9 Combined movements of arms, 

torso and legs, points 8.28 .90 10.87

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

20.83 11.11 53.34

11 Walking along straight line after 5 
rotations, deviations in cm 81.56 66.06 81

12 Rope climbing in two steps, level of 
proficiency 32.29 16.40 50.79

13 Rope climbing in three steps, level of 
proficiency 32.29 16.40 50.79

14 One leg swing upward circle, level of 
proficiency 53.75 17.09 31.8
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pull-ups, times” (r = 0.716). The factor is called the level of 
proficiency in gymnastic exercises.

The second factor has a weight of 18.219%. With the 
factor, the greatest correlation is in: No. 1 “Height, cm” 
(r = 0.641); No. 2 “Body weight, kg” (r = 0.815); No. 3 “Stan-
ding long jump, cm” (r = -0.605); No. 4 “300 m running, s” 
(r = 0.631). The factor is called physical development.

The third factor has a weight of 12.269%. With the factor, 
the greatest correlation is in: No. 9 “Combined movements 
of arms, torso and legs, points” (r = 0.631); No. 10 “Main-
tenance of stable posture – standing on one leg with closed 
eyes, s” (r = 0.695); No. 11 “Walking along straight line after 
5 rotations, deviations in cm” (r = -0.626). The factor is called 
movement coordination and vestibular stability.

The fourth factor has a weight of 11.572%. With the fac-
tor, the greatest correlation is in: No. 6 “Seated forward bend, 
cm” (r = 0.632); No. 8 “Shuttle run 4×9 m, s” (r = -0.607). The 
factor is called general movement coordination.

The analysis of similarities made it possible to identify 
the most informative indicators that determine the level of 
motor fitness of the 9-year-old boys:
 • No. 12 “Rope climbing in two steps, level of proficiency” 

(r = 0.960); 
 • No. 13 “Rope climbing in three steps, level of proficien-

cy” (r = 0.960); 
 • No. 14 “One leg swing upward circle, level of proficiency”  

(r = 0.875); 
 • No. 10 “Maintenance of stable posture – standing on one 

leg with closed eyes, s” (r = 0.683).
The graphic representation of a two-factor model of test-

ing results shows that the analysis identifies two sets of data 
with high correlation coefficients. The first set includes tests 
No. 12, 13, 14, and 7, which characterize the level of pro-
ficiency in gymnastic exercises and relative arm strength; 
the second – tests No. 2, 1, 4, 5, and 3, which characterize 
physical development and the level of development of speed 
strength, agility, and endurance (see Fig. 1).

Thus, the 9-year-old boys’ motor fitness is determined, 
on the one hand, by the level of development of arm strength 
and the level of proficiency in gymnastic exercises; on the 

Table 2. The results of factor analysis. Boys aged 9 (n = 48)

No Indicator
Component

h2

1 2 3 4
1 Height, cm 0.641 0.471
2 Body weight, kg 0.815 0.672
3 Standing long jump, cm -0.605 0.400 0.541
4 300 m running, s 0.631 0.317 0.361 0.664
5 30 m running from a standing start, s 0.594 0.436
6 Seated forward bend, cm 0.632 0.453
7 Mixed hang rope pull-ups, times 0.716 -0.309 0.612
8 Shuttle run 4×9 m, s -0.474 -0.607 0.665
9 Combined movements of arms, torso and legs, points -0.319 0.631 0.344 0.631
10 Maintenance of stable posture – standing on one leg with closed eyes, s 0.695 -0.398 0.683
11 Walking along straight line after 5 rotations, deviations in cm -0.626 0.460 0.667
12 Rope climbing in two steps, level of proficiency 0.969 0.960
13 Rope climbing in three steps, level of proficiency 0.969 0.960
14 One leg swing upward circle, level of proficiency 0.933 0.875

% 24.287 18.219 12.269 11.572 66.348

Fig. 1. The graphic representation of a two-factor model of testing 
results: 1 – height (cm), 2 – body weight (kg), 3 – “Standing long 

jump (cm)”, 4 – “Middle- and long-distance running. 300 m 
running (s)”, 5 – “30 m sprint running from a standing start (s)”, 
6 – “Seated forward bend (cm)”, 7 – “Mixed hang rope pull-ups 

(times)”, 8 – “Shuttle run 4×9 m (s)”, 9 – “Combined movements 
of arms, torso and legs (points)”, 10 – “Maintenance of stable 

posture – standing on one leg with closed eyes (s)”, 11 – “Walking 
along straight line after 5 rotations (deviations in cm)”, 12 – “Rope 
climbing in two steps, level of proficiency”, 13 – “Rope climbing in 
three steps, level of proficiency”, 14 – “One leg swing upward circle, 

level of proficiency”.
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other hand, by physical development and the level of devel-
opment of speed strength, agility, and endurance.

Discussion

The paper assumed that motor skills occupy a leading place 
in the structure of motor fitness of 9-year-old boys. So, the level 
of proficiency in exercises determines the variation of testing 
results by 24.287%. Thus, the study’s findings make it possible to 
accept the research hypothesis on the leading role of motor skills 
development in physical education classes at primary school.
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The analysis of the coefficients of variation points to het-
erochrony in the development of the 9-year-old boys’ motor 
abilities. The level of proficiency in rope climbing indicates 
that the exercises are difficult for 9-year-old boys to perform. 
Based on the data analysis, it can be argued that the compre-
hensive development of motor abilities ensures the formation 
of motor skills, and the improvement of the level of develop-
ment of 9-year-old boys’ arm flexors will positively influence 
the educational process effectiveness.

The obtained results supplement the data on the relation-
ship between the level of proficiency in gymnastic exercises 
and the level of development of strength and movement co-
ordination (Ivashchenko, Berezhna, & Cieślicka, 2020; Ivash-
chenko, & Sirichenko, 2020). As with 7-year-old boys, there is 
considerable variation in the results of test No. 7 “Mixed hang 
rope pull-ups, times” (Ivashchenko, Berezhna, & Cieślicka, 
2020). 

The results of factor analysis confirm the integrity of the 
process of motor skills formation and motor abilities devel-
opment in children (Khudolii, Ivashchenko, & Chernenko, 
2015; Ivashchenko, Iermakov, Khudolii, Cretu, & Potop, 
2017). 

The results of the study highlight the need to develop a 
teaching technique, which would include the development 
of motor abilities and series of learning tasks (Ivashchenko, 
Khudolii, Iermakov, Chernenko, & Holovko, 2015), organi-
zation of a series of classes (Hellin, Garcia-Jimenez, & Gar-
cia-Pellicer, 2019a; Hellin, Garcia-Jimenez, & Garcia-Pellicer, 
2019b; Groffik, Mitáš, Jakubec, Svozil, & Frömel, 2020), and 
exercise modes (Ivashchenko, & Cieślicka, 2017; Cieślicka, & 
Ivashchenko, 2017; Marchenko, & Kovalenko, 2020).

Thus, the 9-year-old boys’ motor fitness is determined, 
on the one hand, by the level of development of arm strength 
and the level of proficiency in gymnastic exercises; on the 
other hand, by physical development and the level of devel-
opment of speed strength, agility, and endurance.

Conclusions

Based on factor analysis, it was found that the level of 
proficiency in the exercises determines the variation of test-
ing results by 24.287%, and the development of motor skills is 
a priority in the educational process at primary school.

The level of proficiency in rope climbing shows that the 
exercises are difficult for 9-year-old boys to perform. Based 
on the data analysis, it can be argued that the comprehensive 
development of motor abilities ensures the formation of mo-
tor skills, and the improvement of the level of development 
of 9-year-old boys’ arm flexors will positively influence the 
educational process effectiveness.
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Реферат. Статья: 6 с., 2 табл., 1 рис., 26 джерела.

Мета дослідження – визначити місце рухових нави-
чок у структурі рухової підготовленості хлопчиків 9 років. 

Матеріали і методи.У дослідженні прийняли участь 
48 хлопчиків 9 років. Діти та їхні батьки були інформова-
ні про всі особливості дослідження і дали згоду на участь 
в експерименті. У дослідженні використані такі методи 
дослідження як аналіз наукової та методичної літера-
тури, педагогічні спостереження, тестування рухової 
підготовленості, ймовірнісний підхід до оцінки процесу 

навчання, методи математичної статистики. В експери-
менті контролювався рівень навченості таким вправам: 
лазіння по канату у 2 прийоми, лазіння по канату у 3 
прийоми, підйом переворотом в упор махом однією.

Результати. За рівнем підготовленості хлопчики 9 
років є однорідними за розвитком «прудкості», «коорди-
нації рухів», «швидкісної сили» та «витривалості», нео-
днорідними – за розвитком гнучкості, сили рук і вести-
булярної стійкості, рівнем навченості лазіння по канату. 
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Найбільш інформативними показниками, які визна-
чають рівень рухової підготовленості дівчаток 9 років є: 
No 12 «Лазіння по канату у 2 прийоми, рівень навченос-
ті» (r = 0,960); No 13 «Лазіння по канату у 3 прийоми, рі-
вень навченості» (r = 0,960); No 14 «Підйом переворотом 
в упор махом однією, рівень навченості» (r = 0,875); No 10 
«Час збереження стійкого положення – стійка на одній 
нозі з закритими очима, с» (r = 0.683).

Висновки. На основі факторного аналізу встанов-
лено, що рівень навченості вправам на 24.287% визначає 
варіацію результатів тестування, а формування рухових 

навичок має пріорітет в освітньому процесі у молодшій 
школі.

Рівень навченості лазінню по канату свідчить про 
те, що вправи є малодоступними для хлопчиків 9 років. 
На основі аналізу даних можна стверджувати, що комп-
лексний розвиток рухових здібностей забезпечує фор-
мування рухових навчок, а підвищення рівня розвитку 
сили згиначів рук у хлопців 9 років дозволить позитивно 
впливати на ефективність навчального процесу.

Ключові слова: хлопчики 9 років, рухові навички,  
рухові здібності, факторний аналіз.


