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Abstract 
The aim of this study was to determine the interconnection between physical abilities and fundamental motor skills 
in preschool children. The aim was also to determine the differences in the observed variables in relation to gender. 
Materials and methods. The testing successfully included 52 preschool children, 30 boys and 22 girls. Five tests of 
physical ability (modified agility “T” (MAT) test, broad jump test, standing balance test, squat test and sit up test) 
were used, and fundamental motor skills were assessed with the Test of Gross Motor Development, 3rd edition 
(TGMD-3). One-way ANOVA was used to determine the effects of gender on results in physical abilities and 
fundamental motor skills. The Pearson product-moment correlation coefficient was used to determine the relation 
between physical abilities and fundamental motor skills. 
The results of this work indicated, in most cases, a moderate and significant correlation of fundamental motor skills 
and parameters of physical abilities both in the total sample and also individually in boys and girls (p ≤ 0.05). A 
significant difference in almost all variables of physical abilities and fundamental motor skills was noted in favor of 
boys (p ≤ 0.05 and p ≤ 0.01), except for the Standing balance test which indicated that there were not considerable 
differences between the sexes (p > 0.05). 
Conclusions. So it can be concluded that the information obtained can lead physical education educators to better 
understanding of  the relations between motor status variables, which further enables them to work effectively with 
children who will, by virtue of a proper physical development and education, become and remain physically active 
throughout their life.
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Introduction

Motor development can be defined as the gradual ac-
quisition of control and/or the use of more and less muscle 
mass. Due to the interaction of the nervous and muscu-
lar systems, which enables the child to skillfully navigate 
in space, manipulate objects and explore the world around 
him, it is often called “perceptual-motor development”, as 
well as “physical or motor coordination” (Williams & Mons-
ma, 2006). Gross motor development in early childhood is 
important for achieving greater interaction with the envi-
ronment (Kit et al., 2017) and is recognized as a means of 
assessing the overall level of child development during the 
earliest months and years of their life (Dewey et al., 2002). 

In addition to acquiring and improving the level of physical 
abilities, motor development is also characterized by master-
ing motor skills, which begins from the earliest childhood 
and lasts until adulthood (Milenković, 2021).

Even O’Brien & Hayes (1994) and Williams (1983) consid-
ered the period from 2 to 6 years of one’s life to be the “golden 
age” of motor development, and modern research recognizes 
it as being a valid assertion (Figueroa & An, 2017; Goodway, 
Ozmun & Gallahue, 2021; Pedersen & Hansen, 2022). In the 
course of the aforementioned period, children create a basis for 
the functioning of the body for the later stage of development 
through the acquisition of a large number of fundamental lo-
comotor and manipulative skills, because the early years are the 
basis for neuromuscular coordination that each individual uses 
throughout life to engage in many mental, social, emotion-
al and recreational dimensions of life (Williams & Monsma, 
2006). Locomotor skills are the movement of the body through 
space and include walking, running, jumping, galloping, 
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climbing, descending, sliding, while manipulative are the skills 
of controlling objects and include throwing, catching, hitting, 
kicking, shooting, etc. (Haywood & Getchell, 2020).

Motor skills improve in the established order from the 
most fundamental to the most complex voluntary move-
ments that keep improving by constant exercise (Milenković, 
2021). The learning process and the basis for the development 
of motor skills are closely connected with play and physical 
activity in which different motor skills are used (Cech & 
Martin, 2012; Riethmuller, Jones & Okely, 2009). Children 
have a natural tendency to study their body and the world 
around them, while developing their motor skills (Williams 
& Monsma, 2006). Most developmental changes in motor 
performance over time are considered a product of maturity 
and general interaction with the environment and occur lin-
early (Haubenstricker & Seefeldt, 1986), however, it has been 
shown that children can learn motor skills if appropriate 
training programs are implemented and if sufficient exercise 
time is provided (Zipp & Gentile, 2010; Brown, 2010; Palmer 
et al., 2020), because motor skills are significantly correlated 
with cognitive development factor (Iivonen & Sääkslahti, 
2014; Van der Fels et al., 2015; Gandotra et al., 2022).

The factors which motor skills depend on concern the 
growth and development of the body, physical and cardiore-
spiratory abilities required to perform motor skills (Haapala, 
2013), then the maturation of the central nervous system 
(Pecuch et al., 2021), talent (Faber et al., 2020) and at the 
end on constant physical activity (Iivonen et al., 2013), ie. 
practicing and improving motor skills (Milenković, 2021). 
The dynamics of changes in motor skills is not the same in 
every child of the same age, often due to the amount of time 
the child has spent practicing a certain skill, which affects 
the lower or higher level of motor competence and ability 
to participate in physical activity (Hands, 2008). In terms of 
overcoming these differences, physical education as an orga-
nized physical exercise offers a variety of contents that allow 
children to try on different activities, meeting their needs for 
movement and expanding the range of their motor skills and 
quality of their performance, which makes them ready  for 
everyday life (Mostafavi et al., 2013; Lorås, 2020).

The proven reliable and valid Test of Gross Motor Devel-
opment (TGMD) by D.A Ulrich is often used for the research 
purposes to assess motor development in children. After the 
first edition of the test (Ulrich & Sanford, 1985) which had 
the task of dealing with shortcomings in instruments for as-
sessing motor behavior (lack of standardization, difficulties 
in identifying specific aspects of movement, impossibility 
of mutual comparison), a second edition appeared (Ulrich, 
2000 ) as an improvement of the tests from the first edi-
tion with the criterion and normative standardization (Kit 
et al., 2017). An even newer third edition of this test (Ulrich, 
2016) also allows a successful assessment of motor develop-
ment intended for children from 3 to 10 years of age, both in 
healthy children (Maeng, Webster & Ulrich, 2016; Rintala, 
Sääkslahti & Iivonen, 2017; Mohammadi et al., 2017), and  
in children with certain developmental disabilities (Allen 
et al., 2017). Editions of this test provide an effective tool 
for assessing fundamental motor skills. There is a relatively 
acceptable matching between TGMD-2 and TGMD-3 in the 
obtained raw scores and somewhat less strength for percen-
tile scores, which indicates similarity, but not interchange-
ability of these editions (Palmer et al., 2021).

This research aims to determine the relationship be-
tween physical abilities and fundamental motor skills in pre-
school children. It is also necessary to determine the differ-
ences in the observed variables in relation to gender.

Materials and methods

Participants

60 preschool children took the test. The testing was suc-
cessfully completed by 52 children, 30 boys and 22 girls (Ta-
ble 1). The written permission of the parents of all children 
to participate in this research was obtained, as well as the 
consent of the children themselves. The research was orga-
nized in accordance with the recommendations for clinical 
research given by the World Health Organization (WHO) 
within the Helsinki Declaration (2013).
Measuring instruments

Physical Fitness. Five tests were used in the testing, which 
have so far been found to be reliable and valid for assessing 
physical abilities (tests of agility, explosive and repetitive 
strength and balance). A closer look at the procedures and 
the scoring systems can be found on the Topend Sports web-
site (Wood, 2008):

	• Modified agility „T“ (MAT) test (Sassi, et al., 2009);
	• Broad jump test (Castro-Piñero et al., 2010);
	• Standing balance test (Šarabon & Omejec, 2007);
	• Squat test (30sec) (Blazevich, Gill & Newton, 2002);
	• Sit up test (30sec) (Ojeda, Maliqueo & Barahona-

Fuentes, 2020).
The Witty Timing System (Microgate, Bolzano, Italy) 

was used to measure the time when performing the Agility 
T test. A digital stopwatch was used to measure time when 
performing other physical fitness tests. A measuring tape 
was used for the Broad jump test.

Fundamental Motor Skills. The Test of Gross Motor De-
velopment – 3rd edition (TGMD-3) (according to Ulrich, 
2016) was used in the testing. TGMD-3 is a criterion-based 
and normatively standardized test that assesses the funda-
mental motor skills of children aged 3 to 10. The TGMD-3 
consists of a locomotor and ball skills subtest. The Locomo-
tor subtest measures fundamental motor skills that require 
fluent and coordinated movement of the child, while the Ball 
Skills subtest measures fundamental motor skills that dem-
onstrate the movements of efficient throwing, catching and 
striking. Each motor skill is assessed through three to five 
criteria based on whether the criterion is met (1 point) or not 
(0 points). For each motor skill, two attempts are evaluated, 
after which the points obtained for each criterion within the 
performed motor skill are added up. The maximum score 
that a respondent can achieve on the TGMD-3 is a total of 
100 points, 46 points on the locomotor subtest and 54 points 
on the ball skills subtest. The usual duration of TGMD-3 is 
15-20 minutes per the testee.

Testing procedure

Testing of physical abilities and fundamental motor 
skills was performed by trained investigators in the gym 
of the preschool institution. Two days earlier, a trial test 
was organized to prepare the children for the complete 
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procedure they would undergo during the experimental 
testing. A  warm-up of 15 minutes was performed before 
each test. Each of the tests of physical abilities was repeated 
three times, so the best result was taken for further analysis. 
After completing each test and before moving on to the next, 
there was a 5–8 minutes break in order to avoid negative ef-
fects on testing caused by fatigue. TGMD-3 was performed 
according to the description presented earlier.

When it comes to assessing fundamental motor skills, 
before the implementation of TGMD-3, investigators were 
specially trained to administer the test. In order to ensure 
the interrater-reliability of TGMD-3, two investigators that 
underwent a standardized measurement procedure, inde-
pendently assessed the performance of the subjects. After 
completing the testing of physical abilities and fundamental 
motor skills, data processing began.

Statistical analysis

In addition to the descriptive parameters (Mean ± 
St.Dev) for all variables, the one-way ANOVA was used to 
determine the effect of gender on scores in physical abilities 
and fundamental motor skills. The Pearson product-moment 
correlation coefficient was used as well to determine the rela-
tion between physical abilities and fundamental motor skills. 
The Pearson product-moment correlation coefficient can be 
interpreted as the effect size and it indicates the strength of 
the relation between the two variables. According to Cohen’s 
(1988), the correlation coefficient of .10 and above is consid-
ered a weak or small correlation, of .30 and over represents a 
moderate correlation, and of .50 or over represents a strong 
or large correlation. Statistical significance was established at 
the levels of p ≤ 0.05 and p ≤ 0.01.

Results

The following chapter presents the obtained research 
results in change of direction speed, explosive strength and 
running speed (Tables 1 and 2), as well as their interpretation.

Table 1. Descriptives (Mean±St.Dev) and difference 
between genders

Indicator Total (n=52) Boys (n=30) Girls (n=22)
Age (y) 5.74 ± 0.9 5.46 ±0.5 5.83 ±0.9

TGDM-3 (raw score) 65.50 ± 10 69.93 ±8.4b 59.45 ±8.7

Locomotor skills 
subtest (raw score) 29.31 ± 5.8 32.03 ±4.6b 25.59 ±5.3

Ball skills subtest (raw 
score) 36.29 ± 4.9 38.07 ±4.5b 33.86 ±4.3

MAT test 9.61 ± 0.3 9.41 ±0.3b 9.88 ±0.2

Broad jump test 113.06 ± 8.79 117.10 ±7.4a 107.55 ±7.6

Standing balance test 41.04 ± 4.3 40.19 ±5.3 42.18 ±1.8

Squat test 21.15 ± 1.7 21.63 ±1.8a 20.50 ±1.4

Sit up test 10.08 ±2.4 11.17 ±2.3b 8.59 ±1.9

	 aSignificance between boys and girls p ≤ 0.05;  
bSignificance between boys and girls p ≤ 0.01; TGDM-3 – 
Test of Gross Motor Development – 3rd edition

Table 1 contains descriptive data of all variables of this 
study presented in total and by gender. Variables include 
total TGMD-3 score, locomotor subtest score, ball skills sub-
test score, and physical ability tests (MAT test, Broad jump 
test, Standing balance test, Squat test and Sit up test). If the 
difference between boys and girls is observed, significantly 
better results of boys in relation to girls can be determined 
for almost all variables: TGMD-3 (F = 19.03, p < 0.001), 
locomotor subtest (F = 22.05, p < 0.001), ball skills subtest 
(F = 11.43, p < 0.001), MAT test (F = 45.73, p < 0.001), 
Broad jump test (F = 20.81, p < 0.001), Squat test (F = 5.89, 
p = 0.019) and Sit up test (F = 18.19, p < 0.001). Significant 
differences between boys and girls were not observed in the 
Standing balance test (F = 2.86, p = 0.097).

Table 2. Pearson correlation coefficient between TGDM-3 
scores (total and by subtests) and physical fitness by gender

Indicator
MAT test

Total Boys Girls
TGDM-3 -0.759b -0.628b -0.797b

Locomotor skills subtest -0.767b -0.606b -0.724b

Ball skills subtest -0.666b -0.613b -0.646b

Broad jump test
TGDM-3 0.767b 0.637b 0.784b

Locomotor skills subtest 0.744b 0.615b 0.636b

Ball skills subtest 0.697b 0.566b 0.803b

Standing balance test
TGDM-3 0.391b 0.590b 0.605b

Locomotor skills subtest 0.279a 0.468b 0.584b

Ball skills subtest 0.431b 0.596b 0.520a

Squat test
TGDM-3 0.788b 0.702b 0.691b

Locomotor skills subtest 0.810b 0.819b 0.628b

Ball skills subtest 0.658b 0.549b 0.588b

Sit up test
TGDM-3 0.728b 0.696b 0.565b

Locomotor skills subtest 0.720b 0.650b 0.522b

Ball skills subtest 0.623b 0.634b 0.432a

	 aSignificant correlation is p ≤ 0.05;  
bSignificant correlation is p ≤ 0.01; TGDM-3 – Test of Gross 
Motor Development – 3rd edition

The relation between physical abilities and fundamental 
motor skills (shown as the total score of TGMD-3, locomo-
tor subtest and ball skills subtest) are given in Table 2.

When analyzing the total sample a significant correla-
tion is perceived which is mostly of strong effect size be-
tween almost all tests of physical abilities and the total result 
of TGMD-3 (MAT test -0.759; Broad jump test 0.767; Squat 
test 0.788; Sit up test 0.728), except Standing balance test 
0.391 with moderate effect size. It is similar in the case of 
the connection of physical abilities with subtests: locomotor 
subtest (strong effect size: MAT test -0.767; Broad jump test 
0.744; Squat test 0.810; Sit up test 0.720; small but signifi-
cant correlation: Standing balance test 0.279) and balls skills 
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subtest (strong effect size: MAT test -0.666; Broad jump test 
0.697; Squat test 0.658; Sit up test 0.623; moderate effect size: 
Standing balance test 0.431).

When the sample is observed from the gender point of 
view, a significant correlation between the variables of physical 
abilities and fundamental motor skills is noticed in both boys 
and girls. In boys, there is a strong and significant correlation of 
all tests of physical abilities with the overall result of TGMD‑3. 
Results are the same both in locomotor and ball skills subtests. 
In girls, most coefficients between physical abilities and sub-
tests are significant and strongly correlated, except moderate 
effect size between ball skills subtest and Sit up test (0.432).

Discussion

The aim of this study was to determine the connexion 
between physical abilities and fundamental motor skills in 
preschool children. It was also necessary to determine the 
differences in the observed variables in relation to gender.

Observing the connection between physical abilities and 
fundamental motor skills, the results of this paper indicate in 
most cases a moderate and significant correlation of funda-
mental motor skills and physical ability parameters in the to-
tal sample and also individually in boys and girls (p ≤ 0.05). 
Similar results can be found in other researches dealing with 
the physical performances of preschool children. Burns, 
Brusseau & Hannon (2017) found a significant correlation 
between ball skills subtest and physical performances, but 
on the other hand, there was no significant interconnection 
between locomotor subtest TGMD-3 and physical perfor-
mances. However, the relation between the parameters of 
fundamental motor skills and physical abilities is dynamic 
and can change during the childhood, so the development of 
object management skills in childhood can be important for 
the development and maintenance of physical abilities dur-
ing childhood and adolescence (Stodden et al., 2014). This 
dynamic relation between motor competence and physical 
ability keeps strengthening with age (Utesch et al., 2019), 
which has been fully accepted by Stodden et al. (2008), in-
dicating that physical ability plays the role of mediator in 
the emergent relationship between motor competencies and 
physical activities and that as a child is growing from early 
to middle childhood, the relationship of these elements from 
the initial weak connection is becoming stronger.

It is considered that the cause of low levels of physi-
cal activity in children is an insufficient level of physical 
abilities, as well as a lack of motor competence, ie. low level 
of fundamental motor skills (Erwin & Castelli, 2008). The 
research shows that the relation between physical param-
eters and fundamental motor skills is significantly related to 
the general level of physical activity in children (Castelli & 
Valley, 2007; Logan et al., 2015; Webster, Martin & Staiano, 
2019; Hu, Wu & Kong, 2022), which also affects later age, 
as active children become active adults (Janz, Dawson & 
Mahoney, 2000). Any movement in the form of free activity 
has a positive effect on fundamental motor skills (Kracht, 
Webster & Staiano, 2020; Li, Yin, Sun & Gao, 2022), which 
is also true for the impact of organized programs on physi-
cal performances through cardiorespiratory endurance and 
fundamental motor skills as well (Brusseau et al., 2018).

When it comes to the differences in the observed vari-
ables of physical abilities and fundamental motor skills in 

relation to gender, the results of this study showed a sig-
nificant difference in almost all variables of physical abili-
ties and fundamental motor skills in favor of boys (p ≤ 0.05 
and p ≤ 0.01), except for the Standing balance test in which 
there are not significant differences (p > 0.05). These results 
are consistent with previous research that suggests similar 
conclusions (Robinson, 2011; Bonvin et al., 2012; Vameghi, 
Shams & Dehkordi, 2013; Mnejja et al., 2022). Barnett et al. 
(2010) concluded that boys control objects better than girls, 
and Goodway, Robinson & Crowe (2010) who dealt with 
determining the difference between boys and girls in object 
control and locomotor skills, agree upon that matter. The 
reason for such differences between boys and girls can be 
found in the various leisure activities and games which chil-
dren participate in. It is common for boys and girls to play 
in different ways during their childhood and some of these 
activities are in a greater extent in favor of the development 
of physical abilities and motor skills in boys, and to a lesser 
extent in girls. In addition to the different ways of playing, 
the cultural and social factors of the environment in which 
children grow up also make a certain contribution, so dolls 
are intended for girls, and balls and other sports equipment 
for boys. Boys are directed to ball games, climbing, skipping, 
dragging and other more “dangerous” activities, while safer 
games with less physical engagement are intended for girls. 
In this regard, children’s development should not only rely 
on free activities, but, already confirmed by numerous other 
studies (Roth et al., 2015; Salaj, Krmpotić & Stamenković, 
2016; Johnson et al., 2019; Hudson, Ballou & Willoughby, 
2021), it is also necessary to conduct programmed exer-
cise within institutionalized physical education, initially in 
preschool and then later in school institutions (Milenković, 
2022). All the mentioned researches indicate a positive effect 
of organized and planned exercise on the development of 
physical abilities and fundamental motor skills in preschool 
children. In addition to the positive impact of free activities 
and play on motor development, working with children re-
quires professional and organized physical exercise in appro-
priate educational institutions. In that way, the difference in 
motor development between boys and girls can be reduced.

The limitations of this research are in the small sample of 
respondents and the fact that the sample was taken from two 
preschool institutions. Capturing a wider population and a 
larger number of respondents would undoubtedly provide 
much more precise and reliable results. Besides, a number of 
physical performance parameters can be taken into account 
that would more fully cover all segments of motor skills. 
Nevertheless, this research provides sufficient information 
that can indicate the importance of motor development of 
preschool children and serve for some new research based 
on the previous ones, can result in more complete picture of 
this problem.

Conclusion

Due to the different levels of physical activity to which 
they are exposed, children may have a rich and varied move-
ment experience versus children whose motor manifesta-
tions are poor. This is why it is necessary to expose pre-
schoolers to an appropriate level of physical activity that will 
cause adaptive changes in motor skills and enable the devel-
opment of those skills. Institutionalized physical exercise in 
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the form of preschool physical education plays an important 
role in this process. In order to improve the motor status 
and proper development of the organism, the work program 
requires professional planning, diverse and interesting con-
tent, adequate feedback, instructions and encouragement 
of educators as a contribution to raising self-confidence, es-
pecially for children with poor motor skills. When it comes 
to the results of this research, the information obtained 
can help the physical education educators to achieve bet-
ter understanding of the relationship between variables of 
motor status, which further allows them to work effectively 
with children who will become physically active throughout 
physical development and education throughout their life.
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Реферат. Стаття: 8 с., 2 табл., 66 джерел.

Метою цього дослідження було визначити взаємозв’язок між фізичними здібностями та основними руховими на-
вичками дітей дошкільного віку. Метою також було визначити відмінності спостережуваних змінних у зв’язку зі статтю.

Матеріали та методи. Учасниками тестування успішно стали 52 дитини дошкільного віку: 30 хлопчиків і 22 дівчин-
ки. Використовували п’ять тестів на фізичні здібності (модифікований тест на спритність «T» (MAT), тест на стрибки 
в довжину, тест на збереження рівноваги в положенні стоячи, тест на присід і тест на підйом тулуба в сід із положення 
лежачи), а основні рухові навички оцінювали за допомогою Тесту розвитку великої моторики, 3-тє видання (TGMD-3). 
Для визначення впливу статі на результати фізичних здібностей та основних рухових навичок використовували одно-
факторний дисперсійний аналіз. Для визначення зв’язку між фізичними здібностями та основними руховими навичками 
використовували коефіцієнт кореляції Пірсона.

Результати цієї роботи показали в більшості випадків помірну та значущу кореляцію основних рухових навичок 
і параметрів фізичних здібностей як у загальній вибірці, так й індивідуально у хлопчиків і дівчинок (p≤0,05). Майже в 
усіх змінних фізичних здібностей і фундаментальних рухових навичок відзначена значуща різниця на користь хлопчиків 
(p≤0,05 та p≤0,01), за винятком тесту на збереження рівноваги в положенні стоячи, який показав, що значних відміннос-
тей між статями немає (p > 0,05). 

Висновки. Таким чином, можна дійти висновку, що одержана інформація може привести вчителів фізичного ви-
ховання до кращого розуміння зв’язків між змінними рухового статусу, що надалі дозволить їм ефективно працювати з 
дітьми, які завдяки правильному фізичному розвитку та вихованню стануть і залишаться фізично активними протягом 
усього життя.

Ключові слова: розвиток великої моторики, діти, спритність, сила, рівновага.
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