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Abstract:
As it is very important to learn about the factors conditioning motor skills so that children have the best
opportunities for their development, the aim of the study was to assess the relationship between the level of
physical abilities and motor skills of five-year-olds, taking into account dimorphic differences. 435 five-year-old
children participated in the study, including 180 girls and 255 boys. Physical fitness (PF) was assessed according
to the Polish Physical Fitness Test for preschoolers. The Gross Motor Skills Test (TGMD II) (Urlich 2000) was
used to assess motor skills. Statistica 13.0 software was used for statistical data processing. In the sex groups,
descriptive statistical parameters (mean, standard deviation) were calculated. To evaluate the dimorphic
differences, the Mollison index was used. The statistical significance of the differences between the results of
girls and boys was assessed according to the t-Student test. In order to standardize the units, the individual
results of girls and boys were normalized on the T scale to the mean and statistical dispersion of all subjects.
Next, children were divided into the following groups: low physical fitness (PFI), average physical fitness
(PFII), high physical fitness (PFIII). The statistical significance of differences between the above-mentioned
groups was assessed by the ANOVA analysis of variance and the Newman Keuls test. The analysis of fitness
abilities revealed significant differences between girls and boys in trials assessing running speed and agility. On
the other hand, such relationships were not noted in the strength of the arms and the power of the lower limbs.
Among the five-year-olds in Biała Podlaska, a higher level of gross motor skills was noted in girls compared to
boys, which was mainly influenced by the results of locomotor skills. In the ability to control sports equipment,
similar results were observed in both sexes. However, there were significant differences in the individual
exercises. Since no significant distances in locomotive skills and control of instruments were noted in five-yearold girls and boys characterized by different levels of physical fitness, it should be assumed that the 5th year of
life is still too early a period in ontogenesis to look for such relationships.
Key Words: preschoolers, sexual dimorphism, physical fitness, gross motor skills
Introduction
An increasing number of observations is being carried out on the physical fitness and motor skills of
preschool children. Researchers are in particular examining changes in psychophysical development over past
decades. The results obtained this way can be analyzed in connection with changes within other areas of life.
This allows for a greater probability to draw conclusions about the relationship between the development of a
young body and the impact of individual exo- and endogenous factors (Kaczmarek, Wolański 2018).
It is commonly believed that around the age of five, the so-called "golden age of motor skills” begins.
Compared to previous periods of life, the development of motor skills significantly accelerates. However, when
we compare five-year-olds with six-year-olds, considerable differences can still be observed (Godoy-Cumillaf et
al. 2020). Moreover, sexual dimorphism starts to play an increasingly important role (Latorre Román et at.
2016). In professional literature, there are studies showing the interrelationships between motor skills or physical
fitness and other factors. Some of the factors which have been analyzed are racial differences (Brian et al. 2017,
Webster et al. 2019) and dimorphic differences in motor abilities (Ruzbarska, Piątkowska 2008), as well as
motor skills (Hardy et al. 2010, Brian et al. 2017, Aye et al. 2018, Niemistö et al. 2019). Moreover, researchers
have observed a negative influence of excessive weight and obesity on motor skills of preschoolers (Morano et
al. 2011, Castetbon, Andreyeva 2012, Robinson et al. 2015, Ji et al. 2018) and no influence of body weight on
gross motor skills (Brian et al. 2017). Children's motor skills were also assessed against the background of other
reference groups (Valentini 2012, Aye et al. 2017). It was found that the environment of the place of residence
differentiated the level of gross motor skills of preschool children (Cieśla et al. 2012, Trzcińska et al. 2013, Aye
et al. 2017, Niemistö et al. 2019). Moreover, it was noted that children’s motor skills were positively related to
their physical activity, but inversely related to the time spent in front of a TV or computer screen (Webster et al.
2019).
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development. In addition, the results obtained in fitness abilities should be correlated with motor skills. A child
whose motor development enables competition with peers performs better in a group and is more independent
than one who lacks motor skills. Children with lower physical fitness are relatively often afraid of new
challenges. They perform worse when competing, which may adversely affect their self-esteem.
Although we are observing a systematic increase in interest in the development of this age group, there
are still few studies devoted to the assessment of the relationship between the acquired motor skills of
preschoolers and their level of physical fitness. As it is very important to learn about the factors conditioning
motor skills so that children have the best opportunities for their development, the aim of the study was to assess
the relationship between the level of physical abilities and motor skills of five-year-olds, taking into account
dimorphic differences.
Material & methods
Participants
435 five-year-old children participated in the study, including 180 girls and 255 boys. They all attended
kindergartens in the city of Biała Podlaska. The results were collected in April and May 2016 as part of research
project No. DS 246 AWF branch in Biała Podlaska. The legal guardians of the children gave their consent for
participation in the research. The study was preceded by a medical examination during which children's health
was assessed. The research was carried out in accordance with the principles of the Helsinki Declaration and
received a positive opinion of the Senate Committee on Ethics of Scientific Research of the University of
Physical Education in Warsaw and the Science Committee of the Faculty of Physical Education and Sport in
Biała Podlaska.
Measure
Research in the field of physical fitness and gross motor skills was conducted by employees of the
Department of Human Biological Development from the Faculty of Physical Education and Sport in Biała
Podlaska. It was carried out in the morning at the sports facilities of the AWF branch in Biała Podlaska.
Physical fitness (PF) was assessed according to the Polish Physical Fitness Test for preschoolers (Sekita 1988). It
consisted of four trials: 20m dash (20mR); standing broad jump (SBJ); 4x5m shuttle run with carrying blocks
(4x5mSR); throwing a 1 kg medicine ball with both hands from above the head (1kgTB).
The Gross Motor Skills Test (TGMD II) (Urlich 2000) was used to assess motor skills, in which the examiner
rated the technique of performing exercises. This test allows the assessment of mobility capabilities with the help
of 6 tests
 run (8 points)
 forward gallop and forward delivery steps (8 points)
 jumping on one leg (10 points)
 jumping over an obstacle (8 points)
 slides - side-loading steps (8 points)
 long jump from place (8 points)
Six trials with the use of sports equipment were carried out:
 hitting the ball in place (10 points)
 dribbling in place (8 points)
 catching the ball (6 points)
 kicking the ball (8 points)
 throwing the ball with a swing (8 points)
 ball rolling on the floor (8 points)
Statistical analysis
Statistica 13.0 software was used for statistical-data processing. In the sex groups, descriptive statistical
parameters (mean, standard deviation) werecalculated. To evaluate the dimorphic differences, the Mollison
index was used, in which it was assumed that the differences are large when they exceed 0.5 of the standard
deviation, and very large when they exceed 1 SD. The statistical significance of the differences between the
results of girls and boys was assessed according to the t-Student test.

Mg – arithmetic mean of the feature value in girls
Mb – arithmetic mean of the feature value in boys
SDb – standard deviation of the feature in boys
The individual results of 4 physical fitness trials (PF) were converted into points on the T scale. In order to
standardize the units, the individual results of girls and boys were normalized on the T scale to the mean and
statistical dispersion of all subjects using the formula:
) *10+50
T- number of points; Xi - measurement result;

- sample mean; SD - standard deviation.
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from all the points obtained in four trials of the
physical fitness test (PF), children were divided into the following groups:
);
low physical fitness (PFI) up to (
average physical fitness (PFII) of (
) to (
);
high physical fitness (PFIII) above (
).
The statistical significance of differences between the above-mentioned groups was assessed by the ANOVA
analysis of variance and the Newman Keuls test.
Results
Table 1 shows the absolute values of the results of the physical fitness test and the Gross Motor Skills
Test for boys and girls. These comparisons show that statistically significantly better results were obtained by
boys compared to girls in the trials of the 4x5m shuttle run while carrying blocks (by 0.50s, p≤0.01) and the 20m
dash (by 0.45s, p≤0.01). In the remaining parts of the physical fitness test, the differences between genders were
small. They only indicate slightly better results in the long jump from place in boys (by 2.49 cm) and in throwing
a medicine ball with both hands from above the head in girls (by 0.56 cm). On the other hand, taking into
account the values of the Mollison index, there were large gender differences only in the 20 m dash. On the other
hand, when assessing the sum of the results obtained in all fitness abilities, no statistically significant differences
were found. On the other hand, when assessing the dimorphic differences in the locomotor skills of five-yearolds, it was observed that girls obtained statistically significantly better results in all trials (p≤0.01). According to
the Mollison index, great differences were recorded only when assessing the long jump from place, as the girls
scored 0.80 points more compared to the boys. In the remaining test samples, the differences did not exceed 0.5
SD.
When analyzing the results of control over sports equipment, it was found that girls achieved statistically
significantly better results compared to boys. These included: dribbling the ball (by 0.53 points, p≤0.05),
catching the ball (by 0.71 points, p≤0.01) and rolling the ball (by 0.52 points, p≤0.01). On the other hand, girls
obtained worse results in kicking the ball (by 0.61 points p≤0.01). Small, statistically insignificant differences
between the groups of girls and boys were noted in hitting the ball (by 0.30 points) and throwing the ball with a
swing (by 0.20 points). According to the Mollison index, all dimorphic differences in the attempts to control the
instruments were small and did not exceed 0.5 SD.
In terms of the sum of all points obtained in locomotive abilities, girls obtained statistically significant,
higher results than boys (by 4.40 points, p≤0.01). However, in the control of sports equipment, a similar level of
skill was observed, with the difference being 1.04 points. The mean of the points obtained from all the gross
motor skills trials was higher in girls than in boys (by 5.44 points, p≤0.01).
Table 1. Results of physical fitness (PF) and motor skills (TGMD II) of five-year-olds from Biała Podlaska and
the Mollison and t-Student index values calculated for dimorphic differences.
Girls (n186)

Boys (n 255)

test attempts

x ±SD

x ±SD

4x5mSR
1 kg TB
20mR
SBJ
PF

10.93±1.54
206.10±63.71
6.33±0.87
90.24±22.23
201.37±29.19

run
gallop
jumping on
jumping over
long jump
slides
total

7.03±2.01
5.89±2.26
6.96±2.61
5.18±1.49
6.62±2.28
6.07±2.09
37.75±6.92

hitting the ball
dribbling in
catching
kicking
throwing
ball rolling
total

7.27±2.13
4.62±2.93
5.11±1.47
5.83±1.64
6.08±1.60
5.36±1.77
34.27±5.76

Physical fitness
10.43±1.24
205.54±55.77
5.88±0.81
92.73±22.87
198.95±30.25
Locomotive abilities
6.41±2.01
5.18±2.26
5.51±2.61
4.76±1.49
5.95±2.28
5.54±2.09
33.35±8.05
Control over sports equipment
7.57±2.13
4.09±2.93
4.40±1.47
6.44±1.64
5.88±1.60
4.84±1.77
33.23±7.07

Value of the
t-Student

Value of the
Mollison
index

3.77**
0.10
5.58**
1.14
0.84

0.405
0.010
0.562
-0.109
0.080

3.47**
3.21**
6.17**
2.94**
3.11**
2.62**
6.01**

0.312
0.313
0.552
0.287
0.293
0.255
0.089

1.45
1.94*
5.08**
3.64**
1.32
3.12**
1.65

-0.139
0.180
0.483
0.371
0.123
0.292
-0.374

*statistically significant differences at p≤0.05
**statistically significant differences at p≤0.01
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that both in boys (Table 2) and in girls (Table 3) the best results were recorded in the PFIII group, and the worst
in the PFI group. Moreover, in the evaluated trials of the physical fitness test, statistically significant differences
were noted between all the analyzed groups.
On the other hand, when assessing the locomotor skills and control of sports equipment in the groups of
children divided into individual groups, it was observed that regardless of the level of physical fitness (PF), the
results of the Gross Motor Skills Test (TGMD II) were at a similar level. No statistically significant differences
were found in girls and boys. The above observations are also confirmed by the average sums of points
calculated on the basis of the Great Motor Skills Test (TGMD II).
Table 2. The results of the fitness abilities and motor skills of boys according to groups, taking into account the
physical fitness of the subjects and the values of ANOVA and the Newmann-Keuls test calculated for the
differences between the groups.
test attempts

PF I (n 78)

PF II (n 111)

x ±SD

x ±SD

4x5mSR
1 kg TB
20mR
SBJ

11.23±1.39
147.88±31.05
6.31±0.79
78.22±20.27

run
gallop
jumping on
jumping over
long jump
slides
total

6.33±2.10
5.10±2.28
5.65±2.68
4.72±1.36
6.08±2.39
5.79±1.98
33.68±8.19

hitting the ball
dribbling in
catching
kicking
throwing
ball rolling
total

7.71±1.99
4.50±3.02
4.59±1.37
6.67±1.45
6.10±1.47
4.99±1.69
34.55±6.04

PF III (n 66)

x ±SD
Physical fitness
10.29±0.97
9.72±0.90
201.65±20.28
277.29±40.10
5.81±0.67
5.47±0.82
93.24±20.28
109.02±18.37
Locomotive abilities
6.31±2.04
6.67±1.83
5.23±2.22
5.18±2.34
5.45±2.58
5.45±2.63
4.77±1.54
4.79±1.56
5.80±2.27
6.06±2.16
5.27±2.12
5.68±2.15
32.83±8.23
33.83±7.64
Control over sports equipment
7.40±2.34
7.70±1.89
3.81±3.05
4.09±2.57
4.42±1.53
4.14±1.47
6.37±1.73
6.29±1.71
5.78±1.68
5.79±1.59
4.85±1.82
4.67±1.77
32.63±7.76
32.67±6.87

ANOVA

I-II

I-III

II-III

35.28
337.86
23.26
43.31

8.18*
17.27*
6.39*
7.26*

11.61*
36.70*
9.49*
13.15*

4.71*
23.08*
4.13*
7.25*

0.75
0.39
0.16
0.10
0.44
1.64
0.57

0.10
0.55
0.73
0.32
1.18
2.39
1.12

1.43
0.30
0.64
0.40
0.07
0.45
1.24

1.63
0.20
0.00
0.12
1.04
1.79
0.16

0.65
1.28
1.70
1.26
1.06
0.59
1.98

1.40
2.26
1.11
1.75
1.92
0.76
2.61

0.04
1.19
2.59
2.11
1.64
1.53
2.26

1.28
0.87
1.74
0.61
0.06
0.93
0.05

*statistically significant differences at p≤0.05
**statistically significant differences at p≤0.01
Table 3. The results of the fitness abilities and motor skills of girls according to groups, taking into account the
physical fitness of the subjects and the values of ANOVA and the Newmann-Keuls test calculated for the
differences between the groups.
PF I (n 78)

PF II (n 111)

PF III (n 66)

x ±SD

x ±SD

x ±SD

4x5mSR
1 kg TB
20mR
SBJ

11,29±1,52
149,66±26,09
6,03±0,77
76,41±22,78

10,30±0,71
206,57±18,15
5,67±0,67
92,15±15,22

run
gallop
jumping on
jumping
over
long jump
slides
total

6,40±1,62
5,20±2,25
6,40±1,97
4,74±1,64

6,38±1,79
5,30±2,28
6,11±2,32
4,38±1,55

5,72±2,29
5,36±2,31
33,82±7,29

5,90±2,23
5,45±2,08
33,53±7,06

6,82±2,14

6,80±2,09

4,64±2,42
4,78±1,31
5,22±1,89
5,34±1,53
4,72±1,62
31,52±4,90

3,74±2,70
4,31±1,38
5,13±1,90
5,42±1,42
4,66±1,74
30,05±6,01

test attempts

hitting the
ball
dribbling in
catching
kicking
throwing
ball rolling
total

ANOVA

Physical fitness
9,56±0,79
35,53
295,36±53,54
246,54
5,44±0,73
8,42
108,73±15,59
39,75
Locomotive abilities
6,56±1,45
0,19
5,21±2,54
0,04
6,82±1,86
1,69
4,64±1,37
1,02
6,59±1,70
2,25
5,51±2,13
0,06
35,33±6,08
1,06
Control over sports equipment
6,15±2,08
1,67
3,56±2,75
4,44±1,64
5,31±1,79
5,69±1,56
4,85±1,48
30,00±6,14

2,48
1,76
0,14
0,74
0,20
1,22

I-II

I-III

II-III

7,89*
14,22*
4,06*
7,17*

11,81*
31,19*
5,70*
12,61*

5,70*
21,43*
2,51*
7,29*

0,10
0,34
1,10
1,89

0,66
0,03
1,36
0,45

0,84
0,30
2,59
1,32

0,68
0,34
0,34

2,81
0,48
2,02

2,51
0,22
1,51

0,08

2,19

2,40

2,74
2,64
0,39
0,43
0,29
2,05

2,82
1,64
0,33
1,62
0,54
1,81

0,53
0,71
0,75
1,41
0,89
0,07

*statistically significant differences at p≤0.05
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Further studies are required to gain a thorough understanding of the impact of endogenous and
exogenous factors on children's development. The analysis of the processes taking place in the body with the
simultaneous monitoring of individual aspects of a child's life may support its psychophysical development. This
is important because, according to many experts, it is up to the age of five that a child shapes its habits and the
way it perceives the world to the greatest extent. Directing the child correctly during this period may contribute
to better functioning later in life (Šišková et al. 2020).
In studies on the motor skills of preschoolers, different conclusions can be found regarding the impact of
gender dimorphism on fitness. There are studies in which the authors confirm the above-mentioned relationships,
but there are also those that contradict them. According to Ruzbarska and Piątkowska (2008), boys in selected
tests of physical fitness obtain significantly better results in comparison with girls. According to the authors
mentioned, this is a manifestation of what will be more clearly observed in adulthood, when men, due to a higher
content of androgens in the body (e.g. testosterone), will achieve much better results (Handelsman et. Al. 2018).
The above observations were also confirmed in the observations of Spanish children aged 3-6 years tested by
Cadenas-Sanchez et al. (2019) and Portuguese preschoolers tested by Reyes et al. (2018). Kotarska (2010), who
conducted a study of the physical fitness of children aged 4-6 years old and analyzed results from 1996 and
2006, is of a different opinion. In the first research period, boys in each age category achieved significantly
better results in all fitness abilities. However, according to research carried out in 2006, this trend turned in favor
of girls. On the other hand, differences in physical fitness between girls and boys in preschool age were not
found by Asienkiewicz et al. (2005). In our observations on fitness abilities, statistically significantly better
results were noted in boys in two out of four test trials. On the other hand, in the Gross Motor Skills Test, the
results for both sexes were at a similar level. Thus, at this stage of ontogenesis, the reasons for the abovementioned differences should be sought in genetic conditions, and not in the level of acquired skills. Better
results for boys were recorded in the 20m dash and the 4x5m run, i. e. in trials considered anaerobic. It should be
remembered that motor skills are directly related to the genotype we inherit, but also indirectly to the body
composition and dimorphic differences, which are a manifestation of the Silventoinen et al phenotype. (2020).
Szopa (1990) documented high heritability rates of maximal anaerobic power, which is under strong genetic
control of the muscle structure, i.e. the ratio of fast-twitch to slow-twitch fibers. The phosphagen-non-lactic acid
component is genetically controlled to a degree similar to the height of the body, which is a trait commonly
considered to be strongly genetically determined. Also Skład (1977), when examining twins aged 8 to 15 years
in terms of fitness abilities, showed that in relation to speed heritability the correlation was 0.62 to 0.9.
There is also no unanimity in the literature regarding the dimorphic differences in the gross motor skills
of preschoolers. Aye et al. (2017, 2018), when studying five-year-olds in Myanmar and Japan, observed that
girls had much better locomotor skills, while boys had much better control over sports equipment. Similar
relationships were found in preschoolers from Finland (Niemistö et al. 2019). Among US children, Brian et al.
(2017) reported a higher level of locomotor skills only in girls. On the other hand, no significant dimorphic
differences were found in the control of sports equipment. This is contradicted by the results of British
observations (Morley et al. 2015) and Belgian observations (Bardid et al. 2016), according to which boys had a
higher level of control skills. On the other hand, in terms of locomotion skills, no differences were found
between girls and boys. However, Morano et al. (2011) in southern Italian boys and girls, Jiang et al. (2018)
among Chinese preschoolers, and Tomaz et al. (2019) based on African studies, found no differences in test
results. In the presented study of five-year-olds in Biała Podlaska, the mean score obtained in all trials of the
TGMDII test was higher in girls than in boys. It was mainly influenced by the results of locomotor skills. In the
control of sports equipment, a similar number of points was observed in both sexes. However, significant
differences in individual exercises could be observed. The results of locomotor skills we have described are
consistent with the results of research presented above by other authors. Therefore, it can be assumed that girls,
compared to boys, have a genetically better predisposition to natural movement. However, there is no such
unanimity in the control of sports equipment, as described above. Therefore, we should look for other factors
which could affect these aspects of children's gross motor skills. It is assumed that excessive weight and obesity
have a negative impact on the motor skills of preschoolers. This has been documented by Morano et al. (2011)
and by Castetbon and Andreyev (2012) on the basis of studies of Italian and American preschoolers. The search
for further modifiers requires more research. The assumed relationships between the level of fitness abilities and
motor skills of 5-year-olds were not confirmed in our observations. Both in girls and boys, no significant
differences were found between groups with different levels of physical fitness. During the evaluation of fitness
abilities, the absolute value of the result obtained in motor skills tasks is taken into account, without the
technique of its execution. On the other hand, TGMDII assesses the technique of performing the exercise. Since
a five-year-old child is at the beginning of its path when it comes to motor development, the differences in motor
skills between particular skill groups may be small. Freitas et al. (2018), on the basis of studies of American
children aged 3-6 years, only in some fitness abilities have documented links with motor skills. However, these
relationships differed between boys and girls.
It should be emphasized that all the children we studied were inhabitants of cities. The environment in
which children live affects their motor skills. Aye et al. (2017) and Niemistö et al. (2019 ) found that children
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observations were presented by Trzcińska et al. (2013) describing the differences in fitness abilities. According
to the quoted authors, preschoolers from the countryside, apart from compulsory classes in kindergarten, spent
more time outdoors, while children from urban areas limited themselves to participating in organized sports
activities, the time of which was restricted. Moreover, it was noted that children’s motor skills were positively
related to their physical activity, but inversely related to the time spent in front of a TV or computer screen
(Paudel 2017, Webster et al. 2019). Five-year-olds from Biała Podlaska are not sports-active children. 41.75% of
girls and 30.71% of boys participate in additional physical activities outside the compulsory program in
kindergarten. These children spend a lot of free time in front of the TV or computer, especially in the autumn
and winter period (Dmitruk et al. 2017). Therefore, it can be assumed that the motor skills of the five-year-olds
we assessed are still at a low level and do not affect their motor skills.
Conclusions
The analysis of fitness abilities revealed significant differences between girls and boys in trials assessing
running speed and agility. On the other hand, such relationships were not noted in the strength of the arms and
the power of the lower limbs.
Among the five-year-olds in Biała Podlaska, a higher level of gross motor skills was noted in girls compared
to boys, which was mainly influenced by the results of locomotor skills. In the ability to control sports
equipment, similar results were observed in both sexes. However, there were significant differences in the
individual exercises. Since no significant distances in locomotive skills and control of instruments were noted in
five-year-old girls and boys characterized by different levels of physical fitness, it should be assumed that the 5th
year of life is still too early a period in ontogenesis to look for such relationships.
Conflicts of interest - The authors declare no conflict of interest.
References: (APA Style)
Asienkiewicz, R. (2005). Z badań rozwoju fizycznego i sprawności motorycznej dzieci przedszkolnych z
Zielonej Góry. [Research on the physical development and motor skills of preschool children from
Zielona Gora]. Słupskie Prace Biologiczne, 1, 19-25.
Aye, T., Kuramoto-Ahuja, T., Sato, T., Sadakiyo, K., Watanabe, M., & Maruyama, H. (2018). Gross motor skill
development of kindergarten children in Japan. Journal of Physical Therapy Science, 30(5), 711–715.
Aye, T., Oo, K. S., Khin, M. T., Kuramoto-Ahuja, T., & Maruyama, H. (2017). Gross motor skill development
of 5-year-old Kindergarten children in Myanmar. Journal of Physical Therapy Science, 29(10), 1772
Bardid, F., Huyben, F., Lenoir, M., Seghers, J., De Martelaer, K., Goodway, J. D., & Deconinck, F. J. (2016).
Assessing fundamental motor skills in Belgian children aged 3-8 years highlights differences to US
reference sample. Acta Paediatrica 105(6), e281–e290.
Cadenas-Sanchez, C., Intemann, T., Labayen, I., Peinado, A. B., Vidal-Conti, J., Sanchis-Moysi, J., MolinerUrdiales, D., Rodriguez Perez, M. A., Cañete Garcia-Prieto, J., Fernández-Santos, J., Martinez-Tellez,
B., Vicente-Rodríguez, G., Löf, M., Ruiz, J. R., Ortega, F. B., & PREFIT project group (2019). Physical
fitness reference standards for preschool children: The PREFIT project. Journal of Science and Medicine
in Sport, 22(4), 430–437.
Castetbon, K., & Andreyeva, T. (2012). Obesity and motor skills among 4 to 6-year-old children in the United
States: nationally-representative surveys. BMC Pediatrics, 12, 28.
Cieśla, E., Domagała, Z., Markowska, M., Mleczko, E., Nowak-Sarz, G., & Przychodni A. (2012). The
differences in the level of biological health indicators for 7-year-old living different regions of Poland.
Antropomotoryka, 22(58), 33 – 45.
Dmitruk, A., Popławska, H., & Hołub, W. (2017). Organizacja czasu wolnego pięciolatków. (W:) Kondycja
psychofizyczna bialskich pięciolatków. [Organization of free time for five-year-olds. (In:)
Psychophysical condition of five-year-olds from Biala Podlaska] (ed.) K. Górniak. Akademia
Wychowania Fizycznego Józefa Piłsudskiego w Warszawie, Wydział Wychowania Fizycznego i Sportu
w Białej Podlaskiej, [Jozef Piłsudski University of Physical Education in Warsaw, Faculty of Physical
Education and Sport in Biała Podlaska], pp. 88-102.
Freitas, D. L., Lausen, B., Maia, J. A., Gouveia, É. R., Antunes, A. M., Thomis, M., Lefevre, J., & Malina, R. M.
(2018). Skeletal maturation, fundamental motor skills, and motor performance in preschool children.
Scandinavian Journal of Medicine & Science in Sports, 28(11), 2358–2368.
Godoy-Cumillaf, A., Bruneau-Chávez, J., Fuentes-Merino, P., Vásquez-Gómez, J., Sánchez-López, M., AlvárezBueno, C., & Cavero-Redondo, I. (2020). Reference Values for Fitness Level and Gross Motor Skills of
4-6-Year-Old Chilean Children. International Journal of Environmental Research and Public Health,
17(3), 797.
Handelsman, D. J., Hirschberg, A. L., & Bermon, S. (2018). Circulating Testosterone as the Hormonal Basis of
Sex Differences in Athletic Performance. Endocrine Reviews, 39(5), 803–829.
Hardy, L. L., King, L., Farrell, L., Macniven, R., & Howlett, S. (2010). Fundamental movement skills among
Australian preschool children. Journal of Science and Medicine in Sport, 13(5), 503–508.
120 ---------------------------------------------------------------------------------------------------------------------------JPES ® www.efsupit.ro

JERZY SACZUK, AGNIESZKA WASILUK
--------------------------------------------------------------------------------------------------------------------------------------Ji, M., Tang, A., Zhang, Y., Zou, J., Zhou, G., Deng, J., Yang, L., Li, M., Chen, J., Qin, H., & Lin, Q. (2018).
The Relationship between Obesity, Sleep and Physical Activity in Chinese Preschool Children.
International Journal of Environmental Research and Public Health, 15(3), 527.
Jiang, G. P., Jiao, X. B., Wu, S. K., Ji, Z. Q., Liu, W. T., Chen, X., & Wang, H. H. (2018). Balance,
Proprioception, and Gross Motor Development of Chinese Children Aged 3 to 6 Years. Journal of Motor
Behavior, 50(3), 343–352.
Kaczmarek, M., & Wolański, N. (2018). Rozwój biologiczny człowieka od poczęcia do śmierci. [Biological
development of man from conception to death]. Wydawnictwo Naukowe PWN Warszawa.
Kit, B. K., Akinbami, L. J., Isfahani, N. S., & Ulrich, D. A. (2017). Gross Motor Development in Children Aged
3-5 Years, United States 2012. Maternal and Child Health Journal, 21(7), 1573–1580.
Kokštejn, J., Musálek, M., & Tufano, J. J. (2017). Are sex differences in fundamental motor skills uniform
throughout the entire preschool period?. PloS One, 12(4), e0176556.
Kotarska, K., (2010). The level of physical fitness in children aged 4–6 years from Szczecin examined in one
decade cycle. Zeszyty Naukowe Uniwersytetu Szczecińskiego, 27, 5 – 15.
Latorre Román, P. Á., Moreno Del Castillo, R., Lucena Zurita, M., Salas Sánchez, J., García-Pinillos, F., &
Mora López, D. (2017). Physical fitness in preschool children: association with sex, age and weight
status. Child: Care, Health and Development, 43(2), 267–273.
Morano, M., Colella, D., & Caroli, M. (2011). Gross motor skill performance in a sample of overweight and
non-overweight preschool children. International Journal of Pediatric Obesity, 6 Suppl 2, 42–46.
Morley, D., Till, K., Ogilvie, P., & Turner, G. (2015). Influences of gender and socioeconomic status on the
motor proficiency of children in the UK. Human Movement Science, 44, 150–156.
Niemistö, D., Finni, T., Haapala, E. A., Cantell, M., Korhonen, E., & Sääkslahti, A. (2019). Environmental
Correlates of Motor Competence in Children-The Skilled Kids Study. International Journal of
Environmental Research and Public Health, 16(11), 1989.
Paudel, S., Jancey, J., Subedi, N., & Leavy, J. (2017). Correlates of mobile screen media use among children
aged 0-8: a systematic review. BMJ Open, 7(10), e014585.
Pradhan, P.M., Dhital, R., & Subhani, H. (2016). Nutrition interventions for children aged less than 5 years
following natural disasters: a systematic review. BMJ Open, 6, e011238.
Reyes, A. C., Chaves, R., Baxter-Jones, A., Vasconcelos, O., Tani, G., & Maia, J. (2018). A mixed-longitudinal
study of children's growth, motor development and cognition. Design, methods and baseline results on
sex-differences. Annals of Human Biology, 45(5), 376–385.
Robinson, L. E., Stodden, D. F., Barnett, L. M., Lopes, V. P., Logan, S. W., Rodrigues, L. P., & D'Hondt, E.
(2015). Motor Competence and its Effect on Positive Developmental Trajectories of Health. Sports
Medicine, 45(9), 1273–1284.
Ruzbarska, I., & Piątkowska M. (2008). Condition and coordination abilities in motor performance of preschool
children. Physical Education and Sport, 3, 137 – 140.
Sekita, B. (1988). Rozwój somatyczny i sprawność fizyczna dzieci w wieku 3-7 lat. [Somatic development and
physical fitness of children aged 3-7 years] [W:] Rozwój sprawności i wydolności dzieci i młodzieży (Z
warsztatów badawczych) [In:]. [Development of fitness and endurance of children and adolescents
(From research workshops)]. AWF Warszawa, pp. 12-34.
Silventoinen, K., Maia, J., Jelenkovic, A., Pereira, S., Gouveia, É., Antunes, A., Thomis, M., Lefevre, J., Kaprio,
J., & Freitas, D. (2020). Genetics of somatotype and physical fitness in children and adolescents.
American Journal of Human Biology, 7, e23470.
Šišková, N., Grznárová, T., Baranová, P., & Vanderka, M. (2020). Effect of theTGMD-2-based physical activity
on the motor skills of healthy children and children with autism spectrum disorder at an earlier school
age. Journal of Physical Education and Sport, 20(5), 2574-2579.
Sklad, M. (1977). The rate of growth and maturing of twins. Acta Geneticae Medicae et Gemellologiae, 26(3-4),
221-237.
Szopa, J., (1990). Genetyczne i środowiskowe uwarunkowania rozwoju somatycznego dzieci młodzieży między
7. a 14. rokiem życia: wyniki longitudinalnych badań rodzinnych. [Genetic and environmental
determinants of somatic development in children between 7 and 14 years old: results of longitudinal
family studies]. AWF, Kraków.
Tomaz, S. A., Jones, R. A., Hinkley, T., Bernstein, S. L., Twine, R., Kahn, K., Norris, S. A., & Draper, C. E.
(2019). Gross motor skills of South African preschool-aged children across different income settings.
Journal of Science and Medicine in Sport, 22(6), 689–694.
Trzcińska, D., Świderska, D., Tabor, P., & Olszewska, E. (2013). Environmental diversity in somatic
development and physical fitness of six-year-old children. Polish Journal of Sport and Tourism, 20, 269
Urlich, D.A., (2000). Test of Gross Motor Development (2nd.ed.) Austin, TX: Pro-Ed.
Valentini N. C. (2012). Validity and reliability of the TGMD-2 for Brazilian children. Journal of Motor
Behavior, 44(4), 275–280.
Webster, E. K., Martin, C. K., & Staiano, A. E. (2019). Fundamental motor skills, screen-time, and physical
activity in preschoolers. Journal of Sport and Health Science 8(2), 114–121
---------------------------------------------------------------------------------------------------------------------------- 121
JPES ® www.efsupit.ro

