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Abstract: Child development in the preschool period is characterized by integrality, meaning
that the motor, cognitive, and morphological segments of a child’s development are strongly
interconnected. The aim of this study was to determine the differences in morphological
characteristics and motor skills between girls and boys aged 4, 5, and 6 years, with the goal of
aligning physical education with the dynamics of growth and development, as well as with sex
differences. The total sample consisted of 219 preschool children, including 103 girls and 116
boys. Multivariate analysis of variance showed that statistically significant differences in
anthropometric and motor characteristics exist between boys and girls at the ages of 4 and 6,
while no significant differences were observed at age 5. Univariate analysis of variance indicated
a statistically significant difference in 4-year-olds only in speed and agility test, in 5-year olds
significant difference was observed in the standing long jump for 5-year-olds, and in 6-year-olds,
significant  differences were found in the speed/agility, abdominal strength and
coordination/explosive leg power. The findings of this study have practical implications in
preschool education and physical education since they emphasize the necessity of programs
that equally stimulate all motor abilities, and the importance of individualization and adaptation
of activities to mitigate sex differences and support improvements in weaker areas. Future
studies should be conducted on larger populations of preschool children across multiple
geographical regions in Serbia in order to obtain more valid indicators and improve the
generalizability of findings.

Keywords: childhood motor development, anthropometric indicators, preschool physical
education, early childhood physical activity.

Introduction

The development of children in preschool age represents a complex and interactive phenomenon
in which different aspects - morphological, motor, cognitive, socio-emotional, and linguistic -
intertwine. In this sense, the preschool period, covering ages three to seven, is considered critical
for establishing the foundations of healthy and balanced development. One of the key aspects of
this development is precisely the interconnection between morphological characteristics and motor
abilities, as well as their mutual conditioning and the influence of various factors such as age, gender
sex, and level of physical activity (De Toia et al., 2009; Malina et al., 2004; Rico-Gonzélez et al., 2024).
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Physical activity plays a major role in children’s health, especially given the detrimental impact of
today’s lifestyle. Modern technological achievements, particularly computers and smartphones,
have led to children’s alienation, as they increasingly spend time alone indoors, sitting in front of
screens. Due to numerous obligations, children are drifting away from nature and significantly
reducing their physical activity, thereby risking the onset of various lifestyle-related diseases such as
hypokinesia and obesity (Vjestica, 2022).

Physical activity is closely connected with motor development, which in the broadest sense refers
to mastering the ability to control the body in space through different forms of movement. During
preschool age, motor development is most intensive, and precisely in this period crucial
neuromuscular adaptations occur, enabling children to achieve better coordination, speed,
strength, and flexibility (Gallahue & Ozmun, 2006). On the other hand, morphological characteristics
- such as body height, body mass, and body composition - not only accompany but also significantly
influence motor development. Research shows that certain morphological characteristics, such as
body mass index (BMI), are often negatively correlated with motor abilities such as agility and
explosive power (D’Hondt et al., 2011).

Motor functioning of children during this period is of a general type (Bala et al., 2007), which means
that at this age motor abilities are not yet differentiated, as children react with their whole body and
overall motor skills. The integrality of development at this stage indicates the necessity of
comprehensively monitoring and analyzing children’s growth and development, especially
considering that uneven development in one area may lead to difficulties in another. For example,
insufficiently developed flexibility or muscular strength can limit a child in everyday activities and
affect his or her overall psychophysical status. Likewise, morphological changes that deviate from
normative values may indicate risks of obesity, posture disorders, or other health problems (De
Miguel-Etayo et al., 2014).

Sex differences in morphological and motor aspects of child development also represent an
important subject of scientific interest. Research suggests that boys generally achieve higher results
in strength and speed tests, while girls often score better in tasks requiring flexibility and precision
(Barnett et al., 2010; Thomas & French, 1985). Although these differences are partly conditioned by
biological factors, cultural and social influences also contribute, particularly through early play
patterns.

Preschool institutions play an important role in shaping healthy lifestyle habits and creating the
foundation for optimal motor development. During this period, children undergo rapid changes in
height, weight, and body structure, and the dynamics of these changes require carefully adjusted
physical activities that correspond to age and gender specifics (Stodden et al., 2008). In the Serbian
preschool system, although structured physical activity is present, its alignment with developmental
characteristics can vary across institutions, which reinforces the relevance of research that identifies
specific developmental needs in early childhood.

Research that analyzes morphological and motor characteristics across ages 4, 5, and 6 can
therefore help identify developmental patterns and sex differences that may influence the design
of appropriate physical activity programs.

The purpose of this study was to examine sex-based differences in morphological characteristics

and motor abilities in preschool children aged 4, 5, and 6 years, with the goal of supporting the
development of developmentally appropriate physical education practices.
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Hypotheses

H1: Boys will show higher performance in speed-, agility-, and strength-related motor tasks.

H2: Girls will perform better in flexibility-related tasks.

H3: Sex differences in motor performance will vary across ages rather than follow a linear pattern.
H4: No substantial sex differences will appear in morphological characteristics in this age range.

Method

The study was conducted as a cross-sectional study. The methods used combine both qualitative
and quantitative approaches. The qualitative approach includes observation and description, while
the quantitative approach involves measurement and testing.

Sample of participants

The study included 219 preschool children from Belgrade and Nova Varos. The first group consisted
of 32 children aged 4 (17 girls and 15 boys), the second group of 95 children aged 5 (46 boys and 49
girls), and the third group of 92 children aged 6 (38 girls and 54 boys).

Sample of variables

For the purposes of the study, three variables were analyzed to assess morphological characteristics
and five to assess motor abilities. The morphological variables included: BH — body height, BM -
body mass, and BMI - body mass index, while the motor variables included: sit-ups (repetitive
strength of trunk muscles), standing long jump (coordination/explosive leg power), shuttle run
(agility and speed), sit-and-reach (hamstring flexibility), and hand tapping (speed of alternative arm
movements).

Data analysis

A comparative analysis of motor abilities and morphological characteristics of preschool children
aged 4, 5, and 6, required appropriate inferential statistical methods to perform comparisons
between age groups (4, 5, and 6 years), between genders (girls and boys), and to establish
correlations between morphological and motor variables. Before applying parametric tests, the
normality of distribution was checked using the Shapiro-Wilk and Kolmogorov-Smirnov tests.
Differences between genders in motor abilities and morphological characteristics of each group
were calculated using appropriate statistical procedures depending on the distribution (ANOVA or
Mann-Whitney), with a significance level of p < 0.05, using SPSS software version 29. Gender
differences by age groups were also tested at the multivariate level using multivariate analysis of
variance (MANOVA).

Research instruments

Anthropometric measurements for assessing morphological characteristics and motor tests for
assessing physical abilities of children were conducted according to established standards and
guidelines (Ivanic, 1996), using the following tests, instruments, and measurement techniques:

Anthropometric measurements for morphological characteristics: body height (BH) — stadiometer
with accuracy to 0.1 cm; body mass (BM) - portable scale accurate to 0.1 kg; body mass index (BMI)
- calculated using the formula BMI = BM/BH (kg/m?). Field tests for motor abilities: sit-and-reach
(cm), hand tapping (number in 30 s), sit-ups (number in 30 s), standing long jump (cm), shuttle run
4 x 5 m (sec).
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Ethical approval was obtained from the Ethics Committee of the Serbian Association for Preschool
Sport and Physical Education (Approval No. 12/2024). Written informed consent was obtained from
all parents/legal guardians.

During testing, the authors of the study were assisted by expert associates from the Serbian
Association for Preschool Sport and Physical Education. The measurements were conducted in
physical education halls of preschool institutions. All participants were dressed in sportswear.

Results

Multivariate analysis of variance (MANOVA) showed that statistically significant differences in
anthropometric and motor characteristics exist between boys and girls at the ages of 4 and 6, while
no significant differences were observed at age 5. Univariate analysis of variance (ANOVA) indicated
whether there were differences between genders in each individual variable. In 4-year-olds, a
statistically significant difference was found only in the shuttle run test (p = 0.002). Significant
statistical differences were observed in the standing long jump for 5-year-olds (p = 0.026). In 6-year-
olds, significant statistical differences were found in the shuttle run (p = 0.007), sit-ups (abdominal
strength) (p = 0.003), and standing long jump (p = 0.014).

Table 1. Descriptive statistics and differences in arithmetic means of tested variables between boys
and girls aged 4

Variable m Boys ) v Girls D test p

Body height (cm) 109.47 4.17 108.47 3.47 ANOVA 0.466
Body mass (kg) 18.55 1.92 17.66 1.46 ANOVA 0.148
BMI (kg/m?) 15.44 0.74 15.01 1.01 ANOVA 0.184
Shuttle run 4x5m (sec) 12.67 1.48 14.47 1.51 Mann-Whitney 0.002
Sit-ups 30 sec 9.40 2.69 7.88 2.83 ANOVA 0.132
Standing long jump (cm) 69.20 12.94 66.12 13.58 ANOVA 0.517
Sit-and-reach (cm) 20.67 3.64 22.41 4.64 ANOVA 0.250
Hand tapping 30 sec 25.40 3.07 23.71 3.64 ANOVA 0.168

Legend: M — mean; SD - standard deviation; BH — body height; BM — body mass; BMI — body mass index.

The results of the MANOVA analysis (F = 3.63, p = 0.011) showed that there is a significant difference
between boys and girls aged 4 in motor abilities when all variables are observed together. The Wilks'
A value of 0.6304 for the sex factor indicates that sex explains about 37% of the total variance in
motor variables.

In children aged 4, a statistically significant difference was found in the shuttle run category (p =
0.002), indicating early sex differences in motor abilities such as agility and speed.

Table 2. Descriptive statistics and differences in arithmetic means of tested variables between boys
and girls aged 5

Boys Girls
Variable test p
M SD M SD
Body height (cm) 117.09 4.93 116.69 4.94 Mann-Whitney 0.291
Body mass (kg) 21.47 2.61 22.13 3.07 Mann-Whitney 0.342
BMI (kg/m?) 15.61 1.12 16.19 1.22 Mann-Whitney 0.342
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Shuttle run 4x5m (sec) 10.85 1.29 11.29 1.03 Mann-Whitney 0.074
Sit-ups 30 sec 12.28 3.347 3.06 3.70 ANOVA 0.260
Standing long jump (cm) 90.30 16.36 82.98 13.83 ANOVA 0.026
Sit-and-reach (cm) 17.26 6.69 15.78 8.25 Mann-Whitney 0.250
Hand tapping 30 sec 32.65 5.42 33.92 5.85 Mann-Whitney 0.204

Legend: M — mean; SD - standard deviation; BH — body height; BM — body mass; BMI — body mass index.

The results of the MANOVA analysis (F = 1.84, p = 0.132) indicated that there was no statistically
significant effect of sex on motor abilities at age 5 at the multivariate level. However, the results of
the univariate ANOVA for 5-year-olds showed a statistically significant difference in the standing
long jump (p = 0.026), suggesting that boys may already be developing somewhat better
coordination and explosive motor abilities at this age.

Table 3. Descriptive statistics and differences in arithmetic means of tested variables between boys
and girls aged 6

Variable Boys Girls test p
M SD M SD

Body height (cm) 122.76 5.48 122.34 5.55 ANOVA 0.722
Body mass (kg) 25.33 4.38 24.16 4.59 Mann-Whitney 0.158
BMI (kg/m?) 16.72 1.94 16.05 2.20 Mann-Whitney 0.158
Shuttle run 4x5m (sec) 9.76 1.00 10.39 1.19 ANOVA 0.007
Sit-ups 30 sec 14.72 3.88 12.63 4.61 ANOVA 0.003
Standing long jump (cm) 100.56 17.10 92.68 17.75 ANOVA 0.014
Sit-and-reach (cm) 16.46 6.90 15.05 8.22 Mann-Whitney 0.377
Hand tapping 30 sec 38.69 6.99 37.39 6.73 Mann-Whitney 0332

Legend: M — mean; SD - standard deviation; BH — body height; BM — body mass; BMI — body mass
index.

The results of the MANOVA analysis (F =2.96, p = 0.0284) showed statistically significant differences
in motor abilities between boys and girls aged 6 when all variables were considered together. The
Wilks' A value of 0.6543 suggests that sex explains approximately 34.6% of the variance in motor
abilities at this age.

At the univariate level (ANOVA), significant statistical differences between boys and girls at age 6
were found in the following variables: shuttle run (p = 0.007), sit-ups (p = 0.003), and standing long
jump (p = 0.014).

Discussion

The results of this study indicate that there are significant gender sex and age differences in
morphological and motor characteristics of preschool children, but that these differences do not
follow a linear developmental pattern. This irregularity is consistent with research showing that
early childhood motor development is marked by periods of rapid gains, temporary plateaus, and
fluctuations in inter-individual differences (Gallahue & Ozmun, 2006; Malina et al., 2004).

At age 4, boys displayed higher agility performance. This finding aligns with research suggesting that

early neuromuscular maturation and sex-linked play behaviors can produce small but noticeable
differences even before school age (Thomas & French, 1985).
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At age 5, multivariate analyses showed no significant sex differences. Rather than contradicting the
previous findings, this temporary convergence can be understood as:

e natural variability in developmental timing,

¢ the influence of similar preschool activity environments in Serbia at this age,

* the absence of strong biological divergence before age 6-7,

e and measurement sensitivity that may reveal subtle differences at some ages but not others.

Thus, the developmental pattern observed in this study is fully compatible with a non-linear
trajectory of motor development.

At age 6, boys again outperformed girls in agility, abdominal strength, and explosive power. This
reappearance of differences corresponds to the beginning of more pronounced neuromuscular
differentiation and increasingly sex-differentiated play behaviors. These results are consistent with
studies indicating that as children approach school age, sex differences in physical abilities become
more pronounced due to both morphological growth (greater muscle mass in boys) and early
psychosocial influences (Barnett et al., 2010; Stodden et al., 2008;).

The findings emphasize the need for:
¢ balanced stimulation of all motor abilities,
¢ individualized approaches for children with lower performance,

e attention to potential developmental lags regardless of sex.

This does not imply inadequacy in the Serbian preschool system but highlights the importance of
continuously aligning programming with developmental evidence.

Conclusion

This study, conducted on a sample of 219 preschool children (ages 4, 5, and 6) from Belgrade and
Nova Varos, examined sex differences in morphological and motor characteristics.

In accordance with the study's unified aim and hypotheses, the results show:
* minimal sex differences in morphological characteristics,

« significant sex differences in selected motor abilities at ages 4 and 6,

* temporary convergence at age 5,

¢ evidence for a non-linear pattern of early motor development.

The findings may assist educators in designing age-appropriate motor activities that support the
needs of all children.

Future studies should include larger and more regionally diverse samples to improve
generalizability.

The results highlight preschool age as a critical period for establishing foundational motor skills with
long-term implications for health and physical literacy.
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