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Abstract: Introduction: We are currently observing a decline and deterioration in gross motor
coordination in prepubertal children. This also results in deterioration of the overall movement
performance. The purpose of this study was to determine sex- and age-specific levels and
differences in gross motor coordination among prepubertal children. The somatic parameters
included body weight (BW), height (BH), and body mass index (BMI). Methods: The sample included
elementary school children aged 7-10 years, who were divided according to their age at annual
intervals. A total of 381 pupils (103 seven-year-olds, 104 eight-year-olds, 78 nine-year-olds, and 96
ten-year-olds) from elementary schools in the Presov region participated in the educational
experiment. To test the children’s motor coordination, the Kérper-Coordination-Test fiir Kinder,
which provides a complex assessment of coordination abilities, was administered: walking
backward, hopping for height, jumping sideways (JS; lower-body frequency ability), and moving
sideways (MS; complex body coordination). To process the collected data, they were transformed
to MQ scores. The statistical characteristics and methods included percentage distributions,
arithmetic means and standard deviations, and analysis of variance to compare the four age
categories. Results: mean body height and weight increments accounted for 9.54 cm and 7.75 kg
between 7 and 10 years of age. Gender differences in the mean motor quotient were significant
between boys and girls aged 9-10 years. Motor quotients in both boys and girls decreased with age,
and the highest mean motor quotients were found in 7-year-old boys and girls. Of all KTK subtests,
motor coordination levels in walking backward and hopping for height decreased, while motor
coordination levels in moving sideways and jumping sideways increased as children got older.
Conclusions: The findings point to the current level of gross motor skills in preadolescent children
with age and sex differences.
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INTRODUCTION

Prepubertal children experience changes in physical growth. During prepuberty,
physical age is relatively uniform and continuous, with significant changes at the
beginning and end of the period [1]. Not all children had body height and weight equal to
the average values. Somatic development during this period was moderate, calm, and
balanced. From the viewpoint of physical development, prepuberty is considered one of
the healthiest developmental periods. Statistics for this period showed a significantly
lower incidence of disease than that in other stages of development. School-age is a period
of excessive physical activity. Multiple authors consider the period between 6 and 10 years
of age as the time during which the reservoir of the physical and mental power of the
individual is formed. At this age, physical activity should include all kinetic patterns,
alternate activities, and motivation should not be missing. Physical fitness dominates the
hierarchy of children’s values, and individuals with good fitness levels usually become
team leaders [2].

Physical and sports education is a tool used for all-round physical development,
performance capacity, physical fitness, and musculoskeletal system enhancement while
taking into consideration individual psychomotor specificities and students’ physiological
levels of functioning [2-8].

In the development of every motor ability, it is necessary to consider sensitive
periods, which represent the time when an individual is more responsive and sensitive to
external stimuli, and the body is able to adapt more effectively. The genetics of every
individual, which play a significant role during sensitive periods, must also be considered.
A sensitive period refers to the period when the greatest interaction between heredity and
the environment (i.e., the strongest dependence of genotype on the environment) occurs
[9, 10]. Studies on coordination abilities during the sensitive period, which covers school
age, are of special importance. The results of educational experiments have shown that the
rate of improvement in experimental classes is 20% to 50% higher than that in control
classes. livoven et al. [11] and Chovanova et al. [12] found that a 6-week period is
sufficient for motor coordination development.

Testing is administered to assess motor coordination levels, compare results by
sex and age, and determine changes induced by recommended exercise programs.
Exercise testing is defined as intentional cognitive activity for the objective detection and
evaluation of somatic and motor parameters of the population. The KTK test battery, in its
entirety, the Korper-Coordination-Test fiir Kinder, was originally designed for children
with cerebral dysfunction. Currently, its scope has been extended to research purposes in
many other contexts [13]. It has been used to determine sports "talent" as well as to
determine the level of motor skills in the general population. The inter-evaluation study
for reliability, according to the Double Latin square design, carried out after eight days,
showed high reliability. livonen et al. [11] evaluated its relatively easy applicability and
suitability for use in the general population, showing its increasing popularity in European
countries. Their study highlighted a meaningful KTK battery rating system that allows
comparisons between studies. In contrast, it criticizes its narrow profile for locomotion
and balance exercises as well as outdated standards of borderline results that are not
sufficiently heterogeneous to distinguish the degree of motor coordination abilities.

Some authors opined that the standards for this test were collected long ago and
were outdated [13, 14]. Thus, the use of KTK was recommended primarily as an
orientation tool in determining the level of motor abilities, not as a detailed diagnostic tool
for children outperforming the average [11] However, it is sufficient for normal school
conditions. The task of educators who decide to test children using the KTK battery is to
control and study the detailed aspects of each movement and to determine which ability to
assess. Educators or other adults conducting the test must know when the movement is
correct or when movement errors are reported. The issue of motor coordination
assessment among schoolchildren has been addressed in various studies [15].
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The purpose of this study was to determine sex- and age-specific levels and
differences in gross motor coordination among prepubertal children.

MATERIAL AND METHODS

Participants

The sample included elementary school children aged 7-10 years, who were
divided according to their age at yearly intervals. Three hundred eighty-one pupils (Z, =
381), 103 seven-year-olds, 104 eight-year-olds, 78 nine-year-olds, and 96 ten-year-olds,
from elementary schools in the Presov region participated in an educational experiment.
Only pupils with no health restrictions, who fully participated in two classes of school
physical and sports education per week were included in the study. Individuals who
engaged in organized sports training were excluded from the study.

Procedure
The somatic parameters included body weight (BW), height (BH) and body mass
index (BMI). To test the children’s motor coordination, the KTK test battery, which
provides a complex assessment of coordination abilities, was administered [16]: walking
backward (WB; dynamic balance), hopping for height (HH; coupling ability, kinesthetic-
differentiation ability), jumping sideways (JS; lower-body frequency ability), and moving
sideways (MS; complex body coordination).

Statistical analysis

We transformed the measured data into partial scores, MQ1, MQ2, MG3, and MQ4,
and the sum of these points was the total MQ score with subsequent transformation. The
sample age categories were characterized using averages and standard deviations. Data
normality was tested using the Kolmogorov-Smirnov test. The skewing of the data guided
us to use a non-parametric ANOVA, Kruskal-Wallis test; therefore, the equality of
variances did not need to be verified. ANOVA detected a significant difference between
means.

RESULTS

Table 1 shows the somatic parameters of the prepubertal children by age. The
mean BMI values among 7- to 10-year-old children ranged from 16.30 to 18.88, which
indicates normal weight. Children aged 7-10 years experienced active physical growth,
especially in body height. Mean body height and body weight increments accounted for
9.54 cm and 7.75 kg between 7 and 10 years of age.

In the backward walking subtest, prepubertal children showed similar dynamic
balance levels by age (Table 2). Children aged 7 years were able to walk backward three
times in the shortest time compared with their older peers, with significant differences in
dynamic balance between boys and girls. The dynamic balance levels in the backward
direction decreased with age in both boys and girls. The differences in dynamic balance
levels by age were not statistically significant (Table 2). At this age, children were able to
maintain or restore their balance when fast and unexpected changes in positions occurred.

On the jumping sideways subtest, children aged 7, 8, and 9 achieved approximately
the same test scores, reaching a level higher than that of the 10-year-olds (Table 2).
Overall, boys aged 9 and 10 years had the highest number of lateral jumps in 15 s. Lower
body frequency ability levels increased with age, particularly in girls. There were
significant gender differences among the three age groups:8-, 9-, and 10-year-olds.
Significant differences were found between the 10-year-old children and all the younger
age groups (Table 3).
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Table 1. Somatic parameters by age (n = 381).

Age 7 years 8 years 9 years 10 years
Measured values § (n d 103) (n d 104) (ny= 78) (n d 96)
body height M 129.11 130.02 132.61 138.65
SD 7.35 7.90 5.84 6.50
body weight M 28.87 29.93 30.67 36.62
SD 6.40 7.90 6.04 4.89
BMI M 16.30 17.14 17.36 18.88
SD 444 471 2.88 4.20
n - sample size; M - mean; SD - standard deviation; BMI - body mass index
Table 2. KTK subtests: mean scores and gender differences (n = 381).
Subtests Gender Age 7 years 8 years 9 years 10 years
boys M 32.65 40.16 45.72 43.37
Walking SD 7.29 10.09 13.95 14.87
backwards girls M 38.54 42.10 49,54 48.64
SD 12.42 14.19 14.11 14.31
p-value 0.03 0.59 0.15 0.08
boys M 38.68 57.80 59.55 57.84
Jumping SD 11.04 12.79 18.64 14.63
sideways girls M 38.96 46.30 51.32 51.66
SD 16.29 14.36 12.38 13.33
p-value 0.94 0.006 0.006 0.033
boys M 28.32 25.40 21.89 22.29
Moving SD 8.25 7.74 3.94 4.08
sideways girls M 31.65 30.55 20.72 20.86
SD 7.97 8.17 3.71 4.06
p-value 0.13 0.036 0.11 0.09
boys M 38.23 43.04 32.37 30.93
Hopping SD 15.41 13.69 15.87 14.61
for height girls M 42.12 45.50 24.79 24.74
SD 15.23 11.15 9.72 9.49
p-value 0.34 0.52 0.002 0.015

n - sample size; M - mean; SD - standard deviation; KTK - Korper-Coordination-Test fiir Kinder, p-value -
significance level

On the moving sideways subtest, 9-year-children achieved the best scores for all
age categories. Complex body coordination levels increased with age, with significant
gender differences between 8-year-old boys and girls (Table 2). Significant differences in
complex body coordination were found among all age groups, except for the 9- and 10-
year-old children (Table 3).

In the hopping for height subtest, 8-year-old children showed the highest levels of
jumping abilities and kinesthetic differentiation. The jumping ability and kinesthetic
differentiation levels decreased with age in both boys and girls. There were significant sex
differences between boys and girls aged 9 and 10 years (Table 2). Significant differences in
jumping ability and kinesthetic differentiation levels were found among all age groups,
except for the 7- and 8-year-old children (Table 3).

Table 4 lists the overall sum of MQ points. Gender differences in the mean motor
quotient were significant between boys and girls aged 9-10 years. Motor quotients of both
boys and girls decreased with age. Interestingly, the highest mean motor quotients were
found in the 7-year-old boys and girls.
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Table 3. KTK subtests: differences by age (n = 381).

KTK subtests Age [years] Age7 Age8 fige b
Walking backwards g (1)882 0 2-75 0.2_75
H=5.684; p=0.128 10 1.000 1.000 0.395
__ 8 0.519 - 0.096
Jumping sideways 9 1.000 0.096 -
H=22.582; p=0.000 10 0.043 0.000 0.028
Moving sideways 8 0.096 3 o000
9 0.000 0.000 -
H=122.138; p=0.000 10 0.000 0.000 0.407
_ _ 8 1.000 - 0.000
Hopping for height 9 0.000 0.000 -
H=136.955; p=0.000 10 0.000 0.000 0.002

KTK - Korper-Coordination-Test fiir Kinder, H - value of Kruskal-Wallis test, p-value - significance level

Table 4. Mean MQ values by age and gender (n = 381).

Motor quotient Age 7 years 8 years 9 years 10 years
boys M 93.48 91.04 80.44 71.51
SD 16.13 10.33 14.39 14.07
girls M 95.69 91.60 69.79 63.16
SD 19.69 13.42 11.24 12.94
p-value 0.64 0.87 0.000 0.003

M - mean, SD - standard deviation, p-value - significance level

DISCUSSION

This study investigated age- and sex-related differences in gross motor
coordination among children aged 7-10 years using the KTK test battery. Consistent with
the results of the present study, Vandorpe et al. [13] reported significant sex differences
for the subtests walking backward and hopping for height. In the dynamic balance task,
girls scored significantly better than boys in all but one age group. In the hopping task,
boys scored girls in every age group. Neither sex scored significantly different for MS and
JS at any age. Girls scored better on the balance task and boys on the strength-oriented
task. In a study by Adriyani, Iskandar, Camelia [17], there were significant differences in
motor coordination between boys and girls, and mean motor quotient of boys (83.34) was
significantly higher than girls (72.39). Boys outperformed girls in hopping height, moving
sideways, and jumping sideways. Girls were similar to boys only when walking backwards.
D’Hondt et al. [18] observed a main effect of gender on three KTK items. Boys achieved
higher scores on jumping and moving sideways, whereas girls demonstrated better
performance in walking backward. Bezzera-Santos et al. [19] reported that boys and older
children had higher levels of gross motor coordination than did girls and younger children.
According to Torralba et al. [20], boys presented better overall motor performance than
girls, especially at the ages of 9 and 10. According to Lima et al. [21], boys aged 6 and 9
years had higher MQ scores than girls of the same age. Carminato [22] observed that girls
had lower levels of motor performance than boys.

As for the components of coordinated motor performance, it was possible to verify
that girls showed more difficulty in side and monopedal jumps than boys, who presented
lower levels of balance. Chaves et al. [23] reported that with increasing age, children were
better coordinated, boys outperformed girls in hopping for height and moving sideways
tests, and those with higher fat mass levels were less coordinated. Freitas et al. [24]
observed that girls scored significantly better than boys on jumping sideways and boys
scored significantly better than girls on moving sideways. Their results support the
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hypothesis that skeletal age or interaction with body size has a negligible influence on
motor coordination tests in children. Antunes et al. [25] reported that biological and
environmental forces might influence the raw scores observed in these motor
coordination tasks, favoring both boys and girls. According to Vandorpe et al. [13], sex
differences in gross motor coordination may be explained by weight status, especially by
body fat percentage. Nascimento et al. [26] noted that body composition is the variable
that exerts the greatest influence on the level of development of motor coordination in
KTK. According to Antunes et al. [25], sex-related differences depend on age and MC test
results. Adriyani et al. [17] pointed out that boys have more muscle mass than girls and
therefore exhibit higher levels of strength and endurance. In their study, boys engaged in
more physical activity than girls, which may have played a major role in motor
coordination development. Bezerra-Santos et al. [19] found that biological maturation was
significantly associated with the task of walking backward, with the most advanced
subjects having the worst scores in this task, an effect mediated by the greater
accumulation of fat in the waist region, characteristic of a more advanced maturational
state in boys.

Main effects of age on gross motor coordination have been reported in numerous
studies [27, 28]. According to Vandorpe et al. [13], a decline in coordination was observed,
especially in tasks relying primarily on coordinative capacities (WB and MS), while
improvements or the status quo in those tasks relying on strength and speed (JS and HH)
may be explained by secular trends. Antunes et al. [25] reported a significant main effect
of age on walking backward and moving sideways and observed that boys performed
significantly better than girls on moving sideways. According to their results, raw scores
for walking backward and moving sideways improved with age. Henrique et al. [29]
observed an increase in GMC and physical fitness tests related to health and performance,
whereas physical activity levels decreased over time. Reyes et al. [30] found that children
with increasing body mass index were less coordinated, while those who were stronger
and more agile had steeper trajectories of gross motor coordination with age. According to
their study, children’s gross motor coordination development is nonlinear. This finding is
consistent with the results of our study on prepubertal children who showed
developmental increases in motor coordination [31]. The mental and somatic parameters
underlying motor control, such as concentration and attention, improved. The rapid and
positive development of coordination abilities is facilitated by children’s significant
spontaneous mobility and favorable anthropometric relationships. The end of this period
(before pubertal and growth changes occur) is referred to as the first peak of motor
development, especially in terms of motor coordination, which was recorded in the sample
of 7- to 8-year-old children.

CONCLUSION

Mean body height and body weight increments accounted for 9.54 cm and 7.75 kg
between 7 and 10 years of age. Gender differences in the mean motor quotient were
significant between boys and girls aged 9-10 years. Motor quotients in both boys and girls
decreased with age, and the highest mean motor quotients were found in 7-year-old boys
and girls. Of all KTK subtests, motor coordination levels in walking backward and hopping
for height decreased, while motor coordination levels in moving sideways and jumping
sideways increased as children got older.

Regarding practical recommendations, inform the educational community about
the importance of monitoring the level of coordination skills of school-age children. In
addition, the test batteries should be sensitively and specifically adapted to children in
terms of their individuality during early school years. We also recommend increasing the
standardization and plausibility of motor skills tests (with regard to the age and sex of
children). through continuous validations.
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