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Abstract: The authors, in their article, approach the issue of stretching and
coordination motor skills of children of younger school age in primary education on
the basis of diagnosing their motor skills. The aim of the article is to find out its
effectiveness in the development of coordination skills of children in primary
education through our proposed stretching program. Testing was performed by
selected motor tests to determine the level of coordination skills. The sample consisted
of 119 third- and fourth-year students from selected primary schoolsin the village and
the city. The data obtained from pretests and posttests were evauated using the
nonparametric Wilcoxon T-test and the nonparametric Mann-Whitney U-test. The
obtained results confirmed one of the hypotheses, where there was a dtatistically
significant difference between pretests and posttests in the experimental group,
precisely through the applied stretching exercises. The results obtained through the
application of stretching exercises point to the fact that these exercises within the
teaching of physical education had a positive effect on the development and
strengthening of coordination motor skills. In the results of the experimental group of
girls and boys, we found that they achieved statistically significant improvements in
all motor tests.
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1Introduction

Stretching and adequate physical activity is an important part of
every individua's life, from kindergartens to colleges. Without
adequate physical activity, we cannot imagine life in our schools.
The child should be guided to physical activities from an early
age, because hisinitial habits are formed in this period. Children
perceive their parents as a role model, and when they observe
that their parents are not interested in physical activity, we can
assume that the child will also imitate their attitude. Oravcova
(2009) states that in motor development the child's movements
are graceful, well coordinated, physica movement is very
important for a child in this period, he is looking for it. Good
physical coordination alows him to give good sports
performances, he is aso skillful in other physical activities.
Physical and movement ability is a ticket to success in the
children's group in this period. Dexterity, agility, physica
performance is appreciated by other children. Physically weaker
boys are more often lonely and compensate for their
shortcomings by success in school or other hobby activities.
According to Jakab¢ic (2002), during a young schoolchild's
physical development, the child's physical performance increases
significantly, children are constantly on the move, but they are
not yet able to manage their strength well, they can be exhausted
quickly. The movement is coordinated and becomes graceful.
Physical ahility, dexterity, mastery of various skills is also great
psychological importance - it provides the child with a certain
position in the group of peers.

Stretching is considered as a necessary part of every sports
activity, through which we prepare the body for physica
activity. Thanks to the implementation of stretching before the
performance, we can prevent various injuries. From the
theoretical and practical point of view, several authors deal with
the issue of stretching, e.g. Alter (1999), Sebej (2001), Buzkova
(2006), Nelson, Kokkonen (2016), Matthews (2019) and others.
Other authors: Kasa (2006), Dovalil et al. (2008), Peri¢ (2008),
Kaplanova (2018) deal with motor skills and motor learning.
Movement skills, especially coordination and their development
in their works are described by the authors: Lednicky (2005),
Mekota, Novosad (2005), Sedlacek, Lednicky (2010), Laczo et
al. (2014) and others. The authors are dealing with younger
school age: Langmeier, Krej¢ifova (2006), Vagnerova (2012),
Ri¢an  (2004), Thorova (2015), RuZbarska (2018),
RuZbarskd Chovanovéa (2017), Harsa et al (2021) and others.
The didactics of physical and sports education are deat by the

authors: Sykora (2001), Antala et &. (2014, 2018), Simonek-
Zidek (2018), Turek (2014) and others.

Several authors, eg. BeleSova (2018), KozuchovéaCavojsky
(2021), Kozik Lehotayovéa (2017), Severini (2018), Severini et
a. (2020) emphasize that teachers significantly influence the
development of education and upbringing. The importance of the
teaching profession extends to all areas of society. The teacher
influences the nature and quality of the relationship with
students, conditions the atmosphere in the classroom, stimulates
students' interest - including their relationship to sports and
active physical activity, their experience at school, the
development of their knowledge and their whole personality.
This topic, as developed, opens up further opportunities for
qualitative research, e.g. Kostrub (2016), Severini, Kostrub
(2018). We believe that the effort of teachers of physical and
sports education is a constant effort to provide space for each
student to be able to exercise physically and to feel the success
of their activities, which will accompany him throughout hislife.

Several researches by physica education doctors and
pedagogical experts confirm that physicaly fit individuals are
able to suppress fatigue from the monotony of life, because good
condition allows them to retain much more energy, and therefore
interest in their work. We encounter the recommendation of
physical activities as part of a heathy lifestyle in the works of
several authors, e.g. Rodin (2021), Kaplanova-Gregor (2021),
Gorner et al (2021), RyzkovéaLabudova (2019), Duda (2017),
Simonek et a. (2014), Hori¢ka-Simonek-Paska (2020) and
others. Among other things, these authors emphasize the need
for regular exercise from the earliest school age.

It is well known that the exclusion or restriction of physical
activity usually has a negative effect on human activities:
physical ability is reduced, various diseases arise and aging
processes are accelerated. On the contrary - active physica
activity helps by activating the cerebral cortex, creating
improved conditions for the development of thinking, creation,
interactions and experience. Thisis one of the reasons why well-
targeted physica activity, such as stretching, sports and
recreational activities, physical work, movement-related hobbies
and other activities that children can already learn at school, is
very often recommended against the undesirable consequences
of strained mental activity. The standardization of motor tests of
coordination skills was dealt by the authors: Mé&kota, Novosad
(2005), Skrypko et a (2021) and others.

2 Methodology

Goal. The goa of the article is to determine the level of
coordination motor skills of children of younger school age in
the village and in the city and the subsequent application of
stretching exercises to determine their effectiveness. We used
five motor tests to determine the level of coordination skills. At
the same time, compare our obtained results with the results of
other authors. The research sample consisted of 119 third- and
fourth-year studentsin selected primary schools.

Tasks. Based on our goal, we set the following tasks: To select
the school bases in the village and in the city to solve our issue.
Build a complex of stretching exercises corresponding to the age
range of children. Select a battery of motor tests to identify and
compare coordination skills in primary school students. Perform
scheduled testing. Statistically process and evaluate the
measured results.

Hypotheses. Based on the goal and tasks of the work, we created
the following four hypotheses (H 1, H 2, H 3, H 4).

H 1: Due to selected stretching exercises, there will be a
statistically significant difference in the experimental group of
girls and boys between pretest and posttest focused on
coordination motor skills.

-110-



AD ALTA

JOURNAL OF INTERDISCIPLINARY RESEARCH

H 2: There is a statistically significant difference between the
pretest and the posttest focused on coordination motor skills in
the control group for both boys and girls.

H 3: By applying selected stretching exercises, the achieved
level of coordination motor skills will be statistically more
significant in the experimental group of girls compared to girls
from the control group, and aso the achieved level will be
statistically more significant in boys from the experimental
group compared to boys from the control group.

H 4: The level of coordination skills will be higher in boys
compared to girls, while the progress in boys from the
experimental group and in boys from the control group will be
more significant in the tests compared to girls from the
experimental group and the control group.

Methods. Our research involved 119 pupils from primary
schools in the town of Puchov in the Trencin Region (Slovak
Republic) and from the village of Hranovnica in the PreSov
Region (Slovak Republic), of which 62 were boys and 53 girls.
They were third- and fourth-year students from the 1st grade of
primary school.

Data acquisition methods: We selected 5 motor tests to find out
data of the coordination abilities of children. For diagnostics in
our research, we performed a selection of motor tests from
standardized test batteries from various authors. When selecting
standardized tests, we took into account the age range of
subjects, which had to meet the age of eight to ten years. We
performed a pretest (entrance test) and then, after 14 weeks, we
performed a posttest (output test) in a control group (28 boys and
32 girls) and an experimental group (30 boys and 29 girls).

We used the following tests, with each test focused on a different
coordination ability.

Test (T 1) aimed at diagnosing the ability to react: Grasping an
object - Stopping afalling ruler.

Test (T 2) aimed at diagnosing the kinesthetic-differentiation
ability of the lower limbs: Jump to the target from an elevated
place.

Test (T 3) focused on the diagnosis of rhythmic ability: Skipping
rope, holding the same pace of movement.

Test (T 4) focused on the diagnosis of spatial orientation ability:
Running to numbered targets.

Test (T 5) aimed a diagnosing balance (static balance):
Endurance standing on one leg (right, left) eyes closed.

Methods of processing and evaluation of results: We statistically
processed and evaluated the achieved measured data on the basis
of two nonparametric tests, namely: Wilxon's T-test and Mann-
Whitney's U-test. According to Tomsik, (2017, p. 248) Wilxon's
T-test is used in cases where two groups of measurements are
based on the same sample of probands, and they were tested
twice. Specifically, they completed pretests and posttests, which
are compared with each other. It is based on the differences
between the two measurements of each subject. According to
Tomsik (2017, p. 256) "The Mann-Whitney U-test is used to
compare the medians of two independent samples, and this
nonparametric test corresponds to whether the difference
between the two means in the two groups is statistically
significant." Statistical significance was determined based on p
<0.01, p <0.05 level of significance. The use of several statistical
methods can also be found in the authors Guncaga, Zawadowski,
Prodromou (2019). Statistical tests can also be performed in
relation to different study results of siblings within one family
(see Gorajska, Stando, Guncaga, 2018). Wilcoxon's exact test
with many applications is very often used in pairwise
comparisons - both in the technical and educational field, e.g.
(Barot et a., 2020; Ciedlar et d., 2020).

3 Resultsand discussion

The results obtained from the testing of coordination motor skills
of children at younger school age in the village and in the city by
applying stretching exercises are presented in graphs and tables
with an opinion on the individua four hypotheses. From
hypothesis testing using the Wilxon T-test and the Mann-

Whitney U-test, we confirm or do not confirm the existence of
statistically significant dependences based on p <0.01, p <0.05
level of statistical significance (Fuchs-Guncaga, 2021). We used
five motor tests to determine the level of coordination skills.

Using the Wilcoxon T-test, we compared the results obtained in
pretests and posttests for each subgroup separately, where we
processed their values and analyzed whether there was a
statistically significant difference between the tests. We
processed each motor test for a given subgroup. To compare the
results of specia subgroups, the Mann-Whitney U-test was used,
which evaluated the differences, i.e. EX (experimenta group)
girls and KG (control group) girls, EX boys and KG boys, EX
boys and EX girls, also KG boys and KG the girls. In each
performed test, we analyzed whether there was statistical
significance in the differences. All obtained results, which we
statistically evaluated, were processed at the level of significance
p <0.01, p <0.05 (Gunc¢aga et al., 2019), Krpec-Barot (2020).

3.1 Evaluation of motor tests

Statistical methods: Wilxon's T-test and Mann-Whitney U-test
were evaluated on the basis of the implementation of five motor
tests with an opinion on four hypotheses. Next, we will proceed
to the presentation of results according to individual tests (T 1, T
2, T3, T4, T5) and take opinion on the four hypotheses set by
us.

As can be seen in graph (1) in the experimental group (EX) of
girls, we measured an average value of 22.41 cm in the motor
test "stopping the faling ruler" and in the posttest we measured
an average vaue of 20.14 cm in the girls group. Our
measurements show that there was an improvement of 2.27 cm,
which in percentage terms represents an improvement of
10.15%. From above results means that there was progressin EX
girls group. Using a nonparametric Wilcoxon T-test, we
evaluated that they achieved a statistically significant difference
at the significance level of p <0.05. In the control group (KG) of
girls, we measured at pretest an average value of 24.57 cmin the
motor test and in the posttest we measured an average value of
24.54 cm in the girls' group. These data show that there was no
significant improvement between pretest and posttest (Chart 1).
We tested the data using a nonparametric Wilcoxon T-test,
where we concluded that there was no statistically significant
difference in the control group of girls. By comparing the
difference between (EX) and (KG) girls using the nonparametric
Mann-Whitney U-test, we came to the conclusion that there was
no statistical significance in the pretests. However, in the
posttests, there was a dtatistically significant difference at the
significance level of p <0.01 in favor of the experimental group
(Graph 1).

Test 1 (T 1) Grasping an object - Stopping afalling ruler

Graph 1: Pretest and posttest: Stopping a faling ruler EX and
KG girls
Reactivity

Stop a falling ruler [cm]
EX and KG girls

Graph (2) shows that in the experimental group (EX) of boys, we
recorded an average value of 22.23 cm in the pretest aimed at
stopping the falling ruler. In the posttest, we recorded an average
value of 18.23 cm, which shows that there was an improvement
in the reactivity by as much as 4 cm, which in percentage terms
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represents a progress of 18.89%. Using a nonparametric
Wilcoxon T-test, we found that there was a significant statistical
differencein boys at the level of significance p <0.01.

Graph 2: Pretest and posttest: Stopping a falling ruler EX and
KG boys

Reactivity
Stop a falling ruler [cm]
EX and KG boys
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In the control group (KG) of boys, we measured an average
value of 23.19 cm in the pretests, while in the posttests we
measured an average value of 21.75 cm in the boys. The above
values show that the boys' response improved by 1.44 cm, which
in percentage represents a progression of 6.20%. Using
Wilcoxon's nonparametric T-test, we found that there was no
statistical significance between pretest and posttest in boys (KG)
in this test. By comparing boys from (EX) and (KG), we
evaluated by means of a nonparametric Mann-Whitney U-test
that there was no statistical significance in pretests, while in
posttests there was dtatistical significance in favor of (EX)
experimental group at significance level p <0.05 (Chart 2).

From graph (3) it can be read that in the motor pretest aimed at
stopping the falling ruler, we measured an average value of
22.41 cm in the experimental group of girls. The boys, also from
(EX), were measured an average of 22.23 cm. The measured
results show us that the achieved average results were better in
boys compared to girls. However, the difference was a minimal,
0.18 cm, which is 0.81%. In (EX) we measured in the posttests
as an average value of 20.14 cm for girls, while the boys had an
average value of 18.23 cm for the posttest. Based on these data,
we state that the achieved values were better in boys compared
to girls. In the posttest, the boys were 1.91 cm better, which is
10.45% in favor of the boys.

Graph 3: Pretest and posttest: Intersex comparison - Stopping the
falling ruler EX girls, boys and KG girls, boys

Intersexual comparision
Stop a falling ruler [em]
EX - girls, boys and KG - girls, boys
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By comparing the results obtained between the (EX) group of
girls and (EX) boys using the nonparametric Mann-Whitney U-
test, we found that there was no dtatitically significant
difference in either the pretests or the posttests. In the test
focused on reactivity, we measured the achieved value in the
pretest of the (KG) girls in the pretest with an average of 24.57
cm, while in the boys from (KG) we measured the average value
of 23.19 cm. We know from the results that in comparison, the
boys achieved a better average value in the pretest by 1.38 cm,
which is a difference of 5.63% in percentage terms. In (KG), we
measured an average value of 24.54 cm for girls in posttests and
an average value of 21.75 cm for boys. From the measured
results when comparing girls and boys, we see that there was a

difference of 2.79 cm, which is a percentage of 11.35% in favor
of boys. By comparing the difference between the (KG) group of
girls and (KG) boys using the Mann-Whitney nonparametric U-
test, we found that there was no statisticaly significant
difference in the pretest. In the posttest, however, there was a
significant statistical difference in favor of boys a the
significance level of p <0.05 (Graph 3).

Graph (4) shows that in girls (EX) we measured an average
value of 9.93 cm in the test in a motor test, which focuses on the
kinesthetic-differentiation ability, jump to the target from a
elevated place. In the posttest, we recorded a value of 7.17 cmin
the experimental group of girls, which shows that there was an
improvement in the kinesthetic-differentiation  ability.
Specificaly, the girls improved by 2.76 cm, which in percentage
terms represents a progress of 27.78%. Based on the results
obtained, we can confirm that there was a significant
improvement in girls (EX). Using the Wilcoxon nonparametric
T-test, we calculated a dtatistically significant difference
between the pretest and the posttest, which is at the level of
significance p <0.01. In girls (KG), we recorded a value with of
10.82 cm during the pretest. In the posttest, we measured an
average value of 10.18 cm. The measurements show that in the
control group of girls there was an improvement of 0.64 cm,
which in percentage terms shows a progress of 5.94%. We tested
the data using a nonparametric Wilcoxon T-test, where we found
that there was no dtatistically significant difference in the control
group of girls. By comparing girls (EX) and girls (KG) using the
nonparametric Mann-Whitney U-test, we noticed that there was
no statistically significant difference in the pretest. However, in
the posttest we observed a difference in the level of significance
p <0.01 in favor of (EX) the group of girls (Graph 4).

Test 2 Jump to thetarget from an elevate place

Graph 4. Pretest and posttest: Jump to the target from an elevate
place EX and KG girls
Kinstetic-differentiation ability

Jumpto the target from an elevated position [em]
EX and KG girls

Graph (5) shows that in boys (EX) we measured an average
value of 8.3 cm in a motor test, which focuses on jumping to a
target from an elevated place, and in a posttest we measured an
average value of 5.87 cm in an experimental group of boys. Our
measurements show that there was an improvement of 2.43 cm,
which in percentage terms is an improvement of 29.32%. From
the above data, we conclude that in boys (EX) there was a
progression in kinesthetic-differentiation ability. Using a
nonparametric Wilcoxon T-test, we evaluated that they achieved
a statistically significant difference at the significance level of p
<0.01. In boys (KG) we measured an average vaue of 9.28 cm
in amotor test and in a posttest we measured an average value of
8.97 cm in boys (KG). The above data show that there was a
minimal improvement of 0.31 cm. In percentage terms, there
was a small improvement of 3.37%. In boys (KG), there was no
statistical significance by the nonparametric Wilcoxon T-test
(Chart 5). By comparing the difference between boys (EX) and
boys (KG) using the nonparametric Mann-Whitney U-test, we
found that there was no statistical significance in the pretests, but
there was a statistically significant difference in the posttests.
The difference was in favor of boys (EX) at the significance
level p <0.01 (Graph 5).
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Graph 5: Pretest and posttest: Jump to the target from an elevate
place EX and KG boys

Kinstetic-differentiation ability
Tump to the target from an elevated place [em|
EX and KG boys

The evaluation of the graph (6) showed that in the motor pretest,
which is aimed a jumping to the target from an elevated
position, we measured the average value of 9.93 cmiin girls (EX)
and an average of 8.3 cm in boys (EX). The measured results
show us that the achieved average results were better in boys
compared to girls. The difference was 1.63 cm, which is 16.42%
in percentage terms. For girls (EX) we measured an average
value of 7.17 cm for girlsin the posttest, while for boys (EX) we
measured an average vaue of 5.87 cm for the posttest. Based on
these data, we state that the achieved values were higher in boys
compared to girls. Specificaly, the boys were 1.3 cm better,
which represents a percentage difference of 18.21%. Using the
Mann-Whitney nonparametric test, we found by a comparison of
girls (EX) and boys (EX) that there was no statisticaly
significant difference in pretests or posttests. In the test focused
on reactivity, we measured a value of 10.82 cm in average in the
girls (KG) in the pretest. For boys (KG), we measured an
average value of 9.28 cm. Based on this, we can state that in
comparison, the boys (KG) achieved a better average value with
apretest of 1.54 cm, which in percentage terms is a difference of
14.21%. (Chart 6). For girls (KG) we measured an average value
of 10.18 cm in the posttest and for boys (KG) an average value
of 8.97 cm was measured. From the measured results we see that
in the comparison of girls and boys there was an improvement in
boys by 1.21 cm, which represents a percentage difference of
11.89%. By comparing the results obtained in girls (KG) and
boys (KG), we did not measure statistical significance in pretest
or posttest using the Mann-Whitney U-test (Graph 6).

Graph 6: Pretest and posttest: Intersexual comparison - Jump to
the target from an elevated position EX girls, boys and KG girls,
boys

Intersexual comparison
Jump to the target from an elevated place [cm]
EX - girls, boys and K - girls, boys

i

Graph (7) shows that for girls (EX) we measured an average
value of 3.23 seconds in a motor pretest, which was aimed at
skipping rope and then maintaining the same pace. In posttests,
we measured an average value of 1.89 seconds for girls (EX).
From the above information, we can see that there was an
improvement of 1.34 seconds, what means 41.49% in percentage
terms. Based on this, we can say that there was a progression in
rhythmic ability. Using a nonparametric Wilcoxon T-test, we
caculated that the girls achieved a satisticaly significant

difference at the significance level of p <0.01. For girls (KG), we
measured an average value in the pretest of 3.74 seconds, while
in posttests we measured the average value of 3.87 seconds. The
above values show that there was a deterioration in the average
measured vaue in girls (KG) in rhythmic ability, where we
measured a regress of 0.13 seconds. At the same time, we state
that the nonparametric Wilcoxon T-test did not show a
significant statistical improvement. By comparing the groups of
girls (KG) and (EX), we evaluated, using the non-parametric
Mann-Whitney U-test, that there was no statistical significance
in the pretests. In posttests, on the other hand, there was a
statistically significant improvement in favor (EX) a a
significance level of p <0.01 (Graph 7).

Test 3 Skipping rope, maintaining the same pace of
movement

Graph 7: Pretest and posttest: Skipping rope, maintaining the
same pace of movement EX and KG girls

Rhbythme ability
Skipping rope, maintaining the same pace of movement[s]
EX and KG girls
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In the evaluation (Graph 8) of boys (EX), we recorded an
average value of 3.32 seconds in the pretest, which focused on
rhythmic ability. In the posttest, we recorded an average value of
2.55 seconds, which shows that the rhythmic ability was
improved by 0.77 seconds, which in percentage terms means that
there was a progression of 23.17%. (Chart 8). Using a
nonparametric  Wilcoxon T-test, we found that in the
experimental group of boys there was a significant statistical
difference at the level of significance p <0.01. For boys (KG) we
measured an average value of 3.37 seconds in the pretest, while
for posttests we measured an average value of 2.69 seconds for
boys. These values show that in the control group of boys there
was an improvement in skipping rope by 0.68 seconds, which in
percentage represents an improvement of 20.02% (Chart 8).
Using the Wilcoxon T-test, we found that in boys (KG) there
was a dtatistical improvement at the significance level of p
<0.01. The improvement could have happened due to physical
development or a higher concentration on the performed posttest
(Chart 8). Comparing boys (EX) and (KG), we used the Mann-
Whitney U-test to conclude that there was no statistical
significance in pretests, nor was there any significant statistical
significance in posttests (Chart 8).

Graph 8: Pretest and posttest Skipping rope, maintaining the
same pace of movement EX and KG boys

Rlythimic ability
Skipping rope, mamtaming the same pace of movement(s]
EX and KG boys

As can be seen (Chart 9) in girls (EX), we measured an average
value of 3.23 seconds in the experimental group of girls during a
motor pretest aimed at jumping rope and maintaining the same
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movement. For boys (EX), we measured an average value of
3.32 seconds during pretest. The measurements show that the
achieved average values were better in girls compared to boys.
However, the difference achieved in favor of the girls was
minimal, by 0.09 seconds. In percentage terms, this is 2.61%
(Chart 9). For girls (EX), we measured average value of 1.89
seconds in the posttest, while boys (EX) had a mean post-test of
2.55 seconds. Based on the above data, we state that the
achieved values were better in girls compared to boys. There was
a more significant difference in favor of girls, who were 0.66
seconds better than boys, which in percentage terms represents a
difference of 34.92%. By comparing the difference between girls
(EX) and boys (EX) using the Mann-Whitney U-test, we
demonstrated statistical significance, while in the posttest there
was a significant statistical difference at the significance level of
p <0.05 in favor of girls. In the test focused on rhythmic ability
in girls (KG), we measured an average value of 3.74 seconds in
the pretest, while in boys (KG) we measured an average value of
3.37 seconds. Based on the results, we can state that in
comparison, the boys achieved a better average value in the
pretest by 0.37 seconds, which in percentage termsis 10.26%. In
posttests, for girls (KG) we measured an average value of 3.87
seconds and for boys (KG) the average value was 2.69 seconds.
Based on the results, we state that the comparison showed a
more significant improvement of boys, which resulted in a better
result in posttests by 1.18 seconds, which represents in
percentages 30.43%. By comparing the difference between girls
(KG) and boys (KG), we found, using Mann-Whitney's
nonparametric U-test, that there was no significant statistical
difference in pretests, whereas there were significant statistical
differences in posttests between boys (KG) and girls (KG) at the
level of significance p <0.01 in favor of boys (Graph 9).

Graph 9: Pretest and posttest: Intersexual comparison - Skipping
rope, maintaining the same pace of movement EX girls, boys
and KG girls, boys

Intersexual comparison
Skipping rope, maintaining the same pace of movement[s|
EX - guls, boys and KG - guls, boys
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Graph (10) shows the fact that in the motor pretest (T 4) dealing
with spatial-orientation ability, we measured an average value of
12.21 seconds for girls (EX) in the test of running to numbered
targets. In the posttest, we measured 11.86 seconds, which
shows that there was an improvement in spatial orientation.
Specificaly, the girls improved by 0.35 seconds, which in
percentage terms represents a progression of 2.82% (Chart 10).
Based on these findings, we can say that the girls (EX) showed a
significant improvement. Using the Wilcoxon nonparametric T-
test, we calculated a statistically significant difference between
the pretest and the posttest, which is at the significance level p
<0.01. For girls (KG), we recorded a value with an average of
12.67 seconds during the pretest. In the posttest, we measured an
average value of 12.45 seconds. The measurements show that the
girls (KG) showed a small improvement of 0.22 seconds, which
in percentage terms shows a minimal improvement of 1.75%.
We tested the obtained data using a nonparametric Wilcoxon T-
test, where we found that (KG) there was a dtatistically
significant difference at the level of significance p <0.05. By
comparing girls (EX) and girls (KG), we recorded, using the
non-parametric Mann-Whitney U-test, that there was no
statitically significant difference in the pretest and no
significant statistical differencein the posttest (Graph 10).

o

Test 4 Test Running to numbered tar gets

Graf 10: Pretest and posttest: Running to numbered targets EX
and KG girls
Spatial orientation ability

Running to numbered targets [s]
EX and KG guls

From graph (11) it can be read that in the motor pretest of boys
(EX) we measured an average value of 10.61 seconds. The
average posttest value in this group of boys was 9.93 seconds.
These values show that there was an improvement of 0.68
seconds, which in percentage represents a progress of 6.42%.
According to the non-parametric Wilcoxon T-test, a statistically
significant improvement was found at the significance level of p
<0.01. For boys (KG) we measured an average value of 11.36
seconds during the pretest and in the posttest we measured an
average value of 11.28 seconds. Therefore, we state that there
was a negligible improvement of 0.08 seconds, which in
percentage terms is a minimum progress of 0.71%. From the
results we can confirm that there was no statistically significant
improvement using the Wilcoxon nonparametric T-test.
Comparing boys (EX) and (KG), we found, thanks to the Mann-
Whitney U-test, that there was a satisticaly significant
difference at the level of significance p <0.05 during the pretest
and also asignificant statistical difference at the level of posttest,
namely at the level significance p <0.01 (Graph 11).

Graph 11: Pretest and posttest: Running to numbered targets EX
and KG boys
Spatial orientation ability

Running to numbered targets[s]
EX and KG boys

In the graph (12), we measured an average value of 12.21
seconds for girls (EX) and an average value of 10.61 seconds for
boys (EX) in motor pretest aimed to running to numbered
targets. When we measured values in pretest, the difference is
1.6 seconds, while the boys were better. The difference in
percentage represents a better performance of 13.06% in favor of
boys (EX). For girls (EX) we measured an average vaue of
11.86 seconds in the posttest, while for boys (EX) we measured
the average value in the posttest 9.93 seconds. The
measurements show that the average values were better for boys
compared to girls by 1.93 seconds, which in percentage terms is
a difference of 16.27% in favor of boys. Using the Mann-
Whitney nonparametric test, we found that by comparing the
experimental group of girls and the experimental group of boys,
there was a significant statistical difference in pretest and
posttest at the significance level p <0.01. In the test focused on
spatial-orientation ability, we measured an average value of
12.67 seconds for girls (KG) in the pre-test, while we measured
an average value of 11.36 seconds for boys (KG). The
measurements show that the average values were better for boys
compared to girls by 1.31 seconds, which in percentage terms is
a 10.33% better performance in favor of boys (Chart 12). For
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girls (KG) we measured an average value of 12.45 secondsin the
posttest, while for boys (KG) we measured an average value of
11.28 seconds. The measurements show that the average values
were better for boys (KG) compared to girls (KG) by 1.17
seconds, which in percentage terms is better performance by
9.37% in favor (KG) of boys. By comparing the achieved results
of girls (KG) and boys (KG), we came to the fact, through the
Mann-Whitney U-test, that boys (KG) achieved a statistically
significant difference at the level of significance p <0.01 in both
pretest and posttest (Graph 12).

Graph 12: Pretest and posttest: Intersexual comparison -
Running to numbered goals EX girls, boys and KG girls, boys
Intersexual companson
Running to numbered targets[s]
EX - gitls, boys and KG - girls, boys
p<0,01

i

When evauating graph (13) of girls (EX), we recorded an
average value of 5.66 seconds in the pretest dealing with balance
ability, specifically focused on static balance. In the post-test, we
recorded an average value of 9.58 seconds, which shows that the
static balance improved by 3.92 seconds, which in percentage
terms means that there was a high progress of 41.02%. Using a
nonparametric Wilcoxon T-test, we found that there was a
significant statistical difference in the significance level of p
<0.01 of girls (EX). For girls (KG) we measured an average
value of 5.64 seconds in the pretest, while in the posttest we
measured an average value of 6.63 seconds for the girls. From
the above values, it is based on the fact that for girls (KG) there
was an improvement in static balance by 0.99 seconds, which in
percentage represents a progress of 14.85% Using the Wilcoxon
T-test, we found that in the control group of girls (KG) there was
improvement and a statistically significant difference at the
significance level p <0.01. The improvement could happened
due to the physical development of the girls or by concentrating
a higher concentration when performing the posttest. Comparing
girls from the experimental (EX) and control groups (KG), we
concluded by Mann-Whitney T-test that there was no statistical
significance in pretests, while in posttests there was a
statistically significant difference at the significance level p
<0.01 (Graph 13).

Test 5 Endurance standing on one leg with eyes closed

Graph 13: Pretest and posttest: Endurance standing on one leg
with eyes closed EX and KG girls

The ability of balance
Endurance standing on one leg, eyes closed(s]

EX and KG girls

B Pretest

In graph (14) we see that for boys (EX) we recorded an average
value of 6.17 seconds when standing on one leg with our eyes
closed in pretest. In the post-test, we recorded an average value
of 8.74 seconds, which indicates that the static balance improved
by 2.57 seconds, which is an overall percentage progress of
41.65% Using the nonparametric Wilcoxon T-test, we calculated
that in boys (EX), there was a statistically significant difference

at the significance level of p <0.01. For boys (KG), we measured
an average value of 6.21 seconds in pretests, while in posttests
we measured an average value of 6.69 seconds. From the above
values it follows that in boys (KG) there was a minima
improvement in standing on one leg with eyes closed by 0.48
seconds, which in percentage terms is a progress of 7.13%.
Using Wilcoxon's T-test, we found that there was no statistical
significance between pretest and posttest in the control group of
boys in this test. By comparing boys (EX) and boys (KG), we
concluded, using the Mann-Whitney U-test, that there was no
statistical significance in the pretests, while there was statistical
significance in the posttests. There was an improvement in favor
(EX) of boys at the level of significance p <0.01 (Graph 14).

Graph 14: Pretest and Posttest: Endurance standing on one leg
with eyes closed EX and KG boys

The ability of balance
Endurance standing on one leg, eyes closed([s]

EX and KG boys

The graph (15) shows that in the motor pretest, which is focused
on endurance standing on one leg with closed eyes, we measured
the average value for girls (EX) of 5.66 seconds. For boys (EX),
an average value of 6.17 seconds was measured. The measured
results show us that the achieved average results were better in
boys compared to girls. The difference was small, 0.51 seconds,
which in percentage terms is a better result by 8.40% in favor of
the boys. In the posttest, we measured an average hour of 9.58
seconds for the girls (EX), while the average value for the
posttest was 8.74 seconds for the boys (EX). The measurements
show that the average values were better for girls compared to
boys by 0.84 seconds, which in percentage terms is 8.84% in
favor of (EX) girls. Using the Mann-Whitney nonparametric U-
test, comparing the experimental group of girls (EX) and boys
(EX) we found that there was no dtatistically significant
difference in pretest or posttest. In the test focused on balance
ability - static balance, we measured an average value of 5.64
seconds for girls (KG) in the pretest, while we measured an
average value of 6.21 seconds for boys (KG). We know from the
results that in comparison they achieved (KG) a better average
value in the pretest by 0.57 seconds, which in percentage terms
is a difference of 9.16% in favor of boys (KG). In the posttest,
we measured an average value of 6.63 seconds for girls (KG),
while an average value of 6.69 seconds was measured for boys
(KG). From the measured values in the comparison we see that
there was a difference of 0.07 seconds between girls and boys,
which is minimal and in percentage termsit is 0.92% in favor of
boys. By comparing the results obtained in the control group of
girls (KG) and in boys (KG), we did not measure statistical
significance in the pretest or posttest using the Mann-Whitney
U-test (Graph 15).

Graph 15: Pretest and posttest: Intersexual comparison -
Endurance standing on one leg, eyes closed EX girls, boys and
KG girls, boys

Intersexual comparison

Endurance standing on one leg, eves closed [s]
EX - gils, boysand KG - gitls, boys

ol o
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3.2 Evaluation of hypotheses

In our article, we set agoa to determine the impact of the use of
stretching exercises on the development of coordination motor
skills of children at younger school age. By redlizing the
research, we wanted to find out the level of coordination skills of
primary school children, where we used two independent groups
for comparison, namely the experimental and control groups,
which we then divided into other subgroups according to gender.
Four subgroups were formed, we worked in the empirical part
with them, while a stretching plan was applied to the girls and
boys from the experimental group, while the control group was
taught physical education under norma conditions. In the

Table 1: Motor tests, hypotheses and their statistical significance

previous section, we presented a comparison of the results we
achieved. Based on the results obtained, we found that stretching
exercises had an effect on coordination skills, which means that
they were effective. In some motor tests, there was an
improvement not only in the experimental (EX) but also in the
control (KG) group. However, in terms of dtatistical
significance, the experimental group had more significant
statistical differences compared to the control group, where there
was also a more visible progress in the coordination capabilities.
For better clarity in the interpretation of the achieved results, we
present a table (Tab. 1) with the evaluations of motor tests,
where we also present statistical significance.

Hypothesis 1 Hypothesis 2

Hypothesis 3

Hypothesis 4

Control
group

Experimental
group

GIRLS

BOYS Experimental group Control group

MOTOR

TESTS Comparison

Pretest and
Posttest

Comparison
Pretest and
Posttest

Comparison
EX xKG

Comparison
EX x KG

COMPARISON GIRLS
x BOYS

COMPARISON GIRLS
x BOYS

GIRLS | BOYS | GIRLS | BOYS

POSTEST

POSTEST

PRETEST | POSTEST | PRETEST | POSTEST

Grasping
an object

* %

Stopping * - - **

afaling
ruler

Jumping
tothe
target *% Kk *%

froman - -

elevated
place

* %k

Skipping
rope,
hOI dl ng * % ** * % * %
the same -
pace of
movement

Running

to * % * %

numbered
targets

*k *k *k *k *k

Endurance
standing
ononeleg

(I’I ght’ * % * % * % * %
left) with
eyes
closed

* %

- statistical significance not achieved, * statistical significance at p level <0.05, ** statistical significance at p level <0.01

Hypothesis (H 1) dealt with the influence of selected stretching
exercises, which should have resulted in a statistically significant
difference in the experimental group of girls and boys between
pretest and posttest focused on coordination motor skills. In the
table, we present, we can see that there was a significant
statistical difference between pretests and posttests of both girls
and boys. Given the results that were achieved, we conclude that
the stretching exercises we proposed were effective and in both
groups there was progress in the motor tests. We confirm the
hypothesis (H 1) on the basis of the obtained data.

Hypothesis (H 2) was devoted to the control group, where a
statistically significant difference between pretests and posttests
focused on coordination of motor skills of boys and girls should
have happened, are shown in Table (1), where we see statistical
significance for girls in two motor tests as well as for boys, but
only in one test. In the vast majority of tests there was no
statistically significant difference, therefore we conclude that
Hypothesis (H 2) was not confirmed.

Hypothesis (H 3) focused on the application of selected
stretching exercises, where the achieved level of coordination
motor skills should be statistically more significant in the
experimental group of girls compared to girls from the control
group, and aso the achieved level should be statistically more
significant for boys from the experimental group compared with
boys from the control group. In the table for girls (EX) and girls
(KG) we can see that out of five tests performed, there was a
statistically significant difference in the posttests in four at the
level of significance p <0.01 in favor of the experimental group
of girls. There was no statistical significance in the motor test -
running to numbered targets. A similar situation occurred with
boys (EX) and boys (KG). In comparison with the control group
of boys, the experimental group of boys did not achieve a
statistically significant difference in one motor test - skipping
rope, maintaining the same pace of movement. In contrast, in
three tests, boys from the experimental group achieved a
statistically significant difference in posttests, at a significance
level of p <0.01 in one test at a significance level of p <0.05. It
follows from the above that, despite the results achieved in favor
of the experimental group of girls and boys, we reject the
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Hypothesis (H 3). The reason is that there was no statistical
significance for girls in one test and same no significance for
boysin one test.

Hypothesis (H 4) focused on the level of coordination motor
skills, which should be higher for boys compared to girls, while
the progress of boys in the experimental group and of boysin the
control group should have been more significant in the tests
compared to girls in the experimental group and control group.
In table (1) we can see that in the experimental group in pretests,
where there was a comparison of girls and boys, only one of the
tests - running to numbered targets, was statistically significant
in favor of boys. Also in the posttests, the boys had a statistically
significant difference in their favor in the test - running to
numbered targets. However, in the posttests, specificaly in the
test - skipping rope, maintaining the same pace of movement, the
girls achieved a better result compared to the boys, which
achieved dtatistical significance. Similarly, in the control group
in the pretests, also in the test - running to the numbered targets,
the boys achieved a better result than the girls, which was
statistically significant. As we can see in the table in the
posttests, the boys had a statistically significant difference in the
results in up to three motor tests when compared with the girls,
while in two there was no statisticaly significant difference.
Based on these facts, when the boys from the experimental and
control groups did not achieve statistically significant differences
in al tests compared to the girls, we must reject the Hypothesis
(H 4).

From the above results we can state that Hypothesis (H 1), based
on the application of stretching exercises in physical education
classes, the experimental group of girls and boys achieved
statistically significant differences between pretests and
posttests, where the tests were focused on coordination motor
skills. There was no significant improvement in the control
group of girls and boys, which rejected the Hypothesis (H 2).
When comparing the experimental group of girls with the
control group of girls, as well as in the experimental group of
boys and the control group of boys, there were no significant
improvements in favor of the experimental group of girls and
boys, and we also reject Hypothesis (H 3). In the intersexual
comparison, where the boys from both groups were supposed to
be better than the girls from both groups, this fact was not
confirmed to us, so we also rejected the Hypothesis (H 4).

4 Conclusion

In our article, we tried to approach the use and impact of
stretching on the development of coordination motor skills of
children at younger school age in physical education and sports
classes. Based on the application of selected exercises for
students in primary education, we wanted to find out their
effectiveness, efficiency and level of coordination skills selected
by us.

The choice of motor tests was conditioned by the material and
technical equipment of the schools and the age of our probands.
After completing the pretests in both groups, a set of stretching
exercises was applied to the experimental group, which lasted
for 14 weeks. Following the end of the selected period, post-tests
were performed again. We used two nonparametric tests to
process and evaluate the measured results. Wilcoxon
nonparametric T-test, which was used to compare the results
obtained between pretests and posttests within one group, where
we tested the difference at the level of significance p <0.01 and p
<0.05. The second test we used was the nonparametric Mann-
Whitney U-test, on the basis of which we compared the values of
two independent groups. We processed the obtained results into
graphs, we interpreted the results and we were able to verify our
hypotheses by them. In our research, only one of the hypotheses
was confirmed, which was aimed a achieving statistical
significance in the experimental group of girls and boys between
pretests and posttests, and stretching exercises were applied in
these groups. Based on the obtained results, we state that in al
motor tests, the probands in the experimental group improved
their performance. The experiment we performed was able to

positively influence the development of coordination motor
skills of children at younger school age. We had to reject the
remaining three hypotheses on the basis of unfulfilled statistical
significance. Most importantly, we consider that the goa of the
work, which was to determine the level of coordination skills
and applied exercises to come to their effectiveness, we managed
to meet, while the level of coordination skills reached a
statistically significant difference, which can confirm that
stretching exercises were effective and efficient in our studied
younger school-age children in the village and in the city.

As a positive, we would like to note that the results achieved
through the application of stretching exercises point to the fact
that these exercises in physical education classes have been
positively proven and have had a positive impact on the
development and strengthening of coordination motor skills. In
the results of the experimental group of girls and boys, we found
that they achieved statistically significant improvements in all
motor tests.

In conclusion, we consider it necessary to emphasize that one of
the important tasks of every teacher is to arouse students' interest
in movement and exercise. However, the teacher should be able
to properly motivate students, he should be thoroughly prepared
for the teaching process and he should also have a positive
attitude towards his students. Last but not least, it is essential
that the teacher adheres to all important didactic principles. Only
such a teacher can fulfill the goas of physica and sports
education in our schools and at the same time have influence on
children to develop their motor abilities and skills.
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