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Abstract: Low physical activity in children of pre-school and younger school age has been a multifaceted problem
for several years, which is being addressed by several scientists, primarily doctors, educationalists, and
psychologists. The purpose of our study is to compare somatic and motion prerequisites among physically active
and physically inactive children from the first grades of primary schools in the Pilsen region. The research sample
consisted of 753 pupils from the first grades of primary schools in the Pilsen region, of which 421 boys and 332
girls. Of a total number of pupils, 176 (23.4%) girls and 275 (36.5%) boys are engaged in any sporting activities.
At the time of measurement, their average age was 6.87±0.59 years. To obtain somatic characteristics, body
heights and weights of children were measured, and from the measured data, a body mass index (BMI) for the
child category was calculated. To determine the level of motion prerequisites, we used the DMT 6-18 test battery,
consisting of 8 tests. The tests are aim to assess the level of dynamic and explosive power, speed, coordination,
balance, flexibility, and endurance. The results of our study highlight the fact that even in the age range of 6 to 7
years, there are significant differences between physically active and physically inactive children in the tests, which
monitor motion prerequisites of children. Statistically significant differences were seen primarily in tests which
monitor the level of fitness abilities, i.e. the components of the body health-oriented fitness.
Keywords: BMI index, Motion assumptions, Younger school age, DMT test battery
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1. Introduction
During phylogenesis, the human body was
developed in movement and to movement. Within a
relatively short period of time, the proportion of
physical activity in humans was rapidly decreased, and,
in some individuals, physical activity even disappeared
from their daily routine. This problem seems to be
more serious if this involves the physical inactivity of
children. The level of physical activity among young
people is decreased in countries all around the world,
especially in poor urban areas [1]. According to the
research performed by Mužík [2] and Sigmund [3], the
physical activity of children at the first level of primary
schools is significantly decreased after admission to the
first level of school education. Mužík [2] states that
sedentary lifestyle predominates among younger
school age children, and physical activity of these
children includes only 12% of their daytime on
average, and school movement activities represent
only 1%. This decrease is largely caused by
increasingly frequent sedentary manners of leisure
time spending. For example, fewer children walk to
and from school, they spend too much time on passive
entertainment, such as watching TV, playing computer
games, and other IT technologies - often at the
expense of time and opportunities for physical
activities and sports. Due to sedentary school activities,
the proportion of time devoted to school physical
education and other school physical activities is also
decreasing [4-6]. Today, a number of studies highlight
the importance of proper motor development of
children for their future [7,8], and also preventive and
therapeutic effects of adequate physical activities. At
their later ages, inactive children exhibit more frequent
occurrence of cardiovascular diseases, including their
risk factors, such as hypertension, overweight, and
obesity [9, 10]. In addition, Kuntsche [11] links,
between other aspects, the level of physical fitness,
quality of life, and well-being. The psychosocial benefit
acquired in the course of the motor learning process is
another positive aspect of physical activity in
childhood. Learning movement skills within the
framework of spontaneous and organized physical
activity improves the physical performance of children
[12-15], emotional development [16], and social
interactions [17,18]. Further studies point out the
relationship between learning disabilities and the
development of motor skills. In addition, there are
indications that motor learning can have an impact on
language development in children [19].
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According to [1], to ensure healthy
development of children and young people in the age
range of 5 to 17 years, they should have at least 60
minutes of physical activity, performed at medium to
high intensity every day. Patterns of movement
regimen and healthy lifestyle acquired in childhood and
adolescence will likely be maintained throughout their
lifetime [1, 20]. The level of physical fitness of people
is directly connected with health. This relationship is
strengthened with age [21].
For these reasons, the concept of healthoriented physical prowess (fitness) was introduced in
the past. According to [21], this relates to fitness
affecting the health condition and have preventive
effects on health problems arising as a result of
physical inactivity, hypokinesia. Corresponding motor
performance
requires
the
implementation
of
appropriate motion stimuli, which are based on
spontaneous physical activities already in the early
stages of life, and they gradually move into organized
physical
activities.
Undoubtedly,
the
family
environment has a decisive influence on the health of
children and their physical and mental development
[22-24]. The dependence of physical health on the
socioeconomic status of the family is mentioned by
Moor et al., [25].
The goal of our research is to highlight the
existence of differences in somatic characteristics, and
significant differences in the physical fitness of children
already at the youngest school age (six to seven years
old). Our study compares basic somatic characteristics
(height, weight), aerobic fitness, muscle fitness, coordination, balance, and flexibility of children from the
first grades of primary schools, who are engaged in
organized physical activities in their leisure time, and
children who do not attend any physical training hobby
groups.

2. Methods
2.1 2.1 Methods for detecting somatic
characteristics
Before commencing the test, weights and
heights of children were measured using calibrated
instruments. The height is given in metres, rounded to
two decimal places. The weight is given in kilograms,
rounded to one decimal place. The BMI was
determined using a BMI calculator for childhood.
According to the BMI percentile in the population of
children of a given age group, we identified a group of
underweight children (under the 10th percentile),
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normal weight children (between 10th and 90th
percentile), overweight children (90th and 97th
percentile), and obese children (over 90th percentile].

2.2 Methods for detecting movement
performance
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execution of this test counts only attempts when the
hips are not deflected during this exercise. The number
of correctly performed push-ups in 40 seconds is
counted. From the results of this test, we can estimate
the dynamic strength of the upper extremities.

Brief description of the tests:

Test No. 5: Sit-ups - the basic position is a lying
position with the bent legs and hands placed over the
back of the head. Probands perform repeatedly sit-ups
for a duration of 40 seconds. The person checking the
correct execution of this test fixes the probands´ legs
to the mat. The probands are called to raise their torso
to a perpendicular position, without putting of their
pelvis from the mat at the initial stage. Every correctly
performed attempt is counted. From the results of this
test, we can estimate the strength abilities of
abdominal muscles.

Test No. 1: 20-metre sprint - after starting command,
probands run out in pairs from a semi-high starting
position (ready, steady, go - hands clapping or wooden
rattle clicking). The time is rounded to one decimal
place. This test consists of two retests. From the
results of this test, speed of action and reaction are
determined.

Test No. 6: Stand and reach - probands stand on a
special stool equipped with a measuring instrument in
its front part, and perform a deep forward bend, trying
to touch the measuring instrument. Finally, the bend
depth is read on the instrument. From the results of
this test, we can estimate the flexibility of the torso
and the back side of the lower extremities.

Test No. 2: Balancing backwards - probands are
called to go backwards 8 steps on a special low
balance beam. We counted the number of steps
performed by the pupils without touching the pad. The
balance beams are made of wood, available in three
widths (6 cm, 4.5 cm, and 3 cm), and put on the floor.
Pupils have two attempts on the balance beams of all
widths. We counted the total number of the steps
performed on all three widths of the balance beams.
From the results of this test, balance ability and
movement co-ordination are determined.

Test No. 7: Standing long jump - probands are
prepared behind the line and, and with a massive
bounce, they try to jump with legs together as far as
possible. Performance is measured in centimetres,
rounded to whole numbers. This test is repeated twice.
From the results of this test, we can estimate the level
of explosive power of the lower extremities.

To determine the level of movement
performance, we used a DMT 6-18 test battery [21]
consisting of eight tests. On the basis of the test
results, we can determine the level of motion
prerequisites, which are the indicators of movement
abilities, most of which relate to physical fitness of the
individual, as well as health-oriented fitness.

Test No. 3: Jumping sideways with legs together
forwards and backwards - this test was also performed
on a special wooden pad, partitioned with a wooden
slat in the middle. The probands are called to jump
sideways with legs together from one half of the pad
to the other for a duration of 15 seconds. This test is
repeated twice. From the results of this test, we can
estimate the level of movement co-ordination, action
speed, and dynamic strength of the lower extremities.
Test No. 4: Modified push-ups - probands are called
to perform repeatedly a modified push-up, which starts
from a laying position on the stomach with the hands
behind back, followed by a transition to the push-up
position, one hand is put on the back of the other
hand, and probands return to the stomach position and
starting position. The person checking the correct

Test No. 8: Six-minute run - probands are called to
run/walk as long as possible distance within six
minutes. The children are called to run around the
cones located in the corners of a volleyball court.
The number of rounds around the entire
volleyball court are counted to each proband by the
persons checking the proper execution of this task.
After elapsing the time, the pupils will stop at the place
they reached. Depending on a distance reached by the
probands, we add an estimated number of metres to
the total number of rounds, multiplied by 54. From the
results of this test, we can estimate the level of general
endurance.

2.3 Statistical data processing
The measured data were processed using the
software called STATISTICA 6.0. For preliminary
analysis and to determine dependence between the
variables, the correlation analysis, using Spearman's
correlation co-efficient, was used. The values of the
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correlation co-efficient at an interval of 0.1≤r≤0.29 are
considered the indicator of low to medium correlation,
0.3≤r≤0.49 the indicator of medium to substantial
correlation, and >0.49 is considered the indicator of
very strong, substantial correlation [27]. To determine
statistical differences between the groups in individual
tests, the t-test for two independent selections was
used. The statistical significance level was set at:
α≤0.05. To determine the substantive significance of
intergroup differences, the calculation of Cohen d was
used [28].

2.4 Description of the research sample
The research sample consisted of 753 pupils
from the first classes of primary schools in the Pilsen
Region (Pilsen and Rokycany), of which 421 boys and
332 girls. All pupils had to answer the question
whether they attend any physical training hobby group
in their free time, and how many times a week they
are engaged in organised physical activities. If children
do sport activities in this manner at least twice a week,
they were assigned to a group called preliminary
“athletes”, and if such activities were performed
irregularly and repeated only once a week, or if none
activity was reported, such pupils were placed in the
group called “non-athletes”. Out of the total number of
these pupils, 176 (23.4% of the entire sample) girls,
resp. 275 (36.5% of the entire sample) boys are
engaged in sports. Testing was carried out always in
the springs of 2016 to 2018. At the time of
measurement, the average age of the children was
6.87 ± 0.59 years.

2.5 Description of the variables
For ease of reference, we specify the list of
variables in our results, including the reported units of
measurement:
Body height [metre, m], Body weight [kilogram, kg],
and BMI [kg/m2] represent somatic characteristics.
SPRINT_1 and SPRINT_2 represent the first and
second attempts performed in the 20-metre run test
[second, s].
BAL_SUM - the total number of steps performed in two
retests on the balance beams with the widths of 6 cm,
4.5 cm, and 3 cm. The maximum possible number of
steps performed in this test was 6 x 8 steps = 48.
JUMP_1 and JUMP_2 is the number of jumping
sideways performed in the first and second attempts of
the jumping sideways with legs together test.
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STAND_REACH is the value achieved in the stand and
reach test. The positive (+) values represent the reach
below the zero value of the special elevated pad, while
the negative (-) values represent the distance above
the zero value [centimetre, cm].
PUSH-UPS and SIT-UPS are given in the number of
correctly performed and completed exercises.
LONG_J_1 and LONG_J_2 represent the first and
second attempts of the standing long jump test
[metre, m].
6-MIN RUN represents results of the six-minute run
test [metre, m].

3. Results
3.1 Interim analysis
The fact whether a child is engaged in sports
or not is demonstrated with a weak to moderate
dependence with performances in both attempts in the
tests: 20-metre sprint (r1=0.24, r2 =0.25), jumping
sideways (r1=0.18, r2 =0.18), standing long jump
(r1=0.27, r2=0.29), and six-minute run (r=0.26) (Table
2). Mild to moderate dependence was also found in the
case of sex and performance variables in the tests: 20metre sprint (r1=0.24, r2=0.25), stand and reach
(r=0.22), standing long jump (r1)=0.17, r2=0.18), and
six-minute run (r = 0.27) (Table 2).
As regards correlations between the attempts
of individual tests and correlations between the
individual tests of the DMT6-18 test battery, a very
high measure of dependence was found between two
attempts of the 20-metre spring (r=0.67), jumping
sideways (r=0.82), and standing long jump (r=0.83),
indicating a high consistency of these tests. Moderate
to high dependence
(r1=0.36, r2=0,9)
was
demonstrated between both attempts in the 20-metre
sprint test and both attempts in the jumping sideways
tests. A high measure of dependence was ascertained
between the 20-metre sprint and standing long jump
(r=0.52) tests (Table 2).

3.2 Comparison of somatic characteristics
Table 3 and figure 1 show that the largest
proportion of children with normal weight (84.7%) can
be found among physically active boys. Most obese
children can be found among physically inactive boys
(10.3%), while 6.2% of obese children are among
physically active boys.
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Table 1 Overview of means and standard deviations of all variables in the compared groups
All samples
Mean

± SD

sport: yes
Mean

sport: no

± SD

Mean

girls

± SD

Mean

boys
± SD

Mean

± SD

Body height

1.26

± 0.06 1.26

± 0.06 1.26

± 0.06 1.25

± 0.06 1.26

± 0.06

Body weight

25.84

± 5.04 25.67

± 4.64 26.10

± 5.59 25.41

± 5.10 26.18

± 4.97

BMI

16.01

± 2.31 15.88

± 1.99 16.19

± 2.73 15.92

± 2.45 16.08

± 2.20

20-M.SPRINT_1 4.82
20-M.
SPRINT_2
4.78

± 0.54 4.72

± 0.52 4.97

± 0.54 4.95

± 0.50 4.71

± 0.55

± 0.54 4.68

± 0.51 4.94

± 0.55 4.94

± 0.53 4.67

± 0.53

BAL_SUM

28.41

± 8.10 28.81

± 8.11 27.81

± 8.05 29.75

± 8.19 27.36

± 7.87

JUMP_1

21.78

± 6.02 22.67

± 6.13 20.41

± 5.59 21.43

± 5.99 22.05

± 6.04

JUMP_2

21.53

± 5.61 22.40

± 5.77 20.22

± 5.08 21.55

± 5.73 21.52

± 5.52

STAND_REACH

-1.16

± 6.70 -0.70

± 6.57 -1.88

± 6.84 0.41

± 6.52 -2.37

± 6.59

PUSH_UP

12.61

± 3.75 12.91

± 3.72 12.15

± 3.74 12.49

± 3.71 12.70

± 3.78

SIT_UPS

17.95

± 6.28 18.85

± 6.12 16.56

± 6.27 17.13

± 6.47 18.59

± 6.05

LONG JUMP_1

1.14

± 0.21 1.19

± 0.20 1.07

± 0.19 1.10

± 0.20 1.17

± 0.21

LONG JUMP_2

1.15

± 0.22 1.20

± 0.21 1.08

± 0.20 1.11

± 0.20 1.18

± 0.22

6-MIN RUN

842

± 121

± 113

± 124

± 112

± 121

867

805

807

870

Table 2 Correlation matrix illustrating the measure of dependence of individual variables

SPORT
SEX
BODY HEIGHT

SP_1
0.25***
0.24***
0.12***

BODY WEIGHT 0.00
SPRINT_1
SPRINT_2
BAL_SUM
JUMP_1
JUMP_2
STAND_REACH
PUSH_UP
SIT_UPS
LONG_ J_1
LONG_ J_2
6-MIN RUN

1.00

SP_2

B_S

-0.24*** 0.07
-0.25*** 0.14***
-0.14*** 0.11***
-0.01
0.18***
0.67*
0.14***
1.00

SK_1

SK_2

B_O

CR

UPS

L_J_1

L_J_2

6MIN

0.18*** 0.18*** 0.10*** 0.10*** 0.20*** 0.27*** 0.29*** 0.26***
0.04
-0.01
0.22*** 0.01
0.11*** 0.17*** 0.18*** 0.27***
0.02

0.00

-0.12

-0.06
0.37**
0.36**

-0.07
-0.04
0.39** -0.08
0.36** -0.05

1.00

0.34** 0.36** 0.12*** 0.18*** 0.20*** 0.23*** 0.19*** 0.16***
1.00

-0.07

0.02

0.04

0.08

-0.03
0.26***
0.24***

-0.05
-0.05
0.36** -0.51*
0.33** -0.50*

0.11*** -0.04
-0.03
0.14***
-0.52* 0.32**
-0.52* 0.31**

0.82*

0.15*** 0.41** 0.34** 0.45** 0.44** 0.22***

1.00

0.15*** 0.44** 0.35** 0.45** 0.41** 0.25***
1.00

0.10*** 0.11*** 0.12*** 0.14*** 0.08
1.00

0.38** 0.27*** 0.23*** 0.13***
1.00

0.36** 0.33** 0.19***
1.00

0.83*

0.35**

1.00

0.39**
1.00

* Strong dependence between variables, ** moderate dependence between variables, *** weak dependence
between variables
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In the group of physically active girls, the
same percentage of obese (6.2%) appears as in boys.
In the group of physically inactive girls, we found 7.7%
of obese girls.
Only 3.6% physically active boys, respectively
6.8% of girls, were overweight. In the group of
physically inactive children, 7.5% of boys, respectively
7.7% of girls, were overweight. As regards the number
of children with a low weight, more underweight
children are among the girls, the least underweight
children are among physically active boys.
Reference data from 2001 foresee 6.6% of
obese children in the group of children between 6 to
10.99 years old [26].
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We can therefore say that among physically active girls
and boys from our sample, the prevalence of obese
children is slightly lower than the reference value,
while the percentage of obese children is higher in the
group of physically inactive children. The reference
value of the occurrence of overweight children is 8.9%.
In the group of physically active and physically inactive
children, the percentage of overweight children is
below the reference value. For our age group, the
reference value of underweight children is 8.1%. This
reference value is slightly exceeded in all groups of our
sample. However, in our sample, only 6 children
(0.8%) of the total number had BMI below the third
percentile. As regards the statistical comparison of BMI
between physically active and physically inactive
children, no significant differences were found.

Table 3 Absolute frequency of physically active and physically
inactive girls and and boys with underweight, normal weight,
overweight, and obesity.
N = 753
Underweight
Normal weight
Overweight
Obesity

Sport: yes
Girls
Boys
18
15
135
233
12
10
11
17

Sport: no
Girls
14
118
12
12

Boys
13
107
11
15

100%
90%
80%
70%
60%

Obesity

50%

Overweight

40%

Normal weight

30%

Underweight

20%
10%
0%
girls
Sport: yes

boys

girls
Sport: no

boys

Figure 1 Graphical form of the relative representation of underweight, normal weight, overweight, and
obese children in the groups of physically active girls and boys and physically inactive girls and boys.
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3.3 Comparison of motion prerequisites
By comparing the level of motion prerequisites
of a group of physically active and physically inactive
children, we found interesting facts. When comparing
the results of individual tests of the DMT 6-18 battery,
we found that the differences between physically
active and physically inactive children are significant at
some tests at the level of statistical significance α ≤
0.05. The exception is the balancing backwards test.
The difference in the number of steps of each of the
attempts on individual balance beam widths is not
significant between physically active and physically
inactive children. We found moderate substantive
significance in both attempts of the standing long jump
and six-minute run tests. Substantive significance was
calculated in both attempts of the 20-metre sprint,
jumping sideways, push-ups, and sit-ups tests.

4. Discussion
After evaluating somatic characteristics, we
noticed that in the group of physically active boys, the
number of children with higher weight is low, and the
most children show normal weight (84.7%). On the
contrary, in the group of physically inactive boys, a
relatively high percentage of children with higher
weight can be found (17.8%).
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These values are not applicable in an
international comparison as all BMI values are related
to the reference values of the 90th, 97th, and 10th
percentiles valid for the Czech population [26].
The research sample consisted of 332 girls and
421 boys. Of this number, 176 girls (53% of all girls)
and 275 boys (65.3% of all boys) were physically
active.
From figure 2, we can see that the proportion
of physically active boys is higher than the proportion
of physically active girls. This imbalance can be caused
by many reasons. Physical training hobby groups and
sporting activities offered in sports centres are
intended to boys and girls. In the age range of 6 to 7
years, the parents' opinion and their relationship to
physical activities is relatively important. Among
parents of the pupils from our sample, it is believed
that sporting activities performed in leisure time are
more important to boys than to girls. It is also possible
that boys require the inclusion in sporting activities
more often than girls. With regard to the fact that
Graph 2 shows a higher proportion of physically active
boys in our research sample, we compared the
individual groups of physically active and physically
inactive girls and boys also in the case of motion
assumptions.

Table 4 Results of the t-test and substantive significance of two
independent samples; groups of physically active and physically
inactive pupils of the first grades of Pilsen primary schools.

SPRINT_1
SPRINT_2
BAL_SUM
JUMP_1
JUMP_2
STAND_REACH
PUSH_UP
SIT_UPS
LONG_J_1
LONG_J_2
6-MIN RUN

t-test value

p value

d value

-6.50
-6.39
1.65
5.11
5.29
2.19
2.74
4.89
7.72
8.16
7.10

0*
0*
0.10
0*
0*
0.03 *
0.01 *
0*
0*
0*
0*

0.46***
0.48***
0.12
0.37***
0.39***
0.16
0.2***
0.36***
0.57**
0.54**
0.51**

* p≤α≤0.05
**0.5≤d≤0.8 mean substantive significance
***0.2≤d≤0.5 small substantive significance
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Figure 2 Bar graph showing the proportion of physically active and physically inactive girls and boys.

Table 5 Comparison of physically active and physically inactive girls and boys in the individual motor
tests of the DMT6-18 battery
girls
boys
t-test
p value
d value
t-test
p value
d
value
value
value
20-METRE-SPRINT_1
-3,08
0*
0,34***
-5,13
0*
0,51**
20-METRE-SPRINT_2

-3,26

0*

0,36***

-4,76

0*

0,47***

BAL_SUM

1,91

0,06

0,22***

1,22

0,22

0,13

JUMPING SIDEWAYS_1

2,32

0,02*

0,25***

4,64

0*

0,47***

JUMPING SIDEWAYS_2

3,37

0*

0,37***

4,16

0*

0,42***

FORWARD BEND

2,62

0,01*

0,31***

1,35

0,18

0,15

PUSH_UP

2,49

0,01*

0,27***

1,34

0,18

0,14

SIT_UPS

3,55

0*

0,39***

2,88

0*

0,3***

LONG_JUMP_1

3,26

0*

0,35***

6,86

0*

0,67**

LONG_JUMP_2

3,95

0*

0,4***

6,81

0*

0,64**

RUN_6MIN

2,68

0,01*

0,29***

6,22

0*

0,61**

* p≤α≤0.05
**0.5≤d≤0.8 mean substantive significance
***0.2≤d≤0.5 small substantive significance

We took this step primarily in order to avoid
any possible bias of our research.
Differences between the boys and girls in the
individual tests within the sample as a whole appeared
to be significant in the balancing backwards and stand
and reach tests, in which the girls achieved better
results. In the push-ups and six-minute run tests, the
boys achieved significantly better results.

We guess that these results fully correspond to
the described age-specificities in motor manifestations
of younger school age children. In our more detailed
analysis, we revealed several other differences.
Table 5 shows that the results of comparing
the group of physically active and inactive girls and
boys separately are similar. In the physically active and
inactive girls, statistically significant differences were
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found in all tests except the balancing backwards test.
In all our tests, substantive significance was
determined as small. In physically active and inactive
boys, statistically significant differences were found in
the 20-metre sprint, jumping sideways, sit-ups,
standing long jump, and six-minute run tests. The
mean substantive significance of the difference
between physically active and inactive boys was
manifested in the 20-metre sprint, standing long jump,
and six-minute run tests. It is interested that there was
no difference between the physically active and
inactive boys in the modified push-up test. We can
assume that for this age group, this test was quite
complicated from the viewpoint of its proper
performance, and the boys, in their effort to carry out
this exercise as quickly as possible, failed to follow the
correct parameters of the exercise, therefore,
incorrectly performed exercise was not counted

4. Conclusions
In conclusion, we can state that statistically
significant differences were found among the children
already in the age range of 6-7 years, who are
engaged in any organised physical activities in their
leisure time, and children who spend their leisure time
rather inactively. This trend was also objectively
supported. The results of substantive significance,
calculated as low to mean, draw our attention to the
fact that other factors also play a role in pupils' motor
performance at this early school age. The mental
development of children is primarily considered as one
of the decisive factors. In addition to movement skills,
performance of some tests requires also concentration
and motion memory. It is evident that physical
education at schools is often the only physical activity
for many children. Therefore, emphasis should be
placed on high qualification and interest of school
teachers at the first level of primary schools. We
recommend including physical activities of younger
school-age children at schools as often as possible. We
also recommend using the option to include a third
physical education lesson, and to include recreation
and movement breaks on a daily basis. In many
subjects of the educational plan, it is possible to use
the kinesthetic style of teaching, or to teach children
outdoors in motion. Another way how to improve the
movement regimen of younger school children is to
expand the offer of physical training hobby groups at
after-school care centres, or to include physical
activities directly into after-school care centre
programmes.
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