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ABSTRACT

Changes in socio-economic life are related to new challenges affecting the growing children
as well. Reduced motor activity as a consequence of the ubiquitous presence of new technolo-
gies, urbanization and social changes, increasing of schooling activity and others, lead to deg-
radation of the physical health, changes in the physical development and fitness of the younger
generation.

The purpose of the study is to establish whether there is a difference in the manifestation of
motor coordination abilities of 9-10-year-old boys from different regions of Bulgaria classified
by population.

Backwards ball throw test, Low jump test and Orientation shuttle run test were used for
measurement of the motor coordination abilities of 9-10-year-old-boys.

The demographic factor was determined forming 5 groups depending on the population.

The results provide clear evidence that there are statistically significant differences in mani-
festation of the motor coordination abilities of 9-10 years-old boys depending on the number
of town population.

The most significant practical difference was observed for Orientation shuttle run test or for
kinesthetic ability of the low limbs.

Multiple comparisons showed that for the first test - Backwards ball throw test there were
not statistical differences between small cities and Sofia city. Probably the pupils from the small
cities are as talented to perform the coordination exercises as those in Sofia city. For the second
test — Low jump test results showed statistically significant differences for almost all compared
pairs. The same conclusion is valid also for Orientation shuttle run test. This means that the
number of the population can be a differentiating factor for the manifestation of various motor
skills, including motor coordination abilities.

Key words: motor coordination abilities, 9-10 years old boys, comparative analysis, demo-
graphic principle

INTRODUCTION

The demographic problem is seen to be one
of the main social problems of contemporary
Bulgarian society. Population theories are an
important part of today’s “demography” sci-
ence that seeks the link between demographic
dynamics and economic development (Chola-
kov, 2012; Sugareva, 2017).

Changes in socio-economic life are re-
lated to new challenges affecting the growing
children as well. Reduced motor activity as
a consequence of the global presence of new
technologies, urbanization and social chang-
es, increasing of schooling activity and oth-
ers, lead to degradation of the physical health,
changes in the physical development and fit-
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ness of the younger generation.

The data from the studied literature on the
problem show that there is a lag in the devel-
opment of the physical abilities of adolescents
(Boeva, 2012; Bernstein, 1991; Lyah, 2003;
Hirtz, 1985; Raczek et al. 2003 etc.). Physical
capacity as a complex indicator of the over-
all functional state of people and their motor
skills is closely related to the degree of devel-
opment and manifestation of the basic physi-
cal (motor) abilities. For many pupils there is
not any harmony between the development of
their physical qualities and their motor skills
(Momchilova, 2002).

The development of physical capacity
and motoric has a direct relationship with the
development of motor coordination (MC).
(Dimitrova, 1975; Momchilova, 1996, 2002;
Ignatov, 2017). According to Rusev (1995),
Grosser et al. (2004), Lyah (2006), Chelishev
(2012) etc., they can be described as the ability
of human beings to solve the motor tasks in the
event of complex and unexpected situations in
the most perfect, quick, convenient, economi-
cal, precise and intelligent way.

At the elementary school age “foundation
is laid” to develop these abilities, as well as to
acquire knowledge, skills and habits for coor-
dination exercises (Hirtz, 1985; Momchilova,
1996; Hirtz et al. 2000; Hirtz, Starosta, 2002;
Lyah, 2006). Zamashkin and Tolstova (2013)
call this age period - “golden age” - referring
to the speed of development of the motor co-
ordination abilities.

There are five basic motor coordination
abilities to learn in physical education classes
(Hirtz, 1986; Rusev, 2005): ability for spatial
orientation, kinesthetic differentiation ability,
balance ability, ability of reaction; rhythmic
ability.

For the 2018/19 school year the educa-
tional objectives of the PE curriculum for the
third graders in Bulgaria required that pupils

master the compulsory curriculum of athletics,
gymnastics and sports games. Elective areas
of learning content required the mastery of at
least one sport or a motor-cognitive activity
(https://www.mon.bg/bg/1689). Of the recom-
mended percentage distribution of the manda-
tory hours for the year - 80 hours, 16% are
dedicated to the development of motor abili-
ties. The choice of additional sports disciplines
is made by the school management, according
to the conditions, traditions, qualification of
the pedagogues and the interests of the pupils.

Many surveys have been carried out on the
study of the manifestations of the motor coor-
dination abilities for school physical education
and in particular among children in primary
school age (Momchilova, 1996; Fedyakina,
1998; Magomedov, 1999; Kohoutek, 2005;
Lyah, 2006; Pisarenkova, 2010; Grozdeva,
2010; Turchak, 2014; Zlatev et al. 2016)

Coordinating performance is typically mea-
sured by sports motor tests that are standardized
driving tasks and meet three classic quality cri-
teria: objectivity, reliability and validity.

In reality, simple control exercises can give
an idea of how well children have developed
in primary school and what practical abilities
they have (Roth, 2014).

The aim of the study was to establish wheth-
er there is a difference in the manifestation of
motor coordination abilities of 9-10-year-old
boys from different regions of Bulgaria classi-
fied by population.

The purpose solution will allow to assess
the actual condition of these abilities for pupils
of the third grade for the school year 2018/19
according to the emerging demographic chan-
ges in Bulgaria reflecting education as a social
phenomenon (including physical education and
sport) and, respectively, necessary to update and
develop criteria for motor coordination abilities
control that will positively influence the physi-
cal development of the growing generation.
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METHOD AND MATERIALS

Object of the study - quantitative and qual-
itative characteristics of the upper and lower
limb kinesthetic discrimination ability and
lower limb response orientation ability.

Participants

The study was carried out in a total of 13

Bulgarian schools. Of them - 7 secondary
schools (SS) - with education from 1st to 12th
grade and 6 Primary schools (PS) - from Ist to
4th grade. The 564 boys from different cities
in the country, aged 9-10 years, of the third
grade were tested, divided into five groups
according to the population (http://www.nsi.
bg/bg/content/2981/):

v’ “Very large cities “- with a population of over
than 200, 000 inhabitants — Sofia (Code 1);

v/ “Big cities” - with a population of 100, 000
to 200, 000 inhabitants - Plovdiv and Bour-
gas (Code 2);

v’ “Medium Cities” - with a population of 30,
000 to 100, 000 inhabitants - Veliko Tarnovo
and Targovishte (Code 3);

v “Small cities” - with a population of 10, 000

to 30, 000 inhabitants - Smolyan, Svilengrad
and Radomir (Code 4);

v’ “Very small cities” - with a population of
less than 10, 000 - Kubrat and Smilyan
(Code 5).

The research was conducted in October-

November 2018.

Measurements

From the analysis of the studied literature,
three tests for structuring the testing battery
were selected under the field conditions (field
evaluation). There is no common practice to
perform a pre-test to minimize the learning
effect during the research. The test battery
was confirmed from Hirtz et al. (1985) by ad-
ministering a large and representative sample
of school-aged children (Table 1). According
to Di Cagno et al. (2013) this battery has high
test-retest reliability (Infraclass correlation
coefficient (ICC) range 0.80-0.85 — authors’
unpublished data). The second test was adapt-
ed - “with a rebound from the floor” due to the
lack of equipment (plinth) in some schools.

Table 1. Hirtz's battery test description (Hirtz et. al., 1985)

Test
Ne

Name and description

Measure
units
Measuring
accuracy
Direction
of growth

1 Backwards ball throw test (BBT) (Figure 1)

Participants performed a one-hand overhead throw backwards with
a tennis ball. They were instructed to center a ground target located
250 cm behind the performer. The target had a 20 cm diameter.
After a training throw, participants performed five consecutive
trials. Five points were assigned for each centered target. Scores
of 4, 3, 2, 1 and 0 were assigned with increasing distance of the
contact point of the ball from the target and the mean score was
computed.

Low jump test (LJ) (Figure 2)

Participants jumped with the legs together from the floor (adapted)
to a ground marking at a set distance (1 m). They were instructed to
land with their heels on the marking. The test was performed twice
and the distance of each heel from the marking was measured in
centimeters for each trial. The values of the distance of the two
heels are averaged. The better result was taken into account.

cm 0.5
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3 Orientation shuttle run test (OSR) (Figure 3)

The participant was instructed to run three times, as quickly as

possible, from a start marker toward one of five numbered goal

markers located behind him. The goal markers were 3 m apart from

him and 1.5 m apart from another on a hypothetical circumference

arc. The sequence of goal markings to be reached was not known

previously. The next marking number was announced when the

participant returned to the start ball and touched it for the nextrun s 0.01 -
to begin without pausing. After demonstration by an experimenter,

participants performed the test.
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Figure 1. Backwards ball throw test (BBT)
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Figure 2. Low jump test (LJ)
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Figure 3. Orientation shuttle run test (OSR)
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Each test includes either the upper limbs
or the lower limbs in order to avoid any con-
fusion between the measured motor coordina-
tion ability. The first Backwards ball throw test
(T1BBT) allows to evaluate the kinesthetic
capability of the upper limbs for the finely
differentiated management of the dynamic
spatial-temporal motor parameters (Figure 1).
The second test, a “ Low jump test “ (T2LJ),
is to assess the kinesthetic ability of the lower
limbs where the participants are instructed to
land their heels on the marked line (Figure 2).
The third test -” Orientation shuttle run test “
(T30SR) for assessing the kinesthetic ability
of the lower limb response orientation ability
(Figure 3).

Statistical analysis

Analysis of variance (ANOVA) was used
to analyse the differences among group means
in the samples. ANOVA provides a statisti-
cal test of whether the population means of
several groups are equal. ANOVA is useful
for comparing (testing) three or more group

means for statistical significance. Information
on the multiple comparisons between each
pair of subgroups is provided by Tukey’s HSD
(honestly significant difference) test. The coef-
ficient eta is also calculated, which makes it
possible to estimate the practical magnitude of
the differences. It is a coefficient of determi-
nation and shows what percentage of the total
dispersion of values is explained by belonging
to the groups. The Effect Size Variable (Cohen
f difference) was also calculated. Limit values
for assessing the magnitude of differences in
literature indicate - up to 0.02 - small differ-
ences, to 0.15 - moderate differences, to 0.35
significant differences and over 0.35 - large
differences between groups.

RESULTS

The results of the screening of the hypoth-
esis of equivalence of the mean values of the
demographics benchmark context for the ex-
amined 9-10-year-old boys are presented in
the ANOVA table (Table 2).

Table 2. One-Way ANOVA table of the variables (p<0.05)

Variables Source of dispersion SS df MS F Sig.
Backwards Between Groups 19.12 4 4.78 8.78 .000
ball throw test Within Groups 304.26 559 .54
Total 323.38 563
Low jump test Between Groups 546.638 4 136.66 8.21 .000
Within Groups 9301.46 559 16.64
Total 9848.09 563
Orientation Between Groups 132.40 4 33.104 19.96  .000
shuttle run test ~ Within Groups 926.98 559 1.66
Total 1059.39 563

The observed significant dispersion for
very large and small cities can be explained
by the different opportunities for practicing
sport (very large cities) and good natural
coordination for sport in the small towns.

The empirical value of Fischer’s F-
Criterion for the first test - Backwards ball

throw test was F,, = 878 at degrees of
freedom dfl =k - 1 =4 and df2 = nk-1 = 559
and Critical Criterion F 0.05; 2; 21 = 2.37.
Femp - F0.05’
the demographic motor coordination abilities

which means that the difference in

in the different categories of populated place

is statistically significant (Figure 4, Table




COMPARATIVE ANALYSIS OF ...

N. Tankoucheva

3). The same conclusion is imposed by the
significance level Sig = 0.000. We found out,
that distance mean values measured in points
indicated the better level of upper limb kines-

thetic differentiation for pupils from Sofia city

(3.88 p. SD £.59) and Small cities (3.75 p. SD
+0.70) compared with pupils from Big cities
(3.45 p. SD +.88), Medium cities (3.47 p. SD
+ .66) and Very small (3.42 p. SD £.72).
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Figure 4. Box-plot diagram of Backwards ball throw test performance comparison (M=3.59

point; a. =0.00)

For test 2, a Low jump test was k.
8.21 at degrees of freedom dfl = k-1 =4 and
df2 = nk-1 = 559 and critical criterion F_;
Femp> F,,s» Which also means that in this test
the difference in the motor coordination abili-

Table 3. Descriptive statistics of the variables

ties in the different categories of settlements
is statistically reliable. The same conclusion is
imposed by the significance level Sig = 0.000
(Figure 5, Table 3).

Variables Town codes N Mean Std. Deviation
1.00 118 3.88 .59
2.00 189 3.45 .88
Backwards ball 3.00 129 3.47 .66
throw test 4.00 84 3.75 70
5.00 44 3.42 72
Total 564 3.59 .76
1.00 118 7.87 4.05
2.00 189 7.22 4.28
. 3.00 129 7.20 3.19
Low jump test
4.00 84 9.43 421
5.00 44 10.02 5.20
Total 564 7.90 4.18
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1.00
2.00
3.00

4.00

5.00
Total

Orientation
shuttle run test

118 11.70 1.44
189 10.52 1.24
129 10.74 1.23
84 11.34 1.38
44 10.42 .99
564 10.93 1.37

The mean values of the distance measured
in cm showed a better level of the kinesthetic
capability of the lower limbs, with synchro-
nous muscular effort in the horizontal plane for
the pupils from the capital (7.87 £4.05 cm), the
big cities (7.22 £4.28 cm) and the medium cit-
ies (7.20 £3.19 cm), compared to small (10.02

+ 4.21 cm) and very small cities (7.90 = 5.20
cm). This can be explained by better teachers’
qualifications as well as the additional sports
activities led by the specialists at extra-time for
the boys from very large, large and medium
sized cities.
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Figure 5. Box-plot diagram of Low jump test performance comparison (M=7.90 cm; o =0.00)

For Test 3 - Orientation shuttle run test
again, the difference in motor coordination
abilities from the demographic benchmark
context was statistically significant - =
19.96 at degrees of freedom dfl = k-1 =4 and
df2 =nk-1=559 the critical value of criterion F
0.05;2;21=2.37, Femp> F o5
Level Sig. = 0.00. Analysing the level of spa-
tial orientation abilities in T3OSR, measured

and Significance

in sec, there is a difference in performance in
favour of pupils in large cities (10.52 + 1.24
s), medium (10.74 £ 1.23 s) and very small

cities (10.42 £ 0.99 s) compared to their peers
from very large (11.70 + 1.44 s) and small cit-
ies (11.34 + 1.38 s). This test provides a com-
prehensive assessment of kinesthetic abilities,
the speed of complex motor response and at-
tention parameters. The strong dissipation of
the results concerning large cities is an indica-
tor that there are also pupils who experience
serious difficulties in crossing the route and,
therefore, possess a low level of coordination
skills development. (Table 3, Figure 6).
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Figure 6. Box-plot diagram of Orientation shuttle run test performance comparison

(M=10.93 s; . =0.00)

To estimate the practical magnitude of the
differences, the coefficient eta (1) and Co-
hen’s f ware used. In our case for Test 1, which
informs about the level of kinesthetic ability
of the upper limbs allowing a finely differen-
tiated management of the dynamic spatial-
temporal parameters of the movement of the
studied 9-10-year-old boys, the difference cal-
culated was 0.05 and means that a small dif-
ference or 5.9% of the variance of the values
is explained by belonging to the groups. Co-
0%°  _ 0.06, which

1-0.059
indicates also a small practical difference be-

hen’s f value f conen =

tween the compared average values. For Test
2 - the kinesthetic ability of the lower limbs,
the difference was 0.05 and again means that

small or 5.5% of the variance of the values
is explained by belonging to the group. Co-

= 0.058,
1-0.055

which again speaks of a small practical dif-

hen’s f value is 1S fronen =

ference between the comparison averages and
this test. In the third test, the kinesthetic abil-
ity of the lower limbs the difference was 0.12
and here the difference is moderate or 12%
of the variance of the values is explained by
belonging to the groups. Cohen’s f value is
Fronen = m —014 , which also indi-
cates a moderate practical difference between
the averaged values for Test 3.
The results from the comparisons in pairs
are presented in the Multiple Comparisons

table (Table 4).

Table 4. Multiple correlations between the variables (Tukey HSD, p<0.05)

Groups 1 2 3 4 5
Backwards ball throw test
1 43%* 42% 46*
2 -.43% -.30%*
3 -42% =27
4 30%* 28%
5 -46%*
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Low jump test

1 2.15%
2 2.21% 2.80*
3 2.24%* 2.82%
4 2.21% 2.23%

5 2.15% 2.80%* 2.82%

Orientation shuttle run test

1 1.18* 97* 1.27*
2 -1.18%* -.81*

3 -.97* -.60*

4 B1* .61% O1*
5 -1.27%* -.92%

The statistically significant differences (MD) are marked with a symbol (*).

It can be seen that there was a statistically
significant difference in the first test for motor
coordination abilities of 9-10-year-old boys
between the first group (Sofia city) and the
second group (Plovdiv and Burgas) (MD =
43 p.), between the first and the third (MD =
42 p.) and between the first and fifth group
(very small towns - Kubrat and Smilyan)
(MD = .46 p.) atlevel of significance o = 0.00.
Such was missing when comparing Sofia city
with small towns (Smolyan and Svilengrad)
(a=.74) (first - fourth group). There was not
a statistically significant difference between
the second and third groups (large towns and
medium-sized towns) as well as between
small and very small towns.

However, there was a statistically signifi-
cant difference between medium-sized towns
and small towns (MD = .28 p.) in favour of the
cities with medium population. The result is
supported by the necessary statistical signifi-
cance - a = 0.05.

It is interesting that for the very small
towns and the only village of Smilyan there
was only one significant difference and it was
mentioned above, namely Sofia city (in favour
of Sofia city).

The results from the Low jump test showed
statistically significant differences between

Sofia city and very small cities (MD = 2.15
cm) and big cities and small and very small
(MD = 2.21 cm and MD = 2.80 cm) between
the medium and small (MD = 2.24 c¢cm) and
very small and medium (MD = 2.82 cm). This
test (motor coordination ability) seems to dif-
ferentiate the pupils in context of city popula-
tion. The same conclusion can be drawn for
the last test — Orientation shuttle run where the
following significant differences are observed:
* Sofia city and Big cities (MD = -1.18 s); So-
fia and medium (MD = -.97 s) and with very
small cities (MD = -1.27 s) all in favour of
Sofia city;
* Big cities and Small one (MD = 0.81 s) in
favour of the first;
* Medium and small cities (MD = 0.61 s) also
in the favour of the medium;
* Between small and very small (MD =0.91 s);
* Very small with small (MD =-0.92 s) in fa-
vour of the very small.

Based on the results of the multiple com-
parisons with the Tukey B** for Backwards
ball throw test, two subgroups of the tested,
represented by their mean values in the Ho-
mogeneous Subsets table (Table 5) are formed.

The first subgroup includes representatives
of very small cities, big cities and medium-
sized cities, whose averages are 3.42 p., 3.45
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p. and 3.47 p. respectively, and the second
group - Sofia and small towns whose average
values are respectively 3.75 for the first and
3.88 p. for the latter. Based on the results of
the multiple comparisons with the Tukey B*®
for Low jump test, two subgroups of the ex-
amined, presented with their mean values in
the Homogeneous Subsets table (Table 6), are
also formed. The first subgroup includes the
representatives of the middle cities, the big
cities and the Sofia city, whose averages are
respectively 7.20 cm, 7.22 cm and 7.87 cm,
and the second group - the small towns and
the very small towns whose average values are
respectively 9.43 c¢m for the first and 10.02 cm
for the second ones.

For Orientation shuttle run test, two de-
mographic subgroups are presented based on
the results of the multiple comparisons with
the Tukey B*®, represented by their mean val-
ues in the Homogeneous Subsets table (Table
7). The first subgroup includes the representa-
tives of the very small towns by population,
the large and medium-sized ones, whose av-
erages are 10.42's, 10.52 s and 10.74 s respec-
tively, and the second group - small towns
and Sofia city whose average values are re-
spectively 11.34 s for the first and 11.70 s for
the second ones.

DISCUSSION

Migration processes in the country have
been part of demographic processes in the last
years. According to NNC data, the largest move-
ment is in the city-city direction (38 per cent).
With lesser scope are the migration processes in
the directions “city-village” and “village-town”
(http://www.nsi.bg/bg/content/2981/). This af-
fects the socio-economic life of different social
fields, such as education and sport.

In the case of physical education and sports,
the problems are related to: insufficient sports
facilities or lack of them; low qualification of

teachers; conducting the physical education
classes by the class supervisors; lack of special-
ists (coaches) for the extra hours, etc. All these
facts affect the degree of mastery of the neces-
sary motor skills and habits and the develop-
ment and manifestation of the basic physical
(physical) qualities, incl. the motor coordina-
tion abilities of the younger generation.

Moreover, it seemed that the test battery
has a high applicability since it turned out to
be effective for a wide age range, from kinder-
garten children (Chang et al., 2013) to adoles-
cents aged 13-16 years of an elite performance
school (Budde et al., 2008). Demonstrating its
effectiveness, it will be important to promote
implementation of coordinative multilateral
physical education programmes and to invest
in quality physical education programmes as
widely as possible (Gallotta, 2014).

Probably, planned and long-term coor-
dinated teaching activities can make chil-
dren more active, develop the motor skills of
9-10-year-old children, and bring them up to
an upper level of education in terms of psycho-
motor development levels.

Given the increasing movement complexi-
ty during growth it is crucial to develop coordi-
nation during young school-age. An effective
training program for children must take into
account the psycho-physical particularities of
each age range, in order to focus on and to ex-
ploit to the maximum the specific age-related
motor learning abilities (Ricotti, 2011).

The comparative analysis of the surveyed
indicators will allow to reveal the specificities
of the motor coordination abilities of the third
grade children by demographic characteris-
tics. On this basis, an experimental method-
ology for developing these abilities could be
elaborated, and a normative system for con-
trol of the training process in physical educa-
tion and sport for Bulgarian schools could be
introduced.
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CONCLUSION

Our results provide clear evidence that
there are statistically significant difference de-
pending of the number of town population in
manifestation of the motor coordination abili-
ties of 9-10- year-old boys.

The most significant practical difference is
observed for Orientation shuttle run test or for
kinesthetic ability of the low limbs.

Multiple comparisons show that for the
first test - Backwards ball throw test that there
are not statistically differences between small
cities and Sofia city. Probably the pupils from
small cities (Smolyan and Svilengrad) are as

as those from Sofia city. For the second test
— Low jump test the results show statistically
significant differences for almost all compared
pairs. The same conclusion is also valid for
Orientation shuttle run test. This means that
the number of people in the populated area can
be a differentiating factor for the manifestation
of various motor skills, including motor coor-
dination abilities.

During the coordination training, it is nec-
essary to use the differentiated approach which
is based on the strength of pupils’ nervous sys-
tem. Such approach allows to open the reserves
of pupils and improve the motor coordination

talented to perform the coordination exercises abilities.
Table 5. Backwards ball throw test
Tukey B*"
a=0.05
Population (cities, towns) N 1 2
Very small 44 3.42
Big cities 189 3.45
Medium 129 3.47
Small 84 3.75
Sofia 118 3.88
Table 6. Low jump test
Tukey B*"
a=0.05
Population (cities, towns) N 1 2
Medium 129 7.20
Big cities 189 7.22
Sofia 118 7.87
Small 84 9.43
Very small 44 10.02
Table 7. Orientation shuttle run test
Tukey B*"
a=0.05
. . 1 2
Population (cities, towns) N
Very small 44 10.42
Big cities 189 10.52
Medium 129 10.74
Small 84 11.34
Sofia 118 11.70
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LIMITATIONS OF THE STUDY

Because the study is a personal idea, not na-
tional or under the project, we take into account
the time given us by the school directors - 1
school hour is 40 minutes. On average, in one
class, 22-23 students were examined, which al-
lowed us to run a maximum of three tests.

For the upper limbs motor coordination
abilities, we used only the Backwards ball
throw test, the fourth test - Hanging target
throw test we did not apply.

The study was conducted with 564 boys
and 509 girls, but in this paper only boys’ re-
sults were analysed.

The anthropometric indicators as Height
(cm), Weight (kg) and BMI (kg/m?) are to be
included in the main intervention experiment.
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