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Abstract

Introduction. The aim of this study was to investigate the effects of the urban factor and socio-economic status on selected coordination
motor abilities of non-practicing physical education female students. Material and methods. The research covered 83 female students
aged 20.6+0.8 SD years. Data on place of residence and socio-economic status of respondents were collected through a survey. The study
of coordination motor abilities was carried out by a special computer application using for this purpose a “tablet” with touch screen. As-
sessment of the size, scope and direction of differentiation between the groups was made on the basis of standardized inter-group differ-
ences. Results. The inter-group differences were presented in the surveyed female students’ coordination motor abilities, depending on
the urban factor and socio-economic status. The gradient of these changes was as follows: the city over 25 thousand population > city of
25 thousand population > small town. The scale of differentiation was dependent on the type of tested abilities and the environmental
factor. Conclusion. Gradient of observed changes could be caused by, e.g. more environmental stimuli stimulating the nervous system in
the earlier periods of development of the female students from larger urban clusters and families with higher socio-economic status.
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Introduction

The constant development of civilization confronts modern
man with new challenges. In many areas of human activity it is
important to have high spatial orientation, an appropriate rapid
response to various signals from the outside, the balance in static
and dynamic conditions and rational adjustment of motor actions
to rapidly changing environmental conditions. The requirements
in this regard will in the future grow even more and decide about
the effectiveness of motor actions and behaviour. Because of
their special role, for many years research has been conducted
that allowed to isolate the specific CMA, to know their internal
structure and the various methods of measurement [1, 2, 3].

The composition of academic students covers different so-
cial groups. Academic students also derive from backgrounds of
varying degrees of urbanization. This group is therefore very
differentiated internally. Absence of inter-group homogeneity
will cause differences in both physical development as well as
motor abilities.

Somatic development of Polish students has already been
studied in the interwar period, and it is observed today. Secular
changes in key somatic indicators have been presented by Pilicz
in his work [4]. However, since the 60s of last century the studies
on level of students’ motor abilities are systematically conducted.
A very comprehensive review of these studies has been pre-
sented by Lisicki [5]. The material presented shows that mainly

the fitness capacity was studied, but there were very few studies
on the coordination abilities.

Given the foregoing, the aim of this study was to determine
the impact of determinants of urbanization and socio-economic
status (SES) on selected CMA of non-practicing female students
of the University School of Physical Education in Krakow.

Material and methods

The research covered 83 non-practicing female students of
USPE Krakow. The average age was 20.6£0.8 SD years. They
were of good health and a similar physical activity and motor
skills resulting from the chosen field of study. It can therefore be
assumed that they represented a homogeneous group in terms of
these variables. CMA was tested using a portable “tablet” com-
puter with a touch screen. Testing of one subject (using a special-
ly developed computer program) took about 20 minutes. The
study was conducted in a separate room providing peace and
quietness. The sequence of tests performed was the following:
simple reaction time to visual stimuli, simple reaction time to
auditory stimulus, kinesthetic differentiation, speed, accuracy
and precision of movements, frequency of hand movements,
a complex reaction time, eye-hand coordination and spatial
orientation. When choosing the order the following principle was
applied: first, simple tests were performed, and later more coor-
dinatively complex, according to the proposed classification of
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Szopa et al. [6]. Each subject performed tests in two rounds.
A short break was used before taking the frequency of move-
ments test. Tests have been positively verified in terms of relia-
bility and validity. Their exact description is given in the work of
Sterkowicz and Jaworski [7] and Jaworski et al. [8]. Choice of the
coordination tests was guided by the latest developments con-
cerning the testing and the structure of the CMA [1, 2, 3].

Testing procedure

1. Conducting of survey on residence of respondents and se-
lected socio-economic variables.

2. The division of respondents into three groups depending on
the size of the place of residence: I - the countryside and
small towns without civic rights below 10 thousand popula-
tion (n=25). II - small towns below 25 thousand population
(n=31). III - the cities over 25 thousand population (n=27).

3. The designation of SES “global index” based on the sum of
points of the following components: parents’ education, em-
ployment of parents, number of children supported by the
parents. Only 64 subjects answered these questions and they
were divided into three groups in terms of SES: 5-13 points
- a group of low status (n=20), 14-16 points - a group of mid-
dle-status (n=22), 17-21 points - a group of high status
(n=22).

4. Calculating the average and SD for the CMA in distinguished
groups in terms of urbanization factor and SES status. Nor-
mality of distributions was verified by the Shapiro-Wilk test.
Homogeneity of variance was evaluated by Levene’s test [9].
The significance of differences between CMA in groups was
calculated using ANOVA variance analysis for independent
samples. For different numbers post-hoc test of Tukey was
used.

5. Assessing the size, scope and direction of differentiation be-
tween the two groups on the basis of standardized inter-
group differences. In the case of urban factor, normalization
was performed on the average and SD of subjects in group I.
In the case of SES, normalization was performed on the group
average of low SES and SD of all the material.

Results

Table 1 presents the average +SD of CMA surveyed in the
three distinguished groups of urbanization. No statistically signif-
icant differences in the abilities tested, depending on the urban
environment. Exceptions were the only data for the frequency of
movements between group I and III. The data presented indicate
that better results, although statistically insignificant, were pre-
sented by female students in group III.

The values of absolute and normalized differences for sub-
jects in three distinguished CMA urbanization groups are given in
Table 2.

The data obtained show that the place of residence was
a factor differentiating the level of the respondents’ coordination
abilities. The scale of this variation was, however, varied depend-
ing on the features and the compared groups. Much greater dif-
ferences were observed between group I and III (zz) than be-
tween group I and II (z1). Among all tested coordination abilities,
the largest normalized differences were observed for the fre-
quency of movements between group I and III. Definitely better
results in this test showed female students in group III (approx-
imately 1.5 SD). Effect of the degree of urbanization was also
significant for kinesthetic differentiation. Normalized differences
between groups for this ability were about 1.0 SD. For almost all
other CMA, normalized differences z: were slightly smaller and
contained in the range from 0.23 to 0.64 SD. Of all the variables
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tested only for the speed, precision and accuracy of movements
of female students in group I and III presented a similar level.

Table 1. Average +SD of the studied coordination motor abilities
(CMA) of female students in the three distinguished urbanization
groups

[ I i
x+S8D x+8D i x+8D M

Variable CMA / Unit p
I-I

58.3+19.6 | 0.226 | 44.6+21.9 |0.869| 40.0+12.2 [0.119

Kinesthetic differentiation /
pixels

The frequency of move- |43 5,64 | 0067 | 502102 [0.561| 533236 |0.008
ments / number of taps

Visual reaction time / msec. | 251.5+25.0 | 0.497 | 243.7+17.5|0.573| 236.0+15.5 |0.113
Audlory reaction tme || 298.629.4| 0,689 | 221.425.0 |0.503| 210.6414.4|0.157
Reaction time with choice /
msec.

Speed, accuracy and
precision of movements /
sec.

Speed, accuracy and
precision of movements /
number of errors
Coordination of eye move-
ment / sec.

Spatial orientation / sec.
Hand-eye coordination /
Sec.

Explanation: I - towns below 10 thousand population, II - towns below 25
thousand population, III - towns over 25 thousand population. Digits in bold
indicate significant differences between the average at p<0.05

385.6+65.1| 0.751 | 370.8+50.6 |0.999| 370.7+66.6 |0.790

45.849.1 | 0.456 | 42.3+8.3 |0.651| 45.2+7.1 [0.978

13.146.6 | 0.748 | 114455 (0.816 13.0£7.7 (0.998

37.3+4.3 | 0.337 | 3553.3 |0.989| 35.3+2.3 |0.339
55.749.9 | 0.295 | 51.846.8 [0.852| 50.2+4.6 |0.148
60.4+14.4 | 0.494 | 54.6+154 |0.208| 51.1+10.3 |0.233

Table 2. Volume of absolute and standardized inter-group dif-
ferences after taking into account urbanization factor for the
coordination of motor abilities tested

Variable CMA / Unit di |z | d2 | 22
Kinesthetic differentiation / pixels 13.7]0.69 [18.3/ 0.93
The frequency of movements / number of taps -6.71-1.04(-9.8]-1.53
Visual reaction time / msec. 7.810.31[15.5/0.62
Auditory reaction time / msec. 7.210.24(18.0{0.61
Reaction time with choice / msec. 14.8/0.22 [14.9/0.23
Speed, accuracy and precision of movements / sec. 3.5/0.38]0.6 | 0.06
Speed, accuracy and precision of movements / number of errors | 1.7 10.25| 0.1 | 0.01
Coordination of eye movement / sec. 1.8 104120 (046
Spatial orientation / sec. 3.9/0.39]5.50.55
Hand-eye coordination / sec. 5.810.40]9.3|0.64

Explaﬂation: di = _x smalltown = X town below 25 thousand population;
d2= X smalltown = X town over 25 thousand population; Z1 = dl/SD small town; Z2 = dZ/SD small

town

On the other hand, while examining the size of z: it was
found that in all cases, slightly better results were shown by
female students in group II as compared with group I. The scale
of these differences, however, was far smaller than between
group [ and III. Normalized differences between groups ranged
from 0.22 to slightly more than 1.0 SD. In this case, the greatest
differences were observed for frequency of movement. In sum-
mary it can be said that for most coordination capacities the
urban stratification gradient was as follows: the city over
25 thousand population > city of 25 thousand population > small
town.

Table 3 shows the average +SD of the tested CMA of female
students in three separate groups after taking into account the
socio-economic status. It has been shown that statistically signif-
icant differences occurred only in rare cases. Between groups of
low and high SES, these differences occurred for auditory reac-
tion time, reaction time with choice and precision and speed of



Jaworski and Madejski: IMPORTANCE OF URBAN FACTOR...

movement (time of execution of the test). For differences be-
tween groups of low and middle SES, the following differences
were significant: the frequency of movements and the speed and
precision of movement. Only in two cases significant differences
occurred between groups of high and medium SES (auditory
reaction time and reaction time with choice).

The value of absolute and normalized differences for the
studied CMA, depending on the socio-economic status are given
in Table 4.

Table 3. Average +SD of the studied coordination motor abilities
(CMA) of female students in the three distinguished groups of
socio-economic status (SES)

SES low

x+xSD

SES medium SES high
x+3D IlpIII x+3D Iﬁ’ll

Variable CMA / Unit p
Il
55.5+23.4 |0.269| 43.9+16.5 [0.982| 42.7+28.8 |0.200

Kinesthetic differentiation /
pixels

The frequency of movements | 1, 7,77 |0.024| 52094 |0.859| 507485 [0.080
/ number of taps

Visual reaction time / msec. | 248.5+22.9 (0.976|247.2+18.7|0.197| 237.0+16.3 |0.156
Auditory reaction time / msec. | 228.8+30.1 |0.941| 226.3+21.7 [0.025| 208.7+18.3 |0.042
Reaction fime Wi choice || 391 9153.7 0.950| 386.7:£61.1 |0.045 346.6447.5 0,028
Speed, accuracy and preci-
sion of movements / sec.
Speed, accuracy and preci-
sion of movements / number
of errors

Coordination of eye Move- | 57415 39 (0.129| 353+2.97 |0.995| 354+45 [0.152
ment / sec.

Spatial orientation / sec. 55.4+6.9 [0.308| 52.0+6.6 |0.706] 50.2+8.4 |0.072
Hand-eye coordination / sec. | 60.0+14.7 [0.437| 54.4+15.5 |0.848| 52.1+12.7 10.197

Digits in bold indicate significant differences between the average at p<0.05.

48.1%7.3 |0.042| 41.9£8.43 [0.995| 41.7£7.9 |0.034

11.625.6 |0.703| 13.3+6.7 |0676| 11.6+4.5 |0.999

The largest standardized difference for the CMA surveyed
between groups low and high SES were obtained for auditory
reaction time, reaction time with choice and speed and precision
of movement (differences up to 0.8 SD). Other examined CMA
were a little less differentiated by the socio-economic factors (the
differences from 0.54 to 0.69 SD). Only in the case of the number
of errors in the speed and precision of movement test there was
no difference between the two groups. Differences in the size of
the CMA between groups low and medium, and medium and high
SES status were small. Overall, it is clear that for almost all motor
skills direction of diversity was obtained in accordance with the
gradient of socio-economic stratification, namely: high SES > mid
SES > low SES.

Table 4. Volume of absolute and standardized inter-group dif-
ferences (after taking into account of socio-economic status) for
the coordination of motor abilities (CMA) tested

Variable CMA / Unit di | z1 | do | 2
Kinesthetic differentiation / pixels 11.6)0.48 [12.8| 0.54
The frequency of movements / number of taps -7.3]-0.81/-6.0]-0.66
Visual reaction time / msec. 1.3/0.06 |11.5/0.58
Auditory reaction time / msec. 2.5/0.09(20.1/0.80
Reaction time with choice / msec. 5.2/0.09145.3/0.79
Speed, accuracy and precision of movements / sec. 6.2 074|164 |0.77
Speed, accuracy and precision of movements / number of errors  |-1.7-0.25] 0.0 | 0.00
Coordination of eye movement / sec. 2.110.60]2.0/0.58
Spatial orientation / sec. 34/045|5.2(0.69
Hand-eye coordination / sec. 5.6/0.38|790.54

Explanation: di = X sest - X sgsm; z1 = di/SDc; d2 = X sgst - X sesn;
Z2 = d2/SDc; SESI - status socio-economic low; SESm - status socio-economic
medium; SESh - status socio-economic high; d - absolute differences;
z - inter-group differences; SDc - standard deviation in the whole material
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Discussion

Review of research on the physical fitness of students of
Polish universities shows that most often the level of their fitness
abilities has been evaluated [5]. The secular changes in physical
and motor development of students were also regularly moni-
tored [4]. However, there is a small number of works dealing
with the influence of socio-economic and environmental impacts
of CMA of academic students.

Currently, CMA are perceived as integrated psychomotor
properties, determined in a dominant way by functions of the
central nervous system. They are defined as relatively fixed and
generalized forms of conduct of psychophysical processes of
motor control [1]. A review of the literature shows that the pow-
er of the genetic and environmental factors on their level in the
course of ontogenetic development is different. Among the envi-
ronmental factors the following are mentioned most frequently:
lifestyle including physical activity, degree of urbanization of the
environment and the role of deliberately targeted practice.

Our research showed that in most cases the differences be-
tween the size of medium CMA of female students among the
respondents were not statistically significant according to the
declared place of residence. Similar observations on eight uni-
versity students of Krakéw universities were made by Mirek et
al. [10]. However, in these tests, one may have noticed a tendency
to obtain better academic results by the youth coming from the
big city. In our study, a much clearer trend in the assessment of
the size, scope and direction of changes to the CMA of the sub-
jects, depending on the urban factor, was observed after norma-
lization of data received to the average and SD. This trend was as
follows: the city over 25 thousand population > city of 25 thou-
sand population > small village (Tab. 2). Standardized differenc-
es, however, were characteristic for their high lability depending
on the analyzed feature.

The object of our search was also an attempt to assess the
effects of the socio-economic factor (SES) on the tested coordina-
tion abilities. A review of the literature shows that this factor is
one of the elements affecting the size of the somatic features.
Results of Polish studies [11, 12, 13, 14, 15] indicate that in our
country the monitoring of the impact of socio-economic modifi-
ers on the level of somatic development is continued. Similar
observations can also be found in international studies [16, 17].
Mleczko and Ozimek [18] had different observations. These re-
searchers found that in the adolescent population of Krakéw the
disappearance of social gradients due to the unification of urban
family life occurred. A similar biological “classlessness” was also
found in some European countries [19, 20, 21]. Studies of the
relationship between SES and physical fitness of children and
young people in Europe are sometimes inconsistent [22, 23, 24].
However, there are works, which show that SES significantly
differentiates respondents in this regard. For instance, Freitas et
al. [17] studied the motor skills of children and adolescents using
the “Eurofit” test. It turned out that in some age groups, boys
with low SES attained the best results in tests of muscle strength
and cardio-pulmonary endurance. On the other hand, girls with
high SES presented the best results in power tests.

The majority of the above works focused mainly on the ex-
amination of fitness, coordination abilities were only marginally
investigated. Our results indicate that in the case of female stu-
dents surveyed, socio-economic factors differentiate the CMA, as
well as urbanization factor does (Tab. 2). In both cases, the direc-
tion of changes in standardized inter-group differences revealed
that the best results in case of CMA tested were presented by
female students from the cities over 25 thousand residents and
of a high socio-economic status. The scale of this variation was
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dependent on the type of tested abilities and the environmental
factor.

From the viewpoint of human physiology it is reasonable to
conclude that the quality of coordination processes depends
mainly on the adaptability of the central nervous system [25].
The results obtained may therefore be due to, among others,
more environmental stimuli that stimulate the nervous system in
the earlier stages of development of children from larger popula-
tion centers. In this group of factors, the special role of stimuli
associated with traffic, use of the computer and the Internet
should be emphasized. The availability and popularity of com-
puters in the conditions of our country is much higher in the
urban environment. Other studies indicate that a moderate num-
ber of hours devoted to computer games for children positively
affect the level of many coordination abilities [26].

Conclusion

Gradient of observed changes in the size of the tested CMA
could be caused by the e.g. more environmental stimuli that sti-
mulate the nervous system in the earlier periods of development
of the female students surveyed, coming from larger urban ag-
glomerations and the families of higher socio-economic status.
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