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Abstract

The study objective is to determine the possibility of identifying the state of coordination abilities
development in girls and boys aged 11-13 using the methodology of multidimensional statistics.
Materials and methods. Study participants. The study involved girls: 11 (n=20), 12 (n=23), 13 (n=19) years
old; boys: 11 (n=21), 12 (n=20), 13 (n=19) years old.

Study organization. The paper used analysis and generalization of scientific literature data, testing,
discriminant analysis. Testing procedure. The testing program included well-known tests (Liakh, 2000;
Serhiienko, 2001; Ivashchenko, 2016).

Study results. The first canonical function explains 65.7% of the results variation, the second one - 25.1%,
the third - 4.8%, which indicates their informative value. The coefficients of canonical correlation indicate
the prognostic value of these functions. The first canonical discriminant function is most substantially
related to the results of tests 4 (r=0.526), 14 (r=0.377), 2 (r=-0.306): therefore, a significant difference
between the girls and boys aged 11-13 is observed in the development level of relative and speed strength,
movement coordination. The structure coefficients of the second canonical discriminant function indicate
that the function is most substantially related to variables 2 (r=0.502), 16 (r=0.434), 9 (r=0.379), 17
(r=0.357): s0, a significant difference between the girls aged 12-13 and boys aged 11-13 is observed in
speed strength, vestibular stability, and anthropometric data.

Conclusions. The discriminant models characterize both age- and gender-related peculiarities of
movement coordination development in the girls and boys aged 11-13. The data obtained show significant
differences between the groups of girls and boys aged 11-13 both in the structure of coordination abilities
development and the level of preparedness, and highlight the need to conduct separate physical education
classes for girls and boys. Different programs should be used to develop coordination abilities in boys and

girls aged 11-13.
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Introduction

One of the key tasks of the modern school
is to develop motor function in schoolchildren. Data on
age- and gender-related regularities of motor function
development provide background for organizing
physical education of children and adolescents. Physical
activity and its impact on population health is one of
the research problems in physical education (Badicu,
&Balint, 2016; Béadicu, 2018). Physical education of
schoolchildren aims at developing children’s motor
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function and includes: optimizing children’s physical
development (Balsevich, 2000; Ilyin, 2003), improving
their motor abilities, promoting and protecting their
health (Ivashchenko, 2016; Emeljanovas, Mieziene,
& Putriute, 2015), developing motor skills (Han, Fu,
Cobley, & Sanders, 2017). Coordination abilities belong
to the basic abilities and can be developed in school age
(Balsevich, 2000; Liakh, 2000).
Numerous studies have reached conclusions on the
following points:
o theeffectiveness of comprehensive development
of motor abilities in children (Liakh, 2000;
Krutsevych, & Bezverkhnia, 2010);
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+ the influence of movement coordination level
on building motor skills in schoolchildren
(Khudolii, Ivashchenko, & Chernenko, 2015;
Ivashchenko, 2016; Kapkan, 2015);

+ the interrelation of anthropometric, motor
and cognitive abilities in children (Iadreev,
Cherkashin, Vujkov, & Drid, 2015; Novak,
Podnar, Emeljanovas, & Marttinen, 2015);

o therelationship between the body mass index,
subcutaneous fat and the manifestation of
movement coordination in children aged 11-
14 (Drid, Vujkov, Jaksic, Trivic, Marinkovic,
&Bala, 2013; Han, A., Fu, A, Cobley, S., &
Sanders R. H., 2017);

o theinfluence of visual perception on children’s
movement coordination of different parts of
the body (Agricola, Psotta, Abdollahipour, &
Nieto, 2015; Palomo-Nieto, Psotta, Agricola,
Abdollahipour, & Valtr, 2015);

« the effect of physical activity modes on the
plasticity of motor skills in schoolchildren
(Hadzi¢, Bjelica, Vujovi¢, & Popovi¢, 2015;
Khudolii, & Ivashchenko, 2014).

When studying the structure of schoolchildren’s
motor preparedness, it is effective to use
multidimensional methods of mathematical statistics,
such asfactor and discriminant analyses (Ivashchenko,
2016; Lopatiev, Ivashchenko, Khudolii, Pjanylo,
Chernenko, & Yermakova, 2017). Discriminant
analysis also proved effective for studying the training
process of athletes (Dogan, Isik, & Ersoz, 2016;
Miarka, Fukuda, Del Vecchio, & Franchini, 2016).

In available literature, however, there are not
enough data on comparative analysis of coordination
abilities development in girls and boys aged 11-13
years.

Therefore, it is relevant to study the peculiarities
of dynamics of coordination abilities development
by identifying their state of development in girls and
boys aged 11-13.

The study objective is to determine the possibility
of identifying the state of coordination abilities
development in girls and boys aged 11-13 using the
methodology of multidimensional statistics.

Materials and methods

Study participants. The study involved girls: 11
(n=20), 12 (n=23), 13 (n=19) years old; boys: 11
(n=21), 12 (n=20), 13 (n=19) years old.

Study organization. The paper used analysis and
generalization of scientific literature data, testing,
methods of mathematical statistics.

Testing procedure. The testing program included
well-known tests (Liakh, 2000; Serhiienko, 2001;
Ivashchenko, 2016). To evaluate motor preparedness,
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the study recorded the results of motor tests, body
height and weight:

o Test1“30 m running (s)”;

o Test 2 “Standing long jump (cm)”;

o Test 3 “Six standing accuracy ball handlings to
a partner from a 7 m distance using one of the
techniques learned”;

o Test 4 “Pull-ups (number of times)”;

o Test 5 “Sit-ups in 30 seconds™;

o Test 6 “Evaluation of the sense of movement
speed in sprinting”;

o Test 7 “Evaluation of the ability to differentiate
movement speed (reproduction accuracy of
running speed at 80% intensity of maximum)”;

o Test 8 “Evaluation of the ability to differentiate
movement speed (reproduction accuracy of
running speed at 90% intensity of maximum)”;

o Test 9 “Static equilibrium evaluation by
E. Ya. Bondarevsky’s method”;

o Test 10 “Evaluation of dynamic equilibrium by
the BESS method”;

o Test 11 “Evaluation of the ability for vestibular
(statokinetic) stability. Running with turns”;

o Test 12 “Rhythmic hand tapping”;

o Test 13 “Rhythmic movements of upper and
lower limbs™;

o Test 14 “Shuttle run (4x9 m)”;

o Test 15 “Tossing a ring over a peg’;

o Test 16 “Height (cm)”;

o Test 17 “Body weight (kg)”.

Statistical analysis. The study materials were
processed by the IBM SPSS 20 statistical analysis
software. In the process of discriminant analysis, the
study created a prognostic model for group membership.
This model develops a discriminant function (or, when
there are more than two groups — a set of discriminant
functions) in the form of a linear combination of
predictor variables, ensuring the best division of
groups. These functions are developed according to a
set of observations, for which their group membership
is known. These functions can continue to be used
for new observations with known values of predictor
variables and unknown group membership.

For every variable, the study calculated the
following: mean values, standard deviations, single-
factor dispersion analysis (Box’s M test, in-group
correlation matrix, in-group covariance matrix,
covariance matrices for separate groups, general
covariance matrix). For every canonical discriminant
function, the study calculated: eigenvalue, dispersion
percentage, canonical correlation, Wilks’ Lambda, Chi-
square. For every step, it calculated: prior probabilities,
Fisher’s function coefficients, unstandardized function
coefficients, Wilks’ Lambda for every canonical
function.
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Table 1. Results of Comparative Analysis of Coordination Preparation of Girls and Boys Aged 11-13

No Test Aged Girls Boys t P
X S X s
1 30 m running (s) 11 7,06 45 6,45 ,38 4,740 <0,001
12 6,86 ,39 6,28 ,35 5,078 <0,001
13 6,65 43 6,29 ,37 2,704 <0,010
2 Standing long jump (cm) 11 124,75 9,09 138,90 11,94 -4,253 <0,001
12 128,48 10,99 150,50 10,69 -6,633 <0,001
13 141,42 8,13 160,89 10,71 -6,315 <0,001
3 Six standing accuracy ball handlings to a partner from 11 2,30 1,08 4,14 1,35 -4,805 <0,001
a 7 m distance using one of the techniques learned 12 2,26 96 3,40 ,94 23,910 <0,001
13 2,16 1,01 3,68 95 -4,796 <0,001
4 Pull-ups (number of times) 11 5,25 1,74 2,71 ,85 5,972 <0,001
12 8,00 2,29 3,20 1,19 8,401 <0,001
13 10,32 2,60 4,00 1,33 9,409 <0,001
5 Sit-ups in 30 seconds 11 14,00 3,04 19,67 5,05 -4,322 <0,001
12 17,30 4,17 18,25 5,57 -,635 >0,529
13 17,32 4,84 21,84 4,47 -2,992 <0,005
6 Evaluation of the sense of movement speed in sprinting 11 ,50 ,18 ,36 ,14 2,745 <0,009
12 ,38 ,08 37 11 211 >0,834
13 ,31 ,086 33 ,13 =777 >0,442
7 Evaluation of the ability to differentiate movement 11 )33 )12 32 12 ,379 >0,706
speed (reproduction accuracy of running speed at 80% 12 130 11 )29 ,14 ,251 >0,803
intensity of maximum) 13 ,37 ,09 ,35 ,09 469 >0,642
8 Evaluation of the ability to differentiate movement 11 27 07 25 ,09 ,674 >0,504
speed (reproduction accuracy of running speed at 90% 12 ,31 ,09 27 ,08 1,457 >0,153
intensity of maximum) 13 32 07 32 09 0
9 Static equilibrium evaluation by E. Ya. Bondarevsky’s 11 34,80 11,27 28,64 11,25 1,753 >0,087
method 12 38,59 8,88 31,54 10,08 2,437 <0,019
13 49,12 7,68 45,31 9,41 1,369 >0,179
10  Evaluation of dynamic equilibrium by the BESS 11 42,65 8,58 40,05 5,67 1,150 >0,257
method 12 36,30 8,06 39,70 6,12  -1,537  >0,132
13 36,05 8,76 34,79 7,43 479 >0,635
11 Evaluation of the ability for vestibular (statokinetic) 11 4,75 1,13 4,24 1,12 1,443 >0,157
stability. Running with turns 12 4,80 ,99 4,48 ,98 1,067 >0,292
13 5,42 1,17 4,52 .97 2,585 <0,014
12 Rhythmic hand tapping 11 5,65 1,72 5,38 1,39 ,550 >0,585
12 5,78 1,54 6,40 1,73 -1,240 >0,222
13 4,00 1,15 3,84 95 ,459 >0,649
13 Rhythmic movements of upper and lower limbs 11 4,25 ,96 4,00 1,00 813 >0,421
12 4,48 1,12 4,70 1,13 -,644 >0,523
13 3,63 1,12 3,89 1,10 -,732 >0,469
14  Shuttle run (4x9 m) 11 13,75 97 12,48 ,90 4,310 <0,001
12 14,22 1,06 12,45 ,95 5,727 <0,001
13 14,16 1,18 11,35 ,85 8,408 <0,001
15  Tossing a ring over a peg 11 9,05 2,94 11,05 2,39 -2,387 <0,022
12 10,17 2,37 9,70 2,62 ,619 >0,540
13 10,58 2,43 11,42 2,48 -1,057 >0,298
16  Height (cm) 11 143,00 6,49 142,67 5,73 ,174 >0,862
12 148,96 7,18 151,40 6,56 -1,158 >0,253
13 157,11 8,55 156,63 10,44 ,153 >0,879
17 Body weight (kg) 11 35,80 7,76 34,62 6,48 ,530 >0,599
12 39,37 10,45 44,10 7,88 -1,654 >0,106
13 46,21 8,93 50,89 11,26 -1,420 >0,164
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The study protocol was approved by the Ethical
Committee of H. S. Skovoroda Kharkiv National
Pedagogical University. In addition, the children and
their parents or legal guardians were fully informed
aboutall the features of the study, and a signed informed-
consent document was obtained from all the parents.

Study results

Table 1 shows the results of comparison between
the coordination preparedness of the girls and boys
aged 11-13. According to the anthropometric indices,
the difference between the girls and boys is statistically
insignificant (p> 0.05).

The girls show statistically significantly better
results in test 9 “Static equilibrium evaluation by E.
Ya. Bondarevsky’s method” (12 years old). There is
a statistically insignificant (p> 0.05) difference in
the results of the tests evaluating running speed:
test 6 “Evaluation of the sense of movement speed
in sprinting”, test 7 “Evaluation of the ability to
differentiate movement speed (reproduction accuracy
of running speed at 80% intensity of maximum), test
8 “Evaluation of the ability to differentiate movement
speed (reproduction accuracy of running speed at
90% intensity of maximum)”. In tests 12, 13 evaluating
movement coordination of different parts of the body
and in test 15 evaluating spatial accuracy of movements,
the difference in the results of the girls and boys aged
11-13 is statistically insignificant (p> 0.05).

In tests 1, 2, 3, 4, 5, 14, the girls show statistically
significantly worse results than the boys.

To clarify the peculiarities of coordination abilities
development in the girls and boys aged 11-13, the study
conducted a discriminant analysis. The results obtained
during the discriminant analysis allow to identify the
state of movement coordination development in the
girls and boys (see Table 2-7).

The first canonical function explains 65.7% of the
results variation, the second one — 25.1%, the third —
4.8%, which indicates their informative value (see Table
2). The coeflicients of canonical correlation indicate the
prognostic value of these functions.

Table 2. Summary of Canonical Discriminant Functions.
Eigenvalues. Girls and boys aged 11-13

Function Eigenvalue % of Cumulative Canoni?al
Variance % Correlation

1 7.459a 65.7 65.7 939

2 2.851a 25.1 90.8 .860

3 .542a 4.8 95.6 .593

4 .372a 33 98.9 521

5 .127a 1.1 100.0 .336
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Table 3. Canonical discriminant functions. Wilks’ Lambda.
Girls and boys aged 11-13

Test of Function(s) Wilks' Lambda  Chi-square df  Sig.

1 through 5 .013 476.662 85 .000
2 through 5 .109 242.854 64  .000
3 through 5 419 95.201 45 .000
4 through 5 .646 47.787 28 011
5 .887 13.139 13 437

Table 3 shows the analysis of the canonical functions.
The first line contains the value A=0.013 (p=0.001) for
the entire set of canonical functions, the second line
contains the data after the exclusion of the first function
(A=0.109; p=0.001), the third line — the data after the
exclusion of the first and second functions (A=0.419;
p=0.001). The first, second, and third functions have a
high discriminative ability and value of interpretation
with regard to the general totality.

Table 4 shows the standardized canonical
discriminant function coefficients, which allow to
determine the contribution ratio of the variables to the
function result.

o function 1: variables 4 (0.837), 14 (0.526), 2
(-0.488) make the largest contribution to the
canonical function;

o function 2: variables 2 (0.518), 16 (0.483), 12
(-0.415),9 (0.370) make the largest contribution
to the canonical function;

o function 3: variables 6 (0.696), 1 (0.432), 12
(-0.390), 9 (0.365) make the largest contribution
to the canonical function;

o function 4: variables 12 (0.395), 3 (-0.389), 2
(0.363) make the largest contribution to the
canonical function;

o function 5: variables 10 (0.543), 5 (-0.414),
1 (-0.377), 11 (0.360) make the largest
contribution to the canonical function.

In identifying the state of coordination abilities
development in the girls and boys aged 11-13, the first
canonical discriminant function is the most important
one. By these variables characterizing the level of
relative and speed strength development and the level
of movement coordination development, it is possible
to classify the girls and boys into groups.

Table 5 shows the structure coefficients of the
canonical discriminant functions, which are the
coeflicients of correlation between the variables and the
function. The first canonical discriminant function is
mostsubstantiallyrelatedtotheresultsoftests4(r=0.526),
14 (r=0.377), 2 (r=-0.306): thus, a significant difference
between the girls and boys aged 11-13 is observed in the
level of development of relative and speed strength and
movement coordination. The structure coefficients of
the second canonical discriminant function show that
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Table 4. Standardized Canonical Discriminant Function Coefficients. Girls and boys aged 11-13

Function
No Test
1 2 3 4 5
1. 30 m running (s) 423 -.099 432 -.101 -.377
2. Standing long jump (cm) -.488 518 .200 .363 239
3. Six standing accuracy ball handlings to a partner
from a 7 m distance using one of the techniques  -.284 -.078 -.252 -.389 .206
learned
4. Pull-ups (number of times) .837 214 -.235 -.026 .070
Sit-ups in 30 seconds -.043 .182 -.382 -.201 -414
6. EVa-IU?.'[IOIl of the sense of movement speed in 174 093 696 327 045
sprinting
7. Evaluation of the ability to differentiate movement
speed (reproduction accuracy of running speed at  -.039 .087 .358 -.253 144
80% intensity of maximum)
8. Evaluation of the ability to differentiate movement
speed (reproduction accuracy of running speed at .059 171 -.121 .067 -.352
90% intensity of maximum)
9. Static equl}lbrlum evaluation by E. Ya. 095 370 365 167 016
Bondarevsky’s method
10. Evaluation of dynamic equilibrium by the BESS 079 156 106 044 543
method
11. Eval}lfitlon of the abl.hty for vestibular (statokinetic) 173 133 089 167 360
stability. Running with turns
12. Rhythmic hand tapping .020 -415 -.390 .395 -.042
13. Rhythmic movements of upper and lower limbs -121 -.167 -.215 338 -332
14. Shuttle run (4x9 m) .526 -.043 -.244 .045 .205
15. Tossing a ring over a peg -.068 .055 -.237 -.331 -.097
16. Height (cm) 141 483 -.295 263 .180
17. Body weight (kg) -111 .001 319 179 -313

the function is most substantially related to variables
2 (r=0.502), 16 (r=0.434), 9 (r=0.379), 17 (r=0.357):
thus, a significant difference between the girls aged 12-
13 and boys aged 11-13 is observed in speed strength,
vestibular stability, and anthropometric data.

Table 6 shows the classification results of the groups,
93.4% of the original grouped observations were
classified correctly. Therefore, the canonical discriminat
function can be used to identify the state of movement
coordination development in the girls and boys aged
11-13.

Discussion

The above-mentioned results give evidence of
a statistically significant difference in the strength
preparedness of the girls and boys aged 11-13, as well
as in the results of movement coordination tasks that
require speed and strength preparedness (p<0.001): the
boys show better results. The girls have better results in
vestibular stability than the boys. The girls’ and boys’
results of the tests evaluating temporal characteristics
of movement, spatial accuracy, and movement
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coordination of different parts of the body do not
statistically significantly differ (p>0.05).

As a result of the discriminant function analysis,
the study determined that to identify the level of
coordination abilities development in boys aged 11, 12
and 13, the following tests can be used: test 9 “Static
equilibrium evaluation by E. Ya. Bondarevsky’s method”
and test 14 “Shuttle run (4x9 m)”, which characterize
vestibular stability and general movement coordination
(Ivashchenko, Khudolii, Iermakov, & Prykhodko,
2018). Unlike boys, to identify the level of coordination
abilities development in girls aged 11, 12 and 13, it
is advisable to use the tests that characterize relative
and speed strength, the sense of running speed and
vestibular stability (Ivashchenko, Khudolii, Iermakov,
Prykhodko, & Cieslicka, 2018).

The discriminant analysis of the girls’ and boys’ data
allowed to obtain models that characterize both age- and
gender-related peculiarities of movement coordination
development. The study determined statistically
significant differences between multidimensional mean
values (centroids) in each group (p<0.001) (see Table 7).
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Table 5. Structure Matrix. Girls and boys aged 11-13

Function
No Test
1 2 3 4 5
4. Pull-ups (number of times) .526% .350 -.164 .028 .081
14. Shuttle run (4x9 m) 377 -.165 -.156 .092 .260
2. Standing long jump (cm) -.306 .502* -.100 .283 .194
16. Height (cm) .018 434* -.067 .370 .002
9. Static equilibrium evaluation by E. Ya. Bondarevsky’s 123 370 298 020 191
method
17. Body weight (kg) -.041 357% 071 356 -137
6. Evaluation of the sense of movement speed in sprinting .020 -.223 .398* 133 -127
1. 30 m running (s) 215 -.207 371% -.085 -.336
12. Rhythmic hand tapping -.016 -318 -.267 .505* -.052
13. Rhythmic movements of upper and lower limbs -.017 -117 -.116 .390* -.283
3. Six §tand1ng accuracy ball handhggs to a partner from a 7 259 004 212 368+ 100
m distance using one of the techniques learned
15. Tossing a ring over a peg -.043 117 -.130 -312% -.154
10. Evaluation of dynamic equilibrium by the BESS method -.017 -.186 154 .042 426%
5. Sit-ups in 30 seconds -.130 176 -.236 -.229 -.340%
8. Evaluation of the ability to differentiate movement speed
(reproduction accuracy of running speed at 90% intensity .051 154 .044 .009 -.316*
of maximum)
11. Eval.u.atlon of . the .ablhty for vestibular (statokinetic) 108 094 049 069 dg*
stability. Running with turns
7. Evaluation of the ability to differentiate movement speed
(reproduction accuracy of running speed at 80% intensity .019 .101 173 -175 .178*
of maximum)
Table 6. Classification Resultsa. Girls and boys aged 11-13
Predicted Group Membership Total
Scale Group Girls Boys
1.00 2.00 3.00 5.00 6.00 7.00
1.00 21 0 0 0 0 21
2.00 1 19 0 0 0 0 20
3.00 0 1 18 0 0 0 19
Count
5.00 0 0 0 19 1 0 20
6.00 0 0 0 1 20 2 23
7.00 0 0 0 1 1 17 19
Original
1.00 100.0 .0 .0 .0 .0 .0 100.0
2.00 5.0 95.0 .0 .0 .0 .0 100.0
% 3.00 .0 53 94.7 0 .0 .0 100.0
’ 5.00 .0 .0 .0 95.0 5.0 .0 100.0
6.00 .0 .0 .0 43 87.0 8.7 100.0
7.00 .0 .0 .0 53 53 89.5 100.0

93.4% of the original grouped cases correctly classified
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Table 7. Functions at Group Centroids*. Girls and boys aged 11-13

Function
Group
1 2 3 4 5
Girls aged 11 -2.327 -1.331 -.547 -.954 171
Girls aged 12 -2.535 -.385 -.479 1.066 243
Girls aged 13 -3.049 2.429 .634 -.141 -.365
Boys aged 11 1.350 -1.983 1.309 .090 .072
Boys aged 12 2.808 -.557 -.654 117 -.517
Boys aged 13 3.468 2.209 -112 -.163 470
*Unstandardized canonical discriminant functions evaluated at group means
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Figure 1. Graphical representation of the classification results (girls: 1 — aged 11, 2 — aged 12, 3 — aged 13;
boys: 5 —aged 11, 6 — aged 12, 7 — aged 13)

The graphical material shown in Figure 1 indicates the
density of objects in each group and a distinct boundary
between them. This makes it possible to argue that the
girls and boys aged 11-13 can be classified based on the
results of testing using the battery of tests provided.

All the above speak to the existence of substantial
differences between the groups of girls and boys aged
11-13 both in the structure of coordination abilities
developmentand thelevel of preparedness,and highlight
the need to conduct separate physical education classes
for girls and boys. Different programs should be used
for developing coordination abilities in boys and girls
aged 11-13.
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The above-mentioned results show that
discriminant analysis allows to identify the state of
coordination abilities development in the girls and boys
aged 11-13 by the results of testing, and supplement
the data on the use of discriminant function in
classifying schoolchildren by motor activity (Gert-Jan
de Bruijn, & Benjamin Gardner, 2011; Lulzim, 2013).
As well as in the works by Geoffrey, and Gabie (1982),
Ivashchenko, Iermakov, and Khudolii (2017), the study
observed a high discriminative and predictive ability of
these functions in evaluating age- and gender-related
peculiarities of coordination abilities development in
the girls and boys aged 11-13.
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Table 8. Canonical Discriminant Function Coefficients (Unstandardized coeflicients).

Function
No Test
1 2 3 4 5
1. 30 m running (s) 1.066 -.249 1.090 -.253 -.951
2. Standing long jump (cm) -.047 .050 019 .035 .023
3. Six s.tandlng accuracy ball handllggs to a partner froma7 268 074 238 367 194
m distance using one of the techniques learned
4. Pull-ups (number of times) 469 120 -.132 -.015 .039
5. Sit-ups in 30 seconds -.009 .040 -.083 -.044 -.090
6. Evaluation of the sense of movement speed in sprinting -1.371 -732 5.471 2.575 .357
7. Evaluation of the ability to differentiate movement speed
(reproduction accuracy of running speed at 80% intensity -.340 .761 3.154 -2.222 1.265
of maximum)
8. Evaluation of the ability to differentiate movement speed
(reproduction accuracy of running speed at 90% intensity 674 1.941 -1.380 761 -3.995
of maximum)
9. Static equilibrium evaluation by E. Ya. Bondarevsky’s 010 038 037 017 002
method
10.  Evaluation of dynamic equilibrium by the BESS method -.011 -.021 014 -.006 072
11. Eval}l.zatlon of . the ‘ablhty for vestibular (statokinetic) 162 125 084 156 338
stability. Running with turns
12.  Rhythmic hand tapping .014 -.286 -.269 272 -.029
13.  Rhythmic movements of upper and lower limbs -113 -.155 -.200 314 -.309
14. Shuttle run (4x9 m) 529 -.043 -.246 .045 .206
15. Tossing a ring over a peg -.027 .022 -.093 -.130 -.038
16. Height (cm) .019 .064 -.039 .035 .024
17.  Body weight (kg) -.012 000 036 020 -.035
(Constant) -10.933 -15.306 -1.236 -9.599 -2.765

To practically apply the results of discriminant
analysis, the canonical discriminant function coefficients
are used (see Table 8). The probability of a case belonging
to the predicted group is calculated by substituting
the values of variables that correspond to the case into
the discriminant function. By comparing the obtained
results with the value of centroids, it is possible to
determine the group the result belongs to (Table 7). To
classify the preparedness state of the girls and boys aged
11-13, the first and second functions are used.

The above-mentioned data supplement the results:

o Agricolaetal. (2015), Palomo-Nietoetal. (2015)

on the importance of movement coordination
of different parts of the body in evaluating
children’s and adolescents’ coordination
abilities;

« Volkov, and Nagovitsyn (2018) about the

influence of motor activity and purposeful
usage of physical education means on a
positive dynamics of movement coordination
development in children and adolescents;

« Meadmore, Exell, Burridge, Hughes, Freeman,

and Benson (2018) on the gender differences in

TM®B, 2018, Tom 18, Ne 3

children related to the body composition and
movement coordination.

During the analysis, the study confirmed
Ivashchenko’s (2016) conclusions as to the usage of
factor analysis for the evaluation of the current state
of motor preparedness, and the usage of discriminant
analysis for the evaluation of the state dynamics in
the age range, which makes it possible to determine
informative indicators for a comprehensive control of
motor preparedness.

Conclusions

The discriminant analysis made it possible to
determine informative indicators for a comprehensive
control of coordination abilities development in the girls
and boys aged 11-13; to answer the question of whether
the difference between the states of coordination
abilities development of the girls and boys aged 11-13 is
significant; what motor tests most substantially influence
the differentiation of classes; what class the object belongs
to based on the values of discriminant variables.

The discriminant models characterize both age- and
gender-related peculiarities of movement coordination
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development in the girls and boys aged 11-13. The
data obtained show significant differences between
the groups of girls and boys aged 11-13 both in the
structure of coordination abilities development and the
level of preparedness, and highlight the need to conduct
separate physical education classes for girls and boys.
Different programs should be used for developing
coordination abilities in boys and girls aged 11-13.

The prospect for further exploration is to study
methodological approaches to programming the
coordination abilities development in schoolchildren
of middle school age.
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KOOPAMHALIA PYXIB: PO3MI3HAHHA OCOBJINBOCTEN
PO3BUTKY Y AIBYAT I XJ1OMNUIB 11-13 POKIB

IBamenko O.', Xygomiit O.', Epmakos C.%, baprik I1.%, IIpnuxogpko B.B.*

'XapkiBcbKuil HaljioHaIbHMI efaroriyauii yHiBepcutet imeHi [.C. CkoBoponau, Ykpaina
‘[mancpKknmit yHiBepcuteT (pisyHOr0 BUXOBaHHA i ciopry, [lonbia

*YuiBepcutetr Mares bens, banceka buctpuisa, CnoBauunaa

*HBK «Crapr-1kona», M. XapkiB, YkpaiHa

Pegepar. Crarrs: 8 ¢, 8 Tab., puc. 1, 24 mxeper.

Merta gocmimKeHHA — BU3HAYUTH MOX-
JIUBICTb pO3Ii3HAHHA CTaHy PO3BUTKY KOOPAMHALIN-
HuX 3aibHOCTel y AiBvar i xmonnis 11-13 pokiB Ha
OCHOBi MeTOJO/IOTi1 6AraTOBMMIPHMX CTATUCTHK.

Marepianu i MeTogu. Y JOCTipKeHHI NPUITHAIN
y4acTs fiBuata: 11 (n=20), 12 (n=23), 13 (n=19) poxis;
xnomui: 11 (n=21), 12 (n=20), 13 (n=19) poxkis.

Y pob6ori BukopucTaHi aHasi3 i y3arajJibHeHH:
JaHUX HAYKOBOI /IiTeparypy, TeCTyBaHHA, JUCKPUMI-
HaHTHMI aHaIi3.

Pesynpratn pocmimxkeHHsa. Ilepma kaHOHi4Ha
¢$yHKIiA mosAcHIOE Bapianilo pesynbraTiB Ha 65,7%,
npyra — Ha 25,1%, Tpera — Ha 4,8%, 110 CBifUUTD NPO
ix inpopmarusHicTs. KoedinieHTr KaHOHIYHOI KOpe-
NNl BKa3yl0Th Ha IIPOTHOCTUYHICTD BKa3aHMX QYHK-
nii. [Tepura kKaHOHIYHA AMCKpUMiHaHTHA QYHKI[isA Hall-
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OiNbII CYTTEBO 3B’s13aHA 3 pe3y/lIbTaTaMy TeCTiB No 4
(r=0,526), 14 (r=0,377), 2 (r=-0,306): oTxe cyTTEBa
pisHMIA MK AiByaTaMmy i xnonuamu 11-13 pokis cno-
cTepiraerbcs y piBHI pO3BUTKY BiIHOCHOI i IIBUJKicC-
HOi cuy, koopanHanii pyxiB. CTpyKTypHi Koedimi-
€HTY JPYyroi KaHOHIYHOI AMCKPUMIHAHTHOI QYHKIIiI
BKa3yl0Tbh, 0 QYHKIIiA HaMOINIbLI CYTTEBO 3B’s13aHA
3i smigHMMu Ne 2 (r=0,502), 16 (r=0,434), 9 (r=0,379),
17 (r=0,357): oT>ke CyTTeBa pisHMIA MiX AiBUaTaMu
12-13 pokiB i xmonyAamu 11-13 pokiB ciocTepiraerbes
B LIBYU/IKICHIN CVIi, BeCTUOYIAPHIi CTINIKOCTI i aHTpO-
MOMETPUYHNX JJaHUX.

BucnoBknu. [IMcKpUMiHaHTHI MOJeNi XapaKTepu-
3yIOTb SIK BIKOBI, TaK i reHfiepHi 0COOMIMBOCTI pO3BU-
TKy KOOpAVHALII PyXiB y fiByaT i xyionuis 11-13 pokis.
OTpuMaHi faHHI CBif4aTh PO CyTTEBI PO3ODKHOCTI
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MDX I'PyIIaMu JiB4ar i X10muiB 11-13 pokiB K y CTPYK-
Typi pPO3BUTKY KOOPAVHALITHUX 3[i0HOCTel, Tak i B
PiBHI NiATOTOB/IEHOCTI, Ta BKa3ylOTh Ha HEOOXigHICTD
IIPOBeJIeHHs YPOKiB (Di3WYHOI KY/IBTYPU OKPeMO Jyis
miByar i xyonuis. Po3BUTOK KOOpAMHALTHKUX 3i6HOC-

TeN y AiByaT i xyronyis 11-13 pokiB NOBMHEH 3[1i/ICHIO-
BaTHCA 32 PiSHUMU IPOrpaMaMMu.

KnrouoBi cmoBa: nyMcKpyMiHaHTHMII aHaIi3, KOOp-
IOVHALiHI 30i6H0CTI, HACKPi3HMII KOHTPOJIb, AiBYaTa,
XJTOIIIII.

KOOPOUHALMA ABUXEHWUIN: PACNO3HABAHUE OCOBEHHOCTEN
PA3BUTUNA Y AEBOYEK N MAJIbYUKOB 11-13 JIET

VBamenko O.', Xygoneit O.', Epmakos C.?, bBapruk II.?, IIpuxoppko B.B.*
'XapbKOBCKMIT HAIMOHAIbHBIN Iefjarornyecknit yausepcutet uMenu [.C. CkoBoponsl,

Ykpanna

*[maHbCKMil yHUBEPCUTET PU3MUECKOTO BOCIUTAHNA 1 CIIOpTa, [Tonbira
*Yuusepcuter Mares bens, bancka Beictpuia, CrnoBakms
*YBK «CrapT-1ikona», . XappKoB, YKpanHa

Pegepar. Cratbst: 11 c., 8 TabiL., puc. 1, 24 MCTOYHMKOB.

ITenp mMccmemoBaHMA - OIPEENTNUTbH
BO3MOXXHOCTb PAacIO3HaBaHUs COCTOSIHUS PasBU-
TUs KOOPAVHAIVIOHHBIX CIIOCOOHOCTEN Y JleBOYeK
U ManbyukKoB 11-13 jieT Ha OCHOBE METOMOOTUU
MHOTOMEPHBIX CTATUCTHK.

Marepuanpl M MeTOABI. B niccneoBanny NpuUHAIN
yuactue gepoukn: 11 (n = 20), 12 (n =23), 13 (n = 19)
net; Mampumku: 11 (n=21), 12 (n =20), 13 (n = 19) ner.

B pabore mcmonp3oBaHbl aHanmu3 u 06001Ie-
Hyle IaHHBIX Hay4YHOI JIMTepaTyphl, TECTUPOBAHMLE,
AVCKPUMUHAHTHBIN aHAJIN3.

PesynbpraTbl MccnegoBanus. [lepBas KaHOHMYeC-
Kasi QYHKLMsI OOBSCHSAET BapyalL[Mi0 Pe3y/lIbTaToOB Ha
65,7%, BTOpas —Ha 25,1%, TpeTbs — Ha 4,8%, 4TO CBUIE-
TenbCTBYeT 06 nx nHpopmaTnBHOCTD. KoadduimenTs
KaHOHMYECKOJ KOPPE/IsALNY YKa3bIBalOT Ha IPOTHOC-
TUYHOCTh YKasaHHbIX (yHKiuu. IlepBas KaHOHU-
Jyeckas JUCKpPUMUHaHTHasA QyHKUMA Haumboree Cy-
I[ECTBEHHO CBA3aHA C pe3y/nbTaTaMy TecToB N 4 (r =
0,526), 14 (r=0,377),2 (r=-0,306): 3HaYUUT CyIleCTBEH-
Hasg pasHMULA MEX/Y JleBOYKaMM U Majabunkamu 11-13
NeT HabIIofaeTcs B YPOBHE Pa3BUTHUSA OTHOCUTE/Ib-
HOJ ¥ CKOPOCTHOI CWJIBI, KOOPAVHALVN JBVDKEHUIL.
CrpyKTypHBIe K03 IUIMEHTbI BTOPOi KAHOHNYIECKOTT
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AVCKPYMUHAHTHON (YHKIVM YKa3bIBAIOT, YTO QYHK-
11 Hanbosiee CyIeCTBEHHO CBA3aHa C IepeMeHHBbIMMI
Ne 2 (r = 0,502), 16 (r = 0,434), 9 (r = 0,379), 17 (r =
0,357): 3HAUNT CyILIeCTBEHHAs Pa3HUI[A MEXAY AeBOY-
KaMu 12-13 et u ManbuukaMu 11-13 et HaOmogaercs
B CKOPOCTHOII CWJjIe, BeCTUOY/IAPHOI YCTONYMBOCTY 1
aHTPONOMETPUYECKIUX IAHHBIX.

BoiBopbl. [IVCKpMMIHAHTHBIE MOJI€NN XapaKTe-
PM3YIOT KaK BO3PAaCTHBIE, TaK M TeHepHbIe 0COOeH-
HOCTM PasBUTHUA KOOPAMHALMY JOBVKEHUN Y NeBOYEK
u ManbunkoB 11-13 net. [lony4eHHble JaHHBIE CBU-
OEeTeNbCTBYIOT O CYIIECTBEHHBIX Pa3IM4IMAX MeX-
Iy TPyIIIaMi [I€BOYEK U Ma/lbuMKOB 11-13 jieT Kak B
CTPYKType pasBUTHA KOOPAMHAIVIOHHBIX CIIOCOOHOC-
TeJi, TaK ¥ B YPOBHE IIOATOTOB/IEHHOCT, ¥ YKa3bIBAIOT
Ha HeOOXOAVMMOCTD IPOBeeHNsI YPOKOB (Ppr3ndecKoit
KY/IBTYPbl OTAIE/IbHO /ISl IeBOYEK M MajIbuMKOB. Pas-
BUTIE KOOPAMHAIMOHHBIX CIIOCOOHOCTEN! Y JleBOYeK
VI MaJIbuMKOB 11-13 meT JO/MKHO OCYIIEeCTBIATHCA 10
PasIuMYHbIM IIPOTPAMMaM.

KnroudeBble cmoBa: OUCKPMMMHAaHTHBIN aHa-
M3, KOOPAVHAIMOHHBIE CIHOCOOHOCTHU, CKBO3HOI
KOHTPOJIb, IEBOYKY, MaTbYMKIA.
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