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Abstract

The purpose of the study was to identify the gender-related features of motor fitness of 9-year-old schoolchildren.
Materials and methods. The study involved 83 9-year-old schoolchildren (35 girls, 48 boys). The children and their
parents were informed about all the features of the study and gave their consent to participate in the experiment.

The study used the following research methods: analysis of scientific and methodological literature, pedagogical
observations, testing of motor fitness, probabilistic approach to assessing the learning process, methods of
mathematical statistics. In the experiment, the study controlled the level of proficiency in the following exercises: Rope
climbing in 2 steps, Rope climbing in 3 steps, One leg swing upward circle.

Results. In the girls and boys, the differences in the level of development of movement coordination between
individual parts of the body and vestibular stability are not statistically significant. The 9-year-old boys have a
statistically significantly higher level of development of strength, speed strength, speed, endurance, and a higher level
of proficiency in gymnastic exercises and rope climbing than the girls. The obtained canonical function explains 100%
of the variation of results and is informative for classifying 9-year-old schoolchildren’s motor fitness (r = 0.937). The
analysis of the canonical function indicates its statistical significance (A = 0.122; p = 0.001).

Conclusions. The canonical discriminant function can be used to classify the gender-related features of motor

fitness of 9-year-old schoolchildren. The discriminant analysis revealed the indicators that have the greatest weight in
assessing the gender-related features of motor fitness of 9-year-old schoolchildren. They include the level of relative
strength of the shoulder flexors, speed strength, agility, and the level of proficiency in the One leg swing upward circle

on a low bar.
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Introduction

The importance of increasing schoolchildren’s motor
activity is pointed out by Krutsevich, Pengelova, and Tra-
chuk (2019), Krutsevich, and Marchenko (2018a,b). Motor
activity is regarded as a condition for physical development
and formation of cognitive functions (Junger et al., 2019;
Haverkamp et al., 2020; Biddle et al., 2019).

Studies focus on substantiating the amount of motor ac-
tivity (Bull et al., 2020; Guthold et al., 2020; Love et al., 2019);
investigating the effect of physical exercises on human cogni-
tive functions (Quaney et al., 2009; Rodriguez-Ayllon et al.,
2019); developing a technique for teaching physical exercises
(Khudolii et al., 2020); developing a technique for motor abili-
ties development in schoolchildren (Ivashchenko et al., 2020).
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The problem of physical education of schoolchildren
was given consideration with reference to their motor fit-
ness (Ivashchenko, 2017), the effect of training loads on the
dynamics of strength development (Cie$licka & Ivashchenko,
2017; Ivashchenko & Cieslicka, 2017), the effect of physical
training modes on the effectiveness of motor skills formation
(Khudolii, Ivashchenko, & Chernenko, 2015; Mugurdinova
& lermakov, 2022; Siedykh et al., 2022) and gender-related
features of motor fitness (Iermakov et al., 2020; Khudolii,
Golovnin et al., 2020; Petrov et al., 2020). It was found that
the positive effect of learning depends on the level of motor
skills development, consistent solving of learning tasks, and
rational application of methods (Khudolii, 2019; Ivashchen-
ko, 2020; Kharkovshchenko, 2022).

The study of the problem of physical education of school-
children remains relevant in view of decrease in motor activ-
ity of children and adolescents. The need to improve the pro-
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cess of teaching physical exercises requires further research

on gender-related features of motor fitness of schoolchildren.
The purpose of the study was to identify the gender-re-

lated features of motor fitness of 9-year-old schoolchildren.

Materials and Methods

Study Participants

The study participants were eighty-three 9-year-old
schoolchildren (35 girls and 48 boys). The children and their
parents were informed about all the features of the study and
gave their consent to participate in the experiment.

Study Organization

The study used the following research methods: analysis
of scientific and methodological literature, pedagogical ob-
servations, testing of motor fitness, probabilistic approach
to assessing the learning process, methods of mathematical
statistics.

The study recorded the indicators of height (cm), body
weight (kg), and the results in tests No. 3 “Standing long
jump, cm’; No. 4 “Middle- and long-distance running. 300 m
running, s, No. 5 “30 m sprint running from a standing start,
s, No. 6 “Seated forward bend, cm’, No. 7 “Mixed hang rope
pull-ups, times”, No. 8 “Shuttle run 4x9 m, s, No. 9 “Combined
movements of arms, torso and legs, points”, No. 10 “Postural
balance test - single leg stance, eyes closed, s”, No. 11 “Walk-
ing along a straight line after 5 rotations, deviations in cm”.

The study recorded the primary schoolchildren’s level of
proficiency in gymnastic exercises. The coefficient was de-
termined by the formula: p = (m/n)*100, where p is the level
of proficiency, m is the number of successfully performed
exercises, n is the total number of attempts to perform the
exercises. In the experiment, the study controlled the level
of proficiency in the following exercises: “Rope climbing in
2 steps’, “Rope climbing in 3 steps”, “One leg swing upward
circle”

Statistical Analysis

The study materials were processed using the IBM SPSS
20 statistical analysis software. Discriminant analysis was
performed.

The study protocol was approved by the Ethical Com-
mittee of the University. In addition, the children and their
parents or legal guardians were fully informed about all the
features of the study, and a signed informed consent docu-
ment was obtained from all the parents.

Results

Table 1 shows the results of testing the 9-year-old school-
children’s motor fitness.

The results of testing were compared, which made it pos-
sible to find out that the difference in height and body mass
between the 9-year-old girls and boys was not statistically sig-
nificant (p > 0.05). In test No. 9 “Combined movements of
arms, torso and legs, points”, the girls and boys show results
below average, the difference in fitness is not statistically sig-
nificant (p > 0.05). The difference in the results of the tests for
vestibular stability (No. 10 “Postural balance test — single leg
stance, eyes closed, s”, No. 11 “Walking along a straight line af-
ter 5 rotations, deviations in cm”) is not statistically significant,
the girls and boys show low results. The standard (mean-root-
square) deviation value in both the girls and boys indicates
that the level of fitness is not homogeneous in the groups.

Compared to the girls, the boys show a 16.33 cm better
result in test No. 3 “Standing long jump, cm” (p = 0.001),
a 13.28 s better result in test No. 4 “300 m running, s’
(p < 0.001), a 3 time better result in test No. 7 “Mixed hang
rope pull-ups, times” (p < 0.001), a 0.6 s better result in test
No. 8 “Shuttle run 4x9 m, s” (p = 0.001). While the 9-year-old
girls show statistically significantly better results in test No. 6
“Seated forward bend, cm” (see Table 1).

The 9-year-old boys have a 28.61% higher level of pro-
ficiency in the One leg swing upward circle (p = 0.001) and
an 8.29% higher level of proficiency in the Rope climbing in
2 steps (p = 0.047).

Table 1. The results of testing the 9-year-old schoolchildren’s motor fitness

No. Indicator G);rls (n= 3:) B;ys (n= 488) d t P
1. Height, cm 133.66 493 135.88 543  -2.22 1.908 0.060
2. Body mass, kg 34.94 18.94 32.77 5.48 2.17 0.754 0.453
3. Standing long jump, cm 119.09 13.02  135.42 10.21 -16.33 6.402 0.000
4. 300 m running, s 113.91 16.13  100.63 1732 13.28 3.552 0.001
5. 30 m running from a standing start, s 6.82 0.32 6.35 0.44 0.47 5.421  0.000
6. Seated forward bend, cm 8.09 3.02 4.56 3.18 3.53 5.087 0.000
7. Mixed hang rope pull-ups, times 1.97 1.12 4.79 191 -2.82 7.790 0.000
8. Shuttle run 4x9 m, s 12.84 0.74 12.24 0.67 0.6 3.875 0.000
9. Combined movements of arms, torso and legs, points 8.11 0.72 8.28 0.9 -0.17 0.903 0.369

10. Postural balance test — single leg stance, eyes closed, s 18.89 10.76 20.83 11.11 -1.94 0.792 0.431
11. Walking along a straight line after 5 rotations, deviationsincm ~ 88.8 65.26 81.56 66.06 724 0495 0.622
12. Rope climbing in 2 steps, proficiency level 24 21.03 32.29 16.4 -829  2.018  0.047
13. Rope climbing in 3 steps, proficiency level 24.57 2227 32.29 16.4 -7.72 1.820  0.073
14. One leg swing upward circle, proficiency level 25.14 23.44 53.75 17.09 -2861  6.435  0.000
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The discriminant analysis results which allow to classify
the 9-year-old girls and boys by their level of motor skills
development, their level of proficiency in rope climbing and
gymnastic exercises are set out in Tables 2-5.

The obtained canonical function explains 100% of the
variation of results and is informative for classifying 9-year-
old schoolchildren’s motor fitness (r = 0.937) (see Table 2).

Table 2. The canonical discriminant function. Eigenvalues

% of variance Cumulative Canonical
explained % correlation
100.0 100.0 0.937

Function Eigenvalues

1 7.191

Table 3. The canonical discriminant function. Wilks’
lambda

Function SN degrees of free-
- Wilks’ lambda  x-square dom
1 0.122 155.622 14 0.000

The analysis of the canonical function indicates its statis-
tical significance (A = 0.122; p = 0.001) (see Table 3).

The standardized coefficients of the canonical discrimi-
nant function which make it possible to determine the per-
centage contributions of selected variables to the function
result are set out in Table 4. The largest contribution to the
canonical function is made by variables No. 12 “Rope climb-
ing in 2 steps, proficiency level”, No. 13 “Rope climbing in 3
steps, proficiency level”, No. 14 “One leg swing upward circle,
proficiency level”: the larger is the value of these variables, the
larger is the value of the function.

The structure coeflicients of the canonical discriminant
function which are the coeflicients of correlation between the
variables and the function are set out in Table 4. For instance,
the function is most substantially related to the results of test
No. 14 “One leg swing upward circle, proficiency level” and

Table 4. The canonical discriminant function coefficients

Table 5. The results of classificationa. The function values at
the group centroids. 9-year-old schoolchildren

Predicted Function values
1-girls, belonging to Total at group
2 - boys group centroids
1.00 2.00 1
1.00 35 0 35 -3.102
Frequency
2.00 1 47 48 2.262
o 1.00 100.0 .0 100.0
’ 200 21 979 1000

a. 98.8% of the original grouped data were classified correctly.

tests No. 7 “Mixed hang rope pull-ups, times”, No. 3 “Standing
long jump, cm”, No. 4 “300 m running, s”: hence, a substantial
difference between the 9-year-old girls and boys is observed
in the level of relative strength of the arms, speed strength,
agility, and the level of proficiency in gymnastic exercises.

The centroid coordinates for two groups are set out in
Table 5. They allow to interpret the canonical function with
respect to the role in the classification. The centroid for the
9-year-old boys is situated on the positive pole, and the cen-
troid for the 9-year-old girls is situated on the negative pole
(see Fig. 1, 2), which indicates a substantial difference in the
fitness level of the 9-year-old girls and boys. The results of
classification of the groups show that 98.8% of the original
grouped observations were classified correctly.

Discussion

The paper assumed that the motor fitness of 9-year-old
schoolchildren have gender-related features. It was estab-
lished that the differences between the girls and boys in the
level of development of motor coordination between indi-
vidual parts of the body and in vestibular stability are not
statistically significant. The 9-year-old boys have a statisti-

Canonical discriminant function coeflicients

A standardized structure unstandardized
No. Indicator = = =
function function function
1 1 1
1 2 3 4 5
1. Height,cm 0.355 0.037 0.068
2. Body mass, kg -0.261 -0.031 -0.020
3. Standing long jump, cm 0.425 0.265 0.037
4. 300 m running, s -0.094 -0.147 -0.006
5. 30 m running from a standing start, s -0.145 -0.225 -0.370
6. Seated forward bend, cm -0.479 -0.211 -0.154
7. Mixed hang rope pull-ups, times 0.486 0.323 0.298
8. Shuttle run 4x9 m, s 0.037 -0.161 0.053
9. Combined movements of arms, torso and legs, points -0.041 0.037 -0.049
10. Postural balance test - single leg stance, eyes closed, s 0.098 0.033 0.009
11. Walking along a straight line after 5 rotations, deviations in cm 0.221 -0.021 0.003
12. Rope climbing in 2 steps, proficiency level 0.926 0.084 0.050
13. Rope climbing in 3 steps, proficiency level -30.971 0.075 -0.208
14. One leg swing upward circle, proficiency level 20.916 0.267 0.146
(Constant) -120.593
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cally significantly higher level of development of strength,
speed strength, speed, endurance, and a higher level of pro-
ficiency in gymnastic exercises and rope climbing than the
girls (see Table 1). The data obtained supplement the data on
the state of motor fitness of children and adolescents (Ivash-
chenko, Khudolii, Iermakov, Chernenko, & Holovko, 2015;
Ivashchenko, Iermakov, Khudolii, Cretu, & Potop, 2017;
Khudolii, Ivashchenko, & Beketov, 2015), and indicate that
schoolchildren’s motor fitness has gender-related features.
As in the studies by Ivashchenko, Nosko, Bartik, & Maka-
nin (2020), Iermakov, Ivashchenko, & Khomiakov (2020),
non-significant differences in the level of development of
motor coordination and statistically significant differences in
the level of development of strength, speed strength, speed,
endurance, and in the level of proficiency in gymnastic exer-
cises between girls and boys were observed, which indicates
a need for dedicated development of motor skills. Such de-
velopment is possible in teaching physical exercises with the
use of programmed materials, as indicated by literature data
(Shueva, Ivashchenko, & Jagiello, 2021; Suprun, Ivashchenko,
& Ciedlicka, 2021; Kharkovshchenko, 2022).

The discriminant analysis made it possible to determine
that, in identifying gender-related features of motor fitness of
9-year-old schoolchildren, the classifier is the level of profi-
ciency in gymnastic exercises and rope climbing (see Table 4,
column 3). The data set out supplement the data provided by
Petrov, Khudolii, and Cieslicka (2020), Shevchenko, Khudolii,
and Potop (2020), Ivashchenko, Berezhna, and Cieslicka,
(2020) and stating that the formation of motor skills is a pri-
ority in the educational process at primary school, the devel-
opment of “agility” and “motor coordination” ensures the for-
mation of motor skills, and the development of arm strength
and vestibular stability is that reserve which allows to improve
the effectiveness of the educational process. Furthermore, fo-
cusing efforts on the learning process is associated with the
formation of cognitive functions such as ability to acquire and
recognize information, as indicated by literature data (Junger
etal.,, 2019; Haverkamp et al., 2020; Biddle et al., 2019).

Based on the discriminant analysis, it was found that mo-
tor fitness can be controlled based on the regression equation
set out in column 5 (Table 4) and the comparison between
the result obtained and the function value at group centroids
(2.262). The data set out supplement the data on the use of
discriminant analysis in physical education of schoolchildren
(Mandoli, Sharma, & Joshi, 2021; Siedykh, Ivashchenko, Bar-
tik, & Veremeenko, 2022; Mugurdinova, & Iermakov, 2022).

Thus, the data obtained are of both theoretical and prac-
tical importance for organizing the educational process at
primary school. They can be used in planning learning activ-
ity and controlling its quality in physical education.

Conclusions

The canonical discriminant function can be used to clas-
sify the gender-related features of motor fitness of 9-year-old
schoolchildren. The discriminant analysis revealed the indi-
cators that have the greatest weight in assessing the gender-
related features of motor fitness of 9-year-old schoolchildren.
They include the level of relative strength of the shoulder
flexors, speed strength, agility, and the level of proficiency in
the One leg swing upward circle on a low bar.
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PO3MI3HAHHA OBPA3IB: OCOBJINBOCTI PYXOBOI
NIAroTOBJIEHOCTI LUKOJNAPIB 9 POKIB

Onvpra IBamenko'*5“P, €preniit Ckouko'4P<P,
€xu Ckpobenpkmii’*®, Kmmmrod BHOpOBCchKmii?A

'XapkiBcbkmit HallioHaMbHNUI Nefarorivamii yHiBepcureT imMeni I.C. CkoBoponn
’ImaHCpKuUit yHiBepcuTeT Bi3MYHOrO BUXOBAHHSA i CIOPTY

ABTOpCHKNMIT BKIAA: A — [U3aiiH HOCTimKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E — 36ip komtis

Pedepar. CraTps: 6 c., 9 Tabn., 2 puc., 28 mxepern.

MerTa FOCTiTKeHHs — BUSHAUUTHU TeH/IePHi 0COOIMBOCTI PyXOBOI MifirOTOBIEHOCTI MIKOMAPIB 9 POKIB.

Marepianu i MeTopn. Y [OCTiPKeHH] IPUITHAIN y4acTb 83 MKO/spi 9 poKiB (HiBYaTOK — 35 YOJL., XIOM4YUKIB — 48 worr.). [litn
Ta IxHi 6aTbku 6ynu iHpopMOBaHi PO BCi 0COOMMBOCTI ZOCIKEHHS 1 /i 3rOfly Ha y4acTh B eKCIIEPUMEHTL. Y JOCTiKeHH] BI1-
KOPMCTaHi TaKi METOAM NOCTIKEHHA AK aHali3 HAyKOBOI Ta METONMYHOIL JIiTepaTypu, IEJATrOriu i CIIOCTEPEKEHH, TECTYBAHHS
PYXOBOI IiATOTOB/IEHOCT], IMOBiPHiCHNII IiJXi/l 10 OLJiHKM ITPOLleCY HaBYaHHA, METOIM MaTeMaTUYHOI CTaTUCTUKN. B ekcriepumeH-
Ti KOHTPOJIIOBABCS PiBeHb HABYEHOCTI TAKMM BIIPABAM: JIa3iHHA 10 KaHATY y 2 IPUITOMM, Ia3iHHA 110 KaHATY y 3 IPUIIOMM, IiJioM
IIepeBOPOTOM B yIIOP MaXOM OJJHI€IO.

PesynpraTi. Y [iBYaTOK i XTOMYMKIiB y PiBHI PO3BUTKY KOOpAMHALII PyXiB OKpeMMMM YaCTMHAMU Tia Ta BeCTUOY/ISAPHIi
CTIIIKOCTi pO361KHOCTI CTaTUCTUYHO He ZOCTOBipHI. X/IomuuKky 9 pokiB MalTh CTATUCTUYHO HOCTOBIPHO BUIIUIT piBEHb POSBUTKY
CIIH, IBUAKICHOI cytu, OUCTPOTH, BUTPUBAIOCTI Ta BUIIMI piBeHb HaBUYEHOCT] MIMHACTMYHYX BIIPAB i IA3iHHIO 110 KaHATY HIX
piBuatka. OTpyMaHa KaHOHIYHa QyHKLiA nosAcHIoe Ha 100 % Bapiariiio pesynbraris i € iHpopmaTuBHOI /1A Knacudikanii pyxosoi
MiATOTOBIEHOCT] KOJAPIB 8 pokiB (r = 0,937).

AHaji3 KaHOHIYHOI QyHKIII CBimunTh Ipo 1i cTaTucTIYHy 3HavyIicTs (A = 0,122; p = 0,001).

BucHoskn. Kanouivyna guckpuminantHa QyHKIis Moke Oy Ty BUKOpUCTaHa fyisi Kiaacudikanii reHaepHuX oco6nmBocTeit py-
XOBOI Ii/ITOTOB/IEHOCT] WIKO/APIB 9 pOKiB. ¥ pes3y/nbrari AUCKPUMIHAHTHOIO aHa/Ii3y BUAB/ICHO IIOKA3HMKM AKi MalOTh HailOLIbITy
BAry B OIiHI[i TeHJePHMX 0COOMMBOCTEl PYyXOBOi MiITOTOBICHOCTI MKOJAPIB 9 pokiB. [lo HUX BiTHOCATBCA piBeHb BiTHOCHOI CIN
STMHAYIB I/Ieva, IUBUAKICHOI CU/IM, IPYAKOCTI Ta piBEHb HABYE€HOCTI MIAJIOMY IIEPEBOPOTOM B YIIOP MaXOM OJIHI€I0 Ha HU3BKIl
MoTepednHi.

Knrouosi cmoBa: fiByaTka, XJI0M4YMKY, PiBE€Hb HAaBYEHOCTI, pyXOBa MiITOTOBJIEHICTb, PyX0OBi HABMYKMU, AMCKPUMiHAHTHUIA
aHais.
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