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BITAEMO 3 IOBIJIEEM!

€pmaxos Cepriit Cugoposuy (uap. 8 6epesus 1950,
c. Oxoue, XapkiBcbka 06mactb, YPCP) — ykpaiHcbknmii Bue-
HUII B ranysi ¢i3sMYHOro BMXOBaHHSA Ta CIIOPTY, MalicTep
CIIOPTY 3 BOZEI60ITY, TOKTOP IefaroriqyHux HaykK, mpodecop,
aKaZieMiK YKpaiHCbKOI aKafieMil HayK.

3akinumB TokManbkmit MexaHi4HUIT TexXHIKYM (1969).

Y 1971-1977 pokax HaBYaBcA y XapKiBCbKOMY aBTO-
MOO6IIbHO-OPOXKHBOMY IHCTUTYTI 32 CIeL[ja/IbHICTIO «AB-
TOMOOIIBPHIIT TPAHCIOPT», 3106YB KBasidikamio imKeHe-
pa-MexaHika. 3rofioM 3aKiH4uB XapKiBCbKMII Jlep>KaBHUI
HeJaroriyHmi iHCTUTYT 3a crenjianpHicTIO «Pisn4He BUXO-
BaHH:», kBajidikanis Bunrens ¢isnanoi kynprypu (1981).

Y 1987-1990 poxax HaByaBcA B acmipaHTypi [lepykas-
HOTO LIeHTPA/IbHOrO iHCTUTYTY (isuyHOi Kynbrypu (M. Mo-
CKkBa). 3aXMCTUB KaHAMAATCHKY pgucepraniio «CTpykTypa
OCHOBHJX TeXHIYHUX IIPUIIOMIB I'PY B BOTIEIOOI SIK CHCTeMa
yHapHux pyxis». Kanpupar negaroriqyanx Hayk (1991).

3aXUCTUB JIOKTOPCbKY Aucepraliio «HaB4aHHA Tex-
Hili ygmapHMX pyXiB y CIOPTMBHUX irpaX Ha OCHOBI IX
KOMIT' IOTePHIX MOJIeJIell Ta HOBUX TPeHa)XepHMUX HMPUCTPO-
iB» y cnellianisoBaHilil BYeHiil pajii YKpalHCBKOTO JIep>KaB-
HOTO YHiBepCUTETY Qi3NYIHOTO BUXOBAHHA i ciopTy. [lokTOp
neparorivHux Hayk (1997). ¥ 2004 poui 06paHo akageMikoMm
Ykpaincpkoi akazieMil HayK.

Y IuTUMHCTBI IrpaB 3a KOMaHAY CilbcbKol mKkomu. IIpo-
TOBXYBaB IpaTi y Boneitbon y rexnikymi. Ilicia npusoBy
B apMilo OTpanuB y CIOpTUBHMII Kny6 «Ogmeca», ge mo-
vaB 3aitMatucs nmpodecirtanm Bonertbonom (1969). Ilepurnm
TpeHepoM OyB Ipuropiit Bepx.

Y Xapkosi rpas 3a komanpay [JCK-1, aky Tpenysas Bo-
nopumup IloHOMapeHKo. YBIllIIOB O MEPUIOTO CKIafy BO-
neit6onbHOro Kiyoy «JIokomoTus» (1973).

Maiicrep ciopty CPCP 3 Boseitbony (1975).

Bbponsosuit npusep nepurocti CPCP 1978 poky B cknapi
«JIOKOMOTHMB», 6ATaTOPA30BMIT YUEMIIIOH i IpM3€ep MePUIOCTi
Ykpaiunu, Bonopap Kybxa Ykpainu, ¢inanict Kybxka CPCP
(1973-1980 poxmn).

3aBeplIMB CIOPTUBHY Kap'epy B 30 poKiB Ta I104aB 3a-
JIMATHCS HAYKOBOIO JisI/IbHICTIO.

Baratopasosuit yemmioH i mpusep Kybxa Ykpaiun, uem-
mion Csity 2000 i 2004 pokiB cepen BeTepaHiB, 4eMIiOH
BcecBiTHIX irop Berepanis y Cignei (2009).
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Y 1980-1984 pokax mpamoBas yumreneM (ismdHoI
KYZIBTYpU cepefiHboi mKomy Ne 3 M. XapKiB.

Y 1984-1994 pokax mpaloBaB CTapIINM BUK/IaJadyeM
Kadenpu ¢GisMYHOTO BUXOBAHHSA IHCTUTYTY iHXKeHepHOTrO
3aJIiI3HMYHOTO TPAHCIIOPTY.

Y 1994-2013 pokax npauoBas y XapKiBCbKOMY XyT0X-
HbO-IIPOMUCTIOBOMY iHCTUTYTI. 3aBinyBaB Kadenporo i-
3UYHOrOo BuxoBaHH (3 1994). O6iiiMaB mocagy mpopexkropa
3 HayKOBOI po6OTH Ta MDKHapORHMX 3B 3KiB (3 2001).

Bigminuyk ocBitn Ykpainn (2001), mepeMosker;b obmac-
HOTO KOHKYPCY cepeJ] BUIIMX HaBYa/IbHUX 3aKajiB «OcBiTa
XapkiBuHN — Kpaii iMeHa» 2001 poxy B HoMiHarii «Kpa-
muii 3aBigyBad Kadenpu GpisnYHOro BUXOBAHH».

3apas mpaiioe B XapKiBCbKOMY HalliOHa/IbHOMY I€flaro-
rivHomy yHiBepcuterTi iMeHi I. C. CkoBopomu. O4oiioe 1ieHTp
iHHOBaLTHOI fisIbHOCTI 1 TpaHCepy TexHooriI. € mpode-
copoMm Kadenpu Teopii Ta METORUKM Pi3MIHOTO BIUXOBAHH.

Haropomxennit sHakoM MinicTepcTBa OCBiTH i HayKn
Ykpainu «3a HayKoBi focsaraenHs» (2006), rpamoramu MOH
Ykpainu (2007) ta Kabinery Minictpis Ykpainn (2017).

Tonopa excneptHoi pagu BAK Vkpaian (2006-2010),
wien [Ipesupii Onimmiiicpkoi akagemii Ykpaimm (2002-
2007), 4i1eH HayKOBO-KOOpAVHaLiiiHOl pasy MiHicTepcTBa
YKpaiHu y crpaBax ciM'i, MOOZIi Ta CHOPTY, WIeH HayKOBO-
MertopuyuHol Komicil HauionanpHol depeparii Bonei{6ony
Ykpainn.

OCHOBHI HaNPsIMKI HAyKOBUX AOCTIi/PKeHb — bGioMexa-
HiKa pyXiB, BIIPOBaJ>)KeHH: HOBYX TPeHaKePHIX IIPUCTPOIB,
KOMIT I0T€PHMX TEXHOJIOT1il y CIIOPTUBHMX irpax.

ABTop noHaj, 300 HayKOBUX IIpallb, cepef, AKMX: Ha-
BYa/IbHi TOCIOHMKY «Boseit0o: Urpbl MacTepoB YKpauHb»
(1998), «TexHuxa ygapos ny4imx Bojertbomctos Poccunm»
(2000), «Tpenaxepsl B Boneitbone» (1999), «TexHuka nrpsr
JTY9IINX BOIE60mcToB Mypa» (2001), «Borneitbon Xapbko-
Ba: 1925—2000 rr.» (2004), «Tpenaxepu B ¢pyrdoni (2005),
moHorpadii «IHbopmaTnsanis Buioi GisKyabTypHOL OCBi-
TH: CTaH Ta nepcuektuBm» (2012), «BpauebHo-negaroru-
Jeckye HabmofeHns 3a gyrbonucramm Bo BpeMs ydeOHO-
TPEHMPOBOYHBIX 3aHATUI» (2013), «CrcTeMa COBpEeMEHHBIX
TeXHOJIOTUI MHTETPaTbHOTO PAasBUTUA U YKPEIUIEHUA 3[0-
POBBS JTIOfelT pa3HOro BodpacTta» (2017).

Mae Tpu aBTOpCBKi cBifjoliTBa Ha BMHAxoau Ta 12 ma-
TEHTiB Ha IIPOMIC/IOBI 3pa3KIL.

Unen crenianisoBaHMX BYEHMX paf] i3 3aXUCTy JOKTOP-
CbKMX AycepTaliiil XapKiBChbKOTo HalliOHaTbHOTO IeflarOriYHO-
ro yniepcutety imMeni I. C. CkoBopoziu Ta HantionaibHOrO yHi-
BepcnteTy «YepHiriBcbkuii koneriym» iMeni Tapaca IlleBuenxa.

TonmoBHMIT pemakTOp HaykoBux BupadHb Physical
Education of Students” , “Pedagogy of Physical Culture and
Sports”. YneH pemaxuiiiHOi Kojeril HayKOBOTO BMIAHHS
«Teopis Ta MeTopMKa PisNIHOrO BUXOBaHHA».

IITupo BiTaeMo 4eHa penKoIeril XXypHany, Ipodecopa
€pmaxkosa C.C. 3 1HeM HapopkeHH:! bakaeMo HeBMYepIHOI
eHeprii, MiITHOTO 370pOB’s, CIMEITHOrO 3aTUIIKY Ta HOBUX
HayKOBUX 3BEpIlIEHb.

Tonosnuti pedaxmop xyprany TMOB
Xyooniti O.M.
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Abstract

Purpose. The research has developed and substantiated the algorithm for implementation of corrective
and preventive measures in the process of adaptive physical education of pupils with special needs (visually
impaired children with postural disorders).

Materials and methods. Twenty-eight ten-year-old visually impaired children with postural impairments
(scoliotic posture or round back) participated in the experiment. Theoretical analysis, synthesis and
generalization of scientific literature, Internet resources, pedagogical experiment, visual posture screening
(Bibyk, Kashuba, Nosova, 2012), photography, testing, methods of mathematical statistics.

Results. The developed algorithm of corrective and preventive measures corresponds to the aim,
objectives, conditions, principles, forms, didactics, control measurements, and criteria of effectiveness.
During the implementation of the algorithm for corrective and preventive measures in the process of
adaptive physical education of visually impaired children with postural disorders in the experimental
group, there was a statistically significant (p < 0.05) improvement of the indicators of the posture bio-
geometric profile and physical characteristics: strength endurance at significance level p < 0.05 and vertical
body strength at significance level p < 0.05 and p < 0.01.

Conclusions. The results of the researches have confirmed the effectiveness of the developed algorithm

for corrective and preventive measures, namely: improvement of the posture bio-geometric profile and
increase in the level of physical qualities of visually impaired children with postural disorders. Quantitative
changes at the level of p < 0.05 and p < 0.01 of the studied indicators, harmonious development of the
individuals, and successful social adaptation in communication with healthy peers prove the effectiveness
of the algorithm. At the end of the transformation experiment, based on the assessment of the posture bio-
geometric profile, it was determined that ten-year-old visually impaired children with a scoliotic posture
or round back improved their indicators from below-average to above-average level; strength endurance
indicators from basic to intermediate and sufficient level of motor readiness; static equilibrium indicators
from basic and low to medium and above-average level.

Keywords: correction, preventive measures, posture disorder, children, visual impairment, physical
education.

© Svitlana Savliuk, Vitalii Kashuba, Viktoria Romanova, Sergiy Afanasiev, Nataliia Goncharova, Mykhailo Halatiuk,
Igor Grygus, Rafal Gotowski, Andrii Panchux, 2020.
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Introduction

As a reflection of the worldwide attention
to people with disabilities, in the Global Disability Action
Plan, it is imperative to promote effective disability
prevention, restoration of work capacity and ensure equal
and full participation of people with disabilities in social
life. Visual impairment is among the disorders, which are
especially dangerous in terms of creating the prerequisites
for the occurrence of various negative consequences for the
development of a personality (Pavlov, 1989; Mykhaylova,
2013; Rostomashvili, 2014). Based on the study of professional
literature and own research, we have discovered a high
level of frequency of posture functional disorders among
visually impaired children of school age (Melentieva, 2004;
Diachenko, 2010; Kashuba, & Yurchenko, 2013)

The problem of postural disorders of visually impaired
children of younger school age has been in the focus of
scientific interest since the end of the twentieth century.
Thus, Pavlov (1989) conducted a study to determine postural
disorders of low-sighted children of younger school age, and
based on the observed deviations of the physiological bends of
the spine, found the optimal exercise load for stretching and
relaxing of different muscle groups. According to Sermeev
(1983), the percentage of static-dynamic posture disorders
among visually impaired children is 5-30% compared to their
almost healthy peers. The research of Diachenko (2010),
which proposed and tested the methodology for correction
of postural disorders of younger pupils with impaired vision
in the process of adaptive physical education, suggests higher
indicators — 37%.

In the case of visually impaired children, functional
disorders of the posture occur much more frequently
compared to their almost healthy peers. The scientific research
of Melentieva (2004) stated an increase in the percentage of
postural disorders of low-sighted children at a younger school
age. The study of Yurchenko (2013) suggested indicators of
physical development, physical fitness, vertical stability of the
body and walking kinematics for children of younger school
age with impaired vision and differentiated various postural
disorders. Additional forms of physical and recreational
activity can improve the posture of visually impaired children
in special boarding schools. These forms may facilitate the
correction of movement disorders and successful social
adaptation of children with visual impairment (Melentieva,
2004; Kashuba, & Yurchenko, 2013; Savliuk, 2017)

The analysis of scientific and methodological literature
on the studied problem (Winnik, 2010; Demchuk, 2016;
Nesterchuk, Grygus, Prusik, & Zukow, 2019) and practical
experience of physical education in special educational
institutions for visually impaired six-ten-year-old children
gives grounds to argue that the issues of rational content
of educational classes, development of means and methods
of training in physical education lessons, in particular for
correction and prevention of postural disorders of visually
impaired children of younger school age, are not covered
enough. These issues require scientific substantiation and
development of an algorithm for corrective and preventive
measures in the process of physical education of visually
impaired children of younger school age with posture
disorders.

The aim of the research is to scientifically substantiate the
algorithm for implementation of corrective and preventive
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measures in the process of adaptive physical education of
visually impaired children of younger school age with
postural disorders to ensure harmonious development and
successful social adaptation in communication with healthy
peers.

Materials and methods

Sample and research methodology

Sample. Given that in the course of the ascertainment
experiment, the greatest number of posture functional
disorders (scoliotic posture and round back), as well as
disharmonious physical development were recorded among
ten-year-old visually impaired children, the transformational
pedagogical experiment involved twenty-eight ten-year-old
visually impaired children (fourteen boys and fourteen girls)
with scoliotic posture or round back.

Research methodology. The research was conducted in
Klevan special boarding school of I-III degrees.

Express control of the posture bio-geometric profile
of visually impaired children was performed using visual
screening of the posture according to the methods of Howley
and Don Franks, improved by Kashuba, Bibyk, and Nosova
and adapted for visually impaired children. To evaluate the
bio-geometric profile of the posture, we used the following
indicators: for the sagittal plane — the position of the head
and trunk with respect to the vertical axis, the presence of
thoracic kyphosis and lumbar lordosis, abdomen shape, angle
of the femur and lower leg; for the frontal plane - the location
of the shoulders, lower corners of the blades and pelvic bones,
triangles of the waist, the position of the feet (Nosova, 2008).
We determined the posture bio-geometric profile taking into
account 11 indicators: five in the front and six in the sagittal
plane. The evaluation of each indicator was carried out using 1
to 3 grading scale by the method of comparing the individual
record of posture with the graphical variants presented on
the sample. A score of 1 was rated “unsatisfactory”, 2 points
were “satisfactory”, 3 points were “good”. According to the
number of scored points, the bio-geometric profile of the
posture was defined as unsatisfactory - up to 11 points, below
the average — 12-15 points; average — 16-20 points, higher
than average - 21-29 points, good - 30-33 points (Savliuk,
2017). The method of photography was used to determine the
type of posture of visually impaired children.

In the course of the study, we used pedagogical testing
to determine the level of physical fitness of visually impaired
children of younger school age. The tests were selected taking
into account the motor capabilities of the surveyed contingent
and the requirements of programs for visually impaired
children of younger school age. Vertical stability of the
body was determined using the method of Y. Bondarevskyi
(Krutsevych, Bezverkhnya, & Vorobyov, 2011). Table 1
presents indicators of the physical qualities development of
ten-year-old children with visual impairment (Sheremet,
Nachinova, Arnautova, & Kolomiychenko, 2014).

According to the results of tests, based on the indicators
of physical qualities development of ten-year-old children
with visual impairment, we made a qualitative assessment
of physical fitness at five levels, each of which corresponded
to the following criteria: low - poor, below the average -
unsatisfactory, average — satisfactory, higher than average -
good, high - excellent (Krutsevych, et al., 2011).
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Table 1. Assessment of physical qualities development of ten-year-old children with visual impairment

Indicators of the physical qualities development of ten-year-old children with visual impairment

Levels, standards

No. Sex Types of tests
High Sufficient Medium Basic
M 32 28 23 18
1. Strength endurance, trunk lifting test (number)
F 30 25 20 16
M 35 20 8 2
2. One-leg stand (s)
F 33 20 14 8
Statistical Analysis The analysis of scientific and methodological literature

We used the mathematical statistics methods (descriptive
statistics; Shapiro-Wilk test; Student’s parametric test) to
analyze sets of empirical data at different stages of the study;
systematization of the material and initial mathematical
processing were performed using MS Excel (Microsoft,
USA), Statistica 8.0 (StatSoft, USA) software packages.

Results

Based on the analysis of the scientific and methodological
literature and the results of the ascertainment experiment
(Winnik, 2010; Evseev, 2014; Kashuba, & Savliuk, 2017), the
research has developed the algorithm for implementation of
corrective and preventive measures in the process of physical
education of low-sighted children of younger school age with
postural disorders. The algorithm is aimed at harmonious
development of personality, improvement of the posture
bio-geometric profile and increase in the level of physical
qualities of ten-year-old visually impaired children.

The tasks of the algorithm of corrective and preventive
measures include harmonious development of personality;
formation of correct posture, improvement of physical
qualities of ten-year-old visually impaired children;
development of knowledge and skills of a healthy lifestyle;
development of the skills of independent exercising.

The main structural components of the algorithm are
goal oriented aims and results; organization of the whole
educational process (forms, methods, and means of teaching)
in accordance with the educational goals; assessment of
current results, correction of training aimed at achieving
the set goals; determining the effectiveness of the algorithm
(Sermeev, 1983; Evseev, 2014; Rostomashvili, 2014).

Corrective and preventive orientation of the algorithm
was ensured by observing the following conditions: maximum
possible conditions for each child to form a correct posture;
integrated use of various forms of training in the process
of physical education and preventive-corrective means of
physical education (Kashuba, 2017; Savliuk, 2017).

The basis of the developed algorithm of corrective and
preventive measures in the process of physical education of
visually impaired children of younger school age with posture
disorders were didactic and special principles (Kashuba,
2003, 2017; Savliuk, 2017).

The developed algorithm of corrective and preventive
measures consisted of the following forms: extracurricular
and regular classes (physical education lessons, medical phys-
ical education lessons, and individual classes that solved dif-
ferent goals with the help of different means of adaptive physi-
cal education) (Evseev, 2014; Kashuba, 2017; Savliuk, 2017).

and the results of the ascertainment experiment became
the basis for the development of an algorithm of corrective
and preventive measures, which includes two components —
preventiveand corrective, each of which was divided into three
groups of physical education exercises, aimed at correction
and prevention of musculoskeletal and vision functions. The
preventive component (eight sets of different exercises) and
the corrective component (nine sets of different exercises)
were proposed for practical application during different parts
of the classes. The recommended components of physical
exercises were used at different stages of the implementation
of the algorithm for corrective and preventive measures in
the process of physical education of low-sighted children of
younger school age with postural disorders.

The algorithm for corrective and preventive measures
in the process of physical education of visually impaired
children of younger school age with postural disorders
includes two components:

I. The preventive component of the algorithm included
three groups of physical education exercises: traditional
physical education means (complexes of special physical
exercises for the prevention of postural disorders; complexes
of physical exercises for the prevention of resistance and
spring properties of the foot); non-traditional means of
physical education (special physical exercises according to
Katsuzo Nishi system; special breathing exercises based on
the yoga system using Katsuzo Nishi method; Tibetan health
gymnastics); innovative means of physical education (a set
of stretching physical exercises, physical exercises for the
prevention of vision disorders for visually impaired children;
exercises for the treatment and improvement of vision
according to the method of Bates and Corbett).

II. The corrective component of the algorithm included
a set of corrective physical exercises to form the correct
posture; exercise complexes to strengthen the muscles that
hold the arch of the foot; non-traditional means of physical
education (special yoga physical exercises according to the
method of Richard Hiltman; complexes of yoga physical
exercises of Surya Namaskar; breathing exercises according
to the method of Tolkachov); innovative physical training
(Pilates exercises; physical exercises with yoga ball; exercises
for correcting visual impairment; corrective exercises for eye
muscles (according to the method of W. H. Bates and M. D.
Corbett); complex ball exercises for the treatment of myopia.

The choice of techniques of the developed algorithm for
corrective and preventive measures in the process of physical
education of visually impaired children of younger school
age implied an individual approach taking into account
such features of visually impaired children as: the severity of
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the basic disorder, presence or absence of concomitant and
secondary disorders, age, physical development, preservation
or damage of sensory systems, medical indications and
contraindications, type of postural impairment.

During the implementation of the algorithm for
corrective and preventive measures in the process of physical
education of low-sighted children of younger school age, we
used the following types of pedagogical control: preliminary,
operative, current, and final.

The criteria for the effectiveness of the proposed
algorithm were indicators of improvement of the posture
bio-geometric profile, static balance, and endurance of ten-
year-old visually impaired children.

Analysis of the results

The main purpose of the transformation experiment was
to establish the effectiveness of the implementation of the
developed algorithm for corrective and preventive measures
in the process of physical education of low-sighted children
of younger school age with postural disorders. Considering
the significant prevalence of postural impairments such as
scoliotic posture and round back among ten-year-old visually
impaired children, a comparative analysis of the posture bio-
geometric profile of this contingent is presented before and
after the implementation of the algorithm for corrective and
preventive measures in the physical education of visually
impaired children of younger school age.

As it was established during the performed calculations,
the participants of the experiment showed statistically
significant changes in all investigated parameters (p < 0.05).
The research has revealed positive changes in the posture bio-
geometric profile of ten-year-old visually impaired children
with scoliotic posture or round back.

The express control of the posture bio-geometric profile
of ten-year-old visually impaired children included visual
posture screening (Kashuba, Bibyk, Nosova) (Table 2). The
main pedagogical experiment has demonstrated that the
visually impaired ten-year-old boys and girls during the
transformative experiment had a significant improvement
in the investigated indicators of the posture bio-geometric
profile, which, in our opinion, is associated with an increase
in the volume of specific motor activity aimed at correction
disorders of the musculoskeletal system.

The result of the implementation of the developed
algorithm for corrective and preventive measures in the
process of physical education of visually impaired children
of younger school age with functional disorders of the
musculoskeletal system was the improvement (according
to visual screening) of the posture bio-geometric profile.
At the beginning of the ascertainment experiment, visually

impaired boys with scoliotic posture received 13.2 points
and a lower than average grade of the posture bio-geometric
profile; at the end of the transformation experiment, they
improved their score to 28.7 points and the grade was above
average. At the beginning of the ascertainment experiment,
visually impaired boys with a round back received 12.1 points
and a lower than average grade of the posture bio-geometric
profile; at the end of the transformation experiment, they
improved their score to 27.5 points and the grade of the
posture bio-geometric profile was above average.

Visually impaired girls with a scoliotic posture received
12.1 points at the beginning of the ascertainment experiment
and a lower than average grade of the posture bio-geometric
profile; at the end of the transformation experiment, they
improved their score to 28.6 points and the grade was above
average. Visually impaired girls with a round back received
13.2 points at the beginning of the ascertainment experiment
and a lower than average grade of the posture bio-geometric
profile; at the end of the transformation experiment, they
improved their score to 29.7 points and the grade of the
posture bio-geometric profile was above average.

The obtained better results prove the efficiency of the
implementation of the developed algorithm for corrective
and preventive measures in the process of physical education
of low-sighted children of younger school age with posture
disorders. At the end of the transformation experiment, two
from six visually impaired boys with scoliotic posture and
two from of eight boys with round back were transferred
(according to the assessment of a vertebral neurologist)
to a group of children with regular posture. For visually
impaired girls with scoliotic posture, the result is as follows:
two from four girls were transferred to a group of children
with regular posture. After the implementation of the
algorithm for corrective and preventive measures in the
process of physical education of low-sighted children of
younger school age with posture disorders, two girls with a
round back were transferred to the group of children with
regular posture.

Changes in the musculoskeletal system of children
became the evidence of the effectiveness of the implemented
algorithm for corrective and preventive measures in the
process of physical education of visually impaired children
of younger school age with posture disorders. Namely, they
were changes in strength endurance indicators of low-sighted
children with scoliotic posture or round back when lifting the
trunk to a sitting position from a lying position (Fig. 1).

As a result of the implementation of the algorithm for
corrective and preventive measures in the process of physical
education, the comparative analysis of endurance indicators
of ten-year-old visually impaired children with scoliotic
posture or round back before and after the experiment

Table 2. Dynamics of visual screening indicators of the posture bio-geometric profile of ten-year-old visually impaired

children (n = 28), points

Boys (n=14) Girls (n = 14)
Posture type
Bef(n:e the After the experiment Befm:e the After the experiment
experiment experiment
Scoliotic posture (n = 14) 13.2 28.7% 12.1 28.6%
Round back (n = 14) 12.1 27.5% 13.2 29.7*

Note - * the difference between grades at the 1st and 2nd stages is statistically significant, p < 0.05
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showed positive dynamics at the significance level p < 0.05.
During the transformation experiment, visually impaired
ten-year-old boys with scoliotic posture or round back and
visually impaired girls with scoliotic posture improved their
endurance indicators from the basic to the medium level;
visually impaired ten-year-old girls with round back - from
basic to satisfactory level of motor readiness (Sheremet,
Nachynova, Arnautova, & Kolomiichenko, 2014).

Figure 2 presents the results of the comparative analysis
of static equilibrium indicators based on the one-leg stand
with open eyes test for ten-year-old children with scoliotic
posture or round back before and after the experiment.

The analysis of static equilibrium indicators based
on the one-leg stand with open eyes test for ten-year-old
visually impaired children with different types of after the
implementation of the corrective and preventive measures

Before the experiment | After the experiment | Before the experiment | After the experiment
Boys (n=14) Girls (n=14)

Fig. 3. Dynamics of endurance of ten-year-old visually impaired children before and after the
experiment (n = 28) * - difference between experiment indicators, statistically significant, p <0.05

@ - Round back

algorithm has shown a statistically significant difference
(p <0.01). The implementation of the algorithm for corrective
and preventive measures in the process of adaptive physical
education of visually impaired ten-year-old boys with
scoliotic posture and round back improved the indicators of
static equilibrium (based on the one-leg stand with open eyes
test), from basic to medium level; visually impaired girls with
scoliotic posture and round back - from low to above average
level (Sheremet, et al., 2014).

Figure 3 presents the results of the comparative analysis
of static equilibrium indicators based on the one-leg stand
with closed eyes test for ten-year-old children with scoliotic
posture or round back before and after the experiment.

The analysis of static equilibrium indicators based on
the one-leg stand with closed eyes test for ten-year-old
visually impaired children with different types of after the
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implementation of the corrective and preventive measures
algorithm has shown a statistically significant difference
p <0.01. During the transformation experiment, ten-year-
old visually impaired children with a scoliotic posture or
round back increased their static equilibrium indicators
based on the one-leg stand with closed eyes test to the level
of results of visually impaired children with normal posture.
It is important to note that, despite the positive dynamics of
the presented indicators, these parameters remained at a low
level relative to the average norm (Sheremet, et al., 2014).

Discussion

Active experimental research aimed at solving the prob-
lem of correction and prevention of postural disorders of
primary school age children with special needs has been con-
ducted since the middle of the 20" century (Diachenko, 2010;
Kashuba, & Yurchenko, 2013; Kashuba, 2017). Despite the
great interest of the researchers and the results obtained so far,
the problem of correction and prevention of postural disor-
ders in the process of adaptive physical education of visually
impaired children of younger school age has not been solved
yet. This is evidenced by the fact that we have not found many
scientific works in this field in the special literature.

The analysis of professional literature reveals the rele-
vance of these problems for the theory and practice of physi-
cal education of visually impaired six-ten-year-old children.
In particular, these problems include correction and preven-
tion of functional disorders of the musculoskeletal system,
which, as the results of this research prove, are found in
81.4% of visually impaired six-ten-year-old children (68.1%
out of them are posture disorders). The data of other au-
thors confirm this percentage (Diachenko, 2010; Kashuba, &
Yurchenko, 2013; Kashuba, 2017). According to the results of
our research, the number of visually impaired children with
normal posture decreases by almost 50.0% with age, and the
number of children with postural disorders increases: the
number of children with scoliotic posture increased by 50.0%
by the age of ten years, the number of children with round
back increased by 40.0%, the number of children with round-
ed back at the age of nine-ten increased from 6.8% to 12.0%.

Despite recognizing the undeniable effectiveness of
modern preventive medicine technologies for persons with
disabilities, Evseev (2014;) emphasized the much larger scope
of adaptive physical education tools and methods, which can
be the basis for socialization of a person with a disability,
for adaptation to work, for retraining, and for general self-
development, self-expression, and self-realization. Our stud-
ies are consistent with the opinions in (Melentieva, 2004;
Diachenko, 2010; Nosova, 2008) and indicate that in the cor-
rection and prevention of fixed disorders of the musculoskel-
etal system, the focus should be on exercises to strengthen
muscles of the back, abdomen, chest, lower leg and foot, as
well as those, which will facilitate the unloading of the spine
and muscles of the lower extremities. There are differences in
opinions regarding the use of exercises with different modes
of muscle work in physical education of younger schoolchil-
dren. The results of our research coincide with the findings
of a number of scientists (Pavlov, 1989; Diachenko, 2010;
Kashuba, & Yurchenko, 2013) concerning the significant in-
fluence of physical education on the formation of the correct
posture of visually impaired younger schoolchildren. The re-
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sults of this research supplement and extend the works of
Melentieva (2004), Yurchenko (2012), Kashuba (2017) on the
correction and prevention of postural disorders of visually
impaired children of younger school age.

Summarizing the results of this research, we can assume
that worse physical fitness of visually impaired children is
caused by low motor activity, which is a consequence of the
increased visual load, congenital weakness of the muscles,
and insufficient function of connective tissue, which in turn
worsens the condition of the internal organs and systems,
respiratory and cardiovascular in particular. Therefore, ra-
tional physical education is of particular importance for the
physical development of visually impaired younger school-
children, because this age is the most sensitive for the correc-
tion of the motor sphere and the activation of visual functions
(Melentieva, 2004; Rostomashvili, 2014; Kashuba, 2017).

Based on testing the development of motor qualities, we
have found that ten-year-old low-sighted children have insuf-
ficient level of motor sphere development. The biggest prob-
lem was connected with the development of coordination
(ability to maintain equilibrium) qualities. The reduced level
of motor development is explained by pathological changes
in the operation of the visual analyzer, which has the leading
role in ensuring motor actions. As a result, spatial orientation
becomes more difficult, the formation of motor skills and
the development of new movements are delayed, and all this
leads to a decrease in motor activity (hypokinesia).

The algorithm for corrective and preventive measures
developed and implemented in the process of adaptive physi-
cal education helped to improve the posture bio-geomet-
ric profile and to increase the level of physical qualities of
low-sighted younger schoolchildren with postural disorders.
The effectiveness of the algorithm is proved by quantitative
changes of the studied indicators (p < 0.05 and p < 0.01); the
algorithm also contributed to the development of a harmoni-
ous personality and successful social adaptation in commu-
nication with healthy peers.

Conclusions

The obtained research results confirm the effectiveness
of the developed algorithm for corrective and preventive
measures in the process of physical education of visually
impaired younger schoolchildren with postural disorders. At
the end of the transformation experiment, it was determined
that, based on the assessment of the posture bio-geometric
profile, ten-year-old visually impaired children with a
scoliotic posture or round back improved their performance
from a below average to above average level.

As a result of the implementation of the algorithm for
corrective and preventive measures, the level of physical
fitness of children improved significantly: endurance
indicators of ten-year-old low-sighted boys and girls with
scoliotic posture and boys with round back increased from
the basic to medium level; girls with round back - from
the basic to satisfactory level of motor readiness; boys with
scoliotic posture and round back improved the indicators of
static equilibrium (based on the one-leg stand with open eyes
test), from basic to medium level; visually impaired girls with
scoliotic posture and round back - from low to above average
level; ten-year-old visually impaired children with a scoliotic
posture or round back increased their static equilibrium
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indicators (based on the one-leg stand with closed eyes
test) to the level of results of visually impaired children with
normal posture (Sheremet, et al., 2014).

The obtained results give reason to recommend the
algorithm for corrective and preventive measures for the
use in the process of physical education of visually impaired
children of younger school age with postural disorders in
special boarding schools.

The prospect of further research is to develop and
implement a technique for the prevention and correction of
posture disorders of visually impaired older schoolchildren
in the special boarding schools.
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Abstract

The purpose of the study is to determine the dynamics of pain intensity in different parts of the spine
in women of the first mature age under the influence of pilates.

Materials and methods. 64 women took part in research. The women were divided into two groups, each
of which included 32 people. The study was carried out at the Sokol sports club and the Olimp fitness club
in Kiev. We used the questionnaire “Visual analogue scale of pain”

Results. We measured the level of pain in the cervical, thoracic and lumbar spine of women of the first
mature age. It was found that only 4.69 % of women do not have pain. It was found that women of the first
mature age the most often feel painin the cervical region. The women of the control group were engaged in

a typical Pilates program. The women of the experimental group were engaged in the author’s program, a
feature of which was the use of large equipment during classes. In addition, women who could not attend
classes were offered the Pilates computer program. For the experiment, no statistically significant difference
between the level of pain in different parts of the spine of women was established. After the experiment,

a statistically significant decrease in the level of pain in the lumbar section of women in the experimental
group was recorded compared with women in the control group.

Conclusions. The results indicate the effectiveness of large equipment to reduce the level of pain in the

back of a woman.

Keywords: pilates, women, disorders, pain, level, dynamics.

Introduction

In the world there is a significant spread of
diseases of the musculoskeletal system. A negative factor is
the decrease in the level of motor activity of all groups of the
population (Mykhaylova, Grygus, 2013; Pelech, & Grygus,
2016). Indeed, modern production does not involve signifi-
cant physical exertion. In addition, young people increas-
ingly prefer passive recreation. The spread of information
technology has forced humanity for a long time to be in a “sit-
ting at the computer” position, to remain “chained to moni-
tors” (Byshevets, 2017). Long stay in the static posture of the
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user of a personal computer negatively affects the state of a
person’s posture, causing discomfort in various parts of the
spine (Brewer, Van Eerd, Amick, Irvin, Daum, Gerr, Moore,
Cullen, & Rempel, 2006; Mykhaylova, Grygus, Prusik, K.,
& Prusik, K., 2014). Chronic lumbar pains are particularly
common (Natour, Cazotti, Ribeiro, Baptista, & Jones, 2015).

Posture disorders are recorded in a significant number of
women of mature age (Kashuba, & Bibik, 2012). Often during
pregnancy, women feel pain in the lumbar (Maczka, & Sass,
2017). Occupational diseases of the spine are common (Na-
konechna, 2012). Scientists explain this phenomenon by the
development of a muscular system, a sedentary lifestyle and
hormonal disorders (Maczka, Sass, 2017).

Specialists are trying to solve the problem of prevent-
ing occupational diseases of workers who are in a static
sitting position for a long time (Levanon, Gefen, Lerman,
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Givon, & Ratzon, 2012; Nesterchuk, Grygus, Prusik, Zu-
kow, 2019). According to Hoe (2010), effective measures to
prevent diseases of the upper limbs and neck are ergonomic
equipment, additional breaks during work. Prevention of
disorders of the musculoskeletal system of students during
classes at the computer occurs through the introduction of
complexes of physical exercises and after them (Byshevets,
2018).

Healthy life style contributes to the improvement of the
quality of life in women of the first mature age (Moshynsky,
Mykhaylova, & Grygus, 2013). Reseacher Bibik (2013) sug-
gests using health fitness tools for correction posture distur-
bance in women.

Pilates is an effective health fitness system (Marionda,
& Dzhuhan, 2007). From the first Joseph Pilates developed
his own system as a system for the recovery of patients after
spinal injury (Dan, 2007). And now the main tasks of pilates
are the correction of posture and, increase of joint mobility,
normalization of body weight, achievement of internal rest,
improvement of well-being intraining participants (Burkova,
2005). Byrnes, Wu, & Whillier (2018) proved the feasibil-
ity of pilates for rehabilitation programs. Rukavishnikova
(2010) suggested using pilates for correction of posture
disturbance and painfulsensation in different parts of the
student’s spine. Miyamoto, Franco, van Dongen, Franco, de
Oliveira, Amaral, Branco, da Silva, van Tulder, and Cabral
(2018) believes that an effective measure for chronic pain in
the lumbar spine is the therapy based on pilates. C. Wells is
also convinced of the efficacy of Pilates Therapy (Wells, Kolt,
Marshall, & Bialocerkowski, 2014). For therapeutic pur-
poses, the author (Wells, Kolt, Marshall, & Bialocerkowski,
2014b) offered pilates classes for 30-60 minutes twice a week
and received positive feedback from physiotherapists. Mari-
onda, and Dzhuhan emphasizes (2007) that pilates can be
used after spinal injury.

Pilates is a popular type of motor activity and healing of
women of the first mature age. According to Burkova (2005),
there is correction of disturbance of the musculoskeletal sys-
tem of women as a result of pilates exercise. According to Dan
(2007), pilates’ means are effective in preventing pain in the
thoracicand lumbar spine. Sologubova (2012) offers pilates
for taking spine muscle tensing off.

According to the researchers, the classes are particularly
effective at the exerciser Reformer (Dos Santos, Raimundo,
da Silva, Souza, Ferreira, Borges Santo Urbano, Gasparini,
& Bertoncello, 2017). According to experts, the use of large
pilates equipment helped to strengthen the body muscles
(Wells et al, 2014). In addition, such exercises have a posi-
tive effect on the coordination of women’s movements and
their state of equilibrium (Lee, Hyun, Kim, 2014; Kashuba,
Kolos, Rudnytskyi, Yaremenko, Shandrygos, Dudko, &
Andrieieva, 2017).

Consequently, the pain in the spine of women can be
reduced by fitness tools. However, we did not find data on
the dynamics of pain intensity in different parts of the spine
in women of the first mature age under the influence of pi-
lates. At present, the positive effect of large equipment on the
condition of the spine in women of the first mature age has
not been proven.

The hypothesis of the study suggested that the use of
large equipment during pilates training reduces pain in the
spine of women in the first period of mature age.
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The purpose of the study is to determine the dynamics of
pain intensity in different parts of the spine in women of the
first mature age under the influence of pilates.

Materials and methods

Participants of the research

The study involved 64 women of the first mature age who
are engaged in Pilates.

Organization of the study

The study was carried out at the sports club “Sokol” and
the fitness club “Olimp” in Kiev. We applied such research
methods as the study, analysis and systematization of scien-
tific sources. To determine the indices of the level of pain in
different parts of the spine, we used the standard question-
naire “Four component Visual Analogue Scale of Pain” (Mo-
ses, Tishelman, Stekas, Jevotovsky, Vasquez-Montes, Karia,
Errico, Buckland, & Protopsaltis, 2018). This scale allows us
to characterize the “scope” of the subjective painful sensa-
tions of the experiment participants under the influence of
Pilates (Kharchenko, 2014). We measured the pain in the
cervical, thoracic and lumbar spine of women of the first
mature age on a 10-point scale. The level of pain could range
from 0 to 10 points. It should be noticed that we measured
the level of pain at the moment, the typical pain level and the
pain level in the best and worst periods.

Statistical analysis

The obtained results were processed using the methods
of mathematical statistics. For this we used the computer
program STATISTICA. Weused the indicators of asymmetry
and kurtosis and verified that the findings were not subject to
the normal distribution. Therefore, we described the average
indicators using median values. In the study, the indicators
are presented in the form (Me, 25 %; 75 %; S), where Me is
the median of the indicators, 25 %; 75 % — 25 th and 75 th
percentile, S - standard deviation. We also took into account
the recommendations of specialists in the analysis of per-
sonal data (Denysova et al, 2011). Comparative data analysis
was performed on the basis of the non-parametric Mann-
Whitney test for independent sample data. The significance
level we took p < 0.05.

Results

For effective use of pilates products you must have in-
formation about the localization of pain and its level among
those, who involved. Unfortunately, among the women sur-
veyed, only 4.69 % (n = 3) noted that they practically have no
pain in different parts of the spine. The rest feel pain from
time to time. There are 37.5% (n = 24) of women who have
no pain in the cervical spine. It was determined that 43.8 %
(n = 28) of the respondents practically had not pain sensa-
tions in the thoracic spine, and 39.1% (n = 25) did not feel
pain in the lumbar spine.

The study found that most women of this category com-
plain of pain in the cervical spine. We found out that the level
of pain during the survey ranged from 0 to 5 and was (0, 0, 2,
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1.23 points). Then the average statistical typical pain level in
this area was (2.0; 0; 4; 2.0 points). During the interview pain
level in the cervical spine ranged from 0 to 3 and was (0, 0, 1,
0.84), and in a worst period was (2.5; 0, 5, 2.76 points). Such
results are disappointing for practically healthy women of the
first mature age.

We have proposed a fitness program, which is based on
Pilates resources. A feature of this program is the use of large
equipment during the class — simulator Reformer (Tomilina,
2016). In addition, we proposed computer program, which is
called the Pilates. It was developed in accordance with spe-
cialists’ proposals (Tsaitler, Fylatova, Arefeva, Arefeva, 2014).
Women were encouraged to use this program on their own if
they could not attend the training.

We developed methodology and checked its effectivness
for two women’s groups. The control group (CG) included
women who were engaged in the traditional Pilates pro-
gram of the Sokol fitness club. According to the traditional
program, classes are held without equipment or with small
equipment in accordance with the level of women’s physical
condition.The experimental group (EG) consisted of women
who were engaged in the program of health fitness.We devel-
oped it for women of the first mature age.

To evaluate the effectiveness of the author’s program,
we studied the dynamics of the women’s pain level of the
first mature age under the influence of recreational exercises.
There were no noticeable differences between the indicators
of pain localization in different parts of the spine among the
participants of the control and experimental groups before
experiment.

After the experiment, the level of pain decreased in the
representatives of the experimental group more noticeably
than inthe participants of the control group (Table 1).

The analysis of empirical data allows to indicate the
absence of statistically significant differences between the
level of typical pain in the cervical spine in participants of
the control and experimental groups before the experiment
(U=3955> Ukp =389) for n, = 32, n, =32, p > 0.05).

There were no statistically significant (p < 0.05) differ-
ences between the pain level in the cervical spine in women
of the control and experimental groups in the worst period
(U=492 > Ukp = 389) before experiment.

Similar results were obtained in the analysis of indica-
tors of the thoracic spine. There were no statistically signifi-
cant (p < 0.05) differences in the level of typical pain (U =
433 > U, = 389) and the level of pain in the worst period
(U= 492 B U =389).

An analy31s of the pain level in the women’s lumbar spin-
egave the same results. There were no statistically significant
(p < 0.05) differences between the typical pain level (U = 433
> U, = = 389) and pain level in the worst period (U = 453 >
U =389).

" After experiment women of experimental group had the
following changes in pain level. In the cervical spine, the
typical pain level decreased from (2, 0, 3, 1.72 points) to (1, 0,
2, 1.35 points), in the thoracic spine decreased from (1, 0, 3,
1.59 points) to (0.5, 0, 2, 1.36 points), in the lumbar spine -
from (0.5; 0; 3; 1.66 points) to (0; 0; 1; 0.8 points) (Table 2).

After the experiment, we studied the differences be-
tween pain level in different parts of spine in participant of
experiment.

We identified the following differences in cervical spine
of women of control and experimental groups. After the ex-
periment, the typical pain level of women in the experimental
group was statistically significantly lower than in women in
the control group (U=372.5 < Ukp =389) (for n, =32,n, =32,
p < 0.05). However, the pain level in the worst period had
not statistically significant (p < 0.05) differences (U = 437.5
> U, = 389).

The typical pain level in the thoracic spine of women had
not statistically significant differences (p <0.05) (U = 410.5 >
Uy = 389), as the pain level in the worst period (U = 400.5 >
Usp = 389).

There are such differences for pain level in lumbar spine
of women.The typical pain level was statistically significantly
(p < 0.05) lower in women of the experimental group, com-
pared with women in the control group (U = 304.5 < U,
389). The same result was fixed for the pain level in the worst
period (U = 355 < U, = 389).

Additional calculations showed that at the end of the ex-
periment, the participants in the experimental group had an
average pain level in the cervical spine lower by 43.6 %, in the
thoracic spine by 42.3 %, and in the lumbar spine by 56.2 %. It
was found that, pain level in the lumbar spine was statistically

Table 1. Evaluation of the pain level of participants in the control group before and after the experiment (point)

Before experiment After experiment

Pain ain level in the worst ain level in the worst
localization, typical pain level P . typical pain level P .
spine period period
Me 25% 75% S Me 25% 75% S Me 25% 75% S Me 25% 75% S
Cervical 3 0 5 2.19 35 0 5.5 2.97 3 0 4 2.0 3 0 4.5 2.63
Thoracic 2 0 4 2.04 4 0 55 2.74 2 0 3.5 1.87 35 0 5 2.44
Lumbar 2 0 3 1.57 2.5 0 4 2.33 2 0 3 1.58 2 0 4 1.96

Table 2. Evaluation of the pain level of the participants in the experimental group before and after the experiment (point)

Before experiment After experiment

Pain ain level in the worst ain level in the worst
localization, typical pain level P . typical pain level P .
spine period period

Me 25% 75% S Me 25% 75% S Me 25% 75% S Me 25% 75% S
Cervical 2 0 3 1.72 2 0 5 2.55 1 0 2 1.35 1 0 2.5 1.78
Thoracic 1 0 3 1.59 25 0 4 22 05 0 2 136 1.5 0 4 1.99
Lumbar 0.5 0 3 1.66 2 0 4 2.4 0 0 1 08 0 0 2 1.26
14 TM®B, 2020, Tom 20, N° 1
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significant (p < 0.05) lower in women of the experimental group
than the average pain level in women of the control group.

The use of the author’s program of fitness training had
a positive effect and contributed to a significant reduction
of pain level in women of the first mature age in various
parts of the spine. We are convinced that the obtained results
are directly related to the systematic use of the simulator
Reformer in fitness process of the participants of the experi-
mental group. This indicates the effectiveness of the use of
large equipment during classes among women 21-35 years.
We have proven that pilates products are necessary to main-
tain the health of the back of mature women.

Discussion

Some specialists consider that quantitative evaluation of
pain level in order to adequately measure rehabilitation or
therapeutic activities is necessary (Kharchenko, 2014). We
agree with opinion of these authors. Subjective assessment
of pain level, especially in dynamics, is accessible and simple
for statistical processing. The obtained information helps to
establish a complete picture of pain and to develop effective
methods for reducing it.

Unfortunately, we have not found available literary
sources covering the issues of determining the type and lo-
calization of pain in different parts of the spine in women of
the first mature age.

However, we compared the findings with Nakonechna
(2012) results and noticed that the prevalent majority of
women of mature age, namely 67.3 %, complained of pain in
the lumbar spine. These results, the author explains that the
lumbar spine is more subject to injury. This situation is associ-
ated with insufficient mobility of the spine, weak muscles of
spine and sedentary work. As a result of our research, it was
found that 62.5% of participants in the experiment felt pain
in the cervical spine. We believe, the shift of pain from the
cervical to the lumbar spine in women of different age groups
can be explained by the professional activities of women. The
work of a significant part of modern women is computerized
and is associated with a long static position “sitting at the
computer”. In addition, among women of different age catego-
ries, the structure of leisure differs. Women of the first mature
age prefer computer entertainment and social networking.
We received differences in localization of pain sensations in
different parts of the spine.We can explain it as a change in
values when choosing a hobby and planning leisure time.

Our results match up with the literature data. According
to them it is expected a reduction of the pain level in the spine
due to pilates. Pilates products should be used to reduce pain
in the cervical spine of women. In this case, as confirmed by
our study results, the most effective means of Pilates to re-
duce pain in the lumbar spine. Other researchers also reveal
this pattern (Byrnes et al, 2018).

So, Pilates products, are necessary to recommend for the
implementation into the system of health fitness of women of
mature age. In this case, women in this category, it is advis-
able to do Pilates with the use of large equipment.

Conclusions

Modern society is characterized by a decrease in the level
of motor activity. Such results lead to the spread of disorders
of the musculoskeletal system among the population.

TM®B, 2020, Tom 20, N2 1

We found out that women of the first mature age com-
plain of pain in different parts of the spine.

Pilates is an effective means of preventing postural disor-
ders and spine diseases.

Pilates classes with the use of large equipment contrib-
uted to a noticeable reduction of the back pain in women of
the first of mature age. The Pilates resources led to a reduc-
tion of pain in the cervical spine of the participants in the
experiment. However, the most effective means of Pilates was
to reduce the pain level in the lumbar spine.
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BrJinB NINIATECY HA IHTEHCUBHICTb BOJIIO
B XPEBTI Y XKIHOK NMEPLUOIO 3PIJIOr0 BIKY

Biraniin Kamry6a', ¥Onia Tominina®, Haranisa bumesens', Inna Xpunko',
Onbra Crenanenko', Irop Ipuryc®, Onbra Cmonencpka®, Ceirrana CaBmok®
'Hauionanpunii yHiBepcuTeT (isMYHOrO BUXOBAHHA i CIOPTY YKpaiHu
*KuiBcbKuil HaljioHa/IbHMIT €eKOHOMIUHUI yHiBepcuTeT iMeHi Bajuma leTbmMana
’HanioHa/ibHMIT YHIBEpPCUTET BOTHOTO FOCHOAAPCTBA Ta IPUPOJOKOPUCTYBAHHSA
‘YuiBepcutetr Muxonas Konepauka B TopyHi

°PiBHEHCBHKMII Iep>KaBHMII TYMaHITapHUI YHiBepCUTET

Pedepar. Crarpst: 6 c., 2 TabI1., 28 mKeperL.

Merta rocnigKeHHA — BUSHAUNUTHU IMHAMIKY
inTeHcUBHOCTI 06010 B Pi3HUX BifiiiIax XpeOTa y KiHOK Iep-
LIOTO 3PiNIoro BiKy MiJi BIVIMBOM ITillaTecy.

Martepianu Ta MeToau. Y JOCTiPKEHHI B3A/IU y4acTb 64
>KiHK1. JKiHOK po3zinmian Ha 1Bi TPy, KOXKHA 3 AKUX BKITIO-
vaja 32 ocobu. [JocimkeHHA IPOBOANIOCA Y CLIOPTUBHOMY
k1y6i «Coxin» ta ditHec-kay6i «Onimmn» y Knesi. Bukopu-
CTOBYBa/IM aHKeTY «BisyasbHa aHaorosa Ikaua 60JIo».

Pesynpratu. BumipoBaBcs piBeHb 600 B IINITHOMY,
TPYJHOMY Ta IIONIePeKOBOMY Bififii/lax XpeOTa y *iHOK Iep-
nroro 3pinoro Biky. BcranoBneno, mo nnuie 4,69 % XiHok
He BifuyBawTh 60m0. JKiHKM mepuIoro 3pinoro BiKy Haii-
yacrime BifuyBaroTh 6inb B o6macTi mmiiku MaTku. JKin-
KJM KOHTPOJIbHOI I'PYIIM 3aliMa/llCA TUIIOBOKI IPOTrPaMoio
minmarecy. JKiHKM eKcIepMMeHTa/nbHOI I'PYNM 3aliManncA

aBTOPCHKOIO IPOTrPaMoI0, 0COOIMBICTIO AKOT OY/I0 BUKOPYC-
TaHHA 00/IagHAHHS Mif Yac 3aHATh. KpiMm Toro, sKiHKaM, ki
He MOIJIY Bif[BifyBaT! 3aHATTS, IPOIIOHYBa/IN KOMII I0TEPHY
nporpamy «Ilimarec». [Jo ekcriepuMeHTy He 6y10 BCTaHOB-
JIEHO CTaTMCTUYHO 3HA4YYLOi pisHMUII MDK piBHeM 600 B
pisHMX Binginax xpe6Ta y >xiHOK. Ilicis exciepumeHTy 6y1o
3a(hiKCOBaHO CTATUCTUYHO 3HAUYIIE 3HIDKEHH PIiBHS 600
B IIOIIEPEKOBOMY BiJiiiJIi y )KiHOK €KCIIepUMEHTaIbHOL TPy
MOPiBHAHO 3 )KIHKaMJ KOHTPOJIBHOIL TPYIIN.

BucHoBKu. PesynbraTu BKa3yoTh Ha e(eKTUBHICTb BU-
KOPMCTAaHHsA 3ac00iB IijlaTeca Ha 3HIDKEHHs PiBHA OO0 B
[IOIIePEKOBOMY BifAini xpe6Ta y )IiHOK IIepIIOro 3pioro
BiKYy.

KnrouoBi cnoBa: minarec, XiHku, posnagu, 61, piBeHs,
MMHaMiKa.
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Abstract

Objective. Steps/day count is a popular and effective method of testing of physical activity of children. The
purpose of this research is to create a model of interaction between steps/day counts regarding genders,

seasons of a year, and days of week.

Material and methods. Totally 74 of 4-th grade pupils (38 boys and 36 girls) from three primary schools
in the industrial city were involved into the pedometer investigation. All the students were good healthy,
and they participated in the schools’ lessons of physical education according to the common program.
Pedometer determined physical activity was measured during a day using fitness tracker band. The
measurements were done during one academic year using three full weeks (a week in autumn, winter, and
spring). ANOVA was used to determine differences between samples grouped according days of weeks.
Results. A strong significant difference between counts of steps during days of week for boys (p = 0.006)
and smaller for girls (p = 0.052) were discovered with corresponding parts in the total variation (62.5
and 46.0 %). The same significant differences were discovered between mean counts in seasons (p =
0.053, 0.037) with corresponding parts in the total variation (14.5, 22.8 %). Rather significant variations
of interaction between days of week and mean season results took place for boys (23.0 %) as well for girls

(31.1%).

Conclusions. During evaluation of physical activity in children based on steps/day counts, interaction
between gender, season, and day of week should be taken into consideration.

Key words: physical education, pupils, fourth grade, testing, modelling.

Introduction

During last decades, alarming trends in
childhood obesity even among the primary school students
have re-focused attention on the importance of physical ac-
tivity in this age grade (Sahoo et al., 2015). With this in-
creased attention comes the need to identify the amount and
type of physical activity appropriate for optimal development
of school students (Tudor-Locke et al., 2004a). Timmons et
al. (2007) provided the scientific evidence to support a link
between physical activity and biological and psychosocial
development during childhood.

Industry standards establishing quality control of instru-
mentation is limited to Japan where public health pedometer
applications were produced, and the 10,000 steps/day was
recognised as a cut point (Ishii et al., 2015). Adult public
health guidelines promote at least 30 min of moderate-inten-
sity daily physical activity, and this translates to 3000-4000

© Thor Zanevskyy, Olena Bodnarchuk, 2020.

18

steps if they are: 1) at least moderate intensity (at least 100
steps/min); 2) accumulated in at least 10-min bouts; and 3)
taken over and above some minimal level of physical activity
(i.e., number of daily steps) below which individuals might be
classified as sedentary. A zone-based hierarchy is useful for
both measurement and motivation purposes in adults: less
than 5000 steps/day (sedentary); 5000-7499 steps/day (low
active); 7500-10,000 steps/day (somewhat active); 10,000-
12,499 steps/day (active); 12,500 steps/day (highly active).
Criterion-referenced approaches based on selected health
outcomes present the potential for advancing evidence-based
steps/day standards in both adults and children from a meas-
urement perspective (Tudor-Locke et al., 2004b).

Gomersall et al. (2016) basing on the data in the interna-
tional literature indicated that we can expect among children
(typically 6-11 years), to average 12,000 to 16,000 steps/day
(boys) and girls to average 10,000 to 13,000 steps/day. Limited
evidence suggests that a total daily physical activity volume of
10,000-14,000 steps/day is associated with 60-100 minutes of
moderate to vigorous physical activity in preschool children

TM®B, 2020, Tom 20, N° 1
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(approximately 4-6 years of age). Across studies, 60 minutes
of moderate to vigorous physical activity in primary school
children appears to be achieved, on average, within a total
volume of 13,000 to 15,000 steps/day in boys and 11,000 to
12,000 steps/day in girls (Tudor-Locke et al., 2011).

Remmers et al. (2017) undertook the first study to use
a longitudinal design to investigate the influence of weather
elements on children’s intra-individual physical activity pat-
terns. They distributed repeated measurements across four
school terms within one year ensured variation in weather
elements and are representative of yearly physical activity
patterns among Australian children. Their present study’s
approach of physical activity patterns within individuals is
different from earlier studies. These studies typically ana-
lyzed between-individual differences, aggregating physical
activity for days. Within-individual analyses, such as in our
study, are better able to characterize day-to-day variation in
children, helping us to understand physical activity patterns
in children (Mears et al., 2019). As weather influences cannot
be controlled, knowledge of its influence on individual physi-
cal activity patterns may inform the design, analysis, and
interpretation of future studies, especially when investigating
physical activity across diverse meteorological settings and
with long follow-up periods.

Mooses et al. (2018) investigated the validity of Fitbit
Zipstep count, moderate to vigorous physical activity and
sedentary minutes, in different school segments in 3rd grade
students. There was a strong correlation in the number of
steps in all in-school segments between the two devices
(r=0.85-0.96, p<0.001). The Fitbit Zip overestimated the
number of steps in all segments, with the greatest overestima-
tion being present in physical education lessons (345 steps).
As for physical activity intensities, the agreement between
the two devices in physical education and recess was mod-
erated for moderate to vigorous physical activity minutes
(r=0.56 and 0.72, p < 0.001) and strong for sedentary time
(r = 0.85 and 0.87, p < 0.001). During class time, the cor-
relation was weak for moderate to vigorous physical activity
minutes (r = 0.24, p < 0.001) and moderate for sedentary time
(r =0.57, p < 0.001). For total in-school time, the correla-
tion between the two devices was strong for steps (r = 0.98,
p <0.001), moderate to vigorous physical activity (r = 0.80,
p <0.001) and sedentary time (r =0.94, p < 0.001).

Duncan et al. (2008) evaluated the effects of meteorologi-
cal variables on the number of pedometer steps accumulated
by children. They reported that a 10°C rise in mean ambient
temperature was associated with a small increase in week-
day steps and a moderate increase in weekend-day steps for
boys, whereas for girls the effects were small and unclear,
respectively. There were substantial decreases in weekday and
weekend-day steps during moderate rainfall (1.1-4.9 mm)
for both genders. Most effects of day length, wind speed,
and hours of bright sunshine on step counts were trivial or
unclear. Ambient temperature and rainfall have substantial
effects on children’s daily step counts and should therefore be
considered when comparing physical activity across different
locations or periods. Strategies to increase activity on cold or
rainy days may also be appropriate (Trost et al., 2002).

Majorities of children by Belton et al. (2010) were classed
as of normal weight, and met the age and gender specific
pedometer recommendations for health. Children took sig-
nificantly more steps at weekends than on weekdays, and
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after school than during school. A child being classed as
normal or overweight/obese based on Body Mass Index did
not predict the likelihood of them meeting the pedometer
recommendations.

Computer aid monitoring of steps/day counts during last
decades became to a rather popular and effective methods of
pedometer determined physical activity especially in chil-
dren. Dependences of steps/day counts from gender, seasons
of a year, days of a week, and day time have been revealed,
and correlations between these parameters have been inves-
tigated by Bassett et al. (2017).

Research problem. There are significant interactions be-
tween steps/day counts regarding genders, seasons of a year,
and days of week while testing pedometer determined physi-
cal activity.

Purpose. The aim of this research was to create a model of
pedometer determined physical activity taking into account
the interaction between steps/day counts regarding genders,
seasons of a year, and days of week.

Materials and methods

Particip ants

Totally 74 of 4-th grade students from different primary
schools in a west Ukrainian industrial city were involved into
the pedometer investigation. They were 38 males with body
mass 28.1+1.7 kg (M+SD) and body length 134.2+2.8 cm; and
36 girls (body mass: 29.1£1.9 kg, body length: 134.7+2.7 cm).
All the students were good healthy, and they participated in the
schools’ lessons of physical education according the common
program (Ukraine, 2019). This study was approved in advance
by Ethical Committee of Lviv State University of Physical Cul-
ture. Parents of each the young participant voluntarily provid-
ed written informed consent before participating. The proce-
dures followed were in accordance with the ethical standards
of the Ethical Committee on human experimentation.

Procedure

Pedometer determined physical activity was measured
during a day using Fitness tracker Fitbit Charge (2015). The
measurements were done during one academic year from
autumn to spring. In general, the Fitbit can be considered a
relatively accurate device for measuring the number of steps,
moderate to vigorous physical activity and sedentary time
in students in a school-setting. However, in segments where
sedentary time dominates (e.g. academic classes), a research-
grade accelerometer was preferred (Foley et al., 2011)

Every participant during one full week (from Monday to
Sunday) in autumn (October), winter (February), and spring
(May) wore a pedometer during a day. Pedometer-determined
physical activity was evaluated using cut points introduced for
students based on a BMI-referenced criterion study of U.S.,
Australian, and Swedish children 6-12 years of age (Table 1).

Statistical analysis

One-way ANOVA for repeated measures was used to
determine differences between samples grouped according
days of weeks. Two-ways ANOVA was used to determine
differences between samples grouped according gender and
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Table 1. Pedometer-determined physical activity for
children (President’s Council, 2016).

Physical Cut points (103 steps / day)
activity Definition .
level Boys Girls

1 Sedentary < 10,000 < 7,000
2 Low active 10,000 - 12,499 7,000 - 9,499
3 Somewhat active 12,500 - 14,499 9,500 — 11,999
4 Active 15,000 - 17,499 12,000 - 14,499
5 Highly active > 17,500 > 14,500

Physical activity in the studied group varied significantly
between participants (Figure 1): steps/day count in the group
was rather different every day (V > 20 %).

Relatively the maximum count of steps/day, participants
showed pedometer-determined physical activity evaluated
using the scale (Tudor-Locke et al., 2008) as sedentary (9.4 %
boys and 8.3 % girls), low active (25.7, 17.5%), somewhat
active (30.1, 37.8 %), active (18.6, 18.1 %), and highly ac-
tive (16.2, 18.3%). Using mean counts of steps/day physi-
cal activity of studied groups was evaluated as sedentary in
males and low active in females with 9224 and 7370 steps/day
correspondingly.

According to the two-ways ANOVA, significant differ-
ence was noticed between boys and girls in steps/day count,

season relatively weeks. Student t-test was applied in evalu-
ation of differences between means of seasons and days of
week. Variation of steps per day count was estimated with the
coeflicient of variation:

V = (SD/M)100%, (1)
where SD: standard deviation, M: arithmetic mean. If V <
10%, variation is small, 10-20% — moderate, and V > 20% —
great (Zatsiorsky, 1982).

Calculations were done using MS Excel computer pocket
analysis (Service > Analysis > Two ways ANOVA without
repetition, Service > Analysis > Pared t-test for means, Ser-
vice > Analysis > Two samples t-test with different variances).

Results

Mean (M), standard deviation (SD), minimal (Min) and
maximal (Max) steps during a day, and coeflicient of varia-
tion (V) are collected in Table 2 regarding gender (males and
females) and seasons (autumn, winter, and spring).
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Fig. 1. Variation of steps/day count in the group studied

Table 2. Steps counts per day (thousands) parameters: M+SD (Min—Max), V(%)*

Winter

Spring

8,621+3,407 (3,632-12,655), 39.5%
9,213+3,987 (6,261-17,652), 43.3%
12,431+£5,593 (6,730-25,220), 45.0%
11,33245,677 (5,723-23,164), 50.1%
10,22246,660 (5,396-26,053), 65.2%
6,87146,303 (1,939-21,620), 91.7%
6,651+5.920 (2,545-21,023), 89.0%

10,573£3,579 (2,499-14,097), 33.8%
11,670+3,513 (6,753-17,618), 30.1%
11,216+2,852 (7,996-17,302), 25.4%
11,364+2,213 (7,451-13,538), 19.5%
11,230+3,602 (6,268-18,382), 32.1%
7,914£3,715 (2,508-14,069), 46.9%

6,256%3,062 (2,653-12,639), 48.9%

8,381+1,467 (6,324-10,586), 17.5%
6,356+0,800 (5,217-7,003), 12.6%
7,460+1,507 (5,090-8,936), 20.2%
7,083+1,641 (4,411-9,463), 23.2%
6,356+1,309 (4,422-8,271), 20,6%
3,927+0,744 (2,807-4,842), 19.0%

Day Autumn
Males
Monday 8,671+3,517 (4,435-13,538), 40.6%
Tuesday 9,320+3,830 (3,485-13,790) 41.1%
Wednesday  9,604+4,480 (4,970-17,385), 46.6%
Thursday 9,038+3,113 (5,120-14,895), 34.4%
Friday 6,579+2,577 (1,915-10,214), 39.2%
Saturday 7,383+3,020 (3,313-13,195), 40.9%
Sunday 7,541+1,930 (5,659-11,720), 25.6%
Females

Monday 7,854+2,763 (3,176-11,346), 35.2%
Tuesday 7,633%3,161 (3,890-11,901), 41,4%
Wednesday  7,344+3,989 (2,248-13,899), 54.3%
Thursday 9,492+3,199 (5,576-14,946), 33.7%
Friday 9,6762,900 (7,000-14,450), 30.0%
Saturday 6,906+1,637 (5,244-9,066), 23.7%

Sunday 9,187+4,763 (4,623-15,033), 51.8%

3,759+1,277 (1,481-4,922), 34.0%

8,629+1,716 (5,928-10,965), 19.9%
8,701+1,793 (6,744-11,168), 20.6%
8,317+3,295 (5,669-14,524), 39.6%
9,060+2,520 (6,107-12,540), 27.8%
9,573+2,388 (6,597-12,800), 24.9%
5,387+1,543 (3,537-7,069), 28.6%

3,692+1,294 (2,334-5,702), 35.0%

*Note: M — arithmetic mean; SD — standard deviation; Max — maximal; Min — minimal; V% — coefficient of variance.
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(p=0.002): 20 % of total variation was explained with gender
category (Table 3). Contrary to this, differences between the
results measured in three corresponding seasons (autumn,
winter, and spring) were much smaller (p = 0.307), with only
4.4 % of total variation. Results of the analysis showed moder-
ate interaction between these two main factors (gender and
repeated measures variations): p = 0.068, Q = 10.5 %. But the
greatest part of variation was appeared because differences
between days of week (in site variation): Q = 65.1 %.
One-way ANOVA was used to determine differences be-
tween samples grouped according days of weeks (Table 4).

Table 3. Summarised results of two-ways ANOVA regarding
steps/day count

Source of

variation $§ df M$ F P Q%
Gender 36,078,841 1 36,078,841 11.085 0.002 20.0
Seasons 7,949,693 2 3,974,846 1221 0.307 4.4
Interaction 18,866,358 2 9,433,179 2.898 0.068 10.5
In site 117,167,181 36 3,254,644 65.1
Total 180,062,073 41 100.0

*F(1, 36, 0.05) = 4.113; F(2, 36, 0.05) = 3.259.

Student t-test was applied in evaluation of differences be-
tween means of seasons and days of week. Strong significant
difference between counts of steps during days of week for
boys (p = 0.006) and smaller significant difference for girls
(p = 0.052) were discovered with corresponding parts in the
total variation (62.5 and 46.0%). The same significant dif-
ferences were discovered between mean counts in seasons
(p = 0.053, 0.037) with corresponding parts in the total vari-
ation (14.5, 22.8%). Rather significant variations of inter-
action between days of week and mean season results took
place for boys (Q = 23.0 %) as well for girls (Q = 31.1%).

There were significant differences steps/day counts dur-
ing weekdays and weekend showed by students studied to-
gether (p = 0.0001); and separately by males (p < 0.0001) and
females (p = 0.031).

Pedometer-determined physical activity for children varied
during the academic year in different ways regarding their gen-
der. Males showed monotone increase between seasons from
autumn to winter (20.8%) and from winter to spring (7.5%)
(Figure 2). Females showed significant decrease from autumn

Table 4. Results of one-way ANOVA with repeated
measures for males (upper) and females (lower)

Source of " o
variation $§ df MS ¥ P Q%
Davs 45,559,122 7,593,187 5445 0.006 62.5
4 32,739,523 5,456,587 2.958 0.052 46.0
Seasons 10563882 5281,041 3788 0053 145
16,252,169 8,126,085 4.405 0.037 22.8
Interaction 16733538 |, 1394461 23.0
preraction 5 134,998 1,844,583 31.1
72,856,541
Total Tisegor 2 - - - 100.0

*F(6, 12, 0.05) = 2.996; F(2, 12, 0.05) = 3.885.
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to winter (25.4%) and increase from winter to spring (23.2%).
The students together showed decreasing from autumn to win-
ter (6.5%) and increasing from winter to spring (13.7%).
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Fig. 2. Thousands of steps/day (M + SD)
Discussion

According to the aim of this research, a model of interac-
tion between steps/day counts regarding genders, seasons of
a year, and days of week has been created (see Introduction
section). The model of interaction derived in the research
could be useful in realising a structure of variation steps/day
variation depended from genders, seasons of a year, and days
of week. In many scientific publication, variations between
measured steps were studied basing on differences between
mean values ignoring interactions between sources of disper-
sion (Busheva, 2016; Mears et al., 2019) etc. Investigation of
steps/day counts in the frames of the model made possible to
discover significant interactions between genders - season
variations (p < 0.068). Corresponding relative part in a total
variation (10.5 %) is two times greater than relative part of the
season’s variation (4.4 %) (see Table 3).

Comparing results of our research regarding pedometer
determined physical activity in children, one can notice that
boys were significantly overhead in the physical activity of
girls (see Table 2). For example, in winter this difference was
on an average 3,146 steps/day, p < 0.001) that corresponds
with results has been gotten in many well-known investiga-
tions (President’s Council, 2016). Furthermore, according
to the evaluation norms, steps/day counts in boys are about
3,000 higher, than in girls (see Table 1).

The results based on this model corroborate well-known
results about significant difference (p < 0.05) between
pedometer determined physical activity of children in week
days and weekends (Sukharev et al., 1998). Further more, this
difference is much more significant for boys (p < 0.001) than
for girls (p < 0.031). Dispersion of pedometer determined
physical activity between participants was found as great
(V >20%) in boys as well in girls from day to day, season to
season that agrees with data measured in the frames of differ-
ent researches (Al-Khadairy et al., 2017).
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Measurements conducted during academic year con-
firmed validity and reliability of the Fitness tracker Fitbit
Charge for monitoring of pedometer determined physical
activity in children, however, in segments where sedentary
time dominates (e.g. academic classes), a research-grade ac-
celerometer should be preferred (Mooses et al., 2018).

Because mathematical part of the model of interaction be-
tween steps/day counts is based on ANOVA, corresponding cal-
culations were realised in MS Excel packet of analysis. The same
calculations are possible using other popular in Sport Sciences
statistical packets: SPSS Statistics (Analyze > ANOVA > Com-
pare Means > One-Way ANOVA, Analyze > GLM Repeated
Measures > ANOVA) and Statistica StatSoft (Statistics > ANO-
VA / MANOVA > Factorial ANOVA) (IBM, 2017; Dell, 2017).

Evaluation of schoolchildren’s daily motor activity has
helped to find out that on average, children make less steps
per day than the minimum allowable rate (Martin etal., 2018),
which indicates hypokinesia: the boys’ index is 9,224 and the
girls’ - 7,370. The data we obtained are slightly lower than
those presented by other scholars, which indicates a sedentary
lifestyle of schoolchildren. In addition, according to previ-
ously obtained data, more children (70.0%) do not participate
in sports, and most of the children spend their free time inac-
tively (computer games, watching TV) (Karbasi et al., 2018).

It was found that the level of motor activity among boys
is higher during every season (autumn, winter, spring), so
boys are more active than girls. Trost et al. (2002) also ob-
served in their studies the differences between boys and girls
in activity, stating that boys perform more steps per day than
girls. This observation highlights the need to place particular
emphasis on girls’ physical activity.

According to our data, the average number of steps dur-
ing weekdays (10,072 steps/days for boys and 8,128 steps/days
for girls) was higher than during weekends (7,103 steps/days
for boys and 5,476 steps/days for girls). Previous studies pre-
sented by various countries have found similar trends ob-
served among Swedish, Australian, and American (Vincent
et al., 2003), New Zealand (Remmers et al., 2017), Japanese
(Ishii et al., 2015) junior schoolchildren.

In the experimental studies Al-Khudairy et al. (2017)
indicated a downward trend in motor activity over the week-
end relatively to the children’s age, the older the less. But
motor activity increased over the weekend considering the
socio-economic status of the family. Such a difference was not
observed on weekdays. They also emphasized that the activity
level of overweight children was significantly lower on week-
days and weekends compared to normal-weight children

Thus, not only approaches related to school physical edu-
cation but also extra-curricular physical education time is
important to help increase the daily motor activity of stu-
dents (Vos et al., 2011). Parents should pay more attention to
physical activity and active leisure during days off when the
children have less workload. The best way is to demonstrate
personal positive attitude towards exercising. This, in its turn,
will encourage students’ interest and their involvement in
the physical activity in order to preserve and promote their
health (Bodnarchuk & Zanevskyy, 2011).

Conclusions

The research hypothesis of this paper about significant
interactions between steps/day counts regarding genders,
seasons of a year, and days of week while testing pedom-

eter determined physical activity has been convincingly ap-
proved. Corresponding model of pedometer determined
physical activity has been created using one-way ANOVA
for repeated measures that made possible to determine dif-
ferences between samples grouped according days of weeks.
The two-ways ANOVA could be recommended to determine
differences between samples grouped according gender and
season relatively days of weeks.

Highlights

During evaluation of physical activity in children based
on steps/day counts, interaction between gender, season, and
day of week should be taken into consideration.

The main scientific result of this research is discovery of in-
teractions between steps/day counts regarding genders, seasons
of a year, and days of week, and creating the quantified model
of testing pedometer determined physical activity in children.

The use of well-known MS Excel computer packet as
a mathematical instrument of the model of pedometer de-
termined physical activity make possible to use this model
for teachers of physical culture and coachers which are not
familiar with mathematical modelling.
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NEAOMETPUYHA MOAENb ®I3NYHOI AKTUBHOCTI
AITEW B MOYATKOBIU LUKOJI

Irop 3aneBchkmii, Onena bognapuyxk
JIpBiBCBHKMIT lep>KaBHUI YHiBepcuTeT QisnuHOI KynbTypu iMeHi IBana bobepcpkoro

Pedepar. Crarts: 7 c., 4 Tab1., 19 mKeper.

Mera gocmimkeHHA. BisHaueHHS KiTbKOCTI
KPOKIB IIPOTATOM JHS € MOIY/IAPHUM Ta e(PEeKTUBHNUM Me-
TOZIOM TecTyBaHHA (pi3nyHOI aKTMBHOCTI fiTeil. MeTa fo-
CIPKEHHA — CTBOPUTY MOJI€/Ib B3a€MOIii IeHHOI KiZTbKOCTI
KPOKIB BiZTHOCHO CTaTi, IOPM POKY Ta JHIB TVKH:.
Marepiamu i meTopm. 3arasoM 74 yuns (38 xyronnis i 36
[iBYaT) YeTBEPTUX K/IACiB TPHOX ILIKI IPOMUCTIOBOrO MicTa
Oyrno 3amydeHo mo BuMipioBaHb. CTaH 30pOB’S YCiX LIKO-
nsApiB 6yB moOpmii, I Ha ypokax (pisM4HOI KY/IbTypyU BOHM
3aliManucsa 3a 3arajJbHOI0 mporpamon. KinbkicTh KpokiB
IIPOTATOM JIHA BY3HAYa/lacsA 3 BUKOPUCTAHHAM iTHeC Kpo-
KoMmipa. Jloc/imkeHHs NpOBENEeHO MPOTATOM HAaBYaIbHOTO
POKY 3a Tpy TIOKHI (II0 OZHOMY TVDKHIO BOCEHMU, B3MMKY
it HaBecHi). [Iucnepcirtamit aHai3 6y/0 3aCTOCOBAHO [IA
BU3HAUYEHHs PisHMUIII pe3y/lbTaTiB MiX IpylaMu 3a THAMU
TUKHA.

Pesynbratu. byno BUABMIEHO CTAaTUCTUYHO iCTOTHY
PiSHMII0O MIX KUIbKICTIO KPOKiB IPOTATOM JH:A Y XJIONLIB
(p = 0,006) i Mmenm icrotHy — y giByar (p = 0,052) i3 Bigmo-
BiIHOIO YaCTKOIO Y 3arayibHiil Bapiarii (62,5 i 46,0 %).Taka >x
CYTT€EBA Pi3HMILA Majia Miclle MiXK pe3ynbTaTaMy IO CE30HaX
poxy (p = 0,053;0,037) i3 BifIOBifHOIO YaCTKOIO Y 3ara/IbHii
Bapiamii (14,5; 22,8 %). Jocutpb icToTHa Bapiauis mo gHAX
TVOKHA i1 CepeJHbO Ce30HHUMMU Pe3y/IbTaTaMy Maja Miclle AK
mst xnontis (23,0 %), Tak i g gisuar (31,1 %).

Bucnosku. ITpy oninroBanui ¢ism4yHOI aKTMBHOCTI
HiTell HeOOXiTHO BPaxXOBYBaTy B3AEMOJII MIXK KilbKiCTIO
KPOKiB IIPOTATOM JHSA BiTHOCHO CTaTi, IOPU POKY Ta JHiB
TYDKHAL.

KnrouoBi cmoBa: ¢isnuHe BUXOBaHHSI, IIKOIAPL, deT-
BepTUIl KJ1ac, TECTYBaHHA, MOJIe/TIOBaHHA.
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Abstract

The study objective is to substantiate and implement modern electronic automated monitoring systems to
improve the testing of speed-strength abilities in the process of physical education.

Materials and methods. To solve the research tasks used the methods of comparing and contrasting are
used and analysis, synthesis, abstraction, formalization and technical modeling.

Results. The developed capacitive sensor device for control of speed-power abilities is presented. The
device is built on a combination of modern nanotechnology and microprocessor systems. As part of the
device, the array of active electrodes with digital output registers an input signal from a marker placed on
the monitoring object and whose position changes during the exercise. Then the digital signal through
the interface and the communication line, goes to the signal converter, where it is processed and wireless
transmission devices signal goes to the personal computer, where the result of the exercise is displayed.
Conclusions. Use in pedagogical control of the physical education process of the developed device
provides reliable objective test data with little loss of time to ensure the quality of control.

Keywords: control, testing, monitoring, speed and power abilities, sensor device.

Introduction

Problem statement. A rational qualitative
approach to the process of physical training provides for a
constant assessment of the adequacy of a specific training
program and ensuring a quick correction of the inconsistency
(Ivashchenko, 2016). The current pedagogical control of
the dynamics of physical fitness is considered as the main
component of the management of physical training in the
process of physical training, which is the basis for further
planning (Preatoni, Hamill, Harrison, Hayes, Van Emmerik,
Wilson, & Rodano, 2013).

Effective management of the physical preparation pro-
cess implies possession of objective and reliable information
on the dynamics of indicators of the level of physical fitness.
Questions of pedagogical testing physical fitness — one of the
most relevant theory and methodology of physical education
(Anikieiev, 2015; Alfrey, & Gard, 2014; Magill, 2007).

Analysis of recent research and publications. Numerous
scientific sources (Lauber, & Keller, 2014; Reiman, & Manske,
2009; Tanner, & Gore, 2012) are devoted to the management
of the training process in the field of physical culture on the
basis of monitoring the state and level of special physical fit-
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ness. However, this problem is still a matter of debate. The
fact that the basis for the growth results of physical training
lies in the improvement of means and methods for the devel-
opment of physical qualities, as well as the current pedagogi-
cal control of this process is undoubted (Hardman, & Green,
2011; Stroot, 2014; Schmidt, & Wrisberg, 2008).

One of the problems facing researchers in the field of
physical education is the need for a radical restructuring of
the pedagogical control system in the direction of its mod-
ernization, the introduction of innovative approaches, and
modern technologies of organization a testing (Silverman,
Keating, Phillips, 2008; Koryahin, Blavt, & Ponomaryov,
2019; Purcell, Channells, James, & Barrett, 2005). Ensuring
a high level of physical fitness, which is one of the important
subjects of study of many studies, determines the high rel-
evance of finding ways to improve testing methods. Given
the above, the development of tools and methods of test in
pedagogical control is a powerful means of improving the
effectiveness of the training process (Bassett, 2000; Koryagin,
& Blavt, 2019; Tanner, & Gore, 2012). Given that the most
relevant topic for discussion in science today is the topic of
innovation, let us note the discreet consideration of these is-
sues in the current scientific literature, which requires studies
of adaptation and introduction of new information services,
which can not be considered relevant and promising.
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One of the most informative indicators of physical condi-
tion is considered by specialists as speed-power abilities (Ed-
wards, 2010; Lauber, & Keller, 2014). In the system of physi-
cal training, power abilities are the most multicomponent in
their structure and dimension compared to other physical
qualities. Their high level is practically necessary to maintain
a high level of performance in the process of physical culture
(Lauber, & Keller, 2014; Wulf, & Lewthwaite, 2009).

Speed-power abilities manifest themselves in actions
where, along with force, high speed of movement is required
(athletics jumps and throwing, sprint, boxing, barbell jerk,
etc.) (Mikolajeca, Waskiewicza, Maszczykb, Bacike, Kurekd,
& Zaja, 2012). They are characterized by unsatisfied mus-
cle tensions, manifested with the necessary, often maximum
power in exercises performed with considerable speed, but
not reaching, as a rule, the limiting value. Speed-power abili-
ties are manifested in the ability to perform movement in the
shortest possible period of time and under conditions when
there is an active opposition to this. These forceful counter-
measures include: overcoming the strength and severity of
body weight (Ivashchenko, 2016; Stroot, 2014; Mac-Duggala,
1997).

The development of speed-power abilities in the studies
of reputable scientists is given a lot of attention, since they are
the scientific basis for understanding and practical solution
of certain issues in physical training (Lauber, & Keller, 2014;
Magill, 2007; Stroot, 2014). Among the necessary conditions
that ensure their improvement, it is important to study the
dynamics of their development, which requires the creation
of an optimal method of control (Crocker, & Algina, 2015;
Shumway-Cook, & Woollacott, 2007; Hardman, & Green,
2011).

Analysis of practical and theoretical studies of the is-
sue under study (Bassett, 2000; Edwards, 2010; Koryagin, &
Blavt, 2019) shows the existing contradictions between the
need to ensure the objectivity of testing and the inability to do
this. It should be noted that in theory and practice of physical
culture and sports, issues related to the information content
of the procedure for testing the dynamics of speed-power
abilities are not sufficiently developed, which is recognized
by many scientists (Crocker, & Algina, 2015; Wulf, & Lewth-
waite, 2009; Reiman, & Manske, 2009).

The need to find ways to improve the methods of test-
ing speed-power abilities led to the choice of the topic and
direction of research. We believe that the development of new
tools, methods and technologies based on modern achieve-
ments of electronic equipment is one of the most important
and most promising areas for improving the testing process.

Purpose of the research is to substantiate and implement
modern electronic automated monitoring systems to im-
prove the testing of speed-strength abilities in the process of
physical education.

Materials and methods

To solve the research tasks used the methods of compar-
ing and contrasting are used and analysis, synthesis, abstrac-
tion, formalization and technical modeling. The research
strategy is focused on the integration of the information re-
source of newest electronic technologies to ensure the effec-
tiveness of control in the process of physical education. Our
innovative idea envisaged the integration of interdisciplinary
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and project-based approaches. The research strategy was fo-
cused on the integration of information resources for effec-
tive control. We aimed to intensify the pedagogical process of
control, which greatly enhances its informative capabilities.
Informatisation in monitoring in the context of our study
was to build the infrastructure of means of receiving, storing,
accumulating and processing information. This presumed
the creation of a breakthrough compute-ahead device for
controlling speed-strength abilities, whose work was focused
on ensuring the effectiveness of testing, enriching the control
information data and enhancing the results.

Technical simulation used to create instruments to be
studied (Estivalet, & Springer, 2009). In this case, the use of
technical means further modeling is experimental in nature.

Technical modeling based on the elements of prediction,
please be based on the results, which at the time of the deci-
sion is still unknown, used to obtain new knowledge about
the object under study. This is realized on the basis of the
study of ego conditionally description, basic parameters and
predictability of properties, implementation and their mani-
festation in practice, which is an objective practical criterion
test our knowledge. As an effective scientific method, the ap-
plication of theoretical logic modeling, based on conceptual
ideas and symbolism, provides clear identification, analysis
and rationalization of the use of development tools (Magill,
2007; Edwards, 2010). The result of these representations is us
in the form of a structural diagram.

Results

To determine the level of speed-strength abilities used a
variety of control exercises. At present, it is most often pro-
posed to use the “jump” test - jumping up (with and without
a measuring tape): moving the body or its individual seg-
ments in space in a relatively short time (Tanner, & Gore,
2012).

To control the height of jumping without a measuring
tape, a graduated board is used, which is mounted on the wall.
The subject of monitoring is standing, touching the board as
high as possible. Next, jumps vertically up and touches the
markup again. The distance between two touch points is an
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Fig. 1. Determination of jump height without
measuring tape
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Fig. 2. Structure of the metallized fabric

estimate of the height of the jump. The same test also meas-
ures speed-power endurance: a series of jumps are performed
at intervals of 3 seconds. Quantitative assessment of the test
is carried out by ergometric analysis, which allows to obtain
a number of indicators characterizing the speed-strength en-
durance: the maximum jumping height and the number of
jumps performed with the maximum height.

The difficulty of this test lies in the need for strict stand-
ardization of the standing position - stand facing the board
with the hands as high as possible, as well as squatting: the
position when the angle at the knee joint is 90 degrees, which
can be standardized only by using an electro-goniometer.

Jumping out with a measuring tape consists of using a
device that is an elastic clip, tightly attached to the floor. The
methodical feature of this test is that the subject, after jump-
ing, must land in a square measuring 40x40 cm, which makes
it difficult to carry out the test (Mac-Duggala, 1997).

Accordingly, given the objective difficulties in conduct-
ing the test, there is a certain dependence of the subjective
assessment of the perception of compliance with the neces-
sary body position, which is established visually during the
monitoring. There is a probability of error in the reliable as-
sessment of the results of the test exercise. Accordingly, they
cannot testify to the effectiveness of the used means of the
training process.

To create an automated system for testing the param-
eters of speed-power abilities, we have developed a capacitive
sensor monitoring device, which is based on a combination
of modern nanotechnology and microprocessor systems,
in particular, smartphones, tablet computers, etc. The basis
of the capacitive sensor monitoring device is an electronic
measuring system of the spatial position of objects based on
capacitive sensing devices (Hotra, Mykytyuk, & Sushynskyy,
2010).

Sensory devices are one of the most dynamically devel-
oping classes of modern electronics (Baxter, 1997). Mod-
ern microsensorics, as the formed direction of development
of electronic means for measuring parameters of physical
quantities, combines traditional measuring equipment, sol-
id-state electronics, circuit technology and microprocessor
technology. One of the most progressive classes of sensor
devices is capacitive type sensors. The informative signal of
such sensors is the capacitance between the electrodes, which
changes under the influence of external factors. Such a factor
is the distance between the moving body of the monitor-
ing object and the system of stationary electrodes. A signifi-
cant advantage of capacitive type sensors is the non-contact
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measurement process, which ensures high ergonomics of the
capacitive sensor monitoring device (Haake, 1996; Hotra,
Mykytyuk, & Sushynskyy, 2010).

To create electrodes in these devices, “intelligent tex-
tiles”, which is made using nanofibers, is used. The latter are
made by filling traditional fiber polymers with nanoparticles
of conductive materials, which ensures their high elastic and
electrical characteristics. One of the most promising materi-
als are carbon nanotubes. The electrical conductivity of the
fibers filled with them is comparable to copper, and the me-
chanical stability with steel. At the same time, the specific
weight of nanotubes is hundreds of times less than in tradi-
tional materials.

The manufacture of conductive fabrics has already been
mastered by industry, in particular, Hana Elecom manufac-
tures a wide range of flexible metallized fabrics (Fig. 2), ad-
hesive tapes can be applied on traditional fabrics, as well as
a variety of flexible profiles, gaskets, etc. The basis fabric is
polyester fibers (Polyester), whose surface is covered with ul-
trathin layers of copper, nickel or gold (Copper, Nickel, Gold
plating) (Koryagin, & Blavt, 2019).

To ensure the reliability of the test results and the ob-
jectivity of monitoring in the high jumps, an capacitive sen-
sor monitoring device was formed. The structure of which
includes: capacitive electrodes (active and passive), a signal
line, a signal converter, an interface, a communication line
and a mobile communication system, in particular, a smart-
phone or tablet computer.

A one-dimensional matrix of active strip capacitive elec-
trodes is glued to the indicator wall (Fig. 3). The active elec-
trodes are connected to the signal transducer by a signal line
(cable harness). A passive electrode in the form of a marker,
placed on the subject of monitoring, is contactless, which
ensures the absence of cables between this electrode and the
signal converter.

The signal converter provides switching of a matrix of ca-
pacitive electrodes to one analog information input and con-
versions such as “capacitance of an electrode - a digital code”
Further, the digital signal is transmitted via the interface (in
this embodiment, the USB interface) and the communication
line, in particular, the infrared or radio frequency bands, is
transmitted to the mobile communication system, where it is
recorded and graphically visualized.

In the system for measuring the jump parameters, the
matrix of capacitive electrodes generates a set of signals that
can be used to monitor the highest and lowest points of the
body of the monitoring subject, the position of body parts
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Fig. 4. An example of a waveform when performing a test exercise

and movement dynamics (with a time resolution of 0.01 s).
Electrodes in the form of flexible conductive tapes are glued
to the indicator wall, up to 3 m high. The width of the tapes
and the distance between them is 5 mm, which determines
the resolution of the spatial position measurement, in par-
ticular above the floor level, of the monitoring subject.

The signal converter is implemented on the PSoC inte-
grated circuit — a programmable system on a chip from Cy-
press (Koryagin, & Blavt, 2019). An example of a waveform
and its boundaries are shown in Fig. 4, where it is shown: 1,
2, 3- the signal.

The developed method of estimating the speed-power
abilities is that the matrix of active electrodes with a digital
output registers the incoming signal from a marker placed on
the subject of monitoring and whose position changes during
the exercise. The matrix registers the start of the exercise, the
process of completion and the end of the exercise. Next, the

28

digital signal through the interface and the communication
line enters the signal converter, where it is processed. Next,
wireless devices transmit information through a signal to an
electronic computing device, which they use to monitor the
exercise and, by the value of which, they make a conclusion
about the state of speed-power abilities.

The advantages of the developed method include the
combination of such properties as:
the comfort of the examination, which excludes the
special preparation of the subject of monitoring for
attaching electrodes or sensors on it during its ex-
amination;
a short survey time, which consists of the informa-
tion retrieval time (usually within 20-60 seconds)
and the time for viewing the obtained data and ana-
lyzing the processing results, which does not exceed
1-2 minutes during mass surveys; but it can be im-
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plemented and monitoring, that is, long-term obser-
vation with the update of the processing results after
a specified time interval;

information content of the survey;

high confidence level;

multifunctionality, allowing to use the technique as
a diagnostic tool for wide control and training of
speed-power abilities;

ease of implementation.

The introduction and use of modern electronic technolo-
gies in the test process in the field of physical culture and sports
is a powerful methodological basis for its continuous, scientifi-
cally grounded, targeted correction based on an integral ap-
proach to the development of physical qualities, which allows
achieving a qualitative improvement in the training process.

Discussion

We fully support the scientific approaches of special-
ists engaged in finding ways to optimize physical educa-
tion results (Ivashchenko, 2016; Schmidt, & Wrisberg, 2008;
Shumway-Cook, & Woollacott, 2007). In this context, we
are joining the idea that the efficiency of this process can be
greatly enhanced by adjusting the pedagogical control. The
results of our study are consistent with a number of scientific
advances on the expedient implementation of controls in
physical education that regulate the appropriateness of peda-
gogical effects to ensure the effectiveness of physical educa-
tion (Bassett, 2000; Matiegka, 1991; Stroot, 2014; Wulf, &
Lewthwaite, 2009).

Our research corroborates the studies (Clarys, & Cabri,
1993; Shepard, & Janky, 2008; Kavanagh, & Menz, 2008)
which postulate that the automation of the process for ob-
taining and processing information of testing can signifi-
cantly improve the efficiency of obtaining and evaluating in-
formation in real time and significantly reduce time spent on
conducting tests.

The use of modern electronic technologies in the testing
ensures the accuracy of the presentation of the measurement
information and the correspondence between the degree of
scientific reliability and the practical value of the results. This
corroborates our own scientific research results in the given
domain (Koryahin, & Blavt, 2018; Koryahin, Blavt, & Pon-
omaryov, 2019; Koryahin, Mukan, Blavt, & Virt, 2019).

The results of the study supplement the data on peda-
gogical assessment in physical education. We are of the opin-
ion that using the potential of modernization in the mod-
ern scientific space, it is possible to significantly increase
the informatization of physical training by using the latest
technologies in the implementation of pedagogical control
(Capobianco, Almuklass, & Enoka, 2018; Koryahin, Blavt,
& Ponomaryov, 2019; Purcell, Channells, James, & Barrett,
2005; Kavanagh, & Menz, 2008).

The scientific novelty of the results of this research is that
for the first time the software of assessment of speed-strength
abilities in the physical education, developed on the basis of
modern electronic technologies, is presented.

The results of the study complement the information on
pedagogical control in physical education (Anikieiev, 2015;
Alfrey, & Gard, 2014; Jrgensen, Andersen, Froberg, Maeder,
von Huth Smith, & Aadahl, 2009; Ivashchenko, 2016; Ko-
ryahin, Mukan, Blavt, & Virt, 2019).
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Information on the practical use of the latest technolo-
gies to ensure modern advances in the theory and meth-
odology of physical education has been supplemented (Ed-
wards, 2010; Estivalet, & Springer, 2009; Koryahin, Blavt,
& Ponomaryov, 2019). We support scientific approaches
(Mac-Duggala, 1997; Strohrmann, Harms, Kappeler-Setz, &
Troster, 2012; Wulf, & Lewthwaite, 2009) that such a strat-
egy provides quality control of the lead character, which will
greatly improve the quality of testing and control results ob-
tained and provide a transition to a new level of effectiveness.

Conclusions

Improving the quality of the training process is possi-
ble through the development and implementation of special
electronic-technical devices for the implementation of auto-
mated monitoring of special physical fitness. The proposed
method for estimating speed-power abilities is based on the
latest achievements of electronic equipment, which provides
reliable data with insignificant loss of time. The scientific
potential of the technical equipment of the testing process in
the process of physical training allows for a sufficiently high
level to monitor and evaluate these indicators.

An objective assessment of the development of speed-
strength parameters of physical fitness allows you to compre-
hensively solve current control issues, make timely adjust-
ments during classes according to the results obtained and,
thus, ensure that the optimal strategy for the training process
is selected through its targeted correction.

The presented results of the work can be qualified as a
significant contribution in the field of physical education in
the context of modernization of this process in the context of
integration of Ukraine into the European space. The realiza-
tion of innovations is a testament to their real value, an in-
dicator of relevance and effectiveness, which are manifested
in concrete, qualitatively new results of physical education.
Further research is planned in the direction of the develop-
ment of automated technologies for the reorganization of
other test samples for the organization of clear control in the
field of physical culture.
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NMOTEHLIAN HOBITHIX TEXHOJIOTIN
Y 3ABE3NEYEHHI EOEKTUBHOCTI NEAATOrYHOIro
KOHTPOJIIO Y ®I3BUYHOMY BUXOBAHHI

Biktop Kopsrin', Okxcana brast', Onekcanpgpa Baniscbka?, Bomogumup CragHuk!
'Hauionanpauil yHiBepcuTeT «JIbBiBCbKa MOMiTEXHIKa»
*HanioHaIbHUI TiCOTeXHIYHMI YHIBEpCUTET YKpaiHU

Pedepar. Crarrs: 7 c., 4 puc., 30 mxepern.

Meta gOCHi>KeHHA — OOIPYHTYBaHHA Ta
pearisaliis HOBITHIX TEXHOMOTIYHMX 3aCO0IB /I BLOCKOHA-
JICHHS TeCTYBaHH: IIBMAKICHO-CIIOBUX 31iOHOCTeIl y Impo-
1eci ¢isMYHOro BMXOBaHHA.

Marepiann ta Mmetogu. [I11 BupillleHHA 3aBJaHb J10-
CITifIP>KeHHS BUKOPUCTAaHO METOM NTOPiBHAHHA aHaIi3Yy, CH-
Tesy, abcTpakiii, popmarizanii i TEXHIYHOTO MOZETIOBaHHSL.

Pesynpratu. IlpencraBieHo po3pobieHnii eMHiCHMI
CEHCOPHMII IIPUCTPiN [/ KOHTPOMIIO IBUIKICHO-CUIOBUX
3gibrocTeit. Ipuctpiit mo6ygoBaHmMit Ha IIOEFHAHHI Cy-
JaCHMX HAHOTEXHOJIOTIiN Ta MiKpOIPOIIECOPHMUX CUCTEM. Y
CKJ/Tafii TIPUCTPOI0 MATPUIISI AKTUBHUX €TEKTPOfiB 3 1ud-
POBUM BUXOJOM PEECTPYE BXiIHMII CUTHAJ Bifi MapKepa,

po3MileHoro Ha 06’€KTi MOHITOPMHTY i IOJIOXKEHHSI SIKOTO
3MIHIOETBCA Tif yac Brpasu. [Jayi nyudposuit curHan depes
inTepderic i niHio0 3B’A3Ky HAIXOAUTD Ha CUTHAJIbHUIL TIepe-
TBOPIOBaY, Jie 00pO6IA€ThCA 11 6e3APOTOBUMM IPUCTPOSMU
Hepefadi CUrHaJI MOTPAIULIE Ha ePCOHANBHIIT KOMIT I0Tep,
Jie pe3y/bTaT BIPaBy IOJAETHCA Ha JVCIITIEN.

BucHoBKN. BuKopycTaHHA po3po6IeHOro NpuUCTpoo
y HeflarorivHOMY KOHTpPOJIi polecy GisyHOro BUXOBaHHA
3abe3Iedye OTPMMaHHSA TOCTOBIpHUX 00’€KTUBHUX JaHUX
TeCTYBaHHsI 3 He3HAYHOIO BTPATOIO Yacy 3ayis 3abe3redeH-
HA AKOCTI KOHTPOJIIO.

Kn1o4oBi cmoBa: KOHTpO/Ib, TeCTyBaHH:, MOHITOPMHT,
LIBU/IKICHI Ta CMIOBI 3116HOCTI, CEHCOPHMIT IPUCTPIA.
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Abstract

The purpose of this study was to find methodological approaches to the development of a research
program in modeling the process of teaching physical exercises, motor abilities development and
pedagogical control in schoolchildren’s physical education.

Materials and methods. The total number of schoolchildren involved in the experiment was: 6-10 years
old - 465 (240 boys and 225 girls); 11-13 years old - 430 schoolchildren (205 boys and 225 girls); 14-16
years old — 221 schoolchildren (122 boys and 99 girls). To achieve the purpose set, the following research
methods were used: modeling, systems approach, methods of theoretical analysis and generalization;
pedagogical testing, methods of recording the respiratory system state, observation and pedagogical
experiment; methods of mathematical analysis (logistic and asymptotic functions); mathematical methods
of planning multifactorial experiments. Factor, discriminant, and regression analyses were performed.
Results. The research program of modeling schoolchildren’s physical education includes the development
of factor, discriminant, and regression models to obtain new information for planning and managing

the processes of teaching physical exercises, motor abilities development, and pedagogical control in

schoolchildren’s physical education.

Conclusions. Modeling is an effective tool for studying the regularities of motor training and for
developing physical education programs for children and adolescents.

In the program of modeling schoolchildren’s physical education, initial data, study object, research
methods must meet the following conditions: parametrical description (formulation of tasks, consideration
of physical components, analysis of coefficients); initial data (information potential, reliability, accuracy,
quantity); methods (similarity, accuracy, implementation time, coincidence with control criteria).
Keywords: physical education, children, adolescents, teaching, modeling.

Introduction

One of the conditions for improving the level
of schoolchildren’s motor fitness is pedagogical control in
physical education (Bodnar, & Andres, 2016; Koryahin, &
Blavt, 2016). The procedure of pedagogical control is a clas-
sification of the current state of motor and functional fitness,
which influences decision making in managing children’s and
adolescents’ physical education.

The main task of schoolchildren’s physical training is to
achieve a sufficient level of development necessary for effec-
tive teaching of physical exercises (Ivashchenko, Khudolii,
Iermakov, & Harkusha, 2017). In the development of strength
abilities in schoolchildren, it is important to select appropri-
ate means and modes of strength exercises (Khudolii, Ivash-
chenko, Iermakov, Nosko, & Marchenko, 2019; Khudolii,
Ivashchenko, Iermakov, Veremeenko, & Lopatiev (2019).

©  Olha Ivashchenko, 2020.
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Physical activity, its appropriateness to age peculiarities and
tasks of education are of primary importance both in mas-
tering movements and motor abilities development (Ivash-
chenko, Khudolii, Iermakov, Chernenko, & Honcharenko,
2018; Ivashchenko, Khudolii, Iermakov, & Harkusha, 2017).
Strength development in children depends on the assess-
ment and control of strength loads (Cieslicka, Ivashchenko,
2017). The importance of assessing and managing the effects
of training loads in schoolchildren’s physical education is
highlighted in papers by Kryvolapchuk (2008, 2009).

One of the effective methods of studying the results of
teaching and training effects in physical education is mode-
ling. The study of Lopatiev, Pityn, and Demichkovskyi (2017),
Lopatiev, Ivashchenko, Khudolii, Pjanylo, Chernenko, and
Yermakova (2017) systemizes and generalizes mathematical
modeling procedures in physical education and sport. The
study found that teaching and training based on information
models make it possible to intensify the training process, to
increase the effectiveness of learning management. Khudolii,
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Ivashchenko, Iermakov, and Rumba (2016), Ivashchenko
(2016) developed conceptual approaches to modeling the
process of teaching and motor abilities development in physi-
cal education and sport. The researchers examined models of
motor abilities development that can be used for current and
final control of children’s fitness. It was found that current
control of the level of children’s motor fitness can be carried
out based on discriminant function analysis.

Thus, increasing schoolchildren’s physical activity de-
pends on their ability to respond adequately to physical loads
during teaching physical exercises and motor abilities develop-
ment, as well as on the planning and management of physical
education. A necessary condition for this is to obtain objective
information about the processes that take place. Modeling is
one of the effective methods for obtaining such information.

The purpose of this study was to find methodological ap-
proaches to the development of a research program in mod-
eling the process of teaching physical exercises, motor abili-
ties development and pedagogical control in schoolchildren’s
physical education.

Materials and Methods

Study Participants

The total number of schoolchildren involved in the ex-
periment was: 6-10 years old — 465 (240 boys and 225 girls);
11-13 years old - 430 schoolchildren (205 boys and 225
girls); 14-16 years old — 221 schoolchildren (122 boys and 99
girls). All the schoolchildren participating in the study were
practically healthy and were supervised by a school doctor.
The children and their parents were fully informed about all
the features of the study and gave their consent to participate
in the experiment.

Organization of the Study

The study substantiated the importance and necessity of
using models of teaching physical exercises and motor abili-
ties development in children, which ensure the effectiveness
of the educational process in school.

At the ascertaining stage of the pedagogical experiment,
the schoolchildren’s motor fitness was tested. Factor and dis-
criminant analyses were conducted. The study determined
informative indicators for pedagogical control of the current
state and indicators for end-to-end control of motor fitness of
elementary, middle, and high school students.

At the formative stage of the pedagogical experiment, a full
factorial experiment was conducted in accordance with condi-
tions and requirements of the pedagogical research program. In
the process of 2¢ FFE, the study examined the influence of the
number of sets, the number of repetitions, rest interval on im-
proving the level of proficiency in motor actions, on the proba-
bility of successful performance of the exercise; on the dynamics
of strength abilities development in schoolchildren. The study
developed regression models based on the results of 2¢ FFE,
discriminant analysis and logistic function, which included the
calculation of regression coefficients and model verification.

At the control stage of the pedagogical experiment, the
study determined the effectiveness of methodological ap-
proaches to the development of a research program in mod-
eling the process of teaching physical exercises, motor abili-
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ties development, and pedagogical control in schoolchildren’s
physical education.

To achieve the purpose of the study, the following research
methods were used: modeling, systems approach, methods of
theoretical analysis and generalization to reveal the essence,
leading development trends of physical education, and to de-
fine theoretical prerequisites and methodological approaches
to its further improvement; pedagogical testing, methods
of recording the respiratory system state, observation and
pedagogical experiment to find methodological approaches
to modeling the process of teaching, motor abilities develop-
ment and pedagogical control in children’s physical educa-
tion; methods of mathematical analysis (logistic and asymp-
totic functions) to determine the regularities of allocating the
means of primary focus during motor abilities development,
teaching physical exercises; mathematical methods of plan-
ning multifactorial experiments to study the regularities of
motor abilities development and teaching physical exercises.

Testing Procedure

The study recorded the following:

elementary school students — One-leg static stance (sec);
Walking along segments of hexagon (steps); Combined move-
ments of arms, torso and legs (errors); Walking along straight
line after 5 rotations, deviations (cm); Shuttle run 4x9 m (sec);
30 m run (sec); Frequency of arm movements (times); Catch-
ing a falling Dietrich’s stick (cm); Standing long jump (cm);
300 m run (sec); Mixed hanging pull-ups on rope (times);
One minute sit-ups (times); Seated forward bend (cm); Spine
mobility test (bridge stand); Shoulder mobility test;

middle school students — Height (cm), Body weight (kg),
Vital lung capacity (cm3), Handgrip strength, right hand
(kg), Handgrip strength, left hand (kg), Extra distance jumps
(times); Shuttle run 4x9 m (sec), Push-ups (times), Pull-ups
(times), Bent arm hang (sec), Standing long jump (cm), Lying
pull-ups (times), Hanging leg raise (times), L-sit on parallel
bars (sec), One minute sit-ups (times), Seated forward bend,
legs apart (cm), Bent arm hang (sec), Trunk lift in 30 sec
(times), Throwing a stuffed ball (1 kg) from a sitting position
(cm), Stange test (sec), Genchi test (sec), Serkin test (sec),
Forward roll (level of proficiency), Backward roll (level of
proficiency), Vault (level of proficiency), Rope climbing in
three steps (level of proficiency), Bridge stand (level of profi-
ciency), Inverted shoulder stand (level of proficiency).

The level of proficiency in gymnastic exercises during
every class was assessed by the alternative method (“per-
formed”, “failed”), the probability of performing the exercise
was calculated (p = n/m, where n is the number of successful
attempts, m is the total number of attempts).

Statistical Analysis

The obtained experimental material was processed using
statistical analysis software (SPSS 20). Factor, discriminant,
and regression analyses were performed.

Results

The application of systems approach made it possible to
reveal integrative, systemic characteristics of the study object;
to identify modeling techniques that can be used in informa-
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tion support of motor abilities development and teaching of
children and adolescents.

Among the objects studied using mathematical mod-
eling in physical education are: age dynamics of children’s
functional and motor fitness; physical exercises modes and
their impact on performance; children’s motor training. A 2k
full factorial experiment (models of training effects), logis-
tic function (determination of terms of teaching and motor
abilities development), and discriminant function (pedagogi-
cal control of fitness level) can be used to obtain the models
(Lopatiev, Ivashchenko, Khudolii, Pjanylo, Chernenko, & Ye-
rmakova, 2017; Ivashchenko, 2016; Khudolii, 2019).

In mathematical models of processes, initial data, study
objects, research methods must meet the following condi-

tions (Fig. 1):

Parametrical
description

Initial data

« formulation of + nformation o similarity
tasks potential « accuracy
« topology e accuracy « implementation
« consideration * quantity time
of physicalk « coincidence
components with control
« analysis of criteria

coefficientts

Fig. 1. Structural diagram of natural processes’ mathematical
modeling (Lopatiev, Ivashchenko, Khudolii, Pjanylo, Chernenko, &
Yermakova, 2017)

A full factorial experiment method makes it possible to
mathematically describe the process in some local area of the
factorial space around the point with coordinates of the n-
dimensional space and to verify the regression model.

The study revealed the effectiveness and reliability of 22
factorial designs in determining the effects of different train-
ing modes on the change in children’s functional state and the
ability to learn movements (Khudolii, Ivashchenko, Ierma-
kov, & Rumba, 2016; Ivashchenko, 2016).

The analysis of change in learning outcomes and pulse
rate in each lesson of the plan showed that both processes can
be described by a dependence (model) (Lopatiev et al., 2017;
Ivashchenko, 2016)

Y=A/(1+106m*®) + C,
where Y (heart rate/level of proficiency) is the function result,
depending on the number of sets x, A, C, a_, b are the coef-
ficients of the so-called logistic function.

The logistic function regression equation coefficients
vary significantly depending on exercises modes and rest at
the design points.

This dependence can be described by the following type
of equations:

Y=0b,+bx +bx,+bxx,
where x, is the amount of movements in the lesson, x, is the
rest interval.

It was found that the relationship between the change in
learning outcomes and pulse rate during the lesson can be
described by the following nonlinear dependence

Y=a+ bi+ by,
where Y is the learning outcome, 1 is the pulse rate.

Atthe point 1 = -b /2b? the maximum level of assessment
is observed, and the pulse rate becomes a boundary between
the work aimed at learning and endurance development.

34

Thus, modeling is an effective method for obtaining new
knowledge about the regularities of the process of teaching
physical exercises.

The analysis of scientific and methodological literature
shows that strength development is a process of adaptation
that combines immediate and long-term stages of imple-
mentation (Verkhoshanskij, 1985; Khudolii, 2005). The study
conducted under the 2* FFE program allowed to identify the
models of immediate and delayed training effects of strength
loads. Based on regression equations, two types of strength
loads were calculated: a) concentrated strength load (M - s)
(mode “A”), b) strength load favorable for maximum effort
(M + s) (mode “D”) (Khudolii, 2005; Khudolii, et al., 2016).

Verification of models of strength change under the in-
fluence of training loads showed that the equations describe
the experimental data quite accurately (p <0.01) (Khudolii,
Ivashchenko, Iermakov, Nosko, & Marchenko, 2019).

Thus, modeling of strength training makes it possible to
obtain information about the amount of load and the number
of training sessions required to achieve the optimal level of
strength development in children and adolescents.

To determine the transition of the system from one state
to another, a discriminant function was used, since pedagogi-
cal control of schoolchildren’s functional and motor fitness is
aimed at identifying minimal changes that characterize this
process.

Based on the canonical discriminant function coefhi-
cients, the children were classified by their motor fitness level
according to age, which is of practical importance for devel-
oping effective programs of their motor training. Verification
of functions indicates their high discriminative ability and
value in interpreting the general population (Tables 1, 2).

Table 1. Canonical discriminant function. Eigenvalues

. . % of explained Cumulative Canonical
Function Eigenvalues

dispersion % correlation
1 16.161 95.2 95.2 0.970
2 0.579 34 98.6 0.605
3 0.136 0.8 99.4 0.346
4 0.096 0.6 100.0 0.296

Table 2. Canonical discriminant function. Wilks’ lambda

Function Wilks’ Chi-square Degrees of
verification lambda freedom
From 1 to 4 0.030 805.684 60 0.000
From 2 to 4 0.509 154.721 42 0.000
From 3 to 4 0.803 50.142 26 0.003
4 0.913 20.958 12 0.051

The first canonical function explains 95.2 % of the results
variation, the second one 3.4 %, which indicates their high
informative value (see Table 1). The correlation coefficient
between the calculated values of the discriminant function
and group membership indicators is r = 0.970 and shows
a high predictive value of the first canonical function. The
eigenvalue of the first canonical function indicates that its
coefficients are well-chosen.

Table 2 presents material of the analysis of canonical
functions. The first line contains the value A = 0.030 and the

TM®B, 2020, Tom 20, N2 1



Ivashchenko, O. (2020). Research Program: Modeling of Motor Abilities Development and Teaching of Schoolchildren

Table 3. Unstandardized canonical discriminant function coeflicients. Boys aged 6-10 years

No Test Function
1 2 3 4

1 One-leg static stance (sec) .000 .031 -.031 -.022
2 Walking along segments of hexagon (steps) -.053 .148 -.300 269
3 Combined movements of arms, torso and legs (errors) .031 .053 .019 -.129
4 Walking along straight line after 5 rotations, deviations (cm) .001 .001 -.003 -.009
5 Shuttle run 4x9 m (sec) -.084 -.437 -.128 244
6 30 m run (sec) -.083 242 1.168 -.453
7 Frequency of arm movements (times) -.014 -.009 .041 .008
8 Catching a falling Dietrich’s stick (cm) .005 -.043 .005 -.007
9 Standing long jump (cm) -.004 .034 .004 .005
10 300 m run (sec) .075 .021 -.004 .006
11 Mixed hanging pull-ups on rope (times) .070 -.054 .069 .044
12 One minute sit-ups (times) -.001 .038 .022 -.005
13 Seated forward bend (cm) .002 -.040 .057 074
14 Spine mobility test (bridge stand) .007 .053 .064 .002
15 Shoulder mobility test 473 -.585 .358 918

(Constant) -4.935 -1.661 -11.119 -3.421

statistical significance p = 0.001 for the entire set of canonical
functions, the second line contains data after excluding the
first function, etc. The first and second functions have a high
discriminative ability and value in interpreting the general
population.

Table 3 shows the canonical discriminant function coef-
ficients (unstandardized), which act as multipliers of the fixed
values of variables included in discriminant functions. Based
on the comparison of the obtained data with the centroids of
functions (see Table 4), we classify each case separately. The

Table 4. Functions at group centroids. Boys aged 6-10 years

, Function
Boys’ age ] 5 3 7
6 years 3.574 -1.218 -.247 .104
7 years 3.554 364 .240 -.519
8 years 2.038 .852 .021 369
9 years -5.203 -.478 .506 .079
10 years -5.231 336 -.599 -.188

classification results shown in Table 5 indicate that 78.3% of
the original grouped observations are correctly classified.

The graphic material given in Fig. 2 shows the density
of objects in each class and a distinct boundary between the
classes, which indicates the possibility of classifying the boys
aged 6-10 years using the above-mentioned battery of tests.

During the analysis, the study calculated the canonical
discriminant function coefficients (unstandardized), which
act as multipliers of the fixed values of variables included in
discriminant functions. It is possible to use them to classify
the boys by their motor fitness level according to their age,
which is of practical significance.

Thus, the discriminant analysis made it possible to an-
swer the question: how reliably one class can be separated
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from another by a set of suggested variables; which of these
variables most significantly influence the differentiation of
classes; what class the object belongs to based on the values
of discriminant variables.

Consequently, the suggested methodological approaches
to modeling are the basis of information support of the learn-
ing process and provide new information about the impact
of fitness level, loads and focus of lessons on the effictiveness

of motor skills formation and motor abilities development in
children.

0
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Fig. 2. Canonical discriminant functions. Graphic
representation of the results of classification of boys aged
6-10 years by the level of motor fitness: = — centroids for

groups 6, 7, 8, 9, 10 years (Ivashchenko, 2016)
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Table 5. Results of group classification. Boys aged 6-10 years

Predicted group membership

Boys’ age Total
6 years 7 years 8 years 9 years 10 years

6 years 38 6 4 0 0 48

7 years 9 25 11 0 0 45
Frequency 8 years 4 3 53 0 0 60
9 years 0 0 0 38 9 47

10 poxkis 0 0 0 6 34 40

6 years 79.2 12.5 8.3 .0 .0 100.0

7 years 20.0 55.6 24.4 .0 .0 100.0

% 8 years 6.7 5.0 88.3 .0 0 100.0
9 years .0 0 .0 80.9 19.1 100.0

10 years .0 .0 .0 15.0 85.0 100.0

The obtained materials confirm the effectiveness of the
suggested approaches to modeling when studying the regu-
larities of pedagogical control, motor abilities development
and teaching of schoolchildren.

In pedagogical control of motor abilities development,
there are two vectors. The first vector is the assessment of
a current state, the second is the assessment of a state dy-
namics. It is essential to choose an appropriate informative
indicator and assessment scale. To assess the current state,
factor analysis, which determines informative indicators, and
a sigma assessment scale are used. To assess the state dynam-
ics, discriminant analysis is used, which allows to determine
informative indicators for end-to-end control and to decide
what class of fitness the pupil belongs to based on discrimi-
nant functions.

As an example, let us consider the results of factor and
discriminant analyses as a methodological basis for peda-
gogical control of motor and functional fitness of girls aged
12-14.

The analysis of test results revealed that the girls aged
12-14 show a positive statistically significant dynamics in the
following tests: Test 2 Shuttle run 4x9 m (sec), Test 3 Push-ups
(times), Test 4 Pull-ups (times), Test 6 Standing long jump
(cm). The girls aged 12-14 show a consistent statistically sig-
nificant dynamics of results in functional tests, the girls aged
14 are evaluated as healthy trained. With age, the results in dif-
ferentiation of spatial characteristics of movement statistically
significantly deteriorate (Test 1 “Extra distance jumps, times”).

In the factor model of motor and functional fitness of
the girls aged 12, the priority components are functional fit-
ness of respiratory and cardiovascular systems, coordination
and strength fitness, speed and strength fitness; for the girls
aged 13 - coordination and strength fitness, functional fitness
of respiratory and cardiovascular systems, differentiation of
spatial characteristics of movement; for the girls aged 14 -
functional fitness of respiratory and cardiovascular systems,
strength fitness, strength endurance.

For pedagogical control of motor and functional fitness
of the girls aged 12-14, the most informative tests are the
following:
for the girls aged 12: Serkin test (sec) (0.854), Shuttle
run 4x9 m (sec) (0.833), Genchi test (sec) (0.814),
Push-ups (times) (0.762);
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Table 6. Canonical discriminant function. Eigenvalues.
Girls aged 12-14 years

. . % of explained Cumulative Canonical
Function Eigenvalues

dispersion % correlation
1 11.447 86.8 86.8 .959
2 1.736 13.2 100.0 797

o for the girls aged 13: Bent arm hang (sec) (0.967),
Extra distance jumps (times) (0.964), Serkin test
(sec) (0.928), Stange test (sec) (0.927);

for the girls aged 14: Extra distance jumps (times)
(0.959), Standing long jump (cm); (0.959), Genchi
test (sec) (0.945), Stange test (sec) (0.938).

To clarify the possibility of assessing the state of motor
and functional fitness of the girls aged 12-14, a discriminant
analysis was conducted (see Table 6).

The first canonical function explains 86.8 % of the results
variation, the second 13.2 %, which shows their high inform-
ative value. Verification of the functions indicates statistical
significance for both the entire set and after excluding the
first function (p < 0.001; 1 , = 0.029; A, = 0.365).

Table 7 shows standardized canonical discriminant func-
tion coeflicients that allow to determine the ratio of contri-
bution of the variables to the function result. Variables of
Tests 2, 1, and 6 make the greatest contribution to the first
canonical function: the larger the values of these variables,
the larger the value of the function. Variables of Tests 5, 4,
and 8 contribute most to the second canonical function: the
larger the values of these variables, the larger the value of the
function. The first function explains 86.8% (p < 0.001) of the
results variation, the second function 13.2% (p < 0.001). The
above shows that it is possible to classify age differences of the
girls aged 12-14 based on functional, strength, and coordina-
tion fitness tests.

Table 7 shows structure coefficients of the first canoni-
cal discriminant function, which are the coefficients of cor-
relation between the variables and the function. Thus, the
function is most closely connected with variables in Tests 2,
6, 7, 1: hence, a significant difference between the girls aged
12 and 13-14 is observed in the development level of motor
coordination, speed strength, and the Stange test results. The
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Table 7. Results of discriminant analysis of the level of functional and motor fitness of girls aged 12-14

N Test Standardized Structure coefficients Function coefficients for
coeflicients classification of girls
Function Function Age
1 2 1 2 12 13 14

1 Extra distance jumps (times) 420 .354 .306 .001 9.618 5.922 6.249
2 Shuttle run 4x9 m (sec) .697 453 514 334 60.009 51.143 51.224
3 Push-ups (times) 311 .557 -.177 .071 2.945 2.452 2.638
4 Pull-ups (times) 324 -1.046 -.079 -.191 -4.892 -4.591 -6.787
5 Bent arm hang (sec) -.006 .988 -.125 .503 -.121 -.367 -.019
6 Standing long jump (cm) -.837 136 -.465 205 1.522 1.941 2.138
7  Stange test (sec) -.342 -.116 -.310 -.072 .626 .801 826
8 Genchi test (sec) -.370 .658 -.265 115 375 442 .754
9 Serkin test (sec) -214 .086

(Constant)

-573.744  -516.379  -567.189

Table 8. Results of group classification. Girls aged 12-14 years

Results of group classification

Functions at group centroids

Classifier (age, years) Predicted group membership Age, years Function
(age, years)
12 13 14 1 2
12 31 0 0 12 4.260 406
Frequency 13 0 24 2 13 -1.416 -1.870
14 0 1 27 14 -3.401 1.287
Original
12 100.0 .0 0
% 13 .0 92.3 7.7
14 .0 3.6 96.4

structure coefficients of the second canonical discriminant
function indicate that the function is most closely connected
with variables of Tests 5 and 4. Hence, a significant difference
between the girls aged 13 and 14 is observed in the develop-
ment level of static and relative strength of arm muscles.

Table 8 shows the results of classification of groups, 96.5%
of the original grouped observations were classified correctly.
Thus, the canonical discriminant function can be used to
classify age peculiarities of functional and motor fitness of
the girls aged 12-14. The obtained centroid coordinates for
the three groups allow to interpret the canonical function in
terms of the role in classification. At the positive pole, there is
a centroid for the girls aged 12, at the negative one a centroid
for the girls aged 13 and 14, which reveals a significant differ-
ence in the fitness level of the girls aged 12-14 years.

The graphic material (see Fig. 3) shows the density of
objects in each class and a distinct boundary between the
classes, which indicates the possibility of classifying the girls
aged 12-14 years using the above-mentioned battery of tests.
Table 7 shows function coefficients for classifying the girls
aged 12-14 by their level of functional and motor fitness.

The study’s findings point to the need for structural and
functional analysis of children’s motor fitness. The performed
analysis confirms that the girls aged 12 can be separated from
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Fig. 3. Canonical discriminant functions. Graphic
representation of the results of classification of girls aged
12-14 years: = — centroids for groups of girls 12 (7), 13(8),

14(9) years
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Table 9. Canonical discriminant function. Eigenvalues.
Girls aged 11-13 years

. . % of explained Cumulative Canonical
Function Eigenvalues

dispersion % correlation
1 5.430 76.7 76.7 919
2 1.645 23.3 100.0 .789

Table 10. Canonical discriminant function. Wilks’ lambda.
Girls aged 11-13 years

Function Wilks’lambda Chi-square Degreesof p
verification freedom
Big 1 mo 2 .059 437.819 44 .000
2 378 150.297 21 .000
Table 11. Canonical discriminant function coefficients.
Girls aged 11-13 years
Structure
coefficients
No Measurement function
1 2
1 Height (cm) 444 -.022
2 Body weight (kg) 262 -.011
3 Vital lung capacity (cm3) .258 -.056
4 Handgrip strength, right hand (kg) 316 -.080
5 Handgrip strength, left hand (kg) 268 -.130
6 Push-ups (times) 222 -.092
7  Lying pull-ups (times) 436 -.085
8 Hanging leg raise (times) 213 .049
9  L-sit on parallel bars (sec) -.070 -.200
10 One minute sit-ups (times) .298 -.234
11 Seated forward bend, legs apart (cm) -.017 362
12 Bent arm hang (sec) .390 .050
13 Trunk lift in 30 sec (times) 405 =271
14 Standing long jump (cm) .369 .343
15 Throwing a stuffed ball (1 kg) from a 519 243
sitting position (cm)
16 Shuttle run 4x9 m (sec) -.231 249
17 Forward roll (level of proficiency) .198 -.052
18 Backward roll (level of proficiency) .260 -.162
19 Vault (level of proficiency) .288 -.023
20 Rope climbing in three steps (level of 224 -.078
proficiency)
21 Bridge stand (level of proficiency) -.016 -.109
22 Inverted shoulder stand (level of .249 -.300
proficiency)

those aged 13 and 14 years using the above-mentioned set of
suggested variables with emphasis on functional tests and
results of speed and strength fitness.

Motor abilities development in children is considered
from the standpoint of improving the educational process
effectiveness. Strength development in schoolchildren, in
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contrast to elite sports, is viewed as a necessary condition
for improving the process of teaching and motor abilities
development.

The effectiveness of strength development is significantly
influenced by strength exercises modes, as well as the interac-
tion of training effects. Strength development programming
is based on the assessment of training effects and determina-
tion of the optimal number of strength training sessions.

The study made an assumption that the system of children’s
physical education has a hierarchical structure where motor
abilities development is subordinated to the process of motor
skills formation. To accept this hypothesis, the study classified
motor fitness of the girls aged 11-13 years, taking into account
the level of proficiency in physical exercises (see Table 9).

The first canonical function explains 76.7 % of the results
variation, the second one 23.3 %, which indicates a high in-
formative value of the first and second canonical functions
(r,=0.919; 7, =0.789) (see Table 9). Table 10 presents materi-
al of the analysis of canonical functions. The first line contains
the value A = 0.059 and the statistical significance p = 0.001 for
the entire set of canonical functions; the second line contains
data after excluding the first function (A = 0.378; p = 0.001).
The first and second functions have a high discriminative
ability and value in interpreting the general population.

The standardized canonical discriminant function co-
efficients indicate that the greatest contribution to the first
canonical function is made by variables that characterize
physical development, dynamic and static relative strength.
The largest contribution to the second canonical function
is made by variables that characterize speed, dynamic and
static strength, motor coordination, the level of proficiency
in acrobatic exercises.

The structure coefficients of the first discriminant func-
tion show that the function is most closely connected with
variables that characterize physical development, speed, dy-
namic and static strength, the level of proficiency in physi-
cal exercises. The structure coefficients of the second dis-
criminant function show that the function is most closely

0,01

Function 2

Function 1

Fig. 4. Canonical discriminant functions. Graphic
representation of the results of classification of motor fitness
of girls aged 11-13 years, taking into account the level of
proficiency in physical exercises: = — centroids for groups 11,
12, 13 years
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Strength development

« strength of shoulder
muscles
strength of back
muscles
strength of abdominal
muscles
strength of leg

muscles

Motor abilities development

motor

coordination « acrobatic
agility exercises
endurance « vaulting

flexibility

Motor skills formation

rope climbing

Fig. 5. Scheme of motor abilities development and motor skills formation in girls aged 11-13 years

connected with flexibility and the level of proficiency in In-
verted shoulder stand (Table 11).

In the classification of motor fitness results of the girls aged
11-13, taking into account the level of proficiency in physical
exercises, 95.8% of the original grouped observations are cor-
rectly classified. Thus, the canonical discriminant function can
be used to determine the peculiarities of managing the process
of teaching and motor abilities development in children.

The graphic material given in Fig. 4 shows the density
of objects in each class and a distinct boundary between the
classes. At the positive pole of the first function, there are cen-
troids of the state of the girls aged 13, at the negative one cen-
troids of the state of the girls aged 11. This suggests that the
classification of motor fitness of girls aged 11-13, taking into
account the level of proficiency in physical exercises makes it
possible to consider the system of children’s physical educa-
tion as a hierarchical system where motor abilities develop-
ment is subordinated to the process of motor skills formation.

The findings characterize development links and show
that children’s physical education has a hierarchical structure
where motor abilities development is subordinated to the
process of motor skills formation: strength development -
development of motor coordination, agility, endurance, and
flexibility — motor skills formation (Fig. 5).

Discussion

The paper assumed that the research program in mod-
eling schoolchildren’s physical education involves the de-
velopment of factor, discriminant, and regression models
to obtain new information for planning and managing the
processes of teaching physical exercises, motor abilities de-
velopment, and pedagogical control in physical education of
schoolchildren.

With regard to biological and natural objects and pro-
cesses, the models should include the characteristics of the
environment itself (Lopatiev, Pityn, & Demichkovskyi, 2017)
and the influence and typical response of the system to per-
turbation (Lopatiev, et al., 2017).

The findings clarify the conceptual approaches to experi-
ment planning in studying the learning process effectiveness
and the development of learning models in children (Ivash-
chenko, 2016);; regression models provide an opportunity to
choose the best option for teaching every exercise and sup-
plement the conclusions on the effectiveness of using FFE in
physical education and sport research (Khudolii, et al., 2016;
Khudoli, Ivashchenko, & Chernenko, 2015).

The findings supplement the data on the use of factor
and discriminant analyses in determining the structure of
motor fitness of children and adolescents (de Bruijn, G.-J., &
Gardner, B., 2011; Dorita Du Toit, Anita E. Pienaar, & Leani
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Truter, 2011). Similarly to papers by Geoftrey D. Broadhead
And Gabie E. Church (1982), we observed a high predictive
ability of factor analysis in determining the model and in-
formative indicators of schoolchildren’s motor fitness.

The data obtained testify to a sufficient effectiveness of a
discriminant function in assessing training effects of strength
loads in children and add up to the results of research on age
peculiarities of strength development in children and adoles-
cents (Ivashchenko, & Cieslicka, 2016).

These findings supplement those of Xu, X., & Ke, E
(2014) about the influence of physical peculiarities on mo-
tor skills formation in elementary-school-aged children, and
those of Khudolii, Ivashchenko, and Chernenko (2015), Kap-
kan, Khudolii, and Bartik (2019) about the factors that influ-
ence the effectiveness of teaching gymnastic exercises.

The performed discriminant analysis allowed to consider
motor abilities development and teaching as a whole. The
analysis of standardized and structure canonical discrimi-
nant function coefficients made it possible to define the role
of any given indicator in the structure of the process under
study, which points to the necessity of using multidimension-
al methods of mathematical statistics to study the regularities
of physical education of children and adolescents.

Thus, the research program includes:

o determination of an object, subject of study,

formulation of research hypothesis;

«  setting of the following procedural tasks:

o developmentofastructuralmodel of schoolchildren’s
motor fitness separately for each class;

o development of a discriminant model of motor
fitness of elementary, middle, and high school
students;

o development of regression and discriminant models of
motor abilities development separately for each class;

o development of regression and discriminant models
of teaching physical exercises to elementary, middle,
and high school students;

o organization and performance of a pedagogical
experiment.

Conclusions

Modeling is an effective tool for studying the regularities
of motor training and for developing physical education pro-
grams for children and adolescents. The research program of
modeling schoolchildren’s physical education includes the
development of factor, discriminant, and regression mod-
els to obtain new information for planning and managing
the processes of teaching physical exercises, motor abilities
development, and pedagogical control in schoolchildren’s
physical education.
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In the program of modeling schoolchildren’s physical
education, initial data, study object, research methods must
meet the following conditions: parametrical description
(formulation of tasks, consideration of physical components,
analysis of coefficients); initial data (information potential,
reliability, accuracy, quantity); methods (similarity, accura-
cy, implementation time, coincidence with control criteria).
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MPOrPAMA AOCNIAXKEHHA: MOAENIOBAHHA NMPOLECY
PO3BUTKY PYXOBUX 3AIBHOCTE | HABYAHHA LWKOJNIAPIB

Omnpra IBamenko!

'XapkiBcpKnit HallioHanbHMI Nefaroriynmii yHiBepcutet imeni I.C. CkoBoponn

Pedepar. Crarrs: 10 c., 11 Tabm., 5 puc., 23 mKepena.

Merta focmiipKeHHsS — BU3HAYUTH METOJO-
JIOTi4YHi HiAX0mY 10 pO3pOOKM IporpaMu JOCIIKEHHA Y MO-
Ie/II0BaHHI IIPOLleCy HaBYaHH:A (i3sUYHVX BIPaB, PO3BUTKY
PYXOBUX 3[iOHOCTEI! i IeFaroriYHOro KOHTPOJIIO y Pi3NIHO-
My BUXOBaHHi IIKO/APIB.

Marepianu i MeToau. 3aranbHa KilbKiCTb Y4HiB OXOII-
JIeHMX eKcIepuMeHTOM: 6-10 pokiB — 465 (240 xmom4mKiB
Ta 225 giByarok); 11-13 pokiB - 430 yuHiB (205 x1omnuis
Ta 225 piBuar); 14-16 pokis — 221 yuenp (122 xmomnuis Ta
99 piByaT). I/ JOCATHEHHS ITOCTABJIEHOI METH y poborti
Oy/Iu BUKOPUCTaHi Taki MeTOAV TOCTII)KEHH: MOJIeIIOBaH-
Hs, CUCTEMHMI TifIXiJj, METOAM T€OPETUYHOIO aHali3y Ta
y3arajibHeHHS; ITeflaroTiYHe TeCTyBaHH:A, METOY PeecTpaliii
CTaHy JMXa/IbHOI CUCTEMM, CIIOCTEPEXKEHHS 1 IelarOriuHmii
eKCIIePUMEHT; METOAM MaTeMaTUYHOTO aHaIi3y (JorictiyHa
i acumnroryyHa QyHKIII); MaTeMaTMYHi METORM ITAHYBaH-
Hs1 6araTo(PaKTOPHMX eKCIepPUMEHTIB. 3iiicHIOBaBCsA (ak-
TOPHMI, JMCKPUMIHAHTHII i perpeciiiHmii aHasis.

Pesynpratu. IIporpama pocnifiKeHHA MOJENI0OBAHHSA
mpotecy ¢$i3sMIHOr0 BUXOBAHHS IIKO/LIPIB BKIIOYAE B cebe

PO3po6Ky PakTOpHMX, AMCKPUMIHAHTHUX i perpeciiiHux
MofiesIeit Ajist OTpUMaHHs HOBOI iHdopMaii A/Is IaHyBaH-
HA | ynpaBiiHHA IpoLiecamy HaBYaHHA (i3sMYHMX BIPaB,
PO3BUTKY PYXOBUX 37ji6HOCTeI i 3A1/ICHEHHSI IIearOriYHOTO
KOHTPOJIIO y (i3NYHOMY BMXOBaHH] IIKOJIAPIB.

BucHoBku. Meton MogmentoBaHHs € eQeKTUBHUM iH-
CTPYMEHTOM [I/I1 BUBYEHHA 3aKOHOMiPHOCTEN NPOIIECY Py-
XOBOI IIATOTOBKY Ta po3poOKu mporpaM ¢isMuHOro BUXO-
BaHHSA JiTeN i mimIiTKiB.

Y no6ynoBi nmporpamMm MOJeN0BaHHA Ipolecy ¢isuy-
HOTO BMXOBaHHsI IIKO/MAPIB BXifHa iHdopMaliis, 06’eKT f0-
CITiI>KeHHs, METOAM OOCTiIKeHHS MOBUHHI 3aJOBOIbHATH
TaKMM yMOBaM: IapaMeTpu4Huit onuc (popMynroBaHHs
3aBJJaHb, BpaxyBaHHs (I3NYHNUX CKIA/JOBUX, aHA/I3 Koedi-
nienTiB); BXipHi gaHi (iHpopMaTUBHICTD, HaAiliHICTD, TOY-
HICTb, KiNbKICTD); MeTOAM (36DKHICTD, TOUHICTBD, Yac pearti-
3allil, y3rofKeHHs TOYHOCTI 3 KPUTEePiAMM KePYBaHHA).

KinrouoBi cmoBa: ¢isnyHe BUXOBaHHS, FiTH, MifTITKH,
HaBYaHHS, MOJIE/TIOBAHHSI.
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AHoTanis

MerTa BOCTiIKeHH — OOrPYHTYBAaTH PEXVMY YepPryBaHHS BUKOHAHHA (i3MYHNUX BIIPaB Ta iHTepBasIiB
Bi/IIIOYNMHKY Y IIpOIleci HABYAHHA Cepili 3aBaHb, CIPAMOBAHNX Ha GOPMYBaHH:A PYXOBYX HAaBUYOK y

xyonuis 15 pokis.

Marepianu i MeTopu. Y mocnifikeHHi B35 ydacTb 40 xtomuis 15 pokis. ity Ta ixHi 6aTbku 6ynn iH-
¢dbopmoBaHi Ipo Bci 0cOOMMBOCTI HOCIIIKEHHA 1 a/Iu 3TOly Ha y4acTh B eKCIepuMeHTi. [I1s BupileHHsa
HOCTaBJ/ICHNUX 3aBJJaHb OY/IM BUKOPMCTaHI METOAM HOCTI/KEHHA: BUBYCHHS Ta aHAJIi3 HAYKOBO-MEeTORNY-
HOI JliTepaTypy; IefaroridyHe CHOCTePeXXeHHA, XPOHOMETPaXX HAaBYA/IbHIX 3aB/IaHb; IIeJaroriyHmuil exc-
TIepYMEHT, METOAM MaTeMaTUYHOI CTaTUCTUKM, METOAY MaTeMaTUYHOTO II/TAHYBaHH:A eKCIIEpUMEHTY. Y
TIpoleci HaBYaHHA BUKOPYCTOBYBABCS METOJ] A/ITOPUTMIUHUX PO3IIOPATKEHb.

PesynpraTu. Y HocCmifi)keHHi BCTAHOBJIEHO, 1[0 e(heKTUBHICTb 3aCBOEHHS Cepill HABYa/IbHIX 3aBJaHb 3a-
JIEXKUTD BiJl pEXMMY YepryBaHHA BMKOHAHHS BIPAB Ta iHTEPBa/IiB BiO4MHKY. PesynbraTu gucnepciii-
HOTO aHaJli3y Ta perpeciiiHux Mofie/ieN CBif9arh, 0 B /liala3oHi 6—12 MOBTOPEHD BIIPAaBU 3 iHTEPBaTaMMU
BignounHKy 60-120 ¢ 3SHaXOAUTHCA ONTUMA/IbHII PEXXVMM BUKOHAHHA CePili HaBYa/IbHYX 3aB/laHb. Y 3a-
IIPOIIOHOBAHII MaTPHLi ITaHy PaKTOPHOTrO eKCIIePUMEHTY BUOpaHuiT KPOK BapiloBaHH: (aKTOpiB € Jo-
CTaTHIM JI/I1 BUBYEHH: BIUIMBY Pi3HUX PEeKMMIB BUKOHAHHA (i3VYHMX BIIPaB Ha eeKTVBHICTb HABYaHHA

JIiTel i miiTiTKiB.

BucnoBku. OnTuManbHUMM BapiaHTaMM YMOB HaBYaHHA CepisAM 3aB/laHb X/IONLIB 15 pOKiB Ha ypoKax
GbisnuHOI KynbTypH €: 1 cepist — 12 moBTOpeHD, iHTepBa BifmounHKy 60-120 ¢; 2 cepis — 12 MOBTOpeHb,
inTepBan Bignounuky 120 ¢; 3 cepis — 12 moBTOpeHD, iHTEepBan BignounHky 120 ¢; 4 cepis — 12 NOBTOpeHD,
inTepBan BigmounHKy 120 ¢; 5 cepia — 12 mOBTOpeHb, inTepBa BiimounHKy 60 ¢; 6 cepis — 12 MOBTOpEHbD,

iHTepBan Bifo4MHKY 60 c.

KnrouoBi croBa: X101, HaBYaHHsA, Qi3N4Hi BIIpaBy, IpOrpaMOBaHe HaBYAHHS, PEKMMIU BUKOHAHHS

BIIpaB.

Bctyn

3akoHOMipHOCTI (HOpPMYBaHHS PYXOBUX
HaBUYOK y HiTeN i HiITKIB PpOSINANAI0TLCA AK OCHOBA
npodeciiinol MaricTepHOCTI BunMTe/iB Pi3MUHOI KyIbTypU
(Rink, Jones, Kirby, Mitchell, & Doutis, 2007; Wright, 1999;
Ivashchenko, 2016).

Ha edexTuBHicTD QopMyBaHHA PYXOBUX HaBUYOK
BIUIMBAIOTh PEXMMI 4YePryBaHHA IIOBTOPEHHSA BIIPaB Ta
inTeppanis Bigmounuky (Chernenko, 2015; Ivashchenko,
Iermakov, Khudolii, Yermakova, Cie$licka, & Harkusha,

©  Oner Xynomniit, Onena Kankan, Cepriit [apxyma, Cpitana
Mapuenko, Bixtopisa Bepemeenxo, 2020.

2018; Ivashchenko, 2017). HaBaHTa)keHHS MOXYTb SIK CTH-
MY/IIOBATH, TaK i HETaTMBHO BIUIMBATM Ha ITi3HABa/IbHY [i-
SIBHICTD 1 GOpMyBaHHA PyXOBUX HaBUYOK Y fiTelt (Samuel,
Zavdy, Levav, Reuveny, Katz, & Dubnov-Raz, 2017; Balaban,
2018). EdexTUBHUM METOLOM PO3PaXyYHKY ONTUMAaIbHNUX
PeXMMIB YepryBaHHs (pisMIHMX BIIPaB Ta IHTEPBAIIB BifIo-
YMHKY Ha YPOKaX QisWIHOI KYIBTYPU € perpeciitamit anamis,
BUKOHAHMII HA OCHOBi JaHNX MOBHOTO (PaKTOPHOTO eKCIle-
pumenty tumy 2* (Ivashchenko, 2016; Kapkan, Khudolii, &
Bartik, 2019).

KoHIlen11is mefarorivHOro eKCepuMeHTy Y AOCTi/[KeH-
Hi pouecy GpopMyBaHHA PYXOBMX HaBUYOK OOIPYHTOBa-
Ha y po6orax Khudolii and Ivashchenko (2014), Lopatiev,
Ivashchenko, Khudolii, Pjanylo, Chernenko and Yermakova
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(2017). BusHaueHO edeKTUBHICTD MIaHIB (PaKTOPHUX eKC-
HePUMEHTIB y po3poO1li Mofienieit IpoLecy HaBYaHHs AiTeit
i mimritkis. Ha BaXxnMuBicTh MOjie/TIOBaHHS B ITi3HaBaJIb-
Hill #ismbHOCTI fiTeil BKasyoTh pobotu Acher, Arca and
Sanmarti (2007), Chatzipanteli, Digelidis, Karatzoglidis and
Dean (2016). Ha nymxy Garcia-Moya, Moreno and Jiménez-
Iglesias (2012), Wang, Karns, & Meredith (2003) Bukopu-
CTAaHHA IUIaHiB (aKTOPHUX eKCIIEPUMEHTIB Y JOCIiKeH-
HAX 13 3a/Iy4eHHAM IIIITKIB Ta JiTell CIpusAE OTPYMAHHIO
06’extuBHOI iHpOpMaLil Ipo AuHAMIKY (GisUIHOTO pO3BUT-
Ky. [IpaBOMipHICTP BUKOPMCTaHHA MOBHOTO (PaKTOPHOTO
ekcriepuMeHTy Tuiry 2k mifTBepmkyerbea sanumu Correa,
Grima, and Tort-Martorell (2009, 2012), Kapkan, Khudolii
and Bartik (2018, 2019).

OpHak, 3a/MIIAI0TbCA MAIo JOCTiKEHNMY PeXUMU
BUKOHAHH: (i3MYHNX BIIPAB B IIPOLIeCi OBOJIOAIHHS CepisiMu
HaBYa/IbHYX 3aBJaHb B paMKaX IIPOrPaMOBAaHOTO HaBYaHHA,
TOTATKOBUX HOCTiIKeHb IOTpebye mpobneMa yIpaBiHHA
HaBYa/IbHMM IIPOLIECOM IIKOIAPIB.

Mema Oocnidxcenns — OOIPYHTYBATH PeXUMU 4Yepry-
BaHHs BMKOHAHHs (i3MYHUX BIPaAB Ta iHTepBasiB Bifrmo-
YMHKY Yy IPOLeCi HABYaHHA Cepiif 3aB/laHb, CIPAMOBaHMX Ha
($bopMyBaHHA PyXOBMX HaBIYOK Y X/IOIILIB 15 POKiB.

Marepianu i meTogn

YyacHuKu 00C/ioxeHHS

Y nocnimxkenni B3sanm ydacTb 40 xmonuis 15 pokis. [itu
Ta ixHi 6aTbky Oynu iHpopMOBaHi Ipo Bci 0cO6MMBOCTI HO-
CIIJPKEHHA 1 ja/In 3TOJy Ha y4acTh B €KCIIEPUMEHTI.

OpeaHizauis 00C1ioxeHHA

[l BupillleHHS NTOCTaB/IeHMX 3aBIaHb OY/IM BUKOPU-
CTaHi METOAM JOC/i/PKEHHA: BUBYEHHA Ta aHajli3 HayKo-
BO-METOAMYHOI JIiTepaTypu; Melaroriyte CIoCTepeXeHH,
XpOHOMETPa)K HaBYa/JIbHUX 3aBJaHb; NEJarOTiYHMII €KCIIe-
PUMEHT, METOJY MaTEMaTUYHOI CTaTUCTUKM, METOMM MaTe-
MaTUYHOTO I/IAHYBaHH:A eKCIIEPUMEHTY.

Y mponeci HaBYaHHA BUKOPUCTOBYBaBCSA METO[| ajl-
TOPUTMIYHUX po3nOpAMXKeHb. IIporpamMa HaBYaHHA CTiil-
KJ CMJIOK Ha TOJIOBi 1 pyKax BK/IIOYa/la cepil HaBYaJAbHUX
3aBJIaHHD.

Ilepma cepisi HaBYa/NIbHUX 3aBJAHb — BIPABU [
PO3BUTKY PYXOBUX 3[i6HOCTEIL:

3 YIIOPY CTOSIYM 3iTHYBIIMCH CIIMHOIO [I0 TiIMHACTHY -
HOI CTiHKM II€PENTH Y BUC IPOTHYBILNCD;

3 YIIOPY JIeXKaul 3TMHAHHSA PYK 31 STMHAHHAM Hir y
KOTMiHHOMY cyr71061i (5 pasis 3a 5-6 ¢).

Jlpyra cepid HaBYa/JIbHMX 3aBJaHb — BUXiJHi i KiHIeBi
MOJIOXKEHH:

3 yIOpPY IPUCIBIIN HAXWINTUCS BIEpef, 00IepTucs
TOJI0BOIO 00 KVWJIVM Ha PO3MITKY J1 piBHOMIpHO IIe-
penaTyu Macy Tila Ha TOJIOBY i PYKM.

TpeTs cepist HaBYAIBHIIX 3aBJJAHD — il 6€3 KX HEMOX-

JIMBO BUKOHATH BIIPABY:
3 YIOPY IPUCIBIIN NPUITHATY BUXiJJHE ITOJIOKEHHA
IJIs BUKOHAHHA CTiMIKVM Ha TOJIOBI i pyKaX; BUIIPS-
MWUTM HOTY, IIEPENTU B CTilIKy Ha rOJNOBI i pyKax 3
3irHYTUMI HOTaMMU.

TM®B, 2020, Tom 20, N2 1

43

YeTBepTa cepisl HABYA/IbHUX 3aBIaHb — HABYAHHA YMiH-
HIO YIIPaBJIATY PyXaMMU:

B yIIOpi Ha KOJIiHaX 3IVMHAHHA 11 PO3TMHAHHA PYK (5
pasiB)3a3i5c¢;

3TMHAHHA 1l POSTMHAHHA PYK B YIOPi CTOAYM 3i-
THYBIINCD (3 pasu) 3a 5 c.

IT’siTa cepist HaBYa/IbHMX 3aBAAHDb — OKpeMi YaCTMHI Iii-
JIbOBOI BIIPAaBM 1 NifBiJHI BIIPaBU:

CTiliKa Ha rOJIOBi i pyKax 3 OHOpo 06 CTiHKY criu-
HOIO 71 HOraMI 3 JJOTIOMOTOIO0.

IMocra cepiA HaBYaNbHMX 3aBJaHb — BUKOHAHHSA BIIpa-
BU B LIiIOMY:

CTiliKa Ha rOJIOBi i pyKax 3 OIOpOI 06 CTiHKY cIu-
HOIO J1 HOTaMM CaMOCTIITHO;
CTiJIKa Ha TOJIOBi i PyKax CaMOCTiITHO.

INepexiz Mo HacTYNMHOI BIIPaBM 3[IilICHIOBABCA 32 YMOBHU
BipHOTO BMKOHAHHA IONIE€PENHBOI BIIPABM B TPHOX IOCIi/Ib
cipobax. dikcyBanacs KiIbKiCTh MOBTOPeHb HEOOXiTHUX
Ha HaBYaHHS BIPaB KOXKHOI cepii HaBuanbHuX 3aBaaHb (Y).
PiBeHp HaBYeHOCTI Qi3NYHMX BIIpaB BU3HAYABCA a/bTepHA-
TUBHMM METOIOM: «BMKOHaB» ab0 «He BIKOHaB». 3a TeXHi4-
HO BipHe BMKOHAHHA BIIPaBU y4YHi OTpUMYyBanu «1»; 3a He-
BMKOHAHH:A BIIPaBY y IPOTOKOJ 3aHOCUBCA pe3ynpTar «0».

JIna BUpilIEHHA IOCTABIE€HOI METU BUBYABCsA BIINB
Pi3HMX BapiaHTiB BUKOHaHH:A BIIPaB, a caMe: KiJIbKOCTI I10-
BTOpeHb (x,) Ta iHTepBaiB BiAMOYMHKY (X,) HAa 3aCBOEHHS
TeXHiKV BUKOHAHHA CTiMIKM CUJIOI0 Ha TOJIOBi i pyKax. XJIoI-
i 15 pokiB 6ynu HOfiNeHi Ha YOTUPY TPYNH, 3TiFHO IIaHY
€KCIIepUMEHTY. BiMiHHOCTI MiX TpylIaMy B METOAIMIII IIPO-
BeJleHHA 3aHATb AMKTYBAINCA YMOBaMU (HaKTOPHOTO eKC-
HePUMEHTY, sKi pefcraseni y Tabmuui 1. HiokHi 11 BepxHi
piBHi daxTopiB 6ym ob6pani Ha ocHoBi gaHux Khudolii &
Ivashchenko (2014), Ivashchenko (2016), Chernenko (2015),
a TAKOXX 0OMEXyBaJIVICA paMKaMU YPOKY.

Ta6mmus 1. IDtaH GpakTOPHOTrO eKCIepUMEHTY TUITy 2

Bapiantu Pexxnmu HaBYaHHA
BIKOHAHHA KinbkicTp InTepBan
BIIpas TOBTOpPeHb (x,) BiMOYMHKY; ¢ (x,)
1 6- 60-
2 12+ 60-
3 6- 120+
4 12+ 120+
CmamucmuyHul aHanis

Y po6oTi BUKOpKCTaHi METORMKM aHaJIi3y pe3y/bTaris
MaTeMaTHYHOTO IJIaHyBaHHA eKcnepuMeHTY Tuny I1OE 2k
(Khudolii & Ivashchenko, 2014; Ivashchenko, 2016).

[Tporokon pocnifkenHs 6yB 3aTBepmxennii ETraanm
KomiteToM yHiBepcurery. KpiMm Toro, mitu Ta ixui 6arbkn
a60 3aKOHHi omikyHu Oy/y MOBHicTIO iHpopMoBaHi mpo Bci
0COOMMBOCTI JOCTIIKEHHsI, a MiAMNCAHNIT JOKYMEHT IIPO
indopmoBaHy 3rofy 6y/10 OTPMMAHO Bif yCix 6aThbKiB.

Pesynbratn

Y tabmuui 2 HaBeneHi pesynbraru aHanisy IIQE 22,
AHasi3 piBHAHD perpecii J03BO/NINB BU3HAYNUTU:
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Ta6muus 2. Pesynpratn ananisy [IOE 22 Xnonui 15 pokis

Cepii HaByanpHMXx PiBHAHHA perpecii A1 KOFOBaHNX 3MiHHNMX

BigcoTKoBuii BHECOK Y IOCATHEHHA

3aBJJaHb ]_Ii}II)OBOI‘O MMOKa3HMKa

X, X, XX,
1 Y = 6,35 - 1,55x, 98 0 2
2 Y =7,05 - 1,45x, - 0,55x, 80 12 8
3 Y = 10,125 - 2,575x, - 1,125x,x, 1 82 16
4 Y =11,95-0,8x, - 2,2x, + 1,05x x, 10 73 17
5 Y =9,65 - 1,65x, + 1,3x x, 0 62 38
6 Y = 6,825 - 0,325x, + 0,525x X, 11 25 64

Y mepiuiit cepii HaBYa/NbHMX 3aBHaHb HaNOiMbIINIT
BIUIMB MA€ KiJIbKiCTb IIOBTOPEHb (xl). Ins migBuUIeHHSA
e(eKTMBHOCTI HaBYAHHS HEOOXiTHO 30IMbIINTU KiIBKICTD
IIOBTOPEHD /10 12 pasis, iHTepBa/l BiJIIOYMHKY MOXKEe KO-
BaTmcs Big 60 go 120 c.

Y mpyriii cepii HaBYa/IbHVIX 3aBJaHb HAIOLIBIINII BIIMB
mae daxrop «KinbKicTh moBTOpeHb» (X,), 3HAYHO MEHIIe
BIUIMBAE iHTEPBa/ BiIIOYMHKY (xz) Ta B3aEMOJif KiJIbKOCTi
IIOBTOPEHbD J1 IHTEPBa/y BiJIIOYNHKY (xlxz). Ilns migBuIeH-
Hs1 e(eKTUBHOCTI HABYAHHs HeOoOXigHO 36inMbIINTH iHTEp-
BaJI BiiMO4MHKY 10 120 ¢ i KiZbKiCTh IIOBTOPEHD 1O 12 pasis.

Y Tperiit cepii HaBYa/IbHYX 3aBIAHD HANOUIBIINIT BIVINB
Ma€ iHTepBa/ BiIIOYMHKY (xz), 3HAUHO MEHIIIE — B3aEMOJIis
KiZIbKOCTi IOBTOPEHb i iHTepBaTy BiMOYMHKY (X,X,) Ta TyKe
Manmuit — KinbKicTb mosTopensd (x,). Ina minsuiienns edex-
TUBHOCTI HaBYaHHA HEOOXigHO 301IbIINTY KiTbKiCTh IIOBTO-
penb 110 12 pasiB i 36impumTY iHTEpBa BigmounHky fo 120 c.

Y gerBepTiil cepil HaBYa/NbHMX 3aBJIaHb HANOIMbIINI
BI/IMB MA€ TPUBAMICTD iHTepBay BiAMOYNHKY (X,), APyTHit
3a 3HAYYIICTIO BIUIMB Ma€ B3a€MOJliA KiIbKOCTi IOBTOPEHb
i1 iHTepBaTy BigMOYMHKY (X X,), TpeTiil — KinbKicTh MOBTO-
penb (x,). [lnsa migsuiienss eQpeKTMBHOCTI HABYaHHA HEO6-
XiZHO 301IBIINTH KiIBKICTh ITOBTOPEHD 10 12 pasiB i 36i/b-
HWINTY iHTepBal Biflo4nHKy 50 120 c.

Y ’siivh cepii HaBYAIbHUX 3aBjaHb HAlO1IBIINIT BIUTMB
Ma€ iHTepBaJl BiIIOYMHKY (xz), MeHIIle — B3aEMOJis Ki/lb-
KOCTi HOBTOpeHb J1 iHTepBany BignounHky (x x,). Hns mig-
BuIlleHHs e(eKTMBHOCTI HaBYaHHA HEOOXifHO 301IbLIINTI
KiJIbKiCTb IIOBTOPEHD [0 12 pasiB i SMEHIIUTY iHTEPBAJI Bijl-
MOYMHKY J10 60 c.

Y mrocriit cepii HaB4Ya/NTbPHMX 3aBJAaHb HAOLIbIIE BIUIN-
Ba€ B3A€EMOJlif KiIbKOCTI IIOBTOPEHb 11 iHTEPBa/y BIiJIIO-
4MHKY (X, X,), IPYTHil 33 3HAUYNIiCTIO BIUIMB — iHTepBam
BiJJIIOYMHKY (xz), He3HAYHUI1 BIUIMB — KiJIbKiCTb IIOBTOPEHDb
(x,). Ina migsumenns edeKTMBHOCTI HABYAHHA HEOOXi[HO
361IPIINTY KiNMBbKICTh HOBTOPEHD 10 12 pasiB i 3MeHIINTH
iHTepBan Bigmo4nHky o 60 c.

Hucriepciiinnit aHali3 IIOKa3aB:

y HepIiit cepii HaBYaIbHMX 3aB/laHb Ha IIPOIEC Ha-
BYAHHSA Halibinbiie BrmBae mepmmit paxkrop (x,),
IIpOLeHTHNUIT BHECOK 98 %, i B3aemopis 060x ¢ax-
TOpiB (X X,), IPOIEHTHNIT BHECOK 2 %;

y ApYTill cepii HaBYa/IbHKX 3aBJAHDb HA IIpoILleC Ha-
BYAHHSA Haibinbi BrMBae mepummit dakTop (x,),
nponeHTHUI BHecok 80 %, mpyruit pakTop (x,),
MIPOIIEHTHNUIT BHECOK 12 %, B3aemMopist 060x dakTo-
piB (xX,), mpolieHTHNIT BHECOK 8 %);
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y TpeTiii cepil HaBYa/IbHUX 3aBJaHb Ha IIPOLEC Ha-
BYAHHSA Hail6inbll Br/MBae Apyruit dpakrop (x,),
MIPOILIEHTHNUI BHECOK 82 %, a TAKOXK B3aEMOisI 060X
dbakropis (x,x,), HpoLleHTHMIT BHECOK 16 %, i TIep-
it pakTop (x,), MpOLEeHTHMIT BHECOK 2 %;
y 4eTBepTiit cepil HaBYa/JIbHUX 3aBJaHb Ha IIpoLieC
HaBYAHHA Hal6iMbII BIIMBAE APYTHit pakTop (x,),
IIPOLIEHTHUI BHECOK 73 %, a TAKO>K B3a€MOJis 060X
dakTopi (x,x,), nponenTHNI BHECOK 17 %, i mep-
it pakrop (x,), mpouenTHuit BHecok 10 %;
y IATIi cepil HaBYaIbHNX 3aBIaHb Ha NpoLeC Ha-
BYaHHA Hait6inble BMBae Apyruit dpakrop (x,),
IIPOLIEHTHUI BHECOK 62 %, a TAKO>K B3aEMOJisl 060X
daxropis (x x,), TPOLEHTHNIT BHECOK 38 %;
y IOCTi cepii HaBYa/IbHMX 3aBJjaHb Ha IIPOLIeC Ha-
BYAHHs HallOi/lbllle BI/IMBAE B3aEMOZiA 000X ¢ax-
TOpiB (xlxz), IIPOLIEHTHUIT BHECOK 64 %, a TaKOX
apyruit gaxrop (x,), MpOIEHTHMIT BHECOK 25 %, i
nepimit paxtop (x,), mporieHTHNI BHecok 11 %.

TakyM 4MHOM, ONTMMaJIbHVMM BapiaHTaMu yMOB Ha-
BYaHHs CePiAM 3aBJJaHb XJIOMNLIB 15 pOKiB €:

1 cepia — 12 NOBTOpPEHD, iHTepBa Bifnmounuky 60-120 c;

2 cepid — 12 noBTOpEHD, iHTEpBas BifiNoYMHKY 120 ¢;

3 cepia - 12 moBTOpEHD, iHTEpPBaN Bifno4nHKy 120 ¢;

4 cepig - 12 noBTOpEHD, iHTEpBas BifioYnHKY 120 ¢;

5 cepis - 12 IOBTOpEHD, iHTEpBa BiIIOYNHKY 60 ¢;

6 cepia — 12 moBTOpeHb, iHTEpBa BifiIIOYNHKY 60 C.

Avnckycia

Y pmocmimKeHHI Ipunyckanocs, mo eeKTUBHICTD 3a-
CBOEHHA Cepili HaBYa/IbHMX 3aBJIaHb 3aJIEXXUTD BiJl pEXXUMY
4YepryBaHHA BMKOHAHHSA BIIPaB Ta iHTEPBaJIiB BiJITIOYMHKY.
PesynbraTy gucnepciiHoro aHamnisy Ta perpeciiiHux Mopenei
CBifluaTb, 10 B Jiana3oHi 6—12 MOBTOpeHDb BIIpaBU 3 iHTep-
BaJlaMM BifimounHKy 60-120 ¢ 3HaXOAUTHCA ONTUMATbHUI
PeXMM BUKOHAHHA Cepili HaBYa/IbHUX 3aBJaHb. Y 3aIIPOIIO-
HOBaHIilt MaTpulli 1any GaKTOPHOTO eKCIEPUMEHTY BIOpa-
HIIJT KPOK BapioBaHHA (aKTOPIB € ZOCTATHIM I/Is1 BUBYEHHS
BIUIMBY PiSHMX PEXNMIB BUKOHaHHs (i3sMYHNX BIIpaB Ha
edeKTUBHICTh HABYAHHS J{iTeNl i miAiTKiB (Tabm. 1).

OTtpuMaHi pesynbTaTy po3INPIOIOTD i JOTIOBHIOIOTD AaHi:
1po edeKTUBHICTh BUKOPUCTAHHA IUIaHIB dax-
TOPHUX €KCIEPUMEHTIB Yy JOCTIPKEHHAX MPOLeCy
HaBYaHHA i PO3BUTKY PYXOBUX 3hiOHOCTeIT y -
teir i mignitkis (Khudolii, & Ivashchenko, 2014;
Ivashchenko, 2016);
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e IO Te, IO eKCIIePMMEHT TUIY 2% Ja€ 3MOTY JO-
cnigutn 6araTroakTOpHy CTPYKTYpy MpoLecy Ha-
BYAHHS IIKOJIAPIB 32 IPOrPAMOI0 a/ITOPUTMIYHUX
PO3NOPAIKEHD, YTOYHUTY ONTUMAJIbHI CIiBBiIHO-
mIeHHs (QaKTOpiB 1A IX BUKOPUCTAHHA Yy Iepiof
HaB4YaHHA (Pi3MYHMX BIpaB Mif 9ac ypokis ¢ismy-
Hoi Kynbrypu (Kapkan, Khudolii, & Bartik, 2018,
2019);

e IO Te, IO MiABMIIEHHS e()eKTUBHOCT] HABYATbHO-
IO IIPOLECY MOXK/IMBO Ha OCHOBI aHaJli3y perpeciii-
HUX MOJeNell, pO3paxXyHKy PeXMMIB 4epryBaHHsA
BUKOHAHHA (pi3MYHMX BIIPaB Ta iHTepBaiB BiffIIo-
YMHKY B IIpoleci pOpMyBaHHS PyXOBMX HaBUYOK
Ha ypokax (isyvHOI KyIbTypu IKOLAPiB 14-15 po-
kiB (Kapkan, 2015).

[TigTBepmxyioTh maHi Ivashchenko (2016) mpo Te, mo
MeTOJ] IOBHOTO (PAKTOPHOTO eKCIIePMMEHTY JJa€ MOKJIM-
BiCTb OTpMMAaTM MaTe€MaTUYHUI OINC IIPOLECY B JeAKil
JIOKa/IbHiiT 06/1acTi PaKTOPHOTO IPOCTOPY HABKOIO TOYKI
3 KOOpAMHATaMM 71-BUMipHOTO IIPOCTOPY Ta NPOBECTU Be-
pudikariiro perpeciitHoi MOferni; KO3BOJIsIE BUSHAYUTH edek-
TUBHICTD i HafiiiHiCTD IUTaHiB (PAKTOPHOTO eKCIEePMMEHTY
Ty 2* y BUSHaUYeHHi pe3y/nbTaTiB Ail pisHUX peXUMIB po-
60Ty Ha 3MiHY QYHKIIOHaJIbHOrO CTaHy AiTeil i 3JaTHOCTI
70 HaBYaHH:A PYyXiB.

Ha ngymky Garcia-Moya, Moreno, and Jiménez-Iglesias
(2012), Wang, Karns, and Meredith (2003) Buxopucras-
HA ITTaHIB (aKTOPHMUX eKCIEepPUMEHTIB Y HOCi/KeHHIX
i3 3a/y4yeHHAM IJITKIB Ta #iTell cnpuAe MiJBUILEHHIO
00’€KTMBHOCT] OLIiHKM IIOKasHMKIB IX po3BuTKy. EdexTnn-
HICTb BMKOPMCTAHHS MOBHOTO (PaKTOPHOTO eKCIEPUMEHTY

Jlitepatypa

Judith Rink, Laura Jones, Kym Kirby, Murray Mitchell, &
Panayiotis Doutis (2007). Teacher Perceptions of a
Physical Education Statewide Assessment Program.
Research Quarterly for Exercise and Sport, 78(3), 204-215.
https://doi.org/10.1080/02701367.2007.10599418

Wright Steven (1999). A compatative view of teaching practice
in Physical Education. International Sports Studies, 21(1),
55-68.

IBamenko, O.B. (2016). ModentosanHs npouecy ¢izuurozo 8u-
xoeamns wikonapie. Xapkis: OBC.

Chernenko, S.0. (2015). Effectieness of junior form pupils’
training of gymnastic exercises in different modes of their
fulfillment. Pedagogics, Psychology, Medical-Biological
Problems Of Physical Training And Sports, 19(8), 65-74.
https://doi.org/10.15561/18189172.2015.0809

Ivashchenko, O., Iermakov, S., Khudolii, O., Yermakova, T.,
Cieslicka, M., & Harkusha, S. (2018). Simulation of the
regularities of physical exercises learning process of boys
aged 8 years old. Pedagogics, Psychology, Medical-Biological
Problems of Physical Training and Sports, 22(1), 11-16.
https://doi.org/10.15561/18189172.2018.0102

Ivashchenko, O. (2017). Classification of 11-13 yrs girls’
motor fitness, considering level of physical exercises’
mastering. Pedagogics, Psychology, Medical-Biological
Problems of Physical Training and Sports, 21(2), 65-70.
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TUITY 2 06’ €KTUBHICTD OTPMMAHMX JJAaHUX Ha OCHOBI IlIa-
HiB ()aKTOPHOTO eKCIIePUMEHTY MiATBEPKYETbCA JAHUMMU
Correa et.al. (2009, 2012), Ivashchenko, Khudolii, Iermakov,
Chernenko, and Honcharenko (2018).

OTtpumaHni gani monoBHoIOTH Bimomocti Chernenko
(2015), Ivashchenko, Abdulkhalikova, & Cieélicka (2017),
Ivashchenko, Khudolii, lermakov, and Harkusha (2017) npo
Te, 110 YIIPaBJIiHHA IPOLIeCOM HaBYaHHA € Oinbin edexTuB-
HIUM, AKIIO pPeXXMMM HaBYaHHA BU3HAYAIOTHCA HA OCHOBI
perpeciiinnx Mogenein.

BucHoBKM

ExkcriepuMeHT THIy 2? HajaB 3MOTY JOCTifUTH Gararo-
(baKTOpHY CTPYKTYpY IpOL[eCy HaBYaHHs CTINIKU CIJIOK Ha
rojIoBi 1 pyKax xjonuis 15 pokiB 3a NporpaMoo ajaropur-
MiYHUX pO3NOPAIKEHb, YTOYHUTH ONTHMAJIbHI CHiBBiIHO-
nreHHA (pakTOpiB 1A IX BUKOPUCTAHHA y Iepiof HaBYaHHA
¢isuYHYX BIpaB Iif] Yac YPOKiB (PisN4HOI KYIbTYPH.

OnTuMmanbHMMM BapiaHTaMM yMOB HaBYaHHA cepisim
3aBIaHb X/IONLIB 15 pokiB Ha ypokax (isU4HOI KyIbTYpPH €:

1 cepis — 12 HOBTOpEHb, iHTepBa Bifnmounuky 60-120 ¢;

2 cepisg — 12 noBTOpEHD, iHTEpBas BiAmoYnHKY 120 ¢;

3 cepia - 12 noBTOpEHD, iHTEpBan BijnmounHKy 120 c;

4 cepis — 12 mOBTOpeHb, iHTepBan BignounHKy 120 ¢;

5 cepisa - 12 IOBTOpeHD, iHTEpBa BiJIIOYNHKY 60 ¢;

6 cepia — 12 moBTOpEHD, iHTEPBA BiflIIOYNHKY 60 C.

KoHdnikT iHTepeciB

ABTOpM 3aABIATL HPO BiACYTHICTH KOHQMIKTY
iHTepeciB.
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MOTOR SKILLS DEVELOPMENT: OPTIMIZATION OF TEACHING
BOYS AGED 15 PRESS HEADSTAND AND HANDSTAND

Oleg Khudolii', Olena Kapkan?, Sergii Harkusha®, Svitlana Marchenko?,

Viktoriia Veremeenko’

L45H. S. Skovoroda Kharkiv National Pedagogical University
*Donbas National Academy of Civil Engineering and Architecture
’T. H. Shevchenko National University “Chernihiv Collegium”

Report. Article: 6 p., 2 tabl., 23 sources.

The study objective was to substantiate the
modes of alternation of physical exercises and rest intervals
when teaching series of tasks aimed at motor skills develop-
ment in boys aged 15 years.

Materials and methods. The participants in the study
were 40 boys aged 15. The children and their parents were
fully informed about all the features of the study and gave
their consent to participate in the experiment. To achieve
the objective set, the following research methods were used:
study and analysis of scientific and methodological literature;
pedagogical observation, timing of training tasks; pedagogi-
cal experiment, methods of mathematical statistics, methods
of mathematical experiment planning. During training, the
method of algorithmic instructions was used.

Results. The study found that the effectiveness of master-
ing series of training tasks depends on a mode of alternation
of exercises and rest intervals. The results of analysis of vari-

TM®B, 2020, Tom 20, N2 1

ance and regression models show that the optimal mode of
performing series of training tasks is within the range of 6-12
exercise repetitions with rest intervals of 60-120 sesonds. In
the proposed matrix of factorial design, the selected step of
factor variation is sufficient to study the impact of different
modes of physical exercises on the effectiveness of teaching
children and adolescents.

Conclusions. The best options for teaching series of tasks
to boys aged 15 during physical education classes are the fol-
lowing: series 1 — 12 repetitions, rest interval of 60-120 s;
series 2 — 12 repetitions, rest interval of 120 s; series 3 — 12
repetitions, rest interval of 120 s; series 4 — 12 repetitions, rest
interval of 120 s; series 5 — 12 repetitions, rest interval of 60 s;
series 6 — 12 repetitions, rest interval of 60 s.

Keywords: boys, training, physical exercises, pro-
grammed training, modes of exercises.
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AHoranisa

Mera KOCTiI)KeHHA — BU3HAYNUTY BIUIUB YPOKiB (isMYHOI KY/IbTYypM Ha AMHAMIKY PyXOBOI HiTOTOBIE-

HOCTI y4HiB 5-6 K/aciB.

Marepianu i MmeTogu. Y focniKeHHi B34/ y4acTb 17 XJ1onuiB 5 kacy i 17 xyonuis 6 kiacy. Y gocii-
IDKeHHi 6yIII/I 3aCTOCOBaHi TaKi METO[Y: aHa/li3 HayKOBO-METONMYHOIL JiTepaTypu, Iefaroriyte TecTy-
BaHH: Ta METOAM MaTeMaTUYHOI CTATUCTUKY 0OPOOKY pe3y/nIbTaTiB JOCTIIKeHHA. TeMaTIYHe I/IaHyBaH-
Hs1 HaBYa/IbHOI pOOOTH 3iIICHIOBAIOCS Ha OCHOBI OHOB/IEHOI HABYA/IBHOI ITporpamMu 3 GpisudHOI KYIbTYpU
IJIs 3aTa/IbHOOCBITHIX HaBYa/IbHUX 3aK/IaziB 5-9 Kmacu.

PesynpraTn. Y XI0n11iB 5 Kacy BifIMi9a€TbCA CTaTUCTUYHO NOCTOBIPHI 3MiHM y pe3y/IbTaTaX HaBYaJIbHIX
HopMmaruBiB TecT Ne 2 «oBHUKOBUI Oir 4x9 MeTpiB (c)» Ta TecT Ne 4 «CTpuOKY Y JFOBXMHY 3 MicCIis (CM)»
(p < 0,05). Pesymbrarn y TecTi Ne 2 monimmyrorbes Ha 6,2%, y TecTi Ne 4 — Ha 7,1%. Y xyonuis 6 Kacy Bifi-
MIiYa€ThCA CTATUCTUYHO IOCTOBIPHI 3MiHM y pe3y/bTaTaX HaBYa/IbHUX HOPMATUBiB TecT N 2 «HoBHMKO-
Buit 6ir 4x9 mMeTpiB (¢)» (p < 0,1) Ta TecT Ne 4 «CTprbok y goBxuHy 3 micus (cm)» (p < 0,05). Pesynsrarn y
TecTi N 2 mominmyrorbes Ha 4,4%, y TecTi Ne 4 — Ha 12,9%.

BucHoBku. [IMicKpUMiHAHTHNUIT aHaTi3 JO3BOIMB BCTAHOBUTH, 11O 32 GAraTOBMMIPHUM CepefHIM CTaH
PYXOBOI HiITOTOB/ICHOCTI X/IONI[iB Ha IIOYATKY i B KiHI[i HABYAJILHOTO POKY K/IaCU]IKyETbCS 5K [BA Pi3-
HUX cTaHu. []e Bkasye Ha MO3UTUBHMUI BIUTUB YPOKiB (isVIHOI KY/IBTYpM Ha AUHAMIKY PyXOBOI IiATOTOB-

JIEHOCTI XJIOMIIiB 5 i 6 KIaciB.

PiBeHb pyX0BOi Ii/IrOTOBIEHOCTI IIKO/APIB 3a/IEXKNUTD BiJj KOOPAMHALIMHO] i IIBU/IKiCHO-CUIOBOI MifT0-
TOBKU, sIKA 3[{/ICHIOETBCSI Ha YPOKaxX (isMIHOI KY/IBTYPIL.

KirrouoBi croBa: pyxoBa IifirOTOB/IEHICTD, YPOK Qi3N4HOI KYIbTYpPU, XIOMLi 5-6 K1ac.

Bctyn

Hapasi B ykpaiHCbKiil cucTemi 3arajabHOI
OCBiTH crocTepiraerbcs mpobiema fedilfuTy pyXoBoi aK-
TUBHOCTI y IIKO/IAPIB, fIKi 3a/IMalOTbCA 32 NPOrPaMOI0 Ce-
penuboi mxomu (Kpyuesny, 2003). CaMme 1ie TpU3BORUTD KO
IiJBUILEHHA BipOTiZHOCTI IOTPAI/IAHHA JiTeil JO PiSHMUX
rpyn pusuxy 3gopos’s (barincpka, 2012; Bocenko, 2016;
Tapkymra, 2013).
daxiBui B cBOiX po60Tax BKas3ylTb Ha Te, IO 3 KOX-
HIUM POKOM CIIOCTEPITra€ThCA perpec y MoKasHMKaxX PyXoBol
aKTUBHOCTI yKpaiHchkux mkomapis (Hocko, Epmakos, &
lapkyma, 2010; Xygonmiit, & Mapuenko, 2007; Titapenko,
2010). Came ypok pisu4yHOI KyJIbTypy IOBUHEH HalaBaTU
Y4YHSIM TOJ HeoOXifHMIT piBeHb PyXOBOI aKTMBHOCTI, SIKUIA
Oy/ie HO3UTUBHIM YMHOM BIUIMBATY Ha 3MiIIHEHHS 3l0POB’sI
Ta IIOKpallleHHA IIPALe3JaTHOCTI I1iJ] 4aC HaBYa/IbHOI Jifi/b-
Hocri. IIpoTe, Hapasi cydacHuUIt CTaH BUKIafaHHsA (i3UIHOL
KYZIBTYPU B 3aK/aJjaX CEPENHbOI OCBiTU B YKpaiHi He BifiII0-
Biflac IIOCTaBNEHNUM IIepefl HUM 3aBJaHHAMU. [onoBHUMUI
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IIpUYMHAMU NIPO6IeMM, AKa HaBefjeHa BUILE € BiCYTHICTD
rifiHOI MaTrepiaIbHO-TeXHIYHOI 6asy, HU3BKUIT PiBEHb PO3-
BUTKY CHOPTUBHOI iHQPaCTPyKTypy, HU3bKUIL piBeHb IIepe-
kBai¢ikanii BUKIagadiB MO0 Cy4acHMUX TeHIeHIi (ismya-
HOTO BUXOBaHHA B IIKOJI. Bce 11e MO)Ke HeraTMBHUM YMHOM
BIUIMBAT Ha 3araJibHMil piBeHb (isVYHOI MiATrOTOBIEHOCT]
HIKO/IAPIB, 1[0 B CBOIO YePry BIUIMBAE Ha 3aTa/lbHi IOKA3HU-
KU 3[JOPOB’S] YKPAIHCHKOI HAIil Ta MOKa3HMKM YKPATHCHKIX
CIIOPTCMEHIB AK Ha BHYTPIillIHIl TaK i HA MDKHapOAHil apeHi
(Macnak, MamemnHa, JKyk, 2014; barincpka, 2012; Hocko,
€pmakos, & lapkyma, 2010).

B pisHmit yac BUBYEHHAM PyXOBOI aKTMBHOCTI LIKOJIA-
piB 3alimMaacs Ijina Koropra B4eHux. Bci BoHM ogHOrOmoc-
HO BKa3yIOTh Ha Te, O PyXOBa IiITOTOBIEHICTh YYHIB €
IpiopuTeTHON y POPMYBaHHI yCiX HEOOXI[HNUX SKUTTEBUX
¢byHKLin. PO3BUTOK TakuX IMOKasHMKIB pyXoBOi HiATrOTOB-
JIEHOCTI AIK: INBUJKIiCTb, CIPUTHICTD, CMJIA Ta THYYKICTb, C/Ii[
PO3BUBATH BXK€ ITOYMHAOYM i3 MOJIOALIOrO LIKi/IBHOTO BiKy
(IBawenko, Xynoniii, Epmaxos, Yeprenko, & [onosko, 2015;
Ivashchenko, 2017). Best migroToBKa MOBMHHA ONMPATICS
Ha HOpMAaTUBHI pexoMeHpauil Ta ocobnmuBocTi yuHis. ITif
Yac yChOTO IIKi/IbHOTO HaBYaHHsA HaBaHTa)KeHHA Ta Pi3HO-
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MaHiTTs Gi3sMYHMX BIPaB Ma€ BapilOBaTUCS Bif[IOBITHO 1O
notpe6 yuHiB Ta ix 3pioHOCTel (Ivashchenko, & Cieslicka,
2017; Cieslicka, & Ivashchenko, 2017).

ITixg yac mpoBemeHHA MOCTiKeHb CIiJi BpaXxoBYyBaTH
0co6/mBOCTi Pi3IIHOr0 PO3BUTKY [iiTell TOrO YM iHIIOTO BiKy.
AHajisyloun oTpyMaHi pe3ynpraTit, My 6epeMo JI0 YBary, o
y LIKOJISAPIB, Ki HABYAIOTHCA ¥ 5-6 K/Iacax, Mae Micije 6ypx-
JIMBUIL IPUPICT BUTPUBAJIOCTI, IIPOTE CUJIOBI AKOCTI CXM/IbHI
po3BuBatucs moBimbHiIINMy Temmamu (Macrsk, 2006).

Jo daxTopis, 1m0 BIUIMBAIOTh HA piBeHb (i3W4YHOI ak-
TUBHOCTI IIKOJIAPIB, C/IiJ| BiITHOCUTY He JIMIIE BIUIMB LIKi/lb-
HOI mporpamy (isMYHOrO BUXOBAHH:A, @ TAKOX i MOOYTOBI
npouecu. ITosalkinbHi CIOPTUBHI 3aHATTA, piBeHb Ta YMO-
BI XKUTTS, 0O0B’I3KYM AUTHHU IHepef LOMAIIHIM rocromap-
CTBOM, CTaBJIeHH:A 0aTbKiB [0 (i3WYHOrO BUXOBAHHA — Iie
Ta/eKo He MOBHMII eperiK HempAMUX (HakTopis, 1[0 MalOTh
BIUIMB Ha PO3BUTOK PYXOBOi aKTMBHOCTI NIKOMAPIB.

Temny posBUTKY (isn4HOI aKTUBHOCTI AiTeil 6arato y
JOMY 3a/IeXaTh Bifj IKOCTI BUKIAJaHHs mpefMeTy (pisnd-
HOTO BMXOBAaHHSA IEJJaroroM, AKUI 3[aTeH K raJlbMyBaTu
IpolleC POSBUTKY, TaK i 3HAYHO NPUCKOpIoBaTH itoro. To-
JIOBHOIO 3a/ja4el0 BUNTEIS € 3a/JOBUIBHUTY TOTPeOy y4HIB B
PYXOBill aKTMBHOCTI IIifi YaC HaBYaJIbHOI'O IIPOLECY, BPaX0-
BYIOUHM OCOOMMBOCTI LIKIBHOTO >KMTTSA Ta BiKy LIKO/MAPIB.
Tako’k BaXK/IMBUM € TENArOTIYHMUI MifXiT Ta eTKa BUKIIA-
IaHHs npenMeTy (isMYHOrO BUXOBAaHHI, TeXHIKa po6OTH 3
JiTbMU, YMiIa MOTMBALIiA O IIOCTINIHOI PYyXOBOI aKTMBHOCTI,
a TaKOX TIPOTHAisA TUM ITapaMeTPaM PO3BUTKY BiKOBUX 3/1i6-
HocTell, AKi Oymu onucani Bume (JIncak, 2006).

J71s1 TOrO 1106 BCTAaHOBUTHM IHAMBIAyaNbHNIT PiBEHD Py-
XOBMX MOXX/IMBOCTEN KOXXHOTO YYHA JIO IPOTpaMy 3aHATH
¢bi3n4yHOI KYIBTYpU CIIifi BK/IIOYATYM TECTYBAaHHA PYXOBOi
nifrorosneHocti (Xygmoniii, IBamenko, & Bekertos, 2015;
Ivashchenko, 2017). B cywacwiit mporpami s yunis 1-11
K/IaCiB 3araIbHOOCBITHIX IKi/I YKpaiHy IIPOIIOHYIOTHCA Opi-
€HTOBHO-HaBYa/IbHi HOPMaTUBI.

Mema docnidxncenHs — BUSHAYUTY BIUIMB YPOKIB (isuy-
HOI KYJIBTYPU Ha JJMHAMiKy pyXOBOI IIiJTOTOBNEHOCTI y4HiB
5-6 Kiacis.

Marepianu i meTogn

YyacHuKu 00cioxeHHSA

Y mocnifkeHHi B3sAmM yyacTb 17 xmomnuis 5 kmacy i 17
XJIOMIIIB 6 K7Iacy.

OpeaHizauis 00CNioXeHHs

Y nmocmimxeHHi Oynu 3acTOCOBaHI Taki METORM: aHai3
HayKOBO-MEeTOAMYHOI JliTepaTypu, NeJaroriyne TecTyBaHHA
Ta METOAY MaTeMaTUYHOI CTaTUCTUKY 0OpOOKY pe3y/IbTaTiB
IOCTi>KEeHH .

TemaTnyHe IIaHyBaHHA HaBYa/IbHOI poOOTH 3[i/ICHIOBA-
7I0Cs1 Ha OCHOBI OHOBJIEHOI HaBYa/IbHOI ITporpam 3 ¢isnaHol
KYJIbTYPU JIJIl 3ara/IbHOOCBITHIX HaBYa/JbHUX 3aKmafliB 5-9
K1acu (3arBepmkeHa HakasoM MOH Bif 23.10.2017 Ne 1407).

Mpoyedypu mecmysaHHs

JI71 KOHTPOJIIO 32 piBHEM PYXOBOI Ii/IFOTOBNIEHOCTI BU-
KOPMCTOBYBAJIMCSA OPi€HTOBHO-HaBYa/lIbHi HOPMATHBY, AKi

50

MIPOTIOHYIOTbCA I 3Ky Yy Mopymi «Jlerka aTmeTnkar, a
came:

1. bie na 30 mempie (c). [laHuII TeCT BUKOPUCTOBYBABCSA
IUIS OLIHKY IIBUIKICHUX 37[I6HOCTEI.

Obnaonanms. CexyHpgoMip, sikuit Gikcye gecsri gori ce-
KyHau. Bigmipsana 30-metposa auctanuida. CtapTosuii mpa-
nopetb. QiHiNTHA TO3HAYKA.

Onuc nposedenns mecmy. 3a xomanpow «Ha crapt!»
YYaCHUKY TeCTYBAaHHS CTAIOTh Oinsi cTapTOBOI MiHil y TO-
JIO)KEHHI BMCOKOTO CTapTy. 3a CUTHA/JOM CTapTepa BOHU
IOBVMHHI AKHAMIIBMJILIE ITOJONATY 3aJaHy HMCTAHIIi0, He
3HIDKYIoUM TeMIry 6iry mepep dinimem. PesynbraToM Te-
CTYBaHHS € 4ac ITOJJO/IaHHA JVMCTAHLIII 3 TOYHICTIO 10 1eCATOI
TOMi CeKYH/IN.

3azanvHi exasieku i 3aysaxenHs. Ko HeMae CTapToO-
BOTO IiCTO7eTa, MOJAEThCA KOMaHfa «Pyui!» 3 ogHOYacHUM
CUTHAJIOM IIPAIIOpLEM JI/I1 XPOHOMETPUCTIB. [J03BOAETbCA
BUKOHATH [1Bi cipobu abo oxna cupoba. Dikcyerbes Kpa-
LMt pe3y/bTar. Y 3abiry MOXyTb Opaty y4acTb IBOE i 6ib-
Ille yYacHMKIB, ajle yac KOXHOro (ikcyerbcsa okpemo. Juc-
TaHI[is TOBMHHA Oy TH IPSAMOIO, Y FApPHOMY CTaHi i pospineHa
Ha OKpeMi 6iroBi JOPDKKIL.

2. YosHuxkosuii 6ie 4x9 m (c). JaHuil TecT BUKOpPMUC-
TOBYBABCSA [/Is1 BU3HAYEHHS PO3BUTKY KOOPAMHAIIMHNUX
3mibHOCTEI.

O6naonanms. CeKyHROMIp, KWt QiKCye fecsaTi fori ce-
KyHpu. PiBHa jopiKa JOBXIHOIO 9 MeTpiB, 0OMexKeHa BO-
Ma IapajieJIbHMMM JIiHiAMMY, 3a KOXKHOIO JIiHi€r0 — 2 MmiBKoIa
paziycom 50 cM 3 IeHTpPOM Ha JIiHil, jBa AepeB’siHi KyOUKn
(5%5x5 cm). PeecTpauniituuiit cTi, cTinens.

Onuc nposedenms mecmy. 3a xomaugoto «Ha crapr!»
YYacHUK TECTYBaHHA CTa€ y IMOJIOKEHHA BMCOKOTO CTapTy
3a CTapTOBOIO MiHi€l0. 3a KoMaHo0 «Pymi!» y Makcumanb-
HOMY TeMIIi mpobirae 9 M 1o Ipyroi niHii, 6epe onyH i3 [BOX
IepeB’sIHUX KyOMKIB, sKi /ie)XaTh y IiBKOi, 6iroM mosep-
TAETbCA Ha3aJ i Kaafe Jioro B crapTose miBkono. IloTim
IIKOJIAP ODKMUTL Y 3BOPOTHOMY HAIIPSMKY, IIOBEPTAETbCSA
3 IpyruM KyO6MKOM i K/afie JIoro y cTapToBe MiBKONIO. Pe-
3y/IbTaTOM TeCTYBaHHA € Yac, 3aikCOBaHMIT 3 TOYHICTIO [1O
0,1 ¢, 3 MOMEHTY CTapTy 10 MOMEHTY, KO/IM YYaCHUK TIOK/IaB
ApyTuit Ky6MK y miBKOJIO.

3azanvHi exasiexku il 3ayeascerHs. PesynbTaT yJyacHUKa
BU3HAYA€ETHCS 3a KPAIolo 3 ABOX crpob. Kybuk y miBkomo
CJTif KJIaCTU, a He KUJATH. K10 114 BMMOTa He BUKOHYETbCH,
IaeTbcsl HOBTOPHA CIIP06a, abo He 3apaxoByeTbes. [lopikka,
Ha sIKiil IPOBOAMTHCS YOBHMKOBUIL Oir, HOBMHHA OyTH piB-
HOIO, y TAPHOMY CTaHi, He OYTI CIU3BKOIO.

3. Memanus manozo m’a4a Ha 0anvHicmov 3 micus (m).
MeTaHHA M’ A4 BifHOCUTBCA IO IIBYUKICHO-CUTOBUX BUJIIB.

Obnaonarnms. MeTaHHs BUKOHYETbCS B KOPUOP IINPU-
HOI0 10 M oOMe>xeHMIt 3 IBOX OOKIB ITapajie/IbHUMU TiHiAMY
mypyuHO0 50 MM, Biff IpAMOI IVIAHKYM 3aBIMPIIKY 70 MM i
3aBIOBXKM 4 M. Koprop 1t MeTaHHs M sT4a yTBOPIOETHCS
60KOBMMM MiHiAMY, mypuHOI0 50 MM. BokoBi miHii Kopu-
TOPY pOS3TalIOBaHi CUMETPUYHO OCi JJOPLXXKM JIII PO3TOHY
i mapanenbHo 1it. Kopunop posmivaerbcs nonepeynumu 6i-
JIMMU JTiHiAMM Yepes3 KOXKHi 5 M, IKi BKasyIOTb BifjcTaHb Bif
O/IIDKYOTO 10 TOPIXKKY POSTOHY KAl [IAHKIL.

Onuc nposedenns mecmy. KoKHOMY y4aCHUKOBI Te-
CTyBaHHsI HAfIA€ThCSI IIPABO HA TPU CIPOON. 3apaxOByeTh-
cs 1Ioro AKHAVKpamuil pesynbrar. PesynpTaT BUMIpIOIOTH
B KOXHIl cripo6i, BIMKOHaHI 6e3 mopylIeHHs mpaBulL. Bu-
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MipIOBaHHS JOBXMHM KOXXHOI CIIpoOM 3MilICHIOETHCS Bif
HailO/MVKI01 BIAMITKY MafiHHS CHapsARY O BHYTPIIIHBOI
CTOPOHM IITAHKY, 110 IIPAMIN JIiHil, 110 CIIOTyYae BiMiTKy 3
LIEHTPOM IIJITAHKM.

3aeanvhi exkasieku ma 3ayeaxeHns. TecTyBaHHA Ipo-
BOJIMTBCA BifITIOBIJHO [0 IIPaBUJ/I 3MaraHb.

4. Cmpubox y 008x#UHY 3 MICUT CHOCOOOM «3i2HYBUIU
Hoeu» (cm). [laHMIT TeCT BUKOPUCTOBYBABCSH /IS OLIHKU
HIBUIKICHO-CUIOBUX 3[[iOHOCTEIL.

Ob6naonanms. Kuium a6o TiMHaCTUYHI MaTy 3 HEC/TU3b-
KOIO IIOBEPXHEI0, PY/IETKA, Kpelyia.

Onuc nposedenms mecmy. YIaCHUK TeCTYBAaHHs CTae
Yy BUXiJjHE IIOJIO)KE€HHA: CTiliKa, HOI'M Ha LIMPUHI I/Ieders,
HaIbLi HIr 03y CTapTOBOI /iHii, pOOUTH pyKaMy MaX Ha-
3a/1, IOTIM Pi3KO BMHECTHU IX ynepep i, BilIITOBXHYBIIMCD
IBOMa Horamu, CTpubae sikomora fami. PesynbratoM Tec-
TYBaHHA € JaJIbHICTb CTpUOKa B CAHTUMETpaX, L0 BUMi-
PproBajach BiJj CTAPTOBOI JIiHIl O TOYKM TOPKAHHA KMIMMA
(MaTa) I ATKOI0 HOTM, KA 3HAXOAMIACh O1vpKde 1o minii. Ha
BMKOHAHHA BIIpaBU HaJaBajocA ABi cipobu, dikcysascs
KpallMil pe3y/bTar.

3aeanvui exkasieku ma 3ayeaxeHns. TecTyBaHHA Ipo-
BOIMTBCS BIfMIOBIZHO {0 IPaBIMI 3MaraHb A/ CTPUOKIB y
IOBXMHY 3 po36iry. Miclie BifjlITOBXYBaHHA i IpM3eM/IeHHA
[IOBMHHI ITepeOyBaTy Ha OZHOMY PiBHI.

CmamucmuyHut aHani3z

JInsa mpoBefieHHsA 3a pe3y/nbTaTaMyu TeCTYBaHHA IOPiB-
HAJIBHOTO aHaJIi3y ITOKA3HMKIB PYXOBOI IiITOTOBIEHOCTI
OyB 3[iliCHeHIIT AVICKPYMIHAHTHMII aHaIi3.

Marepiann omnpanpoBani B mporpami IBM SPSS 20.
Y mpolieci AMCKPMMiHAHTHOTO aHaNi3y 6y/Ia CTBOpeHa Mpo-
THOCTMYHA MOJIE/Ib [/Is HaJIeXKHOCTi fjo Tpynu. [laHa Mofenb
Oynye mMcKpuMiHaHTHY ¢yHKLio (a0, komu rpyn 6iblie
IBOX — Habip AUCKpMMiHAHTHUX GYHKLIN) y BUIIAAL 7Ti-
HilTHOI KOMOiHaLil IPeRiKTOPHMX 3MIHHUX, 1110 3abe3medye
HayiKpauuit mopin rpyi. i gynkuii 6ynyrorscs sa HabopoM
CIIOCTEPEXKEHD, 1A AKUX IX HAJIEXKHICTh [0 Ipy BigoMma. LTi
¢byHKIIT MOXXYTb Hajjasti 3aCTOCOBYBATHUCA JO HOBMX CIIOCTe-
peXeHb 3 BiJOMUMM 3HAUEHHAMM IPENIKTOPHUX 3MiHHMX
i HEBIZIOMOI TPYIIOBOXO IIPMHATIEXKHICTIO.

J71s1 KOXXHOI KaHOHIYHOI JUCKPUMiHAHTHOI QYyHKIiI
PO3paxoByBanuCA: BlIacCHE 3HAY€HH:A, BiJCOTOK AMCIIepCil,
KaHOHIYHa KopenAuis, mambaa Yinkca (Wilks Lambda),
x-kBagpar (Chi-square).

ITpotokon pocmimkeHHa OyB 3aTBepmKeHuii ETuanum
KoMmiTeToM yHiBepcutetry. KpiM Toro, mitu Ta ixHi 6aTbKn
a060 3aKOHHi omikyHMU Oy/y MOBHICTIO iHpopMOBaHi 1po Bci
0COOMMBOCTI JOCTIIKeHHsI, a MiAMMUCAHUIT JOKYMEHT IIPO
indopmoBaHy 3rofy 6y/10 OTPMMAHO Bif ycix 6aTbKiB.

Pesynbrar

Y Tabmuiax 1-4 HaBefleHi pe3yIbTaTi pivHOI JUHAMIKY
PYXOBOI IiITOTOB/IEHOCTI IKO/APIB 5—6 K/aciBb.

Y xnonniB 5 K1acy BijMi4aeTbcsA CTAaTUCTUYHO JJOCTO-
BipHi 3MiHM y pe3ynbTaTaX HaBYa/JbHUX HOPMAaTUBIB TeCT
Ne 2 «HoBHmkoBmit 6ir 4x9 MeTpiB (c)» Ta Tect Ne 4 «Crpub-
KU Y JOBXUHY 3 MICIIl CIIOCOOOM «3irHyBIIM HOIM» (CM)»
(p <0,05). Pesynpratn y TecTi Ne 2 momimmryrorbes Ha 6,2 %, y
TecTi Ne 4 — Ha 7,1 % (Tabn. 1).

AHani3 HOpMOBaHUX KOe]il[i€HTIB AUCKPUMIHAHTHOI
¢yHKUii BKa3ye Ha 3HAYHUI BIUIMB 3ara/IbHOI KOOpAVHAILi
PyxiB (TecT Ne 2) Ha AMHAMIKY PyXOBOI IIiATOTOB/IEHOCT X/IOII-
1iB 5 x1acy. CTpykTypHi koedillieHT! IiTBepPKYIOTh, 10 B
CTPYKTYPi PyXOBOI IIi/IrOTOBIEHOCTI IIKOJIAPIB 5 KJIaCiB Yi/lb-
He MicClIle 3aliMa€ 3arajibHa KOOPJAVHALliA PyXiB i piBeHb IIBUJI-
KicHO-cmmoBol mifroroseHocri (Tabn. 2). JIuckpumMiHaHTHWI
aHaJIi3 T03BO/IUB BCTAHOBUTH, 1110 32 6araTOBUMIPHNM cepefi-
HIM CTaH PYXOBOI IiATOTOBEHOCTI X/IONLiB Ha IIOYaTKY i B
KiHIi HABYA/IBHOTO POKY KIacupiKyeTbcs sIK ABa PI3HUX CTa-
Hy. e BKasye Ha IIO3UTUBHUIL BIUTUB YPOKIB (i3UIHOI KyIIb-
TYPM Ha JMHAMIKy PyXOBOI IIiJTOTOB/IEHOCTI XJIOMLIIB 5 K/IaciB.

Y xmonuiB 6 Kmacy BifMi4a€TbCsA CTATUCTUYHO JJOCTO-
BipHi 3MiHM y pe3ynbTaTax HaBYa/JbHUX HOPMAaTUBIB TeCT
Ne 2 «YoBHmKoBuit 6ir 4x9 metpis (c)» (p < 0,1) Ta TecT Ne 4
«CTprOOK Y JOBXMHY 3 MiCLsI CIIOCOOOM «3irHYBIIN HOTV»
(cM)» (p < 0,05). PesynpraTy y TecTi Ne 2 MONMIIyoThCs Ha
4,4%, y Tecti Ne 4 — Ha 12,9 % (Tabm. 3).

AHajis HOpMOBaHUX KoedillieHTiB AMCKpMMiHAHTHOI
¢byHKIIiT BKa3ye Ha 3HAYHMIT BIUIUB IIBU/KICHO-CMUIOBOI Mifi-
TOTOBJICHOCTI (TecT Ne4) Ta 3arajbHOI KOOpAMHALil pyXiB
(Tect Ne 2) Ha guHaMIKy PyXOBOI MiATOTOBIEHOCTI X/IOM-
1iB 6 x1acy. CTpyKTypHi KoedillieHT! MiATBEepIKYIOT, [0
B CTPYKTYpi PyXOBOI Ii/IFOTOBJIEHOCTI IIKO/APIB 6 KIaciB
4iJibHE Miclie 3aliMa€ piBeHb IIBUKICHO-CMIOBOI MiJITOTOB-
JIEHOCTIi Ta 3ara/JbHOI KoopAMHauii pyxis (Tabm. 4). Juckpu-
MiHaHTHMII aHai3 JO3BO/IMB BCTAHOBUTY, 1110 33 6araTtoBu-
MipHUM CepeJHIM CTaH PYXOBOI Ii/JTOTOBIEHOCTI XJIONIIiB
Ha TI0YaTKy i B KiHIli HABYaJIbHOTO POKY K/IacU(IKYeThCs K
IBa pisHMX cTaHu. Ile BKasye Ha IO3SUTUBHUI BIVIUB YPOKiB

Ta6muusa 1. Piyna guHaMika pyXoBoi i/[TOTOB/IEHOCTI XJIOMIB 5 KIacy

Haspa Bumipy Knac Yonu X s % F p
peectpanii

>KOBTE€HD 17 6,23 ,661

bir na 30 meTpiB (c) 5 95 2,311 ,138
TpaBeHb 17 5,94 ,446
>KOBTE€HbD 17 11,70 ,791

YosHukosmii 6ir 4x9 metpis (c) 5 93,8 10,1 ,003
TpaBeHb 17 10,97 ,504
> i YKOBTEHb 17 22,35 7,834

MeTaHHH MajIoro M s14a Ha JaabHICTh 3 5 1045 154 697
micus (M) TpaBeHb 17 23,35 6,999
i YKOBTE€HDb 17 145,9 15,202

C’lij/I6OK Y HOBXIHY 3 MicLiA CII0cCO60M 5 107.1 4724 037
«3irHyBIIY HOIM» (CM) TpaBeHb 17 156,3 12,608

TM®B, 2020, Tom 20, N2 1

51



ISSN 1993-7989 (print). ISSN 1993-7997 (online). Teopis Ta MeTogunKa ¢isnyHoro BmxoBaHHs. Tom 20, N2 1

Ta6muusa 2. PesynpraTy IMCKPUMIHAHTHOTO aHAIi3y.
Xsonuyi 5 Kmacy

Ta6mmus 4. Pe3ynbraTyt JUICKPUMIHAHTHOTO aHAIi3Y.
Xironui 6 Kimacy

HopmoBani  CrpyKkrypHi HopmoBani  CrpykTypHi
Ne HasBa Bumipy KoedinienTn KoedimienTn Ne Hassa sumipy Koedinientn KoedinieHTH
1 1 1 1
1. bir na 30 meTpiB (c) -,729 424 1. bir na 30 meTpiB (c) ,838 -,149
2. qOBH.I/IKOBI/H/I 6ir 4x9 1,493 ,887 2. LIOBH-I/IKOBI/II/[ 6ir 4x9 838 613
MeTpiB (c) MeTpiB (c)
3. MeTaHHH‘ MaJIOI‘.O M S49a 142 -110 3. MeTaHHﬂ. Manor.o M sJa 268 329
Ha [aJIbHICTD 3 Mics (M) Ha JJa/IbHICTD 3 Miciis (M)
4. CTpuboK y [OBXHUHY 3 -,604 CrpnboK y [OBXUHY 3
Micus crocoboMm  «3i- 4. Micus  crocobom  «3i- ,892 ,785
THYBILIV HOTM» (CM) THYBILIY HOTM» (CM)
Ta6muua 3. Piyna gyHaMika pyXoBoI IifTOTOB/IEHOCTI X/IOMIIB 6 K/Iacy
. YmoBu
Hassa Bumipy Knac N X s % F P
peecTpauii
S>KOBTEHb 17 5,92 417
Bir na 30 meTpiB (c) 6 98,7 ,226 ,638
TpaBEeHb 17 5,85 ,515
>KOBTEHb 17 11,52 ,669
YosHukosnmit 6ir 4x9 meTpis (c) 6 95,6 3,813 ,060
TpaBeHb 17 11,02 ,832
> i >KOBTEHb 17 21,88 5,395
MetFaHHﬂ MaJIoro M’si9a Ha JJabHICTh 6 109.1 1,097 303
3 micus (m) TpaBeHb 17 23,88 5,732
i _ >KOBTE€Hb 17 132,0 17,457
CTpm691< Y JOBXMHY 3 MiCIIfT CIIOCO 6 1129 6,260 018
60M «3irHyBIIN HOrm» (CM) TpaBeHb 17 149,1 22,035

¢biswyHOI KyIbTypy Ha AMHAMIKY PYXOBOI IiITOTOBIEHOCTI
XJIOMIIB 6 KJIaciB.

O6roBopeHHsA

Y po6oTi oTpuMaHi ZaHi Ipo NMO3UTUBHMII BIUIUB YpO-
KiB (i3M4YHOI KyIbTYpM Ha JVHAMIKY PYXOBOI IiATOTOBIIE-
HOCTIi XJIONIiB 5-6 KJaciB y Nponeci HaB4aJbHOTO POKY.
i mani mifTBep/)KyIOTh BUCHOBKM HAyKOBI[iB ITPO Te, IO
nigrorosieHi TeMaTu4dHi ypoku ¢isMYHOI KyIBTYpU HMO3M-
TUBHO BIZIMBAIOTh Ha JVHAMiKy PyXOBOI Ii/JrOTOB/IE€HOCTI
wkoysApiB (Xymomniit, & Mapuenko, 2007; Tirapenko, 2010;
Cieslicka, & Ivashchenko, 2017).

Jonosuiotors gani Tolstoi (2019) npo Te, 110 y IIKONAPiB
4-5 KjaciB 3arajpHUIT piBeHb (QYHKI[IOHATBHOI Ta PYXOBOi
IiATOTOBIEHOCTi Ma€ JOCTATHIN piBeHb. Ypoxu ¢ismunoi
KYy/IbTYPU MalOTh IO3UTUBHUI BIUIMB Ha PE3Y/IbTaTU Te-
CTYBAaHHS y STMHAHHI i PO3IMHAHHI PYK B YIIODi JIeXa4u,
SIMHAHHI i POSIMHAHHI PYK Y BUCI, BUCI Ha 3irHYTUX PYKax,
npobax [ltanre, CepkiHa.

JlonoBHeHi JaHi IPO MOX/IMBICTP BUKOPUCTAHHS JIUC-
KPUMiHaHTHOTO aHaJIi3y /A BU3HAYEHHA JUHAMIKM CTaHy
pyxoBoi nigrorosnenocri mxosnapis (Ivashchenko, Khudolii,
Iermakov, & Harkusha, 2017; Ivashchenko, Khudolii,
Iermakov, Chernenko, S., & Honcharenko, 2018).

Jlitepatypa

Kpyuesny, T.YO. (2003). Teopust u memoduxa gusuteckozo 60c-
numanus. K.: Onimniricbka niteparypa.

Tak camo, sik 1 B pob6orax Ivashchenko, Khudolii,
Iermakov, and Prykhodko (2018), Khudolii, Ivashchenko,
Iermakov, Veremeenko, and Lopatiev (2019) BcTaHOB1EHO,
IO IVICKPMMIHAHTHMII aHaJIi3 HO3BOJIsA€ BU3HAYUTH: iHPOP-
MAaTMBHI ITOKa3HUKU /11 HACKPI3HOTO KOHTPOJII0 PO3BUTKY
PYXOBUX 3[i0HOCTeIT; JaTy BifIIOBifb Ha IMTaHHA O SKOTO
KJIacy Ha/leXXUTb 00’€KT HAa OCHOBI 3Ha4YeHb AMCKPUMIHAHT-
HUX 3MiHHUX.

BucHoBKnM

JVMCKpUMiHAaHTHMI aHa/i3 O3BOUB BCTAHOBUTH, 1[0
3a 0araTOBMMIpPHNM CepefHIM CTaH PyXOBOI IIiTOTOBIEHO-
CTi XJIONLiB Ha IIOYATKY i B KiHIji HABYa/IbHOIO POKY K/IacK-
¢ikyerbest Ak fBa pisHUX cTaHU. l]e BKas3ye Ha MO3UTUBHMIL
BIUIMB YPOKiB Gi3MYHOI Ky/IbTYpM Ha AMHAMIKY PyX0OBOi Iif-
TrOTOBJIEHOCTI XJIOMIIB 5 i 6 KjaciB.

PiBeHb pyXOBOI Hi/ITOTOB/IEHOCTI MIKONAPIB 3a/IEKNUTh
BiJl KOOpAVHAIIIHOI i HIBUJIKICHO-CUIOBOI MiATOTOBKM, fIKa
3IIIICHIOETBCA HA YPOKax (isUIHOI KYIbTYPIL.

KoHdnikT iHTepeciB

ABTop 3asABJIsI€ PO BifCyTHICTD KOHDIKTY iHTEpeciB.
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PECULIARITIES OF MOTOR FITNESS DYNAMICS
OF 5™-6™ GRADE STUDENTS DURING A SCHOOL YEAR

Mykyta Tkachenko'

'H. S. Skovoroda Kharkiv National Pedagogical University

Report. Article: 7 p., 4 tabl,, 21 sources.

The study purpose was to determine the
impact of physical education classes on the dynamics of
motor fitness of 5"-6™ grade students.

Materials and methods. The study participants were
17 5% grade boys and 17 6™ grade boys. The study used the
following methods: analysis of scientific and methodological
literature, pedagogical testing and methods of mathematical
statistics for processing the study results. Thematic planning
of educational work was carried out based on the updated
physical education curriculum for 5%-9% grades of general
educational institutions.

Results. There are statistically significant changes in
the 5th grade boys’ results of educational standards: Test 2
“Shuttle run 4x9 m (sec)” and Test 4 “Standing long jump
(cm)” (p < 0.05). The results in Test 2 improve by 6.2 %, in

Test 4 by 7.1 %. There are statistically significant changes in
the 6th grade boys results of educational standards: Test 2
“Shuttle run 4x9 m (sec)” (p < 0.1) and Test 4 “Standing long
jump (cm)” (p < 0.05). The results in Test 2 improve by 4.4 %,
in Test 4 by 12.9 %.

Conclusions. Discriminant analysis revealed that by the
multivariate mean the boys’ motor fitness at the beginning
and end of the school year is classified as two different states.
This indicates a positive impact of physical education classes
on the dynamics of motor fitness of 5th and 6th grade boys.

The level of schoolchildren’s motor fitness depends on
coordination and speed-strength training carried out during
physical education classes.

Keywords: motor fitness, physical education class, 57-6™
grade boys.
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KepiBHMUTBO Ana aBTOpiB

Pepaxiiia npuitmae 10 IpyKy OpuriHaabHi eKcIle-
PUMeHTA/IbHI 1 OITIAROBI CTATTi 3 Mpo61eM (isUIHOTO BUXOBAHHS
i CHOPTUMBHOTO TPEHYBaHHA 3a HAIPAMKAMM:

e Teopid Ta METOAVKA HaBYaHHSA PyXaM;

o isuyHe BUXOBAaHHA AAiTelt Ta MiIiTKIB;

e  CIIOPTMBHE TPEHYBAHHS JIiTeil Ta MOJIOMI;

o (isuyHa KyIbTypa B LIKOI;

o ¢isnyna KynbTypa B 1podinakTuii i ikyBaHHi 3axBOpIo-
BaHb y JliTeli Ta MiJIiTKiB;

o Teopis i MeToMKa TpoeciitHOl mAroToBKM yunTesns ¢i-
3MYHOI Ky/IbTYpH.

O6csr opurinanpHoi cTarTi — 0 3000 c1iB (0OKpiM HasBY, pe-
bepartis, TabMNIb/PUCYHKIB, IeTeH/] PUCYHKIB, TOAAKY, KOHGIKTY
iHTepeciB Ta MOCUIAHb), OIIAKOBUX — A0 6000 C/1iB, KOPOTKUX IIO-
Bigomnenb — 10 1000 ciB. MoBa cTaTTi — yKpaiHCbKa, pociiichbKa,
aHIJIiJIChKa.

OpuriHanbHi CTaTTi NUIIYTbCA 32 CXEMOIO:

. Ha3Ba CTaTTi;

o asrop (iM’s1, npisBuiLe);

o yuiBepcurer (iHCTUTYT, akazieMis);

e BCTYI (IIOCTaHOBKa Mpo0/IeMy, aHasIi3 OCTaHHIX foCi-
IKeHb 1 my6mikaliii, rinoTesa JOCIiKeHHSA, MeTa [0-
CITiPKEHHS );

o Marepia/m i MeToay (YYaCHMKY TOCTif)KEeHHs, OpraHisa-
i IOCTi/PKEHHs, Tpolleflypa TeCTyBaHH:A, CTaTUCTUY-
HUIT aHAJI3; eTUYHe CXBAJIeHHs [0 MyOmiKaiil eKkcIepu-
MEHTa/IbHUX JJaHUX);

. pesynbTaTi JOCTiIPKeHH;

e 0OrOBOPeHHS Pe3y/IbTaTiB JOCIiPKeHHS;

e BJCHOBKI;

. BISYHOCTI;

o KOHIIKT iHTepeciB;

e CIIMCOK JIiTepaTypu;

o pedepar craTTi (yKpalHCHKOW, POCINICHKOI0 Ta aHIJIil-
CbKOIO MOBOIO) 33 CXEeMOIO: HasBa poOOTH, Ipi3Buile Ta
iM’sa aBTOpa (iB), Ha3Ba YCTaHOBU, MeTa JJOC/IiJ)KEHH,
Marepiany i METO[M, TONOBHI Pe3y/lIbTaTu JOCTiKEHHS,
BICHOBKI, K/M040Bi cnoBa. O6¢sir — 200-300 criB.

Bumorm go pospginis pykonucy
Bctyn

IToctaHoBKa mpo6neMu. BKasdyeTbcs OCHOBHe MpOTUpIdds,
AKe Oyzie JOCTiIKeHO B poOOTi.

AHari3 ocTaHHIX HOCIKeHb i my6rmiKaryii.

AHamisyoTbcs po60TH BITYM3HAHMX JOCTIIHUKIB 3 0O6paHOl
TeMIU:

e IIPO6IEMOIO 3aIMaINCA ...

e Y D€3ynbTaTi JOCIKEHHS BCTAHOB/IEHO ...

AHanisyoTbcst pobOTH iHO3eMHIX FOCTIFHMKIB 3a 06paHuM
HaIPAMKOM JOCITiJI>KEeHHA:

e IIPOOIEMOIO 3aIIMaINCA ...

e Y pe3ynbTaTi JOCTi/[KEHHs BCTAHOB/IEHO ...

BkasyeTbcs1 Ha JOPOOOK aBTOPIB 3a TEMOIO ZOCIIIKEHHS:

e yIomepenHix po6oTax 6y/10 BCTAHOBJIEHO ...

e HENOCTIMKEHNM 3a/TUIIAETHC ...

SIKIO BKasyeTbcs TeMa JOCTIKEHH:, TO Y BUKOHaHUX JO-
CHIJPKEHHAX 32 TeMOIO ... BU3HAYEHi: ...; BCTAHOBJIEHO: ...

Po6MTbCA BICHOBOK IIPO aKTYa/IbHICTh TeMMU JOCTI/KEHHA.

e aHasi3 ]aHMX BITYM3HAHMX i 3aKOPJOHHMX BUEHMX IIO-

Ka3as, 1O ... MATIOJOCTII)KEHOIO € ...

o 60 morpeOye yTOYHEHHH ...

o a60 norpebye JOAATKOBMX TOCII/KEHD ...

DopMyTIOIOTHCA TiIoTesa i MeTa JOCTiPKeHHA.

Marepianu i meTogn

Yuacnuku OocnioneHHs.

JOCTIKyBaHUX.

BKaSYGTbCH KOHTUMHTEHT

Opeanisauis 0ocnionerHs. BKadyloTbcsa METOLM i 3 KO Me-
TOX0 BOHM Oy/IM BUKOPUCTaHI; TPOLIEAYPY HOCII/KEHH 1 aIrOpuT™
TIPOBeeHHA MeJarOTiTHOTO eKCIIepIMEeHTY.

IIpouedypa mecmysearns. ONUCYIOTbCA TECTH i METORUKA
TeCTyBaHHA.

Cmamucmuunuti aHanis. BKasyloTbCA METOIV MaTCTATVCTVKIA
i 3 AKOK0 MeTOI0 BOHM Oy/IVI BUKOPUCTAHI.

Emuune cxeanenns 00 nyonikayii excnepumeHmanvHux 0aHux.
JocnimpKeHHsA MOBMHHO MaTy eTUYHe CXBaJIeHH: BilIIIOBiIHOI ycTa-
HOBM 3 Hi/IMICaMI KOMITeTY 3 IUTaHb eTUKN. I/ eKCriepyMeHTiB,
IIPOBEIEHNX Y Tamy3i GisMuHOro BUXOBaHHA Ta CIIOPTY, aBTOp (1)
MIOBMHEH MaTy CXBaJICHHA YCTaHOBU IJIA MyOikanii ekcriepyMeH-
Ta/lIbHNUX JIJAaHVX.

PesynbraTu gocnigKeHHaA

PesynmbraTi HOCIKEHHs MTOBMHHI OyTH IIpeficTaByIeHi y Ta-
6/MLIAX 1 OIMCaHi B JIOTiYHil IOCIiJOBHOCTI B TeKCTi. B TekcTi mo-
CUIAaHHA Ha Tabnuii 060B A3KOBI.

He cnijy moBTOpIOBaTH B TEKCTI BCi AaHi 3 Tab/mmIh a60 rpadikis.
HeoO0XiiHO aKIleHTYBaTH yBary Ha CTaTUCTUYHO JOCTOBIPHIUX 3MiHaX
pes3y/nbTaTiB TECTYBAHHA Ta II0OKA3aTy XapaKTEpHi TeHJEeHIl JuHa-
Miku. Cr1iji 0OMeXXUTH KiNbKiCTh Tab/muib i MamOHKIB (rpadikis) 0
TPbOX.

Avnckycia

e OIVIAJ, OCHOBHOI rinoresu;

o 00TOBOpEHHs BMCHOBKIB: IIOPIBHAHHS 3 JaHUMU IyOIi-
Kallili, JOTUYHVMMMA JIO TEMM CTATTi HaBEIEHMMU y BCTYIIi
pyKomucy;

e OOIPYHTYBaHH:A i KOMEHTapi LIO/I0 BaXK/IMBOCTI BUKIafie-
HMX Pe3y/IbTaTiB IOC/iIPKEHHS;

e MipKyBaHHA LIO/I0 MOKIMBOCTI IPAKTUYHOTO 3aCTOCY-
BaHHS Pe3y/bTaTiB;

e BJCHOBOK IIPO NMEPCHEKTUBY TOJANbUIMX AOCTiI>KEHb,
SAIKUI IPYHTYETbCA Ha MaTepianax AMCKYCil.

BucHoBKuM

BiicHOBKYM MOBUHHI Bifo6pakaTu pesynbraT i 6yTH o’ a3aHi
3 MeTox0 fociifKeHHs. CHIifl yHUKATU BUCHOBKIB, fAKi He MifiTBep-
IKYIOTbCA OTPUMaHMMMU JAHUMIU.

BpoauHocTi

Bkasyerbcsl TeMa [[OCTIIKEHHs 3a sIKOI0 BUKOHaHA poboTa,
HOMep JIep>KaBHOI peecTpallii.
KoHdnikT iHTepeciB

Hanpuknao:

ABTOpU 3aAB/IAIOTD IIPO BifICYy THICTb KOHQIKTY iHTEpeciB.
Jlitepartypa

Crmcox nocumanb opopmisierbes 3a cranfaprom APA Kinp-
KicTp mocunanb — 30-70 mxkepen (He MeHure 30% NOCHIAHD Ha
my6nikanii B )xypranrax HMB SCOPUS i WoS). ITopaerbes 3a aj-
dbaBiToM 260 y TOPANKY LUTYBaHHA, He HYMEPYEThCA.
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