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Abstract

The objective is to determine the influence of the physical exercises modes on effectiveness of motor skills development
in 5™-7" grade girls.

Materials and methods. The study involved 5" grade girls (n = 28), 6™ grade girls (n = 28) and 7" grade girls (n = 24).
To solve the tasks set, the study relied on general scientific and special research methods, methods of mathematical
experiment-planning.

Studying the influence of different variants of the educational process structure, namely: the number of repetitions (x,)
and the rest intervals (x,) on acquisition of the technique of physical exercises performance, provided for achieving the
objective. A full 22 type factorial experiment was conducted. The 5*-7" graders were divided into training groups according
to the experiment plan. In total, there were twelve experimental groups organized, four in each class.

Results. The analysis of the regression equations shows that the rest interval between repetitions (x,) has the greatest
influence on teaching 5™-7™ grade girls physical exercises, with the number of repetitions (x,) being of somewhat less
significant influence. The relation between these factors (x,x,) has a considerable weight in teaching to “rope climb in two
or three sets” and to do a “pullover mount with a swing of one and a push-off with the other leg”.

Conclusions. To increase the effectiveness of teaching 5"-7" grade girls physical exercises, the number of repetitions
in throwing exercises should be increased to twelve times, and the rest interval reduced to 60 seconds. In the 7* grade,
the number of repetitions should be reduced to six times, and the rest interval - to 60 seconds. The rest intervals in the
exercises: “pullover mount with a swing of one and a push-off with the other leg” and “rope climbing in two or three sets’,
should be reduced to 60 seconds and the number of repetitions - to six.

Keywords: factorial experiment; physical exercises modes; motor skills development; 5%-7* grade girls.

Introduction

The process of teaching physical culture
in a comprehensive secondary school requires seeking
out rational forms of training organization and planning
(Krutsevych, 2006; Krutsevych, Napadii, Imas, &
Trachuk, 2016; Krutsevych, T., & Trachuk, 2017). In
physical education, the study of physical exercises is
the core of teaching, as the motor activity here is an
object, a means and a goal of perfection (Chedzoy, 2000;
Kapkan, 2013; Ivashchenko, 2017; Lopes, Stodden, &
Rodrigues, 2017).

One of the most effective methods of learning
the regularities in teaching physical exercises is
mathematical modeling, which is a combined link
between control and improvement of the effectiveness
and quality of the teaching and learning activities,
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reflects the most important features of the object, and
allows to describe the specific processes and narrower
aggregate phenomena (Khudolii, & Ivashchenko, 2013;
Ivashchenko, 2016; Khudolii, Ivashchenko, Iermakov,
& Rumba, 2016; Lopatiev, Ivashchenko, Khudolii, Pja-
nylo, Chernenko, & Yermakova, 2017). The process
of learning to perform motor actions is known to be
subject to certain regularities in adaptive reactions
development (Drid, Vujkov, Jaksic, Trivic, Marinkovic,
& Bala, 2013; Iadreev, Cherkashin, Vujkov, & Drid, 2015;
Hadzi¢, Bjelica, Vujovi¢, & Popovi¢, 2015). Mechanisms
and regularities of different types of the body adaptation
to muscle loads, depending on their intensity, duration,
rest intervals, number of repetitions and influence
of the performance capability level on the process of
learning to perform physical exercises were the subject
of scientific research conducted by Ivashchenko (2016);
Raiola Gaetano, Altavilla Gaetano, Tafuri Domenico,
and Lipoma Mario (2016); Maria Cuellar-Moreno
(2016); Kaivo Thomson, Anthony Watt, and Jarmo
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Liukkonen (2015). The obtained scientific data allowed
to single out the peculiarities in teaching and learning
activities planning and to effectively control the process
of learning.

The studies by Chernenko (2015), Khudolii,
Ivashchenko, and Chernenko (2015), Khudolii,
Ivashchenko, Iermakov, S.S., and Rumba (2016) prove
that the training lessons mode significantly influences
the process of teaching motor actions. In Ivashchenko’s
opinion (2016), successful teaching of movements
requires ensuring the rationally proportioned motor
stimuli. Khudolii, Ivashchenko, and Chernenko,
(2015), and Kapkan (2013) emphasize that the motor
skills acquisition largely depends on the number of
repetitions of the motor action being mastered. Khudolii
and Ivashchenko (2013), Khudolii, Ivashchenko,
and Iermakov and Rumba (2016) point out that
determining the optimal rest period ensures effective
implementation of the learning objectives. Ivashchenko
(2016) considers it necessary to properly proportion
both the rest intervals and the number of repetitions of
the exercise in order to achieve quality changes in the
children’s and adolescents’ bodies.

Thus, the possibility to determine and vary the
pedagogical actions and to change the pedagogical
conditions of traininglargely conditions the effectiveness
of physical education. This implies the necessity to
develop scientifically substantiated recommendations
for modes regulation in teaching 5"-7" graders physical
exercises.

The objective is to determine the influence of the
physical exercises modes on the effectiveness of motor
skills development in 5"-7" grade girls.

Materials and Methods

Study participants. The experiment participants
were 5" (n=28), 6" (n=28) and 7™ (n=24) grade girls.
Children were fully informed about all the features of
the study, and a signed informed-consent document
was obtained from all the parents.

Study organization. The following research methods
were used to solve the tasks set: studies and analysis of
scientific and methodological literature; pedagogical
testing, pedagogical observation, timekeeping of

Table 1. 2? Type Factorial Experiment Plan

educational tasks; pedagogical experiment, methods of
mathematical statistics, and methods of mathematical
experiment planning.

In teaching, the algorithmic method was used.
The educational programs were developed for physical
exercises being learned by 5™-7" graders at physical
education lessons from the “Gymnastics” and “Track
and Field” Sections. From the “Gymnastics” Section,
the 5™ grade girls learned to perform an “across squat
mount onto the vaulting buck - arched dismount”,
“rope climbing in three sets”; the 6" grade girls learned
to perform an “across straddle vault over the buck”;
“rope climbing in two sets”; the 7" grade girls learned to
perform an “across squat vault over the buck”, “back rise
on forearms from support” (boys). From the “Track and
Field” Section, 5"-7" grade girls learned to perform a
“running throw of a small ball to a range” and a running
long “squat” jump.

The level of proficiency in the physical exercises
performance was determined by the alternative method:
“performed” or “failed”. The schoolchildren had five
attempts, their performance recorded in the protocol.
A technically correct performance of the exercise gave
them “1” point; a failure to perform the exercise gave
them “0” entered in the protocol.

Studying the influence of different variants of the
educational process structure, namely: the number of
repetitions (x,) and the rest intervals (x,) on acquisition
of the technique of physical exercises performance,
provided for achieving the objective. The 5%-7" grad-
ers were divided into training groups according to the
experiment plan. In total, there were four experimental
groups organized in each class.

The conditions for conducting the factorial
experiment are presented in Table 1. The bottom and
top levels of the factors were chosen based on the
data provided by Khudolii and Ivashchenko (2014),
Ivashchenko (2016), Chernenko (2015), and were
limited to the lesson framework.

Statistical analysis. This paper used the methods of
analysis of the results of a full 2* type factorial experiment
(Khudolii & Ivashchenko, 2014; Ivashchenko, 2016).

The study protocol was approved by the Ethical
Committee of H.S. Skovoroda Kharkiv National
Pedagogical University. In addition, children and their
parents or legal guardians were fully informed about all

Study No. Mode of Training
Repetition Number Rest Interval
1 6- 60-
2 12+ 60-
3 6- 120+
4 12+ 120+
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Table 2. Dispersion analysis results for a full 2> type factorial experiment. Studying the influence of the number of
repetitions (x ) and rest interval (x,) on the level of proficiency in physical exercises performance by 5®-7 grade girls

Duplicate Ratio in %
Grade Physical Exercise
X, X, XX,
A running throw of a small ball (weighing 150 g) 49.64 49.03 1.323
A running long “squat” jump 19.71 77.09 3.08
> Rope climbing in three sets 3.33 72.82 23.59
?(; lag(r)ocsrsn ‘)‘squat” mount onto the vaulting buck - arched dismount (h = 93 8761 318
A running throw of a small ball (weighing 150 g) 23.82 75.66 0.57
A running long “squat” jump 19.53 75.8 4.6
6 Rope climbing in two sets 6.28 66.99 26.78
An across “straddle” vault over the buck (h = 100-110 cm) 12.7 85.64 1.6
A pullover mount with a swing of one and a push-off with the other leg 1.23 56.49 422
A running throw of a small ball (weighing 150 g) 31.57 67.98 0.56
7 A running long “squat” jump 12.94 83.35 3.755
An across “squat” vault over the buck (h = 110-115 cm) 17.52 79.1 3.36

the features of the study, and a signed informed-consent
document was obtained from all the parents.

Study Results

The dispersion analysis results indicate that the
rest interval between the approaches (x,) affects the
effectiveness of the process of teaching 5*-7% grade
girls physical exercises by 49-87%. The effectiveness of
teaching to perform a “running throw of a small ball
(weighing 150 g)” depends on the number of repetitions
(x,) by 23-49%. The effectiveness of teaching to rope
climb (5™ and 6™ grades) and to do a “pullover mount
with a swing of one and a push-oft with the other leg”
(6™ grade) depends on the relation (x x,) between the
number of repetitions (x,) and the rest interval (x,).
The effectiveness of teaching 7™ grade girls physical
exercises depends on the rest interval (x,) by 67.98%,
83.35% and 79.1% respectively, and on the number
of repetitions (x,) — by 31.57%, 12.94% and 17.52 %
respectively (see Table 2).

Table 3 presents the results of the full 22 type
factorial experiment in the form of mathematical
models - regression equations for coded variables,
where Y is the level of motor skills development (level
of proficiency).

The analysis showed that when teaching the 5%*-6
grade girls to perform a “running throw of a small ball’,
the number of repetitions (x,) should be increased to
twelve times, and the rest intervals (x,) - reduced to

TM®B, 2017, tom 17, Ne 4

60 seconds; in the 7" grade, the number of repetitions
(x,) should be brought down to six times and the rest
interval (x,) - to 60 seconds. The rest interval (x,) and
the relation between the factors x x. (the number of

repetitions and the rest interval) affect the training of
“rope climbing in two sets”, “rope climbing in three sets”
and a “pullover mount with a swing of one and a push-
off with the other leg” The level of proficiency will be
the highest when the exercise is repeated six times with

the rest interval of 60 seconds.

Discussion

The shaping of the technique of physical exercises
performance is an active pedagogical process where
certain pedagogical actions and conditions under which
the educational process takes place are of substantial
significance (Ivashchenko, 2017; Ivashchenko,
Iermakov, Khudolii, Cretu, Marian, & Potop, Vladimir,
2017). The data obtained in the pedagogical experiment
show that the number of the exercise repetitions, the
rest intervals between the repetitions and the relation
between these factors significantly affect the process
of motor skills development and supplement the study
results obtained by Khudolii & Ivashchenko (2014),
Ivashchenko (2016), Maria Cuellar-Moreno (2016).
The acquisition of the educational material largely
depends on the methodology that provides for the
optimal correlation between the rest intervals and the
number of repetitions, which also finds confirmation
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Table 3. Regression dependence of physical exercises teaching on influence of the number of repetitions (x,) and rest interval (x,) in 5*-7

grade girls.

Grade Physical Exercise Regression Equations for Coded Variables
A running throw of a small ball (weighing 150 g) Y =0.49 + 0.135x, - 0.13425 x,
A running long “squat” jump Y = 0.4985 - 0.0715x, - 0.1415x,

° Rope climbing in three sets Y =0.6825 - 0.1275x, + 0.0725x x,
é\ilslmagi?]is(h s:qtgz(i)t 101:)1(;1;?; onto the vaulting buck - arched Y = 0.55 - 0.07225%,-0.2215x,
A running throw of a small ball (weighing 150 g) Y =0.6125 + 0.136x, - 0.2425x,
A running long “squat” jump Y =0.5275 - 0.0875x, - 0.1725x,

6 Rope climbing in two sets Y =0.7 - 0.1225x, + 0.0775x x,
An across “straddle” vault over the buck (h = 100-110 cm) Y =0.632 - 0.063x,-0.163x,
OAt}E)eurlll(;;er mount with a swing of one and a push-off with the Y = 0.42875 - 0.09975x, + 0.08625x x,
A running throw of a small ball (weighing 150 g) Y =0.575 - 0.075x,- 0.11x,

7 A running long “squat” jump Y = 0.665 - 0.065x, - 0.165x,

An across “squat” vault over the buck (h = 110-115 cm)

Y = 0.645 - 0.08x, - 0.17x,

in the studies conducted by Khudolii, Ivashchenko, &
Chernenko (2015), Chernenko (2015).

The regression equations analysis shows that the
rest interval between the repetitions (x,) has the greatest
impact on the process of teaching 5"-7" grade girls
physical exercises, while the number of repetitions (x,)
is somewhat less influential. The relation between these
factors (x,x,) has a significant weight in the process
of teaching “rope climbing in two or three sets” and a
“pullover mount with a swing of one and a push-oft with
the otherleg” The obtained data confirm the effectiveness
of the full 2> type factorial experiment in the study of
the effects of the working modes on the efficiency of
schoolchildren’s training (Khudolii, & Ivashchenko,
2014; Ivashchenko, 2016; Kapkan, 2013; Marchenko
2008; 2009; Chernenko, 2015; Vlasov, Demichkovskyi,
Ivashchenko, Lopatiev, Pitin, Pyanylo, & Khudolii, 2016).

A full factorial experiment method gives an
opportunity to obtain a mathematical description of
the process in some local area of the factor space around
the point with the coordinates of the n-dimensional
space and to verify the regression model. The regression
equations provide a visual representation of the
quantitative effect of each factor and their relations on
the effectiveness of motor skills development in 5%-7®
grade girls. The conducted studies allowed to determine
the effectiveness and reliability of the 22 type factorial
experiment plans in the study of the effect of the physical
exercises performance modes on the effectiveness of the
motor skills development in 5®-7" grade girls.
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The study results indicate that the chosen step of
variation in the factors in the proposed matrix of the
factorial experiment plans is sufficient to study the effect
of different modes of physical exercises performance on
the effectiveness of teaching children and adolescents.
These data supplement the information on formation
of plans of factorial experiments in the study of the
training loads (Cieslicka, & Ivashchenko, 2017) and
the effectiveness of teaching children and adolescents
(Chernenko, 2015; Ivashchenko, 2016; Abdulkhalikova,
2017).

Conclusions

To increase the effectiveness of teaching 5"-6"
grade girls physical exercises, the number of repetitions
in the throwing exercises should be increased to twelve
times, and the rest interval should be reduced to 60
seconds. In the 7" grade, the number of repetitions
should be decreased to six times, and the rest interval —
to 60 seconds. In the exercises: a “pullover mount with
a swing of one and a push-oft with the other leg”, “rope
climbing in two or three sets’, the rest intervals should
be reduced to 60 seconds and the number of repetitions
- to six.

The study results showed that regulation of the
number of repetitions and the rest intervals allows to
increase the effectiveness of teaching 5"-7" grade girls
physical exercises.

TM®B, 2017, tom 17, N2 4
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EQOEKTUBHICTb ®OPMYBAHHA PYXOBUX HABUYOK Y AIIBYAT 5-7
KJIACIB NMPU PIBHUX PEXXMMAX BUKOHAHHA ®I3UYHUX BIMPAB

IBamenko O.!, A6pynxamikoBa T.!, Ilectnipka M.>
'XapkiBcbKuit HallioHaIbHMIL Nefaroriunmit yHiBepcutet imeHi I.C. CkoBopopu, Ykpaina
*YuiBepcutet Kasumupa Benukoro, bugrom, [Tonbina

Pedepar. Crartst: 7 c., 3 Tabn., 30 mxeper.

Merta — BUSHAYNTH BIUIMB PEXUMIB BU-
KOHaHH:A (i3MYHMX BIIpaB Ha eQeKTUBHICTb GopMy-
BaHHS PyXOBMX HaBMYOK Y JiB4aT 5-7 K/IaciB..

Marepianu i MeTogu. Y JOCTipKeHHI NPUITHANN
y4acTh fiByara 5 knacy (n=28), 6 xnacy (n=28), 7 kiacy
(n=24). [lna BUpillleHHS IIOCTaB/IEHNX 3aBaHb OynIu
BMKOPMCTaHi K 3araJlbHOHAYKOBi TaK i crenianbHi Me-
TOAM JOCTiIPKEHHS, METOLM MAaTeMaTU4YHOTO IUIaHY-
BaHH: €KCIIEPVIMEHTY.

IIna BupilleHHA NOCTaBI€HOI METM BUBYAaBCA
BIUIVB Pi3HMX BapiaHTiB HOOYZOBM HaBYATbHOTO IPO-
1IeCy, a came: KiZlbKOCTi HOBTOpeHb (x,) Ta iHTepBasiB
BiJIMOYMHKY (X,) Ha 3aCBOEHHS TeXHiKM BUKOHAHHSA i-
3MYHMX BIpaB. byB npoBefeHnit MoBHMIT PaKTOPHMIL
eKcrepuMeHT tuiy 2% YuHi 5-7 kaciB 6ymm mopine-
Hi Ha HaBYaJIbHi IPYIN, STiHO IUIAHY €KCIIEPVMEHTY.
Ycboro 6yno opraHizoBaHO 12 eKCIepMMEHTaTbHUX
TPy, 110 YOTUPU B KOXKHOMY KJIaci.

PesynbraTn. AHaji3 piBHAHDb perpecii mokasye,
1[0 Ha MpOolieCc HaBYaHHA (Pi3MYHUX BIpaB AiByar 5-7
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K/IaciB HalOiNMbIINIT BIUIVB Ma€ iHTepBasl BifJIIOUMHKY
MiX MOBTOPeHHAMM (X,), Mell0 MEHIINil BIUIMB Ma€e
KimbKicTh moBTOpPeHb (X,). Bsaemopia nmux daxropis
(x,X,) Ma€ 3HauHy Bary B IPOIleCi HABYAHHSA «Ta3iHHIO
II0 KaHATY B IBa i Tpu NpuitoMn» Ta «IIifiiioMy IepeBo-
POTOM B yIIOp MaXxOM OJHI€I0 Ta ITOIITOBXOM iHIIOKO».

BucnoBku. [l nigBumieHHsA epeKTUBHOCTI IPo-
Ilecy HaBYaHHA (i3VYHUX BIpaB AiBYaT 5-6 KiaciB
KiZIbKiCTh IOBTOPEHbD y BIIpaBax 3 METaHHS C/Iif 301/1b-
muTH Jo 12 pas, iHTepBan BiAOYMHKY 3MEHIIUTHU IO
60 c. Y 7 xmaci - 3MEHIIUTU Ki/IbKiCTh NMOBTOPIB 10 6
pas, inTepBan BiiMO4MHKY — 5o 60 c. Y BIpaBax «IIifi-
JIOM IIEPEBOPOTOM B YIIOp MaXOM OJHI€I0 Ta IOLITOB-
XOM iHIIOKO», “/ITa3iHHA 1O KaHATY Y [iBa i Tpu mpuiio-
MU CTifi 3MEHIINTY iHTepPBaIu BiIIOYMHKY 70 60 ¢ Ta
Ki/IbKiCTb IOBTOPEHBD [0 6.

KirouoBi cmoBa: hakTOpHMIT €KCIIEPYIMEHT; PEXKI-
MU BUKOHaHH: (Pi3M4HUX BIpaB; GOPMyBaHHS PyXo-
BUX HaBUYOK; [iBYaTa 5—7 KJIaciB.
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DOOEKTUBHOCTb ®OPMUPOBAHUA ABUIATEJIbHbIX
HABbIKOB Y AEBOYEK 5-7 KJIACCOB NMPU PA3JIUYHDbIX
PEXXVUMAX BbINONIHEHUA ®U3NYECKUX YITPAXKHEHUI

VBamenko O.!, A6pynxanukosa T.!, Ilecinika M.?
'XapbKOBCKMIT HAI[MOHAJIbHBIN Nefarorndeckuit yauBepcureT nMmeHu I.C. CkoBopoppl,

Ykpauna

*Yuusepcutet Kasummpa Bennkoro, boiarom, ITonbia

Pedepar. Crartsa: 7 c., 3 Tabm., 30 mxepern.

Lenp - ompemenuTdb BAUAHNE PEXU-
MOB BBINOJHEHUA (U3NYECKUX YIPAKHEHMIT Ha
3p¢dexTMBHOCTP (OPMUPOBAHMA [ABUTATETbHBIX
HAaBBIKOB y I€BOYEK 5-7 KIaCCOB.

Marepuanpl u METOABI. B vicceoBaHNy IPUHAN
y4yacTue meBoukM 5 kmacca (n=28), 6 kmacca (n=28),
7 knacca (n=24). [lis peuieHus: MOCTaBIE€HHBIX 3a-
fad OBUIM MCIIONBb30BAaHBI KaK OOlIeHayYyHbIe TaK U
crienMajabHble METOAbl UCCIENOBAHMA, METO/IBI MaTe-
MaTM4eCKOTO IJITAaHMPOBAHNA KCIIEPUMEHTA.

I peleHMA IOCTaBIEHHON ILieIM U3y4anoch
B/IMSHME PA3/IMYHBIX BapMaHTOB IOCTPOEHMS y4uelh-
HOTO IIpollecca, a MUMEHHO: KO/M4YeCTBa MOBTOPEHMII
(x,) ¥ MHTEpBaNOB OT/bIXa (X,) HA YCBOEHME TEXHUKM
BBIIIOTTHEHNA (PM3MYECKNX YIpaKHeHMit. bt mpo-
BefleH IOTHBIN (AaKTOPHBIN 3KCHEpUMEHT Tuma 2%
YueHuku 5-7 KIaccoB ObUIM pasfienieHbl Ha y4eOHbIe
TPYIIIBI, COIIACHO IUIaHY 9KCIlepuMeHTa. Beero 6b10
OpPraHM30BaHO 12 3KCIepUMMEHTA/IbHBIX TPYII, IIO
4eTbIpe B KaXKIOM Kyacce.

PesynbraTpl. AHanus ypaBHEHUIl perpeccuu
IIOKa3bIBaeT, YTO Ha MPOLecC 00yUeHUs PU3NIECKIX

yIpa>KHeHMII AeBOYeK 5-7 KJIacCOB HamOOJIbIlee BIIM-
sHJE MMeeT MHTEePBaj OT/bIXa MEX/y IOBTOPEHUAMMU
(x,), HECKONIPKO MeHblIlee BIUSAHIE UMEET KOMMIECTBO
nosropennit (x,). Bsaumopeiicteue aTux dakropon
(x,x,) MMeeT 3HAYMTENbHBIN BeC B Iporecce 06y-
YeHNA «Ia3aHMIO 11O KaHaTy B [Ba U TpU IpHUeMa» U
«110[ybeMa IIepeBOPOTOM B YIIOP MaXOM OJJHOIL ¥ TOTY-
KOM JPYTOii».

BroiBoppl. [Is1 noBbiennsa 3¢ GeKTUBHOCTI IPO-
necca o0ydeHus: GpuU3NIeCKUX YIpaKHEHUIT JeBOYeK
5-6 KJIacCOB KONMMYECTBO IIOBTOPEHNI B YIIPAKHEHUAX
B MeTaHUM CIENYeT YBENMYNTD f0 12 pas, MHTepBan
OTIbIXa YMEHBIIUTD 10 60 c. B 7 kiacce - yMEHbIINTD
KOJIM4eCTBO IIOBTOPOB /10 6 pas3, MHTepBaJl OT/bIXa - IO
60 c. B ynpa)kHeHMAX «IIOFbEM IIEPEBOPOTOM B YIIOP
MaXOM OJJHOJ ¥ TOJTYKOM JIPYTO¥i», «JIa3aHue 110 KaHaTy
B /IBa U TPU IpMeMa» CIefyeT YMEHbIINTb MHTEPBaJIbl
oTAbIXa o 60 ¢ ¥ KOIM4ecTBO IOBTOPEHUI [0 6.

KrnioueBble cmoBa: GpakTOpPHBI 3KCIEPUMEHT;
PEXMMBI BBIIIOTHEHNS (PU3NYECKNUX YIPaKHEHMUIT;
¢dbopMupoBaHue [BUTATeTbHBIX HABBIKOB; IEBOYKN 5-7
KJIaCCOB.
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