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Abstract

The study purpose was to experimentally substantiate technological approaches to estimating training
effects of strength loads in girls aged 7 years.

Materials and methods. The study participants were girls aged 7 years (n = 40). 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 solve the tasks set, theoretical and empirical methods were used: analysis and
generalization of scientific and methodological literature; modeling, pedagogical observation and
experiment, methods of mathematical experiment planning (2* type FFE).

Results. The study results show that in the proposed matrix of the 22 type full factorial experiment design,
the chosen step of variation of factors is sufficient to study the influence of different modes of strength
exercises on the dynamics of ITE in girls aged 7 years.

Conclusions. At station 1 (exercises to strengthen arms and shoulders), the ITE in girls aged 7 is most
influenced by the interaction between the number of repetitions in a set and the rest interval (x,x,) — 83%,
the number of repetitions in a set (x,) — 15%; at station 2 (exercises to strengthen abdominal muscles), it
is most influenced by the number of repetitions in a set (x,) — 48.5%, the rest interval (x2) — 48.5%; at
station 3 (exercises to strengthen back muscles) — by the rest interval (x,) — 82%; at station 4 (exercises to
strengthen leg muscles) — by the rest interval (x,) — 92%.

At stations 1-3, to strengthen the ITE, it is necessary to increase the number of repetitions in a set and the
duration of the rest interval, at station 4, it is necessary to increase the number of repetitions in a set and to

reduce the duration of the rest interval.

Keywords: girls, full factorial experiment design, immediate training effect, strength loads.

Introduction

The issue of strength abilities develop-
ment in children and adolescents is regarded as a condi-
tion for improving the effectiveness of a school physical
education class (Khudolii & Titarenco, 2013; Ivash-
chenko & Cieslicka, 2017; Cie$licka & Ivashchenko,
2017). Research has found that learning effectiveness
improves if motor abilities integrate into motor skills
(Khudolii, 2011; Ivashchenko, 2017).

Strength development in a school lesson, in contrast
to the sport of higher achievements (Verkhoshanskyy,
1985),is considered a necessary condition for improving
the learning process (Ivashchenko & Yermakova, 2015)
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and the basis of motor abilities development (Khudolii
& Ivashchenko, 2014; Ivashchenko, Cieslicka, Khudolii
& Iermakov, 2014).

The effectiveness of strength development is
significantly influenced by the modes of strength
exercises (Titarenko, 2010; Khudolii, 2011), as well as
the interaction of training effects (Khudolii, 2011). The
programming of strength development is based on the
estimation of training effects (Khudolii, Ivashchenko,
Iermakov & Rumba, 2016, Lopatiev, Ivashchenko,
Khudolii, Pjanylo, Chernenko & Yermakova, 2017)
and determination of the optimal number of strength
training lessons (Khudolii, 2011; Khudolii & Titarenco,
2013).

One of the methods for obtaining objective
information about the body state dynamics, depending
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Figure 1. Scheme of organizing a pedagogical experiment

on the number of repetitions of physical exercises and
rest intervals is modeling. In their studies, Lopatiev,
Ivashchenko, Khudolii, Pjanylo, Chernenko and
Yermakova (2017), Khudolii, Ivashchenko, Iermakov
and Rumba (2016) developed conceptual approaches
to modeling the learning process and motor abilities
development in physical education and sport. The
researchers describe the models of motor abilities
development in children and adolescents, which can
be used for current and final control of preparedness
(Ivashchenko & Yermakova, 2015; Ivashchenko &
Cieslicka, 2016; Cieslicka & Ivashchenko, 2016). It
was found that current control over the level of motor
preparedness can be performed on the basis of regression
models that describe the dependence of physical
education on physical exercises modes (Ivashchenko,
2016; Ivashchenko & Kapkan, 2016; Ivashchenko,
Khudolii, Yermakova, Iermakov, Nosko, M. & Nosko,
Y., 2016). Scientific literature provides the results from
the analysis of seven-year-old boys’ and girls’ body
reaction on strength loads, reveals the peculiarities
of the formation of training effects, depending on the
mode of strength exercises (Cieslicka & Ivashchenko,
2017; Ivashchenko & Cieslicka, 2017).

In this regard, the question arises as to the relevance
of developing a method for evaluating training effects
in the process of strength development in girls aged 7
years.

The study purpose was to experimentally
substantiate technological approaches to estimating
training effects of strength loads in girls aged 7 years.
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Materials and methods

Study participants

The study participants were girls aged 7 years
(n = 40). The children and their parents were fully
informed about all the features of the study and gave
their consent to participate in the experiment.

Study organization

To solve the tasks set, theoretical and empirical
methods were used: analysis and generalization of
scientific and methodological literature; modeling,
pedagogical observation and experiment, methods of
mathematical experiment planning (2* type FFE).

To determine the dynamics of strength training
effects in girls aged 7 years, the study carried out an
experiment according to the plan given in Table 1.
VariantI ofthe combined method was used to strengthen
arm and shoulder muscles (place I), abdominal muscles
(place II), back muscles (place III), and leg muscles
(place IV). At each place, the following methods were
used: dynamic effort method, maximal effort method,
isometric effort method, repeated effort method. The
modes of performance for each group, for the indicated
places are given in Table 1 (see Table 1, Figure 1).

During the experiment, the study recorded the
results of the following tests: 1. Push-ups. 2. Speed
push-ups, 3 times. 3. Sit-ups in 30 seconds. 4. Trunk lift
in 10 seconds. 5. Standing long jump.
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Table 1. Factorial design in studying the influence of
different modes of the combined method of strength
development (variant I) in primary school children (X, —
number of repetitions in a set; X, — rest interval, s)

No. of strength

load variant Method X X,
Dynamic effort method 3 30
Maximal effort method 1 30
I .
Isometric effort method 3 30
Repeated effort method 6 30
Dynamic effort method 5 30
Maximal effort method 3 30
I .
Isometric effort method 5 30
Repeated effort method 12 30
Dynamic effort method 3 60
Maximal effort method 1 60
III .
Isometric effort method 3 60
Repeated effort method 6 60
Dynamic effort method 5 60
Maximal effort method 3 60
v .
Isometric effort method 5 60
Repeated effort method 12 60

On the first day before the experiment, the study
recorded the results of Test 2 “Speed push-ups, 3 times,
Test 1 “Push-ups’, Test 3 “Sit-ups in 30 seconds”, Test 4
“Trunk lift in 10 seconds”, Test 5 “Standing long jump”.
After performing the exercises at place I — Tests 2, 1;
at place II — Test 3; at place IIT — Test 4; at place IV —
Test 5. After the lesson — Tests 2, 1, 3, 4.

Statistical analysis

The study analyzed the increase in the results of the
above-mentioned tests. The Yates algorithm was used to
calculate regression coeflicients.

Results

Tables 2 and 3 show the results of the 2* type full
factorial experiment.

The analysis of the regression equations given in
Table 2 made it possible to determine the influence of
strength loads on the immediate training effect (ITE) of
different modes of exercisesin girlsaged 7. After training
at stations 1-4, the following data were obtained:

after training at station 1 — exercises to strengthen
arms and shoulders — the ITE is most influenced by
the interaction between the number of repetitions in a
set and rest interval (x x,), number of repetitions in a
set (x,) and rest interval (x,). To strengthen the ITE, it is
necessary to increase the number of repetitions in a set
and the duration of the rest interval;

after training at station 2 — exercises to strengthen
abdominal muscles — the ITE is most influenced by the
number of repetitions in a set (x, ), rest interval (x,) and
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the interaction between the number of repetitions in a
set and rest interval (x x,). To strengthen the ITE, it is
necessary to increase the number of repetitions in a set
and the duration of the rest interval;

after training at station 3 — exercises to strengthen
back muscles — the ITE is most influenced by the
rest interval (x,), the interaction between the number
of repetitions in a set and rest interval (x x,) and the
number of repetitions in a set (x,). To strengthen the
ITE, itis necessary to increase the number of repetitions
in a set and the duration of the rest interval;

after training at station 4 — exercises to strengthen
leg muscles — the ITE is most influenced by the rest
interval (xz), the interaction between the number of
repetitions in a set and rest interval (xx,) and the
number of repetitions in a set (x,). To strengthen the
ITE, itis necessary to increase the number of repetitions
in a set and to reduce the duration of the rest interval.

The dispersion analysis given in Table 2 made it
possible to determine the percentage influence of
the factors on the immediate training effect (ITE) of
different modes of exercises in girls aged 7. After training
at stations 1-4, the following data were obtained:

after training at station 1 — exercises to strengthen
arms and shoulders — the ITE is most influenced by
the interaction between the number of repetitions in
a set and rest interval (xx,), — 83%, the number of
repetitions in a set (xl) — 15%. To strengthen the ITE,
it is necessary to increase the number of repetitions in a
set and the duration of the rest interval;

after training at station 2 — exercises to strengthen
abdominal muscles — the ITE is most influenced by the
number of repetitions in a set (x,) — 48.5%, rest interval
(x,) — 48.5%. To strengthen the ITE, it is necessary
to increase the number of repetitions in a set and the
duration of the rest interval;

after training at station 3 — exercises to strengthen
back muscles — the ITE is most influenced by the
rest interval (x,) — 82%. To strengthen the ITE, it is
necessary to increase the number of repetitions in a set
and the duration of the rest interval;

after training at station 4 — exercises to strengthen
leg muscles — the ITE is most influenced by the
rest interval (x,) — 92%. To strengthen the ITE, it is
necessary to increase the number of repetitions in a set
and to reduce the duration of the rest interval.

Discussion

The paper assumed that a full factorial experiment
would allow to determine the influence of strength
loads on the immediate training effect (ITE) of different
modes of exercises in girls aged 7 years. The study
results show that in the proposed matrix of the 22 type
full factorial experiment design, the chosen step of
variation of factors is sufficient to study the influence of
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Table 2. Models of influence of different strength training modes on the change in the immediate training effect in girls
aged 7 (n=40) (x, - number of repetitions in a set, x, — rest interval). The first variant of the combined method of strength

development.
Place of Conditions of . . Ratio of mean squares
. . Test . Regression equations
training recording x, x, XX,
1. “Push-ups” after performingthe y_ 755 _g.075x, - 0.025¢, - 0.175xx, 15 2 83
Station I exercises
forming th
2. “Speed push-ups, 3 times” “nerPerormingthe y_ o103 0053 001301 - 0.023xx, 81 5 14
exercises
forming th
StatonTl  3.“Situpsin 30 seconds”  nerperformingthe y_ 1o 050 02y 4 0.05x,x, 485 485 3
exercises
Station Il 4. “Trunk liftin 10 seconds” “Rer Performingthe y_ o 5 ¢ 1 03¢ 1 0.1xx, 9 82 9
exercises
Station IV 5. “Standing long jump” after P erforming the Y=-0.6 - 0.5x, + 1.7x, + 0.1x x, 8 92 0
€Xercises

Table 4. Modes of strength exercises (combined method of strength development, variant I) for girls aged 7 years (X, —

number of repetitions in a set; X, — rest interval, s)

Stations Method

Mode of exercises

X, — number of
repetitions in a set

X, — rest interval, s

Dynamic effort method 5 60
Station 1, exercises to strengthen arms Maximal effort method 3 60
and shoulders Isometric effort method 5 60
Repeated effort method 12 60
Dynamic effort method 5 60
Station 2, exercises to strengthen Maximal effort method 3 60
abdominal muscles Isometric effort method 5 60
Repeated effort method 12 60
Dynamic effort method 5 60
Station 3, exercises to strengthen back Maximal effort method 3 60
muscles Isometric effort method 5 60
Repeated effort method 12 60
Dynamic effort method 5 30
Station 4, exercises to strengthen leg Maximal effort method 3 30
muscles Isometric effort method 5 30
Repeated effort method 12 30

different modes of strength exercises on the dynamics
of ITE in girls aged 7 years (Table 1).

Regression equations and dispersion analysis make
it possible to specify and select the most effective
variants of exercises modes for obtaining the ITE (Table
2).

The optimal modes of strength exercises (combined
method of strength development, variant I) for girls
aged 7 years are given in Table 4. At stations 1-3, to
strengthen the ITE, it is necessary to increase the
number of repetitions in a set and the duration of the
rest interval, at station 4 — it is necessary to increase
the number of repetitions in a set and to reduce the
duration of the rest interval.

These findings supplement the data obtained
by Ivashchenko and Cieslicka (2017), Cieslicka and
Ivashchenko (2017) on the effectiveness of using
factorial designs when studying strength training effects

TMO®B, 2019, Tom 19, Ne 2

in children; and the data of Ivashchenko, Khudolii,
Iermakov, Chernenko and Honcharenko (2018),
Khudolii and Marchenko (2007) on the reliability of
the obtained regression equations for modeling the
process of motor skills and motor abilities development
in schoolchildren.

The validity of using a 2" type full factorial
experiment is confirmed by the data of Correa, Grima
and Tort-Martorell (2009, 2012). The main purpose of
designs is to neutralize the influence of unknown factors,
the authors recommend using designs with three and
four factors. The results of the above-mentioned studies
(Tables 2, 3) demonstrate the effectiveness of using a 22
FFE when studying the ITE of strength loads in girls
aged 7 years.

The obtained results specify the conceptual
approaches to experiment planning in studying the
effectiveness of childrens physical education, factorial
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designs are objective tools for obtaining data for the
calculation of regression models of training effects in
children (Khudolii, 2011; Ivashchenko, 2016).

Conclusions

The study results show that in the proposed matrix
of the 22 type full factorial experiment design, the
chosen step of variation of factors is sufficient to study
the influence of different modes of strength exercises on
the dynamics of ITE in girls aged 7 years.

At station 1 (exercises to strengthen arms and
shoulders), the ITE in girls aged 7 is most influenced
by the interaction between the number of repetitions
in a set and the rest interval (x,x,) — 83%, the number
of repetitions in a set (x,) — 15%; at station 2 (exercises
to strengthen abdominal muscles), it is most influenced
by the number of repetitions in a set (x,) — 48.5%, the
rest interval (x,) — 48.5%; at station 3 (exercises to
strengthen back muscles) — by the rest interval (x,) —
82%; at station 4 (exercises to strengthen leg muscles)
— by the rest interval (x,) — 92%.

At stations 1-3, to strengthen the ITE, it is necessary
to increase the number of repetitions in a set and the
duration of the rest interval, at station 4 — it is necessary
to increase the number of repetitions in a set and to
reduce the duration of the rest interval.
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cnnosl 34IbHOCTI: OUIHKA TEPMIHOBOIO TPEHYBAJIbHOIO
EQEKTY CUNOBUX HABAHTAMEHD Y IIBYATOK 7 POKIB

Xymomniit O.M.', Isamenko O.B.%, Epmakos C.C.?, Hocko }10.M.*, Mapuenko C.1.°
X apKiBcbKMit HallioHa/IbHUI nefaroriunmii yHiBepcureT iMeHi I.C. CkoBopoau
*[mancpkmit yHiBepcuTeT (i3NIHOrO BUXOBAHHA i CIOPTY

*Hanjionanpamii yHiBepcuteT «YepHiriBcpkuit koneriym» imeni T.I. IlleByenka

Pedepat. Crarra: 7 c., 4 Tab1L., 22 mxepero.

MeTa mocnigKeHHA — eKCIlepuMeH-
TaJIbHO OOIPYHTYBATV TEXHOJIOTIYHI Ii/IXOAM 1O OLiH-
KI TPeHYBa/JIbHNUX e(eKTiB CMIOBUX HaBAaHTaKEHb Y
IiBYaTOK CEMM POKiB.

Marepianu i MmeTogu. Y JOCIif>)KeHHI NPUIHAIN
y4acTb fjiBuatka 7 pokiB (n = 40). [litu ta ixHi 6aTbKu
Oynu indpopMoOBaHi PO Bci 0COOMMBOCTI JOCTiKeH-
Hf 1 Jamm 3TOAy Ha y4acTb B €KCIepuMeHTi. g Bu-
pillleHHA 3aBHAaHb JOCTIIPKEHHA BUKOPUCTOBYBAINCA
TEOPeTUYHi 1 eMIIiPUYHI METOAN: aHaIi3 i y3arajbHeH-
HA HayKOBO-METOLMYHOI JiTepaTypy; MOLEITIOBaHHA,
IeJarorivyHi CIIoCTepeXXeHHA 1 eKCIIEPUMEHT, METOAN
MaTeMaTUYHOTO IIaHYBaHHA eKcrepuMeHTy (ITOE
Ty 2).

PesynpraTi. Pesynbraty foCmigyKeHHA CBifyaTh,
1[0 Y 3aIIPONIOHOBAHI MaTpUIli IIaHy IOBHOTO ¢ax-
TOPHOT'O eKCIIepUMEeHTY Tuma 2> BUOpaHui KpoK Bapi-
I0BaHH: (aKTOPiB € JOCTATHIM I BUBYCHHSA BIUIMBY
pi3HUX peXMMiB BUKOHAHHS CUJIOBUX BIIPaB Ha JMHA-
miky TTE y niBuaTok 7 poxkis.
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Bucnosku. Hait6inpmmit BB Ha TTE y piBua-
TOK 7 POKiB Mae Ha 1 cTaHuii (BIIpaBy A1 PO3BUTKY
CU/IM PYK i I/IEYOBOTO TOSACY) B3a€MOisA KiIbKOCT] T0-
BTOpEHb y MiJXOfli il iHTepBany BiAMOYMHKY (x,X,) —
83%, KinbKicTh moBTOpPeHD y mifxoni (x,) — 15%; Ha 2
CTaHIil (BIPaBM /I PO3BUTKY CU/IN M A3iB 4epPEeBHOTO
Tpecy) KilbKicTh IOBTOpeHb y mifxoni (x,) — 48,5%,
inteppan Bigmoumnky (x,) — 48,5%; Ha 3 craumii
(BIIpaBM /I POSBUTKY CUIM M’A31B CIIMHYU — IHTep-
BaJl BiJIIOYNHKY (xz) — 82%; Ha 4 cTaHLii — BIpaBn
IVI1 PO3BUTKY CWIM M ’A3iB HIr) iHTepBas BiflIOYMHKY
(x,) — 92%.

Ha 1-3 cranuiax mia nigcunennd TTE Heo6xigHo
30iMbIINTY KiNBbKICTD IOBTOPEHDb Yy MiAXOAi I TpuBa-
JCTDb iHTepBasIy BiAlIOYMHKY, Ha 4 CTaHLii — HeoOXif-
HO 301IBIINTY KiNbKIiCTh TOBTOPEHb Y MiAXO/i il 3MEH-
LWIUTU TPUBAJIICTh iHTEPBAIy BiIIIOYMHKY.

KimrouoBi cnoBa: miByaTka, IUIaH NOBHOTO (ak-
TOPHOTO €KCIIEPMMEHTY, TEPMiHOBUI TPEHYBaIbHUI
edeKT, CMIOBi HaBaHTAXKEHH.
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CUNOBbLIE CMOCOBHOCTWU: OLEHKA CPOYHOTIO
TPEHUAPOBOYHOIO DOD®EKTA CAJTOBbIX

HATPY3OKY AEBOYEK 7 NET

Xynoneit O.M.!, iBamenko O.B.%, Epmakos C.C.’, Hocko }10.M.*, Mapuenko C.J1.°

125X apbKOBCKMII HAIIVIOHA/IbHBIN Nefarorndecknit yauBepcuteT uMeHu [.C. CKOBOpOAbI
*[manckmit yHUBepcuTeT GU3NIECKOTO BOCIUTAHNUA U CIOPTA

*Hanmonanbumit yHuBepcuteT «YepHurosckuii komnernym» umenn T.I. [lleBuenko

Pedepar. Crarbs: 7 c., 4 Tab11., 22 NCTOYHMKA.

ITen» MccnemoBaHUsA — 3IKCIEPUMEH-
TaIbHO O0OOCHOBATHh TEXHONOTUYECKNE IMONXOMBI K
OLieHKe TPeHMPOBOYHBIX 3((PeKTOB CUTIOBBIX HArpy-
30K Y IeBOYEK CEMI JIeT.

Marepuanbl 1 MeTOIbI. B 1ccienoBanmny npuHsm
y4dacTue fieBouku 7 net (n = 40). Jetn n ux pogurenn
6bUIM OCBEOM/IEHBI 000 BCEX 0COOEHHOCTAX MUCCIENO-
BaHUA ¥ /M COIVIacUe Ha y4acTye B 9KCIIEPUMEHTe.
[yt penieHust 3a/jad UCCIESOBAHNUS UCIIOb30BAIChH
TeopeTHYecKye U IMIMPUIECKNe METOABI: aHAIN3 U
000011IeHIIe HAYYHO-MEeTOINYIeCKOI TUTEPaTypPBl; MO-
flenpoBaHNMe, Tefarornieckme HaOTIOTeHNs U 9KC-
HepUIMEHT, METO/bI MaTeMAaTNIeCKOTO IIAHMPOBAH
akcrepumenta (I1O tuma 2%).

PesynbraThl. Pe3ynbpraTsl ucciefoBaHms CBUfe-
TEJIbCTBYIOT, YTO B IPEJIOKEHHOI MaTpUIIBI IIaHA
MOMHOTO (PaKTOPHOTO 9KCIePUMEHTa TiMa 2% BbIOpaH-
HBIIl IIaT BapbUpOBaHUs (HAKTOPOB SABJISETCS OCTa-
TOYHBIM JIJIs1 U3YYEeHVsI BIUAHUA PA3/IMYHBIX PEXXIMOB
BBITIO/IHEHMSI CUJIOBBIX YNPa)KHEHMUII Ha AMHAMUKY
CT9 y meBouex 7 ner.

Boisopbl. Hanbonbiee Bausanne va CTO y pe-
BOYEK 7 JIeT MMeeT Ha 1 cTaHmvm (yIpa>kHeHMA I
PasBUTHA CUIBL PYK U IIEYEBOTO I0sACA) B3aMMOJIeli-
CTBYE KO/IMYeCTBA IIOBTOPEHNII B ITOJXO/ie VI MHTepBa-
na otzpixa (x,x,) — 83%, KONMMYECTBO MOBTOPEHMIT B
nozaxozie (x,) — 15%; Ha 2 cTanuuy (ynpaKHeHus A
Pa3BUTMS CUJIBI MBIIIL] OPIOIIHOTO Ipecca) Kommye-
CTBO MOBTOPeHMit B mopxozie (x,) — 48,5%, nunrepsan
orabixa (x,) — 48,5%; Ha 3 cTanuuM (YIpaKHEHUA /1A
PasBUTHUSA CUJIBI MBIIIL] CIOVHBI) — MHTEPBAJI OT/bIXA
(xz) — 82%, Ha 4 cTaHIUY (YIIpa>KHEHN JI1 pa3BUTUA
CUJIBI MBI HOT) — MHTEPBa OTAbIXa (x,) — 92%.

Ha 1-3 cranumsax pusa yeunenns CTO Heobxopmumo
YBEINYNUTD KOJIMYECTBO IIOBTOPEHMIA B ITOAXO/[E Vi IIPO-
TOJDKUTEbHOCTD HTEPBaJIa OTAbIXA, HA 4 CTAaHIIMM —
HeOOXOAVMMO YBEINYUTDh KOJMYECTBO ITOBTOPEHUII B
MIOIXOfie ¥ YMEHBIIUTD IIPOJO/DKUTETbHOCTD MHTEp-
BajIa OTJbIXA.

KnroueBble cnoBa: 1eBOYKM, IUIAH MOTHOTO (hak-
TOPHOTO 9KCIIEPUMEHTA, CPOYHBIN TPEHUPOBOYHBIN
3¢ deKT, CuIoBbIe HArPY3KIL.
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