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Abstract

The purpose of the study is to determine the effect of the number of repetitions on the effectiveness of the process of
learning to throw a small ball for 9-year-old boys.

Materials and methods. The study involved 27 9-year-old boys, divided into three groups of 9 people in random order.
Children and their parents were aware of all the features of the study and gave consent to participate in the experiment.
The influence of the number of repetitions on the effectiveness of the process of learning to throw a small ball at a
target in 9-year-old boys was studied. In a pedagogical experiment, the effect of 6, 12 and 18 repetitions with a rest
interval of 60 s on the increase in the level of training in exercises of 9-year-old boys was studied. In the first group,
boys repeated the task 6 times with a rest interval of 60 s, in the second group - 12 times with a rest interval of 60 s,

in the third group 18 times with a rest interval of 60 s. In the process of teaching throwing exercises in a lesson, the
level of training (“completed”, “failed to complete”) was assessed using an alternative method, and the probability of
completing the exercise was calculated (p = n/m, where n is the number of successfully completed attempts, m is the
total number of attempts).

The method of algorithmic prescriptions was used in teaching 9-year-old boys. The transition to the next exercise was
carried out after three successful attempts. Throwing a ball at a vertical target was studied.

The research materials were processed in the statistical analysis program — IBM SPSS 20. In the process of discriminant
analysis, a prognostic model for group membership was created.

Results. Discriminant analysis made it possible to determine the influence of the number of repetitions on the
effectiveness of developing the skills of throwing a small ball at a target; answer the question how reliably the repetition
modes differ in terms of the effectiveness of the formation of motor skills, what class the object belongs to based on the
discriminant values of the variables.

Conclusions. Based on the analysis of group centroids, it was determined that 18 repetitions (6 sets of 3 times with a
rest interval of 60 s) has a significant impact on the increase in the level of learning in physical education lessons. The
group classification results show that 63.0% of the original grouped observations were correctly classified.
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Introduction Potop, 2020; Petrov, Khudolii, & Cieslicka, 2020; Khudolii,
Golovnin, & Bartik, 2020), the influence of physical exer-

cise regimes on the effectiveness of motor skills formation

d;en vtvas cor(lis.ldere(dl mn ;hicoll:teﬁ oﬁ(ge%dei.ihgﬁteﬁlst%cs (Ivashchenko, 2020; Ivashchenko, Iermakov, Khudolii, Cre-
Of motor readiness {vashchenko, NOsko, bartix, axanin, g, & Potop, 2017; Ivashchenko, Holovko, 2015), the influ-

2020), determining 'the priority of developing motor Skﬂ,l SN ence of training loads on dynamics of strength development
the process of physical education (Shevchenko, Khudolii, & (Khudolii, Ivashchenko, & Beketov, 2015; Ivashchenko, &

Cieslicka, 2017; Cieslicka, & Ivashchenko, 2017).

The problem of developing motor skills in schoolchil-
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ing their health (Barnett, Hardy, Lubans, Cliff, Okely, Hills,
& Morgan, 2013; Chan, Ha, & Ng, 2016; Lubans, Morgan,
Clift, Barnett , & Okely, 2010). Research indicates the impor-
tance of developing children’s skills in performing exercises
with a ball Mathisen (2016), Nurulfa, Lubis, Dlis, Aning-
gar, and Mamesah (2021), Fernandez-Valero, Soto-Sanchez,
Paez, Leyton-Dinamarca, Kain, Hurtado, and Reyes-Amigo
(2021).

Important in obtaining objective results about the pat-
terns of the learning process is planning an experiment and
using multivariate statistics. The effectiveness of discrimi-
nant analysis in studying the patterns of the learning process
of children and adolescents has been established (Medko &
Khudolii, 2021; Marchenko et al., 2021, 2022; Yunak, Ivash-
chenko, Nosko, & Nosko, 2022). Consequently, the use of
discriminant analysis will allow us to obtain new information
about the age-related characteristics of the formation of basic
motor skills in primary schoolchildren.

In connection with the need to increase the physical ac-
tivity of children, research into the effectiveness of the learn-
ing process for schoolchildren is relevant.

The purpose of the study is to determine the effect of the
number of repetitions on the effectiveness of the process of
learning to throw a small ball for 9-year-old boys.

Materials and Methods

Study Participants

The study involved 27 9-year-old boys who were ran-
domly divided into three groups of 9 people. The children
and their parents were aware of all the features of the study
and gave consent to participate in the experiment.

Organization of the Study

The influence of the number of repetitions on the effec-
tiveness of the process of learning to throw a small ball at a
target in 9-year-old boys was studied.

In a pedagogical experiment, the effect of 6, 12 and
18 repetitions with a rest interval of 60 s on the increase in the
level of training in exercises of 9-year-old boys was studied. In
the first group, boys repeated the task 6 times with a rest inter-
val of 60 s, in the second group - 12 times with a rest interval
of 60 s, in the third group 18 times with a rest interval of 60 s.

In the process of learning throwing exercises in a lesson,
the level of training (“completed”, “failed to complete”) was
assessed using an alternative method, and the probability of
completing the exercise was calculated (p = n/m, where n is
the number of successfully completed attempts, m is the total
number of attempts).

The method of algorithmic prescriptions was used in
teaching 9-year-old boys. The transition to the next exercise
was carried out after three successful attempts. Throwing a
ball at a vertical target was studied.

Statistical Analysis

The work used well-known methods for analyzing the
results of a full factorial experiment of type 2k (Khudolii &
Ivashchenko, 2014; Ivashchenko, 2016).
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The research materials were processed in the statistical
analysis program — IBM SPSS 20. In the process of discrimi-
nant analysis, a predictive model for group membership was
created. This model constructs a discriminant function (or,
when there are more than two groups, a set of discriminant
functions) as a linear combination of predictor variables,
which provides better separation of groups. These functions
are constructed from a set of observations for which their
group membership is known. These functions can then be
applied to new observations with known values of predictor
variables and unknown group membership.

For each canonical discriminant function, the following
were calculated: value, percentage of variance, canonical cor-
relation, Wilks’ Lambda, x-square (Chi-square).

To determine the impact of the proposed physical exer-
cise regimens for 7-year-old boys, a discriminant analysis was
carried out. The influence of the number of approaches, the
number of repetitions in an approach and the rest interval
on the level of training in the following movements was ana-
lyzed: 1. Throws of a ball on the floor; 2. Throws of a ball for-
ward and upward with feet shoulder width apart; 3. Throws
of a ball forward and up, left foot forward; 4. Throws of a ball
forward and upward with the left side towards the throwing
side; 5. Throws of a ball at the target from a distance of 3 m.

The study protocol was approved by the Ethics Commit-
tee of the educational institution. In addition, children and
their parents or legal guardians were fully aware of all features
of the study, and a signed informed consent document was
obtained from all parents.

Results

To determine the influence of different modes of physical
exercise on the level of training, a discriminant analysis was
carried out (see Tables 1-4).

The first canonical function explains the variation of re-
sults by 96.9%, which indicates high information content
(r=0.662) (see Table 1). Materials from the analysis of canoni-
cal functions indicate the statistical significance of the first
and second canonical functions (A, =0.549; p,=0.05; A,=0.976;
p,=0.970). The first function has a high discriminant abil-
ity and significance in interpretation relative to the general
population (Table 2).

Table 3 shows the normalized coefficients of the canoni-
cal discriminant function, which allow us to determine the

Table 1. Canonical discriminant function. Eigenvalues. Boys
9 years old

. . % of explained Cumulative Canonical
Function Eigenvalues

variance % correlation
1 0.779 96.9 96.9 0.662
2 0.025 3.1 100.0 0.155

Table 2. Canonical discriminant function. Wilks’ Lambda.
Boys 9 years old

Checl.ung Wilks’ Lambda Chi-square L AiEIet
functions freedom
from 1to 2 0.549 13.210 10 0.050
0.976 0.538 4 0.970
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Table 3. Coeflicients of the canonical discriminant function. Wilks’ Lambda. Boys 9 years old

No Exercise

Normalized coefficients Structural coeflicients

1 Throws of a ball on the floor

Throws of a ball forward and upward with feet shoulder

2 width apart
3 Throws of a ball forward and up, left foot forward

Throws of a ball forward and upward with the left side
towards the throwing side

5 Throws of a ball at the target from a distance of 3 m

ratio of the contribution of variables to the result of the func-
tion. The variables with the greatest contribution to the first
canonical function include variables No. 5 “Throws of a ball at
the target from a distance of 3 m’, No. 1 “Throws of a ball on
the floor”, the second canonical function includes exercise No.
2 “Throws of a ball forward and upward with feet shoulder
width apart”: the greater the increment in the learning ability
of these exercises, the greater the importance of the functions.
The above indicates that exercises No. 5, 1, 2 are most sensitive
to the number of repetitions in 9-year-old schoolchildren.

Table 3 shows the structural coefficients of the canonical
discriminant function, which are the correlation coefficients
of the variables with the function. Thus, the function is most
significantly related to the results of an increase in exercise
learning No 1 “Throws of a ball on the floor”, No 5 “Throws
of a ball forward and upward with feet shoulder width apart’,
No 2 “Throws of a ball forward and upward with feet shoul-
der width apart™: therefore, a significant difference between
training modes is observed in exercises No. 1, 5, 2.

Table 4 shows the centroid coordinates for the two
groups. They allow the canonical function to be interpreted
in relation to its role in classification. On the positive pole is
the centroid for the exercise mode of 18 repetitions, on the
negative pole is the centroid for the exercise mode of 6 repeti-
tions (see Figure 1). This indicates a significant difference in
the influence of the number of repetitions on the increase in
the level of learning in physical education lessons. The group
classification results show that 63,0% of the original grouped
observations were correctly classified.

Table 4. Functions in group centroids. Boys 9 years old

Function
Options for operating modes ; 2
6 reps, 60 s rest -0.990 -0.113
12 reps, 60 s rest -0.056 0.209
18 reps, 60 s rest 1.046 -0.096

Discussion

It is assumed that it is possible to use a discriminant
function to assess the effectiveness of various modes of per-
forming physical exercises in the process of training a se-
ries of throwing exercises, since the verification of canonical
functions indicates their statistical significance.

Based on the analysis of group centroids, it was deter-
mined that 18 repetitions (6 sets of 3 times with a rest interval
of 60 s) has a significant impact on the increase in the level of
learning in physical education lessons. Group classification
results show that 63,0% of the original grouped observations
were classified correctly.

0.751 0.141 0.551* 0.161
0.418 0.828 0.125 0.859%
0.293 -0.022 0.212% 0.046
0.144 -0.414 0.156 -0.383*
0.840 -0.209 0.535* -0.521
34
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Fig. 1. Canonical discriminant functions. Graphic display of
the results of classification of the level of training in exercises
of 9-year-old boys: = — centroids for data groups after 1 - 6
repetitions, 2 — 12 repetitions, 3 — 18 repetitions

The data obtained complement the information on the
influence of exercise regimes on the formation of motor
skills in children (Ivashchenko, 2020; Ivashchenko, Ierma-
kov, Khudolii, Cretu, & Potop, 2017; Ivashchenko, Khudolii,
Iermakov, Chernenko, & Holovko, 2015; on the effective-
ness of using the method algorithmic prescriptions for the
formation of motor skills (Ivashchenko, 2020; Yunak et al.,
2022; Marchenko et al., 2022), and also confirm data on the
effectiveness of using discriminant analysis to optimize the
process of physical education of schoolchildren (Samanta
& Mukherjee, 2021; Djordjevic, Valkova, & Petkovic, 2021;
Begu, Miftari, Dalip, & Haxhnikaj, 2023).

The results of the study can be used in the process of plan-
ning regimes for performing physical exercises in teaching
manipulative motor skills to children of primary school age,
which will improve the effectiveness of teaching fundamental
motor skills and will help increase their motor activity.

Conclusions

Discriminant analysis made it possible to determine the
influence of the number of repetitions on the effectiveness
of developing the skills of throwing a small ball at a target;
answer the question how reliably the repetition modes differ
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in terms of the effectiveness of the formation of motor skills,
what class the object belongs to based on the values of the
discriminant variables.

Based on the analysis of group centroids, it was deter-
mined that 18 repetitions (6 sets of 3 times with a rest interval
of 60 s) has a significant impact on the increase in the level of
learning in physical education lessons. Group classification
results show that 63,0% of the original grouped observations
were classified correctly.
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AncKpyMiHaHTHUIA aHani3s: BNJINB PeXXNMiB BUKOHAHHA
BrnpaB Ha ePpeKTNBHICTb NpoLecy HaBYaHHA
MeTaHHA MaJsioro Mm’avya X1o0nN4unKis 9 pokis

Oner Xypomiit'A*P, Onpra IBamenko'**®, Mupocmasa Iucinnpka®**?, Onekciit Pagikos>**<P

'XapkiBcbka fep>kaBHa akajjeMis QpisMuHOI KyIbTypu
*Mepmunuii koneriym: buprom, Kysscbpko-IIoMopcbke BOEBOLICTBO
*XapkiBchKuil HallioOHAIbHMII Negarorivauii yHiBepcuteT imeHi I.C. CkoBoponu

ABTOpPCHKMIT BKIAZ: A — Am3aits gocnipkeHHs; B — 36ip ganux; C — crarananis; D — migroroska pykomnucy; E — 36ip komris

Pedepar. Crarbs: 5 c., 4 Tab1., 1 puc., 23 pxeperna.

Mera BOCTi[)KEeHH: — BU3HAYNTH BIUIUB KiZTbKOCTi TOBTOPEHDb Ha e(heKTUBHICTh Mpollecy HaBYaHHA METaHHIO MajIoro M A4a
XJIOITYMKIB 9 POKiB.

Marepianu i MeTogu. Y JOCTiIKeHHI IPUITHAIN Y4acTb 27 XTOMYMKIB 9 POKIB, AKi 6Y/IM po3fineHi Ha TPy IPyIM IO 9 YONOBIK
y BUIIafKOBOMY HopsAzaKy. ity Ta ixui 6aTbku 6ymu indopMoBaHi Ipo Bci 0cOOMMBOCTI JOCTIPKEHHS i Ja/lu 3Tofly Ha y4acTb B
€KCIIepMMEHT.

JocmimpKyBaBcst BIUIVB KibKOCTI IOBTOPeHb Ha epeKTUBHICTD IPOLeCy HABYAHHS METAHHIO MaJIOTO M sI9a B I[i/Ib Y X/TOITYNKIB
9 pokiB. ¥ nefaroriyHoMy eKCliepMMeHTi BUBYaBCA BIUIUB 6, 12 1 18 moBTOpeHb 3 iHTepBaoM BijounHKy 60 ¢ Ha IpMUpICT piBeHA
HaBYeHOCTi BIIPaB XJIOIMYMKIB 9 POKiB. Y nepIiil rpyIli XJIONYMKY IIOBTOPIOBA/IN 3aBJaHHA 6 pasiB 3 iHTepBa/IOM Bigno4nHKy 60 ¢, y
ApyTifi rpymi — 12 pasis 3 iHTepBanoM BignounHky 60 ¢, y Tperiii rpymi 18 pas 3 inTepsanom Bignounuky 60 c. Y npoleci HaB4aHHSA
KMIKOBUX BIIPaB y 3aHATTI OIiHIOBAaBCSA abTePHATVBHIM METONOM PiBeHb HABYCHOCTH («BMKOHAB», «He BUKOHAB»), PO3PaX0BY-
BaJIacs BipoOrifHicTh BMKOHAHHA BIIPpaBy (p = n/m, fie N — Ki/IbKIiCTb YCIIIIHO BUKOHAHNUX CIIP00, M — 3arajibHa Ki/IbKiCTb CIIp06).

Y HaBYaHHI XJIONMYMKIiB 9 POKiB BUKOPMCTOBYBAaBCA METOJ, aITOPUTMIUYHMX po3nopAmKeHb. Ilepexif fo HacTynHOI BIpaBu
3MIifICHIOBABCA MiC/IA TPHOX YCHIIIHMX CIIpo6. BuBuammics MeTaHHA M’s14a Y BEPTUKA/IbHY LIi/b.

Martepianu JOCTi/KeHHS oNpallbOBaHi B IporpaMi CTaTUCTUYHOrO aHamisy — IBM SPSS 20. ¥V mporeci AuckpuMiHaHTHOTO
aHasIisy Oy/a CTBOpeHa IIPOrHOCTIYHA MOJE/Ib A/ HA/IXKHOCTI 10 TPYIINL.

Pesynpratu. [JucKpUMiHAHTHUII aHa/i3 JO3BOJIVB BU3HAYUTY BIUIVB KiTbKOCTI MOBTOPEHDb Ha eeKTUBHICTb GOPMyBaHHSA
HABJMYOK METAHHSI MA/IOTO M sT4a B I1i/Ib; JATY BIIIIOBi/{b HA IIMTAHHS HACKI/IBKI JOCTOBIPHO PiSHATHCS PEXXVIMI IIOBTOPEHHSI 3a pe-
3y/IbTaTUBHICTIO GOPMYBaHH:A PYXOBYUX HABUYOK, /IO IKOTO KJIACY HA/IOKUTD 06’ €KT Ha OCHOBI 3HAYeHD JUCKPUMIHAHTHVX 3MiHHUX.

BucnoBku. Ha 0cHOBI aHami3y IIeHTPOIfIiB IPyH BM3HAYEHO, M0 18 MOBTOpeHD BIIpaBM (6 MiIXOAiB 10 3 pasy 3 iHTepBaToM Bif-
O4MHKY 60 C) Ma€e CyTTEBMII BIUIUMB Ha IPUPICT PiBHA HABYEHOCTI Ha ypokax (isudHOI KynbTypu. Pesyabratu knacudikarii rpyn
TIOKa3yIOTh, 10 63,0 % BUXiIHNX 3TPYMOBaHNX CIIOCTepeXKeHb K/Iacu(pikoBaHO BipHO.

Kirouosi coBa: xy1omunkim 9 pokis, MeTaHHS M 54, JUCKPYMiHaHTHMIT aHAaIi3.
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