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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.
Keywords: 9-year-old boys, ball throwing, discriminant analysis.
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Introduction

The problem of developing motor skills in schoolchil-
dren was considered in the context of gender characteristics 
of motor readiness (Ivashchenko, Nosko, Bartik, & Makanin, 
2020), determining the priority of developing motor skills in 
the process of physical education (Shevchenko, Khudolii, & 

Potop, 2020; Petrov, Khudolii, & Cieślicka, 2020; Khudolii, 
Golovnin, & Bartík, 2020), the influence of physical exer-
cise regimes on the effectiveness of motor skills formation 
(Ivashchenko, 2020; Ivashchenko, Iermakov, Khudolii, Cre-
tu, & Potop, 2017; Ivashchenko, Holovko, 2015), the influ-
ence of training loads on dynamics of strength development 
(Khudolii, Ivashchenko, & Beketov, 2015; Ivashchenko, & 
Cieślicka, 2017; Cieślicka,  & Ivashchenko, 2017). 

The formation of motor skills in schoolchildren is a nec-
essary condition for optimizing motor activity and improv-
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ing their health (Barnett, Hardy, Lubans, Cliff, Okely, Hills, 
& Morgan, 2013; Chan, Ha, & Ng, 2016; Lubans, Morgan, 
Cliff, 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), Fernández-Valero, Soto-Sánchez, 
Páez, 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).

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, χ-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 (λ1=0.549; p1=0.05; λ2=0.976; 
p2=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

Function Eigenvalues % of explained 
variance

Cumulative 
%

Canonical 
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

Checking  
functions Wilks’ Lambda Chi-square degrees of 

freedom р

from 1 to 2 0.549 13.210 10 0.050

2 0.976 0.538 4 0.970
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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. 

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

Table 3. Coefficients of the canonical discriminant function. Wilks’ Lambda. Boys 9 years old
No Exercise Normalized coefficients Structural coefficients
1 Throws of a ball on the floor 0.751 0.141 0.551* 0.161

2 Throws of a ball forward and upward with feet shoulder 
width apart 0.418 0.828 0.125 0.859*

3 Throws of a ball forward and up, left foot forward 0.293 -0.022 0.212* 0.046

4 Throws of a ball forward and upward with the left side 
towards the throwing side 0.144 -0.414 0.156 -0.383*

5 Throws of a ball at the target from a distance of 3 m 0.840 -0.209 0.535* -0.521

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

Options for operating modes
Function

1 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
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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.

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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Реферат. Статья: 5 с., 4 табл., 1 рис., 23 джерела.

Мета дослідження – визначити вплив кількості повторень на ефективність процесу навчання метанню малого м’яча 
хлопчиків 9 років. 

Матеріали і методи. У дослідженні прийняли участь 27 хлопчиків 9 років, які були розділені на три групи по 9 чоловік 
у випадковому порядку. Діти та їхні батьки були інформовані про всі особливості дослідження і дали згоду на участь в 
експерименті.

Досліджувався вплив кількості повторень на ефективність процесу навчання метанню малого м’яча  в ціль у хлопчиків 
9 років. У педагогічному експерименті вивчався вплив 6, 12 і 18 повторень з інтервалом відпочинку 60 с на приріст рівеня 
навченості вправ хлопчиків 9 років. У першій групі хлопчики повторювали завдання 6 разів з інтервалом відпочинку 60 с, у 
другій групі – 12 разів з інтервалом відпочинку 60 с, у третій групі 18 раз з інтервалом відпочинку 60 с. У процесі навчання 
кидкових вправ у занятті оцінювався альтернативним методом рівень навчености («виконав», «не виконав»), розрахову-
валася вірогідність виконання вправи (p = n/m, де n – кількість успішно виконаних спроб, m – загальна кількість спроб). 

У навчанні хлопчиків 9 років використовувався метод алгоритмічних розпоряджень. Перехід до наступної вправи 
здійснювався після трьох успішних спроб. Вивчалися метання м’яча у вертикальну ціль.

Матеріали дослідження опрацьовані в програмі статистичного аналізу – IBM SPSS 20. У процесі дискримінантного 
аналізу була створена прогностична модель для належності до групи. 

Результати. Дискримінантний аналіз дозволив визначити вплив кількості повторень на ефективність формування 
навичок метання малого м’яча в ціль; дати відповідь  на питання наскільки достовірно різняться режими повторення за ре-
зультативністю формування рухових навичок, до якого класу належить об’єкт на основі значень дискримінантних змінних.

Висновки. На основі аналізу центроїдів груп визначено, що 18 повторень вправи (6 підходів по 3 рази з інтервалом від-
починку 60 с) має суттєвий вплив на приріст рівня навченості на уроках фізичної культури. Результати класифікації груп 
показують, що 63,0 % вихідних згрупованих спостережень класифіковано вірно.

Ключові слова: хлопчики 9 років, метання м’яча, дискримінантний аналіз.
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