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Abstract 

The objective is to determine the peculiarities of motor skills development in boys aged 9. 
Materials and methods. The participants in the study were boys aged 9 (n = 48). The study relied on theoretical 
and empirical methods: analysis and collation of scientific and methodological literature; modeling, pedagogical 
observations and experiment, methods of mathematical experiment planning (2k type FFE), discriminant 
analysis. 
Results. The discriminant analysis has made it possible to determine the modes of performing physical exercises 
in the process of developing motor skills; to answer the question as to how the modes of training differ by the 
effectiveness of motor skills development; which of these variables most substantially influence the 
differentiation of classes; what class the object belongs to based on the values of discriminant variables. 
Conclusions. A full factorial experiment method makes it possible to mathematically describe the process in 
some local area of the factorial space and to verify the regression model. Regression equations provide an 
opportunity to select the modes of performing for each exercise being studied. To select the most rational mode 
of performing exercises in the process of developing motor skills in boys aged 9, the first discriminant function 
can be used, focusing on the most informative variables. 
Key words: classification; modeling; learning process; boys aged 9 
 

Introduction 

The issue of optimizing the learning process of schoolchildren is relevant for both Ukraine (Krucevich, 
& Bezverkhnia, 2010; Ivashchenko, Khudolii, Yermakova, Pilewska Wiesława, Muszkieta Radosław, & 
Stankiewicz Błazej, 2015; Ivashchenko, Yermakova, Cieślicka, & Śukowska, 2015; Khudolii, Iermakov, & 
Prusik, 2015) and Europe (Ekberg, 2016; Lang, Feldmeth, Brand, Holsboer-Trachsler, Pühse, & Gerber, 2017). 

The areas of optimizing physical education in schools are the following: 
• developing a methodology of pedagogical control of the learning process and motor abilities development 

using multidimensional statistics (Ivashchenko, 2016, 2017; Ivashchenko, & Cieślicka, 2017); 
• developing methodological approaches to the rationalization of learning programs (Ivashchenko, 2001; 

Miroshnychenko, 2007; Khudolii, 2008a, 2008b); 
• studying the regularities of motor functions development in children and adolescents (Nosko, 2001; Nosko, 

Kryvenko, & Manievych, 2001; Nosko, & Sumak, 2000); 
• studying the regularities of the body reaction to different modes of alternating physical exercises with rest 

intervals (Khudolii, & Iermakov, 2011; Khudolii, Ivashchenko, Iermakov, & Rumba, 2016). 
The objective of physical education for schoolchildren is to teach them physical actions and to develop 

their motor abilities (Vaskov, 2016; Arziutov, Iermakov, Bartik, Nosko, & Cynarski, 2016; Khudolii, 
Ivashchenko, & Chernenko, 2015).  

The learning process is approached from the following perspectives: 
• organization: it is suggested to plan the process of physical education in schools by periods each having its 

goal: adjusting period (September), preparatory period (October), main period (November-December), 
transitional period (January 1-10), preparatory period (after January 10 to January 30), main period 
(February-May), transitional period (June-August) (Krucevich, Trachuk, Napadij, 2016; Ekberg, 2016); 
educational process planning based on learning models and motor abilities development (Ivashchenko, 
2016); 

• motivation for motor activity: the higher the level of proficiency in exercises performance, the wider the 
range of motor activity (Darnis, & Lafont, 2015; Xu, & Ke, 2014);  

• study of the connections between learning outcomes and motor activity: learning success leads to an 
increase in motor activity (Al-Ravashdeh Abdel Baset, Kozina, Bazilyuk, & Ilnickaya, 2015; Lang, 
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Feldmeth, Brand, Holsboer-Trachsler, Pühse, & Gerber, 2017);  
• cognitive and motor learning (Chatzipanteli, Digelidis, Karatzoglidis, & Dean, 2016; Altunsoz, & Goodway, 

2016; Koh, Ong, & Camiré, 2016);  
• influence of motor preparedness on the effectiveness of learning (Ivashchenko, 2017; Khudolii et al., 2016),  
• influence of physical activity on the effectiveness of learning (Ivashchenko, Kapkan, 2015; Kapkan, 2015). 

According to previously published works, the level of schoolchildren’s motor preparedness depends on 
the correlation between learning processes and motor abilities development. It is effective to develop motor 
abilities provided that they form part of acquired motor skills. Research has found that the effectiveness of 
learning improves when using the method of algorithmic instructions (Khudolii, 2008a, 2008b; Ivashchenko, 
2001) and taking into account the modes of alternating exercises performance with rest (Khudolii, & 
Ivashchenko, 2013; Ivashchenko, 2016, 2017). One of the methods for studying the peculiarities of motor skills 
development in children and adolescents is modeling. 

Recent publications have proved that modeling is an effective method to obtain new information on 
current and final control through testing children’s and adolescents’ motor preparedness (Khudolii, & 
Ivashchenko, 2013, 2014; Lopatiev, Ivashchenko, Khudolii, Pjanylo, Chernenko, & Yermakova, 2017; Vlasov, 
Demichkovskyy, Ivashchenko, Lopatiev, Pitin, Pjanylo, & Khudolii, 2016). One of statistical modeling methods 
is discriminant analysis. Referring to the data of scientific literature (Khudolii, & Ivashchenko, 2014; Milić, 
Milavić, & Grgantov, 2011; Ivashchenko et al., 2015; Khudolii et al., 2015), discriminant analysis is effective for 
the classification of children’s and adolescents’ functional and motor preparedness. 

Consequently, it is relevant to study the peculiarities of motor skills development in junior school age 
children. 

The study objective is to determine the peculiarities of motor skills development in boys aged 9. 
Materials and methods.  

Study participants. The participants in the study were boys aged 9 (n = 48).  
Organization of study. To achieve the objective set, the study relied on the following methods: analysis 

and collation of scientific and methodological literature, general scientific methods of theoretical level, such as 
analogy, analysis, synthesis, abstraction, induction, as well as general scientific methods of empirical level: 
observation, testing, experiment. 

When setting up the study, the researchers used conceptual approaches to planning the experiment on 
studying the learning process effectiveness and developing learning models (Khudolii, 2011; Ivashchenko, 
2016). 

The study used full 23 type factorial experiment plans (see Table 1). The purpose of the FFE was to 
optimize the modes of learning and to determine the peculiarities of motor skills development in boys aged 9, 
using the analysis of regression equations. 

 
Table 1. Matrix for a 23 type factorial experiment in studying the influence of different modes of repeating 
exercises on the level of proficiency in performing them 

Factors 

Experimental groups х1 
number of sets  
(times) 

х2 
number of repetitions 
per set (times) 

х3 
rest  
interval (sec) 

1 6 1 60 

2 12 1 60 

3 6 3 60 

4 12 3 60 

5 6 1 180 

6 12 1 180 

7 6 3 180 

8 12 3 180 

 
During the pedagogical experiment, the researchers studied the influence of the number of sets (х1), the 

number of repetitions per set (х2) and rest intervals (х3) on the level of proficiency in gymnastic exercises 
performance of the boys aged 9. 
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When teaching gymnastic exercises, the study evaluated the level of proficiency during every class by 
the alternative method (“performed”, “failed”), and calculated the probability of exercise performance (p = n/m, 
where n is the number of successful attempts, m is the total number of attempts). 

When teaching the junior school age children, the study used the method of algorithmic instructions 
(Ivashchenko, O.V., 2016; Khudolii, О.М., 2008a, 2008b). The boys aged 9 were taught the forward roll. 

Statistical analysis.  
This study used the methods of analyzing the results of a full 2k type factorial experiment (Khudolii & 

Ivashchenko, 2014; Ivashchenko, 2016). 
The study materials were processed in the IBM SPSS 20 statistical analysis program. In the process of 

discriminant analysis, the researchers created a prognostic model for group membership. This model develops a 
discriminant function (or, when there are more than two groups — a set of discriminant functions) in the form of 
a linear combination of predictor variables, ensuring the best division of groups. These functions are developed 
according to a set of observations, for which their group membership is known. These functions can continue to 
be used for new observations with known values of predictor variables and unknown group membership.  

For each canonical discriminant function, the study calculated: eigenvalue, dispersion percentage, 
canonical correlation, Wilks’ Lambda, Chi-square. 

To determine the influence of the suggested modes of performing physical exercises by the boys aged 9, 
the study conducted a discriminant analysis. The researchers analyzed the influence of the number of sets, the 
number of repetitions per set and the rest interval on the level of proficiency in the following movements: 
1. Take-off from lying support to straddle stand, straighten up quickly; 2. 2-3 step running squat mount, straddle 
jump dismount; 3. 2-3 step running vault, piked straddle stand on top of side horse, arched jump dismount; 
4. From squat position on horse to straddle vault over horse or buck in front; 5. Standing straddle vault over side 
horse. 

The study protocol was approved by the Ethical Committee of the University. In addition, the children 
and their parents or legal guardians were fully informed about all the features of the study, and a signed 
informed-consent document was obtained from all the parents.  
 

Results 
The first canonical function explains 73.4 % of the results variation, which indicates its high 

informative value (r = 0.793) (see Table 2). The materials of the canonical functions analysis prove a statistical 
significance of the first canonical function (λ= 0.216; p = 0.001). The first function has a high discriminant 
validity and value of interpretation with regard to the general totality (Table 3). 
Table 2. Canonical discriminant function. Eigenvalues. Boys aged 9 

Function Eigenvalues % despersion 
explained 

Cumulative % Canonical correlation 

1 1.696 73.4 73.4 .793 

2 .379 16.4 89.7 .524 

3 .197 8.5 98.3 .406 

4 .036 1.6 99.8 .187 

5 .004 .2 100.0 .064 

Table 3. Canonical discriminant function. Wilks’ Lambda. Boys aged 9 

Verification of functions Wilks’ Lambda Chi-square 
Degrees of 

freedom 
р 

from 1 to 5 .216 98.847 35 .000 

from 2 to 5 .582 34.867 24 .070 

from 3 to 5 .803 14.155 15 .514 

from 4 to 5 .961 2.560 8 .959 

5 .996 .263 3 .967 
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Table 4. Structural canonical discriminant function coefficients. Boys aged 9 

Function 
Content 

1 2 3 4 5 

 Standing straddle vault over side horse .742* .079 .183 -.446 -.460 

 2-3 step running vault, piked straddle stand on top of 
side horse, arched jump dismount 

.221 .864* -.004 .450 -.049 

 From squat position on horse to straddle vault over 
horse or buck in front 

.337 .141 -.809* .018 .460 

 take-off from lying support to straddle stand, straighten 
up quickly 

.238 -.409 .367 .741* .304 

 2-3 step running squat mount, straddle jump dismount .298 .337 .375 -.306 .750* 

The structural discriminant function coefficients, which are the coefficients of correlation between the 
variables and the function, indicate that the functions are substantially related to the level of proficiency in the 
vaulting conditioning exercises. The level of proficiency in exercises depends on learning modes, and the level 
of proficiency in vaulting depends on the level of proficiency in the conditioning exercises (Table 4). 

The graphic material given in Fig. 1 shows the density of objects in each class and the distinct boundary 
between the classes, which indicates the possibility of choosing the mode of performing exercises in order to 
successfully teach vaulting (Table 5). 

F
un

ct
io

n 
1 

 

 Function 1 
Fig. 1. Canonical discriminant functions. Graphic representation of the classification results of the level of  

proficiency in exercises performance of the boys aged 9: ■ —centroids for data groups after 
modes of performing exercises 1-8 

Table 5. Functions in group centroids. Boys aged 9 

Function 
Modes of training 

1 2 3 4 5 

1.00 -2.580 .320 .170 .096 -.023 

2.00 .725 -.766 -.064 -.266 -.035 

3.00 -.118 -.354 -.489 .190 .104 

4.00 -.078 -.035 -.735 -.055 -.032 

5.00 -.841 -.704 .483 -.002 -.029 

6.00 1.229 .023 .595 .026 .076 

7.00 .040 1.100 .011 -.257 .028 

8.00 1.624 .415 .028 .268 -.088 



OLGA IVASHCHENKO, OLEG KHUDOLII, SERGII IERMAKOV, SERGII CHERNENKO, OLEH 
HONCHARENKO 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1962

To specify the influence of different modes of performing physical exercises on the level of proficiency, 
let us analyze the regression models (Table 6). 

 
Table 6. Regression dependence of the level of proficiency in gymnastic exercises on the number of sets (x1), 
number of repetitions per set (x2) and rest intervals (x3) in the boys aged 9 

Number of exercises 
Regression equations for 
coded variables 

 Take-off from lying support to straddle stand, straighten up 
quickly  

Y = 0.779 + 0.036 х1+0.026 х2х3 

 2-3 step running squat mount, straddle jump dismount Y = 0.686 + 0.026 х1– 0.02 х1х3 

 2-3 step running vault, piked straddle stand on top of side horse, 
arched jump dismount 

Y = 0.724 + 0.039 х1 – 0.046 х2х3 

 From squat position on horse to straddle vault over horse or buck 
in front 

Y = 0.699 + 0.046 х1 + 0.036 х1х2 

 
When teaching the straddle vault over side horse to the boys aged 9, the level of proficiency in the first 

task “Take-off from lying support to straddle stand, straighten up quickly” is positively influenced by the number 
of sets (х1) and the interaction between the number of repetitions per set and the rest interval duration (х2, х3). The 
level of proficiency in the second task “2-3 step running squat mount, straddle jump dismount” is positively 
influenced by the number of sets (х1), and negatively — by the interaction between the number of sets and the rest 
interval (х1, х3). The level of proficiency in the third task “2-3 step running vault, piked straddle stand on top of 
side horse, arched jump dismount” is positively influenced by the number of sets (х1), and negatively influenced 
by the interaction between the number of repetitions per set and the rest interval (х2, х3). The level of proficiency 
in the fourth task “From squat position on horse to straddle vault over horse or buck in front” is positively 
influenced by the number of sets (х1) and the interaction between the number of sets and the number of repetitions 
per set (х1, х2). 

Thus, the effectiveness of teaching the straddle vault over side horse to the boys aged 9 is positively 
influenced by the increase in the number of repetitions per set to three times, the number of sets — to twelve 
times, the rest interval — to 60—180 seconds. The focus is on the number of sets. 
 
Discussion 

The study assumed that a full factorial experiment and discriminant analysis would make it possible to 
determine the peculiarities of motor skills development in the boys aged 9. The obtained results show that the 
matrix for a full 23 type factorial experiment given in Table 1 can be used when studying the effectiveness of the 
learning process. 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 the coordinates of the n-dimensional space and to 
verify the regression model. Regression equations provide an opportunity to select the modes of performing for 
each exercise being studied. The study makes an assumption on the possibility of using a discriminant function 
to evaluate the effectiveness of different modes of performing physical exercises when teaching a series of 
gymnastic exercises. The verification of the canonical functions proves their statistical significance, and the 
discriminant function equation provides an opportunity to select the best option for obtaining a positive effect 
when teaching a series of exercises.  

Results obtained:  
• specify the conceptual approaches to planning the experiment on studying the learning process effectiveness 

and developing learning models in children (Khudolii, 2011; Ivashchenko, 2016);  
• regression models given in Table 5 provide an opportunity to select the best option for teaching each 

exercise and supplement the conclusions on the effectiveness of using a full factorial experiment (FFE) in 
physical education and sports research (Khudolii, & Iermakov, 2011; Khudolii, et al.,  2016; Khudolii et al., 
2015); 

• supplement the information on the use of a discriminant function when classifying schoolchildren by motor 
activity (Milić et al., 2011;  Gert-Jan de Bruijn, & Benjamin Gardner, 2011; Lulzim, 2013). As in the works 
by Geoffrey D. Broadhead And Gabie E. Church (1982), Ivashchenko, Khudolii, & Miroshnichenko, 
(2016), Ivashchenko, (2016), Khudolii et al. (2015), the study observed a high discriminant and predictive 
validity of these functions when evaluating children’s and adolescents’ motor preparedness.  

During the analysis, the study calculated canonical discriminant function coefficients (unstandardized) 
acting as factors of the given values of the variables included in the discriminant functions. Based thereon, it is 
possible to classify the modes of performing exercises by the level of proficiency in physical exercises 
performance of boys aged 8, which is of practical value. 
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In order to select the mode of performing vaulting, let us plug the level of proficiency in each exercise 
that ensures a positive learning effect into the discriminant function equation: 

Y = –6.057 + 2.082X1 + 0.270X2 + 0.321X3 + 2.460X4 + 4.704X5, 
Y = –6.057 + 2.082×0.75 + 0.27×0.75 + 0.321×0.75 + 2.46×0.75 + +4.704×0.75  = 1.32-, where Y is 

the function result, Х1 is the level of proficiency in exercise 1, Х2 — the level of proficiency in exercise 2, Х3 — 
the level of proficiency in exercise 3, Х4 — the level of proficiency in exercise 4, Х5 — the level of proficiency 
in exercise 5. Let us compare the obtained result with the values of the centroids for the first canonical function 
(Table 5). The comparison shows that modes of training 6 and 8 are the most favorable for teaching vaulting to 
the boys aged 9. Consequently, the discriminant analysis has made it possible to answer the question as to the 
reliability of classifying the modes of performing physical exercises; and as to how the level of proficiency in 
series of learning tasks influences the learning of an exercise in general.  
 

Conclusions 

A full factorial experiment method makes it possible to mathematically describe the process in some 
local area of the factorial space and to verify the regression model. Regression equations provide an opportunity 
to select the modes of performing for each exercise being studied. 

The discriminant analysis has made it possible to determine the modes of performing physical exercises 
in the process of developing motor skills; to answer the question as to how the modes of training differ by the 
effectiveness of motor skills development; what motor tasks most substantially influence the differentiation of 
classes; what class the object belongs to based on the values of discriminant variables.  

To select the most rational mode of performing exercises in the process of developing motor skills in 
boys aged 9, the first discriminant function can be used, focusing on the most informative variables. 

The further exploration prospect is to study methodological approaches to pedagogical control in 
teaching physical exercises to junior school age children. 
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