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Abstract 
The purpose of the study was to determine the age-specific features of fundamental movement skills formation in 
elementary school students.
Materials and methods. The study participants were boys aged 7 to 10 (24 boys aged 7; 28 boys aged 8; 35 boys aged 
9; 36 boys aged 10). The children and their parents or legal guardians were fully informed about all the special aspects 
of the study and all the parents or legal guardians gave their consent thereto. The study protocol was approved by the 
Ethics Committee of the University. 
The features of teaching 7–10-year-old boys to throw a ball at a vertical target were investigated. The proficiency level 
in throwing exercises in class was assessed using an alternative method (“performed”, “failed”), the probability of the 
exercise performance was calculated (p = n/m, where n is the number of successful attempts, m is the total number 
of attempts). A method of algorithmic instructions was used in teaching boys aged 7 to 10. The study materials were 
processed by IBM SPSS 20 statistical analysis software. A discriminant analysis was conducted. 
Results. It was established that the first canonical function explains 64.5% of the variation in results, while the second 
one does 34.4%, which indicates their high informativity (r1 = 0.762; r2 = 0.652). The materials of the canonical 
function analysis show the statistical significance of the first and second canonical functions (λ1 = 0.236; р1 = 0.001; 
λ2 = 0.5633; р2 = 0.001). The first and second functions have a high discriminative ability and value in interpretation 
with respect to the general population. 
Conclusions. The discriminant analysis made it possible to determine the age-specific features of throwing skills 
formation in boys aged 7 to 10; answer the questions to which extent the differences in the effectiveness of skills 
formation in boys aged 7 to 10 are significant; which motor tasks are the most specific to boys aged 7, 8, 9, 10; which 
class an object belongs to based on the values of discriminant variables. 
It was established that the level of proficiency in exercise 4 “Throwing a ball forward-upward standing with the left 
side to the throwing direction” has the greatest effect on the process of throwing movement skills formation in boys 
aged 7 to 10. For boys aged 8 to 10, such an exercise is “Throwing a ball forward-upward standing feet apart”, and for 
boys aged 9 to 10, such an exercise is “Throwing a ball at a target 3 m away”.
Keywords: fundamental movement skills, boys, discriminant analysis.
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Introduction

The problem of studying the patterns and regularities 
of the formation of motor skills in schoolchildren is of rel-
evance in view of the need to optimize their motor activity 
and improve their health (Barnett et al., 2013; Chan et al., 
2016; Lubans et al., 2010). 

A number of studies are devoted to the development 
of the definition of “Fundamental Movement Skills” and its 
introduction into the practice of physical education (Barnett 
et al., 2009, 2016; Cools et al., 2011). Barnett et al. (2016) 
defined the concept of FMS, discussed the context of what 
skills can be considered fundamental, how the development 
of these skills is related to the context of health development 
and pedagogical approaches in teaching FMS. According to 
the authors, FMS are defined as basic learned movement pat-
terns that are artificially created and are the basis for more 
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complex physical and sports exercises. They can be divided 
into three individual categories: locomotion (moving the 
body, such as running), object control (manipulative skills, 
such as catching a ball), and stability skills, such as balanc-
ing. Motor coordination is a major component of FMS.

The studies by Mathisen (2016), Nurulfa et al. (2021), 
Fernández-Valero et al. (2021) show the importance of de-
veloping manual dexterity, body balance and ball exercise 
performance skills in children. The importance of FMS for-
mation in children and adolescents is supported by the find-
ings of the studies by Akbar et al. (2021), Basman (2019), 
Iermakov et al. (2021).

The features of manipulative skills formation in children 
and adolescents were studied by Sulistiyono et al. (2021), 
Samsudin et al. (2021), Dudley et al. (2011). Gaming ac-
tivities were established to have a positive effect on the ef-
fectiveness of manipulative skills formation (Marchenko & 
Handymov, 2021; Marchenko & Satdyiev, 2021). Throwing 
a small ball at a vertical target was considered as one of the 
elements of fundamental movement skills (Iermakov et al., 
2021; Ivashchenko et al., 2018, 2019). The results of the study 
of the effectiveness of the formation of motor skills with 
complex motor coordination indicate the need to take into 
account the exercise performance modes (Ivanov et al., 2021; 
Kalistratova  & Khudolii, 2021; Bezzub et al., 2021) and the 
content component (Suprun et al., 2021; Shueva et al., 2021).

In order to obtain unbiased results about the patterns 
and regularities of the learning process, it is important to 
plan the experiment (Ivashchenko et al., 2018; Pambudi et 
al., 2021; Septaliza et al., 2022) and use multivariate statistics 
(Medko  & Khudolii, 2021; Marchenko et al., 2021, 2022). 

The effectiveness of factorial experiment plans (Ivashchenko 
et al., 2018; Marchenko & Taranenko, 2020) and discrimi-
nant analysis in studying the patterns and regularities of 
the learning process of children and adolescents was estab-
lished (Medko  & Khudolii, 2021; Marchenko et al., 2021, 
2022). Therefore, the use of factorial experiment plans and 
discriminant analysis will make it possible to obtain new 
information about the age-specific features of fundamental 
movement skills formation in elementary school students.

The purpose of the study was to determine the age-spe-
cific features of fundamental movement skills formation in 
elementary school students.

Materials and Methods

Study Participants

The study participants were boys aged 7 to 10 (24 boys 
aged 7; 28 boys aged 8; 35 boys aged 9; 36 boys aged 10). 
The children and their parents or legal guardians were fully 
informed about all the special aspects of the study and all 
the parents or legal guardians gave their consent thereto. 
The study protocol was approved by the Ethics Committee 
of the University.

Study Organization

The study used analysis and generalization of data from 
scientific and methodological literature, general scientif-
ic methods of theoretical level, such as analogy, analysis, 
synthesis, abstraction, induction as well as general scien-

Table 1. The age-specific features of FMS formation in boys aged 7 to 10. Group Statistic

Ages 7 to 10 Mean Std. Deviation
Valid N (listwise)

Unweighted Weighted

7

1.	 Throwing a ball against the floor 0.8875 0.03378 24 24
2.	 Throwing a ball forward-upward standing feet apart 0.7958 0.08065 24 24
3.	 Throwing a ball forward-upward standing with the left foot forward 0.8333 0.07614 24 24
4.	 Throwing a ball forward-upward standing with the left side to the 

throwing direction 0.8875 0.11910 24 24

5.	 Throwing a ball at a target 3 m away 0.7188 0.08184 24 24

8

1.	 Throwing a ball against the floor 0.8893 0.03150 28 28
2.	 Throwing a ball forward-upward standing feet apart 0.7518 0.08331 28 28
3.	 Throwing a ball forward-upward standing with the left foot forward 0.8714 0.05345 28 28
4.	 Throwing a ball forward-upward standing with the left side to the 

throwing direction 0.8714 0.04600 28 28

5.	 Throwing a ball at a target 3 m away 0.7446 0.09939 28 28

9

1.	 Throwing a ball against the floor 0.8071 0.08238 35 35
2.	 Throwing a ball forward-upward standing feet apart 0.6871 0.11071 35 35
3.	 Throwing a ball forward-upward standing with the left foot forward 0.7229 0.11526 35 35
4.	 Throwing a ball forward-upward standing with the left side to the 

throwing direction 0.6686 0.13289 35 35

5.	 Throwing a ball at a target 3 m away 0.7514 0.12455 35 35

10

1.	 Throwing a ball against the floor 0.8806 0.04014 36 36
2.	 Throwing a ball forward-upward standing feet apart 0.8583 0.05000 36 36
3.	 Throwing a ball forward-upward standing with the left foot forward 0.6972 0.17194 36 36
4.	 Throwing a ball forward-upward standing with the left side to the 

throwing direction 0.7375 0.11108 36 36

5.	 Throwing a ball at a target 3 m away 0.7542 0.11236 36 36
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Table 2. Tests of Equality of Group Mean. Boys aged 7 to 10

Content Wilks’ Lambda F df1 df2 Sig.
1.	 Throwing a ball against the floor 0.688 17.965 3 119 0.000
2.	 Throwing a ball forward-upward standing feet apart 0.607 25.711 3 119 0.000
3.	 Throwing a ball forward-upward standing with the left foot 

forward
0.722 15.258 3 119 0.000

4.	 Throwing a ball forward-upward standing with the left side to the 
throwing direction

0.584 28.308 3 119 0.000

5.	 Throwing a ball at a target 3 m away 0.985 0.598 3 119 0.618

Table 3. Eigenvalues. Boys aged 7 to 10

Function Eigenvalue % of 
Variance

Cumulative 
%

Canonical 
Correlation

1 1.381 64.5 64.5 0.762

2 0.738 34.4 98.9 0.652

3 0.023 1.1 100.0 0.150

Table 4. Wilks’ Lambda. Boys aged 7 to 10

Test of Function(s) Wilks’ 
Lambda Chi-square df Sig.

1 through 3 0.236 169.524 15 0.000
2 through 3 0.563 67.572 8 0.000
3 0.978 2.659 3 0.447

Table 5. Standardized Canonical Discriminant Function 
Coefficients. Boys aged 7 to 10

Content
Function

1 2 3
1.	 Throwing a ball against the floor 0.568 -0.012 0.603
2.	 Throwing a ball forward-upward 

standing feet apart
0.358 -0.829 -0.163

3.	 Throwing a ball forward-upward 
standing with the left foot forward

0.118 0.541 0.374

4.	 Throwing a ball forward-upward 
standing with the left side to the 
throwing direction

0.698 0.268 -0.537

5.	 Throwing a ball at a target 3 m away -0.426 0.057 0.590

Table 6. Structure Matrix. Boys aged 7 to 10

Content
Function

1 2 3
4.	 Throwing a ball forward-upward 

standing with the left side to the 
throwing direction

0.664* 0.371 -0.313

2.	 Throwing a ball forward-upward 
standing feet apart

0.428 -0.732* 0.101

3.	 Throwing a ball forward-upward 
standing with the left foot forward

0.345 0.545* 0.266

1.	 Throwing a ball against the floor 0.555 -0.150 0.690*
5.	 Throwing a ball at a target 3 m away -0.062 -0.057 0.565*

Table 7. Functions at Group Centroids. Boys aged 7 to 10

Ages 7 to 10
Function

1 2 3
7 1.223 0.311 -0.252
8 0.887 0.892 0.193
9 -1.734 0.379 -0.037

10 0.181 -1.270 0.054

tific methods of empirical level: observation, testing, and 
experiment.

When teaching throwing exercises in class, the profi-
ciency level was assessed using an alternative method (“per-
formed”, “failed”), the probability of the exercise perfor-
mance was calculated (p = n/m, where n is the number of 
successful attempts, m is the total number of attempts).

A method of algorithmic instructions was used in teach-
ing boys aged 7 to 10. The participants proceeded to the next 
exercise after three successful attempts. Throwing a ball at 
a vertical target was mastered. The following exercises were 
mastered: 1. Throwing a ball against the floor; 2. Throwing 
a ball forward-upward standing feet apart; 3. Throwing a 
ball forward-upward standing with the left foot forward; 4. 
Throwing a ball forward-upward standing with the left side to 
the throwing direction; 5. Throwing a ball at a target 3 m away.

Statistical Analysis 

The study materials were processed by IBM SPSS 20 sta-
tistical analysis software. A discriminant analysis was carried 
out to determine the age-specific features of fundamental 
movement skills formation in boys aged 7 to 10. The level of 
proficiency in the aforementioned exercises was analyzed.

Results

Tables 1, 2 provide the group statistics of the level of pro-
ficiency in motor tasks for boys aged 7 to 10 which show that 
statistically significant differences in the level of proficiency 
are observed in exercises 1 to 4. The differences in the level 
of proficiency in exercise 5 “Throwing a ball at a target 3 m 
away” are statistically non-significant. 

Based on the discriminant analysis results, it was es-
tablished that the first canonical function explains 64.5% 
of the variation in results, while the second one does 
34.4%, which indicates their high informativity (r1 = 0.762; 
r2 = 0.652) (see Table 3). The materials of the canonical func-
tion analysis show the statistical significance of the first and 
second canonical functions (λ1 = 0.236; р1 = 0.001; λ2 = 0.563; 
р2 = 0.001). The first and second functions have a high dis-
criminative ability and value in interpretation with respect 
to the general population (see Table 4).
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Table 8. Classification Results. Boys aged 7 to 10

Ages 
7 to 10

Predicted Group Membership
Total

7 8 9 10

Original

Count

7 11 9 0 4 24
8 6 21 0 1 28
9 0 3 28 4 35

10 3 0 1 32 36

%

7 45.8 37.5 .0 16.7 100.0
8 21.4 75.0 .0 3.6 100.0
9 0.0 8.6 80.0 11.4 100.0

10 8.3 0.0 2.8 88.9 100.0

Cross-validatedb

Count

7 11 9 0 4 24
8 6 21 0 1 28
9 0 3 27 5 35

10 4 0 1 31 36

%

7 45.8 37.5 .0 16.7 100.0
8 21.4 75.0 .0 3.6 100.0
9 0.0 8.6 77.1 14.3 100.0

10 11.1 0.0 2.8 86.1 100.0

a. 74.8% of original grouped cases correctly classified. b. Cross validation is done only for those cases in the analysis. In cross validation, 
each case is classified by the functions derived from all cases other than that case. c. 73.2% of cross-validated grouped cases cor-
rectly classified.

The standardized coefficients of the canonical dis-
criminant functions show that the largest contribution to 
the overall result is made by exercise  4 “Throwing a ball 
forward-upward standing with the left side to the throwing 
direction” (0.698) and exercise 1 “Throwing a ball against the 
floor” (0.568) (see Table 5).

The structure coefficients of the discriminant functions 
show that the functions are considerably related to the level 
of proficiency in exercise 4 “Throwing a ball forward-upward 
standing with the left side to the throwing direction” (r=0.664; 
the first function), exercise 2 “Throwing a ball forward-up-
ward standing feet apart” (r = -0.732; the second function),  
exercise 5 “Throwing a ball at a target 3 m away” (r = 0.565; 
the third function). The analysis of the coefficients shows that 
the level of proficiency in exercise 4 “Throwing a ball forward-
upward standing with the left side to the throwing direction” 
has the greatest effect on the process of throwing movement 
skills formation in boys aged 7 to 10. For boys aged 8 to 10, 
such an exercise is “Throwing a ball forward-upward stand-
ing feet apart”, and for boys aged 9 to 10, such an exercise is 
“Throwing a ball at a target 3 m away” (see Table 6). 

Based on the results of classification of the age-specific 
features of throwing movement skills formation in boys aged 
7 to 10, it was found that objects were correctly classified in 
74.8% of cases (see Table 8). The group means (Functions at 
Group Centroids) for boys aged 7 to 10 show that the results 
of boys aged 7 are at the positive pole (1.223), while the 
results of boys aged 9 are at the negative pole (-1.734) (see 
Table 7). The graphic material provided in Figure 1 shows 
the density of the objects, a distinct boundary between the 
classes, and features in throwing movement skills formation 
in boys aged 7 to 10.

Fig. 1. Canonical discriminant functions. A graphical display of 
the results of classification of the age-specific features of throwing 
movement skills formation in boys aged 7 to 10: ■ — centroids for 

groups aged 7, 8, 9, and 10.

Discussion

The study assumed that discriminant analysis would 
make it possible to determine the age-specific features of 
throwing movement skills formation in boys aged 7 to 10. The 
results obtained allow to accept the assumption that it is pos-
sible to use the discriminant function to assess the age-specif-
ic features of throwing exercise skills formation in boys aged 7 
to 10 and supplement the data on the use of the discriminant 
function in classifying students by their motor activity (Milić 
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et al., 2011;  Gert-Jan de Bruijn, & Benjamin Gardner, 2011; 
Lulzim, 2013). Also, as in the studies by Medko and Khudolii 
(2021), Marchenko et al. (2021, 2022), we observed a high 
discriminative and prognostic ability of the obtained func-
tions in the assessment of children’s motor fitness. 

The verification of the canonical functions shows their 
statistical significance, and the structure coefficients indicate 
the exercises that have an accentuated effect on throwing 
movement skills formation in boys aged 7 to 10. The dis-
criminant analysis resulted in obtaining new data showing 
that the level of proficiency in exercise 4 “Throwing a ball 
forward-upward standing with the left side to the throwing 
direction” has the greatest effect on the process of throwing 
movement skills formation in boys aged 7 to 10. For boys 
aged 8 to 10, such an exercise is “Throwing a ball forward-
upward standing feet apart”, and for boys aged 9 to 10, such 
an exercise is “Throwing a ball at a target 3 m away”. This 
confirms the conclusions of Barnett et al. (2009, 2016), Cools 
et al. (2011) on the importance of pointing out object control 
skills (throwing movement skills) as well as of pedagogical 
approaches in teaching FMS.

The data obtained supplement the results of the studies 
by Mathisen (2016), Nurulfa et al. (2021), Fernández-Valero 
et al. (2021) on the importance of ball exercise performance 
skills development in children, confirm the data of Akbar 
et al. (2021), Basman (2019), Iermakov et al. (2021) on the 
importance of FMS formation in children and adolescents as 
well as the data of Suprun et al. (2021), Shueva et al. (2021), 
Djordjevic et al. (2021) on the content component of learning.

The use of programmed learning in the process of 
throwing movement skills formation had a positive effect on 
both the effectiveness of mastering the movements by and 
increasing the motor activity of boys aged 7 to 10. The fore-
going confirms the data on the need to combine the process 
of FMS formation with increasing the motor activity of chil-
dren (Hulteen et al., 2018; Kalaja et al., 2010; Lai  et al. 2014).

Conclusions

Discriminant analysis made it possible to determine the 
age-specific features of throwing movement skills formation 
in boys aged 7 to 10; answer the questions to which extent 
the differences in the effectiveness of skills formation in boys 
aged 7 to 10 are significant; which motor tasks are the most 
specific to boys aged 7, 8, 9, 10; which class an object belongs 
to based on the values of discriminant variables.

It was established that the level of proficiency in exercise 
4 “Throwing a ball forward-upward standing with the left side 
to the throwing direction” has the greatest effect on the pro-
cess of throwing movement skills formation in boys aged 7 to 
10. For boys aged 8 to 10, such an exercise is “Throwing a ball 
forward-upward standing feet apart”, and for boys aged 9 to 
10, such an exercise is “Throwing a ball at a target 3 m away”.
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РОЗПІЗНАННЯ ОБРАЗІВ: ВІКОВІ ОСОБЛИВОСТІ ФОРМУВАННЯ 
ОСНОВНИХ РУХОВИХ НАВИЧОК У ШКОЛЯРІВ МОЛОДШИХ КЛАСІВ
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Реферат. Стаття: 7 с., 8 табл., 1 рис., 37 джерел.

Мета роботи – визначити вікові особливості формування основних рухових навичок у школярів молодших класів.
Матеріали і методи. У дослідженні прийняли участь хлопчики 7-10 років (7 років – 24 чол.; 8 років – 28 чол.; 9 років – 

35 чол.; 10 років – 36 чол.). Діти та їхні батьки або законні опікуни були повністю інформовані про всі особливості дослі-
дження, згоду було отримано від усіх батьків. Протокол дослідження був затверджений Етичним комітетом університету. 

Досліджувалися особливості навчання метанню м’яча у вертикальну ціль хлопчиків 7-10 років. Рівень навченості 
кидкових вправ у занятті оцінювався альтернативним методом («виконав», «не виконав»), розраховувалася вірогідність 
виконання вправи (p = n/m, де n – кількість успішно виконаних спроб, m – загальна кількість спроб). У навчанні хлоп-
чиків 7-10 років використовувався метод алгоритмічних розпоряджень. Матеріали дослідження опрацьовані в програмі 
статистичного аналізу – IBM SPSS 20. Був проведений дискримінантний аналіз. 

Результати. Встановлено, що перша канонічна функція пояснює варіацію результатів на 64,5%, а друга – на 34,4%, що 
свідчить про їх високу інформативність (r1 = 0,762; r2 = 0,652). Матеріали аналізу канонічних функцій вказують на ститис-
тичну значущість першої і другої канонічної функції (λ1 = 0,236; р1 = 0,001; λ2 = 0,5633; р2 = 0,001). Перша і друга функція 
мають високу дискримінантну здатність і значення в інтерпретації відносно генеральної сукупності. 

Висновки. Дискримінантний аналіз дозволив визначити вікові особливості формування кидкових навичок у хлоп-
чиків 7-10 років; дати відповідь   на питання наскільки достовірно різниться результативність формування навичок у 
хлопчиків 7-10 років; які рухові завдання є найбільш характерні для хлопчиків 7, 8, 9, 10 років; до якого класу належить 
об’єкт на основі значень дискримінантних змінних. 

Встановлено, що рівень навченості вправі 4 «Кидки м’яча вперед-угору з вихідного положення стійка лівим боком у 
бік метання» має найбільший вплив на процес формування навичок кидкових рухів у хлопчиків 7-10 років. Для хлопчи-
ків 8-10 років такою вправою є «Кидки м’яча вперед-угору з вихідного положення стійка ноги нарізно», а для хлопчиків 
9-10 років – «Кидки м’яча у ціль з відстані 3 м».

Ключові слова: основні рухові навички, хлопчики, дискримінантний аналіз.
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