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Abstract 
 
The main goal of the presented study is to examine the connection between body coordination and visual-motor 

integration and to determine the dynamics of motor development for an integrative approach in Kinesiological 

Education and Kinesiological Didactics. Following the above, the problem of the possible connection between 

visual-motor integration and macro motor abilities is posed, which is especially important from the aspect of 

Kinesiological Education and the possible transfer of the effects of program content to this dimension. The sample 

of respondents for this study included a total of 110 subjects aged 3 to 10 years. For the analysis of the correlation 

of two sets of manifest variables, canonical correlation analysis was used to determine the structural correlation 

of the two sets of variables, i.e. the results of body coordination tests and test results for assessing the degree of 

visual-motor integration. The results of the presented study show the connection between the two observed 

dimensions in the preschool period and the tendency of gradual differentiation as a function of time in primary 

school students. The obtained findings indicate the importance of an integrative approach to the motor 

development of children and students in the aspects of planning and programming and the implementation of 

Physical Education. 
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Introduction 

One of the basic roles of Kinesiological Education, 

Kinesiological Didactics and Physical Education is to 

provide prerequisites for the overall integrative 

motor development of children and students. Of 

particular importance in this regard are the processes 

of planning and programming as well as control of 

the teaching process as basic methodological 

procedures in ensuring the quality of Physical 

Education (Babin, Bavčević, & Vlahović, 2013; Babin, 

Bavčević & Prskalo, 2010). These processes 

represent the basis for creating optimal conditions in 

terms of optimizing ontogenetic development. 

When studying the neuromotor development of man, 

the question of the connection of visual-motor 

integration with the level of motor knowledge, 

specifically with macro motor knowledge, arises. 

Taking into account that the childhood period is 

usually characterized by changes in all 

anthropological characteristics, it can be assumed 

that the process of visual-motor integration follows a 

similar development trend (Bavčević, T., Bavčević, 

D., & Bavčević, I. 2019). Most often, the term visual-

motor integration implies the harmonization of the 

eyes and the musculature of the arms or hands, 

which enables precise manual actions (Bavčević, 

2015). It is possible to assume that the processes of 

visual-motor integration are manifested at the 

neurological level, primarily at the cortical level. This 

is confirmed in the work of the authors Bavčević, D., 

Bavčević, T., & Mašanović, (2019) whose findings 

indicate a strong connection between brain activity 

during the performance of fine motor actions of the 

graphomotor type. Beery (1989) suggests that this 

complex process involves visual perception as well as 

eye and hand effector muscle coordination. Motor 

abilities are defined as latent motor structures that 

are responsible for an infinite number of manifest 

motor reactions and can be measured and described 

(Findak, 2001). Motor abilities are important for the 

development of other traits and abilities. Motor 

efficiency directly depends on the function of the 

neuromuscular system. If we start from this fact, it 

is possible to assume the existence of a correlation 

between fine motor knowledge and abilities and 

macro motor knowledge and abilities. The question 

of the influence of macro motorics on visual-motor 

integration and vice versa has intrigued many 

authors. However, due to the significant difference in 

performance mechanics, learning, and practice 

methods, these skills are very often considered 

completely separately. Several studies such as 

research by De Barros, Fragoso, de Oliveira, Cabral 

Filho, and de Castro from 2003 and Rezende, Bethel, 

and dos Santos from 2005 point to the conclusion 
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that the processes of development of fine motor skills 

and macro motor skills take place separately. The 

results of studies by Darrah, Senthilselvan, and 

Magill-Evans (2009) and Darrah et al. (2003) support 

the hypothesis that the development of fine motor 

skills and macro motor skills is characterized by intra-

individual variability and fluctuation in their growth 

rate. Such variability results in marked intra-

individual and inter-individual differences (Darrah, 

Redfern, Maguire, Beaulne, & Watt, 1998; 

Rosenbaum, 2006; Souza et al., 2010). Bonifacci 

(2004) and Africa I Deventer (2017) confirm the 

significant connection between the two observed 

dimensions with the conclusion that further research 

on this issue is needed. 

The aim of the research 

From the aspect of integrated upbringing and 

education, the question of the connection of different 

anthropological characteristics, as well as the 

possibility of their balanced development, arises. 

Following the above, the problem of the possible 

connection between visual-motor integration and 

macromotor abilities is posed, which is especially 

important from the aspect of Kinesiological Education 

and the possible transfer of the effects of program 

content to this dimension. This paper aims to 

examine the relationship between body coordination 

and visual-motor integration. 

Methods 

The sample of respondents for the needs of this 

research included a total of 110 subjects aged 3 to 

10. The sample of subjects for the needs of the 

research was divided into three subsamples: 

preschool children, first and second-grade students, 

and third and fourth-grade students. For the analysis 

of the correlation of two sets of manifest variables, 

canonical correlation analysis was used to determine 

the structural correlation of the two sets of variables, 

i.e. the results of body coordination tests and test 

results for assessing the degree of visual-motor 

integration. In addition to the above method, the 

parameters of descriptive statistics were calculated 

and the normality of data distribution was calculated 

using the Kolmogorov-Smirnov test (KS-test). Two 

sets of tests were selected to solve the scientific 

problem and study the connection between Visual-

Motor Integration and Body Coordination. The first 

group of tests consists of a new test for assessing 

visual-motor integration (Visual-Motor Integration 

Test (VMI)) (Bavčević, T. and Bavčević, D., 2015) 

and the Beery VMI developmental test of visual-

motor integration (Beery VMI). (Berry KE, Beery, NA, 

Buktenica, 2010). To assess the association of visual-

motor integration and body coordination in the 

second group of tests, three coordination tests 

selected from a battery of tests to assess primary 

motor abilities were used. Tests applied for research 

purposes representatively cover the motor dimension 

of coordination as part of the model of motor abilities 

(Gredelj, Metikoš, Hošek and Momirović, 1975; 

Findak, Metikoš, Mraković and Neljak, 1996): 

Backwards Obstacle Course (MPOL), Sidesteps 

(MKUS), Cordination with a Stick (MOP). 

Results and discussion 

The obtained results were used to calculate the 

parameters of descriptive statistics: arithmetic mean 

(x̅), minimum result (min), maximum result (max), 

standard deviation (σ), the measure of distribution 

asymmetry (α3), the measure of distribution 

elongation (α4) and the maximum deviation between 

the empirical and theoretical relative cumulative 

frequency (max d). Table 1 shows the parameters of 

descriptive statistics. 

 

 

Table 1 Parameters of descriptive statistics 

        Preschool (N = 30) 

                 x̅ min max σ α3 α4 max d 

MPOL 28,97 14,48 49,38 9,09 0,53 -0,11 0,083 

MKUS 19,00 12,04 27,55 3,70 0,10 -0,15 0,095 

MOP 9,02 4,65 17,88 3,28 1,10 1,13 0,127 

VMI 64,22 34,91 120,05 21,71 0,89 0,29 0,138 

Beery 

VMI 

13,23 9,00 21,00 2,93 0,88 0,79 0,165 

        
1st grade of elementary school (N = 20) 

                 x̅ min max σ α3 α4 max d 

MPOL 21,90 11,50 41,74 7,18 1,20 1,82 0,130 

MKUS 14,52 11,54 18,57 1,80 0,40 -0,04 0,105 

MOP 5,51 3,54 9,00 1,41 0,63 0,48 0,098 

VMI 42,36 31,08 62,51 8,36 0,75 0,15 0,143 

Beery 

VMI 

20,65 15,00 26,00 3,13 -0,16 -1,04 0,123 

        
2nd grade of elementary school (N = 20) 

                  min max σ α3 α4 max d 
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MPOL 17,03 11,77 27,51 3,91 0,98 1,19 0,141 

MKUS 12,94 10,85 15,41 1,23 0,04 -0,23 0,116 

MOP 5,40 4,66 8,03 0,94 1,65 2,23 0,250 

VMI 33,49 22,32 65,88 9,58 2,21 6,56 0,206 

Beery 

VMI 

22,40 17,00 27,00 2,74 -0,19 -0,47 0,137 

        
3rd grade of elementary school (N = 20) 

                 x̅ min max σ α3 α4 max d 

MPOL 16,59 11,05 21,50 2,66 -0,17 -0,11 0,102 

MKUS 11,93 10,26 15,55 1,29 1,14 1,76 0,129 

MOP 5,29 3,99 7,74 1,12 0,70 -0,32 0,184 

VMI 28,22 21,05 34,58 3,72 -0,18 -0,56 0,145 

Beery 

VMI 

23,15 18,00 29,00 2,56 0,07 0,78 0,227 

        
4th grade of elementary school (N = 20) 

                 x̅ min max σ α3 α4 max d 

MPOL 15,87 10,92 23,31 3,84 0,51 -0,75 0,138 

MKUS 11,60 9,59 13,71 1,20 0,10 -0,81 0,114 

MOP 5,31 3,91 7,82 1,16 0,95 -0,02 0,153 

VMI 28,18 23,62 37,13 4,02 0,84 -0,24 0,172 

Beery 

VMI 

23,85 21,00 27,00 1,66 0,19 -0,87 0,145 

        Preschool: limit max d (p <0.05) = 0.241 

1st, 2nd, 3rd and 4th grade of elementary school: limit max d (p <0.05) = 0.294 

Legend: MPOL - Backwards Obstacle Course, MKUS - Sidesteps, MOP - Coordination with a Stick, VMI - Visual-

motor integration test, Beery VMI - Beery VMI visual-motor integration development test. 

 

Using the Kolmogorov-Smirnov test, it was found 

that the maximum deviations between the empirical 

and theoretical relative cumulative frequencies (max 

d) in any variable do not exceed the critical value of 

the KS-test. The obtained findings confirm the 

normal distribution of data for all observed variables 

at all ages. As part of the canonical correlation 

analysis, the following parameters were calculated: 

canonical correlation coefficient (Rc), eigenvalue (λ), 

the value of Bartlett's χ2 test (χ2), number of 

degrees of freedom (df), significance level for 

Bartlett's χ2 test (p), correlation coefficients manifest 

variables and canonical factors (F) and redundancy 

(Rd). Table 2 shows the results of the canonical 

correlation analysis between dimensions of body 

coordination tests and tests to assess the degree of 

visual-motor integration.

 

Table 2 Canonical correlation analysis 

          Preschool  1st and 2nd grade  3rd and 4th grade 

                  Rc 0,789 0,177  0,577 0,078  0,292 0,107 

λ 0,623 0,031  0,333 0,006  0,085 0,011 

χ2 26,162 0,824  14,782 0,220  3,611 0,414 

df 6 2  6 2  6 2 

p 0,000 0,662  0,022 0,896  0,729 0,813 

                   F  F  F 

MPOL -0,67 0,62  -0,81 -0,35  -0,95 -0,12 

MKUS -0,85 0,51  -0,93 0,33  -0,71 0,70 

MOP -0,95 -0,14  -0,70 -0,57  -0,24 -0,01 

       Rd = 44,12 %  Rd =22,47 %  Rd =4,35 % 

                  VMI -0,98 -0,19  -1,00 0,01  -0,39 -0,92 

Beery 

VMI 

0,86 -0,50  0,74 -0,67  1,00 0,06 

       Rd =53,70 %  Rd =25,84 %  Rd =5,37 % 

          

Legend: MPOL - Backwards Obstacle Course, MKUS - Sidesteps, MOP - Coordination with a Stick, Beery VMI - 

Beery VMI developmental test of visual-motor integration, VMI - Test of visual-motor integration
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Canonical analysis in a subsample of preschool 

children makes it possible to single out one 

statistically significant pair of canonical factors. The 

corresponding canonical correlation coefficient is Rc 

= 0.789, which indicates a high degree of correlation 

of the factors of the two observed sets of variables. 

The measure of determination or eigenvalue is λ = 

0.623. From the obtained findings, it is possible to 

confirm a significant proportion of the common 

variance of the two isolated canonical factors. Using 

Bartlett's χ2-test, the statistical significance of the 

defined pair of canonical factors was confirmed (χ2 = 

26,162; df = 6; p = 0,000). The highest correlation 

coefficient of manifest variables with the body 

coordination factor was recorded for the variable 

Coordination with a Stick (MOP) (FMOP = -0.95), 

slightly lower correlation coefficients were observed 

for the variable Sidesteps (MKUS) (FMKUS = -0.85) 

and variables Backwards Obstacle Course (MPOL) 

(FMPOL = -0.67). In the domain of variables of visual-

motor integration, the highest correlation coefficient 

of manifest variables with a defined corresponding 

factor was recorded in the variable VMI (FVMI = -

0.98). The Beery VMI variable also strongly 

contributes to the formation of the corresponding 

canonical factor (FBeery VMI = 0.86). Redundancy 

indicators indicate a high degree of possible 

estimation of one set of variables based on another 

set of variables. Using a set of variables of visual-

motor integration, it is possible to estimate 44.12% 

of the variance of the set of variables of body 

coordination. In the opposite case, using a set of 

body coordination variables, it is possible to estimate 

53.70% of the variance of the set of variables of 

visual-motor integration, which indicates a slightly 

higher degree of reconstruction. By analyzing the 

parameters of canonical analysis in a subsample of 

first and second-grade primary school students, it is 

possible to extrapolate one statistically significant 

pair of canonical factors. The corresponding canonical 

correlation coefficient is Rc = 0.557, which indicates 

a satisfactory degree of correlation of the factors of 

the two observed sets of variables. The measure of 

determination or eigenvalue is λ = 0.333. From the 

obtained findings, it is possible to confirm a 

significant proportion of the common variance of the 

two isolated canonical factors. Using Bartlett's χ2-

test, the statistical significance of the defined pair of 

canonical factors was confirmed (χ2 = 14.782; df = 

6; p = 0.022). The highest correlation coefficient of 

manifest variables with the body coordination factor 

was recorded for the variable Sidesteps (MKUS) 

(FMKUS = -0.93), slightly lower correlation coefficients 

were observed for the variable Backwards Obstacle 

Course (MPOL) (FMPOL = -0.81) and variables 

Coordination with a Stick (MOP) (FMOP = -0.70). In 

the domain of variables of visual-motor integration, 

an extremely high correlation coefficient of manifest 

variables with a defined corresponding factor was 

recorded for the variable VMI (FVMI = -1.00). The 

variable Beery VMI also strongly contributes to the 

formation of the corresponding canonical factor 

(FBeery VMI = 0.74). Redundancy indicators indicate a 

satisfactory degree of possible reconstruction of one 

set of variables based on another set of variables. 

Using a set of visual-motor integration variables, it is 

possible to estimate 22.47% of the variance of the 

set of body coordination variables. In the opposite 

case, using a set of body coordination variables, it is 

possible to estimate 25.84% of the variance of the 

set of visual-motor integration variables in the 

observed subsample. Using the canonical analysis on 

the subsample of third and fourth-grade elementary 

school students, not a single statistically significant 

pair of canonical factors was extrapolated. The 

corresponding canonical correlation coefficient for 

the first pair of canonical factors is Rc = 0.292, while 

the measure of determination or the eigenvalue is λ 

= 0.085. Using the Bartlett χ2-test, the statistical 

significance of the defined pair of canonical factors 

was not confirmed (χ2 = 3.611; df = 6; p = 0.729). 

Since it has been proven that the first pair of 

canonical factors are not statistically significant, it is 

possible to state that the same follows for the next 

canonical pair. 

Graph 1. Position of entities in the space of 

canonical factors in the preschool subsample 

 

 

 

 

 

 

 

 

 

 

Graph 2. Position of entities in the space of 

canonical factors in the subsample of 1st and 2nd 

grade 
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Graph 3. Position of entities in the space of 

canonical factors in the subsample of 3rd and 4th 

grade 

 

 

 

 

 

 

 

 

 

Graphs 1, 2, and 3 show the dispersion of 

measurement entities in the space of the first pair of 

canonical factors defined as the Body Coordination 

Factor and the Visual-Motor Integration Factor for 

subsamples of preschool, first and second grade, and 

third and fourth-grade subjects. 

The isolated pair of canonical factors in the 

subsample of preschool respondents (Graph 1) is 

statistically significant (χ2 = 26.162; p = 0.000) with 

the canonical correlation coefficient Rc = 0.789 and 

the coefficient of determination λ = 0.623. The 

obtained findings result in a clear grouping of entities 

in the space of canonical factors, where it is possible 

to observe a tendency to form a linear structure of 

the connection of two sets of variables. 

In the subsample of first and second-grade subjects 

(Chart 2), the isolated pair of canonical factors was 

also statistically significant (χ2 = 14.782; p = 0.022). 

The canonical correlation coefficient in the value of 

Rc = 0.577 and the coefficient of determination at 

the level of λ = 0.333 indicate a significant 

correlation between the two sets of variables. 

However, the decrease in the correlation of the 

analyzed sets is also visible in the graphical 

representation which shows an increase in the 

dispersion of entities in the space of canonical 

factors. 

The isolated pair of canonical factors in the 

subsample of third and fourth-grade respondents 

(Graph 3) is not statistically significant (χ2 = 3.611; 

p = 0.729). The obtained findings are also 

manifested by a clear dispersion of entities in the 

space of isolated canonical factors. 

The obtained findings of the connection between the 

sets of variables of body coordination and visual-

motor integration in the preschool subsample 

suggest a conclusion about the high canonical 

connection. In addition to the above, the findings 

suggest the existence of a unique background 

mechanism responsible for the manifestation of 

motor structures required for mastering tasks in body 

coordination tests and in tests to assess the degree 

of visual-motor integration. Based on the obtained 

findings of the relation of sets of variables of body 

coordination and visual-motor integration in the 

subsample of first and second-grade primary school 

students, it is possible to conclude that the 

mentioned variables and dimensions are at a high but 

significantly lower degree of correlation than the 

preschool subsample. The reduction of the relation of 

variables and dimensions of body coordination and 

visual-motor integration suggests that at this stage 

of life the processes of gradual differentiation of 

background mechanisms responsible for the 

manifestation of observed macro motor and 

micromotor knowledge and skills begin. From the 

analysis of the connection between variables and 

dimensions of body coordination and visual-motor 

integration in a subsample of third and fourth-grade 

primary school students, it is possible to determine 

that there is no connection between the observed 

dimensions. The findings suggest that at this age 

there is a complete differentiation of the mechanisms 

responsible for the manifestation of the observed 

knowledge and skills both at the macro motor level 

and at the micromotor level. 

 

Conclusion 

Based on the findings, it is possible to conclude that 

the manifestations of macromotor and micromotor 

knowledge and skills change as a function of time, 

i.e. that there is a gradual differentiation between 

individual life periods. In the preschool period, the 

observed knowledge and skills are under the control 

of a single mechanism so that due to the elements of 

growth and development and learning and training or 

increasing the fund of motor knowledge and skills in 

the first and second grade, the mechanisms begin to 

gradually separate. Based on the findings in third and 

fourth-grade students, a complete separation of the 

background mechanisms responsible for the 

manifestations of the observed dimensions is 

observed. The differentiation of the mechanisms 

responsible for the manifestation of the observed 

knowledge and skills in children and students aged 3 

to 10 years can be explained by the elements of 

pronounced growth and development and an 

increase in the fundus of motor programs. From the 

obtained findings, it is possible to give guidelines for 

further application in Kinesiological Education and 

Kinesiological Didactics in scientific and practical 

terms. Detection of the connection of these two 

seemingly different phenomena at an earlier age 

provides a basis for a new rethinking of planning and 

programming in Physical Education with the aim of 

an integrative approach in education to develop 

multiple dimensions at the same time.
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