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Aerobic Exercise as a Determinant of Coordination 
Development in Early Childhood

AEROBIC EXERCISE AS A DETERMINANT OF 
COORDINATION DEVELOPMENT IN EARLY 
CHILDHOOD

Abstract: Motor skill development in early childhood provides the foundation for an 
individual’s later functional abilities and overall health. Coordination occupies a central posi-
tion within the structure of motor abilities, as it determines the efficiency of performing com-
plex movement tasks. The aim of this study was to examine the effects of an aerobic exercise 
program on the development of coordination in young children. The study was conducted on a 
sample of 30 children aged five to six years. An experimental design with pre-test and post-test 
measurements was employed, using the BOT-2 (Bruininks–Oseretsky Test of Motor Proficien-
cy, Second Edition), specifically the test battery for assessing bilateral coordination. The aerobic 
exercise program lasted 12 weeks, with children participating in 30-minute exercise sessions 
three times per week. The results indicate a statistically significant improvement in coordina-
tion following the implementation of the program. The results show that aerobic exercise is an 
important factor in enhancing the motor development of preschool children.

Keywords: aerobic exercise, bilateral coordination, preschool children, motor develop-
ment.

INTRODUCTION

Early childhood represents the most developmentally sensitive period, dur-
ing which intensive processes of growth and maturation occur, particularly within 
the central nervous system, enabling the rapid formation and differentiation of 
motor patterns (Bala et al. 2009). Owing to the pronounced neuroplasticity at this 
developmental stage, functional connections are established among various physi-
ological systems, with motor development occupying a central role in the child’s 
overall psychophysical development (Stanković 2025). Contemporary theoretical 
perspectives emphasize that motor development is not an isolated phenomenon but 
rather occurs in close interaction with cognitive, emotional, and social develop-
ment. In this context, motor competence plays a significant mediating role in the 
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development of self-confidence, social integration, and children’s overall adapta-
tion (Stodden et al. 2008; Robinson et al. 2015).

Within the domain of motor abilities, coordination is recognized as one 
of the most complex and essential motor capacities. It refers to the ability to ef-
ficiently control movements in time and space while ensuring optimal economy 
and precision of performance (Đurković 1995; Stanković 2025). Unlike individual 
motor abilities, coordination has an integrative nature because it encompasses the 
interaction of multiple functional systems, including the nervous, muscular, and 
sensory systems (Iveković 2013). Consequently, coordination is increasingly in-
terpreted as a form of motor intelligence, as it involves processes of movement 
perception, analysis, and adaptation under dynamic conditions (Marković 2017). 
Previous research has shown that the level of coordination developed during early 
childhood is a significant predictor of later motor performance and participation 
in physical activities (Vandorpe et al. 2011; Barnett et al. 2016).

The development of coordination depends on both biological maturation 
and the richness of children’s motor experiences. Diverse forms of movement are 
particularly important because they enable children to acquire and refine motor 
patterns. In this regard, bilateral coordination—the ability to synchronize move-
ments of the left and right sides of the body—is of particular importance, as it 
is associated with the functional integration of the cerebral hemispheres and the 
development of more complex cognitive functions (Kambas et al. 2004; Karambe 
et al. 2017). Insufficiently developed coordination has been identified as a risk fac-
tor for reduced motor competence and decreased participation in physical activity 
(Stodden et al. 2008; Vandorpe et al. 2011).

Contemporary lifestyles have substantially altered the conditions under 
which children’s motor development takes place. Urbanization, reduced access to 
outdoor play spaces, and the increasing dominance of digital media have contrib-
uted to lower levels of spontaneous physical activity (Tremblay et al. 2014). Ac-
cording to the World Health Organization (2020), a many children fail to achieve 
the recommended levels of daily physical activity, which has adverse consequenc-
es for their motor, functional, and overall health status. Insufficient physical activity 
during early childhood has been associated not only with delayed motor develop-
ment but also with an increased risk of numerous health-related problems (Janssen, 
LeBlanc 2010). Under these circumstances, organized forms of physical activity 
have become increasingly important as compensatory mechanisms.

Aerobic exercise, defined as a structured form of physical activity involving 
continuous engagement of large muscle groups with predominantly aerobic energy 
metabolism, represents one of the most effective approaches for improving both 
functional and motor abilities (LaMonte, Nichaman 2004; Kemp, Pienaar 2013). 
In addition to its well-established benefits for cardiorespiratory fitness and overall 
health, aerobic exercise exerts significant effects on the central nervous system. 
Research has demonstrated that physical activity stimulates the release of neu-
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rotrophic factors, particularly brain-derived neurotrophic factor (BDNF), which 
plays a crucial role in neurogenesis and synaptic plasticity (Schmolesky et al. 2013; 
Hillman et al. 2014). These neurophysiological processes provide the foundation 
for improvements in motor control and motor learning.

Furthermore, contemporary studies have demonstrated a strong association 
between aerobic exercise and cognitive functioning, including attention, executive 
functions, and information-processing speed (Donnelly et al. 2016; Basso, Suzuki 
2017). In preschool children, aerobic exercise is most commonly used through 
play-based activities, and, thus, promotes the integrated development of motor, 
cognitive, and social competencies (Gallahue, Ozmun 2012).

Research examining the effects of physical activity programs consistently 
indicates that structured and continuous interventions have a significant positive 
impact on the development of children’s motor competence (Derri et al. 2001; 
Venetsanou, Kambas 2004; Logan et al. 2021). In particular, programs incorpo-
rating rhythmic and coordination-based activities have been shown to improve 
coordination and motor control. The theoretical model proposed by Stodden et al. 
(2008) suggests a reciprocal relationship between motor competence and physical 
activity, whereby better-developed coordination promotes greater participation in 
physical activity, which in turn further enhances motor development.

Although the influence of physical activity on child development has been 
extensively investigated, systematic research examining the effects of aerobic ex-
ercise on specific motor abilities, particularly coordination during early childhood, 
remains relatively limited. Accordingly, the primary aim of the present study was 
to examine the effects of an aerobic exercise program on the development of coor-
dination in young children, with the intention of contributing to the further theo-
retical understanding of this topic and to the improvement of educational practice 
in early childhood settings.

METHODOLOGY

The aims to examine the effects of a structured aerobic program on the 
development of coordination abilities in young children. It was designed as a lon-
gitudinal experimental investigation with a one-group pre-test/post-test model, in 
order to monitor the changes in motor performance following the implementation 
of the experimental intervention.

The exercise program was implemented at the “Pionir” Preschool in Jagodi-
na, Serbia. The intervention lasted for 12 weeks. The children participated in three 
30-minute exercise sessions per week. The program was designed in accordance 
with contemporary theoretical and empirical knowledge concerning physical activ-
ity in preschool children, as well as the recommendations of relevant international 
organizations (Baquet et al. 2003; World Health Organization 2010; Fahey 2013). 
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The activities were structured to promote the development of coordination through 
moderate-intensity aerobic exercise conducted within play-based and rhythmic 
contexts appropriate to the children’s developmental characteristics.

The study sample consisted of 30 children aged five to six years, including 
both boys and girls, who were enrolled in a regular preschool education program. 
A convenience sampling method was employed, and only children without medical 
contraindications to physical activity were included. Ethical standards were ob-
served by informing parents about the study procedures and obtaining their written 
informed consent for their children’s participation.

Coordination was assessed using the Bruininks–Oseretsky Test of Motor 
Proficiency, Second Edition (BOT-2) (Bruininks, Bruininks 2010), one of the 
most reliable and widely used standardized instruments for evaluating children’s 
motor abilities. The study specifically focused on bilateral coordination, operation-
alized through a series of motor tasks requiring synchronized movements of differ-
ent body segments, temporal coordination, and precise motor control (Bruininks 
2005). This instrument was selected because of its strong psychometric properties 
and its suitability for use with young children, owing to the play-based nature of 
the tasks and their motivational appeal.

Assessments were conducted at two time points, immediately before and 
after the implementation of the experimental program, under standardized and 
controlled conditions. This procedure ensured the reliability and comparability 
of the collected data, providing a sound basis for the valid interpretation of the 
intervention effects.

The data were analyzed using appropriate statistical procedures. Descrip-
tive statistics included measures of central tendency and variability (Mean, SD, 
Minimum, and Maximum), as well as indicators of distribution shape (skewness 
and kurtosis). The normality of the data distribution was assessed using the Kol-
mogorov–Smirnov test. As the data deviated from the assumption of normality, 
differences between the pre-test and post-test measurements were analyzed using 
the non-parametric Mann–Whitney U test. Statistical significance was established 
at p < .05, in accordance with the accepted standards of empirical research in the 
field of physical education.

RESULTS AND DISCUSSION

This section presents and interprets the findings of the empirical study in 
accordance with the research aim and the predefined research objectives. The data 
were analyzed systematically, following the logical sequence of the applied statisti-
cal procedures, in order to provide a clear overview of the effects of the experi-
mental intervention on the investigated motor abilities.
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Descriptive statistics were first calculated for all analyzed variables, provid-
ing insight into measures of central tendency, variability, and the characteristics 
of score distributions. Particular attention was given to assessing the normality of 
data distribution using the Kolmogorov–Smirnov test, which served as the basis 
for selecting the appropriate inferential statistical procedures.

Since deviations from normality were observed for several variables, the 
non-parametric Mann–Whitney U test was used to examine differences between 
the pre-test and post-test measurements. This approach enabled a reliable evalua-
tion of the effects of the aerobic exercise program on the development of coordina-
tion in the study population.

The results are presented in tabular form and accompanied by appropriate 
interpretation to highlight the direction and magnitude of changes in the observed 
variables, as well as their statistical significance, thereby providing the basis for the 
subsequent discussion and conclusions.

Table 1. Descriptive Statistics for the Pre-test Assessment

N Min. Max. Mean SD Skew. Kurt.
TNWIFCE 30 1.00 4.00 3.90 .54772 -5.477 .427 30.000 .833
JJ 30 .00 3.00 1.9000 .92289 -.073 .427 -1.297 .833
JIPSSS 30 .00 3.00 2.1667 1.20583 -1.100 .427 -.473 .833
JIPOSS 30 .00 3.00 .6333 1.06620 1.547 .427 1.005 .833
PTAIF 30 .00 3.00 1.3000 1.14921 .529 .427 -1.148 .833
TFAFSSS 30 .00 4.00 3.5333 1.07425 -2.685 .427 6.813 .833
TFAFOSS 30 .00 4.00 1.3667 1.47352 .765 .427 -.724 .833
TOTAL 30 8.00 24.00 14.8000 4.11390 .242 .427 -.740 .833
Valid N 
(listwise)

30

Legend: N – number of participants; Min. – minimum score; Max. – maximum score; Mean – arithmetic 
mean; SD – standard deviation; Skew. – skewness coefficient; Kurt. – kurtosis coefficient.

The data in Table 1 reveal a differentiated structure of the participants’ mo-
tor abilities at the pre-test, indicating varying levels of development across dif-
ferent aspects of coordination. The highest mean scores were observed in tasks 
involving relatively simple movement organization and lower levels of interseg-
mental coordination, such as the Touching the Nose with the Index Finger with 
Eyes Closed test (Mean = 3.90). This finding suggests that the participants had 
relatively well-developed sensorimotor control, consistent with previous studies 
indicating that fundamental forms of coordination develop during the early stages 
of motor development (Gallahue, Ozmun 2006; Payne, Isaacs 2017).

In contrast, the lowest scores were recorded for variables requiring more 
complex bilateral coordination and synchronization of opposite limbs (e.g., JIPOSS: 
Mean = 0.63), indicating a relatively limited level of development of higher-order 
coordination mechanisms. This finding is expected, given that bilateral coordination 
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develops gradually through the functional integration of the central nervous system 
and the progressive refinement of motor patterns (Haywood, Getchell 2014). Simi-
lar findings have been reported in previous studies demonstrating that preschool 
children experience considerable difficulty performing tasks requiring synchronized 
movements of opposite sides of the body (Logan et al. 2018).

The analysis of score variability indicates substantial individual differences 
within the sample, reflected by relatively high standard deviation values for several 
variables. These differences may be attributed to variations in children’s motor expe-
rience, levels of participation in physical activity, and individual rates of neuromus-
cular maturation, which is consistent with previous findings (Robinson et al. 2015).

The distributional characteristics further clarify the structure of the results. 
Pronounced negative skewness in variables such as TNWIFCE and TFAFSSS in-
dicates that most participants achieved relatively high scores, suggesting that tasks 
of lower coordination complexity were successfully performed by the majority of 
children. Correspondingly, high kurtosis values indicate leptokurtic distributions, 
reflecting a greater concentration of scores around the mean. Conversely, variables 
representing more complex coordination tasks exhibited slight positive skewness, 
indicating a predominance of lower scores and further confirming the greater mo-
tor demands of these tasks.

Overall, the pre-test results suggest that basic forms of coordination were 
relatively well established in the participating children, whereas more complex 
coordination skills, particularly those involving bilateral synchronization and spati-
otemporal precision, remained less developed. This pattern is fully consistent with 
developmental models of motor learning and motor control, which propose that 
complex coordination skills emerge gradually through systematic and appropri-
ately structured physical practice (Clark, Metcalfe 2002). Consequently, a struc-
tured aerobic exercise program may provide an effective stimulus for enhancing 
coordination abilities during early childhood.

Table 2. Descriptive Statistics for the Post-test Assessment

N Min. Max. Mean SD Skew. Kurt.
TNWIFCE 30 4.00 4.00 4.0000 .00000 . . . .
JJ 30 3.00 3.00 3.0000 .00000 . . . .
JIPSSS 30 3.00 3.00 3.0000 .00000 . . . .
JIPOSS 30 .00 3.00 2.5667 .85836 -2.149 .427 4.017 .833
PTAIF 30 .00 3.00 2.6000 .81368 -2.403 .427 5.637 .833
TFAFSSS 30 4.00 4.00 4.0000 .00000 . . . .
TFAFOSS 30 2.00 4.00 3.6000 .56324 -1.042 .427 .176 .833
TOTAL 30 19.00 24.00 22.7667 1.59056 -1.187 .427 .416 .833
Valid N 
(listwise)

30

Legend: N – number of participants; Min. – minimum score; Max. – maximum score; Mean – arithmetic 
mean; SD – standard deviation; Skew. – skewness coefficient; Kurt. – kurtosis coefficient.
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The descriptive statistics for the follow-up of the experimental program is 
presented in Table 2. The data indicate substantial improvements across all ana-
lyzed variables, accompanied by greater homogeneity of performance within the 
study group. Notably, participants achieved maximum scores with no observed 
variability (SD = 0.00) in several tests (TNWIFCE, JJ, JIPSSS, and TFAFSSS), 
suggesting complete mastery of these motor tasks. These findings indicate that 
coordination tasks of low and moderate complexity were successfully acquired as 
a direct consequence of systematic and appropriately structured exercise.

Particularly noteworthy is the substantial reduction in the number of vari-
ables exhibiting minimum scores (0.00) compared with the pre-test assessment. 
This finding indicates fewer unsuccessful task performances and an overall im-
provement in participants’ motor efficiency, supporting previous research demon-
strating that systematic physical activity contributes to reduced variability in chil-
dren’s motor performance (Robinson et al. 2015).

Performance on more demanding coordination tasks (JIPOSS, PTAIF, and 
TFAFOSS) also improved considerably, as reflected by higher mean scores (e.g., 
JIPOSS: Mean = 2.56; PTAIF: Mean = 2.60; TFAFOSS: Mean = 3.60). Although 
some variability remained for these variables, it was substantially lower than at 
baseline, suggesting greater stability of motor patterns and improved movement 
control.

The distributional indices further support this trend. Pronounced negative 
skewness for most variables indicates clustering of scores at the upper end of the 
scale, reflecting a predominance of successful performances. Likewise, elevated 
kurtosis values for several tests indicate leptokurtic distributions, suggesting great-
er homogeneity of performance and fewer extreme scores.

Overall, the post-test findings demonstrate a marked transformation of the 
participants’ motor abilities, characterized by improved coordination, reduced 
variability, and more uniform performance. These findings are consistent with 
previous research demonstrating that structured aerobic exercise programs have 
significant positive effects on the development of motor abilities, particularly coor-
dination, among preschool children (Lubans et al. 2016; Logan et al. 2018).

Comparison of the pre-test and post-test assessments clearly shows that the 
greatest improvements occurred in the variables that represented the greatest mo-
tor challenges at baseline, further supporting the effectiveness of the implemented 
aerobic exercise program.

Table 3. One-Sample Kolmogorov–Smirnov Test (Assessment of Data Normality)

TNWIFCE JJ JIPSSS JIPOSS PTAIF TFAFSSS TFAFOSS TOTAL
N 60 60 60 60 60 60 60 60
Kolmogorov-Smirnov Z 4.142 3.155 3.645 2.171 2.418 3.870 1.795 1.320
Asymp. Sig. (2-tailed) .000 .000 .000 .000 .000 .000 .003 .061

Legend: Z – Kolmogorov–Smirnov test statistic; Sig. – significance level (p-value).
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The results of the Kolmogorov–Smirnov test are presented in Table 3. They 
indicate that most variables significantly deviated from a normal distribution (p < 
.05). This finding suggests that the score distributions were asymmetric, which is 
commonly observed in studies of children’s motor abilities, particularly following 
intervention programs that tend to produce clustering of scores at the upper end 
of the distribution (Thomas et al. 2015). Only the composite (“Total”) score did 
not show a statistically significant deviation from normality (p = .061), indicating 
a relatively stable overall measure.

Table 4. Mann–Whitney U Test Results

TNWIFCE JJ JIPSSS JIPOSS PTAIF TFAFSSS TFAFOSS TOTAL
Z -1.000 -5.319 -3.815 -5.333 -4.132 -2.786 -5.219 -6.211
Asymp. Sig. 
(2-tailed)

.317 .000 .000 .000 .000 .005 .000 .000

Effect size 0.03 0.94 0.48 0.94 0.57 0.25 0.91 1.28

Given the observed violations of the normality assumption, the application 
of the non-parametric Mann–Whitney U test (Table 4) was considered appropri-
ate for examining differences between the pre-test and post-test assessments. The 
results indicate statistically significant differences (p ≤ .05) for the majority of 
variables, providing strong evidence for the effectiveness of the aerobic exercise 
program.

The only exception was the Touching the Nose with the Index Finger with 
Eyes Closed test (p = .317), for which no statistically significant difference was 
found. This finding may be explained by the fact that the test primarily assesses 
proprioceptive control and kinesthetic sensitivity, abilities that typically develop 
more gradually and require more specific forms of stimulation than those pre-
dominantly included in the implemented aerobic exercise program (Gallahue et 
al. 2012).

Conversely, statistically significant improvements were observed for all re-
maining variables, with substantial effect sizes indicating not only statistical sig-
nificance but also practical relevance. Particularly pronounced improvements were 
found in variables assessing bilateral coordination, confirming that aerobic exer-
cise programs incorporating rhythmic and coordination-demanding movements 
effectively enhance the integration of movements involving the left and right sides 
of the body.

These findings are consistent with those reported by Carmonsio et al. (2014), 
who demonstrated that structured physical exercise programs significantly improve 
bilateral coordination in children, although proprioceptive tasks do not always ex-
hibit statistically significant changes. Similarly, Uzunović et al. (2017), using the 
BOT-2 assessment battery, found that children in experimental groups achieved 



111

УЗДАНИЦА; 2026, XXIII/2; стр. 103–115
Aerobic Exercise as a Determinant of Coordination Development in Early Childhood

significantly better results in tasks involving whole-body coordination and move-
ment synchronization.

The present findings are further supported by the study of Katanić et al. 
(2021), who reported significant improvements in coordination abilities following 
a 12-week exercise intervention. Comparable results have also been documented 
by Lubans et al. (2016), who emphasized that systematic physical activity exerts 
multidimensional effects on children’s motor development, including improve-
ments in coordination, balance, and movement control.

The importance of promoting coordination through physical activity has 
also been confirmed in numerous other studies (Mitrović, Stević 2018; Radanović 
2018; Šalaj et al. 2019), all of which identify early childhood as a critical period 
for the development of motor abilities. In this context, the present findings are par-
ticularly valuable, as they demonstrate that a carefully designed aerobic exercise 
program can substantially improve the motor competence of young children.

Some previous studies have also highlighted the influence of additional fac-
tors, such as nutritional status (Chowdhury et al. 2017) and socioeconomic condi-
tions (Matarma et al. 2020), on the development of coordination, suggesting that 
motor development should be understood as the product of multiple interacting 
factors. Nevertheless, despite these influences, physical activity remains one of the 
most important and most direct determinants of children’s motor development.

Taken together, the findings of the present study indicate that the imple-
mented aerobic exercise program had both statistically significant and practically 
meaningful effects on the development of coordination in young children, thereby 
supporting the general research hypothesis.

CONCLUSION

Starting from the established research framework and the obtained empiri-
cal findings, it can be concluded that a systematically designed aerobic exercise 
program represents an effective approach to improving coordination abilities in 
preschool children. The observed changes in the participants’ motor performance 
profile, reflected in statistically significant improvements across the majority of the 
analyzed variables, indicate a high degree of adaptability of the motor system un-
der conditions of appropriately dosed and methodically structured physical activity. 
These findings not only confirm the proposed hypothesis but also contribute to a 
more comprehensive understanding of the mechanisms underlying the develop-
ment of coordination during early childhood.

The most pronounced effects were observed in the domain of bilateral co-
ordination, particularly in tasks requiring complex spatiotemporal organization of 
movement and synchronization of different body segments. This pattern of results 
suggests that the implemented program primarily influenced those components 
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of motor control that constitute the functional foundation for the development 
of more complex motor skills. Conversely, the absence of statistically significant 
changes in certain variables indicates that individual coordination mechanisms dif-
fer in their sensitivity to the type, intensity, and structure of the applied stimulus, 
providing an important methodological consideration for the design of future in-
tervention programs.

The observed reduction in performance variability and the increased con-
sistency of participants’ achievements indicate a process of motor pattern stabiliza-
tion, which is consistent with contemporary theories of motor learning describing 
the gradual transition from variable to functionally optimized movement patterns. 
From this perspective, aerobic exercise can be regarded not only as a means of 
enhancing physical fitness but also as an important factor in improving the organi-
zation and efficiency of motor control.

From a practical standpoint, the findings demonstrate that relatively simple, 
yet methodologically well-designed aerobic exercise programs can be successfully 
integrated into preschool educational settings without substantial organizational 
or material requirements. Furthermore, the use of standardized assessment in-
struments, such as the Bruininks–Oseretsky Test of Motor Proficiency, Second 
Edition (BOT-2), enables objective monitoring of motor development and pro-
vides a reliable basis for planning, implementing, and evaluating physical activity 
interventions.

From a scientific perspective, this study contributes to the growing body of 
knowledge on the effects of aerobic exercise on motor development in preschool 
children, particularly within the context of Serbian research, where studies of this 
kind remain relatively scarce. Moreover, the findings highlight the need for future 
research examining different intervention models, their duration and intensity, as 
well as the interactions among motor, cognitive, social, and environmental factors 
involved in child development.

Overall, the findings indicate that a systematically designed aerobic exer-
cise program, grounded in contemporary scientific knowledge and implemented 
through appropriate methodological principles, represents an effective, feasible, 
and evidence-based approach to improving coordination abilities in preschool chil-
dren. The positive effects identified in this study suggest that such programs have 
the potential not only to enhance motor development directly but also to establish 
favorable conditions for children’s long-term functional, physical, and overall psy-
chomotor development.
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АЕРОБНО ВЕЖБАЊЕ КАО ДЕТЕРМИНАНТА РАЗВОЈА 
КООРДИНАЦИЈЕ КОД ДЕЦЕ РАНОГ УЗРАСТА

Резиме: Развој моторичких способности у раном детињству представља осно-
ву за касније функционално и здравствено стање појединца. Посебно место у струк-
тури моторичких способности заузима координација, која условљава ефикасност 
извођења сложених кретних активности. Циљ овог рада био је да се испита утицај 
програма аеробног вежбања на развој координације код деце раног узраста. Ис-
траживање је реализовано на узорку од 30 испитаника узраста пет до шест година. 
Примењен је експериментални програм са иницијалним и финалним мерењем, уз 
употребу BOT-2 (Bruinkins–Oseretsky Test of Motor Proficiency, Second Edition) – 
батерија тестова за процену развоја билатералне координације. Програм аеробног 
вежбања је трајао 12 недеља, са децом се вежбало три пута недељно у трајању од 
по 30 минута. Резултати указују на статистички значајно побољшање координације 
након примене програма. Добијени резултати потврђују да аеробно вежбање пред-
ставља значајан фактор унапређења моторичког развоја деце предшколског узраста.

Кључне речи: аеробно вежбање, билатерална координација, деца предшкол-
ског узраста, моторички развој.


