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ORIGINAL SCIENTIFIC ARTICLE 

Abstract: The aim of this study was to determine the effect of cognitive-motor 
learning on the acquisition of complex kinesiological tasks in 10-year-old children. 
The research was conducted on a sample of 25 fourth-grade elementary school 
students (13 girls and 12 boys). Over the course of five consecutive instructional 
sessions, the students practiced a complex motor obstacle course that involved 
jumping, crawling, and ball handling. Task performance time was measured using 
Witty photo cells, with both descriptive and inferential statistical methods applied. 
The results showed a statistically significant reduction in task completion time 
between the initial and final measurements (t = 10.27; p < .001), indicating effective 
motor learning. Gender-based analysis revealed that boys performed slightly better 
in the final series compared to girls, with significant differences observed in the final 
stages (p < .01). A stable normal distribution of results was also observed, which 
enabled the use of parametric statistical tests. This study confirms that 
systematically organized motor tasks engaging cognitive processes can enhance the 
efficiency of motor pattern acquisition in children. The obstacle course proved to be 
an effective tool for integrating cognitive-motor mechanisms into school practice. 
Keywords: motor learning, cognitive processes, child development, obstacle course, 
physical education 
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INTRODUCTION 
The development of motor abilities and the acquisition of complex 

kinesiological structures during childhood represent a fundamental component of 
overall psychophysical development. The age of ten is marked by significant 
progress in the integration of cognitive and motor functions, enabling children to 
more efficiently acquire new movements, techniques, and motor patterns. This 
period is particularly important due to the enhancement of cognitive processes such 
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as attention, working memory, planning, and problem-solving, all of which 
significantly influence the quality of motor learning (Gabbard, 2018).  

According to Piaget’s theory, children at this age begin to develop concrete 
operational thinking, allowing for better understanding and application of new 
motor tasks (Piaget, 1952). Cognitive-motor mechanisms involve complex 
interactions between neurophysiological systems responsible for information 
processing and motor control. Processes such as the perception of spatial-temporal 
relationships, motor program formation, conscious movement correction, and 
learning through feedback are key elements in mastering demanding kinesiological 
tasks. It is important to note that motor abilities are closely linked with cognitive 
processes such as attention and working memory, which facilitate faster and more 
efficient learning of new movements (Lezak et al., 2012; Gabbard, 2018). Children’s 
ability to synchronize cognitive processes with motor task execution directly affects 
the speed and efficiency of learning, as well as the eventual level of motor skill 
automatization (Schmidt & Lee, 2014; Prodić et al., 2024). 

The study of cognitive-motor mechanisms in ten-year-olds holds particular 
significance as it provides deeper insight into how developmental characteristics of 
cognitive capacities influence motor competence during the sensitive period of early 
school age. As children develop, their ability to integrate cognitive processes with 
motor actions improves, forming the basis for the creation of optimal motor learning 
programs tailored to the individual abilities and needs of each child (Fitts & Posner, 
1967; Shea & Morgan, 1979). 

Within the field of motor learning, a specific methodological format known as 
the obstacle course holds a notable position. The obstacle course is a systematically 
organized path where children encounter a series of diverse motor tasks performed 
in sequence (Švraka, 2012). Performing exercises on such a course facilitates the 
development of complex motor patterns, enhances spatial orientation, balance, 
coordination, and reaction speed, thereby directly promoting the integration of 
cognitive and motor processes (Ersöz & Bediz, 2020; Canli et al., 2023; Gajević et al., 
2022). Due to its complexity and the constant demands placed on attention and 
motor control, the obstacle course represents an ideal model for examining 
cognitive-motor mechanisms in school-aged children (Ersöz & Bediz, 2020). 

The originality of this study lies in the application of the methodological 
obstacle course as a model for investigating cognitive-motor mechanisms in 
children, a topic that has not been systematically explored within domestic 
pedagogical practice. While the importance of motor learning is well documented in 
the literature, there is a lack of research that combines contemporary knowledge 
from neuroscience, motor control, and school-based instruction under real-life 
conditions. This study contributes to the understanding of how children respond to 
cognitively demanding motor tasks and may serve as a foundation for creating 
differentiated programs in physical education. Accordingly, the analysis of cognitive-
motor mechanisms in the context of learning complex kinesiological tasks in ten-
year-olds not only enhances our understanding of developmental processes but also 
has practical value for the fields of physical education, sports, rehabilitation, and 
pedagogy. 
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METHODS 
Participants 

The study included 25 fourth-grade elementary school students from Šabac, 
with an average age of 10 ± 0.5 years. The sample consisted of 13 girls and 12 boys. 
Over the course of five consecutive physical education classes, participants practiced 
the same motor task structure, with three repetitions per class session, totaling 15 
repetitions. 

Experimental program 
The experimental program was implemented as part of the regular physical 

education curriculum and lasted for two weeks. Students participated in five 
sessions, held at a frequency of two to three classes per week. Each session began 
with a warm-up and task explanation, followed by three repetitions of the 
designated obstacle course. The course consisted of three main segments: (1) 
jumping over an obstacle, (2) crawling through a tunnel, and (3) dribbling a ball in a 
slalom pattern between cones. The objective was to complete the course as 
efficiently and accurately as possible. 

All motor components were integrated into a methodological-organizational 
format of an obstacle course, with a total length of 12 meters. Task execution time 
was measured using the Witty photo-cell timing system (Microgate, Italy), which 
provides high precision in tracking motor performance. Photo cells were positioned 
at the start and end of the course, and measurements were automatically recorded 
by the system, eliminating the possibility of subjective error. 

All participants performed the task under identical conditions, and the testing 
was conducted in a controlled environment. The study was conducted with approval 
from the school administration and written informed consent from the children's 
parents. All data were handled in accordance with ethical standards for research 
involving children, ensuring anonymity and voluntary participation. 

 

Figure 1. Obstacle Course
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Statistical Analysis 
The measurement data were processed using Statistica software, version 7.0. 

Basic descriptive statistical parameters were analyzed, including arithmetic mean, 
standard deviation, and minimum and maximum values. The normality of the data 
distribution was tested using the Kolmogorov–Smirnov test. To assess the statistical 
significance of differences between the initial and final measurements, as well as 
between groups based on gender, paired and independent samples t-tests were 
applied. 
 
RESULTS AND DISCUSSION 

This section presents the results of the study on the effects of cognitive-motor 
learning in 10-year-old children, with a focus on performance changes across five 
consecutive measurement sessions. The data were analyzed using both descriptive 
and inferential statistics, including paired and independent samples t-tests, as well 
as the Kolmogorov–Smirnov test for normality. Table 1 displays the basic descriptive 
statistical parameters for all three measurements within each of the five sessions. 
 
Table 1. Basic Descriptive Parameters for the Entire Sample of Participants 

Legend: N – number of participants, Mean – arithmetic mean, Mean- Series – arithmetic mean per session, 

Min – minimum result, Max – maximum result, SD – standard deviation, Max D -  maximum deviation, K-S - 

Kolmogorov–Smirnov test 

Data were collected through three measurements in five series of motor tasks. 
For each measurement, arithmetic means, minimum and maximum values, standard 
deviations, and values from the Kolmogorov-Smirnov test for normal distribution 
were calculated. The results of this study indicate a continuous decrease in the 
execution time of the motor task across the five measurement series, representing a 
typical pattern of progress in motor learning. The average time decreased from an 
initial 10.45 ± 1.19 seconds to a final 8.14 ± 0.97 seconds, with a statistically 
significant difference observed (t(23) = 10.27; p < 0.001). This finding is consistent 
with the classic learning model proposed by Fitts & Posner (1967), in which motor 
skill learning progresses through cognitive, associative, and autonomous phases. 

Measurement Session N Mean Mean-Series Min Max SD Max D K-S 
1 1 25 10,47 10,11 8,95 12,72 1,17 0,18 p > .20 
2 1 25 9,97  8,44 12,85 1,11 0,11 p > .20 
3 1 25 9,87  8,24 11,84 0,92 0,12 p > .20 
1 2 25 8,72 8,88 7,84 10,74 0,78 0,15 p > .20 
2 2 25 8,54  7,37 10,39 0,80 0,13 p > .20 
3 2 25 8,39  6,98 9,74 0,86 0,12 p > .20 
1 3 25 8,76 9,12 7,54 10,11 0,77 0,12 p > .20 
2 3 25 8,91  7,15 11,68 1,09 0,11 p > .20 
3 3 25 8,79  6,85 11,84 1,25 0,09 p>  .20 
1 4 25 8,67 8,55 7,08 11,06 0,99 0,14 p > .20 
2 4 25 8,59  6,68 10,43 1,14 0,13 p > .20 
3 4 25 8,39  6,65 9,85 0,94 0,18 p > .20 
1 5 25 8,44 8,30 6,61 10,52 1,00 0,14 p > .20 
2 5 25 8,29  6,70 9,80 0,81 0,21 p > .20 
3 5 25 8,16  6,46 9,99 0,97 0,11 p > .20 
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Performance improvement is evident as early as the second measurement 
series, indicating that subjects quickly transitioned from the cognitive to the 
associative phase, where motor responses stabilize and become more efficient. The 
greatest individual variability was observed in the third series, likely due to cognitive 
effort characteristic of the motor pattern consolidation phase. This phenomenon 
aligns with cognitive load theory (Sweller, 1988), which suggests that high 
information processing demands can lead to temporary instability in performance. 

Normality of distribution in all measurements was confirmed by the 
Kolmogorov-Smirnov test (p > 0.20), enabling reliable application of parametric tests 
and increasing the validity of the conclusions drawn. Overall, the data support 
theoretical perspectives that consistent repetition under conditions of optimal 
cognitive engagement is a prerequisite for forming stable and automated motor 
patterns (Ericsson et al., 1993; Magill & Anderson, 2017). 
 
Table 2. Basic descriptive parameters for the sample of girls and boys 

Legend: Mean – arithmetic mean, Mean of series – arithmetic mean of the series, SD – standard deviation, 
K-S - Kolmogorov–Smirnov test for normality 

Table 2 presents the basic descriptive statistics for girls and boys across five 
task series measured at three time points within the motor learning program. For 
each measurement, the mean, standard deviation, and results of the Kolmogorov–
Smirnov test of normality are provided, which is essential for determining whether 
the distribution of results within each group follows a normal curve. In most cases, 
the average scores for girls are slightly higher than those for boys, suggesting 
marginally better performance in terms of motor learning outcomes. 

The arithmetic means across series indicate that both girls and boys 
maintained relatively similar levels within each series, without extreme fluctuations, 
which suggests consistency in task execution. In Measurement 1, Series 1, girls had a 
mean score of 10.81, compared to 9.87 for boys, potentially indicating a difference in 
initial performance levels. Standard deviations generally ranged from 0.6 to 1.2, 
reflecting moderate variability within groups. Girls displayed slightly greater 
variability in some measurements (Measurement 3, Series 3: SD = 1.23), which may 

Measure
ment 

Session Мean 
Girls 

Mean of 
Girls' 
Series 

SD  
Girls 

K-S girl Мean
Boys 

Mean of 
Boys' 
Series 

SD  
Boys 

K-S 
Boys 

1 1 10,81 10,30 1,14 p > .20 9,87 9,80 1,04 p > .20 
2 1 10,27 - 1,16 p > .20 9,47 - 0,87 p > .20 
3 1 9,85 - 1,01 p > .20 9,98 - 0,82 p > .20 
1 2 8,86 8,70 0,71 p > .20 8,48 8,20 0,87 p < .15 
2 2 8,75 - 0,84 p > .20 8,19 - 0,65 p > .20 
3 2 8,59 - 0,87 p > .20 8,05 - 0,77 p > .20 
1 3 8,90 9,10 0,82 p > .20 8,53 8,40 0,68 p > .20 
2 3 9,20 - 1,09 p > .20 8,43 - 0,96 p > .20 
3 3 9,21 - 1,23 p > .20 8,11 - 1,02 p > .20 
1 4 9,12 9,00 0,95 p > .20 7,95 7,80 0,61 p > .20 
2 4 9,16 - 1,00 p > .20 7,84 - 0,98 p > .20 
3 4 8,86 - 0,76 p > .20 7,63 - 0,71 p > .20 
1 5 8,97 8,70 0,86 p > .20 7,60 7,60 0,57 p > .20 
2 5 8,60 - 0,79 p > .20 7,82 - 0,62 p > .20 
3 5 8,59 - 0,90 p > .20 7,46 - 0,66 p > .20 
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point to greater individual differences in task performance. In contrast, lower 
variability among boys in certain series (Series 5: SD = 0.57) suggests a higher 
degree of consistency in their executions. 

All Kolmogorov–Smirnov test results were within the acceptable range (p > 
.20), with the exception of one instance for boys in Measurement 1, Series 2 (p < .15), 
which still falls within the boundaries of acceptable normality, though it may indicate 
a slightly divergent distribution pattern. These results confirm that the data 
distributions are sufficiently normal, thereby allowing the use of parametric 
statistical tests such as the t-test to further examine the significance of differences or 
effects. 

A slightly declining trend in mean values was observed in both groups, which 
may suggest fatigue, adaptation, or changes in task approach (e.g., Series 1 for girls: 
10.81 → 10.27 → 9.85). However, in some series (e.g., Series 3 for girls: 8.90 → 9.20 
→ 9.21), an increase was observed, possibly reflecting a learning effect. Among boys, 
a more stable or gradual decline was noted, which could indicate a different dynamic 
in the learning process. 

This table, along with the analyzed data, provides a valid foundation for 
further application of parametric statistical methods in assessing the effects of motor 
learning in girls and boys. The normality of distribution, consistent standard 
deviations, and coherent trends in mean values suggest that the sample behaves in 
accordance with expectations for both qualitative and quantitative analysis in 
pedagogical practice and research. 
 
Table 3. Results of the t-test for the entire sample – initial and final measurements 

Group Mean SD N Diff. Mean SD Diff. t DF p 

Initial  10,45 1,19 25      

Final 8,14 0,97 25 2,31 1,09 10,27 23 0.00 

Legend: Mean – Arithmetic Mean; SD – Standard Deviation; N – Number of participants; Diff. Mean – 

Difference between Initial and Final means; SD Diff. – Standard Deviation of the difference; DF – Degrees of 

Freedom; t – t-test value; p – Level of statistical significance. 

Based on the presented t-test results analyzing the significance of the 
difference between the initial and final measurements for the entire sample, it can be 
concluded that motor learning produced positive effects for all participants in the 
study. Specifically, the execution time of the assigned motor task was statistically 
significantly reduced. 

Table 4. Results of the t-test for girls and boys – Initial vs. Final measurement 
Group Measurement Mean SD N Diff. SD Diff. t DF p 

Girls 
Initial 10,8 1,14       
Final 8,6 0,90 13 2,22 1,13 7,31 13 0,00 

Boys 
Initial 9,87 1,04       
Final 7,64 0,66 12 2,41 1,02 7,06 8 0,00 

Legend: Mean – arithmetic mean; SD – standard deviation; N – number of participants; Diff. – difference 

between initial and final measurement; SD of Diff. – standard deviation of the difference; t – t-test value; 

DF – degrees of freedom; p – level of statistical significance. 
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Sex differences become more pronounced in the final trials. Boys achieved 
better results at the final measurement (7.64 ± 0.66) compared to girls (8.60 ± 0.90), 
with a statistically significant difference (t(21) = 3.18; p < 0.01). Although girls 
started with higher initial values, their progress was stable and consistent, indicating 
the effectiveness of the program even among groups with lower motor dominance. 
Differences in the rate of acquisition may be influenced by biological and experiential 
factors. Research suggests that boys more frequently engage in informal sports 
activities, which may contribute to better spatial orientation, faster adaptation to 
dynamic demands, and more efficient movement (Prodic  et al., 2024). 

In conclusion, both observed groups demonstrated statistically significant 
improvements following the application of motor learning, suggesting that the 
program was effective in enhancing the motor skills required for the completion of 
the assigned task. 
 
Table 5. Results of the t-test for differences between initial and final measurements 
based on gender 

 Мean Girls Мean Boys t DF p 
Initial 10,81 9,89 1,97 21 006 
Final 8,59 7,48 3,18 21 0,00 

Legend: Mean – arithmetic mean; t – value of the t-test; DF – degrees of freedom; p – level of statistical 
significance. 

Analysis of the t-test results for independent samples reveals performance 
differences between girls and boys across various phases of the motor learning 
process. 

At the initial measurement, boys achieved slightly better results compared to 
girls (M = 9.89 vs. M = 10.81), with the difference approaching statistical significance 
(t(21) = 1.97, p = 0.05). This finding suggests that boys may have had a certain initial 
advantage in performing the targeted motor task, although this advantage did not 
reach a high level of statistical certainty. 

However, following the implementation of the learning process, the final 
measurement revealed a statistically significant difference in favor of the boys (M = 
7.48 for boys vs. M = 8.59 for girls), with the result confirmed as highly significant 
(t(21) = 3.18, p < 0.01). This indicates that the effect of motor learning was more 
pronounced among boys. 

A possible explanation for these results may lie in potential differences in prior 
motor experience. Boys are more frequently involved in extracurricular sports 
activities, which may contribute to faster acquisition and execution of new motor 
tasks. 

Nevertheless, it is important to emphasize that girls also demonstrated 
significant improvement throughout the learning period, indicating that the 
implemented program was effective for both genders. 
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Таble 6. Independent Samples t-test Results – Gender Differences by Series and 
Measurements 

Measurement Session Мean Girls Мean Boys t df p N (Girls) N (Boys) 
1 1 10,81 9,89 1,97 21 0,06 13 12 
2 1 10,27 9,49 1,70 21 0,10 13 12 
3 1 9,86 9,99 -0,36 21 0,72 13 12 
1 2 8,87 8,51 1,08 21 0,29 13 12 
2 2 8,76 8,21 1,64 21 0,11 13 12 
3 2 8,60 8,08 1,46 21 0,16 13 12 
1 3 8,91 8,56 1,06 21 0,30 13 12 
2 3 9,21 8,45 1,68 21 0,12 13 12 
3 3 9,22 8,13 2,18 21 0,04 13 12 
1 4 9,12 7,97 3,21 21 0,00 13 12 
2 4 9,07 7,86 2,86 21 0,01 13 12 
3 4 8,86 7,65 3,80 21 0,00 13 12 
1 5 8,97 7,62 4,14 21 0,00 13 12 
2 5 8,62 7,84 2,45 21 0,02 13 12 
3 5 8,59 7,48 3,18 21 0,00 13 12 

 
 

The results of the independent samples t-test presented in Table 6 provide a 
detailed overview of the gender-related performance dynamics throughout all 
phases of motor learning, assessed across five series of measurements, each 
consisting of three trials. The analysis explored the statistical significance of 
differences between boys and girls in each individual measurement. 

In the initial learning phases (Series 1 and 2), observable differences favored 
boys (e.g., M1 Series 1: t = 1.95, p = 0.06), though these differences did not reach 
statistical significance. This indicates that both genders began the program with 
relatively comparable motor abilities. Throughout Series 1 and 2, the gender 
differences remained statistically non-significant, suggesting that sex was not a 
determining factor in performance during the early learning stages. 

Beginning with Series 3, and particularly in the third measurement (M3 Series 
3: t = 2.18, p = 0.04), statistically significant differences in favor of boys began to 
emerge. These differences became more pronounced in Series 4 and 5, where nearly 
all measurements indicated statistically significant results (e.g., M1 Series 4: t = 3.21, 
p = 0.00; M3 Series 5: t = 3.16, p = 0.00), with boys consistently outperforming girls. 

This trend suggests that over time, boys demonstrated a faster and more 
efficient improvement in mastering the motor task. The gender gap that became 
statistically significant in the later stages of the program may be attributed to 
differences in learning styles, prior motor experience outside school, or higher 
frequency of physical activity among boys. 

Nonetheless, it is important to emphasize that girls also showed notable 
improvement, confirming the effectiveness of the motor learning program for both 
genders. However, the tempo and progression dynamics differed, with boys 
exhibiting greater acceleration in the final phases of training. 
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CONCLUSION 
The results of this study demonstrated the positive effects of the motor 

learning process on participants in all aspects of mastering a complex motor task—
both at the total sample level and within the groups of girls and boys individually. 
The analysis showed significant improvement in the time required to perform the 
given task across all measurements, indicating the effectiveness of the motor 
learning program implemented during the study. 

When analyzing the results through the lens of gender, an interesting pattern 
emerges, suggesting certain differences in the effects of motor learning between 
boys and girls. Although both groups achieved significant progress, boys 
outperformed girls in the final measurement. This performance gap may be 
attributed to the broader and more diverse motor experience that boys often 
possess, particularly due to their more frequent involvement in extracurricular 
sports activities. While girls also made notable progress, they did not reach the same 
level of improvement as boys, which could be due to various factors such as the 
nature of pre-study physical activities and previous motor experience. 

The results of the t-tests indicate statistically significant differences between 
the initial and final measurements in task execution time, confirming that the motor 
learning process was effective and led to meaningful improvements in participants' 
performance. However, the performance difference between boys and girls at the 
end of the study highlights the need to further explore the factors influencing motor 
learning in the context of gender and to develop programs that more precisely 
address the specific needs of both groups. 

Future research would benefit from involving a larger sample size and diverse 
types of activities to gain deeper insights into the causes of gender differences in 
motor learning effects. It would also be valuable to investigate how previous motor 
experience may influence progress throughout the learning process and to identify 
which aspects of motor learning might be better tailored to achieve optimal 
outcomes for each gender. 
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