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Abstract

Motor skills can be improved through rapid on-the-job training or slower multi-session learning.  The objective of this 
study was to determine the rapid learning differences between male and female university students during the execution 
of two motor coordination tests. Available data from 716 female and 331 male college students were retrospectively 
analyzed. The female participants had a mean age (±SD) of 19.6 (±1.55) years, while the male participants recorded a 
mean age of 19.8 (±1.87) years. Data were collected using two motor coordination tests, each performed in triplicate. 
The statistical method used in this analysis was mixed-model ANOVA. The interaction effect of gender and number of 
attempts was statistically significant for both motor coordination tests (F=12.446; p<0.01; η2p=0.13 & F=11.169; p<0.01; 
η2p=0.01). Post-hoc testing showed that males performed better at the tasks in all three runs, and both genders improved 
their performance in subsequent trials. However, females showed a larger relative improvement from trial to trial than 
did males. The two coordination tests yield similar results. The observed differences in improvements in the coordina-
tion tests may be attributed to different motor learning strategies and cognitive processing between the sexes. 
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Introduction
Motor learning is defined as a set of processes associated 

with practice that leads to relatively permanent changes in the 
capability for motor response (Schmidt, 1988). Acquiring new 
motor skills necessitates learning the process, which is associ-
ated with the activity of different brain regions, and having the 
ability to transfer accomplished movements to new conditions 
and task variants (Seidler, 2010). Such a hierarchical organiza-
tion of motor control means that no movement is performed 
in a completely identical manner (Profeta & Turvey, 2018). 
Outcomes of the motor learning process can be derived from 
the progress, stability, consistency, and adaptability observed 
in motor performance. When motor performance embod-
ies all these qualities, it exhibits the characteristics of a well-
honed motor skill (Magill & Anderson, 2013). Coordination, 
which rests at the core of every movement, is a complex, mul-

tistructural, and qualitative motor ability. It is influenced by 
the mechanism for the regulation of movement, that is, its 
subordinate mechanism for structuring movement, and it per-
meates almost all motor abilities (Bruton & O’Dwyer, 2018). A 
high level of coordination allows movements to be controlled 
and adjusted in real-time to meet performance goals, and it is 
achieved by triggering a motor program developed based on 
previously assimilated abilities (Iorga, Jianu, Gheorghiu, Crețu, 
& Eremia, 2023). The more developed coordination a person 
has, the better and more successful he will be in sequencing 
movements or actions, i.e., his ability of motor planning will 
be at a higher level, which will then help solve motor tasks 
or problems (Kimura, Yokozawa, & Ozaki, 2021). Some of the 
factors influencing the acquisition of new motor skills include: 
1) relevant prior knowledge and skills; 2) attentiveness, con-
centration, and distractibility; 3) interests and acquired pref-
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erences; 4) motivation and competitiveness; 5) self-confidence 
and optimism; 6) other aspects of temperament and person-
ality; 7) enthusiasm and energy level; 8) fatigue and anxiety 
(Howe, Davidson, & Sloboda, 1998).

Differences in coordination between genders are notice-
able from early childhood (Adriyani, Iskandar, & Camelia, 
2020; Morley, Till, Ogilvie, & Turner, 2015). Males outperform 
females in fundamental motor skills during young adulthood 
(Díaz, Rojas, & Morera, 2015). Movements involving preci-
sion, which require coordination, are more strongly geneti-
cally determined in women, whereas movements involving 
strength and speed are more genetically determined in men 
(Iorga et al., 2023). Significant differences between men and 
women were found in accuracy (Moreno-Briseño, Díaz, 
Campos-Romo, & Fernandez-Ruiz, 2010), but there were no 
significant differences in the phase of adaptation between the 
sexes. This suggests that learning mechanisms may contribute 
differently in men and women. Motor learning consists of two 
types. Fast learning is defined as motor knowledge acquired 
through a single training session or activity, whereas slow mo-
tor learning is achieved through consecutive training sessions 
over time (Costa, Cohen, & Nicolelis, 2004). A recent system-
atic review highlighted the need for research on motor skill ac-
quisition to develop new strategies for motor learning (Newell, 
2020). Sex-based differences in motor skills have been the sub-
ject of numerous studies (Díaz et al., 2015; Gromeier, Koester, 
& Schack, 2017; Kokštejn, Musalek, & Tufano, 2017; Dinkel & 
Snyder, 2020; Zheng, Ye, Korivi, Liu, & Hong, 2022), however 
the nuances of fast motor learning, especially among young 
adults, remain relatively unexplored. Many studies have con-
centrated on preschool or school children, focusing on motor 
skill differences but not specifically on the rapid acquisition 
of these skills. While differences in both gross and fine mo-
tor skills have been identified (Rodrigues, Ribeiro, Barros, 
Lopes, & Sousa, 2019), scant evidence on how minor dispari-
ties in childhood may influence the acquisition of motor skills 
in young adulthood. For such a population, it is essential to 
account for both biological and environmental differences, 
the latter stemming from diverse societal expectations for 
boys and girls. Furthermore, a significant portion of existing 
research does not clearly distinguish between fast and slow 
motor learning, often broadening its scope to include a range 
of age groups. The importance of understanding fast motor 
learning becomes evident when considering its applications 
in athletic training, rehabilitation, or daily activities requir-
ing swift adaptability. This is particularly relevant for young 
adults, such as university students, who frequently face new 
motor challenges. However, empirical insights on gender-spe-
cific teaching methodologies for this age group are limited. 
Addressing this gap, this study delves into the differences in 
fast motor learning between male and female university stu-
dents. The goal is to inform about how motor skills are taught 
across genders, while also investigating the inherent neuro-
motor differences. If there are neuromotor differences in fast 
motor acquisition between sexes, such differences could have 
exists an impact on how males and females are taught motor 
skills to accommodate different strategies. This study explored 
the sex-based differences in coordination improvement us-
ing repeated motor tests. It operates on the premise that the 
repeated administration of these tests, typically three times, 
triggers short-term motor learning, subsequently affecting test 
scores by influencing their improvement rates. Therefore, the 

main goal of this study was to determine the fast-learning dif-
ferences between male and female university students when 
performing two motor coordination tests.

Methods
Participants

This study was conducted retrospectively using motor coor-
dination test data routinely collected during physical education 
classes at the university level over the period of ten years. The 
results of two tests measuring motor skills (crawling and jump-
ing over obstacles and the backward polygon test) were pro-
cessed to determine whether there was a sex difference in poly-
gon performance speed in each attempt depending on gender. 

The sample consisted of 716 female and 331 male first-
year physiotherapy students. The mean age (±SD) for the fe-
male participants was 19.6 (±1.55) years, while for the male 
participants, the mean age was 19.8 (±1.87) years. The use of 
retrospective data was reviewed and approved by the Ethics 
Committee of the university where the data were collected 
(KL:602-03/22-18/386; URBR:251-379-10-22-02). Mean male 
and female participants’ height was 181.33 (±7.04) and 165.87 
(±17.0) cm respectively, while average mass was 80.5 (±13.3) 
and 62.6 (±12.7) kg, respectively. Participants with physical or 
mental disabilities that could potentially influence the test re-
sults were excluded. Students who were professional athletes 
were excluded from the study.

Procedure
Before any of the tests, the students warmed up properly 

and a demonstration of both tests was provided. Two expe-
rienced researchers, a kinesiologist and physiotherapist, con-
ducted the tests. A hand stopwatch was used to monitor test 
timing. Two standardized coordination tests used in student 
population at elementary, high school and university levels 
with high levels of reliability, homogeneity and sensitivity were 
conducted – MBKPOP (crawling and jumping over obsta-
cles) and MREPOL (backwards polygon test) (Neljak, Sporiš, 
Višković, & Markuš, 2012). The values of the test reliability 
level are satisfactory under the assumption that the reliability 
of 0.90 is satisfactory (Hopkins, 2000). 

Measurements
The first test (MBKPOP) consisted of four obstacles spaced 

equidistantly at a distance of 10 m. The participants were re-
quired to jump over the 1st and the 3rd obstacle, crawl under 
the 2nd and the 4th obstacle, turn back, and then jump over and 
crawl back to the starting line.

The second test (MREPOL) consisted of two obstacles, the 
1st one at 3 m and the 2nd one at 6 m from the starting point. 
The participants had to scuttle backward with their hands and 
feet, move across the 1st obstacle and under the 2nd obstacle, 
and then scuttle back 3 m to the finish line. The goal of both 
tests was to run an obstacle course as quickly as possible. 

The participants performed both tests three times; they 
were given verbal instructions and visual demonstrations but 
were not permitted a trial run. The participants had 5 min be-
tween test attempts to rest.

Statistical analysis
Before proceeding with formal statistical analysis, the 

assumptions of normality of residuals, homoscedasticity, 
sphericity, and absence of extreme outliers were verified. A 
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mixed-model ANOVA was used to examine differences in co-
ordination. After analysis of the interaction model, post-hoc 
paired sample t-tests were conducted to compare test attempts 
segregated by sex. To quantify the effect size, both the partial 
eta-squared and Cohen’s d tests were used. Cohen’s guidelines 
were used to interpret effect size (Cohen, 1988). Bootstrapping 
was used to simulate a 95% confidence interval for Cohen’s 
d. To adjust for possible type I error inflation, the Benjamini-
Hochberg correction was applied to p values (Benjamini & 

Hochberg, 1995). The probability of a type I error was set at 
5% (p<0.05). All analyses were performed using R statistical 
software, version 4.2.1 developed by R Core Team and the R 
Foundation for Statistical Computing.

Results
Table 1 presents the data from both motor coordination 

tests for all three attempts in both sexes. The MBKPOP test was 
performed on 662 females and 316 males, and the MREPOL 

Table 1. Descriptive statistics of coordination tests

Variables - 
x SD Min Max n

Females

MBKPOP 1 19.24 3.85 8.25 32.8 662

MBKPOP 2 17.53 3.41 8.63 32.05

MBKPOP 3 17.04 3.48 9.05 30.06

MREPOL 1 12.58 2.76 6.55 22 716

MREPOL 2 11.68 2.47 6.1 21.5

MREPOL 3 11.42 2.36 6.37 19.78

Males

MBKPOP 1 15.88 2.9 9.08 27.4 316

MBKPOP 2 14.65 2.87 9.22 25.6

MBKPOP 3 14.25 2.98 7.64 24.2

MREPOL 1 9.3 1.86 5.92 15.02 331

MREPOL 2 8.69 1.77 5.43 16.23

MREPOL 3 8.52 1.74 8.33 14

Note. MBKPOP: crawling and jumping over obstacles; MREPOL: backward polygon test. x: mean; 
SD: standard deviation; n: sample size

test was performed on 716 females and 331 males. This differ-
ence in test sample size was due to erroneous testing and time 
constraints. A mixed-model ANOVA (Table 2) showed a sig-

nificant interaction between gender and test attempts (Figure 
1 and 2). According to the partial eta-squared statistic, the ef-
fect size was medium (η2p=0.13) for the MBKPOP test and 

Table 2. Mixed-model ANOVA

Test attempt Gender Interaction

F p η2p F p η2p F p η2p

MBKPOP 453.42 <0.01† 0.317 190.96 <0.01† 0.164 12.446 <0.01† 0.13

MREPOL 246.29 <0.01† 0.189 450.56 <0.01† 0.302 11.169 <0.01† 0.01

Note. MBKPOP: crawling and jumping over obstacles; MREPOL: backward polygon test.  F: F ratio; η2p: partial eta squared (effect 
size); †p < 0.05

FIGURE 1. Interaction plot of MBKPOP (crawling and jumping over obstacles) motor test 
Note: Error bars represent 95% confidence intervals; F: F ratio; η2p: partial eta squared (effect size)
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small (η2p=0.01) for the MREPOL test. Post-hoc paired t-tests 
(Table 3) showed that female and male participants improved 
the MBKPOP and MREPOL test scores in subsequent tests.

For females, Cohen’s d showed that the effect size of the 
difference between the first and second MBKPOP tests was 

large (d=0.86), and the difference between the second and 
third tests was small (d=0.36). The effect size of the difference 
between the first and second MREPOL tests was medium 
(d=0.57) and the difference between the second and third tests 
was small (d=0.30), similar to the previous test. 

Table 3. Post-hoc paired t-test 

Female Male

t p d 95% CI t p d 95% CI

MBKPOP 1-2 22.0 <0.01† 0.857 0.76; 0.95 12.4 <0.01† 0.7 0.55; 0.88

MBKPOP 2-3 9.35 <0.01† 0.364 0.28; 0.45 4.41 <0.01† 0.249 0.13; 0.4

MREPOL 1-2 15.3 <0.01† 0.571 0.5; 0.66 8.43 <0.01† 0.464 0.33; 0.61

MREPOL 2-3 7.88 <0.01† 0.295 0.22; 0.37 3.52 <0.01† 0.194 0.09; 0.3

Note. MBKPOP: crawling and jumping over obstacles; MREPOL: backward polygon test. t: t – statistic; d: Cohen’s d (effect size); 95% CI:95% 
confidence interval; †p< 0.05

FIGURE 2. Interaction plot of MREPOL (backwards polygon test) motor test
Note: Error bars represent 95% confidence intervals; F: F ratio; η2p: partial eta squared (effect size)

For males, the effect size between the first and second 
MBKPOP tests was medium (d=0.70), and the difference be-
tween the second and third tests was small (d=0.25). The effect 
size of the difference between the first and second tests was 
medium (d=0.46), and the difference between the second and 
third tests was virtually negligible (d=0.19). 

Discussion
This study demonstrated a sex-based difference in the pro-

gression of test scores; males showed greater progress between 
the first and second measurements, whereas females displayed 
consistent progress across all three measurements.

The initial phase of motor skill learning typically devel-
ops quickly across various experimental procedures and then 
slows as additional demands are placed in subsequent ses-
sions. This pattern has also been observed in children older 
than 10 years who begin displaying adult-like learning pat-
terns (Adi-Japha, Berke, Shaya, & Julius, 2019). Motor learn-
ing is largely driven by practice, and the acquisition of new 
skills is reflected in novel combinations of muscle activation 
that improve performance. The absence of performance im-
provement through repetition indicates the retention phase 
of motor skills (Constantino Coledam, 2020). Adapting to a 
new motor task requires appropriate actions in response to in-
coming information, such as the environment (e.g., a moving 
target) or sensor inputs from the body. Bianco et al. (Bianco et 
al., 2020) suggested that females tend to favor cautious cogni-

tive processing,  while males lean towards a more reactive and 
faster cognitive process.

From this perspective, it can be inferred that men em-
ployed their existing motor skills and capabilities to perform 
optimally during their initial attempts, leaving minimal room 
for substantial progress in subsequent measurements. In con-
trast, female participants approached the tests more cautious-
ly, relying on learning from each run, thereby achieving rela-
tively more improvements across runs.

There is little experimental data concerning the differ-
ences in motor learning between genders especially in young 
adult population. One study comparing children aged 7 and 
8 years old using Movement Assessment Battery for Children 
Test found difference in acquisition of motor skills in sub-
test scores concerning manual dexterity and ball skills but no 
difference in total impairment and balance scores (Junaid & 
Fellowes, 2006). Another study comparing adults averagely 
aged 39.2 (SD=13.5) found expected difference in throwing 
accuracy between genders, no difference in adaptation to 
constraints imposed by the researchers, but it showed that 
women had retained larger after effects adaptation after ex-
perimental constraints were removed, indicating that females 
exhibit a deeper internal recalibration of their motor-visu-
al relationship in this specific task (Moreno-Briseño et al., 
2010). With regards to our study this implies that while men 
might have an initial performance advantage due to factors 
like strength or prior exposure, women seem to exhibit a 
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faster rate of improvement, possibly due to a combination 
of deeper cognitive engagement, a propensity towards spa-
tial alignment in motor learning, and the specific demands 
of the coordination tests. This difference in learning strategy 
and adaptation showcases the importance of individualized 
training approaches and the potential to harness these inher-
ent strengths across genders.

There are more studies examining gender differences in 
coordination in general, but they have mixed results. For in-
stance, (Lyakh, 2021) in a study comparing 90 parameters of 
motor coordination, found negligible sex differences in most 
of the parameters among kickboxing and taekwondo athletes 
aged 18-27 years. However, Stelmach et al. (Stelmach, Rydzik, 
& Ambroży, 2020) found that male swimmers aged 14-16 years 
demonstrated higher coordination efficiency than their female 
counterparts. The findings of the current study revealed signif-
icant differences in the coordination tests between male and 
female students, echoing the results of Stelmach et al.’s study, 
although their focus was on adolescents. It is posited that 
physiological factors such as strength and training years could 
contribute to higher coordination efficiency in males than in 
females. This study draws a comparison with a student group 
aged 9-10 years, considering the absence of similar studies on 
young individuals. 

This study offers a unique contribution to the assessment 
of the student population by bridging the gap in existing stud-
ies. Variations in repeated motor task approaches are likely 

best elucidated by neuromotor and physiological differences, 
as supported by research conducted by (Roivainen, Suokas, & 
Saari, 2021).

Limitations and future recommendations
It was challenging to ascertain bias in this research based 

on the timing of data collection. Nonetheless, the findings will 
undoubtedly contribute to a better understanding of the sex-
based differences in coordination between students. However, 
it is crucial to recognize the inherent limitations of this study. 
Considering the results of previous research, anthropometric 
characteristics, and data on prior involvement in any form of 
nonprofessional athletic activities of students were not includ-
ed in this research. In future research, it would be beneficial 
to consider the anthropometric measurements of participants 
and their previous participation in athletic activities. Future 
research should include more tests that cover coordination 
and retention measurements and additional tests that indicate 
changes in movement efficiency, such as the analysis of oxygen 
consumption, heart rate, or muscle activity. In addition, a lack 
of age-appropriate tasks was noticed, which warrants design-
ing age-appropriate tasks. It is also suggested that participants 
be given a brief questionnaire as a manipulation check, which 
would help assess their comprehensive understanding of the 
coordination task, level of focus during the performance, 
emotional state (e.g., potential fear of increasing speed), and 
overall motivation.
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