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Abstract

The influence of fine and gross motor development on cognitive abilities continues in both pre-school and
younger school age. Complex researches confirm the existence of a positive relationship between the
amount of physical activity, cognitive abilities and academic achievement. The spectrum and level of motor
skills are positively correlated with cognitive functions and academic achievement, so it is important to focus
on developing basic motor skills in children. The aim of the research is to assess the relationship between
the level of gross motor skills and the level of cognitive competence in children who undergo the compulsory
school attendance. The research was conducted as part of the GF_PdF_2019_ 0003 project. The research
group consisted of 200 primary school aged children - 9.87 + 0.65 year old. The Ethics Committee approval
of the author's department was obtained for the research. The participation of the child in the research was
completely voluntary, anonymous, free of charge and with the possibility to withdraw from the research
anytime. To assess the level of cognitive abilities, a Cognitive Skills Test (TKS) was used to diagnose three
areas: verbal, quantitative, and nonverbal skills. The Test of Gross Motor Development-2 was used to
diagnose the level of gross motor skills. It is focused on the determination of locomotor and object control
skills as components of human’s gross motor skills. The correlation of the relationship between cognitive
abilities and gross motor levels was evaluated at p<0.05. Results revealed that the level of acquired motor
skills is very low. It does not meet the requirements determined by curricular documents on primary
education in the field of physical education in the Czech Republic. A statistically significant difference in the
TGMD-2 test standard score between girls and boys was not found (p<0.67). At the overall level of cognitive
abilities, no significant difference (p<0.061) was observed in the studied children in terms of gender.
Significant correlation between gross motor skills and cognitive abilities (p<0.05) was confirmed in the given
research group in both girls and boys. The relationship between the two variables shows moderate
dependence (r = 0.43; rboys = 0.47; rgirls = 0.43). It is necessary to present the results of the research in the
given field in professional journals and to apply it in the practice of primary school teachers.
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1 INTRODUCTION

According to latest studies, it is evident that cognitive skills are developed and improved in pre-school and
adolescent school age (Stockel a Hughes, 2016; Gwynne a Blick, 2004; Kooistra a kol., 2005; Venetsanou a
kol., 2007; Tomporowski Davis, Miller, Naglieri, 2008). The complex relationship between cognitive
component and motor development is assessed, nowadays, mainly by foreign researches. The researches
confirm the existence of a positive relationship between the amount of physical activity, cognitive abilities
and school success (e.g. Rothlisberger et al. 2010, Decker et al. 2011, Howie a Pate 2012). Experts
conclude that physical exercise has a positive effect on brain structure and function as well as on the child's
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cognitive abilities (Haapala et al. 2014, Van Dusen et al. 2011). The findings of foreign studies support the
claim that the amount and the improvement of motor skills have a significantly positive impact on academic
achievement. The level of motor skills positively correlates with cognitive and school success, so it is more
than important to focus on developing basic motor skills in children (Huang et al. 2015, Castelli et al. 2007,
Kantomaa et al. 2013). Many authors (Adolph & Berger, 2005; Adolph & Berger, 2006, Fedewa, 2011 and
others) state that there is a close relationship between cognitive development and the volume of acquired
motor skills. Grissmer, Grimm, Aiyer, Murrah and Steele (2010) or Tomporowski, Lambourne, and Okumura
(2011) caused that the issue of motor skills development is high on the list of scientists' interest. Last
mentioned authors found that motor skills are a strong predictor of later success in mathematics and reading.
In the Czech Republic, this area is still very little researched (Zikl, Tomaskova, Zajickova, 2013; Zikl,
Holoubkova, Karaskova, Veselikova, 2013). It is necessary to investigate the effects of many parameters
(such as type, amount, frequency or timing) of physical activity on cognitive functions. The determination of
mechanisms and the long-term impact on the development of the child's motor skills, as well as the transfer
of research results into the school environment, needs to be broadened and further studied (Duncan,
Dowsett, Claessens,2008; Ericsson et al. 2014, Donelly et al. 2016; Michel, a Roebers, 2008). The results of
the research could thus broaden the scope of research in the given field, deepen the knowledge of the
importance of developing motor skills for school readiness of the child.

2 AIM

The aim of the research is to find out and analyze the relationship between the level of gross motor skills of a
compulsory school attendant and the level of his / her cognitive competence. Research questions were
addressed within this goal:

1. Which of the monitored cognitive abilities will show a significant difference in comparison with the level of
gross motor skills?

2. Will be found gender differences in the level of motor skills and in the level of cognitive abilities of the
monitored children?

3 METHODOLOGY

The research group consisted of 200 pupils (105 boys, 95 girls) at an average age of 9.87 + 0.65 years
attending primary school. None of the children had a handicap. The Ethics Committee of the author’s office -
Faculty of Education, Palacky University in Olomouc, approved the aim and design of the research. For the
realization of the research, the approval of the management of primary schools and legal representatives /
parents of each child was obtained based on their detailed knowledge of the objectives, methods and
implementation of the research. Child participation in research was voluntary and free of charge. During the
research, ethical aspects of the research work were followed, children's responses were monitored, and their
possible questions to the research were answered. Children could interrupt or leave the testing at any time.
The anonymity of acquired data was declared to legal representatives (parents) and school managements.
The level of gross motor skills was determined by the Czech version of the standardized Test of Gross Motor
Development - 2 (Ulrich, 2000). The test evaluates the basic gross motor skills - locomotor and object control
skills. The result is a standard score (gender-based assessment), which is converted to a Gross Motor
Development Quotient (GMDQ). It is primarily designed for pre-school children, but is used to determine the
level of gross motor skills in older children (Staples & Reid, 2000; Houwen, Hartman, Jouker, & Visscher,
2010; Valentini, 2012). The modified version of the Cognitive Abilities Test (Thorndike, Hagen, 1986, revised
Czech version Vonkomer, Jilek, 1997) diagnoses three areas of thinking: verbal, quantitative and nonverbal
skills. The test monitors the ability of an individual to work with symbols representing words (a verbal
component contains 4 subtests), with symbols representing quantities (a quantitative component, contains 3
subtests) and symbols representing spatial, geometric, or pictorial patterns (a non-verbal component
contains 3 subtests). The ability to work with these components in their complex relationship can give us an
overall picture of the child's cognitive abilities. For the research group was used test variant C for children
aged 9.6 to 11.3 years. The achieved gross score (number of correct answers) is converted according to the
child's age into the standard age score and the corresponding percentile. The correlation between the level
of motor skills and the level of cognitive abilities including individual components (verbal, numerical,
nonverbal) was declared with correlation coefficient. The significance level was determined as p<0.05.
Differences in the level of girls '‘and boys' motor skills and the level of their cognitive competences have been
identified through the t-test. The data was obtained from the GF_PdF_2019 0003 project.

4 RESULTS
The mean value of the standard gross motor skills score was 95.67 £ 11.17 (boys 95.34 + 13.02; girls 96.02
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t 8.74) for the research group, which corresponds to the average level of gross motor skills. In the category
very poor and poor, only 9.50% of probands from the research group were found. There were more boys in
this category (12.4%) than girls (6.32%). Out of the total number of probands, 23% were below average (out
of which was 26.66% boys and 18.95% girls). Although the test is not intended to evaluate the performance
of children at a given age, the result is surprising because the level of acquired motor skills is very low. It
does not meet the requirements determined by curricular documents on primary education in the field of
physical education in the Czech Republic. In the average category were 57% of children based on the
results in individual TGMD-2 subtests, but there were more girls (67.37%) than boys (47.62%). Only a small
percentage of children in the research group (3.5%) reached the level above average (boys 6.66%, girls
7.36%). In the superior category, only boys (6.66%) of the total 3.5% of children are represented (Fig. 1). A
statistically significant difference in the TGMD-2 test standard score between girls and boys was not found
(p=<0.67). On the other hand, some researchers have proven gender differences in their research in both the
overall level of gross motor skills and object control skills, where boys reached a higher score (Burns,
Brusseau & Hannon, 2017; Liong, Ridgers & Barnett, 2015; Slykerman, Ridgers, Stevenson & Barnett,
2016).
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Fig. 1. TGMD-2 score of research group (n=200; boys =105, girls=95)

In the field of cognitive abilities, it is common to evaluate verbal, numerical and nonverbal components
(Geary & vanMarle, 2016; Hannula, Rasanen, & Lehtinen, 2007; Weiland & Yoshikawa, 2013; Welsh,
Pennington, & Groisser, 1991; Fitzpatrick, McKinnon, Blair & Willoughby, 2014). In the cognitive test, the
average standard score (SVS score) of 101.29 £ 9.92 points achieved by the research group corresponds to
the overall score of the "average score" (its upper limit). Girls achieved a slightly better score (102.68 + 9.13
points) than boys (99.89 + 10.71 points). In the subtest evaluating the verbal component, the girls (103.95 +
11.04) and boys (102.75 £ 10.99) achieved approximately the same score, which is rated as average. The
overall results correspond to the researches of other authors who confirm only little (not significant)
differences between girls and boys, men and women in these skills (Hyde, Lindberg, Linn, Ellis, & Wil-liams,
2008; Lindberg, Hyde, Petersen, & Linn, 2010). Washington, Branum-Martin, Lee-James & Sun (2019) also
note the absence of gender differences in the language component for the same age group, but point to the
differences found among girls and boys in reading skills. The average level (101.64 + 12.43) was also found
in the area of numerical skills (quantitative component), where girls obtained a score of 104.51 + 12.97 and
boys 98.77 £ 12.09 (Fig. 2). In assessing the significance of the difference in individual components of
cognitive abilities in terms of gender, there was a significant difference in the quantitative component
(p=<0.003) where girls achived better results. Currently, in many countries (as in the Czech Republic) there is
a decrease of interest in mathematics and technical sciences (Eccles & Wang, 2016; Shapiro & Williams,
2012), but these are not limited to basic numerical work, but they are also related to the development of
logical thinking of children. Another subtest of the cognitive test includes a non-verbal component focused on
the ability to work with symbols / images and their spatial arrangement. The score in this part of the test is
generally lower in the research group than in the verbal and quantitative component (girls 99.59 + 12.31,
boys 98.16 + 12.34), but is still rated as the average score. At the overall level of cognitive abilities, no
significant difference (p<0.061) was observed in the studied children in terms of gender (Fig. 2). But Halpern,
Benbow, Geary, Gur, Hyde, & Gernsbhacher (2007) or Levine, Foley, Lourenco, Ehrlich, and Ratliff (2016)
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have found gender differences in spatial processing, where boys performed better than girls. They conclude
that boys in this area rely more on spatial approaches or strategies.
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Fig. 2. Test Cognitive Abilities Test score of research group (TKS) (n=200; boys =105, girls=95)

In the application of mentioned research methods, a significant correlation between gross motor skills and
cognitive abilities (p<0.05) was confirmed in the given research group in both girls and boys. The relationship
between the two variables shows moderate dependence (r = 0.43; rboys = 0.47; rgirls = 0.43). The level of
motor skills correlate with the verbal component at the level of moderate dependence (r=0,55, rboys=0,61,
rgirls=0,44). Motor skills with the quantitative component correlate at the low level r=0,30 (girls rgirls=0,32,
rboys=0,36). Interestingly, the fact that in girls the correlation of motor skills and non-verbal components of
the low level (rgirls=0,30). In boys, the correlation between the monitored variables is higher than in girls
(rboys=0,34). The results of the research group are significant (p<0,05) and confirm the importance of the
development of child's motor skills for its cognitive development. Van der Fels, Te Wierike, Hartman,
Elferink-Gemser, Smith, & Visscher (2015), in their research on the issue of the relationship between motor
skills and cognitive abilities of children, also noted that current research in the field presents this relationship
as weak to strong therefore it is not yet clear. Nevertheless, they confirm a stronger relationship between the
basic categories of motor and cognitive skills, especially in children under 13 years of age. Here we see the
importance of the role of a primary school teacher, who may have the opportunity to positively influence the
pupil's cognitive development through the development of motor skills. Some authors point out the
inadequate work of primary school teachers who do not encourage pupils' interest in, for example,
mathematics and technical sciences (Cimpian et al., 2016; Riegle-Crumb a Humphries, 2012). Higashionna
et al. (2017) emphasize that it is necessary to identify precisely the possibilities for interventions that would
help solve the problems of motor coordination and related cognitive abilities in children.

5 CONCLUSIONS

A significant relationship between gross motor skills and cognitive abilities (p<0.05) was found in the
research in both girls and boys. Correlation is at the level of low to moderate dependence. Partial research in
this area has certain limits, such as the low humber of probands in research groups, the diversity of methods
used in individual countries (especially in cognitive skills) and thus the difficult comparison of results at
international level. The level of cognitive abilities is also influenced by the quality of curricular documents of
schools involved in research (the quality of school curricula), as well as by the level of professional
competencies of teachers in these schools. Nevertheless, it is necessary to further and very carefully
examine the area and discuss the results as widely as possible in scientific forums and conferences. Positive
discovery of the relationship between child's level of motor skills and cognitive abilities would support the
idea of early childhood intervention by educators in the youngest age groups, where these interventions can
be highly effective.
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