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Abstract

The aim of the research is to explore the relationship between the level of cognitive abilities and motor
skills of children in younger school age. The research group consisted of 150 children (boys 77, girls 73)
from the 1% stage of primary schools in the Czech Republic with an average age of 9.35 + 0.61 years. The
MABC-2 (Movement Assessment Battery for Children-2) test battery was chosen to determine the level of
motor skills in children. Cognitive abilities with a focus on verbal, quantitative component and fluid
intelligence were monitored through the Cognitive Ability Test (CAT). The research was assessed and
approved by the Ethics Committee of the Faculty of Education, Palacky University in Olomouc. Data were
obtained within the project IGA_PdF 2021 017. The obtained data indicate the relationship between some
components of the motor skills level and the observed components of cognitive abilities (p <0.05). A closer
examination of the issue can help in the specific development of interventions in the field of motor skills
in order to support the cognitive functions of the child.
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1. Introduction

Movement is an irreplaceable part of reproduction, maintenance and development of life. It cannot
be seen just in sense of locomotion, nor like the movement of muscles, but it also contains thoughts,
emotions and moods. It includes not only psychological or psychophysiological aspects, but is a force that
motivates the cohesion of human society. Movement harmoniously connects the physical, mental and
spiritual components, even in individual form and individual relations to the surrounding world. Movement
also belongs to the basic means of expression of humans; it is the primary form of human communication.
In the initial stages of ontogenesis primary motor skills are the building blocks for more complex motor
skills. In addition, they represent a part of the competencies necessary for participation in various forms of
children’s activities and thus contribute to the process of integration of individuals into the school group
(Cadoret et al., 2018; Liu-Ambrose & Best, 2017; Payne & Isaacs, 2011; Sgré6 et al., 2013;). Of the
important cognitive processes closely linked to the development of thinking, it is possible to mention verbal
development. Along with the development of thinking, it is significantly enriched in this period. Verbal
development is a cognitive process that is one of basic predictor of a successful process of learning,
socialization and overall functioning in the society (Simi¢kova-Cizkova, 2010; Thorova, 2015; Vagnerova,
2007). Wider vocabulary enables and increases the quality of communication with peers, enables
friendships and has a positive effect on common interests. It shows a new way and possibility in resolving
children's disputes and conflicts. Motor skills also enable personal growth and balanced development of
the physical, cognitive, emotional and social components, and are an indispensable means of promoting
health and preventing diseases - both physical and mental (Bailey, 2006; Colella & Morano, 2011).
According to U.S. Department of Health (2011) more than 16 million people in the United States live with
cognitive impairments. These are mainly problems associated with Alzheimer's dementia. The number of
people living with cognitive disabilities is expected to rise up dramatically in the future. Cognitive functions
are mental processes that allow to receive, select, store, transform, develop and renew information. These
processes make it possible to understand the world more effectively. They relate to the mechanisms by
which an individual learns, remembers, solves problems, shifts attention, etc. (Ackerman & Friedman-
Krauss, 2017; Klucka & Volfova, 2016).

All cognitive processes and their development are especially important in the school environment.
Their growth, or rather development, is greatly influenced by school activities. According to Piaget and
Inhelder (2014), at the beginning of this period, the child enters the stage of concrete logical operations
(period of concrete operations), which means that he can think logically and respect the properties of known
reality. At this time, the child is already realistic and able to think about what he or she knows. A child in
younger school age already better understands causal relationships, can classify objects according to
criteria, understand the conservation of quantity, etc. Langmeier and Krej¢ifova (2006) states that thought
operations are dependent on learning, and their development can be encouraged and accelerated using an
appropriate approach (Fuhs et al., 2015; Langmeier & Krej¢itova, 2006; Pugnerova & Kvintova 2019). In
children, executive functions help maintain attention, self-control, and promote required behavior (Cuevas
et al., 2012; Garon et al., 2008; Ursache & Noble, 2016). Stenfors (2013), Zelazo et al. (2016) and others
confirm that cognitive functions are also important for later work management and the organization of life

in general. However, subjective cognitive complaints (SCC), which include difficulty concentrating,
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memory, decision-making and thinking, are common in the working population in general and can be
associated with reduced well-being as well as work ability or ontogenetically earlier in school success.
Research aimed on importance of motor levels in relation to brain function support and academic
performance has grown significantly over the past decade (Haapala et al., 2019; MacDonald et al., 2018).
Rudd et al. (2017) emphasize the importance of manipulation skills in supporting children's sensory skills,
which are related to the fulfilment of school obligations and the improvement of the child's learning
outcomes. The effects poor motor skills on a child's success in meeting compulsory schooling is currently
an issue. Based on some articles (Akshoomoff et al., 2018; Girtner, et al., 2021; Rose, et al., 2012), which
include in executive functions attention, processing speed, memory, working memory, inhibition, and
shifting, we use this term synonymously to term cognitive abilities or skills, which includes fluid
intelligence and abilities embedded in multiple overlapping theories of cognition (Alekseeva, 2021;

Schneider & McGrew, 2018).

2. Problem Statement

Research studies published so far show that advanced motor skills can be a stimulator in the
development of executive functions and cognitive abilities (Haapala et al., 2019; Gashaj et al., 2019;
Schmidt et al., 2017). Influencing the level of motor skills can be most easily realized in the youngest age
categories - in preschool and younger school age. In the child's pre-school period, specific support for motor
skills is related to preparation for compulsory school education (school maturity and school readiness). At
a younger school age, then with the development of the quality of neuromuscular coordination through the
acquisition more complex movement skills. Therefore, it is necessary to obtain further information through
researches on the spectrum of relationships between cognitive abilities, executive functions and motor skills

of children and the possibilities of mutual interaction of these factors through aimed interventions.

3. Research Questions

The following research questions were solved within the research:

= In which of the monitored cognitive areas (verbal, nonverbal and mathematical skills) is the higher
level of motor skills projected the most?

= Will there be a greater degree of coherence of cognitive skills (verbal, nonverbal and
mathematical) with the level of fine or gross motor skills?

= Will there be significant gender differences in cognitive abilities or in motor skills?

4. Purpose of the Study

The aim of the research is a description of the relationships and assessment of coherence between
the level of motor skills and components of cognitive abilities (verbal, nonverbal and mathematical skills)

in younger school age children.
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5. Research Methods

The research group consisted of 150 children (boys 77, girls 73) with an average age of 9.35 + 0.61
years (girls 9.51 + 0.75, boys 9.20 + 0.40) from primary schools in the Czech Republic. Children were
included in the research group on the basis of the consent of their legal representatives, and also on the
basis of the consent of primary school management with testing on their premises, in compliance with the
legislative criteria applicable to education in public schools. None of the children met the criteria for
obesity, nor had a disability or other special educational needs. The level of motor skills was monitored by
MABC-2 (Movement Assessment Battery for Children-2) test battery (Henderson et al., 2007; Czech
version by Psotta, 2014). The evaluation of an individual's motor skills is based on the assumption that its
quality is expressed by the final performance / execution of specific movement skills and levels of technical
execution of sensorimotor tasks. The components of motor competence are represented by manual skills,
which express the level of fine motor skills, skills in the field of gross motor skills and skills expressing the
level of balance. Manual skills subtests include: pin placement (MD 1), lacing (MD 2), and drawing the
path (MD 3). Gross motor skills include: catching the ball with both hands (AC 1) and throwing a small
bean bag on the mat (AC 2). Subtests focused on balance are: standing one-legged on a balance board on a
preferred and then on a non-preferred leg (BAL1), walking forward along the line “heel to toe” (BAL2)
and jumping one-legged on pads on a preferred and non-preferred leg (BAL3). Partial results in individual
subtests are expressed in accordance with the MABC-2 Examiner’s Manual (Henderson et al., 2007) as
total scores (hereinafter CTS) and these are further converted to standard scores (hereinafter SS). Standard
scores subsequently expressed by percentile are interpreted as the percentile equivalent, where values
typical of the population are above the 15" percentile, the risk of motor problems is expressed by the 6" -
15" percentile, and diagnosed motor problems are 5% and lower percentiles. New Czech standards with
standard and percentile values are available in the Czech Republic (Psotta, 2014).

The Cognitive Ability Test (CAT) (Thorndike et al., 1986; Czech version by Vonkomer & Jilek,
1997) was used to determine of cognitive skills level. The test is designed for children from 7.6 to 15.9
years of age and allows the assessment of an individual's ability to use abstract and symbolic relationships
and manipulate them. The level of cognitive abilities of a child is expressed by a summary of performances
in the areas: verbal, quantitative and non-verbal (so-called fluid intelligence). The verbal area includes the
vocabulary (hereinafter S1), the ability to complete sentences (hereinafter S2), the ability to classify
concepts (hereinafter S3) and the concepts analogy (hereinafter S4). Mathematical skills are monitored
through subtests: solving numerical relations (hereinafter P1), creating numerical series (hereinafter P2)
and solving equations (hereinafter P3). The individual tasks are also expressed by pictures, so the solution
does not require high fluency in reading. The ability to understand quantitative symbols together with verbal
expression reflects academic abilities. The third area - nonverbal skills are assessed based on the results of
three subtests: classification of images (hereinafter O1), analogy of images (hereinafter O2) and synthesis
of images (hereinafter O3). Individual items do not contain words or numbers, but use only geometric
shapes. Images are not related to school environment, rather to the manipulation with images and the
creation of relationships between image symbols and structures. Success in this sub-battery can express
potential that has no application in school education, but we can find a positive effect more in the everyday

life of an individual, outside of school. The result in each of the sub-test batteries is a rough score (hereafter
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HS), which is the number of correct answers. A maximum of 100 points of HS can be obtained in the verbal
area, the risk level is 20. In the mathematical area, a maximum of 60 can be obtained, the risk level is 15.
In the non-verbal area, the maximum of correct answers is 80, the risk level is 24. The gross score thus
obtained is converted into a standard age score (hereinafter SVS) with respect to the child's age, to the
percentiles or to statins. The standard age score higher than 126 is rated as very high, in the range 111-125
as an above-average score, in the 89-110 as an average score, in the 81-88 as a below-average score, and
less than 72 is classified as a very low score.

The consignment of management of each primary schools was obtained for the implementation in
the research. Compliance with the valid legislation for compulsory basic education (the so-called
Framework Educational Program for Basic Education, 2021) as amended was guaranteed. The legal
representatives of the children were informed about the aim and process of the research and the anonymity
of the obtained data were guaranteed. In the case of their written consent, the child was included in the
research. Participation in the research was voluntary and free of charge. During the research, children's
questions were answered, in case of negative reactions they could withdraw from the research at any time.
The relationships among the observed variables, the subcategories of cognitive abilities and the subtests of
the motor levels were evaluated by correlation analysis, as well as the relationship between the total CAT
score and the total MABC-2 score. HS was used to analyze the effect of age factor on performance in both
motor test and verbal skills. Gender specificity was assessed by t-test. Results were obtained within the
project IGA PdF 2021 017. The research was approved by the Ethics Committee of the Faculty of

Education of Palacky University in Olomouc, i.e. the workplace of the authors of the article.

6. Findings and Discussion

In the field of motor skills, none of the children was evaluated as an individual with motor
difficulties. The research group reached a standard score of 9.68 + 3.49 in the MD 1 subtest, 11.31 £3.91
in the MD 2 subtest and 8.61 + 2.53 in the MD 3 subtest. The average SS in the field of fine motor skills
shows a value of 9.93 £ 3.24, which corresponds to the 37" percentile - children without motor difficulties
(diagnostic interpretation: 1st range - no motor difficulties). In the subtest of catching the ball with both
hands (AC 1) the standard score was 9.99 + 2.58 and for the targeted throw of a small bean bag on the mat
(AC 2) 8.81 + 2.89. Throwing and catching is one of the fundamental movement skills that is used in
primary schools in a number of movement games and, of course, in sports games (basketball, handball,
football, etc.). Their training is part of the educational plans of the educational subject of physical education
from the 1st year of compulsory school education. The target throw is used minimally in school physical
education in the Czech Republic, the placement of objects (without throwing) is used more. The average
standard score for object control skills achieved by the research group was 9.93 + 3.24, which corresponds
to the 37" percentile (diagnostic interpretation: 1st range - no motor difficulties). In the balance subtests,
the average value of the standard score for standing one-legged on a balance board (BAL1) was 8.96 +
2.37, walking forward along a line “heel to toe” (BAL 2) 9.51 + 1.69 and for jumping on a mat (BAL3)
9.91 + 0.81 (Table 1). Here the values were already close to the 50™ percentile (diagnostic interpretation:
1% range - no motor difficulties). Balance exercises are a part of the so-called basic gymnastics, which has

a long tradition in school educational programs of basic school education and in the Czech Republic is the
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basis for the acquisition of other, more complex movement skills. The total score achieved by the research
group in the MABC-2 test battery was 77.23 + 10.34, which corresponds to the 50" percentile of the

population.

Table 1. Gender differences between girls and boys in MABC-2 (n=150, nb=77, ng=73)

. Boys Girls
MABC-2 categories
Means Standard deviation Means Standard deviation
MD1 (pref.) 9.50 3.63 9.88 335
MD1 (nonpref) 8.60 4.26 9.40 4.15
MD2 11.57 4.01 11.03 3.82
MD3 8.92 2.34 8.29 2.69
ACl1 10.22 2.16 9.74 2.99
AC2 9.16 2.97 8.45 2.76
BALI (pref.) 8.71 242 8.95 2.19
BALI1 (nopref.) 8.58 2.48 9.35* 2.20
BAL2 9.28 1.99 9.74 1.27
BALS3 (pref.) 9.91 0.80 9.90 0.81
BAL3 (nonpref) 10.13 1.95 9.95 2.09
ManD 10.13 3.28 9.72 3.20
AC 9.70 2.34 8.91 275
BAL 9.43 2.45 9.97 2.21
MABC-2 9.64 2.85 9.26 2.59

Legende: MDI (pref.)... Placement of pins by preferred hand; MDI1 (nonpref.)... Placement of pins by non-preferred
hand; MD?2... lacing; MD3... drawing the path;, ACI ... catching the ball with both hands;, AC2... targeted throw of a
small bean bag on the mat; BALI (pref.)... Stand one-legged on the preferred leg on the balance board; BALI
(nonpref.)... One-legged stand on a non-preferred leg on a balance board; BAL2... walking forward along the line
“heel to toe”; BAL3 (pref.)... Single-legged jumps on the preferred leg on pads;, BAL3 (nonpref.)... Single-legged
Jjumps on a non-preferred leg on pads; ManD... total fine motor score; AC... overall handling skills score; BAL...
overall balance skills score; MABC-2... total score of the MABC-2 test battery.

In case of gender differences in motor skills was only one significant difference. T-test revealed
significant difference in one-legged stand on a non-preferred leg on a balance board (p = 0,05; t = 0,01)
between genders, where girls performed better (Table 1). Other differences were not significant.

In the field of verbal cognitive skills, the research group reached an average SVS of 105.03 + 10.74.
The most successful were children in the ability to complete sentences (20.40 + 3.34) and in the area of
vocabulary (18.33 +4.72). The most problematic seems to be the ability of verbal analogy (14.96 + 4.24),
as well as the classification of terms (16.98 + 3.38). In all four areas of verbal skills, the monitored children
achieved only the level of a very low score, i.e. the risk area. The problem of communication can be
secondarily reflected in activities in everyday life, limiting academic and social activities (Case-Smith &
O’Brien, 2015; Mancini et al., 2016). Developing academic skills and cognitive abilities is critical for
children's development (Peng & Kievit, 2020). This can subsequently affect self-esteem, self-concept,
higher anxiety, and can lead to social isolation. The opposite problem can be aggressive behavior and the
resolution of conflicts by physical violence.

In the numerical sub-battery children scored in average 102.59 + 12.77 SVS, which corresponds to
the average level. In solving numerical relations, the monitored children were successful (18.19 + 2.96),

but in terms of SVS they achieved only a below-average result. In the areas of numerical series formation
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(15.48 £ 3.60) and solving equation (10.61 + 3.23), the SVS results were also classified as below-average
to very low scores, but they reached risk areas only in equation solving. In the nonverbal sub-battery, a very
low score was found in the classification of images (20.39 + 3.28) and the analogy of images (19.98 + 6.22).
The relatively best result was achieved in the synthesis of images (24.28 + 4.61), but even this result is
classified in the context of the age of children in the category of very low scores. Fluid intelligence, which
is expressed by this component is relatively independent on learning and cultural environment, is rather

genetically conditioned (Araujo et al., 2014).

Table 2. Gender differences between girls and boys in CAT (n=150, nb=77, ng=73)

Boys Girls
CAT subtest
Means Standard deviation Means Standard deviation
S1 19.23 * 3.00 17.37 5.90
S2 19.69 4.04 21.15* 2.18
S3 16.73 3.03 17.24 3.73
S4 14.87 3.55 15.06 4.90
P1 17.65 2.75 18.77 * 3.08
P2 15.75 3.17 15.19 4.01
P3 11.30 * 2.71 9.88 3.57
01 20.66 2.60 20.11 3.86
02 21.03 * 4.81 18.89 7.30
03 24.01 4.50 24.56 4.73
SVSs 105.60 9.72 104.44 11.76
SVSp 105.51 * 8.94 99.51 15.32
SVSo 100.64 9.80 98.85 13.63

Legende: S1...vocabulary subtest; S2...completing sentences subtest; S3...classification of terms subtest,; S4...concepts
analogy subtest; Pl...numerical relations subtest; P2...numerical series subtest; P3...equitation solving subtest;
Ol ...classification of images; O2... images analogy; O3...synthesis of images; SVSs...Standard age score from verbal
subtests;, SVSp... Standard age score from numerical (quantitative) subtests; SVSo... Standard age score from non-
verbal (fluid intelligence) subtests.

In case of gender differences in cognitive abilities there were found more significant differences
in comparison with motor skills (Table 2). In the verbal sub-battery boys performed better in vocabulary
subtest (p=0,02, t=2,46). On the contrary girls showed skills in completing sentences (p=0,01; t=2,74).
Significant differences were also found in the numerical battery. In the numerical relation subtest girls
achieved better results (p=0,02; t=2,35) than boys. Again, boys performed significantly better in the third
numerical subtest dealing with solving equitation (p=0,01; t=2,76). Also, the results in the overall numerical
sub-battery was marked as significant, where boys were better than girls (p=0,01; t=2,95). In the last
cognitive part dealing with fluid intelligence was found significant difference in the images analogy subtest,
where boys again achieved better results (p=0,04; t=2,13).

No significant relationships were found in the coherence between cognitive ability and motor skills.
In the field of motor skills, the monitored children showed an average level in individual subtests. From
this point of view, the research group appeared to be homogeneous. Thus, a significant relationship between
the level of motor skills and the level of cognitive abilities in the research group was not observed. Higher
coherence of cognitive skills was seen in connection with gross motor skills. The sum of the standard age

score (SVS) in the CAT test battery correlates weakly with the AC2 component (target throw: rs = 0.18; p
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<0.05) and the BAL2 balance component (walking along the line: rs = 0.14; p <0.05). With the area of fine
motor skills, SVS shows a very weak dependence in the MD1 subtest (placing pins: rs = 0.16; p <0.05). A
weak correlation was found in girls between the overall SVS and handling skills in the AC2 subtest
(targeted throw: rs = 0.25; p <0.05). In boys, the correlation coefficient showed a value of rs = 0.20 (p<0.05).
A similarly weak correlation was found in girls in the BAL2 subtest (walking along the line: rs = 0.23; p
<0.05). In the sub-batteries of CAT, there were weak correlations between mathematical skills and one of
the components of the MABC-2 test, namely in the overall score of manipulation skills (AC: rs = 0.17),
especially in girls (rs = 0.24).

If we look back to motor skills differences between genders we can compare our results to Eather et
al. (2018), who confirmed that girls in primary school do not perform as well as boys. They found
differences in younger age categories, but our research did not prove the same in older children. Research
of (Fu & Burns, 2018) also suggests that for partial motor skills, boys generally reach higher levels of
development compared to girls. Gonzalez Alvarez and Nelson (2019) showed that both gross and fine motor
skills can support the development of verbal skills from childhood to adulthood. Especially in our case,
where children achieved mostly only average level of motor skills, is evident, that possible improvement
of motor skills can lead to better result in verbal sub-battery, where children from our research group did
not reached even the average level. In terms of mathematical skills also Priicha (2013) confirms that boys
shows better results, but his research was done on older children. Our research conforms this also on

younger children.

7. Conclusions

Further research carried out on larger groups of children, including in an international context,
could be focused not only on deepening knowledge in this area, but also on the possibilities of developing
verbal skills through the development of motor skills and the development of other executive functions.
The research yielded both positive and negative findings. In the field of motor skills, the research group
from Czech children reached an average of 37-50 percentiles. The boys achieved better results. However,
the monitored children showed problems in the area of cognitive abilities. Verbal skills show risky results
in the monitored children. In the area of mathematical skills, children achieve only below-average results.
Serious problems also appeared in the area of so-called fluid intelligence (non-verbal communication). We
consider the limits of research to be the low number of monitored persons and also the impossibility of
implementing random selection of participants in the conditions of Czech educational system. The out-of-
school movement regime of children (family lifestyle) was not monitored, which can be involved in the
development of cognitive skills since early childhood. Early childhood intervention could help reduce the
primary differences between children in motor skills, especially in some motor development disorders that
seems to lead to other learning disabilities. Meaningful intervention in the field of motor skills in this
direction during the life of an individual can lead to their aimed support. School physical education can
play an irreplaceable role here, mainly because educators working in this field are qualified professionals
who can work with a wide range of children, including children with disabilities or gifted (talented)

children.
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