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Abstract 

Introduction. The issue related the importance of mental processes (including non-verbal intelligence) in the determination 
of physical fitness and its structure is not new. It has been solved in different ways, but most often, the basis for interpretation 
of results was the issue of statistical significance of linear correlation between indicators of intelligence and motor components 
of physical fitness. In our own study, we also applied the statistical to solve the undertaken research problem. In developing the 
concept of research, we based it on the S-O-R teleological neobehaviourism model by E.S. Tolman and dynamic psychology 
introduced by R.S. Woodworth. In such an approach, we assessed the indirect affect of non-verbal intelligence (O) on - physical 
fitness and its components (R) being the reverse side of a certain level of physical activity (S), shaped under the influence of 
mental processes, which in our study included non-verbal intelligence.

Hipotheses: 1. The high level of statistically significant coefficients of linear correlation between physical fitness and non-
verbal intelligence can be confirmed by the phenomenon of people having higher intelligence, greater motivation to stay healthy, the 
dimension of which can be motor components recognized under the American concept of health (H-R-F). 2. Biological factors of 
the organism [O], included in the eclectic model of dynamic psychology by S.R. Woodworth: S-O-R, such as age, sex and status 
of residence (a large or small city, a village) should not affect the differentiation of the pace of mental and motor development in 
children, nor the strength of correlations between the level of non-verbal intelligence and physical fitness.

Basic procedures. Observations included children of both sexes aged 7-14 from three Malopolska cities: Krakow (big city), 
Slawkow (small town), Barcice (village). Basic somatic features (body height and mass) were measured by methods used in 
somatometry. To measure speed and strength abilities, we used the Denisiuk test. Non-verbal intelligence was evaluated using the 
J. C. Raven test. The collected material was elaborated using two methods: descriptive statistics (calculated mean and standard 
deviations that were needed to characterize the kinetics and dynamics of development of somatic, motor and mental indicators) 
and mathematical statistics (determined the strength of the relationship between intelligence and non-verbal indicators of somatic 
and motor development).

Results. Comparative analysis of the kinetics and dynamics of physical, motor and mental development helped to confirm the 
hypothesis assuming that social gradients become equalized in the development of children from different residence backgrounds: 
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village, small town, big city. After eliminating the issue of spurious correlations and basing the correlation analysis on materials 
guaranteeing penetration into the material nature of developmental phenomena, it was found that, in most of the analyzed cases, 
the relationships were insignificant or small, and were statistically insignificant. On this basis, we did not undertake verification of 
the consecutive hypotheses that assumed the influence of intermediary variables (age, gender, living environment) on the relation-
ship between intelligence and non-verbal indicators of biological development, including motor fitness components. Therefore, our 
findings do not allow a positive answer to the question: is a smarter child more physically fit? From the pedagogical point of view, 
the negative result of our own research forces us to reflect on the existing situation and the reasons for not using the potential of 
students in achieving the directional objectives of physical education.

Conclusions. 1. Despite the still noticeable repercussions of social stratification existing in the past, the results of our study 
obtained using anthropological methods document the existence of a positive trend of change in the biological and psychological 
development of children in Malopolska, which consists of equalizing the distances between the development of the children from 
rural and urban areas. 2. Approaching the issue of using statistical methods to study the phenomena of development should be 
done with caution. Pure mathematical analysis can lead to erroneous conclusions, as in the example of the spurious-correlation 
found in the present study. 3. The disclosed very poor strength of correlations between intellectual potential and physical fitness 
of children from Malopolska encourages to take measures to change the unfavorable situation by creating conditions and facilitat-
ing teaching in schools allowing effective exploitation of the intellectual potential of students to shape pro-health attitudes during 
physical education classes.

INTRODUCTION

Since the times of Antiquity, the view on different 
systems of upbringing children and youth is expressed 
that physical fitness, being a function of physical exer-
cises, can be a determinant in the development of in-
tellectual abilities. Proof of this may be the position of 
physical education theorists referring to the idea of   Athe-
nian kalokagathia and the phrase “Satire” by the Roman 
poet - Juvenal (wrongly attributed to Thales): “orandum 
est ut sit mens sana in corporesano”1. Long sought has 
been evidence to support such a hypothesis based on 
the relationships between the various tests of physical 
fitness and indicators of intelligence. A strong correlation 
between the above mentioned variables was discovered 
in the first decades of the twentieth century by Pieter 
Joseph, a famous psychologist, philosopher, educator, 
science-expert and lecturer at many Polish universities, 
including the CIWF (Central Institute of Physical Educa-
tion) in Warsaw. In the first period of his scientific work, 
he proved the existence of a positive, statistically signifi-
cant relationship between the level of intellectual devel-
opment and environmental derivation [1,2]. In the next 
cycle of research, he took up the issue of the relationship 
between IQ and the level of movement abilities, which in 
the modern concept of human motor skills are classified 
as a component of physical fitness [3]. The results pub-
lished in the journal “Wychowanie Fizyczne” (Physical 
Education) [4,5] indicate that J. Pieter discovered very 
strong relationships between the constructed test of mo-
tor abilities and intellectual FITNESS of CIWF candidates. 
This was indicative of “the existence of compatibility 

between the goodness of the brain and the goodness 
of talent in the muscles” [4:194-199]. Although, based 
on modern psychological knowledge one should refer to 
such extreme views with large distance [6,7], it is dif-
ficult not to emphasize the fact that after many decades 
of suggestions, the Polish psychologist and Physical 
Education educator (also!) are confirmed by some of 
today’s American studies on the relationship between 
activity and physical fitness, and the level of intelligence 
or cognitive ability [8-15]. Therefore, it is still an open 
question to be solved by educators: is a more intelligent 
child fitter and whether the level of physical fitness can 
be an indicator of a child’s non-verbal intelligence?

When seeking for the answer to the problem formu-
lated as such, for now, we may refer to very interesting 
experiments, but performed (unfortunately!) on animals 
[16-17]. Improved hippocampal performance was doc-
umented by an increase in proteins called growth factors 
[18]. It turned out that as a result of the applied train-
ing, there was an increase in neurotrophic factor (BDNF) 
and also in the insulin-like growth factor (IGF-1) as well 
as vascular endothelial growth factor (VEGF) stemming 
from the brain. These proteins may promote cell prolifer-
ation and growth [19] (i.e., in this case, growth factors) 
as well as the development and functioning of neurons 
[20-21] (that is why they are referred to as neurotrophic 
factors).

The Brain-derived Neurotrophic Factor (BDNF), func-
tionally and structurally related to the family of growth 
factors, is primarily concentrated in the hippocampus 
and cerebral cortex [22-24]. It is decisive of the func-
tioning of neurons, growth and synaptic plasticity. Re-

1 Decymus Junius Juvenalis (67–138) Translated from Latin. Eng. Juvenal (10.356-64): “You should pray for a healthy mind in 
a healthy body”. Juvenal (1992) The Satires, Trans. Niall Rudd, Oxford: Oxford University Press. 
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search has shown that with age, a process of systematic 
reduction occurs in the brain, which causes dysfunction 
of the hippocampus and the same disorder primarily 
in the short-term memory [25]. The conducted meta-
analyzes showed that some studies found a halt in this 
process after the implementation of aerobic activities for 
a long period of time [26, 27]. It was suggested that 
this could be due to the effect of improving the plastic-
ity of the hippocampus caused by increased levels of 
BDNF. The effect of these changes was improvement in 
memory [28-34].

As it is known, an important determinant of cogni-
tive ability is intelligence. Therefore, it may seem that 
improvement in physical function, which is a result of 
physical activity, would improve human cognitive abili-
ties (and intelligence, too) through better functioning of 
the hippocampus as a result of the BDNF growth factor 
[35-36].

Another protein included in the group of growth fac-
tors is - as already mentioned – the VEGF (Vascular 
Endothelial Growth Factor). It is believed that it is re-
sponsible for angiogenesis and increased vascular per-
meability. Research has shown that VEGF promotes the 
formation and development of blood vessels which is 
associated with cognitive improvement in hypoxic condi-
tions [37-39]. The effects of training carried out among 
animals showed an increase in the interaction of VEGF 
and IGF-1, especially in processes of neurogenesis and 
angiogenesis [40-43].

The Insulin-like Growth Factor 1 (IGF-1) is assigned 
an important role in improving cognitive processes [44-
46]. It is primarily known for its function in energy me-
tabolism and homeostasis. It is also considered to be 
a key growth factor that modulates: synaptic plasticity, 
synaptic density, neurotransmission and the process of 
neurogenesis in adults [47, 48]. It also takes part in the 
reconstruction and remodeling of blood vessels [49]. 
With age, there is an observed decline in its level, parallel 
to adverse changes in vessel density and blood flow in 
the brain [50]. Studies in animals have shown that during 
exercise, protection of the brain against damage is done 
by stimulating the uptake of circulating IGF-I [30]. Its in-
crease is also the induction of BDNF in the hippocampus. 
It is believed that the effect of such mediation should be 
considered as a major causative factor in the effect of 
exercise on learning and memory [30, 31].

 Other experiments showed that physical exercise 
performed for 10 minutes produces an increase in GH, 
which may persist for up to 120 minutes following the ex-
ercise [52]. For athletes, stress is also important, which 
synergistically with exercise, causes a physiological in-
crease in the concentration of GH. This phenomenon has 
been documented, among others, by studies conducted 
among Italian gold medalists from the Olympic Games in 

Sydney, who were falsely accused of doping GH based 
on a single blood test [53]. It should be noted, however, 
that - so far - these are just hypotheses - partly con-
firmed in contributing studies conducted on people in old 
age. Studies in people who are physically active are rare. 
It has been done on the example of an increase in the 
concentration of MGF mRNA in young people perform-
ing knee extensor exercises consisting of 10 sets of 6 
repeats representing an intensity of 80% of the maximum 
single repetition [55].

However, in the last decades of the twentieth century, 
there has been a shift towards the undesirable impact of 
IGF-1 on physical performance in the case of physically 
fit persons [54]. Knowledge on the endo-para-acutocrin-
ic properties of the GF growth factor, and especially the 
condition of the muscles producing it has been used in 
sport. It is known that the Insulin-like Growth Factor 1, 
apart from increasing the synthesis of proteins and 
chondromucoprotein, also stimulates repair processes, 
increases glycolysis, reduces lipolysis, stimulates the 
immune system, enhances growth and inhibits apopto-
sis [55].

Currently, the GH (Growth Hormone), and the Insulin-
like Growth Factor 1 (IGF-1), next to erythropoietin and 
insulin, are the most commonly used polypeptide dop-
ing agents by athletes, including animals participating 
in racing [54, 55]. Although the substances have been 
banned for many years and are on the list of the World 
Anti-Doping Agency [56], the athletes knowing the ana-
lytical and lipolytic effect of the growth hormone which 
help to effectively increase muscle mass and thus their 
FITNESS and reduce fat mass, or its anabolic proper-
ties cause the expression of Insulin-like Growth Factor 
1 (IGF-1) – they do not hesitate to use them together 
or separately to achieve better post-training effects [57, 
58].

Belief in the success of training was initially based on 
the effects of the research carried out on animals. These 
studies showed that genetic manipulation based on in-
creasing IGF-1 myocytes, led to a 15-percent increase 
in weight and 14-percent increase in muscle-strength 
without changes in IGF-1 levels in the blood plasma 
[59]. The use of exogenous IGF-1 in combination with 
physical training resulted in an increase in the number of 
nuclei in muscle cells and an increase in the volume of 
muscle fibers [60, 61].

To date, only one study [62] noted the effect of phys-
ical training on the volatility of variation in the level of 
the following factor belonging to the group of proteins 
that are secreted by certain types of cells stimulating 
other cells to divide or differentiate, which is the Platelet-
derived Growth Factor, PDGF. It plays an important role in 
angiogenesis. It is a dimer. In the above mentioned study, 
one of its five isoforms - PDGF-C was considered, which 
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is constructed of two “C” chains [63]. It is mainly pro-
duced by vascular cells and is secreted as a homodimer. 
It has been found to be particularly expressed in the brain 
and spinal cord [64, 65].

From the above overview of literature, it can be stat-
ed that the researchers’ attention was, however, directed 
towards the possibility of increasing the performance of 
athletes by administrating the above mentioned com-
pounds in a synthesized form. This resulted in a spon-
taneous shift of the line of research onto the tracks of 
illegal activities in competitive sports, which is the use 
of gene doping.

It should be clearly stressed that the evidence to sup-
port the hypothesis assuming the ability to achieve the 
benefits of physical exercise for the functioning of the 
brain, were primarily collected from studies in animal 
models. As is clear from a review of literature [66-68], 
the experiments conducted on humans in old age did not 
unequivocally confirm the relationships discovered in the 
training of animals [69]. Most often, they focused on the 
impact of jogging or walking (aerobic exercise) on the 
mental performance of healthy elderly people. Results 
from a recent study conducted at a high scientific level 
- indicate that systematic, several-month-long or single 
training experiments used in the above 60 age group, 
based on the use of jogging and walking, had no signifi-
cant effect on the serum concentrations of BDNF, IGF-I 
or VEGF. It was similar to the levels found in the control 
groups [34,62,70].

Only one study indicated favorable post-exercise 
changes in the volume of the hippocampus, which 
translated to significant improvement in spatial memory 
[34]. In other publications, one may find suggestions for 
opportunities to improve executive functions in active el-
derly people (over 70) due to the increase in BDNF [71]. 
There are also reports showing weak susceptibility of the 
hippocampus to the effects of physical exercise in older 
people, especially on blood perfusion and the related 
process of improving short-term memory under the in-
fluence of jogging performed for 3 months [72]. So far, 
only two studies have shown the weak positive effects of 
aerobic exercise on BDNF levels in young healthy, physi-
cally active individuals [73, 74].

In most psychological and neurophysiological stud-
ies, there is no conclusive evidence of the positive effect 
of physical exercise on the improvement of cognitive 
function and functional capacity of the brain. This can be 
confirmed by meta-analysis of research achievements in 
this field performed in terms of methodology, taking into 
account works from the years 1966-2009 [75]. None 
of the expected positive effects have been shown in the 
already mentioned recent, multi-faceted experiments 
carried out among international teams at the German 
Center for Neurodegenerative Diseases research center 

in Magdeburg, the results of which were not announced 
until 2016 [62]. Most of these studies support the previ-
ous observations relating to no grounds for assigning 
a unique role to increased physical activity in the im-
provement of growth factors, which improve the brain 
functions. Several months of training in the elderly has 
significantly contributed to raising their physical condi-
tion to a higher level. In the experimental and control 
group, there were no identified changes in the strength 
of the relationship between blood levels: BDNF, VEGF, 
PDGF or IGF-I and indices of cognitive ability. For several 
cases performing the speed training run in the experi-
mental group, the negative impact of training effects on 
hippocampal plasticity was noticed. It is suggested that 
the slight, positive changes in the brain may be a conse-
quence of the improvement of nerve function, regardless 
of angiogenesis, neurogenesis or synaptogenesis.

It follows that hopes for an explicit explanation of the 
effects of increased physical activity on improving the 
FITNESS of the functioning of the human brain - appear 
to be still premature at this stage of research [76, 77]. It 
should also be added that so far, there are no reports on 
the impact of physical activity on the expression of these 
growth factors and their significance in the improvement 
of intellectual function in children and adolescents. Al-
though the effects of changes in the functioning of the 
brain under the influence of the use of physical exercise 
have not yet been clearly defined, some researchers 
suggest the hypothesis that regular physical activity can 
result in greater benefits for the functioning of the cen-
tral nervous system in children and adolescents than in 
adults [78]. Such hope is seen in the very interesting re-
sults of research regarding the effects of physical activity 
on the cerebral cortex using electromyography and mea-
sures of the response-time gauges [78, 79]. In them, 
it was proven that the more physically efficient children 
had greater activity of the cerebral cortex, especially in 
the areas responsible for cognitive function, than their 
peers with lower levels of motor ability. Such positive 
changes were not noted in similar observations of older 
people [80].

As previously stated, the search for the relationship 
between the level of activity and physical fitness of chil-
dren and adolescents and the widely recognized intel-
lectual and functional potential of the human brain, which 
underlies intellectual processes including intelligence, 
was only carried out using classic psychological and 
pedagogical methods. In many meta-analysis, based on 
the results of research carried out in the world at the 
turn of the century, it is difficult to find a clear state-
ment that the level of motor skills caused by increased 
physical activity has a positive effect on cognitive abili-
ties [8,12]. For example, in large US population-based 
studies conducted in the early twenty-first century, there 
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was no one-way, positive impact of physical activity 
and fitness on some of the cognitive functions in chil-
dren during their progressive ontogenetic development 
[8,9,13,15]. According to normal statistical distribution, 
there was rarely a negative or positive impact on their 
intellectual development. Most commonly perceived in 
Amercian psychological and pedagogical studies was 
the lack of association between increased physical ac-
tivity and a higher level of physical fitness and efficiency. 
A similar conclusion also resulted from the study among 
Polish children of both sexes, presenting different levels 
of physical fitness [81]. Comparability of the Polish re-
sults of studies with those conducted abroad undoubt-
edly hinders the use of different methods for measuring 
physical activity and fitness, as well as testing cognitive 
abilities [9].

In the American research, as if on the margins of 
research on the determinants of cognitive develop-
ment, the issue of the relation of physical activity with 
the intelligence of children was undertaken. In a small 
number of subjects, high correlation coefficients be-
tween non-verbal IQ and the level of fitness and physi-
cal activity were usually perceived [82]. Similar results 
were obtained in the Polish observations of children 
aged 8-14 years conducted in the previous century. S. 
Strzyzewski [83] showed a high correlation between 
the level of motor skills evaluated using the Denisiuk 
test and the Ozierecki motor ability test, and non-verbal 
IQ as measured by the Raven test. Such relationships 
were more often present in girls than boys. The subse-
quent observations carried out in different regions of 
Poland indicated similar correlations between the level 
of physical fitness and intelligence potential, most often 
also measured using J.C. Raven’s test [84-87]. These 
relationships were not confirmed by the results of con-
tinuous observation of children aged 4-15 years, which 
were performed in the second half of the 20th century in 
three different populations of Malopolska (village, small 
town, big city), [88] nor by their repetition 35 years later 
in the same towns [89, 90]. Only further environmen-
tal diversification of intelligence level and its variability 
over time (the Flynn/Lynn phenomenon) was docu-
mented in these studies, which occurred more strongly 
in children from small towns. However, in other stud-
ies conducted in the 21st century, a strong correlation 
was found between non-verbal intelligence and coordi-
nation abilities. The same strength of the relationship 
did not occur when fitness abilities were considered 
in the correlation. This observation draws attention to 
similar functional (biological) grounds of mental pro-
cesses and coordination, which is EFFICIENCY of the 
central nervous system. Assuming the hypothesis that 
both coordination skills and non-verbal intelligence are 
susceptible to the effects of the same environmental 

factors is suggested. Adopting the above mentioned 
assumption, it can be believed that the level of FITNESS 
coordination measured by testing motor skills, may be 
the litmus test in the development of a child’s intelli-
gence. Such relations were indicated in the results of 
studies on the relationship between non-verbal intelli-
gence and the level of development of selected somatic 
and psychomotor skills in a small group of 11-12 year 
old boys and girls in Wroclaw [86]. In a sense, the ear-
lier mentioned results of students in J. Pieter’s study 
were in this way confirmed [1-5].

Still unexplained is the issue of the weak relationship 
between intelligence and the level of fitness abilities - 
traditionally understood as the group of motor fitness 
abilities related to: strength, spped and endurance. Their 
biological basis is the energy produced in the muscle 
metabolism. To date, there is a lack of evidence re-
garding the existence of a direct relationship between 
the psychological and energy processes occuring the 
a human’s muscles. Based on the Basic behaviouristic 
model: stimulus (S) – response (R), seeking for the rela-
tionship between intelligence and motor potential can be 
considered as unjustified.

It appears that the role of psychological factors (in-
cluding intelligence) in the determination of fitness level 
(the above-mentioned complex of condition motor abili-
ties) can be explained on the basis of the neobehaviouris-
tic model: S-O-R. Within its framework, the effectiveness 
of performing the task (R) in the measuring experiment 
(S) should be connected with function of the “mediator” 
- “O” as it was defined by Edward Chase Tolman [92] in 
the concept of teleological neobehaviourism or Robert 
Session Woodworth [93] in eclectic dynamic psychol-
ogy. A place for intelligence can be found in the wide, dy-
namic structure of the mediating factor in testing motor 
skills (according to Robert Woodworth Session “O” fac-
tors are the “body” [93-95]). It should be an important 
condition in creating motor potential in a dynamic man-
ner, through the quality and quantity of the used motor 
stimuli. It is not unreasonable to assume that a person 
with a high intelligence level, especially at a young age, 
needs to have strong motivation to systematically take 
up various forms of movement in order to achieve a high 
level of motor abilities. In the modern American concept 
of Health Related Fitness, the motor component is after 
all an important measure of health. It would be expected 
that smarter children should also be more susceptible to 
the impact of school education, aimed at shaping atti-
tudes of lifelong care for their own body, including physi-
cal fitness, regarded as an indicator of positive health. 
In turn, the lack of association between intelligence and 
physical fitness can attest to the non-utilization of condi-
tions conducive to the directional objectives of physical 
education in children and youth.
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From the theoretical premises and our own experience, 
some distance should be shown in the calculations of the 
statistical coefficient of linear correlation. It is known that 
in assessing the relevance and strength of correlations in 
auxological research, the following should be considered: 
the period of ontogenesis, sex, number of subjects and 
environmental considerations taken into account in the 
correlation of dependent and independent variables.

Based on the results of a review of literature and con-
sidering the assumed theses, in our study, we attempted 
to determine the strength and significance of the cor-
relation between the level of non-verbal intelligence and 
fitness of children aged 7-14 years, with regard to their 
place of residence.

Therefore, the study aim is: 

1. Understanding the kinetics and dynamics of the de-
velopment of non-verbal intelligence and the physi-
cal condition of selected motor skills in children aged 
7-14 from three Malopolska areas: a village, a small 
town and a big city.

2. Demonstrating the strength of the relationship be-
tween the level of development of non-verbal intelli-
gence and the conditioning aspect of physical fitness 
in the progressive course of biological development 
in children from Malopolska, aged 7-14.

3. Assessment of the role of selected biological (age, 
gender) and environmental (village, small town, big 
city) factors in the differentiation of the pace of devel-
opment and the strength of correlations between the 
level of somatic and motor development in children 
aged 7-14 years.

Research issues

In order to carry out such objectives, solving the fol-
lowing research problems was attempted:
1. To what extent do the pace of somatic, motor and 

mental development and the strength of relationships 
between the level of development of non-verbal of 
intelligence and the indicator of physical fitness and 
its components (fitness abilities) reveal itself in the 
course of ontogenetic development in children aged 
7-14 years from Malopolska?

2. What is the role of biological determinants (age and 
gender) in shaping the pace of physical and mental 
development and the strength of relationships be-
tween indicators of mental and motor development 
in children aged 7-14?

3. Can the place of residence (village, small town, big 
city) be a modifier of physical and mental develop-
ment in children during their progressive period of 
ontogenetic development and the strength of correla-
tions between the level of mental and motor develop-
ment of children aged 7-14 years?

Hypotheses

1. Assuming that children with a higher level of intel-
ligence can achieve a high level of motivation to 
perform exercise during the period of progressive 
biological development and thus, improve the motor 
components of physical fitness considered as indi-
cators of positive health, it can be considered that 
there will be a strong correlation between the results 
of motor skill and non-verbal intelligence tests. in 
a randomly selected group.

2. Biological factors considered as “mediating varia-
bles” in the study of correlations between intelligence 
and components of physical fitness, such as gender 
and age of the children, should not significantly dif-
ferentiate the pace of mental and motor development 
and the strength of correlations between the depend-
ent and independent variable.

3. Due to equalization of living standards of Polish fami-
lies in the system transition period and the unification 
of the physical education system in Polish schools, it 
can be assumed that factors such as: living in a big 
or a small town and rural areas do not affect the di-
versity of the correlation relationship strengths be-
tween indicators of somatic and motor development 
and non-verbal intelligence of children aged 7-14.

II. RESEARCH MATERIAL AND METHODS

1. Number of participants

The study was conducted in the years 2005-2010 in 
three different metropolitan areas of Malopolska: a big 
city - Krakow, a small town – Slawkow, a village - Bar-
cice2. We classified the results of complete observations 
of measurements regarding the level of the somatic, 
motor and mental development of children represent-
ing both sexes from the above mentioned towns. The 
total number of the studied children aged 7-14 years 
amounted to 1039, including 526 girls and 526 boys at-
tending primary schools in Slawkow and Barcice, and 
6 randomly selected primary and secondary schools of 

2 According to the approach of dynamic psychology by Robert Session Woodworth, developed on the basis of functionalism, the 
word motivation should be understood etymologically, as a compound of the words: motive and action, and according to the Latin 
root-word, moveo, movere can be assigned the following meaning: to propel, push, move, carry. Therefore, it should be assumed that 
motivation is a propeller of an action or an “unspecified energy” in the biological category, triggered by an organism to ensure an action 
is directed towards an aim [93-95].
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three districts in Krakow. Table 1 contains the detailed 
distribution of the number of children studied according 
to year of birth.

As it can be concluded from analysis of the data 
in the table, the number of younger children in the age 
group 7-10 years was 240 boys and 241 girls, and in 
the older group of 11-14 years: 286 girls and 272 boys.

2. Methods and scope of research 

We conducted observations of the somatic, motor 
and mental development of children aged 7-14 years 
from three different Malopolska towns in terms of size.

3. Tools and techniques 

Somatic features
• Body height was measured with an anthropometer in 

the Frankfurt plane. 
• Body mass was calculated using “the Tanita” type 

scale. 

Motor FITNESS
• Motor skills

a) The ability to develop dynamic strength deter-
mined in the test by throwing a medicine ball 
from above the head. Ball weight: 1kg – age 7-10 
years, 2 kg – age 11-14 years [96].

b) The ability to develop explosive strength of the 
lower limbs examined with the use of the long 
jump test from starting position – no run up, both 
feet on the ground [92]. 

c) Speed abilities were determined based on the results 
of the running test – standing start. The distance 
was: 30 m - age 7-10 years, 60 m – age 11-14 years 
[96].

Non-verbal intelligence test
The level of non-verbal intelligence was quantitatively 

assessed taking into account the results of the Raven’s 
Progressive Matrices Test, which is the most commonly 
used test in psychological practice around the world 
[97]. We used two versions of the test due to the onto-
genetic development age of the subjects:
a) Raven’s Progressive Matrices Test in TMK colour 

version, three series of tasks A, Ab, B for the young-
est children aged 7-10 [98]. 

b) Raven’s Progressive Matrices Test in black and white 

version. Standard. Series A, B , C, D, E, during which 
children aged 11-14 years were tested [99]. 

4. Statistical methods

1. After checking the normality of distribution of the 
measurements concerning selected somatic features 
and motor skills using the Kolmogorov-Smirnow test, 
we calculated the arithmetic mean values ( x

_  
) and

standard deviation (SD), taking into account age, 
gender, place of residence of the subjects: big city, 
small town, village.

2. From the total number of correctly solved tasks in the 
four series of the J.C. Raven test in color version and 
in five series in the black and white version, arithme-
tic means were calculated separately for sex, age, 
the total of subjects and divided according to their 
place of residence: big city, small town, village.

3. On the other hand, the difference between the mea-
surements of motor skills and the indicator of correct 
answers in the J. C. Raven test for each subject and 
the value of the arithmetic average for all subjects, 
were regulated to standard deviation of the studied 
group. On this basis, points on the T scale were cal-
culated using the formula:
 

where: T = point value on the T scale; x = arithme-
tic mean for the population; s - standard deviation from 
the arithmetic mean of individual measurements; xi = 
sum of the points from the Raven test or motor test ; 
*– If the result is expressed in units of time, the order of 
the expressions contained in the numerator (x – xi) was 
changed.
4. From the total points of T-Scores in three measure-

ments of motor skills, we calculated indicators of 
overall motor physical fitness for each participant [3] 
and then, we calculated the arithmetic mean accord-
ing to sex, age group of the total sample, taking into 
account the place of residence: village, small own, 
big city.

5. In the distinguished age and gender groups, divided 
according to place of residence and for the total 
sample, we calculated Pearson’s simple correlation 
coefficients (RXY) on the point values between non-

Table 1. The number of children taken into account in the development of observation, conducted in three towns of Malopolska in the 
years 2008-2010, according to gender

Age/Sex 7 8 9 10 11 12  13 14 Total

Boys 54 49 65 73 73 43 86 70 513

Girls 55 47 72 66 58 50 87 91  526

Total 109 96 137 139 141 93 173 161 1039

T =             × 10 + 50,
x*

i –  x
_  

s
_  
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verbal intelligence and measurements of individual 
motor skills and the overall indicator of physical fit-
ness.
Two tests were used to verify the statistical signifi-

cance of Pearson’s simple correlation coefficients:
• In the first case, the following hypotheses were tradi-

tionally formulated [100]:

H0 ÷ ρ = 0 and H1 ÷ ρ ≠ 0,

where ρ is the true value of the correlation coefficient in 
the population.
To verify the hypothesis regarding the lack of linear rela-
tionship between the two characteristics of the popula-
tion, we used the most popular test in statistics, based 
on the formula:

• In the second case, we considered a more rigorous 
test, proposed by statisticians [101]. The formal re-
cord of the test is presented as follows:

H0 ÷ | ρ | = ρ0 , H1 ÷ | ρ | >ρ0

 where p is the real value of the correlation coefficient of 
the population, p0- rxy= 0.70
Due to the fact that the alternative hypothesis can also be 
left-sided, but the nature of the test justifies using only 
the right-sided test, verification of the null hypothesis 
was done using the following formula: 

where: 

Assumption: the T-statistic for samples larger than 10, 
normal distribution N (0.1) and ρ0 = 0.7, which in turn, 
in the regression model totals a determination coefficient 
of about 50%.

III. RESULTS

1. The dynamics of non-verbal intelligence 
development compared with the pace of physical and 
motor development of children aged 7-14 years

In tables 2-3, we present the arithmetic mean of the 
measurement results: Raven Test [RAV], basic somatic 
characteristics (height [HEI] and mass [MASS]), motor 
skills (speed abilities [30-m R], the ability to develop 
dynamic strength of the upper limbs [BALL], explosive 
strength of the lower limbs [LONG], point indicator of 

overall physical fitness [FIT]. Determining their values 
as a function of the subjects’ age: 7-14 years, we con-
ducted assessment regarding the dynamics of develop-
ment related to psychological and biological features and 
physical components. Based on the well-understood 
biological regularities of ontogenetic development, it 
was decided to pay attention to the development of the 
relationship between the growth rate of non-verbal intel-
ligence compared to motor development in the period of 
progressive biological development in boys and girls liv-
ing in three different towns of Malopolska (village, small 
town, big city).

Girls 

According to the data presented in the Table. 2, de-
spite the cross-sectional nature of the study regarding the 
collected material, it is possible to determine the typical 
processes of physical development of the studied girls. 
Analyzing the dynamics of somatic development, we may 
come to the conclusion that the process of intensive bio-
logical maturation occurred very early in the studied girls.

It can be assumed that, on average, in the study 
group, the puberty spurt in body height occurred be-
tween the age of 11 and 12 (Table 2). However, its 
strength was clearly environmentally differentiated. Ap-
parently, it was revealed in girls living in a small town 
(d=11.14 cm) and less in the big city (8.25 cm) and 
rural areas (6.99 cm). It should be added that the period 
of accelerated growth could probably occur as early as 
between 10-11 years of age. This was evidenced by the 
large increase in body height at this time for the girls 
from Barcice (d=6.22 cm) and Krakow (d=5.86 cm), 
with a very low growth rate during this period in the girls 
from Slawkow (d=2.88 cm). Comparing the character-
ized phenomenon in the somatic development to the 
pace of motor and mental development, a strong resem-
blance of the development lines can be found, but only 
at certain periods of ontogeny.

Therefore, our study confirms the partially assumed 
harmony of the biological (including motor) and men-
tal maturation noted in some studies. It is worth noting 
that during the puberty spurt, in girls from from various 
towns, there was a large differences in the pace of de-
velopment of non-verbal intelligence. With its increase in 
the whole group d = 11.28 pts, the following ranges of 
development pace were noted: d = 15.11 pts - in girls 
from Krakow; d = 11.86 pts - from Barcice; d = 8.05 
pts - from Slawkow. The scale of the dynamics of mental 
development in the period of intense biological changes 
may be indicated by the fact that the range of variation 
in the indicator of non-verbal intelligence up until the pu-
bertal spurt (age 7-11 years) was at the lower level and 
in average values amounted to: in Barcice d = 10.9 pts; 
Slawkow d = 8.58 pts and in Krakow d = 7.81 pts.

r √n – 2
√1 – r2

t =

Z =    (Z – zo)√n – 31
2

Z =     ln               zo =    ln1
2

1 + r
1 – r

1 + po
1 – p0

1
2
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Table 2. Arithmetic means of measurements regarding somatic features, physical fitness indicators of the level of non-verbal intel-
ligence in the studied girls aged 7-14 years, division with and without regard to place of residence

Explanation of abbreviations: Raven Test - RAV; height – HEI; mass – MASS;  speed abilities - 30-m RUN; the ability to develop dynamic 
strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical fitness – FITNESS

Age/
Measurement 7 8 9 10 11 12 13 14

Barcice

RAV pts 21.76 24.77 26.78 32.14 31.85 43.71 42.56 44.79

HEI cm 125.41 128.74 135.21 140.96 147.18 154.17 159.05 162.25

MASS kg 27.89 27.18 31.28 35.12 39.74 46.61 49.72 54.69

LONG cm 93.35 112.62 119.67 125.36 133.85 137.36 143.93 144.75

30-m RUN s 7.25 6.57 6.47 6.38 5.95 5.66 5.39 5.24

BALL cm 310.29 299.23 382.96 386.43 495.38 395.00 483.70 502.50

FITNESS pts 38.38 43.35 46.81 47.95 53.68 52.76 56.99 58.21

Sławkow

RAV pts 22.80 24.25 28.38 29.22 31.35 39.40 44.35 41.96

HEI cm 122.08 126.43 134.16 139.46 142.34 153.48 156.69 159.38

MASS kg 25.48 26.88 31.19 33.90 37.69 42.77 46.68 51.72

LONG cm 99.75 105.75 113.52 113.43 118.41 156.90 143.45 147.08

30-m RUN s 7.19 6.83 6.74 6.62 6.25 5.70 5.77 5.76

BALL cm 251.55 312.50 362.86 406.09 508.24 490.00 485.50 514.17

FITNESS pts 37.89 41.75 44.35 46.01 50.84 57.38 55.34 56.55

Krakow

RAV pts 24.33 25.29 28.25 32.55 32.14 47.25 44.20 45.56

HEI cm 123.76 128.19 137.23 141.49 147.35 155.60 158.41 161.61

MASS kg 24.62 27.11 32.99 33.95 39.38 42.41 48.70 53.23

LONG cm 85.56 97.29 98.67 115.52 120.18 132.44 144.15 142.77

30-m RUN s 7.34 6.97 6.82 6.35 6.27 5.70 5.71 5.83

BALL cm 264.17 345.36 405.00 478.45 548.21 445.63 529.50 560.70

FITNESS pts 35.84 40.99 43.33 49.27 51.98 53.29 56.84 56.95

Total

RAV pts 22.98 24.70 27.74 31.30 31.84 43.12   43.72 44.41

HEI cm 123.66 127.59 135.58 140.67 145.84 154.35 158.21 161.19

MASS kg 25.94 27.03 31.82 34.18 38.96 43.73 48.55 53.22

LONG cm 93.13 105.13 110.88 116.88 122.72 143.60 143.92 144.43

30-m RUN s 7.26 6.80 6.67 6.45 6.19 5.69 5.62 5.66

BALL cm 273.84 318.62 384.44 433.71 524.66 449.20 505.17 533.08

FITNESS pts 37.37 41.97 44.93 47.86 52.03 54.78 56.54 57.18

Against this background, motor development was 
rated less favorably. During the body height pubertal 
spurt (age 11-12 years), a downward trend in the abili-
ties of strength was revealed, measured by the medicine 
ball throw test. In the whole group of respondents (total), 
a regression was noted at the level of: d = -75.48 cm, 

along with the large diversity of children living in three 
regions; Krakow: d = -102.58 cm; Barcice: d = -100.38 
cm and Slawkow: d = -18.24 cm. There was an in-
crease in the pace of development regarding the remain-
ing components of physical fitness. For example, in the 
whole group between the age of 11 and 12, it was at the 
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level of: d = 20.88 cm in the ability to develop explosive 
strength of the lower limbs [LONG] and d = 0.57 s in the 
ability to develop speed in running [30-m R] .

An even greater lack of coordination of psychological 
development with the pace of biological development in 
the studied girls occurred during their adolescence: age 

13-14 years. Thus, apart from those living in the coun-
tryside, with a clear increase in the rate of motor and 
physical development, a stage of relative stability could 
be seen in the dynamics of non-verbal intelligence devel-
opment. It was characterized by short periods of slower 
development of a trait or even regression. The scale of 

Table 3. Arithmetic means of measurements regarding somatic features, physical fitness indicators of the level of non-verbal intel-
ligence in the studied boys aged 7-14 years, division with and without regard to place of residence

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; mass – MASS;  speed abilities - 30-m RUN; the ability to develop 
dynamic strength of the upper limbs – BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical fitness 
– FITNESS

 Age/
Measurement 7 8 9 10 11 12 13 14

Barcice

RAV pts 20.76 24.82 27.69 31.50 30.00 40.69 42.50 41.64

HEI cm 124.48 130.37 137.50 141.25 145.05 151.41 162.13 165.39

MASS kg 25.70 28.11 30.88 33.66 35.88 39.53 50.06 55.55

LONG cm 103.76 119.64 129.54 141.30 145.32 161.23 165.42 170.82

30-m RUN s 7.00 6.16 6.16 5.82 5.67 5.44 5.05 4.89

BALL cm 335.59 345.91 485.00 499.75 507.73 460.00 564.58 622.27

FITNESS pts 37.93 43.29 47.50 50.48 51.70 53.20 57.64 60.19

Sławkow

RAV pts 24.15 24.94 28.24 27.45 32.10 37.50 37.79 38.42

HEI cm 125.73 128.31 135.09 140.75 143.71 152.68 154.26 163.17

MASS kg 27.09 30.10 34.51 37.58 38.70 45.05 46.43 53.36

LONG cm 102.31 113.06 112.52 132.27 132.87 163.25 160.89 168.33

30-m RUN s 7.06 6.69 6.59 6.11 6.08 5.54 5.36 5.32

BALL cm 292.31 375.00 422.80 522.27 596.00 511.25 532.37 639.17

FITNESS pts 36.53 41.10 42.53 48.85 50.70 54.16 55.13 58.51

Krakow

RAV pts 23.54 25.64 29.93 29.61 32.81 42.77 42.72 45.31

HEI cm 124.45 131.40 136.60 142.69 145.40 155.26 159.81 168.44

MASS kg 27.06 29.61 33.41 38.28 39.10 46.38 49.98 59.25

LONG cm 96.79 108.23 115.37 125.45 139.95 155.68 163.21 173.56

30-m RUN s 7.07 6.71 6.31 6.21 5.84 5.57 5.36 5.23

BALL cm 286.67 399.32 468.70 528.23 614.76 542.27 611.40 676.67

FITNESS pts 35.82 41.06 45.07 47.85 52.87 53.96 57.20 60.30

Total

RAV pts 22.81 25.22 28.83 29.48 31.67 41.16 41.57 42.97

HEI cm 124.77 130.16 136.20 141.71 144.60 153.61 159.23 166.58

MASS kg 26.64 29.43 33.33 36.80 37.97 44.06 49.22 57.08

LONG cm 100.31 112.37 117.11 131.85 138.66 158.77 163.31 171.80

30-m RUN s 7.04 6.58 6.39 6.07 5.89 5.52 5.27 5.14

BALL cm 303.43 379.39 454.31 518.63 574.79 511.63 580.87 653.14

FITNESS pts 36.65 41.57 44.58 48.87 51.63 53.77 56.86 59.96
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the low growth between the age of 12-14 years can be 
shown by the range of growth characteristics recorded 
at this time (d): ( ) = 1.29 pts, along with low environ-
mental diversity: Slawkow (small town): 2.56 pts., Bar-
cice (village): 1.09 pts., Krakow (big city): -1.69 (!) pts.

In the light of our own research, it would be difficult 
to look for other than environmental reasons (number of 
positive cases) for the lack of compatibility in the rhythm 
as well as direction of changes in the mental and mo-
tor development of the studied girls. It can be assumed 
that such a lack of coordination can affect the degree 
of manifestation of the relationship strength between the 
level of mental and motor development.

Boys

Table 3 presents the variability in measurements of 
non-verbal intelligence among the studied boys during the 
course of the considered period of ontogenesis, against 
the background of the development of selected indicators 
of somatic and motor development. Even conducting cur-
sory analysis of the contained results, we can observe 
similar developmental trends as in the girls. They can be 
generally characterized as follows: until the completion of 
the pubertal spurt, apart from the force of the upper limbs 
[BALL], a parallel period of progressive development of the 
traits and motor skills taken into account occurred. In ado-
lescence of the boys following the pubertal spurt, a one-
way, slowed period of physical and motor development 
took place (except in one case in mental development). 
Surprisingly, it has been found that biological puberty oc-
curred early in boys. Based on the growths in body height, 
it can be assumed that most of the studied boys entered 
a period of accelerated biological development, similarly 
as the girls between 11-12 years of age. Only in boys liv-
ing in rural areas did this trend occur a year late. On this 
basis, it can be assumed that in the males, there was very 
strong acceleration of biological development. In previous 
studies [89,90], the phenomenon of the pubertal spurt in 
body height was found between 13-14 years of age.

On closer analysis of the data presented in Table 
3., it is shown that for males, the progressive period of 
physical growth was accompanied by a growth in the 
indicator of non-verbal intelligence. In particular, such 
a phenomenon intensified during the body height puber-
tal spurt between 11-12 years of age. Then, with a very 
similar direction of diversity in environmental range, 
the “spurt" ratio of non-verbal intelligence was lower in 
boys than in girls (Barcice: d = 10.69 pts., Slawkow: 
d = 5.4 pts., Krakow: d = 9.56 pts., the average d = 
9.49 pts.). It should also be noted that in the period of 
greatest growth in height and non-verbal intelligence, the 
only disturbance regarded pace of development of the 
dynamic force of the upper limbs [BALL]. Comparing 
the characterized phenomenon in somatic development 

to the pace of motor and mental development, strong 
similarities in the line of development can be found, but 
only at certain periods of ontogeny.

In light of the cited test results regarding the dynam-
ics of mental development compared to variability of 
somatic and motor skills, it should be stated that dur-
ing the period of the boys’ ontogenesis, as well as in 
the females, there was deregulation in certain periods of 
ontogeny concerning their track of development, espe-
cially after the pubertal spurt period. This may prove the 
structure independence of psychological and biological 
development, as well as varying susceptibility of their 
components to environmental factors.

It should be assumed that the lack of coherence can 
cause reduction in the relationship strength between 
motor and mental development. Confirmation of the ex-
pressed supposition or it falsification was attempted to 
be found in analysis of the collected material regarding 
the relationship strength between the level of non-verbal 
intelligence and the potential of fitness capacities.

2. The strength of correlations between the indicator 
of non-verbal intelligence and the level of physical 
fitness and the fitness motor skills in the studied 
children 

2.1. Non-verbal intelligence and physical fitness as 
well as its components in the group of boys and 
girls aged 7-14 years

In Table 4, the simple correlation coefficients be-
tween non-verbal intelligence (evaluated using the Raven 
test) and physical fitness as well as its components are 
presented (speed and strength abilitity meaurements), 
which were calculated on the basis of point values (T-
Scores scale) in three age groups of the studied children: 
7-10, 11-14 and 7-14 years.

Their graphic comparison is presented in Fig. 1.
The analysis of correlations between non-verbal in-

telligence and physical fitness and its components show 
that the strength of the inter-characteristic correlations 
of boys and girls in the whole 7-14 age group was very 
similar: the indicator of physical fitness: ♀ rxy = 0.65, 
♂ rxy = 0.63, long-jump: ♀ rxy = 0.58, ♂ rxy= 0.59, 
medicine ball throw: ♀ rxy = 0.50, ♂ rxy = 0.52, 30-m 
run: ♀ rxy = 0.62, ♂ rxy = 0.58. The scope of the vari-
ability of correlation coefficients was therefore within the 
range: rxy = 0.50 – 0.65. In the case of a quite large 
number of study participants (n = 1039 and ♀ n = 526, 
♂ n = 513), all correlation coefficients were statistically 
significant (p<0.05). As a result, taking J. P. Guilford’s 
proposal into account, it appears that in the entire co-
hort of children from Malopolska, there was a significant 
relationship dependency with moderate correlation. The 
very similar correlation between non-verbal intelligence 
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and two of the somatic features: height (♀ rxy = 0.76, ♂ 
rxy = 0.73) and body mass (♀ rxy = 0.61, ♂ rxy = 0.58) 
should also be emphasized. On this basis, it can be 
thought that fitter children and more advanced in biologi-
cal development with higher non-verbal intelligence are 
characterized by improved FITNESS and vice versa. On 
this basis, it is possible to verify the earlier hypothesis 
developed according to the cited model from dynamic 
psychology (S-O-R): the mediating factor (O) – non-
verbal intelligence - supporting motivation for physical 
exercise (forms of physical activity) - (S), positively ef-
fects physical fitness (R). Thus, the more physically fit 
child should also be smarter and vice versa.

More detailed statistical analysis of the collected ma-
terial, however, casts doubt on such a clear statement and 
makes it necessary to show some distance towards the 
statistical calculations and the simplified inference con-
ducted on its basis. In a sense, this decision supports the 
established similarities between correlation coefficients of 
non-verbal intelligence and physical fitness as well as its 
components such as those which took somatic features 
into account. As it is known, they are also indicators of 
biological development in children. This phenomenon may 
lead to the suggestion that the strength and direction of 
the correlation between mental and motor development 
is affected by the maturation factor - both biological and 
psychological. Subsequent stages of analysis of the col-
lected materials were undertaken to solve the problem of 
the effect of age on the strength of correlations between 
the level of non-verbal intelligence and physical fitness 
and its components in the children from Malopolska.

2.2. Non-verbal intelligence and physical fitness as 
well as its components in groups of boys and 
girls aged 7-10 and 11-14 

Fig. 1 and Tab. 4 present the variation in Pearson’s 
linear correlation coefficients between measurements 
of: non-verbal intelligence evaluated using the Raven 

test [RAVEN] and basic somatic features: body mass 
[MASS], body height [HEIGHT], physical fitness [FIT-
NESS] and its motor components (medicine ball throw 
test [BALL], long-jump [LONG] and the 30-m run [30-m 
RUN].

The analysis of the valued shows that in both gender 
and age groups (7-10 and 11-14), the widely-used test 
showed poor inter-characteristic statistical significance 
and low correlations, except for the strength of the asso-
ciation of non-verbal intelligence with the results of med-
icine ball throw measurements (rxy = 0.01). Certainly, 
this could be due to the number of considered cases in 
the different age and gender groups (age 7-10 years: ♀ 
n = 241, ♂ n = 240; age 11-14 years: ♀ n = 272, ♂ 
n = 286). As previously stated, the traditionally used 
test for statistical significance of the correlation curve 
is extremely "sensitive" to the number of cases under 
consideration. Additionally, even considering the small-
est number of cases included in the group of females 
(240 girls), the correlation coefficient demonstrating 
the weak relationship and insignificance of the correla-
tion at the level rxy = 0.13 (using the proposal by J. P. 
Guilford), could have been statistically significant [100-
101]. It may be added that in order for the exceptionally 
low value of the non-verbal intelligence correlation coef-
ficient and measurement of the medicine ball throw rxy = 
0.01 to be considered as statistically significant, 38,416 
cases would have to be analyzed. In both sexes, similar 
development of the non-verbal intelligence correlation 
strength with body mass occurs compared to the above 
mentioned correlation coefficients, and is lower than in 
the case of body height (Table 4). 

In the 11-14 age group, the correlation of intelligence 
with physical fitness was lower than in the younger 
group (7-10 years), which should be associated with the 
extremely low strength of relationships of non-verbal in-
telligence with the medicine ball throw test results. Apart 
from this case, in the 11-14 age group, a very similar to 

Explanation of abbreviations: Raven Test - RAV; height – HEI; mass – MASS;  speed abilities - 30-m RUN; the ability to develop dynamic 
strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical fitness – FITNESS

Fig. 1. The strength of correlations between non-verbal intelligence and physical fitness in terms of motor ability and its structure in 
the studied boys and girls from the 7-10, 11-14 and 7-14 age groups
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the group of younger children and statistically significant 
but low correlation was found for the girls. A higher cor-
relation appeared for the boys in the same group.

In such a situation, the following question arises: can 
we draw such far-reaching, generalizing conclusions 
about the relationship between the child's intelligence 
and physical fitness based on such low, although statis-
tically significant correlation coefficients? Surely this is 
a matter worthy of discussion. Doubts are also intensi-
fied by the results of comparative analysis of the strength 
of correlations in the entire cohort aged 7-14 years and 
the age groups: 7-10 and 11-14 years. In addition, the 
occurrence of significantly lower values of correlation 
coefficients in the following age groups: 7-10 and 11-
14 years in boys and girls compared to the entire age 
group of 7-14 years deserves attention. It seems that 
it could be due to different distribution of the correla-
tion matrix, which in a sense confirms the previously 
expressed idea that the strength of correlations in the 
statistical calculations is impacted by the physical and 
mental development factors in children. To a large extent, 

such a suggestion may be evidenced by the previously 
characterized rate of motor, somatic and mental develop-
ment (Table 2-3). Importance of assuming a very cau-
tious approach to the interpretation of the results of sta-
tistical analyzes can only be indicated by the results of 
test regarding correlation coefficients in the studied girls 
and boys in different generations of the 7-14 age group.

2.3. Non-verbal intelligence and physical fitness as 
well as its components in groups of boys and 
girls in following generations of children from 
Malopolska between 7-14 years of age

As is can be deduced from the data in Fig. 2 and Tab. 
5-6, for the specific generations of studied boys as well 
as girls, there was a very weak and varied strength of cor-
relations between their non-verbal intelligence and the re-
sults of measurements regarding somatic characteristics, 
motor skills and the general indicator of physical fitness. 
Including its relationship with physical fitness and its com-
ponents, the following range of variability of the correla-

Table 4. Correlation matrices between the results of measurements of basic somatic features and indicators of physical fitness and 
the level of non-verbal intelligence in girls and boys divided according to 7-10, 11-14 and 7-14 age groups

Explanation of abbreviations: Raven Test - RAV; height – HEI; mass – MASS;  speed abilities - 30-m RUN; the ability to develop dynamic 
strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical fitness –FITNESS

Note: Colour red font indicate statistical significance of the correlation coefficients at the level of p < 0,05 

 RAVEN→ Girls Boys

MEASUREMENT 7-10 11-14 7-14 7-10 11-14 7-14

HEIGHT 0.50 0.49 0.76 0.44 0.48 0.73

MASS 0.27 0.26 0.61 0.28 0.36 0.58

LONG 0.29 0.30 0.58 0.26 0.31 0.59

30m RUN 0.32 0.33 0.62 0.22 0.32 0.58

BALL 0.45 0.01 0.50 0.38 0.16 0.52

FITNESS 0.44 0.27 0.65 0.34 0.33 0.63

Explanation of abbreviations: Raven Test - RAV; height – HEI; mass – MASS;  speed abilities - 30-m RUN; the ability to develop dynamic 
strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical fitness -FITNESS

Fig. 2. Variation in boys and girls along with the age regarding Pearson correlation coefficients between non-verbal intelligence and 
physical fitness and its components
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tion can be noted: in males: rxy min. (-0.32) – max. (0.36) 
and in the females: rxy min. (-0.34) – max. (+0.34). Also 
worth noticing is the negative correlation strength regard-
ing body height in girls throughout the considered period: 
rxy min. (-0.08) – max (-0.41), with minor exceptions in 
body mass: rxy min. (-0.08) – max (-0.41). 

This suggests that the earlier maturation of girls does 
not go hand in hand with an increase in non-verbal intelli-
gence. In turn, their higher level of non-verbal intelligence 
was beneficial in achieving better results in the measure-
ment of motor skills and physical fitness. Assuming the 
earlier hypothesis based on the model of dynamic psy-
chology by Robert Session Woodworth: S-O-R, it can be 
assumed that the higher the level of development of this 
mental development indicator in girls may have affected 
the increase in motivation for physical activity, which in 
turn, allowed to achieve better motor effects in physical 
fitness tests. However, it should be noted that in most 

cases, the used traditional test did not show statistically 
significant correlations.

A slightly different situation was documented in the 
boys. Above all, with the same low coefficients of cor-
relation, high lability of correlations between non-verbal 
intelligence and physical fitness and its components 
could be detected during the period of ontogenesis. 
More often, it was a negative correlation, unlike in the 
relationship between intelligence with indicators of the 
level of somatic development. On this basis, one could, 
in turn, believe that along with the biological develop-
ment of the studied boys, the level of non-verbal intel-
ligence also increased. Based on the pre-characterized 
model by R.S. Woodworth: S-O-R, it can be assumed 
that the level does not, however, have great significance 
for the improvement of motivation to increase physical 
activity, and thus, physical fitness. In most cases, there 
was a negative direction in the correlation intensification.

Table  5. Coefficients of linear correlation between the measurement results of basic somatic features and indicators of physical fitness 
and the level of non-verbal intelligence, as measured by the Raven in boys according to age of the subjects

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs – BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness –FITNESS

Note:  Colour red font indicate statistical significance of the correlation coefficients at the level of p <  0,05

 MEASUREMENT/AGE
RAVEN→

7 8 9 10 11 12 13 14

HEI -0,04 0.35 0,13 0.25 0.03 -0.02 0.29 0.15

MASS -0.17 0.26 0.08 0.15 0.16 -0.19 0.31 0.10

LONG 0.25 -0.18 0.14 -0.02 -0.32 0.12 0.11 0.16

30-m RUN 0.12 -0.14 -0.07 -0.08 -0.25 0.00 0.23 0.01

BALL -0.10 0.08 0.28 0.03 0.06 -0.21 0.36 0.10

FITNESS 0.13 -0.12 0.15 -0.03 -0.21 -0.05 0.31 0.12

Table 6. Correlation coefficients between the results of measurements regarding basic somatic features and indicators of physical 
fitness and the level of non-verbal intelligence, as measured by the Raven in girls according to the age group of the subjects

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness – FITNESS

Note:  Colour red font indicate statistical significance of the correlation coefficients at the level of p < 0,05 

MEASUREMENT/AGE
RAVEN→

7 8 9 10 11 12 13 14

HEI -0.08 -0.20 -0.26 -0.16 -0.41 -0.27 -0.28 -0.17

MASS 0.10 -0.12 -0.07 -0.04 -0.19 -0.23 -0.18 0.18

LONG 0.08 0.24 -0.05 0.16 0.08 -0.34 0.34 0.20

30-m RUN 0.04 0.30 0.13 0.08 0.03 0.18 0.11 0.14

BALL 0.28 0.17 0.21 0.19 0.21 -0.10 0.14 -0.01

FITNESS 0.19 0.32 0.14 0.19 0.15 -0.17 0.25 0.15
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It should be emphasized (similarly as in the group 
of females) that correlations were significant in only in 
a few cases, usually at the final stage of observation. 
Speaking of statistical significance, we should bear in 
mind that it was effected by the low number of studied 
children from individual generations, as was mentioned 
earlier. 

Its variation range was between: n = min. 43 – max. 
86 in boys and in girls, n = min. 47 – max. 91. As it 
is known, the traditionally used test for statistical sig-
nificance, giving the considered number of studied sub-
jects, could have shown statistically significant correla-
tion coefficients in the upper ranges: rxy= 0.22 – 0.31 
for boys and rxy= 0.21 – 0.29 for girls [100, 101]. In 
conclusion, we should emphasize that the found level 
of correlation coefficients for each age group (Tab. 4), 
their statistical significance and their variability over 
time, are not comparable to the previously characterized 
state in the 7-10, 11-14 age groups or over the whole 
studied time period of 7-14 years. This makes it difficult 
to interpret the phenomenon that was supposed to be 
under the premise of mutual positive influence on the 
intellectual capacity of physical activity, reflected in the 
image of physical fitness and its components (and vice 
versa). Generally, in individual generations, there was no 
statistically significant relationship between non-verbal 
intelligence and fitness. To a large extent, the probability 

of a lack of correlation confirms the result from the new 
statistical [101].

This indicated issue will be further discussed in the 
summary of the test results. In accordance with the 
intended objectives of our own research, it seems im-
portant to further discuss the problem of the influence 
of environmental factors on the size, the direction and 
strength of correlations between non-verbal intelligence 
and physical fitness, anthropological indicators of bio-
logical maturation and physical fitness as well as its 
components.

2.4. Environmental determinants of relationships be-
tween non-verbal intelligence, physical fitness 
and its components in groups of boys and girls 
from Malopolska in consecutive generations be-
tween 7-14 years of age 

In Table 7-8 and Fig. 3-4 we presented, similarly as 
in the whole collected material, coefficients of correla-
tion between the results of measurements of non-verbal 
intelligence and indicators of motor and somatic devel-
opment in subjects from three Malopolska areas (village, 
small town, big city) based on calculations of point val-
ues from the T-Scores scale, with the division of the col-
lected material according to age group: girls aged 7-10, 
11-14 and 7-14 (Fig. 3, Tab. 7) and boys (Fig. 4, Tab. 8).

Table 7. Correlation coefficients between the results of measurements regarding basic somatic features and indicators of physical 
fitness and the level of non-verbal intelligence, as measured by the Raven in girls according to place of residence and age group: 7-10, 
11-14 and 7-14 years

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness – FITNESS

Note: Colour red font indicate statistical significance of the correlation coefficients at the level of p < 0,05 

RAVEN→

GROUP AGE HEI MASS LONG 30-m RUN BALL FITNESS

Barcice  7-10 0.48 0.20 0.31 0.28 0.30 0.36

  11-14 0.40 0.26 0.08 0.25 -0.07 0.09

  7-14 0.76 0. 63 0.49 0.64 0.44 0.60

Slawkow  7-10 0.46 0.31 0.33 0.23 0.51 0.47

  11-14 0.54 0.40 0.41 0.43 0.10 0.38

  7-14 0.77 0.65 0.66 0.61 0.59 0.71

Krakow  7-10 0.53 0.27 0.38 0.49 0.46 0.52

  11-14 0.50 0.16 0.39 0.37 -0.02 0.30

  7-14 0.75 0.54 0.63 0.64 0.44 0.64

Total  7-10 0.50 0.27 0.29 0.32 0.45 0.44

  11-14 0.49 0.26 0.30 0.33 0.01 0.27

  7-14 0.76 0.61 0.58 0.62 0.50 0.65
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Table 8. Correlation coefficients between the results of measurements regarding basic somatic features and indicators of physical 
fitness as well as the level of non-verbal intelligence, as measured by the Raven in boys according to place of residence and age 
group: 7-10, 11-14 and 7-14 years

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs –BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness – FITNESS

Note:  Colour red font indicate statistical significance of the correlation coefficients at the level of p < 0,05 

RAVEN→

GROUP AGE HEIGHT MASS LONG 30-m RUN BALL FITNESS

Barcice  7-10 0.56 0.30 0.51 0.49 0.54 0.59

  11-14 0.46 0.43 0.29 0.40 0.24 0.36

  7-14 0.72 0.62 0.60 0.66 0.53 0.67

Slawkow  7-10 0.20 0.19 -0.05 -0.07 0.15 0.02

  11-14 0.31 0.15 0.22 0.27 0.02 0.23

  7-14 0.55 0.39 0.40 0.39 0.36 0.45

Krakow  7-10 0.54 0.36 0.35 0.26 0.48 0.43

  11-14 0.48 0.33 0.32 0.26 0.08 0.26

  7-14 0.78 0.62 0.68 0.64 0.58 0.69

Total  7-10 0.44 0.28 0.26 0.22 0.38 0.34

  11-14 0.48 0.36 0.31 0.32 0.16 0.33

  7-14 0.73 0.58 0.59 0.58 0.52 0.63

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs – BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness – FITNESS

Fig. 3. Variation of correlation coefficients in the girls’ age groups (7-10, 11-14 and 7-14) from three different areas in Malopolska (vil-
lage - Barcice, small town - Slawkow, big city - Krakow) between non-verbal intelligence and physical fitness as well as its components 
compared to the results of studies with no division according to place of residence (total)



Non-verbal intelligence nonverbal and motor fitness...i

29Journal of  Kinesiology and  Exercise Sciences

According to the aim of research and the model by S.R. 
Woodworth (S-O-R), we attempted to confirm the adopted 
research hypothesis assuming the possibility of blurring 
environmental differences in the strength of physiological 
determinants of physical fitness. Analyzing the material de-
veloped without considering the distribution of the subjects’ 
age (7-14 years), we can conclude that the test result was 
positive. In both sexes, we found a significant relationship 
between non-verbal intelligence and physical fitness as well 
as its components: strength and speed abilities. 

The used test showed statistical significance of the 
correlation coefficients. Similar results were obtained in 
the strength of the relationship between non-verbal intel-
ligence and indicators of biological development: body 
height and mass.

On this basis, it is difficult to draw far-reaching con-
clusions about the importance of a higher level of non-
verbal intelligence in fostering the motivation to engage 
in exercises to improve motor performance in all the 
places of residence of the children. The diversity of en-
vironmental variation regarding the strength of relation-
ships in gender and age groups can be seen. 

As it can be concluded from the data presented 
in Tab. 7 and Fig. 3, in girls, regardless of their place 

of residence, in measurements of overall fitness and 
in the distinguished age groups (7-10 and 11-14 
years), we can find the lowest correlation coefficients 
in the older age group (11-15), while only in Barcice 
(village), the weak correlation relationship strength 
rxy = 0.09 was not statistically significant. Addition-
ally, in the females, the level of correlation coefficients 
in both age groups allowed to notice the constant 
maintenance of typical social gradients: large city > 
small town > village. 

In turn, in the boys (Tab. 7, Fig. 4), there was disor-
der of such environmental gradients due to the occur-
rence of low, insignificant correlations between non-
verbal intelligence and the indicator of physical fitness, 
its components and somatic features of the subjects 
from Slawkow (small town) in the 7-10 age group. The 
same situation could be found in the older group (11-
15 years), with the exception of body height and speed 
measurements (30-m run). What draws attention is not 
only the higher correlation in the younger age group (7-
10 years) in boys from Krakow and Barcice, but also the 
significantly higher and statistically significant correla-
tion of coefficients in all relationships among boys living 
in the rural area (Barcice).

Explanation of abbreviations: Raven Test - RAVEN; height – HEI; body mass – MASS;  speed abilities - 30-m RUN; the ability to 
develop dynamic strength of the upper limbs – BALL; explosive strength of the lower limbs – LONG; point indicator of overall physical 
fitness – FITNESS

Fig. 4. Correlation coefficient variability in the age groups of boys (7-10, 11-14 and 7-14) from three different areas in Malopolska 
(village - Barcice, small town - Slawkow, big city - Krakow) between non-verbal intelligence and physical fitness and its components 
compared to the results of studies with no division according to place of residence (total)



 E. Mleczko, J. Blecharz, A. Płatek, J. Gradek, E. Szymańska, R. Nieroda

30 Antropomotoryka

On the basis of the collected materials, it would be 
difficult to blurring the environmental differences into the 
strength of correlations between the level of motor devel-
opment and its important determinant of mental health. It 
should be remembered that it is difficult to ignore gender 
when considering the environmental determinants in the 
impact of mental factors on the process of strengthening 
the motivation for physical activity, the main determinant 
of physical fitness. The presented results indicate that 
gender differentiates the strength of correlations of non-
verbal intelligence, physical fitness and its structural ele-
ments and their variability during the studied period of 
ontogenesis. This may be evidence of the girls’ higher 
susceptibility to pedagogical influence aimed at devel-
oping awareness of the importance of caring for one’s 
own physical fitness, considered as a measurable health 
indicator. 

By adopting such an assumption, it should be con-
sidered that in this respect, the girls with higher intel-
ligence levels from large and small cities make better 
use of intellectual potential in shaping the foundations 
of physical fitness than their counterparts living in rural 
areas. In turn, in boys such trends were found in the rural 
and big city populations.

It is also difficult in this case not to pay attention to 
the developmental conditions of correlation coefficients. 
As in the situation of not including the environmental fac-
tor, it is worth paying attention to the relationship of the 
level of correlation coefficients according to its way of 
calculation. As previously stated, their value in both sex-
es in the entire cohort (7-14 years), regardless of place 
of residence, was greater than when considering only 
the two age groups (7-10 and 11-14 years). As earlier 
affirmed, solving this problem is not simple.

Interpretation of the environmental determinants of 
the test results is complicated by the question of statis-
tical significance of the correlation coefficients. As we 
know, it depends on the number of tested individuals. 
The analysis of the commonly used formula for the sta-
tistical significance of the correlation coefficient (chap. 
II. 4.5a) shows that the value of the test statistics of the 
correlation coefficient depends solely on the size of the 
analyzed sample. Therefore, instead of verifying whether 
the result is statistically significant, we should formulate 
the question of how large the trial should be for a par-
ticular value of the correlation coefficient and the prede-
termined significance level to reject the null hypothesis 
in favor of the alternative. Of this, we are informed by 
ready-made tables. Most often, however, it does not pay 
notice to the scope of the identified statistical correlation 
in the given correlational relationship. This is stated by 
the coefficient of determination.

The traditional statistical significance test does not 
take it into account. Using the proposal for its modifi-

cation [101] presented in the methodical chapter [ch. 
II. 5b], it turned out that in none of the cases were the 
Pearson simple correlation coefficients calculated in our 
study statistically significant (even taking into consid-
eration the relationship between non-verbal intelligence 
and somatic features). Due to this, we should speak 
cautiously about the role currently played by non-verbal 
intelligence of children fromo Malopolska in achieving 
motor potential, more and more frequently considered 
as a desired indicator of health.

It is also hard not to pay attention to the only selec-
tive research on relationships in simple correlations. 

The actual, quantitative share of non-verbal intelli-
gence in the mediating factor, according to the behav-
ioural S-O-R model, can be evidenced only by the result 
of applying multivariate statistical models.

Summary and discussion

The study presents part of the results of multifaceted 
research conducted in order to understand the environ-
mental conditions and the kinetic transformation and 
dynamics of the mental, motor (including the common 
name of the biological development) development, so-
matic development of girls and boys living in three vil-
lages traditionally classified to environmental niches, 
which in the past were an important modifier of human 
development. The same interdisciplinary research had 
been carried out on a much smaller group of children 
40 years earlier [88]. Therefore, there arose the pos-
sibility to track the trend changes during the biological 
and psychological development. The issues connected 
to manifesting secular trends in the somatic and motor 
development and the Flynn/Lynn effect were presented in 
our earlier studies [89-90].

In this study, to develop the pursued objectives, the 
used materials were collected in three areas of Malo-
polska: a village, town, city. In a detailed interpretation 
of the dynamics of the mental and somatic motor de-
velopment, attention was paid to the occurrence of the 
phenomenon of the parallel course of their development 
line to completing the biological maturation process and 
the lack of biological and motoric coherence during the 
children’s process of maturation. In the interpretation 
of the established phenomenon, attention was paid to 
the role of such factors as: the process of accultura-
tion, as well as positive changes in the implementation of 
the operational objectives of physical education, whose 
manifestation could be better care for their own physi-
cal and mental health mainly in the progressive stage 
of the development of children from Malopolska. The 
occurring disorder of the developmental trend in ado-
lescence could be the result of environmental stimuli’s 
impact on the intellectual and physical development of 
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the youth in the context of school physical education, as 
well as the manifestation of their own activity and initia-
tive in this direction. To a large extent, the importance 
of the environmental factor has been confirmed in the 
analysis of the environmental diversity of the kinetics and 
dynamics of physical and mental development, as well 
as the assumed in the hypothesis phenomenon of fading 
social gradients, disclosed formerly in anthropological 
research: village < small town < big city [3, 89, 90]. 
On this basis, it was believed that the observed phenom-
enon may affect the reduction in strength of the relation-
ship between motor development and mental health.

The main part of the work was dedicated to their un-
derstanding and determination. This drew attention to the 
importance of addressing the mental factor in condition-
ing motor development, in general terms, the indicator of 
physical fitness, as well as its physical condition com-
ponents, which consisted of power and speed measure-
ments of motor skills. The genesis and encouragement 
to undertake such studies were the attempts to confirm 
the positive impact of physical activity on mental pro-
cesses of man in the experimental work, as highlighted 
in the introductory part of this paper [16-18, 26-36, 40-
43, 51, 54-56, 59, 66-77].

A review of studies showed that this hypothesis was 
successfully confirmed in experiments on animals using 
a simple behavioral research methodology schema: the 
stimulus (S) - response (R). So far, studies conducted 
on humans, mostly older ones, have not brought de-
finitive outcomes. In addition, it should be noted that the 
neurophysiological or biochemical studies in this regard 
are not performed on children. Most often the attention, 
mainly of American psychologists and educators, is fo-
cused on the study of the simple relationships between 
physical activity (in various forms) and the intellectual 
potential of older children and youth, typically limited to 
the measurement of intelligence or a wider range of cog-
nitive ability [8-15]. The research in this field on a larger 
scale is also not conclusive. 

In our study, referring to such research trends, at-
tention was drawn to the more complex context of the 
stimulus (S) - response (R) relationship. In addressing 
the impact of physical activity on the mental potential of 
a child, it was referred to the simple neobehavioral mod-
el of human behavior, developed by Edward C. Tolman 
[92]. The intervening variable "O" plays an important role 
in it, which allows to modify the original model of behav-
iorism to the form of S-O-R. As the purposive neobehav-
iourism creator believed, a man striving to achieve the 
objective engages, after all (in an indefinite manner) "the 
total (overall) organism" (O).

In the search of the position of non-verbal intelli-
gence in the determination of motor skills and, above all, 
the overall physical fitness of a child (and vice versa) it 
was based, however, in the adopted research model on 
the assumptions of the eclectic theory of activity and the 
human derived from Robert S. Woodworth’s dynamic 
psychology assumptions [94, 95]. According to the 
creator of the motivation3 concept, the study should not 
be limited to just one methodology, but use an eclec-
tic approach to learning activity and human thought. In 
his concept, it is acceptable to apply the methodology 
relevant to experimental experience, research tests (in-
cluding introspection) and primarily to use a range of 
methods and tools typical for cognitive psychology [95].

Relying on such a methodology gave rise to the broad 
treatment of the intervening "O" - "body" variable in the S-
O-R model. It was possible to place non-verbal intelligence 
of the examined children in its structure as an important 
base for motivation to increase physical activity (S), which 
in turn, determines and therefore is the obverse - (R) of 
achieving a certain level of physical fitness (including mo-
tor skills that define its structure ). Furthermore, the level 
of (R) in terms of the behavioural approach is adequate 
to strength of training stimulus – the widely recognized 
physical activity (S). From the adopted R. S Woodworth 
(S-O-R) model, it can be stated that the effect of physi-
cal activity - physical fitness and its components (motor 
skills) - can be the reverse and obverse of the stimulus 
(S), but provided the modification by the quality of the or-
ganism (O) is taken into account.

In our own reserach, non-verbal intelligence is con-
sidered as its important component, which can strength-
en motivation to undertake physical activity. Considering 
these assumptions, we decided to prove the significant 
role of non-verbal intelligence (O factor) in shaping of its 
in shaping the other side physical fitness. For this pur-
pose, the widely used statistical tool, i.e. Pearson’s sim-
ple correlation coefficient was used. Confirmation of the 
adopted hypothesis was supposed to be the high level of 
statistically significant correlations between the meas-
urements of non-verbal intelligence and physical fitness 
as well as its motor skill components. The basis for their 
adoption was the assumption that children with higher 
levels of non-verbal intelligence will be better motivated 
to undertake physical activity and therefore, achieve bet-
ter results in physical fitness.

In our study, an important component of thought 
nonverbal intelligence, which can strengthen the motiva-
tion for physical activity. Starting from these assump-
tions, it was decided to prove the significant role of non-
verbal intelligence (factor O) in the shaping of its reverse 

3 Both the village and small town were randomly selected in studies conducted 30 years earlier by a team of employees from the Insti-
tute of Psychology - Developmental and Educational Psychology, and the Department of Anthropology at the Jagiellonian University [88].
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- physical fitness. In this regard, a generally applied sta-
tistical tool that is simple Pearson correlation was used. 
The confirmation of the assumed hypotheses was to be 
a high level of statistically significant correlation between 
the measurements of non-verbal intelligence and physi-
cal fitness with its motor skills components. The basis 
for their adoption was the assumption that children with 
higher level of non-verbal intelligence will be better moti-
vated for physical activity and thereby will achieve better 
results in physical fitness.

Without indulging into the issue of the impact of 
physical efforts on the psychological level of humans 
too deeply, it should be assumed that the strength of cor-
relations applies to both the dependent and independent 
variable in statistical procedures. Under this assumption, 
demonstrating statistically significant relationships could 
be a positive answer to the posed question and it can 
be concluded that children with greater intelligence are 
more fit and vice versa.

Without going too much into the issue of the impact 
of physical effort on mental condition it should be as-
sumed that in statistical procedures the strength of 
correlations applies to both the dependent variable and 
independent variable. Under this assumption, showing 
statistical validity of relationships the question posed 
in the title could be answered positively and it could 
be concluded that children with greater intelligence are 
more fit and vice versa.

Analyzing the obtained results, it should be noted that 
it is very difficult and even dangerous to use the regulari-
ties of biological development and mental health of chil-
dren in the progressive period of ontogenetic development 
for interpretation, without the necessary methodological 
reflection such as even a simple statistical tool that is 
simple correlation. What can such pessimism be attrib-
uted to? It results from the obtained results of our own 
research. An example of this can be the incomparable 
qualitative and quantitative results of simple correlations 
between the level of non-verbal intelligence of girls and 
boys aged 7-14 from three different cities in relation to the 
created reference groups. In the case of taking into ac-
count all the subjects in gender groups aged 7-14 years, 
high statistically significant correlations between the con-
sidered variables were obtained. Significantly lower cor-
relations occurred when taking into account gender of two 
age groups: 7-10 and 11-14 years. On the other hand, 
considering the subsequent age groups of subjects (7-14 
years) resulted in entirely incomparable correlation coef-
ficients to the previously accumulated groups of children 
and to the substantially smaller number of subjects in the 
age classes. It revealed irrelevant and insignificant or weak 
relationships. A very similar situation occurred when con-
sidering the divisions of the collected materials according 
to place of residence.

It seems that an excessively mechanistic approach to 
the interpretation of the results of research and thus, to 
hypotheses verification, would lead to far-reaching irre-
sponsible application and cognition conclusions. In this 
case, distance towards our own research is necessary 
as well as reference to the classic foundations of math-
ematical statistics. Before making a mistake regarding 
inference, arising as a result of over-interpretation of the 
study results, we were already warned by J. P. Guilford 
in his manual for statistics [102] stating: "It is important 
that the cautious researcher does not attribute results to 
the implied actual nature of the psychological or peda-
gogical phenomenon, when in reality, some feature of 
statistical study is responsible for it" [102: 368].

Therefore, it should be noted that correlation coef-
ficients are always relative in nature and always depend 
on the type of population from which the sample was 
chosen and the measurement method. When giving cor-
relation coefficients, all the factors affecting their size 
should be carefully determined and their values   referred 
to the resulting circumstances of the inception of the re-
lationship's strength. In the case of grouping the number 
of subjects from different age groups, the variability of 
attributes (variables) increased. As we know, the corre-
lation coefficient increases in proportion to the variation 
in the correlated sample, which took place in the pres-
ent study. Moreover, in the interpretation of correlation 
coefficients derived from the grouping of individual age 
groups of children, the possibility of so-called spurious-
correlation should be considered. In fact, this phenom-
enon is the effect of the influence of chronological age of 
the dependent variable and independent variable. A posi-
tive correlation will increase in proportion to the span of 
chronological age.

In such a situation - as J. P. Guilford states: "It is 
important you correlate variables with full knowledge of 
how the measurements were obtained, if possible, and 
give readers the facts necessary for proper interpreta-
tion, whether it be a variability of correlated group or 
the span of CA [chronological age] at stake when the 
correlations of intelligence quotients were calculated" 
[102: 368].

Large relativity of calculated correlation coefficients 
and difficulties in the interpretation of some of the cir-
cumstances of their creation is indicated by the authors 
of the study: “Motor and Mental Physical Development 
of Children and Adolescents” [88] who state: 

“It should be noted that the estimated coefficients of 
correlation cannot be considered as an estimate of some 
‘general’ correlation characterizing the relationship be-
tween physical and mental development of children in 
Poland. When the group, whose results were used to 
calculate the correlation coefficients is heterogeneous 
in terms of average values of correlated variables, the 
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correlation coefficient results not only from the correla-
tion in the subgroups but is also largely dependent on 
the correlation between the averages, the size of dif-
ferences between averages, the size of subgroups and 
other factors" [88: 85].

On may also find the observation that when the dif-
ferences between correlated averages are small (as 
stated in the present study) - then: "In this situation, the 
correlation calculated on the basis of the results of all 
children of the same age and of a particular sex will be 
much higher than that which would, in turn, result from 
environmental subgroups".

Without delving too deeply into the essence of the 
established phenomenon of increasing correlation coef-
ficients in the cumulative study groups of children and 
necessary adjustments, it seems that solving the prob-
lems of research should be based only on the values of 
correlation coefficients calculated in different years. As 
a last resort, they could be used to calculate the average 
strength of the relation throughout the study period and 
in different age groups. Calculating the average correla-
tion coefficient is acceptable in statistical proceedings 
[102; 364]. Its value is always in the range of variability 
of the partial calculations.

In our own research, it is shown that in each case, 
the intensification of the correlation depending on the 
size of the "rxy" factor does not exceed the low correlation 
threshold and the small dependence. In small genera-
tional cohorts, the value of correlation coefficients is not 
statistically significant in most cases. In the average val-
ues, the size of the groups affects the rejection of the null 
hypothesis about no grounds for refutation of the statis-
tically significant strength of the relation. However, the 
low value of the average correlation coefficients slightly 
decreases the threshold of critical value.

Thought must be given to the results checking the 
statistical significance according to the new proposal 
by the Wroclaw statisticians [101]. In testing the null 
hypothesis in such proceedings, the key issue is the 
adoption of ρ0. According to the creators of this method 
[101], such value should be about rxy = 0.7. It gives 
the regression model a coefficient determination value of 
about 50%. Under no circumstances would such a con-
dition be met by the correlation coefficients calculated 
for individual years, or in the case of averaging them in 
year blocks and throughout the study period.

The low level of correlation coefficients, and thus 
their low volatility confirmed the hypothesis regarding 
the lack of effects of gender or environmental factors.

Therefore, it should be concluded that the results of 
statistical research do not allow to affirmatively answer 
the question: is a more intelligent child also fitter? It 
may not be argued, however, that the intellectual poten-
tial of the child was not relevant to the sports achieve-

ments and motor effects, which are considered more 
and more as positive health indicators [103] or impor-
tant components of physical fitness as reflected in the 
American convention - Health Related Fitness [104]. In 
such a sense the value of physical fitness components 
is assessed in New core curriculum of physical educa-
tion in Poland [105]. Therefore, it should be assumed 
that for a child with higher intellectual potential, it will be 
easier to accept modern directional objectives of educa-
tion to shape the attitudes of lifelong care for one’s own 
body and thereby, for their health. It can also have - as 
stressed in the adopted research procedure model (S-
O-R) - more motivation to exercise - the most important 
part of physical aptitude. According to our own research 
and studies carried out in our country so far, “a litmus 
paper" of the implementation of these educational ob-
jectives, which should be considered as the correlation 
coefficients, does not indicate the very faint educational 
effects in this field. Leaving aside, at the very least, the 
disputable artifacts projecting the quality of the statistical 
calculations and achievement of spurious-correlations, 
very low strength of the relationship between non-verbal 
intelligence and physical fitness of the subjects shows 
that there is still a long road to accomplishing the desired 
objectives of physical education. Pedagogical failure in 
this area, occurring not only in our country, as evidenced 
by the quoted meta-analysis of the American publica-
tions in the introduction [8-15, 78-80], cannot be an 
argument for the removal or reduction of physical edu-
cation classes. So far, such suggestions are introduced 
only in some American schools [8, 9, 13, 15].

From a pedagogical point of view, the negative result 
of our own research forces us to reflect on the existing 
situation and the reasons for not using the students' po-
tential in the area of achieving the directional objectives 
of physical education. The revealed very poor strength of 
correlations between the intellectual potential and physi-
cal fitness of children from Malopolska points to the need 
to take measures changing the unfavorable situation by 
creating conditions and amenities in educational work 
regarding the use of intellectual potential of students in 
shaping pro-health attitudes.

Conclusions:

1. In the auxological research on children during their 
progressive development, in the transition period at 
the turn of the century, it can be found that the phe-
nomenon of blurring environmental differences in the 
biological and psychological development of children 
occurs and thus, in the image of the rural and urban 
child’s motor skills.

2. The S-O-R model of behaviour, based on the teleo-
logical neobehaviourism of E. C. Tolman and activity 
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resulting from the eclectic psychology assumptions 
of R.S. Woodworth, may be useful to develop the re-
search concept of determinants of children’s mental 
motor development. 

3. We should treat methodological correctness using 
even such a simple statistical method, i.e. simple 
correlation, with great concern. Lack of distance in 
the improper usage of research tools and the result-
ing artifacts may falsify the image of the existing 

statistical relationships and lead to false conclu-
sions.

4. The revealed very weak strength of correlations be-
tween intellectual potential and physical fitness of 
children from Malopolska encourages to take mea-
sures changing the unfavorable situation by creating 
conditions and amenities in educational work in the 
field of intellectual potential of students to shape pro-
health attitudes towards physical education classes.
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