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FOREWORD FROM EDITORS

And again, end of the year and settlements. We will 
all say best wishes to each other and enjoy what is to 
come with the warm ray of spring, That’s so soon. This 
is not the end of the year, this is after all the beginning 
of something new. How is it possible on this day, still 
in 2013, not to look back and see the next four issues 
of our quarterly journal. Congratulations to all who have 
contributed to their publishing. I thank them and ask for 
more. Together, we will achieve much more. Together, 
young friends. With some, we have walked the anthro-
pomotoric trail together for nearly 25 years. Yes my 
dears, our readers, in 2014 we will be celebrating the 
25th anniversary of our journal. Who today remembers 
its birth? We are constantly on the run with some force 
pushing us forward without respite. It is a fact. Please 
forgive me that I want to rescue the memories of 1989 
as well from oblivion. It has been a quarter of a century. 
Before us is the jubilee year. What will it bring? I will not 
play the role of a futurologist. These days, when it is cold 
outside and the days are getting shorter, how can we not 
ask for the fate of Faust’s words: “When, to the Moment 
then, I say: ‘Ah, stay a while! You are so lovely!”. It is also 
worth recalling the long ago spoken thought of Johann 
Wolfgang von Goethe: “Time is indefi nite, and each day 
is a deep container which may be fi lled to the brim if you 
only wish to fi ll it”. What we need – as said by the Polish 
romantic – is to “... go forward with the young, reach-
ing for a new life”. That is what I wish for myself and all 
the readers of Anthropomotorics at the 2014 threshold. 
For the long evenings and longer and longer mornings 
(coming soon!), I recommend the 64th issue of our quar-
terly journal – in it you will fi nd 6 articles. I recommend 
them bearing in mind the captivating maxim of Georg 
Christoph Lichtenberg, the 18th century German phys-
ics scholar and also satirist: “Most can do much to fi nd 

something, but to fi nd something, we must fi rst know 
that something exists.” I am sure that all of the included, 
original articles, although they cannot lay claim to the 
discovery of something special, may certainly be treat-
ed as a stem from which bolder ideas for penetration 
of yet unknown areas of expertise can be grown. They 
should be bowed upon. I affi rm my belief with the words 
included in one of the treatises of Sir Alexander Fleming, 
Scottish biologist, pharmacologist and botanist: “For the 
birth of something new, there has to be a happening. 
Newton saw an apple fall; James Watt watched a kettle 
boil; Rontgen fogged some photographic plates. And 
these people knew enough to translate ordinary hap-
penings into something new”. For all who reach for the 
64th issue of our Anthropomotorics journal, I hope that 
my association will not be the only one.

So what awaits the reader? The subsequent, now 
64th issue of Anthropomotorics opens with the article: 
Long-term trends in the relationship between the men-
tal, physical and motor development of children aged 
4–14 from various places in the Małopolska region, in 
which the authors try to fi nd inter-relationships between 
the level of motor, somatic and mental development. 
That is not all. In the comparative analysis the authors 
use the results of similar studies dating back to 35 
years ago. The result is the bold formulation of interest-
ing conclusions, primarily cognitive in nature. Among 
others, in the metropolitan population, the Lynn-Flyn 
effect in the development of non-verbal intelligence 
was not observed. It was also found that typical inter-
generational changes in the development of strongly 
genetically determined traits, i.e. body height, were also 
inhibited. The collected test results not only inspire re-
fl ection and engaging in further research, but above all, 
elimination of the sources of this adverse phenomenon.

END OF THE YEAR AND THE 64TH ISSUE 
OF THE CRACOW–WROCLAW ANTHROPOMOTORICS
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The work submitted from Wrocław titled Motor abili-
ties and somatic indicators in the 12-year old students 
and their skill of reasoning paid attention to the inter-
esting relation between the development of mental and 
physical indicators and somatic built. The study shows 
that higher results of reasoning skills of 12-year-old pri-
mary school pupils favored the higher level of somatic 
and motor development. The somatic and motor com-
ponents of physical fi tness used in study, recognized 
as a group of explanatory variables (depending on the 
gender in about 17–37%), are a source of the variability 
of the reasoning skills results.

The authors of Physical activity of students, their 
leisure time and physical fi tness self-assessment fo-
cused their attention on the determinants of physical 
activity important for the environmental groups that 
are made up by students, the future elite of our soci-
ety. The results of the International Physical Activity 
Questionnaire (IPAQ) allowed to fi nd associations be-
tween physical activity and the claimed level of physical 
fi tness and leisure time management.

Studying the work submitted from Lithuania: 
Peculiarities of movement of track-and-fi eld athletes 
and players makes us apply great intellectual effort 
motivates intellectual effort. The authors examine the 
issue of the importance of coordination between differ-
ent parts of the body (legs, arms, torso) in techniques 
applied in selected sports. It is a very diffi cult problem 
to solve and maybe some biomechanical approach to 
the analysis of human movement may raise discus-
sions. It would be diffi cult to fi nd the truth without it. 
Studying the work, the maxim of the great Leonardo 
da Vinci came to mind: “Mechanics is the paradise of 
the mathematical sciences, because by means of it 
one comes to the fruits of mathematics” as well as the 
warning from the already quoted Alexander Fleming: 
“Never underestimate phenomena that seem extraordi-
nary. Appearances can be deceiving and it may a false 
alarm, but it can also happen that it will be the discovery 
of an important truth”.

Similar conclusions may be reached when reading 
the work: Research into maximal muscle torque carried 

out in students of the Silesian University of Technology. 
While exploring the effect of body composition of 
students of the Silesian University of Technology on 
maximal muscle torques in the joints of the elbows and 
knees the authors proved that the methods used in bio-
mechanics can also be used to assess physical abili-
ties. Reliability of the evaluation of body composition by 
electrical impedance, not only for the whole body, but 
also for its individual parts (trunk, legs), appears to be, 
at least, satisfactory.

For a long time now, the authors of: The result de-
terminants in children’s and teenagers’ fl y-throws in 
terms of dynamic asymmetry have been dealing with 
the issue of optimization of teaching motor skills in 
athletic training. This time, they paid close attention to 
the problem of factors, in the form of throw-exercises 
and fi tness tests, aiding the improvement of teaching 
fl y-throwing and infl uencing performance improvement, 
taking into account activities performed using the non-
dominant limb.

At the end of the series of articles we recom-
mend the article entitled: Viability of using the Analytic 
Hierarchy Process for optimizing the training system 
in sports based on the MMKS Podhale Nowy Targ Ice 
Hockey Club. The reader may fi nd it to be an interesting 
attempt to use the Analytic Hierarchy of multi-Process 
(AHP) in optimizing the model of the ice-hockey training 
system for children and the youth.

I hope that all who wish to study the whole 64th 
Anthropomotorics issue will not be disappointed and 
will uphold my opinion. As usual, I send my regards 
from the royal-capital city of Krakow and send the best 
Christmas wishes for the upcoming holiday season, full 
of rest with a copy of Anthropomotorics in hand. In the 
New Year 2014, I count on continued fruitful coopera-
tion and interest in what great results the joint collabo-
ration between Cracow-Wroclaw done for the sake of 
physical culture are achieved.

   Editor in Chief of Anthropomotorics 
 
   Edward Mleczko
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 INFORMATION  FOR  THE  AUTHORS

1. “Kinesiology” (“Antropomotoryka”) is an offi cial scientifi c 
quarterly of the International Association of Sport Kinetics 
– IASK, pub lished at the University School of Physical Edu-
cation, Cracow, Poland  under the auspices of the Committee 
Rehabilitation, Physical Education and Social Integration the 
Polish Acad emy of Sciences.

 The magazine presents the results of original re search work 
and experiments in the fi eld of human mo to r icity and re lated 
sciences. It also publishes review ar ticles, opinion ar ticles and 
discussion of scientists evalu ating the current situation and 
perspectives of sci en tifi c de vel opment of human motoricity.

2. Materials for publication (one copy of computer printouts) 
should be sent together with the compact disc at the following 
address: Redakcja “Antropomotoryki”, Akademia Wychowa-
nia Fizycznego, al. Jana Pawła II 78, 31-571 Kraków, tel. 
12 683 12 78, tel/fax 12 683 10 76 or at the e-mail address: 
antropomotoryka@awf.krakow.pl.

3. General conditions:
• Upon submitting a paper to be published the Author 

(Authors) trans fers copyright to the Publishing House of  
the “Antro po mo to ryka”. The works qualifi ed for pub li cation 
become therefore the prop erty of  the Publishing  House 
of the “Antro po mo to ryka”  and cannot be published in 
extenso or in fragments in other pe ri odi cals or other media 
without the written per mission of the Publisher. The work 
submitted for publication in the “Antro po mo to ryka” cannot 
be submitted for pub li cation ear lier on or simultaneously 
in any other pe ri odical. The  Author is required to make 
a written statement to this effect. If the work in cludes any 
fi gures, tables, etc. which  have al ready been published 
elsewhere, the Author is obliged to obtain a written per-
mission for re printing.

• “Antropomotoryka” accepts demonstrative, origi nal, 
experimental, and historical  papers, in for mation about 
conferences, reports from con gresses and  con ferences 
on human motoricity, short summa ries of works pub-
lished in foreign pe ri odi cals and book re views on human 
motoricity. Origi nal works are accepted in En glish.

• The works of  particular sci en tifi c value sub mitted and 
accepted for pub li cation earlier on in a for eign sci en-

tifi c periodical can also be submitted for publication in 
the “Antro po mo to ryka”, however, on condition that the 
Author ob tains a permission from the publisher of the 
pe ri odical.

• All papers should be no longer than 22 pages with 1800 
letters per page (i.e. 30 lines 60 points each). They should 
be in double-spaced or 1,5 spaced typewriting on one 
side of the paper only.

4. Rules of constructing the work:
• The accompanying letter should contain both home and 

offi ce addresses and the information at which address to 
send the correspondence. 

• Empirical works should contain the following in for mation: 
title, name(s) of the author(s), key words in Polish and in 
English,  brief summary in Polish, summary in English 
(as mentioned above), in tro duction, ma terial, methods, 
results and dis cussion, con clusions and bib li og ra phy.

• The number of key words should be from 3 to 15.
• The summary has to contain: the purpose of the work, 

material, methods, results and con clusions.
• The fi rst page should contain the information in the 

following order: title, name(s) of the author(s), scientifi c 
degree(s) of the author(s) and the pro fessional affi liation, 
including the address, key words, brief summary in Polish 
and in English. The summary should not contain less than 
200 and no more than 250 words.

• The reference materials should be listed on a sepa rate 
sheet of paper. Only the aterials the Author refers to in 
the text may be included. They should be num bered using 
Arabic numerals and placed in the order they are quoted 
in the work (not in the alphabetic order). Each item of the 
reference materials should be written in a new verse. 
The surname(s) of the author(s) of the quoted work 
should be followed by the initials of their fi rst name(s), 
then the original title of the maga zine where the work 
was published should be given. The abbre viation of 
the title of a magazine should be taken from the Index 
Medicus (or In ter na tional Committee of Medical Journal 
Editors: Uni form Re quirements for manu scripts submit-
ted in bio medical jour nals. N Engl J Med 1997; 336, 
309–315).
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Examples:
a) works printed in magazines: 

• Casella R, Bubendorf L, Sauter G, Moch H, 
Michatsch MJ, Gasser TC: Focal neu roen do crine 
differentiation lacks prognostics sig nifi  cance in 
prostate core needle biopsies. J Urol, 1998; 160: 
406–410.

b) monographs:
• Matthews DE, Farewell VT: Using and Un der-

standing Medical Statistics, ed 3, re vised. Basel, 
Karger, 1966.

c) chapters in textbooks:
• Parren PWHI, Burton DR: Antibodies against 

HIV-1 from phage display libraries; Mapping of an 
immune response and progress towards antiviral 
immu no therapy; in Capra JD (ed.): An ti body En-
gineering, Chem. Immunol. Basel, Karger, 1997, 
65: 18–56.

• Kokot F: Fizjologia nerek; w. Zieliński J, Leń ko J 
(eds): Urologia, War sza wa, PZWL, 1992, 1: 9–20.

 All the illustrations have to be of high quality. Graphic 
material should be submitted on white sheets of pa per. 
Copies of photographs and pho to graphs should be sub-
mitted on glossy paper. The con secutive num ber of the 
photograph should be written with a soft pencil on the back 
side of each photograph as well as an arrow marking its 
top edge. Only black and white pictures are printed. Scales 
and pictures should be placed on separate pages and 
numbered with Arabic numerals. The  headings, descrip-
tions and suscriptions under the pictures and above the 
scales should be written in Polish and English. 

 Example in Polish: 
 Tabela 1., Ryc. 1., Objaśnienia, Chłopcy
  Example in English: 
 Table 1., Fig. 1., Commentary, Boys
 Please, use round pa ren the ses. Physical or chemical 

for mu lae should be written clearly. This re fers par ticu larly 
to in di ces and ex po nents.

  The article can be written using the editor of MS Word 
6.0 to 2007 or Open Offi ce, preferably DOC or RTF for-
mat. Illustrations and tables should be packed in sepa rate 
fi les and, on the printouts, the place where they are to be 
included should be marked in pencil. The graphs made in 
black. It is permissible to use gray tints with various shades 
of intensity and texture. While typing the descriptions uni-
form char ac ter we kindly ask used due to  esthetic reasons, 
e.g., arial. Bold print, italics, etc., should be limited to the 
nec essary mini mum. While scanning the illus trations, the 
dis tri bution should be at least 300 dpi. Black and white 
illustrations (line art) should be sent in TIFF for mat and 
pictures (gray) – in TIFF or JPEG format (at the low degree 
of com pression, up to 10%). All the fi les should be packed 
using RAR or ZIP. After copying them on CD it is necessary 
to check if all the fi les are copied. 

 The reference materials should be given in the order of 
quotation.
[1]  Żekoński Z, Wolański N: Warunki społeczno-by to we 

jako czynniki rozwoju człowieka w Wo lań ski N (red.): 
Czynniki rozwoju człowieka. War sza wa, PWN, 1987, 
68–88.

[2]  Malarecki I: Zarys fi zjologii wysiłku i treningu spor to we-
go. Warszawa, Sport i Turystyka, 1975.

[3]  Bouchard C, Malina RM: Genetics of phy sio lo gi cal 
fi t ness and motor performance. Exerc. Sport. Sc. Rev. 
1983; 11: 112–115.

[4]  Szopa J: W poszukiwaniu struktury mo to rycz no ści: 
ana li za czynnikowa cech somatycznych, funk cjo nal-
nych i prób spraw no ści fi zycznej u dziewcząt i chłop-
ców w wie ku 8–19 lat. Wyd. Monografi czne, Kraków, 
AWF, 1983; 35.

  While quoting the reference materials in the text, only squ-
are parentheses with the number of the quoted item in Arabic 
numerals should be given. When qu oting two or more works 
the square parentheses sho uld con ta in the chronological 
or der of their pu bli ca tion.

5. Editors’ remarks
• All the materials are evaluated and anonymously re-

viewed.
• The reviewers’ opinion is passed on to the Author by the 

editor.
• The proof copy of the article will be emailed to the Author 

as a PDF fi le. When the necessary corrections are made 
and the article is approved of by the Author, it should 
be emailed back within 10 days to the editorial board of 
“Antropomotoryka – Kinesiology”. A delay in sending back 
the article may postpone its printing till the next issue of 
the magazine.

• The Publisher of  “Antropomotoryka – Kinesiology” reserves 
the right to do stylistic revisions as well as the possible right 
to correct nomenclature and to shorten texts. 

• The article (with a written statement – see: General condi-
tions) should be sent with a cover letter signed by a senior 
reasercher, who is responsible for the content of the of the 
article.

• The Author gets a free copy of “Antropomotoryka – Kine-
siology” in PDF format. The magazine in book form can 
be ordered on condition of payment at the e-mail address: 
joanna.stepien@awf.krakow.pl when the corrected proof 
copy is returned.

• Current copies of Antropomotoryka and those from the fi les 
can be ordered on condition of payment from Kra kowska 
Księgarnia Kultury Fizycznej, al. Jana Pawła II 78, 31-571 
Kraków, tel/fax (012) 681 36 22.

• Summaries in Polish and English can be found at the 
following Internet addresses: www.awf.krakow.pl; link: 
wydawnictwa, czasopisma, antropomotoryka, and www.
journals.indexcopernicus.com.
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LONG-TERM CHANGE TENDENCIES 
IN CORRELATIONS BETWEEN MENTAL, PHYSICAL, 
AND MOTOR DEVELOPMENT IN CHILDREN AGED 
4–14 YEARS FROM DIFFERENT AGGLOMERATIONS 

IN THE MAŁOPOLSKA PROVINCE

Edward Mleczko*,  Joanna Gradek**, Renata Nieroda***, Janusz Zdebski****

**** Prof., Faculty of Physical Education and Sport, University School of Physical Education in Kraków,
**** PhD, Faculty of Physical Education and Sport, University School of Physical Education in Kraków,
**** MSc, Faculty of Physical Education and Sport, University School of Physical Education in Kraków,
**** Prof., Faculty of Physical Education and Tourism, Holy Cross University in Kielce.

Key words: children aged 4–14 years, Małopolska Province, mental, physical, and motor develop-
ment, long-term change tendencies, Lynn-Flynn effect

Abstract

Aim of the study. The aim of this study was to assess the scope and direction of long-term change tenden-
cies in indicators of mental, physical, and motor development, and to assess the correlation between the level 
of non-verbal intelligence and indicators of physical development and between the level of non-verbal intel-
ligence and selected components of physical fitness (measured according to under the health-related fitness 
convention) among children aged 4–14 years from different social backgrounds in the Małopolska Province.

Material. Observed was the level of motor, somatic, and mental development among girls and boys aged 
4–14 years between 2005 and 2010 in three different-sized agglomerations in the Małopolska Province: the city 
of Kraków, the village of Barcice, and the town of Sławków. A total of 1429 children were assessed, including 202 
girls and 217 boys from Barcice, 221 girls and 199 boys from Sławków, and 274 girls and 316 boys from Kraków. 

Methodology. In accordance with the aim of the study, selected indicators of somatic, motor, and mental 
development among children were compared to the corresponding data for 1975–1980 from the same ag-
glomerations.

Results. The level of physical, motor, and mental development among children from the Małopolska Prov-
ince in the 21st century indicates that during the period of political transformations, beneficial changes in the 
children’s biological and mental development conditions occurred only in villages and towns. In the first decade 
of the 21st century, the place of residence had a lesser effect on physical, mental, and motor development 
than in the last decades of the 20th century. At the turn of the 21th century, beneficial changes occurred in 
the adjustment of non-verbal intelligence development to the rate of biological development in children. The 
Flynn effect n the Małopolska Province seemed to occur only in towns and only to a limited extent. The scope 
and direction of long-term change tendencies in the mental conditions of the motor potential among children 
from the Małopolska Province indicate a need to improve the efficiency of realizing educational aims, i.e, the 
conscious shaping of the need to participate in various forms of physical culture and improve one’s motor 
abilities that constitute components of Health-Related Fitness (H-RF). 
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 SUMMARY    

Intoduction into the research subject 

Numerous contemporary Polish and foreign studies 
[1–15], some of which meet meta-analysis criteria [11], 
have been published that address intergenerational 

changes in the development of biological traits, alter-
natively referred to as long-term change tendencies or 
secular variation. This indicates that the subject has 
a rich and long-standing tradition in scientifi c research. 
Polish authors have made a valuable contribution (re-
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ferred to as “the fl agship of Polish anthropology” [5]) 
to research on physical anthropology by developing 
a method for assessing secular variation in physical 
development in respect to changes that occur in so-
cial gradients over time [2–5, 8, 11]. Another unique, 
international-level achievement of Polish anthropol-
ogy is the assessment of intergenerational variation in 
physical fi tness indicators [10, 14–20], especially those 
components of physical fi tness that are regarded posi-
tive measures of health [18].

To date, the tradition of assessing long-term change 
tendencies in intellectual development among persons 
from different social backgrounds, popular since the 
1980s, has not attracted the interest of Polish research-
ers. This may be due to the fact that from the perspec-
tive of physical anthropology, mental development is 
not part of biological development [20]. It seems that 
Polish research may still be affected by the method-
ological approach to interpreting and assessing human 
mental health on the part of some branches of psychol-
ogy, even though the approach is becoming less and 
less popular [21, 22]. 

Toward the end of the 20th century, American 
academic James Robert (Jim) Flynn, now Emeritus 
Professor of Political Studies at the University of Otago 
in Dunedin, New Zealand, drew attention to certain 
evidence for the viability of assessing intergenerational 
variation in intelligence. Flynn confi rmed in his work The 
Mean IQ of Americans: Massive Gains 1932 to 1978 
[23] a linear, monotonic increase in IQ of 3 points per 
decade (about 0.3 points per year on average) based 
on a comparative analysis of the results obtained in 
13,000 tests conducted from the beginning of the 20th 
century in 24 countries. Studies usually term this effect 
the Flynn Effect [24-26].

It should be noted that studies conducted among 
children in some populations reported long-term 
changes in IQ even earlier. However, no important con-
clusions were drawn from the observed phenomenon. 
R.L. Thorndike, among others, noticed in 1975 an im-
provement in the results of Stanford-Binet intelligence 
tests conducted among children [27]. Prior to Flynn’s 
fi ndings, Richard Lynn published an article in Nature 
[28] in which he described the occurrence of secular 
variation in intelligence based on a comparative analy-
sis of results obtained among Asian and American 
population. Consequently, studies sometimes refer to 
the phenomenon using a longer term, the Lynn-Flynn 
effect, indicating that two researchers discovered the 
same phenomenon in different populations [29, 30].

The non-verbal intelligence assessment using 
Raven’s test among Polish children aged 4–14 years 
from three different-sized agglomerations in the 
Małopolska Province: the city of Kraków, the village 
of Barcice, and the town of Sławków [19], conducted 
between 1975 and 1980 and repeated 30 years later 
between 2005 and 2010 [20], may indicate that a simi-
lar tendency occurred in Poland, albeit to a lesser ex-
tent. Analysis of the obtained results indicates that the 
arithmetic means of non-verbal intelligence and biologi-
cal development indicators may have slightly improved 
among boys and girls from the town and the village, 
while non-verbal intelligence and physical development 
indicators may have stabilized or decreased among 
children from the city. Polish studies have indicated 
the possibility of biological development decelerating 
only among children born in the 1980s, i.e., during an 
economic crisis that accompanied the political trans-
formations [4]. In Europe, the deceleration of physical 
development has been confi rmed in rich Scandinavian 
countries [9, 11]. This deceleration is the result of using 
the full potential for biological development due to an 
improvement in the quality of life. It seems interesting 
that the same phenomenon has been confi rmed in the 
latest assessments of secular variation in intelligence, 
for instance, in Norway [31].

However, researchers have been observing posi-
tive long-term changes in intelligence in long and short 
periods since the beginning of 1980s. These changes 
are understood to confi rm the aforementioned Lynn-
Flynn effect. In the USA, average IQ increased by 
13.8 points between 1932 and 1978, i.e., by about 0.33 
points per year [32]. This tendency continued at least 
until the mid-1990s [33]. An even greater increase in 
IQ was observed in other countries. In Great Britain, 
for instance, IQ increased by 27 points between 1942 
and 1992 [34]. An improvement in IQ was also found 
within shorter periods and not only in developed coun-
tries. Quoting all relevant publications would be diffi -
cult; by necessity, only the following review publications 
will be suggested for reading here: Lynn [28]; Ang et 
al. [30]; Lynn and Hampson [35]; Flynn [36]; Taesdale 
and Owen [37]; Colom, Pueyro, and Jouan-Espinosa 
[38]; Taesdale and Owen [39]; Colom, Juan-Espinosa, 
and Garci [40]; Dickens and Flynn [41]; Daley et al. [42]; 
Sundet et al. [43]; and Rodgers and Wänström [44].

This study may provide information on tendencies 
related to non-verbal intelligence among pre-school 
and school-aged children during three decades of dra-
matic political transformations in an Eastern European 
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country with respect to the children’s biological develop-
ment indicators and taking into account regional, social, 
cultural, and educational characteristics of their place 
of residence. Furthermore, by extending the analysis 
of the obtained results to include the secular variation 
of the correlation between mental, physical, and motor 
development indicators among the studied children, the 
study will provide information on the environmental and 
biological factors that affect the development of Polish 
children during a stage of intense mental and physical 
maturation within two important periods of Polish histo-
ry, i.e., the ending stages of well-established socialism 
and the beginning stages of a free market economy. 
This aspect of long-term change tendencies has no ref-
erence point in Polish or foreign literature.

In Poland, apart from an analysis of an assess-
ment conducted among children from the Małopolska 
Province [20], studies only focused on determining 
correlations between the level of non-verbal intelli-
gence measured using the Raven test and biological 
(somatic, functional, and motor) development accord-
ing to age, forms of physical activity [45-50], and char-
acteristics of the sociocultural environment [19, 51, 
52]. Some of these studies did not take into account 
the division into sexes [19] based on the assumption 
that the Raven test would eliminate sex-based varia-
tion of results during a period of children’s progressive 
development at a given chronological age. Studies 
conducted in the fi nal decades of the 20th century 
in the Małopolska Province [45-52] did not attempt 
to interpret the observed auxological phenomenon, 
apart from stating a lack of correlation between men-
tal and biological development indicators. The lack of 
attempts must have most certainly been due to objec-
tive reasons. Searching for relationships between the 
causes of mental and biological processes is unjusti-
fi ed. These areas do not affect each other and are 
stimulated by different genetic and environmental fac-
tors. Basing the interpretation of such correlations on 
the anthropological approach allows one to indicate 
several reasons for the existing situation. 

Firstly, taking into account the diffi culty of solving 
motor tasks in simple motor tests, it should be assumed 
that the older and the more intelligent a child is, the less 
important intelligence is in performing automated motor 
actions [53, 54]. Thus, correlations between the level of 
intellectual development and the increasing ease with 
which a child performs tasks during motor tests may be 
weak if the child’s motor abilities will not be appropri-
ately stimulated though physical activity.

Secondly, taking into account the aforementioned 
assumption and the effectiveness of realizing the statu-
tory aims of physical education, it can be pointed out 
that children need to learn to care about their own bod-
ies, e.g., by increasing their physical fi tness through 
motor exercises. One may expect that if children’s in-
telligence is properly applied to achieve the statutory 
aims of physical education, intelligent children should 
be more aware of the need to maintain physical activity 
and would, therefore, achieve higher levels of motor fi t-
ness abilities. The American approach considers some 
of these abilities to be components of physical fi tness 
under the H-RF convention [55], while Polish anthropol-
ogy considers them to positive measures of health [18]. 
Thus, an assumption can be made that the correlation 
between non-verbal intelligence and motor fi tness in-
dicators will constitute a measure of the associative 
relations between the dependent and the independent 
variable. If so, then the results of motor test will not only 
constitute a physical indicator, but, fi rst and foremost, 
a measure of the attainment of the desired pedagogical 
effects within school physical education and of a har-
monious mental and biological development that takes 
place through ontogeny in particular environmental 
conditions. The development can also be strengthened 
be the aforementioned ability to perform tasks in more 
diffi cult motor tests on the part of children with a higher 
level of non-verbal intelligence, especially in terms of 
the g factor [30]. Setting aside the genetic background 
and trainability, which are diffi cult to assess, this as-
sumption must lead to the conclusion that when physi-
cal education proceeds correctly, there should occur 
a stronger correlation between the level of mental and 
motor development among more intelligent children. A 
lack of such a correlation may indicate a low effi ciency 
of educational infl uence in terms of applying students’ 
intellectual potential to stimulate motor development. 

Thirdly, the similarity between the developmental 
dynamics of somatic traits and non-verbal intelligence 
[20] during the progressive period of child ontogeny 
supports the claim that achieving a harmonious devel-
opment of somatic traits and non-verbal intelligence 
should be considered the desired state. The existence 
of such a state would confi rm a high level of correlation 
between the indicators of biological and mental devel-
opment. Therefore, the assumption that the same fac-
tors that are responsible for the Lynn-Flynn effect may 
benefi t achieving this state seems justifi ed.

Unfortunately, such factors are diffi cult to identify in 
a defi nite manner. The currently most popular theory 
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states that different sociocultural factors in the 20th 
and 21st centuries infl uence phenotypic variability 
of intelligence. Among such factors, literature most 
frequently mentions the spread of fi lms, television, 
video games, and computers [56], urbanization [57, 
58], improved access to education [58], changes 
in the educational system [58], accessibility of pre-
school education [59], introduction of new mathemat-
ics curricula [60], improvement in teacher training, 
increased share of higher education, increased bud-
getary spending on education [56, 58], and changes 
in the children raising patterns [58]. Studies also 
aimed to prove that the Flynn effect may be related 
to the number of offspring and the amount of income 
in the family [61] and to parental education [62, 63]. 
Researchers also frequently suggested that the phe-
nomenon in question correlates with the quality of nu-
trition [64–68] and the improvement in medical care 
[69]. Furthermore, some proposals stated that the 
phenomenon is caused by genetic factors [70–73] or 
simply by an artifact [74–77].

In this context, A. R. Jensen’s theory [78], which 
considers the Flynn effect a multi-factor phenomenon, 
seems interesting. The theory means that different, 
often minuscule, factors may affect the rate and direc-
tion of long-term change tendencies in intelligence, 
depending on the situation. So far, the interesting 
(and justifi ed) proposal by American anthropologist 
Richard D. Fuerle [79] that correlates the phenom-
enon in question with an accelerated development 
of children in subsequent generations, has not been 
popular. Both of the latter hypotheses are interesting 
and worth investigating for not only theoretical, but 
practical reasons as well. 

A review of studies motivated the authors of this ar-
ticle to investigate the direction and scope of long-term 
changes that occurred during the political transforma-
tions period in Poland in children’s intellectual potential 
as part of their biological development and to determine 
some of the conditions required for a harmonious men-
tal and biological development in boys and girls aged 
4–14 years from the Małopolska Province.

Aim of the study 

The aim of this study is to assess the scope of long-
term change tendencies in the indicators of mental, 
physical, and motor development and the correlation 
between the level of non-verbal intelligence and physi-
cal development indicators and between the level of 

non-verbal intelligence and selected components of 
physical fi tness under the H-RF convention among 
kindergarten – and school-aged children from different 
social backgrounds.

Research hypotheses:

1. Regardless of the direction of long-term change 
trends in mental and physical development indica-
tors among children, the strength of correlations be-
tween these indicators may increase due to a fuller 
use of intellectual potential among a generation that 
develops during a period of extraordinary techno-
logical advancement, alternatively termed a scien-
tifi c and technological revolution. 

2. Assuming that the increase in the intellectualization 
of school physical education in the subsequent legal 
modifi cations to the Polish educational systems lead 
to students becoming more aware that they should 
care about their bodies and improve their physical 
fi tness throughout their entire lives, it can be expect-
ed that children in the 21st century will show posi-
tive, long-term changes in the strength of correlation 
between their intellectual and motor potentials. 

Methodology

1. Sample size 

Observations of the level of motor, somatic, and mental 
development among boys and girls aged 4–14 years 
were conducted between 2005 and 2010 in three differ-
ent-sized agglomerations in the Małopolska Province: 
the city of Kraków, the village of Barcice, and the town 
of Sławków. A total of 1429 children were assessed, 
including 274 girls and 316 boys from Kraków, 202 girls 
and 217 boys from Barcice, and 221 girls and 199 boys 
from Sławków. 

2. Methods, techniques, and tools

In accordance with the study aim, a comparative analy-
sis between the results from this study and from the 
assessment conducted between 1975 and 1980 in the 
same agglomerations [19] was performed. To perform 
the analysis, the same methodology as in the previous 
assessment had to be used. This article uses only part 
of the obtained results, i.e., only the basic indicators of 
biological, mental, and motor development are investi-
gated, such as: 
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1. body height (measured in the Frankfurt plane using 
an anthropometer) 

2. strength abilities of arms and legs (throwing a medi-
cine ball forward from above the head and a long 
jump from both feet) [80] 

3. speed abilities (a 30-meter run) [80]
4. non-verbal intelligence measured using two ver-

sions of Raven’s Progressive Matrices: Color 
Progressive Matrices (CPM) for children aged 4–7 
years [81] and Raven’s Progressive Matrices (black-
and-white version) for children aged 8–14 years 
[82]. 

Methods of data analysis: 

1. After testing the obtained results pertaining to mo-
tor traits and abilities for normalcy of distribution 
using the Kolmogorov–Smirnov test, the values 
of the arithmetic mean (x) and standard deviation 
(SD) were calculated according to age (4–14 years), 
sex, and place of residence (Barcice, Kraków and 
Sławków) of study participants;

2. Values of the arithmetic mean for intelligence and 
body height were calculated without taking sex into 

account in order to compare the results obtained in 
this 2005–2010 assessment to those obtained by 
the reference assessment conducted 30 years ear-
lier [19]; 

3. A general indicator of motor fi tness was calculat-
ed based on normalized results of motor abilities 
(strength and agility abilities) measurement;

4. The results of non-verbal intelligence measurement 
using Raven’s Matrices were correlated with body 
height and strength abilities of study participants 
according to age (7–14 years), sex, and place of 
residence. 

Results

1.  Changes in the level of non-verbal intelligence 
measured using Raven’s Matrices and of body 
height between the ages of 4 and 14 years 
among children from the Małopolska Province 
in the first (1975–1980) and second (2005–2010) 
assessments
Figures 1 and 2 and Tables I and II show the results 

of non-verbal intelligence measurements using Raven’s 
Matrices and of body height measurements among chil-

Fig. 1. Changes in body height among the studied children from three agglomerations in the Małopolska Province according to age
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dren from the Małopolska Province conducted between 
1975 and 1980 and between 2005 and 2010. Changes 
in these two parameters clearly indicate the occurrence 
of the progressive development period between the 
ages of 4 and 14 years. Furthermore, a comparative 
analysis of the differences in the developmental kinet-
ics of these two parameters indicated a tendency in the 
second assessment series (2005–2010) for differences 
in the physical and mental development to diminish 
between children from agglomerations with different 
urbanization, i.e, the village of Barcice, the town of 
Sławków, and the city of Kraków. 

The progressive decrease in body height and non-
verbal intelligence development among children from 
Kraków in the second assessment series can be con-
sidered a characteristic trait of the observed long-term 
change tendencies. A typical tendency for long-term 
benefi cial changes to occur in somatic and motor de-
velopment was found only in children from Barcice and 
Sławków (Tables I and II, Figures 1 and 2). A similar ten-
dency was found in another study [20]. Consequently, 
the Lynn-Flynn effect may have occurred (to a limited 
extent) only in some social backgrounds of children 
from the Małopolska Province. 

2.  Correlations between body height development 
and non-verbal intelligence measured using 
Raven’s Matrices in the first and second 
assessment series

This article presents the correlation mentioned 
in the heading of this subsection and in the research 
hypothesis in several stages. A similar presentation 
method was used for somatic and non-verbal intel-
ligence measurements (using Raven’s Matrices) [19] 
from the fi rst and second assessment series. The re-
sults of the second assessment series (2005–2010) 
provided information on the long-term change ten-
dencies for correlations to increase between indica-
tors of biological development (body height) and men-
tal development (level of intelligence obtained using 
Raven’s Matrices) according to such taxonomic crite-
ria as the general tendency among study participants 
and according to more specifi c criteria, such as sex, 
place of residence (Kraków, Sławków and Barcice), 
chronological age (7–14 years), and age group (4–7, 
7–11 and 11–14 years). Under the assumed study aim, 
the analysis was to indicate the scope and direction 
of changes that occurred within 30 years in the cor-

10

20

30

40

50

4 5 6 7 8 9 10 11 12 13 14

Age

R
av

en
's

 te
st

Barcice 1975–1980 Barcice 2005–2010 S awków 1975–1980

S awków 2005–2010 Kraków 1975–1980 Kraków 2005–2010
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relation between biological and mental development 
during the ontogeny period among children from the 
Małopolska Province. 

– Correlations during the ontogeny period among children 
aged 4–14 years according to sex, chronological age, 
age group, and place of residence 

Table III and Figure 3 show the coeffi cients of linear 
correlation between body height and the level of non-
verbal intelligence measured using Raven’s Matrices 
among study participants. The values of these param-
eters in the second series (2005–2010) indicate a clear 
tendency for the correlation between the somatic de-
velopment indicator and the level of non-verbal intel-
ligence to increase according to sex, age group (except 
for children aged 4–7 years), and place of residence. 
The increase in the correlation during the entire period 
of ontogeny was considerable among both sexes (rxy 

= .8). Therefore, it can be proposed that a signifi cant 
correlation occurred in the second series between the 
levels of mental and somatic development. In addition, 
the changes in this correlation (rxy = .4–.5) among each 

age group (4–7, 7–11, and 11–14 years) lie within the 
range of a major correlation, as defi ned by Guilford’s 
classifi cation. 

It should also be noted that in the fi rst assess-
ment series (1975–1980), the strength of correla-
tions between the indicators of biological and mental 
development was extremely low, especially among 
older children (11–14 years) and among children from 
Kraków. 

– Correlations according to sex and age group 

A more detailed comparative analysis of long-term 
change tendencies in the strength of correlation be-
tween the biological and mental development indica-
tors found that correlation coeffi cients showed a lower 
variation in the second assessment series among boys 
and girls aged 4–14 years than in the fi rst series. Note 
the characteristic tendency for the strength of correla-
tion to decrease among between the ages of 11 and 
14 years (Figure 4, Table IV). This tendency may have 
been caused by an uneven rate at which the children 
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entered the intense period of biological and mental 
maturation and by their mental development taking 
place later than their extremely fast biological develop-
ment during the aforementioned ontogeny period. It is 
worth underlining that this tendency was clearer among 
boys than among girls (Table IV).

– Correlations according to sex and place 
of residence

As has been stated earlier, boys as well as girls from 
three different agglomerations in the Małopolska 
Province showed a very strong correlation (rxy = .8) 
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Fig. 5. Coefficients of correlation between the level of non-verbal intelligence and body height in the first and second assessment 
series according to sex and place of residence (city, town, and village) of study participants

-0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

K
ra

kó
w

S
aw

kó
w

B
ar

ci
ce

Boys 1975–1980 Boys 2005–2010 Girls 1975–1980
Girls 2005–2010 Boys and girls 1975–1980 Boys and girls 2005–2010



– 19 –

Long-term change tendencies in correlations between mental, physical, and motor development in children...

between the level of non-verbal intelligence and body 
height in the second assessment series (Figure 5, Table 
V). It can, therefore, be proposed that the sociocultural 
status of the place of residence did not hamper men-
tal development during biological development among 
boys and girls from the Małopolska Province during the 
studied ontogeny period. 

– Correlations according to age group and place 
of residence 

The aforementioned increase in the correlation be-
tween physical and mental development among 
children from different social backgrounds can be 
explained by the obtained coeffi cients of correlation 
between body height and the level of non-verbal in-
telligence (rxy = .4–.5), calculated for each age group 
(4–7, 7–11, and 11–14 years) among children who in the 
fi rst decade of the 21st century lived in three agglom-
erations in the Małopolska Province: a village, a town, 
or a city (Figure 6, Table VI). Except for the youngest 
group, the strength of correlations in the second as-
sessment series (2005–2010) was greater than in the 
fi rst series (1975–1980) and constituted a moderate 

correlation (rxy = .4–.5) that was nonetheless signifi cant. 
The analyzed variability of correlation during the three 
main ontogeny periods showed that with age, children 
from all social backgrounds displayed a slight progres-
sive decrease in correlations between biological and 
mental development. The reference group (1975–1980) 
did not show any clear change tendencies in the (very 
weak) correlation between body height and the level of 
non-verbal intelligence. 

3.  Changes in motor fitness abilities between 
the ages of 7 and 14 years among children from 
the Małopolska Province in the first (1975–1980) 
and second (2005–2010) assessment series

Table VII and Figures 7 and 8 show the level of motor 
fi tness abilities (arm strength in the throwing the medi-
cine ball test and explosive power of legs, i.e., jumping 
ability, in the long jump from both legs test) in the fi rst 
(1975–1980) and second (2005–2010) assessment se-
ries among children from three agglomerations in the 
Małopolska Province in relation to the results of the 
Raven test. A comparison of the presented results with 

Fig. 6. Coefficients of linear correlation between body height and the level of non-verbal intelligence in the first and second assessment 
series according to age group and place of residence of study participants 
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Fig. 7. Changes in motor fitness abilities and the level of non-verbal intelligence measured using Raven’s test among boys from three 
agglomerations in the Małopolska Province according to age
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the changes in body height among children aged 4–14 
years from the Małopolska Province (Tables I and II, 
Figures 1 and 2) leads to the conclusion that somatic, 

mental, and motor development indicators show similar 
ontogenetic variability regardless of sex, age group, or 
place of residence. A clear tendency was noted in the 
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second series for differences in motor fi tness abilities 
residence to decrease between children from different 
agglomerations (a village, a town, and a city). 

4.  Correlations between the level of non-verbal 
intelligence measured using Raven’s test 
and the general fitness indicator in two 
assessment series among children from the 
Małopolska Province

For the purposes of the analysis of long-term change 
tendencies in correlations between mental and mo-
tor development, it was assumed that, in accordance 
with the methodology used in the fi rst assessment 
series (1975–1980), the results of Raven’s test would 
constitute the mental development indicator and the 
general fi tness indicator would constitute the motor 
development indicator. As described in the Methods, 
techniques, and tools subsection, the general fi tness 
indicator was based on normalized values of the fol-
lowing three fi tness abilities: arm strength (throwing 
a medicine ball test), explosive power of legs, i.e., jump-
ing ability (long jump from both feet test), and speed 
capacity (30-m run test). 

This article will present long-term change tenden-
cies in the correlation between non-verbal intelligence 

and the motor fi tness indicator in several subsections, 
as was the case for the comparative analysis of the co-
effi cients of correlation between body height and intel-
ligence, using the same classifi cation of the obtained 
results as in Chapter 2.

– Correlations between the non-verbal intelligence 
and  otor fitness indicators during the entire observation 
period and according to sex, age group, and place 
of residence 

Data in Table VIII and Figures 9 and 10 lead to the con-
clusion that in the second assessment series (2005–
2010), study participants from the three agglomerations 
in the Małopolska Province showed a slight increase in 
the weak positive correlation between the non-verbal 
intelligence and motor fi tness indicators during the en-
tire observation period (between the ages of 7 and 14 
years). The correlation coeffi cient (rxy = .2) correspond-
ed to a weak correlation in the fi rst assessment series 
and to a modest correlation (rxy = .3) in the second se-
ries. Boys displayed higher correlation coeffi cients than 
girls in both series. A characteristic decrease (almost 
to zero) in strength of correlation (rxy = .05) between the 
levels of somatic and mental development was found 
among the 11–14 years age group in the second series 
(Table VIII, Figure 10). 

Fig. 9. Coefficients of correlation between mental and motor development in the first assessment series (1975–1980) according to 
sex and age group of study participants
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Such a tendency was not found in the earlier series. 
On the contrary, the same age group in the fi rst series 
displayed the strongest correlation between the level 
of non-verbal intelligence and motor fi tness (Table VIII, 
Figure 9).

– Correlations according to age group and sex

Changes in correlation coeffi cients (Table VIII, 
Figures 9 and 10), calculated for the two assessment 
series, indicate that sex had a varying effect on the 
changes in the strength of correlation between mental 
development and motor fi tness among children aged 
7–14 years. The strength of correlation in the fi rst se-
ries varied. Among younger children, boys showed 
higher correlation coeffi cients, while among older 
children, girls showed higher correlation coeffi cients. 
The second assessment series involved a steady ten-
dency for the correlations between mental and motor 
development indicators to increase among boys aged 
7–14 years. In addition, the correlation between motor 
development and non-verbal intelligence among boys 
aged 11–14 years remained strong during a period 
that in the second series involved a decrease in such 
correlations.

– Correlations according to age group and place of 
residence

Taking into account the infl uence of social background 
on the secular variation in the strength and direction of 
the correlation between motor fi tness and intelligence 
indicators among children from Kraków, Sławków and 
Barcice (Figures 11 and 12, Table IX), one may state 
that the correlation increased for all social backgrounds 
(a city, a town, and a village) in the second assess-
ment series (2005–2010). Such a tendency was the 
strongest among children from Kraków (rxy = .4) and the 
weakest among children from Barcice (rxy = .2). A very 
clear decrease in the correlation occurred during the 
ages of 11 and 14 years among children from all social 
backgrounds. The fact that very low correlation coef-
fi cients were observed makes it diffi cult to interpret the 
slight decrease in the correlation among boys. It seems 
that in the second series for the 7–11 years age group, 
the strength of correlation between physical fi tness and 
intelligence may have been the only factor affecting the 
general indicator of correlation during the entire ontog-
eny period. 

No such tendency was found in the fi rst series. 
Furthermore, low negative values of correlation coef-

Fig. 10. Coefficients of correlation between mental and motor development in the second assessment series (2005–2010) according 
to sex and age group of study participants
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Fig. 11. Correlation coefficients between mental and motor development in the first assessment series (1975–1980) according to age 
group and place of residence of study participants
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Fig. 12. Correlation coefficients between mental and motor development in the second assessment series (2005–2010) according to 
age group and place of residence of study participants
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fi cients were found for boys and girls from all agglom-
erations in the fi rst series. This fi nding suggests that 
children with a lower non-verbal intelligence indicator 
were more likely to perform better in motor fi tness tests. 
On the other hand, the results obtained in the second 
series (2005–2010) do not lead to the same conclusion. 
The obtained correlation coeffi cients were positive for 
all analyzed relationships. 

Summary 

As stated in the Introduction, this study involved a par-
tial overview of the comparative analysis conducted 
among boys and girls aged 4–14 years from the three 
agglomerations in the Małopolska Province that are 
traditionally distinguished based on their different so-
ciocultural characters and natural environments: a vil-
lage (Barcice), a town (Sławków), and a city (Kraków). 
Data were collected between 2005 and 2010 and 
compared to the results of similar observations con-
ducted 30 years earlier in the same agglomerations 
[19]. In accordance with the research assumption, the 
analysis assessed the results of long-term change 
tendencies not only in the level of non-verbal intel-
ligence and physical and motor development indica-
tors, but also in the correlations between the mental 
development indicator (the results of Raven’s test) and 
two biological development indicators: body height 
(a characteristic of physical development) and general 
motor fi tness (a normalized indicator obtained in motor 
abilities tests). The study was challenging to carry out. 
It involved overcoming a number of fi nancial, organiza-
tional (obtaining permissions for research from a bio-
ethics commission, school authorities, and parents 
of study participants), and methodological diffi culties. 
Only using the same tools and techniques for measur-
ing mental, motor, and anthropometric characteristics 
and the same method of data analysis could ensure 
the comparability of obtained results. Nevertheless, 
the effects of the undertaken effort and determination 
in carrying out the research project can be considered 
satisfactory not only because the study was a pioneer-
ing one and the obtained results have no reference 
point within Polish literature, but also because the proj-
ect may prove to have theoretical and practical values 
in physical physical education on a regional as well as 
national scale. 

What results of the presented research may jus-
tify the attainment (recommended in this article) of 
the team of researchers from the University School 

of Physical Education in Kraków? To some extent, the 
research hypotheses used in this article draw one’s at-
tention to the results. The hypotheses assumed that 
benefi cial long-term changes can be found in mental, 
somatic, and motor development among kindergar-
ten – and school-aged children from three different 
agglomerations in the Małopolska Province, caused 
by civilizational and social progress (including legal 
changes to the educational system) that likely occurred 
in Poland during the period of political transformations. 
The obtained results confi rmed only some of these hy-
potheses. Nonetheless, the results should be consid-
ered especially valuable because they motivate one to 
refl ect upon the desired developmental effects and how 
to achieve them in practice.

Moreover, a comparison of the results of non-verbal 
intelligence tests using Raven’s Matrices that were con-
ducted in kindergartens and schools during the fi rst and 
second assessment series indicates a clear decrease in 
the level of mental abilities among children who attend-
ed kindergartens and primary schools in a city during 
the fi rst decades of the 21st century. It seems interest-
ing that a similar decrease was observed in body height 
(i.e., a trait that best represents children’s physical de-
velopment). Negative changes also occurred, albeit to 
a lesser extent, in terms of motor fi tness among primary 
school students from Kraków. An etiological analysis 
of the observed phenomenon can only be based on 
well-known correlations between similar tendencies 
for prevalently genetic traits to decrease in especially 
adverse social conditions [4, 83]. However, such condi-
tions for biological development were unlikely to have 
occurred in Kraków. One cannot rule out the possibility 
that the material situation and conditions for child rais-
ing may have worsened in families living in a city. The 
material situation and conditions for child raising may 
have, without a doubt, also affected the development 
of intelligence, as intelligence is highly susceptible to 
environmental factors [5663]. In this case, one may 
also consider the effectiveness of school pedagogical 
activity during a period of constant legal changes to the 
educational system that occurred at the turn of the 21st 
century in Poland. 

The direction of changes in the development of chil-
dren from a town and a village during the period of 30 
years is an interesting fi nding in view of the negative 
long-term tendencies found for somatic and mental 
development among children from a city. This fi nding 
leads to the conclusion that the Lynn-Flynn effect oc-
curred only in a village and a town in the Małopolska 
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Province, and only to a limited extent [24-26, 28-30]. 
The gradually decreasing distance between each 
group in terms of physical, mental, and motor develop-
ment may also, to some extent, indicate an increase in 
the status of small agglomerations in the Małopolska 
Province. 

Furthermore, the phenomenon referred to in other 
publications as the open scissors phenomenon [18, 
55, 83], which involves benefi cial secular changes in 
physical development occurring together with nega-
tive changes in motor development among children, 
was not confi rmed in this study. This lack of confi rma-
tion may be considered another positive fi nding of this 
study. Comparative analysis of changes in the correla-
tion between non-verbal intelligence and somatic and 
motor development leads to conclusion that, in most 
cases, the assumption that civilizational and sociocul-
tural transformations have a positive effect has been 
confi rmed, as indicated by higher coeffi cients of corre-
lation between non-verbal intelligence and somatic and 
motor development indicators.

This may constitute proof that non-verbal intel-
ligence and the physical development indicator im-
proved at an equal rate. In such a case, the rate of 
mental development, determined by the quality of ap-
propriate environmental stimuli, is usually lower than 
the rate of biological development. Thus, one could 
expect that a low correlation would indicate that ef-
forts to improve non-verbal intelligence in children 
during their period of intense biological development 
were ineffective. An explanation of the phenomenon 
by American anthropologist Richard D. Fuerle [79] 
confi rms this expectation.

Based on the aforementioned assumptions re-
garding the interpretation of the obtained coeffi cients 
of correlation between non-verbal intelligence and the 
general motor fi tness indicators, one may also dispute 
the claim that children with higher intelligence are 
more aware of the need to shape their motor fi tness. 
Contemporary anthropomotorics [18, 55, 83] consid-
ers some of the indicators of motor fi tness to constitute 
elements of physical fi tness structure under the H-RF 
convention. 

What arguments can be made to dispute the claim? 
Firstly, the correlation between non-verbal intelli-

gence and motor fi tness development during the entire 
ontogeny period between the ages of 7 and 14 years 
was insignifi cant in the fi rst assessment (rxy = .2). In the 
second assessment, the correlation increased only 
slightly (rxy = .3), reaching a value that corresponded to 

a modest correlation between the mental and motor de-
velopment indicator. Girls showed a smaller correlation 
than boys. The place of residence had an insignifi cant 
effect on the correlation.

Secondly, the second assessment, conducted in 
the same agglomerations 30 years later, found that only 
the youngest group (7–11 years) showed the aforemen-
tioned range of correlation coeffi cients and a concur-
rent decrease in these coeffi cients to almost zero. The 
correlation in the fi rst assessment was also weak, al-
beit with a negative sign. This may indicate that children 
with a higher non-verbal intelligence performed worse 
in motor abilities tests. It seems that the children’s low 
awareness of the need to shape their motor fi tness was 
the only reason for the observed correlations. In the 
second assessment, such a state of affairs may have 
taken place especially in primary schools among stu-
dents with a high non-verbal intelligence. The observed 
higher values of correlation coeffi cients among young-
er children can hardly be considered satisfactory and 
indicate that the statutory aims of physical education 
in early education were achieved to an unsatisfactory 
degree. One may suggest that for children within this 
age range, the ability to solve motor tasks by more in-
telligent children may have affected the results of motor 
tests [53-53]. 

Based on the proposed method of interpreting 
statistical results, one may state that within 30 years, 
despite constant legal modifi cations to the Polish 
educational system, changes in the intellectualization 
of physical education were insuffi cient to create atti-
tudes among children that would help them achieve 
the desired effects in terms of their physical fi tness 
[18, 83]. Therefore, there exist grounds for falsifying 
the assumption made in this study that changes dur-
ing the period of and legal modifi cations to the edu-
cational system in Poland that aimed to improve the 
intellectualization of school physical education may 
have improved the students’ awareness of the need to 
care about their bodies and thus improve their physical 
fi tness. 

It seems that the proposed approach to interpreting 
auxological phenomena during ontogenic development 
in children raised in different agglomerations also indi-
cates a need to address important contemporary issues 
in education and pedagogy, such as unifying the teach-
ing process for children from different backgrounds, 
unifying the assessment methodology for this process, 
as well as the issue of the constantly discussed school 
maturity of a six-year-old child [85, 85].
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Conclusions

1. The level of physical, motor, and mental develop-
ment among children from the Małopolska Province 
in the 21st century indicates that during the period 
of political transformations, benefi cial changes in 
the children’s biological and mental development 
conditions occurred only in villages and towns. 

2. In the fi rst decade of the 21st century, the place of 
residence had a lesser effect on physical, mental, 
and motor development than in the last decades of 
the 20th century. 

3. Changes occurred at the turn of the 21th century 
in the adjustment of non-verbal intelligence devel-

opment to the rate of biological development in 
children. The Flynn effect the Małopolska Province 
seemed to occur only in towns and only to a limited 
extent.

4. The scope and direction of long-term change 
tendencies in the mental conditions of the mo-
tor potential among children from the Małopolska 
Province indicate a need to improve the effi ciency 
of realizing educational aims, i.e, the conscious 
shaping of the need to participate in various forms 
of physical culture and improve one’s motor abili-
ties that constitute components of Health-Related 
Fitness (H-RF). 
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 APPENDIX

Table I. Results of Raven’s test among children from the Małopolska Province in two assessment series (1975–1980 and 2005–2010) 
according to age groups (without the division into sexes)

Age / agglo-
meration

Assessment 
series 4 5 6 7 8 9 10 11 12 13 14

Barcice
1975–1980 11.15 13.79 16.05 17.1 18.59 22 23.23 25.93 32.7 38.04 39.43

2005–2010 11.62 13.85 17.59 21.26 24.79 27.08 31.76 30.69 42.26 42.53 43.28

Sławków
1975–1980 10.77 13.67 16.64 21.17 20.73 22.96 25.19 27.69 35.17 38.96 40.19

2005–2010 13.13 15.20 17.66 23.33 24.56 28.30 28.36 31.83 38.86 41.15 40.78

Kraków
1975–1980 18.55 19.37 24.56 27.71 27.63 26.32 29.61 31.81 46.75 44.94 45.81

2005–2010 14.13 17.24 22.15 23.88 25.50 29.14 31.03 32.43 44.66 43.43 45.44

Table II. Body height of children from the Małopolska Province in two assessment series (1975–1980 and 2005–2010) according to 
age groups (without the division into sexes)

Age / agglo-
meration

Assessment 
series 4 5 6 7 8 9 10 11 12 13 14

Barcice
1975–1980 102.36 111.5 115.84 119.16 124.74 131.72 135.33 140.18 146.24 153.25 158.24

2005–2010 103.81 109.33 120.45 124.95 129.49 135.95 141.13 145.84 152.84 160.50 163.75

Sławków
1975–1980 100.91 108.92 116.27 115.97 122.10 128.95 134.06 140.74 147.11 154.70 161.71

2005–2010 104.17 111.67 116.39 123.52 127.27 134.66 140.09 143.21 153.25 155.50 160.64

Kraków
1975–1980 111.13 116.31 123.17 124.73 128.93 134.68 140.25 145.87 151.33 156.81 163.11

2005–2010 104.49 110.05 119.52 124.16 130.15 136.89 142.11 146.51 155.40 159.13 164.72

Table III. Coefficients of correlation between body height and the results of Raven’s test among the studied children in two assessment 
series (1975–1980 and 2005–2010) according to age groups (without the division into sexes)

Seria
pomiarów Boys Girls 4–7 years 7–11 years 11–14 

years Kraków Barcice Sławków

1975–1980 .4115 .1470 .7439 .0541 .2611 -.0200 .0558 .2594

2005–2010 .8308 .8468 .5163 .5295 .4742 .8383 .8328 .8138
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Table IV. Coefficients of correlation between body height and the results of Raven’s test among boys and girls from the Małopolska 
Province aged 4–14 years in two assessment series

Sex Boys Girls Boys and girls

Assessment series /
age 1975–1980 2005–2010 1975–1980 2005–2010 1975–1980 2005–2010

4 .7273 .4308 .3367 .3267 .5682 .3625

5 .8050 .0285 .6175 –.1020 .7144 .0023

6 .6904 .4016 .4611 –.1590 .5874 .2670

7 .6716 -.036 .6619 .0842 .6664 .0187

8 .0323 .3544 .2230 .2035 .1211 .2848

9 .1302 .1320 –.0590 .2551 .0514 .2025

10 .0831 .2524 –.0130 .1641 .0405 .1919

11 .4967 .0320 –.1910 .4071 .2705 .2233

12 .5682 -.021 –.008 .2703 .3039 .1253

13 .4602 .2949 .1932 .2811 .3474 .2752

14 .3754 .1539 –.069 .1678 .1818 .1156

15 .3996 -.046 .2135 .2605 .3163 -.0990

Table V. Coefficients of correlation between body height and the results of Raven’s test according to sex and place of residence

Agglomeration / Sex / Assessment series Kraków Sławków Barcice

Boys 1975–1980 .2344 .0529 .3297

Boys 2005–2010 .8570 .7889 .8251

Girls 1975–1980 –.2920 .0661 .1539

Girls 2005–2010 .8381 .8431 .8581

Boys and girls 1975–1980 -.0200 .0558 .2594

Boys and girls 2005–2010 .8383 .8138 .8328

Table VI. Coefficients of correlation between body height and the results of Raven’s test according to age group and place of residence

Age / agglomeration 4–7 years 7–11 years 11–14 years

Kraków 1975–1980 .5793 –.3800 –.0580

Kraków 2005–2010 .5899 .5791 .4662

Sławków 1975–1980 .3768 –.2720 .2521

Sławków 2005–2010 .5413 .4685 .4580

Barcice 1975–1980 .6058 .1887 .1415

Barcice 2005–2010 .5193 .5341 .4209

KBS 1975–1980 .7439 .0541 .2611

KBS 2005–2010 .5163 .5295 .4742
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Table VII. Arithmetic means of non–verbal intelligence measured using Raven’s test, of leg strength measured through a long jump, 
and of arm strength measured through a medicinal ball throw

a) Boys 

Age 7 8 9 10 11 12 13 14

Raven’s test

Barcice 1975–1980 17.10 18.59 22.00 23.23 25.93 32.70 38.04 39.43

Barcice 2005–2010 21.26 24.79 27.08 31.76 30.69 42.26 42.53 43.28

Sławków 1975–1980 21.17 20.73 22.96 25.19 27.69 35.17 38.96 40.19

Sławków 2005–2010 23.33 24.56 28.30 28.36 31.83 38.86 41.15 40.78

Kraków 1975–1980 27.71 27.63 26.32 29.61 31.81 46.75 44.94 45.81

Kraków 2005–2010 23.88 25.50 29.14 31.03 32.43 44.66 43.43 45.44

Long jump

Barcice 1975–1980 115.50 117.60 133.10 156.30 161.60 167.10 147.30 165.60

Barcice 2005–2010 103.76 119.64 129.54 141.30 145.32 161.23 165.42 170.82

Sławków 1975–1980 81.80 – 117.80 129.30 141.70  – 150.70 183.50

Sławków 2005–2010 102.31 113.06 112.52 132.27 132.87 163.25 160.89 168.33

Kraków 1975–1980 107.40 118.30 122.60 124.40 134.20 143.70 140.60 146.40

Kraków 2005–2010 96.79 108.23 115.37 125.45 139.95 155.68 163.21 173.56

Ball throw

Barcice 1975–1980 387.10 333.10 451.20 451.30 386.90 419.20 480.40 579.70

Barcice 2005–2010 335.59 345.91 485.00 499.75 507.73 460.00 564.58 622.27

Sławków 1975–1980 347.10 – 400.00 453.10 414.40 – 496.10 672.50

Sławków 2005–2010 292.31 375.00 422.80 522.27 596.00 511.25 532.37 639.17

Kraków 1975–1980 340.00 395.50 445.80 491.20 406.70 429.50 513.10 739.00

Kraków 2005–2010 286.67 399.32 468.70 528.23 614.76 542.27 611.40 676.67

b) Girls 

Age 7 8 9 10 11 12 13 14

Raven’s test

Barcice 1975–1980 17.10 18.59 22.00 23.23 25.93 32.70 38.04 39.43

Barcice 2005–2010 21.26 24.79 27.08 31.76 30.69 42.26 42.53 43.28

Sławków 1975–1980 21.17 20.73 22.96 25.19 27.69 35.17 38.96 40.19

Sławków 2005–2010 23.33 24.56 28.30 28.36 31.83 38.86 41.15 40.78

Kraków 1975–1980 27.71 27.63 26.32 29.61 31.81 46.75 44.94 45.81

Kraków 2005–2010 23.88 25.50 29.14 31.03 32.43 44.66 43.43 45.44

Long jump

Barcice 1975–1980 106.60 110.80 111.20 140.30 162.80 154.50 153.80 195.20

Barcice 2005–2010 93.35 112.62 119.67 125.36 133.85 137.36 143.93 144.75

Sławków 1975–1980 84.30 – 111.10 133.00 159.20  – 140.70 154.50

Sławków 2005–2010 99.75 105.75 113.52 113.43 118.41 156.90 143.45 147.08

Kraków 1975–1980 94.70 118.60 111.30 113.20 131.40 133.60 140.60 138.70

Kraków 2005–2010 85.56 97.29 98.67 115.52 120.18 132.44 144.15 142.77

Ball throw

Barcice 1975–1980 287.20 272.20 296.00 356.10 312.30 326.70 397.80 –

Barcice 2005–2010 310.29 299.23 382.96 386.43 495.38 395.00 483.70 502.50

Sławków 1975–1980 312.50 – 377.10 395.50 363.20 – 399.80  –

Sławków 2005–2010 251.55 312.50 362.86 406.09 508.24 490.00 485.50 514.17

Kraków 1975–1980 241.80 289.60 324.10 408.00 320.70 355.50 428.50  –

Kraków 2005–2010 264.17 345.36 405.00 478.45 548.21 445.63 529.50 560.70
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Table VIII. Coefficients of correlation between mental and motor development in two assessment series (1975–1980 and 2005–2010) 
among the studied children according to age group

Assessment 
series 1975–1980 2005–2010

Sex / age Boys Girls Boys and girls Boys Girls Boys and girls

7–11 years .2992 .0130 .1675 .3855 .3481 .3622

11–14 years .2255 .2553 .2361 .1767 .0312 .0529

7–14 years .2527 .1414 .2061 .4824 .3480 .3847

Table IX. Coefficients of correlation between mental and motor development in two assessment series (1975–1980 and 2005–2010) 
among the studied children according to age group and place of residence

Assessment series 1975–1980 2005–2010

Age / agglomeration 7–11 years 11–14 years 7–14 years 7–11 years 11–14 years 7–14 years

Kraków .0171 .1765 .1122 .4385 .0865 .4640

Sławków -.1771 .1999 .0698 .3350 .0025 .3548

Barcice .4334 .2998 .3659 .3059 -.0210 .2625

KSB -.1691 -.1000 -.1282 .3622 .0529 .3847
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Abstract

Purpose. The importance of physical activity in various aspects of health including cognitive health estimated 
by students’ academic performance is being emphasized in many publications. Comparatively, the relations 
between somatic as well as motor components of physical ability and the academic performance, are examined 
more seldom. For this reason, the aim of this paper is to search for relations between selected components of 
physical and reasoning ability, as well as to establish whether any intersexual differences may be observed.

Basic procedures. In the study, the measurements of basic traits of physical development and the results 
of selected motor tests performed by 12-year-old students (53 girls, 45 boys) were used. Reasoning ability 
was estimated on the basis of results obtained by students in the final exam of primary school. To estimate 
the relations between the considered variables, a linear correlation was employed, and in further proceedings, 
the best subsets regression procedure.

Main findings. The occurrence of intersexual differences in the area of relations between the somatic and 
motor components of physical ability, and reasoning ability was observed. These interrelations are especially 
evident in multiple correlation.

Conclusions. A higher level of somatic and motor development is conducive to better results of students’ 
reasoning ability. The somatic and motor components of physical ability, presented as a set of explanatory 
variables, are dependent on the subject’s sex in approximately  17–37%, and are the source of the variability 
of the results of reasoning ability.
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 SUMMARY    

Introduction

For a long time, research into factors infl uencing stu-
dents’ school performance has been being conducted. 
Studies have been initiated by Galton and Cattel at 
the turn of the 20th century, although the more inten-
sive attempts to explain the educational achievements 
made at various stages of education have been marked 
around the middle of the previous century. The scope 
of factors meaningful for school achievements (mainly 
described are reading, writing and mathematical skills) 
is very wide. The factors include purely ontogenetic 
traits, as well as external. To the fi rst category, one may 
include the level of intelligence, the level of physical de-
velopment refl ected by body height and body weight [1], 

birth weight [2, 3], level of obesity [4], diet [5], the level 
of physical activity [6, 7]. The external factors include, 
among others, socio-economic condition of child’s fam-
ily [8], atmosphere at home, level of parents’ education, 
amount of time spent on studying, motivation [9] and 
some additional extra-curricular school activities [10].

Among the enumerated factors, in the light of hypoki-
nesia progressing in the young generation, great empha-
sis is put on the benefi cial role of physical activity in the 
formation of cognitive functions. Research conducted, 
among others, by Castelli et al. [4] and Hillman et al. [7] 
support the above statement. They indicate that mod-
erate, regular physical activity results in increasing the 
level of concentration and attention span as it increases 
the level of control over these processes. What is more, 
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the research conducted by Martinez-Gomez et al. [11] 
revealed that girls who walk to school have better school 
performance than those who are driven to school. This 
phenomenon does not apply to boys, for – according to 
the authors of the research – they are characterized by 
a naturally greater spontaneous physical activity.

Among various cognitive functions, the main role in 
taking up pro-health behaviors belongs to the ability of 
reasoning. This was indicated by the well-documented 
British research conducted by Batty et al. [12]. The 
authors point out that this is a key ability in avoiding 
risk-behaviors and in taking up activities conducive to 
widely understood health (diet, physical activity, etc.). 
Examining the level of reasoning ability is justifi ed at 
the stage directly preceding graduation from elemen-
tary school, i.e. around the 11th/12th year of life. At this 
time, the so-called period of concrete operations, 
manifesting itself in translating the constancy, causal-
ity and sequencing of events into this ability, ends. At 
the same time, neuroimaging examinations show that 
at this stage of life, a signifi cant development in the 
process of myelination of fi bers and creation of neural 
connections takes place [13, 14], which leads to an in-
crease in the speed of ongoing processes [15]. In the 
process of reasoning, a signifi cant role is played by the 
prefrontal cortex which is simultaneously the location of 
the basic movement centers [16]. Taking this informa-
tion into consideration, Hillman et al. [7] assumed that 
increased physical activity and the following escalated 
blood-supply to the brain can be indirectly conducive 
to increased oxygenation of cognitive centers and, as 
a consequence, translate itself into higher ability of the 
reasoning processes. The ability of reasoning is also 
believed to be of utilitarian importance as it is empha-
sized that its high level is signifi cant considering good 
perspectives for future employment, and for it is a foun-
dation of mathematical abilities which facilitate access 
to attractive jobs [17].

The survey of factors infl uencing school perfor-
mance presented above indicates that described are 
mostly the interrelations between either the somatic 
component (mainly body height and weight, or BMI) or 
the motoric one of the physical ability, with the school 
performance, mainly the abilities to read and write [18, 
19]. There are not enough studies which would con-
sider simultaneously both the constitutive elements, i.e. 
the somatic one and the motor one. Thus, the aim of 
this paper is to search for relations between the ability 
to reason and selected components of physical ability 
of 12-year-old elementary school students.

Material and Methods

The research, on the basis of which this paper was 
written, had been conducted in 2007 in selected rural 
elementary schools in Lower Silesia in which it was 
possible to establish a relatively homogeneous group 
of children examined. These were schools located in 
the following villages: Kotla, Nielubia, Kromolin, Brzeg 
Głogowski, Rosochata, Rzeszotary; they were charac-
terized by a similar: population density, distance from 
bigger towns (Legnica and Głogów), infrastructure 
(gymnasium, doctor’s offi ce) and similar structure of 
parents’ education (on the basis of survey data). The 
condition for inclusion in the research was the parents’ 
and the principal’s permission. In the paper, the results 
of 98 children at the age of 12 (11.50–12.49) were used, 
i.e. 53 girls (mean = 12.09) and 45 boys (mean = 12.12). 
Among the somatic traits taken into account were the 
body height and weight and the BMI was calculated. 
The level of motor abilities was estimated on the basis 
of tests examining strength (the grip strength of forearm 
and hand muscles, sit-ups), speed (shuttle run, speed 
of movements of the upper extremity, standing long 
jump) and agility as an anatomical-functional trait. The 
specifi c trials (with the exception of sit-ups and shuttle 
run) were conducted twice, while in the analysis the 
more favorable result was used.

The school performance estimation in the category 
of reasoning (dependent variable) was based on the 
results of the national Polish examination, taken by stu-
dents at the end of elementary school. Accuracy and 
reliability of the test is guaranteed by a team of experts 
from the Polish Ministry of National Education, who pre-
pare the sixth-grade exam every year.

Gathered data was further examined in a statistic 
analysis; average values, standard deviation, and co-
effi cient of variation were calculated. The signifi cance 
of differences between the variables was estimated 
using multivariate analysis of variance. Connections 
between independent variables (somatic and motor) 
and a dependent variable were estimated with the use 
of the Pearson correlation. As it was assumed, in the 
described phenomena, the interrelations do not have 
to be linear, thus in further proceedings, the best sub-
set method in regression analysis was employed. In 
interpreting the results of R2 multiple determination, 
the value of which determines what percentage of the 
variance of the dependent variable triggers causes, 
measured using the independent variables added to-
gether. Calculations were conducted in the Laboratory 
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of Biostructure Research belonging to the Department 
of Biostructure at the University School of Physical 
Education in Wrocław.

Results

Introductory statistical analysis did not indicate any sig-
nifi cant intersexual differences in the basic measure-
ments of somatic development, despite the fact that the 
absolute values marked a slight advantage of the girls in 
the respect to body height, connected to – as it may be 
expected – the earlier beginning of pubescence (Tab. 1). 
Considering the specifi c motor tests, the registered re-
sults differentiate the students in those tests which were 
directly related to expending strength. Thus, a statistical-
ly signifi cant dominance of boys was visible in the static 
arm strength and explosive strength of lower extremities 
tests (standing broad jump), whose results are condi-
tioned by processes of neuro-muscular coordination.

While estimating the level of students’ reasoning abil-
ity, one can observe that the girls received better results; 
this is not, however, confi rmed statistically (Tab. 1). This 
conclusion is convergent with other authors’ reports, as 
in the tests at the end of elementary school, girls usually 
receive better results which is connected to their greater 
diligence and care about gaining better marks [20].

Subsequently, simple interrelations between the 
considered variables considered were. In the group of 
girls (Tab. 2), a directly proportional interrelation be-

Tab. 1. The statistical characteristics of examined parameters. 
Significant differences were marked with p < 0,05

Boys Girls P

Body height
X 148.55 149.99

0.338
Sd 7.76 5.46

Body weight
X 40.74 40.65

0.958
Sd 9.52 7.67

BMI
X 18.28 18.00

0.666
Sd 2.92 2.88

Flexibility
X 19.06 23.00

0.055
Sd 9.74 10.78

Static arm strength
X 23.63 20.73

0.000
Sd 4.39 3.01

Plate tapping
X 12.60 12.34

0.684
Sd 1.11 1.14

Standing broad jump
X 158.26 146.61

0.003
Sd 17.61 14.23

Shuttle run 10 x 5m
X 21.94 22.47

0.267
Sd 1.34 1.59

Skill of reasoning 
X 67.4 71.59

0.503
Sd 27.30 22.16

Tab. 2. Connections between somatic traits and motor tests, and the result of the reasoning ability test in the group of boys and girls. 
The marked coefficients of correlation are significant with p < 0,50.
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Body height – 0.57 0.22 –0.18 0.40 –0.21 0.05 –0.02 0.26
Body weight – 0.92 0.20 0.26 –0.35 –0.20 0.22 0.41
BMI – 0.16 0.12 –0.32 –0.31 0.24 0.37
Flexibility – 0.23 –0.14 0.34 –0.10 –0.05
Static arm strength – –0.20 0.53 –0.47 0.20
Plate tapping – –0.21 0.42 –0.35
Standing broad jump – –0.63 0.25
Shuttle run 10 x 5m – –0.06
Skill of reasoning –

Bo
ys

Body height – 0.76 0.45 0.21 0.64 –0.36 0.12 –0.23 0.30
Body weight – 0.92 0.14 0.60 –0.14 –0.18 0.08 0.12
BMI – 0.07 0.44 0.03 –0.31 0.23 0.01
Flexibility – 0.37 –0.53 0.26 –0.35 0.14
Static arm strength – –0.33 0.41 –0.41 0.12
Plate tapping – –0.13 0.39 –0.25
Standing broad jump – –0.61 0.28
Shuttle run 10x5m – –0.17
Skill of reasoning –



– 38 –

Grzegorz Żurek

tween the result of reasoning ability and body weight 
with the BMI and a negative correlation with the time 
result gained in the test of upper extremity movement 
speed (plate tapping) were observed. It must be em-
phasized, however, that during this test, the shorter 
time of completion \ the more favorable result for the 
person tested. In the group of boys, from among all the 
explanatory variables, not one was signifi cantly corre-
lated with the reasoning ability (Tab. 2).

While analyzing the simple interrelations between 
the described variables one can, thus, observe the oc-
currence of intersexual differences. However, taking 
into account the reports presented in the introduction, 
which indicate a connection between the motor and 
cognitive spheres of a human, the fact that somatic 
features are the biological basis of achievements in 
motor tests and that the presented phenomena are in-
fl uenced by concomitant and interdependent factors, in 
further analysis, the method of optimal regression was 
applied, considering both somatic and motor compo-
nents of physical fi tness. As a consequence, models 
of regression confi rming the occurrence of intersexual 
differences in respect to the factors related to the rea-
soning ability were obtained (Tab. 3). The concurrent 
inclusion of somatic and motor factors as conditions 
of the reasoning ability is justifi ed because the simple 
interrelations between the somatic sphere and school 
achievements, as well as between the motor sphere 
and those achievements, have not been explicitly ex-
plained [6, 21, 22].

In the group of girls, the variables selected for the 
model describing reasoning ability are almost 37% of 
the time the cause of variability of the results of this abil-
ity; in the case of boys, this value is lower and reaches 
17%. For the students of both sexes, the higher level of 
physical and motor development is conducive to receiv-
ing better results in the test estimating the presented 

ability. Only fl exibility, as an anatomic-functional trait, 
selected for the regression model in the group of girls 
indicated negative dependence.

The description of the results presented above 
indicates the incidence of interrelations between the 
traits of physical and motor development, and students’ 
reasoning ability. While such interrelations with the 
level of somatic development (the issue of the nervous 
system maturity) could be expected, the nature of the 
relationship with the motor part could present a certain 
unknown.

Discussion

The issues related to students’ school performance 
and the possibility of its infl uence through various fac-
tors are an interesting fi eld of scientifi c investigation. 
The somatic and motor components of physical ability 
selected for the analysis seem to belong to the group 
of factors which can be of importance in obtaining high 
results in the signifi cant and utilitarian ability to reason. 
The relationships between the cognitive sphere and the 
level of motor development have already been pointed 
out in the 1960s by Maria Montessori – the author of 
the well-known Montessori pedagogical concept. She 
suggested that the ability of diversifi ed application of 
objects which the child manipulates refl ects the level 
of his/her psychomotor ability [23]. By employing this 
theory, one may observe that a higher level of motor 
ability is the consequence of processes running more 
effi ciently in the nervous system and therefore, a higher 
level of motor maturity.

Accepting the close relation between somatic and 
motor development, as well as the importance of bio-
logical foundations in obtaining specifi c results of the 
motor tests as a fact, the interaction can be also ob-
served in the cognitive sphere of an organism. The 

Tab, 3. The results of regression analysis (the best subset method) of the reasoning ability of girls and boys in the function of their morphofunctional 
development.

Test for the complete 
model Coefficients standardized ß by selected variables in the group of girls

Sk
ill

 o
f r

ea
so

ni
ng

F p R2 Body
height

Body 
weight BMI Flex-

ibility
Static arm 
strength

Plate 
tapping 

Standing 
broad jump 

Shuttle run 
10 x 5m

5.98 0.0007 0.3699 0.593 –0.333 0.528

Coefficients standardized ß by selected variables in the group of boys

F p R2 Body
height

Body 
weight BMI Flex-

ibility
Static arm  
strength

Plate 
tapping 

Standing 
broad jump

Shuttle run 
10 x 5m

2.75 0.0371 0.1667 0.221 –0.140 0.235
R2 – coefficient of determination, p < 0.05 and ß significant at the level of p < 0.05 – highlighted using bold type.
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consequence of the said interaction in the group of 
boys is the possibility to obtain higher results in the test 
examining the reasoning ability of the students who are 
more advanced in somatic development (body height) 
and motor development (plate tapping test, standing 
broad jump). The occurrence of explosive strength of 
the lower extremities (belonging de facto to the group 
of speed abilities) in the regression model of the boys’ 
results, and its co-occurrence with the results of the 
upper extremity speed test can be visible in the fact 
that besides the effi ciency of the nervous system, it 
is to a great extent determined by speed. It seems, 
therefore, that in the description of the boys’ reason-
ing ability, a signifi cant role is played by abilities related 
to speed and by the physical development expressed 
through body height. Similar conclusions can be drawn 
from the paper of Haleczko et al. [20], who have proven 
that school achievements in the fi eld of science (thus 
also reasoning) show a signifi cant connection to the 
test estimating the body’s ability to make moves of high 
frequency (although, other than in my own research, it 
applied to the movement of the lower extremities).

In the group of girls, the somatic sphere is rep-
resented in the regression model by the BMI, which 
can be explained by their approaching pubescence 
and, therefore, a certain distortion of body propor-
tions resulting from the accumulation of tissue energy 
stocks necessary for intensive biological development. 
Moreover, another factor has been selected for the 
model – a factor being in fact related to motor per-
formance (fl exibility), but dependent on certain char-
acteristics conditioned by sex, i.e. different from boys’ 
anatomical structure (mainly in the area of the pelvis), 
as well as the effects of female hormones, conducive 
to a more pliant structure of the connective tissue [24]. 
This trait occurs in the regression model together with 
the BMI and the speed ability (standing broad jump). 

Consequently, one may assume that also in the case 
of girls, a signifi cant role of nervous system maturity 
is visible (the occurrence of the standing broad jump 
results in the model), especially as the processes of 
neuro-muscular coordination are the basis for tests 
in this category. The differentiated by sex way of se-
lecting the variables, which are based on the neuro-
muscular coordination, can be connected with other 
predispositions necessary for obtaining high results, 
and also signifi cant are the frequency of movements 
and time of reaction – usually superior in the boys’ per-
formance [20].

In summary, it may be concluded that for the de-
scription of reasoning ability both somatic and motor 
components of physical ability are crucial. While the 
fact of occurrence of relations between school achieve-
ments and motor abilities has been suggested in previ-
ous research [e.g. 22, 25, 26], my own research indi-
cates a differentiated by sex way of reasoning ability 
test results explanation and suggests a necessity for 
including the somatic component of physical ability.

Conclusions

1. No signifi cant intersexual differences were ob-
served within the range of reasoning ability, and 
somatic or motor development, with the exception 
of the tests examining strength abilities, where the 
dominance of boys is noticeable.

2. A higher level of somatic and motor development 
is conducive to better results of the reasoning abil-
ity test performed by 12-year-old elementary school 
students.

3. The somatic and motor variables employed in the 
paper, seen as a set of explanatory variables, de-
pend on subject’s sex in 17–37% and are the source 
for the variability of the reasoning ability results.
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Summary

Introduction. The position of physical activity in the life of modern societies is an essential component of 
a healthy lifestyle. For the very purpose of its assessment, scientists have developed the International Physical 
Activity Questionnaire (IPAQ). Literature concerning this subject, in which the questionnaire is used among 
students, is still not very extensive. 

Aim of the study. The main objective of this study is to become familiar with the physical activity of students 
and the factors conditioning this activity, such as amount of leisure time or physical fitness self-assessment.

Sample and methods. The study was conducted in the spring of 2013 among 450 students from different 
faculties of the Pope John Paul II State School of Higher Educationin. Biała Podlaska, Poland, using the short 
version of the IPAQ.

Results and conclusions. The results of the study showed that the total level of students’ physical activity 
is at an average level compared to other studies. No relationship between the amount of leisure time and the 
level of total physical activity has been established. It has been proved, however, that declared higher physical 
fitness determines better overall physical activity, including efforts of intensive character.
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 SUMMARY    

Introduction

There is no doubt that in the life of modern societies we 
should care about active leisure time activities, bear-
ing in mind the importance of physical activity at every 
stage of life, which is pointed out by authorities all over 
the world [1, 2] as well as in Poland [3–6].

The issue of physical activity is undertaken by vari-
ous professional and social groups. Their studies and 
papers concerning research among students also have 
their position [7–13].

These relate to various forms of physical activ-
ity and are conducted using different methods. The 
International Physical Activity Questionnaire – IPAQ 

[14] adapted to Polish conditions [15] allows for more 
objective assessment of societies’ physical activity 
and particularly, great comparability of study results. 
Studies using this questionnaire among Polish students 
have their position [16–18], as well as those among 
students from abroad, i.e. Turkey [19] or the Ukraine 
[20]. An important consideration in the assessment 
of a society’s physical activity is tracking the fac-
tors determining it. Previous studies mainly take 
into account such determinants as: gender, fi nancial 
situation or place of residence [17, 21, 22]. This paper 
adopted more rarely considered determinants such 
as amount of leisure time and physical fi tness self-
assessment.
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Research methodology

Aim of the study

The main objective of this study is to become familiar 
with the physical activity state of academic students and 
the factors conditioning this activity, such as amount of 
leisure time or physical fi tness self-assessment.

Sample and research methods

The study was conducted in the spring of 2013 among 
450 students from fi ve faculties: I.T., Tourism and 
Recreation, Nursing, Emergency Medicine and Public 
Health, of the Pope John Paul II State School of Higher 
Education in Biała Podlaska, Poland. Taking into con-
sideration the large population of the studied partici-
pants and the diversity of the studied fi elds, it may be 
assumed that this population is typical for students in our 
country.

The characteristics of the participants are included 
in Table 1.

The short version of the International Physical 
Activity Questionnaire – IPAQ [15], recommended for 
usage in Polish conditions [23, 24], was implemented 
as a research instrument. In the short version of the 
questionnaire, in contrast to the long version, the ques-
tions do not apply to the division into spheres of life, 
however, they take different types of physical activ-
ity (intense, moderate, walking) into consideration. It 
should also be noted that the short version has a lower 
MET value   for different types of exercise.

Study results 

The level of students’ physical activity according to gen-
der. 

The students achieved a total index of physical 
activity at the 2,359.5 MET level and was higher for 
men: 2,605.8 MET than women: 2,129.0 MET. The 
men were characterized by higher activity in the fi eld 
of intensive and moderate efforts, while women were 
characterized by a slightly higher activity in terms of 
walking (Table 2).

Table 1. Studied students according to demographic and social characteristics

Sex

Women Men

n = 237
(52.7%)

n = 213
(47.3%)

Age

Age 18–21 Age 22–23 Age  24

n = 203
(45.1%)

n = 125
(27.8%)

n = 122
(27.1%)

Marital status

Single In a relationship

n = 351
(78.0%)

n = 99
(22.0%)

Place 
of residence

Rural Urban

n = 195
(43.3%)

n = 255
(56.7%)

Field of study

I.T. Tourism 
and Recreation Nursing Emergency 

Medicine Public Health

n = 105
(23.3%)

n = 172
(38.2%)

n = 57
(12.7%)

n = 44
(9.8%)

n = 72
(16.0%)

Degree

1st Degree (B.A.) 2nd Degree (M.A.)

331
(73.6%)

119
(26.4%)

Year of study

I II III I (M.A.) II (M.A.)

n = 189
(42.0%)

n = 87
(19.4%)

n = 55
(12.2%)

n = 55
(12.2%)

n = 64
(14.2%)
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Leisure time and students’ physical activity 

The amount of leisure time in relation to physical ac-
tivity shows no clear regularity. In the case of total 
activity, the highest values were reached by students 
who declared a lack of leisure time: 2,574.0 MET. The 
intensive activity of the highest levels were for sub-
jects with a suffi cient amount of time: 1033.2 MET, 

moderate for those with an insuffi cient amount: 590.1 
MET, and in walking, for those who do not have lei-
sure time (Fig. 1). 

Analysis of the studies did not show any signifi cant 
differences between total activity or in terms of walking 
and amount of leisure time. Signifi cant differences of 
this sort were demonstrated in relation to intensive and 
moderate activity (Table 3). Comparison of the three 

Table 2. Levels of students’ physical activity according to gender

Activity Sex Average Standard 
deviation Median Index

Total

Women 2129.0 1662.9 1695.0 78.1%

Men 2605.8 1798.3 2284.5 69.0%

Total 2359.5 1743.8 1954.0 73.9%

Intensive

Women 689.5 1002.4 360.0 145.4%

Men 1129.8 1311.4 720.0 116.1%

Total 901.5 1180.8 480.0 131.0%

Moderate

Women 459.3 606.8 300.0 132.1%

Men 615.0 864.6 360.0 140.6%

Total 533.6 744.1 320.0 139.5%

Walking

Women 966.5 1033.0 627.0 106.9%

Men 951.0 949.6 693.0 99.9%

Total 959.2 993.5 693.0 103.6%

Figure 1. Types of students’ physical activity with regard to leisure time self-assessment
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levels of physical activity: suffi cient, moderate and 
high, showed no signifi cant diversifi cation considering 
the established leisure time (Fig. 2).

Self-assessment of students’ physical fitness 
and activity

The higher the students’ self-assessment of physical fi t-
ness, the higher the students’ total physical activity, and 
for the high fi tness level, it totals: 3.131 MET, for moder-
ate: 2.323 MET, and for low, only: 1760 MET (Fig. 3). The 
higher level of physical activity self-assessment of stu-
dents is differentiated by their total physical activity (sig-

nifi cant difference). Intense physical activity is also high-
er in people with higher self-assessment of its effi ciency. 
For subjects who evaluated their fi tness level as high, 
the total was: 1604 MET, moderate: 855 MET and low: 
405 MET (Fig. 3). The higher level of students’ physical 
fi tness self-assessment signifi cantly differentiates their 
total physical as well as intensive activity. There were no 
signifi cant differences in fi tness self-assessment in rela-
tion to moderate activity and walking (Table 4).

Comparison of physical activity levels in relation to 
the self-assessment of physical fi tness showed signifi -
cant differences in favour of the group with high self-
assessment (Fig. 4 ).

Table 3. Differences in participation of students with regard to self-assessment of leisure time based on the Kruskal-Wallis Test

Kruskal-Wallis Test

Activity type H p Differences

Total 0.63 0.7284 –

Intensive 10.23 0.0060* –

Moderate 6.44 0.0400* –

Walking 2.70 0.2591 –

      Kruskal-Wallis Test: H=0.45; p=0.7989

Figure 2. Types of students’ physical activity with regard to leisure time self-assessment
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Figure 3. Types of students’ physical activity with regard to self-assessment of physical fitness
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      Kruskal-Wallis Test: H = 19.30; p = 0.0001* Differentiation: 1–2, 3

Figure 4. Levels of students’ physical activity with regard to self-assessment of physical fitness
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Table 4. Differences in students’ activity with regard to physical self-assessment based on the Kruskal-Wallis Test

Activity type H p Differences

Total 23.68 0.0000* L-M,H;  M-H

Intensive 36.90 0.0000* L-M,H;  M-H

Moderate 3.94 0.1394 –

Walking 2.50 0.2866 –
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Students’ self-assessment of physical fitness 
and time spent sitting

Based on analysis of the research, it may be concluded 
that people with lower self-assessment of their physi-
cal fi tness tend to spend more time sitting. For low effi -
ciency: 420.7 min, moderate: 319.0 min and high: 290.5 
min. It should also be emphasized that the differences 

in passive types of spending leisure time, i.e. sitting, 
are statistically different in favour of the subjects with 
a higher level of physical fi tness (Fig. 5).

Comparison of the amount of leisure time: suffi -
cient, insuffi cient, lack of leisure time, with the students’ 
self-assessment of physical fi tness does not show 
a signifi cant relationship (Fig. 6).
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Figure 5. Differentiation of students’ time spent on sitting with regard to physical activity self-assessment based on the Kruskal-Wallis Test

     Kruskal-Wallis Test: H = 3.66; p = 0.1605

Figure 6. Self-assessment of students’ physical fitness with regard to leisure time
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Conclusions

1. The level of total physical activity of students is in 
the average range of studies of other social and 
professional groups. 

2. The predominant types of students’ physical activity 
include walking and intensive activity. 

3. No relationship between free time and the level of 
total physical activity was established. It should, 
however, be noted that subjects with a suffi cient 
amount of leisure time are characterized by the 
largest level of physical activity. 

4. The higher the self-assessment of physical fi tness, 
the greater the total activity. 

5. The signifi cant correlation of physical fi tness self-
assessment refers to total and intensive types of 
physical activity, and does not apply to moderate 
intensity or walking. 

6. People with lower self-assessment of physical fi t-
ness spend more time passively (sitting) compared 
to those with higher fi tness self-assessment and 
this difference is signifi cant.
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Summary

An athlete moves as an integral biomechanical system, yet depending on the specifics of a specific sports 
discipline, the activity of certain body parts is different. The performance of athletes in different track-and-field 
events and sports is determined by coordinative interaction of the legs, hands and other body parts, thus possible 
differences in their biodynamic structure and functional abilities may be assessed based on identical indices. 

Research aim. To determine kinematic and kinetic indices of a single vertical take-off and push-off of 20–23 
year old male athletes engaged in track-and-field athletics (sprint and long jump) and sports (handball and 
basketball).

Object of research. Studying the movement of athletes [track-and-field athletics (sprint and long jump) and 
sports (handball and basketball)] during a single vertical take-off and push-off.

Research methods. 1. Tensodynamometry; 2. Mathematical statistics. Data processing carried out using 
SPSS software (version 13.0).

Research results. All kinematic and kinetic indices of a single vertical take-off and push-off of track-and-
field athletes are similar to the ones of handball and basketball players, yet (p < 0.05) only the one of relative 
power (Wr, N/m/s/kg) is reliably better. When comparing the jump flight and height indices of the track-and-field 
athletes with basketball players, those indices are statistically reliably lower for the track-and-field athletes, yet 
the relative power of the single vertical take-off and push-off is higher (p < 0.05, p < 0.001). The basketball 
players’ speed of body movement is reliably higher (p < 0.05) than for the handball players. The kinematic and 
kinetic indices of the single vertical take-off using both legs in all the three groups was reliably better (p < 0.001) 
when compared to the same indices of the single vertical push-off. 

The alteration of the quantitative ratio of those indices depends on the sports discipline specifics and reveals 
the level of individual motor abilities and body movement potential.
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 SUMMARY    

Introduction

Theoretical concept of sports movement 

Movement of the human being is the basis for his vi-
tal activities and one of the most complex phenomena 
of a living organism. There are two forms of move-
ment of the human being: mechanical and biological. 

Supposedly, movement of the human being and other 
mammals, and its effectiveness, may be explained by 
general mechanical laws and applied research meth-
ods [1–4].

The content of human movement is determined by 
social, economic and environmental conditions, specif-
ics of working activities, leisure activities, emotions, 
intellect and other factors. Movement possibilities de-



– 50 –

D. Radžiukynas, N. Žilinskienė, Eglė Kemerytė-Riaubienė, R. Žilinskienė, J. Wojnar

pend on body composition, age, motoric capacities of 
body functional systems, effective activation and poten-
tial of energy systems as well as other effects [1–6].

Sports movement has contents and forms that are 
only characteristic for sports. Its content is made up by 
biodynamic structure that is specifi c for different sport 
disciplines or teaching programmes; corresponding va-
riety of movement forms reveals itself in work-out and 
competition conditions [1, 2, 8–10]. Taking this into ac-
count, sports are systematized by special features: 
• cyclicity of movement cyclic, acyclic, mixed; 
• competitive activities – individual, team, dual;
• duration – one-time, short, medium and long dura-

tion; 
• complexity of movement performance – simple and 

complex;
• interaction with the rival – direct and indirect;
• energy processing and its consumption.

Exercising regularly and participating in competi-
tions with the aim of consistently seeking for optimal 
results are the main objectives of sports movement. 
Apart from these features, human movement has other 
functions: social, cultural, health promotion and thera-
peutic. 

There are some studies that analyse movement 
peculiarities Lithuanian representatives of different 
sports when interaction with support is diverse [11–17]. 
Depending on the sport/discipline/event specifi cs, dif-
ferent ways of supported body interaction may be se-
lected: 1. when body is in static, dynamic and mixed 
positions; 2. with and without external resistance; 3. 
supporting both legs, 4. hands – left and right. 5. mixed 
– hands and legs; 6. in sitting or lying position [2, 3, 11, 
15, 18, 19].

Many authors point out that during interaction with 
support, structure of movements and their kinematic as 
well as kinetic indices depend on initial body posture, 
horizontal and vertical body movement speed, amount 
and type of external resistance and other factors [5, 7, 
8, 11, 13, 16, 20–23].

The main reason of movement is force [2]. Value 
of force impulse, its vector during the take off from the 
support, causes indices of biomechanical parameters, 
body movement in different directions [8–15]. 

In sports practice, three main types of biodynamical 
structure of the take-off are known, and they determine 
the diversity of athletic movement, performance and 
achieved results, as well as selection of training (work-
outs) loads and their realization in the training cycle.

First type of take-off: when there is no preliminary 
approach of the total body centre of mass to the sup-
port (initial static position in squat);

Second type of take-off: performed after the total 
body centre of mass approaches the support. The 
squat is performed, muscles are stretched, followed by 
static position and then take-off (straightening upwards) 
occurs.

Third type of take-off: performed when forced 
(amortization) approach of the total body centre of 
mass to the support happens when kinetic energy is 
already accumulated (momentum is gained). During 
the initial phase, dynamic-eccentric muscle activation 
takes place, during the second phase – concentric 
work of the muscles [1, 4, 11, 20, 24, 25].

All these types of take-offs are performed with the 
overcoming of body mass and external resistance while 
the body moves in different directions. The mentioned 
types of take-offs fi nd their place in different track-and-
fi eld events, games and other sports or disciplines.

The body of the athlete moves as a whole biome-
chanical system but depending on specifi cs of the sport/
disciplines and special features of an athlete’s anatomy, 
activities of separate body parts (biodynamic structure) 
have some differences, e.g. in individual sports (track-
and-fi eld events such as running and jumps) athletes 
interrelate with the support using their legs/feet and 
move in vertical or horizontal directions. This type of 
movement is caused by duration of the support phase 
of the take-off, functional potential of the legs and other 
muscles, and their combinations. 

In other track-and-fi eld events (throws) and sports 
(basketball, handball, volleyball, etc.) initial interac-
tion takes place not only as feet/legs are touching the 
ground/surface, but also the hands touch the used 
equipment (shot, javelin, discus, hammer or ball). In 
these conditions of dynamic activities, optimal leg-hand 
interaction and other body muscles activities become 
very important.

In most cases, the functional skills/abilities of the 
hand muscles are evaluated by force indices while 
overcoming resistance of one’s own weight (in dif-
ferent push-offs) or with additional weights (external 
resistance). During the push-offs, the push-off force 
is usually assessed but duration of the fl ight phase is 
not identifi ed, and this could help to identify velocity of 
movement of the overall body, jump height and relative 
power [18–19]. For this reason, it is quite diffi cult (and 
partly not very objective) to assess functional indices 
of the hand and leg muscles or to compare their ratio 
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because there are no standardised research methods 
or progress protocols for them.

Relevance. The authors of this article had diffi -
culties fi nding studies in which the indices compara-
tive analysis of the performance of separate phases 
during vertical jumps performed by athletes perform-
ing different sports [track-and-fi eld athletes (sprint-
ers and jumpers) basketball and handball players] 
would be presented. We also did not fi nd research 
analyzing identical kinematic and kinetic indices of 
the take-off phases of the push-off from a support 
or showing comparison to the same indices of the 
take-off (legs, from the support). We presume that 
data of this kind of research would have theoretical 
and practical signifi cance because synchronic and 
integral movements of an athlete’s hands and legs 
demonstrate their level of motor skills and would fur-
thermore deepen our scientifi c knowledge of domi-
nant movements, differences of biodynamic structure 
and functional indices of muscle groups in different 
sports (disciplines/events).

Research aim. To determine kinematic and kinetic 
indices of single vertical take-offs and push-offs of 
20–23 year old athletes (males) – track-and-fi eld ath-
letics (sprint and long jump) and sports (handball and 
basketball).

Objectives: To identify indices of the take-off 
force, power, take-off and fl ight duration, body move-
ment speed and height of athletes from different sports 
[track-and-fi eld athletics (sprint and long jump) and 
sports (handball and basketball)] during a single verti-
cal take-off and push-off.

Object of research. Assessment of the movement 
of athletes from different sports (track-and-fi eld athlet-
ics (sprint and long jump) and sports (handball and bas-
ketball) during a single vertical take-off and push-off.

Subjects: 20–23 year old, track–and-fi eld athletes 
(sprinters and long jumpers) (n = 10), handball players 
(n = 10), basketball players (n = 12), all engaged in train-
ing and competitive activities for 8–10 years.

Research organisation and methods. In track-
and-fi eld athletic events (jumping and throwing), not 
only the legs but often also the hands interact with the 
support. Interaction takes place with different equip-
ment such as the javelin, shot, hammer, discus, pole 
and thus, it may be appropriate to evaluate the func-
tional potential of the leg and hand muscles in perform-
ing movements of maximal power of vertical direction. 
In players, integral functional interaction of the hand 
and leg muscles in different competitive situations also 

cause effectiveness of athlete‘s movements and move-
ment of the ball. 

The method of tensodynamometry has been ap-
plied. During testing, the registered parameters were 
as follows: ta – take-off duration (s), tp – duration of 
no-support phase (s), F (N) – take-off force. From this 
data indices of relative power Ws = Fs × V (N/m/s/kg); 
jumping height – h = 122.3 × tp² (cm) and body move-
ment speed V = 9.8 × tp/2 (m/s) [1, 2, 4, 11, 25] were 
calculated.

Upward jumps and take-offs using both legs were 
performed. The initial body position was standing 
straight on tensoplatform. Then, sit-down movement 
with hands swinging down backwards was performed, 
and then a jump up with both hands swinging upwards. 
Push-off of maximal power using hands was performed 
in similar way. Athlete was supported by a tensoplat-
form (10 cm higher than horizontal plane) with straight 
hands, legs straight at the knees and pelvic joints. 
Then, hands bent and push-off upwards followed.

After explaining the jumping performance proce-
dure, every athlete had two trial jumps, with a 10–15 
second break between them. Then, the participant 
performed three vertical jumps of maximal power with 
a 20–30 second rest between the jumps. Identical pro-
cedures were applied in push-offs. The indices of the 
best jump and push-off (for every athlete) were then 
analyzed.

Mathematical statistics. Calculated were: arith-
metical means – x, deviation error mean ± Sx, Standard 
deviation ± S, signifi cance level of differences in indi-
ces – t and p, correlation between indices – r. Data pro-
cessing was carried out using SPSS software (version 
13.0).

Research results and discussion

Differences in height and weight of the subjects are not 
signifi cant (p > 0.05) because at the age of 20–23 the 
process of athletes’ (track-and-fi eld and players) physi-
cal and biological maturation is over. Moreover, the 
type of motor activities is similar (intensive, short-time 
physical loads, Table 1). Kinematic and kinetic indices 
of track and fi eld athletes in vertical jumps (leg take-off) 
have some distinctiveness. Indices of relative power 
(Ws, N/m/s/kg) in track-and-fi eld athletes were statisti-
cally signifi cantly better (p < 0.05) compared to hand-
ball and basketball players, as well as take-off duration 
indices compared to basketball players (p < 0.001), 
(Table 1).
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In the leg take-offs of basketball players, the dura-
tion of the no-support phase (p < 0.05) was statistically 
signifi cant, as well as higher body movement speed 
(p < 0.05) and higher jump (p < 0.05) compared to track-
and-fi eld athletes. These differences may be explained 
by the fact that the track-and-fi eld athletes group was 
mostly comprised of sprinters, and in their training and 
competition activities different physical loads (for speed 
development) of horizontal direction prevailed, and bas-

ketball players performed more movements and activi-
ties with both legs; vertical direction (throws and fi ght 
for the ball). Thus, we can see the expression of differ-
ent adaptations of nerves and muscles. 

Indices of basketball and handball players are simi-
lar except for the higher body movement speed indices 
in basketball players (p < 0.05). This also may be con-
nected to the specifi cs of functional adaptation of the 
motor system. 

Table 1. Indices of vertical jumps (take-off using legs) of athletes representing different sporting disciplines

Indices
1st group

Track-and-field
x ± Sx

2nd group
Handball
x ± Sx

3rd group
Basketball

x ± Sx
p

Height (m) 1.78 ± 0.03 1.81 ± 0.02 1.85 ± 0.02

Body mass (kg) 75.42 ± 4.75 80.91 ± 1.96 80.84 ± 2.36

Age (years) 22.80 ± 0.44 20.40 ± 0.54 20.75 ± 0.79

ta (s) 0.51 ± 0.04 0.56 ± 0.02 0.60 ± 0.03 1st–3rd
0.001

tp (s) 0.57 ± 0.01 0.59  ±0.01 0.61 ± 0.01 1st–3rd
0.05

F (N) 1724.0 ± 41.20 1476.2 ± 54.54 1473.33 ± 58.43

V (m/s) 2.77 ± 0.10 2.81 ± 0.05 2.96 ± 0.06 1st–3rd 
0.05

W (N/m/s/kg) 64.57 ± 4.77 50.50 ± 2.82 50.73 ± 3.38

1st–3rd 
0.05

1st–2rd
0.05

h (cm) 40.51 ± 1.87 42.8 ±1.32 45.70 ± 1.32 1st–3rd 
0.05

Table 2. Indices of vertical jumps [take-off using hands (push-off)] of athletes representing different sporting disciplines

Indices
1st group

Track-and-field
x ± Sx

2nd group
Handball
x ± Sx

3rd group
Basketball

x ± Sx
p

ta (s) 0.98 ± 0.04 0.90 ± 0.05 0.98 ± 0.05

tp (s) 0.30 ± 0.02 0.26 ± 0.02 0.28 ± 0.01

F (N) 857.0 ± 30.48 750.0 ± 46.31 583.3 ± 32.08

1st –2nd
0.001

1st–3rd
0.001

2nd–3rd
0.010

V (m/s) 1.45 ± 0.09 1.33  ± 0.10 1.39 ± 0.05

W (N/m/s/kg) 16.0 ± 1.11 12.94 ± 1.11 13.85 ± 0.93

h (cm) 11.12 ± 1.28 8.30 ± 1.24 10.29 ± 0.69
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In all three groups, a very signifi cant difference be-
tween kinematic and kinetic indices (p < 0.001) in take-
offs and push-offs were found (Tables 2 and 3). This 
potential of sports movement demonstrates functional 
abilities of athletes’ hands and legs when performing 
sports movements and activities at training sessions 
and competitions. The interrelation of the indices of this 
potential and dynamic, as well as development of their 
qualitative and quantitative interrelation, depending on 
specifi cs of a sport discipline and athletes’ individual 
skills and abilities, may become a promising area for 
scientifi c research as well as a practical direction in 
education. 

Correlation of the indices of all jumps (Table 4) has 
confi rmed already known facts from our and other au-
thors’ research [4, 7, 8, 18, 25], and also revealed some 
not very well-known causal relations. It was found that 
with the increase of body mass, duration of the take-
off phase becomes longer (r = 0.54, p<0.05) and body 
movement speed decreases (r = –0.45, p < 0.05). Leg 
take-off force has very clear impact on take-off dura-
tion (r = 0.64, p < 0.001) and body movement speed 
(r = 0.60, p < 0.01) relative power has evident impact on 

fl ight phase duration (r = 0.85, p < 0.01) and jump height 
(r = 0.99, p < 0.01).

Most of the kinematic and kinetic indices of the 
jump (take-off using legs) has no signifi cant relation to 
the indices of push-off (hands take-off). The force of 
hands take-off has a negative correlative relationship 
with fl ight duration (r = 0.41) and jump height (r = 0.42), 
when jumping is performed with take-off using the legs. 
It may be explained by the fact that the increasing force 
of the push-off (hands take-off) goes together with the 
increase of the shoulder muscles, and this effects dura-
tion of (legs) take-off from the support, the duration of the 
fl ight and jump height. A change in the ratio of indices 
of the hands and legs take-off from the support occurs.

Motor abilities of body movement in vertical direc-
tion may change accordingly. This demonstrates that 
functional abilities are (and may be) different because 
of different reasons that should be researched addition-
ally. Maximal height of the push-off depends on relative 
power (r = 0.52, p < 0.001) and body movement speed 
(r = 0.91, p < 0.001) as well as fl ight duration (r = 0.99, 
p < 0.001). A greatly signifi cant difference in the ki-
nematic and kinetic indices of the take-off using legs 

Table 3. Differences in take-off and push-off indices of track-and-field athletes

Indices Take-off
x ± Sx

Push-off
x ± Sx

Difference reliability
p

ta (s) 0.51 ± 0.04 0.98 ± 0.04 0.001

tp (s) 0.57 ± 0.01 0.30 ± 0.02 0.001

F (N) 1724.0 ± 41.20 857.0 ± 30.48 0.001

V (m/s) 2.77 ± 0.10 1.45 ± 0.09 0.001

W (N/m/s/kg) 64.57 ± 4.77 16.0 ± 1.11 0.001

h (cm) 40.51 ± 1.87 11.12 ± 1.28 0.001

Table 4. Differences in take-off and push-off indices in vertical jumps of handball players

Indices Take-off
x ± Sx

Push-off
x ± Sx

Difference reliability
P

ta (s) 0.56 ± 0.02 0.90 ± 0.05 0.001

tp (s) 0.59 ± 0.01 0.26 ± 0.02 0.001

F (N) 1476.2 ± 54.54 750.0 ± 46.31 0.001

V (m/s) 2.81 ± 0.05 1.33 ± 0.10 0.001

W (N/m/s/kg) 50.50 ± 2.82 12.94 ± 1.11 0.001

h (cm) 42.8 ± 1.32 8.30 ± 1.24 0.001
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compared to the same indices of the push-off is found 
fi rstly because of the fact that mass of the leg muscles 
is larger compared to those of the hands. Moreover, the 
leg muscles are longer and thus, during the take-off, 

Table 5. Differences in take-off and push-off indices in vertical jumps of basketball players

Indices Take-off
x ± Sx

Push-off
x ± Sx

Difference reliability
P

ta (s) 0.60 ± 0.03 0.98 ± 0.05 0.001

tp (s) 0.61 ± 0.01 0.28 ± 0.01 0.001

F (N) 1473.33 ± 58.43 583.33 ± 32.08 0.001

V (m/s) 2.96 ± 0.06 1.39 ± 0.05 0.001

W (N/m/s/kg) 50.73 ± 3.38 13.85 ± 0.93 0.001

h (cm) 45.70 ± 1.32 10.29 ± 0.69 0.001

Table 6. Correlation of vertical jump indices of athletes of different sports during take-off using legs

Indices 1 2 3 4 5 6 7 8 9

1. Height (m) 1

2. Body mass (kg) 0.74 1

3. Age (years) –0.29 –0.12 1

4. ta (s) 0.54 0.31 –0.04 1

5. tp (s) 0.17 0.05 –0.13 0.29 1

6. F (N) –0.05 0.14 0.02 –0.64 –0.26 1

7. V (m/s)  –0.45 –0.33 0.29 –0.61 –0.20 0.60 1

8. W (N/m/s/kg) 0.26 0.07 –0.18 0.28 0.85 –0.28 –0.24 1

9. h (cm) 0.15 0.04 –0.12 0.27 0.99 –0.26 –0.17 0.85 1

bigger amounts elastic deformation – kinetic energy – 
are accumulated (Table 7). 

Research results have demonstrated that the com-
parison of vertical jumps with legs and hands take-off 

Table 7. Correlation of vertical jump indices of athletes of different sports during push-off using hands

Indices 1 2 3 4 5 6 7 8 9

1. Height (m) 1

2. Body mass (kg) 0.74 1

3. Age (years) –0.29 –0.12 1

4. ta (s) 0.01 0.02 0.10 1

5. tp (s)  0.20 0.22 0.10 –0.06 1

6. F (N)  –0.06 0.15 0.29 –0.06 0.06 1

7. V (m/s)  0.18 0.24 0.16 –0.06 0.92 0.14 1

8. W (N/m/s/kg) –0.10 –0.25 0.03 –0.01 0.50 0.13 0.60 1

9. h (cm)  0.22 0.24 0.08 –0.04 0.99 0.10 0.91 0.52 1
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(push-off) and dynamics of their quantitative ratio is of 
great importance for sports practice and these dynam-
ics can be assessed by the same indices. Our research 
results supplemented other authors’ results, which 
were achieved when analyzing vertical jump indices 
[7–8–10, 21, 22].

There is a regular tendency that the main aim of 
track-and-fi eld athletes (sprinters and jumpers), bas-
ketball and handball players during training sessions 
and competitions is to gain spatial and time advantage 
when the body moves in horizontal and vertical direc-
tion. 

It may help to answer some questions: how do hand 
movements affect running velocity? Does one need 
great mass of the hand and shoulder muscles if its ef-
fect on athletic movement is not well known? Does the 
change of this ratio effect athletes’ effi ciency? 

In our opinion, this area of research is also relevant 
for other sports in which hand and leg muscles are ac-
tively engaged in athletic movement. 

From the social point of view, this type of research 
may help to answer the question: what are/should the 
abilities for the human body to move be and what train-

ing means and exercises that could ensure social activ-
ity and health be applied?

Conclusions: 

1. Relative power of track-and-fi eld athletes take-
off using both legs was signifi cantly better (p < 0. 
05) when compared to the indices of handball and 
basketball players. The jump height of basketball 
players was signifi cantly greater in comparison to 
track-and-fi eld athletes – sprinters and jumpers 
(p < 0.05).

2. In track-and-fi eld athletes (sprinters and jumpers), 
take-off power (push-off) was signifi cantly greater 
than in handball and basketball players (p < 0.001), 
and in handball players, greater than in basketball 
players (p < 0.01).

3. In participating subjects – athletes – no signifi cant 
differences in motor skills of different body parts (in 
this case legs and hands) that demonstrate special 
features of human nature, adaptation to the specifi c 
physical loads and performance biodynamics were 
found. 
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Summary

Objective. The main objective of the research was to analyse the influence of the body build of the Silesian 
University of Technology students on the values of maximal muscle torque in the elbow and knee joints.

Material. The research included 133 individuals (39 females and 94 males), all the Silesian University of 
Technology students. None of the participants were professional athletes.

Methods. To perform measurements of maximal muscle torque in the elbow and knee joints during flexion 
and extension a special device, produced by the ACCURO SUMER Company, was used. Mathematical model-
ling (variance and regression analyses) enabled the creation of fitness profiles of the subjects.

Results. Correlations between maximal muscle torque measured for the lower and upper limbs and LBM 
of the whole body are much stronger than the correlation between torque and BMI. In the case of women, the 
significant correlation was not found only between general muscle mass and maximal torque in the left elbow 
joint. The correlations between muscle torque and muscle masses in the group of men are much clearer.

Conclusions. The results obtained and analyses conducted confirm that methods used in biomechanics 
can be also used to estimate physical possibilities. The reliability of body composition estimation by means 
of electrical impedance not only for the whole body, but also for individual parts of body (trunk, limbs) seems 
to be at least satisfactory.

The objective of this paper was to present the methodology of measurements of muscle torque under 
isometric conditions and perform the comparative analysis of the results obtained for examined students and 
results measured by other researchers, as well as carry out an analysis of Body Mass Index and Lean Body 
Mass influence on maximal muscle torque. These measurements and analyses are the part of a project, the 
aim of which is to carry out multifactor diagnosis and estimation of the fitness level of the Silesian University 
of Technology students.
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 SUMMARY    

Introduction

Keeping fi t is one of the main problems in staying 
healthy and being in a good mood. Loss of health has 
an infl uence not only on an ill person but also on his/her 
relatives and, taking into account inability to work, on 
the countries’ economy. Therefore, one of the priorities 
should be promoting a way of living which enables, even 
elderly people, to stay healthy and in good shape. What 

can help is getting used to playing sports, which should 
be taught from the youngest age. People who are spe-
cially gifted can turn professional, but almost everybody 
who is able to move can fi nd a discipline which he/she 
would like and helps them to be in good shape.

In order to promote such a way of living, it is neces-
sary to determine the current state of society’s aware-
ness of this problem and how fi t Polish people are. 
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One attempt to estimate this was made at the Silesian 
University of Technology, where scientists carried out 
a set of measurements on a group of students. There 
were two reasons why this group was chosen. These 
people were young, but already entirely aware of their 
choices, including choices concerning their way of liv-
ing and physical fi tness. And university students are 
a social group in which there are people with various 
social, economical and habitat factors.

The main purpose of the project carried out at 
the Silesian University of Technology was a multifac-
tor diagnosis and estimation of the fi tness level of the 
Silesian University of Technology students. The infl u-
ence of sports activity on students’ fi tness as well as 
on body build and composition was also estimated. To 
carry out these aims, mathematical modelling (variance 
and regression analyses) was used which enabled the 
creation of fi tness profi les. Additionally, a lot of tests and 
measurements checking strength, fl exibility, effi ciency 
and coordination were conducted. The measurements 
and results presented in this paper are part of the re-
search carried out within the confi nes of the project.

The paper presents the methodology of measure-
ments and results obtained by means of one of the 
devices used in the project – a set for muscle torque 
measurements under isometric conditions is presented.

Measurements of muscle torque are one of the 
most popular. They can be used both in sports and 
in medicine and rehabilitation. Physiotherapists use 
this to analyze the progress of rehabilitation [3]. Very 
often, the same device is used not only to take mea-
surements, but also to do some rehabilitation exercises 
which can be performed with biofeedback. Coaches 
and scientists from physical education universities use 
measurements of muscle torque to evaluate training 
progress and the infl uence of different training methods 
on an athlete’s physical fi tness [1, 2, 5–10]. Then not 
only can the maximal muscle torque be measured but 
also, for example the infl uence of exercises or games 
on an athlete’s muscle fatigue. That is why the authors 
of this article decided to use these measurements to 
compare the strength of examined students.

Methods

To perform measurements of muscle torque in elbow 
and knee joints, a special device produced by the 
ACCURO SUMER Company was used. The measuring 
device consisted of:
• a special chair with a measuring head to calculate 

muscle torque in the lower limbs (Fig. 1),

• a slideway with a measuring head for measure-
ments of muscle torque in the upper limbs (Fig. 2).

The construction of the device enabled its adjustment 
to the individual body build of participants and allowed for 
proper positioning of the measuring head to overlap axes 
of rotation of the joint and the measuring head.

All measurements were performed under isometric 
conditions in the sagittal plane. The research involved 
determining maximal muscle torque in the elbow and 
knee joints during fl exion and extension.

The research included 133 individuals (39 females 
and 94 males), all the Silesian University of Technology 
students. None of the participants were professional 
athletes.

The measurements in the knee joint were conduct-
ed in sitting position with the immobilized thigh bent at 
the a 90° angle in the hip joint and the lower limb bent in 
the knee joint at 15°, 30° and 45° angles during fl exion 
and at 45°, 60° and 75° during extension.

Fig. 1. Device for the measuring of muscle torque in the knee joint

Measurements in the elbow joint were conducted in 
standing position. The arm was parallel to the trunk and 
the forearm was bent at 75°, 90° and 105° angles both 
for fl exion and extension. 

133 people took part in the research (39 females 
and 94 males), all Silesian University of Technology 
students. None of these participants were professional 
athletes. All parameters concerning their body are pre-
sented in Table 1. Height is presented with an accuracy 
of 1 cm and weight – of 1 kg. These measurements 
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were conducted on the Tanita BC-418 balance. The 
BMI factor was calculated by the formula:

BMI = mb 
/ hb

2

where: mb – body mass, hb – body height.

Measument  results 

The average results of measurements of muscle torque 
are presented in Tables 2–5. All results are presented 
separately for the right and left limb and for women and 
men.

Fig. 2. The device for the measurements of muscle torque in the elbow joint

Table 1. Mean values and standard deviation of participants’ biometric features

Gender Age [years] Height [cm] Body mass [kg] BMI [kg × m–2]

Female 20.0 ± 0.55 167.0 ± 6.56 59.0 ± 8.57 21.0 ± 2.40

Male 20.0 ± 0.71 179.0 ± 6.49 75.0 ± 11.00 23.0 ± 3.10

Average 20.0 ± 0.68 176.0 ± 9.00 70.0 ± 12.00 22.0 ± 3.05

Table 2. Mean value and standard deviation of muscle torque of knee flexors [Nm]

Gender

Muscle torque of knee flexors [Nm]

Right leg Left leg

15° 30° 45° 15° 30° 45°

Female 56 ± 17 56 ± 17 52 ± 18 56 ± 18 55 ± 19 52 ± 18

Male 113 ± 32 112 ± 31 106 ± 28 111 ± 34 107 ± 31 104 ± 31

Table 3. Mean value and standard deviation of muscle torque of knee extensors [Nm]

Gender

Muscle torque of knee extensors [Nm]

Right leg Left leg

45° 60° 75° 45° 60° 75°

Female 83 ± 21 98 ± 27 106 ± 31 84 ± 23 97 ± 28 105 ± 32

Male 137 ± 35 172 ± 53 202 ± 70 136 ± 37 165 ± 51 196 ± 70
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Discussion

The series of correlations between maximal moments 
of muscle force and parameters describing body build 
and composition were formulated. Additionally, the re-
sults were compared to results obtained by authors of 
other studies.

Comparison of results obtained by other authors

The average values of maximal muscle torque ob-
tained by Gorwa [4], Trzaskoma [11], Wychowański 
[12] and the authors of this article are presented in 
Figures 3–6. In the case of the lower limbs, values of 
torque during extension obtained by males from the 
Silesian University of Technology are comparable to 
those obtained by students of the University of Physical 
Education, and are much lower than those obtained by 
athletes and medical students. Values obtained during 
fl exion are lower than those measured for other groups 
but the differences are not as big as during extension. 
The results of women showed that students from 
Gliwice are the weakest group. The results achieved 
by them did not even equal 50% of values measured 
for sportswomen.

Comparing the results obtained for the upper limbs 
one may observe larger differences between sports-
women and other female groups. In the case of men, 
athletes are the strongest group, both for juniors and 
seniors, but differences between them and other men 
are not as big as for women. It is worth paying atten-

tion to differences between the fl exion and extension 
muscle groups. In the case of athletes, extensors are 
the strongest muscles, whereas for the rest of the par-
ticipants, it is the opposite case. It can result from the 
specifi city of different sport disciplines or measuring 
conditions.

Analysis of obtained results

Among parameters having infl uence on muscle 
strength, the most important are: type of body build, 
muscle mass (Lean Body Mass – LBM, Fat-Free Mass 
– FFM), anatomical muscle cross-section area and 
proportions of bone levers, which infl uence values of 
muscle torque. Within the confi nes of this paper, we 
analyzed correlations between measured maximal 
muscle torque in the elbow and knee joints and BMI 
as well as Lean Body Mass determined for the whole 
body and individual limbs. These correlations were an-
alyzed separately for women and men. For each group 
of measurements, Pearson’s Correlation Coeffi cient (r) 
and Terminal Signifi cance Level (p) of calculations were 
calculated.

BMI is used to estimate body build, and more pre-
cisely, to determine the proportion of a person’s height 
and weight. The smaller the BMI, the thinner the per-
son is. An increase in BMI represents an increase in 
obesity. Figure 7 presents an exemplary correlation 
between maximal muscle torque and BMI, obtained for 
the examined students during the extension of the right 
lower limb in the knee joint.

Table 4. Mean value and standard deviation of muscle torque of elbow flexors [Nm]

Gender

Muscle torque of elbow flexors [Nm]

Right arm Left arm

75° 90° 105° 75° 90° 105°

Female 36 ± 16 37 ± 17 38 ± 20 34 ± 15 35 ± 16 36 ± 18

Male 80 ± 32 79 ± 32 78 ± 31 76 ± 30 77 ± 30 76 ± 30

Table 5. Mean value and standard deviation of muscle torque of elbow extensors [Nm]

Gender

Muscle torque of elbow extensors [Nm]

Right arm Left arm

75° 90° 105° 75° 90° 105°

Female 36 ± 18 34 ± 16 32 ± 14 35 ± 18 34 ± 17 32 ± 17

Male 71 ± 31 66 ± 27 63 ± 27 70 ± 28 68 ± 26 64 ± 26



– 61 –

Research into maximal muscle torque carried out in students of the Silesian University of Technology

Fig. 3. Muscle torque in the knee joint obtained for males  in various examinations: a) maximal values, b) percentage results compari-
son – it was assumed that 100% corresponds to the results obtained by the Silesian University of Technology students
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Fig. 4. Muscle torque in the knee joint obtained for females in various examinations: a) maximal values, b) percentage results com-
parison – it was assumed that 100% corresponds to the results obtained by the Silesian University of Technology students
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Fig. 5. Muscle torque in the elbow joint obtained for males in various examinations: a) maximal values, b) percentage results compari-
son – it was assumed that 100% corresponds to the results obtained by the Silesian University of Technology students
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Fig. 6. Muscle torque in the elbow joint obtained for females in various examinations: a) maximal values, b) percentage results com-
parison – it was assumed that 100% corresponds to the results obtained by the Silesian University of Technology students
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Fig. 7. Correlations between maximal muscle torque of the students’ right knee joint extensors (MFRKE) and their body mass index (BMI)

 

RKF LKF RKE LKE REF LEF REE LEE
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Legend: 

RKF – flexion in the right knee joint, LKF – flexion 
in the left knee joint, RKE – extension in the right 
knee joint, LKE – extension in the left knee joint, 
REF – flexion in the right elbow joint, LEF – flexion 
in the left elbow joint, REE – extension in the right 
elbow joint, LEE – extension in the left elbow joint.

Fig. 8. The Pearson’s correlation coefficient (r) and the terminal significance level (p) obtained for the correlations between maximal 
muscle torque and BMI
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Fig. 10. The Pearson’s Correlation Coefficient (r) and the terminal significance level (p) obtained for the correlations between maximal 
muscle torque and LBM

Fig. 9. Correlations between maximal muscle torque of the students’ right knee joint extensors (MFRKE) and lean body mass of the 
whole body (LBM)

Legend:

RKF – flexion in the right knee joint, LKF – flexion 
in the left knee joint, RKE – extension in the right 
knee joint, LKE – extension in the left knee joint, 
REF – flexion in the right elbow joint, LEF – flexion 
in the left elbow joint, REE – extension in the right 
elbow joint, LEE – extension in the left elbow joint.



– 67 –

Research into maximal muscle torque carried out in students of the Silesian University of Technology

 

 r = 0.44; p = 0.026                                              r = 0.48; p < 0.001

RLLBM [kg]

M
FR

K
E 

[N
m

]

Female

6 8 10 12 14 16
0

50

100

150

200

250

300

350

400

Male

6 8 10 12 14 16
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limb (RLLBM)

Fig. 12. The Pearson’s Correlation Coefficient (r) and the terminal significance level (p) obtained for the correlations between maximal 
muscle torque and RLLBM
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Legend:

RKF – flexion in the right knee joint, LKF – flex-
ion in the left knee joint, RKE – extension in the 
right knee joint, LKE – extension in the left knee 
joint, REF – flexion in the right elbow joint, LEF 
– flexion in the left elbow joint, REE – extension 
in the right elbow joint, LEE – extension in the 
left elbow joint.
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The Pearson’s Correlation Coeffi cient and the 
Terminal Signifi cance Level obtained for the correla-
tions between maximal torque and BMI are presented 
in Figure 8. The general conclusion states that these 
phenomena are diversifi ed and depend on the gender 
of the examined persons.

In the group of women, only two parameters from 
among eight of them reached the level of statistical sig-
nifi cance. The rising value of BMI is correlated with maxi-
mal muscle torque obtained for fl exors of the knee joint, 
both in the right and left lower limb (p < 0.05) (Fig. 8a).

In the group of men, statistically signifi cant correla-
tions between BMI values and maximal torque were ob-
served for fl exors and extensors of the knee and elbow 
joint both for the right and left side, with one exception – 
the right knee joint, where Terminal Signifi cance Level 
is higher than 0.05 (Fig. 8b).

These results have a logical interpretation. The body 
mass of women is formed by adipose tissue whereas 
in the case of men, muscle tissue dominates. Hence, 
the strongest correlations between BMI and maximal 
muscle torque are among men rather than women.

Full body measurements of Lean Body Mass (LBM) 
were carried out by means of Tanita BC-418 balance 
which uses the electrical impedance method.

The value of LBM depends on body build and 
height. It describes the amount of such components as 
muscles, bones, inner organs and connective tissue, 
which are responsible for burning calories. The higher 
the value of LBM, the faster calories are burnt during 
rest or exertion.

Figure 9. presents the relationships between 
maximal muscle torque obtained for the knee joint of 
the right lower limb and LBM specifi ed for the whole 
body.

By comparing the obtained results, one can con-
clude that correlations between maximal muscle torque 
measured for the lower and upper limbs and LBM of 
the whole body are much stronger than correlations be-
tween muscle torque and BMI (Fig. 10). The Terminal 
Signifi cance Level was also low, especially for men 
(p < 0.001).

In the case of women, the signifi cant correlation 
was not found only between general muscle mass and 
maximal muscle torque in the left elbow joint.

In the rest of the measurements, the Pearson’s 
Correlation Coeffi cient (r) ranged from 0.36 to 0.70, 

thus these correlations are signifi cant and can be logi-
cally interpreted. Along with the growth of Lean Body 
Mass, that is the growth of general muscle mass in rela-
tion to the global body mass, maximal muscle torque in 
the elbow and knee joints increases was well.

The correlations between muscle torque and 
muscle masses in the group of men are much clearer. 
Statistically signifi cant correlations appeared in all ex-
amined cases where Pearson’s Correlation Coeffi cient 
ranged from 0.50 to 0.55.

The Tanita balance enabled the estimation of not 
only Lean Body Mass in the whole body, but also in 
individual limbs. Figure 11 presents correlations be-
tween measured maximal muscle torque in the exten-
sors of the right knee joint and muscle mass of the 
right lower limb.

In the next stage of statistical analysis the correla-
tions between maximal muscle torque in the knee and 
elbow joints and muscle mass of these limbs were ex-
amined individually. The results of these analyses are 
showed in Figure 12. They are very similar to the re-
sults obtained from the comparative analysis of maximal 
muscle torque and Lean Body Mass. The strongest cor-
relations were once again found in the group of men. In 
the group of women, there was no signifi cant correlation 
for the extensors of the left elbow joint. The Pearson’s 
Correlation Coeffi cient oscillates around r = 0.50.

Conclusions

The results obtained and analyses conducted con-
fi rm, that methods used in biomechanics can be also 
used in the research presented in this paper in order to 
estimate physical possibilities. In most cases, the sig-
nifi cance level was low. In the case of extensors of the 
left elbow joint in the group of women, the high value 
of the Terminal Signifi cance Level is probably caused 
by an error resulting from the low number of examined 
women.

The second conclusion arising from the analy-
ses of the results obtained concerns the reliability of 
body composition estimation by means of electrical 
impedance not only for the whole body but also for in-
dividual parts of body (trunk, limbs). According to the 
presented results this reliability seems to be at least 
satisfactory.
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Summary

Aim of the study. The aim of this study was to try to describe factors which support the improvement in 
teaching fly-throws and determine better results, including the proper use of the non-dominant hand. Chosen 
factors come from the group of basic fly-throw equipment (javelin and tennis ball), and with the use of the 
substitute equipment (elliptic Vortex ball throw). The results of the fitness tests and somatic build parameters 
were also included in the analysis.

Material and methods. A group of 155 pupils, in two age groups, adequate to particular educational levels, 
were selected for the purpose of this study (primary school – age 11–12 and high school – age 17–8). Also, the 
gender was taken into consideration. The data was prepared in terms of statistics, determining basic indexes, 
and correlation as well as regression analyses were applied. In order to create regression models, multiple 
regression was used, while significant differences were described with the aid of ANOVA analysis. 

Results. In many cases, there was high correlation (p  0,05) between right and left hand throws using 
various equipment. The data shows that the most common explanatory variables providing results in the fly-
throws were variables from the elliptic Vortex ball throw group, while fitness tests and somatic build parameters 
occasionally created the regression models. The variables from the non-dominant hand throw group also 
appeared in the regression models. The coefficient of determination in the created regression models slightly 
increased with the age, while the number of explanatory variables was similar (R^2 = 0.471 in the younger 
group, to R^2 = 0.733 in the older group). 

Conclusions. Somatic build parameters and motility in shoulder joints do not determine the results of fly-
throws in both groups. The use of substitute equipment can be applied in teaching processes and improving 
throws. 
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Introduction

The processes of teaching throws and training in gen-
eral, often require the implementation of a number of 
innovative methods, the usage of substitute equipment 
and the exploration for new elements which improve 
sports results. In addition to novelty in teaching and 
training, trainers are looking for more and more solu-
tions regarding design and analysis of aerodynamic 
testing during throws. To do this, they use stop-motion 
analysis of the fl ight phases of the equipment thrown 
by leading athletes during competitions or tests per-

formed in modern aerodynamic wind tunnels [1]. The 
fl y-throwing technique in team sports and different 
used equipment in competitive sports (javelin throw, 
baseball and cricket ball throw) or a tennis ball in school 
games for children, enforce asymmetric movements. 
Dynamic asymmetry is particularly important in physi-
cal education and sports already at the youngest age, 
which is written about by Wieczorek [2] and Koszczyc 
[3]. According to many authors, it is the condition for 
successful movement, as well as learning motor skills 
[4]. Due to the perennial paradigm concerning the lack 
of evidence for testing dynamic asymmetry, discussion 
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regarding the presented results is not easy because in 
literature, there is not much research showing the scale 
of lateral functional differentiation of the upper limbs 
in fl y-throws. Determining one standard somatotype 
of a pitcher or javelin thrower is not without diffi culty 
because there is very large individual variation even 
among the world’s top athletes. Returning to exercise 
from former years with the use of substitute equip-
ment and various forms activates many motor skills, 
which are effectively used in special preparation; this 
is described by Haleczko and Sutyło, Migasiewicz and 
Jonak, Stodółka, et al. and Linder [5–8]. Taking into 
account the above mentioned premises related to the 
use of only essential equipment in perfecting throws, 
the authors wanted to show justifi cation for returning to 
the use of substitute equipment. The authors also want 
to draw attention to the benefi ts of the throws using 
non-dominant limbs and the possible benefi ts that may 
arise from the so-called bilateral transfer phenomenon, 
which in similar forms of movement is described by the 
earlier mentioned authors. The authors are aware of 
the fact that the choice of optimal determinants is not 
an easy task, but nonetheless, tried to choose such 
motor activities and use equipment which would assist 
learning and improve throws, as well as the correlations 
that exist between the results of the throws performed 
using the   right and left upper limbs.

The hypothesis put forward by the authors refers to 
the correlation between the innovative equipment used 
and a traditional spear. It results from a very similar 
structure of the movement of two pieces of equipment 
set together, which the authors have conducted in the 
pilot studies. Furthermore, the authors assumed that 
a correlation between the two tested limbs will come 
forward, which will allow to use this topic to study domi-
nant limb unload training.

Material and methods

The study was conducted among students of Public 
Primary School No. 2 in Opole and Public High School 
No. 3 in Opole. The choice of participants was made 
based on the technique of purposive sampling, howev-
er, the purposefulness resulted from the specifi c facility 
in which it was possible to carry out such research, and 
not the predisposition of research material of the study. 
Details are given in Table 1.

Empirical studies were carried out using observa-
tional methods, which consisted of lack of interference 
in throw techniques, and the measurement was taken 

in meters using a tape measure. All subjects were in-
formed about the nature, purpose and course of study. 
In the case of minors, their legal guardians provided 
written informed consent. Students who declared 
right-handed dominance in throws were chosen for 
analysis. The authors did not specify right/left-hand-
edness of the studied participants due to the need 
for a large number of additional tests, which was not 
the subject of the ongoing research. The selection of 
research techniques and instruments was dictated by 
the possibility of using fi tness tests, which are used 
during physical education classes in order to check the 
progress of motor skills. Justifi cation of selection of the 
mentioned throw-trials is associated with the desire to 
utilize diverse equipment, however, the selection of fi t-
ness tests related to speed, jump ability and strength 
of the upper limbs is justifi ed by the use of these skills 
in improving throws. The large selection of throw and 
strength attempts is justifi ed by the authors’ desire to 
search for exercises that can be correlated with the 
methodology of improving throws, however their num-
bers should not overwhelm the recipient because they 
are compatible with and related to performance imple-
menting both limbs. For this reason, they chose two 
attempts (javelin throw with run-up and Vortex spear 

Fig. 1. Elliptic Vortex ball and volleyball

Table 1. Characterization of the studied group

Type of school Gender Number Age 

Primary school 
pupils

Girls 40
11–12

Boys 40

High school 
pupils

Girls 37
17–18

Boys 38
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throw) as predictors for which they tried to fi nd the de-
terminants amongst the described trials.

Throw attempts (list of abbreviations used in 
the paper):
1. Tennis ball throw using right upper limb with run-up. 

(P1)
2. Tennis ball throw using left upper limb with run-up. 

(P2)
3.  Medicine ball throw (1.5 kg) using right upper limb 

and without run-up. (P3)
4.  Medicine ball throw (1.5 kg) using left upper limb 

with without run-up. (P4)
5. Elliptic Vortex ball throw using right upper limb with 

run-up. (P5)
6. Elliptic Vortex ball throw using left upper limb with 

run-up. (P6)
7. Javelin throw (600 g) using right upper limb with 

run-up. (P7)
8. Javelin throw (600 g) using left upper limb with run-

up. (P8)
9. Medicine ball throw (1.5 kg) with both hands behind 

the head, standing facing the direction of the throw 
without run-up. (P9)

10.  Medicine ball throw (1.5 kg) with both hands behind 
the head, sitting position with joined legs. Before 
the throw, the participant can lean backwards in or-
der to increase throw speed. (P10)

Fitness test attempts (list of abbreviations used 
in study):
11. Long jump with run-up. (S1)
12. Long jump without run-up. (S2)
13. 20-meter dash (S3)
14. Agility test – “Envelope-shaped” course; “envelope” 

with 5 m side. (S4)

15. Test of right hand grip-strength measured using dy-
namometer. (S5)

16. Test of left hand grip-strength measured using a dy-
namometer. (S6)

17. Shoulder joint fl exibility range test. Interpolating 
centimeter scale, with both hands, arms straight, 
from the front, over the head, to the back, down. 
(S7)

Parameters of somatic build (list of abbrevia-
tions used in the paper):
18. Body mass. (M1)
19.  Body height. (M2)
20. Arm-span measured from the tips of the middle fi n-

gers. (M3)

The presented tables include arithmetic means and 
standard deviations. Pearson’s correlation analysis as 
well as regression analysis were also performed In or-
der to fi nd the most desirable set of variables, multiple 
regression taking the strength of the correlations be-
tween variables was applied. Appointing independent 
variables and building a regression model, the authors 
were infl uenced not only by substantive and mathemati-
cal verifi cation, but also by knowledge and experience 
in the fi eld of teaching and information regarding the 
fl y-throw sport.

The analysis of intergroup differences was conduct-
ed using ANOVA variance analysis, as taking into ac-
count the throw distances, it was not possible to clearly 
identify variations due to the age differences.

The signifi cance of inter-group and sex-related 
differences was also determined by ANOVA analysis. 
Concerning the signifi cance of differences between 
sexes, the authors wanted to show the possible varia-
tions without reference to the analysis associated with 
the use of various formulas describing sexual dimor-
phism.

Results

Table 2, 3 presents the basic statistical parameters of 
the throws and attempts as well as fi tness and somatic 
build parameters of the studied student. Analyzing their 
size, it may be noticed that the variation between the 
right and left limbs increases with age and in some 
cases, reaches almost 50%. It is defi nitely higher for 
boys than girls in both age groups.

Analyzing the results of the correlation, it may be 
noted that the used trials signifi cantly correlated with 

Fig. 2. Javelin made of plastic for children and volleyball
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Table 2. Basic statistic parameters of throw and fitness tests, as well as build parameters of pupils age 11–12

Name of trial
(abbreviation) U.m.

Boys Girls

x SD x SD

P1 m 24.60 5.35 17,.16 2.97

P2 m 12.15 2.34 10.92 2.56

P3 m 6.13 1.36 5.13 1.03

P4 m 4.78 1.00 3.86 0.80

P5 m 17.85 3.58 12.39 3.76

P6 m 11.44 3.06 7.97 2.37

P7 m 10.20 2.13 8.58 2.09

P8 m 7.30 2.03 6.45 1.55

P9 m 5.21 1.17 4.73 0.85

P10 m 2.51 1.04 2.34 0.57

S1 cm 286.91 33.91 250.53 32.34

S2 cm 156.28 20.84 140.21 18.44

S3 s 4.27 0.37 4.25 0.30

S4 s 8.91 0.58 9.23 0.47

S5 kg 15.88 4.02 12.74 3.01

S6 kg 14.23 4.07 10.55 2.76

S7 cm 96.83 11.30 89.26 14.79

M1 kg 48.70 11.01 44.37 7.26

M2 cm 154.18 7.01 153.26 5.63

M3 cm 157.23 9.66 153.37 5.21

Table 3. Basic statistic parameters of throw and fitness tests, as well as build parameters of pupils age 17–18 

Name of trial
(abbreviation) U.m.

Boys Girls

x SD x SD

P1 m 35.95 6.21 18.37 4.78

P2 m 17.65 2.12 10.29 2.66

P3 m 14.73 1.74 9.21 2.55

P4 m 10.40 1.57 7.21 1.38

P5 m 28.30 6.99 11.66 3.39

P6 m 14.50 1.96 8.05 1.94

P7 m 17.63 4.01 12.08 2.88

P8 m 11.10 2.02 9.12 1.57

P9 m 11.63 1.24 6.76 0.72

P10 m 5.75 0.62 3.45 0.40

S1 cm 479.75 40.79 315.61 34.26

S2 cm 236.13 22.30 165.66 23.98

S3 s 3.45 0.25 4.04 0.14

S4 s 7.51 0.29 8.45 0.39

S5 kg 40.63 5.85 27.63 4.14

S6 kg 38.13 4.80 25.55 4.62

S7 cm 115.38 24.82 150.74 8.56

M1 kg 70.80 8.49 58.97 5.13

M2 cm 181.50 3.74 169.53 4.23

M3 cm 182.85 6.24 169.24 5.11
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each other, despite the fact that different equipment 
was used. From the number of signifi cant correlations, 
trials which may be successfully used in school reali-
ties can be selected. As it results from the presented 
correlation, there are signifi cant relationships between 
right and left upper limb throw attempts and between 
throw attempts and effi ciency. Also visible is the low 
dependence or rather lack of dependence between the 
throws and the grip strength, as well as the structure of 
somatic parameters (Table 4).

In the group of students aged 11–12, the results of 
regression analysis for the two dependent examined 
variables strongly differed among one another in terms 
of number and types of explanatory variables, as well 
as the value of the coeffi cient of determination. In the 
case of the fi rst dependent explanatory variable, com-

mon elements which were the long jump and elliptical 
ball throw, occurred. The most common predictor was 
the variable from the Elliptic Vortex ball throw attempt 
group. A characteristic feature of both regression mod-
els was the lack of somatic build parameters as explan-
atory variables.

The regression model of the second variable “jave-
lin throw with run-up” differed even more between girls 
and boys. In the boys’ model, as many as two of the ex-
planatory variables are somatic build parameters (body 
mass and reach), while in the girls’ model, the only one 
noted was body height. Similarly as in the case of the 
fi rst explanatory variable, a recurrent predicator is the 
throw of the elliptic ball (Table 5).

The regression models for male and female stu-
dents aged 17–18 are radically different from the 

Table 4. Analysis of the correlation between the results of throws using different equipment with fitness tests and build parameters

Name 
of trial

Boys age 11–12 Boys age 17–18 Girls age 11–12 Girls age 17–18 

P1 P5 P7 P1 P5 P7 P1 P5 P7 P1 P5 P7

P1 1.00 0.66* 0.11 1.00 0.58* 0.63* 1.00 0.55* 0.45* 1.00 0.57* 0.56*

P2 0.61* 0.35* 0.14 0.20 0.10 0.40* 0.46* 0.37* 0.22 0.73* 0.51* 0.24*

P3 0.32* 0.20 –0.08 0.48* 0.55* 0.16 0.44* 0.08 0.53* 0.55* 0.43* 0.41*

P4 0.25 0.35* 0.22 0.25* 0.30* –0.08 0.35* –0.07 0.55* 0.49* 0.23* 0.40*

P5 0.66* 1.00 0.52* 0.58* 1.00 0.46* 0.55* 1.00 0.13 0.57* 1.00 0.17

P6 0.42* 0.42* 0.12 0.51* 0.19 0.54* 0.61* 0.72* 0.25* 0.69* 0.81* 0.15

P7 0.11 0.52* 1.00 0.63* 0.46* 1.00 0.45* 0.13 1.00 0.56* 0.17 1.00

P8 0.50* 0.68* 0.46* 0.62* 0.30* 0.64* 0.37* –0.01 0.78* 0.51* 0.21 0.81*

P9 0.01 –0.04 0.09 0.63* 0.70* 0.41* 0.12 –0.13 0.40* 0.02 0.16 –0.07

P10 0.21 0.18 0.12 0.19 0.03 0.24* 0.14 –0.09 0.25* 0.16 0.48* –0.47*

S1 0.31* 0.31* 0.05 0.43* 0.29* 0.17 0.54* 0.15 0.68* 0.61* 0.30* 0.41*

S2 0.68* 0.58* 0.09 –0.09 0.10 –0.20 0.53* 0.26* 0.47* 0.49* 0.43* 0.26*

S3 –0.41* –0.60* –0.19 –0.29* 0.16 –0.24* –0.38* –0.23* –0.25* –0.37* –0.31* –0.02

S4 –0.34* –0.41* 0.06 –0.53* –0.50* –0.28* –0.44* –0.18 –0.46* –0.62* –0.67* –0.24*

S5 0.08 0.24 0.52* 0.06 0.09 –0.29* 0.25* –0.04 0.58* 0.38* 0.42* 0.26*

S6 0.03 0.15 0.38* –0.30* 0.09 –0.49* 0.15 –0.07 0.51* 0.14 0.28* 0.00

S7 –0.35* –0.24 0.03 0.26* 0.03 0.08 0.13 –0.04 0.66* –0.06 0.38* 0.19

M1 –0.06 0.12 0.54* –0.13 0.26* –0.16 0.13 –0.23* 0.41* 0.35* 0.39* 0.20

M2 –0.19 –0.04 0.26 –0.49* –0.22 –0.67* 0.28* –0.08 0.56* 0.37* 0.38* 0.30*

M3 –0.34* 0.04 0.43* –0.06 0.00 –0.30* 0.27* –0.04 0.61* 0.16 0.12 0.23*

* p  0.05
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models presented in the younger age group. In the 
explanatory variable model – “tennis ball throw with 
run-up”, two common explanatory variables occurred, 
i.e. medicine ball throw with right hand and agility. In 
the group of boys, a signifi cant predictor was also the 
javelin throw using the left and right hand, and for girls, 
the tennis ball throw. In both models, the coeffi cient of 
variation was high.

In the case of the explanatory variable model – “jav-
elin throw with run-up”, the common determinant was 
the javelin throw using the left hand, while the other 
determinants were related to the used substitute equip-
ment, i.e. the tennis ball and elliptical Vortex ball. In 

Table 5. Short summary of the regression of two explanatory variables in groups of boys and girls age 11–12

Name of trial
(abbreviation) Boys age 11–12 Girls age 11–12 

P1

S1 (B = 0.320, p  0.000)
P2 (B = 0.339, p  0.000)
P5 (B = 0.356, p  0.001)

P5 (B = 0.465, p  0.001)
S2 (B = 0.197, p  0.001)
P6 (B = 0.346, p  0.000)

R = 0.812, R^2 = 0.632
F(23.37) p  0.000 

R = 0,730, R^2 = 0,514
F(27.40) p  0,000

P7

M1 (B = 0.371, p  0.000)
P5 (B = 0.465, p  0.001)
M3 (B = 0.171, p  0.014)

P5 (B =0.678, p  0.001)
S1 (B = 0.621, p  0.000)
S2 (B = 0.300, p  0.000)
M2 (B = 0.230, p  0.005)

R = 0.719, R^2 = 0.471
F(12.82) p  0.000 

R = 0.827, R^2 = 0.665
F(38.30) p  0.000

the three models presented, no determinants associ-
ated with the structure of somatic parameters occurred, 
however, the explanatory variable most commonly oc-
curring in the models was the one associated with the 
javelin throw (Table 6).

In the group of 17–18-year-olds, no signifi cant 
gender differences occurred in all the conducted tri-
als, whereas in the group of 11–12-year-olds, these 
differences were unquestionably less visible (Table 
7). The conducted analysis confi rms the diversity, 
which at fi rst glance was not so obvious because of 
the very small throw distances, particularly among 
girls.

Table 6. Short summary of the regression of two explanatory variables in groups of boys and girls age 17–18 

Name of trial
(abbreviation) Boys age 17–18 Girls age 17–18 

P1

P7 (B = 0.196, p  0.000)
P3 (B = 0.278, p  0.000)
S4 (B = 0.38, p  0.001)
P8 (B = 432, p  0.001)

P2 (B = 0.367, p  0.000)
P3 (B = 0.278, p  0.000)
S4 (B = 0.37, p  0.001)

R = 0.849, R^2 = 0.689
F(22.65) p  0.000 

R = 0.869, R^2 = 0.733
F(34.80) p  0.000 

P7

M2 (B = 0.46, p  0.001)
P8 (B = 0.374, p  0.000)
P5 (B = 0.246, p  0.000)

P8 (B = 0.784, p  0.000)
P1 (B = 258, p  0.000)
P3 (B = 18, p  0.001)

R = 0.815, R^2 = 0.637
F(23.77) p  0.000

R = 0.843, R^2 = 0.685
F(27.84) p  0.000 
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Table 7. The significance of differences in results between particular groups

Name of trial
(abbreviation)

Boys
age 11–18 

Girls
age 11–18 

B./G. 
age 11–12 

B./G.
age 17–18 

P1 *** – *** ***

P2 *** – ** ***

P3 *** *** *** ***

P4 *** *** *** ***

P5 *** – *** ***

P6 *** – *** ***

P7 *** *** ** ***

P8 *** *** * ***

P9 *** *** * ***

P10 *** *** – ***

S1 *** *** *** ***

S2 *** *** *** ***

S3 *** *** – ***

S4 *** *** ** ***

S5 *** *** *** ***

S6 *** *** *** ***

S7 *** *** * ***

M1 *** *** * ***

M2 *** *** – ***

M3 *** *** * ***
*p  0.05    ** p  0.01    *** p  0.001

Discussion

In this day and age, it is diffi cult to specify a somatotypi-
cal javelin thrower because s/he is too strongly varied 
among the world’s leading athletes. Many authors [9–
11] have tried to defi ne and determine the ideal param-
eters of a champion. Kornalewski [12] even developed 
an indicator of a javelin thrower’s effi ciency, in which 
the main variables were parameters of body structure, 
however, this is an indirect instrument, assisting in the 
recruitment and selection process. When determining 
the somatotype did not lead to any signifi cant results, 
focus was then directed towards particular elements 
of throwing techniques. One of these elements was 
determining the speed of the thrown javelin during the 
last phase of ejection, which is described by Morriss 
and Bartlett [13] and Bartlett, Mueller and Lindigner 
[14]. In their research, Forthomme et al. [15], describe 
and highlight the importance of rotator arm strength 
and speed of contraction as parameters differentiating 
competitors from non-training persons. The authors of 

this study show that arm span and body height are no 
longer of such great importance in fl y-throws.

In the process of training, many coaches look for 
new forms of movement facilitating throws, or dominant 
limb unloading. Such facilitating determinants are often 
found in other track and fi eld throw competitions or team 
sports. These results bring the issue closer, showing 
the relationship between the throw using the dominant 
limb and facilitating the throw with forms of movement 
using substitute equipment. In their studies, the authors 
highlight the importance of testing speed and jumping 
abilities as one of the determinants that affect the per-
formance in children and adolescents, which indicates 
the need for development of these abilities. Similar re-
sults, in favor of the conclusions of this study, were con-
curred by Maszczyk [17–18] and Stodółka [10], consid-
ering the above variables as one of the most important 
predicators of throw distance. Migasiewicz and Jonak 
[6] also confi rm the infl uence of special speed on the 
achieved results. Wojciekian [19] confi rms that for ath-
letes of the Women’s National Team, the greatest con-
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nection with the results is related to the agility-strength 
trials, associated with hand-grip strength (dynamom-
eter test), long jump and medicine ball throw. Similar 
conclusions were drawn by Ivanović [20] treating the 
dash race and long jump without run-up as factors af-
fecting the javelin throw of 15–16-year-old Serbian jav-
elin-throwers. In literature, the authors describe throw 
trials using various equipment from different angles, 
which as a result, forms the so-called ‘feeling of the 
equipment’ and increases the thrower’s possibilities. 
The usage and importance of such a phenomenon 
was described by Chow et al. [16], who conducted re-
search on the angular orientation of the competitor’s 
torso during the javelin throw. Stodółka et al. [7] as well 
as Starosta and Jonak [21] argue that throws done us-
ing equipment of different weight defi nitely enhances 
the differentiation stimulus, which improves the result 
by even a few percent. Bogusławski et al. [22] empha-
size the signifi cance of performing throws with different 
equipment as a means of perfecting special prepara-
tion of the competitor. Cieszkowski [23] pointed out that 
narrowing down speed training and strength-benefi cial 
techniques to a minimum, inhibits the development op-
portunities at later stages of the athlete’s career. The 
use of different forms of movement in training related 
to the use of different equipment may positively affect 
the correct ‘feeling’ of the equipment. In the studies, the 
authors also did not confi rm the connection between 
body height or mass and the distance of the throw in 
the youngest age group, which was commented on by 
Stodółka [10].

Mobility of the shoulder joints is a variable which 
is also related to many interpretations regarding rela-
tionships with throw distance. The conducted studies 
did not confi rm the direct impact of the range of motion 
on throw distance both with a tennis ball and javelin, 
which is similar to the research conducted by Rusin 
[24]. Despite the fact that the authors of this study 
used less accurate determination of the range of mo-
tion, nonetheless, the results of the correlation were not 
conclusive, however, it can be confi rmed that the range 
of motion does not determine the distance of the throw.

Conclusions

1. The correlation between the results of throws using 
the left and right hand may be a contribution to fur-
ther research on the usefulness of the application of 
throws using the non-dominant limb. Conclusions of 
this type may be used to determine the usefulness 
of the non-dominant limb exercises as forms of un-
loading exercises.

2. The presented regression models show the possi-
bility of using an elliptical ball as substitute equip-
ment in the learning process and improving the 
javelin throw at this stage of school education. The 
models are not clear which may raise doubts re-
garding their use.

3. Parameters of somatic build are not the dominant 
factor in achieved performance results which may 
be a motivational factor for athletes beginning their 
adventure with throwing disciplines.
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Summary

Aim of the study. The main aim of this study is to attempt to optimize a model of an ice hockey training 
system for children and youth with respect to the current economic and political conditions and to present 
the viability of using the analytic hierarchy process (AHP) as an innovative multi-criteria method of solving 
problems in sport.

Material and methods. T. L. Saaty’s AHP method [1–3] was used to solve a decision problem. For the pur-
poses of the study, a group of 11 experts who conducted comparisons based on a special questionnaire was 
created. Collected data were analyzed using the Expert Choice software.

Results. An analysis of the obtained values of priorities indicated actions that should be considered during 
ice hockey training based on relevant criteria. These actions are as follows, in decreasing order of priority val-
ues: increasing the number of ice hockey matches played, focusing on the type and significance of matches, 
preparing coaches, and improving players’ physical fitness. The Canadian-American model of training was 
found to be the most effective, followed by the Russian and the Czech models. 
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 SUMMARY    

Introduction

As early as in the 1980s, efforts were undertaken to or-
ganize elements that constitute the theoretical model of 
training in competitive sport [4–7]. However, attempts are 
still being made to create theoretical models that stem 
from a system-based approach in sports [8]. To date, re-
searchers have considered all elements forming various 
theoretical models of training to be of equal importance, 
regardless of the methods used to create these models 
and how advanced these models are [9]. As a result of 
the system-based approach and following Smut’s idea of 
holism, Bertalanffy’s systems and decision theories, re-
search problems addressed in physical culture are multi-
criterial. The best-known statistical methods of solving 
such problems in science include multi-criteria pro-
gramming,   Elimination and Choice Expressing Reality 
(ELECTRE) [10], PROMETHEE I and II, MAPPACC, 

PRAGMA, biological neural network, data envelopment 
analysis (DEA), elimination [11], Markov chains [12], 
analytic hierarchy process (AHP), and analytic network 
process (ANP) [1–3, 11]. Each of these methods has its 
benefi ts as well as limitations. Recognized Polish and 
foreign mathematicians who have addressed the subject 
matter consider AHP and ANP to be the best methods 
among all of those listed above [2, 3, 13–15]. While these 
two methods are not perfect, no better options have 
been developed so far [13]. For these reasons, the au-
thor of this study decided to address the AHP method, 
which is a tool that aids decision-making. The method 
itself has already been given considerable attention in 
Antropomotoryka (Anthropomotorics) [16] and its appli-
cations have been discussed [17].

The conducted research showed how one of the 
most common methods in the world can be used to 
solve the multi-criteria problem of optimizing training 
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effectiveness in a sports club. Introducing the AHP 
method into the science of physical culture provides the 
possibility to organize elements of training according to 
their importance in a particular decision problem. As it 
has already been mentioned, before the introduction of 
AHP, there was no possibility to determine the role of 
individual elements of the training system in competi-
tive sports [9].

This study addresses the problem of the continuous-
ly diminishing sports results in the MMKS Podhale Nowy 
Targ sports club. The problem can be brought down 
to the question, “How effective should the ice hockey 
training system be?” An analysis of components of the 
sports training model and of the relationships between 
them from the perspective of current economic and po-
litical conditions in Poland, conducted according to the 
AHP multi-criteria method developed by the prominent 
mathematician and psychologist T. Saaty, should provide 
results that will form the basis for optimization and ratio-
nalization of decision-making related to the optimization 
of the training system for ice hockey players. 

Aim of the study

The main aims of the study are as follows:
1. To attempt to optimize the ice hockey training sys-

tem for children and youth in current economic and 
political conditions; 

2. To demonstrate the viability of using AHP as an in-
novative multi-criteria method for solving problems 
in sport.

Material and methods

The study was conducted in 2011 among a group of 
11 experts. Each expert was a highly-qualifi ed and 
experienced coach or athlete. Using the AHP method 
allowed for a holistic description of the multi-criteria 
decision problem of optimizing the effectiveness of 
the training system in the MMKS Nowy Targ club. The 
experts conducted a series of pair wise comparisons 
of elements that form the current training system. The 
problem of optimizing the ice hockey training system 
was demonstrated using a hierarchical structure and 
according to the AHP methodology [1–3, 14–16], 
which has been described in detail in Antropomotoryka 
(Anthropomotorics) [16] (Figure 1). Matrices of pairwise 
comparisons were constructed for elements located on 
each level of the hierarchy structure in relation to the 

main goal, that is, optimizing the ice hockey training 
system at the MMKS Podhale Nowy Targ club. First, 
matrices indicating the value of the following criteria 
were created:
• Recruitment and Selection;
• Sports Competitions;
• Ice Hockey Training;
• Infrastructure;
• Club Management; 
• Biological Regeneration and Rehabilitation. 

Subsequently, matrices indicating the importance 
of individual criteria, such as Motivation, Monitoring, 
Coordination, and Planning that belong to the Club 
Management Criterion were created. Finally, matrices 
panting to the importance of the assumed decision-
making conditions were created. In other words, these 
matrices determined the optimal model of training for 
young Polish hockey players. Alternative training sys-
tems comprised:
• the American-Canadian system; 
• the Czech system; 
• the Russian system;
• the Polish system. 

After the matrices of pair wise comparisons were 
created, eigenvectors of these matrices were calculat-
ed. After normalization, the eigenvectors of matrices of 
pairwise comparisons indicate the relative importance 
of decision-making elements on each level of the hier-
archical structure. These eigenvectors constitute local 
values of these elements. In turn, the local values con-
stitute the basis for calculating global priorities. Global 
priorities of elements located on a given level were ob-
tained through multiplying the value of the local priority 
of a given element by the value of the global priority of 
its parent element, that is, the element located directly 
one level above. Values of priorities of decision-making 
variants were obtained in a similar manner. 

Results

Figure 1 presents the problem of optimizing the effec-
tiveness of the ice hockey training system by means 
of a hierarchical tree that includes values of global pri-
orities for individual criteria, sub-criteria, and decision-
making variants. The value of a global priority deter-
mines the role of individual criteria and sub-criteria in 
conducting effective ice hockey training in the MMKS 
Podhale Nowy Targ club. 
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The study found (Figures 1 and 2) that the follow-
ing criteria had the highest global priorities: Sports 
Competitions (.324), Training (.222), and Recruitment 
and Selection (.215). In the experts’ opinions, the fol-
lowing criteria that determined the training system in 
the MMKS Podhale Nowy Targ club were the least im-
portant: Club Management (.094), Infrastructure (.089), 
and Biological Regeneration and Rehabilitation (.053). 

The obtained results are only partially consistent 
with Ważny’s theoretical assumptions, who placed 
the Training, Sports Competitions, and Biological 
Regeneration and Rehabilitation subsystems centrally 
in his model [4]. Data concerning the effectiveness of 
training at the MMKS Podhale Nowy Targ club lead to 
similar conclusions. The experts indicated that Sports 
Competitions (.324), Training (.222), and Recruitment 

Fig. 1. Hierarchical tree of effectiveness of the ice hockey training system with ascribed priorities of criteria and priorities of decision-
making variants and with local priorities of sub-criteria

Designed by the author based on Ważny [4], Sozański et al. [18], Sozański and Zaporożanow [19], Ulatowski [20], Ryguła and Wyderka [21], Łasiński 
[22], Gieremek and Dec [23]
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and Selection Criteria (.215) are likely to determine the 
effectiveness of training. 

Figures 3 through 8 present the share of each sub-
criterion in a given criterion according to the values of 
local priorities. Table 1 presents values of individual 
criteria and sub-criteria in relation to the main goal, pri-
orities of decision-making variants for each expert and 
mean values of experts’ opinions.

An analysis of the values of local priorities of individual 
criteria showed that in the experts’ opinions, two sub-cri-
teria had the highest share within the Sports Competitions 
Criterion (Figure 3). These sub-criteria were the Number 
of Matches per Player (.466) and Type and Signifi cance 
of Matches (.432). In the experts’ views, the number of 
matches played against a weaker opponent is less impor-
tant (.186) for the Sports Competitions Criterion. 

Fig. 2. Values of global priorities of criteria in relation to the main aim

Fig. 3. Share of each sub-criterion within the Sports Competitions Criterion with marked values of local priorities
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 Another important criterion was Training, with the 
value of global priority amounting to .22 In the experts’ 
views, the most relevant elements of this criterion 
for the MMKS Podhale Nowy Targ club were Coach 
Preparation (.282), Training Structure (.153) and Control 
and Planning (.145). Conversely, the experts indicated 
that the interpersonal relationships between athletes and 
coaches (.133) and the periodisation of training (.105) 
were less important for the Training Criterion (Figure 4).

The values of local priorities for individual sub-
criteria within the Recruitment and Selection Criterion 
(Figure 5) show that the following sub-criteria had the 
highest values: Motor Fitness (.255), Personality Factors 
(.217), Interest in Hockey (.184) and Somatic Build 
(.125). Conversely, the experts indicated that Biological 
Development (.072) and Family Traditions (.051) Sub-
-criteria were less important for the Recruitment and 
Selection Criterion.

Fig. 4. Share of individual sub-criteria in the Training Criterion with marked values of local priorities

Fig. 5. Share of individual sub-criteria within the Recruitment and Selection Criterion with marked values of local priorities



– 87 –

Viability of using the analytic hierarchy process for optimizing the training system in sports based ...

The following sub-criteria had the highest val-
ues within the Club Management Criterion (Figure 6): 
Motivation (.361), Planning (.254) and Organization 
(.211). Conversely, the Monitoring Sub-criterion ob-
tained the lowest value of local priority (.176). 

The role of infrastructure in achieving training 
goals for children and youth remains uncontested. 
The application of the AHP method determined the 
role of each sub-criterion within the Infrastructure 
Criterion. Infrastructure is defi ned here as facilities 

and sports equipment. The following sub-criteria were 
found to have the greatest effect on the Infrastructure 
Criterion: Hockey Rink (.376), Ice Hockey Equipment 
(.217), Sports Hall (.153) and Gym (.134). Figure 7 
shows the relevant data with marked values of lo-
cal priorities for individual sub-criteria within the 
Infrastructure Criterion.

The following sub-criteria were found to have the 
greatest values of local priorities within the Biological 
Regeneration and Rehabilitation Criterion: Nutrition 

Fig. 6. Share of individual sub-criteria within the Club Management Criterion with marked values of local priorities

Fig. 7. Share of individual sub-criteria within the Infrastructure Criterion with marked values of local priorities
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(.474), Psychological Recuperation (.227) and Physical 
Treatment (.186). 

It is crucial to view all sub-criteria holistically, from 
the perspective of their effect on the decision-making 
goal. The AHP method provides such a perspective 
by determining global priorities. An analysis of the val-

ues of global priorities allows decision makers to learn 
which sub-criteria play a signifi cant role in determin-
ing the effectiveness of ice hockey training. The AHP 
method takes all factors that infl uence such training into 
account. Figure 9 shows the effects of individual criteria 
on the main aim of the decision-making process.

Fig. 8. Share of individual sub-criteria within the Biological Regeneration Criterion with marked values of local priorities

Fig. 9. Values of global priorities for all sub-criteria pertaining to the effectiveness of the ice hockey training system

MATCH TYPE AND SIGNIFICANCE
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Data presented in Figure 9 show that such subcri-
teria as Number of Matches Per Player (.151) and Type 
and Signifi cance of Matches Played (.140) have the 
greatest effect on achieving the main goal. Other sub-
-criteria also obtained high values of global priorities, 
namely, Coach Preparation (.062) and players’ Motor 
Fitness (.052) and Personality Factors (.047).

The application of the AHP method indicated train-
ing systems that may constitute viable models for the 
MMKS Podhale Nowy Targ club (Fig ure 10). 

The obtained data indicate that the Canadian-
American model would be the optimal training system 
(.405) for the MMKS Podhale Nowy Targ club, followed 
by the Russian (.286) and the Czech (.230) systems. 
The latter two systems are also worth considering for 
implementation in the club, which is currently experi-
encing a crisis. The Polish model obtained the lowest 
value of priority (.076) and should without any doubt 
be discontinued. The low value of priority of the Polish 
model shows that the system needs to be modernized. 
By rejecting this system, the experts also indicated 
the reason why ice hockey has become stagnant not 
only in the MMKS Podhale Nowy Targ club, but in all of 
Poland as well.

Summary

This study addresses the viability of using the AHP 
method to reach a decision on how to optimize ice 
hockey training for children and youth. Optimizing the 
training system in sport, including ice hockey, is not 

Fig. 10. Priorities of decision-making alternatives within the goal of optimizing the ice hockey training system in the MMKS Podhale 
Nowy Targ club.

an easy task. It requires taking into account numerous 
determinants. The method presented in this study al-
lowed these determinants to be fully analysed in order 
to make an appropriate decision regarding the choice 
of a training model for the MMKS Podhale Nowy Targ 
club. Using the AHP also allows decision makers to 
determine numerical values for the selected decision-
making criteria, as the system described here involves 
ascribing each criterion an individual numerical weight. 
As a result of using the AHP method, all experts con-
cerned about the future of the MMKS Podhale Nowy 
Targ club were able to express their opinions verbally. 
These opinions were then converted into numerical val-
ues according to Saaty’s scale. The method allowed 
the experts to make decisions on how to solve a prob-
lem in a group. It goes without saying that when making 
decisions in a group, it is diffi cult to combine various 
functions of values into a single system of preferences. 
The AHP method indicated mean values of experts’ 
opinions, and ultimately, those elements of training that 
coaches and activists should pay special attention to in 
order to improve the functioning of the modern hockey 
club.

This study shows that using the AHP method in 
making decisions on how to solve multi-criteria prob-
lems related to physical culture is benefi cial. The meth-
od constitutes an entirely new approach to the hierar-
chization of a training structure compared to attempts 
that have so far been made within the theory of sport 
[4,6,8,9]. In view of changes that occurred recently, 
applying the fi ndings of various scientifi c disciplines to 
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increase the effectiveness of the training system has 
gained considerable importance in ice hockey, in accor-
dance with systemic thinking. This study demonstrates 
the vast scope of possibilities offered by the AHP meth-
od for solving multi-criteria problems coaches, athletes, 
and managers faced by. The method allowed experts to 
ascribe numerical values to criteria related to the effec-
tiveness of the ice hockey training system. It can also 
aid decision-making regarding other problems in Polish 
sport.

The study indicated criteria that should especially 
be taken into account during training. Priorities as-
cribed to each criterion in this study were as follows, 
in descending order: Sports Competitions (.324), 
Training (.222), Recruitment and Selection (.215), Club 
Management (.094), Infrastructure (.089) and Biological 
Regeneration and Rehabilitation (.053). In addition, the 
obtained results indicated the role of individual sub-
-criteria within each criterion by ascribing values of local 
priorities to these sub-criteria. It should be noted that 
within the Sports Competitions Criterion, the Number 
of Matches per Player and Type and Signifi cance of 
Matches Sub-criteria obtained high value of local pri-
orities. Optimizing the aforementioned sub-criteria is 
complicated because the high level of competence of 
hockey teams in the Podhale region frequently makes it 
impossible to fi nd an equal opponent in youth competi-
tions and because not all age groups of young hockey 
players attend competitions conducted in Slovakia. 
Physical fi tness and personality factors should be 
paid special attention to during recruitment and selec-
tion. This, however, is becoming impossible with the 
decreasing interest in hockey. Currently, coaches are 
satisfi ed with the minimal number of players that allows 
a team to compete at all; they also tend to combine 
players of different ages into the required four groups 
of fi ve players each. Only popularizing hockey can im-
prove interest in the discipline enough to allow coaches 
to conduct selection focused on the aforementioned 
sub-criteria. Within the Training Criterion, the Coach 
Preparation Sub-criterion obtained a high value of local 
priority. This should inform coaches about the need to 
consistently improve their qualifi cations with respect to 
training planning and monitoring. 

The obtained results pertaining to decision-making 
variants are worth mentioning here. The low value of 
priority for the Polish system of training, calculated by 
averaging the experts’ opinions, indicates that the sys-
tem needs modifi cation. By rejecting this system, the 

experts also indicated the reason why ice hockey has 
become stagnant not only in the MMKS Podhale Nowy 
Targ club, but in all of Poland as well. The results of 
this study should encourage coaches and managers to 
consider changing Polish ice hockey training models to 
those based on methods of organizing and conducting 
training for ice hockey players that have been success-
fully implemented throughout the world.

Conclusions

1. The ice hockey training model was created according 
to the AHP multi-criteria method developed by the 
prominent American scientist Saaty, and the com-
ponents and relationships between them were ana-
lyzed. The analysis showed that the criteria involved 
in this study were ascribed the following priorities, 
in descending order: Sports Competitions (.324), 
Training (.222), Recruitment and Selection (.215), 
Club Management (.094), Infrastructure (.089) and 
Biological Regeneration and Rehabilitation (.053). 

2. Analysis of global priorities of individual sub-crite-
ria showed that to improve the training system for 
young hockey players in the MMKS Podhale Nowy 
Targ club, the following considerations should be 
taken into account (in this order):
a) increasing the number of played ice hockey 

matches;
b) concentrating on the type and signifi cance of 

matches;
c) coaches preparation;
d) increasing hockey players’ fi tness;
e) rationalizing the tendency to elevate such fac-

tors as biological regeneration (sauna, pool and 
massage), family traditions, and physical treat-
ment to the rank of elementary conditions for 
achieving success in youth sport.

3. The results of the search for a model system of 
ice hockey training using the AHP method indicate 
the need to rethink the current model of training in 
Poland and allowed the proposed alternative sys-
tems to be given the following rank order: 
a) the Canadian-American model;
b) the Russian model;
c) the Czech model.

4. The AHP method can and should be used to solve 
multi-criteria problems related to training and opti-
mization of activities in sport and, more generally, in 
physical culture. 



– 91 –

Viability of using the analytic hierarchy process for optimizing the training system in sports based ...

[1] Saaty TL: The Analytic Hierarchy Process: Planning, Prior-
ity Setting, Resource Allocation. New York, Pittsburg, PA, 
McGraw-Hill, 1980.

[2] Saaty TL: Decision Making for Leaders. The Analytic 
Hierarchy Process for Decisions in a Complex World. 
Pittsburgh, PA, RWS Publications, 2001.

[3] Saaty TL: Decision Making – The Analytic Hierarchy and 
Network Process (AHP/ANP). Journal of Systems Science 
and Systems Engineering, 2004: 13,1: 1–35. 

[4] Ważny Z: Współczesny system szkolenia sportowego 
w sporcie wyczynowym. Warszawa, Sport i Turystyka, 
1981.

[5] Kozioł L: Elementy ogólnej teorii systemów. Raport pro-
blemu węzłowego 105.3.011. Akademia Wychowania 
Fizycznego, Kraków, 1981.

[6] Morawski JK: Myślenie systemowe; in Fidelus K (ed.): 
Materiały VIII Szkoły Biomechaniki. AWF, Z Warsztatów 
Badawczych (series), Warszawa, 1989. 

[7]  Łasiński G: Prakseologiczno-systemowe podstawy 
badania i usprawnienia treningu sportowego. Akademia 
Wychowania Fizycznego, Studia i Monografi e, Wrocław, 
1988; vol. 20.

[8] Ryguła I: Artifi cial Neural Networks as a Tool of Modeling 
of Training Loads. Conf Proc IEEE Eng Med Biol Soc., 
2005; 3: 2985–2988.

[9] Ryguła I (ed.): Elementy teorii metodyki, diagnostyki i opty-
malizacji treningu sportowego. Akademia Wychowania 
Fizycznego, Katowice 2002.

[10] Kasprzak T: Systemy wspomagania decyzji wielokryte-
rialnych. Wydawnictwo Uniwersytetu Warszawskiego, 
Warszawa 1992.

[11] Saaty TL: Priorities Originate from Dominance and Order 
Topology in AHP/ANP: The Fundamental Scale, Rela-
tive Scales and When to Preserve Rank; in Adamus W 
(ed.): The Analytic Hierarchy and Network Processes. 

Wydawnictwo Uniwersytetu Jagiellońskiego, Kraków 
2008.

[12] Bhat UN: Elements of Applied Stochastic Process, 1st ed. 
New York, John Wiley & Sons, 1972.

[13] Adamus W, Gręda A: Wspomaganie decyzji wielokryterial-
nych w rozwiązywaniu wybranych problemów organiza-
cyjnych i menedżerskich. Badania Operacyjne i Decyzje, 
2005; 2: 5–36.

[14] Adamus W, Szara K: Zastosowanie Analitycznego Proce-
su Hierarchicznego (AHP) do racjonalizacji i organizacji 
gospodarstw przedsiębiorstw. Zagadnienia Ekonomiki 
Rolnej, 2000; 4–5, 20–41.

[15] Adamus W, Łasak P: Zastosowanie metody AHP do 
wyboru umiejscowienia nadzoru nad rynkiem fi nansów. 
Bank i Kredyt, 2010; 41: 73–100.

[16] Adamus W, Mleczko E, Bergier J: O możliwościach wyko-
rzystania ilościowych i jakościowych metod, Analitycznego 
Procesu Hierarchicznego (AHP) oraz Analitycznego Pro-
cesu Sieciowego (ANP) w naukach o kulturze fi zycznej. 
Antropomotoryka, 2011; 53: 17–33. 

[17] Adamus W, Bergier J, Mleczko E: Propozycja wykorzy-
stania metody Analitycznego Hierarchicznego Procesu 
(AHP) do oceny korzyści i kosztów organizacji Euro 2012 
w Polsce, Antropomotoryka, 2011; 53, 35–48.

[18] Sozański H (ed.): Podstawy teorii treningu. Warszawa, 
RCMSzKF, 1993.

[19] Sozański H, Zaporożanow W: Dobór i kwalifi kacja do 
sportu. Warszawa, COS, 1997.

[20] Ulatowski T: Teoria Sportu, Warszawa, UKFiT, 1992.
[21] Ryguła I, Wyderka Z: Elementy sterowania i optymalizacji 

w treningu sportowym. Katowice, AWF, 1993.
[22] Łasiński G: Sprawność zarządzania organizacją sportową. 

Studia i Monografi e, vol. 20. Wrocław, AWF, 2003.
[23] Gieremek K, Dec L: Zmęczenie i regeneracja sił – odnowa 

biologiczna. Katowice, AWF, 2007.

LITERATURE             





ANNOUNCEMENTS





– 95 –

NR 64 2013AN TRO PO MO TO RY KA

LIST OF REVIEWERS 2013

Adamus Wiktor (Poland) 
Belej Michal (Slovakia) 
Bergier Józef (Poland) 
Blaser  Peter (Germany) 
Bobbert  M.F (The Nederland) 
Bober Tadeusz (Poland)  
Bronikowski Michał (Poland) 
Bunc Václav (Czech Republic) 
Cepicka Ladislav (Czech Republic) 
Corona Felice (Italy) 
Čillik Ivan (Slovakia)
Chmura Jan (Poland)
Eider Jerzy (Poland) 
Feigenberg M. Iosif (Israel)
Ghanbarzadeh Mohsen (Iran)  
Golema Marian (Poland)  
Górna-Łukasik Krystyna (Poland) 
Grössing Stefan (Austria) 
Hirtz Peter (Germany)  
Hubner-Woźniak Elżbieta (Poland) 
Issurin B. Vladimir ( Israel)
Ignasiak Zofi a (Poland) 
Jashchanin Jan (Lithuania) 
Jong-Young Lee ( South Korea)
Jopkiewicz Andrzej (Poland) 
Junger Jan (Slovakia) 
Juras Grzegorz (Poland) 
Kasperczyk Tadeusz (Poland)  
Kemper Han C.G. (The Nederland) 
Klimek Andrzej (Poland) 
Klukowski  Krzysztof  (Poland) 
Koszczyc Tadeusz (Poland)  

We wish to express our gratitude to all the Reviewers of „Antropomotoryki – Kinesiology” 
2013 for their huge contribution to raising the quality of our journal.

Lewandowski Jacek (Poland)  
Lyakh Vladimir (Russia)
Latash Mark  (USA) 
Malinauskas Romanas (Lituania)  
Maciaszek Janusz (Poland)
Milashius Kazys (Lithuania)
Matusik Stanisław (Poland)  
Mekota Karel (Czech Republic) 
Mleczko Edward (Poland) 
Nauright John (USA)  
Robert Szeklicki (Poland) 
Rożek-Piechura Krystyna (Poland) 
Saaty L. Thomas (USA) 
Skrzek Anna (Poland) 
Sławińska-Ochla Teresa (Poland) 
Sobera Małgorzata (Poland)
Socha Teresa (Poland) 
Stuła Aleksander (Poland) 
Szmuchrowski Leszek (Brazylia)  
Urbanik Czesław (Poland) 
Vanrenterghem Jos (The Nederland)  
Weinberg Peter (United Kingdom)  
Wit Andrzej (Poland)  
Wrona-Wolny Weronika (Poland)  
Wychowański Michał (Poland)
Zając Adam (Poland) 
Zawadzki Jerzy (Poland) 
Ziółkowska-Łajp Ewa (Poland) 
Żak Stanisław Poland)
Żak Marek (Poland) 
Żarów Ryszard (Poland 
 
 
 
 





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


