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FOREWORD FROM EDITORS

Having dealt with considerable difficulties and problems 
that might have seemed insurmountable, we deliver to 
readers this new issue of Antropomotoryka-Kinesiology 
with a DOI identifier. We provide the full articles in the 
electronic version on the Index Copernicus website. 
I am pleased that a hardcopy version of this edition 
will also be published in both Polish and English. It is 
difficult to state how long we will be able to maintain pu-
blishing this version of Antropomotoryka-Kinesiology. 
Let this moment last as long as possible! As mentioned 
above, we have managed to improve the quality of our 
services and believe that with the assistance of Index 
Copernicus, we will continue to thrive.

The presented review of articles, entitled Physical 
activity above all! (readers will know the reason for 
this title after reading the positions included in this is-
sue), begins with the article Sports and recreation ac-
tivity of Austrian pupils from the Alpine Region, which 
was written by the author in Germany. It contains the 
results of research conducted in Austria that are inter-
esting for comparative study. The conducted survey 
helped to determine levels of physical activity among 
boys and girls in two schools in Austria, as well as 
to specify those levels when considering forms of ex-
ercises practiced during physical education classes. 
The classification of the youth’s preferences for free-
time activities was also provided. The youth were from 
two towns in Austria’s Alpine region (diverse when it 
comes to the number and inhabitants). The analysis 
included the following elements: motives for recre-
ation and sports activity as well as attitudes towards 
sport. In the summary analysis of the collected mate-
rial, emphasis was put both on different pedagogical 
and psychological aspects of participating in various 
forms of physical culture among Austrian youth and 
on the effectiveness of participating in different forms 
of physical activity.

PHYSICAL ACTIVITY ABOVE ALL!

The article The level of technical efficiency of 
youngest-category gymnasts based on the phase 
structure of elementary floor exercises presents a very 
interesting approach to evaluating movement perfor-
mance according to requirements that enable efficient 
and successful exercise. These requirements are com-
monly known as exercise techniques. It constitutes a 
problem that has yet to be entirely solved. The issue 
of providing objective methods for the evaluation of 
exercise techniques in gymnastics is constantly being 
discussed, especially when it comes to beginners who 
are practicing for competitive gymnastics. The authors 
of this publication presented a proprietary solution that 
should not only be propagated, but above all – in my 
opinion – patented.

The Wroclaw-based authors of the article Effect of 
the somatic factor on performance in shot put in rela-
tion to the spin and classical techniques use the results 
of data analysis to draw the reader’s attention to the 
old, but updated, issue of relations between motor ef-
fect and somatic traits of athletes in overcoming exter-
nal resistance in the spin and classical styles of shot 
putting. Analysis of the collected material disproves 
the hypothesis that improvement of shot put results is 
not directly proportional to body mass increase after 
exceeding the estimated body mass limit. What also 
allows the assumptions adopted by researchers in the 
past to be questioned is the analysis of research mate-
rial from a different track and field discipline. It follows 
from the above that this publication is of particular cog-
nitive value. In accordance with Karl Popper’s scientific 
methodology, it also constitutes an encouragement to 
further study, and to verify or to disprove the aforemen-
tioned hypotheses.

Another team of Wroclaw researchers made an 
attempt to solve a very challenging scientific problem. 
The article Physical fitness of children aged 10 years 
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participating in physical education classes enriched 
with coordination exercises constitutes a successful 
undertaking to demonstrate on the basis of the ex-
perimental study the effectiveness of proposed special 
physical exercises (up to 20 minutes per week). As it 
turned out, the proposed proprietary program of modifi-
cations to the curriculum for physical education classes 
helped to improve the motor abilities of children in their 
initial period of schooling.

Up to now, the area of coordination abilities, also 
known as the information area, has been the least 
investigated element of the human motoric system. 
Studies undertaking the issue of biological conditioning 
of coordination abilities are also rare. The authors of 
the article Sexual dimorphism in motor coordination in 
students at Jagiellonian University Collegium Medicum 
attempted to determine kinetic diversification in the de-
velopment levels of particular components of complex 
coordination abilities. The study results provided no 
clear answer to the issue of determining differences in 
the levels of developing these abilities. Only in some 
of the conducted trials did the women achieve better 
results. The outcome of the study is interesting from 
the cognitive perspective and encourages further in-
vestigation. The study of sexual dimorphism may ap-
pear to be controversial. However, dimorphism denotes 
the existence of undeniable differences between both 
sexes (the null hypothesis always assumes a lack of 
differences!). What is more, in light of the interpretation 
of advantage of some particular coordination abilities, it 
would be difficult to unequivocally state whether in the 
conducted tests the advantage held by males was de-
termined due to the measurement of coordination abili-
ties or due to the effect of overlapping physical abilities 
influence. The hypothesis denoting that the level of 
coordination abilities may constitute a criterion for de-
termining predispositions of medical studies graduates 
towards the medical profession may also appear as 
considerably bold. In my opinion, the presented mate-
rial is interesting and worth examining. When it comes 
to the social status of students, they constitute a “tran-
sitory group”: they belong to the group determined by 

their social background, but they simultaneously aspire 
to acquire different social statuses through their edu-
cation. Due to the fact that studies into environmental 
conditioning of students as a transitory social group are 
rare, they are worth continuing.

To conclude this brief review of the articles printed 
in the 62nd issue of Antropomotoryka-Kinesiology, 
I would like to draw the reader’s attention to the arti-
cles in the following sections: Discussions and Review 
Papers. In the article Early sport specialization: How 
and when to evaluate body build and composition that 
is predisposed to sport achievement, the authors dis-
cuss the consistently relevant problem of recruiting and 
selecting children for sport. I think that the anthropolo-
gists’ stance on this matter is fascinating and notewor-
thy.

The other work, Health programs fighting over-
weight and obesity among children and adolescents 
conducted in Gdansk, presents current organizational 
solutions in a Polish city that are aimed at improving 
the health status of children and adolescents. It seems 
that initiatives such as “Keep Fit!”, “Healthy Life for Your 
Child”, “Healthy Student”, and “6-10-14 for Health” are 
interesting and they should be propagated in other local 
communities. The proposed methodological solutions 
also substantiate the necessity to integrate them into 
everyday activities. Physical activity constitutes an es-
sential means of fighting with obesity – the 21st century 
epidemic.

I would like to encourage all our readers to care-
fully examine the articles published in the 62nd issue of 
Antropomotoryka-Kinesiology. I hope that the results of 
the presented study will be implemented in practice as 
well as in research activities. I believe that the informa-
tion provided herein will be useful for new publications 
that are much anticipated by academic journals, espe-
cially by Antropomotoryka-Kinesiology.

I wish you enjoyable holidays!

Edward Mleczko 
Editor-in-Chief

Antropomotoryka-Kinesiology
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 INFORMATION  FOR  THE  AUTHORS

1. “Kinesiology” (“Antropomotoryka”) is an official scientific 
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 field 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 tific 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 qualified 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 
figures, 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 tific value sub mitted and 
accepted for pub li cation earlier on in a for eign sci en-

tific 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 

office 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 first page should contain the information in the 

following order: title, name(s) of the author(s), scientific 
degree(s) of the author(s) and the pro fessional affiliation, 
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 first 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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 All the illustrations have to be of high quality. Graphic 
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photograph should be written with a soft pencil on the back 
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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 Office, preferably DOC or RTF for-
mat. Illustrations and tables should be packed in sepa rate 
files 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 files should be packed 
using RAR or ZIP. After copying them on CD it is necessary 
to check if all the files 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 fizjologii wysiłku i treningu spor to we-
go. Warszawa, Sport i Turystyka, 1975.

[3]  Bouchard C, Malina RM: Genetics of phy sio lo gi cal 
fit 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 fizycznej u dziewcząt i chłop-
ców w wie ku 8–19 lat. Wyd. Monograficzne, 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 file. 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 files 
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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SPORTS AND RECREACTIONAL ACTIVITY 
OF AUSTRIAN PUPILS FROM AN ALPINE REGION

Zygmunt Sawicki*

*  Ph.D., Eliteschule des Sports, Oberstdorf, Germany

Key words: leisure, recreational sports activity, school youth, alpine region, Austria

SUMMARY

The aim. The aim of the research was to analyze the recreational sports activity of pupils from an alpine 
region of Austria considering gender and the size of the town. This explicitly includes motives, behavior, and 
attitude towards this activity and selected elements of physical education. Another aim was to determine the 
statistically significant correlations between several elements of physical education, leisure activity, and level 
of sports activity.

Material and methods. The research was conducted in 2013 among 391 pupils from the last class of gram-
mar schools in an alpine region in Austria. These were 96 boys and 103 girls from a large town (over 140,000 
inhabitants), and 94 boys and 98 girls from a small town (7,000 inhabitants) using ATPA (Attitude Toward Physical 
Activity) by Kenyon [1, 2, 3], modified by the author of this research to check the motives of the recreational 
sports activity of the pupils. Furthermore, a questionnaire was used to check certain items of leisure and school 
sports activities. In addition, an attitude scale to assess the importance of physical education among other 
school subjects was also used.

Results and conclusions. The most important motives of sports activity of the pupils are health, ascetic 
experience, and social experience. The boys prefer risk and ascetic experience, and the girls prefer health and 
aesthetic experience. The favorite leisure activities of the youth were meeting friends and practicing sport 
(second place among boys and third place among girls). Young people are physically very active, which is 
reflected in the frequency of doing sport and the large number of kinds of sport. This depends on the gender 
and size of the town. The most played sports by boys are soccer, cycling and swimming, and cycling, swim-
ming and horse riding by girls. Extreme sports activities are not practiced, but they are desired activities. The 
pupils get good marks for physical education, want more lessons, and in their opinion it is the favorite school 
subject. The majority of pupils practice sport after finishing school. It was determined that there are significant 
correlations between the male gender, practicing sport, and the level of sports activity.

NR 62 2013ANTROPOMOTORYKA

 SUMMARY    

Introduction 

Sports and recreational activities belong to the main 
forms of leisure among Austrian young people. This 
has been demonstrated by many empirical studies in 
this field [4, 5, 6, 7, 8, 9, 10]. Participation in sports 
and recreational activities is determined by various 
factors, such as gender, milieu, the impact of school, 
family, surroundings, etc. The sporting activity of teen-
agers manifests itself in two forms: as a school activity 

(obligatory physical education classes) and extracur-
ricular activities (voluntary recreational sports in free 
time). The role of school physical education classes 
is commonly emphasized as a preparatory phase to 
post-school sports and the recreational activities of 
adults [11, 12, 13]. This relationship is aimed mainly 
at the systematic development of the necessary skills, 
habits and attitudes of a student as a prerequisite for 
their lifelong active participation in recreational sport 
activities. 



– 12 –

Zygmunt Sawicki

Sports and recreational activities are a multi-layer con-
cept, and should be considered in the following aspects:
– role and place of sport among other leisure behav-

ioral patterns, 
– place where sport is practiced,
– motives for sporting activities,
– frequency of practicing sport,
– types (disciplines) of recreational sports – both reg-

ularly practiced and desired,
– social aspect (practicing sport unaccompanied or 

accompanied),
– sport facilities available at the place of residence.

Numerous investigations show that young Austrians 
generally distinguish themselves in high level sports 
activities in their leisure, which mainly is reflected in 
a large number and diversity of sporting disciplines prac-
ticed [7, 14, 15, 16, 9 and others]. In the case of males, 
predominant are team games, whereas females prefer 
gymnastics and dance. At the same time, Zellmann [5], 
Weiß and others [16] point out a definite predominance 
of traditional disciplines over the sports associated with 
fashion, trends, and risks. Besides, a high frequency of 
sports activities among Austrian students is also empha-
sized. According to Schrittwieser [14], more than half of 
young people practice sport frequently or very often, 
while the percentage of students not practicing sport is 
low (5%). Similar results have been presented by Bässler 
[17], Mrak [18], and others [19, 20]. Numerous empirical 
studies stress quite a high sport club association/mem-
bership rate of the Austrian youth, the prevailing party 
being males [7, 10, 14, 18, 21].

Participation in sporting activities among school 
children is conditioned and at the same time differenti-
ated by several important factors. The main factors are 
sex, milieu as well as age, social class, and others (e.g. 
psychological factors). 

This paper is aimed at researching the determi-
nants of free time in sports and recreational activities 
of Austrian school youth living in an Alpine region, ac-
cording to the following criteria: form, intensity, motives, 
methods, places and possibilities of practicing sport 
with respect to the sex and milieu of respondents. An 
additional purpose is to diagnose the behavior and 
attitudes of young people towards school physical 
education classes whose main objective is, as already 
mentioned, to prepare them for extra-school sports and 
recreational activities. In addition, this study attempts to 
determine a statistically significant correlation between 
the two elements of school and extra-school sports ac-
tivities, and its level.  

Research methodology

Research questions

In this paper the following research questions were for-
mulated:
1. What is the place for the sports and recreational 

activity in the lives young people vs. their other free 
time activities?

2. What motives make young people practice recre-
ational sports?

3. What is the level of sports activities among young 
people? What is the frequency of practicing sports? 
In what areas and in whose company does one 
practice sports?

4. Which sports are most often practiced by young 
people living in mountainous regions? Does in-
creased popularity of extreme sports also mean 
practicing them regularly?

5. How do the young people under investigation eval-
uate the prospects for recreational sports in their 
own place of residence?

6. What relative importance does physical educa-
tion hold among other school subjects? What 
grades do students receive in physical educa-
tion? Is there a statistically significant relationship 
between the elements of school and extra-school 
sports activities and the level of free time sports 
activities?

7. What are the forecasts for practicing sport among 
young people after leaving school? 

Research hypotheses

Objective investigation and the postulated research 
questions listed above constitute the basis for the for-
mulation of the following hypotheses:
1. Girls who practice recreational sports are chiefly 

guided by aesthetic and health issues, whereas 
boys are guided by physical fitness and the willing-
ness to take risks.

2. School youth prefer rather more passive forms of 
free time sports activities.

3. The sex of the investigated differentiates the fre-
quency, place, and form of sports activities regard-
less of environmental circumstances.

4. Extreme sports arouse interest in young people, es-
pecially among boys, but those sports remain only 
desired sports and still to be tried.
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5. There are statistically significant relationships be-
tween the marks obtained in physical education 
classes and the opportunities for practicing sport in 
the place of residence of the investigated and their 
level of sports activities in free time. 

Research group 

A 391-person-group of 18-year-old secondary school 
leaving students who live in an alpine region of Austria 
were investigated. In this group there were 96 boys and 
103 girls, residents of a large town (population over 
140,000) and 94 boys and 98 girls, residents of a small 
town (population over 7,000). The young people par-
ticipating in the study were selected in conformity with 
the principles of random assignment of a tested sample 
within a group drawing (forms at schools).

Research methodology 

Three research methods (techniques) were applied in 
this study dedicated to sports and recreational activities 
of young people. The first is the so-called ATPA atti-
tudes scale – Attitude Toward Physical Activity – devel-
oped by Kenyon [1, 2, 3], modified by the author hereof. 
The objective of this study was to examine the quality 
of motives for sport and recreational activities among 
young people. The survey questionnaire consists of 
24 questions. According to ATPA, six groups are listed 
comprising of the motivational factors of sporting ac-
tivity: aesthetic qualities, health, relaxation (cathartic), 
physical (ascetic), social experience, and risks (vertigo). 
Each group contains four survey questions, specific for 
themselves, (author’s own idea), to be answered by the 
youth investigated. If the answer was YES, young peo-
ple identified themselves with a specific motive, if the 
answer was NO – the motive in question was rejected. 

The so-called questionnaire of attitudes and behav-
iors towards sports activities, compiled by the author, 
was also used. This consists of ten parts:
1. Forms of free time activity (meeting friends, listen-

ing to music, practicing sport, computer/internet, 
reading, music classes, arts classes).

2. Frequency of practicing sports in free time (no prac-
ticing at all; seldom once or twice a month; often 
once or twice a week; very often three or more 
times a week).

3. Place of practicing sport (sports club, extracurricu-
lar activities at school, field/open air sports, public 
sports facilities, fitness).

4. Methods of practicing sport (unaccompanied, with 
friends, with family).

5. Possibilities of practicing sport at the place of resi-
dence (good, average, poor).

6. Sports practiced on a regular basis (ranking list of 
sport disciplines practiced).

7. Sport discipline desired (ranking list of sport disci-
plines practiced).

8. Declarations concerning the number of hours of doing 
physical education (sufficient, too small, too large).

9. Marks obtained for physical education (very good, 
good, sufficient).

10. Declarations of practicing sport after leaving school 
(affirmative, negative, no decision).

In addition, tools to measure the scale of values 
so as to determine the significance of physical educa-
tion among other school subjects, such as German, 
Mathematics, English, Physics, History, Geography, 
Biology, Art Education, and Latin were also used. The 
criterion for this study is the degree of passion of stu-
dents tested for each subject. 

Methods of statistical analysis

The collected material was subject to mathematico-
statistical analysis with the use of:
– Chi² test – intended to determine the significance of 

differences within the variables: sex and milieu  of 
the  young people investigated;

– path analysis [22, 23] - through which it was possible 
to establish a statistically significant correlation be-
tween the participation index of sporting activities (ex-
pressed as the product of the amount of  disciplines 
practiced and the frequency of practicing sport), and 
the main factors of free time and school sports activi-
ties. In the case of path analysis, a path diagram has 
been created. In this diagram, the dependent variable 
Y is fully determined by the set of independent vari-
ables Xi (i = 1, 2, 3... k) used in the analysis and by 
the unknown factor U (random component), which is 
not is correlated with any of the variables Xi. The cal-
culation of path factors is based upon the correlation 
matrix for the entire set of variables that constitutes 
the list of variables in the direct effect layer.

The path coefficients found through standardized 
partial regression allowed spontaneous impact from 
the respective sport activity elements exerted upon 
the participation share in such an activity to be evalu-
ated.
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Results

Reasons for sporting activities among the young 
people under investigation.

The purpose of this part of the study was to determine 
the presence of a motivational force for sporting activity 
among young people. The division of motives postulat-
ed by Kenyon [1, 2, 3], which consists of six elements: 
aesthetic quality, health, catharsis, ascetic, social expe-
rience and vertigo, was applied.

Based upon the results presented in Table 1, it can 
be ascertained that the most important motives for 
determining the practice of recreational sports among 
all subjects are: social experience, understood as 
a wish and possibility of practicing sport together and 
establishing contacts as well as health, relaxation 
(cathartic) and ascetic. Health as a motive for recre-
ational activity is chosen by slightly more girls (75.1%) 
than boys (61.6%) under investigation. But it should be 
noted that significant differences regard only young 
people from the large town (Chi² = 4.09, p = 0.04). For 

the boys who were tested, physical fitness (ascetic) 
and risk were very important motives, while for the 
girls – aesthetic qualities. The results show significant 
differences relative to the dominance of those motives 
within the gender of young people. Physical fitness 
is predominant among males (87.9%), although not 
among the tested girls (47.3%) – both those living in 
large (Chi² = 36.08, p < 0.001) and small towns (Chi² 
= 33.25, p < 0.001). Even more striking differences are 
observed in risk (vertigo), which definitely motivates 
boys more (85.8%) than girls (24.4%) coming from both 
the large (Chi² = 71.93, p < 0.001) and the small towns 
(Chi² = 71.61, p < 0.001). In addition, aesthetic quality 
is worth emphasizing as a motivating factor proving to 
be much more important for the girls surveyed (86.1%) 
than for their male colleagues (33.2%). The signifi-
cance of these differences was shown by a Chi² test in 
relation to the young people coming both from the large 
(Chi² = 60.98, p < 0.001) and small towns (Chi ² = 49.16, 
p < 0.001). The relations of the motivational strength of 
the respective factors relative to the sex of the investi-
gated are illustrated in Figure 1. 

Table 1.  Motives of sports activity (in %)

Motive
Boys
big

town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total

Big 
town

Small 
town Total

Aesthetic 32.3 34 33.2 87.4 84.7 86.1 60.8 59.9 60.4

Health 61.5 61.7 61.6 76.7 74.5 75.1 68.8 68.2 68.5

Cathartic 71.9 72.3 72.1 67 63.3 65.2 69.3 67.7 68.5

Ascetic 88.5 87.2 87.9 47.6 47 47.3 67.3 66.7 67

Social Experience 67.7 72.3 70 73.8 73.5 73.6 70.1 72.9 71.5

Vertigo 84.4 87.2 85.8 23.3 25.5 24.4 52.8 55.7 54.2

Figure 1.  A comparison of the significance of the motives of sports activity with consideration to gender
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A comparison of the results of the motives for the 
sports and recreational activity of young people from the 
large and small towns showed no statistically significant 
differences, thus giving rise to the conclusion that milieu 
conditions do not affect the choice of these motives.

Practicing of sports vs. other leisure activities

In this part of the study, the most common forms of lei-
sure activity among Austrian high school students were 
diagnosed by laying emphasis on the place where the 
sports activities took place.

The most important form of leisure activity of the 
Austrian young people under investigation, regardless 
of their gender and environmental origin, is meeting 
friends, preferred by 87.7% of respondents (Table 2).  

For the boys tested (78.9%, place 2 in the ranking) 
practicing sports turned out to be more important 
than for the girls (55.7%, place 3 with reading and televi-
sion). At the same time, there were significant statistical 
differences in the data for both the large (Chi² = 11.43, 
p = 0.001) and small towns (Chi² = 10.33, p = 0.001). 
Besides, more important for the boys than for the 
girls is sitting at a computer as indicated by statisti-
cally significant differences (large town – Chi² = 10.64, 
p = 0.001, small town – Chi² = 14.65, p < 0.001). The 
same goes for watching television, which is more com-
mon among boys, in particular from the small town 
(Chi² = 6.21, p = 0.01). The girls tested – more than their 
colleagues – appreciate reading (55.7%, 24.7%) and 
making music (43.3%, 18.4%). In both cases, there 
was a statistically significant difference in favor of girls:

Table 2.  Forms of leisure activities (in %)

Form of activity Boys big
town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total Big town Small 

town Total

Meeting friends 87.5 86.2 86.8 89.3 87.8 88.6 88.4 87 87.7

Listening to  music 66.7 64.9 65.8 75.7 75.5 75.6 71.4 70.3 71.4

Practicing sport 78.1 79.8 78.9 54.4 57.1 55.7 65.9 68.2 67

TV 69.8 73.4 71.6 56.3 55.1 55.7 62.8 64.1 63.4

Computer/Internet 67.7 71.3 69.5 43.7 42.9 44.3 55.3 56.8 56

Reading 26 23.4 24.7 57.3 54.1 55.7 42.2 39.1 40.7

Making music 18.8 18.1 18.4 44.7 41.8 43.3 32.2 30.2 31.2

Doing handicrafts 17.7 22.3 20 22.3 25.5 23.9 20.1 24 22

Figure 2. Preferred leisure activities – comparison with consideration to gender

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Mee
tin

g f
rie

nd
s

Lis
ten

ing
 to

  m
us

ic

Doin
g s

po
rts TV

Com
pu

ter
/In

ter
ne

t

Rea
din

g

Mak
ing

 m
us

ic

Doin
g h

an
dic

raf
ts

Boys Girls

 



– 16 –

Zygmunt Sawicki

– reading: large town Chi²=18.67, p<0.001, small town 
Chi²=17.70, p<0.001,

– making music: large town Chi²=14.12, p<0.001, 
small town Chi²=11.74, p<0.001. 

Graphically, the preferred forms of free time activi-
ties are illustrated in Fig. 2, taking into account the gen-
der of the respondents.

The conclusion is that for young Austrian people, 
practicing sport is not the most important free time 
activity. As expected, the boys under investigation – 
due to the highly positioned sporting activity (place 2) 
among other forms of free time activities – are more 
physically active than their female counterparts, among 
whom sport took the third place in the ranking list. In 
addition, the lack of statistically significant differences 
in relation to the milieu of the respondents leads to 
the conclusion that they have no major impact on the 
choice of leisure activities. 

Aspects of sports and recreational activities

Frequency of practicing sport 
One of the most important aspects of sport and rec-
reational activities is the frequency with which sports 
are practiced in free time. Based upon the results in 

Table 3, it can be ascertained that the young people 
tested, regardless of the gender and milieu, are gener-
ally very involved in practicing sport. A total of 43.2% 
of them declare that they practice sport once or twice 
a week, and almost 30% practice it very often (three 
times a week or more). Instead, the percentage of 
young Austrian people who do not practice recreational 
sports at all (6.9%) is of marginal significance. It can be 
deemed surprising there are no statistically significant 
differences in the frequency of practicing sport within 
the gender of the respondents.

Place of practicing sport
Table 4 presents the results for various places where 
sport is practiced by the young people tested.

The most popular sports practiced by the young 
Austrian people under investigation turned out to be 
open area sports chosen more often by the boys 
(62.1%) than the girls (46.3%). A Chi² test showed such 
statistically significant differences in favor of the boys 
in both the small (Chi² = 5.11, p = 0.02) and large town 
areas (Chi² = 4.20, p = 0.04).

In Austria, sports clubs involving a large group 
of teenagers practicing various sport disciplines are 
popular. According to the author’s own research 
(Table 4, Figure 3), 45.8% of boys and 36.3% of girls 

Table 3. Frequency of doing sport in free time (in %)

Frequency Boys big
town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total

Big 
town

Small 
town Total

I don’t 5.2 6.4 5.8 8.7 7.1 8 7 6.8 6.9

Seldom (once/twice a month) 16.7 18.1 17.4 23.3 25.6 24.4 20.1 21.9 21

Often (once/twice a week) 40.6 43.6 42.1 41.7 46.9 44.3 41.2 45.3 43.2

Very often (three times a week 
or more) 37.5 31.9 34.7 26.3 20.4 23.3 31.7 26 28.9

Table 4. Place of doing sport in the free time (in %) 

Place Boys big
town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total

Big 
town

Small 
town Total

Sports club 47.9 43.6 45.8 37.9 34.7 36.3 42.9 39.1 41

Sports lessons in the afternoon 20.8 26.6 23.7 17.5 21.4 19.4 19.1 24 21.5

Open area 57.3 67 62.1 41.7 51 46.3 49.5 58.9 54.2

Commercial sports facilities 51 41.5 46.3 34 25.5 28.6 42.5 33.3 37.9

Fitness club 13.6 6.4 10 10.7 7.1 8.9 12.1 6.8 9.5
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under investigation declare themselves as sports club 
members. The youth under investigation often visited 
commercial (municipal) sports facilities to practice 
sport. These locations enjoy greater popularity among 
the boys from both the large (Chi² = 5.25, p = 0.02) and 
small towns (Chi² = 4.82, p = 0.03).  

Way of practicing sports 
Young people practicing sport in their free time (Table 
5) prefer to be accompanied by a colleague or a friend 
(70.8%). Especially, regardless of milieu (76.1%), the 
girls tested – while practicing sport – appreciate the 
presence of a friend more than the boys (65.2%). In 
addition, the family members of respondents, although 
to a lesser extent (40.2%), are their favorite partners. 
Only one-quarter of all respondents practice sport un-

accompanied. In this field of research, there were no 
statistically significant differences.

Method of practicing sport at the place of residence
The respondents had an opportunity to comment on 
the evaluation of opportunities for recreational sports in 
their place of residence (Table 6). More than half of the 
young people under investigation, regardless of gender 
or milieu, considered these opportunities to be good; 
only 21.8% considered them to be poor.

Sport disciplines practiced
Tables 7 and 8 show a list of the ten most popular 
recreational sport disciplines practiced by the investi-
gated Austrian boys and girls coming from large and 
small-urban areas. As expected, the results confirm 

Figure 3. Place of doing sport – a comparison with consideration to gender
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Table 5. Way of doing sport (in %)

Way 
of practicing 

sport

Boys big
town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls total Big 
town

Small 
town Total

Alone 27.1 24.5 25.8 23.3 27.6 25.4 25.1 26 25.6

With friends 62.2 68.1 65.2 73.8 78.6 76.1 68.3 73.4 70.8

With  family 34.4 41.5 37.9 38.8 45.9 42.3 36.7 43.8 40.2

Table 6. Possibilities for doing sport in the town of residence in the opinion of respondents (in %)

Possibilities 
of practicing 

sport

Boys big
town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total Big town Small 

town Total

Good 59.4 53.2 56.3 52.4 46.9 49.7 55.8 50 52.9

Average 21.9 26.6 24.2 27.2 25.5 26.4 24.6 26 25.3

Poor 18.7 20.2 19.5 20.4 27.6 23.9 19.6 24 21.8
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that soccer, and cycling as well as alpine skiing are 
most popular among the boys. Alpine skiing is slightly 
more popular in the small-town area, which is an ex-
pected result from the better availability of relevant 
winter sports facilities. Swimming and jogging were 
also very popular in both groups. Other popular sport 
disciplines practiced by the boys are also individual 
and team sport games. In particular, sports games are 
well-liked among the boys, who prefer sports competi-
tions in contrast to the girls.

The most popular sport discipline practiced by all the 
girls tested is cycling (Table 8). In the top positions on 
the ranking list were swimming and horse riding, which 
are extremely unpopular among the boys surveyed. It 
should be emphasized that as in the case of the boys, 
the popularity of skiing, especially among girls from the 
small town (Chi² = 3.83, p = 0.05), is similar; as men-
tioned before, in small town areas there are favorable 
conditions for practicing the said sport discipline. The 
girls generally do not prefer sporting activities that re-

quire endurance, strength or fierce competition, which 
is reflected in the research results pertinent to their fa-
vorite sport disciplines. They include typically feminine 
forms of sport, such as aerobics and dance, as well as 
sport games not entailing much physical exertion – vol-
leyball, table tennis, and badminton.

Desired sports
Tables 9 and 10 show lists of sports not practiced, 
which the student boys and girls from large and small 
town areas would like to practice. The results for the 
boys, regardless of their milieu, clearly indicate the 
dominance of extreme sports characterized with mov-
ing one’s body in large spaces, which entails a great 
deal of courage. These disciplines are bungee jump-
ing, parachuting, paragliding, ski jumping, and climb-
ing. Practicing such sports is undoubtedly associated 
with increased risk, which constitutes one of the main 
motives for the boys’ sports activities (Table 1). This 
is likely to explain their willingness to try practicing 

Table 7. Regular practiced sports by boys in their free time (in %)

Kind of sport Boys  big town Kind of sport Boys  small town

1. Football (Soccer) 53.1 1. Football (Soccer) 56.4

2. Cycling 42.7 2. Skiing/Snowboarding 37.2

3. Skiing/Snowboarding 28.1 3. Cycling 30.9

4. Swimming 21.9 4. Swimming 25.5

5. Jogging 17.7 5. Jogging 23.4

6. Basketball 13.5 6. Table tennis 19.1

7. Tennis 12.5 7. Tennis  16

8. Table tennis 10.5 8. Martial arts 11.7

9. Handball 7.3 9. Skateboard  10.6

10. Volleyball 6.3 10. Handball 6.6

Table 8. Regular practiced sports by girls in their free time (in %)

Kind of sport Girls big town Kind of sport Girls small town

1. Cycling 37.9 1. Cycling 39.8

2. Swimming 32 2. Swimming 37.7

3. Jogging 24.3 3. Horse riding 28.6

4. Horse riding 18.4 4. Skiing/Snowboarding 25.5

5. Skiing/Snowboarding 13.6 5. Jogging 21.4

6.Volleyball 11.7 6. Aerobic 16.3

7. Dance 8.7 7. Volleyball 13.3

8. Aerobic 7.8 8. Dance 11.2

9. Table tennis 5.8 9. Badminton 7.1

10. Badminton 3.9 10. Table tennis 5.1
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technically difficult and dangerous sports. The boys 
surveyed, especially those coming from the large town 
(26%), would be more willing to practice (American) 
football than their counterparts from the small town. 
Significant differences (Chi² = 7.68, p = 0.05) appeared 
in this research category. In addition, the responding 
boys, irrespective of their milieu, prefer ice hockey and 
windsurfing. On the wish list of the large town residents, 
further places were held by snowboarding and base-
ball; martial arts were of interest for 15% of boys com-
ing only from the small town.

The girls surveyed, regardless of their place of 
residence, declare the highest readiness to practice 
alpine climbing. Other popular sports among them 
were also bungee jumping, whereas parachuting 
prevailed among the boys. Among the girls living in 
the large town (23.3%), the second place was taken 
by windsurfing – although this was not of interest for 
the girls from the small town. Further down the list of 

desired disciplines in both milieus were volleyball, ice 
hockey, and most recently – fashionable street ball, as 
well as rafting.

Physical education 
Physical education classes, a compulsory school 
subject, are aimed not only at developing a student’s 
school physical activity, but also at preparing them for 
being active sport people in their adult life. The impor-
tance of physical education and its relations with free 
time, extracurricular sports, and recreational activities 
are emphasized in many works of research [24, 25, 
26]. The author’s own research also included some im-
portant elements of school physical education. One of 
the most important elements seems to be the attitude 
towards the physical education classes expressed in 
their statements about the number of hours of the said 
course on the school syllabus. According to the re-
search results, (Table 11, Figure 4) 40.7% of the young 

Table 9. Not practiced but desired sports of boys (in %)

Kind of sport Boys big town Kind of sport Boys small town

1. Bungee jumping 29.2 1. Bungee jumping 26.6

2. Football 26 2. Paragliding 25.5

3. Paragliding 20.8 3. Parachuting 21.3

4. Parachuting 17.7 4. Alpinism 19.1

5. Alpinism 15.6 5. Windsurfing 17

6. Windsurfing 13.5 6. Martial arts 14.9

7. Ice hockey 11.5 7. Ice hockey 11.7

8. Ski jumping 9.4 8. American Football 9.6

9. Snowboarding 7.3 9. Rafting 8.5

10. Baseball 5.2 10. Ski jumping 6.4

Table 10. Not practiced but desired sports of girls (in %)

Kind of sport Girls big town Kind of sport Girls small town

1. Alpinism 26.2 1. Alpinism 26.5

2. Windsurfing 23.3 2. Bungee jumping  24.5

3. Parachuting 20.3 3. Martial arts 21.4

4. Bungee jumping 16.5 4. Ice hockey 17.3

5. Volleyball 13.6 5. Parachuting 15.3

6. Martial arts 11.7 6. Volleyball 13.3

7. Ice hockey 8.7 7. Rafting 10.2

8. Snowboarding 6.8 8. Streetball 6.1

9. Rafting 5.8 9. Bodybuilding 4.1

10. Streetball 3.9 10. Snowboarding 3.1
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people tested believe that the number of hours of physi-
cal education is insufficient, while 41.9% believe that 
number to be sufficient. Taking into account the gender 
of the persons tested, significant statistical differences 
in favor of boys both the urban (Chi ² = 30.15, p < 0.001) 
and small-urban milieu (Chi ² = 24.42, p < 0.001) were 
found. In addition, due to a low percentage of answers 
from the respondents in the category  entitled the num-
ber of hours of physical education is too high (17.4%), it 
should be ascertained that the students under investi-
gation have a generally positive attitude towards school 
physical education classes.

The attitude of high school students towards physi-
cal education can be corroborated, among others, by 

the marks obtained in this subject. Table 12 presents 
the results of research into their grades for physical 
education at the end of the last school year.

The most frequent mark in physical education was 
grade GOOD (B), obtained by half of the respondents 
(47.4% boys, 52.2% girls). Grade VERY GOOD (A) was 
obtained by more boys (35.8%) than girls (23.4%), with 
a reverse arrangement for the grade SUFFICIENT (C) 
(boys 16.8%, girls 24.4%) attained only by one-fifth of 
the surveyed. The Chi² test, however, did not reveal any 
significant differences with respect to both the gender 
and milieu of the surveyed. Because of the predomi-
nance of good and very good grades (about 80%), it 
can be assumed that physical education is an important 

Table 11. The youth’s declarations about the number of physical education lessons (in %)

Number of 
physical education 

lessons is:

Boys 
big

town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls 
total

Big 
town

Small 
town Total

Enough 28.1 24.5 26.3 57.2 56.1 56.7 43.2 40.6 41.9

Too small 59.4 58.5 59 21.4 25.5 23.4 39.7 41.7 40.7

Too large 12.5 17 14.7 21.4 18.4 19.9 17.1 17.7 17.4

Figure 4. Opinions about the number of physical education lessons – comparison with consideration to gender

Table 12. Physical education mark (in %)

Mark Boys big
town

Boys 
small 
own

Boys 
total

Girls big 
town

Girls 
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Girls 
total

Big 
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Very good 34.4 37.2 35.8 21.4 25.5 23.4 27.6 31.3 29.4

Good 46.9 47.9 47.4 53.4 51 52.2 50.3 49.5 49.9

Sufficient 18.7 14.9 16.8 25.2 23.5 24.4 22.1 19.2 20.7
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and respected school subject for the young Austrian 
people under investigation.

Apart from positive declarations from the students on 
the number of hours and grades in physical education, 
their opinions on the intended physical activities after 
ending their school education were also examined. The 
results of research on this subject are given in Table 13.

More than three-quarters of the respondents de-
clared an intention to practice sport after leaving 
school. In particular, boys coming from the small town 
declared this intention (86.2%). At the same time, it 
should be emphasized that there is a very low percent-
age of respondents who do not intend to be sportively 
active (8.4%) in the future or are still undecided about 
their plans for sport (12.8%). Taking into account all the 
opinions of the young people tested, the forecast for 
their post-school sportive activity is quite fair.

Physical education vs other school subjects
In order to determine the place (the degree of passion) 
of physical education among other school subjects, the 
so-called scale of values was used. Tables 14 (boys) 
and 15 (girls) present the results of such a study, where-
as Figure 5 is a graphical representation of the pref-

erences of school subjects among the young people 
tested.

More than 57% of boys considered physical educa-
tion to be their most favorite school subject. High plac-
es on the list (regardless of the milieu) were taken by 
exact sciences – Physics and Mathematics, as well as 
English. It would be advisable to mention an apprecia-
bly higher preference for Geography (place 3) among 
the boys from the large town (28.1%), in comparison to 
their colleagues from the small town (place 7, 13.8%), 
as shown by the Chi² test = 5.01, p = 0.03. The least 
popular subject among the boys in both milieus is Latin, 
being in the last place on the ranking list. 

According to the results from Table 15, the most 
favorite school subject for girls from the large town 
was English, ranked second, and for girls from the 
small town – physical education. In both milieus Art 
Education was popular, whereas the strongest diver-
sity was noticed for Mathematics, which was more 
liked in the small-town environment as shown by the 
test Chi² = 4.25, p = 0.04. Further down the ranking list 
were History, Biology, German, and Physics. Similarly, 
to the boys tested, Latin is neither appreciated among 
the girls investigated, irrespective of their milieu.

Table 13.  The youth’s declarations about doing sport after finishing school (in %)

Declaration
Boys 
big

town

Boys 
small 
town

Boys 
total

Girls big 
town

Girls 
small 
town

Girls total Big 
town

Small 
town Total

Yes 82.3 86.2 84.2 71.8 75.5 73.6 76.9 80.7 78.8

No 7.3 8.5 7.9 9.7 8.2 9 8.5 8.3 8.4

I don’t know 10.4 5.3 7.9 18.5 16.3 17.4 14.6 11 12.8

Table 14. Favorite school subjects in boys’ opinion (in %)

Subject Boys big town Subject Boys small town

1. Physical Education 56.2 1. Physical Education 58.5

2. Mathematics 33.3 2. Physics 29.8

3. Geography 28.1 3. Mathematics 26.6

4. English    22.9 4. English    24.5

5. Physics 20.8 5. German 21.3

6. German 17.7 6. History 17

7. History 15.6 7. Geography 13.8

8. Biology 12.5 8. Art Education 11.7

9. Art Education 10.4 9. Biology 9.5

10. Latin 6.3 10. Latin 7.4
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Multivariate analysis

In order to evaluate the simultaneous impact of the 
researched elements of free time and school sporting 
activity of the Austrian schoolchildren upon the level 
of participation in sporting activities, the method of 
path analysis was applied. The path coefficients found 
through standardized partial regression allowed the 
spontaneous impact from the respective sports activity 
elements exerted upon the participation share in such 
an activity to be evaluated. The level of this activity is 
a product of the number of sport disciplines practiced 
and the frequency of practicing sport. A comparison of 

the effect coming from these factors was performed 
through an evaluation of the path coefficients ex-
pressed as percentage values, which enabled the in-
dependent variables to be hierarchized in the context 
of their relationship with the variable being explained. 
A measure of the strength of the relationship occurring 
among the variables is the so-called conditional cor-
relation gamma coefficient, which also determines the 
trends within such a relationship (Table 17). 

The data presented in Figure 6 shows that the ele-
ment in the sporting activity most strongly correlated 
with the level of participation in this activity is the 
male gender variable (58.8%. pi = 0.319). This actu-

Table 15. Favorite school subjects in girls’ opinion (in %)

Subject Girls big town Subject Girls small town

1. English    38.8 1. Physical Education 37.8

2. Physical Education 28.1 2. Art Education   32.7

3. Art Education   23.3 3. English    29.6

4. Geography 19.4 4. Mathematics    22.4

5. History 17.5 5. Biology 19.4

6. German 16.5 6. German 17.3

7. Biology 14.6 7. Geography 14.3

8. Mathematics    10.7 8. History 10.2

9. Physics 7.8 9. Physics 8.2

10. Latin 5.8 10. Latin 5.1

Figure 5. Declared favorite school subjects – comparison with consideration to gender
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ally means a significantly stronger male dominance in 
the overall sporting activity of young people under in-
vestigation. Also strongly correlated with the sporting 
activity is the variable  practicing sports in free time as  
an element of free time activities of students in Austria 
(41.2%. pi = 0.224). According to this relationship, this 
variable has a statistically significant impact on the level 
of sporting activity among the young people surveyed. 
The variables to explain the index of sporting activity 
among Austrian students are spontaneous.

Discussion

The research of this study included a number of im-
portant aspects of free time sports and recreational 
activities of young people from large and small agglom-
erations in an alpine region of Austria. Most important 
of them are motives for practicing sport. Studies have 
shown that the strongest motivators for all the people 
investigated are the social aspect, health, relaxation 
(cathartic), and ascetic. Generally speaking, health as 

a motive for recreational activity is chosen by more girls 
(75.1%) than boys (61.6%), and significant differences 
relate only to young people from the large town. The 
boys under investigation – considerably more often than 
girls – deemed physical fitness (ascetic) and risk to be 
very important motives for practicing sport, whereas, 
in the case of the girls, aesthetic quality was far and 
more important, which has also been corroborated in 
numerous scientific studies conducted by Weiss et al 
[16], Mrak [18], Hausleitner [27], Huber [28] and others, 
highlighting the dominance of similar motives for the 
sports activities of young people.

Among the free time activities practiced by young 
Austrian people, regardless of gender and milieu, social 
events are the most important, preferred by the major-
ity of respondents, whereas practicing sport turned out 
to be of more significance for the boys (place 2) than 
for the girls (place 3). Moreover, the boys appreciated 
more computer activities, whereas the girls, preferred 
reading and making music. Similar results concerning 
the forms of free time activities of young people are pre-

Table 16. Values of path coefficients pi and efficacy on the indicator of sports activity

Values of path coefficients pi Relative efficacy of factor
[%]

Gender 0.319 58.8

Practicing sport in free time 0.224 41.2

Coefficient of determination 6.79 100

Table 17. Coefficients of correlation gamma between the indicator of sports activity and the analyzed factors

Variable and kind of answer Indicator of sports activity

Gender Boys  0.270

Forms of leisure activities Doing sports  0.185

Figure 6. Diagram of path analysis for the indicator of sports activity of Austrian youth and values of path coefficients and determining 
factors in percent (D= 6.79%)  
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sented by Bässler [15, 29], Flicker [30], Morgenbesser 
[31], Kromer/Tebbik [32] and others, who emphasized 
higher preferences for physically passive leisure activi-
ties, especially among females.

The level of sport and recreational activities is pri-
marily determined by the frequency with which sports 
are practiced in spare time. Our results confirm a high 
level of involvement of young people in the practicing it-
self, irrespective of the gender and milieu. In all, 43.2% 
of young people under investigation declare practicing 
sport once or twice a week, and less than one-third 
practice it very often (three times a week or more). A 
similar level of activity among Austrian young people 
is indicated in the results obtained by Schrittwieser [14] 
Bässler [15] and Mrak [18].

The young people who practice sport under in-
vestigation, and in particular the boys, usually prefer 
open area. Almost half of the respondents declare their 
membership of sports clubs. In addition, another place 
for practicing sport, often visited by the young people 
under investigation are public and town sports facili-
ties, enjoying considerably higher popularity among 
the boys. The youth under investigation also attend 
extra-curricular sporting activities at schools, visited 
slightly more by the boys. Comparative results on 
this matter are also presented by Zellmann [5], and 
Schrittwieser [14]. Regardless of gender and milieus, in 
most cases the investigated young people who practice 
sport choose friends or colleagues as sport compan-
ions, almost a half of them are accompanied by family 
members and one-quarter practice unaccompanied. 
The predilection for friends or colleagues as well as 
an insignificant role of the family in active practicing of 
sports is confirmed in numerous empirical studies on 
this issue [15, 20, 27, 28] and others. 

Among the sport disciplines regularly practiced and 
most popular among the boys regardless of their milieu 
are soccer, cycling and skiing- slightly more popular 
among the small town residents. Swimming and jogging 
are also very popular in both the milieu groups. Other 
popular sport disciplines also practiced by the boys are 
individual and team sports games. The most popular 
sport disciplines practiced by the girls tested are cycling, 
swimming and horse riding. It should be emphasized – 
as in the case of boys – a similar popularity for skiing, 
especially among girls from the small town. 

In addition, popular among the girls surveyed are, of 
course, typical female forms, such as aerobics or danc-
ing, as well as sports games that do not entail much 
physical effort.

In much research, the overall dominance of soccer, 
cycling, swimming, running, and other sports games 
among the boys is highlighted. Among the girls, horse 
riding, swimming, gymnastics classes aimed at dancing 
and musical skills, running [7, 20, 15, 5, 14], and others 
were dominant.

The paper also refers to the important issue of 
extreme sport disciplines. Their ever-growing popu-
larity, especially in affluent societies, is shown by 
Opaschowski [33, 34], who believes that the main rea-
sons for the interest in risky and even dangerous sport 
disciplines is an escape from the monotony of every-
day life, the pursuit of pleasure associated with strong 
emotions and the willingness to experiment and try out 
new locomotor and sporting forms. Bauman [35, 36], 
emphasizes the important role of the above-average 
performance and physical condition of the modern 
man as a prerequisite for gaining personal experience, 
events and complacency, as well as new objectives and 
challenges. The author’s own research showed that the 
Austrian school children, particularly the boys, are in-
terested in extreme sports, which, however, still remain 
only desired sports and to be tried. At the top of the 
boys’ ranking list were bungee jumping, parachuting, 
paragliding, ski jumping and climbing. The girls tested 
also prefer the willingness to do dangerous and risky 
sport disciplines, yet to a slightly lesser extent. These 
results were also reflected in other empirical works on 
this subject [5, 34, 27, 33, 37].

The respondents had an opportunity to comment on 
the evaluation of possibilities for practicing recreational 
sport in their place of residence. According to more 
than half of the young people tested, such possibili-
ties are good, one-quarter of the respondents consider 
them to be average, and only one in five respondents 
deem them bad.

Positive attitudes towards practicing sport among 
the youth under investigation can be proved by the 
results of the author’s research into some important 
elements of school physical education, which regards 
chiefly good grades obtained by school students in 
physical education, the recognition of this subject as 
the favorite (boys) or one of most favorites (girls), and 
postulating more hours of physical education classes. 
As a promising forecast, the declaration from the over-
whelming majority of students in the matter of practicing 
these sports after leaving school should be considered.

The path analysis used in this paper revealed no 
statistically significant relationships between the grade 
obtained in physical education classes and the pos-
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sibility of practicing sport in the place of residence of 
respondents and their level of sporting activity in their 
free time (hypothesis 5). Instead, not only a significantly 
higher male dominance in the overall sporting activity of 
the young people investigated was demonstrated, but 
also a statistically significant effect of the variable of 
practicing sport in their free time exerted on the level 
of sporting activity among the young people tested. 
This means that the higher the share of young people 
in leisure sporting activities, the higher the index of their 
sporting activity.

Conclusions

Based on the author’s own research findings, the fol-
lowing conclusions can be drawn:
1. Regardless of the milieu, the girls tested and prac-

ticing recreational sports are guided mainly by aes-

thetic and health qualities, whereas the boys prefer 
physical fitness and the willingness to take risks.

2. School students prefer their engagement of a more 
passive nature; instead, sporting activity, especially 
in the opinion of the girls surveyed, is further down 
the hierarchy of favorite leisure activities.

3. The gender of the respondents differentiate the 
forms of sports and recreational activity and the 
place in which sport is practiced, such as open ar-
eas and public sports facilities, while the frequency 
of practicing sport did not show differences related 
to the gender.

4. Extreme sports arouse interest of young males in 
particular, but they remain only desired sports.

5. The level of sporting activity among the young 
people tested is strongly influenced by the following 
variables: male gender and the share of practicing 
sport among other leisure activities. 
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Summary

Aim of the study. To determine the level of technical efficiency of gymnasts from the youngest sports 
category in elementary floor exercises.

Material and methods. Study participants comprised 12 boys who trained in gymnastics in four gymnas-
tic clubs in the Małopolskie Voivodeship. The participants were 7 and 8 years old. The study assessed their 
performance in floor exercises using a test developed and implemented by trainers from the aforementioned 
gymnastic clubs. All exercises were registered with a camera. The obtained video footage was subjected to 
further analysis. The performed exercises were evaluated by experts in gymnastics, who ascribed numerical 
values to observed errors. Each exercise was divided into movement phases, which were subjected to separate 
analysis by the experts.

Results. The results of this study are presented in tables together with points ascribed by the experts. The 
technique of performing each exercise (according to all the constituent phases) was presented on the basis 
of elementary parameters of descriptive statistics. A synthetic indicator of technical efficiency was created by 
summing up the values of errors in each phase (Me = 30.00 pts).

Conclusions. Study participants vary significantly in terms of technical efficiency. The greatest values of 
technical errors in all floor exercises performed by youngest-category gymnasts were noted in the forward 
roll onto arms and in the left leg cartwheel. Analysis of video footage of individual exercise phases allowed the 
experts to reliably spot technical errors. The analysis will enable trainers to select appropriate training methods 
in order to eliminate these errors.
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 SUMMARY    

Introduction

Artistic gymnastics is considered a discipline that in-
volves a limitless richness of movement. This is due 
to not only a large number of exercises and potential 
combinations, but also to the structural complexity of 
many elements of the discipline. Meinel and Schnabel 
[1], Raczek [2], and Raczek et al. [3] state that move-
ment structure is the primary component in the clas-
sification of movement characteristics. Movement 
structure encompasses the organization (ordering) of 

key motor elements (phases or parts) within an entire 
motor action. Biomechanical descriptions of gymnastic 
movements are accompanied by a precise delineation 
of phases and their boundaries based on characteristic 
and appropriate (from the viewpoint of laws of physics) 
properties of motion. Scientific research on the subject 
is increasingly considered more important for the train-
ing of gymnasts [4].

In artistic gymnastics, competition is based on 
performing and combining individual exercises into 
routines according to international technical and aes-
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thetic requirements [5]. Every deviation from the pre-
ferred model decreases the final score. While we do 
not doubt that psychological, endurance-based, and 
tactical preparation – all of which form the comprehen-
sive training of a gymnast – are extremely important 
in ensuring progress in training as well as rational and 
informed sports competition, we consider technical 
preparation to play a considerable and primary role on 
the path to championship in artistic gymnastics [6, 7]. 

A review of scientific literature shows a lack of com-
prehensive analyses of the level of technical efficiency 
in exercises of young gymnasts. Researchers often 
prefer to focus on issues related to the management 
of physical fitness rather than technical efficiency [8, 
9, and others]. Lacordia et al. [10] propose that such 
a state of affairs is likely due to methodological difficul-
ties: performing a quantitative assessment of technical 
properties of motion is extremely complicated. Studies 
most often assess the level of technical efficiency on 
the basis of performance in competitions. However, the 
results do not provide trainers with sufficient informa-
tion on which technical elements should be improved 
and, more importantly, at what time and to what extent 
a given gymnast makes technical errors. Moreover, 
performance during competition can be affected by in-
tentional or unintentional errors on the part of the judge, 
as confirmed by Ansorge and Scheer [11], Plessner and 
Schallies [12], and Bucar-Pajek et al. [13].

Gymnasts from the youngest sports category, i.e., 
boys aged 8 years or younger, learn a vast array of 
exercises that form the foundations of their sports de-
velopment [6]. These exercises include forward and 
backward rolls in different positions, which serve as 
a perfect introduction to tucked, piked, and front som-
ersaults. Conversely, mastering the cartwheel is the 
requirement for learning the round off. One of the cru-
cial basic elements in gymnastics is the handstand, 
which enables the trainee to perform various exercises 
in every event within artistic gymnastics [14, 15, 16]. 
Even the youngest gymnasts are required to learn all 
phases of the exercises in a thorough and error-free 
manner. This is because an error that occurs in one 
phase will negatively influence the next phase or even 
all subsequent phases, as pointed out by Marinsek 
and Cuk [17]. A technical error that becomes a mo-
tor habit may in extreme cases prevent progress in 
learning more advanced elements. Due to the afore-
mentioned factors, technical supervision should aim to 
spot errors in individual exercise phases, especially in 
key components. This would allow trainers to select 

and implement appropriate corrective measures that 
should lead to a rapid improvement in the quality of 
the performed motor actions within the given phase. 
Such technical supervision may prevent the gymnasts 
from acquiring incorrect motor habits. It seems that 
analyzing video footage of exercises with clear divi-
sions into phases can help experts in artistic gymnas-
tics to successfully supervise technical effectiveness 
in beginner as well as advanced gymnasts. The ob-
tained results will provide the gymnasts with informa-
tion about the important aspects of performed exer-
cises. The results will also help trainers and judges of 
artistic gymnastics to evaluate exercises in a precise 
and objective manner.

The aim of this study was to assess the level of 
technical efficiency of performing floor exercises in 
gymnasts from the youngest sports category. The as-
sessment was performed on the basis of exercises di-
vided into phases. Phase boundaries were defined in 
such a way that allowed experts in artistic gymnastics 
to easily distinguish the phases.

We took care to ensure that the results of this study 
could be used as a training material that would enable 
the development of appropriate methods and means 
of improving the quality of exercises performed by the 
study participants.

Material and methods

Study participants comprised 12 boys who trained 
in artistic gymnastics in 4 gymnastic clubs of the 
Małopolskie Voivodeship Gymnastics Association 
(AZS AWF Krakow, UKS “Korona” Krakow, KS Korona 
Krakow, and UKS Gimnazjon Wieliczka). The par-
ticipants were aged 7 and 8 years and therefore be-
longed to the youngest category in artistic gymnastics 
in Poland. Furthermore, each participant was required 
to have an up-to-date medical examination, consent 
of their parents or legal guardians for participating in 
an assessment of technical preparation using cam-
era footage, and a minimum of 1 year of experience 
in training. In addition, participants had to have par-
ticipated in the Interprovincial Junior Championships in 
Men’s Artistic Gymnastics, which took place between 
15 and 17 April, 2011, in Krakow (participation in the 
Championships required prior qualification). Study par-
ticipants achieved top positions in the final ranking of 
the Championships.

The boys underwent assessment of technical ef-
fectiveness in terms of six floor exercises. The assess-
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ment used the test proposed by Kost et al. [18], which 
involves elementary exercises that play a crucial role in 
artistic gymnastics training. In this study, we divided the 
assessed exercises into phases. Table 1 shows a de-
tailed structural division of the assessed exercises in 
terms of the technique of execution.

Prior to the assessment, all participants participat-
ed in a warm-up session. Next, they were instructed on 
testing procedures and exercise techniques. Initial and 
final exercise positions were also explained in detail. 
The boys were allowed to perform each floor exercise 3 
times before the actual test.

Table 1. Phase structure of the exercises 

Exercise Phase 
no. Phase name Beginning of 

phase End of phase

Forward roll onto AA

1 Jumping onto AA 
phase (mid-air phase)

Posture (AA held 
down) The moment the hands touch the floor

2 Forward roll 
phase End of Phase 1 The moment the feet touch the floor

3 Approach to the final 
position phase End of Phase 2  Posture (AA lifted forward or to the 

sides)

Backward pike roll with 
AA and LL straight 

1 Approach to pike Posture with AA 
held up

The moment the heels leave the ground 
(in a pike position)

2 Backward roll phase End of Phase 1  The moment the hands leave the floor 

3 Approach to the final 
position phase End of Phase 2  Posture with AA held up

RL cartwheel (the RL 
begins the cartwheel)

1 Approach to handstand with 
straddle phase

Poster with AA 
held up

The moment the RL (the spring leg) 
leaves the floor

2 Handstand with straddle 
transitory phase End of Phase 1  The moment the left hand leaves the 

floor

3 Approach to straddle with 
AA held sideways phase End of Phase 2  Position with straddle and AA held 

sideways

LL cartwheel (the LL 
begins the cartwheel)

1 Approach to handstand with 
straddle phase

Posture with AA 
held up

The moment the LL (the spring leg) 
leaves the floor

2 Handstand with straddle 
transitory phase End of Phase 1  The moment the right hand leaves the 

floor

3 Approach to straddle with 
AA held sideways phase End of Phase 2  Position with straddle and AA held 

sideways

Handstand (3 s)

1 Approach to handstand 
phase

Posture (AA held up 
or down)

The moment the legs come together 
and the handstand position is assumed

2 Maintaining the handstand 
phase End of Phase 1  Legs begin to move down

3 Approach to the final 
position phase End of Phase 2 Posture (AA held up or down)

Front lever (3 s)

1 Approach to front lever 
position phase

Posture (AA held up 
or down) The moment the lifted L stops moving

2 Front lever position phase End of Phase 1 The L begins to move down

3 Approach to the final 
position phase End of Phase 2 Posture (AA held up or down)

Abbreviations: AA – arms; L – leg; RL – right leg; LL – left leg.
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The performed exercises were registered using 
a Canon DC211 digital camera. The acquired footage 
was used in further assessment of technical perfor-
mance in these motor tasks. Three experts in artistic 
gymnastics conducted a detailed analysis of the foot-
age. Each expert was a licensed Polish Gymnastics 
Association (PZG) judge as well as a trainer within the 
discipline. During the test, the experts performed func-
tions associated with the so-called “E” board of judges, 
whose task it to spot errors in the observed exercises 
and to ascribe point values to these errors [5].

During the test, participants performed each ex-
ercise 3 times; the best result was subjected to a de-
tailed analysis by the experts. The best result of the 
3 was chosen by the experts themselves. The experts 
conducted further analysis on their own, taking into ac-
count our division of the motor tasks into phases. Each 
expert was required to provide a description of the 
characteristics of the observed errors.

The quality of performed exercises was assessed 
on the basis of execution errors. The errors were cat-
egorized as follows: minor error = 1 point; medium error 
= 2 points; major error = 3 points; if a participant failed 
to execute a given element, the experts ascribed 20 
points, according to the instructions provided by Kost 
et al. [18]. The final result of this analysis was the me-
dian out of the three point values given by the experts 
for each observed error. A characteristic feature of the 
applied test is that scoring takes into account not only 
guidelines for judges of artistic gymnastics but also 
other errors that significantly affect the process of gym-
nasts’ technical training.

Data analysis

The level of technical effectiveness in individual exer-
cises was calculated by summing up the point values 
ascribed by the experts for each error in each of the 
exercise phases.

In this study, we also determined a synthetic indi-
cator of technical efficiency in floor exercises for each 
study participant. Sums of scores for each of the 6 ex-
ercises were used to calculate the indicator.

The assessed variables were presented on the ba-
sis of descriptive statistics: median (Me), quartile devia-
tion (Q), lower quartile (Q1), upper quartile (Q3), posi-
tional coefficient of variation (VQ), minimal value (min), 
and maximal value (max).

The Statistica software (version 10) was used for 
statistical calculations.

Results

Expert analysis showed that during the course of train-
ing, each youngest-category gymnast had success-
fully learned the exercises included in the technical 
efficiency test. However, the boys’ execution of these 
exercises varied, as indicated by appropriate numerical 
values (Table 2). The experts observed that the great-
est number of technical errors occurred in the forward 
roll onto arms and the left leg cartwheel, where the me-
dian of ascribed point values for errors was Me = 5.50 
pts. On the other hand, the boys performed the best in 
the backward pike roll with arms and legs straight (Me = 
3.00 pts). The obtained coefficient of variation indicated 

Table 2. Statistical parameters of technical efficiency in floor exercises achieved by gymnasts from the youngest sports category

Statistical 
parameter

Gymnastic element Synthetic 
indicator 

of technical 
efficiency 

(floor 
exercises)

Forward roll 
onto AA

Backward 
pike roll with 

AA and LL 
straight

RL cartwheel LL cartwheel Handstand Front lever

Me [pts] 5.50 3.00 4.00 5.50 3.50 4.00 30.00

Q [pts] 1.50 1.75 2.50 2.75 0.88 1.63 10.63

Q1 [pts] 3.00 2.75 2.00 2.75 3.00 2.00 16.50

Q3 [pts] 6.00 6.25 7.00 8.25 4.75 5.25 37.75

VQ [%] 54.55 91.67 50.00 50.00 85.71 50.00 55.00

Min [pts] 0.00 2.00 0.00 0.00 2.00 2.00 6.00

Max [pts] 12.00 14.00 13.00 11.00 13.00 8.00 64.00
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considerable differences between participants in the 
level of mastery in the assessed exercises. All values 
of the coefficient are equal to or greater than 50%; the 
greatest observed value corresponded to the backward 
pike roll with arms and legs straight and amounted to 
VQ = 91.67%.

The level of mastery in the assessed exercises, as 
given by the synthetic indicator (i.e., the sum of scores 
for all assessed elements) equaled Me = 30 pts. The 

coefficient of variation for this indicator was VQ = 55%, 
which confirms that the young gymnasts differed sig-
nificantly in technical execution of the exercises. Figure 
1 shows the values of synthetic indicators achieved by 
each participant. The highest results achieved in floor 
exercises amounted to 6 points, while the worst results 
achieved amounted to 64 points.

Table 3 shows scores given by experts for the for-
ward roll onto arms with a brief description of observed 

Figure 1. The level of technical efficiency in floor exercises on the basis of the synthetic indicator

Table 3. Expert evaluation of the forward roll onto arms

Participant

Jumping 
onto AA 
phase 

(mid-air 
phase)*

Forward roll phase

Approach 
to the final 

position 
phase

Sum
[pts]Initial 

jump too 
low and 
too short

[pts]

Bent 
knees
[pts]

Wrong distance 
between arms on 

the floor (too short 
or too far)

[pts]

Wrong position 
of the head (head 

not tucked)
[pts]

Incorrect bending 
of hip joints (angle 

too low or too 
high)
[pts]

Used hands 
for support

[pts]

1 D. M. 1 1 1 0 0 0 3

2 R. M. 3 1 2 0 0 0 6

3 K. M. 2 0 2 0 1 0 5

4 K. E. 2 0 2 0 2 0 6

5 B. M. 2 0 2 0 0 0 4

6 Ż. R. 1 1 0 0 1 0 3

7 P. B. 0 0 0 0 0 0 0

8 R. W. 2 0 2 0 1 1 6

9 Z. S. 2 1 2 0 0 1 6

10 B. D. 2 3 1 2 2 2 12

11 K. I. 0 0 0 0 1 0 1

12 K. N. 3 1 2 0 0 0 6
*  Complete lack of mid-air phase = exercise failed
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errors. The scores indicate that 1 gymnast executed 
the forward roll in an error-free way. The worst score 
achieved in this exercise amounted to 12 pts. As far as 
the first phase of the exercise is concerned, the experts 
found only 1 error: with the exception of 2 gymnasts, 
all participants jumped onto their arms while maintain-
ing excessively low body position. In the second phase, 
the experts observed 4 different errors; only 1 gymnast 
made the error of not tucking his head as required (his 
error amounted to 2 pts). During the last component 
(approach to the final position), 3 boys supported them-
selves against the floor with their hands in order to as-
sume the final position.

All participants made at least one error in the back-
ward pike roll with arms and legs straight (Table 4). Three 
participants achieved the lowest value of errors in this 
exercise (2 pts), while the worst technical execution was 
given a score of 14 points. Six participants made no er-
rors during the first phase (approach to pike phase). The 
rest of the participants bent their knees and/or supported 
themselves against the floor with their arms during the 
approach to pike phase. Three different errors were ob-
served in the backward roll phase. A majority of them 
corresponded to bent elbows (only 1 participant did not 

bend his elbows). During the approach to the final posi-
tion phase 5 boys bent their knees.

Scores given for the right leg and left leg cartwheel 
indicate that only 1 participant (No. 7) was able to  
perform both exercises without errors (Tables 5 and 6).

Ten boys made errors during the right leg cart-
wheel, while 2 boys performed the exercise correctly. 
The highest sum of error values was 13 points. It should 
be noted that as many as 9 participants failed to stay on 
a straight line while executing the exercise.

One participant performed the left leg cartwheel 
without any technical errors, while the worst technical 
execution amounted to 11 pts. Nine participants failed 
to stay on a straight line during the exercise.

The handstand was also performed with technical 
errors by all participants. Two participants achieved the 
best score of 2 points in this exercise (Table 7). The 
highest number of technical errors amounted to a sum 
of 13 points. Deviations from the proper motor structure 
during the first and the third phase of the exercise cor-
responded only to bent knees. The greatest number of 
errors within the 3 constituents occurred in the static 
phase of the exercise (maintaining the handstand). The 
errors related to timing and the position of the body 

Table 4. Expert evaluation of the backward pike roll with arms and legs straight

Participant

Approach to pike Backward roll phase

Approach 
to the final 

position 
phase Sum

[pts]

Bent knees
[pts]

Wrong arms support
[pts]

Arms lifted  
too late

[pts]

Bent knees
[pts]

Bent 
elbows

[pts]

Bent knees
[pts]

1 D. M. 0 0 0 0 2 0 2

2 R. M. 0 0 0 1 2 0 3

3 K. M. 0 1 2 1 2 0 6

4 K. E. 0 0 0 0 2 0 2

5 B. M. 0 0 1 0 2 0 3

6 Ż. R. 1 0 1 1 2 2 7

7 P. B. 2 0 0 0 0 0 2

8 R. W. 0 2 1 0 1 2 6

9 Z. S. 0 0 3 0 3 2 8

10 B. D. 2 3 2 2 2 3 14

11 K. I. 1 0 0 0 2 0 3

12 K. N. 0 0 0 0 2 1 3
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and individual body parts. No participant managed to 
maintain a vertical position during the handstand for 3 
seconds; as a result, every participant was given an ap-

propriate amount of points for his technical error (1 boy 
was given 1 point; 9 were given 2 points; 2 were given 
3 points).

Table 5. Expert evaluation of the right leg cartwheel

Participant

Approach to handstand with straddle phase Handstand with straddle transitory 
phase

Approach to 
straddle with 
AA held side-
ways phase  

Sum
[pts]
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1 D. M. 1 1 0 0 0 0 0 0 0 0 2

2 R. M. 0 0 0 0 0 0 0 0 0 0 0

3 K. M. 0 0 1 0 1 0 0 1 1 2 6

4 K. E. 0 0 0 1 0 0 0 0 0 2 3

5 B. M. 0 0 0 1 0 0 0 0 0 1 2

6 Ż. R. 0 0 2 2 3 0 2 1 1 2 13

7 P. B. 0 0 0 0 0 0 0 0 0 0 0

8 R. W. 0 0 0 0 1 0 1 0 1 2 5

9 Z. S. 0 2 0 2 2 0 0 1 1 3 11

10 B. D. 2 0 1 0 3 1 1 0 0 2 10

11 K. I. 0 0 1 0 0 0 0 1 0 1 3

12 K. N. 0 0 0 0 2 1 0 0 0 2 5

Table 6. Expert evaluation of the left leg cartwheel

Participant

Approach to handstand with straddle phase Handstand with strad-
dle transitory phase

Approach to straddle 
with AA held sideways 

phase

Sum
[pts]Left hand 

too far or 
too close 

[pts]

Swing leg 
bent at the 
knee [pts]

Wrong rhythm of 
placing hands on the 
floor (hands placed 
at the same time) 

[pts]

Wrong body 
position (bent 

or bowed 
body) [pts]

Bent 
knees 
[pts]

Bent 
knees 
[pts]

Departure 
from a stra-

ight line [pts]

1 D. M. 1 0 0 2 0 0 2 5

2 R. M. 1 0 0 0 0 0 0 1

3 K. M. 0 0 1 3 1 1 3 9

4 K. E. 1 0 2 3 1 1 3 11

5 B. M. 3 0 0 1 1 0 0 5

6 Ż. R. 2 0 2 1 0 1 2 8

7 P. B. 0 0 0 0 0 0 0 0

8 R. W. 1 0 0 0 1 1 3 6

9 Z. S. 0 1 0 0 0 0 2 3

10 B. D. 0 2 0 2 0 0 3 7

11 K. I. 0 0 0 1 0 0 1 2

12 K. N. 1 0 2 3 0 0 3 9
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Table 7. Expert evaluation of the handstand

Participant

Approach to handstand 
phase Maintaining the handstand phase

Approach 
to the final 

position  
phase

Sum
[pts]Spring leg 

bent at knee 
(leg not held 

straight) 
[pts]

Swing leg 
bent at 

the knee 
[pts]

Wrong body 
posture 

(bent or bo-
wed body) 

[pts]

Wrong 
position of 
shoulders 

[pts[

Bent 
elbows 

[pts]

Failed to 
maintain the 
handstand 

for 3 s* [pts]

Bent 
knees 
[pts]

Bent knees 
[pts]

1 D. M. 0 0 0 0 1 2 0 0 3

2 R. M. 0 0 0 0 1 2 0 0 3

3 K. M. 0 0 0 1 0 2 1 0 4

4 K. E. 0 0 0 0 0 2 0 1 3

5 B. M. 0 0 1 0 0 2 0 0 3

6 Ż. R. 1 0 0 1 0 2 2 1 7

7 P. B. 0 0 1 0 0 1 0 0 2

8 R. W. 0 0 2 0 0 2 0 0 4

9 Z. S. 0 0 0 0 0 2 2 0 4

10 B. D. 1 1 3 1 0 3 2 2 13

11 K. I. 0 0 0 0 0 2 0 0 2

12 K. N. 1 0 2 2 0 3 0 0 8

*  Maintained handstand for 2 s = 1 pts; for 1 s = 2 pts; for less than 1 s = 3 pts. If a participant did not maintain the handstand 
at all, the exercise was considered failed.

Table 8. Expert evaluation of the front lever

Participant

Approach 
to front 

lever posi-
tion phase 

[pts]

Front lever position phase
Approach to 

the final posi-
tion phase

Sum 
[pts]

L lifted too 
low* [pts]

Lifted L 
bent at 

the knee 
[pts]

Lifted L not 
held in a 

straight line 
[pts]

Postural L 
bent at the 
knee [pts]

Failed to main-
tain the front 

lever for 3 s** 
[pts]

Heaving [pts]

1 D. M.

N/A

2 0 0 0 0 0 2

2 R. M. 2 0 0 0 0 0 2

3 K. M. 2 0 0 0 0 0 2

4 K. E. 3 0 0 0 0 0 3

5 B. M. 2 0 1 0 1 0 4

6 Ż. R. 2 0 0 0 2 0 5

7 P. B. 2 0 0 0 0 0 2

8 R. W. 2 1 0 0 2 0 5

9 Z. S. 3 1 0 1 2 1 8

10 B. D. 3 0 0 2 2 0 8

11 K. I. 2 0 0 1 1 0 4

12 K. N. 3 0 0 0 1 1 6

**  Leg lifted up to 15° above the hips = 1 point; leg held horizontally = 2 points; leg held up to 15° below the hips = 3 points (if 
the angle exceeded 15° below the hips, the exercise was considered failed)

**  Maintaining the front lever for 2 s = 1 point; for 1 s = 2 points; for less than 1 s = 3 points. If a participant did not maintain 
the handstand at all, the exercise was considered failed.
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No participant performed the front lever exercise 
without making any errors (Table 8). The four best-per-
forming best-performing gymnasts were given a total of 
2 points each; the worst-performing gymnasts scored 8 
points each. All participants executed the first constituent 
of the front level (approach to front level position phase) 
correctly. During the next phase (maintaining the front 
lever position), all participants failed to lift their leg to an 
appropriate height, which corresponded to either a me-
dium (2 points) or a major error (3 points). Five boys met 
the time requirement by maintaining the position for at 
least 3 seconds. Two boys made minor errors during the 
third phase (approach to the final position). The error was 
designated as “heaving” during the approach to the final 
position.

Description of results

During the assessment, we observed that the gymnasts 
from the youngest sports category made a number of 
technical errors in each studied exercise. The presence 
of these errors indicates the need for further analyses 
of this kind, which can be conducted during the initial 
years of training. Such analyses would require coop-
eration with experts with considerable experience in 
training and judging (as undertaken in this study) to en-
sure accuracy, comprehensiveness, and objectiveness 
of conducted assessments of technical efficiency. Data 
obtained in this manner will have a significant practical 
value and should be immediately taken into account on 
an individual basis during further training. Delayed re-
sponses on the part of trainers as well as the marginal-
ization of technical errors made in gymnastic elements 
negatively affect trainees’ further sports development.

This study involved exercises that form the founda-
tions of technical training in artistic gymnastics. Their 
role in learning more difficult gymnastic elements in 
later stages of training is pivotal, as indicated by the fact 
that the Methodology and Training Committee has in-
cluded them in the list of obligatory gymnastic routines 
for persons in the youngest gymnastic category [19]. Of 
course, young gymnasts from all gymnastic disciplines 
learn a broader range of necessary exercises already 
during the general preparation phase [6, 10, 20].

Significant differences in the in the level of technical 
efficiency in floor exercises were found between the top 
gymnasts in the Małopolskie Voivodeship Gymnastic 
Association, even though the boys participated in train-
ing, camps, and consultations together. These differ-
ences are reflected in the obtained value of the coef-

ficient of variation of the synthetic indicator related to the 
level of mastery in these exercises, which amounted to 
VQ = 55%. The value is considerable higher than that ob-
tained previously by Kost et al. [18], which amounted to 
V = 38.51%. Kost et al. assessed gymnasts of the same 
age and in the same voivodeship in 2009. The observed 
significant differences between the study participants in 
the quality of execution of floor exercises may be due to 
an incorrectly conducted gymnastic selection.

During our assessment of technical efficiency in floor 
exercises, participants performed a forward roll onto 
arms and a backward pike roll with arms and legs straight. 
Contrary to our expectations, the front roll proved more 
problematic than the backward roll. Such a result may 
be due to the fact that the experts were able to watch 
the video footage multiple times and that each phase of 
the exercises was evaluated separately. Surprisingly, as 
many as 3 boys supported themselves with their hands 
during the third phase of the forward roll (approach to 
the final position phase). This is likely because the boys 
performed the previous phases incorrectly, as technical 
errors were observed for each of them during both the 
first and the second stage of the exercise. The first phase 
(the mid-air phase) of the forward roll should be subject 
to especially comprehensive technical training, as only 
2 participants avoided making errors during the phase. 
According to Szot [21], this phase can be improved by 
mastering the spring and performing rolls onto a set of 
gymnastic mats or over an obstacle.

In the case of the backward pike roll with arms and 
legs straight, trainers should pay special attention to 
the gymnasts bending their elbows during the second 
phase of the exercise. As many as 11 study participants 
made this error; for 9 of them, this was classified as 
medium. This error was due to insufficient speed of 
performing the exercise or to insufficient flexibility of the 
participants (related to the forward bending of the torso 
in the sagittal plane). Backward pike roll onto one’s 
back with arms and legs straight and backward rolls on 
a ramp should constitute ideal supporting exercises in 
teaching the boys not to bend their elbows [22].

This study also involved right leg and left leg cart-
wheels. The experts observed that the values of techni-
cal errors made by 11 participants in the subsequent 
phases of the right leg variant of the exercise do not 
match the values in the left leg variant. The same ap-
plies to the sums of errors. The results of the cartwheel 
strongly indicated that completely different difficulties 
in learning the exercise may occur between the two di-
rections. As a result, other training methods may have 
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to be used to help the gymnasts learn or improve the 
cartwheel.

The participants performed the right leg cartwheel 
better than the left leg cartwheel (the difference be-
tween median values was 1.5 points). Only 1 partici-
pant performed both variants correctly. As many as 9 
boys failed to execute either variant in a straight line, as 
noted in the last phase (approach to the final position 
phase). The failure to remain in a straight line during the 
cartwheel was likely due to errors made in the first and 
second phase. The observed errors and obtained data 
for the second phases of both variants of the cartwheel 
lead to the conclusion that transitioning through a hand-
stand proved relatively difficult for the participants, as 
shown under the “Wrong body position” column in Table 
7. This refers to 6 participants for the right leg cartwheel 
and 8 participants in the left leg cartwheel. The wrong 
body posture error can be eliminated or least limited by 
isolating the phase and using such exercises as hand-
stands with straddle and shifting support from one arm 
to another (the latter exercise would require the trainer’s 
assistance) [14, 15]. Mitchell et al. [22] also found that 
some gymnasts may have difficulties with placing their 
hands on the floor in the correct rhythm (i.e., one hand 
after the other, instead of both hands at the same time). 
In this study, 4 participants displayed such a technical 
error in both variants of the cartwheel.

Based on the results of the cartwheel, it should be 
noted that performing exercises in different directions 
during spots training improves motor skills as well as 
motor coordination (which is extremely important in 
gymnastics) [23, 24, 25].

This study required the participants to reach a hand-
stand position and maintain it for 3 seconds as part 
of the second phase of the handstand. No participant 
was able to meet this requirement, and only 1 man-
aged to maintain the handstand for 2 seconds, which, 
according to the rules of the Federation International 
de Gymnastique [5], is enough for the performance to 
be given a perfect score (in terms of timing of the ex-
ercise). Most (9) participants maintained the handstand 
for 1 second, for which the experts gave 2 error points. 
Learning to perform a correct, several-seconds-long 
handstand often requires the gymnasts to undergo mul-
tistage training, during which they improve their strat-
egy of balancing their bodies and controlling their posi-
tion. This study has shown that its participants still lack 
the skill needed to perform a correct handstand. Such 
a skill involves appropriate wrists strategy and arms 
control, through which one’s fingers apply the correct 

pressure to the floor [26]. The movements performed 
during the handstand are difficult to even notice with 
the human eye, let alone evaluate; for this reason, we 
did not assess such movements. Of course, the possi-
bility of maintaining a handstand is often affected by in-
correct movements, such as bending one’s knee joints, 
ankle joints, or heel joints, or exposing one’s shoulders, 
as observed in the course of this study. Horak and 
Nashner [27] explain that gymnasts tend to bend the 
ankle joint during minor and slow heaving of the body, 
while flexing and extending one’s hip joints takes place 
during major and dynamic displacements of position 
or in the cases where the surface of support is small 
(and the ankle joints can still be bent). The first and third 
stage of the handstand observed in the course of this 
study only requires aesthetic improvements of move-
ment in some participants.

Among all performed exercises, only the approach 
to the front lever position phase was executed in an 
error-free manner. The greatest benefit of the front le-
ver is its influence on a gymnast’s sense of balance. 
Maintaining body balance is one of the most important 
specific coordination motor abilities in artistic gym-
nastics [6, 28]. It is also an ability that, in our opinion, 
should be taught using appropriate methods in all curri-
cula related to comprehensive as well as basic training. 
The results of this study allow us to conclude that the 
flexibility component was responsible for the greatest 
number of errors made during the second phase of the 
exercise (maintaining the front level position). It should 
be emphasized that all these errors were at least me-
dium. Therefore, the results constitute a clear indica-
tion for all trainers of the need to complement training 
curricula with appropriate flexibility exercises in order 
to improve the trainees’ performance in this exercise, 
which depends on the ability to maintain body balance.

This study used a method of evaluating gymnas-
tic exercises that can significantly enrich the notion of 
complex control in artistic gymnastics, as described by 
Kochanowicz [6, 29]. We also wish to underline that 
the results of the assessment of errors and their values 
in given phases of exercises only constitute a starting 
point in future actions aimed at improving the long-term 
training process. 

Conclusions

1. The level of technical efficiency (assessed on the 
basis of the phase structure of basic floor exercises) 
in top from the youngest sports category (mem-
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bers of the Małopolskie Voivodeship Gymnastic 
Association) shows significant differences.

2. The greatest values of technical errors among the 
exercises performed by the gymnasts occurred in 
the front roll onto arms and the left leg cartwheel.

3. Analysis of video footage of individual exercise 
phases allowed the experts to reliably spot techni-
cal errors. The analysis will enable trainers to select 
appropriate training methods to eliminate these er-
rors.
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Introduction. Changing the shot put technique by replacing the linear run-up with a rotational run-up  al-
lowed athletes to increase the distance and duration by which their strength affected the shot. Thanks to the 
innovation, shot put distance from a running start increased between 2.5 m and 2.7 m compared to a standing 
start. Currently, most athletes use new technique, although it is more difficult. Statements by various authors 
on somatic preferences for shot-putters in terms of both discussed techniques are often contradictory and 
unsupported by research. As a result, these statements can be treated merely as intuitive observations.

Aim. This study was motivated by a lack of research on the greater effectiveness of the spin technique.
Material and methods. Research material comprised somatic data and results of 67 shot-putters (49 us-

ing the spin technique and 18 using the classic (glide) technique) derived from the 2009 ranking list, acquired 
from the Internet. A lack of differences in results and morphological parameters allowed us to combine the two 
groups into one group. Statistical analysis was conducted using basic numerical characteristics, with correlations 
calculated using the Pearson and Spearman methods. To allow a more accurate comparison, 2 groups of 18 
athletes somatically similar to the shot-putters using the classic technique were chosen from the group of 49.

Results. Body height of the ‘spin’ group, chosen based on their body mass, was 4.2 cm lower than in the 
‘classic’ group, meaning that, for all practical purposes, the values were equal. The former group showed 
statistically significant correlations, while the latter group showed no correlation between their results and 
either somatic trait as well as between the 2 variables. The observed correlations indicate that the athletes had 
a disproportionate body build.

A graphical comparison of the athletes’ body mass and results allowed us to divide them into the categories 
of lightweight (up to 114 kg) and heavyweight (above 114 kg). Lightweight shot-putters showed a negative  
(r = –0.23) correlation with their results, while heavyweight shot-putters showed a positive correlation  
(r = 0.40). The aforementioned relationships in a reference group of decathletes showed progression up to 
about 90 kg of body mass and above 90 kg showed regression, similar to the case of lightweight shot-putters. 
A positive correlation in the heavyweight group (above 114 kg) was inconsistent with the opinion of Forbes, 
who estimated the upper limit of LMB at 100 kg, and motivated us to elaborate on this phenomenon. 

Conclusions. In summary, we emphasize the role of somatomotor measurements in assessing the level 
of training in athletes, noting at the same time that these measurements cannot be construed as to indicate 
illegal doping.

NR 62 2013ANTROPOMOTORYKA
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Introduction

In the 1970s, attempts were made attempts have been 
made to modify the existing shot-putting technique by 

replacing the linear run-up with a rotational run-up, 
without breaking International Association of Athletics 
Federations (IAAF) rules. Implementing the new 
method allowed athletes to increase the distance and 
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duration by which their strength affected the shot [1]. 
As Bartonietz [2] states, thanks to the innovation, put-
ting distance from a running start increased between 
2.5 m and 2.7 m compared to a standing start, while 
for the glide technique, the increase ranged from 1.5 
to 2.0 m. However, these data need to be confirmed 
in a study with a larger sample. Currently, most ath-
letes use the new technique, even though analysis of 
video footage showing 2 groups who were taught both 
methods at the same time unambiguously indicated it 
to be more difficult than the glide technique [3].

In addition to noting the aforementioned differ-
ences in putting distance, which determine the effi-
ciency of the rotational run-up method, Bartonietz [2] 
claims that it creates opportunities for the develop-
ment for some athletes, while the linear technique can 
result in stagnation. According to Salzer [4], the clas-
sic technique can be used to prepare an athlete for 
the rotational technique. Because it is more natural, 
easier to learn, and more likely to result in successful 
puts, the classic method is recommended for athletes 
participating in combined events. Moreover, it allows 
shot-putters with a light body build to apply the energy 
of their leg muscles more efficiently. Researchers 
from Poznań [5] emphasize the unique role of legs 
in throwing disciplines. In their opinion, leg strength 
determines throwing results to a greater extent than 
arm strength. Furthermore, Goldman [6] underlines 
the importance of strength and speed predispositions 
in shot put, regardless of somatic build. He states 
that apart from a strong body build and the listed 
motor abilities, factors that are especially important 
are coordination and a sense of rhythm within move-
ment patterns, manifested though changes in muscle 
tension and relaxation. In discussing the basic rules 
and forecasts used to select the rotational method, 3 
German authors [7] regard the ability to spin, sense of 
balance, and maintaining the putting direction as the 
primary criteria. At the same time, the authors indicat-
ed that athletes who show an inclination for the linear 
run-up should continue using it. In presenting posi-
tive and negative sides of the spin technique in a later 
publication, the same authors list its justification by 
the laws of biomechanics under its merits [8]. Among 
its negative aspects, they list the following: a more 
complicated movement route compared to the classic 
technique, the necessity for great speed and extreme 
coordination, and high risk of injury. The authors rec-
ommend the rotational run-up technique to athletes 
with low body height and good speed predispositions, 

suggesting that tall shot-putters may find it difficult to 
remain within the circle.

A Polish specialist who differs in opinion [1] states 
that the rotational technique allows tall shot-putters with 
long limbs to make full use of their morphofunctional 
capabilities, which in the linear run-up are limited by the 
size of the circle. Henryk Olszewski [9, p. 148], Tomasz 
Majewski’s coach, describes both methods in the fol-
lowing way: “The classic technique requires the shot 
putter to have greater flexibility than a javelin thrower. 
The spin technique suits rigid athletes better,” the latter 
method being “obviously more effective, but in practice, 
it is difficult to find an athlete who is able to avoid los-
ing speed inside the circle. If we found such an athlete, 
the shot could go as far as 25 meters. The technical 
difficulty is that the centrifugal force makes the shot 
fly away from its position at the athlete’s neck on its 
own.” Olszewski’s opinion concerning somatic build [9, 
p. 147] is as follows: “The best players are up to about 
195 centimeters tall. Tomek’s height is giving him some 
trouble.”

Aim

Statements by various authors on somatic preferences 
for shot-putters in terms of both discussed techniques 
are often contradictory and unsupported by research. 
As a result, these statements can be treated merely as 
intuitive observations. Such a state of affairs motivated 
us to address this subject.

Material and methods

Research material comprised somatic data and results 
of 67 shot-putters from the 2009 ranking list, as pub-
lished on the Internet (iaaf.org). The technique used by 
these shot-putters was determined based on information 
provided by coach H. Olszewski and Olympic champion 
T. Majewski, for whose assistance we are most grateful 
(18 shot-putters used the glide technique and 49 used the 
spin technique). Tables 1a, 1b, and 1c present numerical 
characteristics of body build and the athletes’ shot-put 
results, as well as correlations between variables. Due to 
almost identical arithmetic means of putting distance and 
body mass, as well as an insignificant difference of about 
2 cm in body height between the 2 teams of athletes, 
the teams were combined into 1 group of 67. To objectify 
data used for making comparisons based on the same 
or similar measurements, 18 athletes using the spin tech-
nique from the group of 49 with appropriate body height 
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and body mass were paired with 18 athletes who used 
the classic technique. Tables 2 and 3 present data on 
these athletes. 

Correlation analysis was selected as the basic 
method of analyzing the material. Spearman’s rho (rk) 
was used for the groups of 18 athletes, while Pearson’s 
r (r) was used for groups of 30 or more [10]. 

Results

Tables 1a, 1b, 1c, 2, and 3 indicate that the values of 
correlations differ between basic somatic traits and re-
sults in shot put. In the classic technique group, correla-
tions between all somatic traits and results, as well as 
between body height and body mass, are close to zero. 
In other groups, body mass displays the greatest influ-

Table 1. Numerical characteristics of somatic build and results of the throwers

a) Glide technique (N = 18)

On. Traits x Min.–Max. Sd V 1 2 3 4

1 Result (m) 20.237 19.24–21.95 0.687 3.4 -.01 .07 -.05

2 Body height (cm) 192.8 180–204 7.11 3.7 –.01 –.01 .67

3 Body mass (kg) 115.4   88–140 15.3 13.2 .07 –.01 –.69

4 Ponderal index 39.80 37.2–43.6 2.30 5.8 –.05 .67 –.69

rk significant at 0. 05 – .40; 0.01 – .56 

b) Spin technique (N = 49)

On. Traits x Min.–Max. Sd V 1 2 3 4

1 Result (m) 20.200 19.14–22.16 0.748 3.7 .07 .37 –.26

2 Body height (cm) 190.3 178–209 6.5 3.4 .07 .37 .50

3 Body mass (kg) 115.2   83–149 13.1 11.4 .37 .37 –.62

4 Ponderal index 39.22 35.7–42.7 1.59 4.1 –.26 .50 –.62

r significant at 0. 05 – .28; 0.01 – .37

c) Both techniques (N = 67)

On. Traits x Min.–Max. Sd V 1 2 3 4

1 Result (m) 20.211 19.14–22.16 0.727 3.6 .08 .32 –.19

2 Body height (cm) 191.0 178–209 6.7 3.5 .08 .28 .53

3 Body mass (kg) 115.2   83–149 13.6 11.8 .32 .28 –.66

4 Ponderal index 39.36 35.7–43.6 1.80 4.6 –.19 .53 –.66

r significant at 0. 05 – .24; 0.01 – .31
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ence on the results. This is confirmed in statements 
on shot put made by Migasiewicz [11] and Socha [12] 
that are more closely reliant on body build than other 
athletic disciplines. It is especially true for young ath-
letes with little experience, for whom their long-term 
training has not yet affected their somatic structure 
in a way specific to the discipline, in comparison to 
highly qualified athletes. A study on the performance 
of athletes aged 16–19.25 years [13, p. 74] observed 
correlations of r = 0.72 between their results and 
body height and r = 0.69 between their results and 
body mass. In contrast, for the world-class shot-put-
ters analyzed in this study, the correlations between 
their results and body height and between their re-
sults and body mass are statistically insignificant. 
The greatest correlation between shot put distance 
and body mass was observed in the group of athletes 
using the spin technique that were paired based on 
body height with athletes using the linear technique 
(Table 2). Correlations shown in Tables 1b and 1c are 
somewhat lower, with no correlation at all for the clas-
sic technique group (Table 1a). This indicates a lack 
of proportionality of body build in most athletes using 
the technique. The correlation coefficient between 
body mass and the results exceeds the 1% statistical 
threshold (Tables 1c); however, due to the possibility 
of curvilinear correlations, it is assumed in statistics 

that the most reliable information on the direction and 
value of a correlation are provided by a coordinate 
system of both variables.

A graphical comparison of body mass values with 
shot put results (Figure 1) indicates an inverse effect of 
this somatic trait on the results. For lower values, body 
mass displays an insignificant, yet still negative, ef-
fect on putting distance; for higher values, the effect is 
positive. Using correlation, after a few attempts based 
on the distribution of points on the chart with values 
of correlations between the athletes’ body mass and 
their results, we were able to find a critical point that 
allowed us to divide the athletes into lightweight and 
heavyweight groups (Figure 2). The lightweight group 
comprised 31 athletes with body mass ranging from 83 
kg to 114 kg (x = 104.3, S = 8.3, and V = 8.0), while the 
heavyweight group comprised 36 athletes with body 
mass ranging from 115 kg to 145 kg (x = 124.7, S = 9.6, 
and V = 7.7). The former group showed a negative cor-
relation between the variables (r = –0.23), and the latter 
showed a positive correlation (r = 0.40). Guilford [10] 
considers a correlation between 0.20 to 0.40 as low, 
indicating a noticeable but weak relationship. However, 
according to Table D [p. 554], which presents statis-
tical thresholds according to degrees of freedom (i.e., 
sample size), a statistically significant correlation for 
a sample of 31 persons begins at r = 0.36. 

Table 2. Numerical characteristics and correlation coefficients between somatic traits and results in the group of throwers using the 
spin technique, matched by body height to the group using the glide technique (N = 18) 

On. Traits x Min.–Max. Sd V 1 2 3 4

1 Result (m) 20,274 19,14–21,78 0,720 3,6 .06 .44 –.21

2 Body height (cm) 192,7 180–209 7,3 3,8 .06 .50 .33

3 Body mass (kg) 116,3   90–149 15,0 12, .44 .50 –.56

4 Ponderal index 39,56 37,5–42,7 1,33 3,4 –.21 .33 –.56

rk significant at 0, 05 – .40; 0,01 – .56

Table 3. Numerical characteristics and correlation coefficients between somatic traits and results in the group of throwers using the 
spin technique, matched by body mass to the group using the glide technique (N = 18) 

On. Traits x Min.–Max. Sd V 1 2 3 4

1 Result (m) 20,246 19,20–21,89 0,659 3,3 –.08 .25 –.18

2 Body height (cm) 188,6 178–202 6,8 3,6 –.08 .42 .30

3 Body mass (kg) 115,7 83–141 15,9 13,7 .25 .42 –.63

4 Ponderal index 38,84 35,7–42,7 1,81 4,7 –.18 .30 –.63

rk significant at 0, 05 – .40; 0,01 – .56
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Figure 1. Juxtaposition of the results of shot put and body mass of throwers using the glide technique and the spin technique (result 
of T. Majewski marked with a triangle)

Figure 2. Juxtaposition of the results of shot put and body mass of lighter throwers and heavier throwers

 

19,2

19,7

20,2

20,7

21,2

21,7

22,2

80 90 100 110 120 130 140 150

Body mass (kg)

R
es

ul
t o

f s
ho

t p
ut

 (m
)

Spin technique Glide technique

19,2

19,7

20,2

20,7

21,2

21,7

22,2

80 90 100 110 120 130 140 150

Body mass  (kg)

R
es

ul
t o

f s
ho

t p
ut

 (m
)

lighter shot putters heavier shot putters

 



– 44 –

Adam Haleczko, Leszek Korzewa, Ewa Misiołek, Urszula Włodarczyk

To obtain information on correlations between 
these traits in athletes with lower body mass than shot-
putters, we used somatic data and shot putting results 
of 61 decathletes from the ranking list of world’s best 
athletes from 1971 to 1974 [14]. Strength was assessed 
based on the suggestions of Wazny [15], who assumed 
that most contemporary motor tests measure speed 
and endurance based on results in running, strength 
based on throwing, and power based on jumping. The 
correlation coefficient between body mass and shot 
putting results for this group amounted to r = 0.72. 
Table 4 and Figure 3 present the results of both the 
lightweight group and the heavyweight group of shot-
putters together with the data on decathletes (bearing 
in mind the low number of athletes with extreme param-
eters, and that extreme categories were not included 
in the table; thus, only 56 athletes were qualified for 
the Table). The results of the decathletes increase to-
gether with the increase in their body mass up to the 
82-92 kg category; above this, the progression dimin-
ishes slightly. This tendency is consistent with the one 

observed in the lightweight group of shot-putters, who 
displayed a negative correlation (Table 4 and Figures 2 
and 3). The reversal of the tendency in the heavyweight 
group is an unexpected phenomenon. One of the ear-
lier studies [16], which compared shot-putting results 
of decathletes (ranking list from 1985) and shot-putters 
(World Championships 1983) combined into 1 group 
(without the division into lightweight and heavyweight 
categories), found opposite correlations in both groups 
(Table 5), similar to this study (Table 4). 

Decathletes constitute a difficult reference group 
due to the multifunctionality of their motor tasks that 
determines their body build and, even more so, their 
body composition. This conflict between strength and 
endurance manifests itself in the incongruity between 
the results in the shot put and the 1500-m run. In terms 
of somatic build, this incongruity is caused by the quan-
titative ratio of fat tissue to muscle mass; in terms of 
motor capacity, by the degree of development of both 
abilities involved in the 2 disciplines. In motorics, such 
an opposing influence is called functional antagonism 

Table 5. Mean values of somatic traits and results of shot put and their correlations in groups of decathletes and throwers (1990)

Group N

x
Body
height
(cm) 

x
Body
mass
(kg) 

x
Rohrer
index

x
Result

(m) 

Correlation with result (r)

Body
height

Body
mass

Rohrer
index

Decathletes 30 189.0 86.2 1.280 14.81   .16 .66 .31

Shot putters 26 192.1 119.7 1.690 20.92 –.10 –.08 .00

Table 4. The results of shot put in the group of decathletes and throwers at intervals of body mass and their correlations

Group N n
Body mass (kg) x

Result (m) r r
significant atIntervals x

Decathletes 56
(61)

17 78–82 80,1 13,69

.72 0.05– .25
0.01– .32

20 83–87 85,2 14,24

13 88–92 90,1 14,99

6 93–97 94,7 14,83

Shot
putters

lighter

7   83–100 91,0 20,21

–.23 0.05– .36
0.01– .46

11 101–107 104,7 20,07

13 108–114 111,1 19,78

31   78–114 104,3 19,98

heavier

17 115–120 117,4 20,21

.40 0.05– .32
0.01– .41

8 121–125 124,9 20,24

5 126–135 130,3 20,47

6 136–149 144,0 21,26

36 115–149 124,7 20,41
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[14, 16, 17]. It occurs in specific conditions and only 
among highly trained athletes. As a result, these so-
matomotor interactions affect decathletes’ results as 
well as correlations between their results and somatic 
traits. At the same time, a specific regressive indica-
tor of relative strength, one that is calculated based on 
body mass and shot put results, allows for the assess-
ment of the degree of preparation of athletes in terms of 
strength and, indirectly, endurance, which makes it pos-
sible to plan and conduct endurance training of decath-
letes for 1500-m runs in a safer way [14]. In contrast to 
decathletes, the somatic structure of shot-putters is de-
termined by 1 goal: maximum putting distance theoreti-
cally achievable by athletes with a body mass as high 
as possible and body composition that maximizes shot 
speed at release. As far as body height is concerned, it 
should allow optimal movement within the circle.

W. E. Sinning et al. [18] present somatic param-
eters of athletes participating in 36 different disciplines. 
Among the heaviest athletes, they list shot-putters with 
body height of 188.2 cm, body mass of 112.5 kg, and 
fat percentage of 16.5%. Weightlifters from the heaviest 
category, where there is no upper limit of body mass, 
are athletes most similar to shot-putters in terms of body 
build. During dynamic work, muscle strength depends 
to a great extent on muscle flexing speed, i.e., speed, 
a different motor ability [19]. Strength and movement 
speed achieved during shot put and weightlifting are 
inversely proportional [20]. However, due to different 

types of muscle work and a somatic similarity, it is pos-
sible to conduct a comparative analysis of the influence 
of body build on athletes’ performance in these disci-
plines. Authors who discuss the relationship between 
strength exercises and performance in athletic throw-
ing suggest that these disciplines, despite being clas-
sified in different sports categories, are closely linked, 
as evidenced, for example, by the use of weightlifting 
exercises as a basic method of developing strength in 
the training of throwers [5]. Such a close relationship 
between the disciplines is also supported by high cor-
relation values between shot put and different weight-
lifting exercises, i.e., snatch: 0.90, clean and jerk: 0.88, 
supine lifting: 0.81, and squatting with the weight: 0.69 
[21, p. 66]. Other sources have correlations with supine 
lifting of 0.789 and squatting with weight of 0.789 [22, 
p. 226]. Results of studies on the relationship between 
body mass of weightlifters with an equal training level 
and their performance in Olympic weightlifting and 
powerlifting indicate that absolute strength increases 
with the increase in body mass, while relative strength 
decreases. This decrease occurs because an athlete’s 
body mass is proportional to the cube of their heigth 
measurements, while strength is proportional to the 
physiological cross section of muscles, that is, only to 
the square of these measurements. As a result, body 
mass increases faster with the increase of body size 
than with muscle strength. This relationship has been 
described by an equation and supported by analysis 

Figure 3. Juxtaposition of arithmetic means of shot put results at intervals of body mass in group of decathletes and throwers – lighter 
and heavier
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of world records in Olympic weightlifting [23, 24, 25, 
26]. Some authors [20, 27-29, 30-32], however, claim 
that the development of skeletal muscles relevant to 
a given discipline does not cause a decrease in relative 
strength, as an increase in the mass of given muscles 
due to hypertrophy increases both relative and absolute 
strength. The close relationship between athletes’ per-
formance in weightlifting and body mass is confirmed 
by a high correlation coefficient of r = 0.9688, as ob-
served by Milicerowa and Ołpiński [33, p. 425]. They 
compared the results of 60 world record breakers in 
powerlifting, and calculated based on the upper limits of 
6 weight categories, excluding the highest weight cat-
egory, which had only the lower limit. Ważny [20, p. 21] 
also reports correlation values similar to powerlifting 
that were obtained in Olympic weightlifting (r = 0.974) 
and its constituent disciplines: snatch (r = 0.951) and 
clean and jerk (r = 0.986).

Correlations between body mass and strength mo-
tivated many authors to develop indicators of actual 
efficiency and point charts that allow for a comparison 
of relative strength affecting athletes’ performance, re-
gardless of their weight categories [14, 26, 31, 33–41]. 
However, according to Hunter et al. [42], until a detailed 
and accurate relationship between strength and body 
mass is known, all attempts at comparing performance 
in weightlifting will only result in approximations. Athletes 
from the highest weight category pose the greatest dif-
ficulty to researchers developing indicators of efficiency 
and tables, as their share of fat tissue in total body mass 
is significant. According to Hester et al. [37], the corre-
lation between strength and body mass in weightlifters 
remains linear up to 180–200 lbs (81.7 to 90.7 kg).

In an article on physiological modeling, Batterham 
and George [43] find it obvious that for the heaviest cat-
egories (from 90 kg to more than 150 kg), the assump-
tion that samples are homogeneous is unreliable due 
to body shape, structure, and composition. The authors 
also found that in Olympic weightlifting, an increase 
in body size is accompanied by a relatively smaller 
increase in results. Similarly, Sinclair [38], when also 
analyzing results of Olympic weightlifting, observed that 
the increase in results relative to body mass is much 
lower above 82.5 kg; from about 100 kg it becomes insig-
nificant or non-existent. It seems that weightlifters from 
the highest weight category are commonly characterized 
by both an increase in beneficial factors, such as muscle 
mass, and an increase in negative factors, as the athlete 
must move their own greater body mass together with 
the mass of the weight. As a result, progression of results 

decreases to zero, sometimes even turning into regres-
sion. Sinclair divides athletes in the 110+ kg category (per 
1983 category definitions) into 2 groups: the first group 
comprising athletes who train and eat like athletes from 
lower-weight categories, and the second group compris-
ing those who show a psychological addiction to ample 
meals. Athletes in the second group often state that they 
do not feel strong enough until their body mass exceeds 
140 kg. Sinclair’s term psychological addiction refers to 
topics at a conference on mental training benefiting per-
formance in sports. In a publication entitled “Exceeding 
body capabilities with the mind,” K. P. Henschen [44, p. 
10] describes a situation in which an athlete has already 
achieved the required level of motor preparation: “Among 
factors that contribute to high performance in sports, the 
influence of psychological aspects increases to 50–90% 
(...) Therefore, it becomes clear that sports training can-
not be limited to physical aspects.”

The negative influence of a large amount of fat tis-
sue can be seen not only in weightlifting, but in other 
disciplines as well. In his study with boxers, Skład [45] 
found that a bulky build was not always accompanied 
by strong musculature and skeleton; instead, it is tied 
to excessive adiposity that constituted unnecessary 
ballast. This was especially noticeable in the highest 
weight category, where the fat tissue of some boxers 
weighted even as much as 25 kg. The examples above 
explain the need to conduct detailed somatic assess-
ments of athletes characterized mainly by high body 
mass. Milicerowa [46, p. 13] proposes analyzing body 
build according to the following aspects:
-	 “internal ratios between tissue components of the 

body, regardless of the athlete’s size;
-	 body size from a three-dimensional perspective;
-	 and external proportions, that is, ratios between the 

length of individual segments of limbs, ratios of the 
length of limbs to the length of the torso, ratios be-
tween muscle mass in different body parts, etc.”

Milicerowa states that every aspect has a different 
role in sport activities and becomes prioritized depend-
ing on the type of the activity. Proper development of 
body components constitutes an aspect that is the most 
independent of the type of sport activity. A publication 
on regulating body mass [47] stresses the importance 
of keeping this factor within optimal range, which often 
determines performance, especially in disciplines that 
involve weight categories. In rare cases, consciously in-
creasing one’s body mass in sports is aimed only at in-
creasing musculature, as gaining body mass due to an 
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increase of fat tissue leads to a decrease in physical fit-
ness. Macedonio and Dunfort [48] present a similar opin-
ion in a work on regulating body mass, a work they refer 
to as an athlete’s guidebook, with the subtitle “Optimal 
weight for an optimal feat,” written in close cooperation 
with professional sports groups. The authors “addressed 
a vital problem of adjusting an athlete’s body mass and 
body composition to the needs of a given sports disci-
pline.” The above quote comes from an excellent review 
of the work, expressing all primary theses of the authors 
and published in the journal Sport Wyczynowy under the 
title “How to shape body mass and body composition 
using diet” [49, p. 108]. One of the key opinions of the 
authors quoted in the review states that low muscle mass 
can result in insufficient strength, while excessive fat tis-
sue reduces speed and agility.

In anthropology, 2 terms are used to describe body 
mass without the component of fat: fat free mass (FFM) 
and lean body mass (LBM). The latter method is more 
popular for assessing sports groups. According to 
Skibińska [50], LMB constitutes body weight without 
the weight of subcutaneous fat and portions of visceral 
fat. LMB depends on build type, that is, body height, as 
well as on massiveness, that is, musculature and skel-
eton. Skibińska states that determining LBM can play 
a role in throwing disciplines, especially in shot put. She 
claims that shot put is one of few disciplines in which the 
relationship between performance and LBM is relative-
ly linear. The authors of Fizjologia Sportu have a similar 
opinion [51, p. 215]. They suggest that there is much ev-
idence pointing to a positive relationship between FFM 
and performance in power-based disciplines, such as 
weightlifting or throwing. Their statement on reducing 
the amount of body fat is especially pertinent to this 
study: “another considered factor is the fact that exer-
cises lead to an increase of FFM and reduced body fat. 
Furthermore, because the density of muscles is great-
er than that of fat, an increase in muscle mass may 
even result in an increase in body mass.” Piechaczek 
[52] claims that intense sports training, in addition to 
causing changes in the athlete’s body proportions, af-
fects the internal structure of tissues, thus significantly 
increasing body density and LBM. The same author 
quotes Welham and Behnke [52, p. 21], “who noticed 
that American professional football players, who had 
25% greater body mass than the control group, also 
showed much greater body density. This allowed for the 
conclusion that the percentage of total fat in the football 
players was relatively lower than expected based on 
their body mass.” It is important that changes in body 

mass do not necessarily lead to changes in the amount 
of body fat. Milicerowa [46], when discussing somatic 
build as a criterion in sports selection, states, “Proper 
development of body components plays the most disci-
pline-independent role.” She also points out a certain 
physiological phenomenon, whereby the ratio of body 
fat to LMB is greater in persons with high body mass. 
Milicerowa suggests that the relationship between 
body mass and body fat shows fairly high variation. 
As a result, some athletes with high body mass also 
have a relatively low percentage of fat tissue. A similar 
relationship also occurs in athletes undergoing intense 
training, such as throwers, and athletes from top weight 
categories in combat sports and weightlifting. As a re-
sult, the indicator of relative strength decreases with the 
increase in body mass. This phenomenon can be seen 
in weightlifting records, the sports values of which de-
crease in the top weight categories. Fat tissue is some-
times referred to as dead weight, meaning part of body 
mass that is unnecessary in motor actions and shows 
a highly negative correlation with motor abilities.

The negative influence of high body mass on sports 
performance allows researchers to assume that there 
exists an upper limit of human LBM. Forbes [43, quot-
ing Batterham and Georg], estimates it at 100 kg in men 
and 60 kg in women, while the increase of body mass 
above these values, within 110–120 kg in men and 70-80 
kg in women, takes place primarily through an increase 
in fat tissue, assuming the athletes do not use anabolic 
or androgenic steroids or any similar substances. Using 
these substances can change the upper limit of human 
LBM. The relatively lower performance of powerfully built 
athletes from top weight categories is consistent with 
Ważny’s thesis [20] that the fitness of a “large” human is 
proportionally lower than the fitness of a “small” one. This 
depends to a great extent on the ratio of active tissue, as 
determined by LBM, to passive tissue, i.e., adiposity.

The correlation coefficients amounting to 0 (Table 
1a), which indicate a lack of correlation between perfor-
mance and body height and body mass in the world’s top 
shot-putters using the classic method, can be difficult to 
accept. However, this is not a result of a simultaneous, 
independent lack of influence on the part of these mor-
phological parameters. Instead, this was caused by the 
analyzed interaction of the 2 parameters, whereby they 
influence sports performance in a mutually exclusive 
manner. Such an interaction is indicated by a lack of 
correlation between body height and body mass, which 
means that this group of athletes had an exceptionally 
disproportionate body build. The group includes shot-
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putters with relatively low body height and high body 
mass, as well as athletes with opposite proportions, tall 
and non-overweight. Thus, a disadvantageous value of 
one of the traits cancels out a beneficial value of the 
other one. “The combined effect of body height and 
body mass” on improving sports performance has been 
replaced with the traits canceling each other out, result-
ing in no correlation between somatic traits and results.

To allow for a more comprehensive representation 
of the influence of the somatic factor on performance 
in shot put, Table 6 shows a value defined as the “so-

matic potential,” calculated by multiplying body height 
and body mass of the 3 groups of shot-putters and de-
cathletes. The difference of about 6000 points between 
arithmetic means in shot-putters and decathletes indi-
cates that the former have a considerable advantage in 
body build parameters.

This is also shown by the juxtaposition of standard-
ized values of body height and body mass against stan-
dardized results of shot-putters using the classic tech-
nique (Figure 4) and shot-putters using the spin tech-
nique, selected based on body height (Figure 5). This 

Table 6. Arithmetic means of results, somatic traits and “somatic potential” in three groups of throwers

N Group

Result (m)

1

Body
height
(cm)

2

Body
mass
(kg)

3

Product

 (2 x 3)

18 Glide technique 20,24 192,8 115,4 22269

18 Spin technique
– matched by body height 20,27 192,7 116,3 22483

18 Spin technique
– matched by body mass 20,25 188,6 115,7 21852

61 Decathletes 14,30 187,2 85,6 16024

Figure. 4. Juxtaposition of standardized values of body height and mass to standardized results of shot put in group of throwers using 
the glide technique 
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Figure. 5. Juxtaposition of standardized values of body height and mass to standardized results of shot put in group of throwers using 
the spin technique, matched by body height to the group using the glide technique 

Figure 6. Arithmetic means of the distance between standardized values of body height and mass to standardized results of shot put 
in group of throwers using the glide technique and group of shot putters using the spin technique, matched by body height
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comparison highlights the mutual correlations between 
the 3 variables, with the original group of 18 athletes dis-
playing no such correlations. The considerable distances 
between coordinates of both traits pertaining to a given 
result and the spread of these coordinates indicate a lack 
of correlation (long distances – no correlation; short dis-
tances – significant correlation). Figure 6 shows differ-
ences between athletes using the classic technique and 
the spin technique expressed through arithmetic means 
of standardized distances between coordinates of both 
somatic traits, complemented by values of correlation co-
efficient. The Figure shows that distances between coor-
dinates of body height and body mass converge with the 
values of correlations involving these traits. 

In order to investigate the effect of strength on shot 
put results, we calculated the regressive indicator of 
relative strength based on our experience from our 
previous studies [14, 53] as well as on positive reviews 
of other authors [15, 19]. The body-mass-independent 
parameter that constitutes the difference between the 
actual measurement Y and predicted Y′, as suggested 
by Sulisz [54], was used to calculate relative strength in

the form of the quotient 
′

Y
Y

  [15, p. 318]. The original 

version of the indicator was also calculated based on 
the differences in order to enable a comparison [54]. 
Table 7 shows ranking positions of shot-putters ac-
cording to the applied version of the indicator of rela-
tive strength. Both versions resulted in almost identi-

cal values of the athletes’ relative strength in terms of 
their preparation for competitions. Three athletes who 
advanced their positions in the ranked hierarchy (num-
bers 6, 8, and 14 with body mass of 80 kg, 105 kg, and 
89 kg, respectively) show relatively low body mass and 
average body height (data on somatic parameters can 
be found in the Appendix). The 3 athletes owe their po-
sition to their high level of training. The other 5 athletes 
achieved their positions in the top 8 thanks both to their 
level of motor preparation and physical conditioning 
(the arithmetic mean was 137.6 kg for their body mass 
and 193.2 cm for body height). 

When discussing muscle strength, studies on physi-
cal fitness often use formulas and symbols derived from 
physics. Ważny [20] claims that the term strength in hu-
man motorics is a much broader concept than force in 
physics. Thus, when referring to the biological and psy-
chological basis of strength, symbols taken from other 
sciences should not be used. Laws of physics can be 
used in the case of heavyweight shot-putters to explain 
the positive correlation (r = 0.40) between their body 
mass and results, although the correlation is inconsis-
tent with Forbes’ claim [43, quoting Battherham and 
Georg] on proportions between fat tissue and muscu-
lature (maximum LBM of 100 kg). Borelli, the 17th-cen-
tury author of De Motu Animalium (On the Locomotion 
of Animals), a work addressing biomechanics, was 
the first researcher to indicate that all basic methods 
of locomotion can be demonstrated by a human row-

Table 7. The ranking of the top shot putters, dependent on the regression index of relative strength

Rank Result
Shot 

putter
No.

Y Y’
′

Y
Y

Shot 
putter

No.
Y’ Y – Y’

1 22.16 1 22.16 20.72 106.9 1 20.72 143.6

2 21.95 6 21.13 19.77 106.9 3 20.52 137.3

3 21.89 3 21.89 20.52 106.7 6 19.77 135.6

4 21.78 2 21.95 20.64 106.4 2 20.64 131.2

5 21.37 14 20.82 19.76 105.4 14 19.76 106.3

6 21.13 8 21.09 20.03 105.3 8 20.03 105.7

7 21.11 4 21.78 20.72 105.1 4 20.72 105.6

8 21.09 5 21.37 20.38 104.9 5 20.38 99.1

Y – real result

Y’ – expected result  
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ing a boat on a lake [55]. One of the methods involves 
rapidly pushing such items as oars or grapples in the 
direction opposite to the boat’s direction of move-
ment. Similarly, we provide an example of the effect of 
Newton’s third law of action-reaction: when a person 
jumps from a light boat, a great part of the energy is 
lost on displacing the boat, while only a small part is 
expended on moving the person’s body; as a result, 
they land close to where they started jumping. Jumping 
from a bridge is a different matter. As with the case of 
throwers of heavy items such as a shot or a hammer, 
high body mass is beneficial, as in the boat-to-bridge 
relationship. The weight of the item used in throwing 
does not change and is defined by regulations.

When we consider the opposite influence of body 
mass on the results of heavyweight and lightweight 
shot-putters, the 20 kg difference probably could not 
have been the determining factor in performance. It can 
be assumed that significant changes in the sign and 
value of the correlation might have occurred for such 
ratios of body mass as would occur between, for in-
stance, Tom Thumb and Tomasz Majewski, or in the 
opposite direction and on a different scale, between 
Tomasz Majewski and the Biblical Goliath, who stood 
about 3 m tall.

Attempting to estimate the effect of the third law of 
dynamics on the performance of shot-putters would 
be extremely difficult for biological and psychological 
reasons. For the above reasons, one could speculate 
that a portable mechanical device could be built, the 
weight of which could be increased or decreased within 
a broad range, and which would propel a shot at an op-
timal angle and adjustable speed (for instance, a speed 
of 14 m/s would theoretically correspond to a result of 
22-23 m); this would allow one to establish the correla-
tion between weight (mass) of the device and the pro-
pelling distance.

Summary

In terms of biomechanics, authors of publications on 
the subject consider the spin technique to be more ef-
fective than the glide technique, but requiring highly 
developed coordination abilities.

In terms of body build, no significant differences 
were found between athletes who used either of the 
techniques compared to the original groups. However, 
when athletes were more precisely selected to adjust 
the body mass of shot-putters using the spin tech-
nique to those using the classic technique, the analy-

sis showed that the former are 4.2 cm smaller while 
achieving the same result. The complete lack of cor-
relation between performance and somatic traits in 
shot-putters using the glide technique, and especially 
the lack of correlation between body height and body 
mass, indicated that the athletes had a disproportion-
ate build and allowed us to postulate for a reduction of 
requirements related to these traits during recruitment 
and selection.

Despite many indications pointing to the efficiency 
of the spin technique, 4 athletes using the classic tech-
nique have won medals in the last 2 Olympic Games. 
Thus, we should draw the conclusion that the 2 tech-
niques are equal in terms of athletic performance.

The issue of the positive correlation between body 
mass and results in heavyweight athletes proved 
much more difficult and remained unsolved. If we take 
into account Forbes’ statement [43, quoting Batterham 
and Georg] on the maximum LMB limit of 100 kg in 
men, bearing in mind his caveat on the use of ana-
bolic and androgenic steroids or similar substances, 
and if at the same time we accept Sinclair’s statement 
[38] on the psychological addiction of weightlifters 
in the heaviest categories to further increasing their 
body mass, which enables them to perform well, then 
we may speculate by analogy to weightlifters that the 
positive effect of body mass on performance will also 
concern some shot-putters who do not use illegal sub-
stances.

We would also like to address the very sensi-
tive topic of illegal doping. In the opinion of many of 
those interested in sport, doping is common. Should 
the slogan “everyone uses doping” be accepted? It is 
true that the state of being highly trained (as indicated 
by the indicator of relative strength) and the state of 
readiness of the body for great performance achieved 
through the use of doping, are the same. If we assume 
that Forbes’ statement is indisputable, then in heavy-
weight shot-putters with body mass over 120 kg, the 
ratio of muscle mass to fat will be disadvantageous 
and should have a negative effect on performance. 
These disadvantageous proportions change in ath-
letes that dope, resulting in good performance. We 
may be almost sure to find such athletes in the group 
of 36 heavyweight shot-putters. Disregarding Forbes’ 
statement on maximum LBM will allow one to accept 
that some shot-putters perform without taking illegal 
substances. Unfortunately, the fact that some of the 
world’s top shot-putters use doping is evidenced by 
post-Olympic disqualifications.
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Conclusions

Using only 1 independent variable, i.e., body mass, dur-
ing assessment may provide only approximate informa-
tion on an athlete’s potential. Measurements using 2 
variables, especially the amount of fat tissue, would 
allow for a more precise diagnosis of the state of an 
athlete’s preparation for high performance. During sta-
tistical analysis of the results of the world’s top-ranking 
athletes, such as the shot-putters studied in this paper, 
conclusions should be drawn cautiously. At this sports 
level, factors of different nature exist that affect the 

results and that are difficult or almost impossible to 
define. An example of such a factor is the lack of cor-
relation or a correlation opposite to current knowledge 
between results and somatic traits, which is the out-
come of a certain phenomenon, but does not explain 
its reason.

In sum, is should be clearly underlined that somato-
motor assessments cannot be construed to indicate the 
use of illegal doping. However, one cannot rule out the 
possibility that future assessments of this kind, integrat-
ed with chemical analysis of urine, blood, or saliva, will 
lead to increased efficiency of anti-doping screening.
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ANNEX
Juxtaposition of results and data somatic of best shot putters  

in the world in 2009 

On. Name and surname
Result (m)

S – spin technique
G – glide technique

Body
height 
(cm)

Body
mass 
(kg)

Ponderal
index

1 Christian Cantwell 22,16   S 196 145 37,3
2 Majewski Tomasz 21,95   G 204 140 39,3
3 Reese Hoffa 21,89   S 182 133 35,7
4 Daniel Taylor 21,78   S 198 145 37,7
5 Ralf Bartels 21,37   G 186 125 37,2
6 Sultan Abdulmajeed Alhabashi 21,13  S  180 90 40,2
7 Adam Nelson 21,11   S 183 115 37,6
8 Dorian Scott 21,09   S 193 105 40,9
9 Andrei Mikhnevich 21,02   S 202 127 40,2

10 Ryan Whiting 20,99   S 190 116 39,0
11 Pavel Lyzhyn 20,98   S 189 110 39,4
12 Dylan Armstrong 20,92   S 193 114 39,8
13 Maksim Sidorov 20,92   S 195 115 40,1
14 Pavel Sofin 20,82   G 192 89 43,0
15 Maris Urtans 20,64   G 188 123 37,8
16 Sheldon Battle 20,56   S 188 120 38,1
17 Anton Luboslavskiy 20,56   G 188 118 38,3
18 Noah Bryant 20,55   S 185 120 37,5
19 Marco Fortes 20,52   S 189 120 38,3
20 Peter Sack 20,46   S 192 113 39,7
21 Luka Rujevic 20,46   S 200 132 39,3
22 Scott Martin 20,45   S 190 115 39,1
23 Cory Martin 20,43   S 196 115 40,3
24 David Storl 20,43   G 199 111 41,4
25 Asmir Kolašinac 20,41   S 195 103 41,6
26 Justin Anlezark 20,39   S 187 125 37,4
27 Manuel Martínez 20,39   G 186 125 37,2
28 Carl Myerscough 20,33   S 209 149 39,4
29 Nedžad Mulabegovic 20,31   S 189 100 40,7
30 Russell Winger 20,30   S 191 120 38,7
31 Hamza Alic 20,30   S 186 105 39,4
32 Marco Schmidt 20,28   G 202 106 42,7
33 Taavi Peetre 20,26   G 180 102 38,5
34 Rhuben Williams 20,25   S 178 102 38,1
35 Milan Jotanovic 20,14   S 184 115 37,8
36 Antonin Žalský 20,11   S 200 105 42,4
37 Zach Lloyd 20,09   S 191 141 36,7
38 Andriy Borodkin 20,09   G 202 128 40,1
39 Andriy Semenov 20,05   G 204 107 43,0
40 Borja Vivas 20,01   G 191 92 42,3
41 Yury Bialou 20,00   S 183 115 37,6
42 Yasser Ibrahim Farag 19,97   S 185 127 36,8
43 Yves Niaré 19,97   S 195 95 42,7
44 Jakub Giza 19,97   G 188 124 37,7
45 Krzysztof Krzywosz 19,83   S 181 83 41,5
46 Andy Dittmar 19,79   G 196 120 39,7
47 Milan Haborák 19,78   S 191 109 40,0
48 Steve Manz 19,76   S 183 120 37,1
49 Kemal Mesic 19,68   S 197 110 41,1
50 Kim Christensen 19,65   S 187 115 38,5
51 Jun Zhang 19,58   G 186 125 37,2
52 Jordan Clarke 19,49   S 193 125 38,6
53 Ross Jordaan 19,46   S 192 105 40,7
54 Ming Huang Chang 19,45   S 193 110 40,3
55 Remigius Machura 19,43   G 194 88 43,6
56 Georgi Ivanov 19,41   S 188 110 39,2
57 Gaëtan Bucki 19,41   G 195 135 38,0
58 Jason Cook 19,39   S 188 120 38,1
59 Mihaíl Stamatóyiannis 19,34   S 188 105 39,8
60 Mark Edwards 19,33   S 180 115 37,0
61 Aaron Studt 19,27   S 192 114 39,6
62 Marco Di Maggio 19,25   S 198 114 40,8
63 Daniel Vanek 19,24   S 188 110 39,2
64 Dominik Zielinski 19,24   G 190 120 38,5
65 Germán Lauro 19,20   S 184 107 38,8
66 Paolo Dal Soglio 19,18   S 189 110 39,4
67 Kevin Bookout 19,14   S 201 109 42,1
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SUMMARY 

Aim of the study. To determine changes in the level of selected coordination motor abilities and individual 
components of physical fitness in students aged 10 years that occurred as a result of implementing a special 
(based on authorial programme) curriculum of physical classes enriched with coordination exercises.

Material and methods. The study participants comprised 92 students at two primary schools in Wołów. 
A method of pedagogical experiment carried out by means of parallel group technique was employed. During 
1 of the 6 teaching hours of physical activities in each week, the experimental groups spent 20 minutes on 
developing the indicators of selected coordination motor abilities. The results achieved by the experimental 
groups were compared with the results obtained by the control groups that conducted the so-called traditional 
curriculum of physical education. After that, the changes in the level of selected coordination motor abilities 
were analysed, i.e., spatial orientation, quick reaction, kinaesthetic differentiation and movement adaptation. For 
the purpose of determining the level of children’s physical fitness, the trials of the International Committee on 
the Standardization of Physical Fitness Tests ICSPFT were used. All the groups underwent the aforementioned 
trials twice, namely at the beginning and at the at the end of the 2010/2011 school year.

Results. On completion of the new curriculum of physical classes that were enriched by coordination 
exercises, an increase in the level of selected coordination motor abilities and physical fitness diagnosed by 
the International Physical Fitness Test ICSPFT was observed in all experimental groups. On the other hand, 
control groups mostly achieved unfavourable or insignificant changes with regard to the development of the 
researched coordination motor abilities and physical fitness. 

Conclusions. The obtained results prove the assumption that by  that by systematically conducting coor-
dination exercises it is possible to achieve changes in the level of selected coordination motor abilities and 
physical fitness. It must be emphasized that this process ought to assume a long-term nature and the character 
of teacher’s impingements cannot be merely sporadic or periodic.

NR 62 2013ANTROPOMOTORYKA

 SUMMARY    

Introduction

Children today show an ongoing deficit in motor de-
velopment. Most of them grow up in a physically pas-
sive environment in which watching television and us-
ing computers are dominant forms of spending one’s 
free time [1, 2]. Regularly conducted physical educa-
tion lessons or additional motor classes should aim to 
create situations in which the student, by learning to 

move, develops motor habits and increases fitness. Yet 
at the same time, the student acquires valuable and 
necessary social experience (the participants learn 
to trust themselves, discover and learn truths about 
themselves, and learn respect and tolerance towards 
other people and how to cooperate with them) [3, 4, 
5]. A child’s participation and engagement in various 
forms of motor exercises is often connected to their 
level of physical fitness. The less frequently students 
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participate in physical activity, the more likely they are 
to display a lower level of physical fitness [6, 7].

Children in the fourth year of primary school have 
the greatest ease of learning new motor habits, even 
those habits with complex structure(s). This is due to 
the efficiency of coordination mechanisms and the 
willingness to engage in physical activity based on lo-
comotory and manual movement. During this period, 
the need for physical activity enhances the intensity 
of developing motor coordination abilities [8] and pro-
vides for an increase in constitutional abilities (such 
as speed, power, and agility). A significant growth in 
constitutional and coordination abilities, together with 
a well-proportioned body build, determines a high level 
of physical fitness. Neglecting to develop one of these 
abilities can contribute to a decrease in physical fitness. 
It should also be taken into account that these abilities 
are interrelated and, as Starosta writes, “increasing the 
level of coordination abilities can help achieve an in-
crease in the level of constitutional abilities” [9, p. 110].

Physical fitness is a very broad term that is related 
to the state of the entire human body, not just its mo-
tor system. The term encompasses all abilities and 
skills that enable one to effectively perform all kinds of 
motor tasks [2, 10]. This capacity to master different 
motor tasks determines one’s capability in social life. 
Moreover, physical fitness in children and youth is one 
of the indicators that allows us to predict a person’s 
state of health (i.e., predict illnesses or deficiencies in 
biological development) [2, 11].

Therefore, physical fitness today can be regarded 
as being in accordance with the aims of engaging in 
physical activity in the area of health and motor achieve-
ments. Wuest and Bucher list the following components 
related to health: body composition, physical fitness, 
flexibility, muscular endurance, and muscle strength. 
Conversely, components related to motor achieve-
ments comprise agility, balance, power, reaction time, 
speed, and coordination [13]. Among the many body 
characteristics affecting a child’s physical fitness, co-
ordination motor abilities are considered to play a very 
important role. These are defined as “relatively solidi-
fied and generalized forms of the course of psycho-
physical processes of motor regulation. They reflect 
the complex relationships between neuropsychological 
processes, which enable efficient control and regula-
tion of human motor actions” [14, p. 13].

Furthermore, these abilities are determined by cog-
nitive processes (perception and thinking). Coordination 
motor abilities are components of the human structure 

of motor action, and they play an important role in in-
creasing the effectiveness of the process of physical 
education at schools [15, 16, 17]. They allow one to 
acquire, perfect, and stabilize motor skills and to use 
them consciously and purposefully in various situations 
and conditions (not just within the school environment). 
However, the decreased level of coordination skills 
among students in Polish schools is disturbing [18].

Therefore, all manner of actions should be taken, 
including developing a methodology for working with 
a student, which would counteract the regression in the 
levels of coordination abilities in children, contribute to 
the correct development of children’s physical fitness, 
and allow us to realize other aims of physical education.

Aim of the study

This study attempts to analyze the effects of the imple-
mented method of conducting physical activities aimed 
at supporting the development of coordination motor 
abilities. The study also verifies the effectiveness of 
using the method. In the 1990s, similar studies were 
conducted among different age groups participating in 
various forms of physical activity. Many of these studies 
showed positive results, thus indicating the possibility 
of increasing the level of selected coordination abilities 
or other components of human motor skills as long as 
a special curriculum was used [19, 20, 21]. In this study, 
we implemented our special physical education cur-
riculum that supports the development of coordination 
motor abilities in fourth-year primary school students. 
Due to our research interests (all of us are members of 
the Department of Sports Team Games), we only ana-
lyze selected coordination motor abilities (spatial ori-
entation, reaction time, kinesthetic differentiation, and 
motor adjustment) crucial to sports such as basketball, 
football, volleyball, and handball [22, 23, 24].

The aim of the study was to determine changes in 
the level of selected coordination motor abilities and 
individual components of physical fitness in students 
aged 10 years that occurred as a result of implementing 
a special physical education curriculum enriched with 
coordination exercises.

The following research questions were posed:
1. What changes in the level of selected coordination 

motor abilities and physical fitness have occurred 
both in students in the experimental groups, who par-
ticipated in the special physical education curriculum, 
and in students in the control groups, who participat-
ed in a traditional physical education curriculum?
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2. Does conducting the special physical education 
curriculum enriched with coordination exercises af-
fect the level of selected coordination motor abilities 
and physical fitness in students?

Material and methods

The study used the method of conducting a pedagogi-
cal experiment in natural conditions and using the par-
allel groups technique. Study participants comprised 44 
fourth-year students from two classes at the Complex 
of Public Schools in Wołów and 48 fourth-year students 
from two classes at Primary School No. 2 in Wołów. 
The schools were chosen intentionally due to their avail-
ability under the cooperation between the Town and 
Community Council in Wołów and the Faculty of Team 
Sports Games at the University School of Physical 
Education in Wrocław. Students in each school were di-
vided into 4 groups, i.e., the experimental group of girls, 
the experimental group of boys, the control group of 
girls, and the control group of boys. The students were 
ascribed to the groups based on their results in physi-
cal education and selected coordination motor abilities. 
The assessment was conducted at the beginning of the 
school year (October 2010). The experimental groups 
comprised students who achieved results that were 
worse than average in tests that determined their level 
of selected coordination motor abilities [25]. The experi-
mental group comprised 17 girls and 29 boys.

 The control group comprised 19 girls and 27 boys. 
At the beginning of the 2010/2011 school year and at 
the end of the second semester of the 2010/2011 school 
year, all the groups underwent tests that determined 
their level of physical fitness and selected coordination 
motor abilities. Physical education lessons in all groups 
were conducted based on the Physical Education 
Curriculum for the II Educational Stage, Years IV–VI of 
Primary School [26]. All classes participated in 4 teach-
ing hours of physical education lessons and 2 teach-
ing hours of additional physical activities (sports team 
games) per week. The experimental groups underwent 
the special physical education curriculum enriched with 
exercises that developed coordination motor abilities. 
During 1 of the 6 teaching hours of physical activities in 
each week, the experimental groups spent 20 minutes 
on developing the indicators of selected coordination 
motor abilities (spatial orientation, reaction time, kines-
thetic differentiation, and motor adjustment). Balls for 
team games were used in these specialist exercises 
[23]. These exercises were not similar in structure to 

any of the tests that measured the level of physical 
fitness or coordination motor abilities. Control groups 
participated in physical activities conducted according 
to the traditional curriculum (6 teaching hours per week 
as well), without the additional, specialist coordination 
exercises. This allowed us to determine the particular 
effect of the special physical education curriculum on 
the level of selected coordination motor abilities and 
the measured components of physical fitness. Physical 
activities both in the experimental and in the control 
groups were conducted by 4 physical education teach-
ers working at the Complex of Public Schools in Wołów 
and 3 physical education teachers working at Primary 
School No. 2 in Wołów. 

All of them were either nominated teachers or cer-
tified teachers and had considerable vocational experi-
ence (teaching at schools). In addition, prior to and after 
the pedagogical experiment, each teacher participated in 
practical workshops, scientific and methodological con-
ferences, and seminars organized by the Department of 
Team Sports Games at the University School of Physical 
Education in Wrocław. The aim of these activities was 
to explain the study and to make uniform the didactic 
means used by the teachers (including the method of 
working with the students). The activities allowed for uni-
form conditions for conducting the pedagogical experi-
ment in a natural environment (i.e., school).

The experiment conducted in a natural environ-
ment involved 2 research measures. The level of physi-
cal fitness in children was measured using tests from 
the ICSPFT International Physical Fitness Test: 50 m 
sprint, standing long jump, 600 m run, hand strength, 
flexed-arm hang, 4 x 10 m sprint, sit-ups, and forward 
bend [27]. Physical fitness was measured in the follow-
ing way: the student performed the motor test per the 
description. The result was then converted into points 
on a scale from 1 to 100 using point charts for par-
ticular age groups, as was proposed in 2005 by Pilicz, 
Przewęda, Dobosz, and Nowacka-Dobosz [27]. The 
level of students’ physical fitness was calculated by 
adding their results from each test [27].

Coordination motor abilities were measured with 
the following tests: running to a ball, which assessed 
the indicators of the spatial orientation ability; stopping 
a rolling ball, which assessed reaction time; standing 
long jump at 50% capacity, which assessed kinesthetic 
differentiation; and forward and backward standing 
long jump, which assessed motor adjustment [14].

Analysis of variance (ANOVA) was applied to the 
results of the research. ANOVA tests the significance of 
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differences between mean values that contribute to the 
observed effect [28]. The Least Significant Difference 
(LSD) test was also used. It provided information on 
factorial effects and interactive differences occurring 
in the repeated measurements experiment. Only the 
differences occurring within and between the experi-
mental and control groups from a given school were 
calculated. [18].

Analysis

Based on the results of the spatial orientation tests, it 
was found that students in all assessed groups (experi-
mental and control) improved their scores. The results 
showed that mean running time decreased in the sec-
ond measurement compared to the first measurement 
in all groups.

In the Complex of Public Schools in Wołów, the first 
measurement found statistically significant differences 
between the experimental and control groups of girls, 
as well as the experimental and control groups of boys 
(Figure 1).

The mean running time of girls in the experimental 
group amounted to x = 22.76 s, which was 2.71 s longer 
than in the control group (the difference was statistically 
significant, with P < 0.05). Similarly, the mean running 
time of boys in the experimental group was 1.9 s longer 
than in the control group and equaled x = 21.73 s (the 
difference was statistically significant, with P < 0.001).

After the pedagogical experiment, changes in spa-
tial orientation were statistically significant in all studied 
groups (Figure 1). The greatest difference between the 
first and the second measurement was found in the 

experimental group of boys and equaled Δx = 2.2 s 
(P < 0.001). On the other hand, the control group of 
boys improved their result by 1.77 s (P < 0.001) com-
pared to the first measurement (x = 19.83 s). Running 
time during the second measurement in the experimen-
tal group of girls equaled x = 21.13 s and was 1.63 s 
shorter compared to the first measurement (P < 0.05).

Statistically significant differences in the running to 
a ball test (which assessed spatial orientation ability) 
were observed between the experimental and control 
group of girls from Primary School No. 2 in Wołów dur-
ing the first measurement (Figure 2). Mean running 
time in the experimental group amounted to x = 22.62 
s, which was 2.5 s longer than in the control group (the 
difference was statistically significant, with P < 0.05). In 
contrast, no statistically significant difference was ob-
served between the experimental and control groups 
of boys.

All the experimental and control groups in Primary 
School No. 2 in Wołów, similar to the groups in the 
Complex of Public Schools in Wołów, considerably 
improved their running time (the difference was also 
statistically significant). The greatest difference be-
tween the first and second measurements was found 
in the experimental group of girls and amounted to Δx = 
= 1.42 s (P < 0.01). Their running time during the sec-
ond measurement was x = 21.20 s (Figure 2). Mean run-
ning time in the control group of girls was 1.23 s shorter 
(P < 0.05) compared to the first measurement. Despite 
a lower increase in spatial orientation in the control group 
of girls, the difference between their result and the re-
sults of the experimental group in the second measure-
ment remained statistically significant (P < 0.05).

Figure 1. Results of the running to a ball test achieved by students 
of the Complex of Public Schools in Wołów

Figure 2. Results of  the running to a ball  test achieved by the 
students of Primary School No. 2 in Wołów 
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The experimental group of boys achieved a result 
of x = 18.99 s, which was 1.03 s better (P < 0.05) than 
during the measurement at the beginning of the school 
year. A considerable change was also observed in the 
experimental group of boys, whose mean running time 
in the second measurement was also shorter by 1.03 s 
(P < 0.05) and equaled x = 18.49 s. Despite the ben-
eficial changes among boys in both studied groups, no 
statistically significant differences between their results 
were found at the end of the school year.

Analysis of the results of the stopping a rolling ball 
test, which indicated reaction time, showed both posi-
tive and negative changes in the studied groups. In the 
Complex of Public Schools in Wołów, no statistically 
significant differences were observed during the first 
measurement between the experimental and control 
groups of girls, as well as between the experimental 
and control groups of boys (Figure 3), with the excep-
tion of the control group of boys, who showed consider-
ably worse results, achieving x = 80.15 cm during the 
first measurement and x = 95.54 cm during the sec-
ond measurement (the difference between the results 
was statistically significant, with P < 0.01). Changes in 
reaction time were insignificant for all other groups in 
the school (Figure 3). Furthermore, no statistically sig-
nificant differences were found at the end of the school 
year between the groups of boys and between the 
groups of girls.

x = 146.71 cm at the beginning of the school year, which 
was 17.33 cm worse than the boys in the control group 
(Figure 4). All groups in the school showed beneficial 
changes in reaction time (Figure 4). The experimental 
group of boys showed the greatest difference (statisti-
cally significant, with P < 0.05) between the first and 
second measurement, amounting to Δx  = 27.5 cm.

Figure 3. Results of the stopping a rolling ball test achieved by the 
students of the Complex of Public Schools in Wołów

In Primary School No. 2 in Wołów, statistically sig-
nificant differences between the groups of boys were 
observed only during the first measurement (P < 0.01). 
The experimental group of boys achieved the result of 

Figure 4. Results of the stopping a running ball test achieved by 
the students of Primary School No. 2 in Wołów

Furthermore, the control group of boys achieved the 
best result in the school, amounting to x = 114.31 cm in 
the second measurement. The group improved their re-
sult by 15.07 cm (the difference was statistically signifi-
cant, with P < 0.01). The control group of girls improved 
their result during the second measurement by 13.11 
cm (P < 0.05) compared to the beginning of the school 
year (Figure 4).

The results of the stopping a rolling ball test 
achieved by the studied groups in the second measure-
ment showed no statistically significant differences be-
tween the groups.

To acquire information on the level of kinesthetic 
differentiation in the students, the percentage value of 
accuracy of strength differentiation (RS) during a long 
jump was calculated according to the formula proposed 
by Raczek [14]. The students attempted to achieve a re-
sult equal to 50% of their maximal long jump distance; 
managing to do so indicated the highest possible ac-
curacy of strength differentiation (RS = 100%).

The results of the standing long jump at 50% capac-
ity test showed that all control groups performed better 
than the experimental groups at the beginning of the 
school year. The control group of girls attending the 
Complex of Public Schools in Wołów achieved the re-
sult x = 95% in strength differentiation, which was 51% 
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better than the experimental group (the difference was 
statistically significant, P < 0.001). Similarly, strength 
differentiation of the control group of boys amounted 
to x = 91% and was 46% better (P < 0.001) than in the 
experimental group.

The greatest changes (beneficial and statistically 
significant) among the students of the Complex of 
Public Schools in Wołów were observed in both experi-
mental groups (Figure 5).

To acquire information on the level of motor adjust-
ment of students, the difference between the distance 
of the maximal forward jump on both legs and the dis-
tance of the maximal backward jump on both legs was 
calculated [14]. The lower the difference, the greater 
the student’s level of motor adjustment.

The experimental group of girls in the Complex of 
Public Schools in Wołów achieved the result x = 90.80 cm 
during the assessment of motor adjustment, which was 
13.68 cm better than in the control group (the difference 
was statistically significant, P < 0.05). The assessment 
found no statistically significant differences between the 
experimental and control group of boys (Figure 7).

Figure 5. Results of the standing long jump at 50% capacity test 
achieved by students of the Complex of Public Schools in Wołów

Accuracy of strength differentiation in the experi-
mental group of girls improved by 41% (P < 0.01) during 
the second measurement and amounted to x  = 86%. 
Conversely, the experimental group of boys achieved 
the result x  = 91%, which was 46% better than during 
the first measurement (the difference was statistically 
significant, P < 0.001). Both experimental groups dis-
played considerable changes in the level of kinesthetic 
differentiation compared to other studied groups.

An analysis of the results achieved by the control 
groups in the Complex of Public Schools in Wołów 
found a statistically significant decrease in kinesthetic 
differentiation in boys. Their accuracy of strength dif-
ferentiation amounted to x = 72% during the standing 
long jump, which was 19% lower (P < 0.001) compared 
to the beginning of the school year (Figure 5).

The standing long jump at 50% capacity test found 
no statistically significant differences between the ex-
perimental and control groups in Primary School No. 
2 in Wołów during the first and second measurement.

Moreover, no statistically significant differences 
between the first and second measurement were ob-
served in any of the studied groups. The control groups 
performed best during the test (Figure 6). 

Figure 6. Results of the standing long jump at 50% capacity test 
achieved by students of Primary School No. 2 in Wołów

Figure 7. Results  of  the  forward  and  backward  standing  long 
jump test achieved by students of the Complex of Public Schools 
in Wołów

During the second measurement, the experimental 
group of girls achieved the result x = 75.30 cm, which 
was 15.5 cm better than during the first measure-
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ment (the difference was statistically significant, with 
P < 0.01). On the other hand, the experimental group 
of boys in the same school performed considerably 
worse during the second measurement (by 10.46 cm, 
P < 0.01), achieving the result x = 88.15 cm (Figure 7). 
No statistically significant changes in the level of motor 
adjustment were found in the control groups.

Almost all the groups performed the forward and 
backward standing long jump test worse at the end 
of the school year compared to the beginning of the 
school year (Figure 7). Furthermore, no differences 
were observed between the experimental and control 
groups.

Similarly, statistically significant, negative changes 
were found in the experimental group of boys in Primary 
School No. 2 in Wołów (Figure 8). Their result after par-
ticipating in the special physical education curriculum 
with additional coordination exercises amounted to x = 
= 85.14 during the second measurement and was 10.64 
cm worse (P < 0.01) compared to the first measure-
ment.

Statistically significant, beneficial changes were 
observed at the end of the school year in the experi-
mental and control group of girls (Figure 9). The exper-
imental group of boys improved their result by 36.61 
points (the difference was statistically significant, 
P < 0.01), achieving x = 393.69 points. Conversely, 
the experimental group of girls improved their result 
by 43.38 points (the difference was statistically signifi-
cant, P < 0.01) at the end of the school year, achieving 
x = 443.88 points. The control group of girls improved 
and achieved the result x = 415.00 points during the 
second measurement; they improved their previous 
score by 32.30 points (the difference was statisti-
cally significant, P < 0.05). Despite the significant 
and insignificant changes that occurred in the level of 
physical fitness in students attending the Complex of 
Public Schools in Wołów who were assessed with the 
IPFT, no statistically significant differences between 
the studied groups of girls and boys were found at the 
end of the school year.

On the other hand, in Primary School No. 2 in 
Wołów, statistically significant differences between the 
results of the experimental and control groups of girls 
were already observed during the first measurement. 
The experimental group of girls achieved the result 
x = 387.33 points (Figure 10), which was 108.22 points 
better compared to the control group (the difference 
was statistically significant, P < 0.001). No statistically 

Figure 8. Results  of  the  forward  and  backward  standing  long 
jump test achieved by students of Primary School No. 2 in Wołów

Statistically insignificant, negative changes in the 
level of motor adjustment were found for the other 
groups, i.e., in the experimental group of girls (in 
Primary School No. 2) and in all control groups (in both 
schools).

The aim of the study also was to use was to use 
the the International Physical Fitness Test (IPFT) to as-
sess changes that occur in the level of physical fitness 
in students aged 10 years enrolled in primary schools 
in Wołów who participated in the special physical edu-
cation curriculum enriched with coordination exercises.

No statistically significant differences were found 
between the groups of girls as well as between groups 
of boys in the Complex of Public Schools in Wołów at 
the beginning of the school year.

Figure 9. Results  of  the  International  Physical  Fitness  Test 
achieved by  the students of  the Complex of Public Schools  in 
Wołów
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significant differences were found between the first and 
second measurement in the experimental and control 
groups of boys, although the experimental group per-
formed better than the control group.

Only the experimental and control group of girls at-
tending Primary School No. 2 in Wołów showed sig-
nificant changes in the level of physical fitness at the 
end of the school year. The experimental group of girls 
improved their result by 32.78 points, and the difference 
between the measurements was statistically significant 
(P < 0.05). The control group of girls achieved the re-
sult x = 347.11 points at the end the school year, which 
constituted an improvement of 68 points (the difference 
was statistically significant, P < 0.001). Statistically 
significant differences were also observed between 
the experimental and control group of girls as well as 
boys during the second measurement. The difference 
decreased slightly between the experimental and con-
trol groups of girls and amounted to Δx = 73 points 
(P < 0.05); between the groups of boys it increased by 
53.21 points (P < 0.05).

Discussion and summary

The obtained research results show that all experimen-
tal groups that participated in the special physical edu-
cation curriculum enriched with coordination exercises 
and control groups in both schools (except the control 
group of girls in the Complex of Public Schools) under-
went beneficial, statistically significant changes in their 
level of spatial orientation. It is difficult to assess the 
influence of the special curriculum on the participants’ 
spatial orientation. It seems that the influence was simi-
lar to that of the traditional physical education curricu-

lum. The increase in levels of spatial orientation was 
most likely due to the students’ physical development 
and not to their participation in the curriculum. As an 
ability, spatiotemporal orientation is affected by spe-
cial coordination exercises only to a small degree, as 
stated earlier by Gierczuk and Sadowski [29] and as 
confirmed by this study. 

The results of the stopping a rolling ball test that as-
sessed reaction time indicate significant changes only 
in both experimental groups and in the control group of 
boys from Primary School No. 2 in Wołów. In contrast, 
no significant changes in reaction time were found for 
most students of the Complex of Public Schools (except 
for the control group of girls).

It seems that the results may have been affected by 
teachers, who paid attention to accuracy and speed of 
the performed motor exercises. Throughout the course 
of the pedagogical experiment, we also considered in-
formation provided by the teachers to the students and 
the students’ attitudes during motor exercises. It seems 
that these factors could have influenced the results 
obtained during the measurements at the end of the 
school year.

All experimental groups improved their results in 
kinesthetic differentiation. However, the only beneficial 
and statistically significant changes occurred in stu-
dents of the Complex of Public Schools. Furthermore, 
negative changes in kinesthetic differentiation were 
also observed. The control group of boys from the 
Complex of Public Schools performed worse at the 
end of the year than they did during the first measure-
ment. The results of the kinesthetic differentiation as-
sessment allow us to draw a cautious conclusion that 
the ability was affected by the special physical educa-
tion curriculum enriched with coordination exercises. 
Similar results were also obtained by Gierczuk and 
Sadowski in 2008 in a study with young wrestlers [29] 
and by Tsetseli, Malliou, Zetou, Michalopoulou, and 
Kambas [30], who analyzed the performance of tennis 
players. Nevertheless, the results of the kinesthetic dif-
ferentiation assessment should be analyzed with care, 
as the experimental groups did not perform well during 
the first measurement. This may have been because 
the children did not understand the motor exercise they 
were asked to perform.

The results of the motor adjustment test indi-
cated beneficial changes only in the experimental 
group of girls from the Complex of Public Schools in 
Wołów. In all other groups, the changes were nega-
tive. However, the obtained results did not confirm 

Figure 10. Results  of  the  International  Physical  Fitness  Test 
achieved by the students of Primary School No. 2 in Wołów
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those of the aforementioned authors (Gierczuk and 
Sadowski), who found that their special physical edu-
cation curriculum, aimed at developing indicators of 
coordination motor abilities, affected participants’ 
motor adjustment [29].

It seems that the individual coordination motor abili-
ties assessed with each tests are the dominating com-
ponents; however, this does not rule out the involve-
ment of other abilities, including individual constitutional 
abilities per the ‘domination of the surface’ or the ‘domi-
nation of components’ principles [18]. This may have af-
fected the performance of the study participants during 
assessments of individual coordination abilities. Even 
though the students’ performances during the assess-
ments of spatial orientation and kinesthetic differentia-
tion improved, results were also obtained that indicated 
a decrease in performance during other assessments, 
i.e., motor adjustment and reaction time. This may be 
tied to interrelations between energy factors and in-
formation factors, as described by Raczek [18] and 
Mynarski [31]. Assessments of spatial orientation and 
reaction time involve indicators of speed and agility that 
correlate negatively with indicators of strength (includ-
ing the functional strength of legs). The latter ability 
manifested itself during assessments of motor adjust-
ment and kinesthetic differentiation.

The IPFT was used to assess changes in the level 
of physical fitness of the study participants. Only point 
values that constituted the sum of points obtained dur-
ing each IPFT were used in the analysis. Changes 
in individual components of physical fitness were not 
analyzed due to the scope of the material. The special 
physical education curriculum enriched with coordina-
tion exercises showed beneficial changes of the level 
of physical fitness in the experimental and control 
groups, as measured using the IPFT. The results of 
the IPFT obtained by the experimental and control 
groups do not allow us to state unambiguously which 
of them performed better after the one-year experi-
ment. In the Complex of Public Schools, the experi-
mental groups, as well as the control group of girls, 
showed beneficial, statistically significant changes 
in the level of physical fitness. On the other hand, 
in Primary School No. 2, only the experimental and 
control group of girls showed statistically significant 
changes in physical fitness. For these reasons, we can 
cautiously surmise that conducting the special physi-
cal education curriculum enriched with coordination 
exercises may have positively affected the changes 
in each component of physical fitness. Nonetheless, 

we cannot rule out the influence of other factors (such 
as the teacher motivating the students, the role of the 
student in a group, and the way students spend their 
free time after school), which may affect changes in 
the level of individual components of physical fitness 
and selected coordination motor abilities. However, it 
is certain that conducting the coordination exercises 
does not create harmful situations that would result in 
a decrease of physical fitness.

The analysis of the study’s results also showed 
the significance of other factors affecting the students’ 
physical fitness. Even though the conditions for con-
ducting the pedagogical experiment were similar (the 
same number of teaching hours, a comparable number 
of students in each class, similar school backgrounds, 
the same curriculum, and the same set of coordina-
tion exercises), the observed changes in the level of 
physical fitness and selected coordination motor abili-
ties were different. This may have been affected, for 
instance, by the students participating in various forms 
of physical activity outside school or the individual dif-
ferences in motor development of each child, as well as 
their age and speed of development [32, 33].

In résumé, it was found that all experimental groups 
improved their performance in selected coordination 
motor abilities after participating in the special physical 
education curriculum enriched with coordination exer-
cises. Statistically significant changes were observed 
in the level of spatial orientation in all experimental 
groups (in both schools). On the other hand, the results 
of reaction time, kinesthetic differentiation, and motor 
adjustment tests differed between the school environ-
ments. The control groups more often showed negative 
or insignificant changes in the development of the stud-
ied coordination motor abilities.

It is assumed that systematic engagement in 
a 20-minute set of coordination exercises can cause 
changes in the level of selected coordination motor 
abilities. However, this should be a long-term process, 
rather than a sporadic or periodic engagement done at 
the request of the teacher.

The experimental groups (of boys as well as girls) 
who participated in the special physical education cur-
riculum enriched with additional coordination exercises 
improved their results of the IPFT at the end of the sec-
ond semester. Similar changes were also observed in 
the control groups. For these reasons, we can assume 
that conducting the special physical education cur-
riculum enriched with coordination exercises positively 
affected changes in individual components of physi-
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cal fitness, similar to conducting a traditional physical 
education curriculum. This leads to the conclusion that 
conducting the special physical education curriculum 
enriched with coordination exercises in not the only 
factor influencing the development of physical fitness in 
children aged 10 years.
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SUMMARY 

Introduction. Sexual dimorphism in the area of coordination has been the subject of many studies involving 
children and youth. However, less research exists that describe this phenomenon with university students, espe-
cially in non-sports universities. This study examines an environment in which the members will face consider-
able challenges in their future vocational activities (surgery and dental surgery) in terms of motor intelligence.

Aim of the study. To assess the level of sexual dimorphism in the coordination area of first-year students 
at Jagiellonian University Collegium Medicum (JUCM).

Material and methods. Study participants comprised 96 female and 68 male first-year students at JUCM 
enrolled in different faculties. The study assessed the level of seven specific coordination abilities in the par-
ticipants. The assessment used motor tests and laboratory tests.

Results. The greatest dimorphism of the studied abilities among participants was found in the kinesthetic 
differentiation test, especially for reproducing extreme values of angles. Moreover, women performed better 
than men in terms of differentiation of strength aspects of movement as well as differentiation of static bal-
ance. Men demonstrated significant dominance in other abilities, including dynamic balance, reaction time, 
movement linking, and (especially) spatial orientation.

Conclusions. The study confirmed observations of women performing better in tests that required pre-
cisely reproducing movements and maintaining balance (based on proprioception). It seems that the level of 
dimorphism depends on the type of movement.
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Introduction

One aspect of motor action, in addition to intention and 
purpose, is its performance, which apart from strength, 
speed and endurance, also involves coordination [1]. 
The latter term should be understood as processes for 
adjusting and organizing that are aimed at achieving 
goals. Even though coordination in everyday life does 
not manifest itself through individual stimuli (nor is this 

its purpose), but through “a systemic character of com-
mon actions and their effects,” various tests are used 
to assess its selected aspects for diagnostic aims [2]. 
Coordination displays an immensely complex structure 
of processes that are not always interconnected. This is 
the reason for its interpersonal and intrapersonal differ-
ences. Literature on the subject distinguishes between 
coordination understood as a set of processes respon-
sible for preparing and controlling a motor action and as 
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coordination motor abilities (CMA) that determine the 
relatively fixed and generalized forms of psychophysi-
cal processes of motor regulation [1, 3]. Apart from 
a natural need to determine the personal structure of 
coordination abilities, there exists the need to estab-
lish differences in the levels of coordination between 
genders.

Studies on sexual dimorphism in the area coordina-
tion are not rare; nonetheless, their results and conclu-
sions drawn from them are highly ambiguous. Reasons 
for the ambiguity include the varied strength of genetic 
control over individual CMA, different research meth-
ods used to determine the level of CMA, different ages 
of research participants, and a significant influence of 
environmental factors (including socioeconomic fac-
tors) on the level of these abilities [4, 5]. Furthermore, 
one must note that the level of sexual dimorphism in 
terms of motor abilities is also affected by the volume, 
intensity, and type of physical activity [3, 6]. These fac-
tors will display different values in physically inactive 
persons compared to values in male and female ath-
letes from various sports disciplines.

An analysis of literature on sexual dimorphism of 
CMA allows us to follow the development of observed 
strength and tendencies for each gender.

Many papers [7, 8, 9, 10, 11] on the level of spatial 
orientation often report contradictory findings. Some 
authors of studies with youth and persons engaging in 
sports have found that women performed considerably 
better. Yet other authors have observed that men were 
clearly dominant.

Results related to the level of adjustment ability are 
more uniform. Ljach’s research [12] showed that boys 
performed better than girls in terms of movement ad-
justment already beginning at the age of 7 to 9 years. 
A similar tendency was found in sports groups, e.g., in 
male and female football players [9] or junior handball 
players [8].

Observations of the level of different aspects of 
balance have an exceptionally rich history of re-
search. Findings on the subject of balance, as well as 
other CMA, are ambiguous. Some papers [5, 13] have 
shown that in large cities, girls present a dominance 
over boys in terms of static balance. Furthermore, 
Raczek and Mynarski [14] found in a study with youth 
that girls displayed a higher level of static balance 
than boys, while a reverse relationship occurred for 
dynamic balance. On the other hand, Szopa [11] 
claimed that among all abilities, static balance shows 
the smallest sexual dimorphism.

Analyses of dimorphism in populations of university 
students are not as numerous and mainly involve stu-
dents of schools of physical education [15, 16, 17, and 
others]. For this reason, further research seems fully 
justified.

This study involves two main aims:
1. Determining the differences in selected CMA 

between first-year male and female students at 
Jagiellonian University Medical College (JUCM) in 
Krakow.

2. Comparing the obtained results with available litera-
ture.

Material and methods

Studied group

Research participants comprised 96 female and 68 
male first-year students enrolled in JUCM in Krakow. All 
were studying at the faculties of medicine, pharmacol-
ogy, nursing, or obstetrics. The average age of partici-
pants was 21.3 years (ranging from 20.1 to 23.5 years).

None of the participants reported disorders of the 
nervous system that could affect the results of the as-
sessment of coordination abilities (as determined by 
interviews prior to the assessment). All participants vol-
unteered to participate in the research.

Methods

Assessment of CMA aimed at establishing the levels of 
the following seven abilities: kinesthetic differentiation, 
balance, reaction time, motor adjustment and displace-
ment, spatial orientation, and movement joining and 
rhythm.
I. Kinesthetic differentiation

1. Laboratory test:
a) Measurement with a kinematometer (a goni-

ometer). This device is used to reproduce 
the angle of elbow flexion, that is, to assess 
the spatial aspect of movement differentia-
tion. Two series of tests were conducted that 
involved reproducing the position of the arm 
and assessing (differentiating) the angle of 
flexion in degrees.

b) Measurement with a dynamometer. Two se-
ries of tests were conducted that involved 
reproducing and differentiating the strength 
of one’s hand in kilograms.
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2. Population test [3]:
a) Throwing a ball at a target while facing back-

wards (the participant was asked to hit a tar-
get with a tennis ball by throwing it over their 
head or shoulder while standing with their 
back to the target).

II. Balance
1. Laboratory test [18]:

a) Measurement using the Libra balance board. 
Participants were asked to steer the board by 
applying appropriate pressure with their feet 
so that a line corresponding to their move-
ments, displayed on a computer screen, 
overlapped a model line as closely as pos-
sible. Measurement using the Libra board 
involved two tests, performed separately for 
both the coronal and the sagittal plane:
1. Standing position; feet parallel; straight 

line; feedback enabled.
2. Standing position; feet parallel; sinusoid; 

feedback enabled.
2. Population test [3]:

a) Walking on an exercise bench (the participant 
performs a balance walk on a narrow slat at 
the bottom part of an exercise bench; begins 
at one end of the bench, walks to the other 
end, and then returns to the point of origin).

b) Walking on a hexagon board (the participant 
performs a balance walk by placing their feet 
on either side of a hexagon-shaped board).

III. Reaction time
1. Laboratory test:

a) Measurement with a MRK 80 reaction time 
meter. Measurement of reaction time to aural 
and visual stimuli in seconds involved regis-
tering and averaging the results of 10 tests 
(for both the aural and the visual stimulus).

2. Population test [3]:
a) Catching a Ditrich bat (the participant catch-

es a falling bat that is dropped by the person 
conducting the test by clutching it as fast as 
possible with their hand).

IV. Motor adjustment
1. Laboratory test:

a) An electronic device called “image in the 
mirror” allows for the assessment of spatial 
and dynamic aspects of motor adjustment. 

During the assessment, the participant 
draws a circle using a special metal stylus 
by watching the drawing surface directly and 
by watching its reflection in a mirror placed 
perpendicularly to it. The assessment regis-
ters the time of performing the task and the 
number of mistakes made.

2. Population test [3]:
b) Forward and backward standing long jump 

(participants perform three standing long 
jumps forward as far as they can, followed 
by three standing long jumps backward, 
also as far as they can).

V. Spatial orientation
1. Laboratory test:

a) Measurement using the Piórkowski meter. 
Stimuli were emitted 107 times per minute. 
Each test lasted one minute.

2. Population test [3]:
b) Running to a ball (the participant faces a set 

of balls placed in a semicircle and, on cue, 
runs up to the indicated ball).

VI. Movement joining 
1. Laboratory test [19]:

a) “Path to the goal” computer test. The par-
ticipant was asked to lead a pointer along 
a preset path as fast as possible, without 
touching the edges of the path.

2. Population test [3]:
a) Stepping over an exercise rod (participants 

hold an exercise rod low and steps over it, 
alternating between their right and left leg).

VII. Movement rhythm
1. Laboratory test [19]:

a) “Repeat the rhythm” computer test. The par-
ticipant was asked to repeat as closely as 
possible a rhythm emitted by a computer.

Methods of statistical analysis

Before conducting an assessment of basic parameters 
of the motor abilities using descriptive statistics, we 
evaluated the normality of obtained results with the 
Shapiro-Wilk test [20]. Because the test found that most 
indicators displayed normal distribution, we calculated 
the arithmetic mean and standard deviation and deter-
mined the maximal and minimal values of the results.
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To assess the level of sexual dimorphism, we cal-
culated normalized indicators of dimorphism (ID) for all 
fractions of economic status, according to the method 
proposed by Szopa [11]:

( )2 ch dz

ch dz

x x
WD

s s
-

=
+

where:
xch– arithmetic mean of men in class n, xdz – arithmetic 
mean of women in class n, sch – standard deviation of 
men in class n, sdz – standard deviation of women in 
class n.

The Student’s t-test was used to assess statisti-
cal significance of the measured variables in men and 
women.

Results 

Most conducted tests found significant sexual dimor-
phism, the direction of which depended to some ex-
tent on the type of the test. Below is a more detailed 
description of the obtained results based on data pre-
sented in Table 1.

Results of tests that involved the reproduction, dif-
ferentiation, and assessment of spatial and strength as-
pects of movement indicate the significant dominance 
of women. This occurred only in the case of laboratory 
tests with a kinematometer and a hand dynamometer. 
It did not occur in population tests that measured the 
precision of ballistic movements. Greater dimorphism, 
amounting to ID = –0.45, was observed in tests per-
formed with the left arm in terms of both reproduction 
and differentiation of spatial aspects of movement. 
A similar situation occurred in tests that measured 
strength parameters of movement (reproducing the in-
dicated value of maximal strength), though in this case, 
the right hand showed greater dimorphism (ID = –0.48). 
The most significant disproportions were found in tests 
that assessed differentiation of strength aspects in the 
left hand: ID equaled –0.5. Women performed better 
than men in measurements that required reproducing 
low values of maximal strength. Women’s precision in 
these tasks may stem from the fact that women achieve 
lower values of maximal strength. Subsequent repeated 
measurements indicated that dimorphism decreased to 
statistically insignificant levels.

The ability to maintain balance was measured 
in dynamic and unstable conditions (balancing). As 
a result, we registered relatively different values of 

indicators of dimorphism. In tests that assessed dy-
namic balance, male students remained on the exer-
cise bench as long as female students; in the hexa-
gon board test, which measured the number of steps 
taken, men performed significantly better than wom-
en (ID = 0.69). On the other hand, female students 
showed significant dominance over male students in 
tests that involved balancing on the Libra bench, as 
indicated by the registered indicators of line overlap  
(ID = –0.42). However, when the task required repro-
ducing an elliptic path (meaning that, in addition to bal-
ance, a much greater area of coordination abilities was 
involved), both genders performed equally well, espe-
cially in the coronal plane.

High levels of dimorphism were registered in tests 
of reaction time. Application of a more precise device 
(an MRK reaction time meter) emphasized the domi-
nance of men. This dominance occurred regardless of 
the type of emitted stimulus, although greater values 
of dimorphism were noted when participants reacted to 
a visual stimulus. Stronger dimorphism was observed in 
the laboratory test for tasks performed with the left arm, 
while the classical population test showed significant 
differences between genders only in tasks performed 
with the right arm (ID = 0.49).

The results of the assessment of motor adjustment 
indicated a very weak dimorphism. However, they sug-
gest that women are more precise than men, as indicat-
ed by the only observed significant difference, i.e., the 
number of mistakes made. The applied test of repro-
ducing a path as seen in a mirror was limited to aspects 
of manual precision and did not require the manifesta-
tion of energy components of motion.

Considerably different results were obtained in 
the running to a ball test, which assessed spatial ori-
entation. Because the test required performing global, 
speed-based movements, its results show a very 
strong dominance of men (ID = 1.67). The test with the 
Piórkowski meter also indicated the statistically signifi-
cant dominance of men; however, the indicator of di-
morphism was lower by half compared to the previous 
test.

Both genders performed the computer test of 
rhythm, which involved repeating a rhythm indicated 
by the software, almost equally well (ID = 0.08). The 
last assessed ability was movement joining. The test, 
proposed by Jaworski, showed a much stronger sexual 
dimorphism (ID = 0.76) than the test with the exercise 
rod (ID = 0.36). Nonetheless, the differences between 
genders were statistically significant in both tests.
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Table 1. Sexual dimorphism of students of the JUCM in terms of selected CMA (♂n=68; ♀n=96).

test x ♂ SD ♂ x ♀   SD ♀ t p ♂–♀ ♂–♀(%) ID

KINESTHETIC DIFFERENTIATION

kinematometer – reproduction of arm position – right arm

mean extension (°) – 45° angle 1.59 2.35 2.22 2.35 1.764 0.0794 0.64 40.18 0.27

mean extension (°) – angle 25° 0.79 1.86 0.15 1.93 3.234 0.0015* –0.64 –80.60 –0.34

mean extension (°) – angle 60° 2.24 2.44 2.06 2.09 –0.506 0.6133 –0.17 –7.80 –0.08

laboratory test kinematometer – reproduction of arm position – left arm

mean extension (°) – 45° angle 1.89 2.86 1.90 2.84 0.032 0.9745 0.01 0.74 0.00

mean extension (°) – angle 25° 0.79 1.79 0.04 1.75 2.754 0.0065* –0.75 –94.97 –0.42

mean extension (°) – angle 60° 2.91 2.38 1.72 2.92 –2.885 0.0044* –1.20 –41.14 –0.45

kinematometer – differentiation of reproduction of arm position – right arm

mean extension (°) – 40° angle  0.96 1.29 0.76 1.60 –0.840 0.4019 –0.19 –19.95 –0.13

mean extension (°) – 50° angle  0.82 1.21 0.97 1.63 –0.652 0.5154 0.15 17.94 0.10

mean extension (°) – 20° angle 0.42 1.31 0.77 1.61 –1.526 0.1289 0.35 83.66 0.24

mean extension (°) – 30° angle 1.14 1.13 1.16 2.83 –0.051 0.9590 0.02 1.58 0.01

mean extension (°) – 55° angle 0.81 1.43 1.02 1.75 0.845 0.3995 0.21 25.95 0.13

mean extension (°) – 65° angle 0.24 1.03 0.22 1.62 –0.113 0.9099 –0.02 –10.17 –0.02

kinematometer – differentiation of reproduction of arm position – left arm

mean extension (°) – 40° angle  1.19 1.01 0.78 1.40 –2.125 0.0350* –0.41 –34.39 –0.34

mean extension (°) – 50° angle 0.25 0.85 0.45 1.34 –1.118 0.2651 0.20 78.74 0.18

mean extension (°) – 20° angle 0.17 1.12 0.84 2.13 –3.706 0.0003* 0.67 390.04 0.41

mean extension (°) – 30° angle 1.05 1.19 0.96 1.32 0.468 0.6407 –0.09 –8.65 –0.07

mean extension (°) – 55° angle 1.17 2.37 0.55 1.68 –2.019 0.0451* –0.62 –52.87 –0.31

mean extension (°) – 65° angle 0.59 1.11 0.21 1.20 –2.173 0.0311* –0.39 –65.32 –0.34

hand dynamometer – reproduction of strength – right hand

50% Fmax 1 difference (kg) 4.29 4.41 2.54 2.86 –3.065 0.0026* –1.76 –40.92 –0.48

50% Fmax 2 difference (kg) 0.81 3.30 0.97 2.96 0.320 0.7494 0.16 19.63 0.05

hand dynamometer – reproduction of strength – left hand

50% Fmax 1 difference (kg) 3.75 7.13 2.16 2.49 –2.012 0.0459* –1.59 –42.45 –0.33

50% Fmax 2 difference (kg) 0.72 3.76 0.90 2.26 0.386 0.7003 0.18 25.48 0.06

hand dynamometer – differentiation of strength – right hand

40% Fmax 1 difference (kg) 4.29 4.24 3.13 2.94 –2.051 0.0419* –1.16 –27.15 –0.32

40% Fmax 2 difference (kg) 1.71 3.38 0.94 2.37 –1.688 0.0934 –0.77 –44.96 –0.27

60% Fmax 1 difference (kg) 0.20 3.82 0.31 2.57 –1.012 0.3132 0.11 53.63 0.03

60% Fmax 2 (kg) 0.97 3.04 0.47 2.30 1.195 0.2338 –0.50 –51.91 –0.19

hand dynamometer – differentiation of strength – left hand

40% Fmax 1 difference (kg) 3.58 3.79 2.05 2.33 –3.165 0.0019* –1.53 –42.70 –0.50

40% Fmax 2 difference (kg) 1.74 3.06 1.08 2.14 –1.601 0.1114 –0.66 –37.75 –0.25

60% Fmax 1 difference (kg) 0.09 3.36 0.06 3.98 0.056 0.9552 –0.03 –37.21 –0.01

60% Fmax 2 difference (kg) 0.46 2.84 0.22 3.72 0.443 0.6583 –0.24 –51.68 –0.07

throwing a ball at a target while facing backwards

R arm (points) 1.50 0.61 1.39 0.57 1.163 0.2465 0.11 7.22 0.18

L arm (points) 1.56 0.66 1.41 0.58 1.532 0.1276 0.15 9.53 0.24
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BALANCE IN DYNAMIC CONDITIONS

Libra balance board (balancing tasks)

line, coronal plane 5.65 3.16 4.47 2.45 2.762 0.0064* –1.18 –20.90 –0.42

line, sagittal plane 5.14 3.69 3.72 2.15 3.188 0.0017* –1.42 –27.71 –0.49

sinusoid, coronal 10.55 2.73 10.81 3.12 –0.566 0.5719 0.26 2.46 0.09

sinusoid, sagittal plane 11.18 2.99 10.64 3.03 1.151 0.2515 –0.54 –4.79 –0.18

walking over an exercise bench

time (s) 20.70 7.59 20.79 6.82 –0.078 0.9377 –0.09 –0.43 –0.01

walking over a hexagon board

steps (number) 16.49 11.77 10.03 6.87 4.512 0.0000* 6.46 39.18 0.69

REACTION TIME

reaction time meter (reaction to aural and visual stimuli)

aural stimulus, R hand (s) 0.189 0.03 0.197 0.02 –1.976 0.0499* 0.01 4.28 0.31

aural stimulus, L hand (s) 0.190 0.03 0.200 0.02 –2.346 0.0202* 0.01 5.21 0.37

visual stimulus, R hand (s) 0.277 0.03 0.286 0.02 –2.233 0.0270* 0.01 3.20 0.36

visual stimulus, L hand (s) 0.277 0.03 0.291 0.03 –3.198 0.0017* 0.01 4.79 0.51

catching a Ditrich bat

R hand (cm) 20.67 4.07 23.04 5.65 –3.116 0.0021* 2.37 11.47 0.49

L hand (cm) 19.27 5.23 20.57 5.74 –1.562 0.1201 1.30 6.77 0.24

MOTOR ADJUSTMENT

image in a mirror

time (s), directly, R hand  13.29 5.80 13.28 6.50 0.016 0.9873 –0.02 –0.12 0.00

mistakes (number), directly, R hand 5.64 3.91 4.48 3.23 2.077 0.0394* –1.16 –20.48 –0.32

time (s), directly, L hand  12.26 5.56 12.37 4.05 –0.146 0.8840 0.11 0.89 0.02

mistakes (number), directly, L hand 7.67 4.03 6.88 3.90 1.261 0.2092 –0.79 –10.25 –0.20

time (s), mirror, R hand 30.19 16.93 27.87 16.65 0.877 0.3818 –2.32 –7.69 –0.14

mistakes (number), mirror, R hand 31.77 12.66 33.16 14.56 –0.636 0.5259 1.39 4.36 0.10

time (s), mirror, L hand 27.61 16.13 28.23 17.29 –0.234 0.8154 0.62 2.25 0.04

mistakes (number), mirror, L hand 32.56 11.52 36.40 17.05 –1.618 0.1077 3.84 11.79 0.27

SPATIAL ORIENTATION

Piórkowski meter

107/min (number) 88.78 13.29 80.17 18.84 3.252 0.0014* 8.61 9.70 0.54

running to a ball

time (s) 13.88 1.61 16.42 1.43 –10.64 0.0000* 2.54 18.32 1.67

MOVEMENT RHYTHM

repeat the rhythm

repetition (s) 0.16 0.19 0.17 0.14 –0.487 0.6271 0.01 8.05 0.08

MOVEMENT JOINING

path to the target

time (s) 47.76 9.96 56.58 13.41 –4.553 0.0000* 8.83 18.48 0.76

mistakes (number) 10.48 5.69 11.47 7.89 –0.869 0.3862 0.98 9.38 0.14

stepping over an exercise rod

time (s) 13.59 2.82 14.85 4.24 –2.160 0.0322* 1.26 9.30 0.36

Legend:
bold print with * indicates statistically significant differences at P<0.05.
♂ – men; ♀ – women
ID – indicator of dimorphism
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Discussion

Research on sexual dimorphism in university students 
has a rich tradition. However, because anthropologists 
rather than anthropomotorists have usually conducted 
such research, the research mainly investigated dispro-
portions in somatic build. Therefore, discussing func-
tional and motor differences has proven to be difficult, 
especially when such discussions involve the compari-
son of abilities in the area of motor coordination. Thus, 
bearing in mind that the assessed students were in their 
first year of studies and that coordination abilities reach 
the height of development relatively early [3, 21], this 
discussion will also refer to the results of studies with 
youth. Authors observe [22, 23] that in a population of 
university youth, especially significant sexual dimor-
phism occurs in constitution-based motor abilities. This 
phenomenon is a direct result of the differences that 
manifest themselves in this area during adolescence. 
Thus, many authors state that such sexual dimorphism 
in the area of coordination is relatively weak [12, 13, 24].

While Mleczko and Mirek [15] noted a weak di-
morphism in terms of the above motor area, Mynarski 
and Żywicka [16], for example, claim that gender has 
a significant effect on the level of CMA of university 
students, with men demonstrating dominance. Szopa, 
Mleczko, and Cempla [25] conducted research on 
sexual dimorphism of psychosomatic traits. They state 
that apart from the proprioceptive area, which shows 
no sexual dimorphism, men perform better in tests that 
assess levels of psychomotor abilities. As can be seen 
in this short review, authors’ opinions vary significantly. 
In general, the results obtained in our research confirm 
that sexual dimorphism in terms of CMA is strong in 
university students. It should also be noted that most 
studies referred to in this paper involved male and fe-
male students of schools of physical education, that is, 
persons with high physical activity. Therefore, it seems 
that the weak dimorphism, which has been reported nu-
merous times in persons engaged in sports as a result 
of high physical activity, is mainly present in the area 
of energy. Keeping the above considerations in mind, 
the results obtained in this study that involve male and 
female students at JUCM – results which are discussed 
below – bring remarkable new data, as the study found 
that women performed better in most conducted tests.

Strong dimorphism, as caused by a more precise 
reproduction of strength and spatial aspects of move-
ment by female students, was observed in tests of kin-
esthetic differentiation. Papers such as the publication 

by Górska and Gierat [4] support these results. They 
found significant differences in 11-year-old children, 
which confirmed the dominance of girls, and that such 
dimorphism decreases in children aged 12 and 13 
years. Ljach and Witkowski [9] observed that through 
the age of 15–17 years, boys dominate in most aspects 
of kinesthetic differentiation, yet after this period, girls 
begin to perform better, especially in terms of reproduc-
ing, differentiating, and assessing strength parameters. 
Our research confirms observations provided by the 
quoted authors. Raczek and Mynarki registered a dif-
ferent, though equally significant, direction of dimor-
phism based on their sports and motor test [14], which 
indicated that boys perform better after the age of 15 
years. Literature also frequently reports a statistically 
insignificant sexual dimorphism of this ability [24, 26].

Our research assessed different aspects of the abil-
ity. The laboratory test of balance, especially in its first 
mode (controlling the position of the balance board to 
match the straight line), depended to a greater extent 
on the efficiency of proprioceptive mechanisms and, as 
such, was closer to measurements in static conditions 
on stabilographic boards [27]. The second mode, which 
required participants to adapt to reproducing a sinusoid 
path, involved broader coordination mechanisms that 
engaged the whole human body, including the ability 
to adapt [18, 28]. This is why the dominance of women 
in the first task was consistent with results obtained by 
other authors who have indicated that women are more 
sensitive to the received kinesthetic and tactile stimuli. 
In the case of tests that assess dynamic balance, dis-
proportions between genders were less pronounced, 
as confirmed by a lack of differences in the walking 
over an exercise bench test. The second test (walking 
over a hexagon board) found a statistically significant, 
strong dimorphism, as indicated by the number of steps 
taken, which suggests that the participants used differ-
ent strategies to perform the task. We observed that 
with the increase in complexity of a balance task, the 
level of dimorphism increases in dynamic conditions 
and decreases in balancing tests.

With respect to the previously discussed ability, sim-
ple reaction time (which constitutes a latent component 
of quick reaction) unambiguously favored one gender. 
According to most authors, it reaches more beneficial 
values in boys rather than girls, both in groups engaged 
in sports [7, 8, 31] and not engaged in them [10, 11, 14]. 
The strongest sexual dimorphism with the dominance 
of men was reported by Szopa et al. [25] in their study 
on reaction time to a visual stimulus [ID = 0.37]. Women 
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dominate men in the area of an aural stimulus, but the 
level of dimorphism is considerably lower. Data present-
ed in Table 1 confirm the dominance of men and are con-
sistent with findings of the first group of quoted authors. 

The test that assessed the adjustment ability did 
not unambiguously indicate the direction of sexual di-
morphism. Nevertheless, the obtained results show di-
morphism on a smaller level. Literature reports different 
data. Omorczyk et al. [32], in their study on the adjust-
ment ability with students of the University School of 
Physical Education in Krakow, observed that men per-
formed significantly better than women. Authors who 
used laboratory methods to assess the same ability 
obtained similar results [33, 34].

Demuth et al. [35], when assessing receptor and 
motor coordination using the Piórkowski meter, de-
termined the level of dimorphism in youth who began 
attending the Military Academy of Land Forces in 
Wroclaw. The value of ID amounted to 17.4, indicating 
strong sexual dimorphism. In using the same method, 
Szopa, Mleczko, and Cempla found a weaker dimor-
phism, with men remaining dominant [25]. 

A very statistically significant difference between 
genders (as well as a high value of ID, which amounted 
to 0.7) was found in the laboratory test that assessed 
movement joining, as indicated by the time to perform 
the required task. Mynarski and Żywicka [16] also ob-
served that male students performed better than fe-
male students in terms of quick coordination.

The above summary indicated that the level of sex-
ual dimorphism in terms of coordination abilities is sig-
nificant. In extreme cases, the values of ID were close 
to as much as 1.65.

Sekita [36] states that the reasons for a strong 
sexual dimorphism with the dominance of men are 
differences in interests of both genders, traditions 
of education, lifestyles, and social models and roles. 
Żak [37] shares this opinion and suggests that strong 
dimorphism is caused by the greater physical activ-
ity of men compared to women. Our observations are 
consistent with those done by other authors in terms of 
the existence of strong dimorphism However, they are 
not as consistent in regard to the direction of the phe-
nomenon, as we found that women dominate in some 
coordination abilities.

Conclusions

1. Most CMA analyzed in this study show statistically 
significant differences between male and female 
students.

2. Dominance of men was observed in tests that re-
quired global movements. In tests based on dis-
crete, close movements, women often performed 
better than men.

3. Dominance of women was the most pronounced in 
kinesthetic differentiation and static balance.
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The fact that overweight and obesity also affect children is very worrying. In 2010, overweight was found 
in over 42 million children under five years old. The WHO predicts that in the coming years the number of 
overweight people will increase significantly and recommends the implementation of programs preventing 
overweight and obesity. Fighting these problems at the population level is very difficult; it requires a systematic 
approach and the involvement of many sectors, including the scientific community, health care, health promo-
tion and government administration.

The aim of this study is to present the range of actions undertaken to prevent overweight and obesity among 
children and adolescents in Gdansk. 

The essence of such programs is not to decrease body weight but to convince children and adolescents to 
lead a healthy lifestyle. These assumptions were the main scope of health programs realized in Gdansk. The 
Gdansk Model for Health Promotion and Civilization Diseases’ Prevention for Children and Youth has been cre-
ated, whose tasks are carried out by educational institutions, municipal units and the University Clinical Center. 
The study presents various actions concerning weight problem such as: “Keep Fit”, “Healthy Life of Your Child” 
and Program “6–10–14 for Health”. Thanks to the early detection of risk factors and the implementation of proper 
intervention, it is possible to effectively prevent weight problems among children and adolescents, as well as 
the serious consequences of these medical issues. The health programs can show society how dangerous the 
problem of excessive body weight occurring at a young age is.

NR 62 2013ANTROPOMOTORYKA

 SUMMARY    

Introduction

Obesity is a metabolic and so-called social disease, 
which is a major health issue for an increasing num-
ber of societies throughout the world. In recent years, 
the number of people with an excessive body weight 
has increased at an alarming rate, including among 
adults and children. Obesity has become one of the 
most widespread public health problems, even more 
common than AIDS and malnutrition. According to data 
from the World Health Organization (WHO), the num-
ber of people with obesity has doubled since 1980. In 

2008, overweight was found in 1.5 billion adults (aged 
20 and older), including over 200 million men and 300 
million women who were obese. Of most concern is 
the fact that both overweight and obesity is becoming 
more and more often a health problem of the youngest 
social groups. The incidence of these diseases in the 
youngest age groups is growing at a similar rate as in 
the adult population. In 2010 there were over 42 mil-
lion children younger than five years old who suffered 
from overweight. Almost 35 million of them are citizens 
of developing countries [1, 2, 3, 4]. The World Health 
Organization predicts that in the coming years, the num-
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ber of obese people among adults and children will sig-
nificantly increase. Therefore, numerous international 
organizations and individual countries are undertaking 
various actions to reduce the epidemic and reverse this 
increasing trend. Different health programs, consider-
ing the prevention of overweight and obesity, are being 
implemented and carried out, although interventions on 
the population level are always very complicated and 
complex, and require a systematic approach and the 
engagement of many different sectors – including sci-
entific society, health care, health promotion, the public 
authorities, and of course the societies themselves [5]. 

Aim of the study

The main aim of this review article is to present the 
range of actions considering overweight and obesity 
problems among children and juveniles undertaken in 
the City of Gdansk. It is, therefore, necessary to pres-
ent the prevalence of overweight and obesity problems 
among children and adolescents in the context of public 
health. 

The problem of overweight and obesity among children 
and adolescents in the world, Europe, and Poland 

The problem of overweight and obesity is a serious 
health issue in countries all over the world. According to 
research carried out in different countries of the world, 
mostly done on adult populations, but also with the at-
tendance of adolescents and children, overweight and 
obesity can be called an epidemic [6, 7, 8]. From the late 
1970s to the early 1990s, in the United States, Europe, 
and some parts of the western Pacific, a high preva-
lence of overweight and obesity was observed among 
children and adolescents. These diseases affect around 
20-30% of the discussed populations. Of course there 
are some areas of the world, for example Southeast 
Asia and Middle-East regions of Africa, where the prev-
alence of overweight and obesity is very low, affecting 
only 0.2–4% of people from the youngest age groups. 
According to data from 2003–2004, it is estimated that 
around 17.1% of children and adolescents in the US 
suffer from obesity, with 4% of them being severely 
obese (Body Mass Index over 35). A dramatic increase 
in prevalence of weight problems among children and 
adolescents (both overweight and obesity) can be also 
observed in countries where these problems used to be 
very rare, such as China and Japan among others. It is 
estimated that currently one in five children in the cities 

and every fourteenth child in the rural areas of China 
are affected by overweight or obesity, while in Japan 
the problem has increased 2.3 times over the last 20 
years. The number of children with weight problems 
is also getting higher in developing countries, which in 
recent years have experienced political and economic 
transformation. Into this group of countries we can in-
clude among others Brazil, where an increase in the 
percentage of children with overweight and obesity was 
observed from 4.1–13.9%. In Europe, it is currently es-
timated that a weight problem even occurs in 16.3 mil-
lion children and adolescents, including around 4-6% 
young people who are obese. In both groups, younger 
children (age 9) and older children (age 15), overweight 
and obesity occurs more often in the southern coun-
tries of Europe than in Western Europe. According to 
the International Obesity Task Force (IOTF) report, the 
prevalence of overweight among children in northern 
parts of Europe is observed at a level around 10-20%, 
although the prevalence is higher among children from 
countries situated in the south part of Europe, and is at 
a level around 20–35%. Such a large number of children 
with overweight and obesity in the Mediterranean Sea 
countries can be explained by the “Americanization” of 
their lifestyle, insufficient physical activity and abandon-
ing the Mediterranean diet [9]. 

As has been mentioned before, a high percentage 
of children and adolescents with weight problems are 
also observed in developing countries, and countries 
that have experienced political transformation in recent 
years. Political and economic changes of the national 
system have resulted in changes in lifestyle, better fi-
nancial situation of citizens, and higher accessibility of 
consumer goods. Examples of these countries are the 
Czech Republic, Slovakia, and Poland among others. 

The scale of the problem of overweight and obesity 
among children and adolescents in Poland has been 
carefully monitored since the 1970s. In comparison with 
other countries, the severity of problems associated 
with weight in Poland is at a medium level, although 
a distinct growing trend has been observed for many 
years [10]. 

The outcomes of Polish studies have shown 
that weight problems are an important health issue. 
Between 1994–1995 the Institute of Mother and Child 
conducted studies on the population of children and 
adolescents aged 6–17 years old. These studies have 
shown that 8.7% of children and adolescents suffer 
from overweight and 3.4% of them are obese. It has 
been noticed that the percentage of children with over-
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weight and obesity increases with age. Among boys 
prevalence of obesity varied from 6.1% in the youngest 
age group to 14.8% for the oldest boys. Among girls 
prevalence of obesity was also the highest in the old-
est age group (13.7%). Another countrywide survey on 
a representative group of children aged 7–8 years old 
was conducted in 2001. This survey showed that over-
weight and obesity affects 15.8% of girls and 15% boys, 
including 3.7% of girls and 3.6% of boys who suffer 
from obesity. This indicates a significant increase in the 
prevalence of overweight and obesity in the discussed 
population in comparison to the studies conducted in the 
early 1990s. Comparable results indicating the growing 
problem of overweight and obesity, were obtained by the 
Food and Nutrition Institute, which conducted a study on 
school youth aged 11–15 years old living in Warsaw in 
the years 1971, 1982–1985, 1988–1991, and 1999-2000. 

At baseline in 1971, weight problems occurred 
among 9.2% of boys and 8.2% of girls. In the next study 
period, a few percent increase in the percentage of 
young people affected by the presented issue was ob-
served. In 1988-1991 the relative stability of indicators 
was observed, with a slight increase only in the popula-
tion of girls being observed. However, the results ob-
tained between 1999–2000 showed a dramatic increase 
in the percentage of boys who had problems with body 
weight (prevalence of overweight had almost doubled). 
For girls, the increase was much less intense [11]. 

In 2007 the Institute of Mother and Child conducted 
studies aimed not only at a description of the overall 
seriousness of the weight problem in Poland, but which 
also defined the prevalence in different parts of the 
country. These outcomes have shown that the high-
est percentage of children with weight problem is in 
the Podlasie Voivodeship (15.0%) and the Pomeranian 
Voivodeship (14.7%), and the lowest in the Kuyavian-
Pomeranian Voivodeship (10.9%).

The current medical knowledge clearly shows that 
genetic disorders are involved in the development of 
Body Mass Index (BMI) at a level around 20–30%. 
Progress in research allows recognizing two forms of 
disease: monogenic and polygenic. Monogenic forms 
of a discussed disorder are very rare as they are mostly 
inherited in an autosomal recessive way. They cause 
impairment of functioning of the leptin and melanocor-
tin system. The problem with weight is determined by 
the overlap of many varieties of the genes affecting one 
phenotype [12]. 

The main cause of obesity is considered to be en-
vironmental factors. Of course, it is difficult to unques-

tionably determine whether environment factors are the 
main determinant for weight problems, or whether they 
just reveal a congenital predisposition to it. The main 
risk factors for problems with weight within the dis-
cussed group are eating habits and the level of physical 
activity presented by a child. It is estimated that dietary 
factors, especially in those with a genetic predisposition, 
are responsible for weight problems in 20–40% of chil-
dren. This implies an urgent need to introduce a wide 
range of activities promoting healthy eating habits and 
to persuade young people to lead a healthy and active 
lifestyle. Great importance is attributed to the issues of 
the psychological conditions of children and young peo-
ple and their parents. From a psychological perspec-
tive, self-regulatory mechanisms, type of personality, 
existing emotional problems, poor family relationships, 
and difficulties in coping with stress, among others, 
have a great importance in the development of obesity 
in young. Problems with self-control in eating among 
children are due to bad patterns of behavior observed 
among family members. A proven and considered to be 
significant impact on the development of weight prob-
lems among children is watching TV and so called “TV 
snacking” [13, 14]. Another syndrome, which can be ob-
served among representatives of this group, is evening 
snacking syndrome, excessive appetite and insomnia. 
Psychologists emphasize the importance of family rela-
tionships in the development of obesity in children and 
adolescents. This applies mainly to numerous quarrels 
among parents and the lack of marriage satisfaction. 
These factors reflect on the psychological profile of 
a child who feels unloved and unwanted. Negative self-
image, loneliness, and low self-esteem evoke the feel-
ing of emptiness, which results in finding solace in food. 
Stressful situations and periods of intense mental work 
also cause more frequent and more difficult to control 
attacks of hunger. Additionally, in situations of anxiety, 
an increase in secretion of hormones and neurotrans-
mitters occurs, resulting in increased appetite and the 
amount of calories eaten. A child is taught in such way 
that food brings comfort and solace [15].

The role of prophylactic activities in preventing 
overweight and obesity in children and adolescents

Overweight and obesity are a major public health prob-
lem, and they are thus the subject of many actions in 
a field of this science. A good example of such interven-
tions is a framework developed by the WHO in 2008, 
which is supposed to help member states in monitor-
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ing and evaluating the implementation of DPAS (Global 
Strategy on Diet, Physical Activity and Health). The 
framework assumes that the governments of member 
states should practice leadership and facilitate col-
laborative action in the implementation of policies and 
programs aimed at the promotion of supportive envi-
ronments for health.

The undertaken actions are expected, as a result, to 
help in obtaining positive changes in diet and physical 
activity behavior. These in turn will result in health, so-
cial, environmental and economic improving outcomes. 

According to the example of DPAS implementation, 
it is clear that intervention from the area of health pro-
motion or prevention of diseases has two types of ef-
fects: immediate effects (called outputs), and long-term 
effects (called outcomes). Particular countries, includ-
ing Poland, should be involved in the creation of sup-
portive surroundings for children, and as a result obtain 
changes in behavior (for example eating behaviors) and 
health outcomes (for example a decrease in mean BMI, 
a decrease in the number of people suffering from so-
cial diseases and others). As a result of this fact, many 
different activities including the promotion of health are 
undertaken [16]. There are many definitions of health 
promotion. Most of them specify that health promotion 
is the process of enabling people to have more control 
over their health. Health promoting activities concen-
trate on the health of the population and an increase of 
its potential. Due to the fact that only around 10% of ad-
olescents who have weight problems look for medical, 
dietary help, it is necessary to develop well-designed 
and effective ways of preventing this problem. This is 
why stronger emphasis is placed on prevention than on 
treatment. Being aware of the importance of preven-
tion in dealing with childhood obesity, health promotion 
should mostly be focused on encouraging children and 
their parents to follow the rules of a healthy lifestyle, 
spending free time in an active way and convincing 
young people about the importance of a healthy life-
style for their future [17]. 

The primary prevention of overweight and obesity 
for youth is based on activities that eliminate factors 
causing obesity. This mostly concentrates on pro-
moting a healthy lifestyle, positive examples of pos-
sible activities to be adopted by the whole family, and 
shaping healthy behavior which focus on good nutri-
tion and physical activity [18]. These tasks are real-
ized through heath education designed specifically for 
each group and dedicated to parents, adolescents and 
children. Secondary prevention concerns those with 

an increased risk of obesity, and aims to identify chil-
dren and adolescents with developmental disharmony 
through screening and preventive medical checkups. 
The next steps are aimed at activities limiting the devel-
opment of overweight and obesity. Tertiary prevention 
includes medical counseling for people suffering from 
obesity. These measures are intended to further pre-
vent the unwanted effects of overweight and obesity. All 
promotional and preventive activities are accompanied 
by health education, which guides young people to lead 
a healthy lifestyle and teaches them to take at least part 
of the responsibility for their own health. It is justified 
that, apart from children, parents, and the school au-
thorities should be involved in the health education of 
the youngest. To avoid stigmatization of children with 
excessive body weight, interventions that are being im-
plemented are designed to promote a healthy lifestyle 
and good practices in health promotion. The emphasis 
is put not on fighting with overweight or obesity, but on 
the health promotion activities that should be adopted 
by the whole society, not only by people with weight 
problems. Those undertaken activities are mainly dedi-
cated to changes in eating habits through eliminating 
high fats and sweet snacks, and increasing the intake of 
fruits and vegetables. The mentioned activities are also 
aimed at convincing people to be active and encour-
age people to do at least half hour of physical activity 
per day. The essence of these interventions is to obtain 
long-term effects, resulting in an improvement in the 
general health status of the population. Children, who 
participate those programs (not only those with weight 
problems but also healthy ones), should consider the 
rules of a healthy lifestyle they have learnt about, as 
habits that should be present in their everyday lives. 
A way of obtaining this aim is to design such interven-
tions so they are attractive and interesting for the whole 
society, meaning presenting general rules of leading 
a healthy lifestyle [19]. Activities, that are coherent 
with the mentioned criteria, have been implemented in 
Gdansk to fight with a dramatically high prevalence of 
children and adolescents having problems with weight.

As mentioned in a previous part of this work, the 
Pomeranian Voivodeship is a region with one of the 
highest prevalence of the discussed health problem. 

The range of this problem is presented in Figure 1. 
On the basis of Figure 1 it can be concluded that ana-
lyzing the boys’ situation, excessive body mass is an 
important health issue before adolescence. Analyzing 
the girls’ data, it is clear that weight problems develop 
at an older age, with the onset of puberty. 
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Health promotion activities undertaken in Gdansk 
considering overweight and obesity problems among 
children and adolescents 

An increase that is being observed in Gdansk in the 
number of children who are in danger of social dis-
eases has made the authorities of the Pomeranian 
Voivodeship coordinate activities strengthening the 
mechanisms of the prevention of these diseases. As 
a result of this situation, some institutions have started 
to perform their activities. These institutions are among 
others: The Model of Health Promotion and Prevention 
of Society Diseases among Children and Adolescents 
in Gdansk, whose postulates are realized by schools, 
centers of coordination situated throughout the en-
tire Tri-City agglomeration and the University Clinical 
Center of the University of Gdansk. 

On 22 May 2004, the World Health Organization ac-
cepted a project of the Global Strategy on Diet, Physical 
Activity and Health, on which basis a Pomeranian edu-
cational program called “Trzymaj Formę” (“Keep Fit”), 
which showed the advantages of a healthy diet and 
physical activity, was developed. 

The program is dedicated to student classes IV–VI 
in primary schools and I–III in grammar schools, and 
their parents. During the school year 2010/2011, the 

program covered over 8,000 students from 45 schools 
in the City of Gdansk (17 primary schools, 28 grammar 
schools). 

The coordinators of the program were school coun-
selors, speech therapists, school nurses, and teach-
ers of physical education, biology, chemistry, and the 
Polish language [20]. 

The main idea and aim of the “Keep Fit!” program 
was to educate children and their parents about health, 
create healthy behavior and make people more aware 
of the rules of a healthy lifestyle. 

It is possible because of placing emphasis on ac-
tivities presenting the advantages of physical activity 
and its importance in people’s life, as well as provid-
ing information and knowledge regarding the labeling 
of food packaging, and teaching the principles of fitting 
a healthy diet into lifestyle [20]. 

The program provides a variety of interventions – 
each edition of the program is geared to a slightly dif-
ferent form of influence. During the year 2011/2012, it 
was focused on the involvement of children’s families 
in fighting for the health of the youngest, especially 
through spending free time together and shared sports. 
The year 2012/2013 is the year of the fight against 
unhealthy food and introducing positive changes into 
the menus of children. A unit, which is also involved 

  Source: Own study on the basis of data “Center for Health Promotion and Fitness for Children in Gdansk”

Fig. 1. Prevalence of overweight and obesity among children in Gdansk aged 9, 10, 11 and 14 years old 
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in promoting a healthy lifestyle among children, ado-
lescents and their parents, is the Center for Health 
Promotion and Fitness for Children in Gdansk. The 
institution implements programs such as an interdisci-
plinary health program for children aged 6–7 years old 
called “Zdrowe Życie Twojego Dziecka” (“A Healthy Life 
of Your Child”), and a comprehensive program called 
“Zdrowy Uczeń” (“Healthy Student”) for children aged 
9–11 years old. The health promotion program entitled 
“A Healthy Life of Your Child” was founded in 2003. It is 
aimed at children 6-7 years old and their parents. Every 
year, around 3,500 children from all educational institu-
tions of the City of Gdansk (schools and pre-schools) 
attend this program, which represents over 80% of the 
children of Gdansk at this age. The main objective is to 
promote a healthy lifestyle and to assess health, mental 
and physical development, and to identify the threats to 
health of a child. This is achieved through promotion of 
healthy behavior, reduction of risk factors for health and 
the support of health education of children [21].

Another very important intervention undertaken 
in Gdansk is the “Healthy Student” program. This is 
a screening test program assessing body weight and 
posture, blood pressure and physical fitness of children 
from classes II-VI in primary schools carried out in the 
City of Gdansk. This program includes around 4,000 
children per year. The aim of the program is to create 
and promote the ideal way of convincing young people 
to lead a healthy lifestyle. Implemented activities are 
focused on maintaining a healthy body weight of a child 
and, if necessary, apply corrective measures like reha-
bilitation, as well as showing healthy eating habits. The 
program is divided into three parts: diagnostic, educa-
tional/informational and reporting. The first part is per-
formed by physicians and includes a study of body pos-
ture, assessing BMI, blood pressure measurements, 
and evaluation of physical fitness of the organism. The 
second includes information and education about ac-
tivities presented on the individual child’s test card and 
educational materials. During the third part, evaluation 
reports are prepared about the activities undertaken 
during the program [22]. 

A very important health program, especially for the 
greatness of its scale, is “6–10–14 dla Zdrowia” (“6–10–
14 for Health), conducted by the University Clinical Center 
of the Medical University of Gdansk in cooperation with 
the Center for Health Promotion and Fitness for Children. 
This is Poland’s first comprehensive program of diagnos-
tics and treatment of civilization diseases – mainly over-
weight and obesity among children and adolescents. 

Implementation of this program began in 2011 and is 
planned to be continued until the end of 2013. It is entirely 
funded by the City of Gdansk. The program’s budget for 
one year is around 1 million PLN. The main goal of the 
program is to improve the health status of the population 
of children and adolescents living in Gdansk by conduct-
ing comprehensive educational and health promoting ac-
tivities in children selected by detection factors of lifestyle 
diseases. The specific objectives of this program may 
include a reduction in the incidence of overweight and 
obesity, and a reduction of excess body weight among 
children covered by the program. An additional goal is 
to obtain early identification of children and adolescents 
with metabolic diseases and high blood pressure, as well 
as the introduction of proper nutrition and health behavior 
during the program, and their strengthening after the end 
of the program. The program covers all children in se-
lected periods of time, aged 6 and 14 years, and selected 
groups of children aged 9–11 years. The total number of 
participants is estimated at 30,000 children and young 
people during the three years of the program. In addition, 
the program is also directed to parents and school com-
munities, and consists of two phases. The first relates to 
the screening of the population of Gdansk children and 
their families, and estimation of the parameters of the 
health of children and identification of health problems. 
The second stage involves specialized counseling for 
children diagnosed with risk factors. Every child who is 
overweight or obese is invited to the annual program of 
intervention, where under the care of specialists they will 
be trained to modify their own health behavior. A dietary 
plan is prepared during the consultation. The whole fam-
ily of a child is encouraged to participate in it. Very strong 
attention is paid to the impact of the family in the fight 
against overweight and obese children and adolescents, 
which is why the program creators organize educational 
courses for parents [23]. During the 2011/2012 school 
year in the program concerning school environments at-
tended 52 institutions.  Seven of them conducted nutri-
tional education, and 21 – education in the field of diabe-
tes. From September to December during the 2011/2012 
school year, around 2,400 children aged 6, 9–11, and 14 
years old were examined, out of which 94 were included 
in the specialist program. However, since January 2013, 
1,736 children aged 6 years old were examined, out of 
which 213 were accepted on the program, 1,597 chil-
dren from primary schools were examined, out of which 
314 were enrolled in the program, and 1,374 junior high 
school students were examined, out of which 304 were 
also accepted on the program.
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Summary

The problem of overweight and obesity is often under-
estimated and we do not see its gravity. It is important 
to take appropriate measures to prevent further expan-
sion of this phenomenon. For this purpose, through 
preventive and educational measures, society is being 
educated that excessive body weight and physical in-
activity cause not only obesity, but also serious associ-
ated complications. This should motivate both children 
and their families to undertake healthy behavior, of 

which the most effective are physical activity and a bal-
anced diet.

Initiatives conducted in Gdansk, especially the 
multi-threaded program “6, 10, 14 for Health” are ac-
tivities which carry benefits to the young citizens of our 
city by improving their quality of life now, and protecting 
them from the mentioned health consequences in the 
future. They are also a form of influence on the family, 
science and education environments, and at the same 
time create clear scientific data that are likely to form 
the basis of wider ranging changes.
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Abstract

Children and youth are encouraged to select sport disciplines at ages younger than ever before. Body size, 
build, and composition indicate sport predispositions, but they  change during childhood and adolescence. 
Somatic and physiological characteristics are strongly determined by genetic factors; however, during growth 
processes they present adaptational changes. The important matter is to connect the epigenetic impact with 
gene expressions. However, it is not obvious whether the response of the organism to exercise training has 
a positive consequence. Prior to adolescence, sex differences in the intensity of growth processes and motor 
skill development are minor. Adolescence starts earlier in girls (aged 10–11 years) than in boys (approximately 
2 years later). During this time, boys gain more in height, weight, muscle mass and strength, and it is not pos-
sible for girls to compete against them in most sports. At the period of intensive growth of the long bones, the 
threat of injury should exclude youth from participation in collision sports. Sport success is closely related to 
maturity; therefore, identification of early- and late-maturing athletes is very important. Late-maturing individu-
als, at the same chronological age as early-maturing individuals, will face undue risk of injury due to slower 
and longer growth of bones and muscles. Once identified as an individual who is maturing more rapidly or 
more slowly, the child should have opportunity to compete against young athletes who are of similar maturity, 
not the same chronological age. Therefore, non-invasive indicators of maturity status should be established. 
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 ABSTRACT    

The consequence of “the fashion for sport” is that children 
and youth are encouraged to choose a sport specializa-
tion and train systematically at a young age. The goal is 
to then perform a feat and join the sports elite. Literature 
mentions a few aims of a good sports program for youth: 
(1) deriving pleasure from doing sports; (2) mastering 
sports rules and strategy; (3) increasing physical activ-
ity; (4) forming social bonds, developing self-esteem, and 
making friends; (5) learning sports conduct and rules of 
fair play; (6) building the habit of regularly engaging in 
physical activity; and (7) preventing obesity [1].

Body build (physique), especially some of its pro-
portions and composition (the relative amounts of bone, 
muscle, and fat that make up body mass), is immensely 
important for sports performance. Papers distinguish 

constitution types (somatotypes) characterizing general 
build and tissue proportions. Somatotype, however, is 
not a guarantee of success or failure, but creates fa-
vorable conditions for success in certain sports disci-
plines. This is true especially when individuals develop 
the  somatotype useful in a given discipline.

With this in mind, we can help children choose 
a sport most suited for their body builds. However, 
this is only one predisposing element. Because body 
build is genetically determined, it practically does not 
undergo any changes. It is also difficult to determine 
body type during childhood, especially in the matura-
tion period [2]. For sports performance, body elements 
(tissue components), i.e., appropriate proportions of 
bone, muscle and fat mass, are of greater significance: 
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fat percentage (% FM) and fat-free mass (FFM) are 
especially important. Nevertheless, success in sport is 
influenced by many biological and mental factors. First 
and foremost, it is influenced by physical fitness, mo-
tor skills, overall and particular sports abilities, coach’s 
skills, and quality of training. Success also depends on 
cognitive, mental, and social factors [3].  

Among the discussed body build characteristics, the 
proportions of longitudinal elements of limbs in relation 
to each other and in relation to the trunk (namely, the 
system of levers) are very important in many sports disci-
plines. However, physical build, which determines sports 
performance, undergoes constant changes during child-
hood and adolescence. The role of muscles, which 
generate strength, is of major importance. The more 
strength and power an athlete has, the greater chance 
he/she  has in achieving success against a competitor. 
Fat tissue, as an excessive load, is a factor impeding an 
athlete. A considerable amount of fat decreases speed 
and reduces endurance. It also increases risk of injury 
in some sports. In all sports disciplines except sumo and 
wrestling, top athletes try to be slim, muscular, and have 
a minimal amount of fat tissue [4].

Genetic and environmental determinants 
of sports performance

Knowledge of ontogeny, including growth (increase of 
body size and mass), differentiation (formation of pro-
portions in size and components) and maturation (func-
tional improvement), helps to choose a sports discipline 
most suitable for a given age and sex that will not dis-
turb this genetically determined and hormone-con-
trolled process. Body build (shape and components) 
are unique for every individual, just as the related physi-
ological functions are. Monozygotic twins are an excep-
tion, but slight differences also exist between them due 
to epigenetic processes. The abovementioned traits 
are strongly dependent on own genes (genotype), but 
they undergo alterations during growth. They are sex-
specific and change due to age, environment, and life-
style. For these reasons, selecting individuals suited for 
different sports disciplines is necessary.

All traits of body build are strongly determined (con-
ditioned) genetically; most of them are influenced by 
numerous genes. For example, body height is ultimately 
affected by approximately 180 genes inherited from 
parents. This explains the belief that great athletes “are 
born” not “made”. Nevertheless, the reality of these ge-
netic predispositions is determined by opportunities pre-

sented by the environment (both natural and man-made) 
as well as lifestyle. This also concerns training.

Body structure, composition and their mutual propor-
tions, especially pattern of fat tissue distribution (includ-
ing potential abdomen obesity), bone density, and joint 
structure are not the only traits determined by genetic 
factors. Strength and endurance fitness depend on mus-
cule type and its development. Agility, balance, coordina-
tion, and movement speed depend mostly on nervous 
system. Strength capacity and maximal aerobic capacity 
depend on the development of respiratory and circula-
tory systems as well as on cardiac size and function. 
Therefore, genetics concern the functioning of the whole 
body, including physiological traits and psychomotor 
performance. Moreover, force capacity is stronger ge-
netically determined than rest capacity. Human physical 
performance is the result of relation between  genetic 
background, environmental conditions and lifestyle, in-
cluding training. It is influenced by over 200 autosomal 
gene variants and quantitative trait loci. The chances of 
having a perfect sporting genotype are lower than 1 in 20 
million. The number of related polymorphisms increases; 
at the same time, however, their simultaneous occur-
rence in individuals decreases [5]. 

Despite numerous studies undertaken in recent de-
cades studying the influence of genetic factors on sport 
performance, the state of such knowledge remains 
poor. Research into the relationship of sports and ge-
netics faces many obstacles, mainly due to the small 
number of persons (elite athletes) and genes that seem 
to be of key importance in this subject matter [5].

The concept of individual response to training and 
trainability was undertaken 3 decades ago by a group 
of American scientists led by Claude Bouchard. Many 
studies on twins confirmed the strong genetic deter-
mination of the organism’s response to training. The 
studies mainly concerned maximal oxygen uptake, 
which indicates the level of endurance fitness – a very 
important peculiarity for good sports achievements. 
Extensive genetic research that included favorable al-
leles related to 21 SNP confirmed identification of low 
and high response to training in people leading seden-
tary lifestyles [6].

According to somatic and physiological traits that 
are of prime significance to sports performance, spe-
cial attention should be paid to genetic control of the 
following: skeletal muscles and their function; body 
shape and proportions; and heart and lung anatomy 
and function. Moreover, resilience should also be taken 
into consideration.  
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Several genes  were identified  as being potentially 
responsible for trainability of cardiorespiratory traits (in-
cluding cardiac action) and a skeletal muscles perfor-
mance [7]. The genes usually mentioned in  sports ge-
netics are the following: ACE, ACTN3 (“sports gene”), 
PRARGC1A, HIF1A, NOS3, and NRF-2 (in particular, 
their polymorphism).

Apart from the phenomenon of polymorphism, it is 
very important to associate sports results with epigen-
etic influences, i.e., biochemical regulators (switches) 
that have primary control over the expression of individ-
ual genes. Three structures of switches characterized 
by different mechanisms of action have been currently 
distinguished: (1) methyl groups (CH3 bound mainly 
to the ring of cytosine) that are deposited directly on 
the DNA and silence the genes attached by the DNA 
methyltransferase; (2) chemical changes in proteins 
(histones), around which the DNA winds, and as a re-
sult, its entire fragments become readable. DNA meth-
ylation and histone modifications are strongly linked to 
each other; (3) MicroRNA (miRNA) responsible for pre-
venting mRNA  from being translated into proteins [8]. 
The miRNA binds to mRNA (during translation period) 
and, through interference, blocks the synthesis of some 
polypeptides [9]. It seems that during endurance train-
ing, the production of certain types of miRNA that block 
such genes as RUNX1, SOX9, and PAX3 was smaller. 
Individual variability in resistance to muscle mass in-
crease due to training, which was connected to the 
amount of the 3 types of miRNA has been also report-
ed. For example, the quantity of miR-451 was higher 

only in persons resistant to the training [7]. Regarding 
epigenetic mechanisms: depending on whether or not 
the promoter of the ACE gene undergoes methylation, 
the epigenetic regulation can be more important than 
the polymorphism itself [10]. Possessing a polymor-
phism of the ACE gene that is correlated with good 
sports performance will be insignificant for an athlete if 
the gene is not expressed.

Epigenetic processes are closely related to  envi-
ronmental factors and probably even emotions. One of 
these factors, and possibly the most important one, is 
diet, which influences body build and functions (includ-
ing physiological processes), health, and physical activ-
ity. Nevertheless, we know today that emotions can also 
modify human development through epigenetic regula-
tion. In addition to eating habits, environmental factors in-
clude biogeographical conditions (i.e., natural modifiers) 
and socioeconomic conditions (i.e., cultural modifiers) 
([11, 12, 13]). Within cultural modifiers, family conditions 
(parental education and income, lifestyle, and eating 
habits) as well as (system of values, traditions, and social 
habits are considered as very important cultural modifi-
ers). They form  genetically controlled growth processes 
to varying degrees [14, 15].

Physical growth patterns  

The most rapid growth can be observed during infancy, 
which is followed by a period when different systems 
and organs adjust to greater body mass and when 
growth decelerates. During the first year an infant grows 

Figure 1. Periods of progressive ontogenetic development of humans on the basis of height increase velocity [14]. 

Age, years
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approximately 25 cm. At the age of 6–7 years, there is 
a slight increase in the growth rate. This is called the 
“mid growth spurt” (determined by the secretion of ad-
renal hormones). During the prepubertal period (from  
6–7  to 10–12 years), growth rate decreases again, and 
we can observe intense hormonal changes prior to sex-
ual maturation (puberty). Polish terminology has been 
adjusted to the terms used in English: the Polish terms 
“pokwitanie” (puberty) and “dorastanie” (postpuberty) 
are called  adolescence (Figure 1). 

During childhood the rate of growth varies slightly 
for each sex (boys are not much taller than girls, girls 
mature earlier). Another period of rapid growth rate, 
called the ”pubertal spurt ”, can usually be observed 
in girls aged 11–12 years (in some girls, between the 
ages of 10–13 years); during this time, they are taller 
than boys (Figure 2). The situation changes after about 
2 years, when boys enter puberty period. During puber-
tal spurt, over 2 to 4 years, the individual grows around 

20 cm. The period of sexual maturation (puberty) is fol-
lowed by a postpuberty period.

A comparison of  boys and girls maturation, shown 
in the figure 3, is arranged by chronological age. Peak 

Figure 2. Periods  of  progressive  ontogenetic  development  of 
humans  on  the  basis  of  height  increase  velocity  according  to 
sex [16].

Figure 3. Occurrence of peak height velocity (PHC – point zero) and symptoms of sexual maturation observed before and after PHC. 
Abbreviations: NAH – activation of neurohormonal activity of hypothalamus; LH- secretion of luteinizing hormone; T – testosterone; 
B – stages of breasts development (B2 – initial stage, and B5 – final stage); PH – stages of pubic hair development (PH2 – initial 
stage, and PH5 – final stage); G – stages of development of sexual organs (G2 – initial stage, and G5 – stage of full development) [15]
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height velocity, which usually occurs about 2 years 
earlier in girls than in boys, is considered to be the 
reference point. The charts illustrate the differential 
timing and rate of changes in both sexes associated 
with pubertal phase (e.g., hypothalamus activity and 
development of secondary sexual characteristics). It 
is a noteworthy fact that the first menstruation in girls 
(menarche) and the first ejaculation in boys (noctur-
nal emission) occur at similar chronological ages, i.e., 
a year preceding peak height velocity in boys, and 
a year after peak height velocity in girls (Figure 3).

 Nevertheless, daily increase in body height during 
the whole period of childhood and youth is irregular 
and occasional (so called saltations and stasis). A child 
may grow one day, and then a long stasis, lasting from  
a few days to a few months, occurs. To date, the factors 
responsible for this phenomenon have not been fully 
explained [17, 18, 19].  

Development processes and training effort  

Physical activity is one of the key factors that not only 
stimulates physical development, but mental devel-
opment as well. During childhood and adolescence, 
regular physical exercise is a crucial environmental 
factor that allows  utilizing  a full (genetically deter-
mined) developmental potential. Optimal physical ex-
ercise involving muscle activity (muscle contraction 
of optimal intensity stimulates growth plates) affects 
bone growth in most sports disciplines. However, it 
has not been explained whether training programs for 
young athletes have any growth-promoting effect on 
their height. It is also hard to determine which kind of 
training is optimal, moderate, or excessive for stimu-
lating growth. First and foremost, there is a competi-
tion for elements utilized for growth and development. 
In boys during puberty, the increase of muscle mass 
is directly related to intensity and time of training. It is 
also related to the reduction of fat tissue. However, 
we know much about how harmful intensive physical 
activity (exceeding the “acceptable” limit) is for growth 
processes in young athletes. There is increasing evi-
dence that the growing child’s heart responds favor-
ably to physical exertion. 

Nevertheless, it is necessary to identify a potential 
strain regarding cardio-vascular diseases, on the basis 
of parental health status and history. 

There is a lack of research on the influence of 
intensive, repeated physical exercise (training, com-
petitions) on the skeleton during childhood and early 

stages of pubertal maturation. The American Academy 
of Pediatrics’ Sports Medicine Committee discourages 
intense athletic activities, such as long-distance run-
ning and weight training, during childhood  and until 
the rapid growth of early adolescence has been com-
pleted [4].

The processes of growth and sexual maturation 
are much more diversified in young athletes than in the 
average population. There are many early-maturing 
young athletes and female gymnasts (including ballet) 
and figure skaters, which are characterized by short 
stature and late sexual maturation. Nevertheless, we 
cannot attribute later sexual maturation in athletes to 
intense training with absolute certainty. It is related 
instead to the hypothalamo-pituitary function con-
nected with the production of growth hormone (GH), 
insulin-like growth factor (IGF-1), and gonadal func-
tions, which correspond to each stage of maturation. 
However, we should be cautious while selecting the 
best athletes (sport elite), including ballet dancers. 
Without a doubt, intense training influences growth 
and sexual maturation. Neither should we disregard 
genetic and epigenetic factors, which are affected by 
stress, psychosocial relations, family conditions, eat-
ing habits, etc. [20]. 

The influence of intense training on growth and 
sexual maturation processes in artistic gymnasts 
raises concerns. Due to selection, these athletes are 
characterized by short stature and later maturation. 
It is arguable whether this is caused by natural pre-
dispositions for this sport, or if the intensive training 
inhibits natural growth. Gymnasts represent pattern 
of development and maturation similar to the one ob-
served in low-, average-, and late-maturing individu-
als who were not athletes. According to the literature, 
adult height of female and male artistic gymnasts is 
not compromised by intensive gymnastics training. 
This training does not appear to attenuate growth 
of upper or lower body segments, and does not ap-
pear to attenuate pubertal growth and maturation. 
Nevertheless, available data are inadequate to ad-
dress the issue of intensive training and alterations 
within the endocrine system [21].

Sex differences

Before puberty, sex differences in body composition 
are small. Boys usually have greater bone and mus-
cle mass and less fat tissue than girls. However, this 
situation changes drastically during adolescence. After 
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peak height velocity (11–12 years in girls; 13–15 years 
in boys), maximal increase of body weight is observed. 
Boys gain more in height, weight, muscle mass and 
strength, but less in fat tissue. Girls gain more in fat tis-
sue but less in muscle mass. After puberty, girls have 
around 66% of boy’s muscle mass, and twice as much 
fat tissue [15].

There is little difference between sexes in body 
build and motor skills during childhood, and because of 
this it is not necessary to separate boys and girls during 
physical exercise nor to prevent competition between 
them. The situation completely changes during sexual 
maturation [22, 23]. Boys are taller, stronger, and have 
greater body and muscle mass; because of this, girls 
cannot compete with them in most sports. After age of  
11, boys and girls should follow separate competition 
rules, especially in sports where strength and body size 
determine efficiency, and which involve a high risk of 
injury [4]. 

Growth plates (metaphyses)

During maturation, the skeleton first grows in size and 
length. Then it gains in density and strength (resistant 
to excessive strain). The long bones of arms and legs 
increase their length by proliferation of cells located in 
growth plates at either end of the shaft of long bones 
(metaphyses). The growth plates are composed of car-
tilage (soft tissue). As a result, they are the most fragile 
point in the bone – even weaker than the ligaments that 
align the neighboring joints. During the period of inten-
sive growth, these plates are particularly prone to dam-
age. Every injury to this area of the bone can destroy the 
cells responsible for their elongation . Nevertheless, the 
optimal intensity of alternating pressure (exercises) stim-
ulates ossification. If the exercise intensity is too small, it 
does not constitute a stimulating factor; if it is too great, 
it causes damage and consumes too much energy. For 
fear of such injuries, youth should not engage in colli-
sion sports (e.g., American football and wrestling) where 
severe blows to a leg or arm may be encountered. When 
growth nears completion in later adolescence, the func-
tion of growth plates is finished, and the epiphysis fuses 
firmly with the shaft of the long bone.

Individual differences during pubescence

There is great variation in the age at which individu-
als experience changes in body structure and basic 
functions that relate to athletic performance during 

early years of adolescence. As a result, the age when 
children are physically ready to perform many kinds 
of sports disciplines is also different. The identifica-
tion of early- and late-maturing individuals is therefore 
very important if they are to be directed into appro-
priate sport experiences. At the same chronological 
age, late maturers will have increased risk of injury 
due to undeveloped  muscles and immature skeleton, 
and thus, reach a similar physical level late. More im-
portantly, during competition against larger, stronger, 
and more developed early-maturing peers, they will 
be less skilled athletes. Difference difference regard-
ing the age of achieving maturity may reach from 4 to 
5 years.

Early-maturing individuals 

Early-maturers are taller, bigger, quicker, acquire 
sport skills faster, and have more endurance  po-
tential than their late-maturing peers at the same 
chronological age. They are expected to be “school 
sport stars” among their colleagues. A major problem 
is that early-maturing individuals enjoy outstanding 
sport success during school years because of their 
physical advantage over other students who started 
training at a later age. Early sports achievements 
may eliminate chances for success in other areas, 
e.g., education, various forms of social activity, art, 
and other types of physical activities (e.g., tourism). 
Many “young sport stars” experience strong depres-
sion after losing their position, which happens often 
at the age of 16–17 years.

Early-maturing individuals are most probably born 
to parents who likewise were early maturers; there-
fore, investigation in this area is necessary. Once the 
rate of maturation is identified, a child should be given 
a chance to compete against other individuals at a sim-
ilar biological, not chronological, age. Early maturers 
should be aware why their performance is better than 
others, and their achievements must be compared to 
these of their biological peers.

Late-maturing individuals 

Late-maturing individuals are usually small in stature for 
their age. They reach their final (“adult”) and genetically 
determined height during and after the peak height ve-
locity. Additionally, they will have less strength, endur-
ance, and skeletal maturity and lower motor skills then 
their average peers. These individuals will not be able 
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to compete and achieve good performance in many 
sports disciplines where results depend on body size, 
muscle strength, and endurance. In many cases, late 
maturers will be more prone to injury.

Also in this case, information about the rate of  
maturation should be obtained from the parents who 
likewise were late maturers. The identification of the bi-
ological (developmental) age is significant to the physi-
cal and mental state of late maturers. If early sports 
participation is important to  late-maturing individuals, 
they should be directed to disciplines that are not pri-
marily dependent on size and strength, i.e. racket sport, 
diving, and some track events. A late maturer might not 
become a champion, but she/he will gain certain skills 
to earn a satisfactory sport position.

Late-maturing individuals should know what matu-
ration is, in which stage of maturation they are, when 
sports may be beneficial for them, when intensive train-
ing will be effective, and when sports participation will 
bring them satisfaction. It is important for youth aged 
14–16 years to avoid negative sport experiences. Late 
maturers do not have to suffer due to their constant 
exclusion from sports and denial of related benefits. 
When appropriately directed (by parents and coaches), 
it may be them who become sport stars [4].

New model of an athlete – expectations

Contemporary athletes are different from those of pre-
vious generations. First and foremost, they are bigger 
and stronger at a younger age [24]. According to the 
new model, a young athlete is not only characterized 
by better performance, but also needs better, profes-
sional care that involves safety devices, training facili-
ties, coaching, and related regulations. A program in 
primary schools has to reduce strength and endurance 
to a minimum. There is no potential for developing 
these traits at this age. Until the age of 12–13 years, 
sport should be considered a form of play that allows 
young individuals to experience various options and 
introduces them to certain sports techniques, as well 
as enables the development of appropriate skills (pre-
dispositions). Due to changes in the maturing body at 
the ages of 12–16 years, attention should be paid to 
the proper selection of individuals competing against 
each other. Young athletes should be aware of their 
level of maturity (developmental age) in relation to their 
chronological age. Youth engaging in sports should not 
have to suffer from the unrealistic expectations of their 
coaches and parents [4].  

It seems to be true that contemporary young people 
who choose a sport career strive to be included in the 
elite, as they expect to reap the social, economic and 
other benefits associated with success. The majority of 
young individuals drop out along sport path. A “busi-
ness” managed by adults is the prime factor causing 
early sport specialization. There is limited information 
on effectiveness of early specialization followed by 
long-lasting success in the chosen discipline. Early 
success does not guarantee further success among 
“elite sport”. Moreover, limited experience, usually in 
only one sport discipline practiced over the entire year, 
does not favor future success. It is important “to keep 
sport in perspective” as children and youth engaging 
in sports (including talented individuals) are first and 
foremost individuals with needs of children and ado-
lescents, normal for their age. Their primary aim is to 
“grow up” to future life, both biologically and behavior-
ally [25].

Interview, description, and measurements

The earlier description of growth and maturation phe-
nomena show that the classification of youth as early, 
average or late maturers for different sport disciplines 
is of prime importance. Depending on the candidate’s 
age this information can be obtained in different ways. 
In prepubertal period (6.5–11.5 years), the suggested 
method of evaluation involves parents (the rate of 
growth a highly inheritable trait, thus, analysis of the 
parent’s development allows us to make predictions 
about this process in children). This evaluation is, how-
ever, a very general one, and only biological parents 
can be interviewed.

We can distinguish invasive and non-invasive indi-
cators of maturity status [26]. The most popular ones 
include skeletal age and secondary sexual character-
istics (pubic hair, genitals, testicular volume). Skeletal 
age is applicable from childhood through adolescence, 
while secondary sex characteristics are limited to pu-
bertal period. However, these methods are regarded 
as invasive. Skeletal age requires a low dose of radia-
tion and additional costs of conducting the examination 
(a radiologist, film, and journey to a clinic). Clinical as-
sessment of pubertal status requires direct examination  
which often involves palpation of genitals to estimate 
testicular volume, and is considered an “invasion of 
personal privacy.” Self-assessment of stage of geni-
tal and/or pubic hair  is a partial solution to this issue. 
Nevertheless, it is not always accurate, because the 
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correlation between  self and  specialist ratings range 
from 0.59 to 0.92; we can observe both underestima-
tion and overestimation [26].

Due to the aforementioned issues, scientists more 
often think about perfecting the non-invasive methods, 
which currently include the following: (1) evaluation of 
time before or after peak height velocity to estimate the 
age when it occurs, as well as measurement of cur-
rent height and sitting height (the difference between 
these 2 values gives the length of lower limbs), and 
body mass [27]. (2) Estimating the age at peak height 
velocity serves for the “model of long-term assess-
ment of athletes” that requires division  into early, aver-
age and late maturers. A percentage of predicted adult 
height attained at a given age requires current height 
and a prediction of adult height. For example, 2 young 
persons of the same age can have the same height, 
but one is closer to mature height than the other [26]. 
For this purpose, we can use a nomogram for predict-
ing the course of development of a given individual 
(Figure 4).

However, previous studies based on the listed 
methods conducted with young Portuguese football 
players showed that non-invasive methods of estimat-
ing the maturation age are of limited importance. 

In the case of individuals who according to chrono-
logical age should be entering or have already begun 
maturation, interviewing their parents is always nec-
essary. Additionally, we should establish: in girls - the 
age at first menstruation, which is commonly used to 
assess the maturation age of whole populations; and 

in boys – the age at first nocturnal emission, which is 
rather difficult to determine. Evaluation of secondary 
sexual characteristics is usually very problematic. In  
boys, it should be performed by a man, and in  girls, 
by a woman. 

Studies have revealed that skeletal age is earlier 
than chronological age in young football players, while 
it is later in young female gymnasts [21].

Body composition (BC) is a very popular method, 
applied in many countries, estimating fat, bone, water 
and muscle content of the human body. BC under-
goes considerable changes during  growth, including 
maturation, and  varies a lot between individuals. There 
are about a dozen methods for evaluating body com-
position, e.g., impedance, radiographic, and magnetic 
resonance method. Nevertheless, there are few data 
available on this subject matter. Most studies concern 
cross-sectional studies, and they always require a ref-
erence group from the same population. [21]. Relative 
percent of fat (%FM) and of fat-free mass (%FFM) are 
the 2 most important values obtained through these 
methods [29,30]. Uncontrolled attempts to reduce fat 
tissue and increase fat-free mass may lead to eating 
disorders. The “individuality of each person” should be 
the prime rule of working with every candidate for an 
athlete. 

Additionally, body measurements  of studied chil-
dren and youth can be applied. The basic longitudi-
nal measurements include height; length of limbs and 
trunk). Usually, the assessment of body type is based 
on the Health-Carter method [31, 32]. The evaluation 

Figure 4. Nomogram used for determining the predicted course of a child’s development on the basis of parent’s height [28]
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of endomorphy requires measurements of skinfold on 
arm, under the inferior angle of scapula, and the iliac 
crest (adjusted to body height). In the case of meso-
morphy, it is necessary to measure the largest circum-
ference of the arm and lower leg, as well as the width 
of the distal epiphysis of humerus (cl-cm) and femur 
(epl-epm). Ectomorphy is evaluated on the basis of the 
slenderness index (height divided by the cube root of 
body mass). 

Such features as spine flexibility, grip strength, 
shoulders strength, and vital capacity should also be 
considered as potentially important. Individual mea-
surements can be applied to calculate body proportions 
(e.g., interextremity index, trunk index, upper and lower 
extremity index) and the BMI and WHR indices (waist 
circumference to hip circumference). All the aforemen-
tioned measurements, together with indices  have no 
meaning in isolation, as they may change with the age 
of maturing children and youth.

Much worthy for examination is handedness, which 
allows  assessing future development of functional, 
dynamic, and morphological asymmetry. It seems that 
measuring body composition, standing stature, spinal 
curvature, and flat feet during adolescence is of little 
significance in predicting sport performance. It is, how-
ever, important for health protection. Nevertheless, 
interviewing parents about chronic and congenital dis-
eases in their family is crucial.

For future actions regarding early sport specializa-
tion, it is necessary to compare selected candidates 
for athletes with their local population (regional norms 
can be useful for this purpose). However, there is a lack 
of available information on the growth and maturation 
of young athletes. Comparing body build or predicting 
future adult height, using data from  other countries, 

which were often established long ago, is highly impre-
cise, and constitutes malpractice. The comparison of  
stages of secondary sex characteristics needs to be re-
vised  due to the general phenomenon of acceleration 
of maturation processes.

These are the tasks awaiting Polish human bi-
ologists. Currently, it is problematic, but possible, to 
take measurements of children and youth; however, 
obtaining additional and reliable information (e.g., so-
cioeconomic status of a family, lifestyle, and eating 
habits) is extremely difficult due to the typical lack of 
parents’ permission, even though these studies are 
anonymous. We believe that educating Polish society 
is crucial in this regard. The issue not only concerns 
the future of Polish sport, but also the systematic evalu-
ation of growth processes of all our children and youth. 
Discussing early sport specialization, the subject of 
appropriate growth  and health cannot be omitted. For 
almost 50 years, one of the authors of this paper has 
been participating in a debate about the role of physical 
culture and motor fitness. At first, this subject matter 
was approached holistically, but during the last several 
decades, the approach has changed according to the 
accepted paradigm. We can observe that the old topic 
of sport and health has recently returned in the form 
of Health-Related Fitness, according to which physical 
exercise and professional sport should be beneficial 
for growth and health. The aforementioned tendency 
is contradictory to early sport specialization. Another 
controversial subject seen in recent studies concerns 
“doping” in sport. Perception of the effectiveness of 
doping should be reconsidered [33]. This should be 
taken under serious reflection in the context of physical 
culture in Poland.
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