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Regular readers of Human Movement have certainly 

noted the changes in the journal editorial staff, which 

include a new Editor-in-Chief, Associate Editors and 

new members of the Editorial Board and Advisory 

Board. We do hope these changes will have a positive 

impact on Human Movement issues in the future. We 

truly believe that our journal will be constantly 

improving its scientific standards by publishing top 

quality research papers on various aspects of sports 

sciences. We are particularly interested in such areas as 

physical education, youth sport, recreational sport, 

high-performance sport and physiotherapy. We think 

Human Movement should respond to the modern 

challenges in the areas of motor development, motor 

learning, health and fitness, socialization in sport, 

function of sport in society and health in sport. We 

welcome contributors who represent the diverse sport 

sciences and different scientific approaches, especially 

those rarely covered in professional literature. Top 

quality papers on sport medicine, exercise physiology, 

sport biomechanics, sport psychology, sport pedagogy, 

sport sociology, sport philosophy, have always been 

regarded as valuable contributions to our journal. We 

are also looking forward to works from such nascent 

areas of sport sciences as computer science or sport 

information.

The present volume of Human Movement reveals 

the methodological diversity of modern sport research. 

New methods of observation, analysis, sensible justi-

fication and synthesis are constantly sought. There are, 

in fact, very few scientific disciplines which are not yet 

applied in sport research. Such scientific fields as sport 

economy, sport facilities and equipment, sport law and 

sport politics have been developing rapidly, challenging 

Human Movement editors to embrace these new contexts 

of sport and physical culture. 

The first article in this volume is a study by Spanish 

authors concerning relationships between self-determined 

motivation and physical education. It is followed by 

a number of papers written by experts in natural 

sciences, in particular, by teams of bioengineers. They 

are concerned with the identification of factors and 

neurophysiological mechanisms that may determine 

a robust and very stable postural control in volleyball 

players; development of a mathematical model of javelin 

flight involving transverse elastic vibrations; and 

correlation between values of muscle torques with the 

level of development of tissue components in a group 

of young men. Another paper is devoted to the effects of 

cylindrical handle diameter and handle position on 

maximal grip force. The volume also includes an article 

with very practical aims, which shows that understanding 

aikido mechanics improves the performance of aikido 

techniques. 

The papers in the current issue of Human Movement 

also touch upon the problems of physical development, 

motor development and physical fitness. Two other 

articles present the significance of social stratification 

factors in physical fitness development and a mathe-

matical model of correlations between somatic traits 

and indoor rowing results. 

The last two articles in the volume focus on entirely 

different aspects of sport. One of them is an interesting 

analysis of the phenomenon of Polish football hooligans; 

the other discusses the professional career paths of 

alumni of the Faculty of Physical Education of the Uni-

versity of West Bohemia in Pilsen, who graduated from 

this renowned institutions between 1998 and 2005.

Human Movement also reports on important scientific 

and scholarly events. The present volume is concluded 

with conference reports, the announcement of the 

annual competition for Prof. Bogdan Czabański’s 

Award and an invitation to the International Conference 

“Rydzyna 2009”.

Last but not least, we are especially grateful to our 

reviewers for their critical evaluation of the articles. 

Thanks to them Human Movement remains a top 

quality scientific journal.

EDITORIAL

2009, vol. 10 (1)
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Introduction

Different studies have shown the impact that teach-

ers’ actions have on pupils’ attitudes in physical educa-

tion classes. Some aspects such as interest, satisfaction, 

the level of pupil’s involvement in the class and motiva-

tion are variables that are influenced by the pupil’s per-

ception of the motivational climate generated by the 

teacher, with results demonstrating, among others, that 

environments favouring the pupils’ autonomy and deci-

sion-making lead to greater satisfaction and interest in 

physical education [1–3].

Taking into account the postulates of the self-deter-

mination theory [4, 5], it is interesting to analyse pupils’ 

perceptions of their autonomy, competence and related-

ness, since they will have an influence on their motiva-

tion towards physical education and probably on how 

important and useful they think the subject is. Accord-

ing to this theory, self-determined behaviour can be de-

scribed by distinct motivational types: (a) amotivation, 

a lack of motivation; (b) extrinsic motivation, or engag-

ing for reasons that emanate from the outside of the self, 

such as rewards or coercion; and (c) intrinsic motiva-

tion, or engaging for reasons that emanate from within 

the self or within the activity itself. These motivational 

types can be ordered along a continuum on which amo-

tivation and intrinsic motivation are at opposite ends. 

Movement along the continuum is partly governed by 

internalising motives for participating, so that those that 

were formerly extrinsic become intrinsic. In this shift 

along the continuum, it is suggested that one crosses 

a threshold of autonomy [6].

There are different types of regulation within extrin-

sic motivation depending on the level of self-determina-

tion: external, introjected, identified and integrated. In 

external regulation, students participate in class to at-

tain external incentives, in introjected regulation, par-

ticipation is determined by feelings of guilt, whilst in 

identified regulation, they participate because they 

think the activity is important, although it is not actually 

pleasurable. In integrated regulation, performing an ac-

tivity is in congruence with the individual’s different * Corresponding author.

DOI: 10.2478/v10038-008-0022-7

Juan Antonio Moreno Murcia1*, David González-Cutre Coll2, Luis Miguel Ruiz Pérez3

1 University of Miguel Hernández of Elche, Elche, Spain

2 University of Almeria, Almeria, Spain

3 University of Castilla La Mancha, Castilla La Mancha, Spain

ABSTRACT

It is widely accepted that when psychological needs for autonomy, competence and relatedness are encouraged in physical 

education classes, they can play a potentially important role in enhancing motivation and positive consequences. Purpose. The 

purpose of this study was to analyse the relations between self-determination theory and the importance and usefulness pupils give 

to physical education. Basic procedures. The sample consisted of 440 Spanish students, aged between 14 and 16, who were 

measured for psychological mediators (autonomy, competence and relatedness), motivation types (intrinsic motivation, extrinsic 

motivation and amotivation) and physical education importance (PEI). Main findings. The results showed that PEI was positively 

related to autonomy, competence, relatedness and self-determined motivation. Amotivation was negatively associated with PEI. 

Conclusions. The satisfaction of the three basic psychological needs and self-determined motivation develop a more positive attitude 

of the students towards physical education. The results are discussed with regard to enhancing participation rates and, potentially, 

physical activity levels.

Key words: physical education, motivation, self-determination

SELF-DETERMINED MOTIVATION AND PHYSICAL EDUCATION IMPORTANCE

2009, vol. 10 (1), 5–11
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values, thoughts and ideas, although this type of moti-

vation does not usually occur in adolescents [7]. 

Vallerand and collaborators [e.g. 8] also established the 

existence of three forms of intrinsic motivation: intrin-

sic motivation to know (participating actively in the 

class to enjoy learning things), intrinsic motivation to 

accomplish (participating to enjoy by improving skills) 

and intrinsic motivation to experience stimulation (par-

ticipating to enjoy experiencing stimulating situations).

According to the self-determination theory, human 

behaviour is motivated by three primary and universal 

psychological needs: autonomy, competence and relat-

edness, which seem to be essential to facilitate optimum 

functioning of natural tendencies for growth and inte-

gration, as well as for social development and personal 

welfare [9, 10]. Students need to feel they have a certain 

freedom to act, that they can perform activities effi-

ciently and relate positively with the people in their im-

mediate environment. The three needs will influence 

motivation, to the extent that an increase in the percep-

tion of competence, autonomy and relatedness will cre-

ate a type of intrinsic motivation, while frustrating 

these needs will be associated with less intrinsic moti-

vation and more extrinsic motivation and amotivation 

[9]. The theory further proposes that as one’s motiva-

tional state moves towards intrinsic motivation, increas-

es in cognition (e.g. deeper understanding), behaviour 

(e.g. increased participation) and affect (e.g. attitude) 

will result. These postulates have been demonstrated in 

physical education classes by different research studies 

[e.g. 11–13]. High levels of intrinsic motivation in stu-

dents are desirable because students will participate for 

reasons not limited to the influence of setting grades, 

the teacher, or forced participation. In other words, they 

are more likely to become physically active on their 

own.

As shown by the hierarchical model of intrinsic and 

extrinsic motivation and the different research conduct-

ed in this area [14], social factors have an important in-

fluence on the satisfaction of basic psychological needs 

and the development of self-determination. Further-

more, as mentioned above, the most self-determined 

motivation is linked with more positive consequences. 

Therefore, the climate created by physical education 

teachers can determine, to a large extent, whether their 

students feel competent, autonomous or integrated with 

their classmates. These feelings will lead them to par-

ticipate in physical education for the enjoyment they 

obtain. Along these lines, it is interesting to analyse 

how this greater self-determination influences the de-

velopment of a positive attitude towards physical educa-

tion such as to be able to guide teachers’ interventions.

Physical education is an excellent setting for devel-

oping favourable attitudes towards physical activity and 

sport at a stage as critical as adolescence. The fact that 

pupils consider physical education important and find it 

useful for their future is one of teachers’ main objec-

tives. Making adolescents appreciate physical education 

and sport is to be the first step in fostering active life-

styles. Bearing this in mind, and taking the self-deter-

mination theory for reference, the aim of this study was 

to analyse how the fulfilment of basic psychological 

needs and motivation can influence the pupils’ view on 

how important or useful physical education is. We hy-

pothesised that meeting the three basic psychological 

needs and the most self-determined forms of motivation 

would be related to recognising the importance and use-

fulness of physical education.

Material and methods

Participants

Our study’s sample comprised 440 students, aged 

between 14 and 16 (M = 14.8, SD = .81), of which 229 

were male and 211 female students, all members of 

physical education classes in schools in a large Spanish 

city. A sample of students in their final years of compul-

sory secondary education was used because adherence 

to sport tends to decrease after this stage [15].

Instruments

Contextual Self-determination. A modified version 

of the Sport Motivation Scale (SMS) [8] in Spanish [16] 

was used to measure motivation in physical education at 

the contextual level. This scale is composed of four 

items for each factor and so it has a total of 28 items 

with the question stem of “I participate and try hard 

when practising in physical education …” These items 

assess the constructs of amotivation, three types of ex-

trinsic motivation (external, introjected and identified 

regulation) and three types of intrinsic motivation (to 

know, to accomplish, to experience stimulation). Stu-

dents responded to 28 statements (four items on seven 

subscales) on a 7-point Likert scale where does not de-

scribe me at all – 1 and describes me exactly – 7. This 

scale is a contextual motivational measure, which as-

HM_2009_1_05_11_02_MOreno_self_d.indd   6 2009-06-01, 11:31:52
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sesses the motivational dispositions of students towards 

physical education in general. Recent studies (see [17], 

for a review) confirmed the factor structure of the scale 

and demonstrated a satisfactory level of internal con-

sistency, as well as adequate test–retest reliability. In 

this study, Cronbach’s alphas of the seven subscales 

ranged from .70 to .80. Subscales can be used separately 

or in combination to form a summary score called the 

self-determination index [18].

Psychological mediators. A modified version of The 

Basic Psychological Needs Scale in the work domain 

and the inter-personal relations domain was used to 

measure physical education. The Basic Need Satisfac-

tion at Work Scale has been used most often [19, 20]. 

The original scale had 21 items concerning the three 

needs for competence (six items), autonomy (seven 

items) and relatedness (eight items). The version adapt-

ed to physical education [21] comprised three items for 

every one of the three factors: autonomy (e.g. “I express 

my ideas and opinions freely in the physical education 

class”), competence (e.g. “Most of the time I feel that 

I am talented at physical education”) and relatedness 

(e.g. “I get on well with my peers in physical education 

classes”), which were answered using a 7-point Likert 

scale where totally disagree – 1 and totally agree – 7. 

The internal consistency of the instrument and every 

one of the factors was obtained by calculating Cron-

bach’s alpha coefficient: autonomy (.64), competence 

(.67) and relatedness (.76). 

Physical Education Importance (PEI). Three items 

were created in order to measure the importance and 

usefulness pupils give to physical education: “I think it 

is important to receive physical education classes”, 

“Compared with the rest of the subjects, I think that 

physical education is one of the most important” and 

“I think the things I learn in physical education will be 

useful in my life”. Students responded to three items on 

a 4-point Likert scale where totally disagree – 1 and 

totally agree – 4.

Procedures

Authorization to conduct the research was given by 

headteachers. The students were informed of the study’s 

purpose and of their rights as study participants and 

were asked to sign a consent form. The instruments for 

measuring the different variables were administered in 

a classroom to the chosen subjects when the teacher was 

not present. Each participant took 10–20 min to com-

plete the questionnaires and responses to the instrument 

were kept anonymous. The participants were told to ask 

for help if confused concerning either instructions or 

the clarity of particular items. No problems were en-

countered in completing either of the inventories or un-

derstanding the nature of the questions.

Data Analysis

First, we analysed the psychometric properties of the 

items created to measure how important the pupils 

think physical education is. Then we carried out a cor-

relation analysis among the psychological mediators, 

motivation and the importance of physical education. 

Next an ANOVA was utilised to analyse the differences 

in the fulfilment of basic psychological needs and moti-

vation based on how important the pupils rated physical 

education (low, medium or high). Finally, a regression 

analysis was undertaken in order to find out the predic-

tion power of the psychological mediators on self-deter-

mined motivation and how important and useful the 

pupils think physical education is.

Results

Psychometric Properties of the Physical Education 

Importance

We carried out a factor analysis of principal compo-

nents (see Tab. 1) in order to examine the factorial 

structure of the items. We then did a factor analysis of 

principal components with varimax rotation resulting 

from the analysis grouped into one factor (Physical Ed-

ucation Importance) with an eigenvalue of 2.01 and ex-

plaining a total variance of 67.15%. Cronbach’s alpha 

reliability coefficient was .75.

Table 1. Psychometric properties 

of the Physical Education Importance

Items Factor

1.  I think it is important to receive physical 

education classes

 .827

2.  Compared with the rest of the subjects, 

I think that physical education is one of the 

most important 

 .814

3.  I think the things I learn in physical 

education will be useful in my life 

 .818

Reliability  .75

Explained variance  67.15%

HM_2009_1_05_11_02_MOreno_self_d.indd   7 2009-06-01, 11:31:54
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Means, Standard Deviation and Correlation Analysis

Tab. 2 shows that autonomy, competence and relat-

edness were related positively and significantly to all 

the variables except amotivation, which was related 

negatively. With respect to the PEI variable, there were 

positive and significant relations with all the variables, 

except amotivation, for which the relation was negative.

ANOVA

The dependent variables were the seven motivation 

factors (IM to know, IM to experience stimulation, IM 

to accomplish, identified regulation, introjected regula-

tion, external regulation and amotivation) and the three 

psychological mediators (autonomy, competence and 

relatedness), and the independent variable was the PEI, 

which was recoded on three levels (not much impor-

tance: 1–1.99, average importance: 2–2.99 and a lot of 

importance: 3–4). 

As observed in Tab. 3, significant differences are 

obtained in all the variables. In the three IM factors, the 

three EM factors and the autonomy, competence and re-

latedness factors, motivation increases when there is 

more PEI. As far as amotivation is concerned (F = 5.98, 

p < .05), it increases as PEI is less. In the a posteriori 

analysis test (Tukey’s test), there were differences 

(p < .01) in all the variables and the differences in the 

amotivation variable were distinct (p < .05). 

Hierarchical Multiple Regression

Two multiple regression analyses were conducted to 

examine how psychological mediators affect self-deter-

mination (SDI) and PEI (see Tab. 4). The SDI (Self-de-

termination Index) was calculated using the scores of 

seven SMS subscales and the following formula: (2 × 

(IM to Know + IM to Accomplish + IM to Experience 

Stimulation)/3 + Identified Regulation) – ((Introjected 

Regulation + External Regulation)/2 + 2 × Amotiva-

tion) [18]. As Chantal, Vallerand, and Vallières [22] 

state, the justification for this type of computation is 

based on Guttman’s [23] simplex structure patterns, 

such as the correlation matrix that emerges from the 

self-determination continuum. This type of matrix is 

characterised by strong positive correlations between 

subscales on the self-determination continuum and 

weaker correlations between subscales located at oppo-

site ends. This type of index has been shown to be 

T
ab

le
 2

. 
M

ea
n

s,
 s

ta
n
d

a
rd

 d
ev

ia
ti

o
n

, 
al

p
h
a 

co
ef

fi
ci

en
t 

an
d
 c

o
rr

el
at

io
n

s 
fo

r 
al

l 
th

e 
v
a
ri

ab
le

s

 
M

S
D

α
1

2
3

4
5

6
7

8
9

10
11

  
1.

 I
M

 t
o
 k

n
o
w

5
.1

7
1.

4
4

.8
0

–
.7

8
*
*

.7
5*

*
.7

2
*
*

.7
3*

*
.4

9
*
*

–
.1

8
*
*

.5
7
*
*

.4
4*

*
.4

7
*
*

.5
0
*
*

  
2
. 
IM

 t
o
 e

x
p

er
ie

n
ce

 s
ti

m
u

la
ti

o
n

5
.0

9
1.

35
.7

6
–

–
.7

7
*
*

.7
8
*
*

.7
3*

*
.5

7
*
*

–
.1

1*
.5

6*
*

.5
0
*
*

.5
1*

*
.5

2
*
*

  
3
. 
IM

 t
o
 a

cc
o
m

p
li

sh
5
.2

9
1.

33
.7

9
–

–
–

.7
4*

*
.7

3*
*

.5
1*

*
–
.1

7
*
*

.4
9
*
*

.4
4*

*
.5

1*
*

.5
0
*
*

  
4
. 
E

M
 I

d
en

ti
fi

ed
 r

eg
u

la
ti

o
n

5
.0

8
1.

3
8

.7
8

–
–

–
–

.7
0
*
*

.6
4*

*
–
.0

4
.5

2
*
*

.4
8
*
*

.5
5*

*
.5

3*
*

  
5
. 
E

M
 I

n
tr

o
je

ct
ed

 r
eg

u
la

ti
o
n

5
.1

9
1.

2
7

.7
0

–
–

–
–

–
.5

3*
*

–
.0

6
.5

1*
*

.4
3*

*
.4

6*
*

.4
7
*
*

  
6
. 
E

M
 E

x
te

rn
al

 r
eg

u
la

ti
o
n

4
.4

4
1.

4
2

.7
3

–
–

–
–

–
–

.1
8
*
*

.3
6*

*
.4

4*
*

.3
5*

*
.3

7
*
*

  
7.

 A
m

o
ti

v
at

io
n

3
.3

1
1.

5
6

.7
0

–
–

–
–

–
–

–
–
.1

3*
*

–
.1

3*
*

–
.1

3*
*

–
.1

5*
*

  
8
. 
A

u
to

n
o
m

y
4
.9

0
1.

4
0

.6
4

–
–

–
–

–
–

–
–

.4
5*

*
.4

7
*
*

.4
0
*
*

  
9.

 C
o
m

p
et

en
ce

4
.4

0
1.

5
6

.6
7

–
–

–
–

–
–

–
–

–
.3

6*
*

.3
7
*
*

10
. 
R

el
at

ed
n
es

s
5
.6

7
1.

2
8

.7
6

–
–

–
–

–
–

–
–

–
–

.3
8
*
*

11
. 
P

h
y
si

ca
l 

E
d
u
ca

ti
o
n
 I

m
p

o
rt

an
ce

 
3
.0

2
0
.7

4
.7

5
–

–
–

–
–

–
–

–
–

–
–

*
 p

 <
 .
0
5
, 
*
*
 p

 <
 .
01

HM_2009_1_05_11_02_MOreno_self_d.indd   8 2009-06-01, 11:31:55



HUMAN MOVEMENT

9

J.A. Moreno Murcia, D. González-Cutre Coll, L.M. Ruiz Pérez, Self-determined motivation and PEI

a valid indicator of self-determination in studies on mo-

tivational issues [e.g. 24, 25]. The SDI provided a ma-

nipulation check [8, 26]. Possible total scores on the SDI 

range from –21 to +21. Scores in the present study 

ranged from –9.42 to +17.33 (M = 4.37, SD = 4.89). The 

internal consistency of the index was satisfactory (Cron-

bach’s alpha = .89). In the regression analyses, the three 

factors (autonomy, competence and relatedness) predict 

PEI and self-determination by 23% and 26%, respec-

tively, finding significant differences (p < .001) in 

them.

Discussion

This study has established connections between the 

self-determination theory and the importance students 

place on physical education. The results revealed that 

the fulfilment of the basic psychological needs of au-

tonomy, competence and relatedness, intrinsic motiva-

tion and extrinsic motivation correlated positively with 

the physical education importance. The correlation was 

stronger with more self-determined forms of motiva-

tion. Furthermore, amotivation was connected nega-

tively with the importance placed on physical education. 

It would appear that students feel physical education is 

more important as the teacher increases their percep-

tions of autonomy, competence and relatedness, giving 

rise to more self-determined motivation. In fact, the re-

gression analysis showed the positive influence of the 

fulfilment of the three needs on self-determined moti-

vation and the importance and usefulness students place 

on physical education classes.

In line with the postulates of the self-determination 

theory, this study shows that teachers need to encourage 

students to participate in class, to reach the objectives set 

and integrate in the group. This will result in students 

having a more positive motivation so that they will view 

the subject as something important and feel that they 

could use the knowledge acquired in their every day 

lives. Previous studies showed that meeting basic psy-

chological needs and self-determined motivation were 

connected with other similar positive consequences in 

physical education, such as effort and persistence [27, 

28], satisfaction and task involvement [29], the intention 

to be physically active [11, 13], concentration, positive 

affect and the search for challenges [12, 30].

Managing to get pupils to value physical education 

more highly and to develop a more favourable attitude 

towards it could be a great help in increasing the proba-

bility of them doing physical activity and sport through-

out their lives. We have to bear in mind that attitudes 

towards sport formed in adolescence may well have 

a great deal of influence at later stages of life [31]. This 

means that physical education is an ideal medium for 

Table 4. Summary of the multiple regression analysis for 

variables predicting importance and self-determination 

behaviour by mediators

Β SEΒ β Adj. R2

Physical Education 

Importance

1.35 .15 .23*

Autonomy .11 .02 .21*

Competence .09 .02 .20*

Relatedness .12 .02 .21*

Self-determined 

motivation

–7.30 .98 .26*

Autonomy .86 .17 .24*

Competence .48 .14 .15*

Relatedness .93 .18 .24*

* p < .001

Table 3. ANOVA by PEI

Low PEI

(n = 63)

Middle PEI

(n = 156)

High PEI

(n = 221)
Mean 

square
F p

M SD M SD M SD

IM to know 3.73 1.67 4.96 1.26 5.72 1.15 101.71 62.32 .000

IM to experience stimulation 3.63 1.56 4.87 1.15 5.66 1.03 106.91 78.64 .000

IM to accomplish 3.93 1.62 5.10 1.12 5.81 1.03 90.61 66.48 .000

EM Identified regulation 3.67 1.60 4.78 1.14 5.69 1.07 110.77 78.14 .000

EM Introjected regulation 4.01 1.62 5.03 1.13 5.65 .98 69.08 52.32 .000

EM External regulation 3.40 1.59 4.26 1.27 4.86 1.29 56.61 31.75 .000

Amotivation 3.75 1.42 3.48 1.44 3.08 1.64 14.29 5.98 .003

Autonomy 3.82 1.59 4.73 1.20 5.33 1.28 59.94 35.14 .000

Competence 3.18 1.57 4.23 1.32 4.88 1.50 74.53 35.34 .000

Relatedness 4.69 1.61 5.50 1.19 6.02 1.03 49.88 35.13 .000
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fostering active lifestyles. This study has shown that 

pupils’ basic psychological needs have to be met and 

their self-determined motivation cultivated in order to 

achieve a more positive attitude towards physical educa-

tion. Therefore, creating autonomy-supportive activities 

and programmes for adolescents may be especially ef-

fective [26, 32]. In this regard, to make students feel 

competent, it would be interesting for physical educa-

tion teachers to provide positive feedback, making them 

aware that their skill can always be improved with hard 

work and effort, to promote process-oriented goals 

(which are easier to attain), and to establish moderately 

difficult objectives. To promote this feeling of autono-

my, teachers can allow students to choose from among 

different activities resulting in the same objective, en-

courage their students to participate in the process, 

make their opinion matter and motivate them to design 

exercise programmes and creative body compositions. 

Similarly, every activity’s objective must always be ex-

plained so that students understand why it is important 

and do not feel that something is being imposed on 

them without any justification whatsoever. Teachers 

should also try to encourage interaction among the stu-

dents, designing cooperative, reflective and group-

building activities, with multiple and heterogeneous 

forms of grouping. It is important to treat all the stu-

dents the same and not to establish normative compari-

son criteria in the assessment. If these guidelines are 

followed, then students’ basic psychological needs 

would most likely be satisfied, their self-determination 

would increase [33], and, as this study demonstrates, 

this can have a positive influence on their appraisal of 

physical education. This could be a first step towards 

creating positive attitudes that encourage adherence to 

exercise. 

The results call for the promotion of self-determined 

motivation in physical education to enhance participa-

tion rates and, potentially, physical activity levels. As 

shown by the hierarchical model of intrinsic and extrin-

sic motivation [14], physical education teachers (social 

factor) can influence students’ self-determination by 

means of psychological mediators (autonomy, compe-

tence and relatedness). This motivation could have 

a positive effect on their attitude towards physical edu-

cation and sport, encouraging a commitment to sport. 

The main limitation of this study is the use of a correla-

tional design that does not allow cause and effect rela-

tions to be established. Nevertheless, it provides relevant 

descriptive information that may be a starting point in 

designing experimental studies that analyse how teach-

ers can get students to recognise the importance and 

usefulness of physical education classes. Furthermore, 

it would be interesting to develop new theoretical mod-

els explaining self-determination and its consequences 

using the structural equation technique. Future investi-

gations should be focused on the self-determination 

theory in the field of physical/sport activity, since this 

progress will help to discover more details about the 

most important variables en route to promoting 

physical/sport activity. In the light of the importance of 

motivated behaviour in human activities, the study of 

the determinants of motivation should be given high 

consideration in future research.

Conclusions

The satisfaction of the three basic psychological 

needs (autonomy, competence and relatedness) and self-

determined motivation are related to a more positive at-

titude of the students towards physical education. These 

results could be of great help in enhancing participation 

rates and, potentially, physical activity levels.
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Introduction

For most of their life people remain in an upright 

position. The vertical posture is the basis of bipedal lo-

comotion and many other movements. While standing, 

humans can perform a variety of life activities. In every-

day life and in sport versatile assessment of the vertical 

posture is absolutely necessary. Postural stability has 

been a subject of research in such sports as gymnastics, 

judo, rifle shooting or skiing [1–4]. Few researchers 

have focused on the question of postural sway in team 

games players, especially in volleyball, which has par-

ticular requirements to combine postural stability with 

control of the ball and the overall assessment of the situ-

ation in the field. 

Volleyball is highly challenging to players as they 

must hit or pass the ball while being in highly dynamic 

and often unstable postures [5]. A technical element, 

which is particularly important, is the player’s ability to 

adopt and maintain the so-called volleyball posture. It 

should ensure, at least instantaneously, appropriate 

body balance and allow body movements in all direc-

tions [6]. In all volleyball actions during which the 

player has contact with the floor, maintaining postural 

stability is crucial. Such actions include receiving 

a serve, defense, standing serve, setting and digging. The 

high effectiveness of these actions is determined by the 

player’s ability to control his or her postural sway. High 

robustness to any disturbances of body balance is neces-

sary as actions with the ball without postural stability are 

far less accurate. This is because the central nervous sys-

tem aims first at restoring the body vertical [7].

The analysis of the world championship matches 

shows that success in present-day volleyball is largely 

determined by efficient individual actions. Thus, apart 

from perfecting the players’ general and specific fit-

ness, technical preparation, team and individual tactics, * Corresponding author.
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ABSTRACT

Purpose. The aim of the present work was to identify factors and neurophysiological mechanisms that may determine a robust and 

very stable postural control in athletes. Basic procedures. Postural performance in quiet stance was compared in 23 volleyball 

players from the Polish second league with 24 age-matched healthy physically active male subjects (controls). All participants stood 

quietly for 20 s on a force plate with their eyes open, while the center of pressure (COP) was recorded with the sampling rate of 20 

Hz in both: the anterior-posterior (AP) and medial-lateral (ML) planes. From the recorded signals the COP dispersion measures, 

postural frequency and stiffness were computed. Main findings. The players displayed lower COP variability in the ML plane (p < 0.05) 

and lower COP range than controls in both planes (p < 0.01). Their COP mean velocity was higher in the AP plane (p < 0.0001) and 

the ML plane (p < 0.01) than in controls. Together, these findings indicated the presence of an additional low-amplitude and high-

frequency signal superimposed on the COP in athletes but not in controls. Superior body stability and different mode of automatic 

postural control observed in the players challenge recent views on the relationships between attention resources allocation and its 

consequences to the selection and implementation of postural strategies. Conclusions. The volleyball players have superior body 

stability and different mode of automatic postural control as compared with the control group. Postural strategies of athletes may 

result from slight muscular adjustments that adopt mechanisms similar to stochastic resonance to monitor an instantaneous body 

vertical with greater efficiently.
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mental training, stimulation and experience, also some 

other factors should be sought. One of them could be 

the players’ exceptional postural control skills which 

were identified in the Polish male team prior to the 2006 

world championships [8]. We believe that if a similar 

postural performance is presented by the average sec-

ond league athletes, this can provide evidence that pos-

tural control skills are an important training goal. Fur-

ther, this would also demonstrate that studying the in-

ternational level players, who are often beyond the reach 

of researchers, could be effectively substituted by the 

research on athletes of national ranking. 

The purpose of this study was to compare postural 

control in quiet stance in second-league male volleyball 

players with the age-matched physically active male 

students. We hypothesized that the athletes would dis-

play better postural performance due to implementation 

of different and more effective postural strategies than 

the control group. 

Material and methods

The subjects included 23 volleyball players (22.9 ± 4.7 

years of age, body height 193.0 ± 5.4 cm, body weight 

87.6 ± 6.4 kg) from sports clubs from the second league; 

and 24 physically active non-training students of the 

Opole University of Technology (22.9 ± 1.3 years of age; 

body height 180.9 ± 6.4 cm; body weight 77.9 ± 10.0 kg). 

All subjects were in good health and expressed their 

written consent to participate in the study which was 

approved by the local Ethics Committee. 

During the test the subjects stood quietly for 20 s on 

a force plate with their eyes open; the center of pressure 

(COP) was recorded in the anterior-posterior (AP) and 

medial-lateral (ML) planes with the sampling rate of 20 

Hz. From the recorded signals the COP variability and 

range were calculated. Further, using the second order 

autoregressive model [9] the frequency of the difference 

between the COP and the center of mass signals as well 

as the respective values of postural stiffness were com-

puted. 

The results from both groups were compared with 

Student’s t-test for independent samples at p < 0.05. 

Results

Tab 1. compares mean values (± SD) of computed 

parameters in both groups of subjects. The COP varia-

bility and range were 22–27% higher in the control 

group, with the exception of insignificant differences in 

variability in the ML plane. These results indicate supe-

rior postural stability in volleyball players. The COP 

mean velocity was 48% higher in the AP plane and 22% 

in the ML plane in the volleyball players than in the stu-

dents. This points to an increased activity of the nerv-

ous system in postural control among the athletes. Pos-

tural frequency and stiffness were higher in the players 

than in the control group only in the AP plane, with the 

difference between the frequencies very close (p < 0.07) 

to the assumed level of statistical significance. 

Discussion

Postural performance can be assessed using ampli-

tude characteristics (variability and range), and lower 

values of these parameters are thought to account for bet-

ter postural performance and stability. The amplitude 

characteristics are also good indices of coordination abili-

ties of the equilibrium system [4]. Thus the volleyball 

players in this study exhibited superior postural stability 

and better motor coordination than their non-training 

peers. These results confirmed our hypothesis pointing 

to possible relationships between the inter-group differ-

ences and the specificity of volleyball training. 

Comparison between the changes in the COP mean 

velocity may raise some doubts as the inter-group dif-

Table 1. COP parameters in quiet stance in the control and study groups (students and volleyball players)

Anterior-posterior plane Medial-lateral plane 

Students Volleyball players Students Volleyball players

Variability (mm)

Range (mm)

Mean velocity (mm/s)

Frequency (Hz)

Stiffness (Nm/rad)

 4.6 ± 1.7

 22.8 ± 6.7

 6.7 ± 2.0

 0.57 ± 0.12

 1255 ± 516

 3.7 ± 0.8*

 17.9 ± 3.8**

 9.9 ± 2.7***

 0.65 ± 0.15

 1803 ± 793**

 3.2 ± 1.0

 18.2 ± 4.8

 5.9 ± 1.5

 0.65 ± 0.14

 1465 ± 495

 2.9 ± 0.6

 14.4 ± 4.1**

 7.2 ± 1.9**

 0.63 ± 0.16

 1789 ± 786

* p < 0.05, ** p < 0.01, *** p < 0.0001
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ferences in signal variability are usually accompanied 

by similar differences in mean velocity. The results of 

the present study revealed an opposite trend: the group 

of athletes had lower COP variability and significantly 

higher COP mean velocity than the control group. The-

oretically, a higher COP mean velocity could have been 

due to an increase in one or more of the three COP pa-

rameters: amplitude, useful frequency of the COP sig-

nal, and noise frequency. Our results suggest that 

a combination of the first two parameters could not 

have led to the observed velocity increase. Thus only 

the appearance of a low-amplitude noise with high fre-

quency would explain the higher COP mean velocity in 

athletes as opposed to the subjects from the control 

group. However, since noise is usually associated with 

deteriorated information, and control engineers always 

try to eliminate it in order to improve the effectiveness 

of their devices, the above explanation seems at the first 

glance as being against common sense.

It appears that one plausible interpretation of these 

results in terms of positive impact of noise may be 

based on the concept of stochastic resonance [10, 11]. 

Stochastic resonance is probably the only known exam-

ple of using noise to enhance the detection of weak in-

formation-carrying signals e.g. sensorimotor signals in 

biological systems [12, 13]. Priplata et al. [14] showed 

that artificial generation of a subsensory (90% of per-

ceptual threshold) noise in the form of slight pressure 

on the sole of a standing subject led to a reduction in 

postural sway due to faster and/or more accurate detec-

tion of this sway from the vertical. It seems feasible that 

highly trained athletes, whose performance in competi-

tion may critically depend on their postural stability, 

have learnt to make use of this modality. A similar in-

verse relationship between the changes in the COP 

mean velocity has been found in the world class volley-

ball players [8], however the latter group presented even 

lower frequency of the correction signal and larger im-

provement in postural stability thus providing a more 

compelling evidence for the presence of the useful noise 

in their COP signals than in this study. This can indicate 

that the second league players were still in the develop-

mental phase of adjusting their postural strategies and 

that these strategies may play crucial role during the 

competition

Our results raise a question regarding the odds that 

stochastic resonance is the actual reason for the ob-

served discrepancies between the volleyball players and 

controls [15]. Had it been the only data providing this 

evidence, we would have to be extremely cautious in 

making neuromotor inferences. However, three other 

projects that are currently carried out by our team have 

also yielded similar results. These studies concerned 

2006 volleyball world champions in comparison with 

the control group; subjects standing 1.5 m above the 

ground versus subjects standing on the floor; and sub-

jects in light touch stance versus subjects in quiet 

stance. In all the cases a lower COP variability, which 

indicated better postural stability, was associated with 

a higher COP mean velocity. It is then highly probable 

that the central nervous system uses a mechanism simi-

lar to stochastic resonance in hazardous situations or 

situations requiring higher accuracy of action or resist-

ance to perturbations. 

Another problem concerns the scope of further re-

search and its practical applications. Two important ques-

tions arise: What specific elements of volleyball training 

and competition can activate the mechanism of stochastic 

resonance? How to measure and discriminate between 

stochastic resonance and ordinary noise which can often 

occur during tests? The answer to the first one would 

make it possible to improve therapy of patients susceptible 

to falls by enhancing the existing rehabilitation proce-

dures with specific sport exercises. It should be empha-

sized that the discussed regulatory mechanism of postural 

control in the volleyball players can be possibly found 

among other athletes representing different sports. The 

second question is more challenging. The existing compu-

tational methods are unable to effectively discriminate 

between the sources of slight noise in the signal, though 

the viscoelastic modeling provides certain means [16, 17] 

to cope with this problem, as we have shown here by ana-

lyzing the interplay between the COP mean velocity vs. 

COP variability and postural frequency. Some new possi-

bilities can be offered by chaotic measures and fractal di-

mension of the COP signal [18] as well as by time-to-

boundary measures of postural control [19]. It seems, 

however, that studying postural mechanisms in profes-

sional sport must lead to new methods of mathematical 

modeling and distinct experiments based on the specifici-

ty of individual sports. 
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Introduction

The javelin throw is one of the four track and field 

athletics throwing events. The other three include dis-

cus, shot put and hammer throw.

The rules of javelin throw specify the javelin shape, 

weight and construction, point of release, correct execu-

tion of throws and procedures of flight distance meas-

urement [1–4]. Compliance with these rules is neces-

sary to make a legal throw and score a point.

A javelin throw result depends on a number of fac-

tors: the thrower’s somatic build, level of motor traits 

(strength and speed), physical preparation, proper moti-

vation, attitude and psychical disposition. Other ele-

ments include the correct throwing technique, javelin 

type and quality, technical conditions of the javelin run-

up area, weather conditions and the type and level of 

track and field competition.

The success in javelin throw is achieved when the 

thrower’s physical, mental and technical capabilities are 

at the highest level during the top-level competitions. 

Providing a javelin competition takes place in good 

weather conditions (air temperature, wind speed and 

direction) and is properly organized (top-level athletes, 

referees, prizes, good quality of the run-up area), javelin 

throw records can be set. 

A number of authors [1, 3, 4] studied the sport aspect 

of javelin throw, i.e. development of the throwing tech-

nique aimed at achieving the maximum javelin flight 

distance. Ernst [1] focused on the mechanics of javelin 

throw and flight. Golińska [2] developed a complete 

mathematical model of javelin elastic flight in her analy-

sis of javelin flight dynamics, using analytical mechanics 

equations [5, 6].

Frames of reference, coordinates and kinematic 

relations

The following frames of reference [2, 5–7] were 

used in the description of javelin movement, according 

to the Polish aviation standards (Fig. 1): 
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ABSTRACT

A physical model of the human-javelin system has been developed together with a mathematical model of javelin flight including its 

transverse elastic vibrations. Three kinds of parametric identifications were distinguished: geometrical, mass and aerodynamic. Numerical 

calculations were made for different initial velocities and throwing angles. The results obtained have been presented graphically.
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MATHEMATICAL MODELING AND NUMERICAL SIMULATIONS OF JAVELIN 
THROW

Figure 1. Frames of reference and coordinates 

of javelin throw 
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0
1
x

1
z

1
  – the Earth’s reference frame (inertial), 

Cx
g
z

g
  –  gravitational reference frame originating from 

the center of mass of the javelin C, parallel to 

the inertial frame of reference 0
1
x

1
z

1
,

Cxz –  javelin reference frame originating from the 

center of mass of the javelin C, with the x-axis 

along the javelin axis, y-axis to the right and 

z-axis downwards. 

V
0
 –  javelin center of mass velocity, tangent to the 

trajectory, 

U, W  – V
0
 components relative to the Cx and Cz axis,

Q – downward pitching angular velocity,

θ –  angle between the Cx axis and the Cx
g
 gravita-

tional frame of reference,

α –  angle of attack between the Cx javelin axis and 

the velocity vector,

m – javelin mass.

Fig. 1 demonstrates the following kinematic rela-

tions [2, 5, 6] for the javelin moving within the 0
1
x

1
z

1 

frame of reference.

Javelin linear velocity:

 (1)

 (2)

Angular velocity: 

�
�
 = Q (3)

Angle of attack:

 (4)

Density of air: 

 (5)

H = –z
1
 – height of javelin release above sea level,

ρ
0
 – density of air at sea level. 

Javelin elasticity 

The flexural deformability of the javelin was taken 

into consideration using discretization by incorporating 

form I of free vibrations [2, 3, 8].

Deflection of the javelin element of mass:

 (6)

Element of mass deflection velocity:

 (7)

f (x) – deflection function,

m(x) – longitudinal javelin mass distribution, 

ω
g
  –  frequency of transverse elastic vibrations of

 form I of free vibrations.

The following equations were obtained using deriva-

tions of Golińska [2] and Maryniak [6] (Fig. 2):

  (8) 

Kinetic energy of the elastic javelin in quasi-velocities: 

 (9)

Potential energy of the javelin:

  (10)

 General equations of javelin movement 

in the gravitational reference frame 

The equations in the energy form included [2, 6, 8]:

 (11)

Following the differentiation of kinetic (9) and po-

tential (10) energy and matching them into the frame 

(11) the following system of differential equations was 

obtained: 

 (12)

Figure 2. Flexural deformability of the javelin 

in form I of free vibrations

dx
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S
x
 –  static moment (in the frame of the principal central 

axes S
x 
= 0);

J
y
 – moment of inertia [2, 8] (8).

      

      
 (15)

d – maximum javelin diameter,

l – javelin length,

x
A
 –  distance from the center of pressure to the center 

of mass of the javelin.

Numerical simulation of the javelin throw

The numerical simulation of javelin flight from the 

point of release to the point of landing was made for 

a thrower 1.8 m tall (athlete’s body height with the 

throwing arm upwards) regardless of the athlete’s sex. 

The javelin flight was assumed to be taking place in a 

windless environment of constant air density ρ = const.

The javelin was treated as a material system with 

four degrees of freedom: change of longitudinal velocity 

U, drift velocity W, downward pitching angle θ and form 

I of transverse elastic vibrations q.

The javelin must comply with the following require-

ments:

Men Women

Total weight (including 

the whipcord)

 800 g  600 g

Minimum total length  260 cm  220 cm

Maximum total length  270 cm  230 cm

Minimum javelin head length  25 cm  25 cm

Maximum javelin head length  33 cm  33 cm

Javelin head weight  80 g  80 g

Minimum whipcord length  15 cm  14 cm

Maximum whipcord length  16 cm  15 cm

Minimum distance between the 

center of mass and the javelin point 

 90 cm  80 cm

Maximum distance between the 

center of mass and the javelin point 

 110 cm  95 cm

Minimum shaft diameter  25 mm  20 mm

Maximum shaft diameter  30 mm  25 mm

The dimensions of the selected javelin in the model 

were as follows: 
Length   l = 2.2 m

Mass   m = 0.6 kg

Center of mass S
c
 = 0.95 m (measured from the head)

The right-hand sides of equations (11) were as fol-

lows [2, 8]:

 
(13)

X
a
, Z

a
, M

a
 – aerodynamic forces and moments,

X
g
, Z

g
, M

g
 – gravitational forces and moments,

X
Q

, Z
Q

, M
Q
 –  aerodynamic derivatives of the down-

ward pitching angular velocity Q [2, 5, 9],

X
q
, Z

q
, M

q
  – aerodynamic derivatives of elasticity [2, 6].

The following equations were obtained in considera-

tion of relations of forces and moments of forces: 

        

        

        (14)

After Golińska [2] and Maryniak [6] the aero-

dynamic forces took the following forms: (C
n 

= 1.15, 

C
t 
= 0.035):

Figure 3. Distribution of forces affecting the javelin in flight 
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Maximum shaft diameter d = 0.025 m

Moments of inertia J
z
 = 0.42 kgm2, J

y 
= J

z 
= 0

Fig. 4 presents the form of aerodynamic parameters 

of the javelin calculated following Maryniak’s works [6, 

8, 9].

Fig. 5 presents four javelin throws at a constant angle 

of 35 deg with different throwing velocities. The param-

eters of the first throw: throwing velocity V
0 

= 20 m/s, 

flight distance x = 43.98 m, maximum flight height 

H
max 

= 8.72 m, landing time t = 3.03 s; second throw: 

V
0 
= 30 m/s, x = 90.21 m, H

max 
= 17.51 m, t = 4.27 s; third 

throw: V
0 

= 35 m/s, x = 115.63 m, H
max 

= 22.91 m, 

t = 4.79 s; fourth throw: V
0 

= 40 m/s, x = 139.88 m, 

H
max 

= 28.75 m, t = 3.63 s.

Fig. 6 presents four throws with the throwing veloci-

ty of 25 m/s at different angles θ
0
. For θ

0 
= 20 deg the 

flight distance was x = 49.82 m, maximum flight height 

H
max 

= 5.3 m, and landing time t = 2.27 s; for 

θ
0 

= 25 deg: x = 57.56 m, H
max 

= 7.68 m, t = 2.78 s; for 

θ
0 
= 30 deg: x = 63.02 m, H

max 
= 10.09 m, t = 3.25 s; for 

θ
0 
= 35 deg: x = 67.1 m, H

max 
= 12.73 m, t = 3.69 s.

Fig. 7 presents four throws with the throwing veloci-

ty of 30 m/s at different angles θ
0
. For θ

0 
= 20 deg the 

flight distance was x = 68.91 m, maximum flight height 

H
max 

= 7.29 m, and landing time t = 2.66 s; for 

θ
0 

= 25 deg: x = 78.9 m, H
max 

= 10.3 m, t = 3.23 s; for 

θ
0 
= 30 deg: x = 86.08 m, H

max 
= 13.76 m, t = 3.77 s; for 

θ
0 
= 35 deg: x = 90.35 m, H

max 
= 17.51 m, t = 4.28 s.

Figure 4. Non-dimensional aerodynamic parameters: 

drag C
x
, lift C

z
, downward pitching moment C

m
, drag 

derivative  and lift derivative 
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Figure 5. The height of javelin throw as 

a function of at velocity θ
0
 = 35 deg
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Figure 6. The height of javelin throw as 

a function of distance at a velocity of 25 m/s
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a function of distance at a velocity of 30 m/s
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Conclusions

The throwing angle significantly determined the 

javelin flight distance. There is an optimal range of 

javelin release angles depending on the initial velocity 

of the javelin, throwing force and wind direction, which 

ensures the attainment of optimal results. Throwing 

outside the optimal range reduces the javelin flight dis-

tance.

The mathematical simulation revealed that the opti-

mal javelin throw was at the throwing angle of 35 deg 

and initial velocity of 40 m/s, which resulted in the 

flight distance of 141.88 m (Fig. 5). In practice, javelin 

throwers are often unable to achieve the initial velocity 

higher than 30–35 m/s, therefore the model presented 

remains only a theoretical optimum. Two throw cases 

revealed attainable javelin throw results: 

1. Flight distance of 49.82–66.06 m at the initial veloc-

ity of 25 m/s and throwing angle between 20 and 35 

deg (Fig. 6).

2. Flight distance of 68.91–90.35 m at the initial veloc-

ity of 35 m/s and throwing angle between 20 and 35 

deg (Fig. 7).

The above results correspond to the results achieved 

by champion-level javelin throwers. 

The impact of aerodynamic drag depends on the ve-

locity of the moving javelin and its position in mid-

flight. Thanks to its shape the javelin has specific aero-

dynamic properties, and the proper positioning of the 

javelin in mid-air can be useful in extending its flight 

distance. The javelin elastic vibrations are fairly insig-

nificant and do not visibly affect the javelin trajectory 

and flight distance. In general, the throwing angle 

should be reduced in throws against the wind, since due 

to its aerodynamic properties the javelin reaches then a 

greater flight height. The position of the javelin in mid-

flight is also significant. It should reduce the drag so the 

javelin can glide lightly with the optimal use of aerody-

namic forces.
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Introduction

Force abilities are one of the indicators of men’s 

functional abilities. From the biomechanical point of 

view force abilities in the best way describe measure-

ments of muscle torques. Such parameters measured in 

the static or isokinetic conditions are frequently used for 

the needs of sports training [1–4] or in order to formu-

late norms for specific populations [5]. Taking meas-

urements of torques requires a complex apparatus and 

can be carried out only in laboratory. Therefore, it 

seems appropriate to seek more available methods 

which allow these biomechanical parameters to be esti-

mated, for example, in the screening of large popula-

tions. The relationship between the value of muscle tor-

ques and body mass, its components and somatotype 

were observed by many authors [6–8]. However, the 

published data concerning the relations mentioned 

above consider only some of the tissue components. 

What is more, the results obtained are based on group 

diversity in respect of physical activity.

The purpose of this work was to assess the relation-

ship between muscle torques in the knee joint area and 

components of tissue composition. Those components 

were determined with the use of the BIA (bioelectrical 

impedance analysis) method which applies to four-ele-

ment model of body composition. 

Material and methods

31 male subjects, aged 22–23, participated in the 

study. The subjects were students of the Karkonosze 

College in Jelenia Góra. Basic morphological parame-

ters, namely: body height (BH), body mass (BM) and 

somatotype were measured by the usage of Sheldon 

method modified by Heath and Carter. This method en-

ables us to assess the level of development of three com-

ponents: endomorphy, mesomorphy and ectomorphy. 

Endomorphy expresses fat deposition. Mesomorphy de-

scribes the development of muscles and bone massive-

ness. Ectomorphy considers body leanness. The body * Corresponding author.
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Purpose. The purpose of this work was to assess the relationship between muscle torques in the knee joint area and components of 

tissue composition by means of the bioelectrical impedance method. Basic procedures. 31 male subjects, aged 22–23, participated 

in the study. Basic morphological parameters, namely: body height (BH), body mass (BM) and somatotype were measured by the 

usage of Sheldon method modified by Heath and Carter. The body composition was examined using an BIA 101S apparatus by 

Akern. Torques of the knee joint extensors and flexors of both limbs were measured for joint angles 75° and 30°, respectively. In the 

statistical report cluster analysis was applied (k-means). Step regression was applied in order to evaluate the relationship between 

muscle torques and tissue components. Main findings. A significant correlation (r = 0.42 for p � 0.01) between the torques of the 

knee joint extensors and the entire content of lean body, its metabolically active components (BCM) and muscle mass was observed. 

Also, a high value of correlation coefficient between extensors and fat mass was noticed. Significant correlations between flexor 

torque and muscle mass, cell mass and lean body were observed. Conclusions. The results obtained enable us to conclude that the 

values of muscle torques are significantly connected with the level of development of the tissue components, thus its estimation may 

be based on the measurement of body components. 
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composition was examined by means of BIA 101S ap-

paratus by Akern. The person being examined lied on 

his back. On the distal segments of the upper and lower 

extremities 4 disposable surface electrodes were placed. 

This method makes it possible to assess the amount of 

fat (FM) and fat-free body mass (FFM) and its compo-

nents: body cell mass (BCM) and extra-cellular mass 

(ECM). Also, information on the amount of total body 

water (TBW) and its intra-cellular (ICW) and extra-cel-

lular (ECW) fraction can be obtained. Additional soft-

ware enables the muscle mass (MM) to be assessed.

The measurement of static torque of muscle was per-

formed on a special measurement stand by OPIW. The 

subject was sitting on a special armchair. That position 

enabled the trunk and the tights to be stabilized. The 

knee joint extensor and flexor torques of both limbs 

(T
exR

, T
exL

, T
flR

, T
flL

) were measured for joint angles 75º 

and 30º, respectively. The measurement range was 

within 500 Nm, and the frequency of signal sampling 

was 500 Hz. The mean value of the right and left 

limb extensor torques (T
(exL + exR)/2

)
 
and flexor torques 

(T
(flL + flR)/2

) was computed on the basis of measured 

values. The measured torques were added. The relative 

torques for the knee joints in relation to body mass were 

computed on the basis of the following formula: (T
flL 

+ 

T
flR 

+ T
exL 

+
 
T

exR 
/BM).

For all the parameters tested basic statistical values 

were assessed. In the statistical report cluster analysis 

was applied (k-means). The independent variables were 

torques of knee joint flexors and extensors. Intergroup 

diversity was determined by the usage of Student’s 

t-test. Step regression was applied in order to evaluate 

the relationship between torques and tissue components. 

We used Pearson’s correlation as a measure of the rela-

tionship between the variables of interest.

Results

Compared to the entire population, the subjects un-

der examination are characterized by an average body 

height, with low intergroup variability of this feature. A 

slightly greater variability can be observed in relation to 

the body mass (Tab. 1) which results from heterogene-

ous specificity of this parameter. The greatest variabili-

ty in the body mass components is observed in fat mass, 

which can be the result of poor genetic conditioning. 

The relative amount of fat slightly exceeds the range 

typical of male. The percentage amount of lean body 

develops at an average level, yet the amount of meta-

bolically active cell mass relative to muscle mass is very 

high. The somatotype of the subjects being examined 

corresponds to mesomorphic type, with a balanced 

lower amount of ectomorphy and endomorphy. 

The biomechanical parameters examined display 

quite visible intergroup differentiation, which results 

from the genetic and environmental conditioning. In 

order to create relatively consistent groups as regards 

the values of generated moments of force, k-clustering 

method was applied. It enabled us to distinguish two 

groups which significantly differ in these biomechani-

cal parameters: I – stronger group, II – weaker group. In 

the case of the somatic structure, particularly, the tissue 

composition, intergroup differences are also visible. No 

significant differences are observed with reference to 

the body height, however, body mass reveals signifi-

cantly greater values in the stronger group of men (I). 

Similarly, the comparison of absolute and relative con-

tents of fat, lean body and water shows significant 

domination in the range of those features in the stronger 

group of subjects. 

Considering the components of body build, a signifi-

cant difference was observed only with reference to ec-

tomorphy. 

A significant correlation between the torques of the 

knee joint extensors and the entire content of lean body, 

its metabolically active components (BCM) and muscle 

mass was observed. Also, the value of correlation coef-

ficient between extensors and fat mass was significant. 

Significant correlations between flexor torques and 

muscle mass, cell mass and lean body were observed 

(Fig. 1, Tab. 2). 

Figure 1. Correlation between muscle mass (MM) 

and knee joint flexor torques
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Table 1. Statistical characteristics of the parameters examined in the entire group and in groups I and II

Variable
Entire group Group I Group II Student’s

t-testx– SD x– SD x– SD

BH (cm)  178.33  5.20  179.16  5.61  176.83  4.19  1.20

BM (kg)  74.79  8.42  77.58  8.11  69.73  6.62  2.73

FFM (kg)  59.94  5.05  61.28  5.00  57.52  4.37  2.08

TBW (kg)  43.88  3.70  44.85  3.67  42.12  3.20  2.06

ECW (kg)  15.83  1.91  15.99  1.86  15.55  2.05  0.61

BCM (kg)  37.69  6.49  38.63  6.69  36.00  6.03  1.08

FM (kg)  14.84  4.21  16.30  4.03  12.21  3.23  2.88

FM (%)  19.6  3.68  20.8  3.33  17.3  3.32  2.77

FFM (%)  80.4  3.68  79.2  3.33  82.7  3.32  –2.77

TBW (%)  58.9  2.69  58.0  2.43  60.5  2.43  –2.75

ECW (%)  36.1  3.51  35.7  3.54  36.9  3.49  –0.91

ICW (%)  63.9  3.51  64.3  3.54  63.1  3.49  0.91

BCM (%)  62.9  9.49  63.0  9.41  62.7  10.09  0.09

MM (kg)  45.20  7.23  46.29  7.45  43.21  6.68  1.13

MM (%)  60.8  9.21  59.9  8.94  62.3  9.93  –0.69

Endomorphy  2.32  0.92  2.52  0.95  1.97  0.78  1.63

Mezomorphy  4.31  0.84  4.38  0.87  4.19  0.82  0.58

Ectomorphy  2.47  0.81  2.24  0.83  2.90  0.59  –2.30

T
exL 

(Nm)  304.16  56.20  332.35  33.77  252.90  53.19  5.09

T
exR 

(Nm)  307.32  37.90  325.45  30.47  274.36  26.35  4.67

T
flL 

(Nm)  125.00  21.08  134.50  14.41  107.73  20.73  4.22

T
flR 

(Nm)  133.87  27.24  140.65  27.59  121.55  22.81  1.95

T
flL 

+ T
flR 

+ T
exL 

+
 
T

exR 
/BM (Nm/kg)  11.70  1.4  12.11  1.27  10.94  1.35  2.40

T
(exL + exR)/2 

(Nm)  305.74  40.81  328.90  26.61  263.64  25.06  6.66

T
(flL + flR)/2 

(Nm)  129.43  20.96  137.57  17.19  114.64  19.58  3.38

T
ex + fl 

(Nm)  435.17  56.35  466.47  38.71  378.27  34.04  6.32

BH – body height, BM – body mass, FFM – fat-free body mass, TBW – total body water, ECW – extra-cellular body water, 

BCM – body cell mass, FM – fat mass, ICW – intra-cellular body water, MM – muscle mass, T
exL

 – torque of left limb 

extensors, T
exR

 – torque of right limb extensors, T
flL

 – torque of left limb flexors, T
flR

 – torque of right limb flexors, 

T
flL 

+ T
flR 

+ T
exL 

+
 
T

exR 
/BM – the relative torques for the knee joints in relation to body mass, T

(exL + exR)/2
 – mean value 

of the torques of the left and right limb extensors, T
(flL + flR)/2

 – mean value of the torques of the left and right limb flexors, 

T
ex + fl

 – knee joint extensor and flexor torques

Table 2. Values of the correlation coefficient between body components and the torques of the knee joint flexors and extensors

FFM TBW ECW BCM FM MM

FFM 1.0000

TBW 0.9999 1.0000

ECW 0.5657 0.5661 1.0000

BCM 0.4139 0.4136 –0.4856 1.0000

FM 0.6467 0.6438 0.4222 0.1239 1.0000

MM 0.4422 0.4419 –0.4569 0.9994 0.1422 1.0000

T
ex

0.4035 0.4006 –0.0380 0.4130 0.4184 0.4195

T
fl

0.2951 0.2920 –0.1471 0.4566 0.1656 0.4599

FFM – fat-free body mass, TBW – total body water, ECW – extra-cellular body water, BCM – body cell mass, FM – fat mass, 

MM – muscle mass, T
ex

 – torques of the knee joint extensors, T
fl
 – torques of the knee joint flexors
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Step regression was conducted, as a result of which 

to the equation reflecting values of flexor torques only 

one variable was added, i.e. the muscle mass. The cor-

relation coefficient for this equation is r = 0.4599, confi-

dence level p < 0.00923, and the error of estimation 

equals 18.936. The equation is

T
fl 

= 69.19750 + 1.33270*MM

In the case of extensors, the regression comprises two 

steps, so the fat mass has been added to the equation. The 

correlation coefficient is r = 0.5544, p < 0.00585, and 

the error of estimation equals 35.157. The equation is

T
ex 

= 159.4149 + 2.0728*MM + 3.5451*FM.

Discussion

The comparison of torques of lower limb extensors 

and flexors leads to a conclusion that human muscles 

are partly shaped by the gravity field [9]. This manifests 

itself in the greater values of the knee joint flexor and 

extensor torques which function against the gravity 

field and over twice as small the value of the knee flexor 

torques. The results concerning the mutual relationships 

between the torques of these muscle groups confirm the 

conclusions reached by many authors [10–12]. However, 

the level of the torques developed in the students of the 

Karkonosze College is slightly lower compared to the 

values presented by other researchers [1, 13].

In the group under examination, there are students 

training various sport disciplines and this fact may jus-

tify this result (a topography of torques varies in differ-

ent sport disciplines) [13, 14]. There was a great similar-

ity in the values of body height and mass of students 

from the two groups compared, and therefore, the dif-

ferences in the biomechanical parameters may be the 

effect of differentiation in the body composition of the 

persons examined. The students from the College were 

characterized by a significant content of fat (19.6%), 

which slightly exceeded values typical of males, partic-

ularly, sport groups [15, 16].

Using the k-means method, the students were divid-

ed into two groups with different torques, which al-

lowed the authors to characterize the specificity of body 

build and composition in both groups. The first group 

(students with higher muscle torques) obviously domi-

nates as regards absolute values of the tissue elements, 

because males from that group had significantly bigger 

body mass. However, the relative values of those com-

ponents were really interesting. An unexpected differ-

ence in favour of group II regarding the content of lean 

body was observed. No significant intergroup differen-

tiation with reference to relative cell mass was noticed, 

however, those components show slightly higher values 

in the group with lower values of torques. This means 

that the influence on the values of the biomechanical 

parameters of interest is due to the absolute amount of 

those tissues. In the range of the body build compo-

nents, significant differences were observed with refer-

ence to ectomorphy. The value of this component is 

significantly higher in group II. Consequently, a thesis 

may be put forward that body leanness is not in favour 

of obtaining high values of torques, which fact was con-

firmed by Madej et al. [8].

The correlation coefficients between the amount of 

tissue elements and torques in flexors as well as exten-

sors attain positive values. However, there should be 

noticed stronger relations of fat mass and lean body 

mass with extensor torques than with flexors. Probably, 

this may be justified by the function of extensors as the 

antigravity muscles, the main aim of which is to control 

an upright posture. The bigger the body weight, the 

higher the torque of the knee joint flexor must be re-

leased. 

Applying the regression analysis allows us to esti-

mate the influence of the tissue components examined 

on the value of the torques released. The muscle mass 

was chosen as the only significant parameter in the re-

gression equation. The correlation coefficient for this 

equation is significant at p = 0.01. Similar results were 

obtained by Pietraszewska and Pietraszewski [17] dur-

ing examination of football players. In the case of exten-

sors, the fat mass is an additional variable. This result 

may seem quite surprising, however, it can be explained 

by the intercorrelations in the area of body components. 

A significant value of correlation coefficient between 

fat mass and lean mass was observed, which proves the 

coexistence of active tissue and fat in the students being 

examined.

Conclusions

The results obtained enable us to conclude that the 

values of torques are significantly connected with the 

level of development of some tissue components. Since 

the measurement apparatus applied to assess tissue 

components was less advanced and considering great 
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mobility of such devices, the way of forecasting the 

knee joint torques developed based on the impedance 

method seems to be useful for preliminary assessment 

of the aforementioned biomechanical parameters, how-

ever, it may be connected with a substantial estimation 

error.
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Introduction

The human hand plays a crucial role in the process of 

interaction with the outside world. The hand develops 

strength in contact with objects and stabilizes them in 

space [1]. In 1962 Landsmeer [2] made a distinction be-

tween power grip and precision grip, indicating differ-

ences in the hand functions resulting from the areas of 

the hand involved in prehensile movements. He observed 

that the basic difference between the two types of grips 

lies in the positioning of fingertips against the thumb and 

the palm: in the precision grip the fingertips are posi-

tioned opposite the thumb, and in power grip opposite the 

palm. Both types of grip were later compared numerous 

times from the standpoint of hand biomechanics. Chao et 

al. [3] and Cooney and Chao [4] showed that a strong pin-

cer grip overloads forearm tendons more that a power 

grip. On the other hand, Armstrong [5] revealed a corre-

lation between the tension of long sinews of fingers and 

the hand grip diameter. A greater tension was noted dur-

ing gripping handles of both large and small diameters. 

Therefore, optimization of the handle diameter becomes 

important to minimize the tension in the tendons. The 

results of numerous studies show that elderly people with 

weakened hand function due to degenerative joint dis-

ease, decreased strength of finger flexors and tendon 

elasticity have problems with opening bottles and card-

board boxes [6–8]. Peebles and Norris [9] noted that grip 

force in all age groups can be affected by the handle 

diameter, position and movement direction. The aim of 

this study was to determine the maximal strength capa-

bilities of the hand, regarding the grip handle diameter 

and position, among young men and women. The results 

of the study will be regarded as future reference frames 

in research of elderly subjects by the Institute of Industri-

al Design in Warsaw. 

Material and methods

The study sample consisted of 48 men and 46 women 

aged 21–24 years. The subjects’ mean body weight and * Corresponding author.
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ABSTRACT

Purpose. The purpose of the study was to estimate the effects of cylindrical handle diameter and handle position on maximal grip 

force in young males and females. Basic procedures. The maximal voluntary grip force perpendicular to the surface of the handle 

was estimated using a glove with 320 sensors (Tekscan, USA – GripTM System). Individual digit and palm forces were studied. 

Different handle diameters (20, 30, 40 and 50 mm) and handle positions (vertical, natural – vertical handle with 12 deg of ulnar 

deviation of the hand, and horizontal) were applied during measurement. Main findings. Using handles and hand tools frequently 

leads to the feeling of discomfort in daily life. In a longer term, using improper handles and hand tools may also cause musculoskeletal 

disorders. Poor wrist positioning and handle diameter can diminish grip strength. The ideal diameter and wrist position during 

holding a tool handle was determined for males and females using maximal grip strength measurements. The obtained results 

showed that a tool handle diameter of 20 to 30 mm is optimal for the general population. Further research should be carried out to 

estimate the impact of wrist positioning in the elderly. Conclusions. The handle positioning is not a significant factor influencing hand 

grip force capabilities for young men and women. The grip force of three digits did not significantly vary for different handle positions 

used in the study. The optimal handle diameter for maximal grip force was estimated to be between 20 and 30 mm, and the diameter 

was larger for men. On the basis of results for individual digits the 30 mm diameter was chosen as optimal for both sexes.

Key words: hand, grip force, cylindrical handle, finger force

MAXIMAL GRIP FORCE DURING HOLDING A CYLINDRICAL HANDLE 
WITH DIFFERENT DIAMETERS

2009, vol. 10 (1), 26–30

HM_2009_1_26_30_10_mastalerz_Maximal_d.indd   26 2009-06-01, 14:27:36



HUMAN MOVEMENT

27

A. Mastalerz, E. Nowak, I. Palczewska, E. Kalka, Maximal grip force

height values are presented in Tab. 1. Before the meas-

urements each subject gave his or her written consent to 

participate in the examination. The study was given ap-

proval of the Ethics Committee of the Józef Piłsudski 

University of Physical Education in Warsaw.

was also recalibrated before each new measurement. 

Each subject was then properly positioned and the ele-

ments of the measurement system were placed. Each 

subject was sitting with the glove arm perpendicular to 

the ground placed on the armrest. The subject’s glove 

(Fig. 1) was connected to a terminal which transferred 

the signal to a PC data card. The maximal voluntary 

grip force on the cylindrical handle was estimated. The 

handle was set in three positions and two planes: A – 

hand perpendicular to the ground and the forearm, in 

the sagittal plane; B – hand at the natural angle from the 

forearm (estimated with anthropological tests of hand 

strength) in the sagittal plane; C – hand at the natural 

angle from the forearm in the transverse plane. 

For each handle position grip measurements were 

carried out for handles with four different diameters: 50, 

40, 30 and 20 mm. The signal from the sensors was sam-

pled with the frequency of 500 Hz within five seconds. 

After three minutes, a handle with a different diameter 

was used. The measurements were repeated in the same 

way for all four handle diameters. The grip force meas-

ured at each sensor was recorded in real time (time 

function), with the force direction perpendicular to the 

area of contact between the hand and the sensor. The 

maximal grip force was recorded as a total of values 

registered by the 320 sensors. Then the values of grip 

forces of the fingers and the palm were analyzed. To 

eliminate the impact of other forces tangent to the han-

dle surface the handles were mounted in such a way as 

to allow translation and rotation along the handle axis. 

This way the accuracy of the measuring gloves was 

greatly improved. For the measurement chain the error 

of the grip system with sensors was set. 

With the use of ordinary least squares the actual 

processing properties of the measurement chain were 

determined. The sensors were loaded with a standard 

load of ascending and descending value. The error of 

the measurement chain was lower than 2%. To set the 

error of measurement method a series of grip force tests 

were performed on the grip system using different cy-

lindrical handles. The results revealed the measurement 

error between 10 and 20%, mostly due to the specificity 

of the human nervous system. 

Results

The mean values of total hand grip force are pre-

sented in Tab. 2. In both sex groups grip force was 

strongly correlated with the handle diameter and in both 

The Tekscan grip measurement system (Fig. 1) was 

used to assess the force of palm and fingers. The multi-

ple sensing areas of the system could be individually 

positioned on different parts of the hand. The total hand 

grip force was measured by 320 resistive sensors locat-

ed in twenty 2 × 2 cm sensing regions of the glove. 

Thirteen sensing areas were placed on the phalanges of 

the hand, and the remaining ones on the palm (Fig. 1).

Before the measurements the measurement chain of 

each new glove was scaled and calibrated. The glove 

Table 1. Mean values (± SD) of subjects’ basic 

anthropometric indices

Sex
Age 

(years)

Body weight 

(kg)

Body height 

(cm)

Women 21.3 ± 0.2 56.5 ± 3.3 163.4 ± 2.7

Men 21.5 ± 0.1 79.5 ± 2.4 182.5 ± 2.7

Figure 1. Tekscan 4255N grip measurement system 

before (A) and after (B) mounting on a glove

A

B
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Figure 2. Percentage differences between total grip force for diameters of 30, 40 and 50 mm and grip force for handle diameter 

of 20 mm for three handle positions (A, B, C) in the group of women (W) and men (M)
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Table 2. Mean, standard deviation (SD), minimal (Min.) and maximal (Max.) grip force during holding a cylindrical handle 

regarding the handle position (A, B, C) and diameter (20, 30, 40 and 50 mm)

Sex Position
Diameter

(mm)

Mean

(n)

SD

(n)

Min.

(n)

Max.

(n)

Men

A 20  117.00 26.44 81.03 214.07

A 30  117.05 26.16 72.33 209.05

A 40  101.60a 22.48 62.05 165.12

A 50  89.48b 19.23 52.25 144.83

B 20  113.79 28.94 72.72 223.46

B 30  112.20 29.31 60.84 212.69

B 40  99.56c 25.75 57.34 171.30

B 50  89.04d 22.79 49.19 153.62

C 20  104.42 20.32 69.54 170.10

C 30  108.02 28.09 62.34 197.64

C 40  94.45e 24.88 45.40 151.98

C 50  84.71f 21.73 48.47 141.20

Women

A 20  99.41 22.01 62.11 165.28

A 30  96.78 21.03 51.93 157.20

A 40  82.36g 18.81 46.92 149.60

A 50  71.37h 19.40 34.19 136.73

B 20  97.05 22.10 54.97 150.56

B 30  93.30 21.39 51.32 144.72

B 40  82.76i 19.76 40.05 137.04

B 50  74.90j 18.88 40.94 138.75

C 20  95.65 21.55 60.05 161.33

C 30  91.55 20.74 52.87 148.79

C 40  80.28k 19.27 42.99 140.86

C 50  72.56l 18.39 40.06 119.00

The level of statistical significance for force values higher than values for the smallest handle diameter: a p < 0.02, b p < 0.001, 
c p < 0.02, d p < 0.001, e p < 0.05, f p < 0.001, g p < 0.02, h p < 0.001, i p < 0.05, j p < 0.001, k p < 0.05, l p < 0.001

groups significantly lower values were obtained with 

handles of 40 and 50 mm in diameter than with 

a handle of 20 mm in diameter (Tab. 2). For the diame-

ter of 30 mm the observed differences were not clear. 

Among the women the grip force values for the diame-

ter of 30 mm were 4.2% (maximally) lower than the 

values with the smallest handle, and were not correlated 

with the handle position. Only in the group of men did 

the handle position affect the grip force. In two cases 

the grip force values for the 30 mm handle were higher 

than the results for the smallest handle diameter (Fig. 2).

The obtained results were analyzed statistically with 

the use of ANOVA with regard to three main factors: 

subject’s sex, handle position (A, B, C) and handle di-
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ameter (20, 30, 40 and 50 mm). The effects of each 

main factor on grip force was confirmed (sex – 

F = 138.67, p = 0.001; handle position – F = 5.56, 

p = 0.002; handle diameter – F = 70.23, p = 0.001). 

No significant correlations between the factors were re-

vealed. 

The results obtained by men and women turned out 

to be statistically related only to the factor of handle di-

ameter.

The grip measurement system allowed identification 

and analysis of the grip force of the palm and its indi-

vidual fingers. Tab. 3 presents percent differences of 

grip forces while holding a cylindrical handle with refer-

ence to the smallest handle diameter. In the case of three 

fingers: the thumb, index finger and middle finger, no 

significant correlation between the handle position and 

grip force results was noted. No significant correlation 

between the subject’s sex and the thumb force was re-

vealed either. The thumb was the only hand part to dis-

play an inverse correlation of grip force and the handle 

diameter. Regardless of the handle position angle and 

subject’s sex the highest results of the thumb grip force 

were attained for the handle diameter of 50 mm. 

Discussion

The human hand grip force is commonly assessed 

using hydraulic or tensometric hand dynamometers, 

and is typical of double-handled tools such as a pair of 

tongs. The existing data fail to indicate an optimal han-

dle diameter generating the maximal hand grip force. In 

studies using hand dynamometers the greatest force 

was obtained for the handle diameter of 6.03 cm [10] 

and 4.76 cm [11]. In the case of cylindrical grip the han-

dle diameter is much smaller. Edgren et al. [5] obtained 

the highest grip force values for the handle diameter of 

3.8 cm. It must, however, be noted that the measured 

total grip force consisted of two components perpen-

dicular to each other. The results of Edgren et al. [5] 

also show that the tangent component of force reduces 

the total force most significantly for small handle diam-

eters (2.5 cm and 3.8 cm). The perpendicular compo-

nent of force was more significantly correlated with the 

handle diameter. However, a non-significant difference 

was revealed between the handle diameters of 2.5 cm 

and 3.8 cm. In the present study similar observations 

were made for handle diameters of 2 and 3 cm. Like in 

Table 3. Percentage grip force differences for handle diameters of 30, 40 and 50 mm for individual fingers with reference 

to the results for the handle diameter of 20 mm

Men Women

Handle position Handle position

Finger
Handle 

diameter
A B C A B C

Hand 

30 –3.8 –4.6 –2.9 –6.1 –6.7 –9.6

40 –19.6 –16.4 –20.3 –25.1 –25.6 –27.5

50 –34.3 –31.1 –32.4 –41.6 –36.0 –38.8

Thumb

30 27.9 15.3 9.0 32.1 17.7 –0.3

40 31.3 15.7 0 44.5 31.6 –0.5

50 65.6 52.2 26.8 82.8 69.7 26.4

Index finger

30 3.8 –0.1 9.7 –1.6 –5.0 –1.3

40 –10.6 –16.6 –4.5 –16.4 –17.0 –12.7

50 –24.5 –26.4 –18.4 –26.8 –26.1 –22.7

Middle finger

30 1.1 –1.4 4.6 –0.9 –2.4 –2.4

40 –9.6 –9.6 –6.8 –14.4 –12.2 –11.2

50 –20.5 –21.2 –15.6 –28.3 –24.1 –21.4

Ring finger

30 –0.2 4.3 12.2 –4.5 –4.9 1.9

40 –11.1 –4.3 2.8 –17.5 –16.0 –6.4

50 –24.4 –16.8 –7.8 –34.1 –26.1 –19.7

Little finger

30 –17.0 –19.7 –12.5 –21.9 –21.3 –17.7

40 –35.1 –32.9 –28.2 –40.9 –36.4 –32.8

50 –50.0 –43.5 –40.3 –57.4 –48.1 –40.5
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Edgren et al. [5] a significant reduction of the grip force 

for handle diameters larger than 4 cm was observed. 

Sancho-Bru et al. [12] using their hand model indicated 

a handle diameter of 3.3 cm as optimal for both sexes. 

Irwin and Radwin [13] in their study of hand grip force 

for handle diameters of 2.54, 3.81, 5.08, 6.35 and 7.62 

cm used a simple biomechanical model to determine the 

tension of tendons of long finger muscles. Their simula-

tion revealed a 130% increase in tendon tension and 

36% of decrease of grip force between the smallest and 

the largest handle diameters. 

Conclusions

The handle position does not affect the hand grip 

force in men and women. In the case of three fingers the 

handle position had no significant effect on the grip 

force. An optimal handle diameter to develop the maxi-

mal hand grip force is between 20 and 30 cm and is 

larger for men. The measurement results of grip force of 

individual fingers point to the diameter of 30 mm as 

optimal for both sexes. The obtained results with the 

optimal handle diameter for the index finger, middle 

finger and ring finger are the highest in men and 5% 

lower in women. 
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Introduction

The following article is a continuation of my earlier 

studies concerning combining knowledge from PE 

classes and teaching physics [1]. The results obtained 

had pointed to a significant improvement of the second-

ary school students’ understanding of the principles of 

mechanics taught during physics classes when using 

examples from PE classes. The observations of mecha-

nical movement performance of students during their 

PE classes were used in teaching physics. For example, 

a shot putting exercise was used to demonstrate that 

students who understood the mechanics of the particu-

lar sport, significantly increased their putting range, af-

ter having changed their putting technique. It was also 

observed that understanding the principles of mechan-

ics could be very useful in extracurricular forms of 

physical activity. The research conducted showed that 

teaching aikido techniques was more effective if their 

dynamics was explained using principles of mechanics 

[1, 2]. The aim of the following study was to assess 

whether the level of knowledge about principles of me-

chanics in aikido affects the precision of execution of 

aikido techniques. The other research question was 

whether teaching solid-state mechanics using examples 

from aikido and other sports could increase teaching ef-

fectiveness. 

Material and methods 

The samples for the study consisted of two groups of 

secondary school students from the city of Koło. All 

subjects had participated in similar studies in the school 

year 2000/2001, when they were in the first grade [1]. 

The two study groups were in fact two school classes E 

and F. Group E (control group) comprised 33 students, 

and group F (experimental group) included 27 students. 

In the first semester of the school year 2001/2002 group 

F (second secondary school grade) practiced aikido one 

hour a week. Solid-state mechanics is part of physics 

curriculum in the third grade of secondary-school, after 

students acquire sufficient mathematical skills in their 
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ABSTRACT

Purpose. This paper aims to examine how the knowledge of biomechanics, specifically of mechanics principles used in teaching 

aikido techniques, affects the precision of aikido movements execution. It also aims to answer the question whether secondary-

school teaching of solid-state mechanics, using examples from aikido and other sports, improves the learning outcomes. Basic 
procedures. The experiment involved 60 second- and third-form secondary-school students, divided into two groups: F (n = 27) and 

E (n = 33). The research on the understanding of mechanics principles was based on the results of a written test. Group F 

(experimental group) had been taught the principles of rotation mechanics, using examples from aikido and other sports, as opposed 

to group E (control group). Surprise tests were applied to assess the understanding of mechanics rather than retrieving of definitions 

learned by heart. The experimental group took a written test to assess their understanding of aikido mechanics. Over the period of 

one month the students in this group had been taught four selected aikido techniques. Using a ten-point grading scale the precision 

of execution of aikido techniques was evaluated. Main findings. Student’s t-test and regression analysis were used for statistical 

analysis. A statistically significant difference was found between the aikido-enhanced and the conventional ways of teaching solid-

state mechanics: the experimental group attained much higher test results than the control group. There was a strong correlation 

between understanding aikido mechanics and the performance of aikido techniques. Conclusions. Understanding aikido mechanics 

improves the performance of aikido techniques. Teaching solid-state mechanics, using examples from aikido and other sports, is 

more effective than teaching physics in the conventional way.
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lower grades. Before the commencement of the me-

chanics course in the school year 2002/2003 students 

had to pass a physics revision test covering material 

from the first grade, i.e. translational mechanics (Test 

1). Solid-state mechanics was taught in class E in the 

traditional way, whereas students from class F used 

their experiences and examples from aikido and other 

sports, e.g. by analyzing mechanical movements during 

diving, sports gymnastics, dancing, figure skating, etc. 

Both groups then took a final test to assess their learn-

ing outcomes. Both tests (1 and 2) were surprise tests 

and were carried out some time after the last class to 

ensure assessment of students’ understanding of the 

mechanics principles, and not merely their memorizing 

skills. 

In the experimental group the dynamics of aikido 

techniques was taught using principles of biomechan-

ics, i.e. mechanics principles of human movement. In 

the description of human movement the human body is 

divided into 14 parts treated as solids [3]. The classes 

focused mostly on the solid-state rotational mechanics. 

The basic principles of mechanics in aikido techniques 

were the subject of my earlier study [2]. The students 

taking the mechanics classes were informed about the 

advantages of reducing the radius of performed move-

ments, the distance between the arms and the axis of 

rotation, or of lowering or optimal shifting the body’s 

center of gravity. The principles of aikido such as “yield 

to win”, “turn around if you’re pushed” or “move for-

ward if you’re pulled” were explained to the students 

using the law of momentum conservation, second law 

of motion for angular motion, centrifugal force and 

composition of resultant forces and moments of force 

[2, 4].

The students’ knowledge of biomechanics for aikido 

was tested in an essay form. After writing their essays 

the students got acquainted with four selected aikido 

techniques during one month. Then the precision of 

performance of each technique was assessed using 

a ten-point scale. Each subject could score up to 40 

points. The method of evaluation of aikido technique 

performance was taken from the Koichi Tohei aikido 

school1. As sports rivalry does not apply in aikido prac-

titioners are evaluated on their performance of taigi, i.e. 

sets of techniques executed in response to a particular 

attack [4, 5]. Both the precision and speed of move-

ments are evaluated. During the study only the preci-

sion of movement sequences performed by a practitioner 

was assessed. The precision criteria included an appro-

priate reduction of the radius of motion, assuming 

proper body posture, arms movement and shifting the 

body’s center of gravity at a given movement. 

Before learning the selected techniques the students 

taking part in the test had already acquired basic aikido 

skills, i.e. safe falls [6], body turns and rotations. The 

assumed method of instruction was “from the general 

to the specific” [4]. First, general rules of technique ex-

ecution were explained, followed by a detailed analysis 

of particular movement sequences in a given technique. 

Student’s t-test for independent variables and regression 

analysis were used in statistical analysis.

Results

The effects of the mean results of the written tests in 

both groups were assessed using Student’s t-test for in-

dependent variables. No statistically significant differ-

ences were observed between group E and group F in 

test 1, but not in test 2 (p < 0.05) (Fig. 1), where group F 

attained a much higher mean result than group E.

1 Koichi Tohei – 10th Dan holder in aikido.

Figure 1. The mean results of mechanics tests taken 

by students from group E (taught in the conventional way) 

(n = 33) and from group F (taught using examples 

from aikido and other sports) (n = 27)
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The obtained Student’s t-test results were confirmed 

by results of non-parametric U-Mann Whitney test. The 

analysis of regression was used to examine the correla-

tion between the correctness of biomechanics test an-

swers and precision of performance of aikido tech-

niques. A strong correlation was noted between the two 

at r = 0.9.
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Discussion

There was no statistically significant difference be-

tween the two groups of students (E and F) in terms of 

their results of mechanics tests in the school year 2000/

2001 [1]. This was confirmed by the results of the writ-

ten test taken by the students before the start of the solid-

state mechanics course (test 1). It shows that both 

groups had similar conditions for learning the mechan-

ics material. A new method of teaching solid-state me-

chanics significantly affected the differences between 

the results of solid-state mechanics learning attained by 

both groups of students. In a traditional physics class 

the teacher demonstrates first the mathematical equa-

tion of a law of physics and then carries out an experi-

ment illustrating the theory. In the author’s opinion the 

main factor affecting the results in group F was stu-

dents’ participation in aikido classes, during which 

aikido techniques were explained using the principles of 

mechanics. The students’ participation in aikido classes 

could facilitate their understanding of mechanics prin-

ciples, following the educational rule of affecting as 

many student’s senses as possible [7]. The PE classes as 

well as other forms of extraschool physical activity al-

lowed more active contribution of other senses – includ-

ing somatic ones – to the learning process, than hearing 

and sight only. The results obtained correspond to my 

earlier conclusions that learning the laws of mechanics 

by school students could be greatly facilitated by the 

use of examples from sport and other extracurricular 

physical activities [1].

The results confirm that the knowledge of biome-

chanics in teaching aikido techniques affects the preci-

sion of performance of a given technique (Fig. 2). The 

term “aikido technique” must, however, be precisely 

defined. There are multiple definitions of “sport tech-

nique” in professional literature. Bober [8] in his analy-

sis of definitions of sports technique follows Zatsiorsky 

[9], who thinks sport technique is a term which can be 

described rather than defined. In my opinion the term 

aikido technique refers to a way of neutralizing a spe-

cific attack and simultaneous execution of a specific 

motor task. Neutralizing can be made by (1) locking, 

(2) throwing or (3) a combination of both [10]. The neu-

tralizing technique differs with regard to the type of at-

tack. The study revealed a strong correlation between 

the learnt knowledge of biomechanics and the number 

of points scored for execution of aikido techniques. 

Similar results had been attained during teaching shot 

putting techniques [1]. The putting distance increased 

in students who had learnt about the mechanics of this 

particular field event. 

The study can be confirmed by Bober and Zawadzki 

[11], who observed that the concepts of motor learning 

refer to the learner’s task awareness and understanding 

during learning a specific motor pattern. Not only then 

does reproduction of motor patterns practiced earlier 

become easier, but also creation of new ones. The ex-

amples of applying knowledge of the principles of me-

chanics in aikido or shot put training point to the need 

to use biomechanical knowledge in teaching all sports 

or physical recreation. In my opinion this knowledge is 

not always effectively used by physical education teach-

ers. Carrying out a thorough biomechanical analysis of 

sports techniques during PE classes, rather than giving 

mere instructions to students seems reasonable. Teach-

ing an infinite number of movement sequences requires 

the knowledge of laws of translation and rotation [2]. 

The teacher’s role is to know these laws as they can be 

very useful in students’ learning of specific motor 

tasks.

Conclusions

1. Understanding the principles of mechanics during 

execution of aikido techniques increases the precision 

of their performance. 

2. Teaching solid-state mechanics using examples 

from aikido and other sports is more effective than the 

conventional methods of physics teaching.

Figure 2. Correlation between results of the biomechanics 

tests and points for precision of performance 

of aikido techniques in group F (n = 27). 

Equation of the regression line: y = –4.10 + 2.56 x, r = 0.9
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Introduction

Social diversification has been widely accepted as a 

factor determining the children’s and adolescents’ level 

and speed of development by a number of anthropolo-

gists in Poland and abroad [1–3]. The factors affecting 

physical development include nutrition, migrations, 

place of residence, socio-economic status and lifestyle. 

The current, often dynamic, social, economic and cul-

tural transformations have a great impact on the kinet-

ics and dynamics of biological development and health 

state of different human communities. 

The motor development of children and youth de-

pends to a large degree on the processes of growth and 

pubescence [4, 5]. It is assumed that differences in 

terms of the pace of development of basic somatic pa-

rameters generate significant differences in the levels of 

development of motor skills. It has been well-known 

that the development of somatic traits takes place in a 

specific order and is correlated with puberty. A number 

of studies show that the basic motor skills are developed 

in sequence as well. Most children reach the optimal 

level of their skills at pubescence [6–8]. 

Polish authors have commonly sought the causes of 

diversification of physical development in the socio-

economic situation of young people’s families and, in 

particular, in their lifestyle. According to Drabik [9] and 

Sławińska [10] one of the major environmental stimula-

tors of physical development is physical activity regard-

ed as an important lifestyle component. In modern 

times, nature and ecological values of rural areas them-

selves fail to make a serious improvement of life quality, 

and are not regarded anymore as significant positive in-

dicators of health and population development.

The aim of the study was to determine the signifi-

cance of socio-economic status and family lifestyle for 

physical development of adolescents at puberty. The ef-

fects of the environment are multidirectional, depending, 

for instance, on the range of the body’s response, i.e. its 

genetically determined sensitivity to environmental fac-

tors. According to Wolański [11] faster development can 

cause an easier divergence from the former course of de-
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velopment, i.e. children may become less alike their par-

ents. Thus the question remains: what is the gradation of 

environmental variables in view of their different influ-

ences on rural and urban adolescents?

Material and methods

The study was carried out in the spring of 2001 in 

primary and middle schools of the Przeworsk District in 

the Podkarpackie Province of Poland. There are 45 cit-

ies and 2.166 villages in the Province, divided into 21 

districts, 160 communes and 1.532 seats of village 

council chair (the smallest administrative units in Po-

land) [12]. The subjects were boys aged 12–15 years and 

girls aged 11–14 attending different primary and middle 

school grades. The subjects were selected at random 

from specific schools. The measurements took place in 

the morning. 

The results of 30.7% of adolescent population from 

the Przeworsk district were used in the analysis. The 

sample was divided into two groups: urban and rural 

(Tab. 1). The tests of the urban population of students 

were conducted in chosen schools in the towns of Prze-

worsk, Kańczuga and Sieniawa; all the urban students 

lived with their parents. The examination of the rural 

population was carried out in twelve schools in rural 

areas of the district. 

beam; the best result out of five attempts was re-

corded with the accuracy of 0.1 s.

2. Plate tapping test (speed of arm movement) – meas-

uring the time of 15 cycles in two attempts. 

3. Sit and reach test (flexibility) – following EUROFIT 

guidelines [14].

4. Standing broad jump (explosive strength of legs) – 

following EUROFIT guidelines; using the body 

weight and the result of the jump test the maximal 

anaerobic power (MAP) was calculated for each 

subject, according to the formula: 

MAP = m 
.
 h 

.
 g

m  – body weight (kg),

h  – standing broad jump test result (m),

g  – gravitational acceleration (J).

The MAP is, according to Januszewski [15], more 

useful for general assessment of physical development 

than the absolute score of the jump test. 

5. Hand grip test (static strength of forearms) using 

DRP 30 and DRP 90 hand dynamometers, following 

EUROFIT guidelines, in arbitrary units per kilo-

gram of lean body mass. 

6. Sit-ups (abdominal muscular endurance), maximum 

number of sit-ups achievable in 30 s. 

7. Overhead medicine ball (2kg) throw backward (ex-

plosive strength of arms and trunk), the best score in 

two attempts. 

8. 10 × 5 m shuttle run (running speed, agility) – fol-

lowing EUROFIT guidelines.

9. Burpee test (speed endurance) – a cycle of repetitions, 

each consisting of four stages: standing erect, clapping 

hands overhead – start measuring the time – squat po-

sition, thrusting the legs back, returning to the squat 

position, returning to the standing position. The sub-

jects performed as many repetitions in 30 s as possible. 

The choice of the Burpee test rather than a regular 

running test for evaluation of endurance may seem 

disputable, but it was relatively easy to apply in dif-

ferent schools.

The measurements were completed with data on the 

subjects’ living conditions. The students’ parents re-

ceived anonymous questionnaires on the family’s socio-

economic situation and lifestyle1. The questionnaire 

Table 1. Number of subjects from urban and rural areas

Area 

of residence
Sex

Age (years)

11 12 13 14 15 Total

Urban
♂ – 146 112 66 76 400

♀ 115 117 141 77 – 450

Rural
♂ – 159 119 164 194 636

♀ 162 127 128 148 – 565

2051

To ensure the most optimal evaluation of subjects’ 

physical development 17 somatic traits were measured 

and nine common fitness tests were carried out. The 

choice of tests was made in consideration of facilities 

available in different schools. The flamingo balance 

tests and plate tapping tests were modified following 

the simplified measuring procedures introduced by 

Szopa [13], included in the Żak test of relative assess-

ment of physical fitness. The fitness tests were per-

formed in the following sequence:

1. Flamingo balance test – (static balance) on the pre-

ferred foot, maintaining balance on a 4 × 3 × 50 cm 

1 The questionnaire used in the present study was developed after 

consultations with the faculty of the Chair of Anthropology and 

Anatomy of the University School of Physical Education in Cracow 

and gaining approval by the Faculty Council. 
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contained 14 items: parents’ age at their child’s birth, 

parents’ place of birth and residence until 18 years of 

age, education, occupation, farmstead size, number of 

children in the family, number of family members per 

one working person, number of people living in one 

room, net income per person, interests, health state, 

physical activity, child’s active leisure pursuits and 

others.

The obtained questionnaire data was used to set up 

categories of socio-economic status and family lifestyle. 

The scores of fitness tests were presented according to 

the subjects’ sex and place of residence in the selected 

categories of environmental factors. Factor analysis was 

used for interpretation of correlations between qualitative 

and quantitative data. The results of univariant F-test for 

each variable became the basis for further interpretation.

Results

The mean scores of medicine ball throw tests assess-

ing the explosive strength of the arms and trunk, revealed 

the most numerous significant correlations with the indi-

ces of family’s socio-economic status and lifestyle (Tab. 

2, 3). Fewer such correlations were noted for the MAP, 

flexibility and abdominal muscular endurance tests. Ad-

ditionally, significant correlations were found between 

the flamingo test and shuttle run test results and the envi-

ronmental variables under study, in urban boys. In urban 

girls, the shuttle run, Burpee and plate tapping scores 

were frequently correlated with the indices of socio-eco-

nomic status and family lifestyle; whereas in rural girls 

such correlations were only found between the environ-

mental factors and the flamingo balance test results.

Table 2. One-dimensional F-test values representing correlations between selected motor abilities 

and environmental factors in boys

Environmental variable
Static 

strength

Explo-

sive 

strength 

Muscle 

mobili-

zation

MAP

Strength 

endur-

ance

Speed 

endur-

ance

Static 

balance

Speed of 

move-

ments

Spinal 

flexibil-

ity

Urban environment

Father’s education 0.25 1.01 0.93 1.17 0.32 0.62 1.57 0.36 0.14

Mother’s education 0.36 3.31 3.62 2.92 3.48 3.27 2.64 0.29 3.07

Father’s occupation 0.84 2.95 0.93 3.94 3.04 1.25 1.07 0.25 0.52

Mother’s occupation 1.45 1.53 2.95 0.16 0.57 1.4 0.2 0.39 2.93

Number of children in family 0.05 0.12 3.73 3.65 0.95 0.19 3.88 0.34 0.17

Number of people in family 

per working person 
0.38 0.13 1.03 0.38 1.39 1.05 0.44 2.99 0.02

Number of people in family 

living in one room
2.87 3.56 1.48 0.08 0.42 0.02 3.73 2.83 0.45

Income per person 0.41 3.24 2.99 0.78 0.52 0.45 3.02 0.67 2.95

Physical activity

child 3.55 2.95 3.49 3.73 3.19 2.97 0.27 2.77 0.69

father 2.83 2.84 0.11 3.71 3.41 1.01 2.97 0.29 0,41

mother 1.71 2.89 0.83 1.02 0.61 0.56 4.54 1.16 3.15

Child’s leisure 0.18 1.15 0.31 1.38 2.97 0.14 3.38 3.88 0.02

Rural environment

Father’s education 0.22 3.39 1.84 1.63 0.24 0.86 0.32 3.13 4.91

Mother’s education 0.36 3.81 3.21 8.47 0.1 3.03 0.81 0.45 3.26

Father’s occupation 0.16 0.91 0.69 2.27 2.98 0.35 0.11 0.91 0.89

Mother’s occupation 0.68 2.76 0.72 4.95 3.85 3.21 1.09 1.0 3.17

Number of children in family 0.73 8.23 2.91 5.17 0.95 3.15 0.08 1.86 4.65

Number of people in family 

per working person 
3.29 7.71 0.93 10.77 0.02 1.85 3.35 0.21 4.49

Number of people in family 

living in one room
0.37 4.66 0.51 2.19 2.04 1.91 0.15 1.06 0.14

Income per person 1.39 6.96 0.35 11.42 2.97 1.43 0.47 1.0 4.29

Physical activity

child 0.33 2.89 0.89 2.91 0.78 0.89 2.97 2.87 5.13

father 0.21 0.85 1.82 0.16 0.12 0.28 0.52 0.57 1.74

mother 1.05 1.25 1.29 2.37 0.04 0.71 0.58 0.45 1.77

Child’s leisure 2.93 2.87 1.17 8.34 0.82 0.47 2.96 1.8 0.17

F values at α ≤ 0.05 marked in bold
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As the body’s functionality was considered second-

ary to its structure, the mean scores of motor tests in the 

categories of environmental factors under study were 

then compared. The multivariant F-test results compar-

ing the medicine ball throw scores with the number of 

children in the family, number of people living in one 

room and child’s motor activity indicate a certain social 

gradient: the better the living conditions and level of 

physical activity, the greater the explosive strength of 

the arms and trunk (Fig. 1b, 1c, 1e). Students from 

sport-practicing families with a single child and good 

living conditions tended to achieve far better results. 

Students from families with many children with rela-

tively worse living conditions and low level of physical 

activity achieved results below the study sample aver-

age. Other factors which significantly affected the mean 

medicine ball throw scores revealed some environmen-

tal diversification. For instance, urban boys and rural 

girls, whose parents had a secondary or vocational edu-

cation, attained the highest medicine ball throw scores 

(Fig. 1a). On the other hand, these results were higher in 

rural boys and lower in urban girls, whose mothers had 

a higher education.

The correlations with variable “net income per per-

son” also revealed some interesting results. The explo-

sive strength was, for example, the highest in boys from 

Table 3. One-dimensional F-test values representing correlations between selected motor abilities 

and environmental factors in girls

Environmental variable
Static 

strength

Explo-

sive 

strength 

Muscle 

mobili-

zation

MAP

Strength 

endur-

ance

Speed 

endur-

ance

Static 

balance

Speed of 

move-

ments

Spinal 

flexibil-

ity

Urban environment 

Father’s education 2.78 2.46 4.42 4.05 0.93 0.82 5.04 0.21 0.44

Mother’s education 3.13 3.27 3.66 4.31 1.41 0.17 3.17 0.27 3.18

Father’s occupation 0.41 2.99 3.07 2.96 3.17 3.38 1.37 3.57 0.41

Mother’s occupation 1.61 5.09 3.52 0.64 3.78 3.85 3.67 3.51 3.17

Number of children in family 0.31 3.01 3.02 2.94 1.28 0.62 0.15 3.85 2.97

Number of people in family 

per working person 

0.48 0.47 0.41 0.71 0.41 0.08 0.15 0.58 1.16

Number of people in family 

living in one room

3.05 1.08 0.35 3.29 0.1 0.52 0.04 0.34 0.82

Income per person 0.39 5.57 3.23 3.48 3.21 0.41 0.54 3.14 1.64

Physical activity

child 3.08 3.52 2.31 2.61 2.04 3.44 1.95 0.31 2.37

father 1.17 3.58 1.75 2.51 2.11 0.05 0.86 0.88 2.17

mother 0.65 0.79 1.69 0.77 1.99 3.09 0.67 0.01 1.47

Child’s leisure 1.18 0.04 0.07 1.69 0.31 3.07 0.93 3.44 0.65

Rural environment 

Father’s education 0.45 1.41 0.46 3.09 0.4 3.21 3.54 0.57 2.21

Mother’s education 0.28 3.92 0.76 0.65 2.96 0.45 3.21 0.86 2.91

Father’s occupation 0.47 1.64 2.16 0.94 0.98 1.63 0.14 0.18 0.05

Mother’s occupation 3.69 3.91 3.67 2.97 3.21 3.36 1.36 0.47 3.27

Number of children in family 3.39 4.65 2.99 0.86 3.47 0.71 0.1 3.15 2.97

Number of people in family 

per working person 

0.82 0.03 1.26 0.32 3.48 2.14 2.99 0.57 3.66

Number of people in family 

living in one room

1.21 1.25 0.93 1.11 0.63 0.01 1.27 0.45 1.51

Income per person 0.13 4.67 0.57 3.72 3.58 0.25 0.43 2.89 3.21

Physical activity

child 3.41 2.95 3.21 3.48 3.25 3.13 2.73 3.17 3.04

father 0.31 0.45 1.21 1.04 0.3 2.57 0.19 0.16 0.13

mother 0.78 0.77 1.35 0.04 0.57 0.31 1.58 0.07 0.42

Child’s leisure 0.59 2.96 0.84 4.59 3.24 1.12 2.92 0.57 3.06

F values at α ≤ 0.05 marked in bold

HM_2009_1_35_45_07_poltorak_significance_d.indd   38 2009-06-02, 08:50:27



HUMAN MOVEMENT

39

W. Półtorak, Environmental factors of physical development

families with the highest income, but only in rural boys 

the distribution of the test results was monotonic. In 

girls, the mean results of explosive strength displayed 

some degree of conformity, and the highest score was 

within the second range, i.e. income per person between 

301 to 500 PLN (Fig. 1d).

The results of the tests assessing the explosive 

strength of the arms and trunk in combination with the 
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subjects’ body height were affected by the subjects’ liv-

ing conditions and physical activity. Students from 

families with fewer children, with good living condi-

tions, high income, mother’s secondary education and 

practicing organized sports tended to score higher.

The mean values of the MAP index altered signifi-

cantly alongside such variables as parents’ education, 

mother’s occupation, number of children in the family, 

income per person  and child’s physical activity and lei-

sure pursuits (Tab. 2, 3). The subjects’ test results in the 

categories: number of children in the family and child’s 

physical activity and leisure revealed an improvement 

of anaerobic efficiency forming a sort of social gradient 

(Fig. 2c, 2a, 2f). Students whose fathers had a second-
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ary or vocational education attained the highest MAP, 

in the rural environment, in particular (Fig. 1f). In 

terms of mother’s education, the higher education level 

had a positive impact on the MAP results, but only in 

boys (in rural areas, in particular). It should be noted that 

in the category of mother’s education the MAP values of 

their daughters were very similar (Fig. 2b).

The MAP values changed significantly in correla-

tion with the mother’s occupation, only in the rural en-

vironment: the higher mothers’ professional status, the 

better the maximal anaerobic power of their children 

(Fig. 2e). The MAP index values also revealed correla-

tions with the income per person (Fig. 2d). A significant 

improvement of test results was observed in the second 
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range of the net income category, i.e. from 301 to 500 

PLN per person in the family. In the other cases, i.e. 

outside the second range, both urban and rural students 

attained the lowest MAP results.

Another test featuring a great variability of scores 

was the sit-ups test assessing abdominal muscular en-

durance. The children of non-working parents and of-

fice workers scored the lowest in the sit-ups, while chil-

dren of skilled laborers attained higher than average re-

sults. The exceptions were rural boys whose muscular 

endurance increased monotonically alongside their fa-

thers’ professional advancement, and rural girls whose 

mothers were unskilled laborers or pensioners. The sit-

ups test results varied in the category of income per 

person in the family. In rural girls and urban boys the 

mean sit-ups scores formed a sort of gradient as their 

family income grew; whereas it was inversely propor-

tional in rural boys. In the group of urban girls the high-

est scores were noted in the second range of the income 

factor, i.e. from 301 to 500 PLN per person in the family 

(Fig. 3b).

A statistically significant variability of scores of the 

sit and reach test was observed in correlation with the 

mother’s education and occupation (Tab. 2, 3). A visible 

improvement of test results was noted in the groups of 

urban boys and girls and rural girls as the mothers’ edu-

cation level was higher (Fig. 3e). On the other hand, the 

rural boys whose mothers had a secondary education 

displayed the highest level of spinal and pelvic flexibil-

ity. Significantly varied flexibility test results were 

reached by the students in ranges of the category of 

mother’s occupation (Fig. 4a). Higher (above the sample 

average) scores were attained by the students whose 

mothers were skilled laborers. Students whose mothers 

were in other ranges of the occupation category scored 

lower (below the sample average). Similar correlations 

were noted between the results of all motor tests and 

mother’s education.

Significant changes in the flexibility test results were 

also noted in the category: income per person. The rural 

girls scored better in the sit and reach test, directly propor-

tionally to higher income, unlike the other groups of sub-

jects where the test results were the highest in the category 

range between 301 and 500 PLN per person (Fig. 4b).

Discussion

According to some researchers the time and intensi-

ty of the pubertal growth spurt are interconnected; the 

earlier the spurt occurs the more intensive it is. The pu-

bertal spurt determines all morphological traits and 

many physiological ones. The pattern of fitness test 

scores of boys from Nowa Huta [16] corresponds to the 

observations of Tanner [17] and Milicerowa [18] con-

cerning the increase of dynamics of motor development 

during the spurted growth of somatic traits (shoulder 

width, chest circumference). Żak [19] revealed a hugely 

significant role of the factor of biological age affecting 

results of static strength tests by subjects at puberty. 

Burdukiewicz et al. [20] showed that girls at puberty 

featured a higher dynamics of somatic development 

with accelerated development of hand grip strength.
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Welon and Bielicki [21] in their study of correlations 

between body height and general fitness and two social 

variables (father’s education in big urban, town and ru-

ral areas), showed them to be of secondary character: 

the greater the body height, the stronger the correlation. 

Significant coefficients of correlation between the body 

height and fitness test results in all age groups of boys 

and girls were noted by Szklarska [22]. She also re-

vealed that regardless of the impact of body height on 

fitness tests scores, the differences in the level of fitness 

remain significant.

In the present study the majority of the analyzed en-

vironmental factors are variables which affect the chil-

dren’s physical development in an indirect and multifac-

eted way. The correlations observed between selected 

environmental variables and the level of subjects’ physi-

cal development were not that clear as with somatic 

traits [23]. This might have been caused by, first of all, 

the accuracy of the fitness tests and the lability of some 

results of motor tests; and, second, by the fact that the 

discriminant function of the socio-economic variables 

regarding motor effects is not so high as in the case of 

somatic traits. A similar problem was noted earlier by 

Szopa [24], Orlicz [25], Cieśla [26] and Mleczko and 

Ozimek [27]. 

Mleczko and Ozimek [27, p. 45] in their research of 

the Cracow population in the 1990s showed that “such 

factors as the number of children in the family, parents’ 

education, school type, and goodness index of the envi-

ronment did not significantly affect the existence of so-

cial gradients”. Their sample revealed a very slight su-

periority of groups of higher social status in terms of 

their physical development. 

The results of the present study correspond only to 

some extent to those of Charazewski and Przewęda 

[28], who noted a weak correlation between the father’s 

level of education and fitness of rural boys; whereas 

sons of fathers with a secondary and higher education 

in urban areas attained the highest level of physical fit-

ness. On the other hand, Orlicz [25, p. 9] in his study of 

girls noted that “the correlation between parents’ educa-

tion and subjects’ general physical fitness forms a gra-

dient descending with lower education levels”, but not 

in the rural areas. 

In a study of physical development of children from 

Lower Silesia Sławińska [10, p. 91] came up with 

slightly different results, noting the weakest correlation 

between the explosive strength of legs and social and 

family factors. Only the mother’s education and occu-

pation did have a significant influence on the test 

scores; however, “better results were attained by chil-

dren of office working mothers with at least a second-

ary education”.

Szklarska [22] in her research of adolescents from 

selected schools in Poland, showed a significant positive 

correlation between the parents’ education level and 

their children’s broad jump, medicine ball throw and 

short run results in all age categories. This relationship 

was particularly strong between the boys and their par-

ents. As for the sit and reach test, measuring pelvic and 

spinal flexibility, the number of children in the family 

affected the results in the opposite manner: students 

from families with many children attained generally 

worse results than families with a single child. Only 

among the urban boys was the trend opposite. These 

results contradict to some extent Szklarska’ reports by 

showing “better sit and reach test results achieved by 

boys from families with many children in the youngest 

and oldest age categories, than their peers from families 

with a single child or two children. The factor ‘number 

of children in the family’ is a greater differentiating fac-

tor among the boys than the girls, and the biggest differ-

ence between families with a single child and families 

with many children was noted in boys aged 11–15 

years” [22, p. 20].

The range and direction of differences in the physi-

cal development of children under study in relation to 

environmental factors can also be regarded as a reflec-

tion of the impact of physical activity: more active sub-

jects engage more frequently in sports activity. Much 

worse motor test results were noted among boys and 

girls who were moderately or merely involved in physi-

cal activity. Similar conclusions were reached by Żak 

[19, 29], Sławińska, Ignasiak [30] and Ambroży [31]. 

Regarding the importance of the differentiating impact 

of child’s physical activity on physical test results, the 

problem of greater and more effective physical stimula-

tion of children’s and adolescents’ development be-

comes highly significant. 

Extracurricular organized activities and active lei-

sure pursuits during holidays, often under professional 

coaching supervision, require some extra expenses 

from the family budget, for example, transportation 

costs or subscription cards to sports facilities (swim-

ming pool, tennis court). Dutkiewicz’s [32] study of 

Kielce population showed that for more than 50% of 

rural children from the region the only form of organ-

ized sport are PE classes at school. The compulsory 
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four PE classes a week in the school curriculum do not, 

however, meet the child’s needs. Their spontaneous 

physical activities are the only remaining alternative, 

but it is not enough either. Nowocień [33, quoted after 

10] claims that household chores take up 78.3% of rural 

children’s free time, followed by meetings with friends, 

watching television, taking care of one’s looks and reli-

gious practices. Physical activity was ranked rather low 

alongside reading and collecting hobbies. 

Conclusions

The statistical analysis of results points to a few con-

clusions, which apart from their cognitive value, can 

serve as useful hints for parents and teachers in direct-

ing children’s and adolescents’ physical development.

1. Family income, mother’s education and occu-

pation, and the number of children in the family are key 

elements of the family’s socio-economic situation, as 

they significantly affect the functional development of 

boys and girls at puberty. Among the so-called “life-

style” factors – related to the family economic situation, 

but exerting a more direct influence on the subjects’ 

physical development than socio-economic factors – the 

most significant is the child’s physical activity. The oth-

er correlations revealed certain differences between 

children from rural and urban environments. For in-

stance, father’s occupation significantly affected the 

physical development of urban adolescents, while the 

number of persons per one working person in the family 

and child’s active leisure pursuits had a greater impact 

on the rural youth. The boys’ bodies responded more 

often to the impact of environmental factors than the 

girls’.

2. The biological “indices” of social diversifica-

tion of adolescents include medicine ball throw test 

(measuring the explosive strength of the legs and trunk) 

and maximal anaerobic power (MAP) calculated with a 

standing broad jump. The differences between the fam-

ily’s socio-economic and lifestyle factors revealed a rel-

atively smaller influence on the results of the sit and 

reach test (measuring flexibility) and sit-ups (measuring 

muscular endurance).

3. The socio-economic variables and family life-

style exert an indirect impact on adolescents’ motor de-

velopment, but in any uniform way in all sex and age 

groups. In terms of family’s socio-economic situation 

the results are similar to those obtained in populations 

from other regions of Poland, i.e. they form a social gra-

dient with the highest level of physical development in 

subjects with the best socio-economic conditions. In the 

majority of cases children from families with a single 

child, with net income between 301 and 500 PLN per 

person and more, whose parents had at least a second-

ary education and were working obtained much better 

fitness test results than their peers with the lowest levels 

of the environmental factors. Adolescents with low and 

medium levels of physical activity attained much worse 

results.

4. Physically active leisure pursuits or practicing 

sports are not common among the sample under study. 

This worrying situation has its cultural and economic 

background. Considering the effects of this variable the 

issue of increasing application of movement stimulation 

becomes highly significant in the process of children’s 

physical development. Thus the phase preceding the 

pubertal spurt should be taken advantage of to the max-

imum. During pubescence children should have access 

to as many extracurricular activities as possible, and 

conditions should be made to enable them to engage in 

physical recreation and sports during holidays.
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Introduction

The diversity of morphological predispositions [1] is 

a decisive factor affecting the process of selection for 

particular sports [2–4]. It has been subject to numerous 

research studies focusing on athletes’ body build and 

sports results [5–8]. Body height is often taken into 

consideration in selection for such sports as basketball, 

jumping events, judo, canoeing, air sports or rowing. 

Long arms and legs as well as big feet and hands are 

equally important. Limb length proportions and the 

body height/body weight ratio are significant factors af-

fecting achievement of results in the vast majority of 

sports [9].

One of methods of assessment of motor fitness is the 

measurement of time required to cover a simulated dis-

tance with the aid of a rowing ergometer. Ergometer 

tests on large, representative samples can be carried out, 

for example, during various sports competitions held at 

the academic level [10, 11]. The measurements of stu-

dents’ motor fitness have been, first of all related to 

their health, as they have been commonly regarded as 

a determinant of good health and capacity to success-

fully perform different motor tasks [12]. In this context 

motor fitness can determine the body’s adaptability to 

the motor challenges of the surrounding environment. 

The selection of the sample for the study can be impor-

tant for choosing a university team representing the 

UWM in Olszyn at the annual academic indoor rowing 

championships in Poland.

In 2004 the 1st 500 m Indoor Rowing Champion-

ships of the University of Warmia and Mazury were 

held by the University Study Center for Physical Educa-

tion and Sport. The results of the ergometer tests be-

came the basis of the following analysis.

The following research hypothesis was formulated: 

the mean time required to cover a simulated distance of 

500 m on a rowing ergometer is correlated with the stu-

dents’ year of study, body height and body weight. The 

research also aimed to determine the impact of selected 

factors (independent variables) on the dependent varia-* Corresponding author.
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ABSTRACT 

Purpose. The aim of the study was to develop a mathematical model to determine correlations between selected somatic traits and 

indoor rowing test results over a distance of 500 m as well as differences in the level of motor fitness of students of the University of 

Warmia and Mazury in Olsztyn. Material and methods. The research was carried out on a group of 274 full-time UWM students 

with the aid of Concept II Indoor Rower. The analysis concerned the effects of students’ body weight and body height, year of study 

and the time required to cover the distance of 500 m during an indoor rowing test. Analysis of variance and regression analysis with 

stepwise elimination of the polynomial degree and form were used. Results. Only 15 subjects (5.5% of the sample) achieved the 

highest level of motor fitness, i.e. covered the distance under 92.7 s. A mathematical model describing the effects of decisive 

variables on the dependent variable was a model of regression of multiple variables of the 2nd degree. The exogenous variables were 

subjects’ body height and body weight. Conclusions. The proposed mathematical model of regression of multiple variables of the 2nd 

degree can be useful for selection of individuals with predispositions to practice rowing at the academic and recreational levels. The 

proposed method of mathematical model development should be regarded as an algorithm for other, more versatile models involving 

additional variables. 
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ble: time required to cover the simulated distance of 

500 m. The independent variables included students’ 

body weight and height and the index w, i.e. body 

height/body weight ratio; and students’ year of study. 

Material and methods

The sample consisted of full-time students of the 

UWM in Olsztyn, who attended their PE classes at the 

time of the indoor rowing championships and volun-

teered to take part in them. The sample included 274 

male students who only attended the mandatory PE 

classes for two hours a week and did not practice any 

other sport. The sample was divided according to the 

participants’ years of study (Tab. 1).

The measurements carried out on a Concept II In-

door Rower are commonly used in studies of pro-

oxidative/antioxidative balance disturbances in rowers 

[13]. The ergometer allows nearly an ideal re-creation of 

all phases of rowing action (Fig. 1): 

Phase I (pulling the handle) – from the starting posi-

tion (a), legs bent in knees, arms straight, the trunk 

leaning forward – the legs slowly straighten up (b), the 

handle is pulled towards the chest by bending the arms 

in elbows, the trunk is pushed backwards (c).

Phase II (releasing the handle) – from the position 

with straight legs, the trunk pushed backwards and han-

dle pulled close to the chest (c) – the legs slowly bend in 

knees and the arms straighten up (d) returning to the 

starting position (a). 

Each test was preceded by a 5 min warm-up with 

a load ensuring the heart rate of 140/min. The ergom-

a b

Figure 1. Rowing action phases on an ergometer 

c d

Table 1. Number and percentage of students participating 

in ergometer fitness tests with regard to their year of study

Year of study 
Male students

Number %

I 119 43.43

II 93 33.94

III 50 18.25

IV 12 4.38

Total 274 100.00
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eter resistance force could be set on a ten-level scale. 

The subjects performed the test (covering the simulated 

rowing distance of 500 m) twice at the maximum resist-

ance force (level 10). The rowing time was displayed on 

the PM-2 screen. The better of the two scores (shorter 

time) was recorded. To ensure proper sample represent-

ativeness the following necessary sample size formula 

was used [14]:

  (1)

n
0 

– necessary sample size,

�2 – sampling variance,

u
�
 –  normal variable value N(0.1) with a set confidence 

coefficient (for 1 – a = 0.95 � u
�
 = 1.96),

d –  admissible mean error, accepted as 1% of relative 

error.

When the size of the original sample n is greater 

than the necessary sample size, the former is taken as 

the proper sample. To confirm the sample representa-

tiveness, the sample should be taken from a population 

with the normal distribution. 

To determine the subjects’ rowing predispositions a 

five-level score scale was used (poor, satisfactory, aver-

age, good, very good) based on the three-sigma rule 

(m±3�).

The results obtained were analyzed statistically with 

the WINSTAT statistical software package [15–17]. The 

level of statistical significance was set at α = 0.05. To 

verify the normal distribution of the time necessary to 

cover the distance of 500 m on an ergometer the test of 

goodness of fit �2 was applied. The analysis of variance 

was used to examine the significance of the impact of 

studied parameters on the mean time of covering the set 

distance. To determine the effects of independent (exog-

enous) variables on the dependent (endogenous) varia-

ble a polynomial regression of the 5th degree and multi-

variable regression of the 2nd degree were used. Also a 

stepwise elimination of the polynomial degree and form 

was applied. 

Results 

The distribution of rowing time required to cover the 

distance of 500 m seems to confirm hypothesis H
0 

pointing to a normal distribution M = 104.18 and stand-

ard deviation σ = 8.1649. The number of students par-

ticipating in the indoor rowing test (n = 274) was higher 

than the necessary sample size n
0
 = 235.96 � 236, thus 

the sample can be considered representative. 

Tab. 2 presents the students’ ergometer results over 

the set distance using the three-sigma rule. 

Over 39% of subjects (107 male students) attained 

the average level of motor fitness; a lower level was 

noted in more than 29% (80 male students). A higher 

than average level of motor fitness was noted in almost 

32% of subjects. 72 subjects reached a “good” level of 

motor fitness; only 15 students achieved a “very good” 

level (5.5% of the sample). 

The results of the analysis of variance verifying hy-

pothesis H
0
 are presented in Tab. 3.

The analysis of the mean time required to cover the 

ergometer distance of 500 m revealed no statistically 

significant differences in regard of the subjects’ year of 

study. A slightly worse time (1.5 s longer) was recorded 

in the 4th year students, which can most likely be ex-

plained by the fact that the seniors devoted generally 

less time to physical education. 

With the accepted level of statistical significance (α 

= 0.05) hypothesis H
0
 (i.e. no significant differences be-

tween the achieved rowing time and the subjects’ year 

of study) was confirmed. In the case of the other varia-

bles, i.e. subjects’ body weight and body height, hypo-

Table 2. Ergometer test results on a five-point scale

Motor fitness level
Rowing time

(s)

Number 

of subjects
%

Very good under 92.7 15 5.47

Good 92.7 – 100.0 72 26.28

Average 100.1 – 107.3 107 39.05

Satisfactory 107.4 – 114.6 59 21.54

Poor over 114.6 21 7.66

Table 3. Analysis of variance of indoor rowing mean times 

achieved by students in regard to their year of study

Year 

of study
Mean (s)

Standard 

deviation (s)

Coefficient 

of variation 

(%)

1. I 103.45 7.22 6.98

2. II 103.62 7.51 7.25

3. III 103.64 7.39 7.13

4. IV 105.30 7.06 6.70

statistical significance F = 0.2311; probability of crossing 

the level of statistical significance p(F) = 0.8747; statistical 

significance level α = 0.0500; because p(F) > α there is no 

ground for rejection of null hypothesis H
0
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thesis H
0
 was rejected in favour of alternative hypothe-

sis H
1
 with the exogenous variable w, i.e. ratio between 

students’ body height and body weight.

The results of polynomial regression analysis are 

presented in Tab. 4. As the regression coefficients were 

significantly different from zero, a correlation was not-

ed between the independent (exogenous) variable w and 

the ergometer test time (2): 

Y =  36928.95 w5 – 431432.58 w4 + 1998420.14 w3 –

– 4581873.27 w2 + 5190915.68 w– 2319297.28 (2)

The stepwise regression failed to eliminate the poly-

nomial degree and form. The mathematical model re-

vealed no significant correlation between the 500 m 

rowing time and the w index (body height/body weight). 

In the first, third and fifth power the increase of w ex-

tended the time of the test performance; whereas in the 

second and fourth power the rowing time was reduced.

The statistical results show that only in 65.17% the 

endogenous variable is explained by the mathematical 

model. Moreover, with the coefficient of multiple cor-

relation slightly above 0.8 and the probability of cross-

ing the level of statistical significance (0.0493), it can be 

stated that the dependent variable (Y) determined by the 

independent variables can only to some extent affect the 

tested rowing time (Fig. 2). 

Generally, it can be noted that the increase of the in-

dex w from about 2.36 to 2.42 significantly extends the 

time required to cover the ergometer distance. In the w 

interval between 2.42 and about 2.58 the time is rela-

tively stable. Above the value of w of 2.58 a significant 

reduction of the rowing time can be noted. 

In order to fit the model to the empirical data, the 

students’ body height and body weight were taken as 

decisive variables (Tab. 5). 

Since the coefficients of regression were significant-

ly different from zero, a correlation was noted between 

the independent variables, i.e. subjects’ body weight (X ) 

and body height (Z), and the dependent variable (Y):

Y =  – 161.46 X –1003.71 Z – 2.23 X 2 + 2.26 Z 2 + 

+ 2.69 XZ + 95724.62 (3)

The stepwise regression analysis did not eliminate the 

degree and form of the polynomial. On the basis of the 

Table 4. Correlation between rowing time and index w 

(body height/body weight)

Parameter 
Mean

(s)

Standard 

deviation (s)

Coefficient 

of variation 

(%)

w (body height/

body weight) 

(cm/kg)

2.49 0.0974 3.91

Time – Y (s) 104.72 12.8784 12.30

Verification of hypothesis on the significance of regression 

coefficients 

hypothesis H
0
 – coefficients of regression insignificantly 

different from zero; hypothesis H
1
 – coefficients of regres-

sion significantly different from zero; statistical significance 

F = 5.724; probability of crossing the level of statistical 

significance p(F) = 0.0493; level of statistical significance 

α = 0.0500; percent of verified variability 65.17; coefficient 

of multiple correlation – 0.8070; standard deviation of the 

remainder – 12.4110; because p(F) < α  null hypotheis H
0 
is 

rejected in favour of alternative hypothesis H
1

Table 5. Correlation between rowing time, body weight 

and body height

Parameter 
Mean

(s)

Standard 

deviation (s)

Coefficient 

of variation 

(%)

Body weight – X 

(kg)

72.67 3.1623 4.35

Body height – Z 

(cm)

180.33 1.7321 0.96

Time – Y (s) 104.72 12.8784 12.30

Verification of hypothesis on the significance of regression 

coefficients

hypothesis H
0
 – coefficients of regression insignificantly 

different from zero; hypothesis H
1
 – coefficients of 

regression significantly different from zero; statistical 

significance F = 14.1142; probability of crossing the level 

of statistical significance F – p(F) = 0.0270; level of 

statistical significance α = 0.0500; percent of verified 

variability – 95.92%; coefficient of multiple correlation – 

0.9789, standard deviation of the remainder – 4.2465; 

because p(F) < α null hypothesis H
0 
is rejected in favour of 

alternative hypothesis H
1
 

Figure 2. Correlation between rowing time and the w index
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derived mathematical model (2) the value of the exoge-

nous (dependent) variable was approximated (Fig. 3). 

The mathematical model (2) and Fig. 3 show that an 

increase of body weight in the first and the second 

power reduces the time necessary to cover the set er-

gometer distance. A greater body height also reduces 

the rowing time, despite some equivocal effects (time 

reduction in the first power, time extension in the sec-

ond power). There are also some interactive effects of 

the body weight and body height on the mean time re-

quired to cover the 500 m distance. The increased body 

weight and body height (or only one of these variables) 

extends the time of performing the test. 

The use of exogenous variables of X (subjects’ body 

weight) and Z (subjects’ body height) greatly improves 

the fitting of the model to the empirical data. The per-

centage of verified variability exceeded 95.9%; the co-

efficient of correlation reached almost 0.98 and the 

standard deviation of the remainder decreased nearly 

three times as compared with the previous mathemati-

cal model. 

The goodness of fit analysis proved the validity of 

the accepted model, which can be used for selection of 

individuals with potential predispositions for rowing at 

the academic and recreational levels.

Discussion

An ergometer test should be analysed in terms of its 

individual components: duration, resistance force, 

number of strokes per split. Such an analysis corre-

sponds to the general view that exercise load in all 

sports is related to the temporal-spatial structure of 

movement, its intensity and training loads [18, 19]. 

The maximum rowing rate can be attained on an er-

gometer through maximization of positive forces and 

minimization of negative forces generated during the 

rowing strokes [20]. 

The standard ergometer distance of 500 m is often 

called the “anaerobic starting phase” of a 2000 m row-

ing run. It can be used to measure the local physical ef-

ficiency of participating muscles, providing the duration 

of this phase is between a few seconds and two minutes 

[21]. The analysis of the students’ mean time values 

(from 103.5 to 105.3 s) required to cover the distance of 

500 m showed that they fell below the upper limit of the 

duration time. Following Janssen [18, p. 45], depending 

on physical exercise duration the efforts necessary to 

cover the ergometer distance of 500 m can be placed 

between anaerobic exercise (45–120 s) and aerobic–

anaerobic exercise (120–140 s) with an emphasis on the 

anaerobic exercise. Apart from one’s ability to develop 

maximum force, the time in which it is sustained at 

a steady level and rowing technique are equally impor-

tant. 

It was observed that the motor predispositions essen-

tial in rowing included endurance skills in different 

combinations, i.e. complex predispositions1 [compare 

22], for example, special endurance or strength endur-

ance [18, 23]. It can be thus assumed that the rower’s 

exercise involves the basic motor skills with great em-

phasis on endurance skills [24]. 

The following rowing predispositions can therefore 

be identified: 

• strength – overcoming the rowing resistance at the 

highest level on a ten-point scale; 

• endurance – maintaining the exercise level between 

131.7 and 132.1 s; 

• speed – maintaining the proper rowing pace on a set 

distance;

• coordination – alternating movements of the arms 

and legs (bending the arms in elbows with simulta-

neous straightening of the legs in knees and leaning 

the trunk backwards).

Each predisposition features its own intensity; how-

ever, short time endurance plays here a decisive role. 

Short-time endurance is typical of exercise of submaxi-

Figure 3. Correlation between rowing time, body weight 

and body height
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1 The concept of complex (hybrid) predispositions is related to 

J. Raczek’s theory of structure of motor skills.
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mal intensity with the duration between 50 and 120 s. 

The most significant component of motor fitness is aer-

obic endurance [25]. Despite the fact that the 500 m 

rowing distance is commonly classified as a short en-

durance distance, the time required to cover this dis-

tance falls below the upper range of short-time endur-

ance and close to the lower limit of middle-time endur-

ance. It is most likely due to the necessity of greater 

effort to cover the ergometer distance with the highest 

load. Thus, the energy supplies during such an exercise 

may involve both anaerobic processes (up to 90 s) and 

aerobic processes (above 4 min) constituting a complex 

system (90 s – 4 min) [26]. 

A thorough factor analysis of rowing tests will be 

therefore necessary and should aim at an improvement 

of accuracy, reliability, objectivization and economy in 

a 500 m indoor rowing exercise [27, 28]. Detailed stud-

ies of metabolic processes as factors determining the 

physical fitness over the rowing distance mentioned are 

also important. As Zambroń-Łacny et al. [13] noted, the 

number of research studies concerning the prooxida-

tive-antioxidative balance in rowers have been extreme-

ly scarce. 

The ergometer 500 m tests can be extremely useful 

in future studies of motor fitness, as a measurement of 

the state of health of physically active young people. 

Obviously, certain aspects of the indoor rowing tests 

require further research, especially the endurance skills 

constituting one’s motor potential. Ergometer tests may 

constitute a significant contribution to studies of young 

people at different stages of their physical development. 

Their results presented in tables can be used for devel-

opment of prospective standards and be applied in re-

search of many other different populations. 

Conclusions

1. There is a correlation between the two variables 

under study: subjects’ body weight and body height and 

the mean time of covering the distance of 500 m on 

a rowing ergometer. 

2. No statistically significant correlations between 

the rowing time and the subjects’ year of study were 

found. This can be explained by the relatively broad age 

span of students participating in the study. 

3. It can be stated that the indoor rowing time re-

quired to cover the distance of 500 m depends on the 

index w, i.e. ratio of a subject’s body height and body 

weight. An increase of the index w from about 2.36 to 

about 2.42 extends the rowing time. In the 

w range between 2.42 to about 2.58 the indoor rowing 

time is relatively stable; whereas with the index w be-

tween 2.58 to about 2.65 a distinct reduction of the row-

ing time can be observed. 

4. The derived mathematical model of regression 

of multiple variables of the second degree can be ap-

plied in the process of selection of individuals with pre-

dispositions to practice rowing at recreational and aca-

demic levels. 

5. Ergometer tests should continue and possibly 

incorporate additional variables which may significant-

ly affect the final research results. 
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Introduction

In the 1970s, a concept of health-related fitness 

started to develop. It assumes a close relation of physi-

cal fitness, health and quality of life. According to an 

early idea of Renson et al. [1], “physical fitness can be 

regarded as a conglomerate of somatic, motor, and 

behavioral components”. These basic components are 

affected significantly by social factors, e.g. educational 

and socioprofessional status of parents, degree of ur-

banization, family size, birth order, school type and 

system and ethnic group. Other scientists developed and 

expanded this concept creating a paradigm that encom-

passes health-related fitness as the core and its connec-

tions with physical activity, health status, heredity and 

other factors: lifestyle behaviours, personal attributes, 

physical and social environment [2]. As a consequence 

of theoretical discussion appropriate health-related fit-

ness tests were created. 

In population studies on the effect of socioeconomic 

factors on physical fitness and health of children and 

youths tests measuring mainly so called motor-fitness 

performance are commonly used. They are chiefly 

studies for which the priority objectives are the diagno-

sis of the physical development of children and youths 

nationwide or in a region, an assessment of inter-popu-

lation differences, documenting the secular trends and 

acceleration of development, and an assessment of the 

degree of social inequalities. Tests are often selected 

only on the basis of a motor physical fitness concept in 

which the leading role is assigned to such motor abili-

ties as strength, speed, endurance and movement co-or-

dination [3]. This does not make it possible to assess or 

compare the health potential of the groups of children 

and youths under examination, but it is rather an unin-

tentional assessment of their suitability for competitive 

sport. Moreover, in some of the studies the tests used do 

not even include all basic motor abilities. Those related 

to cardio-respiratory endurance are usually missing [4, 

5]. Some studies do not take into account motor abilities 

in the context of social inequalities, analysing only so-

matic parameters, which refers to both Polish studies [6, 

7] and studies carried out in other countries [8–10]. 

Proving, on the basis of single or inappropriate research 

tools, that social inequalities disappear or emerge may 

be misleading. In some studies [11], apart from func-

tional fitness tests and anthropometric measurements, 

a number of biochemical and haematological indicators 

were taken into account. However, the indicators crucial 

for health, such as the assessment of body fatness and 
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cardio-respiratory endurance are missing. Moreover, 

the above-cited studies omit physical activity – a basic 

element of lifestyle and a crucial behavioural compo-

nent of the health-related fitness concept. From the per-

spective of the health-related fitness concept, the studies 

of social differences should at least: (1) use a set of mo-

tor tests the results of which are positive indicators of 

specific aspects of physical health, (2) take into account 

somatic parameters important for health and subject to 

environmental influence, and (3) include physical activ-

ity in the analysis. Such an approach gives a more com-

plete picture of the population under examination. 

The aim of this study is to assess the effect of social 

position on the health-related fitness of urban boys aged 

10–15, using combined variables of physical activity, 

somatic parameters and motor fitness. The social factor 

which was adopted as the one to differentiate the popu-

lation examined was the number of siblings.

Material and methods

Participants

The material consists of the results of cross-sectional 

study carried out in selected schools of Poznań, a city 

with a population of approx. 600 thousand, which cover 

a standard curriculum of physical education. The age of 

subjects was 10 to 15 years. The total number of boys 

who participated in the study was 1652 (Tab. 1). Com-

plete information necessary for the analysis was ob-

tained from 1524 boys. The participants were divided 

into three groups in terms of the number of siblings:

1. only children (NS0),

2. having one brother or sister (NS1),

3. having two or more siblings (NS2).

Only children accounted for 17.7%, boys with one 

brother or sister – 62.1%, and boys with two or more 

siblings – 25.2% of the whole group under examination 

(Tab. 2).

The group was divided into two age categories. The 

first one included boys aged 10–12 years, and the sec-

ond one boys aged 13–15 years. Thus, the study includ-

ed children in the final phase of the prepubertal period 

and the initial stage of the puberty. Naturally, such a di-

vision is partly arbitrary but in general it is adequate to 

the one used in developmental psychology of children 

and youths [12], and it corresponds to the main stages of 

motor and somatic development adopted in anthropo-

motorics [13].

Physical fitness tests and somatic parameters

Measurements of motor component of physical fit-

ness, and somatic features were carried out with the 

consent of the parents and in communication with 

physical education teachers. Children in good health, 

without any medical contraindications to take part in 

physical education classes were admitted to participate 

in the tests. The tests were carried out by appropriately 

prepared staff of the University School of Physical Edu-

cation in Poznań, in a gym, always in the morning. Mo-

tor components were tested using the European Physical 

Fitness Test “EUROFIT” according to its methodology 

[14]. 

The following tests were carried out: (1) flamingo 

balance test (general balance), (2) plate tapping (speed 

of upper limb movement), (3) sit and reach (flexibility), 

(4) standing broad jump (explosive strength), (5) hand 

grip (static strength), (6) sit-ups (abdominal muscular 

endurance), (7) bent arm hang (arm and shoulder mus-

cular endurance), (8) a 10 × 5 m shuttle run (running 

speed, agility), and (9) endurance shuttle run (cardio-

respiratory endurance). The following anthropometric 

measurements were taken: body height (BH), body 

mass (BM), and thickness of five skinfolds (triceps, bi-

ceps, subscapular, suprailiac and calf). Two somatic in-

dicators were calculated:

• body mass index (BMI) according to the formula: 

BMI = body mass (kg)/body height2 (m2),

• logarithm of the total thickness of five skinfolds, 

hereinafter called log SFT, as a measure of thickness 

of subcutaneous fat tissue [15].

Table 1. Number of participants by age

Age (years) 10 11 12 13 14 15 Total

Number 256 323 313 297 371 92 1652

Table 2. Number and percentage of participants 

by number of siblings

Only-children One 

brother/sister

Two or more 

brothers/sisters

Total

n % n % n % n

193 12.7 947 62.1 384 25.2 1524
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The values of all somatic and motor characteristics 

were normalised for each group of participants born in 

the same year. Mean value was expressed as “0” and 

standard deviation expressed as “1”. 

The following formula was used: 

X
n
 = (X – M) : SD . Q

 
,
 

where

X
n  

– normalised value,

X   –  value of a somatic parameter or a result of one of 

the tests of motor fitness of a given person,

M   –  mean value of a somatic parameter or a test of 

motor fitness in a given age category (year),

SD  –  standard deviation of a value of a somatic param-

eter or results of tests of motor fitness in a given 

age category (year),

Q
   

–  index for fitness tests: “1” for increasing values 

(a higher value means a better result, e.g. in 

a standing broad jump); “–1” for decreasing val-

ues (a lower value means a better result, e.g. in 

a 10 × 5 m shuttle run).

The value of a somatic parameter or a result of a test 

were average when they were 0, higher than average for 

positive values, and lower than average for negative 

ones in a given age category.

In order to show the influence of somatic parameters 

on the relationship between motor fitness and social 

factors, a relative approach was used. The motor fitness 

differences between boys with different number of sib-

lings were analysed in separate categories of body 

height, body mass, BMI and log SFT.

In order to assess the significance of differences in 

somatic development and motor components of physical 

fitness, a one-way analysis of variance (ANOVA) and 

Student’s t-test were calculated.

Physical activity 

In order to assess the behavioural component of 

health-related fitness, some aspects of physical activity 

were taken into consideration. The frequency of under-

taking leisure time physical activity (LTPA) was estab-

lished using a question: “How often do you take part in 

sport, exercise or recreational physical activities after 

school (in your leisure time)?”. The participants had 

seven options of answers, from: “I exercise every day” to 

“Basically, I don’t exercise except physical education 

classes”. The relative duration of LTPA of the children 

was assessed on the basis of a question: “How much lei-

sure time each day do you devote to the activities listed 

below?”. Subjects had to specify in hours and minutes 

the duration of each of ten groups of activities, including 

recreational and sport activities. The times were added 

up and a percentage of LTPA was calculated. The boys 

were asked which forms of LTPA they undertake most 

frequently, whether they take part in any activities in 

sports clubs, take part in sports competitions, participate 

in tourism and do morning gymnastics. Moreover, the 

participants listed people with whom they most fre-

quently take part in LTPA. The boys also answered the 

question: “Do you think that at the age of 20 you will 

exercise as an athlete or for pleasure?”. The children 

could choose one of four answers from “definitely yes” 

to “definitely not”.

Two questions in a point scale from 1 to 3 were re-

lated to encouragement (“very often”, “sometimes” and 

“not at all” or “I don’t know”) and physical activity 

(“every week”, “less than once a week” and “not at all” 

or “I don’t know”) perceived by the boys in their par-

ents, siblings, friends and school teachers. Mean point 

values were calculated for each participant.

In order to establish the significance of relations be-

tween various aspects of physical activity of the boys 

and the number of siblings, the χ2 test was used.

Results

Leisure time physical activity

The study reveals no significant relations between 

the frequency and the relative duration of LTPA of 

the participants (for all participants χ2 = 8.7, n.s., and 

χ2 = 6.7, n.s., respectively) and the number of siblings 

(Tab. 3). In older boys, significant differences are found 

in terms of participation in sports club activities 

(χ2 = 11.0, p < 0.05*) and taking part in sports competi-

tions (χ2 = 21.7, p < 0.01**). Boys from NS1 group take 

part in these forms of LTPA most frequently, less fre-

quently NS2 boys and least frequently NS0 boys. In the 

younger group, there is a relation between the number 

of siblings and doing morning gymnastics (χ2 = 12.8, 

p < 0.05*). Boys from the NS2 group exercise most fre-

quently, followed by NS0 and NS1. An average number 

of forms of LTPA is similar (from 2.1 to 2.3) tending to 

be lower in only children (Tab. 4).

Self-assessment of physical fitness in the older group 

is the lowest in only children and the highest in boys in 
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the NS1 group (χ2 = 22.7, p < 0.01**). The number of 

siblings is not related to tourism nor to the expected 

physical activity at the age of 20.

The number of siblings is related to people accompa-

nying the boys in LTPA (Tab. 4). With decreasing 

number of siblings, the percentage of participants who 

undertake LTPA alone (48.9% of only children vs. 

37.1% of boys with two or more siblings) and with their 

parents (16.0% vs. 7.3%, respectively) increases, and the 

lower the percentage of participants who undertake 

LTPA with friends (73.4% vs. 80.2%) and other people 

(7.4% vs. 12.0%) decreases. Approximately 18% of 

boys who have siblings undertake LTPA with a brother 

or sister. Mean scores for the perceived encouragement 

to physical activity are slightly higher in the NS0 group 

and similar in other groups: only children 1.9, one sib-

ling 1.8, and two or more siblings 1.8 points. Physical 

activity of significant others perceived by the partici-

pants amounts to 2.5, 2.6 and 2.5 points, respectively. 

The χ2 test shows that mothers of boys with a smaller 

number of siblings are perceived as more often 

encouraging their children to physical activity (χ2 = 

10.5, p < 0.05*), and both fathers and mothers in smaller 

families are more often perceived by children as physi-

cally active (χ2 = 13.7, p < 0.05* and χ2 = 13.8, p < 0.05*, 

respectively).

Somatic parameters

The number of siblings is significantly connected 

with the level of somatic parameters of the boys 

under examination (Tab. 5). For all participants the 

Table 3. Relationships between selected aspects of physical activity and the number of siblings. 

Values and significance levels of χ2 test

10–12-years-old 13–15-years-old All

n χ2 Trend n χ 2 Trend n χ 2 Trend

LTPAa frequency 813  11.9 n.s. 675  10.7 n.s. 1488  8.7 n.s.

LTPA duration 799  12.5 n.s. 682  4.0 n.s. 1481  6.7 n.s.

Morning exercises 816  12.8* 2 > 0 > 1d 685  4.7 n.s. 1501  7.3 n.s.

Tourism 819  0.2 n.s. 688  1.3 n.s. 1507  0.7 n.s.

Sport club 812  7.2 n.s. 685  11.0* 1 > 2 > 0 1497  10.9* 2 > 1 > 0

Sport competition 814  5.3 n.s. 677  21.7** 1 > 2 > 0 1491  11.4 n.s.

PFb self-evaluation 811  8.6 n.s. 684  22.7** 1 > 2 > 0 1495  15.1 n.s.

PAc in the future 813  7.9 n.s. 676  5.8 n.s. 1489  8.7 n.s.
a leisure time physical activity, b physical fitness, c physical activity, d number of siblings: “0” only-children, “1” one brother/

sister, “2” two or more brothers/sisters, statistical significance level: * p ≤ 0.05, ** p ≤ 0.01, n.s. – not significant

Table 4. People listed by boys as co-participants of Leisure Time Physical Activity (LTPA, %), mean scores for perceived 

encouragement and physical activity of significant others and mean number of forms of physical activity depending 

on the number of siblings

n = 1513
Only-children One sibling Two or more siblings

Answers % Answers % Answers %

Partners during LTPA

Alone 92          48.9a 401 42.8 142 37.1

Parents 30 16.0 95 10.1 28 7.3

Siblings – – 168 17.9 70 18.3

Best friends 138 73.4 726 77.5 307 80.2

Others 14 7.4 92 9.8 46 12.0

n Mean n Mean n Mean

Perceived encouragementb 383 1.9 940 1.8 187 1.8

Perceived physical activityb 383 2.5 940 2.6 188 2.5

Number of LTPA formsc 373 2.1 906 2.3 180 2.2
a percentages do not total 100%, as the participants could give more than one answer, b mean scores for significant others 

(father, mother, siblings, best friend and class-teacher), c mean number of activities (sports) listed by boys as most often 

practiced in their leisure time
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Table 5. Level of somatic parameters and motor fitness (normalised values) depending 

on the number of siblings (n = 1265). Values and significance levels of ANOVA and Student’s t-test

Age

(years)

Number of siblings ANOVA Difference between

0 1 2+ F p-level 0–1 0–2+ 1–2+

Body height

10–12 0.212 0.016 –0.143 3.713 0.025* n.s. 0.013* n.s.

13–15 0.083 0.044 –0.064 0.781 0.459 n.s. n.s. n.s.

All 0.155 0.028 –0.106 3.909 0.020* n.s. 0.011* 0.045*

Body mass

10–12 0.218 0.051 –0.235 7.229 0.001*** n.s. 0.001*** 0.002**

13–15 0.181 0.043 –0.131 2.731 0.066 n.s. n.s. n.s.

All 0.201 0.048 –0.185 9.543 0.000*** n.s. 0.001*** 0.002**

BMI

10–12 0.194 0.057 –0.242 7.222 0.001*** n.s. 0.001*** 0.001***

13–15 0.194 0.041 –0.146 3.232 0.040* n.s. 0.020* n.s.

All 0.194 0.051 –0.196 10.108 0.000*** n.s. 0.000*** 0.000***

Subcutaneous fat

10–12 0.191 0.067 –0.265 8.504 0.000*** n.s. 0.000*** 0.000***

13–15 0.310 –0.004 –0.143 4.983 0.007** n.s. 0.002** 0.018*

All 0.244 0.037 –0.207 12.131 0.000*** 0.018* 0.000*** 0.000***

Endurance shuttle run

10–12 –0.243 0.026 0.055 2.772 0.063 n.s. n.s. n.s.

13–15 –0.465 0.070 0.063 7.284 0.001*** 0.000*** 0.001*** n.s.

All –0.336 0.044 0.058 9.014 0.000*** 0.000*** 0.000*** n.s.

Hand grip

10–12 –0.003 0.079 –0.175 3.969 0.019** n.s. n.s. 0.006**

13–15 –0.025 0.041 –0.047 0.442 0.643 n.s. n.s. n.s.

All –0.013 0.063 –0.115 3.605 0.028* n.s. n.s. 0.008**

Bent arm hang

10–12 –0.228 –0.043 0.180 5.554 0.004** n.s. 0.002** 0.013*

13–15 –0.236 0.005 0.140 3.171 0.043* n.s. 0.019* n.s.

All –0.231 –0.023 0.162 8.522 0.000*** 0.016* 0.000*** 0.005**

Sit ups

10–12 –0.042 –0.058 0.164 3.086 0.046* n.s. n.s. 0.013*

13–15 –0.258 0.047 0.058 2.879 0.057 n.s. n.s. n.s.

All –0.136 –0.014 0.114 3.586 0.028* n.s. 0.009** n.s.

Sit and reach

10–12 –0.015 –0.016 0.059 0.353 0.703 n.s. n.s. n.s.

13–15 –0.176 0.070 –0.060 2.194 0.113 n.s. n.s. n.s.

All –0.087 0.020 0.003 0.768 0.464 n.s. n.s. n.s.

Standing broad jump

10–12 –0.038 0.004 0.002 0.069 0.933 n.s. n.s. n.s.

13–15 –0.262 0.074 –0.025 3.501 0.031* 0.010** n.s. n.s.

All –0.139 0.034 –0.011 2.034 0.131 n.s. n.s. n.s.

10 × 5m shuttle run 

10–12 –0.149 0.028 0.007 1.149 0.317 n.s. n.s. n.s.

13–15 –0.347 0.089 –0.005 5.323 0.005** 0.001*** 0.032* n.s.

All –0.234 0.053 0.001 5.331 0.005** 0.001*** 0.017* n.s.

Plate tapping

10–12 0.119 –0.0584 0.083 2.002 0.136 n.s. n.s. n.s.

13–15 –0.299 0.080 –0.025 4.422 0.012* 0.003** n.s. n.s.

All –0.068 0.000 0.032 0.538 0.584 n.s. n.s. n.s.

Flamingo balance test

10–12 –0.222 –0.024 0.164 4.596 0.010** n.s. 0.004** 0.037*

13–15 –0.303 0.017 0.045 3.503 0.031* 0.013* 0.018* n.s.

All –0.258 –0.007 0.107 9.543 0.000***    0.003** 0.000***

Significance level: * p ≤ 0.05, ** p ≤0.01, *** p ≤0.001, n.s. – not significant
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ANOVA showed significant differences in BH 

(F = 3.909, p = 0.020*), BM (F = 9.543, p = 0.000***), 

BMI (F = 10.108, p = 0.000***) and log SFT (F = 12.131, 

p = 0.000***). The only-children (NS0) have the high-

est normalised means of these parameters, followed by 

boys with one brother or sister (NS1) and boys with two 

or more siblings (NS2). The results of measurements of 

boys from the largest families are significantly below 

the normalised mean. No significant differences were 

noted between the boys in groups NS0 and NS1, except 

for the level of body fatness in all subjects.

The excent of differences varies with the age group 

and the parameter analysed. In the younger group, sig-

nificant differences in all somatic parameters were not-

ed. In the older group, there is no difference in BH and 

BM (F = 0.781, p = 0.459 and F = 2.731, p = 0.066, 

respectively), and the difference in BMI (F = 3.232, 

p = 0.040*) and subcutaneous fat (F = 4.983, 

p = 0.007**) is noted. The number of siblings is the least 

related to BH – the differences are significant only in 

younger boys (F = 3.713, p = 0.025*) between the NS0 

and NS2 groups. The strongest statistical differentiation 

is noted for log SFT – in both age categories significant 

differences occur between the NS0 and NS2 groups, as 

well as between the NS1 and NS2 groups.

Motor component

From among the five components specified in Ren-

son’s concept as more health-related, the results of four 

tests show significant relations with the number of sib-

lings (Tab. 5). The results of endurance shuttle run and 

bent arm hang test are most strongly related to the 

number of siblings.

The number of siblings is significantly related to the 

results of the endurance test in the older group (ANOVA 

F = 7.284, p = 0.001***) and for all participants 

(F = 9.014, p = 0.000***). The bigger the number of sib-

lings, the better the results. Significant differences oc-

cur between only children and other boys who have sib-

lings (NS1, NS2). The results of the bent arm hang test 

are different depending on the number of siblings in the 

younger group (F = 5.554, p = 0.004**), in the older 

group (F = 3.171, p = 0.043) and for all participants 

(F = 8.522, p = 0.000***). With the rising number of 

siblings the level of motor fitness is increasing. The dif-

ferences occur in the younger group between NS0 and 

NS2, and bettween NS1 and NS2, in the older group 

between NS0 and NS2 and in the combined group be-

tween all sibling categories.

The results of the hand grip and sit-ups tests are sig-

nificantly different depending on the number of 

siblings in the younger group (F = 3.969, p = 0.019**; 

F = 3.086, p = 0.046*, respectively), and differences are 

noted between NS1 and NS2.

The results of the four performance-related tests are 

significantly related to the number of siblings to a vari-

ous degree and in various age groups (Tab. 5). In the 

case of standing broad jump and plate tapping single 

relations appear in the older category between 

the NS0 and NS1 groups (F = 3.501, p = 0.031* and 

F = 4.442, p = 0.012*, respectively). The NS1 group 

achieves the best results in both tests, followed by NS2 

and NS0.

The results of the 10 × 5 m shuttle run test show sig-

nificant differences in the older group (F = 5.323, 

p = 0.005**) and for all participants (F = 5.331, 

p = 0.005**). Differences are noted between groups 

NS0 – NS1 and NS0 – NS2. The highest normalized 

means are achieved by the boys in the NS1 group and 

the lowest by the boys in NS0 group.

The results of the flamingo balance test differ

significantly in the younger group (F = 4.596, 

p = 0.010**), in the older group (F = 3.503, p = 0.031*) 

and for all participants (F = 9.543, p = 0.000***), mainly 

between only children and other groups. The relation is 

directly proportional – the larger the number of siblings, 

the higher the level of performance/fitness.

Relative motor fitness

Tab. 6 shows the differences in motor fitness in 

boys with various number of siblings divided by abso-

lute values of somatic parameters. The data include 

the whole group aged 10–15, without the division into 

age groups.

The ANOVA values show significant motor fitness 

differences between boys only in few ranges of somatic 

parameters. The number and significance of these dif-

ferences depend on the test and the type of somatic pa-

rameter analysed. The greatest number of significant 

differences (nine) in results of motor tests between boys 

with different numbers of siblings was noted for BH, 

slightly fewer for BM and BMI (four and five, respec-

tively) and only two in the case of log SFT. The analysis 

of motor fitness in separate categories of thickness of 

subcutaneous fat tissue eliminates the differences be-
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tween the groups of boys with various numbers of sib-

lings, even in the case of tests results that significantly 

differ if analysed without the division into somatic cate-

gories (endurance shuttle run, hand grip, bent arm hang, 

sit-ups, a 10 × 5 m shuttle run and flamingo balance 

tests). Boys with various numbers of siblings, but with 

a similar subcutaneous body fat, have similar results.

In three tests (sit and reach, standing broad jump, 

plate tapping), the differences basically do not occur af-

ter the division into categories of log SFT. Significant 

differences are revealed only in single categories of 

body height.

Discussion

As revealed, individual components of health-re-

lated fitness may be related to the adopted criterion of 

social inequality to a different degree. A commonly 

used measure of social inequalities, i.e. body height, 

revealed to be less sensitive than other somatic param-

eters. Certain aspects of physical activity, a behav-

ioural component of health-related fitness, were dif-

ferent depending on social position which justifies in-

clusion of this kind of variables in the research into 

social inequalities. Moreover, the relationships be-

tween the variables of motor fitness and somatic pa-

rameters revealed another useful information allowing 

an additional interpretation of causes and results of 

social inequalities.

Physical activity

No significant differences in frequency and relative 

duration of LTPA between boys with various number of 

Table 6. ANOVA’s p-levels of differences in normalised results of motor fitness tests in boys aged 10–15 with different number 

of siblings. Analysis conducted for separate categories of body height, body mass, BMI and log SFT (subcutaneous fat)

Testsa ESR HGR BAH SUP SAR SBJ SHR PLT FLB

Beforeb 0.000*** 0.028* 0.000*** 0.028* 0.464 0.131 0.005** 0.584 0.000***

Body height (cm)

� 141.4 0.24 0.72 0.68 0.27 0.67 0.87 0.68 0.23 0.13

141.5–148.2 0.45 0.20 0.09 0.06 0.013* 0.71 0.30 0.59 0.045*

148.3–155.0 0.28 0.61 0.36 0.24 0.85 0.95 0.48 0.56 0.43

155.1–161.8 0.026* 0.46 0.015* 0.74 0.14 0.15 0.042* 0.93 0.39

161.9–168.6 0.001*** 0.28 0.12 0.15 0.86 0.013* 0.033* 0.020* 0.07

168.7–175.4 0.11 0.14 0.14 0.24 0.47 0.59 0.53 0.54 0.97

� 175.5 0.77 0.64 0.23 0.50 0.67 0.46 0.57 0.21 0.63

Body mass (kg)

� 35.6 0.63 0.83 0.14 0.73 0.19 0.92 0.52 0.18 0.014*

35.7–46.7 0.11 0.017* 0.09 0.14 0.76 0.19 0.39 0.50 0.15

46.8–57.8 0.047* 0.70 0.009** 0.63 0.52 0.47 0.21 0.69 0.22

57.9–68.9 0.19 0.50 0.19 0.84 0.98 0.98 0.72 0.45 0.68

� 69.0 0.22 0.40 0.58 0.79 0.21 0.53 0.55 0.56 0.43

BMI (kg/m2)

� 17.00 0.09 0.98 0.035* 0.67 0.07 0.40 0.44 0.76 0.07

17.01–19.50 0.031* 0.09 0.54 0.54 0.042* 0.47 0.020* 0.98 0.45

19.51–22.00 0.010** 0.54 0.08 0.56 0.96 0.26 0.33 0.63 0.10

22.01–24.50 0.76 0.09 0.23 0.35 0.20 0.10 0.08 0.35 0.77

� 24.51 0.07 0.21 0.14 0.52 0.40 0.51 0.54 0.53 0.57

Subcutaneous fat – log SFT (mm)

� 1.43 0.44 0.60 0.16 0.80 0.13 0.87 0.71 0.30 0.21

1.44–1.65 0.07 0.23 0.16 0.80 0.64 0.09 0.036* 0.67 0.44

1.66–1.86 0.037* 0.18 0.14 0.73 0.67 0.67 0.24 0.76 0.09

1.87–2.07 0.43 0.84 0.16 0.22 0.54 0.51 0.90 0.24 0.99

� 2.08 0.44 0.93 0.16 0.67 0.88 0.79 0.65 0.67 0.22
a tests: ESR – endurance shuttle run, HGR – hand grip, BAH – bent arm hang, SUP – sit ups, SAR – seat and reach, SBJ – 

standing broad jump, SHR – 10 × 5 m shuttle run, PLT – plate tapping, FLB – flamingo balance test; b ANOVA’s p-levels 

before dividing in categories of somatic parameters, all boys aged 10–15; significance level: * p < 0.05, ** p < 0.01, 

*** p < 0.001
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siblings were revealed, but significant differences were 

found in preferred forms of LTPA: morning gymnas-

tics, training in sports clubs and participation in sport 

competitions. These types of LTPA are least often un-

dertaken by only children who generally get involved in 

a smaller number of forms of LTPA and show usually 

a lower self-assessment of physical fitness. It was dem-

onstrated that a larger percentage of only children than 

other boys, undertake LTPA on their own or with par-

ents. It could be assumed that their physical activity, 

due to the lack of siblings, depends to a larger extent on 

their parents. This opinion may be supported by psy-

chologists who report that only children and 

children from small families remain with parents in re-

lations characterised by an increased level of anxiety 

and attention, so parents tend to devote them more time 

[16, 17]. 

It seems that the lack of siblings and stronger emo-

tional relations with parents may be a limitation in un-

dertaking physical activity, which in the long run may 

result in decreasing the level of physical fitness. General-

ly, stronger correlation of LTPA of boys aged 

10–15 is noted with the LTPA of their peers than with 

that of their parents [18]. Some authors suggest to rein-

force and use the relations between peers in the context 

of physical activity for improvement of health and well-

being of youths [19]. This seems to be correct because 

the influence of parents on physical activity of children 

weakens with age, as the role of the family changes in 

a natural way from protection to partnership [20]. There 

are also reports which deny the fact of intergenerational 

cultural transfer of physical activity in a family [21].

Somatic parameters

The results obtained in the current study concern-

ing somatic parameters are confirmed in the studies on 

the connections between social variables and physical 

development of Polish children [22]. The family size is 

a very significant social factor modifying body height, 

mass and fatness. The level of these parameters de-

creases as one moves from families with a small 

number of children to large families. However, body 

height, the most common measure of the effects of so-

cial inequalities, turned out to be the least sensitive 

somatic variable. This puts its value as inequality indi-

cator in question. Of course, using body height is still 

justified in controlling the effect of developmental ad-

vancement. Thus, the application of parameters con-

nected with body mass, being more environmental-

sensitive, would be suggested.

In the present study, smaller somatic differences de-

pending on the number of siblings in boys aged 13–15 

years was noted which may suggest that the differences 

disappear with age (although the cross-sectional charac-

ter of the study does not allow for an unquestionable 

conclusion). If this in fact is the case, the equalizing of 

the levels of somatic parameters with age would relate 

to the largest extent to relatively strongly genetically 

determined parameters (body height) and significant 

differences would be maintained in the case of parame-

ters modified more by the environment (thickness of 

subcutaneous fat tissue). 

Motor fitness

The results presented in this study show that with a 

lowering number of children in the family, the lower re-

sults in motor fitness tests are noted. It should be em-

phasised that the relation between the number of sib-

lings and motor fitness has changed in Poland. In the 

1960s, a trend reverse to the current one was observed 

– the fewer the children in the family, the higher the 

level of motor fitness [23]. In the following decades the 

lack of relation between the family size and motor fit-

ness of children began to be noted [24]. It seems that as 

a result of socioeconomic transformation in Poland the 

relation between the number of siblings and motor fit-

ness of children and youths has changed its direction. 

However, the picture of differences is not uniform and 

depends on the region and the size of place of residence, 

the stage of ontogenetic development of the participants, 

the type of socioeconomic factors which are the criteria 

of division, sex, etc. Also, specific types of motor abili-

ties “react” with a different force to social differences, 

as this and other studies show [3]. Various effects of so-

cial differences can be observed in the results of motor 

tests. Therefore, the selection of motor tests for studies 

the aim of which is to determine or compare the health 

differences in a given population should be made ac-

cording to the criterion of a possibly close relation of a 

given test to health.

The analysis of motor fitness level in separate so-

matic categories resulted in the elimination of the ma-

jority of differences between boys with different num-

bers of siblings. In other studies, a similar control of so-

matic parameters resulted rather in emphasizing already 

existing differences or appearance of new differences. 
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Dissimilar tendencies shown in this study may suggest 

that social differences in motor fitness are determined 

by the factors characteristic of the local social environ-

ment. Probably the reason is also the material and meth-

odology of studies. In other works, differences between 

urban and rural children were compared [5], wheras in 

the current study the differences within a large city 

population were tested. As an inequality criterion other 

authors use rather comprehensive indicators of socioe-

conomic status, and not only the number of siblings, as 

in this study.

In the majority of studies, the researchers focus on 

differences in motor fitness of children in social con-

text, however without the control of the somatic factor 

[3] or controlling only the body height that shows the 

level of developmental advancement [5]. The study of 

Gołąb [4] is an exception, as the level of motor fitness 

was shown compared to the lean body mass.

In this study, the key somatic parameter for differ-

ences in motor fitness was the thickness of subcutane-

ous fat tissue. When analyzing this factor in separate 

categories the differences in motor fitness between boys 

with various numbers of siblings were in principle non-

existent. Thus, the differences in motor fitness may be 

treated as a consequence of differences in the level of 

fatness; its excessive level is a factor limiting motor fit-

ness, in particular in tests where relative strength deter-

mines the success. The level of fatness results to a large 

extent from the family conditions. The greatest thick-

ness of subcutaneous fat tissue in children from one-

child families seems to be a general rule, maintained for 

years in various environments and at various times in 

spite of changes in socioeconomic conditions of life of 

families [25–28]. The mechanism of this phenomenon 

is related, on the one hand, to the economic situation of 

the family, and on the other hand, to the parenting 

method related to the number of children, as mentioned 

above. In one-child families the highest per capita in-

come, the highest consumption of food products and in-

creased concern with health are observed [29] and dif-

ferences between families of only children and large 

families increase at times of economic crises [16]. 

Moreover, mothers of only children, more than in 

larger families, concentrate on children’s nutrition [25]. 

Mother’s professional career and the number of children 

in the family may modify the type and frequency of 

meals eaten by children and youths [30]. 

The factor “number of siblings” accumulates varia-

bles of biological, economic, social and psychological 

character which directly affect somatic parameters and 

physical activity which is reflected in changes of motor 

fitness. In Poland, this variable is related to the degree 

of fatness in children more than other socioeconomic 

variables, even the birth order. Children in one-child 

families with a high socioeconomic status are at a great-

er risk of obesity [27, 28]. In spite of its genetic determi-

nants obesity appears to be the result of psychosocial 

factors to a very large degree, mainly family-related and 

local influences [31, 32]. Social inequality in terms of 

obesity and overweight is also observed at an adult age 

in different countries [33–35] and an intergenerational 

transfer of these tendencies is pointed out [36].

Social position and health-related fitness measure

In the context of social inequalities, Rona et al. [37] 

suggested that Tanner’s paradigm according to which 

“growth is a mirror of society” is not sufficient for the 

assessment of consequences of social stratification in 

countries with an average socioeconomic development 

(e.g. Poland). Using single indicators of physical devel-

opment, e.g. body height, the lack of differences be-

tween Swedish children from various social classes was 

demonstrated in the 1970s [38], then this phenomenon 

was confirmed in Sweden again [39] and other coun-

tries [8–10]. These results are interpreted as achieving a 

high level of development by a given country and an 

equal access of all citizens to its resources. One cannot 

question the civilization achievements and a high level 

of living conditions in such countries as Sweden and the 

United Kingdom, but even in highly developed coun-

tries the lack of social differences in terms of body 

height does not mean the lack of differences in other 

important indicators of physical development and health 

[33, 40, 41]. As a matter of fact, such an observation is 

not surprising as social inequalities in the access to the 

commonly desirable goods are always result of complex 

interactions between socioeconomic and cultural fac-

tors, life and work conditions, social status, social bond 

and support, individual health behaviour and other (un-

modifiable) factors like gender, age and genetic condi-

tions [42].

As has been demonstrated, the social factor speci-

fied as the number of siblings is related to the level of 

physical activity, somatic parameters and motor fitness, 

but to a different extent in each case. A combined analy-

sis and interpretation of all these groups of variables 

gives a fuller picture of relationships between social in-
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equalities and health and well-being of the population 

allowing a more detailed interpretation of inequalities.

Thus, it seems that the population analyses of social 

inequalities in physical fitness and health should include 

a possibly wide range of adequate measurements and 

indicators. Their selection is easier thanks to the con-

cept of health-related fitness which in its basic form was 

used in the current study. Full measurements should in-

clude morphological, musculosceletal, motor, cardiores-

piratory and metabolic components [2]. Moreover, it is 

necessary to take into account basic elements of life-

style, i.e. quantity and quality of physical activity, food 

patterns, use of stimulants and drugs, behaviour risky 

for health and the effect of physical environment. Ex-

tremely important is the picture of sociopsychological 

influences (family, local community, school, personali-

ty, motivation).

Conclusions

1. The inequality in social positions of urban boys 

correlates with the differences in the level of health-re-

lated fitness.

2. Significant differences in preferred forms of 

physical activity between boys with various numbers of 

siblings were found.

3. The level of body height, mass and fatness de-

creases as one moves from families with a small number 

of children to large families.

4. Smaller somatic differences depending on the 

number of siblings were noted in the older group of 

boys, which may suggest that this type of differences 

disappears with age.

5. In general, with the lowering number of chil-

dren in the family, lower results in motor fitness tests 

are noted but specific types of motor abilities “react” 

with a different force to social position differences.
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Introduction

The paper is concerned with the introduction and 

analysis of a very important social phenomenon, which 

is football hooliganism. Several methods have been 

used to create this work. The basic one was, obviously, 

going to stadiums during football matches and actively 

observing various groups of recipients of sports specta-

cles. Talking with sportsmen, following the Internet fo-

rums and reading different publications on the subject 

completed the observations.

“Hooligans”, “fanatics”, “pseudo-fans” and “van-

dals” these are the words used interchangeably to de-

scribe certain (minor) part of sports audience, mainly 

the participants of football matches, speedway and ice-

hockey [1–4].

Pseudo-fan (in Greek pseudo means a lie) is the pre-

tence, an imitation which merely bears an exterior re-

semblance to a true fan. The fans differ from the pseudo-

fans in the intensions with which they go to stadiums 

[5–8]. Pseudo-fans see themselves as representatives of 

clubs (cities, regions and even whole countries) stand-

ing side by side with real fans [9–10]. Their attachment 

to clubs’ colours and symbols is often on the verge of 

nationalism [11–16] and fanaticism similar to religious 

fundamentalism. Different groups of pseudo-fans fight 

each other using all possible methods. The aim of those 

clashes is to prove who is physically stronger, who 

dominates in a particular area and, thus, to show – para-

doxically – whose club is better [17–19].

Football hooligans are mainly active in fights and 

acts of vandalism; however, their actions are often pre-

ceded by serious planning and therefore can be seen as 

logical [7, 20–22]. Hooligans constitute a well organ-

ised community with an elaborate structure [10, 23–

24]. Different groups of fans of various football clubs 

have complex relationships with each other. Those rela-

tionships are based on three main elements: “friend-

ship”, “hostility” and “agreement” (neutral relation-

ships). Hooligans fight according to a particular “sys-

tem”: to fight with fans of some clubs is simply 

obligatory, whereas the very same fans, at the same 

time, support fans of other clubs in their fights with 

their “enemies”. There are also fans towards which 

they remain indifferent. Some groups of fans make tac-

tic alliances (so called “triads” [8]). One of the most 

important “triads” in Poland is Arka Gdynia, Cracovia 

Kraków and Lech Poznań.

During matches of Polish national football team 

a re lative truce is in force; fans of particular clubs can 

wear their colours, however, they should not manifest 

them.
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Apart from fighting their “everlasting” enemies, 

fighting the police is a must for every football hooli-

gan. Sometimes fans who detest each other most join 

their forces to fight policemen. Supporting the police in 

their routine, preventive activities aimed at fans of the 

rival club is considered “unfair”, which means that it is 

seen as infringing the hooligans’ code of conduct. Such 

behaviour disqualifies any group of hooligans. 

“Hooligans league” is a constantly updated ranking 

of scale and effectiveness of hooligans’ actions such as 

acts of vandalism, brawls or scuffles with the police.

Mass media and votes on the Internet forums are 

authorised sources of information about those actions. 

Hooligans supporting Arka Gdynia, Lech Poznań, Le-

gia Warszawa, Cracovia Kraków and Śląsk Wrocław 

are considered the most radical ones.

Hooligans supporting different clubs often hunt for 

each other. The trouble moments occur on their way to 

matches. Hooligans supporting rival clubs organise 

“traps” for their enemies on railway tracks, access 

roads to stadiums or narrowest parts of city streets [10]. 

That is why police forces are often organised to accom-

pany groups of fans who travel either by special trains 

or special buses. 

Many pseudo-fans do not wear clubs’ scarves; nei-

ther will they go to matches. They take part in “tourna-

ments” outside stadiums. The number of “competitors” 

on either side is the same. The fights are organised ac-

cording to strict rules – either with “equipment” or 

without it. And thus, hooligans are equipped with base-

ball bats, knives, axes, machetes, chains, etc. [8, 25–29]. 

To win such a fight means to gain prestige; that is why 

the hooligans train beforehand or even organise spar-

ring fights. They rent sports halls, hire martial arts in-

structors and test various methods and tactics. They of-

ten wear identical sports outfits with the same inscrip-

tions on them. Arka Gdynia fans set up a rugby team 

and took the second place in Polish Rugby Champion-

ship. Before the 2006 World Cup in Germany, Polish 

pseudo-fans pitted themselves against German pseudo-

fans to find out who “the true host” of the World Cup 

was. 

Football hooligans constitute a well-organised lobby 

which is gradually gaining power in modern society. 

Their actions are not only restricted to football stadi-

ums. They often get involved in social disputes includ-

ing those not related to sport. The examples of their ac-

tions outside stadiums are numerous – the confrontation 

with antiglobalists during the economic summit in War-

saw, in 2004, the pacification of university students’ 

festival in Łódź, in 2004, crushing legal demonstrations 

in Kraków, Poznań and Warsaw, in 2004–2006, to name 

but a few. The most active fighters in the riots in Buda-

pest during the 50th anniversary of the Hungarian Revo-

lution were pseudo-fans along with skinheads.

The most common stereotype about football hooli-

gans is the belief that they come from social margin. 

Unfortunately, among hooligans who use sports events 

as a pretext for brawls are the members of all social 

groups. Junior high school students, secondary school 

students, university students, managers and even po-

licemen take part in those disturbances. Sometimes 

hooligans accept professionally active sportsmen (e.g. 

martial arts experts) to increase their chances of win-

ning the “tournament”. Igor Sypniewski, once a mem-

ber of Polish national football team, has been repeatedly 

arrested for taking part in hooligans’ brawls. 

Conclusions

The results of the activities of football hooligans 

have gradually become more dangerous for the hooli-

gans themselves and more bothersome for the outsiders 

who simply want to enjoy sports events. Stadium hooli-

gans from various backgrounds have caused a paradoxi-

cal situation. The audiences of sports competitions, be-

ing obviously their reactive recipients, have become 

such an important element of the competition that in 

extreme (but numerous) cases it is the audience that 

makes the event impossible. By causing problems dur-

ing sports events, pseudo-fans force sports officials to 

take serious steps such as punishing the clubs by closing 

their stadiums and moving matches to different places. 

Thus, the real fans cannot participate in the events. 

Football hooligans have become the terrorists for con-

temporary sport.

References

  1. Haag H., Haag G., Dictionary. Sport, Physical Education, Sport 

Science. Institut für Sport und Sportwissenschaften, Kiel 2003, 

181.

  2. Lipoński W., The History of British Culture [in Polish]. PWN, 

Warszawa 2003, 516.

  3. Krzyżak-Szymańska E., Szymański A., Speculations About 

Public Tolerance of Pseudofans’ Aggression. In: Rosół A., 

Szczepański M.S. (eds.), Tolerance. Studies and Sketches [in 

Polish]. Wydawnictwo WSP, Częstochowa 1998, 5, 149–164.

  4. Dudała J., Reflections Concerning the Problem of Violence on 

Sport Stadiums. In: Rosół A., Szczepański M.S. (eds.), Toler-

ance. Studies and Sketches [in Polish]. Wydawnictwo WSP, 

Częstochowa 1998, 5, 165–171.

HM_2009_1_64_66_01_Sahaj_pseudo_d.indd   65 2009-06-02, 12:36:36



HUMAN MOVEMENT

66

T. Sahaj, Polish football hooliganism

  5. Kowalska J.E., Can Hooliganism at Sport Stadiums be Pre-

vented? Studies in Physical Culture and Tourism, 2001, 8, 

203–216.

  6. Kowalski R., Hooligan’s Descendants – „Szalikowcy”: Socio-

cultural Sport Fans Aggression Sources [in Polish]. Wydawnic-

two „Adam Marszałek”, Toruń 2002, 33–35.

  7. Piotrowski P., „Szalikowcy”. On Deviant Behaviour Among 

Sport Fans [in Polish]. Wydawnictwo „Adam Marszałek”, 

Toruń 2000, 9–11.

  8. Sahaj T., Football fans. Socio-historical Study of the Phenome-

non of Supporting in Sport [in Polish]. AWF, Poznań 2007, 

81–97, 124–128.

  9. Dudała J., The Phenomenon of Rooting on the Threshold of the 

21st Century. The Symptoms of Mutual Tolerance Among 

Sports Fans. In: Rosół A., Szczepański M.S. (eds.), Tolerance. 

Studies and Sketches [in Polish]. Wydawnictwo WSP, 

Częstochowa 1999, 6, 157–177.

10. Dudała J., Fans-Hoolingans. On Polish Football Firms. Socio-

logical Study [in Polish]. Wydawnictwo Akademickie „Żak”, 

Warszawa 2004, 69–79.

11. Billig M., Banal Nationalism. Sage Publications, London 1997, 

93–127.

12. Czubaj M., Elvis Presley’s Hips. From Paleoheroes to Neofans 

[in Polish]. Wydawnictwo Akademickie i Profesjonalne, 

Warszawa 2007, 190–211.

13. Lenartowicz M., Karwacki A., An Overview of Social Con-

flicts in the History of Polish Club Football. European Journal 

for Sport and Society, 2005, 2(2), 97–107.

14. MacClancy J. (ed.), Sport, Identity and Ethnicity. Berg, Oxford 

and New York 1996.

15. Morgan W.J., Patriotic Sports and the Moral Making of Na-

tions. J Philos Sport, 1999, 26(1), 50–67.

16. Morgan W.J., Sports and the Making of National Identities: 

A Moral View. J Philos Sport, 1997, 24(1), 1–20.

17. Górecki T., The Pathology of Juvenile Sport Fans Subculture 

[in Polish]. Kultura Fizyczna, 1989, 9–10, 28–30.

18. Żyto-Sitkiewicz D., Why Do They Come? Motivation of Sup-

porting – Psychological Interpretation [in Polish]. Kultura Fizy-

czna, 1991, 5–6, 8–9.

19. Piotrowski P., Deviant Behaviour Among Sport Fans. A Pro-

posal for Explanatory Model. In: Urban B. (ed.), The Problems 

of Contemporary Social Pathology [in Polish]. Wydawnictwo 

UJ, Kraków 1998, 135–143.

20. Armstrong G., Football Hooligans. Knowing the Score. Berg, 

Oxford and New York 2003.

21. Cashmore E., Sports Culture. An A-Z Guide. Routledge, Lon-

don and New York 2000, 72.

22. Giulianotti R., Bonney N., Hepworth M. (eds.), Football, Vio-

lence and Social Identity. Routledge, London and New York 

2006.

23. Giulianotti R., Supporters, Followers, Fans and Flaneurs. 

A Taxonomy of Spectator Identities in Football. Journal of 

Sport and Social Issue, 2002, 26(1), 25–46.  

DOI: 10.1177/0193723502261003.

24. Jones C., The Traditional Football Fan: An Ethical Critique of 

a Selective Construction. J Philos Sport, 2003, 30(1), 37–50.

25. Sahaj T., Fans and Pseudofans: an Analysis of the Stadium 

Hooliganism Phenomenon [in Polish]. Sport Wyczynowy, 2002, 

7–8, 71–81.

26. Sahaj T., Social Roots of Football Hooliganism. In: Kosiewicz 

J. (ed.), Social and Cultural Aspects of Sport. AWF, Warszawa 

2007, 194–202.

27. Sahaj T., Stadium Hooligans – A Study of Social Powerlessness 

[in Polish]. Sport Wyczynowy, 2005, 7–8, 50–57.

28. Sahaj T., The Problem of Fans and Pseudo-fans in Contempo-

rary Sport [in Polish]. Roczniki Naukowe AWF Poznań, 2001, 

49, 131–139.

29. Wann. D.L., Melnick M.J., Russell, G.W., Pease D.G., Sport 

Fans, The Psychology and Social Impact of Spectators. 

Routledge, New York and London 2001, 23–50.

Paper received by the Editors: November 9, 2007.

Paper accepted for publication: January 28, 2009.

Address for correspondence

Tomasz Sahaj

Zakład Filozofii i Socjologii

Katedra Humanistycznych Podstaw Kultury Fizycznej

Akademia Wychowania Fizycznego

ul. Grunwaldzka 55

60-352 Poznań, Poland

e-mail: sahaj@awf.poznan.pl

HM_2009_1_64_66_01_Sahaj_pseudo_d.indd   66 2009-06-02, 12:36:37



HUMAN MOVEMENT

67

Department of Physical Education and Sport 

(DPES) of the Faculty of Education at the University 

of West Bohemia in Pilsen

 

The Faculty of Education in Pilsen was established 

in 1948 and it existed as an independent school prepar-

ing teachers of elementary and high schools until 1990.

In 1991, it became one of the founders of the newly 

established University of West Bohemia in Pilsen, 

which now consists of seven faculties [1].

Following changes in conception of preparation of 

elementary and high school teachers necessary changes 

were also introduced in curricula of physical education 

(PE). The reform of the whole educational system 

caused changes in PE study programs in terms of con-

tent and duration of the study.

For current situation in physical education at DPES 

of the Faculty of Education at the University of West 

Bohemia in Pilsen, the crucial factor was finishing the 

restructuralization process of the study programs.

Accreditation of the new study programs was com-

pleted in the academic year 2006/2007. Since then the 

Department has been preparing future teachers of physi-

cal education in the following way. First, in a three years’ 

bachelor’s degree, where students study mostly profes-

sional subjects, and then in a follow-up two years’ mas-

ter degree where subjects for mastering the pedagogical 

competence are included. Apart from those programs, 

the Department of Physical Education and Sport pro-

vides a three years’ bachelor study program of non-ped-

agogical physical education and sport that also allows 

the students who have met the requirements of entrance 

exam to continue in the follow-up master study. 

These study programs at DPES are taught by seven-

teen internal and nine external teachers. Professional-

ism of the staff is also projected in cooperation with the 

various sport federations at the regional as well as na-

tional level, which is positively reflected in the work of 

the department when granting instructor and coach li-

cences to students that have passed optional study pro-

grams. On the basis of officially concluded agreements 

about international cooperation DPES has contacts with 

universities in Great Britain, Denmark, Turkey, Poland 

and Slovakia. Research activities of DPES take place 

predominantly in the Center of Sport Diagnostics. The 

department also closely cooperates with the Sporting 

Youth Foundation in Pilsen.

Introduction

On a European scale, the learning and good-quality 

education is currently considered to be a standard. Also, 
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social transformation has initialized many changes in 

the Czech educational system.

Changes were also due to the weaknesses of the edu-

cational system in the Czech Republic at the end of the 

last century, when problems had cumulated and began 

to exert negative influence on the work of teachers. 

Changes in the social status of teachers – lack of recog-

nition and social prestige, as well as poor financial re-

ward caused serious outflow of a generation of young 

alumni to a better paid work, though sometimes requir-

ing less qualification [2–4].

This situation is one of the stimuli to researchers 

who monitor professional careers of university alumni, 

for example, Janak [5], Jansa, Kocourek [6], Tilinger, 

Smidova [7], and others. The latest research was also 

the project of Grant Agency of the Czech Republic 406/

052670 “Career of Alumni that Studied the Program 

Physical Education and Sport on Labor Market in the 

Czech Republic”. The research was sponsored by UK 

FTVS in Prague and UP FTK in Olomouc, and eight 

other Faculties of Education from the Czech Republic, 

including our Faculty in Pilsen, took part in it. 

In this nationwide research 4330 respondents were 

addressed. They were alumni of the study program 

“Physical Education and Sport” from 1998–2005. Of 

the 1855 responses returned, 891 were given by women 

and 964 by men. 

In the paper, we present partial results obtained 

through the survey concerning the alumni of the 

study program “Physical Education and Sport” at the 

Faculty of Education of the University of West Bohe-

mia in Pilsen, who finished their studies in the years 

1998–2005. There were distributed 254 question-

naires, of which 97 were returned, 55 by men and 42 

by women. 

It is worthwhile to note a spontaneous reaction of 

some alumni who added detailed information about 

their professional or sport careers after they had fin-

ished their studies, or some recollections from that pe-

riod. 

Material and methods

The aim of the survey was to monitor the develop-

ment of professional career of the group of alumni men-

tioned above. Our focus was to get up-to-date feedback 

about their careers and position on the labor market. 

Quite often these pieces of information appeared to be 

inspiring as regards our Department, particularly when 

creating new follow-up study programs that were sub-

mitted to accreditation. 

The main method relied on a 17-item “Questionnaire 

for alumni” with choice of alternative answers. It con-

tained four thematic units:

• current job in state, communal or federal (concern-

ing physical education) services including private 

sector,

• motivation to study the “Physical Education and 

Sport” program, acquiring additional qualifications,

• satisfaction with current job, as seen from different 

points of view,

• assessment of the study program “Physical Educa-

tion and Sport”.

The questionnaire was tested through the pilot study 

and it was consequently modified for the needs of na-

tionwide research.

The questionnaires were sent to alumni of the study 

program “Physical Education and Sport”, and were to 

be answered from September to December 2005. The 

respondents had been guaranteed the anonymity but 

they could sign the questionnaire, if they wanted to.

The data obtained were statistically analyzed and 

collected in frequency tables, being presented per cent 

and also graphically in doughnut charts.

Results and discussion

The alumni accomplished studies following two 

types of programs. These were a non-pedagogical bach-

elor study program of physical education and sport 

(30.9% questionnaires returned) or master study pro-

gram of physical education for elementary schools (4 

year study) or high schools (5 year study) in combina-

tion with other majors (69.1% questionnaires returned) 

(Fig. 1).

In Fig. 2, we show frequency charts of answers given 

by women (43.3%) and men (56.7%). 

Fig. 3 reflects reasons for the choice of the study pro-

gram Physical Education and Sport. Two thirds of the 

alumni (66%) marked the answer “I like to do sport”, 

17.5% chose “I was interested in sport”. Only 7.2% of the 

respondents marked “I like to work with children, among 

people”. Still less respondents (4.1%) indicated the an-

swer “I liked the job of a teacher”. The remaining five 

choices with frequency of 1% can be considered as inter-

pretatively insignificant. 83.5% of the alumni marked as 

clear priority and motive, generally speaking, the need 

for movement or interest in sport.
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Considering the experience gained during lessons 

we can state that personal direction of students plays an 

important role during studies. On the other hand, it is 

often expressed in their sometimes distorted ideas about 

the content and forms of physical education and sport. 

At least the first year of the study is devoted by some 

students to developing and shaping of appropriate ap-

proach to study requirements. Obviously, more often it 

is during bachelor non-pedagogical study that the idea 

prevails that study will be like a “training camp”. This 

results in certain underestimation of so called theoreti-

cal subjects (anatomy, history of physical culture, and 

so on). These ideas are projected to a certain extent onto 

the course of education, due to which some students 

have difficulties with filling actual, mostly practical, 

credit requirements. 

We must state that the reason for this is not only per-

sonal but it is also due to many other factors generally 

infuenced by social conditions and to a certain degree 

by regional specifics, too. 

We can assume that the “need of movement” (66%) 

and “interest in sport” (17.5%) is positively expressed 

even during studies when selecting optional programs 

leading to getting various types of coach or instructor 

licenses. Certain motivational role, e.g. in soccer, can be 

possibly played by the perspective possibility to use 

coach licenses, which students can get during studies, 

in nearby Germany. Already when studying, some stu-

dents, soccer players, participate in German regional 

competitions. Some, after finishing active player’s ca-

reer, also find professional job in Germany as an assist-

ant of coach or a coach, where they commute approxi-

mately 2 or 3 times a week. We also notice this cross-

borders phenomenon, but to a much lesser degree, 

among students playing handball. They use coach li-

cense, which they got during their studies, and this 

Figure 1. Study program

Bachelor’s
degree 
30.9%Master’s

degree 
69.1%

Figure 2. Characteristics of respondents

Men 
56.7%

Women
43.3%

Figure 3. The reason for entering the study of physical education and sport

I like to do sport 66%

I like to work with children 
7.2%

I was interested in sport 
17.5%

I like the teacher’s job 4.1%

Sombody of similar 
profession was 
in my family 1%

I want to be a coach 1%
I liked the organizational 

work in sport 1% Other reasons 1%

Unentered 1%
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“part-time job” considerably enhances their living 

standards.

Our experience gained during implementation of the 

system of optional subjects to study programs, the out-

put of which are coach or instructor licenses recognized 

by relevant sport federations are as follows. In terms of 

the content of the studies we are assured that university 

education is not necessary for acquiring licenses, e.g. in 

soccer UEFA does not expect university education. But 

on the basis of agreement with individual sport federa-

tions the offer and possibility of acquiring coach and 

instructor licenses during studies contributes to their at-

traction in current market-oriented offer of studies at 

the Czech universities preparing bachelors and masters 

in physical education and sport. Naturally, the problem 

is not theoretical basis of license study but it can be the 

missing or short coach practice.

In the analysis of data concerning the problem of 

employment 59.8% of alumni point to the work in edu-

cational system as their main profession. 9.3% work in 

federal services in the area of physical education and 

sport (coach, instructor or other profession). Almost one 

third of alumni (27.8%) work in other fields, which is 

quite a big number, though expected, and 3.1% belong 

to unemployed (Fig. 4).

A detailed analysis of frequency of the full time job 

is presented in Fig. 5. The highest percentage of alumni 

are employed in elementary education (34%), and then 

higher education (16.5%) follows. 4.1% of them teach 

PE at private schools, 3.1% at universities and 2.1% at 

vocational schools. Altogether, 59.8% respondents work 

as PE teachers.

A detailed interpretation of the data is much more 

difficult and not so clear. In reality, many of the alumni 

of bachelor non-pedagogical study teach at various 

types of school. Their trend is “to go to teach“, which 

was also confirmed by entrance exams to follow-up 

master study for the academic year 2007/2008, because 

there were over 30 alumni of non-pedagogical bachelor 

study of physical education and sport. Some of them al-

ready teach in the various types of schools in the re-

gions of Pilsen and Karlsbad. It is yet true that espe-

cially in the regions of Sokolov and Karlsbad there is 

lack of qualified teachers of physical education.

On the other hand, some alumni of master study 

work outside the area of education, often in various 

Figure 6. Additional education Figure 7. Do you consider education for your current job 

sufficient?

Yes 
20.6%

Figure 4. The main job

Federal 
services 

9.3%

Figure 5. The main job – schools

Out of PE 27.8%

Unemployed 3.1%

School 59.8% Other job 40.2%

Elementary 
schools 34%

Apprentice 
schools 2.1%

High schools 16.5%
Universities 3.1% Private schools 4.1%

No 
79.4%

Completely
insufficient
4%

Mostly
insufficient
6%

Sufficient
10%

Mostly sufficient
48%

Completely
sufficient
26%

Unentered
6%
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managerial positions, using benefits of their creativity 

“of physical education teacher”, adaptability and com-

munication abilities.

Results in Fig. 6 show certain satisfaction with edu-

cation acquired or repulsion to additional education 

(79.4%). We can only hypothesize about the causes of 

such a situation. This can, for example, be a short time 

interval (1–7 years) since the end of the studies. Another 

reason can be not motivating, or more precisely not ex-

isting, system of career growth of teachers or amount of 

financial evaluation of their work.

Fig. 7 even more strongly documents the facts men-

tioned above. 86.6% of alumni consider gained educa-

tion as sufficient (21.6% as completely sufficient, 39.2% 

mostly sufficient, and 25.8% as sufficient) and only 

8.3% as insufficient (3.1% as completely insufficient 

and 5.2% as mostly insufficient). 5.2% of respondents 

did not express their opinion.

In Fig. 8, a certain discrepancy in the answers of re-

spondents is clearly seen. 58.8% of alumni state that af-

ter finishing the studies they gained additional educa-

tion or qualification, which does not markedly corre-

spond with the results mentioned (e.g., 86.6% consider 

education as sufficient) (Fig. 6, 7). One probable expla-

nation is that our alumni consider also short one-day or 

few-days educational courses and seminars as addition-

al education.

Results indicating satisfaction of our former students 

with current job are presented in Fig. 9. Satisfation with 

salary was stated, as expected, only by 48.4% of re-

spondents (but complete satisfaction only by 7.2%), dis-

satisfaction was stated by 26.8% of respondents. The 

highest satisfaction was with the content of the work 

(80.4%), then with the working time (70.1%), working 

environment (67%) and co-workers (66%). Less satis-

faction was with superiors (61.8%), and the biggest dis-

satisfaction (13.4%) with salary. Satisfaction with the 

amount of work was indicated by 60.8% and with use of 

qualification by 58.7% respondents.

Figure 8. I received additional education or qualification 

after finishing the studies

Yes 
59%

No 
37%

Did not enter
4%

Figure 9. Job satisfaction
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Figure 10. The way of searching for a job

Other 
possibilities

18.6%

Through 
employment 
bureau 
8.2%

Through friends
40.2%

Through advertisement 
11.3%

I found the job 
during studies 

20.6%

Fig. 10 depicts the way of seeking a job. 20.6% of 

alumni got a job already during their studies. This cor-

responds with our experience from practice because 

quite a big number of students start to teach externally 

part-time when they are in the last grades of their study. 

If they study part-time, this even allows them to work 

full-time.

40.2% of respondents got a job “through friends”, so 

it occurrs that personal contacts play an important role 

in education when seeking a job. On the other hand, 

only 8.2% of alumni got a job through an official insti-

tution, that is, employment bureau, and 11.3% through 

advertisement.

In Fig. 11, we can see criteria of current job selec-

tion. The largest number of alumni (38.1%) indicate as 

the main criterion of selection prospects of material ad-

vantages. Next, 16.5% of respondents point to financial 

attraction. One fifth (20.6%) of them prefer attraction of 

the job content. From the social point of view a negative 

sign characteristic of alumni from the Faculty of Educa-

tion of the University of West Bohemia in Pilsen is that 

merely 4.1% of respondents consider social assessment 

of their work as the most important criterion. Personal 

satisfaction with the work is the priority for only 3.1% 

of respondents. 
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As regards this criterion, our results quite strongly 

differ from the results of other universities. Besides 

general social criteria there can be regional demograph-

ic specifications of Pilsen and Karlsbad regions. We can 

assume that closeness and quite easy access to the bor-

der regions of Germany may influence, for example, 

value orientation of our alumni. The above statements 

are evidenced by 54.6% of respondents who mention 

prospects of material security (material advantages 

38.1% + financial attraction 16.5%) as the criterion of 

personal satisfaction.

Similarly assessed were “too theoretical education” 

(63.9% did not agree) and “overlapping of knowledge” 

(74.2% did not agree). 38.1% of respondents expressed 

preference to the “amount of knowledge instead of 

deeper knowledge”.

90.7% of respondents do not evaluate the amount of 

lessons in the program as too big. This fact does not 

correspond with the current trends of decreasing the 

amnount of face-to-face teaching. A certain role is 

played here by the specifics of the study program physi-

cal education and sport.

Figure 11. Criteria when selecting current job

Personal satisfaction with the work 
3.1%

Other criteria 
9.3%

Perspective of material advantages 
38.1%

Interesting content of the job
2.6%

Unentered 
2.1%

Financial 
attraction 
16.5%

Social appreciation of the work 
4.1%

Quality of working team 6.2%

Figure 12. Physical education
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In Fig. 12, we present results from monitoring edu-

cation at DPES from the point of view of its conception 

and structure. 90.7% of respondents are convinced that 

accomplishing the physical education and sport pro-

grams gave them broad knowledge. Satisfaction with 

the possibility of specialization is indicated by 56.7% of 

alumni, which we understand especially as positive as-

sessment of the possibility to gain coach and instructor 

licenses during studies. 

As pretty positive assessment we can consider the 

statement of 86.3% respondents who said that education 

mostly did not contain old knowledge, which should be 

an elementary condition of the university education. 

In Fig. 13, pedagogy is presented as the most impor-

tant subject (33%), which can also be interpreted as 

a positive additional feedback assessment of this sub-

ject. With marked distance are presented the theory and 

didactics of sport (14.4%), anatomy (12.4%), philosophy 

(10.3%) and basics of sport training (8.2%).

The least important subjects are presented in Fig. 14. 

37.1% of respondents put philosophy in the first place. 

We must state certain discrepancy in their assessment 

because it is clear from Fig. 13 that one tenth of re-

spondents put philosophy in the fourth place. 

In our opinion, unexpectedly 15.5% of alumni 

marked history of physical education as the second least 

Figure 13. The most important subjects

Pedagogy

50%

40%

30%

20%

10%

0%
Theory 

and didactics 
of sports

Anatomy Philosophy Basics
of sport 
training

33%

14.4% 12.4% 10.3% 8.2%
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important subject. As one of the possible explanations 

we see position of the subject in the study program, 

where it was included in the winter semester of the first 

year as limiting subject. From this indication it is clear 

that failing this subject meant the end of studies even in 

the frame of the credit system. This, quite hard uncom-

promising mechanism for students, was marked as “pro-

longed entrance examination”. In the current follow-up 

study programs, the limiting subjects do not occur. We 

do not suppose that the reason for the aforementioned 

assessment of the subject was teacher’s requirements.

In the third and fourth place, there were mentioned 

biochemistry and biomechanics (both 8.2%).

Subjects which according to respondents were most 

missing in education are presented in Fig. 15.

For interpretation of the subjects mentioned above, 

the variance of the assessment of this question was sig-

nificant. A scale of 19 subjects was too wide. The peda-

gogical practice was marked as the most missing subject 

(9.3%). But it is necessary to mention a certain possibil-

ity of inaccurate understanding and presentation of the 

questions. The respondents completed pedagogical 

practice as a part of individual didactics of sports, as 

well as in the form of observing and continual peda-

gogical preparation at schools. That is why we under-

stand the assessment with so low percentage (the subject 

was chosen by 9 respondents) rather as a minor impulse 

to extending the forms of pedagogical practice. Still 

lower percentage is noted in the case of such subjects as 

basics of sport training and biochemistry (6.2%), reha-

bilitation and non-traditional sports (5.2%). Another 

paradox (see philosophy) is that biochemistry is includ-

ed in the most missing subjects and the least important 

subjects at the same time. 

Out of remaining 14 subjects, 10 were chosen just 

once and for 4 of them the choice ranged from 3.1% and 

4.1%, which meant three or four choices.

From the point of view of objective significance it is 

necessary to emphasize that of the 97 respondents only 

54 selected 19 subjects and 43 (44.3%) did not indicate 

any subject. We can interpret this in terms of an absence 

of concrete idea or indecisiveness and uncertainty of 

alumni in answering the question about the subjects 

which were most missing in the studies. We consider 

the choice of subjects in this case as informative with 

quite low predicative value.

Conclusions

Of the 254 questionnaires addressed to the alumni of 

non-pedagogical bachelor or master program Physical 

Figure 14. The less important subjects
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Figure 15. Subjects considered to be the most missing in the study program
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Education and Sport, who finished their studies at the 

Faculty of Education of the West Bohemia University in 

Pilsen in the years 1998–2005, 97 were answered. This 

gives a 38.1% response rate. We received most of the 

questionnaires from respondents who had finished their 

studies in 1998 (17.5%), and the least number from the 

2005 graduates (1%). As regards the years 1999–2004 

the number of answers ranged from 10 to 15%.

The percentage of master study alumni is 69.1% and 

30.9% of bachelor study. From the results presented it is 

clear that 69.1% of alumni work in the field they had 

studied (education or services in the field of physical 

education and sport) and 27.8% are employed in other 

fields. 

In terms of education the answers appear to be in-

consistent, because 86.6% of respondents consider edu-

cation as sufficient, but on the other hand, 58.8% of 

them say that they gained additional education or quali-

fication after finishing their studies. It is probable that 

these were only part time courses and seminars. The 

majority of the alumni (40.2%) got their job “through 

their friends” and the least (8.2%) got their job through 

employment bureau. 

In overall evaluation, 79.4% of respondents ex-

pressed satisfaction with their job but only 48.4% of 

them expressed satisfaction with salary. Only 3.1% of 

the respondents prefer personal satisfaction to the work 

itself, compared to 54.6% of alumni who consider the 

perspective of material advantages (38.1%) or financial 

attraction (16.5%) as the main criteria. It is possible that 

these approaches are influenced by the feasibility of 

confrontation with the living standards of the inhabit-

ants of nearby Germany. 

Concerning the content of the studies, 90.7% of the 

respondents stated the possibility of acquiring broad 

knowledge. 86.3% of them think that the studies did not 

mostly contain outdated information, which should be 

obvious and expected condition of the university educa-

tion. 

A 38.1% preference to the “amount of knowledge 

instead of deeper knowledge” can be a certain sign. 

Specifications of the physical education and sport pro-

gram are probably reflected in 90.7% answers of re-

spondents, who do not consider the amount of lessons 

during studies as “unnecessarily many lessons of edu-

cation”. The possibility of specialization during studies 

is mentioned by 56.7% of alumni, which offer is readily 

available as they can get licenses of a coach and in-

structor.

Quite reasonably, but maybe unexpectedly, 33% of 

respondents consider pedagogy as the most important 

subject. Philosophy was marked as the least important 

one (37.1%).

The scores of subjects which alumni marked as most 

missing, have very low validity. 19 subjects were se-

lected by 54 respondents. 43 respondents did not mark 

any subject.
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Secondly, sport can also be perceived as an autono-

mous area, independent of the logic of free market and 

power, and featuring its own rationality based on the 

‘spirit of competition’. Thus, sport becomes a reference 

point for modern axio-normative systems, remaining (at 

least in its original assumption) in opposition to the 

commonly accepted praxis. It is worth considering how 

sport can be perceived as a manifestation and realiza-

tion of axio-normative systems. 

Thirdly, sport can be regarded as an area of imple-

mentation and discovery of macro-structural tenden-

cies. It can be noted that these tendencies (legal, eco-

nomic, technological, etc.) can be implemented at the 

micro-level, e.g. in the context of sport teams support-

ers. In other words, sport offers an average participant 

in socio-cultural life the possibility to experience first 

hand these social processes, which normally seem dis-

tant and unimportant. 

Fourthly, sport constitutes a reference frame for dai-

ly practices. The media picture sports events as patterns 

to be followed. Professional athletes are perceived as 

celebrities who deserve to be written about, read about 

and emulated, not because of their sports achievements 

but because of their lifestyles. 

The aim of this conference is to perceive sport as an 

indicator of changes of postmodern society and its ten-

dencies. This approach can bear fruit as sport has be-

come directly accessible to all walks of life. It is becom-

ing one of the main grounds for practicing of sociology 

of everyday life”. 

The conference participants ensured the highest 

quality of conference papers. The conference also at-

tracted the interest of many young people, which is a 

positive signal for the future development of sport phi-

losophy and sociology. 

After positive reviews the conference proceedings 

will be published in a single volume. I am truly con-

vinced this publication will be of great interest not only 

to experts in the humanities and social sciences but to 

all readers. 

Tomasz Sahaj, Ph.D.
Department of Philosophy and Sociology

University School of Physical Education in Poznań

CONFERENCE REPORTS

2009, vol. 10 (1), 75–76

CONFERENCE “SOCIOLOGICAL 
ASPECTS OF SPORT”

On May 27 and 28, 2009 a scientific conference 

“Sociological aspects of sport” took place in Poznań, 

Poland. The conference organizers were the Depart-

ment of Sociology of Everyday Life of the Institute of 

Sociology, Adam Mickiewicz University in Poznań and 

the Arsenal City Gallery in Poznań which provided the 

conference venue. 

The speakers focused on a wide variety of social 

problems of contemporary sport such as the impact of 

politics on sport; modern materials and technologies 

and transformations of sport practice (setting new 

records, techno-doping, textile doping); changes in 

sports presentation and athletes’ image-making in the 

media (sport commentaries, press releases, TV broad-

casts, Internet reports); and the social phenomenon of 

sport spectacle. A considerable section of the confer-

ence was also devoted to electronic sports (e-sports, cy-

ber-sports, cyber-athletics) and sport gender studies. 

Many conference papers tackled the problems of sport 

fans and sport hooliganism, fair play, social function of 

sport and the sport Trojan horse – banned substances. 

Finally, selected papers concentrated on the relation-

ships between sport and economy (quite a significant 

topic in view of the upcoming 2012 UEFA European 

Football Championship in Poland and Ukraine). 

The organizers’ main assumption was an improve-

ment of the hitherto neglected position of sport – one of 

the most vivid and emotional areas of social life – in the 

area of social sciences. At present, sport has become 

a social phenomenon which cannot be simply ignored by 

social scientists. The official conference announcement 

clearly reflected the place of sport in modern sociology:

“Firstly, sport can be perceived as a specific cross-

roads of various practices (social, cultural, economic, 

legal, technological, etc.), deriving from a plethora of 

different logics and rationalities. It is therefore an incen-

tive to new perceptions of existing and apparently well-

defined tendencies and social phenomena of modern 

sport, and of new trends characteristic of postmodern 

society.
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Conference reports

INAUGURATION 
OF THE INTERNATIONAL SOCIETY 

FOR THE SOCIAL SCIENCES 
OF SPORT

On February 13, 2009 the newly established Interna-

tional Society for the Social Sciences of Sport (ISSSS) 

was officially included in the Register of Associations, 

Other Social and Professional Organizations, Founda-

tions and Public Healthcare Centers of the Polish Minis-

try of Justice. The seat of the Society is the Józef 

Piłsudski University of Physical Education in Warsaw, 

ul. Marymoncka 34. The research journal “Physical 

Culture and Sport. Studies and Research” published by 

the Józef Piłsudski University of Physical Education has 

become the Society’s official organ. 

The Society’s Founding Committee includes Presi-

dent prof. dr hab. J. Kosiewicz, dr A. Stępnik, dr J. Femi-

ak, mgr B. Chełmecki, dr J. Żyśko, mgr M. Piątkowska, 

dr M. Lenartowicz, dr A. Smoleń, dr P. Rymarczyk, 

dr hab. prof. AWF Z. Dziubiński, dr J. Chełmecki, 

dr J. Mosz, dr P. Bany (all from the Józef Piłsudski Uni-

versity of Physical Education in Warsaw), as well as 

dr hab. prof. UR S. Zaborniak, dr hab. prof. UR Wojciech 

Cynarski from the University of Rzeszów. 

The main goal of the ISSSS is the development and 

popularization of humanistic (philosophical, sociologi-

cal, psychological, pedagogical and historical) knowl-

edge of sport. The Society’s theoretical and empirical 

activities concern cultural, axiological, moral, esthetic, 

pedagogic and organizational aspects of sport from the 

historical and contemporary perspective. The Society’s 

research covers various areas: from record-seeking 

sport (Olympic, professional, spectator) and qualified 

tourism to sport for all, physical recreation, recreational 

tourism, amateur sports, mass sports, school sport, 

physical education, sport and physical education for the 

disabled and sports games and plays. 

For many years, researchers representing the above 

fields have lacked a common platform, unlike repre-

sentatives of natural sciences associated with sport: for 

example, the annual European College for Sport Sci-

ences (the last one attended by more than 2 000 people) 

has been mostly concentrating on the biological sci-

ences of sport. For the ISSSS founders prospective 

congresses and publications are to become new cogni-

tive challenges integrating activities of representatives 

of all social sciences concerned with physical culture 

and sport. 

The newly-established International Society for the 

Social Sciences of Sport has received endorsement from 

a number of researchers from all over the world, such as 

President of the Asociacion Latinoamericana de Estudi-

os Socioculturales del Deporte, Prof. Miguel Cornejo 

from Chile and the Vice-President Prof. Wanderley 

Marchi from Brazil, who agreed to join the ISSSS Exec-

utive Board. Other renowned supporters of the Society 

include Prof. Joseph Maguire (UK) – former President 

of the International Association for the Sociology of 

Sport; Prof. Steve Jackson (New Zealand) – current 

ISSA President; Prof. Jay Coakley (USA) –outstanding 

sociologist of sport; Prof. Mike McNamee (UK) – found-

er and former president of the British Philosophy of 

Sport Association; Prof. Sigmund Loland (Norway) – 

former president of the International Association for the 

Philosophy of Sport and current President of the Norwe-

gian School of Sport Sciences; Prof. Georg Anders (Ger-

many) – President of the European Association for the 

Sociology of Sport; and Prof. Otmar Weiss (Austria) – 

co-founder and former president of the EASS. 

All these experts as well as many other prominent 

researchers have agreed to participate in the first Con-

ference of the International Society for the Social Sci-

ences of Sport organized by the Polish Ministry of 

Sport and Tourism and the Józef Piłsudski University of 

Physical Education in Warsaw on September 23–26, 

2009. The conference title will be “Social sciences and 

modern sport.” The following thematic sessions are to 

be expected: 

• Subjective aspects of sport from a philosophical per-

spective

• Theoretical and empirical aspects of sport sociology 

• Historical and present-day manifestations of sport 

and Olympism

• Psychological determinants of sport 

• Pedagogy and challenges of modern sport 

• Social bases of sports training and competition 

• Praxeological assumptions of management of sport

• Tourism and recreation in view of social needs 

Prepared by Tomasz Sahaj, Ph.D. 

on the basis of information received from 

prof. dr. hab. Jerzy Kosiewicz,

President of the International Society

for the Social Sciences of Sport
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COMPETITION

COMPETITION OF RESEARCH PAPERS

on
PHYSICAL EDUCATION TEACHING 

for Prof. Bogdan Czabański’s Award

Submission requirements:

• Only papers published in the year prior to the date of 
competition may be submitted

• Papers (offprints) must be sent before the end of 
March of each year to the Organizers’ address:

 
Akademia Wychowania Fizycznego 

Katedra Dydaktyki Wychowania Fizycznego 

ul. Witelona 25, 51-617 Wrocław, Poland 

tel. 0 (prefix) 71 347-31-69, fax 348-25-27

www.awf.wroc.pl/czabanski  

e-mail: olepio@.awf.wroc.pl

• Independent academics must not partake in the 
competition 

• Former award winners must not partake in the com-
petition

• A research paper can be a team work effort, but the 
team of authors must not include an independent 
academic 

Evaluation criteria:

• Submitted papers must be research papers 
• All papers must be on the subject of physical educa-

tion teaching 

Jury:

Three independent academics, Professors of the Univer-
sity School of Physical Education in Wrocław, Poland:

• Prorector for Research
• Head of Chair of Physical Education Didactics 
• Head of Chair of Swimming 

The jury convenes annually on April 24. The jury’s final 
decision will be made available to all participants. 
Only one paper is awarded with the prize (diploma of 
merit and 1.000 PLN). 
The award is presented each year during the inaugura-
tion ceremony of the academic year at the University 
School of Physical Education in Wrocław, Poland.  

2009, vol. 10 (1), 77
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International Scientific Conference

PHYSICAL EDUCATION AND SPORT IN RESEARCH 2009

Aging and Physical Activity
Rydzyna (near Leszno), Poland, 11–12 September 2009

Conference Director

Prof. Dr hab. Wiesław Osiński

Honorary Patronage

Aim of the Conference

The Conference will provide the latest scientific know-
ledge and offers for discussion and the exchange of 
both ideas and experience in the controversial issues of 
physical activity, aging, physical education, fitness and 
sport. The purpose of the Conference is to contribute to 
public welfare through scientific, literary and educatio-
nal activities, and to secure mechanisms for dissemina-
tion of knowledge for the public good.
We desire to organize not only serial conferences and 
scientific congresses, but also to establish a regular 
exchange of information and concept in a large family of 
people, the people who devote their lives to scientific 
research on sport science. We seek scholars of more 
and more recent disciplines and from various parts of 
the world to join our activity.

Conference topics

• Physical Education, Sport for All, Fitness and Health
•  Aging and Physical Activity: Application to Fitness, 

Sport and Health
• Biology and Medicine of Sport and Exercise
• Adapted Physical Activity and Sport for Disabled
• Top-level Sport

• Research Methodology in Physical Activity
• Free topics (poster sessions only)

Presentation forms

• Plenary sessions
• Short oral presentations (should not exceed 10 minutes)
• Poster sessions

Language

The official language of the Conference for oral presen-
tations will be English (without any translation). English 
or Polish language is possible for poster presentations.

Conference Secretariat

Dr hab. Robert Szeklicki
Akademia Wychowania Fizycznego
Zakład Teorii Wychowania Fizycznego i Antropomotoryki
ul. Królowej Jadwigi 27/39
61-871 Poznań, Poland
Fax. +48 61 835 52 11
Phone +48 61 835 52 10
E-mail: rydzyna2009@awf.poznan.pl

For more information visit our web site:  
http://www.rydzyna2009.pwsz.edu.pl/

CONFERENCES

Keynote Speakers

Prof. Dr hab. eng. Czesław Królikowski 
Rector of the State School of Higher Vocational Education in Leszno

Prof. Dr hab. med. Jerzy Smorawiński
Rector of the University School of Physical Education in Poznań

Prof. Dr hab. Juliusz Migasiewicz
Rector of the University School of Physical Education in Wrocław

Prof. Dr hab. Włodzimierz Starosta
President of the International Association of Sport Kinetics

Prof. Dr Wojtek Chodzko-Zajko – USA
Prof. Dr hab. Anita Hökelmann – Germany

Prof. Dr Han CG Kemper – The Netherlands
Prof. Dr Robert Malina – USA

Prof. Dr Peter O’Donoghue – Great Britain
Prof. Dr hab. Wiesław Osiński – Poland
Prof. Dr hab. Włodzimierz Starosta – Poland
Prof. Dr hab. Josef Wiemeyer – Germany

2009, vol. 10 (1), 78
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Redakcja półrocznika Human Movement przyjmuje do 

publikacji oryginalne prace empiryczne oraz przeglądowe 

dotyczące ruchu człowieka z różnych dziedzin nauki (m.in. 

medycyny sportu, fizjologii wysiłku fizycznego, biome-

chaniki, antropomotoryki, socjologii, psychologii, pedago-

giki) w zakresie wychowania fizycznego, zdrowotnego, re-

kreacji i turystyki, rehabilitacji, fizjoterapii. Przyjmowane 

są również listy do Redakcji, sprawozdania z konferencji 

naukowych i recenzje książek. Prace mogą być napisane 

w języku polskim lub angielskim. Teksty polskie po uzy-

skaniu pozytywnej recenzji są tłumaczone na język angiel-

ski przez Redakcję. Autorzy nie otrzymują honorarium.

Warunkiem rozpoczęcia prac redakcyjnych nad artyku-

łem jest dostarczenie do Redakcji trzech kopii maszynopisu 

(wydruku komputerowego) przygotowanego zgodnie z ni-

niejszym regulaminem oraz dyskietki (3 1/2” w formacie 

IBM) lub dysku CD-ROM zawierających komplet materia-

łów. Na etykiecie dyskietki (CD-ROM-u) należy podać ty-

tuł pracy oraz numery wersji użytych edytorów i progra-

mów graficznych. Praca może być wysłana pocztą elektro-

niczną (por. Poczta elektroniczna).

List przewodni i oświadczenie

Do maszynopisu (wydruku komputerowego) autor po-

winien dołączyć list przewodni oraz oświadczenie, że treść 

artykułu nie była i nie będzie publikowana w tej formie 

w innych wydawnictwach bez zgody Redakcji czasopisma 

Human Movement oraz że zgadza się na ogłoszenie jej 

w tym półroczniku. W przypadku prac zespołowych 

oświadczenie może złożyć w imieniu wszystkich współau-

torów autor główny.

Ocena pracy (recenzja)

Praca jest recenzowana przez dwie osoby. Autor może 

podać nazwiska potencjalnych recenzentów, lecz Redakcja 

zastrzega sobie prawo decyzji o ich doborze. Recenzenci 

nie znają nazwiska autora ani autor nie zna nazwisk recen-

zentów, dlatego do artykułu należy dołączyć tzw. ślepą 

stronę, tzn. tylko z tytułem pracy. W zależności od sugestii 

osób oceniających Redakcja podejmuje decyzję o dalszym 

losie pracy. Decyzja Redakcji jest ostateczna.

Maszynopis (wydruk komputerowy)

Tekst prac empirycznych wraz ze streszczeniem, rycina-

mi i tabelami nie powinien przekraczać 20 stron, a prac prze-

glądowych – 30 stron znormalizowanych formatu A4 (ok. 

1800 znaków na stronie, złożonych 12-punktowym pismem 

Times New Roman z zachowaniem 1,5 interlinii). Redakcja 

przyjmuje teksty przygotowane wyłącznie w edytorze tekstu 

Microsoft Word. Strony powinny być ponumerowane.

The Human Movement journal, issued semi-annually, 

accepts for publication original papers and review papers in 

various aspects of human movement (e.g., sociology, psycho-

logy, pedagogy, exercise physiology, biomechanics, motor 

control, sport medicine) in a broad sense of the term: physi-

cal education, recreation, physiotherapy, health and fitness, 

and sport science. Authors are not paid for their articles. 

Letters to the Editor, reports from scientific meetings and 

book reviews are also welcome. Articles written in Polish 

and English will be accepted. After acceptance, articles in 

Polish will be translated into English by the Editorial Office.

Three copies of the manuscript and figures should be 

sent to the Editorial Office. If you send the printed version 

by e-mail, a floppy disk should be submitted containing the 

whole text of the paper. The label of the disk should include 

the name of the first author, paper title, as well as the ver-

sion numbers of the word processor and graphics programs 

used. IBM 3 1/2’’ disks and CD-ROMs are acceptable. It is 

advisable to use Microsoft Word. Electronic manuscripts 

are preferred.

Cover letter

Authors must submit a cover letter with the manuscript. 

Each submission packet should include a statement signed 

by the first author that the work has not been published pre-

viously or submitted elsewhere for review. It should also 

contain Author’s acceptance of Publisher’s terms. The pa-

per should be accompanied with the correspondence ad-

dress of the Author, the telephone number, fax number and 

e-mail address.

Review process

Received manuscripts are first examined by the editors 

of Human Movement. Incomplete packages or manuscripts 

not prepared in the required style will be sent back to au-

thors without scientific review. Authors are encouraged to 

suggest the names of possible reviewers, but Human Move-

ment reserves the right of final selection. Manuscripts will 

be sent anonymously to two reviewers. As soon as possible 

after the review process is concluded, you will be notified 

by e-mail of the acceptance or rejection of your contribu-

tion for publication, our decision is ultimate.

Preparation of the manuscript

Experimental papers should be divided into the follo-

wing parts: title page, blind title page, abstract with key 

words, introduction, materials and methods, results, discus-

sion, conclusions, acknowledgements, references. In papers 

of a different type, sections and their titles should refer to 

the described issues.

REGULAMIN PUBLIKOWANIA PRAC

INSTRUCTIONS FOR AUTHORS

2009, vol. 10 (1), 79–83
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Regulamin publikowania prac – Instructions for Authors

STRONA TYTUŁOWA

Na stronie tytułowej należy podać: 

1. Tytuł pracy w języku polskim i angielskim. 2. Skró-

cony tytuł artykułu w języku angielskim (nie dłuższy niż 

40 znaków), który będzie umieszczony w żywej paginie. 3. 

Nazwiska autorów z afiliacją. 4. Imię i nazwisko autora 

(autorów) wraz z adresem do korespondencji, numerem te-

lefonu, faksu i koniecznie e-mailem. 

Kontakt z autorem będzie utrzymywany wyłącznie za 

pomocą poczty elektronicznej.

STRESZCZENIE

Przed tekstem głównym należy umieścić streszczenie 

w języku angielskim, zawierające około 250 wyrazów i 3–6 

słów kluczowych (ze słownika i w stylu MeSH). Powinno 

się ono składać z następujących części: Purpose, Basic pro-

cedures, Main findings, Conclusions.

TEKST GŁÓWNY

Tekst główny pracy empirycznej powinien zawierać 

następujące części: wstęp, materiał i metody, wyniki, dys-

kusja (omówienie wyników), wnioski, podziękowania (je-

żeli potrzebne), przypisy (jeżeli występują), piśmiennictwo 

(zawarte tylko w bazach danych, np. SPORTDiscus, Med-

line). W pracach innego typu należy zachować logiczną 

ciągłość tekstu, a tytuły poszczególnych jego części po-

winny odzwierciedlać omawiane w nich zagadnienia.

Wstęp. Należy wprowadzić czytelnika w tematykę arty-

kułu, opisać cel pracy oraz podać hipotezy oparte na prze-

glądzie literatury.

Materiał i metody. Należy dokładnie przedstawić mate-

riał badawczy (w przypadku osób biorących udział w eks-

perymencie podać ich liczebność, wiek, płeć oraz inne cha-

rakterystyczne cechy), omówić warunki, czas i metody 

prowadzenia badań oraz opisać wykorzystaną do nich apa-

raturę (z podaniem nazwy wytwórni i jej adresu). Sposób 

wykonywania pomiarów musi być przedstawiony na tyle 

dokładnie, aby inne osoby mogły je powtórzyć. Jeżeli me-

toda jest zastosowana pierwszy raz, należy ją opisać szcze-

gólnie precyzyjnie, potwierdzając jej trafność i rzetelność 

(powtarzalność). Modyfikując uznane już metody, trzeba 

omówić, na czym polegają zmiany oraz uzasadnić koniecz-

ność ich wprowadzenia. Gdy w eksperymencie biorą udział 

ludzie, konieczne jest uzyskanie zgody komisji etycznej na 

wykorzystanie w nim zaproponowanych przez autora me-

tod (do maszynopisu należy dołączyć kopię odpowiedniego 

dokumentu). Metody statystyczne powinny być tak opisa-

ne, aby można było bez problemu stwierdzić, czy są one 

poprawne. Autor pracy przeglądowej powinien również po-

dać metody poszukiwania materiałów, metody selekcji itp.

Wyniki. Przedstawienie wyników powinno być logiczne 

i spójne oraz powiązane z danymi zamieszczonymi w tabe-

lach i na rycinach.

Dyskusja (omówienie wyników). Autor powinien od-

nieść uzyskane wyniki do danych z literatury (innych niż 

omówione we wstępie), podkreślając nowe i znaczące 

aspekty swojej pracy.

Papers should be submitted in three printed copies or 

sent via e-mail. An experimental paper, together with the 

figures, tables and abstract, should not exceed 20 pages (30 

pages for a review paper). A normal page is considered to 

be an A4 sheet, of 30 lines and 60 characters per line, with 

12-point Times New Roman font, one and half-spaced text, 

with margins of 25 mm at the sides and at the top and bot-

tom. Type or print on only one side of the paper. Use one 

and half spacing throughout, including the title page, abs-

tract, text, acknowledgments, references, tables, and le-

gends. Number pages consecutively, beginning with the ti-

tle page. Put the page number in the upper-right corner of 

each page. 

TITLE PAGE

The title page should contain: title of the article, name 

and surnames of author(s) and their affiliations, name and 

address of the author responsible for correspondence about 

the manuscript with fax, phone, and e-mail address; and 

a short running head of no more than 40 characters (count 

letters and spaces). 

BLIND TITLE PAGE. Because reviews are blind, include 

a blind title page with only the title.

ABSTRACT

The second page should contain the abstract (ca. 250 

words). The abstract should be divided into: Purpose, Basic 

procedures, Main findings and Conclusions. It should em-

phasize any new and important aspects of the study.

Below the abstract, authors should provide (and identify 

as such) 3 to 6 key words that will assist indexers to cross-

index the article. If suitable MeSH terms are not yet availa-

ble for recently introduced terms, present terms may be 

used.

TEXT should contain the following sections: Introduc-

tion, Material and methods, Results, Discussion, Conclu-

sions, Acknowledgements (if necessary), References.

Introduction. State the purpose of the article and sum-

marize the rationale for the study. Give only strictly perti-

nent references and do not include data or conclusions from 

the work being reported.

Material and methods. Clearly describe selection of the 

experimental subjects. Identify their age, sex, and other 

important characteristics. Identify the methods, apparatus 

(give the manufacturer’s name and address in parentheses), 

and procedures in sufficient detail to allow other workers to 

reproduce the results. Give references to established me-

thods, including statistical methods (see below); provide 

references and brief descriptions for methods that have 

been published but are not well known; describe new or 

substantially modified methods, give reasons for using 

them, and evaluate their limitations. When reporting expe-

riments on human subjects, indicate whether the procedu-

res followed were in accordance with the ethical standards 

of the responsible committee on human experimentation 

(institutional or regional). The Editors reserve the right to 
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Wnioski. Przedstawiając wnioski, należy pamiętać 

o celu pracy oraz postawionych hipotezach, a także unikać 

stwierdzeń ogólnikowych i niepopartych wynikami wła-

snych badań. Stawiając nowe hipotezy, trzeba to wyraźnie 

zaznaczyć.

Podziękowania. Można wymienić osoby lub instytucje, 

które pomogły autorowi w przygotowaniu pracy bądź 

wsparły go finansowo lub technicznie.

Piśmiennictwo. Piśmiennictwo należy uporządkować 

według kolejności cytowania w tekście, w którym dla 

oznaczenia odwołania do piśmiennictwa należy posługi-

wać się numerami ujętymi w nawiasy kwadratowe, np. 

Bouchard et al. [23]. Piśmiennictwo (zawarte tylko w ba-

zach danych, np. SPORTDiscus, Medline) powinno się 

składać z nie więcej niż 30 pozycji, z wyjątkiem prac prze-

glądowych. Niewskazane jest cytowanie prac nieopubliko-

wanych.

Przykłady zapisu piśmiennictwa

Powołanie na artykuł z czasopisma [nazwisko autora 

(autorów), inicjał imienia, tytuł artykułu, tytuł czasopisma 

w przyjętym skrócie, rok wydania, tom lub numer, strony]: 

Shinohara M., Li S., Kang N., Zatsiorsky V.M., Latash 

M.L., Effects of age and gender on finger coordination in 

MVC and submaximal force-matching tasks. J Appl Phy-

siol, 2003, 94, 259–270.

Gdy autorami artykułu jest sześć lub mniej osób, należy 

wymienić wszystkie nazwiska, jeżeli jest ich siedem i wię-

cej, należy podać sześć pierwszych, a następnie zastosować 

skrót „et al.”

Tytuł artykułu w języku innym niż angielski autor po-

winien przetłumaczyć na język angielski, a w nawiasie 

kwadratowym podać język oryginału. Tytuł czasopisma 

należy zostawić w oryginale. W pracy powinny być 

uwzględnianie tylko artykuły publikowane ze streszcze-

niem angielskim: Jaskólska A., Bogucka M., Świstak R., 

Jaskólski A., Mechanisms, symptoms and after-effects of 

delayed muscle soreness (DOMS) [in Polish]. Med Sporti-

va, 2002, 4, 189–201.

Powołanie na książkę [nazwisko autora(ów) lub redak-

tora(ów), inicjał imienia, tytuł pracy przetłumaczony na 

język angielski, wydawca, miejsce i rok wydania]: Osiń-

ski W., Anthropomotoric [in Polish]. AWF, Poznań 2001.

Powołanie na rozdział w książce [nazwisko autora(ów), 

inicjał imienia, tytuł rozdziału, nazwisko autora(ów) lub 

redaktora(ów), tytuł pracy, wydawca, miejsce i rok wyda-

nia, strony]: McKirnan M.D., Froelicher V.F., General prin-

ciples of exercise testing. In: Skinner J.S. (ed.), Exercise te-

sting and exercise prescription for special cases. 2nd Ed. 

Lea & Febiger, Philadelphia 1993, 3–28.

Powołanie na materiały zjazdowe tylko umieszczane 

w międzynarodowych bazach danych, np. SPORTDiscus: 

Racz L., Tihanyi J., Hortobagyi T., Muscle fatigue during 

concentric and eccentric contraction. In: Avela J., Komi 

P.V., Komulainen J. (eds.), Proceedings of the 5th Annual 

reject papers if there is doubt whether suitable procedures 

were used. Describe statistical methods with enough detail 

to enable a knowledgeable reader with access to the origi-

nal data to verify the reported results. When possible, 

quantify findings and present them with appropriate indi-

cators of measurement error or uncertainty (such as confi-

dence intervals). Authors submitting a review manuscript 

should include a section describing the methods used for 

locating, selecting, extracting, and synthesizing data. These 

methods should also be summarized in the abstract.

Results. Present results in a logical sequence in the text, 

tables, and figures. Do not repeat in the text all the data 

presented in the tables or illustrations; emphasize or sum-

marize only important observations.

Discussion. Emphasize the new and important aspects of 

the study and the conclusions that follow from them. Do not 

repeat in detail data or other material given in the Introduc-

tion or the Results section. Include implications of the fin-

dings and their limitations, including implications for future 

research. Relate observations to other relevant studies.

Conclusions. Link the conclusions with the goals of the 

study but avoid unqualified statements and conclusions not 

completely supported by the data. Avoid claiming priority 

and alluding to work that has not been completed. State 

new hypotheses when warranted, but clearly label them as 

such.

Acknowledgments. List all contributors who do not 

meet the criteria for authorship (e.g., a person who provided 

purely technical help or writing assistance). Financial and 

material support should also be acknowledged.

References. References (only the ones included in inter-

national data bases, e.g. SPORTDiscus, Medline etc.) sho-

uld be submitted on a separate sheet of paper and in the or-

der of appearance in the text. References should be numbe-

red consecutively in the order in which they are first 

mentioned in the text. Identify references in text, tables, 

and legends by Arabic numerals in parentheses, e.g. Bo-

uchard et al. [23]. Except in the case of review articles, the 

total number of references should not exceed 30.

A journal article should include: surname of the au-

thor(s); first name (only initials); title of the paper; title of 

the journal in the accepted abbreviation; year, volume (num-

ber), and pages. List all authors when six or less; when seven 

or more, list first six and add et al. Example: Shinohara M., 

Li S., Kang N., Zatsiorsky V.M., Latash M.L., Effects of age 

and gender on finger coordination in MVC and submaximal 

force-matching tasks. J Appl Physiol, 2003, 94, 259–270.

Articles not in English: Authors should translate the ti-

tle into English and enclose the language of translation in 

square brackets. Do not translate the title of the journal. 

Only papers with English abstracts should be cited. Exam-

ple: Jaskólska A., Bogucka M., Świstak R., Jaskólski A., 

Mechanisms, symptoms and after-effects of delayed musc-

le soreness (DOMS) [in Polish]. Med Sportiva, 2002, 4, 

189–201.
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Congress of the European College of Sport Science. July 

19–23, 2000, Jyvaskyla Finland, 600.

Powołanie na artykuły w formie elektronicznej: 

Donsmark M., Langfort J., Ploug T., Holm C., Enevold-

sen L.H., Stallknech B. et al., Hormone-sensitive lipase 

(HSL) expression and regulation by epinephrine and 

exercise in skeletal muscle. Eur J Sport Sci, Volume 2, 

Issue 6 (December 2002). Available from: URL: http://

www.humankinetics.com/ejss/bissues.cfm/

Przypisy. Przypisy, objaśniające lub uzupełniające 

tekst, powinny być numerowane z zachowaniem ciągłości 

w całej pracy i umieszczone na końcu tekstu głównego.

Tabele i ryciny. Tabele i ryciny wraz z numeracją, pod-

pisami oraz opisami należy umieścić na osobnych stronach, 

na których odwrocie trzeba podać tylko tytuł pracy, bez 

nazwiska autora. Jeżeli w tekście nie ma powołania na ta-

belę lub rycinę, należy zaznaczyć miejsce jej umieszczenia. 

Ryciny muszą być czarno-białe lub w odcieniach szarości. 

Symbole, np. strzałki, gwiazdki, lub skróty należy dokład-

nie objaśnić w legendzie. Wykresy powinny być wykonane 

w programach Excel lub Statistica 5.0 i dołączone jako 

osobne pliki w formacie *.xls lub *.stg. Pozostałe ryciny 

(np. schematy) należy przygotować w programie Corel 

Draw (wersja 8 lub niższa) i dołączyć jako osobne pliki 

w formacie *.cdr. Fotografie lub inne materiały ilustracyjne 

można dostarczyć w formie elektronicznej (*.tif, *.jpg – gę-

stość punktów obrazu 300 lub 600 dpi) bądź w postaci na-

dającej się do ostatecznego opracowania przez Redakcję.

Nie można powtarzać tych samych wyników w tabe-

lach i na rycinach.

Praca, w której tabele i ryciny będą przygotowane nie-

zgodnie z podanymi wymogami, zostanie odesłana do au-

tora.

Korekta autorska

Artykuł po opracowaniu redakcyjnym zostanie przeka-

zany do autora w celu naniesienia przez niego korekty au-

torskiej. Obowiązkiem autora jest odesłanie korekty w cią-

gu jednego tygodnia. Kosztami poprawek innych niż dru-

karskie będzie obciążony autor.

Poczta elektroniczna

Zachęcamy autorów do przesyłania prac w postaci elek-

tronicznej (jako załączniki). Każda część pracy powinna 

być przesłana jako oddzielny załącznik: plik tekstowy, plik 

z rycinami, plik z tabelami, plik fotograficzny itd. Aby 

przyspieszyć przesyłkę, pliki należy skompresować w po-

staci *.arj lub *.zip. Komplet plików powinien być przesła-

ny na adres hum_mov@awf.wroc.pl

Prawa Redakcji

Redakcja zastrzega sobie prawo poprawiania usterek 

stylistycznych oraz dokonywania skrótów. Prace przygoto-

wane niezgodnie z regulaminem będą odsyłane autorom do 

poprawy.

A book should include: the author’s or editor’s surname 

(authors’ or editors’ surnames), first name initials, the title 

of the book in English, publisher’s name, place and year of 

publication. Example: Osiński W., Anthropomotoric [in 

Polish]. AWF, Poznań 2001.

Chapter in a book: McKirnan M.D., Froelicher V.F., 

General principles of exercise testing. In: Skinner J.S. (ed.), 

Exercise testing and exercise prescription for special cases, 

2nd Ed. Lea & Febiger, Philadelphia 1993, 3–28.

Conference proceedings and papers can only be refer-

red to in the text if they are included in international data 

bases, e.g. SPORTDiscus. Example: Racz L., Tihanyi J., 

Hortobagyi T., Muscle fatigue during concentric and ec-

centric contraction. In: Avela J., Komi P.V., Komulainen J. 

(eds.), Proceedings of the 5th Annual Congress of the Euro-

pean College of Sport Science. July 19–23 2000, Jyvaskyla 

Finland, 600.

Article in electronic form. Example: Donsmark M., 

Langfort J., Ploug T., Holm C., Enevoldsen L.H., Stallknech 

B. et al., Hormone-sensitive lipase (HSL) expression and 

regulation by epinephrine and exercise in skeletal muscle. 

Eur J Sport Sci, Volume 2, Issue 6 (December 2002). Ava-

ilable from: URL: http://www.humankinetics.com/ejss/

bissues.cfm/

Tables and figures. Each table together with its number, 

title, and annotations, should be submitted on a separate 

sheet of paper. Authors should identify the places where ta-

bles and figures are to be included within the text. Figures 

should be prepared in black and white and marked on the 

back with the title of paper only (do not include the name of 

the author). Legends for the figures should be submitted on 

a separate sheet of paper and should be self-explanatory. 

When symbols, arrows, numbers, or letters are used to 

identify parts of the illustrations, identify and explain each 

one clearly in the legend. Only Figures prepared in Excel, 

Statistica 5.0 or Corel Chart (version 8 or lower) will be ac-

cepted. The recommended file formats for figures are: 

*.jpg, *.tif, with an image resolution of 300 or 600 dpi.

Figures and tables should be numbered consecutively ac-

cording to the order in which they have been first cited in the 

text. Data should not be repeated in tables and figures.

Photographs must be black and white glossy prints.

Proofs

The corresponding author will receive one proof. Only 

minor corrections can be made at this time. Corrections 

other than printing errors may be charged to the author. It is 

the author’s responsibility to return the corrected proofs 

within 1 week.

Sending via e-mail

Authors who have an access to Internet are encouraged 

to send their work-files electronically using standard 

e-mail software. The e-mail software must have an option 

to send data files attached to the e-mail message. In such 
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Prawa autorskie

Publikacje podlegają prawu autorskiemu wynikającemu 

z Konwencji Berneńskiej i z Międzynarodowej Konwencji 

Praw Autorskich, poza wyjątkami dopuszczanymi przez 

prawo krajowe. Żadna część publikacji nie może być repro-

dukowana, archiwizowana ani przekazywana w jakiejkol-

wiek formie ani żadnymi środkami bez pozwolenia właści-

ciela praw autorskich.

Płatna reklama

Redakcja przyjmuje zamówienia na reklamy, które 

mogą być umieszczane na 2. i 3. stronie okładki lub na do-

datkowych kartach sąsiadujących z okładką. Ceny reklam 

będą negocjowane indywidualnie.

cases, all parts of the work should be sent as a separate 

files: text file, picture file(s), table file(s), photo 

file(s). To speed up the data transfer, files should be com-

pressed (if possible) using *.arj or *.zip formats before 

transmission. Complete packages of manuscripts are to be 

sent to the following address: hum_mov@awf.wroc.pl

Reprints

Each Author will receive 1 copy of the issue in which 

his/her work appears.

Advertising 

The Editorial Board accepts advertising orders. Adver-

tisements can be published on the second and third page of 

the cover or on the pages next to the cover. Advertisement 

prices will be negotiated individually.

ZASADY PRENUMERATY CZASOPISMA HUMAN MOVEMENT

THE RULES OF SUBSCRIBING THE HUMAN MOVEMENT JOURNAL

Cena rocznej prenumeraty (dwa numery) dla odbiorców indy-

widualnych w kraju wynosi 27 zł, dla instytucji 55 zł. Dla od-

biorców indywidualnych za granicą wynosi 27 eu, dla instytucji 

55 eu.

Numery czasopisma wysyłamy pocztą po otrzymaniu odpo-

wiedniej wpłaty na konto:

BPH PBK S.A. O/Wrocław 

18 1060 0076 0000 3200 0040 0409 

Akademia Wychowania Fizycznego 

al. Paderewskiego 35, 51-612 Wrocław, 

z dopiskiem: Prenumerata Human Movement.

Prosimy zamawiających o bardzo wyraźne podawanie adresów, 

pod które należy wysyłać zamawiane egzemplarze czasopisma.

Pojedyncze egzemplarze można zamówić, wpłacając 16 zł (od-

biorca indywidualny) i 30 zł (instytucja) na podane konto i wpi-

sując numer oraz liczbę zamawianych egzemplarzy na odwrocie 

blankietu wpłaty (odcinek dla posiadacza rachunku).

Pojedyncze numery można zakupić w cenie 16 zł w punktach 

sprzedaży książek w AWF we Wrocławiu oraz AWF w Warsza-

wie.

Dla odbiorców z Europy Wschodniej zachowujemy taką samą 

cenę jak dla odbiorców w Polsce, przeliczając złote na walutę 

kraju docelowego po kursie w dniu zamawiania.

The price of annual subscription (two issues) for individual fo-

reign subscribers is Euro 27 and Euro 55 for foreign institu-

tions.

The issues of the journal are sent by post after receiving the ap-

propriate transfer to the account:

BPH PBK S.A. O/Wrocław 

18 1060 0076 0000 3200 0040 0409 

Akademia Wychowania Fizycznego

al. Paderewskiego 35, 51-612 Wrocław, Poland,

with the note: Human Movement subscription.

We ask the subscribers to give correct and clearly written ad-

dresses to which the journal is to be sent.

Single copies can be ordered by transferring Euro 16 (individual 

foreign subscribers) and Euro 30 (foreign institutions) to the 

above mentioned account and writing in the number and the 

amount of issues ordered at the back side of the form.

Single copies of the journal outlets are available at the Universi-

ty School of Physical Education in Wrocław and Warszaw.

For the recipients from Eastern Europe the price is the same as 

for Poland, and the price is converted to the currency of a given 

country on the day of ordering.
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