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The current issue of Human Movement concludes 
the ninth year of the journal’s publication. At present 
our journal is valued at 4 points on the publication list of 
the Polish Ministry of Science and Higher Education. 
From 2009 Human Movement will be published on 
a quarterly basis, which along with the growing number 
of citations will allow the Editors to apply for a higher 
point status on the list. 

The introductory article is a review paper by A. Wit 
and A. Czaplicki “Inverse dynamics and artificial neu-
ral network applications in gait analysis of the disabled 
subjects”. The majority of papers in the present volume 
are works on biomechanics, originally delivered at the 
International Congress of the Polish Society of Biome-
chanics organized by the University School of Physical 
Education in Wrocław, from 31st of August to 3rd of 
September. Among invited speakers were many well 
known specialists: Michael A. Adams, József Tihanyi, 
Alex Stacoff, Zeewi Dvir, Ian Sutherland. Papers pre-
sented during the congress, after reviews, was published 
in Human Movement journal.

We strongly encourage organizers of conferences 
and congresses, especially those held in English, to con-
tribute to our journal. 

We would like to express our deepest gratitude to all 
Reviewers for their most effective contribution to the im-
provement of the quality of Human Movement in 2008: 
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Introduction

Gait is the principal mode of human locomotion. 
Having in mind that the lower extremity and trunk 
joints enable only the rotatory motions, the gait kine-
matics is a complex phenomenon. Moreover, gait as the 
principal mode of locomotion, poses high demands on 
the control system; a small surface of support, high po-
sition of the centre of gravity, uneven distribution of 
mass, domination of heavy segments in the upper part 
of the body and a high number of degrees of freedom of 
the entire system, are among the unfavourable features 
of the human locomotor system control. It ought to be 
also mentioned that no clear principles of the phyloge-
netic shaping of the organisation of joints, bones, liga-
ments and muscles have been found so far. The criteria 
of motor control involving that many degrees of free-

dom and redundancy of muscle drives have not been 
identified either. Thus, according to Winter [1], “The 
fact that we as humans are bipeds and locomote over the 
ground with one foot in contact (walking), no feet in 
contact (running) or both feet in contact (standing) cre-
ates a major challenge to our balance control system”.

Among the principal issues of biomechanics, scruti-
nized in recent years by many researchers, the effects of 
forces generated by individual muscle groups on the 
movements of specific body segments during gait are of 
great importance. Research in that area focuses pre-
dominantly on subjects fit psychophysically; in recent 
years, however, subjects with locomotor disabilities 
have gained marked attention in that respect. 

Measuring forces at lower extremity joints during 

gait

Considering the human anatomy and principles of 
locomotor control, skeletal muscles are the only power 
drive of body motions. Contracting muscles produce 
forces acting on bone elements, to which those muscles 

*The study was supported by the Polish Ministry of Science and 
Higher Education grant No. N N404 3302 33.
**Corresponding author.

DOI: 10.2478/v10038-008-0010-y

Andrzej Wit1,2**, Adam Czaplicki3
1 Faculty of Rehabilitation, Józef Piłsudski University of Physical Education, Warsaw, Poland
2 Faculty of Physiotherapy, ALMAMER, Warsaw, Poland
3 External Faculty of Physical Education in Biała Podlaska, Józef Piłsudski University of Physical Education, Warsaw, Poland

ABSTRACT
The aim of this study is to review the achievements of the mathematical modeling of muscles force contribution during walking. In 
order to determine the contributions of individual muscles to the net force or net muscle torque at a given joint, the external forces 
acting on lower extremity joints during gait ought to be identified. The solution of this problem, called in biomechanics the inverse 
dynamics, is now regarded as a classical method of movement modelling. In the hypothesis put forward in this paper, it is considered 
if the artificial neural network method could be applied to the muscle contraction prediction during gait analysis in normal and 
disabled subjects. Artificial neural network (ANN) is an artificial intelligence method used in mathematical modelling and its 
applications in diverse areas, especially in biology and medicine, are steadily progressing. The achievements and possibilities of ANN 
in biomechanics were presented previously by others authors. For example, Liu and Lockhart [13] attempted at creating a network 
capable of reproducing muscle forces during gait from EMG signals recorded in working muscles. The objective of our study was to 
make use of the experience gained in the construction of ANN and to apply advanced mathematical procedures to identical 
experimental conditions of gaint analysis. 

Key words: inverse dynamics, artificial neural networks, gait analysis

INVERSE DYNAMICS AND ARTIFICIAL NEURAL NETWORK APPLICATIONS 
IN GAIT ANALYSIS OF THE DISABLED SUBJECTS*

2008, vol. 9 (2), 93–102
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are attached via tendons. Determining the magnitudes 
and vectors of muscle forces in relation to lower extrem-
ity joints, combined with the ability of making use of 
them, is the key factor in gait analysis in the disabled 
subjects. However, in order to determine the contribu-
tions of individual muscles to the net force or net muscle 
torque at a given joint, the external forces acting on 
lower extremity joints during gait should be identified.

The solution of this problem, called in biomechanics 
the inverse dynamics, is now regarded as a classical 
method of movement modelling. Computational proce-
dures used in the two approaches to computer simula-
tion [2], i.e. forward dynamics and inverse dynamics, 
are presented in Fig. 1. Two elements in this figure are 
worth emphasizing: solving the inverse dynamics re-
quires that the input should contain time functions of 
linear [x(t)] and or angular [α(t)] coordinates, as well as 
those of the first and second derivatives; time function 
of external forces [F(t)] represents a possible additional 
input to the model.

Many researchers who employ computer simulation 
in biomechanics consider Paul’s paper [3] as fundamen-
tal and opening new methodological perspectives in an-
alytical biomechanics. The author adopted a four-ele-
ment model consisting of articulated rigid elements. 

Other authors [4–10] increased the number of elements 
or expanded mathematical procedures.

The next step in modelling gait dynamics consisted 
in supplementing rigid elements with the soft tissue 
ones. The rigid model did not include muscles, liga-
ments, tendons, fat tissue, skin, interstitial fluids, etc. 
The viscoelastic properties of those structures imply an 
oversimplification of a fully rigid model.

Gruber and co-workers [11] supplemented the “ideally 
rigid” model with elastic elements representing the soft 
tissues. That model, presented in Fig. 2, has been widely 
accepted as the “wobbling mass model” and uses the fol-
lowing equations for rigid and wobbling elements:

Rigid elements Wobbling masses
Linear 
motion:

mr*rr = [∑(Fik + Fie + Fid) + mir *g] mw rw = –Fe – Fd + mig + g

Rotation: Ir*φr = [(∑Fi *ri) + ∑Mi +Me +Md)] Iw*φw = [–Me – Md]z 

For coupling torques:

Twi = α∆φi + b∆φi

Fwi = [c sign(∆ril) /∆ril/
3 + d∆ril ]Ai

Surprisingly, momentary forces obtained by both 
models in e.g. hip joint may differ as much as 8-fold. 
Remembering, however, that the momentary peak force 
occurs in the phase of the foot–ground contact and, 
when the model does not include damping present in 

Figure 1. Schematic illustration of the similarities between the process of simulation 
and inverse dynamics analysis (redrawn from [2])

muscle forces

ligament forces

external forces

displacement

equations 
motion of the skeletal 

system

acceleration velocity displacement

∫dt

velocity acceleration
equations 
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system

muscle forces

ligament forces
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x v a

a v
∫dt

d/dt d/dt

x
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a real object, the above-mentioned difference in results 
is the effect of an oversimplified model.

A fair agreement of the recently reported results was 
due to an improved modelling of global muscle torques 
generated in lower extremity joints during gait [12–14]. 
It may thus be assumed that the curves presented in Fig. 
3 adequately represent real gait-related changes in mus-
cle torques [13].

The results of computer simulations of the inverse 
dynamics issues reported by the above-mentioned au-
thors are not, however, identical despite a high similari-
ty of global changes in lower extremity muscle torques 
with respect to the direction and tendencies of those 
changes. The differences in those results may be due to 
uneven reliability of data input into the model. The vari-
ables used to construct models may be classified as fol-
lows:

Figure 3. Normalized joint moments (N m/kg) about ankle, knee and hip in frontal, sagittal and transverse planes 
under global and local coordinates. X-axis represents relative time, with 0% indicating heel contact and 100% 

indicating toe-off. The curves represent averaged global joint moments (—) and averaged local joint moments [13]
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1. Reliable and easily attainable,
2. Reliable but attainable only by employing sophisti-

cated methods (e.g. ground force components),
3. Unattainable intravitally,
4. Non-measurable, due to the fact of being insuffi-

ciently defined.
The values of variables from the last two categories 

are usually obtained post-mortem or assessed by the 
trial-and-error approach. The forces generated by indi-
vidual muscles during gait are necessary in modelling 
but impossible, so far, to be measured directly.

Determining forces generated during gait 

by individual muscles of lower extremities

Static optimisation is among the most popular meth-
ods of determining forces generated by individual mus-
cles in diverse motor activities. The first stage of this 
method consists in solving the problem of inverse dy-
namics for discrete values of time, usually equal to the 
frequency of data recording. The next step is the parti-
tion of global muscle torques into individual muscles at 
consecutive moments of time by employing procedures 
leading to extreme values of appropriately defined 
object functions of the process under study. A compre-
hensive overview of the most popular object functions  
and of numerical procedures suitable for static optimi-
sation was presented by Tsirakos et al. [15]. A high nu-
merical stability of algorithms, simple course and short 
computational time, especially for two-dimensional 
models, are the prime advantages of static optimisation. 
Computing the time courses of forces of 8 muscles in 
a planar three-component model of lower extremity in 
a single gait cycle took only 5.3 s [16], and force charac-
teristics of 9 muscles executing leg swing took 7.2 s 
each [17]. Stable time courses of all muscle forces were 
obtained in complex three-dimensional models consist-
ing of as many as 47 or 43 muscles [18, 19].

The principal drawback of static optimisation is the 
presumed optimal exertion of muscles at every moment 
of a given motor task; that presumption may greatly af-
fect the results and is difficult to be experimentally veri-
fied. In effect, the obtained discrete characteristics of 
muscle force may not correspond to its real course. Yet, 
static optimisation was demonstrated to be a valid and 
reliable tool in studying gait [20].

Contributions of individual muscles to the global 
force of various muscle groups may also be determined 
from EMG signals [7, 21, 22] but the respective biome-

chanical models of gait are not popular due to serious 
errors associated with force assessment in that way, es-
pecially in the phase of signal recording. Namely, su-
perficial EMG does no enable recording signals from 
all individual muscles involved in the motor act; more-
over, active muscle fibres located under the muscle ex-
amined distort the specific signal. 

Possible use in implanted electrodes poses great dif-
ficulties and as a routine practice would be rather un-
reasonable as the access to all muscles engaged may not 
appear feasible. The lack of experimental data which 
might reveal the relations between EMG signal varia-
bles and changes in muscle force under dynamic condi-
tions, i.e. muscle-driven movements of lower extremi-
ties, is another drawback in the application of EMG to 
determining forces generated by muscles during gait. 
On the other hand, changes in EMG amplitudes were 
linearly correlated with muscle force in isometric con-
traction (static conditions) in the range of 40 to 80% 
MVC.

EMG records are thus mostly used to verify the reli-
ability of numerical gait simulations [20, 22–24]. The 
latter authors designed a human musculoskeletal model 
by using SIMM (Software for Interactive Musculoskel-
etal Modeling; MusculoGraphics, Inc., USA) package 
and demonstrated that multijoint muscles – knee and 
hip extensors – are essential in maintaining body stabil-
ity in the initial, single support phase of gait. Moreover, 
the re-distribution of muscle power in the entire gait 
cycle enabled trunk and lower limb motions. The intui-
tive obviousness of results confirms the usefulness of 
the software and of the numerical procedures em-
ployed. 

Nevertheless, many authors continue the analytical 
approach to assess the contributions of individual mus-
cles to the global strength. The approaches include the 
input of measurable variables like: (1) global muscle 
torque of a single muscle group under static conditions; 
(2) muscle lengths measured anthropometrically; (3) 
muscle cross-sections determined ultrasonographically; 
(4) moments of inertia of segments by applying forced 
vibration, and (5) experimental data of rigidity and 
damping. However, the input of the following variables 
into the model remains unsolved: (1) stresses transmit-
ted by individual muscles; (2) rigidity of the anatomical 
muscle–ligament interface; (3) activation, i.e. the func-
tion of muscle stimulation, and (4) criteria of optimum 
control of muscle work and of the whole body move-
ments. An advanced simulation procedure was present-
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ed by Anderson and Pandy [25] or Pandy and Zając 
[23]. The authors started with simulation and performed 
analytically a dynamic optimisation solution. Next, they 
collected some data recorded in corpses, in several sub-
jects, as well as data from earlier publications on 
strength–speed relationships in selected muscle groups, 
they simulated the contributions of individual muscles 
to the ground reaction forces and accelerations of indi-
vidual body segments. The results, which seemed to be 
close to the real ones, enabled analysing the contribu-
tions and significance of those segments in maintaining 
equilibrium in the support phase and in forward driving 
the body during gait.

Both papers mentioned above demonstrated the way 
to compute forces of individual muscles by applying 
forward dynamic simulation, but employing different 
numerical approaches. The first approach, a continua-
tion of their earlier report [26], was based formally on 
the optimal control theory (Pontryagin’s principle); the 

authors maximised the Hamiltonian function and solved 
the resulting boundary problem by integrating status 
variables and conjugated variables in opposite direc-
tions. By assuming a linear relationship between muscle 
activation and its stimulation, a bang-bang control, rep-
resented by stimulation, was obtained. Despite the 
physiological correctness of that solution, the method 
has been rarely used in biomechanics due to unstable 
integration of conjugated variables [27], difficulties in 
physical interpretation of variables and a likely appear-
ance of singular control.

The other approach, first described by Pandy, An-
derson et al. [28], avoided the need of solving the 
boundary problem by transforming the optimal control 
into parameter optimising problem. The control, ex-
pressed also by muscle stimulation, was spread over 
a net of nodal points, uniformly distributed over time, 
and forming a discrete set of independent variables sub-
ject to optimisation. In that way, the issue was reduced 
to seeking nodal control values which minimise the in-
tegral quality index defined for a given motor task and, 
at the same time, maintain the constraints forced by the 
state equations containing the co-ordinates and general-
ised velocities, muscle forces and muscle activation lev-
els as dependent on their stimulation. These equations 
were integrated conventionally by using the Runge-
Kutta algorithm and the optimal values of control vari-
ables were obtained by sequential quadratic program-
ming (SQP). The common use of parametric optimisa-
tion greatly reduces the computation time which is 
a derivative of integrating state equations at every step 
of the iterative SQP. The computations of two-dimen-
sional models by using a PC take up to several days 
[29], and up to several months in the case of complex 
three-dimensional models [24].

A hybrid solution, which combines the features of 
direct and inverse dynamics, was presented by Menegal-
do, Fleury et al. [30]. The first step was the inverse dy-
namics solution followed by defining a function of er-
rors between the computed global muscle torques at 
given joints and their optimised equivalents resulting 
from muscle forces. That function was attached to the 
integral quality index of the process. Optimisation was 
conducted by SQP, maintaining the differential con-
straints describing the contraction and activation dy-
namics. A substantial reduction of computation time 
was achieved by eliminating the co-ordinates and gen-
eralised velocities from the state vector. Inasmuch 
highly promising, the arbitrary weights attributed to the 

Figure 4. Contributions of inertial forces (Inertial), 
of centrifugal forces (Centrifugal), of the resistance 

to gravity provided by the bones and joints of the skeleton 
(Gravity), and of muscle and ligament forces (Muscles + 
Ligaments) to support during normal gait. The thick gray 
line is the vertical ground-reaction force obtained from 

the dynamic optimisation solution for gait. Total (thin black 
line) was obtained by summing Inertia, Centrifugal, 
Gravity and Muscles + Ligaments. The mean vertical 
ground-reaction measured for the subjects are shown 

as a dotted line (Subject Mean). The marked kinematic 
events are: HS – heel-strike, FF – foot-flat, CTO – 

contralateral toe-off, HO – heel-off, CHS – contralateral 
heel-strike, MO – metatarsal-off, and TO – toe-off. BW 

is body weight (BW = 696 N for the model 
and the subject mean) [25]
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two components of the quality index represent some 
weakness of the approach.

Ackermann and Schiehlen [16] presented a novel 
procedure of determining forces for individual muscles 
based on the inverse dynamics solution and called it the 
‘extended inverse dynamics’. They modified the classi-
cal procedure by including force dynamics and muscle 
activation, as well as an integral quality index for the 
entire motor task. Parametric values of muscle forces 
were taken as optimised variables and an algorithm of 
sequential programming was used in optimisation. 
Since the quality index was related to the activation and 
stimulation of the muscles, time functions of these vari-
ables constituted an integral part of computations. The 
first function was obtained by solving the force–length–
velocity relationship for the contractile elements of the 
muscle preceded by numerical differentiation of muscle 
force by time, and the other one resulted from differen-
tial relationship between activation and stimulation pre-
ceded by differentiation by activation time. That meth-
od, free of the drawbacks of the classical inverse dy-
namics, proved more efficient numerically compared 
with parametric optimisation based on simple simula-
tion. The time needed to generate functions of muscle 
forces over a single gait cycle for a planar model of 
lower extremity including 8 muscles amounted to about 
12 h [16]. Solving an identical task for leg swing with 
the use of a planar model which included 9 muscles 
took over 2 h [31] but in this case a much simpler quality 
index was used.

A highly advanced software for analysing muscle 
force (SIMM; Software for Interactive Musculoskeletal 
Modelling) was designed by Loan, Delp, Smith, Blaike 
and Megelan (MusculoGraphisc Inc., USA) with a sig-
nificant contribution of van der Helm. The model uti-
lised data from numerous publications and probably also 
the author’s own data. Gait simulation based on ground 
force values was conducted by the Laboratory for Func-
tional Anatomy, Biomechanics and Motor Control in 
Copenhagen (Denmark). An example graph of knee 
joint muscle torques as functions of knee joint angle dur-
ing gait is presented in Fig. 5. Inasmuch some doubts 
exist as to whether the author did not manually adjust the 
force curves as functions of the joint angle so as to ob-
tain a satisfactory concordance with the resultant global 
muscle force at the hip, knee and ankle joints, the soft-
ware and gait model, as well as other products offered by 
the MusculoGraphics, enable diverse simulations, e.g. of 
changes in muscle length, stress in bones, etc.

Clinical examples of the effects of force reduction 

of selected muscle groups on the gait mechanics 

elements

Bennett, Ogonda et al. [32] analysed the effects of 
two kinds of hip joint surgery – minimally invasive and 
conventional, by employing variables of gait kinemat-
ics, i.e. downward pelvis displacement during gait; 
adduction/abduction, flexion/extension and rotation at 
the hip joint; flexion/extension at the knee joint; foot 
adduction/abduction; flexion/extension at the ankle 
joint. Gait velocity, step length, double step length and 
the duration of the foot–ground contact in the support 
phase did not differ significantly in both groups on the 
2nd day or 6 weeks post-surgery, while rotation at the 
hip joint differed significantly between groups as well 
as from the normal values. 

Similar values of gait velocity, step length and sup-
port duration were noted in women suffering from myo-
fibrosis [33] and ground reaction forces in those women 
and the control ones were alike. The authors concluded 
that the pattern of recruitment of lower extremity mus-
cles in myofibrotic women differs from that in healthy 
subjects; specifically, plantar flexion in myofibrotic 
women requires a markedly greater muscle work than 
in the healthy ones, which makes walking very fatigu-
ing. 

A similar study was conducted in children with cer-
ebral palsy and, thus, crouch gait [34]. That kind of gait 
is due to abnormally short hamstring or the semimem-

branosus muscle spasm. The authors recorded changes 
in muscle length and simulated its shortening rate; they 

Figure 5. Muscles torque changes of the selected knee 
extensors during normal walking. 

Simulation was provided by SIMM
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demonstrated that those children subjected to hamstring 
elongation who made no use of elongation and, thus, of 
generating higher forces by that muscle and did not im-
prove the gait-induced shortening rate, were incapable 
of improving their gait quality. The authors identified 
the criteria of selecting children who may significantly 
improve their gait post-surgery. In another study, Gold-
berg, Öunpuu et al. [35] studied gait in children with 
cerebral palsy, aged 10 ± 2.8 years, subjected to trans-
plantation and elongation of the rectus femoris muscle 
tendon, elongation of the gracilis and gastrocnemius 
muscles, de-rotational osteotomy and corrective foot 
surgery. The analysis of gait dynamics revealed an im-
provement in the vertical component of ground reaction 
force and in the motion range in leg swing. The authors 
showed that anatomical correction of the rectus femoris 
muscle significantly improved the single support phase, 
stabilised the gait and made it more efficient. Moreover, 
they showed that the excessive knee contracture in the 
support phase was due not only to a functional insuffi-
ciency of the rectus femoris muscle but also to a con-
tracture and low strength of the gastrocnemius muscle. 
Since not all the children exhibited a post-surgical im-
provement, the question as to whether the transfer of the 
rectus femoris muscle is the only factor that might im-
prove the stiff knee in children with cerebral palsy, re-
mained unanswered.

Wu, Su et al. [36] presented a mathematically more 
advanced approach to gait analysis following ankle ar-
throdesis. A three-component foot model was assumed 
and 11 markers were used to delimit the components. 
A kinematographic recording was conducted together 
with recording ground reaction forces and EMG signals 
from 5 lower extremity muscles. As compared with 
healthy subjects, patients with ankle arthrodesis had 
significantly smaller motion range of the distal part of 
the foot, greater mobility of the frontal part of the foot 
in the sagittal and transversal planes, a generally greater 
stiffness of the distal part of the foot combined with 
a greater engagement of foot muscles and a decreased 
EMG activity of large muscle groups, e.g. rectus femo-

ris or soleus muscles.
Gait kinetics and kinematics was also reported for 

other diseases, e.g. parkinsonism [37]. Inasmuch the 
advancement of the disease determines the magnitudes 
of changes, the general characteristics of gait mechanics 
are disease-specific. Similar findings were reported for 
subjects with a shorter [38] or amputated [39] lower 
limb.

Determining forces generated during gait by 

individual muscles of lower extremities by using 

artificial neural network modelling and simulation

Artificial neural network (ANN) is an artificial in-
telligence method used in mathematical modelling and 
its applications in diverse areas, especially in biology 
and medicine, are steadily progressing. The achieve-
ments and possibilities of ANN in biomechanics were 
presented e.g. by Simon [40], who discussed the status 
of studies on gait biomechanics and pointed to advan-
tages of gait analysis for clinical purposes, as well as to 
persisting limitations of ANN. Simon’s conclusions 
confirm and support an earlier review on ANN applica-
tions to gait analysis [41] and seem reasonable in view 
of recent reports [42, 43]. Lees [44] reviewed world ten-
dencies in applications of biomechanics to the analysis 
of movements in sports and emphasised the role of 
ANN. Worth mentioning are also applications of ANN 
to the functional electrostimulation supporting the gait 
in patients with parapareses [45, 46].

Apart from the use of ANN in general gait analysis, 
like gait velocity or step frequency [47], distribution of 
forces generated by foot pressure on the ground [48] or 
ground reactive force [49], in the available literature 
there were found six reports pertaining to the use of 
ANN in computer simulation and modelling muscle 
work during gait. Specifically, the authors discussed the 
modelling of muscle activity  as a basis of modelling 
changes in kinematic gait parameters [50, 51], model-
ling muscle work of lower extremities by using kine-
matic and kinetic parameters [52, 53], or assessing 
muscle strength from EMG signals [13, 54].

Sepulveda, Wells et al. [50] presented a different ap-
proach to the construction of models; they recorded 
EMG potentials from 16 muscles during a walk at natu-
ral velocity together with muscle torques and changes in 
angles at the hip, knee and ankle joints. They designed a 
network which represented relationships, although not 
quite accurately, between the changes in activities of 
muscles and the movements of lower extremities. They 
observed the effects of reducing the stimulation of the 
soleus muscle by 30% and of the total exclusion of the 
rectus femoris muscle. Best results were obtained by 
relating in ANN the EMG signals with muscle torques.

Tucker and White [51] studied changes in the tonus 
of five muscles in relation to the gait velocity and step 
frequency. Muscle activity was determined by EMG 
and kinematic variables on a mechanical treadmill. Hel-
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ler, Veltink et al. [52] designed a network fed by time 
functions of changes in hip and knee joint angles, angu-
lar velocities and accelerations, and durations of the 
contacts of feet with the ground, and the network gener-
ated EMG values for the semitendinosus muscle. The 
network could reproduce muscle activities and changes 
in kinematic variables in cyclical movements performed 
in six consecutive steps at various velocities.

A more advanced network was presented by Pren-
tice, Patla et al. [53]. They fed the following data: step 
frequency, lengths of individual steps, durations of sup-
port and of extremity swings. Twelve gait forms were 
studied on a track equipped with obstacles forcing the 
subjects to walk with varying velocity, step length and 
knee lifting height. All those variables were input into 
the network, while EMG variables of eight muscles 
(gastrocnemius medialis, soleus, tibialis anterior, per-

oneus longus, biceps femoris, rectus femoris, gluteus 

medius, erector spini) during gait constituted the out-
put. The simulated activities of individual muscles were 
highly satisfactory and the network was capable of re-
producing the real activity patterns of all eight muscles 
throughout the double step cycle. Inasmuch momentary 
EMG values differed up to 25% in 25 out of 96 combi-
nations of muscles and gait forms, it could be concluded 
that ANN proved a reliable tool in the modelling and 
simulation of muscle work based on principal variables 
of gait kinematics.

EMG signals were also used to assess the stress 
forces in the tendons. Savelberg, Herzog [54] designed 
a multilayer network, fed by EMG signals from the gas-

trocnemius muscle, which generated force values meas-
ured by a gauge fixed to the tendon. The study, con-
ducted on three cats, included three experiments: 
• Simultaneous recording of force and EMG at con-

stant gait velocity on a mechanical treadmill,
• EMG was recorded, force was measured and com-

pared with that predicted by ANN simulation (the 
treadmill ran at three different velocities),

• Forces in one animal were predicted from EMG val-
ues recorded in the other two cats running at various 
velocities.
This is, so far, the only report found in the literature 

in which muscle forces predicted from EMG signals 
during gait by ANN simulation were verified experi-
mentally. The results may be regarded as reliable as the 
simple and multiple correlations between the predicted 
and observed values were high in all versions and 
ranged from R2 = 0.71 to R2 = 0.98.

Liu and Lockhart [13] attempted at creating a net-
work capable of reproducing muscle forces during gait 
from EMG signals recorded in working muscles. The 
bioelectric activity and force of the soleus muscle were 
recorded, the experimental protocol from the previous 
experiment being exactly reproduced. The objective of 
the study was to make use of the experience in the con-
struction of ANN and to apply advanced mathematical 
procedures to identical experimental conditions. The 
authors emphasized their achievement consisting in 
constructing a network with three latent layers with 
a single input containing multiple EMG(t) signal cells 
and a single F(t) output, capable of reproducing muscle 
forces with an accuracy equal to R2 = 0.9 and RSE 
< 15% by processing data from various animals.

Conclusions

Summing up, the following issues remain to be 
solved:

a. Models of distributions of muscle forces in di-
verse muscular and neural pathologies;

b. The SIMM software and the available model of 
lower extremity movements in gait are not suited for re-
producing pathological gait resulting from a deficient 
muscle strength or neuromuscular co-ordination, as the 
software was designed for normal gait;

c. It is not possible to design a reverse simulation, 
i.e. predicting muscle activity from the mechanics of 
pathological gait.

The available literature offers several mathematical 
procedures, including ANN, for modelling muscle work 
in specific movements of the whole body or of its seg-
ments, the ANN being particularly useful in studying 
biological objects for the following reasons:

a.  It enables analysis of non-linear relationships 
between parameters and between subjects;

b. ANN procedures are distribution-free;
c. Both continuous and categorised variables can 

be easily processed;
d. Outliers and missing data are easily managed; 
e. ANN procedures are noise- and interference-

resistant. 
The principal advantage of ANN is the capacity to 

conduct simulations and designing models having 
a limited number of observations and a large number of 
variables at the disposal. In contrast to deterministic 
methods, ANN techniques do not require complicated 
procedures of establishing physical modelling followed 
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by mathematical description, which makes ANN a 
handy analytical tool in practically any experimental 
area. Thus, ANN gains increasing application in biome-
chanics and shall be employed in future research.
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Introduction

Physical fitness has always been considered as a key 

factor in the success of any athletic endeavour and in 

the improvement of sports records. Attaining physical 

fitness along with acquiring effective techniques and 

skills in any sports can lead professional athletes to the 

highest levels of professional championship and the set-

ting of impressive records. Among the crucial factors in 

the realization of physical fitness is the physical strength 

of the athletes which is the cornerstone of any sports 

achievements. Efficient application of other physical 

abilities such as speed, power agility and endurance 

mainly depends upon adequate physical strength of the 

individual. Thus, strength should be seen as the most 

important physical ability of the professional athletes 

that plays a leading role in all of the champion sports 

[1]. Selection of a suitable training schedule to enhance 

physical stamina (explosive power, absolute power) can 

become a solid foundation for athletes and trainers to 

attain success. Such a selection is essentially based 

upon the available sports facilities, varying environ-

mental conditions and the approach adopted by the ath-

letes and trainers and their knowledge of various train-

ing techniques. According to the results of related stud-

ies presented in the literature, weightlifting and 

plyometric trainings are important activities in strength-

developing programs. Weightlifting increases the physi-

cal strength and a progress of 25 to 100% can be ob-

served in the muscles after performing a weightlifting 

training schedule of 3 to 6 months [2]. Plyometric or 

drop-jump exercises are amongst the newly-developed 

endurance training techniques that were introduced in 

the late 1980s to improve the athlete’s jumping skills 

used chiefly to fill the gap between speed and strength 

exercises to activate more kinetic elements. Numerous 

studies confirm that plyometric exercises are an effec-

tive tool in the empowerment of the athletes. Such train-

ing schedules have also been brought into focus because 

of the constructive effects they have upon the speed, 

agility and even flexibility of professional athletes [3]. 

Yet, the question is whether plyometric exercises are ef-

fective in the development of ultimate power of the ath-*Corresponding author.
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Purpose. The purpose of this study was to investigate and compare the effects of plyometric and weight (isotonic) training on lower 
extremity electromyography in physical education students. Basic procedures. In this study, 45 students from the physical education 
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lete and whether such training is as effective in the 

strengthening of athlete’s legs as training using weights? 

Is the EMG of the muscles of the lower torso similar in 

training via weights (isotonic training) and plyometric 

training? There is a vast literature in which the effec-

tiveness of plyometric training and training via weights 

is shown and verified, yet in the current research the 

aim is to determine the effect of both types of training 

by comparing the electromyography of each method 

upon the behaviour of the lower torso muscles.

Material and methods

The type of research carried out is applicable in na-

ture and semi-empirical. The sample population was 

composed of forty-five male college students majoring 

in Physical Education at the University of Shahid 

Chamran in Ahwaz City. The type of sampling was ran-

dom in nature; 60 students were selected from among 

the students at the faculty of Physical Education and the 

Wingate Test was applied to the said population using 

an 894E Anaerobic Test Ergometer Cycle/Bike (Mon-

ark, Sweden) in order to determine the extent of the 

non-aerobic preparation of the participants. From 

among the said group 45 participants had sufficient 

non-aerobic preparation in order to participate in the 

study. The study group was then divided into three em-

pirical and control groups of 15 students each.

Statistical Methods Applied in the Analysis of the 

Data: In order to determine the mean and standard de-

viation of the results obtained in the research carried 

out and to present the said data in tabular form descrip-

tive statistics were used. In order to study the signifi-

cance of the results obtained a correlated T-test was ap-

plied, then a comparison between the groups was car-

ried out using an ANOVA variance and in order to 

determine the differences between the trained groups 

the Tokey follow-up test was applied. The results ob-

tained were all within the range α = 5%.

Results

Stamina is one of the most important elements in de-

veloping physical fitness and is applicable in almost all 

sport activities. In order to succeed in any individual or 

team sport activity it is necessary to have the required 

physical fitness and even though an outstanding athlete 

requires to be physically fit in every muscle, with the 

muscles of the lower torso having the highest priority. As 

seen in Tab. 1, the following conclusions can be inferred: 

the six week training with weights (isotonic training) 

had no effect on the Emg (total power and explosive 

power) of the leg rectus femoris whereas the six week 

training program using weights (isotonic training) had 

an effect on the Emg (total power and explosive power) 

of the leg gastrocenimus. Besides the six week training 

Table 1. The descriptive variables for the squat pre-test and post-test in the isotonic training group

Variables/

Statistical Variables

Number of

candidates

Average of Emg

variations

Minimum

Emg

Maximum

Emg

Difference

on average

Leg rectus

femoris

Pre-test 15 1/708 0/84 2/60
0/094

Pre-test 15 1/802 0/90 2/90

Right thigh

muscle

Pre-test 15 2/484 1/20 4/20
1/528

Pre-test 15 4/012 2/44 5/60

Double inner

muscle

Pre-test 15 0/884 0/20 2/10
0/283

Pre-test 15 1/366 0/50 3/10

Table 2. The descriptive variables for the squat pre-test and post-test in the plyometric training group

Variables/

statistical variables

Number of

candidates

Average of Emg

variations

Minimum

Emg

Maximum

Emg

Difference

on average

Leg rectus

femoris

Pre-test 15 1/681 0/42 2/61
0/209

Pre-test 15 1/890 0/44 2/90

Right thigh

muscle

Pre-test 15 1/215 0/53 4/20
0/675

Pre-test 15 1/332 0/51 5/60

Double inner

muscle

Pre-test 15 1/535 0/20 2/65
0/371

Pre-test 15 1/906 0/46 3/25
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program using weights (isotonic training) had an effect 

on the Emg (total power) of the right thigh muscles but 

not on the Emg (explosive power) of the said muscle.

It is noteworthy that from the results obtained in 

Tab. 2 one can see that six weeks of plyometric training 

had no effect on the Emg (total power and explosive 

power) of the leg rectus femoris and the six week of 

plyometric training program had no effect on the Emg 

(total power) of the right thigh muscles but had an effect 

on the Emg (explosive power) of the leg gastrocenimus 

muscle. The results show that there was no significant 

change in the Emg of the rectus femoris muscles of the 

leg (total power and explosive power) in all groups but 

there was a significant difference in the Emg of the leg 

gastrocenimus in all groups.

Discussion and Conclusions

The results obtained in general show that plyometric 

training will have the same effect as using weights to 

increase the total stamina and the explosive power of 

the muscles of the lower torso in college students. The 

comparison of both methods showed a significant dif-

ference and also a lack of difference between the effects 

of plyometric and isotonic training on the total stamina 

and the explosive power of leg rectus femoris, gastro-

cenimus and right thigh muscles. It is worth noting that 

the increase in the total stamina of the isotonic and ply-

ometric training group was slightly higher than that of 

the other empirical group. The results obtained show 

that the Emg (total stamina) variations for the gastro-

cenimus muscle with an estimation of p = 0/009 and on 

a level of α = 5% are significant.

Therefore, it can be inferred that a six week plyo-

metric training program with a three day a week sched-

ule will have a significant effect on the increase in the 

variations of Emg (total stamina) of the twin muscle. 

This is also verified by the studies carried out by Myer 

et al. [4], Chimera et al. [5], Lephart et al. [6] and Toumi 

et al. [7], yet the findings of Doyle and Reilly [8] reject 

such results. One of the reasons could be the lack or 

correlation between the Reilly and Dual’s research and 

the other research conditions, the fact that the training 

sessions took place during the peak sport season. It is 

worthwhile to note that the results obtained show that 

the variations in the Emg (total stamina) for the gastro-

cenimus muscle with an estimation of p = 0/584 and for 

the right thigh muscle with an estimation of p = 0/249 

and on a level of α = 5% lack any significance.

It can thus be stated that a six week plyometric train-

ing period with a spacing of three sessions a week does 

not have a significant effect on the Emg variations in 

the right thigh muscles and the gastrocenimus muscle, 

see the findings of Myer et al. [4], Chimera et al. [5], 

Toumi et al. [7], Swanik et al. [9], as well as those of 

Doyle and Reilly [8] show opposing results. This may 

be due to the fact that in the studies performed by Doyle 

and Reilly the level of exercises carried out and amount 

of plyometric training were less than those specified in 

other researches, albeit in Dual and Reilly’s research the 

training was carried out at the end of the exercise period 

and biking exercises which might also contribute to the 

variation in results. From the comparison of the statisti-

cal elements one can see that variations in Emg (total 

stamina) of the gastrocenimus muscle in particular 

groups show a significant difference (p = 000), i.e. after 

the post-test the difference between the isotonic and 

plyometric training groups (p = 000) and also the plyo-

metric and control groups (p = 000) had a meaningful 

significance; however, as regards the difference be-

tween the isotonic  training group and the control group 

there was no meaningful significance (p = 0/494). The 

results of the study show that plyometric training has 

a greater effect on the development and increase of ex-

plosive power in the gastrocenimus muscle, yet if ap-

plied correctly isotonic training is also effective in the 

development of the said muscles within the specified 

period, thus verifying the results obtained by Blattner et 

al. [10], Yang, et al. [11], Robinson et al. [12] and 

Valkeinen et al. [13].
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Introduction

One of the most common experimental paradigms 

used in body balance studies is assessment of the effects 

of physical exercise on selected parameters of postural 

stability [1, 2]. For individuals, especially elderly peo-

ple, who are characterized by deficits of postural con-

trol, the insufficient resistance to fatigue of their system 

of equilibrium can be the cause of falls [3]. In the case 

of athletes resistance to fatigue can be decisive for their 

final training results [4]. The most common method of 

evaluation of postural stability is stabilography, which 

permits the recording of oscillations of the center of 

pressure (COP) on two planes [5].

In order to assess correctly changes of body balance 

due to physical fatigue it is necessary to know the ef-

fects of natural mechanical processes accompanying 

the impact of physical exercise on the stabilographic 

parameters. This concerns in particular the impact of 

accelerated breathing on the positioning of the center of 

mass (COM) of the whole body, causing rhythmic 

changes of the chest volume and generating extra force 

[6]. Apart from the studies by Hunter and Kearney [7] 

and Jeong [6], who showed an increase of the COP 

mean velocity with breathing frequency, the correlation 

between increased pulmonary ventilation and postural 

stability has been largely neglected. Only Hodges et al. 

[8] and Hamaoui et al. [9] studied these relationships in 

the context of postural compensation for respiration 

with simultaneous anticipatory movements of hip and 

knee joints. On the other hand, Caron et al. [10] com-

pared COP measures in trials during natural breathing 

and apnoea. 

The lack of professional literature on the effects of 

breathing rate, inconsistencies in reports on the impact 

of fatigue on postural stability [1, 2] and development of 

methodology of measurement of postural control in the 

last decade [5, 11, 12] point to the need of further re-

search on the effects of accelerated high-volume breath-

ing on the parameters of postural stability in subjects at 

rest. Considering different anatomical and physiological *Corresponding author.
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Purpose. The aim of the paper was to determine the effect of respiration on body balance in quiet standing. Basic procedures. 
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factors, it can be assumed that the measures of COP 

dispersion and frequency should increase in the anterior-

posterior plane (AP) and remain unchanged in the me-

dial-lateral plane (ML).

Material and methods 

The study sample included 18 male students and 19 

female students (n = 37) of the Technical University of 

Opole, aged 22–23 years, with no health conditions af-

fecting their body balance. The subjects’ mean body 

weight was 66.4 ± 14.0 kg, and their mean body height 

173.3 ± 7.7 cm. The subjects were to perform two trials 

during quiet standing on a force plate with their eyes 

open: first with natural breathing, second with acceler-

ated high-volume breathing. The respiration in the sec-

ond trial was forced with the use of a metronome. The 

entire breathing cycle (inhaling followed by immediate 

exhaling) was performed at the rate of 1 Hz. Both trials 

lasted 20 s each, with a 30 s break in between, without 

stepping off the plate. During the trials COP signals 

were recorded in the medial-lateral plane (ML) and the 

anterior-posterior plane (AP) with the sampling rate of 

20 Hz.

On the basis of the recorded signals the traditional 

COP stability measures were calculated: dispersion, 

range, mean velocity and frequency of the corrected 

signal [13]. The corrected signal was calculated by sub-

tracting an approximate COM signal from the COP sig-

nal using exponential smoothing [13]. To analyse the 

differences between the calculated measures in both tri-

als a t-test for repeated measures was used (Statistica 

7.0) at p < 0.05.

Results

The results of both trials are presented in Table 1. 

The metronome-forced respiration contributed to a 23% 

increase of COP dispersion and range and 141% in-

crease of mean velocity in the AP plane. Also a 39% 

increase in the frequency of the corrected signal was 

recorded. The respective changes in the ML plane were 

observed in the mean velocity (31% increase), due to 

forced respiration, and frequency (12% increase).

Discussion

The aim of the study was to evaluate the effects of 

mechanics of chest movements of healthy rested sub-

jects, force-breathing at the rate of 1 Hz, on selected 

measures of postural stability during quiet standing. As 

previously assumed forced respiration caused a signifi-

cant increase of the COP dispersion, and increase of the 

frequency of the COP-COM signal in anterior-posterior 

plane (AP). The COP mean velocity in the AP plane 

was two times higher. In the ML plane the only signifi-

cant difference between the trials was observed in the 

increase of mean velocity. The results obtained confirm 

the hypothesis assumed and correspond to the results of 

other authors. However, a more detailed analysis reveals 

that Jeong [6] noted a mere 23% increase of mean veloc-

ity in subjects breathing at an accelerated rate of 0.4 Hz as 

opposed to subjects breathing naturally. Whereas data 

obtained by Hodges et al. [8] point to a three-times in-

crease of COP amplitude due to the high-volume respi-

ration at the natural rate in comparison with natural 

breathing. This unusually great increase of dispersion 

of COP data in Hodges et al. [8] might be partially ex-

plained by the longer stress test duration (2 min) in their 

study. Another reason for the observed discrepancy be-

tween our results and those of Hodges et al. [8] could be 

possible hyperventilation effects on postural sway 

mechanisms due to reduction of the CO
2
 blood level 

[14]. Taking into account the above observations and 

differences between individual tests it can be postulated 

that in the most common case, short (20–30 s) post-ex-

Table 1. Comparison of the mean values (± SD) of COP parameters examined during quiet standing tests with natural breathing (Nat) 

and accelerated high-volume breathing at the rate of 1 Hz

Medial-lateral plane Anterior-posterior plane

Nat 1 Hz Nat 1 Hz

D (mm)  3.9 ± 1.5  4.8 ± 2.5*  2.8 ± 1.0  2.9 ± 1.0

R (mm)  19.3 ± 8.5  23.7 ± 11.0**  14.3 ± 5.1  14.6 ± 2.9  

MV (mm/s)  8.2 ± 2.5  19.8 ± 11.3***  7.1 ± 2.4  9.3 ± 3.8**

F (Hz)  0.54 ± 0.14  0.75 ± 0.19***  0.69 ± 0.15  0.77 ± 0.15*

D – dispersion, R – range, MV – mean velocity, F – frequency of the corrected signal, *p < 0.01, **p < 0.001, ***p < 0.00001
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ercise tests of postural stability, COM oscillations in-

duced by more intensive breathing should significantly 

increase the mean velocity of the COP and moderately 

increase the parameters of variability of this signal. 

However, the distinction between the mechanical and 

physiological effects on the changes observed seems 

highly unlikely, or not possible at all. The observed dis-

proportionately high increase of COP mean velocity in 

comparison with the COP dispersion can be explained 

by the periodical component value in the signal induced 

by forced respiration at a high rate. 

Another problem is the influence of fatigue on the 

frequency of the corrected signal. The results of this 

study point to an increase in the frequency; however, 

the question of the precise cause of it arises. It remains 

an open question whether the noted increase in the fre-

quency was caused by fatigue itself, or by mechanical 

results of fatigue due to cyclic changes generated by the 

respiratory system. Hodges et al. [8] carried out a spec-

troanalysis of the COP and noted distinct peaks in the 

power spectrum of the signal consistent with peaks of 

chest movements. The amplitude of these peaks was 

slightly lower than the mean power of the COP signal 

for natural breathing, and dominant for high-volume 

breathing at the natural rate. Considering these observa-

tions and results of our study it seems plausible that the 

noted increase of the corrected signal could have largely 

resulted from dynamic breathing rather than from fa-

tigue itself.

Conclusions

The obtained results can be applied in research prac-

tice. An important question arises whether postural sta-

bility should be evaluated immediately after exercise 

without waiting for return to the normal breathing rate, 

or should all the factors be treated together as a collec-

tive disturbance of the body balance immediately after 

exercise. It seems that the latter is the only justified ap-

proach facing the need of total, functional evaluation of 

postural stability after exercise, which is the case in 

sport. On the other hand, if we want to understand the 

processes of muscle fatigue and their effects on the sys-

tem of equilibrium, the former approach is proper as it 

eliminates a few interfering variables and makes the in-

terpretation of results easier.

It should be noted, however, that the above prob-

lems refer to the traditional measures of postural sta-

bility, which depend on chest movements and com-

pensatory body movements. The results should be 

interpreted with utmost caution. A good methodologi-

cal indication is application of new measures of pos-

tural stability, which, at least in theory, should be 

highly resistant to the COP-related interference. They 

include chaotic measures [11, 15] and time-to-boundary 

measures [12]. The experimental verification of these 

suggestions will constitute an enormous develop-

ment in research on postural stability during quiet 

standing.
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Introduction

Changes of the maximal muscle torque and power 

output of legs are indicative of the athlete’s training lev-

el and effects of applied training loads. Most often, the 

maximal muscle torques of flexors and extensors of the 

arms, legs and trunk in static and dynamic conditions 

are used for the testing purposes [1, 2]. The muscle 

torque can also be represented as the percent contribu-

tion of particular muscle groups [2–4]. Maximal power 

output of legs is measured during jumps on a dynamo-

metric platform [5, 6] and/or with cycle ergometer tests 

[7–9]. 

Success in judo requires perfect physical and tactical 

preparation [10, 11]. The planning of judo training 

should not only concern the applied training loads, but 

it should also focus on the practitioners’ physical abili-

ties. The measurement of the maximal static muscle 

torque and maximal power output of legs yields valu-

able information that can be extremely useful in judo 

training planning [12]. 

The aim of the study was to examine changes of the 

maximal muscle torque and maximal power output of 

judoists’ legs during pre-competition training (PCT). 

The original hypothesis was that the different training 

loads would cause changes of the maximal muscle 

torque and maximal power output of legs in male ju-

doists during pre-competition training, but not changes 

of the topography of the maximal muscle torque of all 

muscle groups.

Material and methods

The study was approved by the Research Ethics 

Committee. The study sample consisted of five judoists *Corresponding author.
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ABSTRACT 
Purpose. The aim of the study was to follow changes of the maximal muscle torque and maximal power output of lower extremities 
in male judoists during pre-competition training (PCT). The original hypothesis assumed that different training loads would cause 
changes of the maximal muscle torque and maximal power output of legs in male judoists during pre-competition training, but not 
changes of the topography of the maximal muscle torque in all muscle groups. Basic procedures. The study sample consisted of five 
male judoists from the Polish National Team. Muscle torque measurements in static conditions were performed shortly before 
PCT (I), after the strength training mesocycle (II) and immediately after PCT (III). Ten muscle groups were examined: flexors and 
extensors of the trunk, shoulder, elbow, hip and knee. The maximal power output of legs was measured on a dynamometric platform 
during counter-movement jumps (CMJ) and bounce counter-movement jumps (BCMJ). Main findings. The sums of the muscle torque 
of both arms and the trunk were changed insignificantly during pre-competition training (PCT). The sum of muscle torque of the right 
and left lower extremities increased significantly between the measurements I and III. The muscle percent topography of muscle 
groups also showed significant changes. Maximal power output of lower extremities measured during CMJ decreased significantly, 
but increased during BCMJ. Conclusion. PCT caused changes of the maximal muscle torque of lower extremities, but the muscle 
topography of the muscle groups revealed significant changes, too. The maximal power output of lower extremities measured during 
CMJ decreased. 
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of the Polish National Team, aged 24.7 ± 2.1 years. The 

sub jects’ mean body height was 174.8 ± 5.9 cm, and 

body weight 76.0 ± 6.0 kg (I), 76.8 ± 6.2 kg (II) and 76.3 

± 7.3 kg (III). The subjects’ body weight did not change 

significantly. Three measurements were carried out: 

before the PCT (I), immediately after the strength train-

ing mesocycle (II), immediately after PCT (III).

Measurement of the maximal muscle torque in 

static conditions. The maximal muscle torque of ten 

groups of muscles: flexors and extensors of the elbow, 

shoulder, hip, knee and trunk was measured in static 

conditions [3]. During the measurement of the muscle 

torque of elbow flexors and extensors the subject was 

sitting, with his arm bent at a right angle and placed on 

the armrest, and with the trunk stabilized. The muscle 

torque of shoulder flexors and extensors was measured 

in a sitting position. The flexion angle was 70º and the 

extension angle 50º. The trunk was stabilized and the 

chest pressed against the testing station. The measure-

ments of muscle torque of knee flexors and extensors 

were carried out on subjects in a sitting position. The 

hip and knee joints were bent at 90º. The subjects were 

stabilized at the level of anterior iliac spines and thighs, 

with the legs resting on the chest. The subjects were ly-

ing face down during the measurement of the muscle 

torque of hip extensors, and face up during the meas-

urement of the muscle torque of hip flexors. The hip 

joint angle remained at 90º during measurement. The 

maximal extension of the elbow, knee and hip joints 

was accepted as 0º. For the shoulder joint, the position-

ing of the arm along the side was taken as 0º. The axis 

of rotation during the muscle torque measurement cor-

responded to the axis of rotation of the torque meter. 

The right arm and left arm muscles were measured 

separately, always in the flexion–extension sequence. 

Each subject was supposed to achieve the maximal 

power output during measurement. 

The power output of lower extremities and the 

height of elevation of the center of mass during verti-

cal jumps were measured on a dynamometric platform 

with a Kistler amplifier for counter-movement jumps 

(CMJ) and bounce counter-movement jumps (BCMJ). 

The amplifier was connected to a PC via an a/d con-

verter. The MVJ v. 3.4. software package was used for 

measurement. In the physical model applied the sub-

ject’s body mass bouncing on the platform was reduced 

to a particle affected by the vertical components of ex-

ternal forces: the body’s gravity force and the vertical 

component of the platform’s reactive force. The maxi-

mal power and maximal height of the center of mass el-

evation (h) were calculated from the registered reactive 

force of the platform [5]. Each subject performed six 

vertical jumps with maximal force on the dynamomet-

ric platform: three counter-movement jumps (CMJ) and 

three bounce counter-movement jumps (BCMJ). There 

were 5 s breaks between the CMJs, and 1 min breaks 

between the BCMJ. The jump with the highest eleva-

tion of the body’s center of mass was chosen for statisti-

cal analysis. 

All measurements were performed in the morning; 

the subjects were informed about the aims and method-

ology of the tests prior to the measurements. 

The results were statistically processed with the use 

of analysis of variance (ANOVA) for repeated measures. 

The statistical significance of the differences between 

the mean values was assessed with the post hoc least 

significant difference test (LSD test). The level of statis-

tical significance was set at p < 0.05. All calculations 

were made with the aid of Statistica (v. 5.5, StatSoft) 

software package.

Results

Tab. 1 presents the maximal muscle torque values 

(M
m
) achieved by the judoists under study. No signifi-

cant changes were observed in the sum of the maximal 

torque of both arms, sum of the maximal muscle torque 

of the right arm and sum of the maximal muscle torque 

of the left arm. The sums of the maximal muscle torque 

of the right leg and the left leg increased between the 

measurements I and II by 5.8% and 2.3%, respectively; 

and increased significantly between the measurements 

I and III by 20.5% and 20.7%, respectively. The sum of 

the maximal muscle torque of the trunk remained un-

changed between the measurements I and II (0.4%), and 

then decreased by 7.7%. Tab. 2 presents the maximal 

muscle torque values as the mean percent contributions 

of particular muscle groups. A significant difference of 

the percent topography of the sum of the maximal mus-

cle torque of the left arm, right leg, left leg and trunk 

between the measurements I and III was noted. The 

CMJ and BCMJ results are presented in Tab. 3. The 

maximal power output of the legs during counter-move-

ment jumps decreased significantly between the 

measure ments I and II by 9.7%, but the difference was 

non-significant between the measurements I and III 

(decrease by 6.8%). The changes in the maximal power 

output during bounce counter-movement jumps and 
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jump height measured during CMJ and BCMJ were 

statistically non-significant. 

Discussion

Professional literature includes a number of works 

on exercise physiology of male and female judoists [13–

15], but there are very few studies concerned with ju-

doists’ biomechanics [1, 16]. 

The aim of pre-competition training (PCT) is to 

make athletes achieve the highest level of physical char-

acteristics and prepare them for the main competition of 

the season. Therefore at different PCT stages changes of 

physical characteristics of athletes should be noted. The 

present study revealed a non-significant increase of the 

sum of the maximal muscle torque (M
m
) of the upper 

and lower extremities; a decrease in the sum of the 

maximal muscle torque of the trunk between the meas-

urement before PCT (I) and after the strength training 

mesocycle (II); a significant increase in the sum of the 

maximal muscle torque of the right leg and left leg; and 

a decrease in the sum of the maximal muscle torque of 

the trunk and the left arm immediately after PCT (III). 

Trzaskoma [2] showed that after three years of training, 

the percent contribution of the maximal torque of arms 

in the sum of the muscle torque of all muscle groups in-

creased by 1.7%, whereas the relative value of the sum 

of the maximal muscle torque of the arm, trunk and the 

sum of the muscle torque of ten muscle groups de-

creased significantly by 5.9%, 7.5% and 4.6%, respec-

tively. In a two-year training cycle the muscle torque 

value increased by about 3%. 

Literature lacks explicit and unambiguous conclu-

sions about changes of power output during different 

types of jumps performed after different kinds of train-

ing [17–19]. Kubo et al. [18] noted no changes in the 

height of the body’s center of mass during a CMJ (0.3%) 

after a 12-week isometric strength training. In Harris et 

al. [17] strength training did not increase jump height 

measured during CMJ, whereas high “force” training 

(strength training with 30% of maximal isometric force) 

increased jump height during a CMJ and a standing 

long jump. Prouteau et al. [19] noted a significant de-

crease in jump height measured with the Sargent test, 

Table 3. Changes of mean values (± SD) of the height of elevation of the body’s center of mass (h), maximal power output (P
max

) 

during counter-movement jumps and bounce counter-movement jumps on a dynamometric platform during PCT

Variables measurement I measurement II measurement III

P
maxCMJ 

(W)  3122.300 ± 753.200  2819.300 ± 768.000 a  2911.300 ± 798.100

P
maxCMJ

/mass (W/kg)  40.340 ± 6.460  35.850 ± 6.790 a  37.520 ± 7.350

h
CMJ

 (m)  0.502 ± 0.048  0.494 ± 0.052  0.507 ± 0.055

P
maxBCMJ 

(W)  4113.000 ± 1214.20  4313.800 ± 832.500  4011.500 ± 812.200

P
maxBCMJ

/mass (W/kg)  52.990 ± 11.710  55.400 ± 9.300  52.140 ± 9.200

h
BCMJ

 (m)  0.605 ± 0.079  0.599 ± 0.056  0.599 ± 0.053

a significantly different from the measurement I

Table 1. Changes of mean values (± SD) of the sums 

of the maximal muscle torque (N.m.kg–1) of the right (R) 

and left (L) upper extremity (SUE), lower extremity (SLE), 

trunk (ST), both upper extremities (SUEE), both lower 

extremities (SLEE) and all ten muscle groups (TOTAL) 

during PCT

Vari-

ables 

measurement I measurement II measurement III

SRUE  4.91 ± 0.82  5.06 ± 0.68  5.26 ± 0.35

SLUE  4.87 ± 0.49  5.06 ± 0.48  4.62 ± 0.17

SRLE  14.84 ± 0.20  15.71 ± 1.34  17.87 ± 1.15a, b

SLLE  14.74 ± 1.70  15.95 ± 1.22  17.64 ± 1.41a

SUEE  9.78 ± 1.26  10.12 ± 1.06  9.88 ± 0.48

SLEE  29.58 ± 1.58  31.66 ± 1.64  35.52 ± 2.35a

ST  12.02 ± 0.56  11.97 ± 1.15  11.09 ± 1.18

TOTAL  51.38 ± 1.83  53.75 ± 3.41  56.49 ± 2.68a

a significantly different from the measurement I, 
b significantly different from the measurement II 

 

Table 2. Changes of mean values (± SD) of topography 

of the maximal muscle torque (%) of the right (R) 

and the left (L) upper extremity (SUE), lower extremity 

(SLE) and trunk (ST) during the PCT

Vari-

ables 

measurement I measurement II measurement III

SRUE  9.55 ± 1.52  9.41 ± 1.05  9.32 ± 0.76

SLUE  9.49 ± 0.96  9.41 ± 0.60  8.20 ± 0.58 ab

SRLE  28.91 ± 1.14  29.21 ± 1.48  31.64 ± 1.17 ab

SLLE  28.66 ± 2.72  29.73 ± 2.26  31.20 ± 1.34 a

ST  23.40 ± 0.85  22.24 ± 0.89  19.64 ± 1.97 ab

a significantly different from the measurement I, 
b significantly different from the measurement II
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from 44 to 40 cm, after a six-month training, and to 

36 cm after further 3-week training during the season. 

The present study did not reveal any significant changes 

in the height of the body’s center of mass during CMJ 

and BCMJ. However, the power output during BCMJ 

saw a non-significant increase between the measure-

ments I and II, and then it decreased. In the case of 

power output during CMJ a significant decrease of 

power between the measurements I and II, and a non-

significant decrease of power between the measure-

ments I and III were noted. We are not able to provide 

any sufficient explanation of these results. CMJ and 

BCMJ are performed differently. During CMJ the jump 

height and power output are assessed with the body’s 

center of mass lowered before the jump and the leg 

muscles working in the extension-flexion sequence. 

During BCMJ also the lowered body’s center of mass is 

used as well as the horizontal velocity of the body’s 

center of mass during a run-up. A comparison of the 

body height during CMJ and BCMJ also allows assess-

ment of coordination of the run-up and bounce stages of 

the jump. In volleyball players the difference in the 

height of the body’s center of mass between CMJ and 

BCMJ was about 0.13 m, and in power output 18.99 W/kg. 

In the judoists the difference between the jumps was 

0.10 m during the measurement I, 0.11 m during the 

measurement II and 0.09 m during the measurement III. 

According to Häkkinen [12] long-lasting, intensive 

training should mainly affect the maximal power out-

put, whereas the increase in the explosive force should 

be relatively lower. This might serve as an explanation 

for the increase in the maximal muscle torque of the 

legs, a non-significant decrease in power output during 

the vertical jumps, and lack of changes in jump height 

observed in the present study.

Conclusions

The obtained results confirm the research hypothesis 

only partially: 

1 The following changes were observed in the ju-

doists under study during the pre-competition training:

• Decreases in the sums of the maximal muscle 

torque of the trunk and of the left leg between the meas-

urements at the beginning (I) and immediately after 

(III) PCT. 

• Increases in the sums of the maximal muscle 

torque of the right leg and the left leg (significant) and 

of the right arm (non-significant). 

2. The topography of the muscle torque was sig-

nificantly changed, with the exception of the percentage 

contribution of the sum of the maximal muscle torque 

of the right arm.

3. The jump height, measured with the height of 

the body’s center of mass as well as power output dur-

ing BCMJ remained unchanged during pre-competition 

training. During CMJ no changes in the jump height 

were observed as well as a decrease in the maximal 

power output. 
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Introduction

Optimal posture is the state of muscular and skeletal 
balance. Looking at the mirror you can see the symme-
try between the right and left sides of the body (even 
organs). But careful observation will let you find differ-
ences even between the two sides of the face [1]. There 
are different types of asymmetry known [2]:
− morphological (expressed as the differences in: cir-

cumference, length, width, shape or proportions be-
tween even organs),

− functional (variance in frequency of use, accuracy of 
movement),

− dynamical (differences in the muscle strength be-
tween the body sides).
Their accumulation is one of the reasons of postural 

defects [3]. Faulty posture can induce a malfunction of 
any system of the human body. Children suffering from 
the minor postural defects are usually first treated by 
the physical exercises [4]. The symmetrical drills are 
most often used [5]. Water environment, because of its 
physical properties, creates good conditions for treating 
locomotor apparatus diseases. It is swimming that is 
most often recommended [6]. It involves the whole hu-
man movement system providing minimum stress on 
the body and reducing muscular imbalance in musculo-

skeletal system. During water locomotion movements 
of the upper limbs play the main role [7, 8]. It is cur-
rently held that propulsion in swimming is achieved by 
forces predominantly generated by the hands [8]. There-
fore, the influence of movements of the upper extremi-
ties on the swimming efficiency is often studied [7].

Breaststroke and butterfly are the mirror symmetry 
techniques and could play the main role during kinesi-
therapy in water. However, the butterfly is coordination 
and strength demanding. So, it is seldom used. Breast-
stroke is contraindicated in knee joint defects. On the 
other hand, front crawl and backstroke are the transla-
tional symmetry techniques; the same configuration of 
extremities is cyclicly repeated in the same direction. 
These techniques seem to be the more natural form of 
locomotion because of alternating limb movements, like 
in walking. Moreover, during translational swimming 
the spine is located all the time at horizontal, gravity 
relieved, position. Some studies indicated small defi-
ciency of symmetry of the upper limbs during front 
crawl swimming [9, 10]. For the lower limbs asymme-
try was evident during breaststroke, higher for men, and 
its magnitude increased together with the swimming 
velocity [11, 12]. It seems that the upper extremity sym-
metry during breaststroke was assumed. Therefore, 
a total lack of studies comparing their symmetry in 
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breaststroke during swimming is observed. However, 
some studies performed on the land revealed asymme-
try of the upper limbs during breaststroke simulation 
[13, 14]. There are results of studies of the four swim-
ming techniques and their effects on the spine in the 
sagittal plane [15], but no information has been found 
about their influence on the body in the frontal plane. 
Probably it was assumed that symmetrical exercises in 
water equally increase balance of the body. However, it 
might appear that mirror symmetry exercises are more 
efficient in the pursuit of muscular symmetry than 
translational ones [16]. But is this difference so signifi-
cant as to recommend mirror swimming techniques 
without regard of possible danger of knee injury. More-
over, the horizontal body position during the front crawl 
and backstroke is highly beneficial.

So, the purpose of the study was to estimate the in-
fluence of the forms of symmetrical movements, mirror 
and translational ones, on the dynamical asymmetry of 
upper limbs. As a result, the applicability of the move-
ments under study during symmetrization was estimat-
ed. Taking into account the advantages and disadvan-
tages of each technique and results of the study will en-
able us to use sufficient exercise for each person 
separately.

Anthropometric traits, generated forces and differ-
ent modes of arm coordination differentiate genders [17, 
18]. It was expected that sexual dimorphism could also 
be manifested in the results of the movements under 
study.

Material and methods

Thirty six students (15 males and 21 females) took 
part in the study (Tab. 1). Prior to participation, all sub-
jects signed informed consent forms.

The first stage of the study consisted in measuring 
the time of swimming a distance of 15 m (in the shortest 

time) to determine the velocity of swimmers. Partici-
pants started from horizontal position without push-off 
from the wall. They swam breaststroke without kicking 
with a swimboard between legs.

In the second stage, recordings were taken of the 
force produced by the subject’s upper limbs during 
breaststroke and front crawl simulation using a swim-
ming ergometer (Weba, Germany) (Fig. 1). The two 
strain gauges were mounted between the hand pads and 
the ropes to measure the forces generated by each hand 
separately. Pulling forces, after amplifying, were re-
corded on a personal computer. The task of the subject 
was to simulate ten cycles of arms in breaststroke with 
the intensity equal to that performed during test in wa-
ter. The first five cycles were to reach the right perform-
ance and then to sustain it. After the break participants 
executed ten cycles of front crawl. Force signals were 
recorded at 100 Hz. Then they were low pass filtered at 
25 Hz. Propulsion phases of the 6th, 7th and 8th cycles of 
each technique were used to compute the coefficient of 

Table 1. Mean and standard deviation (SD) parameters characterizing the groups tested

Males 
(n = 15)

(mean ± SD)

Females 
(n = 21)

(mean ± SD)
t p

Age (years) 21.7 ± 0.4 22.0 ± 0.6 –1.62 0.112
Body mass (kg)* 80.5 ± 9.5 57.4 ± 6.3 8.80 0.000
Body height (cm)* 181 ± 7 166 ± 6 6.78 0.000
Velocity (m/s)* 0.92 ± 0.12 0.69 ± 0.13 5.56 0.000

* level of significance was set up at p < 0.05, df = 34

Figure 1. The research stand
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dynamical asymmetry (Asym) according to the equa-
tion (adapted by the author [12]):

Asym – the coefficient of dynamical asymmetry,
N – number of samples in a cycle,
X

Li
 – force generated by the left upper limb,

X
Ri

 – force generated by the right upper limb.
Relative asymmetry (RAsym) was calculated by com-

paring the coefficient of dynamical asymmetry with 
maximal force generated (Fmax) [19].

Statistical analysis was made by Statistica package. 
The Shapiro-Wilk normality test was applied to exam-
ine the distribution of variables. Next a t-test was per-
formed on each parameter in order to detect differences 
between the techniques and groups under investigation.

Results and discussion

The velocities measured during swimming revealed 
that both men and women showed moderate skills (Tab. 
1) [13, 14, 20, 21]. So, selected material was adequate for 
the purpose of the study.

During breaststroke simulation the lower asymme-
try of the upper limbs was observed for both genders 
(Tab. 2). It was statistically significant only for women 
(Fig. 2). They achieved better results than men for both 
techniques being studied. Probably, this was due to 
lower magnitudes of Fmax generated by the females.

During daily activities translational symmetry 
movements are performed more often than mirror ones, 
for instance, in locomotion. However, lower asymmetry 
during breaststroke could be the benefit of program-
ming movements with identical motor parameters [16]. 
In this way, the tendency of the human body towards 

Table 2. Values of maximal force, dynamical and relative asymmetry for movements under study 
(mean and standard deviation)

Males 
(n = 15)

(mean ± SD)

Females 
(n = 21)

(mean ± SD)
t p

Fmax in breaststroke (N)*  159.9 ± 37.6  113.1 ± 15.5 5.15 0.000

Fmax in front crawl (N)*  164.2 ± 26.8  111.4 ± 17.0 7.23 0.000

Asym in breaststroke (N)*  13.9 ± 4.9  8.7 ± 3.1 3.89 0.000

Asym in front crawl (N)  17.7 ± 5.7  14.7 ± 5.9 1.51 0.140

Rasym in breaststroke (%)  9 ± 2  8 ± 3 1.32 0.196

Rasym in front crawl (%)  12 ± 5  14 ± 4 –1.04 0.305

* level of significance was set up at p < 0.05, df = 34

Figure 2. Dynamical asymmetry during breaststroke and front crawl for men and women
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simultaneous activation of homologous muscles could 
be manifested. Some studies emphasize the importance 
of the congruency of the effects rather than symmetry 
of muscles or motor commands in bimanual coordina-
tion [22, 23]. 

On the other hand, sometimes alternative move-
ments diminish synchronization of the motor units [24]. 
They offer more variable muscle activity and a greater 
number of torque strategies in performing movement 
[25, 26]. During alternative movements limbs might 
have manifested small differences. Such changes are 
imperceptible even to the best-trained eye but measur-
able by the strain transducers. They can be caused by 
the different limb velocities or trajectories as a result of 
the changes in the synergist and the agonist activity [27, 
28]. Some studies point to inability of the central nerv-
ous system to achieve maximal activation motor units 
due to dispersion of the neural activity to both limbs 
during bilateral movements [29, 30]. In addition, during 
the front crawl the hand’s trajectory is longer. So, front 
crawl provides the better opportunity to perform asym-
metrical movement than breaststroke.

There were statistically significant differences in 
generated maximal force between the groups under 
study (Tab. 2.). Therefore, relative asymmetry coeffi-
cient was used to compare the asymmetry between 
them. It should be emphasized that Fmax magnitudes 
were similar within groups. It means that intensity of 
breaststroke and front crawl simulation was comparable 
but not maximal. Maximal activity would induce higher 
Fmax in alternative movements [29].

Taking into account the differences between genders 
in maximal force, RAsym revealed higher dynamical 
symmetry in breaststroke for women. This agreed with 
Fiłon’s results [31], who observed higher accuracy in 
female swimmers. Translational symmetry movements 
caused bigger problems to women as the magnitude of 
asymmetry was higher than for the men (Fig. 3). Al-
though alternative movements are thought to be more 
natural they are more complicated for the central nerv-
ous system [16]. This task could be more difficult for 
women due to their lower spatial ability resulting from 
the different organization of brain hemispheres [32]. 
During the front crawl each upper extremity disap-
peared from view and this could cause some problems 
in motor control. Barrett et al. [33] observed that gender 
differences emerged only when participants performed 
movements with high velocity. He claimed that women 
were less able to adjust to perturbation at high intensity. 
During the front crawl simulation frequency of move-
ments could be higher. This was the situation that the 
greater degree of biological stress may reflect a reduc-
tion in control of movement [34]. 

The present study was performed on swimming er-
gometer. Therefore, it is not known how the results of 
this study generalize to water locomotion, although one 
would expect similar results. To be sure they should be 
repeated during swimming. Despite this limitation, the 
results of the present study provide new evidence for the 
usefulness of mirror and translational symmetry move-
ments to symmetrize the upper body.

Conclusions

Breaststroke movements demonstrated lower dy-
namical asymmetry of the upper limbs than front crawl 
ones both for men and women. It might appear that 
males can use interchangeably the two techniques dur-
ing symmetrization. However, for women, first of all 
the mirror symmetry movements should be used.

So, selection of exercises for symmetrization of the 
movements of the upper limbs should be based on the 
gender factor, too.
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Introduction

Rock climbing has gained in popularity and has 

been recognized as a competitive sport by the Interna-

tional Olympic Committee [1]. The International Fed-

eration of Sport Climbing (IFSC) was set up in 2007 as 

a continuation of the International Council for Competi-

tion Climbing which had been in existence since 1997. 

The IFSC was established in order to regulate competi-

tion climbing to meet Olympic Games requirements. 

Compared to other sports, little research has been done 

on sport climbing; however biomechanical and physio-

logical approaches have been intensified in recent years 

[2–4]. 

Rock climbing demands extreme engagement of the 

upper extremity muscles, especially finger flexors. Sus-

tained and intermittent isometric forearm muscle con-

tractions provide upward propulsion and balance keep-

ing, especially on overhanging routes [5, 6]. A level of 

the relative strength of these muscles is a factor limiting 

climbing performance, since a climber must support 

and lift his/her body acting against a body weight. Pro-

longed contractions at maximal and submaximal level 

cause a significant loss of strength as a result of grow-

ing fatigue [1, 7]. During one training session climbers 

usually make several ascents. It can be assumed that 

they choose routes due their individual climbing abili-

ties. The aim of the study was to reveal a possible rela-

tionship between maximal gripping force and climbing 

ability as well as to compare decrements in handgrip 

caused by training session in male and female climbers 

of various climbing abilities. 

Material and methods

Seventy-four climbers (49 males and 25 females) 

volunteered to participate in the study. Characteristics 

of the groups tested are presented in Tab. 1.

The subjects self-reported their climbing abilities as 

a grade of the most difficult ascent they have ever made. 

Climb grade was expressed in a quantitative Australian 

scale. Each subject took part in a ninety-minute climb-

ing session on artificial wall. Grip force of both hands 

(dominant and non-dominant) was measured twice – 

before the training session and after the last climb while 
*The study was supported by AWF grant DS-96
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ABSTRACT
Purpose. The purpose of the study was to reveal a possible relationship between maximal gripping force and climbing ability as well 
as to compare a decrease in handgrip force caused by training session in male and female climbers. Basic procedures. Seventy-four 
climbers (49 males and 25 females) took part in a climbing session on artificial wall. Grip force of both hands was measured twice – 
before and after the training session. Main findings. The subjects self-reported their climbing abilities in a quantitative Australian 
scale. In both groups, climbing ability correlated with handgrip force related to body mass. Relative force significantly decreased 
(F

1,72 
= 53.2, p < 0.001) post-exercise from 6.83 ± 1.16 to 5.96 ± 1.18 N/kg in males and from 5.43 ± 0.91 to 4.94 ± 0.84 N/kg in 

females. The decrease was significantly greater in male climbers (F
1,72 

= 4.11, p < 0.05). Conclusions. Less decrease in strength post-
climbing in female can positively affect their climbing ability and compensate lower relative handgrip strength. Women should draw 
more attention to maximal strength training while men to climbing technique and endurance.

Key words: climbing, handgrip, fatigue

POST-EXERCISE DECREASE IN HANDGRIP FORCE FOLLOWING 
A SINGLE TRAINING SESSION IN MALE AND FEMALE CLIMBERS*
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subjects were leaving the training hall. Measurements 

were done in standing position using hydraulic hand 

dynamometer. Subjects made two attempts for each 

hand, and the highest reading was taken for further 

analysis. Handgrip forces were related to body mass. 

Spearman’s correlation was used to evaluate relation-

ships between variables. The U-Mann-Whitney test and 

the three-way ANOVA for repeated measures were uti-

lised for the comparison of means. Grouping factor of 

GENDER (male and female) and repeated factors of 

HAND (dominant and non-dominant) and MEASURE-

MENT (before and after training session) were taken 

into consideration. Significance level was set at α = 0.05. 

Results

The climbing ability (expressed in a quantitative 

Australian scale) in males did not differ significantly 

from that in females (20.00 ± 5.07 and 17.84 ± 4.08, re-

spectively). In both groups climbing ability was corre-

lated with relative handgrip force (Spearman’s 

R = 0.529 and 0.722, for males and females, respective-

ly). Relationship between climbing ability and relative 

handgrip is presented in Fig. 1. 

The ANOVA for repeated measures confirmed obvi-

ous significance of main effects: difference between the 

relative handgrip force measured in dominant and non-

dominant hand (effect HAND: F
1,72 

= 63.02, p < 0.001) 

as well as the difference between the handgrip in male 

and female (effect GENDER: F
1,72 

= 23.55, p < 0.001). 

The mean relative force (averaged for both hands) de-

creased significantly (effect MEASUREMENT: 

F
1,72 

= 53.2, p < 0.001) post-exercise from 6.83 ± 1.16 N/kg 

to 5.96 ± 1.18 N/kg in males (13%) and from 5.43 ± 0.91 

Table 1. Characteristics of male and female climbers participating in the study

Males (n = 49) Females (n = 25)

Variable Mean ± SD Range Mean ± SD Range

Age (years)  27.4 ± 7.6 16–48  25.4 ± 7.2 16–47

Body mass (kg)  74.6 ± 8.6 66–93  55.6 ± 6.0 43–65

Body height (cm)  178.5 ± 6.8 166–198  167.0 ± 5.1 160–180
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to 4.94 ± 0.84 N/kg in females (8%). Moreover, the de-

crease in relative force was greater in male than in fe-

male climbers (interaction GENDER x MEASURE-

MENT: F
1,72 

= 4.11, p < 0.05). There were no effects of 

interaction between HAND and MEASUREMENT 

(F
1,72 

= 0.074, p n.s.) as well as HAND and GENDER 

(F
1,72 

= 0.005, p n.s.). Mean (± SD) handgrip forces are 

presented in Fig. 2.

Discussion

It has been shown that climbing ability correlates 

with relative handgrip strength, which is in line with 

literature [2, 7]. According to the opinions presented in 

the literature it can be even stated that climbing ability 

depends on maximal strength of forearm muscles. 

However, some authors do not recommend handgrip 

dynamometry for strength evaluation in climbers [4] 

since it lacks specificity to climbing. However, handgrip 

measurements were used in the present study because 

of their simplicity and accuracy. A significant decrease 

in handgrip strength following climbing performance 

was also reported by other authors [1, 8]. Studies on 

climbing that have measured handgrip maximal volun-

tary contraction have produced equivocal results. Watts 

et al. [8] reported even a 22% decrease in handgrip 

strength after lead climbing. In that study handgrip 

force continued to be lower than resting values 20 min 

after the climb. In the present study, the decrements 

were lower (13% and 9% for males and females, respec-

tively), because the last measurement was not done im-

mediately after the last ascent but while a subject got 

out of the training hall. The most important findings of 

this study concern interaction effects. It is obvious that 

men are stronger than women or that dominant hand is 

stronger than non-dominant one. Lack of interaction 

between effects of HAND and MEASUREMENT 

means that there is no evidence that climbers’ dominant 

and non-dominant hands get unequally fatigue during 

performance.

Interaction between GENDER and MEASURE-

MENT means that average decrease in handgrip was 

different in male and female group. As the decrease in 

handgrip is a sign of fatigue, one can conclude that 

women were less fatigued. Climbing ability of women 

participating in the study did not differ from that of men, 

while relative handgrip of women was significantly low-

er than that of male climbers. This may indicate that 

women use climbing technique in a more effective way. 

It is known [9] that male climbers, especially young 

ones, rather tend to use more strength while solving the 

climbing problems. This may cause injuries, because the 

greater the exposure to overloading, the greater the like-

lihood of sustaining hand injuries [10, 11]. Dramatic loss 

in handgrip force restricts the climbing ability, as well, 

which cannot be neglected from the safety point of view. 

Less decrease in strength post-climbing in female can 

positively affect their climbing ability and compensate 

lower relative handgrip strength. It appears that there 

should be a different focus in men and women as regards 

climbing training. Women should draw more attention 

to maximal strength training while men to climbing 

technique and endurance.
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Introduction

Good sport results in alpine skiing depend on skiers’ 
general fitness preparation, technical skills as well as 
the quality of equipment, suits and waxing. A very im-
portant component of the final success is also proper 
course running tactics. 

The course running tactics expressed in biomechani-
cal quantities include: (a) choice of course line between 
the gates (optimization of the course run); (b) choice of 
running technique, accounting for relief of the trail and 
snow conditions (minimization of air drag and snow 
friction); (c) choice of proper velocity at particular sec-
tions of the course regarding the course geometry; and 
(d) distribution of velocity along the entire course (to 
complete and endure the run in the most efficient way 
possible, without running off the trail, hitting the poles, 
or sustaining injuries). According to Weibel [1] the most 
challenging elements of the course for alpine skiers are 
steepness, small offsets between the gates, sinusoidal 
sections of the course (angles of deviation) and changes 
of the running rhythm. Unfortunately, the concept of 

velocity distribution, although significant, has been 
rarely subject to serious research. Having consulted top 
FIS World Cup trainers and skiers the authors noted 
their general negligence of tactical aspects of velocity 
distribution along the entire skiing course. 

At the turn of the 20th and 21st centuries course run-
ning in alpine skiing was fragmentarily studied. The 
aspects researched included inter-gate way, centrifugal 
forces, the influence of body build on running, tech-
nique of running and forces between the ski boot and 
the binding as well as between the ski boot and the ski 
[2–5].

Erdmann et al. [6–11] studied the setting of gates 
along the giant slalom course and velocity distribution 
along the entire course. Their investigations were made 
with the use of measuring tape applying the triangula-
tion formula, and with a goniometer for measuring the 
angles of inclination. Other studies used a theodolite 
(a surveying instrument). The time of course comple-
tion as well as inter-gate times were obtained from the 
video footage from the camera positioned at the finish 
area of the FIS World Cup courses. Then the velocity 
and its distribution along the entire course were calcu-
lated. The data obtained was used for assessment of all 
skiers’ course running tactics. It was observed that *Corresponding author.
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ABSTRACT
Purpose. The aim of the overall research on alpine skiing was examination of the biomechanical approach to tactics of running 
a course. The aim of this particular paper was presentation of first results on the geometry of courses of four disciplines. Basic 
procedures. The research covered competitions of alpine skiers during the 2006/2007 FIS World Cup. All four alpine skiing 
disciplines, i.e. downhill, super giant, giant slalom, and slalom, were taken into account. Each discipline was studied three times: in 
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course was calculated. Main findings. The first data on geometry of the ski courses revealed a large difference in vertical drop and 
length between the disciplines, with the angles of inclination, however, being similar. Conclusions. The knowledge of detailed 
geometry of ski courses is important since up to one-third of competitors do not finish particular runs. It happened that as many as 
ten skiers ran off the course at the same gate.

Key words: alpine skiing, downhill, super giant, giant slalom, slalom, tactics, geometry, course 

BIOMECHANICS OF TACTICS OF RUNNING A COURSE IN FOUR 
ALPINE SKIING DISCIPLINES: FIRST COURSE GEOMETRY RESULTS

2008, vol. 9 (2), 124–127

HM_2008_02_124_127_erdmann_biomechanics_d.indd   124 2009-01-08, 10:26:01



HUMAN MOVEMENT

125

W. S. Erdmann, P. Aschenbrenner, Biomechanics of tactics of running a skiing course

a number of skiers raced too actively at the initial parts 
of the course. They gained some better time initially but 
finished later, ran off the trail or failed to complete the 
run. 

The general purpose of our research was to examine 
the biomechanics of tactics of running an alpine skiing 
course in four disciplines: downhill (DH), super giant 
(SG), giant slalom (GS) and slalom (SL). The present 
paper reveals the first results on the geometry of skiing 
courses. 

Material and methods

The study sample consisted of skiers taking part in 
the 2006/2007 FIS World Cup. 54 to 82 alpine skiers 
took part in each discipline. Each of the four alpine ski-
ing disciplines was examined three times: in Selva 
Gardena/Wolkenstein (Val Gardena/Gröden) and La 
Villa (Alta Badia) in Italy, Hinterstöder (Austria), Gar-
misch-Partenkirchen (Germany), Kranjska Gora (Slov-
enia) and Lillehammer-Kvitfjel (Norway).

The setting of the gates on all the skiing courses un-
der study was examined using the Differential Global 
Positioning System (DGPS), with one fixed GPS refer-
ence station and the other placed at every pole around 
which a given skier made his turn. The accuracy test of 
DGPS carried out from a ski lift registered the course 
run in a straight line. Additionally, the video footage of 
each skier’s run from the big broadcast screen at the fin-
ish area was used for analysis. The video recording 
yielded data on skiers’ times while passing next to con-
secutive gate poles. The obtained inter-gate times and 
distances allowed calculating the mean velocity be-
tween the gates as well as assessing the tactical distribu-
tion of velocity along the entire course.

Results

The study results concerning the geometry of selected 
alpine skiing courses revealed great differences in the 
length and vertical drop of the courses. Fig. 1 presents a 
comparison of the skiing courses under study (top view). 
The curve shows a set of distances between the gates. 
Fig. 2 presents a sample course with the setting of gates 
around which the skiers made their turns. Fig. 3 shows a 
comparison of profiles of courses of the four skiing disci-
plines, formed by descent lines running through the 
gates. A sample profile and its axonometric projection 
showing the setting of the gates are shown in Fig. 4. 

Figure 1. Sample views of courses of four alpine skiing 
disciplines: DH – downhill, SG – super giant (Val Gardena, 

Italy), GS – giant slalom, SL – slalom (Alta Badia, Italy)

Figure 2. Sample setting of gates on the slope – giant slalom, 
Alta Badia (Italy)
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Discussion

The organizers of alpine ski competitions provide 
information about the elevation of the course start and 
finish as well as about slope characteristics. These data 
enabled calculation of the vertical drop. They also give 
information about the length of the course, however 
without the geometry of gates setting. Detailed know-
ledge about the geometry of a ski course, which ac-
counts for the setting of the gates, in particular, about 
the setting of turning poles can definitely contribute to 
skiers’ faster completion of the run. The organizers usu-
ally allow trainers and skiers to get acquainted with the 
geometry of the course and gates for one hour before 
the competition. Unfortunately, a configuration of sev-
eral dozen gates is difficult to remember, thus it hap-
pens that about one-fourth or even one-third of partici-
pating skiers fail to complete the run. The run comple-
tion can be also affected by skiers’ improper distribution 

of physical effort. As Aschenbrenner [12] observed in 
his study of alpine skiers during the Winter Olympic 
Games in Lillehammer, competitors who had the best 
times after covering one-fourth or one-third of the en-
tire distance, were not able to maintain the same level of 
activity until the end and finished their runs with much 
worse times.
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Introduction

Modern qualified sport involves constant improve-
ment of effectiveness of the process of athletes’ training 
and obtaining high sport results. The modern scientific 
and technological development allows this process and 
facilitates solving practical problems in sport.

One of the most fundamental issues in contempo-
rary sport is the search for the most effective means of 
selection of future athletes. The process of selection 
should account for proper differentiation between ath-
letes and correct identification of the most outstanding 
candidates for further training leading to the champion-
ship level. 

A number of earlier studies concerning selection in 
sport [1–3] focused on the so-called “championship 
model” for particular sports. By way of observations 
and examinations of sport champions the authors de-
fined athletes’ major traits and qualities. They assumed 
that achieving the critical values of the “championship 
model” was necessary and entirely sufficient to ensure 

success in sports competition. This assumption can be 
accepted in some sports, e.g. individual sports, but not 
in team sports, where cooperation and interaction in 
changing situations as well as social and organizational 
effects are involved. The championship model approach 
excludes the phenomenon of “equifinality” thanks to 
which players with different structures of traits, abilities 
and talents achieve similar sports results. 

Ontogenetic identification of children and adoles-
cents with abilities or talents for sports from the auto-
telic standpoint has been subject to numerous research 
studies in the areas of anthropomotorics or psychology 
[4–10]. According to Panfil [11], if significant correla-
tions between a trait or ability and effectiveness of ac-
tion are observed, then such traits or abilities are un-
derstood as dispositions to practice a given sport. An 
important aim of studies facilitating solution of prob-
lems in modern sports is the heterotelic approach 
which highlights young players’ predispositions, dispo-
sitions and interdispositions specific for a given sport 
(Fig. 1).
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Purpose. Proper multi-level selection of talented youth is one of the fundamental aspects of qualified sport. The common autotelic 
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The holistic model of sport playing dispositions 

The understanding of factors conditioning the 
achievement of objectives in a team game is possible 
with the aid of a number of relatively isolated sciences 
(each featuring its own axiology, research methodology 
and language). However, sciences which do not make 
up for a synergy of knowledge, fail to yield a multi-fac-
tor analysis of player’s actions. Thus, an interdiscipli-
nary and systemic approach seems more reasonable. 
Such an approach, according to Panfil [11], relies on the 
cooperation of representatives of different sciences on 
the model of mutual relationships between playing dis-

positions and situations during a game, which indicate 
the player’s skills to act. The model of playing interdis-
positions, based on the player’s individual traits and 
abilities displayed in changing game situations was sug-
gested by Superlak [12] (Fig. 2).

Adopting Panfil’s postulates of praxeology of sports 
games [13] two concepts: dispositions and interdisposi-
tions can be applied. Since the player’s body is a coher-
ent, complex and dynamic entity, the player’s particular 
ontogenetic dispositions can form an interdisposition. 
According to Panfil [13] interdisposition is an arrange-
ment of interrelated ontogenetic dispositions, which 
leads to formation of a new quality, which is not a mere 

Figure 1. Ontogenetic traits and abilities and objective setting

Objective setting Ontogenetic traits and abilities

Internal objective (autotelic) makings abilities talents

External objective (heterotelic) predispositions dispositions interdispositions

Figure 2. Simplified hypothetical model of dispositional synergy affecting the player’s skills in a game
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direct sum of the constituent dispositions. Interdisposi-
tions are formed through internal synergic effects relat-
ed to players’ psychophysical capabilities.

On the basis of existing research literature as well as 
the author’s own long-term coaching and research expe-
rience an original model of identification of volleyball 
playing dispositions was developed, which accounted 
for the holistic approach to factors conditioning playing 
skills. The aim of the study was to exemplify a theoreti-
cal model based on the identification of individual dis-
positions of young volleyball players who won the Eu-
ropean Cadet Volleyball Championship. 

Material and methods

The research sample consisted of 12 volleyball play-
ers, aged 15 years, who had been selected for the Polish 
national team (out of 1500 candidates from all over Po-
land), following  a two-year training and a multi-stage 
selection process. Considering the specificity of volley-
ball as well as the level and range of specific player’s 
skills conditioned by the player’s structure of ontoge-
netic dispositions, the national team coach made partic-
ular players take the positions of setter, center and re-
ceiver.

The following tests were used for identification of 
the young volleyball players’ dispositions: 
• somatic features – body height (cm), body mass (kg), 

one-arm’s reach in a standing position (cm) and two-
arm reach in a standing position (cm);

• fitness test – running jump with one arm up (cm), 
standing jump with both arms up (cm), dynamic 
force – overhand 3-kg medicine ball throw, speed 
test – 10-m run (s), locomotive speed – running with 
a direction change (envelope run) (s);

• coordination skills test – speed of psycho-motor re-
sponses to visual signals [13];

• test of specialist knowledge [14]; test of intellectual 
potential [15].
The tools for measurement of somatic parameters 

and fitness, which have been used for research for sev-
eral years, were selected by a team of outstanding vol-
leyball experts appointed by the Department of Train-
ing of the Polish Volleyball Association. They were 
standardized using the precise descriptions of measure-
ment conditions and tests.

The low, average and high results of different varia-
bles (measured on different scales) were compared us-
ing standardized results. The results with higher than 
average values (above one or two standard deviations) 
have been set in bold in Tab. 1. 

Table 1. Ontogenetic profiles of 15-year-old volleyball players – candidates for the Polish national cadet volleyball team

Traits and abilities
Players (positions on the court)

Receivers Centers Setters
Ś.J. G.M. S.B. Ja.B. B.Z. K.M Ch.M. S.M. K.W. J.B. Ł.G. K.P.

Body height (cm) 187 188 187 185 190 202.5 190 197 191 191 179 184
Body mass (kg) 77 70 74 65 69 89 80 90 70 63 69 68
Rohrer’s index 1.13 1.05 1.13 1.03 1.01 1.07 1.17 1.18 1 0.9 1.2 1.09
One-arm’s reach (cm) 248 252 242 246 254 265 258 262 250 254 237 242
Two-arm reach (cm) 246 247 238 241 250 260 252 256 248 251 234 138
Running jump (cm) 330 321 317 317 331 330 317 325 316 314 312 295
Standing jump (cm) 306 295 302 303 310 315 303 310 296 302 295 282
Jumping ability (running) (cm) 82 69 75 71 77 65 59 63 66 60 75 53
Jumping ability (standing) (cm) 60 48 64 61 60 55 51 54 48 51 61 44
Dynamic force of shoulder 
girdle muscles (m) 

8.5 7.9 9.4 10.8 7.9 7 9.3 11 9 7.7 8.8 7

Envelope run (s) 13.89 15.15 14.54 14.08 15.08 15.25 15.55 15.72 16.09 15.42 14.38 15.53
10-m run (s) 1.78 1.77 1.61 1.54 1,59 1.81 1.84 1.69 1.72 1.73 1.6 1.72
Psychomotor response time (s) 19.78 9.16 17.08 12.36 22.44 14.19 10.26 10.52 12.48 18.73 12 10.19
Test of specialist knowledge (%) 39.54 40.08 28.2 36.16 40.53 25.28 37.43 14.28 46.44 23.28 40.03 34.13

Answer time of specialist 
knowledge test (min)

5.54 5.08 5.2 6.16 6.53 6.28 6.43 5.28 6.41 6.28 7.03 6.13

Test of intellectual potential 100 85 115 102 100 65 100 92 105 100 110 125

Answer time of intellectual 
potential test (min)

10.35 7.1 8.27 7.32 7.34 11.3 9.35 5.08 9.33 7.2 7.13 9.15
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Results

Empirical verification of the theoretical model

The young players under study were characterized 
in terms of their volleyball playing dispositions and 
skills in the somatic, motor and intellectual spheres. 
Each player featured a compilation of dispositions and 
abilities constituting specific ontogenetic structures. 
Only in the case of somatic structure did all subjects 
feature a leptosomatic body build. All the centers fea-
tured above the average body height, which is a basic 
criterion of selection for players in this particular court 
position (Tab. 1). 

The results obtained show that the majority of sub-
jects (eight players) featured a high level of specialist 
knowledge, but only few (two players) reached high re-
sults in the test of intellectual potential. Apart from the 
variables mentioned above the main factors affecting 
the players’ intellectual potential include the speed of 
situation assessment and decision making: above the 
average task-solving times were obtained by four play-
ers (specialist knowledge test) and one player (intellec-
tual potential test), respectively.

In accordance with the theoretical model, it can be 
noted that better than average results obtained by the 
young volleyball players constitute their playing dispo-
sitions, whereas the relationships between them consti-
tute playing interdispositions determining the level of 
action play displayed by the European champions. 

Each subject featured a certain number of individual 
variables at a level better than average, which can be 
classified as somatic, fitness and intellectual. Using a 
qualitative ordering of the variables under study and 
their correlations the following interdispositions were 
identified: somatic-intellectual, fitness-intellectual and 
somatic-fitness-intellectual. 

In two cases the individual variables constituted the 
same disposition category. The dispositions with better 
than average values (above one standard deviation) can 
be considered to be a somatic-intellectual interdisposi-
tion (Tab. 2–4).

Discussion

 

The foundation of good selection in sport is seeking 
– using rational criteria – young people holding promise 
of their effective development of skills and abilities. 
Each sport requires specific traits and abilities which 

significantly determine the development of top level 
athletes. Thus the process of ontogenetic identification 
of young athletes should involve a heterotelic approach 
aimed at a multi-level selection of the most talented in-
dividuals from the vantage point of a given sport. 

Table 2. Interdispositional profiles of volleyball players 
(centers) – members of the Polish National Cadet 

Volleyball Team

Player Dispositions Interdispositions 
S.M. somatic

fitness
intellectual

somatic–fitness–intellectual

K.W. somatic
intellectual

somatic–intellectual

J.B. somatic –

Table 3. Interdispositional profiles of volleyball players 
(receivers) – members of the Polish National Cadet 

Volleyball Team

Player Dispositions Interdispositions
Ś.J. somatic

fitness
intellectual

fitness–intellectual

G.M. somatic
fitness

intellectual

somatic–fitness–intellectual

S.B. fitness
intellectual

fitness–intellectual

Ja.B. fitness
intellectual

fitness–intellectual

B.Z. somatic
fitness

intellectual

somatic–fitness–intellectual

K.M. somatic
fitness

somatic–intellectual

Ch.M. somatic
fitness

intellectual

somatic–fitness–intellectual

Table 4. Interdispositional profiles of volleyball players 
(setters) – members of the Polish National Cadet 

Volleyball Team

Player Dispositions Interdispositions
Ł.G. fitness

intellectual
fitness–intellectual 

K.P. intellectual –
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Somatic features and motor skills required in volley-
ball have been subject to a number of research studies 
[12, 16–18]. Klocek and Żak [19] propose that the main 
factors determining effectiveness of action in volleyball 
are speed-strength abilities and speed abilities. It is 
highly significant that the results of numerous studies 
on selection of players in volleyball have been used in 
the volleyball coaching practice in Poland. 

Any action during a game involves a conscious or 
spontaneous choice of alternatives based on the player’s 
intelligence and the level of specific knowledge about 
the game [20] which improves with the player’s sport 
experience [21]. Miedzińska [22] in her study proposed 
a correlation between reaction time and the level of gen-
eral intellectual ability. According to her, “faster” indi-
viduals feature a higher IQ than “slower” ones. A simi-
lar observation was made by Nęcka [23], who revealed 
that more intelligent people featured a greater speed and 
volume of information processing. These results show 
that reaction time can be a significant indicator of better 
intellectual capacity. A player’s level of specialist 
knowledge about the game as well as his or her experi-
ence gained during competition affect, according to 
Naglak [24], the development of a specific perception 
which enables the player’s functioning in dynamic and 
constantly changing situations during the game. The 
perception of a situation is based on such intellectual 
functions as understanding, anticipating, assessing and 
concluding. 

The proposed model of holistic approach to volley-
ball playing dispositions was verified in the process of 
ontogenetic identification of young volleyball players 
who won the European championship in cadet volley-
ball. Using Panfil’s praxeological criteria of interdisci-
plinary ontogenetic assessment of athletes [11], the vol-
leyball players were characterized in view of playing 
interdispositions. The results obtained show that young, 
talented volleyball players feature diverse structures of 
dispositions, which may form interdispositions being 
synergic effects of correlations of different individual 
traits and abilities. 

Conclusions

The interdisciplinary methodology used in research 
of ontogenetic determinants affecting the development of 
special skills is appropriate. The holistic approach to on-
togenetic dispositions of individual players with diverse 
ranges and levels of skills and abilities validates the phe-

nomenon of equifinality in sport. Equifinality still re-
quires a proper didactic approach, but it must not be ig-
nored in the process of training talented individuals. 
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Introduction

Physical education is a universal, mandatory, sys-

tematic and curricular form of participation in physical 

culture. It is commonly regarded as the most important 

form of lifetime physical activity. However, statistics 

show that the effectiveness of physical education leaves 

much to be desired, as the percentage of adults in devel-

oped countries, who lead an active lifestyle is, euphe-

mistically speaking, highly unsatisfactory [1]. The 

problem of the low level of physical activity, which is 

insufficient to meet the biological needs of human body, 

is also a serious public health problem of Polish adoles-

cents. Woynarowska [2, 3] revealed that only 35.3% of 

subjects declared undertaking physical activity at the 

recommended level (60 min a day, 5 days a week), 

whereas 24% took part in physical activity at a “very 

low” level (0 to 2.5 days a week). Additionally, the level 

of participation of school youth in physical education is 

not always satisfactory, and some studies show that it 

declines along with completed levels of school educa-

tion [4]. Bukowiec’s research [5] showed that physical 

education was rarely considered to be a source of an ac-

tive lifestyle. According to Bukowiec only 33.4% of 

subjects admitted that they followed a physically active 

lifestyle because they had been inspired by their PE 

classes, and for more than 10% physical education at 

school was actually a discouraging factor to undertake 

physical activity. There are various reasons for such ob-

servations. Some are related to the methodological mis-

takes made by PE teachers who fail to identify with 

their own profession; some can derive from the domi-

nant and constantly applied model of PE teaching, 

which stresses physical fitness and favors more physi-

cally fit students. This tendency was once described by 

one of the most outstanding Polish theorists of physical 

education as “physical education for the fittest” [6]. 

What follows is alienation of less able children from 

physical education, who are not able to find their place 

in PE classes imbued with competition [7]. These prob-

lems are not only characteristic of Polish schools [8]. 

Pedagogues and psychologists of physical culture, 

who seek different ways of enhancement of pedagogical 

effectiveness of physical education, have been taking 

a growing interest in application of self-determination 

theory (SDT) developed by Deci and Ryan [9, 10], 
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which has already been successfully used in other areas 

of school education. The assumptions of SDT can be 

described as follows:

1. There are a few types of motivations, known as 

behavioral regulations, which can be aligned along 

a continuum, from extrinsic motivation, through four 

behavioral regulations, to intrinsic motivation. This 

continuum reflects an increase in self-determination 

understood as internalization of extrinsic motives, i.e. 

assimilation of originally external behavioral regula-

tions. The behavioral regulations include: 

• Amotivation – lack of intention to undertake physi-

cal activity, often due to incompetence, lack of val-

ues supporting physical activity and failure to notice 

the link between undertaken actions and expected 

results. 

• External regulation – identified with the traditional 

concept of extrinsic motivation, refers to doing 

something for the sole purpose of achieving a reward 

(e.g. a good grade) or avoiding a punishment.

• Introjected regulation – refers to partial internaliza-

tion of extrinsic motives. It is fairly superficial and 

can be compared to “swallowed food which has not 

been yet digested” [11, p. 69]. For instance, an intro-

jected regulation takes place when a student comes 

to PE classes just to avoid feeling remorse, to keep 

the PE teacher satisfied or to be perceived as 

a sports-lover by his/her peers. It is therefore an inter-

nally controllable behavioral regulation, expressed 

with feelings such as “I must” or “I should” [11, p. 69].

• Identified regulation – is undertaking an activity by 

an individual identifying with the values of the ac-

tivity (e.g. health, fitness, body shape) to the extent 

that it becomes autonomous. Identified regulation is 

a voluntary behavior, even if the activity itself is not 

pleasant. It is still considered to be a sort of external 

regulation as regards its focus on the outcome of the 

activity than the activity itself (“I want to … because 

I know it is important to me”). 

• Integrated regulation – is identification with the val-

ues and meanings of the activity to the extent that it 

becomes fully internalized and autonomous. It is in-

tegrated with EGO and is voluntary – like identified 

regulation – but undertaken following one’s personal 

aims and values (“I exercise because I am an active 

person and I care about my own health”). As this 

type of regulation requires full development of one’s 

own identity, it is considered rare among children 

and youth. Thus integrated regulation is not diag-

nosed with research tools recommended for groups 

of children and youth. 

• Intrinsic motivation – is undertaking an activity for 

the activity’s sake: the source of satisfaction and 

stimulation is the activity itself, not its results. Al-

though intrinsic motivation does not ignore such 

outcomes as health, fitness or body shape, they are 

rather treated as the activity’s “welcome side effects” 

rather than its own sources.

2. The behavioral regulations in a person’s moti-

vational profile determine the level and length of an un-

dertaken activity. They also control the person’s feelings 

and convictions during performing this activity. It has 

been assumed that the most beneficial behavioral, cog-

nitive and affective consequences are due to more au-

tonomous (self-determined) types of regulations (intrin-

sic motivation, integration, identification). Thus, for in-

stance, the most determined participants in physical 

culture are those individuals for whom the participation 

is a source of satisfaction and positive stimulation, and 

is at least perceived as the most suitable means for reali-

zation of highly significant and deeply internalized val-

ues of health, fitness and beauty. 

3. Self-determination involves three psychologi-

cal, intrinsic needs: need for autonomy (feeling of being 

free from pressure, i.e. the need to experience one’s ac-

tions as a result of autonomous choice); need for compe-

tence (i.e. the need to experience oneself as capable and 

competent in controlling the environment of the activi-

ty); and need for relatedness (need to experience au-

thentic relatedness from others and to experience satis-

faction in participation and involvement with the social 

world, e.g. with class mates during a PE lesson). The 

perceptions of alienation, rejection and low self-esteem 

in a given context are serious obstacles to deriving satis-

faction from undertaking physical activity as well as to 

the internalization of values involved in this activity. It 

must be emphasized that all kinds of social contexts in 

which an individual functions – e.g. teaching style, mo-

tivational and emotional surroundings, character of peer 

relations, etc. – indirectly affect the student’s motivation 

by way of the abovementioned psychological needs. 

Therefore, how teachers teach is equally important with 

what teachers teach, i.e. activities during class enhance 

self-determined and internalized motivations and meet 

the demands of all students [12]. 

There have been several studies on potential impli-

cations of SDT for school physical education (as well as 

for youth and children sport), which proposed concrete 
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pedagogical actions (see, in particular, [13, 14]). There 

has also been a growing interest in the empirical verifi-

cation of SDT implementation in physical education, 

including an interesting combination of SDT and the 

theory of planned behavior, known as the trans-contex-

tual model, which describes how motivation for physi-

cal education can be used for leisure-time physical ac-

tivity (see model description in [15] and its empirical 

implementation in [16, 17]). 

The studies involving SDT have all hitherto assessed 

consequences of particular types of behavioral regula-

tions as well as social factors contributing to or distort-

ing the fulfillment of the psychological needs for com-

petence, relatedness and autonomy. The consequences 

under study included the level of students’ concentration 

of attention, positive and negative affective reactions, 

preferences in terms of choice of difficult tasks, inten-

tions to undertake leisure-time physical activity, teacher’s 

evaluation of self-evaluation of student’s effort in class 

and intentions to participate in optional physical educa-

tion classes [18–21]. The social variables examined in 

those studies included possibilities of choice during PE 

classes and motivational climate (see [22] for a review of 

literature on motivational climate, and [18, 23, 24] on in-

terplay education). Without any detailed analysis of the 

results of these studies, it can be generally stated that all 

of them confirmed the theoretical assumptions. 

The aim of the present study was to determine 

whether and to what degree perceived competence, au-

tonomy and relatedness affect particular behavioral 

regulations in participation in physical education; and 

whether and to what degree the behavioral regulations 

influence the intentions to take active part in PE classes 

and experiencing of boredom during them? Two re-

search hyphotheses were assumed:

1. The high level of perceived competence, auton-

omy and relatedness is positively correlated with self-

determined behavioral regulations, and negatively cor-

related with extrinsic motivation (external regulation).

2. An increase in self-determined regulations is 

related to firmer intentions to take active part in PE 

classes and to a much lower level of boredom experi-

enced during them.  

Material and methods 

The study was carried out in Katowice, Poland at the 

beginning of the school year of 2006/2007. The study 

sample included 293 middle school and high school stu-

dents. The subjects were to fulfill an anonymous ques-

tionnaire. Cronbach’s coefficient α was used to measure 

the reliability of the instrument. Following Sokołowski 

and Sagan [25] α value of 0.60 was accepted as the limit 

of acceptable reliability level of an instrument. 

The behavioral regulations were measured using the 

Behavioral Regulations in Exercise Questionnaire-2 

(BREQ-2), translated into Polish accounting for the spe-

cific context of the study, i.e. physical education. The 

questionnaire consisted of five subscales on a 5-point 

Likert scale, measuring five behavioral regulations: 

amotivation (e.g. “PE classes make no sense to me at 

all”); external regulation (e.g. “I take part in PE classes 

to keep my parents/teachers satisfied”); introjected reg-

ulation (e.g. “I take part in PE classes, because if I did 

not, I would feel remorse”); identified regulation (e.g. 

“I take part in PE classes because I value the benefits 

from physical exercises”); and intrinsic motivation (e.g. 

“I take part in PE classes because it gives me pleasure 

and satisfaction”). All the subscales were reliable with 

Cronbach’s coefficient α values of 0.64, 0.72, 0.74, 0.82 

and 0.83, respectively. 

The determinants of regulation were measured using 

three sets of positions on a five-point Likert scale: from 

1 (“definitely false”) to 5 (“definitely true”) related to:

1. perceived competence, i.e. perception of one’s 

own motor abilities in the context of physical education 

(e.g. “I think I can perform even the most difficult exer-

cises during my PE classes”); 

2. perceived autonomy in PE classes as a convic-

tion about one’s own choices of the ways of exercise 

performance (e.g. adjusting exercise intensity), co-de-

ciding about undertaking forms of physical activity, and 

possibilities of resolving one’s own doubts (e.g. “In my 

PE classes I can choose exercises I want to do”);

3. relatedness, i.e. perceptions of interpersonal re-

lationships with other students, integration with other 

students, involvement in class activities (e.g. “I can take 

part in a game during PE classes to the same extent as 

others”). 

The reliability of all the three subscales was satisfac-

tory, with Cronbach’s coefficient α values of 0.88, 0.78 

and 0.79, respectively.

Consequences of behavioral regulations were exam-

ined in view of intentions to actively take part in PE 

classes during the current school year, and of the level 

of boredom experienced during PE classes. The inten-

tions were measured on a four-point scale, preceded 

with the following introduction: “Decide which of the 
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following statements describe best your intentions to 

take part in PE classes during the current school year?” 

The statements described four possible situations: regu-

lar participation and full involvement in PE classes; 

regular attendance at PE classes with some involve-

ment; regular attendance at PE classes without active 

participation (e.g. sitting on the bench); and getting doc-

tor’s leave and avoiding PE classes. The experience of 

boredom was assessed using a three-position scale de-

veloped by Ntoumanis [18] (e.g. “I am usually bored in 

my PE classes”) with a Likert scale (1 – definitely no; 

5 – definitely yes) and with Cronbach’s coefficient α of 

0.85. 

The statistical analysis of the obtained data used 

path analysis with the following goodness to fit indica-

tors: χ2/df, RMSEA (Root Mean Square of Approxima-

tion), GFI (Goodness of Fit Index) and NNFI (Non-

normed Fit Index). The acceptable goodness to fit level 

was at χ2/df > 2 – well fit, > 5 – acceptably fit; RMSEA 

< 0.08; GFI > 0.85; and NNFI > 0.80. All calculations 

were made with the Statistica software package. 

Results

The mean values, standard deviations and correla-

tions between variables are presented in Tab. 1. The 

mean values in particular types of behavioral regula-

tions point to a fairly moderate motivational profile of 

the subjects: means for identified regulation and intrin-

sic motivation amounted to 3.81 and 3.52, respectively, 

(i.e. slightly above the threshold of indecisiveness and 

ambivalence). In the case of psychological mediators, 

the highest means were obtained for relatedness (3.90) 

and the lowest for autonomy (3.11).

The original theoretical model (Fig. 1) assumed, first 

of all, a significant impact of competence, autonomy 

and relatedness on all behavioral regulations, with 

a stronger positive influence along the increase in self-

determination; and second of all, an impact of all be-

havioral regulations on the consequences examined. 

Unfortunately, it failed to pass the goodness to fit test 

and had to be revised. The best results were obtained for 

an alternative model presented in Fig. 2: χ2/df = 2.63, 

RMSEA = 0.07, GFI = 0.88 and NNFI = 0.88. The fol-

lowing ß ranges were applied in the analysis: ß = 0.10–

0.30 – weak relationship, ß = 0.30–0.50 moderate rela-

tionship, ß > 0.50 – strong relationship. A variable 

which was most strongly correlated with intrinsic moti-

vation was perceived physical competence (ß = 0.68). 
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The correlation between perceived competence and in-

trinsic motivation to participate in physical education 

can also be regarded as strong. A moderately strong and 

positive influence of relatedness and intrinsic motiva-

tion was also observed (ß = 0.17). Both variables nega-

tively influenced external regulation and amotivation. It 

can be concluded that the higher level of perception of 

one’s competence in the context of physical education 

and of one’s self-esteem as a member in a PE class, the 

lower one’s inclination to be only motivated (or amoti-

vated) by external rewards, punishments or pressure. 

Only the correlations between the two extreme be-

havioral regulations, i.e. amotivation and intrinsic moti-

vation, and the consequences were statistically signifi-

cant. Therefore, as originally assumed, the intention to 

take part in PE classes was positively influenced by in-

trinsic motivation and negatively influenced by amoti-

vation (in both cases the relationship was strong). Re-

verse correlations were noted between intrinsic motiva-

tion and boredom (moderately negative), and amotivation 

and boredom (moderately positive). It means that the 

less sense in taking part in PE classes students see (due 

to their perception of incompetence or lack of fulfill-

ment of affiliative needs), the more boring they find 

them. On the other hand, those for whom PE classes are 

a source of satisfaction are far less inclined to get bored 

during them. 

Discussion

SDT is regarded as one of the most promising theo-

retical approaches to the study of motivation of school 

children and youth, which has already yielded numer-

ous methodological indications for teachers [26]. One of 

the contexts of such research is school physical educa-

tion, which should play an important role in propagation 

of physical activity at large, but it constantly faces the 

problem of students’ reluctance to take part in PE class-

es or participating in PE classes “under coercion.”

The aim of this study was to determine whether and 

to what extent perceived competence, autonomy and re-

latedness affect different types of behavioral regula-

tions to participate in physical education, and whether 

and to what extent the behavioral regulations have an 

impact on intentions to actively participate in PE classes 

and experiencing negative affective reactions (boredom) 

during them. Both research hypotheses have been par-

tially confirmed by the results of this study. The ob-

tained model of causal relationships revealed that the 

theoretical behavioral regulations which were statisti-

cally correlated with theoretical predictors and/or con-

sequences included only amotivation, external regula-

tion and intrinsic motivation. The most significant fac-

tors affecting behavioral regulations turned out to be 

perceived physical competence and relatedness, i.e. the 

perception of being a respected and acceptable, full-

fledged member of a class. What was surprising was 

the fact that the revised model of relationships between 

SDT variables failed to include autonomy, whose role 

had been emphasized by the authors of self-determina-

tion theory [9, 10]. The obtained results might be a re-

flection of the relatively low popularity of activities 

aimed at enhancement of student autonomy in Polish 

schools. This was also noted earlier by an international 

research team led by Hagger et al. [16] in their cross-

cultural study on youth from the UK, Greece, Poland 

and Singapore, using the trans-contextual model. They 

Figure 1. SDT variables and assumed relationships 

between them
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Figure 2. Revised model of relationships between SDT 

variables and affective reactions and intentions
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observed that only among the Polish youth the perceived 

autonomy support had no effect (direct or indirect) on 

their autonomous leisure-time motives, and that the level 

of perceived autonomy support was far lower in the 

Polish population sample as compared with the others. 

Another explanation was offered by Ntoumanis [18], in 

whose study perceived autonomy was shown to be only 

a weak predictor of external regulation (ß = –0.12); 

while the strongest predictor of behavioral regulations 

was, like in the present study, perceived competence, 

which had a positive and significant influence on intrin-

sic motivation and identified regulation, a strong but 

negative impact on amotivation, and moderate, negative 

impact on external regulation. Ntoumanis [18] referred 

to the lack of autonomy support during PE classes, but 

also to the fact that the relative significance of each psy-

chological predictor of behavioral regulations depended 

on their functional significance in a given situation. 

Since perceived physical competence plays a crucial 

role in many forms of physical activity, including physi-

cal education, those who evaluate perceived physical 

competence at a high level will be more inclined to per-

ceive physical education as interesting, pleasant and 

satisfying, and will be more intrinsically motivated to 

participate in physical education, regardless of per-

ceived autonomy. 

The obtained results point to the necessity to orga-

nize classes in such a way as to provide all students with 

a subjective conviction that their current level of physi-

cal abilities (endurance, motor, learning, etc.) is enough 

for them to be competent students. This can be achieved, 

for instance, by development and enhancement of the 

definition of success based on auto-reference criteria 

among the students. The significance of this cognitive 

approach and the possibilities of its development 

through creation of a proper motivational climate in PE 

and sport classes were thoroughly researched in a study 

based on the theory of achievement motivation by Ni-

cholls [27]. He showed that individuals with high task-

oriented motivation (i.e. people who in their assessment 

of their own competences and successes follow, first of 

all, auto-reference criteria, focus on their personal de-

velopment and do not care about their position with refer-

ence to others) feature better adaptability and have more 

opportunities to experience positive affective reactions 

than individuals with a high ego (i.e. those who define 

success and their own competences through normative 

criteria and relatedness to other people’s results). Thus, 

the so-called championship motivational climate, which 

primarily propagates task orientation, should be created 

in PE and sport classes [28]. This model does not ex-

clude elements of competitiveness, providing they are 

incorporated in such a way that they do not lead to the 

elitism of competences among students, reserving them 

for the fittest ones and leaving others out in their con-

viction they are unfit for physical culture. A conse-

quence of low perceived physical competence is reluc-

tance toward physical education. 

The variable of relatedness, related to the level of 

fulfillment of affiliative needs, had a weak positive im-

pact on intrinsic motivation, a weak negative impact on 

external regulation and moderate negative impact on 

amotivation. These results show that the more students 

feel they are not able to compete with their team mates 

in sport games, are excluded from playing on the most 

attractive positions on the pitch and are not able to count 

on their class mates for help, the higher level of amoti-

vation they experience. A partial solution to this prob-

lem, in order to make students like PE classes more and 

participate in them more often, is to treat all the partici-

pating students in the same way during a game. Al-

though the PE teacher is not able to influence all peer 

relations between students, the means at his/her dispos-

al are enough to reduce unequal treatment of students to 

a minimum.  

Conclusions

The development of intrinsic motivation to partici-

pate in physical culture yields firmer intentions to get 

actively involved in physical education on a regular ba-

sis. The present study revealed that such intrinsic mo-

tives occurred mainly in students who perceived them-

selves as competent, i.e. physically and motorically fit. 

Students with no such perception are less inclined to 

consider physical education their favorite and most sat-

isfying form of school activity. They may find them-

selves in a kind of vicious circle: ‘Since I don’t feel “fit” 

therefore I don’t like PE and therefore I do nothing to 

feel “fit.”’ In this context activities undertaken to devel-

op one’s perception of being competent and taking ac-

tive and satisfactory part in PE classes – regardless of 

the currently possessed level of physical fitness and 

sport skills, and without the fear of exposure to negative 

social comparisons – constitute a great challenge. To 

meet this challenge it is necessary to make absolutely 

all participants in physical education – regardless of 

whether they are more or less “fit” – intrinsically moti-
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vated to undertake activities in PE classes. If the inter-

personal relationships are not based on such values as 

respect, equality, mutual support and help, the fulfill-

ment of the needs for competence and relatedness will 

be very difficult. 

The discussion of the study results should also con-

cern some research constraints. First of all, the cross-

sectional character of the study makes it impossible to 

make any definitive judgments about causal relation-

ships between the variables examined. As Cwalina  

mentions, “Positive verification of a model does not 

prove the existence of causal relationships within it, but 

only that the model can work” [29, p. 17]. It should also 

be noted that, despite much better goodness to fit in-

dexes in the verified model, they were still “acceptable” 

to fit rather than “good” to fit. Also the precise defini-

tion of the index ranges is conventional and often debat-

able. Nevertheless, the “acceptable” values of goodness 

to fit indexes should make us treat the collected empiri-

cal data with more caution than the “good” values. We 

strongly believe that the present study has a significant 

practical aspect, and the results obtained correspond to 

those by other authors. The observations and conclu-

sions from the study as well as the theoretical frame-

work presented can be effectively implemented in PE 

practice.
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Introduction

One of the means of accomplishment of educational 

aims of physical education could be a school sports club 

(SSC). Article 7 of the Polish Act on Physical Education 

and Sport recognizes the legal status of such clubs. 

A school sports club is regarded as a special kind of 

sports club, whose members may include pupils, parents 

and teachers [1]. The functioning of SSCs in Poland is 

regulated by the Associations Incorporation Act from 

April 7, 1989, exclusive of regulations concerning the 

registration procedure, since the school sports clubs are 

officially registered by the local authorities in Poland 

[2]. The main objective of school sports clubs is organi-

zation of sport in school communities and encouraging 

all school children to participate in extracurricular sport 

and physical recreation activities. Parents are often in-

volved in different activities of the SSCs; they provide 

assistance, pay membership fees and make financial 

contributions. According to the originators of SSCs in 

Poland the clubs were to confine their activities to the 

school or district area only. In reality, however, their 

range of activities has become far wider and often 

crossed the national borders [3].

Access to free sport equipment as well as to substan-

tial subsidies from the “Sport for All Children” program 

supporting school physical culture associations was – 

especially between 1994 and 1996 – the main factor be-

hind a dynamic increase in the number of school sports 

clubs. An important role was also played by local au-

thorities, which provided financial support to the clubs. 

According to the official data, in 2004 there were 4666 

traditional sports clubs. My own data show that there 

are about 7000 functioning school sport clubs in Poland 

at present. From the commencement of the “Sport for 

All” program in 1994 until 2007 10277 SSCs were reg-

istered by the Polish Ministry of Sport (formerly the 

Office of Physical Culture and Tourism, Office of Phys-

ical Culture and Sport, Ministry of National Education 

and Sport). The majority of SSCs are in primary schools 

(50%), followed by clubs in middle schools and second-

ary schools [4]. 

The general program of physical education in Polish 

schools, which specifies the general objectives of physi-
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cal education, emphasizes the necessity of development 

of the pupil’s personality and formulates such educa-

tional aims as “Development of the sense of responsibil-

ity for one’s own and others’ health” (primary school) 

and “Development of the pupil’s understanding of the 

sense of care of his body, fitness and health as a condi-

tion for respect towards oneself and others” (middle 

school) [5]. The aims of physical education, including 

development of a positive attitude towards physical cul-

ture, can be attained both during school PE classes and 

extracurricular activities, i.e. in school sports clubs. For 

many years the aims of physical culture at school have 

included development of instrumental personality dis-

positions such as acquiring motor skills, development of 

pupils’ physical fitness and acquiring the knowledge 

about physical culture. These aims also stress the edu-

cational influence on the pupil’s personality and shap-

ing the “pro-somatic attitudes”, which would help the 

pupils take care of one’s physical fitness and health in 

their adult lives. The “attitude” is defined here as 

a “relatively stable structure of cognitive and emotional 

processes and specific patterns of behavior towards 

a given subject” or a “disposition to generate such proc-

esses and behaviors” [6, p. 73]. The structure mentioned 

consists of three components: cognitive, emotional and 

behavioral. According to Strzyżewski, in the case of 

physical culture, the cognitive component comprises 

knowledge, experience, views and beliefs; the emotional 

part comprises emotions, sensitivity to stimuli and solid 

motivation for improving one’s health and physical fit-

ness. The behavioral component is one’s behavior in 

everyday life, while taking care of one’s own body and 

physical state [7].

The attitudes of Polish children and adolescents to-

wards physical culture have been researched by a num-

ber of authors. The results of these studies were often 

compared with the results of studies of instrumental 

aims of physical education, and this way an assessment 

of the level of preparation to participate in physical cul-

ture [8, 9], or the effectiveness of the physical education 

process was evaluated [10, 11]. Some earlier studies 

from the turn of the 1980s and 1990s were aimed at 

standardization of research tools, e.g. Strzyżewski’s 

Questionnaire for Testing Youth’s Attitude to Physical 

Education and Sport [12, 13], and examination of atti-

tudes of selected groups of subjects [14–19]. A different 

methodology was applied by Wojciechowski [20] in his 

study of primary school girls, who “adapted Mercer’s 

Attitudes Scale to evaluate the girls’ attitudes towards 

psychological, social, moral and spiritual values of 

physical education”. The authors of these studies most 

often assessed their subjects’ attitudes as moderately 

positive but still underdeveloped. Attitudes towards 

physical education were also researched by authors 

from other countries, who used the questionnaire sur-

vey as their research tool. Koca et al. carried out a study 

of attitudes in different Turkish schools in terms of 

school gender composition [21] with regard to sex and 

sport participation [22]. Sollerhed et al. [23] analyzed 

correlations between the sense of coherence and posi-

tive attitudes to physical education in adolescents. 

Shropshire et al. [24] used the Pre-Adolescent Attitude 

to Physical Education Questionnaire in their study to 

examine school children’s general interest in physical 

education. Stewart et al. [25] compared attitudes to-

wards physical education of primary school and second-

ary school children. Westerstahl et al. [26] studied the 

secular trend in sports and physical education attitudes 

among adolescents.

The aim of the present research was to examine the 

educational effects of activities of school sports clubs in 

school communities. Attitudes towards physical culture 

of SSC-members and non-members were compared on 

three levels of the Polish education system: primary 

school, middle school and secondary school. The se-

lected research method was that of a pedagogical ex-

periment, which was to yield subjects’ accurate answers 

to the question about the effects of participation in 

school sports clubs on students’ attitudes towards physi-

cal education and sport (for SSC-members and other 

students). The preliminary tests would have enabled 

profiling of attitudes towards physical culture in the 

study groups and the control group. However, consider-

ing the scope of research and the long-term membership 

of subjects in the SSCs the use of such a method seemed 

impossible. It should be remembered that the attitudes 

to physical culture are determined by a number of fac-

tors, which to a great extent reflect the current status, 

being a result of many processes. 

The following research questions were formulated:

1. What are the attitudes towards physical culture 

of SSC members as compared with the attitudes of school 

students who do not participate in SSC activities? 

2. What are the differences in the level of attitudes 

towards physical culture between SSC members and 

other primary, middle and secondary school students? 

The study was a part of a larger research project 

aimed at the evaluation of significance of SSCs activities 
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for the development of school sport in Poland. The study 

was approved by the Bioethics Committee of Research of 

the Jerzy Kukuczka Academy of Physical Education in 

Katowice. 

Material and methods

Subjects

The questionnaire survey was carried out in Novem-

ber 2005, in 623 randomly selected school sports clubs 

from all over Poland. The covering letter included the pre-

cise description of the questionnaire survey. 103 school 

sports clubs returned correctly filled questionnaire forms. 

2704 forms in total were used for statistical analysis. More 

than 50% of respondents were primary school pupils 

(1435), 37% were middle school students (1008) and 10% 

were secondary school students (261) (Tab. 1). These pro-

portions reflected the number of school sports clubs in 

particular types of schools in Poland [4]. 1490 (55.1%) 

girls and 1214 (54.9%) boys took part in the study. 

Method

The study used the diagnostic survey method based 

on Strzyżewski’s Questionnaire for Testing Youth’s At-

titude to Physical Education and Sport. The reliability 

of the tool had been confirmed by earlier studies on dif-

ferent population samples [8, 12, 13, 18,]. The question-

naire consisted of 67 items; respondents gave their an-

swers to each question on a five-point scale “Definitely, 

yes” (4 pts), “Yes” (3 pts), “I don’t know” (2 pts), “No” 

(1 pt) and “Definitely, no” (0 pts). Four attitude indexes 

were then calculated on the basis of the answers provid-

ed: global index (all items), cognitive component index 

– CCI (26 items), emotional component index – ECI (21 

items) and behavioral component index – BCI (20 items). 

Each index was calculated as the total of points divided 

into the number of items. With the use of standards de-

veloped by Górna, the following index ranges were pro-

posed: 0–0.49 – definitely negative attitude, 0.5–1.49 – 

negative attitude, 1.5–2.49 – neutral attitude, 2.5–3.49 – 

positive attitude, 3.5–4.0 – definitely positive attitude [8]. 

Statistical analysis

Dependent variables in the study included the four 

attitude indexes: global, cognitive component, emotion-

al component and behavioral component. The inde-

pendent variables were SSC membership and school 

type. First, the Kolmogorov-Smirnov test was used to 

compare the distribution of the sample with normal dis-

tribution, and then separately for the groups of boys and 

girls from primary, middle and secondary schools, and 

SSC members and non-members. The distributions of 

all indexes, with the exception of the global index, re-

vealed statistical differences as compared with normal 

distribution; however, low skew and kurtosis coeffi-

cients and a large sample size made it possible to use 

analysis of variance (Tab. 2) [27].

The collected sample was processed statistically 

with the use of parametric tests. In order to examine the 

Table 1. The number of subjects with reference to SSC membership, sex and school type

School type

(respondents’ age)

Number 

of school students

Number 

of SSC members

Total

n %

Primary school (11–13 years) 665 770 1435 53.07

Middle school (13–16 years) 460 548 1008 37.28

Secondary school (16–19 years) 127 134 261 9.65

Total 1252 1452 2704 100.00

% 46.30 53.70 100.0

Table 2. Statistical analysis of indexes of attitude towards physical culture – all respondents

Index n Min.–max. SD Sk. Ku. Max D Test K-S

Global 2704 2.69 0.67–3.91 0.39 –0.176 0.468 0.025 p < 0.10

Cognitive 2704 2.83 1.00–4.00 0.38 –0.046 0.350 0.032 p < 0.01*

Emotional 2704 2.72 0.48–3.90 0.47 –0.396 0.327 0.046 p < 0.01*

Behavioral 2704 2.48 0.45–4.00 0.47 –0.121 0.341 0.037 p < 0.01*

n – number,  – mean, SD – standard deviation, Sk. – skewness, Ku. – kurtosis, Max. D – maximum difference
* statistically significant
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impact of independent variables (SSC membership, 

school type) on attitudes towards physical culture, the 

ANOVA was used to verify whether the independent 

variables affected the mean dependent variables, i.e. at-

titude indexes. Also the interactions between individual 

factors were determined. A significant interaction for 

two variables meant that the variability of attitude in-

dexes versus SSC membership was different in terms of 

value and sign (plus or minus) in the school type sam-

ples. The analysis of variance was supplemented with a 

post hoc analysis (Tukey’s test) to determine the statisti-

cal significance of differences between the values of the 

dependent variable: particular sample groups. 

Results 

Global index of attitude

The global index of attitude, reflecting the attitude 

of all subjects towards physical culture, amounted to 

2.69, which indicated a moderately positive attitude. 

The mean global index of SSC members was 2.82 as 

compared with 2.55 for the non-members. In all the 

school types examined the global index was higher 

among the SSC-members than among other school stu-

dents. The primary school pupils displayed the most 

positive attitude towards physical education and sport, 

followed by the middle school students and secondary 

school students (Tab. 3). 

Table 3. Mean global index values with reference to school 

type and SSC membership

School type n SD

Primary school 2.72 1435 0.39

Students 2.58 665 0.39

SSC members 2.85 770 0.34

Middle school 2.67 1008 0.39

Students 2.53 460 0.40

SSC members 2.78 548 0.35

Secondary school 2.62 261 0.39

Students 2.48 127 0.38

SSC members 2.76 134 0.35

Total 2.69 2704 0.39

The analysis of variance showed that the school type 

and SSC membership significantly influenced the level 

of the global index; however, there was no significant 

interaction between these two variables. It means that 

membership in a school sports club had a similar impact 

on the attitude of respondents from all school types 

(Tab. 4).  

The results of the analysis of particular sample 

groups differed statistically from one another in the 

mean values of the global index. In the schools analyzed 

the SSC membership had a positive influence on the 

students’ attitude towards physical culture – the mean 

global index was higher in SSC members than in non-

members. However, there were no significant differ-

ences between the values of the global index in students 

who did not participate in SSC activities from different 

Table 4. Analysis of variance – relationship between the global index and SSC membership and school type

df

effect

MS

effect

df

error

MS

error
F p

School type 2  1.578 2698.0 0.1351  11.688  < 0.001*

SSC membership 1  29.947 2698.0 0.1351  221.749  < 0.001*

SSC membership – school type 2  0.039 2698.0 0.1351  0.2928  0.746

* statistically significant

Table 5. Post hoc analysis (Tukey’s test for different n) for the mean values of the global index – comparisons between groups 

of subjects from different schools

School type
SSC 

membership

1

(2.58)

2

(2.85)

3

(2.53)

4

(2.78)

5

(2.48)

6

(2.76)

Primary school
no 1  < 0.001*  0.308  < 0.001*  0.265  < 0.001*

yes 2  < 0.001*  < 0.001*  0.023*  < 0.001*  0.398

Middle school
no 3  0.308  < 0.001*  < 0.001*  0.897  < 0.001*

yes 4  < 0.001*  0.023*  < 0.001*  < 0.001*  0.999

Secondary school 
no 5  0.265  < 0.001*  0.897  < 0.001*  < 0.001*

yes 6  < 0.001*  0.398  < 0.001*  0.999  < 0.001*

* statistically significant
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schools. The attitudes of SSC members from primary 

schools were significantly more positive than the atti-

tudes of SSC members from middle schools (Tab. 5).

Attitude component indexes

The highest component index was the cognitive 

component index (2.83), which indicated a positive atti-

tude; and the lowest was the behavioral component in-

dex (2.48), pointing to a neutral attitude. In all other 

component indexes the SSC members scored higher 

than their non-SSC counterparts: cognitive component 

index – 2.92 for SSC members and 2.74 for other school 

students; emotional component index – 2.86 and 2.56; 

and the behavioral component index – 2.65 and 2.29, 

respectively. In the last index the difference between the 

two groups of subjects was widest. The value of the 

cognitive component index was similar in all the school 

types and always higher among SSC members. The 

mean values of the emotional component and behavio-

Table 6. Mean values of attitude indexes with reference to school type and SSC membership

School type n %
Cognitive component Emotional component Behavioral component

SD SD SD

Primary school 1435 53.07 2.84 0.39 2.76 0.46 2.53 0.46

Students 665 2.73 0.40 2.60 0.48 2.35 0.47

SSC members 770 2.93 0.37 2.90 0.40 2.70 0.39

Middle school 1008 9.65 2.83 0.37 2.68 0.46 2.43 0.49

Students 460 2.74 0.37 2.53 0.49 2.24 0.50

SSC members 548 2.91 0.36 2.81 0.40 2.58 0.42

Secondary school 261 37.28 2.82 0.38 2.61 0.47 2.39 0.46

Students 127 2.73 0.38 2.44 0.47 2.18 0.43

SSC members 134 2.90 0.35 2.78 0.41 2.58 0.41

Total 2704 100.00 2.83 0.38 2.72 0.47 2.48 0.47

Table 7. Analysis of variance – correlations between the attitude indexes, school type and SSC membership 

df

effect

MS

effect

df

error

MS

error
F p

Cognitive component 

School type 2 0.020 2698.0 0.140 0.144  0.866

SSC membership 1 12.570 2698.0 0.140 90.053  < 0.001*

SSC membership – school type 2 0.068 2698.0 0.140 0.486  0.615

Emotional component

School type 2 3.448 2698.0 0.193 17.844  < 0.001*

SSC membership 1 37.465 2698.0 0.193 193.889  < 0.001*

SSC membership – school type 2 0.083 2698.0 0.193 0.430  0.650

Behavioral component

School type 2 4.594 2698.0 0.192 23.918  < 0.001*

SSC membership 1 53.240 2698.0 0.192 277.175  < 0.001*

SSC membership – school type 2 0.092 2698.0 0.192 0.479  0.620

* statistically significant

Table 8. Post hoc analysis (Tukey’s test for different n) for the mean values of the cognitive component index – comparisons 

between groups of subjects from different schools

School type
SSC 

membership

1

(2.73)

2

(2.93)

3

(2.74)

4

(2.91)

5

(2.73)

6

(2.90)

Primary school 
No 1  < 0.001*  0.997  < 0.001*  1.000  0.004*

Yes 2  < 0.001*  < 0.001*  0.985  0.001*  0.986

Middle school 
No 3  0.997  < 0.001*  < 0.001*  1.000  0.010*

Yes 4  < 0.001*  0.985  < 0.001*  0.002*  0.999

Secondary school
No 5  1.000  0.001*  1.000  0.002*  0.007*

Yes 6  0.004*  0.986  0.010*  0.999  0.007*

* statistically significant
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ral component indexes decreased with subjects’ age, i.e. 

they were the highest for the primary school pupils, and 

were the highest for the SSC members (Tab. 6).

The analysis of variance showed that the school type 

did not differentiate the cognitive component index, un-

like SSC membership. The values of emotional and be-

havioral indexes revealed that both the school type and 

participation in SSC activities had a significant impact 

on emotions and readiness to take part in physical cul-

ture. There was no significant interaction between the 

type of school and SSC membership in any attitude in-

dexes. The differences in the indexes between SSC 

members and non-members from different types of 

schools were non-significant (Tab. 7). 

The significant differentiation of the cognitive com-

ponent index values in all types of schools was noted 

between the SSC members and non-members. The SSC 

members from all schools featured an almost identical 

attitude towards physical culture (Tab. 8). 

Also significantly higher values of the emotional 

component index were achieved by SSC members in all 

school types. Hedonism and motivation to practice sport 

and physical recreation were the factors which most sig-

nificantly determined the attitude of primary school pu-

pils, who obtained the highest emotional component in-

dex values from all the sample groups (Tab. 9). 

The acceptance of pro-somatic patterns of behavior, 

reflected in the behavioral component index value, was 

also high among the SSC members from all school 

types than among the non-members. The primary 

school pupils taking part in SSC activities achieved the 

highest index values (Tab. 10).

Discussion

The respondents’ answers indicate a generally posi-

tive attitude to physical culture, however, not “definitely 

positive”. Their attitude was mostly of cognitive charac-

ter (the highest cognitive component index values); 

however, their readiness to take part in extracurricular 

physical activity was still low (low behavioral compo-

nent index values). Similar observations were made by 

authors who used Strzyżewski’s questionnaire in their 

research [8, 11, 14–19]. Taking into account the aims of 

physical education as well as its health care aspects it 

seems that the observed tendency in attitude develop-

ment based on the cognitive rather than behavioral as-

pects is not entirely positive. The activities of school 

sports clubs can, however, greatly improve the existing 

situation. The widest differences in attitude indexes be-

tween SSC members and non-members in all types of 

schools were, in fact, noted in the behavioral component 

Table 9. Post hoc analysis (Tukey’s test for different n) for the mean values of the emotional component index – comparisons 

between groups of subjects from different schools

School type
SSC 

membership

1

(2.60)

2

(2.90)

3

(2.53)

4

(2.81)

5

(2.44)

6

(2.78)

Primary school 
No 1  < 0.001*  0.113  < 0.001*  0.042*  < 0.001*

Yes 2  < 0.001*  < 0.001*  0.006  0.017*  0.175

Middle school 
No 3  0.113  < 0.001*  < 0.001*  0.612  < 0.001*

Yes 4  < 0.001*  0.006*  < 0.001*  < 0.001*  0.991

Secondary school
No 5  0.042*  0.017*  0.612  < 0.001*  < 0.001*

Yes 6  < 0.001*  0.175  < 0.001*  0.991  < 0.001*

* statistically significant

Table 10. Post hoc analysis (Tukey’s test for different n) for the mean values of the behavioral component index – comparisons 

between groups of subjects from different schools

School type
SSC 

membership

1

(2.35)

2

(2.70)

3

(2.24)

4

(2.58)

5

(2.18)

6

(2.58)

Primary school 
No 1  < 0.001*  0.004*  < 0.001*  0.030*  < 0.001*

Yes 2  < 0.001*  < 0.001*  < 0.001*  < 0.001*  0.262

Middle school 
No 3  0.004*  < 0.001*  < 0.001*  0.878  < 0.001*

Yes 4  < 0.001*  < 0.001*  < 0.001*  < 0.001*  1.000

Secondary school
No 5  0.030*  < 0.001*  0.878  < 0.001*  < 0.001*

Yes 6  < 0.001*  0.262  < 0.001*  1.000  < 0.001*

* statistically significant
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index. One explanation of this tendency could be the 

fact that children’s and adolescents’ systematic partici-

pation in physical activities develops their habits of 

spending their leisure time in an active way, which in 

turn may reduce the negative effects of a sedentary life-

style.

In all the indexes, with the exception of the cognitive 

component index, the primary school pupils achieved 

significantly higher values than middle school students, 

whereas the latter scored higher than the secondary 

school students. Different studies of Polish youth’s atti-

tudes towards physical culture with the aid of 

Strzyżewski’s questionnaire have revealed a tendency 

for all indexes to decrease with the students’ age. Pri-

mary school students from different communities 

achieved the mean value of the attitude global index 

from 2.47 (CCI –2.83, ECI – 2.69, BCI – 2.36) [14, 19] 

to 2.66 (CCI – 2.75, ECI – 2.46 BCI – 2.11) [11]; voca-

tional school students – 2.40 (CCI – 2.63, ECI – 2.37, 

BCI – 2.13) [15]; and secondary vocational school stu-

dents – 2.34 (CCI – 2.67, ECI – 2.24, BCI – 2.04) [17]. 

Only high school students examined by Górna and 

Marszołek obtained similar results to the primary 

school pupils, i.e. from 2.50 (CCI – 2.80, ECI – 2.50, 

BCI – 2.24) [8] to 2.60 (CCI – 2.85, ECI – 2.58, BCI – 

2.25) [16]. Similar results were achieved by Stewart et 

al. [25] in their analysis of attitudes towards physical 

education of U.S. students from junior high and high 

schools. However, the participation in SSC clubs signif-

icantly inhibits the worsening attitude towards physical 

culture. The post hoc analysis showed that the differ-

ences between the mean values of all examined indexes 

among SSC members from the middle and secondary 

schools were non-significant. This is mostly due to 

long-term systematic training in the school sports clubs, 

which greatly affects the development of students’ posi-

tive attitudes towards physical culture.

The main research question concerned a comparison 

of attitudes towards physical education of SSC members 

and non-members. The analysis of variance showed ex-

plicitly that membership in school sports clubs had a 

significant influence on the level of all attitude indexes 

in all types of schools. Also Górna in her study of atti-

tudes towards physical culture of secondary school 

graduates in the Silesian Province, concluded that the 

adolescents’ attitude towards school sport was more 

positive than to professional sport. She also observed 

that boys and girls participating in extracurricular sport 

and recreation activities featured a more positive atti-

tude towards physical culture, better knowledge of 

physical culture and better motor skills than other stu-

dents [8, p. 231]. Similar observations were also made 

by Koca et al. [22] in his analysis of attitudes of 15-year-

old training students. Westerstahl et al. [26] in their ex-

amination of the secular trend of Swedish teenagers’ at-

titude towards sport and physical education showed that 

in all the samples studied (groups of boys and girls from 

1974 and 1995) students who spent their leisure time 

actively were more satisfied with their participation in 

sports events and had no negative emotions about physi-

cal education. 

What factors shape the more positive attitude to-

wards physical education and sport of members of 

school sports clubs as compared with other students? 

Undoubtedly, the decision about enrollment in school 

sports clubs is an obvious manifestation of one’s positive 

attitude towards physical culture. Sollerhed et al. [23] 

pointed to a correlation between the feeling of a strong 

social bond among young people and their positive atti-

tude to physical education and sport. Taking part in sport 

events, training and competitions has a great impact on 

the development of strong, positive interpersonal rela-

tionships between members of a team and between 

athletes and coaches. These observations show that, re-

gardless of the school type, the attitude towards physical 

culture is always more positive in all its components 

among the SSC members. 

In their questionnaire survey of students’ attitudes 

towards PE teachers and organization of PE curriculum 

Shropshire et al. [24] also noticed other factors affecting 

one’s attitude towards physical education, such as the 

attitude towards P.E. grades. Undoubtedly, P.E. teachers 

take into account their students’ participation in extra-

curricular physical activities in their final marks.

The most interesting conclusion from the present 

study is a comparison of the structure of attitudes of re-

spondents from three school types. The impact of the 

dependent variable: school type on the independent 

variable: cognitive component index failed to produce 

any significant differences between the respondents. 

The mean values of the cognitive component index 

were almost identical among SSC members from the 

three types of schools (primary school – 2.93, middle 

school – 2.91, secondary school – 2.90) as well as 

among non-members (2.73, 2.74, 2.73, respectively). It 

means that the emotional and behavioral factors are 

crucial to the worsening of the attitude towards physical 

culture and sport with age.
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Conclusions

The following conclusions can be drawn from the 

present study:

1. The attitudes of members of school sports clubs 

to physical education and sport are more positive than 

the attitudes of non-members’, both in the global and 

component indexes.  

2. The attitudes of members of school sports clubs 

to physical education and sport are more positive than the 

non-members’ attitudes, regardless of the school type. 
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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.  

COMPETITION

2008, vol. 9 (2)
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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

Organizing Commmittee

Dr Robert Szeklicki – Secretary (first)

Dr Monika Stefaniak – Secretary (second)

Dr Tomasz Głowacki

MSc Arleta Loga

Dr Janusz Maciaszek

Dr Małgorzata Nowacka

Dr Janusz Poła

MSc Artur Salamon

Dr Rafał Stemplewski

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.

Organisers

University School of Physical Education in Poznań

State School of Higher Vocational Education in Leszno

Conference Secretariat

Address

Dr 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

Information about the Conference can be found at the 

web site: http://www.rydzyna2009.pwsz.edu.pl/

CONFERENCES
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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

2008, vol. 9 (2), 152–156
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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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