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The articles in the present volume of Human Move-

ment prove the commitment of the Editorial Board to 
broaden the thematic scope of the journal devoted to 
human motor activity. The papers discuss the structure 
and dynamics of human movement, psychological as-
pects of physical activity and elements of sport didac-
tics.

One of the most interesting interdisciplinary articles 
in the volume focuses on relationships between physical 
fitness and selected personality traits in adolescents, as 
well as their gender-related diversification. Personality 
traits determining the level of physical fitness are also 
inquired.

Two papers are concerned with psychological as-
pects of performing sports. A comparative analysis of 
temperament of chess players and football players 
shows that the former mostly feature a relatively high 
level of nerve processes stimulation strength and a much 
more differentiated level of mobility for these processes. 
However, football players are also characterized by sub-
stantially high levels of nerve processes stimulation as 
well as their high mobility. The other paper discussing 
differences in experiencing relaxation by coaches shows 
that coaches of individual sports are better prepared to 
achieve a deeper state of relaxation. Relaxation tech-
niques can be extremely useful for development of con-
structive stress management programs in all phases of 
coaches’ work. However, the knowledge of the subject, 
which can be applied to develop some practical stress 
management strategies, is still very limited.

The present volume also contains three articles on 
assessment of motor function of swimmers representing 
different sports levels. A study of kinematic parameters 
of finalists of the European Championships shows that 
the knowledge of individual movement technique pa-
rameters enables a thorough evaluation of the competi-
tor’s training level and makes it possible to adjust it to 
model standards. A paper examining selected structural 
and functional indices of young swimmers shows that 
front crawl swimming speed is dependent on swim-
ming technique, i.e. it is modified by the swimmer de-
pending on the swimming distance. Mastery of an effi-
cient technique also determines the levels of somatic 
indicators and athlete’s physiological abilities.

The third article on motor function assessment is 
a comparative study of selected properties of elbow and 
knee flexors. It points to the fact that the MVC rate of 
force development, from 0 to 50%, investigated is high-
er during elbow flexion than during knee flexion. Sub-
jects who achieve a higher level of MVC and MRFD 
during elbow flexion confirm this capability during 
knee flexion.

The current issue of Human Movement also includes 
results of research into swimming training discussed in 
a project paper “Adaptation process in the swimming 
initiation: the LEARNING TO SWIM Project” and 
a study on training loads applied in pre-competition 
training. The authors of the latter have noted that the fi-
nal stage of preparation before competition features 
a reduced volume of intense exercises, dominated by 
exercises from the group of special conditions, which 
take into account individual adaptive capabilities in the 
ensuing recuperation processes from among subsequent 
training units.

The last article in the volume “Bernstein’s model of 
movements construction and contemporary motor con-
trol and motor learning theories” is aimed at enhance-
ment of debate on regulatory mechanisms in the process 
of motor learning. 

On behalf of the Editorial Board I would like to ex-
press my conviction that the articles included in the 
present volume of Human Movement will become im-
portant contributions to the state of physical culture sci-
ences and will inspire many researchers to carry out 
their further studies. The publication of this volume 
would not have been possible if it had not been for our 
Reviewers. I would like to express my deep gratitude to 
our Reviewers whose in-depth reviews of articles from 
the two 2007 volumes have made publication of our 
journal possible. 

Zdzisław Adach, Gorzów Wielkopolski (Poland)
Bożena Biniakiewicz, Poznań (Poland)
Janusz Błaszczyk, Katowice (Poland)
Tadeusz Bober, Wrocław (Poland)
Eugeniusz Bolach, Wrocław (Poland)
Anna Burdukiewicz, Wrocław (Poland)
Jan Chmura, Wrocław (Poland)
Didier Chollet, Rouen (France)
Krystyna Cieślik, Poznań (Poland)
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Introduction

Relationships between children’s and adolescents’ 
physical fitness and personality traits have been a tradi-
tional subject of sport psychology for a long time. Re-
cently, however, these relationships have been studied 
very rarely. The following study aimed to find relation-
ships between physical fitness and personality traits, 
including temperament traits, using Przewęda’s [1, 2] 
concept of three pillars of physical fitness: 
1. to be able to perform a motor task; 
2. to know how to perform a motor task; 
3. to want to perform a motor task. 

The first pillar depends on motor abilities, which are 
genetically determined and become altered in the process 
of natural ontogenesis and training. Among the types of 
motor abilities identified by Raczek [3], coordination 
skills depend to a great extent on the course of cognitive 
processes determined by the properties of the nervous 
system [4]. Coordination abilities are supposed to be 
strongly correlated with one’s personality traits, and in 

particular with temperament. Motor abilities and person-
ality traits can share the same biological determinants.

Fitness (energy-related) abilities such as endurance 
or strength depend, first of all, on somatic traits and en-
ergy-related mechanisms and should not be strongly 
correlated with personality traits, as confirmed by some 
earlier studies [5]. Moderate correlations can be expect-
ed in the case of complex abilities (speed, agility), 
which equally depend on personality and biological 
traits [4]. Some earlier studies pointed to quite numer-
ous correlations between results of speed and agility 
tests and personality traits, especially in boys [6]. 

The second pillar of physical fitness comprises 
knowledge and motor skills acquired in the learning 
process. One of the most important factors determining 
the effectiveness of learning, including motor learning, 
is fluid intelligence. It can be expected that more intel-
ligent individuals will develop their motor habits faster 
and easier, and in consequence, will score higher in fit-
ness tests. Individuals with higher intellectual potential 

* Corresponding author.

Monika Guszkowska*, Tadeusz Rychta

Department of Psychology, University School of Physical Education, Warszawa, Poland

ABSTRACT

Purpose. The aim of the study was to determine the relationships between physical fitness and selected personality traits in 

adolescents, as well as their gender-related diversification. Personality traits determining the level of physical fitness were also 

examined. Basic procedures. The number of participants ranged from 414 to 515 high-school students (depending on the 

questionnaire) aged 15–17. The standard questionnaires for assessment of psychological variables (FCB-TI, NEO-FFI, HSPQ) and the 

International Physical Fitness Test (IPFT) were used. Main findings. Temperament and personality traits were relatively poorly 

correlated with the adolescents’ physical fitness. The correlations were different in boys and girls. In boys significant correlations 

were more numerous and physical fitness indices were correlated mainly with temperament and personality, i.e. biologically 

determined characteristics. In girls fewer relationships limited to environmentally-determined traits were observed. Crystallized 

intelligence was correlated with the results of all fitness tests, but only in boys. In girls fewer correlations were found. Personality traits 

enable us to predict adolescents’ physical fitness to a very limited extent, and predictors of physical fitness are different in boys and 

girls. Conclusions. The results indicate that boys’ psychological traits are mainly related to two pillars of physical fitness (“to be able” 

and “to know”), while girls’ traits to one (“to want”). 

Key words: physical fitness, personality, temperament, adolescents

RELATIONSHIPS BETWEEN PHYSICAL FITNESS AND PERSONALITY TRAITS 
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are more knowledgeable in fields other than motor ac-
tivity, and thus display a higher level of crystallized in-
telligence. Significant correlations between physical 
fitness and intelligence, both fluid and crystallized, 
were confirmed in our earlier studies [6]. Seeking cor-
relations between physical fitness and personality traits 
can be validated by the fact that such traits as introver-
sion, mental strength and strong ego are conducive to 
improvement of the motor learning process [7]. 

Additionally, physically active individuals have 
more opportunities to develop motor skills, and person-
ality traits are significant determinants of the activity 
level. The indices of adolescents’ motor activity are cor-
related with their temperament traits (positively with 
activity, endurance) and personality traits (positively 
with extraversion, negatively with agreeableness). 
Agreeableness and extraversion are, respectively, nega-
tive and positive predictors of motor activity of high-
school students [8]. The extroverts reveal a higher level 
of energy, they are more physically active, and their ac-
tiveness allows them to compensate for their initially 
low stimulation [9]. Conscientious individuals are duti-
ful, hard-working and responsible. These features are 
conducive to undertaking motor activity [9]. Conscien-
tiousness and neuroticism are, respectively, positive and 
negative predictors of students’ motor activity [10]. The 
significance of personality traits can vary, depending on 
gender. In men the predictors of motor activity were 
extraversion and conscientiousness, whereas in women 
it was neuroticism [11]. The relationship between ado-
lescents’ motor activity and physical fitness [8] can be 
expected to yield correlations between personality traits 
and fitness test results.

The third pillar of physical fitness is motivation. 
Przewęda and Dobosz [2] mention free will and persist-
ence as decisive features in one’s engagement in motor 
activity. The existence of correlations between results 
of fitness tests and such personality traits as conscien-
tiousness, super ego strength and willpower was con-
firmed by earlier studies [5, 6]. 

The aim of this study was to determine relationships 
between selected personality traits and physical fitness. 
The following research questions were formulated:
1. What are the correlations between temperament 

and personality traits and physical fitness in adoles-
cents?

2. Are these correlations gender-related?
3. What personality traits can be predictors of the stu-

dents’ level of physical fitness?

Material and methods

The following standard research tools were used in 
the study: 
1. B. Zawadzki and J. Strelau’s Formal Characteristics 

of Behavior – Temperament Inventory (FCB-TI) 
[12];

2. Costa and McCrae’s NEO Five-Factor Inventory 
(NEO-FFI) [13];

3. R.B. Cattell’s High School Personality Question-
naire (HSPQ) for assessment of personality of ado-
lescents aged 12–18 [6].
The subjects’ physical fitness was evaluated with 

the use of the International Physical Fitness Test 
(IPFT). Depending on the research tools used, 414 
(HSPQ) to 515 (NEO-FFI) high-school students aged 
15–17 were examined. The nationwide study was car-
ried out between 2003–2005 in Poland among selected 
middle-school grades. According to procedure, the ex-
amination of physical fitness took place during P.E. 
classes at school in May and June as the run tests re-
quired proper atmospheric conditions. The diagnosis of 
personality traits was made during a single advisory 
class, every two weeks, with the aid of the question-
naires in the following order (one questionnaire per 
class): (1) Formal Characteristics of Behavior – Tem-
perament Inventory (FCB-TI); (2) NEO Five-Factor 
Inventory (NEO-FFI); (3) High School Personality 
Questionnaire (HSPQ). The differences in the number 
of subjects taking part in individual questionnaire sur-
veys are due to students’ absences from school during 
the examination and the fact that the NEO-FFI was not 
used among third-grade students.

Results

Temperament traits and physical fitness 

The FCB-TI survey was carried out among 455 stu-
dents, including 213 boys and 242 girls. Tab. 1 presents 
coefficients of correlation between the subjects’ tem-
perament traits and fitness test results. In the group of 
boys most strongly correlated with physical fitness is 
emotional reactivity. A high level of reactivity corre-
sponds to low results in six fitness tests and, conse-
quently, low results of general physical fitness. 

The boys’ physical fitness is also correlated with ac-
tivity understood as a temperament trait. The greater 
the boys’ activity, the better their results in distance and 
shuttle run, grip strength tests as well as the higher their 
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total physical fitness score. The other correlations were 
isolated. The grip strength test revealed most numerous 
correlations with temperament traits. 

In the group of girls only four correlations were sig-
nificant. Sensory sensivity was positively correlated 
with the grip strength test results, and negatively corre-
lated with the 800-m run. High briskness is accompa-
nied by high shuttle-run results; while a high level of 
perseverance is correlated with high sit-up results. It is 
the opposite in the group of boys. 

In the regression analysis two significant negative 
predictors of physical fitness in the entire sample were 
identified: emotional reactivity (β = –0.216, t = –4.458, 
p = 0.000) and briskness (β = –0.104, t = –2.144, p = 0.033). 
This model explains merely 4% of the variability in 
physical fitness (R2 = 0.040, F = 10.327, p = 0.000).

The two negative predicators mentioned above can 
be noted in the group of boys (emotional reactivity: 
β = –0.229, t = –3.244, p = 0.001; briskness: β = –0.175, 
t = –2.586, p = 0.010); the third, positive predictor is ac-
tivity (β = 0.155, t = –2.270, p = 0.024). This model ex-
plains merely 10% of the variability of physical fitness 
(R2 = 0.092, F = 8.081, p = 0.000). In the group of girls 
the regression analysis failed to produce any significant, 
positive predictor of physical fitness. 

The Big Five personality traits (Five-Factor 

Inventory) and physical fitness 

The study with the use of NEO Five-Factor Invento-
ry was carried out in the groups of 213 boys and 302 
girls aged 15–16 years. Tab. 2 presents statistically sig-
nificant Pearson’s coefficients of correlation between 
the questionnaire scales and physical fitness test results, 
separately for boys and girls. Due to the great quantita-

tive discrepancy between both groups, statistically sig-
nificant coefficients of correlation differed considera-
bly.

The correlations between the Big Five personality 
traits and motor traits vary depending on subjects’ sex. 
Many more statistically significant correlations can be 
observed in the group of boys. A personality trait which 
is most strongly correlated with the results of fitness 
tests is neuroticism. It is negatively correlated with the 
results of five fitness tests and the total physical fitness 
score. None of these correlations reached the level of 
statistical significance in the group of girls.

In boys, extraversion is positively correlated with the 
results of four fitness tests and the total score. These 
correlations are, however, positive only in the group of 
boys.

The higher the level of agreeableness in boys, the 
better their agility, trunk muscle strength and supple-
ness; the last two are also correlated with conscientious-
ness. None of these correlations was noted in the group 
of girls. 

The girls in the study featured correlations absent in 
the group of boys. High grip strength was correlated 
positively with high agreeableness and openness to ex-
perience, and good pull-up test results with high consci-
entiousness. The higher agreeableness of the girls, the 
worse their distance run results (800 m).

The analysis of the coefficients of correlation in the 
group of boys shows three correlations between person-
ality traits and the sit-up test results measuring trunk 
muscle strength and agility. In girls the grip strength 
test results were correlated with two personality traits. 

The analysis of regression failed to identify any sig-
nificant predictor of physical fitness measured by the 

Table 1. Correlations between temperament traits and physical fitness in boys and girls

Temperament traits

Fitness tests

Briskness Perseverance Sensory sensivity Emotional 
reactivity

Endurance Activity

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 

50-m run –0.192** 0.185**

Standing long jump –0.150* –0.189**

Distance run 800/1000 m  –0.176** 0.164*

Grip strength  0.156* –0.201** 0.174* 0.155*

Pull-up  –0.143* 0.152*

Shuttle run  4×10 m  0.154* –0.172* 0.173*

Sit-up –0.182** 0.148* –0.270**

Trunk flexion 0.185** –0.152*

TOTAL –0.229** 0.210**

* p=0.05, ** p=0.01
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IPFT among the Big Five personality traits in the entire 
sample and the group of girls. In the group of boys the 
only negative predictor of physical fitness was neuroti-
cism (β = –0.156, t = 2.277, p = 0.024). This model, 
however, explains only 2% of the variability of physical 
fitness (R2 = 0.020, F = 5.187, p = 0.024). It can thus be 
concluded that personality traits do not allow us to pre-
dict the level of physical fitness of students aged 15–16 
years.

R.B. Cattell’s High School Personality Question-

naire (HSPQ) and physical fitness 

Tab. 3 presents coefficients of correlation between 
personality characteristics evaluated by R.B. Cattell’s 
High School Personality Questionnaire, for boys and 
girls separately. The study using this questionnaire was 
carried out in the groups of 216 boys and 225 girls aged 
15–17 years. The results of the test also varied consider-
ably depending on the subjects’ age. 

In the group of boys the strongest relationship can 
be observed between physical fitness and crystallized 
intelligence which is positively, significantly correlated 
with all fitness tests and the total physical fitness score. 
The greatest the subjects’ intellectual potential, the bet-
ter their physical fitness. Sensitivity, high self senti-
ment (self-esteem) and ergic tension are three personal-
ity traits which are correlated with the results of five 
fitness tests and the total score. Surgency was positive-
ly correlated with the results of four tests and, in conse-
quence, with the total score. The remaining personality 
traits revealed isolated correlations with physical fit-
ness. Two fitness tests, i.e. pull-up and shuttle run, 
were correlated with the highest number of personality 
traits (5). 

In the group of girls the correlations were definitely 
less numerous, and at times opposite to the correlations 
in boys.

The observed correlations between the students’ in-
telligence and physical fitness are validated in the case 
of endurance and suppleness. In terms of locomotive 
speed the correlation is reverse: high intelligence score 
was correlated with low 50-m run results. 

Other correlations, regardless of subjects’ sex, in-
clude a positive correlation between ergic tension and 
static hand strength and the total score as well as a posi-
tive correlation between sensitivity and suppleness and 
the total score. In girls, unlike in boys, sensitivity was 
also positively correlated with grip strength. Also in 
girls emotional stability (ego strength) and guilt prone-
ness were correlated with personality traits. The girls’ 
self-sufficiency is positively correlated with their en-
durance and suppleness, whereas high self sentiment is 
negatively correlated with the trunk muscle strength 
and total fitness. Other correlations were isolated. In the 
group of girls the distance-run and pull-up tests re-
vealed the largest number of correlations with personal-
ity traits (4). 

The analysis of regression (Tab. 4) for the entire 
sample yielded five personality predictors of physical 
fitness (total IPFT score), which explains only 5% of 
physical fitness variability. The strongest predictor is 
high self sentiment, followed by excitability. The other 
variables (intelligence, sensitivity, surgency) are rela-
tively weak predictors of the students’ general physical 
fitness. 

Four of the above mentioned factors (with the excep-
tion of excitability) turned out to be significant predic-
tors of the students’ physical fitness. The strongest pre-

Table 2. Correlations between personality traits and physical fitness in boys and girls

Personality traits
Fitness tests

Neuroticism Extraversion Openness Agreeableness Conscientiousness

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls 

50-m run –0.165* 0.171*

Standing long jump –0.159* 0.167*

Distance run 800/1000 m –0.171**

Grip strength –0.158* 0.124*   0.169**

Pull-up 0.121*

Shuttle run 4×10 m 0.247** 0.170*

Sit-up –0.195** 0.199** 0.140* 0.142*

Trunk flexion –0.192** 0.168* 0.136*

TOTAL –0.156* 0.152*

* p=0.05, ** p=0.01
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dictor was, however, ergic tension. A high level 
of physical fitness can be expected from stu-
dents revealing high ergic tension and self-es-
teem, who are sensitive, expansive and intelli-
gent. These variables make it possible to pre-
dict the boys’ physical fitness in about 18%. 

In the group of girls the regression equa-
tion confirms the significance of high self 
sentiment, sensitivity, intelligence and ergic 
tension. However, it should be emphasized 
that high self sentiment is a negative predictor 
of physical fitness, which means that a higher 
level of fitness can be expected from girls 
with low self sentiment (self-esteem). Another 
positive predictor is super ego strength. The 
entire model explains about 8% of the varia-
bility of girls’ physical fitness. 

Discussion

The results of the research point to moder-
ately numerous and relatively weak relation-
ships between selected personality traits and 
physical fitness in adolescents. In many cases, 
the coefficients of correlation, although statis-
tically significant due to the large number of 
trials, failed to exceed 0.2. This can indicate 
a fairly weak relationship between the varia-
bles under study. 

The observed correlations are, at the same 
time, very diverse in regard to subjects’ sex. 
The obtained results produce no conclusions 
concerning the relationships between person-
ality traits and physical fitness of adolescents 
in general, but in boys and girls separately. 
A certain regularity can be noted. A greater 
number of significant correlations was shown 
in the group of boys (71 statistically signifi-
cant coefficients of correlation), and these re-
lationships are more regular, i.e. more fre-
quently a given trait is significantly correlated 
with results of a few fitness tests. In girls 
fewer such correlations were observed (only 
29), and they are all more isolated. In the case 
of girls the repeatability is noticed in the fit-
ness tests rather than personality traits, i.e. re-
sults of only some tests are correlated with 
personal traits. This diversification was not 
observed in earlier research [6]. 
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The above regularity is particularly visible in rela-
tionships between temperament traits and personality 
traits examined with the aid of NEO-FFI. The test re-
vealed four-to-five times more significant correlations 
in boys than in girls. Temperament traits, biologically 
conditioned by the properties of the nervous system, are 
to a great extent most inheritable and invariable human 
psychic traits. The Big Five personality traits, neuroti-
cism and extraversion in particular, are also genetically 
determined, and become only slightly altered in an indi-
vidual’s life. These properties are most strongly corre-
lated with the results of fitness tests achieved by boys. 

The identification of correlations gives no informa-
tion about the direction of correlations. If, however, 
these correlations concern genetically conditioned per-
sonality traits it is possible that: 
1. There is a common factor determining both person-

ality traits and the level of physical fitness shown by 
the test results, or 

2. The personality traits discussed determine the stu-
dents’ results of fitness tests only to a very limited 
extent (considering the obtained coefficients of cor-
relation and results of the regression analysis). 

The results of different fitness tests achieved by the 
boys are negatively correlated with emotional reactivity 
and neuroticism, and positively correlated with activity 
and extraversion. Neurotic and emotionally reactive 
persons react strongly to stimuli, easily generate nega-
tive reactions, are emotionally unstable, affected by 
difficult situations and avoid strong sensations. Due to 
these two traits individuals unwillingly take up stimu-
lating motor tasks involving physical effort or rivalry 
[11]. Individuals with such traits have fewer opportuni-
ties to develop their motor skills through experience 
(“to be able” to perform a motor task is one of the three 

pillars of physical fitness [2]). It is quite the opposite in 
the case of extroverts, who are highly active in differ-
ent fields, engage in motor activities more often and 
have more opportunities to develop their motor skills 
[9].

However, the fitness test results are also affected by 
one’s motor capacities conditioned by one’s fitness and 
coordination skills. The latter depend to a large extent 
on the properties of the nervous system. 

It should be noted that the discrepancy in the quanti-
ty of significant correlations between the HSPQ person-
ality traits is smaller in girls than in boys (36:21). The 
HSPQ traits include those which are genetically or envi-
ronmentally determined. It seems that in boys physical 
fitness is mostly correlated with genetically conditioned 
traits, whereas in girls with traits developed through the 
environment and one’s own experience. The girls’ fit-
ness test results are correlated with such traits as consci-
entiousness, agreeableness and self-sufficiency. Follow-
ing this line of reasoning it can be stated that in the case 
of girls the relationships between physical fitness and 
personality traits are predominantly associated with the 
“to want” pillar of physical fitness, which determines 
one’s involvement in motor task performance. Girls 
with certain personality traits become involved in mo-
tor task performance more intensively and are more 
willing and persistent in executing motor tasks. 

The presence of different correlations in the two sex 
groups can be confirmed by the fact that the girls fea-
ture only four relationships with HSPQ personality 
traits which at the same time can be observed in the 
group of boys. The application of the other research 
tools fails to reveal such conformity. Moreover, there 
are three correlations which are negative or positive, 
depending on the group of subjects, i.e. correlations be-
tween perseverance and the sit-up test results, intelli-

Table 4. Personality-related predicators of physical fitness

Group
Factors

Entire sample Boys Girls 

� t p � t p � t p

Intelligence 0.097 2.258 0.024 0.188 2.927 0.004   0.123   2.287 0.023

High self sentiment 0.126 2.909 0.004 0.205 3.152 0.002 –0.146 –2.624 0.009

Sensitivity 0.090 2.150 0.032 0.196 3.127 0.002   0.123   2.295 0.022

Surgency 0.087 2.049 0.041 0.196 3.125 0.002

Excitability 0.103 2.435 0.015

Ergic tension 0.226 3.599 0.000   0.152   2.775 0.006

Super ego strength   0.186   3.316 0.001

R2, F, p 0.048, 6.463, 0.000 0.181, 10.473, 0.000 0.078, 6.593, 0.000
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gence and 50-m dash results and high self sentiment 
and the total fitness score. 

Depending on the type of questionnaire used, differ-
ences in correlations can also be observed. In the case 
of temperament and personality traits included in the 
FCB-TI and NEO-FFI tests, which are to a large extent 
biologically conditioned, the coefficients of correlation 
in boys and girls differ significantly. In the case of the 
HSPQ the differences are far less significant. Cattell’s 
questionnaire has been a controversial tool in the opin-
ion of a number of researchers [14]. Its usefulness in 
sport sciences was also discussed earlier [15]. The ap-
plication of the HSPQ in the present study, which exam-
ined both genetically and environmentally conditioned 
personality traits, allowed us to note gender-related dif-
ferences in correlations between personality traits and 
physical fitness. 

It must also be emphasized that among 25 personality 
traits under examination only 11 were correlated with 
the total physical fitness score, and only two traits ap-
pear in both sex groups (ergic tension and high self sen-
timent). Some personality traits within one gender group 
show negative or positive correlations, depending on the 
physical fitness test. This can be noted more often in 
girls (sensory sensitivity, agreeableness, guilt proneness) 
than in boys (sensitivity). Depending on a motor task, 
cor relations between the test results and personality 
traits can differ significantly. This can be a proof of use-
fulness of studies using different physical fitness indices. 

Among the physical fitness tests carried out in the 
group of boys the most correlated with personality traits 
is the shuttle-run test (11 significant correlations) indi-
cating the level of agility, understood as the ability to 
swiftly move from place to place and change movement 
directions [2]. This motor skill is to some extent condi-
tioned by the properties of the nervous system (the 
speed of transfer of nervous impulses), thus one can 
discern certain common determinants for personality 
traits and motor abilities [3]. 

The second most correlated test is the sit-up test 
(9 significant correlations). Its result can be considered 
an index of agility, however, also conditioned by the 
strength of trunk muscle and – to some extent – by en-
durance. These correlations are, therefore, more com-
plex. The same number of correlations was revealed in 
the case of trunk flexion test, constituting an index of 
spinal suppleness. 

In the group of boys the other physical fitness tests 
reveal from 5 to 8 significant correlations with person-

ality traits (5 in the case of distance run). Physical edu-
cation experts [2] point to the fact that a long-distance 
run test is more indicative of the runner’s motivation, 
ambition and strong will than his or her physical fitness. 
The results of the distance run test are the least corre-
lated with personality traits in boys. In the group of 
girls, however, the results of this test are correlated with 
the largest number (6) of personality traits. This indi-
cates that these correlations in girls are associated, first 
and foremost, with the “to want” pillar, whereas in boys 
with the “to be able” pillar of physical fitness. The sec-
ond most correlated physical test in girls, i.e. hand grip 
strength, does not contradict the above observation ei-
ther. It might be expected that the strength grip test 
would be a more reliable index of strength in boys, es-
pecially those strongly motivated to show their physical 
capabilities, than in girls, where the test result most 
likely depends on their temporary motivation than 
physical capabilities.

Other physical fitness tests in the group of girls re-
veal less numerous correlations with personality traits. 
There are no correlations for the shuttle-run test (other-
wise most strongly correlated with personality traits in 
boys), and there is only one correlation with the stand-
ing long jump test. According to some authors [2] the 
latter depends largely on the strength of legs, i.e. it is 
mostly determined by innate motor abilities rather than 
acquired motor skills. 

A comprehensive analysis of all multiple, complex 
correlations would exceed the scope of the present pa-
per. One of the most interesting cases is the correlation 
between physical fitness and intelligence. Scale B of the 
HSPQ is used for diagnosis of the level of crystallized 
intelligence understood as the level of knowledge ac-
quired through experience. The scale results are posi-
tively correlated with the results of all fitness tests, but 
only in boys. The boys’ high level of crystallized intel-
ligence is related to high physical fitness level, espe-
cially in the sit-up and distance run tests. In girls only 
three significant correlations can be noted. High crys-
tallized intelligence is correlated with low locomotive 
speed, but with high suppleness and endurance. In both 
sex groups crystallized intelligence is a positive predic-
tor of physical fitness. A higher level of physical fitness 
can be expected in boys with a high level of knowledge 
through individual experience. As was mentioned 
above, these correlations could result from the depend-
ence of crystallized intelligence and learning effective-
ness on one’s individual potential. It should be empha-
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sized that the earlier studies revealed less numerous and 
sometimes opposite correlations between physical fit-
ness and intelligence, especially among boys [6]. 

A personality trait featuring different correlations 
with physical fitness, depending on the subjects’ gender 
is high self sentiment. In boys high self sentiment is 
positively correlated with the results of five fitness tests 
and the total score of physical fitness, and is a positive 
predictor of physical fitness. In girls these correlations 
are negative and high self sentiment is a negative predic-
tor. The boys’ level of physical fitness is correlated with 
their higher self sentiment, and in the case of girls with 
their lower self sentiment. This difference can be inter-
preted as conforming to the gender stereotype as physi-
cal fitness is a significant feature of the male stereotype 
[16]. The conformity of the observed traits with the ster-
eotype may lead to higher self-esteem and self-satisfac-
tion. Gender stereotypes are formed at pre-school age 
and then, gradually, exert an impact on the perception of 
oneself and others. They become particularly important 
at adolescent age when teenagers seek answers to the 
questions “Who am I?” and “What am I?”. Noticing 
traits constituting the stereotype of the opposite sex in 
oneself can, in turn, lead to lower self-esteem, and this 
may be the case with the girls under study.

The correlations discussed above were not found in 
the earlier research [6], in which high self sentiment was 
not correlated with any of the physical fitness tests in 
boys, and was positively correlated with the test results in 
girls. Both studies differed in the number of tests and 
subjects’ age. A far greater number of subjects took part 
in the present research, thus its results can be considered 
to be more representative. The subjects’ age is also an im-
portant factor. The significance of gender stereotypes in-
creases with age and during adolescence the stereotypes 
can play a much more significant role than at earlier age. 

Both genders feature positive correlations between 
physical fitness and ergic tension – a positive predictor 
of physical fitness in both sex groups. Ergic tension re-
fers to the level of psychosomatic tension (irritability of 
the autonomic nervous system). Subjects with a high 
level of ergic tension are often irritated and anxious. For 
them motor activity can be a way to relieve this in-
creased tension; and increased motor activity creates 
more opportunities for development of physical fitness. 
Similar correlations were observed earlier, but only in 
girls [6]. 

In the light of psychological knowledge, the positive 
correlations between agreeableness and the results of 

three physical fitness tests in boys seem surprising. 
Compromising individuals are usually more disposed 
towards cooperation than rivalry. It appears, however, 
that competitive tendencies, which should increase stu-
dents’ motivation during performance of physical fit-
ness tests, reveal the subjects’ full capacities, enhance 
achievement of the best results possible and determine 
the third pillar of physical fitness, i.e. “to want.” These 
assumptions are confirmed by the results of the earlier 
research showing physical fitness positively correlated 
with the tendency to dominate over the physical and so-
cial environment [6].

Agreeableness was also a negative predictor of mo-
tor activity in adolescents [8], which indicates that 
higher motor activity conditioning skill development 
(“to be able”) can be expected from less compromising 
individuals. This, however, requires further research. 

The results of the present research point to a small 
number of significant correlations of endurance and 
briskness. What is interesting is the fact that endurance, 
understood as “an ability to respond appropriately in 
situations requiring long-lasting activity [12, p. 62], is 
not correlated with the results of the long-distance run 
test, which seem to be conditioned to a great extent by 
an individual’s personality traits [2]. In the earlier re-
search, endurance, as a temperament trait, was correlat-
ed with the pull-up test results. In the present study, it is 
correlated with the grip strength test (boys only), thus it 
appears to be more muscle strength-related. 

Following Raczek [3], the results of the present 
study should produce correlations between briskness 
– understood as “a tendency to respond swiftly, main-
tain a high level of activity and to change behaviors 
smoothly [12, p. 61] – and shuttle-run and 50-m run 
tests. The former occurs only in girls, whereas in boys 
the coefficient of correlation (statistically non-signifi-
cant) is negative. The latter has not occurred at all. Ad-
ditionally, briskness is a negative predictor of total 
physical fitness in the group of boys and in the entire 
sample. 

Conclusions

The results indicate that boys’ psychological traits 
are mainly related to two pillars of physical fitness (“to 
be able” and “to know”), while girls’ to one (“to want”). 
The question of correlations between personality traits 
and physical fitness is still an open one and it definitely 
requires further research. 
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Introduction

Interest in temperament reaches back to the ancient 
times. The first concept of temperament was created by 
Hippocrates and Galen. They assumed that the differ-
ences in psychological functioning between people have 
similar biological grounds. Despite the fact that they 
were only speculating, it may be surprising that some of 
their theories found confirmation in modern scientific 
experiments [1]. At present, science provides various 
theories and definitions of the temperament. In Poland, 
the Regulative Theory of Temperament by Strelau pro-
vides the most popular definition of temperament: “... 
basic, relatively permanent personal traits that refer to 
the formal characteristics (energetic and temporal) of 
behaviour and reactions ...” [1, p. 184].

The importance of temperament in sports, and espe-
cially, one of its components – reactivity, has often been 
subject of scientific research. Although scientists are 
not unanimous about its role, there are some regularities 
about it that have been defined. Sankowski [2], based 
on the analysis of data from various studies, says that 
temperament, in contrast to abilities (including motor 
and coordination abilities), can only be slightly modi-
fied. Thus, Sankowski thinks that selection for some 
sports disciplines should be based on the temperament 
traits. Those sports include: swimming, long distance 
runs, cross-country skiing, road cycling, speed skating, 
alpinism, parachuting, aeroplane pilotage, speedway or 
motorcycle racing, ice hockey, rugby, handball, boxing, 
taekwon-do and wrestling. All of those sports disci-
plines require low level of reactivity related to low sen-
sitivity and great capability that allows one to function 
effectively under great physical and psychological 
strain. At the same time Sankowski says that in gym-
nasts or sprinters, higher level of reactivity can be com-* Corresponding author.
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ABSTRACT

Purpose. The goal of our work is to present, against a background of the general population, the temperamental characteristics of 

chess players and footballers. Basic procedures. Included in the research were 88 males, among them 50 footballers and 38 chess 

players. The intensity of temperament features was determined through the use of the Temperament Questionnaire (TQ) by Strelau 

on Stawowska methodology. Main findings. Both chess and football players obtained substantially higher results than general males 

in the scope of nerve processes stimulation strength. In the case of restraining strength, the highest results were obtained by the chess 

players, which substantially differ in the level of this feature from both footballers and males in general. As far as the mobility of nerve 

processes is concerned, the highest results were obtained by footballers, substantially higher than chess players and the general 

population. In the scope of the balance of nerve processes the highest results were obtained by footballers, the stimulation process 

within them dominates upon the restraining process. An opposite situation exists among both chess players and the male population. 

Within the latter there is a higher domination of the restraining process upon the stimulation process. As regards the kinds of 

temperament, chess players are distinguished by a great number of phlegmatics, while footballers a great number of cholerics 2. 

Conclusions. Among chess players dominate persons that are balanced with a relatively high level of nerve processes stimulation 

strength and a much differentiated level of mobility for these processes. However, footballers are also characterized by substantially 

high levels of nerve processes stimulation as well as their high mobility. Among them there are a lot of balanced persons and those 

that have a level of stimulation strength that dominates decidedly upon the level of nerve process restraining strength.

Key words: temperament, chess players, footballers, general population, males

COMPARATIVE ANALYSIS OF THE TEMPERAMENT OF CHESS 
AND FOOTBALL PLAYERS AGAINST A BACKGROUND OF THE GENERAL 
POPULATION
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pensated for by excellent feel, differentiation of muscu-
lar tones and ability to achieve higher initial velocities. 
However, many researchers believe that regardless of 
the practised sport, only persons with low level of reac-
tivity have a chance of achieving success in sports [3, 
4]. Despite common recognition of the aforementioned 
view, Chybik and Żyto-Sitkiewicz [5], who studied vol-
leyball players of MKS-MOS Warszawa, discovered 
that the line-up was dominated by highly reactive play-
ers, who were better trained. The authors, therefore, 
think that there are no grounds for running selection in 
sports that is based on temperament traits. However, 
they stress the necessity for adjusting individual train-
ing loads to the temperament type and individual re-
quirement for stimulation. This issue was studied in de-
tail by Wjatkin and Jegorow [6] and Sankowski [7], 
who presented correlations between learning motor ac-
tivities and development of locomotor traits in relation 
to reactivity level, gender, training methods and loads. 
Coming back to the paper by Chybik and Żyto-Sitkie-
wicz [5], one should focus on the fact that those authors 
did not analyse the behaviour of players at the most dif-
ficult moments of the game, they did not seek an answer 
to the question of whether better training of highly reac-
tive players in the club has a reflection in higher success 
rate in situations of game stress. Zawadzki and Ciota 
[8], who investigated relation between the level of tech-
nical training of wrestlers and their reactivity and sport 
results, reached a conclusion that in highly reactive 
wrestlers only perfect training and most probably a spe-
cific set of other psychological traits, e.g. high self-es-
teem and high level of self-composure, can reduce the 
pre-competition tensions to the level that enables the 
players to cope with that difficult situation. Unierzyski 
and Gracz [9] say that there is a strong correlation be-
tween the level of sport results of tennis players and the 
level of the nervous system stimulation (affects the level 
of reactivity). According to those authors, low reactive 
players reach the state of optimum stimulation that ena-
bles them to function most efficiently only in the event 
of an important match.

Although knowledge in this field is vast, in practice 
it is used only to small extent. Coaches are often not 
aware of the temperament of their players and that is 
why training loads do not suit players’ individual re-
quirements. There are no selection methods in use that 
take into account players’ temperament. It is very prob-
able that players with extensive experience managed to 
become professional and persevere in practising their 

disciplines because they have gone through the process 
of natural selection. Therefore, we have assumed that 
comparing the temperament of players with extensive 
experience against general population should reveal 
certain differences – traits characteristic of sportsmen. 
Additionally, we should check if the kind sport prac-
tised has impact on those characteristics. Such studies 
have already been conducted, yet they examined the 
characteristics of behaviour only at the energetic level 
[10]. For analysis, we have chosen two utterly different 
groups of players: footballers and chess players.

The aim of this paper was to present, against the 
background of general population, a comparative charac-
teristic of the temperament of footballers and chess 
players.

We posed the following questions:
1. Do groups of footballers and chess players differ be-

tween one another and from the general population 
in the intensity of temperament traits?

2. Is the number of persons with particular kinds of 
temperament equal in the group of footballers, chess 
players and in general population?

Material and methods

The study included 88 sportsmen with at 8 year-long 
experience, out of which 50 played football and 38 
played chess. The footballers under study were students 
of Wrocław University School of Physical Education 
and the chess players were students who took part in the 
Academic Chess Championship of Poland in 2005. Both 
groups were compared with the general male popula-
tion, i.e. persons studied by Stawowska [11], who on the 
basis of those studies developed sthène measures for the 
Temperament Questionnaire (TQ) by Strelau [12]. The 
questionnaire was built according to the assumptions of 
Pawłow’s theory, therefore, one can examine the 
strength of nervous processes in terms of stimulation 
(reactivity is its reverse) and inhibition, their mobility 
and balance. Based on the TQ one can also define the 
type of temperament according to Stawowska typology 
[11]. That author believes that mobility and balance of 
the nervous processes are the basic traits of the nervous 
system that define a given type of temperament. De-
pending on the intensity of those traits she isolated the 
following types of temperament: sanguinic, phlegmatic, 
choleric 1, choleric 2, mixed choleric 1, mixed choleric 2, 
melancholic and mixed melancholic.
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It should be underlined that there are newer tools for 
examining temperament according to the modified ver-
sion of the Regulative Theory of Temperament [1]. 
They, however, do not allow one to isolate the types of 
temperament. Moreover, Eliasz [13] believes that the 
newer versions of the QT are controversial, e.g. The 
Questionnaire of Regulative Theory of Temperament 
(QRTT) does not allow us to examine sensory sensitivi-
ty, although it is the fundamental trait distinguished by 
Strelau.

The obtained results were subjected to a statistical 
analysis. Using Statistica 6.0 software, the researchers 
performed the Student’s t-test for independent samples, 
calculated the significance of differences between the 
two mean values and the structural indexes (%). The 
differences were statistically significant when p < 0.05.

Results

As can be seen in Fig. 1, the examined groups of 
sportsmen obtained higher results than the general pop-
ulation in terms of strength of stimulation of nervous 
processes. The highest level of that variable was ob-
served in the group of footballers, who however, do not 
differ significantly from the chess players in that re-
spect. This allows one to say that in terms of strength of 
nervous processes stimulation, the examined sportsmen 
belong to the group that has been selected from the gen-
eral population. Yet, such a view is thoroughly justified, 
as the results of the footballers are different from the 
mean results of the general population at the same age. 
The difference between the chess players and the gen-
eral population was not statistically significant, howev-
er, one can say that it is significant, since p = 0.06. This 
means that the examined groups of sportsmen differ 
from the general population in terms of higher psycho-
logical endurance that is tightly linked with the high 
level of the nervous processes stimulation.

The data presented in Fig. 2 show that the chess 
players have highest inhibition of the nervous processes. 
They show a significantly higher level of this trait than 
the general population and footballers. This means that 
the chess players learn quicker to react to various kinds 
of social situations connected with restraining or delay-
ing one’s actions.

Footballers had the highest results in terms of mobil-
ity of nervous processes whereas the chess players had 
the lowest results (Fig. 3). The chess players did not dif-
fer significantly from the general population in that re-

spect and the footballers stood out. It means that they 
react rapidly to the stimuli from the environment and 
their reactions are adequate.

Data presented in Fig. 4 show that footballers had 
the highest results in terms of balance of nervous proc-
esses and they differed significantly from the corres-
ponding groups in that respect. The results above 1.00 
mean that the stimulation process dominates over the 
inhibition process and those players may have problems 
with resisting an impulsive reaction even when the situ-
ation does not require one. Both in the chess players and 
general population the level of inhibition strength domi-

Figure 1. Mean arithmetic values of the stimulation strength 
in footballers, chess players and the general population 
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Figure 2. Mean arithmetic values of the inhibition strength 
in footballers, chess players and the general population 
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nates over the stimulation of the nervous processes. 
This means that they find it easier to resist impulsive 
reactions according to requirements of social situations. 
The domination of the inhibition over stimulation is 
characteristic of the representatives of the general popu-
lation, as they are able to restrain from various actions 
and reactions, even when it is justified by the situation, 
e.g. they may restrain from an assertive reaction that 
would be advisable.

Data presented in Fig. 5 show a percent distribution 
of particular kinds of temperament in Polish population 
and in footballers and chess players. All of the distin-
guished groups show the highest percentage of sanguin-

ics with the largest number of those among the chess 
players and the lowest in the general population. The 
following most numerous group includes melancholics 
and mixed melancholics. Among footballers there dom-
inate cholerics 2 and cholerics 1, and phlegmatics 
among the chess players. Mixed cholerics 1 and 2 are 
the smallest group among the footballers and the general 
population and mixed cholerics 1 and cholerics 2 among 
the chess players.

Tab. 1 shows the significance level of differences be-
tween the numbers of the types of temperament in the 
groups under examination. The footballers differ signifi-
cantly from the chess players in terms of the number of 
phlegmatics and cholerics 2. There are more phlegmat-
ics among the chess players and more cholerics 2 among 
the footballers. Comparing the footballers with the gen-
eral population, one can see that there are more cholerics 
2 among footballers, whereas the same comparison in 
chess players shows a higher number of phlegmatics.

Discussion

The studies on the specificity of the psychological 
traits in sportsmen in particular sports disciplines and in 
comparison with the general population have been con-
ducted for years. They took into account both the rela-
tively permanent traits of biological origin and those 
more plastic, developed throughout life. Those studies, 
however, did not provide unanimous results. Some stud-
ies indicated existence of a psychic silhouette of a sports-
man, some did not confirm such results [14]. The results 
presented above belong to the first group of studies, 
since they show some characteristic differences between 
the general population and chess players and footballers 
in the range of traits and types of temperament. There-
fore, one can speak about “natural” selection in sports 
that takes place both at the moment of taking up (or not) 
sport activity and at the moment of giving up at the ini-
tial stage of training. The analysis of the research results 
of various authors shows that the selection is proportional 
to the degree of physical danger that is connected with 
practising a given discipline of sport [15, 16]. That kind 
of selection is stronger in women [17]. However, taking 
into consideration high level of safety characteristic of 
the chess, the phenomenon of selection has had to be 
connected with other factors e.g. pre-competition stress 
(additionally we only studied males).

Both chess players and footballers obtained signifi-
cantly higher results than the general population in 

Figure 3. Mean arithmetic values of nervous mobility in 
footballers, chess players and the general population 
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Figure 4. Mean arithmetic values of nervous balance in 
footballers, chess players and the general population 
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terms of the strength of stimulation of nervous process-
es, which means that those individuals are resistant and 
efficient. This view is consistent with the assumptions 
and results obtained by other authors [18–21], according 
to whom low reactivity is the key to successful sports 
career. It is connected indispensably with resistance and 
high demand for stimulation, which allow an individual 
to undertake the huge psychophysical effort of training 

and participation in competitions. Therefore, sportsmen 
are characterized by lower level of reactivity than non-
training people [18, 22]. Rychta and Wysocka [20] ex-
amined 18 athletes (7 juniors and 11 seniors) whose re-
sults on the strength of stimulation of nervous processes 
were even higher than in the chess players (x– = 60.05) 
and footballers (x– = 62.78), the mean values were as fol-
lows; 63.24 for juniors and 64.36 for seniors. Despite 

Figure 5. Percent distribution of the individual types of temperament (S – sanguinic, F – phlegmatic, CH1 – choleric 1, 
CH2 – choleric 2, CH1m – mixed choleric 1, CH2m – mixed choleric 2, M – melancholic, Mm – mixed melancholic) 

in the examined groups
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Table 1. The level of significance of differences between the examined groups in terms of percent distribution of the individual 
types of temperament (S –  sanguinic, F – phlegmatic, CH1 – choleric 1, CH2 – choleric 2, CH1m – mixed choleric 1, 

CH2m – mixed choleric 2, M – melancholic, Mm – mixed melancholic)

S F CH1 CH2 Ch1m CH2m M Mm

football/chess 0.60 0.01 0.58 0.006 1.00 0.41 0.68 0.73

football/population 0.53 0.15 0.25 0.003 0.27 0.93 0.10 0.30

chess/population 0.20 0.03 0.84 0.110 0.34 0.20 0.30 0.21
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the fact that in our studies footballers obtained better 
results, the difference in reactivity between them and 
chess players was not statistically significant. Therefore, 
such distribution of results can be incidental. Then both 
footballers and the chess players can perform intensely 
for a long time and will not show any functional disor-
ders. Chess require staying highly focused for even 
several hours of the match. Only such behaviour can 
guarantee the final success. Therefore, one can assume 
that functional capacity of the chess player’s nervous 
system has to be similar to the capacity of endurance 
sportsmen. One should also remember that practising 
any kind of sport requires long hours of preparation. Ef-
fective training requires long-term exercise of mind in 
the case of chess players and the body in the case of 
footballers. Both of them would not be possible without 
adequate level of the stimulation strength. Low reactiv-
ity is linked with high psychological endurance. The 
results of our studies suggest that chess require similar 
level of stimulation of nervous processes as football and 
most probably as other sports disciplines. It also corre-
sponds with the results of the leading Polish scrablists. 
Those of them who lead in the ranking are character-
ized with lower emotional reactivity than the players 
with worse results [23]. The level of stimulation of nerv-
ous processes turned out to be significant from the per-
spective of the model champion of modern fencing [24]. 
Moreover, other studies of footballers showed that the 
low level of reactivity and high level of endurance de-
termine champion performance [25].

The chess players obtained a significantly higher re-
sults than the general population in terms of inhibition 
of the nervous processes. The footballers we examined 
did not differ from the general population in that re-
spect. This is not consistent with Sankowski’s findings 
[18]. He examined basketball, football, handball and 
volleyball players. The first two groups obtained high 
results and differed from the general population in 
terms of inhibition strength. Perhaps, the requirements 
footballers have to meet have changed since that time. 
Perhaps, as the author himself suggests, the sample he 
examined was too small to draw any definite conclu-
sions. The level of inhibition decides about the easiness 
of learning various reactions of resisting or delaying 
impulsive actions, in accordance with commonly recog-
nized social standards and requirements of the situation. 
On the other hand, balance of nervous processes, which 
is the ratio of stimulation to inhibition will be linked to 
the behaviour of a person in a given situation. Taking 

into consideration both of those facts, it turns out that 
footballers differ significantly from the chess players as 
well as from the general population, they show domi-
nance of the stimulation over the inhibition. This means 
that the chess players learn the reaction of inhibition 
quicker, simultaneously it is easier for them to restrain 
impulsive reactions in a specific situation. The level of 
inhibition and balance of the nervous processes, so far 
have not been analysed from the perspective high-per-
formance sports. There are data showing that in contact 
sports, the level of stimulation dominates over the level 
of inhibition. Opposite results are achieved by repre-
sentatives of other disciplines, which can include foot-
ball and chess [26]. Such were the findings of 
Sankowski [18], however, they were not confirmed by 
Pietraszewski’s [22] findings on handball players and 
other findings on highly qualified fencers [24]. Neither 
did our findings confirm this correlation, at least in the 
case of footballers. Perhaps, the division of sports disci-
plines presented in the paper of Marks and Romanows-
ka-Tołłoczko [26] was not detailed enough. It is also 
possible that this is a result of continuous changes in 
sport. Regarding our studies and the difference in the 
balance of nervous processes between chess players and 
footballers, it may result from the specificity of a given 
sport discipline. Game of chess requires piece of mind 
and composure, the game room has to be quiet and reg-
ulations enforce various types of behaviour (for exam-
ple one cannot strike the clock even when they are nerv-
ous and have to make rapid movements, one also has to 
make a move when they touch a pawn). A chess player 
who could not control impulsive, emotional reactions 
would, e.g. comment their opponent moves aloud, 
laugh, shout or curse, when they noticed that through 
lack of complete focus they have just wasted several 
hours of effort; have difficulties with resisting giving 
hints to players from the neighbouring table. Inability to 
learn various reactions of resisting would lead to con-
tinuous admonitions and to a loss of a point or ultimate-
ly to disqualification from a tournament. The existing 
football regulations do not enforce such high self-con-
trol as in the case of chess players. Additionally, in clas-
sical chess game it is very important to think over every 
move one wants to make, create a plan and carry it out. 
All of those actions are easier to perform for a person 
with high level of inhibition. A person who does not 
possess that trait, when they see a move that in their 
judgement would ensure success, would make that 
move without due consideration. In majority of situa-
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tions this would bring defeat to that person. Instructors 
often repeat the following sentence to young players: 
“think with your head not your hand”, which perfectly 
shows the necessity of restraining from impulsive ac-
tions. In football, an over-impulsive reaction carries 
a risk of getting a yellow or red card by a player. At the 
same time, the players are taught various aggressive re-
actions (e.g. purposeful fouls) aimed at bringing meas-
urable effects [27]. For a person with large dominance 
of inhibition over stimulation it may be difficult or even 
impossible to breach commonly acknowledged social 
standards.

Our studies show that footballers are characterized 
by higher level of mobility of nervous processes than 
the chess players and the general population. The reason 
for that may be the character of the discipline – football 
requires high locomotor activity, dynamism and rapid 
responses to the ever changing situation on the pitch. 
High level of mobility of nervous processes is one of the 
traits of temperament that determine success in that dis-
cipline of sport [19], as it results in quicker learning of 
complex locomotor activities and is very important for 
good football training. Some authors advise that phleg-
matic people (of low mobility level) should not be elimi-
nated from high performance sports too early, as they 
learn complex locomotor activities slower at the start, 
but they speed up as they proceed. On the other hand, 
people of high level of mobility learn a habit rapidly 
when it is introduced, but may have problems with 
bringing it to perfection later on. Gracz and Sankowski 
[29] say that in people with low mobility level attention 
should be paid to increasing speed and dynamism of 
motion. This, according to them, is important especially 
at the initial stage of training, when the body is most 
flexible and the speed growth rate is the highest. Appar-
ently, the game of chess does not require such high level 
of nervous mobility, yet it would be useful when a play-
er is short of time in a timed game or playing rapid 
chess. However, these are only selected elements of that 
discipline of sport and they are not the most important 
ones. Low level of mobility may also bring success in 
other disciplines of sport. Following Wjatkin [28], jun-
ior rowers have problems with maintaining steady pace 
throughout the distance, therefore the coxswain or pace 
keeper is always a person with low mobility of nervous 
processes, who finds this task easy to perform. This so-
lution is 100% effective among the most successful 
junior rowing crews. In senior rowers, however, more 
emphasis is put on tactical manoeuvres that require 

changing rowing rhythm and higher level of nervous 
mobility. Sankowski [18] shows that among team sports, 
handball and basketball players are characterized by the 
highest mobility. A high level of this trait is also charac-
teristic of the leading fencers [24] and grass hockey 
representation [30].

Our studies have shown that there are far more 
phlegmatics among the chess players than among foot-
ballers and general population. This is a balanced and 
slow type of a person. Taking into consideration that 
majority of chess players are sanguinics (compared to 
the footballers and general population), i.e. balanced 
persons with high level of mobility, one can assume that 
this discipline requires balance between the level of 
stimulation and inhibition, whereas the level of mobility 
is of secondary significance. Following the results of 
Stawowska [11], the highest efficiency of mental proc-
esses is characteristic of sanguinics and cholerics 1, 
cholerics 2 are slightly less efficient, phlegmatics and 
mixed melancholics are in the middle of the rank and 
melancholics are least efficient. Different order of per-
cent shares of particular types of temperament among 
chess players may result from the fact that the activity 
performed by the persons examined by Stawowska can 
be perceived as easier than a chess game, since it was 
adding up columns of five two-digit numbers. More-
over, this activity lasted 80 minutes, whereas, a classical 
game of chess can last even up to 6 hours.

Football players dominate over the chess players and 
the general population in terms of the number of choler-
ics 2. In those people the level of stimulation signifi-
cantly dominates over the level of inhibition, while mo-
bility is at least average. We assume that this type of 
temperament is one of the dominant types among foot-
ballers, as top-class players in this discipline, apart from 
talent and high level of training, have to possess certain 
personal traits, such as self-confidence, dynamism, ini-
tiative, strong will, sense of engagement in work and 
training, in order to achieve success. Such a high 
number of cholerics 2 among footballers explains high 
number of yellow and red cards received. Regulations 
require far greater self-control from the chess players. 

Both in footballer and chess players in comparison 
to the general population, there are less melancholics 
and mixed melancholics. Those are not statistically sig-
nificant differences, however, regarding the number of 
melancholics, footballers differ significantly from the 
general population. It is not surprising then that Ble-
charz and Fiedor [19] claim that this type of tempera-
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ment gives the lowest predispositions for achieving suc-
cess in sports. The share of individual types of tempera-
ment among volleyball players examined by those 
authors differs from both footballers and chess players 
examined in our studies. That research population con-
sisted of: 26.09% of sanguinics, 8.70% of phlegmatics, 
13.04% of cholerics, 21.74% of cholerics 2, 0% of mixed 
cholerics 1, 13.04% mixed cholerics 2, 13.04% of mel-
ancholics and 4.35% mixed melancholics (compare Fig. 
5). Relatively small number of phlegmatics and a high 
percent of cholerics 2 indicates a greater similarity of 
this group to footballers rather than to the chess players. 
Sankowski [18] also obtained different results regarding 
the percent distribution of individual temperament 
types. Although he used a completely different qualifi-
cation procedure, still the very low number of cholerics 
among the examined footballers and relatively high 
number of phlegmatics in comparison to our findings is 
intriguing. Perhaps it is only a matter of typology in 
use; perhaps it is a matter of the differences between 
football today and 25 years ago.

Conclusions

Footballers and chess players do not differ signifi-
cantly regarding the level of nervous processes stimula-
tion. Both groups, however, differ significantly in that re-
spect from the general male population at similar age.

The chess players do not differ significantly from 
footballers in terms of the level of inhibition of nervous 
processes, yet that difference is large enough so that we 
can speak about a tendency of achieving higher results 
by the chess players. In this regard, they obtained signifi-
cantly higher results than the general male population.

Chess players and footballers differ significantly in 
terms of balance of nervous processes. Persons playing 
chess are characterized by the dominance of inhibition 
over stimulation; in footballers the situation is reverse. 
Footballers differ significantly in this regard from the 
general population, who are characterized by domi-
nance of inhibition over stimulation that is even higher 
than in the chess players.

Footballers are characterized by a higher level of mo-
bility than the chess players. Despite that this difference 
did not reach the assumed level of statistical signifi-
cance, still it is large enough to describe it as a tendency 
towards differentiation between the examined groups of 
sportsmen. Footballers achieved significantly higher re-
sults than the general male population in this regard.

There are significantly more cholerics 2 among the 
footballers than in the chess players and the general 
male population. Whereas, in the chess players there are 
significantly more phlegmatics than in both groups 
compared.
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Introduction

The coaching profession, like any other professions, 
includes stages characterized by intensive stress, re-
duced level of professional activity, physical exhaustion 
or fatigue. All these symptoms constitute a syndrome 
known as professional burnout [1–4]. The direct, under-
lying cause of burnout is the negative stress and work 
overload. A study carried out at the University of South 
Carolina on a group of 295 swimming coaches revealed 
a correlation between competition and burnout symp-
toms [5]. Additionally, indirect causes of burnout may 
include the coach’s low social status and underpayment 
and, in consequence, a necessity to take up extra jobs. 
Also the “constant struggle” for better work conditions, 
constant proving of the importance of the coach’s role in 
society and of the usefulness of his or her professional 
activity can lead to frustration, low self-esteem and 
feeling of injustice. The coaching profession demands 

high resistance to stressful situations. Beside the high 
level of rivalry, one of the most important parts of the 
coaching profession is high staff rotation and social 
pressure. A great deal of international research has been 
devoted to the psychological costs of teacher-trainer 
profession [6–9] and problems of interpersonal relations 
concerning the management [1, 10, 11] and athletes 
[12–14]. 

The opposite of experiencing stress is, following 
Benson’s term [15], the relaxation response, understood 
as a natural response to excessive psychophysical stress 
[16]. Jacobson, the author of progressive training, pointed 
to a simple relaxation method consisting of alternating 
tension and relaxation of individual muscles. The aim of 
the training is to develop the ability to assess improper 
muscular tension and exercise intentional muscular re-
laxation, which then can affect one’s psyche and emo-
tions [17, 18]. 

Relaxation techniques are extensively applied in pre-
vention of stress-related emotional and somatic disor-
ders as well as for improving the effectiveness in differ-
ent spheres of human activity. A number of studies * Corresponding author.
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Purpose. Stress and burnout symptoms can adversely affect coaches. Traditionally, attention has been paid to tension problems 

experienced by athletes, but often it is coaches who are under a greater amount of pressure to succeed than athletes. The goal of the 

research was to compare two groups of coaches: individual sports coaches and team sports coaches in terms of their reaction to and 

experience of relaxation exercises. The authors also intended to determine possible differences between male and female coaches. 

Basic procedures. The study was carried out in groups of students (n = 91) involved in relaxation exercises as part of the Coaching 

Postgraduate Program run by the University School of Physical Education in Wrocław. The students participated in 6 to 12-hour 

relaxation programs, which mainly consisted of Jacobson’s progressive relaxation exercises with selected Schultz’ and Yoga Nidra 

techniques. The Relaxation-Concentration Exercises Questionnaire (RCEQ) was used in the study. Main findings. The ANOVA was 

used in the statistical analysis. As a result, the relaxation level of student coaches of individual sports was found to be significantly 

higher in comparison with the student coaches of team sports. As far as the subjects’ gender was concerned the results also showed 

that the women student coaches had achieved the highest score amongst all the groups under study, both male and female. 

Conclusions. The coaches of individual sports are better prepared to achieve a deeper state of relaxation. Relaxation techniques can 

be extremely useful in developing constructive stress management programs in all phases of coaches’ work. However, the knowledge 

of the subject, which can be applied to set up some practical stress management strategies, is still very limited. 
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show that regular implementation of relaxation tech-
niques can significantly affect one’s state of relaxation 
[18, 19]; it also reduces one’s feeling of anxiety and en-
hances resistance to stress. Everly et al. [19] considered 
the improvement of inner control and self-esteem to be 
durable consequences of systematic relaxation. Some 
studies point to a steady trend to adjust patterns of be-
haviour for better stress management. In the sport com-
munity research has shown the impact of relaxation 
techniques on the attainment of better results as well as 
a significant reduction of anxiety and improvement of 
self-esteem. Another problem is coping with difficult 
situations and tension by the coaching community. 
Most studies have focused on sport coaches’ burnout, 
while only very few researchers [20–22] have discussed 
the effectiveness of stress and tension management 
methods. The present study discusses the problem of 
stress management during relaxation sessions experi-
enced by coaches of individual and team sports. The 
main reason for undertaking this research was a great 
interest of coaches taking part in postgraduate courses 
in psychotherapy and relaxation training. The coaches 
often remarked that complementary inclusion of relaxa-
tion techniques into their specialist training programs 
would greatly enhance the effectiveness of their work. 
The present study should attract coaches’ interest in re-
laxation techniques and possible application of such 
techniques in their training programs. 

The objective of the study was to compare two 
groups of coaches: individual sports coaches and team 
sports coaches in terms of their responses to and experi-
ences of relaxation exercises. Two research questions 
were formulated:
1. Are there any differences between coaches of indi-

vidual sports and coaches of team sports in terms of 
their state of relaxation after relaxation exercises?

2. Are these differences (if any) gender-related?

Material and methods 

The research sample consisted of active coaches tak-
ing part in postgraduate coaching courses organized by 
the University School of Physical Education in Wrocław. 
The subjects were 91 coaches, who graduated from the 
University School between 1998 and 2001. The sub-
jects’ mean age was 33 years. A vast majority of sub-
jects were not active athletes any longer. The groups of 
subjects compared were uniform in terms of their age 
and sex. During the course the coaches got acquainted 

with relaxation techniques which could be used in their 
work with athletes. Each coach attended introductory 
classes in relaxation techniques as well as training 
workshops (6 to 12 hours). By the end of the relaxation 
training course the participants were asked to fill in the 
Relaxation-Concentration Exercises Questionnaire 
(RCEQ) developed by one of the authors of the present 
study. The questionnaire included seven sets of ten 
items each. The subjects were to give their answers on 
a five-point scale: from “I totally disagree” to “I totally 
agree.” The present study analyses only answers to the 
fourth set concerning the participants’ experiences dur-
ing the last session of relaxation training. The relaxation 
exercises were characterized as 4.1 generally relaxing; 
4.2. similar to other exercises; 4.3. similar to exercises 
experienced earlier under other circumstances; 4.4. 
physically relaxing; 4.5. steadying the heart and breath-
ing rhythm; 4.6. harmonizing mind and affecting con-
centration; 4.7. deeply relaxing the body and mind; 4.8. 
bringing about inner peace; 4.9. similar to sleeping; and 
4.10. bringing about the feeling of harmony with the 
outside world. 

The subjects, who were asked to fill in the question-
naire, usually during the 4th or 5th session, had already 
participated in the training workshops modeled, to 
a large degree, on Jacobson’s progressive training, and 
elements of Schulz’ autogenic training and Yoga Nidra. 
The program of a relaxation session comprised four 
sets of exercises: stretching exercises, breathing exer-
cises, mental concentration exercises and relaxation 
exercises. 

Results 

The authors divided the subjects into two groups: 
coaches of individual sports and coaches of team sports. 
The groups were then subdivided according to the sub-
jects’ sex. The statistical analysis was carried out using 
Statistica 6.0 software package. Student’s t-test for inde-
pendent variables and post-hoc ANOVA/MANOVA 
tests were calculated.

The comparison of individual sports coaches and 
team sports coaches in terms of their proneness to relax-
ation (Tab. 1) shows the former to have achieved  better 
results in almost all indices. The exceptions are item 4.5 
(steadying the heart and breathing rhythm), which was 
assessed higher by the team sports coaches, and item 
4.10 (bringing about the feeling of harmony with the out-
side world), equally assessed by both groups. 
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Despite the fact that the individual sports coaches 
scored higher in almost all indices of relaxation, a statisti-
cally significant difference was observed only in percep-
tion of the exercises as generally relaxing (item 4.1., Tab. 
1) and in the total RCEQ score (4.1–4.10, Tab. 1). 

As far as the subjects’ sex was concerned, the wom-
en coaches of individual sports achieved the best results 
(Fig. 1–4), with the exception of exercises perceived as 
harmonizing mind and affecting concentration. In the 
case of item 4.6 the women coaches of team sports 
scored significantly lower than all other subjects (Fig. 

Table 1. Arithmetic means of different indices 
of proneness to relaxation by coaches of individual 

and team sports

Item x– Individual sports x– Team sports p

4.1 3.30 2.93 0.04

4.2 1.66 1.52 0.62

4.3 1.85 1.37 0.09

4.4 3.17 3.00 0.38

4.5 3.09 3.23 0.42

4.6 2.85 2.70 0.48

4.7 2.98 2.82 0.39

4.8 3.30 3.02 0.10

4.9 2.94 2.57 0.15

4.10 2.34 2.34 1.00

Total 27.47 25.52 0.05

Figure 2. Perception of relaxation training as generally 
relaxing by men and women coaches of individual 

and team sports (arithmetic mean of answers to item 4.1). 
Different letters on the columns indicate statistically 

significant differences
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Figure 1. Perception of relaxation as harmonizing mind 
and affecting concentration by men and women coaches 

of individual and team sports (arithmetic mean of answers 
to item 4.6). Different letters on the columns indicate 

statistically significant differences
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1). They also achieved the worst result in the total 
RCEQ score (Fig. 5), although differing significantly 
only from women coaches of individual sports. 

As was mentioned earlier, the women coaches of in-
dividual sports featured the highest quantity of relaxa-
tion indices. In the case of general relaxation (Fig. 2) 
they obtained the highest score, however, differing sig-
nificantly only from the men coaches of team sports. 

Differences between women coaches of individual 
sports and the other groups were observed in answers to 

Figure 3. Perception of relaxation training as similar 
to exercises experienced earlier under other circumstances 
by men and women coaches of individual and team sports 
(arithmetic mean of answers to item 4.3). Different letters 

on the columns indicate statistically significant differences
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item 4.3. (“similar to exercises experienced earlier un-
der similar circumstances”). These differences were 
statistically significant in comparison with the two 
groups of men coaches. Compared to the women coach-
es of team sports, the individual sports coaches scored 

higher, but the difference was statistically non-signifi-
cant. 

The women coaches of individual sports differed 
significantly from all other groups in the perception of 
relaxation exercises as deeply relaxing the body and 
mind and in the total RCEQ score (Fig. 4 and 5). These 
results indicate greater proneness of this group – in 
comparison with others – to relaxation. It can thus be 
concluded that proneness to relaxation is related to the 
type of sport (individual and team sports) as well as the 
subjects’ sex. 

Discussion

A number of studies suggest that most stressors af-
fecting athletes also exert an influence on coaches. Ac-
cording to Martin [20], only those coaches can succeed 
who can effectively manage their own stress and thus 
become good role models to their athletes. They should 
be equipped with appropriate strategies which can be 
applied during important sport competitions but also in 
the event of their athletes’ failures or poor results. Du-
bos [21] noted that physiological stress experienced by 
rowing coaches during competition was similar to the 
stress of their athletes who at the same time expended 
great physical effort. The analogy between stress recep-
tion and the necessity of effective stress management in 
the competitive period in athletes and trainers alike is 
obvious. It can be defined as “emotional feedback” or 
“emotional irradiation” in both groups. The coaches 
also experience the fear of losing their job, frequent 
travels and problems with family life. 

 Scientific publications on psychology of sport have 
mostly focused on the impact of relaxation on athletes 
but not on coaches. For example, Hemery [see 22] is his 
study of 62 Olympic champions showed that 80% of 
them associated a high sport level with mental exercises 
including elements of relaxation and imagination train-
ing. There is no doubt that stress management or relaxa-
tion ability are fairly individual issues. Nowicki [22] 
emphasizes that relaxation techniques should be selected 
on an individual basis. Other researchers [19, 22–24] 
point to the great effectiveness of deep suggestion as 
a stress management technique in sport. The present 
study reveals differences in the effectiveness of relaxa-
tion training between coaches of individual sports and 
coaches of team sports. These differences might be ex-
plained by the fact that the coaches of individual sports 
had become familiar with relaxation exercises earlier. It 

Figure 4. Perception of relaxation as deeply relaxing the 
body and mind by men and women coaches of individual 
and team sports (arithmetic mean of answers to item 4.7). 

Different letters on the columns indicate statistically 
significant differences
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Figure 5. The arithmetic mean of the total RCEQ score 
by men and women coaches of individual and team sports. 

Different letters on the columns indicate statistically 
significant differences
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is also possible that these coaches are more disposed 
towards the reception of internal, individual physical 
impressions, as opposed to the coaches of team sports 
more prone to reception of social stimuli. According to 
Doliński and Szmajke [13] a crucial part of stress man-
agement, e.g. during competition, is social support, 
consisting of feedback received from other people con-
firming one’s membership in a social group and the 
group’s concern about its proper functioning. It is par-
ticularly important in conditions of experiencing low 
self-esteem as it allows for improvement of one’s own 
well-being. Seeking social support is one of the effective 
stress management strategies mentioned by a number of 
researchers [24–27]. It can be assumed that both coach-
es and athletes of team sports have greater possibilities 
of relieving the tension, and that in the choice of their 
sports they were motivated by the importance of rela-
tions with other people. Witczak’s [23] research also 
points to the fact that mental training can affect muscle 
relaxation and general relaxation to a different degree in 
different individuals. His study showed that after five 
training sessions more than 10% of subjects experi-
enced no results, but about 6% assessed the impact of 
training as significant and very significant. However, 
after five weeks of training, only 0.7% still noticed no 
effects of the training, while for more than 16% the im-
pact was significant and very significant, and for 1.3% 
tremendously significant. The author carried out his 
study on a sample of athletes representing twenty dif-
ferent sports. 

The results of the present study show that as far as 
the subjects’ sex is concerned, the highest degree of ef-
fective relaxation can be observed in women coaches of 
individual sports and the lowest in women coaches of 
team sports. In terms of differences in reception of 
stress in competitive situations, particularly significant 
are the results of studies [28, 29] confirming the gender-
related differences. It is possible that women coaches of 
team sports pay little attention to inner feelings, con-
centrating instead on social stimuli. Most likely, their 
most preferred way of stress management are contacts 
with other people, which can be justified by their choice 
of team sports. 

Conclusions

Coaches of individual sports achieve higher scores 
in terms of general relaxation following relaxation 
training in comparison with coaches of team sports. 

They also obtain better results in the total relaxation 
perception score.

As far as the subjects’ sex is concerned, it was ob-
served that women coaches of individual sports differed 
most significantly in the total relaxation score and in 
perception of deep relaxation of the body and mind 
from the other groups of subjects. In both cases their 
results were better than those of other groups. 

Women coaches of individual sports achieved better 
results than the men coaches of both individual and 
team sports in relaxation perceived as similar to exer-
cises experienced earlier under similar circumstances. 
They also scored significantly higher than the men 
coaches of team sports in general relaxation following 
relaxation exercises.

On the other hand, the women coaches of team 
sports achieved a significantly worse result than all oth-
er groups in relaxation perceived as harmonizing mind 
and affecting concentration after relaxation training.

The interviews with coaches revealed their expecta-
tions to become familiar with theoretical assumptions 
and practice of stress management as well as relaxation 
techniques in their training programs. On the one hand, 
they emphasized the preventive and self-therapeutic ad-
vantages of such knowledge, and on the other hand, 
they pointed to the possibilities of applying relaxation 
techniques in their work with athletes. 

Coaches of individual sports, as opposed to coaches 
of team sports, face a clear situation of responsibility for 
their athletes’ results. In their work they confront the 
dilemma of direct, rather than indirect, accountability, 
more than their team sports counterparts. This can also 
refer to their early development of stress resistance, al-
ready in the competitive period. We can assume that 
their own sports training in the past and the direct cor-
relation between coaching and the athlete’s score are 
decisive as regards the differences in perception of the 
state of relaxation observed in the present study. 
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Introduction

An athlete who competes in top-level sports events 
should feature a good level of technical, functional, psy-
chomotor and tactical preparation [1–3]. One of the suc-
cess-determining factors in competitive swimming is 
the swimmer’s level of technical training, consisting of 
mastery of kinematic parameters and ability to receive 
kinesthetic-sensory stimuli [4–7]. Two types of kine-
matic parameters can be identified in swimmers [4, 6, 
8, 9]. The first type is the ability to assess and control 
dynamic and kinematic movement parameters, which is 
reflected in development of such skills as the sense of 
developed force, time, pace, rhythm and water. The 
other type consists of the ability to relax muscles. Mas-
tery of the latter allows synchronizing muscles during 
swimming [10–12]. A swimmer should, first of all, be 
able to feel and analyze his/her own movements, create 
an image of movement of his/her entire body and its in-
dividual parts, and adjust movement performance to 

a given motor task [3, 9, 13]. The level of spatiotemporal 
parameters, assessed in individual athletes in particular 
phases of the swimming distance, reveals the swim-
mer’s coordination and technical preparation [5, 9, 14]. 

Studies of competitive swimming studies point to 
different methods of men and women swimmers of at-
taining sports championship. In the assessment of the 
swimmer’s training level a number of tests are applied 
evaluating the body’s functional, psychomotor and 
technical properties [5, 15, 16]. One of the methods of 
control of swimming training is detailed analysis of 
a swimming race, concerned with the race’s structure 
and its constituent parameters. Thanks to such analysis 
the swimmer’s level of technical training can be effec-
tively evaluated [4, 6, 9]. Observation of the swimmer’s 
performance is an important part of the coaching pro-
fession, and the coach’s conclusions can be crucial for 
training practice and programming. Video recording of 
a swimming race can provide information on the swim-
mer’s movement in particular sections of the swimming 
distance: start, “pure swimming”, turns and finish. This 
information can be invaluable for the coach and the 
swimmer as it can affect further training strategy, pin-* Corresponding author.
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ABSTRACT

Purpose. One of the control methods of swimming practice is a detailed analysis of a swimming race and its component parameters, 

thanks to which the level of mastery of movement technique can be assessed. The aim of the paper was to specify to what extent 

spatiotemporal (kinematic) parameters affect the sports result and how these parameters are represented by the best competitors in 

individual phases of the swimming race. Basic procedures. The paper is based on a study of the European Swimming Championships 

in Trieste, 2005, and analyzes men and women butterfly stroke events at distances of 50 m, 100 m and 200 m. The following 

spatiotemporal (kinematic) quantities were considered: start time, turning time, swimming velocity, finishing time, stroke rate and 

stroke length. To specify the differentiation between the analyzed variables, the standardization of results and Pearson linear 

correlation were used. Main findings. It was found that the groups of male and female competitors proved to be fairly diversified in 

their spatiotemporal (kinematic) quantities. The competition winners when compared with other competitors, featured better average 

velocity, stroke rate and efficiency. However, no competitor obtained the highest results in all analyzed factors. Conclusions. 
A careful observation of changes of basic swimming technique kinematic parameters and their interpretation enables diagnosis and 

forecast necessary for proper training development. The knowledge of individual movement technique parameters enables 

a thorough assessment of the swimmer’s training level and makes it possible to match it with model standards.
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point errors and constantly improve the training quality. 
The data can also be used for comparison of perform-
ance of individual parts of the race with the set stand-
ards [17, 18]. Thus video recording of spatiotemporal 
parameters and assessment of their influence on swim-
ming effectiveness is a useful research tool for swim-
ming coaches allowing a complex evaluation of swim-
mers’ training level and optimal execution of particular 
parts of the swimming race. 

The aim

The study aimed at finding a relationship between 
the level of swimmers’ basic kinematic parameters and 
swimming results at the 2005 European Championships 
in Trieste in butterfly stroke. 

The following research questions were formulated:
1. How do the basic kinematic parameters change and 

affect the swimming technique at selected sections 
of the swimming distance: start, turns, finish and 
“pure swimming” of the swimming event finalists?

2. To what extent can the changes in the basic kinematic 
parameters affect sports results in butterfly finals at 
individual swimming distances? 
The analysis was also aimed to highlight the final-

ists’ weaker points, which could be then applied in indi-
vidual programming of swimming training.

Material and methods

The study examined kinematic parameters of men 
and women finalists at the European Swimming Short 
Course Championships in Trieste in 2005. The video 
recording of particular constituent parts of the swim-
ming distance was made by Professor Rein Haljand of 
the University of Tallinn (Estonia) [19]. The video cam-
eras were installed at designated spots above the water 
surface and at the bottom of the pool and were connect-
ed with electronic measuring devices. The data gath-
ered was then computer-processed and yielded informa-
tion about the swimmer’s speed during the start, swim-
ming, turns and finish. The study analyzed the 
recording of the men and women butterfly finals at dis-
tances of 50 m, 100 m and 200 m. 

The parameters under study included: start time 
(15 m from the starting signal), turning time (7.5 m be-
fore and after the turning wall), average swimming 
time (measured after the start and before the first turn; 
between turns; after the last turn and before finishing), 

finishing time (last 5 m time from the swimmer’s head 
to the finishing line), average stroke rate (F

c
 – stroke 

cycles per min) and average stroke length (L
c
 – the dis-

tance covered by the swimmer within one stroke cycle). 
Another parameter was the so-called index of swim-
ming efficiency (W

s
) calculated according to the formu-

la:

W
s
 = 

L
c 
· x

–

100

The stroke rate (F
c
) was measured using special 

electronic devices, from the arm’s entry into the water 
to its recovery. The stroke length (L

c
) was calculated ac-

cording to the formula: 

L
c
 = 

V
av

· 60

F
c

(m)

where:
L

c
 – average stroke length 

V
av

 – average swimming velocity 
F

c
 – stroke rate 
In the analysis the differences between the variables 

were assessed using standardization of results [20] and 
Pearson coefficient of correlation (r). 

Results

Women butterfly 50 m 

The difference between the best time (A.K.) 
(0:26.05 min) and the worst time (0:26.75 min) at this 
swimming distance was merely 0.7 s (x– – 0:26.42 min, 
SD – 0.23 s, CV – 0.88). In terms of the spatiotemporal 
parameters (Fig. 1) the gold medalist achieved the best 
start time – 6.54 s (4.5% better than her competitors’ 
average) and turning time – 8.06 s (2.35%). She fea-
tured the second highest average stroke rate (F

c
) and the 

6th average stroke length (L
c
). Her average swimming 

velocity gave her the 5th place, finishing time – 6th place 
and the W

s
 index – 3rd place among the race partici-

pants. 

Men butterfly 50 m 

The gold medalist (L.F.) reached the time of 0:23.08 
min, whereas the last time in the final race was 0:23.58 
min, i.e. the difference between the men’s times (0.5 s) 
was lower than between the women’s times (x– – 0:23.32 
min, SD – 0.19 s, CV – 0.82). The winner of the men’s 
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race achieved the best result only in swimming velocity 

(1.97 m/s) in the second lap of the 50 m distance (Fig. 2). 
It was 3.68% better than his competitors’ average speed. 
The race winner had the 4th stroke rate and the 5th stroke 
length. He had the second best turning time and fin-

ishing time. He also featured the 4th best W
s
 index. 

Women butterfly 100 m

The winner (M.M.) achieved the time of 0:58.19 

min, while the worst time was 0:59.04 min, thus the 
difference between them amounted to 0.85 s (x– – 
0:58.56 min, SD – 0.29 s, CV – 0.49). She had the best 
start time (7.0 s), i.e. 2.62% better than the others’, and 
average turning time (8.61 s; 2.49%) (Fig. 3). She had 

the 2nd–3rd finishing time, but was only 6th in average 
swimming velocity, stroke rate (F

c
), stroke length and 

the W
s
 index. 

Men butterfly 100 m 

The winner of the 100 m race (T.R.) attained the time 
of 0:50.55 min, whereas the last finalist 0:52.22 min; 
the difference between them was 1.67 s (x– – 0:51.64 
min, SD – 0.56 s, CV – 1.08). The winner achieved the 
best swimming velocity on the final lap (1.77 m/s), 
which was 3.5% better than the others’, average swim-

ming velocity over the entire distance (1.87 m/s; 3.5%), 
and average stroke rate (F

c
) – 61 (9.26% better than 

the other finalists’ average). He was only the 6th in 

 Figure 1. Kinematic parameters at 50 m women
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Figure 2. Kinematic parameters at 50 m men
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stroke length (Fig. 4); 2nd–3rd in start time, average turning 
time and finishing time; and 4th as regards the W

s
 index. 

Women butterfly 200 m 

The winner of the 200 m race (B.B.) achieved the 
time of 2:06.62 min, whereas the last finalist 2:09.05 
min (2.43 s difference) (x– – 2:08.01 min, SD – 1.02, CV 
– 0.80 %). In terms of kinematic parameters, she was 
only the first in finishing time (2.84 s), 11.24% better 
than her competitors’ (Fig. 5). She had the second aver-
age swimming velocity on the last lap and stroke rate, 
6th–7th start time, 4th–5th stroke length, 6th turning time 
and the 4th W

s
 index. 

Men butterfly 200 m 

The difference between the best time (R.K.) (1:

50.89 min) and the worst time (1:55.73 min) was 4.84 s 
(x– – 1:53.83 min, SD – 1.50 s, CV – 1.32%). The winner 
also achieved the best results in swimming velocity on 

the first lap (1.92 m/s; 9.09% better than his competi-
tors’), average swimming velocity (1.74 m/s, 9.09%), 
finishing time (2.55 s, 12.1%), and W

s
 index (3.67, 

15.4%). In terms of kinematic parameters he had the 
second stroke length, 7th stroke rate, 2nd–3rd average 
turning time, 3rd swimming velocity on the final lap and 
4th–5th start time. 

Figure 3. Kinematic parameters at 100 m women
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Figure 4. Kinematic parameters at 100 m men
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Figure 5. Kinematic parameters at 200 m women
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Figure 6. Kinematic parameters at 200 m men
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Table 1. Pearson coefficients of correlation (r) between the swimmer’s place in the finals and kinematic parameters

Kinematic parameters

Result

50 m 100 m 200 m

W M W M W M

1. Start time (first 15 m)  0.672  –0.669  0.718*  0.560  –0.011  –0.175

2. Swimming velocity on the first lap (25 m)  –0.610  –0.289  –0.319  –0.651  –0.696  –0.312

3. Swimming velocity on the last lap (25 m)  –0.307  –0.225  0.030  –0.072  –0.276  –0.476

4. Average turning time  0.417  0.396  0.799*  0.838**  0.314  0.627

5. Finishing time (last 5 m)  0.030  0.143  0.292  0.169  0.523  0.546

6. Average swimming velocity  –0.695*  –0.649  –0.126  –0.716*  –0.845**  –0.703*

7. Average stroke rate (F
c
)  –0.680*  –0.217  –0.089  –0.472  0.233  –0.046

8. Average stroke length (L
c
)  0.080  0.153  0.037  0.260  –0.561  –0.194

9. Index of swimming velocity W
s

 –0.205  0.059  0.003  –0.716*  –0.766*  –0.386

* p > 0.05, ** p > 0.01, W – women, M – men
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Table 3. Statistical analysis of kinematic parameters at 100 m

Kinematic parameters

100 m

Women Men

x
– SD CV x

– SD CV

1. Start time (first 15 m) 7.14 0.13 1.95 5.98 0.15 2.62

2. Swimming velocity on the first lap (25 m) 1.65 0.06 4.07 1.86 0.08 4.45

3. Swimming velocity on the last lap (25 m) 1.51 0.02 1.27 1.72 0.03 2.06

4. Average turning time 8.80 0.10 1.23 7.82 0.08 1.13

5. Finishing time (last 5 m) 2.95 0.09 3.08 2.72 0.17 6.33

6. Average swimming velocity 1.59 0.02 1.44 1.81 0.03 1.89

7. Average stroke rate (F
c
) 56.00 2.61 4.67 57.12 3.39 5.95

8. Average stroke length (L
c
) 1.71 0.08 5.02 1.90 0.10 5.61

9. Index of swimming velocity W
s

2.73 0.15 5.74 3.43 0.18 5.45

Table 4. Statistical analysis of kinematic parameters at 200 m

Kinematic parameters

200 m

Women Men

x
– SD CV x

– SD CV

1. Start time (first 15 m) 7.44 0.10 1.37 6.44 0.20 3.20

2. Swimming velocity on the first lap (25 m) 1.62 0.11 7.01 1.78 0.09 5.24

3. Swimming velocity on the last lap (25 m) 1.42 0.03 2.73 1.57 0.04 2.99

4. Average turning time 9.60 0.08 0.84 8.41 0.09 1.15

5. Finishing time (last 5 m) 3.15 0.15 4.97 2.85 0.19 6.95

6. Average swimming velocity 1.50 0.03 2.05 1.65 0.04 2.65

7. Average stroke rate (F
c
) 50.5 2.00 3.96 50.12 3.18 6.34

8. Average stroke length (L
c
) 1.76 0.06 3.70 1.96 0.12 6.35

9. Index of swimming velocity W
s

2.65 0.13 4.90 3.22 0.27 8.53

Table 2. Statistical analysis of kinematic parameters at 50 m

Kinematic parameters

50 m

Women Men

x
– SD CV x

– SD CV

1. Start time (first 15 m) 6.81 0.15 2.24 5.82 0.15 2.66

2. Swimming velocity on the first lap (25 m) 1.75 0.06 3.92 1.95 0.05 2.99

3. Swimming velocity on the last lap (25 m) 1.70 0.02 1.56 1.91 0.03 1.89

4. Average turning time 8.23 0.09 1.19 7.30 0.08 1.18

5. Finishing time (last 5 m) 2.64 0.05 2.18 2.39 0.08 3.67

6. Average swimming velocity 1.72 0.04 2.65 1.93 0.02 1.12

7. Average stroke rate (F
c
) 63.12 2.10 3.32 64.12 4.70 7.33

8. Average stroke length (L
c
) 1.64 0.06 3.99 1.81 0.13 7.60

9. Index of swimming velocity W
s

2.83 0.17 6.11 3.48 0.26 7.66
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Discussion

The analysis of kinematic parameters of men and 
women butterfly stroke swimmers taking part in the 
50 m, 100 m and 200 m events at the European Champi-
onships in Trieste in 2005 was aimed to assess their 
impact on the competitors’ results in the finals. 

An analysis of standardized parameters (Fig. 1–6) 
shows that the winners of the 50 m, 100 m and 200 m 
events were not always in the lead in the kinematic pa-
rameters under study. The results showed that the 
women gold medalists differed most from their com-
petitors in their 50 m start time and turning time; 100 
m turning time; and 200 m finishing time. The men 
gold medalists reached the best swimming velocity re-
sults on the last lap at 50 m; best 100 m average swim-

ming velocity, best swimming velocity on the last lap 
and, in particular, the best stroke rate. In the 200 m 
race the European Champion (R.K.) featured the high-
est average swimming velocity, finishing time and the 
index of swimming efficiency (W

s
). 

The results of the Pearson linear correlation (r) (Tab. 
1) between the kinematic parameters and the swim-
mer’s places in the finals point to the significance of 
start time in short-distance swimming (50 m and 100 
m); average turning time at 100 m; and average 

swimming velocity and the index of swimming effi-

ciency at 100 m men and 200 m women. 
In order to examine the differences between indi-

vidual kinematic parameters of the finalists, coeffi-
cients of variation for particular swimming events were 
calculated (Tab. 2–4). This allowed for differentiation 
of a few groups of subjects with regard to a particular 
parameter, or a set of a few parameters with regard to 
one group of subjects. All the coefficients of variance of 
the parameters under study fell between 0.84% (aver-
age turning time – women 200 m) and 8.53% (index of 
swimming efficiency – men 200 m). The swimmers’ 
kinematic parameters with the greatest variation in all 
finals included swimming velocity on the first lap (es-
pecially women), finishing time (the higher the coeffi-
cients of variation, the longer the swimming distance) 
as well as average stroke rate (F

c
), average stroke 

length (L
c
) and, in particular, the index of swimming 

efficiency (W
s
). The latter are swimmers’ individual 

traits as their quantity depends on the swimmer’s morpho-
functional capacity. The swimmers with high average 
stroke length (L

c
) featured low stroke rate (F

c
), e.g. A.K. 

the winner of the women 50 m, and R.K. the winner of 
the men 200 m. The variability of these two parameters 
is inversely proportional [9, 15, 16], thus elite swimmers 
constantly improve their skills in order to maintain the 
longest stroke length possible and optimal stroke rate [6, 
9, 11]. 

The average “pure swimming” velocity (in all 
events) featured slight variability, with coefficients of 
variation between 1.12 and 2.65%. Thus, the value of 
this parameter in all the swimmers under study was 
similar enough to be a decisive factor for victory. How-
ever, the coefficients of correlation (Tab. 1) between av-
erage swimming velocity and the place in the finals 
were statistically significant (with the exception of the 
women 100 m event). It can be assumed that swimming 
velocity was a decisive kinemtaic parameter in the case 
of all the swimmers, although it was slightly varied. 
This observation seems valid as the sample consisted of 
top European swimmers. 

Conclusions

1. The examined kinematic parameters of butterfly 
stroke swimmers taking part in the European Cham-
pionships were varied with regard to the swimming 
event and swimming distance. 

2. The winners of individual women butterfly events 
had the best start time, turning time, and finish-

ing time; whereas the winners of men events fea-
tured the best average swimming velocity, average 

stroke rate (F
c
) and (in the case of the 200 m race) 

index of swimming efficiency (W
s
). 

3. Kinematic parameters most strongly correlated with 
the sports results were start time at 50 m in men 
and women and at 100 m in women, average turn-

ing time at 100 m, index of swimming efficiency 
(W

s
) at 100 m men and 200 m women and the aver-

age swimming velocity at all distances apart from 
100 m women. 

4. A thorough analysis of the swimmers’ technical and 
fitness indices seems justified and purposeful since 
monitoring and interpretation of changes of swim-
ming technique parameters in crucial phases of the 
swimming distance allows proper scrutiny and pro-
gramming, and it can be a useful guideline in train-
ing development leading to achievement of sport 
success. 
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Introduction

Front crawl swimming velocity depends to a great 
extent on the swimming technique, the components of 
which are modified depending on the swimming dis-
tance. The swimming time ranges from 20 s in short-
distance events to several minutes at long distances. 
The use of a swimming technique over a given distance 
depends, first of all, on the swimmer’s somatic proper-
ties, e.g. lean body mass (LBM) and body total length 
(BTL), and physiological indices (aerobic and anaerobic 
capacity) [1–6]. An analysis of the body’s physiological 
reactions to physical effort (e.g. lactate blood concentra-
tion (La) and indices of gas exchange) as well as rela-
tionships between physiological and motor variables 
and front crawl swimming velocity can yield a great 
deal of information for proper management of swim-
ming training. In the past, the model of crawl swim-
ming was a result of the coach’s subjective imagining of 

movement patterns suitable for each technique. In the 
late 1970s the swimming technique assessment was ob-
jectivized by measurement of such parameters as arms 
stroke length (SL) and stroke rate (SR). Depending on 
the swimmers’ training level and swimming distance 
these parameters can vary significantly. In young 
swimmers, the correlation between the training level 
and front crawl swimming velocity can change. In the 
opinion of many coaches and researchers front crawl 
swimming results are most strongly correlated with 
the arms stroke length (SL), which is a reflection of 
the applied training methods [7, 8]. 

Video recording of swimming movements, used for 
the first time during the Seoul Olympics in 1988, al-
lowed detailed analysis of swimming techniques. In re-
cent years, underwater video recording has been used 
for the purpose of accurate analysis of movement struc-
ture. Thanks to video recording it is currently possible 
to assess such swimming parameters as arm stroke rate, 
stroke length and index of coordination (IdC) [9–11]. 
The available assessment tools have made it possible to * Corresponding author.
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ABSTRACT

Front crawl swimming velocity is related to the swimming technique, i.e. it is modified by the swimmer depending on the swimming 

distance. The technique mastery also determines the athlete’s somatic indices and physiological abilities. Purpose. The purpose of 

the study was to examine factors affecting front crawl swimming results at distances of 400 m, 100 m and 25 m in elite young 

swimmers. Basic procedures. The athletes were divided into two age groups (n = 15): G1 (16.8 ± 0.77 years) and G2 (14.7 ± 0.50 

years). Five laboratory tests were carried out: one for anaerobic power – vertical jump test (CMJ), two one-minute-long anaerobic 

endurance tests with arms (TWAR) and legs (TWLG), and two incremental tests to assess the anaerobic threshold for arms (WL
LT

AR ) 

and legs (WL
LT

LG). Swimming tests were performed at distances of 400, 100 and 25 m to measure the stroke rate (SR), stroke length 

(SL) and arm coordination index (IdC). Main findings. Swimming velocity in the 400 m race revealed the strongest correlation with 

SR, further indices obtained from the regression analysis were SL400 and WL
LT

AR. At a distance of 100 m swimming velocity was 

determined by power indices such as the CMJ test, SR100 and IdC. The velocity at 25 m was dependent on the greatest number of 

indices, i.e. SR25, CMJ, SL and IdC. Conclusion. Front crawl swimming velocity at different distances depends equally on stroke 

length (SL) or arm movement trajectory as well as stroke rhythm (SR and IdC) individually, matching the swimmer’s functional 

capability.

Key words: swimming, stroking parameters, oxygen consumption, anaerobic threshold

SWIMMING TECHNIQUE AND BIOMETRIC AND FUNCTIONAL INDICES 
OF YOUNG SWIMMERS IN RELATION TO FRONT CRAWL SWIMMING 
VELOCITY 

2007, vol. 8 (2), 112–119
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examine the hierarchy of significance of factors affect-
ing front crawl swimming results at distances of 400, 
100 and 25 m among competitive swimmers. 

Material and methods

The study was carried out among 30 swimmers at 
a high training level from a sports school. The sample 
did not include breaststroke swimmers. The swimmers 
were divided into two age groups of 15 subjects each: 
G1 (16.8 ± 0.77 years) and G2 (14.7 ± 0.50 years) (Tab. 
1). The swimmers under study were in the IV and 
V Tanner stages. In G1 nine subjects featured the meso-
morphic body type, and six the ectomorphic type. In G2 
there were 10 and 5 subjects of each somatotype, re-
spectively (after Carter-Heath [3]). The body total 
length (BTL) was measured from the finger tips to the 
toe tips. Lean body mass was assessed with the use of 
the method of Slaughter et al. [12]. 

The statistical analysis, including coefficients of 
correlation, statistical significance for independent vari-
ables and hierarchical analysis of regression was carried 
out with the aid of SPSS (Version 12, USA). The hierar-
chical analysis of regression with athletes’ calendar age 
used coefficients of correlations not higher than r = 0.6. 
This allowed incorporation of the swimmers’ calendar 
age into the research model for each test, followed by 
other variables. 

Laboratory and swimming tests 

Each subject underwent five laboratory tests:
– anaerobic power test (vertical jump test – CMJ), 
– incremental tests for assessment of arms (V̇O2maxAR) 

and legs aerobic capacity (V̇O2maxLG),
– One-minute anaerobic endurance tests for arms 

(TWAR) and legs (TWLG). 
The arms tests (V̇O2maxAR and TWAR) were per-

formed by subjects in a sitting position, with the use of 
the 834E-Ergomedic ergometer, Monark (Sweden). The 
V̇O2maxLG legs aerobic capacity test was performed on 
the ER 900 Jaeger cyclometer (Germany), and the 
TWLG test on the 874E-Ergomedic cyclo ergometer, 
Monark (Sweden). The maximal force and quantity of 
work during one vertical jump (CMJ) was recorded us-
ing the Opto Jump recorder (Italy).

The ergometer braking force was set for each subject 
at 7.5% BM in TWLG and at 4.5% in TWAR [13, 14]. 
The incremental V̇O2maxLG test was preceded by 

a three-minute warm-up (WU) at intensity of about 
45% V̇O2max, after which it was increased by about 
30 W, every three minutes. The intensity of exercise 
during the warm-up was 150 W in G1 and 120 W in G2. 
The V̇O2maxAR test was preceded with a warm-up of 90 
W in G1 and 60 W in G2, and then the intensity was 
gradually increased every three minutes, for 18 W and 
12 W, respectively. The incremental exercises were per-
formed at 70 rpm–1 in V̇O2maxLG and at 60 rpm–1 in 
V̇O2maxAR. The gas exchange indices were calculated 
using the 919ER MEDIKRO meter (Finland). During 
the last 30 s of the workload in the V̇O2maxAR and 
V̇O2maxLG tests blood samples were drawn from the 
subjects’ ear lobes to mark the lactate concentration 
(La), using the PLUS DR LANGE Miniphotometer 
(Germany). The procedure adopted in both incremental 
tests made it possible to determine the anaerobic thresh-
old AT (WLLTAR and WLLTLG) with the use of the 
Dmax method [15, 16] as well as the maximal oxygen 
uptake (V̇O2maxAR and V̇O2maxLG) (l·min–1). 

The elevation of the center of gravity during the ver-
tical jump (CMJ) was assessed using the jump duration. 
Work during the jump (W) was calculated according to 
formula (2).

�h = 
gt2

l
 

8
(1)

Wmg�h = 
mg2t2

l
  

8
(2)

W  – work during the jump (J)

g  – gravitational acceleration (m s–2)

∆h  – elevation of the center of gravity (m)

m  – body weight (kg) 

t
l
  – jump duration (s)

The 400 m, 100 m and 25 m swimming tests were 
carried out in a 50 m-long swimming pool. The swim-
mers’ movements were recorded using a GRV 9800 
JVC underwater camera (Japan) from the side of the 
pool, 1 m below the water surface, about 6 m from the 
moving swimmer, at 50 frames per second. The ob-
tained footage allowed identification of the following 
swimming technique parameters: arms stroke rate (SR), 
index of coordination (IdC) and arm movement phases 
– entry (E), pull (PL), push (PS) and recovery (R) (after 
Chollet et al. [9]). These parameters were marked at 
swimming distances of 100 m and 25 m, out of three 
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full arm movement cycles, and at a distance of 400 m 
out of two cycles. The arms stroke length (SL) at indi-
vidual distances was calculated from the stroke rate re-
sults and mean swimming velocity at a distance of 
20 m, with the exception of a 5 m-zone before each re-
turn. The duration of the entire swimming race and in-
dividual sections was measured with a stopwatch to 
0.01 s. The front crawl parameters were assessed on the 
basis of the video recording after the 2nd, 4th, 8th and 10th 
pool lengths at 400 m, and after each pool length during 
the 100 m test. The arterialized blood sample was 
drawn from the ear lobe three minutes after compling 
the swimming tests. The blood lactate (La) concentra-
tion was marked with the aid of the PLUS DR LANGE 
Miniphotometer (Germany).

In front crawl swimming the arm movements are 
cyclic, thus the analysis of the footage made it possible 
to divide the stroke into phases, following the method of 
Chollet et al. [9] (Fig. 1). 

The arm stroke cycle phases were first identified as 
propulsive and non-propulsive: the entry phase (E) (non-
propulsive) from the arm’s entry into the water to the on-
set of its movement backwards; the pull phase (PL) (pro-

pulsive) from the start of the arm movement backwards 
till it stops in front of the chest with the hand pointing 
downwards; the push phase (PS) from the end of the pull 
phase until its recovery from the water; and the recovery 
phase (R) from the arm’s recovery to its re-entry.

Fig. 2 presents arm movement coordination (“catch 
up”) with non-propulsive time lag (P) periods (IdC < 0) 
between the propulsive phases. 

In the assessment of arm movement coordination the 
index of coordination (IdC) has been used. It is ex-
pressed as percentage of the cycle length, similarly to 
all phases of the stroke cycle: 

IdC = . 100%
tk1

R
 – tk2

PL

T
c

tk1
R tk2

PL–

(3)

where

IdC – index of coordination,

tk1
R  – start of the recovery phase (R) for the first arm, 

tk2
PL  – start of the pull phase (PL) for the second arm,

T
C
 – total duration of the stroke cycle. 
In the case of overlapping phases IdC was positive, 

and in the event of time lag between the phases it was 
negative. 

Figure 1. Arm stroke cycle phases in front crawl swimming 

tE tPL tPS tR tE

E

PL PS

R

Figure 2. Arm movement coordination (“catch up”)

first arm (2 cycles)

second arm (1 cycle)

propulsive phases
time lag (P) P1 P2
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Results

The swimmers’ anaerobic capacity, assessed on the 
basis of the results of one-minute tests, revealed signifi-
cant differences in G1 and G2. In the group of older 
swimmers (G1), it was significantly higher in the CMJ, 
TWAR and TWLG tests than in the group of the young-
er swimmers (G2) (Tab. 1). In both incremental tests, 
the anaerobic threshold values also differed significant-
ly between the two groups (Tab. 1). The maximal one-
minute oxygen uptake in the V̇O2maxAR test was signifi-
cantly higher in G1; however, it was not different per kg 
of body mass. In the V̇O2maxLG test the absolute V̇O2max 

results were not significantly different, however, in rela-
tive values they were 9% higher in G2 than in G1.

At all swimming distances the mean swimming ve-
locity (V) and stroke length (SL) were statistically sig-
nificantly higher in the group of older swimmers (G1) 
than in the group of younger swimmers (G2). At indi-
vidual distances, from 25 to 400 m, the stroke rate values 
(SR) decreased along with the decrease in swimming 
velocity (Tab. 2). In contrast, SL generally increased as 
the swimming velocity (V) decreased (Tab. 2). The IdC 
and propulsive arm stroke phases (PL+PS) as well as 
SR were mostly higher at shorter swimming distances. 
In G2 at 400 m swimming velocity was significantly 
correlated with SR, IdC, propulsive (PL+PS) and non-
propulsive (E+R) phases as well as BM, BTL, AS and 
WLLTAR (Tab. 3). In G1, such high correlations were 
not observed and swimming velocity was correlated at 
the level of statistical significance only with SR and AS. 
At the shortest swimming distances the linear correla-
tions between swimming velocity (V) and other param-
eters were varied (Tab. 3). 

The level of post-exercise blood lactate concentra-
tion in laboratory tests and after swimming tests was 
one of the body workload indices in individual tests. 
After the swimming races at 100 m and 400 m a statisti-
cally significant lactate concentration was noted in both 
groups of swimmers (Tab. 4).

The analysis of regression (Tab. 5) revealed the im-
pact of the calendar age on the test results. For instance, 
swimming velocity (V) at 400, 100 and 25 m depended 
on the swimmers’ age in 46.4%, 46.2% and 29%, re-
spectively. 

Having considered all other variables the percentage 
of variance amounted significantly to 81.9%, 77.0% and 
86.8%, respectively. The analysis of regression with the 
calendar age yielded statistically significant predictors 
of swimming velocity at the examined distances for the 
entire sample. The velocity (V) at 400 m is highly cor-
related with the arms stroke rate (SR400) (Tab. 6A). 
A statistically significant correlation at the same dis-
tance was noted between V and the arms stroke length 
(SL400), whereas the WLLTAR index was barely statis-
tically significant. The swimming velocity at 100 m was 
significantly correlated with work in the CMJ test and 
was on the verge of statistical significance with the 
arms stroke rate SR100 and index of coordination (IdC) 
(Tab. 6B). The swimming velocity at 25 m was corre-
lated with the highest number of variables: IdC25, 
SR25, SL25 and CMJ (Tab. 6C).

Table 1. Biometric and somatic parameters and physical 
capacity of swimmers from G1 and G2 

Parameter G1 (n = 15)
x
– ± SD

G2 (n = 15)
x
– ± SD

Age (years)  16.80 ± 0.77  14.70 ± 0.49∗

BH (cm)  182.20 ± 6.05  175.70 ± 6.55∗

BTL (cm)  252.70 ± 9.43  243.40 ± 10.51∗

AS (cm)  187.00 ± 7.79  180.30 ± 8.13∗

BM (kg)  70.80 ± 5.40  62.40 ± 6.00∗∗

LBM (kg)  62.50 ± 4.47  56.20 ± 5.25∗

CMJ (J)  299.52 ± 35.36  259.15 ± 41.11∗

TWAR (kJ)  318.47 ± 40.57  272.93 ± 44.65∗

TWLG (kJ)  521.20 ± 42.47  455.33 ± 57.97∗

WLLT AR (W)  124.80 ± 18.59  104.27 ± 14.42∗

WLLT LG (W)  210.00 ± 27.77  178.00 ± 28.83∗

V̇O2maxAR (l . min–1)  3.13 ± 0.38  2.83 ± 0.33∗

V̇O2maxLG (l . min–1)  3.71 ± 0.37  3.56 ± 0.29

V̇O2maxAR (ml . min–1)  44.51 ± 6.10  45.61 ± 4.94

V̇O2maxLG (ml . min–1)  52.75 ± 6.45  57.96 ± 6.33∗

BH – body hight, BTL – body total length, AS – arms 
stretch, BM – body mass, LBM – lean body mass, CMJ – 
anaerobic power – vertical jump test, TWAR – anaerobic 
endurance test for arms, TWLG – anaerobic endurance test 
for legs, WLLTAR – anaerobic threshold AT for arms, 
WLLTLG – anaerobic threshold AT for legs, V̇O2maxAR 
(l . min–1) – maximal oxygen uptake for arms, V̇O2maxLG 
(l . min–1) – maximal oxygen uptake for legs, V̇O2maxAR 
(ml . min–1) – incremental test for assesment of arms aerobic 
capacity, V̇O2maxLG (ml . min–1) – incremental test for 
assesment of legs  aerobic capacity, ∗ p < 0.05, ∗∗ p < 0.001
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Discussion

The swimming velocity at 400 m in G2 was highly 
correlated with two front crawl swimming parameters: 
SR400 and IdC400 and propulsive stroke phases  
(PL+PS). In G1 these correlations were not that strong. 
The analysis of regression results for the entire sample 
of 30 swimmers (Tab. 6A) showed that SR400 had the 
greatest impact on swimming velocity (V) at 400 m. 
Also SL400 and WLLTAR were statistically signifi-
cantly correlated with swimming velocity. A high sig-
nificant correlation was also observed between swim-
ming velocity at 400 m and IdC (β = 0.379, t = 2.125, 
p = 0.045). IdC, which was highly correlated with SR 
(r = 0.78, p < 0.01), was part of the regression equation. 
In G2 the swimmers’ body total length (BTL) was sig-
nificantly correlated with swimming velocity at 400 m; 
however, the analysis of regression with the swimmers’ 
calendar age revealed no correlation at all. Our results 
are in accordance with results obtained by Pelayo et al. 
[17] and Chatard et al. [18], who did not observe any 
correlation between swimming velocity (V) and swim-
mers’ BTL at 400 m. In contrast, Grimston et al. [2] 
noted that somatic characteristics were significant de-
terminants of swimming velocity (V) and front crawl 
swimming technique at distances from 50 to 1000 yards. 

We are of the opinion that the observed significant 
correlation between the index of coordination (IdC) and 
swimming velocity (V) at a distance of 400 m is a proof 
of the swimmers’ efficacy and a high level of swim-
ming technique mastery. The increasing IdC corre-

sponded to a decrease in non-propulsive arms stroke 
phases (E+R). It should be emphasized that the index of 
coordination (IdC) and stroke rate (SR) were highly, 
negatively correlated with stroke length (SL). The latter 
is also a decisive determinant of the swimmer’s techni-
cal skills, which has been noted by many researchers 
before [4, 17, 19–22]. It is, at the same time, a factor un-
derestimated by some coaches and athletes. It seems, 
therefore, that the IdC, SR and SL values can be used in 
assessment of the front crawl swimming technique, as 
they most strongly determine the swimming velocity at 
longer distances. 

The swimming velocity at short distances depends 
primarily on the efficacy of anaerobic metabolism, 
which is expressed by a high correlation between the 
swimming velocity (V), CMJ test, TWAR and TWLG 
test results. The significant role of the anaerobic chang-
es is evidenced by the post-exercise lactate blood con-
centration (La), which was the highest after the 100 m 
race. The TWAR and TWLG could not be incorporated 
into a single training model because of their high mutu-
al correlation with CMJ. An analysis of the performed 
tests in terms of the swimmers’ energy expenditure 
may suggest that the result at short swimming distances 
is primarily determined by the swimmer’s capacity. 
Short-distance swimmers feature greater lean body 
mass (LBM) and body total length (BTL) [2, 6, 18, 21]. 

Increasing swimming velocity requires significantly 
greater energy expenditure than increasing running ve-
locity. Water has obviously a far greater density and drag 
than air [23, 24]. According to Kolmogorov et al. [5] in-

Table 4. Post-exercise lactate blood concentration (La) measured three minutes after the anaerobic tests 
and swimming tests in G1 and G2

Group La (TWAR)
(mmol . l–1)

La (TWLG)
(mmol . l–1)

La (25 m)
(mmol . l–1)

La (100 m)
(mmol . l–1)

La (400 m)
(mmol . l–1)

G1  11.49 ± 2.03  16.45 ± 1.51  7.42 ± 1.18  12.62 ± 3.37 11.55 ± 2.48

G2  12.68 ± 2.32  15.86 ± 2.18  6.73 ± 1.71  10.33 ± 1.36* 8.99 ± 2.16*

Table 5. Analysis of variance of calendar age and selected morphological, physiological and swimming technique variables 

n = 30 R R2 change R2 F for change p <

V400
age 0.681 0.464 0.464 24.243 0.001

variables 0.905 0.819 0.355 7.194 0.001

V100
age 0.680 0.462 0.462 24.051 0.001

variables 0.877 0.770 0.308 4.908 0.003

V25
age 0.538 0.290 0.290 11.421 0.002

variables 0.932 0.868 0.579 20.239 0.001

HM_07_8_2_112_119d.indd   117 07-12-20, 8:28:20 AM



HUMAN MOVEMENT

118

M. Strzała, A. Tyka, P. Krężałek, Determinants of front crawl swimming velocity

dividual adjustment of the movement biomechanical 
structure is crucial for reduction of hydrodynamic drag 
in front crawl swimming. At long and middle swimming 
distances a lower arms stroke rate (SR) and longer SL 
were noted than at short swimming distances. The arm 
work at long distances was highly correlated with the 
quantity of non-propulsive phases and with a decrease in 
IdC. Long-distance swimming with a longer entry phase 
(E) is economical and reduces hydrodynamic drag [9, 
11]; however, it does not allow attaining higher velocity. 
Fast swimming requires an increase in the number of 

propulsive movements (PL+PS) and a simultaneous re-
duction in the quantity of non-propulsive ones (E+R). In 
the present study an increase in swimming velocity (V) 
at short distances was correlated with the increase in SR 
and IdC. This type of movement performance is related 
to the swimmer’s ability to alter the synchronization pat-
tern from “catch up” to “superposition”, i.e. to overlap-
ping propulsive phases [19]. An increased arms stroke 
rate and synchronization change allows the swimmer to 
overcome the mounting water head resistance. 

The knowledge of the constituents of the front crawl 
swimming technique can be used by swimming coaches 
in more accurate modeling of the swimming technique. 
Underwater recording of the swimmer’s propulsive 
movements has provided researchers [9, 11] with a great 
deal of scientific data which could be effectively put in 
practice. In the front crawl swimming at various dis-
tances not only the arms stroke length (SL) and trajec-
tory are important, but also the stroke rate (SR) and in-
dex of coordination (IdC), which are adjusted to current 
functional capabilities of the swimmer’s body. 

Video recording of the swimmer’s movements from 
both sides of the pool would definitely allow a more ac-
curate and complex analysis of coordination of the en-
tire arms stroke cycle [25]. It can be an important con-
tribution to the process of optimization of the front 
crawl swimming technique.
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Introduction

The factor that determines, to a large extent, success 
in sports or even performance of certain tasks in every-
day life, is not the value of maximum muscle force, but 
the ability to develop that force rapidly.

The possibility of rapid force development is often 
studied. The reports on that issue mainly concern the 
mechanisms responsible for the development of force 
during consecutive phases of muscular contraction [1–
7]. Researchers also investigated the impact of various 
factors, such as training, age, lifestyle, kind of occupa-
tion, etc., on the ability of muscles to develop high force 
and power [8–14]. However, there are very few studies 
of characteristics of force development phases during 
muscular contractions of the various muscle groups in 
the same persons. The authors, therefore, decided to in-
vestigate the ability of the various muscle groups to de-
velop force rapidly in the same people.

The aim of this study was to compare the rate of 
force development (RFD) of the elbow and knee flexors 
in the same subjects.

Material and methods

Twenty-four young males – students of the physical 
education, aged 20–22 years, were examined. Charac-
teristics of the research group are presented in Tab. 1.

The subjects were all characterized by a high level of 
physical fitness since they all had to take part in com-
pulsory sports classes that were part of the curriculum. 
None of them, however, practiced high-performance 
sports. The students who participated in this experiment 
were healthy, which was confirmed by a physician’s 
check. All of the subjects gave a written consent for 
participation in the experiment after having acquainted 
themselves with the procedures and methodology of the 
study. Moreover, the experiment had been approved 
by the Local Bioethics Board in Poznań (certificate 
1744/03). The subjects were obliged not to use stimu-
lants, pharmaceutics and alcohol. Whenever a subject 
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ABSTRACT

Purpose. The aim of this study was a comparison of the rate of force development (RFD) of the elbow and knee flexors. Basic 
procedures. Twenty four physical education students took part in the study. Maximum voluntary contraction (MVC) and rate of force 

development were measured during elbow and knee flexion (in static conditions) by means of the Biodyna dynamometer. The 

following rates of force development were calculated: maximum (MRFD), early (ERFD), half (HRFD), late (LRFD) and final (FRFD). 

Main findings. MRFD, ERFD, HRFD obtained during elbow flexion were significantly higher in comparison to the values obtained 

during knee flexion. Moreover, the results revealed strong correlations between MVC, MRFD, ERFD, HRFD, LRFD obtained during 

elbow and knee flexion. Conclusions. (1) For 0 to 50% MVC, the rate of force development for elbow flexion was higher than for the 

knee flexion. (2) Subjects who achieved higher level of MVC and MRFD for elbow flexion showed similar characteristics in the case 

of the knee flexion.

Key words: RDF, torque, elbow, knee, flexors

COMPARISON OF RATE OF FORCE DEVELOPMENT OF ELBOW 
AND KNEE FLEXORS

Table 1. Characteristic of the research group

Age 
(years)

Body height 
(cm)

Body mass 
(kg)

x– 21.5 178 72

SD 1.0 7 10

2007, vol. 8 (2), 120–123
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was indisposed the examination session was post-
poned.

The measurements were taken using the Biodyna 
dynamometer designed by the Institute of Aeronautics 
and Applied Mechanics of Warsaw University of Tech-
nology. The thickness of the shock-absorbing layer 
(tough rubber) of the shaft of the resistance lever was 
approx. 0.5 cm. The dynamometer was made of steel 
(body) and aluminium (levers). Measurements were 
taken in static conditions. In the case of the upper limb 
(UL) the arm was abducted by 90º from the trunk. The 
forearm, positioned in the transverse plain, was bent at 
an angle of 90º in relation to the arm. In the case of the 
lower limb (LL), the thigh was bent by 90º in relation to 
the trunk and the shin also by 90º in the sagittal plane in 
relation to the thigh.

The students under study participated in two pilot 
sessions, during which they learnt how to react properly 
to the following command and contract and relax mus-
cles quickly: “Attention, after a beep press against the 
lever using highest possible force and relax the muscles 
as quickly as possible after the second beep”. After the 
pilot sessions, each of the students took part in four 
measuring sessions, out of which two measured the iso-
metric contraction of the flexors of the upper limb and 
the other two of the lower one. During a single session, 
each subject developed the maximum isometric force 
five times for 2–3 s. The intervals between the sessions 
lasted at least 48 h and 2 min between the consecutive 
measurements during a session. Each time before the 
measurement the trunk and limbs were stabilized in or-
der to prevent action of undesired muscle groups.

Each test included a read-out of the peak torque 
(MVC) of the elbow and knee flexors and the rate of the 
peak torque development (further called the rates of 
force development):
1. MRFD in relation to MVC in 5 ms (%F/5ms);
2. ERFD percent of force development (from 5% 

to 20% of MVC) in relation to MVC in 5 ms 
(%F/5ms);

3. HRFD percent of force development (from 20% 
to 50% of MVC) in relation to MVC in 5 ms 
(%F/5ms);

4. LRFD percent of force development (from 50% 
to 80% of MVC) in relation to MVC in 5 ms 
(%F/5ms);

5. FRFD percent of force development (from 80% 
to 100% of MVC) in relation to MVC in 5 ms 
(%F/5ms).

The parameters listed above are presented in Fig. 1 
on the force-time curve (F-t).

The rates of force development are presented as rela-
tive values (%F/5ms). Such a way of expressing the rate 
of force development used by many researchers [3, 6, 
15] enables avoiding the impact of the force of muscles 
(resulting from a disproportion of the size of the muscle 
groups examined) on the rate of its development.

Basic statistical calculations were made: mean arith-
metic values (x–) and standard deviation (SD). Signifi-
cance of differences was assessed using the Student’s 
t-test – p ≤ 0.05 was recognized as a statistically signifi-
cant difference. Correlation coefficients were calculated 
in order to evalute the strength of relationships between 
the analyzed parameters – p ≤ 0.05 was recognized as 
a statistically significant value.

Results

The values of MVC and rates of force development 
are presented in Tab. 2.

Figure 1. The rate of force development in time
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which ERFD is observed 
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which HRFD is observed 
3 – phase of late force development (an increase of force from 50% to 80% of MVC), in 
which LRFD is observed 
4 – phase of final force development (an increase of force from 80% to 100% of MVC), in 
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Table 2. The values of MVC and rates of force develop-
ment (RFD) during the isometric contractions of the upper 

limb (UL) and lower limb (LL) flextion

Parameter UL LL

MVC (Nxm)  80 ± 15*  118 ± 33

MRFD (%F/5ms)  6.57 ± 2.47*  5.10 ± 1.80

ERFD (%F/5ms)  3.97 ± 1.92*  2.38 ± 0.77

HRFD (%F/5ms)  4.86 ± 1.77*  3.26 ± 1.28

LRFD (%F/5ms)  1.83 ± 0.96  1.63 ± 0.53

FRFD (%F/5ms)  0.11 ± 0.04*  0.21 ± 0.12

* statistically significant difference at the level of p < 0.05
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The peak torque achieved during knee flexion was 
significantly higher than the peak torque achieved dur-
ing elbow flexion (Tab. 2).

The rate of force development expressed by gradi-
ents: maximum, early and half rate of force develop-
ment during elbow flexion was significantly higher in 
comparison to the knee flexion. The differences in the 
rate of force development between the elbow and knee 
flexion recede in the consecutive, late phase of force 
development – LRFD did not differ between elbow and 
knee flexion. The last phase showed a different course 
of force development in the muscle groups under exam-
ination – FRFD achieved during elbow flexion was sig-
nificantly lower than that achieved during knee flexion.

The coefficients of correlation for the peak torque 
values obtained during elbow and knee flexion indicate 
that the students with high MVC during elbow flexion 
also achieved high MVC during knee flexion. This cor-
relation also applies to the rate of force development: 
MRFD, ERFD, HRFD, LRFD (Tab. 3).

of type II fibers, whereas the knee flexors only 33%. At 
the same time Mero et al. [20] confirms that muscles 
containing more type II fibers achieve higher MRFD 
values, which, in reference to this study, shows that the 
elbow flexors contain more type II fibers in comparison 
to the knee flexors. Rates of force development higher 
from 0 to 50% MVC for the elbow flexion can result 
from cellular mechanisms as well as from the fiber 
composition of the muscle groups examined.

The rate of force development, especially up to the 
point of reaching 50% of MVC, is determined, to a large 
extent, by the speed of transition of the crossbridge from 
the weak to strong binding state and myosin ATPase 
activity [15]. Both the speed of transition and the my-
osin ATPase activity is higher in the type II fibers, so 
those factors can determine the higher rates of force de-
velopment in the initial phases of voluntary muscle con-
traction during elbow flexion. Moreover, the rate of 
force development can be influenced by the level coac-
tivation of the antagonistic muscle groups. According to 
Klein [21] the level of coactivation of the triceps brachii 
during elbow flexion is approx. 10% [21], whereas for 
the thigh quadriceps during knee flexion it is approx. 
5% [22]. Lack of differences in the consecutive late 
phase of force development and higher rate in the final 
phase in the muscles of the lower limbs can indicate the 
diversity of factors that influence the rate of force devel-
opment in the later phases. It is assumed that the rate of 
force development during the second half of voluntary 
contraction is determined by the change of motor unit 
firing rate of already recruited motor units [4, 23].

The obtained results allow us to claim that the per-
sons characterized by a high rate of force development 
during elbow flexion also achieve high development 
rate during knee flexion. This was confirmed by the 
calculated correlation coefficients; persons with high 
MRFD, ERFD, HRFD, LRFD values during elbow 
flexion achieve high values of those parameters during 
knee flexion. Therefore, one can assume that the ability 
of rapid force development is not a local capacity, but 
a global one that applies to majority of the muscle 
groups, which was confirmed by Patton [24].

It was observed that the persons who achieve high 
peak torque values during elbow flexion also achieve 
higher peak torque during knee flexion. Those correla-
tions most probably result from the fiber composition of 
the muscles examined as was mentioned by Johnson et 
al. [19], who indicated that the people with significant 
content of type II fibers in some of their muscles also 

Table 3. Correlation coefficients between the analyzed 
parameters obtained during the isometric contractions 

of the elbow and knee flexion 

Parameter Correlation coefficient

MVC (Nxm) 0.68*

MRFD (%F/5ms) 0.46*

ERFD (%F/5ms) 0.41*

HRFD (%F/5ms) 0.59*

LRFD (%F/5ms) 0.55*

FRFD (%F/5ms) 0.17

* statistically significant correlation at the level of p < 0.05

Discussion

The rates of force development observed during el-
bow and knee flexion in the first two phases (early and 
half) differed significantly (p ≤ 0.05). During the elbow 
flexion the MRFD, ERFD and HRFD were significant-
ly higher than during the knee flexion. The higher rate 
of force development during the elbow flexion may 
arise from the fact that the contraction of the muscle in-
creases quicker in shorter muscle fibers [16]. Moreover, 
the rate of force development is determined, to a large 
extent, by the fiber composition of a given muscle [17]. 
Although, this study did not evaluate the fiber composi-
tion of muscles, Grimby and Saltin [18] and Johnson et 
al. [19] claim that the elbow flexors contain approx. 53% 
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have more of those fibers in the other muscles of their 
body.

Conclusions

1. The rate of force development in the 0–50% MVC 
range observed during elbow flexion was significantly 
higher in comparison to the knee flexion.

2. People who had high MVC values and rates of 
force development during elbow flexion were charac-
terized by high MVC and force development rates of the 
lower limbs’ muscles.
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Introduction

Swimming is an ancient sport which involves people 
of different ages for several reasons, such as competi-
tion or due to the benefits one gets from swimming ac-
tivities. Thus swimming is popular in many places, e.g. 
clubs, clinics and academies. However, most initiatives 
seem to place more emphasis on the fast learning of 
several swimming strokes, leaving aside an essential 
phase, that is the “adaptation”. Learners are usually ac-
quainted with stereotyped movements consisting of 
specific technical exercises before having any contact 
with the several forms of locomotion, interaction and 
problem solving. The aim of this work is not to report 
on the effectiveness for comparison purposes, but to 
describe our experience gained from teaching adults in 
swimming classes based on consideration of the adapta-
tion process, which has been ignored by most earlier 
studies.

But, what is “adaptation”? To develop adaptation is 
to develop adjustment and accommodation. Adaptation 
has been the precursor of the initiation level, which 

gives priority to the acquisition of an ample motor rep-
ertoire, as well as the control of swimming gestures. It 
is composed of five steps: initial contact, floating, respi-
ration, propulsion and elementary diving.

Initial contact promotes an “intimate relationship” 
between the water and the future swimmer, who desires 
to see and to feel the water [1]. The primary objective is 
to eliminate muscle rigidity, usually due to fear. In other 
words, the aim is to give the beginner the sensation of 
well being, confidence, and to acquire the skills for ef-
ficient movement in water [2].

Floating is the ability to maintain the body partially 
on the surface. It is linked to muscle relaxation, which is 
associated with a good mental state, and is absent in any 
situation involving anxiety [3]. However, different au-
thors mention other factors, in particular physiological 
ones (such as the percentage of body fat), and the 
amount of air in the lungs as being responsible for the 
efficiency of or ability to float [4].

Efficient respiration is essential for comfort in the 
aquatic environment. It is developed only after an adap-
tation period, because both mouth and nose are in the 
water. In this situation, inhaling should be performed 
through the mouth and exhaling through the mouth and * Corresponding author.
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ABSTRACT

Purpose. Swimming is a worldwide sport. However, its teaching–learning process is mainly centered on style, leaving aside the most 

essential phase – the adaptation. The aim of this paper is to describe experience gained within the Learning to Swim Project (LSP), 

a teaching and research initiative at Physical Education Faculty/UNICAMP, based on consideration of the adaptation process and on 

teaching through movements and easy execution. Basic procedures. Each class lasts 60 min, twice a week and is divided into three 

stages: warming up, main session, and relaxation. Even the main session is composed of specific exercises such as the control of the 

body, floating and propulsion, among others, without abandoning the adaptation principles. The classes include educational and 

corrective exercises and games. The program is very flexible, and varies according to the assimilation capacity of the students. Main 
findings and conclusions. The results indicate that our approach can be considered efficient, since it promotes a fast and adequate 

learning process.
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nose for a longer period than inhaling with the move-
ment of the upper limbs [2].

Propulsion, which is the joint movement of the upper 
and lower limbs, is essential for execution of all swim-
ming strokes. The body must be extended in order to get 
a good slide, which is reached with the head slightly 
raised in relation to the hip [5].

Elementary diving involves different methods of 
entering the water, from the simplest, such as jump-
ing from standing or sitting, to those used by high-level 
swimmers. This gradual didactics, which involves 
several phases of learning, contributes significantly to 
better assimilation during classes, and throughout the 
training period [6, 7].

Materials and methods

The objective of the Learning To Swim Project put 
forward by the Physical Education Faculty/UNICAMP 
is to place different emphasis on the adaptation stage 
compared to similar projects. Many swimming pro-
grams follow models with detailed techniques used in 
specific training for competition in order to achieve 
faster learning. They apply exercises similar to those in 
specific strokes, without considering the methodology 
used in the aquatic environment, general movements, 
motivation, and communication. This paper presents 
the aspects related into initiation to swimming based on 
recent evaluation of this program (Tab. 1) [8].

Tab. 2 presents frequency distributions of some in-
teresting variables for a training group, which include: 
gender, duration of regular physical practice, type of 
preferred sport, tobacco consumption, daily coffee 
drinking habits, current disease.

As methodological-theoretical background, we 
adopted a synthetic pedagogic practice based on teach-

ing through overall movements and easy execution [9]. 
The chosen learning process comprised educational and 
corrective exercises and games. This enables better in-
teraction, since the students get more involved in play-
ful activities, leaving aside their anxiety due to the new 
environment [10]. This leads to a more pleasant experi-
ence, which is essential for beginners. In addition, it in-
creases the interest in practicing the exercises, and 
avoids quitters who lack motivation due to repetitive 
exercises.

The educational exercises lead to a repertoire of 
movements which can be assimilated and incorporated 
into the particular swimming strokes. In this way, the 
students can “construct” the repertoire step by step, and 
can take corrective procedures to avoid any deficiencies 
in their mechanical movements.

Table 1. Initiation classes 
of the Learning to Swim Project (LSP)

Semes-
ter

Number of classes Percentage of 
initiation classes 

(B/A%)
LSP (A) Initiation (B)

1st 14 6 42.86

2nd 15 7 46.66

3rd 16 6 37.50

4th 12 6 50.00

5th 14 6 42.86

Total 71 31 43.66

Table 2. Frequency distribution of some variables 
characteristic of a LSP training group

Variable
Frequency

Absolute Relative

Gender

Male 80 44.1

Female 101 55.9

Regular physical activity

Less than 1 year 79 43.6

1 to 3 years 49 27.1

More than 3 years 53 29.3

Type of preferred sport

Individual 78 43.1

Collective 22 12.2

None 81 44.7

Daily use of tobacco

None 162 89.5

Less than 1 packet 15 8.3

1 packet 3 1.6

More than 1 packet 1 0.6

Daily coffee consumption

None 73 40.3

Less than 1 cup 87 48.1

1 cup 16 8.8

More than 1 cup 5 2.8

Current disease

Yes 144 20.4

No 37 79.6

Total 181 100.0
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The classes last for 60 min each, 2–3 times a week 
and are divided into three stages: warming up, the main 
session, and relaxation. The first stage prepares the 
body for the subsequent physical activity and is com-
posed of general exercises and very diversified stretch-
ing. The exercises begin out of the water but continue in 
the water, with some games, aerobic circuits, and some 
sequences of hydrogymnastic movements. The main 
session includes specific exercises such as control of the 
body, floating and propulsion, among others, without 
abandoning the principles of adaptation. The relaxation, 
in the last part of the class, includes recreational games, 
massage, and different forms of stretching, such as 
those accomplished by pairs of students. The aim is to 
bring the body back to its initial physical condition and 
allow the student to return to everyday duties.

The program adopted in the project guarantees em-
phasis on the adaptation period in the water environ-

ment with more than 50% of the total content. However, 
the program is flexible, and varies according to the as-
similation capability of the students. Tab. 3 provides 
a general overview of classes following a 16 weeks’ pro-
gram.

The performance of the coach is fundamental to 
transmit confidence to the beginners and provide a vari-
ety of experiences, which makes the students confident 
about their own body and motor reaction in the pool 
[11].

Special attention is given to the adaptation of every 
student and the execution of the swimming movements 
in order to promote correct learning of each stroke. 
Each coach is trained to identify erroneous movements 
and correct them.

Alternative materials such as floaters, boards, and 
swim fins are used extensively, since they diversify the 
class activities, which became more attractive with new 
forms of interaction.

The program methodology involves oral, visual and 
tactile resources. The following steps are adopted to 
teach swimming: verbal commands, before or after 
their description; demonstration of the commands; and 
kinesthesia, since the touch awakens the body to activi-
ties. In addition, filming is used to visualize the move-
ments and aid in further correction.

Results and conclusions

During this research some relevant issues have aris-
en, such as:
1. The use of the general-to-specific perspective: gen-

eral “issues” (such as adaptation to the water envi-
ronment) precede more specific aspects (such as the 
swimming technique). Thus, only after assimilation 
of adaptive issues are the crawl and backstroke 
strokes considered. Afterwards, teaching sequences 
are adopted for each stroke, without abandoning the 
main purpose of the initiation, which involves acqui-
sition of motor skills specific to the aquatic environ-
ment.

2. The incorporation of playful activities during the 
learning process: this makes the students more con-
fident when exposed to new challenges.

3. The teachers were surprised by the way and the fre-
quency the students showed their motor development 
acquired during the classes.

4. It is known that adaptation, when well developed, is 
able to promote interaction and harmony between 

Table 3. General overview of the classes during the 
swimming initiation course, developed within the 
Learning to Swim Project (LSP), PEF/UNICAMP

Week Class

  1 Adaptation to the aquatic environment (entering 
the water); immersion, integration games

  2 Adaptation; games; moving around

  3 Initial respiration activities

  4 Moving around; respiration; floating

  5 Floating in dorsal, ventral and lateral decubitus; 
sliding

  6 Dorsal and ventral sliding on the surface; recu-
peration exercises in the prone position (ventral 
decubitus) and the supine position (dorsal decubi-
tus)

  7 Respiration (frontal/lateral); propulsion

  8 Floating; propulsion with the upper and lower 
limbs; sliding with impulse

  9 Exploration of the bottom of the pool; propulsion 
with the lower limbs; introduction to the crawl 
stroke

10 Propulsion with the upper limbs; crawl arm; 
introduction to diving

11 Bilateral respiration; crawl; diving

12 Synchronization of the crawl stroke

13 Introduction to the backstroke

14 Backstroke; crawl; diving

15 Synchronization of the backstroke; crawl

16 Educational activities using the crawl and 
backstroke
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the practitioner and the environment. This contrib-
utes to the learning process of the standard motor 
movements. In this period the sensation of fear is re-
moved from those with no previous swimming ex-
perience.

5. It is also observed that the better the experience at 
this learning stage, the better the possibilities of 
satisfaction in this sport during leisure time.
In summary, this methodology may be considered 

compatible with the expectations of the local communi-
ty since it is efficient and provides fast, solid learning. 
This is supported by the fact that the number of initia-
tion classes offered by the project has been increased. 
The practice of this activity under the guidance of the 
Physical Education Faculty also contributes to know-
ledge of the area, in this case to sport science.
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Introduction

Training is a continuous process of long-term and 
specific exercise adaptation of the body. The basic factors 
that affect the effectiveness of training and development 
of a sportsman are the training loads [1].

The issue of training and starting loads is one of the 
least explored problems of the theory of training. Lack 
of papers concerning work of outstanding coaches, de-
prives other less experienced instructors of the infor-
mation on reliable ways of achieving success – in con-
sequence, successive generations of coaches use the 
method of “trial and error” in their instruction work 
[2].

In recent years, training and starting loads have been 
exceptionally high. The increasing number of swim-
ming championship competitions in the calendar of the 
World Federation of Swimming and the European 
Swimmers League has complicated the structure of 

macro- and microcycles, and training units. It became 
necessary for swimming coaches to establish long-term 
training schedules with particular consideration of 
preparation for championship competitions.

In the final stage of preparations for competitions, 
the main task of a coach is to increase the achieved level 
of special training and ensure top performance during 
the competition. This stage has a special subperiod 
called direct initial preparation (DIP). The most signifi-
cant goal of DIP is maintaining proper proportions be-
tween the intensity and volume of exercise loads [3–5]. 
This provides a real capacity for individualization of 
training and streamlining/rationalization of the training 
loads, so that they become adequate for the present con-
dition of the competitor. In swimming, in the case of 
top-class competitors preparing for a championship 
contest, DIP takes from 6 to 9 microcycles that are di-
vided to 3 phases (accumulation, intensification and 
transformation). At that time, training should be based 
on starting exercises and special exercises that corre-
spond with the former in terms of functionality and 
structure.* Corresponding author.
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ABSTRACT

Purpose. The final stage of preparations for competitions has a special subperiod called direct initial preparation (DIP). The most 

significant goal of DIP is maintaining proper proportions between the intensity and volume of exercise loads. The purpose of the 

present study was to find the correlations between the volume and intensity of the training loads and their impact on the sports 

results. Basic procedures. Training work performed by a female Olympic swimmer was subjected to analysis. The swimmer 

completed a 6 week long DIP preparing her for the start in European Championship in Valencia at a 25 m pool. The analysis of 

training loads was accomplished based on the method developed at the Department of Theory of Sport in Warsaw. The printout of 

results recorded by means of Omega timing device has been used for analysis of starting loads. Main findings. The DIP subperiod is 

the most important link in the chain of starting preparation and achieving significant results in the main events. However, swimming 

training and its effectiveness are not determined only by proper use of training and starting loads, but are also affected by other 

elements of the training process, such as: technical support of water training and gym training, periodical diagnostics of the swimmers 

condition as well as during the individual training units, proper diet and supplementation enhancing the process of biological 

regeneration. Conclusions. Adequate proportions between volume and intensity of training loads, properly distributed throughout 

the phases of DIP, translate into the shaping of the best starting performance. The structure and volume of the training in DIP should 

be planned on the basis of post-training assessment of effects.
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While planning DIP, one should take into account: 
date of qualification for the main competition, date and 
duration of the main competition, number of starts in 
the season, competitor’s level of training and also the 
functional capacity of a competitor before commence-
ment of every successive training unit [6, 7].

The experience gained during preparation of the 
top-class competitors, seeking criteria for recording 
and analysis of the training work performed and using 
available papers should contribute to achieving better 
results by swimmers. The authors using up-to-date 
knowledge have made an attempt at finding the corre-
lations between the volume and intensity of the train-
ing loads applied in the final 6 microcycles before the 
start in the main competition and their impact on the 
sports results.

Material and methods

The study comprised a female Olympic swimmer 
with a long training experience, who has been achiev-
ing top-class results. She represented a very small group 
of swimmers who achieved their best results as adults 
(25–31 years).

The swimmer under examination had the following 
life records in a 25 m pool:
− 100 m breaststroke 1:07.71 (European Championship 

Sheffield ‘98),
− 200 m breaststroke 2:23.94 (Polish Senior Champi-

onship Koszalin ‘98).
Training work performed during DIP in a 25 m pool 

from October 30, 2000 to December 12, 2000 was sub-
jected to analysis. During this period the swimmer 
completed a six week long DIP, preparing her for the 
start in European Championship in Valencia in a 25 m 
pool (where she won a gold medal at the finish of her 
career).

Training took place:
− at pool – from 600 to 830 and from 1700 to 1930,
− at gym – from 1600 to 1700.

The monitoring of training and starting loads was 
performed during:
− trainings at the club,
− national and international competitions.

A method developed at the Department of Theory of 
Sport in Warsaw was used for the purpose of analysis 
of training loads. It takes into account two directions of 
impact on the body:
− kind of preparation (so called information area),
− impact of training loads on the biological mecha-

nisms (so called energy area).

The analysis of starting loads was accomplished 
based on the printouts of results recorded on the proto-
cols by means of Omega timing device that performs 
electronic registering of timing during a swimming 
competition at a 25 m pool.

The research used the following instruments:
− heart action analyser Sport Tester PE 4000 produced 

by Polar Sport,
− Sony stopwatch for measuring time and frequency,
− Accusport miniphotometer for measuring lactic acid 

level produced by Boehringer Mannheim,
− a computer kit with the following software installed: 

Ms Excel, Access, Word.

Results

DIP was accomplished in the following period from 
October 30, 2000 to December 12, 2000 and covered 38 
training days, which were divided into:
− accumulation from October 30, 2000 to November 

19, 2000 – 18 training days,
− intensification from November 20, 2000 to Decem-

ber 3, 2000 – 11 training days,
− transformation from December 4, 2000 to Decem-

ber 12, 2000 – 9 training days.
During that period the swimmer attended 62 train-

ings in water and 33 at gym (Tab. 1).

Table 1. The number of trainings accomplished during DIP phases

Accumulation Intensification Transformation Total

Water Gym Water Gym Water Gym Water Gym

Morning training 17 8 12 8 6 0 35 16

Afternoon training 14 10 10 5 3 2 27 17

Total 31 18 22 13 10 2 62 33
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During trainings in water the swimmer swam 217.6 
km, including 120.6 km of directed tasks and 97.0 km 
of special tasks (Tab. 2).

Total duration of the entire DIP was 53 h 27 min 21 s 
(Tab. 3).

For the first 18 training days of DIP, the swimmer 
was accomplishing the phase of accumulation. The 
training work was characterized by a gradual increase 
of volume at low intensity of burden. The first “volume” 
microcycle was characterized by a low intensity at rela-
tively high volume.

The two successive microcycles had an impact ca-
pacity and were characterized by an increased intensity 
of training loads in water as well as at gym (in the first 
microcycle the swimmer did not attend training for 
2 days due to subfebrile temperature). The total training 
work duration in water and at gym was 21 h 16 min 30 s 
and the lower energetic level exercising was dominant 

(2nd intensity grade – 6 h 59 min 9 s and 3rd intensity 
grade – 7 h 58 min 37 s) (Tab. 3, Fig. 1).

During this phase the exercises performed were as 
follows: mixed exercises (7 h 21 min 42 s), aerobic exer-
cises 5 h 8 min 45 s (Tab. 5, Fig. 3) and versatile ones that 
had the largest share of sustaining aerobic exercises (1 h 
28 min 50 s), shaping aerobic exercises (1h 35 min 20 s) 
and anaerobic exercises (1 h 14 min 13 s) (Tab. 4, Fig. 2).

Large amounts of versatile anaerobic exercises were 
connected with intense strength training at gym with 
the use of training equipment. Special exercises were 
performed regardless of the energetic grade to a very 
small degree – they lasted 1 h 33 min 22 s in total (Tab. 
6, Fig. 4).

Special measures were used only for sustaining and 
regeneration of specific motor-muscular coordination 
and effort capacity. During that phase the swimmer 
swam 140.2 km in total – which was 64.4% of the total 

Table 3. The structure of training loads (VDS) in DIP phases with regard  to energetic level

DIP phase VDS1 VDS2 VDS3 VDS4 VDS5 VDS1–5

Accumulation 3:30.03   6:59.09   7:58.37 1:56.23 0:52.18 21:16.30

Intensification 3:14.10   6:11.02   5:32.35 4:50.15 0:24.00 20:12.02

Transformation 2:22.08   4:20.30   2:50.18 1:05.10 1:20.43 11:58.49

Total 9:06.21 17:30.41 16:21.30 7:51.48 2:37.01 53:27.21

V – versatile, D – directed, S – special, 1, 2, 3, 4, 5 – intensity grade

Figure 1. Total training work including 5 intensity levels performed between consecutive competitions during DIP 
for the European Championship in Valencia 2000
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DIP work (Tab. 2). As for water exercises, directed ex-
ercises were dominant, which were aimed at universal 
preparation of the swimmer and creating of a basis for 
successive work on the factors that directly affect the 
results. What summed up the training work in the ac-
cumulation phase was a start in Polish GP cycle compe-
tition in Gryfino, during which the swimmer, after 
a large exercising volume, had timing that was signifi-
cantly worse than her life records (Tab. 7).

After the competition, on November 20, 2000, the 
next DIP phase began – intensification. The main goal 
of this 11 day long phase was to create conditions for 
further development of performance by using various 
means and special burdens, which are at higher intensi-

Figure 2. Size and structure of versatile work performed 
between consecutive competitions during DIP for the 

European Championship in Valencia 2000
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Figure 3. Size and structure of directed work performed 
between consecutive competitions during DIP for the 

European Championship in Valencia 2000
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Table 4. Structure of versatile training loads (V) in DIP phases

DIP phase V1 V2 V 3 V4 V5 V1–5

Accumulation 1:28.50 1:35.20 0:30.10 1:14.13 0:42.00 5:30.33

Intensification 0:18.25 0:06.00 0:00.00 0:00.00 0:00.00 0:24.25

Transformation 0:05.13 0:12.20 0:10.00 0:16.20 0:14.16 0:58.09

1, 2, 3, 4, 5 – intensity grade

Table 5. Structure of directed loads (D) in DIP phases

DIP phase D1 D2 D3 D4 D5 D1–5

Accumulation 1:22.30 5:08.45 7:21.42 0:15.27 0:04.11 14:12.35

Intensification 2:55.45 5:06.23 0:56.38 1:50.42 0:11.09 11:00.37

Transformation 0:53.55 2:03.24 0:17.23 0:05.05 0:46.08 4:05.55

1, 2, 3, 4, 5 – intensity grade

Table 6. Structure of special loads (S) in DIP phases

DIP phase S1 S2 S3 S4 S5 S1–5

Accumulation 0:38.43 0:15.04 0:06.45 0:26.43 0:06.07 1:33.22

Intensification 0:00.00 0:58.39 4:35.57 2:59.33 0:12.51 8:47.00

Transformation 1:23.00 2:04.46 2:22.55 0:43.45 0:20.19 6:54.45

1, 2, 3, 4, 5 – intensity grade

Figure 4. Size and structure of specialized work performed 
between consecutive competitions during DIP for the 

European Championship in Valencia 2000
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ty level. The volume of training work remained at a level 
similar to accumulation phase and was 20h 12min and 
2 s (Tab. 3). During this phase, the intensity of training 
was increased, which can be illustrated by a 100% 
growth of the 4th intensity grade burdens (from 1:56.23 
to 4:50.15) in comparison to the accumulation phase 
(Tab. 3). This was a result of application exercises im-
proving force-speed parameters in water as well as gym 
training. Versatile exercises’ volume was significantly 
reduced – only 24 min and 25s – and the exercises were 
of lower intensity grade, so called warm-up and agility 
exercises before entering water (Tab. 4, Fig. 2). The 3rd 
and 4th intensity grade breaststroke exercises were 
dominant (Tab. 6, Fig. 4), which were aimed at increas-
ing the swimmers capacity for enduring high intensity 
burdens and technical breaststroke exercises of high in-
tensity performed with or without gear. 

During that phase the swimmer swam 48.1 km in to-
tal, including 18 km of directed exercises and 30.1 km of 
special exercises (Tab. 2). At the end of the intensification 
phase the swimmer took part in European Championship 
qualifying competition – Polish Senior Championship in 
Łódź, during which she qualified for the start at Valen-
cia. The result she achieved – 1:07.94 – was very close to 
her life record, which had been 1:07.69 (Tab. 7).

The last DIP phase – transformation – to a start in 
the most important competition of the winter season 
commenced on December 4, 2000 and lasted until De-
cember 12, 2000. Volume and intensity were signifi-

cantly decreased in that period. During 9 training days, 
the swimmer attended 10 trainings in water and 2 at 
gym, (Tab. 1), which was accomplished at the time of 11 
h 58 min and 2s (Tab. 3).

During that period, training was aimed at direct 
shaping of sports performance. The swimmer accom-
plished special exercising tasks with regard to individu-
al adaptation capacity and speed of restitution between 
the successive training units. Anaerobic, non-lactic ex-
ercises were dominant in this stage – 20 min 19 s (Tab. 
6). The swimmer made lots of sprints, starts, finishes 
and returns with full relaxation. In order to maintain the 
level of preparation, the swimmer performed lots of 3rd 
intensity grade exercises – 2 h 22 min 55 s and 2nd in-
tensity grade – 2 h 4 min 46 s (Tab. 6, Fig. 4).

From December 13 to 17, 2000 the swimmer was ac-
complishing starting microcycle, during which she 
performed regenerative tasks with low loading. She 
attended procedures ensuring full physical and psy-
chological regeneration (massages, meetings with a psy-
chological, relaxation and agility exercises). Majority of 
training units meets the starting requirements – every 
second training the swimmer swam 100 m breaststroke. 
In the remaining training units she accomplished the 
tasks of “feeling the water”.

During the start in European Championship in Va-
lencia, the swimmer won a gold medal in a 100 m 
breaststroke competition and improved her Polish 
record to 1:06.95 s (Tab. 8).

Table 7. List of starts of the swimmer under examination during the DIP for European Championship in Valencia 2000

Rank 
of swimming 
competition

Place and date 

Eliminations Semifinal  Final

Distance, stroke 
and time

Place Distance, stroke 
and time

Place Distance, stroke 
and time

Place

1. GP of Poland
Gryfino

November 
18–19, 2000

100 m breaststroke 
1:08.92 s

1 – – – –

200 m medley 
2:14.55 s

1 – – – –

200 m breaststroke 
2:30.08 s

1 – – – –

100 m medley
1:03.27 s

1 – – – –

2.
Polish Senior 

Championship

Łódź
December 
1–3, 2000

100 m breaststroke 
1:09.14 s

1 – –
100 m breaststroke 

1:07.94 s
1

200 m breaststroke 
2:32.73 s

1 – –
200 m breaststroke 

2:26.12 s
1
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Discussion

The tests carried out during DIP allowed the re-
searchers to develop a broad approach to the issue of the 
training and starting loads that aim at the best possible 
preparation of the swimmers for achieving their life 
records.

Our findings allowed performing various compari-
sons of volume and structure of the training loads in the 
final stage of preparation for the main events of the sea-
son.

It should be emphasized that in swimming, in 
a year’s training cycle, one needs long time to achieve 
the peak starting performance. Costill, Maglischo, Ri-
chardson [6] and Płatonow [5] unanimously claim that 
preparation of the peak sports performance requires at 
least 8 months. The length of that period depends on the 
initial level of swimmer’s preparation at the onset of the 
successive macrocycle. The lower the initial level, the 
longer the time is required to shape the energetic mech-
anisms when intensive work is resumed.

Taking into consideration the above, the DIP period 
is the most important link in the chain of starting prepa-
ration and achieving significant results in the main 
events.

However, modern swimming training and its effec-
tiveness are not determined only by proper use of train-
ing and starting loads. The level of achievements is also 
affected by other elements of the training process, such 
as: technical support of water training and gym train-
ing, periodical diagnostics of the swimmers condition 
as well as during the individual training units, proper 
diet and supplementation increasing the process of bio-
logical regeneration.

Conclusions

1. Accomplished training and starting loads during 
DIP for the European Championship in Valencia in 
2000, ensured the swimmer’s advancement. With a re-
sult of 1:06.95 s she beat the European Championship 
record and won a gold medal in 100 m breaststroke.

2. Adequate proportions between volume and inten-
sity of training loads, properly distributed throughout 
the phases of DIP, translate into the shaping of the best 
starting performance:
a) the first phase of DIP – accumulation, is character-

ized by a gradual increase of volume, at low intensity 
of loading; the dominant exercises should be: V1, 
V2, V4, D2, D3 and S1;

b) the main part of DIP – intensification, is character-
ized by a reduction of work volume with simultane-
ous increase of its intensity and the following exer-
cises should be dominant: D1, D2, D4 and S3, S4;

c) during the transformation phase, the swimmer 
should achieve the peak performance through reduc-
tion of duration of the training units, decrease of 
volume and intensity of the exercises and by per-
formance of starting exercises of higher intensity 
level V5, D5, S5, which should be interwoven with 
the exercises from D2, S1, S2 group.
3. The structure and volume of the training loads in 

DIP should be planned on the basis of post-training as-
sessment of effects of loads accomplished so far and 
with consideration of the qualifying competitions, 
number of starts, climate conditions and main event’s 
regulations.

4. Due to the fact that during year’s training cycles of 
top-class swimmers, the starting period is of vital impor-
tance and causes reduction of the other stages of shaping 
the peak performance, DIP should be used only as prepa-
ration for the main, most important events.

5. Psychological factor plays a significant role dur-
ing starts in the most prestigious competitions. In the 
analysed case, the strong motivation of the swimmer to 
give the best possible performance in the last competi-
tion in her career was a tremendously important factor 
that helped her to achieve high result.

The above findings on the starting and training 
loads accomplished during DIP by the swimmer spe-
cializing in breaststroke can be a reference point for 
other coaches as well as for developing one’s own 
coaching skills in order to find the optimum loading in-
dicators for the swimming training.

Table 8. Starts of the swimmer under examination 
during 100 m breaststroke European Championship 

in Valencia 2000

Eliminations
December 
16, 2000

Semifinal
December 
16, 2000

Final
December 
17, 2000

Time Place Time Place Time Place

RT 0.79 4 0.79 1 0.76 1

50 m 32.82 32.44 31.72

100 m 1:09.39 1:08.10 1:06.95

RT – reaction time to the starter signal
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Introduction

In 1947, Nikolai Aleksandrovitsch Bernstein pre-
sented his theory of construction of movement in his 
famous work О построении движений [1]. This title 
was translated into English as The coordination and 

regulation of movements [2]. It is not quite accurate 
because the Russian word “построение” means “con-
struction”, and not “coordination and regulation”. 
Hence, the title should rather read “On the construction 
of movements”. In fact, the properly formulated title 
– truly reflecting the meaning of the original – does not 
limit the book contents to mere “coordination and regu-
lation” (i.e. control) of sensorimotor performances, but 
encompasses a full spectrum (“construction”, i.e. both 
control and learning) of problems associated with hu-
man motor behaviour. Bernstein wrote his book for 
specialists, thus it was rather difficult to understand for 
non-specialists. To present his main ideas to a wider 
readership, he wrote a parallel, more comprehensible 
book entitled О ловкости и её развитии (On dexterity 

and its development) [3]. Unfortunately, because of the 
complicated fate of the book [4, 5] in Soviet Russia, it 
was published for the first time (in Russian) in 1991, 
i.e. 24 years after Bernstein’s death. Five years later 
Mark L. Latash translated it into English [6]. 

The main subject of the book О ловкости и её 

развитии is the theory of motor control assuming five 
levels corresponding to definite parts of the central 
nervous system and responsible for particular catego-
ries of motor activities. According to Bernstein, dexter-
ity is the most advanced sensorimotor ability (he 
termed it “tsarina of motor abilities”). He defines it as 
follows:

Dexterity is the ability to handle any situation, or 
solving any movement task:
1. properly (i.e. correctly and precisely),
2. quickly (i.e. without unnecessary delay),
3. rationally (i.e. intentionally and economically),
4. cleverly (i.e. efficiently and ingeniously).

It was thus the term “dexterity” that appeared in the 
title of his book.

Wacław Petryński

Katowice School of Economics, Katowice, Poland

ABSTRACT

The paper presents Bernstein’s five-level model of motor control and motor learning in humans: A – muscle tonus, B – muscle 

synergies, C – spatial mobility, D – complex motor performances, and E – symbolic representations of motor performances. Each 

level corresponds to a group of sensorimotor actions, i.e. a way of using receptors, effectors, and particular components of the 

central nervous system. The higher the levels, the more complex sensorimotor task it can control. Each level corresponds to its own 

theoretical control model: levels B and C – to Gibson’s ecological theory and the Equilibrium Point Hypothesis (EPH) by Feldman; 

level D – to the “cybernetic” models, e.g. Schmidt’s scheme. For storing and transferring information, levels A, B and C use mainly 

the sensory code, while levels D and E the symbolic code. The motor command delivered to a muscle has to always be expressed in 

the sensory code; hence in the control system it is necessary to “translate” the sensory code into symbolic one and vice versa. 

Consequently, it is possible to create two motor learning models: model “0”, describing the circulation of sole sensory information 

between levels A, B and C, and model “8” assuming two circles of information exchange: lower, sensory, at levels A, B and C; and 

higher, symbolic, at levels D and E. In the ABC region we deal with data driven processes, for which behaviourism can serve as 

a theoretical basis, while the DE region features conceptually driven processes which require some cognitive explanation. Besides, in 

the process of motor learning an important part is played by information “chunking”, necessary for transcoding. The cooperation of 

sensory, short-term, long-term and working memories is also of vital importance.

Keywords: motor control, motor learning, Bernstein’s theory
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Bernstein’s model of movement construction in 

humans

In his analysis of evolution of living beings, Bern-
stein noticed the cause–effect dependences and gradual 
development of four factors determining the motor effi-
ciency and efficacy, namely:
1. Ability to perceive stimuli from the environment 

and to response to them (sensibility and excitabili-
ty),

2. Ability to perceive new motor tasks to be solved,
3. Occurrence of new executory organs or development 

of the already existing ones, as well as appearance of 
new parts of the central nervous system, enabling 
shaping new sensorimotor abilities,

4. Shaping varied sensorimotor abilities, which enable 
construction of new skills and capabilities, thus solv-
ing more and more complex motor tasks [7].
Accordingly, Bernstein built a model consisting of 

five levels, each corresponding to some particular part 
of the central nervous system and a specific class of mo-
tor activities. Level A corresponds to muscle tonus 
(formatio reticularis in the central nervous system, 
CNS), level B to muscle synergies (globus pallidum in 
the CNS), level C to movements in space (corpus stria-

tum and cortex in the CNS), level D to complex sensori-
motor performances (cortex in the CNS), and level E to 
symbolic representations of movements (cortex in the 
CNS). It could be said that level A constitutes the basis 
for each sensorimotor activity (like electricity for 
a computer or buoyancy force for a yacht), level B – the 
basis of coordination, level C – fully developed coordi-
nation, level D – the “motor reason”, and level E – the 
“motor soul” of a human. Originally, it was invented as 
a hierarchical system, i.e. the highest level of a given 
movement construction “commands” the lower ones to 
perform their partial task automatically, without engag-
ing attention of the performer. Hence the lower levels 
play the part of “background” to the highest, “com-
manding” level [3]. Moreover, the existence of higher 
levels extends the capability of lower ones, e.g. level 
B is not trainable in fish, but the same level B in hu-
mans, who also possess levels C, D and E, is trainable.

However, a thorough analysis of such a model poses 
the question: what mechanism could induce or drive the 
evolution? In other words, if the information flows only 
up–down, then what makes the higher levels to develop? 
Hence, there has to exist some mechanism bringing in-
formation also “upwards” (feedback). It seems that in 
the course of evolution only the “up-flow” of informa-

tion (or requirements) at first created the perception ca-
pabilities, and then the executory capabilities, corre-
sponding to a given formed level [7].

Bernstein’s theory and contemporary motor con-

trol theories

Bernstein’s conception makes a convenient basis for 
classification of motor control theories. They have to be 
clearly distinguished from motor learning theories, be-
cause the former describe the process of executing al-
ready existing motor behaviour patterns, while the latter 
– an essentially different process of acquiring, process-
ing and automating such patterns. 

For description of sensorimotor activities engaging 
levels A, B and C, James J. Gibson’s theory (ecological 
description, emergent theory) [8] or Anatol G. Feld-
man’s Equilibrium Point Hypothesis would be suitable 
[9]. However, it is only a control theory and does not 
include problems of activation and planning a move-
ment, all the more a compound sensorimotor perform-
ance. Nevertheless, it is a valuable attempt at describing 
both symbolic projection and sensory execution of 
a performance with a common “language”.

On levels D and E one should locate the “cybernetic” 
sensorimotor control theories, e.g. N.A. Bernstein’s 
[10], Levan W. Chkhaidze’s [11], and Jack A. Adams’ 
regulation theory [12], or scheme theory developed by 
Richard A. Schmidt [13]. Hence, controversies between 
“centralists” and “peripherialists” [14], adherents of 
motor approach and action approach [15], or followers 
of prescriptive and emergent theories [16], seem unjus-
tified. Main differences between the two different ap-
proaches to motor control have been described by Bruce 
Abernethy and William A. Sparrow [15] (Tab. 1).

Some more recent continuation of the old (though 
not resolved) contention between the “centralists” and 
the “peripherialists” is a dispute between adherents of 
programme and parametric control. The former, includ-
ing e.g. forward and inverse models, belongs to static 
theories comparing motor control in humans to that of 
machines. When the arm in a machine has to end its 
bending at an angle of 48º13’28”, then it will stop at this 
angle regardless of external forces. On the other hand, 
in parametric control there is some equilibrium between 
the bending angle and the acting force (or, more strictly, 
torque) and the eventual angle of bending results from 
equilibrium between the activation threshold of a mus-
cle – being some kind of continuously, dynamically 
movable attractor, established in the central nervous 
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Table 1. Juxtaposition of the main features of “movement systems” and “action systems” approaches 
according to Abernethy and Sparrow [15].

Dimension of contrast “Movement systems” approach “Action systems” approach

Alternative label Information-processing approach 
Prescriptive approach
Computational approach
Representational approach

Dynamical approach
Emergent approach
Direct approach

Philosophical origins Belief in the man machine metaphor
Implicit support of the actor–environment 
dualism

Belief in ecological realism
Explicit support of actor environment synergy

Origin of theoretical 
explanation and model

Computer science and engineering Modem physics and theoretical/comparative 
biology

Direction of explanatory 
logic

Improved explanatory power by adding 
sophistication and intelligence to the computa-
tional model

Improved explanatory power by seeking more 
fundamental processes

Nearest psychology sub-
discipline 

Cognitive psychology Ecological psychology

Movement organization 
and control mode

Top-down, hierarchical control acting via 
prescription

Bottom-up hierarchical control acting through 
coordinative structures

Solution to the control of 
multiple degrees of 
freedom

Generalized motor programs structured and 
stored centrally

Coordinative structures which self assemble the 
dynamical properties of the motor system

Relationship of control 
mode to kinematics

A priori planning resulting in desired kinemat-
ics. Organization and assembly prescribed from 
overriding plan

Kinematics as an a posteriori consequence of 
the self organization and self assembly of 
muscle collectives.

Central representation of 
desired movement 

Present Absent

Translation mechanism Essential to convert abstract plan to “language” 
of muscle

Not necessary; All control is in common 
environmental units

Role of muscle Subserviently carries out control commands 
specified centrally

Determines movement form and phase interac-
tions through dynamics

Temporal organization of 
movement

Temporal features of kinematics metered out 
through an intrinsic time keeping device

Temporal features of kinematics arise as an 
emergent property through preservation of 
invariant phase angular relationships between 
effectors

Relationship to perception Independent serial processes with perception 
preceding action (separate stages as revealed by 
Sternberg’s addictive factors method)

Perception and action as tightly coupled 
processes, functionally and evolutionally 
inseparable perception in units of action and 
vice versa

Perceptual model sup-
ported 

Computational model (e.g. Marr, 1982) Direct perception model of Gibson (1979)

Explanation of learning Improved information processing strategies 
(and, with development, increased processing 
capacities)

Increased attunement to essential invariants and 
control over context-conditioned variability

Role of memory in 
learning

Fundamental to improve strategy formation and 
long term skill acquisition

Minimal role in learning. Many deny memory 
processes per se because of necessity to invoke 
representation

Type of experimental 
paradigm advocated

Laboratory work on contrived movements 
historically favoured but naturalistic work 
ultimately desirable

Ecological validity essential. Study of natural 
actions prescribed

Units of measurement Information measured mathematically with 
respect to stimulus/task uncertainty and 
difficulty

Essential information described in units scaled 
to the actor
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system – and external load. In other words, in pro-
gramme control the most important factor is the antici-
pated bending angle, while in parametric control – the 
state of equilibrium between muscle force and external 
load. Usually it is dynamical equilibrium, i.e. taking 
into account inertia of moving objects, including the 
body parts. 

Some experts argue that the difference between pro-
gramme and parametric approach is “fundamental”. 
However, when adopting some elements of fuzzy logic 
[17] to the computational programme approach, it will 
provide the necessary flexibility to the whole system, 
i.e. will enable performing the same activity each time 
in a slightly different manner (Bernstein’s “repetitions 
without repetitions”). Also the probabilistic approach is 
very promising, being in its core a computational one 
[18]. Thus the difference between the programme and 
parametric approaches seems to be not so “fundamen-
tal” as it might appear at first glance.

Each class of motor performance corresponds to 
a particular motor control level with its own control 
mechanism. In other words, in contemporary motor 
science a single, universal model of human sensorimo-
tor behaviour does not exist, at least in the group of 
theories including static patterns of information circu-
lation, as all the theories mentioned above. The other 
group of models consists of those with dynamic infor-
mation circulation patterns (clearly depending on 
time), e.g. the theories by Michael I. Jordan and David 
E. Rumelhart [19], Daniel M. Wolpert and Mitsuo Ka-
wato [20] or – to some extent – by Ernst J. Hossner and 
Stefan Künzell [16], the latter including some elements 
of fuzzy logic.

What seems to be evident is the fact that on the lower 
levels (A, B and C) mainly a sensory code of informa-
tion exchange is used, i.e. extrinsic or intrinsic stimuli 

transformed in receptors into a series of neural im-

pulses and perceived at the level of the first signal 

system according to Pavlov, without identifying 

them at the level of symbolic projections (abstract 

verbal thinking). As far as level C is concerned, Bern-
stein writes about “sensory synthesis”, i.e. complex of 
joined sensory stimuli, processed in the information 
circle as a single unit. The sensory synthesis can be re-
garded as a prototype of symbolic projection of reality 
(generalized word). However, on two higher levels (D 
and E) mainly the symbolic (verbal) code is used, i.e. 

extrinsic or intrinsic stimuli perceived at the level of 

second signal system according to Pavlov, where to 

any stimulus a symbolic (verbal) meaning is as-

cribed. It enables a human to use much more “concen-
trated” information, the processing of which can be 
much faster. However, such concentrated information 
contains inevitably some ambiguity. Nevertheless, just 
the two basic abilities, namely:
– the ability to use symbols – in human language join-

ing words with their generalized meanings1 [21] in 
information processing, and 

– the ability to perceive the time as a universal factor 
ordering the succession of events,

seem to be the main bases of a unique, human power: 
capability of abstract thinking. The fact that in human 
motor performance the sensory and symbolic codes are 
used, both in motor control and motor learning, makes 
it necessary to establish some “translating” mechanism 
[22–25], because, regardless of the grade of abstract-
ness during creation or processing the motor patterns on 
levels D and E, its execution is performed on level C (or 
some lower one) while muscles “understand” only sim-
ple, purely sensory signals – the motor commands.

Bernstein’s theory and contemporary motor 

learning theories 

Considering the fact that a human makes use of two 
different codes in his sensorimotor behaviour, it is pos-
sible to construct the model of sensorimotor learning 
consisting of two information circles, resembling the 
figure “8” (Fig. 1); it can be then termed the “eight-
model” [26]. It has to be noticed that the model presented 
is in its form and function very similar to that proposed 
by Arturo Hotz [27].

The lower, sensory circle of the “eight” corresponds 
to shaping the sensorimotor behaviour patterns only on 
the stimulus–response principle, i.e. on a purely behav-
ioural basis. Here we can speak about simple training or 
even primitive reflexes formation, like drilling Ivan P. 
Pavlov’s dogs. It may be termed “zero-model” of senso-
rimotor learning, using only the sensory information 
circulation. However, the higher symbolic circle of in-
formation of the “eight” is a cognitive one.

Accordingly, acquirement of sensorimotor behav-
iour patterns on the “sensory circle basis” and execution 
of sensorimotor patterns both on the sensory and sym-

1 “Contrivances” of apes, manifesting themselves in producing and 
using tools, as well as adopting “diverted traffic” in task solving 
– all these make, no doubt, some primitive phase of thinking deve-
lopment; this is, however, still the pre-language phase [21].
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bolic circle basis can be analyzed behaviourally. How-
ever, creation or processing of sensorimotor behaviour 
patterns on the “symbolic circle basis” has to rely upon 
cognitive [28] or even constructivist [29] support. In 
other words, we can divide all sensorimotor perform-
ances into three categories: inborn, learned and worked-
out [30]. All of them – if acquired, processed and auto-
mated – can be controlled in the region of sensory (be-
havioural) circle of the “eight model”, but creation and 
processing (learning) of a worked-out performance can 
be made only in the symbolic (verbal; cognitive or con-
structivist) one.

The proposed model is compatible with the general 
systems theory. One of the rules of the theory assumes 
autonomy of each system layer (which can be identified 
with Bernstein’s motor control level), i.e. some freedom 
in choosing an action with minimal interference of the 
higher layers [31]; it remains in accordance with Bern-
stein’s theory. Moreover, the associations between par-
ticular “layers” of each system include the flow of infor-
mation “down–up” where the reduction of information 
occurs (it becomes more general), and “up–down” 

where information becomes more detailed (concrete, 
unambiguous) [31, 32]. It assumes the necessity of 
transcoding during transition from one system layer to 
another. In this paper, for the sake of simplicity, only the 
transcoding between the “sensory” levels of Bernstein’s 
model and the “symbolic” ones is discussed. Here the 
Equilibrium Point Hypothesis seems to afford a good 
“coupling” between sensory and symbolic levels, ena-
bling communication of both circles of the “eight-mod-
el” in some common “language”.

The mathematical approach to explanation of human 
motor behaviour could be promising, indeed, but it has to 
be remembered that logic, being the fundamentals of the 
systems theory or cybernetics, is neither the only nor 
a wholly reliable (or universal) tool for examination of 
reality. It did not even help to bring order into mathemat-
ics itself, although such an attempt was made by Bertrand 
A. Russell and Alfred N. Whitehead [33, 34] already in 
early decades of the twentieth century. Later this impos-
sibility was mathematically proved by Kurt Gödel [35].

According to the “eight-model”, a behavioural de-
scription as presented e.g. by Schmidt [14], can explain 

Figure 1. The learning scheme of sensorimotor skills showing the transcoding block. The lower sensory circle (levels A, B, C) 
makes the “zero-model”, while both circles (sensory A, B, C and symbolic D, E) form the “eight-model” of sensorimotor 

learning [26].
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learning only with the aid of stimulus–response level 
principle, i.e. conditional reflexes formation. In the be-
havioural context one can speak not about sensorimo-

tor skill, actively acquired by a human, but about con-

ditional reflex, including passive “blind obedience”. 
Hence, the mere title of the book under consideration 
(Motor Control and Learning. A Behavioral Emphasis) 
introduces some confusion. Real learning has to use 
cognitive mechanisms, hence it goes out far beyond 
a purely behavioural paradigm. Here a reflection comes 
to mind that the research paradigms, being to some ex-
tent “rails for thoughts”, are the highest achievements of 
crystallized (expert’s) intelligence, while fluid (discov-
erer’s) intelligence rejects all of them. However, as far 
as the famous Schmidt’s schema is concerned, it is 
worth quoting an excerpt from Hossner and Künzell’s 
work [16]:

Schmidt’s schema theory (1975) is a classical model 
of this way of reasoning (programme learning – W.P.), 
but it is necessary to mention some important limita-
tion. The scheme can be regarded as a learning theory 
only as far as the already mastered schemes, essential 
for the movement execution, are analyzed. However, 

the schema theory does not mention the process of 

acquiring a generalized motor programme.
(Die Schematheorie von Schmidt (1975) stellt einen 
Klassiker dieser Denkrichtung dar, wenn auch ein-
schränkend anzumerken ist, dass es sich bei dieser 
Theorie nur insofern um eine Programmlerntheorie 
handelt, als dass die zu erwerbenden motorischen 
Schemata als für die Programmrealisierung unver-
zichtbare Instanzen angesehen werden, der Erwerb 

der Motorikprogramme selbst jedoch nicht the-

matisiert wird).

The analysis of “already mastered schemes, essen-

tial for the movement execution”, is in fact the process 
of motor control (directing the movements), but not mo-
tor learning (acquiring new motor skills). The sensori-
motor skills or even simple conditional reflexes are 
useful or even necessary, but they have to work some-
where in the background, as automated “slave” compo-
nents of complex sensorimotor performances, while 
such human performances need some conscious, volun-
tary control, engaging abstract thinking and going be-
yond a purely behavioural research paradigm into the 
cognitive region. Adherents to the behavioural way of 
reasoning [36] argue that behaviour is the only phenom-
enon, which can be observed and analyzed by a re-
searcher. This is true on the stimulus–response level, 
when we discuss sensorimotor reflexes or simple skills 

or habits, but this model shows some serious shortcom-
ings when more complex processes, including abstract 
thinking, are concerned. To effectively cope with this 
behaviourists invented a “black box”. Problems insolva-
ble within the frames of behavioural paradigm have 
been “packed” into a certain “black box” without fur-
ther consideration. Such a “black box” has been tightly 
closed and included into the system scheme as an ele-
ment which does not need any further explanation. 
Hence, the behavioural approach seems not to be the 
appropriate theoretical basis for explaining the structure 
of a complex sensorimotor skill or performance, calling 
for using some abstract thinking, but especially for de-
scription of the process of their acquisition. To cut the 
long story short, behaviourism is by no means a primi-
tive theory or philosophical approach – after all, its 
greatest achievement is cybernetics [32, 37] – but if 
mathematicians had thought about mathematics using 
the same philosophical approach, then their highest at-
tainment would have been the multiplication table.

Discussion

Assuming the “eight-model” being true, one can at-
tempt to construct a hypothetical model of information 
circulation during execution of a sensorimotor skill and 
general memory system (Fig. 2). 

At first it has to be noticed that the popular memory 
system, proposed by Richard C. Atkinson and Richard 
M. Shiffrin in 1968 – consisting of a short-term sensory 
store, short-term memory and long-term memory [see 
38] – discriminated individual memory components ac-
cording to the time of retention. Then the other compo-
nent, namely working memory [39], was added, but – as 
can be deduced from its name – it was the function of 
WM, that enabled its identification. Thus three compo-
nents were chosen according to one criterion (time of 
retention), while the fourth – according to another one 
(function). It is practically impossible to build a coher-
ent model of components selected according to different 
criteria. Hence it is necessary to emphasize the func-
tions of particular elements of the human memory sys-
tem. First of all, however, it is necessary to divide the 
entire system into two floors: the higher – symbolic and 
the lower – sensory.

The trainability on both the sensory and symbolic 
levels depends on long-term memory, thus the LTM has 
to be divided into two sub-components: sensory LTM 
and symbolic LTM. Animals use only the sensory code 
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of information (levels A, B and C according to Bern-
stein’s theory) and sensory LTM, while human beings 
use also the symbolic code (levels D and E) and sym-
bolic LTM.

Next, it is necessary to ascribe particular functions 
to individual parts of the system. Thus, the short-term 
sensory store (STSS) has to play the part of a filter for 
sensations from the environment. The sensations passed 
through STSS go to STM, where they are received, 
identified and transformed into stimuli, evoking some 
response. The STM acts also as a switch: if the stimulus 
needs to response on the sensory floor only, then it 

passes to sensory LTM. Otherwise it is transcoded into 
a symbolic form and passes to symbolic LTM.

Working memory receives either a movement pat-
tern from the sensory LTM, or a motor programme 
from the symbolic LTM. In the latter case it has to be 
transcoded into a sensory form, because the motor sys-
tem “understands” only purely sensory motor com-
mands. Then the WM, while in “control mode”, acti-
vates the motor system. In the “learning mode” WM 
cooperates either with sensory LTM processing move-
ment patterns, or with symbolic LTM processing motor 
programmes or even generalized motor programmes.

Figure 2. Circulation of information during execution and learning of human sensorimotor skills. Dotted arrows and blocks 
represent the learning processes, while solid lines – the control ones.
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It is worth noticing that the model includes two 
transcoding blocks: sensory-verbal and verbal-sensory. 
As already stated, in the case of synthetic information 
carriers, symbols or words, we have to do with some 
trade-off ambiguity – information capacity (the more 
capacious, the less precise is the symbol). Hence, 
a highly synthetic symbol has to be inevitably more or 
less ambiguous. This is – at least partly – the reason for 
which voluntary skills, while performed, have some de-
sirable flexibility. In such a scheme clearly separated is 
also the part played by short term [28] or working mem-
ory [39]. In both these memory blocks the transcoding 
process occurs, however in the STM one has to do with 
time abundance (multiple rehearsal), while in the WM 
– with time deficit. It makes a dramatic, qualitative dif-
ference between both transcoding processes, resem-
bling verbal translating and interpreting, respectively. 
There are also differences between perceptual and con-
ceptual chunking [40]. The process of chunking seems 
necessary for preparation of the information (either sen-
sory or verbal) to be transcoded [22]. 

Symbolic-sensory transcoding during execution of 
sensorimotor performance by a human to some extent 
resembles a simultaneous interpretation [41]. In both 
processes reception of information and its processing 
have to run nearly instantaneously; hence, problems of 
time deficit and impossibility of correction appear. 
However, there is also some substantial difference be-
tween the processes. From the viewpoint of both the 
systems theory [31] and psycholinguistics [21], with 
sensory-symbolic transcoding (which could be com-
pared to intersemiotic linguistic translation [42]), the 

information becomes more general, while with sym-
bolic-sensory transcoding – more detailed. However, in 
the course of linguistic conversion both the original and 
translated texts are characterized by the same level of 
generality (or “detaility”).

The “long-term memory” block in the scheme pre-
sented in Fig. 2 remains in accordance with the LTM 
model proposed by Endel Tulving, consisting of three 
components: semantic memory store, procedural mem-
ory and episodic memory [43]. The sub-block “verbal 

(symbolic) storing” in Fig. 2 can be regarded as a part of 
the semantic memory store, the sub-block “motor pro-

grammes storing” – as a part of the procedural memory, 
while the episodic memory may contribute to produc-
tion of intentions.

The “working memory” and “motor system” blocks 
correspond, to some extent, to the forward (Fig. 3) and 
inverse models (Fig. 4), respectively [19].

However, they cannot be identified with them, main-
ly because the presented scheme is a static image, while 
both the forward and inverse models are dynamic de-
scriptions (clearly depending on time). It is also worth 
mentioning that the forward model produces a predicted 
sensation, while the inverse one is based on the desired 

sensation; hence, including it into a simple graphical 
scheme seems to be hardly possible. Here we come 
across some inconsistency in terminology, slightly im-
peding understanding of Jordan and Rumelhart’s de-
scription. Namely, a human can perceive “state x” by 
only his senses. Therefore, it exists in his mind only as 
a current sensation or some conglomerate (synthesis) of 
sensations. Accordingly, in Jordan and Rumelhart’s 

Figure 3. Forward model (predictor): u[n–1] – former action; 
y[n] – actual sensation; x[n–1] – former state of environ-

ment; ŷ[n] – predicted sensations. The forward model 
compares predicted sensations ŷ[n] to actual sensations y[n] 
and uses the resulting prediction error to adjust the param-

eters of the model [19]

environment
u[n – 1] y[n]

x[n – 1]

forward model
ŷ[n]

+

–

Figure 4. Inverse model (controller). The symbols mean: 
u[n – 1] – action; y*[n] – desired sensation; x[n – 1] – 

current state of environment. The inverse model produces 
an action u[n – 1] as a function of the current state x[n – 1] 

and the desired sensations y*[n] [19]

environment
u[n – 1] y*[n]

x[n – 1]

inverse model

+

–
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model we deal in fact with only two kinds of events, 
namely actions and sensations (predicted, desired and 
current ones, the latter denoted as certain “state x”), as 
was described by Hossner and Künzell [16].

The common denominator of the model presented in 
Fig. 2 and 3, as well as both the forward and inverse 
models by Jordan and Rumelhart, constitutes the cen-
tral process: transcoding, verbal-sensory and sensa-
tions-actions (or inversely). The notions “data driven 

process” and “conceptually driven process”, used in 
Fig. 2, have been introduced by Peter H. Lindsay and 
Donald A. Norman, and are commonly used in psy-
cholinguistics [23]. However, humans reveal close con-
nections between movement and language production 
(and its verbal expression). Language, being in human 
phylogeny a much younger phenomenon than motor ac-
tivity, in the course of its development used the nervous 
connections which had already existed and were em-
ployed for motor control [44]. So, applying these terms 
for description of human motor behaviour seems fully 
justifiable.

The proposed model, if assumed to be true, calls for 
some change in the general conception of working 
memory. According to John R. Anderson [28], the WM 
can freely use data from all other memory components. 

However, according to the scheme presented in Fig. 2, 
an important element of WM is the verbal-sensory 
transcoding mechanism. Hence, it seems to be uneco-
nomical, i.e. against the general “philosophy” of na-
ture, to include also sensory-verbal mechanism into this 
memory component, because it exists already in the 
STM. Hence, it seems logical that the WM cannot re-
ceive the sensory data directly from the STSS, but only 
stimuli from the STM, perceived and then transcoded 
into verbal form.

Conclusions

Bernstein’s theory seems to be a very useful tool for 
bringing order and logical terminology into contempo-
rary knowledge about human sensorimotor learning 
and control (Tab. 2). 

It is worth noticing that in the column “motor learn-
ing”, line “E – level”, there is a cell termed “Imaginary 
motor grammar”. The close relation of movement and 
language production in humans has already been men-
tioned [22, 23, 44]. It is not a case of a more or less com-
plex model of motor behaviour, but some kind of meta-
model, or a set of rules enabling construction of proper 
sensorimotor patterns of human behaviour. In its struc-

Table 2. Bernstein’s theory and contemporary theories of human sensorimotor activity; 
the Equilibrium Point Hypothesis (EPH) reduces the motor control process to the sphere of space, time and movement, 

but not internal models of motor performances.

Sensorimotor 
associations, main 
code type

Motor control level Motor control 
mechanism

Motor control 
theory

Motor learning Learning paradigm

Symbolic levels, 
complex associa-
tions symbol-
activity, verbal 

code

E – motor pro-
grammes creation

No motor control 
mechanism

No motor control 
theory

Imaginary motor 
grammar

Cognitive and 
constructivist 

approach

D – motor pro-
grammes execu-

tion

Generalized motor 
programme

Cybernetic 
theories (Bern-
stein’s, Adams’, 

Chkhaidze’s, 
Schmidt’s, etc.)

Creation of 
generalized motor 

programmes

Behavioural and 
cognitive approach

Transcoding sensory-verbal (up) or verbal-sensory (down); Equilibrium Point Hypothesis

Sensory levels, 
stimulus–reaction 
associations, 
sensory code

C – spatial 
mobility

Central patterns 
generator (highly 

flexible)

Gibson’s ecological 
theory

Creation of new 
behaviour pattern 

generators

Behavioural 
approach

B – muscle 
synergies

Central patterns 
generator (hardly 

flexible)

A – muscle
tonus

Central patterns 
generator (stiff, 

on-off state)
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ture and function such a metamodel resembles linguis-
tic syntax or – more generally – grammar (the latter no-
tion includes both syntax and morphology of a lan-
guage). The adjective “imaginary” means that the 
behaviour pattern arises first in the human mind, and 
only later it is performed in practice, hence in such 
a case we deal with a conceptually driven process in-
cluding a deductive way of thinking during shaping the 
sensorimotor behaviour patterns (worked-out perform-
ance). On the contrary, learned sensorimotor behaviour 
patterns are acquired from outside (there is some “ex-
ternal teacher”); they arise in the course of data driven 
process and use the inductive way of thinking.

It has to be noticed that this paper deals only with 
the “static” theories of motor control and learning, i.e. 
with descriptions including schemes or models which 
are not evidently dependent on time. The “dynamic” 
ones, assuming time dependence (i.e. probably chang-
ing the behaviour pattern during execution of a given 
sensorimotor performance), are e.g. like those by Jordan 
and Rumelhart, Wolpert and Kawato or Hossner and 
Künzell. The static theories are no longer suitable to 
explain the mechanism of human motor behaviour, thus 
it seems to be inevitable that scientists have to turn to 
dynamic theories. It is an important transformation of 
research paradigm which could be identified with scien-
tific revolution as defined by Thomas S. Kuhn [45]. The 
following statement by Schmidt and Lee provides a use-
ful explanation [46, p. 416].

Schema theory has provided an alternative to Ad-
ams’ closed-loop theory of motor learning. Com-
pared to Adams’ theory, it has the advantage that it 
accounts for more kinds of movements; it seems to 
account for error-detection capabilities more effec-
tively and seems to explain the production of novel 
movements in open-skills situations. Some logical 
problems need to be solved, and it is not clear wheth-
er it can be done without discarding the entire theo-
retical structure. 

Nevertheless, the different “static” theories, which 
enlighten the human motor function structure from 
various perspectives, form a necessary “starting point” 
for analyzing more sophisticated descriptions of human 
motor control and learning, i.e. dynamic theories. The 
“static” theories merely form a reliable ground and fer-
tile soil for development of much more advanced and 
complex “dynamic” models. It is then necessary to 
bring order into the already existing “static” know-

ledge2, to be able to explore it fully by building new, 
dynamical models of sensorimotor performances. Here 
the theory of systems and cybernetics can be of great 
value. Nevertheless, it should also be remembered that 
logic, being the cornerstone of the systems theory and 
cybernetics, is neither the only nor a fully reliable (or 
universal) assessment tool.

The following conclusions might be formulated:
1. There is no universal theory describing the control 

mechanism of all human sensorimotor performances.
2. There is no universal theory describing the control 

mechanism of a single human compound sensorim-
otor performance.

3. The era of “static” theories – the structure of which 
remains unchanged during the whole execution 
process of a sensorimotor performance in humans, 
as e.g. Gibson’s, Adams’ or Schmidt’s – in motor 
control is over! These theories can retain their sig-
nificance only in didactics.

4. Bernstein’s model, along with ENHANCED con-
temporary theories, e.g. Jordan and Rumelhart’s 
(forward and inverse models in motor control) or 
Wolpert and Kawato’s (multiple paired inverse and 
forward models), but also some earlier models, e.g. 
Rilo Pöhlmann’s or Arturo Hotz and Jürgen Wei-
neck’s, may constitute a good basis for development 
of a new dynamical theory (or theories) of motor 
control in humans, which describes human sensori-
motor performances in a much better way.

5. The current motor control theories seem to be more 
and more inefficient, and there is not any clearly vis-
ible way of solving the problem. Hence, it is very 
probable that at least in motor control – and possibly 
in physical culture in general – we are just on the eve 
of scientific revolution, as described by Kuhn, i.e. 
a thorough change of the research paradigm.

6. Whatever the new paradigm will be, Bernstein’s model 
seems to be an excellent tool for thorough settlement 
of the whole of current knowledge in motor science. 
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Marshal of the Lower Silesian Voivodeship – Andrzej Łoś

Rector of the University School of Physical Education – Tadeusz Koszczyc

Congress Topics

• Bioengineering and orthopedics
• Bone and joints
• Clinical biomechanics
• Ergonomics
• Locomotion
• Locomotion in cerebral palsy children
• Methods in biomechanics
• Modelling

• Motor control and learning
• Muscle mechanics
• Physiotherapy
• Sports technique; jumping, hitting, throwing, turning
• Stability and posture
• Teaching biomechanics
• Training and performance

 

Polish Society of Biomechanics

Among invited speakers are:
Rik Huiskes, Eindhoven University of Technology
Peter Konrad, DSHS, Zürich, Köln
Kornelia Kulig, USC, Los Angeles
Louis Peeraer, KU, Lueven
Alex Stacoff, ETH, Zürich
Ian Sutherland, Brunel University, London
József Tihanyi, Semmelweis University, Budapest

All papers submitted for presentation during the Con-
gress will be reviewed by the Scientific Committee.
Full six-page-long papers should be e-mailed to the 
Congress’ address not later than 01.03.2008. Authors 
of accepted papers will be notified by 01.04.2008.
Accepted papers will be published in Acta of Bioengi-

neering and Biomechanics and in Prace Naukowe AWF 

we Wrocławiu [in Polish].

For detailed information visit: 
www.biomechanics2008.awf.wroc.pl

• English and Polish are the languages of the congress.

All correspondence should be directed to:
BIOMECHANICS 2008

Department of Biomechanics
University School of Physical Education
Al. I.J. Paderewskiego 35
51-612 Wrocław
tel./fax +48 71 347 3063
tel.       +48 71 347 3248
e-mail: katedra.biomechaniki@awf.wroc.pl
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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

2007, vol. 8 (2)
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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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