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BURNOUT IN PHYSICAL TRAINING TEACHERS
A MACRO-PATH OF PROFESSIONAL BURNOUT

Maria Brudnik

Bronistaw Czech Academy of Physical Education, Cracow, Poland

Submitted in January, 2004

The investigations were carried out in male and female physical training teachers from Cracow and Wieliczka, first-
year Academy of Physical Educations students from Cracow (post-bachelor and extramural course) and participants
in three post-graduate courses (N = 256) between February and October, 2003. The syndrome was diagnosed based
on the MBI Maslach questionnaire. Empirical material was analyzed using variance analysis, the non-parametric test
of difference significance and cluster analysis.

More than one half of physical education teachers (58.6%) were demonstrated not to experience professional
burnout, while burned-out individuals accounted for 27.4% of the sample; the process of burnout was generally not
dependent on the gender variable. Both the scope and intensity of burnout were found to be lower as compared to
general education teachers. The initial reaction of physical training teachers to specific stress was a loss of job - re-
lated satisfaction. The author failed to determine a burnout macro-path for physical training teachers; the missing T2
segment requires elucidation based on a larger sample of material.

Keywords: Professional burnout, physical training teacher.

“It represents an erosion of values, dignity, spirit, and will - an erosion
of the human soul. It is a malady that spreads gradually and continuously
over time, putting people into a downward spiral from which it’s hard to reverse.”

INTRODUCTION

The term “burnout” was recognized as a scientific
notion less than 30 years ago, when it was employed
simultaneously and independently by a psychiatrist,
Herbert J. Freudenberger, and a social psychologist,
Christine Maslach (Tucholska, 2001).

The burnout syndrome, which originally emerged as
a social issue, has gained almost a score of conceptuali-
zations and operationalizations (see: Tucholska, 2003,
19-55). The symptoms of burnout described by various
investigators have been collected by Cherniss (Noworol,
1998, 215-216), and by other authors (see: Tucholska,
2003, 38-39). In the literature on the subject, the most
popular proposal is that presented by Maslach, who was
the first to develop a coherent concept of the burnout
syndrome and constructed a tool for measuring the phe-
nomenon, i.e. the Maslach Burnout Inventory (MBI)
(Maslach & Jackson, 1986).

According to her concept, the burnout syndrome is
the reaction of the organism to chronic emotional stress
resulting from the collapse of adaptation processes to
one’s work environment. “It is a syndrome of physical

Ch. Maslach & M. Leiter, 1997, 17

and mental exhaustion, which includes the development
of negative concepts of ‘I’, a negative attitude towards
one’s work, a loss of emotions and contact in relations
with other people” (Maslach, 1978, in Noworol, 1989,
124-125).

Stress is a consequence of interpersonal contacts
occurring in various relations that result from one’s
work contract. Social professions, such as nurses,
physicians and teachers, are believed to be especially
endangered with specific stress. Another group includes
managers, high-level office workers and banking sector
employees (Noworol, 2000), as well as individuals who
highly value professional work as such. These people
are inclined to make special sacrifices; they often ignore
their own needs and are at risk of deep disappointment
and frustration when faced with numerous stresses and
an unfavorable work environment (Paines, 1993, in Tu-
cholska, 2003). Negative effects of burnout may spread
to other spheres of the life of the individual suffering
from the syndrome, leading to gradually increasing fam-
ily problems, an escape into illness, substance abuse and
development of psychogenic problems (Maslach, 1997,
in Kli$ & Kossewska, 1998).



According to the concept developed by Maslach, the
burnout syndrome is a multi-dimensional phenomenon.
Its three dimensions are:

Emotional Exhaustion - EE: A subjective sense
of exhaustion or depletion of one’s resistance and
emotional resources and a loss of the “joie de vivre”.
Individuals who manifest this dimension of burnout
show strong emotional reactions to weak stimuli, are
easily engaged in conflicts, become uncommunicative
and increasingly more emotionally involved in situations
that require professional interventions.

Personal Accomplishment - PA: A subjective as-
sessment of the value of one’s professional work. The
dimension - the realm of positive feelings - is negatively
correlated with the other two dimensions; in the course
of the analysis and interpretation of MBI scores, the scale
is reversed. The Negative Sense of Professional Achieve-
ment Scale (NSPAS) is a tool for diagnosing a decreased
sense of one’s competencies or achievements at work.

Depersonalization - DP: It is manifested through
negative, cool, distanced (or even outright cynical)
behaviors towards individuals, with whom the affected
person maintains work-associated relations. Any prob-
lems pertaining to other people are perceived as justly
deserved, for which the said others should suffer conse-
quences (Noworol, 2003, an unpublished manuscript).

The phenomenon of burnout progresses with time
and is manifested in various ways in particular individu-
als. According to Maslach, the presented symptom is
an increasing emotional exhaustion, followed by loss
of satisfaction over one’s professional achievements. In
consequence of the situation, the process of deperso-
nalization begins - the affected person distances him-
self from specific stress posed by another human being
(Noworol, 2000). Burned-out individuals are defined
as persons manifesting the triad of the factors charac-
teristic of the multi-dimensionally analyzed syndrome
(Krawulska-Ptaszynska, 1992).

emotional exhaustion
= negative sense of professional achievements
= depersonalization

According to McConnell, the tri-dimensional burn-
out syndrome develops at three levels (McConnell,
1982, in Noworol, 1989).

Level 1:

Mild, short-term symptoms that appear incidentally;

- the symptoms may be relieved via relaxation or work
breaks.

Level 2:

The symptoms are intensified and occur more regu-

larly;

- the typical strategies of symptom alleviation, such
as, for example, weekend rest and recreation, cease
to be successful;
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- the recovery and ability of continued self-care require
an additional effort.

Level 3:

Continuous signals of burnout, physical and mental

problems appear (depression, manic states);

- any efforts directed towards relieving the symptoms
on one’s own are pointless;

- any professional help does not provide an immediate
effect.

Based on the theory developed by Maslach, Golem-
biewski determined a contrary direction of the burnout
pathway. In his opinion, depersonalization, also under-
stood as the effect of stress that leads to a lowered sensi-
tivity threshold, and in consequence to the development
of distancing behaviors, is the first factor to appear. The
reaction of other fellow-workers to the increasing cool-
ness and distance in professional contacts with the
affected person with progressive burnout leads in the lat-
ter to a decreased sense of self-esteem and professional
achievements. As a result of intensified symptoms, the
employee starts to react in the emotional sphere, which
leads to emotional burnout (Noworol, 2000).

depersonalization
= negative sense of professional achievements
= emotional exhaustion

The burnout process described by Maslach and
Golembiewski may be schematically represented as
a system of pathways that have reverse directions. In
view of this fact, these theories have been termed “facing
theories” (Noworol, 2000).

The seemingly contrary theories have been com-
bined into a comprehensive unity in the four-stage ty-
pological model of burnout that has originated from the
eight-stage model developed by Golembiewski (Noworol
& Marek, 1994).

In the typological model (Fig. 6), the burnout
process includes four major stages: TO (Unaffected by
burnout), T1, T2, T3 (Burned-out), with the T1 and T2
phases being complex. The progressive burnout proc-
ess may proceed along various paths that are specific
for a given individual (a micro-path), or a professional
group (a macro-path), which is depicted in Fig. 6. The
facing theories constitute two separate paths in the four-
stage model - the theory developed by Maslach describes
the burnout process in the so-called helping professions,
while the solution proposed by Golembiewski explains the
intensification of the syndrome chiefly in the managerial
professions (Noworol, 2000).

Polish studies on the phenomenon of burnout in
teachers chiefly concentrate on analyzing the problem
in relation to methods of coping with stress, some
personality and temperament-associated determinants,
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sexual identity, social support, level of education offered
and type of school (public schools, special education
schools), sex, age, education, as well as the time of prac-
ticing the profession (Krawulska-Ptaszynska, 1992; Sek,
1994, 1996; Golinska & Swiqtochowski, 1998; Klis &
Kossewska, 1998; Przybyla, 1998; Mandal, 1999;
Sekutowicz, 2002; Tucholska, 2003). Swietochowski
(2001) investigated the effect of burnout on non-clinical
somatic disorders among teachers. Tucholska (2003), in
her cross-sectional study of general education school-
teachers (N = 256), included a variable of the subject
taught; the number of investigated physical training
teachers was N = 16. Using the concept developed by
Golembiewski, she also proposed a sequence of increas-
ing burnout symptoms in the studied group.

The aim of the present report was to answer the
question of how the burnout syndrome developed in
physical training teachers and to attempt to define the
macro-path of burnout in teachers of this subject.

Two hypotheses were formulated:

In view of the specific character of their work, the
population of female and male physical training teachers
manifests the phenomenon of burnout.

The course of the burnout macro-path among physi-
cal training teachers is in agreement with the burnout
path described by Maslach, the latter illustrates the
process as occurring in social professions.

METHOD

The study employed the method of diagnostic polling
and was carried out between February and September,
2003, among physical training teachers from various
Cracow and Wieliczka schools (elementary, junior high
and high), students of the Cracow Academy of Physical
Education (freshmen attending the post-baccalaureate
extramural program, students of extramural courses)
and participants of three post-grad courses for physical
training teachers organized by Province Postgraduate
Training Center for Teachers in Cracow and Nowy Sacz
(N =256; women N = 144, men N = 112).

Among the respondents, the most numerous group
consisted of physical training teachers employed by
elementary schools (38.7%) in large urban centers
(province capital - 72.3%, district towns - 19.1%, rural
areas - 8.6%). The mean age of the respondents was
36.9 years, the mean duration of employment in school
amounted to approximately 13 years (TABLE 4), with
the range of age and employment duration of 23-57 and
1-40 years, respectively.

To diagnose the burnout syndrome, the Maslach Bur-
nout Inventory (MBI Form Ed.) was employed; the scale
had been adapted to Polish conditions by Noworol (1994;
an unpublished manuscript). The MBI questionnaire
allows for determining the level of burnout as a con-
sequence of chronic emotional stress in a work setting.

The questionnaire consists of 22 statements grouped

into three subscales:
e Emotional Exhaustion (EE) - 9 items;
o Negative Sense of Professional Achievement (NSPA)

- 8 items;

e Depersonalization (DP) - 5 items.

Using a seven-point scale, each responder determines
the frequency of experiencing a given state. The scale
ranges from 0 - never, to 6 - every day; the intermediate
values denote the frequency of once/several times per
year, month, and week.

The empirical material was analyzed using the vari-
ance analysis, the non-parametric U Mann-Whitney test
(Ferguson & Takane, 1999), as well as the cluster analy-
sis (the k-mean method of Mac Quin) (Noworol, 1987)
and employing the SPSS/11 statistical software.

RESULTS

In the investigated population of physical training
teachers, the gender variable basically did not affect
the structure of the burnout phenomenon. Only in
the group of women was emotional exhaustion (EE)
slightly more pronounced (p < 0.05) (TABLE 1). The
mean values of the other dimensions (NSPA and DP)
did not differ significantly.

TABLE 1
The burnout structure among female and male teachers
of physical training

Females N = 144 Males N = 112
MBI X SD X SD p
EE 13.56 8.302 11.70 8.560 0.042
NSPA 11.53 7.682 10.36 6.865 0.255
DP 3.85 3.847 4.42 4.026 0.204

EFE - emotional exhaustion, NSPA - negative sense of professional achieve-
ment, DP - depersonalization

TABLE 2
Burnout among physical training teachers - the cluster
analysis

Burnout among physical training teachers
Cluster | N % X Me SD | min | max
L 150 | 58.6 18.67 19.00 8.27 1 45
1L 1 0.4 | 105.00 | 105.00 - 105 | 105
I 30 | 117 30.53 | 28.50 7.14 18 49
Iv. 6 2.3 4433 | 44.50 8.64 | 30 54
V. 69 | 27.0 44.14 42.00 | 10.60 | 29 74
Total 256 | 100 27.86 26.00 | 15.14 1 105
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TABLE 3
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Burnout of physical training teachers - the statistical analysis of dimensions from the Maslach Burnout Inventory
(MBI) within particular clusters (emotional exhaustion EE, negative sense of professional achievement NSPA, de-

personalization DP)

Cluster
MBI L II. I11. V. Total
X SD X SD X SD SD X SD X SD
EE 89 (539|530 - 82 | 3.81 | 215|217 | 21.7 | 6.68 | 12.7 | 8.45
NSPA 6.8 [ 429|340 | - 18.7 | 5.41 | 10.7 | 5.82 | 16.6 | 6.54 | 11.0 | 7.34
DP 29 297 18.0 | - 3.7 [ 281 | 122|504 | 59 |430]| 4.1 | 393

TABLE 4

Cluster description: gender, age and duration of employment among physical training teachers

Gender Age Duration of
employment
Cluster Females Males

N % N % X SD X SD
L. 79 52.7 71 47.3 36.2 2.97 12.4 8.10

IL 0 0 1 100 50.0 - 25.0 -
111 16 53.5 14 46.7 38.8 8.54 14.2 8.46
IV. 4 66.7 2 33.3 33.0 7.18 7.3 4.84
V. 45 65.2 24 34.8 37.5 7.82 12.9 7.50
Total 144 100 112 100 36.9 7.86 12.7 7.97

Subsequent statistical analyses allowed for defining
five clusters in the studied population (TABLE 2). The
clusters were homogenous with respect to burnout level
and they grouped individuals characterized by the same
burnout pattern, i.e. with similar values of the three di-
mensions: emotional exhaustion (EE), negative sense of
professional achievement (NSPA) and depersonalization
(DP) (TABLE 3-4). In view of the fact that the burnout
process in female (N = 144) and male physical training
teachers (N = 112) was similar (ANOVA, F = 0.881,
p > 0.05), the variable of gender was disregarded in
further analyses.

Among the respondents, 58.6% were found not to
be burned out (Cluster I; N = 150) (TABLE 2-3, Fig.
1). Working with children was a clear source of satis-
faction to this group of educators - their mean value of
the negative sense of professional achievement dimen-
sion (X I. NSPA = 6.8) was almost twice as low as the
mean value for the entire population (X NSPA = 11.0).
Characterized by a relatively low degree of burnout,
these teachers were capable of maintaining the closest

contacts with their pupils - the mean value of the de-
personalization dimension DP (X I. DP = 2.9) was the
lowest in this cluster (TABLE 3).

Clusters II and V (N =70) grouped burned-out
teachers (27.4%), who experienced symptoms of emo-
tional exhaustion and depersonalization, while clearly
deriving no satisfaction from their work. In the remain-
ing teachers - Cluster III and IV (N = 36; 14.0%) the
burnout syndrome was beginning to manifest itself in
diverse ways (TABLE 2-3).

Cluster II was a one-element cluster (TABLE
2-4). Very high values of the three MBI dimensions:
EE = 53.0, NSPA = 34.0 and DP = 18.0, proved a very
high, outright extreme burnout level in one respondent,
a male teacher of a junior high school employed for 25
years (Fig. 2).

The population of physical education teachers
grouped in Cluster V was also characterized by high
mean values of the triad of factors that together formed
the phenomenon of burnout. Considerable emotional
exhaustion was clearly seen (X V.EE = 21.7) (TABLE 3).
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Fig. 1
Graphic presentation of three burnout dimensions in Cluster I. N = 150 (emotional exhaustion EE, negative sense of
professional achievement NSPA, depersonalization DP)
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Fig. 2
A graphic presentation of three burnout dimensions in Cluster II. N = 1 (emotional exhaustion EE, negative sense of
professional achievement NSPA, depersonalization DP)
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Fig. 3
Graphic presentation of three burnout dimension in Cluster V. N = 69 (emotional exhaustion EE, negative sense of
professional achievement NSPA, depersonalization DP)
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Fig. 4
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Graphic presentation of three burnout dimensions in Cluster III. N = 30 (emotional exhaustion EE, negative sense of

professional achievement NSPA, depersonalization DP)
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Fig. 5

Graphic presentation of three burnout dimensions in Cluster IV. N = 6 (emotional exhaustion EE, negative sense of

professional achievement NSPA, depersonalization DP)
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The fully developed syndrome manifested in this cluster
is presented graphically in Fig. 3.

Cluster III (N = 30) included teachers that, despite
their low values of emotional exhaustion (X III.LEE = 8.2;
X EE = 12.7) and medium level of depersonalization
DP, were beginning to experience an absence of pro-
fessional achievements, gradually losing the sense of
value and usefulness of their work (X III.NSPA = 18.7)
(TABLE 3). These were individuals who were partially
burned-out and progressing through subsequent phases
of burnout (Fig. 4).

Cluster IV (N = 6) grouped teachers of physical
training who - with the progressing burnout process -
experienced their first crisis in professional work. Their
mean duration of employment was approximately 7
years and their mean age was 33 years (TABLE 4). The
teachers reacted to work-related stress with a high level
of emotional exhaustion (X IV.EE = 21.5; X EE = 12.7),
which - at the moderate satisfaction level of their work

(NSPA) - triggered clear depersonalization (TABLE
3, Fig. 5). The mean value of the DP dimension
(X IV.DP = 12.2) was twice as high as compared to the
mean value characteristic of the population of burned-
out teachers from Cluster V and at the same time three
times as high as the DP value in the population of non-
burned out teachers (Cluster I) (Fig. 3).

Subsequently, based on the four-phase typological
burnout model, an attempt was made to determine the
macro-path of the burnout phenomenon that developed
among teachers of physical training (Fig. 6).

The starting point for the progressive burnout pro-
cess among physical education teachers is the TO phase
- Cluster I, which is formed by individuals unaffected by
burnout (N = 150) (Fig. 1). Subsequently, the T1 phase
denotes the process of a gradual increase of dissatisfac-
tion and a loss of professional satisfaction, which - at
low values of emotional exhaustion - is accompanied
by intensifying symptoms of depersonalization, still
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Fig. 6
Macro-path illustrating the course of burnout process in the studied population of physical training teachers (N = 256)
plotted using the four-stage typological model with Maslach’s and Golembiewski’s paths

Maszlach's
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Legend: E - emotional exhaustion (EE); P - negative sense of professional achievement (NSPA); D - depersonalization (DP); a letter in subscript - a low level of
the dimension; a letter in superscript - a high level of the dimension (Noworol, 2000)

Fig. 7
Macro-path illustrating the course of burnout process in the population of general education teachers (N = 256) plot-
ted using the four-stage typological model

Maslach's
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® 0
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Golemblewski's

TO T T2 T3

Legend: E - emotional exhaustion (EE); P - negative sense of professional achievement (NSPA); D - depersonalization (DP); a letter in subscript - a low level of
the dimension; a letter in superscript - a high level of the dimension (Noworol, 2000)
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maintained at a level that is somewhat lower than the
mean value for the investigated population (Cluster
III; N = 30) (Fig. 4). The next segment of the burnout
macro-path in physical training teachers (the T2 phase)
is unclear and requires further research. The final link
of the developing burnout process (the T3 phase) is
Cluster V (N = 69) (Fig. 3) that includes teachers char-
acterized by high values of all the three burnout dimen-
sions. The epilogue of the macro-path determined in the
typological model is the one-element Cluster II (Fig. 2)
that illustrates the extraordinary case of a male teacher
who experienced extreme burnout.

Cluster IV (Fig. 5), treated in view of its low sample
size (N = 6) as a case study, was not included in the
model.

DISCUSSION

The population of physical education teachers em-
ployed in various schools (II-IV education level) depicts
an interesting portrayal of the analyzed process. With
a relatively high number of burned-out teachers (N = 70;
27.4%), a high percentage of the group is constituted by
individuals who have not experienced burnout (N = 150;
58.6%). The results of studies carried out among
general education teachers indicated a significantly
lower percentage of both non-burned out and burned-
out individuals: Tucholska (2003) 20.7% and 32.8%
(N =256), Sekutowicz (2002) 6.6% and 13.8% (N = 99),
Sek (1996) 5.9%' and 14.3% (N = 119), respectively.
Golinska & Swigtochowski (1998) found no burnout
symptoms in 15.4% of their sample (N = 395); at the
same time, more than 1/5 of the respondents indicated
a considerable intensity and frequency of experiencing
the phenomenon. While performing self-evaluation,
“(...) 19% of teachers assessed (...) their burnout level
as very high” (Przybyta, 1998, 18); 44% did not notice
any symptoms of the syndrome. Mandal (1999) signaled
the burnout syndrome symptoms as occurring in more
than one half of Polish teachers.

The mean results of the analyzed group of physical
training teachers for particular dimensions - emo-
tional exhaustion (EE), negative sense of professional
achievements (NSPA) and depersonalization (DP) - are
markedly lower as compared to the results obtained by
Tucholska (2003)%. Similar results were achieved in
studies carried out in elementary (ES) and high school
(HS)? teachers (Kli$ & Kossewska, 1998). This suggests
that the intensity of burnout is lower among physical
training teachers.

The variable of gender basically does not play a dif-
ferentiating role in the phenomenon of burnout among

! calculated based on data presented in TABLE 3.7, page 52 (Sek, 1996)
2EE = 12.7 and 21.07; NSPA = 11.0 and 14.52; DP = 4.10 and 6.41, respectively
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physical training teachers. The process of syndrome
intensification among females and males (the cluster
analysis) has a similar course (ANOVA, F =0.881,
p > 0.05); the analysis of burnout structure indicates
only a slightly higher level of emotional exhaustion
among female physical training teachers (p < 0.05)
(TABLE 1). A tendency towards more pronounced
psychophysical and emotional exhaustion in female
teachers was defined as a trend (p < 0.056) by Tuchol-
ska (2003).

The above quoted results allow for cautious con-
cluding that physical training teachers as a professional
group do not experience negative effects of specific
stress to the same degree as other teachers do. When
young, the majority of physical training teachers were
involved in sports, although not necessarily at the high-
est level. Personality traits that differentiate between
sportspeople and non-sportspeople include extraversion,
self-assurance, high motivation towards achievements,
low anxiety level and a strong, healthy nervous system;
all these factors in combination play a decisive role in
resistance to stress (Czajkowski, 1996).

A higher level of mental stamina is associated with
a better ability to cope with stressful situations; highly
reactive individuals were found to be more susceptible
to burnout (Marek, 1993; Noworol & Marek, 1994, in
Dworzanska, 1999). Highly reactive teachers clearly de-
rive less satisfaction from working in schools (Goliniska
& Swietochowski, 1998). The sense of work-associated
satisfaction among teachers is at the same time directly
dependent on extraversion (Kli$ & Kossewska, 1998).

The more dynamic character of physical training
lessons and the possibility of conducting them in en-
closed (a gym, body-building shop and others) and in
open spaces (a sports field, open terrain) exclude mo-
notony. The ability of the teacher to join the students
(participation in exercises or games, etc.) - in spite of
his mentally and physically cumbersome work - allows
him to alleviate stress to a degree. Recreation at leisure,
in touch with Nature, sports and mountain climbing
(to which teachers of physical training seem to be pre-
disposed) decrease the risk of burnout (Kwiatkowski,
1993; S¢k, 1994).

In comparison to general education teachers, the
burnout phenomenon among teachers of physical train-
ing is relative more extensive - 27.4% of the investigated
group consisted of burned-out individuals. The syndrome
often affects highly motivated people, who have given
priority to their career over other values (Paines, 1993;
Schaufeli & Enzmann 1998, in Tucholska, 2003). The
high level of motivation and competitiveness, character-
istic of sportspeople (Czajkowski, 1996) may accelerate

3ES and HS - EE = 13.9 and 20.9; NSPA = 31.5 and 27.6; DP = 5.7 and 8.0, respectively
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burnout in physical training teachers who transfer their
ambitions to working with children. Of considerable
importance is also the not always adequate prestige of
the subject as perceived in the school.

Golinska & Swietochowski (1998) noted a diversified
effect of the need of achievement on particular dimen-
sions of the burnout syndrome in teachers. “(...) Highly
motivated individuals, in spite of the fact that they pay
a lower psychological price (have a lower emotional ex-
haustion index), or do not experience any particularly
high degree of satisfaction, because they perceive this
satisfaction through their excessive expectations. If,
however, benefits derived from work corresponded to
the need for achievement, the satisfaction level would be
appropriately higher in such individuals as compared to
the others” (Golinska & Swietochowski, 1998, 395).

Based on the obtained results, it has been impossi-
ble to conclusively determine the course of the burnout
process among physical training teachers (N = 256). The
macro-path, constructed using the four-stage typological
burnout model (Noworol, 2000) (Fig. 6) is incomplete.
The missing segment - the T2 phase - requires elucida-
tion in further studies. There is a possibility of the path
branching out - currently it goes straight, from the TO
(individuals who have not experienced burnout) to the
T1 phase - or of a change in its direction and its further
course in the direction of the ultimate T3 phase (burned-
out individuals) along the path determined by Maslach
or Golembiewski.

The initial reaction of physical education teachers
to specific stress is their gradual loss of the sense of
competence and satisfaction derived from their teaching
job (Fig. 6), which may be associated with their lack of
skills in handling a group of pupils despite their good
professional preparation (Krawulska-Ptaszynska, 1996).
Another factor may be found in their irrational profes-
sional beliefs, painfully confronted with school practice
(Sek, 1996), as well as in limited funds and resources
that hinder the implementation of the teaching program
(Niegowska, 2003).

The macro-path determined for the sake of compari-
son and illustrating the burnout phenomenon of eighth-
form elementary school teachers based on the model
developed by Tucholska (N =256; women N = 204,
men N = 52) is also incomplete. Using the neural con-
nection (NC) analysis, four homogenous clusters were
identified. In adherence to the accepted terminology, the
clusters grouped teachers that were Adjusted (32.8%),
Disappointed (20.7%), Distanced (25.8%) and Burned-
out (20.7%) (Tucholska, 2003). The burnout macro-path
of elementary school teachers, including physical train-
ing educators, N = 16, is illustrated in Fig. 7.

The path branches out in the TO phase - two clus-
ters with a similar number of elements (Disappointed
- N =53, and Distanced - N =66) explain the T1
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phase of burnout (Fig. 7). What is alarming is the high
number of teachers (25.8%) in whom the initial reac-
tion to specific stress is depersonalization - withdrawal,
indifference and loss of concern for their pupils. This is
a dangerous symptom in teachers; in the case that these
attitudes become fixed, it leads to a loss of necessary in-
terpersonal competencies (Tucholska, 2003, 216-217).

The cluster including the Distanced teachers may in-
clude individuals who have been employed inadequately
with respect to their professional personality traits (Hol-
land, 1992, in Banka, 2000; Van Harrison, 1987); in
this case, the burnout process develops contrary to the
course characteristic for a given group of professionals
(Noworol, 2000). Among physical training teachers, this
phenomenon is not observed with a sufficient intensity
to justify forming a cluster of individuals with a similar
configuration of dimensions. The Disappointed, i.e. the
second cluster that explains the T1 phase, groups 20%
of general education teachers, while less than 12% of
physical training teachers (Cluster III), when they ex-
perience burnout, begin losing the belief in the meaning
and importance of their work (Fig. 6-7).

Other investigations listed in the section on Litera-
ture cannot be a reference material in the analysis of the
burnout macro-path among physical training teachers.
The version of the Maslach Burnout Inventory adapted
by Korzon and employed by Sekutowicz (2002), pre-
served the fourth dimension of the phenomenon - the
personal involvement (PI) scale, which had been deleted
by Maslach, at the same time subjecting the tool to a
small modification (Maslach & Jackson, 1986). Analyz-
ing her results, Sek used the hierarchic cluster analysis
(Sek, 1996).

Cluster IV (N = 6), which has been disregarded
while determining the burnout macro-path of physi-
cal training teachers, requires a comment. This cluster
groups individuals manifesting symptoms of the first
work-related crisis, which usually occur around the 7t
year of employment. Among teachers of exact sciences,
the phenomenon occurs in the average in the third year
of their work (employment duration of 3-5 years), in
teachers of the humanities one year later (employment
duration of 4-6 years) (unpublished studies, Jagiellon-
ian University, Cracow). One may surmise that in this
case, the specific character of the profession of a physi-
cal training teacher and his higher resistance to stress
are instrumental in the somewhat delayed development
of the first work-related crisis.

CONCLUSIONS

1. More than one half of the investigated physical train-
ing teachers do not experience burnout.

2. One fourth of the teachers manifest the fully devel-
oped burnout syndrome.
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3. The gender variable basically does not affect the
burnout process among teachers of physical train-
ing; female teachers have manifested only a slightly
elevated level of emotional and psychophysical ex-
haustion (p < 0.05).

4. Both the extent and the depth of the burnout phe-
nomenon are lower among teachers of physical train-
ing as compared to teachers of general subjects.

5. The first reaction of physical training teachers to
specific stress is their gradual loss of the sense of
competence and satisfaction derived from their
work.

In order to determine the macro-path of burnout in
physical training teachers, further studies conducted on
a larger sample are necessary. In such investigations the
general typological model of burnout among staffers in
organizations (Noworol, in press) will be helpful. In this
case, while statistically analyzing the material, it will be
necessary to distinguish a larger group of homogenous
clusters.

A complete analysis of the process of physical train-
ing teachers’ burnout will allow for adopting preven-
tive measures. An appropriately composed teaching
syllabus, mostly with respect to the methodology of
teaching subjects, as well as well-designed postgraduate
workshops addressed to young teachers should alleviate
the stress associated with the situation, conditions and
expectations of their work environment, thus delaying
the development of the syndrome.
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SYNDROM VYHORENI
U UCITELU TELESNE VYCHOVY -
- PROCES ROZVOJE SYNDROMU
(Souhrn anglického textu)

Vyzkum byl realizovan v obdobi unor az zafi 2003
mezi ucCitelkami a uciteli t€lesné vychovy v Krakové,
Wieliczce, mezi posluchaci I. roéniku AWF (SUM,;
dalkové studium) a ucastniky tfi kurzi odborného
vzdélavani (N = 256). K diagnéze syndromu byl vyuZit
dotaznik MBI Maslach. Empiricky material byl zpra-
covan s pouzitim analyzy variance, neparametrického
testu vyznamnosti rozdill a klastrové analyzy.

Vice nez polovina ucitel télesné vychovy ve
vyzkumném vzorku (58,6 %) nepocituje vyhofeni,
pedagogové, u nichZ se tento syndrom objevuje, tvofi
27,4 %. Proménna pohlavi obecné vzato rozvoj syn-
dromu neovliviiuje. Rozsah stejné€ jako hloubka vyhoteni
jsou nizsi ve srovnani s uciteli vSeobecného vyucovani.
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Prvni reakci uéitell t€lesné vychovy na specificky stres
je ztrata profesionalni satisfakce. Nepodafrilo se presné
stanovit proces, v némz k rozvoji syndromu vyhofeni
u ucitell télesné vychovy dochazi. Vysvétleni chybéjici
faze T2 v tomto procesu by vyzadovalo vyzkum vétsiho
rozsahu.

Klicova slova: vyhoreni, ucitel télesné vychovy.
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POSTURE ASSESSMENT IN CHILDREN OF THE SCHOOL AGE GROUP
(7-15 YEARS OF AGE) IN THE OLOMOUC REGION
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Submitted in February, 2004

Within the framework of anthropological research, the diagnosis of posture using the Jaro$ & Lomi¢ek somatoscopic
method (1957) was carried out in a set of 1201 children of school age as well as foot arch assessment using plantograms
as suggested by Klementa (1987). The posture assessment results imply a continuing unfavorable trend of functional
disorders of the locomotive system in the present childhood population. Defective posture has been diagnosed in 56%
of boys and 37% of girls. The author finds the main cause of the defective posture in the occurrence of muscular dys-
balances, namely the upper and lower crossed syndromes. The posture disorders manifest themselves in keeping the
head stuck forward, round shoulders, shoulder blades standing out, high pelvis inclination accompanied with lumber
lordosis, and in many cases with loose abdominal muscles.

The condition of the foot arch is relatively satisfactory, as the normal foot arch has been found in 85% of the
probands.

Keywords: School age group, posture, somatoscopic method, defective posture, muscular dysbalances, foot arch, Olomouc

region.
INTRODUCTION

The increasing occurrence of defective posture ac-
companied by the insufficient fitness of present children
and teenagers cannot leave us unconcerned, considering
the fact that if not diagnosed and rectified in time, these
defects can lead to serious disorders requiring medical
treatment. Naturally, the defects of statics, dynamics and
defective posture have also appeared in the past, but the
present occurrence is substantially higher. This negative
trend is mentioned in studies by Riegerova et al. (1993),
Pridalova (1997), Jankovska (1998), and Kolisko and
Jandova (2002). According to Kubat (1975), defective
posture in school age children appears in 50% of the
population and Picek (1986) states that defective posture
can be found in 85% of our children. The increasing
number of children with defective posture, spinal disor-
ders, small deformations and bad locomotive stereotypes
is probably in relationship not only to the acceleration of
growth and development of the present population, but
also with an insufficient amount of movement stimuli,
excessive static stress, or one-sided and improper body
load, tiredness, excessive sitting and at last but not least
with psychological stress. The conditions that influence
or cause defective posture do not affect children sepa-
rately but they mingle and influence one another, which
allows us to speak about multifactorial agents.

The mechanical understanding of the origin of defec-
tive posture has become a thing of the past. At present,
we understand defective posture as a manifestation of

a certain muscular dysbalance. Muscular dysbalances
appear between two basic groups of skeletal muscles
that may be found on the front as well as the rear part
of the human body. From this point of view, we differ-
entiate tonic muscles (postural, antigravitational), that
function more statically with prevailing isometric con-
traction, and phasic muscles (phasic, locomotive) with
prevailing dynamic function accompanied by isotonic
contraction. The origin of muscular dysbalance often
manifests itself in, and is also more or less accompanied
by, defects of locomotive stereotypes. The most serious
change occurring in muscular dysbalance is muscular
shortening. The static and dynamic functions of the
locomotive system are caused by the imbalance of the
postural muscle that tends to stiffen and phasic mus-
cle that tends to slacken. If the hypertrophic postural
muscles overwhelm the phasic muscles that tend to
slacken the respective part of the body, it is affected
by the defective posture. The most frequent types of
slackness result from muscular dysbalances. Muscular
dysbalances most often occur: in the area of the pelvis
and lower limbs (important regarding static function),
in the area of the upper trunk, neck and head, and in
the area of the lower limbs. Defective posture is char-
acterized by the absence of morphological changes in
the skeleton, and it is important that defective posture
and its deviations may be rectified by deliberate effort.
Therefore, the primary disorder is that of the neu-
romuscular system and central nervous system. When
diagnosing muscular dysbalances and deviations from
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upright posture in a child, it is necessary to begin with
its rectification. Unfavorable phenomena can be local or
have overall effects. Without rectification of the resulting
muscular dysbalances and bad locomotive stereotypes,
pathogenic stimuli can cause the deterioration of bal-
ance and, in the long term, can lead to changes in the
tissue structure. In maturity, they manifest themselves as
painful vertebrogenic syndromes. Kolisko and Jandova
(2002) point out that, at the present time, approximately
70% of the mature population suffer from vertebrogenic
disorders.

Upright posture assessment has theoretical as well
as practical significance. In practice, we have to assess
posture in order to have an objective monitoring of
the habit of upright posture, to classify pupils when
assigning them to remedial physical training programs,
to evaluate the effectiveness of the remedial physical
training programs and to differentiate upright posture
from deviations. Anthropometrical methods used for the
assessment of monitoring of general growth and devel-
opment of children are not fully sufficient for posture
assessment. Ideal posture appears rarely and the tran-
sition between upright posture and defective posture,
as pointed out by Novotna and Kohlikova (2000), is
smooth and often hard to define.

Teachers, trainers, occupational therapy assistants,
etc. need to know, at least in general, what is the state
of postural and phasic muscles involved in keeping
posture correct.

To be able to find the results of our posture improve-
ment activities, we have to assess the initial state of the
child’s posture expressed if possible in exact numbers.

Lots of various methods have been developed to
measure the quality of posture keeping: siluetographic,
photographic, X-ray pictures, plaster casts, pantographic
methods (tracing the body silhouette with appropriate
reduction on a paper), goniometric methods (using
goniometers with gravitation protractors).

Many examinations make use of instruments, but it
is not always easy to carry them out in usual school prac-
tice or remedial physical training programs. Therefore
we are satisfied with these practical and most often used
simple methods based on visual observations - somato-
scopic methods - assessment of posture, general body
build and individual body parts, plus the shape of the
spine and foot arch.

METHODS

This study is a result of a research project which
forms a part of the Research Framework MSM
154100020 “Research on the Somatic and Psychologi-
cal State of the Czech Population with Applications in
Anthropagogy, Pedagogical Psychology, Clinical An-
thropology and Ergonomics” for the period 1999-2003,
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carried out by the Department of Anthropology and
Hygiene of the Pedagogical Faculty of Palacky Univer-
sity, Olomouc.

Within the transversal anthropological survey at
seven primary schools of the Olomouc region in the
period 2001-2002, the assessment of posture and foot
arches was carried out on 1201 probands (621 boys and
580 girls) aged 7 to 15 years. For technical reasons,
we chose the Jaro$ and Lomicek (1957) somatoscopic
method of posture assessment based on the evaluation
of individual body parts, which is also recommended as
the most suitable by Pfidalova (1997) who carried out
her own survey of children in Olomouc, as well as by
Varekova and Vareka (1995).

This method is easy, not time consuming, cheap,
workable, with relatively maximum accuracy - i.e.
results with minimum errors. Assessment is focused
on the following body parts: head and neck posture,
thorax posture, abdomen posture with pelvis inclination,
curve of the back, posture in the frontal plane, and as-
sessment of the lower limbs. Each assessed body part
was evaluated with a mark from 1 to 4. The foot arch
state diagnostics were carried out using plantograms
in accordance with the Klementa (1987) method. As
a part of the survey, the examined children answered
a questionnaire on their life style that brought informa-
tion on back pain during the day and pain in the area
of the spine where it occurs most often.

For numeric processing of the results of posture
evaluation and the questionnaire, we used mathematical
statistics methods and Statgraphics Version 5 software.
The statistical level of significance, so called Pearson’s
correlation coefficient, was used to find out the rela-
tionship between the age and the posture of probands
in particular age groups. The testing was on the 0.05
significance level.

RESULTS AND DICUSSION

The results of the posture assessment of boys and
girls of school age, as for distribution and percentage of
occurrence, do not imply a positive trend (TABLE 1, 2
and Fig. 1, 2). For both sexes of all age groups, perfect
posture occurs only sporadically. Perfect posture was
only found in 5 boys and 6 girls. Very bad posture was
not found in girls, only in one twelve-year old boy. The
most frequent categories are: II - nearly perfect posture
and III - defective posture.

From the results, the inter-sexual differences between
the posture of boys and girls are obvious (TABLE 1, 2).
Girls of all age groups have better posture than boys of
the same age. In category II - nearly perfect posture,
there are 43.16% boys and 62.07% girls. In category III
- defective posture, the relationship is inverse - 56%
boys and 36.90% girls. The achieved results are in cor-
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TABLE 1
Boys’ posture within individual age groups
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Category | Category II Category III Category IV
Age n perfect posture nearly perfect posture defective posture very bad posture
n % n % n % n %
7 67 1 1.49 22 32.84 44 65.67 0 0
64 0 0 37 57.81 27 42.19 0 0
9 64 0 0 34 53.12 30 46.88 0 0
10 83 0 0 29 34.94 54 65.06 0 0
11 73 1 1.37 35 47.95 37 50.68 0 0
12 78 0 0 24 30.77 53 67.95 1 1.28
13 68 0 0 26 38.24 42 61.76 0 0
14 67 1 1.49 31 46.27 35 52.24 0 0
15 57 2 3.51 30 52.63 25 43.86 0 0
Total 621 5 0.80 268 43.16 347 55.88 1 0.16

Fig. 1
Boys’ posture within individual age groups
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relation with data presented by Riegerova et al. (1993),
Stépnicka (1976), Kristinikova and Dobesova (1998).
Riegerova et al. (1993) states the results of a posture
survey of pupils aged 10 to 14 years within the semi-
longitudinal research carried out at Olomouc schools
in the period 1985 to 1990.

Following posture assessment in accordance with the
Jaro$§ and Lomicek method (1957), only one proband
was ranked within the category I - perfect posture, one
quarter of the probands (26.4%) came under category II
- nearly perfect posture and defective posture was found
in nearly three quarters of the set (72.7%). Stépnicka
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TABLE 2
Girls’ posture within individual age groups
Category I Category 11 Category II1 Category IV
Age n perfect posture nearly perfect posture defective posture very bad posture
n % n % n % n %
65 1 1.54 39 60 25 38.46 0 0
73 0 0 42 57.53 31 42.47 0 0
65 4 6.15 36 55.38 25 38.47 0 0
10 63 1 1.59 41 65.08 21 33.33 0 0
11 70 0 0 45 64.28 25 35.72 0 0
12 76 0 0 54 71.10 22 28.90 0 0
13 66 0 0 37 56.04 29 43.96 0 0
14 42 0 0 25 59.52 17 40.48 0 0
15 60 0 0 41 68.33 19 31.67 0 0
Total 580 6 1.03 360 62.07 214 36.90 0 0
Fig. 2
Girls’ posture within individual age groups
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(1976) in his representative set found out that no boy
and only 2% of the girls came under category I, 41%
of the boys and 48% of the girls in category II - nearly
perfect posture, 53% of the boys and 46% of the girls
in category III - defective posture, and 6% of the boys
and 5% of the girls came under category IV - very bad
posture. Very bad posture was not found in any pupil
and the inter-sexual difference implied slightly better
posture in girls. Kristinikova and DobeSova (1998)

found in the same age groups that nearly 60% of the
boys had defective posture and boys had worse posture
in comparison with girls.

On the contrary, it does not support the results
presented by Pridalova (1997), who evaluated posture
in Olomouc children aged 6-10 years. Pridalova (1997)
found better posture in boys in all measured categories
in comparison with girls. An unfavorable develop-
ment regarding the state of posture is also found by
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TABLE 3
Evaluation of the curve of the back in boys and girls in particular age groups
Curve of the back in boys Curve of the back in girls
Age normal round flat normal round flat
n % n % n % n % n % n %
7 30 44.78 33 49.25 4 5.97 12 18.46 49 75.38 4 6.15
35 54.69 27 42.19 2 3.12 10 13.70 54 73.97 9 12.33
34 53.14 24 37.51 6 9.35 14 21.54 43 66.15 8 12.31
10 35 42.17 43 51.81 5 6.02 7 11.11 50 79.37 6 9.52
11 24 32.88 45 61.64 4 5.48 8 11.43 49 70 13 18.57
12 26 33.3 48 61.5 4 5.1 15 19.73 55 72.37 6 7.90
13 23 33.82 37 54.42 8 11.76 7 10.61 50 75.76 9 13.63
14 21 31.34 40 59.70 6 8.95 11.91 35 83.33 4.76
15 20 35.09 32 56.14 5 8.77 6 10 49 81.70 8.30
Total 248 | 39.92 | 329 | 52.98 44 7.1 84 14.48 | 434 | 74.82 62 10.69
Fig. 3
The curve of the back in boys in particular age groups
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Liba (2000) and Jankovska (1998). Following the
results of posture assessment of Slovak children, they
found out that 30% of children rank within “perfect”
and “very good posture” categories, 59% fell under de-
fective posture and very bad posture was found in 12%
of the examined children. The main cause of this trend
is, besides endogenous reasons, especially the lack of
movement and one-sided loading of the organism.

Comparing the individual age groups of boys and
girls, their posture obviously does not depend on their
age. The distribution and percentage of defective pos-
ture has a sinuate shape in both sexes within the age
span of 7-15 years. In boys, the lowest percentual occur-
rence was found in the age group of 8 year-old boys, i.e.
42%, and the highest percentage of boys with defective
posture of the whole set, i.e. 68% of cases, have been
found in boys of 12. In girls, the occurrence of defective
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Fig. 4

The curve of the back in girls in particular age groups
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posture varies from 29% at 12 years of age to the highest
percentage found at the age of 13 with 44% of girls.

For more detailed information on the relation-
ship between age and posture, the statistical level of
significance was analyzed using the Pearson’s correla-
tion coefficient to find out the relationship between
the dependence between the two quantities. Testing
was carried out at the statistical level of significance
of 0.05. The calculated correlation coefficient, used for
testing each age group of a certain sex in relationship to
particular posture categories, did not confirm a signifi-
cant relationship between the age group and the posture
category. Posture in boys and girls within this age rank
probably does not depend on age.

When examining posture, we also evaluated the
posture of individual body parts in sagittal and fron-
tal planes. In the sagittal plane, the thorax spine arch
was evaluated within three levels: the spine is slightly
kyphotic = normal back, the spine shows slight devia-
tions and significant bending in this part = round back
(this group includes probands whose curve of the back
within the thorax part is evaluated by the degree of 2, 3
or 4 in accordance with the Jaro§ & Lomicek method),
and with a lack of normal curve = flat back. The assess-
ment of the thorax spine curve is shown in TABLE 3
and Fig. 3, 4.

The high percentage of round backs found in nearly
53% of boys and 75% of girls imply the occurrence of
muscular dysbalances in this area that is called “upper
cross syndrome” in the literature. Janda (1982) describes
this syndrome as a typical occurrence of muscular dys-
balances between the shortened postural muscles on

the front side of the thorax (major pectoral and minor
pectoral muscles), and on the rear side of the thorax,
the slackened phasic muscles, namely shoulder blade
muscles (trapezius, rhomboid muscles), back muscles
and trunk erectors and also between deep neck flexors
on one side and neck extensors on the other side. These
results in keeping the head forward, keeping shoulders
raised and stuck forward and the abduction locomotive
stereotype in the shoulder joint is negatively affected.
To a certain extent, this fact is supported by the finding
of outstanding shoulder blades as a consequence of the
above-mentioned slackening of shoulder blade muscles
that was found in 84% of boys and 67.4% of girls.

The high percentage of round backs in girls is caused
by a kind of shyness connected with the period of ado-
lescence and the growth of breasts, which is evidenced
by a gradual increase in the occurrence of round backs
in girls within the age group of 12 to 15 years.

The assessment of the curve of the back in the sagit-
tal plane using the tangent let fall from protuberantia
occipitalis shows the depth of the bend in the area
of the cervical and lumbar lordosis. In probands not
ranked within the category I - perfect posture, the
depth of the cervical and lumbar lordosis varied within
the limits stated by Srdecny et al. (1982) and Krystofi¢
(2000). In this category, the cervical lordosis varied
within 2.5-3 cm and the lumbar lordosis within 3-3.5 cm.
Probands ranked within the category II - nearly perfect
posture and had an average depth of cervical and lum-
bar lordosis within 4 to 5 cm. The largest depth of the
cervical and lumbar lordosis was found in category III
- defective posture. For both sexes, the average depth
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of the cervical lordosis varied from 4.5 to 6 cm, and the
value of lumbar lordosis between 5 and 7 cm.

The deeper lumbar bend was often accompanied by
a significant pelvis ventral flexion. According to Janda
(1982), it is a muscular dysbalance called the lower cross
syndrome. It is a combination of weakened gluteus and
slackened abdominal and shortening of coax flexors,
Iumbar spine extensors and lumbar quadrangular muscle
(m. quadratus lumborum). This syndrome causes im-
pairment of the mechanism of the trunk’s motion when
sitting up from a lying position and when straightening
up from a forward bend. Janda (1982) states that this
results in a higher inclination of the pelvis, a bent abdo-
men and lumbar hyperlordosis.

The measured depths of cervical lordosis in category
11 - nearly perfect posture and especially in category III
- defective posture do not meet physiological standards.
In this case, it is not possible to speak about the depth of
the bend in the cervical as the head is kept stuck forward
(non-physiological position of the head in relation to the
trunk) from the median and therefore the distance of
the cervical bent from the median is very large. Muscu-
lar dysbalances in this area are accompanied with higher
stress in the area of the beck of the neck, an impairment
of the stereotype of cervical flexion. As stated by Janda
(1982), this muscular dysbalance that he calls the upper
cross syndrome is caused by shortened cervical muscles
(namely upper trapezius, deep cervical muscles), slack-
ened phasic muscles on the front side of the neck (deep
flexor muscles), or the occipital nuchal muscles can be
also shortened.

On the frontal plane, attention was focused on the
equal height of shoulders and blades, symmetry of hips

TABLE 4
Occurrence of scoliotic posture in boys and girls
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and thorax-abdominal triangles, the spinal curve, its
lateral deviation and its bent in the cervical and lumbar
areas. Assessment of the posture of the back was fin-
ished by evaluation of the deep forward bent, when the
symmetry of the profile of paravertebral muscle groups
and the torsion of the spine while bending forward
were examined. Following complex assessment of all
these symptoms, an evaluation of scoliotic posture was
performed (TABLE 4 and Fig. 5, 6).

Srdecny et al. (1982) and Kubat (1993) characterize
scoliotic posture as the lateral deflection of the spine
on the frontal plane to one and immediately to the
other side. Rychlikova (1985) ranks scoliotic posture
among the essential disorders of posture. According to
Kubat (1993) and Cermak, Chvalova, Botlikova, and
Dvorakova (2000), it is a deviation of a purely func-
tional nature, as no pathological changes of the shape
or position of the vertebrae can be found on the X-ray
picture of scoliotic posture and it is not a real deformity
of the spine. This defect is caused by uneven tiredness
resistance, unilateral slackening of muscles in individual
parts of the spine, asymmetry of paravertebral muscles
loading, bad sitting habits when reading or writing, one-
sided workload or sport activities. Scoliotic posture is
a kind of functional disorder that can be improved or
totally removed by active muscle exercises.

Scoliotic posture is diagnosed when the above-men-
tioned symptoms are found as stated by Skvara and
Srdeény (1969), Srde¢ny et al. (1982), Cermak and
Strnad (1976), and Tichy (2000).

The high occurrence of this physical handicap is
surprising. Scoliotic posture was found in 428 boys, i.e.
68.9% of the total number of 621, and in 359 girls, i.e.
61.9% of the total number of 580 female probands.

Scoliotic posture in boys Scoliotic posture in girls
Age yes no yes no
n n % n % n n % n %
7 67 49 7313 18 26.87 65 40 61.54 25 38.46
8 64 47 73.44 17 26.56 73 49 67.12 24 32.88
9 64 37 57.81 27 42.19 65 40 61.54 25 38.46
10 83 58 69.88 25 30.12 63 44 69.84 19 30.16
11 73 53 72.60 20 27.40 70 43 61.43 27 38.57
12 78 51 65.40 27 34.60 76 45 59.20 31 40.8
13 68 50 73.53 18 26.47 66 42 63.64 24 36.36
14 67 45 67.16 22 32.84 42 23 54.76 19 45.24
15 57 38 66.67 19 33.33 60 33 55 27 45
Total 621 428 68.92 193 31.08 580 359 61.90 221 38.10
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Fig. 5
Occurrence of scoliotic posture in boys

Acta Univ. Palacki. Olomuc., Gymn. 2004, vol. 34, no. 2

80
% -

704 F---

c04{ |---
so{ F---| [---- |---
4w {t---| [----| -

o] t---| [--- M-
205 .- =N =
10 % .- - -

12 13

O scoliotic posture yes M scoliotic posture no

age

Fig. 6
Occurrence of scoliotic posture in girls
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The slightly decreasing occurrence of scoliotic pos-
ture is obvious from 7 to 15 years, with the deepest drop
between 14 and 15 years of age (TABLE 4 and Fig. 5,
6). It may be caused by the fact that back and abdomen
muscles of the muscle corset get stronger in the ado-
lescence period. Scoliotic posture symptoms in some
probands were so significant that we could diagnose
idiopathic scoliosis.

Rychlikova (1997), Lewit (1996), Novotna and
Kohlikova (2000) characterize scoliosis as a deflection
of the spine on the frontal plane caused by the rotation
of vertebrae around their longitudinal axes when the
stress changes result in their deformation and structural

changes. Unlike scoliotic posture, scoliosis cannot be
removed by active muscle exercises. Probands with
a suspected occurrence of scoliosis received a recom-
mendation to go see the orthopedics specialist. It is
surprising that probands with apparent symptoms of
scoliosis had not been to see orthopedics specialists,
their parents did not show any concern nor did they
even notice that their child did not have correct posture
and even did not know about this possible defect at all.
By way of illustration, in 81% of boys, uneven height of
shoulders was found (right shoulder higher in 45.8%,
left shoulder higher in 35.1% of boys), in girls the asym-
metry of shoulders was found in 72.1% of evaluated
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TABLE 5
Lower limbs assessment in boys and girls

Lower limbs

Normal Varus Valgus

n % n % n %
Boys 590 | 95.00 25 4.00 6 1.00

Girls | 529 | 91.20 15 2.59 36 | 6.21

Fig. 7
Lower limbs assessment in boys and girls
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probands (right shoulder higher in 38%, left shoulder
higher in 34.1% of girls).

In probands with scoliotic posture, the uneven height
of the paravertebral muscle groups occurred regularly;
the muscles were unevenly dislocated at the both sides
of the spine, when a boy or a girl gradually bent forward
and then unbent from a deep forward bend. The forward
bend or following unbending was frequently accompa-
nied with turning the trunk to the side.

Scoliotic posture was found in all probands with
a flat back, where the physiological spine bend was not
apparent. A flat back was found in 44 boys, i.e. 7.1%
and in 62 girls, i.e. 10.7% of the sample. A flat back
appeared especially in asthenic probands with general
muscle slackness.

The flat back, as stated by Srde¢ny et al. (1982), re-
spectively flat spine, has lower resistance against higher
loads. The flat spine efforts to balance the load exerted
on it and this can result in lateral deflection. Srde¢ny et
al. (1982) attracts attention to the dangerous combina-
tion of a flat back and scoliotic posture as the lowest
degree of scoliosis, i.e. a serious defect manifesting
itself in changes of structure, rotation and the shape of
vertebrae and their deformities.

The last area of posture assessment in accordance
with the Jaro§ and Lomicek method (1957) is the evalu-
ation of the lower limbs. Unlike the previous areas, this
evaluation brings much better results. Normal posture
of lower limbs was found in 590 (95%) boys and 529
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(91.2%) girls. Valgus posture of limbs was found in 1%
of boys and 6.21% of girls. Varus posture of limbs oc-
curred in 4% of boys and 2.59% of girls (TABLE 5 and
Fig. 7).

Together with the posture assessment, the foot arch
was evaluated in accordance with the method stated by
Klementa (1987). The results imply that in boys, a nor-
mal foot arch occurs in the right foot in 84.4% and in
the left foot in 84.3% of probands, flat foot occurs in the
right foot in 10.1% of cases and in the left foot in 7.5%
of the cases and a high foot arch was found in the right
foot in 5.5% and in the left foot in 8.2% of boys. In girls,
a normal foot arch was found in the right foot in 85.5%
and in the left foot in 84.4% of girls. In comparison with
boys, girls had a lower number of flat feet, 2.8% in the
right foot and 3.3% in the left foot, and a higher number
in the high foot arch, 11.7% in the right foot and 12.3%
in the left foot.

In the questionnaire asking about the health condi-
tion of the spine, the question “Does your back hurt
during the day?” was answered “Yes” by 5.7% of the
boys and by 9.5% of the girls. Occasional pain occurs
in 30.3% of the boys and in 42.8% of the girls. The sec-
ond question, “In which part of the spine does the pain
occur most often?”, was answered “cervical spine” by
10% of the boys and 18.9% of the girls, “thorax spine”
by 11.5% of the boys and 13.3% of the girls and “lumbar
spine” by 18.7% of the boys and 19.1% of the girls.

Generally, the above results of the posture assess-
ment of Olomouc boys and girls confirm an unfavour-
able trend. The assessment results imply that 57% of
boys and 37% of girls with defective posture should at-
tend some remedial training programs. However, such
a remedial training program is not offered at any of the
seven schools where the survey was carried out, which
is a very surprising finding.

CONCLUSION

The above results and the presented data from litera-
ture suggest that the occurrence of defective posture is
very high in the present-day school age population. The
assessment results imply that:

1. Defective posture appears in 57% of boys and 37% of
girls in the age group 7-15 years.

2. The main reason for the defective posture is mus-
cular dysbalance, the so-called upper cross syndrome
and lower cross syndrome manifested in keeping the
head stuck forward, a round back, outstanding shoulder
blades, high pelvis inclination accompanied with lum-
bar lordosis, and in many cases with loose abdominal
muscles.

3. Scoliotic posture was found in 69% of boys and 62%
of girls. A typical example of this functional disease is
the uneven height of the shoulders and shoulder blades,
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uneven thorax-abdominal triangles, lateral spine curve
deflection and unevenness of the paravertebral muscular
group profiles.

4. The occurrence of defects in lower limbs is very low.
Normal positioning of lower limbs was found in 95% of
the boys and 91.2% of the girls. The right foot arch was
found in approximately 85% of both boys and girls. Boys
had flat foot more often than girls. On the contrary, girls
more often had high foot arch than boys.

5. No remedial training program was offered at any of
the schools where the survey was carried out, although
the occurrence of defective posture is high.

The high occurrence of functional disorders of
the locomotive system is alarming. It is necessary to
be aware of the fact that defective posture cannot be
improved at lessons of physical training or by pupils’
activities in their free time, leaving the development of
the posture only to natural evolution. This is very unreli-
able as the children of the present generation tend to
hypomobility accompanied by a high intensity of a static
physical load in sitting.

However, it is not possible to see only the bad state
of things. It is necessary to emphasize that defective
posture causes disorders of static and dynamic locomo-
tive stereotypes, which results in overloading of the sup-
portive-locomotive system and its functional disorders
that may lead to pain and higher muscular tension, and
later even to morphological disorders. Defective posture
is not only an aesthetic disorder but also the cause of
vertebrogenic difficulties that are the cause of an inca-
pacity to work at the productive age.
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HODNOCENI DRZENI TELA DETI MLADSIHO
A STARSIHO SKOLNIHO VEKU
V OLOMOUCKEM REGIONU
(Souhrn anglického textu)

V ramci antropologického vyzkumu byla provedena
diagnostika drzZeni téla u 1201 déti mladsiho a starsi-
ho Skolniho véku somatoskopickou metodou JaroSe
a Lomicka (1957) a hodnoceni klenby nohy technikou
plantogrami, kterou uvadi Klementa (1987). Vysledky
hodnoceni drZeni téla ukazuji na dale pokracujici ne-
priznivy trend funkénich poruch pohybového aparatu
u soucasné populace déti a mladeZe. Vadné drZzeni téla
bylo diagnostikovano celkem u 56 % chlapcti a 37 % di-
vek. Hlavni pfi¢inu vadného drzeni téla autor spatiuje
predevsim ve vyskytu svalové dysbalance ve smyslu hor-
niho a dolniho zkfizeného syndromu. Stav klenby nohy
je pomérné uspokojivy, protoze u cca 85 % probandi
byla zjiSténa normalné klenuta noha.

Klicovd slova: mladsi a starsi Skolni vék, drZeni téla, soma-
toskopickd metoda, vadné drZeni téla, svalové dysbalance,
klenba nohy, olomoucky region.
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Body composition, i.e. relative and absolute amount of body fat and fat free mass (FFM) is a significant physical sign,
which is developed in consequence with age, physical maturation level and gender. The aim of this study was to assess
physical profile in young cross-country skiers with the emphasis on assessment of basic anthropometric parameters,
i.e. body weight, height, BMI and somatotype. The partial objective was to compare skinfold thickness (SKF) measure-
ment and bioelectric impedance analysis (BIA) as methods for body composition determination, especially to compare
predictive equations used to find the relative amount of body fat calculation. Altogether subjects were tested n = 34
aged 10 to 16 years, 21 of whom were boys and 13 of whom were girls. Comparison of selected predictive equations
point to the significant differences between various methods.

Keywords: Body composition, skinfold thickness (SKF) measurement, bioelectric impedance analysis (BIA).

INTRODUCTION

Monitoring different physical characteristics in chil-
dren and adults is the simplest way to classify physical
profiles of individuals and the general population. An
optimum body weight in relation to performance and
health is affected by age, gender, physical activity and
sport, somatotype, heredity and variability of individu-
als. There are a number of indexes, that set the opti-
mum body weight range in relation to health and sport
performance. However, using some of them is limited.
There are the graphs of weight/height ratio, which can
be used for the evaluation of individual growth in chil-
dren and for prediction of body weight in a range of the
population.

We don’t manage with an estimate of body weight
and derived indexes under clinical conditions, but the
assessment of body fatness and other components of
body composition is necessary (Bunc, 1998a, 1998b).

Body composition is one of the most important
characteristics of the development level during human
ontogeny, health status, physical fitness and perform-
ance, nutrition and dietary intake (Pafizkova, 1998, 1).
Body composition, i.e. the relative and absolute amount
of body fat and fat free mass (FFM) is a significant
physical sign, which is developed in consequence with
age, physical maturation level and gender. Changes in
body component ratios are important for the assess-
ment of evolutionary trends in body composition.
Body composition and other changes connected with
maturation are affected significantly by environmental
factors. Nutrition, health status, physical activity and

life motion experience are additional factors influencing
body composition (Pafizkova, 1977, 1998). A series of
factors, especially heredity premises, nutrition habits,
physical activity and metabolism levels in the body and
their interaction result in body weight increase. The
amount of body fat changes in the course of individual
ontogeny. Gender differences in body fat distribution oc-
cur in childhood, amplify in adolescence and continue
in adulthood. Body weight and the amount of body fat
of most people increase during their lifetime. The type
of fat distribution is among the important ethnic and
racial characteristics (Riegerova, 1998).

The aim of this study was to assess physical profiles
in young cross-country skiers with the emphasis on as-
sessment of basic anthropometric parameters, i.e. body
weight, height, BMI and somatotype. The partial objec-
tive was to compare skinfold thickness (SKF) meas-
urement and bioelectric impedance analysis (BIA) as
methods for body composition determination, especially
to compare the predictive equations used to determine
the relative amount of body fat calculation.

METHODS

The study proceeded in cooperation with the Bio-
medical Laboratory and Sport Research Centre at Charles
University in Prague, Faculty of Physical Education and
Sport.

The followed group includes young cross-country ski-
ers (n = 34, 21 boys, 13 girls, age: 10-16 years) the pupils
of a Sport elementary school with a focus on cross-country
skiing (ZS T.G.M. Vimperk) and at the same time the
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members of cross-country skiing clubs LIPT and SOSY.
Reference standards in percentile graphs created for
Czech boys and girls aged from birth to 18 years (Blaha
et al., 1994, 1998) were used for body height, weight and
weight/height ratio (BMI) evaluation. Somatotypes were
set in terms of anthropometric parameters. We used SUR-
VEY version 2.95 software (http://www.med.muni.cz/
prelek/survey/servey.html). Skinfold thickness measure-
ment (SKF) and bioelectric impedance analysis (BIA)
were used for body composition or the determination of
the relative amount of body fat. We measured the skinfold
thickness on defined sites of the right side of the body
using Best’s caliper, by Pafizkova (1977, 38). Best’s cali-
per exerts a constant pressure on the measured skinfold
and transmits it to contact terminals (3 mm in diameter,
circular shape) by means of a spring calibrated for a con-
stant pressure of 200¢g (i.e. cca 28 g/mm?). The apparatus
Bodystat 500 (whole-body monofrequency impedance
with tetrapolar configuration of electrodes) was used for
bioelectric impedance assessment. We used the predictive
equations for boys and girls by Parizkova (1977, 38), by
GAUK (Bunc et al., 1998, 1), by software Antropos 2.3
(1995) to calculate the relative amount of body fat.

RESULTS

The average values of anthropometric parameters in
young cross-country skiers are reported in TABLE 1. Al-
together subjects were tested n = 34 aged 10 to 16 years,
21 of whom were boys and 13 of whom were girls.

TABLE 1
Anthropometric parameters in cross-country skiers

Boys (n=21) | Girls (n=13)
Age (years) 13.2+1.9 132+ 1.0
Body height (cm) 162.0 £ 14.9 159.6 £ 7.2
Body weight (kg) 472 +13.0 46.4+£5.2
BMI (kg.m?) 175+ 1.9 18.2+ 1.1
Arm circumference 21.7+£25 21.3+£0.9
relaxed (cm)
Calf circumference 314 3.7 323+ 1.7
max. (cm)
Epi hum. (mm) 72.9 £ 10.2 70.4 £ 3.0
Epi fem. (mm) 91.6 £ 7.0 91.2£5.6
Endomorphic component 1.1+£0.2 1.6 £0.5
Mesomorphic component 3.8+0.8 39+0.7
Ectomorphic component 4.5+0.7 4.0£0.8

(data are presented as mean + SD)

The evaluation of body height by means of percentile
graph (Blaha et al., 1994) is shown as follows: height
values of 13 boys (i.e. 62% of group) correspond to nor-
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mal values for the Czech population (values between the
25th and 75th percentile), 5 boys (i.e. 24% of group)
had higher height (values between the 75th and 97th
percentile), 3 boys (i.e. 14% of group) had lower height
(values below the 25th percentile), while height values
of 7 girls (i.e. 54% of group) correspond to normal val-
ues for Czech population (values between the 25th and
75th percentile), 3 girls (i.e. 23% of group) had higher
height (values between the 75th and 97th percentile)
and 3 girls (i.e. 23% of group) had lower height (values
below the 25th percentile).

We calculated weight/height ratio (BMI) of body
weight and height values. The percentile BMI graph
makes it possible to follow up the trend of this index
in relation to age from birth to 18 years. It also renders
if possible to evaluate whether the actual body weight
corresponds to height or is excessive or reduced (Blaha
et al., 1998). We found the BMI values as follows: BMI
values of 13 boys (i.e. 62% of group) were between the
25th and 75th percentile, BMI is considered average, 8
boys (i.e. 38% of group) had BMI values below the 25th
percentile, their body weight was reduced, while BMI
values of 10 girls (i.e. 77% of group) were between the
25th and 75th percentile, BMI is considered average, 3
girls (i.e. 23% of group) had BMI values below the 25th
percentile, their body weight was reduced.

Somatographs with individual somatotypes of boys
and girls is documented in Fig. 1, 2.

The results of body composition determination by
means of SKF measurement and BIA methods (various
predictive equations) are in TABLE 2.

TABLE 2

Values of BF (%) by means of SKF measurement and
BIA methods (mean + standard deviation, minimal,
maximal values)

BF (%) BF (%) BF (%) BF (%)
SKF 1 SKF 2 BIA | BIA 2
Boys mean 9.5 8.4 5.1 6.4
SD 1.6 1.9 2.3 1.0
min 5.9 5.5 0.5 4.3
max 13.4 11.6 8.7 8.1
Girls mean 12.3 11.5 5.9 20.1
SD 3.7 2.3 2.0 1.6
min 6.8 7.1 1.7 16.7
max 19.6 15.0 9.5 22.7

SKF 1 skinfold thickness measurement
predictive equations by Pafizkova (1977)
SKF 2 skinfold thickness measurement
predictive equations by Bunc et al. (1998)
BIA 1 bioelectric impedance analysis (Bodystat 500)
predictive equations by software Antropos 2.3. (1995)
BIA 2 bioelectric impedance analysis (Bodystat 500)
predictive equations by Bunc et al. (1998)
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Fig. 1
Somatographs with individual somatotypes of boys
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Fig. 2
Somatographs with individual somatotypes of girls
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TABLE 3
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Correlation (r) and a paired t-test (t) between selected SKF and BIA predictive equations

A) Boys
SKF 2 BIA 1 BIA 2
SKF 1 r 0.346 -0.054 0.610
p< 0.01 N.S. 0.01
t N.S N.S. N.S.
SKF 2 r 0.824 0.279
p< 0.01 N.S.
t 0.01 N.S.
BIA 1 T 0.099
p < N.S.
t N.S.
B) Girls
SKF 2 BIA 1 BIA 2
SKF1 r 0.755 0.288 0.003
p< 0.05 N.S. N.S.
t N.S. 0.005 0.05
SKF 2 r 0.497 0.118
p< N.S. N.S.
t 0.005 0.005
BIA 1 r 0.470
p < N.S.
t 0.005

Correlation analysis was applied to assess the de-
gree of association between SKF measurement and BIA
methods, or more precisely between selected predictive
equations. A paired t-test was used to identify the dif-
ferences (TABLE 3).

DISCUSSION

Body composition is the most significant anthropo-
metric parameter in cross-country skiers. Amount of
body fat averages 5 to 10% of body weight for males
and 16 to 22 % of body weight for females (Havlickova
et al., 1993, 107). The best cross-country skiers tend to
have the lowest body fat, by Orvanova (1987). Typical
percentages of body fat range from about 5 to 12% for
elite males and 16 to 22 % for elite females (Hoffman,
& Clifford, 1992, 8). The boys (age 16.62 + 1.4 years)
had lower amount of body fat (5.2 + 1.6%), when
compared to other groups of boys of comparable age.
The girls (age 15.7 £ 1.21 years) had lower levels of
body fat (10.6 = 2.3%), when compared to girls in the
normal, untrained population (Pafizkova, 1994, 252).
It is important to say, that amount of essential lipids
ranges about 6% for males and 10% for females. That
means some assessed values of body fat (%) from SKF
measurement and BIA methods are inadequate. Male

cross-country skiers were classified as ectomorphic
mesomorphs, while female skiers were characterised
as endomorphic mesomorphs (Havlickova et al., 1993,
107). However, the results of our study are different. For
boys mesomorphic ectomorph is predominanted, while
for girls mesomorphic ectomorph and ectomorphic me-
somorph were mostly found (Fig. 1, 2). The distribution
of body fat in children is different from distribution of
body fat in adults. Changes of all of three components
are affected by many factors, especially growth, type
of biological maturation, start of peak height velocity
(PHV) (Riegerova, 1998, 61).

Comparison of selected predictive equations point to
the significant difference of various methods (TABLE
2, 3). Correlation analysis shows low relation between
predictive equations for SKF and BIA methods. The
results of paired t-test show nonsignificant difference
(< 2%) between the applied predictive equations for
boys, while significant difference (> 2%) between the
applied predictive equations for girls.

SKF measurement and BIA methods are the most
frequent methods for the body composition determina-
tion in field conditions. Low price, availability, easy
attendance and minimal charge of tested individuals
are their priorities. On the other hand both forenamed
methods aren’t “trouble-free” (Bunc, 1998, 3). The pri-
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mary problem of using these indirect methods for body
composition assessment is the predictive equations.
There are others factors, that can influence the results
of measurements (e.g. instrumentation, subject factors,
technical skill, environmental factors...). The method of
SKF measurement uses to calculation of body fat ratio
the specific predictive equations. Total error (biological
and technical) range about 3.3% of body fat (Dlouha,
1998, 8). The accuracy of BIA measurement is influ-
enced by various factors, e.g. errors caused by device
handling (cca 3%), method’s errors-software (80%, es-
pecially predictive equations), hardware - the selected
apparatus (cca 1.5%), the type of electrodes (3%), the
side of body (1-2%), the selected frequency (1-2%), the
hydratation of body (2-4%) and many others (Bunc,
2001, 189).

CONCLUSION

There are various factors, which affect the results of
measurement and the assessment of body composition
(e.g. technical skill, the selected apparatus, environmen-
tal factors...). The primary problem of using the indirect
methods for the body composition determination is the
predictive equations. DEXA method (dual energy X-ray
absorptiometry) is thought as “the gold standard”, but
because of the high price and technology requirements
it is not useful in fields conditions (Bunc, 2001, 189).
Research and our study show, that monitoring the
thickness of a single skinfold or sum of SKFs (X SKF)
is optimal for detection of changes in the amount and
distribution of subcutaneous fat (Bunc, 2001, 189).
There are various apparatus working with the bioelec-
tric impedance principle, but not all of them found the
corresponding values. The results of bioelectric analysis
are affected by the selected predictive equations. It is
to accent, that the measurement should be made by
a skilled person to reduce the human factor. The single
methods measure the other physical quantity, therefore
we can’t confuse the results of the single methods. At
the conclusion it is to accent too, that it is important
to use the same selected method for the body composi-
tion determination during the longitudinal monitoring
of individuals.
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TELESNY PROFIL LYZARU BEZCU
VE VEKU 10-16 LET
(Souhrn anglického textu)

Sledovani hodnot rtiznych télesnych charakteristik
déti a mladeze je nejjednodussim zptisobem hodnoceni
t€lesného profilu jedince ¢i skupiny populace. T€lesné
sloZeni, tj. velikost podilu aktivni t€lesné hmoty a de-
potniho tuku, vytvafi vyrazny somaticky znak, ktery
se charakteristicky rozviji v zavislosti na véku, stupni
télesného rozvoje a pohlavi. Cilem této studie bylo zhod-
notit t€lesny profil u skupiny lyZaf(i, Zakli sportovnich
trid se zaméfenim na béh na lyZich, s dirazem na hod-
noceni zakladnich antropometrickych charakteristik, tj.
té€lesné hmotnosti, t€lesné vysky, BMI a somatotypu.
Dil¢im cilem bylo porovnani kaliperace a bioimpedance
jako metod pro stanoveni télesného sloZeni, resp. po-
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rovnani predikénich rovnic pouzivanych pro kone¢ny
prepocet na procento télesného tuku. Do studie bylo
zahrnuto celkem 34 probandid ve véku 10-16 let, z to-
ho 21 chlapci a 13 dévcat. Z vysledkl je patrné, ze
u prevazné vétsiny probandi télesna vySka a hmotnost
odpovidaji normam populace. Pfi srovnani jednotlivych
predikénich rovnic pro pfepocet procenta télesného
tuku je patrna znac¢na odliSnost jednotlivych metodik.
Korelaéni analyza ukazuje prevazné na nizkou zavis-
lost mezi predikénimi rovnicemi pro kaliperaci a BIA.
Z vysledki ttestu vyplyva, Ze u chlapci byl z hlediska
vyznamnosti zaznamenan pievazné statisticky i vécné
(<2 %) nevyznamny rozdil mezi pouZitymi predikénimi
rovnicemi, naopak u dévcat byl rozdil v pouzitych rov-
nicich statisticky i vécné vyznamny.

Klicova slova: slozeni téla, méreni tloustky koznich ras,
bioimpedance.
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In two groups of athletes performing climbing and judo, belonging to the Juvenis, Adultus and Maturus 1 age groups,
we conducted an analysis of muscle function and motor stereotypes. On average, the climbers had achieved the VIIth
level of difficulty (a good climbing level), the judoists had been doing judo at the 2" league level. The low, almost zero,
finding of shortening and substitutions in climbers gave us the idea of the evocation of an evolutionarily old, early
coded model of reflexive motorics during climbing. With the group of judoists, tendency was seen which is known
even in other sports, confirming the insufficient compensation of both the unilateral training load and lifestyle.

Keywords: Muscle functions, motor stereotypes, free climbing, judo.

INTRODUCTION

In 2002 we conducted examinations for muscle func-
tions and motor stereotypes on two groups of athletes
who did climbing and judo. Members of both groups
came from the Moravian region. The group of climbers
comprised 36 men ranging in age between 20 and 25
(Adultus) and 3 men between the ages of 35-38 years
(Maturus I).

TABLE 1 shows the performance scale of the
climbers. It is scaled according to the level of difficulty
of individual climbing paths - from the easiest (I) to
the most difficult path (XI). The highlighted section
indicates the interval between individual levels reached
by the athletes. Level VII, the average level of difficulty
achieved, represents a group of athletes at a good climb-
ing level. The average performance of older men was
between levels IX-X+.

TABLE 1
Performance Scale of Climbers

I 1T 10 IV -V V V+ VI- VI VI+ VII- VII VII+
VIII- VIII VIII+
IX- IX IX+ X- X X+ XI- XI

The group of judoists comprised 30 men ranging in age
between 15-29 years (Juvenis and Adultus). Their judo
skills were on the 2™ league level.

RESULTS

The examination of muscle functions and motor
stereotypes was conducted in accordance with the
method of Janda 1996, with alternative adjustment
of evaluation (Riegerova, 1993). The highly differing
examination results of the groups led us to undertake an
analytical study on the causes of this situation.

Firstly, the group of climbers: Prior to each training
session, it is essential that each climber performs warm
up exercises; e.g. Tefelner (1999) which presents some
techniques on thorough muscle stretching around the
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rhizoid joints, of the trunk musculature and the limbs.
For training schedules aimed at children and youth, it
is strongly recommended to include additional sports
activities, gymnastic exercises and stretching exercises
for greater articulation.

Both the body height and weight of climbers were
within the limits of standard variations for the average
population in the Czech Republic (body height -
- 179.3cm, n.i. = 0.20 s, body weight 73.3kg, n.i. =
= -0.26 s). For comparison with the population stand-
ard, we always calculated the weighted average and
weighted standard deviations for the relevant age cat-
egory.

During examination of the postural muscles, we
found a comparatively low frequency of shortened mus-
cles even in the age group of Adultus and Maturus.

The most problematic of the muscular region is the
bilateral m. trapezius where the shortening occurred
in 33.3% and 22.2%. We assume that the conditions
and functionality of m. trapezius are considerably in-
fluenced by the technique of climbing and belay, and
it also reflects the emotional state of the individual. In
22% a shortening of the spinal erector in the lumbar
area occurred.

The incidence of muscular shortening was in direct
relation to the performance of climbers who have been
doing this sport from 1 to 9 years on the levels of dif-
ficulty between Vth and IXth (the shorter the climbing
time, the greater the extent of muscle shortening for an
individual).

With regard to muscles with a predominantly phasic
function, a certain debilitation was detected in 19.45% at
the m. serratus anterior and mm. rhomboidei (19.45%).
Even in this case we assume that this finding is related

Fig. 1
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to the condition of m. trapezius, further of m. latissimus
dorsi and is probably conditioned by the length of train-
ing and climbing technique.

Substitute motor stereotypes were not found, which
is surprising with regard to the thus far known high
frequencies in childhood, adolescence and in the adult
population. Therefore we consider the influence of
the mechanism of the evocation of evolutionarily old,
early coded models of reflexive motorics. The evolution
process of the change of functional involvement of m.
gluteus maximus from an abductor muscle to a muscle
for extension in the hip joint is connected with habitual
bipeds and with morphological adaptation to it.

According to Vojta et al. (1995), reflexive creeping
and reflexive turning are congenital global models of
motor ontogenesis. During ontogenesis of erection, they
became polymorphic, and development ensued.

Free climbing is thus a natural implementation of
these basic models in space. The genetically coded loco-
motor model is, during the learning (training) process,
specialized IAW its utilization in sports.

During climbing, the muscle groups of the upper
part of the body are most involved, especially the an-
tebrachii. The body of a climber, due to the elevator
of the rhizoid joint, moves and thus a high afference is
spontaneously activated. During climbing, it is neces-
sary to involve a large range of joint motility to limit
levels. A major, actively performed flexion stage of the
hip joint is related not only to the flexion but also to
the external rotation and abduction of the thigh. Also
the adductors go into contraction and, together with
the external rotation and femoral abduction, into exten-
sion (zero or very low incidence of contraction of these
muscles - Fig. 1). Due to contraction of the abdominal

The frequency of shortening of postural muscles and muscular groups of climbers (n = 36, 1 = 2.78%) and judoists

(n=30,1=3.33%)

W climbers
O judoists

m. triceps surae dex.
knee joint flexors dex.
m. rectus femoris dex.

%

muscle, muscular group 11

m. tensor fasciae latae dex.
hip joint adductors dex.

. iliopsoas dex.

. quadratus lumborum dex.
. erector spinae

. pectoralis major dex.

. trapezius sin.

. trapezius dex.
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wall, dorsal pelvic flexion is evoked involving the back
muscles and the ischiocrural muscles. The bias position
of the pelvis on a frontal level is exerted by m. latissimus
dorsi and m. quadratus lumborum. The condition of these
muscles ranged from very good to excellent.

Three of the tested climbers belonging to the Matu-
rus I (35-38 years) age group have been actively climbing
for 17-22 years, with the achieved performance levels
of between IX-X+. Shortening of the postural muscles
occurred twice at m. trapezius only, muscle shortening
only once at m. serratus anterior and mm. rhomboidei.
Substitute motor stereotypes were not found again.

In fact, the group of climbers did not complain of
subjective pains in individual joint areas, apart from
hand joints in 27.78% and knee joints in 16.67%. Pain
in the cervical region of the spine was felt by 11.11% of
the tested.

Judoists belonging to the Juvenis (15-17 years) age
group were below average in both their body height and
weight (height 170.23 cm, n.i. = -0.80, weight 58.35 kg,

Fig. 2
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n.i. = -0.86). In adult men (18-23 years) these basic
antropometric parameters were within limits of stand-
ard variations (weight 180.0 cm, n.i. = 0.21, weight
70.81 kg, n.i. = -0.29), older men (24-29 years) were
taller and had above average weight (height 181.25 cm,
n.i. = 0.55, weight 89.88 kg, n.i. = 1.24). For judo it
is a remarkable advantage to be in the higher weight
category because for an individual with these disposi-
tions, it is easier to defend against an opponent who
attempts to destabilize his center of gravity.

For an assessment of the overall condition of mus-
cle functions, we merged the age categories Juvenis
and Adultus into one group.

The resulting situation was significantly worse
than in the case of climbers (Fig. 1). The highest fre-
quency of shortening (60% and exceeding 60%) was
shown by the knee flexors and decreasing bundles of
m. trapezius. Muscle groups securing motions in the
hip joint were almost at half strength of the group in
the process of shortening, which makes evident the
frequent abidance in flexion positions and insufficient
compensation in the training process. An incorrect
attitude to compensation exercises is generally known.
These exercises are often considered by trainers and
athletes to be a waste of time. Without any statistical
importance of differences, there were only frequency
findings of shortening at the m.erector spinae and
m.pectoralis major dex.

The established conditions of shortening corre-
spond to the high percentage of substitution motor
stereotypes in the area of hip joint, in the sense of pri-
mary activation of the hamstrings during extension.

This knowledge can further expand the scope of
exercises in health-oriented physical education.

Frequency of muscle weakness and substitutional motor stereotypes for the group of judoists (n = 30, 1 = 3.33%)

H climbers
O judoists

nape flexion
trunk flexion

%

muscle, muscular group

lower limb extension
lower limbs abduction
push-up test

higher limb abduction

OB WN -

judoists
climbers
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The push-up test manifested the muscle force of the
m.serratus anterior and rhombic muscles. Also here
only 50% of the test exercise was performed properly.
The mm. rhombodei draws the shoulder blade to the
spine and pushes it a bit higher. The m. serratus ante-
rior is involved in the protraction and anteversion of
the shoulder blade. The m. trapezius is the auxiliary
muscle, which has a fixating and rotating effect on the
shoulder blade.

A conclusion from the above analysis: One reacts to
exogenous and endogenous motor stimuli as in a system.
Free climbing evokes evolutionarily old, ontogenetically
early motor coded models of reflexive motorics. This,
together with the necessity of the application of stretch-
ing before each climb, influences positively the motor
system of athletes. In young judoists a certain tendency
is shown which is true also for other sports (Riegerova,
2002). A unilateral load and neglect of compensations
at the very beginning of each training (although in this
particular case, several sports clubs in three Moravian
cities have been discussed) brings to light health prob-
lems and is also a disincentive in achieving a successful
sports performance. This knowledge can further expand
the scope of exercises in health-oriented physical educa-
tion.

SUMMARY

In groups of athletes doing free climbing and judo
and belonging to the Juvenis, Adultus and Maturus 1
age groups, we conducted an analysis of muscle func-
tion and motor stereotypes. On the average, climbers
had achieved the VIIth level of difficulty (a good climb-
ing level), the judoists had been doing judo at the 2"
league level.

The low, almost zero, finding of shortening and
substitutions in climbers gave us the idea of evocation
of an evolutionarily old, early coded model of reflexive
motorics during climbing.

Free climbing is the natural implementation of
reflexive creeping and reflexive turning in space. The
genetically coded locomotor model is, during the learn-
ing (training) process, specialized in its utilization in
sports.

The incidence of muscular shortening is in direct
relation to the performance of climbers, who have been
doing this sport from 1 to 9 years at the levels of dif-
ficulty between the Vth and IXth (the shorter the climb-
ing time, the greater the extent of muscle shortening for
an individual).

The most problematic of the muscular region is the
bilateral m. trapezius, where the shortening occurred
in 33.3% and 22.2%. In 22% a shortening of the spinal
erector in the lumbal area occurred. Substitute motor
stereotypes were not found.
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With the group of judoists, a tendency was seen
which is known even with other sports, confirming in-
sufficient compensation of both the unilateral training
load and lifestyle. We noted the resulting high frequency
of shortening of the muscle group, securing motions
in the hip joint, knee flexors and m. trapezius. The
established conditions of shortening correspond to the
high percentage of substitution of hamstrings during
extension.

This knowledge is worthy of further attention be-
cause it can help further expand the scope of exercises
in health-oriented physical education.
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HODNOCENI SVALOVYCH FUNKCI
U SPORTOVCU ZABYVAJICICH SE VOLNYM
LEZENIM A JUDEM
(Souhrn anglického textu)

U souboru sportovecd zabyvajicich se volnym le-
zenim a judem ve véku Juvenis, Adultus a Maturus 1
jsme provedli rozbor svalovych funkci a pohybovych
stereotypl. Sportovni lezci dosahovali v priméru VIIL.
vykonnostniho stupné€ (dobra lezecka uroven), judisté se
judem zabyvali na urovni 2. ligy. Nizky azZ nulovy nalez
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zkraceni a substituci u sportovnich lezcti nas pfivedl na
mySlenku evokace evolu¢né starych, ran€ kodovanych
vzorl reflexni motoriky pfi volném lezeni. Volné lezeni
prestavuje pfirozenou realizaci reflexniho plazeni a re-
flexniho otaceni v prostoru. Geneticky kodovany loko-
mocni vzor je pak v procesu uceni (tréninku) precizovan
do sportovniho vyuziti. Vyskyt svalovych zkraceni byl
u sledovaného souboru v pfimém vztahu k vykonnosti
lezct, ktefi se tomuto sportu vénovali v rozmezi 1 az
9 let od V. po IX. stupen obtiZnosti (¢im kratsi doba
lezeni, tim vySS§i pocet svalovych zkraceni u jednotlivce).
Nejproblematictéjsi svalovou skupinou byl oboustranné
m. trapezius (33,3% a 22,2%). Ve 22,0 % bylo nalezeno
zkraceni vzpfimovace trupu v bederni oblasti. Substituc-
ni pohybové stereotypy nalezeny nebyly.

U souboru judistt se projevil trend znamy i u ostat-
nich sportli, potvrzujici nedostateCcnou kompenzaci
jednostranného pohybového zatizeni i zplisob Zivota.
Nalezli jsme vysoké procento zkraceni svalovych skupin
zajistujicich pohyby v kyCelnim kloubu, flexorti kolen
im. trapezius. ZjiSténému stavu zkraceni odpovidalo i vy-
soké procento substituc¢nich pohybovych stereotypi
v oblasti kyCelniho kloubu ve smyslu primarni aktivace
hamstringl pfi extenzi.

Tyto poznatky zasluhuji dal§i pozornost, nebo
mohou roz§ifit spektrum cviCeni ve zdravotni télesné
vychové.

Klicova slova: svalové funkce, pohybovy stereotyp, volné
horolezectvi, judo.
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Respiration is one of the fundamental factors influencing the actual functional condition of the autonomous nervous
system. Our study attempts to clarify the influence of voluntary regulation of the respiratory pattern on the actual
functional changes in R-R interval variability. It is closely related to the influence of vagus regulation which can be
monitored using the Vario Cardio TF4 diagnostic system and the method of spectral analysis of heart rate variability
(SAHRV). In this manner we were able to observe the influence of selective yoga breathing techniques on the fre-
quency and amplitude changes during the observed frequency spectrum of 0.02-0.4 Hz that is related to the activity
of the autonomous nervous system. One of the frequency components in this domain is respiratory dependent vagal
activity. This frequency and its amplitude markedly stabilise during rhythmisation of respiratory frequency. In respi-
ratory techniques with deeper breathing an increase in total spectral power happens wherein, above all, a frequency
component is present which is considered to be respiratory dependent vagus activity. The amplitude of this frequency
is modulated by respiratory volume and the inspiratory muscles, whereby the frequency alters by 0.0167 Hz/1 respi-
ratory cycle depending on the respiration rhythm. During a rhythmised respiratory frequency of 12 cycles/min and
speed ratio of inspiration to expiration of 2 : 3, our studies observe that this frequency component stabilises in the
region of 0.2 Hz.

Keywords: Heart rate variability, autonomous nervous system, regulated/spontaneous respiration, yoga breathing tech-

nique.
INTRODUCTION

Human metabolism is related to the input of oxygen,
its utilisation inside the body and the subsequent output
of carbon dioxide. Respiration is the fundamental physi-
ological function of a living organism and according
to Palecek et al. (1999), it encompasses: gas exchange
between the external environment and the lungs (ven-
tilation), gas exchange within the lungs (diffusion), gas
transport (oxygen, carbon dioxide) between the lungs
and tissues, and culminates in the utilisation of oxygen
inside the cells.

The respiratory system, according to Palecek (1999),
is comprised of bones, joints and chest muscles, the
peripheral nerves, relevant structures in the CNS and
the chemoreceptors. Breathing accounts partly for the
metabolic processes realised by respiration, and partly
also for other non-metabolic functions such as participa-
tion of breathing in voluntary motor functions such as
speech, singing, etc. (Véle, 1997).

Ganong (1999), and similarly Palecek et al. (1999)
state that other processes take place in the lungs which
are not directly related to breathing: the lungs play

an important immunity role, they produce a range
of enzymes, DNA, RNA, and prostaglandins. Many
substances are also synthesised, degraded and removed
during pulmonary blood flow - removal of 25-50% of
noradrenalin from the blood during one instance of
pulmonary flow, in addition to the significant removal
of serotonin. On the surface of the endothelial cells
resides an enzyme responsible for transforming angi-
otensin from angiotensin I to angiotensin II. The total
pulmonary metabolic activity is relatively high under
the influence of these processes and accounts for
nearly 5% of the total resting oxygen expenditure. The
lungs also work as an effective sieve that catches, for
instance, thromboses travelling upwards from the lower
limb veins. Breathing participates in water metabolism.
A great proportion of water is exhausted through the
lungs; the evaporation of water from within the respira-
tory system makes possible, to some extent, the mainte-
nance of thermal balance in the body. Rapid absorption
of substances also occurs in the lungs - inhalation of
toxic substances, inhalation anaesthesia, etc.
According to Palecek (1999, 208) “Ventilation is
regulated such that it optimises breathing from the
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perspective of survival, minimal energy expenditure,
synergism with other systems and in human beings, es-
pecially expressively, from the viewpoint of realisation
of functions directed by the cerebral cortex”.

The maintenance of adequate metabolic levels de-
pending on actual bodily needs is necessary for survival.
These actual functional needs of the body are catered
to by means of chemical and nervous regulation of
respiration. In human beings, a sign of our superiority
over other animal species is the ability to perform, to
a certain degree, the voluntary regulation of ventilation,
or respiratory pattern, which has been developed over
generations (Palecek, 1999). The voluntary regulation of
respiratory patterns in humans takes place through:

1. regulation of respiratory frequency;

2. regulation of respiratory volume;

3. regulation of the ratio of duration of inspiration

and expiration;

4. regulation of respiratory resistance;

5. regulation of inspiratory and expiratory muscle

tone.

Regulation of respiration is dependent on external
conditions and the functional status of the body, thereby
influencing the dynamics of all of the above processes.
By the term optimal respiratory pattern Ganong (1999)
understands a respiratory pattern where the respiratory
effort is minimal. According to Dylevsky, Druga, and
Mrazkova (2000) the respiratory cycle is directed under
the command of the respiratory centre in the oblongata.
Inspiration is directed by a system of afferent and ef-
ferent connections. Fibres of the vagus, fibres of the
phrenic nerve, fibres of the spinal nerves innervating
the inspiratory muscles, the spinal circuits and the
sympathetic and parasympathetic fibres innervating
the bronchial muscles constitute the afferent part of
the reflex arc.

The ability to voluntarily regulate respiratory pat-
tern in humans is related not only to an autonomous
regulation at the level of the oblongata and the brain
stem, but also to a certain degree of mutual co-operation
between the autonomous and cortical regulatory sys-
tems. According to Soucek and Kara (2002) voluntary
regulation of respiratory pattern influences, through
autonomous regulation, among others, changes in
blood pressure and heart rate by directly influencing the
respiratory centre at the cardio and vasomotor centres
located in the brain stem, especially in the oblongata.
Apparently, information from receptors in the lung pa-
renchyma and capillaries plays an important role in in-
fluencing autonomous regulation. According to Palecek
et al. (1999) the cardiovascular system, to some extent,
has corporate arterial baroreceptors in common with
the respiratory system. According to Soucek and Kara
(2002) it is by these means that the modulation of blood
pressure and heart rate through the direct influence of
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the respiratory centre on the cardio and vasomotor cen-
tres of the brain steam and oblongata occurs during the
course of a respiratory cycle. This interaction modulates
also the function of arterial and probably also low-pres-
sure baroreflexion. Periodical changes in blood pressure
known as the so-called Traube-Hering waves, which are
related to autonomous regulation and partly influenced
by respiration. Relationships between respiration and
changes in heart rhythm are mentioned in the study by
Goldberger et al. (1984).

Respiratory frequency and respiratory volume, re-
spectively intensity of breathing, influence changes in
the actual functional activity of ANS. Changes in heart
rate variability influenced by breathing during resting
conditions known as the so called heart respiratory ar-
rhythmia, thus express a relation among vagus activity,
respiration and the modulation of heart rate. By observ-
ing the changes in heart rate variability during spontane-
ous respiration and during voluntary respiratory pattern,
we can thus observe the relationship between respiration
and actual changes in heart rate variability, respectively
changes in the functional activity of the nervous system
(Goldberger et al., 1994; Grosmann, 1992b; Katona &
Jih, 1975; Malik, 1998).

Mutual relations among respiration, functional activ-
ity of the autonomous nervous system and cortical regu-
lation of respiration are empirically used, for instance, in
the Indian practise of respiratory exercises (pranajama).
This part of so-called hathayoga is regarded traditionally
to be the most important component of yoga exercises
(Dostalek, 1996). In Western culture, respiratory gym-
nastics originated from a yoga-type respiration used for
healing of ventilation disorders.

The influence of some yoga respiratory techniques
on changes in lung ventilation was studied in the past
and duly published in the papers by Frostel, Pande, and
Hedenstierna (1983), Gore and Gharote (1987), and
Miles (1964). Frostel, Pande, and Hedenstierna (1983)
state that during rapid diaphragmatic respiration, with
the so-called technique of kapalabhaty which we used
as one of the yoga techniques in our research, changes
in blood gas concentration do not occur. Raghujah and
Telles (2003) describe the influence of supported respi-
ration through one nostril on changes in ANS activity.

Some auto concentration techniques using the effect
of respiratory techniques and their influence on changes
in cerebral cortex activity were described in studies by
Dostalek and Krasa (1976), Fabian, Lepicovska, and
Dostalek (1982), Lepi¢ovska and Dostalek (1981),
Meyer and Gotoh (1960).

The influence of respiration on blood pressure de-
crease was described in the works of Patel (1978). In
the works of Ornish (1991) the complex effect of yoga
exercise is described and the practise of breathing on
positive changes in stenosal coronary vessels section
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in patients with ischemic heart disorder played an
important role. The use of spectral analysis of heart
rate variability when assessing the effect of respiratory
techniques on the functional changes in the autonomous
nervous system was studied in a thesis by JeZek (2001).
The influence of regulated and spontaneous respiration
on actual changes in the autonomous nervous system,
respectively on the frequency and amplitude modulation
of the respiratory bound activity of the vagus, was stud-
ied in the works of Kolisko, Salinger et al. (1997, 2001).
Additionally, Brown et al. (1993), Grosmann, Beek, and
Wietjes (1990), Saul, Kaplan, and Kitney (1988) studied
the relation among respiration frequency, heart rate oscil-
lation and respectively, the R-R intervals.

Some special respiratory techniques (hyperventila-
tion etc.) are used in some special psychotherapeutic
techniques (for example holotropic respiration). In the
sphere of psychotherapy the effect of regulated intensi-
fied respiration is known to induce intensified relaxation
responses in the body (Bastecky, Savlik, & Simek, 1993;
Benson & Starkova, 1997; Micek, 1984).

Voluntary regulation of respiration is thus regarded
by us as a fundamental factor that aims to influence,
through actual autonomous regulation, the activity of its
partial subsystems in sympathetic and parasympathetic
aspects while systematically influencing the body’s activ-
ity directed by this system. That’s why, since 1995, we
have been engaged in the study of the problem and the
possibilities of objectifying the voluntary regulation of
the actual functional condition of ANS with the method
of spectral analysis of heart rate variability (Kolisko,
Salinger, Opavsky et al., 1997).

The Vario Cardio TF4 diagnostic system used by
us for assessing R-R intervals variability enables us,
together with the method of spectral analysis of heart
rate variability (Yamamoto & Hughson, 1991; Havano,
Sakakibara, Yamada et al., 1991; Salinger, Vychodil,
Novotny et al., 1995; Salinger, Pumpla, Vychodil et al.,
1999), to observe non-invasively the actual functional
changes in heart rate variability that reflect actual func-
tional changes in regulation modulated by the autono-
mous nervous system.

The method of spectral analysis of heart rate variabil-
ity enables the observation of the relationship between
selected respiratory techniques and actual functional
changes in heart rate variability.

The current literature does not offer detailed
studies on the relations between voluntary regulation
of respiration and changes in heart rate variability,
respectively frequency and amplitude modulation of
the frequency spectrum characterising sympathetic
and vagus activities. The problems of the relationship
between respiratory frequency and changes in heart
rhythm is described in the works of Brown, Beightol,
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Koh, and Eckberk (1993), Grossman (1992a, 1992b),
Grossman, Karemaker, and Wieling (1991), Grossman
and Kollai (1993). Saul et al. (1988, 1989) found a re-
lationship between respiratory frequency and respira-
tory sinus arrhythmia. The occurrence of respiratory
sinus arrhythmia is closely related to vagus activation.
In a number of published works there is a description
of a marked decrease or a complete absence of respira-
tory sinus arrhythmia during cholinergic blockage or
after vagotomy (Cacioppo et al., 1994; Katona & Jih,
1975; Kollai & Mizsci, 1990). For this reason we sup-
pose that regulation of respiration has an extraordinary
importance during activation of the vagus component
of the autonomous nervous system and enables actual
regulation of the sympathetic-vagus balance (Akselrod
et al., 1981, 1985).

Intentionally, apart from Slachta, Stejskal, Elfmark
et al. (2002) and Stejskal, Slachta, Elfmark et al. (2002),
we did not apply the total autonomous regulation level
parameter, so-called functional age, which expresses
basically the functional changes in sympathetic and
parasympathetic activities depending on the vertical
and horizontal body position during examination.

In our study, we opted for the sitting position with an
upright trunk for assessing the influence of respiration
on changes in SAHRYV. This position is connected with
changes of diaphragm position and enables a higher
effectiveness of respiratory muscles engagement (Véle,
1997; Palecek et al., 1999). That’s why it is evidently
empirically applied and duly recommended for respira-
tory and auto concentration exercises in yoga (Dostalek,
1996).

RESEARCH AIM

To find changes in heart rate variability, respectively
changes in the autonomous nervous system during dif-
ferent breathing techniques.

RESEARCH QUESTIONS AND HYPOTHESES

1. What is the relationship between frequency of respi-
ration and the frequency component of ANS bound to
respiration which we regard as vagus activity?

2. In what manner do the values of the observed func-
tional parameters of the spectral analysis of heart rate
variability (SAHRV) change in frequency zones of very
low frequency (VLF), low frequency (LF) and high fre-
quency (HF) during rhythmised respiratory frequency
of 12 cycles/min., during spontaneous respiratory
frequency, during intensified respiration (so-called full
yoga breath), during alternate respiration through one
nostril and during rhythmised tachypnoe (the so-called
technique of kapalabhaty)?
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H1 During a rhythmised respiratory frequency of 12
cycles/min. frequency stabilisation appears in all ex-
amined subjects connected with respiration frequency
(respiratory bound vagus activity) in the region of
0.2 Hz. During spontaneous respiration this respiratory
bound frequency will depend on individual respiratory
frequency.

H2 During so-called full yoga respiration characterised
by higher air volume and lower respiration frequency
of less than 9 cycles/min. (interval T6), we found an
increase in the total spectral power in ms? in comparison
with spontaneous respiration.

H3 By the influence of a decrease of average respiration
frequency of less than 9 cycles/min. during intensified
respiration in the measured interval T6, there occurs
a frequency shift of respiratory bound vagus activity
from the high frequency zone HF during spontaneous
respiration (interval T5) to the zone of frequency com-
ponent LF during intensified respiration as compared
with a spontaneous respiration frequency of more than
9 cycles/min. (interval T5).

H4 Increase in a total spectral power in ms? at intervals
T6, T8 with intensified respiration is directly related to
an increase in vagus activity.

HS5 During tachypnoe in the respiratory technique of
kapalabhaty (respiratory frequency approximately 120
cycles/min.) there occurs a shift of respiratory bound
vagus activity above the upper frequency level of 0.4 Hz
determined to be the upper frequency zone in the diag-
nostic system Vario pulse TF4. The dominant frequency
in the zone of HF will not be bound to respiration under
these conditions.

METHOD

Research method

The experiment was conducted under laboratory
conditions with goal-directed manipulation of inde-
pendent variables (position, respiratory pattern). All
participants in the experiment were selected by draw
from a group of students of Faculty of Physical Culture,
Palacky University. The room temperature was 20°C; the
measurements were always conducted in the morning
hours. The first stage of the experiment measured the
resting reactivity of heart rate variability in supine-stand-
ing-supine positions at the rhytimized breathing frequen-
cy of 12 cycles/min. and then in the supine position at
spontaneous respiration frequency. The second stage
measurements were monitored in subsequent intervals
with the subjects in sitting position performing sponta-
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neous respiration, respectively applying the breathing
technique of spontaneous respiration.

Subjects

18 men and women; aged 20-25 years, ¥ =22.1
years, BMI 1 = 23.4 healthy individuals not on medi-
cation, non-smokers, 24 hours prior to the examination
there had to be an absence of elevated physical load as
well as of alcohol use.

Used instrumentation

Changes in the actual functional state of the autono-
mous nervous system under the influence of respiratory
techniques were assessed by the method of short-term
spectral analysis of heart rate variability using the tele-
metric system of Vario TF4. Each examined interval
recorded a section of 300 beats, respectively 5 minutes
of recording.

The diagnostic system of Vario TF4 allows for the
thorough scanning of an EKG signal registering series
of successive R-R intervals and, with the use of a soft-
ware system, allows for the carrying out of the method
of Fourier’s fast transformation of subsequent spectral
analysis in the region of 0.02-0.4 Hz which is regarded
as the frequency zone corresponding to ANS activity.
The result of SAHRYV and respectively of monitored
R-R intervals is graphic and numerical analysis at the
frequency level of 0.02-0.4 Hz. In this frequency zone
there are three partial frequency components analysed
by the software system, which are related to the activity
of partial ANS subsystems.

o Very Low Frequency - VLF within the range of
0.02-0.05 Hz. This frequency component is not
strictly identified and is usually related to the
thermoregulative sympathetic activity of vessels
and also to the level of circulating katecholamins
and to fluctuations in the renin-angiotensin
system. Regarding the fact that there are very slow
frequencies ranging from 0.6-3.0 rhythms/min., the
interpretation of functional changes in this zone by
means of the short-term analysis of pulse frequency
variability is rather difficult.

o Low Frequency - LF within the range of 0.05-0.150 Hz.
This frequency component is related to slow fluctua-
tions in arterial pressure and is influenced by the
baroreflective sympathetic activity of vessels (the
so-called Mayer’s pressure wave) with a frequency
domain in this frequency range. According to Malik
(1998) the frequency component LF is also influ-
enced by parasympathetic activity.

o High Frequency - HF within the range of 0.151-0.4 Hz.
According to Malik (1998) this component is in-
fluenced entirely by efferent vagus activity. During
rhythmised respiratory frequency of 10 or more
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cycles/min. it is possible within this frequency range
to exactly identify the frequency bound to respira-
tion, which we regard as parasympathetic respira-
tory bound activity. Depending on the frequency of
respiration, frequency shifts of this component occur
up to the range assessed as the frequency range of
LF. Apart from parasympathetic respiratory bound
activity, we found in this frequency zone other sub-
dominant frequencies whose origin remains unclear.
These subdominant frequencies in the HF zone are
related probably to the modulation of vagus activ-
ity induced by signals from inner organs directed
by the parasympathetic system. It is also probable
that harmonic frequencies evoked by respiration fre-
quency play an expressive role in these subdominant
frequencies.

o The respiratory bound frequency component. Fre-
quency domain and frequency amplitude bound
to respiration, which we regard as parasympathetic
respiratory bound activity, is expressively bound to
rhythmisation of respiratory frequency and stability
of respiratory volume. By rhythmisation or observa-
tion of respiratory frequency it is possible to identify
the activity of the respiratory bound frequency com-
ponent. In people with rhythmised or spontaneous
bradypnoe of less than 9 cycles/min., this respira-
tory bound frequency is found in the zone of LF
frequency. The frequency shift of this respiratory
bound component is 0.0167 Hz/1 per respiratory
cycle (Kolisko, Salinger, Opavsky et al., 1997).

By rhythmisation of respiratory frequency at
12 cycles/min. and rhythmisation of the length of
inspiration and expiration with a ratio of 2 : 3, it is
possible to stabilise respiratory bound frequency at
0.2 Hz.

Under these conditions we may unambiguously
regard the HF zone as a frequency zone of parasym-
pathetic and dominant frequency in the LF zone
as “Mayer’s pressure wave” relating to baroreceptor
activity.

Under conditions of stable respiratory frequen-
cy, amplitude modulation (spectral power in ms?),
which we regard to be respiratorily bound vagus ac-
tivity, is influenced by respiratory volume. Together
with an increase in respiratory volume, the total
spectral power of the respiratory bound frequency
component also increases, while with a reduction in
respiratory volume it decreases.

Measurement process

1. Observation of SAHRYV changes, respectively of the
actual functional condition of ANS during resting
conditions with a rhythmised respiratory frequency
of 12 cycles/min. depending on body position; ly-
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ing - interval T1, standing - interval T2, lying after
orthostasis - interval T3.

2. Observation of SAHRV changes in a lying posi-
tion depending on changes in respiratory rhythm;
lying with a rhythmised respiratory frequency of
12 cycles/min. - interval T3, lying during spontane-
ous, observed respiratory frequency - interval T4.

3. Observation of respiratory techniques’ effects on
changes of heart rate variability, respectively on
changes of the functional condition of ANS; in
an observed position - sitting. Measured intervals:
TS5 - sitting, spontaneous respiration, T6 - sitting, in-
tensified spontaneous respiration (full yoga breath),
T7 - sitting, spontaneous respiration, T8 - sitting,
alternate respiration through the right and left nos-
tril (anuloma - viloma), T9 - sitting, spontaneous
respiration, T10 - accelerated shallow diaphragm
respiration (kapalabhaty).

Methods used for evaluation and processing of data
obtained

The length of one scanned interval was 300 beats.
Computation of SAHRV parameters was carried out
by a software programme in a standard manner accord-
ing to an adjusted algorithm of CGSA (coarse-graining
spectral analysis) IAW Yamamoto & Hughson (1991).
The number of parameters characterising ANS activity
in the particular frequency zones of VLF, LF, and HF
are the results of spectral analysis.

Observed functional parameters in individual observed

positions

1. Total spectral power in ms?.

2. Spectral powers of individual frequency components
VLF, LF, HF in ms2.

3. Relative spectral powers of frequency component
VLF, LF, HF in % from total spectral power.

4. Ratio of spectral powers of individual frequency
zones VLF/HF, LF/HF, VLF/LF.

5. Ratio of the radical of spectral powers in the LF
and HF (CCVLF, CCVHF) frequency zones as an
indicator of total activity in the zone LF and HF.

6. The average value of the R-R interval length at meas-
ured intervals in ms (R-R interval).

7. Dominant frequency components of VLF, LF, HF
in mHz.

Statistical method used

1. Basic descriptive statistics for data description - ari-
thmetical mean, standard deviation.

2. Wilcoxon’s non-parametric test was used for
analysing the significance of changes in observed
parameters depending on the applied respiratory
technique among selected intervals.
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Goal-directed manipulated independent variable

1. Position during experiment (standing, supine, sit-
ting).

2. Respiratory frequency (rhythmised respiratory fre-
quency 12 cycles/min. at intervals T2, T3, sponta-
neous respiratory frequency at intervals T4, T5, T7,
T9).

3. Special respiratory techniques used in yoga (full yoga
breath), breathing alternatively through the right and
left nostrils (anuloma - viloma), rapid diaphragm
respiration (kapalabhaty).

4. Age (20-25 years), health condition (healthy indi-
viduals).

5. Examination conditions (without medications, 24
hours prior to the start there was an absence of
elevated physical load, the consumption of alcohol,
and smoking. The examination was always carried
out before noon under laboratory conditions).

Observed dependent variables - experimental effects

1. The effect of orthostasis and horizontal position with
a rhythmised respiratory frequency of 12 cycles/min.
on changes of observed functional parameters SAHRV.

2. The effect of rhythmised and spontaneous respira-
tory frequency on changes of observed functional
parameters SAHRYV while lying.

3. The effect of a position change from lying to sitting dur-
ing spontaneous respiration on the functional changes
of observed functional parameters of SAHRV.

4. The effect of the voluntary regulation of the breath-
ing pattern while sitting at the intervals T6, T8,
and T10 on changes in the observed functional
parameters of SAHRYV in comparison to intervals
with spontaneous respiration (intervals T5, T7, T9)
while sitting.

Interpretation of supposed changes of observed functional

parameters

A rhythmised respiratory frequency of 12 cycles/min.

We will regard to be a demonstration of parasympathetic

activity the following:

o The enhancement of the absolute and relative spec-
tral power of frequency component HF, the simulta-
neous increase of the parameter CCV HF in a lying
position, the extension of R-R interval length and the
dominant HF frequency which is bound to respira-
tion frequency in the following relation: Respiration
frequency (min™) x 0.0167 = dominant frequency HF
(mHz).

We will regard the following to be a demonstration of en-

hanced sympathetic activity:

e A decline in total spectral power as well as in the
relative and absolute spectral power of the frequency
component HF, a reduction in the parameter CCV
HF, an enhancement of relative spectral power in the
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zones VLF and LF, the enhancement of CCV VLF
and LF, and a decrease in the R-R interval length.
We will regard to be a demonstration of the enhanced
functional activity of the autonomous nervous system:
e The enhancement of total spectral power in ms?.
Respiratory bound frequency, regarded as vagus activity,
will be assessed as:
e The dominant frequency respiration at a frequency
of 12 cycles/min. in the HF zone in the field of
0.2 Hz.

Voluntary regulation of the respiratory pattern

We will regard to be a demonstration of enhanced vagus

activity, respectively respiratory bound vagus activity:

When, while using the technique of bradypnoe, the average

respiratory frequency is less than 9 cycles/min. (interval T6

- full yoga breath, interval T8 - anuloma, viloma).

e The enhancement of total spectral power; the en-
hancement of the relative power of the frequency
component LF and the dominant frequency in the
LF zone that is bound to respiration frequency; a si-
multaneous decrease in the absolute as well as in rel-
ative power in the zone of frequency component HF
(effect of the shift of a respiratory bound frequency
into the zone of the LF frequency component).

During intensified shallow diaphragm breathing (kapala-

bhaty technique).

e A total reduction in spectral power, a marked re-
duction in the absolute spectral power of the HF
frequency component, and a simultaneous extension
of R-R intervals.

RESULTS

1. Frequency changes in HF and LF components in ob-
served respiratory techniques depending on respiration
frequency (TABLES 1-5; Fig. 1 and 2).

During examination of heart rate variability at
a rhythmised respiratory frequency of 12 cycles/min.
at interval T2 (standing) and at interval T3 (lying after
orthostasis) the frequency bound to the respiratory
frequency in the region of 0.2 Hz in the field of high
frequency component HF with low values of standard
deviation was dominant (TABLE 1, Fig. 1). This fre-
quency range for the given condition we regard to be the
frequency zone of total parasympathetic activity. At T4
(lying with spontaneous respiration) the average value of
respiration in the examined individuals was 11.8 cycles/
min. The standard deviation value thus shows consider-
able variability in the value of average respiratory fre-
quency. Under these conditions when individual shifts of
frequency bound to respiration occur, the average value of
the observed respiratory frequency does not relate strictly
to the average value of minute respiration calculated
from the relationship between respiratory frequency
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TABLE 1
Changes in selected functional parameters of SAHRYV at intervals with rhythmised and spontaneous respiratory
frequency

T2 standing, rhytm.

resp. T3 lying, rhytm. resp. T4 lying, spont. resp.  Stat. sig.
Parameter X S X S X S T3:T4
Spect. pow. VLF 1566.6 1275.85 540.42 383.57 969.42 1101.77
Spect. pow. LF 1116.5 758.81 740.87 698.45 1788.66 1685.13 | *
Spect. pow. HF 1261.4 1017.36 5974.87 | 5492.28 4705.76 | 4976.35
Rel. sp. pow VLF 39.54 15.74 9.26 6.46 15.11 11.27 | *
Rel. sp. pow LF 29.75 11.67 11.89 9.05 24.08 19.18 | *
Rel. sp. pow HF 30.71 14.58 78.84 11.37 60.81 19.57 | **
Freq. VLF 20.15 5.47 20.89 3.85 24.17 8.32
Freq. LF 78.72 15.42 104.61 29.76 111.46 28.73
Freq. HF 206.37 7.62 204.35 12.35 241.15 73.7
Rat. LF/HF 1.33 0.96 0.18 0.18 0.38 0.36 | **
R-R interval 0.75 0.12 1.09 0.16 1.1 0.17
CCV LF 4.29 1.47 2.27 0.83 3.42 1.81
CCV HF 4.47 2.02 6.59 2.68 5.73 296 | *
Total spect. pow. 3944.1 | 2596.02 7256.17 | 5886.94 7463.5| 6592.97
Resp. freq./min. 12 0.45 12 0.7 11.8 3.8
Counted Fr. resp. 12.34 0.46 12.21 0.74 14.49 4.41

Fig. 1

Changes in dominant frequencies at frequency component zones of VLF, LF and HF during lying with rhythmised
respiratory frequency of 12 cycles/min. during standing (interval T2), during lying (interval T3), during spontaneous
respiratory frequency (interval T4)
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and the position of respiratory bound frequency (TABLE in the component bound to respiration regarded as
1). During spontaneous respiration, the ratio between vagus activity. A high variability of respiratory bound
respiratory volume and respiratory frequency and the frequency values is the result of these frequency shifts
ratio between the duration of inspiration to expiration fluc- during spontaneous respiratory frequency. In the
tuates. These individual oscillations of respiratory rhythm graphic and numerical protocol of SAHRYV results and
during the measured interval, coupled with spontaneous in young healthy individuals it is possible to precisely

respiration, create frequency and amplitude modulation analyse the position of this component.
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TABLE 2
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Changes in selected functional parameters of SAHRV at intervals with spontaneous respiratory frequency during lying

(interval T4) and sitting (interval T5)

T4 spont. resp. TS5 spont resp. Stat. sig
Parameter X S X S T4 :T5
Spect. pow. VLF 969.42 1101.77 684.65 400.04
Spect. pow. LF 1788.6 1685.13 1717.78 1660.45
Spect. pow. HF 4705.7 | 4976.35 2561.35 2212.73 | *
Rel. sp. pow VLF 15.11 11.27 16.55 12.37
Rel. sp. pow LF 24.08 19.18 34.16 25.38
Rel. sp. pow HF 60.81 19.57 49.29 23.29
Freq. VLF 24.17 8.32 24.29 8.17
Freq. LF 111.46 28.73 101.37 32.86
Freq. HF 241.15 73.7 223.07 82.85
Rat. LF/HF 0.38 0.36 0.67 0.16
R-R interval 1.1 0.17 0.99 0.15 | **
CCV LF 3.42 1.81 3.84 2.12
CCV HF 5.73 2.96 4.75 2.09
Total spect. pow. 7463.5 | 659297 | 4963.78 3106.21 | *
Resp. freq./min. 11.8 3.8 11.4 31
Counted Fr. resp. 14.49 4.41 13.57 4.9

Fig. 2

Changes in dominant frequencies at frequency component zones of VLF, LF and HF during sitting with full yoga
respiration (interval T6), with alternate respiration (interval T8), during kapalabhaty (interval T10); intervals TS5, T7,

T9 during spontaneous respiratory frequency
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In all the following positions of sitting during spon-
taneous respiration (positions T5, T7, T9) we found
similar disproportions between the observed respiratory
frequency and the respiratory frequency calculated from
the relation RvFr. (mHz) = Fr. R (min') x 0,0167 (Hz),
(RvFr. - respiratory bound frequency regarded as vagus
activity in the frequency zone HF or LF, Fr.R - average
value of respiratory frequency) (TABLES 2-5, Fig. 2).

The position of sitting with full yoga breathing (inter-
val T6) was characterised by a distinct slowdown of respira-

tory rhythm of less than 9 cycles/min. and a simultaneous
enhancement of respiratory volume. Calculated respiratory
frequency in these positions assumed just the relationship
to dominant activity only, in the zone of frequency compo-
nent LF. In the literature, the dominant frequency in this
zone is related to baroreceptor activity. In our research
there is just a frequency shift of frequency bound to respi-
ration from the HF zone into the frequency zone of LF
depending on the respiration frequency. The dominant
frequency bound to respiration that we regard as vagus
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Fig. 3
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Changes in the total spectral power and partial spectral powers of frequency components VLF, LF, HF during lying
with rhythmised respiratory frequency 12 cycles/min., during standing (interval T2), during lying (interval T3), during

lying with spontaneous respiratory frequency (interval T4)
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Fig. 4

Changes in the relative spectral powers of frequency components VLF, LF, HF during lying with rhythmised respira-
tory frequency 12 cycles/min., during standing (interval T2), during lying (interval T3), during lying with spontaneous

respiratory frequency (interval T4)
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activity, respectively frequency shifts, during change of
respiration frequency, thus influences the actual activ-
ity and functional parameters in the zones evaluated by
the software system Vario TF4, Vario Cardio and the
following version as frequency components LF and HF.
The border between frequency zone LF and HF is 0.15
Hz. During the respiratory frequency of 9 cycles/min
we find respiratory bound vagus activity on the border
of both frequency components.

At interval T10 (rapid diaphragmal respiration - so-
called technique of kapalabhaty, average frequency of
respiration 107 cycles/min.) the frequency component
ANS bound to the respiration frequency moved above
the spectral field 0.4, respectively 0.5 Hz was registered
by the diagnostic system Vario TF4. During average respi-
ration of 107 cycles/min. this frequency bound on respira-

tion frequency probably was situated in the zone 1.79
Hz (TABLE 5). Residual dominant and other subdomi-
nant frequencies in zone HF under these conditions do
not have a direct bearing on the respiratory bound vagus
activity. Under the given conditions it is probably pos-
sible to regard frequency activity and its modulation in
this zone as parasympathetic activity originating from
sources other than vagus activity bound to respiration.

2. Changes in other observed functional SAHRYV parame-
ters depending on the respiration technique

We regard as a demonstration of the enhancement of
the total functional activity of the autonomous nervous
system to be, among others, the enhancement of total
spectral power in ms? during each observed position.
We compared mutually:
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TABLE 3
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Changes in selected functional parameters of SAHRV at intervals during sitting with spontaneous respiration (interval
T5) and full yoga respiration (interval T6)

TS5 spont. resp. T6 full yoga breathing Stat. sig
Parameter X S X S TS5:Té6
Spect. pow. VLF 684.65 400.04 426.93 267.33 | *
Spect. pow. LF 1717.7 1660.45 10494.2 | 7862.34 | **
Spect. pow. HF 2561.3 2212.73 1794.68 1822.89
Rel. sp. pow VLF 16.55 12.37 5.84 6.63 | **
Rel. sp. pow LF 34.16 25.38 76.03 22.28 | **
Rel. sp. pow HF 49.29 23.29 18.13 20.48 | **
Freq. VLF 24.29 8.17 25.2 9.27
Freq. LF 101.37 32.86 98.57 26.95
Freq. HF 223.07 82.85 199.73 60.51
Rat. LF/HF 0.67 0.16 5.84 421 | **
R-R interval 0.99 0.15 0.94 0.14 | **
CCVLF 3.84 2.12 9.93 4.22
CCV HF 4.75 2.09 4.08 1.1
Total spect. pow. 4963.7 3106.21 12715.8 | 8288.26 | **
Resp. freq./min. 11.4 3.1 6.4 1.8
Counted Fr. resp. 13.57 49 11.98 3.64

Fig. 5

Changes in the total spectral power and partial spectral powers of frequency components VLF, LF, HF during sitting
with full yoga respiration (interval T6), during alternate respiration (interval T8), during kapalabhaty (interval T10);
intervals T5, T7, T9 with spontaneous respiratory frequency (ms?)
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2.1 Rhythmised and spontaneous respiration (TABLE 1,

Fig. 3, and 4)

During comparison of intervals while lying (T3
rhythmised respiration 12 cycles/min., T4 sponta-

neous respiration) we did not find any significant

changes in the total spectral

power. Concurrently,

there occurred an enhancement of spectral power

in the frequency components
duction in the spectral power

VLF and LF, and a re-
of the HF component.

Similar changes were observed in the case of relative
spectral powers. There an enhancement in LF/HF
ratio and decrease of CCVHF parameter occurred.

The mentioned changes are related to a higher
variability of individual respiratory frequency in
the examined sample during spontaneous respira-
tion (TABLE 1).

2.2 Position change from lying to sitting during spontane-

ous respiration (TABLE 2)

During a position change from lying (interval T4) to
sitting (interval T5), we found a significant reduction
in total spectral power (sitting as a demonstration of
partial orthostasis). Concurrently, a significant reduc-
tion in the spectral power of the frequency component
HF, a reduction in the relative spectral power HF,
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TABLE 4
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Changes in selected functional parameters of SAHRV at intervals during sitting with spontaneous respiration (interval

T7) and alternate respiration (interval T8)

T8 anuloma-viloma

T7 spont. resp. breathing Stat.sign
Parameter X S X S T7:T8
Spect. pow. VLF 1352.3 1236.36 477.28 253.19 | **
Spect. pow. LF 2340.7 2356.73 4333.62 4995.73 | **
Spect. pow. HF 2343.4 2164.54 3769.78 4106.91
Rel. sp. pow VLF 23.95 14.63 8.53 7.01 | **
Rel. sp. pow LF 36.63 24.21 48.75 27.83 | **
Rel. sp. pow HF 39.42 21.99 42.72 28.95 | **
Freq. VLF 25.84 8.63 25.51 8.99
Freq. LF 102.99 27.07 115.59 26.35
Freq. HF 195.12 37.83 188.01 32.07
Rat. LF/HF 2.92 5.41 1.15 0.89
R-R interval 0.97 0.15 0.98 0.15
CCV LF 4.61 2.43 6.02 3.42
CCV HF 4.62 2.28 5.64 3.22
Total spect. pow. 6036.1 3352.88 8580.68 5892.08
Resp. freq./min. 10.74 2.91 7.62 1.74
Counted Fr. resp. 11.75 2.23 11.26 1.92

Fig. 6
Changes in the relative spectral powers of frequency components VLF, LF, HF
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an enhancement of the ratio in the spectral pow-
ers LF/HF, a reduction in the CCVHF parameter,
and a shortening of the R-R interval, occurred. The
mentioned changes characterise a sitting when com-
pared to a lying position as a position with a partial
orthostatic load under the influence of the activity
of the trunk postural muscles.

2.3 Full yoga breathing and spontaneous respiration

during sitting (TABLE 3, Fig. 5, 6)

During full yoga breathing (interval T6) a significant
enhancement in the total spectral power, compared
with spontaneous respiratory frequency, occurred,

which is very probably related to the intensity of
the respiratory volume. In the following positions
during spontaneous respiration, the total spectral
power again significantly declined. A frequency
shift of respiratory bound vagus activity from the
HF zone into the LF zone happens as a result of
a decrease in respiratory frequency (X = 6.4) and
simultaneously the spectral power of this frequency
component increases influenced by the enhancement
of respiratory volume. A frequency shift of respiratory
bound vagus activity owing to a change in respiratory
frequency has a linear character; changes in ampli-
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TABLE 5
Changes in selected functional parameters of SAHRV at intervals during sitting with spontaneous respiration (interval
T9) and fast rhythmised respiration - kapalabhaty (interval T10)

T9 spont.resp. T10 kapalabhaty Stat.sig
Parameter X S X S T9:TI10
Spect. pow. VLF 1067.09 709.89 598.09 404.19
Spect. pow. LF 2145.9 2249.28 681.63 501.49 | **
Spect. pow. HF 2866.9 2228.97 513.33 472.82 | **
Rel. sp. pow VLF 22.73 17.53 35.81 15.11 | *
Rel. sp. pow LF 32.05 20.56 38.25 12.35
Rel. sp. pow HF 45.22 23.38 25.93 12.16 | **
Freq. VLF 23.09 7.58 23 7.21
Freq. LF 97.8 31.44 85.38 18.91
Freq. HF 246.7 89.97 232.16 114.22
Rat. LF/HF 0.75 0.52 1.33 0.96
R-R interval 0.98 0.14 0.89 0.17 | **
CCV LF 4.18 2.03 2.94 1.38
CCV HF 5.02 2.37 2.43 1.34 | **
Total spect. pow. 6078.7 3568.39 1793.06 1139.74 | **
Resp. freq./min. 11.8 3.2 107.4 14.4
Counted Fr. resp. 14.77 5.37 13.9 6.84

Fig. 7
Frequency and amplitude changes in respiratory bound vagus activity in frequency zone HF during respiration fre-
quency of 12 cycles/min., 15 cycles/min., 12 cycles/min. and in frequency zone LF during respiration 6 cycles/min.

Influence of respiration
rhythmicity on position
changes of respiratory
bound vagal activity in
spectral analysis of heart
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. '|' relation to breathing capacity.

tude of this frequency, modulated by respiratory with spontaneous respiration (interval T7), and the
volume, exhibit exponential character. resulting changes were not significant. In the following
2.4 Alternating breathing through right and left nostrils position T9 during spontaneous respiration, a reduc-
and spontaneous respiration (TABLE 4, Fig. 5, 6) tion in the total spectral power at the starting level
During alternating respiration through the right and T7 occurred. During this technique of respiration,
left nostrils (interval T8) the enhancement of total spec- a significant reduction in the spectral power of fre-

tral power happened compared with previous positions quency component VLF, in enhancement of activity
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in the LF zone and non-significant enhancement in
the HF zone, occurred. A similar reaction can be
found in relative spectral powers. Similar trends can
also be found in CCVLF and CCVHF parameters.
Interpretation of frequency and amplitude changes
during the use of this respiratory technique is un-
clear. Enhancement of activity in the dominant
frequency in the LF zone is partially influenced by
variation in individual respiratory frequency values.
It is not clear why simultaneous enhancement of ac-
tivity in the HF zone happens. The question raised
here is whether partial enhancement of respiratory
resistance in upper airways during blockage of one
nostril does not have any relation to increased vagus
activity.

2.5 Rapid rhythmic diaphragm breathing (kapalabhaty)
and spontaneous respiration (TABLE 5, Fig. 5, 6)
At interval T10 as compared to the T9 interval, there
was a distinct reduction of total spectral power and a
simultaneous decline of spectral power in all partial
frequency components. These changes of spectral
powers create a functional picture of a stress situation.
During use of this technique of respiration shift of fre-
quency bound on respiration frequency happened in
the sphere of frequency that is above the frequency
field of 0.4 Hz, which is the upper frequency zone
registered by the diagnostic system Vario TF4 and
other variants of the device. Respiratory bound
vagus activity is thus out of the frequency zone of
the HF frequency component. In the zone of this
HF frequency component (0.2-0.4 Hz) we find a
dominant frequency that is not bound to respiratory
frequency and its source is unclear. If we regard the
HF zone as total parasympathetic activity, then it
is possible to consider these frequencies in the HF
zone as a source of parasympathetic activity origi-
nating in the inner organs innervated by the nervus
vagus.

DISCUSSION

The relationship between rhythmised respiratory frequen-
cy and spontaneous respiratory frequency while lying, and
observed SAHRYV changes

It is essential to regard respiratory pattern as a fun-
damental factor in modulating the actual functional
activity of the autonomous nervous system. Rhytmi-
sation of respiratory frequency stabilises the position
of respiratory bound frequency regarded to be a basic
functional component linked to parasympathetic acti-
vity. We found the relationship of respiratory frequency
to respiratory bound frequency as determined by the
numeric relation RvFr (mHz) = 0.0167 (Hz) x Rf/min.
described in the works of Kolisko, Salinger, Opavsky et
al. (1997) in the sample of examined people during the
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use of a standardly rhythmised respiratory frequency of
12 cycles/min. while standing and also in the lying posi-
tion. Also, Brown et al. (1993) arrived at similar results
on the relationship between respiratory frequency and
R-R interval fluctuation.

Under these conditions we can unambiguously as-
sess the activity in the HF zone in the output listing of
SAHRY as total parasympathetic activity. If we regard
respiratory frequency in harmony with Palecek et al.
(1999), and Ganong (1999) as an ergonomically opti-
mal functional coalition of respiratory frequency, respi-
ratory volume and muscle tone of the inspiratory and
expiratory muscles, we did not find during rhythmised
respiratory frequency any significant decrease in total
spectral power that would signal rhythmised respiratory
frequency to be perceived by the body reflectively as
a specific kind of load.

At intervals with spontaneous respiration, a con-
siderable variability of individual respiratory frequency
occurred within the observed sample. It is very probable
that the changes in spectral powers and in the relative
spectral powers of LF and HF frequency components
during spontaneous respiration, when compared to
rhythmised respiratory frequency are modulated by the
influence of value variability in individual respiratory
frequency during measured intervals.

The relationship between the change from the lying to the
sitting position during the use of spontaneous respiratory
frequency and the observed SAHRYV changes

The change from a lying to a sitting position during
spontaneous respiration is perceived reflexively in the
body as a specific type of postural load when reduction
of total spectral power and a significant reduction of
activity in the zone of the HF frequency component oc-
cur in comparison to the lying position. Since sitting is
understoood by us to be partial orthostasis, changes in
ANS reactivity are not so typical compared to standing
and lying positions. The sitting position is, however,
functionally suitable for more effective engagement of
respiratory muscles during inspiration and the facilita-
tion of a respiratory pattern with prevailing diaphragm
respiration. Apparently for this reason, the oriental tech-
niques of respiratory exercises recommend sitting with
crossed legs or sitting on one’s heels as basic positions
during autoregulative exercises emphasising an upright
trunk position.

The relationship among spontaneous respiration frequency,
selected respiration techniques and observed SAHRY pa-
rameters

Intensified respiration with continual engagement
of inspiration and expiration muscles (the so-called
technique of full yoga respiration) is characterised by
intensification of respiration volume, a decrease in
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respiration frequency and a higher level of inspiration
and expiration muscle activation. Decrease of respira-
tory frequency led to a shift of frequency component
bound to respiration that we regard as vagus activity in
the spectral field in the sphere of LF frequency compo-
nent. According to Palecek et al. (1999), intensifying
respiratory volume influences pressure proportion in
the lungs and reflectively stimulates total vagus activity.
When compared to spontaneous respiration, we found
significant enhancement of total spectral power, that
we regard as the demonstration of total activity of the
autonomous nervous system. Respiratory bound vagus
activity moved during bradypnoe into the sphere of
the LF frequency component, mainly participating in
the enhancement of total spectral power. Respiratory
bound vagus activity, respectively frequency and ampli-
tude changes are influenced by the relationship between
respiratory frequency and volume. Their dominant fre-
quency in the zone of the HF frequency component
was not bound in this case to respiration and its source
is still unclear. The influence of the activity of other in-
ner organs, parasympathetically directed, comes under
consideration. There is also the probability that the
dominant frequency in the HF zone is a harmonic fre-
quency influenced by a frequency shift of the dominant
frequency bound to respiration.

Respiring alternatively through the right and left
nostrils (the technique of anuloma viloma) was linked
with a decrease in respiratory frequency, enhancement
of respiratory volume and partial enhancement of up-
per airways resistance when compared to spontaneous
respiration. According to empirical experience, this res-
piratory technique is regarded as a so-called harmonised
respiration technique, leading to a subjective feeling of
mental calming when applied. This technique presented
itself within the results of the spectral analysis of heart
rate variability as a non-significant enhancement of total
spectral power, a decrease in spectral power in the zone
of the VLF frequency component and, at the same time,
an enhancement of spectral power in the sphere of LF
and HF frequency components. The spectral power of
the LF frequency component was very probably modu-
lated by a shift of respiratory bound parasympathetic
activity during the slowing of respiratory frequency to
less than 9 cycles/min. from the HF zone during spon-
taneous respiration into the LF zone during application
of this technique. Compared to spontaneous respiration
it is possible to understand this technique specifically as
relaxation and as a regenerative technique that increases
the share of parasympathetic activity in the total ANS
activity.

The kapalabhaty technique consists of shallow
rapid diaphragm breathing with a frequency of about
120 cycles/min. During this respiratory technique we ob-
served a significant reduction in the total spectral power
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and a concurrent reduction in the spectral powers in all
three partial spectral components. Respiratory bound
vagus activity shifted during the use of this technique
above the upper frequency zone of 0.4, respectively
0.5, Hz and its frequency, we suppose, regarding the
average respiration frequency of 107.4 cycles/min. in the
proximity of 1.79 Hz. The picture of SAHRV changes
during this technique is a reflection of a specific stress
situation characterised by a higher share of sympathetic
activity regulating cardiac activity. The origin of lurking
frequency activity in the zone of HF frequency compo-
nent that is not bound to respiration is still unclear. The
origin of these frequencies in the HF zone we probably
see as activity that is modulated by signals from other
inner organs innervated by the vagus nerve.

CONCLUSIONS

e Respiratory pattern is a fundamental factor that ob-
jectively influences the actual functional activity of
the autonomous nervous system and increases the
extent of vagus activity in its total activity.

e Respiration frequency actually influences the posi-
tion of respiratory bound frequency that we regard
as vagus activity. The position of respiratory bound
vagus activity can be expressed by the numeric
relation RvFr (mHz) = 0.0167 x Rf/min. during
examination by SAHRV method. (Question no. 1,
confirmation of hypothesis no. 1.)

e Rhythmisation of respiration, respectively stability
of respiratory frequency and stability of respiratory
volume, stabilises the frequency and amplitude of
respiratory bound vagus activity.

e During bradypnoe with a respiratory frequency of
less than 9 cycles/min., a shift of respiratory bound
activity happens, from the HF frequency component
into the zone of the LF frequency component. Respi-
ratory bound vagus activity, under these conditions,
becomes the dominant frequency in the zone of the
LF component. (Confirmation of hypothesis no. 3.)

e An increase in respiratory volume during the use
of the bradypnoe technique of full yoga breath
increases significantly the amplitude modulation
(spectral power in ms?) of respiratory bound vagus
activity. Enhancement of ANS activity with a higher
dominance of parasympathetic activity is the effect
of this type of respiration. (Confirmation of hypo-
theses no. 2, 4.)

e The so-called technique of kapalabhaty (tachypnoe)
can be regarded as a specific type of physical load
that decreases markedly the variability of R-R in-
tervals.

e Frequency activity in the zone of the HF frequency
component during use of the kapalabhaty technique
when the frequency shift of respiratory bound vagus
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activity out of the registered frequency spectrum is
regarded as activity in the HF zone that is not bound
to respiration as an activity originating probably
from parasympathetically directed signals from in-
ner organs. (Confirmation of hypothesis no. 5.)
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VYUZITI METODY SPEKTRALNI ANALYZY
VARIABILITY SRDECNI FREKVENCE
PRI HODNOCENI EFEKTU VYBRANYCH
DECHOVYCH TECHNIK NA AKTUALNI
FUNKCNI ZMENY AUTONOMNIHO
NERVOVEHO SYSTEMU
(Souhrn anglického textu)

Dychani je jeden ze zakladnich faktor(, které ovliv-
nuji aktualni funkéni stav autonomniho nervového sys-
tému. V nasi vyzkumné studii jsme se pokusili objasnit
s vyuzitim diagnostického systému Varia Cardio TF4
a metody spektralni analyzy variability srde¢ni frekvence
vliv volni regulace dechového vzoru na aktualni funk-
¢ni zmé&ny variability R-R intervali, které uzce souvisi
s vlivem regulace n. vagus na zmény variability R-R
intervali. Sledovali jsme tak vliv vybranych jogovych
technik dychani na frekvencéni a amplitudové zmény ve
sledovaném frekvencnim spektru 0,02-0,4 Hz, které
souvisi s aktivitou autonomniho nervového systému.
Jednu z frekvencnich komponent v tomto pasmu tvori
respiracné vazana aktivita vagu. Tato frekvence a jeji
amplituda se vyrazné stabilizuje pfi rytmizaci dechové
frekvence. U dechovych technik s prohloubenym dycha-
nim dochazi k vyraznému zvySeni celkového spektral-
niho vykonu, na kterém se podili predevSim frekvenéni
komponenta, kterou povazujeme za respira¢né vazanou
aktivitu vagu. Amplituda této frekvence je modulovana
dechovym objemem a aktivitou inspiracnich svali, jeji
frekvence se v zavislosti na rytmicité dychani méni
0 0,0167 Hz/1 dechovy cyklus. B€hem rytmizované
dechové frekvence 12 cyklli/min. a poméru rychlosti
inspiria k expiriu 2 : 3 nachdzime tuto frekven¢ni kom-
ponentu stabilizovanou v pasmu 0,2 Hz.

Klicova slova: variabilita srdecni frekvence, autonomni
nervovy systém, regulované/spontdnni dychdni.
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The paper deals with the agility test as a diagnostic method for the assessment of the multi choice reaction time of
the lower limbs. A group of 236 athletes (mean age 21.5 + 2.9 years, height 178.1 + 8.1 cm, and weight 72.2 + 9.4 kg)
performed an agility test. They had to touch with either the left or right lower extremity one of the four pads located
in four corners inside of a 80 cm square. Pads had to be touched in accordance with the location of a stimulus gener-
ated in one of the corners of the screen. The computer based system FiTRO Agility Check was used to generate the
stimuli and measure corresponding reaction times. The results showed better agility of lower limbs in adults than in
children. Cross sectional tests revealed that competitors in table tennis, fencing, karate, ice hockey, soccer, basketball,
volleyball, and aikido performed significantly better than physical education students, judokas and wrestlers. In a group
of eight 15-yr old female volleyball players, a repeated test after 6 weeks of training aimed at reaction and speed abilities
showed a significantly shorter reaction time as compared to general training. A one-year training period in volleyball
led to a significant improvement of the agility skills of athletes related to their actual ranking. The results obtained
indicate that the agility test allows talent identification, differentiation of athletes with different performance levels in

agility skills as well as changes of these abilities during short and long term training periods.

Keywords: Agility test, multi choice reaction time, sport motor testing, talent identification, training.

INTRODUCTION

Multi choice reaction time and movement velocity
are the most principal capabilities to be measured in
many sports, such as tennis, fencing, karate, ice hockey,
soccer, basketball, volleyball, aikido, etc. For their as-
sessment a computer based portable device was deve-
loped in a laboratory of the Institute of Sport Sciences
by Hamar et al. (1997). The main task of subjects is to
touch the contact switch pad in one of four directions
according to the position of the stimulus on the screen
(Fig. 1a and 1b). As a result the reaction time in each
direction is displayed (TABLE 1). Its advantage is that
it provides laboratory accuracy in field-testing, which is
necessary, especially these days, when many of the tests
are done out in the playing field or gym.

Therefore, the aim of the study was to present results
and experiences with the agility test in the functional
diagnosis of athletes.

MATERIAL AND METHODS

Altogether 236 subjects (mean age 21.5 + 2.9 years,
height 178.1 = 8.1 cm, and weight 72.2 + 9.4 kg) per-
formed an agility test. They had to touch, as fast as
possible, with either left or right lower extremity, one
of the four pads located in four corners inside of an

80 cm square. Pads had to be touched in accordance
with the location of a stimulus in one of the corners of
the screen. The computer based system FiTRO Agility
Check was used to generate the stimuli and measure the
reaction times (Hamar & Zemkova, 1998).

In the previous study the reliability of the test proce-
dure was verified and the protocol standardized by the
examination of 196 persons. Analysis of the repeated
measures showed a measurement error of 7.1%, which is
in the range comparable to common motor tests (Hamar
& Zemkova, 1998). The mean of the best 8 reaction
times to each direction proved to be the most reliable
parameter of the test consisting of 3 sets of 60 stimuli
(15 in each direction) with a random generation of their
localization (Zemkova & Hamar, 1998).

RESULTS AND DISCUSSION
The results showed various possibilities of ap-
plication of the agility test in sport motor testing of

athletes:

Differentiation of groups of athletes with different de-
mands on the agility of the lower extremities

Cross sectional tests revealed (Zemkova & Hamar,
1999) that table tennis players (326.1 = 16.0 ms), fenc-
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Fig. 1a and 1b
FiTRO Agility check for the assessment of multi choice
reaction time of the lower extremities

TABLE 1
An example of the results of the agility test
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ing performers (336.6 + 17.4 ms), karate performers
(339.4 + 33.4 ms), ice hockey players (352.1 £ 28.9 ms),
soccer players (364.0 £33.8 ms), basketball players
(369.3 = 26.3 ms), volleyball players (370.6 = 32.1 ms),
and aikido performers (389.1 £ 38.4 ms) achieved a
significantly shorter reaction time in the agility test
than physical education students (398.8 = 40.9 ms), judo
performers (400.3 + 27.7 ms), and wrestlers (497.6 + 20.9 ms)
(Fig. 2). These results indicate that the test allows for
differentiation of athletes with different performance
levels in agility skills.

Talent identification

Reaction and speed influence performance in many
sports. However, these abilities considerably depend on
genetic dispositions and may be improved only by about
15 to 25%. Therefore, information about the values of
reaction time in children of different ages is in sport
practice useful for talent identification. On the other
hand, it has to be pointed out that the accuracy of
measurements of sensomotor parameters is influenced
by many factors including motivation, incentive, atten-
tiveness, etc., which are difficult to control in younger
subjects. Therefore, one has to be careful using these
values for selection of young sports talent.

Such a cross-sectional study showed (Zemkova
& Hamar, 2001) that reaction time in the agility test
was 815.7 + 100.9 ms for 7 and 8 year old children,
649.6 = 95.2 ms for 9 and 10 year olds, 604.9 £ 97.7 ms
for 11 and 12 year olds, 467.5 £ 77.6 ms for 13 and 14
year olds, 453.3 + 38.6 ms for 14 and 15 year old youth,
and 398.8 = 40.9 ms for adults age from 20 to 26 years
old (Fig. 3). This finding is in agreement with the
reports of several authors (e.g. Thomas et al., 1981)
who found that reaction time linearly decreased with
increased age up to early maturity.

Name: P. K. Date: 5. 5. 1998 Time: 16:21:34
Test Setup: trial 1 Yellow Circle on Black Background
Comment: hockey
MOVEMENT N BEST WORST AVERAGE SD
DIRECTION #) (ms) (ms) (ms) (ms)
rear left 15 299 2092 661.4 582.3
rear right 15 271 2017 561.1 433.4
front left 15 309 1220 448.4 220.6
front right 15 256 1340 522.3 345.2
TOTAL 60 256 2092 548.3 423.8
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Fig. 2
The results of the agility test in various sports (n = 193)
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Assessment of the effect of specific short and long term train-
ing focused on the improvement of agility skills

In a group of 15 year old female volleyball players,
a test repeated after a 6 weeks period of general training,
not especially aimed at reaction and speed abilities, did
not show significant changes from 373.2 £ 46.8 ms to
393.7 £ 45.5 ms (Fig. 4), howeyver, significant (p < 0.05)
improvement occurred after a period of training focused
on the improvement of the agility of the lower extremi-
ties from 395.0 £43.5 to 329.7 £53.0 ms (Fig. 5)
(Luknarova & Zemkova, 1997; Zemkova et al., 1998).

During one year of training in the junior volleyball
national team, it has been found (Luknarova et al.,
1998) that parameters of agility were related to their
actual ranking. At the beginning, the reaction time in
the agility test was 370.6 = 42.1 ms. Similarly, its value

AGES (YEARS)

after summer general training was 365.8 £ 60.0 ms.
However, after specific training focused on the improve-
ment of agility skills the reaction time was significantly
(p <0.01) better 303.0 £ 50.2 ms than before. At the
end of the competition period, its value slightly in-
creased to 331.8 = 38.5 ms. To sum up, after one year
of training, a significant (p <0.05) improvement of
reaction time from 370.6 = 42.1 ms to 331.8 = 38.5 ms
(Fig. 6) was observed.

Other applications of the agility test

The multi choice reaction times of the lower limbs
when fatigued after different forms of loading may be
compared. In one of our studies (Zemkova et al., 1998)
the effect of fatigue due to exercise bouts of different
intensity on multi choice reaction abilities of the lower
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Fig. 4 and 5
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The results of the agility test after six weeks of general training and training focused on the improvement of the agility
of the lower extremities (n = 8)
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limbs was evaluated. After exercise of moderate intensity
there was a significant improvement (p < 0.05) of mean
response time from 369.3 + 38.6 ms to 339.6 + 24.3 ms
(Fig. 7). On the other hand, after exercise above the
anaerobic threshold, there was a significant increase
(p <0.05) from 338.3+43.9 ms to 412.5 £ 47.0 ms
(Fig. 8) indicating that multiple reaction time of the
lower limbs depends on the type of fatigue.

Such a phenomenon was observed in several stud-
ies. McMorris & Keen (1994) have demonstrated that
simple reaction time after maximally fatiguing exercise
was significantly slower than after moderate exercise.
Similarly, during exercise with increasing intensity up
to exhaustion it was found that the multiple reaction
time decreased until the intensity exceeded the lactate
threshold by approximately 25%, and then rapidly in-
creased (Chmura et al., 1994). However, it has been
reported that young athletes are able to maintain for a
relatively long time, or even increase, their psychomotor
performance during exercise not only below but also
above the lactate threshold (Chmura et al., 1998). For
such a positive effect of exercise on cognitive function-
ing an enhanced activation is very probably responsi-
ble (Hogervorst et al., 1996) and both the peripheral
component (muscle contraction) and central nervous
system integrity, primarily reflect cognitive processing
speed (Birren et al., 1980).

Aside from diagnostics, the test may be applied for
the purpose of the development of agility skills in vari-
ous sports. Subjects may react from a position in the
middle of the square of four pads or from the location of
the last stimuli. In addition, the device offers a variety of
test settings, i.e. time generation (constant or random),
number, form, and color of the stimulus, and color of
the background.

The test setting can be adjusted in accordance with
a sport specific task, i.e. either four or two pads for kara-
te (Zemkova & Hamar, 1998) and fencing performers or
tennis players (Psalman, 2002) in accordance with their
movements on the field. In addition, a longer distance
between mats (5 m) for basketball, hockey, soccer or
volleyball players (Zemkova et al., 2003) may be used to
test multi choice reaction times in the lower extremities
as well as sprint performance (Fig. 1b). For these sports
such a modified version of the test is considered to be
a more specific and hence more suitable alternative for
the assessment of agility abilities.

CONCLUSION

It may be concluded that by means of the contact
mats used, the multi choice reaction times and move-
ment speed in a variety of agility skills may be evaluated.
The test allows talent identification, differentiation of
groups of athletes with different demands on agility of
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lower extremities, assessment of the effect of specific
training focused at the improvement of these abilities
as well as development of agility skills in various sports
(tennis, fencing, karate, ice hockey, soccer, basketball,
volleyball, aikido, etc.).
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TEST AGILITY VE FUNKCNI DIAGNOSTICE
SPORTOVCU
(Souhrn anglického textu)

Na zakladé dosavadnich zkuSenosti je mozZné
test agility povazovat za vhodny zplisob posuzovani
disjunk¢nich reakéné-rychostnich schopnosti a proto
cilem prace bylo poukazat na nékteré z moznosti jeho
vyuziti v praxi. Celkem bylo vySetfeno 236 sportovci
(stolni tenisté, Sermifi, karatisté, hokejisté, fotbalisté,
basketbalisté, volejbalisté, aikidisté, judisté, zapasnici
a studenti FTVS) priimérného véku 21,5 + 2,9 roku,
vysky 178,1 = 8,1 cm a hmotnosti 72,2 + 9,4 kg. Ulo-
hou testovanych jedincii bylo reagovat na vizualni
podnét na monitoru pocitace a podle jeho lokalizace
vykonat pohybovou odpovéd prisluSnym smérem. Pri
generovani podnétli a méfeni ¢asu reakci bylo pouZito
zarizeni FiTRO Agility check. Vysledky poukazaly na
krat$i reakéni ¢as u dospélych nez u déti. Prifezové
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vySetfeni ukazalo, Ze stolni tenisté, Sermifi, karatisté,
hokejisté, fotbalisté, basketbalisté, volejbalisté a aiki-
disté dosahli vyznamné lepSiho vysledku neZ studenti,
judisté a zapasnici. Opakované vySetieni u volejbalistek
neukazalo vyznamné zmény po 6tydennim vSeobecné
zaméfeném mezocyklu, k vyznamnému zlepSeni doslo
az po tréninku zaméfeném specialné na rozvoj rych-
losti pohybovych reakci dolnich koncetin. Vysledky
ukazuji, Ze test agility kromé zaznamenavani rozdil
mezi jedinci rozdilného véku a vykonosti, umoziuje
i poskytovani uZiteCnych informaci o zménach téchto
schopnosti v rlizném obdobi sportovni pfipravy, ¢imz po-
maha objektivizovat efekt tréninku specialné zaméreného
na jejich rozvoj. Podle pfedb&€Znych sledovani je vhodné
vyuzivat test zejména ve sportovnich hrach, upolovych
sportech a ve sportech s kratkodobym vykonem, kde je
dulezita rychlost pohybovych reakci a také jako soucast
komplexniho posuzovani urovné télesné zdatnosti u bézné
populace. Navic je moZné zafizeni vyuzivat i v samotném
tréninkovém procesu na rozvoj disjunkénich reakéné-rych-
lostnich schopnosti.

Klicova slova: diagnostika, disjunkcni reakcneé-rychlostni
schopnosti, test agility, sportovni priprava, vyber talentii.
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The definition of aptitude takes into account functional effectiveness, as well as the quality and speed of reactions ob-
served in an individual. Personal aptitude comprises certain abilities that are in part genetically formulated. The scope
and level of these abilities vary for different individuals. Global abilities are vital for one’s survival and development,
whereas particular abilities are crucial for defining one’s individuality, both physical and psychological. The research
whose results are described in this work emphasized motor skills of mentally retarded children. The examinations
were conducted among 49 children aged 10-19 attending the Special Education Centre in Mrowla in the Podkarpacie
country and made use of the Ozierecki test. The level of the mental retardation of the test subjects was either moder-
ate or substantial. The classification of the motor skills of the tested individuals was based on the work by Baranski.
According to the test results, the children with substantial mental retardation had more difficulties in performing the

tasks. These children were most impaired with respect to the speed and precision of their reactions.

Keywords: Abilities, motor skills, mental retardation.

INTRODUCTION

To maintain an optimal level of physical and mental
fitness is one of the elementary needs of a human being,
especially under the circumstances of our civilisation.
Shaping and perfecting motor activities is of particu-
lar importance in the case of people with disabilities,
including mentally disadvantaged people. This type of
disability occurs in every society and its incidence os-
cillates around 2-3% of the human population (Eider,
1988; Koscielska, 1995; Lausch-Zuk, 1999; Wyczesany,
1999).

Mental retardation involves two main aspects: one
of them is prevention, regardless of origin, the other
is related to the improvement of an already existing
mental disability condition (Clarke & Clarke, 1971;
Lausch-Zuk, 1999).

The most important mental feature common to
all the mentally retarded individuals is an intelligence
level below the standard. However, this insufficiency of
the intellect is not the only difference between normal
and impaired individuals. Very frequently - although
not always - such individuals show a difference in re-
spect to body height and weight, psycho-motor skills,
way of thinking, temperament, as well as other mental
functions (Clarke & Clarke, 1971; Doroszewska, 1989;
Lausch-Zuk, 1999; Olechnowicz, 1994; Polkowska,
1994). In the literature concerned with this subject,
there are titles whose authors most frequently compare
the physical qualities of normal individuals with those
of individuals with a small degree of mental disability
(Clarke & Clarke, 1971). However, studies of more seri-

ously incapacitated children are not so numerous, which
may result from the substantial difficulties with the or-
ganisation of such studies. Seriously retarded children
very frequently show deep distrust towards unknown
people. The high level of concentration disorders while
performing the required tasks constitutes a substantial
obstacle to conducting any research.

Although motor skills in mentally impaired people
were studied as early as before the First World War, not
much research has been conducted in this field for the
last 30 years (Clarke & Clarke, 1971; Mleczkowska &
Franczak, 1968; Wyczesany, 1999).

Following an analysis of various tests intended for
motor skills assessment, the modified Ozierecki scale
seems to be the most appropriate to the subject. This
scale makes it easier to diagnose neurological and mo-
tor disorders, as well as making it possible to determine
the current development level of motor skills in the in-
dividual examined (Baranski, 1963; Clarke & Clarke,
1971; Mleczkowska & Franczak, 1968).

The objective of this paper is to determine the mo-
tor aptitude of children with a serious mental disability
and to find out whether pedagogical forecasts may be
generated on the basis of the degree of the development
of their motor skills.

RESEARCH MATERIALS AND METHODS

The examinations of the motor skills in mentally
retarded children were conducted in the Special School
and Upbringing Centre in Mrowla near Rzeszow. The
research comprised 49 people aged 10-16, including
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TABLE 1
General characteristics of the research subjects
Sex N Age [years] Age Level of mental retardation
[x] mild moderate severe
10 11 12 13 14 15 16 N % N % N %
Girls 21 0 1 4 8 2 4 2 13.47 1 4.76 15 71.42 5 21.80
Boys 28 1 4 6 3 7 3 4 13.46 1 3.57 23 82.14 4 14.28

21 girls and 28 boys. This group was subdivided into
three subgroups. The 1% subgroup comprised those
with a mild level of mental retardation; the 2" subgroup
- those with a moderate level; the 3 subgroup - those
with a severe level of mental retardation (TABLE 1).
Some of the children also have various dysfunctions in
their motor organs (scoliosis, paraplegia, hemiplegia,
torticollis, club-foot), but in most cases (85.7%) mental
retardation was the only observed dysfunction (TABLE 2).

TABLE 2
Dysfunctions in motor organs

Sex Mental retardation
With dysfunctions Without dysfunctions
N % N %
Girls 5 23.8 16 76.2
Boys 2 7.1 26 92.9

The Special School and Upbringing Centre in
Mrowla near Rzeszéw can ensure good conditions for
helping children to achieve suitable motor skills compa-
rable to those of others. There are two halls: one gym
and one for correction exercise, and two fields: one for
sport and one for recreation where physical education
training is held 3-4 times a week and corrective gym
training is also held (4 hours per week). Children also
have the opportunity to participate in training in the
swimming pool 2 hours per week. All examined children
attend sporting exercises that improve their motor skills
(Momola & Marszatek, 1997).

The examinations were carried out in the correction
exercise gym, separately for each individual child. The
examination was interrupted in case of the physical or
mental tiredness of a given child.

Tests of motor ability were prepared according to
the Ozierecki method with a Baranski modification. The
exercise set for a given calendar age, from 4-16 years of
age, included 6 groups of different motor tasks:

- static co-ordination,

- dynamic co-ordination,

- hand co-ordination,

- movement speed,

- simultaneous movement performance,

- movement precision.

The set of tests was held separately in each group.
The number of tasks is large and their level of difficul-
ties increases with age and that makes the comparison
between age groups difficult and the examination time-
consuming.

The evaluation is based on pointing out the age
group in which the child completes all tasks and those
in which the child doesn’t complete any of them. Thus
the range of “motor ability” can be estimated and later
on-according to special rules - the “motor ability age”
can be estimated. Based on the Baranski classification
one can say whether the child is at a normal level of
development, backwardness or precociousness in com-
parison with the whole population.

The basis for starting the test is estimation of a reg-
istered calendar age - that is the difference between the
date of research and the date of birth. The next step is
- knowing the motor ability age and basis for conducted
tasks - an estimation of the difference between the regis-
tered and motor ability age that lets us classify the child
into one of the following categories:

- precociousness [+D, +C, +B, +A],

- backwardness [-A, -B, -C, -D],

- the norm [0].

The norm of motor skills is the difference between
the registered calendar age and the motor ability age
and varies from 0 to +18 months. In case the difference
is greater than +18 months, motor skills are classified
at the precocious development level. In case the differ-
ence is below 0 one can say that this is backwardness of
motor skills (Baranski, 1963; Olszowski, 1973; Szopa,
Mleczko, & Zak, 1996).

RESEARCH RESULTS AND DISCUSSION

On the basis of the examinations conducted, the
motor skills index in the 1% subgroup was determined
to amount to -24 months in a girl, and -60 months in
a boy. It must be mentioned that the boy’s result may
have been influenced by his excessive obesity (his body
weight was 96 kg at the body height of 145 cm).

The 2" subgroup, in which 71% of the girls were
characterised by a moderate degree of mental retar-
dation, showed the average motor skills index of -57
months. The participation of boys in this group was
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TABLE 3

Results of research on motor skills of children with mental retardation (according to Baranski)

Level Calendar | Motor skill
Sex of N age development Level of motor Symbol
mental retardation [x] index-MSDI* skill development
[months]
Mild 1 12.00 -24 Moderate level of retardation -B
Girls Moderate 15 13.73 =57 Very high level of retardation -D
Severe 1 11.00 =72 Very high level of retardation -D
4 13.50 - Measureless -
Mild 1 13.00 -60 Very high level of retardation -D
Boys Moderate 23 13.69 -51 Very high level of retardation -D
Severe 4 12.25 - Measureless -
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MSDI - the difference between motor skills age and calendar age

greater by 11.72%, whereas the average index amounted
to -51 months.

The 3™ group consisted of seriously impaired chil-
dren, including 21% girls and 14% boys. In this group,
only one girl managed to complete a test for 5-year-olds,
and single tasks for 6-, 7-, and 8-year-olds. The motor
skills index for this child was -72 months. The other
children in this subgroup were able to complete only
single motion tasks in a test, hence they did not reach
the level of the motor skills development characteristic
of a 4-year-old child (TABLE 3).

An analysis of the degree of acceleration or retarda-
tion of motor skills in more seriously impaired children
points to a very high level of retardation. In light of the
results obtained, the requirements of the Ozierecki scale
seem to be too difficult for children with a substantial
level of mental incapacity.

Moreover, the research results served the purpose of
determination of the difficulty degree while performing
respective tests. The easiest of the tests proved to be Test
2, evaluating dynamic hand co-ordination. The second
easiest was Test 1, evaluating static co-ordination. Test
3, evaluating the level of whole body co-ordination,
proved to be more difficult. The most difficult tasks to
complete of those required were, consecutively, the fol-
lowing: Test 4, evaluating the speed of movements, Test
5, of simultaneous movement performance, and Test
6, which evaluated movement precision. The obtained
degree of difficulty in performing the tests points to the
necessity for more lax requirements while performing
tasks for the purpose of the assessment of precision
and speed of movements, as well as simultaneous move-
ment performance. The above-mentioned observations
concerning the degree of the difficulty of respective tests
prove the results of the research by Eider (1988).

Examinations - with the use of the Ozierecki test, as
modified by Baranski - of the motor skills in children
with neurotic disorders, were conducted by Mleczkows-
ka and Franczak (1968). They claim that 28 % of the
children examined showed retardation of motor skills
development.

The level of physical development of children with
a partial loss of sight was studied by Pielecki (1994). Ac-
celeration of motor skills development was not found in
those children. The majority of the children were char-
acterised by a moderate level of motor skills retardation,
whereas the least frequent disorders were those of move-
ment precision, in contrast to the examination results
obtained in more seriously impaired children.

CONCLUSIONS

1. The Ozierecki scale offers a very high degree of dif-
ficulty for children with substantial mental retarda-
tion.

2. Despite the difficulties in performing the test, mo-
tor skills in children with slight mental incapacity
should be developed.

3. Children with a substantial mental disability show
a very high level of motor skills retardation. In this
group, the most disturbed are movement precision
and speed, as well as the ability to perform simulta-
neous movements.
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MOTORICKE DOVEDNOSTI
U MENTALNE RETARDOVANYCH DETI
(Souhrn anglického textu)

Definice vlohy bere v ivahu funk¢ni efektivitu, kvali-
tu a rychlost reakci pozorovanou u jednotlivce. Osobni
vloha zahrnuje urcité schopnosti, které jsou ¢astecné
geneticky podminény. Rozsah a uroven téchto schop-
nosti je u jednotliveil rozdilnd. Globalni schopnosti jsou
dulezité pro pfeziti a vyvoj jednotlivce, kdezto jednotlivé
schopnosti jsou rozhodujici pro urCeni individuality je-
dince, a to jak fyzické, tak psychologické. Vyzkum, jehoz
vysledky jsou popsany v této praci, zdlraznuje motoric-
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ké dovednosti mentalné retardovanych déti. Vyzkum byl
proveden mezi 49 détmi ve véku od 10 do 19 let, které
navstévuji Specialni vzd€lavaci centrum v Mrowle v kraji
polské Podkarpacie, a vyuzil Ozereckého test. Uroven
mentalni retardace testovanych subjektti byla bud’ mirna
nebo stredni. Klasifikace motorickych dovednosti testo-
vanych jednotlivcli byla zaloZena na praci Baranského.
Vzhledem k vysledkim testu mély déti s hlubsi mentalni
retardaci vétsi problémy provést ukoly. Tyto déti dosahly
horsich vysledkd, byly hodné slabsi s ohledem na pres-
nost a rychlost jejich reakce.

Klicovad slova: schopnosti, motorické dovednosti, mentdlni
retardace.
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Programmed learning is a specified learning procedure with its material organized into sequences and little units
(Dembo, 1997). In education, programmed learning serves to facilitate learning in a school class, for it allows for
the presentation of even the most difficult issues in little portions, and students may acquire them at their own pace
(Kruszewski, 1972). The aim of the present work was to define motor effects in the process of learning new motor
activities with the use of two different forms of programmed learning in conjunction with other methods: a linear
program for learning “juggling with balls” connected with the analytic method (learning by parts) - a chart (large scale
illustration) program (Wieczorek, 1999) and a branched program for learning “the Tai-chi system” connected with
a synthetic method (whole learning/learning by wholes) - computer-aided programmed learning (Guta-Kubiszewska,
2000). Research was carried out among adults - altogether 183 people (3 groups). The average age was 19-24 years.
We obtained, in our research, positive results, indicatiing the high effectiveness of this method in the process of motor
activity learning and teaching. In the three groups, an average level of mastering a new motor activity prevails, which
may be interpreted as a very satisfactory result for more than half of the learners who achieved the planned result.
This was the group, in which the program for learning a new motor activity not only gave us some feedback on the
execution level, it was a computer-aided program, which confirmed the thesis on the possibility of a more effective use

in it of regularities which constitute the basis of programmed learning (Dembo, 1997).

Keywords: Motor learning, programmed learning.

INTRODUCTION

Programmed learning is a specified learning pro-
cedure with its material organized into sequences and
little units (Dembo, 1997). It acts as a self-education set
which presents its material in a carefully-planned order
and requires reacting through gap-filling and choosing
answers by students. Each answer is followed by im-
mediate feedback. Programmed learning is used most
frequently as a linear or branched program.

In a linear program the material is presented in such
a manner so that all students would familiarize them-
selves with the program in the same order. In a branched
program the programmed material includes numerous
and varied possibilities of going through the content.

In education, programmed learning serves to facili-
tate learning in a school class, for it allows to present
even the most difficult issues in little portions, and
students may acquire them at their rate. In such form
of teaching, the teacher, via the program, may give the
learning activity the desired structure and direction; into
this structure, the teacher introduces changes which
guarantee previously empirically defined high and
relatively permanent probability of achieving planned
results by students (Kruszewski, 1972).

A program is a task giving the activity of learning
a defined structure. The structure consists of elementary

tasks the system of which, established or changing ac-
cording to a set of rules, assures such a direction of the
activity of learning so that the planned result would be
reached with expected high probability (Kupisiewicz,
1991; Kruszewski, 1972; Stomkiewicz, 1972).

Programmed learning represents certain features, vi-
tal for the process of education: the material is divided
into doses being interconnected as regards essence and
logic; students work actively; they may proceed to the
next dose after the work with the previous dose has been
completed, student’s answers are compared with the cor-
rect answer; the rate of learning is subject to individu-
alization; the program undergoes empirical verification
(to establish its usefulness for a given group of students
and to assess the effectiveness of the program).

According to Rothrock (Dembo, 1997), research on
programmed learning did not give any positive results,
for it did not fulfill the hopes placed in it. Computer-
aided teaching turned out to be more effective and still
based on those same regularities of learning. A computer
plays the role of a teacher since it provides information,
and enables students to exercise, evaluates achievements
of students, and gives them additional possibilities for
learning. Computer-aided teaching gives us an opportu-
nity to use more effectively the regularities which are the
basis of programmed learning (Dembo, 1997).
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Programmed learning was especially accepted in
relation to more theoretical subjects, however, between
1969 and 1970, the possibilities of using this method
in the process of physical education began to be stud-
ied. Motor tasks which are the object of learning are
presented by the use of a properly-prepared program
(booklets and boards with relevant instructions). The
program for learning a new motor activity/function is
a precisely-ordered linear sequence of methodical exer-
cises and activities leading via the shortest way towards
mastering new movement skills (Strzyzewski, 1986).
The program is equipped with objects playing the role
of a regulator of movements produced by exercising
students and a measure of a well- or badly- done motor
task. They allow students an individual assessment of
their work directly after completion of an exercise and
the adequate management of further steps in the course
of learning.

The most widespread form of programmed learning
in physical education are programmed cards (Czabanski,
1991; Czabanski & Gula-Kubiszewska, 1993; Wieczorek,
1999). One should separate subsequent sensomotoric se-
quences within the motor activity which is being taught
and then present them in a graphic form with verbal
instruction. Often, programmed teaching is employed
in conjunction with other methods (e.g. in Germany
and Austria).

The aim of the present work was to define motor ef-
fects in the process of learning new motor activities with
the use of two different forms of programmed learning
in conjunction with other methods:

1. A linear program for learning “juggling with balls”
connected with the analytic method (learning by
parts) - a chart (large scale illustration) program
(Wieczorek, 1999).

2. A branched program for learning “the Tai-chi sys-
tem” connected with a synthetic method (whole
learning/learning by wholes) - computer-aided
programmed learning (Guta-Kubiszewska, 2000).
In the linear program, developed as large-scale il-

lustrations (charts), students engage in self-regulating
activities after each step and they receive feedback on
the level of execution of a given motor sequence without
delay. In the computer-aided program self-regulating ac-
tivities are connected with regulation of the representa-
tion of a plan and program of a motor activity.

The received feedback informs the learner about the
precision of representation of the course of movement,
whereas a motor activity is performed as a whole. The
executive control allows further facilitation of motor
representation programming. In programmed learning,
Internal Programming Strategy was employed in the
form of a cognitive strategy as well as a metacognitive
one (Guta-Kubiszewska, 2002).
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The following research questions have been formu-

lated:

1. What level of motor effects has been reached by the
use of the classic programmed learning and compu-
ter-aided teaching?

2. Was the manner of performing executive control
(whole or part) related to the effectiveness of motor
learning?

MATERIAL AND METHODS OF RESEARCH

Research was carried out in the years 2000-2003
among: the soldiers of Basic Military Service in Kosza-
lin (60 people), female students of Higher Vocational
School in Legnica as well as the employees of DPS
Dom Pomocy Spotecznej [Social Assistance Home]
in Legnickie Pole (30 people) as well as students of
the first year of Wroctaw University School of Physical
Education (group I - 46 people, group II - 47 people).
The average age of both groups was 19-24 years.

The method of research was the pedagogical experi-
ment. The examined learners after having familiarized
themselves with the aim of learning as well as having
performed motivational activities encouraging learning
took up activities in compliance with the foundations
of the program. They took the decision concerning the
completion of learning on their own.

RESULTS

In the process of motor learning using the classic
programmed learning, motor effects were measured
by the number of steps which the examined learners
mastered over the course of time. The other measure
- called the Learning Speed Index (LSI) - was calcu-
lated based upon the rate of increase of skills in the
subsequent stages of learning (Wieczorek, 1998).

This value is proportional to the area under the
curve of learning, where on the axis of ordinates the
next steps of learning have been marked and on the
axis of abscissae where the next stages of learning have
been marked. This enables the division of the learning
students into groups of slow, medium and fast rate result
increase.

Among the examined soldiers the highest percent-
age was reached as regards step three (38.1%) and step
four (31.2%). Of the examined soldiers, 29.7% were
completely successful in learning, meaning that step six
was achieved. Within the group of female students and
employees the scope of mastering the program is very
similar. Most of the examined learners mastered the
motor activity at the level of step four (43.3%) and step
three (26.7%). Only 10% of the examined learners mas-
tered the motor task well, however the soldiers obtained
better effects of learning a motor activity (Fig. 1).
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Fig. 1
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Almost 3/4 (73.4%) of the examined soldiers mas-
tered a new motor activity which resulted in an increase
in motor learning at a medium level. The maximum limit
of executing the activity for themselves was reached; at
a fast rate - only 12.5% of the examined soldiers, simi-
larly to the group of slow-learners (14.1%).

Also almost 3/4 of the examined female students
of the Higher Vocational School (WSZ) as well as
the employees of the Social Assistance Home (DPS)
(73.4%) reached their optimum level of task execution
indicating a medium level of motor effects increase. Of

the examined learners, 23.3% were fast learners, whereas
only 3.3% learned slowly (Fig. 2).

To sum up the effectiveness of motor learning by em-
ploying classic programmed learning, one can state that
the examined groups reached mainly a medium level of
learning effects at an average rate of result increase.

By using r-Pearson’s test the correlation between the
achieved step of the program (learning effect) and the
speed of learning (WSU/ LSI) for & = 0.05 was shown.

Within the group of examined female students of
the University School of Physical Education in Wroctaw
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Fig. 3
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where computer-aided motor learning was employed,
learning effects were assessed on the basis of the level
of mastering a new motor task as well as by the level
of regulating activities. Group I followed the program
which aimed at learning through programming of motor
representation, whereas group II through self-regulation
of the representation. The executive control related to
the whole execution (execution by wholes) of activities
provided new information which again supported regu-
lating activities of the motor representation.

Within the group of students programming motor
representation a low level of these activities (47.82% of

the examined) or lack of such activities (26.09%) pre-
vails. Only 35% of the examined learners executed regu-
lation programming activities at a higher level: 17.39%
at a medium level and 8.70% at a high level.

The situation was different in the group of exa-
mined learners who used motor representation in
a self-regulating skills developing program. Almost half
of the examined learners reached a high level (46.80%),
similarly to a medium level (42.56% of the examined).
Approximately 10% of the examined learners did not
program any self-regulating activities (low level 6.38%
and 4.26% none) (Fig. 3).
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In the first group examined learners mastered a new
motor activity mainly at an average level (41.30%). Only
19.57% of the examined students succeeded in maste-
ring the new motor skill, and 39.13% did not master this
skill. Some very good effects of motor learning may be
observed in the second group. More than half of the
examined students learned a new motor activity very
well (55.32%), 1/4 well (27.66%), whereas only 17.02%
did not master the new task (Fig. 4).

The Pearson Chi Square Test (p = 0.00) and Chi
Square of Highest Credibility (p = 0.00) for & = 0.05
showed that dependencies exist between the level of self-
regulation and the effectiveness of motor learning. The
higher the self-regulating control, the better command
of a motor task there is.

SUMMARY AND CONCLUSIONS

Numerous experimental investigations concerning
the use of programmed learning in physical education
practice usually showed positive results, which indicates
the high effectiveness of this method in the process of
motor activity learning and teaching (Strzyzewski, 1986;
Czabanski, 1991; Nowak, 1985, 1989).

The results obtained in our research partly confirm
this assumption. In the three groups, an average level of
mastering a new motor activity prevails, which may be
interpreted as a very satisfactory result for more than
half of the learners who achieved the planned result.
This was the group, in which the program for learning
a new motor activity not only provided some feedback
on the execution level, but also it stimulated self-regu-
lating activities as an element of the learning program.
Additionally, it was a computer-aided program, which
confirmed the thesis on the possibility of a more effec-
tive use in it of regularities which constitute the basis of
programmed learning (Dembo, 1997).

CONCLUSION

1. The use of programmed learning in the process
of motor learning in both a classic and computer-
aided form results in similar didactic effects when
the structure of the program is focused on mastering
the taught content.

2. The best results were achieved in computer-aided
learning when the structure of the program deve-
loped regulating skills of the learner.

3. The manner of executive control in the form of
learning by wholes (whole learning) or learning by
parts (partial learning) did not directly show effects
of motor learning.
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PROGRAMOVANE UCENI V PROCESU
MOTORICKEHO UCENI
(Souhrn anglického textu)

Programované uceni je specificky postup uceni s ma-
terialy, které jsou posloupné usporadany do malych
jednotek (Dembo, 1997). Ve vyucovani programované
uceni slouzi k usnadnéni vyuky ve Skolni tfidé, protoze
davkach a studenti si je mohou osvojit podle svého
tempa (Kruszewski, 1972). Cilem pfedloZené prace
bylo uréit motorické vysledky v procesu uceni novych
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motorickych akivit s pouZzitim dvou rozdilnych forem
programovaného uceni ve spojeni s dal§Simi metodami:
linearni program na uceni “Zoglovani s balonky” spojeny
s analytickou metodou (uceni po ¢astech) - tabulkovy
program (ilustrace velkého formatu) (Wieczorek, 1999)
a odborny program na uceni “Tai-chi systém” spojeny se
syntetickou metodou (uceni po celcich) - programované
uceni pomoci pocitae (Guta-Kubiszewska, 2000).
Vyzkum byl proveden mezi 183 dospé€lymi lidmi (3
skupiny). Primérny vék byl 19-24 let.

Vysledky ziskané v nasSem vyzkumu ukéazaly pozi-
tivni vysledky, které dokazuji vysokou efektivitu této
metody v procesu vyucovani a uceni motorickych
aktivit. Ve tfech skupinach pfevazuje priimérna uroven
zvladnuti novych motorickych ¢innosti, coz miizeme in-
terpretovat jako velmi uspokojivy vysledek, protoze vice
nez polovina zuc¢astnénych ¢lenti dosahla planovanych
vysledku. Toto byla skupina, ve které program na uceni
novych motorickych aktivit nejenom Ze dal néjakou
zpétnou vazbu na urovni provedeni, ale byl to program
tzv. programovaného uceni pomoci pocitace, ktery
potvrdil hypotézy o svych mozZnostech pfi efektivnéjsSim
a pravidelném pouzivani, coz stanovi zaklady pro pro-
gramované uceni (Dembo, 1977).

Klicova slova: motorické uceni, programované uceni.
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4th International Conference on Movement and Health
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The Faculty of Physical Culture is hosting, for the 4th time so far, the international conference called Movement and
Health, which has already become a tradition. Every two years scientific workers and the scholarly public meet in
order to discuss issues for which the common denominator is the term health in relation to human movement acti-
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to do with our central theme. The traditionally high-quality and hospitable atmosphere of conference proceedings at
our Faculty, together with the architectural and historical attractiveness of Olomouc, all of this combines to create an
intricate framework for the pleasant and scientifically interesting atmosphere to which our regular participants gladly
and repeatedly return. We are looking forward to seeing everybody, both those who have participated in the past as

well as newcomers and we will be very glad to welcome you to Olomouc.
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refreshments during the conference, proceedings and
social programme.

Important dates

October 2004, First Announcement

January 2005, Deadline for abstract submission
March 2005, Notification to authors

May 2005, Application and conference fee
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Contact person

Zuzana Hanelova

Palacky University, Faculty of Physical Culture
tf. Miru 115, 771 11 Olomouc, Czech Republic
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