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DIFFERENCES IN CHARACTERISTICS OF CYCLING EVENT PARTICIPANTS
IN SLOVENIA IN YEARS 2005 AND 2006

Tina Setina, Rado Pisot*

Institute for Kinesiology Research, Science and Research Centre of Koper, University of Primorska, Koper, Slovenia
*Faculty of Education, University of Primorska, Koper, Slovenia

Submitted in April, 2009

The main aim of this study is to find out some characteristics of randomly selected cycling event participants in
the years 2005 and 2006. A two day recreation and active lifestyle promoting event provided a cycling offer that cor-
responded to both sexes and people of different ages and psychophysical abilities. Randomly selected recreational
cyclists (261) were asked to complete the anonymous questionnaire. The results show a small but statistically signifi-
cant negative correlation (r = -0.268, p < 0.01) between the frequency of participation in physical/sport activities and
age. Close to 50% of participants in 2005 were active 4-6 times per week and in the next year 39% of the contestants
were as active. There is also a statistically significant positive relationship between frequency of participation in physi-
cal/sport activities and self assessment of health status in 2005 (r = 0.319, p < 0.01) and 2006 (r = 0.311, p < 0.01).
Participants assessed their health as being good or very good in 83% (in 2005) and in 77% (in 2006). The coefficient
indicates also a small but statistically significant negative correlation (r = -0.219, p < 0.01) between the importance
of physical/sport activities and age.

The knowledge of some characteristics of recreational cyclists could contribute to the improvement of mass cycling
(and other) events and, at the same time, also to the development of cycling tourism in Slovenia which has excellent

natural features for this type of activity.

Keywords: Cycling, physical/sport activity, promotion of health, festival of cycling.

INTRODUCTION

Slovenians first acquainted themselves with cycling
as early as 1869 when the first bicycle “appeared” in
Slovenia. The first race, however, took place two decades
later. The bicycle (etymology: Latin “bis” - “twice” and
Greek “kylos” - “wheel”) was rather impractical as it
was driven directly by the pedals placed on the enlarged
high front wheel (oversized penny-farthing wheel), while
the back wheel served to maintain balance (MiloSevi¢,
1999). Slovenia was introduced to the bicycle almost
simultaneously with the rest of Europe. As a bourgeois
fashion vagary, the bicycle initially stood for prestige; lat-
er on it become a practical and light means of transport.
The first Slovenian cycling club, the so called “Der Lai-
bacher Byciklisticher Club” (Ljubljana Cycling Club),
was established in 1885 by the pro German Ljubljana
bourgeoisie. Two years later, however, the Slovenians
established the Slovenian Cyclists Club of Ljubljana
(Vehar, 1996).

Everyday cycling is an effective form of aerobic ex-
ercise, as it is well known that regular physical/sport
activity (this term refers to any movement of the body
that results in energy expenditure and has the aim of
maintaining or improving physical fitness or health)

has a beneficial effect on the human organism, inhibits
the development of a series of health disorders and dis-
eases, and contributes to the strengthening of mental
health (Cavill, Kahlmeier, & Racioppi, 2006; Dixon,
Mauzey, & Hall, 2003) and improvement of the indi-
vidual’s physical self concept and self appreciation (Fox,
1999). Everyday cycling also reduces the risk of serious
conditions such as heart disease, high blood pressure,
obesity and the most common form of diabetes (Car-
nall, 2000). At low speed, cycling, this “group sport of
individuals”, triggers accelerated activity of the lungs
and the cardiovascular system and is most beneficial to
leg muscles as well as arms when ascending, while the
joints do not suffer. Activities of this kind result in great
energy consumption and may help cope with stress and
psychological exhaustion (Ropret & Tomc, 1989).

A sedentary lifestyle, a reflection of our contempo-
rary lifestyle, is fast becoming one of the most pressing
social concerns as it triggers numerous, to the human
body adverse effects. A passive lifestyle gives rise to di-
verse health problems (Blair et al., 1989; Kyle, Mora-
bia, Schutz, & Pitchard, 2004; Leon & Connett, 1991;
Rodriguez et al., 1994) and, (in)directly, also to social
(Tarlov, 1996) and economic problems (Ruhm, 2000).



The level of participation in physical/sport activities
in Slovenia is low, but the share of organized recrea-
tional activities increases on a yearly basis - in 2007
there were 45 organized recreational activities planned
to take place from March to October (as much as two
a day at different locations).

As people all around the world are more and more
aware of the negative effects of our contemporary (sed-
entary) lifestyle (Jeffery, 2001; Rzewnicky, 2003), organ-
ized physical/sport activities have been well attended for
several years now. The “Lake Taupo Cycle Challenge”
event was launched in 1977 and today it is one of the
biggest recreational sporting events in New Zealand - in
2006, 12.000 recreational cyclists pushed the pedals at
the 160 kilometre long one day event. In Australia, there
is the “Festival of Cycling” - active families challenge
people’s day at Albert Park. The aim of the festival,
which takes place in April, is to promote an annual day
of healthy participation for all families. Closer to Slove-
nia is the Dutch “Fietsvierdaagse” which consists of four
days of recreational cycling and offers daily tours of 30
to 100 kilometres which are attended in mass numbers,
by families and pensioners, in particular.

In 2005, a cycling event was launched in Slovenia
which represented a link between competitive and rec-
reational sport, namely the “Festival of Cycling,” which
took place conjointly with the “Franja Barcaffe Mara-
thon”, the latter being accompanied also by shorter
races (family and mountain bike race). As the event was
also attended by some foreign participants, it could be
ranked side by side with some other big sporting events
taking place in Slovenia and Europe. A two day recrea-
tion and active lifestyle promoting programme provid-
ed a cycling offer that corresponded to both sexes and
people of different ages and psychophysical abilities.
With a view to popularizing cycling and triggering mass
participation, the central motive of the event was to at-
tract people to take part in it and give full vent to their
abilities and potential, achieve goals, test themselves and
socialize. In light of such a diverse attending population,
we wanted to establish some characteristics of the peo-
ple who participate in organized cycling events.

TABLE 1
Classification of respondents according to age groups
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The main aim of this study is to find out age, gender
and educational level differences in randomly selected
cycling event participants in 2005 and 2006 and com-
pare it with the thesis that the most frequent partici-
pants in physical/sport activities are middle aged people
with college or higher education, who are active 2-3
times a week and assess their health status as being very
good.

METHODS

Participants

Altogether 261 randomly selected participants (in-
cluding 201 males) were included in the study, which
was conducted on two occasions. The measurements
were performed in two years (2005 and 2006). TABLE 1
shows the distribution of participants regarding their age
group and the year of the test. The participants were
grouped into six age groups for every decade of age.

Data collection

Using an anonymous questionnaire as a data col-
lection instrument, we have collected data for: basic
socio-demographic characteristics (gender, age, level of
education), sport activities (self perceived significance,
frequency of participation, forms and modes of physi-
cal/sport activities, participation in individual sports,
organization of physical/sport activity, participation in
sporting events), and assessment of health and amount
of income spent on recreation (appendix).

Data processing

All basic data manipulations were performed us-
ing Microsoft Excel (Microsoft Office 2003, Microsoft
Co., USA) and statistically analysed with the SPSS 12.0
(SPSS Inc., USA). Different variables (the significance
of physical/sport activity, frequency of participation in
physical/sport activity and self assessment of health
status) were used and correlations between them cal-
culated. We used Spearman’s rank coefficient (between
participation in physical/sport activities and age, be-

Age group
20 years and 21-30 years 31-40 years 41-50 years 51-60 years 61 years and Total
below above
2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
Male 20 12 40 22 18 38 9 25 2 9 1 5 90 111
F% | 222 | 10.8 | 444 | 19.8 | 20.0 | 342 | 10.0 | 22.5 2.2 8.1 1.1 4.5 | 100.0 | 100.0
Female 2 2 8 9 12 10 6 6 0 2 2 1 30 30
F% | 6.7 6.7 26.7 | 30.0 | 40.0 | 33.3 | 20.0 | 20.0 0 6.7 6.7 3.3 | 100.0 | 100.0
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tween physical/sport activities and age and between par-
ticipation in physical/sport activities and self-assessment
of health status) and Pearson’s chi-square for testing our
thesis. We tried to extract sufficient information from
the data to confirm our thesis and we expressed appro-
priate conclusions in terms as described below.

RESULTS AND DISCUSSION

In the pioneer year of the “Festival of Cycling”, 40%
of participants were aged between 21 and 30 and a quar-
ter of the participants were aged between 31 and 40
(TABLE 1). Among participants in the following year,
34% were between 31 and 40, 22% aged from 21 to 30
and 22% aged from 41 to 50. The participants aged over
61 represented the lowest share (3.4%). Our data cor-
respond to the data of cycling participation provided by
the Australian Sports Commission (2005) which show
that cycling is most popular with those in the 35-44
year age group and least popular with those 65 years
and over.

As ageing results not only in failing physical and
mental strength, but also in greater life experience,
sports programmes should be designed in such a man-
ner as to correspond to the needs and personal char-
acteristics of individuals as well as their social and eco-
nomic conditions.

The research carried out in 2002 on physical/sport
activity in the second half of the life of the Swiss pop-
ulation included over 9000 inhabitants aged over 50.
More than one third of the population failed to engage
in physical/sport activity on a sufficient basis (Meyer,
Rezny, & Stuck, 2005). The connection with our re-
search therefore exists, since the negative trend in the
lack of physical/sport activity exists. As it seems older
contestants were less active than younger ones - there
is a small but statistically significant negative correlation
(r=-0.268, p < 0.01) between frequency of participa-
tion in physical/sport activities and age.

It is well known that moderate forms of exercise
significantly contribute to both improvement of health
and longevity, if pursued over a longer period of time.
It has been proven that regular physical/sport activity

TABLE 2

preserves the health of people of all ages. As sport for
the third life period still lacks attention, professional
guidance and perfected programmes should aim at im-
proving this area, as well.

The coefficient indicates a small but statistically
significant negative correlation (r = -0.219, p < 0.01)
between the significance of physical/sport activities and
age - the higher the age of contestants was, the smaller
was the significance of physical/sport activities. There-
fore society does not consider sport to be a value in
and of itself, since sport activity most frequently serves
as a means of achieving general and particular social
goals. Participation in sport is motivated by social and
personal factors. The underlying social value of sport is
in that it can, as a special social activity, contribute sig-
nificantly to the balance between social and individual
needs and goals (TuSak & Bednarik, 2002).

Physical/sport activity was of high significance to
57% of the respondents interviewed in 2006 and to
46% of the respondents interviewed the previous year
(TABLE 4). They were mostly with secondary educa-
tion (57% in 2005 and 49% in 2006), followed by the
respondents with higher education (18% in 2005 and
15% in 2006) (TABLE 2).

More than half of the female respondents inter-
viewed in 2005 and 60% in 2006 participated in physi-
cal/sport activities 2-3 times a week. Almost 60% of the
male respondents interviewed in 2005 were active 4-6
times a week, while one year later 44% male respondents
were as active (TABLE 3).

We find these data satisfactory, considering that
half and slightly less than 40% of the respondents inter-
viewed in 2006 devoted to physical/sport activities 120
days and approximately 240 days a year, respectively.
These data are most likely the result of a varied sports
offer, further, of a lifestyle that incorporates physical
activity into everyday life, and of a great awareness of
the significance of exercise.

In 2004, the 15th study was carried out within the
framework of the target research programme “Competi-
tiveness of Slovenia 2001-2006” under the title “Physi-
cal/sport activity for health” and under the auspices of
the Science and Research Centre of Koper, University
of Primorska.

Classification of respondents according to education level

Educational level
Primary Vocational Secondary College Higher Other Total
2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
Male 11 12 7 16 54 53 5 13 12 14 1 3 90 111
F% | 12.2 | 10.8 7.8 144 | 60.0 | 47.7 5.6 11.7 13.3 12.6 1.1 2.7 | 100.0 | 100.0
0 0 1 1 14 16 4 6 10 7 1 0 30 30
Female
F% 0 0 3.3 3.3 46.7 | 53.3 13.3 | 20.0 | 33.3 | 23.3 3.3 0 100.0 | 100.0
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TABLE 3

Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1

Classification of respondents according to frequency of participation in physical/sport activity

Frequency of participation in physical/sport activity
Up to once a week 2-3 times a week 4-6 times a week Total
2005 2006 2005 2006 2005 2006 2005 2006
Male 8 13 29 49 53 49 90 111
F % 8.9 11.7 32.2 44.1 58.9 44.1 100.0 100.0
Female 8 6 16 18 6 6 30 30
F % 26.7 20.0 53.3 60.0 20.0 20.0 100.0 100.0
TABLE 4
Classification of respondents according to significance of physical/sport activity
Significance of participation in physical/sport activity
Poor Medium High Great Total
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
Male 1 3 26 31 44 63 19 14 90 111
F% 1.1 2.7 28.9 27.9 48.9 56.8 21.1 12.6 100.0 100.0
Female 0 0 9 10 11 17 10 3 30 30
F% 0 0 30.3 33.3 36.7 56.7 33.3 10.0 100.0 100.0

The interviews were conducted by the public opin-
ion and mass communication research centre within
the framework of the Research Institute, Faculty of
Social Sciences (2004/2), and within the framework
of the wider European social sciences research. 1442
individuals were interviewed, namely, 46% male and
54% female respondents aged between 15 and 95. As
regards the question of frequency of participation in
physical/sport activities and share of physically active
individuals, the majority of respondents, who came from
very diverse socio-demographic environments, partici-
pated in physical/sport activities on a more frequent and
regular basis. Inactive, occasionally active and regularly
active respondents were at an approximate ratio of 4:3:3
(Sila, 2005).

Within the framework of the project “Physical/sport
activity for health” (Zavrsnik et al., 2004), which was
carried out in 2003 and 2004, 34% of male and as much
as 43.5% of female respondents (out of a total of 749
respondents) declared that they did not participate in
sport activities in their leisure time whereas 21% of male
and 17% of female respondents declared they were physi-
cally active once a week, which results are similar to the
results of our research, which found that 13.5% were
active up to once a week in 2005 and 2006, respectively
(TABLE 3). One quarter of male and one quarter of
female respondents participated in physical/sport activ-
ity several times a week, according to the findings of the
project “Physical/sport activity for health”; our research,
however, obtained much better results (as already men-
tioned here above).

The following are the results obtained by three
French preventive medicine centres which, for research
purposes, have asked 3019 healthy adults (aged above
18) from diverse socio-demographic environments to
complete a questionnaire relating to leisure time activi-
ties, reasons for (non)participation in physical/sport
activities, frequency of participation in physical/sport
activities, the relationship between physical/sport activ-
ity and health, and level of stress: 44% of respondents
participated in physical/sport activities on a regular ba-
sis; almost 90% of them equated the said activities with
the sense of being healthy; following exercise, 33% felt
their energy level was greater and 25% felt they were
more relaxed (Perrin et al., 2002).

Recreational cyclists included in our research were
also asked to assess their health status (their own opin-
ion) (TABLE 5). Participants assessed their health as
good or very good in 83% (2005) and in 77% (2006),
while only 3% (2005) and 4% the following year claimed
that their health status is very poor or poor. There is also
a statistically significant positive relationship between
frequency of participation in physical/sport activities
and self assessment of health status in 2005 (r = 0.319,
p <0.01) and 2006 (r = 0.311, p < 0.01). That confirms
the fact that contestants who engage more in physical/
sport activities assess their health status higher. This
result relates to the above fact of frequent participation
in physical/sport activity, considering that it contributes
enormously to one’s well being. General health self as-
sessment provided by the cyclists who participated in
the above mentioned event is therefore rather positive
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TABLE 5
Classification of respondents according to self-assessment of health status
Self assessment of health status
Very poor or poor Satisfactory Good or very good Total
2005 2006 2005 2006 2005 2006 2005 2006
3 6 7 18 79 87 89 111
Male
F % 34 54 7.9 16.2 88.8 78.4 100.0 100.0
Female f 1 0 9 8 20 22 30 30
F% 3.3 0 30.0 26.7 66.7 73.3 100.0 100.0
TABLE 6
Classification of respondents according to frequency of participation in mass sporting events
Frequency of participation in mass sporting events
Very rarely Rarely Often Very often Total
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
Male 2 19 28 48 43 38 15 6 38 111
F% 2.3 17.1 31.8 43.2 48.9 34.2 17.0 5.4 100.0 100.0
Female 0 4 5 19 19 6 6 1 30 30
F% 0 13.3 16.7 63.3 63.3 20.0 20.0 3.3 100.0 100.0

as it testifies that they are well aware and conscious of
the fact that participation in physical/sport activities
constitutes a key element of quality lifestyle.

The most frequently listed among the physical/sport
activities in which the interviewed recreational cyclists
participate are two seasonal sports, namely cycling and
alpine skiing, which are followed by running and moun-
taineering.

The respondents most frequently participated in
cycling (113 answers), alpine skiing (47 answers), out-
door running (43 answers) and mountain climbing or
mountaineering (39 answers).

The following physical/sport activities comparable
with our results were presented within the framework of
the public opinion survey: Slovenians most frequently
exercise by walking (59%), swimming (29%), cycling
(26%), skiing (16%) and running (12%) (Sila, 2005).

Outdoor activities are evidently predominant ow-
ing to the fact that daily we spend too much time in
enclosed spaces, for which reason we want to spend as
much of our “leisure time” as possible outdoors. Many
people instinctively associate physical/sport activity
with the outdoors, which throughout the year offers
various forms of recreation in which more and more
people tend to participate despite the indoor trend. Ac-
cording to Cankar (2003), human corporality consti-
tutes a fundamental starting point of one’s connection
with nature. The feelings of connectedness are equally
accentuated in contact with nature. Family and other
social milieus, which increasingly fail to exercise their

functions, assume an especially important function in
our relationship with nature.

The research data attesting to increased participa-
tion in organized activities are positive.

In 2005, 52% of the festival participants often at-
tended mass sporting events (TABLE 6). Almost half of
the respondents interviewed the following year attended
similar events rarely. 18% of the respondents interviewed
in 2005 and only 5% of the respondents interviewed in
2006 declared that they attended mass sporting events
very often.

We can conclude on the basis of the data given in
TABLE 6 that there exists a visible trend in increased
participation in mass sporting events. Greater participa-
tion could possibly be triggered by greater media sup-
port (previous announcements, preparations for certain
physical/sport activities, introduction of new equipment,
and similar). Our research aims at encouraging the or-
ganizers of future physical/sporting events to devote
even greater attention to the preparatory organization
of events, adapt programmes to all age groups, and may-
be adapt to and cooperate with other similar events in
terms of contents (e.g. in the context of seasons).

Road cyclists dominated both years: 38% the first
year and almost 60% the following year. In 2005, 34%
of respondents opted for mountain biking and as little
as 10% in 2006. Further, 26% of the festival participants
opted for a combination of mountain biking and road
cycling in 2005 and 31% in 2006, while 56% of all re-
spondents are members of sport clubs.



12 Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1
TABLE 7
Classification of respondents according to the proportion of income given for recreation
Income given for recreation
Very small or small Medium High or very
2005 2006 2005 2006 2005 2006 2005 2006
Male 33 24 37 52 17 35 87 111
F% 37.9 21.6 42.5 46.8 19.5 31.5 100.0 100.0
Female 7 8 15 20 8 2 30 30
F% 23.3 26.7 50.0 66.7 26.7 6.7 100.0 100.0

We were also interested in the proportion of their
income that the participants in the said event devote to
physical/sport activities. The results have shown that
44% (2005) and 51% (2006) of respondents spend a
medium proportion of their income on recreation (TA-
BLE 7). In realistic terms, this is the most favourable
of answers, considering that the price of equipment is
relatively high and that, in addition to the payment of
requisites, participation in certain sports also requires
payment of membership fees, use of recreation grounds,
and the like.

Of the respondents, 21% (2005) and 26% (2006)
declared that they spend a very high or high proportion
of their income for physical/sport activities and 34%
(2005) and 23% (2006) of respondents declared that
they spend a very small or small proportion of their in-
come for recreation. The latter most likely participate in
seasonal physical/sport activities which do not require
additional expenditures (hiking, running, walking, swim-
ming, etc.); however, they nevertheless attend organized
events such as the “Festival of cycling”.We have found
that the Slovenian model of sport financing corresponds
to the European model. The data clearly show that the
majority of income is spent on membership fees and
sport courses. According to the revenues of sport as-
sociations, football (16%), as a sport discipline, is un-
doubtedly the most popular and is followed by skiing
and basketball (9%) and handball and mountaineering
(Meyer et al., 2005) which, however, are lagging far
behind. We have established that, in general, the total
sport expenditure amounts to 2.33% of Slovenian GDP,
a share that is greater than that of the majority of the
EU Member States (Retar, 2006).

CONCLUSION

Knowing the differences in characteristics of sport
event participants could help us to identify additional
factors that could encourage and motivate further partic-
ipation in sporting events or would attract newcomers.

As we found out, the most frequent participants in
physical/sport activities are middle aged people - the
questioned population aged over 51 attended events

(4%) and aged under 21 years (14%). For improving
this fact, routes and time limits should be adapted in
such a manner to suit respective age groups.

We find encouraging that the results attest to the
significance of physical/sport activity - more than half
of the respondents consider physical/sport activity to
be very important. Also encouraging is the data which
shows that 44% of the participants engage in physical/
sport activities 4-6 times a week.

There exists a link between sporting participation
and quality of life (or well being) which in recent years
started to constitute one of the principal values of so-
ciety. Although development (or “progress”) brought
sedentariness to society, physical/sport activity has
become extremely popular and important for the life
of individuals and, consequently, society as a whole.
Participation in physical/sport activities has a positive
impact on aspects of quality of life as it relates to social
inclusion, which brings well being, expressed as satis-
faction with life as a whole, and social well being, too.

That is why it would be reasonable to base sporting
events on the motivation, in particular, of the popula-
tion aged over 50 and, as we have found that the share
of female cyclists is lower than the share of those at-
tending similar events abroad, it would be reasonable if
the media focused more strongly on them in terms of
recreational cycling.

The most crucial is the awareness of the fact that
all forms of exercise contribute significantly to both the
improvement and preservation of health and longevity if
pursued over a longer period of time. The types of exer-
cise that people find most attractive, that they can most
easily include in their everyday life and that correspond
to their physical abilities, age and health status should
constitute the contents of such physical/sport activity as
would ensure an adequate, healthy and active lifestyle.

REFERENCES

Australian Sports Commission. (2005). Participation in
exercise, recreation and sport survey 2004: Annual re-
port. Standing Committee on Recreation and Sport.



Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1

Blair, S. N., Kohl, H. W. III, Paffenbarger, R. S. Jr.,
Clark, D. G., Cooper, K. H., & Gibbons, L. W.
(1989). Physical fitness and all cause mortality.
A prospective study of healthy men and women.
Journal of the American Medical Association, 262,
2395-2401.

Cankar, F. (2003). Odnos med ¢lovekom in naravo -
perspektiva pedagogike Sporta. In Filozofija Sporta
(pp. 61-64). Ljubljana: Fakulteta za Sport, InStitut
za Sport.

Carnall, D. (2000). Cycling and health promotion. A safer,
slower urban road environment is the key. Retrieved
13.5. 2009 from the World Wide Web: http://www.
bmyj.com/cgi/content/extract/320/7239/888

Cavill, N., Kahlmeier, S., & Racioppi, F. (2006). Physi-
cal activity and health in Europe: Evidence for action.
Copenhagen: WHO Regional Office for Europe.

Dixon, W. A., Mauzey, E. D., & Hall, C. R. (2003).
Physical activity and exercise: Implications for coun-
selors. Journal of Counseling and Development, 81(4),
502-505.

Fox, K. R. (1999). The influence of physical activity
on mental well being. Public Health Nutrition, 2(3a),
411-418.

Jeffery, R. W. (2001). Public health strategies for obe-
sity treatment and prevention. American Journal of
Health Behaviour, 25, 252-259.

Kyle, U. G., Morabia, A., Schutz, Y., & Pichard, C.
(2004). Sedentarism affects body fat mass index and
fat free mass index in adults aged 18 to 98 years.
Nutrition, 20(3), 255-260.

Leon, A. S., & Connett, J. (1991). Physical activity and
10.5 year mortality in the Multiple Risk Factor In-
tervention Trial (MRFIT). International Journal of
Epidemiology, 20, 690-697.

Meyer, K., Rezny, L., & Stuck, A. E. (2005). Physical
activity in the second half of life - current situati-
on in Switzerland. Journal of Public Health, 13(4),
179-184.

Milosevi¢, V. (1999). Rekreativno kolesarjenje kot sestav-
ni del sportno-turisticne ponudbe v Sloveniji. Diploma
thesis, University of Ljubljana, Faculty of sport,
Ljubljana.

13

Perrin, C., Ferron, C., Gueguen, R., & Deschamps, J.
(2002). Lifestyle patterns concerning sports and
physical activity, and perceptions of health. Social
and Preventive Medicine, 47(3), 162-171.

Retar, 1. (2006). Uspesno upraviljanje Sportnih organizacij.
Koper: Univerza na Primorskem, Znanstveno-razis-
kovalno srediSce, InStitut za kinezioloSke raziskave,
ZaloZba Annales.

Rodriguez, B. L., Curb, J. D., Burchfiel, C. M., Abbott,
R. D., Petrovitch, H., Masaki, K., & Chiu, D. (1994).
Physical activity and 23 year incidence of coronary
heart disease morbidity and mortality among middle
aged men: The Honolulu heart program. Circulation,
89, 2540-2544.

Ropret, B., & Tomc, 1. (1989). Kolesarjenje. Ljubljana:
ZTKO in TKS Slovenije.

Ruhm, C. J. (2000). Are recessions good for your heal-
th? Quarterly Journal of Economics, 115(2), 617-650.

Rzewnicky, R. (2003). Health enhancing physical activi-
ty. Measurement and determinants of daily activity at
home, work, travel, and leisure. Leuven: KU Leuven.

Sila, B. (2005). Sportnorekreativna dejavnost odraslih
prebivalcev Slovenije. In Strokovni posvet Gibanje za
zdravje odraslih - stanje problemi, podporna okolja
(pp. 29-34). Ljubljana: InStitut za varovanje zdravja
Republike Slovenije.

Tarlov, A. R. (1996). Social determinants of health. In
D. Blane, E. Brunner, & R. Wilkinson (Eds.), Health
and Social Organization (pp. 71-93). London, New
York: Routledge.

Tusak, M., & Bednarik, J. (2002). Nekateri psiholoski,
socialni in ekonomski vidiki sporta v Sloveniji. Ljubl-
jana: Univerza v Ljubljani.

Vehar, S. (1996). Kolesarski prirocnik. Ljubljana: Cirrus
design.

Zavrsnik, J., Pisot, R., Zerjal, 1., & Zurc, J. (2004).
Gibalno/Sportna aktivnost za zdravje: Vmesno poro-
Cilo o rezultatih opraviljenega raziskovalnega dela na

projektu v okviru ciljnega raziskovalnega programa
(CRP) “Konkurencnost Slovenije 2001-2006". Koper:
Univerza na Primorskem, Znanstveno-raziskovalno
sredisce.



14 Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1

Appendix
Questionnaire - festival of cycling

Sexx M F

Age
Educational level:
Primary education
Vocational education
Secondary education
College

Higher education, College
Other

Significance of physical/sport activities in life:
Zero

Poor

Medium

High

Great

How often do you participate in physical/sport activities?
few times a year

1-3 times per month

once per week

2-3 times per week

4-6 times per week

How would you assess your health?
Very poor

Poor

Satisfactory

Good

Very good

Name the sports you engage in most frequently
How many days you approximately engage in it?

Do you do it organised or not?

Do you do them alone, with friends, with your family or with the club?

How often do you participate in mass sporting events?
Very rarely

Rarely

Often

Very often

Do you prefer road cycling or mountain biking?

What is the proportion of income given for physical/sport activities?
Very small

Small

Medium

High

Very high
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ROZDILY V CHARAKTERISTICE UCASTNIKU
CYKLISTICKYCH AKCI VE SLOVINSKU
V LETECH 2005 A 2006
(Souhrn anglického textu)

Hlavnim cilem této studie je nalézt urcité charakte-
ristiky nahodné vybranych ucastnik cyklistickych akci
v letech 2005 a 2006. Dvoudenni rekreac¢ni akce na pod-
poru aktivniho Zivotniho stylu poskytovala mozZnost cyk-
listického vyziti pro osoby obou pohlavi, rizného véku
a riznych psychickych a fyzickych schopnosti. Nahodné
vybrani rekreacni cyklisté (261) byli pozadani, aby vypl-
nili anonymni dotaznik. Vysledky ukazuji malou, avSak
statisticky vyznamnou negativni korelaci (r = -0,268,
p <0,01) mezi frekvenci zapojeni do pohybovych/spor-
tovnich aktivit a vékem. Témér 50 % ucastnikd v roce
2005 bylo aktivnich 4-6 x tydné a v nasledujicim roce to
bylo 39 % soutézicich. Je zde také statisticky vyznamny
pozitivni vztah mezi frekvenci zapojeni do pohybovych/
sportovnich aktivit a subjektivnim hodnocenim zdravot-
niho stavu v roce 2005 (r = 0,319, p < 0,01) a 2006
(r=0,311, p < 0,01). Ucastnici hodnotili sviij zdravotni
stav jako dobry ¢i velmi dobry v 83 % (v roce 2005)
av 77 % (vroce 2006). Koeficient také vyjadiuje ma-
lou, avSak statisticky vyznamnou negativni korelaci
(r=-0,219, p <0,01) mezi dilezitosti pohybovych/spor-
tovnich aktivit a vé€kem.

Znalost nékterych charakteristik rekrea¢nich cyk-
listd maze prispét ke zlepSeni masovych cyklistickych
(i jinych) akci a zaroven také k vyvoji cykloturistiky
ve Slovinsku, které ma pro tyto aktivity skvélé pfirodni
podminky.

Klicova slova: cyklistika, pohybovd/sportovni aktivita, pod-
pora zdravi, festival cyklistiky.
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The article aims to suggest how a Gestalt therapy (GT) framework can be applied in sport psychology consultations
and research. An explanation of GT’s theoretical basis (Perls, Hefferline, & Gododman, 2004) and its three pillars
(the field theory, phenomenology and the existential dialogue) is followed by a concrete example of its application in
a particular performance analysis of a selected youthful orienteer. It is expected that this runner can get a restructured
view of her strengths and weaknesses by acknowledging and becoming aware of her actions in successful as well as in
failed performances. Since the research topic is relevant and significant only for athletes with the specified experience,
a focussed sample has been drawn (Giorgi, 2005; Stake, 2005). In this article, the selected participant is an elite level
16 year old female orienteer who has reached medal positions in national and international competitions. Following
GT principles (the field theory, phenomenology, a horizontal level of work in existential dialogue), a phenomenological
interview (Pollio, Henley, & Thompson, 1997) was conducted. This case study shows that GT techniques assist the
orienteer in benefitting from experience she gained through both successful as well as failed performances. The run-
ner spotted discrepancies between them and figured out that “a step by step” navigation (secure attack points) would
support her performance. Importantly, it was the runner who became aware of how she influences her performance in
a positive as well as in a negative way, regardless of the fact that she used to be taught such a strategy before. Instead
of getting advice from coaches, the runner formulated it herself. The crucial contribution of Gestalt therapy principles
application to sports consists of encouraging athletes to take their own initiative, acknowledge and fully realize the
relationship between actions and performance outcome, thereby getting the chance to participate actively and accept
the responsibility for their development. Additional investigation is needed in order to estimate the contribution of the
Gestalt approach to different age groups and at various performance levels. Further research might also be directed
towards applying Gestalt coaching principles, used in organizations, in working with team sports.

Keywords: Gestalt therapy, performance analysis, awareness, orienteering, young athletes.

INTRODUCTION

Sport psychologists have increasingly become in-
terested in the experience of athletes during the past
ten years. Dale (1994, 1996, 2000) emphasizes the role
of athletes’ experience in sport psychology research as
a way to improve performance, because it provides ath-
letes with insight into experience where they have han-
dled a difficult situation, or acknowledges how a mistake
occurs. The tendency to focus on experience is also ech-
oed in Gestalt therapy (GT). GT focuses on a person’s
own experience and presumes that becoming aware of
one’s own functioning in the organismic/environmen-
tal field can support personal growth, development and
fulfillment of one’s potential (Perls, Hefferline, & Good-
man, 2004). Therefore, this paper aims to introduce the
basis of the GT theoretical concept, suggest its applica-
tion in the field of sport psychology and present some
practical examples arising from exploring one selected
athlete’s experience.

The researcher’s personal experience of orienteer-
ing and GT training facilitates the application of GT
principles in a performance analysis in a case study of
one female orienteer, described in this article. This 16
year old runner participated in a dialogue in which she
explored her experience of both good and bad perform-
ances. Evaluation of which performance is good or bad
was done subjectively according to the runner’s opinion.

A THEORETICAL FRAMEWORK

Gestalt therapy is a phenomenological-existential
approach to personal development and growth. As pre-
sented by its founders Perls, Hefferline and Goodman
(2004), it offers a framework to advance and develop
any part of human life. By exploring the individual’s
complex functioning in context, the Gestalt perspec-
tive provides a system capable of surpassing problem
resolution and of achieving full potential and joy in life
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(Barrett, 1997). Unlike other psychological approaches,
Gestalt theoretical psychology and therapy aims to un-
derstand and expand the health and freedom of actions
in all kinds of situations people encounter in their lives,
as opposed to focussing only on pathology and its treat-
ment. Moreover, Gestalt recognizes the inborn drive of
all human beings towards health and growth (Anders-
son, 2008). Changes in direction are realized through
awareness. When considering this, it is presumed that
the holistic Gestalt theoretical perspective, including
Gestalt therapy, can be beneficial to athletes in order
for them to learn more about their performances and
themselves and move towards prowess in their sport as
well as fulfillment in other areas of their lives.

In this study, the theoretical basis of Gestalt theoreti-
cal psychology and Gestalt therapy are adopted - espe-
cially its field theory, phenomenology and existential
dialogue (Perls, Hefferline, & Goodman, 2004) - in
order to explore this runners’ experience with success-
ful and failed performances chosen subjectively by the
runner. Moreover, it gives full respect to the individual
and her phenomenology and aims to find areas of this
athlete’s growth through awareness supported by hori-
zontal work in existential dialogue. Further, general
conclusions will be suggested based on this one case.

The field theory

According to the field theory, the field is a whole
in which all the parts relate and are responsive to each
other. Every single part is under the influence of oc-
currences which happen elsewhere in the field (Yontef,
1993). An individual and his/her environment in the
broadest sense is contained by the field. In GT, thera-
pists work with here and now, the current state of the
field, also encompassing remains of the past and serv-
ing as the starting line for the future. It means that all
aspects of the field are potentially important at any
moment and a person through his/her phenomenol-
ogy determines what becomes figural and what stays in
the indifferent background. In other words, it is the
person who defines the field and it is possible to under-
stand its meaning only when we know the observer’s
viewpoint and circumstances. Therefore, a descriptive
approach and observation appear to be the most power-
ful tools when we attempt to understand the structure
of the studied phenomenon (the athlete’s experience).

Similarly, this study views the athlete as a whole and
in mutual interaction with the surrounding environment.
All parts of her field interact continuously and are con-
nected. The athlete influences the field and is formed
by interactions with it as well. Even though it is not
possible to separate the athlete and the field, there is
a contact border - a space where contact processes be-
tween the athlete and the field are held. In this space,
the athlete develops her specific ways of behavior as
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a reaction to interactions with the outside world. An
understanding of these contact processes and of the
athlete’s perception and reactions can highlight areas of
further personal growth. In other words, if the athlete
understands how she actively forms and lives this con-
tact, identifies and fulfills her needs, she has the chance
to explore and fulfill her potential.

Phenomenology

Phenomenology and Gestalt have the same goal “to
study multiple possibilities of the field or situation in the
way how people, who continuously interchange the field,
experience it subjectively” (Mackewn, 2004, 71). The
goal of Gestalt phenomenological exploration is aware-
ness, insight and clear understanding of situation by the
client. It is presumed that one objective reality does not
exist and we can only be opened to various subjective
interpretations of reality. According to Resnick (Resnick
& Parlett, 1995, 3), the way “how people choose, organ-
ize, and contribute to the construction of what becomes
figural for them and what background(s) they bring to
bear, is critical. In other words, Yontef (1993) agrees
that it is crucial how a person becomes aware and what
the process of becoming aware is. Moreover, aware-
ness is not possible without a systematical exploration.
Awareness has sensory, affective and cognitive facets -
it incorporates sensation, thinking and feelings. To be
fully aware means that “you know what you do, how you
do it, that there are alternatives, and that you choose to
do what you do and are the way you are” (Andersson,
2008, 2). A person feels that he/she is in control of
and responsible for his/her own feelings, choices and
behavior. Therefore, awareness represents the primary
goal of exploration in Gestalt therapy.

Each person creates his/her own subjective meaning
of the experience and in the phenomenological explora-
tion he/she learns how to become aware of awareness.
Transferred to the sport environment, e.g. training, can
be effective only when it respects the specificity of each
individual and his/her phenomenology. Also mental
training cannot be started without detailed information
about the athlete’s way of organizing his/her percep-
tion and experience in practice and competitions and
becoming aware of his/her functioning in the organis-
mic/environmental field. During training, athletes learn
how to manage their tasks, even though they do not
have to be aware of the concrete actions they are tak-
ing. Similarly, athletes adopt their styles of failing, also
mostly without understanding the process itself. There
are many ways of task solution in sports. Athletes learn
to use those which serve as a creative adaptation (Perls,
Hefferline, & Goodman, 2004) to manage the goal. On
the other hand, athletes get into difficulties when it be-
comes a stereotyped strategy and is used in all kinds
of situations and cannot be changed flexibly according
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to the present settings. It becomes a rigid action, not
a choice. The first step towards free choice leads through
deeper awareness of what happens at the contact border
when the athlete manages or fails and how it serves the
athletes needs and goals and fulfills his/her potential as
an athlete and as a person as well.

The existential dialogue

In GT, the existential dialogue is a means of aware-
ness development, learning, problem solving and self
growth. Relationship grows out of contact (Yontef,
1993). This represents a core concept of Gestalt psy-
chotherapy (Mackewn, 2004). The relationship between
the therapist and the client provides space to study the
ways how the client creates his/her perception in some
stereotyped way and thereby prevents himself/herself
from personal growth. Therefore the quality of the re-
lationship is crucial. The contact is a process and is
experienced as a boundary between me and not me.
The boundary separates me and not me and at the same
time represents a space for connections between them
(A. Polak, unpublished lecture). In this boundary space,
a person can experience contact with not me aspects of
the field while preserving his/her own identity. There-
fore, a person needs support in order to be able to enter
and experience the dynamic of contact and withdrawal.

From the Gestalt therapy point of view, people are
their own best experts on themselves and on what is
best for them. Since they survive in the world, they have
managed creative adaptation at certain periods of their
lives and learnt to overcome problems. However, once
such a behavior or perception becomes stereotyped,
it limits the person from full contact with reality and
reduces support for self standing decisions and free
choice. In therapy, by engaging in dialogue, they can
move towards the desired change with full responsibil-
ity. In other words, the therapist refuses to be the agent
of the change; however he/she helps the person to find
new ways and possibilities to change what they are not
satisfied with. It is the person who makes the change.

Similarly, the approach of the researcher in this
study is inspired by a horizontal level of work in the
existential dialogue and the function of the contact and
withdrawal. The basis for such a contact lies in accept-
ance, authenticity, common language and self responsi-
bility (Perls, Hefferline, & Goodman, 2004). It requires
respect for two different phenomenologies - those of
the athlete and the researcher. Klajnscek (1997, 445-
446) is probably the only coach who has applied the
Gestalt approach in his work with a karate competitor,
and described that “his attitude towards the competitor
is personal, on an experimental level. He is trained to
enter the phenomenological world of this competitor to
experience his point of view and his opinions together
with him”. Moreover, this requires a close and personal
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contact and a constant focus on the competitor’s here
and now. Contrary to a traditional top down approach,
such a coach attempts to have the competitor direct his/
her training himself/herself as much as possible and
take responsibility. At the same time, the coach also has
to be self confident, trained and has to accept an active
and creative role in training adaptation and planning.

With regard to the fact that an athlete is the best
expert on himself/herself and knows the most suitable
way of development in his/her sport, it is supposed that
he/she can move towards his/her potential when he/
she becomes involved in the exploration of patterns
through which he/she actively creates his/her function-
ing in training and competitions. In terms of the field
theory, participation in sport is an inseparable part of
the organismic/environmental field with a direct contact
at the contact border. This is closely connected with
the paradoxical theory of change. Even though Fred-
eric Perls did not explicitly delineate this theory, he is
considered to be its author since it underlies most of his
work and the Gestalt techniques he developed. It was
Beisser (1970, 77) who wrote the most referenced article
about this phenomenon, named it the paradoxical theory
of change and defined “that change occurs when one be-
comes what he is, not when he tries to become what he
is not“, which also means that “change can occur when
the patient abandons, at least for the moment, what he
would like to become and attempts to be what he is”.
Put simply, no one else can directly change the person
passively. Help is attainable only through contact with
the present situation. It is only possible to find a way
towards the intended change when the person is aware
of the present position and settings and then he/she is
able to move further.

Contrary to analytical approaches, the Gestalt thera-
pist refuses the role of “the changer” (Perls, Hefferline,
& Goodman, 2004). “The premise is that one must
stand in one place in order to have a firm footing to
move on and that it is difficult or impossible to move
without that footing” (Beisser, 1970, 77). The therapist
encourages the client to be where and what he/she is.
The main goal of Gestalt therapy is to elaborate the
client’s awareness as means which enlarges the scale of
the client’s possible reactions and strengthens his/her
flexibility (Mackewn, 2004). Similarly, Yontef (1993)
states that in GT the person learns to use his/her inter-
nal and external sense to become self responsible and
self supportive by the process of awareness.

SAMPLING AND METHODS

The presented data describes one case which is also
a part of a doctoral thesis about youth orienteers (n = 8).
Since the research topic is relevant and significant only
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for people with this specified experience, a focussed
sample was drawn (Giorgi, 2005; Stake, 2005). Permis-
sion to conduct this research was given by the Ethical
Committee of the Faculty of Physical Cultural (email
communication, March 21, 2007). The participant
(female, age 16) and her parents signed an informed
consent statement following the requirements of ethical
principles and the code of conduct (American Psycho-
logical Association, 2002). The data was collected by
means of Phenomenological Interview (Pollio, Henley,
& Thompson, 1997) and IAW GT principles (the field
theory, phenomenology and existential dialogue).

The described case presents a 16 year old elite level
female orienteer who placed among the top five in the
national ranking for 2006 and 2007 and has experience
with international competitions.

PRACTICAL EXAMPLES OF GT PRINCIPLES IN
A PERFORMANCE ANALYSIS

The author of this article used her own experience
with orienteering and her GT training and attempted
to apply Gestalt therapy principles in post competition
analysis with an orienteer. They focused on the orien-
teers’ experience with her successful and failed perform-
ances as she evaluated them subjectively.

In this case study, the athlete and the researcher
explored relations between the athlete and her environ-
ment - how the athlete handles practices and competi-
tions (or their parts) to satisfy her needs and how the
sport influences her back. They searched for the ath-
lete’s self support in order to help her to be in charge
of changes leading towards fulfilling her personal and
athletic potential. The focus was put on the process.
In general, an athlete becomes aware of his/her reac-
tions and emotions and learns to understand them in
the context of the given sport and the broader environ-
ment. Moreover, according to the paradoxical theory
of change (Beisser, 1970), if the athlete finds these re-
actions and emotions inefficient, he/she has the pos-
sibility to acquire more effective ones. In other words,
acknowledgement of the present state of perception and
experiencing is the only way to change what a person
is dissatisfied with.

In the existential-phenomenological dialogue, maps
with drawn route choices were used to help the run-
ner to recall situations in competitions. Contrary to the
usual post competition analyses, they focused on failed
as well as on flawless performances in order to capture
all aspects of the organismic/environmental field.

Trying to keep a horizontal plane in the existential
dialogue, the researcher made every effort to stay on the
level of the runner’s experience without imposing her
experience with orienteering; however, she shared her
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experience and ideas in the dialogue when she consid-
ered them as contributing.

In order to show the strategy based on Gestalt princi-
ples and its use in performance analysis in orienteering,
examples from the dialogue follow:

Note: researcher’s quotes are written in underlined
italics, participant’s quotes are written in izalics.

e Exploration of runner’s previous experience:

Do you analvze maps with your coaches? Have you found
out something by doing so?”

“We kind of don't analyze it. We always... I just make some
mistakes and don'’t know about more analyzing. I always
know how I made that mistake.”

Here, it was revealed that only performances with
mistakes were considered to deserve some more atten-
tion. At the beginning, the researcher had to help the
runner to overcome the feeling that it is not worth talk-
ing about her good performances because she felt it hap-
pened without her contribution. Therefore, they focused
on small concrete parts of successful races.

e Exploration of how she managed to find some
control points without mistakes in her successful
performances:

‘And how did you do it that you found this control point
just fine?”

“..that I went to the path, around this (pointing on the
map), that I could see this and I knew that the control
point would be here. From this one I set my direction and
this was visible so much that you'd recognize it easily and
I followed the direction...and this control point - I run
down here perfectly, to the path, over this and towards this.”
(..)

“..try to describe this race further.”

‘Afterwards I went down, on the path and knew that I had
to climb up here and along the meadow and then I saw
the control point. So I found it ok.”

‘I see. Can you continue?”

After that I set the direction, that I couldn’t run too much
down because then I'd have to go up again... so I had my
bearings, but didn’t know precisely where to but I followed
the direction and knew that these trees would stop me. So
1 knew exactly that I'm passing these two valleys and here
1 knew perfectly where I was. Then here I knew that I was
by these trees here.”

‘I see.”

And also up here I knew it very well. I didn't plan to see
this but it was just there so I checked it with the map and
it was there... Then I ran and ran and so this tree and the
control point just popped up in front of me.”

“Hmm. Does this mean that you didn't focus at all?”
“No,... I had an idea.”

“Did you enjoy that?”

“Yes, very much, the whole race!”

“How did you feel before the start of this race?”
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“Well, I looked forward to it. I felt at ease, completely. Not
that I'd prepared too much that I'd have to run excellently,
not that...”

e Enhancing awareness:

‘And this control - I just went towards the tree and it was
visible.”

“What did you follow, then?”

“This was a bigger valley and I held the bearing and ran
this direction and saw this tree.”

It occurred many times throughout the interview
that the runner remarked some control point as having
been easy and well visible and did not feel that she had
done certain steps in order to nail it so precisely. How-
ever, when she was asked what she followed to find it,
she always reported properly planned attack points and/
or directions and felt herself to be in full control over
the leg (a leg = the space between two control points).

e Checking her experience and leading her to
deeper awareness:

“Here I just went... I needed to get here and start to read
the map, so I got there and got to this control point. I was
lucky to find it.”

“«

Only lucky?
“Ehm, I had the direction, a rough direction, I didn’t know

I was going to find it.”
“Could you have done it differently?”
“Set the bearing turning the wheel precisely, look and run
there following the compass.”
“What made you not do it in that way?”
“I just decided differently. It seemed to be unnecessary,
1 though that Id just find it somehow and I was lucky.”
“Does this mean that when this appears - L'll find it some-
how - you need to be lucky as well?”

“Yes, I guess so.”

e Giving an opportunity to realize how losing focus
and refocusing occur:

“..when I know that I'm on the right path and I find the
control point, I don’t think about it, I just know that I'm
right. But when I have an idea that it’s wrong, and a couple
of times it happened that I felt that it was wrong, but it
was right...”

‘According to me, it sounds like a matter of balancing the
speed of running and the speed of map reading.” (Reflec-
tion of the researcher’s idea.)

“Yes, I think so.

"And it also seems to me that it doesn't fit sometimes.”
"Yes, that's right. Or more like that I think about some-
thing else and run without paying attention to the map so
much... that I don't notice a crossing and continue running.
And then I can't see this on the map because I don’t expect
it to come.”

“Do you use some tricks to get back to your map?” (Explo-
ration of her strategy.)
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“Yes, I have some. That I run and must tell myself - well
this point, after this one I have to get to this feature and
soon.”

“Does this keep you attention focused?”

“Definitely, it does. It makes me know that this feature is
coming and this one does afterwards. And then it just has
to be there.”

“What do you do when you don't see the expected feature?”
(Exploration of polarities which leads to new discovery.)
“But it is there - almost always! Because when I want it,
it is there.”

e Getting to new awareness through reflecting and
reformulating:

“So vou didn't try to relocate in the map. What did you
do instead?

“When I'm thinking about it now, I rather continue run-
ning in order not to lose than to look and look for some-
thing, because it takes time.”

“I wonder if it doesn't take time when you continue run-
“I don't think so because I may be at the right place.”

I see.” (Pause.)

“Because for example I don’t know yet that I've got lost.”

“Is there some sense that something is not alright?”

“Yes, there is. But I can say that when I do it like this, even
though when I sense it, sometimes it’s right and I find the
control point.”

“Well.”

“That’s like that I'm waiting till then and that's why I make
those huge mistakes.”

‘[ see... Have you ever realized this?”

“No, not at all.”

“It makes sense to me.”

“Because when I make a mistake, I know it intuitively at
the beginning.”

“Do you mean that you can recognize the beginning of the
mistake by some kind of intuition?”

“Yes, it kind of doesn’t match there a bit. But I tell myself:
ehm, it doesn't fit, it doesn’t have to, maybe the map... and
1 just think that something fits approximately and that’s
why I might be right. So I wait a bit longer and sometimes
it happened that I found the control point at that moment.
So I wait even longer and start to look for it and then I find
out... when 1 find out that I'm completely wrong, then it’s
been quite a while.”

e Exploration of catching her refocus after she
made a mistake and comparison with other suc-
cessful performances:

“That I told myself - you'd screwed up now and you'd find
the next one clearly, so you have to follow those points.
So now, when we are talking, I know that I'll follow these
features.”

«

Is that right?”
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“Of course. Because it's a way of finding a control point.
This may work.”
“Did you do it this way now at the Saturday's competition?
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the shift occurred (she looked at the next control point).
It shifted because of this.”
“Because of that girl?”

"But I've figured it out just now at this very moment that
I'll follow the points! So far this fall, I ve been running so...
that it went just by itself. I didn't have to think too much
about it.”

“Can you show me which competition, for example?”
“For example this one... I didn’t think about it so much as
before and it just went fine... I just knew that I'll go there
and there.”

“Can you describe it?”

“Well, that I knew I had to go there. And then I saw this
path, so it was possible to run around. Then I found out it
was much better to run this way. So I got there, followed
the path up to this, down, along this tree... all the way down
and I found the control point beautifully...”

“[ see.”

“But I really didn’t think about where to go.”

“«

OK. you didnt.”
“No.”

“That what you've just described now didn’t seem to me to
be ‘not thinking’”

“Maybe in the forest. But not like that Id focused especially
that now I'll go to this...”

“What did you focus on then at this place? (Pointing to
the place on the map.) What you were gonna do in the
evening?”

“No, not at all. But like, that now I'll go to this, this, this
and this. That'’s what I focused on there but it went just by
itself. Do you understand?”

“What does it mean for you that ‘it went by itself”?”

“It means that I didn't have to think and it went fine in this
race, I didn’t have to tune in.”

“How did you feel? Were you tuned in?”

“Yes, I was.”

“It seems to me that you did what was needed without
pushing yourselfinto it.”

“Yes.”

e A deeper exploration of the situation when the
runner meets an opponent in the forest:

“I don’t know, it usually happens when I read the map to
the next control point in advance. So I just can’t plan the
next one, otherwise I shift.”

“I see.”

“But here it wasn't that case... I don’t know why. I just was
here but thought that I was here and was looking for this
control point.”

“Well, when you turned from this road, what did you start
with? I mean in your mind.”

“Oh, now I know, from this path I wanted to go in between
this and this all the way down to this small valley. But
I caught some girl - and thought that she must also go
there. So I looked at the map to find out where I was, but

“Yes that I got stuck here. I was heading the right direction,
but I saw she was looking for something there as well, so
I wanted to check the map once again but I moved my

finger...”

e The researcher offers her phenomenology as a de-
scription:

“Well, vou are looking at the map.”

“Yes, I do but here it was a kind of a blackout, I don'’t
know. I'd usually run around and the path to the control
point.”

“ just have an idea but I don't know if it is right. That this
control point, when you started to be little bit insecure,
so you wanted to speed up afterwards and that’s why you
checked the next route choice quite shortly to consider pos-
sibilities. You just thought that it’s clear.”

“Yes, I think that it might have been that way.”

When the researcher wants to test her hypothesis, it
is allowed to bring it into the dialogue. However, it has
to be stated as an idea of the researcher in a descriptive
manner, so the runner has the possibility to refuse it.
Even if the runner does not accept it, it can bring up
some other association and deepen awareness.

e Exploring her experience in successful races in
order to enhance her awareness of her contribu-
tion.

“How do you feel when it goes fine?”

“When I enjoy the race, I don't have to even think about
it. Everything just pops up itself as it should, I do the right
steps without even thinking about them, so as...”

“Well, how does it happen then? How do you do it that it
pops up?”

“Well, probably that I even... when I'm at some place that
1 tell myself that now I'll get there, over the valley, there
will be this... I make sure that I'm there, take another path,
then, for example, take off and follow one direction up to
something and get there following the landmarks.”

“For me, it sounds like you participate very actively and
make choices.”

“That’s right, I create it. But I don't think about how
1 should be doing that.”

“Oh, I see.”

“That’s what it'’s about!”

“I wonder what makes you do it this way.”

“Well, now, to run the race well, I'd do it in this way - I'll
tell myself those points where to go. I'll be making sure
that they are there and that I'll find control points. I don't
have to be afraid of getting lost because I'll know where
I am at every moment.”

“Has this been your tactic?”

“No, I've just created it. I've just found out how to do it.”
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We tried to use her newly gained awareness of tactics
in the preparation for the next race. It was a national
championship. Even though it was one of the most
important races of the year, she suggested using this,
seemingly simple, “step by step” tactic there. She felt
very self confident and sure that it would help her to
perform at her best.

The “step by step” strategy is shown on Fig. 1. As
mentioned before, flawless legs and competitions were
usually omitted from post competition analyses with her
coach. The whole focus was mostly directed towards
failed races and she got advice about how to avoid such
a mistake next time. However, in the dialogue with the
researcher, she was encouraged to describe her good
performances thoroughly as well.

When talking with the researcher, the runner was
encouraged to describe her strategy on many good legs
and route choices in order to formulate her routines. On
the other hand, she described also the competitions in
which she failed. The runner herself spotted discrepan-
cies between them and figured out what kind of navi-
gation tactic works for her. The researcher suggested
that the runner can draw single landmarks directly onto
maps with successful route choices (Fig. 1). She made
a new discovery about what helps her to find control
points flawlessly. Moreover, considering the stress induc-
ing situation (e.g. at important races), she said that she
“can perform well only when I follow this. I must follow
attack points”. Once she has become aware of this, she
reported that she feels calmer and more self confident
before races because her strategy is clear and she knows
what to do. She has a trustworthy plan to follow. It has
to be said that her coaches had been teaching her this
strategy for a long time; however, now she felt that she
had made a new discovery.

Even though she had not been asked to report her
performance on the next competition to the researcher,
she sent an email spontaneously and wrote that during
our meeting, I realized how I should run in the forest and
now at the weekend I tried it and it really worked. We came
to the conclusion that I should run from a point to a point
(step by step). When I said this to my coaches, they smiled
and asked if I'd ever listened to them when they were giving
me advice. I think that it was because you made me find it
out myself.” She won this important race. Such spontane-
ous feedback from the runner underlines the importance
of one’s own experience for performance enhancement.

In conclusion, this orienteer sometimes struggles
with bigger mistakes (usually for at least some minutes),
particularly in national and international level competi-
tions; however, she manages to complete flawless races
as well. Before the exploration based on Gestalt prin-
ciples, this orienteer understood why she made some
mistakes, but she was not able to describe how she man-
aged to orient precisely. Since she had an opportunity to
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describe and share her experience with failed as well as
successful performances and compare them in the dia-
logue with the researcher, she enhanced her awareness
of the process and her experience. Based on new find-
ings, her self support was fostered and she got actively
involved in the application of the new strategy in the
next competition. This does not necessarily mean that
this orienteer will not make these mistakes, but now she
has acquired sensitivity to these situations and become
aware of them. Therefore, self support is mobilized and
a way to possible change is open. Responsibility for the
work on the intended change emerges from the orienteer
herself and seems to have a stronger meaning for her.

CONCLUSIONS

The article introduces the basis of Gestalt therapy
principles and seeks opportunities to test its applicabil-
ity in the field of sport psychology. Based on theoretical
assumptions, it seems that various topics and problems
in training and competitions can be approached within
the framework of Gestalt therapy due to its phenomeno-
logical-existential background, the field theory and the
presumption that people have a natural drive to personal
development and growth.

From a practical point of view, the experience
with the application of Gestalt principles in perform-
ance analysis in orienteering showed changes in the
orienteer’s awareness. Performance-enhancing and
performance-debilitating actions, thoughts and feel-
ings were identified and thereby the runner’s awareness
was extended considerably. Although characteristics of
failed performances are well known among orienteering
coaches, it was the orienteer who found out and under-
stood the influence of these concrete characteristics in
her case. The crucial contribution of Gestalt therapy
principles application in sports is that the athlete is en-
couraged to take their own initiative, acknowledge and
fully realize the relationship between her actions and
performance outcomes. Then he/she can find the place
from where to start and what to work on in training
sessions. At the same time, her own understanding and
awareness bring along stronger individual involvement.

In general, the Gestalt approach emphasizes aware-
ness as an important means of personal development.
Therefore, in coaching praxis, a more horizontal rela-
tionship between a coach and an athlete might be con-
sidered to be a topic for further research. Furthermore,
additional investigation is needed in order to estimate
the contribution of the Gestalt approach for different
age groups and various performance levels in orienteer-
ing and other individual sports. It also seems interest-
ing to try to apply Gestalt coaching principles, used in
organizations, in working with team sports.
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Fig. 1
Examples of “a step by step” strategy
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It was drawn by the female runner. Circles with
numbers (connected by straight lines) are control points
and legs of the printed course. The crooked line shows
the route choice the runner took and was drawn after
the race. Full points are the attack points she chose
when she was carrying out the route choice. During
the dialogue, she became aware of this navigation tech-
nique because she used it only unconsciously. Now it
is accessible in her mind when she decides to use it in
competition.

REFERENCES

American Psychological Association. (2002). Ethical
principles of psychologists and the Code of Conduct.
Retrieved 2. 2. 2007 from the World Wide Web:
http://www.apa.org/ethics/code2002.html

Andersson, L. (2008). Homepage. Gestalt awareness and
dialogue. Retrieved 2. 8. 2008 from the World Wide
Web: http://www.intawa.com.au/Gestalt%20A&D/
Gestalt%20A& D.pdf

Barrett, B. (1997). Clausewitz here and now: Military
obedience and Gestalt theory. Gestalt, 1(2). Retrieved

Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1

5.2.2007 from the World Wide Web: http://www.g-
gej.org/1-2/military.html

Beisser, A. R. (1970). The paradoxical theory of change.
In J. Fagan & 1. Sheperd (Eds.), Gestalt Therapy Now
(pp. 77-80). Palo Alto: Science Behavior Books.

Dale, G. A. (1994). The experience of an NCAA cham-
pion decathlete during his “best ever” performance:
An inductive analysis. Contemporary Thought on Per-
Jformance Enhancement, 3(1), 33-56.

Dale, G. A. (1996). Existential phenomenology: Empha-
sizing the experience of the athlete in sport psycho-
logy research. The Sport Psychologist, 10, 307-321.

Dale, G. A. (2000). Distractions and coping strategies
of elite decathletes during their most memorable per-
formances. The Sport Psychologist, 14, 17-41.

Giorgi, A. (2005). The phenomenological movement
and research in the human sciences. Nursing Science
Quarterly, 18, 75-82.

Klajnscek, C. (1997). The Gestalt approach to karate
combat and to the preparation of karate competitors.
In Zbornik IIl. mednarodni simpozij Sport mladih
(pp. 441-447). Ljubljana: University of Ljubljana.

Mackewn, J. (2004). Gestalt psychoterapie. Praha: Portal.

Perls, F., Hefferline, R. F., & Goodman, P. (2004).
Gestalt terapie. Vzruseni lidské osobnosti a jeji riist.
Praha: Triton.

Pollio, H. R., Henley, T. B., & Thompson, C. J. (1997).
The phenomenology of everyday life: Empirical investi-
gation of human experience. Cambridge: Cambridge
University Press.

Resnick, R., & Parlett, M. (1995). Gestalt therapy:
Principles, prism, and perspectives. British Gestalt
Journal, 4(1), 2-13.

Stake, R. E. (2005). Qualitative case studies. In N. K.
Denzin & Y. S. Lincoln (Eds.), The Sage handbook
of qualitative research (pp. 443-466). Thousand
Oaks, CA: Sage Publications, Inc.

Yontef, G. M. (1993). Awareness, dialogue and process:
Essays on Gestalt theory. New York: The Gestalt Jour-
nal Press Inc.

VYUZITI PRINCIPU GESTALT TERAPIE
V PORADENSTVI PRO ORIENTACNI BEZKYNI
(Souhrn anglického textu)

Clanek prezentuje zakladni teoretické principy
Gestalt terapie (GT) a hleda mozZnosti jejich aplikace
ve sportovni psychologii. GT (Perls, Hefferline, & Good-
man, 2004) vychazi z existencialné-fenomenologickych
zakladi, teorie pole, existencialniho dialogu a pfedpo-
kladu, Ze lidé se rodi s pfirozenou tendenci k osobnost-
nimu rozvoji. V druhé ¢asti pfispévku je uveden pfiklad
pouziti ramce GT v rozboru vykont orientaéni bézkyné
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dorosteneckého véku. Predpokladali jsme, Ze dorosten-
ka muaze 1épe pochopit své silné a slabé stranky, pokud
bude podporovana, aby si uvédomila souvislost svych
reakci pfi usp€Snych a neuspe&Snych vykonech. Vzhle-
dem k relevantnosti vyzkumného tématu pouze pro uzce
specifikovanou skupinu osob byl proveden zamérny vy-
bér vyzkumného souboru (Giorgi, 2005; Stake, 2005).
V této studii je participantem Sestnactileta orienta¢ni
bézkyné, ktera dosahla medailovych pozic v narodnich
i mezinarodnich zavodech. Za pouziti GT principt byl
proveden fenomenologicky rozhovor (Pollio, Henley, &
Thompson, 1997). Z rozhovoru vyplyva, Ze GT techniky
napomohly dorostence profitovat ze zkuSenosti z Uspés-
nych i netspéSnych vykontl. Sama identifikovala rozpor
mezi nimi a do§la k tomu, Ze navigac¢ni strategie pod-
le zachytnych bodua (krok za krokem) podporuje jeji
dobry vykon. I pfesto, Ze ji trenéfi tuto taktiku radili
jiz drive, povazujeme v tomto pripad¢€ za klicové, Ze ji
uchopila dorostenka sama a pochopila jeji konkrétni
pouZiti ve svém individualnim pfipad€ (misto pfijimani
rad na ni pfiSla sama). Zasadni pfinos aplikace GT prin-
cipt do sportovni psychologie tkvi v tom, Ze podporuje
sportovce v prevzeti iniciativy, uvédomeéni si svého vlivu
na vykon, a tim dostava Sanci se aktivné zapojit do své-
ho rozvoje a prevzit za néj zodpovédnost. Vedeni dal§iho
vyzkumu by mohlo sméfovat k zhodnoceni pfinosu GT
pristupu v praci s riznymi vékovymi skupinami a vykon-
nostnimi drovnémi a také k longitudinalnimu sledovani
vyvoje jednotlivych sportovcid. Zajimava by mohla byt
aplikace Gestalt coachingu v tymovych sportech.

Klicova slova: Gestalt terapie, analyza vykonu, uvédome-
ni si, orientacni zdvod, mladi sportovci.
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THE ASSESSMENT OF THE LONGITUDINAL ARCH OF THE FOOT
IN DEAF AND HEARING CHILDREN AGED 9 TO 11 YEARS
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The aim of the study was to establish the condition of the foot arch in deaf and hearing children and to determine
whether there are differences in the foot arch between children with impaired hearing and healthy children aged 9-11
years.

A group of 19 deaf children and 33 hearing children, including 23 girls and 29 boys aged 9 to 11 years were studied.
Their average age was 9.9 years.

The examination of the longitudinal arch of the feet was carried out in an nonloaded (in a sitting position) and in
a loaded (standing) position, using a Podoskop (POSMED, Poland). In the preparation of impressions of the soles
of the feet, a line method according to Wejsflog was used with the specification of an index of the longitudinal arch
of the foot. It was noted that there was a statistically significant difference between the arch of the left and the right
feet in loading in healthy children (p < 0.05). However, no statistically significant differences were noted between the
studied groups of children in terms of the indicator of the arch of the foot in both an unloaded and loaded posture. It
was noted however, that the condition of the arch of the foot in deaf children was characterised by a lower effective-
ness of the muscular and ligament systems, which was confirmed by the values of the foot parameters of deaf children.
The results of the Wejsflog index indicate that in deaf children a typical area of variables (the right foot in loading
20.55-39.85) was greater than in healthy children (the right foot in loading 17.05-34.75). Moreover, in both groups of
girls greater differences were noted in the degree of foot arching than in boys. This confirms the tendency to generally
a more labile body posture in girls and in the muscular and ligament system of the feet.

In conclusion, no statistically significant differences were noted between the studied groups of children in terms

of the index of the arch of the foot in both a loaded and an unloaded posture.

Keywords: Medial longitudinal arch, deaf children, foot defects, podoscope.

INTRODUCTION

Epidemiological and screening tests carried out in
Poland in recent years indicate than on average one in
every three people has hearing problems and one in eve-
ry six schoolchildren has hearing disorders. Two to four
newborn babies per one thousand have serious in born
hearing disorders (Association of Friends of the Deaf
and Hard of Hearing Human to Human and Institute of
Physiology and Pathology of Hearing, Stowarzyszenie
Przyjaciol Osob Niestyszacych i Niedostyszacych
Czlowiek - Cztowiekowi i Instytut Fizjologii i Patologii
Stuchu, www.sponin.org.pl ). The problem is beginning
to relate to a greater and greater part of the population in
Poland. In children with hearing disorders at preschool
age walking anomalies appear. The change in their stere-
otype of walking causes changes in muscle work and the
muscular strength of calves and feet may be weakened,
which may affect the development of the arch of the
foot during this period. The walking of deaf children
may be heavy and not very springy. Body balance and

coordination of individual activities are disturbed. Also
speech is impeded, which translates to the work of respi-
ratory muscles and chest function and indirectly affects
the body posture of a child (Zwierzchowska & Gawlik,
2006). The assessment of the longitudinal arch of the
foot is performed in various children, both healthy and
also in those with disorders and diseases. Children with
hearing disorders are characterised by a weak sense of
the schema of their own bodies, difficulties in telling the
right side from the left side and generally weaker body
motorics (Zwierzchowska & Gawlik, 2006; Maszczak,
1994). The results of the few existing studies in the area
of the assessment of body posture indicated greater
irregularities in body posture in deaf children than in
hearing children (Grabara, 2006). Moreover, the avail-
able literature notes few studies which present results
of the assessment of the longitudinal arch of the foot in
deaf children (Demczuk-Wtodarczyk et al., 2005). A lot
of attention is devoted to the assessment of body posture
and feet in obese children (Mikle et al., 2006; Villarroya
et al., 2007, 2008; Wearing et al., 2004).
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The hearing organ and the vestibular system located
next to it are integral parts of the system of neuromus-
cular control, taking part in coordination and body bal-
ancing processes (Selz et al., 1999; Horak et al., 1990;
Cushing et al., 2008). The foot is the base of the biokin-
ematic chain in the body’s biomechanism, and besides
performing a shock-absorbing function it participates in
postural control. Changes in the spatial shape of foot
joints may affect the coordination of motor patterns
(Mitchell et al., 2008), movement stereotypes (Lewit,
2001), muscular balance and may cause disturbances
in static and/or dynamic postural control (Wiernicka
et al., 2008; Cote et al., 2005). In the children who are
hearing impaired it may be expected that there will be
disturbances in the functioning of the above mecha-
nisms, which may contribute to changes in the foot’s
structure (Demczuk-Wtodarczyk et al., 2005). Thus
a question arises: are deaf children’s feet really not as
well arched as the feet of hearing children? It should
be noted that the results of the studies of maintaining
a stable standing posture of hearing and deaf children
showed that deaf children are characterised by a better
ability to maintain a stable standing posture than hear-
ing children (Grabara, 2006).

Thus a question arises: Do deaf children have cor-
rectly arched feet, considering the integration of the
nervous and muscular system and control of the nerv-
ous system?

The aim of the study was to establish the condition
of the foot arch in deaf and hearing children and to
check whether there are differences in the foot arch
between children with impaired hearing and healthy
children aged 9-11 years.

MATERIAL AND METHOD

Deaf children from a primary school for deaf chil-
dren in Poznan were included, the reference group be-

TABLE 1
Anthropometric data of the assessed children
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ing made up of hearing children from Poznan schools.
Groups of 19 deaf children and 33 hearing children were
assessed, including 23 girls and 29 boys aged 9 to 11
years (TABLE 1).

For the assessment of the correct morphological
structure of the feet, a podoscope called the Podoskop
(POSMED, Poland) was used.

The assessment of the children’s feet was carried
out under statodynamic conditions in loading with the
body weight - in a standing position with two feet on the
podoscope and in an unloaded setting, i.e. sitting down.

The assessment of the longitudinal arches of the feet
was carried out in loading, i.e. while standing on the
podoscope with a straight body, arms hanging loosely,
looking forward, with equal loading of the feet. After tak-
ing a photograph of the soles of the feet in the standing
position, the participant sat on the table with adjustable
height situated behind him or her. When sitting down
he or she tried not to move their feet placed on the po-
doscope. The assessment in unloading was carried out
while sitting on the table with their knee and hip joints
bent at 90° angles, a straight body, looking forward. In
this position, a photograph of the soles of the feet in
unloading was taken. The analysis of the photographs
of the soles of the feet using a linear method according
to Wejsflog was used and an index of longitudinal arch
of the foot was established (Sliwa & Sliwa, 2002).

Wejsflog index:
[x-x/
Ww=-———"-x 100
Iy-vy,l

The examination was carried out in two positions:
with loaded feet (a standing position) and with unload-
ed feet (a sitting position). The analysis of the footprint
parameters was performed according to the Wejsflog
linear estimation index of the foot (Nowotny & Saulicz,
1993; Napolitano et al., 2000). The Wejsflog index for

Studied group Deaf children N = 19 Hearing children N = 33

Age [years] 9.93 +/-0.76 [9-11] 9.75 +/-0.75 [9-11]
Weight [kg] 33.75 +/-11.44 [21-55] 36.85 +/-9.83 [24-65]
Height [cm] 140 +/-14.78 [121-168] 140.70 +/-8.74 [126-166]
BMI 10.02 +/-8.68 [11.4-24.1] 18.35 +/-3.24 [13.2-27.4]
Foot width [cm] 7.72 +/-0.86 [6.1-9.4] 7.97 +/-0.86 [6.4-9.8]
Foot length [cm] 21.41 +/-1.82 [19.9-25.3] 21.96 +/-1.40 [19.5-25.4]
Hearing impairment [db] 90.77+/-23.09 [40-111] Not applicable

Legend: the scale of hearing impairment/loss: 71-90db - significant

mean +/-
standard deviation [min-max]

20-40db - slight
41-70db - moderate

91-120db - deep
more than 120db - complete
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a normal foot is 28-38, regardless of the experimental
conditions (sitting or standing), 0-27 for a foot with
a falling arch and 39-50, 51-66, 67-100 and >101 for I°,
I1°, TI1° and IV degree of flat foot, respectively.

The assessment was carried out in the morning, af-
ter obtaining the prior written consent of the children’s
parents to take the measurements.

STATISTICS

The correspondence of variable distribution with
normal distribution was tested using the Shapiro-Wilk
test. Due to a lack of the normal distribution of results,
the statistical analysis of the obtained data was carried
out using non parametric tests.

The following were determined: minimum, maxi-
mum, upper quartile, lower quartile, median, quartile
deviation and typical variable area.

Using the Wilcoxon’s signed rank test it was checked
whether significant differences were noted between the
arch of the left and right foot in unloading and loading
within the tested groups.

Moreover, using the Mann-Whitney U test it was
checked whether statistically significant differences were
noted between the index of the arch of the left and right
feet in unloading and loading between the groups of deaf
and hearing children.

On the basis of cross tabulation it was checked
whether there were statistically significant correlations
of the results between the groups of children in load-
ing and unloading - the Spearman’s rank correlation
coefficient and Pearson’s chi-square test were used. The
level of significance p < 0.05 was adopted as statistically
significant. Computer software Statistica 8.0 was used
for computations.

RESULTS

1. In the groups of hearing and deaf girls under con-
ditions of unloading, the largest percentage of
hollow feet, both left and right, was noted (Fig. 1,
3). Under conditions of loading, the situation was
slightly changed. Also for the left foot in hearing
girls, a largest percentage of hollow feet was noted -
71.4% (Fig. 2) and in deaf girls 33.3% of both hollow
feet and correct feet (Fig. 2).

2. In deaf girls in case of the left foot a greater differ-
ence in the arch depending on the conditions of the
examination was noted (Fig. 1, 2).

3. In deaf girls in loading of the right foot, apart from
hollow foot, many cases of flat foot of the 1 degree
were noted - 50% (Fig. 4).
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4. Under conditions of loading in deaf girls a larger
percentage of correct left feet 33.3% (TABLE 2)
and in hearing girls - right feet 28.6% (Fig. 4) was
noted.

5. In both groups of boys the largest percentage of hol-
low feet in unloading - above 70% (Fig. 5, 7) and in
loading around 50% of the right and left foot (Fig.
6, 8) was noted.

6. In hearing boys, a greater percentage of correct feet
in loading, 21%, was noted than in deaf boys - 14.2%
(Fig. 6).

7. In both groups of boys in loading a significant per-
centage of flat left feet of the 1% degree was noted
(in hearing boys 26.3% and in deaf boys 42.8%)
(Fig. 6).

8. Arching of the feet in unloading of deaf and hearing
boys is very similar. Greater differences were noted
in loading in terms of hollow feet in particular (in
hearing boys 42.1%, in deaf boys 57.1%) (Fig. 7, 8).

9. In deaf children a greater variety of types of foot
defects and a greater percentage of flat feet of the
It and 2" degree was noted on the left side than in
hearing children in unloading (15%), in particular
in loading (in total approximately 35%) (Fig. 9).

10. It should be emphasised that in loading of the right
foot no case of flat foot of the 2" degree was noted,
neither in hearing or deaf children (as opposed to
left feet) (Fig. 9, 10).

11. In hearing children on the right in unloading (6%)
and in loading (24.2%) there are cases of a flat foot
of the 1% degree and on the left in unloading no
such case was noted (Fig. 9, 10).

Using the Wilcoxon’s test it was found that there
was a statistically significant difference between the arch
of the left and right foot in loading in healthy children
(p <0.05) (TABLE 3) which indicates a varied level
of the arching of the right and left feet in individual
participants.

The results showed clearly that in deaf children (de-
pending on their IQ range) the right foot in loading was
measured at 20.55-39.85, while the left foot in loading
was measured at 23.7-42.9) and was therefore greater
than in healthy children (in whom the right foot in load-
ing was measured at 17.05-34.75, while the left foot in
loading was measured at 11.9-32.5).

On the basis of the Mann-Whitney U test, no statis-
tically significant differences were found between the
studied groups in terms of the index of the foot arch
in loading and unloading. Only the tendency towards
the significance of differences in the Wejsflog index was
noted for left feet in loading in healthy and deaf children
(p=0.079).
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Fig. 1
Assessment of the arch of the unloaded left foot in girls
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Fig.2
Assessment of the arch of the loaded left foot in girls
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Fig. 3

Assessment of the arch of the unloaded right foot in girls
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Fig. 4

Assessment of the arch of the loaded right foot in girls
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Fig. 5
Assessment of the arch of the unloaded foot in boys
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Fig. 7

Assessment of the arch of the unloaded right foot in boys
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Assessment of the arch of the loaded right foot in boys
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Fig. 9
Assessment of the arch of the unloaded and loaded left foot in all children

Assessment of arch left foot in all children
90 - 818 @ foot excavate
w 801 590 unloaded
© | ' foot excavate
oy ) loaded
2 60 - REE normal foot
w50 - 8.5 P unloaded
o 40 ' 30.7 P @& normal foot
R0 | T 0 o loades
g o o A dims?l2 18 9fatfoot i
8 ) 32323 . :':':'77 Eﬁﬁ " MM unioade
[ 10 ety IQIIIIII ) Ly " N 3 M flat foot Ist loaded
Q. ey n l:l:l: ey l:l: 0 I:I:I
0 _ f{"’{"’ .k I|'|'|§§a f_hi"{f = hy!
A flat foot 2
deaf children hearing children loaded
the group

Fig. 10

Assessment of the arch of the unloaded and loaded right foot in all children
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TABLE 2

The Wejsflog index in individual groups under both sets of test conditions for each foot
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Variable Group Median Minimum Maximum Q, Q, 1Q Wilcoxon
range paired test

Wejsflog index 22.2 2.0 77.4 12.2 32.8 11.9-32.5

loaded left foot hearing p <0.05
Wejsflog index children 25.9 1.6 59.0 17.8 35.5 17.0-34.7 ’
loaded right foot

Wejsflog index 33.3 0.8 52.6 22.4 41.6 23.7-42.9

loaded left foot deaf

Wejsflog index children |  30.2 11.6 453 206 | 399 | 20.5-39.8 s
loaded right foot

Wejsflog index 7.7 0.7 47.4 2.7 16.0 1.0-14.3

unloaded left foot hearing

Wejsflog index children 76 1.8 470 3.8 140 | 25-127 s
unloaded right foot

Wejsflog index 18.3 2.0 46.7 2.3 30.8 4.0-32.5

unloaded left foot deaf

Wejsflog index children | 15.3 22 38.7 26 | 301 | 15-29.0 -8
unloaded right foot
Legend:

n. s. - not significant

The analysis of relations between the properties de-
scribing the feet of deaf and healthy children (individual
types of feet) using a Spearman’s rank correlation coef-
ficient showed a significant relation between the results
of the assessment of the left feet in unloading p = 0.031,
whereas under conditions of loading it showed a ten-
dency to significance p = 0.091. Specifying the corre-
spondence of properties using the Pearson’s chi-square
test showed us a tendency to significance p = 0.094, also
in the case of the analysis of the results obtained for left
feet in unloading. The results of the analysis of statistical
correlations showed a similar distribution for typical left
feet in unloading and a tendency to similarity of these
types of feet in loading in both studied groups. No posi-
tive correlations nor any tendency towards similarities
were noted for the right feet in neither test conditions
nor in neither group.

DISCUSSION

In the analysis of the results of the tests it can be not-
ed that deaf children had worse values of the parameters
of the foot arch in both loading and unloading. However,
in the comparison of both studied groups under both
sets of test conditions, no statistically significant differ-
ences were noted.

Available literature includes only the results of the
work of Demczuk-Wtodarczyk et al. (2005) on the ex-
amination of feet in deaf children. In this work, a pho-
tometric method was used for the assessment of the

correct structure of feet using the Mora effect. The lon-
gitudinal arch was examined on the basis of the height
of the arching of five longitudinal arches according to
the author’s own typology and transverse arching on
the basis of the analysis of the pressure of the metatar-
sal bones and toes on the podoscope panel (Demczuk-
Wiodarczyk et al., 2005). For the assessment of feet in
the current study, a podoscope was used and feet were
assessed under conditions of loading and unloading us-
ing a line method, according to Wejsflog, specifying an
indicator of the longitudinal arch of the foot. The results
of the quoted study and the current study should not,
however, be compared, due to different methodologies
as well as due to the range of age of the examined chil-
dren (9-19 years). These are, however, the only recent
studies of Polish children in Poland.

In the work of Demczuk-Wtodarczyk regarding deaf
children, the longitudinal arch of the foot was classified
as being the correct arching of the foot and one threat-
ened with developing into flat feet. No excessively arched
feet and flat feet were noted in deaf children as opposed
to the current study where a very high percentage (of
hollow feet) was noted in unloading in both groups of
examined children. In loading the situation changed. In
hearing girls regarding the left foot, the highest percent-
age of hollow feet was noted (71.4%) and in deaf girls,
33.3% of hollow and correct feet, respectively. In both
groups of boys in loading, over 50% of hollow feet were
noted and in hearing boys a higher percentage of correct
feet than in deaf boys was noted. Greater differences in
arching in both groups were noted in girls than in boys.
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The greatest variety of types of feet depending on the
conditions of the conducted examinations were noted in
the groups of deaf girls on the left side. Under loading
conditions in deaf girls a higher percentage of correct
left feet was noted and in hearing girls a higher percent-
age of the right feet. The presented results are in line
with the results of Demczuk-Wiodarczyk in terms of the
differences between sexes, i.e. the irregularities relate
to girls more often than to boys (Demczuk-Witodarczyk
et al., 2005). Moreover, the results of the above work
indicate that the majority of changes in the structure of
feet relate to the left side both in boys and in girls, not
to the right side. The results of the study of Schilling
(1985) confirm also that changes in the structure of feet
relate more often to girls. The author found also that
medium longitudinal plantar arch is smaller in children
with hypertrophy of the knee joints and hypermobility
of the foot joints.

The results of the study of Demczuk-Wtodarczyk
also inform us that, in deaf children, there has been
a lowering of the longitudinal arch and the appearance
of disorders in the front segments of the foot. Grabara,
in the assessment of the body posture in deaf children,
noted a forward bending of the trunk (Grabara, 2006).
This is a compensation mechanism which occurs in
body balance disorders (Btaszczyk & Czerwosz, 2005).
Deaf children may move their body weight towards the
metatarsus and, therefore, a greater loading of the front
segments of the foot was noted. The results of the study
of Sipko and Skolimowski (1998) indicate that changes
in the morphological build of all segments of feet in
deaf children are a consequence of the impairment of
the coordination processes of postural muscle function
and fitness of balancing reactions. Some scholars claim
that there is a statistical relationship between the type
of feet and the BMI (Mikle et al., 2006; Morrison et al.,
2007; Mauch et al., 2008).

Lin et al. (2006) examined hearing children (64 chil-
dren) aged 4-5 years and 8-10 years. The relationships
between six parameters of foot and postural stability
were studied. The results of the study showed that, in
younger children with a decreased height of the longi-
tudinal arch of the foot, the range of body sway was
smaller and these children had a better control of their
posture, even only with their eyes closed. The authors
explain it with a degree of compensation on the part of
skin receptors in these children or the elasticity of the
biomechanical structure of the feet under conditions of
standing (statics). They also claim that the relationship
between the parameters of foot structure and the range
of sway is very subtle. Demczuk-Wtodarczyk claims that
the change in the shape of the foot disturbsthe deep
sensibility of the impairing muscular balance and coor-
dination of motor patterns (Demczuk-Wtodarczyk et al.,
2005). However, the results of the study of Wierzbicka-
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Damska et al. (2005) contradict this theory. The sta-
bility of posture in boys with hearing impairment and
healthy boys aged 10-12 and 14-16 was also studied
(Posturograf PE-90). All parameters describing the sta-
bility of their free straight posture were lower - better
in deaf children than in healthy children. The results
turned out to be surprising, also due to the fact that
the control group consisted of boys practising shooting,
which requires the best mechanisms controlling a stable
posture. Probably the information from proprioceptors
and skin receptors is so perfect that it compensates for
any disturbances in the reception of information from
the organs controlling balance. This is supported by the
fact that the performance of the test with eyes closed
resulted in a lowering of the value of the measured
parameters.

The above results of the study indicate a greater de-
gree of the occurence of disorders in the morphological
structure of feet in deaf children, in particular in girls.
Boys, on the other hand, who, in the current study, did
not differ significantly in terms of the arching of the
foot, are better able to control and maintain a stable
standing posture, according to Wierzbicka-Damska et
al. (2005). Moreover, the relationship between the struc-
ture of the feet and control of their standing position
turned out to be subtle, as described by Lin et al. (2006)
in their work.

This requires further verification, thus there is a need
to examine foot arching in all children and body bal-
ance and symmetry of the loaded sides of the body
(Wiernicka et al., 2007; Lewit, 2001). At the present
time, diagnostic and training devices are available on
the market, which can be used for examinations that
would answer the question as to whether a child or an
adult has a disturbance of the control of their posture
under static or dynamic conditions, with open or closed
eyes. Also in the therapy tests of sensomotoric control
presented in the table below, the following can be used:
(TABLE 1) - short foot training (Greenman, 1996) and
Duncan’s test, used for the assessment of body balance
(Btaszczyk, 2004).

To sum up, in all children attention should also be
paid to the position of the head in space. Reflex reac-
tions, affecting the position of other body parts by tonic
vestibular reflexes and neck reflexes are responsible for
it. They regulate in this way the position of the trunk
and lower limbs, including the feet.

CONCLUSIONS

1. No statistically significant differences between the
studied groups of children were noted in terms of
the indices of the foot arch in unloading and loading.
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2. It was noted however, that the condition of the foot
arch in deaf children was characterised by a lower
effectiveness of the muscular and ligament system,
which was confirmed by values of the foot parame-
ters of deaf children in the test of feet in unloading
and loading.

3. Moreover, in both groups of tested girls, greater diffe-
rences in the degree of foot arching were noted than
in boys. This confirms the tendency to a generally
labile body posture of girls and their muscular and
ligament systems of the feet.
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HODNOCENI PODELNE KLENBY NOHY
U HLUCHYCH A SLYSICICH DETI
VE VEKU OD 9 DO 11 LET
(Souhrn anglického textu)

Cilem studie bylo zjistit stav klenby nohy u hluchych
a slySicich déti a urcit, zda existuji rozdily mezi klen-
bou nohy u déti s poSkozenim sluchu a u zdravych déti
ve véku 9-11 let.

Studie probéhla na skupiné 19 hluchych déti a 33
slySicich déti, z nichZ bylo 23 divek a 29 chlapct ve véku
9 az 11 let. Jejich primérny vék byl 9,9 let.

Vysetfeni podélné klenby nohy bylo provedeno v po-
loze nezatiZené (v sed€) a zatizené (ve stoje), za pouZi-
ti podoskopu (POSMED, Polsko). Pti pfipravé otiskil
chodidel byla pouzita linearni metoda dle Wejsfloga se
specifikaci ukazatele podélné klenby nohy. Byl zjistén
statisticky vyznamny rozdil mezi klenbou levé a pravé
nohy v zatiZzené poloze u zdravych déti (p < 0,05). Ne-
byly ovSem zjiStény zZadné statisticky vyznamné rozdily
mezi zkoumanymi skupinami déti, pokud jde o ukazate-
le klenby v nezatizené i zatiZzené poloze. Nicméné bylo
zjisténo, Ze stav klenby nohy u hluchych déti byl charak-
terizovan nizs§i efektivitou svalového a vazivového systé-
mu, coZ potvrdily hodnoty parametrii nohou u hluchych
déti. Vysledky Wejsflogova ukazatele svédéi o tom, Ze
u hluchych déti byla typicka oblast promé&nnych (prava
noha v zatizeném stavu 20,55-39,85) vétsi nez u zdra-
vych déti (prava noha v zatiZzeném stavu 17,05-34,75).
Navic byly u obou skupin divek zjiStény vétsi rozdily
ve stupni klenuti nohy nez u chlapct. Toto potvrzuje
tendenci k vSeobecné labilné€jSimu drzeni téla u divek
a ve svalovém a vazivovém systému nohy.

Zavér: nebyly zjisStény Zadné statisticky vyznamné
rozdily mezi zkoumanymi skupinami déti, pokud jde
o ukazatele klenby v nezatiZené i zatiZené poloze.

Klicovad slova: medidlni podélnad klenba, hluché déti, vady
nohou, podoskop.
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The main aim of this study was to assess potential differences between groups of pre-school children meeting
and not meeting health recommendations for physical activity (PA) from the aspect of so called indicators of physi-
cal activity (active energy expenditure, number of steps). The number of steps was measured by Yamax Digi-Walker
SW-200 pedometers (Yamax Corporation, Tokyo, Japan) and the active energy expenditure was measured by Caltrac
(Muscle Dynamics Fitness Network, Torrance, California) accelerometers. Evaluation of PA from the aspect of so
called health criteria was realized following the criteria of Fromel, Novosad and Svozil (1999), who recommend values
of so called health criteria of PA. Meeting these criteria, it is possible to suppose that PA positively affects the healthy
development of an individual. The sample consisted of 200 pre-school children. Forty nine of these children (30 boys
and 19 girls) were labeled as group A (children who did not meet the recommended values at least in one of the health
criteria of PA). Group B (children who met the recommended values at least in one of the mentioned criteria of PA)
consisted of 151 children (74 boys and 77 girls). The Mann-Whitney U test was used to test the statistical significance
of possible differences between groups A and B and also between boys and girls within these groups as well. In all
monitored parts of a week, as well as in both monitored parts of a day, a significant difference (p < .001) was found
between groups A and B in both indicators of PA. Regarding these variables, the smallest differences (p <.02) were
observed within the time spent at school. Our results confirm that a stay at kindergarten belongs among the relevant
parts of a day from the aspect of children’s physical activity in the sense of a very “problematic” part of a day, when
the values of active energy expenditure and steps are decreased almost by 50% even in children physically active outside
the school. On the other hand, a kindergarten is a proper place for children with hypokinetic behavior, who can be
activated by an adequate incidence of school physical regimen.

Keywords: Physical activity, pre-school age, health recommendations, environmental stimulation.

INTRODUCTION

Movement is not only an irreplaceable factor for the
creating and coordinating of the individual development
of a child, but also serves as a certain criterion for the
longitudinal control of dynamic changes in child growth
and development. At present, many experts (Cabrno-
chova, 2008; European Heart Health Initiative, 2001;
Friedenreich, Courtneya, & Bryant, 2001; Katzmarzyk
& Janssen, 2004; Sadler, 2003; U. S. Department of
Health and Human Services, 2000) point out a growing
discrepancy between the phylogenically given need for
movement and a physical regimen of children, which
could negatively affect the health status of an adult
population in the future.

The aim of this study was to assess and analyze po-
tential differences between groups of pre-school children
meeting and not meeting health recommendations for
PA from the aspect of so called indicators of PA (active
energy expenditure in a kcal-kg-!-day~!, abbreviated as
AEE; the number of steps in steps-day!, abbreviated

as STEPS). The data were collected as a part of par-
ticipation in the research grant project approved by the
Ministry of Education, Youth and Sports of the Czech
Republic No. 6198959221 entitled “Physical activity and
inactivity of inhabitants of the Czech Republic in the
context of behavioral changes”, realized at Faculty of
Physical Culture, Palacky University in Olomouc.

METHODS

For the monitoring of PA, the following combination
of techniques was used:

The 1* indicator of PA - STEPS (steps-day™'): was
measured by Yamax Digi-Walker SW-200 pedometers
(Yamax Corporation, Tokyo, Japan); whereas the 2" in-
dicator of PA - AEE (kcal-kg™'-day™'): was measured by
Caltrac (Muscle Dynamics Fitness Network, Torrance,
California) accelerometers.

With regard to anticipated difficulties related to us-
ing these devices in a group of a given age (Bayer et al.,
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2008; Metallinos-Katsaras, 2007), the measurements
were preceded by motivating the children to learn how
to carry the devices and how to not misuse them. In
agreement with general recommendations (Armstrong
et al., 1998; Lin et al., 2007; Pratt, Macera, & Blanton,

1999; Trost, Mclver, & Pate, 2005; Ward, Evenson,

Vaughn, Brown, & Troiano, 2006), the children wore

the devices placed firmly on an elastic belt, above their

clothes on the right hip. During the seven day moni-
toring period, the devices were taken off only at the
times of sleeping and of possible contacts with water

(washing, swimming, bathing, etc.). With respect to

previous experiences, buttons on the accelerometers

were covered by strapping, fortified by pasteboard and
strapped again. Adults referred to a need of placing the
devices right back into a “pocket” after recording the
measured values. Each kindergarten had at its disposal
the usual room conditions (game room, school play-
ground/yard) and material conditions standard in the

Czech Republic. Fully qualified teachers taught at all the

involved schools. The school educational program of all

kindergartens was based on the valid framework “Educa-
tional program for pre-school education” (MSMT CR,

2005). Elastic belts with monitoring devices were at-

tached to children on the first day of monitoring in the

assessment. The devices were set to zero with previously
loaded data needed for the measuring (age, sex, body
weight, and body height).

For any group of given age, minimum values of cri-
teria of PA indicating a presumption of negative health
impact when not meeting them are not available yet.
With regard to the value of the mean age of a sample
(5.71 years), the criteria of Fromel, Novosad and Svozil
(1999) were used. Based on their measures, these au-
thors recommend the following values of the health
criteria of PA for individuals from the age of six, which
should lead to the maintainence of health and positively
affect healthy development:

e the daily active energy expenditure should be at
least 11 kcal-kg-'-day™! in boys and 9 kcal-kg™!-day~!
in girls, respectively, in a majority of the days within
a week;

e the daily number of steps, hops or position changes
should be, in primary school children, about 13,000
steps in boys and 11,000 steps in girls, respectively,
in the majority of days within a week.

The health effect could be anticipated when at least
one of these recommended values is met.

The sample consisted of 200 children of pre-school
age (96 girls and 104 boys). With respect to the aim of
this study, the sample was divided into two groups after
the criteria mentioned above:

e group A - children who did not meet the recom-
mended values at least in one of the health criteria of
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PA (i.e. AEE: boys less than 11 kcal-kg™'-day™!, girls
less than 9 kcal-kg-'-day~'; STEPS: boys less than
13,000 steps-day~!, girls less than 11,000 steps-day');

e group B - children who met the recommended val-
ues at least in one of the mentioned criteria of PA
(i.e. AEE: boys 11 kcal-kg-!-day™' and more, girls
9 kcal-kg-'-day! and more; STEPS: boys 13,000
steps-day! and more, girls 11,000 steps-day! and
more).

Forty nine children (24.5%) from the sample were
included into group A, 30 of these were boys (61.22%)
and 19 were girls (38.78%). The mean value of their
BMI was 15.70 (15.60 in girls and 15.80 in boys). One
hundred and fifty one children (75.5%) were included
in group B, 74 of these were boys (49.01%) and 77 were
girls (50.99%). The mean value of their BMI was 15.60
(15.63 in girls and 15.58 in boys). Regarding the dia-
grams for the calculation of the BMI of children in the
Czech Republic (Vignerova et al., 2008), none of the
monitored children was classified as obese.

The Mann-Whitney U test was used to test the sta-
tistical significance of possible differences between the
groups A and B and also between boys and girls within
these groups as well. The reason for the utilization of
this test was thedifferent variance between the compared
groups.

RESULTS AND DISCUSSION

Group B reaches significantly higher values (p <.001)
in mean weekly AEE (AEE7 = 13.03 kcal-kg™'-day™"),
on weekdays (AEE5 = 13.05 kcal-kg-!-day™!) and also
on weekend days (AEE2 = 12.95 kcal-kg-'-day™!) com-
pared to group A (AEE7 = 8.34 kcal- kg !-day!; AEE5 =
= 8.47 kcal-kg-'-day'; AEE2 = 8.00 kcal-kg™'-day™!).
However, group A has markedly higher AEE (p <.02)
on weekdays during their stay at school (SKaee = 5.46
kcal-kg !-day!) compared to group B (SKaee = 4.19
kcal-kg-'-day!). Supposedly, the school regimen of the
children from group A motivates and activates them more
to be more physically active. At extracurricular time,
again, group A (LElaee = 4.24 kcal-kg™'-day™") is con-
siderably less active (p <.001) than group B (LEIaee =
= 8.89 kcal-kg-'-day!). These results correspond to the
above mentioned AEE2 of the group A. Obviously, their
time spent with family is more filled with inactivity.
Kindergartens are set up by the framework educational
program to have sufficient room for creating a quality
physical regimen for children. Nevertheless, in those
monitored kindergartens, the contemporary state is
insufficient for more active children and, on the other
hand, leads to a decrease in physical activity during their
stay at school. Within the typical school regimen of kin-
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dergartens, lots of activities (e.g. time for food, rest in
bed after lunch, etc.) can be characterized as “inactiv-
ity”. However, with respect to a level of the ontogenetic
development of children, it is necessary to include such
inactivity in a daily program. In spite of this, it can be
recommended to continue with the improving of the
physical regimen at monitored schools (including an
individualized approach to more active children) which
would be more convenient to children and lead to meet-
ing their high requirements for movement (Fig. 1).

Fig. 1
The active energy expenditure (kcal-kg™!-day') - com-
parison of groups A (n=49) and B (n = 151)

81 M collection A
6 Hcollection B

AEE7 AEE5 AEE2 SKaee LElaee

Legend:

AEE 7kg - mean values of the active energy expenditure
(kcal-kg™'-day!) within the monitored week

AEE 5kg - mean values of the active energy expenditure
(kcal-kg™'-day™') on weekdays

AEE 2kg - mean values of the active energy expenditure
(kcal-kg™'-day"') on weekend days

SKaee - the active energy expenditure (kcal-kg™!-day!)
on weekdays at school

LElIaee - the active energy expenditure (kcal-kg'-day™")
on weekdays in leisure time

Boys from group B exceed significantly (p <.001)the
results of their counterparts from group A almost in all
monitored variables of the AEE criterion. During the
monitored week, mean values of their AEE7 reached
13.55 kcal-kg™'-day!, AEE5 was 13.58 kcal-kg™'-day™!
and AEE2 was 13.46 kcal-kg™'-day~'. High AEE can be
observed also in leisure time out of school (LElaee =
=9.14 kcal-kg-'-day'). Boys from group A reach almost
values one third lower compared to group B (AEE7 =
=9.10 kcal-kg-"-day!; AEES = 9.19 kcal-kg-'-day™'). On
the other hand, a stay at school is exceptional from this
point of view, because these boys record significantly
(p <.001) higher values of AEE (SKaee = 7.32 kcal-kg™!-
-day™!) compared to boys from group A (SKaee = 4.27
kcal-kg™!-day!). Nevertheless, their AEE is very low out-
side school (LEIaee = 4.95 kcal-kg™'-day™') and similarly
at the weekend (AEE2 = 8.89 kcal-kg!-day™!) (Fig. 2).
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Fig. 2
The active energy expenditure (kcal-kg-'-day™') - com-
parison of boys from groups A (n = 30) and B (n = 74)

Hboys A
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Legend:

AEE 7kg - mean values of the active energy expenditure
(kcal-kg~'-day!) within the monitored week

AEE 5kg - mean values of the active energy expenditure
(kcal-kg™'-day") on weekdays

AEE 2kg - mean values of the active energy expenditure
(kcal-kg™'-day') on weekend days

SKaee - the active energy expenditure (kcal-kg-'-day') on
weekdays at school

LEIaee - the active energy expenditure (kcal-kg-'-day') on
weekdays in leisure time

Boys A - the sample of boys who do not meet health recom-
mendations ITAW the indicator of AEE (kcal-kg™'-day~")

Boys B - the sample of boys who meet the health recommenda-
tions IAW the indicator of AEE (kcal-kg'-day™')

A similarly significant difference (p < .001) can be
observed in the criteria of PA AEE7 and AEES between
the groups of girls (group B: AEE7 = 12.53 kcal-kg!-day™!;
AEES5 = 12.56 kcal-kg™'-day™!; group A: AEE7 = 7.13
kcal- kg '-day'; AEE5 = 7.34 kcal-kg-'-day™'). A strong
prevalence of inactivity in group A (p < .001) is ob-
served particularly at the weekend days, when group
A reaches approximately half values (AEE2 = 6.60
kcal-kg-!-day™!), when compared to group B (AEE2 =
= 12.47 kcal-kg™'-day™"). Girls from group A (LElaee =
=4.95 kcal-kg'-day!) are also significantly (p <.001)
less active than girls from group B (LEIlaee = 8.68
kcal-kg™'-day~!) at weekdays outside school (Fig. 3).
Even the school physical regimen of monitored kin-
dergartens does not activate these girls (SKaee = 2.48
kcal-kg-!-day™!). A significant difference (p < .001) is
also found when comparing girls from group A and boys
from the same group, while the intra group comparison
of boys and girls (SKaee = 4.11 kcal-kg™'-day™') from
group B does not generate any statistical difference.

Corbin, Pangrazi and Welk (1994) indicate the
minimal daily limits of AEE 3-4 kcal-kg™!-day! while
some health effects could be expected in PA lasting 60
minutes with an AEE 6-8 kcal-kg™!-day™'. In the Czech
Republic, the highest energy expenditure observed in
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Fig. 3
Active energy expenditure (kcal-kg™'-day™!) - a compari-
son of girls from groups A (n=19) and B (n =77)
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Legend:

AEE 7kg - mean values of the active energy expenditure
(kcal-kg™!-day!) within the monitored week

AEE 5kg - mean values of the active energy expenditure
(kcal-kg™'-day™!) on weekdays

AEE 2kg - mean values of the active energy expenditure
(kcal-kg™'-day™!) on weekend days

SKaee - the active energy expenditure (kcal-kg™!-day!)

on weekdays at school

LElaee - the active energy expenditure (kcal-kg-'-day!)

on weekdays in their leisure time

Girls A - the sample of girls who do not meet the health
recommendations IAW the indicator of AEE (kcal-kg-'-day™!)
Girls B - the sample of girls who meet the health recommenda-
tions IAW the indicator of AEE (kcal-kg-'-day!)

research done by Fromel, Novosad and Svozil (1999)
at primary schools was 8.91 kcal-kg-'-day™' in girls and
10.94 kcal-kg™'-day™! in boys.

Mean values of the monitored sample of pre-
school children as a whole are higher (AEE = 11.98
kcal-kg'-day'; girls 11.43 kcal-kg-!-day'; boys 12.31
kcal-kg-!-day™!') than those recommended values. The
recommended value of AEE is met by 112 children
(56%) from the sample, sixty three of whom are boys
(57.27%) and forty nine of whom are girls (44.55%).
Eighty eight children from the sample (44%) do not
meet this value (41 boys, i.e. 46.59% and 47 girls, i.e.
53.41%). The high percentage of pre-school children not
meeting at least minimal recommendations for AEE is
surprising, with regard to the expected effects of the
physical activity regimens of children in kindergartens.
Neither the quantity of physical activities implemented
daily into the school regimen, nor PA outside school and
at the weekend days is probably sufficient to compensate
for the prevalence of inactivity during other parts of
each day and week. In group A, the problematic parts of
a week are the weekend days and the time after school
on the weekdays. At such a time, the physical regimen of
a child is left to the full competency of the child’s family
(parents), that is why we see (in concordance with other
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experts) a solution in the education of parents in the
field of the importance of PA for the healthy develop-
ment of a child (Kodat et al., 2006; Salonna et al., 2008;
Sichieri, Taddei, & Everhart, 2000). It is necessary to
prefer a fellowship of engagement in PA for children
and their parents (National Center for Chronic Disease
Prevention and Health Promotion, 1999). We consider
quality and the qualified promoting of a healthy lifestyle
within a family to be very important (Coakley, 1987),
not only by means of policy, the influence of the mass
media, and physicians but also by teachers at kindergar-
tens. Similarly with Dowda, Pate, Trost, Almeida and
Sirard (2004) or Timperio, Salmon and Ball (2004), we
assume that it is necessary to improve the quality of the
undergraduate education of kindergarten teachers. We
identify with the opinion of the European Healthy Heart
Initiative (2001) that school should become a center for
the promotion of a healthy lifestyle for children.

Boreham and Riddoch (2001) claim that contempo-
rary children expend approximately 600 kcal-kg™'-day!
less energy than children 50 years ago, despite their
ontogenetically given need for movement, and this trend
has been increasing in recent decades. Although the
health consequences of reduced energy expenditure in
adulthood are very well known, associations with inac-
tivity in childhood have not been sufficiently described
yet. In particular, juvenile obesity can be followed by
many negative health effects in adulthood. Experts pre-
sume an increase in the growing quantity of overweight
and obese children as seen in growing numbers of vic-
tims of chronic and fatal diseases in the oncoming de-
cade (Chinn & Rona, 2001; Lee, Burgeson, Fulton, &
Spain, 2006; Pender & Pories, 2005; The United King-
dom Parliament, 2001).

Significant difference (p < .001) between groups
A and B was found also in all monitored variables of the
STEPS criterion. Group A reached significantly lower
values of the number of steps within a monitored week
(STEPS7 = 6817 steps-day™'), on weekdays (STEPS5 =
= 7124 steps-day™'), and on weekend days (STEPS2 =
= 6307 steps-day’!), when compared to group B
(STEPS7 = 10182 steps-day™!; STEPSS5 = 10177
steps-day!; STEPS2 = 10338 steps-day™'). The lower
number of steps at school in group A (SKsteps = 2375
steps-day™!) corresponds to the low number of steps
during leisure time (LEIsteps = 4799 steps-day!) and
on weekend days. On the other hand, children from
group B significantly (p <.001) exceeded group A in
the number of steps taken at school (SKsteps = 3296
steps-day™') and outside of school (LEIsteps = 7426
steps-day™') (Fig. 4). The smallest inter group difference
in the criterion of STEPS is observed at school. The rea-
son for such a small difference could be seen in school
educational programs at monitored schools which, by
their structure and content, do not take individual dif-
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ferences between children fully under consideration and
probably takes part in the reduction of the number of
steps in physically more active children.

Fig. 4
The average number of steps (steps-day™') - comparison
of groups A (n =49) and B (n = 151)
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Legend:

STEPS7 - mean numbers of steps within the monitored week
STEPSS5 - mean numbers of steps on weekdays

STEPS2 - mean numbers of steps on weekend days

SKsteps - mean numbers of steps on weekdays at school
LEIsteps - mean numbers of steps on weekdays in their leisure
time

Boys from group B reached a higher mean number
of steps during the monitored week (STEPS7 = 10705
steps-day!), on weekdays (STEPS5 = 10632 steps-day™'),
and on weekend days (STEPS2 = 10990 steps-day™!).
Values found in group A were significantly lower
(p <.001), i.e. STEPS7 = 7483 steps-day!, STEPS5 =
= 7857 steps-day™!, and STEPS2 = 6893.93 steps-day~'.
In their leisure time outside school on weekdays, the
number of steps found in boys from group B was al-
most one third higher (p < .001) (LEIsteps = 7333
steps-day~!), when compared to their counterparts
from group A (LEIsteps = 5338 steps-day™!). In spite
of the significant difference (p <.02) in the number of
steps taken during their stay at kindergarten by groups
A (SKsteps = 2656 steps-day™') and B (3435 steps-day™')
we find differences in other monitored values of the
STEP factor between these groups of boys to be con-
siderably higher. The school regimen probably does not
allow boys from group B to saturate sufficiently their
need of locomotion activities and that is why they carry
out these activities during weekdays outside school and
on weekend days in particular (Fig. 5). Compared to the
values of the number of steps outside school, a stay at
kindergarten lowers the number of steps considerably
(approximately by 50%) not only in more active boys
from group B, but also in group A.
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Fig. 5
The average number of steps (steps-day™') - comparison
of boys from groups A (n=30) and B (n = 74)
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Legend:

STEPS7 - mean numbers of steps within the monitored week
STEPSS5 - mean numbers of steps on weekdays

STEPS2 - mean numbers of steps on weekend days

SKsteps - mean numbers of steps on weekdays at school
LEIsteps - mean numbers of steps on weekdays in their leisure
time

Boys A - the sample of boys who do not meet the health recom-
mendations IAW the STEPS indicator

Boys B - the sample of boys who meet the health recommenda-
tions IAW the STEPS indicator

A significant difference (p <.001) in the daily num-
ber of steps during the monitored week can be observed
also in girls from group A (STEPS7 = 5764 steps-day™!)
and B (STEPS7 = 9689 steps-day™'). Girls from group
A reached values lower by almost one quarter (p <.001)
on weekdays (STEPS5 = 5968 steps-day™!), when com-
pared to group B (STEPSS5 = 9747 steps-day™!). In
girls from group A, the number of steps taken during
a weekend is even lower in comparison with weekdays
(STEPS2 = 5381 steps-day™!), while these values are al-
most the same in group B (STEPS2 = 9721 steps-day™').
Thus, the significant difference (p < .001) between
groups A and B can be found also on weekend days.
With regard to the young age of these children, their
PA on weekend days is mostly affected by the life style
of their family, the activity of their parents and the ap-
proach of parents to the education of their child. How-
ever, when taking the STEPS criterion into account,
girls from group B (SKsteps = 3181 steps-day!) are
more active also at school (p <.001), when compared
to girls from group A (SKsteps = 1906 steps-day!).
In leisure time outside school, a significant difference
(p <.001) was found in steps between girls from group
A (LEIsteps = 3899 steps-day') and B (LEIsteps = 6815
steps-day~!) similarly as in boys (Fig. 6). The number of
steps taken during weekdays at school is also, in girls,
approximately half-length in comparison with leisure
time outside school.
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Fig. 6
The average number of steps (steps-day™') - comparison
of girls from groups A (n=19) and B (n = 77)
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Legend:

STEPS7 - mean numbers of steps within the monitored week
STEPSS - mean numbers of steps on weekdays

STEPS2 - mean numbers of steps on weekend days

SKsteps - mean numbers of steps on weekdays at school
LEIsteps - mean numbers of steps on weekdays in their leisure
time

Girls A - the sample of girls who do not meet the health recom-
mendations in the indicator of STEPS

Girls B - the sample of girls who meet the health recommenda-
tions in the indicator of STEPS

Tudor-Locke and Bassett (2004) assume 12,000 to
16,000 steps a day in children. Taking the STEPS cri-
terion into account, seventy one children (35.5%) from
the sample included in group A did not meet this health
criterion. Thirty two (45.07%) of these were boys and
thirty nine (54.93%) were girls. This result was prob-
ably influenced partly by the age of the children, be-
cause the above mentioned values for health criteria
were developed for children from the age of six. The
group of children meeting this criterion consisted of 129
(64.50%) children, seventy two (55.81%) of whom were
boys and fifty seven (44.18%) were girls. It is possible
to assume a rather positive trend of development in the
daily number of steps with the growing age of children
under conditions of maintaining dominant active trans-
port to and from school and a gradual increase in their
involvement in sport and children’s organizations with
respect to the interests of each child.

According to activity criteria for adults (Tudor-
Locke, Hatano, Pangrazi, & Kang, 2008), the mean
daily values reached in group B are classified as “active”
and “somewhat active” or “less active” in group A. Jago
et al. (2006) estimated that 8,000 steps per 60 minutes
correspond to 60 minutes of moderate PA. Sigmund,
Fromel and Neuls (2005) indicate 8,250-12,000 steps
a day to be sufficient from the aspect of expected health
benefits for pre-school children. Thus, in the STEPS
criterion, the level reached could be classified as suf-
ficient. However, it is necessary to perceive that, in pre-
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school aged children, locomotion activities are not only
a source for meeting the requirements for movement
but also a means for the development of cognitive func-
tions and an important stimulus for the socialization of
a child. According to measures made by Sigmund, De
Croix, Miklankova and Fromel (2006) and Sigmund,
Miklankova, Mitas, Sigmundova and Fromel (2007), the
criteria for PA in children and youth decline rapidly
in older age categories, especially after the beginning
of compulsory school attendance. In girls, these values
fall down to the level of an “inactive norm” of senior
women with at least one factor of metabolic syndrome
(Kfenkova, Dad'ova, Novotna, & Matouskova, 2006).

CONCLUSIONS

Reviewing PA as a means for health support, there
are many points of view and recommendations regard-
ing the frequency, intensity and duration of PA from
the aspect of benefits for the health of an individual.
A relatively high percentage of pre-school children with
hypokinetic behavior points to a necessity to target, in
future research, factors causing this decrease and the
area of interventional programs to promote PA under
both school conditions and as a component of the life
style of contemporary families. Extreme attention needs
to be paid to unskillful children (Howell-Wechsler et
al., 2000), children with special needs (Gorny & Karas-
kova, 2004; Janecka & Dostalova, 2007; Kudlacek &
JesSina, 2008) or children with problematic relationships
to physical education and to enlighten them on possi-
bilities of how to involve themselves in physical activi-
ties. Moreover, the problems of the undergraduate and
postgraduate education of teachers with regard to the
efficiency of school physical regimens and their influ-
ence in the PA level of children is deficiently assessed
in the Czech Republic.

Our results confirm that a stay at kindergarten be-
longs to the relevant parts of a day from the aspect of
children’s physical activity in the sense of a very “prob-
lematic” part of a day, when the values of active en-
ergy expenditure are decreased almost by 50% even in
children physically active outside the school. The same
trend can be observed also in the number of steps. On
the other hand, a kindergarten is a proper place for chil-
dren with hypokinetic behavior, who can be activated
by an adequate incidence of the fulfillment of a school
physical regimen. In correspondence with school laws,
kindergartens have at their disposal qualified pedagogi-
cal workers, certified tools and equipment and premises
meeting the criteria of safety. The propriety and safety
of the premises offered to children for play and locomo-
tion activities of a spontaneous or organized character
have been mentioned as a necessary determinant of an
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increase in PA by many authors (Barnett, O’Loughlin,
Gauvin, Paradis, & Hanley, 2006; European Healthy
Heart Initiative, 2001; Louie & Chan, 2003; Mori, 2004;
Sallis et al., 2001). It can be recommended to do further
research in the field of PA in children of pre-school age
and at the following primary school age in association
with environmental stimuli to PA which can play a very
important, motivating and activating role in relationship
to physical activities.
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POHYBOVA AKTIVITA U PREDSKOLNICH DETI
Z HLEDISKA ZDRAVOTNICH KRITERIQ
(Souhrn anglického textu)

Hlavnim cilem této studie bylo zhodnoceni potenci-
alnich rozdilti mezi skupinami predskolnich déti, které
spliuji a nespliuji zdravotni doporuceni pro pohybové
aktivity (PA) z hlediska takzvanych indikator(i pohybo-
vé aktivity (aktivni vydaj energie, pocet krokl). PocCet
krok byl méfen pedometry Yamax Digi-Walker SW-200
(Yamax Corporation, Tokio, Japonsko) a aktivni vydaj
energie byl méfen akcelerometry Caltrac (Muscle Dy-
namics Fitness Network, Torrance, Kalifornie). Hodno-
ceni PA z hlediska takzvanych zdravotnich kritérii bylo
uskutecnéno dle kritérii Fromela, Novosada a Svozila
(1999), ktefi doporucuji hodnoty takzvanych zdravot-
nich kritérii PA. Pfi dosaZeni té€chto kritérii je mozné
predpokladat, Ze PA ma pozitivni u€inky na zdravy
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vyvoj jednotlivce. Vzorek sestaval z 200 predskolnich
déti. Ctyficet devét téchto déti (30 chlapct a 19 divek)
bylo oznaceno jako skupina A (déti, jeZ poZadovanych
doporucenych hodnot nedosahovaly ani v jednom ze
zdravotnich kritérii PA). Skupina B (déti, které dosa-
hovaly pozadovanych doporucenych hodnot alespon
v jednom ze zdravotnich kritérii PA) sestavala ze 151
déti (74 chlapcti a 77 divek). K ovéfeni statistického
vyznamu moznych rozdilli mezi skupinami A a B a také
mezi chlapci a dév€aty v ramci téchto skupin bylo pou-
zito testu Mann-Whitney. Ve vSech sledovanych dnech
tydne, stejn€ jako v obou sledovanych ¢astech dne, byl
u obou ukazateld PA zaznamenan vyznamny rozdil
(p <0,001) mezi skupinami A a B. Pokud jde o tyto
proménné, byly nejmensi rozdily (p < 0,02) pozorovany
v dobé€ stravené ve Skole. Nase vysledky potvrzuji, Ze
pobyt v matefské §kole naleZi k dllezitym ¢astem dne
z hlediska pohybové aktivity déti ve smyslu velmi ,,pro-
blematické® ¢asti dne, kdy se hodnoty aktivniho vydaje
energie a krokl sniZuji témét o 50 % i u déti pohybové
aktivnich mimo Skolu. Na druhou stranu je matefska
Skola vhodna pro déti s hypokinetickou poruchou, jez
miuZe aktivovat adekvatni plisobeni §kolniho pohybové-
ho rezimu.

Klicovad slova: pohybova aktivita, predskolni vek, zdravotni
doporucenti, stimulace prostredim.
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The variables of fat mass (FM), fat free mass (FFM) and total body water (TBW) are considered to be the most
important components of the body’s composition. At present, there are quite many methods for the evaluation of body
composition. They differ in both devices used and personnel requirements and in the determination accuracy of the
monitored data, which are the most important factors limiting their use under various conditions. The aim of our work
is to find out more details about those methods for the determination of body composition that are available at present
and to consider their possibilities in use for a group of children under laboratory and field conditions. Altogether, the
following subjects were tested, n = 30, aged 10 to 14 years, 17 of whom were boys and 13 of whom were girls. A good
match, of the DEXA method and other chosen methods for the determination of body composition, was found in both
boys and girls, but from the statistical and objective significance points of view, we deduce a considerable differentness

between various methodics mainly due to the differentness of prediction equations.

Keywords: Body composition, components of body composition, methods for determination of body composition.

INTRODUCTION

Generally, we can divide the human body into sev-
eral components that form mutual relations with each
other (Wang et al., 1992, 19; Parizkova, 1998a, 1). The
variables of fat mass (FM), fat free mass (FFM) and
total body water (TBW) are considered to be the most
important components of the body’s composition. All
of the components of the body’s composition are sub-
ject to the impact of many external as well as internal
factors. Body composition, commonly approached as
a proportion of active mass and depot fat, creates an
expressive somatic marker that is associated with spe-
cific developments, based on age, gender and level of
physical condition. Therefore, the determination of the
proportion of active mass and depot fat is not defined
only by a certain morphological feature, but it also pro-
vides a basis for organism assessment from the point
of view of its functions (Pafizkova, 1962, 123). Epide-
miologic studies show that not only the total amount of
the body fat, but also it’s distribution, are important for
the occurrence of cardiovascular diseases and type 2
diabetes. Central fat distribution is also connected with
adverse effects on fitness characterized by hyperinsulin-
ism, dyslipidemia and glucose intolerance, which mainly
increase the risk of cardiovascular diseases (Chan et al.,
2003, 445). Maffeis et al. (2001, 179) mention in their
study the relationship between waist circumference and
the risk factors of cardiovascular diseases as follows:
there is a negative correlation between the waist cir-

cumference and the HDL cholesterol level, the results
of lipid spectrum examination and blood pressure values
in preadolescent children significantly relate to the an-
thropometric indexes evaluating fat mass distribution;
they also found a high degree of dependence between
the waist circumference and skinfold thickness at the
triceps and subscapular area. According to Teixeira et al.
(2001, 434) the sum of 3 trunk skinfolds (the abdomi-
nal, subscapular and the suprailiacal skinfold) strongly
correlated with the total amount of trunk fat (measured
by DEXA method). The sum of three trunk skinfolds
further strongly correlated with HDL cholesterol val-
ues, the proportion of total cholesterol/LDL cholesterol
and with apolipoproteins A-I being independent of body
thickness. At present, there are quite many methods for
the evaluation of body composition. We can divide them
into three basic groups: direct methods (level I), indirect
standard laboratory (reference) methods (level II), and
field methods (level IIT) (Bunc et al., 1998; Pafizkova,
1998a, 3, 4; Mala et al., 2008). They differ in both de-
vices used and personnel requirements and in the deter-
mination accuracy of the monitored data, which are the
most important factors limiting their use under various
conditions (Roche et al., 1996, 15). The availability of
the methods presented as so-called “reference” methods,
is limited in our situation due to their high technical and
financial operating demands; these methods are virtually
impracticable for field population studies. They are also
known as “once indirect” methods and the most widely
used method at present is dual energy X-ray absorp-
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ciometry (DEXA). DEXA is considered to be a “gold
standard”, its availability is, however, limited, due to its
high financial operating demands, therefore it is mostly
used for verification of derived methods (i.e. level 111
methods) the availability and operation of which are
much less demanding. The underwater weighing method
of body composition analysis used earlier is being used
less at present due to its technical demands (Mala et
al., 2008). Regarding field methodics (level III) that are
readily available, less time consuming, as well as being
technically and financially manageable but less exact, we
can mention anthropometry in particular (stature and
body weight, BMI, WHR, estimation of body composi-
tion based on skinfolds - caliperation...) and bioelectric
impedance (BIA) (Brodie et al., 1999, 801; Pafizkova,
1998a, 3; Bunc, 2001a, 103). BMI however does not
reflect an exact proportion of fat and fat free mass.
The amount of fat mass (%) increases with age and is
higher in women than men, but these differences may
not be involved in BMI (WHO, 1995). In comparison
to BMI, the fat mass (%) has a greater predicative ability
and is more tightly connected with the health hazards
that arise from its amount and distribution in the body
(Deurenberg et al., 1989, 624; Deurenberg-Yap et al.,
2003, 81). However, the determination of body com-
position using the BIA method determining total body
water (TBW) and its fractions (ICT, ECT) is also not
“trouble free” (Lukaski et al., 1985, 810). It is necessary
to emphasize that the amount of water in an organism
depends on the individual’s age, weight and gender and
that it individually varies according to intake and output
(Heyward et al., 1996, 44).

Each of the measuring methods has its error sources
that have to be taken into account. Aside from the fi-
nancial and technical demands, there are also prediction
equations that represent the major difficulty of the us-
ability of the current methods for the determination of
body composition. Unfortunately, there is no universal
prediction equation that could be used for all of the
population groups. Many of the equations either have
been taken over from foreign studies or were formed
more than 25 years ago. Therefore, it is necessary to
update these equations and mainly to determine such
prediction equations as would respect not only age and
gender, but also the individual’s level of physical activity
and individual variability in body composition. To mini-
malize any error of all of the indirect methods for the
determination of body composition, it is necessary to
use specific prediction equations formed from a sample
of the factors of age, gender, nationality, health condi-
tion and level of motion activity corresponding with the
examined person (Deurenberg et al., 1989, 628; Baum-
gartner et al., 1990, 223). Since the fat mass distribu-
tion varies based on age, gender, motion activity, etc.,
the validity of regression equations for the estimation
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of body composition from skinfolds is limited only to
the population from which the equations were derived.

We can find a number of companies that offer an
analysis of body composition by means of various me-
thodics. Unfortunately, it has become a routine that the
single methods are combined with each other and the
results are often interchanged in spite of the fact that
each of the methods is based on different principles and
presumptions. Therefore, it is now necessary to consider
the efficiency of individual methods for the determina-
tion of body composition as well as to solve the problem
of the partial compatibility of these methods.

The aim of our work is to find out more details about
those methods for the determination of body composi-
tion that are available at present and to consider their
possibilities in use for a group of children under labora-
tory and field conditions. The partial aim was to find
out about a suitable kind of laboratory equipment that
would be available in our environment as well as abroad,
and that would allow for not only a single analysis of
body composition but also the monitoring of contingent
changes in body composition within the framework of
the long term observation of an individual or of popula-
tion groups.

FILE CHARACTERISTICS AND APPLIED METHODS

The mixed file was comprised of 30 probands in to-
tal, 17 of whom were boys (10-14 years) and 13 were
girls (11-13), without any special motion load (43%
female gender, 57% male gender). All of the probands
were monitored in the Biomedicine Laboratory, Faculty
of Physical Education and Sport, Charles University in
Prague. Testing by DEXA method was carried out in co-
operation with the Densitometry Department, Central
Military Hospital in Prague. The respective measure-
ments were carried out all at once, i.e. the proband was
tested by all specific methodics within one visit. The
probands were apprised of the goal and process of all
of the testing in advance. With respect to the probands’
age, we sought their parents’ approval. One of the basic
requirements was to minimize the influences of the envi-
ronment as well as the examiner because they affect the
test results as errors. The examiner’s influence was mini-
mized in the following manner: it was always the same
person who did all of the probands’ values (except for
that done by the DEXA method) and whose measure-
ment reliability was verified using the test-retest method.

From the basic anthropometric parameters, we
measured stature (cm) and body weight (kg). For
measurement of the skinfolds’ thickness we used the
Best type caliper (face, chin, biceps, triceps, forearm,
back, thorax I, thorax II, abdomen, hip, thigh I, thigh II,
calf IT) and the Harpenden caliper (skinfolds for so-
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matotype - biceps, triceps, spina, scapula, calf I). The
circumference measurements (cm) - particularly the
circumference of the arm, forearm, thigh, waist and
hip - were determined by using an inelastic measuring
tape with an accuracy of 0.1 cm. The breadth measure-
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Values of the monitored probands’ selected parameters
(n = 30), the values are presented in the form of average
+ standard deviation

ments (mm) - particularly the wrist breadth, breadth of Boys (n = 17) | Girls (n = 13)
the distal epiphysis of the humerus and ankle breadth - BMI (kg.m2) 17.8 £ 2.0 179+ 1.9
were measured by using a slide gauge with an accuracy WHR 0.82+0.04 | 0.78£0.03
of 0.5mm. The BMI index (kg.m2), WHR index and Somatotype | Endomorphic 1.1£0.7 1.1+£0.4
somatotype were determined according to Heath and components | Mesomorphic | 3.3 £ 1.1 2.7+ 1.1
Carter (1967) by using the SURVEY software in its 2.95 Ectomorphic 39+ 11 40+1.0
version. Face 3.9+£0.8 3.0+ 0.6
To determine body composition, we used the Chin 3411 2.9+0.7
DEXA reference method (HOLOGIC type, 11.1:7 ver- Thorax I 41412 33411
sion, Delphi W model (S/N 70522), measurement of Thorax IT 39+ 16 38+13
the skinfolds’ thickness according to Pafizkova (1977, Arm (tr.iceps) 3.6+15 34+038
38) - SKF, (prediction equations by Pafizkova, 1977, Arm (biceps) | 4.0+ 19 32+12
38), SKF, (prediction equations by Bunc et al., 1998, 1), F(frearm 3.5£12 32+13
method of body composition according to Matiegka Hip 4.6£2.2 5.1 £1.8
. .. Abdomen 9.1+43 8.8+3.3
(1921), bioelectric impedance - BIA (Bodystat 500 - z Back 46216 YWEEN
BIA, - software ANTROPOS 2.3 (1995), BIA, - Bunc £ Thigh I 5'4; 1'4 5'0; 1'5
et al. (1998, 1), BIA, - OMRON BF 300, BIA, - TAN- 3 Thigh 11 7:6 N 1:3 8:2 N 1:5
ITA TBF - 551). S Calf 1 5.9+ 1.4 52+ 1.0
% Calf II 62+ 1.9 6.5+2.1
2 of 10 skinfolds (mm) 48.7+ 14.6 45.0+10.0
TABLE 2
Fat mass values (%) determined by different methodics
- £ 2
- | &. 8% | s_. | g, g, g_. g3
g2 £ | g2 EE | FE | £ | EE | ZB
Boys (n = 17)
Average 12.1 9.9 12.6 5.5 6.9 16.8 15.0 16.6
SD 3.9 3.7 2.9 2.4 1.5 5.0 3.8 3.3
Min 7.2 4.4 8.7 1.5 4.8 10.1 7.9 12.1
Max 19.2 16.9 17.7 10.1 10.3 24.8 22.4 25.2
Girls (n = 13)
Average 13.7 9.1 11.5 5.5 18.8 18.1 19.4 20.6
SD 2.5 2.8 2.5 2.3 2.7 3.3 2.6 3.4
Min 9.0 3.8 7.7 2.2 14.0 13.3 15.4 15.7
Max 17.7 14.6 16.1 9.7 22.6 22.8 24.8 26.9
Legend:

The values are presented as an average + SD (standard deviation).

SKF | - measurement of the skinfolds thickness, prediction equation according to Patizkova (1977)
SKF , - measurement of the skinfolds thickness, prediction equation according to Bunc et al. (1998)
BC Matiegka - body composition by Matiegka’s method (1921)

BIA, - Bodystat 500, ANTROPOS 2.3 software (1995)

BIA, - Bodystat 500, prediction equation, Bunc et al. (1998)

BIA, - OMRON BF 300 - prediction equation as part of the device software result

BIA, - TANITA TBF 551 - prediction equation as part of the device software result

DEXA - dual energy X-ray absorpciometry
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TABLE 3

Correlation analysis and t-test for pairing values of
DEXA methodics compared with other chosen me-
thodics

A) Boys
R? R P (t-test)
SKF, /DEXA 0.808 0.899%* <0.01
SKF,/DEXA 0.696 0.834%* <0.01
BC Matiegka/DEXA | 0.643 0.802%* <0.01
BIA, /DEXA 0.479 0.692%* <0.01
BIA, /DEXA 0.536 0.732%* <0.01
BIA,/DEXA 0.540 0.735%* N.S.
BIA,/DEXA 0.493 0.702%* N.S.
B) Girls
R? R P (t-test)

SKF, /DEXA 0.072 0.268 <0.01
SKF, /DEXA 0.895 0.946%* <0.01
BC Matiegka/DEXA 0.548 0.740%* <0.01
BIA, /DEXA 0.672 0.820%* <0.01
BIA,/DEXA 0.579 0.761%* N.S.
BIA,/DEXA 0.569 0.754%* N.S.
BIA,/DEXA 0.137 0.370 N. S.
Legend:

*p<0.05

**p<0.01

R? - determination coefficient

R - Pearson’s correlation coefficient

N. S. - insignificant difference

P (t-test) - significant difference of fat mass averages (%) by using
the pairing t-test

We used NCSS 6.0.21 Jr - Demo (Copyright © 1996
by Jerry Hintze) and the Microsoft Excel 1997, 2002
programs for data analysis and its statistical treatment.

We used basic statistical characteristics, including
position measurement (using an arithmetic average),
variability measurement (using standard deviation) for
the (quantitative data) file description. We used the
linear regression method and correlation analysis to
express relationships between the examined probands’
body characteristics. We used correlation analysis and
the pairing t-test to establish a mean value for the com-
parison of the results of fat mass measurements (%) by
selected methods. With respect to the above mentioned
errors in measurement, the objectively significant differ-
ence in the evaluation of the methods’ differentness was
determined at 1.5-2% of the fat mass value (Bunc, 2001,
48; Bunc et al., 2001, 105). The relevance of such rela-
tionships and differences between the single methods
was considered at p < 0.01 and p < 0.05 levels.
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RESULTS

We are not presenting the basic statistical charac-
teristics of stature and body weight with respect to the
examined probands’ age spread (10-14 years) and to
the low numbers of probands in the subfiles structured
according to age. The aim of the study was focused on
the examination of correspondence between the meth-
ods used for the determination of body composition;
therefore, we present the basic statistic characteristics of
selected indexes, somatotype components and skinfolds
in TABLE 1. These data serve as a basis for assessment
of the output values.

Inhomogenity of the anthropometric parameters and
body composition parameters as well can be caused by
many factors (biological age, individual’s variability,
etc.).

The single somatotype components were determined
based on the anthropometric parameters. It is necessary
to mention that a child’s distribution and relationship of
morphological components differ from an adult’s. All
three components can change in connection with the
type of growth (Riegerova et al., 1998, 61).

DISCUSSION

Anthropometry serves as a basis for determining the
morphological characteristics of body and body compo-
sition (FM, FFM). It does not include only the meas-
urement of body circumferences, breadths and lengths
but also the measurement of the skinfolds’ thickness
that further serve for the calculation of the amount of
subcutaneous fat. The possibility of the determination
of various subparameters, e.g. skinfold thickness in the
abdominal area, or other coefficients, allows us, among
other factors, to characterize the fat mass distribution.
Epidemiologic studies show that not only the total
amount of body fat, but also its distribution is important
for the distribution of the so called lifestyle diseases.
The intra abdominal fat in adults is referred to as clini-
cally the most severe type of fat mass distribution (Maf-
feis et al., 2001, 179; Teixeira et al., 2001, 433; Chan et
al., 2003, 441). There are various anthropometric para-
meters and indexes, such as, e.g. BMI and waist circum-
ference, that are commonly used for the estimation of
fat mass, assessment of its distribution and for the evalu-
ation of the relationship between the obesity and risk
factors of cardiovascular diseases. BMI, however, does
not reflect the exact proportion of fat and fat free mass.
The amount of fat mass (%) increases with age and is
higher in women than men, but these differences may
not be involved with BMI (WHO, 1995). In comparison
to BMI, the fat mass (%) has a greater predicative ability
and is more tightly connected with the health hazards
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TABLE 4
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Objectively significant/insignificant difference in fat mass quantity (%) observed by single methods for determination
of body composition in boys and girls (the values are presented in %; < 1.5-2% = objectively insignificant difference;

> 1.5-2% = objectively significant difference)

SKF , BC Matiegka | BIA | BIA | BIA | BIA | DEXA

SKF, b -2.2 +0.5 -6.6 -5.2 +4.7 +2.9 +4.5
g -4.6 -2.2 -8.2 +5.1 +4.4 +5.7 +6.9
SKF , b +2.7 -4.4 -3.0 +6.9 +5.1 +6.7
g +2.4 -3.6 +9.7 +9.0 +10.3 +11.5
BC Matiegka b -71 -5.7 +4.2 +2.4 +4.0
g -6.0 +7.3 +6.6 +7.9 +9.1
BIA, b +1.4 +11.3 +9.5 +11.1
g +13.3 +12.6 +13.9 +15.1
BIA, b +9.9 +8.1 +9.7
g -0.7 +0.6 +1.8
BIA, b -1.8 -0.2
g +1.3 +2.5
BIA, b +1.6
g +1.2

Legend:

The value with “+” sign signifies that it is higher in a column than in a row (e.g. value from BC Matiegka is higher by 0.5 against the

value from SKF)).

The value with “~” sign signifies that it is lower in a column than in a row (e.g. value from SKF, is lower by 2.2 against the value from SKF ).

that arise from its amount and distribution in the body
(Deurenberg et al., 1989, 624; Deurenberg-Yap et al.,
2003, 81).

We find significant relationships in the group of
boys, not only between the total amount of fat mass
(%) from DEXA and anthropometric indexes BMI
(R?=0.475, R = 0.689, p < 0,01), WHR (R?=0.412,
R =0.642, p < 0.01), but also between the amount of
fat mass (%) from DEXA_, . and anthropometric in-
dexes BMI (R?=0.297, R = 0.545, p < 0.05) and WHR
(R?=0.416, R = 0.645, p < 0.01). On the other hand,
we found an insignificant relationship in the group of
girls between the fat mass (%) from DEXA . ., and
anthropometric indexes BMI (R? = 0.252, R = 0.502,
N.S.) and WHR (R? = 0.131, R = 0.362, N. S.), while
the relationship of BMI and the total amount of fat mass
(%) from DEXA is significant (R?> = 0.669, R = 0.818,
p <0.01). We noticed a high interdependence between
the waist circumference and the total amount of fat mass
(%) as shown by DEXA in boys (R>=0.523, R =0.723,
p < 0.05) and girls (R*=0.753, R=0.868, p < 0.01), but
also between the amount of fat mass (%) from DEXA ,
in boys (R?=0.503, R =0.709, p < 0.01) and girls (R?> =
=0.333, R=0.577, p < 0.01). Further, there are marked-
ly close relations between the single somatotype compo-
nents and the total amount of fat mass (%) from DEXA
in boys (R? = 0.276-0.743, R = 0.525-0.862, p < 0.01,
p< 0.05) and girls (R? = 0.410-706, R = -0.640-0.840,
p< 0.01). We find a high dependence in boys between
the skinfold thickness (mm), mostly in the upper part

of body, and the total amount of fat mass (%) from
DEXA (R?=0.419-0.702, R = 0.647-0.838, p < 0.01),
or the amount of fat mass (%) from DEXA . (R*=
=(0.288-0.724, R = 0.537-0.851, p < 0.01). We also no-
ticed a high dependence in girls between the skinfolds’
thickness (mm), mostly in the upper part of the body,
and the total amount of fat mass (%) from DEXA (R? =
=0.359-0.872, R = 0.599-0.934, p < 0.01), but the re-
lationship between the amount of fat mass (%) from
DEXA | n @nd some of the skinfolds (mm) was less
close (R?=0.328-0.618, R = 0.573-0.786, p < 0.05,
p < 0.01). There is a markedly highly significant rela-
tionship between X of skinfolds and the total amount
of fat mass (%) as shown by DEXA in boys (R? = 0.767,
R =0.876, p < 0.01) and girls (R*> = 0.893, R = 0.945,
p < 0.01), or the amount of fat mass (%) as shown by
the DE wunk €asurement in boys (R?=0.610,R =
= 0.781, p < 0.01) and girls (R? = 0.417, R = 0.646,
p < 0.01). This different dependence between the
skinfolds and the amount of fat mass (%) as shown by
DEXA or determined by DEXA . . methods, confirms
intersexual differences in fat mass distribution (Baum-
gartner et al., 1990, 223).

We can suppose, for the DEXA method, based on
the hints given in the literature, that it sufficiently rep-
resents an accurate technique for the determination of
body composition and is able to recognize even small
changes in the amounts of fat mass or fat free mass. The
validity of the DEXA method was not the subject of this
study, yet we supposed, based on the hints given in the
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literature (Maud et al., 1995, 217; Pafizkova, 1998a, 3;
Brodie et al., 1999, 807; Bunc, 2001, 48) that we could
use it as a reference method. In evaluation of body com-
position by the DEXA method, we noticed higher aver-
age values of fat mass in girls (20.6 + 3.4 %) than in boys
(16.6 £ 3.3 %). Heyward et al. (1996, 90), Blaha et al.
(2001, 97) mention the marked intersexual differences
in the development of the values of the proportion of
human body fat components, which already appear be-
fore adolescence. These differences mainly result from
the different somatotype development of both genders
and from different starting times of adolescence spurt.
Sexual differentiation in fat distribution appears already
in the middle infancy stage; it grows strong in adoles-
cence and persists in adult age.

The positive advantage of the DEXA method is that
it reduces measurement error caused by the person or
persons providing the measurement (biological error).
The indicated measurement error is smaller than 3%
for fat tissue, 1.1 kg for muscle tissue and 30 g for bones
(Maud et al., 1995, 216). On the contrary, the great
disadvantage of most of the reference methods is that
their availability is limited in our conditions due to their
high technical and financial demands and therefore they
are virtually impracticable for field population studies.
For that reason there is a current trend to simplify the
process of the field evaluation of body composition, and
the DEXA method is mainly used today for verification
of derived methods (so called III level methods) that are
readily available, not time consuming, technically and fi-
nancially acceptable but less exact (e.g. anthropometry,
BIA) (Dlouha et al., 1998, 8; Patizkova, 1998a, 1; Bunc
et al., 2001, 103; Mala et al., 2008).

Each of the physical measuring methods has its error
sources that have to be taken into account. It is partly
the so called biological error, i.e. an error caused by
the device operator. The errors of the methods itself
can be divided into errors connected with software and
so, with the use of prediction equations, in which er-
rors can reach up to tens of a percentage (up to 80%
of the measured value) and errors connected with the
hardware (error of the measuring device itself, places
of measurements, electrode configuration, measuring
frequency, hydration, etc.). The total error is then the
sum of the single fractional errors of both software and
hardware (Roche et al., 1996, 15; Bunc, 2001, 50). The
total error of the anthropometry and BIA method varies
between + 3-6% of the total fat mass and the error re-
lated to the prediction equations varies between + 3-4%
(Maud et al., 1995, 221). The observed differences in fat
mass values (%) point to a considerable disparateness
of the methodics, but they are mainly caused by the dif-
ferentness of the single prediction equations used for the
final calculation of the fat mass amount (%). We noticed
a 15.1% difference in the group of girls between the low-
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est and highest measured value of fat mass (%), which is
even bigger by 3.8% as measured against the boys’ values
(girls - minimal value - BIA Bodystat 500 with use of
prediction equation of ANTROPOS 2.3 software (1995)
- 5.5 £2.3%; maximal value - DEXA - 20.6 + 3.4%). We
noticed a 11.3% difference in the group of boys between
the lowest and highest measured value of fat mass (%).
There was a minimal valuen of - BIA Bodystat 500
with the use of a prediction equation calculated by AN-
TROPOS 2.3 software (1995) - 5.5 + 2.4%; there was
a maximal value of - BIA, (OMRON BF 300 - with the
prediction equation being part of the calculation by the
device’s software) - 16.8 £ 5.0%. The average values of
fat mass (%) determined by means of anthropometry
and bioimpedance were lower by 1.2-15.1% in the group
of girls in comparison to the amounts of fat mass as
shown by the DEXA method. The average values of fat
mass as shown by anthropometry and BIA were lower
by 1.6-11.1% in boys in comparison to the amounts of
fat mass as shown by the DEXA method. The values
of fat mass (%) as shown by BIA measured by the OM-
RON BF 300 device (prediction equation as part of
the calculation by the device’s software) were higher by
even 0.2% on average as opposed to the DEXA method.
Most of the prediction equations used (BIA, ,) provide
lower values of fat mass (%) in comparison to the DEXA
method, the most significant differences being in pre-
diction equations for SKF, , BIA . Gutin et al. (1996,
290) compared the DEXA method, the measurement
of 7 skinfolds and the BIA method in children (n = 43;
boys - 10.33 + 0.58 years, girls - 10.27 + 0.63 years).
They found higher values of fat mass (%) in the group of
girls based on the single methods: the value was higher
by 3.7% in girls as opposed to the boys by the DEXA
method; by 3.4% by the measurement of skinfold thick-
ness and even by 4.4% using the BIA method. They also
noticed that the highest average values of fat mass (%)
were measured by the DEXA method while the low-
est average values of fat mass (%) were determined by
measurement of the skinfold thickness. The correlation
analysis shows a good match of the DEXA method and
other chosen methodics for the determination of body
composition in boys as well as in girls (boys - R? =
=0.479-0.808, R = 0.692-0.899, P < 0.01; girls - R? =
=0.548-0.895, R = 0.740-0.946, P < 0.01). To assess
the methods’ mutual differences, it is necessary to ob-
serve the mutual correlation of the single methods. The
differences’ analysis, using the t-test for pairing values,
showed that there mostly is statistically significant dif-
ference between the chosen prediction equations for
the determination of body composition in both groups
of boys and girls. Heymsfield et al. (1990, 216), Bunc
(2001, 48; Bunc et al., 2001, 105) consider 1.5-2% to
be the objectively significant difference between the
amount of fat mass (%) measured by the comparative
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methods. That means if the difference in values of fat
mass (%) measured by various methods is lower than
1.5-2% the methods can be considered to be compat-
ible. In our case, we found mostly the objectively sig-
nificant differences between the single methods for the
determination of body composition (TABLE 4).

As we have already mentioned, the prediction equa-
tions represent, besides the financial and technical de-
mands, the major difficulty of the usability of the current
methods for the determination of the body’s composi-
tion. Determination of prediction equations that will
respect, besides the ages, gender, and level of physical
activity, also the individual’s body composition or its
level of fat amount represent the basis for a successful
use of the specified methods (Deurenberg et al., 1989,
625). There is no universal prediction equation that
could be used for all of the population groups and that
would respect the whole range of fat mass values at the
same time (Slaughter et al., 1988, 722; Deurenberg et
al., 1989, 625). It is necessary to remember that many
of the prediction equations were formed more than 25
years ago (e.g. equation according to Pafizkova, 1977).
Today’s population differs from the population the pre-
diction equations were tested on. Many of the equa-
tions were designed for a normal population and its use
for sportspeople is therefore not suitable. Some of the
equations are often taken over from foreign studies, but
somatotype and racial characteristics are again different.

We know, based on the hints given in the literature,
that the minimal level of fat mass (%) that is considered
to be physiological is 4-6% for men and 8-12% for wom-
en (Heyward et al., 1996, 92), and we can suppose that
these values will be similar for children if not slightly
higher. Based on this thesis it is evident that the minimal
or average values of fat mass (%) calculated by some of
the methodics seem to be unrealistic (TABLE 2).

Using caliperation, we calculate the percentage of
fat mass (%) based on the sum of the corresponding
skinfolds. We observed approximately the same depend-
ence of X of skinfolds/DEXA (R? = 0.767, R = 0.876,
p < 0.01) and SKF /DEXA (R* = 0.808, R = 0.899,
P <0.01), or SKF /DEXA (R* = 0.696, R = 0.834,
P < 0.01) in the group of boys. While in girls, we noticed
a highly significant relationship of ¥ of skinfolds/DEXA
(R*=0.893,R=0.945, p < 0.01) and SKF /DEXA (R*=
= 0.895, R = 0.946, P < 0.01), but insignificant
SKF /DEXA (R?=0.072, R = 0.268, P < 0.01). The
above said results, in fact the mathematical approxima-
tions (using the equations for calculation of fat mass
percentage), bring other errors into the final determina-
tion of the fat mass amount (%). Using the equations for
the calculation of fat mass (%) from skinfolds’ thickness
or other anthropometric parameters, is, therefore, ques-
tionable. Although the public is used to this quantity,
monitoring of the sum of the corresponding skinfolds
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or skinfolds itself (not excepting other anthropometric
parameters) would be in many cases sufficient for the
determination of body composition.

Riegerova (1995, 16, 17) draws attention to a differ-
ence between the final percentage of fat fraction deter-
mined by caliperation according to Pafizkova and the
value according to Matiegka. She sees this difference
as a consequence mainly of the different localization of
skinfolds in lower extremities that affects the calcula-
tion. The differences in evaluation increase with growing
thickness of fat mass, yet the age, physique type and
harmony of distribution of fat tissue represent, among
others, important factors as well. The comparison of
evaluations of fat mass by anthropometric methods
and by Bodystat 500 (Riegerova & Ptidalova, 1996,
32, 33) further shows that the bioimpedance measure-
ment by Bodystat 500 fits in the results obtained by
caliperation. They also mention in the results the pos-
sibility of using regression equations for the calculation
of skeleton weight (kg) as a specification of another
physique component when using bioimpedance. A deci-
sive source of inaccuracy in the BIA method are mainly
the prediction equations, much as in measurement by
the skinfold thickness method. Bunc et al. (1999, 102)
shows insignificant differences in resistance values when
using Bodystat 500 and Bodystat 2000-M (in 50 kHz
frequency). Nevertheless, he adverts to a problem with
the use of prediction equations for the conversion of
fat mass percentage from BIA. He mentions that the
critical limit for the determination of fat mass is the
age of 10 years. Therefore, it is necessary to use spe-
cific prediction equations that respect the proband’s age.
A fairly big problem is still represented by measurement
conditions, also including the skill and experience of the
measuring personnel.

However, the determination of body composition by
means of the BIA method is also not trouble free. The
BIA method measures the total body water (TBW) and
counts on 72.3% of average body hydration and FFM
and is determined based on the relationship of FFM =
=TBW=*0.732"! (Lukaski et al., 1985, 811). It is neces-
sary to emphasize that the amount of water in an organ-
ism depends on the individual’s age, weight and gender
and that it individually varies according to intake and
output. The real measured hydration of FFM varies be-
tween 61-82% (Roche et al. 1996, 263). In children, the
proportion of total body water in their weight is higher;
it is approximately 77% in newborns. Sexual differentia-
tion does not develop until the postadolescent period,
when the hydration rate increases in boys and decreases
in girls. From the development point of view, it is not
only the development of total body water (TBW) but
also the development of its fractions - ECT and ICT -
that are substantial. The proportion of ECT is relatively
stable at the age of 12-18 years, whereas the proportion
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of ICT increases in boys in this period and decreases
in girls. The newest studies confirm that increasing age
is accompanied by a decrease in body hydration, only
in terms of a decrease in the TBW amount, and it was
noticed that the decrease in TBW is different for men
and women (Heyward et al., 1996, 99). We observed
mostly a good match between BIA/DEXA in boys (R? =
=0.479-0.540, R = 0.692-0.735, P < 0.01, N. S.) and
in girls (R? = 0.569-0.672, R = 0.754-0.820, P < 0.01,
N. S.), but also among each other BIA (TABLE 4). To
determine FFM and fat mass (%) it is, however, neces-
sary to set out the corresponding prediction equations
for each member of the group of persons, since these are
a limiting element for the practical use of these methods
(Bunc et al., 2001, 105).

CONCLUSION

The results confirm the possibility that anthropo-
metric parameters can be used not only for the evalu-
ation of body composition in terms of the amount of
fat mass (%) in particular, but also for the assessment
of its distribution. A significant match of a number of
anthropometric parameters and the total amount of fat
mass (%) as measured by DEXA or DEXA . Was
observed in both groups of boys and girls. A good match
of the DEXA method and other chosen methodics for
the determination of body composition was found in
both boys and girls, but from the statistical and objective
significance points of view, we deduce a considerable
differentness of single methodics mainly due to the dif-
ferentness of prediction equations. Most of the used
prediction equations (BIA, ) provide lower values of
fat mass (%) in comparison to the DEXA method, the
most significant differences being in prediction equa-
tions for SKF - BIAI.

Monitoring of various anthropometric parameters is,
due to its noninvasiveness and relatively low demands
on financial and technical needs, advisable for exten-
sive epidemiological studies. The monitoring and use
of anthropometric parameters and derived indexes in
clinical practice help us to observe their relationships
to the function of the organism, with other indexes char-
acterizing health hazards. It would contribute, among
others, to an evaluation of the healthy as well as the ill
organism and to a definition of needed arrangements
supporting human health.

Each of the physical measuring methods has its error
sources that have to be taken into account. It is partially
so called biological error, i.e. an error caused by the
device operator. The errors of the methods itself can
be divided into errors connected with hardware (error
of the measuring device itself, places of measurements,
electrode configuration, measuring frequency, etc.) and
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then errors connected with software and so with the use
of prediction equations, in which errors can reach up
to tens of a percentage (up to 80% from the measured
value). The specific prediction equations that respect,
not only the ages, gender, and level of physical activity
of the persons examined, but also the individual’s body
composition or its level of fat amount represent the basis
for a successful use of these methods for the determina-
tion of body composition. Unfortunately, there is no
universal prediction equation that could be used for all
of the population groups.

The observed relationships, presented results and
output cannot be generalized for the entire population,
they can be used only for this file.
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MOZNOSTI VYUZITi VYBRANYCH METOD
PRO STANOVENI TELESNEHO SLOZENI
U DETI V OBDOBI PUBERTY
(Souhrn anglického textu)

Lidské t€lo miizeme v podstaté rozdélit do né€kolika
komponent, které mezi sebou vytvari vzajemné vztahy.
Mezi nejvyznamngéjsi komponenty télesného slozeni
fadime télesny tuk (FM), tukuprostou hmotu (FFM)
a celkovou t€lesnou vodu (TBW). Télesné sloZeni, v nej-
CastéjSim pojeti jako velikost podilu depotniho tuku
a aktivni hmoty, vytvafi vyrazny somaticky znak, ktery
se charakteristicky rozviji v zavislosti na vé€ku, pohlavi
a stupni t€lesného rozvoje. Obecné 1ze parametry téles-
ného slozeni stanovovat mnozstvim metod, které se lisi
jak pristrojovou a personalni naro¢nosti, tak i presnosti
stanoveni sledovanych dat. Hlavnim cilem této prace
bylo posoudit moZnosti vyuZiti metod pro stanoveni té-
lesného sloZeni, které jsou v souc¢asné dobé k dispozici
v laboratornich a terénnich podminkach, u déti.

Do studie bylo zahrnuto celkem 30 probandi, z toho
17 chlapcii a 13 dévcat ve véku 10-14 let. Hodnotili jsme
zakladni antropometrické parametry (t€lesna vyska, té-
lesna hmotnost, BMI, WHR, obvodové a Sifkové rozmé-
ry, komponenty somatotypu podle Heathové a Cartera).
Pro stanoveni té€lesného sloZeni jsme pouZili referencni
metodu DEXA (typ HOLOGIC), méfeni tloustky koz-
nich fas podle Pafizkové (Bestlv kaliper), metodu podle
Matiegky (1921), bioelektrickou impedanci - BIA (Bo-
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dystat 500, OMRON BF 300, TANITA TBF - 551). Pro
prepocet na mnozZstvi télesného tuku (%) jsme zvolili
rizné predikéni rovnice.

U chlapcti i dévcat jsme nalezli vyznamnou zavislost
mezi nékterymi antropometrickymi parametry (obvod
pasu, obvod boktl, komponenty somatotypu, tloustka
koznich fas) a mnozstvim télesného tuku (%) z metody
DEXA, resp. DEXA . ,- U chlapcil i dévcat byla nale-
zena dobra shoda metody DEXA a ostatnich zvolenych
metodik pro stanoveni té€lesného sloZeni. Vyznamné
rozdily mezi jednotlivymi metodami ukazuji predevSim
na odliSnost zvolenych predik¢énich rovnic.

Klicovd slova: télesné sloZeni, komponenty télesného sloze-
ni, metody pro hodnoceni télesného sloZent.
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CHANGES IN SPEED AND STRENGTH IN FEMALE VOLLEYBALL PLAYERS DURING
AND AFTER A PLYOMETRIC TRAINING PROGRAM
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The goal of this article was the validation of a plyometric training program and the evaluation of the changes in
monitored speed and explosive power predispositions during and after the end of the training program. The program
was applied to a group of female youth volleyball players (n = 11) twice a week during an eight week period. Their actual
level of explosive power and locomotor speed was evaluated before, during and after the intervention was completed.
The levels were determined with the following tests: the standing vertical jump, the vertical jump with an approach
and the shuttle run for 6 x 6 m. There were positive changes in the average values of test scores during the period of
testing, but the dynamics of the changes in the explosive power and the speed were different. Other increases in all the
characteristics were noticeable when the final measurements were made six weeks after the completion of the training
program. Examination of the differences in the test scores by the follow up group, before the beginning and six weeks
after finishing the intervention, was centred on objectively and statistically important changes in the volleyball players’
motor predispositions (p <.05). The results of the program support the opinion that plyometric exercises are effective

tools in the development of explosive power and speed in young athletes.

Keywords: Explosive power, speed, youth, training.

INTRODUCTION

Muscle strength is very important for most sport
games at the present time. In volleyball, the achieved
level of explosive power is fundamental. This explosive
power is the most essential part of most player skills and
enables players’ activities during the game to be not only
at the required height and with the necessary power but
also at the right moment. A volleyball player’s use of
explosive power in vertical, horizontal and side move-
ments is critical. The relationship between explosive
power and the technical and tactical level of the player
is especially evident when observing the player’s activi-
ties at the net, attack from the field and spike serve.

The use of strength during the play is determined
by the fact that the usage of maximum strength lasts
from 0.5 to 0.7 seconds; however, most of the explosive
movements take substantially less time. For this rea-
son the optimal usage and transformation of the gained
maximum muscle strength into the “explosivity” of the
main muscle groups of the lower limbs, which take
part in the takeoff, require special power training. This
power training should be, according to Vechoshanskij
(1995), clearly aimed and oriented and should activate
the adaptation mechanism of the athlete’s organism cor-
responding with the needs of the concrete sport activity.
For the above reasons, an appropriate choice of training

methods, exercises and individual intensity and volume
of training load belongs among the key aspects in the
preparation of the player’s strength and power training
program.

The plyometric method is ranked among the most
frequently used methods for conditioning in volleyball.
It leads to the development of explosive power and reac-
tive speed of the muscle systems based on the improve-
ment of the CNS reactivity and the power, which is
needed for absorbing the stress when landing. The meth-
od is based on the reflex muscle fibre contraction, which
gives a response to the quick stretch caused mostly by
kinetic energy during the deceleration movement phase.
In addition to contractile and elastic muscle attributes,
we can see the improvement of the muscle propriocep-
tion and toleration for the stretching (stretching is pro-
ducing elastic energy and with its release the energy of
muscle contraction is growing). The method can influ-
ence muscle activity even with a well trained athlete and
can evoke not only an adaptation of the neuromuscular
functions, but also metabolic functions. The advantage
of the plyometric method is that it increases functional
power and enables the muscles to reach a higher power
level than the maximum volitional power. The plyo-
metric method also decreases muscle reflex inhibition,
increases the sensitivity of the Golgi tendon organs, im-
proves the sensitivity of the muscle spindles, increases
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muscle tension and at the same time can decrease the

risk of injuries (Bompa & Carrera, 2005; Boyle, 2004;

Chu, 1998; Gambetta, 1999; Potach & Chu, 2000; Zat-

siorsky & Kraemer, 2006).

The topic of using the plyometric method in ath-
letes’ preparation, volleyball players included, has been
the centre of attention for many authors (Beal & Elder,
1988; Bosco, 1985; Brittenham, 1999; Johnson & Hal-
ling, 1990; Miller et al., 2006; Sandler, 2005; Schmidt-
bleicher & Gollhofer, 1982; Schneider, Mielke, &
Mester, 1998). A plyometric training program should
consider the goal of the training for a particular period,
should respect basic training principles, first of all the
principle of individualisation, a progressively increasing
load (from low intensity to high intensity exercises over
a period of several years and also during the annual
training cycle), the principle of specificity (advanced
athletes with plyometric method experiences should pre-
fer specific exercises). It is also very important to have in
mind their participation in the training cycles based on
their actual health condition, competitions, jump load
and possible combination with other training exercises
(Beachle & Earle, 2000; Bourne, 1994; Faigeubaum
& Westcott, 2000; Fergenbaum & Wayne, 2001; Gam-
betta, 1998; Chu, 1998; Komi, 1992; Marullo, 1999;
Radcliffe & Farentinos, 1999; Reddin & Johnson, 1999;
Scates & Linn, 2003).

We share the view of those experts who say that the
plyometric method can be used both by adults and, to
an adequate extent and intensity, also by youth players.
The choice of exercises corresponding to the demands
of exercises, acquired technique and good muscle
strength belong among the basic conditions. In the
preparation for plyometric training for the lower limbs,
coaches have to focus on structural adaptation with an
emphasis on the development of muscles, which create
the “core” of the body and, after that, on the lower limb
muscles with an emphasis on the area of the hip, knee
and ankle joint.

The goal of this article is to verify a training pro-
gram for female junior volleyball players consisting of
plyometric exercises aimed at the lower limbs and, at
the same time, to evaluate the dynamics of changes in
monitored motor predispositions during and after the
training program. We would like to find an answer for
the following research questions:

1) What will be the dynamics of the changes in the
explosive power and the speed evaluated by means
of motor tests during and after ending an eight week
plyometric training program?

2) What changes in the explosive power and the speed
evaluated by means of locomotor tests will come
after an eight week plyometric training program?
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METHODOLOGY

The plyometric training program was applied during
an 8 week period to a group of female youth volleyball
players (n = 11; average age 14.8 £ 0.9; height 169 +
6 cm; weight = 58 + 9 kg). The players had completed
a three-month preparatory training program focused on
general strength development before starting our pro-
gram. The players were informed about the principles
of the plyometric exercises and they became familiar
with the techniques of exercises. The exercises were
practised twice a week (Monday and Wednesday) after
warming up and the resting period between exercises
series was two minutes. The jumping load while training
with the ball was reduced during the time of the training
program. The training program was divided into three
cycles. The first cycle lasted two weeks and included the
following exercises:

TYPE OF EXERCISE JUMPS/SET
Alternating push off (one foot on a 30 cm 10 (L, R
box) separately)
Two foot ankle hop (using only ankles for 10
momentum)

Front barrier hops (eight 30 cm boxes set 8

up in a row)

Spike jump at the net 10*

* After four repetitions a short rest followed.

The group of players had 2 series of the exercise in
the first week and three in the second week of the first
cycle.

The second cycle lasted 4 weeks and consisted of:

TYPE OF EXERCISE JUMPS/SET
Zigzag double leg jump over the line 10

Tuck jump with knees up 10
Lateral box jump (landing on two feet on 10

the 30 cm box and on one foot on the floor)

Single foot side to side ankle hop over 10
medicine ball

The group of players had 2 series of the exercise in
the first week and three series from the second to fourth
week of the second cycle.

The third cycle lasted two weeks and consisted of:

TYPE OF EXERCISE JUMPS/SET
Lateral medicine ball hops with a 180 10
degree turn (five medicine balls lined up

three feet apart)

Front barrier hops back and forth 10

(five 30 cm boxes set up in a row)

Block jumps at the net 8*
Alternate bounding with single arm action 8

* After four repetitions a short rest followed.
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The group of players went through 3 series of the
exercises in the first week and through 4 series in the
second week of cycle three.

Testing of the motor predispositions took place on
the same day after the standard warm up exercises and
was accomplished by a semi skilled person with the as-
sistance of the coach. None of the players mentioned
any health problems when asked. Actual level of the
takeoff power and locomotor speed was evaluated by
these motor tests:

- standing vertical jump (height of the jump in cm),

- vertical jump with approach (height of the jump in
cm),

- shuttle run for 6 x 6m (s) (Ejem, 1998; Kouba,

1998).

We determined the logical significance of the aver-
age values differences in the test scores as follows:
- standing vertical jump 3 cm,
- vertical jump with approach 4 cm,
- shuttle run for 6 x 6m 0.4 s.

Part of the testing was the measurement of the per-
son’s height and the height of the one hand touch in
the standing position. We did not note any significant
changes in these characteristics (not mentioned in the
text). To diagnose changes in the chosen parameters
during the monitored period players were tested:
Before the start of the program.

After four weeks of the program.

The first week after completion of the program.
The third week after completion of the program.
The sixth week after completion of the program.

M

Friedman’s ANOVA and Sign test were used to as-
sess the statistical significance of the differences in aver-
age values of the tests scores.

RESULTS AND DISCUSSION
Dynamics of motor tests scores

TABLE 1

Basic statistical characteristics of the observed indi-
cators in individual measurements - standing vertical
jump (n = 11)

Parameter M Med Min Max SD
SvJ1 29.50 | 29.50 | 23.00 | 37.00 3.89
SvJ2 30.45 31.00 | 23.00 | 37.00 3.53
SvJ3 32.09 | 32.00 | 24.00 | 39.00 4.08
SvJ4 31.18 33.00 18.00 | 36.00 5.03
SVJ5 33.54 | 34.00 | 24.00 | 39.00 4.08
Legend:

SVIJ1-5 - standing vertical jump in measurements 1-5 (height
in cm)
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M - average

Med - median

Min - minimum

Max - maximum

SD - standard deviation

TABLE 2

Basic statistical characteristics of the observed indica-
tors in individual measurements - vertical jump with an
approach (n = 11)

Parameter M Med Min Max SD
VJA1 38.33 | 39.50 | 30.00 | 46.00 5.46
VJA2 39.63 | 42.00 | 25.00 | 47.00 6.56
VJA3 42.63 | 43.00 | 27.00 | 51.00 6.28
VJA4 41.63 | 42.00 | 25.00 | 48.00 6.21
VJAS 43.27 | 45.00 | 28.00 | 50.00 5.98
Legend:

VIJA1-5 - vertical jump with approach in measurements 1-5
(height in cm)

M - average

Med - median

Min - minimum

Max - maximum

SD - standard deviation

TABLE 3

Basic statistical characteristics of observed indicators
in individual measurements - shuttle run for 6 x 6m
(n=11)

Parameter M Med Min Max SD
SR1 11.08 10.90 10.40 12.00 0.55
SR2 10.77 10.30 9.90 12.70 1.03
SR3 10.70 10.40 10.00 12.20 0.68
SR4 10.59 10.40 9.90 11.80 0.61
SR5 10.38 10.20 9.50 11.40 0.58
Legend:

SR1-5 - shuttle run for 6 X 6 m in measurements 1-5 (time
in seconds)

M - average

Med - median

Min - minimum

Max - maximum

SD - standard deviation

Although plyometric training is a strongly individual
matter and its realization is influenced by the current
level of sport performance, the adaptability of the organ-
ism and its momentary state, experience with the par-
ticular training load, etc., we intend to orientationally
assess the dynamic of changes in the explosive power
and the locomotor speed evaluated by means of motor
tests during and after ending the training program in the
whole group of players (basic statistical characteristics
of observed indicators are mentioned in TABLE 1-3).
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TABLE 4
Statistical significance of test scores in performed meas-
urements

Parameter x? p
Standing vertical jump 15.91 .003
Qne hand touch in the standing vertical 18.52 000
jump

Vertical jump with an approach 23.184 .000
One hand touch in the vertical jump with 22018 000
an approach

Shuttle run for 6 x 6 m 15.514 .003

Legend:
x2- value of the test criterion (Friedman’s ANOVA)
Statistically significant values (p <.05) are in bold characters.

The results of the Friedman’s ANOVA (TABLE 4)
pointed to the relevance of the testing scores’ differences
for all monitored parameters (with respect to the spe-
cificity of game performance in volleyball, we also men-
tioned the significance of the testing scores’ differences
in the height of the one hand touch in the jump tests).

Furthermore we did a detailed comparison of the
motor tests results, which were accomplished during
and after completing the training program.

THE STANDING VERTICAL JUMP
AND VERTICAL JUMP WITH AN APPROACH

The dynamics of the test scores’ changes is simi-
lar and points to the sequential, even irregular, growth
of the observed predispositions (Fig. 1, 2). There was
a moderate increase in the average test score values
(0.6 cm respectively 0.7 cm) between the first and the
second measurement (before starting and five weeks af-
ter finishing the training program). According to Potach
and Chu (2000) we can see bigger changes in the height
of the vertical jump as early as after four weeks of plyo-
metric training. Our results did not confirm this. We can
suppose that a minor improvement can be associated
with the lower intensity of the exercises, which were
put on the first part of the program. We noticed other,
statistically significant, improvements of over 1.64 cm
(p = 0.04) respectively of over 3cm (p = 0.01). These
changes were noticed between the second and third
measurements, respectively the fifth week of the training
program and the first week after finishing the training
program. We attribute these changes to a continuous ad-
aptation to the specific training load. Between the third
and the forth measurement (1 and 3™ week of the train-
ing program) there was a moderate lowering of the test
scores. The reason for this fact is, in our opinion, the
fatigue after the training program (0.91 cm, respectively
1 cm). Between the forth and fifth measurement (3™ and
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6" week of the training program) there was another sta-
tistically significant increase in the average testing score
values over 2.36 cm, respectively 1.7cm (p = 0.04), and
the values of the monitored indicators culminated. We
suppose that the final improvement, which was noticed
in the couple of weeks of distance measurements, is
caused by usage of the, so called postponed (delayed)
training effect. This effect can be cleared up by the fact
that the human organism needs a longer time period for
adaptation and relaxation after completing the training
program (Zatsiorsky, 1995).

Fig. 1
Height of the jump in the test of the standing vertical
jump in individual measurements (cm)
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The dynamics of changes in the test scores is typical
of the continuous improvements made (Fig. 3). We not-
ed the strongest reduction of the average time reached
(0.31 s) at the beginning of the training program ap-
plication (1% and 2™ measurement). This improvement
is very surprising according to the time period of the
adaptation. The possible explanation for the above can
be the fact, that the type of the movement was repeated
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Fig. 2
Height of the jump in the test of the vertical jump with
an approach in individual measurements (cm)
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acceleration, respectively, deceleration and at the same
time there are a lot of requirements for movement co-
ordination.

We suppose that all these characteristics were strong-
ly influenced by the exercises included in the programme.
Differences between the results of the second and third
measurement (approx. 0.06 s) show that the improve-
ment in the second half of the plyometric training pro-
gram was minimal, contrary to the results of the vertical
jump testing. We noticed the very same trend (0.11 s) in
the next period (between the 3" and 4" measurement).
The next increase in speed performance (0.21 s) can be
seen between the 4™ and 5" measurement (three and
six weeks after finishing the training program). We sup-
pose that the tiredness after the hard training program
was already gone and the players could benefit from the
training program. None of the above mentioned differ-
ences proved to be statistically significant.

We can summarize by saying that, according to the
dynamic changes in the monitored speed and power
characteristics, we noticed a positive, but, to some ex-
tent, different trend.
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Fig. 3
Time in the test shuttle run for 6 x 6 m in individual
measurements (s)
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CHANGES IN MOTOR PREDISPOSITIONS -
ENTRANCE AND OUTPUT MEASUREMENTS

The main criterion in the evaluation of the training
program’s efficiency is the difference in the sport per-
formance. Examination in sport games is not, however,
easy. So we set out from the basically acceptable pre-
sumption that the level of the speed and power demon-
strated in the game skills connected with jumps and in
locomotor movements is considered to be an important
factor for game performance in volleyball. Taking into
account the current literature (Zatsiorsky, 1995) and
our experiences, we consider as decisive for the assess-
ment of motor predisposition changes after the eight
week training program the comparison of test results
from the entrance measurement and the results from the
output measurement (the 6" week after the end of the
program). The comparison of the test results shows that
the players were better in both the test of the standing
vertical jump (the average improvement in height was
about 4 cm) and in the test of the vertical jump with an
approach (the improvement in the height was about 4.9



64

cm). Both results are statistically significant (TABLE
5). The greater improvement in the vertical jump with
an approach could be caused by the higher similarity of
the plyometric movement exercises and plyometric tests.

The results of the monitoring are similar to our previ-
ous study, which was made by volleyball players in the
same age category (Lehnert, Seda, & Zhanél, 2005). We
can see an average improvement by this testing group
after the plyometric training program in the test of the
standing vertical jump (2.6 cm) and in the vertical jump
with an approach (4.4 cm). The reasons for the greater
improvement by the monitored group can be different.
We consider that the positive factor could be the three
month strength preparation, which was done before the
plyometric program. Also, the logically and statistically
significant improvements in average values in the test
shuttle run for 6 x 6 m by 0.7 s coincide with the knowl-
edge that plyometric exercises can stimulate athletes’
speed. We didn’t expect so strong an improvement. The
similar progress in the dynamic speed changes during
the ontogenetic improvement is typical for the longer
time period (Zhanél & Lehnert, 2004; Zapletalova,
2002). The possible explanation for this efficiency im-
provement was presented in the previous text. In the
face of the limits in the implemented study there is no
objective chance to give a precise explanation of the
relationship between the plyometric training program
and monitored motor predispositions. Considering the
age of the players it is important to keep in mind that it
can be some impact of the training load also outside of
the plyometric program and take into account biological
development, which is still ongoing.

TABLE 5
The statistical significance of test scores - entrance and
output measurements

Parameter M Med d 7
SVis s s | 04| 24
z;i; 4312;; 2288 4.96 2.41
T T T T G
Legend:

SVJ - standing vertical jump (cm)

VJA - vertical jump with an approach (cm)

SR1 - shuttle run for 6 x 6m (s)

M - average

Med - median

d - difference

Z - value of statistical criterion (Sign test)

Statistically significant values (p <.05) are in bold characters.
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CONCLUSION

1. The dynamics of changes in the monitored motor
predispositions in female volleyball players showed
a positive trend with differences between explosive
power and speed values during the training program.
We can see another increase of the test scores at
time of the final measurement six weeks after finish-
ing the training program.

2. We found logically and statistically significant im-
provements of explosive power tested by tests of the
standing vertical jump and the vertical jump with an
approach after eight week training period.

3. The results of the study support the opinion that
plyometric exercises can be an effective tool for the
improvement of the explosive power and speed pre-
dispositions of youth athletes.
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ZMENY RYCHLOSTNE-SILOVYCH
PREDPOKLADU VOLEJBALISTEK V PRUBEHU
A PO ABSOLVOVANI PLYOMETRICKEHO
TRENINKOVEHO PROGRAMU
(Souhrn anglického textu)

Cilem studie bylo ovéfit v tréninkové praxi program
sestavajici z vybranych plyometrickych cviceni a zhod-
notit zmény sledovanych rychlostné-silovych predpo-
klada v priibéhu a po jeho absolvovani. Program byl
aplikovan u volejbalistek kadetské kategorie (n = 11)
2x tydné po dobu 8 tydnid. Aktualni aroven vybusné sily
a lokomo¢ni rychlosti byla hodnocena pred, v pribéhu
a po skonceni intervence testy dosah jednoruc¢ po vysko-
ku z mista, dosah jednoru¢ vyskokem po smecarském
rozb&hu a rychlostni ¢lunkovy béh na 6 x 6 m. V obdo-
bi realizace programu dochazelo k pozitivnim zménam
pramérnych hodnot testovych skore, av§ak dynamika
zmén ukazateld odrazové sily a rychlosti byla odliSna.
Dalsi narist vykonnosti u vSech sledovanych ukazatelt
byl zaznamenan pfi vystupnim méfeni (Sest tydnii po ab-
solvovani tréninkového programu). Posouzeni rozdilt
testovych skore sledovaného souboru pfed intervenci
a Sest tydnt po jejim skonceni ukazalo na vécné i statis-
ticky vyznamné zmé&ny ve vykonnosti hracek (p <.05) Vy-
sledky studie podporuji nazor, Ze plyometricka cvi¢eni
jsou efektivnim prostfedkem rozvoje vybusné odrazové
sily a rychlosti sportujici mladeze.

Klicova slova: vybusna sila, rychlost, mlddez, trénink.
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The aim of the research was to establish the influence of techno music on the reaction times of participants in the
research. Our hypothesis was that stimulating music, such as techno, would shorten the participants’ reaction time to
visual stimuli while, without music, the reaction time would be longer. To define the reaction time to expected light
stimuli we used a special apparatus for measuring the angle of elbow extension, an electric goniometer and a red colour
LED diode attached to it. We also used a computer programme as well. The athletes, 10 students at the Faculty of
Sports, aged between 20 and 45, participated in the research, representing the control group as well as the experimental
group. In our research we established that listening to techno music does affect the shortening of participants’ reac-
tion time. Their reaction time shortens significantly according to a measurement taken after 30 minute of listening to
techno music, nevertheless it is not shortened during the listening. The control group established that 35 minutes of
waiting between the measurements does not significantly affect the reaction time. Moreover, it was established that
30 minutes of listening to techno music affected the shortening of the reaction time 45 seconds after the music was
turned off. For further research, it would be necessary to engage more participants. However, the research results are
useful data and may serve as a starting point for further research.

Keywords: Simple reaction time, techno music, expected light (visual) stimulus, apparatus for measuring the angle of elbow

extension, goniometer.

INTRODUCTION

Reaction speed is the ability to give a quick motor re-
sponse to a definite stimulus, while the time that elapses
between the sensory stimulation and the motor reaction
is called reaction time (Strulc, 1989). This is the time
that elapses between a stimulus and the response to it.
This process consists of sensory and perceptual process-
ing. After a stimulus is perceived by our receptors (in
our eyes and ears, for example), identification in the
central nervous system begins. If we recognize a certain
stimulus to be significant for us, we response, in the
opposite case we do not. The speed of identifying the
stimulus is an essential factor in this process. The last
stage of the response to the stimulus is muscle tensing
which is followed by a motor reaction (Sanders, 1980).
Reaction times can be subdivided according to the stim-
ulus, which can be expected or unexpected. An unex-
pected stimulus cannot be anticipated in advance, which
means that it appears when the subject is not ready to
react. This is common for all types of sports, but most
likely for those where participants face a high number
of unpredictable situations. An expected stimulus can be
anticipated in advance, but we cannot tell when it will

appear. With the expected stimuli, reaction times can
be subdivided according to the number of diverse stim-
uli that the subject already expects and responds with
a specific automatic motor reaction. In the case where
the number of stimuli is higher than one, this reaction
time is defined as choice reaction time; if not higher
than one, it is defined as simple reaction time. Accord-
ing to Colavita (1974) and Cooper, Edwards, Gibton
and Strokes (1998), simple reaction time is shorter than
choice reaction time. Simple reaction time is defined as
the interval between the onset of the signal (stimulus)
and the beginning of the movement. During this time,
the physical signal is transformed into nerve informa-
tion which is then transmitted to our nervous system to
the centres for detecting, processing and interpreting,
even though conscious recognition is not indispensable
(Alvero, Erik, Joaquim, Leonardo, & Mark, 1992). The
accepted figures for mean simple reaction times for col-
lege age individuals are about 190 ms (0.19 sec) for light
stimuli and about 160 ms for auditory stimuli (Galton,
1899; Fieandt, von Huhtala, Kullberg, & Saarl, 1956;
Welford, 1980; Brebner & Welford, 1980). The reason
for faster reactions to auditory stimuli is most likely due
to the fact that auditory stimuli reach the brain in 8 to



68

10 ms (Kemp, 1973), while visual stimuli in 20 to 40
ms (Marshall, Talbot, & Ades, 1943). There are several
methods to measure the reaction time. We can perform
the measurements with a goniometer by which we can
observe the angle changes within a chosen time period
(Nagasawa et al., 1991). There are several other factors
that influence the reaction time, besides those previous-
ly mentioned (type of reaction time experiment, type of
stimulus and stimulus intensity). These are arousal, age,
gender, left vs. right hand, direct vs. peripheral vision,
practice and errors, fatigue, fasting, distraction, warn-
ings about impairment by alcohol, order of presentation,
finger tremors, personality type, exercise, punishment,
stimulant drugs, brain injury, illness and others factors
(Brebner, 1980; Brebner & Welford, 1980; Welford,
1980).

Attempting to explain sound perception and how it
affects human beings is complicated. Sound has a physi-
cal and a psychological component. The physics of
sound has its origin in changing the blood pressure and
pulse rate. There are studies showing increased pulse
rates as a result of stimulating music and decreased
pulse rates associated with sedative music (Besson,
Faita, Peretz, Bonnel, & Requin, 1998; Platel, 2002).
Techno music seems to produce a significantly increased
pulse rate, systolic blood pressure and stress related hor-
mones. Classical music produces no significant changes
in these parameters (Gerra et al., 1998). Research on
students of music and people without special musical
education has shown that music exerts complex influ-
ences on the central nervous system (CNS), manifested
in changes to a number of neurophysiological reactions
attesting changes in the flow of excitations in the cortico-
thalamic and cortico-limbic circles. Listening to music is
accompanied by a partial replacement of the dominat-
ing alpha rhythm by activity in the frequency range of
beta, theta and delta waves and with a change to some
vegetative reactions (Zakharova & Avdeev, 1982). The
psychology of sound is based on the perception of its
characteristics. Sounds and music affect the emotions
and mood of a human being and provoke various feel-
ings (Besson et al., 1998; Platel, 2002).

When listening to music, most people do not real-
ize the noise equivalence of the volume of their music.
Everyday conversation is approximately 55 decibels
while the threshold of pain is about 120 decibels. A jet
airplane is 150 decibels, and a rocket engine is 180 deci-
bels. Experts have recommended that people should not
be exposed to noises louder than 85 decibels for extend-
ed periods of time (Friedhoffer, 1992; Gardner, 1991).

A study on the effect of music on motor reaction
time and interhemispheric relations showed that music
shortened reaction time, and its stimulating effect was
stronger in the case oflonger initial reaction times with-
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out music. The influence of various other types of music
was more effective than of classical music (Zakharova &
Ivashchenko, 1984). Listening to stimulating (techno)
music can influence certain factors (e.g. arousal) affect-
ing reaction time. Reaction time is faster at an interme-
diate level of arousal and slower if the subject is either
too relaxed or too tense (Welford, 1980).

The principle aim of the research was to establish
if listening to techno music affects the reaction times
of the participants. Considering data from previous re-
search (Zakharova & Ivashchenko, 1984), we expected
that techno music would shorten the reaction times of
the participants of the research.

METHODS

Participants

Ten athletes (6 women and 4 men) aged between 20
and 45 years participated in the research. They repre-
sented the control group and the experimental group.
All participants included in the research participated
in the research voluntarily and were informed about
the research either by the announcement on the no-
tice board or during their lectures. All the participants
signed a special form, confirming their voluntary partici-
pation in the research and were briefly informed about
the purpose and the procedure.

Instruments and procedure

Measurements were performed in the Laboratory for
Biomechanical Measurements at the Faculty of Sports,
University of Ljubljana. We used a special apparatus
for measuring the angle of elbow extension which was
designed exclusively for this research and a compu-
ter programme to calculate the reaction time to light
stimuli. The apparatus was designed to prevent body
turns as well as upper arm and wrist movement of the
fastened arm. However, a controlled elbow extension in
a horizontal plane was possible. The elbow was leaned
against the axis of the rotating part which was made of
a light material in order to reduce the inertia moment.

The angle between the moving and the fixed part of
the apparatus was measured in relationship to time with
an electric goniometer that was attached to the appara-
tus fixed on the table. Next to the table, there was a sit-
ting participant with his hand fastened to the apparatus
in parallel position with the table surface. In the starting
position, the arm was raised up to the shoulder height
with an elbow angle of 90 degrees and the palm turned
downwards. At the starting position, the angle of the
participant’s arm attached to the moving part was set
by a fixed obstacle. There was a red LED diode placed
at eye level, one meter in front of the participant. It was
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used as a light stimulus. The diode was triggered manu-
ally and each time it was turned on, a control signal was
sent to the computer and indicated that the light was on.

Three trials were performed before the testing began.
Each measurement was repeated three times. After the
arm signal, the participant had to focus on the diode
and wait for the light to come on. It was turned on un-
expectedly between the third and the fourth second after
another arm signal by the researcher. The participant’s
task was to react to the light signal as soon as possible
with the extension of the upper arm which was fastened
to the apparatus. Signals were saved if they were cred-
ible, if they were not, the measurement was repeated
again. All the participants used headphones while listen-
ing to the same music (techno winter megamix 2005,
various artists) with the sound level of 85 decibels. The
sound level was measured with a Minilyzer ML1 (NTI,
Schaan, Liechtenstein).

All the participants took part in the control group
as well as in the experimental group. The task of the
control group was to measure the participants’ reaction
time to the visual stimulus in the experimental group.
Each measurement was repeated twice after a 40 minute
interval. The task of the participants in the experimental
group was listening to the music with the sound level
of 85 decibels. The reaction time was measured before
the music started, as soon as it started, before the end
and after the end.

The time schedule of measurements for each partici-
pant of the research is shown in the following scheme

(Fig. 1).

Fig. 1
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Methods of processing statistical data

The obtained data were saved to the computer at
the same frequency - 2000 HZ. For further processing,
the data record was transformed from a graphic into
a numerical format using a programme for processing
analogical signals. The beginning of the movement was
determined by the moment of a one degree change in-
dicated by the goniometer. The device also detects the
appearance of light stimuli. The simple reaction time
measurements (measured in ms) to a light stimulus were
gathered separately for each measurement and for each
individual.

For the evaluation of the obtained data we used
statistical package SPSS. Basic descriptive parameters,
mean value (M) and standard deviation (SD) are dis-
played in the table. To determine statistically significant
differences in measurements we used a t-test for two
dependent samples at (P < .05 risk interval). We used
a Kolmogorov-Smirnov test to perform the normal dis-
tribution test. A normal distribution test is assumed for
using the t-test.

RESULTS

Due to the small sample size, the findings of the
research cannot be generalized to apply to the whole
population of athletes; they refer only to the participants
in the research (students of the Faculty of Sports in
Ljubljana).

Diagram of the measurement time schedule for one of the participants

30 minutes of listening to techno music

3 @

Legend:

(0) = measurement 35 minutes before the testing

(1) = measurement without music at the beginning of the testing
(2) = measurement with music at the beginning of the testing
(3) = measurement after 30 minute listening to the music

(4) = measurement without music after the testing

)
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TABLE 1
Participants’ age, height, weight and the sport practiced

Participants | Age | Height | Weight | Sport

Pal 21 160 cm | 51 kg | Gymnastics

Pa2 20 | 190cm | 100 kg | Athietics (shot
put)

Pa3 35 172 cm | 70 kg | Unprofessional

Pa4 25 177 cm | 64 kg | Athletics

Pas 31 169 cm | 63 kg | Skiing

Pa6 45 | 186cm | 89 kg | Middle distance
running

Pa7 21 | 162cm | S2kg |Athletics,
climbing

Pa8 20 | 160cm | 53 kg | Basketball

Pa9 23 | 179 cm | 65kg |Sport climbing

Pal0 21 167 cm | 61 kg | Gymnastics

TABLE 1 displays age, height, weight and the sport
practiced for each participant in the research.

TABLE 2
Mean value, standard deviation and Kolmogorov-Smir-
nov test of the reaction time of the measurements

Measurements M SD K-S p
measurement 0 (ms) 256.9 | 47.96 472 979
measurement 1 (ms) 272.1 | 77.89 465 982
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bution, is evaluated. A finding of statistical significance
means we cannot reject the null hypothesis. What is
the null hypothesis? It means that our distribution is
not significantly different from a normal distribution.
The conclusion is that measurements are assumed to
come from a normal distribution with the given mean
and standard deviation.

TABLE 3
T-test for two dependent samples for control group

M (ms) | SD (ms) | df t p
measurement 0 257 48 9 | -.632| .543
measurement 1 272 78

Legend:

(0) = measurement 35 minutes before the testing

(1) = measurement without music at the beginning of the
testing

M = mean value

SD = standard deviation

ms = milliseconds

df = degrees of freedom

p = statistical significance

TABLE 4
T-test for two dependent samples for experimental group

measurement 2 (ms) 266.3 | 48.87 | .453 986
measurement 3 (ms) 256.5 | 40.01 .560 913
measurement 4 (ms) 233.0 | 43.95 | .704 704

Legend:

measurement 0 = measurement 35 minutes before beginning
of the testing

measurement 1 = measurement without music at the begin-
ning of the testing

measurement 2 = measurement with music at the beginning
of the testing

measurement 3 = measurement with music after 30 minutes
of listening to the music

measurement 4 = measurement without music after the testing
M = mean value

SD = standard deviation

K-S = Kolmogorov-Smirnov

p = statistical significance for Kolmogorov-Smirnov test

TABLE 2 displays the basic descriptive statistics of
the data for the whole group: mean reaction time, stand-
ard deviation and Kolmogorov-Smirnov test. We can see
the variability of the measurement results by standard
deviation. We used the Kolmogorov-Smirnov test for
testing normality of distribution. The advice from SPSS
is to use the latter test when sample sizes are small (n
< 50). The null hypothesis, that there is no difference
between your variable distribution and a normal distri-

M (ms) | SD (ms) | df t p

measurement 272 78

1-2 266 49 9 325 152
measurement 272 78

1-3 256 40 9 967 .359
measurement 272 78 .
1-4 233 44 9 | 2.519 | .033
measurement 266 49

-3 256 40 9 712 494
measurement 266 49

-4 133 44 9 | 2.073 .068
measurement 256 40 x
3-4 233 44 9 | 4.545 |.001
Legend:

*=p<0.05

**p <0.01

(1) = measurement without music at the beginning of the
testing

(2) = measurement with music at the beginning of the testing
(3) = measurement after 30 minute listening to the music
(4) = measurement without music after the testing

ms = milliseconds

df = degrees of freedom

p = statistical significance

TABLES 3 and 4 display the statistically significant
differences in mean values between measurements in
pairs. The dependent t-test is a test of the significance of



Acta Univ. Palacki. Olomuc., Gymn. 2009, vol. 39, no. 1

differences between means of two sets of scores that are
related, such as when the same participants are meas-
ured on two occasions (Thomas & Nelson, 2001). The
results of the t-test for two dependent samples with the
control group (TABLE 3) do not display statistically
significant differences between the results of the meas-
urements 35 minutes before the beginning of the test-
ing and the results of the measurements without music
before the beginning of the experimental part of the
research. The results of t-test for two dependent sam-
ples with the experimental group (TABLE 4) display
statistically significant differences among the results of
the measurements without music at the beginning of the
testing, the results of the measurements without music
after the testing, the results of the measurements with
music after 30 minutes of listening and the results of the
measurements without music after the testing.

DISCUSSION

The aim of this research was to determine the in-
fluence of techno music on the reaction times of the
participants in the research. Considering the data from
the previous research by Zakharova and Ivashchenko
(1984), we presumed that techno music, being a stimu-
lating type of music, shortens reaction times, which in
turn means that reaction times are longer if a person is
not subjected to the influence of music. Supposing that
listening to stimulating techno music affects the state
of arousal, which in turn influences reaction times, we
could expect a higher level of engagement during the
exercise and consequently its stronger effect. Reaction
times get shorter at a higher level of arousal (Welford,
1980; Broadbent, 1971). In the present study, the partici-
pants listened to music at the volume of 85 decibels -
the volume which does not result in hearing impairment
not even with longer exposures to music (Friedhoffer,
1992; Gardner, 1991). The music was played at an above
average volume, which is one of the factors that contrib-
utes to a stimulating effect of music.

The data presented in the descriptive statistics by
the participants showed that the standard deviation of
reaction times in separate measurements, calculated on
the basis of three consequent measurements, was rather
high and that the reaction times vary substantially in 9
participants. The mean standard deviation in all reac-
tion time measurements in this research was 63.5 ms.
This was almost twice as high as with measurements
of reaction time to visual stimuli (which were highly
controlled), where the mean standard deviation was 32
ms (www.utm.edu/staff/gbrown/running_head.pdf).
However, it is not much higher than the mean standard
deviation of reaction time measurements where the vis-
ual stimulus was not carefully controlled and amounted
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to 57 ms (Gomez, Vaquero, Vazquez, Gonzalez-Rosa,
& Cardoso, 2005). We can see the reason why there
are so many varying results in our research in a small
number of measurement trials and repetitions of reac-
tion time measurements, as according to Sanders (1998)
and Luce (1986), there should be a higher number of
reaction time measurements for the purpose of adequate
results. Another reason for such high result variability
may be found in the diminished attention paid, due to
nervousness at the beginning of testing and also due to
boredom while waiting for the repetition of the measure-
ment or while listening to music.

There are no significant statistical differences be-
tween the results of measurements taken 35 minutes
before the testing and those taken before the experi-
mental part of the research conducted without music,
e.g. in the part of the research performed by the control
group. Therefore, 35 minutes of waiting for the next re-
action time measurements do not significantly lengthen
or shorten reaction times. However, the reaction times
before the testing are 35 minutes longer than those at
the beginning of the experimental part without music,
which can be explained by a slight decline in the amount
of attention paid or the occurence of boredom while
waiting for the next reaction time measurement.

There are no significant statistical differences be-
tween the reaction times measured without music and
reaction times measured after 30 seconds of listening
to techno music. Therefore, it may be concluded that
listening to techno music for a short period does not
affect the length of reaction times in the participants.
Nevertheless, there are significant statistical differences
between the measurements without music at the begin-
ning of the testing and those at the end of the testing.
Our hypothesis about shorter reaction times of the par-
ticipants while listening to techno music was partly prov-
en as they are shorter when measured without music
after 30 minutes of listening to techno music. However,
they do not shorten 30 seconds before turning the music
off. Likewise, no significant statistical differences were
found between the measurement results 30 seconds after
turning the music on and those 30 seconds before turn-
ing the music off. The measurement results with music
at the beginning of the testing differ substantially (p <
0.068), however, this difference is not statistically sig-
nificant. The reaction times measured without music at
the end of testing are shorter than those measured with
music at the beginning of the testing. Statistically signifi-
cant differences also appear between the measurement
results with music after 30 minutes of listening and the
measurement results without music at the end of testing.
The results may also reveal that people while listening
to music at a higher volume (85 decibels) pay more at-
tention to lyrics or musical rhythm and less attention to
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their surroundings and what is happening around then
(www.drdriving.org/music_strick_report.html).

CONCLUSIONS

To sum up, we can conclude that listening to techno
music has the effect of shortening the reaction times
of the participants. However, they are shortened sig-
nificantly at the measurement without music after 30
minutes of listening to the music, but not during the lis-
tening. These findings differ from previous ones, which
established that stimulating music shortens the reac-
tion time to visual stimuli and that the reaction time
is longer without music (Zakharova & Ivashchenko,
1984). The difference can be explained by the research
findings which showed that the reaction times were not
shortened during listening to music but 45 seconds after
30 minutes of listening to techno music. The control
group established that 35 minutes of waiting between
the measurements does not significantly affect the reac-
tion time. Moreover, it was established that 30 minutes
of listening to techno music affected the shortening of
the reaction time 45 seconds after the music was turned
off. For the purpose of result evaluation, we should con-
sider the small sample size. Moreover, the research re-
sults were probably affected by the participants’ specific
characteristics. They are all actively involved in sports
and most of them are students at the Faculty of Sports
in Ljubljana.

For further research more participants should be
involved. The results of this study have raised new
questions to be answered in the future: e.g. the effects
of different types of music, volume level or a person’s
favourite music (as the results could be influenced by
a person’s emotions) on reaction time. Further research
could also include monitoring the EMG signal of an
active muscle and measuring physiological parameters,
such as the heart rate frequency and blood pressure.
Above all, more participants should be involved in order
to obtain results which could be generalized to apply to
a broader population.
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UCINKY POSLECHU TECHNO HUDBY
NA DOBU REAKCE NA VIZUALNI PODNETY
(Souhrn anglického textu)

Cilem vyzkumu bylo stanovit miru vlivu techno hud-
by na reak¢ni Casy ucastniki vyzkumu. NasSe hypotéza
byla ta, Ze stimulujici hudba, napfiklad techno, zkracu-
je dobu reakce ucastnikidl na vizualni podnéty, zatimco
bez hudby je reakcni ¢as delSi. K urceni doby reakce
na oCekavané svételné podnéty jsme pouzili specialni
zafizeni na méfeni Uhlu extenze lokte, elektricky gonio-
metr a k nému pfipevnénou Cervenou LED diodu. Také
jsme pouzivali po¢itaCovy program. Vyzkumu se zucast-
nili sportovci, 10 studenti Fakulty sportu, ve véku 20
az 45 let, ktefi predstavovali kontrolni i experimentalni
skupinu. V nasem vyzkumu jsme zjistili, Ze poslech tech-
no hudby zkracuje reakéni doby ucastnikli. Dle méfeni
provedenych po 30 minutach poslechu techno hudby se
jejich doba reakce vyznamné zkracuje, nicméné nezkra-
cuje se béhem poslechu. Kontrolni skupina stanovila, ze
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35 minut ¢ekani mezi méfenimi reakéni dobu vyznamné
neovliviiuje. Navic bylo zjiSt€no, Ze 30 minut poslechu
techno hudby mélo vliv na zkraceni reakéni doby 45 se-
kund poté, co byla hudba vypnuta. Pro dalsi vyzkum by
bylo nezbytné zapojit vice u¢astnikd. Vysledky vyzkumu
ovSem poskytuji uzitecné udaje a mohou slouZit jako
vychodisko pro dalsi vyzkum.

Klicova slova: prostd doba reakce, techno hudba, ocekdvany
svetelny (vizudlni) podneét, zarizeni na mereni 1thlu extenze
lokte, goniometr.
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¢islo obrazku (napf.: figureOl.jpg, figure02.tiff). V textu umistéte nad kaZzdou tabulku a obrazek identifikaci. Identifikace je zarovnana
doleva a sestava z popisku (napf.: TABLE 1, Fig. 1) na prvnim fadku a nazvu tabulky nebo obrazku zacinajicim na dalsim radku.

Referencni seznam

Reference jsou umistény na konci prispévku v abecednim poradi a musi byt v souladu s APA publikacnim stylem (viz pfiklady na
www.gymnica.upol.cz). Pro reference nelze nikdy pouzit poznamky pod ¢arou. Peclivé prekontrolujte reference, abyste se ujistili,
Ze jsou spravné a zafazeny pouze v pripad€, Ze jsou citovany v textu. Uvedeny mohou byt pouze reference, které byly publikovany
nebo jsou prijaty k publikovani. Kde je to mozné, uved'te URL adresu odkazujici na referenci.

Tésime se na dalsi spolupraci!

Doc. MUDir. Pavel Stejskal, CSc., védecky editor
Doc. PhDr. Vlastimila Karaskova, CSc., vykonny editor

Telefon: +420 585 636 357
Email: aupo@upol.cz
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