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CORRELATION BETWEEN SPORT ACTIVITY AND DRUG-TAKING
AMONG 14 YEAR-OLD PRIMARY SCHOOL MALE AND FEMALE PUPILS IN SLOVENIA

Mateja Videmsek, Marusa Skubic*, Damir Karpljuk, Joze Stihec

Faculty of Sport, University of Ljubljana, Ljubljana, Slovenia
* Independent researcher

Submitted in September, 2005

The aim of this research was to establish whether there is a correlation between sport activity and drug-taking among
14 year old pupils. This research is based on a questionnaire of 38 variables and the probability relations among the
variables have been tested by the chi-square.

Analysis has shown that 80% of male and 85% of female pupils practice sport in their leisure time. On average,
they practice sport 2 to 3 times a week. The majority of male pupils practice sport competitively (39%), while female
pupils primarily practice not officially organized recreational sports (48%). As for smoking, 4% of the male and 12% of
the female pupils smoke, the majority of the male pupils had their first cigarette at the age of 13, female pupils at the
age of 12. Regarding alcohol use, 90% of the male and 94% of the female pupils had tried an alcohol beverage, which
means a majority of pupils between ages 10 and 13. As far as drugs are concerned, 18% of the male and 26% of the
female pupils tried drugs. The prevailing types of drug-taking are vapor inhaling, pills and marijuana. The majority of
pupils said they had tried smoking, drinking alcohol and taking illicit drugs out of curiosity. Parents mainly encourage
their children to practice sport. The majority of pupils think that sport and smoking do not go together, they are of
the opinion that sport activities are those activities that could discourage drug-taking.

We have ascertained that is no statistically significant correlation between sport activities and taking drugs both
legal and illicit drugs. Howeyver, a statistically characteristic correlation has been ascertained with regard to drinking
alcohol in the case of male pupils (beer and wine) and inhaling vapors in the case of female pupils. Differences would
be probably more evident at a later time - the transition from primary to secondary school. To discourage young
people from drug-taking, both legal and illicit, they should be offered more activities so that they can spend their free
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time in a reasonable and qualitative way.
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INTRODUCTION

Like elsewhere in the world, drugs in Slovenia are
more and more widespread and so is their usage. It can-
not be said how far the usage of legal and illicit drugs
will go since there hardly is a limit or it cannot be set.
Numerous arguments and discussions within the ex-
pert as well as lay circles cannot give an answer to the
question as to where the drug abuse, leading so many
especially young people to intoxication, will stop and
end. Many experts talk about the “drug addict obses-
sion” seizing the entire world and sphere - the poor as
well as the rich, from North to South, East and West.
There is hardly any intact place left on this planet,
where drugs would not find their way (Ber¢ic, TuSak,
& Karpljuk, 2003).

The widespread state of tobacco smoking, taking
drugs and drinking alcohol in Slovenia could easily be
compared to the state in other relatively developed coun-
tries. The number of young people who experiment and

are addicted to drugs is bigger from day to day. The main
characteristics of these problems are increasing health,
social and legal problems as a result of drug-taking,
especially heroin and lately ecstasy and cocaine. The
number of addicts and their relatives seeking help and
joining in various forms of medical treatment is grow-
ing (Turk, 2002). There is a highly increased number
of young adults seeking help in educational institutions
and other institutions for young adults with behavioral
disturbances. In the past, drug abuse was associated
only with the so-called risk groups of young people.
According to the number of young people who try or
take drugs, it is evident, that experimental drug-taking is
more and more making its way to younger and younger
people, since the average age of first attempts is decreas-
ing (Kastelic & Mikulan, 1999).

Family is the one agent informing children about the
standards of a wide socio-cultural environment, help-
ing them to build the system of values, which are being
passed on from generations as educational messages.
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All that happened in the family in early childhood and
adolescence, is “indelibly” part of the adolescent’s per-
sonality and closely related to his/her behavior in the
period of adolescence, often also in maturity. Family
is the fundamental and most important micro social
environment, where a child is growing to be mature and
is gaining first experiences in life. Family is where the
child’s physical and motor development starts, its intel-
lectual emotional and social “potentials” which later on
can positively or negatively reveal the child’s attitude
towards drugs (Kogovsek, 1999). Studies have shown
that a family has a balanced combination of love and
educational discipline, which acts preventively. An ado-
lescent needs the feeling of being loved even though
positive socialization also requires limitations. It is im-
portant that parents and children communicate - the
communication must be sincere, and parents should
find a suitable moment to talk to their children about
drugs as well.

The majority of people who take drugs start taking
them in the most vulnerable period of growing up - ado-
lescence. This is the period when the majority of young
people go to school and do many things, not being cer-
tain if they will ever do them again later. The period
from starting school to adolescence is getting shorter
and shorter. Perhaps it is this rapid growing-up, which
often passes them by, the reason why young people
cannot plan their spare time and are often bored, are
displeased with themselves and do not respect them-
selves - all of which can perhaps lead to a desire to have
fun in a different, more dangerous way. Adolescence is
also considering the meaning of life and searching for
one’s own self (Zaletel-Kragelj, 2004). The age 13 to 14
is the period when adolescents usually start experiment-
ing with drugs. The coeval or group pressure is high -
those who take drugs are prone to encourage members
of the group to do the same. The influence of parents is
getting weaker. Adolescents disagree with them in many
things, they are reluctant to obey parents’ authority and
keep secrets. It is also the period of numerous changes
in physical appearance, adolescents are highly occupied
with themselves and are worried about their appearance.
The expectations from their parents and the community
are growing, therefore, adolescents often lack confidence
and self-confidence (Tomori, 2003).

The most widespread drugs among adolescents
are still alcohol and tobacco. The results of a research
project by the European bureau of WHO, which in-
cluded 162.000 young people (aged between 11 and 15)
from 35 countries have shown, that 23.2% of girls and
22.5% of boys aged 15 have declared themselves to be
regular smokers. These results rank Slovenia fourth
(Drole, 2004). Between 1995-2003, the percentage of
young people who start smoking at the age of 11 or
earlier markedly increased. Almost one third of those
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who in 2003 stated they have smoked, smoked their
first cigarette when they were 11 or younger. Boys start
smoking earlier than girls. The most critical years for
girls to start smoking are the ages between 13 and 15
(Stergar, 2004).

Research shows that young people very well know
how smoking affects health, however, the latent period
(mostly ages between 25 and 30) when serious health
problems may occur is too far away for them (Lam-
pret, 2004). Despite that, health problems may occur
already in young people. The CDC (Centers of Disease
Control and Prevention) data indicates that the lung
capacity of young people who smoke is lower than of
those who do not smoke. Smoking namely interrupts
the lungs’ growth. Early signs of cardiovascular diseases
appear quite quickly in young people. Smoking weakens
a person’s physical shape so the endurance and motor
abilities of young people are lower. The resting heart-
beat rate of young smokers compared to non-smokers is
faster by 2 to 3 beats per minute. Young smokers suffer
from shortness of breath three times more often. They
are eight times more likely to smoke marijuana, twenty-
two times more likely to take cocaine and three times
more likely to drink alcohol (Stergar, 2000).

Alcohol is a drug causing 57.000 adolescents in
Europe to die in car accidents every year. In Slovenia,
driving under the influence of alcohol causes every third
car accident with a death toll. To decrease these num-
bers, all of us must strive to decrease the consumption
of alcohol, primarily among adolescents. We should be
aware that the consumption of alcohol among adults
influences the attitude of adolescents towards alcohol
and other drugs (Rogl, 1995).

Drug addicts are rarely found among groups of peo-
ple who reject drugs for their special interests and goals
(Videmsek, Karpljuk, & Debeljak, 2000). Undoubtedly,
sport activities represent an important factor in prevent-
ing drug-taking. Most people begin taking drugs in their
youth and become addicted easily. Therefore, it is impor-
tant to offer young people a number of various healthy
activities, among which sports activities undoubtedly
belong (Shapiro, 1994). Appropriate sport activities can
most efficiently restrain drug-taking attempts, where on
the other hand, wandering and strolling around with
friends can only accelerate the progress of this bad hab-
it. A healthy life style represents a very important aspect
in education, which begins at home and continues in
kindergarten and school and finally extends into a form
of self-education. The problem of drug-taking among
young people should not be solved as a sole problem,
but rather in the scope of caring for young people in
general (Primic-Zakelj, 2002).

The aim of this research was to analyze sport ac-
tivities among pupils, determine their attitude towards
drugs and ascertain whether there is a correlation be-
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tween sport activity and drug-taking. We were interested
in finding out if those young children who are more ac-
tive in sports less frequently take legal or illicit drugs.

METHODS
Sample of subjects

The sample of subjects studied here includes 14 year
old 8™ grade pupils - 163 male and 177 female pupils.
The study includes pupils from 9 different primary
schools in Slovenia.

Sample of variables

This research is based on a questionnaire of 38 ques-
tions on sport and drugs, adapted for 14 year old pu-
pils.

The questionnaire includes the following questions:
+ Sex.

» Last year’s school report.

* Are your parents divorced?

* Are you active in sports in your spare time?

* How often do you practice sport?

*  What kind of sport activity do you do?

* Are your parents active in sport?

*  Which sport do you do in your spare time?

* Do your parents encourage you to be active in
sports?

* How do you mostly spend your spare time?

* Do you smoke?

* How old were you when you had your first ciga-
rette?

* How many cigarettes a day do you smoke?

» If you smoke, how long have you been smoke regu-
larly? / How long do you usually smoke at a time?

* Do your parents smoke?

* Do the friends you spend your spare time with
smoke?

*  What were the reasons you tried smoking?

* Do you think sport and smoking go together?

*  Where do you most often smoke?

* Do your parents know you smoke?

» Have you ever tried alcohol beverages?

* Have you ever had these alcohol beverages?

* How often do you drink these beverages?

* How old were you when you first tried alcohol?

* Do your parents drink alcohol beverages?

* How often do your parents drink alcohol?

*  What were the reasons you tried alcohol?

*  Who offered you alcohol?

* Where do you most often drink alcohol?

* Can you have fun without alcohol?

* Do you know anyone who takes illicit drugs, such
as cannabis, marijuana, hashish, ecstasy, ampheta-
mines, heroin, cocaine, LSD...?

* Have you ever tried any of the following drugs?

* How old were you when you first tried one of the
illicit drugs?

*  Why did you try one of the illicit drugs?

*  Where do you most often take illicit drugs?

* Are you familiar with how drugs are harmful?

* Do you think sport activity can decrease drug-tak-
ing?

* What is, in your opinion, the most important reason
young people start taking drugs?

*  Which activities do you think would turn young peo-
ple away from taking drugs?

* Do you think Slovenia does not have enough places
for young people to have fun?

Procedures

The data has been processed by SPSS software (Sta-
tistical Package for the Social Sciences). Frequency and
Contingency tables have been generated with the help
of FREQUENCY and CROSSTABS sub-programs. The
probability relations among the variables have been test-
ed by the Chi-square.

RESULTS

The results have shown that 80% of male and 85% of
female pupils practice sport in their spare time (Fig. 1).
The majority practice sport 2 to 3 times a week (36% of
male and 55% of female pupils). The majority of male
pupils practice sport competitively (39%), the next sport
activity is recreational sport, which is not officially or-
ganized. Almost one half of female pupils practice such
recreational sports (Fig. 2). Male pupils primarily do
basketball and football, while female pupils do dance,
roller skating and taking walks.

With male pupils, almost one half, with female
pupils a bit over one third of parents are not active in
sport. There is about one third of parents, where both
parents are active in sport. This research does not show
that pupils whose parents are nor active would statisti-
cally characteristically be less active in sport. Despite
the fact that so many parents are not active in sport, it
is encouraging that the majority of parents encourage
their children to do sport.

This research indicates that most male pupils (37%)
spend their spare time practicing sport or meeting
friends. A little over one half of female pupils in the
first place spend their spare time meeting friends and
in the second place practice sport. Adolescence is the
time when children push their parents away while their
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friends are becoming more and more important. Despite
that, it is encouraging that so many young people devote
their spare time to sport.

Even though the results of WHO show that in Slov-
enia 23% of boys and girls at the age of 15 smoke (Drole,
2005), this research indicates that in primary schools,
the percentage is much lower - 4% of male and 12%
of female students smoke. We must emphasize though
that the selected sample of subjects studied here is not
a representative one for Slovenia and that children are
one year younger. A similar research project studying
children of the same age (Videmsek, Karpljuk, Stihec,
& Debeljak, 2003) has shown, though, that 11.5% of
the students smoke. These results are quite similar to
those of nearly 20 years ago, where Debeljak and Kalan
(1987) established that 9% of boys and 14% of girls aged
14 smoked.

A little over one half of the pupils questioned never
tried smoking. The majority of male pupils had their
first cigarette at the age of 13, females at the age of
12. The results have shown that there is no statistically
characteristic difference between the frequency of sport
activity and smoking. We cannot state that those who
smoke are not that often active in sport. The majority
of those who smoke, smoke on special occasions only
and the time they have been smoking ranges form 1 to
6 months to two and more years. The primary reason
why children start smoking is curiosity. Children want
to know how a person feels when smoking. At the same
time, they want to be liked, or do not want to be an
exception among others. The coeval pressure is high in
this period and it can influence the “smoking” habits of
adolescents. With over one half of male and female pu-
pils, none of their friends they spend time with smoke.
With a little less than one half, some of their friends
smoke.

There is a little over one half of the questioned chil-
dren’s parents who do not smoke, and 10% where both
parents smoke. Whether parents smoke or not, does
not however influence the frequency of male and female
pupils’ sport activity. The majority is of the opinion that
sport and smoking do not go together.

According to the ESPAD survey, which collects data
on alcohol and other drugs among 15 to 16 year old
students in 35 European high schools, the number one
drug is still alcohol. Over 90% of 15 to 16 year old stu-
dents have tried alcohol (Lorencic¢, 2004). The results of
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this research show that 98% of male and 94% of female
14 year old pupils have tried alcohol. They mostly drink
alcohol once a month or less frequently, and first tried
it between the age of 10 and 13. The main reason they
have first tried alcohol is curiosity and it is the children’s
parents who offered alcohol to the majority of pupils
questioned. Of parents, 3/4 male and 4/5 female parents
drink alcohol. The majority of the questioned pupils
state they can have fun without alcohol.

The ESPAD survey shows that as many as 29% of
the students have tried illicit drugs and 7% students are
regular users (Lorenc¢i¢, 2004). The results of this re-
search show that 18% of male and 26% of female pupils
have tried drugs. The prevailing types of drug-taking
are vapor inhaling, pills (e.g. sedatives) and cannabis
(marijuana, hashish). The majority of pupils tried drugs
at the age of 13 (8% of male and 16% of female pupils).
Those who have tried drugs, say they first tried it for
the same reason as cigarettes and alcohol - curiosity.
The majority of pupils say they are familiar how drugs
are harmful.

The answer to the question “What is in your opinion
the most important reason young people start taking
drugs?” almost one half answered it was the curiosity.
The second most frequent answer was a desire to be ac-
cepted or approved by the coevals. The other answers
were curiosity and an attempt to overcome emotional
distress, depression, and anxiety.

Half of the pupils questioned are of the opinion that
sport activities are those that would turn young people
away from taking drugs, next would be the promotion
of parties with no drugs and alcohol (Fig. 3).

Over 2/3 of male and 4/5 of female pupils think that
there are not enough places for young people to have
fun. In the future, we should make some changes to
have such places for children and adolescents where
they could gather and spend their spare time in a rea-
sonable way.

We have ascertained that there is no statistically sig-
nificant correlation between sport activities and taking
legal and illicit drugs. However, a statistically charac-
teristic correlation has been ascertained between sport
activities and drinking beer and wine with male pupils,
and inhaling vapors with female pupils. All the ques-
tions were related to trying and not regular usage of legal
and illicit drugs.
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DISCUSSION

The fact is that the problem of drug-taking cannot be
entirely solved, but it could be reduced. The question-
naire was focused on 14 year old pupils who still visit
the primary school. According to their age, quite a large
number of primary school pupils smoke, drink alcohol
or take drugs. The number will probably increase when
these children get to a secondary school. In order to
move in a positive direction, we need to be more active
within the families, schools and local communities. Par-
ents are those who raise their children from the start
and pass their behavior patterns on to them. It is sci-
entifically proven that children whose parents smoke,
drink alcohol and take illicit drugs rather reach for such
substances than not. In addition, passive smoking for
example increases the possibility for children to get asth-
ma and other chronic lung diseases, and even healthy
children will, as adults, have a decreased lung capacity.
Lung capacity measurements of young athletes taken
at medical examinations have shown an average lower
result with those athletes who come from a smoking
environment (Kopriva, 2002).

If parents are active in sport and have their children
involved in sports as well, children will accept sport as
part of their everyday life and spare time. Parents are
also responsible to openly talk to and inform children
about the drug-taking problem. A permissive attitude to-
wards smoking and alcohol in a family, where in addition
some of the parents smoke and drink too much alcohol,
more likely causes children to start smoking or taking
any other drugs. Experts recommend (Stergar, 2004)
parents to start talking about smoking, drinking alcohol
and taking drugs to their children when they are 5 or
6 years old, since many children have their first cigarette
and an alcoholic drink very early. By then, they should
be appropriately familiarized with drugs being unaccept-
able and harmful. Parents should tell their children how
to turn down a cigarette and alcohol if offered and yet
remain a “hero”. They should talk about commercials,
publicity, the “true” messages, and wrong beliefs about
drugs among young people (relaxation, body weight con-
trol, less harmful light cigarettes, mature appearance,
better digestion...). Their educational attempts will cer-
tainly be more successful if their behavior will support
what they are saying (Ivelja, 2004).

Also school plays an important part, after all, chil-
dren spend a lot of their time there. It is important that
the school is outward oriented, accepting encourage-
ments from the environment and tries to respond to
changes life brings inside and outside of the institution.
With the support from the local community, schools
should offer a lot of activities for children to expand
their knowledge, abilities and skills and thus enable
children to spend their spare time in a quality way, also
during school holidays and vacation (summer, winter
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breaks). It is important that we become aware that the
problem of drug-taking is increasing, along with which
the age of drug-takers is decreasing. We need to act pre-
cautionarily - have activities and promotions to inform
children about the positive effects of sport activities on
one hand, and danger and consequences of drug-taking
on the other hand.

“Sport without drugs” should become a rule and
a part of the moral of all who practice sport. A lot of
attention is devoted to achieving better physical shape,
with which the problem of drug-taking is also related.
Besides, young people can massively be motivated and
convinced to join sport. Most convincing are also medi-
cal reasons and particularly the reasons pertaining to
one’s general appearance (Lampret, 2004). There is
probably no boy who would not want to be liked by
others or himself by the way he looks like. Tall figure,
broad shoulders, large chest - this is the image almost
every young boy dreams about. Scientists have however
proved that drug-taking in the early ages impedes physi-
cal development and growth. It has been proved that
individuals who started smoking early have smaller
lung volumes than non-smokers. The effects of smok-
ing and drinking alcohol are thus just the opposite of
what young people would like to achieve. The behavior
of young girls is even less understandable when they
want to prove their equality to boys having a cigarette in
their mouths and holding a glass of an alcoholic drink
(Pecjak & Mohorko, 1995). Abusing their own health,
having stinky clothes and hair, bad breath - all of these
are the characteristics men least expect from an attrac-
tive young woman. Everybody fighting against smoking
and drug-taking should take advantage of these facts
(Videmsek, Karpljuk, Stihec, & Debeljak, 2003).

The fight against drugs continues and is seeking
new methods that would enable a more healthy way of
life among young people. Schools are nowadays par-
ticipating in various projects with which young people
are being motivated to promote sport and not drugs.
Joining in this fight are also medical and other institu-
tions pertaining to preventive and curative treatments
(Kopriva, 2002). PE teachers should get involved more
as well. In cooperation with parents, they could well
use sport to restrain drug-taking and build upon a rela-
tionship towards sport activities. Deprecation, preven-
tion, and prohibition of smoking among young people
are undoubtedly means that can help reduce these bad
habits. Despite that we are of the opinion that young
people will be turned away from smoking by means of
planning a quality way of life. People who are adequately
occupied most likely fulfill their needs by taking part
in appropriate activities and in this way do not feel the
need for any kind of substitutes (Sullivan, 2004).

One of the most important factors influencing the
decrease of drug-taking habits is providing appropriate
and adequate activities for young people in their spare
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ma and other chronic lung diseases, and even healthy
children will, as adults, have a decreased lung capacity.
Lung capacity measurements of young athletes taken
at medical examinations have shown an average lower
result with those athletes who come from a smoking
environment (Kopriva, 2002).

If parents are active in sport and have their children
involved in sports as well, children will accept sport as
part of their everyday life and spare time. Parents are
also responsible to openly talk to and inform children
about the drug-taking problem. A permissive attitude to-
wards smoking and alcohol in a family, where in addition
some of the parents smoke and drink too much alcohol,
more likely causes children to start smoking or taking
any other drugs. Experts recommend (Stergar, 2004)
parents to start talking about smoking, drinking alcohol
and taking drugs to their children when they are 5 or
6 years old, since many children have their first cigarette
and an alcoholic drink very early. By then, they should
be appropriately familiarized with drugs being unaccept-
able and harmful. Parents should tell their children how
to turn down a cigarette and alcohol if offered and yet
remain a “hero”. They should talk about commercials,
publicity, the “true” messages, and wrong beliefs about
drugs among young people (relaxation, body weight con-
trol, less harmful light cigarettes, mature appearance,
better digestion...). Their educational attempts will cer-
tainly be more successful if their behavior will support
what they are saying (Ivelja, 2004).

Also school plays an important part, after all, chil-
dren spend a lot of their time there. It is important that
the school is outward oriented, accepting encourage-
ments from the environment and tries to respond to
changes life brings inside and outside of the institution.
With the support from the local community, schools
should offer a lot of activities for children to expand
their knowledge, abilities and skills and thus enable
children to spend their spare time in a quality way, also
during school holidays and vacation (summer, winter
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breaks). It is important that we become aware that the
problem of drug-taking is increasing, along with which
the age of drug-takers is decreasing. We need to act pre-
cautionarily - have activities and promotions to inform
children about the positive effects of sport activities on
one hand, and danger and consequences of drug-taking
on the other hand.

“Sport without drugs” should become a rule and
a part of the moral of all who practice sport. A lot of
attention is devoted to achieving better physical shape,
with which the problem of drug-taking is also related.
Besides, young people can massively be motivated and
convinced to join sport. Most convincing are also medi-
cal reasons and particularly the reasons pertaining to
one’s general appearance (Lampret, 2004). There is
probably no boy who would not want to be liked by
others or himself by the way he looks like. Tall figure,
broad shoulders, large chest - this is the image almost
every young boy dreams about. Scientists have however
proved that drug-taking in the early ages impedes physi-
cal development and growth. It has been proved that
individuals who started smoking early have smaller
lung volumes than non-smokers. The effects of smok-
ing and drinking alcohol are thus just the opposite of
what young people would like to achieve. The behavior
of young girls is even less understandable when they
want to prove their equality to boys having a cigarette in
their mouths and holding a glass of an alcoholic drink
(Pecjak & Mohorko, 1995). Abusing their own health,
having stinky clothes and hair, bad breath - all of these
are the characteristics men least expect from an attrac-
tive young woman. Everybody fighting against smoking
and drug-taking should take advantage of these facts
(Videmsek, Karpljuk, Stihec, & Debeljak, 2003).

The fight against drugs continues and is seeking
new methods that would enable a more healthy way of
life among young people. Schools are nowadays par-
ticipating in various projects with which young people
are being motivated to promote sport and not drugs.
Joining in this fight are also medical and other institu-
tions pertaining to preventive and curative treatments
(Kopriva, 2002). PE teachers should get involved more
as well. In cooperation with parents, they could well
use sport to restrain drug-taking and build upon a rela-
tionship towards sport activities. Deprecation, preven-
tion, and prohibition of smoking among young people
are undoubtedly means that can help reduce these bad
habits. Despite that we are of the opinion that young
people will be turned away from smoking by means of
planning a quality way of life. People who are adequately
occupied most likely fulfill their needs by taking part
in appropriate activities and in this way do not feel the
need for any kind of substitutes (Sullivan, 2004).

One of the most important factors influencing the
decrease of drug-taking habits is providing appropriate
and adequate activities for young people in their spare
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time. It is the spare time that should be properly con-
ducted and planned. Spare time should be fulfilled with
activities that would fully engage each young individual.
And sport activities should certainly find their place
among them.
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KORELACE MEZI SPORTOVNI CINNOSTI
A UZIVANIM NAVYKOVYCH LATEK
U 14LETYCH ZAKU A ZAKYN
ZAKLADNICH SKOL VE SLOVINSKU
(Souhrn anglického textu)

Cilem tohoto prizkumu bylo zjistit, zda u 14letych
Zakl existuje korelace mezi sportovni aktivitou a uzi-
vanim navykovych latek. Tento priizkum je zaloZen na
dotazniku s 38 proménnymi, pricemZ pravdépodob-
nostni vztahy mezi proménnymi byly testovany pomoci
chi-kvadrat testu.

Analyza ukazala, Ze ve svém volném Case se spor-
tu vénuje 80 % chlapct a 85 % divek. Sportu se vénuji
vétSinou dvakrat az tfikrat tydné. VétSina chlapctl se
vénuje sportu zavodné (39 %), zatimco divky se vénuji
predevsim rekreacnim pohybovym aktivitdm (48 %).
Pokud jde o koufeni, ke kuraktim patfi 4 % procenta
chlapcii a 12 % divek. VétSina chlapcl zacala koufit ve
véku 13 let, divky ve véku 12 let. 90 % chlapct a 94 %
divek jiz néjaky alkoholicky napoj vyzkouselo - jde tedy
o vét§inu zakl ve véku od 10 do 13 let. Pokud jde o uzi-
vani drog, vyzkouselo je 18 % chlapct a 26 % divek.
Nejcast€jsimi typy drog jsou inhalace, pilulky a mari-
huana. VétSina Zaki prohlasila, Ze koufeni, piti alkoholu
a uzivani nelegalnich navykovych latek vyzkousSela ze
zvédavosti. Rodice vétSinou podporuji déti v provozo-
vani sportu. VétSina Zak( se domniva, Ze sport a koufe-
ni spolu nejde dohromady. Domnivaji se, Ze sportovni
aktivity jsou Cinnosti, které by od uzivani navykovych
latek mohly odrazovat.

Zjistili jsme, Ze mezi sportovnimi aktivitami a uziva-
nim legalnich i nelegalnich navykovych latek neni statis-
ticky vyznamna korelace. Statisticky vyznamna korelace
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activities that would fully engage each young individual.
And sport activities should certainly find their place
among them.
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vSak byla zjiSténa u piti alkoholu v pfipadé chlapci
(pivo a vino) a inhalace latek v pfipadé divek. Rozdily
by zifejmé mohly byt vyraznéjsi v pozdéjsim véku - pii
prechodu mezi zakladni a stfedni §kolou. Mladé lidi by
bylo mozno od uzivani legalnich i nelegalnich navyko-
vych latek odradit nabidkou vét§Siho mnozstvi aktivit,
které by jim umoznovaly travit volny ¢as pfimérenéjSim
a kvalitnéjSim zplsobem.
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The purpose of this study was to investigate the correlation between manifest motor indicators and the fluid intel-
ligence of boys. The sample comprised 550 boys aged 10 to 14. A battery of 26 tests was used for measuring motor
performance. Intelligence testing was implemented with the test TN-20. A multiple regression analysis indicated that
association between motor variables and fluid intelligence exists. The closest connection was the one between fluid
intelligence and motor tasks which demand the coordination of movement in rhythm and the speed of movement. The
associations between motor performance and fluid intelligence were age dependent: in 12 year old boys the connection
between motor variables and fluid intelligence is the highest, followed by 14 year old boys, where it is a little lower;
the connection is the lowest in 10 year old boys. The results suggest that developmental changes have a significant
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INTRODUCTION

Motor abilities are shown in interaction with other
psychosomatic dimensions, so they can be correctly in-
terpreted only on the basis of knowledge about such
connections. A better understanding of the principles
of human development requires the study of motor di-
mensions and their relations with other psychosomatic
dimensions, since in the course of development changes
occur in the individual dimensions as well as in the re-
lations between them. A more detailed analysis of the
connections between motor dimensions and intelligence
is reasonable for children and adolescents who are in the
phase of dynamic development. The age period between
10 and 14 is characterised by great variability and insta-
bility of several human dimensions as well as relations
among them, which results in the instability of develop-
ment processes (Gallahue & Ozmun, 1998).

Some studies have analysed connections between
various motor variables and intelligence (Carretta
& Ree, 1997; Mejovsek, 1977; Mohan & Bhatia, 1989;
Momirovi¢ & Horga, 1982; Momirovi¢, HoSek, & Gre-
delj, 1987; PlaninSec, 2002; PlaninSec & PiSot, 2003;
Tirre & Raouf, 1998). These studies have proved the
existence of two important factors which are signifi-
cant for the connection between motor performance
and intelligence. In cases where the motor task does
not include problem situations, the connection is de-
pendent on the speed of the information flow in the
nervous system, while in cases where the motor task

is complex on the information level, the nexus is de-
pendent on the intellectual activity used in solving the
motor problem situations. There are interesting conclu-
sions that the correlation coefficients among tests for
measuring the motor coordination are almost equally
significant as compared with the correlation coefficients
of these tests with intelligence tests (Momirovi¢ et al.,
1987). However, the ability of motor coordination is not
simply one of the manifestations of general intellectual
ability, but a result of several abilities (Tirre & Raouf,
1998). Carretta and Ree (1997) have established that
the nexus between high-order cognitive factors and psy-
chomotor factors are higher than between low order fac-
tors. Nijenhuis and Van de Flier (2002) established that
perceptual-motor ability tests overlap with the general
intelligence factor. The interdependence of motor abili-
ties and the intellectual skills of children has been stud-
ied by Bonifacci (2004). According to motor efficiency
she divided children into groups with low, average and
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in the pre-school period and decreases in older chil-
dren, with the ability of the coordination of movement
having the strongest connection with intelligence. Cole
and Harris (1992) have established that the relations be-
tween the intelligence quotient and the motor quotient
are unstable, as they change significantly with age.

The above mentioned studies show significant dif-
ferences with regard to the samples of participants,
the selection of tests and the methods of data process-
ing, which makes the comparison among them rather
difficult. In comparison with the above mentioned re-
search, our research mainly uses different motor and
intelligence tests.

The main aim of this study is to analyse the connec-
tion between the manifest motor indicators and fluid
intelligence of boys aged 10 to 14 years. It intends to
establish whether the relations among motor perform-
ance and intelligence change with age and which motor
variables show the strongest connection with the fluid
intelligence in difference age periods.

MATERIALS AND METHODS
Participants

The participants were 550 healthy boys, of whom
195 are aged 10.2 years (SD = 0.32), 160 are aged
12.3 years (SD = 0.29) and 195 are aged 14.3 years
(SD = 0.34). The selection of boys for sample was ran-
dom. The participants come from different parts of
Slovenia.

Variables

Motor tests. For the assessment of motor performance
a battery of 26 tests (Strel, 1996) was used; eight tests
are from Eurofit test battery (1993). The motor tests
belong to the following indicators of motor perform-
ance: speed of movement (hand tapping; hand tapping
25 cycles; foot tapping); strength (standing broad jump;
put the medicine ball; 60 m run; hand grip; sit-ups 20;
sit-ups 30; sit-ups 60; bent arm hang); agility (running
around three stands; running around two stands with
obstacles; running, rolling, crawling); motor coordination
(drumming with the hands; drumming with the hands
and feet; polygon backwards; climbing and descending;
match juggling); flexibility (forward bow; back arm twist;
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sit and reach); balance (standing on a low beam; flamin-
go balance); endurance (600 m run; endurance shuttle
run). The motor tests have been applied on a population
of Slovenian children (Kova¢ & Strel, 2000; Strel, 1996;
Sturm, 1980) and are thus appropriate for application
on the selected sample. In existing studies, motor tests
were of acceptable reliability.

Intelligence test. The assessment of intelligence was
carried out with the test TN-20 (Pogacnik, 1994). The
test is intended for measuring fluid intelligence, i. e. for
the testing of the general neurophysiological capacity
of the central nervous system for information process-
ing. It is non-verbal and culture free. The test consists
of 45 tasks, which increase in difficulty. Since there is
a 20 minute time limit for the test, it can be labeled
as a speed test. The test has satisfactory measurement
characteristics and is thus appropriate for application on
the selected sample (Pogacnik, 1994). Pogaénik (1995)
determines a high correlation of this test with other tests
for the assessment of intelligence.

Procedure

The measurements of motor abilities and intelligence
were always carried out before noon in especially pre-
pared areas. Each participant completed all the tests
in two hours. The measurements were carried out by
qualified experts. First, the participants performed an
intelligence test followed by measurements of motor per-
formance. All participants were well informed about the
course of measurements and they received precise in-
structions for each task before performing it. The whole
course of testing was coordinated and supervised by
the measurements leader while a special leader was re-
sponsible for the motor and psychological complex of
the measurements. Children and their parents agreed
to participate in this research. Written consent was ob-
tained from the children’s parents.

Analyses

The data were processed with the program SPSS
12.0, separately for each age group. The relations be-
tween motor variables and fluid intelligence were esti-
mated with multiple regression analysis. The system of
predictors was represented by the manifest motor vari-
ables, while the criterion was represented by the result
of the intelligence test.
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RESULTS

The results of the regression analysis in 10 year olds
show (TABLE 1) that there is no significant correlation
between the entire system of motor variables and fluid
intelligence on the level of p < .05, with the multiple
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correlation coefficient (R), as an indicator of the con-
nection of the predictors with the criterion, being .35,
which means that 12% of the common variance between
motor and intelligence variables is explained. Of the
individual motor variables, a significant coefficient of
B on the level p < .05 belongs to drumming with the
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which means that 12% of the common variance between
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individual motor variables, a significant coefficient of
B on the level p < .05 belongs to drumming with the

hands (.22).
TABLE 1
Summary of regression analysis for 10 years old boys
Motor Dimension and Variable ‘ r Part-r B ]
Speed of movement
Hand tapping .09 .03 .05 .64
Hand tapping 25 cycles -.06 .03 .06 .60
Foot tapping .08 .05 .07 46
Strength
Standing broad jump -.00 -.03 -.05 .65
Put the medicine ball .02 .02 .03 12
60 m run -.03 -.02 -.03 i
Bent arm hang -.02 -.01 -.01 .88
Hand grip .04 .06 .06 .40
Sit-ups 60 -.03 -.08 -.12 23
Sit-ups 20 .05 .10 .38 17
Sit-ups 30 .05 -.07 -.28 .32
Agility
Running around two stands with obstacle -.01 .01 .02 .84
Running, rolling, crawling -.06 -.01 -.02 .82
Running around three stands .07 14 21 .06
Coordination of movement
Drumming with the hands .23 .18 22 .01
Drumming with the hands and feet 11 .02 .02 .80
Match juggling .02 .00 .00 .96
Polygon backwards -.04 -.00 -.01 94
Climbing and descending -.03 -.02 -.04 1
Flexibility
Back arm twist .06 .05 .06 45
Forward bow -.01 -.01 -.02 .89
Sit and reach -.01 -.00 -.00 98
Balance
Standing on a low beam .04 -.01 -.01 .88
Flamingo balance -.04 -.05 -.06 46
Endurance
600 m run -.01 .05 .07 .49
Endurance shuttle run 21 .09 15 .06
.35 R?=.12 p=.62
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TABLE 2 shows the results for 12 year old boys.
The multiple correlation coefficient (R) had an expected
value of (.50), which means that there is 25% common
variance between motor variables and fluid intelligence.

TABLE 2
Summary of regression analysis for 12 years old boys
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The coefficient R is significant at the level of p <.05. The
most important motor variable which has a significant
coefficient of B at the level of p < .05 is hand tapping,
25 cycles (.26).
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Running around two stands with obstacle -.06 .06 .10 .38
Running, rolling, crawling -.15 -.03 -.04 .68
Running around three stands -.01 .07 12 .29
Coordination of movement
Drumming with the hands 22 .05 .07 .50
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Match juggling .09 .04 .05 57
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The results of the regression analysis for 14 year olds
show (TABLE 3) that there is a significant correlation
between the entire system of motor variables and fluid
intelligence on the level of p < .05, with the multiple
correlation coefficient (R) being quite high (.45), which
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means that 20% of the common variance between motor
variables and intelligence is explained. The motor vari-
ables which have a significant coefficient of f at the level
of p <.05 are the following: running around three stands
(.26), foot tapping (.20), drumming with the hands (.17),
bent arm hang (.17) and back arm twist (.15).

TABLE 3
Summary of regression analysis for 14 years old boys
Motor Dimension and Variable ‘ Part - r ‘ i ‘ ]
Speed of movement
Hand tapping -.04 -.06 Sl
Hand tapping 25 cycles -.04 .00 -.00 .99
Foot tapping .16 .20 .02
Strength
Standing broad jump .08 14 .24
Put the medicine ball -.02 .04 .06 51
60 m run .08 12 24
Bent arm hang .14 17 .03
Hand grip -.06 -.05 -.07 42
Sit-ups 60 -.03 -.06 -.07 .38
Sit-ups 20 -.02 -.04 73
Sit-ups 30 .06 13 .31
Agility
Running around two stands with obstacle -.08 .03 .04 .66
Running, rolling, crawling -.02 .02 .02 15
Running around three stands -.16 -.16 -.26 .01
Coordination of movement
Drumming with the hands 13 A7 .04
Drumming with the hands and feet .03 .04 .62
Match juggling .09 .10 17
polygon backwards 12 19 .07
Climbing and descending -.10 -.07 -.10 28
Flexibility
Back arm twist =17 -.14 -.16 .04
Forward bow -.02 -.02 -.06 .68
Sit and reach -.02 -.02 -.06 .69
Balance
Standing on a low beam -.12 -.15 .07
Flamingo balance -.09 -.04 -.06 .50
Endurance
600 m run -.05 -.07 .89
Endurance shuttle run .09 A5 21
R=45 R?=.20 p=.02
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DISCUSSION

We can say that the obtained results are partly con-
sistent with expectations and with results of the previous
studies. The results show that there are positive and
significant associations between motor and intellectual
variables, but there are some differences among all age
groups. In 12 year old boys the connection between mo-
tor variables and intelligence is the highest, followed by
14 year old boys, where it is a little lower; the connec-
tion is not significant and it is the lowest in 10 year old
boys. The nexus between motor performance and fluid
intelligence is the result of various factors.

The most important motor dimension which shows
the strongest connection with the intellectual variable is
the coordination of movement in rhythm. Motor tasks
involving the coordination of movement in rhythm (vari-
able drumming with the hands) consist of simple move-
ments. However, these are integrated into a rhythmical
whole in an unusual way, which makes them complex
mostly on the information level. Such movements are
abstract and not carried out in everyday situations. The
ability of motor coordination is influenced by different
cognitive processes which include visuo-processing,
visuo-spatial processing and working memory, very im-
portant is also the processing speed (Tirre & Raouf,
1998). Planinsec (2002) also states that the speed of in-
formation processing plays a very important role in the
fast realization of coordination-demanding motor tasks.
This speed of information processing is important for
the efficiency of intellectual processes (Vernon & Mori,
1992). Pogaénik (1994) suggests that this holds true
for the intelligence test TN-20 as well. Bestawros, Lan-
gevin, Lalonde and Botez-Marquard (1999) conclude
that there is a relationship between measurements of the
speed of information processes and the solving of prob-
lem situations, which implies a possibility of a common
neuro-biological bases for the speed of processing infor-
mation and human realization functions. The speed of
processing information plays an important role in struc-
turing, regulation and motor control, especially when
motor tasks are performed at maximum speed.

The nexus between the speed of movement (vari-
ables of hand tapping for 25 cycles and foot tapping)
and intelligence has already been confirmed (Mohan
& Bhatia, 1989; PlaninSec, 2002). This connection was
explained with a faster and more efficient central nerv-
ous system or nerve conduction velocity. It is a fact that
speed of movements does not require intelligence. Some
researchers have already established that the nerve con-
duction velocity is correlated with intelligence and speed
of movement (Reed & Jensen, 1991; Vernon & Mori,
1989). The speed of neural transmission is important for
the speed of information processing, which has a signifi-
cant influence on the level of intelligence (Bestawros et
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al., 1999; Vernon & Mori, 1992). The intelligence tests
is characterised by time limitation, therefore intellectual
speed contributes significantly to the result (Pogacnik,
1994). All this proves the existence of the connection
between the speed of movement with the result of the
intelligence test.

Fluid intelligence is also connected with variable
running around three stands. Motor tasks which are
characterised by the quick changing of the direction
of movement are complex (Jurimae & Saar, 1998;
PlaninSec, 2001). Informational complex movement
tasks require the successful processing of information,
and this also requires intellectual activity (PlaninSec,
2002; Tirre & Raouf, 1998).

Contrary to expectation, flexibility (variable back
arm twist) falling under the category of motor variables
is significantly connected with fluid intelligence, which
has already been confirmed (Momirovi¢ & Horga,
1982). It was also surprising that there is a significant
connection between intelligence and the functional
strength (variable bent arm hang), which has also been
proved by other researchers (Kova¢ & Strel, 2000). The
implementation of tasks involving flexibility and func-
tional strength certainly does not require intelligence.

CONCLUSION

It has been confirmed that developmental changes
have significant associations with the closeness of the
nexus between manifest motor indicators and fluid intel-
ligence. The findings of Cole and Harris (1992) regard-
ing relations between motor and intellectual abilities,
which seem to be developmentally unstable, can be
confirmed. Direction of the relationship between mo-
tor abilities and intelligence remains unclear. Therefore
it would be advisable to investigate the causal link be-
tween motor and intellectual dimensions and to find
out which factors influence the relationship. We suggest
additional studies for the future where a broader chil-
dren’s age range would be discussed. This might help to
gain a better insight into the influence of developmental
factors on the relations between motor and intellectual
dimensions.
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1994). All this proves the existence of the connection
between the speed of movement with the result of the
intelligence test.

Fluid intelligence is also connected with variable
running around three stands. Motor tasks which are
characterised by the quick changing of the direction
of movement are complex (Jurimae & Saar, 1998;
PlaninSec, 2001). Informational complex movement
tasks require the successful processing of information,
and this also requires intellectual activity (PlaninSec,
2002; Tirre & Raouf, 1998).

Contrary to expectation, flexibility (variable back
arm twist) falling under the category of motor variables
is significantly connected with fluid intelligence, which
has already been confirmed (Momirovi¢ & Horga,
1982). It was also surprising that there is a significant
connection between intelligence and the functional
strength (variable bent arm hang), which has also been
proved by other researchers (Kova¢ & Strel, 2000). The
implementation of tasks involving flexibility and func-
tional strength certainly does not require intelligence.

CONCLUSION

It has been confirmed that developmental changes
have significant associations with the closeness of the
nexus between manifest motor indicators and fluid intel-
ligence. The findings of Cole and Harris (1992) regard-
ing relations between motor and intellectual abilities,
which seem to be developmentally unstable, can be
confirmed. Direction of the relationship between mo-
tor abilities and intelligence remains unclear. Therefore
it would be advisable to investigate the causal link be-
tween motor and intellectual dimensions and to find
out which factors influence the relationship. We suggest
additional studies for the future where a broader chil-
dren’s age range would be discussed. This might help to
gain a better insight into the influence of developmental
factors on the relations between motor and intellectual
dimensions.
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VZTAH
MEZI ZJEVNYMI MOTORICKYMI UKAZATELI
A FLUIDNI INTELIGENCI
U PREPUBERTALNICH CHLAPCU
(Souhrn anglického textu)

Cilem studie bylo zkoumat korelaci mezi zjevnymi
motorickymi ukazateli a fluidni inteligenci u chlapci.
Vzorek zahrnoval 550 chlapcii ve véku od 10 do 14 let.
Pro méreni motorického vykonu byla pouzita baterie
26 testll. Testovani inteligence bylo provadéno pomoci
testu TN-20. Vicenasobna regresni analyza prokaza-
la existence korelace mezi motorickymi proménnymi
a fluidni inteligenci. Nejuzsi korelaci bylo moZno po-
zorovat mezi fluidni inteligenci a motorickymi ukoly
vyZadujicimi pohybovou koordinaci rytmu s rychlosti
pohybu. Korelaci mezi motorickym vykonem a fluidni
inteligenci zaviselo na véku. U 12letych chlapct je vztah
mezi motorickymi proménnymi a fluidni inteligenci nej-
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vysS§i. Nasleduji 14leti chlapci, nejniZsi zavislost je pak
u 10letych chlapci. Vysledky naznacuji, Ze vyvojové
zmény maji vyznamny vliv na vztahy mezi motorickym
vykonem a fluidni inteligenci.

Klicovd slova: motorickd vykonnost, télesnd zdatnost, fluid-
ni inteligence, korelace, chlapci.
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INTRODUCTION

Corrective physical education evolved from the Swe-
dish system of medical gymnastics. The leaders who
directly influenced American corrective gymnastics
were Nissen, Posse and Skarstrom. They all wrote in-
fluential books on medical gymnastics and led courses
in early medical gymnastics. World War I changed the
situation in corrective education, because of a growing
number of people who were injured and needed physical
rehabilitation. Most major adapted physical education
textbooks (Jansma & French, 1994; Seaman & DePauw,
1982; Sherrill, 1988; Sherrill, 1993) agree that World
War I instigated the growth of corrective physical edu-
cation. Sherrill (1988) states that training in physical
therapy consisted of a degree from schools of physical
education or nursing and an approximately 9 month long
course in massage, therapeutic exercise, hydrotherapy
and electrotherapy. However, at that time, preparation
of teachers of physical education shifted from medical
to educational. Students of physical education were still
required to take courses in corrective gymnastics as part
of their university training.

CORRECTIVE PHYSICAL EDUCATION
(1920’s - 1950’s)

The era from 1930 to 1952 is called the Era of Pro-
fessional Preparation in Corrective Physical Education.
During this time there was a growing gap between physi-
cal education and physical therapy. The term corrective

physical education appeared as the name of 2 major text-
books in 1928. Both books were written by influential
leaders, Charles Lowman and George Stafford. Winnick
(1990) cites Sherrill’s description of corrective physical
education in that era.

Assignment to physical education was based upon
a thorough medical examination by a physician who
determined whether a student should participate in the
regular or corrective program. Corrective classes were
comprised primarily of limited, restricted, or modified
activities related to health, posture, or fitness problems.
In many schools students were excused from physical ed-
ucation. In others, the physical educator typically taught
several sections of regular physical education each day.
Leaders in corrective physical education continued to
have strong backgrounds in medicine and/or physical
therapy. Persons preparing to be physical education
teachers generally completed one university course in
corrective physical education.

World War II had also tremendous impact on the
development of adapted physical education. Many war
veterans claimed that their disabilities could not be cor-
rected and therefore the term corrective was not ap-
propriate. The post war era is also significant in sport
for people with disabilities in America as well as in Eu-
rope.

William Skarstrom (1869-1951)

Skarstrom was one of the early leaders of Swedish
medical gymnastics in America, which later led to the
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development of corrective physical education. Skarstrom
was mentored by Amy Morris Homans, taught at the
Boston Normal School of Gymnastics (1899-1903), at
Teacher’s College, Columbia University (1903-1912),
and Wellesley College from 1912 on. Many women lead-
ers were influenced by Skarstrom. Among them were
Senda Berenson of Smith College and Josephine Rath-
bone of Teacher’s College, Columbia University. They
were applying Swedish gymnastic concepts through their
carriers (Sherrill & DePauw, 1997). Skarstrom as well as
Nissen wrote influential books on Swedish gymnastics.
One of his best is Gymnastic Kinesiology (1913).

Lilian Curtis Drew

Unfortunately there is not much information on
Lilian Curtis Drew in adapted physical education text-
books. She was the director of the department of cor-
rective gymnastics at the Teachers College of Columbia
University (Sherrill & DePauw, 1997). The symposium
of preventive and corrective physical education was ded-
icated to the memory of Lilian Curtis Drew. Therefore
there is some evidence of her influence on the devel-
opment of corrective physical education. In her book
Individual gymnastics: A handbook of corrective and
remedial gymnastics (1926, p. 18), Drew defined medi-
cal gymnastics as: “...exercises based on anatomical and
physiological principles, performed by the individual
alone or with assistance, for prevention or arrest, the
cure or correction of some definite functional or or-
ganic disability or deformity”. Its objectives were the
improvement of the general condition, the increase of
flexibility, strengthening muscles and readjustment of
muscle control.

Drew (1926) is critical of the term corrective, be-
cause of its stigma and tendency to cause morbidity and
self consciousness. She also stressed the importance of
being sensitive in emphasizing the fact of a student’s
abnormal condition. Drew (1926) said: “While it is es-
sential, to some extent, to direct attention to definite
purposes, it must be done carefully, and the interest
aroused in such ways as to create an atmosphere in
which individual is conscious merely of being a pupil
working with an instructor toward a purposeful goal,
rather then being a patient or a case who is receiving
treatment.” According to Drew, teachers should bring
students joy and enthusiasm, and teachers also need to
have tact and adaptability.

George Stafford (1894-1968)

Stafford was both a physical therapist and a specialist
in corrective physical education. He became interested
in those areas through service in the World War I Ar-
my reconstruction department (Sherrill, 1988; Sherrill
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& DePauw, 1997). He received his BPE degree in 1917
at Springfield YMCA College and his doctoral degree
in 1937 at New York University. He practiced physio-
therapy in Boston from 1919 to 1923 and from 1923
he worked at the University of Illinois as Supervisor
of Corrective Physical Education. Stafford and Tappan
(1927, p. 5) define corrective exercises: “The aim of cor-
rective exercises is to relieve certain conditions such as
painful arches, constipation, ptosis, cardiac weakness,
digestive disorders, neurasthenia, general debility, pos-
tural defects, malnutrition, paralysis (infantile and spas-
tic), etc.” Stafford also understood the psychological
importance of exercise when he claimed that persons
with disabilities should not look at themselves as inva-
lids, but as normal individuals with bodily defects. He
believed that sport and exercise can help to achieve this
goal (Stafford & Tappan, 1927). Stafford (1943, p. 127)
also specified the requirements for successful teaching.
He believed that teachers must have the desire to help
others, good physique and cheerful disposition, knowl-
edge of human nature, patience, vision, enthusiasm,
sincerity, optimism, mental alertness, tact and adapt-
ability. They also need equipment and to be resourceful
in solving the individual problems of students. His 2
major textbooks were Preventive and corrective Physi-
cal Education (1927) and Sports for the handicapped
(1947). Sherrill and DePauw state that leadership of the
University of Illinois in the wheelchair sports movement
can be traced to Stafford, who was influential in moving
corrective physical education from being medical to be-
ing educational and recreational.

Josephine Rathbone (1899-1989)

Rathbone learned medical gymnastics from Skarstrom
at Wellesey College (Sherrill & DePauw, 1997) and was
also taught by physician Frank B. Granger from the Bos-
ton City Hospital (Sherrill, 1988). Rathbone taught at
the Normal School in New Britain, Connecticut at Welle-
sley College (1925-1930) and at the Teacher’s College of
Columbia University (1930-1960), where she influenced
a number of adapted physical education leaders. Sherrill
and DePauw (1997) state that Rathbone’s Corrective
Physical Education (1934) lasted through seven editions
and influenced more professionals than any other text.

Rathbone (1934, p. 3) defines correction as a field
that is: “...as wide as any one cares to make it. It can not
be satisfied with a few exercises for strengthening spe-
cific muscles, nor with a method of standing in perfect
balance. It must consider the health problems of the
child, so as to help him to develop as normally as pos-
sible; and it must consider the hazards of the athlete, so
as to protect him from injury or strain... It must consider
the body at different stages in its development, and must
call upon every possible physiological and psychological
aid to normal bodily development.”
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Rathbone’s requirements for a good teacher were:
knowledge of anatomy, physiology, biomechanics and
psychology; and appreciation of the intellectual, so-
cial, and cultural functions of general education. She
also stated that a sense of humor and a sense of proper
values are necessary for all good teachers of correc-
tive physical education. In her text of 1934, Rathbone
showed the understanding of the social and psychologi-
cal importance of physical education for students with
disabilities. She stated that many teachers fail to realize
that students with disabilities might have a passionate
interest in physical education and leisure time recrea-
tion. Rathbone also stressed that children with disabili-
ties need joy: “Joy from inward health, joy from a kindly
environment, joy from achievement, joy from watching
their conditions improve, joy from association with other
people, or joy from doing for other people.” Rathbone
believed that the community should be responsible for
integrating all individuals with disabilities, apart from
those that are dangerous to society.

Symposium of Preventive
and Corrective Physical Education

The 1931 volume of The Journal of Health and
Physical Education is partially devoted to the state of
corrective physical education. In 5 issues of the given
journal the Committee of the American Physical Educa-
tion Association reports on the state, conditions, objec-
tives and applications of corrective physical education.
Among 6 members of committee are two of the above
mentioned leaders, Charles Lowman and George Staf-
ford. The symposium was dedicated to the memory of
Lilian Curtis Drew, who died in 1930. The committee
(1931a) stressed the importance of appropriate physical
activities in physical education, claiming that each activ-
ity must be adjusted to the individual’s physical needs;
and that equality of abilities between individuals and
groups who compete must exist to protect health and
promote social development. The freedom to choose
both the time and the type of exercise should encour-
age responsibility in each student. In part II (1931b,
p. 23), the committee specifies the objectives of correc-
tive physical education, which were to be:

1. to correct existing defects,

2. to reduce handicapping conditions,

3. to restore and maintain organic vigor and skeletal
skill to the end of benefit and joy in the various safe
sports’,

4. to learn to adapt one’s self to one’s physical condi-
tion and to life conditions in and out of school,

5. to constantly maintain habits of work, rest and play
conducive to one’s best health interests.

They addressed motivation (1931b), organization
and administration (1931c), games and recreation
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(1931c¢), limitations of corrective work (1931d) and in-
cluded a bibliography (1931d). At the end of the sym-
posium, the committee argues about terminology and
supports the use of a new term: individual physical edu-
cation. They also set 11 principles of effective corrective
programs. They urged teachers to get familiar with indi-
vidual diagnosis and to try to bring up the right mental
attitude of all individuals toward improvement. Recrea-
tional skills and activities were recognized and the need
for leisure time physical activities was supported.

Physical Education in special classes

Herbert W. Grigson was the Supervisor of Physi-
cal and Health Education in the Philadelphia Public
Schools. In the 1931 volume of the Journal of Health
and Physical Education he wrote four articles about
physical education in special education classes in pub-
lic schools. In the beginning he explains the establish-
ment of special education as a relatively new division
in public schools, which was organized in Philadelphia
schools in 1898. Grigson (1931a, p. 3) starts his article
with the explanation of the need for segregated special
education:

“So the backward pupil gradually became a part of
an entirely different social group. His ostracism irked
him, and all sorts of emotional outbursts, seemingly
without cause, occurred. There were not enough pupils
of this sort in any one grade school to form a homoge-
neous group even if the school had segregated them, so
the pupil remained in school... School was a place he
hated because it attempted to make him do what was
impossible for him to accomplish, and he lived only for
dismissal time each day.”

Grigson provided numbers of students with dis-
abilities divided into categories. His categories were:
deafness, nutritional difficulties, tubercular condition,
orthopaedic needs, sight saving needs, difficulties with
orthogenic backwardness, orthogenic disciplinary
problems, cases of restoration and cardiac patients. He
provided general information about students’ specific
needs in physical education for each of his categories.
His second article (Grigson, 1931b) is devoted to the
education of students with behavioral problems. His
article The physical education program in orthogenic,
backward and disciplinary classes provides examples of
exercises, games and their modifications, and is supple-
mented with many photographs from school settings.
His description of games continues in the fourth ar-
ticle from November 1931. In his last article Grigson
(1931d) focuses on behavior management and the roles
of habit, activity and interest. Finally he concludes his
series of articles with information about instructional
needs in special education classes and the program of
health education. From the series of Grigson articles it
is clear that special education was, at the beginning of
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the 20th century, an emerging discipline, which needed
help with developing its physical education programs.
Very interesting is the reasoning for segregation of stu-
dents with disabilities from regular schools.

Physical Education in Residential Facilities

The first physical education scholar to write about
residential facilities for students with disabilities was
a Canadian, R. Tait McKenzie, who devoted the entire
chapter of his book Exercise in Education and Medi-
cine to the “Physical Education of the Blind and the
Deaf-Mute” (Sherrill, 1988; Sherrill & DePauw, 1997).
One of his chapters was focused on “Mental and Moral
Defectives”. In his work he was truly a pioneer. Sherrill
(1988, p. 29) states “R. Tait McKenzie was one of the
first physical educators to be influenced by special edu-
cation, he was almost 50 years ahead of the times”.

The first residential school for children with hear-
ing impairments was founded in 1817 by the Minister
Thomas Hopkins Gallaudet (Sherrill, 1993; Sherrill
& DePauw, 1997). Gallaudet was later honored by
the deaf community in 1856, when its first college
was named Gallaudet College. This school is located
in Washington, DC and has a long history of excellent
physical education and sport (Sherrill, 1993; Sherrill
& DePauw, 1997).

One item of information about early adapted physi-
cal education comes from Sherrill (1988), who briefly
describes the founding of early special educational
residential facilities and states that the only records
on adapted physical activities from the 1900’s are by
Dr. Charles Buell. Winnick (1990) also devotes atten-
tion to Samuel Gridley Howe and his contribution to
adapted physical education for students with visual im-
pairments. In the U. S. A., three schools for the blind
were founded between 1830 and 1833, in Boston, New
York and Philadelphia. Buell (1966) cites Howe’s school
report in which it is mentioned that physical exercise
plays an important role in developing and maintaining
the health of all students. Howe used to take his students
swimming in the sea, he did bowling and also had them
participate in gymnastics. Buell (1966) states that most
early physical education was organized by German Turn-
ers. At the end of the 19" century, schools for students
with visual impairments were engaged in both German
and Swedish gymnastics. The schools were influenced
by the playground movement. The leading person of
that time was Sir Francis Campbell, whose aim was to
discover and arrange outdoor games suitable for stu-
dents with visual impairments. Buell (1966, p. 22) cites
Campbell: “The education of the blind, whether literary,
musical or technical, will not be crowned with practical
success unless based upon a thorough system of physi-
cal education.”
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THE CHANGE FROM CORRECTIVE
TO ADAPTED PHYSICAL EDUCATION

1952 - The Conflict between Corrective
and Adapted Physical Education

The return of war veterans influenced greatly the
change of corrective physical education to adapted
physical education (Daniels & Davies, 1954; Stafford,
1947). Sherrill (1993) explains that war veterans pointed
out that amputations and spinal cord injuries could not
be corrected. They also started sport programs for use
in rehabilitation centers. Experience with Army recon-
ditioning and Air Forces rehabilitation programs led in
1946 to the establishment of the AAHPER committee
to study the needs of individuals with disabilities (Sher-
rill & DePauw, 1997). This committee was established
by the Therapeutic Section of AAHPER. In 1952 this
committee issued the first official definition of adapted
physical education. Sherrill (1993, p. 19) cites Commit-
tee on Adapted Physical Education: “Adapted physical
education is a diversified program of developmental
activities, games, sports, and rhythms suited to the in-
terests, capacities, and limitations of students with dis-
abilities who may not safely or successfully engage in
unrestricted participation in the vigorous activities of
the general physical education program”.

Members of the committee represented 3 differ-
ent philosophical views of adapted physical education.
Arthur Daniels (Ohio State University), M. Harrison
Clarke (Springfield College), and C. Morgan (Army
Medical Corps; part-time at George Washington Uni-
versity) all had background in regular physical educa-
tion, but were strongly influenced by the World War II
veterans. Josephine Rathbone (Teacher’s College, Co-
lumbia) and Catherine Worthington (Standford Univer-
sity) were corrective and physical therapy specialists.
Finally George Stafford (University of Illinois) strongly
advocated the change from corrective to adapted sport
(Sherrill & DePauw, 1997). “...the formal program of
corrective physical education lacks the satisfaction of
the drives and interests of the students which are satis-
fied by adapted sports” (Stafford, 1947, p. 32). Stafford
also claimed that persons with disabilities do not want
activities modified to allow for their disabilities, but they
want activities which are adapted for their remaining
abilities.

In 1952 a decision was made that moved the focus
from corrective to adapted physical education. This
philosophy was unacceptable to the American Physical
Therapy Association, which had, up to 1952, closely
cooperated with AAHPER’s therapeutic section, and
after the shift to the adapted philosophy decided to end
their close cooperation. One of the other major factors
was the dynamic growth of physical therapy caused by
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the 1944 poliomyelitis epidemic and the reconditioning
needs of war veterans.

The “New Adapted Physical Education”

Arthur Daniels (1906-1966) was the first to entitle
his textbook Adapted Physical Education (1954). He
taught at the University of Illinois from 1934 to 1942,
at The Ohio State University from 1945 to 1957 and at
Indiana University from 1957 till his retirement. His
book Adapted Physical Education (1964), which is co-
authored by Evelyn Daniels, is divided into 3 parts. In
the first part they define the problem, discussing his-
torical, cultural and societal values. The second part
is devoted to physical education in relation to specific
disabilities and the third part focuses on organizational
and administrational areas. In their new definition of the
aim of adapted physical education we can compare the
philosophy before and after 1952: “In adapted physical
education the effort is made to help the student take his
place in the social and economic world as a citizen who
is respected for his personal qualities and capabilities.
He is given an opportunity for the fullest development
of his physical, social, and economic potentialities in
an environment that is friendly and informal... Under
these conditions he learns how he can earn his place as
a member of a social group, not trading on his disability,
but utilizing his ability” (Daniels & Davies, 1965).

Hollis Fait (1918-1984) was the first textbook author
to include a chapter on mental retardation and learning
disabilities (Sherrill & DePauw, 1997). Fait taught at
the University of Connecticut and was involved with the
nearby Mansfield State Training School. The interesting
fact is that Fait changed the title of his textbook from
Adapted Physical Education (1960) to Special Physi-
cal Education (1966), because of his belief in the close
relationship to special education (Sherrill & DePauw,
1997). His definition of adapted physical education is
very close to Daniel’s definition (Fait, 1960, p. 9): “The
modern adapted physical education program is based
on the premise that the handicapped individual wants
to be an accepted and active participant in the normal
community and that he should be given every educa-
tional opportunity to develop his potential so that he
may become a well-adjusted, contributing member of
society.”

CONCLUSION

In the first half of the 20" century in America we
can say that the evolution of adapted physical educa-
tion as a discipline took place. At first APE was influ-
enced by the Swedish system of medical gymnastics,
which led to the development of corrective gymnastics,
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represented by Drew, Lowman and/or Stafford. Both
World War I and World War II played a crucial role in
the development of the discipline. Experience with re-
habilitation and the needs of war veterans led in the
1920’s to a growing number of corrective physical edu-
cation programs. It was World War II and its veterans,
who challenged the structure and name of corrective
physical education by saying that amputation and spinal
cord injuries can not be corrected. The year 1952 was
the milestone for adapted physical education’s focusing
more on the abilities of people with disabilities than on
correcting their disabilities. Since then on we can draw
a distinct line between adapted physical education and
physical therapy.

This study was supported by grant of Ministry of Educa-
tion of Czech Republic (MSMT) no: 6198959221
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the 1944 poliomyelitis epidemic and the reconditioning
needs of war veterans.

The “New Adapted Physical Education”

Arthur Daniels (1906-1966) was the first to entitle
his textbook Adapted Physical Education (1954). He
taught at the University of Illinois from 1934 to 1942,
at The Ohio State University from 1945 to 1957 and at
Indiana University from 1957 till his retirement. His
book Adapted Physical Education (1964), which is co-
authored by Evelyn Daniels, is divided into 3 parts. In
the first part they define the problem, discussing his-
torical, cultural and societal values. The second part
is devoted to physical education in relation to specific
disabilities and the third part focuses on organizational
and administrational areas. In their new definition of the
aim of adapted physical education we can compare the
philosophy before and after 1952: “In adapted physical
education the effort is made to help the student take his
place in the social and economic world as a citizen who
is respected for his personal qualities and capabilities.
He is given an opportunity for the fullest development
of his physical, social, and economic potentialities in
an environment that is friendly and informal... Under
these conditions he learns how he can earn his place as
a member of a social group, not trading on his disability,
but utilizing his ability” (Daniels & Davies, 1965).

Hollis Fait (1918-1984) was the first textbook author
to include a chapter on mental retardation and learning
disabilities (Sherrill & DePauw, 1997). Fait taught at
the University of Connecticut and was involved with the
nearby Mansfield State Training School. The interesting
fact is that Fait changed the title of his textbook from
Adapted Physical Education (1960) to Special Physi-
cal Education (1966), because of his belief in the close
relationship to special education (Sherrill & DePauw,
1997). His definition of adapted physical education is
very close to Daniel’s definition (Fait, 1960, p. 9): “The
modern adapted physical education program is based
on the premise that the handicapped individual wants
to be an accepted and active participant in the normal
community and that he should be given every educa-
tional opportunity to develop his potential so that he
may become a well-adjusted, contributing member of
society.”

CONCLUSION

In the first half of the 20" century in America we
can say that the evolution of adapted physical educa-
tion as a discipline took place. At first APE was influ-
enced by the Swedish system of medical gymnastics,
which led to the development of corrective gymnastics,
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represented by Drew, Lowman and/or Stafford. Both
World War I and World War II played a crucial role in
the development of the discipline. Experience with re-
habilitation and the needs of war veterans led in the
1920’s to a growing number of corrective physical edu-
cation programs. It was World War II and its veterans,
who challenged the structure and name of corrective
physical education by saying that amputation and spinal
cord injuries can not be corrected. The year 1952 was
the milestone for adapted physical education’s focusing
more on the abilities of people with disabilities than on
correcting their disabilities. Since then on we can draw
a distinct line between adapted physical education and
physical therapy.
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APLIKOVANA TELESNA VYCHOVA V USA
V PRVNI POLOVINE 20. STOLETI
(Souhrn anglického textu)

Aplikovana télesna vychova se v USA vyvinula z 1é-
¢ebné, zdravotni télesné vychovy. Plivodni vliv Svédské
1écebné télesné vychovy na americké vysoké skoly maji
,ha svédomi“ Hartwig Nissen (1855-1924), Nils Posse
(1862-1895) a William Skarstrom (1896-1951). Mezi
prvni americké prikopniky zdravotni télesné vychovy
patfily Lilian Curtis Drew a Louisa Lipin. Korektivni
pristup zdravotni télesné vychovy byl dominantni v ob-
dobi 1920-1950. Viid¢imi osobnostmi té doby byli Char-
les Kosman (1879-1977), George Stafford (1894-1968)
a Josephina Rathbone (1899-1989). Tito odbornici v té
dobé velmi uzce spolupracovali s fyzioterapeuty. Velky
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pocet veteranti z druhé svétové valky zpasobil vyznam-
né zmény v pristupu k pohybovym aktivitim osob se
zdravotnim postiZenim. Toto pozdé&ji vedlo k oddé€leni
korektivni fyzioterapie od aplikované télesné vychovy
v roce 1952.
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Adequate physical readiness is a significant aspect of universal armed forces readiness and an integral part of
military support. The aim of this research was to ascertain the effect of a training program, based on individually
adapted intensity levels, on motor abilities of the Slovene armed forces (SV) personnel. The sample of subjects in-
cluded 34 members of SV (16 in the experimental group - ES, and 18 in the control group - KS), aged between 35 and
40. Results have been processed by the SPSS 8.0 for Windows program. Data processing was carried out in several
phases. First, the basic statistical characteristics and the distribution of individual variables have been determined,
the measures of central tendency and the measures of dispersion have been calculated and a method for the analysis
of variance with 5% risk has been used. The results have shown that a characteristic enhancement of certain motor
abilities of the sample studied can be improved by means of training process economisation and individually adapted
training intensity levels. Statistically significant differences between the experimental and control groups were found
in measurements of body fat (KG), push-ups (SK), curl-ups (DT), a 3200 meter run (T3200M) and the morning heart
beat frequency (FSUs). Although the research sample was small, these studies, at least in theory support the need
for future research in these areas, as our evidence strongly suggests the effectiveness of individually designed training
protocols on the physical readiness of Slovenian armed personnel.
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INTRODUCTION

The contemporary way of life has many negative con-
sequences and is marking the way of life of the Slovene
people as well, where the Slovene armed forces (SV) is
no exception. Despite the fact that physical training in
SV is well rounded legally, formally and theoretically,
SV is facing the negative influences of our contemporary
way of life, too (Tkavc, 1999). The rate of motor and lo-
comotor injuries and cardiovascular disorders is rapidly
increasing among SV personnel; due to insufficient exer-
cising, many are facing an increased body weight (Kar-
pljuk, D., Zitko, Rozman, Suhadolnik, & Karpljuk, K.,
2001) causing health disorders, etc. These factors sig-
nificantly affect the combat readiness of SV soldiers and
SV as a whole. The motor efficiency of an individual
soldier and of a unit - a principle element of combat
readiness - is more and more important in readiness
programs of every contemporary army (Picarielo, 2000;
Jaenen, 2000). As the way of life is changing significant-
ly, the abilities of an individual as well as the abilities
of an entire society are changing along with it. Sport
plays a more and more important role in developing
and maintaining the motor efficiency of a contemporary

individual (Karpljuk, 1999). Sport within the Slovene
armed forces is and will remain an instrument for the
achievement and maintenaince of the adequate motor
efficiency of all personnel, as well as one of the principle
requirements for the appropriate combat readiness of
each individual (Tkavc, 1999). In the Slovene armed
forces’ fundamental foundations, sport is defined to in-
clude physical training, physical education, sport for all
profiles, assessment of motor abilities, sports education,
sports competitions within SV, international sports com-
petitions, participating in competitions of sport associa-
tions and clubs, sport readiness programs of individual
soldiers and units, commanders and teams, analytic and
research activities, and public relations activities pertain-
ing to informing the public about sport and athletes in
the Slovene armed forces (Tkave, 1999). Sport programs
must meet the requirements of a lifestyle and above all
suppress the negative consequences the army way of life
brings (Jaenen, 2000). Full time SV personnel undergo
regular physical training, which represents fundamental
physical (motor) readiness for an individual, to most
efficiently meet combat requirements or military duties
(Tkave, 1999). Military duties are often carried out un-
der extreme physical and mental conditions, requiring
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excellent motor abilities. Individuals are often facing
problems related to their own health state (overweight
and accompanying health factors, stressful situations
on a daily basis, motor apparatus and cardiovascular
disorders, etc.). All of the previously mentioned factors
have negative consequences and affect the daily military
duties of commanders, military equipment duty person-
nel, officers managing contemporary weapons, etc. (Kar-
pljuk et al., 2001).

Adequate physical readiness is a significant aspect of
universal armed forces readiness and an integral part of
military support (Jaenen, 2000). Despite an increase in
number and enhanced military equipment, mechaniza-
tion, means of transport, etc., a number of combat op-
erations still depend on physically well prepared soldiers
(Jaenen, 2000; Karpljuk et al., 2001). For example, Ca-
nadian armed forces personnel (Jaenen, 2000) must be
physically prepared to successfully carry out military op-
erations in a geographically and climatologically diverse
landscape. All profiles, from officers to soldiers undergo
the process of a highly well rounded physical readiness
program. Their physical readiness is evaluated through
various assessments based on the Human Rights Act
(Jaenen, 2000), which the personnel is informed upon
joining the Canadian armed forces.

US army personnel start their physical training pro-
gram the first day upon entering the forces, and the
program lasts until the end of an individual’s military
career. The sporty way of life in the US army is not an
exception but rather a general activity of all the employ-
ees. The assessment of physical efficiency is based on
the Annual physical training test (also used by some
NATO members), and is comprised of push-ups, curl-
-ups and a 3200 meter (2 mile) run (Picarielo, 2000;
Karpljuk et al., 2001). Picarielo (2000) stresses that
the physical efficiency readiness is based on endurance,
strength, and agility as well as on developing mental
abilities, cohesiveness within a group and factors related
to combat situations.

In the Slovene armed forces, physical readiness
assessment based on American standards has been
practiced since 1996. The assessment, even though it
seems like a simple evaluation comprised of three tests
(push-ups, curl-ups and a 3200 meter run), may be quite
a strenuous task. As an encouraging thought to achiev-
ing a good assessment result, Tkave (1999) says that
individuals who regularly take care of their health by
exercising, and who are occasionally in sports, will not
have great difficulties with the assessment or will achieve
relatively good results.

The doctrine of the US land forces has been pre-
sented in detail by Grizold (Grizold & Ferfila, 2000),
stating that the changes applied to the doctrine of the
US land forces enable an efficient employment of US
armed forces wherever in the world it is needed in
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a rather short period of time, that requires the support
of excellent logistics, which in the US army is the case,
and physically well prepared soldiers, which, as stated
by Picarielo (2000), is not a disturbing factor.

Liu (2000) exposed the importance of sport in the
armed forces. He has analyzed the differences of the
two notions, “military sport” and “sport in the military”.
Military sport is defined as a specific type of sport,
where the training process is based upon combat readi-
ness representing a baseground of the Chinese national
strategy of defense system, and upon readiness for war
or war-like conditions. Sport activities include different
types of shooting with combat weapons, parachuting,
military pentathlon, etc., all activities directly related to
assessment of the soldiers’ combat capacities. On the
other hand, sport in the military primarily includes the
most common types of sport like football, athletics, bas-
ketball, handball, cycling, etc., that is the types of sport
characteristic for ordinary, civilian society. Liu (2000)
emphasized that these sport activities in the context of
armed forces do have certain specifics; at the same time
the options are open as to an individual sport soldiers
can have in addition to the military sport activities.

Tkavc (1999) defines sport in SV as an entity, and
thus takes up the same point of view as Zechner. Based
on definitions by Liu (2000) - military sport and sport
in the military and according to the purpose of sport
in SV, her definitions could be related as follows. Mili-
tary sport is a regular sport activity and assessment of
motor abilities, while sport in the military represents
any other sport activities ranging from sport for all to
sports competitions. Despite different points of view
and definitions it is obvious that there is a universal no-
tion of sport and that the principle goal of sport in the
military is adequate physical readiness of soldiers to
successfully attend to their regular and combat duties
(Tkavc, 1999).

According to the climatic conditions in Africa (espe-
cially in SAR), Mashiane (2000) pointed out key factors
that must be considered (heat, moisture, dehydration
and hydration, thermoregulation, clothing, footwear,...)
in order for soldiers to successfully perform their duties.
In some countries like Zimbabwe (Mudambo, 2000),
they are facing additional problems of physical train-
ing and its health influences on soldiers with health
disorders, for example AIDS. They have studied the
positive and the negative influences of physical train-
ing on health, performance on duty and allocation of
duties that HIV positive soldiers could still successfully
manage. According to specific conditions in Africa,
Mudambo (1996) studied the effects of the negative en-
ergetic ratio of military personnel in “survival” training
in hot weather conditions. The author stresses that in
order to prepare soldiers for possible war conditions, the
training process should include as many factors as pos-
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sible (climatic, health related...) which soldiers would
face in war conditions.

Bonev (2000) has introduced a systematic defini-
tion of the above mentioned physical training factors -
a common term for “physical education” in the military.
The author provided a basic model of sport training that
should comprise the following elements: sport training
as a part of regular armed forces personnel duties - 2 to
3 hours weekly; morning exercises - 30 minutes; ele-
ments of sport for all profiles (90 minutes) to be carried
out off-duty; physical training aimed at enhancing com-
bat readiness. Particular elements of training, explicitly
emphasized, are athletics, marching various distances,
movements with acceleration and changes of direction,
sport gymnastics (floor, gymnastics, permitted appara-
tus adjustments), running, swimming, alpine and cross-
country skiing, rowing, combat sports, etc.

We are of the opinion that taking up appropriate ap-
proaches and having adequate professional knowledge
in the field of sports and related fields, can positively
influence and enhance motor readiness of SV person-
nel, and decrease a number of negative consequences of
a contemporary way of life. According to contemporary
course of events and the demands of the leading world
armed forces, SV sport should go beyond the character
of being a promotional, occasional and motivational fac-
tor. Sport activities should actively be integrated into the
working and living sphere of every (healthy) individual
of the SV armed forces. A handful of athletes employed
at SV, who participate at national and beyond competi-
tions are by no means indicators of the actual state,
being regular army, commissioned officers, non-commis-
sioned officers, civil SV or MORS personnel, or the con-
tractual reserve army, which should in the future change
their current foundations. It is necessary to emphasize
that any kind of training will have a more significant
effect, if it is adapted to an individual (Bonev, 2000),
his/her motor abilities, motivation and expectations.

The aim of this research is to ascertain the effects
of a three-month long, individually adapted training pro-
gram carried out three times a week on the development
of some functional, motor and morphological dimen-
sions with SV regular and reserve officers.

GOALS

The goal of this research was to find out the differ-
ences in results of selected functional, motor and mor-
phological variables, tested with SV regular and reserve
officers - differences between the initial and final meas-
urements of the experimental and the control group.
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METHODS

The training program of the experimental group
(ES) was adapted to individuals. The program was based
on running endurance, agility, coordination, speed and
strength. The control group (KS) performed regular
sport activities, in the same extent as before the research
(fitness, running, cycling, and games). The initial assess-
ment was carried out prior to experimental program ini-
tiation, based on which, the subjects were grouped into
two equivalent groups according to the 3200 meter run
results. All measurements were done at the Ljubljana
athletic stadium and were carried out according to the
instructions of the US armed forces standards (Karpljuk
et al., 2001). Each group was given instructions on the
training program for the following three months. The
final assessment was carried out in the same manner
as the initial one.

Sample of subjects

The research is based on studying 34 members of
the SV, 16 in the experimental and 18 in the control
group.
Sample of variables

Three sets of variables were defined according to the
subject and the goals of this study, and according to the
hypotheses set forth.

Functional variables

FSUm heart beat frequency, beats/min
morning, resting

Motor variables

SK push-ups (2 min) number

of repetitions
DT curl-ups (2 min) number

of repetitions
T3200M 3200 meter run seconds

Morphologic variables

ATV height mm*
ATM weight kg
AKGN body fat mm
AOS femur volume cm

* Note that body height was used solely for the calculation of body mass
index (ITM) and was not taken into account as a variable during the sta-
tistical workout, as we were not expecting any changes in body height in
response to the prescribed training program. One should consider height
as a constant and regular anthropometric parameter. As the prescribed
training program was described in order to change functional and motor
abilities of individuals involved, height would not be an appropriate vari-
able, as it does not fit the desired model of the study.
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DATA PROCESSING METHODS

Results have been processed by the SPSS 8.0 for
Windows program. Data processing was carried out in
several phases. First, the basic statistical characteristics
and the distribution of individual variables have been
determined, the measures of central tendency and the
measures of dispersion have been calculated. The analy-
sis of variance with a 5% risk has been used to calculate
differences between the experimental and the control
group (initial and final measurements).

TABLE 1
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RESULTS

Three sets of variables were defined according to
the subject and the goals of this study: morphological
(body height - ATV, body fat at upper arm - AKGN,
femur volume - AOS), functional (heart beat frequency,
morning at rest - FSUm) and motor (push-ups, 2 min -
SK, curl-ups, 2 min - DT, 3200 meter run - T3200M).
TABLE 1 shows the results of the above mentioned
variables, indicating the ES and KS differences between
initial and final measurements of all tests. Statistically
significant differences between ES and KS were found
in measurements of body fat (KG), push-ups (SK), curl-
ups (DT), a 3200 meter run (T3200M) and the morning
heart beat frequency (FSUs).

Differences between the initial (1) and final (2) measurements of ES and KS with tests: ATM1-ATM2, AKG1-AKG2,
AOS1-AO0S2, SK1-SK2, DT1-DT2, T320M1-T3200M2 in FSUm1-FSUm?2

Var Group Number Min Max Mean SD SE P

ATM1 ES 16 70.00 93.00 78.25 7.55 2.18 0.776
KS 18 69.00 88.00 79.00 5.39 1.49

ATM2 ES 16 68.00 89.00 75.17 6.91 1.99 0.187
KS 18 69.00 87.00 78.38 4.81 1.33

AKG1 ES 16 10.60 16.80 13.68 2.28 0.66 0.904
KS 18 9.80 15.40 13.58 1.73 0.48

AKG?2 ES 16 8.80 13.40 11.42 1.49 0.43 0.010
KS 18 10.00 15.20 13.17 1.64 0.45

AOS1 ES 16 49.00 65.00 55.83 5.27 1.52 0.289
KS 18 50.00 65.00 57.77 3.54 0.98

AOS2 ES 16 48.00 65.00 55.17 5.06 1.46 0.150
KS 18 49.00 66.00 57.77 3.61 1.00

SK1 ES 16 31.00 77.00 57.58 12.72 3.67 0.451
KS 18 37.00 80.00 53.69 12.63 3.50

SK2 ES 16 49.00 88.00 67.17 12.52 3.61 0.032
KS 18 44.00 81.00 56.08 11.71 3.25

DT1 ES 16 29.00 92.00 65.92 20.59 5.94 0.225
KS 18 36.00 90.00 56.77 16.00 4.44

DT2 ES 16 55.00 94.00 82.17 12.16 3.51 0.001
KS 18 41.00 98.00 59.77 16.34 4.53

T3200M1 ES 16 726.00 1033.00 878.42 97.48 28.14 0.816
KS 18 735.00 1024.00 869.46 92.87 25.76

T3200M2 ES 16 547.00 912.00 774.00 104.79 30.25 0.042
KS 18 724.00 984.00 857.15 88.03 24.41

FSUml1 ES 16 48.00 62.00 53.75 4.20 1.21 0.870
KS 18 45.00 63.00 53.46 4.47 1.24

FSUm?2 ES 16 46.00 61.00 50.42 2.61 0.75 0.016
KS 18 45.00 63.00 54.23 4.39 1.22
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Fig. 1

Physical training program of experimental group

Week 1

Day Program

Friday ASSESSMENT

Monday 15 min light run (intensity 60% = 4 beats/min)
Gymnastic exercises, strength exercises run-out - 5 to 8§ minutes.

Wednesday 15 min light run (intensity 60% = 4 beats/min)
Gymnastic exercises, 8 x 60 meters intensification, education on running, run-out 5 minutes.

Friday 20 min light run (intensity 60% + 4 beats/min)
Gymnastic exercises, education on running, strength exercises, run-out 5 minutes.
Week 2

Day Program

Monday Fartlek:
light run 6 to 10 minutes, could be combined with walking; gymnastic exercises; steady warm - up run 5 to 8 min-
utes; walking 2 minutes; intensifications (3 to 5 x 60 meters); interval runs - 6 x 60 to 80 meters, rest - walking
2 minutes; sprint 3 x 30 meters, in between 2 minutes light run; walking 2 minutes; fast run 2 minutes; walking
3 minutes; light run 10 minutes.

Wednesday 15 min light run
Gymnastic exercises; 4 x 40 meters intensifications, 400 meters walking at max pace, run-out 5 to 8§ minutes.
Note: Calculation 120% of achieved result; max. = e.g. 90 seconds; 120% = 108 seconds.

Friday 25 to 30 min light run switching pace - optional (intensity of running ranges from 60 to 90% + 4 beats/min)
Gymnastic exercises, 6 x 80 meters intensification, strength exercises, light stretching.
Week 3

Day Program

Monday 15 min light run (intensity of running 60% = 4 beats/min)
Gymnastic exercises, 4 x 50 meters intensification, 4-6 x 400 meters at pace 120% - 108 seconds, rest 3 minutes,
run-out 10 minutes, light stretching.

Wednesday 5 min light run
Gymnastic exercises, 20 min run (intensity of running 80% * 4 beats/min), education on running, strength exer-
cises, 5 x 40 meters intensification.

Friday 15 minutes light run (intensity of running 60% * 4 beats/min)
Gymnastic exercises, 4 x 80 meters intensification, 1000 meters maximum pace, run-out 5 to 8 minutes, Note: Cal-
culation 110% of achieved result, max. = e.g. 300 seconds (5 minutes), 110% = 330 seconds (5 min 30 sec).
Week 4

Day Program

Monday 20 min light run (intensity of running 60% * 4 beats/min)
Gymnastic exercises, strength exercises, 10 x 100 meters intensification, education on running, run-out 10 min-
utes.

Wednesday 15 minutes light run (intensity of running 60% * 4 beats/min)
Gymnastic exercises, 5 minutes lively run, 5 minutes walking (intensity of running 90% * 4 beats/min), 3 minutes
lively run, 3 minutes walking (intensity of running 90% + 4 beats/min), 1 minute high speed run, 3 minutes walk-
ing (intensity of running 90% * 4 beats/min), 3 minutes lively run, 3 minute walking (intensity of running 90%
+ 4 beats/min), 2 minutes lively - fast run, 3 minutes walking (intensity of running 90% + 4 beats/min), run-out
5 minutes.

Friday 5 minutes light run
Gymnastic exercises, 30 to 40 minutes light run, strength exercises, light stretching.
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Week 5

Day Program

Monday Fartlek:
light run 10 minutes; gymnastic exercises; steady warm-up run - 3 minutes; walking - 2 minutes; intensifications
(3 to 5 x 50 meters); faster run - 1, 2 and 3 minutes, in between rest periods - walking 2 minutes; 1 minute high
speed run (maximum pace); walking 2 minutes; 1 minute high speed run (maximum pace); walking 2 minutes;
2 intensifications at distances from 30 to 40 meters; light run 10 minutes.

Wednesday 15 minutes light run
Gymnastic exercises, 4 X 90 seconds fast run, in between 3 minutes walking, run-out 10 to 15 minutes.

Friday 5 minutes light run
Gymnastic exercises, 35 to 45 minutes light run (intensity of running 75% + 4 beats/min), 4 x 60 meters intensi-
fication.
Week 6

Day Program

Monday 15 minutes light run (intensity of running 60% + 4 beats/min)
Gymnastic exercises, 3 X 60 meters intensifications, 1000 meters for 5 minutes, rest 6 minutes; 600 meters for
2 minutes and 50 sec., rest 6 minutes; 400 meters for 100 seconds, rest 6 minutes; 300 meters at maximum pace,
rest 6 minutes; 600 meters at maximum pace, rest 6 minutes; run-out 5 to 8§ minutes.

Wednesday 10 minutes light run (intensity of running 60% + 4 beats/min)
Gymnastic exercises; 20 minutes light run (intensity of running 70% * 4 beats/min); strength exercises; light
stretching.

Friday 10 minutes light run (intensity of running 60% + 4 beats/min)
Gymnastic exercises; 10 x 100 meters intensifications; run-out 10 minutes.
Week 7

Day Program

Monday 5 minutes light run
gymnastic exercises; 30 to 45 minutes light run (intensity of running 75% + 4 beats/min), education on running;
4 x 60 meters intensifications.

Wednesday 10 minutes light run
Gymnastic exercises; 4 x 40 meters intensifications; 10 x 400 meters for 100 seconds, rest 3 minutes; run-out 5 to
8 minutes.

Friday 25 to 30 minutes light run (intensity of running 65% * 4 beats/min)
Gymnastic exercises; strength exercises; light stretching.
Week 8

Day Program

Monday 10 minutes light run
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CONCLUSION

Differences between ES and KS in body fat measure-
ments were 2mm (TABLE 1) and were statistically char-
acteristic (P = 0.010). There were differences in body
weight (ATM) - of approximately 3 kg, however, these
differences were not statistically significant. The subjects
have maintained a relatively active way of life even prior
to this study. This experiment was by no means aimed
at changing their existing way of living, including their
nutrition habits. Prior to the study, the subjects were
given the instructions that their nutrition should remain
the same. There were differences in KG at final measure-
ments, suggesting that the kind of activities they were
involved in, could have had an indirect, positive effect
on the individual’s health state. In the armed forces,
increased body weight (overweight) and the accompany-
ing circumstances are no exception.

There were no statistically characteristic differences
between the groups with the AOS (femur volume) vari-
able. A more detailed inspection of the results presented
in TABLE 1 however shows that the femur volume in
the ES has slightly decreased. Similar results, where the
AOS has decreased, can be observed in the study (Bevc,
2002), a preliminary study to this one. It is assumed that
exercising has indirectly influenced a decrease in body
weight, body fat and ITM (body mass index). The ITM
values for the ES group were 23.63 - final measure-
ments (initial measurements 24.61; p = .000), while for
the KS the ITM values were 24.03 - final measurements
(initial measurements 24.21; p = 0.221).These results
indicate that in the ES group, statistically significant
differences in the I'TM variable occurred at the end of
the research.

When training for the assessment of motor abilities,
it is encouraging to examine the results of ES enhance-
ments and the statistically significant differences of all
three motor variables (DT, SK, T3200M) as presented
in TABLE 1. Even before the program, some prelimi-
nary studies have been carried out (Karpljuk et al.,
2001; Karpljuk, Videmsek, Cecic-Erpic, Zitko, Stihec,
& Kondri¢, 2001; Beve, 2002), as well as studies con-
firming that economisation of the training process and
individually adapted intensity of training characteristi-
cally help to enhance certain motor abilities (Karpljuk,
1999). It is assumed that economisation of the training
process is required in order to achieve a general level of
SV personnel’s motor readiness. At the same time, it is
a prerequisite for fundamental physical fitness abilities
and the development of those motor abilities, required
to fulfill the work and duties of all profiles in the Slov-
ene armed forces. The latter will inevitably become an
important factor these days, when Slovenia has been
invited to become a NATO member.

The final aspect of this study, with which we wanted
to confirm the physical training efficiency of the SV per-
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sonnel, was monitoring the morning heart beat fre-
quency (USaj, 1996). While examining the early effects
of exercising (Karpljuk, 1999), the FSUm represented
a variable whose positive results indicated that the ES
training program was appropriate and that the heart
beat frequency while resting decreased within the range
predicted by many researchers (Willmore & Costill,
1994). Also in the course of the research, no increase
of the morning heart beat frequency in the ES group
was detected. Based on this, we have concluded that the
training process does not cause any forms of fatigue -
the indicator of which could be an increased heart beat
frequency while resting (Willmore & Costill, 1994).

This study is one of the rare ones in the Slovene
armed forces which would systematically and profession-
ally examine the aspects of training for the assessment
of motor abilities, following US military standards. Up
until now, training for the assessment has in many cases
been a matter of the last month or even the last week
before the assessment. This approach is inappropriate
for many reasons, here mentioning primarily the one
closely related to the health state of the SV personnel,
which is further related to their physical readiness. The
campaign excursus mentioned earlier, treating an as-
sessment as an “adventure” into the unknown may lead
tragic consequences. Physical training of the SV person-
nel, including the reserve (now a professional reserve),
should be continued all year round or throughout one
military career, which in the leading NATO member
countries represents a clearly understood integrated part
of their duties. This point of view in the SV has not
been put to practice yet (except for some professional
athletes, recreational athletes and some conscious indi-
viduals), despite numerous attempts and the legal and
formal ground.

It is assumed that the results of this research will
contribute to theoretical findings in the field of endur-
ance training in the SV, to examining other armed forc-
es, particularly of the NATO member countries. We
hope that these findings will be used as a baseground
for similar studies that may follow - and, as it is most
common in other countries, to a closer interaction and
complementation of military, civil scientific and profes-
sional spheres.
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UCINKY
INDIVIDUALNE NAVRZENYCH PROGRAMU
TELESNE PRIPRAVY
ZALOZENYCH NA NORMACH
AMERICKE ARMADY
NA MOTORICKE SCHOPNOSTI ZAMESTNANCU
SLOVINSKYCH OZBROJENYCH SIL
(Souhrn anglického textu)

Priméfena fyzicka zdatnost je vyznamnym aspektem
obecné pfipravenosti ozbrojenych sil a nedilnou soucasti
armadni podpory. Cilem tohoto prizkumu bylo zjistit
ucinky vycvikového programu, zaloZzeného na individual-
né prizplisobené mife intenzity, na motorické schop-
nosti zaméstnancl slovinskych ozbrojenych sil (SV).
Vzorek zahrnoval 34 ¢lend SV (16 zafazenych do ex-
perimentalni skupiny - ES a 18 do kontrolni skupiny -
KS) ve véku od 35 do 40 let. Vysledky byly zpracovany
pomoci programu SPSS 8.0 pro Windows. Zpracovani
vysledkid bylo provadéno v nékolika etapach. Nejprve
byly stanoveny zakladni statistické charakteristiky a dis-
tribuce individualnich proménnych, byla vypoctena
mira stfedni tendence a stupen disperze, byla pouZita
metoda pro analyzu s rizikem odchylky 5 %. Vysledky
prokazaly, Ze charakteristického zvySeni rovné urci-
tych motorickych schopnosti sledovaného souboru Ize
dosahnout pomoci ekonomizace vycvikového postupu
a individualné pfizpisobené intenzity vycviku. Statistic-
ky vyznamné rozdily mezi experimentalni a kontrolni
skupinou byly zjiStény pii méfeni té€lesného tuku (KG),
klikt (SK), hrudnich predklontli v lehu pokrémo, béhu
na 3200 metrd (T3200M) a klidové srdecni frekvence
(FSUs). PrestoZe byl zkoumany vzorek maly, tyto studie
alespon teoreticky potvrzuji potiebu dal§iho vyzkumu
v této oblasti, protoZe naSe dikazy vyrazné€ naznacuji
ucéinnost individualné€ navrzenych vycvikovych proto-
kolli na télesnou pripravenost zaméstnanct slovinskych
ozbrojenych sil.

Klicova slova: motorickd pripravenost, plan télesného vy-
cviku, NATO.
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By the usage of computers, both at work and home, health problems due to typing started appear, mostly by the
individual’s posture, upper limbs repetitive movements, forces, etc. Several studies for understanding the causes for
these health problems have been carried out since the early 90’s. The main objective of this work is the development
of a force platform to measure the finger’s applied force at the keyboard during computer typing. This platform will
be used in Biomechanics and Motor Control applications. It was designed and built in order to measure vertical force
Fz (z direction), horizontal force Fx (x direction) and transversal force Fy (y direction) and the moment applied in
the horizontal (and longitudinal) axis Mx (x direction). Resistance strain gauges were used as sensors bonded in can-
tilever beams. These sensors are connected to a Wheatstone full bridge, in order to measure, independently Fx, Fy and
Mx. To developing the conception adopted, the force platform was evaluated and tested by a numerical model (finite
elements technique). The data acquisition system is composed by (a) a computer, to acquire and further processing
the collected information by (b) an A/D converter, (¢) a signal conditioner and (d) the software SAD 2.0. The static
calibration of the force platform presented linearity within the range of 3%. Dynamic tests showed that the platform
has a fundamental frequency higher than 2300 Hz, and consequently permits its use for analysis of the applied forces
during typing.
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INTRODUCTION transversal axis (y axis) and the position of the force
vector at the key in relation to the x axis.
The first measurements of the force applied by

fingers at a computer key button was carried out by

Armstrong (1994) and Rempel (1994a). These authors
developed two measuring systems: (a) one with two
load cells connected to the lower part of the keyboard,
and (b) another one with a piezoelectric sensor under
the keycap. These two systems were used in several ex-
periments to study the force applied to the computer
keys. Some remarkable experiments were developed by
Rempel (1994b, 1997, 1999), Serina (1997) and Smutz
(1994). In all these studies, the systems were restricted
to the measurement of force in a single axis (vertical).
Today, force platforms (which measure forces and force
moments at three axes) are being produced to analyze
either human and animal body movements.

The objective of this work is to develop a force plat-
form that measures the force applied by the fingers on
the surface of a computer key button during typing. This
platform measures the force in two axes: y (transversal
to the keyboard) and z (vertical), and the moment in
one axis, X (longitudinal to the keyboard). With this data
it is possible, in a bidimensional analysis, to determine
the magnitude of the resulting force vector applied on
the key button, its angle in relation to the keyboard’s

THEORETICAL FUNDAMENTS

In 1964, Petersen built a force platform to work
with small animals. It was composed by 4 cross-shaped
cantilever beams, with edges fixed at the superior base
(contact surface), and its center fixed at the inferior
base (Fig. 1). This equipment reads the same value of
force regardless the surface region where the force is
applied.

Fig. 1
Petersen (1964)
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In 1987, Lywood developed a force platform that
measures force at three orthogonal axes. The structure
is similar to that constructed and reported by Petersen’s
(cross-shaped), in which it was measured the vertical
force. However, two other sets of four beams were added
in order to measure the two force components in hori-
zontal position.

Based on Lywood’s project, Roesler used a similar
structure and developed, in 1997 a platform that meas-
ures forces and force moments in three axes. This plat-
form is waterproof, in order to be used in researches
related to activities carried out in swimming pools (hy-
drogymnastics).

PROJECTING THE FORCE PLATFORM

The small dimensions involved in the making of this
force platform and the limitations related to the size of
the sensors (resistance strain gages) determined the un-
feasibility of tridimentional analysis. The chosen option
was a system which is capable of a bidimentional analy-
sis at the transversal position (sagittal plane). There-
fore, the measurement of one of the force components
and one of the moments was disregarded. This analysis
needs the force measurement at z, Fz direction, and at y,
Fy direction and the x, Mx moment. By determining the
force at z, Fz, and the force moment at x, Mx direction,
it is possible to determine the force vector position in

My

relation of y axis, Dy, since Dy = F, and that Fy does
not cause force moment at x axis.

To measure these three components, it is necessary
to have three independent Wheatstone bridge circuits,
which means twelve sensors, a number considered too
high to fit in the available space.

The force platform boards were built in two parts:
(a) the upper part, with elastic elements (boards), where
the sensors that measure force at z, Fz direction and
moment at X, Mx direction would be placed, and (b) the
lower part, composed by the elastic elements (boards)
where the sensors that measure force at y, Fy direction
would be placed.

The upper part is formed by a structure with a “H”
shape. This format enabled a very interesting solution
for measuring Fz and Mx. At a force platform used to
study human gait, the sensors that measure force can
be fixed at the same side of the sensors that measure
the force moment; the beams are wide enough for that
purpose. However, the width of the beams in this project
is determined by the sensor’s width, which allows only
one sensor to be fixed at each side of the platform.

The lower part is formed by four cantilever beams;
the force is applied at the upper edges.
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HOW THE FORCE PLATFORM WORKS

This force platform works similarly to a table where
every leg is substituted by a spring. When a load is ap-
plied to the center of the table, each spring suffers equal
deflection; however, if the load is exentrical to the center
of the table, a bigger strain will be induced at the nearest
spring. Regardless the position in which the force is ap-
plied, the average strain in the four “springs” (cantilever
beams) will be the same.

The same principle should be applied to the “H”
format structure in order to allow the measured force to
be the same, regardless the point of application of this
force at the surface of the key button. As the force plat-
form circuit is mounted in a full bridge type, the bridge’s
unbalance will be similar to the case where the force is
applied at the center of the key. Therefore, if the applied
force by the finger is displaced from the center of the
key button, the reading of this component will not suffer
any distortion, since the force platform was developed
to compensate variations in positioning of the applied
load. The same will happen with force moments.

Fig. 2 shows a drawing that illustrates the force plat-
form structure conceived to measure the force applied
at z, Fz axis, and the force moment at x, Mx axis. This
structure has two sensors attached at the upper part, on
cantilever beams 1 and 3, plus other two at the lower
part of beams 2 and 4.

Fig. 2
Force platform upper part

DIMENSIONING THE FORCE PLATFORM

The small surface dimensions of a computer key
button, 12mm x 14 mm and, comparatively, the large
dimensions of the sensor used, 2 mm X 5 mm, do not al-
low many options about the dimensions of the structure.
The complete set should have dimensions close to the
conventional key button and the width of the cantilever
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beam can not be less than the sensor’s, that is, 2 mm,
and length over 5 mm.

Thus, the upper part of the extensometric transduc-
er is composed by 4 “H” - shaped cantilever beams,
2.0 mm wide, 6.0 mm long, 0.4 mm thick each, total
length of 14 mm between the anchors at the lower part,
and 15.0 mm wide. This geometry allows the sensors’
to be set like two complete Wheatstone bridges circuits,
one to read the force at z, Fz axis, and the other to read
force moment at x, Mx axis.

The lower part is also formed by four cantilever
beams, which are 5.5 mm long, 2.0 mm wide and 0.2 mm
thick, with four sensors connected in a full bridge type
circuit, in order to read force at y, Fy direction.

To illustrate a typical responde of a H cantilever
beam structure subjected to a force, Fig. 3 presents
the strains calculated using the Finite Elements theory
when forces are applied at three directions simultane-
ously, one at x direction, Fx = 2N, another at y direction,
Fy = 2N and the third at x direction, Fz = -3N.

Fig. 3
Force applied, Fx = 2N, Fy = 2N and Fz=-3 N;
strain analysis using von Misse’s method
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BUILDING THE FORCE PLATFORM

To produce the elastic elements, the force platform,
it was built on 304 stainless steel (210 x 109 N/m?).
Young modulus, 2.8 x 108 N/m? of tensile strength,
poison coefficient 0.28, density of 7.9 Kg/m? (Sandivik,
1994). The choice was due to the high resistance to oxi-
dation, mechanical high resistance and to be adequate
for work with electroerosion process.
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The extensometric sensors used at the force plat-
form are Kyowa’s, KFG-1-120-C1-23N 15C2 model, with
a grid of 1 mm. It used the MB35 glue - (Micromeasure-
ments) to fix the sensors at the beams’ surfaces.

The base of a key button was prepared in order to fix
sensors at its inferior structure. The two sets with two
serial cantilever beams were attached at the center of
the base. The “H-shaped” upper structure was attached
at the cantilever beams edges of the lower structure. The
contact surface of the force platform was built using
a computer key button, which was attached at the center
of the “H-shaped” structure.

The connection between the upper and the lower
structures should be round so that it could only transmit
force to the lower beams. However, it is not mechani-
cally possible to produce such part with the required
dimensions. Since the beams deformation is irrelevant,
the option was to unite these parts with a small amount
of glue, so that the stiffness of the union would be sig-
nificantly less than the stiffness of the metal parts. Cy-
anacrilate glue was used because it glues fast and it is
apropriate to unite metals (Fig. 4).

Fig. 4
Platform lower view

CALIBRATING THE FORCE PLATFORM
Statistic calibration

In order to calibrate statically the force platform,
a structure has been set to apply Fz, Fy and Mx loads
independently in each of the directions. Therefore, when
a load is applied in one direction, there can not be any
other component in another direction (as suggested
by Gola, 1980; Hall, 1996), avoiding “mechanical cou-
pling”.

The signal generated by the force platform was
amplified by a signal conditioner and sent to an A/D
converter. Usually, the input signal of the Wheatstone
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bridge circuit of the load cells is 4V or 10V. However,
due to the beams’ tiny structure, the best option was to
2V, since the objective was to avoid overheating of the
structure.

The calibration was made by applying force using
dead weights. According to Gola (1980), if the dynamic
analysis shows that the force platform is light and stiff
enough, and if the vibration modes are sufficiently high
compared to the vibration modes of the applied forces
during measurement, the static calibration is valid.

Several data aquisition sets where conducted at one
direction with the load applied in order to verify me-
chanical coupling, repetitivity and linearity. The results
presented are the mean of three values each of a series
of different measurements.

SAD32 software was used for signal analysis; it was
used the mathematical function called Mobile Weighted
Mean, with a cut-off frequency of 0.45 Hz. The sampling
rate chosen was 10 points per second.

When a force of 0.53 N was applied towards z axis,
in several points of the load cell surface, the maximum
error range was less than 4%. At the central position of
the surface of the force platform the error range was less
than 2%. Force readings towards y, Fy direction were
almost zero. The system’s sensitivity at z axis, force Fz,
was 0.0063 N, with R2 = 0.9998.

The force moment variation at x, Mx direction,
caused by the applied force towards z, Fz, was zero.

To an 1N force applied towards z direction, the maxi-
mum force registered at Fy was inferior than 0.001 N,
a considerably low value if compared to the values regis-
tered during typing, which almost reached 0.4 N. Taking
this value as a reference, it can be stated that Fz force
generates mechanical coupling at Fy of 0.25% from
the maximum value registered when typing at normal
speed.

The calibration curve of the applied force to-
wards y, Fy direction, displayed a correlation coeffi-
cient R2 = 0.994. The calibration curve at the moment
at x, Mx direction, displayed a correlation coefficient
R2 =10.9991.

When a moment is applied towards x, Mx direc-
tion, not exceeding 0.0070 Nm, which is approximately
the maximum value mean registered during typing, the
highest value registered by force at z, Fz direction, is
0.032 N. Considering that the force at z, Fz direction,
reached maximum values close to 1.6 N during typing,
it is appropriate to say that the mechanical coupling that
Mx causes at Fy is less than 2%.

Concerning to the force at y, Fy direction, the high-
est value found was 0.0022N. Considering that Fy regis-
ters maximum values close to 0.4 N, it can be assumed
that the mechanical coupling caused by Mx at Fy force
component measurements during typing is less than
5.5%.
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Dynamic calibration

For the dynamic calibration, it was used a Thiiringer
Industriewerk Bauestein vibratory table set. 5000/300,
a 2250AMI-10 Endveco piezoceramic accelerometer
(0.3 grams’ mass), Briiel & Kjaer cables, a 2034 dual
channel signal analyzer Briiel & Kjaer, 9.93 mV/g sen-
sitivity and a 102 Endveco signal amplifier and condi-
tioner.

The accelerometer was fixed at the surface of the
force platform, which was attached at the vibrating table.
The range of vibration chosen was from 0 to 6.4 kHz,
with the accelerometer also fixed at the vibrating table,
and the output signals were sent to the signal analyzer.

The dynamic calibration showed that the first fun-
damental mode of the force platform is superior to
2300 Hz. This result allows the equipment to be used
safely in order to analyze events where the frequency
does not exceed 750 Hz.

MEASUREMENTS

The desks used for typing can be adjusted to the
keyboard’s height, in order to achieve a comfortably
position according to the anthropometric characteris-
tics of each typist. However, these tables are not rigid
enough for simulations. For that matter, a 0.70 m high
masonry table has been specially made for mechani-
cal measuments, where the keyboard with the force
platform (H-shaped) has been placed. Fig. 5 shows the
force components in three different time moments dur-
ing typing.

Fig. 5
Force components on key button’s surface
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platform (H-shaped) has been placed. Fig. 5 shows the
force components in three different time moments dur-
ing typing.
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A representative model of the force components
refering to three different moments during key button
fingering can be seen in Fig. 6. It can be noticed that
the pressure center on the surface of the force platform
is initially placed at the furthest half from the typist’s
body. However, when the key button reaches its course
end, the pressure center changes position, moving over
the surface to the nearest half from the typist’s body.

Maybe this fact can be explained because: (a) first,
the finger movement on the surface of the key button
and (b) second, because the pressure center of the fin-
gertip’s contact area changes position as the applied
force increases.

Initially, the pressure center is at the center of the
finger’s contact area on the surface, when only skin
tissues are being pressed; however, when the applied
force increases, the pressure center moves to the edge
of the finger, due to fingertip bone load (distal phalanx
tuberosity).
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Analyzing the results, one can assume that the force
platform developed for this experiment displays accurate
characterization of the applied force on the surface of
computer key buttons.

In 1994, at the presentation of his innovative load
cell, Rempel (a) stated that, at that point, there was not
solid information on load force during typing, so it was
useful to develop mathematical models with experimen-
tal data to be used in the analysis of upper limbs (hands
and fingers), as it has been proposed by Chao (1976).

Later, more complex models were created by Leijnse
(1995, 1996 and 1997) and Biggs (1999). The informa-
tion generated by the load cell developed in this work is
more adequate to supply these models with experimen-
tal data. Also, moving the key button to a 90 angle, it is
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possible to measure force at the keyboard’s longitudinal
axis.

CONCLUSIONS

The force platform produced in this work displayed
enough sensitivity, sampling rate, repetition, mechani-
cal uncoupling and precision, in order to measure two
force components (and one force moment) of the ap-
plied force at the surface of a key button during typing
with great accuracy.

The force at y, Fy direction, denotes significantly
representative level. By determining that, it is possible
to observe important aspects concerning the key but-
ton triggering characteristics from a typist. This force
must not be taken for granted, as well as X, Fx direction
force.

It has not been found any better equipment to de-
scribe the characteristics of the applied force at a key
button than the one presented in this work.
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2D MINIPLATFORMA PRO MERENI SILY
VYVIJENE NA KLAVESNICI POCITACE
(Souhrn anglického textu)

V souvislosti s pouzivanim pocitacti v zaméstnani
i doma se zacinaji objevovat zdravotni problémy souvise-
jici se psanim na pocitaci, zptisobené vét§inou drzenim
téla jednotlivce, opakovanymi pohyby hornich koncetin,
jimi vyvijenou silou atd. Od zacatku 90. let 20. stoleti jiZ
bylo provedeno nékolik studii s cilem pochopit pfi¢iny
téchto zdravotnich problémil. Hlavnim cilem této prace
je vytvoreni silové platformy pro méfeni sily vyvijené prs-
tem na klavesnici pfi psani na pocitaci. Tato platforma
bude vyuzivana v aplikacich biomechaniky a motorické
kontroly. Byla vyvinuta a vyrobena za ucelem méfeni
vertikalni sily Fz (smér z), horizontalni sily Fx (smér x),
transversalni sily Fy (smér y) a momentu aplikované-
ho v horizontalni (a podéIné) ose Mx (smér x). Jako
senzory byly pouzity odporové tenzometry umisténé na
konzolovém nosniku. Tyto senzory jsou za ucelem ne-
zavislého méfeni Fx, Fy a Mx pfipojeny na plny Wheat-
stontiv mustek. Pro ucely rozvoje byla silova platforma
vyhodnocovana a testovana pomoci numerického mode-
Iu (metodou koneénych prvkil). Systém ziskavani dat se
sklada z (a) pocitace pro sbér a dalsi zpracovani infor-
maci ziskanych pomoci (b) ménice proudu, (c) zafizeni
upravujiciho signal a (d) softwaru SAD 2.0. Staticka ka-
librace silové platformy vykazovala lineadrnost v rozmezi
3 %. Dynamické zkousSky prokazaly, Ze platforma ma
zakladni frekvenci vyssi nez 2300 Hz a Ze tudiZ mlzZe
byt pouzita pro analyzu sil vyvinutych pfi psani.

Klicova slova: biomechanika, motorickd kontrola, dynamo-
metrie, silovd platforma, kldvesnice, psani na pocitaci.

44

Leijnse, J. N. A. L., & Kalker, J. J. (1995). A two-di-
mensional kinematic model of the lumbrical in
the human finger. Journal of Biomechanics, 28(3),
237-249.

Leinjse, J. N. A. L. (1997). Why the lumbrical muscle
should not be bigger: A force model of the lumbrical
in the unloaded human finger. Journal of Biomechan-
ics, 30(11-12), 1107-1114.

Lywood, D. W., Eyken, A., & Mcpherson, J. M. (1987).
Small, triaxial force plate. Medical & Biological Engi-
neering & Computing, 25, 698-701.

Petersen, W. A., Brookhart, J. M., & Stone, S. A. (1964).
A strain-gage platform for force measurements. Jour-
nal of Applied Physiology, 20(5), 1095-1097.

Popov, E. P. (1978). Introducdo a mecdnica dos solidos.
Sao Paulo: Edgar Bliicher.

Rempel, D., Dennerlein, J., Mote Jr., C. D., & Arm-
strong, T. (1994). A method of measuring fingertip
loading during keyboard use. Journal of Biomechan-
ics, 27(8), 1101-1104.

Rempel, D., Klinemberg, E., Serina, E., Martin, B., Arm-
strong, T., Foulke, J., & Natarajan, S. (1994). Finger
force during computer keyboard work: Part II - Rela-
tion of keyboard reaction force to finger flexor mus-
cles surface EMG. Occupational Health & Safety, 2,
210-203.

Rempel, D., Serina, E., Klinemberg, E., Martin, B. J,,
Armstrong, T. J., Fooulke, J. A., & Natarajan, S.
(1997). The effect of keyboard keyswitch make force
on applied force and finger flexor muscle activity.
Ergonomics, 40(8), 800-808.

Rempel, D., Tittiranonda, P., Buraster, S., Hudes, M.,
& So, Y. (1999). The effect of keyboard keyswitch
design on hand pain. JOEM, 41(2), 111-119.

Roesler, H. (1997). Desenvolvimento de plataforma de
forca subdquatica para medigées de forcas e momen-
tos nos trés eixos coordenados para utilizacdo em
biomecdnica. Thesis, Universidade Federal do Rio
Grande do Sul, Escola de Engenharia, Porto Ale-
gre.

Serina, E. E., Mote, C. D., & Rempel, D. (1997). Force
response of the fingertip pulp to repeated com-
pression-effects of loading rate, loading angle and
anthropometry. Journal of Biomechanics, 308(10),
1035-1040.

Serina, E. R., Mockensturm, E., Mote Jr.,, C. D., & Rem-
pel, D. (1998). A structural model of the forced com-

Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1

pression of the fingertip pulp. Journal of Biomechan-
ics, 31, 639- 646.

Smutz, P., Serina, E., & Rempel, D. (1994). A system for
evaluating the effect of keyboards design on force,
posture, comfort, and productivity. Ergonomics,
37(10), 1649-1660.

Spoor, C. W. (1983). Balancing a force in the fingertip
of a two-dimensional model without intrinsic mus-
cles. Journal of Biomechanics, 16(7), 497-504.

Weightman, B., & Amis, A. A. (1982). Finger joint force
predictions related to design of joint replacements.
Journal of Biomedicines, 4, 197-205.

2D MINIPLATFORMA PRO MERENI SILY
VYVIJENE NA KLAVESNICI POCITACE
(Souhrn anglického textu)

V souvislosti s pouzivanim pocitacti v zaméstnani
i doma se zacinaji objevovat zdravotni problémy souvise-
jici se psanim na pocitaci, zptisobené vét§inou drzenim
t€la jednotlivce, opakovanymi pohyby hornich koncetin,
jimi vyvijenou silou atd. Od zacatku 90. let 20. stoleti jiz
bylo provedeno nékolik studii s cilem pochopit pfi¢iny
téchto zdravotnich problémi. Hlavnim cilem této prace
je vytvoreni silové platformy pro méfeni sily vyvijené prs-
tem na klavesnici pfi psani na pocitaci. Tato platforma
bude vyuzZivana v aplikacich biomechaniky a motorické
kontroly. Byla vyvinuta a vyrobena za ucelem méfeni
vertikalni sily Fz (smér z), horizontalni sily Fx (smér x),
transversalni sily Fy (smér y) a momentu aplikované-
ho v horizontalni (a podélné) ose Mx (smér x). Jako
senzory byly pouzity odporové tenzometry umisténé na
konzolovém nosniku. Tyto senzory jsou za ucelem ne-
zavislého méfeni Fx, Fy a Mx pfipojeny na plny Wheat-
stonv mustek. Pro ucely rozvoje byla silova platforma
vyhodnocovana a testovana pomoci numerického mode-
Iu (metodou konecnych prvki). Systém ziskavani dat se
sklada z (a) pocitace pro sbér a dalsi zpracovani infor-
maci ziskanych pomoci (b) ménice proudu, (c¢) zafizeni
upravujiciho signal a (d) softwaru SAD 2.0. Staticka ka-
librace silové platformy vykazovala linearnost v rozmezi
3 %. Dynamické zkousky prokazaly, Ze platforma ma
zakladni frekvenci vyssi nez 2300 Hz a Ze tudiZ muzZe
byt pouzita pro analyzu sil vyvinutych pii psani.

Klicova slova: biomechanika, motorickd kontrola, dynamo-
metrie, silovd platforma, kldvesnice, psani na pocitaci.



Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1

Luiz Carlos Gertz, Ph.D.

Lutheran University
of Brazil - ULBRA

Av. Farroupilha, 8001
92450-900 Canoas RS
Brazil

45

Education and previous work experience

Ph.D. in Engineering and an associate professor of the
Mechanical Engineering graduate course at ULBRA,
where he works since 2002. He is responsible for the
Data Handling (in the Masters course) and Ergonom-
ics (in the lato sensu postgraduate course) disciplines.
He is a council member of the Mechanical Engineering
graduate course and a member of the Brazilian Society
of Biomechanics.

Scientific orientation

Mechanics for Engineers disciplines, Internal Combus-
tion Engines, Evolution of Automobile and Mechani-
cal Automotive Systems (brake, suspension and direct
systems).

Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1

Luiz Carlos Gertz, Ph.D.

Lutheran University
of Brazil - ULBRA

Av. Farroupilha, 8001
92450-900 Canoas RS
Brazil

45

Education and previous work experience

Ph.D. in Engineering and an associate professor of the
Mechanical Engineering graduate course at ULBRA,
where he works since 2002. He is responsible for the
Data Handling (in the Masters course) and Ergonom-
ics (in the lato sensu postgraduate course) disciplines.
He is a council member of the Mechanical Engineering
graduate course and a member of the Brazilian Society
of Biomechanics.

Scientific orientation

Mechanics for Engineers disciplines, Internal Combus-
tion Engines, Evolution of Automobile and Mechani-
cal Automotive Systems (brake, suspension and direct
systems).







Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1 47

PROFILES OF INTENSITY LOADS IN PHYSICAL EDUCATION CLASSES IN POLAND

Michal Bronikowski

University School of Physical Education, Poznan, Poland

Submitted in May, 2005

The aim of the research was to compare the health-related effectiveness of various types of physical education
lessons on the cardio-respiratory system. The research was carried out in the years 2002 and 2003 in two junior high
schools in Poznan. There were four types of classes examined: outdoor athletics, volleyball, basketball and fun games,
each type lasting 45 minutes. Heart rates of two randomly selected pupils aged 15-16 were recorded during class,
with the use of Polar heart rate monitors. According to the findings of a cross-national study, Polish youth do not have
enough moderate-to-vigorous activity on a daily basis (Cabak & Woynarowska, 2004). In our research the most effective
in stimulating cardio-respiratory fitness appeared to be outdoor athletics classes in boys and girls, and basketball in
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boys. Our data support the earlier findings of other studies (Stratton, 1997; Fairclough & Stratton, 2005).
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INTRODUCTION

Physical activity remains one of the fundamental
stimuli for the biological, psychosocial and motor de-
velopment of young children. A sedentary life style and,
generally, physical inactivity have been identified in nu-
merous studies as causes of diseases collectively called
the metabolic syndrome. Various studies have proven
a connection between the level of activity and body fat
(Hill, 1999; Owens, 1999; Moore, 2003; Boreham, 2001)
as well as the incidence of heart diseases, metabolic
problems, and type II diabetes (Ball, 2003; Janz, 2002;
Koziet et al., 2000, also see review of evidence in Vuori,
2004). Especially the problem of obesity in younger age
categories appears to be growing in most of the indus-
trialized countries, including Poland.

The quantity and quality of exercise influence the
morphological (body composition, metabolism, oxy-
gen uptake and consumption), somatic (body mass
and height) and neurological (co-ordination, reaction
time) characteristics of individuals. Recent studies have
concerned relations between physical activity and mo-
tor and cardiovascular fitness, fatness, body mass, BMI
and other body components in certain developmental
stages, but with no educational interventions (Boreham,
2001; Eliakim, 2002; Barkey, 2003; Chrominski, 1985;
Raczek, 1997; Gotlab, 2002). Earlier studies concerned
mainly the effectiveness of exercise on reducing body fat
mass (Boileau, 1985; Ilyes, 1992; Mulder, 1983), along-
side the effectiveness of medical treatment and special
diet in obesity (Gately, 2000; Eliakim, 2002; Kasprzak
et al., 2000).

A reduced level of physical activity negatively in-
fluences motor fitness (Corbin, 1996; Mota, 2002;

Przeweda & Trzesnowski, 1996; Przewegda & Dobosz,
2003; Raczek, 1986). In their research Magiera et al.
(2002) observed a very low level of cardio-respiratory
fitness among Polish pupils. Osinski (1988) found
a relation between poorer results in motor abilities
and pubescence and secular trends in body mass and
height. A similar association was found by Golab et al.
(2002).

At the same time, insufficient intensity of physical
education classes in school appears to affect obesity.
Research projects in Poland (Woynarowska, 1982; Rac-
zek, 1986; Perkowski, 1995, 1998; Panczyk, 1998, 1999;
Bronikowski, 2004), and in other countries (Burton,
1996; Stratton, 1997; Boreham, 2001) have indicated
this growing problem.

Stratton (1997) found in his study of British pub-
lic school children aged 9-15 that almost 80% of the
lesson time does not meet the National public health
service criteria of using 50% of total PE lesson time
by carrying out exercises with a heart rate intensity of
HR > 150 b/min. He also indicated that the amount of
time spent in sufficient moderate-to-vigorous physical
activity (MVPA) had been increasing until the pupils’
age of 11-12, and then was systematically decreasing to
10% of lesson time with the required intensity among
15 years old children. As a possible explanation of this
fact Stratton suggested problems connected with chang-
ing of schools at the age of 12. The worsening results
may be connected with negative changes in the quality
of lessons provided in later years of education. Burton
(1996) established that during physical education les-
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schools, according to research conducted by Baquet et
al. (2002), exercised with an intensity lower then 50%
HR max for almost 40% of lesson time. For only 25% of
the total lesson time did they exercise with an intensity
of over the level of 60% HR max, and 10% of the time
with an intensity of above the 75% HR max.

Studies conducted in Poland do not produce a dra-
matic image, but certainly some questions and concerns
may arise. Perkowski (1998) found that the average
HR during physical education lessons in Poland was
149 b/min within 38% of the activity time with an inten-
sity of between 140-170 b/min (moderate-to-vigorous ac-
tivity). Panczyk (1998, 1999) reports the average HR of
159 b/min for outdoor physical education classes, while
in indoor classes the average HR was 142 b/min. In our
own research the average HR during the indoor classes
was estimated at the level of 138 b/min for 13 years old
boys, and at the level of 145 b/min for girls (Bronikowski,
2004). The majority of physical education classes do not
provide physiological support for developing physical
fitness, especially cardio-respiratory fitness and endur-
ance. According to Stratton (1997), Panczyk (1999),
Perkowski (1998), Raczek (1986), Osinski (2001) only
exercising with and above moderate-to-vigorous (over
140 b/min) and vigorous (over 160 b/min) physical activ-
ity can have a positive effect on cardio-respiratory fitness
and support proper biological development.

The aim of the paper was to assess the levels of in-
tensity of workloads using heart rate telemetry during
various types of physical education classes in Polish
schools. For the purpose of the work, the total exercis-
ing time of the class was divided into 5 pre-determined
zones of intensity. The analysis of intensity represented
by a curve was also presented.

MATERIAL AND METHOD

The subjects of this study were 14 boys and 12 girls
randomly selected from two classes of 15-16 years old
pupils from two junior high schools in Poznan and were
part of a larger study project carried out in order to

TABLE 1
Characteristics of the sample group (mean + SD)
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assess the cardio-respiratory effectiveness of physical
education lessons. This study was supported by Polish
scientific committee grant no PO5D 04623.

Body mass and height were measured using stand-
ard anthropometric methods and are presented in TA-
BLE 1.

The heart rate was measured with Polar sport-test-
ers S 601i. Monitoring devices were worn during each
lesson for its entire duration by two subjects. Later the
collected data was downloaded for statistical and graph-
ic analysis. To establish the significance of differences
between boys participating in the lessons, a one-way
ANOVA analysis was carried out. The same procedure
was adopted separately for girls who participated to-
gether in one lesson. The level of significance was es-
tablished at p < 0.05. From this data the percentage of
lesson time, mean values and time allocation of intensity
in five pre-determined heart-rate zones were calculated,
following Swaim and Edwards (2002) who established
five zones of intensity accordingly to % Max HR and
fuel usage. Those zones were adopted in the study:

1) 50-60% Max HR (under 119 b/min);

fuel usage: 10% carbohydrates, 50-75% fat, 5% pro-

tein, app. 5 calories per minute;

2) 61-70% Max HR (120-139 b/min);

fuel usage: 10% carbohydrates, 50-75% fat, 5% pro-

tein, app. 5-8 calories per minute;
3) 71-80% Max HR (140-159 b/min);

fuel usage: 60% carbohydrates, 35% fat, 5% protein,

app. 8-10 calories per minute;

4) 81-90% Max HR (160-179 b/min);

fuel usage: up to 80% carbohydrates, 15-45% fat, 5%

fat, app. 10-15 calories per minute;

5) 91-100% Max HR (180 b/min and above);

fuel usage: 90% carbohydrates, 5% protein, 5% fat,

app. 15-20 calories per minute.

To establish the maximal heart rate for this age cat-
egory we used the Ball State University formula, where
the HR max for females = 209 - (0.7)(age), gave ap-
proximately 198 b/min for girls; and for males HR max =
214 - (0.8)(age), gave approximately 202 b/min for boys
(Swaim & Edwards, 2002).

Characteristics Boys (N = 14) Girls (N = 12)

Min Mean Max Min Mean Max
Body mass [kg] 55.0 61.6 75.0 43.0 54.4 64.0
Body height [cm] 168 176 186 156 166 174
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RESULTS ous types of physical education lessons. Fig. 1a below
shows average heart rate curves; Fig. 1b shows a time
allocation in five zones of intensity in all types of physi-

cal education lessons monitored.

Monitoring of heart rates showed there were differ-
ences in exercising time in five zones of intensity in vari-

Fig. 1a
Average heart rate curve during a lesson of fun plays in 16 years old girls (p < 0.001)
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Fig. 1a illustrates an average heart rate (HR) in
a lesson of simple fun plays and games in girls. The
average heart rate was 134 b/min, reaching its peak
176 b/min at around the 30-35"™ minute of the lesson.
Fig. 1a presents ups and downs in the curve indicating

Fig. 1b

resting breaks between consecutive plays, usually used
by a teacher for explanation of rules and fibula of a play.
There were no significant differences in the intensity
levels between two girls wearing sport-testers (p < 0.001)
during the same lessons.

The percentage of lesson time spent with varying intensity during a class of fun games in 16 years old girls (%)
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Fig. 1b shows that during the monitored lesson of
fun plays girls exercise 52% of the total lesson time with
the intensity of zone II (120-139 b/min). Exercising
time spent in zone IV (140-159 b/min) was almost 4.5%,
and no exercising time of zone V of maximal intensity
was noticed. Altogether the amount of time above the

level of 140 b/min (recommended as stimulating car-
dio-respiratory functions) was almost 32.5%, which was
nearly 15 minutes (Fig. 1b). During the lesson of fun
plays the 16 years old girls burnt 385 kcal/45min (+60)
on the average.
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Average heart rate curve during an outdoor track and field lesson in 16 years old girls (p = 0.012)
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Fig. 2a presents an intensity curve of an outdoor
track and field lesson in 16 years old girls. The average
heart rate was 164 b/min. In the first part of the lesson
(up to the 5™ minute) a steep line up in the intensity
curve reaching the value of 175 b/min was due to the
introduction of a physical activity called “tugs of war”.
The response of the cardio-respiratory system (steep
curving intensity line) indicates that such a workload

Fig. 2b

was too demanding for this part of the lesson and there-
fore should not have been introduced, at least not at
such an early stage of the warm up. The measured heart
rate reached its highest value of 197 b/min between the
30™ and 40™ minutes of the lesson, which is in accord-
ance with the theoretical assumptions of physical educa-
tion lessons.

The percentage of lesson time spent with varying intensity during a lesson of outdoor track and field athletics in

16 years old girls (%)
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The examined 16 years old girls exercised with the
intensity of zone III (140-159 b/min) for about 25% of
the total lesson time. They spent 27% of the total lesson
time exercising in zone IV (160-179 b/min) and 31%
in zone V (over 180 b/min). Altogether they exercised
with an intensity suited to supporting cardio-respiratory

fitness (over 140 b/min) for 83% of the lesson time.
Preparation for such intensive exercise took 17% of the
total time, with only 3.5% of the total time in zone I (un-
der 119 b/min; Fig. 2b). The caloric cost of the outdoor
track and field lesson in 16 years old girls was almost
470 kcal/45min +105.
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Average heart rate curve during a volleyball lesson in 16 years old girls (p = 0.083)
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Fig. 3a shows a volleyball class attended by 16 years
old girls. The intensity curve forms a characteristic
slope, rising up to the 15" minute of the lesson. It is
owing to the properly conducted warm up. Next, it is
slowly falling toward the end of the lesson. The average
heart rate was 138 b/min, reaching its highest value of
174 b/min in the first part of the lesson. Introduction of
new material, connected with sampling and repetition,

Fig. 3b

usually requiring little physical work caused a drop in
the intensity level between the 15% and 30™ minutes.
This is understandable, as learning technical and tactical
elements of team games always requires more accuracy
and less speed. A game of volleyball introduced in the
final part of the lesson did not increase the intensity
back to the level of over 140 b/min.
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During the volleyball class 16 years old girls prac-
ticed with an intensity supporting the development of
cardio-respiratory functions (over 140 b/min) for 50% of
the lesson time. However, there were no loads in zones
IV and V recorded, which may suggest that this type of
lesson demands little or no maximal intensity (Fig. 3b).
Energy expenditure during the volleyball class equaled
380 kcal/45min (£74).

A similar situation was observed among 16 years old
boys during a volleyball lesson. In Fig. 4a the intensity
curve is gradually rising up to the value of 169 b/min in
the 5" minute, and then systematically falling until the
end of the lesson. Both, the shape of the intensity curve
and the average heart rate of around 130 b/min proved
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Average heart rate curve during a volleyball lesson in 16 years old boys (p = 0.013)
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Fig. 4b shows that during the volleyball lesson
the examined boys exercised with an intensity of over
140 b/min for 17% of the total lesson time, but only
for one minute in zone IV (160-179 b/min) and not
even a minute in zone V. The relatively low intensity
influenced a low caloric expenditure, which in boys
amounted to 225 kcal/45min (+123). In the case of
volleyball lessons conducted with 16 years old pupils of
both sexes an explanation of low average heart rates and

low energy costs could be provided by an understanding
of emotional factors. It is common that during physi-
cal education lessons pupils of this age usually spend
most of the time sampling and modifying well known
tasks. No wonder there is little or none of the emotional
arousal normally associated with new, challenging tasks.
During monitored lessons it was rather boredom which
kept the heart rate running low.

52

Fig. 4a

Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1

Average heart rate curve during a volleyball lesson in 16 years old boys (p = 0.013)

HR [bpm] HR [bpm]
250 |- 250
225 225
200 I-200
175 175
150 150
125 125
100 100
75 4 F75
50 50
25+ 2 25
130 bpm |
0 ’ " ’ ’ " ’ " \ Time
0:00:00 0:10:00 0:20:00 0:30:00 0:40:00
Time: 0:00:00
HR: 109 bpm
No Exercise Date Cursor HR Heart rate Duration Note
1. — | 2003-05-06 16:25 2003-05-06 98 122/148 0:35:00.7
2. == 2003-05-06 16:25 2003-05-06 109 130/169 0:45:02.1
3.
4.
5.
Fig. 4b

The percentage of lesson time spent with varying during a volleyball class in 16 years old boys (%)

50% =

40% =

30% =

20% =

10% -

0% T T T T

T T T
0 20 40 60 80 100 120 140 160 180 200

- 50%
- 40%
- 30%
- 20%

8.7%

4:00 6.5% - 10%
3:00

T T 0%

P 40
Beats per minute

Person Michat Date 2003-05-06 Heart rate average 130 bpm

Exercise 2003-05-06 16:25 Time 16:25:10 Heart rate max 169 bpm

Sport Running Duration 0:45:02.1

Note Selection 0:00:00 - 0:45:00 (0:45:00.0)

Fig. 4b shows that during the volleyball lesson
the examined boys exercised with an intensity of over
140 b/min for 17% of the total lesson time, but only
for one minute in zone IV (160-179 b/min) and not
even a minute in zone V. The relatively low intensity
influenced a low caloric expenditure, which in boys
amounted to 225 kcal/45min (+123). In the case of
volleyball lessons conducted with 16 years old pupils of
both sexes an explanation of low average heart rates and

low energy costs could be provided by an understanding
of emotional factors. It is common that during physi-
cal education lessons pupils of this age usually spend
most of the time sampling and modifying well known
tasks. No wonder there is little or none of the emotional
arousal normally associated with new, challenging tasks.
During monitored lessons it was rather boredom which
kept the heart rate running low.



Acta Univ. Palacki. Olomuc., Gymn. 2006, vol. 36, no. 1

Fig. 5a

53

Average heart rate curve during an outdoor track and field lesson in 16 years old boys
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Fig. 5a shows a steep increase of the heart rate curve
up to 190 b/min during an outdoor lesson of track and
field in 16 years old boys. The increase in the early phase
of the lesson is due to the forms of running exercises
introduced in the warm-up. In the later part of the lesson

the intensity curve forms characteristic ups and downs
between 155-185 b/min as a result of the running and
resting system of organization of delivering teaching
material. The average heart rate recorded during this
lesson was 161 b/min.

Fig. 5b
The percentage of lesson time spent with varying intensity during an outdoor track and field class in 16 years old
boys (%)
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Time allocation in five intensity zones during the
track and field lesson in boys is shown in Fig. 5b. Ac-
cording to the data the amount of physical activity with
a positive effect on cardio-respiratory fitness (zone III
and above) in this type of lesson was 89% of the total les-
son time, including exercising with a vigorous intensity
of 160-179 b/min for 32% and 19.5% with a maximal
intensity of over 180 b/min. Interestingly, only for about

10% of the total lesson time did the boys exercise with
an intensity of lower than 140 b/min, mostly in the fi-
nal phase of the lesson. Exercising with the intensity
of zones III, IV and V caused fuel usage mainly from
carbohydrates, which resulted in the generally high total
caloric expenditure during this lesson - 520 kcal/45 min
(£63).
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Average heart rate curve during a basketball lesson in 16 years old boys (p = 0.909)
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During a basketball lesson the average heart rate in
16 years old boys was established at the level of 152 b/min.
Fig. 6a illustrates the intensity curve gradually rising in
the first 5 minutes of the lesson, and staying at a rea-
sonably high level for the remaining part of the lesson.

Fig. 6b

Well selected tasks kept the intensity high, especially
practicing technical skills with balls in the climax part
and a small-sided game in the final part of the lesson
helped in achieving such high intensity.
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Basketball as an invasion game requires a great deal
of position changing and moving, which influences the
intensity profile of this activity. The amount of time con-
sidered to be sufficient for promoting cardio-respiratory
fitness (above 140 b/min) in the examined basketball
lesson of 16 years old boys equaled 76.5% of the total les-
son time. More than 31% of that time the examined boys
practiced with the intensity of zone IV (submaximal
intensity) and within zone V (maximal intensity). Prepa-
ration for such intensity loads (a warming up phase with

an intensity of lower then 140 b/min) lasted for 23.5% of
the total lesson time (Fig. 6b). The examined basketball
lesson in 16 years old boys caused an energy expenditure
at the level of 460 kcal/45min (£88), which is probably
related to the type of fuel used in such mixed aerobic
and anaerobic activities.

An analysis of differences between the heart rates
of pupils participating in the same lesson proved there
were no statistically significant differences between the
monitored girls during the fun play and games class
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(p <0.01), outdoor athletics (p = 0.012) and volleyball
classes p = 0.083. As for the boys the analysis showed
no differences in volleyball class (p = 0.013). In the case
of basketball lesson the difference was p = 0.909.

DISCUSSION

The study investigated the amount of time spent in
five zones of intensity during various types of physical
education classes. A study carried out by Bebcakova et
al. (2001) in Estonian children showed that in the warm-
up part of PE classes almost half of the pupils reached
a heart rate higher than 60% of HR max, which was the
recommended value. However, it is worth mentioning
that the pupils should reach such a level of intensity in
the main part of the class (according to methodologi-
cal guidelines), not in the warm-up phase. Our findings
prove that the differences in the heart rates during physi-
cal education classes are affected by the sex and the
type of activity. Most beneficial for health improvement
appeared to be lessons of outdoor track and field in both
15-16 years old girls and boys, with high average heart
rates and a great amount of time spent above 140 b/min
(specially in zones IV and V). Also in the boys, the bas-
ketball class was considered to be sufficiently promoting
cardio-respiratory fitness. Quite the opposite, the vol-
leyball classes were recognized as the least effective in
stimulating the development of oxygen transportation
in both sexes.

Improvements in cardio-respiratory fitness require
activities with an intensity sufficient for supporting the
delivery of oxygen to the working muscles, with the
frequency, duration and level of intensity adequate to
the biological development and general motor capaci-
ties. According to our findings (supported also in other
works: Stratton, 1997; Fairclough & Stratton, 2005;
Bronikowski, 2004) invasion games such as basketball,
football, handball, floorball and others, including small-
sided games (2 vs. 2, 3 vs. 3), are reasonably effective
in promoting cardio-respiratory fitness. An explanation
may be found in the number of major muscle groups re-
quired in such sports due to the translocation (invasion
into the opponents’ part of the field) and a high level of
general motor abilities. On the other hand, school physi-
cal education curricula include some activities consid-
ered to be insufficient for developing cardio-respiratory
fitness (e.g. volleyball and other net games, forms of
well-disciplined gymnastics, table tennis), which, howev-
er, should not be entirely excluded. They develop other
important motor abilities such as flexibility or strength,
which do not require great intensity and therefore do not
elevate the heart rate so easily. They also develop other
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goals of physical education, considered to be equally im-
portant for life-time commitment to physical activity.

A recent health-related recommendation is con-
cerned with the FIT formula, i. e. exercising at least
three days per week (frequency), at the heart rate of
60-90 percent of maximal heart rate or 50 to 85 percent
of maximal aerobic power or heart rate reserve (inten-
sity), and for at least 20-60 minutes (time). The most
recent guidelines for exercise prescription recommend
the minimal threshold of 300 calories per exercise ses-
sion performed three days a week, or 200 calories per
session performed four days a week. However, there is
evidence that aerobic benefits can be achieved even with
accumulating several shorter bouts of activity through-
out the whole day (Corbin, 1996). Strict following of
methodological guidelines will improve the organiza-
tion and intensity of the activity, and this can be easily
achieved through appropriate and well-in-advance prepa-
ration of school physical education classes.

Lack of sufficient intensity during physical activity
may, in the long-term, result in a range of health prob-
lems called the metabolic syndrome (for a review of all
sorts of possible problems see Vuori, 2004). Health con-
sequences related to obesity in young people concern
many risk factors such as cardiovascular (dyslipidemia,
elevated systolic and diastolic blood pressure), endocrine
risk factors (insulin resistance, abnormal metabolism),
life style factors (low fitness, low physical activity level,
low movement competence), orthopedic risk factors (ac-
celerated, abnormal growth), psychosocial factors (low
self-esteem and socio-economic status). There are also
strong indications of carrying obesity from youth into
later stages of life (adulthood and elderly) and this is
why the problem remains socially important.

CONCLUSIONS

1. There should be more activities supporting cardio-
respiratory fitness included in school physical educa-
tion curricula. The most suitable for health-related
fitness seem to be outdoor athletics classes, invasion
team games and aerobic dance.

2. Itis important to keep a reasonable ratio of high and
low intensity activities in school physical education
lessons and provide a wide range of activities to give
pupils an option to choose the most suitable lifetime
activity.

3. Better classroom organization and management will
certainly improve the quality and intensity of any
lesson, even those considered to be less effective in
stimulating aerobic fitness such as volleyball, gym-
nastics and net team games.
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PROFILY INTENZIVNI ZATEZE
V HODINACH TELESNE VYCHOVY V POLSKU
(Souhrn anglického textu)

Cilem prizkumu bylo srovnani zdravotni u¢innosti
rliznych typid hodin télesné vychovy na kardio-respiraéni
ustroji. Prizkum byl provadén v letech 2002 a 2003 na
niz§im stupni stfednich $kol v Poznani. Zkoumany byly
Ctyfi typy hodin: atletika, volejbal, basketbal a pohybové
hry, pficemz kazdy typ mél trvani 45 minut. V pribéhu
hodiny byla u dvou nahodné zvolenych 15-16letych zakt
meérfena srde¢ni frekvence, a to pomoci monitor( srde¢ni
frekvence Polar. Podle vysledkt celonarodniho vyzku-
mu nema polskd mladez dostatek kazdodenni stiedni
az intenzivni aktivity (Cabak & Woynarowska, 2004).
V naSem priizkumu se hodiny atletiky, v pfipadé chlapct
a divek, a basketbalu, v pfipad€ chlapcti, jevily jako ho-
diny nejucinnéji stimulujici kardio-respiraéni zdatnost.
Nase udaje potvrzuji dfivéjsi vysledky jinych prizkumi
(Stratton, 1997; Fairclough & Stratton, 2005).
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The aim of this study was to describe the set of somatic characteristics, which significantly discriminate young
swimmers. The factor analysis let us reduce the number of somatic traits mostly correlated and to calculate the main
structural factors typical for young swimmers. There were 80 pupils (11 and 12 years old) from the primary sport
school in Wroclaw recruited for the study. The participants selected for the study had been involved in swimming for
2-3 years. On average their training time was 12 to 18 hours per week. The following parameters were established:
body height and weight, upper and lower extremities’ length, circumferences of: the thigh, shank, arm, forearm, chest
at rest, chest after inspiration, chest after expiration, waist, hips, shoulder width, hips’ width, chest width, chest depth,
and Rohrer index. All data were normalised at mean and standard deviation to join all children in one group. In order
to accomplish the aim of the study, a factor analysis method was employed. Analysis of the results indicated that only
some traits, from among all data, are characteristic for young swimmers. They are connected into two somatic factors:
the cubic content (including body weight, muscles, trunk and upper and lower extremities’ circumferences), vertical
dimension (including body height and upper and lower extremities’ lengths). Those parameters indicate formation
of the body figure typical for swimmers, characterised by specific proportions of the body’s weight and height, chest
and hips, and usually by longer limbs. Results suggest those somatic parameters characterising young swimmers in
the best way. They should be used in a training process’ estimation and a check-up of after training changes, as well
as sport selection.

Keywords: Young swimmers” morphology, somatic features of young swimmers, factor analysis, swimming sport and body
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morphology.

INTRODUCTION

Movement is one of the basic symptoms of life. Thus,
motion activity has accompanied human beings from
their conception. Remaining in a close relationship with
motion activity during our life we don’t think about its
essence. This point of view appears only in special situa-
tions, when a specific motion form becomes a desirable
value, e.g. during practising sport (Szopa et al., 1996).
Monitoring of the influence of an increased movement
dose on children’s organisms in their progressive devel-
opment phase justifies multidirectional changes which
can occur in the young organism (Benefice et al., 1990;
Courteix et al., 1997).

Facts of the biological after-effects of over-training
such as ossification of the epiphysis cartilage, hindering
the body’s growth, are widely known (Ohlen et al., 1989;
Stager et al., 1984; Bencke et al., 2002). On the other
hand, some people are more susceptible to the disad-
vantageous influence of training. In the face of this fact,
selection is very important (Leone et al., 2002).

Training is a very strong stimulus affecting an or-
ganism’s status. It must be remembered that during

its development, the organism is rebuilt in a direction
which will be imposed by physical exercises. Crossing
functional adaptation borders can lead to biological
equilibrium upset and to developmental irregularities
or disproportion.

A child’s organism can develop in one direction,
e.g. excessive increase in muscle mass at the cost of im-
pairment of traits such as height or organism function.
In extreme cases, excessive exploitation of children’s
biological strength can lead to a change in the rate of
sexual maturation.

In sport practice various forms of selection for prac-
tising sport occur, such as natural selection, intuitive
selection, and guided selection.

All actions connected with children and youth in
sport should take into account aspects of biological
development. A prognosis of the development of func-
tional abilities should be made on the basis of develop-
ment parameters depending on training practice. The
basis for foresight of development abilities and selection
should be stable features (Duche, 1993). Those are fea-
tures determined by hereditary factors as well as inborn
abilities. At the beginning of training the high level of
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these factors determine the achievement of mastery in
the future. Height and maximal work capacity (VO,max)
should be mentioned.

The most significant changes resulting from physi-
cal activity occur in the body build and in the muscular
system (Lowensteyn et al., 1994; Mosaiger et al., 1994;
Roemmich & Sinning, 1996; Kozlowski & Nazar, 1996).
Sometimes development of muscles takes place at the
cost of development of other features, such as body
height and its functions.

There are two important elements in the training
process: selection at the beginning and supervision dur-
ing training. Good, proper selection allows us to choose
some talented persons with the somatic and functional
predisposition to any kind of sport discipline. Good
supervision of the morphofunctional development
of children decreases the risk of negative changes in
their organism. The problem is what kind of somatic
and functional traits should be observed. The coach,
instructor or medical doctor has very often a dilemma
as to which parameters should be chosen. The choice
is very often based on intuition. Consequently a group
of accidental, strongly correlated parameters are usually
chosen. On the other hand, taking into account a wide
range of measurements and time-consuming examina-
tions, looking for parameters’ models describing typical
sport morphology is strongly recommended.

The aim of the work was to describe correlations
between somatic parameters, their interactions and
identification factors completely characterising the body
morphology of young swimmers.

MATERIALS AND METHODS

The research on some morphological traits of school
children was done on the population of 80 pupils from
a designated primary sport school in Wroclaw.

The research group consisted of 11 year and 12 year
old pupils attending the 5" and 6™ class of the Primary
school number 72 in Wroclaw. The group of boys aged
11 contained children from 10.51 to 11.50 (mean = 11.04,
sd = 0.29). The group of boys aged 12 contained chil-
dren from 11.51 to 12.50 (mean = 12.06, sd = 0.27).
Such methodology of qualification into groups relates to
girls, too (11 years old: mean = 11.11, sd = 0.22; 12 years
old: mean = 12.09, sd = 0.27). All of the pupils under
investigation have been members of the swimmer clubs
Slask and Juvenia in Wroclaw for 2-3 years. The chil-
dren spend, on average, from 12 to 18 hours a week in
the swimming pool.

In our research we employed the following meas-
urements: circumferences, width, length recorded in
centimetres (cm), age (years), weight (kg), height (cm)
and gender were recorded. Namely, 18 body dimensions
were considered, including:
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body height,

body weight,

upper extremity length (a-da, ) - the average of right
and left lengths,

lower extremity length (B-sy) - from the pubic symphy-
sis to the base,

thigh (maximum) circumference,

calf (maximum) circumference,

arm (maximum) circumference (biceps circumference,
flexed),

forearm (maximum) circumference (extended, palm
up),

chest circumference - rest - nipple line in males and
just above the breast tissue in females,

chest circumference - inspiration - nipple line in males
and just above the breast tissue in females,

chest circumference - expiration - nipple line in males
and just above the breast tissue in females,

waist circumference,

hip circumference,

shoulder width - diameter (a-a),

hip width - iliocristal diameter (ic-ic),

chest width - (thl-thl),

chest depth - antero-posterior chest (xi-xi).

Obtained values were used to calculate Rohrer in-
dex:

body weight (g)

(body height)’ 100

Rohrer index =

Body parameters have been measured in accordance
with the method of Martin and Saller.

The next statistical analysis of the collected data was
carried out. Age groups of the children were connected
in order to increase the number of observations, which
enabled the use of proper statistical methods. According
to principles, data has been normalised with respect to
mean and standard deviations for the appropriate age
group.

In this way, the influence of age on the diversity of
body build was cancelled, which allowed us to join to-
gether older and younger children’s groups.

This formula was used (Stanisz, 1998):

Xj -
SD

ol

7=

Z - normalised value; Xi - value of the measured param-
eter (for the child); X - mean value of a given parameter
in the age group of the child; SD - standard deviation of
parameters according to the age group of the child.

Next, base statistical parameters such as the arith-
metic mean, standard deviation, minimal and maxi-
mal values of body dimensions were calculated. Also
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a simple Pearson correlation between all parameters
was calculated. Finally the main somatic factors were
calculated based on factor analysis. The factor analysis
method applied in this research was used to determine
the groups of parameters (factors) characterising the
body constitution of young swimmers. We used the main
factors method with Varimax rotation. This orthogonal
rotation procedure improves the factors’ structure. It
causes the highest degree of variances of the factors
(Stanisz, 1998).

RESULTS
Arithmetic means, standard deviations, minimal and

maximal values of absolute and normalised body dimen-
sions are presented in TABLES 1-3.

TABLE 1
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The factor analysis method was used to reduce the
group of data. It’s a popular method in anthropology
and kinesiology (Ohlen et al., 1989). First we analysed
the strength of the correlation between all somatic traits
(TABLE 4). The strong links between somatic para-
meters suggest the rightness of the hypothesis that the
set of data is too broad and could be reduced to those
describing the morphology of body build parameters.
The closest correlation (an over 0.9 coefficient) was
observed in all three chest measurements.

In TABLE 5 of self values, variance of each prin-
cipal component, are presented. Two of the self-values
obtained indicate the presence of only two logically
and reasonably descriptive morphological builds of
swimmers. These values, especially the first principal
component, are significant (Ostrowska et al., 2000; Ski-
binska et al., 1988). The “scree chart” (Fig. 1) proves
the rightness of the analysis based only on two of the
components mentioned above.

Absolute values of somatic parameters of the 11 and 12 years old boys
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Absolute values of somatic parameters of the 11 and 12 years old boys

Years 11 12

Parameter Mean SD Min Max Mean SD Min Max
Body height 154.55 7.80 141.00 174.00 156.00 7.78 143.00 170.00
Body weight 4417 8.10 32.00 59.00 43.48 8.47 30.00 63.50
Rohrer index 1.19 0.12 0.97 1.41 1.14 0.13 0.87 1.33
Upper limb (arm) length 68.88 4.59 62.00 80.50 71.93 5.62 66.00 87.00
Lower limb (leg) length 83.50 5.46 74.00 97.50 84.23 4.79 77.00 93.00
Thigh circumference 48.63 4.99 41.00 59.00 46.70 4.40 40.00 56.00
Calf circumference 30.68 2.70 26.00 36.00 30.18 3.32 20.00 34.50
Arm circumference 25.03 2.46 22.00 29.00 24.35 3.17 17.00 30.50
Forearm circumference 22.10 2.13 18.00 26.00 21.93 2.28 17.50 26.50
Chest circumference - rest 74.33 6.15 66.00 86.00 74.45 6.47 63.00 89.00
Chest circumference inspir. 78.85 5.50 72.50 89.00 78.75 6.74 70.00 96.00
Chest circumference expir. 72.55 6.33 64.50 85.00 72.75 6.71 60.00 88.00
Waist circumference 66.70 6.25 55.00 77.00 65.18 5.38 55.50 76.50
Hip circumference 78.93 6.15 69.50 89.00 78.53 5.45 70.00 87.50
Shoulder width 34.58 2.24 31.50 40.00 34.15 3.91 29.00 43.00
Hip width 24.50 2.04 21.00 29.00 24.20 1.78 21.00 28.00
Chest width 24.23 1.93 21.00 28.00 26.03 3.01 22.00 34.00
Chest depth 16.23 2.98 12.00 22.00 16.13 3.86 11.00 24.00
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Body weight 44.17 8.10 32.00 59.00 43.48 8.47 30.00 63.50
Rohrer index 1.19 0.12 0.97 1.41 1.14 0.13 0.87 1.33
Upper limb (arm) length 68.88 4.59 62.00 80.50 71.93 5.62 66.00 87.00
Lower limb (leg) length 83.50 5.46 74.00 97.50 84.23 4.79 77.00 93.00
Thigh circumference 48.63 4.99 41.00 59.00 46.70 4.40 40.00 56.00
Calf circumference 30.68 2.70 26.00 36.00 30.18 3.32 20.00 34.50
Arm circumference 25.03 2.46 22.00 29.00 24.35 3.17 17.00 30.50
Forearm circumference 22.10 2.13 18.00 26.00 21.93 2.28 17.50 26.50
Chest circumference - rest 74.33 6.15 66.00 86.00 74.45 6.47 63.00 89.00
Chest circumference inspir. 78.85 5.50 72.50 89.00 78.75 6.74 70.00 96.00
Chest circumference expir. 72.55 6.33 64.50 85.00 72.75 6.71 60.00 88.00
Waist circumference 66.70 6.25 55.00 77.00 65.18 5.38 55.50 76.50
Hip circumference 78.93 6.15 69.50 89.00 78.53 5.45 70.00 87.50
Shoulder width 34.58 2.24 31.50 40.00 34.15 3.91 29.00 43.00
Hip width 24.50 2.04 21.00 29.00 24.20 1.78 21.00 28.00
Chest width 24.23 1.93 21.00 28.00 26.03 3.01 22.00 34.00
Chest depth 16.23 2.98 12.00 22.00 16.13 3.86 11.00 24.00
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Absolute values of somatic parameters of the 11 and 12 years old girls

Years 11 12
Parameter Mean SD Min Max Mean SD Min Max
Body height 151.50 6.17 143.00 165.00 159.45 7.75 147.00 179.00
Body weight 40.61 6.75 29.50 52.00 47.15 8.48 32.00 62.50
Rohrer index 1.16 0.11 1.01 1.41 1.16 0.16 0.92 1.53
Upper limb (arm) length 67.23 3.10 62.00 73.00 71.30 3.93 62.50 78.00
Lower limb (leg) length 80.98 4.37 68.00 88.50 87.00 3.80 78.50 96.00
Thigh circumference 48.38 4.17 42.00 58.00 50.70 5.80 41.50 60.00
Calf circumference 29.75 2.10 26.00 33.50 31.48 3.05 25.50 37.00
Arm circumference 23.15 2.34 19.00 27.50 24.28 2.72 19.50 29.00
Forearm circumference 20.95 1.83 18.00 24.00 21.65 1.89 18.00 25.00
Chest circumference - rest 72.40 3.92 65.00 82.00 73.75 7.07 60.00 84.00
Chest circumference inspir. 75.80 4.07 70.00 84.00 78.28 6.18 67.00 88.00
Chest circumference expir. 70.83 4.56 63.50 84.00 71.55 6.90 59.00 81.00
Waist circumference 62.63 4.72 54.00 73.00 65.53 5.17 57.00 76.50
Hip circumference 77.03 5.27 68.00 88.00 83.85 7.55 72.50 98.00
Shoulder width 33.45 2.44 30.00 38.00 34.90 2.47 31.00 40.00
Hip width 23.25 2.34 20.00 28.00 25.30 2.48 21.00 30.00
Chest width 24.20 1.46 21.00 28.00 25.15 1.79 21.50 28.00
Chest depth 14.65 2.58 12.00 20.00 17.33 3.16 12.00 21.00
TABLE 3
Normalised values of somatic parameters
Parameter Mean SD Min Max
Body height 0.04 0.93 -1.68 2.30
Body weight -0.12 0.86 -1.57 1.94
Rohrer index -0.23 0.77 -2.03 1.27
Upper limb (arm) length 0.31 1.19 -1.59 4.05
Lower limb (leg) length -0.02 1.01 -1.98 2.69
Thigh circumference 0.01 0.85 -1.36 2.04
Calf circumference -0.28 0.81 -3.10 1.22
Arm circumference 0.21 0.98 -2.46 2.23
Forearm circumference 0.22 1.03 -1.92 2.35
Chest circumference - rest 0.04 0.82 -1.46 1.96
Chest circumference inspir. 0.03 0.81 -1.14 2.32
Chest circumference expir. 0.05 0.86 -1.63 2.10
Waist circumference 0.04 0.70 -1.28 1.37
Hip circumference -0.21 0.71 -1.35 1.06
Shoulder width 0.18 1.14 -1.77 3.31
Hip width 0.20 0.81 -1.24 2.20
Chest width 0.08 1.20 -1.78 4.09
Chest depth -0.38 1.13 -2.09 2.21
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TABLE 5
Self-values of the principal components
Self-values Percent of the all variance Cumulated self-values Cumulated percent
Factor 1 13.24 52.95 13.24 52.95
Factor 2 3.45 13.78 16.68 66.73
Fig. 1

“Scree chart” with values of all factors
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The number of self-value

The first factor identifies about 53% of variability in
the group of analysed parameters. The second factor
identifies more variability. Its value was about 67%.

Good representation of the original basic correlation
matrix between parameters was shown by remnant cor-
relation (disparity between correlation coefficients in
the input matrix and correlation calculated on the base
of factors’ values).

Disparities mentioned above were not significant
thus the swimmer’s body built described by two sepa-
rated components is satisfactory.

In the next step the factor’s structure - factors linked
with input data - was defined by means of correlation
of the parameters given with the factor. Due to the de-
scription of factors, factor loads were calculated (cor-

relation of separated factors with original data). First
factor loads without system rotation were calculated
(before optimalisation - factor loads strength increase).
The varimax rotation was applied to factor structure
improvement (TABLE 6).

Factor 1 is a combination of: body weight, Rohrer
index, circumferences of the calf, forearm, chest, waist
and extremities. This factor was called cubic content.
It describes body morphology of swimmers better than
factor 2 what is proved by previously described values
and the percentage of variability explained.

Factor 2 is a combination of three parameters: body
height, upper and lower extremity length. All those traits
are length parameters indicating vertical values of the
entire body. This factor was called vertical dimension.
Fig. 2 illustrates factors’ structure.
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Self-values of the principal components
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TABLE 6

Factorial load values after Varimax rotation (statistically significant factor loads are bold)
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Factor 1 Factor 2
Body height 0.16 0.90
Body weight 0.71 0.60
Rohrer index 0.88 -0.13
Upper limb (arm) length 0.07 0.92
Lower limb (leg) length -0.07 0.89
Thigh circumference 0.67 0.48
Calf circumference 0.75 0.42
Arm circumference 0.83 0.42
Forearm circumference 0.75 0.46
Chest circumference - rest 0.84 0.45
Chest circumference inspiration 0.80 0.43
Chest circumference expiration 0.83 0.45
Waist circumference 0.84 0.36
Hip circumference 0.69 0.60
Shoulder width 0.45 0.69
Hip width 0.36 0.55
Chest width 0.59 0.48
Chest depth 0.52 0.24
Fig. 2
Factors’ structure after Varimax rotation
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DISCUSSION

Beneficial effects of intense physical activity have
been described by lots of authors who emphasise that
swimming is a form of a physical activity having a pos-
itive influence on the cardiovascular and respiratory
systems (Dziedziczak & Witkowski, 1988; Ostrowska
et al., 2001). A young body is flexible and susceptible
to various stimuli, which exceed the limits of biologi-
cal tolerance of the body and are inadequate for the
level of development of somatic and motor capacities of
a child, and may affect the processes of body growth and
maturation. Numerous studies carried out on groups of
young sportsmen engaged in various sport disciplines
(swimming, gymnastics, team games, tennis, etc.) show
divergent views concerning the impact of high-perform-
ance sports on physical development and the age, when
the body becomes mature (Baxter-Jones et al., 1995).
It has been proved that among sportsmen, who began
training in the pre-puberty period, swimmers show the
most rapid development of sex characteristics. It applies
to both boys and girls (Malina et al., 1982; Damsgaard
et al., 2001). However, the majority of authors report
that swimming training does not disturb the puberty
period (Courteix et al., 1997) and does not inhibit physi-
cal development (Baxter-Jones et al., 1995), including
height increase, which, to a large degree, is dependent
on the genetic traits inherited from their parents (Ma-
lina et al., 1982).

The issue of a proper selection of children and youth
for high-performance sports training has been studied
by many authors (Bartkowiak, 1988; Laska-Mierze-
jewska et al., 1985; Piechaczek et al., 1995). The main
point here is the age at which the training has begun
and defining the criteria, which allow us to confirm the
suitability of candidates for a specific sport discipline
based on their individual somatic features, motor skills,
physical fitness, and other characteristics (Knop, 1996).
Somatic features are an important factor conditioning
an achievement in sports (Siders et al., 1993) and are
one of the elements taken into consideration during the
candidate selection process. The method of factor analy-
sis used in our studies allowed, selecting from a large set
of somatic features, only two groups of features dem-
onstrating the most significant discriminating power
for swimmers (Laska-Mierzejewska, 1980; Ohlen et al.,
1989). Although changing of these parameters may be
an effect of training changes, the selection effect cannot
be excluded.

In general, the results obtained by many authors
show higher values of height and weight of children
training (Ostrowska et al., 2001; Courteix et al., 1997;
Benefice et al., 1990; Duche et al., 1993). The results
of our studies only partially confirmed these observa-
tions. Because basic somatic traits are on the basis of
two factors. These factors we called vertical dimension
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and cubic content, suggesting that the most important in
swimming sport are length parameters connected with
a better range of swimming movements in the pool and
cubature (including body weight, muscles and chest cir-
cumferences), indirectly informing about vital capacity
and circular-respiratory system efficiency.

CONCLUSIONS

1. The method of factor analysis is an efficient tool for
characterising somatic parameters among swimmer
children.

2. The analysis of 18 somatic parameters allows us to
separate two factors of body morphology:

a) the cubic content (including body weight, mus-
cles, trunk and upper and lower extremities cir-
cumferences),

b) vertical dimension (including body height and
upper and lower extremities’ lengths).

3. These traits should be used in training process esti-
mation and check-up after training changes, as well
as sport selection.
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FAKTOROVA ANALYZA
ANTROPOMETRICKYCH CHARAKTERISTIK
UMLADYCH PLAVCU VE VEKU 11 A 12 LET

(Souhrn anglického textu)

Cilem této prace bylo popsat vybrané somatické
charakteristiky typické pro mladé plavce. Faktorova
analyza umozZnila umérné sniZeni somatickych ukaza-
tel a umoznila vypocitat hlavni strukturalni faktory
typické pro mladé plavce. Do vyzkumného souboru
bylo zafazeno 80 zakl (11 a 12letych) pfijatych ke stu-
diu na zakladni sportovni §kole ve Wroclawi. Sledovani
probandi trénovali po dobu 2-3 let a jejich primérny
tréninkovy €as byl 12 az 18 hodin tydné. Byly méfeny
nasledujici parametry: t€lesna vyska a hmotnost, délka
hornich a dolnich koncetin, obvod stehen, lytka, pazi,
predlokti, hrudniku v klidu, hrudniku po nadechu a po
vydechu, obvod pasu a bokd, §ifka ramen, Sifka bokd,
§ifka hrudniku, hloubka hrudniku a Rohrertv index.
K dosazeni cile této studie byla pouZzita metoda faktoro-
vé analyzy. Analyza vysledkl ukazala, Ze pouze nékteré
zvlastnosti mezi sledovanymi parametry jsou pro mladé
plavce charakteristické. Jsou spojeny do 2 trsii somatic-
kych charakteristik: kubicky obsah (zahrnuje télesnou
hmotnost, svalstvo, trup a obvod hornich a dolnich
koncetin) a vertikalni rozmér (zahrnuje télesnou vysku
a délku hornich a dolnich kon¢etin). Tyto parametry
signalizuji formovani postavy typické pro plavce, cha-
rakteristické specifickymi proporcemi télesné hmotnosti
a vy§ky, hrudniku a bokt a obvykle delsimi konéetinami.
Vysledky naznacuji, Ze antropometrické charakteristiky
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The following article attempts to utilize general knowledge of colours in the sphere of physical culture and applies it
to physical education in special schools. It is based on the precondition that education of mentally-handicapped pupils
should proceed under conditions evoking pleasurable feelings in them. And such conditions also include colours.

The article presents the results of an examination of colour preference in probands with slight to moderate mental
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INTRODUCTION

During the perception of objective reality that sur-
rounds us the most important thing is the visual analyser
with the help of which we receive approximately 84% of
all information (Cibulka, 1980; Bohony, 1984). Visually
we perceive not only the shape and movement of objects
but also colours in all the spectrum. Perception of col-
ours is innate to the human eye. Perception of colours
is allowed by the ability of the human eye to distinguish
different wave-lengths of light. In colours we perceive na-
ture as well as the products of civilization. Colours influ-
ence our mood and state of mind. Some colours provide
energy to us, stimulate us, some are repelling. There are
pleasant colours and there are irritating colours, and
according to C. G. Jung “emotional” individuals react
to them strongly (Pleskotova, 1987). There really exists
a special relationship between colours and our feelings,
as researched by psychology and psychiatry (Veverkova,
2002). At the same time psychology researches also the
psycho-physical aspects of colour perception and the
symbolic value of colours.

Dr. Max Liischer (Swiss psychologist, born 1923)
defined the following basic colours: blue, green, red and
yellow. Their combination creates a number of other
colours. Interpretation of primary and derived colours
appears to be significant for our intentions on the level
of presentation of research results allowing eventual
comparison with results of other research projects.
Liischer (1990) has determined the following colour
perception:

Blue - retards and balances neural processes, sedates
skeletal muscles. It develops ease because it reduces
blood pressure, pulse and respiratory rate, and the re-
generation mechanisms bring energy to the body. This
colour presents appurtenance, aims towards empathy
and meditative consciousness.

Green - stimulates parasympathetic division and
therefore smooth muscles. It develops tension. The
physiological condition of the organism is alert to resist-
ance. Preference of this colour denotes the expression of
strength and resistance against changes. It is indicative
of uniformity of opinion and emphasis on “myself”. In
relation to emotional content, it is primarily about pride
and a sense of power and superiority.

Red - stimulates parasympathetic division and ac-
tivates skeletal muscles. It represents the physiological
condition of the expenditure of energy, accelerates the
pulse, increases both blood pressure and the pulse rate.
It is related to all forms of vitality and power, its emo-
tional content is desire and passion.

Yellow - relieves and affects both subsystems of nerv-
ous system. It expresses undampened expansiveness, de-
velops relaxation, increases blood pressure, as well as
pulse and respiratory rate, but this process is unstable.
Its emotional content is “volatility full of hope”.

If we use another criterion, we can divide the colours
into primary: red, yellow, blue; and secondary: orange,
green and violet. Tertiary colours are mixtures of pri-
mary and secondary - green-blue, etc. Pleskotova (1987)
treats the following colours as primary: blue, red, green,
yellow, orange, violet, brown, black, white. The fact is
that the English Dictionary of Colours (1955) contains

INTRODUCTION

During the perception of objective reality that sur-
rounds us the most important thing is the visual analyser
with the help of which we receive approximately 84% of
all information (Cibulka, 1980; Bohony, 1984). Visually
we perceive not only the shape and movement of objects
but also colours in all the spectrum. Perception of col-
ours is innate to the human eye. Perception of colours
is allowed by the ability of the human eye to distinguish
different wave-lengths of light. In colours we perceive na-
ture as well as the products of civilization. Colours influ-
ence our mood and state of mind. Some colours provide
energy to us, stimulate us, some are repelling. There are
pleasant colours and there are irritating colours, and
according to C. G. Jung “emotional” individuals react
to them strongly (Pleskotova, 1987). There really exists
a special relationship between colours and our feelings,
as researched by psychology and psychiatry (Veverkova,
2002). At the same time psychology researches also the
psycho-physical aspects of colour perception and the
symbolic value of colours.

Dr. Max Liischer (Swiss psychologist, born 1923)
defined the following basic colours: blue, green, red and
yellow. Their combination creates a number of other
colours. Interpretation of primary and derived colours
appears to be significant for our intentions on the level
of presentation of research results allowing eventual
comparison with results of other research projects.
Liischer (1990) has determined the following colour
perception:

Blue - retards and balances neural processes, sedates
skeletal muscles. It develops ease because it reduces
blood pressure, pulse and respiratory rate, and the re-
generation mechanisms bring energy to the body. This
colour presents appurtenance, aims towards empathy
and meditative consciousness.

Green - stimulates parasympathetic division and
therefore smooth muscles. It develops tension. The
physiological condition of the organism is alert to resist-
ance. Preference of this colour denotes the expression of
strength and resistance against changes. It is indicative
of uniformity of opinion and emphasis on “myself”. In
relation to emotional content, it is primarily about pride
and a sense of power and superiority.

Red - stimulates parasympathetic division and ac-
tivates skeletal muscles. It represents the physiological
condition of the expenditure of energy, accelerates the
pulse, increases both blood pressure and the pulse rate.
It is related to all forms of vitality and power, its emo-
tional content is desire and passion.

Yellow - relieves and affects both subsystems of nerv-
ous system. It expresses undampened expansiveness, de-
velops relaxation, increases blood pressure, as well as
pulse and respiratory rate, but this process is unstable.
Its emotional content is “volatility full of hope”.

If we use another criterion, we can divide the colours
into primary: red, yellow, blue; and secondary: orange,
green and violet. Tertiary colours are mixtures of pri-
mary and secondary - green-blue, etc. Pleskotova (1987)
treats the following colours as primary: blue, red, green,
yellow, orange, violet, brown, black, white. The fact is
that the English Dictionary of Colours (1955) contains



70

7500 separate colours and states their unique defini-
tion (http://aitie.scssoft.com/colours/colours.html).
This frequency is caused by the fact that colours can be
differentiated not only as to their tint (shade) but also
value and saturation (Veverkova, 2002).

Perhaps the best known classification of colours is
from the point of view of their effect on physiological
functions (the effect can be proven by measurement)
(Pleskotova, 1987). This classifies colours into warm/
hot and cool/cold colours.

Warm colours - yellow, orange, red - evoke one’s
temper and orient it to life and motion. They incite ac-
tivity, stimulate the function of the vegetative nervous
system, and increase blood pressure.

Cool/cold colours - violet, blue, green - are rather
sedative, they damp physiological functions.

Colours are significant even in the sphere of physical
culture. Based on experience, let us try to outline the
characteristics of the function of colours in the sphere
of physical culture:
= Colour serves as a group-uniting attribute, which

consolidates the consciousness of appurtenance

(colour of sports uniforms, etc.).
= (Colour has an emphasizing function (lines on the

playing-field, colour of the playing-field, referee’s

outfit, cards and flags, etc.).

= Colour represents tradition (e.g. club colours).

= The colour of sportswear influences the environment
as well as the wearers themselves, who lose anonym-
ity and are differentiated from others. For example,
during the Olympic Games in Athens (2004) the
matches in boxing, Greek-Roman wrestling and free-
style wrestling, without a known favourite, were usu-
ally won by sportsmen in red sports clothing. Similar
results were found by anthropologists also in football
games during the World Cup where five teams won
more often if they were wearing red uniforms rather

than blue or white uniforms (Vinaf, 2005).
= Colour has a motivational function. The colour of

equipment, requisites, or of the sports area catches

or distracts the attention of the gymnast, motivating
or dissuading the gymnast from his or her activities.

It is obvious that a pleasant, colour-balanced envi-

ronment tunes one’s spirit to pleasant ease.
= Colour carries an aesthetic function as most proc-

esses and phenomena realized within physical edu-
cation, sports and recreation are accompanied by
aesthetic aspects (Chlup, 1963; Hohler, 1981). It is
possible to mention as an example the choreography
of mass appearances with the use of colours of cloth-
ing. In some sports disciplines, aesthetic impression
is part of the ranking and naturally the factor of col-
ours chosen is important.
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In physical education at school the situation is quite
different. It looks like the dignity of the educational fa-
cilities - schools - excludes sharp colouring of the re-
spective areas and instruments. Typical colours of most
old gymnasiums and playgrounds have been brown and
grey. According to Liischer (1990), brown evokes the
need for safety and physical comfort, and grey is pre-
ferred by persons longing for standing aside, separated
from bonds. The above indicates that brown and grey go
against sports activities and respective experiences.

However, in recent years there is a tendency towards
more colourful choices even in physical education at
school. In our opinion, the introduction of diverse col-
ours to gymnasiums is a lawful requirement. But on the
other hand, a strict application of the theory of colours
to the environment of physical education at school may
be fancy but not efficient. This implication holds the
more true the more we concentrate on physical educa-
tion of pupils with mental handicaps. In the case of
such pupils, it is predominantly the emotional aspect of
their personality that governs their attitudes and behav-
iour. Experiences with a biological basis in the feeling of
pleasure and excitement are very important motivational
factors for mentally-handicapped pupils. The above im-
plies that the pupils are captivated by and bear relation
to matters evoking in them pleasurable feelings, and
vice versa. In the case of mentally-handicapped pupils,
there is another important factor at play, the primary
controlled conformity (grass is always green, the sky
is a symbol of blue, yellow is identified with the sun).
Therefore we believe that together with the functionality
of colours in the sphere of physical education, also the
notions of the pupils should be respected, i.e. which
colours they prefer and which they hate.

RESEARCH OBJECTIVE

The research project, the results of which are pre-
sented here, was oriented to ascertaining preference of
colours in relation to experiences and feelings of pupils
with mental handicaps.

We put the following research question:

How do mentally-handicapped pupils perceive particular

colours in the environment of physical education?

a) The first research project was carried out in a group
of 72 boys with a slight mental handicap, pupils of
special schools (13-15 years). The research was car-
ried out using questionnaires administered under the
direct supervision of a researcher. Each question had
nine possible answers: a range of nine colours dif-
ferentiated by tint, while keeping approximately the
same saturation and value of colour (Fig. 1). The
range of colours consisted of the basic range of col-
ours according to Pleskotova (1987).
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b) The second research project was carried out with the
participation of 153 probands, boys with moderate
mental handicaps (18-50 years). The research in this
group of probands was focused only on ascertaining
their preferred colour. The method was as follows:
the probands could choose from clothes pins in
nine colours of the basic colours range (Pleskotova,
1987). The probands were asked to choose the pin
they liked the most. Clothes pins were chosen be-
cause the probands know them as a training instru-
ment from the psycho-motoric program. The said
method was used because the probands cannot read
and write and they do not know the names of the
colours.

Fig. 1
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RESULTS AND ARGUMENTATION

Results and argumentation about the research
in probands with a slight mental handicap

We chose answers to nine questions from the ques-
tionnaire applied in the first research group. The answers
of the probands to the separate questions in percentage
formulation are presented in Fig. 1. We present two col-
ours, which were the most frequent in the answers.

Percentage of answers in probands with a light mental handicap

/

Questions

25 30 35 40 45 % 50

Imagine Czech lesson.
Which colour does it evoke?

Imagine math lesson.

Which colour does it evoke?

Which colour do you hate?

Imagine physical education lesson.
Which colour does it evoke?

Which is your favourite colour?

Which colour brings you happiness?

You can choose from coloured balls.

Which ball will you choose?

If you were to buy swim trunks,
which colour will they have?

f you were to buy a bicycle,
which colour will it have?

Legend:

B - blue Y - yelow
R -red V - violet
G - green Bl - black

The first three questions are oriented to ascertain-
ing nonfavoured colours of the probands, based on the
expectation that lessons in Czech language and math-
ematics are not their favourite ones. At the same time
the questions are aimed at the sphere of abstract colour
perception. The fact that perception of colours in the
intact population is influenced by the associations and
experiences of each individual, and vice versa, has been
proven by several researchers (Wexner, 1954 and Lawler
& Lawler, 1965 in Veverkova, 2002). Our research im-
plies that pupils with a slight mental handicap perceive

colours, even in their abstract form. After expressing
a concrete phenomenon known to them, they are able to
assign to it emotionally-evoked colour meaning. Math-
ematics and Czech lessons (Fig. 1) are connected in
their minds mostly with the colour black. Pogady (1993)
and Sickova-Fabrici (2002) call attention to the fact that
black in this context signals problems and sadness. It
is therefore very probable that mathematics and Czech
language are lessons, in which pupils with a slight men-
tal handicap experience feelings of failure. Generally it
is possible to state that the colour black relates to a pro-
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test against the given conditions, and individuals under
the affective influence of the colour black tend to revolt
and act in haste. According to the conception of the
probands, black evokes darkness, death, “I am afraid”,
“it brings worse luck”, “I can’t see in darkness”, etc. In
connection with mathematics, also the colour yellow is
mentioned. This finding is in line with Sickova-Fabrici
(2002), stating that yellow is the colour of thinkers and
supports one’s intellectual capacity. Unfavourable col-
ours are dominated by black and violet. The colour vio-
let is justified by the probands as follows: it is too rich,
it is annoying, and it is worn by women. This finding
is the absolute opposite of Liischer’s statement (1990)
that violet is preferred by mentally and emotionally im-
mature persons.

The next three questions in the questionnaire are
aimed at favourite colours, on condition that lessons
of physical education belong among students’ favour-
ite school subjects. It is evident (Fig. 1) that probands
clearly prefer the colour blue. This finding differs from
the results of research in boys above 10 years of age of
the intact population (Pogady, 1993) where the colour
blue ranks fourth in the order of popularity (red, green,
yellow and blue). Blue is a colour of peace and harmony
but also of cold, feelings of solitude, being in the dumps
and distance. If blue is preferred and if it does not indi-
cate the compensatory mechanism within the meaning
of peace, then it indicates, according to Liischer (1990),
inner balance or the wish to reach such a condition.
Another favourite colour is green. Green is comforting,
refreshes mind and soul, and provides strength and re-
sistance against external effects. In Liischer’s test (1990)
persons preferring this colour need to attain a feeling
of self-esteem by self-assertiveness or acknowledgment
by others. It is selected by stubborn and less adaptable
persons (Pleskotova, 1987; Puchnarova, 2005). Less
than 15% of probands prefer the colour red. Red gives
strength to a person, as well as dynamics and an appetite
for life. Red is preferred by hyper-active and aggressive
children (Sickova-Fabrici, 2002).
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The last three questions ascertain the preference of
colours by probands in the context of sports instruments
and sportswear (Fig. 1). This part is also dominated
by the colour blue, most probands wanted a blue ball,
a blue swim suit as well as a blue bicycle. According
to Puchnarova (2005) blue is preferred by the credu-
lous, complaisant and helpful, it is a valuable source of
help in the life of stressed and restless people. Approxi-
mately 30% of probands would select a black swim suit.
A number of mentally-handicapped pupils cannot swim
(Karaskova, 2001), and the selection of the colour black
can implicitly signal a fear of staying in the water. The
possibility of the influence of fashion trends is irrelevant
in the probands.

Results and argumentation about the research
in probands with a moderate mental handicap

The results of research in the area of preferred col-
ours in the second group of probands with a moderate
mental handicap is presented in Fig. 2. It is not possible
to state an unambiguous preference of cool or warm
colours in this group of probands. The ascertained
quantitative representation of colour preference shows
higher inter-individual variability than in probands in
the first group. In contrast to probands with a slight
mental handicap, the individual preference of colours
is divided between all colours of the basic range. This
huge lack of homogeneity in the preference of colours
in the probands is probably the factor complicating in-
novation activities of physical education teachers in this
field. Even if probands from this group prefer blue, even
more of them, almost 30%, like red the most. However,
we suppose this finding is caused by the fact that red
draws the attention of the proband with a moderate
mental handicap the most. Red has a shorter wavelength
and travels to the human eye faster than blue, for ex-
ample (Vinaf, 2005; Puchnarova, 2005). In pupils with
a moderate mental handicap this can be the reason for
conformity with objects evoking pleasant feelings (red
as an apple, strawberry, etc.).
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Favourite colours in probands with medium-heavy mental handicap
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CONCLUSION The education of mentally-handicapped pupils

We are aware of the fact that the results of this
research cannot be generalized, because of: the low
number of probands in the research groups, non-stand-
ard experimental conditions, dependence of experienc-
ing the colours on the proband’s personality, e. g. if they
relate yellow to the sun, they will have pleasant feelings,
if they relate this colour to jaundice, they will have un-
pleasant feelings (Pleskotova, 1987). Therefore we take
a critically-confidential approach to the findings, and
our opinion is formulated within the meaning of the
following tendencies:

* Probands with a slight mental handicap tend to
perceive colours sensitively, even in their abstract
form.

» It is not possible to state if warm or cool colours
are of different importance in mentally-handicapped
probands.

» It seems that probands with a slight mental handicap
connect the affective content in the context of identi-
cal colour similarly to intact population individuals.

* Mentally-handicapped probands prefer most com-
monly blue, green, and red, and they have difficulty
accepting black and violet.

» The preference of favourite colours is more variable
in probands with a moderate mental handicap than
in probands with a slight mental handicap.

should proceed under conditions evoking pleasurable
feelings in them. Such conditions also involve colouring.
The concept that pupils are primarily captivated by the
content of physical education is not true. If we know
the preference tendencies in pupils within the sphere of
colours, let us try and respect this fact. Its use will sup-
port especially pedagogical objectives, not only within
physical training but also within the whole educational
effort.
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VNIMANI BAREV
ZAKEM S MENTALNIM POSTIZENIM
(Souhrn anglického textu)

Piedlozena stat se pokousi o vyuziti obecnych po-
znatkl o barvach v oblasti télesné kultury a aplikuje je
na télesnou vychovu v podminkach specialnich §kol.
Vychazi z predpokladu, ze vzdélavani zakli s mental-
nim postizenim by mélo probihat za podminek, které
v nich evokuji libé pocity. A k témto podminkam patfi
i barevnost.

Jsou prezentovany vysledky Setfeni preference barev
probandy s lehkym a stfedné t€Zkym mentalnim posti-
Zenim. Vysledky naznacuji, ze probandi s lehkym men-
talnim postiZzenim maji tendenci citlivé vnimat barvy,
a to i v abstraktni podobg¢. Preferuji modrou, pripadné
zelenou a Cervenou barvu a hlife pfijimaji ¢ernou a fia-
lovou. Preference oblibené barvy je u probandti s t€ZSim
mentalnim postiZenim vice variabilni neZ u probanda
s lehkym mentalnim postizenim.

Klicova slova: barva, télesnd vychova, mentdlni postiZeni,
Zdk.
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vcetn€ nazvu a kliCovych slov.

Tabulky, obrazky, grafy, piilohy

Piseme na samostatné stranky. Tabulku oznac¢ime TABLE 1,
obrazek nebo graf Fig. 1, pfilohu Appendix 1. Nazev je pod
oznacenim, piSeme zleva.

VSechny prispévky musi byt pfed odevzdanim opraveny
znalcem anglického jazyka (nejlépe rodilym mluv¢im). Provede-
ni korektury je nutno dolozit oficialnim potvrzenim. Prispévek je
tieba odevzdat taktéZ v originalni jazykové verzi.

Dékujeme Vam za spolupraci.

Doc. PhDr. Vlasta Karaskova, CSc.
vykonny redaktor

Doc. MUDir. Pavel Stejskal, CSc.
védecky redaktor

Adresa: Univerzita Palackého
Fakulta télesné kultury
tf. Miru 115
771 11 Olomouc

Telefon: 585 636 357
E-mail: aupo@ftknw.upol.cz
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