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ABSTRACT

The study examined the correlation between selected physical characteristics of
pupils (body height, body weight, upper arm skin fold) and ageneral enduranceindicator
for 1983, 1993 and 2003. It was predicted that changesin physical and motor devel opment
observable in the last twenty years have altered also the magnitude and direction in
correlation between certain physical characteristics and the results of a 600-metre run.
Multiple correlation coefficients between the 600-metre run and certain morphol ogical
characteristics for 1983, 1993 and 2003 proved to be relatively high with pupils of all
thirteen age groups. As expected, the highest values can be noticed in the period of
adolescence with morphological characteristicsinfluencing the 600-metre run result by up
to 25%. The average multiple correlation coefficient between the 600-metre run and all
three morphological characteristicswasfor all age groups of pupilsthelowest in 1983 but
it grew in every following decade.
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Introduction

Genetically determined factors and environmental effectsrepresent the basisfor
the development of people’s abilities and characteristics. Genetically determined factors
can be manipulated in different ways, with various contents and with different degrees of
success in each developmental phase. The effects of such manipulation are never re-
stricted to one area, instead they have an impact on the entire bio-psycho-social image of
children and youth (Strel & Kovac 2004). Researchersfrom different fieldsaim to recognise
the essence and reasons of the correlations between individual abilities, characteristics
and qualitiesin a systematic, holistic and objective way. They also strive to identify what
kind of influence individual s and the environment have on each other.
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For several years, the stagnation or even regression of some motor development
indicators has been noticed in the period of late adolescence. This phenomenon is par-
ticularly noticeablein theresults of tests measuring general endurance (Brettschneider &
Naul 2004; Jurak et al. 2003; Kondri¢ 2000; Kovac 1999; Strel, Kovac & Rogelj 2005).

The modern information consumer society offersvery different possibilitiesfor
active and passive lives; the supply of information activities significantly exceeds the
time on hand, which is available to children after they finish their compulsory school
tasks. Theinflux of varioustechnological novelties, usually of an entertainment character
such as mobile phones, computer, video and audio technology, represents a challenge for
children and youth, however, it keepsthem away from ahealthy way of life (Strel, Kovag,
Jurak 2004). Therefore, children and youth are being alienated from their family, school
and peer environments and particularly from sports and other activities of a physical
nature. Such alifestyle has various impacts on children’s development; often the effects
on physical and motor development are negative and alter the structure of correlations
between physical characteristics and motor abilities.

Physical education is one factor which could tip the scale and reduce the nega-
tive effects of amodern lifestyle and ensure a balance in children’s physical and mental
development (Brettschneider & Naul 2004; Strel, Kovad & Jurak 2004). Sportsactivity has
an impact on the biological, mental and social parts of the human personality (Strel et al.
2003). Therefore, the physical education process needs to be carefully planned and sup-
ported with research efforts studying the status and changes in the motor, morphol ogical
and health parameters of children and youth. At the same time, physical education hasto
assure an individual approach to work with young people in order to alow them to de-
velop their own potential.

Characteristics of physical and motor development

It must be recognised that a greater volume of physical education in schools
cannot per se replace insufficient motor activity in everyday life. EU countries approach
the sports education of 6-18 year-old children in different ways (Hardman & Marshall
1999). Sports education should mainly encourage medium to high intensity physical ac-
tivity. The capability levelsof cardio-respiratory systems of children and youth haveto be
stimulated by medium to high intensity sports activity, which hasto be practiced regularly
e.g. a least threetimesaweek (Simons-Morton et al. 1988).

The very broad effects of sports activity on the bio-psycho-social dimension
require knowledge about the fundamental rules of a child's growth and development.
Further, the formation of suitableteaching plansand their high-quality realisation is needed;
this depends on the education level of physical education teachers, material conditions
and enlightenment of the social environment. The teaching process hasto be planned in
a way that stems from and considers the abilities, knowledge, needs, motivation and
distinctiveness of all pupils.

Girlsin Slovenia are taller than boys between the ages of eleven and thirteen,
while between the ages of twelve and thirteen they are also heavier (Strel et al. 2003).
Adolescence startsin girlsone or two years earlier than in boys, around the ages of ten to
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twelve. Thedeferred start to adol escence allows boysto carry on growing for two yearslonger
thangirls. Therefore, men aretaller and havelonger extremitiesthan women (Chumlea1982). In
Slovenia, an apparent increase of height acceleration has been noticed between the ages of
eight and thirteen for girls and between the ages of eight to fifteen for boys (Strel et a. 2003).
In men, muscular mass and to some extent also the amount of body fat on the stomach and
breast areaincreases during adolescence (Roemich & Rogol 1995; Tanner 1962).

The growth rate for boys increases at the age of twelve and reaches its peak of
twelve centimetres per year at the age of fourteen; afterwards, it gradually slows down
until the age of seventeen, when growing comesto ahalt (Roemich & Rogol 1995; Rolland-
Cachera 1995). Strel et al. (2003) found that the biggest increase in body height for the
population of girls occurs at the age of twelve—6.7 centimetresin one year, whereas for
boysit happens at the age of fifteen—when they grow by 7.3 centimetres.

Prior to adolescence, girls have more body fat than boys (Abernethy et al. 1997;
Dezenberg et al. 1999; Ferrante et al. 1993). During adolescence their weight increases by
up to 8.5 kilograms per year for girls aged thirteen, whereasin boys the greatest increase
is at the age of fourteen with 9.5 kilograms. Afterwards, the weight increase slows down
for both gendersand for 15-year-old girlsamountsto just one kilogram per year, whilethe
samevalueisnoticed for boys at the age of seventeen (Roemich & Rogol 1995; Rolland-
Cachera1995). Body weight risesin line with age and increased body height, mainly asa
result of growth and increased muscular mass rather than increased body fat (Abernethy
et al. 1997; Parizkova1996; Rolland-Cachera1995).

The proportion of body fat increases dightly in boysin the period of early adoles-
cence ands afterwards it decreases between the ages of ten and eighteen at arate of 1.1
percent ayear (Roche 1992). The accel erated gain in body weight, which starts at the age of
8andendsat 13for girlsand 15for boys, hasbeen very characteristic for Sloveniainthelast
decade (Strel et al. 2003). The biggest weight gain happens at the age of twelvefor girlswith
4.9kilogramsand at the age of fifteen for boyswith 6.6 kilograms (Strel et al. 2003).

Kondri¢ and Sajber Pincoli¢ (1997) researched the devel opmental trends of cer-
tain physical characteristics and motor abilities of Slovenian pupils of both genders from
1988 to 1995. Theresults showed positive changesin the physical characteristics of both
genders as the children were getting taller and heavier, whereas the proportion of their
body fat was decreasing. Already prior to adolescence, there are slight yet constant
differences between genders; they become more apparent during adolescence. The motor
task results produced better resultsin those variables which display an information com-
ponent of movement. In contrast, the results of variables representing the energetic com-
ponent of movement had stagnated. The researchers also warned about the trend of
growing differencesin motor abilities between genders, which were most apparent at the
age of thirteen.

Sturm and Strel (2002) analysed the motor and physical development of primary
school pupils between 1970/71 and 1983. They came to the conclusions that the differ-
ences in the physical and motor development of young people between individua re-
gions have decreased; positive steps in those motor abilities displaying the information
component of motor efficiency are noticeable; the results of motor tasks of an energetic
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type, requiring a large mobilisation of energy, indicate a significant positive change; the
results of motor efficiency tests requiring along-term continuous effort are stagnating or
even regressing; changesin physical characteristics are all positive, the most noticeable
isthe gain in body height; and there is a tendency of a decrease in body fat.

The study Certain morphological, motor, functional and health parameters
of children and youth in Sovenia between 1990-2000 (Strel et al. 2003) examined the
status, magnitude and direction of changes in these parametersin the 1990s. The find-
ings did not present any significant changes in physical characteristics. The gain in
body height was smaller than in the previous decade, however, the parameters body
weight and upper arm skin fold had significantly increased, particularly in the period
prior to the age of thirteen. According to the comparison of results between 1990 and
2000, motor abilities showed a positive developmental trend, while changes between
the genderswere also smaller asthe girlswere catching up with the boys. Motor endur-
ance had declined prior to the age of eleven; afterwards, positive developmental trends
of motor endurance could be seen up to the age of fifteen. The population of high
school pupils had progressed the most since in that decade girls increased their motor
endurance by four percent.

Strel, Kova¢ and Rogelj (2006) found in an ongoing study of the population of
Slovenian children and youth aged 6-19 an increasein fat tissue of 5% between 2000 and
2005 and an additional increase of 2% in 2006. The authors warned about avery negative
trend (the strongest since 1970), which could have long-term conseguences. A compari-
son of the average value index of motor abilities (eight tests) showed positive changesin
girls (+.52%) and negative changes in boys (-.26%) between 2000 and 2005. For girls,
positive changes are less noticeable than in the 1990-2000 decade, whereas in boys a
moderate positive trend has turned into a negative one in the last five years.

The abovementioned research findingsindicate that morphological dimensionshave
strong effectson motor dimens ons, which can be seenin theresultsof individual motor tasks.
Morphologica dimensions generally have a positive influence on motor abilities; in certain
casesthe correl ation between the dimension of motor abilitiesand morphological characteris-
ticsisalso negative. Most often, body fat has a negative influence on motor abilities.

Correlations between physical and motor development

Many correlations between various dimensions of psychosomatic status have
been proven and tested several times. In the transformation process of certain dimensions
the effects are not limited as they affect the entire system of psychosomatic status due to
the mutual connection of dimensions (Sturm & Strojnik 1994).

First studies of physical characteristicsand motor abilitiesof children and youth
in Sloveniawere carried out by Bozo Skerlj in the beginning of the 20t century (Stefancic¢
et al. 1996). Physical and motor development is often atopic for many researchers, how-
ever, there is significantly less research studying their correlation. The status, develop-
ment and mutual connection of physical characteristicsand motor abilitiesformsan entity
which helps to understand and plan the continuation of positive changes and to change
the negative ones.
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Research findings about the status, devel opment and mutual connection of physi-
cal characteristics and motor abilities are quite often not in agreement but different or
sometimes even opposing. The differences are most often a result of unrepresentative
samples of measured pupils from different social and cultural environments, the system-
atic provision of physical education, eating habits and health and sports awareness of the
social environment. Reasons for the discrepancies can also be found in differences be-
tween chronol ogical and biological ageswhich cause problemsin the valuation and inter-
pretation of results.

The different numbers and types of tests also cause many problems. In North
Americathe Youth Fitnesstest, Fitnessgram and Physical Best Packageisapplied, whereas
in Europe a Eurofit test is used to measure motor abilities (Jurimée & Jirimée 2000). In
Slovenia, experts have been following the physical and motor development of children
and youth for more than 20 years with the hel p of the Sports-educational chart devel oped
at the Faculty of Sport (Strel, Kova¢ & Rogelj 1996) which isrecognised as one of the best
setsof testsfor motor abilities (Jurimée & Jirimée 2000).

In Slovenia, several researches examining the correl ation between morphological
characteristics, motor abilities and other bio-psycho-social dimensions have been carried
out on representative samples or the entire population of children and youth. In the last
ten years there have been significant and diverse changes in the physical and motor
development of children and youth (Strel et al. 2003). Therefore, it issensibleto look for
correlations between the morphological and motor dimensions and to test if the relation-
ship between the dimensions has changed and, if so, in which direction.

Sturm (1975) examined correlations between physical strength and certain morpho-
logical and motor characteristicsin manifested and latent space. The sampleincluded 433 men
and 422 women aged seventeen. A genera positive correlationin men between anthropometrical
variables and indicators of regulation mechanisms for the intensity of excitation was found,
whereas the generd correlation between anthropometrical variables and measures of regula-
tion mechanisms for the duration of excitation proved negative. In women, correlations be-
tween anthropometrical variables and measures of relative strength were negative, only the
relations between anthropometrical variablesand measures of total strength were provento be
positive. In both genders, a negative correlation between body fat and tests performed with
parts of the body containing large amounts of body fat was found.

Regression analysis showed a significantly characteristic correlation between
the volume of body and manifested variables of physical strength of a dynamic type and
dynamometry. Thereis also anegative correl ation between the amount of body fat and all
the strength measures. Anthropometrical measures significantly influence the latent di-
mension of physical strength. The mechanism for regulating the intensity of excitationis
correlated with those variables which define an athletic type of body constitution and
with body volume. A significant positive correl ation exists between body volume and the
mechanism for regulating the duration of excitation.

In one of his studies called Changes in the relations between certain
anthropometrical and motor characteristics between the ages of eleven and fifteen, on
the sample of 946 measured pupils of male gender Strel (1976) found that the proportion of
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total variance of both psychosomatic status dimensions increases with age. Body weight
and upper arm skin fold have adecisive influence on motor abilities at the age of eleven.
Both are in a negative correlation with motor activities where energetic components of
movement and relative physical strength are dominant. Body height has a positive influ-
ence on power and fast locomotion tasks. The negative influence of the upper arm skin
fold on al motor variables, except forward bench fold and hand drumming, is also notice-
able at the age of thirteen. A high correlation between motor and morphological dimen-
sions can also be seen in fourteen-year-old boys, reaching its culmination at the age of
fifteen. At the age of fourteen, body height has a positive influence on the results of those
tests of motor dimension which have the character of powerful and forceful movement,
and a negative influence on tests where endurance in strength is needed. At the age of
fifteen, body height only has a negative influence on test chin-up liftsin mixed hang.

Kondri¢, Misigoj-Durakovié and MetikoS (2002) examined the correl ations be-
tween morphological characteristics and motor abilities on asample of 200 seven-year-old
and the same number of 9-year-old boys. Fifteen tests were used to eval uate morphologi-
cal characteristics and twenty-four tests were applied to evaluate motor abilities. An
extremely high and strong correlation between both dimensions was found. The energy
regulation mechanism has a significant correlation with both the manifested and latent
space of morphological characteristics. A positive correlation was also found between
morphological variablesand those results of motor tests which depend on the mechanism
for regulating the intensity of excitation (broad jump, medicine ball put), whereas anega-
tive correlation was found between morphological variables and those results of motor
tests which depend on the mechanism for regul ating the duration of excitation.

Aims of the research

Slovenian teaching curricula for primary and high schools (Kovae & Novak
1998) list symmetric physical development and general fitness asimportant goals. There-
fore, the correlation between the 600-metre run, which describes the level of general fit-
ness, and selected physical characteristics of pupils at primary and high schools will be
examined. Certain physical characteristics which often have an important influence on
motor efficiency can be changed through suitable programmes; therefore, understanding
the magnitude and direction of mutual correlations providesthe fundamental information
needed for preparing and realising appropriate sports programmes.

Sample

The sample of measured pupilsincluded primary and high school pupils aged 7
to 19. In 1983, 10% of the total population (29.230 pupils) was measured. In 1993 the
percentage rose to 93.58% (148.291 pupils) of thetotal population, whilein 2003 86.51%
(120.830 pupils) were measured. All pupilswere measured in April within the framework of
measurements for the Sports-educational chart, following the standard procedure (Strel
1996). In 1983, only selected schools participated in the measurements whereas in 1993
and 2003 all schoolsin Sloveniawere included. Only pupils who at the time of the mea-
surements were healthy, not exempt from physical education lessons due to health rea-
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sons and whose parents had in 2003 given their written consent were included. In 1983
and 1993 the parents were not asked to give their consent as the regulations of the
Ministry of Education have only required the obtaining of consent for measurements of
physical characteristics and motor abilities within the Sports-educational chart database
since 1996 (Strel 1996).

Sample of variables

The sample included three anthropometrical tests (body height, body weight
and upper arm skin fold) and atest for measuring general endurance—the 600-metre run.
All the tests have suitable measuring characteristics and have been used in Slovenia
since 1970 (Sturm and Strel 2002), from 1986 onwardsthey have been used annually on the
population of children and youth, ever since the measurements for the Sports-educa-
tional chart commenced.

Data analysis methods

The data were analysed at the Faculty of Sport of the University of Ljubljana
using the SPSS statistical package. Simple (descriptive) statistics were calculated; are-
gression analysis was used to measure the correlation between the variables.

Results and discussion

Duetothelarge volume of statistical data, correlation coefficients of the multiple
regression analysis between the 600-metre run and all three measures of physical charac-
teristicsin 1983, 1993 and 2003 will be presented first. Afterwards, beta coefficients be-
tween the 600-metre run and body height, body weight and upper arm skin fold for each
age group in al of the observed periods will be presented.

The previous analysis of simple stetistical data (due to their volume they are
available from the author) confirmed the already expected significant differencesin the
results of individual tests between different age groups of children and youth. Also very
important are the differences between children and pupilswho were measured in different
time periods (1983, 1993 and 2003). The largest differences can be seen in the increase of
body weight and the worst resultsin the 600-metre run.

Asthe samples of measured pupilswere extremely large (in 1993 and 2003 they
can be considered asthe population), all the regression analyseswere statistically signifi-
cant at the level of p=.000 and are not presented separately.
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Fig. 1: Correlation between the 600-metre run and body height, body weight and
upper arm skin fold in pupils aged 7 to 19 in 1983, 1993 in 2003 (multiple correla-
tion coefficients)

By using regression analysis (as a criterion the result of the 600-metre run was
considered arepresentative measure of general endurance, predictive variableswere body
height, body weight and upper arm skin fold) the coefficients of multiple correlation were
calculated, thereby explaining the degree of mutual correlation. Multiple correlation coef-
ficients between the test 600-metre run and some morphological characteristics (body
height, body weight and upper arm skin fold) in 1983, 1993 and 2003 arefor pupilsfromall
age groupsrelatively high with values of between .243 and .487. The highest valueswere,
as expected, in the period of adolescence as the 600-metre run results have an impact on
the morphological characteristics of up to 25%. The average multiple correlation coeffi-
cient wasfor all agegroupslowestin 1983 (.336), in 1993 it washigher (.351) and it reached
its highest value in 2003 (.395). The influence of morphological characteristics on the
result of the 600-metre run hasrisen in two decadesfrom 11.3%in 1983 to 15.6% in 2003.

Figure 1 shows the correlation between the 600-metre run and physical charac-
teristics, which is quite diverse according to the age of the measured pupils, while the
structure of the correlation also changes according to the year of measurement. In 1983,
the multiple correlation coefficients were highest for 8- and 12-year-old pupils and for
pupils older than 16, and significantly lower in all other age groups. In 1993 and particu-
larly in 2003 the multiple correl ation coefficientsincrease from the age of 7 (.316) upto the
ageof 13 (.487), when the biggest gainin height isnoticeable (7.3 centimetres); afterwards
thevalues gradually fall until the age of 19 when they are nearly at the samelevel asin 7-
year-old pupils (Strel et al. 2004).

Thetable showssignificant changesin the multiple correlation coefficientswhich
have occurred over the period of twenty years between the correlation of the 600-metre
run and the three morphol ogical characteristics. In 1983, there were no significant differ-
ences in the multiple correlation coefficients between primary and high school pupils. In
1993 and 2003 the coefficientsfor primary school pupilsare significantly higher than for
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the high school pupils. In the last decade, the unfavourable morphological structure of
primary school pupils has had a significant impact on the declining results of the 600-
metrerun (Strel, Kovac & Rogelj 2006).

Teachers and parents have not paid enough attention to changes in living con-
ditions which have contributed to the reduced physical activity of children and youth
(Strel, Kovae & Jurak 2004); simultaneously, eating habits which influence a different
morphological structure are changing. As the influence of various morphological char-
acteristics on success in the 600-metre run is presumably different, the impacts of body
height, body weight and upper arm skin fold will be explained separately. The interpreta-
tion of results and discussion will focus on the magnitude of beta coefficients, which
represent the best measure to define adegree of mutual correlation of criterion and predic-
tivevariables.
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Fig. 2: Correlation between the 600-metre run and body height of boys aged 7 to 19
in 1983, 1993 and 2003 (beta coefficients)

With the use of regression analysis, where the 600-metre run represented acrite-
rion variable and body height, body weight and upper arm skin fold were predictive
variables, beta coefficients were cal culated for each of the morphological characteristics
and for each year of measurement (1983, 1993 and 2003) for the age groups 7 to 19. Beta
coefficientsvaluesaregraphically presented in the Figures 2, 3 and 4. In the 600-metrerun
alower result (measured in seconds) is also a better result; consequently, the negative or
positive value of the beta coefficients needs to be changed in order to seerealistic values
of the mutual correlation.

Beta coefficient val ues between the 600-metre run and body height are for pupils
from all age groups not particularly significant in 1993 and 2003. The val ues are between
-.05 and -.224 and show a positive correlation which decreases with age and was at the age
of 19just -.05in 1993 and -.069 in 2003. Yet the correl ation between the 600-metre run and
body height in 1983 differs considerably. The values of beta coefficients are between .159
and .40, indicating anegative correl ation between the variables. According to the results,
taller pupils had worse running results, particularly high values of the beta coefficient are
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noticeable at the ages of 8 (.401) and 12 (.321) when the annual gain in height is also the
largest.

Thereview of resultsin Figure 2 shows some surprising beta coefficient values
as significant changes have occurred in the correlation of the 600-metre run and body
height in the last 20 years. In 1983, the correlation between the 600-metre run and body
height was negative (it ismore noticeable for primary school pupils) whichisinlinewith
thefindingsof Kureli¢ (1974), Sturm (1975) and Strel (1976). In 1993 and 2003, the correla-
tion islower, however, it is also positive with an apparent tendency of a reduced mutual
correlation with the age of the measured pupils.

There are some arguments supporting the change of effects of body height on
the result of the 600-metre run, nevertheless, they will need to be additionally studied in
future research. In the last twenty-five years, some crucial changes have happened in the
development of children and youth and particularly in the volume, type and quality of
sports programmes in the education system and in the course of sport in free time.

In the mentioned period, the accel eration of body height increase stopped; there
are no significant changes in the population or samples of Slovenian children and youth
in comparisonwith 1983 (Stefankic et al . 1996; Strel, Kovas & Rogelj 2006). Simultaneously,
the volume of physical education in the education system has been increased by approxi-
mately 30%; the material conditions have improved considerably (modern built and
equipped facilitiesin primary and high schools); the number of pupilsin groups has been
reduced by 50%; while the teaching curricula for primary and high schools have been
reformed twice. Pupils with above-average body height are more successful in physical
education and particularly in sports activities which school s organise after school hours.
Better-educated teachers are presumably better considering the particularities of physical
development and, as aresult, pupilsin the period of accelerated growth have less prob-
lemsin those activities requiring the co-ordination of movement, flexibility, strength and
endurance.

The abovementioned quantitative and qualitative factors have presumably in-
fluenced ahigher level of sports skillsand amore balanced motor development of children
and youth. Thisis also apparent from the better results achieved in the 600-metre run by
individuals of an above-average height who have developed a running technique where
their higher centre of gravity resultsin a biomechanical advantage.

Reasons for the positive correlation between the 600-metre run and the body
height of pupils can also be found in the changed living conditions. Different nutritional
possibilities and other effects of the environment have probably more influenced devel-
oped physical and functional development (cardiovascular and respiratory abilities).
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Fig. 3: Correlation between the 600-metre run and body weight of pupils aged 7 to
19 in 1983, 1993 and 2003 (beta coefficients)

Beta coefficients describing the degree of correlation between the 600-metre run
and body weight are for pupilsfrom all age groups not particularly significant in 1983; the
valuesare between - .017 and - .248 and show alow positive correlation. The most positive
influence of body weight on the result in the 600-metre run can be seen with 12-year-old
pupils, athough the beta coefficient does not exceed the - .25 level. The correlations be-
tween the 600-metre run and body weight in 1993 and 2003 differ significantly. Beta coeffi-
cient values are between .028 and .356. The correlation between the variables is negative;
heavier pupils achieved worse results. Particularly high values of beta coefficients are no-
ticeablewith eleven-year-old pupils (.356), when the body ispreparing for accel erated growth.
Table 3 aso shows very low values of beta coefficients between the ages of 13 to 19,
indicating an insignificant influence of body weight on the 600-metre run results.

Theresultsin Figure 3 show significant changesin the last twenty yearsin the
correlation of the 600-metre run and body weight. In 1983, the correl ation of the 600-metre
run and body weight was positive and more apparent for primary school pupils. In 1993
and 2003, the correlation is significantly higher yet negative, with a clear tendency of a
reduced mutual correlation with the age of the measured pupils.

Findings about the negative effect of body weight on the 600-metre results are
surprising and unexpected since Sturm (1975) and Strel (1976) found a positive effect of
body weight (muscular mass) on the 600-metre run. In the last 20 years almost identical
important changes in physical devel opment have been found on the samples and popula-
tion of Slovenian children and youth. In this period, the body weight of same age pupils
hasincreased by 10% (Strel, Kovat & Rogelj 2006). Up-to-date researches also reveal that
for primary school pupilstheincreasein body weight is due to increased muscular mass,
aswell as dueto ahigher amount of body fat. For high school pupils, the amount of body
fat did not have a significant influence on the increase of body weight.

Despite the important positive changes in the physical education process pre-
sented in the section on the positive correlation between the 600-metre run and body
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height, the negative influence of body weight on the 600-metre result is only partly sur-
prising. As aresult of an increased volume of body fat in the last 20 years, body weight
has also changed, particularly in pupils under the age of 12. Passive body weight under-
standably has a negative influence on the results of the 600-metre run.
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Fig. 4: Correlation between the 600-metre run and upper arm skin fold of boys aged 8
to 19 in 1983, 1993 and 2003 (beta coefficients)

Beta coefficient values describing the correl ation of the 600-metre run and upper
arm skinfoldin 1983, 1993 and 2003 for pupilsfrom all age groups are between .117 and
.A42. Expectedly, these values are high (Sturm 1975; Strel 1976). Upper arm skin fold ex-
plains successin the 600-metre run to alarger degree than body height or body weight. In
2003, the results of the 600-metre run were, particularly for the primary school pupils,
subjected to aslightly larger negative effect of the upper arm skin fold compared to 1983,
whereas in 1993 the correlation was the least obvious. A negative effect of the upper arm
skin fold on the results of the 600-metre run is expected and in line with up-to-date find-
ings (Kondri&2000; Kureli¢ 1974; Strel 1976; Sturm 1975). The magnitude of the negative
correlation of the upper arm skin fold and successin the 600-metre run was to be expected.

The most noticeable was the negative effect of the upper arm skin fold on the
results of the 600-metre run of 12-year-old boysin 1983. The outstanding val ue of the beta
coefficient (.442) is surprising and unexpected, nevertheless, certain circumstanceswhich
could haveinfluenced the ability of the 12-year-old pupils need to be mentioned. 1983 was
ayear of aserious economic crisis, there was shortage of material goods, food etc., and
the choice of them was also minimal. In progress was an education reform with new
academic subjects, curriculaand additional professional training of teachers. Normscall-
ing for asignificantly lower number of childrenin groupsfor physical lessonswere putin
placefor 11-year-old pupils. The so-called ‘ Portoroz articles' brought new strategic direc-
tions for sport, directing the focus to more professional work for the purposes of elite
sport, particularly for children aged 5 to 11. These reasons could have influenced the
specific status of the 12-year-old pupils.
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The beta coefficients in Table 4 indicate an increase in negative effects of the
upper arm skin fold on the results of the 600-metre run in 2003 compared to 1983. The
increase is noticeable for al primary school pupils, apart for the already mentioned 12-
year-old children. Thefindingsarein line with the gain in skin fold values between 1983
and 2003 (Strel 2003). Changesin high school pupils have an opposite correlation, show-
ing asmaller negative effect of the upper arm skin fold on the results of the 600-metre run
in 2003 in comparison with 1983.

The negative influence of body fat on motor efficiency, particularly on general
endurance, is a problem which, despite the positive changes in physical education in
schools, has not been reduced; it has actually increased in some age groups. There are
several reasons for this. The modern lifestyle includes excessive food of insufficient
quality and is a predominant factor. Physical education is not effective enough as the
particularities of each pupil are still only considered in theory instead of becoming an
ingredient of everyday professional work in practice.

Conclusion

The status of fitness abilities holds a special place in school. As a result, the
correlation of a 600-metre run, which describes the level of general endurance, and se-
lected physical characteristics such as body height, body weight and upper arm skin fold
was examined. Some physical characteristics which often have an important effect on
motor efficiency can be changed through suitable programmes. Therefore, knowledge of
the direction and magnitude of the mutual correlationsisfundamental in order to prepare
and realise suitable sports programmes.

Asthe samples of measured pupils are sufficiently large they can be considered
to be population samples at least in 1993 and 2003. All the correlations are statistically
significant at thelevel of .000. Multiple correlation coefficients between the 600-metrerun
and body height, body weight and upper arm skinfold in 1983, 1993 and 2003 arefor pupils
from all age groups between .243 and .487. The highest values are, as expected, in the
period of adol escence when the morphological characteristicsinfluence the results of the
600-metrerun by up to 25%. The average multiple correlation coefficient between the 600-
metre run and all three morphological characteristicsfor all age groups of pupilswasthe
lowest in 1983 (.336), in 1993 it increased (.351) and in 2003 it was significantly higher
(.395). Theeffect hasincreased in two decadesfrom 11.3% in 1983 to 15.6% in 2003.

In 1983 there were no significant changesin the multiple correlation coefficients
between primary school and high school pupils. In 1993 and 2003, the coefficients of
primary school pupilsare considerably higher than for high school pupils. An unsuitable
morphological structurefor the 600-metre run hasbeen formedin thelast ten years, mainly
in primary school pupils, and has significantly influenced adeclinein general endurance.

Beta coefficients between the test 600-metre run and body height are not signifi-
cant in 1993 and 2003 for pupilsfrom al age groups. Values are between - .159 and - .206
and show apositive correlation, which lessenswith age. At the age of 19, the value of beta
coefficientswas- .05in 1993 and - .069 in 2003. The correl ation between the 600-metrerun
and body height in 1983 differs considerably. The values of beta coefficients are between
.159 and .401, indicating a negative correl ation—taller pupils achieve poorer results.
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In the studied period, significant changes also occurred in correlation between
the 600-metre run and body weight. In 1983 there was a positive correl ation between the
results in the 600-metre run and body weight, which was more obvious for the primary
school pupils. In 1993 and 2003 the correlation is significantly higher, however itisnega-
tive and has an apparent tendency of a decreased mutual correlation with the age of the
measured pupils.

In 2003, the negative effect of the upper arm skin fold on the results of the 600-
metrerun increased for primary school pupilsin comparison with 1983. Thisfindingisin
linewith the changesin skin fold gain between 1983 and 2003 (Strel, 2003). The changes
for the high school pupils move in the opposite relation as the negative influence of the
upper arm skin fold on the results of the 600-metrerunislessin 2003 than in 1983.

The predominantly negative effect of body weight and upper arm skin fold on
motor efficiency, particularly on general endurance, which despite the positive changesin
physical education in schools has not in fact been reduced; actually, it has increased in
some age groups. There are several reasonsfor this. The modern lifestyleincludes exces-
sive food of insufficient quality and is the principal factor. Physical education is not
effective enough as the particularities of each pupil are still only considered in theory
instead of becoming an element of everyday professional work in practice. Parents and
teachers need to be encouraged to focus even more on correct nutrition while, at the same
time, the volume and quality of planning and realisation of suitable physical education
should be ensured.
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POVZETEK

Studija proucuje povezanost nekaterih telesnih znacilnosti ucencev (telesna
viSina, telesna teza, kozna guba nadlahti) in kazalcev splo$ne vzdrzljivosti v letih 1983,
1993 in 2003. Predvidevali smo, da so se spremembe v telesnem in motori¢nem razvoju,
ki smo jim pric¢a v zadnjih letih, odrazile tudi na spremembi moci in smeri povezanosti
med nekaterimi telesnimi znacilnostmi in rezultati teka na 600 metrov. Korelacijski
koeficienti med tekom na 600 metrov in telesnimi znacilnostmi u¢encev v omenjenih
letih so pokazali na visoko stopnjo povezanosti med njimi in sicer v vseh trinajstih
starostnih kategorijah. Po pri¢akovanju, so se najvisje vrednosti korelacijskih koefi-
cientov pokazale v obdobju adolescence, saj so v tem obdobju telesne znacilnosti
vplivale na rezultat teka na 600 metrov kar v viSini 25%. Povprecni korelacijski koeficient
je bil v vseh trinajstih starostnih skupinah najnizji v letu 1983, nato pa se je vsako
desetletje zviseval.

KEYWORDS: morphological characteristics, general endurance, correlation, boys
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