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INTRODUCTION

Present-day volleyball requires from players quick reaction to changing situations in the
game and accurate and precise movement for handling the ball. All this requires, in
particular from young female players, development of volleyball technical skills as well as
physical and psychophysiological abilities and assessment of the quality of these abilities.
According to literature (Thissen-Milder and Mayhew, 1991; Farkas et al., 1991; Bale et al.,
1992; Kiomourtzoglou et al., 2000; Avloniti et al., 2001), these abilities are in close
connection with the girls’ age-related constitutional peculiarities. Therefore, detailed

assessment of the body build of this contingent is of great significance.

Respective studies about elite women volleyballers emphasise their greater height and
weight, length of extremities, shoulder breadth, highly developed bone and muscle
structure of extremities and upper body (Hékkinen, 1993; Viviani and Boldin, 1993;
Gualdi-Russo and Zaccagni, 2001). Still, we can state that very few detailed
anthropometric studies have been carried out on female players, both adults and
adolescents. Usually, the number of body dimensions examined is very limited, being
restricted to height, weight and body fat content. Practically no attention has been paid to
extremities’ length and many circumferences of the extremities and the trunk, which could

be essential in the adolescence period.

In literature, physical abilities of young women volleyballers are assessed by means of a
series of physical ability tests specially designed to be used in volleyball (Lee et al., 1989;
Viitasalo., 1988). These include jumping tests, speed, endurance, flexibility tests, strength
and explosive strength tests. The results of many tests are in correlation with one another
and depend on body build. However, as researchers have no detailed anthropometric data
at their disposal, it has not been possible to establish the exact nature or correlations

proceeding from body build.

Testing of volleyballers’ psychophysiological abilities has great prospects; at present, such
studies are systematically carried out in relatively few countries — India (Sharma et al.,

1986), Turkey (Hascelik et al., 1989), Greece (Kiomourtzoglou et al., 2000), Germany



(Hackfort and Schmidt, 2001) — and also in Estonia (Thomson, 1992, 1997). Research

along these lines has to be continued.

In addition to methods for testing the technical skills necessary for young female
volleyballers in the game (Oslin et al. 1998; Harrison et al. 1999), methods have also been
devised for evaluating the performance of each player as well as the technical and tactical
peculiarities of the entire match. For this purpose, several recording systems have been
created abroad, the best-known being Volleyball Win Vis version, which was successfully
applied at European men’s championships (Oulu EM 1993) and Volleyball Information
System (FiVB, 1997). In Estonia, also, different recording systems have been used
(Huimerind, 1971; Amanun, 1973; Aunin, 1979; Ndlvak, 1995a, b), but, until now, only a

few studies have been carried out on young female volleyballers.

The aim of the present study, therefore, was to examine the dependence of young female
volleyballers’ performance on their body build, physical abilities, technical skills and

psychophysiological properties.



REVIEW OF LITERATURE

1.1. Anthropometric studies
1.1.1. A brief overview of studying the regularities of adults’ body build

Anthropology as an independent branch of science took shape in the mid-19" century. The
first department of anthropology was founded at the National Museum of Natural History
in Paris in 1885 and the first anthropological society was established in Paris in 1895. One
of its founders was the French scholar P. Broca (1824-1880), who designed the
instruments of anthropological research and carried out the first measurements (Broca,

1879).

The underlying principles of anthropometric research were devised by R. Martin (1864—
1924). His textbook became an authoritative handbook of anthropometric measurement
methods and has served as the foundation for measurement methodology until the present

(Martin, 1928).

Researchers understood that modelling of the human body as a whole presupposes detailed
knowledge of the external body build (baysp, 1900; Rautmann, 1921, 1928; BumneBckuii,
1926; Urnarees, 1927; Belinenpeiix, 1929). The collected measurement data needed
analysis. The oldest method of statistical data processing was to study the empirical
distribution of individual anthropometric variables (Bach, 1931; Fink, 1955). Systematic
study of the variation coefficient of individual variables showed that this coefficient had
stable values for variables of one and the same category. It became an essential indicator
of variability of measured characteristics (Pearson and Davin, 1924). Each tissue of the

body was also found to have a characteristic degree of variability (Porunckmii, 1959).

Great significance in further studies of body build structure belonged to mutual correlation
analysis of anthropometric data (Huxonaes, 1927; Rautmann, 1928). This has been clearly
expressed by V. G. Vlastovski (BmactoBckuit, 1958), who asserts that mutual correlations

between the characteristics, their strength and direction are determined first and foremost



by the general growth and development regularities of the particular organ and the
organism as a whole.

A necessity arose to find a leading characteristic among the mutually correlated variables.
For a long time height as the most stable among body characteristics was considered the
leading characteristic (Hammond, 1957; Porunckwuii, 1962; Clarke, 1973). Another leading
characteristic was found to be body weight (Rautmann, 1928; Tuiik, 1965;

Hepsaoun, 1975).

Great significance in the interpretation of the anthropometric whole of the body belongs to
the work of G. I. Akinshchikova (AxunmukoBa, 1969). Studying the anthropometric
variables of 70 female students, she found that, although it was essential to establish which
characteristics were the leading ones, it was difficult to do it as all characteristics were in
mutual correlation. In her opinion, the leading characteristics should be located outside of
the system. She did not say anything about the role of height and weight, as she had not

taken into consideration their correlations.

Thus, thanks to the system of mutual correlations that had been found to exist between
bodily characteristics, different research trends develop in anthropology — studies on

proportions, physical development, body composition, and constitution.

To study body proportions, the method of correlations (fIpxo, 1924), factor analysis
(depstbun, 1976) and the method of indices (Langmaack, 1956; Porunckuii, 1957; 1959)
were used. Body proportions were found to be dependent on age and gender (Aul, 1940;
bamkupos, 1957), but not on ethnic origin neither in men (Yremnos, 1961) nor in women

(CmupHoBa, 1960).

The method of indices was expected to be useful for viewing the body as a whole, as body
dimensions were expected to change isomorphously in relation to one another. This,
however, did not prove to be the case; more often proportions change heteromorphously
(bamkupos, 1962), and therefore the changes in proportions in different people were

difficult to interpret.

Attempts were made to classify and type all subjects by factor analysis (Muller, 1940;
Thurstone, 1947; Burt, 1947; Howells, 1951). Using a sample of women, B. H. Heath



(1952) differentiated between two factors: the factor of adipose tissue and that of bone
tissue. V. H. Janina (Slamua, 1974), who studied 836 women aged 20-35 years,
differentiated 3 factors on the basis of 10 body measurements: 1) weight — chest

circumference; 2) skinfolds; 3) pelvis breadth — thorax depth.

Unfortunately, factor analysis did not yield such uniform results as expected. Authors
started from different sets of initial measurements, used different methods for factors
extraction and rotation, and, therefore, as a result, a different number of factors having

different interpretations were obtained (Hammond, 1957).

Studies of body composition have proved the existence of regularities between body build
and body composition. Thus, correlations have been found between total body fat, lean
body mass, skinfolds, body density, body weight and a great number of other body
dimensions (Matiegka, 1921; Edwards, 1951; Behnke, 1959, 1961; Young et al., 1961,
Wilmore and Behnke, 1970; Katch and McArdler, 1973; Noppa et al., 1980; Jackson et al.
1980; Smith and Boyce, 1977). One of the most essential skinfolds is the suprailiac
skinfold; its correlation with the summary skinfold is r = 0.92 (Garn, 1957) and with total
body fat r = 0.71 (Sloan et al. 1962).

Trying to predict components of body composition from anthropometric variables,
different authors found that not a great number of body measurements were needed. Thus,
M. L. Pollock et al (1975) predicted body density (R* = 0.83) from four body
measurements; J. H. Wilmore and A. R. Behnke (1970) calculated lean body mass from
five body measurements (R? = 0.93); Raja and Singh (1978) the amount of lean body mass

(R? = 0.84) from four body measurements.

The long history of somatotyping and constitution studies testifies to the existence of
certain regularities in variations of body build. First, the somatoscopic classification was
applied, and an interesting fact was found that the somatoscopically determined extreme
types — the leptosomic and the eurosomic type (Belinenpeiix, 1929; Kretschmer, 1961) —
appeared in people of different ethnic origin. From that one can conclude that subjects of

intermediate types should also exist in many ethnic groups.



In research, more attention was paid to extreme types. G. Viola (1935, 1936) showed that
extreme types differ significantly in the relation between trunk length and lower extremity
length. He differentiated between two extreme types — microsplanchic (tall stature, small
trunk) and macrosplanchic (short stature, relatively big trunk). The average, normal
proportions between the trunk and the extremities were, in his opinion, characteristic of the
intermediate type. A principally similar classification into eurosomic and leptosomic types

was used by Russian authors (IlleBkynenko, I'eceneBuy, 1935).

It has been concluded that for somatotyping an at least bivariate system of coordinate axes
should be used, where one axis represents a row of asthenomorphous-pycnomorphous
variations of height and the other — a row of macrosomic-microsomic variants

(Knussmann, 1961), or hypo- and hyperplastic variants (Conrad, 1941, 1963).

The authors who have devised somatotyping schemes of major importance include W. H.
Sheldon (1940), V. V. Bunak (bynak, 1940), R. W. Parnell (1954), B. H. Heath and J. E.
L. Carter (1967). At present, Heath-Carter’s scheme is preferred in the USA; in Russia
Galant’s (I'amant, 1927) scheme is used for women and Shtefko-Ostrovski’s (IllTedko-
Octporckuii, 1929) scheme for children. Factor types are used by Holle Greil in Germany

(Greil, 1987).

Summarizing the results of body build research, one can say that the discovered body
structure regularities make it possible to systematize anthropometric data in different ways
for a number of purposes. However, no classification has been invented yet that would be

satisfying in all respects.

1.1.2. Adolescent girls’ body build

Postnatal growth may be divided into four phrases (Kinanthropometry and Exercise
Physiology Laboratory Manual, 1996): infancy (from birth to one year), early childhood
(preschool), middle childhood (to adolescence) and adolescence (from 8—18 years for girls

and 10-22 years for boys).

The adolescence period is characterized by great changes in growth, development and

maturation, which are influenced by individual constitutional peculiarities and manifest
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themselves in the great variability of anthropometric characteristics (Huxuriok, 1972;
Malina and Bouchard, 1991; Dasgypta and Hauspie, 2001).

The greatest characteristic change during this period is adolescent spurt. This means short-
term acceleration of the growth in anthropometric variables. In girls it happens at the age
of 11-13 and in boys at the age of 14—15 years. The variability of characteristics reaches

its culmination at age 13 in girls and at age 15 in boys.

Systematic studies of children’s anthropometric variables were begun by the well-known
Belgian anthropologist Quetelet in 1840 (Quetelet, 1842). He was the first to carry out an
extensive study of body height and weight of children aged 6 and older and establish age

standards, which were used in Europe for three quarters of a century.

The problem has been studied in detail, among others, by Estonian scholars. J. Aul (1977)
describes changes in anthropometric indices in the adolescent period — Rohrer index
decreases, relative sitting height decreases, relative length of extremities increases. J. Aul
calls the complex of changes in individual anthropometric characteristics and indices that
determines the beginning of sexual maturity morphological puberty. L. Heapost (1993),
who carried out a detailed study of 7—18-year-old schoolchildren in Tallinn (n = 5034), has
recorded analogous changes — acceleration in the growth of body measurements and

changes in the individual variability of body measurements and proportions.

In recent years changes in children’s height and weight have been studied on large samples
of schoolchildren in Estonia (Aul, 1982), Sweden (Lindgren, 1990), Hungary (Eiben,
1995, 2001) and the Czech Republic (Blaha, Vignerova, 1999). Most European countries
use their own national standards for assessment of 7-18-year-old children’s height and
weight. In Estonia the first systematic measurements of 7—18-year-old schoolchildren’s
height and weight were carried out by Juhan Aul in 1956 (Aul, 1974). He also collected
analogous data in 1978 (Aul, 1982) and both sets of data were used as norms at that time.
The book Health of Estonian Youth (1989, in Estonian) by R. Silla and M. Teoste provides
a detailed overview of Estonian children’s health and physical development in the 1970s

and 1980s.

The latest methodological instructions for assessing children’s physical development are

based on the data collected from 1996-1997 (Griinberg, Adojaan, Thetloff, 1998) on the
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height, weight and body mass index of 2—18-year-old boys and girls (10,029 boys and
10,347 girls). These latest measurement results are used as national norms in all schools

and medical institutions of Estonia, while J. Aul’s data from 1978 are used for comparison.

Detailed characterization of adolescents considering their age, sex and maturity differences
needs extensive work in order to establish the regularities of body structure for this age
period. Major studies on this development stage of children include the papers by J. M.
Tanner (1962), T. Onat and B. Ertem (1974), M. Prokopec (1982), O. G. Eiben (1985), R.
N. Baumgartner et al. (1986), M. Prokopec and A. Stehlik (1988), J. Tutkuviene (1986), T.
Olds et al. (1998), E. Maiste (1999b), G. Beunen et al (2000), A. L. Claessens et al. (2001)
and G. Veldre et al. (2001).

The Centre for Physical Anthropology at the University of Tartu has attempted to study the
whole body structure throughout the adolescence period. M. Thetloff (1992) analysed 34
body measurements of 1920 girls aged 7—17 and considered the possibilities of prediction
of anthropometric variables from body height, weight and age in different age groups (7—
11 years, 12—15 years, 16—17 years). The results showed that body structure was similar in
all age groups, and all variables in all age groups were statistically significantly (within
13-96%) determined by age, height and weight. Variables with a predictive value over
70% were cervical, acromial and waist height, lower limb length, waist, pelvis and arm

circumferences.

A more detailed study of the body structure of 16—18-year-old girls (Kaarma et al., 2000)
showed that in all age classes individual anthropometric variables formed a closely
connected complex where all the individual variables correlated closely with height and
weight. Relying on this, the Centre for Physical Anthropology at the University of Tartu
devised a 5 SD classification of height and weight for all age groups of 16—18-year-old
girls.

Such a classification proved to be applicable for systematization of all the height, breadth
and depth measurements and circumferences and body fat content indicators in the age
groups of 16-year-olds (Kaarma et al., 1997), 17-year-olds (Saluvere et al., 1998) and 18-
year-olds (Peterson and Saluvere, 1998).
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As the greatest changes in the adolescence period occur in the 12—15-year age group, G.
Veldre, R. Stamm and S. Koskel (2002b) also studied the anthropometric body structure of
children of this age. This age group was found to have the same regularities as other
samples, and a comparative classification of age, height and weight was elaborated for

them as well.

There are no generally recognized classifications for somatotyping pubertal girls. For
example, in Belarus Shtefko-Ostrovski’s (Itedxo-OctpoBckuii, 1929) somatoscopic
classification is used, which consists of four cohorts (thin-framed, muscular, digestive and
unidentified cohort). Comparing the connections between 8—11-year-old girls’
anthropometric data and their classification into somatotypes (Polina et al., 1992), reliable

correlations between the two were found.

The most often used classification for the adolescent period is Heath-Carter classification
(Ducquet and Carter, 1996; Carter et al., 1997) that differentiates between three
components of the physique (endomorphy, mesomorphy and ectomorphy).

In Estonia, Heath-Carter classification has been used for somatotyping of 12—15-year-old
boys and girls (Veldre, 2002a). The author found that the 12—15-year-old children of Tartu
differ from their peers in other countries by somewhat greater ectomorphy and smaller
endomorphy; that means, Tartu children were more linear, with a less roundish body

shape.

Summing up what has been said above, one might say that the interesting period of growth
is among the most complicated ones in anthropology. Along with researchers from several
countries, Estonian scientists have made their own contribution to establishing the body
build regularities of that period. Still, the question how to classify adolescent girls’ highly

variable data has not found a definite solution yet.

1.1.3. Female volleyballers’ body build

In each sport attention is concentrated on the specific features of top athletes’ body build.
In elite women volleyballers, researchers have emphasised their greater height and weight,

length of extremities, shoulder breadth, highly developed bone and muscle structure of
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extremities and upper body, and foot structure (Hosler et al., 1978; Spence et al., 1980;
Fleck et al., 1985; Hékkinen, 1993; Viviani and Boldin, 1993; Gualdi-Russo and Zaccagni,
2001).

There is no definite answer to the question what the ideal body composition of an elite
female volleyballer should be like, about the proportion between body fat content and lean
body mass. This question has been studied in greater detail by Z. Hascelik et al. (1989),

J. Wilmore (1992), D. J. Smith et al. (1992), W. E. Sinning (1996), L. B. Houtkooper and
S. B. Going (1994).

According to L. B. Houtkooper, elite female volleyballers belong among athletes with
medium body fat content. Like in speed skaters and swimmers, their body fat content

varies from 10-20%.

The earlier results of J. Puhl et al. (1982) support this conclusion. The authors present the
average data of an elite female volleyballers’ team: the average age of the 14 players was

21 years, height 178.3 cm, weight 70.5 kg, and fat percentage 17.9%.

Attempts have been made to find the optimum standards for elite female volleyballers
from the data of Olympic finalists. T. Khosla and V. C. McBrown (1985) studied 824
female Olympic finalists representing 47 events and found that the weight of woman with
the height of 171 cm varied from 56 kg in runners to 85 kg in discus throwers. The weight
range from 59 to 62 kg belonged to swimmers, runners, paddlers, volleyballers and
handballers. Later, D. Kielak (1999) studied female and male volleyballers, finalists of
three Olympic Games (Seoul, 1988; Barcelona, 1992; Atlanta, 1996) and found that within
this time interval women’s height had grown by 1.3 cm and weight increased from 68.4 to

72.1 kg.

Comparison of elite female volleyballers has shown that more successful players were
taller and heavier (Spence et al., 1980; Fleck et al., 1985). W. W. Hosler et al. (1978)
compared 180 female volleyballers from 16 teams and found that the more successful

players were taller, heavier, had narrower hips and their body fat percentage was smaller.
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Detailed studies of elite female volleyballers’ body composition have been made in
Sweden by H. Alfredson et al. (1997). Bone mineral density was compared in 13 female
volleyballers and in 13 women not engaged in sports, aged 20.9 and 25.0 years
respectively. They found that volleyballers had significantly greater bone density in the

total body, lumbar spine, femoral neck, trochanter and in the femur.

Relatively few studies have been published on adolescent female volleyballers. R. M.
Malina (1994), studying the height of 9—-13-year-old volleyballers, found that they were

taller than their peers. The reason, in his opinion, was selection.

Young volleyballers’ body composition has also been assessed by means of body mass
index, by measuring thicknesses of individual skinfolds and by calculating lean body mass.
According to C. Riddoch et al. (1991), the increase of body mass index in 11-16-year-old
girls from 18.6 to 21.5 is a better characteristic of adolescents’ body composition than
measuring of skinfold thicknesses. According to J. Durnin and M. Rahaman (1967) the

sum of four skinfold thicknesses in girls of that age varies from 37.2 to 43.1 mm.

M. Thissen-Milder and J. L. Mayhew (1991) present the following data on 50 high school
girl volleyballers aged 14—16 years: average age 15.65, height 167.0 cm, weight 50.7 kg
and body fat percentage 19.6.

The height of 13—15-year-old female volleyballers of Budapest (n=118) (Farkas et al.,
1991) varies from 161.24 to 168.76 cm, weight from 51.53 to 56.17 kg and body fat
percentage from 21.13 to 22.27%.

R. M. Malina and R. F. Shoup (1985) conducted a comparative study of 74 female
volleyballers belonging to four categories in Austin, Texas. The sample included both
beginners and Olympic athletes. The latter surpassed all the others in the breadth of their

skeleton and dimensions of extremities muscles; their body fat percentage was smaller.
Usually only height, weight and body fat percentage have been used for players’

anthropometric characterization. Out of the numerous somatotyping schemes only that of

Heath-Carter has been used.
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One of the most thorough-going studies has been carried out by E. Gualdi-Russo and L.
Zaccagni (2001). They studied Italian A; and A, league volleyballers during the 1992-93
and 1993-94 seasons. The sample included 234 male players (average age 23.1 years) and
244 female players (average age 23.1). The women’s average somatotype was 3.0-3.3-2.9
and it differed according to teams and players’ roles on court. In A; league the players’
ectomorphy was higher and endo- and mesomorphy lower than in A,. Ectomorphy was the
highest in centre players and mesomorphy in setters. The same applies to anthropometric
data according to Heath-Carter’s scheme, which includes height, weight, lower leg and
upper arm circumferences, humerus and femur breadth, and four skinfolds — triceps,

subscapular, suprailiac and calf.

J. Méscaros and J. Mohdacs (1982) conducted a comparative study of male and female A-
class basketball, handball and volleyball players in the early 1970s and in 1979-1980

using the Heath-Carter classification. In addition, Conrad’s plastic index was measured.

Male volleyballers’ height, Conrad’s plastic index, endomorphy, mesomorphy, relative
robustness were found to be greater in the later study. In women there were no essential
changes, only endomorphy had moderately increased. The authors concluded that body
build had changed conforming to the change evolved in the conditions of playing these

games during these years.

Although all the authors dealing with volleyballers’ body build recognise the importance
of the morphological factor, the number of body dimensions used is very limited.
Practically no attention has been paid to extremities’ length, many circumferences of the
extremities and the trunk, which could be essential for proficiency in the game, particularly
in the period of adolescence. In recent times the situation has been changing, and
measuring of the full range of anthropometric variables has been recommended as can be

seen in the works of E. G. Martirosov (2001) and A. Avloniti et al. (2001).

E. G. Martirosov (2001) studied 2948 male and 1541 female athletes (aged 19-31 years)
representing 44 and 25 sports events respectively. Each individual was measured for 67
morphological characteristics (length and transverse measurements and circumferences).
Factor analysis of body composition of athletes of different sex and representing different

events gives reason to believe that each event is characterized by a distinctive structure of
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body build. This concerns from factors of generalized variance from valid morphometric
parameters inside the group and for the representatives of different specializations.
Detailed valid parameters have the largest intragroup differences in sportsmen of each kind

and to a large extent determine their sport results.

Special attention should be devoted to anthropometric study of female athletes during
growth (Avloniti et al. 2001). The authors emphasize that, although knowledge about the
effect of exercise and sport training on child growth has been expanding rapidly in recent
years, there are not many studies that compare the effects of training on body composition
and morphological characteristics in female athletes practising different sports during
childhood. A. Avloniti et al studied 208 subjects aged 11-14 years representing 7 sports
events. They measured height, body mass, sitting height, armspan, skinfold thickness of
triceps and calf, 13 circumferences (shoulder, chest, waist, abdominal, buttocks, thigh —
proximal, midthigh and distal, calf, ankle, arm, forearm, wrist) and 8 diameters
(biacromial, chest, biiliac, bitrochanteric, knee, ankle, elbow, wrist). The authors found
that, although it is difficult to differentiate between two factors — growth and training — on
this sample, it is still necessary to study in greater detail individual differences between
adolescent female athletes in order to define some components in the process of talent

identification.

From what has been said above, we can see that female volleyballers’ proficiency in the
game is essentially dependent on their morphological characteristics. A conclusion has
been reached that more detailed anthropometric studies of players are needed, and research

in this area will continue.

1.2. A brief overview of testing volleyballers’ abilities and correlations of tests results
with body build

1.2.1. Physical ability tests

Volleyball might generally be characterized as a game with active motion that requires
relatively short-time physical effort with maximum exertion of the will (Loko, 1996).

Periods of action alternate with rest; therefore, the game proceeds in the aerobic phase,
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which is intermingled with a high proportion of the anaerobic component (Gionet, 1980;

Kiinstlinger et al., 1987; Driss et al., 1998).

Volleyball belongs among the events which are primarily characterised by explosive
movements (Viitasalo, 1988; Heimer et al. 1988). Volleyballers’ fundamental abilities
include jumping skills, speed, and upper body muscles explosive strength that is necessary
for successful block and spike (Hoeger et al., 1987; Morrow et al. 1979; Smith et al, 1992;
Hékkinen, 1989, 1993). Another important quality is endurance, which enables the players
to play repeated sets. All of these should be combined with high-level technical skills.

Although technical skills are important in volleyball, their application in the game is
limited by the physical fitness of each player (Smith et al., 1992). The level of motor
activities, in its turn, is influenced by peculiarities of body build, which secure conformity
between body dimensions and biomechanical character of rational movement of the body

(Carter, 1985; Crawford, 1996).

Everything mentioned above refers to the need to assess players’ abilities either at
competitions or by means of a series of specially designed physical ability tests. Tests
usually compare players of elite teams or teams with different playing skills or adolescent
volleyballers of different age groups. Authors usually apply a number of tests
simultaneously. Below we present literature data on the most essential physical ability
tests, discussing them in combination with the data of other simultaneously performed

tests and body build data.

Vertical jump tests are one of the main criteria of volleyballers’ physical abilities (Fleck et
al., 1985; Marey et al. 1991; Smith et al., 1992; Lee et al., 1989; Hikkinen et al., 1989;
Engel et al., 2001).

Among volleyballers of different technical proficiency, elite volleyballers had better
jumping abilities; they also had bigger height and weight (Matsudo et al., 1987; Viitasalo
et al. 1987). Better results in jumping tests also correlated with the results of a number of
other motor ability tests and enabled 6 highly skilled women volleyball players out of 15

to move on to a more advanced training group (Spence et al., 1980).
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The study by Fleck et al. (1985), which compared the age, height, weight, body fat
percentage, vertical jumping height, maximum oxygen consumption, maximum heart rate
and respiratory exchange ratio, demonstrated essential differences between the national
team and a college team in age (23 and 21.5 years), body fat percentage (11.7 and 18.3%)
and vertical jumping height (52.4 and 45.5 cm). The national team was significantly older
but had lower body fat percentage and better vertical jumping abilities. These results
indicate that trainers of elite volleyball players should in future apply techniques that

reduce the percentage of body fat and increase vertical jumping height.

Analogous studies have also been carried out in adolescent female volleyballers. M.
Thissen-Milder and J. L. Mayhew (1991) applied the jumping test, specific ball handling
tests, flexibility markers in combination with height, weight and body fat percentage for
selection and classification of 50 adolescent female volleyballers (aged 14-15). The
combination of tests enabled the authors to predict the players’ proficiency in three

different groups. Jumping height was predictable from other tests within 68—78%.

A. Farkas et al. (1991) attempted to find a simple set of variables for adolescent boys
(n=70) and girls (n=168), which would contain both body build parameters and some
motor abilities. The parameters studied included stature, body mass, body fat content,
Conrad’s metric and plastic indices, explosive strength score of the leg and reaction and
movement times of the hand, and jump and reach tests. Increase in age brought about
growth in anthropometric dimensions and improvement of test results. In the group of 15-
year-old girls anthropometric data and test results were in statistically significant

correlation.

Along with jumping tests, great significance should be attached to speed tests.

W. W. Hosler et al. (1978) studied a large sample of intercollegiate women volleyballers
(16 teams, n=180) in a regional tournament. The authors carried out speed tests and arm
and leg strength tests, and measured anthropometric variables. The speed test consisted in
20-yard sprint, where the times of running the first and the second 10 yards were measured
separately. To measure strength, Cybex power leg press for legs and Cybex power bench
for arms were used. The anthropometric variables included height, weight, biacromial and
biiliac diameters, tricepts, suprailiac and thigh skinfolds. Body fat percentage was

calculated. Factor analysis revealed three factors: body size, speed/fat and strength, which

19



accounted for 61% of the total variance. From all the teams studied, 34 most successful
and 38 least successful players were found. These groups showed essential differences in
all the characteristics measured. The group of successful players was faster, taller, with

broader shoulders and hips, greater arm and leg strength, and lower body fat content.

Bale et al. (1992) studied adolescent boys (n=103) and girls (n=65) aged 13—18, finding
correlations between age, anthropometric data and various motor performance tests,
including speed in 40-yard dash. Performance in 40-yard dash was poorer in subjects with

higher fat percentage.

Flexibility tests also form part of motor performance tests, but compared to jump tests,

there are considerably fewer data on them in literature.

A thorough study of elite male and female volleyballers has been carried out by E. J. Lee
et al. (1989). The authors state that it is not clear how good elite athletes’ flexibility is, and
how it correlates with other performance tests. The purpose of their study was to compare
shoulder and hip flexibility to jumping performance of male and female Olympic Festival
volleyballers. The subjects were 24 men and 22 women. Standing vertical jump and
approach vertical jump were measured. Stainless steel goniometer was used to measure
transverse shoulder extension and hip flexion. The authors found that jump tests were in
strong mutual correlation both in women (r=0.78) and in men (r=0.84). Approach vertical
jump and hip flexion correlated positively in men (r=0.42) but negatively in women (r=—
0.47). Standing vertical jump and hip flexion were also in negative correlation in women.
Thus, the study revealed that in men greater flexibility was correlated positively with
jumping performance, in women, however, negatively. The authors were unable to
substantiate their result; the reason may lie in anatomical differences of the hip joint

between the sexes.

S. Marey et al. (1991) also studied the significance of flexibility tests in relation to other
tests in players of two teams (average ages 19.6 and 19.). Game performance was
evaluated when the two teams played each other. The authors found which tests
differentiated the winning team from the losing team. Flexibility was evaluated from a test
of trunk flexion, trunk extension, shoulder elevation, ankle plantar flexion, sit and reach

tests. In addition to flexibility, agility, vertical jump, reaction and movement times and
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cardiovascular endurance were measured. Specific volleyball tests were also carried out to
evaluate various aspects of the game: overhead volleying ability, forearm passing ability,
bump/set volley test, serving test. Discriminant analysis was used to establish the factors
that differentiated the winning team from the losing team. The best combination of factors
included shoulder flexibility, agility, forearm bump test, and sit and reach flexibility

(84.6%).

Bale et al. (1992) used sit and reach tests in combination with other motor performance
tests to evaluate flexibility in 13—-18-year-old boy (n=103) and girl (n=65) athletes.

Statistical analysis revealed that in flexibility girls surpassed boys.

One of the primary subdomains of human performance is muscular strength. Muscular
strength can be classified in relation to either the body segment isolated or the method of
measurement (Komi, 1973; Jackson and Pollock, 1976). A. S. Jackson and R. J.
Frankiewicz (1975) examined the factor structure of muscular strength and concluded that
there were two general dimensions: upper body and leg. For strength measuring, at least

one test should be selected from each dimension.

Muscular strength is in correlation with body build. In a study of adolescents, Bale et al.
(1992) measured isometric strength using Stoeltin’s grip dynamometer on both hands. The

results of these tests correlated significantly with height (r=0.68), weight (r=0.83) and age.

Using Cybex power bench press for measuring arm strength and Cybex power leg press
for leg strength of 180 female volleyballers, Hosler et al. (1978) found that upper body
strength and fat weight were most important in differentiating between players of the most
and least successful teams. Both strength and body fatness are variables that can be
modified in women with training (Brown and Wilmore, 1974). Absolute peak muscle
power correlates reliably with extremities circumferences, body mass and muscle mass

(Tittel and Wutscherk, 1992; Ferretti et al. 1994).
E. Hikkinen (1993) carried out a detailed study of changes in strength and explosive

strength tests and jump tests during various training seasons. He found that, in order to

maintain the level of explosive strength performance capacity in players, loads in strength
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training should be applied individually and with caution; otherwise, repeated training

sessions may result in significant decrease in strength and in jumping performance.

Endurance tests are applied to study the level of endurance fitness of volleyball players,
the endurance capacity of the neuromuscular system. Endurance studies are carried out
either in laboratory or field conditions or during play. J. T. Viitasalo et al. (1987) studied
20 Finnish men volleyballers and concluded that volleyball is an aerobic sport, having high
alactic anaerobic power productions performed with fairly long recovery periods.
Consequently, in training it is necessary to check carefully the intensity and duration of
training drills and the duration of recovery period in order not to stress the lactic anaerobic

metabolism too much.

As an endurance field test, 20 m endurance shuttle run is often used (Leger et al., 1988).

The above results show that volleyball functional abilities are influenced by peculiarities
of body build in adult women as well as adolescents. Therefore, research in this area

should be continued.

1.2.2. Volleyball technical skills tests

The dynamics of modern sport games consist of quick conscious orientation, decision-
making and accuracy of motor performance. This includes accuracy in shooting, throwing
and passing the ball, controlling and estimating the course of action from the perspective

of the goal of the action and the attempted result (Wyznikiewicz-Kopp, 1998).

Volleyball is popular in a number of countries and the rules of classical volleyball have
been fixed (McGown, 1994; Viera and Ferguson, 1996). At universities traditional
Aapherd tests (1969) are used for learning pass and set, and serve is tested according to

Harrison (Harrison et al., 1999).

However, the literature on the analysis of the efficiency of the training process and about

new tests of skills development is rather scanty.
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One of the most significant recent studies has been published by J. M. Harrison et al.
(1999), who analysed the results of teaching volleyball to girls (n=182) in six beginning
college volleyball classes, and compared the results after teaching mastery learning or skill

teaching methods.

J. L. Oslin et al. (1998) apply a special multidimensional program in school physical

education pratice — the game performance assessment instrument (GPAI).

J. Simonek (1998) analyses changes in girl’ performance (24 girls aged 11-13) at school
lessons after the experimental group was taught a set of special volleyball exercises that
consisted of 16 reaction exercises, 12 exercises focussed on space orientation and 15 on
kinaesthetic differentiation skills. Compared to the control group, good results were
achieved in exercises for coordination skills, which enabled the author to devise a special

exercise programme for this age group.

In addition to the aforementioned, authors have analysed the efficiency of learning single
elements of volleyball like serve and overhead set by 53 students from a private school
(French et al., 1991), of four volleyball skills such as set, forearm pass, serve and spike by
58 male and female university students (Buck et al., 1990), and of block play by male
volleyballers (Bodys and Burda, 1998).

The authors find that it is necessary to improve teacher preparation, and for this a special

programme for qualitative skill analysis has been designed (Wilkinson, 1991).

Discussions are still in progress over the technique of performing different volleyball
elements. In particular, the significance of serve has changed since the adoption of the new
volleyball rules by FIVB (Rally Point System — RPS), where a service error will give a
point to the opponent (Fontani et al., 2001). In the same article, the author also analyses
the methods of performing different variants of serve (underhand serve, overhand serve

and jump serve).

Literature emphasises that not only university students but also younger volleyballers need
test exercises. There is, however, no established view which tests should be applied and

how they should be carried out. Thus, M. Thissen-Milder and J. J. Mayhew (1991) present
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in their paper specific volleyball tests for 14—16-year-old girls by the following authors:
overhead volley test by Brady (1945), forearm pass test by Brumbach and Kronquist
(1958), wall spike test by Cox (1981), and bump/set test for access ball control ability by
Cox (1980).

Marey et al. (1991), when comparing two female volleyball teams (age 19 years, n=14 and
23), applied the following specific volleyball tests: overhead volleying ability by Brady,
wall volley (Brady, 1945), and forearm passing ability was evaluated by Brumbach
forearm wall volley (Brumbach and Kronquist, 1958). Serving ability was evaluated by the
Russell-Lange serving test (Russell, Lange, 1940).

The common view is that young volleyballers’ specific skills tests should be associated

with their physical abilities.

For example, M. Thissen-Milder and J. L. Mayhew (1991) studied 50 high school female
volleyball players from three teams at different levels, applying specific ball-handling tests
that included overhead volley, forearm pass, wall spike and self bump/set tests. In addition
to ball-handling tests, the study included height, weight, body fat percentage calculated,
agility run, and vertical jump. Statistical analysis showed that, from among the
abovementioned indicators, the combination of forearm pass, overhead volley, vertical

jump and weight classified 68% of the players to their team level.

As seen from what has been said above, adolescent volleyballers should be more often
given test-exercises. A unified methodology should be developed, which would improve

the acquisition of volleyball skills.

1.2.3. Psychophysiological ability tests

Present-day volleyball requires from players quick reaction to changing situations in the
game and accurate and precise movement for handling the ball. All this requires the

development of various psychophysiological abilities in the players and assessment of the

quality of these abilities.

24



The number of respective studies in sports physiology is on the increase (Philips and
Summers, 1954; Abernethy, 1987, 1993; Kerr et al., 1992; Ericsson and Charness, 1994;
Tenenbaum and Bar-Eli, 1995).

Pertinent research in volleyball has been carried out in India (Sharma et al., 1986), Turkey
(Hascelik et al., 1989), Greece (Kioumourtzoglou et al., 2000) and Germany (Hackfort and
Schmidt, 2001).

Most often, researchers have studied subjects’ reaction time to visual and auditory stimuli.
Thus, J. Hascelik et al. observed a junior male volleyball team (age 18 years, n=20), who
underwent a training period of 8 weeks. Physical fitness tests were carried out and auditory
and visual reaction times measured at the beginning and at the end of the training period.
The study revealed that physical fitness improved and auditory and visual reaction times

shortened.

In India (Sharma et al., 1986) reaction time and concentration levels of both recreational
and competitive volleyball players were compared. The total number of subjects was 80 —
40 in both groups. An electrical chromoscope was used to test reaction time to visual and
auditory stimuli, while a special test was used to measure concentration. The results
showed that the competitive players had consistently better visual and auditory reactions as

well as concentration abilities.

Thoroughgoing psychological research has been carried out by Greek researchers headed
by E. Kioumourtzoglou (2000) at Democrites University of Thrace. Thirty men, 12 of
them elite volleyballers, members of the Greek national volleyball team (age 18.5 years),
and 18 physical education students were studied. The study measured 11 abilities for
examining the differences in the cognitive, perceptual and motor abilities of expert
volleyballers and novices. Expert volleyball players appeared to detect a moving object
significantly faster than novices and were able to estimate its speed and direction more

efficiently.

Regular studies on sports psychology are also carried out at the Institute of Sport Science
and Sport at the University of Federal Defence in Munich (Germany). D. Hackfort and U.
Schmidt (2001) have been studying Olympic athletes and young talents for many years. A
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newly developed computer-assisted psychomotor ability test and training system has been
used to improve talent identification. The computer program assesses reaction time to
optical and acoustic stimuli, discrimination of both, anticipation time to steady and
increasing stimuli and concentration. Top-level athletes representing different events,
among them 13 volleyballers were studied. The best results at tests were achieved by

shooters and alpine skiers; volleyballers did considerably worse.

In Estonia, Kaivo Thomson (1992, 1996) from the Laboratory of Cognitive Neuroscience
and Experimental Psychology at Tallinn University of Pedagogical Sciences has carried
out psychophysiological studies in different athletes. Detailed tests have been administered
to adolescent female volleyballers aged 13—-16 years (R. Stamm et al., 2002b), and

correlation has been found between test results and proficiency in the game.

Relatively scanty literature on volleyballers’ psychophysiological properties gives reason

to continue this trend of research from the aspect of proficiency in the game.

1.3. Assessment of volleyball proficiency

The most important factor in a competitive game, depending on which the team either wins
or loses points, is each player’s proficiency. The ultimate aim of developing the players’
technical skills and physical abilities and devising tactical plans for the team is to improve
the players’ proficiency. Therefore, a number of methods have been developed to assess
players’ performance in the game. Earlier methods registered players’ activities by means

of pencil and paper, newer methods use specially designed computer programs.

The general principle of all recording systems is similar: they register the player’s number,
the element performed by the player and the result. The main difference between the
methods is how quickly the players’ activities can be summarised and how data are

preserved to carry out more detailed statistical analysis later.

The oldest recording method used in Estonia was a system designed by A. Huimerind
(1971). Elements of the game performed by players were recorded by pencil and paper.
The efficiency of serve and reception was assessed in a four-point system; spike, block,

dig and the second pass in a three-point system.
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M. Fiedler (1978) distinguished between two- and three-level systems for recording the
game. A two-level system grades whether an element of the game was performed well or
badly. In the case of a three-level system, it was assessed at the performance of each
element whether the ball remained in play, or whether the element brought success or
failure. Fiedler also used recording by hand, therefore it was not possible to sum up the
results during the game or immediately afterwards. The author emphasised the importance
of making summaries and comparing the players’ proficiency in performing different

elements at least at the end of the season.

M. Amalin’s system (Amamun, 1973), which also used recording by hand, registered the
performance of elements in a four- or five-point system. The basis for grading a serve
performed by a player was how the opposing team could receive it. Reception was
assessed analogously to serve. The efficiency of spike and block was assessed in a five-

point system.

I. Drachov’s recording system (Nolvak, 1995) also recorded players’ activities by hand.
Like in Amalin’s system, the efficiency of serve was recorded according to how it was
possible to receive it. The efficiency of both serve and its reception was assessed in a six-
point system. Assessment of the efficiency of attack was based on the players’ positions on

the court, which was each time recorded graphically.

H. Aunin’s system (1979) also used recording by hand. The quality of serve and reception
were both assessed in a five-point system. In the case of spike, the number of the player
who performed the spike is recorded, then as an index, the zone from which the attack took
place, and the direction and efficiency of the spike are taken into consideration. For all the
spikes performed, the average efficiency is calculated, which is the difference between
successful and failed spikes divided by the total number of spikes. Teams are considered
successful if average efficiency in a match is higher than 35%, successful in the case of
30-35%, satisfactory in the case of 25-30% and unsatisfactory in the case of 25% and

below.

The best-known computer program for recording players’ activities and efficiency of
performing the elements of the game is Volleyball Win Vis version (Oulu EM 1993). This

program was used to record the games of the 1993 European men’s championships. The
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performance of all elements is recorded in a three-point system, specifying whether the
element was performed successfully or not, or the ball remained in play. Efficiency is
calculated only on the basis of elements that were performed successfully. For example,
the number of successful spikes is divided by the number of all spikes performed by the
player and multiplied by 100. A spike is successful only if the ball is attacked on the floor

of the opponents.

The volleyball recording system Game created by the author (Nolvak, 1995a, b; R. Stamm
et al., 2000b, 2002b) can be used to record nine different activities. These are serve,
reception, spikes from zones 4, 3 and 2 and the end line, feint, block and dig. Serve and
reception are recorded in a five-point system, spike, feint, and block in a three-point

system and dig in a two-point system.

As earlier programs use different systems of points to record the technical elements, and
there is a different formula for assessing the efficiency of each technical element, it is not
possible to compare the efficiency of performing different technical elements. The
proficiency assessment formula in the program Game, however, enables us to calculate for
each player the index of proficiency for each technical element. A grade from 0 to 1 is

obtained, where 1 is the best possible grade and 0 the weakest.

Among the earlier programs, the most labour-intensive is FIVB Volleyball Information
System (Volleyball Information System, 1997). In order to apply it, three networked
computers and at least three recording assistants are needed. A novelty of this program is
that, by comparing the score, it automatically checks the correctness of recording. For
example, if one team is marked a reception error, then the other team automatically wins a

point.

In addition to recording systems, video technology is used for assessment of volleyball
matches. By means of video recordings the relation between work and rest periods during
matches is assessed, and accordingly, the relation between work and rest is corrected at

training sessions (Gionet, 1980; Viitasalo et al., 1987; Vescovi, 2001).

Video recordings are used for both teaching and tactical purposes. It is useful to be able to

show players specific action, both their own and their opponents’. Video allows a much
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deeper, more concrete and more precise time evaluation of the action. It permits a precise
appreciation of the patterns in the game — attack patterns, offence and defence tactics and
help the coach to exploit them. Data collected from video analyses are often inputted into

the computer for further analysis (Hippolyte et al., 1993).

N. Westphal and W. Schéllhorn (2001) have carried out filming for tactical analysis in
combination with computer recording. The authors watched and recorded the movement of
the three backcourt players during three matches of four volleyball team games. They
found that the movement of three backcourt players is essential as it provides strong
evidence of specific strategies for every team. In the future, such a method could be

effective for quantitative analysis of team actions in volleyball.

R. Peglar (2000) has designed a special UBSIM program as a simulator program, which
accepts competition format and teams’ performance parameters as input. On its basis, the
program performs a match between teams as a computer simulation. The aim of such a
simulation is to study which changes in single or multiple parameters would improve
which competition characteristics. The author has based his simulation on a Monte Carlo

simulation program.
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PURPOSE OF THE STUDY

The purpose of the study was to examine young female volleyballers’ body build, physical
abilities, technical skills and psychophysiological properties in relation to their
performance at competitions.

The specific aims were:

1) to analyse young female volleyballers’ anthropometric body structure as a whole
and, based on that, find possibilities for classifying their body measurements and
using them for evaluating their performance;

2) to test young female volleyballers’ physical abilities, technical skills and
psychophysiological properties and relate these data to their individual peculiarities
of body build;

3) using the original volleyball recording system Game devised by the author, record
the matches where the subjects participated and associate their performance with

individual peculiarities of body build and tests results.
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MATERIAL AND METHODS

2.1. Subjects

The principle sample consisted of 46 female volleyball players aged 13—16 years. All of
them had practised volleyball regularly for the last three years and participated in young
female volleyballers’ championships in the age group of up to 16-year-olds. The players
were informed about the essence of the studies planned, and they as well as their parents
consented to voluntary testing. The study was approved by the Medical Ethics Committee
of the University of Tartu.

The players were studied in teams (n = 6). The anthropometric measuring as well as the
testing of physical abilities, performance of volleyball technical skills and
psychophysiological properties of all players of a team were carried out at one and the

same session. The same researchers participated in examining all the teams.

In addition to anthropometric measurements and tests, the proficiency of 32 players was
registered by the computer program Game at Estonian championships in at least four

matches.

Additionally, in 2004 the author studied the body build and proficiency in the game of 74
female volleyballers aged 13—15 years from eight teams who participated in Estonian

championships.

Anthropometric measurements were taken by Liidia Saluste PhD; tests were carried out by

Raini Stamm and Meelis Stamm; games were recorded by Raini Stamm.

The preliminary research results on the girls’ physical abilities and body build were used
by Meelis Stamm for writing his Master’s thesis at the Faculty of Physical Education at
Tallinn Pedagogical University (M. Stamm, 2002). The analysis of the study as a whole
about volleyballers’ performance in relation to their body build, physical abilities,

technical skills and psychophysiological properties was carried out by the author of the
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present paper, doctoral student of the Faculty of Exercise and Sports Sciences at the

University of Tartu Raini Stamm.

2.2. Measurement procedures

2.2.1. Anthropometric research

The girls were healthy, and their sexual development corresponded to Tanner’s (1962)
stages III-IV. The methodology of the anthropometric study relied on the long-term
research carried out on many populations at the Centre for Physical Anthropology,
University of Tartu (Kaarma, 1981; 1995; Kaarma et al., 1997, 2000, 2001; Peterson and
Saluvere, 1998).

All anthropometric measurements were taken by the same trained anthropometrist, who
had previously shown test-retest reliability of r > 0.90. Three complete sets of

measurements were carried out and the mean of the three values was used.

The girls were measured according to the classical method of Martin (Knussmann, 1988).
For measuring the skinfolds, the methodology provided in Knussmann’s handbook (1988,
p. 274) was followed. To measure lower extremity length, we applied the method of K. S.
Jatsuta (1923) that has been widely accepted in Russia and has been the principal method

used in Estonia since J. Aul’s work (1977).

Body height was measured in centimetres (£ 0.1 cm) using a Martin metal anthropometer
and body weight in kilograms (+ 0.05 kg) on medical scales. Depth and breadth
measurements were measured with Martin calipers, circumferences with a metal
measuring tape, skinfolds with Holtain skinfold calipers on the right side of the body. A
total of 49 body measurements, including 11 skinfolds, were taken. From these basic

measurements, 65 indices and body composition characteristics were calculated.

The length measurements were body height, suprasternal height, xiphoidal height, head-
neck length, sternum length, abdomen length, trunk length, upper body length, lower body
length, upper limb length, lower limb length. In addition to these, horizontal arms spread

was measured.
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The breadth-depth measurements were biacromial, chest, waist and pelvic breadths, chest
and abdomen depths. To assess the thickness of limb bones, femur, ankle, humerus and
wrist breadths were measured. The circumferences measured included head, neck, upper
and lower chest, waist, pelvis, hip, proximal and mid-thigh, upper and lower leg, forearm
and wrist, arm and arm flexed and tensed. The measured skinfolds were chin, chest, side,

waist, suprailical, umbilical, subscapular, biceps, triceps, thigh and calf.

In addition to the anthropometric data of the 46 adolescent female volleyballers, the same
anthropometric variables of schoolgirls of the same age who had not practised volleyball
regularly (n=586) were used for comparison as representatives of the national population

of ordinary girls (Veldre, 2002b).

In 74 girls who participated in Estonian championships, 14 measures were taken — weight,
height, suprasternal height, xiphoidal height, wrist breadth, upper, lower chest, waist and
hip circumferences, upper thigh, lower leg circumferences, arm circumference, flexed and

tensed arm circumference, wrist circumference.

2.2.2. Physical ability tests

All the subjects passed nine validated tests of physical fitness. Jumping ability was
measured by two vertical jump performance tests (Young et al., 1997): standing vertical
jump and reach (PA;), and running vertical jump and reach (PA;). As the highest reach of
the player’s outstretched arm had been measured, then subtracting from PA; the highest
reach of the outstretched arm, the height of standing vertical jump (PA3) was obtained. By
subtracting the highest reach of the outstretched arm from PA,, we obtained the height of

running vertical jump (PAy).

Maximum aerobic endurance was measured by 20 m shuttle run (PAs). The reliability and
validity of this test have been checked by Leger et al. (1988). Trunk strength (PAs) was
measured using the sit-up test by Brewer and Davis (1993). The flexibility test (PA7)
measured the extent of bending forward from sitting the position (Larson, 1974). Deftness

and speed of movement (PAg) were measured by a zigzag run test (Kypammmun et al.,
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1985). Upper body and arms strength were measured by the medicine ball throwing test
(PAy) (Viitasalo, 1988).

2.2.3. Volleyball technical skills tests

Mastery of volleyball skills was evaluated by nine tests compiled by the author of the
thesis. The tests were based on the classical elements of volleyball (McGown, 1994; Viera
and Ferguson, 1996). They included two overhead pass tests (T, Tz), a forearm pass test

(Ts), two serve tests (T7, Tg), a reception test (Ty), two spike tests (T4, Ts) and a feint test
(Te).

2.2.4. Psychophysiological tests

The girls’ psychophysiological abilities were assessed by 21 computerized tests that can be
grouped into the following four types.

1) Perception of the speed of a moving object. In three series, the subject had to assess the
speed of an object moving on the computer screen (eight attempts in each series). Based on
this, the program calculated the average value of speed assessment correctness in points,
separately for each series (Aj, Aj, As), and the average time needed for assessment in
seconds (A, A4, Ag). The test result was the better the more points the subject achieved
and the less time was needed for giving the assessment.

2) Auditory reaction was studied by three different stimuli (eight attempts for each
stimulus). The reaction time was recorded separately for the right and the left hand. The
program calculated the average reaction time for the right (B;, B3, Bs) and the left hand
(B2, B4, Bg).

3) Visual reaction was also studied by three different stimuli (eight attempts for each
stimulus), separately with the right and the left hand. The program calculated the average
visual reaction time for the right (C;, C;, Cs) and the left hand (C,, C4, C).

4) If auditory and visual tests were viewed as simple reactions, the speed perception test
was evaluated as a complex reaction. Here the subjects had to assess objects moving at
different speeds, adopt a decision and react only after that. Therefore, in order to compare
individually the speed of processing different information, we calculated the difference in

seconds between complex reaction time (Az, A4, Ag) and perception time of visual stimuli
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as a simple reaction (C; — C¢). The respective test was called the test of anticipatory

reflection of reality (D; — D3), and its results were calculated as follows:

Ci+C> Dy= Ay Cs+Cs4 Dy = Ag C542-C6 .

D1:A2—

The methodology of psychophysiological tests for volleyballers was mostly based on the
well-substantiated methodologies of E. Kioumourtzoglou et al. (2000), Z. Hascelik et al.
(1989) and K. Thomson (1997, 2001). The apparatus used by us for psychophysiological
studies had been patented in Moscow on 8 June 1992 (No. 1766372) (Thomson, 1992) and
accepted for use by the IX World Congress of Sport Psychology in Israel in 1997
(Thomson, 1997).

2.2.5. Players’ proficiency

To assess players’ proficiency at competitions, the original volleyball recording program
Game was used (Nolvak, 1995a, b). This program has been applied by the Estonian
Volleyball Federation and has been introduced in the journal of the American Volleyball

Federation (Stamm et al., 2000a, 2001).

The results were recorded at Estonian Championship and Cup matches for up to 16-year-

olds, in which the 32 players under study participated.

All the girls played in the teams where they practise. The games were recorded within
three months in different cities of Estonia where the matches took place. The assessment
of each player was based on at least four matches. Technically, the assessment of players’
proficiency proceeded as follows: during the game a recording assistant (a volleyball
expert) fixed the performance of each technical element by each player of one team by
pressing, according to the program, three keys on the computer keyboard. This enabled us
to record: (1) the element of the game that was performed; (2) grade for its performance;

(3) the number of the player who performed the element.
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To calculate each player’s proficiency in all the elements they performed the following

formula was used:

. number of performances x maximum grade — sum of grades
Index of proficiency =

(maximum grade — 1) x number of performances

Proficiency can range from 0 to 1, where 1 means that in all the cases the element was

performed excellently, and 0 — a failure in all the cases.

The 74 female volleyballers studied in 2004 participated in 28 matches, which were

recorded in parallel with two computers equipped with the program Game.

2.2.6. Statistical analysis

The data were processed using the SAS system. For anthropometric analysis, basic
anthropometric measurements and indices and body composition characteristics were
used. For all anthropometric variables the basic statistics (means x and standard
deviations SD), in most cases also minimum (min) and maximum (max) were calculated

(see Tables 1 and 2).

To check the influence of age, the linear correlation coefficient r was calculated between
age and all anthropometric variables, and its significance (using significance level a =
0.05) was tested (see Tables 1 and 2). To illustrate the dynamics of anthropometric
measurements in age, the means and standard deviations of measurements were calculated

in age groups (Table 1).

To prove the determining role of weight and height in the dependency structure of all
anthropometric measurements for most basic measurements, linear models by age, weight
and height were created (Table 4) where the description rate was measured with the help

of the determination coefficient R>.
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Using the means and standard deviations of weight and height, a 5 SD weight-height
classification (Fig. 1) was created according to the following rule:

Class 1 (small):

weight < xy — 0.5 SD,, and height < x — 0.5 SDy,

Class 2 (medium):

Xw — 0.5 SD,, < weight < x + 0.5 SDyand x,— 0.5 SDj, < height < 0.5 SDy,

Class 3 (large):

weight > ;W + 0.5 SDy, and height > ;h + 0.5 SDy,

Class 4 (pycnomorphic):

weight > ;W — 0.5 SD and height < ;h — 0.5 SDy, or

weight > ;W + 0.5 SD and height < x+0.5 SDy,

Class 5 (leptomorphic):

weight < iw — 0.5 SD and height > ;h — 0.5 SDy, or

weight < iw + 0.5 SD and height > ih + 0.5 SDy.

Weight classes
Light Medium Heavy
Height
classes [ ghort Small Pycno-
morphic
Medium Lepto- Medium
morphic
Tall Large

Fig. 1. Body build classes

For all anthropometric data means and standard deviations in all classes were calculated.
Using Scheffe test, the class means of all anthropometric data were compared between
classes 1 and 3, but also between classes 4 and 5, using the significance level o = 0.05

(see Tables 5 and 6).
The basic statistics were calculated and correlation with age checked for physical ability

tests results (Table 7), volleyball technical skills tests results (Table 12) and
psychophysiological tests results (Table 16). The means of physical ability tests results
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were calculated also in 5 SD height-weight classes and comparisons between classes

means were made (Table 10).

The means of all anthropometric measurements of young volleyballers were compared

with the same characteristics of ordinary girls of the same age; for comparisons t-test with

significance level 0.05 was applied (see Table 3, the last column).

To illustrate the differences between young volleyballers and ordinary girls the z-scores

scale was calculated using basic statistics for ordinary girls gog and SD,, and volleyball

players; the scores were calculated by the following formula:

g

see Table 3, which gives the basic statistics of z-scores.

To check the dependencies between different variables (anthropometric measurements and

test results), the following linear correlation coefficients were calculated:

mutual correlations of physical ability tests (Table 8);

correlations between physical ability tests and basic anthropometric variables
(Table 9)

correlations between volleyball technical skills tests and basic anthropometric
variables (Table 13);

correlations between volleyball technical skills tests and body composition
characteristics (Table 14);

correlations between psychophysiological tests and anthropometric measurements
(Table 17);

correlations between psychophysiological tests and anthropometric indices and
body composition characteristics (Table 18).

In most cases only significant correlations (o = 0.05) are given.

Linear regression models by anthropometric variables were created for physical

ability tests (Table 11), volleyball technical skills (Table 15) and psychophysiological

tests results (Table 19). In all cases optimal models were found using stepwise

procedures. All given models are statistically significant (a = 0.05) and their quality is

characterized by determination coefficient R*.
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In the 74 players from 2004, the proficiency in the game was assessed according to

body build classes.

For the efficiency of performance of different technical elements a series of linear

models was created in the same way by different groups of explanatory variables:

anthropometric measurements;

- anthropometric indices and body composition characteristics;
- physical ability tests;

- volleyball technical skills tests;

- psychophysiological properties (see Table 20).
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RESULTS

3.1. Results of anthropometric research

Means and standard deviations of basic anthropometric variables in age classes and their
correlation with age are presented in Table 1. As the table shows, significant differences
could be noticed in the case of 14 variables. Increase in age caused a significant increase in
height, weight, suprasternal height, xiphoidal height, head-neck length, sternum length,
upper limb length, horizontal arms spread, acromial breadth and pelvis breadth. As for
circumferences, there was no increase in pelvis circumference, middle thigh, upper leg and
forearm circumferences. Limb bones thicknesses — humerus, femur, ankle and wrist
breadth — and lower leg and wrist circumference did not increase significantly. There was

no significant difference in skinfolds.

In indices and body composition characteristics, the age-related difference was even
smaller (Table 2). Only four indices out of 65 showed a statistically significant difference.
Thus, increase in age caused an increase in body surface area, humerus breadth / upper
limb length and bone-muscle rate of the cross-sectional area of the arm. Relative head

circumference decreased.

There were no significant differences in body mass index, Rohrer index, relative thickness

of limb bones and all the characteristics of body fat content.
Although we did not conduct a longitudinal but a cross-sectional study, the assessment of
proportions showed that despite individual variability of body characteristics in puberty,

the general development of young volleyballers still followed the established proportions.

Comparing the girls’ height and weight with Estonian averages in respective age groups,

we found that volleyballers surpassed their peers in all age groups (Fig. 2 and 3).
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Fig. 2. Weight of girls aged 13-16: national data and data of VB-girls

170
165 -
160
155
13 14 15 16
—<O—national 158,15 162,94 164,92 166,59
--0O--VB 163,2 164,1 168,4 169,6

Fig. 3 Height of girls aged 13-16: national data and data of VB-girls

Next we compared all the basic anthropometric characteristics of our volleyballers with the
national population of girls of the same age (n=586). The volleyballers’ data were
presented on the scale of z-scores of ordinary girls of the same age (Table 3). As we can
see, out of the 39 basic anthropometric variables compared, 31 had statistically significant
differences between volleyballers and the national average. All the length measurements
compared, including upper limb length, were significantly greater in volleyballers; only

lower limb length was greater in the control group.
Among breadth and depth measurements, volleyballers had greater biacromial breadth; the
control group, however, greater chest, waist and pelvis breadth, and chest and abdominal

depth.
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Volleyballers had greater waist, upper and middle thigh, upper and lower leg, arm, flexed
arm and wrist circumference. The control group, however, had greater pelvis and forearm

circumference.

Predicting the variability of all basic measurements from height, weight and age, we
managed to demonstrate (Table 4) that in 1/3 of cases height, weight and age determine the
variability of other basic measurements with a description rate of up to 50%, and in 2/3 of
cases the description rate (in the sense of R?) reached 50-90%. Along with height and
weight, the impact of age in regression models was essential in only four cases (lower limb

length, humerus breadth, side and subscapular skinfold.

Considering the above mentioned, we placed all the girls into the unified classification
according to their height and weight (Table 5). The impact of age in classes was
significant. Gradual increase in height and weight (classes 1, 2, 3) caused statistically
significant increase in many height, breadth and depth measurements, bone thicknesses,
circumferences and skinfolds. Characteristic differences could also be noticed between the
body measurements of pycnomorphs and leptomorphs (classes 4 and 5). Pycnomorphs had
significantly greater chest and waist breadth and abdomen depth. Most circumferences,
except head, hip, lower leg and wrist circumferences and thicknesses of all skinfolds were

also greater in pycnomorphs.

Indices and body composition characteristics also revealed systematic differences between
classes (Table 6). Thus, in classes 1, 2 and 3, there was a significant gradual increase in
Rohrer index, body mass index and body surface area, several relative circumferences like
head, waist, pelvis, upper thigh, upper leg, arm, forearm, mean skinfold, mass and relative
mass of subcutaneous adipose tissue, total cross-sectional area of arm and thigh, and fat
rate and bone-muscle rate of the cross-sectional area of arm and thigh. In the classes of
pycnomorphs and leptomorphs, there were essential characteristic differences in relative
lower limb length, in relative biacromial, chest and waist breadths, in chest and abdomen
depth, in relative femur and ankle breadth, and in most relative circumferences, which
were all greater in the class of pycnomorphs. Pycnomorphs also had essentially lower body

density, and all indicators of body fat content were higher.
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The results of the anthropometric study of adolescent female volleyballers showed that
volleyballers surpassed their peers in height, weight and most other body dimensions. Age
correlated significantly with 14 basic body measurements out of the studied 49 and with 4
indices and body composition characteristics out of 65. Body build as a whole proved to be
a regular anthropometric structure where all the variables were in mutual correlation, and
the leading characteristics were height and weight. This enabled us to systematize all basic

characteristics into five SD classes of height and weight.

3.2. Results of physical ability tests

Basic statistics of physical ability tests results and their correlations with age are presented
in Table 7. The table shows that two jump tests (PA;, PA;) and the highest reach of the
player’s outstretched arm were related to age. The correlation matrix of the tests (Table 8)
shows that, with the exclusion of the stomach muscle strength test (PAg), all the other tests

were in weaker or stronger mutual correlation.

The tests also showed significant correlation with anthropometric variables (Table 9). The
tests of vertical jump and reach (PA;, PA;) and the highest reach of the player’s
outstretched arm correlated very strongly (at the level of 0.7-0.9) with height, extremities
length and horizontal arms spread; there was also an almost as strong correlation with
biacromial and pelvic breadth. The jump tests also showed statistically significant

correlations with nearly all the anthropometric variables, except skinfolds.

Analogously to the previous ones, although somewhat more weakly, the medicine ball
throwing test (PAy) correlated with practically all the anthropometric variables except
skinfolds. The strongest correlations (at the level of 0.5-0.6) were with extremities

circumferences.
The tests of jump height (PA; and PA4) showed significant negative correlations with all

skinfolds. The same could be said about the speed test — the thicker the skinfolds, the

worse the speed test results.
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The endurance test correlated negatively not only with skinfolds but also with a number of
other anthropometric variables, which suggests that smaller players have greater

endurance.

Flexibility and stomach muscles test showed practically no correlations with

anthropometric variables.

As test results correlated closely with body build, we systematized them using the same
height-weight classification, which we had already used for systematizing the girls’
anthropometric data (Table 10). As we can see, the tests of highest jump and reach (PA;,
PA;) and the highest reach of the player’s outstretched hand could be well systematized
into classes, showing that jumping ability gradually improved in classes small-medium-
big, and leptomorphs could jump essentially higher than pycnomorphs. Consequently, the
most capable in this test were girls with bigger height and weight but also tall and slender
girls. The same trend was noticed in PAo, but the differences were statistically

insignificant. In speed test, leptomorphs were more successful than pycnomorphs.

The impact of body build on physical ability was also studied by regression analysis
(Table 11). We predicted the results of all physical fitness tests using two models: (1) by
age, height and weight; (2) by other basic anthropometric variables, chosen by stepwise
regression, from the set of variables, which significantly correlated with the test under

study.

The study showed that age, height and weight determined the variability of PA;, PA, and
PAj; results within 60-90%. The description rate of PAs, PAg and PAy was smaller (16—
29%). By comparing the two models used for prediction, we found that in all cases the
model composed of various other characteristics was more effective (in the sense of R?)
than the age-height-weight model.

The essential basic characteristics in the models were lower limb length, upper leg
circumference, ankle breadth, arm circumference, biacromial breadth, upper chest
circumference, horizontal arms spread. Relative mass of subcutaneous adipose tissue

correlated negatively with tests results.
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In conclusion, we noticed relatively great individual variability in tests results, and strong
correlations between the tests results themselves and with body build. Consequently, the
assessment of adolescent female volleyballers’ physical abilities should take into
consideration the body as a whole and, if necessary, the age. In our study, the appropriate
predictive models consisted either of (1) height, weight and age; or (2) several basic
anthropometric characteristics that correlated significantly with tests results. The 5 SD
classification of height and weight also describes the variability of physical ability tests of

young volleyballers.

3.3. Results of volleyball technical skills tests

Table 12 presents the results of three pass tests (T, To, T3), two spike tests (T4, Ts), feint
test (Te), two serve tests (T7, Ts) and reception test (To). All results measure the number of
successful repetitions. These tests had no statistically significant correlation with age.
Tests results were correlated with basic anthropometric measurements (Table 13), and

indices and body composition characteristics (Table 14).

From the three pass tests, the forearm pass test (T3) showed the strongest correlations with
body measurements. It had negative correlations with weight, circumferences and all the
indicators of adiposity (skinfolds, mass of subcutaneous adipose tissue, body mass index,
fat rate of the cross-sectional area of thigh and arm (r = 0.3-0.4). It revealed positive
correlations with biacromial breadth / pelvis breadth and arm cross-sectional bone and

muscle area (Tables 13 and 14).

Spike test (Ty4) correlated positively with length measurements (height, head-neck length,
sternum length and upper limb length), biacromial breadth, horizontal arms spread, upper
leg and lower leg circumferences and wrist circumference. Spike test Ts demonstrated
positive correlation with indices — wrist circumference / upper limb length, humerus
breadth / upper limb length and wrist breadth / upper limb length (Tables 13 and 14). All
the correlations were at the level of r = 0.3-0.4. This suggests that better results in spike

are achieved by tall and slender players with greater extremities’ strength.

The results of the feint test (T¢) also depended on the breadth and strength of extremities

bones. There were positive correlations (r = 0.3-0.4) with wrist breadth, wrist

45



circumference, relative wrist circumference, humerus breadth, ankle breadth and relative

ankle breadth (Tables 13 and 14).

Serve (T7) had positive correlation with biacromial breadth / pelvis breadth (r = 0.377) and
with bone-muscle rate of the cross-sectional area of the thigh / total cross-sectional area of
the thigh (r = 0.303) and negative correlation with fat rate of the cross-sectional area of the

thigh / total cross-sectional area of the thigh.

Test Tg had positive correlation with femur breadth / lower limb length (r = 0.346) and
negative correlation with relative lower limb length (r = —0.345) and calf skinfold (r = —

0.295).

Test Ty had positive correlations with head circumference (r = 0.350) and negative

correlations with trunk length / upper chest circumference (r =—0.310) (Tables 13 and 14).

In conclusion, our results showed that volleyball tests were better performed by slender
girls with smaller body fat content, longer upper limb length, larger biacromial breadth and
strong limb bones. The same was confirmed by regression analysis results (Table 15),
which revealed that most dependent on body build were the forearm pass (T3) and spike

(T4) tests (R*=0.29 and 0.32).

3.4. Results of psychophysiological tests

Table 16 presents the basic statistics of 21 computerized tests of speed perception, auditory
reaction, visual reaction and anticipatory reaction to reality that were carried out on 32
girls. As in the case of the previous test types, individual differences were great, but age

had no influence on test results.

We calculated the correlations of all psychophysiological tests with anthropometric data
(Tables 17 and 18). The basic anthropometric characteristics that correlated positively with
psychophysiological tests results were sternum length, trunk length, abdomen length,

biacromial breadth, chest breadth and waist breadth.
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The tests had negative correlations with weight, chest depth, abdomen depth, femur
breadth, ankle breadth, upper chest circumference, hip and upper thigh circumference,
upper and lower leg circumference, arm, forearm and wrist circumferences, umbilical and

triceps skinfolds.

The indices that revealed only positive correlations were relative trunk length, relative
abdomen length, relative upper body length, relative upper limb length, relative biacromial
breadth, relative waist breadth, relative wrist circumference, lower leg circumference /
lower limb length, femur breadth / lower limb length, trunk length / upper chest

circumference.

The only negatively correlated indices were body mass index, relative lower body length,
relative lower limb length, relative humerus breadth, relative hip and upper thigh
circumference, relative upper leg circumference, relative arm circumference, forearm
circumference / upper limb length, wrist circumference / upper limb length, wrist breadth /

upper limb length.

We applied regression analysis, attempting to predict the results of all the tests from
anthropometric data (Table 19). Five models were significant having the description rate
R? = 0.28-0.43). In conclusion, it might be said that psychophysiological tests were

performed better by slim girls with smaller extremities’ measurements.

3.5. Mutual correlations between physical ability tests, volleyball technical skills tests

and psychophysiological tests

Above, we analysed in detail the correlations between young volleyballers’ body build and
all the tests performed. In this section, we are going to observe whether the tests assessing
girls’ different abilities were also in mutual correlation. The respective data are presented
in Fig. 4, where all statistically significant correlations are indicated.

We can see that all the nine physical ability tests were in statistically significant correlation
with volleyball technical skills tests, and four physical ability tests had significant
correlations with psychophysiological tests. There were also correlations between three

ball handling tests and five psychophysiological tests.
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Fig.4. Mutual correlations between physical ability tests (PA), volleyball tests (T) and
psychophysiological tests (A-D)

Explanation of symbols used in Fig 4

PA, - Test of highest jump and reach Ti- Overhead pass with clap behind the back
standing T, - Overhead pass with squat

PA, - Test of highest jump and reach Ts - Forearm pass into | m?

running T4 - Spike along the sideline

PA; - Vertical jump height standing Ts - Spike diagonally

PA, - Vertical jump height running Ts - Feint into the centre of the court

PA;s - Endurance test T; - Serve straight

PAg - Stomach muscle strength test T - Serve diagonally

PA; - Test of flexibility To - Reception into zone 2 or 3

PAg - Test of speed measuring
PAy - Medicine ball throwing test

A - Average score of first time speed perception tests

As - Average score of third-time speed perception tests

Ag - Average reaction time in third time speed perception tests

B, - Average reaction time in first-time auditory perception tests (right hand)
B, - Average reaction time in first-time auditory perception tests (left hand)
Bs - Average reaction time in third-time auditory perception tests (right hand)
Bs- Average reaction time in third time auditory perception tests (left hand)
C; - Average reaction time in first-time visual perception tests (right hand)
C, - Average reaction time in first-time visual perception tests (left hand)

D, - Anticipatory reflection of reality (second attempt)
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The tests assessing jumping ability, like standing vertical jump and reach (PA;) and
running vertical jump and reach (PA;) proved to be of great significance for volleyball. If
we subtract the length of the outstretched arm from the results of these tests, we obtain the
height of standing (PA3) and running vertical jump (PA4). All the subjects who were more
successful in these four tests also had better results in the spike test (r=0.433-0.553). The
next in its significance among the physical ability tests measured the strength of upper
body and extremities (PAy), and the subjects with better results in this test had also greater

success in spike (Ty), feint (Tg) and serve tests (T7, Ts), (r=0.330-0.529).

The following physical ability tests — stomach muscle strength test (PAg) and flexibility
test (PA;) — correlated weakly with other physical ability tests but showed significant
correlations with several ball handling tests like pass test (T2), spike test (Ts) and serve
tests (T7, Tg) (1=0.319—-0.422). The results of the speed test (PAsg) were in correlation with
one of the pass tests (T3); the negative value of the correlation follows from the fact that in

speed test smaller numerical values designate better results.

One of the most significant pass tests — Tz — was dependent on the results of three physical
ability tests. These were standing vertical jump height PAj (r=0.345), endurance test PAs
(r=0.361) and the above-mentioned speed test (PAg).

In conclusion, physical ability tests and ball handling tests were connected in a number of
ways, which emphasises the necessity of parallel assessment of both types of tests for

successful coaching.

Psychophysiological tests also correlated with physical ability tests as well as with ball
handling tests (Fig. 4).

Different psychophysiological properties that we assessed by 21 computerized tests to
measure the girls’ speed perception, auditory and visual reaction and anticipatory
reflection of reality had, in different combinations, correlations with jump test PA4,
stomach muscle strength test PAg, flexibility test PA;, speed test PAg and medicine ball
throwing test PAo.
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It is interesting to note that the results of one of the volleyball technical skills tests —

reception test Tg — depended on auditory perception tests Bs (r=0.369) and B¢ (r=0.319).

Thus, psychophysiological tests, in combination with other tests, also help to measure the

formation of skills necessary for a young volleyballer.

In summary, we can state that most of the tests applied were in mutual correlation. As they
were also related to body build, this shows that body build and different abilities form one

whole that should be taken into consideration as such.

3.6. Assessment of players’ proficiency

Out of the 46 girls who were studied anthropometrically and by tests, 32 participated in
competitions, where their performance was recorded by the computer program Game.
Each player participated in at least four matches. For each player we calculated the index
of proficiency for all elements of the game in all matches where she participated. For the
whole group, the mean index of proficiency at serve was 0.545 (SD = 0.279), at reception
0.513 (SD = 0.183), at feint 0.657 (SD = 0.246), at block 0.523 (SD = 0.360) and at attack
0.563 (SD = 0.226). The mean value of the proficiency index was 0.539 (SD = 0.161).

For all the anthropometric variables and tests results of the girls who participated in
competitions, correlations with the index of proficiency for all elements of the game were
calculated. From the anthropometric variables and tests results that had significant
correlations with proficiency in the game, we calculated by means of stepwise regression

the best linear models for predicting proficiency in different elements of the game.

To assess independently the impact of anthropometric variables and tests results on
proficiency, different models were formed by means of basic anthropometric variables,

indices and test results studied. The results are presented in Table 20.

All the elements of proficiency in the game could be predicted by a model that consisted
only of basic anthropometric variables. The elements of proficiency correlated
significantly with 14 body measurements. These were height, weight, xiphoidal height,

suprasternal height; trunk measurements: upper and lower chest, waist and hip
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circumferences; limb measurements: arm circumference, arm circumference flexed and

tensed, upper thigh and lower leg circumference, wrist circumference and wrist breadth.

The efficiency of serve (coefficient of determination = 32%) was facilitated by greater
xiphoidal height and arm circumference. Efficiency of reception (50%) was linked to a

bigger weight, bigger suprasternal height and bigger wrist breadth.

Block was best performed (80%) by girls with bigger height and weight. For feint the most
essential (83%) characteristics were bigger xiphoidal height, arm circumference and hip
circumference. Attack was also more successful (71%) in girls with bigger weight and

lower leg circumference.

For serve (17%), reception (33%), block (65%), feint (93%) and attack (41%) it was also
possible to compile statistically significant regression models from anthropometric indices
and body composition characteristics only. The most essential indices were Rohrer index,
body mass index, relative chest breadth, relative waist breadth, relative pelvis breadth,
relative humerus breadth, and the following relative circumferences: head, lower chest,

upper leg and arm.

The physical ability model contained the results of four tests. Efficiency of reception
depended on the positive result of the flexibility test (PA7, 44%). Efficiency of feint was
determined by the endurance test (PAs, 18%) and efficiency of attack was determined by
the medicine ball throwing test (PAog, 22%).

Out of the nine volleyball technical tests, five correlated with proficiency in the game. In
the model where only volleyball technical tests were used as arguments, their number was

three (Tz, Té, Tg)

The model of volleyball technical tests was essential for reception (39%) and feint (44%).
In the first case, the pass test T, was essential, and in the second case the serve test Ts.

Proficiency in the game correlated surprisingly closely with seven psychophysiological
tests (As, As, A, B3, Bs, B, D2). They determined the efficiency in four elements of the
game out of five within 39-98%. The only element where they did not have any

significance was serve, for the performance of which the player has enough time and
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where she is not dependent on the activity of other players. On the contrary, success in
psychophysiological tests was very essential for such elements as block (98%) and attack
(80%), which, as a rule, are performed in the greatest deficit of time. Here, the player

needs very quick reaction and correct assessment of the movement of the ball.

In addition to the above mentioned, the results of the eight teams (74 players) participating
in Estonian championships in 2004 were used in order to find whether the body build
classification (see Methods) could be used in assessment of proficiency in the game. The
girls were taken the same 14 body measurements that proved essential in the sample of 32
girls. Girls of different ages (13—15 years) were placed into the classes of a common
height-weight classification according to their individual height and weight. The average
ages of girls of all classes did not differ statistically. The other variables changed in classes

similarly to the sample of 46 girls.

The girls’ proficiency in the game during the whole tournament was assessed in the same
body build classes. For each class, the total number of serves, receptions, attacks and
blocks, their mean values per player and percentage from elements performed during the
whole tournament (28 games), and the mean index of proficiency were calculated (see
Table 21). The means of performance of elements of the game in different classes were

compared using the Scheffé test, to compare percentages z-test was used.

The most active players belonged to class 3, the least successful to class 1, and girls in

classes 2, 4 and 5 achieved intermediate values.
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DISCUSSION

4.1. Regularities of adolescent female volleyballers’ body build

The anthropological trend of research in sports has completely justified itself.
Morphological characteristics, being constant characteristics of a person’s constitution, are
genetically determined. They influence directly results in games, gymnastics and other
sports, or indirectly by the manifestation and development of physical abilities (Loko

1996, 2002; Maiste, 1999a; Harro, 2001; Skinner, 2001; Wolfarth, 2001).

To obtain greater theoretical and practical benefit from applying body build data in
different sports, we need more detailed anthropometric research than has been done until
now (Stamm et al., 1998, 2000a, 2002a, 2003a; Loko et al., 1999; Fernate et al., 2001;
Martirosov, 2001; Avloniti, 2001).

Considering the above-mentioned, the author undertook the task of detailed
anthropometric research of adolescent female volleyballers (n=46, aged 13—16 years, 49
basic measurements and 65 indices and body composition indicators) in order to analyse
the importance of age and body build for physical abilities, volleyball technical skills tests,
psychophysiological tests and proficiency in the game.

To assess the significance of all the basic anthropometric measurements for volleyball, we
need a concept of the anthropometric structure of the body as a whole. Our research results
confirmed that the structure of the body as a whole is determined by a complex of
variables that are mutually in statistically significant correlations. The leading
characteristics of the system are height and weight, which correlate most strongly with all
the other variables. The integrated structure of body build could be demonstrated by the
fact that age, height and weight determined statistically significantly the variability of all
the other characteristics within 18-90%. At that, two thirds of the variability of
characteristics was determined within 50-90% and only in one third of the cases below
50%. This confirms a very essential aspect of volleyballers’ body build — in parallel to all
variables being in mutual correlation, each basic measurement is, to a certain extent, also

able to represent the body as a whole. The existence of an integrated structure makes it
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possible to apply extensively not only the features that have been considered essential for
volleyball but all the basic anthropometric measurements, indices and body composition

characteristics that are concerned with the area studied.

Integrated body structure also makes it possible to classify all body build data by a 5 SD
height-weight classification into the following classes: 1) small, 2) medium, 3) large, 4)
pycnomorphous, 5) leptomorphous. Between all the classes, it is possible to demonstrate
the existence of systematic changes in length, breadth and depth measurements, skinfolds,
indices and body composition characteristics. This also enabled us to demonstrate
systematic changes depending on classes in many indicators of body fat content — body
mass index, mean skinfold, body density, relative mass of fat by Siri, mass of
subcutaneous adipose tissue, fat rate and bone-muscle rate of the cross-sectional areas of

arm and thigh.

In literature we have not found such a classification being used for volleyballers.
Predominantly, body dimensions have been systematized according to Heath and Carter.
As the Heath-Carter scheme does not make use of many extremities length measures and
circumferences that are essential for volleyballers, then our classification could provide a
useful addition. Our classification also makes it possible to assess simultaneously a great

number of body fat indicators.

According to literature data, both elite and adolescent female volleyballers have greater
height and weight (Hosler et al., 1978; Hakkinen, 1993: Viviani and Boldin, 1993). We
had the opportunity of comparing the volleyballers studied by us with national average
values for the same age (n=586) and found that, in addition to height and weight, 18 other
basic measurements and triceps skinfold had higher values in volleyballers than in the
control group. Thus, volleyballers had greater upper extremity length, biacromial breadth,
breadth of extremities bones (femur, ankle, humerus and wrist), trunk and extremities

circumferences (waist, upper thigh, upper leg and lower leg, arm and wrist).
We could compare our data with those of 13—15-year-old female volleyballers from

Budapest (Farkas et al., 1991). Their height varied from 161.24 to 168.76 cm (our average
167.23 cm); their height varied from 51.53 to 56.17 kg (our average 56.78), their body fat
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percentage from 21.13 to 22.27 (our average 18.86). The data were similar, only the body

fat content of our girls was lower than in those of Budapest.

The sample studied by us displayed age-related differences in 14 basic measurements but
not in indices and body composition characteristics. Classification of subjects’
anthropometric variables into height-weight classes revealed that average age did not differ
considerably by classes. Therefore, we could treat the sample studied as relatively uniform,
although in all tests, along with body dimensions, we always considered the girls’ age. We
did not concern ourselves with the biological age of our material, but we are of the opinion
that chronological age in combination with detailed anthropometric status is also

representative of biological age.

4.2. Correlation of physical ability tests results with body build

To assess young volleyballers’ abilities essential for the game, we conducted three
categories of tests: 9 physical ability tests, 9 volleyball technical skills tests and 21
psychophysiological tests. We chose relatively simple tests that every coach would be able
to use, that could be conducted indoors, regardless of season and weather, and that would
not need special equipment. We analysed the dependence of test results on body build and

correlations between different categories of tests.

The programme of physical ability tests was compiled of tests that, according to literature,
were most essential for volleyball: jumping tests, medicine ball throwing test, speed,

endurance, flexibility and stomach muscles strength test.

Better jumping ability, according to our own data (R. Stamm et al., 2000b) as well as
literature (Matsudo et al., 1987; Viitasalo, 1988), was typical of girls with greater height
and weight. As we used four tests to characterize jumping ability, and in addition the
highest reach of the player’s outstretched hand and many basic anthropometric
measurements, we could analyse the tests in detail. Thus, vertical jump and reach (PAj,
PA,) and the highest reach of player’s outstretched hand had correlations with nearly all
other anthropometric characteristics except skinfolds. There were very strong correlations

(r = 0.7-0.9) with height, extremities length, horizontal arms spread, biacromial and pelvis
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breadth. The variability of the highest reach of player’s outstretched hand was 35 cm (201—

236 cm), which gives taller players considerable advantage at spike and block.

The other jump tests — standing vertical jump (PA3z) and running vertical jump (PA4) —
correlated negatively with skinfolds, confirming the views from literature that better
jumping ability is inversely proportional to body fat percentage (Thissen-Milder and
Mayhew, 1991).

We could compare the results of the standing vertical jump test with the data of J. D.
Zheleznyak (Kene3nsik,1988). In our data, the mean height of standing vertical jump was
35.78 cm, but according to Zheleznyak the result of this test in 13-16-year-old girls should
be 40-50 cm.

In our study, jumping ability also had a significant correlation with upper body muscles’
explosive strength (medicine ball throwing test, PAg). This test is also essential for
successful block and spike, and better results are achieved by players with greater height
and weight (Morrow et al., 1979; Hoeger et al., 1987; Hékkinen, 1989; Hikkinen et al.,
1999; Smith et al., 1992). In addition, we showed that the results of this test correlated

with practically all anthropometric variables except skinfolds.

Endurance is an essential component of volleyball (Wielki, 1979; Viitasalo et al., 1987;
Smith et al., 1992; Bale et al., 1992; Arbeit, 1998; Wieczorek, 2001). In our data,
endurance test (PAs) showed significant negative correlations with all body measurements
and skinfolds; thus, the results were better in smaller and slimmer girls. The average
numerical result of our research — 6.3 min — was similar to the result obtained by

A.Lopman (1995), who used the same method to test 16-year-old girls.

Most authors include speed test (PAg) among the tests assessing 12-15-year-old
adolescents’ physical abilities as this is the age when speed strength and speed of
movements develop most rapidly (Kantola, Rusko, 1984). Our study also confirmed its
importance among other tests as it was the only test that correlated with the results of all
the other tests except the flexibility test. In our study, faster girls had lower body fat

content and smaller wrist and hip circumferences. Our results coincided with literature data
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that higher body fat content is in correlation with worse results in the speed test and other

tests (Malina, 1975; Watson and O’Donovan, 1977; Raudsepp and Jiirimée, 1996).

Flexibility test (PA7) had a negative correlation with hip circumference (r=0.332). Girls
with smaller hip circumference had greater extent of bending forward. The only positive
correlation of this test was with running vertical jump height (PA4, r=0.336). Girls with
better flexibility jumped higher.

Our average result of the flexibility test (16.63 cm) was better than in 11-15-year-old girls
who did not practise sports (9 cm) (Hein, 1998). Our result is in concordance with A.
Saar’s (1998) result of 16-year-old girls’ flexibility test (17 cm) and A. Lopman’s (1995)

respective result (16 cm).

Stomach muscle strength test (PAg) was the only one among our tests whose results did
not correlate statistically significantly with any anthropometric variable. It only had a
negative correlation with speed test(r=—0.382), which means that the girls who had a better

result in stomach muscles strength test were able to run faster.

As the results of seven out of nine physical ability tests used by us correlated with many
anthropometric variables, we performed regression analysis to model the dependence of
physical ability test results on body build. To predict tests results, we used two types of
models. In the first case we used as arguments height, weight and age, and in the second
case the other anthropometric characteristics, which showed statistically significant
correlations with the test studied. In all the tests age, height and weight gave somewhat
worse results than the best combination of other characteristics. By using the second
model, we could anthropometrically determine the variability of PA; within 89%, PA, —
78%, PAs — 61%, PA4 — 42%, PAs — 42%, PAg — 63% and PAy — 65% (in the sense of the

determination coefficient).

Literature has discussed only the correlation of tests with height, weight and fat
percentage, but our results suggested that a more detailed anthropometric study combined
with physical abilities tests gives, in general, a better assessment of young players’ abilities

and their prospects in the chosen sport.

57



4.3. Correlations of volleyball technical skills tests results with body build

The complex of volleyball technical tests consisted of three pass tests, two spike tests, a
feint test, two serve tests and a reception test. The tests results correlated between
themselves and with a number of anthropometric variables but not with age. The greatest
dependence on body build was found in spike tests (R*=0.32). Better results were achieved
by tall and slender players with greater strength of extremities. Feint test also depended on
the breadth of extremities bones. Significant correlations with body build could be also
noticed in forearm pass test (R’=0.29) and serve test; both of them had negative

correlations with indicators of adiposity.

In conclusion, tests were best performed by girls with smaller body fat content, longer

upper limb length, greater biacromial breadth and strong limb bones.

We could not directly compare our results with data from literature, as the sources
available for us did not describe tests conducted on such a scale. Moreover, the methods of

applying the tests were different.

4.4. Correlations of psychophysiological properties tests with body build

For a comparative study of young female volleyballers’ psychophysiological abilities, we
conducted 21 computerized tests of speed perception, auditory and visual reaction and tests
of anticipatory reflection of reality. Like in other categories of tests, individual variability
of results was great, but age did not influence tests results. Out of 21 tests, 10 had the
strongest correlations with anthropometric measurements at the level of r=0.3-0.4. The
best models for predicting tests results from anthropometric arguments were obtained for

five tests (R?=0.28-0.43).

Literature contains few comparative data on psychophysiological tests carried out to such
an extent. Numerically, we could compare the data of Z. Hascelik et al. (1989) from
Ankara, Turkey, on 22 young male volleyballers’ (average age 18.5 years) auditory and
visual reaction times before and after an eight-week period of physical conditioning
exercises. While the average auditory reaction time in our sample of girls varied from

0.209 to 0.235 sec, the average of the male team before the training period was 0.191 and
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after it 0.175 sec. The average visual reaction time of the girls’ group varied from 0.197 to
0.200 sec, the males’ time before training was 0.215 sec and after it 0.200 sec. From this

we might conclude that auditory reaction was better in boys and visual reaction in girls.

4.5. Correlations between players’ proficiency, their body build and tests results

Performance in the game was recorded by the computer program Game in 32 girls out of
46, who participated in competitions. For all players and all elements of the game, we
calculated the indices of proficiency. We calculated the correlations of all the
anthropometric variables and test results with this index, and calculated the best linear

models for predicting proficiency in different elements of the game.

We found that basic anthropometric measurements enabled us to predict proficiency in all
the elements of the game within 32—-83%; anthropometric indices within17-93%. Test
results did not provide statistically significant results in the case of serve. In reception, the
description rate of tests varied from 36-44%, in feint from 18-60% and in attack from 22-
80%. In the case of block, only psychophysiological tests proved to be significant
(R?=0.98).

In assessment we used an original program, which had previously been approved by the
Estonian Volleyball Federation and introduced in the Journal of the American Volleyball
Federation (Stamm et al., 20001, 2001). Therefore, we could not compare our data with

concrete data from literature.

Summing up the results of our study, we can state that our research confirmed the data
provided in literature that adolescent female volleyballers’ body build correlates with the
results of various tests, and that body build characteristics as well as better physical

abilities are a prerequisite for proficiency in the game.
Additionally, we studied in detail the possibilities of applying the anthropometric factor in

assessing both tests results and proficiency in the game and introduced an original program

of recording and assessing the proficiency Game.
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The results of our study were checked again at Estonian young female volleyballers’
championships in Parnu on 14-16 May 2004 with the participation of eight best teams of
Estonia. All 74 players were measured anthropometrically (14 body measurements) and
the girls’ proficiency in the game was assessed in 5 body build classes. The results showed
that the most successful were the girls of class 3 with big height and weight. The small
girls of class 1 were the least successful. The players belonging to classes 2, 4 and 5

formed an intermediate group.

The author has also compiled methodological instructions (Stamm R., 2003b) that are used
by the Estonian Volleyball Federation as methodological material for volleyball coaches

and sports clubs or sports schools that practise volleyball.

60



CONCLUSIONS

1. Multivariate statistical analysis of 49 basic anthropometric variables and 65 indices and
body composition characteristics established the essence of the anthropometric
structure of body build as a whole.

2. A 5 SD classification of height and weight enabled us to systematize all volleyballers’
length, breadth and depth measurements, circumferences and body composition
characteristics.

3. As the structure of body measurements of young female volleyballers is similar to
ordinary schoolgirls, the 5-class classification of height and weight forms a handy tool
for predicting the potential abilities of schoolgirls as volleyball players.

4. Seven physical ability tests out of nine were related to body measurements; two
anthropometric regression models from height, weight and age or from a combination
of other anthropometric variables predicted the variability of tests results within 24-
95%. The tests results placed in a 5 SD classification showed essential differences in
jumping ability and speed tests.

5. Volleyball technical skills tests correlated with 30 basic anthropometric variables and
with 26 indices and body composition characteristics at the level of r = 0.3 — 0.4.

6. Psychophysiological tests correlated with 27 basic anthropometric variables and with 32
indices and body composition characteristics at the level or r = 0.3 — 0.5.

7. Young female volleyballers’ (aged 13—16 years) performance in the game is essentially
determined by all the components discussed in the present study — peculiarities of body
build and results of all kinds of tests performed. The 5-class classification of height and
weight (the body build classification) enables simultaneous assessment of body build
and proficiency.

8. Attack, block and feint were best performed by players with greater height, weight, arm,
upper thigh and lower leg circumferences, who reacted faster to the changing situation
in the game (anthropometric models R* = 0.71-0.83, psychophysiological models R* =
0.60-0.98).

9. The efficiency of reception was determined by anthropometric variables and results of
all tests within 39-50%. The efficiency of serve was determined by anthropometric

models within 17-32%.
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10. The computer program Game created by the author is well suited for assessment of

young female volleyballers’ performance at competitions.
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Summary in Estonian

Ténapdevane vOrkpall esitab méngijatele suuri ndudeid, mistottu tavalise treeningudpetuse
korval vajavad arendamist ka noorte mingijate fiiiisiline ja psiihhofiisioloogiline
vdimekus. Uha enam ilmub kirjanduses andmeid nende vdimete seotuse kohta ealiste
konstitutsionaalsete isedrasustega (Bale et al., 1992; Kiomourtzoglou et al., 2000; Avloniti
et al., 2001). Koik see mdjutas kdesoleva uuringu eesmdrki — analiiiisida noorte
naisvOrkpallurite kehaehituse isedrasuste seotust nende fiilisilise, méingutehnilise,

psiihhofiisioloogilise voimekuse ja ménguedukusega.

Uuringute aluseks olid 46 noort naisvorkpallurit 13—16 aasta vanuses. Mingijad parinesid
6 naiskonnast, olid viimase 3 aasta jooksul osalenud regulaarselt treeningutel ning
voistelnud vabariiklikel kuni 16-aastastele moeldud voistlustel. Tiitarlapsed olid terved
ning andsid koos vanematega ndusoleku vabatahtlikuks osalemiseks uuringus. Tiitarlaste
bioloogiline kiipsus madrati Tanneri (1962) sekundaarsete suguliste tunnuste
viljakujunemise alusel. Antropomeetrilisi mdo0tmisi teostati klassikalise Martini
(Knussmann, 1988) metoodika alusel. Moddeti 49 kehamodtu, kuhu kuulusid ka 11
nahavolti ning nende alusel arvutati 65 indeksit ja kehakoostise niitajat. Fliisilise
voimekuse hindamiseks kasutati 9 valideeritud testi. Need olid paigalthiippe korgus,
hoojooksult hiippe korgus, méngija iilessirutatud kde ulatus paigalasendis, paigalthiippe
ulatus, hoojooksult hiippe ulatus, vastupidavuse kontrolltest (EuroFit, 20 m siistikjooks),
kohulihaste tugevuse kontrolltest (selililamangust istesse tous), painduvustest, kiiruse
modtmise test (siksakjooks topispallide puudutamisega) ja kite- ning seljalihaste joutest.
Vorkpalliméngu tehnilisi oskusi kontrolliti 9 vorkpalli klassikalisi elemente (McGown
1994; Viera ja Ferguson, 1996) sisaldava testiga. Psiihhofiisioloogiliseks uurimiseks
kasutati 21  kompuutertesti, mis olid modeldud selleks, et spetsiaalse
kompuuterprogrammiga vilja selgitada tiitarlaste reaktsiooni kiirus tajumisele, helile ja
vérvile. Nende andmete alusel hinnati tegelikkust ennetava peegelduse kiirust. Kdik
voistlusméngud, kus nimetatud tiitarlapsed osalesid, kirjutati iiles autori poolt koostatud

originaalse vorkpalli lilesmérkimise arvutiprogrammiga ,,Mang".

Noorte naisvorkpallurite antropomeetriliste tunnuste mitmemddtmeline statistiline analiiiis

toestas regulaarse antropomeetrilise siisteemi olemasolu, milline moodustus omavahel
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statistiliselt oluliselt seotud iiksiktunnustest juhtivate tunnustega pikkuse ja kaalu néol.
Autori poolt kasutusele voetud pikkus-kaalu S5SD klassifikatsioon vodimaldas
siistematiseerida koiki pikkus-laius-siigavusmdote, iimbermdodte, nahavolte ja kehakoostise
nditajaid. VOrdlus sama vanade vorkpalli mitte ménginud koolitiidrukute (n=586)
kehamodtudega (Veldre jt., 2002) nditas, et enamike {iiksikmdotude osas iiletavad
vorkpallurid oma eakaaslasi ning et vorkpallurite kehastruktuur sarnaneb sama vanade

koolitiidrukute omaga (Kaarma jt., 2004).

Kéesoleva uuringu tulemused kinnitasid, et kehaehitus on oluliselt seotud kodigi kasutatud
testidega, mddrates 42—89% fiiiisilise vOoimekuse testide, kuni 32% vdrkpallitehniliste

testide ja kuni 43% psiihhofiisioloogiliste testide tulemustest.

Kompuuterprogramm ,,Ming*“ vdimaldas registreerida vodistlusmidngudes 32 tiitarlapse
kdigi manguelementide soorituse ning arvutada vélja vastavad resultatiivsuse indeksid.
Viimased seostati médngijate kdigi antropomeetriliste tunnuste ja testide tulemustega ning
arvutati parimad prognoosimudelid kdigi ménguelementide jaoks. Selgus, et mdnguedukus
soltus nii tiitarlaste kehaehitusest kui ka kdigist kasutatud testidest. Nii sooritasid riinnaku,
sulustamise ja pettel6ogi paremini pikemad, suurema kaalu, suurema dlavarre, reie iilemise
ja sddre alumise imbermddduga tiitarlapsed, kes reageerisid kiiremini méngu muutuvale
situatsioonile (antropomeetrilised mudelid R* — 0,71-0,83, psiihhofiisioloogilised mudelid
R? — 0,60-0,98). Pallingu vastuvdtu resultatiivsus sdltus antropomeetrilistest tunnustest ja
koigist testidest 39-50% ulatuses. Pallingu resultatiivsuse médrasid antropomeetrilised

mudelid 17-32%.

Uksikutest antropomeetrilistest tunnustest olid minguedukuses olulised 14 kehamddtu.
Nende kasutamine pikkus-kaalu klassifikatsioonina 74 vorkpallitiitarlapse juures Eesti

meistrivoistlustel 2004. a. vdimaldas eristada edukamaid tiitarlapsi vihem edukatest.
Kokkuvdttes voib delda, et noorte naisvorkpallurite ja sama vanade koolitiidrukute sarnane

kehaehitusstruktuur vdimaldab kasutada pikkus-kaalu viieklassilist klassifikatsiooni

vorkpalluritele jarelkasvu otsimiseks koolitiidrukute hulgast.
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Samuti voimaldab regulaarne kehaehitusstruktuur, selle seotus testitulemustega ja
minguedukusega kasutada kogu parameetrite kompleksi mingijate individuaalse arengu

testimiseks.
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Table 1
Means and standard deviations of basic anthropometric measurements in age groups of young female volleyballers (n=46) and their
correlations with age.

No Variable 13 years 14 years 15 years 16 years Statistical
X SD n=10 n=14 n=12 n=10 significant
correlation
X SD X SD X SD X SD with age (r)
2. Weight (kg) 56.177 | 9.107 | 54.48 | 13.84 | 52.55 6.65 58.26 | 4.20 | 60.46 9.47 0.291
3. Height (cm) 166.22 | 6.02 | 163.19 | 7.23 | 164.08 | 4.41 | 168.43 | 5.30 | 169.60 | 5.50 0.429
4. Suprasternal height (cm) 135.26 | 550 | 13283 | 6.78 |133.31 | 3.94 | 137.14 | 5.12 | 138.14 | 4.97 0.395
5. | Xiphoidal height (cm) 120.46 | 5.07 |[118.95] 5.96 |118.64 | 3.74 [ 12250 | 5.02 | 122.08 | 5.10 0.295
6. Head-neck length (cm) 30.99 0.96 30.36 | 1.20 | 30.76 1.05 31.29 | 0.64 | 31.46 0.75 0.413
7. Sternum length (cm) 14.85 1.78 1388 | 1.56 | 14.67 2.33 1464 | 1.63 | 16.06 1.06 0.363
8. | Abdomen length (cm) 3544 | 537 | 35.68 | 6.66 | 34.69 | 597 | 37.39 | 460 | 33.92 | 3.72 -
9. Trunk length (cm) 50.24 5.52 4956 | 7.29 | 49.36 5.81 52.03 | 5.23 | 49.98 3.31 -
10. | Upper body length (cm) 66.95 | 540 | 64.36 | 452 | 67.65 | 7.73 | 68.10 | 3.78 | 67.20 | 3.38 -
11. | Lower body length (cm) 99.27 7.25 98.83 | 6.63 | 96.43 | 10.00 | 100.33 | 5.80 | 102.40 | 2.97 -
12. | Upper limb length 72.69 4.09 71.63 | 583 | 70.74 | 2.29 73.77 | 3.83 | 75.21 2.87 0.375
13. | Lower limb length 87.60 5.62 87.50 | 3.72 | 85.76 6.56 88.68 | 6.36 | 88.99 4.88 -
14. | Horizontal arms spread (cm) 167.51 | 8.35 | 164.05| 9.41 |163.91 | 511 | 169.00 | 8.14 | 17422 | 7.41 0.464
15. | Biacromial breadth (cm) 35,33 | 162 | 3490 | 2.14 | 3489 | 0.76 | 35.33 | 1.60 | 36.35 | 1.68 0.319
16. | Chest breadth (cm) 23.88 1.50 23.80 | 2.11 2.43 1.37 24,13 | 1.26 | 24.30 1.21 -
17. | Waist breadth (cm) 21.90 1.73 22.15 | 2.16 | 21.32 1.61 2158 | 1.12 | 22.85 1.81 -
18. | Pelvis breadth (cm) 25.67 1.54 2490 | 1.82 | 25.39 1.40 26.00 | 1.04 | 26.45 1.66 0.367
19. | Chest depth (cm) 16.23 1.25 16.40 | 2.12 | 15.79 0.96 16.38 | 0.93 | 16.50 0.71 -
20. | Abdomen depth (cm) 1548 | 131 | 15115 | 2.11 | 1536 | 093 | 1525 | 0.94 | 16.25 | 0.98 -
21. | Femur breadth (cm) 8.69 0.57 8.54 0.76 8.64 0.50 8.78 | 0.52 | 8.83 0.53 -
22. | Ankle breadth (cm) 6.86 0.46 6.84 | 0.64 | 6.76 0.32 6.90 | 0.43 | 6.96 0.50 -




23. | Humerus breadth (cm) 6.17 0.39 6.22 | 044 | 6.90 0.33 6.21 | 043 | 6.17 0.41 -
24. | Wrist breadth (cm) 5.07 0.29 4.91 0.40 5.13 0.27 508 | 0.23 | 5.13 0.25 -
25. | Head circumference (cm) 3496 | 144 | 5493 | 1.49 | 55.32 | 1.18 | 54.60 | 1.60 | 54.91 1.62 -
26. | Neck circumference (cm) 3150 | 1.71 | 3146 | 255 | 3141 | 143 | 3141 | 143 | 31.12 1.86 -
27. | Upper chest circumference (cm) 81.23 | 497 | 8164 | 753 | 7952 | 4.04 | 8210 | 3.69 | 82.16 | 4.47 -
28. | Lower chest circumference (cm) 73.96 | 536 | 7415 | 737 | 7217 | 472 | 7467 | 351 | 7557 | 5.88 -
29. | Waist circumference (cm) 67.62 | 565 | 6765 | 7.84 | 6583 | 3.96 | 6745 | 263 | 70.32 | 7.32 -
30. | Pelvis circumference (cm) 79.49 | 6.30 | 7750 | 953 | 77.26 | 473 | 81.48 | 3.50 | 82.20 | 5.88 0.324
31. | Hip circumference (cm) 85.13 | 9.35 | 85.11 | 1042 | 81.34 | 10.83 | 88.89 | 3.02 | 85.93 | 10.27 -
32. | Upper thigh circumference (cm) 55.09 | 594 | 5420 | 8.16 | 52.94 | 550 | 56.80 | 1.99 | 57.12 | 6.65 -
33. | Middle thigh circumference (cm) | 46.49 | 479 | 4472 | 6.31 | 4526 | 4.05 | 47.87 | 3.14 | 4834 | 5.21 0.308
34. | Upper leg circumference (cm) 34.16 | 268 | 33.26 | 3.39 | 3326 | 2.64 | 3527 | 1.77 | 35.01 | 244 0.304
35. | Lower leg circumference (cm) 2204 | 158 | 2163 | 239 | 21.63 | 119 | 22.33 | 2.23 | 22.70 1.37 -
36. | Arm circumference (cm) 2487 | 241 | 2417 | 359 | 2422 | 1.74 | 2565 | 1.54 | 25,55 | 2.50 -
37. | Arm circumference flexed and 26.84 | 257 | 2625 | 391 | 26.28 | 1.85 | 2751 | 1.60 | 27.40 | 2.79 -
tensed (cm)
38. | Forearm circumference (cm) 2245 | 160 | 2192 | 2115 | 2191 | 1.39 | 2289 | 1.14 | 23.18 1.48 0.328
39. | Wrist circumference (cm) 1573 | 094 | 1558 | 154 | 1558 | 0.69 | 1573 | 0.75 | 16.08 | 0.71 -
40. | Chin skinfold (cm) 0.64 0.23 0.70 | 0.31 | 0.57 0.19 0.63 | 0.18 | 0.68 0.25 -
41. | Chest skinfold (cm) 0.67 0.27 0.76 | 0.35 | 0.56 0.18 0.71 | 021 | 0.70 0.35 -
42. | Side skinfold (cm) 0.82 0.40 094 | 049 | 0.74 0.42 082 | 022 | 0.84 0.45 -
43. | Waist skinfold (cm) 1.27 0.50 1.31 | 0.73 1.16 0.35 126 | 034 | 139 0.61 -
44. | Suprailiacal skinfold (cm) 0.83 0.39 0.89 0.59 0.79 0.37 0.88 | 0.29 | 0.77 0.28 -
45. | Umbilical skinfold (cm) 1.03 0.39 1.09 | 058 | 0.90 0.25 1.08 | 0.37 | 1.09 0.38 -
46. | Subscapular skinfold (cm) 1.03 0.41 1.19 0.60 0.93 0.39 1.08 | 0.23 | 0.95 0.37 -
47. | Biceps skinfold (cm) 0.81 0.31 091 | 039 | 0.71 0.25 086 | 0.25 | 0.78 0.35 -
48. | Triceps skinfold (cm) 1.27 0.40 1.31 0.53 1.18 0.37 142 | 027 | 1.16 0.43 -
49. | Thigh skinfold (cm) 2.14 0.56 201 | 0.56 1.91 0.50 242 | 033 | 2.26 0.73 -
50. | Calf skinfold (cm) 1.34 0.34 1.28 | 0.35 1.20 0.24 144 | 0.38 | 1.48 0.34 -




Table 2
Basic statistics of indices and body composition characteristics by young female volleyballers (n=46) and their correlations with age

Statistically

No Variable X SD Min | Max significant
correlation
with age (r)

51 | Rohrer index 1.22 0.15 0.99 1.70 -

52 | Body mass index 20.26 2.58 1590 | 28.02 -

53 | Body surface area (m?) 1.62 0.14 1.30 [2.01 0.367

54 | Relat. trunk length (%) 30.22 3.15 26.85 |42.08 -

55 | Relat. abdomen length (%) 21.33 3.18 15.95 | 32.72 -

56 | Relat. upper body length (%) 40.31 3.42 35.68 | 59.59 -

57 | Relat. lower body length (%) 59.69 3.42 40.41 | 64.32 -

58 | Realt. upper limb length (%) 43.73 1.59 39.98 |47.11 -

58 | Relat. lower limb length (%) 52.68 2.31 46.41 | 55.73 -

60 | Relat horizontal arms spread (%) 100.77 3.22 95.17 | 115.64 -

61 | Relat biacromial breadth (%) 21.26 0.87 19.28 | 23.09 -

62 | Relat. chest breadth (%) 14.37 0.83 12,95 |16.12 -

63 | Relat. waist breadth (%) 13.18 0.95 11.68 | 17.58 -

64 | Relat. pelvis breadth (%) 15.44 0.71 1359 |17.13 -

65 | Relat. chest depth (%) 9.76 0.69 8.63 12.45 -

66 | Relat. abdomen depth (%) 9.31 0.75 6.87 11.54 -

67 | Relat. femur breadth (%) 5.23 0.31 4.65 6.05 -

68 | Relat. ankle breadth (%) 4.13 0.25 3.38 4.55 -

69 | Relat humerus breadth (%) 3.71 0.20 3.37 4.19 -

70 | Relat. wrist breadth (%) 3.05 0.16 2.72 3.42 -

71 | Relat. head circumference (%) 33.10 1.24 30.55 | 35.79 -0.472

72 | Relat upper chest circumference (%) 48.89 2.83 43.49 | 57.86 -




73 | Relat lower chest circumference (%) 44,54 3.06 39.93 |53.01 -
74 | Relat. waist circumference (%) 40.69 3.13 35.98 | 50.82 -
75 | Relat. pelvis circumference (%) 47.81 3.25 41.45 | 55.62 -
76 | Relat hip circumference (%) 51.21 5.29 31.19 | 60.90 -
77 | Relat. upper thigh circumference (%) 33.12 3.15 24.63 | 39.59 -
78 | Relat. upper leg circumference (%) 20.55 1.38 18.68 | 23.61 -
79 | Relat. arm circumference (%) 14.96 1.31 12,10 | 17.79 -
80 | Relat. forearm circumference (%) 13.50 0.83 12,10 | 15.45 -
81 | Relat. wrist circumference (%) 0.46 0.49 8.68 11.11 -
82 | Arm circumf./upper limb length (%) 34.25 3.14 29.27 | 40.87 -
83 | Forearm circumf./upper limb length (%) 30.93 2.23 27.57 | 35.90 -
84 | Wrist circumf./upper limb length (%) 21.67 1.33 19.01 | 25.52 -
85 | Humerus breadth/upper limb length (%) 8.49 0.48 7.35 9.63 -0.380
86 | Wrist breadth/upper limb length (%) 6.98 0.44 6.13 8.14 -
87 | Upper thigh circumf./lower limb length (%) 63.05 7.06 4570 | 75.03 -
88 | Middle thigh circumf./lower limb length (%) 53.21 5.70 43.37 | 65.27 -
89 | Upper leg circumf./lower limb length (%) 39.10 3.32 33.93 |[47.90 -
90 | Lower leg circumf./lower limb length (%) 25.23 2.00 2150 |31.21 -
91 | Femur breadth/lower limb length (%) 9.96 0.83 8.60 12.21 -
92 | Ankle breadth/lower limb length (%) 7.85 0.60 6.26 9.63 -
93 | Chest breadth/chest depth (%) 147.59 9.67 126.83 | 171.43 -
94 | Chest depth/chest breadth (%) 68.04 4.40 58.33 | 78.85 -
95 | Waist breadth/abdomen depth (%) 141.98 10.78 127.27 | 181.82 -
96 | Abdomen depth/waist breadth (%) 70.80 4.96 55.00 |78.57 -
97 | Biacromial breadth/pelvis breadth (%) 137.85 6.54 125.46 | 154.35 -
98 | Waist circumf./pelvis circumf. (%) 85.13 3.42 76.95 | 94.67 -
99 | Biacromial breadth/upper chest circumf. (%) 40.97 2.00 34.93 |46.13 -
100 | Trunk length/upper chest circumf. (%) 61.93 6.52 53.41 | 84.79 -
101 | Body density (g/cm®) 1.06 0.01 1.04 1.08 -




102 | Relat. mass of fat by Siri (%) 18.33 3.83 7.49 25.80 -
103 | Mean skinfold (cm) 1.08 0.32 0.50 1.98 -
104 | Mass of subcutaneous adipose tissue (kg) 7.97 2.94 3.27 16.33 -
105 | Relat. mass of subcutaneous adipose tissue (%) 18.86 3.24 7.28 21.49 -
106 | Total cross-sectional area of arm (cm?) 49.68 9.57 27.83 |69.25 -
107 | Total cross-sectional area of thigh (cm?) 244.27 51.20 126.05 | 327.31 -
108 | Bone-muscle rate of the cross-sectional area of arm (cm?) 37.42 5.85 21.67 |51.23 0.385
109 | Fat rate of the cross-sectional area of arm (cm®) 12.26 4.71 4.19 23.83 -
110 | Bone-muscle rate of the cross-sectional area of thigh (cm?) 188.31 39.36 97.97 | 285.69 -
111 | Fat rate of the cross-sectional area of thigh (cm?) 55.95 17.66 20.02 | 94.90 -
112 | Bone-muscle rate of the cross-sectional area of arm/total cross- 0.76 0.06 0.64 0.89 -
sectional area of arm
113 | Fat rate of the cross-sectional area of arm/total cross-sectional area of | 0.24 0.06 0.11 0.37 -
arm
114 | Bone-muscle rate of the cross-sectional area of thigh/total cross- 0.77 0.05 0.64 0.88 -
sectional area of thigh
115 | Fat rate of the cross-sectional area of thigh/total cross-sectional area | 0.23 0.05 0.12 0.36 -

of thigh




Table 3

Basic characteristics of basic anthropometric measurements of young women volleyballers (VB) expressed on the scale of z-scores of
national population (NP) of the same age. Comparison of means of anthropometric measurements of VB-girls (n=46) and ordinary girls
(NP) (n=586, a=0,05).

Statistical significant
difference
No Value " SD Min Max >means (VB) bigger
X
<means (VB) smaller
2. | Weight (kg) 0.28 1.07 -1.19 3.05 >
3. | Height (cm) 0.45 0.94 -1.29 2.48 >
4. | Suprasternal height (cm) 0.34 0.99 -1.28 2.33 >
5. | Xiphoidal height (cm) 0.26 1.03 -1.97 2.31 >
6. | Head-neck length (cm) 0.61 0.68 -0.54 2.23 >
7. | Sternum length (cm) 0.36 1.09 -2.02 1.81 >
9. | Trunk length (cm) 0.60 2.41 -2.17 8.07 >
12. | Upper limb length (cm) 0.47 1.26 -2.39 3.50 >
13. | Lower limb length (cm) -0.26 1.49 -4.08 2.45 <
15. | Biacromial breadth (cm) 0.67 0.88 -1.50 2.29 >
16. | Chest breadth (cm) -0.21 1.07 -2.36 1.72 <
17. | Waist breadth (cm) -0.24 1.08 -2.02 1.89 <
18. | Pelvis breadth (cm) -0.56 0.98 -2.75 2.13 <
19. | Chest depth (cm) -0.42 0.96 -1.90 2.27 <
20. | Abdomen depth (cm) -0.43 0.94 -2.90 1.73 <
21. | Femur breadth (cm) 0.23 1.33 -2.18 3.10 >
22. | Ankle breadth (cm) 0.60 1.42 -2.18 3.15 >
23. | Humerus breadth (cm) 0.60 1.32 -1.67 3.12 >
24. | Wrist breadth (cm) 0.18 1.00 -1.76 2.28 -
25. | Head circumference (cm) -0.24 0.96 -2.37 1.62 -




26. | Neck circumference (cm) 0.05 1.10 -1.50 3.10 -
27. | Upper chest circumference (cm) -0.09 0.96 -1.31 2.70 -
29. | Waist circumference (cm) 0.11 0.92 -1.21 3.16 >
30. | Pelvis circumference (cm) -1.64 1.13 -3.35 1.01 <
33. | Middle thigh circumference (cm) -0.06 1.07 -1.67 2.37 >
34. | Upper leg circumference (cm) 0.07 0.97 -1.36 2.08 >
35. | Lower leg circumference (cm) 0.07 1.10 -2.20 2.11 >
36. | Arm circumference (cm) 0.05 0.91 -1.74 2.14 >
37. | Arm circumference flexed and tensed (cm) | 0.33 1.02 -1.49 2.90 >
38. | Forearm circumference (cm) -0.19 1.09 -2.31 2.17 <
39. | Wrist circumference (cm) 0.85 1.11 -1.5 3.67 >
41. | Chest skinfold (cm) -1.34 0.84 -1.83 1.41 -
46. | Subscapular skinfold (cm) -1.35 0.65 -1.88 0.81 -
47. | Biceps skinfold (cm) -1.71 1.07 -2.71 1.30 -
48. | Triceps skinfold (cm) -2.30 1.07 -3.37 0.48 >
49. | Thigh skinfold (cm) -1.97 1.11 -2.93 1.80 <
50. | Calf skinfold (cm) -2.12 1.21 -3.31 0.57 <




Table 4
Linear models for young female volleyballers (n=46) basic anthropometric
measurements by age, weight and height.

No Variable Regression model coefficients
Intercept Age Weight | Height | R?
6 | Head-neck length (cm) 13.14 0.18 -0.01 0.09* | 0.38
7 | Sternum length (cm) -13.75 0.41 -0.06 0.16* | 0.26
11 | Lower body length (cm) -37.72 -0.53 -0.012 0.87* | 0.47
12 | Upper limb length (cm) -13.63 0.20 0.01 0.20* | 0.60
13 | Lower limb length (cm) -38.85 -1.14* -0.07 0.88* | 0.64
14 | Horizontal arms spread (cm) -22.28 1.25 0.07 1.06* | 0.63
15 | Biacromial breadth (cm) 21.45 0.18 0.08* 0.04 0.40
16 | Chest breadth (cm) 22.99 -0.04 0.15* -0.04 | 0.66
17 | Waist breadth (cm) 22.57 -0.05 0.18* -0.06 | 0.67
18 | Pelvis breadth (cm) 4.61 0.15 0.06* 0.09* | 0.51
19 | Chest depth (cm) 15.43 -0.13 0.12* -0.02 | 0.60
20 | Abdomen depth (cm) 15.21 0.15 0.11* -0.05 0.45
21 | Femur breadth (cm) 6.39 0.05 0.04* 0.000 | 0.40
22 | Ankle breadth (cm) 3.96 -0.04 0.03* 0.01 0.36
23 | Humerus breadth (cm) 2.03 -0.10* 0.01 0.03* | 0.40
24 | Wrist breadth (cm) 1.99 0.004 0.005 0.01* | 0.21
25 | Head circumference (cm) 49.52 -0.34 0.05* 0.04 0.23
26 | Neck circumference (cm) 31.67 -0.16 0.17* -0.04 0.64
27 | Upper chest circumference 99.83 -0.39 0.64* -0.29* | 0.92
(cm)
28 | Lower chest circumference 94.81 -0.05 0.66* -0.34* | 0.84
(cm)
29 | Waist circumference (cm) 76.15 0.14 0.61* -0.27 0.68
30 | Pelvis circumference (cm) 61.08 0.69 0.66* -0.17 0.79
31 | Hip circumference (cm) 74.01 -0.23 0.73* -0.16 0.41
32 | Upper thigh circumference 39.08 0.18 0.61* -0.13 0.75
(cm)
33 | Middle thigh circumference 36.57 0.48 0.51* -0.16 0.79
(cm)
34 | Upper leg circumference 24.86 0.22 0.27* -0.06 0.76
(cm)
35 | Lower leg circumference 7.29 -0.03 0.13* 0.049 | 0.73
(cm)
36 | Arm circumference (cm) 28.12 0.18 0.29* -0.13 0.89
37 | Arm circumference flexed 29.94 0.01 0.32* -0.13* | 0.90
and tensed (cm)
38 | Forearm circumference (cm) 17.79 0.18 0.17 -0.04 0.80
39 | Wrist circumference (cm) 11.80 -0.04 0.08* -0.001 | 0.62
40 | Chin skinfold (cm) 1.99 -0.02 0.02* -0.01* | 0.43
41 | Chest skinfold (cm) 1.46 -0.04 0.02* -0.01 0.63
42 | Side skinfold (cm) 3.71 0.06* 0.05* -0.02 | 0.73
43 | Waist skinfold (cm) 4.39 -0.02 0.06* -0.04* | 0.67
44 | Suprailiacal skinfold (cm) 3.87 -0.06 0.04* -0.03* | 0.57




45 | Umbilical skinfold (cm) 4.28 -0.009 0.05* -0.03* | 0.70
46 | Subscapular skinfold (cm) 5.40 -0.08* 0.05* -0.03* | 0.66
47 | Biceps skinfold (cm) 2.49 -0.06 0.03* -0.02 0.52
48 | Triceps skinfold (cm) 5.13 0.04 0.04* -0.03 0.55
49 | Thigh skinfold (cm) 3.34 0.09 0.05* -0.03* | 0.44
50 | Calf skinfold (cm) -0.59 0.04 0.02* 0.002 | 0.35

* statistically significant variables in the model. All models are statistically significant on
level 0.05.




Table 5
Means and standard deviations of basic anthropometric measurements in a 5SD height-weight classification of young female
volleyballers (n=46) Comparison of means from different classes (¢=0,05).

Pycnomorphs Leptomorphs
Small (n=8) Medium (n=8) Large (n=6) | Signifi (n=13) (n=11) Signifi
No Variable -cance -cance
- - - 1-3 - - 4-5
X SD X SD X SD X SD X SD
1 | Age 1363 | 1.06 | 14.88 | 0.83 | 15.00 | 1.26 - 1454 | 097 | 1445 | 1.04 -
2 | Weight (kg) 4456 | 4.02 | 5422 | 2.63 | 68.58 | 7.16 + 60.87 | 7.41 | 53.75 | 5.20 +
3 | Height (cm) 158.39 | 3.31 [166.96 | 1.15 | 17452 | 3.62 + 163.75 | 3.15 | 169.77 | 4.86 +
4 | Surpasternal height (cm) | 128.40 | 2.45 | 136.01 | 1.18 | 142.93 | 3.09 + 132.95| 290 |138.24| 5.10 -
5 | Xiphoidal height (cm) 11423 | 2.61 |12145| 2.07 | 126.8 | 3.35 + 119.04 | 249 | 122.47 | 5.59 -
6 | Head-neck length (cm) 29.99 | 1.01 | 30.95 | 0.70 | 31.58 | 0.97 + 30.81 | 0.70 | 31.54 | 0.99 +
7 | Sternum length (cm) 14.18 2.28 | 14.56 1.21 16.07 | 1.25 - 13.91 2.16 15.76 1.12 +
8 | Abdomen length (cm) 31.15 | 252 | 3505 | 1.73 | 36.10 | 2.91 + 38.26 | 6.39 | 35.15 | 6.67 -
9 | Trunk length (cm) 4533 | 1.32 | 49.61 | 190 | 52.17 | 2.34 + 52,17 | 7.18 | 50.92 | 6.45 -
10 | Upper body length (cm) | 66.15 | 11.92 | 67.23 | 2.09 | 68.98 | 2.98 - 66.01 | 430 | 67.35 | 3.19 -
11 | Lower body length (cm) | 92.24 | 11.92 | 99.74 | 2.49 | 105.53 | 1.90 + 97.75 | 3.44 |10242| 6.27 +
12 | Upper limb length (cm) | 68.93 | 4.10 | 73.64 | 3.14 | 76.18 | 4.03 + 7111 | 281 | 7472 | 3.42 +
13 | Lower limb length (cm) | 83.01 | 4.85 | 88.95 | 2.08 | 93.30 | 1.93 + 84.19 | 564 | 90.87 | 4.25 +
14 | Horizontal arms spread | 162.19 | 11.48 | 169.23 | 4.05 | 175.50 | 5.66 + 163.32 | 6.38 | 170.74 | 6.89 +
(cm)
15 | Biacromial breadth (cm) | 33.81 | 156 | 3544 | 0.98 | 36.33 | 2.34 + 35.61 | 145 | 3545 | 1.25 -
16 | Chest breadth (cm) 2256 | 145 | 2325 | 0.89 | 25,50 | 0.71 + 2477 | 124 | 23.36 | 1.16 +
17 | Waist breadth (cm) 20.69 | 151 | 21.31 | 1.13 | 24.08 | 1.59 + 22.73 | 147 | 21.05 | 1.06 +
18 | Pelvis breadth (cm) 2419 | 162 | 2594 | 0.78 | 27.00 | 2.05 + 25,69 | 1.38 | 25.82 | 1.05 -




19 | Chest depth (cm) 1506 | 1.05 | 16.06 | 0.78 | 17.17 | 1.03 + 16.85 | 1.38 | 15.95 | 0.91

20 | Abdomen depth (cm) 1431 | 1.67 | 1563 | 1.03 | 16.75 | 0.69 + 1596 | 1.23 | 14.95 | 0.57

21 | Femur breadth (cm) 8.05 0.49 8.66 0.39 9.05 | 0.68 + 8.90 0.49 8.75 0.44

22 | Ankle breadth (cm) 6.48 0.46 6.65 0.44 7.03 | 0.66 - 7.01 0.35 7.02 0.29

23 | Humerus breadth (cm) 5.88 0.28 6.18 0.30 6.57 | 0.37 + 6.10 041 6.23 0.36

24 | Wrist breadth (cm) 4.57 0.32 5.01 0.23 520 | 0.28 + 5.10 0.22 5.23 0.21

25 | Head circumf. (cm) 5468 | 1.31 | 5431 | 1.79 | 55.77 | 1.18 - 55.17 | 1.62 | 5495 | 1.11

26 | Neck circumf. (cm) 29.80 | 098 | 30.95 | 1.08 | 33.83 | 1.50 + 32.31 | 147 | 3091 | 0.94

27 | Upper chest circumf. 76.29 | 273 | 79.71 | 224 | 86.18 | 3.02 + 85.29 | 450 | 78.42 | 2.72
(cm)

28 | Lower chest circumf. 70.10 | 429 | 72.09 | 295 | 79.50 | 5.48 + 77.62 | 505 | 71.26 | 3.07
(cm)

29 | Waist circumf. (cm) 63.05 | 3.23 | 6559 | 240 | 74.88 | 6.70 + 70.70 | 5.04 | 64.84 | 2.58

30 | Pelvis circumf. (cm) 7179 | 4.46 | 7955 | 413 | 8745 | 4.99 + 82.71 | 4.41 | 76.89 | 3.23

31 | Hip circumf. (cm) 7591 | 11.73 | 86.89 | 3.39 | 88.17 | 13.9 - 89.01 | 858 | 84.31 | 2.64

9

32 | Upper thigh circumf. 4731 | 454 | 5534 | 196 | 59.60 | 8.00 + 59.03 | 321 | 5345 | 3.66
(cm)

33 | Middle thigh circumf. 41.11 | 3.74 | 4650 | 2.74 | 52.02 | 5.46 + 49.10 | 3.06 | 44.31 | 2.59
(cm)

34 | Upper leg circumf. (cm) | 30.88 | 1.03 | 33.79 | 184 | 37.20 | 2.34 + 35.61 | 212 | 33.46 | 1.90

35 | Lower leg circumf. (cm) | 19.94 1.12 | 21.30 0.60 23.95 | 0.84 + 22.71 1.03 22.29 1.31

36 | Arm circumf. (cm) 2210 | 177 | 2434 | 1.09 | 27.13 | 2.09 + 2688 | 152 | 23.67 | 1.35

37 | Arm circumf. flexedand | 23.84 | 153 | 26.43 1.09 | 27.13 | 2.09 + 28.88 1.94 | 2552 1.27
tensed (cm)

38 | Forearm circumf. (cm) 2044 | 099 | 21.69 | 0.70 | 24.05 | 1.49 + 23.67 | 1.07 | 22.14 | 0.87

39 | Wrist circumf. (cm) 1464 | 0.64 | 1533 | 0.70 | 16.58 | 0.78 + 16.22 | 0.80 | 15.77 | 0.68

40 | Chin skinfold (cm) 0.52 0.12 0.59 0.17 0.80 | 0.28 + 0.76 0.25 0.52 0.14




41 | Chest skinfold (cm) 0.51 0.15 0.63 0.18 0.92 | 0.29 + 0.83 0.28 0.51 0.19 +
42 | Side skinfold (cm) 0.56 0.15 0.73 0.18 1.20 | 0.48 + 1.10 0.40 0.55 0.16 +
43 | Waist skinfold (cm) 0.91 0.32 1.09 0.30 1.73 | 0.43 + 1.63 0.49 0.97 0.31 +
44 | Suprailiacal skinfold 0.54 0.14 0.83 0.31 1.10 | 0.32 + 1.13 0.39 0.55 0.20 +
(cm)
45 | Umbilical skinfold (cm) 0.76 0.28 0.94 0.19 1.30 | 0.29 + 1.32 0.42 0.80 0.30 +
46 | Subscapular skinfold 0.80 0.15 1.00 0.24 1.25 | 0.35 + 1.35 0.51 0.77 0.28 +
(cm)
47 | Biceps skinfold (cm) 0.64 0.22 0.75 0.24 1.07 | 0.36 + 0.98 0.21 0.62 0.29 +
48 | Triceps skinfold (cm) 0.98 0.30 1.15 0.27 145 | 0.31 + 1.65 0.26 1.00 0.33 +
49 | Thigh skinfold (cm) 1.79 0.49 1.96 0.50 2.67 | 0.52 + 2.42 0.44 1.90 0.48 +
50 | Calf skinfold (cm) 1.09 0.24 1.35 0.37 1.65 | 0.36 + 1.45 0.25 1.22 0.30 +




Table 6
Means and standard deviations of indices and body composition characteristics in a 5 SD height-weight classification of young female
volleyballers (n=46). Comparison of means from different classes (0¢=0,05).

1 2 4 5
n=8 n=8 n=6 Signifi n=13 n=11 Signifi
Small Medium Large -cance | Pycnomorphs Leptomorphs | -cance
No Variable - SD - SD - SD 1-3 - SD - SD 4-5
X X X X X
51 | Rohrer index 1.12 0.08 1.17 0.05 1.29 0.07 + 1.38 0.14 1.10 0.07 +
52 | Body mass index 17.74 |1.28 19.45 |0.89 2247 | 150 + 22.66 | 2.36 18.61 |1.18 +
53 | Body surface area (m?) 1.42 0.07 1.60 0.04 1.83 0.11 + 1.66 0.10 1.62 0.10 -
54 | Relat. trunk length (%) 28.62 |0.89 29.72 | 1.17 29.89 |0.94 - 31.88 | 4.53 29.97 |3.48 -
55 | Relat. abdomen length (%) | 19.68 | 1.67 20.99 |1.00 20.67 |1.42 - 23.40 |4.09 20.68 | 3.65 -
56 | Relat. upper body length 41.79 | 7.25 40.27 | 1.32 39.52 |1.09 - 40.30 | 2.19 39.71 | 238 -
(%)
57 | Relat. lower body length 58.21 |7.25 59.73 |1.32 60.48 | 1.09 - 59.71 | 2.19 60.29 | 2.38 -
(%)
58 Relat. upper limb length 4350 |2.09 44,11 | 1.97 43.65 | 2.05 - 43.42 | 1.18 44,00 |1.19 -
(%)
59 | Relat. lower limb length 5242 |3.12 53.27 |1.09 53.47 |0.98 - 51.39 | 285 53.52 | 1.55 +
(%)
60 | Relat. horizontal arms 102.36 | 6.08 101.36 | 2.39 100.55 | 1.60 - 99.71 | 2.66 100.55 | 1.81 -
spread (%)
61 | Relat. biacromial breadth 21.35 |0.99 21.23 | 0.61 20.81 |1.04 - 21.75 | 0.67 20.90 |0.89 +
(%)
62 | Relat. chest breadth (%) 14.25 ]0.88 13.93 | 0.55 14.61 |0.20 - 15.13 | 0.71 13.76 | 0.62 +
63 | Relat. waist breadth (%) 13.06 |0.85 12.76 | 0.66 13.79 [0.71 - 13.88 |0.89 12.40 | 0.62 +
64 | Relat. pelvis breadth (%) 15.27 |0.93 1553 ]0.40 15.46 | 0.89 - 15.69 |0.77 15.21 | 0.53 -




65 | Relat. chest depth (%) 9.51 0.67 9.62 0.44 9.84 0.55 - 10.29 ]0.80 9.40 0.45 +

66 | Relat. abdomen depth (%) | 9.04 1.03 9.36 0.64 9.60 0.25 - 9.75 0.77 8.81 0.38 +

67 | Relat. femur breadth (%) 5.08 0.30 5.19 0.25 5.19 0.39 - 5.44 0.31 5.51 0.26 +

68 | Relat. ankle breadth (%) 4.09 0.27 3.98 0.28 4.03 0.35 - 4.28 0.20 4.13 0.12 +

69 | Relat. humerus breadth 3.71 0.19 3.70 0.20 3.76 0.19 - 3.73 0.24 3.67 0.18 -
(%)

70 | Relat. wrist breadth (%) 3.00 0.19 3.00 0.16 2.98 0.19 - 3.12 0.13 3.08 0.15 -

71 | Relat. head circumf. (%) 3452 10.61 32.53 | 1.07 31.96 | 0.50 + 33.69 |0.84 32.39 | 1.09 +

72 | Relat. upper chest circumf. | 48.17 | 1.60 47.74 | 1.37 49.37 | 0.86 - 52.08 | 251 46.20 | 1.45 +
(%)

73 | Relat. lower chest circumf. | 44.26 | 2.55 43.18 |1.73 4536 |2.31 - 4740 | 2.97 41.98 | 1.47 +
(%)

74 | Relat. waist circumf. (%) 39.81 | 1.95 39.28 |1.31 42,93 | 4.05 + 43.17 | 2.88 38.20 | 1.46 +

75 | Relat. pelvis circumf. (%) |45.33 | 2.73 47.64 |2.34 50.11 | 2.59 + 50.51 | 247 4530 |1.81 +

76 | Relat. hip circumf. (%) 4797 | 7.53 52.04 |1.84 5045 |7.51 - 54.34 [4.93 49.67 |1.41 +

77 | Relat. upper thigh circumf. | 29.88 | 2.84 33.15 | 1.26 34.10 |4.09 + 36.04 | 1.73 3147 | 171 +
(%)

78 | Relat. upper leg circumf. 19.50 | 0.66 20.24 |1.09 21.31 |1.22 + 21.74 |1.22 19.71 | 0.97 +
(%)

79 | Relat. arm circumf. (%) 13.95 |0.98 1458 | 0.64 1554 |1.00 + 16.41 | 0.83 13.94 | 0.69 +

80 | Relat. forearm circumf. 12.90 |0.47 12.99 | 0.42 13.78 |0.68 + 14.45 | 0.58 13.04 | 0.46 +
(%)

81 | Relat. wrist circumf. (%) 9.24 0.37 9.18 0.45 9.50 0.43 - 9.90 0.43 9.29 0.39 +

82 | Arm circumf./upper limb 32.08 |2.04 33.11 | 211 35.63 |2.14 + 37.81 | 1.77 31.71 | 1.70 +
length (%)

83 | Forearm circumf./upper 29.68 | 1.05 29.50 | 1.59 31.64 |2.62 - 3331 | 142 29.66 | 1.32 +
limb length (%)

84 | Wrist circumf./upper limb | 21.26 | 0.76 20.84 |1.13 21.82 |1.68 - 22.82 |1.03 21.14 | 1.13 +

length (%)




85 | Humerus breadth/upper 8.55 0.56 8.39 0.32 8.64 0.59 8.58 0.51 8.34 0.44
limb length (%)

86 | Wrist breadth/upper limb 6.90 0.44 6.81 0.39 6.85 0.67 7.18 0.32 7.01 0.42
length (%)

87 | Upper thigh circumf./lower | 57.29 | 7.61 62.25 | 2.76 63.82 | 7.93 70.27 | 3.79 58.87 | 3.95
limb length (%)

88 | Middle thigh 49.75 |6.15 52.29 | 2097 55.71 |5.28 58.46 | 3.98 48.82 | 3.07
circumf./lower limb length
(%)

89 | Upper leg circumf./lower 37.34 | 3.14 38.00 |2.10 39.89 |2.64 42.38 | 2.54 36.87 | 2.28
limb length (%)

90 | Lower leg circumf./lower | 24.10 |2.11 2395 |0.74 25.68 |1.16 27.06 |1.79 2456 |1.62
limb length (%)

91 | Femur breadth/lower limb | 9.73 0.85 9.74 0.49 9.70 0.64 10.62 | 0.94 9.64 0.58
length (%)

92 | Ankle breadth/lower limb | 7.82 0.69 7.47 0.43 7.54 0.65 8.35 0.54 7.73 0.30
length (%)

93 | Chest breadth/chest depth | 150.27 | 12.42 | 144.93 | 6.68 148.92 | 8.39 147.71 | 11.64 | 146.70 | 8.37
(%)

94 | Chest depth/chest breadth | 66.93 | 5.34 69.12 | 3.00 67.34 | 3.96 68.10 | 5.51 68.36 | 3.77
(%)

95 | Waist breadth/ abdomen 145.78 | 1553 |136.92 | 11.92 | 143.83 | 8.76 142.84 | 10.15 | 140.85 | 7.50
depth (%)

96 | Abdomen depth/waist 69.18 | 6.27 73.47 |5.75 69.73 | 4.05 70.33 | 4.96 71.18 | 3.67
breadth (%)

97 | Biacromial breadth/pelvis | 140.02 | 4.83 136.73 | 5.42 134.74 | 5.42 138.91 | 7.88 137.53 | 7.37
breadth (%)

98 | Waist circumf./pelvis 87.90 | 241 8252 | 231 85.60 | 5.05 85.43 | 2.50 84.40 | 3.50

circumf. (%)




99 Biacromial breadth/chest 4155 |0.86 4156 |1.26 39.79 |1.38 39.72 | 2.29 42.23 |1.98
circumf. (%)

100 | Trunk length/upper chest 59.49 | 2.95 62.31 | 3.58 60.53 | 1.82 61.41 |9.94 64.82 | 6.34
circumf. (%)

101 | Body density (g/m°) 1.06 0.01 1.05 0.01 1.05 0.01 1.05 0.01 1.06 0.01

102 | Relat. mass of fat by Siri 16.73 | 4.78 19.58 | 3.55 19.57 | 4.09 19.78 | 3.71 16.20 | 2.10
(%)

103 | Mean skinfold (cm) 0.83 0.17 1.00 0.20 1.38 0.28 1.33 0.28 0.86 0.21

104 | Mass of subcutaneous 531 1.27 7.23 1.58 11.36 | 2.68 9.97 2.60 6.25 1.70
adipose tissue (kg)

105 | Relat. mass of 11.83 | 2.30 13.27 | 241 16.49 | 3.12 16.21 | 2.48 11.54 | 2.55
subcutaneous adipose
tissue (%)

106 | Total cross-sectional area 39.09 |6.02 4722 |4.36 58.88 | 9.00 57.65 |6.50 44,73 |5.19
of arm (cm?)

107 | Total cross-sectional area 179.57 | 33.33 | 243.95 | 17.26 |286.92 | 71.91 278.06 | 30.03 | 228.35 | 30.31
of thigh (cm?)

108 | Bone-muscle rate of the 30.65 | 4.89 36.31 |1.97 42,95 |6.33 41.24 | 4.50 35.61 |3.37
cross-sectional area of arm
(cm?)

109 | Fat rate of the cross- 8.43 2.31 10.91 | 2.99 15.92 | 4.66 16.42 | 3.13 9.12 3.56
sectional area of arm
(cm?)

110 | Bone-muscle rate of the 139.27 | 23.17 | 192.77 | 17.92 | 213.38 | 63.15 211.02 | 24.05 | 180.23 | 24.93
cross-sectional area of
thigh (cm?)

111 | Fat rate of the cross- 40.30 |13.46 |51.18 |12.88 |73.54 |16.69 67.03 |13.67 |48.12 |13.04

sectional area of thigh
(cm?)




112

Bone-muscle rate of the
cross-sectional area of
arm/total cross-sectional
area of arm

0.79

0.05

0.77

0.04

0.73

0.06

0.72

0.03

0.80

0.06

113

Fat rate of the cross-
sectional area of arm/total
cross-sectional area of arm

0.22

0.05

0.23

0.04

0.27

0.06

0.28

0.03

0.20

0.06

114

Bone-muscle rate of the
cross-sectional area of
thigh/total cross-sectional
area of thigh

0.78

0.05

0.79

0.05

0.74

0.07

0.76

0.04

0.79

0.05

115

Fat rate of the cross-
sectional area of thigh/total
cross-sectional area of
thigh

0.22

0.05

0.21

0.05

0.27

0.07

0.24

0.04

0.21

0.05




Table 7
Basic statistics of young female volleyballers’ physical ability tests results and their correlation with age (n=41, 0=0,05)

No Variable - SD Min Max Statistically significant
X correlation with age (r)

1. | Test of highest jump and reach standing (PA;) (cm) 252.98 10.01 237.00 | 275.00 0.383

2. | Test of highest jump and reach running (PA;) (cm) 256.98 10.08 243.00 | 284.00 0.373

3. | Highest reach of the players outstretched hand (cm) 217.20 8.25 201.00 | 236.00 0.370

4. | Vertical jump height standing (PA3) (cm) 35.78 4.14 27.00 46.00 -

5. | Vertical jump height running (PA4) (cm) 39.78 5.21 31.00 58.00 -

6. | Endurance test (PAs) (sec) 375.78 84.70 135.00 545.0 -

7. | Stomach muscle strength test (PAs) (sec) 169.68 59.56 85.00 300.0 -

8. | Test of flexibility (PA7) (cm) 16.63 6.53 4.00 32.50 -

9. | Test of speed measuring (PAsg) (sec) 27.70 1.48 24.70 33.00 -

10. | Medicine ball throwing test (PAg) (cm) 300.37 44.35 210.00 400.0 -




Table 8

Correlation matrix of physical ability tests results of young female volleyballers (n=41)

No Test of Test of Highest Vertical Vertical Endurance | Stomach Test of Test of Medicine
highest jJump | highest reach of the | jump height | jump test (PAs) | muscle flexibility speed ball
Variables and reach jump and | players’ standing height cm strength test | (PA;) cm measuring | throwing
standing reach outstretched | (PA3) cm running (PAg) sec (PAg) sec | test (PA9)
(PA;) cm running hand (cm) (PA,) cm cm
(PA,) cm
1 Test of highest jump | 1.000
and reach standing
PA; (cm)
2 Test of highest jump | 0.959° 1.000
and reach running
PA, (cm)
3 Highest reach of the | 0.915° 0.857° 1.000
players outstreched
hand (cm)
4 | Vertical jump height | 0.594° 0.609° |0.219 1.000
standing PA; (cm)
5 | Vertical jump height | 0.406 0.578° 0.075 0.388° 1.000
running PA, (cm)
6 (End;JrancetestPAs -0.123 -0.045 -0.300 0.301 0.388° 1.000
sec
7 | Stomach muscle -0.005 -0.004 -0.097 0.181 0.146 0.140 1.000
strength test PAg
(sec)
8 I;St?ff;exibility -0.024 0.084 -0.110 0.161 0.336 0.069 0.054 1.000
7 (CM
9 | Testof speed -0.397° -0.424° | -0.162 -0.637 -0.565" | -0.459° |-0.382" 0.103 1.000
measuring PAg (sec)
10 | Medicine ball 0.478° 0.539 0.487° 0.184 0.270 -0.108 -0.031 0.008 -0.305 1.000

(cm)

throwing test PAq




Table 9
Statistically significant coefficients of linear correlation between physical ability tests results and basic anthropometric variables of
young female volleyballers (n=41, a=0,05).

No | Variables Test of | Testof | Highest Vertical | Vertical | Endurance | Stomach | Test of Test of Medicine
highest | highest | reach of the | jump jump test (PAs) | muscle | flexibility | speed ball
- jump jump players’ height height cm strength | (PA;) cm | measuring | throwing
X SD Age | and and outstretched | standing | running test (PAg) sec | test
reach reach hand (cm) (PA;) (PA,) (PAg) (PA9)
standing | running cm cm sec cm
(PA,) (PA)
cm cm
2 | Weight (kg) | 56.178 | 9.107 | 0.291 | 0.548 | 0.550 0.713 - - -0.473 - - - 0.517
3 | Height (cm) | 166.22 | 6.02 [ 0.429 | 0.863 | 0.786 | 0.944 - : -0.343 - - ; -0.448
4 | Suprasternal | 135.26 | 5.50 | 0.395 | 0.870 | 0.802 0.959 - - -0.311 - - - 0.456
height (cm)
5 | Xiphoidal 120.46 | 5.07 | 0.295 | 0.773 | 0.705 0.898 - - -0.334 - - - 0.498
height (cm)
6 | Head-neck 30.97 | 0.99 | 0.413 | 0.419 | 0.325 0.420 - - -0.355 - - - -
length (cm)
7 | Sternum 1479 | 1.87 | 0.363 | 0.507 | 0.491 0.440 0.350 - - - - -0.332 -
length (cm)
8 | Abdomen 35.44 | 5.37 - - - - - - - - - - -
length (cm)
9 | Trunk length | 50.23 | 5.52 - 0.320 | 0.328 0.435 - - - - - - -
(cm)
10 | Upperbody | 66.55 | 5.4 - - - - - - - - - - -
length (cm)
11 | Lower body 99.27 | 7.25 - 0.588 | 0.515 - - - - - - - -
length (cm)




12 | Upper limb 72.69 | 4.09 | 0.375| 0.766 | 0.640 0.839 - - 0.313
length (cm)

13 | Lower limb 87.6 | 5.62 - 0.713 | 0.625 0.738 -0.315 - -
length (cm)

14 | Horizontal 167.51 | 8.35 | 0.464 | 0.796 | 0.728 0.849 - - 0.318
arms spread
(cm)

15 | Biacromial 35.33 | 1.62 | 0.319 | 0.620 | 0.625 0.696 - - 0.557
breadth (cm)

16 | Chest 23.88 | 15 - 0.411 | 0.456 0.515 - - 0.483
breadth (cm)

17 | Waist 21.9 1.73 - 0.412 | 0.419 0.571 - - 0.377
breadth (cm)

18 | Pelvis 25.67 | 1.54 | 0.67 | 0.659 | 0.655 0.778 -0.310 - 0.403
breadth (cm)

19 | Chestdepth | 16.23 | 1.25 - 0.310 | 0.321 0.507 -0.449 0.479 0.374
(cm)

20 | Abdomen 1548 | 131 - - 0.313 0.417 - - 0.314
depth (cm)

21 | Femur 8.69 | 0.54 - 0.320 - 0.425 - - -
breadth (cm)

22 | Ankle 6.86 | 0.46 - 0.421 | 0.430 0.491 - - 0.583
breadth (cm)

23 | Humerus 6.17 | 0.39 - 0.508 | 0.467 0.580 -0.332 - 0.344
breadth (cm)

24 | Wrist 507 | 0.29 - 0.454 | 0.458 0.449 - - 0.375
breadth (cm)

25 | Head 54,96 | 1.44 - - - 0.356 - - 0.356

circumf.(cm)




26

Neck
circumf.
(cm)

315

1.71

0.374

0.386

0.535

-0.323

27

Upper chest
circumf,
(cm)

81.23

4.97

0.310

0.338

0.488

-0.400

0.413

28

Lower chest
circumf.
(cm)

73.96

5.36

0.326

0.358

0.513

-0.374

0.502

29

Waist
circumf.
(cm)

67.62

5.65

0.350

0.337

0.515

-0.346

0.324

30

Pelvis
circumf.
(cm)

79.49

6.3

0.324

0.419

0.405

0.606

-0.479

0.326

31

Hip circumf.
(cm)

85.13

9.35

0.323

0.421

-0.310

0.345

32

Upper thigh
circumf.
(cm)

55.09

5.54

0.358

0.382

0.538

-0.428

0.467

33

Middle thigh
circumf.
(cm)

46.49

4.79

0.308

0.379

0.404

0.549

-0.371

0.542

34

Upper leg
circumf.
(cm)

34.16

2.68

0.304

0.494

0.537

0.564

-0.320

0.638

35

Lower leg
circumf.
(cm)

22.04

241

0.586

0.580

0.690

-0.328

0.595




36

Arm
circumf.(cm)

24.87

241

0.320

0.313

0.505

-0.445

0.533

37

Arm
circumf.
flexed and
tensed (cm)

26.84

2.567

0.342

0.343

0.522

-0.444

0.503

38

Forearm
circumf.
(cm)

22.45

1.6

0.328

0.432

0.462

0.578

-0.342

0.607

39

Wrist
circumf.
(cm)

15.73

0.94

0.495

0.524

0.601

0.516

40

Chin
skinfold
(cm)

0.64

0.23

-0.331

-0.363

0.352

41

Chest
skinfold(cm)

0.67

0.27

0.334

-0.520

-0.425

-0.498

0.483

42

Side
skinfold
(cm)

0.82

0.39

0.407

-0.386

-0.331

-0.472

0.384

43

Waist
skinfold
(cm)

1.27

0.5

-0.317

-0.455

-0.421

-0.437

0.498

44

Suprailiacal
skinfold
(cm)

0.84

0.39

-0.464

-0.372

-0.454

0.565

45

Umbilical
skinfold
(cm)

1.03

0.39

-0.474

-0.379

-0.412

0.493




46

Subscapular
skinfold
(cm)

1.03

0.41

-0.411

-0.345

-0.339

0.516

47

Biceps
skinfold
(cm)

0.81

0.31

-0.418

-0.376

-0.450

0.406

48

Triceps
skinfold
(cm)

1.27

0.4

-0.374

-0.314

0.452

0.506

49

Thigh
skinfold
(cm)

2.14

0.56

-0.330

-0.335

-0.435

50

Calf skinfold
(cm)

1.34

0.34

-0.327

-0.438

0.316




Table 10
Means and standard deviations of physical ability tests results in 5 SD height-weight classification of young female volleyballers (n=46).
Comparison of means from different classes (0=0,05).

1 2 3 4 5
n=8 n=8 n=6 Signifi- n=13 n=11 Signifi-
Small Medium Large cance Pycnomorphs Leptomorphs cance
No Variable - SD - SD - SD 1-3 - SD - SD 4-5
X X X X X

1 | Test of highest jump and 246.33 9.40 254.00 6.00 266.00 3.32 + 248.27 9.26 258.64 7.51 +
reach standing (PA;) cm

2 | Test of highest jump and 251.08 10.04 257.25 7.09 270.00 8.22 + 253.27 9.24 261.18 7.22 +
reach running (PA,) cm

3 | Highest reach of the players | 211.42 8.22 218.65 4.03 229.40 4.39 + 214.00 5.48 220.55 7.13 +
outstreched hand cm

4 | Vertical jump height 34.92 6.05 35.38 2.39 36.60 5.32 - 34.27 5.59 38.09 2.17 +
standing (PA;z) cm

5 | Vertical jump height 39.67 6.39 38.63 3.66 40.60 1.30 - 39.27 5.31 40.64 291 -
running (PA,) cm

6 | Endurance test (PAs) sec 427.08 68.94 356.63 78.03 337.40 | 129.22 - 369.27 87.59 386.55 65.33 -

7 | Stomach muscle strength 154.42 31.49 169.13 60.41 160.60 47.74 - 160.64 79.03 189.73 65.28 -
test (PAg) sec

8 | Test of flexibility (PA;) cm 15.92 6.00 19.50 5.58 16.80 10.69 - 16.91 6.32 13.14 3.96 -

9 | Test of speed measuring 28.09 1.03 27.80 1.59 27.94 1.36 - 28.36 1.89 26.97 1.03 +
(PAg) sec

10. | Medicine ball throwing test | 272.50 37.45 295.00 35.76 326.00 63.48 - 309.09 38.07 300.46 46.01 -
(PAg) cm




Table 11

Linear regression formulae for predicting physical ability tests results from

young female volleyballers’ (n=41) anthropometric measurements.

Height

No Predicted Explanatory variables Coefficients R?
variables
1. | Test of highest Intercept -1.31
jump and reach Age 0.18 0.75
standing PA; Weight -0.14
Height* 1.53
2. | PA; Intercept 46.60
Lower limb length 0.72 0.89
Horizontal arms spread 0.60
Upper leg circumference 1.52
Chest skinfold -12.69
3. | Test of highest Intercept 37.37
jump and reach Age 0.43 0.62
running PA; Weight -0.018
Height* 1.29
4. | PA; Intercept 77.26
Horizontal arms spread 0.62 0.78
Upper leg circumference 2.62
Umbilical skinfold 12.79
5. | Highest reach of | Intercept 13.80
the players’ Age -0.30 0.90
outstretched hand | Weight 0.07
Height* 1.23
6. | Highest reach of | Intercept 29.05 0.95
the players’ Trunk length 0.27
outstretched hand | Lower limb length 0.65
Horizontal arms spread 0.51
Neck circumference 1.03
7. | Vertical jump Intercept -14.30
height standing Weight -0.21 0.16
PA; Height* 0.37
8. | PAs Intercept 14.75
Upper leg circumference 1.02 0.61
Chest skinfold 11.68
Biceps skinfold 7.13
Relat. mass of -0.85
subcutaneous adipose
tissue
9. | Vertical jump Intercept
height running Age - -
PA, Weight




10. | PA4 Intercept 37.28
Ankle breadth -5.72 0.63
Upper leg circumference 1.84
Chin skinfold 13.60
Relat. mass of -2.14
Subcutaneous adipose
tissue
11. | Endurance test Intercept 617.36
PAs Age 14.98 0.26
Weight* 4.14
Height 1.36
12. | PAs Intercept -6.06
Upper chest 22.84 0.42
circumference -134.64
Subscapular skinfold -38.19
Relat. mass of subcut.
adipose tissue
13. | Test of speed Intercept 45.51
measuring PAg Age -0.31 0.24
Weight* 0.09
Height* -0.11
14. | PAg Intercept 34.70
Biacromial breadth -0.31 0.63
Chest depth 0.85
Ankle breadth -1.53
Suprailiacal skinfold 1.11
15. | Medicine ball Intercept -11.08
throwing test PAg | Age 5.20 0.29
Weight* 1.86
Height 0.80
16. | PAg Intercept -274.32
Upper leg circumference 5.32 0.65
Arm circumference 20.49
Suprailiacal skinfold -41.51
Mass of subcutaneous -10.26

adipose tissue (kg)

* statistically significant variables in the model.

All models are statistically significant (on level 0.05)




Table 12
Basic statistics of young female volleyballers ( n=45) volleyball technical skills
tests™.

SD Min Max | Statistically
No Variable X significant
correlation
with age (r)
1. | Overhead pass with 16.58 5.56 2.00 20.00 -
a clap behind the
back T,
2. | Overhead pass with 7.31 4.89 2.00 20.00 -
squat T,
3. | Forearm pass into 1 21.40 11.69 1.00 30.00 -
m2 Ts
4. | Spike along the 4.49 2.04 0.00 8.00 -
sideline T,
5. | Spike diagonally Ts 3.93 1.50 0.00 7.00 -
6. | Feint into the centre 411 1.82 0.00 8.00 -
of the court Te
7. | Serve straight T 5.33 1.85 0.00 8.00 -
8. | Serve diagonally Tg 5.20 1.63 2.00 8.00 -
9. | Reception into zone 5.02 1.71 2.00 8.00 -
20r3 Ty

* The tests measured the number of successful repetitions



Table 13
Statistically significant correlation coefficients between volleyball technical skills tests and basic anthropometric variables in young
female volleyballers (n=45, 0=0,05).

No Variable Overhead Forearm pass | Spike along | Spike Feint into the | Serve Reception
pass with into 1 m?(T3) | the sideline | diagonally | centre of the | diagonally | into zone 2
squat (T2) in | in points (T4) in points | (Ts) in court (Tg) in | (Tg) in or 3 (Ty) in
points points points points points

2 Weight (kg) -0.297

3 Height (cm) 0.424

6 Head-neck length (cm) 0.412

7 Sternum length (cm) 0.419

12 | Upper limb length (cm) 0.313

14 | Horizontal arms spread (cm) 0.436

15 | Biacromial breadth (cm) 0.313

20 | Abdomen depth (cm) -0.295

21 | Femur breadth (cm) -0.304

22 | Ankle breadth (cm) 0.429

23 | Humerus breadth (cm) 0.351

24 | Wrist breadth (cm) 0.315

25 | Head circumf. (cm) 0.350

26 | Neck circumf. (cm) -0.373

27 | Upper chest circumf. (cm) -0.316

28 | Lower chest circumf. (cm) -0.299

29 | Waist circumf. (cm) -0.359

30 | Pelvis circumf. (cm) -0.327

34 | Upper leg circumf. (cm) 0.342

35 | Lower leg circumf. (cm) 0.377

39 | Wrist circumf. (cm) 0.386 0.386




40 | Chin skinfold (cm) -0.489
41 | Chest skinfold (cm) -0.314
42 | Side skinfold (cm) -0.325
43 | Waist skinfold (cm) -0.319 -0.323
44 | Suprailiacal skinfold (cm) -0.360
45 | Umbilical skinfold (cm) -0.351
46 | Subscapular skinfold (cm) -0.395
48 | Triceps skinfold (cm) -0.411
49 | Thigh skinfold (cm) -0.331
50 | Calf skinfold (cm) -0.448 -0.295 -0.295

The following tests had no significant correlations with any anthropometric variabls:
Overhead pass with a clap behind the back (T;)

Serve straight (T+)




Table 14
Statistically significant correlation coefficients between volleyball technical skills tests and body composition characteristics in young
female volleyballers (n=45, n=0,05).

No Variable Overhead | Overhead | Forearm | Spike Spike Feintinto | Serve | Serve Reception
pass with | pass with | pass into | along the | diagonally | the centre | straight | diagonally | into zone
a clap squat (T2) | 1 m2(Ts3) | sideline | (Ts) in of the (T7)in | (Tg) in 20r3
behind the | in points | in points | (T4) in points court (Tg) | points | points (To) in
back (Ty) points in points points
in points
52 | Body mass index -0.346
53 | Body surface area (m°?) 0.340
55 | Relat. abdomen length (%) | -0.295
58 | Relat. lower limb length -0.345
(%)
67 | Relat. femur breadth (%) -0.296
68 | Realt. ankle breadth (%) 0.366
74 | Relat. waist circumf. (%) -0.354
75 | Relat. pelvis circumf. (%) -0.344
79 | Relat. arm circumf. (%) -0.311
81 | Relat. wrist circumf. (%) 0.310
82 | Arm circumf./upper limb -0.367
length (%)
84 | Wrist circumf./upper limb 0.333
length (%)
85 | Humerus breadth/upper 0.323
limb length (%)
86 | Wrist breadth/upper limb 0.322

length (%)




91 Femur breadth/lower limb -0.312 0.346
length (%)
92 | Ankle breadth/lower limb
length (%)
97 | Biacromial breadth/pelvis 0.409 0.322 0.377
breadth (%)
100 | Trunk length/upper chest -0.310
circumf. (%)
103 | Mean skinfold (cm) -0.401
104 | Mass of subcutaneous -0.391
adipose tissue (kg)
105 | Relat. mass of -0.387
subcutaneous adipose
tissue (%)
106 | Total cross-sectional area -0.312
of arm (cm?)
109 | Fat rate of the cross-
sectional area of arm
(cm?)
110 | Bone-muscle rate of the
cross-sectional area of
thigh (cm?)
111 | Fat rate of the cross- -0.336
sectional area of thigh
(cm?)
112 | Bone-muscle rate of the 0.349

cross-sectional area of
arm/total cross-sectional
area of arm




113

Fat rate of the cross-
sectional area of arm/total
cross-sectional area of arm

-0.349

114

Fat rate of the cross-
sectional area of thigh/total
cross-sectional area of
thigh

0.303

115

Fat rate of the cross-
sectional area of thigh/total
cross-sectional area of
thigh

-0.303




Table 15
Linear models for young female volleyballers technical skills tests by basic
anthropometric measurements, indices and body composition characteristics.

sectional area of thigh/total
cross sectional area of thigh

No Predicted variable Explanatory variables Coefficients R?
1. | Overhead pass with Intercept -24.78
squat T, (in points) Biacromial breadth/pelvis 0.27
breadth (%) 0.24
Relat. mass of subcut. -0.40
adipose tissue (%)
2. | Forearm pass into 1 m° Intercept -9.13
T3 (in points) Femur breadth/lower limb -3.94
length (%) 0.29
Biacromial breadth/pelvis 0.58
breadth (%)
Mean skinfold (cm) -9.106
3. | Spike along the sideline | Intercept -20.08
T4 (in points) Horizontal arms spread (cm) 0.08 0.27
Wrist breadth (cm) 2.08
Intercept -21.08
Upper limb length (cm) 0.23
Horizontal arms spread (cm) 0.18 0.32
Wrist breadth (cm) 2.54
4. | Feint into the centre of | Intercept -1.77
the court Tg (in points) | Ankle breadth (cm) 1.73 0.18
5. | Serve straight T (in Intercept -16.75
points) Biacromial breadth/pelvis 0.10
breadth (%) 0.22
Bone muscle rate of the cross 10.62




Table 16
Basic statistics of young female volleyballers’ psychophysiological tests results (n=32).

No Variable - SD Min Max
n=32 X

1. | Average score of first- time speed perception tests (in points) A, 4341 | 4.072 | -8.000 10.000
2. Average reaction time in first-time speed perception tests (sec) A, 0.697 | 0.240 0.210 1.880
3. Average score of second- time speed perception tests (in points) As 6.049 | 2.881 0.000 12.000
4, Average reaction time in second-time speed perception tests (sec) A4 0.691 | 0.160 0.500 1.270
5. Average score of third- time speed perception tests (in points) As 2.878 | 2.685 | -2.000 12.000
6. Average reaction time in third-time speed perception tests (sec) Ag 0.790 | 0.142 0.580 1.440
7. Average reaction time in first-time auditory perception tests (right hand) (sec) B, 0.235 | 0.064 0.169 0.447
8 Average reaction time in first-time auditory perception tests (left hand) (sec) B, 0.229 | 0.061 0.175 0.452
9. Average reaction time in second-time auditory perception tests (right hand) (sec) Bs 0.209 | 0.053 0.119 0.387
10. | Average reaction time in second-time auditory perception tests (left hand) (sec) By 0.213 | 0.057 0.125 0.429
11. | Average reaction time in third-time auditory perception tests (right hand) (sec) Bs 0.216 | 0.043 0.160 0.368
12. | Average reaction time in third-time auditory perception tests (left hand) (sec) B 0.212 | 0.047 0.110 0.374
13. | Average reaction time in first-time visual perception tests (right hand) (sec) C; 0.199 | 0.060 0.129 0.364
14. | Average reaction time in first-time visual perception tests (left hand) (sec) C, 0.200 | 0.060 0.121 0.369
15. | Average reaction time in second-time visual perception tests (right hand) (sec) Cs 0.200 | 0.076 0.101 0.495
16. | Average reaction time in second-time visual perception tests (left hand) (sec) C4 0.197 | 0.078 0.069 0.501
17. | Average reaction time in third-time visual perception tests (right hand) (sec) Cs 0.197 | 0.050 0.107 0.326
18. | Average reaction time in third-time visual perception tests (left hand) (sec) Cg 0.197 | 0.048 0.100 0.319
19. | Anticipatory reflection of reality, first attempt (sec) D, 0.494 | 0.228 0.002 1.541
20. | Anticipatory reflection of reality, second attempt (sec) D, 0.483 | 0.182 0.103 1.059
21. | Anticipatory reflection of reality, third attempt (sec) D3 0.586 | 0.155 0.281 1.237




Table 17
Statistically significant correlation coefficients between psychophysiological tests and basic anthropometric measurements in young
female volleyballers (n=32, a=0,05).

Psychophysiological tests
No Variable Al A2 A3 A4 B5 B6 C3 C4 C5 C6 D1 D2
2.Weight (kg) -0,319 -0,368
5. Xiphoidal height (cm) -0,402 | -0,42 0,318
6.Head-neck length (cm) 0,351 -0,321
7./Sternum length (cm) 0,43 | 0,381
8./Abdomen length (cm) 0,405 0,447 | 0,364 | 0,3 0,414 | 0,383
9./Trunk length (cm) 0,438 0,439 | 0,444 0,44 | 0,334
12.Upper limb length (cm) 0,367
15..Biacromial breadth (cm) 0,33
16./Chest breadth (cm) 0,332 0,392
17./Waist breadth (cm) 0,333 0,363
19./Chest depth (cm) -0,357
20./Abdomen depth (cm) -0,373 -0,399
21.[Femur breadth (cm) -0,353 -0,5611|-0,521 | -0,41 |-0,409 0,434
22./Ankle breadth (cm) -0,342
23.JHumerus breadth (cm) -0,472 | -0,495
27.\Upper chest circumf. (cm) -0,368
31.Hip circumference (cm) -0,369
32.|Upper thigh circumf. (cm) -0,354 -0,388
34.|Upper leg circumf. (cm) -0,381
35.|Lower leg circumf. (cm) -0,314
36./Arm circumf. (cm) -0,379
37.JArm circumf. flexed and tensed (cm) -0,362 -0,364




38.|Forearm circumf. (cm) -0,352

39.|Wrist circumf. (cm) -0,312

45.Umbilical skinfold (cm) -0,322

46./Subscapular skinfold (cm) 0,334
48.[Triceps skinfold (cm) -0,396

Tests As, As, B1, B2, Cy, C, and D3 had no significant correlations with any anthropometric measurements.




Table 18.
Statistically significant correlation coefficients between psychophysiological tests and indices and body composition characteristics in
young female volleyballers (n=32, a=0,05).

Variable

Psychophysiological tests

A2

A3

A4

AS

AB

Bl B2 BS B6 [C2

C3

C4

D1

D2

D3

52.

Body mass index

-0,313

53.

Body surface area

-0,313

-0,364

54.

Relat. trunk length (%)

0,451

0,432

0,433| 0,384

0,453

55.

Relat. abdomen length (%)

0,39

0,426

0,331

0,338

56.

Relat. upper body length (%)

0,339 0,377

S7.

Relat.lower body length (%)

-0,339 -0,377]

58.

Relat. upper limb length (%)

0,361

59.

Relat. lower limb length (%)

-0,334

61.

Relat. biacromial breadth (%)

0,38

63.

Relat. waist breadth (%)

0,319

67.

Relat. femur breadth (%)

-0,452

-0,442

0,367

69.

Relat. humerus breadth (%)

-0,394

-0,393

70.

Relat. wrist breadth (%)

0,331

0,387

76.

Relat. hip circumf. (%)

-0,327,

-0,343

77.

Relat. upper thigh circumf. (%)

-0,332

78.

Relat. upper leg circumf. (%)

-0,346

-0,314

79.

Relat. arm circumf. (%)

-0,348

81.

Relat. wrist circumf. (%)

0,331

82.

Arm circumf/upper limb length (%)

0,332

-0,323




83.

Forearm circumf./upper limb length
(%)

-0,335

84.

Wrist circumf./upper limb length (%)

-0,308

-0,338

86

/Wrist breadth/upper limb length (%)

-0,325

90.

Lower leg circumf./lower limb
length (%)

0,405

0,343

91.

Femur breadth/lower limb length (%)

0,371

0,362

100.

Trunk length/upper chest circumf.
(%)

0,516

0,348

0,401

0,311

0,515

104.

Mass of subcut. adipose tissue (kg)

-0,309

106.

Total cross-sectional area of arm
(cm?)

-0,382

107.

Total cross-sectional area of thigh
(cm?)

-0,35

-0,387

108.

Bone muscle rate of the cross-
sectional area of arm (cm?)

0,317

109.

Fat rate of the cross-sectional area of
arm (cm2)

-0,384

110.

Bone muscle rate of the cross-
sectional area of thigh (cm?)

-0,312

111.

Fat rate of the cross-sectional area of

thigh (cm?)

-3,284

Tests Az, B3, B4, C1, Cs, Cg had no significant correlations with any basic anthropometric measurements




Table 19

Linear models for young female volleyballers’ psychophysiological tests results

by basic anthropometric measurements,

characteristics (n=32)

indices

and body composition

0.05

No Predicted variable Explanatory variables Coefficients R’

1. | Average reaction time in | Intercept 0.45
first-time speed Relat. trunk length (%) 0.05 0.37
perception tests A, (sec) | Arm circumference/upper 0.03

limb length (%)

2. | Average reaction time in | Intercept -2.09
second-time speed Relat. trunk length (%) -0.04
perception tests A4 (sec) | Relat. waist breadth (%) 0.11 0.40

Lower leg circumf./lower 0.03
limb length (%)

Trunk length/upper chest 0.03
circumf. (%)

3. | Average reaction time in | Intercept 0.26
third-time auditory Relat. trunk length (%) 0.01 0.34
perception tests (right Wrist circumf./upper limb -0.01
hand) Bs (sec) length (%)

4. | Average reaction time in | Intercept 0.46
second-time visual Sternum length (cm) 0.02 0.43
perception tests (right Femur breadth (cm) -0.06
hand) C; (sec)

5. | Anticipatory reflection Intercept -2.02
of reality, second Relat. abdomen length (%) 0.02
attempt D, (sec) Relat. upper limb length (%) 0.28




Table 20

Linear models for young female volleyballers’ efficiency of performance different technical elements by anthropometric measurements

and results of tests of physical, psychophysiological and volleyball technical abilities (n=32).

Regression equations and coefficients of determination

R%=0.71

No Predicted Anthropometric basic Anthropometric Physical ability | Volleyball technical Psychophysiological
variable measurements indices and body tests skills tests properties
composition
characteristics
1. | Efficiency of -0.99-0.02X;,- 1.76-0.33X69 none none none
serve -0.03X5+0.06 X5+ R?=0.17
+0.09X 35
R?=0.32
2. | Efficiency of | 3.36+0.03X,-0.09Xs+ | 0.23-1.84Xg4+0.08X5, | 2.10-0.0008PAs+ | -0.24+0.01T,+0.03Ts 0.76+0.03As-
reception +0.08X4+0.55X4- R?=0.33 +0.009PA-- R?=0.39 -2.24Bg
-0.02X57-0.13X3g -0.05PAg R?=0.39
R?=0.50 R?=0.44
3. | Efficiency of -3.48+0.07X,+ 2.09-0.48X44+0.13X73 none none 0.79+0.15A3+
block +0.06X3-0.16X32 R?=0.65 +0.08As-12.27B3+
R?=0.80 +4.94Bg
R?=0.98
4. | Efficiency of -3.22-0.05X5- 8.80-0.25X¢2-3.03X5:- | 0.34+0.0009PAs 0.20+0.09Tg 1.33+0.04A5-3.74B¢
feint -0.06X3+0.11Xs- -0.10Xg9-0.22X63- R?=0.18 R?=0.44 R?=0.60
-0.07X59+0.03 X33+ 0.15X714+0.22X79+
+0.19X34 +0.01Xo7
R?=0.83 R?=0.93
5. | Efficiency of | 6.44+0.05X5-0.03X3- | 1.26+0.06X75-0.06X71 0.06+0.002PAg none 1.07+1.61A¢-
attack -0.04X25+0.12X35- R?=0.41 R?=0.22 -7.27B4-0.68D,
-0.12X57 R?=0.80




Explonatory variables of models:
X, — Weight (kg)

X3 — Height (cm)

X4 — Suprasternal height (cm)

Xs — Xiphoidal height (cm)

Xa4 — Wrist breadth (cm)

Xa9 — Waist circumference (cm)

Xo7 - Upper chest circumference (cm)
Xag — Lower chest circumference (cm)
Xs1 — Hip circumference (cm)

X32— Upper thigh circumference (cm)
Xss5— Lower leg circumference (cm)
Xs6 — Arm circumference (cm)

Xs7 — Arm circumference flexed and tensed (cm)
Xsg9 — Wrist circumference (cm)

Xs1 — Rohrer index

Xs2 — Body mass index

Xe2— Relat. chest breadth (%)

Xe3- Relat. Waist breadth (%)

Xes— Relat. pelvis breadth (%)

Xgo — Relat. humerus breadth (%)
X71 — Relat. head circumference (%)

X73 — Relat. lower chest circumference (%)

Xz8— Relat. upper leg circumference (%)

X79— Relat. arm circumference (%)

Xg7 — Biacromial breadth/pelvis breadth (%)

Xgg - Biacromial breadth/upper chest circumference (%)

PAs— Endurance shuttle run test (sec)

PA; — Flexibility test (sit and reach) (cm)

PAg — Speed test (shuttle run) (sec)

PAg — Medicine ball throwing test (cm)

As — Average score of second-time speed perception tests (in points)
As — Average score of third-time speed perception tests (in points)
Ags — Average reaction time in third-time speed perception tests (sec)
B3 — Average reaction time in second-time auditory perception tests
(right hand) (sec)

B, — Average reaction time in second-time auditory perception tests
(left hand) (sec)

Bs — Average reaction time in third-time auditory perception tests
(left hand) (sec)

D, - Anticipatory reflection of reality second attempt (sec)

T, — Overhead pass with squat (in points)

Te — Feint into the centre of the court (in points)

Tg— Serve diagonally (in points)



Table 21
Adolescent female volleyballer's (aged 13 - 15 years, n = 74) proficiency in the game according to body build.

Body build classes

No Variable Total Class | (small) Class Il (medium) Class Il (large) Statistically
n=10 n=18 n=12 significant differences
n total - total % n - total % n - total between classes
X X X X
1. | Points scored 55| 33.15 | 1823.0 31.0 | 93.0 | 5.10 | 13 | 32.23 | 419.0 | 22.98 | 12 | 54.08 | 64.90 | 35.60 | 1+4,2+4,3+4.1+5,
3+5
2. | Serves 50| 7.48 | 374.0 10.33 | 310 (829 12| 7.83 | 94.0 | 25.13 |12 | 850 | 102.0 | 27.27 | 1+4,2+4,3+4,1+5
Point-winning
Serves
Total serves 50 | 50.38 | 2519.0 56.00 | 168.0 | 6.67 | 12 | 53.17 | 638.0 | 25.33 | 12 | 55.17 | 662.0 | 26.28 1+4, 2+4, 3+4,
1+5, 4+5
3. | Receptions Total | 41 | 52.12 | 2137.0 26.00 | 26.0 | 1.22 | 11 | 58.91 | 648.0. | 30.32 | 11 | 52.64 | 579.0 | 27.09 | 1+4, 2+4,1+5,2+5,
3+5, 445
4. | Attacks 27 | 37.30 | 1007.0 47.00 | 47.00 | 467 | 7 | 30.0 | 210.0 | 20.85 | 10 | 41.90 | 419.0 | 41.61 1+4, 2+4, 3+4,
Point-winning 2+5, 3+5
attacks
Total of attacks 27 1 87.07 | 2351.0 99.0 | 99.0 |4.21| 7 |76.29 | 534.0 | 22.71 | 10 | 92.70 | 927.0 | 39.43 1+4, 2+4, 3+4,
1+5, 245, 345
5. | Blocks 29 | 7.66 | 222.0 0.00 | 0.00 |0.00| 8 | 6.00 | 48.0 |21.62|10|10.70 | 107.0 | 48.20 | 1+4,2+4, 3+4,
Point-winning 1+5, 3+5
blocks
Total of blocks 29 | 26.52 | 769.0 13.00 | 13.00 | 1.69 | 8 | 18.38 | 147.0 | 19.12 | 10 | 35.20 | 352.0 | 45.77 1+4, 2+4, 3+4,
1+5, 3+5
6. | Index of 50| 0.44 0.47 12 | 0.46 12 | 0.42 -
proficiency serve
reception 41| 0.52 0.59 11| 0.53 11| 0.52 -
attack 27 | 0.64 0.70 7 | 0.62 10| 0.64 -
block 29 | 0.52 0.32 8 | 0.53 10| 0.54 -




Body build classes

No | Variable Class IV (pyknomorphs) Class V (leptomorphs) Statistically significant differences between classes
n=16 n=18
n - total % n - total | %
X X
Points scored 12 25.83 | 310.0 [17.0 |15 |23.47|352.0]19.31 1+4, 2+4, 3+4, 1+5, 3+5
Serves 10 7.16 71.0 1898 |13 |5.85 |76.0 |20.32 1+4, 2+4, 3+4, 1+5
Point-winning
serves
Total serves 10 449 4490 |17.82 | 13 | 46.31 | 602.0 | 23.90 1+4, 2+4, 3+4, 1+5, 4+5
Receptions 10 53.7 537.0 | 25.13 |8 43.38 | 347.0 | 16.24 1+4, 2+4, 1+5, 2+5, 345, 4+5
Total
Attacks 4 38.75 | 1550 | 1535 |5 35.20 | 176.0 | 17.48 1+4, 2+4, 3+4, 245, 345
Point-winning
attacks
4 89.50 |358.0 [15.23 |5 86.60 | 433.0 | 18.42 1+4, 2+4, 3+4, 1+5, 245, 3+5
Total of attacks
Blocks 5 4.40 22.0 991 |5 9.0 45.0 | 20.27 1+4, 2+4, 3+4, 1+5, 3+5
Point-winning
blocks
Total of blocks | 5 20.60 |103.0 |13.39 |5 30.80 | 154.0 | 20.03 1+4, 2+4, 3+4, 1+5, 3+5
Index of 10 0.44 13 (041 -
proficiency
serve
reception 10 0.50 8 0.52 -
attack 4 0.65 5 0.62 -
block 5 0.49 5 0.53 -
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Dependence of young female volleyballers’ performance
on their body build, physical abilities,
and psycho-physiological properties

R. STAMM !, G. VELDRE 2, M. STAMM 3, K. THOMSON 3, H. KAARMA 4, J. LOKO 1, S. KOSKEL 5

Aim. The aim of the study was to establish which anthropo-
metric characteristics, physical abilities and psycho-physio-
logical properties determine the success of adolescent female
volleyballers at competitions.

Methods. For this purpose we studied 32 female volleyballers
aged 13-16 years. The anthropometric examination included 43
measurements, 7 tests of physical fitness, and 4 series of com-
puterised psycho-physiological tests (n=21). The performance
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of game elements was measured empirically during champion-
ship games using the original computer program ‘“Game”.
Results. The proficiency of performing volleyball elements —
serve, reception, feint, block and spike — was calculated by
regression models from the 14 anthropometric measurements,
4 physical fitness and 7 psychophysiological test results, which
showed significant correlation with proficiency in the game. The
predictive power of the models was at least 32% and in average
56%. The anthropometric factor was significant in the perfor-
mance of all the elements of the game, being most essential (71-
83 %) for attack, block and feint. Good results in physical ability
tests granted success in serve, attack and reception.
Conclusion. It was possible to predict the efficiency of recep-
tion (44 %) by endurance, flexibility and speed measuring tests.
Medicine ball throwing test was essential for attack (22%).
Psycho-physiological tests were significant for the performance
of block (98 %), attack (80 %), feint (60% ) and reception (39 %).

KEY WORDS: Volleyball - Female - Anthropometry - Physical fitness -
Psycho-physiology - Neuropsychological tests.
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Anumber of authors have studied the body build,
physical fitness, ability profile and motor skills
of adult volleyballers.!-3 A great amount of papers on
volleyball have compared the players of elite teams
with adult players performing at lower levels. The
physical abilities of the latter have been found to be
lower; they are smaller, and their motor skills are lower
than those of elite players.4-6 Fewer studies have been
carried out on adolescent volleyballers.”-8 Only very
few authors have paid attention to the players’ psy-
chophysiological properties 2 and have tried to assess
them in combination with anthropometric measure-
ments and technical skills.10 In the literature we have
not found any studies recording the technical abilities
of players in competition situation and analysing their
anthropometric dimensions, physical fitness and psy-
chophysiological properties on this basis. Neither is
there any clarity in the literature which characteris-
tics should be used in volleyball research. Thus, Mali-
na 7 has studied mainly height and weight, Hidkkinen
4 has analysed weight and proximal, mean and distal
thigh circumferences, Thissen-Milder and Mayhew,5
Smith et al.¢ and Hikkinen 4 have assessed the total
mass of adipose tissue by means of skinfolds. As yet,
there is no clarity about the significance of other anthro-
pometric characteristics and the relations between sep-
arate anthropometric variables and the structure of the
body as a whole.

Therefore, the aim of the present study was to ana-
lyse the role of a possibly great amount of anthropo-
metric characteristics, physical abilities and psycho-
physiological properties in the success of female vol-
leyballers of the up to 16-year age group at competi-
tions.

Materials and methods

Subjects

The sample consisted of 32 female volleyball players
aged 13-16 years (average age 14.61). All of them
practised volleyball regularly and participated in young
female volleyballers’ championships in the age group
of up to 16-year-olds. The players were informed about
the essence of the studies planned, and they as well
as their parents consented to voluntary testing. The
study was approved by the Medical Ethics Committee
of the University of Tartu.

The players were studied in teams (n=6). The anthro-

2 THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS

DEPENDENCE OF YOUNG FEMALE VOLLEYBALLERS’ PERFORMANCE ON THEIR BODY BUILD

pometric measuring as well as the testing of physical
abilities and psychophysiological properties of a team
were carried out at 1 and the same session. The same
researchers participated in examining all the teams.

Variables and measurement procedures
Anthropometric research

The girls were healthy, and their sexual develop-
ment corresponded to Tanner’s !! stages III-IV. The
methodology of the anthropometric study relied on
the long-term research carried out on many popula-
tions at the Centre for Physical Anthropology, Uni-
versity of Tartu.12-16

Anthropometric measurements were taken by a
trained anthropometrist, who had previously shown
test-retest reliability of r>0.90.

The girls were measured according to the classical
method of Martin.!” For measuring the skinfolds, the
methodology provided in Knussmann’s handbook 17
was followed. To measure lower extremity length, we
applied the method of K. S. Jatsuta 18 that has been
widely accepted in Russia and has been the principal
method used in Estonia since J. Aul’s work.19

Body height was measured in centimeters (0.1 cm)
using a Martin metal anthropometer and body weight
in kilograms (£0.05 kg) on medical scales. Depth and
breadth measurements were measured with Martin
calipers, circumferences with a metal measuring tape,
skinfolds with Holtain skinfold calipers. A total of 43
body measurements, including 11 skinfolds, were
taken.

To determine length measurements (n=10), body
stature and the height from the ground of a number
of classical anthropometrical points (suprasternale,
processus xiphoideus, symphysion, spina iliaca ante-
rior superior, acromion, dactylion) were measured
with an anthropometer. From the differences between
the heights of these points the following projected seg-
ment lengths were calculated: sternum length (the dif-
ference between suprasternal height and xiphoidal
height); abdomen length (the difference between
xiphoidal height and symphyseal height); upper limb
length (the difference between acromial height and
dactylion height). Lower limb length was calculated
by the method of K. Jatsuta,!8 where half of the dif-
ference between iliospinal height and symphyseal
height is added to symphyseal height.

The breadth-depth measurements taken (n=6) were
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biacromial, chest, waist and pelvic breadths, chest and
abdomen depths. To assess the thickness of limb bones,
femur, ankle, humerus and wrist breadth were meas-
ured. The circumferences measured (n=15) included
head, neck, upper and lower chest, waist, pelvis, hip,
proximal and mid-thigh, upper and lower leg, forearm
and wrist, arm relaxed and arm flexed and tensed. The
measured skinfolds (n=11) were chin, chest, side,
abdominal, subscapular, triceps, biceps, waist, suprail-
ical, thigh and calf.

In addition to the anthropometric data of the 32 ado-
lescent female volleyballers the same variables of
anthropometric measurements (n=43) of ordinary
schoolgirls (n=586) of the same age were used for
comparison. These schoolgirls had not practised vol-
leyball.

Physical fitness tests

All the subjects passed the following 7 validated
tests of physical fitness. Jumping ability was meas-
ured by 2 vertical jump performance tests:20 standing
vertical jump and reach (PA;) and running vertical
jump and reach (PA,). Maximum aerobic endurance
was measured by 20 m shuttle run (PAj). The reli-
ability and validity of this test have been checked by
Leger et al.2! Trunk strength (PA,) was measured using
a sit-up test by Brewer and Davis.22 The flexibility
test (PAs) measured the extent of bending forward
from sitting position.23 Deftness and speed of move-
ment was measured by a zigzag run test (PAg).24 Upper
body and arms strength were measured by the medi-
cine ball throwing test (PA,).25

Psycho-physiological tests

The girls’ psycho-physiological abilities were
assessed by the following 4 kinds of computerised
tests (n=21).

1) Perception of the speed of a moving object. In 3
series the subject had to assess the speed of an object
moving on the computer screen (8 attempts in each
series). Based on this, the program calculated the
average value of speed assessment correctness in
points, separately for each series (A, Az, As), and the
average time needed for assessment in seconds (A,,
A,, Ag). The test result was the better the more points
the subject achieved and the less time was needed for
giving the assessment.

2) Auditory reaction was studied by 3 different
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stimuli (8 attempts for each stimulus). The reaction
time was recorded separately for the right and the
left hand. The program calculated the average reac-
tion time for the right (B,-B;) and the left hand
(B4-Be).

3) Visual reaction was also studied by 3 different
stimuli (8 attempts for each stimulus), separately with
the right and the left hand. The program calculated
the average visual reaction time for the right (C,-C;)
and the left hand (C,-Cy).

4) If auditory and visual tests were viewed as simple
reactions, the speed perception test was evaluated as
a complex reaction. Here the subjects had to assess
objects moving at different speeds, adopt a decision
and react only after that. Therefore, in order to com-
pare individually the speed of processing different
information, we calculated the difference in seconds
between complex reaction time (A2, A4, A6) and per-
ception time of visual stimuli as a simple reaction (C,-
Co).

The respective test was called the test of anticipa-
tory reflection of reality (D;-Dj3), and its results were
calculated in the following way:

C3+C4,

Duma, - S C5+C6.

2

The methodology of psychophysiological tests for
volleyballers was mostly based on the well-substan-
tiated methodologies of Kioumountzoglou et al.® and
Hascelik et al.10 The apparatus used by us for psycho-
physiological studies had been patented in Moscow
on 8 June 1992 (no. 1766372) 26 and accepted for use
by the 9th World Congress of Sport Psychology in
Israel in 1997.26

Players’ proficiency

To assess the players’ proficiency at competitions,
an original volleyball recording program, Game,
devised by the authors was used .28 This program has
been applied by the Estonian Volleyball Federation
and has been introduced in the journal of the Amer-
ican Volleyball Federation.2?

The results were recorded at Estonian Champion-
ship and Cup matches for up to 16-year-olds, in which
the 32 players under study participated.

All the girls played in the teams where they prac-
tice. The games were recorded within 3 months in
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TABLE IL.—Means and standard deviations of anthropometric data in age groups (n=32) and their average z-scores compared with national

13 years 14 years 15 years 16 years

No. Variable X SD @=3) @=9) (@=10) (n=8)
X SD X SD X SD X SD
1. Weight (kg) 56.778 9.504 56.930 17.132  51.76 6.69 58.28 4.57 6045 10.16
2. Height (cm) 167.23 6.09 165.46 8.57 164.20 4.89 168.03 5.55 170.74 1.15
3. Xiphoidal height 121.38 526 121.36 7.33 118.72 473  121.95 5.08 123.69 4.19
4. Suprasternal height (cm) 136.24 536 13530 8.37 133.68 459 136.60 528 139.25 4.59
5. Upper chest circumf. (cm) 81.33 532 82.52 9.75 78.84 3.72 81.94 397 82.63 4.84
6. Lower chest circumf. (cm) 73.94 5.70 73.86 10.07 71.70 3.90 74.65 383 75.61 6.29
7. Waist circumf. (cm) 67.41 4.98 68.42 10.31 65.73 2.71 67.44 290 68.64 4.87
8. Hip circumf. (cm) 86.30 7.21 85.74 13.15 82.30 6.96 88.70 3.04 88.15 5.62
9. Arm circumf. relaxed (cm) 24.93 2.40 24.42 4.31 23.83 1.36 25.67 1.61  25.56 2.55
10. Arm circumf. flexed and tensed (cm) 26.94 2.59 26.60 4.79 25.94 1.50 27.57 1.68 27.48 2.86
11. Wrist circumf. (cm) 1591 0.98 15.76 2.03 15.69 0.78 15.92 0.66 16.25 0.68
12. Upper thigh circumf. (cm) 55.88 5.50 55.28 10.41 52.82 4.11 56.83 2.11 5850 5.08
13. Lower leg circumf. (cm) 22.26 1.61 21.96 2.83 21.64 1.40 22.54 1.24  22.80 1.30
14. Wrist breadth (cm) 5.12 0.26 4.94 0.35 5.14 0.30 5.12 0.22 5.21 0.20

different cities of Estonia where the matches took
place. All the players were assessed on the basis of
at least 4 matches. Technically, the assessment of
players’ proficiency proceeded as follows: during
the game a recording assistant (a volleyball expert)
fixed the performance of each technical element by
each player of one team by pressing, according to
the program, 3 keys on the computer keyboard. This
enabled us to record: 1) the element of the game
that was performed; 2) grade for its performance on
a S-point scale (1 excellent ... 5 — failed); 3)
the number of the player who performed the ele-
ment.

Each player’s proficiency in all the elements they
performed was calculated after the following formula:

Index of proficiency =

no. of performances X maximum grade-sum of grade

(maximum grade-1) X no. of performances

Proficiency can range from 0.to 1, where 1 means
that in all the cases the element was performed excel-
lently, and O — a failure in all the cases.

Statistical analysis

The data were processed using the SAS-system.
Anthropometric data were first submitted to primary
statistical analysis where their X, SD, minimum and
maximum values were computed in age classes and
the correlation of anthropometric characteristics to
age was found. The anthropometric data of the ado-
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lescent female volleyballers were also compared with
the same characteristics of schoolgirls who did not
practise volleyball (n=586). The volleyballers’ data
were expressed on the scale of z-scores of ordinary
girls of the same age.

Thereafter the anthropometric variables were cor-
related between themselves and, together with the
players’ age and degree of maturity, they were corre-
lated with different elements of proficiency in the
game.

All the results of physical fitness and psychophys-
iological properties tests were also correlated with the
indicators of proficiency in the game.

For predicting the proficiency of different elements
of the game, by means of stepwise procedure, the best
models of linear regression were calculated from the
anthropometric variables and test results in signifi-
cant correlation with proficiency in the game. To assess
the independent impact of anthropometric variables
and test results on game proficiency, separate models
were formed from anthropometric characteristics and
results of physical abilities’ and psychophysiological
tests.

Results

Players’ proficiency

The present study attempted to link the analysis of
proficiency in game with the players’ individual anthro-
pometric characteristics and test results. The mean
index of proficiency at serve was 0.545 (SD=0.279),
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average values of the same age (n=586).

Statistical

f Values of z-scores
connection

Statistical signifi-
cant difference

W‘thr age X SD Min Max versus control group
0.27 0.28 1.07 -1.19 3.05 —
0.13 0.45 0.94 -1.29 2.48 p<0.05
0.27 0.26 1.03 -1.97 2.31 —
0.23 0.34 0.99 -1.28 233 —
0.44 -0.09 0.96 -1.31 2.70 —
0.54 -0.33 1.05 -1.93 2.41 —
0.65 0.11 0.92 -1.20 3.16 e
0.22 -0.71 1.09 -3.93 1.80 p<0.05
0.32 0.05 0.91 -1.74 2.14 —
0.52 0.33 1.02 -1.49 2.90 e
0.69 0.85 1.11 -1.50 3.67 p<0.05
0.18 0.39 1.08 -1.70 2.72 p<0.05
0.46 — — — —_ —
0.35 0.18 1.00 -1.76 2.28 —

at reception 0.513 (SD=0.183), at feint 0.657
(SD=0.246), at block 0.523 (SD=0.360), and at attack
0.563 (SD=0.226). The mean value of the proficiency
index was 0.539 (SD=0.161).

Results of anthropometric research

There were 14 anthropometric variables that cor-
related significantly with game proficiency. A list of
these characteristics with their values in different
age groups is presented in Table I. As could be
expected, the values of these variables depended sig-
nificantly on age. Proficiency in game, however, did
not reveal any significant correlation with age or mat-
uration.

The anthropometric variables correlating with game
proficiency were intercorrelated. All the variables were
found to be in statistically significant mutual correla-
tion. The characteristics that showed the strongest cor-
relations with other variables were height and weight.
The variables correlating with game proficiency were
compared with the same variables in the control group,
which consisted of schoolgirls (n=586) who did not
practise volleyball.

The volleyballers’ data were expressed on the scale
of z-scores of ordinary girls of the same age (Table I).
As the table shows, the average z-scores of volley-
ballers’ anthropometric measurements differed con-
siderably from the average z-score of the control group
(which is 0) in 4 cases: height, wrist circumference
and proximal thigh circumference were larger; hip
circumference was smaller.
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The anthropometric regression models used for pre-
dicting game proficiency are presented in Tables II,
I11. Here we can see that bodily characteristics are
important for all the main elements of the game, deter-
mining the efficiency of their performance within 32-
83%.

As weight and height are the most often used anthro-
pometric variables, we started compiling regressions
from models relying only on height and weight. In
our study, however, these models did not prove sta-
tistically significant for predicting the performance of
any of the game elements. Then we added other body
measurements that were also in significant correla-
tion with the respective element of the game.

As far as the prediction of individual elements of
the game from anthropometric data is concerned
(Tables II, III), we can see that the efficiency of serve
was explained by the anthropometric model for 32%
if it included the positive values of xiphoidal height
and relaxed arm circumference, and the negative values
of weight and height.

The efficiency of reception was determined within
50% by 6 anthropometric variables. These were the
positive values of body weight, suprasternal height
and wrist breadth and the negative values of upper
chest circumference, xiphoidal height and wrist cir-
cumference.

The efficiency of block was determined in 80% of
cases by the positive values of height and weight and
the negative value of upper thigh circumference.

With the greatest precision — within 83% — the
anthropometric model determined the efficiency of
feint. Six body measurements were essential in the
model: the positive values of xiphoidal height, hip and
arm circumference, and the negative values of weight,
height and waist circumference.

The efficiency of attack (71%) also related signif-
icantly to body measurements. Weight and lower leg
circumference had a positive value, and height, lower
chest circumference and flexed and tensed arm cir-
cumferences a negative value.

Physical ability test results

Out of the 7 tests used in the study, 4 showed sig-
nificant correlation with game proficiency
(Table IV). These were endurance test (PA;), flex-
ibility test (PAs), speed test (PA¢) and medicine ball
throwing test (PA,). The regression models formed
from them to predict the efficiency in different ele-
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TABLE II.—The test models containing anthropometric measurements and results of tests of psychophysiological and physical abilities.

Regression equations

No. Predicted variable
Anthropometric models Psychophysiological models Physical ability models
1. Efficiency of serve -0.99-0.02X, - None None
-0.03X,+0.06X 3+
+0.09X,
R2=0.32
2. Efficiency of reception 3.36+0.03X;-0.09X 3+ 0.76+0.03A5- 2.10-0.0008PA3+
+0.08X4+0.55X 14- -2.24Bg +0.009PA5-0.05PA¢
-0.02X5-0.13X 1 R2=0.39 R2=0.44
R2=0.50
3. Efficiency of block -3.48+0.07X,+ 0.79+0.15A3+ None
+0.06X,-0.16X +0.08A5-12.27B 3+
R220.80 +4.94B
R2=0.98
4. Efficiency of feint -3.22-0.05X;- 1.33+0.04A5-3.74B¢ 0.34+0.0009PA 3
-0.06X,+0.11X3- R2=0.60 R2=0.18
-0.07X7+0.03X g+
+0.19Xy
R2=0.83
5. Efficiency of attack 6.44+0.05X1-0.03X,- 1.07+1.61A¢- 0.06+0.002PA~,
-0.04X+0.12X - -7.27B,-0.68D, R2=0.22
-0.12X40 R2=0.80
R2=0.71
TaBLE IIl.—Exploratory variables of models. ments of the game (Tables II, ITI, 39-98%) proved
Variables Description to be significant for 3 elements. Thus, reception
depended (44%) on the players’ flexibility (PAs)
Xy Weight (kg) speed (PAg) and endurance (PA;). The efficiency of
X,  Height(cm) attack was determined within 22% by arms and upper
X3 Xiphoidal height (cm) bod h dici ball th . PA
X, Suprasternal height (cm) oay stre.ngt (me : 1C1ne .a t rowing test, 7).
Xs  Upper chest circumference (cm) The efficiency of feint was influenced by the results
);6 wwﬂ chest Cfircumfirense (cm) of the endurance test (PA3), but the correlation was
7 aist circumference (cm
Xg Hip circumference (cm) very weak (18%).
Xq Arm circumference relaxed (cm)
Xjo Arm circumference flexed and tensed (cm) Psycho-physiological tests results
Xi1  Wrist circumference (cm) . . .
Xy,  Upper thigh circumference (cm) Out of the 21 psycho-physiological tests used in the
Xj3  Lowerleg Cl}rlcumfefence (cm) study, 7 proved to be significant for proficiency in the
§14 Xvns‘ breadth cm) - . - game (Table V). They predicted the performance effi-
3 verage score of 209%-time speed perception tests (in points) . S
As  Average score of 31-time speed perception tests (in points) C1€NCY of 4 elements Of_the game W{thln 39-98%. The
Ag  Average reaction time in 3-time speed perception tests (sec) only element not essentially determined by the results
B3 Average reaction time in 2"d-time auditory perception tests  of these tests was serve.
(right hand) (sec) . .
By Average reaction time in 2"d-time auditory perception tests Thus, the eﬁ?Clen(‘:y of reception dependpd (_)n the
(left hand) (sec) average score in points for speed perception in the
Bg Average reaction time in 3™-time auditory perception tests (left ~ second series (A;). Another test result that correlated
hand) (sec)

D,  Anticipatory reflection of reality 2nd attempt (sec)
PA;  Endurance shuttle run test (sec)

PAs5  Flexibility test (sit and reach) (cm)

PAg  Speed shuttle run test (sec)

PA;  Medicine ball throwing test (cm)
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with the efficiency of reception was reaction time in
the auditory perception test (the 3rd series with the left
hand, Bg).

The efficiency of block depended on the average
score in points of the 2nd and the 3rd series of speed
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TaBLE IV.—Physical ability tests significantly correlated with proficiency in the game.

Partial corr. coeff. with efficiency
of game elements

No. Variable (n=32) X SD Min Max
Reception Feint Attack
r r r
1. Endurance shuttle run test (sec) PA3 386.34 86.71 135.00 515.00 -0.526 0.426
2. Flexibility test (sit and reach) (cm) PA5 16.28 6.16 5.00 32.50 0.457
3. Speed shuttle run test (sec) PAg 27.77 1.64 24.70 33.00 -0.587
- 4, Medicine ball throwing test (cm) PA; 304.53 48.28 210.00 400.00 0.468

1) In the table the partial correlation coefficients are given, where the influence of other variables is eliminated. 2) All partial correlations are significant, p<0,05.

TABLE V.—Psychophysiological tests significantly correlated with proficiences in the game.

Partial corr. coeff. with efficiency of game elements

No. Variable (n=32) X b Min Max Reception Block Feint Attack
T T T T
1. Average score of 21d-time speed 5.81 2.94 0 12.00 0.528 0.991
perception tests (in points) A,
2. Average score of 3rd-time speed 2.77 2.81 -2.00 12.00 0.986 0.566
perception tests (in points) A
3. Average reaction time in 3™-time 0.79 0.15 0.58 1.44 0.838
speed perception tests (sec) Ag
4. Average reaction time in 2nd-time 0.20 0.04 0.13 0.32 -0.973
auditory perception tests (right hand)
(sec) B
5. Average reaction time in 2nd-time 0.20 0.04 0.16 0.33 0.873
auditory perception tests (left hand)
(sec) By '
6. Average reaction time in 3rd-time 0.20 0.05 0.11 0.37 -0.532 0.878 -0.691
auditory perception tests (left hand)
(sec) Bg
7. Anticipatory reflection of reality, 0.50 0.19 0.15 1.06 -0.633

20d attempt (sec) D,

1) In the table the partial correlation coefficients are given, where the influence of other variables is eliminated. 2) All partial correlations are significant, p <0,05.

perception tests (A, As) and the average reaction
time in the 20d series of the auditory perception
test with the right hand (B;) and the 3rd series of
the auditory perception test with the left hand
(Be)-

The efficiency of feint was the better the greater
was the average score for the speed of moving object
in points (in the 3rd series, As) and the shorter the
average reaction time in the 3t series of auditory per-
ception tests (with the left hand, By).

The efficiency of attack was determined by the
average reaction time in the 3td series of speed per-
ception tests (Ag), the 2nd series of auditory percep-
tion tests (with the left hand, B,) and anticipatory
reflection of reality (D,).

Vol. 43 - 2003

Discussion

The results of our study indicated that, besides all
other factors, the players’ morphological constitution
has an essential role in game proficiency. Correlating
43 body measurements with the index of proficiency
in all the 5 main elements of the game, we found 14
body measurements that significantly correlated with
proficiency in the game. These were height, weight,
xiphoidal height, suprasternal height; the following
trunk measurements: chest, waist and hip circumfer-
ences; the following limbs measurements: relaxed arm
circumference, flexed and tensed arm circumference,
upper thigh and lower leg circumference, wrist cir-
cumference and wrist breadth.
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The regression models formed from these were
essential for all the 5 elements of the game. So, the
efficiency of serve (32%) was influenced by greater
xiphoidal height and relaxed arm circumference. In
the case of reception (50%) the essential measure-
ments were greater weight, suprasternal height and
wrist breadth.

Most proficient at the performance of block were
the girls with big height and weight (80%). The meas-
urements essential for feint (83%) were xiphoidal
height, relaxed arm circumference and hip circumfer-
ence. Success at attack (71%) was also supported by
greater weight and greater lower leg circumference.
Comparison of volleyballers with the girls of the con-
trol group (n=583) produced a similar result: volley-
ballers had significantly greater height, wrist circum-
ference and upper thigh circumference.

Our results concerning the players’ greater height
and weight, the results of our study conformed to lit-
erature data.’. 30 In addition, our data suggested that
the bone and muscle strength of the extremities, nec-
essary for successful performance in the game, could
be revealed by the thickness of wrist and lower leg
bones and by greater circumferences of the arm and
the thigh.

We are of the opinion that one of the reasons why
good anthropometric predictions of proficiency in the
game can be obtained is that schoolchildren’s body
build (of the ages studied) forms a regular whole 12-
14 where all the separate variables, height and weight
are in statistically significant correlation. The exis-
tence of such a regular system means that all the sep-
arate significant variables do not represent only the
girls’ concrete body measurements, but they also rep-
resent the peculiarities of the body build as a whole.
This shows the potential of the anthropometric method.

The girls’ higher physical abilities were also con-
ducive to the quality of performance. Out of the four
tests of physical abilities, the efficiency of reception
was determined within 44% by the players’ greater
flexibility and speed. The efficiency of attack (22%)
was enhanced by greater strength of arms and upper
body. The efficiency of feint correlated with better
results in the endurance test (18%).

These results of our study were in full concordance
with literature data on the qualities necessary for a
successful volleyballer, such as greater speed and
endurance, arms and upper body strength and sit and
reach flexibility.4 5. 31-33
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Psycho-physiological tests proved to be surpris-
ingly significant for game proficiency. They deter-
mined the efficiency of 4 game elements out of 5 within
39-98%. The only element for which they were not
essential was serve as there is sufficient time for its
performance, and the player is not dependent on the
activity of other players.

On the other hand, success in psycho-physiological
tests was most essential in the case of such elements
as block (98%) and attack (80%) which, as a rule, are
performed in the greatest deficit of time and need very
quick reaction by the player and correct assessment
of the ball’s speed.

The efficiency of reception (39%) also depends on
assessment of the direction and speed of the opponent’s
serve. Successful performance of feint (60%) also
depends on the skill of anticipating the spiker’s
motions.

In the literature we could not find any data on using
psycho-physiological tests for assessing adolescent
female volleyballers performance. However, other studies
have shown that elite male volleyballers essentially sur-
passed physical culture students of the same age in psy-
chological tests of reaction speed,? and that an 8-week
physical training period of a junior male volleyball team
had a positive effect on their physical fitness, and their
auditory and visual reaction times shortened.3

Conclusions

In summary, two conclusions might be drawn from
our research. First, the anthropometric characteristics
and tests of physical fitness and psycho-physiological
properties that proved essential for volleyball profi-
ciency could be included into the programs of testing
adolescent female volleyballers. Second, we would
get the best overview of adolescent female volley-
ballers abilities and performance if we used the game
recording system devised by us together with testing,
for example at the championship games, once a year.

Entering the data into a database that is being created
would enable us to carry out regular complex longi-
tudinal assessment of young players’ performance.
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OCOBEHHOCTU TENOCJTIOXEHU] Y 3CTOHCKUX OEBYLUEK

U IOHOLLEN

Lleutp q)uauqeckoﬁ aHTpononoruu TapTyCKOro yHHBEpCHTETa, JCTOHMS

KOHCTHTYLHOHAIBbHBIH TMOAXOI B COBPEMEHHOM
6uosioruu M MeaMUMHe TpeOyeT 6osiee ACTAIBHBIX
HAHHBIX 06 aHTPONOMETPHYECKON CTPYKTYpe Tena,
yTOOBI Ha OCHOBAaHHH €€ CUCTEMaTH3HPOBaTb MHO-
FOMEpHYIO BapuabesbHOCTh aHTPOMOMETPHYECKHX
MPHU3HAKOB.

Hapsany ¢ yxe maBHO H3BECTHBIMM COMaTOTH-
MUYECKUMH Knaccuukauuamu [3—6, 8—10, 14,
15, 18] Bemyrcs MOUCKH HOBBIX.

JaHHas cTaTbhsl JaeT KpaTKuit 0630p pe3ynbTra-
TOB B 3TO# 06JAaCTH, MOJAYYEHHBIX B XOAE IUIUTE/b-
HbIX MccaemoBanuit [11—13, 16, 17, 19, 20].

Marepran u Metoanka. laHHas paGoTa OCHOBaHa Ha ai-
TPOMOMETPHYECKMX HCCICAOBAHHAX 670 crymentok Tapryckoro
yHHBepcHTeTa B Bo3pacte oT 18 ;o 22 net, 1114 mkonpuuu
(15—18 ner) u 253 wxonsHuxos (17—18 ser) TapTyCKHX cp?mmx
wkon. JIis cpaBHeHus MpPOBENCHB M3MepeHHs Y 33 BoneiGonu-
crou 13—16 ner. Y Bcex Gbuiu M3MepeHb! 36 mapamerpos Teaa,
12 KOXHO-XMPOBBIX CKIaNOK K, Ha OCHOBaHHM 3THUX H3MEPCHUH,
GLUTH BRIYHMCIICHH 64 MHIEKCA ¥ MOKa3aTe/iA COCTaBa TeNa.

H3MepeHUs BHINONHAIM B OCHOBHOM no MeToauke P. Map-
TMHa. Bce manHbte o6pabotanbi cratcTHyecku B Mucturyre
MaTeMaTHYeCcKo# cTatucTuku TY npu noMouuy cHcTembl SAS.

Pe3ynbTaThl MCCAENOBaHUSA U HX 006-
cyxXHaeHHUe. B nepsyio oyepeab ObUIM MpOaHaIM-
3UpOBaHbl JAHHBIE MOJOJBIX 3CTOHCKHMX XEHIUWH-
cryaeHToK. KoppensunoHHbIH aHaNH3 MOKa3al, 4To
30eCh MMeeTCsd CHCTeMa M3 CPaBHHUTENbHO CHIBHO
KOpPPEJIHPOBaHHHIX MeXay coboii TpH3HAKOB, TAC
JUIMHA M Macca Tejla MMEIOT CaMble BbICOKHE Koppe-
JIALIMM C OCTAIBHBIMM MPH3HAKaAMH. ITO JAN0 OCHO-
BaHME Mpeanoarath, YTo IIMHA U Macca Tena sBsi-
I0TCSl BEAYLUMMH NPU3HAKAMH 3TOM CHCTeMbl. Takoe
MPEaNoNOXEHHE MMPOBEPEHO MPU MOMOILLUM aHAU3a
4aCTHBIX Koppensuuii. [Tocae anMMHUHUPOBAHHS JIU-
HEHOro BIWAHUA IUIMHBI U MacCChl TeJIa M3 BCEX KO-
3¢HUMEHTOB KOppeNALHiA MEXITY aHTPOMOMETpU-
YeCKMMHM MnpH3Hakamu 70% OKa3aIUCb CTaTUCTHYE-
CKH He3HaYMMbIMH. PakKTOpHBII aHAIU3 TAKXKe MOa-
TBEPAWI BELyLUYIO pojib MacChl W IUIMHBI Tena. Bbi-
SICHWIOCH, 4YTO B JIBYX MepBbix (paKkTOpax, ONHUCHIBA-
ouwmx okono 50% un3 obuieit BapuabenbHOCTH BCEX
M3MEpPEHHbIX MPU3HAKOB, OMpENeAsioWUMU ObLIK
HUMEHHO I1nHA U MaccCa Tena.

80

BbIACHHIOCH, YTO HH OAMH APYIOil NpH3HaK,
KpOMe MaccChl ¥ MIMHBI Tejla, HE MOXET JaTh CTOJb
CYLIECTBEHHOTO ONMMCaHHA LEAOCTHOTO TeJIOCHO-
XKEHHUS.

Janee u3yyanu noBeIeHHE OCTAIBHBIX NTPH3HA-
KOB B 3aBUCMMOCTH OT Macchl H JUTMHBI Tena. Oka-
3aJI0Ch, YTO MPAKTHYECKH BCE AHTPOIIOMETpHYE-
CKHE TIPU3HAKH TIOJOXHUTENIBHO KOPPEIHPOBAIH

- KaK C IUIMHOM, TaK W Maccoif Teja, NpH 3TOM JiK-

HeilHasi 3aBHCHMMOCTb CYLUECTBEHHa NpU YpPOBHE
snauyumoctu 0,05. JIBymMepHoe pacnpeneneHue
Nnpu3HakoB (Macca—MIMHA TeJa, MacCa—OCTalb-
Hble TIPHU3HAaKH, JUIMHA Tejla—OCTaJbHbIE MPU3HA-
KH) XapaKTepHU30BIOCh MPUHLUIOM OTHOCHTENb-
HOTO HECOOTBETCTBUS, KOTOPOE YBEJHYHBAIOCH B
CTOpOHY KpaiHHX BapUaHTOB M MOXET CIYXHMTb
OCHOBOI1 I GOPMHPOBAHUS TAM YHUCTHIX COMATO-
TUNOB — MHUKHHUYECKUX M JIENTOCOMHBIX XEHUIHH.

C uenplo HCCAENOBAaHMA 3aBUCHMOCTH pa3Me-
pPOB Tejla OAHOBPEMEHHO OT JUTMHBI M MacChl Tena
(TpexMepHbIil aHanu3) obpasoBaiu KiaccudHka-
LMI0, MOJB3YACh CHIMa-KJIacCCaMH Kak JUIMHBHI, TaK
M Maccel Tena (5x5) (tabsnuua), ¥ HalUUIM CpeaHHe
3HaYEHHMS MoOKa3aTelieil MCCIeAyeMbIX B KaXIOM
knacce. M3MeHeHHsT B COOTHOLUEHMSIX MaccChl H
JUIMHBI TeJla BeJI K CHCTEMHBIM H3MEHEHHSIM BCEX

Knaccupuxamms xemnHe 0o AHHE H Macce Tena

Pocroseie K1accst

I 1l i v v
Oveits Hu3kuti |  Hioxnft Cpeanht Buicokuft | O4ene suicokuh
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OPUTMNHANBHBIE NCCNENOBAHUA

OCTaJIbLHbIX MPHU3HAKOB. Bo Bcex pOCTOBle KJ1accax
(cronbuax) npu YBEIWYCHHUH MacChl yBeJIMYUBA-
JIMCh MOCTENEHHO BCE WHPOTHO-TIYOUHHBIC H 00-
XBaTHblE pa3Mepbl, a JUIMHHOTHbIE pa3Mepbl OCTa-
BaIMCh 6€3 CYLUIECTBEHHbBIX H3MEHCHHH.

Hao6opoT, BO BCEX BECOBbIX KJIACCaX (psnax) no
Mepe YBETMYEHHS JUTMHBI Te/Ia MOCTENCHHO YBETHIH -
BAIMCh BCE JUIMHHOTHBIC pa3Mepbl X YMCHBLUATHCD
BCE LUMPOTHO-IIYOUHHbIE H OOXBaTHbIE Pa3MEpbL.

[1ponNOpLHOHANBHOCT TENOCIOXEHHUS U3YHaTH
npu nomoluu 124 MHEEKCOB B TOH Xe pOCTO-BECO-
BOit KiaccuHKauUH. BoIACHWIH 3aKOHOMCPHOCTH
B U3MEHEHUAX JUIMHHOTHBIX, WHPOTHO-TAYOUHHBIX
1 06XBaTHBIX Pa3MEpOB.

Mo xnaccHdukaumMu JUIMHBI H MacCchl Tejla
MOXHO 6GBUIO YCTAHOBHTb H CHCTEMAaTH4€CKHC H3-
MEHEHHMS B COCTaBe Macchl Tena. Tak, B OIHHMX H
TeX e POCTOBBIX KJIAaccax B 3aBUCHMOCTH OT yBe-
JIMYEHUST MAacChl YBEJIMYMBANACh MOCTENMEHHO H
nons obwero xupa (%), yMEHbIIANACh TUIOTHOCTD
tena. U Hao6GOpOT, B ONHHUX M TEX Xe€ BECOBBIX
Kinaccax, Mo Mepe YBEJMYeHUS JUTMHB Tena, NOJA
o61Iero XUpa YMEHbLIANACh, 3 TUIOTHOCTH TEaa
yBenuuuBanack. Hapsny ¢ H3MEHEHHAMH B obueM
cocTaBe MaccChl Tejia MPOUCXOIHUIU U COOTBETCTBY-
jolMe M3MEHEHUsS] COCTaBHBIX KOMIMOHEHTOB OT-
JAEJIbHbIX YYaCTKOB TeJa.

BBuny TecHOM KOPPENALMOHHON CTPYKTYPBI
AHTPOMOMETPHUYECKHX TPU3HAKOB BO3IMOXHO ME-
TOOOM MHOXECTBEHHOIO PEerpecCMBHOrO aHaiu3a
MpPOTHO3MPOBATh 3HAYEHHE KaXIOro MpH3HaKa IO
U3BECTHbIM 3HAaYeHWSIM OCTAIBHBIX, NPHTOM R?
papsupyer ot 0,5 no 0,83 (1. e. MpOTHOCTHYECKAs
cwia Monesu He MeHee 50%).

MapannensHo ¢ O6LIMM KOHTHHICHTOM XKEeH-
LLMH M3Y4YanH 0COOEHHOCTH TEJIOCHOXEHHS THCTBIX
MUKHUYeCKHUX (N=32) U JIENTOCOMHBIX THITOB XEH-
wmH (n=39), onpeaeacHHbIX COMaTOCKONUYCCKHUM
metonoMm Kpeumepa. BrifiBlieHO, 4YTO CTpYKTypa
MUKHUKOB M JIETTOCOMOB 6a3upyeTcss Ha COOTBET-
CTBYIOLUMX COOTHOLUEHHSIX MEXIY Maccod W IUIH-
HO# Tena, Kak 3TO 6bUIO B 0OLIEM KOHTHHICHTC.

~ Takum 06pa3om, B obiLei MHOTNOMEpHO# BapH-
a6eBHOCTH aHTPONOMETPHYECKHX TPH3HAKOB HE
CYILECTBYET IUCKPETHBIX TPYNI OTACABHBIX COMATO-
THIOB, a BCSI CHCTEMa pa3MepoB Tea HMEET obume
TeHAEHUMH BapbMpOBaHMs, KOTOpbIC B KpasiX BapH-
abenbHOro psiza Benyr K (OpMHPOBAaHHMIO 3KCTpE-
MaJIbHbIX BADUAHTOB — K YHMCTHIM MHUKHHUYCCKUM H
JIEMITOCOMHBIM THMaM, KakK--Ha3blBacT HX Kpeumep.
" OCHOBO# BCeX U3MEHEHHi FABSIOTCS COOTBETCTBY-
oLLHEe COOTHOLUEHHUSA IMHBI U MAaCChl TeJia.

Mpu H3ydeHHUH CTPYKTYpHl TeJa OTACHbHBLIX
BO3pPaCTHBIX [PYNMN LUIKOJBHHUL H WKOALHHUKOB 06-
HapyXeHa Takas Xe CTPYKTypa Tesla, YTo M MpH HC-
CNenoBaHUH MOJIOABIX XeHuH. B ocHOBY CTpyK-
Typb! TEsa JIEr1a CUCTEMA TECHBIX CBA3CH aHTPOIO-
METPUYECKHX MPU3HAKOB, rOe OMATb BEAYLLYIO

pOJib UIPAIM MACCa M MIMHA TeJa. Jlioboit pasmep
Tesia BO3MOXHO NMPOrHO3upoBaTh Mo Macce, JUIKMHE
u Bo3pacty B npenenax 20—70%. s cucremartu-
3alMM Pa3MEPOB TEJa IOHOWIEN H ACBOYEK OTACIb-
HbIX BO3PAaCTHBIX TPYNN MPUMEHSIH YNPOLUCHHBIM
$-KJIACCHBIl BAPHAHT KJIACCHQHKAUMH MO JUIMHE H
macce Tena (13, 16, 17], ncxoasiuuit u3 3x3 xnac-
cudukauuu (PHCYHOK), Tae KpaitHHE CHIrMa-Kiiac-
cpl 00benuHEHBl. XapaKTepHCTHKAa MOJYYEHHBIX
KIaccoB ciemyoluas: 1-if — ManeHbKHE JUIMHA M
Macca Tesa, 2-it — CpellHMe JUIMHa M Macca Tena,
3-i1 — GonbLuMe MIMHA M Macca Tena. Kiaccet 1—3
XapaKTEpPU3YIOTCA COOTBETCTBHEM MACChl M JUIMHBI
tena. IpubaBisioTCs ABa KIacca HECOOTBETCTBUS:
4-ft — GoJblIas Macca, MaNieHbKas JUIMHa, 5-H —
MaJieHbKas Macca, 6onbiuas mwinHa. ITocmensue
KIacchl Ha3BaHbl KJIaCCaMH MMKHOMOPGOB M Jiern-
ToMOp(OB, MMOCKOJIBKY OCHOBO# JUISl PEACTaBUTE~
Jiei 3THX KJIACCOB SIBJISUIOCH TaKXe HECOOTBETCTBHE
JUTMHBI M Macchl Tesa, KaK 3T0 6bUIO Y YHCTBIX
MUKHUYECKMX M JIENTOCOMHBIX XXEHIUMH. Takas
KnaccupUKalMs onpapaana ceds u fana BOIMOX-
HOCTb CUCTEMAaTH3HPOBAaTh MCCJIEAYEMBIX C Pa3iiHY-
HBIM TEJIOCHOXEHHEM.

IMoxoxasi CTPYKTypa pa3MepOB Tejla BbLIBHIACH
TaKKe Y WKONbHUL-BONIEHOONMCTOK B BO3pacTe OT
13 no 16 ner. Oka3zanoch, YTO XOTs 3TH ACBYLUKH
6bUTH HEMHOTMM BhIllIEe M OOAblIE HX CBEPCTHUL, HE
3aHUMAIOLLMXCA AKTUBHO CIIOPTOM, MX pa3sMepbl
MOMYUHSUTHC TEM Xe OOLLMM 3aKOHOMEPHOCTSIM. B
cydae MOJPOCTKOB MOXHO ObUIO MPOrHO3WMpOBATH
BCe OTHENbHbIE pa3Mephl Tela Ha OCHOBAHWH JUIHHBI,
Macchl Teia ¥ BospacTa B mpesesax 20—80%.
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K)laccudiuxéliﬁﬁ 17-netHux ﬁcayl;lc:x Nno pOCTO-BECOBLIM KNac-
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Distribution of 17-year-old girls according to height-weight
classes.
Abscissa — body length (cm); ordinate — body mass (kg). See
text for explanations.
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Mopdonorus. 2001

3TO 3HAYMT, YTO JUIA U3YYECHHUS POJIK AHTPOIO-
MeTpUYecKOoro GakTopa MOXHO MCIOAb30BATH LM -
POKHMIi BHIOOD pa3nMyHbIX pa3MepoB Tena. Bce oHu
XapaxTepU3ylT OMHOBPEMEHHO U 0bliee TeNocCo-
XeHHue obcienyeMbIx.

IMonyyeHHsle pe3yabTaThl MOATBEPAUIN TOYKY
3peHHS MHOTHX MpeablAylLIHX HCCJIEfoBaTeNeH O
KOpPPENATHBHBIX CBA3AX AHTPOMOMETPHUYECKHX
MPH3HAKOB U 06 YNOPSOOYEHHOCTH TEJIOCIOXEHHS
[1, 2, 7). Ipx noMoOLUM NMPEMTOXEHHBIX HAMH Be-
CO-POCTOBBIX KJHAaCCH(HUKaLUA BO3MOXHO CHCTe-
MaTH3MpOBaTh OQMHOYHbIC MPU3HAKH, HHIEKCHI U
MOKAa3aTeNM cocTaBa Tena. B Oymyiuem aHajnormy-
HBIM 06pa30M MOXHO NMapaJuIeIbHO C aHTPOITOMET-
PHYECKMMH JaHHBIMM M3y4aTb KJIHMHHUYECKHe, Hu-
3HOJIOTHYECKHE, OHOXMMHYECKHE MMOKa3aTeNH H3Y-
YaeMbIX KOHTHHICHTOB.

TakuM o6pa3oM, co3maeTcs NEpBUYHas MOIE/Ib
LIEJIOCTHOTO TEJOCJHOXEHHUSI W TNPH TOMOIUM €€
MOXHO IpONOJXaTh HUCCHECAOBAHHUS KOHCTHUTYLIMO-
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REGULARITIES OF BODY BUILD STRUCTURE
OF ESTONIAN GIRLS AND YOUTHS

H. Kaarma, G. Veldre, R. Stamm, M. Lintsi, J. Kasmel,
E. Maiste and S. Koskel

Anthropomcmc investigation -of 670 female studcn(s (aged
18—22), 1114 schoolgirls (aged 15—18) and 253 schoolboys (aged
17—18) has demonstrated that the body structure-in these sam-
ples formed a distinctive system of significantly intercomrelated
variables with the body mass and length being the major charac-
teristics. By means of a mass-length (height-weight) classifica-
tion it is possible to systematize all the single parameters, indices
and body composition characteristics. Body mass and length are
also assumed as a basis for the formation of extreme pure soma-
totypes — pycnic and leptosomatic females.

Physical Anthropology Center, Tartu University, Estonia.



The Anthropometric Factor in Assessment
of Physical Abilities of
Young Female Volleyballers (aged 13-16)
Raini Stamm!,
University of Tartu, Estonia

Meelis Stamm?
Tallinn Pedagogical University, Estonia

The study discusses the relations between the body build of
46 young female volleyballers (age 13-16 years, 51 characteristics
including 11 skinfolds) and the results of nine physical ability
tests. The tests included four jump tests, endurance, trunk
strength, flexibility, speed and medicine ball throwing tests.
Correlation of basic anthropometric characteristics with test
results showed that all the tests except the trunk strength test and
the flexibility test were to a greater or smaller extent related to
body measurements. Body fat content had a negative impact on
jump tests, and on endurance and speed tests. The endurance test
correlated negatively with body measurements; smaller players
had greater endurance. In regression analysis, to show the
dependence of physical ability test results on body build, two
models were used: 1) height, weight and age; 2) other
anthropometric characteristics. The second model predicted the
variability of tests results within 48-89%. In all cases the model of
height, weight and age yielded somewhat less significant results.
The tests results were placed in a 5 SD classification of weight and
height. The classification showed that jumping ability improved
gradually from the small to the medium to the big class;
leptomorphs could jump higher than pycnomorphs. In speed
tests leptomorphs were more successful than pycnomorphs.

Key Words: Anthropometry; Young female volleyballers; Physical ability

tests.
Introduction

Volleyball belongs among the sport events which are
primarily characterised by explosive movements (Viitasalo 1988;
Heimer, Misigoj, Medved 1988; Hakkinen, Mero, Kauhanen
1999). Volleyballers’ fundamental abilities include jumping

' Institute of Sport Pedagogy, Faculty of Exercise and Sport Sciences,
Umversny of Tartu, Estonia
® Faculty of Exercise and Sport Sciences, Tallinn Pedagogical University,
Estonia
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skills, speed, upper body muscles explosive strength and
endurance (Hakkinen 1989, 1993; Thissen-Milder, Mayhew
1991; Viitasalo, Rusko, Pajalo, Rahkile, Ahilo, Moutonen 1987;
Young, MacDonald, Hegger, Fitzpatrick 1997). The level of
motor abilities in volleyball is known to be influenced by
peculiarities of body build (Thissen-Milder, Mayhew, 1991;
Farkas, Mészar6s, Mohacsi, Petrakanits, Batowski 1991).
Unfortunately, the number of body dimensions studied in
volleyball research has been very limited, being usually restricted
to height, weight and body fat percentage. Practically no
attention has been paid to the length of the extremities’ and -
circumferences of the extremities and the trunk, which could be
essential for proficiency in the game, particularly in the period
of adolescence. The situation has been changing only in the
recent years, and measurement of the full range of
anthropometric characteristics in the adolescent period has
been recommended in many sports, including volleyball
(Avloniti, Douda, Pilianidis, Tokmakidis 2001).

In light of the above, the authors set themselves to conduct a
detailed anthropometric study of young female volleyballers in
order to find how the great number of adolescent female
volleyballers’ body measurements could be applied for
assessment of physical ability tests results.

The authors proceeded from the results of their earlier
studies of young female volleyballers’ body structure. Thus, they
had already established that the girls’ whole body
anthropometric structure consists of a regular system of bodily
characteristics that are in statistically significant mutual
correlation. The leading characteristics of the system are height
and weight, which significantly determine the variability of all
the other characteristics within 20-90%. Each basic
anthropometric variable that belongs to this system represents
not only a concrete body measurement but also essentially
represents the body as a whole (Stamm R., Stamm M.,
Nurmekivi, Loko, Koskel 2000; Stamm R., Veldre, Stamm M.,
Kaarma, Koskel 2001; Kaarma, Veldre, Stamm, Lintsi, Kasmel,
Maiste, Koskel 2001; Stamm R., Stamm M., Koskel 2002; Stamm
R., Veldre, Stamm M., Thomson, Kaarma, Loko, Koskel 2003).

Proceeding from this basis, the authors analyse how basic
anthropometric measurements, their different combinations
and the height-weight classification that characterizes the body

The Mankind Quanrterly
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as a whole can be applied for comparative assessment of physical
ability tests results.

Material and Methods

The sample consisted of 46 female volleyball players aged
13-16 years. All of them had practised volleyball regularly for
the last three years and participated in young female
volleyballers’ championships in the age group of up to 16-year-
olds.

The players were studied in six teams. The anthropometric
measuring as well as the testing of physical abilities were carried
out at one and the same session. The same researchers
participated in examining all the teams.

The players were informed about the essence of the studies
planned, and they as well as their parents consented to voluntary
testing. The study was approved by the Medical Ethics
Committee of the University of Tartu.

Measurement Procedures
Anthropometric Research

The girls were healthy, and their sexual development
corresponded to Tanner’s (Tanner 1962) stages III-IV. All
anthropometric measurements were taken by the same trained
anthropometrist, who had previously shown test-retest reliability
of r>0.90. The girls were measured according to the classical
method of Martin (Knussmann 1988). The measuring of
skinfolds followed the methodology provided in Knussmann’s
handbook (Knussmann 1988, p. 274). To measure lower
extremity length, we applied the method of K. S. Jatsuta (Jatsuta
1923) that has been widely accepted in Russia and has been the
principal method used in Estonia since J. Aul’s work (Aul 1977).

Forty-nine body measurements were taken, including 11
skinfolds. The skinfolds were also used to calculate the mass and
relative mass of subcutaneous adipose tissue. Thus, in total, the
analysis included 51 bodily characteristics.

The length measurements were body height, suprasternal
height, xiphoidal height, head-neck length, sternum length,
abdomen length, trunk length, upper body length, lower body
length, upper limb length, lower limb length. In addition to
these, horizontal arms spread was measured.

The breadth-depth measurements were biacromial, chest
waist and pelvis breadths, and chest and abdomen depths. To
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assess the thickness of limb bones, femur, ankle, humerus and
wrist breadths were measured. The circumferences included
head, neck, upper and lower chest, waist, 'pelvis, hip, proximal
and mid-thigh, upper and lower leg, forearm and wrist, arm and
arm flexed and tensed. The measured skinfolds were chin,
chest, side, waist, suprailical, umbilical, subscapular, biceps,
triceps, thigh and calf.

Physical Ability Tests

All the subjects passed the following nine validated tests of
physical fitness. Jumping ability was measured by two vertical
jump performance tests (Young, MacDonald, Hegger,
Fitzpatrick 1997): standing vertical jump and reach (PA,) and
running vertical jump and reach (PA,). As the highest reach of
the players’ outstretched hand had been measured, then
subtracting from PA, the length of the outstretched arm, the
height of standing vertical jump (PA;) was obtained. By
subtracting the length of the outstretched arm from PA,, we
obtained the height of running vertical jump (PA,).

Maximum aerobic endurance was measured by 20 m shuttle
run (PA;) (Leger, Mercier, Gadoury, Lambert 1988). Trunk
strength (PA;) was measured by using the sit-up test (Brewer,
Davis 1993). The flexibility test (PA;) measured the extent of
bending forward from sitting position (Larson 1974). Deftness
and speed of movement (PAg) were measured by the zigzag run
test (Kuramshin, Persin, Popkovskii 1985). Upper body and
arms strength were measured by the medicine ball throwing test
(PA,) (Viitasalo 1988).

Results
To start the analysis, we present the basic statistics of physical
ability tests results (Table 1). We can observe a great variability
of results, which is partly related to age. |
To assess how the tests results depend on body build, we
correlated all the physical ability tests one by one with all the
anthropometric variables (Table 2). We can see that the highest
jump and reach standing (PA,) and running (PA,), the highest
reach of the player’s outstretched hand and the medicine ball
throwing test (PA,) correlated with nearly all basic
anthropometric characteristics except skinfolds.
4 The negative impact of greater body fat content was revealed
in the height of standing (PA;) and running (PA,) vertical jump.
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The greater value of skinfolds was contrary to jump height
results. A similar negative impact of greater fat content was
revealed in the results of the speed test (PAg). The girls who
showed longer times in the speed test also had thicker skinfolds.
The endurance test (PA;), however, revealed negative
correlations with a great number of body measurements. This
suggests that smaller players have greater endurance. Flexibility
and stomach muscle tests showed practically no correlations
with anthropometric variables.

As the results of seven out of nine physical ability tests used
by us correlated - with many anthropometric variables, we
performed regression analysis to model the dependence of
physical ability tests results on body build (Table 3). To predict
tests results, we used two types of models. In the first case, the
arguments used were height, weight and age, in the second case,
all other anthropometric characteristics which showed
statistically significant correlations with the test studied. In all
the tests, age, height and weight gave somewhat less significant
results than the best combination of other characteristics. By
using the second model we could anthropometrically determine
the variability of PA, within 89%, PA, - 78%, PA; — 61%, PA, -
42%, PA; — 42%, PA; — 63% and PA, — 65% (in the sense of
determination coefficient).

The essential other basic anthropometric characteristics in
the models were lower limb length, upper leg circumference,
ankle breadth, arm circumference, biacromial breadth, upper
chest circumference, horizontal arms spread. Relative mass of
subcutaneous adipose tissue correlated negatively with tests
results.

As the tests results correlated closely with body build, we
systematised them using the same height-weight classification,
which we had already used for systematizing the girls
anthropometric data (Stamm R., Stamm M., Koskel 2002)
(Table 4).

As we can see, the tests of highest jump and reach (PA,, PA,)
and the highest reach of the player’s outstretched hand could
be well systematized into classes, showing that jumping ability
gradually improved in classes small-medium-big, and
leptomorphs could jump essentially higher than pycnomorphs.
Consequently, the most capable in this test were girls with bigger
height and weight but also tall and slender girls. The same trend
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was noticed in PAy, but the differences were statistically
insignificant. In the speed test leptomorphs were more
successful than pycnomorphs.

Discussion -

To assess the physical abilities of young female volleyballers
we applied tests that literature has regarded most essential for
volleyball: jump tests, medicine ball throwing test, speed,
endurance, flexibility and stomach muscles strength tests.

According to our data as well as literature (Matsudo, Rivet,
Pereira 1987; Viitasalo 1988) better jumping ability was typical of
girls with greater height and weight. In addition, we showed that
vertical jump and reach (PA,, PA,) and the highest reach of
player’s outstretched hand correlated with nearly all other
anthropometric characteristics except a few skinfolds. There
were very strong correlations with height, extremities length,
horizontal arms spread, biacromial and pelvis breadth. Our data
revealed that the variability of the highest reach of the player’s
outstretched hand was 35 cm 201-236 cm), which gives taller
players considerable advantage at spike and block.

The results of other jump tests — standing vertical jump
(PA;) and running verticdl jump (PA,) — correlated negatively .
with skinfolds, confirming the views from literature that better
Jjumping ability is inversely proportional to body fat percentage
(Thissen-Milder and Mayhew 1991).

Besides jumping ability tests, another important test is that
of upper body muscles’ explosive strength (medicine ball
throwing test, PA,). This test is also essential for successful block
and spike, and better results are achieved by players with greater
height and weight (Morrow, Andrew, Jackson, Hosler, Kachwik
1979; Hakkinen 1989; Roberts, Watson 1992). In addition, we
showed that the results of this test correlated with practically all
anthropometric variables except a few skinfolds.

An essential ability component of volleyball is endurance
(Viitasalo, Rusko, Pajalo, Rahkila, Ahilo, Montonen 1987; Smith,
Roberts, Watson 1992; Bale, Mayhew, Piper, Ball, Willman 1992;
Arbeit 1998; Wieczorek 2001). In our data, the endurance test
(PA;) showed significant negative correlations with all body
measurements and skinfolds; the results were more significant
in smaller and slimmer girls. |

The speed test (PAy) is especially significant for 12-15-year-
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old girls as this is the age when speed strength and speed of
movements develop most rapidly (Kantola, Rusko 1984). In our
study faster girls had lower body fat content, and, in this respect,
our results coincided with those of other researchers (Malina,
Shoup 1985; Raudsepp, Jurimée 1996).

In conclusion, we might say that the close correlations we
found between young female volleyballers’ physical abilities and
body build suggest that for this age group methods of detailed
anthropometric measurements, in addition to height, weight
and age, should be taken in order to permit a better assessment
of young players’ abilities and prospects in their chosen sport.
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Anthrop. Anz. Jg. 63 1 77-92 Stuttgart, Mérz 2005

Body build classification for ordinary schoolgirls
(aged 7-18 years) and volleyball girls (aged 13-16 years)

Helje Kaarma', Raini Stamm?, Jaan Kasmel® and Siide Koskel®
! Centre for Physical Anthropology, University of Tartu, Tartu, Estonia

Insntute of Sport Pedagogy, University of Tartu, Tartu, Estonia
> Institute of Mathematical Statistics, University of Tartu, Tartu, Estonia

With 1 figure and 3 tables

Summary: The article describes two Estonian anthropometric cross-sectional studies of 1549
ordinary schoolgirls (aged 7-18) and 46 girls, who regularly practised volleyball (aged 13—
16). Data are presented on 22 basic anthropometric measurements and 6 body composition
characteristics (body mass index, mean skinfold, body density, relative mass of fat by Siri,
absolute mass and relative mass of subcutaneous adipose tissue). All anthropometric variables
were classified into five height-weight SD classes. Schoolgirls were divided into six age
groups (7-8, 9-10, 11-12, 13-14, 15-16, 17-18). Volleyballers were observed as one group
as their age in SD classes did not differ significantly. The classification consisted of five
categories: three height-weight concordant categories: I — small (small height, small weight),
Il — medium (medium height, medium weight), III large — (big height, big weight) and two
height/weight discordant categories: IV — so-called pyknomorphs, V — so-called leptomorphs.
To assess the differences between classes the Scheffé-test was used (a = 0.05). It proved
likewise possible to comparatively systematize length, breadth and depth measurements,
circumferences and body composition characteristics in all six age groups (7-18 years) of
ordinary schoolgirls and in 13-16-year-old volleyballers as in their case the average age did
not differ significantly between the classes.

Key words: Girls’ anthropometric measurements, height-weight classes, volleyballers’
anthropometric classification.

Zusammenfassung: Diese Abhandlung beschreibt zwei estnische anthropometrische Quer-
schnittsuntersuchungen an 1539 reguldren Schulmédchen im Alter von 7-18 Jahren und an
46 Midchen im Alter zwischen 13-16 Jahren, die regelméBig Volleyball spielen. Die Un-
tersuchungsdaten umfassen 22 anthropometrische MaBe und 6 Charakteristika der Body
Composition (Body Mass Index, mittlere Hautfaltendicke, Korperdichte, relative Fettmasse
nach Siri, absolute und relative Masse des subkutanen Fettgewebes). Alle anthropome-
trischen Variablen wurden in fiinf KorperhShen-Koérpergewicht-SD-Klassen klassifiziert.
Die Schulméidchen wurden in sechs Altersgruppen eingeteilt (7-8, 9-10, 11-12, 13-14,
15-16 und 17-18 Jahre). Die Volleyballspielerinnen wurden als eine Gruppe betrachtet, da
ihr Alter in den SD-Klassen nicht signifikant differierte. Die Klassifikation umfaBt fiinf
Kategorien: drei in Bezug auf Korperhohe und Kérpergewicht konkordante Kategorien: I —
klein (geringe Korperhohe und geringes Korpergewicht), II — mittel (mittlere Korperhche
und mittleres Korpergewicht), III — groB (groBe Korperhohe, groBes Koérpergewicht) und
zwei in Bezug auf Korperhthe und Korpergewicht diskordante Kategorien: IV — soge-
nannte Pyknomorphe und V - sogenannte Leptomorphe. Um die Differenzen zwischen die-
sen Klassen zu iiberpriifen, wurde der Scheffé-Test herangezogen (a = 0.05). Es erwies
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sich als moglich, Léngen-, Breiten- und TiefenmaBe, Umfinge und Charakteristika der
Body Composition in allen sechs Altersgruppen (7-18 Jahre) der reguldren Schulmidchen
und der 13-16 Jahre alten Volleyballspielerinnen vergleichend zu systematisieren, da bei
ihnen das mittlere Alter nicht signifikant zwischen den einzelnen Klassen differierte.

Schliisselworter: Anthropometrische Messungen an Miadchen, Korperhohe-Korpergewicht-
Klassen, anthropometrische Klassifikation von Volleyballspielerinnen.

Introduction

Anthropometric studies of girls in their growth years have proved very great indi-
vidual variability depending on age.

Despite the detailed studies of many authors (Tanner 1962, Tutkuviene 1986,
Prokopec 1988, Ducquet & Carter 1996, Claessens et al. 2001, Eiben & Nemeth
2001) no universal classification has been developed that would satisfy all the
requirements and enable us to systematize and compare a large number of body
measurements of schoolgirls with different age and body build. There are even fewer
studies describing adolescent girls who practise volleyball. The studies are usually
limited to a few body measurements (Thissen-Milder & Mayhew 1991, Hikkinen
1993, Malina 1994), and sometimes somatotyping according to Heath Carter has
been applied (Mészards & Mohdécsi 1982).

For a longer time, the Centre for Physical Anthropology at the University of Tartu
has been engaged in research of young women’s, schoolgirls’ and schoolboys’ body
structure and classification of their body measurements (Kaarma 1981, 1995, Kaar-
ma et al. 2000, 2001, Thetloff 1992, Polina et al. 1992, Peterson & Saluvere 1998,
Saluvere et al. 1998, Maiste et al. 1999, Lintsi et al. 2002, Veldre et al. 2002). The
centre has also participated in studying and classifying the body measurements of
volleyball girls (Stamm et al. 2002, 2003).

All these studies have confirmed that the anthropometric structure of the body as
a whole consists of a system of statistically significantly related characteristics,
where the leading characteristics are height and weight, which significantly deter-
mine the variability of all the other characteristics. This has justified the application
of a height-weight classification on all the abovementioned populations.

In this paper, we present the results of classifying the body measurements of 7—
18-year-old ordinary schoolgirls as well as volleyball girls (aged 13-16 years).

Material and methods

Subjects

Ordinary schoolgirls (henceforth schoolgirls) were 7-18-year-old girls (n = 1549) from seve-
ral schools of South Estonia. Volleyball girls (aged 13-16 years, n = 46, henceforth volley-
ballers) came from six adolescent female teams of Estonia. They had practised volleyball
regularly for the last three years and participated in young female volleyballers’ champion-
ships in the age group of up to 16-year-olds. All the girls from both samples were healthy and
they as well as their parents had consented to anthropometric measuring. The study was
approved by the Medical Ethics Committee of the University of Tartu.
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Anthropometric research

The methodology of the anthropometric study of these samples relied on the long-term
research carried out on many populations at the Centre for Physical Anthropology at the
University of Tartu (Kaarma 1981, 1995, Kaarma et al. 1997, Peterson & Saluvere 1998).

Anthropometric measurements were taken by two trained anthropometrists (one of them
measured the schoolgirls, the other the volleyballers). Both had previously shown test-retest
reliability of r > 0.90.

The girls were measured according to the classical method of Martin (Knussmann 1988).
For measuring the skinfolds the methodology provided in Knussmann’s handbook (1988, p.
274) was followed. To measure lower extremity length we applied the method of Jatsuta
(1923) that has been widely accepted in Russia and has been the principal method used in
Estonia since J. Aul’s work (Aul 1977).

Body height was measured in centimetres (+ 0.1 cm) using a Martin metal anthropometer
and body weight in kilograms (+ 0.05 kg) on medical scales. Depth and breadth measure-
ments were measured with Martin callipers, circumferences with a metal measuring tape and
skinfolds with the Holtain skinfold calipers on the right side of the body.

In total, 22 basic measurements were measured on both samples of this study. These were
weight, height, trunk length, upper and lower limb length, biacromial and pelvis breadth, chest
and abdomen depth, femur, ankle, humerus and wrist breadth, upper chest, waist, hip, upper
thigh, upper and lower leg, arm, forearm and wrist circumferences. In addition to these, 10
skinfolds were measured in schoolgirls (chin, chest, side, waist, umbilical, subscapular, bi-
ceps, triceps, thigh, calf skinfolds). In volleyballers 11 skinfolds were measured (suprailical
skinfold in addition to those mentioned above).

From the measured variables, six body composition characteristics were calculated: body
mass index, mean skinfold, body density (Wilmore & Behnke 1970), relative mass of fat by
Siri (quoted after Wilmore & Behnke 1970), mass of subcutaneous adipose tissue (kg) and
relative mass of subcutaneous adipose tissue (%).

Statistical analysis

The data were processed using the SAS system. Schoolgirls’ data (n = 1549) were analyzed
separately in six age groups (7-8, 9-10, 11-12, 13-14, 1516, 1718 years). First, the mean
values (X) and standard deviations of all variables were calculated for age groups. The basis
for creating the classification for the respective age group was the mean height, weight and
their standard deviations. Then all the other variables were placed into the classification. To
create the 5 SD classification for each age group, 3 x 3 = 9 SD classes of height and weight
were formed. From there, we took three concordance classes of height and weight (small
height — small weight; medium height ~ medium weight; big height — big weight). The
remaining six classes were united into two classes of discordant height and weight (big weight
and small height — pyknomorphs; small weight and big height — leptomorphs; see Fig. 1).

Weight classes
Light Medium | Heavy
Height | Short Small Pycno-
classes | AMedium Lepto- Medium morphic
Tall morphic Large

Fig. 1. Body build classes.
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Thus, the five height-weight SD classes were created according to the following rules:

Class 1 (small):
weight < X, — 0.5 SD,, and height < X — 0.5 SDy,

Class 2 (medium):
Xw — 0.5 SD,, < weight <X + 0.5 SD,, and X}, — 0.5 SDy, < height < 0.5 SDy

Class 3 (large):
weight > X, + 0.5 SDy, and height > Xj, + 0.5 SDy,

Class 4 (pyknomorphs):
weight > X, — 0.5 SD and height < Xj, — 0.5 SD, or
weight > X, + 0.5 SD and height < X + 0.5 SDy,

Class 5 (leptomorphs):
weight < X, — 0.5 SD and height > X}, — 0.5 SDy, or
weight < Xy, + 0.5 SD and height > X}, + 0.5 SDy, (see Fig. 1).

For all anthropometric variables, their means and standard deviations were calculated in all
classes. Using the Scheffé-test, the class means of all anthropometric data were compared
between classes 1 and 3, but also between classes 4 and 5, using the significance level a = 0.05
(Table 1).

For volleyballers (n = 46) the mean values of the anthropometric variables were calculated
in age groups and the variables’ relations with age were found (Table 2). A common 5 SD
classification of height and weight was formed for girls of different age using the medium
height, weight and the respective standard deviations of the whole sample. Girls of different
ages (13-16 years) were placed into the classes of the common height-weight classification
according to their individual heights and weights. Thereafter, the average ages of girls of all
classes were compared, and as there were no statistically significant differences between the
classes, the application of such a common classification was found to be justified.

The statistical analysis was performed by Sdde Koskel, M.Sc., from the Institute of Ma-
thematical Statistics, University of Tartu, Estonia.

Results

Table 1 presents the anthropometric data of 7-18-year-old schoolgirls (n = 1549) -
22 basic measurements and 6 body composition characteristics — as the average
values of the six age groups and, thereafter, as classified into height-weight classes.
From here we can see that the average data of all age groups showed a gradual
increase of basic measurements as well as indicators of body fat content. The height-
weight classes of separate age groups also revealed systematic changes in mean
values of anthropometric variables.

Thus, in all age groups, height and weight showed a gradual increase in classes 1-
3. This was accompanied by a statistically significant increase in length, breadth and
depth measurements, some of the limb thicknesses, circumferences, body mass
index and body fat content.

Classes 4 and 5 of all age groups also revealed several characteristic differences
between pyknic and leptosomic girls. Thus, in the classes of pyknics, the breadth and
depth measurements and trunk and limbs circumferences, femur breadth and hu-
merus breadth, body mass index and indicators of body fat content were statistically
significantly greater. In the classes of leptosomic girls in all six age groups, the upper
and lower limbs were statistically significantly longer and body density greater.
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In volleyballers the mean values of some anthropometric variables showed a
significant correlation with age (Table 2). These were weight, height, upper limb
length, biacromial breadth, pelvis breadth, upper leg circumference and forearm
circumference. None of the body composition characteristics revealed a significant
correlation with age.

Changes of variables in the height-weight classification (Table 3) in volleyballers
were analogous to those in schoolgirls. We could state the same systematic differ-
ences in classes 1-3 and also between classes 4 and 5 (see Table 2).

Discussion

Until now, literature has presented no generally recognized method of simultaneous
classification of a large number of body measurements for growth-age girls. In this
study, the authors presented such a classification as consisting of five SD classes of
height and weight. While creating the classification, we relied on two aspects of
classification that have been considered most important in literature — the necessity
to distinguish between orders of magnitude (Knussmann 1961) and types (Kretsch-
mer 1961). Orders of magnitude were distinguishc( in the height-weight concordant
classes — small, medium and large. Types were distinguished according to the well-
known typifying scheme of Kretschmer (1961).

The mentioned classification was applied in six separate age groups from 7 to 18
years for schoolgirls and as a common classification for volleyballers of different
ages from 13 to 16 years. In the case of both samples we could show that such a
method could be used to systematize comparatively length, breadth and depth mea-
surements, circumferences and body composition characteristics.
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Summary: The present paper studies the body build and proficiency in the game of 74 female
volleyballers aged 13-15 years from eight teams, who participated in Estonian champion-
ships. Fourteen anthropometric measurements were taken from the players, and these data
were systematized into a 5 SD height-weight classification (small, medium, large, pyknomor-
phous and leptomorphous). The players participated in 28 matches, which were recorded in
paralle] with two computers equipped with the program Game. The girls’ proficiency in the
game was assessed in the same body build classes. For each class, the total number of serves,
receptions, attacks and blocks, their mean values per player and percentage from elements
performed during the whole tournament were calculated. In the same way, for each class the
total number of points scored and separately the number of points scored in serve, attack and
block were calculated. For each class the mean index of proficiency was calculated for serve,
reception, attack and block. The results showed, that the most successful were the girls of class
3 with big height and weight. The small girls of class 1 were the least successful. The players
belonging to the other classes formed an intermediate group. The authors recommend the use
of the body build classification as it enables simultaneous assessment of body build and
proficiency in competitions.

Key words: Young female volleyball players’ anthropometry, body build classification, vol-
leyball performance.

Zusammenfassung: Die vorliegende Untersuchung hat den Korperbau sowie die spieleri-
sche Leistungsfihigkeit von 74 Volleyballsspielrinnen im Alter zwischen 13 und 15 Jahren
zum Gegenstand, die an den estnischen Meisterschaften teilgenommen haben. An diesen
Spielerinnen wurden vierzehn anthropometrische MaBe erfasst. Diese Daten wurden in eine
5 SD-Kérperhohen-Kérpergewicht-Klassifikation (klein, mittel, gro, pyknomorph und lep-
tomorph) eingeordnet. Die Spielerinnen nahmen an 28 Spielen teil, welche parallel mit
zwei Computern aufgezeichnet wurden, die mit dem Programm Game ausgeriistet waren.
Die spielerischen Leistungen der Midchen wurden in diesen Korperbauklassen bewertet.
Fiir jede dieser Klassen wurden die Gesamtzahl der Aufgaben, Annahmen, Angriffe und
Blockierungen, ihre mittleren Werte pro Spielerin sowie der Prozentsatz dieser Elemente
wihrend der gesamten Spieldauer berechnet. In der gleichen Weise wurde fiir jede Klasse
die Gesamtzahl der Punkte und getrennt die Zahl der Punkte fiir Aufgaben, Angriffe und
Blockierungen berechnet. AuBerdem wurde fiir jede Klasse der Leistungsindex fiir Aufga-
ben, Annahmen, Angriffe und Blockierungen ermittelt. Die Ergebnisse zeigten, dass am
erfolgreichsten die Médchen der Klasse 3 mit groBer Korperhohe und groBem Korperge-
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wicht waren. Die kleinen Midchen der Klasse 1 waren am wenigsten erfolgreich. Die zu
den anderen Klassen gehérenden Spielerinnen nahmen eine Mittelstellung ein. Die Autoren
empfehlen die Verwendung der Korperbauklassifikation, da sie gleichzeitig die Einschit-
zung von Korperbau und spielerischer Leistung in Wettkdmpfen erlaubt. '

Schliisselworter: Anthropometrie junger Volleyballspielerinnen, Korperbauklassifikation,
Leistungen im Volleyball.

Introduction

Several well-known anthropometric studies of elite female volleyballers emphasize
their greater height and weight, length of extremities, shoulder breadth, highly
developed bone and muscle structure of extremities and the upper body (Hékkinen
1993, Viviani & Boldin 1993, Gualdi-Russo & Zaccagni 2001).

Build peculiarities of adolescent female volleyballers have received less atten-
tion; most researchers have confined themselves to height, weight and body fat
content, which, however, remains insufficient (Avloniti et al. 2001, Martirosov
2001).

The need for detailed research into adolescent female volleyballers’ body build is
indicated by results that show that ball handling skills as well as physical and
psychophysiological abilities are in close correlation with girls’ age-related consti-
tutional peculiarities (Thissen-Milder & Mayhew 1991, Kioumourtzoglou et al.
2000, Stamm et al. 2002).

The authors of the present paper have dealt with the problem in greater detail.
They have conducted a thoroughgoing study of 13—16-year-old female volleyball
players’ anthropometric body structure and found essential correlations between
body build, results of various tests and proficiency in competitions (Stamm et al.
2003, 2004).

Considering the above mentioned, we applied anthropometric measuring on a
larger sample of 13-15-year-old girls participating in Estonian championships and
analyzed the relations between anthropometric data and proficiency in the game.

Material and methods
Subjects

The sample consisted of 74 girls aged 13-15 years from the eight most successful volleyball
teams of Class C (up to 16-year-olds), who participated in Estonian championships in Pdrnu
from May 21-22, 2004.

Anthropometric research

During intervals between matches, all the 74 girls were measured anthropometrically using
the method of Martin (Knussmann 1988). Lower extremity length was measured according to
the method of Jatsuta (1923). Anthropometric measurements were taken by a trained anthro-
pometrist, who had previously shown a test-retest reliability of r > 0.90.

Fourteen body measurements were taken, that in the present authors’ earlier research
(Stamm et al. 2003, 2004) had shown significant correlations with proficiency in the game.
These measurements were weight, height, suprasternal height, xiphoidal height, wrist breadth,
upper chest circumference, lower chest circumference, waist circumference, hip circumferen-
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ce, upper thigh circumference, lower leg circumference, arm circumference, flexed and tensed
arm circumference and wrist circumference.

Assessment of players’ proficiency

To record the games, the original computer program Game was used, which was first pre-
sented by R. Nolvak (Stamm) in 1995 and has been introduced in a special journal in the USA
(Stamm et al. 2000, 2001).

For simultaneous recording of the performance of two opposing teams, two computers
with the program Game were used. Parallel recordings were made by volleyball experts — the
authors of the present paper M. Stamm and R. Stamm. All the participating teams played with
one another once; thus, the total number of matches was 28, and 56 parallel recordings were
made. Seventy-four players participated in the matches.

The assessment of players’ proficiency proceeded as follows: during the match, the expert
registered each case when a technical element (serve, reception, block, feint, attack or dig)
was performed by a player. This was done by pressing three keys on the computer keyboard,
thereby registering 1. the element performed, 2. the grade for its performance on a five-point
scale (1 — excellent ... 5 — failed), and 3. the number of the player who performed the element.
For all the elements, the program calculated each player’s index of proficiency according to
the following formula:

' number of performances x maximum grade — sum of grades

Index of proficiency =
(maximum grade — 1) x number of performances

Proficiency can range from O to 1, where 1 means, that in all the cases the element was
performed excellently, and O a failure in all the cases.

In addition to the index of proficiency, the program calculates the following data for each
set and for the whole game: 1. Number of performances of technical elements of the game
(serve, reception, block, feint, attack, dig) for each player and for the whole team. 2. Average
indices of proficiency of each element for each player and for the whole team. 3. Points scored
by performing the elements by each player and by the whole team.

The data obtained from the computer program were further processed by the SAS program
by one of the authors of the article — Side Koskel, MSc. Side Koskel also performed the
statistical analysis of anthropometric data using the SAS program.

Then the proficiency of each player in performing the most significant elements of the
game (serve, reception, block, and attack; number of points scored) was related to anthro-
pometric measurements and analyzed in the body build classification formed from these
anthropometric variables.

Statistical analysis

The data were analyzed using the SAS system. The mean values of the anthropometric
variables were calculated and the variables’ relations with age were found. The basis for
creating the classification of girls with different age was the mean height, weight and their
standard deviations for the whole sample. To create a 5 SD classification, first a classification

Weight classes
Light Medium | Heavy
Height | Short Small Pykno-
classes | AMedium Lepto- Medium morphic
Tall morphic Large

Fig. 1. Body build classes.
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consisting of 3 x3 = 9 SD classes of height and weight (small, medium, big) was formed.
From this classification, three classes of concordant height and weight were taken (small
height — small weight; medium height — medium weight; big height — big weight). The
remaining six classes were united into two classes of disconcordant height and weight (big -
weight and small height — pyknomorphs; small weight and big height — leptomorphs; see
Fig. 1.

Thus, the five height-weight SD classes were created according to the following rules:

Class 1 (small
weight < &, — 0.5 SD,, and height < x — 0.5 SDy,

Class 2 (medium)
Xw — 0.5 SD,, < weight < + 0.5 SD, and X, — 0.5 SDy, < height < 0.5 SDy,

Class 3 (large)
weight > X, + 0.5 SDy, and height > X + 0.5 SDy,

Class 4 (pyknomorphs)
weight > X, — 0.5 SD and height < X, — 0.5 SD;, or
weight > X, + 0.5 SD and height < X + 0.5 SDy,

Class 5 (leptomorphs)
weight < X,, — 0.5 SD and height >X;, — 0.5 SD, or
weight < X, + 0.5 SD and height > X;, + 0.5 SDy, (see Fig. 1).

Girls of different ages (13-15 years) were placed into the classes of a common height-weight
classification according to their individual height and weight. Thereafter the average ages of
girls of all classes were compared and as there were no statistically significant differences
between the classes, the application of such a common classification was found to be justified
(Stamm et al. 2001, Kaarma et al. 2005).

Then the means and standard deviations of all the anthropometric variables were calculated
in all the five classes. Using the Scheffé test, the class means of all anthropometric data were
compared between classes 1 and 3 but also between classes 4 and 5, using the significance
level a = 0.05 (Table 1).

The girls’ proficiency in the game for the whole tournament was assessed in the same body
build classes. For each class, the total number of serves, receptions, attacks and blocks, their
mean values per player and percentage from elements performed during the whole tournament
were calculated. In the same way we calculated for each class the total number of points
scored and, separately, the number of points scored by serve, attack and block. Thus, in all
classes the total number of girls who performed the respective elements was calculated,
differentiating between the total number of serves, attacks and blocks performed and the
number of those that ended by winning a point.

For each class also the mean index of proficiency was calculated for serve, reception,
attack and block performances for the whole tournament.

The means of performance of elements of the game in different classes were compared
using the Scheffé test; to compare percentages, the z-test was used.

Results

The mean and SD values of the 14 anthropometric variables measured are presented
in Table 1. On average, the girls were tall (168.47 cm) and heavy (58.047 kg) for
their age, thus surpassing the Estonian national averages for the respective age
groups. The Estonian national height for girls aged 13-15 ranges from 158.15-
164.92 cm and weight from 46.12-55.07 kg (Griinberg et al. 1998).
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Table 2. Adolescent female volleyballer’s (aged 13 — 15 years, n = 74) proficiency in the game
according to body build.

Body build classes
No Variable Total Class I (small)
n=10
n X total n X total %

1. Points scored 55 3315 18230 3 31.0 93.0 5.10
2. Serves :

Point-winning serves 50 748 3740 3 1033 31.0 8.29

Total serves 50 50.38 2519.0 3 56.00 168.0 6.67
3. Retseptions

Total 41  52.12 2137.0 1 2600 260 1.22
4. Attacks

Point-winning attacks 27  37.30 1007.0 1 47.00 47.00 4.67

Total of attacks 27 87.07 2351.0 1 99.0 99.0 421
5. Blocks

Point-winning blocks 29 7.66 2220 1 0.00 0.00 0.00

Total of blocks 29 2652 769.0 1 13.00 13.00 1.69
6. Index of proficiency serve 50 0.44 3 0.47

reception 41 0.52 1 0.59

attack 27 0.64 1 0.70

block 29 0.52 1 0.32

Body build classes
No Variable Class IV (pyknomorphs) Class V (leptomorphs)
n=16 n=18
n X total % n X total %

1. Points scored 12 25.83 3100 17.0 15  23.47 3520 19.31
2. Serves 10 7.16 71.0 1898 13 585 76.0 20.32

Point-winning serves

Total serves 10 449 4490 17.82 13 4631 602.0 23.90
3. Retseptions 10 53.7 537.0 25.13 8 4338 3470 16.24

Total
4. Attacks 4 3875 1550 1535 5 3520 176.0 17.48

Point-winning attacks

Total of attacks 4 89.50 358.0 15.23 5 86.60 433.0 1842
5. Blocks 5 440 220 991 5 9.0 45.0 20.27

Point-winning blocks

Total of blocks 5 2060 103.0 13.39 5 3080 154.0 20.03
6. Index of proficiency 10 04 13 0.41

serve

reception 10  0.50 8 0.52

attack 4 0.65 5 0.62

block 5 0.49 5 0.53
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Body build classes
Class II (medium) Class IIT (large)
n=18 n=12 Statistically significant
n X total % n X total % differences between classes

13 3223 419.0 22.98 12 54.08 64.90 35.60 1+4, 244, 3+4.1+5, 3+5

12 7.83 940 25.13 12 850 102.0 27.27 144, 2+4, 3+4, 145
12 53.17 638.0 25.33 12 55.17 662.0 26.28 1+4, 2+4, 3+4, 1+5, 4+5

11 5891 648.0 30.32 11 52.64 579.0 27.09 1+4,2+4, 145,245, 3+5, 4+5

7 30.0 210.0 20.85 10 41.90 419.0 41.61 1+4, 2+4, 3+4, 2+5, 3+5

7 7629 534.0 22.71 10 9270 927.0 39.43 1+44,2+4,3+4,1+5,2+5,3+5

8 6.00 48.0 21.62 10 10.70 107.0 48.20 1+4,2+4, 3+4, 1+5, 3+5

8 18.38 147.0 19.12 10 3520 352.0 45.77 144, 2+4, 344, 1+5, 3+5
12 046 12 0.42 _
11 0.53 11 0.52 —

7 0.62 10 0.64 —

8 0.53 10 0.54

Statistically significant differences
between classes

1+4, 2+4, 3+4, 1+5, 345
1+4, 2+4, 3+4, 1+5

1+4, 2+4, 3+4, 1+5, 445
1+4, 2+4, 145, 2+5, 3+5, 4+5

1+4, 244, 344, 2+5, 3+5

1+4, 2+4, 3+4, 1+5, 245, 3+5
1+4, 244, 3+4, 145, 3+5

1+4, 2+4, 3+4, 1+5, 3+5
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Significant correlations with age were found in six variables — weight (r = 0.311),
and circumferences of upper chest (r = 0.33), hip (r = 0.23), arm (r = 0.40), upper
thigh (r = 0.34) and lower leg (r = 0.27).

Thereafter, we correlated all the girls’ body measurements between themselves
and found that all the variables were in significant correlation, and all the variables
had the strongest correlations with height and weight.

Then we correlated all the anthropometric variables with individual indices of
proficiency for elements of the game and individual numbers of points achieved. We
found statistically significant correlations between wrist circumference and
proficiency index of attack (r = 0.375). Reception of serve was essentially better
in the case of smaller circumference of lower chest (r = — 0.346), waist (r =—0.411)
and hip (r = - 0.343).

The total number of points won in the game correlated with greater height (r =
0.290), xiphoidal height (r = 0.306), suprasternal height (r = 0.303) and wrist breadth
(r = 0.423).

Analysis of the impact of age on performance of the elements of the game
revealed that there was only one (negative) statistically significant correlation with
the efficiency of attack (r = —0.418). Therefore, considering that all the girls be-
longed to the same competition class (C), we are further not going to take into
account the impact of age on proficiency in the game.

To characterize body build not only by separate variables but also from the
viewpoint of the body as a whole, we formed a body build classification from the
14 variables measured (see Table 1) and found statistically significant gradual in-
crease in weight, height, trunk and extremities circumferences, wrist breadth in
classes small-medium-large and the most typical significant differences between
pyknomorphous and leptomorphous girls (Table 1).

Such systemic changes in body build classes gave us reason to use namely such a
classification for analyzing the data of proficiency in the game on the basis of body
build.

In Table 2 we present the data of proficiency in the game according to body build
classes. As we can see, there are significant differences in proficiency between
classes.

The least successful were the girls of the first class — with small weight and small
height. The ten girls belonging to this class brought their teams only three points.
Attacks and blocks were performed by only one player, serves — by three and
receptions by one.

The most active players belonged to the third body build class — girls with big
height and big weight. All twelve of them scored points for their teams and were
successful at serve. Ten of them performed successful attacks and blocks, and eleven
— receptions.

The players of other classes 2, 4 and 5 occupied an intermediate position.

Out of the total number of points (1823), the girls of class 1 scored 5.10 % and the
girls of class 3 scored 35.60 %; classes 2, 4 and 5, respectively, scored 22.98 %, 17 %
and 19.31 %.

Analogously, there were differences between classes 1 and 3, and 2, 4 and 5. The
number of successful attacks in class 1 (47) and class 3 (419) differed by almost nine
times. The results of the girls in classes 2, 4 and 5 had intermediate values. Success-
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ful blocks, serves and receptions, and receptions in general, were most often per-
formed by girls of class 3.

However, if we compare the mean indices of proficiency in performing separate
elements, we do not notice essential differences between the classes. The reason lies
in the fact that there were successful players in all the classes; there were also players
with relatively modest abilities (except in class 3).

Discussion

The present study confirmed once again the viewpoint expressed in literature (Thies-
sen-Milder & Mayhew 1991, Stamm et al. 2002) that adolescent female volley-
ballers’ body build is essential for proficiency in the game.

Body build has been characterized by height, weight and body fat content (Farkas
et al. 1991, Malina 1994). Several anthropometric variables have been used to
predict proficiency in performance of different elements of the game (Stamm et
al. 2001, 2003).

We have studied in detail the anthropometric structure of adolescent volleybal-
lers’ body build and found, that it does not differ in principle from the body build
structure of ordinary schoolgirls of the same age (Stamm 2004, Kaarma et al. 2005).
This enabled the authors to use for volleyballers’ anthropometric data the same body
build classification as for schoolgirls of the same age.

Anthropometric data were collected from eight most successful volleyball teams
of the 13-15 years age group at Estonian championships in May 2005.

In 74 girls, 14 body measurements were taken, which, as the authors’ earlier
research had shown, were essential for proficiency in the game.

To assess proficiency, all the matches were recorded using the original computer
program Game created by the authors. For the first time in Estonia, two computers
were used in parallel for simultaneous recording of the performance of opposing
teams. Seventy-four players participated in the matches; the present study analyzed
number of performances of the most essential elements of the game — serve, recep-
tion, block and attack — for each player, the number of points a player brought to her
team and individual proficiency of performance of the elements of the game. The
computer program Game recorded the activity of all the players within their teams.
To compare the data of all players between the eight teams, the SAS program was
used. All the girls were placed into a common body build classification and the
means of anthropometric variables and data characterizing proficiency were calcu-
lated for all the classes. The results showed that such a classification proved to be
appropriate for classifying the anthropometric data as well as for comparing the
results achieved in the game. The most successful were the girls of class 3 with big
height and weight. The small girls of class 1 were the least successful. The players
belonging to other classes formed an intermediate group. As the girls were placed
into classes relying on body build data only, then all the classes included girls with
different individual proficiency. Therefore, the mean indices of proficiency did not
differ significantly between the classes.

In summary, one might say that the body build classification applied by the
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authors proved to be appropriate for simultaneous assessment of body build and
proficiency in the game.

References

Avloniti, A., Douda H., Pilianidis, T. & Tokmakidis, S. (2001): Kinanthropometry and body
composition of female athletes in various sports during growth. — 6th Annual Congress of
the European College of Sport Science. 15th Congress of the German Society of Sport
Science Cologne, July 24-28, 2001, p. 279.

Farkas, A., Mészar6s, J. Mohdcsi, J., Petrakanits, M. & Batowszki, K. (1991): The connection
between body build and some motor characteristics of young volleyball players. — Children
and Exercise Pediatric Work Physiology XV. National Institute for Health Promotion
(NEVI). Budapest, Hungary, pp. 116-120.

Griinberg, G., Adojaan, B. & Thetloff, M. (1998): Growth and growth disturbances. — Meth-
odological instructions for assessment of children’s physical development. — Tartu (in
Estonian).

Gualdi-Russo, E. & Zaccagni, L. (2001): Somatotypes, role and performance in elite volley-
ball players. — J. Sports Med. Phys. Fitness 41, 256-269.

Hikkinen, K. (1993): Changes in physical fitness profile in female volleyball players during
the competitive season. — J. Sports Med. Phys. Fitness 33, 223-232.

Jatsuta, K.Z. (1923): Ob izmerenii nizhnei konechnosti na zhivom. — Rus. antropol. zh. 12,
3-4.

Kaarma, H. (1981): Multivariate statistical analysis of the women’s anthropometric charac-
teristics system. — Valgus, Tallinn.

— (1995): Complex statistical characterization of women’s body measurements. — Anthrop.
Anz. 53, 239-244.

Kaarma, H., Stamm, R., Veldre, G. & Kasmel, J. (2000): Possibilities for classification of
anthropometric data of 16-18-year-old Tartu schoolgirls considering their age and con-
stitutional peculiarities. — Papers on Anthropology IX (University of Tartu), 64-81.

Kaarma, H., Stamm, R., Kasmel, J. & Koskel, S. (2005): Body build classification for ordinary
schoolgirls (aged 7-18 years) and volleyball girls (aged 13-16 years). — Anthrop. Anz. 63,
77-92.

Kioumourtzoglou, E., Michalopoulow, M., Tzetzis, G. & Kourtessis, T. (2000): Ability profile
of the elite volleyball players. — Per. Mot. Skills 90, 757-770.

Knussmann, R. (1988): Anthropologie. Handbuch der vergleichenden Biologie des Men-
schen. Band I: Wesen und Methoden des Anthropologie. — Gustav Fischer Verlag, Stutt-
gart/ New York, pp. 139-309.

Malina, R. M. (1994): Attained size and growth rate of female volleyball players between 9
and 13 years of age. — Ped. Exerc. Sci. 6, 257-266.

Martirosov, E. G. (2001): Body build of sportsmen engaged in Olympic sport events. — Acta
Kines. (University of Tartu) 6, 172-175.

N&lvak, R. (1995): A system for recording volleyball games. — Papers on Anthropology VI,
(University of Tartu), 171-175.

Stamm, R. (2004): Body build structure of young female volleyballers (aged 13-16) and their
performance in competitions. — The Mankind Quarterly 44, 253-273.

Stamm, R. & Stamm, M. (2004): Individual proficiency of young female volleyballers at
Estonian championships for Class C and its relation to body build. — Papers on Anthro-
pology (University of Tartu) XIII, 239-247.

Stamm, R., Stamm, M. & Oja, A. (2000): A system of recording volleyball games and their
analysis. — Int. J. Volleyball Res. 2, 18-22.

Stamm, R., Veldre, G., Stamm, M., Kaarma, H. & Koskel, S. (2001): Young female volleyball
players’ anthropometric characteristics and volleyball proficiency. — Int. J. Volleyball Res.
4, 8-11.



Body build classification 433

Stamm, R., Stamm, M. & Koskel, S. (2002): Age, body build, physical ability, volleyball
technical and psycho-physiological tests and proficiency at competitions in young female
volleyballers (aged 13-16 years). —~ Papers on Anthropology XI (University of Tartu), 253—
282.

Stamm, R., Veldre, G., Stamm, M., Thomson, K., Kaarma, H., Loko, J. & Koskel, S. (2003):
Dependence of young volleyballers performance on their body build, physical abilities,
and psycho-physiological properties. — J. Sport Med. Phys. Fitness 43, 1-9.

Thissen-Milder, M. & Mayhew, J. L. (1991): Selection and classification of high school
volleyball players from performance tests. — J. Sports Med. Phys. Fitness 31, 380-384.

Viviani, F. & Boldin, E (1993): The somatotype of “amateur” Italian female volleyball
players. — J. Sports Med. Phys. Fitness 33, 400-404.

Received July 12, 2005

Address for correspondence:

Prof. Dr. Helje Kaarma, University of Tartu, Faculty of Medicine, Centre for Physical Anthro-
pology, Lossi 38, EE — 51003, Tartu, Estonia.

E-Mail: antrop@ut.ee



Volume 2, Number 1 INTERNATIONAL JOURNAL OF VOLLEYBALL RESEARCH

A System for Recording
Volleyball Games and Their Analysis

Raini Stamm, University of Tartu, Estonia,
Meelis Stamm, Tallinn Pedagogical University, Tartu, Estonia
Asko Oja, System Development Partners, Tartu, Estonia

{he article provides an overview of a new, original volleyball recording program, Game, which has been devised on the basis
of recording systems used before. The advantages of the new computer program include its simplicity of use (the application
of the program can easily be learned by anyone interested in the matter), and modest requirements for equipment and labor,
s the whole game of a team (performance of nine technical elements) can be recorded by one portable computer (which has
at least 386 processor with at least 2 Mb of memory and 5 Mb free hard disk space; the program works with MS-DOS 6.0
and higher) and one recording assistant. By means of the volleyball recording program, Game, the performance of a
niversity female volleyball team was studied at the Estonian Championships in 1994 and 1995. The efficiency of performing
technical elements for each player separately as well as for the whole team was calculated after each game, and the results of
two years were compared. As the data can be summed up after each game as well as during the game and can be compared

Jith previous games, the program was of great help for the coach in modifying tactics of the current game and in preparation
for following ones. It also gives the coach the knowledge which player should pay more attention to practicing specific
technical elements. The use of recording and the conclusions drawn by the coach on its basis were also one of the reasons

/hy the team under investigation was placed third at the championships of the country in the first year of the study and
achieved first place in the second year. Analysis of the data showed that serving had improved significantly, its efficiency
being 0.48 in the first year and 0.56 in the second year. Digs (0.61 in the first year and 0.81 in the second year) and blocks
"9.38 and 0.53 respectively) also improved. Player proficiency had increased or decreased during the period under
uiscussion. The composite index of quality for all players for each game separately and its correlation with the number of
games r = 0.68 was calculated. It was also found that p = 0.014, was positive and statistically reliable. On the basis of these
1ata, it can be concluded that over the period studied, the quality of the games improved.

Key words: statistical system; volleyball

assess the level of players, help the coach make

appropriate decisions, and analyze the contribution of

iwch player, games should be recorded. In this article, an

original Estonian system for recording volleyball games
using the computer program, Game, is presented.

[n order to improve the quality of volleyball games,

Review of Literature
While creating the program, several recording systems
were considered (Aunin, 1973, 1969; Huimerind, 1971;
Amalin, 1973), as well as Fiedler's system for young
German volleyballers (1978). In Finland, a very interesting
gqraphic recording program Sportgame Volley Ver 2.x
Lentopallon atk - ohjelma (Oulu, et al., 1993) has bee used,
which enables one to record in a very simple way, at only
one keystroke, who did what and how they did it. The FIVB
(International Volleyball Federation) uses the Polleyball
Information System, Version 2.5] by which it is possible to
evaluate both teams simultaneously. Unfortunately, such a
system of recording requires at least three computers and
five experts to record a game. Viera and Ferguson (1996)
d Neville (1990) also consider recording most essential.
there is no doubt that volleyball games should be recorded.
This is necessary in order to evaluate the performance of

Copyright © 2000 USAV

each player as well as the technical and tactical peculiarities
of the entire game. The possibility of saving data collected
and comparing the technical development of the game in
subsequent years enables the assessment of players’
development and efficiency of coaching while comparing
objectively the level and development of several teams
(Nederlandse Volleybal Bond, 1995; Rieuwers, 1994; Viera
& Ferguson, 1996)..

Naturally, the most advanced method of recording is
through computer and video (Frohmer, 1995; McGown,
1994), where one can visually watch the performance of
both teams, and by the special FIVB program (Volleyball
Information System for DOS Software, 1992-1997), which
simultaneously needs three computers and five recording
assistants. This kind of equipment and number of trained
experts, however, are not affordable for everyone interested
in the matter and can be applied only at major sports centers
for most important games (Huimerind, 1971). In Estonia,
this system was used during the World Championship
Prequalification Tournament last year.

Daily life, however, requires that Estonian
championships and games of local importance for both
adults and children should be recorded and analyzed later
(Kurg, 1977; Liik, 1994). Students and younger coaches
could be used for this kind of work. Statistical analysis of
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data after the games is also within the abilities of students of
physical education who have acquired computer skills.

METHODS

When devising the new system of recording and the
respective computer program based on it, the following
principles were followed:

1. The program should be as simple to use as possible so
that it could be widely applied.

2. It should provide as precise information on the progress
of the game as possible.

3. As many activities as possible should be recorded during
the game.

4. Possibly few people and computers should be used for
assessing the performance of the team.

5. It should be possible to preserve and analyze the data
obtained while recording the games.

The program registers nine elements of the game. Each
of them can be evaluated according to a corresponding
scale. These nine elements are serve, serve from jump,
reception, attack from zone 2, attack from zonme 3, attack
from zone 4, feint, block and dig.

The registration of the elements has been made as
simple as possible with the aim of achieving great speed and
precision at recording them. Each element can be entered by
three keystrokes (the first of them determines the element,
the second the grade, and the third the player who
performed it).
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The game can be currently analyzed (for example
during the intervals). Rapid analysis can be obtained during
the game according to the players and elements performed.
Proficiency is calculated by the following formula:

number of performances X maximum grade — sum of grades

(maximum grade - 1) x number of performances

The program’s requirements for environment
The program has been developed in Paradox 4.5 for DOS.

Technical requirements: at least 386 processor with at least
2 Mb of memory and 5 Mb of free hard disk space. The
program works with MS-DOS 6.0 and higher. The program
is compatible with Windows 95.

Proficiency of the female team of Tallinn Pedagogical
University at Estonian Championships and analysis of

proficiency
In order to assess the quality of the program Game and

check its reliability, recordings were made at Estonian
championships in two consecutive years — 1994 and 1995,
and the performance of the women volleyballers of Tallinn
Pedagogical University was evaluated. The team achieved
third place in 1994 and first place in 1995.

The statistical part of the program enables us to
calculate the sum of grades for each player (Figure 1) and
for each element (Figure 2), the statistical average of grades,
and separately, the index of proficiency according to the
formula presented above.

1,00

0,63¢

0,43

attack 2

attack 4

serve reception feint block dig
* number of perfomances is below 15
Figure 1. E.K. proficiency of different technical elements in 1995
19 Copyright © 2000 USAV
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Statistical processing of the data obtained continued in the

following way:

1. Correlations between all the elements performed by a
player were calculated.

2. Correlations between different elements performed by
different players were calculated.

3. Average indices of the team’s proficiency, taking into
account all the technical elements in 1994 .and 1995,
were calculated, then the significance of differences was
assessed by Student t-test.

RESULTS AND DISCUSSION

As a result of this investigation, it was found that the
serve had become significantly more proficient. In 1994, the
average grade of the efficiency of serve for all players was
0.48 and in 1995, 0.56. On the contrary, reception was
considerably worse in the second year than in the first year,
the grades being 0.58 and 0.49, respectively. The efficiency
of attacks from all zones did not increase statistically
significantly. The efficiency of feints did not improve
essentially either. However, the efficiency of blocking (0.38
in the first year and 0.53 in the second year) and dig (0.61 in
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the first year and 0.8]1 in the second year) increased
considerably. Thus, it can be concluded that the team of
Tallinn Pedagogical University became champions of
Estonia as a result of improvement in three technical
elements — block, dig and serve.

Also, players whose proficiency had steadily risen or
decrcased from one game to another was found. While
observing the correlations between technical elements, we
found that the strongest correlation existed between serve
and dig. This is rather logical as after a very strong serve it
is more difficult for the opponents to take up an attack, and
therefore the ball is more easily caught during the dig.

A summary table of proficiency for two seasons is
presented (Table 1), which shows that the most successful
player was the attacker T. S., followed by A. S. and R. N.
The program Game enables the coach to see who was the
best at attack or who at reception (Figure 2), and thus plan
the structure of training and the tactics of the team for the
following season. It also reveals which technical element
each player should pay more attention to.

TABLE 1 - Comprehensive table of
proficiency over two seasons

Name Serve|Reception| Attack 2][Attack 3| Attack 4| Feint Block| Dig Total
Proficiency 0.447 |0.597 0.708 0.800 0.675 0.643 |0.363 [0.716 |0.619
E.K.[Number of grades|103 129 12 5 100 21 51 74 *0.573
Average grade 3.21 |2.61 1.68 1.40 1.65 11.71 2.27 1.28 .. .
Proficiency 0.493 |0.618 -10.656 0.500 0.628 0.529 |0.453 |0.765 |0.580
M.L.[Number of grades 152 136 32 2 207 35 53 102 *0.591
Average grade 3.03 |2.53 1.69 2.00 1.74 1.94 [2.09 1.24
‘|Proficiency 0.474 |0.585 0.636 0.553 0.538 0.450 |0.453 |0.570 {0.5632
E.L.|Number of grades |95 123 22 19 117 20 86 86 *0.532
' |[Average grade 3.11 |2.66 1.73 1.89 1.82 2.10 [2.09 1.43
Proficiency 0.518 |0.438 0.500 1.000 0.444 0.600 [0.512 |0.667 |0.585
R.N.|Number of grades 123 12 29 3 9 20 86 60 *0.559
Average grade 2.93 '|3.25 2.00 1.00 2.11 1.80 |1.98 1.33
Proficiency’ 0.656 |0.439 0.000 0.000 0.500 0.500 |0.000 |0.667 |0.345
T.O.[Number of grades |8 33 0. [o] 3 3 1 9 *0.439
Average grade 2.38 |3.24 0.00 0.00 2.00 2.00 [3.00 1.33
Proficiency 0.565 |0.591 - 10.625 10.000 0.750 0.633 ]0.455 |0.588 |0.526
K.P.|Number of grades |69 11 - |16 0 12 15 55 34 *0.558
Average grade ' |2.74 [2.64 1.75 0.00 1.50 1.73 |2.08 1.41
Proficiency 0.602 |0.485 0.667 0.000 ]0.750 0.625 |0.458 10.839 |0.553
P.R.|Number of grades |32 34 3 [o} 8 4 12 31 *0.642
Average grade 2.59 ({3.06 1.67 0.00 1.50 1.75 [2.08 1.16
Proficiency 0.502 |0.583 0.635 0.689 0.641 0.561 |0.473 |0.638 [0.591
A.S.|Number of grades [147 163 52 53 39 41 167 94 *0.591
Average grade 2.99 |2.63 1.73 1.62 1.72 1.88 [2.05 |1.36
Proficiency 0.607 {0.450 0.700 0.788 0.692 0.625 |0.557 [0.860 |0.660
T.S.[Number of grades |56 40 20 26 13 12 79 43" “0.660
Average grade 2.57 |3.20 1.60 1.42 1.62 1.75 [1.89 1.14
Proficiency 0.500 {0.750 0.500 0.000 0.000 0.400 [0.400 [0.600 |0.394
R.S.[Number of grades |25 3 2 0 1 5 10 15 *0.500
Average grade 3.00 |2.00 2.00 0.00 3.00 12.20 |2.20 1.40 .
Proficiency 0.450 |0.529 0.629 0.660 0.627 0.600 [0.449 |0.625 |0.571
K.S.[Number of grades |130 136 58 78 63 45 166 64 *0.571
Average grade 3.20 [2.88 1.74 1.68 1.75 1.80 [2.10 1.38
Proficiency 0.455 {0.530 0.661 0.500 0.500 0.630 |0.449 |0.678 [0.550
I.T. |Number of grades |133 25 |28 1 7 23 68 121 *0.550
Average grade 3.18 |2.88 1.68 2.00 2.00 1.74 |2.10 1.32

* Sum of proficiency for two seasons if the number of performances of activity exceeded 15

Copyright © 2000 USAV
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In further statistical calculations we did not take into
consideration the players who had performed an element
less than 15 times. Therefore, Figure 2 also presents the
number of performances of an element by each player.

INTERNATIONAL JOURNAL OF VOLLEYBALL RESEARCH
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0,80
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3 96 19

No. of performances

Figure 2. Proficiency of the reception and number of performances in 1994

In the course of data analysis, another interesting index
was calculated: the composite index of quality of all players
and performance of all technical elements for all the games
separately. Also calculated was its correlation with the
number of games (r=0.6803). It was also found that p=0.14,
being positive and statistically reliable. Taking into account
the above mentioned, it can be stated that, with the increase
in the number of games, the quality of games improved.

CONCLUSION

The computer program, Game, has been presented in this
article, which was created in Estonia. To record a game
using this program, only one computer and one recording
assistant were needed. Also introduced was a longitudinal
study and statistical analysis with the help of this program.

Performance of the female team of Tallinn Pedagogical
. University at Estonian championships was recorded during
two years. In the first year of recording, the team achieved
the third place, and in the second year became the
champions of Estonia.

21

IMPLICATIONS FOR COACHES

The volleyball recording program, Game, is simple to
use. It enables coaches to record the proficiency of
performance of nine technical elements in the game, while
utilizing only one computer and one recording assistant.
Recording of volleyball game proficiency is necessary for
the coach to get objective information on the performance of
technical elements by players.

Knowing the players’ level of technical elements
performance, the coach can plan practices, taking into
consideration the individual skills of all the players.
Analyzing the data gathered about the team, the coach can
modify team tactics.

Immediately receiving data on proficiency during the
game, the coach can make appropriate changes and attempt
to alter the course of the game. Through the application of
the recording system, Game, it is possible to follow the
players’ development in performing technical elements,
objectively evaluate the game, and find the most proficient
players of the tournament or the season.

Copyright © 2000 USAV
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Young Female Volleyball Players’ Anthropometric Characteristics

and Volleyball Proficiency

Raini Stamm, Gudrun Veldre, Meellis Stamm, Helje Kaarma, Sade Koskel
University of Tartu, Tallin Pedagogical University, Estonia

The purpose of the study was to analyze the role of a number of anthropometric characteristics in the performance of
female volleyball players in the 13- to 16-year-old age group at competitions. The sample consisted of female volleyball
players (N = 33), aged 13-16 years. A special anthropometric study included 43 body measurements. To assess proficiency
in the game, an original volleyball recording program, Game (Stamm, Stamm, & Oja, 2000), was used to record all the main
elements of the game and to calculate the index of proficiency of their performance. Thereafter, the proficiency index of all
elements of the game was correlated with all the anthropometric data. Anthropometric variables that statistically correlated
with performance were used to form respective linear predictive models.

Anthropometric measurements were significant in all the five main elements of the game, determining the efficiency of their
performance within 32-83 percent. They proved to be most essential for attack, block and feint (71-83 percent). Along with
weight and height, the significant anthropometric variables included circumferences of the trunk (chest, waist and hips) and the
extremities (relaxed arm circumference, flexed and tensed arm circumference, upper thigh, wrist and lower leg circumference).

REVIEW OF LITERATURE

ety of different abilities (Buck, 1990; Dufer, 1996;

Stamm et al., 1997, 1999; Zadrasnik, 1999). A signifi-
cant role also belongs to the individual features of the play-
ers’ body build. Until now, only a relatively small number of
variables such as height, weight (Malina, 1994), proximal,
mean and distal thigh circumferences (Hikkinen, 1993), and
skinfolds to determine the total mass of adipose tissue
(Thisser-Milder, Mayhew, 1991; Smith et al., 1992;
Hikkinen, 1993) have been studied. There is no clarity about
the significance of other anthropometric characteristics and
the anthropometric structure of the body, as a whole, for suc-
cessful game performance.

Therefore, there is a need for more detailed research involv-
ing the anthropometry of young volleyball players. The aim of
the present study was to analyze the role of a number of anthro-
pometric characteristics in the performance of 13- to 16-year-
old female volleyball players at competitions. The methodology
of the anthropometric study relied on long-term research carried
out on many populations at the Center for Physical
Anthropology, University of Tartu (Kaarma, 1995).

The game of volleyball requires the application of a vari-

METHODS

The sample consisted of 33 female volleyball players, aged
13-16 years (M = 14.61 + 0.36). All of them practiced vol-
leyball regularly and participated in championships in the age
group of 13- to 16-year-olds. They were healthy and their
sexual development corresponded to Tanner’s stages III-V
(Thissen-Milder & Mayhew, 1999). The series of anthropometric
measurements was taken by a trained anthropometrist, who had
previously shown test-retest reliability of r > 0.90.

©2001 USAV

The females were measured according to the classical
method of Martin (Knussmann, 1988). For measuring skin-
folds, similar methodology was used (p. 274). To measure
lower extremity length, the Jatsuta method was used. It has
been widely accepted in Russia and has been the principal
method used in Estonia since Aul’s work (1977).

Body height was measured in centimeters (x 0.1 cm) using
a Martin metal anthropometer and body weight in kilograms
(£ 0.05 kg) on medical scales. Depth and breadth measure-
ments were assessed with Martin calipers, circumferences
with a metal measuring tape, and skinfolds with Holtain skin-
fold calipers. A total of 43 body measurements, including 11
skinfolds, were taken.

To determine length measurements (n = 10), body stature
and the height from the ground of a number of classical
anthropometrical points (processus xiphoideus, symphysion,
spina iliaca anterior superior, acromion, dactylion) were
measured with an anthropometer. From the differences
between the heights of these points, several projected seg-
ment lengths were calculated in the following way: sternum
length was the difference between suprasternal height and
xiphoidal height; abdomen length was the difference
between xiphoidal height and symphyseal height; upper limb
length was the difference between acromial height and
dactylion height. Lower limb length was calculated by the -
method of Jatsuta (1923), where half of the difference
between iliospinal height and symphyseal height was added
to symphyseal height.

The breadth-depth measurements taken (n = 6) were
biacromial, chest, waist and pelvic breadths, chest and
abdomen depths. To assess the thickness of limb bones,
femur, ankle, humerus and wrist breadth were measured. The
circumferences measured included head, neck, upper and
lower chest, waist, pelvis, hip, proximal and mid-thigh, upper



and lower leg, forearm and wrist, arm relaxed and arm flexed
and tensed (n = 15). The measured skinfolds (n = 11) were
chin, chest, side, abdominal, subscapular, triceps, biceps,
waist, suprailical, thigh and calf.

To assess the players’ proficiency at competitions, an
original volleyball recording program, Game, devised by the
authors (2000), was used (Nolvak, 1995; Stamm et al,
2000). The data were recorded at Estonian Championship
and Cup matches for up to 16-year-olds with the participa-
tion of the 33 players under study.

All the females played on the teams where they prac-
ticed. The games were recorded within three months in dif-
ferent cities of Estonia where the matches took place. All the
players were assessed on the basis of at least four matches.
Technically, the assessment of players’ proficiency proceeded
as follows: during the game, a recording assistant (a volleyball
expert) fixed the performance of each technical element by
each player of a team by pressing, according to the comput-
er program, three keys on the computer keyboard. The fol-
lowing was recorded: (1) which element of the game was
performed; (2) grade for its performance on a five-point scale
(1-excellent ... 5-failed); (3) the number of the player who
performed the element.

Each player’s proficiency in all elements performed was
calculated by the following formula:

number of performances x maximum grade - sum of grades
(maximum grade - 1) x number of performances

Index of proficiency=

Proficiency ranged from O to 1, where 1 represented in
all the cases the element was performed excellently, and 0 —
failure in all the cases.

Data were processed using the SAS-system at the
Institute of Mathematical Statistics, University of Tartu.
Comparison of means (t-test), correlation analysis, and linear
regression with stepwise argument selection were used.

RESULTS AND DISCUSSION

The present study attempted to link the analysis of pro-
ficiency in games with the players’ individual anthropomet-
ric characteristics. The mean index of proficiency at serve was
0.545 (SD = 0.279), at reception 0.513 (SD = 0.183), at
feint 0.657 (SD = 0.246), at block 0.523 (SD = 0.360), and
at spike 0.563 (SD = 0.226). The mean value of the profi-
ciency index was 0.539 (SD = 0.161). None of these indica-
tors was correlated with age.

Thereafter, the proficiency index of all elements of the game
was correlated with all the anthropometric data. From the anthro-
pometric variables statistically significantly linked with perform-
ance, linear models were formed to predict game proficiency.
There were 14 such significant arguments. None of the character-
istics showed any statistically significant correlation with age.
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For comparison, the anthropometric data of the young female
volleyball players were compared with the same characteristics of
schoolgirls who did not practice volleyball (n = 586). The vol-
leyball players’ data were expressed on the scale of z-scores
of ordinary females of the same age. The average z-scores of
volleyball players’ anthropometric measurements differed
considerably from the average z-score of the control group
(which was 0) in four cases: height, wrist circumference and
proximal thigh circumference were larger; hip circumference
was smaller.

In order to define the relationship between the variables
studied and their role in the composition of the body as a
whole, all variables were correlated between themselves. The
strongest correlations existed between other characteristics
and height and weight. Height and weight turned out to be
the leading characteristics — determiners of the body as a
whole — because only from height and weight was it possible
to predict all the other variables within 20-90 percent.
Consequently, because of the regularity of the body build
system, each variable represented not only a concrete meas-
urement of the body, but also partially represented the body
as a whole. Thus, the peculiarities of the whole body can be
represented by height and weight, as well as by different
combinations of other anthropometric variables or by height
and weight in combination with other measurements.

Next, by means of stepwise selection, the best models of
linear regression for predicting the proficiency in different
elements of the game were found (see Table 1). As shown in
Table 1, antrhopometric characteristics were essential for all
five main elements of the game, determining their efficiency
within 32-83 percent. Those most essential (71-83 percent)
included the attack, block and feint.

Table 1
Optimum anthropometric models for prediction of efficiency in different elements of
volleyball (N = 33). All parameters in the models are significant (p< 0.05).

No. Predicted variables Regression equations R-square
1 | Efficiency of serve -0.99 - 0.02x{ - 0.03xp + 0.06x3 + 0.09xg | 0.32
2 | Efficiency of reception| 336 +0.03xq - 0.09x3 + 0.08xg4 + 0.55x44 | 0-50
- 0.02x5 - 0.13x44¢
Efficiency of block - 3.48 + 0.07x4 + 0.06x5 - 0.16x1> 0.80
Efficiency of feint -3.22 - 0.05xq - 0.06xp + 0.11x3 - 0.07x7 + | 0-83
0.03xg + 0.19xg
5 | Efficiency of attack 6.44 +0.05xy - 0.03x5 - 0.04xg + 0.12x43 - | 0.71
0.12x19

Explanatory variables of models: xs - hip circumference

x1- weight (kg) X» - amn circumference relaxed (cm)
xz - height (cm) X0 - arm circumference flexed and
x: - ziphoidal height (cm) tensed (cm)

xs- suprasternal height (cm) xn - wrist circumference (cm)

xs - upper chest circumference (cm)
xs- lower chest circumference (cm)
x7 - waist circumference (cm)

x: - upper thigh circumference (cm)
xis - lower leg circumference (cm)
x4 - wrist breadth (cm)
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As weight and height are the most often used anthropo-
metric variables, regressions were also compiled from models
relying only on height and weight. These models, however,
did not prove statistically significant for predicting any of the
game elements. Other body characteristics were then added
sequentially that were significantly correlated with the
respective elements of the game, making sure that all the
characteristics in the model were significant (p<0.05).

While observing height and weight in the models among
other arguments, weight was essential in three models
(reception, block and attack) out of five. Height has a most-
ly negative value in the formulae, except in the case of the
feint. At the same time, some other length measurements
also have a positive value. Therefore, in the case of serve and
feint, xiphoidal height had a positive value, while in recep-
tion, suprasternal height had a positive value. The length
measurements were replaced by the indicator of leg strength
in the form of lower leg circumference in the attack only.
The muscle and bone strength necessary for volleyball are
demonstrated by arm and thigh circumferences, lower leg
and wrist circumferences, and wrist breadth.

CONCLUSION

The results of this investigation indicate the need for
more comprehensive anthropometric studies of young vol-
leyball players. The preconditions for volleyball proficiency
are a certain size in weight and height, trunk (chest, waist and
hip circumferences), extremity circumferences (relaxed arm
circumference and flexed and tensed arm circumference,
proximal thigh, wrist and lower leg circumference), and wrist
breadth. The available literature did not contain any analo-
gous data that could have been used for comparison.

In the future, the analysis of young female volleyball play-
ers’ anthropometric characteristics by various other complex
testing programs will facilitate the better selection of prom-
ising players and help to evaluate the development of the
whole team.

IMPLICATIONS FOR COACHING

As young female volleyball players’ proficiency in the
game depends on the characteristics of their body build, then
it would be advisable to add a program of anthropometric
measurements in conjunction with other data collected.

Anthropometric measurements should be taken by

trained anthropometrists who use standardized methods and

appropriate instruments. The measurements should not be
limited to height and weight only. The data suggest the
other essential dimensions include trunk (chest, waist and
hip) and extremity circumferences (relaxed arm circumfer-
ence, flexed and tensed arm circumference, proximal thigh,
wrist and leg circumference), and wrist breadth.
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The coach may use the anthropometric data for assessing
the physical development of each player, as well as of the
whole team, for comparison with other teams and for corre-
lating them with the team’s achievements at competitions.

If however, one is interested in correlations between
body measurements of individual players and the efficiency
of performing different elements of the game, matches
should be recorded, proficiency index calculated, and respec-
tive regression models formed.
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