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INTRODUCTION
Volleyball is a sport which requires 

effective implementation of mutually dependent 
technical and tactical elements. Furthermore, 
these elements depend on a number of connected 
factors, among which are anthropometrical 
characteristics and situation-motor knowledge. 

Presentation of individual structural 
elements during the game depends to a great 
extent on individual qualities of the person, 
on his engagement and cooperation with other 
players.

Many authors have studied sports activity 
as a specific human activity. They emphasize 
the role of all factors for active and successful 
participation in creation of top sports results and 
the need for specific integrity of aforementioned 
activities. 
         The Anthropometrical characteristics have 
been the subject of case studies in a great number 
of scientific papers. These characteristics are of 
a great importance for a game success during 
volleyball matches.

METHODS
The research was made on a sample of 

151 female volleyball players at the age of 
14-18 in Macedonia, from the following clubs 
in different cities: VC “RABOTNICKI” - 
Skopje, VC “FORCA” - Skopje, VC “JANTA 

VOLEJ” - Skopje, VC “FIT FAN” - Skopje, VC 
“VARDAR” - Skopje, VC “FORSPED” - Veles, 
VC “PRILEP” - Prilep, VC “MAKEDONIJA-
MAKS” - Strumica, VC “LJUBOTEN” - Tetovo 
i VC “BAMI KOR” - Tetovo.

In order to determine the structure of 
anthropometric characteristics a factor analysis 
has been applied.

The study applied the following variables: 
Variables for assessment of anthropometrical 
characteristics: body height (BH), body weight 
(BW), hand length (HL), hand span (HS), 
arm length (AL), leg length (LL), the upper 
arm (UA), the upper arm with a maximum 
muscle contraction (UAMK), the volume of 
the forearm (VF), thigh circumference (TC), 
volume shin (VS), elbow diameter (ED), wrist 
diameter (WD), knee diameter (KD), skin 
fold and subcutaneous abdominal adipose 
tissue (SSAAT), skin folds and skin folds back 
(SFSFB), skin fold and upper arm subcutaneous 
fat (SFUASF), skin fold and skin folds of the 
lower leg (SFSFLL).

RESULTS
Results for the linear (Pearson) coefficients 

of correlation between all variables to estimate 
the anthropometric characteristics are shown in 
table 1, from which it can realize the formation 
of the four larger groups as follows: longitudinal 
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Table 1. Intercorrelation matrix of the variables for the assessment of anthropometrical 
characteristics among the total sample respondents

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
BH
BW .56
HL .58 .36
HS .61 .38 .52
AL .58 .31 .25 .30
LL .67 .31 .32 .38 .78
UA .24 .66 .15 .34 .06 .06
UAMK .23 .66 .18 .29 .01 .03 .94
VF .25 .65 .26 .29 .08 -.02 .83 .80
TC .38 .72 .35 .33 .04 .10 .62 .60 .62
VS .33 .71 .19 .29 .10 .10 .75 .74 .71 .64
ED .07 .35 .24 .17 -.22 -.06 .41 .45 .40 .37 .45
WD .43 .53 .36 .20 .25 .24 .31 .30 .40 .42 .42 .42
KD .27 .53 .21 .30 -.03 .10 .55 .51 .47 .53 .61 .70 .39
SSAAT .12 .54 .23 .16 -.04 -.06 .65 .64 .58 .54 .53 .44 .28 .48
SFSFB .07 .61 .11 .07 -.02 -.01 .70 .68 .60 .57 .53 .37 .28 .47 .74
SFUASF -.03 .51 .06 .09 -.22 -.19 .73 .73 .63 .53 .56 .50 .23 .57 .75 .74
SFSFLL -.09 .40 .02 .04 -.22 -.21 .60 .58 .53 .43 .51 .40 .16 .52 .62 .58 .74

Table 2. Kaiser-Meyer-Olkin’s index of the adequacy of the correlation matrix among the total 
sample of respondents

Kaiser-Meyer-Olkin Measure of Sampling 
Adequacy.

.880

Table 3.Component factor matrix of the variables for the assessment of 
anthropometrical characteristics among the total sample of respondents and its 

orthogonal projection

Variables FACMAT VARIMAX DIRECT OBLIMIN
H1 H2 H3 h² F1 F2 F3 F1 F2 F3

BH .39 .82 .04 .83 .09 .84 .33 .19 .79 .62
BW .82 .28 -.11 .77 .69 .46 .28 .75 .39 .57
HLD .36 .54 .39 .57 .02 .47 .59 .16 .41 .70
HS .40 .55 .17 .49 .13 .55 .40 .23 .50 .59
AL .09 .78 -.39 .78 -.00 .86 -.19 -.01 .87 .12
LL .12 .82 -.20 .73 -.05 .85 .00 -.01 .85 .29
UA .88 -.11 -.25 .86 .91 .14 .11 .92 .07 .36
UAMK .87 -.13 -.21 .82 .88 .11 .14 .90 .04 .37
VF .83 -.05 -.14 .72 .81 .15 .19 .84 .08 .42
TC .77 .08 .03 .61 .65 .22 .36 .72 .14 .55
VS .82 .02 -.07 .69 .75 .20 .27 .80 .13 .49
ED .59 -.17 .61 .76 .36 -.20 .76 .50 -.31 .70
WD .52 .32 .31 .47 .26 .33 .54 .38 .25 .66
KD .72 -.04 .37 .67 .52 .01 .63 .64 -.08 .69
SSAAT .76 -.23 -.07 .64 .77 -.04 .21 .80 -.11 .35
SFSFB .76 -.24 -.23 .70 .83 -.01 .06 .83 -.07 .24
SFUASF .78 -.43 -.06 .81 .84 -.22 .19 .86 -.30 .29
SFSFLL .66 -.44 -.04 .64 .74 -.27 .15 .74 -.33 .21

(λ)
8.09 3.33 1.22
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dimension of body, circular dimensionality, tra-
nsverse dimensions of body and flutes skin and 
subcutaneous adipose tissue.   

There is mutual medium to relatively high 
positive, statistically significant correlations be-
tween the variables for the assessment of the 
circular dimension of the body and skin flutes, 
coefficients are between (.43) to (.73). 

Between variables for the assessment of 
the dimensionality of the longitudinal dimension 
of body a connection is medium and the ratios 
range from (.58) to (.67).

Variables for assessment of circular 
dimensionality, from all the groups, are medium 
to high, statistically significant correlations and 
the ratios range from (.60) to (.94).

In the group of variables to estimate the 
transversal dimensionality, there is a low to 
medium, statistically significant connection wi-
th the values   of the coefficients (.39) to (.70).

The group of variables for assessment of 
the flutes skin (subcutaneous fat), has a medium 
positive, statistically significant connection, the 
coefficients are from (.58) to (.75).

The index of the adequacy of the corr-
elation matrix presented on Table 2, is very 
good (.880), which means that it is suitable for 
factoring.

Table 3, according to the Hoteling met-
hod, shows the factor matrix (FACMAT) of 
the applied variables for assessment of the 
anthropometrical characteristics, communaliti-
es (h²), significant characteristic roots (LAM-
BDA), percentage of total explained variance 
(TARGA%), orthogonal VARIMAX and DI-
RECT rotations. Here, it is evident that the 
applied system of variables forms three sign-
ificant principal components that explain a total 
of 70.23% of the variability in the research area.

The first principal component has a 

characteristic root en Lambda (λ) = 8.09 
which participates with 44.94% of the total 
variability explained (TARGA% = 44.94). 
The second major component is the root of 
the characteristic en Lambda (λ) = 3.33 and 
participated with 18.50% of the total variability 
explained (TARGA% = 18:50). The third 
main characteristic is the root en Lambda (λ) 
= 1.22 which participates with 6.79% of total 
variability explained (TARGA% = 6.79).

After finished rotation of the initial coor-
dinate system of the applied variables, in order 
to obtain as simpler structure of the latent space 
anthropometrical as possible, three latent fac-
tors are also obtained.

Significant projection to the first factor 
(F1) variables have on body weight (BW) volu-
me of the upper arm (UA), volume of maximally 
contracted upper arm (UAMK), volume of the 
forearm (VF), the scope, quarters (TC), volume 
the lower leg (VS), skin fold and subcutaneous 
abdominal adipose tissue (SSAAT), skin folds 
and skin folds back (SFSFB), skin fold and 
upper arm subcutaneous fat (SFUASF), skin 
fold and skin folds of the lower leg (SFSFLL).. 
Saturation of all the variables to the F1 is high 
and positive, and they range from (.72) to (.92). 
This factor may go to define as a factor in the 
volume of the body and subcutaneous fat.

Significant projection to the second factor 
(F2) have the variables height (BH), length 
of hand (AL) and the length of the leg (LL). 
Saturations  of all variables to the second factor 
is high and positive and can range from (.79) 
to (.87). This latent factor will be defined as 
a factor in the longitudinal dimension of the 
skeleton.

Third factor to the significant variables 
have the projection length of the hand (HL), the 
range of the hand (HS), elbow diameter (ED), 

Table 4 Characteristic roots and percentage of total explained variance 
of significant latent factors among the total sample of respondents 

made   after the Direct Oblimin rotation

factor LAMBDA (λ) TARG (%) CUM (%)

1 7.67 42.61 42.61
2 3.14 17.44 60.05
3 4.44 24.66 84.72

Table 5. Connection of the obtained latent factors among the total sample of respondents

Component 1 2 3

1 1.000 -.041 .425
2 -.041 1.000 .239
3 .425 .239 1.000
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wrist diameter (WD) and knee diameter (KD). 
Saturations the variables towards this factor can 
range from. (59) to (.70). This factor will define 
as a factor in the transversal dimensionality of 
the skeleton.

When looking at the size of the vector 
applied anthropometrical variables and comm-
unality (h ²), may conclude that of all the 
variables that go define the first factor (F1), the 
biggest factor validity is the variable UA (h ² 
= .86), the second factor of greatest factorial 
validity is the variable BH (h ² = .83), and the 
third factor of the variable AL (h ² = .76).

In Table 4, presents the results of the 
characteristic roots of the term and the pe-
rcentages of the total explained variance of 
significant factors and can we say that the total 
sample of respondents has clearly developed 
and stabilized anthropometrical structure, 
which exists in three latent dimensions , which 
explain 84.72% of the total variance. Thereby 
the biggest share have the volume of the body 
and percutaneous fat with 42.61% of the total 
explained variance, longitudinal dimension 
of the body is 17:44% and the variance of 
the transversal dimensionality has a stake of 
24.66% in the total explained variance.

From Table 5, in which the coefficients 
are given the correlation between  the obtained 
factors can be seen that between the first (F1) 
and third (F3) and the second factor (F2) 
and third (F3) factors, there is a statistically 
significant connection to the level of Q = .05.

CONCLUSION
The research was made on a sample of 151 

female volleyball players at the age of 14-18 in 
Macedonia, which represents the population of 
players competing in the national championships 
for young categories in the 2009/10 competition 
season. The study has applied 18 variables to 
estimate the anthropometric characteristics. 
In order to determine the structure of anthro-
pometric characteristics a factor analysis has 
been applied. Based on the obtained results 
it can be concluded that there are three latent 
factors in the structure of anthropometric cha-
racteristics: factor of the volume of the body 
and subcutaneous fat, factor of longitudinal di-
mension of body and factor of the transverse 
dimensions of body. 
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STRUKTURA NA ANTROPOMETRISKITE 
KARAKTERISTIKI KAJ ODBOJKARKITE OD 

14-18 GODI[NA VOZRAST KOI SE NATPREVARUVALE 
NA MLADINSKITE PRVENSTVA VO REPUBLIKA 

MAKEDONIJA VO SEZONATA 2009/10

UDK: 796.325.093-053.6 (497.7):572.087.1
(Prethodno soop{tenie)

Andrijana Zafirovska
Univerzitet ,,Sv. Kiril i Metodij” vo Skopje, 

Fakultet za fizi~ka kultura, Skopje, Makedonija

     Apstrakt 
                        Istra`uvaweto e sprovedeno na 151 odbojkarka ~lenki na mladinskite ekipi, 

u~esni~ki na mladinskite dr`avni prvenstva na R. Makedonija vo natprevaruva~kata 
2009/10 godina. Primeneti se 18 varijabli za procenka na antropometriskite 
karakteristiki. So cel da se utvrdi strukturata na antropometriskite karakteristiki, 
primeneta e komponentna faktorska analiza.  Od dobienite rezultati mo`e da se 
zaklu~i deka vo strukturata na antropometriskite karakteristiki egzistiraat 
tri latentni faktori: faktor na volumenoznost na teloto i potko`nite masti, 
faktor na longitudinalna dimenzionalnost na skeletot, faktor na transferzalna 
dimenzionalnost.

   
         Klu~ni zborovi: volumenoznost na teloto, potko`ni masti, 
   longitudinalna dimenzionalnost na skeletot, 
   transferzalna dimenzionalnost na skeletot, faktorska analiza
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