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In the course of research focused on one of the main problems of physical
anthropology, the manners and causes of individual variations and differen-
tiation correlations relected to body measurements and proportions have aris-
en interest. There are only a few such studies which facilitate a better, more
exact understanding of the feminine physique (Félice 1958, Tittel
1965, Moeschler 1966 and 1968, Félice and Vassal 1968). There-
fore the presentation of this study seems to be necessary.

Material and Methods

The author performed the anthropometric measurements on the most
eminent women athletes of Europe, on girls admitted to the Physical Educa-
tion College of Budapest, and on the female students of the Teachers College
of Szombathely. The first group developed to such a level as the measurements
indicated under the influence of special intensive physical training (athletic
activity on European level). The second group contained selected individuals,
while members of the Teachers College represented the average population.
Within the first group one can differentiate several subgroups among the par-
ticipants of the various athletic events.

The author used these groups as models in his examinations.

The measurements of the women athletes were obtained in the “Olympic
vnlhge” of Godsllg during the VIII” Euporean Athletic Championship held
in Budapest in 1966. A to’ml of 125 representatives of the following countries
were measured: Albany, Belgium, Denmark, France, the German Democratic
Republic, the German Federal Republic, Great Britain, Greece, Hungary,
Iceland, Italy, the Soviet Union and Yugoslavia. Their age varied between
15 and 36 years (mean: 23-8 years). All belonged to the Europid race.

To obtain comparative material the author measured 139 girls admitted
to the Physical Education College of Budapest in 1966. Their age varied be-
tween 18 and 25 yvears (mean: 18.7 years). The same measurements were taken
in 1964 on 179 female students of the Teachers College of Szombathely, West-

3%



36 0. G. EIBEN

Hungary (Eiben 1965). —These girls were all between 18 and 22 years of
age (mean: 19-9 years).

For the measurements the Martin technique was used.

The data were processed by a computer.

The results are the usual parameters of 53 measured and calculated anthro-
pometric characteries, calculation of (A) total and (B) partial correlations and
analysis by generalized coordinates.

The purpose of this study is the presentation of the correlations. Descrip-
tion of the general anthropometric-constitutional characteristics and analysis
by generalized coordinates are subjects of the author’s other studies (Eiben
1969, a; 1969, b).

In the course of the above examinations the author obtained 53 body
measurements from each member of the three main groups (and the nine sub-
groups of the women athletes), and calculated the total correlations of the
data. It was possible to make partial correlation analysis with all the women
athletes and the femal students of the Physical Education College.

In the multiple correlation analysis the common correlation coefficient
between any two variates was colled total correlation coefficient (t.c.c.), to
differentiate it from the partial correlation coefficient.

In the case of more than two variates (body measurements) the partial
correlation coefficient (p.c.c.) characterizes connection between two variates,
as far as it eliminates the effect of the other variates from the connection of
these two ones. It can happen e.g. that connection can be seen between two
variates only because they are connected with a third one (or perhaps with
some more variates). On the other hand it can happen too, that a given connec-
tion between two variates under certain conditions is eliminated by the effect
of the other variates. (For the analysis of such cases the conditional distribu-
tion of the two variates is used.)

The author employed the following formula for the total correlation calcu-
lations:

T =
U','(Tk

where o, = D(&); and o, = D(&),. Here ¢ represents the ¢ and £t variates

S

respectively, D represents their standard deviation.
Cip =M (& —m) (& —my)],
where m; and m, are the arithmetic means of & and &, respectively. M indi-
cates the expected value.
The following formula expresses the partial correlation:
‘Rik

R e
VR Ry,
where 12, equals the cofactor of the correlation matrix
-
R= (rik = ol
0T
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The author also analyzed the significance of the correlations expressed by
the correlation coefficients. Since the 7 correlation coefficient generally does
not follow a normal distribution, one must normalize it with z-transformation
according to the following formula:

1+7
log nat ———.

= —
2 1—r

The expected value on the -001 level is

= '1—
2.001=3-29 V V3

where N is the sample size and 3-29 is the normal deviate. The result then
must be transformed back to r in order to obtain the correlation coefficient
belonging to the 1/1000 significance level (Pearson — Hartley 1958.
Table 14, page 139).

In the three samples the numerical limit value is the following:

women athletes (N = 128) 7o = £+29,
girls admitted to the Physical Education College (N = 139) 74, = +-27,
female students of the Teachers College (N =179) Top = £ <24

Therefore, if the value obtained for correlation is equal to the expected value,
or in case of r positive it is higher than 7, in case of 7 negative it is lower
than 7 ,, then the deviation from 0 at the - 001 level is significant.

It is notable that there is ample occurence of much higher values than
the ones obtained in the above three groups; this fact indicates the homogen-
eity of the samples.

Results

Tables T— X. illustrate the correlation coefficients; for the sake of greater
clarity the author also added a few sketches (Figures 1—6).

The data — on account of their multitude — have been grouped so as to
illustrate the relationships best. In grouping the data the author utilized the
principles of Tanner (1953) which he published based on his factor analysis
classification of physique. Following this pattern the author grouped the
linear and non-linear body dimensions separately, and considered these groups
as separate blocks. Further analysis was made within each block and among
the separate blocks, respectively. Certain correlations occur in different Tables;
these repetitions seemed necessary to facilitate fuller understanding of the
material.

First of all the correlations of the women athletes will be discussed.

A) Total correlations

1. Total Correlations of Length Measurements

In general the length measurements of women athletes show a high corre-
lation with themselves (Table T). Stature — except the height of ankle and
the total head height — vields a correlation of 7= -8. The results also indicate
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CORRELATIONS OF BODY MEASUREMENTS 39

high crrelations both among points located beneath each other in the sagittal
plane of the body and laterally, especially on the upper limb (Figure 1).

\ Symphysis
(. height

Sitting K=<l !”‘ Acromiale
height "‘F"'. (shoulder) height
v
’ \ \3‘
Ly
Ankile Y / Né. Radiale (elbow)

height O \‘\

’,@,’ height

() .S' tylion (wrist)
height

b

Tibiale (knee) /
height L

Jpina iliaca Dactylion

height height
= 1907~ "9%9 } WOMEN ATHLETES
= 700 — -850
S P Aol } FEMALE STUDENTS
______ r= 700 — -850

Fig. 1. A schematic representation of some important total correlations of the length
measurements with themselves
(This way of marking occurs in all of the Figures of this paper)

Among the correlations of the length measurements and body propor-
tions the high correlation values of the upper and lower limbs with the length
measurements are notable (except the height of ankle), » is greater than -6 in
almost all cases (Table 11, Figure 2).
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Table [1.
Total correlations of the length measurements with the proportions of the hody
Length | = Length I

MeaGivuiiis Trunk | of the Lnl:_’l”‘;r ln‘:"l Hand | of the | Thigh Leg Ankle
ALTES o length lmm)r Jength | Jength length ll(I)l\:('e'r length | length | height
i 395 | 517 | .315 | .358 | .227% .565 | .556 | 357 | .167*
cIg. 479 | 671 | 658 | .339 | 342 | 613 | 564 | 411 | .291
e .338 | .799 | .618 | .446 | .300 | .863 | .694 | .728 | .342
AtuLe 658 | 769 | 718 | 593 | .233% 830 | 713 | 699 | .334
. ) 423 | 790 | 575 | .476 | .307 | .847 | .697 | .707 | .278%
Suprasternale height 718 | 793 | 22 | 586 | 300 | 859 | 715 | 744 | 349
; . J67* 711 | 551 | 457 | .222% 795 | .638 | .69¢ | .279*
Omphalion (navel) height A17 | 690 | 630 | 508 | 280 | 824 | 690 | 69 | 312
3 N =147 722 | .605 | .400 | .198*% 751 | .601 | .¢71 | .211%
Symphysis height 289 | 784 | 720 | 542 | 320 | 870 | 753 | 604 | 323
.338 .835 638 465 o2 965 L 735 305
Acromiale (shoulder) height z‘;; :,:32) ;’Z; ?g; i?g g‘;; ;7); Zj‘; 32;
: : 405 | 677 | .302 | .584 | .317 | .797 | .655 | .652 | .287*
Radiale (elbow) height 675 | 665 | 520 | 573 | 2728 ey | 575 | es9 | 413
- e 396 | .592 | .378 | .247% .379 | .795 | .661 | .617 | .201
tylion (wrist) heigh 633 | 478 | 424 | .209% 367 | 607 | 451 | 581 | 335
5 - 345 | 485 | .356 | .286* .133% .768 | .638 | .597 | .978*
Dactylion height 629 | 306 | .345 | .268%—.021% 536 | .391 | 524 | 330
Hotina fiinca ekl 281% 753 | .604 | .409 | .284*% 975 | .834 | 747 | .304
pina-1iaca neigh A44 | 808 | 740 | 610 | 287 | 996 | 884 | 758 | .348
e i . J194%) 653 | 546 | .394 | .220% 756 | .316 | .975 | .289%
ibiale: (knee) haight 482 | 665 | 563 | .546 | .260%| 774 | 406 | 956 | 430

. 151%| .233% _189%| .135% .127*% .264*% .217% .060%
Ankle height 258% 314 | .208% .330 | .079% 341 | 186%| 163% 1-00
SR 361 | .629 | 474 | .337 | .283% .67S | .549 | .549 | .338
Sriing helg J46 | 432 | 414 | 316 | .144* 404 | 242 | 381 | .276%
§ 360 | 823 | 605 | .474 | .390 | .737 | .621 | .620 | .931%
Ban 447 | 909 | 807 | 632 | 397 | 798 | 204 | 644 | 246%
T — .280% 392 | .248% .228%| .260% .393 | .394 | .228*% .219%
Qrat Relgh 209% 282 | 307 | .079% .213%| 276 | .234% .257%| .054%

. gy LR W i

The correlation of the lower limb is high not only with the stature but also
with the acromiale (shoulder) height. The conspicuous connection between
the lower limb and the spina iliaca ant. sup. height and between the leg length
and ankle height is a natural result.
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In the group of the women athletes among the correlations of the length
measurements and dimension of width of the trunk there are exceptionally
numerous non-significant values. High correlations occur between weight
and dimensions of width; among these especially those which are measured
on the muscles or on soft spots including connective tissue and fat (Table I11I).
Naturally, the correlations are smaller among weight and measurements of
width taken directly over bone structures.

I Weight l e < F Trunk length I
.

L Stature

I JSuprasternale height

Upper arm length

[ Omphatlion (navel) herght

Forearm length

r Symphysis height

Hand length

[ Acromiale (shoulder) height

[ Radiale (elbow) height Length of lower limb

Stylion (wrist) height Thigh leagh

Dactylion height

Leg length

EpEEEEEREEEINEE

I
l
l Spina iliaca height
I

Tibiale (knee) height r Ankle height

Sitting height

Span

r Ankle height
L
[
I

Tolal head height |

Fig. 2. A schematic representation of some important total correlations of the length
measurements with the proportional body measurements

The same tendency is conspicuous in the analysis of correlations be-
tween length measurements and measurements of girth: a higher coefficient
than -7 occurs only in relation to weight (Table IV), while in Tables I and IT
one finds low 7 values for weight. The relatively high correlation coefficients
between the length measurements and the ankle circumference must be men-

tioned.



2 0. G. EIBEN

Table I11.

Total correlations of the length measurements with the breadth measurements of the trunk

= =

= 3 = s 2

= _ . Z 2 o » B S s

Measurements EE] 3 2 = = s gL g8

£ -:-_‘-'g = 2 % e £3 23 g

2 | 28 Z ¢ 22 | B2 | Bg | 8=

g2 | &85 | 6 | § | S | &2 | & | &<
- 619 .824 | 585 | 743 | .388 | .780 | .721
18 548 696 | 616 | .623 | .325 | 735 | .649
- ) .420 438 | .266% .264%| 535 | .240%
ARy 403 377 | 418 244% 447 | 346
R . .398 451 | .283* .285% 538 | .253%
bu}iuslt rnale height '383 asv | ars 280 | 518 | 307
. T .371 .387 | .215% .259% 474 | .208*
Chptialicr (ritvac] gt \265% 311 | .ar2 200%| 381 | 357
: i S L289% .318 | .172% L192% 389 | .121%
Symphysis hoight 327 358 | .324 241%| 437 | 311
e T 2 .387 427 | .272% 204 | 517 | .241%
Asgominle {ghonider) Beigke 371 .390 | 429 248% 485 | 367
. : .376 .420 | .225% .308 | .496 | .231%

» (elbow) he 2
Tadiale: (slbow) hetgh 259% 316 | .364 196% 368 | .307
B PR .304 383 | .201% .289% 465 | .211%
Sptem(wing el - 168% 270 | 242% 350 132% 283 | 251
R » .347 .336 | .191% .264% 450 | .163%
syl He J129% 190% 311 080% .227% 210%
O — 409 427 | .336 .282% .543 | .272%
. ——— 397 359 | .394 247%| 481 | .337
Tibiale ioht .250% .267% .129% .208% .358 | .061*
s (foq) Hagh 238% 291 | .282 .208%| 366 | .248%
Anikds higight .043% L090%(—.046% .034*%| .031%|—.004%
T .136% 120% .110% 015% .216% .199%
Sitting height 427 530 | .269% .247% 538 | .310
254% .230% .426 30%| 327 | .229%
S 492 545 | .448 .320 | .605 | .393
564 506 | .340 353 | 585 | .421
Potal hisad hetads 456 .382 | .174% .280%| .450 | .327
i 200 | .090% 052% .108%| .192%

286
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CORRELATIONS OF BODY MEASUREMENTS 4

2. Total Correlations of the Proportional Body M easurements

In the group the women athletes among the correlations of the propor-
tional body measurements with each other the author found close relation-
ship only between the length of lower limb and thigh length (Table V and
Figure 3). It is notable that the trunk length yields such low correlations
with the remaining proportional body measurements that its correlation
with the proportions of the limbs is not significant at - 001 level.

Stature

Ankle
height Sitting
O Q height
~ \\
\
\
\
\
Leg \
length \ Trunk
length
R \ Length of the
4 I
Jength () upperlimb
Length of Upper arm
the lower limb O length

O O farearm length
Hand length

Fig. 3. A schematic representation of some important total correlations of the proportional body
measurements with themselves
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Among the proportional body measurements and the width measure-
ments of the trunk for women athletes there also occur noticeably low corre-
lations (of 72 correlation coefficients 47 do not reach the level of significance
at -001). Length of the trunk is no exception in this respect. Only the length
of the lower limb and thigh length show relatively high (r = -4 — .5) corre-
lations with the dimensions of widths of the tr unk (Table VI).

Table VI.

Total correlations of the proportional body measurements with the breadth measurements of the
trunk

Biacro- |pideltoid| Chest | Chest Waist | Bispinal | Bitro- | Breadth

Measurements mwial | preadth | breadth | depth | breadth | breadth [chanteric| of the
breadth breadth back
. 240%  .286% 290 | .227% 257 .197* .363 | .250%
Trunk length 277 | 271 | .184% 424 | 087+ .172%| 361 | 225+
. . 316 | .322 | .393 | .280% .357 | .261% .442 | .240%
Length of the upper limb | o) | 453 | 429 | 365 | 09| .322| 558 .377
; e 216% .220%  .277%  .240%  .152% .108%| .302 | .144%
Upper g length A65 | 475 | 410 | 412 | 375 | 267 557 | .33

.146% .29
)

) 281%  156%  .295 250%  .293 L136%*
Forearm length 295

7
D22%  268% .178% .290 L03% 321 L225%

sl 240%|  .143%|  .164%|  .002*%| .174%  .158%  .155% 156+
sua:lengih J45*| L193% 167%  (158*%|  .106%| .141*|  .194% .152%

ook thelower Gud 410 | .360 | 419 | .356 | .476 | .272% 543 | .97+
engthiokshe: lower, tmb 394 | 382 | 354 .390 | .401 243% 478 | 329

S 405 | .354 419 401 487 247 515 | .364
gl iengt 404 372 .307 359 395 212% 434 .308

215% .256%  (144*]  .256*%  .200%  .365 063*
243% 2069% 281 L06*%  220%  .337 209%

Leg length

i iz L043%) 047% L000%| —.046%  .105%| .034% .031% —.004%
AlleIbled 36 106%  120%|  .110%  .201%  .015% .216%  .199%

There are also low correlational values for the women athletes among the
proportional body measurements and the measurements of girth (Table VII).
More than half of the correlation coefficients (69 of 120) do not reach the -001
level of significance. The correlation coefficients of the upper arm length,
the hand length, the leg length and the ankle height are all beneath the -001
level of significance. Of the relatively high values of the correlation coefficient
for the length of the upper and lower limbsthe highest ones refer to the cir-
cumference of the trochanter.
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3. Total Correlations of Breadth Measurements of the Trunk

The breadth measurements of the women athletes yield moderately high
correlations with each other. Values higher than » = -7 refer to the upper
half of the trunk; the chest breadth shows the lowest correlations (Table VIII,

Figure 4).

Table VIII.

Total correlations of the breadth measurements of the trunk with themselves

Measurements 1

[

«w

'S

o
"
~1
(v

1.00 667 .085 .394 .506 .310 .589 518

Biacromial breadth 1 687 | 555 | .200%| 382 | 266 408 | 471
Bideltoid breadth 2 1 1.00 ;‘ZZ —;(;g (5’;2 ?)(1,2* (5)3—;. ;z'g
Chestbreadth 3| VO e | eos | loore| aes | 705
Chest depths o R T e e I
Waist breadth 5 = '322 2,273 ‘f;

o ; 1.00 566 277
Bispinal breadth 6 490 T67*

1.00 607
451

Bitrochanteric breadth

Breadth of the back S 1.00
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Among the breadths and girths of the trunk the highest correlations also
refer mostlv to the upper half of the trunk. The breadth and girth measure-
ments of the chest, and the bitrochanter breadth and bitrochanter circumfe-
rence give high correlations, too (Table IX, Figure 5).

Biacromial breadth

Breadth of
the back Bideltord
breadth

Bitrochanteric
breadth
= Chest
breadth
B/lsp/'na/ Ches/
breadth O (@) depth

Waist breodth

Fig. 4. A schematic representation of some important total correlations of the breadth
measurements with themselves

4 ANNALES — Sectio Biologica — Tomus 12,
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It is notable in the relationship of the trunk and the girth measurements
of the limbs that the distal girth measurements of the upper limbs but the pro-
ximal girth measurements of the lower limbs show higher correlation with
the width dimensions of the trunk.

[ Head circumference

I Biacromual breadth I Neck circumference

I Bideltord breadth |

[ Chest circumference

[ Chest breadth

I Ches/ depth

L Waist breadth

Waist circumference

HiNEEEE.

I Abdomen circumference

Bitrochanter (buffock) circumference J

L Bispinal breadth Upper arm (biceps) circumference

I Bitrochanteric breadth Forearm circumference

‘ Breadth of back (interscye) r Wrist circumference

Thigh circumference

I Leg circumference

SRERNININEE

I Ankle circumference

Fig. 5. A schematic representation of some important total correlations of the breadth
measurements with the girth measurements

4. Total Correlations of the Girth Measurements of the Trunk and Limbs

The author found satisfactory correlations with each other for the girth
measurements of the women athletes; there are numerous values above r = -17.
In this respect the trunk forms a strongly homogeneous block. The above
mentioned phenomenon recurs in connection with the limbs: the values of the
correlation coefficients are greater for the forearm and the thigh than for
the upper arm and leg (Table X, Figure 6).

Uk

4*
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In most cases the female students of the Physical IEducation College (their
data are given in all Tables in the lower rows in italics) show similarly high
correlations with those of the women athletes. Their correlation coefficients
generally give some lower values than those of the women athletes. The reverse
case occurs too ,but rarely. All the more important connections are graphic-
ally shown in Figures 1—6.

Head circumference
Ankle g Neck
circumference T O circumference
Leg
circumference
Chest
circumference

7 Y G, <= L e Waist
cireumference circumference
Wrist Abdomen
circumference circumference

Forearm —
circumference

circumference

O
Upper arm (biceps)
circumference

Fig. 6. A schematic representation of some important total correlations of the girth measurements
with themselves

The Teachers College girls’ body measurement correlations show similar
order to the two former groups, but here we can find more of the lower r values
than in the first two groups (Table XT). (It must be mentioned that during this
research because of some technical difficulties only a part of the total corre-
lations could be computed.)
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Table X1.

Some total correlation coefficients with the female students of the Teachers College

| | - |-
Measurements I Weight Stature l Bg:.:‘::;:],l,al i ";1;‘,:,::;;‘{,1 B“ll:)r(i:?‘m [ (:gl"(]"\l'llll'
| ‘ [ breadth ference
| |
T 1.00 560 | 552 | 819 | 822 803
Sitting height ............. 521 755 | ‘ ‘ ;
SPUN v aroa 38 s e s aiea i E b 811 !
SatlXe . .o s eemiesiiese 560 1.00 619 ‘ 492 482 385
Suprasternale height ....... 960 | ‘
Acromiale height .......... 966 |
Radiale height ........cc04 791
Stylion height ............. .831 ’ ‘
Dactylion height .......... L7137
Spina iliaca height ......... 425 842 ‘
Tibiale Beight s s+ s «vs v vt | 792 |
Ankle height ... oo iiiasnia | 2315 f
Biacromial breadth ........ 552 619 1L.oo | 723 443 | 478
Bideltoid breadth .......... 819 | 492 723 | 1.00 691
Chest breadth ............. 646 .359 497 | .721 528 | LTl
Chest depth ............... .547 .320 .225% 419 | 539 | .531
Bispinal breadth .......... 539 | 544 | 439 | 490 | 526 ' .390
Bitrochanteric breadth ..... ’ 822 | 482 .443 691 1.00 640
Breadth of the back ....... .708 ' .353 607 | 770 ' 569 | .732
Chest ericumference ........ .803 .385 478 [ .640 . 1.00
Abdomen ecircumference .. .. 317 342 637 | 669 | 686
Trochanter circumference ... | 891 ’ 456 413 | 728 | 869 750
Upper arm circumference . 264 | [ |
Forearm circumference ..... .352 | ‘
Wrist circumference ........ l 72 | , 1
Thigh cirecumference ....... .312 l [‘
Leg circumference ......... | -152* l {
Ankle circumference ....... ' 428 | ‘
1 \

B) Partial Correlations

In addition to the total correlational connections discussed above we
have to refer to the partial correlations. Here first of all those connections
must be considered in which the value of p.c.c. is higher than » = -6. These
connections can be seen in the first column of Table XII. For an easier com-
parison besides the p.c.c-s the t.c.c-s are also given (in column 2).

The length measurements give high partial correlations partly with some
length measurements, partly (and more often) with some proportion measu-
rements, but their partial correlation values always remain under r = .6
with the widths of the trunk and the girths of the trunk and the limbs.

The proportions of the body give a higher p.c.c. than r = -6 with the
length measurements only.
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Table X11.

Partial correlations with women athletes and female students of the Physical Education College

Variates "partial Ttotal
S : ] .999 .834
Suprasternale height —Symphysis height 14 853
; et .999 .423
Suprasternale height —Trunk length 4 718
Symphysis height — Trunk length 890 289
Acromiale height — Radiale height .849 .926
Acromiale height — Length of the upper limb 612 822
. PN SO = 975 .638
i&e—rommle height — Upper arm length '809 61
Radiale height —Stylion height 725 921
Radiale height — Upper arm length 867 .302
Radiale height — Forearm length 874 D73
F B e —.915 247*
Stylion height — Forearm length $13 209+
Yactvli it — Hand : .638 .133*
Dactylion height — Hand length 934 —p21*
S . Phi .998 834
S linca height —Thigh length
»pmuxmw weigh gh leng 834 884
- . : .905 .282%
biale ht — Ankle 1
Tibiale height — Ankle height a7 430
Tibiale height — Thigh length 702 406
Tibiale height — Leg length ggg g;z
3 .999 .060%*
Ankl ht — Leg le
nkle height g length ‘943 163%
Dideltoid breadth — Forearm length 664 748
: . 615 J191*
Stature — K lex
ature aup index 490 016*
St Loy £ .643 .820
Stature ody surface o1 835
Weight — K inde 612 .870
eight — Kaup index 542 73
Weilsht— Body sarlacs .696 964
eig ody surface 819 954
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From the breadth measurements of the trunk only the bideltoid breadth
:an be found once in Table XII; among the girth measurements discussed here
there is no p.c.c. which is higher than » = .6.

It must be mentioned, however, that very high (r = .8— .9) p.c.c. va-
lues are given between the two circumferences of the chest (maximal inspira-
tion and maximal exspiration), furthermore between these two chest circum-
ferences and the difference of these ones, and between the extended and
flexed upper arm circumferences.

We have to mention the Kaup-index and the body surface here. These
two indices were calculated from the stature and the weight (by a nomogram).
They generally show very high correlations with these two body measure-
ments. Therefore is the very low, non-significant total correlation between
the stature and Kaup-index so remarkable (Table XII, second part).

Conclusions

In the research of the feminine physique by total correlation analysis
it can be stated that the length measurements of the body are highly corre-
lated among themselves. The length measurements show a high correlational
connection with that proportion with which they are connected directly,
e. g. tibiale (knee) height and leg length. The length of the upper and the lower
limb give a high correlation coefficient value with nearly all length measure-
ments. Among the proportion length measurements of the limbs in the case
of the upper limb the proximal part (i.e. upper arm length) and in the case
of the lower limb the distal part (i.e. leg length) show relatively higher corre-
lation with the length measurements. But the correlation is always higher
between the total length of the limbs and the length of their proximal parts

(r = -7—-8), than between the total length of the limb and its distal part
(r = +-5—-7). Weight gives a high correlation with the widths of the trunk

and with all the circumferences.

The low correlations which can be found among the proportions and the
width measurements of the trunk, as well as among the former ones and all
the circumferences have been already mentioned. The width measurements
of the trunk — within each region of the trunk — are in high correlation with
each other and the circumferences. The circumferences of the trunk give rela-
tively high correlation not only with each other, but with the girths of the
limbs, too.

Most of these connections are well known in the literature of physique.
Connections which appear to be new have properly been discussed.

Sometimes the partial correlations simply strengthen i.e. verify the al-
ready known correlations with the nearly equal values of correlation coeffi-
cients. It happens in other cases that — though the t.c.c. is not significant
at the -001 level — the value of the p.c.c. is high (a number of examples can
be found like this in Table XTI). One must not come to a very decisive conclusion
from this fact, because in our sample the case of multicollinearity is present.
Wespeak about multicollinearity in the regression analysis andin the correla-
tion analysis based on this (first of all in the multiple linear regression ana-
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lysis) if among the independent variates there are (one or more) linear func-
tion relationships. In our case there is a high linear correlation among the
partly independent variates (i.e. body measurements) of the linear regression.
That means that each body measurement is not only explained by that other
one with which we have brought it into a partial correlation, but by all the
other ones together, too. In this case the normal equations can be solved, but
the adequate partial regression coefficients can be estimated with a high error.

Therefore we have to be satisfied with those connections which were
shown by the t.c.c-s, and which are summarized here. The further analysis
of this sample is made by generalized coordinates (Kiben 1969 b).
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