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A MULTIVARIATE APPROACH TO THE 
MORPHOLOGY OF A POPULATION OF CHILDREN IN 

GENEVA AGED FROM 4 TO 19% YEARS
b y  M. B a k o n y i an d  P . M o eschler

(Department of Anthropology, University of Geneva, Geneva,
Switzerland)

A b s t r a c t .  A factor analysis by principal components was conducted on 
anthropometric variables from a sample of 5578 children and adolescents aged 
4 to 19.5 years, living in Geneva, Switzerland. The variables used in this analysis 
are biacromial diameter, sitting height, weight, upper arm length, total arm 
length, arm cirumference, bicristal diameter, bizygomatic breadth, leg length, 
face height, antero-posterior diameter, transverse diameter, subscapular skin
fold, triceps skinfold. Mean values by sex were calculated at half-year intervals. 
The main results obtained are as follows.

The first factor is a general growth factor, the second and third factors account 
for the evolution of morphology through time. This is particularly clear when these 
latter two factors are related to the first. The second factor is bipolar, opposing 
weight and breadth measurements to head and length measurements. The 
skinfolds play an important role in this factor, particularly the triceps skinfold. 
The third factor is more complex and can be characterized by the importance 
of the weighting attributed to the subscapular skinfold.

Briefly, a principal components analysis reveals the part played by skinfolds 
during grow th and brings out the evolution of the morphological type. A dis
cussion of this last point is developed in this paper.

Key words: growth and development, Geneva children, factor analysis by 
principal components.

In tro d u c tio n

C erta in  m ethods f re q u e n tly  used  in  m u ltiv a r ia te  analysis h av e  th e  ad v an tag e  
th a t  th e y  give an id e a  o f  th e  possib le  s tru c tu re s  o f  a se t o f  d a ta  in  th e  absence 
o f  an y  hypo thesis . T h is  is w h a t in c ited  us to  use th e  analysis  b y  p rin c ip a l 
co m p o n en ts  for th e  s tu d y  o f  g ro w th  o f th e  ch ild ren  o f  G eneva. E v e n  th o u g h  
th e  v e ry  n a tu re  o f  o u r  d a ta  leads to  an  analysis o f a p a r tic u la r  co rre la tio n  
m a tr ix  ( th e  coefficients a ll h av e  v e ry  h igh  values) w ith  th e  consequence th a t  
th e  f i r s t  fac to r in  i ts e lf  exp la in s 88%  o f  to ta l  v a rian ce , i t  seem ed in te re s tin g  
to  p re se n t here w h a t th e  re su lts  o f  o u r calcu la tions could  suggest.

Material and Methods

T his s tu d y  concerns a sam ple , re p re se n ta tiv e  o f th e  Swiss p o p u la tio n  o f 
G eneva, c o n s titu ted  o f  5578 ch ild ren  an d  adolescents (2860 boys an d  2710 girls) 
aged fro m  4 to  1 9 %  y ea rs , m easured  in  1972 an d  d iv id ed  in to  six  m o n th ’s 
age-groups. For ea c h  o f  th e  62 age groups th u s  o b ta in ed  we h av e  ca lcu la ted
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th e  m ean values o f  th e  14 m easu rem en ts a p p ea rin g  in  T ab le  1. These s ix ty -tw o  
groups each  ch arac te rized  b y  14 m ean  v alues, c o n s titu te  th e  to ta l  d a ta  (sexes 
an d  age-groups com bined) on w hich a fa c to r  analysis  b y  p rin c ip a l com ponen ts 
has been carried  o u t. T h e  resu lts  o f  th is  analysis a re  exam ined  here fa c to r  b y  
fac to r.

Table 1 — Factor 1

Biacromial 0.2831
Sitting height 0.2831
Weight 0.2823
Upper arm length 0.2823
Total arm length 0.2817
Arm circumference 0.2806
Bi-iliocristal 0.2803
Bizygomatic 0.2797
Leg length 0.2795
Face height 0.2770
Antero-posterior diameter of the head 0.2580
Transverse diameter of the head 0.2548
Scapular fold 0.2284
Triceps fold 0.1643

T herefore i t  is n o t su rp ris in g  a t  all th a t  th e se  m ean  values a p p ea r along th e  
axis on w hich th e y  fig u re  (F igu re  1) in  th e  ascending  o rd e r o f th e  su b je c t’s 
average  age-groups, ta k in g  in to  accoun t sexual v a r ia tio n .

Factor two ( Table 2 )

T he second fa c to r  is b ip o la r , opposing  skinfolds to  th e  head  m easurem ents. 
T his allows us to  sep a ra te  th e  sexes in  an  a lm ost p e rfec t m an n er (w ith  one 
ex cep tion : boys o f 4 to  4 % ), th e  v a lu e  o f th e  fu n c tio n  is a t  all tissues, low er fo r 
th e  boys th a n  fo r th e  girls, an d  th is  no m a tte r  w h a t age group  is com pared
(Fig- 1).

Table 2—Factor 2

Triceps fold 0.6911
Scapular fold 0.4698
Bi-iliocristal 0.1123
Arm circumference 0.0795
Weight 0.0223
Sitting height 0.0208
Upper arm length 0.0098
Leg length —0.0189
Biacromial -0.0331
Total Arm Length -0.0523
Bizygomatic -0.1190
Face height -0.1629
Antero-posterior diameter of the head -0.3321
Transverse diameter of the head -0.3557

10

R esults

Factor one (Table 1 )

Tbe f irs t fac to r  is a genera l g ro w th  fac to r  w hich  gives th e  age groups acco rd 
ing  to  th e  ascending  o rd e r o f th e ir  m ean  values.



Factor three ( Table 3 )

Table 3—Factor 3

Leg length 0.4495
Total arm length 0.2744
Upper arm length 0.2582
Triceps fold 0.2185
Face height 0.1051
Sitting height 0.0694
Biacromial 0.0561
Bi-iliocristal -0.0121
Bizygomatic -0.0853
Arm circumference —0.1007
Weight -0.1167
Transverse diameter of the head -0.2675
Antero-posterior diameter of the head -0.2904
Scapular fold -0.6341

T he th i r d  fac to r d iffe ren tia te s  th e  le n g th  m easu rem en ts  an d  th e  tric ep s  
fo ld  from  th e  scapu la r fo ld , head  m easu rem en ts  an d , in  a m ore g enera l m an n er, 
from  th e  vo lum e in d ic a to rs  (w eight, p e rim e te rs  an d  tra n sv e rse  d iam ete rs).
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Fig. 1: Factor 1 and factor 2. Age-group distribution (see text). © =  girls, A =  boys



Fig. 2: Factor 1 and factor 3. Age-group distribution (see text). •  =  girls, A =  boys

T he values o f  th e  fu n c tio n  are  ap p ro x im a te ly  th e  sam e fo r th e  o ld est an d  th e  
y o u n g est hoys an d  girls (F ig . 2). T hese va lu es  a re  a t  all tissues h ig h er fo r th e  
hoys, as th e y  are  fo r th e  girls a t  o r a ro u n d  th e  age o f p u b e rty .

Typological analysis

T he g lobal com prehension  o f th e  co m b in a tio n  tw o  b y  tw o o f th e  fac to rs  1, 
2 an d  3 (F igures 1, 2 an d  3) suggests fo r  each  sex  th e  ex istence o f  fo u r d iffe ren t 
m orphological ty p e s  re la tiv e  to  th e  14 v a ria b le  invo lv ed . T hey  are in  F ig u re  3. 
T he f ir s t  reg roups th e  age groups com prised  b e tw een  4 to  7 %  y ears , th e  second 
tho se  b e tw een  7 %  to  H  y ears , th e  th i r d  th o se  be tw een  11 to  15%  y ears  fo r th e  
boys an d  11 to  15 y ea rs  fo r th e  girls. L as tly , a fo r th  g roup  inc ludes fo r b o th  
sexes th e  o ldest in d iv id u a ls . W e w a n t to  p o in t o u t th a t  age lim its  b e tw een  
groups are  a lm o st th e  sam e fo r b o th  sexes.

T he sam e analysis  b y  p rin c ip a l com ponen ts ca rried  o u t fo r each  sex sep
a ra te ly  p e rm its  us to  v e rify  th e  ex istence  o f  th e  fo u r m en tioned  groups.
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Fig. 3: Factor 2 and factor 3. Age-group distribution (see text). •  =  girls, A =  boys

A  tentative interpretation ( Figure 3)

W e lim it ourselves here  to  w h a t th e  s tru c tu re  o f  th e  se t o f  p o in ts  in  F ig u re  
3 suggests. T he b io logical s ign ificance  (if th e re  is one) w ould req u ire  in  o rd e r to  
be com prehended  a le n g th y  discussion o f th e  b eh av io u r d u rin g  g row th , n o t 
on ly  each of th e  m easu rem en ts  to  be m en tio n ed , b u t  also th e ir  re la tiv e  v a r ia 
tio n s . This is in  th e  process o f be ing  rea lized . A t p resen t, th ere fo re , we are  
lim itin g  ourselves to  tw o co n sid e ra tio n s. F irs tly , we m ust a d m it th a t  th e  m e th o d  
used, analysis b y  p rin c ip a l com ponen ts, leads us to  a sce rta in  on th e  one h an d , 
th a t  th e  y o u n g e r in d iv id u a ls  are  equally  th e  sh o rte s t fu r th e r  th a t  th e  o lder 
in d iv idua ls are  th e  ta lle s t  (fac to r 1), and  on th e  o th e r  h an d  th a t ,  in d ep en d en tly  
o f age, th e  boys are a lw ays d iffe ren t from  th e  girls and  th a t  th ese  d ifferences 
are  g rea te r be tw een  th e  o lder in d iv idua ls ( fa c to r  2). T h is confirm s th a t  th e  
m ethod  used  can  lead  to  c e r ta in  ev iden t re su lts  w hich a re  n o t even q u es tio n 
able. T herefo re , i t  is w o rth w h ile  to  exam ine closely, in  F ig u re  3, th e  evo lu tio n  
th ro u g h  tim e  o f  fac to r  3. F irs t  o f all, we re m a rk  th a t  th e  age-groups as defined  
above b eh av e  in  th is  re sp ec t in  an  id en tica l m an n e r fo r b o th  sexes: th e  m ean
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v a lu e  o f  th e  fu n c tio n  re g u la rly  increases u p  to  15 years  o f  age (low values in  1, 
m ed ium  values in  2 an d  h igh  va lu es  in  3), th e n  decreases fo r  b o th  sexes in  th e  
o ld est age-group (group  4). W hen  we p roceed  from  group 3 to  g roup  4 th is  la s t 
phenom enon  is accom pan ied  b y  a s ta b iliz a tio n  o f  th e  second fu n c tio n  fo r th e  
g irls an d  b y  a d im in u tio n  o f  th e  va lu es  ca lcu la ted  fo r th e  sam e fu n c tio n  fo r 
th e  boys (a ro u n d  15 % — 16 years). T he in te re s tin g  o b se rv a tio n  derived  from  
th e  ex am in a tio n  o f  th e  se t o f  p o in ts  in  th is  F igure  3 is th a t  th is  suggests th a t  
th e  speed o f d ev e lopm en t o f  th is  p rocess is n o t th e  sam e fo r b o th  sexes: som e
th in g  h ap p en s a ro u n d  5 %  y ears  o f  age th a t ,  from  th e  p o in t o f  v iew  o f th e  th ird  
fa c to r  re su lts  in  th e  fa c t t h a t  th e  girls be tw een  6 an d  7 %  y e a rs  have  values 
t h a t  co rrespond  to  th o se  ca lcu la ted  fo r th e  boys o f  g roup  2 (7 % -—11 years). 
T h e  girls o f  g roup  2 (7 % — 11 y ears) are  sim ilar to  th e  boys o f  g roup  3 (11—  
15% ) in  th is  re sp ec t, w hereas so m eth ing  happens to  th e  girls be tw een  11 to  
15 years  (F igu re  3) w hich  has no  eq u a l am ong th e  boys. L a s tly , th e  values 
becom e once again  id e n tic a l in  g roup  4 fo r b o th  sexes. W e a re  aw are of th e  
fa c t t h a t  we h av e  used  th e  d a ta  from  a tra n sv e rsa l enq u iry . W e can , how ever, 
q u estio n  ourselves on th e  significance o f  w h a t th e  analysis o f  p rin c ip a l com 
p o n e n ts  suggests concern ing  th e  ev o lu tio n  th ro u g h  tim e  o f th e  in te rre la tio n 
sh ips betw een  a ce rta in  n u m b er o f  co rpo ra l d im ensions.
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