
Anthrop. Közi. 24; 63—68. 1980,

ALLOMETRIC VERSUS MULTIVARIATE 
APPROACHES TO PROPORTIONALITY ASSESSMENT 

USING REFERENCE POPULATIONS

b y  D. T. D r in k w a t e r  a n d  M. A. Va n ’t H of

(Kinesiology Department, Simon Fraser University, Burnaby, B. C., Canada; Department 
of Statistical Consultation, University of Nijmegen, Nijmegen, The Netherlands)

A b s t r a c t .  The assessment of proportionality may be done directly using 
an allometric approach where changes in body dimensions may be expressed 
as height to some power, or less directly using multivariate methods where, 
under most circumstances, body dimensions may be expressed as linear func
tions of height. The allometric approach of Ross and W ilso n  (1974) attempts 
to simplify proportionality assessment, however their assumption of geometrical 
similarity is not valid if one wishes to separate the normally expected propor
tionality changes which occur with increasing height from the effects of other 
influences. Using multivariate methods, control for these changes with height 
may be achieved by standardizing data to a real known reference rather than 
a hypothetical one. Furthermore, the multivariate approach allows for control 
of the confounding effects of other variables in addition to height. Thus the use 
of a multivariate approach and a real population reference may be preferable 
to the Ross — Wilson ‘Phantom’ stratagem for proportionality assessment.
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In tro d u c tio n

A fre q u e n t en d eav o u r of h u m an  b io log ists is th e  com parison  o f th e  m o rp h o 
log ical c h a ra c te ris tic s  o f in d iv idua ls o r g roups. R ecen tly  th e  assessm ent of 
h e ig h t re la te d  p ro p o rtio n a lity  ch a ra c te ris tic s  o f  ch ild ren  and  a th le te s  h a s  been 
o f  in te re s t  to  in v es tig a to rs  (E ib e n  e t al. 1976, E ib e n  1978, Ross e t al. 1977, 
Ross e t al. 1979). W h a t is o f concern  is how  such  groups differ from  one a n o th e r  
an d  from  a ‘n o rm a l’ p o p u la tio n .

In  1974 Ross a n d  W ilson  proposed  a m e th o d  fo r th e  p ro p o rtio n a lity  assess
m en t o f  b o d y  d im ensions. T hey  used a h y p o th e tic a l un isex  reference o r ‘P h a n 
to m ’ as a u n iv e rsa l s ta n d a rd , or ‘n o rm a l’ p o p u la tio n , and  p resen ted  a p ro ced u re  
fo r th e  tra n s fo rm a tio n  o f  m orphological d a ta  to  ‘P h a n to m ’ s ta n d a rd iz e d  
p ro p o r tio n a lity  va lues. T heir in te n t  in  s ta n d a rd iz in g  all d a ta  geo m etrica lly  
a d ju s te d  to  a h e ig h t o f  170.18 cm  was to  ex am in e  differences in  p ro p o rtio n a lity  
as co m p ared  to  an  average m a le —fem ale a d u lt, an d  fa c ilita te  th e  com parison  
o f  p ro p o r tio n a lity  am ong in d iv idua ls o r  g roups.

P ro v id ed  one is in te re s ted  only  in  d eserib ing  and  ev a lu a tin g  ab so lu te  p ro p o r
t io n a lity  fo r  v a rio u s groups, th e n  th e  R oss — W ilson app roach  is a co n v en ien t 
m eans o f do ing  th is . If , how ever, one w ishes to  de te rm ine  to  w h a t e x te n t ob 
served  p ro p o r tio n a lity  differences m igh t be a ttr ib u ta b le  to  n o rm ally  ex p ec ted  
changes w hich  occur w ith  increasing  h e ig h t, th e n  th e  Ross — W ilson geom etric  
sca ling  ap p ro ach  is in ap p ro p ria te .
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A llom etry  and  p roportionality

I f  bo d y  dim ensions increased  geom etrica lly  w ith  h e igh t th e n  p ro p o rtio n a lity  
shou ld  rem ain  c o n s ta n t w ith  increasing  h e ig h t. B u t th e  p ro p o rtio n a lity  va lu e  
fo r an y  va riab le  does n o t necessarily  rem ain  c o n s ta n t b u t  ra th e r  m ay  change 
w ith  increasing  heig h t. T his is illu s tra te d  in  Fig. lb  fo r th e  d a ta  show n in  
F ig . l a .  T h is suggests th a t  b o d y  d im ensions do n o t increase geo m etrica lly  
w ith  heigh t.

Fig. la: Mean sit heights for boys 6 — 18 years from COGRO, Ross et al. 1979 
Fig. lb: Smoothed relative sit heights for boys 9 —18 years calculated from est. sit heights

using Eq. (1), Fig. la

T he ra te  o f  change o f  one v a riab le  w ith  re sp ec t to  a n o th e r, o r th e  d im ensiona l 
re la tio n sh ip  o f an y  v a ria b le  w ith  a n o th e r su ch  as h e ig h t, m ay  be b es t expressed  
b y  th e  a llom etric  e q u a tio n  as discussed b y  Marsh a ll  e t al. (1979). T hus th e  
ra te  o f change o f s it  h e ig h t w ith  resp ec t to  h e ig h t can  be expressed  as h e ig h t 
to  som e pow er. I f  s it h e igh t w ere to  in crease  geom etrica lly  re la tiv e  to  h e ig h t 
such  th a t  th e  p ro p o rtio n a lity  v a lu e  rem a in ed  c o n s tan t, th e n  th e  e x p o n en t 
shou ld  be 1. T h a t th e  ex p o n en t is less th a n  1, specifica lly  0.848 as show n b y  
E q . (2), F igu re  l a ,  in d ica tes  t h a t  th e  ra te  o f  increase  in  s it h e ig h t is less th a n  
th e  ra te  o f increase  in  h e ig h t in  th is  p a r tic u la r  p o p u la tio n .

Since th e  R o ss—W ilson ap p ro ach  does recognize th is  d im ensional a sp ec t 
an d  p rov ision  is m ade in  th e ir  z-value fo rm u la  fo r th e  a d ju s tm e n t o f  th e  d i
m ensional ex p o n en t to  th e  a p p ro p ria te  p o p u la tio n  specific v a lue , i t  is possib le  
to  co rrec t fo r th e  confound ing  effect o f h e ig h t on p ro p o rtio n a lity  in  th is  
m an n er. A n e x te n tio n  o f th e  ‘P h a n to m ’ sho u ld , th ere fo re , inc lude  th e  d im en 
sional re la tio n sh ip s  o f all v ariab les  w ith  h e ig h t as ex ist in  a ‘n o rm a l’ p o p u la tio n .

R eferring  to  T ab le  1, if  one uses th e  s tr ic t ly  geom etrical re la tio n sh ip  in  
th e  Ross — W ilson fo rm ula , s ign ifican t d ifferences in  p ro p o rtio n a lity  can  be
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show n to  ex is t betw een  th e  tw o groups. H ow ever, b y  using  th e  a p p ro p ria te  
d im ensiona l ex p o n en t, th e re b y  con tro lling  fo r h e ig h t re la te d  change , i t  can  
be show n th a t  th e  p ro p o rtio n a lity  differences d issappear. In  o th e r  w ords, 
th e  observed  differences are w holely  a ttr ib u ta b le  to  ‘no rm a l’ p ro p o rtio n a lity  
changes associa ted  w ith  increasing  h e ig h t an d  n o t to  ‘tru e ’ d ifferences betw een  
th e  groups as a re su lt of d iffe ren t tre a tm e n ts . Such p a r titio n in g  o u t o f th e  
‘n o rm a l’ p ro p o rtio n a lity  changes w ould  be p a r tic u la rly  usefu l in  assessing 
p ro p o rtio n a lity  of various g roups such  as a th le te s  fo r in stan ce .

Table 1

Comparison of proportionality differences in sit height for boys using the ‘Phantom’ stratagem 
before and after using the appropriate dimensional exponent to control for height related 

proportionality changes. Data synthesized from COGRO, Ross et al. 1979.

1 í v Í 17«-18V  p 1s L V ht j  J

where P =  70.98, s =  4.54, d =  dimensional exponent, 
v =  variable of interest, ht — measured height

group age 8 
N =  22 
ht =  129 cm 
sit height 70 (3) cm

where d =  1 

z =  0.34 (.87)

where d =  0.848 

z =  —0.49 (.84)

group age 18 
N =  21 
ht =  179 cm 
sit height =  93 (3) cm

z =  -0 .5 2  (.63) z =  -0 .3 7  (.63)

min t (p <. 0.05), DF =  41
t =  2.02 t =  3.74 t =  -0 .5 0

significant not significant

The use of peer reference groups an d  th e  ‘P h an to m ’ s tra tag em

In  th e  absence o f specific p o p u la tio n  in fo rm atio n  regard ing  th e  p ro p o rtio n a l
i ty  changes w ith  heigh t, one m ig h t m ake com parisons w ith  an  a p p ro p ria te ly  
m a tch ed  peer or ‘no rm ’ group . Such an  ap p ro ach  was d em o n stra ted  b y  R oss 
e t al. (1979) using an  age m a tch ed  peer g roup  to  assess p ro p o rtio n a lity  in  
11 years old fem ale figure sk a te rs . W hile th e  use of an  age m a tch ed  peer group 
w h e th e r th e re  were p ro p o rtio n a lity  differences betw een  groups o f a g iven  age, 
a b e tte r  assessm ent o f th e  d ifferences m ig h t have been  m ade using  a h e igh t 
m a tch ed  as well as age m a tch ed  peer group . B u t th is  exam ple does illu s tra te  
an  aw areness th a t  in  grow ing ch ild ren  p ro p o rtio n a lity  changes are  age as well 
as h e ig h t dependen t.

T hus th e  Ross — W ilso n ‘P h a n to m ’ as a h y p o th e tica l an d  h ig h ly  generalized  
descrip tion  of average a d u lt size can  serve on ly  as a usefu l reference fo r  d ep ic t
ing a ‘sta n d a rd iz e d ’ p ro p o rtio n a lity  value — n o th in g  m ore since th e  a ssu m p tio n
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of geom etrical s im ila rity  is in ap p ro p ria te  fo r th e  con tro l o f h e igh t w hen one 
wishes to  sep a ra te  p ro p o rtio n a l differences observed  as to  expec ted  h e igh t 
re la ted  changes an d  to  th e  effects of o th e r in fluences.

A m u ltiv a ria te  approach  and  the  use o f rea l reference populations

A n a lte rn a tiv e  ap p ro ach  fo r th e  ev a lu a tio n  of p ro p o rtio n a lity  is to  use 
m u ltiv a ria te  tech n iq u es an d  look a t  th e  m ag n itudes o f th e  variab les of in te re s t 
fo r each g roup  a fte r  s ta tis tic a lly  con tro lling  fo r he ig h t. A lthough  one does n o t 
look a t  p ro p o rtio n a lity  values d irec tly  using  such  techn iques, one can  in fe r 
w h e th e r one group is p ro p o rtio n a lly  la rger th a n  th e  ‘n o rm al’ p o p u la tio n  a t  
a given h e ig h t if  th e  group  v alue  is g rea te r  th a n  th e  e s tim a ted  pop id a tio n  
value a t  th a t  he igh t. In  th is  w ay  one can  com pare  groups con tro lling  fo r th e  
effect o f h e ig h t by  d e te rm in in g  how  m uch each  g roup  differs from  th e  p o p u la 
tio n  a t  th e ir  re sp ec tiv e  heights an d  hence from  one an o th e r. F u rth e rm o re , 
w hereas on ly  th e  effect o f he igh t can  be co n tro lled  in  th e  R o ss—W ilson ap p ro ach  
b y  using th e  a p p ro p ria te  d im ensional ex p o n en t fo r each  variab le , th e  m u lti
v a r ia te  app ro ach  allow s fo r th e  con tro l o f o th e r  v a riab les in  ad d itio n  to  heigh t. 
T hus, fo r exam ple, one could look a t  th e  re la tiv e  m ag n itu d e  of arm  g ir th  
in  tw o g roups o f a th le te s  a fte r con tro lling  fo r th e  effect o f h e ig h t an d  th e  size 
skinfold. Such p a r titio n in g  o u t of th e  confounding  effects of sk info ld  size coidd 
fu r th e r  a id  in  exp la in ing  differences betw een  groups. T he m u ltiv a ria te  ap p ro ach  
is ou r m eth o d  of choice since m an y  m orphological re la tionsh ips can  be reaso n 
ab ly  ap p ro x im a ted  over th e  range  we are  in te re s te d  in  b y  lin ea r regressions 
such  as show n in  E q . (1), F ig. l a .

B ecause w e are concerned  p rinc ipa lly  w ith  d e te rm in in g  w h e th e r differences 
ex ist be tw een  our s tu d y  groups an d  a ‘n o rm al’ sex  specific  p o p u la tio n  we chose 
to  s tan d a rd ize  our d a ta  to  a real r a th e r  th a n  a h y p o th e tic a l reference. F o u r our 
reference we requ ire , ideally , a p o p u la tio n  w ith  a large n u m b er of sub jec ts  
(N  g rea te r  th a n  1000) covering th e  h e igh t range  in  w hich we are in te re s ted  and  
fo r w hich th e  v a riab le  wx com m only use have  been  m easu red  and  th e  necessary  
s ta tis tic s  —  m eans, s ta n d a rd  dev ia tions, an d  co rre la tio n  m a tr ix  —  have been 
rep o rted . T h e  large n u m b e r of sub jec ts  ensures th a t  th e  erro rs in  th e  ca lcu la ted  
coefficients, used  in  th e  regression equa tions developed  v ia  th is  m u ltiv a ria te  
app ro ach  to  describe o u r ‘no rm al’ p o p u la tio n , a re  neglig ib ly  sm all. T he subse
q u en t scores, s ta n d a rd iz e d  to  our reference, th a t  are  derived  b y  th is  ap p ro ach , 
therefo re , h av e  neglig ib le e rro r associated  w ith  th em .

T h a t th is  app ro ach  can  y ield  th e  sam e in fo rm a tio n  as th e  m odified  R oss — 
W ilson m eth o d  (T able 1) is show n in  T ab le  2. U sing syn th esized  values fo r 
a reference p o p u la tio n  o f boys an d  d isregard ing  age re la te d  changes, th e  d a ta  
are  tran sfo rm ed  to  scores s tan d a rd ized  to  th is  reference before an d  a fte r  s ta t is t i
cally con tro lling  fo r he ig h t.

Since i t  can  be d e m o n s tra te d  th a t  given a fa ir ly  h igh  re la tio n sh ip  betw een  
h e igh t and  an y  va riab le , th a t  th e  q u o tien t o r p ro p o rtio n a lity  v a lue  ca lcu la ted  
from  th e  e s tim a te d  v a lu e  of a v a riab le  a t  a g iven  h e ig h t d iv ided  b y  th a t  
he igh t is a good ap p ro x im atio n  o f th e  m ean th e  p ro p o rtio n a lity  value fo r th a t  
he igh t, shou ld  wre w ish to  look a t  p ro p o rtio n a lity  ch a rac te ris tic s  as such, i t  is 
possible to  co n v ert th e  tran sfo rm ed  d a ta  o b ta in ed  v ia  ou r m u ltiv a ria te  
app roach  to  R oss —W ilson  z-values. W hile th is  is a so m ew hat in d irec t w ay  of
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Table 2

Comparison of sit height of boys using multivariate techniques and a reference population 
to control for height related changes. Data synthesized from COGEO, Boss et al. 1979.

regression of sit height(y) on height(x) — S' =  0.452 • x +  11.3, 
r =  0.996, rsd =  0.796

direct multivariate

group age 8 
N =  22

comparison comparison

ht =  129 cm
sit height =  70 (3) cm

z =  0.50 (3.77)

group age 18 
N =  21 
ht =  179 cm 
sit height =  93 (3) cm

z =  1.00 (3.77)

min t (p <£ 0.05), DP =  41
t =  2.02 t =  -21.74 *t =  -0 .4 3

significant not significant

* K o te  —  B y  in feren ce , p ro p o rtio n a l s it  h e ig h t o f  t h e  8 y ea r-o ld  bo y s is not  s ig n ifican tly  sm alle r th a n  th e  18 y ea r-o ld  b o y s  
a f te r  con tro llin g  fo r h e ig h t.

assessing p ro p o rtio n a lity  d ifferences in  th e  absence of th e  d im ensional re la tio n 
ships being  g iven  fo r th e  reference p o p u la tio n , i t  is doub tfu l th a t  an y  m ore 
in fo rm atio n  w ould be gained  from  doing  th is .

W h a t o u r ap p ro ach  allows, th e n , like th e  Ross — W ilson ap p ro ach  is th e  
convenience o f s ta n d a rd iz a tio n  o f d a ta  to  a com m on reference such  th a t  
differences betw een  groups becom es read ily  ap p a ren t. B u t un like  th e  Ross — 
W ilson m eth o d , o u r real p o p u la tio n  reference con ta ins th e  in fo rm atio n  neces
sa ry  to  allow  us to  p a r titio n  o u t h e ig h t re la te d  changes in  an y  v a riab le  an d  th e  
effects o f a n y  o th e r confounding  v a riab le  to  look a t  th e  ‘tru e ’ d ifferences 
betw een  groups i f  we w ish so. Since we are  n o t looking d irec tly  a t  p ro p o rtio n a l
i ty  re la tio n sh ip s  in  th e  m a n n e r o f R o ss  an d  W il so n , i t  is n o t n ecessary  to  
know  th e  d im ensional re la tionsh ips w ith  h e ig h t fo r all v ariab les in  o u r p o p u la 
tio n .

C onclusion

L ike R o ss  an d  W il s o n , we do p ropose  th a t  th e  use o f s ta n d a rd  p o p u la tio n  
references could  indeed  be rew ard in g  in  th e  ev a lu a tio n  of m orphological d a ta . 
W h a t is n eeded  are  ad eq u a te  m ale an d  fem ale reference groups, a n d  perh ap s 
even  a u n isex  reference. M uch w o u ld  depend  on th e  questions b e ing  asked . 
B u t fo r th e  assessm ent of p ro p o rtio n a lity , we suggest th a t  a m u ltiv a r ia te  
ap p ro ach  using  a peer g roup  o f som e so r t m ig h t be m ore ex p ed ien t th a n  ap p ly 
ing th e  Ross — W ilson ap p ro ach  in  th e  absence of dim ensional in fo rm a tio n  fo r th e  
‘P h a n to m ’, o r th e  use o f a series o f  h e ig h t m a tch ed  groups processed  v ia  th e  
‘P h a n to m ’ s tra ta g e m .
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