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ALLOMETRIC VERSUS MULTIVARIATE
APPROACHES TO PROPORTIONALITY ASSESSMENT
USING REFERENCE POPULATIONS
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Abstract 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 funec-
tions of height. The allometric approach of Ross and WiLson (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.
Key words: allometry, multivariate analysis, proportionality.

Introduction

A frequent endeavour of human biologists is the comparison of the morpho-
logical characteristics of individuals or groups. Recently the assessment of
height related proportionality characteristics of children and athletes has been
of interest to investigators (EIBEN et al. 1976, EIBEN 1978, Ross et al. 1977,
Ross et al. 1979). What is of concern is how such groups differ from one another
and from a ‘normal’ population.

In 1974 Ross and WiLsoN proposed a method for the proportionality assess-
ment of body dimensions. They used a hypothetical unisex reference or ‘Phan-
tom’ as a universal standard, or ‘normal’ population, and presented a procedure
for the transformation of morphological data to ‘Phantom’ standardized
proportionality values. Their intent in standardizing all data geometrically
adjusted to a height of 170.18 cm was to examine differences in proportionality
as compared to an average male—female adult, and facilitate the comparison
of proportionality among individuals or groups.

Provided one is interested only in describing and evaluating absolute propor-
tionality for various groups, then the Ross — Wilson approach is a convenient
means of doing this. If, however, one wishes to determine to what extent ob-
served proportionality differences might be attributable to normally expected
changes which occur with increasing height, then the Ross— Wilson geometric
scaling approach is inappropriate.
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Allometry and proportionality

If body dimensions increased geometrically with height then proportionality
should remain constant with increasing height. But the proportionality value
for any variable does not necessarily remain constant but rather may change
with increasing height. This is illustrated in Fig. 1b for the data shown in
Fig. la. This suggests that body dimensions do not increase geometrically
with height.
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Fig. la: Mean sit heights for boys 6—18 years from COGRO, Ross et al. 1979
Fig. 1b: Smoothed relative sit heights for boys 9—18 years calculated from est. sit heights
using Eq. (1), Fig. la

The rate of change of one variable with respect to another, or the dimensional
relationship of any variable with another such as height, may be best expressed
by the allometric equation as discussed by MARsHALL et al. (1979). Thus the
rate of change of sit height with respect to height can be expressed as height
to some power. If sit height were to increase geometrically relative to height
such that the proportionality value remained constant, then the exponent
should be 1. That the exponent is less than 1, specifically 0.848 as shown by
Eq. (2), Figure la, indicates that the rate of increase in sit height is less than
the rate of increase in height in this particular population.

Since the Ross—Wilson approach does recognize this dimensional aspect
and provision is made in their z-value formula for the adjustment of the di-
mensional exponent to the appropriate population specific value, it is possible
to correct for the confounding effect of height on proportionality in this
manner. An extention of the ‘Phantom’ should, therefore, include the dimen-
sional relationships of all variables with height as exist in a ‘normal’ population.

Referring to Table 1, if one uses the strictly geometrical relationship in
the Ross—Wilson formula, significant differences in proportionality can be
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shown to exist between the two groups. However, by using the appropriate
dimensional exponent, thereby controlling for height related change, it can
be shown that the proportionality differences dissappear. In other words,
the observed differences are wholely attributable to ‘normal’ proportionality
changes associated with increasing height and not to ‘true’ differences between
the groups as a result of different treatments. Such partitioning out of the
‘normal’ proportionality changes would be particularly useful in assessing
proportionality of various groups such as athletes for instance.

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.

d
g il [v_(170.18] o P]
TRt ht
where P = 70.98, s = 4.54, d = dimensional exponent,
v = variable of interest, ht = measured height

group age 8 where d =1 where d = 0.848
N =22

ht = 129 cm z = 0.34 (.87) z = —(0.49 (.84)
sit height 70 (3) cm

group age 18

N=21

ht = 179 cm z = —0.52 (.63) z = —0.37 (.63)

sit height = 93 (3) cm

min t (p < 0.05), DF = 41
t = 2.02 t=3.74 t = —0.50
significant not significant

The use of peer reference groups and the ‘Phantom’ stratagem

In the absence of specific population information regarding the proportional-
ity changes with height, one might make comparisons with an appropriately
matched peer or ‘norm’ group. Such an approach was demonstrated by Ross
et al. (1979) using an age matched peer group to assess proportionality in
11 years old female figure skaters. While the use of an age matched peer group
whether there were proportionality differences between groups of a given age,
a better assessment of the differences might have been made using a height
matched as well as age matched peer group. But this example does illustrate
an awareness that in growing children proportionality changes are age as well
as height dependent.

Thus the Ross —Wilson “Phantom’ as a hypothetical and highly generalized
description of average adult size can serve only as a useful reference for depict-
ing a ‘standardized’ proportionality value — nothing more since the assumption
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of geometrical similarity is inappropriate for the control of height when one
wishes to separate proportional differences observed as to expected height
related changes and to the effects of other influences.

A multivariate approach and the use of real reference populations

An alternative approach for the evaluation of proportionality is to use
multivariate techniques and look at the magnitudes of the variables of interest
for each group after statistically controlling for height. Although one does not
look at proportionality values directly using such techniques, one can infer
whether one group is proportionally larger than the ‘normal’ population at
a given height if the group value is greater than the estimated population
value at that height. In this way one can compare groups controlling for the
effect of height by determining how much each group differs from the popula-
tion at their respective heights and hence from one another. Furthermore,
whereas only the effect of height can be controlled in the Ross — Wilson approach
by using the appropriate dimensional exponent for each variable, the multi-
variate approach allows for the control of other variables in addition to height.
Thus, for example, one could look at the relative magnitude of arm girth
in two groups of athletes after controlling for the effect of height and the size
skinfold. Such partitioning out of the confounding effects of skinfold size could
further aid in explaining differences between groups. The multivariate approach
is our method of choice since many morphological relationships can be reason-
ably approximated over the range we are interested in by linear regressions
such as shown in Eq. (1), Fig. 1a.

Because we are concerned principally with determining whether differences
exist between our study groups and a ‘normal’ sex specific population we chose
to standardize our data to a real rather than a hypothetical reference. Four our
reference we require, ideally, a population with a large number of subjects
(N greater than 1000) covering the height range in which we are interested and
for which the variable we commonly use have been measured and the necessary
statistics — means, standard deviations, and correlation matrix — have been
reported. The large number of subjects ensures that the errors in the calculated
coefficients, used in the regression equations developed via this multivariate
approach to describe our ‘normal’ population, are negligibly small. The subse-
quent scores, standardized to our reference, that are derived by this approach,
therefore, have negligible error associated with them.

That this approach can yield the same information as the modified Ross—
Wilson method (Table 1) is shown in Table 2. Using synthesized values for
a reference population of boys and disregarding age related changes, the data
are transformed to scores standardized to this reference before and after statisti-
cally controlling for height.

Since it can be demonstrated that given a fairly high relationship between
height and any variable, that the quotient or proportlonallty value calculated
from the estimated value of a variable at a given height divided by that
height is a good approximation of the mean the proportionality value for that
height, should we wish te look at proportionality characteristics as such, it is
possible to convert the transformed data obtained via our multivariate
approach to Ross— Wilson z-values. While this is a somewhat indirect way 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 COGRO, Ross et al. 1979.

regression of sit height(y) on height(x) — § = 0.452 - x + 11.3,
r = 0.996, rsd = 0.796

direct multivariate
comparison comparison
group age 8
N = 22
ht = 129 cm z = 0.50 (3.77)

sit height = 70 (3) cm

group age 18
N == 9]

ht = 179 cm z = 1.00 (3.77)
sit height = 93 (3) cm |

min t (p < 0.05), DF = 41 ]
t=2.02 t=—2L74 | F*t=—043
significant not significant

* Note — By inference, proportional sit height of the 8 year-old boys is not significantly smaller than the 18 year-old boys
after controlling for height.

assessing proportionality differences in the absence of the dimensional relation-
ships being given for the reference population, it is doubtful that any more
information would be gained from doing this.

What our approach allows, then, like the Ross —Wilson approach is the
convenience of standardization of data to a common reference such that
differences between groups becomes readily apparent. But unlike the Ross —
Wilson method, our real population reference contains the information neces-
sary to allow us to partition out height related changes in any variable and the
effects of any other confounding variable to look at the ‘true’ differences
between groups if we wish so. Since we are not looking directly at proportional-
ity relationships in the manner of Ross and WILSON, it is not necessary to
know the dimensional relationships with height for all variables in our popula-
tion.

Conclusion

Like Ross and WiLson, we do propose that the use of standard population
references could indeed be rewarding in the evaluation of morphological data.
What is needed are adequate male and female reference groups, and perhaps
even a unisex reference. Much would depend on the questions being asked.
But for the assessment of proportionality, we suggest that a multivariate
approach using a peer group of some sort might be more expedient than apply-
ing the Ross — Wilson approachin the absence of dimensionalinformation for the
‘Phantom’, or the use of a series of height matched groups processed via the
‘Phantom’ stratagem.
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