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ABSTRACT

Over 50 years ago the idea of a somatotype was proposed and described by William
Sheldon. With modifications by Parnell in the late 1950’s, and by Heath and Carter in the
mid 1960’s somatotype has continued to be the best single quantifier of total body shape.
The process of somatotyping was simplified in 1980 with the publication by Carter of
equations for anthropometric somatotype assessment. These equations were claimed to
“produce an exact decimalized rating”, identical to that produced by the rating forms. No

published information has examined this claim.

This thesis examines the relatonship between the existing rating form and the published
equations, discussing dimensional and conceptual conflicts. New conceptually and
historically based equations for calculation of anthropometric somatotype are developed,

and a new rating form is proposed that produces the same results as the developed

equations.

Summary information shows the differences between the existing rating form and the
existing equations and between the existing equations and the proposed equations for a
large population (n>18,000) and for sex, age, and activity based subsamples within the

population.

For the entire population the most consistency between the existing prediction equation

and the newly proposed equation was for ectomorphy with an average difference less than

0.01 units, and with 93.7% of the population producing results within + 0.1 units

il



(omitting those with ratings below 0.3 in either system). The least consistent was the
prediction of endomorphv where 24.6% of the population differed by more than + 0.5
units of endomorphy for the two equations. The differcnce between the existing equation
and the new equation for mesomorphy was negligible for populations. but differences
occurred for individuals within the population. Mesomorphy ratings agreed within + (.1

unit for 75.1% of the population (89.8% of the males and only 49.25% of the females).

The proposed new equations for somatotype assessment are:

r e 3\
Endomorphy = 13269 x{ Ln((z 4 Skinfolds ) x — 170 . \ ]— 8.584
‘_ 4 Subject Ht incm. J /|
5 . ff
Mesomorphy = —Z%—  ( 1968 arm girth *ﬂ’—e—ps—g-) + .1681(ca1f girth — S48 )
height \ 0 10

+0.8973 (humerus) + 0.6291 (femur) ) - 18.84

( Heightin cm..

Ectomorphy = 0.7325!
P ‘\‘%/Weight inkg.

In all cases, when the calculated result is less than 0.5 a categorical rating of “less than 4"

)
|- 28.58 .
)

1s given.



DEDICATION

To Maria and Allan. who else?

QUOTATION

A human being should be able to change a diaper, plan an invasion,
butcher a hog, conn a ship, design a building, write a sonnet, balance
accounts, build a wall, set a bone, comfort the dying, take orders, give
orders, cooperate. act alone, solve equations, analyze a new problem,
pitch manure, program a computer, cook a tasty meal, fight efficiently,

die gallantiy. Specialization is for insects.

Exerpts from the Notebooks of Lazarus Long,
“Time Enough for Love”
Robert A. Heinlein
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. Background

LA. _ Historical Development of Somatotype

For many hundreds of years scientists and philosophers have been attempting to categorize
human shape and its relationship to health, intelligence, social stature, criminal behavior,
and to a host of other skills and behaviors. Tucker and Lessa (1940a, 1940b) and Carter
and Heath (1990, pp. 1-3) summarize much of the constitutional research previous to
1940. For the purpose of this paper the works from Hippocrates - approximately 350 B.C.
- through Benke ((1879) cited in Tucker and Lessa , p.268) can all be classified as
categorical in nature; they all tended to take the approach that a subject was of one type or
of another type, but not a mixture of the two. In 1919 Di Giovanni was one of the first to

question this idea by proposing that man was not a “type”, but was a blending of types:

If the classification of constitutions and of temperaments be based on
fictitious scholastic conceptions, the classification is canceled, ... . But
in the natural morphological characters one studies those complex
individual conditions through which every individual is what he is - a

variety of the species. (p.3)

I do not pretend ... to distinguish human bodies into categories to
which must precisely correspond definite morphological combinations.
Every attempt at a classification, however severe, would find

insuperable difficulties in the law of individual variation. (p.356)
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The preceding quote illustrates
mid-1800s Galton, Quetelet, and others began to apply the newly emerging statistical tools
involving continuous, Gaussian, distributions to the study of human shape. In the
categorical constitution classification methods the subject either “was” or “‘was not” a
type; with the advent and application of continuous statistics a subject could be considered
as a number on a continuum. The problem was that, while the categorical methods
attempted to classify the entire make-up or constitution of the subject, the statistical
evaluation required a single number to work with. Various indexes were proposed over
the decades to look at some aspect of physique; for example, Quetelet’s (1835)

weight

observation that weight was most closely related to (height)? led to an index of rpreeR
height

Many more complex examples were also proposed, for example, an index proposed by
Wertheimer and Hesketh (1926) attempted to quantify the variation between trunk cavity

. . leg length * 103
and limb length: chest width * chest depth * trunk height

* 100%. Jorgensen and Hatlestad

(1940) and Tucker and Lessa (1940b) summarize over 40 anthropometric indexes

common to the literature from the 1800s through the 1930s related to some aspect of

human shape.

The late 1920s and 1930s included innovative conceptual work by Kretschmer (reprinted
1936). Instead of two polar extremes for categories, or separating groups based on cut-off
values for simple ratios, his classification scheme involved four basic categories asthenic,

athletic, pyknic, and dysplastic. Criteria for grouping included anthropometric



widths and limbs, quality of hair and skin, and

Q

others. Again, like Di Giovanni, Kretschmer also seemed to acknowledge that there were

intermediate types — one was not necessarily solely in one category. In describing

Kretschmer’s early work Patterson (1930) states:

Although objective measurements are frequently cited, still the
differentiation of types remains essentially subjective, involving a
synthetic judgment composed of a host of detailed impressions. Indeed,
the criteria are so numerous and so unstandardized that it is very
doubiful whether or not two independent investigators, equally desirous
of faithfully applying Kretschmer’'s scheme, would classify the same
individuals into the same physical categories. ... As the matter stands,
Kretschmer’s outline is definitely limited in application to material

similar to that from which it was derived ... (pp. 158-9)

By the end of the 1930s the state of constitutional assessment was in evolution. Many
ratios and indexes existed to look at some aspect of constitution, but they missed the
broad nature of human form available in categorical methods. There was development
towards classification of constitution, but it was recognized that it would be ideal to

somehow combine the best of categorical and index systems:

Another method of morphological classification, ... based its categories
on extreme types ... . The method is satisfactory within its obvious
limits: it has applicability only for extreme types. Moreover, the groups

so formed are not equally pure... .

There is still another method of classification, that of the physical



anthropologist. In combining the two above methods it has proven
more satisfactory than either. ... A variant on this technique is to
gather data on as large a group as is pertinent to the study, segregate
those individuals which tend 10 cluster about certain types, and then
determine if such types correlate with whatever category one may be

investigating.

Temporarily such methods may have great value. But when valid
systems of morphological classification and norms shall have been
worked out for the entire population it would seem the more logical
procedure to compare given groups with such norms, rather than

employ inter-group comparisons.

Tucker and Lessa (1940b), p. 417.

It is also about this time that some scientists began to recognize and accept that the
assessment of human shape and form was complex and demanding enough to be a
specialization; Hooton (1939), while writing about the anthropology of crime, bluntly

drew attention to the point:

Knowing that he is a human animal solely by virtue of physical
human inheritance ... man has nevertheless neglected almost
completely the study of human heredity. ... [W]ith unbelievable
stupidity he has refused to admit the self-evident truth that the nature
of his own behavior varies principally with the hereditary endowment
of his own organism. Faced for centuries with the most blatantly
obvious structural-functional relations ... the medical profession has

obstinately turned away and occupied itself exclusively with diseases,



microorganisms, pharmacology, hygiene, immunology. and everything
except man himself. ... The many medical specialties must relinquish
their fatal habit of wearing blinders which prevent them from seeing

anything except their own specific problems of pathology. ...

... I am afraid that they will even have 10 utilize the services of the
physical anthropologist, because he is the only human biologist who
has bothered with the morphology and anatomy of man as an evolving
animal rather than as a potential patient. He is at present also almost
the only specialist who is accustomed to the scientific statistical
analysis of intricate masses of data pertaining to great series of human

beings.

Crime and Man, Hooton (1939), pp. 394-5.

With the turn of the decade such a “physical anthropologist” appcared, a with a rating
scheme broad enough to encompass all of humankind. In Varieties of Human Physique
(1940) William Sheldon - a self-professed “constitutional psychiatrist” - first proposed his
ideas for a three component rating scheme for the assessment of human shape; this self-
professed constitutional psychologist was the first to propose the idea of the somatotype.
Sheldon’s somatotype was composed of endomorphy - relative predominance of soft
roundness throughout the various regions of the body, mesomorphy - predominance of
muscle, bone and connective tissue, and ectomorphy - relative predominance of linearity
and fragility (p.5). The somatotype was an assessment of the body shape, regardless of its

size, and a person’s somatotype was assumed to be unchanging for life, despite outward

changes in physique:



There is evidence for the hypothesis that the somatotype can be
accurately measured at age 6, and that it can be approximately
predicted almost from birth, but both suppositions remain to be tested.
Similarly it seems probable that the physical constitution at the
morphological level is rather rigidly determined before birth, and that

it cannot be perceptibly changed during the course of a lifetime.

Sheldon, (1940), p.216.

In this ground-breaking book Sheldon tended at times to vacillate between scientific
description and anecdote. Much more printed space was given - less than a page - to
describing the technique for photographing the subjects (“... Corona type of portrait
camera ... either film pack or cut film may be used ... by using a long focal length ...
subject stands on a pedestal so placed that the backs of the subject’s heels ... light gray
background is most satisfactory ...” p.30) than to the subjects themselves (*... 4000
undergraduate male students ... collected at several midwestern and eastern universities ...
racial element was disregarded ...”" p 31). That three components were satisfactory and
sufficient to describe physique - a fundamental aspect of defining what “somatotyping” is -

Sheldon spends less than a paragraph:

To those who may wonder why three extremes were chosen, it skould be
pointed out that in a large random sample it is precisely three extreme
types which stand out. Repeated combing of the population for what
might reasonably be called a fourth basic type of extreme variation
simply yielded nothing at all. We were not committed to find three first-

order variants - and only three. It is, indeed, fair to state that we rather



expected to find more than three. We were initially reluctant to accept

the conclusion thar only three fundamentally different extremes can be

isolated.
Sheldon, (1940), p.31.
No proof is offered. Sheldon never published raw data, summary results, or methodologies
detailed enough to allow replication or validation for any of the claims made in this or in
his later works. The reader was, and is still, left to accept the claims on face validity or not

at all.

At that time Sheldon’s somatotyping methodology primarily involved comparison of
photographs of the subject to check-lists of criteria, comparison to some photographs of

: » ' ., height )
*“known” somatotypes, and comparison of the subject’s ———L ratio to tables of
3/weight

possible somatotypes. This information was combined with information dertved more
systematically by taking measurements from the photographs and using ratios to narrow
down the possible somatotype (Sheldon,1940). Additional details on Sheldon’s

somatotyping methodology are to be found in section A.L

From its publication Varieties of Human Physique was criticized on both methodological
and conceptual grounds (Meredith, 1940; Lasker, 1947; Hunt, 1949), but it was also
becoming accepted; by 1949 the situation in physique analysis was summarized by

Tanner (1949):



There have been several more or less recent systems of classification
which provide, or claim to provide, this more accurate assessment
[physique assessment beyond habitus apoplecticus, or athletic type].
The method devised by W.H. Sheldon is much the most flexible,
accurate, and comprehensive. Indeed, it has only one rival, which may
ultimately overtake it but at present is far less practically useful - the
factor analysis method. Sheldon’s system renders Kretschmer's

classification obsolete, ...

Factor analysis, the extraction of relationships from correlation matrixes, was still popular
as a potential way of utilizing the plethora of physique ratios in attempts to capture
“physique” in the most statistically-significant numerical form. In an attempt to apply

factor analysis to Sheldon’s somatotype Adcock (1948) commented:

The striking feature about Sheldon’s scheme is its tripolar nature. This
is a rather unusual state of affairs since we should expect that any two
traits which correlated negatively would have opposite signs for their
correlation with a third. Obviously such a result can come about only if
at least two of the traits concerned involve at least two factors each ...
All this analysis has been concerned with a modified matrix and not
our original correlations at all. Are we not wasting our time playing
with a solution that cannot fit the original data unless we can justify

our modification of the data?

That scientists of the era were having difficulty finding statistical significance and
interrelations between components of somatotype, and were having difficulty fitting this

new tool to their current favorite statistic was not a failing of somatotyping. It was a



rating of “3%4” in mesomorphy had, and still has, a much different meaning for a subject’s
body shape composition and potential psychological evaluation depending upon the values
of the other two somatotype components. This was beyond the comprehension of the

statistics, and apparently therefore of the scieniists themselves.

Human biologists were quick to realize the potential for somatotype as a method of
physique assessment, but were stymied by the methodology. Experimenters were limited
to collaborating with Sheldon’s group fc;r somatotype assessment (for example Perbix,
1954), or to making their own attempt at interpreting Sheldon’s scheme. An example of
the latter, from Garn and Gertler, 1951): “The somatotype studies followed the methods
of Sheldon (‘40) as closely as possible, although no standards were available for this age
group ... the height-weight ratio was not used as fixed criterion ... and less attention was

paid to exclusively abdominal fat deposits ...”
Tanner (1951) describes the situation at that time succinctly:

... Sheldon’s system fundamentally rests on anthroposcopy - i.e.,
looking at the person. Admittedly he later measured his pictures and
thus produced a set of tables by which he claimed it was possible to
somatotype quite objectively young men between the ages of 16 and 20
in a normal stage of nutrition and henlth ... Though ten years have
elapsed since the publication of these tables there has been not a single
report, so far as I know, of any attempt by other laboratories to use this

anthropometric technique. Perhaps this is because the technique is



certainly arduous and time-consuming; but it may also be that
investigators have met unexpecied difficulties. Certainly we have; for
several years in my laboratory we have been trying to use this metric

technique and have encountered considerable trouble.

First, Sheldon gives insufficient details of the photographic technique
he adopted for it to be repeated exactly. ... Personal communication

dispelled these difficulties, but we then found others ...

... I say this not in criticism of somatotyping, which I believe to be the
greatest single advance yet made for the study of human physique, but
to indicate thatr in Sheldon’s system measurement is a secondary

consideration. He r:as now made this very clear himself ...

This is echoed by Hunt (1952):

The classification of body build is still one of the most controversial
problems in constitutional research ... The somatotype, as first
described by Sheldon, Stevens, and Tucker (‘40) is still the focus of this
controversy. ... In my opinion, the skill necessary to derive such
fundamental ratings [from photographs, fixed for life] is szl

impossible to acquire. For example ...

In 1954, Sheldon (with Dupertuis and McDermott) published his Atlas of Men. This
volume including photographs of 1175 men selected to represent the entire available
spectrumn of physique types and criteria for photographing and measuring subjects. The
Atlas also contained updated height-weight tables for males from 18 to 63 years old, in

five year increments. It lacked, however, any methodological information for
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somatotyping, containing only hints and vague statements to help the somatotyper
scattered throughout its text. Presumably the vague, incomplete, instructions contained in
Varieties of Human Physique (Sheldon, 1940) were deemed adequate: this despite
numerous claims in the preface that “the principal purpose of the Atlas 1s to make available
a standard file of somatotype variations, together with the criteria acrually employed in
somatotyping ...”". Sadly. this work dropped the technique of using measurements from the
photographs to assist, clarify, or objectify the assessment of somatotype; the metrification

of somatotype was soundly renounced by Sheldon (pp. 7-9).

In the Arlas Sheldon also discussed - in passing - the effect of sex, age, and nutrition on
somatotype assessment; he attempted 1o make it possible for other interested scientists to
make use of his systematized raiing scheme for assessing human shape. This work

represented a clarification, not a change, in his fundamental position on the nature of

somatotype.

Somatotype, as defined by Sheldon, had the following basic characteristics:

¢ It was composed of the three components, endomorphy, mesomorphy, and
ectomorphy.

e The somatotype was a rating of shape, not of size.
e A subject’s physique was composed of all three components in equal or unequal

parts. A person was not “pure mesomorph” for example, but could have much more

mesomorphy than s/he had the other two components.



e A subject’s rating for each component went from 1 to 7 in whole units or, more

often, was rated from 1 1o 7 in ¥ untt intervals.
e The sum of the three components was to be between 9 and 12.

e The somatotype scales were arbitrarily defined by the series of photographs Sheldon
and his group used 1o create them. For example, the difference between a 4 and a
4'4 1» mesomorphy had no defined relationship to the difference between a 6 and a
6% in mesomorphy: the scale was wholly described by the nature of the orniginal

sample.

e When assessed correctly. a subject’s somatotype did not change over time or with
nutritional status. If these changes occurred they were due to rater error, not due to
change in somatotype. This invanant nature is mentioned by Sheldon at a conference
in 1951 where he discusses the difference between a morphophenotype - the
current expression of form - and a morphogenorype - ““the original hereditary and
continuing genetic influence which cannot change”. Sheldon does not claim that
somatotype and the morphogenotype are the same, only that the somatotype “is

the makeshift causeway by which we attempt to progress from phenotype to

genotype ...”
To this ime, little had been done to look at inter-measurer reliability, since the few
scientists claiming 1o be assessing somatotype in accordance with Sheldon’s photographic
methods were all working within the same general laboratory group. When Tanner (1954)
published a paper looking at the inter-measurer and intra-measurer reliability of
somatotypers he contented himself with looking at three observers: himself, Barbara
Honeyman, and C.W. Dupertuis. all classifiable as members of “Sheldon’s group™; when

Tanner and Weiner ( 1954) wanted to look at the reliability of measurements from
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photographs Sheldon himself did the measurement. As Pamell (1958) put it:

“Why has Sheldon’s method of somatotyping, with its great appeal and
prospect of usefulness, not come into daily use?’ Apart from the
theoretical objections ... there are other reasons ... Foremost among
these is the subjective nature of photographic somatotyping. ... No
scientist could be sure that he was doing what Sheldon did without
requesting personal supervision of his work by the master. ... As | have
said elsewhere. agreement between photoscopic somatotypists implies
that they have learnt to sing in harmony, but their song does not

thereby become a science, it remains an art. (p. 6)

The mid-1950s found a number of researchers, while acknowledging the interesting
aspects of Sheldonian somatotype, still working on physique or constitution assessment
systems of their own. Factor analysis (for example Howell,1951) where he devised his
own factors or (1952) where he used Sheldon’s components) and ratios or numeric
indicators (for example Hammond, 1953) continued to be proposed. Some investigators
were looking at the relationship between various anthropometric quantities and
somatotype components (for example Brozek and Keys, 1952; Bullen, 1953), while others
were comparing photogrammetry (measurements from photographs) to anthropometry

(measurements of the subject directly) — for example Tanner and Weiner (1954).

In 1954 Pamnell produced a paper, Somatotyping by Physical Anthropometry, outlining a

technique for using standard deviation tables of anthropometric measurements to

13



determine rejative strength of somatotype components within a subject, and then using
Sheldon’s height-weight tables to select the most likely somatotype (additional
information on the technique is in section A.IIT). Effectively, this was the first application
of anthropometry for the prediction of somatotype. In 154 men betweer: 16 and 20 years
of age Parnell reports that in 90% of the cases the ratings were the same as the Sheldonian
photometric method to within a half a somatotype unit, essentially the same as inter-

observer agreement using photoscopic assessment.

In his 1958 book, Behavior and Physique, Parnell outlines the first system of
somatotyping that was completely independent of Sheldon’s work (the 1954 tables
required the rater to resort to Sheldon’s tables for a final estimation), and that relied

entirely on anthropometry. Parnell summarized his perceived advantages of somatotyping

by physical anthropometry (p.7): ...

(a) provide somatotype procedure with the backing of objective anthropometry.

(b) extend objective phenotyping to women, to older persons and also to children,
thus promoting the start of family studies.

(c) report a preliminary phenotype or somatotype estimate (depending on the age
and circumstances) at the time of the clinical interview which may be
completed, together with a written report, in fifteen minutes.

(d) provide useful information about healthy populations without resort to
photography. ...

(e) Re-interpret data in terms of new components or factors as the science
develops: for this the combined physical anthropometric and photographic
data are more comprehensive.

14



Endomorphy was estimated by the sum of three skinfolds; mesomorphy was estimated
from arm girth, calf girth, elbow width, and knee width, with a correction for adiposity

height

3/ weight

performed by circling appropriate values on a table and directly estimating the somatotype

and for age; and ectomorphy was estimated from . The calculation was

from the table. The technique is described in more detail starting in section A.IV.

This M.4 deviation table was developed to be as close 1o Sheldon’s somatotype as
possible for a phenotypic system, with an emphasis on remaining consistent especially for
healthy young males (Parnell, 1958, pp. 19-20). In this work Parnell tries to point out that
he is estimating something related to, yet different from Sheldon’s somatotype due to the
phenotypic nature of his rating. He originally begins by describing the system as a “F M L.
rating” - for “Fat, Muscularity, and Linearity” (p.19), yet much of the remainder of the
text refers to endomorphy, mesomorphy, and ectomorphy derivation, as does the M.4
table itself. In that the M.4 method effectively had adjustments in all three components to
account for increased fatness and decreased muscularity with aging and tried to use a
typical weight, based on weight at ages 18 and 23 taking into account recent weight loss
or gain, it is clear that Parnell was trying to estimate something very close to Sheldon’s
idea of a somatotype - something that was relatively fixed for the individual despite

changes in shape due to aging or health.

Where Parnell had used a systematic methodology to construct his tables, attempting to

maintain conceptual consistency with his predecessors, others were less diligent. In 1962
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of 49 anthropometric measures and derived values to predict somatotype components.
While this may well represent the first reported equations for somatotype estimation, no
attempt is made to distinguish ‘reasonable’ variables from those with secondary or sample-
specific predictability. Despite using more variables than Parnell’s M.4 table, the equations
predicted Sheldonian somatotype poorer than the M.4 tables. It is of interest that, while
the paper by Damon, et. al.(1962) contains Parnell’s works in the references, and while it
makes passing reference to a result by Parnell linking somatotype to a clinical psychology

measure, no mention is made te the M.4 system of anthropometric somatotype derivation.

From its inception Sheldon’s view of somatotype had been scientifically attacked
(Meredith, 1940; Lasker, 1947; Hunt, 1949; Bodel, 1950; Hunt and Barton, 1959),
primarily on the grounds that - while Sheldon claimed a somatotype was “fixed” and
recognizable - there was a growing body of evidence that body shape changed
unpredictably over time with many subjects, and secondarily that many of Sheldon’s

“rules”” seemed arbitrary and based on personal biases rather than experimental evidence.

Heath (1963) coniinued this tradition of pointing out problems in Sheldon’s method of
somatotyping, but she did something different - she also suggested changes. Heath had the
advantage of having worked in Sheldon’s lab, presumably doing much of the rating of the

thousands of photographs given to Sheldon for rating — in the preface to the Atlas of
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Men (1954) Sheldon wrote “Barbara Honeyman [Heath], Dorothy Paschal and Madge

years.” Heath’s modifications were as follows (modified from Heath ,1963, p.228):

Table 1: Changes in Somatotype Proposed by Heath (1963)

Deaver, being women, have naturally done most of the hard work of the project in recent

Sheldon

Heath’s Modification

7 point scale. Ratings no lower than 1
and no higher than 7.

The rating scale is open at both ends,
beginning (theoretically) at zero and
having no (theoretical) end point.

The sum of somatotype components
should be between 9 and 12.

No arbitrary limit of the sum of
components.

Sheldon’s height-weight ratio for age
18, showing possible somatotypes for
each ratio.

Modified to preserve a linear relationship
of somatotype components over the range
of height-weight ratios. In theory, this
would allow extrapolation beyond the
table range.

Sheldon produced height-weight tables
for male subjects in five-year
increments.

The same table was to be used for all ages
and both sexes.

These four specific modifications are expressions of more fundamental premises:

¢ The somatotyping technique should be as internally consistent as possible.

o The somatotype is a description of current shape, and not a morphogenotype

estimate.

» Internal consistency dictates that the same rating technique and scale should be used

for all ages and sexes.

o The original “vocabulary” of somatotyping should be preserved as much as

possible.
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This paper describes no new techniques for assessing somatotype, and might be described
as only a “modernization” of Sheldon’s original idea to bring it better in line with current

scientific opinion of what somatotyping should be.

In 1966 Heath and Carter produced a detailed comparison of Heath’s 1963 method and
Parnell’s 1958 M.4 method for determining somatotype. While this paper is a valid work
on its own, the primary value is two-fold: (i) to indirectly suggest that neither photoscopic
nor anthropometric assessment of somatotype is intrinsically better, rather that they can be
combined to give a very reproducible quantification, and (ii) to provide supportive data for
their 1967 publication. This paper by Heath and Carter (1967) melded photoscopic and
anthropometric somatotype estimation into a single technique; the actual methodology for
using this new Heath-Carter somatotype is in section A.V. The major changes to Parnell’s
M.4 table were to eliminate any adjustment for age, and to better adapt it for use by both

sexes over a wider potential range of somatotype values.

The 1967 Heath-Carter somatotype form was developed using as much data as was
currently available to the authors. Samples representing extreme physiques - where
photoscopic ratings as well as anthropometry were available - were used as much as
possible. In some cases this resulted in a compromise, while over 800 subjects are cited as
being used for the development of the techniques this does not tell the whole story. For
example only 501 subjects had enough information to be used in the estimation of

endomorphy, and effectively all of the subjects with photoscopic ratings over 7.5 - over
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of the entire sample group - came from a study of 102 obese females where only
height, weight, triceps and subscapular skinfolds were measured (all other anthropometry
was missing and was estimated). That the authors chose to use a wide range of physique
types, even though some anthropometry was missing, is to be commended rather than
condemned when one considers the alternative of using only the widely available, but
hardly representative, “young, fit, university” samples that tend to permeate the scientific

literature.

Others were contributing to somatotype methodology during the same time period.
Petersen (1967) published an Atlas for Somatotyping Children; while it contained a large
number of photographs with their somatotypes, as in Sheldon’s atlas, it had no significant
discussion of the methodology for assessing the somatotype of children or the specific
problems related to somatotyping children. Preston and Singh (1972) developed an
ingenious device for photo-electrically estimating somatotype from the light transferred
through an amputated, size-adjusted, slide of the subject. The authors claim that this was
much simpler method of determining somatotype than other existing methods.
Interestingly, while Heath and Carter’s 1967 paper is one of the three references for this

work, no mention is ever made of their (far simpler) rating form.

Sheldon’s four major works, The Varieties of Human Physique - Sheldon, et. al (1940),
The Varieties of Temperament - Sheldon et. al (1942), Varieties of Delinquent Y outh -

Sheldon, et. al (1949), and Atlas of Men - Sheldon, et. al (1954) continued to be cited

a
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regularly in the scientific literature during this period. Sheldon himself appears to have
published nothing in refereed journals during the 1960°s, using the occasional symposium
as the only method of disseminating his views. For example, in a paper presented at a
symposium in 1965 Sheldon discussed the development of somatotype components from
basic tissue layers (with no scientific support), brushed off objections to somatotyping
with platitudes and (presumably) hyperbole (“since I had never encountered a two-
dimensional man it seemed reasonable that a scientific classification of men had better rest
its case on at least three primary structural dimensions’), and - most significantly -

mentioned a new “Trunk-index” method of somatotyping.

This Trunk-index method of somatotyping involved, in part, measuring the area of the
upper (thoracic) trunk versus the lower (abdominal) trunk from photographs with a
planimeter. That this new method had no published relationship to any older somatotype
method, that it now included “‘size” in the rating - violating the always present definition
that a somatotype was to be “shape”, not “size” related, that its development was defined
only in poetic rather than verifiable terms, and that Sheldon continued to avoid publishing
his results and methodologies in open journals likely all contributed to the lack of adoption
of this new method. It is likely that the presence of a clearly described, well documented,
consistent, and historically grounded method - the Heath-Carter somatotype - also lead to

the lack of acceptance of this innovative and unsubstantiated trunk-index.

The Heath-Carter somatotype was quickly accepted in a number of disciplines. In the
more than 400 papers utilizing somatotype published during the 1960’s and 1970’s “only”
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e m w e h

% of the papers using somatotype used the Heath-Carter technique (Deutsch and Ross,

In 1973 an adjustment to the Heath-Carter somatotype calculation form was proposed by
Hebbelinck, Duquet, and Ross in a paper discussing the application of somatotyping
children. While height is accounted for in the calculation of both mesomorphy and
ectomorphy - nominally removing “size” from the assessment of “shape” - endomorphy
was being calculated using a sum of three skinfolds. Larger people have larger skinfolds
than smaller people of the same shape (see section 1.B for a discussion of geometric

scaling), yet both should receive the same endomorphy rating for body shape. The

170.18 cm )

proposed adjustment involved multiplying the subject’s sum of skinfolds by (subjccl height

effectively reducing the value for larger subjects and increasing the value for smaller
subjects before comparing them to the table. This correction was endorsed by Heath and
Carter becoming a recommended inclusion in the calculation of the Heath-Carter

somatotype since its suggestion.

In 1977 Ross, Brown, Yu, and Faulkner published a paper in which they state that “a
computer program was used to derive somatotypes, plot sample distributions and calculate
somatotype dispersions indices”, however they give no information regarding the

program’s methodology. The only information is in an acknowledgment:
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The SOMA computer program used in the analysis was assembled by
Mr. Reo Audette, Simon Fraser University Computer Centre from
contributed programs designed by Mr. B.D. Wilson, formerly SFU
currently at State University of Iowa; Dr. J.E. Lindsay Carter and Mr.
S.P. Aubry, San Diego State University; and Dr. D.A. Bailey and Mr.
C. Weese, University of Saskatchewan....

From the number of contributing sources to the program it is clear that many researchers

were working on somatotype caiculation; it is unfortunate that none bothered to publish

their algorithms.

In 1980 equations were first published by Carter allowing direct prediction of Heath-
Carter somatotype from the anthropometric variables without the use of look-up tables.
The equations were published as a chapter addendum by Carter in his 1980 laboratory
manual (Carter, 1980), but the addendum carries the trailer “J.E.L. Carter, Dec., 1978”.
No information is given in this or later works describing the derivation methodology for
the equations, though it is reasonable to assume that they are in some way related to the
program referred to by Ross, et. al. since Dr. Carter was one of the contributors. These
equations by Carter have remained unchanged since their initial presentation and have
been accepted as producing equivalent results to those obtained from the tables. This
acceptance has never been tested, although its acceptance is clearly demonstrated in that
many studies using Heath-Carter somatotype published in the 1980’s and 1990’s cite
Carter’s manual for calculation methodology, yet do not specify if they are usirg the table

or the equations to calculate the somatotypes.
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Currently, to use somatotyping in a scientific study means to use Heath-Carter
somatotyping - either the table method or the equations. While it is possible to find papers
which still claim to use Sheldon’s 1954 method, Pamell’s 1958 method, or other less
accepted methods to calculate somatotype (Sheldon’s 1969 Trunk Index, and Tucker’s
1982 Perceived Somatotype Scale), Heath-Carter somatotype is the de facto standard for

modern somatotype determination.

While a number of papers have been published comparing various methods of somatotype
analysis - Parnell versus Sheldon, Sheldon versus Heath-Carter, et cetera - no comparative
analysis has been done comparing the Heath-Carter form method to the Heath-Carter

equations. This comparison will be one of the purposes of this thesis.
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LB. Kinanthropometric Concepts: Size, Shape, and Dimensional Scaling

In order to discuss potential problems with the existing equations for determining
somatotype, and to provide a basis for evaluating any proposed changes, it is necessary to
discuss what is generally meant by shape as it relates to changing size. Shape can generally
be considered to be related to the ratio of measurements or dimensions. For example,
when a person is viewed from a distance they still appear to have the same shape as they
do when they are closer; all of the visual dimensions have diminished in proportionally.
That a photograph can accurately represent the shape of a person in an image that is only
centimeters tall allows it to be used for somatotype rating in the first place. A Barbie doll
and Michelangelo’s David both seem visually humanoid despite being about 25

centimeters and 5.4 meters tall respectively - a result of dimensional scaling to maintain

shape.

When we say that two objects, or two people, “have the same shape” we are really saying
that they are geometrically similar. A big cube is geometrically the same as a small cube
because it maintains the same dimensional ratios - all of the sides of a given cube are the
same length - so a big cube and a small cube appear to have the same shape, despite
differing in size. The geometrical similarity system as it applies to human anthropometry is
a “what if”’ statement: “what if, as individuals changed their size, they maintained their
same shape and relative body composition?”” The premise behind this model is like a big
slide projector, as you turn the zoom knob everything gets bigger and smaller in the same
ratio (a picture of a person gets twice as wide if it gets twice as tall...).
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Before being able to discuss somatotype-related concerns it is necessary to cover the

relationships between the measurements of various two and three-dimensional objects, for

example, a sphere:

Circumference (simple): 2 %1 (where r is the radius of the sphere)
Surface Area: AT % 12
Volume: %Tt * 1’

a cube:
Circumference (simple): 4 xL (where L 1s the length of a side)
Surface Area: 6 * L2
Volume: L3

A big cube is related to a small cube in a very specific way; if the ratio of any of their

Ly

linear measurements is J then the ratio of any of their area measurements is

CSMALL

2 3

Lo | 4nd the ratio of their volumes is (~—L£— . The same relationships hold for a

. LSMAU_ k LS\MLL
big sphere compared to a small sphere. The same relationships hold for any three-

dimensional objects, where there is no difference is shape, only in size.

With the geometrical similarity system it is customary to express all quantities in terms of a
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e circumference of a sphere or cube, an arm girth, a
skinfold measurement ... all are linear measurements, and all are expressed as [L}}.

surface area. or cross-sectional area of a sphere or cube, a human body’s surface area, a
cross-section of a limb ... all are measurements related to area, and all are expressed as
{1.]%. The volume of a sphere or cube, a lung volume, ... all are volume measurements, and
all are expressed as [L}®. It is important to note one other assumption of geometrical

similarity: both shape and composition (density) are constant. Since densi

mass is directly proportional to volume, and therefore has the dimension [L}3.

This relationship between the size of an object and various other measures has been
accepted and discussed for centuries. Galileo’s “cube-square law™ is often invoked when
comparing structures - animal or otherwise - that are different sized. Simply put, if one
accepts that the strength of an object is related to its cross-sectional area (the strength of a
bridge pillar to resist breaking, the force a muscle can exert....) [L]*, and that the load

being supported or moved is the object’s mass, [L]?, then the srength per unit mass ratio
L 1’ 1 L .

becomes P or T or [L]*. A bigger person being compared to a smaller person

geometrically is stronger - [L}?, but is weaker for their size - [L]. If we make a model of

a bndge that is 3~ ,0 the size of the actual bridge. all of the linear dimensions will be 3 L g the

size of the real bridge. the strength of the supports will be (]3}' but the mass of the

P
structure will be G—O:‘? of the real bridge. The model will be stronger (per unit mass) by a

factor of 20 compared to the full-sized bridge, demonstrating scaling proportional to [L].
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A complete discussion, and further clarification, is available in the definitive source for

dimensionality - Darcy Thompson’s On Growth and Form (1963)

This dimensionaliry is implicit in an equation, for example the strength per unit mass ratio,

2
[L]3 » 28 an equation has the dimension Ly or [L]}; within the geometric similarity system,

the strength to mass ratio of any object decreases with the increasing size of the object.

weioght 3
Quetelet’s ﬁ%}%mﬁo also has the dimensionality of %‘}7 or [L]!, as does the Body Mass

Index (BMI) - the modern invocation of Quetelet’s ratio. In a geometric system any result
other than [L]° implies that the result changes with changing size of the subject, yet the
BMI has been selected precisely because it best removes size from the comparison of
weight. This potential contradiction lies in the acceptance or rejection of geometric scaling
as the method of size adjustment. Big people, as a group, tend to not look exactly the
same as smaller people; bigger people tend to be more “stretched out”, having less weight
for their height. The BMI tries to account for what is “normal” by having a sample-
specific, non-geometric, exponent for height, where geometry would dictate an exponent
of “3” for height. That geometry doesn’t match the “real world” is no more a failing of the
geometric system than it is a failing of humans to differentiate “correctly” along geometric

lines, sorme systems fit geometric similarity better than others.

Somatotype, from its developmental roots, has been geometric in nature. A photograph - a

tiny, geomeltric, representation of the actual person - is being used to represent the actual

27



ratio - [L]° in geometric dimension - has been used from Sheldon’s

inception of somatotyping to initially limit the potential somatotypes of a subject. The
same height-weight ratio has always been used to calculate ectomorphy, continuing to the
present Heath-Carter somatotype system. The height correction to the Heath-Carter
determination of endomorphy; all of these examples highlight the implicitly geometric
nature of somatotype. If one accepts that somatotype as a concept is geometric in nature

then it follows that the methods for calculating somatotype should also be geometric.
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.C. _Dimensionality of Somatotype

The basic presupposition that somatotype is a rating of shape independent of size, and that
somatotype is geometrically based lead one to the conclusion that somatotype

determination should be “[L.]%”, or dimensionally independent of size in its assessment.

Heath-Carter table - Endomorphy
The original Heath-Carter method of looking up a sum of skinfolds in a table
implied that endomorphy is proportional to the sum of skinfolds, or

endomorphy o< [L]L.

That the relationship between the sum-of-skinfolds and the predicted endomorphy
is not linear - a doubling in skinfold thickness does not necessarily result in a
doubling in endomorphy - clouds the issue somewhat, but if we had two subjects
geometrically the same shape but differing in size, the larger person would have

larger skinfolds and would be given a larger rating for endomorphy.

The modification to Heath-Carter endomorphy calculation proposed by
Hebbelinck, et. al (1973), and adopted by Carter (1980), where the sum of

170.1 .
skinfolds is muluplied by - 70.18 - , 1s another matter.
subject's height

170.18 .
Endomorphy e< (X skinfolds)( - 70 - ) has the dimensionality of
subject’ s height
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endomorphy o< [L}! * [LLTI— , or endomorphy o< [L]0. This shows that the current

method of calculating Heath-Carter endomorphy is truly geometrically size-

dissociated.

Heath-Carter equation - Endomorphy
The current equations for the calculation of endomorphy have:
endomorphy =-0.7182 + 0.1451(X) - 0.00068(X)* + 0.0000014(X)°

where X = sum of (triceps, subscapular, suprailliac skinfolds)

170.18
subject' s height

or X = [sum of (triceps, subscapular, supraspinale skinfolds)] *

for height-corrected endomorphy (the modification by Hebbelinck, Duquet, and

Ross, 1973).
In exactly the same manner as for the tabular determination of endomorphy, with

170.18

the equation form endomorphy =< (Z skinfolds)( - - ) has the
subject' s height

0
dimensionality of endomorphy o< [L]! * L] , or endomorphy o [L]O°.
[L]! p

Parnell M 4 table - Mesomorphy

It is not simple to discuss the dimensionality of Parnell’s mesomorphy
determination table. The columns in Parnell’s 1958 M.4 deviation table for
mesomorphy were truly geometrically based, and thus might, to a first

approximation, dimensionally adjust for size. That different parts of the table are



used depending upon the height of the subject, blurs the pure geometry of the
System; this is best illustrated with an example. Imagine a person 55 inches tall
with a humerus width of 5.78 mm. Looking at the M.4 table (Figure 11) this
represents exactly three columns of deviation to the right for the bone
measurement from the height column. If the same person is now geometrically
scaled to 74.5 inches tall their humerus measurement would be 5.78 mm *

74.5 inches 783 Thi call ved h
55 inches — /-83 mm. This geometrically derived humerus measurement
represents four columns of deviation from the new height, not the three columns

that should have occurred if true size-dissociation was present.

It is not simple to define an equation that relates the quantities involved, so it is not
simple to define the dimensionality of the table. Suffice it to say that the

dimensionality is not [L], but may be close to it.

Heath-Carter table - Mesomorphy
The preceding discussion of Parnell’s M.4 mesomorphy table is also applicable to
the Heath-Carter mesomorphy table. That Heath and Carter shifted all of the
height values one column to the left complicates the assessment of its geometric
dimensionality. In Pamell’s table each column of values was geometrically identical

to all of the other columns - for example, all of the values in the column headed by

70 inches of height were (‘E%) the size of the values in the column headed by 58

31



inches of height. In the Heath-Carter mesomorphy table all of the values in the

5
column headed by 70 inches of height were (58-1 5

Jthe size of the values in the

column headed by 58 inches. That the ratio in heights is not the same as the ratio in

the other measurements is a clear indication that correct geometric scaling is not

maintained.

To follow the same example used in the preceding discussion of Parnell’s table, if
we take a subject 55 inches tall with a humerus width of 5.64 mm (different from
the value used in the preceding example, but with the same number of columns
deviation from the height column) this produces a deviation of exactly three
columns from the height column. If this person is then geometrically scaled to 74.5

N 74.5 inches N
55 inches ~

inches tall their humerus measurement would be 5.68 mm
7.64 mm. This represents almost four columns of deviation from the height
column. This is not the geometrically expected value of three columns, neither is it
exactly the same as that resulting from Parnell’s table; there is additional
confounding factor introduced by the shifting of the height values one column to
the left. Again, it is difficult to determine exactly what the dimensionality of the

Heath-Carter mesomorphy table is, but it is potentially also close to, but not equal

to, [L]°.
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Heath-Carter equation - Mesomorphy
Substituting dimensional notation into the Heath-Carter mesomorphy calculation:
mesomorphy = 0.858(humerus) + 0.601(femur) + 0.188(corrected arm girth) +
0.161(corrected calf girth) - 0.131(height) + 4.5 gives:
mesomorphy o (0.858 [L]' + 0.601 [L]! +0.188 [L]! + 0.161 [L]'-0.131 [L}! +
| 4.5 [L]° or mesomorphy e 1.68 [L]'. That the variables in the equation are all size
related ( [L]! rather than [L]°) leads to the conclusion that resulting equation must

also be [L]1.

Heath-Carter table - Ectomorphy

To determine ectomorphy with the original Heath-Carter table, the user was

required to calculate and look up the —l—l—gg-h-t-ratio.
3\/ weight

height

If ectomorphy e« ——=then
31/ weight

L]
LT
L]

ectomorphy e< = or

L]

ectomorphy o< [L]O.

ectomorphy o< or

Heath-Carter equation - Ectomorphy

To determine a subject’s ectomorphy with the Heath-Carter equations one must
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first calculate the subjects height-weight ratio - (height)/(\/3 weight) - and then use
this value in an equation. As shown in the preceding section reiated to the Heath-
Carter table determination of ectomorphy, this height-weight ratio geometrically

dissociates size from the determination of ectomorphy.
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Subjects

When developing or modifying a tool that will be used universally across the human
species there is no such thing as a “representative population” with which to build a simple
mathematical model. For analysis purposes four existing data sets were combined into a
single set, with the original group retained as a coding variable. Because both size and
shape differences are important factors to examine, the following data groups have been

chosen for use within this thesis.

Children

Children, being much shorter than adults, are likely to have the biggest discrepancies
associated with their data where the difference is substantially related to size; this
observation led to the first modification of the Heath-Carter somatotype by Hebbelinck,
et. al. (1973), described in section I.A. Data from the Coquitlam Growth Study will be
included, comprising over 900 boys and girls from six to sixteen years old. This data set

has been described in Ross, et. al. (1980b).

Bodybuilders
Bodybuilders represent the maximum “‘pure mesomorphy” obtainable within a population.
By including data from the 1981 Cairo International Body building Championships
(described in Borms, et al.,1984) it will be possible to observe the effect of the different
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methodologies under the most extreme of mesomorphic conditions.

Olympic Athletes
Data from the 1976 Montreal Olympic Games (described in Carter, 1982) is included to
increase the proportion of athletes in the test population. In addition, the Montreal
Olympic Games Anthropological Project (MOGAP) data included somatotype
photographs of all subjects. A subset of this data is used in the recommended learning

process for photoscopic somatotype assessment by Carter and Heath (1990).

National Sample
The YMCA Lifestyles Fitness Survey included over 18,000 Canadian males and females,

from 7 to 69 years old measured since 1976 (described in Bailey, Carter, and Mirwald,
1982).While the data does not address any special sampling considerations it can be

considered a large, “typical” population.

Data Exclusion
Subjects missing any single variable of the ten variables necessary for Heath-Carter
anthropometric somatotype assessment (height; weight; triceps, subscapular, supraspinale,
and medial calf skinfolds; flexed arm and calf girth; and humerus and femur bone breadths)
were eliminated from this study. It is recognized that the elimination of subjects can pose
problems in traditional studies, however in this study (i) the elimination of approximately

50 subjects out of over 20,000 subjects was felt to be inconsequential, and (ii) the purpose
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of this study is not to describe or analyze this population. The data is not being
considered statistically representative of anything more than “a large, varied, group of
subjects”’; elimination of subjects with missing data in no way violates this sample.
Subjects were eliminated from the YMCA Lifestyles and the Coquitlam Growth study by

this criterion.

In the YMCA Lifestyles data set there were subjects with what was felt to be “impossibie”
data. Whether this is a result of poor measurement or data entry/screening mistakes is
immaterial, and some criteria for removing obvious data errors was necessary. A subject

was deleted if:

e Any single skinfold was recorded as less than 2.0 mm.

Any single skinfold represented more than 70% of the sum-of-4-skinfolds.

Any single skinfold represented less than 5% of the sum-of-4-skinfolds.

The humerus width was greater than the femur width.

This resulted in an original population of 20,785 subjects for analysis. To answer any
criticisms regarding the use of the same population to develop and test the new system, a
randomly selected hold-out of approximately 10% of the population was then set aside.
This gave a population of 18,677 for general use and a hold-out population of 2108

subjects.

Both populations were about 64% male. For the females the average age was 32.7 years

(s.d. 12.7 yr.), the average weight was 59.2 kilograms (s.d. 10.1 kg.) and the average
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height was 164.4 centimeters (s.d. 7.8 cm.). For the males the average age was 37.1 years
(s.d. 12.2 yr.), the average weight was 78.2 kilograms (s.d. 12.8 kg.) and the average

height was 178.2 centimeters (s.d. 8.5 cm.).

Working Assumptions:

For this thesis:

¢ The existing Heath-Carter somatotype rating form was considered the closest
approximation of a subject’s true somatotype, unless there was a compelling

conceptual reason to do otherwise.

¢ Existing errors in typesetting and mathematical rounding were not considered

intentional parts of somatotype methodology.

Goals / Rationale

1: To test the claim that the Heath-Carter somatotype equations and the Heath-
Carter somatotype rating form produce identical resullts.
The claim originally put forward by Dr. Carter in his 1980 laboratory manual, that
the equations for calculation of somatotype produce the same result as the
somatotype rating form, has never been demonstrated. There are no papers
published testing this claim, and no published information explaining how the

equations were developed.

The theoretical discussions of the dimensionality of the somatotype components
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(section 1.C.) show that this claim was at least open to guestion:
o The existing endomorphy equation was not dimensionally the same as the
height-dissociated endomorphy of the rating form.

s The existing mesomorphy equation did not dissociate the subject’s size from its

rating of shape the way that it conceptually should.

: To develop theoretically and dimensionally sound equations that closely mimic

the existing somatotype form.

Even if the existing equations produced similar results to the somatotype rating
form, they could be considered conceptually weak: the endomorphy equation was
a cubic fit of a sum of skinfolds, the mesomorphy equation was linear, and there
were two different equations to use for ectomorphy. While considering the existing
Heath-Carter rating form the best estimate of anthropometric somatotype,
Pamell’s rating form, and conceptual considerations were also used when

developing new equations.

Recognizing that the equations are likely to be used much more frequently than the
rating form, the conceptual validity and consistency of any newly developed

equations was considered as important as the actual constants they contain.

: To develop a new somatotype rating form that produce identical resulls as the

newly developed equations .

With the widespread acceptance and availability of calculators and computers there
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1s little reason to expect the trend of using equations rather than lcokup tables for
the prediction of anthropomeiric somatotype to reverse. The lookup table
currently has two primary functions: (i) to help the conceptual teaching of
somatotype, and (ii) to aid in the resolution of discrepancies between photoscopic
and anthropometric somatotype assessment (Carter, personal communication,
1994). Both of these functions are valid, and are likely to continue to exist. A new
rating form should produce the identical result as the new equations, but it should
also do it in a manner that is consistent with the functions of the form — to

conceptually separate and clarify the flow of the anthropometry through to a

rating.

uation Develo nt

Variables
Equation development was limited to the same variables used in the existing Heath-Carter
form and equations: height: weight; triceps, subscapular, suprailliac, and medial calf

skinfolds; calf and flexed arm girths: and humerus and femur breadths.

Population Independence

Population-specific constants were {when possible) avoided:

» By creating the form of the equation theoretically and historically.



¢ By determining constants theoretically or based on constants and relationships in
the existing Heath-Carter somatotype form, or based on other somatotype-relevant

historical works.

o Then, finally, by fitting any remaining constants using uniformly distributed data.

Analysis

At least three relevant comparisons could be made for each of the three somatotype

components:

1. Existing rating table to existing equation.
2. Existing equation to new equation.
3. Existing table to new equation.

If the existing rating tables were found to be in close agreement with the existing

equations comparisons (2) and (3) could be considered fulfilled by a single comparison.

Historically - described in Carter and Heath (1990), pp. 46-55 - there have been three
analysis techniques used by researchers comparing somatotype methods on a component-

by-component basis within a population:

1. Regression analysis (usually Pearson).
2. Paired t-test of the difference of the means.

3. Descriptive information, usually the percentage of the population for which the
two techniques agree within + 0.5 somatotype unit and the percentage of the

population agreeing within £ 1.0 somatotype unit.
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sed; interpreting various near-
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ight to the problems being examined here, and the
difficulty in interpreting correlation coefficients produced in equations lacking a constant

term is bypassed.

T-tests, technique (ii), were not used for pairwise comparisons; with over 18,000 subjects
any difference, no matter how trivial, would be statistically significant. As an example, the
subjects’ weight was recorded in kilograms. If we were interested in using their weight
measured in pounds we could multiply by 2.2, by 2.205, or by 2.204623; all are correct
conversions between kilograms and pounds to different numbers of significant digits. T-
tests showed that each of these “weights” was significantly different from the others for
the sample population, in all cases p < 0.0001. When differences in the fifth significant
figure of a constant produce significant t-test differences it is obvious that all

methodologies will also be significantly different.

T-tests were used for comparing the means of independent populations, specifically when

it was necessary to check for differences between the main test population and the hold-
out population.
Technique (iii) was used with the addition of narrower categories - the percent of the

population where techniques agreed within + 0.1, + 0.25, as well as £ 0.5 and * 1.0 were

determined.

The technical error of measurement was used to look at the difference between

techniques, as recommended by Mueller and Martorell (1988). Population statistics were
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Windows version 5.03 and with Microsoft Excel for Windows versions 4 and 5. Nonlinear

curve fiting was performed redundantly with Systat and witb the “Solver” add-in of

Microsoft Excel, confirming the model constants.

Kolmogorov-Smimov tests were performed to check for consistency in somatotype
component distributions between the main population and the hold-out sample using

Systat for Windows and SPSS running under UNIX.
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ill. Geometric Adjustment of Data

Striving for Consistency

As discussed in the section 1.C, the existing Heath-Carter rating tables and rating
equations are mixed both in their method for handling size-dissociation and in their
success in doing so. As a first fundamental step in developing a model somatotype
assessment system, the approach to geometrically account for size should be consistent

within and between rating tables and equations.

The geometrically simplest method of adjusting for the height of a subject is to express

each measurement (with the exception of body weight) as a fraction of the subject’s

height:
Measurement
Measurement g =
Height
and for weight:
. Weight
Weight . =————.
= (Height)®

While being simple and conceptually correct, this method removes much of the intuitive
“feel” from the data. Is “0.20” large for an adjusted arm girth? Is “0.000015 kg/cm.’ “ a

large adjusted body weight? ...

A method that is equally valid and that produces much more intuitive results is to choose

an arbitrary height and consistently adjust all subjects geometrically to that height as the
44



first step of any analysis. For all measurements except weight the adjustment would be:

Arbitrary Height
Measurement ;... = Measurement X l_ y f,:lg
Subject Height
and for weight:
3
. ) Arbitr ight
Weight . .. = Weight X d l_ aryHc':lg .
Subject Height

This is the method proposed by Hebbelinck, et. al. (1973) for the adjustment of the sum-
of-skinfolds prediction of endomorphy with the Heath-Carter rating, as well as in the
Ross-Wilson phantom (Ross and Wilson, 1974) and the O-Scale physique assessment
system (Ward, 1988). In all these cases the scaling height was chosen to be 5° 7”

(170.18 cm.).

45



Height Adjustment to 170 cm.

In the geometric adjustment of the sum of skinfoids to a height of 170.18 cm. (5’ 77),
originally proposed by Hebbelinck, Duquet, and Ross (1973) this height was chosen
“because 5° 7" was the middle of the Heath-Carter mesomorphy rating table, and it
produced a correction in the right direction...” (Ross, personal communication, 1992).

Ross was also instrumental in choosing this height as the reference height in the other

methods previously mentioned.

5’ 77 is not the “middle” of the Heath-Carter mesomorphy rating form; Parnell’s original
work (1954) was built around an average height of 70 inches (5’ 10”"), and when Heath

and Carter moved the height column to account for the systematic rating differences the

“middle” column became related to a height of 71.5 inches ( 5’ 11%4”). Ignoring rounding

errors in the existing Heath-Carter mesomorphy table, any column could be considered the

“middie” methodologically - used for the derivation of all the other column values -
depending upon the sample population being evaluated and upon the experimenter’s bias
or whim, but the column spacings lead back to Parnell’s 70 inch column as being the

mathematical “middle”.

In Parnell’s (1954) sample population - used to construct the original rating form - the

average height is reported as being 70 inches (5’ 10”). The population was entirely male.

No information is given concerning the average height of the populations used by Heath

and Carter (1967). The average height of the population used in this work is 173 cm.
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(68.2”), with the average for the males and females being 178 cm. (70.1”") and 164 cm.

(64.7”) respsctively.

Conceptually, there is no reason to choose one height to adjust to over another as the
mathematics of geometric adjustment would produce identical results for the resulting

somatotype. Practically, a stature of 170 centimeters has many advantages:

1. 170 centimeters is very close to the historically significant 5° 7” (170.18 cm.).
Those who wish to height adjust to 5° 7 instead of the recommended 170 cm.
would introduce only 0.1% error into their adjusted linear measurements and
0.3% for weight if they compare against the tables produced for 170 cm.
height adjustment. This level of measurement scaling error, even being
systematic, is unlikely to introduce meaningful rating differences for individual

subjects.
2. It is a nice, round, metric number.

3. 170 cm. is probably the average height of North American adults, to the
nearest decimeter. Putting aside scientific geocentricity, somatotype was
originally derived from a United States sub-sample, and there is the continuous
tie to North American populations in the development of the techniques.

4. Originally, somatotype ratings were from “one” to “seven” in “whole units”.
“1” <7”,*0”. A nice historic touch.

The last two advantages are perhaps frivolous, but the first two advantages support a case
for using 170 cm. as the reference height. It will, of course, be possible for interested
scientists to modify any new equations and rating forms to a reference height of their own

choosing without effecting the predicted somatotype.
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Theoretical Form of the Equation

The only published equation for the calculation of Heath-Carter somatotype is:
Endomorphy = -0.7182 + 0.1451(X) - 0.00068 (X)? + 0.0000014 (X)3

where X = triceps + subscapular + supraspinale skinfolds

and X = (triceps + subscapular + supraspinale skinfolds) * subje:tloﬁi?g?:lin <, for height-

corrected endomorphy (Carter, 1980).

Predicting Endomorphy with a cubic equation has no conceptual basis, and it ignores the
fact that polynomial fitted equations are often “unstable” beyond the range over which
they are fit. Figure 6 shows this predicting equation with the sum-of-skinfolds extended to
large values. At the large skinfolds, especially above about 200 mm., we see the
incongruous result that the graph is “turning up” - it takes smaller and smaller changes in
skinfolds to produce a change in endomorphy; clearly this was not the implication of the
original work (described starting in section I.A, and shown as the open circles in

Figure 2).

The Logarithmic Nature of Skinfolds

There is, of course, no way to “prove” that Endomorphy is related to any mathematical

function of skinfolds. There are however significant indicators that a logarithmic
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relationship between skinfolds and endomorphy is “in the right direction™:

1.Parnell, in the discussion of the development of his rating form from
anthropometry (Parnell, 1958, p. 111) shows he believed that the logarithmic
adjustment of the sum-of-skinfolds was reasonable for predicting endomorphy:

Not all the measurements with which we are concerned are
distributed normally. ... The total of the three fat measurements in
young men averages about 33 mm. with a standard deviation of
roughly 12 mm. The range from -3 $.D. to +3 S.D. about the mean
would be from -3 mm. to + 69 mm. if fat were naturally distributed.
Such a scale is obviously useless, for negative values do not occur
and values of 100 mm. or more are quite common. Fortunately,
plotting the distribution against a log scale of fat produces a curve

which is much closer in appearance to that of a natural distribution.

2.Heath and Carter “eyeballed” a curve through their data, but this curve is
remarkably consistent with the assumption of a logarithmic relationship, but with
a change in slope at about endomorphy “3” (see Figure 2).

3.An equation where Endomorphy is proportional to the logarithm of skinfolds has
the right shape over all possible ranges, avoiding the absurd “up turn” of the
existing polynomial fit (shown in Figure 6).

Calculating equations for the lines shown in Figure 1, Pamnell’s 1958 rating form
(reproduced as Figure 13) produces the equations:
Endomorphy = [2.62 * Ln(Sum3SF) | - X

Where X Jepends on the age group, ranging from 5.6 for 16-24 year olds to 6.7 for 45-54
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year oids.

Examining the upper end of the Heath-Carter graph (Figure 2), where it is visibly linear
for endomorphy versus the logarithm of the skinfolds we get:

E.idomorphy = [4.8 * Ln(Sum3SF) ] - 6.9
There is a much bigger slope implicit in the Heath-Carter data than in Parnell’s. This
makes sense, considering that most of the high-adiposity subjects - and all of the subjects
with endomorphy ratings over about 7.5 - in the Heath-Carter model were female while
Parnell was dealing entirely with males. The 3 skinfolds measured (two from the trunk and
one from the arm) would tend to underestimate female adiposity/endomorphy unless a
much larger scaling factor was used. It is also worth remembering that the skinfold data

was incomplete for much of the Heath-Carter sample, refer to section I.A, for detail.

Four Skinfolds Instead of Three

Since 1967 anthropometrists have been collecting four skinfolds - triceps, subscapular,
supraspinale, and calf - to determine anthropometric somatotype via Heath-Carter
methodologies. Parnell’s original work used only three skinfolds (calf skinfold was not
required), and Heath and Carter continued to use only the three skinfolds in their

prediction of endomorphy, effectively “wasting” information available from the calf

skinfold.
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Three facts support the inclusion of the extra site in the determination of endomorphy:

s The original three skinfold sites are all on the upper body and two are on the trunk.
This may have been sufficient for Parnell whose subjects were all male, but it
ignores the critical fat patterning differences between males and females, especially

the females lower body as an adipose deposition zone.

¢ The measurement of skinfolds is a technically challenging task. The more skinfolds
combined into the predicting quantity the more stable and precise it can be expected

to be.

¢ Historically, Sheldon’s photoscopic assessment of endomorphy involved breaking
the body into five regions, rating the regions independently, and combining the
results to produce a total body rating. The regions were upper trunk, lower trunk,
arms, legs, and head-neck. The four skinfolds - with the inclusion of the calf -

sample the first four of these five regions.

Since the calf skinfold has been collected for over twenty years by anyone doing
anthropometric somatotype, there is no compelling reason not to include it in an

endomorphy assessment technique.

Theoretical Solution

If one accepts that endomorphy is related to the logarithm of skinfolds and that four
skinfolds will be used instead of three there is no sample-independent method to directly
determine the relationship between predicted endomorphy and the sum-of-four-skinfolds.

A population specific solution is shown in the next section, Statistical Solution.
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To minimize the sample-specificity a two-step approach can be used:

1.

Determine the best logarithmic relationship between Heath-Carter table

endomorphy and the sum of three skinfolds using only information from the rating

form, then

Determine the best relationship between the sum-of-three skinfolds and the sum-of-

four-skinfolds.

The Relationship Between Endomorphy and the Sum-of-Three Skinfolds

The four simplest models relating endomorphy and the natural logarithm (log to the

base-e) of the sum-of-three skinfolds ( Ln(Sum3SF) ) are:

Endomorphy = A * Ln(Sum3SF)

Endomorphy =[ A * Ln(Sum3SF) ] - B

Endomorphy = A * Ln (Sum3SF - B)

Endomorphy = [A * Ln (Sum3SF-B) - C

In words these could be expressed as:

1.

[

Perceived fatness (endomorphy) is directly related to the logarithm of the skinfold

thickness, adjusted by a multiplier to account for the range of human variability and

the measuring scale used.

Perceived fatness (endomorphy) is related to the logarithm of the skinfold thickness,

adjusted by a multiplier to account for the range of human variability and the
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measuring scale used, and ‘zeroed’ to a minimum possible result.
3. The “zeroing” for minimum possible fatness occurs before the scaling.
4. A *zeroing” occurs both before and after the scaling.

There is also the consideration of what sum-of-3-skinfolds (Sum3SF) to use to build the
model. Since the assumed “gold standard” is the rating form, it is possible to put aside
population-dependent problems by using a uniform sum-of-three-skinfolds over an
appropriate range. The existing endomorphy table encompasses a range from 7 mm. 1o
204 mm - endomorphy ratings from ¥ through 12 - but there is no evidence to show that

this was much more than a convenience dictated by the size of the rating form.

Alternately, Sheldon and Pamnell decreed that endomorphy only existed between 1 and 7
in whole units, or between 1 and 7 in one-half units. The range of sum-of-three-skinfolds
corresponding to endomorphy ratings of 1 through 7 are 11 mm. through 81.2 mm. on the
Heath-Carter rating form. Keeping in mind the vagueness of very small somatotype ratings
(discussed in section VIII) and that all of Heath and Carter’s subjects with endomorphy
ratings of 7% or over were female and lacked at least one of the predicting skinfolds, the

use of the more limited range is supported.

For this reason a range of skinfolds from 11 mm. to 81.2 mm was used to develop the
relationship; only 405 of the sample population of over 18,000 (2.16%) were outside of
this range using raw skinfolds, and only 418 (2.2%) were excluded using height adjusted

skinfolds.
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Since the model is assuming a linear relationship between endomorphy and the natural
logarithm of the sum-of-three-skinfolds [ Ln{Sum3SF) ] the distribution should be uniform
over the range Ln(11 mm.) to Ln(81.2 mm.); using a uniform distribution over the range
of 11 mm. to 81.2 mm. would result in a skewed distribution of the predicting variable.

Table 2 shows the results of nonlinear curve fitting for 300 points over this skinfold range

for the four predicting models.

Table 2: Least squares regression constants for four modeis predicting
endomorphy from the logarithm of the sum of 3 skinfolds

Model A B C r corrected
)
1. Endomorphy = 1.066 884 S18

A * Ln(Sum3SF)

2. Endomorphy = 3269 | 7.701 993 972
[ A*Ln(Sum3SF)|-B

3. Endomorphy = 1.285 | 10.338 .953 .806
A * Ln (Sum3SF - B;

4. Endomorphy = 7.728 | -41.337 | 29.873] .999 .994
[A*Ln(Sum3SF-B)|-C

While the fourth model fit best as judged by the corrected I value, it produced the

illogical result of adding a certain amount of fatness before taking the logarithm.

Equation 2 was the next best fitting equation, predicting almost as well as equation 4, and
had theoretically reasonable constants. It was also of the form produced from the work by
Pamell and by Heath and Canter (descnibed above). For all of these reasons it was

considered the best, sample-independent relanonship between endomorphy and the sum-



of-three-skinfolds:

Endomorphy = [3.269 * Ln(Sum3SF) |1 - 7.701

This relationship is shown in context with the work of Parnell and Heath and Carter in

Figure 3 and Figure 4.

The Relationship Between the Sum-of-Three and the Sum-of-Four Skinfolds

Simple linear regression, using all 18,677 subjects produces the following equation:

Sum 4 Skinfolds = 1.205 (Sum 3 Skinfolds) + 3.214 mm (S.E.E.=4.8 mm)
For the males alone (n=11,887):

Sum 4 Skinfolds = 1.162 (Sum 3 Skinfolds) + 2.882 mm (S.E.E.=3.3 mm)
and for the females alone (n=6,790):

Sum 4 Skinfolds = 1.202 (Sum 3 Skinfolds) + 6.877 mm (S.E.E.=4.9 mm)

It is hard to conceptually justify the constant added in each equation even though all are
statistically significant (p < 0.0001). In the extreme, if we had a subject where the sum-of-
three skinfolds was “zero” we still would be faced with some sample-specific thickness for
the predicted sum-of-four skinfolds. Eliminating the constant, regression using all 18,677
subjects produces the following equation:

Sum 4 Skinfolds = 1.273 (Sum 3 Skinfolds) (S.EE.=4.9 mm)
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For the males:

Sum 4 Skinfolds = 1.226 (Sum 3 Skinfolds) (S.E.E.=3.5 mm)

and for the females:

Sum 4 Skinfolds = 1.338 (Sum 3 Skinfolds) (8.E.E.=5.4 mm)

Considering the simpler form of the conversion after removing the additional constant, and
the very similar standard error of estimates with and without the constant, it is a

reasonable step to use the simpler models.

The dissimilar results for males and females (1.226 and 1.338 respectively) brings into
question the result of 1.273 for the combined group, considering the higher fraction of
males in the sample. While it would be possible to use a weighting factor to account for

this factor there are additional problems to consider.

Sum 4 Skinfolds
Sum 3 Skinfolds

Table 3 shows the ratio of ( ) for the sample population, broken down by

“fatness categories” (represented by ranges of sum-of-3 skinfolds) for males, females, and
the total population. The most obvious trends are that this ratio gets smaller as the total

fatness increases, and that ratio is larger for females than for males at all levels of fatness.
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Table 3 :The ratio of Sum-of-4 skinfolds to Sum-of-3 skinfolds by
popuiation sub-sampies

Ratio of (Sum4SF/Sum3SF)

“Fatness” Male & Female Male Only Female Only
% male
All 64 | 1.294 (n=18677) || 1.247 n=11887) | 1.375 (n=6790)
Ln(3SF) < 2.5 67 1.443 (n=12) 1.312 (n=8) 1.704 (n=4)

2.5<Ln(38F) <3 87 | 1.338 (n=939) 1.320 (n=819) 1.461 (n=120)

1
3<Ln(3SF)<3.5 70 | 1.325 (n=5305) 1.2757 (n=3688) | 1.439 (n=1617)

3.5<Ln(3SF) <4 61 | 1.286 (n=8987) 1.231 (n=5522) 1.375 (n=3465)

4 <Ln(3SF)<4.5 55 | 1.251 (n=3245) 1.206 (n=1774) 1.304 (n=1471)
H

45<Ln(38F) <5 40 | 1.246 (n=187) 1.205 (n=76) 1.275 (n=111)

5 < Ln(3SF) 0 {1.130 (n=2) (n=0) 1.130 (n=2)

Again, it would be possible to build a complicated weighting factor to account for the
changing ratio with increasing sum-of-three skinfolds, but what about the changing fat
patterning with aging? And what about ethnic fat pattern differences? And, what about
secular trends in fat patterning? ... In this problem, as in most, there is no intelligent way

to control for all possible “nuisance” factors.

Table 4 extracts summary information from Table 3, eliminating subjects where In(sum 3
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skinfolds) is less than 2.5 or greater than 5.0; only 14 subjects (0.075% of the population)

are excluded by this trimming. If an “grand average” is calculated for the ratio of

(Sum 4 Skinfolds
Sum 3 Skinfolds

) it comes out equal to 1.309. The sample ratio (average of sample

male and female ratios) was 1.311.

Table 4: Summary Information and Calculations for the Sum-of-Skinfolds

Ratio
o
I Ratio of (Sum4SF/Sum3SF)
“Famess” Male Only | Female Only | Average
fl
All 1.2471 1.3748 1.3110
Ln(3SF) <2.5 1.3121 1.7036 excluded
25<Ln(38F)<3 H 1.3202 1.4612 [ 1.3907
3<Ln(38F)<3.5 1.2757 1.4387 H 1.3572
3.5<Ln(3SF) <4 1.2308 1.3748 [ 1.3028
4 <Ln(3SF) <4.5 1.2058 1.3044 i 1.2551
4.5<Ln(3SF) <5 1.2045 1.2750 " 1.2398
L
Ln(3SF) <5 “ no data 1.1302 excluded
Average: l 1.3091

While it is impossible to consider this result “sample independent”, a recommended
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conversion of:

Sum-of-4-skinfolds = 1.31 x Sum-of-3-skinfolds
is at least somewhat sample dissociated. This is of course not recommended as a
conversion for any individual or for any specific population, rather it is an attempt to blend
results in the context of modifying a universal, skinfold-based endomorphy assessment

system.

Combining the Results
Combining the results from the previous sections:

Endomorphy = [3.269 * Ln(Sum3SF) ] - 7.701

and Sum-of-4-skinfolds = 1.31 x Sum-of-3-skinfolds
and geometric height adjustment to 170 centimeters
gives (after simplification):

Endomorphy = [3.269 *(Ln((z 4 Skinfolds)x e 17(:;”“] m ~8.584
ubject Ht. 1n cm.

While it would be possible to mathematically remove the “170 cm.” from within the
logarithm, keeping the equation in this form will allow those who wish to use the equation
without height-adjusting the skinfolds to do so. While there is no conceptual reason to do

this the demand still exists for non-size-adjusted endomorphy estimation (Carter, personal

communication, 1994).
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Accepting that the relationship should be of the form:

| 170 cm.
Endomorphy = A x L”((Z 4 Skmfolds) X Subiect Hctniln cm J+ B

the following results are obtained by standard regression analysis. In both cases n=18,677

and all predicted constants are significant (p<0.0001).

Table 5: Statistical Prediction of Heath-Carter Endomorphy from the Sum of
4 Skinfolds, Height Adjusted to 170 cm.

Where: Endomorphy = A x Ln((z 4 Skinfolds)x _170 crn )+ B
\ Subject Htin cm.
Predicted Variable A B r S.E.E.

Height adjusted Heath-Carter Endomorphy, | 3.771 | -10.645| 0.921 | 0.410
determined from Rating Form

Height adjusted Heath-Carter Endomorphy, | 3.768 | -10.668 | 0.922 | 0.405
determined from Equation

Because the endomorphy determined from the rating form is effectively rounded to the
nearest '2 unit, where it is calculated precisely with the equation, it is not surprising that
the equations are very slightly different or that the equation predicting the rating-form
endomorphy has a slightly poorer correlation coefficient and standard error of estimate

(S.E.E)).



Figure 5 shows the statistically derived equation and the “developed” equation for the
prediction of endomorphy from the sum of four skinfolds. If the Heath-Carter rating form
was to be considered the “gold standard”, and no other criteria were considered, the
statistical equation would have to be the favored choice. Because of the small, unusual,
population used by Heath and Carter and the consideration of the missing skinfold data in
their sample, combined with the desire to remove sample-specific variables as much as
possible, it is the recommendation of this thesis that the more conceptual “developed”

equation be adopted as the recommended predicting equation:

Endomorphy = {3.269 *(Ln(@ 4 Skinfolds)x S 17{‘:{?’; D] ~8.584
ubjec incm.

where the four skinfolds are the triceps, subscapular, supraspinale, and calf. As discussed

in section VIII, results below 0.5 are given a rating of “less than 4”.
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V. Mesomorbphy

The Current Equation

By examining the existing Heath Carter rating form (Figure 15 and Figure 17),
understanding the development of Parnell’s M4 mesomorphy rating table (in Figure 13),

and the modifications made by Heath and Carter in 1967 it is obvious that an equation to

mimic the existing rating form would be:

(Dumginh - Dhaghl )+ (Dcaifgi:‘.‘: - D;-.agm )+(Dhumaus —thghl)+(Dfunur ~thghl)+4
8

where Dam ginh, Dheighi, --.- are columns of deviation for each of the anthropometric

measurements from any arbitrarily chosen column on the mesomorphy rating table.

More specifically, the calculations of each of these columns, using Pamell’s historic
“center” of the form as the reference column (the column with height = 181.6 cm.,

humerus = 6.80 cm., femur = 9.70 cm., adjusted arm girth = 31.0 cm. and adjusted calf

girth = 36.3 cm.):

10

Dam&g.ﬂ‘x = 15
310x =

70

/ . -
(( arm girth _( triceps skinfold ))_ 31 OJ
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((Cajf girth— (calf skinfold B_ 36 3)
10 '
Dca!fgir_h = 5
363 x—
70
(humerus — 6.80)
Dhumerus = 15
6.80x ——
70
D = (femur — 9570)
970x—>
70
(height —(715x254))  (height—181.61)
Dign = 5 15
(70.0x2.54)x — 177.80x —
70 70

The above equations have not been simplified, to allow the explanation of their derivation.

Because these numbers were the center columr that Parnell used to develop his form

(noting that the height for Parnell’s center column was 70 inches), and because the

columns were spaced 1.5 inches of height apart , the denominator of each deviation

equation becomes clear. Two points to note in the height deviation calculation: the

number subtracted in the numerator is 71.5 inches, not 70.0 inches - a result of the shift in

the height column by Heath and Carter (1967), and the conversion to height measured in

centimeters is included.

By substituting the deviations into the original equation and performing the necessary

simplifications the resulting equation is:
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( triceps sf ( . calf sf
Mesomorphy = .1882Lann girth———————-J + .1607Lcalf girth — o J

+ 0.8578 (humerus) + 0.6014 (femur) - 0.1312 (height) + 4.50

This is exactly tl'* equation recommended by Carter (1980). The derivation of this

equation has never before been discussed or demonstrated in a published work.
Theoretical Solution

Taking Parnell’s 1958 M4 deviation table as the basis of mesomorphy, it could be

expressed in words as:

a person 70 inches tall (177.8 cm.), with a humerus width of 6.8 cm., a
femur width of 9.7 cm., an arm girth of 31.0 cm., and a calf girth of 36.3
cm. deserves a mesomorphy rating of 4 before considering the effect of

adipose thickness. For every 2.14% (1.5/70 = 2.14%) one of their four
indicating measurements deviates from these values, % of a unit of

mesomorphy is added to or subtracted from this rating.

Heath and Carter’s 1967 modification could be expressed as:

a person with these measurements actually deserves a rating of 4%, not
4, the adjustment for adipose thickness should only be made to the girth
measurements, and the adjustment should be made to the anthropometry

before assessing initial mesomorphy.



To insure true size dissociation, and keeping with the ideas presented in section III, the

start of an ideal equation could be described as:

Parnell’s basic anthropometric ‘model” should be scaled to 170 ¢m. and
should represent a mesomorphy rating of 4!, as suggested by Heath

and Carter.

. . . 1% y . .
A decision of how to deal with the <o steps’ is necessary. It is possible to argue that the

recommendation to height adjust to 170 cm. is doing nothing more than using a different
column for reference purposes; using the column headed by 170 cm. - if such a column

existed - rather than the currently assumed column headed by 71.5 inches (181.6 cm.). If

this argument was accepted then the steps, corresponding to each % mesomorphy unit

1
would remain the same as it currently is: 6.8 ('%) =0.146 cm. for humerus, et cetera.
Another argument could be to keep the steps the same 2.14% of the chosen reference
value. For example, geometrically adjusting the original 70 inch (177.8 cm.) tall, 6.8 cm.
humerus width “subject” to 170 cm. tall would produce a 6.50 cm. humerus width. 2.14%
of this value would result in a step size of 1.39 cm. for humerus. In all four measurement

170 ) :
this would result in step sizes 4.6% (1 - (—1—7—7—8)) smaller than the previous suggestion.

This would result in a systematic difference from the previous suggestion, producing
smaller mesomorphy estimates than the previous suggestion for subjects with mesomorphy

less than 4 and producing larger results than the previous suggestion for those with
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mesomorphy greater than 4.

To decide between these two approaches requires a decision between the following two
statements: (i) the existing mesomorphy rating form is the closest representation of
mesomorphy from anthropometry and (ii) Parnell’s methodology, resulting in the rating
form, modified by Heath and Carter, is the closest representation of mesomorphy from
anthropometry. To help decide, consider what would happen if the arbitrary height to
adjust the subject to was chosen to be 1 cm., rather than 170 cm. The step size would still
be 0.146 cm. for humerus in the first case, resulting in a step size of over 26%, while the
second suggestion ensures a step size of 2.14% regardless of the height chosen for the

geometric size adjustment. This argues strongly for the second approach.

Building an equation of the same general form as the equation above, but using the new

ideas presented would result in:

(D HA. am gink )+ (D H.A. caif girth )+ (D H.A. humerus )+ (D H.A. femur )
8

+45

where Dy a. arm ginn, DHA. caif ginn» - ar€ columns (or steps) of deviation for each of the
height-adjusted anthropometric measurements from the height-adjusted reference values.
Because of the consistent height adjustment of the data, there is no need for any height-
deviation in the equation. The number 4.5 must be added, rather than 4, because the height
adjustment was to Pamnell’s original values; Heath and Carter’s 1967 shifting of the height

row to account for a systematic % unit difference must be included.



Table 6: Constants for Calculation of Mesomorphy, Scaled to 170 cm.
height

Parnell’s reference values for the 70 inch (177.8 cm.) height column, the same values
geometrically adjusted to a height of 170 cm., and the theoretical step size for each %

mesomorphy unit, calculated as 2.14 % of the height adjusted valuc.

Parnell’s Values
Reference Adjusted to Step Size
Values 170 cm. Height
Height (cm.) 177.8 170.0 not required
Humerus Width 6.80 6.501 0.1393
(cm.)
Femur Width (cm.) 9.70 9.274 0.1987
Skinfold adjusted 31.0 29.64 0.6351
Arm Girth (cm.)
Skinfold adjusted 36.3 34.71 0.7437
Calf Girth (cm.)

The calculations for each of these height-adjusted deviations are:

[(arm sirth _( triceps skinfold \) < H A.F.}— 20,64

5 ~ \ 10 )
HA ammgith — 0.6351
([calf girth — (@f_si%ifi’lén x H.A. F.}— 34.71
D = '
LA calf g 0.7437
b ((humnerus width x H.A.F.)-6.501)

HA bumems — 0.1393



_ ({{femur width x H.A F.)-9.274)
A e 0.1987

170 cm.
subject’s height in cm.

where “"H.AF.” is the height-adjustment factor, equal to

By substituting the deviations and performing the necessary simplifications the resulting

equation is:

( tric f [ .. calf sf
Mesomorphy = { .1968§ arm girth——fg—ss—\. + 1681 calf gu'th—-L > }
170
+0.8973 (humerus) + 0.6291 (femur) } x—— - 18.84
height
Recommended New Equation
The recommended equaton for the prediction of mesomorphy is:
4 ic f ’ ,=’/ fsf 3\
Mesomorphy = { 1968] arm gir:h—w—s——-s—) + 1681] calf ginth — LS J
\ \
.y , 170
+0.8973 thumerus: + 0.6291 (femur)} X e -18.84
height

As discussed in section Vil results below 0.3 are to be given a rating of “less than 4™



Vl. Ectomorphy

Theoretical Form of the Equation

In the initial proposal of the Heath-Carter somatotype system (1967, p. 68) the authors

state:

...the use of a regressior equation to predict the third component value
Jrom the [height-weight ratio] suggested itself. ... For the 121
somatotypes the correlation was r = 0.97, and the regression equation
for predicting Y from X is :

Y=242X-2838 ..

Height in inches

Their “X”, or height weight ratio, was equal to . Conventing to metric

{/ Weight in pounds

results in the equaton:

Vs

_ 1 Heightincm..
Ectomorphy = (0.7325 gh -

|- 28.58 .
{ Y Weightinkg. |

This is the same equation currently recommended for height-weight ratios over 40.75,

with the constant rounded to 0.732.

Why there has to be a different equation for height-weight ratios below 40.75
(corresponding to a predicted ectomorphy of 1.26) is never explained or justified. In the
1967 paper Heaih and Carter discuss the handling of ectomorphy ratings of one and of

one-half as being somewhat special; because of the large differences between very
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ponderous anc very, very, ponderous subjects they recommend that a rating of one-half be
reserved for the very, very, extreme and a rating of one be given otherwise:
[i]f the L-scale [‘linearity scale’ - ectomorphy] is one-half, but the

subject shows slight tendencies towards linearity or elongation of the

limbs or their segments, a rating of one should be assigned.

It is possible that the use of a special equation for height-weight ratios below 40.75 is an
atternpt to “open up’” the ratings below one unit to allow more differentiation between the
very ponderous and the very, very, ponderous, but no such justification is ever given. If
indeed this is the reason for the extra equation it tends to be a major divergence from the
interpretation of somatotype - while somatotype is valid only to the nearest one-half unit

for ratings above “17, it suddenly becomes valid to a much finer degree beiow “17.

It is worth mentioning that, even though ectomorphy has always been anthropometricly
defined by height-adjusted body weight - the height-weight ratio - it is impossible to “see”
body weight in a photograph. It has bothered every major contributor to somatotype

methodology since Sheldon, but none have been able to arrive at a better predictor.

Recommended New Equation

To suggest anything other than height-adjusted body weight as the indicator of

ectomorphy would be historically unjustifiable. The original equation is as valid now as it

wsrare sisdhnee ¥ seinc e i lle: smencanoad ba . antth e d MHacena o 10477 e oreiota
was when 1t was orniginally proposed by Heath and Carter in 1967, but there exists no

&

good justification to treat cases below a height-weight ratio of 40.75 specially. The
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recommended equation for the anthropometric prediction of ectomorphy is:

\
Ectomorphy = 0.7325 L J 28.58 .

3/ Weight in kg.

As discussed in section VIII, results below (.5 are to be given a rating of “less than %"
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i. The Rating Form

Conceptual Considerations

Historically somatotype has been defined by a rating form, with equations being a later
extension of the technique. This thesis proposes equations as the primary definition for
anthropometric somatotype, and develops a rating forms only as a convenient visual tool
for the expression of the equations. The primary concern in developing a rating form for
the determination of somatotype was that it must accurately produce the same answer as
the predicting equations, to the limit of its precision. Historically this precision has been
“to the nearest 42 somatotype unit”, and there is no reason to strive for greater precision

with a new rating form.

As much as possible, all data on the form was to be treated consistently and systematically.

The steps required for the new form were to be:

Measured anthropometric values are recorded.

e A height-adjustment factor is calculated.
e This adjustment factor is applied to all the measurements.

e Derived values - the sum of skinfolds and the skinfold adjusted girths - are
calculated.

e The necessary values are found on the relevant somatotype derivation section,

leading to an unambiguous rating.
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While there is litile conceptual reason to do so, some scientists may wish to calculate
endomorphy without applying a height adjustment to the sum of skinfolds (Carter,
personal communication, 1994). This is conceptually incorrect, but is justifiable for
comparison to historic results that precede the introduction of the height-adjustment to the
sum of skinfolds. Keeping with the concept of treating all measurements consistently, the
new form should allow scientists to calculate mesomorphy and ectomorphy without

height-adjustment, in addition to non-height-adjusted endomorphy.

All of the previous rating forms were developed before the near-universal availability of
pocket calculators. This lead to simple on-form calculations and the requirement of having
look-up tables for any nontrivial calculations. This constraint is largely eliminated,
however all calculations should be limited to those available on the most basic of
calculators - four-function math and a single memory (useful, but not necessary, for the

height-adjustment factor).

The height-weight ratio (HWR) is now an anachronism. There are only two reasonable

justifications for its use:

e It has been a part of somatotype methodology since Sheldon.

e It “goes in the same direction” as ectomorphy - larger HWRs correspond to

larger ectomorphy ratings.

An alternative to the HWR is the use of height-adjusted body weight as mentioned by
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Ross, et. al (1980a). Height-adjusted body weight has a number of advantages:

¢ Height-adjusted body weight is consistent with the idea of treating all
anthropometric measurements consistently, where the HWR was an unusual,

special, treatment.

e Using height-adjusted body weight allows those who wish to calculate non-
height-adjusted somatotype to do so. With the HWR the calculation is neither

simple nor obvious.

. 170 Y ..
e Mathematically, height-adjusted body weight = (ﬁ“}{_) . It is simple to

convert between the two if the need appears.

s Height-adjusted body weight can be calculated with the most basic of
calculators. The HWR requires the ability to calculate cube-roots.

o The HWR was changed when the Heath-Carter table was converted from
measuring height in inches to measuring height in centimeters. While a
reasonable range of HWRs was originally about ““12 through 167, it became
about “38 through 51”. Neither of these rating scales have any sense of what
is “reasonable” to less experienced raters. Body weight, even when height-
adjusted, maintains a much closer tie to the original measurement. It should be
easier for a rater to determine if a value is “unreasonable” (either a
measurement or calculation error) with the use of height-adjusted body weight.

The use of height-adjusted body weight instead of the height-weight ratio for the
ectomorphy rating form is adopted grudgingly. It produces a slightly better tool for the
calculation of ectomorphy, for the reasons mentioned above, but it is at the sacrifice of a

component of somatotyping that has been part of the methodology since its inception.
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Practical Changes

Many of the following considerations are somewhat personal in nature, any rating form
that would allow the user to arrive at a correct answer would fulfill the requirements. Over
the last two decades most scientists have moved towards the use of equations for the
determination of somatotype the rating form has become primarily a teaching tool. Many

of the proposed practical changes are made in this light.

The Heath-Carter rating form was a “one size fits all” tool. In order to accommodate very
large ratings (up to 12 in endomorphy and 9 in mesomorphy and in ectomorphy) the form
needed to contain large ranges of numbers. Recognizing that the primary use for the new
rating form will be for teaching somatotype lead to more basic form, one that would work
for most of the “typical” population while dropping the unnecessary extra information
necessary for rating extreme physiques. This basic form covers endomorphy and
ectomorphy ratings up to 7, and mesomorphy deviations corresponding to ratings of about
8, depending upon the subject’s dysplasia. An expanded rating form, covering ratings up
to approximately 12 in all somatotype components and printed on 8% x 14 “legal sized”

paper would be a reasonable future development.

The reduction of the scope of the rating form, combined with the height adjustment of the
anthropometry before using the tables, allowed smaller steps between columns in the

mesomorphy table than in the Heath-Carter and Parnell tables. This resulted in each
column of deviation being equivalent to ILO unit of mesomorphy rather than the previous
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g unit, reducing the need to interpolate between columns and the somewhat complex

calculations arising from the interpolation.

The standard Heath-Carter rating form leaves very little space for the calculations required
if a user wishes to perform them by hand or to have a written record. The calculation of
columns of deviation for mesomorphy and the skinfold adjustment of girths have been

given more space than on the existing rating form.

Subject information on the existing Heath-Carter rating form had defined areas for the
subject’s name, occupation, age, sex, ethnic group, and subject number, as well as space
for a project description, the measurement date, and the measurer. There was no room
available for the inclusion of additional information. Certain basic information has been
retained; the subject’s name, sex, and date of birth and the date measured are all likely to
be information relevant to any analysis. Open space has been left for the inclusion of

additonal information as required, not limiting the user to predetermined information.

The change to height-adjusting all anthropometry before using it required expanding the
anthropometry section of the rating form. A clear distinction between “measured” and
“height adjusted” information was maintained, as was a separation between measured and
derived anthropometry. An elegant feature of the Heath-Carter rating form, vvhere the
anthropometric contributors each component were directly beside their look-up rows, has
been lost by these changes. In exchange, the anthropometry section was reorganized for
easier and more consistent recording of measurements and calculation of height-adjusted
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The Heath-Carter rating form had a large section on the bottom for recording the
anthropometric and anthropometric-plus-photoscopic ratings. The photoscopic portion

was =liminated and the subject’s somatotype rating moved to the top of the form.

For those wishing for the simplest tool to arrive at the correct answer, Figure 18 uses
lookup tables to calculate somatotype ratings identical to those produced by the equations
recommended in previous chapters. This rating form was kept as simple as possible, even

removing the midpoints of the Heath-Carter endomorphy and ectomorphy lookup tables.

The purpose of the midpoints was to allow the rater a better idea of how close the subject
was to the edge of the rating category, effectively producing a “high”, “middle”, and
“low” rating for each category of endomorphy and ectomorphy (Carter, personal
communication, 1994). Figure 19 expands on this idea by using number-lines - non-linear
scales similar to the calculation scale on slide rulers - for the determination of ectomorphy
and endomorphy. The major scales allow the user to find the height-adjusted sum-of-
skinfolds or height-adjusted weight and to directly see both the somatotype rating and
where in the rating it is - near a boundary or central. The inclusion of exact cut-off value
between rating categories allows the same precise rating as the look-up table. These
number-lines break up the visual monotony of a form filled with tables of numbers while

giving an improved feel for subject’s position within the rating category.
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The change to height-adjusted body weight instead of height-weight ratio for the
prediction of ectomorphy posed a minor style problem. Because predicted ectomorphy
decreases as body weight increases there were two possible choices for the ectomorphy
section of the form: (i) have body weight increase from left to right like all other
anthropometry, resulting in ectomorphy decreasing from left to right, or (ii) have
ectomorphy increase from left to right, consistent with the other sections of the form,
resulting in body weight decreasing from left to right. A style choice, based on the idea

that somatotype was the focus of the rating form lead to the adoption of the second choice

in both Figure 18 and Figure 19.
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Viil. Reporting Somatotype

Precision of Resuits

Undl 1980 somatotype ratings were recorded in % units. With the publi zation of equations
for estimating somatotypes in 1980 it became possible to generate ratings to long streams
of decimal places. Drs. Carter and Heath have always been corservative in their
recommendations of somatotype: ““ [tJhe component ratings should be rounded to the
nearest tenth of a unit, or nearest one-half unit depending on their subsequent use.”
(Carter and Heath, 1990, p.375). It is unfortunate that this recommendation is so vague on
this area of ‘subsequent use’; it is extremely common to see somatotypes recorded to the
nearest one-tenth, even in teaching laboratories and fitness clubs where this precision is

definitely not warranted.

It 1s difficult to assess the varability in the measurement of somatotype. Little is published
related to the actual precision of anthropometric measurements themselves, and
assumptions of randomness in errors in anthropometry are questionable. For the following
discussions results are taken from Carr (1994) where the measurements were made on 165
subjects. The subjects tended to be athletes, relatively lean, and young-to-middle aged. All
repeat measurements were made by the same, well trained, anthropometrist on landmarked
subjects, and all ‘r’ values within the range recommended for measurement reliability in

Carter and Heath (1990) , p.371. All ‘1’ scores, except femur width were at the upper limit
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For endomorphy: The percent technical-error-of-measurement (% TEM) ranged from
6.2% to 10.7% for the four skinfolds used in estimating endomorphy, averaging about
7.5%. If we assume that the errors are independent the sum of errors should be about

1.5%

.
v

or about + 334 %. The same calculation for the three skinfolds comes out to

8.0% ,orabout+ 4% %.

Each increase or decrease in the sum-of-4-skinfolds of 3% % increases or decreases the
endomorphy estimated by the new equation by about % unit of endomorphy. In this case,
with highly reliable measurers, it would be fair to report an individual’s predicted
endomorphy as “X * 4 units”™ about 19 times in 20 based on single anthropometric

measurements. Reporting of endomorphy to the nearest 0.1 is clearly inappropriate for

individual assessment, even under these very optimistic assumptions of measurement

reliability.

For mesomorphy: The percent technical-error-of-measwement (% TEM) for flexed arm
girth and calf girth were about 2 % and % % respectively. For humerus breadth it was

about 1%4 % and for femur width it was slightly less than 214 %.
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As previously discussed, the implicit assumption of both the Heath-Carter and the new

mesomorphy rating tables is that a deviation of about 2.2% in any of these measurements

1. .
corresponds to a change of one column, or g unit of mesomorphy. Expressing the % TEM

as columns of deviation give about .2 columns for arm girth, about .1 columns for calf

girth, about % columns for humerus, and about 1 column for femur breadth. Using the

%TEM
same Z—T———— equation gives an approximate error of a little more than one column, or
n

1 . . . . . .
g unit for mesomorphy. With highly reliable measurers, it would be fair to report an

individual’s predicted mesomorphy as “X * % units” about 19 times in 20 based on single

anthropometric measurements, similar to endomorphy.

For ectomorphy: Body weight is the primary anthropometric indicator of ectomorphy.

While body weight can be measured very accurately, it tends to vary considerably over the
day, presumably without altering the subject’s true ectomorphy significantly. If one takes a
within-day variation of 4 kg in weight as being extremely common - weight before versus
after eating a large meal, as an example - and that athletes commonly sweat or drink a liter

of water (1 kg), this gives some working assumptions.

For even moderately high endomorphy ratings - say above “5” - each '4 unit category
spans only about 2 kg of height-adjusted body weight. A reliability of 1 kg. would

correspond to * ¥ units. For smaller endomorpiiy ratings this is not such a problem,

where each % unit category can span 3 to 3} kg. Sill, there is £ % unit for a 1 kg weight
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change. and one would expect the amount weight changes o increase as the subject gets
heavier. It would not be at all conservative to report an individual s predicted ectomorphy

as "X = Y units” akout 19 nmes in 20,

The reasonably conservauve calculatons above show that an individual's predicted
somatotype should certainly be reported no more precisely than to the nearest 4 unit. No
consideration is made for the likelihood of systematic errors. the error in the measurement
of height which would produce a systematic error through the height-adjustment of all the
anthropometry, or the error in skinfolds in the skinfold-adjustment of the girths in the
mesomorphy estimation. This. combined with no historical precedent for reporting

somatotype in % units, make the recommendation of reporting somatotype to the nearest

2 unit reasonatle, and not particularly conservative.

In large studies where the individuals data is to be treated only as part of a population
there is no reason not to record the individual somatotypes to one or more decimal digits.
When performing statstical summaries it 1S necessary to keep in mind the potential error in
the individual measurements. In cases where the experimenter can not, or will not, carry
the error calculations through the only reasonable recommendation would be to treat

summary statistics that agree within x 0.5 units as not significantly different. This caution,

or the careful analysis of the contribution of the individual’s potential error to the
population estimates. is especially important in studies where the experimenters are using

extremely tiny sample sizes such as 10 or 13 subjects.
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Somatotype Below 2 Unit

Until the development of the Heath-Carter somatotype equations the lowest rating
possible for an individual in any component was %4 unit. Particularly in ectomorphy, this
rating of 4 failed to differentiate between physiques that were obviously different, leading
to the development of a different equation for ectopenic individuals (individuals low in
ectomorphy) than the equation used for other subjects. This was a strong break with the
raditional reporting of somatotypes, effectively saying “somatotypes are only precise to
the nearest 12 unit except for small values, where differences are valid to 0.1 units”. For
this extremely unconventional change no support has ever been published. Figures 26, 27,
and 28 show the devastating effect the change has on population distributions, making

ectomorphy distributions unlike those of the other somatotype components.

With no evidence to support it, and strong graphical evidence against it, it is clear that the
recommendation to treat small somatotypes ratings as “special cases” is not justified. The
simplest case would be to maintain the rating of “4” as the lowest possible rating, but this
100 has problems. The idea of the 4 unit somatotype categories is that they would gather
together individuals who were very similar in that somatotype component. Subjects who
are dramatically dissimilar anthropometrically and photoscopically could all end up in the

category “'4" if this remained the only available category.

A change to the scaling of somatotype, such as shifting the scale to make more room at

the low end, or to open the scale to ratings of “zero” and negative numbers is historically
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unacceptable. Worse vet would be 1o create some new type of ectomorphy - perhaps

1
somethine like or (20 - old ectomorphy) - th:
orid 0ig ectomorphy) - that

old ectomorphy |

mathematical problem and lose all relevance to historic somatotype.

A new recommendation would be to adopt the possible category of “less than 14 upit™.
This would allow the }4 unit rating to truly represent those who deserve it. and would give
a category for those where somatotvpe is not able to produce a meaningful rating. It
would have the negative result that for some subjects the system would produce an
ordinal, rather than continuous numerical, rating. It is better to admit that a tool i1s
sometime inappropriate than to continue to try and use it where it is obviously not
appropriate; only a very stubborn - or very ignorant - worker insists on trying to drive

screws with a hammer.

Setting the boundary for this “less than ¥4 unit” category is not entirely obvious. The “3”
category, for example, spans ratings from 2.75 through 3.25, since these ratings round to
“3”, to the nearest ¥4 unit. Being consistent, the ““/4” category should span ratings from
0.25 through 0.75. This would be mathematically correct, but would lead to the
contradictory condition where a mathematically derived rating of 0.26 in one component
would be given a rating of *14”, yet a rating of (.24 would receive a rating of “less than
%7, conflicting with the logical meaning of “less than one-half”’. A more conservative

suggestion is to give all mathematical ratings below 0.5 a rating of “less than '2”. This



produces a narrowing range of measurements corresponding to ratungs of

might expect, but it is consistent with the idea behind the new rating.

“i4" than one
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IX. Differences In Methodologies

Heath-Carter Rating Form and Heath-Carter Equations

As previously stated. despite the 1980 claim that the equations “produce an exact
decimalized rating based on the measurements provided™ (Carter. 1950, p.5-22b) there has

never been published work demonswmating this fact.

Figure 7 shows the d:fference over a wide range of skinfolds between the Heath-Carter
endomorphy table and equation. While the agreement is not perfect, the difference is no
more than 0.33 units; differences of up to 0.25 units are accountable by the rounding of
the table to the nearest ¥4 unit, so this is a real difference of only 0.08 units - trivial. Figure
6 shows that, beyond 200 mm of skinfolds (about endomorphy ratings of 12), the problem
will become more severe as the cubic equation nears and passes its inflection point. This
shows that, while not exact, the existing equation is reasonably close - errors less than ().]
unit - over the most common range of skinfolds, but will produce greater and greater
errors for subjects with skinfolds increasing beyond about 185 mm (Heath-Carter

endomorphy 11%%).

This thesis has derived the existing equation from the existing form, supporting the claim

for mesomorphy that the two produce identical results.

Figure 8 shows the difference between the Heath-Carter ectomorphy table and equation
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approaches ¥4 unit. This is likely a result of the Heath-Carter rating form giving all height-
weight ratios (HWR) below 39.65 a rating of 34 unit, where the constants in the equation
change at HWR less than 40.75 and try and produce meaningful ratings in the very low

ectomorphy ratings.

Heath-Carter Equations and New Equations

Hold-out Sample
Even though no completely sample-specific constants have been used in the development
of the new somatotype equations. it may be of concern that the same population used to
develop the equations is being used to test them. A series of t-tests and Kolmogorov-
Smimov tests were performed comparing endomorphy, mesomorphy, and ectomorphy
predicted with the new equations between the major test population (n = 18,677) and the
hold-out sample (n=2,108).. and between sex and sample-group subsamples within each
population. The results. summarized in Table 7 and Table 8, show no significant difference
between the sample means or distributions of the main population and the hold-out

sample, or between any tested sub-sample of the populations.
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able 7: T-Tests between the Main and Hold-ot

- - T VRIS

Somatotype Components

T staasacs (T), degrees of freedom (DF). and significance (p) for independent t-tests with
pooled variance between the main test populadon and the hold-out sample tor each of
three somatotype components, as predicted with the newly developed equations. Values
are also given for males and females separately and for each of the four sub-populations
separatelv.

Sample T DF p
Endomorphy
All 0.539 20783 0.59
Females 0.209 7566 0.83
Males 0.310 13215 (1.76
YMCA Lifestyle 0.783 19352 0.43
Bodybuilders 0.150 64 0.88
COGRO 0.695 906 0.49
MOGAP 0.015 455 0.99
Mesomorphy
All 0.278 20783 0.78
Females 0.317 7566 0.75
Males 0.154 13215 0.88
YMCA Lifestyle 0.489 19352 0.62
Bodvbuilders 0.584 64 0.56
COGRO 0.936 906 0.35
MOGAP 0411 455 0.68
Eciomorphy
All 0.250 20783 0.80
Females 0.572 7566 0.57
Males 0.071 13215 0.94
YMCA Lifestyle 0.261 19352 0.79
Bodybuilders 0.336 64 0.74
COGRO 0.466 9506 0.64
MOGAP 0.551 455 0.58
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Somatotype Components

Kolmogorov-Smimov tests between the main test population and the hold-out sample for
each of three somatotype components as predicted with the newly developed equations.
Values are also given for males and females separately and for each of the four sub-
populations separately.

Sample p
Endomorphy
All 0.50
Females 0.88
Males 0.84
YMCA Lifestyvie 0.36
Bodybuilders 0.74
COGRO 0.47
MOGAP 0.49
Mesomorphy
All 0.85
Females 0.35
Males 0.85
YMCA Lifestyle 0.86
Bodybuilders 0.95
COGRO 0.77
MOGAP 0.44
Ectomorphv
All 0.98
Females 0.58
Males 0.75
YMCA Lifestyle 0.95
Bodybuilders 0.87
COGRO 0.48
MOGAP 0.68
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Figures 20. 21 and 22 show the distributions for predicted endomorphy for the new
equation and for the existing Heath-Carter equation for the entire sample population
(n=18,677), the fernales only (n=6.790). and the males only (n=11.887) respectively. Table
9 summarizes the agreement between the old Heath-Carter equation and the new equation
for the entire population, and for males and females individually. Table 10 summarizes the
technical error of measurement (T.E.M.) between the two equations, and Table 11
summarizes the population statistics.

Table 9: Agreement Between Old and New Endomorphy Equations

Summary of endomorphy rating differences between the Heath-Carter equation and the
new equation. Below the double line in the table the percentages are calculated using the
number of subjects for whom both rating systems produced a rating of 2 %2 unit.

Agreement Males Females | Males &

Females
Either Rating 0.1% 0.0% 0.1%

Below % unit

Within + 75 units 27.0% 10.3% 20.9%
Within + V4 units 58.1% 27.1% 46.8%
Within + ¥ units 85.8% 57.0% 75.4%
Within + 1 units 98.8% 93.3% 96.8%
Greater than * 1 units 1.2% 6.7% 3.2%

90



Table 10: T.E.M. for Endomorphy

Technical Error of Measurement {T.E.M.) between the Heath-Carter equation and the
new equation for the prediction of endomorphy. Subjects were excluded from the
calculation if either system rated them “‘less than %% unit”. There were no females in the

bodybuilder sample.

T.EM.
Sample Males Females Males &
Females
All 0.25 0.41 0.32
YMCA Lifestyle 0.24 0.41 0.31
Body builders 0.17 * 0.17
COGRO 0.39 0.41 0.40
MOGAP 0.19 0.45 0.30

Table 11: Distribution Summary Statistics for Endomorphy

Summary statistics for the distributions shown in Figures 20, 21, and 22 for endomorphy
calculated with the Heath-Carter (H-C) equation and with the new equation. Positive
skewness indicates a right skewed distribution and negative skewness indicates a left
skewed distribution. Positve kurtosis indicates a flattened” distribution and negative
kurtosis indicates a “‘peaky’ distribution.

Males Females Males & Females
H-C New H-C New H-C New
Totaln| 11,887 | 11,887 6790 6790 18,677 | 18,677
Rating “< %" n 0 14 0 3 0 17
Mean| 3.76 3.81 4.55 4.81 4.05 4.18
Standard Deviation 1.38 1.18 1.45 1.07 1.45 1.24
Maximum 9.9 8.3 11.0 8.8 11.0 8.8
Skewness | 0.47 -0.05 0.56 0.06 0.50 -0.08
Kurtosis | -0.02 -0.21 0.17 0.00 0.14 -0.11
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Summary Discussion
If one was working only with the sum of 3 skinfolds, and looking at Figure 3 and Figure 4,
one would expect that the new equation would produce slightly smaller endomorphy
estimates than the existing Heath-Carter equation for sum-of-3-skinfolds below about 15
mm, slightly larger ratings between sum-of-3-skinfolds between about 15 mm. and about
50 mm., and progressively smaller ratings as the sum-of-3-skinfolds increases above about
50 mm. This expected result is shown in Figure 29 for a random sub-sample of the

population. That there is variability around this expected “U-shape™ is due to the

. sum of 3 skinfolds _ . TR : . . i
variability between the T—="—=—=7— == ratio within individuals. That the spread is most

pronounced in the middle - between about 20 mm. and 80 mm. of sum-of-3-skinfolds -
makes sense considering this is where there is the most overlap between males and

sum of 3 skinfolds

<am of 4 sKinfolds differences between the sexes 1s demonstrated in Table 3.

females; the

As summarized in Table 11, the new equation produces much less skewed results than the
Heath-Carter equation for males, females, and the combined population. While the
maximum endomorphy ratirgs are reduced from 11 to 8.8 for females and from 9.9 to 8.3

for males using the new equations, the population averages all increase slightly.

With less than one half of the sample population showing agreement within + Y rating unit
and the strikingly different distributions resulting, there is a definite, real, difference

between Heath-Carter endomorphy and the new endomorphy.
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Differences: Mesomorphy

Figures 23, 24 and 25 show the distributions for predicted mesomorphy for the new
equation and for the existing Hearh-Carter equation for the entire sample population
(n=18,677), the females only in=6.790j. and the males only (n=11,887) respectively. Table
12 summarizes the agreement between the old Heath-Carter equation and the new
equation for the entire pupulaton, and for males and females individually. Table 13
summarizes the technical error of measurement (T.E.M.) between the two equations, and
Table 14 summarizes the population statisucs.

Table 12: Agreement Between Old and New Mesomorphy Equations

Summary of mesomorphy rating differences between the Heath-Carter equation and the
new equation. Below the double line in the table the percentages are calculated using the
number of subjects for whom both rating systems produced a rating of 2 % unit.

Agreement Males Females Males &
Females
Either Rating 0.0% 0.4% 0.15%
Below % unit
Within = - units 89.8% 49.2% 75.1%
Within * % units 98.8% 93.4% 96.8%
Within £ ' units 99.8% 99.6% 99.7%
Within £ 1 units 100.0% 96.9% 100.0%
Greater than * 1 units 0.0% 0.1% 0.0%
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Table 13: T.E.M. for Mesomorphy

Technical Error of Measurement (T.E.M.} between the Heath-Carter equation and the

new aaiaton for the nredic ~F rehy Cohisot
NCY Sgquauon 1or inc yu_uu_uuu O Mesomorpny. Jt,-LJt’\.\q were excluded from the

calculation if either sysiem rated them “less than ¥ unit”™. There were no females in the
bodybuilder sample.

T.E.M.
Sample Males Females Males &
Females
All 0.06 0.1 (.08
YMCA Lifestvle 0.05 0.10 0.08
Body builders 0.14 * 0.14
COGRO 0.12 0.14 0.13
MOGAP (.07 0.06 0.06

Table 14: Distribution Summary Statistics for Mesomorphy

Summary statistics for the distributions shown in Figures 23, 24, and 25 for mesomorphy
calculated with the Heath-Carter (H-C) equation and with the new equation. Positive
skewness indicates a right skewed distribution and negative skewness indicates a left
skewed distribution. Positive kurtosis indicates a flattened™ distribution and negative
kurtosis indicates a “*peaky” distributon.

Males Females Males & Females
H-C New H-C New H-C New

Totaln] 11,887 | 11,887 6790 6790 18,677 | 18,677

Rating "< ¥4 n 2 2 14 26 16 28

Mean| 5.05 5.02 3.88 3.81 4.62 4.58
Standard Deviation 1.28 1.29 1.28 1.38 1.40 1.45
Maximum 13.8 14.2 12.5 14.2 13.8 14.2
Skewness { 0.28 0.40 0.66 0.84 0.29 (.34
Kurtosis{ 0.86 1.09 1.68 2.13 0.53 0.73
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All of the figures and tables indicate that there is very little difference between the existing
Heath-Carter mesomorphy equation and the new equation. There seems to be an average
difference of about 0.03 to 0.05 units across a broad sample of populations, with the
Heath-Carter equations producing the larger results. T-tests show that for all combinations
of sex and sample group the difference between means - though very small - is statistically
< 0.001), except for males from the COGRO sample where the mean

significan

Ll
o~

difference of 0.006 was not significant (p = 0.94). Section II has discussed the implication
of very tiny systematic differences on t-tests for large samples; it is probably fair to say

that the two methods produce, practically, the same result for most populations.

Individual results, however, are another matter. The new equation truly dissociates size
from the rating of mesomorphy using the Pamell column with height equal to 70 inches
(177.8 cm.) as the reference for a somatotype rating of 4%; the same assumptions as those
for the Heath-Carter equation and rating table. As discussed in section I.C the existing
Heath-Carter rating form, and therefore equation, does not actually dissociate size from

the mesomorphy rating.

The changing column widths as a percentage of the subject’s height as one moves away
from the 177.8 cm. in the Heath-Carter mesomorphy estimate implies that the difference
between the old and new equations should increase as the subjzct height moves farther
from this height. Figure 30 shows exactly this. Similarly, the more the subject’s
mesomorphy rating deviates from a rating of 4% - the more columns of average deviation
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For subjects near 177.8 cm. tall, or those with mesomorphy ratings near 4'4, it would be
fair to assume that the new equation is equivalent to the existing Heath-Carter equation.
Where height and mesomorphy both differ from these values this equivalence is no longer
guaranteed. This can be seen clearly in the higher T.E.M. for bodybuilders with extremely

high mesomorphy and in the COGRO sample where many of the children were relatively

short.

However, with three quarters of the sample population showing agreement within t .1
rating unit, and over 95% of the population showing agreement within * '4 unit, it would
be fair to claim that the new mesomorphy equation is practically equivalent to the existing

Heath-Carter equation for most non-extreme populations.
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Figures 26, 27 and 28 show the distributions for predicted ectomorphy for the new
equation and for the existing Heath-Carter equation for the entire sample population
(n=18,677), the females only (n=6,790), and the males only (n=11,887) respectively. Table
15 summarizes the agreement between the old Heath-Carter equation and the new
equation for the entire population, and for males and females individually. Table 16
summarizes the technical error of measurement (T.E.M.) between the two equations, and
Table 17 summarizes the population statistics.

Table 15: Agreement Between Old and New Ectomorphy Equations

Summary of mesomorphy rating differences between the Heath-Carter equation and the
new equation. Below the double line in the table the percentages are calculated using the
number of subjects for whom both rating systems produced a rating of = 14 unit.

Agreement Males Females | Males &
Females
Either Rating 11.1% 9.3% 10.4%
Below % unit
Within -1-‘5 units 92.5% 95.8% 93.7%
Within * % units 100.0% 100.0% 100.0%
Within + ' units 100.0% 100.0% 100.0%
Within + 1 units 100.0% 100.0% 100.0%
Greater than * 1 units 0.0% 0.0% 0.0%
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Table 16: T.E.M. for Ectomorphy

Technical Error of Measurement (T.E.M.) between the Heath-Carter equation and the
new equation for the prediction of ectomorphy. Subjects were excluded from the
calculation if either system rated them “‘less than %% unit”. There were no females in the
bodybuilder sample.

T.E.M.
Sample Males Females Males &
Females
All 0.04 0.03 0.04
YMCA Lifestyle 0.04 0.03 0.04
Body builders 0.07 * 0.07
COGRO 0.02 0.02 0.02
MOGAP 0.02 0.02 0.02

Table 17: Distribution Summary Statistics for Ectomorphy

Summary statistics for the distributions shown in Figures 26, 27, and 28 for ectomorphy
calculated with the Heath-Carter (H-C) equation and with the new equation. Because of
the obvious, severe truncation at the lower end of the distributions neither skewness nor
kurtosis are included.

Males Females Males & Females
H-C New H-C New H-C New
Totaln}] 11,887 | 11,887 6790 6790 18,677 | 18,677
Rating “< %’ n 809 1319 441 629 1250 1948
Mean 2.31 2.39 2.65 2.72 2.43 2.51
Standard Deviation 1.12 1.11 1.12 1.10 1.13 1.12
Maximum 8.9 8.9 13.9 13.9 13.9 13.9
Skewness - - - - - -
Kurtosis - - - - - -
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Summary Discussion

For height-weight ratios above 40.75 - corresponding to height-adjusted body weights
below 72.6 kg, and Heath-Carter ectomorphy ratings above 1.25 - the old and new
equations are identical, except all constants are given to four significant digits in the new
equation rather than three. There are very slight differences shown between the two
methodologies, but they are purely a result of the number of digits in the calculation and

the effects of rounding to the nearest /4 somatotype unit before comparing.

The Heath-Carter recommendation of using a different equation - and especially the nature
of the relationship - for (rounded) ratings of 1 and below has never being well justified.
This extra equation results in questionable population distributions; Figure 28, the male
distribution, is particularly bizarre. That all of the other somatotype components, for all
the other populations and subpopulations, produce moderately smooth, unimodal, curves
indicates that the bimodal “hump” inflicted on the endomorphy data by the extra equation

is unnatural, and probably unjustifiable.

That both the Heath-Carter equation(s) and the new equation for rating ectomorphy
relegate a large part of the population (over 11% for males using the new equation) to the
rating of “less than 4" is unfortunate for those wishing to use somatotype to differentiate
between the ponderous and the extremely ponderous. It is, however, much better to
recognize the limitation of the tool than to try and modify it to perform a task it is not
suited for. Modifications such as opening the scale to ratings of zero and below, defining
ectomorphy to be “‘ponderosity” rather that “linearity”, or treating arbitrarily small ratings
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mathematically different, would all solve the small problem at hand, but would

fundamentally destroy some aspect of the tool as a whole.
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X: Conclusions

This thesis had three goals:

1: To test the claim that the Heath-Carter somatotype equations and the Heath-

Carter somatotype rating form produce identical results.

2: To develop theoretically and dimensionally sound equations that closely mimic

the existing somatotype form.

3: To develop a new somatotype rating form that produce identical results to the

newly developed equations .

Summary statistics and theoretical analysis have been included to show that, for most
subjects, any difference between the Heath-Carter rating form and the Heath-Carter
equations are trivial and are inconsequential. For subjects with very large skinfolds

however, the existing equation is shown to produce inappropriately large results as a result

of the unjustified use of a cubic equation.

The first goal was predicated on the assumption that the existing rating table for
mesomorphy and the existing equation for mesomorphy were dimensionally different, and

therefore would produce different results for subjects depending upon their size.

Within this thesis the existing Heath-Carter mesomorphy equation was shown to truly
produce “‘an exact decimalized rating”, exactly equivaient to the rating form; a proof never

before published. While not overly stressed in this work, the chain of logic: (i) the Heath-
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Carter equation does not dimensionally remove size from the assessment of mesomorphy.,
(11) the existing equation truly mimics the Heath-Carter mesomorphy table, and (1i1) the
Heath-Carter mesomorphy table is only a subtle modification of Parnell’s M.4 rating table
leads to the interesting conclusion that there has never been a wruly size-dissociating

anthropometric assessment of mesomorphy.

The second goal, to produce equations that were theoretically and dimensionally sound,
was achieved. For ectomorphy, the equation that Heath and Carter recommended for most
subjects was adopted for all subjects. Heath and Carter never clearly justified the use of
multiple equations for the prediction of ectomorphy, and this thesis has graphically shown

the illogical effect of their use of multiple equations.

A new equation, based entirely on the constants implicit in both the Heath-Carter
mesomorphy rating form and Parnell’s M.4 rating form was developed. This equation truly
dissociates size from the assessment of mesomorphy for the first time, and has been show
to produce only trivial differences from the Heath-Carter mesomorphy assessment within a

number of populations.

Endomorphy assessment resulted in the most dramatic departure from the existing
methodology. From the start, the idea of a cubic equation was discarded in favor of a
logarithmic-based equation, an idea borrowed from Parnell that made more intuitive sense.
During the development of the new equation a logarithmic-based equation with near

perfect agreement to the existing table was developed, yet it was discarded in favor of a
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simpler, more theoretically sound equation. To expand the existing equation to include the

specific constants from a very large (n > 18,000) population; this was done in a way

chosen to minimize any sample distribution effect.

It is felt that the new equation for the prediction of endomorphy is both historically
relevant and conceptually sound, even though it produced significantly different results

than the existing Heath-Carter equation for both individuals and for sample populations.

The equations recommended for the prediction of somatotype from anthropometry are:

Endomorphy = [3.269 x [ Ln((Zzl Skinfolds)x ST IZ(;I"“’; m —8.584
upjec L incm.

triceps sf J calf sf J

+ .l681(calfginh—- n

Mesomorphy = (.1968(arm girth—

- 18.84

170

+ 0.8973 (humerus) + 0.6291 (femur) ) X
height

Height in cm.. J_ 28.58

Ectomorphy = (0.7325
P (%/Weight in kg.

The third goal, to produce a new rating form that produced identical results to the new
equations, was also achieved. The mesomorphy section retained the idea, used since

Pamell’s M.4 form, of calculating mesomorphy from columns of deviation for the four
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predicting anthropometric values. In the new form the values were height-adjusted before

determining the deviations, thereby removing size from the prediction.

The endomorphy and ectomorphy sections were represented as both lookup tables (similar
to the existing Heath-Carter form) and as graphic “number lines” in two different versions
of the rating form. The results were of course the same, but the “number lines’ had certain
visual and analytical appeal. The form was put forward more as a vehicle for promoting
change and flexibility and was not being suggested as a final tool. Anyone using the new
equations, and the techniques and information used to derive them discussed in the thesis,

could produce a form cf their own design that would be just as effective.

A fourth development, not perceived at the time the goals for this thesis were originally
formulated, was required to complete this work. It was necessary to create and justify an
additional rating category for somatotype components. To date all somatotype component
ratings had been numeric. This work builds a case for the use of a “below 1/2” rating to be
used for ratings that are mathematically less than C.5. That this recommendation produced
the first non-numeric somatotype rating caused it to be approached with apprehension, yet
it dramatically simplified and unified the tool by removing the need to invent special scales
for arbitrarily small rating or to enforce different precision abeve and below arbitrary

values.

Many of the contributions of this work stand as significant in themselves: the first

demonstration of differences between the existing rating form and the existing equations;
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completely separate size from the assessment of shape.

The most important contribution is, however, felt to be the reopening of the equations to
examination, especially the endomorphy equation. It is obvious that other experimenters,
starting with the same general assumptions and datasets, could have arrived at significantly
different endomorphy equations. There is no “inherent truth” to somatotype, nothing that
can be dissected and weighed, ultrasounded, CAT scanned, or measured to determine
whose equation was “best”. Somatotype has always been historically determined by the
carefully considered opinion of a few - Sheldon, Heath, Carter, and perhaps Parnell - and

this defirition of “best” has changed over the decades. This current work needs to be

pondered and discussed, not rushed into acceptance.

Future work needs to focus first on the idea of photoscopic somatotype. To quote Parnell,
“... agreement between photoscopic somatotypists implies that they have learnt to sing in
harmony, but their song does not thereby become a science, it remains an art.” Until
Carter and Heath published their book in 1990 - fully a half a century after the original
development of somatotype - there was never a written description of how one should go
about rating a photograph. It still has never been demonstrated in print that it is possible to
learn to do so from the written instructions. Undoubtedly Heath, Carter, and perhaps
others, can rate consistently and reliably; this doesn’t make photoscopic somatotyping a
science, only - to paraphrase Parnell - a small choir.
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If photoscopic somatotyping proves to be an objective scientific tool it can be used to
support or refute many of the recommended changes in this thesis. If future studies show
that photoscopic somatotyping is too suojective to be considered as a valid scientific tool
it would open up questions as to Heath and Carter’s work, especially the nature of the
extension to the endomorphy scale where the photoscopic rating of a relatively small

number of females, all with missing skinfold measurements, have defined the nature of

endomorphy for the last quarter of a century.
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Xl: Figures

Figure 1: Parnell’s Prediction of Endomorphy from the Sum of 3 Skinfolds

Parnell’s values for the sum of 3 skinfolds used to predict endomorphy from the tables
reproduced as Figure 10 and Figure 13, showing the relationship between the natural
logarithm of this sum of > skinfolds and the predicted endomorphy.

{
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P
}

w
|
T

34 44
Ln{Sum of 3 skinfoids)
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Figure 2: Heath and Carter’s Prediction of Endomorphy from the Sum of 3
Skinfolds

The relationship between the sum of three skinfolds ( Sum3SF ), the natural logarithm of
the sum of three skinfoids { Ln(Sum3SF}!) and the endomorphy rating predicted from the
Heath-Carter somatotype rating form. The solid line represents a stylized reproduction of
Fig. 3 from Heath & Carter (1967), A Modified Somatotvpe Method™.
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Figure 5: Two New Equations for Predicting Endomorphy from the Sum of
Four Skinfolds

Solid Line: Equation Developed in section IV:

Endomorphy = [3.269 *(Ln)Ht Adjusted ¥ 4 Skinfolds)]-— 8584

Dotted Line: Sample-specific fit from section I'V:

Endomorphy = [3.768 * (LnXHt. Adjusted 2 4 Skinfolds)]— 10.668
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Figure 6: The Existing Heath-Carter Endomorphy Equation

The existing Heath-Carter equation for the prediction of Endomorphy over a large range
of skinfolds. Endomorphy =-0.7182 + 0.1451(X) - 0.00068(X)* + 0.0000014(X)’,
where “X” is the sum of triceps, subscapular, and supraspinale skinfolds.
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Figure 7 : The Difference Between the Heath-Carter Endomorphy Table and
Equation

The Heath-Carter endomorphy rating table, minus the Heath-Carter endomorphy equation
over a range of skinfolds corresponding to endomorphy ratings 0.1 - 12 (8 - 200 mm).
Because the rating form produces an answer to the nearest 2 unit, while the equation
produces a decimal answer, oscillations confined between (-0.25) and (+0.25) units would

indicate perfect agreement.
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Figure 8 :The Difference Between the Heath-Carter Ectomorphy Tabile and
Equation

The Heath-Carter ectomorphy rating iable, minus the Heath-Carter ectomorphy

: ) : hei :
equation(s) over a range of height-weight ratios (HWR = S—E\/,_g_l;.—) corresponding to
weight

ectomorphy ratings 0.1 - 9.

Because the rating form produces an answer to the nearest %4 unit, while the equations
produces a decimal answer, oscillations confined between (-0.25) and (+0.25) units would
indicate perfect agreement.

050 + - - - sk - c - - e e

0.25 1 T T T S

Difference (Table - Eqn)

0.00 + - - -

-0.25 + —- + + + + —
38 40 42 44 46 48 50 52

Height-Weight Ratio (HWR)

114



Figure 9: Sheldon’s Ht/Cube Root of Weight Table

Taken from Sheldon, Stevens, & Tucker (1940), Varieties of Human Physique. This table

allowed the user to ascertain the most likely somatotypes for a subject based on their

(height)/(\/3 weight) ratio.
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Taken from Parnell (1954), “Somatotyping by Physical Anthropometry”. This table was to
be used to aid the Sheldonian somatotyper in their original assessment of dominance of

somatotype components. It also provided a direct estimate of endomorphy and
ectomorphy based on the subject’s anthropometric measurements.
The androgyny section of the table has not been reproduced.

Deviation chart of pRysiqus
Name Age Ref. no.
Somatotype

STANDARD SCALE -5 44 4 34 -3 2% -2 -1% -1 A | mean |+ +1 1% 42 2n 3
Heaght (ins.) 575 588 601 614 626 638 65 663 675 688 70 712 724 736 749 761 713
Weighs (1bs.) &0 &9 78 &7 96 18 114 13 12 14 150 1% 167 i7% 188 193 a2
HW.Rstio 05 1078 310 113} 116 118 121 124 126 1294 132 135 137 140 143 145 148
Baoe:  Humeyus 59 52 54 5561 574 59 6.1 63 64 656 63 10 73 13 73 73 78
{cm) Femur 17 78 8.1 83 25 87 89 9.1 93 95 97 99 101 103 105 107 109
Musde: Biceps 198 209 220 232 | 243 254 265 276 287 299 310 321 332 343 354 365 1376
(cm) Calf 262 212 282 2921302 312 323 333 343 353 | 363 ] 373 383 394 404 414 424

Fat: Subcut. subscapular 50 60 0 105 125 15.0| 18.0 215 260 310 380 +

(mm) Subcut suprailizc 30 40 50 80 100 | 120 ] 150 190 230 280 350 +
Subcut. over triceps 35 45 50 75 30 105 125 150 180 21.0 250 300
Totl of 3 subcur. (T F.j 12 14 17 20 24 29 35 42 50 60 72 87 104

Androgyny:

HW. Razio 122 123 125 127 129 1311 132 134 136 138 140 142 144

arlem 124 126 128 130 133 | 135 13.7 119 141 143 +

Provisiagal estimatc Ectomaorphy at sges 1620 yry. 1 1% 2 2% 3 34 Bhoad 44 5 S¥ 6 4 7
Provisiaval estimawe En from TF. columm abhove 10 15 23 30 32 35 38 | 41 475  SA 6.1 65 70

Cdlummn code 8 85 3 93 1 14 2 % 3 34 4 4 S 5% 6 [22) 7
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Figure 11: Parneii’s 1954 Deviation Tabie, with sampie data
Figure 10, with sample data from section A.Ill indicated. Circles have been placed mid-
way between columns when the data fell mid-way; Parnell gives no rules for dealing with

this type of data.

Deviation char: of physique
Name Parmeil's example #3 Age X Refno.
Somatorype

STANDARD SCALE S 44 4 sl 3 ThA 2 1A -l 4 wh  +1  +lh 4D 4T3
Heigin (us.) $75 88 601 614 | 626 638 6 663 615 688 [\W)I 712 724 T35 749 161 TI3
Weight (Iba) © [ 78 87 % 18 14 1B 1R 14l I8 162 176 18 1983 A2
H.W. Rauo 105 1075 110 113 | N6 18 121 124 126 1294 132 | 135 137 140 143 145 148
Bone:  Humerus S0 52 SA 556 | 574 359 61 63 6 68 170 71 73 15 171 18
(cm) Femur 77 79 81 83 | 85 87 89 91 93 S g O )2:2 101 103 105 107 108
Muscle: Biceps 198 209 20 22| 243 258 %65 26 m{)w 321 332 M3 354 365 376
(cm) Calf %2 12 282 262 | 302 312 323 333 377363 1 373 383 394 404 414 424

Par: Subcut. subscapular SO0 60 10 S 125 | 150 | 180 25 260 310 380  +

(mmn) Subcut. suprailliac 30 40 50 80 100 | 120 | 150 190 230 280 350  +
Subcut. over mazps 35 45 50 75 90 | 105} 125 150 180 220 250 300
Total of 3 subcur. (T.F} 12 14 17 2 P 2 5 | 42 0 & 8104

Androgyvy:

H.W. Rano 122 123 134 136 138 140 142 144

aks 124 135 137 139 141 143+

Provimianal estmate Ecomarphy st ages 16-20 yrs. 1 14 & s 54 6 ] 7
Provug csumate EM fram T.F. colugm sbove 10 15 4.1 475 54 6.1 g 7.0

Colump code 8 83 9 9.5 1 1% 444 S S¥i 6 [ 7
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Figure 12: A Sample of one of Pamell’s five 1954 Endo-Meso tables

Taken from Parnell’s “Somatotyping by Physical Anthropometry” (American Journal of
Physical Anthropology, 1954). These tables were used to calculate the relative
endomorphy to mesomorphy for a subject’s somatotype based on their anthropometry.

Only the section of the table relevant to the example in section A.IIl has been reproduced.

‘, Men aged 17 - 24 T |
Height/cubed root (Weight) 13.00 - 13.45 inclusive

HEIGHT ENDO-MESO
INCHES ESTIMATE 2 3 3% 4 4%

Humerus, cm 6.4

74 15| 17
Femur, cm 8.9 10.1 103105
68 - 69.9 Biceps, cm 250 26.1 31.7 328 339

Calf, cm 31.2 323 37.3 3841 394

Total Fat, mm 23

58 69 | 83

118



Figure 13: Parnell’s 1958 M.4 Deviation Chart

Reproduced from Behavior and Physique by R.W. Parnell (1958), p. 21, representing the
first self-contained anthropometric somatotyping system.

ADULT DEVIATION CHART NAME AGE DATE
OF PHYSIQUE OCCU PATION MamedSmgle. Ch:M F REF No.
{Malc Stndards)
fac Age
(mms) Owor mocps o 16-24 12 15 18 2 27 33 40 48 57 6 8 100 120
Subscspuis e 1534 5 18 p») 27 1 42 50 59 70 34 101 120 142
Suprailiac e 3544 17 21 25 30 37 46 55 66 K} 95 116 138 162
Totl Pat o 4554 18 2 27 32 40 49 9 71 84 102 124 147 172
ENDOMORPHY Estumate 1 1% 2 2% 3 3% 4 % b] 5% [] 6% 7
Heagki(ns.) o 55.0 565 580 595 61.0 625 640 655 670 685 700 715 T30 745 760 775 790 805
Pone: Humerus o 534 549 564 5.78 593 607 622 637 651 665 680 695 709 724 738 753 767 782
(cms.) Femur e 762 783 804 824 845 866 887 908 928 949 970 991 10.12 1033 1053 1074 1095 11.16
Muedc:  Bioeps e 244 250 257 263 270 277 283 290 297 303 310 316 322 330 336 343 350 356
(ans.} Calf 285 293 30.1 308 316 324 332 339 347 35S 363 371 378 386 394 402 410 418
First cstm ax of mesamarphy 1 14 2 2% 3 34 4 ¥4 M 5% 6 & 7
Correcnan for fs (T F. mms.) 12 15 18 2 27 33 40 48 52 68 83 100 120 140
Age: 16-24 B T R L S 1 S T 17 S )
25.34 (+4) +4 A4 4 0 A R 4 S CIM 2% 2 3% -4
35+ (+4) (+7) 4 + 0 S B A -1 -1% -2 2% 3 3%
MESOMORPHY (coreacd csamax) 1 1% 2 2% 3 37 4 4 b) pi] 6 [ 7
Weght Wb, HWR. Age
Present 18 121 123 125 127 129 131 133 135 137 138 140 142 144
HK.W. 3 117 120 122 125 128 13.0 132 134 136 138 140 142 144
Usual 28 115 1184 121 124 126 128 130 133 135 137 139 142 144
AL 18 yean 33 113 117 120 123 125 127 129 132 134 136 139 141 144
A3 e 38 112 115 118 121 124 126 128 131 133 136 139 141 144
Reomnt chmnge 43+ 111 114 117 120 123 126 128 131 133 136 139 141 144
ECTOMORPHY 1 1% 2 2% 3 3% 4 w4 5 bS] 6 &4 7
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Figure 14: Parnell’s 1958 M.4 Deviation Chart with sample data

Figure 13, with sample data from section A.IV indicated.

ADULT DEVIATION CHART NAME Parnell’s 1954 subpect #3 . AGE 24 DATE
OF PHYSIQUE OCCU PATION MamcdS mgle. Ch:M___ F__ REENo.
Male Sand SO
Fac Age
(mms) Over mceps o 16-24 12 15 57 68 83 100 120
Subscapulsr o 2534 15 18 70 84 101 120 142
Supraiiac e 3544 172 7 95 116 138 162
Toml Fat 200 45-54 18 2 84 102 124 147 T2
END_ MORPHY Esmmur 1 % S S 6 &k 1
Fio ght (ins.) 550 565 S8.0 595 610 625 T30 745 760 TIS T90 805
Pone:  Humens 534 549 564 578 593 607 709 724 738 753 147 7182
(ans)  Femur 762 783 B804 824 BA45 866 10.12 1033 1053 10.74 10.9% 11.16
Muscle:  Biceps o 244 250 257 263 270 217 322 330 336 343 350 356
(cms)  Calf 285 293 301 308 316 324 378 38.6 394 402 410 418
First csum ae of mesomarphy 1 14 5 hic] 6 4 7
Correcnan for far (T F. mms.) 1215 52 68 8} 100 120 140
Age: 16-24 4 w2 w3 4
2534 (#A) 4 AW W 24 2% 3k 4
35+ (#4) (+4) 1 an 2 a3 £
MESOMORPHY (corrected ) ) i % S %M 6 a1
Weight Wub. HWR. Age
Present 146 132 18 121123 125 127 129 131 135 137 138 140 142 144
HX.W. b} 117 120 122 125 128 130 134 136 138 140 142 144
Usual 28 115 118 121 124 126 128 P 133 135 137 119 142 144
AL 18 yea 33 113 117 120 123 125 127 129 132 134 136 119 141 144
Ar23 yes 38 112 115 118 121 124 126 128 131 133 136 139 141 144
Recmnt change 43+ 11 114 117 120 123 126 128 131 133 136 139 14f 144
ECTOMORPHY 1 M2 M3 34 @ w4 s w6 M 7
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Figure 15: Heath-Carter (1967) Somatotype Rating Forr

Reproduced from “A Modified
Anthropology, by Barbara Honeyman Heath & J.E. Lindsay Carter (1967), representing
the first true phenotypic (assessing current physique) somatotype rating system based on

anthropometry.
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Figure 16: Heath-Carter (1967) Somato

i i 1 Th . PRy I RO . .
Figure 15 with sample data from section A.V. The right portion of the rating form has
been truncated to improve readability.
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Figure 17: Heath-Carter (1990) Somatotype Rating Form

Reproduced from Somatoryping Development and Applications, by Carter & Heath

(1990). This rating form is nearly identical to the form reproduced as Figure 15, but uses
metric measurements for height and weight, and includes a height correction for

endomorphy. The nght poruon of the rating form has been truncated to improve

readability
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ectomorphy are derived from number lines, similar to conversion scales on rulers and

The Number-line version of the new somatotype rating form.
slide-rulers.
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Figure 20: Endomorphy Ratings for All Subjects, Old & New Equations

Endomorphy - Alf subjects

Number of subjects

126



Endomorphy - Females

——— Heath-Carter

— = — New

1400 1

1200 4

1000 +

+

§ &

®oeigng jo Jequuny

§

Below

Endomorphy

127



Endomorphy - Males

——— Heath-Carter

=== New

11

10

1

128



Mesomorphy - All Subjects

Heath-Carter

—— = New

®2eiqnS J0 sequuny

10

Mesomorphy

129



Mesomorphy - Femaies

Heath-Carter
=~ = New

1400 +

%26{qns J0 Jequiny

10

Mesomorphy

130



Number of Subjects

Mesomorphy - Males

——— Heath-Carter
—— = New

131



Ectomorphy - All Subjects

—— Heath-Carter

= = = New

10

Below

Ectomorphy

132



ew Equations

Ectomorphy - Femaies

———— Heath-Carter

—~ = New

1400 1

1200 +

Rh!

o]

Below

133



Equations

Ectomorphy - Males

——-- Heath-Carter

=~ = New

10

1

Below

Ectomorphy

134



Figure 29: Difierence between Oid and New Prediction Equations for
Endomorphy

Heath-Carter equation-predicted endomorphy minus endomorphy predicted with the new

equation versus the sum of 3 skinfolds (triceps, subscapular, and supraspinale) for 546
subjects selected at random from the sample population (approximately 3% of the

population).
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Figure 30: Difference between Old and New Prediction Equations for

Mesomorphy versus Height

Heath-Carter equation-predicted mesomorphy minus mesomorphy predicted with the new
equation versus subject height for 542 subjects selected at random from the sample
population (approximately 3% of the population).
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Heath-Carter equation-predicted mesomorphy minus mesomorphy predicted with the new
equation versus the Heath-Carter predicted mesomorphy for 542 subjects selected at
random from the sample population (approximately 3% of the population).
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This section chronicles the development of modern somatotyping by following the
methodological evolution. Enough information is given to allow the reader to understand
how each method was used and, where the information is available and relevant, how the
method was developed, but it does not represent step-by-step instructions for the use of

each system. Interested readers are directed to the original sources cited.

A.l Sheldon’s 1940s Somatotype

The following description is summarized from The Varieties of Human Physique

(Sheldon, Tucker and Stevens, 1940), primarily chapter 4: How to Proceed in

Somatotyping.

Photographs of the subjects in minimal or no clothing are taken following well
described procedures and suggestions, producing the classic “somatotype
photographs™ which show the subject in approximately anatomical position from

the front, rear, and left sides.

The photographs are assessed to determine a “first approximation” of somatotype.
This was to be done based on experience, in conjunction with written descriptions

for the 76 somatotypes encountered by Sheldon to that time (given in chapter 6 of

the same book).
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The subject’s height-weight ratio, ——}Eg—}lt——, was then calculated and compared to

3/weigh

/W t
a table (reproduced as Figure 9). Possible somatotypes were extracted from the
table and ranked based on their likelihood; from the row matching the subject’s
height-weight ratio all somatotypes were extracted if (i) they maintai~<d the
component dominance of the original somatotype estimate (mesomorphy larger
than endomorphy, larger than ectomorphy, for example) and (ii) they differed from
the original estimate by no more than 1 unit in any somatotype component. This
same extraction was performed for 1,2,3, and 4 rows above and below the
subject’s height-weight ratio. The possible somatotypes were then ranked based on
how much their row deviated from the subject’s height-weight ratio row, those in

the same row receiving a ranking of “0”, one row away receiving a ranking of “1”,

and so on.

The photographs were then visually reassessed, considering the body as five
distinct regions: (I) head and neck, (II) thoracic trunk, (III) arms and hands, (IV)
abdominal trunk, and (V) legs and feet. Only very slight descriptive help was given
for this task and only 76 photographs were included for comparison (not
encompassing all 76 possible somatotypes); presumably one relied on “experience”

for this step.

Measurements were taken from the photographs to represent each of the five

regions of the body, four in the head and neck, three in the thoracic trunk, three in
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the arms and hands, three in the abdominal trunk, and four in the legs and feet.
Each of these measurements was expressed as a percentage of the subject’s height
and looked up in a table, identical in format to the height-weight ratio table for the
whole body. For each region of the body the somatotype with the lowest average
ranking extracted from the tables was used as a somatotype for that region of the

body.

The five regional somatotypes were averaged to produce a final somatotype for the

subject, with each component rounded to the nearest 4 unit.

Sheldon claimed only that the tables were reasonable for males between 16 and 20 years
old. He suggested that future publications would include tables for other age groups, and

potentially for females.

It is important to note that Sheldon was recommending the combination of measurement
and photoscopic assessment at this time. He acknowledged that it would be possible to
determine somatotype from anthropometry (actually photogrammetry - measurements
from photographs - not strictly in accordance with the current use of the term

anthropometry) (Sheldon, et. al, 1940, p.103):

“The question is often asked, however, as to whether by objective
anthropometry alone the somatotype can be determined. Given only the
height and weight of a subject plus the 17 ratio-indices determined by

measurements on his photograph, could the experimenter arrive at the
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same somatotype obtained by the procedure just described? The answer
is Yes. With only slight qualification, the anthropometric methods
presented in this volume are adequate to meet the requirement of

complete objectivity ...” .

A.ll. _Sheldon’s 1954 Atlas

Sheldon’s 1954 Atlas of Men (with Dupertuis and McDermott) represented a pivotal work
in somatotyping, both for what it contained and what it did not contain. The work
contained some 1100+ photographs with their regional somatotype ratings as well as
height-weight ratio tables for males in five-year increments from 18 to 63 years of age. It

also contained entertaining animal analogs for each of the 88 somatotypes then accepted

to exist.

Perhaps more interesting is what the Atlas did not contain. Despite being used as a de
facto reference for Sheldonian somatotyping by those later writing in the area, it contained
absolutely no information for how to determine somatotype from the photographs; this
despite claims in the preface that this was precisely the purpose of the book. Detailed
information was given as to how to take the pictures, but no information was given as to
what to do with these photos once obtained. We were given Sheldon’s opinions as to why
measurement-based somatotyping was inadequate, witty barbs fired at his critics,

entertaining prejudices about the various somatotypes, but no useful information on how

to actually assess somatotype.
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If a reader was already familiar with photoscopic assessment of somatotype the Arlas
represented an incredibly useful reference work. If they “lacked the gift” (as Sheldon put it
in Varieties of Delinquent Youth, 1949, p.40) to assess photographs to determine

somatotype, the Arlas was nothing more than entertaining reading.

A.lll. _Parnell’s 1954 Table

The following was summarized from “Somatotyping by Physical Anthropometry” by

Parnell (1954).

Parnell developed a deviation table to aid in the visual assessment of the relative
dominance of somatotype components - the critical part of Sheldonian
somatotyping as described in Varieties of Human Physique. This table (reproduced
as Figure 10) allowed the somatotyper to look at the sum of three skinfolds (an
indicator of endomorphy), humerus width, femur width, flexed arm girth, and calf
girth (indicators of mesomorphy), all relative to the subject’s height and make an

assessment of relative dominance of somatotype.

More detailed steps were given to use the anthropometry to determine a close
somatotype estimate which involved five additional tables. An example of this

procedure is given below.
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somatotyping. That this would indeed be possible with his tables was discussed

with some trepidation by Parnell.

Parnell acknowledged that the tables were based on relatively limited data, and

were most effective with subjects of approximately average height. Some

discussion of their application for somatotyping older males and females was put

forward.

(example #3 from Parnell’s paper):

Height = 69.61n. Weight = 1461bs Age = 24yr.
Humerus = 6.5cm. Femur = 9.8cm. Biceps = 30.5cm.
Calf = 348cm. Total fat = 20.0 mm.

height ~13.2

3,/ weight

This height-weight ratio and the anthropometry were circled on the deviation
chart. The direction of the line connecting the subject’s height and their fatness and
the position of the bone and girth measurements relative to this line were used - in
conjunction with some prototypical relationships given by Pamell - to assess the

relative strength of the somatotype components.

Parnell gave no suggestions on how to handle data that lay between values on the
rating form. Coincidentally, both bone breaths and both girths for this subject lie
exactly mid-way between columns; it was decided to place circles at the mid-way
points, rather than producing a consistent “round up” or “round down” rating bias.
This was done because the pattern of the data around the line was the critical
indicator used at this point, and because Pamell gave no indications how to deal
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with the problem.

For this subject the first indication is that endomorphy is the lowest component.
Either mesomorphy and ectomorphy are equal, or mesomorphy is slightly larger; it
is unclear because the subject’s pattern does not exactly match any of Parnell’s

prototype patterns.

The subject’s height-weight ratio was to be used with this information to extract
from Sheldon’s original table (reproduced as Figure 9) the most likely candidates
for their somatotype. For this subject, with a height-weight ratio of 13.2 the only
likely somatotypes with endomorphy lowest and mesomorphy slightly larger or
equal to ectomorphy are 3-5-4 and 2-5-4. Photographic comparisons could be

used to narrow down this estimate further.

If the subject was in good health and approximately of average height - Pamnell
never commented on the precise problems imposed by taller or shorter individuals
- further information could be extracted directly from the table. A provisional
estirnate of endomorphy could be obtained by direct inspection below the subject’s
sum of three skinfolds (abbreviated TF, or total fat on the table). For this subject
this results in a provisional estimate of 3 for endomorphy. Likewise a provisional

estimate for ectomorphy could be read from the table based on the subject’s
height

3 / weight

provisional estimates and the previous information from Sheldon’s table, the best

ratio; for this subject the provisional estimate is 3% or 4. Based on these

working estimate for this subject at this point would be 3-5-4.

To this stage, no anthropometry has been used for prediction of mesomorphy. If a
more precise estimate of the subject’s somatotype was desired the anthropometry
could be looked up one of a series of tables to calculate a better estimate of the
subject’s relative ectomorphy to mesomorphy ratio. For our sample subject with a
height-weight ratio of 13.2 we have to look at table for ratios between 13.00 and
13.45 inclusive. The relevant subsection of the table is for subject’s with heights
between 68.0 and 69.9 cm.; this section is reproduced as Figure 12.
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Endo-meso estimate

Humerus 6.5 cm. 2%
Femur 9.8 cm. 4v4
Biceps 30.5 cm. 4%
Calf 34.8 cm. 3.75
13y
4
Total fat 200mm =2

The endo-meso estimates and value for total fat were selected from the appropriate
table for the subjects height-weight ratio and for his height The average value for
the muscle and skeletal measurements were used to indicate the relative dominance
of mesomorphy, and the sum of three skinfolds (“total fat”’) was used to represent
the relative dominance of endomorphy. This indicates that the final rating for the
sample subject should contain endomorphy and mesomorphy in a ratio of

approximately 2 : 3%.

Taking this information and the original estimates of 3-5-4 and 2-5-4 into account

a reasonable estimate for the subject’s somatotype is 3-5-4 or 214-5-4.

Parnell, working through the same example, came to a conclusion of 2-4}4-4. No
indication of how he arrived at this result was included in the work.

It is important to note that Parnell’s 1954 contribution was not a single specific technique

for estimating somatotype from anthropometry; it was a collection of three different tools

that could be used individually, or combined to estimate somatotype. Parnell considered

this primarily in the context of a quick clinical method of estimating somatotype that

agreed well with Sheldonian somatotype under some conditions.
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The following was summarized from Behavior and Physique by Pamnell (1958), primarily

Chapter 1: Technique.

Parnell took his 1954 table and made logical modifications to allow the predictien of
somatotype (or at least a phenotype to approximate a somatotype) from anthropometry

alone. The resulting M.4 deviation table is reproduced as Figure 13.

The sum of three skinfolds - triceps, subscapular, and suprailliac (now called
supraspinale) - was still used to estimate endomorphy. Where the 1954 table was only
designed to be used for subjects from 17 to 24 years of age, the new M.4 table had values
for ages 16 to 54 years. That older subjects were expected to be fatter than younger
subjects for the same endomorphy rating was apparently an attempt to keep aligned with
Sheldon’s view that a subject’s somatotype should not change, even if the subject put on

adiposity while aging.

The relationship between the sum of three skinfolds and the predicted endomorphy was
logically adjusted; Parnell commented on the fact that skinfolds are not normally
distributed, being skewed towards the higher values, and that the natural logarithm of the
values was much more normally distributed for the samples to which he had access. This
resulted in the use of the natural logarithm of the sum of the three skinfolds being linearly

related to the predicted endomorphy rating. Figure 1 displays this change graphically.
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., height ) ) ) .
The subject’s 80 ratio was still to be used to estimate an ectomorphy rating. The

3/ weight
relationship between height-weight ratio and predicted ectomorphy was maintained almost
identically from the 1954 table for 18 year olds. Additional scales were given for older

subjects in five year increments, again acknowledging the Sheldonian idea that most

individuals got heavier as they aged, but that their somatotype should not change.

The deviation of the subject’s bone and muscle measurements from their height was to be
used as an indicator of the subject’s mesomorphy deviation from a rating of 4. This
fundamental change from the 1954 table - allowing a direct prediction of mesomorphy -

was the basis of the name: “M.4 deviation table”.

The “4” column for mesomorphy estimation was derived from existing data. For all other
columns height was increased or decreased in 1.5 inch units, and the equivalent value was
calculated based on geometric similarity. For example, the humerus value for a subject

70.0 inches tall (the “4” column) was 6.80 cm. The humerus value under the 73.0 inch tall

. 73 cm.

column was set equal to 6.80 cm. * =7.09 cm.

70 cm.

The 1.5 inch increments in the mesomorphy deviation columns was chosen to allow the
average deviation of the bone and girth measurements about the subject’s height column

to best estimate the somatotype.
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Parnell acknowledged that there was a contribution to girth and bone measurements from

overlying adipose tissue. The original esumate for mesomorphy was corrected for this

adiposity; again, the correction was age-based to allow for “normal” changes with aging

not effecting the somatotype estimate.

Using the same data as used to illustrate the 1954 table, an example will be worked
through to illustrate the use of the M.4 deviation table, although Pamell gives no
directions or hints of how to proceed when the subject’s values do not correspond
exactly to a table figure. The use of the M.4 table with this data is demonstrated in
Figure 14.

The subject’s sum of three skinfolds, 20 mm. falls half-way between two table
values for subjects aged 16 to 24. Although Pamell gave no method for resolving
difficulties such as this, a choice has to be made between a rating of 2 and of 2}
for endomorphy. Presumably the rater should examine the photograph and history
of weight change to make a decision. Since this information is not available for this
subject a decision is made based on the age of the subject (not a method suggested
by Parnell) - if he was only a year older the chart give a rating of 1% to 2 for
endomorphy, so the lower of the two choices is chosen. The subject is given a
rating of 2 in endomorphy.

The subject’s height of 69.6 inches is very close to the table value of 70.0 inches,
so this value is circled. The subject’s humerus width, biceps girth, and calf girth
also fall close to table values and are circled. The subject’s femur width of 9.8 cm.
is almost exactly half-way between table values of 9.70 and 9.91 cm. Again,
Parnell has given no indication of how to deal with such data; the circle is placed
half-way between the columns for this example.

The first estimate of mesomorphy was derived from this section of the chart as
follows: The number of columns each bone and girth measurement deviated from
the chosen height column was determined and summed. For example, the femur
width for the sample subject is two columns to the left of the height column = -2.
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The four indicators of muscular and skeletal development total (-2) + (+4) + (-1)
+ (-2) = -4% columns of deviation from the height column. -4%4 /4 =-1.1, or -1
(rounded) column of average deviation from height. To determine the first estimate
of mesomorphy the rater started with a rating of 4 and counted the number of
columns calculated from the deviation estimates; for this subject one column to the
left of 4, corresponding to the -1 average deviation, results in a first estimate of 3%4
for mesomorphy - the value is circled on the chart.

e To determine the correction factor to apply to this first estimate due to overlying
fatness, the subject’s sum of skinfolds of 20.0 mm was again located on the
appropriate table. For the sample subject it again falls half-way between two table
values, but they both result in the same correction factor of +4. 3% + 4 = 3%.
Since somatotype components were to be recorded to half-units only, and Parnell
gave no indication on dealing with intermediate values, no change is made;
resulting in a final estimate of 34 for mesomorphy for the sample subject.

e The subject’s weight of 146 pounds and height of 69.6 inches gives a
height

3/ weight
subject’s age - the 23 year old row for this subject - and the corresponding value
for ectomorphy is circled below. The subject is rated 4 in ectomorphy, giving a

somatotype of 2-3%-4.

A.V__Heath and Carter’'s 1967 Somatotype Rating Form

= 13.2. This value is located on the table in the row closest to the

The following was summarized from “A Modified Somatotype Method by Heath and

Carter (1967). Their rating form is reproduced as Figure 15.

It 1s possible to look at the Heath-Carter somatotyping table as an “extension”, or
possibly a “correction” to Pamell’s M.4 table; Heath and Carter felt that the

somatotype calculated should be an indication of the subject’s current physique,
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and modified Parne!l’s table accordingly. Also, for the first time in somatotype

development Heath and Carter used data from both adult men and women. Their

table is reproduced as Figure 15.

In Pamell’s table endomorphy was linearly related to the natural logarithm of the
sum of three skinfolds with a different scale for different age groups. Heath and
Carter’s table was developed by taking the same sum of three skinfolds, but using
Heath’s visual rating of endomorphy as the criteria for comparison. The resulting
relationship between skinfolds and endomorphy rating (referred to as F-scale rating
occasionally in the original work) was smooth, but not linear for either the absolute

sum of skinfolds or for the logarithm of this value. This is shown in Figure 2.

When they comparing Pamnell’s M.4 table to Heath’s photoscopic mesomorphy
assessment for a broad range of subjects Heath and Carter found unsatisfactory
agreement and a systematic difference. To correct the systematic difference
Parnell’s height row from his M.4 mesomorphy table was shifted one column to
the left, effectively increasing all calculated results by one-half mesomorphy unit.
The authors claimed that Pamell’s method of correcting for adiposity over-
compensatzd, and they suggested a direct correction of the arm and calf girth by
subtracting the triceps and medial calf skinfold respectively. The authors

acknowledged that it was not a perfect correction for adiposity, only that it was
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simple, in the right direction, and produced resuits that were closer to Heath’s

visual assessment (used as criterion values) than those produced by Pamnell’s table.

The authors were hampered in their validation because most of the studies they
were using to create and validate their system did not include one or more of the

skinfolds, and for many of their samples they were forced to estimate the required

measurement(s).

After constructing a table of somatotype - visually assessed by Heath - versus

height
3 weight

component rating. Although more than one ectomorphy rating was regularly given

the data contained were plotted showing the ratio versus the third

to subjects with the same height-weight ratio, and subjects with different height-
weight ratios were regularly given the same ectomorphy ratio, a clear, linear
relationship was evident. The equation (ectomorphy) = 2.42 (height-weight ratio) -
28.58 showed no systematic difference {(except with athletes where an average
difference of 0.2 units appeared, and was ascribed to a rater bias towards a slightly
less linear rating for athletes) and had an agreement of plus-or-minus one-half unit
91% of the time. This equation was used to calculate the midpoints for the

ectomorphy section of the rating form.
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be used to determine if 2 or 1 was the more appropriate rating.

Using the same data used to illustrate Parnell’s 1954 table and his M.4 table, an
example will be worked through to illustrate the use of the Heath-Carter
somatotype rating form. In Pamell’s example no values were given for the
individual skinfolds; for this example the values for the triceps and medial calf
skinfolds were calculated as the average value for males between 20 and 34 years
old with a sum of three skinfolds of 20.0 mm, from the Canada Fitness Survey.

This somatotype determination is demonstrated as Figure 16.

Height = 69.6in. Weight = 146lbs Age = 24yr.
Humerus = 6.5cm. Femur = 98cm. Biceps = 30.5cm.
Calf = 348cm. Total fat = 20.0 mm.

Triceps skinfold = 55 mm. Medial Calf skinfold = 5.5 mm.
_height —132

,3/wei ght

The subject’s sum of three skinfolds, 20 mm., found in the appropriate section of

the rating form and circled, results in a raiing of 2 for endomorphy.

The subject’s height of 69.6 inches is very close to the table value of 70.0 inches,
but Heath and Carter do not have the rater circle the nearest value. A mark is to be
made showing the actual position of the subject’s height in the height scale. Since
the subject’s height of 69.6 inches is three-quarters of the way between 68.5 inches
and 70.0 inches a mark (in this case a large, black dot) is placed appropriately. The
subject’s humerus width and femur widths are located and circled; the subject’s
femur width of 9.8 cm. is again almost exactly half-way between table values of
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9.70 and 9.91 cm. In this work Heath and Carter explicitly state that the closest
values are to be circled, so 9.70 cm. is circled. Similarly the skinfold corrected arm

and calf girths are calculated and circled (for example, corrected 'm girth = 30.5
5.5 mm. .

cm. - ——— = 29.95 cm., the closest value is 29.7 cm. on the table).
10 mx=/

Mesomorphy was derived in a similar manner to that used with Parnell’s M.4 table,
the average deviation of the bone and girth measurements was used to indicate the
deviation from a mesomorphy score of 4. The four indicators of muscular and
skeletal development for this subject total (-34) + (+1%4) + (-34) + (-134) = -2

-2
columns of deviation from the height column. T -=-1%, or -1 (rounded) column

of average deviation from height. To determine mesomorphy the rater started with
a rating of 4 and counted the number of columns calculated from the deviation
estimates; for this subject one column to the left of 4, corresponding to the -1
average deviation, results in an estimate of 3% for mesomorphy - the value is

circled on the chart.

The subject’s weight of 146 pounds and height of 69.6 inches give a
_height = 13.2. This value is located on the table and the corresponding value for

%/wei ght
ectomorphy circled. The subject is rated 3% in ectomorphy, giving a somatotype of
2-31%-3%.

Hebbelinck’s et. al. 1973 Modification to Heath-Carter Endomorphy

In “A Practical Outline for the Heath-Carter Somatotyping Method Applied to Children”,

Hebbelinck, Duquet, and Ross (1973) considered the application of the Heath-Carter

somatotype rating form for the assessment of children. They acknowledged that the

Heath-Carter method does consider the different relative contribution to perceived

mesomorphy in adults and in children, but made no suggestion as to its effect or

153



correction. They point out that, while Heath-Carter determination of mesomorphy and
ectomorphy control for the size of the subject, endomorphy determination did not; a small
child with a sum-of-three-skinfolds of 25 mm. would visually appear much fatter than a
tall man with the same 25 mm. sum-of-skinfolds, and should logically receive a higher

endomorphy rating.

The authors suggested that the sum of skinfolds should be adjusted to an arbitrary height
before using the table. The authors suggested multiplying the subject’s sum of three

170.18 cm
subject’s height in cm

skinfolds by , geometrically scaling all subjects to a common height

of 5°7”” (170.18 cm.) before determining an endomorphy rating.

A.VII Heath and Carter’'s Modern Somatotype Rating Form

The current somatotype rating form for the determination of a Heath-Carter
anthropometric somatotype has been reproduced from Carter and Heath (1990, p.370) as

Figure 17. It is effectively the same as the 1967 table, with the following changes:

e Height and weight are measured in centimeters and kilograms instead of in inches
and pounds. The necessary conversions have been made in all parts of the table.

e The height correction for endomorphy suggested by Hebbelinck, et. al. has been
included.
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A.Viil Carter’s 1980 Equations

The following was summarized from “The Heath-Carter Somatotype Method, 3rd.

edition”, by Carter (1980).

The author claimed that the following equations “produce an exact decimalized

rating based on the measurements provided” (p. 5-22b).

Endomorphy = -0.7182 + 0.1451(X) - 0.00068(X)” + 0.0000014(X)’

where X = sum of (triceps, subscapular, suprailliac skinfolds)

N . 170.18 cm
— 4 hea %k
and X = [Sum Of (mCCpS, Suu.,capular, SUpl'alHlaC Skll’lfOldS)] S ]jCCl'S height in ¢

for height-corrected endomorphy.

Mesomorphy =  0.858(humerus) + 0.601(femur) + 0.188(corrected arm girth)

+ 0.161(corrected calf girth) - 0.131(height) + 4.5

HWR = _E_E}L.
,3/wei ght
If HWR > 40.75: Ectomorphy = 0.732(HWR) - 28.58

If 40.75 > HWR > 38.25: Ectomorphy = 0.463(HWR) - 17.63

If HWR > 38.25: Ectomorphy = 0.1

No information in this or in any later work explained the methodology used to produce

these equations, although the ectomorphy calculation for height-weight ratios greater than
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or equal to 40.75 is the same equation cited by Heath and Carter (1967), with the units

converted from imperial to metric.
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