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Anthropometry has a long tradition as a recognized part of physical anthropology-
Although there is a general {uck of interest in anthropomelry among many physical
anthropologists today, anthropometric data have become widely utilized and applied
_in the field of human engineering, which is concerned with the integration and com-
" patibility between man and all kinds of equipment. The need for anthrapometric daia
- for use in human engineering is constantly increasing and potential opportunities for
 the applications of anthropometry are expanding rapidly. The scurces of anthropometric
data on the U.S. military population and on the U.S. civilian population of adults
and children are reviewed. Sources of anthropometric data from various foreign coun-
tries also are reviewed briefly. The literature on anthropometry and human engineering

is discussed and an extensive bibliography of 105 references is provided.

INTRODUCTION

Anthropometry —the measurement of the human body— has had & long history.
Historically and traditionally the collection and analyses of anthropometric data
have been recognized as integral parts of physical anthropology. The use of anthro-
pometric data on skeletal remains or on the living for purposes of classification
or for racial investigations filled an important role in the early years of the develop-
ment of physical anthropology as a science and as a discipline.

During the past 50 years or 50, the utilization of anthropometric data for practical
applications gradually has grown and has received increasing attention. This spe-
cialized area of effort sometimes has been identified as applied physical anthro-
pology or applied anthropometry. Recently it also has been calied engineering
anthropometry in a book on engineering anthropometry methods by Roebuck,
Kroemer and Thomson (*75). _

An encyclopedic review of measurement techniques in anthropometry, entitied
A Collation of Anthropometry and ‘consisting of 2,176 pages in two volumes,
has been published by Garrett and Kennedy (71). It is significant that the authors
saw fit to include the following statement at the beginning of their monograph:

One of our cited references states: “The great era of anthropometry has long ago come to an
end. As a field of research it has occasionally been said to be obsolete and definitely passé.”
We dedicate these volumes to our colleagues who, by applying anthropometric data to the solution
of innumerable design problems, have helped stay that verdict.

' It is ironic that there is very little interest in anthropometry today among aca-
demic physical anthropologists. In spite of the fact that relatively few physical
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anthropologists seem to be concerned with practical applications, the need for
anthropometry and the potential opportunities for its applications have steadily
increased. The result has been that others who are keenly aware of this need
have come to support the anthropometry which physical anthropologists by train-
ing are best qualified to carry on but which they have defaulted through lack
of concern or interest.

HUMAN ENGINEERING

The utilization and applications of anthropometric data have come to be recog-
nized primarily in the field of human engineering. This interdisciplinary field,
combining both research and application, is known in the United States as human
engineering (or human factors engineering), but is known more widely in Europe
and other parts of the world as ergonomics. ‘

Human engineering has to do primarily with the integration, compatibility,
performance, safety and comfort of human beings within man/equipment systems.
While a great deal of work in this field was carried on even before the term human
engineering came into use and recognition, human engineering has developed
relatively recently. 5

While human engineering or human factors activities were camed on during
and following World War II, a Human Factors Society was not established officially
in the United States. until 1956. The organization originally was called the Human
Engineering Society, then the Human Factors Engineering Society of America,
and finally the Human Factors Society. With a membership of over 1,850, this
scientific and professional association includes primarily engineers, psychologists,

- industrial designers, and others, as well as even a few physical anthropologists. 4
The Human Factors: Society is pointed out here, since it is the organization whose
members are the leading practitioners of human engineering in this country.

A fundamental concept in human engineering is the systems approach. Accord-
ing to this concept, the man together with his equipment, whether it be equipment
he is using or a machine he is operating, is considered to be a man/equipment .

b system. Further, a basic requirement for the efficient use and operation of such o

" a system is that the man and the equipment be compatible. This, of course, is

not a new idea, since hand tools and other such equipment have been designed

and sized according to individual specifications for hundreds or even thousands
of years. But with modern technology, industrial capability and mass production,
the concept of man/equipment integration and compatibility has been moved up
to higher levels of sophistication and complexity, at least in some countries.
Human engineering is considered to be the main focus of attempts to improve
man’s use¢ of equipment and machines. Human engineers are concerned with the
. integration, compatibility and interface between man and equipment. However,
whether at a simple level or at a highly complex level, the human being is still
one of the two primary components in the man/equipment oranan/machine equa-
tion. It follows, then, that information on the human being must be an important
part of human engineering, at whatever level. Knowledge of man’s body size :

+ and proportions, his capabilities and performance, his physiclogy and reactions e il

all are needed. Body size information, in the form of anthropometric data, repre- i

sents one of the basic and essential inputs in effective human engineering.

. Most physical anthropologists are familiar with anthropometry, but many physi-

s
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cal anthropologists are neither aware of nor concerned with the practical applica-
tions, actual or potential, of anthropometry. On the other hand, most human
engineers recognize the importance of anthropometry in human engineering, but
many human engineers are not familiar with the availability, sources, oF current
status of anthropometry. A review of the sources and current status of

anthropometry in the United States, particularly with respect t0 applications in
human engineering, is the primary purpose of this paper.

U.S. MILITARY ANTHROPOMETRY

Ever since World War I, the collection, analyses and applications of anthro-
pometric data on U.S. military populations have been carried on as an integral
part of military rescarch and development programs. As a result, a great deal
more body size information has been amassed for military personncl-, both men
and women, than for the civilian population of the United States. .

Since effective human engineering requires the use of body size data on the
specific population for which the equipment is intended, military anthropometry '
is one important source of the information necessary for the design and sizing
of equipment and materiel to be used by the Armed Forces. Through the compila-
tion, processing, analyses and synthesis of anthropometric data on large, repre-
sentative samples of the military population, it is possible to provide a metric
description of that population. This information then is available for general use
in the design and human engineering of military equipment and materiel, as well
as for specific application in the design, sizing and tarifing of military clothing-

. apnd individual equipment. '

Military anthropometry in the United States is notanew or even recent develop-
ment, since anthropometric data on military personnel have been in use for at
least 100 years or more. Information on the body size of Civil War soldiers
was reported by Gould (1869) and by Baxter (1875). While these data include -
only a few body measurements, they do provide some indication of the body
size of soldiérs of some 100 years ago.

A large volume of anthropometric data and statistics on World War 1 soldiers
was published by the Medical Department of the U.S. Army. In this monumental
work, Davenport and Love ("21) analyzed data on some 2,000,000 draft recruits
of 1917-1918, and on 100,000 troops demobilized in 1919. While a large part
of the material in this volume consisis of medical or clinical information, it is
significant that extensive analyses were made of the correlations between body
size and clothing size. In fact, many of the procédures'utilized today in applied
rilitary anthropometry may be traced to the work of Davenport and Love in 1921,

Interest in the utilization and application of anthropometric data was renewed
in the U.S. Army Air Forces early in World War II with the establishment of
the Anthropology Branch at the Aero Medical Laboratory, Wright Field, Dayton,
Ohio, where physical anthropologists conducted anthropometric surveys and
carnied out human engineering work on aircraft cockpits, gun turrets, oxygen
masks and flight clothing throughout the War. A summary of this work in applied
anthropometry was published by Randall et al. ((46).

Following his active duty in the Army Air Forces, Francis E. Randall transferred
torthe U.S. Army Quartermaster Corps, where he planned and directed the Army
anthropometric survey of 1946, This was the first extensive surveytobe conducted
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primarily to provide body size data for military ciothing and tariffing; it included
the measurement of both men and women. In this survey, 105,062 Army men
were measured at six scparation centers; of the total series, 96,381 men were
_scparatees, and 8,681 men were new inductees. Sixty-six body measurements

were obtained on all individuals, while body build photographs were taken of .

49,500 men. In the series of §,864 Army women measured, 5,216 were Women's
Army Corps {WAC) personnel, while 3,648 were Army nurses. The data from
these Army surveys were published in a series of some 12 technical reports
between 1947 and 1952 (White, *77). The basic data on women were reporied
by Randail and Munro ('49), and the data on men were reported by Newman
and White ('51). Extensive research on the body build photographs of Army
men was carried out by E. A. Hooton at Harvard University; his contract reports
were published in 1959 (Hooton, ’59).

Even prior to the U.S. Army Quartermaster Corps anthropometric survey of
1946, two important anthropometric studies were carried out in the Army. In the
first study, 40 anthropometric measurements of the head and face were made
on 3,075 Army men in 1945, as a basis for the development and sizing of gas

masks. Following analyses of the data, a set of 10 bronze headforms was pro-

duced; these are still in use today—30 years later. In the second study, 27 measure-
ments were made on the feet of over 7,500 Army men at Fort Knox, Kentucky.
Analyses of these foot data have been used extensively for many years in the
development and sizing of military footwear. Physical anthropologists participated
in both of these studies, which are unique, as they have never been repeated
_in this country. Reports on the head and face study were published in 1945 (Brues,
'45; Chemical Warfare Service, "435) and a report on the Fort Knox foot study
was published in 1946 (Freedman et al., ’46). The foot data also were later sub-
jected to.a factorial analysis by Jeffrey and Thurstone (’55).

As an outgrowth of the Army’s work in anthropometry and clothing, a similar
effort was initiated in the United States Marine Corps in 1948. This resulted in
a survey of 2,000 Marine Corps men, carried out by William J. Beer, a Marine
Corps officer. The anthropometric data collected were used extensively in the
development and sizing of Marine Corps clothing and equipment, but unfortunately
the data were never published in report form. 7

Another anthropometric survey was carried out by the U.S. Army Quarter-
master Corps in 1949, primarily to obtain additional data on Army men in the
younger age groups. In this survey, 7,272 men were measured, including 1,938
draftees, 3,921 enlistees, and 1,413 reenlistees. Although these data have been
utilized in research, they have not been published.

With the establishment of the United States Air Force as a separate service,
anthropometric surveys of Air Force personnel were carried out in 1950-1952.
A series of 4,063 USAF flying personnel was measured at 14 air bases in 1950;
132 body measurements were taken. This series consisted of 61% officers, 15%
cadets, and 24% enlisted men. In 1952, a survey of 3,332 Air Force male basic
trainees was conducted, in which 60 measurements were taken. Also in 1952,
63 measurements were taken on a series of 852 Women’s Air Force (WAF) female
basic trainees. The anthropometric data from these three surveys have been pub-
lished in a large number of technical reports (Reid, ’76). The basic report on
USAF flying personnel by Hertzberg, Daniels and Churchill ('54) has been widely
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used as a standard reference for anthropometric data. The series of USAF male
trainees was reported ‘by Daniels, Meyers and Churchill (°53), v_‘uhile the ‘WAF
data on women were reported by Daniels, Meyers and Worrall ("33).

To meet an increasing need for specific data on personnel in Army aviation,

an anthropometric survey of U.S. Army aviators was carried out in 1959. The

data, consisting of 41 measurements on 500 Army pilots, were reported by

White (°61).

Anthropometric data on 1,190 U.S5. Navy pilots were collected in 1957-1958,

based upon 25 measurements. Subsequently, a more extensive survey of 1,549
Navy and Marine Corps aviators was carried out in 1964, in which 96 measure-

ments were taken. The earlier work was reported by Gifford (60), while a report .

on the 1964 survey was published by Gifford, Provost and Lazo ("65).

New anthropometric surveys of the U.S. Armed Forces were proposed in 1964
by the Defense Supply Agency, with the ultimate objective of achieving improve-
ments in the sizing, fit, tariffing, distribution and issue of military clothing and
personal equipment. The purpose of the new surveys was two-fold. Initially,
there existed a requirement for the updating of anthropometric data on the U.S.

military population. Since the basic Army data were some 20 years old and the

Air Force data were about 15 years old, new body size information was required
for the younger generations of men in the Armed Forces. Secondly, it was recog-
nized that data should be obtained for all of the Armed Forces, so that surveys
were planned to include samples from the major groups comprising the U.Ss.
military population. : :

In planning the anthropometric surveys, it was agreed that surveys of Army, '

Navy, and Marine Corps personnel would be conducted by U.S. Army anthro-
pologists, while those of Air Force personnel would be carried out by Air Force
anthropologists. Following a year of planning, preparation and coordination, the
surveys were initiated in August, 1965, when the Air Force obtained 158 measure-
ments on a series of 2,632 USAF basic trainees. Seventy body measurements
‘were taken in the Army, Navy, and Marine Corps surveys, which were carried

out between November, 1965, and April, 1966. The total Army series of 6,682
men included 2,639 basic trainees, 3,429 infantry personnel, 489 armored crew- .

men, and 125 Army aviation personnel. The Navy series cunsisted of 4,095 recruits
in training, while the Marine Corps sample comprised 2,008 men. The field work
 of these surveys was completed in 1967, when the Ajr Force obtained 187 measure-
ments on 2 series of 2,420 USAF flying personnel between January and March,
1967. The data on the 1967 flying personnel were included in a NATO-AGARD
report edited by Grunhofer and Kroh (*75), and subsequently, the Air Force
data from both 1965 and 1967 were published in a report by Churchill, Kikta
and Churchill (77). The U.S. Army data were published by White and Churchill
(’71), while the Marine Corps data were also reported by White and Churchill
(’77); the data on Navy recruits have not been published as yet.’

The anthropometric surveys of the U.S. Armed Forces, carried out between
1965 and 1967, represented a new approach in that for the first time standard
-body measurements were taken in coordinated surveys on personnel of all the
military services within the same time frame. These data provided a basis for

describing the body size of the U.S. military population at thattime and made -

possible direct comparisons of body size among Armed Forces personnel.
“Following the Armed Forces surveys, two anthropometric surveys of U.S.
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Army aviation personnel were carried out. In the first, nine body measurements
were made on a series of 1,640 Army warrant officer candidate flight trainees
in 1968 and reported by Schane, Littell and Moultrie ('69). In the second, a series
of 1,482 Army aviators was measured in 1970; 85 measurements were taken,
and the data were reported by Churchill et al. (71). :

An anthropometric survey of U.S. Air Force women was conducted in 1968,
in which 137 measurements were made on a sample of 1,905 women, including
officers, Air Force nurses, and enlisted women. This survey was reported by
Clauser et al. ("72). In the most recent U.S. military anthropometric survey,
carried out in 1976=1977, 128 body measurements were made on a sample of
1,331 U.S. Army women, including officers, Army nurses, and enlisted women.
In addition to the anthropometry, data also were collected on smaller series of

o

women for workspace measurements and for static muscle strength measurements. -

At the conclusion of the women’s survey, a small sample of 287 U.S. Army
men also was measured in order to obtain directly comparable anthropometric,
workspace, and strength data for both Army men and women. The results of
this survey have been published in a series of four technical reports by various
authors: Laubach et al. (*77), E. Churchill et al. (77, T. Churchill et al. (77,
and McConville et al. ('77). ‘

In this summation of military anthropometry in the United States, it may be

" seen that Army men, Army women, Army aviators, Marine Corps men, Navy

aviators, Air Force flying personnel, Air Force male trainees, and Air Force
women all have been measured twice in major anthropometric surveys at various
times during ithe past 30 years.

U.S. CIVILIAN ANTHROPOMETRY

~With approximately 20 major anthropometric surveys during the past 30 years,
a large amount of anthropometric data has been accurnulated on U.S. military
personnel, both men and women. By contrast, the paucity of reliable and repre-
sentative anthropometric data on the U.S. civilian population is a serious short-
coming.

While it can be argued that military personnel are, of course, drawn from the
civilian population and that military anthropometric data therefore are applicable
where body size information is needed, there are some distinct constraints. The
first and most obvious is that the military population is, by and large, a young

- population with a heavy concentration of individuals between 20 and 35 years

of age, whereas the civilian population varies from the teens to the elderly, with a
much greater range of age. Secondly, there is the constraint of selection in that
the limits for stature and weight imposed in the physical standards used by the
Armed Forces eliminate extremes of body size from military service. In general,
anthropometric data for civilians show greater ranges of varation-in body size

and also higher standard deviations for body measurements than do military data. -

Despite these constraints, however, the lack of adequate civilian data for some
body measurements forces the use of military data—there is no alternative. For
instance, there are virtually no anthropometric data available on the heads and
faces, the hands and the feet of U.S. civilian men and women. _
The first major anthropometric survey of U.S. civilian women was carried out
=in 1939—1940 by the Bureau of Home Economics, U.S. Department of Agriculture,
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with the assistance of the Works Progress Administration (WPA). In this project,
59 body measurements were taken on almost 15,000 women, primarily for appli-
cation in pattern and garment construction. The report of the survey, including
analyses of the data, was authored by O'Brien and Shelton (*41).

A limited number of body measurements were taken during a national Health
Examination Survey of U.S. civilian men and women, carried out between 1959
and 1962 by the Public Health Service, U.S. Department of Health, Education,
and Welfare (HEW). In this survey, covering individuals between 18 and 79
years of age, 3,091 men and 3,581 women were measured. Anthropometric data
were obtained for 18 body measurements, including weight, stature, eight sitting
measurements, three body breadths, three circumferences, and two skinfold
thicknesses. The data were published in two reports by Stoudt et al. (°65; *70).
Means and selected percentile values were given for men and women in the total .
series and in seven age groupings, but the exclusion of standard deviations or
any ranges of variation was a glaring omission. While the sitting measurements
taken in this survey are useful for human engineering applications, the data are
of virtually no use for clothing design and sizing, and the lack of any daia on
the head and face, the hands and the feet was a serious shortcoming.

Preliminary data on height and weight have been reported by the U.S. Depart-
ment of Health, Education, and Welfare as the result of 2 new health and nutrition
examination survey in the United States, carried out between 1971 and 1974.
It was reported (Abraham et al., 76; *77) that a total series of 20,749 persons
between the ages of 1 and 74 years of age were examined; the preliminary data
are based on 13,671 individuals aged 18—74 years. An article in Time magazine .
(January 2, 1978) reported increases in both height and weight for men and women
in the U.S. population, based upon comparisons between the HEW data of 1960~
1962 and 1971-1974. Further reports on these new data presumably are in prep-
aration; however, anthropometric data other than age, height, and weight have
not been mentioned in these preliminary reports.

The Department of Agriculture survey of women in 1939-1940 and the HEW
surveys of men and women, with limited anthropometric data, are the only such
surveys of civilians in the United States. As a consequence, there Has been con-
siderable discussion of the need for a new and definitive national anthropometric
survey of U.S. adults. A meeting was held at the Department of Commerce in .
Washington in October 1973, to discuss such a survey, and proposals were pre-
sented by H. T. E. Hertzberg, A. F. Roche and R. E. Herron. While attendees
at the meeting from boih industry and government voiced general approval,
financial support has not been forthcoming from either government or industry,
and such a survey has never been initiated. However, a preliminary study report
on the development of a national anthropometric data base was issued by the
National Bureau of Standards (Steinberg, *74). Preliminary estimates on the order
of five to six million dollars for a five to six year effort have been made for a
comprehensive national anthropometric survey, together with processing, analy-
ses and publication of the data. H. P. Van Cott and his staff of the Center for
Consumer Product Technology at NBS are engaged in a continuing feasibility
study to define the requirements and objectives for such an effort, which would
include not only anthropometric data, but other data on human performance as well.

Séme anthropometric data on U.S. civilians may be found in a number of
- imited surveys or studies which have been carried out over the years. While
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data of this type may be useful for some specific applications it must be pointed
out that the individuals measured in such studies comprise selected or specialized
samples which are not necessarily representative of the total civilian population.

Ernest A. Hooton at Harvard not only was an admirable teacher, but he also
served as a consultant to the Army and the Air Force in the early years of applied
anthropology. His 1943 survey of seating for the Heywood-Wakefield Company
often is cited as a classical study in human engineering. Carleton S. Coon, Wilton
M. Krogman and T. Dale Stewart each In their own way have long recognized
the fundamental importance of anthropometry and its utilization and applications.

An early pioneer in human engineering was the late Ross A. McFarland, whose”

group of researchers at the Harvard School of Public Health carried out investi-

gations in the automotive field, as well as in aviation and aerospace medicine. .

Human body size and capabilities in the design and operation of vehicular equip-

ment was discussed in one of their early studies in human engineering (McFarland
et al., '53), which included anthropometric data on civilian.as well as Army
drivers. In a later study, static and dynamic measurements of drivers were pre-
sented, based upon 11 measurements of 509 men and 524 women (Stoudt et al., >70).

For some years, anthropology has been a part of the research program carried
on at the Federal Aviation Administration’s Civit Aeromedical Institute in Okla-
homa City. Physical anthropologists conducted an anthropometric survey of air
traffic control trainees in 1961, in which 64 measurements were obtained on a
series of 680 men (Snow and Snyder, '65). In an anthropometric survey of airline
stewardess trainees in 1971, 72 measurements were taken on 422 women (Snow,
Reynolds and Allgood, '75), while the functional strength capabilities of 152 stew-
ardesses were measured in another study (Reynolds and Allgd_od, *715).

With the gradual increase in the proportion of older people in the U.S. popula-
tion, the availability of anthropometric data on older age groups is becoming more
* important. The HEW series of men and women do include some data on individuals
up to 79 years of age. An anthropometric study of a series of 130 Spanish-Ameri-
can War veterans was carried out in 1959 (Damoh and Stoudt,.”63). The subjects
ranged between 72 and 91 years of age, with a mean age of 81.6 years; 47 measure-
ments were taken. Damon and Stoudt also participated in the initiation of a norma-
tive aging study of U.S. male veterans, being conducted by the-Boston QOutpatient
Clinic of the Veterans Administration (VA). In the first round of the study, 51
measurements were made on 2 series of 2,200 men who had an average age
of 43 years, with a range in age between 22 and 82 years. Anthropometric data
have been reported for the total series and for six age groupings (Damon et al.,

*72). This VA study is continuing and a second round of measurements'has been

made, but the results have not been published as yet.

The most recent anthropometric survey of U.S. civilian men was carried out
in 1974, when personnel of the Naval Electronics Laboratory Center in San Diego
measured a national sampling of 3,000 law enforcement officers; 23 body meas-
urements were taken (Martin et al., *75). The survey was performed under con-
tract for the Law Enforcement Standards Laboratory of the National! Bureau of
Standards. The anthropometric data from this survey have been utilized exten-
sively in the development and sizing of protective clothing and equipment for
 police, agents and other law enforcement officers. ‘ :

. Areview of anthropometry and human engineering in the United States would
. be incomplete without mention of the late Henry Dreyfuss, who was known
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primarily for his successful efforts to popularize the use of body size informa- .
tion through his publications on industrial design (Designing for People , '55;
The Measure of Man, *67). Henry Dreyfuss Associates more recently have pro- .
duced Humanscale 1/2/3 (Diffrient et al., '74). This is a kit consisting of three b
plastic cards with rotary selector dials, by means of which anthropometric data
are presented in series of windows. The material purports to show body measure-
ments of men and women, link measurements, a seating and seat/table guide, as .
well as data on wheelchair users, on the handicapped (users of crutches, canes)
and on the elderly. A booklet is provided with the kit which discusses use of i
the data and includes selected literature references. This rather slick (and copy-
righted) anthropometric gadget has not been well-received by anthropologists and i
human engineers. Critical reviews of it have pointed out that with the greatly * &
oversimplified presentation of anthropometric data, no adequate explanation has
been given for the derivation and analyses of the data, so that designers or others
looking for body size information can only accept at face value the numbers-
shown in the little windows. Naive users of this material are on their own.

One Jast word of warning—do not always accept everything se¢n in print.
In 1957, Cleveland Designers and Consultants, Inc., produced a copyrighted :
pamphlet {price $1.00) entitled Dimensions of the Human Figure (Sabley, ’57).
Data for 99 body measurements of men and women are presented and illustrated,
including *‘normal deviations™ (sic) and an impressive bibliography. The intro-
duction in this publication states: **The dimensions given are those of Americans,
6,283 of them, selected at random in Cleveland, Ohio. Cleveland is a noted melt-
ing pot and comprises about 1% of the national population. A random selection
includes é_yery nationality and race commonly met, covering all adult groups
and all walks of life.”” This publication is a fraud, pure and simple, as the data
for both men and women were “‘'lifted” from U.S. Air Force technical reports
(Hertzberg et al., *54; Daniels et al., ’53) and in no wdy represent the popula-
tion of Cleveland or any other civilian population. :

ANTHROPOMETRY OF U.S. CHILDREN

While, of course, there have been many longitudinal and growth studies of
U.S. children in which some body measurements have been taken, the first major
anthropometric survey of children was cartied out between 1937 and 1939 by the
Bureau of Home Economics, U.S. Department of Agriculture, with the assistance
of the Works Progress Administration. A sampling of 147,088 boys and girls from
16 states was made, with ages ranging from 4 to 17 years; 36 body measurements
were taken. The report on this work was published by O’Brien, Girshick and
Hunt (’41).

As a part of the National Health Survey, a Health Examination Survey has
been carried on by the Public Health Service, U.S. Department of Health, Educa-
tion, and Welfare., The Health Examination Survey was conducted in three
“‘cycles.”” The first “‘cycle’” was the examination of adult men and women between
1959 and 1962. The second ‘‘cycle,’” carried out between 1963 and 1965, included
the examination of 7,119 children between 6 and 11 years of age, while the third
“cycle,” between 1966 and 1970, consisted of the examination of youths between ;
12 and 17 years of age. A tremendous amount of information and data was accumu- i
* lated during these surveys. Along with the clinical, medical, nutritional, social,
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psychological and behavioral data, anthropometric data also were included, con-
sisting of height, weight, five skinfolds and about 30 other body measurements.
The anthropometry of 6-to-11-year-old children was presented in two reports by
Malina, Hamiil and Lemeshow ('73;°74). Height, weight, and skinfold _ihicknesses
of the 12-to-17-year-old youths were presented in three reports by Hamill, Johnston
and Lemeshow ("73a,b) and Johnston, Hamill and Lemeshow (74). -

Another useful source of current anthropometric data on U.S. children may
be found in the publications of R. G. Snyder and his colleagues at the University
of Michigan. This group initially prepared a compilation of source data of infant
and child measurements for the Children’s Hazard Division, Bureau of Product
Safety, Food and Drug Administration (Snyder et al., '72). The continuing and

increasing concern involving the human engineering aspects of design and safety’

for the protection of children has emphasized the need for anthropometric data
on children for many applications {(furniture, toys, etc.). This need was recognized
by the Consumer Product Safety Commission, and an anthropometric survey of
children was carried out by Snyder and his co-workers under contract. A total
of 41 body measurements were taken between 1972 and 1975 on 4,027 infants
and children, representing the U.S. population from 2 weeks to 13 years of age.
Automated measuring instruments and equipment were used. A report by Snyder

et al. ("75) presented the data from this survey. The work was continued in an -

extension of the children’s survey between 1975 and 1977, in which 87 traditional
and functional measurements were taken on 4,127 infants, children and youths
between 2 weeks and 18 years of age. The report of this survey also was published
by Sayder et al. (77). ' :

It should be pointed out that an additional report from the University of Michigan
group also includes further anthropometric data on children (Owings et al., "75).
This report presents a comprehensive preliminary study of the muscular strength
of a series of 502 children between the ages of 2 and 10 years. The results include
data on 33 isometric exertion measurements: 10rques developed around the wrist,
elbow, shoulder, ankle, knee, hip and trunk, together with the force of hand grip
and several types of pinch. Of particular interest are the anthropometric measure-
ments of linkage lengths (distances between the joint centers of rotation) for
the same subjects. .

As a result of the recent work by Snyder and his colleagues, the anthropo-
metric data for U.S. children now are both quantitatively and qualitatively superior
to the data available on the U.S. adult population. k

ANTHROPOMETRY IN OTHER COUNTRIES

The discussion of anthropometry and human engineering so far has been limited
o the United States. Interest in ergonomics and research in this field has been

" growing and expanding in Europe and in other parts of the world as well. In some

aspects of ergonomics, some European countries actually are ahead of the United
States in accomplishments; ergonomics also is an active field in Japan as well.
The utilization of military anthropometry in particular has been emphasized in
quite a few countries in recent years. A study project in anthropometry and its
methodology has been initiated within the community of the North Atlantic Treaty
Organization (NATO) countries. .
[Hustrative of the increasing world-wide interest in ergonomics or human factors
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engineering was an interesting and significant symposium on national and cultural
variables in human factofs engineering, held in Oosterbeek, The Netherlands,
in June, 1972, uader the auspices of the Advisory Group on Human Factors of
NATO. Forty-four participants representing 15 countries attended and partic-

ipated. Anthropometry and variations in body size were discussed in several

papers presented at this symposium. The papers have been collated and published
in book form under the editorship of Chapanis ('75). _ g
A brief review of recent foreign sources of anthropometric data begins with ’
Canada. Canadian Forces personne} were measured in an anthropometric survey
carried out in 1974. Thirty-two measurements were taken on 565 men and reported
by McCann et al. ('75). ' , ‘
A survey to collect anthropometric data on military personnel of 18 Central
and South American countries was conducted between 1965 and 1970 by the U.S.
Army Tropic Test Center in the Canal Zone. Seventy-one anthropometric and.
four sirength measurements were taken on a series of 1,985 men. While the -
sampling in this survey was by no means random, the anthropometric data are
unique for military personnel of this area. The final report on this project was-
prepared by Dobbins and Kindick ("72). , . '
Pioneering work in anthropometry and human engineering wa;é carried on for’

-many years in England by G. M. Morant. This work has been continued particu-

larly at Farnborough, both at the Royal Aircraft Establishment (RAE) and at the
Army Personnel Research Establishment (APRE). A continuing anthropometric
survey is being conducted in the British Army by APRE. To date, 62 anthro-
pometric measurements (and skinfold thicknesses) have been taken on 500 Royal
Armoured Corps servicemen, 534 infantrymen, and 100 Guardsmen (Ince, Redrup
and Piper, *73; Gooderson and Beebee, *76; *77). An anthropometric survey of
2,000 Royal Air Force aircrew was carried out by RAE in 1970-1971, consisting
of 63 measurements (Bolton et al., "73), while 45 head and face measurements
were taken on 500 Royal Air Force aircrew in 1972 (Hobbs, '73).

Two impressive anthropometric studies in applied anthropometry have been
published by the Laboratory of Anthropology at the University of Paris, France.
In the first, Coblentz and Ignazi ("67) reported 55 measurements of the hands
of 150 French men. In the second, 67 head and face measurements were taken
on a series of 2,000 French military personnel (Coblentz and Ignazi, '68).

In the Federal Republic of Germany, 153 anthropometric measurements and
skinfold thicknesses, taken in 1967-1968, were reported for 1,465 German Air
Force flying personnel by Grunhofer and Kroh (75). H. W. Jirgens and his
co-workers at the Anthropological Institute of the University of Kiel have pub-
lished two reports on the anthropometry of German military personnel. In 1968-
1969, 43 measurements were made on 7,144 20-year-old German draftees ( Jiirgens,
Habicht-Benthin and Lengsfeld, "72), and in 1970-1971, 54 measurements were
taken on 2,643 Armed Forces men between the ages of 25 and 40 years (Jirgens,
Helbig and Lengsfeld, *73). '

An anthropometric survey sponsored by the NATO Advisory Group for. Aero-
nautical Research and Development (AGARD), was carried out in 1960—1961
in Turkey, Greece and Italy by H. T. E. Hertzberg and a team of U.S. physical
anthropologists. A total of 150 measurements were taken on Armed Forces per-
sonnel: 915 in Turkey, 1,084 in Greece, and 1,357 in Italy. A comprehensive
report of this survey by Hertzberg et al. ('63) was published in book form.
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Two papers on anthropometry are available from South Africa. In the first,
Morrison et al. ("68) reported 72 measurements on a series of 485 Bantu mine
laborers, while in the second, 57 anthropometric measurements and skinfold thick-
nesses on 1,445 men of the South African Armed Forces were reported by Stry-
dom et al. ("68). Twenty-eight foot measurements of 3,695 Australian Army men
have been reported by Maclean (*68), as well as similar foot measurements on
1,000 Papua/New Guinea indigenous servicemen by McCallum and Henderson
('69). An anthropometric survey of the Australian Army was cairied out in 1969
in which 11 measurements were made on 3,695 men (Australian Army, '70).
In New Zealand, an anthropometric survey of RNZAF aircrew was conducted -
in 19721973, in which 62 measurements were taken on 238 men (Toulson, *74).

Moving on to Asia, anthropometric surveys of military personnel were carried: *
out in Thailand in 1962 and in Vietnam in 1963. Fifty-one anthropometric meas-
urements were made on 2,930 men of the Royal Thai Armed Forces (White,
"64a) and on 2,128 men of the Armed Forces of the Republic of Vietnam (White, *64b).

In Japan, 62 anthropometric measurements were taken on 239 Japanese Air
Self Defense Force (JASDF) pilots in 1961 {Oshima et al., *62), while 108 measure-
ments were made on a total series of 1,176 JASDF personnel in 1972 (Japanese
Air Self Defense Force, '72).

Republic of Korea Air Force (ROKAF) pilots were surveyed in 1961 when
132 measurements were taken on 264 men (Kay, '61). An anthropometric survey '
of 3,747 members of the South Korean Armed Forces was made in 1965, with
59 measurements taken {Hart, Rowland and Malina, ’67). Several subsequent
surveys of the Korean Army were made in 1968— 1969 by Rowland and Company
under contract, but the data have not been published. :

A major anthropometric survey of the Imperial Iranian Armed Forces was
carded out in 1968, with U.S. technical assistance. Sixty-eight measurements
were taken on a total series of 9,414 men, including members of the Army, Navy
and Air Force. A two-volume report by Neorani and Dillard was published in

- Teheran in 1970. As a follow-up to the anthropometric survey, a report discussing
the applications of the data in the design and sizing of uniforms and combat
boots was published in 1971 (Kennedy and White, *71).

Anthropometric surveys of military personnel also have been conducted in
India and in Malaysia. An extensive momograph on the physical anthropology
of Ceylon (now Sri Lanka) was published in 1961, based upon data collectcd

. by Marett (Stoudt, '61).

As an example of the need for anthropometric data on fore:gn populations,
an interesting paper was published by the Society of Automotive Engineers in
1968, as a report from the SAE construction and industrial machinery technical
committee. The paper, entitled ‘‘The Range of Anthropometric Measurements
for Asian Populations,” was prepared in order to present the extremes of body
size in the entire Asian population, as representing potential operators of industrial
and construction equipment such as tractors, loaders, bulldozers, etc. The anthro-
pometric data consisted of data on Vietnamese military personnel from White
(*64b) and data on Turkish military personnel from Hertzberg et al. ("63). While
hardly representative of the tremendous scope of physical anthropology and
anthropometry in Asian countries, these two countries at the eastern and western
boundaries of Asia at least do show some of the extremes of body size to be
found in the populations of this large part of the world. '
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The very superficial and cursory review of anthropometry in some foreign’
countries given above i, of course, by no means complete or exhaustive.” Un-,

doubtedly many other references, both older or more recent, could be mentioned.
It does serve to point out, however, some of the more recent anthropometric

surveys in various foreign countries and to suggest the prohferat:on of interest .
in anthropometry arcund the world.

TRENDS IN HUMAN ENGINEERING

In the foregoing review, the sources of anthropometric data in the United States |
and abroad have been summarized. It has been emphasized that body size informa-

tion in the form of anthropometric data represents an important component of
the human engineering process. An attémpt will be made here to indicate some
of the current trends in human engineering in the United States.

For about 25 years following World War IT the main concentration of human
engineering was to be found in the large companies engaged in the research and

3

development of military systems—aircraft, vehicles, missile and weapons sys-

tems, and the like. This effort was continued through the years of the Korean
and Vietnam conflicts, primarily supported through large government con-
trac¢ts. Large contracts enabled companies to expand their technical workforce,
and they were even able to afford a staff of human engineering or human factors
specialists. This was especially true in the large aerospace firms and in the elec-

~ tronics industry. Nevertheless, some of the early efforts in human engineering

were largely of a token nature. To a large extent human engineering initially was
barely tolerated as an interesting novelty; it was not regarded as.of fundamental
worth or importance. '

As human engineering became more widely known and as thé concepts and
principles of human engineering became more firmly established, the situation

began to change. This gradual change worked both ways. On the one hand, those .

responsible for negotiating and monitoring contracts on behalf of the Armed Forces
began to include human engineering considerations in the contracts. In response,
firms which could demonstrate expertise in human engineering found that they
possessed a useful competitive advantage in bidding for contracts,

The practice of human engineering now is fairly well established in the Armed
Forces of the United States. To a greater or lesser degree, both research and
applied work are carried on in the Army, Air Force, Navy and Marine Corps.
However, the Army and the Air Force are the only services to employ full-time
professional physical anthropoiogists.

In commenting on the current status of human engineering, it is only fair to

point out that the field suffers from an identity problem. The identity, if not the

qualifications, of a chemist, a physicist, a lawyer, a physician, or even an engineer
is fairly well established. Computer designers or computer programers have no
trouble identifying themselves. Even anthropolocists usually are able to somehow
explain what they are. But when a specialist in human enﬂmeenng is asked:
“And _]USt what do you do”?—what does he or she reply?

* There is a wide diversity in human engineering today, and this in turn makes
it difficult to establish a clear disciplinary definition of the field. The reasons
for this appear 10 be two-fold, First, those who have come into human engineering,
for whatever interest or inclination, have done so from a variety of backgrounds:

=
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psychology, engineering, anthropology, industrial design, architecture or many
other fields. Secondly, the educational and academic preparation for a human
engineering specialist also may be varied and not clear-cut or well defined.

A cursory perusal of a pamphlet entitled: Directory of Training Programs in

Human Factors (3rd edition), published by the Human Factors Society (Kreifeldt
and Ayoub, '76), indicates that 53 programs are offered in United States univer-
sities, including a variety of courses. As of 1976, it was reported that there were
1,322 students specializing in human factors, with 4,975 M.S.s and 380 Ph.D:s
granted. In general, these programs are to be found mainly in depariments of
psychology or industrial engineering; they are largely at the graduate level.
" Human engineering as practiced in the United States today may be charac-
terized primarily by its wide diversification. To be sure, it is still used and empha-
sized in military research and development programs, but it is no longer limited
to or concentrated in this area. The concepts, principles and ideas of human engi-
neering have proliferated and spread into many fields, particularly in industrial
and civilian, as opposed to military efforts. Industrial design, workspace planning
and layout are obvious areas for human engineering, but human engineers now
are interested and working in architecture and planning for schools, hospitals-and
other institutions, as well as airports and doctors’ or dentists’ offices, to name
a few examples. Even household kitchens and bathrooms have received the atten-
tion of human engineers. '

The design, function and use of a wide variety of consumer products occupies
the attention of a large group of human engineering and human factors specialists.
Safety, as well as consumer satisfaction, is an important element in this field.
The area of product liability is one of increasing concern; human factors people
pow are being consulted not only for information and data related to product
design, but are serving as expert witnesses in court cases. The Human Factors
Society recently staged and filmed a successful and interesting mock trial of a
liability case for informational and instructional purposes. :

The transportation field in general and the automotive field in particular are
areas in which a great deal of human engineering work is being done, not only

in design and engineering, but also in driver behavior and related problems. One .

would suppose that the use of anthropometric data would be of basic importance
in the automotive field. Anthropometry is utilized to some extent for automobiles,
trucks, and busses, but concern for the human driver or passengers is still rather

‘superficial; styling, engineering and marketing largely run the show in Detroit.

The whole area of clothing and apparel is one which involves human engineering
only in the broadest sense, but the need for applied anthropometryi here is rather
obvious, to say the least. Managers and decision makers in the clothing industry
will readily agree that anthropometric data are both useful and needed to improve
sizing and fit in clothing, but where are the data? Progress in the improvement
of clothing is hindered on two counts. First, there is a long and well-established

tradition of fixed practices in the sizing, grading, and drafting of clothing patterns,

further complicated by factors of design and styling. Secondly, there is a general
naiveté or even ignorance among most clothing people concerning the statistics
of anthropometric data. As in many other fields, problems in clothing will become
even more acute as we move further into the metrication process and attempt
to convert from inches to centimeters for clothing sizing and patterns. Needless
to say, those physical anthropologists who are in the business of furnishing or
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applying anthropometric data eagerly await the day when data collected in the
metric system in the first place will no longer have to be convertcd into inches
and fractions of inches!

Many other areas of human factors or human cnglnecrmg interest could be
cited or discussed. The widespread diversification and proliferation of human
engineering is characteristic of its status today. The Human Factors Society not
only has about 20 local chapters in all parts of the United States, but it also
supports five active technical interest groups within its membership. These are
groups specifically interested in computer systems, consumer products environ-
mental design, safety, and training. .

LITERATURE

A final word on the literature, The results of military anthropometric surveys
and the applications of anthropometric data usually are presénted .in technical
reports or monographs published by the U.S. Armed Forces. Several annotated
bibliographies aré available. The U.S. Air Force has published an annotated bib-
liography of applied physical anthropology for some years; the latest edition by
Reid ('76) includes summaries of Air Force publications between 1946 and 1976.
An annotated bibliography of U.S. Army publications in physical anthropology
has been published by White (°77). This includes summaries of technical reports,
articles, and papers on anthropometry, applications, constitutional and environ-
mental anthropology, and human identification published between 1947 and 1977.

An earlier annotated bibliography, published by the U.S. Department of Agri-
culture (O'Brien, '30), contains references to many of the older (1842-1929)
publications and articles on anthropometry, anthropometric surveys, and the
applications of anthropometric data i clothing design and sizing. Another anno-
tated bibliography, of applied physical anthropology in human ‘engineering, was
published by the U.S. Air Force (Hansen, Cornog and Hertzberg, ’58), containing
summaries as well as data from the older literature. A third useful annotated

. bibliography in this area was published by the Defence Research Board in Canada

(Staples, ;64), containing a literature survey and critical review of the role of
anthropometry in the sizing of clothing and personal equipment.

An indication that anthropometry and human engineering have achieved official
recognition and status of sorts in the United States is the publication of Department
of Defense documents which now include anthropometric data from military sur-

veys. A military standard covering human engineering design criteria for military

systems, equipment and facilities—MIL-STD-1472B (Department of Defense,
*74) was first published in 1968, followed by revisions in 1970 and 1974: a new
edition 1 IS in preparation. A military standardization handbook on human factors
engmeenng design for Army matericl—MIL-HDBK-759 (Department of Defense,

”/5), containing Army anthropometne data, was first published in 1975; it is cur-
rently being updated. An engineering design handbook consisting of a metric
conversion guide—DARCOM Pamphlet 706-470 (Department of the Army, ’76),
also contains Army anthropometric data,

There are also many bibliographies and handbooks in the ﬁeld of human engi-
neering which include anthropometric data. The most comprehensive is the human
factors engineering bibliographic series covering the literature between 1940 and
1966. This was prepared at Tufts University and published in.four volumes in

e e
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19661967 under the joint sponsorship of the Army, Navy and Air Force (Ronco
et al., '66-'67). Unfortunately this valuable effort was discontinued several
years ago. '

A human engineering guide to equipment design, also sponsored by ajoint Army-
Navy-Air Force committee, was published in 1963 (Morgan et al., *63). This human
engineering guide was subsequently revised in 1972 (Van Cott and Kinkade, 72},
but the revision was some years in the preparation and the anthropometric data
cited are now rather out of date. A bioastronautics data book was published
by the National Acronautics and Space Administration (NASA) in 1964 (Webb,
"64), while a databook for human factors engineers, also sponsored by NASA,
was published in 1969 (Kubokawa et al., "69).

The Human Body in Equipment Design, by Damon, Stoudt and McFarland,

(66), represented a useful textbook in the field of applied anthropometry. While
this volume coniains an excellent presentation of the principles of human engi-
neering, the anthropometric data cited also now are somewhat out of date. With

reference to applied anthropometry, the authors stated in their preface: ‘‘Despite

these efforts and the success of the few applied anthropologists currently active
in military and industrial laboratories, the discipline remains an academic step-
child, untaught by university anthropologists and largely unavailable to their stu-
dents as well as to students of psychology; engineering, architecture, and industrial
design.” The situation has not improved appreciably in the 12 years since that
opinion was given. )

In an excellent and more recent textbook entitled Engineering Anthropometry
Methods, Roebuck, Kroemer and Thomson (*75) present a comprehensive and
useful summary, including anthropometry and its applications in human engineering.

In summary, the sources of anthropometric data on the U.S. military popula-
tion and on the U.S. civilian population of adults and children have been reviewed.
Sources of anthropometric data from various foreign countries also have been
reviewed briefly. Body size information in the form of anthropometric data is
considered to be one of the basic requirements for effective human engineering.
Although initially concentrated in military research and development programs,
human engineering as practiced in the United States today has becomé¢ widely
diversified into many areas.

While academic physical anthropologists do not appear to be interested in or
concerned with anthropometry or its applications in human engineering, a wide
variety of opportunity exists today for young and imaginative physical anthro-
pologists who might become interested in the potential usefulness of the applied field.

The following quotation, attributed to Albert Einstein, appeared recently in an
issue of the Human Factors Society Bulletin:

Why does this magnificent applied science, which saves work and makes life easier, bring so
little happiness? The simple answer runs: Because we have not yet learned to make sensible
use of it. ' .
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