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I. CONCLUSIONS

The physically handicapped (amputees, paraplegics, and the left-handed),
the female, elderly female, pregnant female, and the elderly male, as well
as the obese male and female, represent significant sub-populations. Review
of the literature relative to the anthropometry, strength, biomechanics, range-
of-motign, and human factors of these groups clearly indicate that little atten-
tion has been focused on them in the past, and that basic information relative
to their specialized requirements in the occupational environment is quite limited.

1. The Physically Handicapped

.Nearly one out of every four Americans has a disability of some type. Job
demands in rehabilitation of the physically handicapped require assessment of
range of motion, anthropometry, workspace human factors, strength capability,
and biomechanics considerations.

.While a number of studies have been addressed to the handicapped wheelchair
user, human factors requirements for the disabled have only received 1limited
attention in the areas of access to public buildings and mass transit systems.
Current air transport aircraft are not equipped nor arranged to accommodate the
handicapped; 75% of the non-ambulatory handicapped were unable to reach an exit
in time in a 1977 test. Concepts for accommodation of the handicapped and
elderly in buses have been under serious study only during the past two years.
Similarly the development of techniques to assess the driving capabilities of
disabled persons, the evaluation and testing of adaptive devices, and design
performance and safety guidelines requirements are only now being studied in
an initial federal program. No work is being conducted in anthropometry,
strength capabilities, range of motion,or biomechanics requirements of the

disabled driver at the present time.



.Amputee ability to steer and brake commercial vehicles was reported in a
1968 study which found that-lower extremity amputees required a longer time to
operate the brakes and above-the-knee amputees were generally unsuccessful in
operating pedals with the impaired 1imb., This pioneering effort should be
expanded to consider the occupants' workspace and control problems in current
and future vehicles and also to consider female drivers.

JAn excellent anthropometric study of male paraplegics/quadriplegics has
been undertaken at the University of Me]bourne, Australia in 1973-75,due to
concern that the guadraplegic population could not be employed at meaningful
occupations. Range of motion as well as biomechanics with reference to the
wheelchair was also studied. However, it should be determined to what extent
these data may apply to American males. There appears to be complete lack of
information on female paraplegics/quadriplegics.

MWhile not generally considered "Handicapped," some 22 million Teft-handed
individuals in the U.S. are attempting to adapt to various occupational
tasks designed for right-handed individuals. Review of the literature shows that
the left-handed individual has been virtually ignored in most human engineering
design handbooks.

2. The Female Worker

.There has been a recent shift of millions of women into the Tabor force,
increasing by 1.6 million alone in 1976. Women make up two-fifths of the entire
labor force and it is estimated that nearly 50% of the U.S. female population
is either employed or seeking work. However, although the female represents
about 52% of the current U.S. population, she is grossly under-represented in
studies of biomechanical and human factors aspects of the occupational environ-
ment and very 1ittle attention has been given to"women-machine" problems.

The strength literature for females is not extensive. Where comparative



studies have been conducted, most often young college women make up the

female subject pool. Even in specific areas where good studies have been
conducted, such as the grasping reach of women, the subjects have been voung
college women. Such subjects cannot be considered as representative of the
general female populations, and often are not representative of particular
occupational requirements. A Tlarge proportion of the published studies of

female industrial workers has been conducted in foreign countries. Although
females operate all types of vehicles requiring seated pedal operation, almost

all studies of seated forces applied to a pedal have utilized male subjects.

No published data have been located for push forces for the female standing subject.
There is a general lack of biomechanical data relative to the female, most studies
having been conducted with male subjects.

.Although there appears to be no comparable civilian study, one study of
military women employed in maintenance, electronics, and civil engineering areas
found a significant number of problems relative to adapting females to tools,
equipment, clothing, and workspace designed primarily for males. A review of
female anthropometry shows that while there have been two recent comprehensive
military studies of females, the most representative civil data available is the
HEW Public Health Examination Survey report of 1%65. However, this included only
12 linear measurements and six additional measures (compared to the 137-151 meausres
routinely obtained in military survey). Thus quite limited anthropometry
on the U.S. Civil female is available. An example of the problem manufacturers have
with the lack of adequate dimensional information is provided by one chain
in the garment industry alone,which estimated economic losses of $200,000 in 1976
due to incorrect sizing.

3. The Elderly Female

There have been almost no bjomechanical, range-of-motion, strength, or human



factors studies of the elderly female. Most anthropological studies of the elderly
female have been conducted outside the U.S.,with the HEW Health Examination Survey
providing 18 measures for 378 females between age 65-79. Other than these Timited
data, further published anthropometry for the U.S. elderly female is not available.

4. The Pregnant Female

.The pregnant female encounters numerous occupational prob]éms, whether she
is driving a car, sitting at a desk, or working at a bench. Recently
Timited attention has been given to some of these problems, with a 1976 report
to NIOSH by the American College of Obstetricians and Gynecologists addressing
some health and work environment questions. Independent posture/workbench
(Chaffin 1975) and 1ifting load (Garg, 1976) studies have also contributed to
our limited knowledge. No anthropometry, range of motion, or biomechanics
studies of the pregnant female were found, and strength and human factors
considerations appear to be limited to the several noted.

5. Elderly Males

-Elderly males have seldom been studied as a population. Most male anthro-
pometry,especially military studies, has been conducted on younger age ranges.
The most generally applicable data for the civilian elderly male is that taken
on 265 males from age 65 to 74, and 72 males from age 75-79, for a total of
only 18 measurements, in the HEW Health Examination Survey of 1959-1962, a
population of 16-19 years ago. A more recent study by the author did utilize
some male and female subjects to age 75, for neck range of motion, strength,
and 48 anthropometry measures,but these data are unpublished. Biomechanics,
range of motion, and strength studies involving the elderly are extremely
Timi ted.

6. The QObese

There appears to be no comparable studies of the biomechanics, anthropometry,

strength, range-of-motion, or human factors considerations of the obese, relative

to occupational environments.



IT. OBJECTIVES

The purpose of this study was to conduct the following tasks:

1. Review of the current state-of-the-art which may be applicable
to the occupational setting.

2. Determine what currently available data are directly applicable
to the occupational safety setting.

3. Identify major research gaps which must be filled by Qarious levels
of research effort specific to the occupational safety setting.

4, Prioritize the research gaps found, if any.

5. Include, as an appendix to the report, a comprehensive list of

applicable references.



ITI. METHODS

A thorough search of the literature was conducted to identify pertinent
references. This was initiated by reviewing studies previously conducted by
HSRI with regard to anthropometry, strength, body kinematics, biomechanics,
range of motion. The author's files, consisting of several thousand publi-
cations in these areas, were also reviewed for published and unpublished work,
as well as the holdings of the University of Michigan Library System.

These materials were supplemented by computer searches. An off-Tine

bibliographic citation list was generated by a MEDLARS II National Library of
Medicine National interactive retrieval service. Among the data bases were
BIOSIS (biological sciences), SCISEARCH (biological and applied science),
ISMEC (mechanical engineering and engineering management), NTIS (government
research), COMPENDEX (engineering), FOUNDATION GRANTS INDEX (grant records),
and SOCIAL SCISEARCH (social sciences) back to the years for which they came

on-line in the computerized systems.

In addition, the proceedings of various societies were reviewed in the
areas of human factors and ergonomics, physical anthropology, physical medicine
and rehabilitation, biomechanics, biomedicine, bioengineering, gerontology,
psychology, industrial and operations engineering, and physiology. Of parti-
cular pertinence were the Proceedings of the 6th Congress, International
Ergomonics Association (1976), and various Communications, Danish National
Association for Infantile Paralysis. One document, a 1ist of literature,

Anatomy for Planners I, issued by the National Swedish Institute for Building

Research (1965),was most comprehensive, although now outdated.
Finally, when it became apparent that the Titerature in these areas as

related to the selected populations was very limited, personal contacts




were made with major investigators in the various related fields,and some
as yet unpublished or obscure but pertinent materials were obtained. Refer-

ences resulting from these searches are provided in Appendices A-E.




IV. RESULTS AND DISCUSSION

1. Physically Handicapped or Disabled

Disability is the general term used by HEW to describe any temporary or
Tong-term reduction of a person's activity as a result of an acute or chronic
condition. Physical impairments may include visual, hearing, paralysis,
absence of body segments, or impairments of various body functions.

Data reported by the HEW Health Interview Survey during the two-year period,
July 1959 through June 1961, showed that there were 28,167,000 impairments in
the U.S. civilian noninstitutional population (Gleeson, 1964). By 1971 there
were an estimated 51.1 million impaired persons in the U.S. population (Wilder
and Pearson, 1973),indicating that 23% or nearly 1 out of every 4 Americans has
a disability of some type. Among the 12.5 million impairments due to injury the
most frequently reported type consisted of a back injury (3.1 million individ-
uals), followed by impairment of the lower extremity or hip (2.7 million). In
1971 62 individuals in every 1000 had an impairment due to injury.

A number of studies related to the handicapped have been conducted over
the past two decades by the Testing and Observation Institute of the Danish
National Association for Infantile Paralysis, located in Hellerup, Denmark.

Many of the handicapped studies noted in this section are from this Institute.
For example, Paulsen (1966) has evaluated job demands in rehabilitation of

the physically handicapped. Among the factors analyzed are

Tocomotion, working positions, body movements, muscular forces during work,
and weights Tifted. Asmussen (1965) had earlier assessed correlations between
such variables as muscle strength and other physiological functions by age

and sex.

An ergonomics approach to wheelchair design was investigated in
several studies. Platts, at the Loughborough University of Technology (England),

surveyed users'needs (1974). Engel and Hildebrandt of the Institut jur
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arbeitphysiologic und Rehabilitatimsforschung der Universitat Marburg/Lund,
West Germany, have reported extensive studies of technical, biomechanical, and
physiological aspects (1974). Additional studies which relate to the human
factors design and biomechanics of wheelchairs for the disabled include
Hiscock (1964); MacKeith (1974); Perizer et al.(1964); Roos (1964); Walker
(1964); Bergstrom (1965); Bulletin of Prosthetics Research, (1965); Peizer
(1965); Nichols et al. (1966); Lee (1967); Kemenetz (1969); Peizer and Wright
(1969); Lipskin (1970); and Newsom et al. (1972). Space requirements have
been considered by Floyd. et al (1966), particular needs of the quadriplegic
and paraplegic (Edberg, 1965), physiological aspects of wheelchair operation
(Hildebrandt et al., 1970), and as related to human factors of the handicapped
wheelchair user in buildings (Leschly et al.,1959; 1960; U.S. Department of
Housing and Urban Development, 1971).

Earlier this year investigators at the Civil Aeromedical Institute of the
Federal Aviation Administratiqn published a study on the emergency escape of
handicapped air travelers (Blethrow et al.,p. 77). Current air transport ai;-
craft are not equipped or arranged to effectively accommodate the seriously
handicapped occupant. Passenger movement of 1 ft/s has been found minimal
for successful evacuation, but three-quarters of the non-ambulatory handicapped
were not able to reach an exit in that time. This study recommended a number
of human factors considerations, including increasing aisle width to accom-
modate wheelchairs, providing support handles, passenger information cards printed
in Braille (blind), audible markers at exits and lavatories, and stabi-
lizing ropes on inflated egress slides. They suggested that non-ambulatory
passengers could be most effectively seated in a group in the cabin away from
other evacuees,so that they would not impede escape. Besides a description of
performance tests conducted, this study also provides a Tisting of case

histories of handicapped involved in aircraft incidents or accidents. The



handicapped subjects tested included one amputee, one obese individual, one blind
individual,five cases of paraplegia,and eight individuals with mental deficiencies.
This study was instrumental in determining new air carrier requirements
related to handicapped passengers. In April 1977, Parts 121 and 135 of the
Federal Aviation Regulations were amended ("Air Transportation of Handicapped

Persons who may need Evacuation Assistance," Federal Register, 1977). Seating

requirements were not imposed, but a disabled passenger can not be refused
transportation, and a number of allowances were made, such as exempting a
person who cannot sit erect for a medical reason from the requirement that the
back of his or her seat be upright for takeoff and landing.

Human factors requirements for the disabled have received increasing
although still limited attention, particularly in areas of access to public
buildings and mass transit systems. These aspects have a direct relationship
to occupational requirements.

The Urban Transportation Act of 1970, the Federal Highway Act of 1973,
and the National Mass Transportation Act of 1974 all contained various provisions
for assistance to the elderly and handicapped. It is of interest that over 30
states had enacted laws related to accessibility prior to 1968, and many local
communities had provided various transportation access requirements for the
handicapped. An outline of pertinent legislation is summarized in Black and
Mateyka (1976). '

Human factors accommodation of the handicapped (and elderly) was a primary
design goal of the nine advanced prototype buses constructed as part of the
Department of Transportation, Urban Mass Transportation Administration (UMTA)
transbus program. Threa concepts for accommodating an individual in a wheel-
chair on a full-sized transit bus have been reported by Black of Rohr Industries,
and Mateyka of Booz, Allen Applied Research (1976). Among results reported was

that wheelchair access is feasible for a bus with a wide front door and a low
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floor, a ramp stored under the bus floor being a preferred device. They

found that step heights should not exceed 8 inches(20 cm) and step edges should
be marked in contrasting colors (1st step height on current buses is about

14 inches (36 cm) high).

In recent years there has been increased concern with the requirements and
capabilities of the disabled driver, and there have been stud%es conducted by
the manufacturers, universities, and the government in this regard. Often
human factors has been poor, as shown by the Veterans Administration finding
in New York that only 3 of 12 commercially available systems of hand control
of automobiles met safety and durability standards (Paul, 1964). Goodwill
(1974) had outlined the status as of that time in the U.K. for disabled drivers.

A major attempt to develop driving aids and systems for the disabled driver
is presently underway at the University of Michigan, sponsored by the Rehabil-
jtation Services Administration (RSA) of the Office of Human Development, U.S.
Department of Health, Education and Welfare. A Rehabilitation Engineering Center,
funded for $300,000 for the first year of a five-year program, in cooperation
with the Rehabilitation Institute of Detroit, is focusing on a program of
medical research concentrating on driver disabilities and assessment. Among
areas to be investigated are the development of techniques to assess the
driving capabilities of disabled persons, the evaluation and testing of adaptive
devices, and providing designers with performance and safety guidelines (U.S.
Department of Health, Education and Welfare, 1977). Human factors studies
planned include attention to control input characteristics and assessment of
physical driving capability. To date no work has been initiated in anthro-
pometry, strength, range of motion,or biomechanics of the disabled driver

relative to this program.

(a) Amputees
In 1968 McFarland and colleagues at the Harvard School of Public Health,
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supported by the Vocational Rehabilitation Administration, Insurance Institute
for Highway Safety, and General Motors Corportation, evaluated the ability of
amputees to operate highway transport equipment. At that time it was estimated
from the 1957-58 U.S. National Health Survey that 24 million Americans suffered
from some form of physical impairment and that 13 million of them involved some
lTimitation of motion. Further, of 3 million seriously disabled persons, some
1 million drove with some type of special hand or foot controls. However, the
approach that was taken in this study consisted primarily of a survey of the
literature and evaluation of the driving experience of amputees. Particular
attention was given to state licensing procedures for physically handicapped
drivers and their accident experiences, and the possible relationship between
physical handicap and motor vehicle accidents. A major concern for this
problem was that relatively large numbers of the potential workforce might
be unfairly deprived of opportunities for employment. The rules of the Inter-
state Commerce Commission did not allow operators with amputations to drive in
interstate commerce,. in any public conveyance, in large or small trucks, or
in buses or passenger conveyances for profit. .
To study physical components of steering and braking of commercial vehicles,
100 subjects, 60 of whom were amputees, were tested in a vehicle simulator.
Anthropometric measures were taken on these subjects for 80 different measure-
ments relating to body size, structure, and composition on each of 30 upper
extremity amputees and 29 lower extremity amputees. Grip strength was also
taken. It was found that the amputee group did not generally differ anthro-
pometrica11y,a1though the sample pool was small. Because chest circumference
and left calf circumference were significantly greater for the Tower amputees,
it was speculated that the cause might be the extra muscular effort or respiratory

demands of walking with a prothesis. The experimental steering performance
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tests indicated that amputees did as well or better than non-impaired, non-
commercial drivers. The brake pedal tests indicated that the lower extremity
amputees required a longer time to operate the brakes. Above-the-knee amputees
were generally unsuccessful in using the impaired 1imb to operate pedals.

There have been numerous studies of prothestics, but in such cases anthro-
pometry is usually taken only relative to individual fitting requirements.
Isherwood (1976), for example, has devised prothesis simulators consisting of
a set of compressible bags using a compressible foam which is individually
constructed on the stump of the patient. In most cases equipment manufacturers
tailor the handicapped aids to the specific individual. Similarly emphasis
on strength appears to be concerned with preparation of the individual to
resume ambulatory and weight bearing functions.

Working conditions with different types of disabilitywere examined by
McEiven (1973) in an Australian study. He reported that individuals with
retarded impairments tended to be found in jobs where noise levels and demands
for speed, exactness and team work were relatively high, while individuals
with psychotic types of impairments favored jobs where these factors were low.
It was hypothesized that retards were better able to cope with stress before
their performance deteriorated, due to a lower arousal level.

(b) Paraplegics/Quadriplegics

Quadriplegics comprise a readily identifiable sub-group of the handicapped
population. The most recent published work is an anthropometric survey of
quadriplegics conducted by Samuel and Young at the Department of Mechanical
Engineering, The University of Melbourne, Australia (1975). This study was
undertaken during 1973-75, when it was found that the quadriplegic popu]ationv
could not be employed at any other than the most menial of tasks, and information
on the limitation and requirements of quadriplegics was insufficient. It pro-

bably represents the first systematic attempt to collect anthropometric data
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for the physically handicapped adult male population.

Both static and dynamic anthropometry were taken, as well as biomechanics
including joint range of motion and grasping strength. Anthropohetry was taken
in and about the wheelchair, but might have application to any seated workspace
environment, since seat, buttock, and shoulder reference points were taken,
and measurements related to these rather than from fixed reference points.
Since quadriplegics have insufficient trunk stability, most of the 53
adult males in this population measured (data was complete for only 38)
could not sit in an erect position. Thus standard techniques were
modified. A basic aim of this study was to compare the anthropometry of the
disabled to the non-disabled population. The authors concluded that these
subjects, at least, were representative of the general population
and found to be distributed normally in all measurements. (These findings are
of interest to the author, who has recently measured a series of three female
paraplegics (loss of motion of lower extremities), and findings suggest signifi-
cant anthropometric differences (unpublished data, Snyder 1977).

Range of motion (dynamic anthropometry) was measured for maximum forward
and sideways reach for both right and left arms, and for both a restrained
and unrestrained upper torso (in the wheelchair). In addition, an objective
measure of horizontal work space capabilities was attained with the subject
and wheelchair placed against the measuring board and horizontal board, and
single arm (comfortable reach), single arm (maximum reach), two hands together
(rotating arc), and single arm rotation (arc) reach envelopes measured.

Biomechanical aspects of upper limb joint movements, including head and
neck motion,were also measured in this study. Objectives were to show how
joint movement angles are related to envelopes of arm movement, to determine
the éxtent of impairment of joint movement and relate it to joint movement of

the unimpaired person, and to determine if any poorly functioning joints could
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benefit from mechanical aids.

The arm movement envelope data were subdivided into four classification
sub-groups of (C,_¢), (Cp-Cs c)s (Co=Co_;) and ;). The authors found that
within the second and third sub-groups standard deviations on reach were similar
to those of the unimpaired population compared to. While mean head and neck
rotations were reported to be similar to the unimpaired population, deviations
from the mean were found to be slightly greater. Only the C7 group of quadri-
plegics had any measurable finger and thumb movements. Wrist, shoulder, and
elbow motion was found to increase in restriction with the level of injury.

Task performance of this quadriplegic population was determined to be
considerably below that of the unimpaired population. For the two primary
sub-groups of (CS'CS-G) and (C6-C6_7) individuals, performance time for the simple
pick-up-transport task required about three times the D.M.T. standard. Quad-
riplegics also were found to perform poorly with pegboard location tasks and
it was recommended that work tasks (or occupation) such as push-button tele-
phone or typing be avoided. Performance was also found to be affected by rod
size and for grasping controls (optimum performance) knob diameters "should
not be less than 10 mm* (p. 282). The authors concluded that the Austra-
1ian wheelchairs used by the Victoria quadriplegics are simi]ar.in size and
geometry to those in the U.S., and suggested that the measurements obtained
would therefore be applicable to U.S. wheel-chair bound quadriplegics. While
the Samuel and Young Australian study is considered to be an excellent
comprehensive study in anthropometry of the handicapped at this point, it has

a number of limitations, including the lack of any data on female quadriplegics.

(c) Left-handedness

While left-handed persons are normally not considered "handicapped,"

it is estimated that there are some 22 million left-handed individuals in the

U.S. Since these individuals comprise only 10% of the population they have had
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little study relative to adapting to various occupational tasks, almost all of

which are designed for right-handed individuals.

Like other handicapped groups such as the blind and hard-of-hearing,
the left-handed individual has had to learn to adjust to the majority right-
handed world. Suddon and Link (1959) have found, however, that left-handers
are better able to perform complex motor tasks with the right hand than right-
handed individuals can with their left hand.

The Teft-handed individual has been virtually ignored in most human
engineering design handbooks. One of the most recent, for example, Van Cott
and Kinkade (1972) does not directly consider handedness. Illustrations and
data provided are shown for right-handed individuals only, except for tables
of maximal static hand forces exerted on a horizontal handgrip (after Hunsicker,
1957), which are provided for both the left and right hand. However, it is
not stated whether these data include left-handed subjects. Design handbooks
presently appear to sugdest that the user use the same relationships for either
hand until further experimentation is conducted (Murrell, 1965), or provide
a notation that the data are for right-handers only (Chapanis and Grappes,
1968). Other handbooks simply do not address the problem (McCormick, 1957).

While Damon, Stoudt and McFarland (1967;1971) do index handedness,
consideration is limited to three sentences dealing with
factors influencing muscle strength: "Handedness: In the right-handed
persons (roughly 90 per cent of all), the left hand averaged about 10 per
cent weaker than the right (Hunsicker, 1955). Schochrin (1934) found the
left leg also to be 10 per cent weaker. In general, the preferred side is
the stronger" (p. 202). They also considered right versus left side in
presenting factors influencing the range of joint motion, reporting Gillilands'

(1921) finding that "there is normally so little variation that the two sides

16



can be considered identical," and Salter and Darcus' (1953) conclusions
that in arm rotation "group differences between left and right ranged
from 0 to 5 degrees" (p. 189). Since this range'of joint motion data is
indexed under "handedness," it could be misinterpreted by the user.

Laveson and Meyer (1977) have addressed the problem of the left-handed
handicap by developing a methodology capable of analyzing consumer products
to determine the means by which they may be modified or adapted to left-hand
use. They apply task analysis by determining the force-related components
involved in the operation of the product. Thus elements of input, output,
and control are analyzed by consideration of how the force is applied,
how the force is utilized, and how the force is controlled. The analyses are
then compared to determine similarities and differences. A product with
identical ana]ysis is determined to be usable by either hand in their system.
If the analysis differs, then product modification or complete redesign is
required. These authors applied their methodology to an electyica]]y operated
drill with a handle on the left side, a circular saw, and a serrated
kitchen knife. These authors suggest that this technique can be adapted to
a wide range of office, business,and industrial occupational tasks, but to

date no further work has been published.

2. The Female

During the past decade there has been a shift of millions of women to
employment outside the home. At the same time there has been a trend toward
the expectation of equal employment opportunity, as well as new knowledge con-
cerning environmental health hazards. The recent passage of the equal rights
amendment to the Constitution, if ratified by the states, could have still
further impact on increases in the female work force. It has been reported

that in 1976 alone the female labor force increased by 1.6 million (or 200%
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that of males for this same period) to a total of 39,255,000. Women make

up a significant portion of the labor force when it is considered that two-
fifths of the entire work force are women and that nearly 50% of the female
population is either employed or seeking work. The military has also increased
female personnel, the Air Force alone increasing females by 129% in the 5-year
period prior to 1973,with plans to increase the 1973 number of females from
19,500 to over 44,500 by 1978 (Bobbitt, 1977).

An analysis of female workers in industry and by occupation has been
compiled by Waldmas and McEddy (1974). Their findings indicate that about
60% of all employees in the service industry were women, with 60% in educational
services, 75% in the medical-health industry, about 75% in personal services.

At least 50% of all employees in the manufacture of clothing and general
merchandising are women.

Despite these statistics showing that women presently make up a significant
portion of the U.S. total work force, and although the female represents about
52% of the present U.S. population, she is grossly underrepresented in studies
of biomechanical and human factors aspects of the occupational environment.

There has been an increased awareness and interest in female anthro-
pometric requirements in the industrial and work environments, but little
such data exist relative to the civil female population. A 1965 Czechoslpvakia
anthropometric study by 5Smid of 408 women in an industrial plant pointed out
that women are now working in all fields and occupations where formerly only
men were employed. In this regard it is important that the different

physical and physiological makeups of women be taken into account

in efficient industrial workspace design.




Although ergonomics and human engineering studies are concerned with
"matching work to people" (Corlett, 1976), such studies have historically
concentrated on the "man-machine problems" (Product Engineering, 1960).
Examination of the literature reveals that this is Titerally true. As a
result very 1ittle attention has been given to the "woman-machine" problems.
This is quite evident, not only in the data provided in most standard human
engineering texts when sources are revealed, but also in the illustrations
provided in which male figures are shown. Female studies appear to be mainly
confined to specialized reports such as Kroemer's work in human engineering of
the keyboard (1972), office seating (1971), and industrial seating (1970).

An excellent review of the principles of industrial seating has been pro-
vided by Kroemer's 1970 study, noting the interactions between work station
design, body posture, and task performance. Anthropometric and biomechanical
data with recommended dimensions are provided for work seats and benches,
foot rests, office equipment, consoles, and machine stands. However, except
for discussion of typist requirements, the data provided appears to be based
upon male criteria; different sexual requirements are not indicated.
Office and factory seating habits of British adults were found to be estab-
Tished in schools by Floyd and Ward (1967) in an English study.

In general it has been found that women are about 66% as strong as men,
varying with different muscle groups (Damon et al.,1971). Female forearm
flexors are only about 55% of men's strength, but this increases to about 80% -
for flexors and extensors of the hip, and flexors of the lower leg. While
strength of a muscle per unit cross-section may be "virtually the same in
both men and in women" (Hettinger, 1961), correcting for body size results
in the conclusion that females have about 77% of the strength of males
(Asmussen and Heebbill-Nielson, 1962). Hettinger (1961) also found that

muscle training prodwces greater proportional strength increases for men than
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women. New approaches have been reported on male/female strength stressing
by Snook (1977).

More recently, Laubach (1976) has conducted experiments to measure static
muscular strength characteristics in comparison with previous data available
for males. This study included 12 measures of static muscular strength,

22 body-size measures, and somatotypes of 31 female subjects. Results indi-
cated that the "overall" total body strength of women as compared to men is
about 63.5%, with a range of 35 to 86%. For the upper extremities, static
strength of women was found to be 59.5% that of men, with a range of 44 to
79%. When strength of the Tower extremities was compared, it was found to
be 71.9% that of men, with a range of 57 to 86%. Female trunk strength was
63.8% that of males, with a range of 37 to 70%. Laubach also reported the
dynamic strength characteristics, including lifting, lowering, pushing, and
pulling tasks, of women to average 68.6% that found for males, with a range
of 59 to 84%.

Grip strength data for women are important in proper design of length
and configuration of the moment arms of various hand tools and hand caliper
brakes. Even in such a common activity as riding a bicycle the forces required
to stop by using the hand brake may be excessive for a given hand/wrist/fore-
arm configuration, especially for a weak female. The effect of wrist and
forearm position on grip strength has been discussed by Terrill and Purswell
(1976), but no comparison data for female provided. Lamphiear and Montoge
(1976) have studied the relationship of arm and grip strength measurements to
various anthropometric measurements (height, biocromial diameter, arm girth
and triceps skinfold) for both sexes over a wide age range, and proposed
and index of strength.

Isometric strength for 25 different muscle groups has been compared for

360 Danish men aged 15 to 65 and 250 Danish women aged 15-55. Except for the
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15-20 year olds, the average value for all women was found to be only 58-66%
of that of men of corresponding age. Maximum muscle strength was reached
sooner in women but decreased at an earlier age. Since a positive correlation
between height and strength has been shown, corrections were applied
to the female subjects and women's muscular strength was found to be no more
than 70 to 80% of that of men of the same age (Asmussen and Heeboll-Nielsen,
1961;1962).

Isometric muscular strength has also been measured by Rohmert and Jenik
(1971) in ten females hetween ages 17 and 24 years of age in various arm
reach positions. Further strength measurements included maximum 1ifting
strength of both arms, foot pressure exerted by the right leg from a sitting
position, central push and pull of the arm, and adduction pull and abduction
push of the arm within arm reach and from a standing position (1973). They
found the mean strength difference between men and women to be about two-
thirds, but note that there is a wide range of strength differences between
men and women. ‘

Ten college age women were also involved in a study of forces produced
by maximum voluntary isometris muscle contraction (Williams and Stutzman, 1959).
Tests were conducted on the knees, elbows, shoulders, and hips through the range
of motion.

Static muscular strength of 31 female college subjects (mean age 20.7)
for 12 measurements, including 22 body size measures, and somatotypes, have
been reported by Laubach, and compared to male capabilities (1976). The
subjects were apparently the same as used by Kennedy (1976) in his study of
reach of women. Variables included shoulder flexion, elbow flexion, hip
flexion, knee extension, trunk flexion, and grip strength. Strength data on

152 female Braniff International Airways, Inc., stewardesses for 4 strength
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tests and 13 body measurements have been reported by Reynolds and Allgood
(1975). Strength tests involved a two-handed push (110 cm from floor), leg
1ift (25 cm from floor), back 1ift (50 cm from floor), and arm 1ift (100 cm
from floor). However,the authors note that there are no comparable data in
the literature and that "in general, the average airline stewardess does not
appear to have the body build of the average American female" (p.3).

Matching a person's physical capabilities to a job's physical demands
has become of increasing importance in consideration of affirmative action
programs for women, the disabled,and the handicapped. This has resulted in a
need to develop more objective pre-employment selection and employee placement
tests relative to the necessity for improved occupational health and safety
programs in industry. During the past nine years work has been conducted at
the Human Performance and Safety Research Laboratory of the University of
Michigan on the development of biomechanical strength models and
physical job evaluation methodology (Chaffin, 1974; 1975; Chaffin and Baker,
1970; Chaffin and Park 1973; Garg and Chaffin, 1975; Herrin et al.,1974;

Herrin et al. ]976; Chaffin and Herrin, 1976; Mértin and Chaffin, 1972; Park
and Chaffin, 1975).

Standardized pre-employment strength positions (arm, leg, torso) were
evaluated for 443 males and 99 females in one study (Chaffin and Herrin, 1976).
A lifting strength rating (LSR) (maximum load lifted divided by predicted maximum
1ifting capability) has been developed by Chaffin (1973) (Chaffin and Herrin, 1976),
and evaluated. In one study 135 people in five plants of a large electronics
manufacturing company were selected for evaluation of 38 jobs, and low-back
pain tabulated. Findings indicated that jobs with high LSR values were higher
than expected by medical and safety personnel. In an extended study, 411
males and females working on 103 jobs were evaluated and 25 incidents of low-

back pain identified. Interestingly, females were found to show a higher
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job-related low-back pain incidence rate at the 0.5-0.8 job 1ifting strength
rating than males, although slightly less at 0.2-0.5, and significantly less

at 0-.2 ratings. This work clearly indicates that the differing physical
1ifting capabilities between males and females must be taken into consideration
in pre-employment job matching.

Biomechanical strength models have been reviewed by Chaffin (1976). He
notes that among the uses the model has been put to in industry is to identify
the strength requirements of various jobs to predict the proportion of various
working populations (young, old, women, handicapped, etc.) who could perform
the various tasks comprising over 500 jobs in one large corporations plants.

Ayoub et al. (1976) has followed up Chaffin's (1969) recommendations in
an experiment utilizing females as well as males, including some industrial
worker subjects, to establish the maximum acceptable weight of 1ift for three
heights of 1ifting tasks. The results indicated that the maximum acceptable
weights of 1ift were lower for females, being 49% to 62% of the maximum accep-
table 1ift for the males.

In an experiment with 4 males and 4 females Jorgensen and Poulsen (1974)
found the maximum 1ifting frequency (maximum load which could be 1ifted from
floor to table) of females to be approximately 0.7 of that of males at the
same relative burden. They concluded this difference was due to difference
in the capacity of the oxygen transporting system in the two sexes;

Twenty-nine women textile workers work loads were evaluated in a Swiss
study (Nemecek, 1976) which found that fatigue, shoulder and wrist pains, and
total work performance seem to be related to degree of training and adaptation.
However the data for determining work pulse as a threshofd value for continuous
work for women have not yet been adequately determined according to Nemecek.

In 1971 Rohmert and Jenik studied 10 German women, finding an average

force of mean maximal length strength of 1010 neutons, compared to 1510 neutons
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found in Muller's 1936 study of two German women,

Brown (1971) has made an extensive review of the literature and sum-
marized back injury and 1ifting studies as an industrial hazard in a publi-
cation for the Labour Safety Council of Ontario.

Studies in the United Kingdom have shown that the highest incidence of
back injuries occurs in employees between 31 and 40 years of age (Brown, 1972)
with 8.7% involving females, yet by age 41 the incidence increases to 14.1%
and between 50-60 is 14.4% (p.5).

A study by Snook and Ciriello (1974) included 15 female industrial workers
and 16 housewives who performed a number of work tasks. These included 3
lowering, 3 1ifting, 4 pushing, 1 pulling, 1 walking, and 6 carrying tasks.
Comparison with a previous study on males showed that the average weight
handled by industrial women was significantly Tower than that of men, but
significantly greater than weights handled by housewives.

Maximum power output during the performance of a standing broad jump of
two feet from a force platform and stair climbing has been studied by Davies
(1971), who calculated male mean power output values of 5.23 hp and 3.15 hp
for women.

The range of motion varies considerably between individuals, depending
upon age, sex, physical condition, and other factors. Joint mobility decreases
only slightly in healthy people between 20 and 60 years of age. However,
beyond age 45 the incidence of arthritis increases so markedly that both male
and female elderly populations will have significantly decreased average
joint mobility (Smyth et al, 1959). It has been found that females exceed
males in the range of movement at all joints but the knee (Hertzberg, 1958).
The widest range of joint movement is found in thinner males and females

(Barter et al,  1957).
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Physical exercise may increase the range of motion of a joint, but
excessive exercise can reduce motion if the individual becomes "muscle
bound." The author has observed these problems in weight Tifters who have
tried out for competitive swimming.

Inadequate sitting and standing postures have been found to result in
pains in muscle and connective tissues of tendons, joint capsules,and ligaments,
and can become the symptoms of chronic diseases attributed to rheumatic dis-
orders. Grandjean et al, (1968) studied female department store shopclerks and
officeworkers (Grandjean and Burandt, 1962), and have summarized orthopedic
principles for a tiltable seat shell appropriate for work necessitating
alternating leaning forward and reclining seated postures (Grandjean and
Hiinting, 1977).and of other seating work places (1973).

The lack of biomechanical abilities has~ been pointed out by Damon (1971),
"Biomechanical abilities have been studied chiefly among small groups of white
males, American or European. Comparable data for females, other racial groups,
or for specific ages or occupations are few or nonexistent" (p. 187).

Although females operate all types of motor vehicles and aircraft requir-
ing design of efficient seated pedal operation, almost all studies of seated
forces applied to a pedal (fixed or pivoted) have utilized male subjects.
Kroemer notes (1972, p.2) that Miller (1936) "was the first and apparently,
until 1971, the only researcher to publish such strength data of (two) women
in addition to the scores achieved by one man."

In the area of push forces for standing subjects, no published data for
women has been located, although there are many such studies for push and pull
of males.

An extensive review of the Titerature of flexibility studies has been
published by Holland (1968), and for the measurement of joint motion by Moore
(1949).
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Female flexibility is often assessed in tests for physical fitness by
the toe touch, on the assumption that flexibility and mobility of the body
is of a general nature. However, Harris (1969) concluded thatzthere is no
evidence that flexibility exists as a single general characteristic of the human
body. In this study 147 college-aged women were examined for 53 variables,
including 38 joint motion, 13 composite, and 2 anthropometric measures.

The grasping reach of women (and men) in the form of vertical planes
at 15° intervals from a vertical through Seat Reference Point has recently
been extensively studied in a doctoral dissertation by Kennedy (1976). Tab-
ular data describing vertical planes at 15° intervals for women are presented
along with graphic data. In this study, which duplicated a study of males
the author reported in 1964, 12 anthropometric measures were made on 30 female
college students and Air Force personnel. Despite the limited sample tested,
this is the first attempt to describe the complete 3-dimensional 5th, 50th, and
95th percentile grouping reach envelopes for the seated female and to describe
for design location for critical hand-operated controls in machine and vehicle
operating compartments.

A general review of industrial machine guarding for the worker has been
published by Roozbazor (1977) and some data pertinent to the female are pro-
vided. Recently Adams et al.(1976) have examined human factors in grain
harvesting equipmént design, Sjoflot (1976) Norwegian farm tractors, Alioth et
al.(1976) work groups in Swiss Supermarket warehouses. Fechter (1976) has
described human factors research at the National Bureau of Standards as
illustrated by a study of cooking ranges.

Apﬁ]ication of ergonomics to the kitchen environment has been studied
especially by the English. Concerns have ranged from layout and overall
special requirements to working surfaces. While intended for domestic envir-
onments, some of the findings might also apply to restaurant kitchens and

other work environments where a female worker must stand or sit. Dudgeon
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(1963) measured 56 adult British women aged 18 to 40 years, for anthropo-
metri; dimensions relative to the heights at which each preferred a work
surface to be set in performing selected domestic kitchen tasks. Saville
(1967) measured the physiological responses of the subjects to the tasks.
Ward and Kirk (1970) have further studied the relationship between anthro-
pometric measurements and kitchen working heights. Their conclusions showed
that there were significant correlations between elbow height and preferred
standing and seated ~ work surface heights, not only between subjects of
different stature, but for the different activities performed.

The problems in the Army of adapting women to equipment, clothing, and
workspace designed primarily for males, and necessary changes_to the Design
Handbookss,has been recently outlined by Glumm (1976). Another recent study
addressed the adequacy of the tools and equipment for Air Force women now
employed in maintenance, electronics, and civil engineering (Bolalek et al.
1975), finding a significant number of inadequacies, which undoubtably would
apply to civilian female workers in these fields as well.

Anthropometric standards for working women were proposed by Bayer and Gray
in a 1934 study of 100 working women from 20 to 60 years of age of Northwest
European stock. However,a number of selective requirements were utilized,
including healthy subjects and weight within 15% of predicted. A review of
subsequent U.S. civil anthropometric studies is provided in pp. 25-27).*

In an English study 5000 civilian women aged 18 to 70 were studied to
provide a range of measurements for clothing manufacturers and a sizing

system based upon stature, hip girth,and bust girth (Kemsby, 1957).

*Since this study is confined to the civil population,a number of excellent
military studies have not been included because they were conducted on other
specialized segments of the population. However, several
recent studies of military females have been completed. A 1977 report on U.S.
Army women provides data on 128 conventional body size dimensions, 14 workspace
dimensions, and 9 static strength measurements (Laubach et al). A number of
these measurements had not been previously reported for women, either military
or civilian. In addition, 137 anthropometric dimensions have been reported as
a result of a 1968 survey of Air Force women (Clauser et al.,, 1970).
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A comparison of the segment volumes and link lengths of 12 college
females was made with Dempsters' (1955) male study and the most significant
differences were found in the calf, thigh, and head-torso (Kjeldsen, 1972).

A review of civilian anthropometric studies conducted in Czechoslovakia
during the past three decades provides mean height, weight, and chest cir-
cumferences for women over 18 years (Prokovec, 1969). However, body size
data on women from Czechoslovakia, England and other countries may not be
applicable to the U.S. female. |

Female air carrier flight attendants have been measured in a study of
423 women for 72 standard and functional anthropometric measures. (Snow
et al.,, 1975). This study was intended to provide improved criteria for
workspace design and emergency equipment usage for stewardesses. The
relatively young age range of these women and physical characteristics in job
selection, however, make this a specialized female population probably not
representative of the U.S. female as a whole.

A study of 180 civilian males and females, aged 18-74 years, chosen by sex,
age group,and stature to represent the U.S. population was conducted by Snyder
et al.(1975). Included in this work was head and neck anthropometry, sagittal
plane range of motion of the head and neck, determination of the response of
head and neck muscles to low levels of acceleration, and measurement of voluntary
isometric strength of neck flexor and extensor muscles. Elderly females were
included in this study.

The female hand is important to the proper design of controls and
equipment in industrial and other work environments. The female hand has been
extensively studied by Garrett (1971) for anthropometry and biomechanical charac-
teristics. Included is standard and "relaxed" anthropometry of the hand,
bare and pressure-gloved performance, and the ability to retain grips on

selected handles under high dynamic loads. Biomechanical measures included
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maximum rotation (supination and pronation), and a large number of hand
clearance and grip dimensions. However, the greatest limitation of this
excellent study may be in the question of how representative of the U.S.
female the young college students selected may be.

A number of studies have been directed towards energy requirements and
the physical work capacity of women; however, these are considered to be out-
side the scope of this study. Wardle (1977), for example, has found that
women can work under conditions requiring strenuous (heavy) work.

(a) Elderly Females

The elderly (65 years of age or older) represent an increasing proportion
of the U.S. population. In 1974, 21,815,000 males and females, or 10.3% of the
total population were 65 or over. By 1980 it is projected by the Bureau of the
Census that 24,523,000 Americans will be 65 or over. In 1974 58.9% (12,849,000)
of those over 65 were female; in 1980 this is projected to increase to 59.6%

(14,609,000) female.
. The aging process greatly affects not only joint range of motion, strength
and other biomechanical factors, but also body size and human factors consider-
ations. There is an increased incidence of arthritis and other crippling
diseases which restrict joint range of motion. Posture, reach, motion,
as well as performance in most areas is decreased. A slower reaction time
and decrement in highly skilled work also accompanies advanced age. Activities
or work requiring exposure to falls present a considerably greater risk of
injury than to younger individuals.

Several studies of the anthropometry of elderly females have been conducted,
but for the most part, these have been outside the U.S. In 1960, Roberts published
30 measurements on 78 women aged 56-99 years to provide data for use in the
design of English "flats,"' finding that this was indeed a specialized population.
Rogerts found that body size was smaller than that of the younger British female
population, with height averaging 3 to 4 inches less. In measurements of
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"comfortable reach" it was concluded that an important variable was the
reduction in reaching ability due to arthritic and joint range limitations.
A third difference was the relative weakness of muscular effort. The
average dynamometer grip strength of the preferred hand of 14 kg was found
to be significantly lower, with some individuals with arthritic hands who
could exert a grip strength of only 3 or 4 kg (Roberts, 1960).

This was followed in 1964 by a study of 100 elderly women in the Birmingham
(England) area (Jones, Lawton, and Myles, 1964). Both of these studies
were proposed to provide domestic architectural design requirements. Ward
and Kirk (1967) have compared these two populations relative to body dimen-
sions and found them to be substantially the same.

During the period October 1971 through June 1972 five measurements (for-
ward reach, elbow height, vertical reach, stature, and weight) were taken on
7,187 British women (between the ages of 18 and 80 years) (Thompson, et al.,
1972). These data were intended to update the previous survey of British
women of the 194(0's, and provide information felt particularly needed for the
"design of work places, fittings and equipment in the home" (p.2). This
study included 124 women between ages 66-80 years of age (71, 66 and 70 years;
31, 71 to 75 years; 22, 76 to 80 years). However, in order to get a large
national sample, some 64 organizations cooperated in data collection, with
the information "gathered by members of the organizations and by students as
part of their teaching and training programmes...and the data were obtained
by hundreds of measures all over the country" (p. 2). This technique,
plus the taking of all measurements, including weight, with subject fully
clothed, makes thesedata difficult to compare and introduces considerable
potential for measurement error.

There are several major studies of the anthropometry of U.S. civilian

women, but relatively little data on the older female. For example,
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in the most recent anthropometry study of U.S. women (in the Army) only 3
individuals were over age 50, and only 12 between 45 and 50 years, of a

total sample of 1,331, and mean age was 23.1 years (Laubach et al, 1977, p. 23).
In contrast, the mean age of women in the U.S. population is 28.8 years

(Bureau of Census, 1976, P. 25). For the 7 female U.S. military female anthro-
pometry studies listed by McFarland et al obtained between 1943-1952, mean age
ranged from 18 to 31 years (1971, p. 60-61), and for 9 U.S. civilian female
studies between 1928-1957, mean age ranged of 17 to 45 years (1971, p. 60-61).

In 1941, 0'Brien and Shelton described 50 measurements on some 15,000
civilian women in a U.S. Department of Agriculture WPA Project. Commercial
Standard CS 214-58 of the U.S. Department of Commerce, promulgated on 24 February
1958, was based upon work between January 1949 and April 1952. This is
intended to provide a means of sizing women's clothes for 45 measurements.
However, it is significant to note that these data are now greatly outdated
as indicated by one major U.S. clothingstore's Toss of over $200,000 alone
during the past year due to clothing returns (wrong sizes). (personal communi-
cation, 1977).

The Public Health Examination Survey included anthropometric measure-
ments on 6,672 adults of a probability sample of 7,710 persons selected to
represent the 111 million adults in the U.S. civilian noninstitutional population
aged 18 to 79 years. These data were taken from October 1959 through December
1962, although not reported until 1965 (Stoudt et al). This population included
564 individuals (265 male and 299 females) from age 65 to 74, and 142 individuals
(72 male and 79 females) from age 75 to 79. This provides the most current pop-
ulation sample presently available for U.S. elderly and consists of the
largest sample of U.S. elderly females. Twelve Tinear measurements were taken.
These included stature, weight, sitting height (erect), sitting height (normal),

Knee height, popliteal height, elbow rest height, thigh clearance, buttock-knee
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length, buttock-popliteal length, elbow-elbow breadth, and seat breadth.
Six additional measurements were‘also taken, including right arm skin fold,
infra-scapular skin fold, right arm chest and waist girths, and biocromial
diameter.

Some efforts to provide design information for special populations such
as the elderly (as well as handicapped and wheel chair users) must be care-
fully evaluated, especially when the reference does not identify the source
or specify the techniques used. In such cases, even though information pro-
vided purports to apply to specialized populations, it may be misleading. An
example is the review by Faulkner (1975) of Humanscale 1/2/3, a design kit,
who recommends that it be burned due to "the questionable nature of the data."

(b) Pregnant Females

There are nearly 4 million births each year in the United States.
During the term of pregnancy the female becomes part of the minority population
with special problems and handicaps. With the increase in abdominal pro-
tuberance, pregnant females become susceptible to unusual
occupational hazards and problems.

Recognition of the need for guidelines on pregnancy and potential hazards
of various work environments was formalized by a recent study conducted for
NIOSH (under contract no. 210-76-0159) in 1976 by the American College of
Obétetricians and Gynecologists (ACOG, 1976). The primary objective of this
work was to prepare guidelines to assist the practicing obstetrician in making
judgments necessary to advise pregnant workers in matters of health. A
secondary purpose of this study was to collect a bibliography of pertinent
reports related to the effect of work environments on the health of the mother

and fetus.
Some biomechanical (ergonomic/physical energy) hazards for the pregnant women

have been addressed to some extent (2 pages) in this obstetrical study,
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Although excellent recommendations relative to 1ifting and load carrying,
‘seating and environmental problems specific to the expectant female are
provided, they are based upon a limited number of references, and only general
considerations are addressed.

It is indicated that the physical exertion tolerance of the pregnant
woman in lifting, climbing, or pulling strength tasks will vary greatly,
depending upon variations in physical fitness and strength, the load handled,
and the work environment (Buttrey, 1977). During pregnancy there may be non-
specific symptoms such as backache, headache, or nausea, which can be aggra-
vated in some work assignments (Diddle, 1970). The risk of falling appears
to be greater during pregnancy, and wearing of shoes with adequate support and
Tow heels has been recommended to lessen the shift of the weight bearing angle
(ACOG, 1976).

The ACOG report notes that the amount of weight to be 1ifted by females
has for the most part been discarded by state regulatory bodies, indicating
that it is not lawful to set a Timit on what a pregnant (or non-pregnant)
woman should Tift. A ]oéd which can be Tifted readily by a woman should not
provide too great a stresswhile she is pregnant. In some cases the protruding
abdomen present in the last trimester may cause an individual difficulty in Tifting
loads in front of her body. This has also been one point in question in recent
Titigation and labor negotiations regarding how long pregnant air carrier
flight attendants can work.

An important point is that the change in posture necessary for the pregnant
women to 1ift the load in front creates unusual stresses on the Tumbar spine.
Often the load which could be lifted before pregnancy must be reduced if the
woman is not to be overstressed. The amount of load reduction can be calculated
based on metabolic considerations but the amount of energy expended to 1ift a

load should be the same, before and during pregnancy. A load that was at a
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maximum level prior to pregnancy should be reduced from 20 to 25% during late
pregnancy. (Garg, 1976; Seitchik, 1967).

Further considerations relative to the biomechanics of the pregnant
women also relate to the changes in body structures, particularly the pro-
trusion of the abdomen and changes in the abdominal .musculature and pelvic
ligaments. Body balance may often be affected. It becomes more awkward
for women to perform certain body movements after the 20th to 24th week of
gestation, and women are advised to avoid work situations involving a strained
posture or requiring a good sense of balance. Climbing ladders becomes more
difficult and should be avoided. Since the abdominal musculature and ligdmental
attachments may be more vulnerable to unusual Toading, twisting,or bending
motions, or slippage on unstable work surfaces, pregnant women are also advised
to avoid working in environments where protection against slips and falls is
inadequate.. (Kane et al, 1967; ACOG, 1976).

These structural changes in the pregnant female also require particular
attention to adequate support in the seated posture. A Tow backrest, supporting
both the lumbar and sacral area of the pelvis, is of special importance. It
is also necessary that the seat be wide enough to allow the pregnant worker's being
seated with both legs in a semiabducted and supported position. O0ften seat
pressure by the seat pan on the area above the knee may be of painful dis-
traction and a small footrest has been recommended to é]]eviate such supra-
popliteal pressure.

Particular attention should be paid to the work surface height for the
pregnant woman. The pregnant woman should be allowed to perform work
tasks either seated or standing. Frequéht changes in posture may be
necessary in the last trimester. Chaffin (1975) has suggested that a high

stool be matched to a relatively high workbench, to allow no change in the work
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surface height when the pregnant woman chooses to alternate seated and
standing work positions. It is further noted, however, that this type of
work place requires footrest support when in the seated position, to avoid
compromise of venous blood return from the legs. (ACOG, 1976).

Concern with the pregnant occupant in air and ground vehicle crash impacts
(Rubovits, 1964) has resulted in a series of studies (Snyder et al, 1966; 1967;
19683 Crosby et al., 1968; Crosby and Costiloe, 1971) to determine impact effects
upon the pregnant female and fetus. One result has been the attempt to design
improved restraint protection. A net-type restraint system developed by
researchers at Wayne State University was shown to protect pregnant sub-human
primates in simulated frontal barrier crashes from 15 to 28 mph without fatal
injuries to either the subjects or fetuses (Van Kirk and King, 1969). Another
study compared effectiveness of present lap belt and combination lap-shoulder
belt systems on pregnant baboons (Crosby et al, 1970). These researchers found
that in simulated 26 mph frontal barrier crashes, 50% of the 1ap-bé1ted mothers
lost their fetuses, compared with 8% fetal mortality when the'mother wore both
lap belt and shoulder harness. At this Tevel none of the "mothers" sustained
any significant injuries. An American Medical Association committee in 1967,
and again in 1972, strongly recommended that pregnant women wear seat belts,
but noted that only limited work (noted above) on restraint systems designed
specifically to protect pregnant mothers had been conducted (JAMA, 1972).

One aspect of the biomechanics of impact protection for pregnant females,
as well as other occupational requirements, relates to the degree of increased
body girth. It is not uncommon for protective restraint belts to be too short
to go around the pregnant woman, particularly when she is also wearing a heavy
coat.

In addition to the biomechanical aspects, a wide range of human factors

problems remain to be resalved. A recent labor dispute between air carrier
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flight attendants and the air lines revolved about working conditions and the
occupational capabilities of a pregnant stewardess to carry on her work. At
present a study of teenage pregnant women in underway at the University of
Texas at Austinj howevenr, no results are yet available (personal communication,
1977).

Other problems are encountered by the pregnant woman in such otherwise
normal occupational activities such as driving a car, sitting at a desk, or
working at a bench. The range of girth dimensions, any changes in body C.G.,
or effects upon range of motion apparently have not been studied and pub-
lished. Armstrong (1977) recently addressed physical work of the pregnant
woman. No anthropometry of the pregnant female has been published to date.

In 1977 equipment was designed for a preliminary anthropometric study at
HSRI in conjunction with the School of Medicine of the University of Michigan;

however, this was not initiated due to lack of funding.

3. Elderly Males

While a fairly large literature exists relative to male anthropometry,
most has been conducted on military populations which may not be representative
of the general national population. Military populations by definition
consist of youngs physically fit individuals, highly selected. Since minimum
retirement age is reached between 38 and 48 years, few older individuals are
found in such surveys. As previously noted, the most recent U.S. civilian
anthropometric study is the Public Health Examination Survey of 1959-1962
of the U.S. population of 18-15 years ago. In this survey 265 males from age
65 to 74 and 72 males from age 75-79 were included for a limited number of
measurements.

Some male anthropometric studies have been conducted on individuals
engaged in specific occupations. An example is the 23 dimensions taken on

2,993 law enforcement officers (Martin et al, 1976). However, the mean age for
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this group of males was 30.7 years, with 99th percentile in age 59.6 years.
The most recent study which included elderly males (to 74 years) was
conducted utilizing 100 civilian males and females structured to statistically
represent the U.S. population as noted previously, Measurements were taken on
head and neck anthropometry, sagittal plane range of motion of the head and
neck, determination of the response of head and neck muscles to low levels of
acceleration, as well as measurement of voluntary isometric strength of neck

flexor and extensor muscles (Snyder et al, 1975;1978 in preparation).

4. The Obese

It is significant to note that the Department of Commerce standards issued
by the National Bureau of Standards (1971) show 16% (or over 17 million) of
the U.S. women as being outside the sizing system for clothing. No study of
anthropometry of the obese segment of the population per se has been found in
the literature.

The author has taken limited measures on one male subject who was parti-
cipating in an obesity weight reduction program conducted by the University of
Michigan Medical School. This subject had reduced from 750 1bs to 504 1bs
at the time of measurement, and had an 84 inch waist. One reason why a study has
not been previously done is that standard anthropometry is not very practical
on such individuals due to the inability to locate skeletal landmarks.

This individual had worked as a professional driver, and as a teamster was

unable to pursue his occupation due to his obesity. It is believed that there
are many such individuals in the general population. However, to the author's
knowledge the special problems of this segment of the population relative to work
environments has not been studied.

Yet clues are known. The effect of obesity upon range of motion,for
example, may be significant. Variations exceeding 10° in a given movement are
common findings between fat and thin groups of both males and females (Sinelnikoff

and Grigorowitsch, 1931).
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V. FUTURE RESEARCH REQUIREMENTS AND PRIORITIES

Based upon the findings summarized in the preceding conclusions, it is
recommended that research attention be given to the following general areas.
In most cases no published data have been found or that which is available is
either not directly applicable or is of extremely limited value.

.Study of female human factors and biomechanics requirements for various

occupational environments.

.A comprehensive study of female strength capabilities, including seated

forces applied to pedal and standing push forces.

.Anthropometry studies which can provide comprehensive measurement data

relative to the elderly of both sexes, the pregnant female, the obese,

and the physically disabled populations.

Study of the requirements of the left-handed with respect to human factors

design, biomechanics, and strength abilities.

Information on work environment requirements for the pregnant female

relative to human factors, range-of-motion, strength lifting capabilities,

and biomechanics factors influencing performance and health.

.Study of the disabled, and particularly paraplegics and amputees, to obtain

more comprehensive data on strength, human factors workspace design require-

ments, range-of-motion,and biomechanics capabilities.

Since some 52% of the population is represented by the female, priority
should be given to this major proportion of the population grossly under-repre-
sented in previous research studies, with secondary emphasis upon the disabled,

the elderly, left-handed, and the pregnant female.

38



APPENDIX
A. ANTHROPOMETRY

Alexander, M. N. C. E. Clauser Anthropometry of Common Working Positions
Aerospace Medical Research Laboratories, Wright-Patterson AFB, Ohio.
Report AMRL-TR-65-73. December 1965,

Barkla, D. "The Estimation of Body Measurements of British Population in
Relation to Seat Design" Ergonomics 4:123-132, 1961.

Bayer, L.M. and H. Gray "Anthropometric Standards for Working Women" Human
Biology 6:472-488, 1934.

Brues, A.M. "Regional Differences in the Physical Characteristics of an
American Population" American Journal of Physical Anthropology 4:463-482,
1946.

Bureau of the Census Statistical Abstract of the United States, 1976. P. 25
U.S. Department of Commerce, Washington, D.C., July 1976.

Churchill, E., T. Churchill, J.T. McConville, and R.M. White Anthropometry
of Women in the U.S. Army - 1977. Report No. 2 - The Basic_ Bivariate
Statistics U.S. Army Natick Research and Development Command, Natick, Mass.
Report NATICK/TR-77:024. June 1977.

Clauser, C., Anthropometry of Air Force Women Aerosnace Medical Research Labo-
ratories, Wright-Patterson AFB, Ohio. Report AMRL-TF-70.5. April 19

Colby, H.J. and S.M. Garn A Bibliography on Military and Industrial Applications
of Anthropometry and Applied Physical Anthropology. Forsyth Dental Infirmary
for Children, Boston. Supple. Rept. no II. 1952,

Collins, L.R. The Application of Anthropological Methods Techniques and Concepts
to the Human Engineering of Electronic Systems U.S. Navy Electronics Laboratory,
San Diego, 1961.

Damon, A., H. W. Stoudt, and R. A. McFarland The Human Body in Equipment Design,
Harvard University Press, Cambridge, 1966 (Second Printing, 1971).

Damon, A., and J.M. Crichton "Body Disproportions and Occupational Success in
Bus and Truck Drivers" American Journal of Physical Anthropology 23(1):63-68,
March 1965.

Damon, A., and H.W. Stoudt "The Functional Anthropometry of 01d Men" Human
Factors, 1963.

Damon, A., and H.W. Stoudt "Anthropometry of 168 Factory Workers of Italian
Descent" (unpublished) 1958.

Damon, A. "Physique and Success in Military Flying" American Journal of Physical
Anthropology 13:217, 1955.

39



Damon, A. and L.A. McFarland "The Phys1que of Bus and Truck Drivers: With a
Review of Occupational Anthropo]ogy American Journal of Physical Anthropology
13:711-742, 1955,

Damon, A., H.W. Stoudt, and R.A. McFarland The Application of Human Body Size
Data to Vehicular Design Society of Automotive Engineers, Inc.,New York, 1955

Davies, C.T.M. "Human Output in Exercise of Short Duration in Relation to Body
Size and Composition" Ergonomics 14(2):245-256, 1971.

Dempster, W.T. The Anthropometry of Body Action WADD Technical Rept 60-18, 1960.

Dempster, W.T., W.C. Gabel, and W.J.L. Felts The Anthropometry of the Manual
Work Space for the Seated Subject. Wright-Patterson AFB, Ohio, ASD Technical
Report 61-89, April 1961.

Diffrient, N., A.R. Tilley, and J.C. Bardoggy Humanscale 1/2/3 MIT Press,
1975 (Reviewed, Faulkner, T. "Plastic Anthropometrics" Human Factors Society
Bulletin 18(10):4, October 1975).

Engel, A. Osteoarthritis an National Center for Health
Statistics, Rockville, Md. Rept. PHS 1000 Series 11 no. 29, April 1968.

Faulkner, T.W. "Plastic Anthropometrics" Human Factors Society 18(10),
1975.

Floyd, W.F. and J.S. Ward Anthropometric and Physiological Considerations in
School, Office and Factory Seating n.d.

Garrett, J.W. and K.W. Kennedy A Collation of Anthropometry Aerospace Medical
Research Laboratory, Wright-Patterson AFB, Ohio. Report AMRL-TR-68-1 (2 vols),
March 1971.

Garrett, J.W. "The Adult Human Hand: Some Anthropometric and Biomechanical
Considerations" Human Factors 13(2):117-131, 1971.

Garrett, J.W. Anthropometry of the Air Force Female Hand Aerospace Medical
Research Laboratory, Wright-Patterson AFB, Ohio. Report AMRL-TR-69-26, 1970.

Garrett, J.W. Anthropometry of the Hands of Male Air Force Flight Personnel
Aerospace Medical Research Laboratory, Wright-Patterson AFB, Ohio, Report
AMRL-TR-69-42, 1970.

Glumm, M.M. The Female in Equipment Design Society of Automotive Engineers,
Inc. Report no. 760078, 1976.

Hannon, J.P., J.L. Sheilds, and C.W. Harris "Anthropometric Changes Associated
With High Altitude Acclimatization in Females" Army Medical Research and
Nutrition Laboratory, Denver American Journal of Physical Anthropology
31(1):71:83, July 1969.

Hansen, R. and D.Y. Cornog Annotated Bibliography of Applied Physical Anthro-
pology in Human Engineering WADC Techn. Rept. 56-30, 1958.

Harvorth, D. "She Sizes Up the British Housewife" The QObserver, England,1973.

40



Hertzberg, H.T.D. "Engineering Anthropology"
Chapter 11, pp 467-584, 19

Hertzberg, H.T.E., I. Emmanuel, and M. Alexander The Anthropometry of Working
Positions [. A Preliminary Study. WADC Tech. Rept. 54-520, 1956,

Hertzberg, H.T.E. World Diversity in Human Body Size and Its Meaning in American
Aid Programs National Technical Information Services, Springfield, VA Report
AD73712.

Hertzberg, H.T.E. "Dynamic Anthropometry of Working Positions" Human Factors
2:147-155, 1960.

Jiirgens, H.W. "Industrial Anthropology in Europe" Proceedings, 6th Congress’
International Ergonomics Association pp. 362-364, 1976.

Kemsley, W.F.F. Women's Measurements and Sizes Cheltenham Press Ltd.,
Cheltenham, England, 1957.

Kroemer, K.H.E. "Engineering Anthropometry" Proceedings, 6th Congress Inter-
national Ergonomics Assocation pp. 365-367, 1976

Lange, W. "Functional Anthropometry. The cc Method and its Application"
Proceedings, 6th Congress International Ergonomics Association, 1976

Laubach, L.L., J.T. McConville, E. Churchill, and R.M. White Anthropometry of
the U.S. Army-1977. Report no. 1-Methodology and Survey Plan U.S. Army '
Natick Research and Development Command, Natick, Mass., Techn. Report
Natick/TR-77/021

Laubach, L.L., J.T. McConville, E. Churchill, and R.M. White Anthropometry of
the U.S. Army 1977. Report No. 1 - Methodology and Survey Plan U.S. Army
Natick Research and Development Command, Natick, Mass. Report NATICK/TR-77/021s
June 1977.

Laubach, L., J.T. McConville, and I. Tebbetts Anthropometric Source Book.
Volume III. Annotated Bibliography, Webb Associates, Yellow Springs, Ohio.
National Aeronautics and Space Administration, Houston (unpublished report),
September 1976-

Laubach, L.L. and M.E. Marshall "“A Computer Program for Calculating Parnell's
Anthropometric Phenotype" Journal of Sports Medicine and Physical Fitness
14(4):217-223, December 1970.

Lewin, T. "Anthropometric Studies on Swedish Industrial Workers When Standing
and Sitting" Ergonomics 12(6):883-902, November 1969.

Martin, J.I., R. Sabeth, L.L. Driver, T.D. Lowe, R.W. Hintze, and R.A.C. Peters
Anthropometry of Law Enforcement Officers U.S. Department of Justice, Law
Enforcement Assistance Administration, National Institute of Law Enforcement
and Criminal Justice, December 1976,

McConville, J.T. and E. Churchill Human Variability and Respirator Sizing .
Webb Associates, Inc., Yellow Springs, Ohio. National Institute for Occupational
Safety and Health, Cincinnati, Ohio. NTIS PB266 412/6ST, March 1976,

41




McFarland, R.A., A. Damon, and H.W. Stoudt "Anthropometry in the Design of
the Drivers Workspace" American Journal of Physical Anthropology
16:1-23, 1958,

McFarland, R.A. The Application of Human Body Size Data to Vehicular Design
Society of Automotive Engineers, Inc., New York, SP 142, 1955,

Merrifield, H.H. "Female Gait Patterns in Shoes with Different Heel Heights"
Ergonomics 14(3):411-417, May 1971.

National Bureau of Standards. Body Measurements for the Sizing of Women's
Patterns and Apparel NBS Voluntary Product Standard, U.S. Department of
- Commerce, Publication PS 42-70, 1971.

National Center for Health Statistics Height and Weight of Adults 18-24 Years
of Age in the United States Public Health Service, Advance Data. no. 3, 19
November 1976.

National Swedish Institute for Building Research, Anatomy for Planners 1.
List of Literature. Stockholm, Sweden, Report 20. 1965

National Technical Information Service Anthropometry: Basic Studies and
Applications Vol. 2 1976 - August. 1977. C. Shonzo, ed. Springfield, VA
Rept NTIS/PB-77/0757 September 1977.

Newman, R.W. and E.H. Munro "The Relation of Climate and Bodv Size in U.S.
Males" American Journal of Physical Anthropology 13:1-17, 1955

0'Brien, R. and W.C. Shelton Women's Measurements for Garment and Pattern Con-
struction  U.S. Department of Agriculture, Bureau of Home Economics, Textiles
and Clothing Division Washington, D.C. Misc. Publication no. 454, 1941.

Ohlson, M.A., A. Riester, W.D., W.D. Brewer, B.E. Hawthorne, and M.B. Hutchinson
"Anthropometry and Nutritional Status for Adult Women" Human Biology 28:189-202,
1956

Oxford, H.W. Anthropometric Data for Educational Chairs n.d.

Prokopee, M. "Dimensional Characteristics of Men and Women in Czechoslovakia
for the Purpose of Industry" Ergonomics in Machine Design I. International
Labour Office, Geneva, 1969.

Pike, B. and W.J.H. Butterfield Physical Requirements for Drivers of Heavy Trucks
Army Operational Research Group, Report no.11/49, 1949.

Randall, F.E. and M.J. Boer Survey of Body Size of Army Personnel, Male and
Female: Methodology. Environmental Protection Branch, Quartermaster Climatic
Research Laboratory, Lawrence, Mass., Report no 122 (revised), 1951.

Reid, B. An Annotated Bibliography of United States Air Force Applied Physical
Anthropology January 1946 to July 1976 Aerospace Medical Research Laboratory,
Wright-Patterson AFB, Ohio. Report AMRL-TR-76-58, July 1976,

42



Roberts, D.F. "Functional Anthropometry of Elderly Women" Ergonomics 3:321-
327, 1960,

Roebuck, J.A., Jr., K.H.E. Kroemer, and W.G. Thompson Engineering Anthropo-
metry Methods John Wiley and Sons, N.Y., 1975,

Roebuck, J.A. '"Aerospace Benefits to Engineering Anthropometry Applications"
Proceedings, 6th Congress International Ergonomics Association pp. 349-354, 1976

Roebuck, J.A. "Anthropometry in Engineering Design" Journal of Aviation Medicine
28:41-56, 1957,

Samuel, A.E. and P.A. Young, Anthropometric Survey of Quadriplegics Department
of Mechanical Engineering, University of Melbourne (Australia). Report no.
DRS/75. December 1975.

Sanders, M.S. Anthropometric Survey of Truck and Bus Drivers: Anthropometry,
Control Reach and Control Force Department of Transportation, Federal Highway
Administration, Washington, D.C. Final Report, Canyon Research Group, Inc.,
Calif. 1 March 1977.

Seminara, J.L. "For Maintenance, Adjustment, Repair, What Size Access Openings?"
Product Engineering p. 42, 31 August, 1959.

Snow, C.C., H.M. Reynolds, and M.A. Allgood Anthropometry of Airline Stewardesses,
U.S. Department of Transportation, Federal Aviation Administration, Oklahoma
City, Report no FAA-AM-75-2, 1975.

Snyder, R.G. Anthropometry of Three Paraplegic Females (Unpublished data)
(1975), 1977. .

Snyder, R.G. (neck anthropometry study in preparation, 1977)

Snyder, R.G. A Bibliography of Anthropometric Data Prepared for Society of
Automotive Engineers, Inc., Air Transport Safety Cabin Provisions, Committee
S-9, Santa Monica, Calif. 20 April, 1961 (updated 1976).

Staples, M.L. A Bibliographic Survey and Critical Review of the Role of Anthro-
pometry in the Sizing of Clothing and Personal Equipment Defense Research Board,
Ottawa. Report GA0O-373, 1961.

Stoudt, H.W. Applications of Physical Anthropology to Occupational Health and
Safety. Paper presented, Symposium in Honor of Albert Damn: Medical Anthro-
pology, Annual Meeting, American Association of Physical Anthropologists,
Amherst, Mass., 10-13 April 1974,

Stoudt, H.W., T.J. Crowley, R.A. McFarland, A. Ryan, and B. Bruber Static and
Dynamic Measurements of Motor Vehicle Drivers NTIS PB-193 605, 1970.

Stoudt, H.W., A. Damon, and QQA. McFarland Weight, Height and Selected Body
Dimensions of Adults, United States 1960-1962, Public Health Service Publication
no. 1000, Series 11, no. 8, Washington, D.C., 1965.

43



Thompson, D.J..D. Barden, N.S. Kirk, D.L. Mitchelson, and J.S. Ward
Anthropometry of British Women Institute for Consumer Ergonomics, Ltd.
University of Technology, Loughborough, Leicestershire, UK,1972.

Ward, J.S. and N.S. Kirk "The Relation Between Some Anthropometric Dimensions
and Preferred Working Surface Heights in the Kitchen" Ergonomics 13(6):
783-797, 1970.

Ward, J.S. and N.S. Kirk "Anthropometry of Elderly Women" Ergonomics 10(1):
17-24, January 1967.

Ward, J.S. "Weights, Heights and Chest Circumferences of English East Midlands
Coal Miners in 1952-62". Human Biology 37:299-311, 1965.

Weisman, S. and R.E. Herron Stereophotogrammetry as a Means of Anthropometry for
Mentally Handicapped Children Department of Civil Engineering, University of
ITlinois, Urbana. Report no. Photogrammetry Series 11, NTIS PB-178 125,
November 1967.

White, R.M. "Anthropometry as a Variable in Human Factors Engineering" Proceed-
ings, 6th Congress International Ergonomics Association pp. 131-135, 1976.

White, R.M. "Anthropometric Measurements on Selected Populations of the World",
Ethnic Variables in Human Factors Engineering A. Chapomis (Ed), Johns Hopkins
University Press, Baltimore,1975.

White, R.M. and E. Churchill The Body Size of Soldiers: U.S. Army Anthropo-

metry: 1966 Army Matick Laboratories, Natick, Mass. Rept no 72-51-CE.
December . 1971.

Wisner, A. and R. ""Rebiffe Remarques sur la dispersion des dimensions anthropo-
metriques et 1'unicite du materiel produit en serie" (Remarks on the Dispersion
of Anthropometric Dimensions and on the Uniqueness of Mass Producted Materials)
Travail Hum. 26(1/2):219-139, January/June 1963.

44



B. HUMAN FACTORS

Adams, S.K., M.M. Boyd, and W.F. Buchele "Human Factors in Grain Harvesting
Equipment Design" Proceedings, 6th Congress International Ergonomics
Association pp. 50-55, 1976.

Agnew, K. and K. Grossfield "Development of Mobile Toilets" Engineering Medicine
5(4):100-104, October 1976.

Alioth, A., E. Martin, and E. Ulich "Semi-Autonombﬁs'Nork Groups in Warehousing"
Proceedings, 6th Congress International Ergonomics Association, pp 187-191, 1976

Amer;cgn N?yiqnalAStandag?s Institute, Inc. Specifications for Making Buildinas
and Facilities Accessible to and Usable by the Physically Handicapped ANS
ATT7. 11967 1967(Revised 1971). . tped AT No.

Aréher, L.B. "Wheelchair Design - Theoretical Factors" Proceedings, Royal Society
of Medicine 67:419, 1974,

Armstrong, T. Problems of Aging at Work, Presentation, Brouha Symposium, Indian-
apolis, 8 September,1977.

Asmussen, E. "Correlations between Various Physiological Test Results in Handicapped
Persons" Communications from the Danish National Association for Infantile
Paralysis, no 27, 1968.

Asmussen, E. and E. Poulsen "Physical Disability as a Handicap Relative to
Occupation" Communications, Danish National Association for Infantile Paralysis,
1966-.

Asmussen, E., and E. Poulsen "A Battery of Physiological and Psychological Tests
Applied to Two Different Groups of Handicapped Persons" Communications, Danish
National Association for Infantile Paralysis, number 23, 1966.

Australian Council for Rehabilitation of the Disabled, Access for the Disabled-
A Bibliography. A.C.R.0.D. Publication, 1977.

. Barfort, J. and L.J. Orgensen "Description of Clerical Testing and Training of
Handicapped Persons" Communications, Danish National Association for Infantile

Paralysis, 1963.

Bar-Or, 0., 0. Inbnr, and R. Spira "Physiological Effects of a Sports Rehabiliation
Program on Cerebral Palsied and Post-poliomyeltic Adolescents" Medicine and
Science in Sports 8(3):157-161, Fall 1976.

Barsley, M. Left-Handed Man in a Right-Handed World. Pitman, London, 197C.

Bateson, R.G., K.J. Noble, and J.J. Attenbunou "The House and Housework"
R.I.B.A. Journal LXIII:66-72, 1954.

Bittner, A.C. "Computerized Accommodated Percentage Evaluation: Review and Pro-
spectus" Proceedings, 6th Congress International Ergonomics Association, pp.
157-164, 1976.

45



Black, T.L. and J.A. Mateqka Bus Design for the Elderly and the Handicapped
Society of Automotive Engineers, Inc. Paper no 760082, February 1976.

Blethrow, J.G., J.D. Garner, D.L. Lowrey, D.E. Busby, and R.F. Chandler Emerging
Escape of Handicapped Air Travelers U.S. Department of Transportation, Federal
Aviation Administration, Office of Aviation Medicine, Washington, D.C. Report
FAA-AM-77-11, July 1977.

Bobbitt, B. "The Air Force Leads the Way in Military Jobs for Women" Air Force
Policy Letter for Commanders 1 October, 1973. .

Bolalek, P.J., and A.G. Grumblatt A Study to Determine the Adeguacy of the Tools
and Equipment used by Air Force Women in the Craft Skills Air Force Institute
of Technology, Wright-Patterson AFB, Ohio., NIIS Report AD/A-006 342, January
1975.

Brandaleone, H. "Recommendation for Medical Standards for Motor Vehicle Operators"
Industrial Medicine and Surgery 26:25-32, 1957.

Brandaleone, H. and G. J. Friedman "Physical Standards for Vehicle Operators - An
Aid to Accident Prevention" Industrial Medicine and Surgery 25:17-32, 1956.

Chaponis, A. and B.A. Gropper "The Effect of the Operator's Handedness on Some
Directional Stereotypes in Control-Display Relationships" Human Factors
10:303-320, 1968.

Cook, W.I. A Report on the Performance of Women's Safety-Toe Footwear National
Institute for Occupational Safety and Health, Morgantown. Rept no DHEW/PUB/
NIOSH-76-199, July 1976.

Corlett, E.N. "Ergonomics in Industry and the Teaching Relevant to its Practice"
Proceedings, 6th Congress International Ergonomics Association pp. 33-36, 1976.

Corlett, E.N. "Ergonomics in Industry" Ergonomics Research Society News,
May 1976.

Crosby, W.M., R.G. Snyder, C.C. Snow, P.G. Hanson, Impact Injuries in Pregnancy.
[: Experimental Studies, Federal Aviation Administration, Department of
Transportation. Report AM 68-6, March 1968.

Crosby, W.M., and J.P. Costiloe "Safety of Lap-Belt Restraint for Pregnant
Victims of Automobile Collisions" New England Journal of Medicine 284:
632-636. 25 March, 1971,

Cummingham, D.M. "Variable-Height-Powered Wheelchair for the Quadriplegic Driver"
U.S. Veterans Administration Department of Medicine and Surgery Bulletin of
Prosthetic Research p. 337-369, Fall 1974.

Dudden, F.H. and J.D. Link, "Handedness, Body Orientation and Performance on
a Complex Motor Task", Perceptual and Motor Skills, 9:165-166, 1959.

Engel, P. and G. Hildebrandt '"Wheelchair Design - Technological and Physiological
Aspects" Proceedings, Royal Society of Medicine 67:409-413, Mar 1974,

46




E11is, D.S. "Speed of Manipulative Performance as a Function of Work Surface
Height" Journal of Applied Psychology 35:289-296, 1951.

Fattal, S.G., L.E. Cattaneo, G.E. Turner, and S.N. Robinson "Personnel Guard-
rails for the Prevention of Occupational Accidents" National Bureau of Stand-
ards, Center for Building Technology, Washington, D.C. Rept. NBSIR-76-1132,
November 1976.

Fechter, J.V. Jr. "Product Safety and Product Performance Research at the
National Bureau of Standards" Proceedings, 6th Congress International Ergonomics
Association, pp. 136-140, 1976. '

Federal Register Air Transportation of Handicapped Persons Who May Need Eva-
cuation Assistance 42(67):18392-18394, April 7, 1977.

Folley, J.D. and J.W. Attman Guide to Design of Electronic Equipment for
Maintainability WADC Tech. Rept. 56-218, 1956.

Garrett, J.W. Clearance and Performance Values for the Barehanded and Pressure-
Gloved Operator Aerospace Medical Research Laboratory, Wright-Patterson AFB,
Ohio. Report AMRL-7R-68-24. August 1968.

Gart, R.G. A Comparison of Severely Handicapped and Able Bodied Drivers Masters
Thesis (unpublished), University of ITlinois, Urbana, 1959,

Gleeson, G.A. Impairments Due to Injury by Class and Type of Accident, Vital
and Health Statistics, National Center for Health Statistics, Public Health
Service, Washington, D.C. Series 10, No. 6, January 1964.

Goodwill, C.J. "Powered Vehicles and the Disabled Driver" Proceedings, Royal
Society of Medicine 67:416-419, 1974.

Grall, T.B. "The Application of Ergonomics to Improve the Individual-Fit Adjust-
ment Features of Consumer Products" Proceedings, 6th Congress International
Ergonomics Association pp. 126-130, 1976-

Grandjean, E. "Ergonomic Aspects of Aging and the Building Environment" Pro-
deedings, 6th Congress International Ergonomics Association pp. 145-148, 1976.

Grandjean, E. Ergonomics of the Home Taylor and Francis Ltd, London, 1973.

Grandjean, E. and W. Hiinting "Ergonomics of Posture - Review of Various Problems
of Standing and Sitting Posture" Applied Ergonomics 8(3):135-140, 1977.

Grandjean, E. and V. Burandt "Das Sitzverhalten von Biiroangestellten" Indust-
rielle Organization 31:243-250, 1962,

Grandjean, E., W. Hiinting, G. Wotzka, and R. Scharer "An Ergonomic Investigation
of Multi-Purpose Chairs" Human Factors 15:247-255, 1973.

Grandjean, E. H. Kretzschmar, and G. Wotzka "Arbeitsanalysen beim Verkaufspersonal
eimes Warenhouses" Z. Praventivmed 13:1-9, 1968.

47



Gurney, M., J.L. Purswell and L. Hoag "An Analysis of Hand Tools by Biomechanic
and Thermographic Techniques" Proceedings, Human Factors Society, 17 Annual
Meeting pp. 409-417, 1973.

Harrigan, J.E. "Human Factors Information Taxonomy: Fundamental Human Factors
Applications for Architectural Programs" Human Factors 16(4):432-440, 1974.

Harris, W.A. "A Human Factors Comparison of Three Cargo Trucks" Proceedings,
6th Contress International Ergonomics Association pp. 173-177, 1976.

Hedges, J.N. and S.E. Bemis "Sex Stereotyping: It's Decline in Skilled Trades"
Monthly Labor Review 97(5):14-22, May 1974.

Herrin, G.D., D.B. Chaffin, J.A. Foulke, and S.Y. Nof "A Systems Approach to
Employee/Job Matching" Proceedings, Annual Conference American Institutes of
Industrial Engineers. St. Louis, May 1976.

Hoag, L.L. and R.H. Van Dyke "A Human Factors Evaluation of the American Kitchen"
Proceedings, Huamn Factors Society 19th Annual Meeting, pp. 120-124, 1975.

Huffman, J. and M. Gottlieb A Study of Intra and Inter-individual Differences
In the Performance Times for Three Everyday Tasks Department of Engineering,
University of California, Los Angeles. Special Technical Report no. 20, 1954.

Hunt, V.R. Occupational Health Problems of Pregnant Women Department of Health,
Education and Welfare, Washington, D.C. Final Report, NTIS PB254 032/65T,
30 April,1975.

Jacobs, H.H. and S.M. Miller-Jacobs "Designing for a Child's World" Proceedings,
Human Factors Society 21st Annual Meeting pp. 532-534, October 1977.

JAMA  Committee on Medical Aspects of Automotive Safety Recommendations. 221
(2):20-21, 3 July 1972.

Jones, J., M. Lawton, and C. Myles Design for the 0ld and Disabled 01d Develop-
ment Study Year 5, Birmingham School of Architecture, England.

Keegan, J.J. "Evaluation and Improvement of Seats" Industrial Medicine and
Surgery 31:137-148, 1962.

Kelvin, A.E. "Human Factors in Rehabilitation and Health Care - Transportation
for the Handicapped" Proceedings, Human Factors Society, 17th Annual Meeting
pp. 337-344, 1973.

Kephart, H.C. and J.W. Dunlap Human Factors in the Design of Vehicle Cab Areas,
Occupational Research Center, Purdue University, Lafayette, 1954.

Kirk, N. "Discrimination of Chair Seat Heights" Ergonomics 13:3:403-413

Kolb, J. "Data on Human Engineering. What's Available and Where to Get It"
Product Engineering p.71, September 12, 1960.

48



Kroemer, K.H.E. "Human Engineering the Keyboard" Human Factors 14(1):51-63,
1972.

Kroemer, K.H.E. "Seating in Plant and Office" American Industrial Hygiene
Association Journal 32(10):633-552, 19771.

Kroemer, K.H.E. Industrial Seating Aerospace Medical Research Laboratory,
Wright-Patterson AFB, Ohio. Report AMRL-TR-70-11, 1970,

Kroemer, K.H.E. and J.C. Robinette "Ergonomics in the Design of Office Furniture"
Orthopedics, Industrial Medicine and Surgery 38(4):115-125

Lauridsen, K.V. and T. Lund "Wheelchairs" Communications, Danish National
Association for Infantile Paralysis, 1964

Laveson, J.I. and R.P. Meyer "Left Out 'Lefties' in Design" Proceedings, 6th
Congress International Ergonomics Association pp. 122-125, 1976.

Leschly, V., I. Exner, and J. Exner "General Lines of Dwellings for Handicapped |
Confined to Wheelchairs" Communications, Danish National Association for
Infantile Paralysis, November 6, 1959.

Leschly, V., A. and B. Kjaer "General Lines in Designs of Dwellings for Handi-
capped Confined to Wheelchairs" Communications, No. 7, The Danish National
Association for Infantile Paralysis, Hellerup, Denmark, 1960.

McClelland, I. and J.S. Ward "Ergonomics in Relation to Sanitary Ware Design"
Ergonomics 19(4):465-478, July 1976.

McEwen, J.C. "Working Conditions with Different Types of Disability" Ergonomics
16(5):699-677, September 1973.

McFarland, R.A., R.G. Damey, B.C. Duggar, T.J. Crowley, and H.W. Stoudt An
Evaluation of the Ability of Amputees to Operate Highway Transport Equipment.
Guggenheim Center for Aerospace Health and Safety, Harvard School of Public
Health, Boston. Final Report, Vocational Rehabilitation Administration,
RD-592, 1968.

McCormick, E.J. Human Engineering, McGraw-Hill Book Company, Inc., New York,
1957,

Murphy, C.M. "Tall Buildings and People" Building 227(6851):85-87, 1974.

Muto, W.H. "Human Factors Considerations in the Design and Evaluation of Bathroom
Fixtures for the Handicapped" Proceedings, Human Factors Society 21st Annual
Meeting pp. 542-544, October 1977.

Nadler, G. and J. Goldman "Operator Performance Studies: I One-Plane Motion
Learning" Journal of Industrial Engineering 9:187, 1958.

National Swedish Instiute for Building Research Anatomy for Planners-1. List of
References. Report no.20. Stockholm, 1965

National League of Cities "State and Local Efforts to Eliminate Architectural
Barriers to the Handicapped", Department of Urban Studies, November 1967.



National Society for Crippled Children and Adults, and the Presidents' Committee
on the Employment of the Physically Handicapped.” "Specifications for Making
Buildings and Facilities Accessible to and Useable by the Physically Handicapped"
American Standards Association. Approved 31 October,1961,

Nelham, R.L. "Manufacture of Moulded Supportive Seating for the Handicapped"
Biomedical Engineering (London) 10(10):379-38 , October 1975.

AOccupationa] Safety and Health Administration Analysis of Reports of Point of
Operation Injuries on Mechanical Power Presses, Period 1 July-31 December, 1975
Office of Standards Development, Washington, D.C., 15 January,1976.

Olshan, M.D. _"Specia] Populations - A Design for the Aged" Proceedings, Human
Factors Society 21st Annual Meeting pp. 539-541, October T977.

Owen, E.P., "The Positive Approach to Driver Physical Requirements - Physical
Factors" Transactions, 45th National Safety Congress, National Safety Council,
Chicago, 1957,

Paul, J.P. "Discussion" (AutomobileHand Controls and Wheelchairs) Proceed-
ings, Royal Society of Medicine p. 419, 1974.

Paulsen, E. "Analysis of Job Demands in Rehabilitation of Physically Handicapped"
Communications, Danish National Association for Infantile Paralysis, 1963.

Pearson, R.G. and M.A. Ayoub "Ergonomics Aids Industrial Accident and Injury
Control" Industrial Engineering 7:18-26, 1975.

Pezoldt, V.J. and J.J. Persensky Power Saws: A Review of Injury Data and Power

Saw _Industry Survey National Bureau of Standards, Washington, D.C. NBS Rept.
75-748, July 1975.

Platts, E.A. "Wheelchair Design - Survey of Users' Views" Proceedings, Royal
Society of Medicine 67-414-416, May 1974.

Product Engineering "Human Engineering...combined reprint of fourteen article
offering design assistance in meeting the non-machine problem in the develop-
ment of industrial products" , 1960-

Purswell, J.L. "Designing Jobs for Women: Productivity Implications" AIIE
Systems Engineering Conference, pp. 107-110, December 1976.

Roozbazar, A. "Ergonomics of Machine Guarding" National Safety News 116(1):
53-59, July 1977.

Roser, R.F. "Human Factors and the Developmentally Disabled" Proceedings,
Human Factor: Society, 17th Znnual Meeting, pp. 334-336, 1973.

Ross, D.M. "Evaluating the Capabilities of Man at Work" Industrial Hygiene

Quarterly 18:42, 1957.

Rowe, J.L. "Requirements and Expectations of Adolescents for Highrise Apartment

Buildings" Proceedings, Human Factors Society, 21st Annual Meeting pp. 535-538,
October 1977.

50




Rubovits, F.E. "Traumatic Rupture of the Pregnant Uterus from "Seat Belt
Injury" American Journal of Obstetrics and Gynecology 90(6):828-289,
15 November, 1964.

Runyon, R.D. Human Factors in Maintenance. Part II. Maintenance Problems
Anticipated As a Result of Subminiturization. U.S. Naval Training Device
Center, 1957.

Saari, J. "Typical Features of Tasks in which Accidents Occur" Proceedings,
6th Congress International Ergonomics Association, pp. 236-239, 1976.

Sheppard, N. "Kitchen Work Tops Heights" Architects Journal 20 September,
1970.

Sjoflot, L. "Driving Simulator for Studying the Working Situationof Farm Tractors
in the Operation of Forage Harvesters" Proceedings, 6th Congress International
Ergonomics Association pp. 56-60, 1976

Sleight, R.B. and K.G. Cook Problems in Occupational Safety and Health: A
Critical Review of Select Worker Physical and Psychological Factors Century
Research Corporation, Arlington, Va.,1974.

Smillie, R.J., and M.A. Ayoub "A Computer Simulation Approach for Analyzing
Occupational Accidents" Proceedings, 6th Congress International Ergonomics
Association, pp. 226-234, 1976.

Snyder, R.G., C.C. Snow, W.M. Crosby, P. Hanson, J. Fineg, and R. Chandler
Impact Injury to the Pregnant Female and Fetus in Lap Belt Restraint Society
of Automotive Engineers, Inc. New York, Paper no. 660801, 1966.

Snyder, R.G.. J.W. Young, C.C. Snow, and P. Hanson "Seat Belt Injuries in
Impact" The Prevention of Highway Injury, Highway Safety Research Institute.
The University of Michigan, pp. 188-210, April 1967.

Snyder, R.G, J.W. Young, and G.T. Price "Pathmechanics of Automotive Restraint
System Injuries" Accident Pathology pp. 68-89, June 1968,

Sudden, F.H., and J.D. Link "Handedness Body Orientation and Performance on a
Complex Motor Task" Perceptual and Motor Skills 9:165-166, 1959.

Thomson, R.M., B.J. Corner, H. Jacobs, and J. Orlansky Arrangements of Groups
of Men and Machines ONR Report ACR-33, 1958.

Torell, A. "Safety for the Disabled and Aging in Traffic" Proceedings of
Second Congress of the International Association for Accident and Traffic
Medicine (Wolf, H.B. and E. Forsberg, Eds) Vol. 2, Kiringiska Vriversitskliniker,
Malmo, Sweden, 1966.

U.S. Department of Health, Education and Welfare Rehabilitation Engineering
Center Specializing in Transportation Vehicle Devices and Systems for the
Severely Disabled Rehabilitation Services Administration (RSA), Office of
Human Development. Washington, D.C., 1977.

U.S. National Health Survey Limitations of Activity and Mobility Due to Chronic
Conditions, United States, July 1957-June 1958. U.S. Public Health Service,
Washington, D.C., Publications 584-811, 1959 -

51



Van Cott, H.P. and R.G. Kinkode (eds) Human Engineering Guide to Equipment Design

(Revised Edition), U.S. Government Printing Office, Washington, D.C., 1972,

Van Kirk, D.J., and A.I. King "A Preliminary Study of An Effective Restraint
System for Pregnant Women and Children" Proceedings-13th Stapp Car Crash
Conference, pp. 353-364, 1969.

Waldman, E. and B.J. McEaddy "Where Women Work - An Analysis by Industry and
Occupation" Monthly Labor Review 97(5):3-13, May 1974.

Ward, J. Ergonomics in the Design for Kitchen Storage Institute for Consumer
Ergonomics, Loughborough University of Technology, England, 1971,

Wilder, C.S. and A. N. Pearson, Impairments Due to Injury, Vital and Health
Statistics, National Center for Health Statistics, Public Health Service,
Rockville, Md. Series 10, No 87, December 1973.

Ysander, L. "The Safety of Physically Disabled Drivers" British Journal of
Industrial Medicine 23(1):28-36, 1966.

52



C. RANGE OF MOTION AND BODY KINEMATICS

Amstutz, H.C. and J.S. Mensch "Knee Replacement and Anthropometry" Proceedings,
Workshop of Total-Knee Anthroplasty, Charlottesville, Va., 1974.

Asmussen, E. "Correlations Between Various Physiological Test Results in Handi-
capped Persons" Communications, Danish National Association for Infantile

Paralysis, 1968.

Asmussen, E. and E. Poulsen "Physical Disability as a Handicap Relative to
Occupation: A Survey of 180 Disabled, Occupationally Employed Persons" Commun-
ications, Danish National Association for Infantile Paralysis, number 24, 1966.

Bogh, H.E. and E. Poulsen "Investigation on the Demand/Ability Relation in Handi-
capped Motorists" Communications, Danish National Association for Infantile

Paralysis, 1967.

Conine, T. and W.T. Brennan "Orthopedically Handicapped Children in the Classroom"
Journal of School Health 39(1):59-63, January 1969.

Darcus, H.D. "The Range and Strength of Joint Movement" Human Factors in Equip-
ment Design (Floyd, W.F. and A.T. Welford, eds). H.K. Lewis and Co., London,
p. 37, 1954,

Dempster, W.T. Space Requirements of the Seated Operator: Geometrical, Kinematic,
and Mechanical Aspects of the Body with Special Reference to the Limbs, Wright-
Patterson AFB, Ohio. Technical Report 55-159, 1955.

Dempster, W.T., The Anthropometry of Body Action, Wright-Patterson AFB, Ohio.
Technical Report 60-18, January 1960.

Drillis, R.J. "Folk Norms and Biomechanics" Human Factors 8(4):427-551, 1966.

Editor "Biomechanics Boosts Working Productivity" Industry Week pp. 34-36,
3 February,1975.

Entwisle, D.G. "The Effects of Age and Response Complexity in Patterns of Movement"
Ergonomics 3:281, 1960.

Fowler, N.W., L.M. Linde, M.B. Brooks, and M.H. Jones "Pulmonary Function and
Working Capacity in Children Who Have Undergone Amputation of An Upper Extre-
mity" Archives of Physical Medicine and Rehabilitation 43:409-413, 1962.

Glanville, A.D., and G. Kresszer "The Maximum Amplitude and Velocity of Joint Move-
ments in Normal Male Human Adults" Human Biology 9:197, 1937.

Harden, D.H., and D.M. Tenniswood "Advanced Concepts in Automobile Driver Controls"
Society of Automotive Engineers, Paper no 730472, May 1973.

Harris, M.L. "A Factor Analytic Study of Flexibility" Research Quarterly 40:
62-70, 1969.

53



Holland, G.T. "The Physiology of Flexibility: A Review of the Literature"
Kinesiology Review 1968, American Assocation for Health, Physical Education
and Recreation, Washington, D.C. pp. 49-61, 1968.

Kennedy, K.W. Reach Capability of Men and Women (unpublished dissertation) Good-
win Watson Institute for Research and Program Development, Union for Experi-
menting Colleges and Universities, 1976.

Keldsen, K. Body Segment Weights, Limb Lengths and the Location of the Center
of Gravity in College Women The University of Massachusetts, Amherst
(unpubTished Master's Thesis),1972.

Leavitt, L.A., and E.N. Zuniga Gait Analysis - Prosthetic Function in Series of
Above-Knee Amputees Department of Physical Medicine, Baylor College of Medicine
Houston - Final Report, April 1971.

Lew, W.D. and J.L. Lewis "An Anthropometric Scaling Method with Application to the
Knee Joint" Journal of Biomechanics 10:171-181, 1977.

Moore, M.L. "The Measurement of Joint Motion. Part 1. Introductory Review of
the Literature" The Physical Therapy Review 29(5):195-205, 1949.

Natarajan, M. Research and Demonstration Project for the Rehabilitation of the
Orthopedically Handicapped Madras Medical College and Government General
Hospital, Artificial Limb Center (India). Final Report, March 1970,

Rohmert, W., and P, Jenik "Isodynes of Women in the Reaching Area of the Arms"
International Journal of Product Research 11(1):11-20, January 1973.

Roozbazar, A. "Biomechanical Modeling of the Human Body" Proceedings, Human
Factors Society, 17th Annual Meeting pp. 181-191, 1973,

Rowe, L.M. "Low Back Pain in Industry - A Position Paper" Journal of Occupat-
jonal Medicine 11:161, 1969.

Rowe, L.M. "Low Back Disabilities in Industry: Updated Position" Journal of
Occupational Medicine 13:476, 1971,

Schneider, L.W., D.R. Foust, B.M. Bowman, R.G. Snyder, D.B. Chaffin, T.A. Abdelnour,
J.K. Baum "Biomechanical Properties of the Human Neck in Lateral Flexion"
Proceedings, 19 Stapp Car Crash Conference pp. 455-485 (Paper no.751156),

November 1975,

Schumann, V.K., H. Riedel, and L. Nevermann Gelrauch des Sicherheitsgurtes durch
Schwangere (Use of Seatbelts by Pregnant Women). Fortschs Med. 44(3):1757-1760,
November 1976.

Schwartz, R.P., and A.L. Heath "The Definition of Human Locomotion on the Basis
of Measurement" Journal of Bone and Joint Surgery 29(1):203-214, 1947.

Snyder, R.G., D.B. Chaffin, and D.R. Foust Bioengineering Study of Basic Physijcal
Measurements Related to Susceptibility to Cervical Hyperextension-Hyperflexion
Injury. Highway Safety Research Institute, The University of Michigan, Ann
Arbor, 1975.

54



Swearingen, J.J. Determination of the Most Comfortable Knee Angle for Pilots
Civil Aeronautics Medical Research Laboratory, Report No. 3-48, no 1, 1949.

Taylor, C.L. "The Biomechanics of the Normal and of the Amputated Upper Extremity"
in Klosteg, P.T. et al, Human Limbs and Their Substitutes McGraw Hill, N.Y.,
pp. 169-221, 1954.

Vukobratovic, M. and R. Tomovic "An Investigation to Restore Locomotion and
Stability Functions of the Severely Disabled" Social and Rehabilitation
Service, Byodynamics Dept., Washington, D.C., 1972.

Vukobratovic, M. An Investigation to Restore Locomotion and Stability Functions

of the Severely Disabled Final Report, Mihailo Pupin Institute, Beograd,
YugosTavia (PB-243198)

55



D. STRENGTH

ACOG Guidelines on Pregnancy and Work The American College of Obstetricians
and Gynecologists, Chicago Contract 210-76-0159, National Institute for
Occupational Safety and Health, Rockville, Md., 1976.

Alrand, P.0. Experimental Studies of Physical Working Capacity in Relation to
Sex and Age, Copenhagen, 1952.

Armstrong, T. "Women at Work-Physical Work During Pregnancy" Paper presented,
Brouha Symposium, Indianapolis, 8 September, 1977.

Armstrong, T. "Problems of Aging at Work" Paper presented, Brouha Symposium,
Indianapolis, 8 September, 1977,

Asmussen, E. 'Correlations Between Various Physiological Test Results in Handi-
capped Persons" Communications from the Danish National Association for
Infantile Paralysis, no 27, 1968,

Asmussen, E., E. Poulsen and H.E. Bogh "Measurements of the Muscular Strength
Necessary for Driving a Motor Car" Communications, Danish National Association
for Infantile Paralysis, 1964,

Asmussen, E., and E. Poulsen "Energy Expenditure in Light Industry. Its Relation
to Age, Sex, and Aerobic Capacity" Communications, Danish National Association
for Infantile Paralysis, 1963.

Asmussen, E. and K. Heeboll-Nielsen "Isometric Muscle Strength in Relation to
Men and Women" Ergonomics 5(1):167-169, 1962.

Asmussen, E., and K. Heeboll-Nielsen "Isometric Muscle Strength of Adult Men and
Women" Communications, Danish National Association for Infantile Paralysis,
November 11, 1961.

Asmussen, E., M. Brandt, S. Molbeck, and K. Mortensen "A New Test for Estimating
Fitness for Housework" Communications, Danish National Association for Infantile

Paralysis, 1961.

Asmussen, E., K. Heeboll-Nielsen, and S. Molbech "Methods of Evaluation of Muscle
Strength" Communications from the Danish National Association for Infantile

Paralysis, no. 5., 1959.

Astrand, I. "The Physical Work Capacity of Workers 50-64 Years 01d" Acta Physiol
Scand. 42:73, 1958.

Ayoub, M.M., R.D. Dryden, and R.E. Knipfer Psychophysical Based Models for the
Prediction of Lifting Capacity of the Industrial Worker Sociefy of Automotive
Engineers, Inc. Warrendale, Pa. Rept. 760080, February 1976.

56



Ayoub, M.M., and M.M. E1-Bassoussi "Dynamic Biomechanical Model for Sagittal
Lifting Activities" Proceedings, 6th Congress International Ergonomics
Association, pp. 355-361, 1976,

Brouka, L. Physiology in Industry Pergamon Press, Oxford, 1967.

Brown, J.R. Manual Lifting and Related Fields: An Annotated Bibliography
Labour Safety Council of Ontario, Ontario Ministry of Labour, 1972,

Brown, J.R. Lifting as an Industrial Hazard Labour Safety Council of Ontario,
Ontario Department of Labour, 1969,

Buttrey, S. Validation of 'Ergonomics/Physical Energy Conditions' Department
of Industrial and Operations Engineering, University of Michigan, August 1977,

Caldwell, L.S., 0.B. Chaffin, F.N. Dukes Dobos, K.H.E. Kroemer, L.L. Lambach,
S.N. Snook, and D.E. Wasserman "A Proposed Standard Procedure for Static
Muscle Strength Testing" American Industrial Hygiene Association Journal
35(4):201-206, 1974,

Cameron, R. "Should Air Hostesses Continue Flight Duty During the First Trimester
of Pregnancy?" Aerospace Medicine 44(5):552, May 1973.

Chaffin, D. "Biomechanics of Manual Materials Handling and Low-Back Pain" in
Zenz, C. (ed.) Occupational Medicine: Principles and Practical Applications
Year Book Publishers, Ist ed.,1975.

Chaffin, D.B. "Ergonomics Guide for the Assessment of Human Static Strength"
American Industrial Hygiene Association Journal pp. 505-511, July 1975.

Chaffin, D.B. '"Human Strength Capabilities and Low-Back Pain" Journal of
Occupational Medicine 16(4):248-254, April 1974.

Chaffin, D.B., and G.D. Herrin "The Effectiveness of Pre-employment Strength
Testing for Manual Materials Handling Jobs" Proceedings, 6th Congress Inter-
national Ergonomics Association pp. 17-23, 1976.

Chaffin, D.B., and K.S. Park "A Longitudinal Study of Low-Back Pain as Asso-
ciated with Occupational Weight Lifting Factors" American Industrial Hygiene
Journal p. 513, December 1973,

Chaffin, D.B. and W.H. Baker "A Biomechanical Model for Analysis of Symmetrical
Sagittal Plane Lifting" Al11E Transactions 2(1), 1970.

Clarke, H.H. "Relationship of Strength and Anthropometric Measures to Physical
Performance Involving the Trunk and Legs" Research Quarterly 28:223-232, 1957.

Cotes, J.E., C.T.M. Davies, 0.G. Edholm, M.J.R. Healy, and J.M. Tanner "Factors
Relating to the Aerobic Capacity of 46Healthy British Males and Females Aged
18-28 Years" Proceedings of the Royal Society, London (3)174:91-114, 1969.

Davies, C.T.M. "Human Power Output in Exercise of Short Duration in Relation to
Body Size and Composition" Ergonomics 14(2):245-256, March 1971,

57



Diddle, A. "Gravid Women at Work" Journal of Occupational Medicine 12(1):
10-15, 1970,

Drosin, A.B. "Study of Fatigue in the Pronation and Supination Muscles" Pro-
ceedings, New England Bioengineering Conference pp. 151-154, May 1976,

Everett, P.W. and F.D. Sills "The Relationship of Grip Strength to Stature,
Somato type Components, and Anthropometric Measurements of the Hand" Research
Quarterly 23:161-166, 1952.

Fletcher, J.G., H.E. Lewis, and D.R. Wilkie "Photographic Methods for Estimating
External Lifting Work in Man" Ergonomics 2:114-115, 1958.

Garg, A. A Metabolic Rate Prediction Model for Manual Material Handling Jobs
Department of Industrial and Operations Engineering, University of Michigan,
1976.

International Labour Office. "Maximum Permissible Weight to be Carried by One
Worker" Qccupational Safety and Health Series, no. 5, Geneva, 1964.

Johnson, B.L. and J. Nelsen "Effect of Different Motivational Technique During
Training and in Testing Upon Strength Performance" Research Quarterly
38:630-636, 1967.

Jones, H.E. "The Relationship of Strength to Physique" American Journal of
Physical Anthropology 5:29-40, 1947.

Jorgensen, K., and E. Poulsen "Physiological Problems in Repetitive Lifting with
Special Reference to Tolerance Limits to the Maximum Lifting Frequency"
Ergonomics 17(1):31-39, January 1974.

Garg, A. and D.B. Chaffin "“A Biomechanical Computerized Simulation of Human
Strength" AIIE Transactions 7(1):1, March 1975.

Garrett, J.W., M. Alexander, and W.G. Bennett Two-Handed Retention on Various
Handle Configurations Aerospace Medical Research Laboratory, Wright-Patterson
AFB, Ohio. Report AMRL-TR-67-63, May 1967.

Green, E.E. The Relationship of Lean Body Mass to Strength Doctoral Dissertation
(microfilm), Colorado State College, 1967.

H asbrook, A.H., C.C. Snow, B. Karim, K.H. Bergez, and R.F. Chandler A Preliminary
Study of Maximal Control Force Capability of Female Pilots Federal Aviation
Administration, Office of Aviation Medicine, OkTahoma City. Report FAA-AM-72-27,
July 1972.

Hunsicker, P.A. Arm Strength at Selected Degrees of Elbow Flexion Wright Air
Development Center, Wright-Patterson AFB, Ohio Tech Rept 54-548, 1955.

58




Jorgensen, K. and E. Poulsen "Physiological Problems in Repetitive Lifting
With Special Reference to Tolerance Limits to the Maximum Lifting Frequency"
Ergonomics 17(1):31-39, 1974,

Kennedy, K.W. Reach Capability of Men and Women Doctoral Dissertation (unpublished)
Goodwin Watson Institute for Research and Program Development, Union for Experi-
menting Colleges and Universities, Yellow Springs, Ohio, 1976,

Koepke, C.A. and L.S. Whetson "Power and Velocity Developed in Manual Work"
Mech. Engr. 62:383, 1940,

Koyl, L.F. and P.M. Hanson "Age,Physical Ability, and Work Potential" Report of
National Council on Aging, U.S. Manpower Administration and U.S. Department of
Labor, February 1969.

Koemer, K.H.E. "Muscle Strength as a Criterion in Control Design for Diverse
Populations" Ethnic Variables in Human Factors Engineering, A. Chapanis, Ed.,
The John Hopkins University Press, Baltimore. (also AMRL-TR-72-46), 1975.

Kroemer, K.H.E. Pedal Operation by the Seated Operator Society of Automotive
Engineers, Paper no 720004, January 1972.

Kroemer, K.H.E. Horizontal Static Forces Exerted by Men Standing in Common Working
Positions on Surfaces of Various Tractions Aerospace Medical Research Laboratory,
Wright-Patterson AFB, Ohio, Report AMRL-TR-70-114, January 1971.

Kroemer, K.H.E. Human Strength: Terminology, Measurement, and Interpretation of
Data Aerospace Medical Research Laboratory, Wright-Patterson AFB, Ohio. Rept.
AMRL-TR-69-9., 1970. ‘

Kroemer, K.H.E. Push Forces Exerted in Sixty-Five Common Working Positions Aero-
space Medical Research Laboratory, Wright-Patterson AFB, Ohio. Report AMRL-TR-
68-143, August 1969 .

Kroemer, K.H.E. Designing for Muscular Strength of Various Populations Aerospace

nglcal Research Laboratories, Wright-Patterson AFB, Ohio. Report AMRL-TR-72-46,

Lamphiear, D.E., and H.J. Montoye "Muscular Strength and Body Size" Human
Biology 48(1):147-160, 1976. E—

Laubagh, L.L. Muscular Strength of Women and Men: A Comparative Study Aerospace
Medical Research Laboratory, Wright-Patterson AFB, Ohio, University of Dayton
Research Institute, Dayton, Ohio. Technical Report AMRL-TR-75-32, May 1976.

Laubach, L.L. and J.T. McConville "The Relationship of Strength to Body Size and
Typology" Medicine and Science in Sports 1(4):189-194, December 1969.

Laubach, L.L. "Body Composition in Relation to Muscle Strength and Range of Joint
Motion" Journal of Sports Medicine 9:89-97, 1969.

59



McFadden, E.B., J.J. Swearingen, and C.D. Wheelwright "The Magnitude and Direction
of Forces that Man Can Exert in Operating Aircraft Emergency Exits" Human Factors
1(4):16-27, 1958.

McFadden, E.B., and J.J. Swearingen "Forces that May be Exerted by Man in the
Operation of Aircraft Door Handles" Human Factors 1(1):16-22, 1958.

Muller, E.A. The Best Arrangement of Foot Controls Operated in the Seated Position"
(in German). Arbeitsphysiologie 9:125-137, 1936.

Munchinger, R. "Manual Lifting and Carrying" International Occupational Safety
and Health Sheet, no. 3, Geneva, Switzerland, 1962.

Nemecek, J. "Ergonomic Analysis of Strenuous Work in Female Textile Employees"
Proceedings, 6th Congress International Ergonomics Association pp. 245-247, 1976.

Park, K.S. and D.B. Chaffin "Prediction of Load Lifting for Manual Materials
Handling" Professional Safety 20(5):44, May 1975,

Park, K.S. and D.B. Chaffin "A Biomechanical Evaluation of Twa Methods of Manual
Load Lifting" AIIE Transactions 6(2), 1974.

Paulsen, E. "Prediction of Maximum Loads in Lifting from Measurements of Muscular
Strength" Communications from the Danish National Association for Infantile

Paralysis, no. 31, 1970,

Perkins, R. and S. Kong "Force Exertion During Lifting with Light Loads" Proceed-
ings, Human Factors Society 18th Annual Meeting, pp. 393-396, October 1974.

Perkins, R. and S. Konz "Prediction of Peak Lifting Forces from a Subjects' Height
and Weight" Proceedings, Human Factors Society, 17th Annual Meeting, pp. 402-408,
1973.

Poulton, E.C., J.C.R. Hunt, and J.C. Mumford "The Mechanical Disturbance Produced
by Steady and Gusty Winds of Moderate Strength: Skilled Performance and Semantic
Assessments" Ergonomics 18(6):651-673, 1975.

Rasch, P.J. and J.W. Hamby Physical Fitness of Women Marines U.S. Naval Medical
Field Research Laboratory, Bureau of Medicine and Surgery, Navy Department Camp
Lejune, North Carolina, Report 17, no 1, January 1967.

Rasch, P.J., J.W. Hamby, and A.G. Rich The Physical Fitness of Women Marine Recruits
U.S. Naval Medical Field Research Laboratory, Bureau of Medicine and Surgery,
Navy Department, Camp Lejune, North Carolina. Report 17, no 4, May 1967.

Rasch, P.J., J.W. Hamby, and W.T. Harrelson Reliability of Measurements in the
Proposed Physical Fitness Test for Women Marines U.S. Naval Medical Field Research
Laboratory, Bureau of Medicine and Surgery, Navy Department, Camp LeJdune,N.Carolina.
Report 17,. no. 19, December 1967.

Rasch, P.J. and W.R. Pierson '"Some Relationships of Isometric Strength, Isotonic
Strength, and Anthropometric Measures" Ergonomics 6:211-215, 1963 .

Reynolds, M.M. and M.A. Allgood Functional Strength of Commercial Airline Steward-
esses Federal Aviation Administration, Office of Aviation Medicine, Washington,
D.C. Report, FAA-AM-75-13, November 1975.

60




Roberts, D.F., K.A. Provins, and R.J. Morton "Arm Strength and Body Dimensions”
Human Biology 31(4):334-343, 1959,

Rohmert, W. and P. Jenik "Isodynes of Women in the Reaching Area of the Arms"
International Journal of Production Research 11(1):11-20, 1973.

Rohmert, W. and P. Jenik "Isometric Muscular Strength in Women" Frontiers of
Fitness R.J. Shephard (ed), Charles C. Thomas, Springfield, I11., 197T.

Seitchik, J. "Body Composition and Energy Expenditure During Rest and Work in
Pregnancy" American Journal of Obstetrics and Gynecology 97(5):701-13, 1967.

Smith, L.E. and J. Royce "Muscular Strength in Relation to Body Composition®
Annuals of the New York Academy of Science 110:809-813, 1963.

Snook, S.H. New Approaches in Human Factors Research on Physical Stress Male -
Female Strength Presentation, Broula Symposium, Indianapolis, 8 September, 1977.

Snook, S.H., and V.M. Ciriello "Maximum Weights and Work Loads Acceptable to
Female Workers" Journal of Occupational Medicine 16(8):527-534, 1974.

Techauer, E.R. "Pilot Study of the Biomechanics of Lifting in Simulated Industrial
Work Situations" Journal of Safety Research 3(3):98-115, September 1971.

Terrel!, R. and J.L. Purswell "The Influence of Forearm and Wrist Orientation on
Static Grip Strength as a Design Criterion for Hand Tools" Proceedings, 6th
Congress International Ergonomics Association pp. 28-32, 1976.

Wardle, M.G. "Women and Strenuous Work" Human Factors 19(5):515-517, 1977.

Whitney, R.J. "T ifti ion i L ; .
1958¥ he Strength of the Lifting Action in Man" Ergonomics 1:101-128,

Williams, M. and L. Stutzman "Strength Variatfon Through the Range of Joi
0] " - . L, . . 01
Motion"  The Physical Therapy Review 39(3):145-152, 1959. ’ nt

61




