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ABSTRACT

The increase in female personnel utilization aboard ship has
initiated a need to examine gender based differences in anthropomet-
rics, biomechanics, psychophysical performance, physiological attri-
butes and the relationship of these factors to the design of ship-
board equipment and fittings. Literature in this area was examined
by Ayoub et. al. (1978). The purpose of the present report was to
update and extend the baseline established by Ayoub et. al. (1978)
by examining current work. Specifically, this report seeks to:
consolidate current performance and anthropometrie

articles into an updated data base,

e identify the presence and degree of overlap between

the sexes in performance and anthropometric variables,

relate gender based differences to potential effects

on performance levels,

e identify "gaps" in the anthropometric and performance

literature that warrant further investigation.

To accomplish this,

ture was conducted which focused on male/female differences in basic

anthropometrics and performance. The review covered the published

literature as well as technical notes and reports that have a limited

disti ibution.

The results of a critical review of the obtained literature

indicated that several general and specific needs exist which must

be addressed in order to increase the utility of this data base for

system design applications, The lack of standardized methodologies

and the potential discrepency between laboratory data and job
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performance were noted. Gaps were noted in the literature concern-
ing gender differences in: psychomotor skills, vigilance, cold
tolerance and dynamic anthropometry/biomechanics.

More work is recommended Lo examine the effectiveness of
p ; compensatory physical training programs where female performance is
! found to be below criteria. Additionally, the positive aspects of
! gender based performance differences need to be further examined and

iy

% exploited in equipment design and task and function allocations.
b . Gender differences in visual system biases and their potential appli-
cation to monitoring and detection tasks are noted.

. Articles examined in this update are clasgified by a matrix
of topic areas to provide cross referencing. Abstracts of the
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e o

b
!

-iii-

1

- - i
id / . Rl A X e iy - e . N . -
£ Lo hm (TP e R N Y SR AN oatstmone o - o [ i : ST X . o - .‘. PR
e a o B T T TYSEN SN EGRA IL T X1 .U PO IT Y- T O OO LIRS POV WL LY




i
; ' TABLE OF CONTENTS ?
. ‘ Page [
= . 1.0 INTRODUCTION. :
) 1.1 PURPOSE, :
Q . 2.0 METHOD. . . . j

§ ;7 2.1 INFORMATION SCURCES.

ﬁ. ‘ 2.2 EVALUATION CRITERIA. . . . . . . .
- 2.3 CLASSIFICATION MATRIX. . . . . .« +« « . + . .
| 2.4 ORGANIZATION . . . . . .

% 3.0 REVIEW AND EVALUATION . . . . . . . . .
3.1 ANTHROPOMETRICS.

BIOMECHANICS

SENSORY /MOTOR. .
ENVIRONMENTAL INFLUENCLES

HUMAN ENGINEERING.

4.0 CONCLUSION. . . + .+ + . « . . .

O © 0w & oo W

w W W
- L DN
W W~
or o~ O
P N T NN Sy PPTPRS

o8]

(9]
LS
—

9]
&

: , APPENDIX I - CLASSIFICATION MATRIX . . . . . . . . . . . . .. 55
i APPENDIX II - LITERATURE ABSTRACTS . . . . . . . . . . . . . . 59
: REFERENCES . . . . . . . . . . o . o v v v v e e 042

T I T e e e

S

-fy-

S memr e et e 4 e e -
) ——— el © - N m———— .-  — . e
- RO ettt et et N ) L S ., -
aschothata fr st o L Ly e W AL et o aessie eaten 2 TR RN T o o . ' :
sl s sk om0 diadr e o e i AL




TSR TN LAT e

LIST OF FIGURES
Figure Page
1 The range and average mean percentage differences
in muscle strength characteristics botween women
and men. . . . v . . e e e e e e e e e e e 30
LIST OF TABLES
Table Page
Comparative Anthropometric Data . . . . . . . . . . 10
2 Isometric Strength Values of U.S. Army Women and
Men . . . v 0 o e e e ey e e e e e e e 22
3 Percentile Values of Isometric 3trength Tests of U.S.
Army Women and Men . . . . . . . . . o 0000w 23
4 Grip Strength Values for Men and Women . . . . 25
-V
s e e e o e L TImST e e e

ey

il s 35 Wl e 20 T




1.0 INTRODUCTION

The 1970's brought many demographic shifts in the make-up
of the work force in the United States. Not the least of these
shifts was the dramatic iacrease in numbers of women employed in
"non-traditional" occupations. During the past decade, women have
entered diverse and non-conventional careers as construction workers,
law enforcement officers, and heavy machine operators. The late
1970's saw a growing research effort for defining the role cf
women in the space program (Brown, J.W,, 1979). This trend toward
expanded female work roles is likely *o continue to grow into the
1980's.,

This demographic shift in the composition of the civilian
work force has been paralleled in the military sector. While in-
creasing cultural acceptance has played a significant role in in-
creased female enlistment, there have also been comnelling practical
reasons. Since the mid 1970's, the number of military-aged males
in the United States has been consistently declining. Current
Pentagon estimates hold that the number of eligible men might drop
by as much as 25% by 1992 (Marcinick, 1980). This population shift
has been accompanied by the abolition of the draft in 1973. These
two factors have forced the armed services to re-examine the utili-

zation of women in non-traditional areas.

The role of women in the armed forces has expanded from tradi-
tional clerical and nursing positions to include almost all non-
combatant military Jjobs. The Navy has, in turn,expanded its assign-
ment of women to include permanent shipboard duty assignments on

non-combatant ships.
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In a recent instruction from the Secretary of the Navy
(Soceretary of the Navy, 1979), it was stated that, "It is the
policy of the Department of the Navy that women memhers, officers
and enlisted, will be assigned to billets commensurate with their
capabilities to the maximum extent practicable.'" The only re-
striction placed on female personnel utilization is that women
may not be permanently assigned to a combatant vessel. Women may
sterve temporary duty on any ship in the Navy, provided that it is
nut expected to have a combat mission during the period of temporary
duty. This expansion of the role of women aboard ship has led to

female personnel being assigned to over twenty Naval ships to date.

The introduction of women into a workplace designed for use
by males has been shownh to cause human engineering-related deficien-
vies in workplace layout (Ketcham~Wiedle and Bittner, 1977). The
in, lux of women into shipboard billets has therefore raised ques-
tions about the adequacy of shipboard equipment design for female
usee,  Ship fittings and equipment were designed with only the male
user in mind. No consideration was given to human engineering
standards that would accommodate both males and females in ship

systems.

Gender based human engineering problems can arise from male/
female differences in anthropometrics, biomechanics, psychophysical
performance, physiologicul attributes and the relationship of
these factors to the design of shipboard equipment and fittings.
The above cited increase in female personnel utiiization therefore
initiates a need to examine current literature which concerns these
gender related issues. These articles also need to be consolidated

into an accessible data base,
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1.1 PURPOSE

An exhaustive review of the gender based human performance é
: literature entitled: Classification, Summary, Relevance and Applica-~ .
% . ‘ tion of Male/Female Differences in Performance  was performed by ;
é Ayoub et. al. (1978). The purpose of the nresent report is to up- 4
Eﬁ date the data base established by Ayoub et. al. The focus of this

? : report is on literature published after the Ayoub paper, however,
- some citations covered in that earlier review are covered here where
3 . needed to establish the context of current work. Specifically,

this report seeks to:

e ‘ e consolidate current performance and anthropometric
articles into an updated data base,

® identify the presence and degree of overlap between
the sexes in performance and anthropometric variables,

ST SN

e R

relate gender based differences to potential

i ST T e I R S s

: effects on performance levels,

SRR e el

® identify '"gaps'" in the anthropometric and performance
literature that warrant further investigation.
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2.0 METHOD

2.1 INFORMATION SOURCES

A survey of the relevant scientific literature was conduct-
ed which focused on male/female differences in basic anthropometrics
and performance. The review covered the published literature as
well as technical notes and reports that have a limited distribution.
The Topside and Bayside libraries of the Naval Ocean Systems Center

(NOSC) were used for their periodical and ook holdings, technical

notes and reports housed there and for interlibrary loan sources.

Two computer data base searches were made to locate additional
sources:

1. Medline, Off-line Bibliographic Citation of the
National Library of Medicine

2. MNMNational Technical Information Service, U.S. Department

of Commerce

In addition to the computer searches, manuai searches of
abstract sources were conducted at San Diego State University's

Love Library. These sources included:
1. Scierce Citation Index

2. Index Medicus

searches yielded titles with author(s) while
yielded abstracts as well as author(s) and tiiic.

available the abstract, would usually indicate
article

The computer
the manual searches
The title, and when

whether an article was appropriat= for review. If the

appeared relevant, it was obtainea through the NOSC Topside Library.
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The references cited in an articlc often reveal potential new
sources of relevant information. Promising articles cited in
reference lists were thereforz also obtained through the NOSC

library.

2.2 EVALUATION CRITERIA

Upon receiving the report, the amount and quality of new
information added to the existing literature was determined by
subjecting the article to a series of conditicnal requirements.
Articles were sought which were published since 1978 bhecause they
would not he included in the baseline established by Ayoub (1978).
Articles found which were published before 1978 and weren't in-
cluded in the Ayoub paper, were also reviewed to determine if they

were appropriate for inclusion in this update.

Obviously, priority was given to articles that considered
both male and female data, so that direct comparisons could be
made between the sexes. Articles that furnished needed data on
oniy one or the other genders were also included if appropriate.

Articles were evaluated for their relevauce to workplace,
clothing and equipment design. Data which focused on male/female
performance in both laboratory and field settings were reviewed for
inclusion. Particular consideration was given to adequacy of
sample size and descriptions of populations sampled in anthropometric

studies.

If an article furnished new, relevant information to the
literature according to the considerations noted above, the report
was abstracted to include methods, results, and summary application.
If the article was of interest but furnished little new informatioun,
the report was abstracted with just the summary application. The
resulting set of abstracts can be seen in Appendix II of this report.
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2.3 CLASSIFICATION MATRIX

Articles abstracted were classified by a matrix of topic
' areas. By organizing the literature pertinent to male/female
differences in performance into a classification matrix, the reader

is provided with a quick access Cross index to the abstracted i

sources. The classification matrix covers the following areas: 3

e Basic Scope
e Male
e Female
e Research
°

Review i

s

e Anthropometrics

—
PREwL Y SR

l ' e DBiomechanics

e Sensory/Motor
e Environmental Influences

e Human Engineering
e Clothing/Tools

L catiedoms ik _y s

. The scope of an article refers to the populations included
j (male, female or both), and whether the article concerns new re-

1 e Manual Materials Handling

S e Workplace design . |
: |
%. 2.3,1 Basic Scope ]

; search or presents a review of prior work.,
<
A

el S e AR R
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2.3.2 Anthropometrics

? ) Anthropometry is the comparative study of human body measure-

% ' ments.,  Included here are structural body dimensions taken with the i
] ) subject's body in a fixed (static) position and functional body |
g d mensions that reflect the range of body movemsnt (dynamic). ]
é Static measures include height, leg length, etc., while reach enve- 13
E lope is characleristic of dynamic anthropometric measures. f
r 3
@ Anthropomeiric data is typically presented in terms of mean 3
g values and percentile ranks. The data are arranged in discerete 1% ;
f sets ranging [rom the firgt (smallest) to Lthe 99th (largest) percen- '
§ tile., A specific percentile value will reflect the percentage of !
@ data that falls below that particular value in the ordered array. ?
& The H50th percentile value represents the median ol the data scol. ]
% The 5th to 95th percentile range describes the data that falls with ;
g in approximately two standard deviations above or below tho mean f
¢ viilue in the variable's distribution. Percentiles are used coxten- ]
sively in anthropometric surveys as reference markers when two or i
more surveys are compared to determine the degrec of overlap belwoen g
5 the populutions sumpled. ﬁ
\ o 1‘;'%
2.3.3 Biowmechanices i3

|

- Biomechanices concern the force production capabilities of ik
males and females., Biomechanical data cover static and dynamic i

measures,  Static strength is the ability to exert isometric musclo .

force or to push, pull or {ift in a single explosive effort., Dyna- }

! mic strongtlh mousures the ability to perform repeated or continuous é

‘ movements.  Similar to anthropometric data, these strength measures ?
\ are commonly prescented as mean pounds of force and as percentilce \
ranks. ?

3
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2.3.4 Sensorv/Motor

Psychosenscry studies usually involve visual and/or audi-
tory detection thresholds, frequency sensitivity and the 1like.
Tracking, hand-eye coordiration and control dynamics are topics
of psychomeotor investigations. Studies concerning vigilance per-

formance may fall somewhere between the psychosensory and psycho-
motor catagories depending on emphases and tasks chosen for experi-
mental evaluation. Therefore, for the purposes of this review,
articles involving vigilance performance are also subsumed under

R T T T T TS -
T R T SN
R e e

T TR P

this heading,

2.3.5 Environmental Influences

=0

e

Environmental influences encompass the performance effects
of adaptation to environmental stressors (e.g. thermoregulatory
mechanisms), and in women, the ei1fects of the menstrual cycle on

these adaptive functions.

[SATTYg, ~ R

2 3.6 Human Engineering

! This final category concerns applications oriented research
in: tool/clothing design, monual materials handling and workplace

_ -mklar, . it

design.

IS T e
[ 4
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2.4 ORGANIZATION

? ! The remainder of this report presents an updated literature
review which follows the classification matrix categories listed

e Sk e el

in section 2.3. The emphasis is on consolidation of the current .
data basie ard the identification of areas where results are in
conflict, or daia is lacking. ~following the review. abstracted , !

articles are crocs referenced by data categories in the classifica-
tion matrix presented in Appendix I. The actual abstracts are

located in Appendix II.
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3.0 REVIEW AND EVALUATION

3.1 ANTHROPOMETRICS

Within the last twelve years, there have heen two largu-
scale anthropometric surveys of military women. These include the
survey of United States Air Force women in 1968 (Clauser et. al.,
1972) and the survey of the United States Army women in 1977 (l.aubach
et. al., 1977, Churchill et. al., 1977, Wbhite, 1979), Surveys of
military males include the United States Air Force male personnel
in 1963 (Churchill, Kitka & Churchill, 1977), United States Air
Force Flying personnel (Clauser et. al., 1967), United States Army
males in 1965 and 1966 (White and Churchill, 1971) and United States
Army men in 1977 (McConville et. al., 1977). The 1977 United States
Army surveys represent the only pair of studies in which both military
males and females were measured at the same time and place, by the
same investigators a.d with the same tools and techniques. Table 1
displays forty-one static and dynamic anthropometric measurements
taken on the USAF women, U.S, Army women, the U.S. Army men and
American Airlines stewardess trainees (Sunow, 1975). The measure-
ments included in Table 1 are typical of those that are found in
the majority of the surveys cited in this report. The mean age of

the group surveyed is also listed in Table 1.

Civilian anthropometric surveys include the Health Examina-
tion Survey performed in 1962 (Stoudt et. al., 1970) and the anthro-
pometric survey ol American Airlines stewardess trainees shown in
Table 1 (Snow and Reynolds, 1975; Reynolds and Allgood, 1975). Both
of these surveys have deficiencies which 1limit their application to
military design problems., The Health Examination survey measured
weight and ten measures of height, one measure of body breadth, two
skinfolds and three body circumferences. The lack of adequate
characterization of body size and proportions of the civilian popula-
tion greatly limits the utility of this study. The airline stewardess
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Table 1

COMPARATIVE ANTHROPOMETRIC DATA

Mea surement Airline USAF
Stewardesses Women

Static

Ankie 7.93% 8.30
Circumference JA0RR .51
422 %*% 1905
Biacromial 13,79 14.11
Breadth .58 .65
422 1908
Biceps 9.18 10.08
Circumference .53 .90
422 1905
Bust 33,71 35,33
Circumference 1.56 2,24
221 1905
Ruttoc k- 22,62 22.61
Knee Length .92 1.04
423 1905
Calf 12.68 13.44
Circumference .64 .38
422 19 05
Chest 29, 38 29,26
Circumference- 1,28 1.92
Inspiration 406 1905
lye Height- 29,92 29,02
Sitting 1.08 1.20
423 1905
Hip 35.46 37 .51
Circumference 1.31 2.37
422 1905

Neck
GCircumference 11,76 13,29
.46 .66
421 1905
Popliteal 17.12 16.16
Height .83 .73
422 1905

*

Mean in inches * Standard deviation
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US Army
Wamen

8.16
.49
1331

14,06
.63
255

10,19
1.01
255

34.73
2.53
1331

22.78
1.21
1331

13.82
.99
1331

29.4606
1,98
1331

28.99
1.36
1331

37.61
2.51
1331

12.74
.62
1331

16.41
.93
1331

in inches ®** Sample size
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US Army
Men

8,55
287

15.53
78
287

11.48 ,
1.09 |
287

XXXX

23.93
1.°1
287

e e U A .. o et

14.10
1.10
287

36,58
2.60
287

30.48
1.34
287

PP

37.46
2.38
287

XXXX

.
Al T 50 0 s st L . o sl 0w

17 .43
1.07
287
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Measurement

Shoulder

Circumference

Sitting
Height

Stature

Suprasternal

Height

Wa.st

Circumference

Weight

Head /Hand /Foot

Bizygomatic

Breadth

Foot
Breadth

Foot
Length

Hand
Bread th

Hand
Length

Head
Length

Table 1 (continued).

Airline
Stewardesses

37.61
1.27
422

34.27
1.11
419

65.45
1.91
422

52.99
1.71
422

24.50
1.10
394

116.42%
9.39¢*

422

5.07
17
423
3.4/
422
9.40
422
2.90
423
6.82
423
7.29

417

* Weight in pounds

U SAF
wonen

39.53
2.02
1905

35.70
1.25
1905

63.82
2.36
1905

51.97
2.09
1905

26.46
2.16
1905

127,28

16,59+
1905

5.08

.23
1905
3.49
1905

XXXX

XXXX

7.24
.38
1905

7.25
.27
1905
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US Army
Women

39.52
2.15
1331

33.49
1.41
1331

64.16
2.57
1331

52.21

2,22
255
27.86
2.72
1331
132.22%

19.16%
1331

5.20
2.6
3.49
.20
1331
9.57
1331
3.08
1331
6.87
1331
7.37

1331

US Army
Hlen

43.67
2.42
287

35.17
1.43
287

68 .53
2.68
287

58.18
2.40
287

30,97

3,17

287
156.,02*

24 ,22%
287

102
3.90
286
10.53
286
1.51
17
287
7.66
128
287
7.66

.28
287
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é Table 1 (Continued).
; Measurement Airline USAF US Army {
4 Stewardesses Women Women ki
¥ |
] Head 5.73 5.71 5.75 5.93 bl
j Breadth .20 .23 .21 .21 1
: 418 1905 1331 287 ;
4 Skinfold ?
3 Measurements 3
i
: Subscapular .36 .51 .55 XXXX ;
3 Skinfold .09 19 .24 ;
i 407 1905 255 !
‘ Suprailiac .39 .78 .66 XXXX .
g Skinfold .14 .28 .28 :
F 376 1905 255 '
- Triceps .57 .75 .69 XXXX §
: skinfold .13 21 .20 i
: 421 1905 255 Q
; Dynamic or
: Wor kspace ;
) ' HMeasurements i
5 |
i Functional 31.03%* 29.19 28 .02 31.40 \
i Arm Reach 1,28 1.53 1.78 1.62 i
! 422 1905 300 106 |
: Functional Arm XXXX 33,01 32.73 36,17 i
3 Reach, Extended 1.92 2.29 2.36 {
; 1905 300 106 i
o ﬁ
5 Functional XXXX XXXX 42.88 46,67 i
: Leg Length 2.28 2.06 §
3 300 106 3
g Overhead Reach, XXXX XXXX 13.69 15.16 i
1 Breadth .76 .81 .
4 300 106 "
i Over head Reach, XXXX 78.44 78.42 84,69 .
He ight 3.37 3.56 3.71 o
1905 300 106 ;
.;
* Functional arm reach is measured to the tip of the middle finger 7
instead of the tip of the index finger touching the thumb as is 3

the case in the other three surveys.

-12-
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Table 1 (continued).

Measurement Airline JSAF
Stewardesses Women
Over head Reach, 52.323 XXXX
Sitting 1.87
423
Bent Torso XXXX XXXX
Height
Bent Torso XXXX XXXX
Breadth
Kneeling XXXX XXXX
Height
Kneeling XXXX XXXX
Leg Length
Bent Knee XXXX XXXX
Height, Supine
Hor izontal Length, XXXX XXXX
Knees Bent
Weight, XXXX XXXX
Clothed
Stature, XXXX XXXX
Clothed
Age 22.08 23.43
1.64 6.45
406 1905

* Weight in pounds
-13-
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US Army
Women

50.80
2,60
300
49.64

3.10
300

15.79
300
48 .05

1.87
300

25.52
1.37
300
17.91

1.06
300

59.42

2.81

300
135.86*

17 .68%
300

65.81
2.62
300

23.1

1331

S et o SRR FEE NEIY § N SRS O PPN SRPPRNRP AL 2 2
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US Army
Men

53.89
2.30
106

54 .05
2.86
106

17 .61
.88
106

50.86
1.79
106
27.31
1.43
106
19.31

1.06
106

63.46
2.84
106

159,10*
21.83*
106

70.06
2.46
106

XXXX
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|
|
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trainecs arve highly selected in terms of height, weight and body g
coporticas and therefore do not reflect the dimensions of military &

temales, Table 1 illustrates the disparity between the stewardess f
Crainces and the military women, f

A comparison of some of the measures shown in Tuble 1 re-
[

voulls that mon are generally larger than women on all dimensions,

with the exception of hip circumference. On the average, chest

circumlerence for U.S. Arny men was 1.85 inches larger than U.S.

Avmy women (bust circumference) and 1.25 inches larger than USAF

Waist circumference was 3.11 irches larger [or men when

When compared to USAF women, the male
Hip circumlerence for

womoen,
compared Lo U,S5. Army women.
wiinst civeumference was 4.5 inches larger.
atl three military surveys was almost equal (variation of 0.1 of

The face and hand breadth ranges for the 5th through 95th
The results of functional measure-
Generally,

an inch),
pereentiles do not overlap at all,
qents correspond to the findings for structural measures.
e HO0th and 95th percentiies of female functional measurements
approximate the 5th and B0Lh percentile values for male measures.

' Mhoese data indicate that there are proportional as well as absolute

differences between males and females,

A more complete comparison of these and other military anthro-

pometrice surveys was recently undertaken by White (1979) and Whito and

booantis (1878). These reports also found men larger in all body measure-

woents exceept hip circumference,
createor at the 95th percentile rank than the 5th percentile.

Differences were found to be slightly
In con-

viusion, White states that:

“...the contrasts in body size and also proportions
hewlween army men and women discussed here are of
sipnificance, toth in the design and sizing of cloth-

in the human engineering of equipment intended

ing, and ia
for use by both men and women.'  (White, 1979).
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3 The proportional differences between the sexes were under-
al. (1979). In this study, male

3 . lined in a report by Robinette et. |
matchedmﬁgxmm,ummﬁ

| ' and female subjects from the 1977 U.S. Army survey were
Dimensions based on the priméry sex character-

height and weight,
biceps circumference, and shoulder

istics such as hip c¢ircumference,
circumference were significantly different between male and female
Major difterences were also found in hand and foot

TR S S

matched groups.
indicating that even using samples that are matched on stature

female dimensions at the distal appendages are much

S sivies,
and weight,
smaller than the male dimensions.

ST e e s

s N el % 0 = R Vi b |- i o

Martz (1980) investigated the measurements taken during anthro-

e, T

BT

pometric surveys to identify redundsvt measurements. Different
measures ol the samce body part were | entified and collected into
Factor analysis by groups was then
If many variables

RNy

S

groups signitfying that body part.
performed to identify intragroup relationships.
: loaded heavily on one factor, the variable with the highest correla-
tion with that factor was selected to represent that group. This

subset of measurements from the initial

—rindaa ] e b e bl ety

g process extracted a critical
] ' anthropometric dimensions that would collectively account for the
reduction in the number of measure-
and be cost effective without

: : measurements not included. The
ments employed in a survey can save time

the loss of pertinent information.

[ 4

S

3.1.1 Static Dimensions

Structural body dimensions are taken with the individual in

The c¢lothing worn by the subject is of
Men usually wear swimming or gym trunks
The measurements are

] a static or fixed position.
L _ a brief and fixed nature,

whiie women wear swimming suits (two-piece),
The following pieces of

T L b Bl ikl Pt S 2 i s+ el o

Lt s O ey i

tanken with several types of equipment.
g cquipment were used in the U.S. Army survey of men and women in 1977: 3
4 . i _15.—
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anthropometers, Siber Hegner #101
spreading calipers, Siber Hegner #106
sliding calipers, Siber Hegner #104
2-meter steel tapes, K&E Tip-Top Wyteface
headboard and special guage

footboard and block

medical scales

Lange skinfold calipers

e o & & o o > o

All of these instruments are standard for use in large anthro-

pometric surveys. With the exception of different types of measuring

tape, the same instruments were used in the measurement of the USAF

women.

A total of 137 static anthropometric dimensions were taken

in the USAT survey of 1905 women (Clauser et. al., 1972). The measure-

ments included 5 measures of weight and fat thickness, 30 meausres of
body height and length, 26 measures of body girths, 15 measures of
body breadths and depths, and 12 measures of body surface distance.

In addition, 30 measures of the head and face were taken as well as

3 of the hand and 2 of the feet.

The anthropometric survey of the U.S, Army women (Churchill

et. al., 1977; Laubach et. al., 1977) was conducted on 1331 subjects

and included a basic set of 69 measurements designated as core
An additional set of measurements were taken on

a

measurements,
smaller sample of women and included 28 traditionai anthropometric

measurements and 31 measurements of the face and head.

The survey of U.S. Army men was taken to complement the
survey taken on the U.S. Army women. The measurements included
44 of the 69 core measures, 13 of the 28 traditional anthropometric
measurements and the 31 measurements of the face and head. The

sample size for the Army men was 287 subjects,

-16-
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The anthropometry of the hand has been extensively studied
by Garrett on United States Air Force men and women (Garrett, 1970;
1971). Thirty-four measurements were taken on the hand in a

straight-hand position and ten measurements were taken with the hand

in a relaxedposition. The results for men and women are compared

in a later publication so the differences between the sexes zan

ecsily be discerned (Garrett, 1971). Static hand measurements were

also included in the 1977 survey of U.S. Army men and women.

3.1.2 Dynamic Dimensions

Dynamic or functional anthropometric measurements represent

body positions that result from motion. The functional body measure-

ments taken in the anthropometric surveys describe ranges of leg,

arm, and hand movements.

Functional arm reach, functional arm reach (extended),
and overhead reach height were all measured on the USAF women and
Eleven other functional dimensions were

U.S. Army men and women.
All fourteen functional dimen-

measured on the U.S. Army samples.
sions appear in Table 1.

Kennedy (1978) measured the reach capability (sitting) of
30 men and 30 women at 15° intervals in both vertical and horizontal
Maximum and minimum values were established for each
Kennedy found that major factors affecting reach

dimensions.
measurement.

capability were arm length,
elbow, and waist. The reach capability of women was primarily in-

hibited by shorter arm length and larger fatty tissue layers which
restricted mobility. Women were found to have greater angular reaci
to the rear, indicating greater shoulder mobility in women.
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Although the data presented in this report were taken from
seated operators only, it is probably safe to infer that sex-related

differences in reach capabilities would be at least as great in
Data from the 1977 Army anthropometry survey
Although measures and methods

standing operators.
lends some support to this inference.

differed in these surveys from those of Kennedy (1978), the trends

in the data were similar,

Stoudt (1973) correlated certain static anthropometric

measurements with functional arm reach and found that stature,

as can be seen in Table

elbow~fingertip length and shoulder-elbow height were highly corre-

latsad with functional reach.

serve as predictors for functional arm reach when coupled with

regression analysis.

Garrett (1971) measured the hands of U.S. Air Force males in
This report presents the results in

seventeen functional positioans.

These structural measurements can

a tabular format along with a graphic illustration of the measure-

ment.
take while working.

functional data for women is not available,

3.1.3 Evatiuation

This study exhausts the various positions the human hand can

It is unfortunate though, that corresnonding

The data base formed by the 1968 USAF survey and the 1977

US Army survey survey include sufficient structural dimensions,

measured on an adequate sampie size, to be useful for most military
esign and many equipment and workspace design applications

has only been collected on Air Force and Army
representa-

clothing
This data, however,

populations,

Cross validation studies with a modest,

tive sample of Naval personnel should probably preceed any large

scale Naval

-18-

design efforts based on this data base,

e i i M iy g

bl o Anuw-.-;.sm.;t:..r...;.mmz rt AR ) e

L o a5

L N T e—

TR i, o s et




RIS T e et vy 4 e

3 Although many functiornal dimensions are represented in these
g surveys, additional functional anthropometric data will probably be

needed for specific design problems. For example, the reach dimen-

! sions described in the Army survey are of limited use to the designer
because they describe a specific reach to a single point rather than
characterizing the reach envelope by 15° intervals as Kennedy (1978)

8 : did in his recent study. A step toward filling tais gap would be

] provided by a study using the method of Kennedy (1978) on a large
While

sample of military males and females in standing positions.
exhaustive data exists on male and female structural hand anthropo-
v matry (Garrett, 1971), functional hand data only exists for men.
L t This gap toc must be filled to provide a more complete data base

{ for use by designers.

Data which describes various subsets of the American civilian
Aside from the population speci- i
1975) and

v ' population is all but non-exi ;tant.
fic survey of American Airline stewardess trainees (Snow,
the incomplete information provided by the Health Examination survey

%5 : (Stoudt et. al., 1970), no data exists which approaches generaliz-

{ ‘ able apnlicability for use in the design of civil systems.

3.2 BIOMECHANICS

Muscular strength increases in men and women until approxi-

. mately 30 years of age. After thirty, strength tapers off at vary-

{

g ing rates according to muscle groups involved and the sex of the

g individual. The strength of women generally peaks at the age of

g thirty and then decreases thereafter while the strength of men peaks
3 The rate of decrease is faster in

in the middle to late twenties.
at age 50,

; women than in men (Roebuck et. al., 1875). Overall,
women have only half the strength of their male cohorts while at

E age 30, women have two-thirds the strength of men.
%
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Strength differences which occur between the sexes have
much of their origin in the physiological differences of men and
women. Physiological variables such as the fitness of the cardio-
vascular system, heart rate, sweat rate, vital capacity, aerobic
power, stature, and weight contribute to the overall strength
differences found between the sexes (Macnab et. al., 1969)., Printy
(1979) provides an overview of exercise physiology and its relation-
ship to strength differences in men and women.,

Body build is related to strength and working capacity.
Significant, but generally low, correlations are found between
strength and body circumferences, lengths, and weights, Correla-
tions between anthropometric dimensions, physiological variables and

strength values are usually too low to have practical predictive
value (Laubach, 1976 a and b).

i
?

[ t Strength values are in general valid only for the circum-
o stances under which they are obtained. Laubach, Kroemer, and
é Thordsen (1972) concluded in their article concerning static strength
measurements in air raft that ".,..if data are desired on forces exert-
j able in other locations or directions, i.e., under other conditions,
i 1i:-n hose previously investigated, the information generally has

to be gathered experimentally rather than computed from other force
data."
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3.2.1 Static Strength

Static or isometric strength is defined as the single maxi-
mum force exerted by the subject in a fixed position (Laubach, 1978).
During the contraction phase, the length of the involved muscle

does not change. There is no limb motion accompanying the force
production (Kroemer, 1969).

o b T i 1 e

i Cema? i
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Laubach (1976a) reviewed the literature concerning the
muscle strength of men and women. The results appeared in the
NASA Anthropometric Source Book, Voluvae I, In 1976, Laubach (1976b)
recruited 31 women from the University of Dayton, Dayton, Ohio
(n=28) and from the Aerospace Medical Research Laboratory (n=3)
for a muscular strength study. The results were then compared to
two other studies on males (push forces - Kroemer, 1969; upper and
lower extremity cable tension strengths - Laubach and McConville,
1969). Laubach's report agreed with prior findings that '"overall"
female strength was about two-thirds that of men, although the
range of this figure was from 35% - 86%. Strength in the lower
extremities was found to be 71.9% that of men while strength in the
upper extremities was 59.5% of men's., A large discrepszncy was
found in grip stirength, where female vunlues were approximately
one-half the male values.

A second major survey of static strength in women com-
pleted since the Ayoub (1978) literature review is the U.S.
Army survey of Army women (Churchill et. al.. 1977). Nine isometric
strength tests were made twice on 349 female subjects, yielding
both mean and peak strength values. A comparable sample ol Army
men (n=102) served as subiects for the same series of tests to
provide comparnstive strength values. Table 2 displays the results
for the nine isometric strength tests. 7The values are reported
in kilograms as are the mean and standard deviation of each test.
Table 3 gives the 5th and 95th percentiles for each strength test.
This illustrates the varintion within each sex and between the two
sexXes. In seven cases, involving the Standing Two-Handed Pull:
100 ¢m level (2 cases), Standing Two-Handed Push: 150 ¢m level
(4 cases), and the Seated-Centerline Two-Handed Pull: 38 cm
level (1 case), the 95th percentile value for women is less than
the 5th percentile value for men. 'The significance of these find-
ings is that the male and female distributions for these strength
measurements do nol overlap. One explanation for these

-21-
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results is that the upper body streugth of women ranges from 35%
to 79% of the strength of men with an average mean percentage of
1978). Two of the tests (Standing Two-Handled Pull:

55.8% (Laubach,
150 cm level) focus upon

100 ¢m level and Standing Two-Handed Push:
the upper extremities with the placement of the handle in such a

position to minimize the input of the leg and back muscles.

Table 4 compares the results of handgrip strength tests from

five different sources. The mean, standard deviation (except Konz,

1978) and sample size (except Garrett, 1971) were given for grip

strength, As one can see, there is a wide range of means reported

with the grip strength of women being cousiderably lower than the
grip strength of men. The great variation in sample size and the
methodological differences of these studies may account for this

wide range of variation. A number of studies have shown little
correlation between grip strength and other measures of body

strength (Liaubach, Xroemer and Thordsen, 1972).

3.2.2 Pynainice Strength

Dynuric strength involves the same forces measured as static
strength, but the movements are repeated in a continuous manner.
Measurement of dynamic strength does not imply a large surge of strength
as in static strength, but is measured as a function of endurance

such as how long a subject can repeatedly 1ift a specific item or

how far an individual can run. Dynamic strength combines the ability

of the subject to exert the force required to overcome a ygiven resis-
tant force with the ability of the subject's cardiovascular system
to deliver sufficient quantities of oxygen and nutrients to the muscles

and remove the toxic byproducts of muscular activity.

Investigators have followed two basic approaches for analyz-
If the task only

ing the dynamic strength required for a task.
then the task

involves several movements as in 1lifting or carrying,
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can be recreated in a controlled environment to measure the strengths.

The other approach involves several basic tests of dynamic strength

(pulil-ups, sit-ups, 1lifts) and extrapolating the subject's ability

to perform the task from the laboratory tests.

Manual materials handling in industry is an area of job evalua-

tion where the first approach is appropriate for measuring dynamic
Snook (1970), Snook and Ciriello (1974), and Shannon (1980b)

strength.
handlers in civilian

have conducted surveys of manual material
and military situations. The results of these investigations are

discussed in the munual materianls handling section of this report,

3.6.2.

Mauximal and submaximal work capacity differences in men and
women were investigated by employing three different experimental
tests of work capacity (Macnab et. al., 1969). Treadmill walking,
bicycele crgometer pedalling, and progressive step testing comprised
the battery of tests administered to twenty~four men and twenty-four
scores in all the tests exceed-

women,  Results indicated that the male
Men had

ed Lthe Temale scores beyond the 0.01 level of significance.

a greater work capacity than women.

Bernaurer and Bonanno (1975) investigated the use
of a field test battery (including dynamic strength) to predict the
success of an individual in the completion of pole c¢limbing school.
Static strength (static arm strength and grip strength) and dynamic
strength (dynamic ..rm strength, sit-ups, pull-ups, sit-ups + five
pounds) were both found to be significant predictors of successtul

pole climbing performance. Pull-ups were found to be the most eflec-

tive predictor of successful performance.

Wardle and Gloss (1977) employed treadmill walking at dif-
ferent workloads (light, medium, heavy, very heavy) to investigate

how much strenuous work women could complete. Fight females served
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as subjects in this study. The results indicated that women could

complete 100% of the light work, 95% of the medium work, 97.5% of
the heavy work, and 92.1% of the very heavy work. The correlation
between heart rate and energy expenditure was found to be signifi-

cant .,

Hanson and Nedde (1974) exposed eipght sedentary females

to an eight month physical training program. The subjects' work

capacity was evaluated before and after this regimine with a bicycle

ergonometer and treadmill walking task. Results indicated greatly

increased work capacity as evidenced by declines in oxygen utiliza-

tion, carbon dionide production and heart rate. The authors con-

¢luded that the trainability of non-athletic females does not differ

from their male counternarts. Similar results were found by Wilmore

(1974)., In this study, significant increases in dynamic strength
wvere found in males and females as a result of a ten week physical

training program. Women exhibited the greatest relative increase in

bench press and leg strength.

3.2.3 Correlation of Static and Dynamic Strength

The relationship between static and dynamic strength is quite

important to the designers of workspaces. Design engineers would

like to be able to reliably predict the performance of individuals
on tasks involving dynamic strength from a measurement of static

strength. Isometric strength is easily measured in laboratory situa-

tions and since there is no motion involved, the investigator avoids
the complicated physics that accompany movement (Kroemer, 1969).

The chosen experinmental task however, may have limited application
to the '"real" world of occupational tasks. Laubach (1978) includes

a review of the literature concerning the correlation of static

and dynamic strength., Basically, the conclusions are split as to

the reliability of predictions of dynamic strength from measures of

static strength. Over the total body, the correlation appears to
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be relatively low, but for specific muscle groups, the correlation
can be asg high as 0.83. This correlation coefficient was computed
for static and dynamic strengths of the right elbow flexor muscles

(Carlson, 1970). The study done by Bernaner and Bonanno (1975)

on the relationship of performance on a field test battery and
actual pole climbing combined both static and dynamic strength
measures. The relationship of static arm strength and dynamic

arm strength yvielded a correlation coefficient of 0.63 while static
strength correlated with sit-ups to a higher degree (r=0.71).

Grip strength and dynamic arm sirength were found to be related

to a significant degree as demonstrated by the correlation coef-

The sample size for this part of the study was

ficient of 0.74.
Grip strength was

20 individuals, half male and half female.
found to be ineffective for discriminating between successful and

unsuccessful completion of pole climbing school while dynamic arm
strength was one of the most discriminating indicators of success-

ful performance,

3.2.4 Predictive Models

A lifting capacity predictive model was developed by Mital,

(1978) based on various operator and task variables using

et. al,
The dependent vari-

a balanced incomplete block factorial design.
able was the maximum acceptable weight of 1ift plus body weight.
Body weight was added to the weight 1ifted since during any lifting

activity, a person also 1lifts a part of his or her body. The inde-
arm strength, age, shoulder

pendent variables were sex, weight,
and dynamic endurance.

height, back strength, abdominal strengua,
Thegse eight variables explained 85% of the variance in the data.

The sex code explained half of this total variance. The model pre-
dicts the combined weight (body weight plus acceptable weight 1ift).
The maximum acceptable weight oif 1ift can thus be determined for an

individual by subtracting body weight from the predicted value.

A factor analysis was utilized by Shannon (1980a) to con-

struct a biomechanical model using a group of independent variables

time between lifts, time of measure (morning or

~-28-~
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afternoon), height range of 1ift, and sex). The dependent variables

were 15 reactive forces and tcrques on the joints and links of the
Eight males and eight femsles comprised the sample.
]

body.

This analysis sorted out the interdependence between the 15
dep:ndent variables and reduced the size of subsequent analyses. ;
Results indicated that five factors adequately accounted for angular ]

j
displacement and resultant forces in the x and y planes from both
a force platform and inertial force at the hands (as measurea by

stroboscopic photography).

R R i aiia

3.2.5 Evaluation

[
13
The strength differences between men and women were covered ‘
3

: in four research reports (Macnab et. al., 1969; Bernauer and
All of

: Bonanno, 1975; Laubach, 1976; Churchill et. al., 1977).
tnesie articles found significant differences in strength for the

two sexes. The ‘hurchill (1977) report was the only study that
sampled from a population that is analagous to the women of the

Navy. TFigure 1. from the Laubach study is included in this report

t ' to summarize the results of studies on strength differences for
Wardle and Glass (1977) investigated the work capacity

: ' men and women,
; of women only and found that women were capable of completing very

A heavy work as measured by treadmill walking. Tlhree comprehensive
review articles of sex differences in strength capacities were

' presented (Laubach, 1976; Laubach, 1978; Printy, 1979).

The most apparent limitation in the applicability of currently

available biomechanical data involves its task and population 5
Methodological variations between studies also tend i

specificity.
The wide range of values j
1

to restrict the utility of some data.
reported across studies (as typified by the grip strength results ;

shown in Table 4), may largely be a result of non-standardized d
biomechanical methodologies, and population specific force production ;

" capabilities.
-20-
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A less tangible problem 1ﬁvolves the potential equivocationi
between work capacity and work performance. In other words, lab- |
oratory derived data on maximal capabilities may not sufficiently
predict self-paced worker performance. This may be especially
true in dynamic, repetitive tasks. (

More work is needed to formulate biomechanical models that
reliably predict worker performance in a variety of physical tasks;
Correlations between static and dynamic strength measures are also!
in noed of further cxamination to extend the utility of biomechani-
cal data for design npplicati?ns. o . \

\

3.3 SENSORY /MOTOR

3.3.1 Vision and Audition T N

e 3

Sex differences in vision and audition have been demonstrates
in a number of recent studies (McGuinness 1972; 1974; 1976; McGuin
and Loewis 1976; Braybn and McGuinness 1979). Studies of audition
revenled that women were more sensitive to loud noises than men
(McGuinness, 1974). Threshold data from male subjects were nega-
tively correlated with loudness estimation while female threshold |
danta showed n positive correlntion with loudness estimates, Tha
author suggests that hereditary sensitivity rather than cultural
response bias was responsible for these sex differences in hearing.

McGuinpess (1976) tested sex differences in four visual

" perdeption tasks. Experimental tests included acuity. threshold

for four field postitions, visuanl persistencel and n measure of com-
fortable brightness,  Subjects also eompleted five personality
quostlonnanires,  Results indicated that males had better ncuity
than females.  Females demonstrated greater visual persistence unded
darkened conditions, while no sex differences in persistence were '

found in lighted conditions. Females tolerated brighter levels of

-3]=




correlations between this

; illumination than males. Additionally,
3 data and data gained from the same subjects who participated in an

, earlier study on auditory preferences (McGuinness 1974) showed 2
significant positive relationship between comfortable levels of

TR

illumination and sound volume.

Sex differences were also found in three areas of visual
In this Ganzfeld experi- X

ST e

persistence (McGuinness and Lewis, 1976).
ment, males showed less loss of seunsation to red and green light

Females held the sensation of red significhtly ' 1
Males );

: ' than females.
longer than green, while there wrs no difference for males.

had a far greater persistence of color overall and a grealer variety :
& of visual experience (colors fading in and out, complementary colors ‘ 3
L . 1
* ; to stimulus colors) than females. TFemales were found to be generally 4

i
more responsive to colors from the long wave region of the spectrum.

-

il

Braybn and McGuinness (1979) found sex differences in visual
perception as a result of spatial frequency and stimulus orienta-

Females demonstrated superior resolution for the three low-
.6, .8 cycles/deg) while males'

g .

g

| tion.
; est frequency stimulus gratings (.4,
: resolution was best for the highest frequency gratings (8.0, 9.0,

This effect was more pronounced for vertical and

T T

o

e e St st ke sl o

TE-Gans

10.0 cycles/deg).
oblique orientations than it was for horizontal orientations.

R TR e

R

The authors apply these findings to potential implications

; for pattern recognition., It is suggested that females, with primary

4 . sensitivity to low frequency information, may take an "integrative"
approach to pattern analysis while males may take a 'segragative"

approach, attending primarily to high frequency information and
Further investigation

A i Wl s

isolating objects of interest from the field.
is needed to explain the finding that the sex difference exhibited

in tlle frequency domain was considerably weaker for horizontal
gratings.
j

-39~

S ~- . -~
. i T
- bR T
- e e— e e e L

A5 e S A s st Gl mm S s o L
A T BT
. R T N T RO XN
e A M L AN Uk i B N
- & SBAGndet e s 2 R



IR e T

e

i, Gekd i e

3.3.2 Motor Skills

Kipnis and Kidder (1977) found thkat rmen and women demon-
strated higher levels of task learning ability of two psychomotor
tasks (pursuit rotor angd labyrinth) when they believed the majority
of their sex performed well on the tasks they were learning and
there were no evaluative comments made on their performance, Women
were found to put more time in on practice than men and to perform
best in a practice situation rather than a test situation. The
report focused on men's and women's perception of achievement,
performance evaluation, and methods of self-evaluation rather than

the actual performance differences,.

Considerable differences between men and women were found
for mechanical aptitude. Polit, Nuttal, and King (1979) determined
in their review of women in industrial careers that men scored higher
than women on tests of mechanical comprehension, mechanical apti-
tude, and mechanical assembly. The authors concluded that women
have had a limited opportunity to acquire mechanical skills.

3.3.3 Vigilance

The sex differences of vigilance performance were investiga-
ted by Waag, Halcomb, and Tyler (1973) and Thackray, Touchstone,
and Bailey (1978). Waag et. al. (1973) found that there were signi-
ficant sex differences for monitoring a simple visual vigilance
task. TFemales detected fewer signals and tripped more alarms. In
a review of medical literature for the employment of women in the
Canadian military Haakonson (1978) found no sex differences in

vigilance performance on a simple motor task.

~33-
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! Thackray et. al. (1978) found no significant main effects

é ' ' for sex in monitoring a simulated radar task., Though the results 1
; are seemingly in conflict with those of Waag et. al. (1979}, the .i
i two experiments were found by Thackray to have different procedural }
£ requirements. The simple vigilance task utilized by Waag et. al. j
& . and the radar task employed by Thackray et. al. share a requirement ¢

g for basic alertness. However, the radar task also requires scanning
§ to ' for successful task performance. There may be other skills and A
i

abilities that set the two tasks apart.

3.3.4 Evaluation

reveals consistent differences

A ,
The research reviewed herc
Gender specific biases

; ? in visual biases between males aud females.
are shown in wavelength (for persistence) frequency (for resolution)
effects of stimulus orientation

and amplitude preferences. The
on resolution are not adequately explained by the current data. ;

R e
——

o T 3

Future research is needed which explores the relationship
between gender based visual system differences and pattern recogni-
Braybn and McGuinness (1979) suggest several hypothesis
Performance oriented

T M T e

kel

tion theory.
in this area which merit a closer look,
research in this area should focus on exploiting male/female visual

e
P N —

SaalLTi g R

gsystem differences to determine optimal modes of information dis-

play for tracking, detection and discrimination tasks for males

and females.

The paucity of research which addresses sex differences in

motor skills does not allow even the most general conclusions to
More work is called tor in all areas of gender based

P e Ll Ml mie o e o

be drawn.
psychomotor experimentation,
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: The conflicting results reported by Waang et. al. (1973)
(1978) in their studies of vigilance per-
Experimentation

I ' and Thackray et. al,
4 . . . s .
formance suggest a need for clarifying research.

is needed to isolate the specific task variables which led to
al. investi- ]

TR

P g

decreased (omale vigilance performance in the Waag et.

gation, while ro sex differences were found in the tusk employed

"y

! by Thackray et. al.

3.4 ENVIRONMENTAL INFLUENCES

A b ki

TS T e e

The environment an individual works in plays a cruciul role

{ in determining th» performance ol that individual for a given tusk,
R

. Under purticular consideration in this report are the environments
) : that women aboard ship might encounter in different working situa-
exitreme thermal conditions, vibration and motion. As
articles concerning sex differences in ' he areas
The subjects for

skt S

iz

: ! tions, 1.co.
- | of this writing,
' of motion and vibration have not been f{ound.
experiments dealing with the effoects of motion and vibration aboard

Therefore, the remainder of this section

' ship have soley been male.
! will focus on sex differences in thermoregulation.

el mt

) Morphologicul differences exhibited by men and women greatly
affect the ability of the two sexes to produce and dissipate heat.

ﬁ Women have smaller body sizes and have u greater percentage of

§ their total body weight as body fat when compared to men. The body
surface area or the surlace area~-to-mass ratio is larger for women

These two morphological conditions of females cause
Fatty tissue is not

o o e vt 2l sl Yo,

(Bursge, 1978).
4 double disadvantage for cold adaptation.
metabolically active so that when women perform hard inuscular work,

they have less fat-free "active" body mass to draw upon. The body
fat of women is distributed evenly over the body (except for the
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extremities) providing greater body insulation when vasoconstricted.
The greater surface area combined with the distribution of body
fat gives the femuale a relatively larger peripheral heat sink when

compared to the male,

3.14.1 Cold Stress

The smallor muscle mass ol women places tham nt o disadvantuge

in extreme cold since the muscles derve as “"generators" of body
heat.  The layer ol subcutaneous fal does retard core coeling in
women more than in men, but does nol protect the extremities such

as the hands and feet in a cold stress situation., Women have approx-

imately 25% more fat on thelir legs than men affording the women an

advantuge for swimming in cold water (Burse, 1979).

Le Blance et, al, (1978) cxamined the response of men and
women to local cooling with the cold hand test and the cold face

togt., AL tho boginning of the tests, males and femules had the

same responsoes, but at the end of the tests, women had signilicantly
The difference persisted
The
female

lowor blood pressure values than the men.
during the two minute recovery period following the test.

authors concluded that the cardiovascular functions of the

subjects were depressed following exposure to the cold environment.,

3.1.2 Heat Stress

The larger surface area-to-mass ratio ol women proves to be

an advantage under hot environmental conditions. The ratio of

ovaporatively cooled surface to metabolically active tissue in

females is larger than in males (Burse, 1979). The subcutaneous

fut layer serves as an insulator and provides a proportionally

largeor peripheral heat siank for heat dissipation. Additionally, the

increase in metabolism induced by the heat is proportional to the
50 the thermally induced increase in metabolism is less

body mass,
al., 1978).

in women than in men (Paolone et.
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The smaller muscle mass oi women has a proportionally larger
amount of fat to support when the body is in mntion., The blood
volume is proportional to the lean body weight rather than the total
body mass leaving women with a sma!ler blood volume (Burse,; 1979).
Fortney and Senay (1979) observoed sarough experimental testing in
two thermal environments that wome). have an increased blood volume
following acelimation to the hot environment. The women still
exhibited cardiovascular strain when performing hard work, but the
strain was roduced when compared Lo the performance of the women
subjoecets prior to accelimativation,

The incereased amount ol perpheral tissue in women allows a
preater fraction of total blood volume to be shunted to the peripheral
hoeat sink for heut dissipatioa. At the perviphery, plasma water is
withdrawn from the plasma and is excereted us sweat., This process
further roeduces the already restricted blood volume of women (Burse,
1979).

Men and women diffor in their responses to heat stireus.
Women maintain the same or slightly higher core temperature than
men in moderate dry or wet heat situations (Bittel and Henane, 1975)
and in brief exposures to severe dry heat (Shoenfeld et. al., 1978).
Shapiro et. al. (1980) found that women had a lower rectal (core)
temperature in a mild-wet and hot-wet ¢limates while the core
temperature of men was lower in hot-dry environments.

The skin temperature ol women was found to be higher than
men's by Bittel and Henane (1975) for a hot environment while
Shapiro ct. al., (1980) found women had a lower skin temperature in
mild-wet and hot-wet environmenits. In a hot-dry climate, women
had a higher skin temperature. The generally higher skin temperatures
of women diminish the core-to-skin temperature gradient available
for heat transtfer and eventual dissipation. The diminished gradient

-37-

L e aae e N s -, R

it eer s B TLY- ORI Y+ Lo £ S-S P

- Al .
R SR PO ¥ 3 IRTY,Y ST arg. 7 VLT, P O S AP 1 W STy

ol i, kil et a2 il e

ke el - b, iy s i

i

ot bl A i Antbtti) ot MO - b ANl ikl -

—

S I i A e




T ——

results in lower heat conductunce which averages only 65-88% that

of men (Bittel and Henatne, 1975; Shoenfeld et. aul., 1978). Heat
storage for women followed the same pattern found by Shapiro for
skin temperature. 1In a aot-wet or mild-wel environment, hcat
storage was lower for women than men while equal or slightly higher
than men for the hot-dry climate., These findings are in direct
opposition Lo the results of Bittel The sample

sizes are dimilar for men and women,
no work was performed while the subjecets were exposed to

und Henane (1975).
but in the Bittel and Henane

study,

the diffeorent thormal environments,

Under comparable heat stress levels, men were found to have
(Bittel and Henane, 1975; Paolone
1978, Fortney und Senay, 1979,
(1980) found that men

higher sweat rates than womon
et, al,, 1978; Shoenleld ot. al.,
and Shapiro et al., 1980). Shapiro et. al,

and women had cqual sweut rates under hot-dry environmentul condi-

tlons thowrh Shoentfeld ot. al. (1978) found that men had signilticantly
higher sweat rates than women under extrome hot-dry conditions

(Shupiru—49”c. 20% rh and 54°C, 10% rh as opposed to Shoenfold-80-90°C,
3-4% rh).

Paolone et. al. (1978) examined the ratio of evuaporative
welght loss Lo increase In core temperature as measured by the rectal
temporature.  The authors found thuat under neutral conditions, men
lodt slightly more body water than women (ratio values, men-0.27
und women~-0.25). When the subjects were placed in o warm environment
(329C, 50% rh), the ratios increased to 0.33 and 0.27 for the men
and women, respectively, Both increases were due to tt . dispropor-
foss of body fluids relative to tempera -
When the temperature was increased to 4000, the ratios drop-
The drop probabily

tionate the increase in coro
ture,
ped to 0.29 for the men
indicated the failing of
interesting to note that

The authors suggested that
o the required heat loss (Paolone et

and 0.26 for tue women,

the thermoregulatory mechanism,
for tne men than for

It was

tho ratio fell more
the sweat rate of women was

the women,
more "adjustabte"

al., 1978).

in response
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Shapiro et. al., (1980) concluded that women were able to
tolerate wet heat, whether mild or hot, better than men. The
women displaced lower deep body and skin temperatures and stiored
less heat. The sweat rate of women was lower causing less dehydra-
tion than was found for the men. Under hot-dry conditions, men
were found to have an advantage over women due to their lower deep
body temperature and lowered skin temperature. The men also had

a lower heat storage value as well as a lowered heart rate.

Bell (1978) designed an experiment to test the effects of
heat and noise stress on the performance of a pursuit rotor task
and secondary numerical task., Subjects were seventy-two male and
No performance decrements were found due

S'gnitficant main

72 female undergraduates.
to heat or noise stress on the primary task,
effects of heat and noise stress were found on the secondary (numeri-
cal) tusk., No interaction eflect between the two stressors was

found. The sex of the subject was not found to be a significant

factor in performance under either heat or noise stress.

3.4.3 Menstrual Cycle Effects

The effects of the menstrual cycle on heat stress responses

has, been studied intensively by many investigators over the last

twenty years (Wells and Horvath, 1973, 1974; Bittel and Henane,

1975; Shapiro et. al., 1980). For a comprehensive review, see

Burse (1979). The effects of the menstrual cycle on the ability

to tolerate heat in either a wet or dry environment have been mini-
mal. The experiments performed by the authors listed above were
desipgned to test the femaleo subjects for heat tolerance at different
Bittel and Henane had the women in a motion-

phases of the cycle,
(1980) and Wells and Horvath

less situation whilo Shapiro et. al,

(1973, 1974) had the women exercising on a treadmill or an ergo-
menstrual cycle effects were

meter. In either case, no significant
also failed to affect thermo-

found. The use of oral contraceptives

regulatory processes (Shapiro et. al., 1980),
-39~
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3.4.4 Evaluation

Men and women react to a neutral environment in the same
When the heat is increased, men rely more

physiological manner.
on sweating as a cooling mechanism while women seem to have a

greater reliance on the cardlovascualr system (Paclone et. al ,

1978). Women tolerate hot-wet and mild-wet climates better than
There

men while men tolerate the hot-diry climate more effectively.

are two possible explanations for these observations. One is that
the higher surface area-to-mass ratio in women may provide a mor-
phological advantage by allowing greater heat dissipation through
the peripheral heat sink. Women also seem to have a more effective
peripheral feedback from skin wettedness, which suppresses excessive
aweating in humid conditions. While the literature indicates
reliable sex differences in thermoregulatory processes, there is

evidence that females can successfully overcome cardiovascular
strain due to exercise in a hol-drv environment through adaptation,

(Fortney and Senay, 1979).

Aside from the small sample study performed by LeBlanc et.

literature was found which focused on gender dif-

al. (1978), no
ferences in cold tolerance. This is surprising considering the
for morphological effects noted by Burse (1979).

potential

Of note is the fact that the bulk of the literature review-
ed here focused on heat/cold tolerance as measured by sweat rate,
skin temperature, etc., Aside from the single
a body of literature which defines pertfor-

from thermoregulatory processes is

core temperatures,
study by Bell (1978),

mance differences resulting
The "real world"” significance of findings of reliable

lacking.
differences in thermoregulatory mechanisms between the sexes depends

on the way these differences are manifested in task performance.
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The absence of literature concerning male/female vperfor-
mance under different conditions of vibration and motion was noted

earlier. The pervasiveness of these factors abrard ship clearly

suggests that more study is needed in this area,

3.5 HUMAN ENGINEERING

Literature reviewed in this section concerns applications

oriented human engineering research in clothing/tool design, manual

materials handling and workplace/job design. The focus is on the

impact of anthropometric, biomechanical and physiological gender
differences discussed carlier on design parameters and job perfor-

mance.

3.5.1 Clothing/Tools

A review of past anthropometric surveys of military women

was undertaken by the Anthropology Research Project for the Navy
Clothing and Textile Research Facility in Natick, Massachusetts to
establish sizing programs for U.S. Navy women's clothing (McConville,
1979). The key dimensions of bust circum-

Tebbetts, and Churchill,
and neck-to~-bustpoint

ference, bustpoint-to~-bustpoint breadth,
length (for garments above the waist) and waist circumference com-

bined with crotch length (for garmets worn ot the lower torso)

were selected Lo run a sizing analysis. The resulting analysis

indicated that the sizing program did not satisfactorly cover the

subjects measured in the study and would be similarly deficient

for the Navy women population. The authors suggested selecting dif-

ferent key dimensions and sizing intervals based on the actual

distribution of body size variability found in the previous anthro-

pometric surveys. A limited-objective survey of U.S. Navy women

was also proposed.
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Female sizes have been traditionally derived by viewing
the female body as a scaled-down version of the male body, with
the 50th and 95th percentile values of female anthropometric
measurements corresponding to the 5th and 50th percentile values
for males. This oversimplified view of female anthropometrics
was not supported by the proportional differences found between
the sexes in the 1977 Army surveyv (Robinette et. al., 1979a).
Additionally, use of the 5th to 95th percentile values of any
particular anthropometric measur.ment leaves 5% of the population
(2.5% on either tail or end of the distribution) unaccounted for
in clothing sizes. Robinette and Churchill (1979) have suggested
using regression methods to provide dimensional data which

reliably characterize the sizes found at the extremes of the

distribution., Unlike the percentile values, the regression values

are additive and can produce a model in which all parts of the

body are proportional.

The psychomotor performance of women in cold weather clothing
designed for women versus clothing designed for men was evaluated
in an experiment by Bensel, Bryan, and Millian (1977). The tasks
ot body flexibility, rate of movement, psychomotor coordination,
and manual dexterity formed the test battery which was performed
under ten clothing conditions (5 menis Arctic clothing; 5 women's
Arctic clothing). The results indicated that certain features of
women's Arctic clothing contributed to higher performance levels
for females than those attained in men's clothing. The men's cloth-~
ing ensemble restricted certain aspects of psychomotor performance,
particularly flexibility of the body. The women's clothing ensemble
was rated more favorably than the men's ensemble by the female
subjects with specific reference to the relative bulk of the clothes,

waist flexibility, and the weight of the clothes.
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Richard Bruno (1979) evaluated male field clothing ensembles

worn by fifteen female soldiers of the U.S. Army. Also evaluated

was the chemical-biological protective clothing designed for men

but worn by women. After completing a human factors evaluation of

the fit and compatibility of male clothing for female Army personnel,
it was recommended that female uniforms be designed with the same
The women's clothing would

X ; type of material as male's clothing.
. have to take into account the body proportion differences of men

? f and women. The waist/hip area of the chemical-biological protec-
tive jacket needed to be redesigned and enlarged to improve donning
: 1 and doffing. The heel flaps of the protective footwear needed to

be redesigned so the cover did not move while the subject walked.
Glum (1976) found similar equipment and clothing deficiencies for

ﬁ : Army women. The Personnel Armor System Ground Troop (PASGT) helmet.
| like the PASGT vest, regquired a smaller size to accommodate smaller
women. Bruno cited the same requirement for the helmet.

y .

5 | Tebbetts and Mcconville (1979) presented a series of height/

Ei ; weight sizing programs for use by designers of protective clothing.

i’ i The sizing values were hased on the data collected in the 1968

: ; anthropometric survey of Air Force women (Clauser et. al., 1972),

but the resulting sizing programs should be applicable to Navy women.

i } .S Rock (1977) reviewed life support equipment and pro-

& ' tective clothing to determine problem areas that might present

' safety hazards for the female flight personnel. Training procedures

| were also investigated to determine it there was the potential for
female injury due to smaller anthropometric measures. 7The flight
boot, oxygen masks and the harness of the BA-22 parachute assembly
did not adequately fit the Air Force women. Women were issued com-

bat boots to replace the flight boot, the oxygen masks were custom-

made for perfect fit, and the harness assembly was altered by four
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