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I .  CONCLUSIONS 

The p h y s i c a l l y  handicapped (amputees, pa rap leg i cs ,  and t h e  1 ef t -handed) , 

t h e  female, e l d e r l y  femal e, pregnant  female, and t h e  e l d e r l y  male, as we1 1 

as t h e  obese male and female, rep resen t  s i g n i f i c a n t  sub-populat ions.  Review 

o f  t h e  l i t e r a t u r e  r e l a t i v e  t o  t h e  anthropometry, s t r e n g t h ,  biomechanics, range- 

of -mot ion,  and human fac to rs  of these groups c l e a r l y  i n d i c a t e  t h a t  l i t t l e  a t t e n -  

t i o n  has been focused on them i n  t h e  pas t ,  and t h a t  b a s i c  i n f o r m a t i o n  r e l a t i v e  

t o  t h e i r  s p e c i a l i z e d  requirements i n  t h e  occupat iona l  environment i s  q u i t e  1 i m i  ted .  

1. The Phys ica l  l y  Handicapped 

.Near ly  one o u t  o f  every f o u r  Americans has a d i s a b i l i t y  of some t ype .  Job 

demands i n  r e h a b i l  i t a t i o n  of t h e  phys i ca l  l y  handicapped r e q u i r e  assessment o f  

range o f  mot ion,  anthropometry , workspace human f a c t o r s ,  s t r e n g t h  capab i l  i t y ,  

and biomechanics cons ide ra t i ons .  

.While a number o f  s t u d i e s  have been addressed t o  t h e  handicapped whee lcha i r  

user ,  human f a c t o r s  requirements f o r  t h e  d i s a b l e d  have o n l y  rece i ved  l i m i t e d  

a t t e n t i o n  i n  t h e  areas o f  access t o  p u b l i c  b u i l d i n g s  and mass t r a n s i t  systems. 

Cur ren t  a i r  t r a n s p o r t  a i r c r a f t  a r e  n o t  equipped n o r  arranged t o  accommodate t h e  

handicapped; 75% o f  t h e  non-ambulatory handicapped were unable t o  reach an e x i t  

i n  t i m e  i n  a 1977 t e s t .  Concepts f o r  accommodation o f  t h e  handicapped and 

e l d e r l y  i n  buses have been under se r i ous  s tudy  o n l y  d u r i n g  t h e  p a s t  two years .  

S i m i l a r l y  t h e  development o f  techniques t o  assess t h e  d r i v i n g  c a p a b i l i t i e s  of 

d i sab led  persons, t h e  e v a l u a t i o n  and t e s t i n g  o f  adap t i ve  dev ices ,  and des ign  

performance and s a f e t y  guide1 i nes  requirements a r e  o n l y  now be ing  s t u d i e d  i n  

an i n i t i a l  f e d e r a l  program. No work i s  be ing  conducted i n  anthropometry, 

s t r e n g t h  c a p a b i l i t i e s ,  range o f  motion, o r  biomechanics requirements o f  t h e  

d i s a b l e d  d r i v e r  a t  t h e  p resen t  t ime. 



.Amputee a b i  1  i t y  t o  s t e e r  and b rake  commercial v e h i c l e s  was r e p o r t e d  i n  a  

1968 s tudy wh ich  found tha t - l ower  e x t r e m i t y  amputees r e q u i r e d  a  l o n g e r  t i m e  t o  

ope ra te  t h e  brakes and above-the-knee amputees were g e n e r a l l y  unsuccessful  i n  

o p e r a t i n g  pedals w i t h  t h e  impai red l imb .  Th is  p i o n e e r i n g  e f f o r t  shou ld  be 

expanded t o  cons ide r  t h e  occupants '  workspace and c o n t r o l  problems i n  c u r r e n t  

and f u t u r e  v e h i c l e s  and a l s o  t o  cons ide r  female d r i v e r s .  

.An excel  1  e n t  an thropometr ic  s tudy o f  ma1 e  parap l  e g i  c s l q u a d r i  p l  eg i cs  has 

been undertaken a t  t h e  U n i v e r s i t y  o f  Melbourne, A u s t r a l i a  i n  1973-75,due t o  

concern t h a t  t h e  guadrap leg ic  p o p u l a t i o n  c o u l d  n o t  be employed a t  meaningful 

occupat ions .  Range o f  mot ion  as we1 1  as biomechanics w i t h  r e f e r e n c e  t o  t h e  

whee lcha i r  was a l s o  s tud ied .  However, i t  should be determined t o  what e x t e n t  

these data  may app ly  t o  American males. There appears t o  be complete l a c k  of 

i n f o r m a t i o n  on female parap l  e g i c s / q u a d r i p l  eg i  cs. 

. \h i1  e  n o t  g e n e r a l l y  cons idered "Handicapped ," some 22 m i l l  i o n  le f t -handed 

i n d i v i d u a l s  i n  t h e  U.S. a r e  a t t e m p t i n g  t o  adapt  t o  va r ious  ocdupat iona l  

t asks  designed f o r  r igh t -handed i n d i v i d u a l s .  Review o f  t h e  1  i t e r a t u r e  shows t h a t  

t h e  1  ef t -handed i n d i v i d u a l  has been v i r t u a l  l y  i gno red  i n  most human eng ineer ing  

des ign hand books . 
2. The Female Worker 

.There has been a  r e c e n t  s h i f t  of m i l l i o n s  o f  women i n t o  t h e  l a b o r  f o r c e ,  

i n c r e a s i n g  by  1.6 m i l l i o n  a lone i n  1976. Women make up t w o - f i f t h s  o f  t h e  e n t i r e  

l a b o r  fo rce  and i t  i s  es t ima ted  t h a t  n e a r l y  50% o f  t h e  U.S. female p o p u l a t i o n  

i s  e i t h e r  employed o r  seeking work. However, a1 though the  female rep resen ts  

about 52% o f  t h e  c u r r e n t  U.S. popu la t i on ,  she i s  g r o s s l y  under-represented i n  

s t u d i e s  o f  biomechanical and human f a c t o r s  aspects o f  t h e  occupat iona l  env i ron-  

ment and very  1  i ttl e  a t t e n t i o n  has been g i ven  toHwomen-machine" problems. 

The s t r e n g t h  1  i t e r a t u r e  f o r  females i s  n o t  e x t e n s i v e .  Where comparat ive 



s t u d i e s  have been conducted, most o f t en  young c o l l e g e  women make up t h e  

female s u b j e c t  poo l .  Even i n  s p e c i f i c  areas where good s t u d i e s  have been 

conducted, such as t h e  g rasp ing  reach of women, t h e  s u b j e c t s  have been young 

c o l l e g e  women. Such s u b j e c t s  cannot  be cons idered as r e p r e s e n t a t i v e  of t h e  

general  female popu la t i ons ,  and o f t e n  a r e  n o t  r e p r e s e n t a t i v e  o f  p a r t i c u l a r  

occupa t i ona l  requirements.  A  1  arge p r o p o r t i o n  o f  t h e  pub l  i shed  s t u d i e s  o f  

female i n d u s t r i a l  workers has been conducted i n  f o r e i g n  c o u n t r i e s .  A1 though 

females ope ra te  a1 1  types  o f  v e h i c l e s  r e q u i r i n g  seated pedal o p e r a t i o n ,  a lmost  

a l l  s t u d i e s  o f  seated fo rces  a p p l i e d  t o  a  pedal have u t i l i z e d  male sub jec ts .  

No publ i shed  da ta  have been l o c a t e d  f o r  push f o r c e s  f o r  t h e  female s tand ing  s u b j e c t ,  

There i s  a  genera1 l a c k  o f  b iomechanical  da ta  r e l a t i v e  t o  t h e  female, most s t u d i e s  

hav ing  been conducted w i t h  ma1 e  sub jec ts .  

.A1 though t h e r e  appears t o  be no comparable c i v i l i a n  s tudy ,  one s tudy  o f  

m i l  i t a r y  women employed i n  maintenance, e l e c t r o n i c s ,  and c i v i l  eng inee r ing  areas 

found a  s i g n i f i c a n t  number o f  problems r e l a t i v e  t o  adap t i ng  females t o  t o o l s ,  

equipment, c l o t h i n g ,  and workspace designed p r i m a r i l y  f o r  males. A rev iew  o f  

female anthropometry shows t h a t  w h i l e  t h e r e  have been two r e c e n t  comprehensive 

m i l i t a r y  s t u d i e s  o f  females, t h e  most r e p r e s e n t a t i v e  c i v i l  da ta  a v a i l a b l e  i s  t h e  

HEW P u b l i c  Hea l th  Examinat ion Survey r e p o r t  o f  1Q5. However, t h i s  i n c l u d e d  o n l y  

12 1  i n e a r  measurements and s i x  a d d i t i o n a l  measures (compared t o  t h e  137-1 51 meausres 

r o u t i n e l y  ob ta ined  i n  m i l  i t a r y  su rvey ) .  Thus q u i t e  1  i m i  t e d  anthropometry 

on t h e  U.S. C i v i l  female i s  a v a i l a b l e .  An example o f  t h e  problem manufacturers have 

w i t h  t h e  l a c k  o f  adequate d imensional  i n f o r m a t i o n  i s  p rov ided  by one cha in  

i n  t h e  garment i n d u s t r y  alone,which es t imated economic losses  o f  $200,000 i n  1976 

due t o  i n c o r r e c t  s i z i n g ,  

3. The E l d e r l y  Female 

There have been almost  no b iomechanical ,  range-of-mot ion,  s t r e n g t h ,  o r  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 limited 

data,  further published anthropometry for the U.S. elderly female i s  not available. 

4. The Pregnant Female 

.The pregnant femal e encounters numerous occupational problems, whether she 

i s  driving a car ,  s i t t i ng  a t  a desk, or  working a t  a bench. Recently 

1 imi ted attention has been given t o  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 l i f t i n g  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 t o  be limited to the several noted. 

5. Elderly Males 

-Elderly males have seldom been studied as a population. Most male anthro- 

pometry ,especial ly mi 1 i tary studies,  has been conducted on younger age ranges. 

The most generally applicable data for  the c ivi l ian  elderly male i s  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 u t i l i z e  

some male and female subjects t o  age 75, for  neck range of motion, s trength,  

and 48 anthropometry measures, b u t  these data are unpublished. Biomechanics, 

range of motion, and strength studies involving the elderly are extremely 

1 imi ted. 

6. The Obese 

There appears t o  be no comparabl e studies of the biomechanics , anthropometry , 

strength,  range-of-motion, or human factors considerations of the obese, re la t ive  

t o  occupational environments. 
4 



11. OBJECTIVES 

The purpose o f  t h i s  s tudy  was t o  conduct  t h e  f o l l o w i n g  tasks :  

1. Review o f  t h e  c u r r e n t  s t a t e - o f - t h e - a r t  which may be appl  i c a b l e  

t o  t h e  occupa t iona l  s e t t i n g .  

2. Determine what c u r r e n t l y  a v a i l a b l e  data  a r e  d i r e c t l y  a p p l i c a b l e  

t o  t h e  occupa t iona l  s a f e t y  s e t t i n g .  

3. I d e n t i f y  major  research gaps which must be f i l l e d  by va r ious  l e v e l s  

of research e f f o r t  s p e c i f i c  t o  t h e  occupa t iona l  s a f e t y  s e t t i n g .  

4, P r i o r i t i z e  t h e  research gaps found, i f  any. 

5. I nc lude ,  as an appendix t o  t h e  r e p o r t ,  a comprehensive l i s t  o f  

appl i c a b l  e references.  



111. METHODS 

A thorough search o f  t h e  l i t e r a t u r e  was conducted t o  i d e n t i f y  p e r t i n e n t  

references. Th is  was i n i t i a t e d  by rev iewing s tud ies  p rev ious ly  conducted by 

H S R I  w i t h  regard t o  anthropometry, s t rength,  body kinematics,  biomechanics, 

range o f  motion. The au tho r ' s  f i l e s ,  cons i s t i ng  o f  several  thousand p u b l i -  

ca t ions  i n  these areas, were a lso  reviewed f o r  publ ished and unpublished work, 

as we1 1 as t he  ho ld ings o f  t he  U n i v e r s i t y  o f  Michigan L i b r a r y  System. 

These ma te r i a l s  were supplemented by computer searches. An off-1 i n e  

b i b l i o g r a p h i c  c i t a t i o n  l i s t  was generated by a  MEDLARS I 1  Nat iona l  L i b r a r y  of 

Medicine Nat iona l  i n te rac t i . ve  r e t r i e v a l  serv ice.  Among t h e  da ta  bases were 

BIOSIS ( b i o l o g i c a l  sciences) , SCISEARCH ( b i o l o g i c a l  and app l i ed  science),  

ISMEC (mechanical engineer ing and engineer ing management) , NTIS (government 

research),  COMPENDEX (eng ineer ing ) ,  FOUNDATION GRANTS I N D E X  ( g ran t  records) ,  

and SOCIAL SCISEARCH ( soc ia l  sciences) back t o  t he  years fo r  which they came 

on-1 i n e  i n  t h e  computerized systems. 

I n  add i t i on ,  the  proceedings of var ious s o c i e t i e s  were reviewed i n  the  

areas o f  human fac to rs  and ergonomics , phys ica l  anthropology, phys ica l  medicine 

and r e h a b i l  i t a t i o n ,  biomechanics, biomedicine, b ioengineer ing,  gerontology, 

psychology, i n d u s t r i a l  and operat ions engineer ing,  and physiology. O f  p a r t i -  

cu l  a r  per t inence were t he  Proceedings of the  6 th  Congress, I n t e r n a t i o n a l  

Ergomonics Assoc ia t ion (1976) , and var ious Communications, Danish Nat iona l  

Assoc ia t ion f o r  I n f a n t i l e  Para lys is .  One document, a  1  i s t  o f  1  i t e r a t u r e ,  

Anatomy f o r  Planners I, issued by the  Nat iona l  Swedish I n s t i t u t e  f o r  B u i l d i n g  

Research (1965), was most comprehensive, a1 though now outdated. 

F i n a l l y ,  when i t  became apparent t h a t  the l i t e r a t u r e  i n  these areas as 

re1 ated t o  the se lected popula t ions was very 1  i m i  ted,  personal contacts 



were made with major investigators in the various related fields, and some 

as yet unpublished or obscure b u t  pertinent materials were obtained. Refer- 

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



I V .  RESULTS AND DISCUSSION 

1. P h y s i c a l l y  Handicapped o r  D isab led 

D i s a b i l i t y  i s  t h e  general  te rm used by HEW t o  desc r ibe  any temporary o r  

long- term r e d u c t i o n  o f  a  person 's  a c t i v i t y  as a  r e s u l t  of an acute  o r  c h r o n i c  

c o n d i t i o n .  Phys ica l  impairments may i n c l u d e  v i s u a l  , hear ing,  p a r a l y s i s ,  

absence o f  body segments, o r  impairments o f  va r ious  body f u n c t i o n s .  

Data r e p o r t e d  by t h e  HEW Hea l th  I n t e r v i e w  Survey d u r i n g  t h e  two-year pe r iod ,  

J u l y  1959 through June 1961, showed t h a t  t h e r e  were 28,167,000 impairments i n  

t h e  U. S. c i v i l i a n  n o n i n s t i  t u t i o n a l  p o p u l a t i o n  (Gleeson, 1964). By 1971 t h e r e  

were an es t imated 51.1 m i l l i o n  impai red persons i n  t h e  U.S. p o p u l a t i o n  ( W i l d e r  

and Pearson, 1973), i n d i c a t i n g  t h a t  23% o r  n e a r l y  1  o u t  of every 4  Americans has 

a  d i s a b i l i t y  o f  some type.  Among t h e  12.5 m i l l  i o n  impairments due t o  i n j u r y  t h e  

most f r e q u e n t l y  r e p o r t e d  t y p e  cons is ted  o f  a  back i n j u r y  (3.1 m i l l i o n  i n d i v i d -  

u a l s ) ,  fo l lowed b y  impairment o f  t h e  lower  e x t r e m i t y  o r  h i p  (2.7 m i l l i o n ) .  I n  

1971 62 i n d i v i d u a l s  i n  every 1000 had an impairment due t o  i n j u r y .  

A number of  s t u d i e s  r e l a t e d  t o  t h e  handicapped have been conducted over  

t h e  p a s t  two decades by t h e  T e s t i n g  and Observat ion I n s t i t u t e  o f  t h e  Danish 

Na t iona l  Assoc ia t i on  f o r  I n f a n t i l e  P a r a l y s i s ,  l o c a t e d  i n  He1 l e r u p ,  Denmark. 

Many of t h e  handicapped s tud ies  noted i n  t h i s  s e c t i o n  a r e  from t h i s  I n s t i t u t e .  

For example, Paulsen (1966) has eva luated j o b  demands i n  r e h a b i l i t a t i o n  o f  

t h e  p h y s i c a l l y  handicapped. Among t h e  fac to rs  analyzed a r e  

locomot ion,  work ing p o s i t i o n s  , body movements, muscular forces d u r i n g  work, 

and weights 1  i f t e d .  Asmussen (1965) had e a r l  i e r  assessed c o r r e l a t i o n s  between 
8 

such v a r i a b l e s  as muscle s t r e n g t h  and o t h e r  p h y s i o l o g i c a l  funct ions by age 

and sex. 

An ergonomics approach t o  wheelcha i r  design was i n v e s t i g a t e d  i n  

severa l  s tud ies .  P l  a t t s  , a t  t h e  Loughborough U n i v e r s i t y  of Techno1 ogy (England) , 

surveyed users '  needs (1974). Engel and H i  l deb rand t  o f  the  I n s t i  t u t  j u r  



arbei tphysiologi c und Rehabi 1 i tatimsforschung der Uni versi t a t  Marburg/Lund , 

West Germany, have reported extensive studies of technical , biomechani cal, and 

physiological aspects (1974). Additional studies which re1 a te  t o  the human 

factors design and biomechanics of wheelchairs for the disabled include 

Hiscock (1964) ; MacKei t h  (1974) ; Perizer e t  a1. (1964) ; Roos (1964) ; Walker 

(1964) ; Bergstrom (1965) ; Bulletin of Prosthetics Research, (1965) ; Peizer 

(1965); Nichols e t  al. (1966); Lee (1967); Kemenetz (1969); Peizer and Wright 

(1969) ; Lipskin (1970) ; and Newsom e t  a1. (1972). Space requirements have 

been considered by Floyd. e t  a1 ( 1  966) , part icular  needs of the quadriplegic 

and paraplegic (Edberg , 1965), physiological aspects of wheelchair operation 

(i-lildebrandt e t  al., 1970), and as related to human factors of the handicapped 

wheelchair user in buildings (Leschly e t  a1. ,1959; 1960; U.S, Department of 

Housi ng and Urban Development , 1971 ) . 
Earlier th i s  year investigators a t  the Civil Aeromedical Ins t i tu te  of the 

Federal Aviation Administration pub1 ished a study on the emergency escape of 

handicapped a i r  t ravelers (Blethrow e t  a1 . , p .  77). Current a i r  transport a i r -  

c ra f t  are  n o t  equipped or arranged t o  effectively accommodate the seriously 

handicapped occupant. Passenger movement of 1 f t / s  has been found minimal 

for  successful evacuation, b u t  three-quarters of the non-ambul atory handicapped 

were not able t o  reach an e x i t  in that  time. This study recommended a number 

of human factors considerations, including increasing a is l  e width t o  accom- 

modate wheelchairs , providing support hand1 es ,  passenger information cards printed 

i n  Brai l le  (b l ind) ,  audible markers a t  exi ts  and lavatories,  and s tabi -  

1 izing ropes on inflated egress s l  ides. They suggested tha t  non-ambul atory 

passengers could be most effectively seated in a g r o u p  in the cabin away from 

other evacuees, so that  they would not impede escape. Besides a description of 

performance t e s t s  conducted, th i s  study also provides a l i s t i ng  of case 

histories of handicapped involved in a i r c r a f t  incidents or accidents. The 



handicapped s u b j e c t s  t e s t e d  i n c l u d e d  one amputee, one obese i n d i v i d u a l  , one b l  i n d  

i n d i v i d u a l  , f i v e  cases o f  paraplegia,and e i g h t  i n d i v i d u a l s  w i t h  mental d e f i c i e n c i e s .  

T h i s  s tudy was ins t rumen ta l  i n  de te rm in ing  new a i r  c a r r i e r  r e q u l  rements 

re1 a ted  t o  handicapped passengers. I n  A p r i l  1977, Pa r t s  121 and 135 o f  t h e  

Federal  A v i a t i o n  Regu la t ions  were amended ( " A i r  T r a n s p o r t a t i o n  o f  Handicapped 

Persons who may need Evacuat ion Ass is tance ," Federal  Reg is te r ,  1977). Sea t ing  

requyrements were n o t  imposed, b u t  a  d i s a b l e d  passenger can n o t  be re fused  

t r a n s p o r t a t i o n ,  and a  number o f  a l lowances were made, such as exempting a  

person who cannot  s i t  e r e c t  f o r  a medical  reason f rom t h e  requ i rement  t h a t  t h e  

back o f  h i s  o r  he r  sea t  be u p r i g h t  f o r  t a k e o f f  and land ing .  

Human f a c t o r s  requ i rements  f o r  t h e  d i s a b l e d  have r e c e i v e d  i n c r e a s i n g  

a l though  s t i l l  l i m i t e d  a t t e n t i o n ,  p a r t i c u l a r l y  i n  areas of access t o  p u b l i c  

b u i l d i n g s  and mass t r a n s i t  systems. These aspects have a  d i r e c t  r e l a t i o n s h i p  

t o  occupa t iona l  requ i rements .  

The Urban T r a n s p o r t a t i o n  A c t  o f  1970, t h e  Federal  Highway A c t  of  1973, 

and t h e  Na t iona l  Mass T r a n s p o r t a t i o n  A c t  of 1974 a l l  con ta ined  v a r i o u s  p r o v i s i o n s  

f o r  ass i s tance  t o  t h e  e l d e r l y  and handicapped. I t  i s  of i n t e r e s t  t h a t  over  30 

s t a t e s  had enacted laws r e l a t e d  t o  a c c e s s i b i l i t y  p r i o r  t o  1968, and many l o c a l  

communities had p rov ided  v a r i o u s  t r a n s p o r t a t i o n  access requirements f o r  t h e  

handicapped. An o u t l i n e  o f  p e r t i n e n t  l e g i s l a t i o n  i s  summarized i n  B lack  and 

Mateyka (1976).  

Human f a c t o r s  accommodation o f  t h e  handicapped (and e l d e r l y )  was a  p r imary  

des ign goal  of t h e  n i n e  advanced p r o t o t y p e  buses cons t ruc ted  as p a r t  o f  t h e  

Department of T ranspor ta t i on ,  Urban Mass T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  (UMTA) 

t ransbus program. Thre2 concepts f o r  accommodating an i n d i v i d u a l  i n  a  wheel- 

c h a i r  on a  f u l l - s i z e d  t r a n s i t  bus have been r e p o r t e d  by B lack  o f  Rohr I n d u s t r i e s ,  

and Mateyka of  Booz, A l l e n  A p p l i e d  Research (1976).  Among r e s u l t s  r e p o r t e d  was 

t h a t  whee lcha i r  access i s  f e a s i b l e  f o r  a  bus w i t h  a  wide f r o n t  door and a  low 



f l o o r ,  a  ramp s to red  under t h e  bus f l o o r  be ing  a  p re fe r red  dev ice .  They 

found t h a t  s tep he igh ts  should n o t  exceed 8 inches(20 cm) and s tep  edges should 

be marked i n  c o n t r a s t i n g  c o l o r s  ( 1 s t  s tep  h e i g h t  on c u r r e n t  buses i s  about 

14 inches (36  cm) h i g h ) .  

I n  r e c e n t  years  t h e r e  has been increased concern w i t h  t h e  requirements and 

capab i l  i t i e s  o f  t h e  d i sab led  d r i v e r ,  and t h e r e  have been s t u d i e s  conducted by 

t h e  manufacturers,  u n i v e r s i t i e s ,  and t h e  government i n  t h i s  regard .  Often 

human f a c t o r s  has been poor, as shown by t h e  Veterans A d m i n i s t r a t i o n  f i n d i n g  

i n  New York t h a t  o n l y  3 o f  12 commercia l ly  a v a i l a b l e  systems o f  hand c o n t r o l  

o f  automobi les met s a f e t y  and d u r a b i l i t y  standards (Paul , 1964). Goodwi l l  

(1974) had o u t l i n e d  t h e  s t a t u s  as o f  t h a t  t i m e  i n  t h e  U.K.  f o r  d i sab led  d r i v e r s .  

A major  a t tempt  t o  develop d r i v i n g  a ids  and systems f o r  t h e  d i sab led  d r i v e r  

i s  p r e s e n t l y  underway a t  t h e  U n i v e r s i t y  o f  Michigan,  sponsored by t h e  Rehabi l -  

i t a t i o n  Serv ices  A d m i n i s t r a t i o n  (RSA) o f  t h e  O f f i c e  of  Human Development, U.S. 

Department o f  Hea l th ,  Educat ion and Welfare.  A  R e h a b i l i t a t i o n  Eng ineer ing  Center ,  

funded f o r  $300,000 f o r  t h e  f i r s t  year  of a  f i ve -yea r  program, i n  coopera t ion  

w i t h  t h e  R e h a b i l i t a t i o n  I n s t i t u t e  of  D e t r o i t ,  i s  focus ing on a  program of  

medical research concen t ra t i ng  on d r i v e r  d i s a b i l  i t i e s  and assessment. Among 

areas t o  be i n v e s t i g a t e d  a r e  t h e  development of techniques t o  assess t h e  

d r i v i n g  capab i l  i t i e s  o f  d i s a b l  ed persons, t h e  e v a l u a t i o n  and t e s t i n g  o f  adap t i ve  

devices,  and p r o v i d i n g  designers w i t h  performance and s a f e t y  guide1 ines  (U.S. 

Department o f  Hea l th ,  Educat ion and Welfare, 1977). Human f a c t o r s  s t u d i e s  

planned i n c l u d e  a t t e n t i o n  t o  c o n t r o l  i n p u t  c h a r a c t e r i s t i c s  and assessment o f  

phys i ca l  d r i v i n g  c a p a b i l i t y .  To date  no work has been i n i t i a t e d  i n  anthro-  

pometry, s t reng th ,  range o f  motion, o r  biomechanics o f  t h e  d i sab led  d r i v e r  

r e l a t i v e  t o  t h i s  program. 

( a )  Amputees 

I n  1968 McFarl and and co l leagues a t  t h e  Harvard School o f  P u b l i c  Heal t h y  



supported by t h e  Vocat iona l  R e h a b i l i t a t i o n  A d m i n i s t r a t i o n ,  Insurance I n s t i t u t e  

f o r  Highway Sa fe ty ,  and General Motors Corpo r ta t i on ,  eva luated t h e  ab i  1  i ty  of 

amputees t o  opera te  highway t r a n s p o r t  equipment. A t  t h a t  t i m e  i t  was es t imated 

f rom t h e  1957-58 U.S. Na t iona l  Hea l th  Survey t h a t  24 m i l l i o n  Americans s u f f e r e d  

f rom some form o f  p h y s i c a l  impairment and t h a t  13 m i l  1 i o n  o f  them i n v o l v e d  some 

1  i m i t a t i o n  o f  mot ion.  Fu r the r ,  o f  3 m i l  l i o n  s e r i o u s l y  d i s a b l e d  persons, some 

1  m i l l i o n  drove w i t h  some t y p e  o f  spec ia l  hand o r  f o o t  c o n t r o l s .  However, t h e  

approach t h a t  was taken i n  t h i s  s tudy cons is ted  p r i m a r i l y  o f  a  survey o f  t h e  

1  i t e r a t u r e  and e v a l u a t i o n  o f  t h e  d r i v i n g  exper ience o f  amputees. P a r t i c u l a r  

a t t e n t i o n  was g i ven  t o  s t a t e  l i c e n s i n g  procedures f o r  p h y s i c a l l y  handicapped 

d r i v e r s  and t h e i r  a c c i d e n t  exper iences , and t h e  p o s s i b l e  re1 a t i o n s h i  p  between 

phys i ca l  handicap and motor v e h i c l e  acc idents .  A major  concern f o r  t h i s  

problem was t h a t  re1  a t i v e l y  l a r g e  numbers o f  t h e  p o t e n t i a l  work force might  

be u n f a i r l y  dep r i ved  o f  o p p o r t u n i t i e s  f o r  employment. The r u l e s  o f  t h e  I n t e r -  

s t a t e  Commerce Commission d i d  n o t  a l l o w  opera to rs  w i t h  amputations t o  d r i v e  i n  

i n t e r s t a t e  commerce, i n  any p u b l i c  conveyance, i n  l a r g e  o r  smal l  t r u c k s ,  o r  

i n  buses o r  passenger conveyances f o r  p r o f i t .  . 
To s tudy phys i ca l  components o f  s t e e r i n g  and b r a k i n g  of commercial v e h i c l e s ,  

100 sub jec ts ,  60 o f  whom were amputees, were t e s t e d  i n  a  v e h i c l e  s imu la to r .  

Anthropometr ic  measures were taken on these sub jec ts  f o r  80 d i f f e r e n t  measure- 

ments r e l a t i n g  t o  body s i z e ,  s t r u c t u r e ,  and compos i t ion  on each o f  30 upper 

e x t r e m i t y  amputees and 29 lower  e x t r e m i t y  amputees. G r i p  s t r e n g t h  was a l s o  

taken.  It was found t h a t  t h e  amputee group d i d  n o t  g e n e r a l l y  d i f f e r  an thro-  

pomet r jca l  iy, a1 though t h e  sample pool  was smal l .  Because chest  c i rcumference 

and l e f t  c a l f  c i rcumference were s i g n i f i c a n t l y  g r e a t e r  f o r  t h e  lower  amputees, 

i t  was specu la ted t h a t  t h e  cause might  be t h e  e x t r a  muscular e f f o r t  o r  r e s p i r a t o r y  

demands of wal k i n g  w i t h  a  p r o t h e s i s .  The exper imental  s t e e r i n g  performance 



tests indicated that amputees did as we1 1 or better than non-impaired, non-  

commercial drivers. The brake pedal tests indicated that the 1 ower extremity 

amputees required a longer time t o  operate the brakes. Above-the-knee amputees 

were generally unsuccessful in using the impaired limb t o  operate pedals. 

There have been numerous studies of prothestics, b u t  in such cases anthro- 

pometry i s  usual ly taken only relative t o  individual f i t t ing  requirements. 

Isherwood (1976) , for example, has devised prothesis simulators consisting of 

a set  of compressible bags using a compressible foam which i s  individually 

constructed on the stump of the patient. I n  most cases equipment manufacturers 

ta i lor  the handicapped aids t o  the specific individual. Similarly emphasis 

o n  strength appears t o  be concerned with preparation of the individual t o  

resume ambulatory and weight bearing functions. 

Working conditions with different types of  disabi 1 i  ty were examined by 

McEiven (1973) in an Australian study. He reported that individuals with 

retarded impairments tended t o  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. 

I t  was hypothesized that retards were better able t o  cope with stress before 

their  performance deteriorated, due t o  a lower arousal level. 

( b )  Parapl egi cs/Quadripl egi cs 

Quadriplegics comprise a readily identifiable sub-group of the handicapped 

population. The most recent published work i s  an anthropometric survey of 

quadriplegics conducted by Samuel and Young a t  the Department of  Mechanical 

Engineering, The University of Me1 bourne, Austral ia (1975) .  This study was 

undertaken during 1973-75, when i t  was found that the quadriplegic population 

could no t  be employed a t  any other than the most menial of  tasks, and information 

on the limitation and requirements of  quadriplegics was insufficient. I t  pro- 

bably represents the f i r s t  systematic attempt t o  collect anthropometric d a t a  



f o r  t h e  p h y s i c a l l y  handicapped a d u l t  ma1 e  popul a t i  on. 

Both s t a t i c  and dynamic anthropometry were taken,  as w e l l  as biomechanics 

i n c l u d i n g  j o i n t  range o f  mot ion  and g rasp ing  s t r e n g t h .  Anthropometry was taken 

i n  and about  t h e  whee lcha i r ,  b u t  m i g h t  have a p p l i c a t i o n  t o  any seated workspace 

environment, s i n c e  seat ,  b u t t o c k ,  and shou lder  re ference p o i n t s  were taken, 

and measurements re1  a ted  t o  these r a t h e r  than from f i x e d  re ference p o i n t s  . 
Since q u a d r i p l  eg ics  have i n s u f f i c i e n t  t r u n k  s t a b i l  i ty, most o f  t h e  53 

a d u l t  males i n  t h i s  p o p u l a t i o n  measured (data  was complete f o r  o n l y  38) 

cou ld  n o t  s i t  i n  an e r e c t  p o s i t i o n .  Thus s tandard  techniques were 

mod i f i ed .  A  b a s i c  aim o f  t h i s  s tudy  was t o  compare t h e  anthropometry o f  t h e  

d i ~ a b l  ed t o  t h e  non-disabled popu la t i on .  The authors  concluded t h a t  these 

sub jec ts ,  a t  1  east ,  were r e p r e s e n t a t i v e  of t h e  general  p o p u l a t i o n  

and found t o  be d i s t r i b u t e d  no rma l l y  i n  a l l  measurements. (These f i n d i n g s  a r e  

of  i n t e r e s t  t o  t h e  author ,  who has r e c e n t l y  measured a  s e r i e s  of  t h r e e  female 

parap l  eg i cs  ( l o s s  o f  mot ion  o f  l ower  ex t remi  t i e s )  , and f i n d i n g s  suggest s i g n i f i -  

can t  anthropometr ic  d i f f e r e n c e s  (unpub l ished data,  Snyder 1977). 

Range of  mot ion  (dynamic anthropometry)  was measured f o r  maximum fo rward  

and sideways reach f o r  bo th  r i g h t  and l e f t  arms, and f o r  b o t h  a  r e s t r a i n e d  

and u n r e s t r a i n e d  upper t o r s o  ( i n  t h e  whee lcha i r ) .  I n  a d d i t i o n ,  an o b j e c t i v e  

measure of h o r i z o n t a l  work space c a p a b i l i t i e s  was a t t a i n e d  w i t h  t h e  s u b j e c t  

and wheelchai r p laced  a g a i n s t  t h e  measuring board and h o r i z o n t a l  board, and 

s i n g l  e  arm ( c o m f o r t a b l e  reach) ,  s i n g l  e  arm (maximum reach) , two hands t o g e t h e r  

( r o t a t i n g  a r c )  , and s i n g l e  arm r o t a t i o n  ( a r c )  reach envelopes measured. 

Biomechanical aspects o f  upper l i m b  j o i n t  movements, i n c l u d i n g  head and 

neck motibn,were a l s o  measured i n  t h i s  s tudy.  Ob jec t i ves  were t o  show how 

j o i n t  movement angles a r e  r e l a t e d  t o  envelopes of arm movement, t o  determine 

t h e  e x t e n t  o f  impairment o f  j o i n t  movement and r e l a t e  i t  t o  j o i n t  movement o f  

t h e  unimpaired person, and t o  determine i f  any p o o r l y  f u n c t i o n i n g  j o i n t s  c o u l d  



b e n e f i t  f rom mechanical a ids .  

The arm movement envelope data  were subd iv ided i n t o  f o u r  c l a s s i f i c a t i o n  

sub-groups of (C4-5)  , (C5-C5-4) , (C6-C6-7) and (C7). The au tho rs  found t h a t  

w i t h i n  t h e  second and t h i r d  sub-groups s tandard  d e v i a t i o n s  on reach were s i m i l a r  

t o  those o f  t h e  unimpaired p o p u l a t i o n  compared to .  Whi 1 e mean head and neck 

r o t a t i o n s  were r e p o r t e d  t o  be s i m i l a r  t o  t h e  unimpaired popu la t i on ,  d e v i a t i o n s  

from t h e  mean were found t o  be s l i g h t l y  g r e a t e r .  Only t h e  C, group o f  q u a d r i -  

p l e g i c s  had any measurabl e f i n g e r  and thumb movements. Wr i s t ,  shou lder ,  and 

elbow mot ion  was found t o  i nc rease  i n  r e s t r i c t i o n  w i t h  t h e  l e v e l  o f  i n j u r y .  

Task performance o f  t h i s  q u a d r i p l e g i c  p o p u l a t i o n  was determined t o  be 

cons ide rab ly  below t h a t  o f  t h e  unimpaired popu la t i on .  For t h e  two p r imary  

sub-groups o f  (C5-C5-6) and (C6-C6-7) i n d i v i d u a l s ,  performance t i m e  f o r  t h e  simp1 e 

p i ck -up - t ranspor t  t a s k  r e q u i r e d  about t h r e e  t imes t h e  D .M.T. s tandard.  Quad- 

r i p 1  eg ics  a l s o  were found t o  per form p o o r l y  w i t h  pegboard l o c a t i o n  tasks  and 

i t  was recommended t h a t  work tasks  ( o r  occupat ion)  such as push-but ton t e l e -  

phone o r  t y p i n g  be avoided. Performance was a l s o  found t o  be a f f e c t e d  by r o d  

s i z e  and f o r  g rasp ing  c o n t r o l s  (optimum performance) knob d iameters  "shou ld  

n o t  be l e s s  than 10 mmY (p. 282). The au tho rs  concluded t h a t  t h e  Aust ra-  

l i a n  whee lcha i rs  used by t h e  V i c t o r i a  q u a d r i p l e g i c s  a r e  s i m i l a r  i n  s i z e  and 

geometry t o  those i n  t h e  U.S., and suggested t h a t  t h e  measurements ob ta ined  

would t h e r e f o r e  be appl  i cab1 e t o  U . S o  wheel -cha i  r bound q u a d r i p l e g i c s .  Whi 1 e 

t h e  Samuel and Young A u s t r a l i a n  s tudy  i s  cons idered t o  be an e x c e l l e n t  

comprehensive s tudy i n  anthropometry of t h e  handicapped a t  t h i s  p o i n t ,  i t  has 

a number o f  l i m i t a t i o n s ,  i n c l u d i n g  t h e  l a c k  o f  any data  on female q u a d r i p l e g i c s .  

( c )  Left-handedness 

Whi le  1 ef t -handed persons a r e  no rma l l y  n o t  cons idered "handicapped," 

i t  i s  es t imated t h a t  t h e r e  a r e  some 22 m i l l  i o n  l e f t -handed  i n d i v i d u a l s  i n  t h e  

U.S. S ince these i n d i v i d u a l s  comprise o n l y  10% o f  t h e  p o p u l a t i o n  they  have had 
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1 i t t l e  s tudy r e l a t i v e  t o  adapt ing t o  var ious occupat iona l  tasks,  almost a l l  o f  

which a r e  designed f o r  r igh t -handed i n d i v i d u a l s .  

L i k e  o t h e r  handicapped groups such as t h e  b l i n d  and hard-of-hear ing,  

the  le f t -handed i n d i v i d u a l  has had t o  l e a r n  t o  a d j u s t  t o  t h e  m a j o r i t y  r i g h t -  

handed wor ld.  Suddon and L i n k  (1959) have found, however, t h a t  l e f t -handers  

a r e  b e t t e r  a b l e  t o  per form complex motor tasks w i t h  t h e  r i g h t  hand than r i g h t -  

handed i n d i v i d u a l s  can w i t h  t h e i r  l e f t  hand. 

The le f t -handed  i n d i v i d u a l  has been v i r t u a l l y  ignored i n  most human 

eng ineer ing design handbooks. One o f  t h e  most recen t ,  f o r  example, Van C o t t  

and Kinkade (1972) does n o t  d i r e c t l y  cons ider  handedness. I 1  1  u s t r a t i o n s  and 

data  prov ided a r e  shown f o r  r igh t -handed i n d i v i d u a l s  on ly ,  except f o r  t a b l e s  

o f  maximal s t a t i c  hand fo rces  exer ted on a  h o r i z o n t a l  handgr ip ( a f t e r  Hunsicker, 

1957), which a r e  prov ided f o r  both  t h e  l e f t  and r i g h t  hand. However, i t  i s  

n o t  s t a t e d  whether these data  i n c l u d e  1  eft-handed sub jec ts .  Design handbooks 

p r e s e n t l y  appear t o  suggest t h a t  t h e  user use t h e  same r e l a t i o n s h i p s  f o r  e i t h e r  

hand u n t i  1  f u r t h e r  exper imenta t ion i s  conducted ( M u r r e l l  , 1965), o r  p rov ide  

a  n o t a t i o n  t h a t  t h e  data  a re  f o r  r igh t -handers  o n l y  (Chapanis and Grappes, 

1968). Other handbooks s imply  do n o t  address t h e  problem (McCormick, 1957). 

Whi 1  e  Damn, Stoudt  and McFarland ( 1  967;1971) do index handedness, 

cons ide ra t ion  i s  l i m i t e d  t o  t h r e e  sentences d e a l i n g  w i t h  

fac to rs  i n f l u e n c i n g  muscl e  s t reng th :  "Handedness : I n  t h e  r ight-handed 

persons ( rough ly  90 per  cen t  of a l l ) ,  t he  l e f t  hand averaged about 10 per  

cen t  weaker than t h e  r i g h t  (Hunsicker, 1955). Schochr in (1934) found t h e  

1  e f t  l e g  a l s o  t o  be 10 per cen t  weaker, I n  general ,  t h e  p r e f e r r e d  s i d e  i s  

t h e  s t ronger "  (p.  202). They a l s o  considered r i g h t  versus l e f t  s i d e  i n  

p resen t ing  f a c t o r s  i n f l u e n c i n g  the  range o f  j o i n t  motion, r e p o r t i n g  G i l l  i l a n d s  ' 

(1921) f i n d i n g  t h a t  " t h e r e  i s  no rma l l y  so l i t t l e  v a r i a t i o n  t h a t  the  two s ides 
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can be considered i d e n t i c a l  ," and S a l t e r  and Darcus ' (1953) conc lus ions 

t h a t  i n  arm r o t a t i o n  "group d i f fe rences between l e f t  and r i g h t  ranged 

f rom 0 t o  5  degrees" (p. 189).  S ince t h i s  range o f  j o i n t  mot ion  d a t a  i s  

indexed under "handedness," i t  cou ld  be m i s i n t e r p r e t e d  by t h e  user.  

Laveson and Meyer (1977) have addressed t h e  problem of  t h e  l e f t -handed  

handicap by deve lop ing ' a  methodology capable of  ana lyz ing  consumer products  

t o  determine t h e  means by which they  may be m o d i f i e d  o r  adapted t o  l e f t - h a n d  

use. They app ly  t a s k  a n a l y s i s  by de te rm in ing  t h e  fo rce- re1 a ted  components 

i n v o l v e d  i n  t h e  o p e r a t i o n  o f  t h e  product .  Thus elements o f  i n p u t ,  o u t p u t ,  

and c o n t r o l  a r e  analyzed by c o n s i d e r a t i o n  of how t h e  f o r c e  i s  app l i ed ,  

how t h e  fo rce  i s  u t i l i z e d ,  and how t h e  fo rce  i s  c o n t r o l l e d .  The analyses a r e  

then compared t o  determine s i m i  1 a r i  t i  es and d i f fe rences . A product  w i t h  

i d e n t i c a l  a n a l y s i s  i s  determined t o  be usab le  by e i t h e r  hand i n  t h e i r  system. 

I f  t h e  ana1ysi.s d i f f e r s  , then p roduc t  m o d i f i c a t i o n  o r  complete redes ign  i s  

r e q u i r e d .  These authors  appl i e d  t h e i r  methodology t o  an e l e c t r i c a l l y  opera ted 

d r i l l  w i t h  a  handle on t h e  l e f t  s ide ,  a  c i r c u l a r  saw, and a  s e r r a t e d  

k i t c h e n  k n i f e .  These authors  suggest t h a t  t h i s  techn ique can be adapted t o  

a  wide range o f  o f f i c e ,  business, and i n d u s t r i a l  occupat iona l  tasks ,  b u t  t o  

da te  no f u r t h e r  work has been pub l ished.  

2. The Female 

Dur ing  t h e  pas t  decade t h e r e  has been a  s h i f t  o f  m i l l i o n s  o f  women t o  

employment o u t s i d e  t h e  home. A t  t h e  same t i m e  t h e r e  has been a  t r e n d  toward 

t h e  expec ta t i on  of equal employment o p p o r t u n i t y ,  as w e l l  as new knowledge con- 

c e r n i n g  environmental  h e a l t h  hazards. The r e c e n t  passage of t h e  equal r i g h t s  

amendment t o  t h e  C o n s t i t u t i o n ,  i f  r a t i f i e d  by t h e  s t a t e s ,  c o u l d  have s t i l l  

f u r t h e r  impact  on increases i n  t h e  female work fo rce .  It has been r e p o r t e d  

t h a t  i n  7976 a lone t h e  female l a b o r  f o r c e  increased by 1.6 m i l l i o n  (or 200% 



t h a t  o f  males f o r  t h i s  same per iod)  t o  a t o t a l  o f  39,255,000. Women make 

up a s i g n i f i c a n t  p o r t i o n  o f  t h e  l a b o r  f o r c e  when i t  i s  considered t h a t  two- 

f i f t h s  o f  t h e  e n t i r e  work f o r c e  a r e  women and t h a t  n e a r l y  50% of t h e  female 

popu la t ion  i s  e i t h e r  employed o r  seeking work. The m i l i t a r y  has a lso  increased 

female personnel, t h e  A i r  Force a lone inc reas ing  females by 129% i n  t h e  5-year 

pe r iod  p r i o r  t o  1973, w i t h  plans t o  increase t h e  1973 number of females from 

19,500 t o  over 44,500 by 1978 ( B o b b i t t ,  1977). 

An ana lys is  o f  female workers i n  i n d u s t r y  and by occupat ion has been 

compiled by Waldmas and McEddy (1974). T h e i r  f i nd ings  i n d i c a t e  t h a t  about 

60% o f  a1 1 employees i n  the  s e r v i c e  i n d u s t r y  were women, w i t h  60% i n  educat ional  

serv ices , 75% i n  t h e  medical -hea l th  i n d u s t r y ,  about 75% i n  personal serv ices.  

A t  l e a s t  50% of a l l  employees i n  the  manufacture of c l o t h i n g  and general 

merchandising a re  women. 

Despi te  these s t a t i s t i c s  showing t h a t  women p r e s e n t l y  make up a s i g n i f i c a n t  

p o r t i o n  o f  t h e  U.S. t o t a l  work force,  and al though t h e  female represents about 

52% o f  the present  U.S. popula t ion,  she i s  g r o s s l y  underrepresented i n  s tud ies  

o f  biomechanical and human f a c t o r s  aspects of t h e  occupat ional  environment. 

There has been an increased awareness and i n t e r e s t  i n  female anthro- 

pometr ic requirements i n  the  i n d u s t r i a l  and work environments, b u t  1 i t t l e  

such data e x i s t  r e l a t i v e  t o  t h e  c i v i l  female popula t ion.  A 1965 Czechoslovakia 

anthropometr ic study by :mid o f  408 women i n  an i n d u s t r i a l  p l a n t  po in ted  ou t  

t h a t  women a re  now working i n  a l l  f i e l d s  and occupations where fo rmer l y  o n l y  

men were employed. I n  t h i s  regard i t  i s  impor tant  t h a t  t h e  d i f f e r e n t  

phys ica l  and phys io log ica l  makeups of women be taken i n t o  account 

i n  e f f i c i e n t  i n d u s t r i  a1 workspace design. 



Although ergonomics and human engineering studies are concerned with 

"matching work t o  people" (Corl e t t ,  1976), such studies have historically 

concentrated on  the "man-machine problems" (Product Engineering, 1960). 

Examination of the l i terature reveals that this i s  l i t e ra l ly  true. As a 

result very 1 i t t l e  attention has been given t o  the "woman-machine" problems. 

This i s  quite evident, n o t  only in the data provided in most standard human 

engineering texts when sources are revealed, b u t  also in the i l lustrations 

provided in which male figures are shown. Female studies appear t o  be mainly 

confined t o  specialized reports such as Kroemer's work in human engineering of 

the keyboard ( 1 9 7 2 ) ,  office seating (1971 ) , and industrial seating (1970). 

An excel lent review of the principles o f  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, 

f o o t  res ts ,  office equipment, consol'es , and machine stands. However, except 

for discussion of typist requirements, the data provided appears t o  be based 

upon  male c r i te r ia  ; different sexual requirements are not indicated. 

Office and factory seating habits of British adults were found t o  be estab- 

lished in schools by Floyd and Ward (1967)  in an English study. 

I n  general i t  has been found t h a t  women are a b o u t  66% as strong as men, 

varying with different muscle groups (Damon e t  a1. ,1971). Female forearm 

flexors are only about 55% of men's strength, b u t  this increases t o  about 80% 
' 

for flexors and extensors of the hip, and flexors o f  the lower leg. While 

strength of a muscle per unit cross-section may be "virtually the same in 

b o t h  men and in women" (Hettinger, 1961 ) , correcting for body size results 

in the conclusion that females have about 77% o f  t he  strength of males 

(Asmussen and Heebbill -Niel son, 1962) .  Hettinger (1961 ) a1 so found that 

muscl e training prod2ces greater proportional strength increases for men than 



women. New approaches have been reported on malelfemale strength stressing 

by Snook (1  977) . 
More recently, Laubach (1976) has conducted experiments to measure s ta t ic  

muscular strength characteristics in comparison with previous data available 

for males. This study included 12 measures of s ta t ic  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 i s  

about 63.5%, with a range of 35 t o  86%. For the upper extremities, s ta t ic  

strength of women was found t o  be 59.5% that of men, with a range of 44 to 

79%. When strength of the lower extremities was compared, i t  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 t o  70%. Laubach also reported the 

dynamic strength characteristics, including 1 i f t ing,  lowering, pushing, and 

pulling tasks, of women t o  average 68.6% that found for males, with a range 

of 59 t o  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 

t o  stop by using the hand brake may be excessive for a given handlwristlfore- 

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), b u t  no comparison data for female provided. Lamphiear and Montoge 

(1976)  have studied the relationship of  arm and grip strength measurements t o  

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  t o  65 a n d  250 Danish women aged 15-55. Except for the 



15-20 year olds,  the average value for a1 1 women was found to  be only 58-66% 

of that  of men of corresponding age. Maximum muscle strength was reached 

sooner in women b u t  decreased a t  an ea r l i e r  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 tha t  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 between ages 17 and 24 years of age in various arm 

reach positions. Further strength measurements included maximum 1 i f t i ng  

strength of both arms, foot pressure exerted by the r ight  leg from a s i t t i ng  

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 t o  be about two- 

th i rds ,  b u t  note that  there i s  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 (Will iams and Stutzman, 1959). 

Tests were conducted on the knees, elbows, shoulders, and hips through the range 

of motion. 

S ta t i c  muscular strength of 31 female college subjects (mean age 20.7) 

fo r  1 2  measurements, incl u d i n g  22 body s ize  measures, and somatotypes, have 

been reported by Laubach, and compared t o  ma1 e capabi 1 i t i  es (1976) .  The 

subjects were apparently the same as used by Kennedy (1976) in his study of 

reach of women. Variables included shoulder flexion, el bow flexion, hip 

flexion, knee extension, trunk flexion,  and grip strength. Strength data on  

152 female Braniff International Airways, Inc.,  stewardesses for  4 strength 



t e s t s  and 13  body measurements have been r e p o r t e d  by Reynolds and A l l good  

(1975). S t reng th  t e s t s  i n v o l v e d  a two-handed push (110 cm from f l o o r ) ,  l e g  

l i f t  (25 cm f rom f l o o r ) ,  back l i f t  (50 cm f rom f l o o r ) ,  and arm l i f t  (100 cm 

f rom f l o o r ) .  Howeverythe authors  no te  t h a t  t h e r e  a r e  no comparable data  i n  

t h e  l i t e r a t u r e  and t h a t  " i n  general ,  t h e  average a i r l i n e  stewardess does n o t  

appear t o  have t h e  body b u i l d  o f  t h e  average American female" (p.3) .  

Matching a person's phys i ca l  c a p a b i l i t i e s  t o  a j o b ' s  phys i ca l  demands 

has become o f  i n c r e a s i n g  importance i n  cons ide ra t i on  of a f f i r m a t i v e  a c t i o n  

programs f o r  women, t h e  disabled,and t h e  handicapped. Th is  has r e s u l t e d  i n  a 

need t o  develop more o b j e c t i v e  pre-employment s e l e c t i o n  and employee placement 

t e s t s  r e l a t i v e  t o  t h e  n e c e s s i t y  f o r  improved occupat iona l  h e a l t h  and s a f e t y  

programs i n  i n d u s t r y .  Dur ing  t h e  p a s t  n i n e  years  work has been conducted a t  

t h e  Human Performance and Safety Research Labora tory  of t h e  U n i v e r s i t y  of 

Michigan on t h e  development o f  biomechanical s t r e n g t h  models and 

phys i ca l  j o b  e v a l u a t i o n  methodology (Chaf f in ,  1974; 1975; Chaf f in and Baker, 

1970; C h a f f i n  and Park 1973; Garg and Chaff in, 1975; H e r r i n  e t  a1. ,1974; 

H e r r i n  e t  a1. J976; C h a f f i n  and H e r r i n ,  1976; M a r t i n  and C h a f f i n ,  1972; Park 

and Chaf f in ,  1975). 

Standardized pre-employment s t r e n g t h  p o s i t i o n s  (arm, 1 eg , t o r s o )  were 

eva luated f o r  443 males and 99 females i n  one s tudy ( C h a f f i n  and H e r r i n ,  1976). 

A l i f t i n g  s t r e n g t h  r a t i n g  (LSR) (maximum l o a d  l i f t e d  d i v i d e d  by p r e d i c t e d  maximum 

1 i f t i n g  c a p a b i l i t y )  has been developed by Chaff in (1973) (Chaf f in and H e r r i n ,  1976), 

and evaluated.  I n  one s tudy 135 peop le  i n  f i v e  p l a n t s  o f  a l a r g e  e l e c t r o n i c s  

manufactur ing company were se lec ted  f o r  e v a l u a t i o n  o f  38 jobs,  and low-back 

pa in  tabu la ted.  F ind ings i n d i c a t e d  t h a t  j obs  w i t h  h i g h  LSR values were h ighe r  

than expected by medical  and sa fe ty  personnel. I n  an extended study,  411 

males and females work ing on 103 jobs  were eva luated and 25 i n c i d e n t s  o f  low- 

back pa in  i d e n t i f i e d .  I n t e r e s t i n g l y ,  females were found t o  show a h ighe r  



j o b - r e l a t e d  low-back p a i n  i nc idence  r a t e  a t  t h e  0.5-0,8 j o b  l i f t i n g  s t r e n g t h  

r a t i n g  than males, a l though s l i g h t l y  l e s s  a t  0.2-0.5, and s i g n i f i c a n t l y  l e s s  

a t  0-.2 r a t i n g s .  Th is  work c l e a r l y  i n d i c a t e s  t h a t  t h e  d i f f e r i n g  phys ica l  

1  i f t i n g  capab i l  i t i e s  between males and females must be taken i n t o  cons ide ra t ion  

i n  pre-employment j o b  matching. 

Biomechanical s t r e n g t h  models have been reviewed by C h a f f i n  (1976).  He 

notes t h a t  among t h e  uses t h e  model has been p u t  t o  i n  i n d u s t r y  i s  t o  i d e n t i f y  

the s t r e n g t h  requirements o f  va r ious  jobs  t o  p r e d i c t  t h e  p r o p o r t i o n  o f  va r ious  

working popul a t i o n s  (young, o l d ,  women, handicapped, e tc .  ) who cou ld  per form 

the  var ious tasks  compris ing over  500 jobs i n  one l a r g e  co rpo ra t ions  p l a n t s .  

Ayoub e t  al. (1976) has f o l l o w e d  up Chaf f in 's  (1969) recommendations i n  

an experiment u t i l i z i n g  females as w e l l  as males, i n c l u d i n g  some i n d u s t r i a l  

worker sub jec ts ,  t o  e s t a b l i s h  t h e  maximum acceptab le  weight  o f  1  i f t  f o r  t h r e e  

he igh ts  o f  l i f t i n g  tasks.  The r e s u l t s  i n d i c a t e d  t h a t  t h e  maximum acceptab le  

weights o f  1  i f t  were lower f o r  females, be ing 49% t o  62% o f  t h e  maximum accep- 

t a b l e  1 i f t  f o r  t h e  males. 

I n  an experiment w i t h  4  males and 4 females Jorgensen and Poulsen (1974) 

found t h e  maximum 1 i f t i n g  frequency (maximum l o a d  which cou ld  be 1 i f t e d  from 

f l o o r  t o  t a b l e )  o f  females t o  be approx imate ly  0.7 of  t h a t  of  males a t  t h e  

same r e l a t i v e  burden. They concluded t h i s  d i f f e r e n c e  was due t o  d i f f e rence  

i n  t h e  capac i t y  o f  t h e  oxygen t r a n s p o r t i n g  system i n  the two sexes. 

Twenty-nine women t e x t i l e  workers work loads were eva luated i n  a  Swiss 

s tudy (Nemecek, 1976) which found t h a t  f a t i g u e ,  shoulder and w r i s t  pains,  and 

t o t a l  work performance seem t o  be r e l a t e d  t o  degree o f  t r a i n i n g  and adap ta t ion .  

However t h e  data  f o r  determin ing work pu lse  as a  th resho ld  va lue  f o r  cont inuous 

work fo r  women have n o t  y e t  been adequately determined accord ing t o  Nemecek. 

I n  1971 Rohmert and Jen i  k  s t u d i e d  10 German women, f i n d i n g  an average 

force of mean maximal l e n g t h  s t r e n g t h  o f  1010 neutons, compared t o  1510 neutons 



found i n  Mu1 1  e r ' s  1936 s tudy o f  two German women. 

Brown (1971) has made an e x t e n s i v e  rev iew o f  t h e  l i t e r a t u r e  and sum- 

mar ized back i n j u r y  and l i f t i n g  s t u d i e s  as an i n d u s t r i a l  hazard i n  a  p u b l i -  

c a t i o n  f o r  t h e  Labour S a f e t y  Counci l  o f  Ontar io .  

S tud ies  i n  t h e  Un i ted  Kingdom have shown t h a t  t h e  h i g h e s t  i n c i d e n c e  o f  

back i n j u r i e s  occurs i n  employees between 31 and 40 yea rs  of age (Brown, 1972) 

w i t h  8.7% i n v o l v i n g  females, y e t  by age 41 t h e  i nc idence  increases t o  14.1% 

and between 50-60 i s  14.4% (p.5). 

A s tudy by Snook and C i r i e l  l o  (1974) i nc luded  15 female i n d u s t r i a l  workers 

and 16 housewives who performed a  number o f  work tasks.  These i n c l u d e d  3 

l ower ing ,  3  l i f t i n g ,  4 pushing,  1  p u l l i n g ,  1  wa lk ing ,  and 6 c a r r y i n g  tasks .  

Comparison w i t h  a  p rev ious  s tudy  on males showed t h a t  t h e  average we igh t  

handled by i n d u s t r i a l  women was s i g n i f i c a n t l y  l ower  than t h a t  o f  men, b u t  

s i g n i f i c a n t l y  g r e a t e r  t han  weights  hand1 ed by housewives. 

Maximum power o u t p u t  d u r i n g  t h e  performance of a  s tand ing  broad jump o f  

two f e e t  f rom a  f o r c e  p l a t f o r m  and s t a i r  c l i m b i n g  has been s t u d i e d  by Davies 

(1971),  who c a l c u l a t e d  male mean power o u t p u t  values of 5.23 hp and 3.15 hp 

fo r  women. 

The range o f  mot ion  v a r i e s  cons ide rab ly  between i n d i v i d u a l  s  , depending 

upon age, sex, phys i ca l  c o n d i t i o n ,  and o t h e r  f a c t o r s .  J o i n t  mobi l  i ty  decreases 

o n l y  s l  i g h t l y  i n  heal  t h y  people between 20 and 60 yea rs  of  age. However, 

beyond age 45 t h e  i nc idence  o f  a r t h r i t i s  increases so markedly t h a t  b o t h  male 

and female e l d e r l y  popu la t i ons  w i l l  have s i g n i f i c a n t l y  decreased average 

j o i n t  m o b i l i t y  (Smyth e t  a1 , 1959). I t  has been found t h a t  females exceed 

males i n  t h e  range of movement a t  a l l  j o i n t s  b u t  t h e  knee (Her tzberg ,  1958). 

The w ides t  range o f  j o i n t  movement i s  found i n  t h i n n e r  males and females 

( B a r t e r  e t  a l e  ,1957). 



Phys ica l  e x e r c i s e  may inc rease  t h e  range of mot ion  o f  a  j o i n t ,  b u t  

excess ive  e x e r c i s e  can reduce mot ion  if t h e  i n d i v i d u a l  becomes "muscle 

bound." The au tho r  has observed these problems i n  we igh t  1  i f t e r s  who have 

t r i e d  o u t  f o r  c o m p e t i t i v e  swimming. 

Inadequate s i t t i n g  and s tand ing  postures  have been found t o  r e s u l t  i n  

pa ins  i n  muscl e  and connec t i ve  t i s s u e s  o f  tendons, j o i n t  capsul  es, and 1  igaments, 

and can become t h e  symptoms of  c h r o n i c  d iseases a t t r i b u t e d  t o  rheumat ic d i s -  

o rders .  Grandjean e t  a1. (1968) s t u d i e d  female department s t o r e  shopc lerks  and 

o f f i ceworkers  (Grandjean and Burandt ,  1962), and have summarized o r thoped ic  

p r i n c i p l e s  f o r  a  t i 1  t a b l e  s e a t  s h e l l  a p p r o p r i a t e  f o r  work n e c e s s i t a t i n g  

a1 t e r n a t i n g  l e a n i n g  fo rward  and r e c l  i n i n g  seated postures  (Grandjean and 

H i i n t i n g ,  1977) and o f  o t h e r  s e a t i n g  work p laces (1973). 

The l a c k  o f  biomechanical a b i l i t i e s  has- been p o i n t e d  o u t  by  Damn (1971), 

"Biomechanical a b i l  i t i e s  have been s t u d i e d  c h i e f l y  among smal l  groups o f  w h i t e  

males, American o r  European. Comparable da ta  f o r  females, o t h e r  r a c i a l  groups, 

o r  f o r  s p e c i f i c  ages o r  occupat ions  a r e  few o r  nonex is ten t "  ( p .  187).  

A1 though females opera te  a l l  t ypes o f  motor  v e h i c l e s  and a i r c r a f t  r e q u i r -  

i n g  des ign of e f f i c i e n t  seated pedal ope ra t i on ,  a lmost  a l l  s t u d i e s  o f  seated 

fo rces  a p p l i e d  t o  a  pedal ( f i x e d  o r  p i v o t e d )  have u t i l i z e d  male sub jec ts .  

Kroemer notes  (1972, p.2) t h a t  M i l l e r  (1936) "was t h e  f i r s t  and apparen t l y ,  

u n t i l  1971, t h e  o n l y  researcher  t o  p u b l i s h  such s t r e n g t h  da ta  of ( two)  women 

i n  a d d i t i o n  t o  t h e  scores achieved by one man." 

I n  the  area of push fo rces  f o r  s tand ing  sub jec ts ,  no pub l i shed  data  f o r  

women has been loca ted ,  a l t hough  t h e r e  a r e  many such s t u d i e s  f o r  push and p u l l  

o f  males. 

An ex tens i ve  rev iew o f  t h e  l i t e r a t u r e  o f  f l e x i b i l i t y  s t u d i e s  has been 

pub l i shed  by Ho l l and  (1968), and f o r  t h e  measurement o f  j o i n t  mot ion  by Moore 

(1949).  
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Female f l e x i b i l i t y  i s  o f t e n  assessed i n  t e s t s  f o r  phys ica l  f i t n e s s  by 

the  t o e  touch, on t h e  assumption t h a t  f l e x i b i l i t y  and mobil i t y  o f  t h e  body 

i s  o f  a general nature.  However, H a r r i s  (1969) concluded t h a t  t he re  i s  no 

evidence t h a t  f l e x i b i l i t y  e x i s t s  as a s i n g l e  general c h a r a c t e r i s t i c  o f  t he  human 

body. I n  t h i s  study 147 college-aged women were examined f o r  53 var iab les ,  

i n c l ud ing  38 j o i n t  motion, 13 composite, and 2 anthropometr ic measures. 

The grasping reach o f  women (and men) i n  t h e  form o f  v e r t i c a l  planes 

a t  15O i n t e r v a l s  from a v e r t i c a l  through Seat Reference Po in t  has r e c e n t l y  

been ex tens ive ly  s tud ied  i n  a doc to ra l  d i s s e r t a t i o n  by Kennedy (1976). Tab- 

u l a r  data desc r i b i ng  v e r t i c a l  planes a t  15O i n t e r v a l s  f o r  women a re  presented 

along w i t h  graphic  data. I n  t h i s  study, which dup l i ca ted  a study o f  males 

the  author repor ted  i n  1964, 12 anthropometr ic measures were made on 30 female 

co l l ege  students and A i r  Force personnel. Despi te  t he  l i m i t e d  sample tes ted,  

t h i s  i s  t he  f i r s t  at tempt t o  descr ibe t he  complete 3-dimensional 5th, 50th, and 

95th p e r c e n t i l e  grouping reach envelopes f o r  t h e  seated female and t o  descr ibe 

for  design l o c a t i o n  f o r  c r i t i c a l  hand-operated con t ro l s  i n  machine and v e h i c l e  

opera t ing  compartments. 

A general rev iew o f  i n d u s t r i a l  machine guarding f o r  t he  worker has been 

pub1 ished by Roozbazor (1977) and some data p e r t i n e n t  t o  the  female a re  pro- 

vided. Recent ly Adams e t  a1. (1976) have examined human f ac to r s  i n  g ra i n  

harvest ing equipment design, S j o f l o t  (1976) Norwegian farm t r a c t o r s ,  A1 i o t h  e t  

a1. (1976) work groups i n  Swiss Supermarket warehouses. Fechter (1976) has 

descr ibed human fac to rs  research a t  the  Nat iona l  Bureau o f  Standards as 

ill us t ra ted  by a study of cooking ranges. 

~ ~ p l  i ca t i on  o f  ergonomics t o  t he  k i t chen  environment has been s tud ied  

e s p e c i a l l y  by t he  Engl ish.  Concerns have ranged from l ayou t  and o v e r a l l  

spec ia l  requirements t o  working surfaces. While intended f o r  domestic env i r -  

onments, some of  the  f i nd i ngs  might  a lso  apply t o  res tauran t  k i tchens and 

o ther  work environments where a female worker must stand o r  s i t .  Dudgeon 
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(1963) measured 56 a d u l t  B r i t i s h  women aged 18 t o  40 years ,  f o r  anthropo- 

m e t r i c  dimensions r e l a t i v e  t o  t h e  h e i g h t s  a t  which each p r e f e r r e d  a work 

s u r f a c e  t o  be s e t  i n  per forming s e l e c t e d  domestic k i t c h e n  tasks .  S a v i l l e  

(1967) measured t h e  p h y s i o l o g i c a l  responses o f  t h e  sub jec ts  t o  t h e  tasks .  

Ward and K i r k  (1970) have f u r t h e r  s t u d i e d  t h e  r e l a t i o n s h i p  between an th ro -  

pomet r ic  measurements and k i t c h e n  work ing  he igh ts .  T h e i r  conc lus ions  showed 

t h a t  t h e r e  were s i g n i f i c a n t  c o r r e l a t i o n s  between e l  bow h e i g h t  and p r e f e r r e d  

s tand ing  and seated '  work s u r f a c e  h e i g h t s ,  n o t  o n l y  between sub jec ts  o f  

d i f f e r e n t  s t a t u r e ,  b u t  f o r  t h e  d i f f e r e n t  a c t i v i t i e s  performed. 

The problems i n  t h e  Army o f  adap t ing  women t o  equipment, c l o t h i n g ,  and 

workspace designed p r i m a r i l y  f o r  males, and necessary changes t o  t h e  Design 

Handbooks, has been r e c e n t l y  out1  i n e d  by G l  umm (1976).  Another r e c e n t  s tudy 

addressed t h e  adequacy o f  t h e  t o o l s  and equipment f o r  Air Force women now 

employed i n  maintenance, e l e c t r o n i c s ,  and c i v i l  eng inee r ing  ( B o l a l e k  e t  a1 . 
1975), f i n d i n g  a s i g n i f i c a n t  number of  inadequacies, which undoubtably would 

app ly  t o  c i v i l i a n  female workers i n  these f i e l d s  as w e l l .  

Anthropometr ic  standards f o r  work ing women were proposed by Bayer and Gray 

i n  a 1934 s tudy o f  100 work ing women f rom 20 t o  60 years  of age o f  Northwest  

European s tock .  However,a number o f  s e l e c t i v e  requirements were u t i l i z e d ,  

i n c l u d i n g  heal  t h y  sub jec ts  and we igh t  w i t h i n  15% o f  p red ic ted .  A rev iew  of 

subsequent U.S. c i v i l  an thropometr ic  s t u d i e s  i s  p rov ided  i n  pp. 25-2Z) .* 
I n  an E n g l i s h  s tudy 5000 c i v i l  i a n  women aged 18 t o  70 were s t u d i e d  t o  

p r o v i d e  a range o f  measurements f o r  c l o t h i n g  manufacturers and a s i z i n g  

system based upon s t a t u r e ,  h i p  g i r t h ,and  b u s t  g i r t h  (Kemsby, 1957). 

*Since t h i s  s tudy i s  con f ined  t o  t h e  c i v i l  populat ion,a number o f  e x c e l l e n t  
m i l i t a r y  s t u d i e s  have n o t  been i n c l u d e d  because they  were conducted on o t h e r  
s p e c i a l i z e d  segments o f  t h e  popu la t i on .  However, severa l  
r e c e n t  s t u d i e s  o f  m i l i t a r y  females have been completed. A 1977 r e p o r t  on U.S. 
Army women prov ides data  on 128 convent iona l  body s i z e  dimensions, 14 workspace 
dimensions, and 9 s t a t i c  s t r e n g t h  measurements (Laubach e t  al.). A number of 
these measurements had n o t  been p r e v i o u s l y  r e p o r t e d  f o r  women, e i t h e r  m i  1 i t a r y  
o r  c i v i l  ian .  I n  a d d i t i o n ,  137 anthropometr ic  dimensions have been r e p o r t e d  as 
a r e s u l t  of a 1968 survey o f  A i r  Force women (C lauser  e t  al., 1970). 
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A comparison o f  t h e  segment volumes and 1 i n k  l eng ths  o f  12 c o l l e g e  

females was made w i t h  Dempsters' (1955) male s tudy and t h e  most s i g n i f i c a n t  

d i f f e r e n c e s  were found i n  t h e  c a l f ,  t h i g h ,  and head-torso (K je ldsen,  1972).  

A rev iew o f  c i v i l  i a n  anthropometr ic  s t u d i e s  conducted i n  Czechoslovakia 

d u r i n g  t h e  p a s t  t h r e e  decades prov ides mean h e i g h t ,  weight ,  and chest  c i r -  

cumferences f o r  women over  18 years  (Prokovec, 1969). However, body s i z e  

data  on women f rom Czechoslovakia, England and o t h e r  c o u n t r i e s  may n o t  be 

a p p l i c a b l e  t o  t h e  U.S. female. 

Female a i r  c a r r i e r  f l i g h t  a t tendan ts  have been measured i n  a s tudy o f  

423 women f o r  72 standard and f u n c t i o n a l  an thropometr ic  measures. (Snow 

e t  al., 1975). Th is  s tudy was in tended  t o  p r o v i d e  improved c r i t e r i a  f o r  

workspace des ign and emergency equipment usage f o r  stewardesses, The 

r e l a t i v e l y  young age range o f  these women and phys i ca l  c h a r a c t e r i s t i c s  i n  j o b  

s e l e c t i o n ,  however, make t h i s  a s p e c i a l i z e d  female p o p u l a t i o n  probab ly  n o t  

r e p r e s e n t a t i v e  o f  t h e  U.S. female as a who1 e. 

A s tudy o f  180 c i v i l i a n  males and females, aged 18-74 years ,  chosen by sex, 

age groupsand s t a t u r e  t o  rep resen t  t h e  U.S. p o p u l a t i o n  was conducted by Snyder 

e t  a1. (1975). I nc luded  i n  t h i s  work was head and neck anthropometry, s a g i t t a l  

p lane range of mot ion  o f  t h e  head and neck, de te rm ina t ion  o f  t h e  response o f  

head and neck muscles t o  low l e v e l s  o f  a c c e l e r a t i o n ,  and measurement of v o l u n t a r y  

i s o m e t r i c  s t r e n g t h  of neck f l e x o r  and ex tensor  muscles. E l d e r l y  females were 

i nc luded  i n  t h i s  study.  

The female hand i s  impor tan t  t o  t h e  proper  des ign o f  c o n t r o l s  and 

equipment i n  i n d u s t r i a l  and o t h e r  work environments. The female hand has been 

e x t e n s i v e l y  s t u d i e d  by  G a r r e t t  (1971) f o r  anthropometry and biomechanical charac- 

t e r i  s t i  cs. I nc luded  i s  standard and " re laxed"  anthropometry o f  the hand, 

bare  and pressure-gloved performance, and t h e  a b i l i t y  t o  r e t a i n  g r i p s  on 

se lec ted  hand1 es under h igh  dynamic loads.  Biomechanical measures i nc luded  



maximum r o t a t i o n  ( s u p i n a t i o n  and p r o n a t i o n ) ,  and a  l a r g e  number o f  hand 

c learance and g r i p  dimensions. However, t h e  g r e a t e s t  1  i m i t a t i o n  o f  t h i s  

e x c e l l e n t  s tudy may be i n  t h e  ques t i on  o f  how r e p r e s e n t a t i v e  o f  t h e  U.S. 

female t h e  young c o l l e g e  s tudents  s e l e c t e d  may be, 

A number o f  s t u d i e s  have been d i r e c t e d  towards energy requ i rements  and 

t h e  phys i ca l  work c a p a c i t y  o f  women; however, these a r e  cons idered t o  be o u t -  

s i d e  t h e  scope o f  t h i s  study.  Wardle (1977), f o r  example, has found t h a t  

women can work under c o n d i t i o n s  r e q u i r i n g  strenuous (heavy) work. 

( a )  E l d e r l y  Females 

The e l d e r l y  (65 yea rs  o f  age o r  o l d e r )  rep resen t  an i n c r e a s i n g  p r o p o r t i o n  

of t h e  U.S. popu la t i on .  I n  1974, 21,815,000 males and females, o r  10.3% o f  t h e  

t o t a l  p o p u l a t i o n  were 65 o r  over.  By 1980 i t  i s  p r o j e c t e d  by t h e  Bureau of t h e  

Census t h a t  24,523,000 Americans w i l l  be 65 o r  over.  I n  1974 58.9% (12,849,000) 

o f  those over  65 were female; i n  1980 t h i s  i s  p r o j e c t e d  t o  i nc rease  t o  59.6% 

(14,609,000) femal e. 

The ag ing process g r e a t l y  a f fec ts  n o t  o n l y  j o i n t  range of mot ion,  s t r e n g t h  

and o t h e r  biomechanical f a c t o r s ,  b u t  a l s o  body s i z e  and human f a c t o r s  cons ider -  

a t i o n s .  There i s  an increased inc idence  o f  a r t h r i t i s  and o t h e r  c r i p p l i n g  

diseases which r e s t r i c t  j o i n t  range o f  mot ion.  Posture,  reach, n o t i o n ,  

as w e l l  as performance i n  most areas i s  decreased. A s lower  r e a c t i o n  t ime  

and decrement i n  h i g h l y  s k i 1  l e d  work a1 so accompanies advanced age. A c t i v i t i e s  

o r  work r e q u i r i n g  exposure t o  f a l l s  p resen t  a  cons ide rab ly  g r e a t e r  r i s k  of  

i n j u r y  than t o  younger i n d i v i d u a l s .  

Several s t u d i e s  o f  t h e  anthropometry o f  e l d e r l y  females have been conducted, 

b u t  f o r  t h e  most p a r t ,  these have been o u t s i d e  t h e  U.S. I n  1960, Roberts pub l i shed  

30 measurements on 78 women aged 56-99 years  t o  p r o v i d e  data  f o r  use i n  t h e  

des ign o f  E n g l i s h  " f l a t s , "  f i n d i n g  t h a t  t h i s  was indeed a  s p e c i a l i z e d  p o p u l a t i o n .  

Rogerts found t h a t  body s i z e  was smal l  e r  than t h a t  o f  t h e  younger Bri t i s h  female 

popu la t i on ,  w i t h  h e i g h t  averag ing 3 t o  4 inches l ess .  I n  measurements of 
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"comfortable reach" i t  was concluded t h a t  an i m p o r t a n t  v a r i a b l e  was t h e  

r e d u c t i o n  i n  reach ing  a b i l i t y  due t o  a r t h r i t i c  and j o i n t  range l i m i t a t i o n s .  

A t h i r d  d i f f e r e n c e  was t h e  r e l a t i v e  weakness o f  muscular  e f f o r t .  The 

average dynamometer g r i p  s t r e n g t h  o f  t h e  p r e f e r r e d  hand o f  14 kg was found 

t o  be s i g n i f i c a n t l y  lower ,  w i t h  some i n d i v i d u a l s  w i t h  a r t h r i t i c  hands who 

c o u l d  e x e r t  a  g r i p  s t r e n g t h  o f  o n l y  3 o r  4 kg (Roberts,  1960). 

T h i s  was f o l l o w e d  i n  1964 by a  s tudy  o f  100 e l d e r l y  women i n  t h e  Birmingham 

(England) area (Jones, Lawton, and Myles, 1964). Both of these s t u d i e s  

were proposed t o  p r o v i d e  domest ic  a r c h i t e c t u r a l  des ign requirements.  Ward 

and K i r k  (1967) have compared these two popu la t i ons  r e l a t i v e  t o  body dimen- 

s ions  and found them t o  be s u b s t a n t i a l l y  t h e  same. 

Dur ing  t h e  p e r i o d  October 1971 through June 1972 f i v e  measurements ( f o r -  

ward reach, elbow h e i g h t ,  v e r t i c a l  reach,  s ta ture ,  and we igh t )  were taken on 

7  ,I 87 B r i t i s h  women (between t h e  ages of 18 and 80 yea rs )  (Thompson, e t  al., 

1972). These da ta  were in tended t o  update t h e  p rev ious  survey of B r i t i s h  

women o f  t h e  1940is,  and p r o v i d e  i n fo rma t ion  f e l t  p a r t i c u l a r l y  needed f o r  t h e  

"des ign of work p laces,  f i t t i n g s  and equipment i n  t h e  home" (p .2 ) .  T h i s  

s tudy  i n c l  uded 124 women between ages 66-80 yea rs  o f  age (71 , 66 and 70 yea rs  ; 

31, 71 t o  75 years;  22, 76 t o  80 yea rs ) .  However, i n  o r d e r  t o  g e t  a  l a r g e  

n a t i o n a l  sample, some 64 o r g a n i z a t i o n s  cooperated i n  data  c o l l e c t i o n ,  w i t h  

t h e  i n fo rma t ion  "gathered by members of  t h e  o r g a n i z a t i o n s  and by  s tudents  as 

p a r t  o f  t h e i r  t each ing  and t r a i n i n g  programmes.. .and t h e  data  were ob ta ined  

by  hundreds of  measures a l l  ove r  t h e  coun t ry "  (p.  2) .  Th i s  techn ique,  

p l u s  t h e  t a k i n g  of a1 1  measurements, i n c l u d i n g  we ight ,  w i t h  s u b j e c t  f u l l y  

c lo thed ,  makes these daTa d i f f i c u l t  t o  compare and in t roduces  cons iderab l  e  

p o t e n t i a l  f o r  measurement e r r o r .  

There a r e  severa l  major  s t u d i e s  o f  t h e  anthropometry o f  U.S. c i v i l i a n  

women, b u t  r e l a t i v e l y  l i t t l e  data  on t h e  o l d e r  female. For example, 



i n  t h e  most r e c e n t  anthropometry s tudy o f  U.S, women ( i n  t h e  Army) o n l y  3  

i n d i v i d u a l s  were over  age 50, and o n l y  12 between 45 and 50 years ,  o f  a  

t o t a l  sample of  1,331 , and mean age was 23.1 yea rs  (Laubach e t  a l ,  1977, p. 23) .  

I n  c o n t r a s t ,  t h e  mean age o f  women i n  t h e  U.S. p o p u l a t i o n  i s  28.8 years  

(Bureau o f  Census, 1976, P. 25). For t h e  7  female U.S, m i l i t a r y  female anthro-  

pometry s t u d i e s  l i s t e d  by McFarland e t  a1 ob ta ined  between 1943-1952, mean age 

ranged f rom 18 t o  31 years  (1971, p. 60-61), and f o r  9  U.S. c i v i l i a n  female 

s t u d i e s  between 1928-1957, mean age ranged o f  17 t o  45 years  (1971 , p. 60-61 ) . 
I n  1941, O 'B r ien  and She l ton  descr ibed 50 measurements on some 15,000 

c i v i l i a n  women i n  a  U.S. Department o f  A g r i c u l t u r e  WPA P r o j e c t .  Commercial 

Standard CS 214-58 o f  t h e  U.S. Department o f  Commerce, promulgated on 24 February 

1958, was based upon work between January 1949 and A p r i l  1952. T h i s  i s  

in tended t o  p r o v i d e  a  means o f  s i z i n g  women's c l o t h e s  f o r  45 measurements. 

However, i t  i s  s i g n i f i c a n t  t o  no te  t h a t  these da ta  a r e  now g r e a t l y  outdated 

as i n d i c a t e d  by one major  U.S. c l o t h i n g  s t o r e ' s  l o s s  of ove r  $200,000 a lone 

d u r i n g  t h e  p a s t  y e a r  due t o  c l o t h i n g  r e t u r n s  (wrong s i z e s ) .  (persona l  communi- 

c a t i o n ,  1977). 

The P u b l i c  Hea l th  Examination Survey i n c l u d e d  anthropometr ic  measure- 

ments on 6,672 a d u l t s  o f  a  p r o b a b i l i t y  sample o f  7,710 persons s e l e c t e d  t o  

rep resen t  t h e  11 1  m i l  l i o n  a d u l t s  i n  t h e  U.S. c i v i l i a n  n o n i n s t i t u t i o n a l  p o p u l a t i o n  

aged 18 t o  79 years .  These data  were taken f rom October 1959 through December 

1962, a l though n o t  r e p o r t e d  u n t i l  1965 (Stoudt  e t  al,). Th i s  p o p u l a t i o n  i nc luded  

564 i n d i v i d u a l s  (265 male and 299 females) from age 65 t o  74, and 142 i n d i v i d u a l s  

(72 male and 79 females) from age 75 t o  79. Th is  prov ides t h e  most c u r r e n t  pop- 

u l a t i o n  sample p r e s e n t l y  a v a i l a b l e  f o r  U.S. e l d e r l y  and c o n s i s t s  of  t h e  

l a r g e s t  sample o f  U.S. e l d e r l y  females. Twelve 1  i n e a r  measurements were taken.  

These inc luded  s t a t u r e ,  we ight ,  s i t t i n g  h e i g h t  ( e r e c t ) ,  s i t t i n g  h e i g h t  (normal ) , 

Knee he igh t ,  pop1 i t e a l  h e i g h t ,  e l  bow r e s t  h e i g h t ,  t h i g h  c learance,  but tock-knee 



1  ength, but tock-pop1 i t e a l  1  ength , e l  bow-el bow breadth,  and sea t  breadth.  

S i x  a d d i t i o n a l  measurements were a l s o  taken, i n c l u d i n g  r i g h t  arm s k i n  f o l d ,  

i n f ra -scapu la r  s k i n  f o l d ,  r i g h t  arm chest  and w a i s t  g i r t h s ,  and b ioc romia l  

d iameter.  

Some e f f o r t s  t o  p r o v i d e  des ign i n f o r m a t i o n  f o r  s p e c i a l  popu la t i ons  such 

as t h e  e l d e r l y  (as  w e l l  as handicapped and wheel c h a i r  use rs )  must be care-  

f u l l y  eva luated,  e s p e c i a l l y  when t h e  re ference does n o t  i d e n t i f y  t h e  source 

o r  s p e c i f y  t h e  techniques used. I n  such cases, even though in fo rma t ion  p ro -  

v ided  p u r p o r t s  t o  app ly  t o  s p e c i a l i z e d  popu la t i ons ,  i t  may be m is lead ing .  An 

example i s  t h e  rev iew by Faul kner  (1975) o f  Humanscale 1/2/3, a  des ign k i t ,  

who recommends t h a t  i t  be burned due t o  " t h e  ques t i onab le  n a t u r e  of t h e  data . "  

( b )  Pregnant Females 

There a r e  n e a r l y  4 m i l l i o n  b i r t h s  each y e a r  i n  t h e  U n i t e d  Sta tes .  

Dur ing  t h e  te rm of  pregnancy t h e  female becomes p a r t  of  t h e  m i n o r i t y  p o p u l a t i o n  

w i t h  s p e c i a l  problems and handicaps. Wi th  t h e  i nc rease  i n  abdominal p ro-  

tuberance,  preqnant  females become suscep t i  b l  e  t o  unusual 

occupat iona l  hazards and problems. 

Recogn i t ion  o f  t h e  need f o r  g u i d e l i n e s  on pregnancy and p o t e n t i a l  hazards 

of va r ious  work environments was f o r m a l i z e d  by a  r e c e n t  s tudy  conducted f o r  

NIOSH (under c o n t r a c t  no. 210-76-0159) i n  1976 by t h e  American Co l l ege  o f  

O b s t e t r i c i a n s  and Gyneco log is ts  (ACOG, 1976). The p r imary  o b j e c t i v e  o f  t h i s  

work was t o  prepare  g u i d e l i n e s  t o  a s s i s t  t h e  p r a c t i c i n g  o b s t e t r i c i a n  i n  making 

judgments necessary t o  adv i se  pregnant  workers i n  ma t te rs  o f  h e a l t h .  A 

secondary purpose o f  t h i s  s tudy was t o  c o l l e c t  a  b i b l i o g r a p h y  o f  p e r t i n e n t  

r e p o r t s  r e l a t e d  t o  t h e  e f f e c t  of  work environments on t h e  h e a l t h  o f  t h e  mother 

and fe tus .  

Some biomechanical  ( ergonomi c /phys i ca l  energy) hazards f o r  t he  pregnant  women 

have been addressed t o  some e x t e n t  (2 pages) i n  t h i s  o b s t e t r i c a l  s tudy ,  



A1 though exce l  1  en t  recommendations re1  a t i v e  t o  1  i f t i n g  and 1  oad c a r r y i n g ,  

s e a t i n g  and environmental problems s p e c i f i c  t o  t h e  expectant  female a r e  

provided,  they  a r e  based upon a  l i m i t e d  number o f  references,  and o n l y  general 

cons ide ra t ions  a r e  addressed. 

It i s  i n d i c a t e d  t h a t  t h e  phys ica l  e x e r t i o n  to le rance  o f  t h e  pregnant 

woman i n  l i f t i n g ,  c l imb ing ,  o r  p u l l i n g  s t r e n g t h  tasks w i l l  va ry  g r e a t l y ,  

depending upon v a r i a t i o n s  i n  phys ica l  f i t n e s s  and s t reng th ,  t h e  l o a d  handled, 

and t h e  work environment ( B u t t r e y ,  1977). Dur ing  pregnancy t h e r e  may be non- 

s p e c i f i c  symptoms such as backache, headache, o r  nausea, which can be aggra- 

va ted i n  some work assignments (D idd le ,  1970). The r i s k  o f  f a l l i n g  appears 

t o  be g r e a t e r  d u r i n g  pregnancy, and wear ing of shoes w i t h  adequate support  and 

low heels has been recommended t o  1  essen t h e  s h i f t  o f  t h e  weight  bear ing  ang le  

(ACOG, 1976). 

The ACOG r e p o r t  notes t h a t  t h e  amount o f  we ight  t o  be 1  i f t e d  by females 

has f o r  t h e  most p a r t  been d iscarded by s t a t e  r e g u l a t o r y  bodies,  i n d i c a t i n g  

t h a t  i t  i s  n o t  l a w f u l  t o  s e t  a  l i m i t  on what a  pregnant ( o r  non-pregnant) 

woman should l i f t .  A l o a d  which can be l i f t e d  r e a d i l y  by a  woman should n o t  

p rov ide  t o o  g r e a t  a  s t r e s s  w h i l e  she i s  pregnant. I n  some cases t h e  p r o t r u d i n g  

abdomen present  i n  the  l a s t  t r i m e s t e r  may cause an i n d i v i d u a l  d i f f i c u l t y  i n  l i f t i n g  

loads i n  f r o n t  of her  body. Th is  has a l s o  been one p o i n t  i n  ques t ion  i n  r e c e n t  

l i t i g a t i o n  and l a b o r  n e g o t i a t i o n s  regard ing  how long  pregnant a i r  c a r r i e r  

f l i g h t  a t tendants  can work. 

An impor tan t  p o i n t  i s  t h a t  t h e  change i n  posture  necessary f o r  t h e  pregnant 

women t o  l i f t  t h e  l o a d  i n  f r o n t  c reates  unusual s t resses on t h e  lumbar spine.  

Often t h e  l o a d  which c o u l d  be l i f t e d  be fo re  pregnancy must be reduced if t h e  

woman i s  n o t  t o  be overs t ressed.  The amount of l o a d  r e d u c t i o n  can be c a l c u l a t e d  

based on metabo l i c  cons ide ra t ions  b u t  t h e  amount o f  energy expended t o  1  i f t  a 

load  should be the  same, b e f o r e  and d u r i n g  pregnancy. A l o a d  t h a t  was a t  a 



maximum level prior t o  pregnancy should be reduced from 20 to 25% during la te  

pregnancy. (Garg, 1976; Sei tchi k ,  1967). 

Further considerations relative to the biomechanics of the pregnant 

women also relate t o  the changes in body structures, particularly the pro- 

trusion of the abdomen and changes in the abdominal .musculature and pelvic 

1 igaments. Body balance may often be affected. I t  becomes more awkward 

for women t o  perform certain body movements af ter  the 20th t o  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 

diff icul t  and should be avoided. Since the abdominal musculature and ligdmental 

attachments may be more vulnerable to unusual loading, twisting, or bending 

motions, or slippage on unstable work surfaces, pregnant women are also advised 

t o  avoid working i n  environments where protection against sl ips and fa1 1s i s  

inadequate.. (Kane e t  al., 1967; ACOG,  1976) .  

These structural changes in the pregnant female a1 so require particular 

attention t o  adequate support i n  the seated posture. A low backrest, supporting 

b o t h  the lumbar and sacral area of the pelvis, i s  of special importance. I t  

i s  also necessary that the seat be wide enough t o  allow the pregnant worker's being 

seated with b o t h  legs in a semiabducted and supported position. Often 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 alleviate such supra- 

pop1 i teal pressure. 

Particular attention should be paid t o  the work surface height for the 

pregnant woman. The pregnant woman should be allowed t o  perform work 

tasks either seated or standing. ~ r e ~ u e i t  changes in posture may be 

necessary in the las t  trimester. Chaffin (1975) has suggested that a high 

stool be matched t o  a relatively h i g h  workbench, t o  allow no change in the work 



surface height when the pregnant woman chooses t o  alternate seated and 

standing work positions. I t  i s  further noted, however, that this type of 

work place requires footrest support when in the seated position, t o  avoid 

compromise of venous blood return from the 1 egs. ( A C O G ,  1976). 

Concern with the pregnant occupant in a i r  and ground vehicle crash impacts 

(Rubovits, 1964) has resulted in a series of studies (Snyder e t  al., 1966; 1967; 

1968; Crosby e t  al., 1968; Crosby and Costiloe, 1971) t o  determine impact effects 

upon the pregnant female and fetus. One result has been the attempt t o  design 

improved restraint protection. A net-type restraint system developed by 

researchers a t  Wayne State University was shown t o  protect pregnant sub-human 

primates in simulated frontal barrier crashes from 15 t o  28 mph without fatal 

injuries t o  either the subjects or fetuses (Van Kirk and King, 1969).  Another 

study compared effectiveness of present l a p  belt and combination lap-shoulder 

be1 t systems on pregnant baboons (.Crosby e t  a1 , 1970). These researchers found 

that in simulated 26 mph frontal barrier crashes, 50% of the lap-belted mothers 

lost  their fetuses, compared with 8% fetal mortality when the mother wore b o t h  

lap be1 t and shoulder harness. A t  this level none of the "mothers" sustained 

any significant injuries. An American Medical Association committee in 1967,  

and again i n  1972, strongly recommended t h a t  pregnant women wear seat belts,  

b u t  noted that only 1 imited work (noted above) on restraint systems designed 

specifically t o  protect pregnant mothers had been conducted (JAMA, 1972) .  

One aspect o f  the biomechanics of impact protection for pregnant females, 

as well as other occupational requirements, relates t o  the degree of increased 

body girth. I t  i s  no t  uncommon for protective restraint belts t o  be t o o  short 

t o  go around the pregnant woman, particularly when she i s  also wearing a heavy 

coat. 

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

problems remain t o  be resolved. A recent labor dispute between a i r  carrier 



f l i g h t  at tendants and t he  a i r  l i n e s  revo lved about workinq cond i t i ons  and the  

occupat ional  c a p a b i l i t i e s  o f  a  pregnant stewardess t o  ca r r y  on her work. A t  

p resent  a  study o f  teenage pregnant women i n  underway a t  the  U n i v e r s i t y  o f  

Texas a t  Austin; howeve~  no r e s u l t s  a re  y e t  a v a i l  ab le  (personal communication, 

1977). 

Other problems a re  encountered by t he  pregnant woman i n  such otherwise 

normal occupat ional  a c t i v i t i e s  such as d r i v i n g  a  car,  s i t t i n g  a t  a  desk, o r  

working a t  a  bench. The range o f  g i r t h  dimensions, any changes i n  body C .G., 

o r  e f f e c t s  upon range o f  mot ion apparent ly  have n o t  been s tud ied  and pub- 

1  ished. Arms t rong  (1 977) r e c e n t l y  addressed phys ica l  work o f  t h e  pregnant 

woman. No anthropometry o f  t he  pregnant female has been publ ished t o  date. 

I n  1977 equipment was designed fo r  a  p re l im ina ry  anthropometr ic study a t  

HSRI i n  con junc t ion  w i t h  the  School o f  Medicine of the  U n i v e r s i t y  o f  Michigan; 

however, t h i s  was n o t  i n i t i a t e d  due t o  l ack  of funding. 

3. E l d e r l y  Males 

While a  f a i r l y  l a r g e  1 i t e r a t u r e  e x i s t s  r e l a t i v e  t o  male anthropometry, 

most has been conducted on m i l i t a r y  popula t ions which may n o t  be represen ta t i ve  

o f  t he  general na t iona l  populat ion,  M i l  i t a r y  popula t ions by d e f i n i t i o n  

cons i s t  of Young. phys ica l  1~ f i t  i n d i v i d u a l s ,  h i g h l y  selected. Since m i n i m u m  

re t i rement  age i s  reached between 38 and 48 years, few o l de r  i n d i v i d u a l s  a re  

found i n  such surveys. As p rev ious ly  noted, the  most recen t  U.S. c i v i l i a n  

anthropometr ic study i s  the  Pub1 i c  Heal th  Examination Survey of 1959-1962 

o f  t h e  U.S. popu la t ion  o f  18-15 years ago. I n  t h i s  survey 265 males from age 

65 t o  74 and 72 males from age 75-79 were inc luded f o r  a  l i m i t e d  number o f  

measurements . 
Some ma1 e anthropometr ic s tud ies have been conducted on i n d i v i d u a l s  

engaged i n  s p e c i f i c  occupations. An example i s  the  23 dimensions taken on 

2,993 law enforcement o f f i c e r s  (Mar t in  e t  aL, 1976). However, the mean age f o r  



t h i s  group o f  males was 30.7 years ,  w i t h  99 th  p e r c e n t i l e  i n  age 59.6 years .  

The most r e c e n t  s tudy  which i n c l u d e d  e l d e r l y  males ( t o  74 yea rs )  was 

conducted u t i l i z i n g  100 c i v i l i a n  males and females s t r u c t u r e d  t o  s t a t i s t i c a l  l y  

rep resen t  t h e  U.S. p o p u l a t i o n  as noted p rev ious l y ,  rleasurements were taken on 

head and neck anthropometry, s a g i t t a l  p lane  range of mot ion  of t h e  head and 

neck, d e t e r m i n a t i o n  of t h e  response of  head and neck muscles t o  low l e v e l s  o f  

a c c e l e r a t i o n ,  as we1 1  as measurement of v o l u n t a r y  i s o m e t r i c  s t r e n g t h  o f  neck 

f l e x o r  and ex tensor  muscles (Snyder e t  al., 1975;1978 i n  p r e p a r a t i o n ) .  

4. The Obese 

It i s  s i g n i f i c a n t  t o  n o t e  t h a t  t h e  Department o f  Commerce standards i ssued  

by t h e  Na t iona l  Bureau of  Standards (1971) show 16% ( o r  ove r  17 m i l l i o n )  o f  

t h e  U.S. women as be ing  o u t s i d e  t h e  s i z i n g  system f o r  c l o t h i n g .  No s tudy o f  

anthropometry of  t h e  obese segment of t h e  p o p u l a t i o n  per se has been found i n  - 
t h e  1  i t e r a t u r e .  

The au tho r  has taken 1  i m i  t e d  measures on one male s u b j e c t  who was p a r t i -  

c i p a t i n g  i n  an o b e s i t y  we igh t  r e d u c t i o n  program conducted by  t h e  U n i v e r s i t y  o f  

Michigan Medical School. Th is  s u b j e c t  had reduced from 750 I b s  t o  504 I b s  

a t  t h e  t i m e  o f  measurement, and had an 84 i n c h  wa is t .  One reason why a  s tudy  has 

n o t  been p r e v i o u s l y  done i s  t h a t  s tandard  anthropometry i s  n o t  ve ry  p r a c t i c a l  

On such i n d i v i d u a l s  due t o  t h e  i n a b i l i t y  t o  l o c a t e  s k e l e t a l  landmarks. 

Th is  i n d i v i d u a l  had worked as a  p ro fess iona l  d r i v e r ,  and as a  teamster  was 

unab le  t o  pursue h i s  occupat ion  due t o  h i s  o b e s i t y .  I t  i s  b e l i e v e d  t h a t  t h e r e  

a r e  many such i n d i v i d u a l s  i n  t h e  general  p o p u l a t i o n .  However, t o  t h e  a u t h o r ' s  

knowledge t h e  s p e c i a l  problems of t h i s  segment of t h e  p o p u l a t i o n  r e l a t i v e  t o  work 

environments has n o t  been s tud ied .  

Yet c lues  a r e  known. The e f f e c t  of o b e s i t y  upon range of rnotion,for 

example, may be s i g n i f i c a n t .  V a r i a t i o n s  exceeding l o 0  i n  a  g i ven  movement a r e  

common f i n d i n g s  between f a t  and t h i n  groups of bo th  males and females ( S i n e l n i k o f f  

and Gri gorowi t s c h  , 1931 ) . 



V .  FUTURE RESEARCH REQUIREMENTS AND PRIORITIES 

Based upon t h e  f i n d i n g s  summarized i n  t h e  preced ing conc lus ions,  i t  i s  

recommended t h a t  research a t t e n t i o n  be g i ven  t o  t h e  f o l l o w i n g  general  areas. 

I n  most cases no pub l i shed  data  have been found o r  t h a t  which i s  a v a i l a b l e  i s  

e i t h e r  n o t  d i r e c t l y  a p p l i c a b l e  o r  i s  o f  ex t remely  1 i m i  t e d  value.  

.Study o f  femal e human f a c t o r s  and biomechanics requ i rements  f o r  va r ious  

occupa t iona l  environments. 

.A comprehensive s tudy o f  female s t r e n g t h  c a p a b i l i t i e s ,  i n c l u d i n g  seated 

f o r c e s  a p p l i e d  t o  pedal and s tand ing  push fo rces .  

.Anthropometry s t u d i e s  wh ich  can p r o v i d e  comprehensive measurement da ta  

r e l a t i v e  t o  t h e  e l d e r l y  of bo th  sexes, t h e  pregnant  female, t h e  obese, 

and t h e  p h y s i c a l l y  d i s a b l e d  popu la t i ons .  

.Study o f  t h e  requirements of  t h e  le f t -handed w i t h  r e s p e c t  t o  human f a c t o r s  

des ign,  biomechanics, and s t r e n g t h  a b i l  i t i e s .  . 
. I n fo rma t ion  on work environment requirements f o r  t h e  pregnant  femal e 

r e 1  a t i v e  t o  human f a c t o r s ,  range-of-motion, s t r e n g t h  1 i f t i n g  capab i l  i t i e s  , 

and biomechanics f a c t o r s  i n f l u e n c i n g  performance and h e a l t h .  

.Study of t h e  d i sab led ,  and p a r t i c u l a r l y  pa rap leg i cs  and amputees, t o  o b t a i n  

more comprehensive data on s t reng th ,  human f a c t o r s  workspace des ign r e q u i r e -  

ments, range-of-motion, and biomechanics capabi 1 i ti es. 

S ince some 52% of t h e  p o p u l a t i o n  i s  represented by  t h e  female, p r i o r i t y  

should be g i ven  t o  t h i s  major  p r o p o r t i o n  of  t h e  p o p u l a t i o n  g r o s s l y  under-repre-  

sented i n  prev ious research s t u d i e s ,  w i t h  secondary emphasis upon t h e  d i sab led ,  

t h e  e l d e r l y ,  1 eft-handed, and t h e  pregnant  female. 



APPENDIX 

A. ANTHROPOMETRY 

A1 exander, M. N. C. E. C l  auser Anthropometry o f  Common Working P o s i t i o n s  
Aerospace Medical Research Labora to r ies  , Wri ght -Pat terson AFB, Ohio. 
Report AMRL-TR-65-73. December 1965. 

Barkla,  D. "The Es t ima t ion  o f  Body Measurements o f  B r i t i s h  Popula t ion i n  
R e l a t i o n  t o  Seat Design" Ergonomics 4: 123-1 32, 1961. 

Bayer, L.M. and H. Gray "Anthropometr ic  Standards f o r  Working Women" - Human 
B io logy  6:472-488, 1934. 

Brues, A.M. "Regional D i f fe rences i n  t h e  Phys ica l  C h a r a c t e r i s t i c s  of an 
American ~ o p u l a t i o n "  American Journal  o f  Phys ica l  Anthropology 4:463-482, 
1946 

Bureau of t h e  Census S t a t i s t i c a l  A b s t r a c t  of t he  Un i ted  Sta tes ,  1976. P. 25 
U.S. Department o f  Commerce, Washington, D.C., J u l y  1976. 

C h u r c h i l l ,  E,, T. C h u r c h i l l ,  J.T. McConvi l le,  and R.M. White Anthropometry 
o f  Women i n  t h e  U.S. Army - 1977. Report No. 2 - The Bas ic  B i v a r i a t e  
S t a t i s t i c s  U.S. Army N a t i c k  Research and Development Command, Nat ick ,  Mass. 
Report NATICK/TR-77:024. June 1977. 

C l  auser, C. , Anthropometry of A i r  Force Women Aerospace Medical Research Labo- 
r a t o r i e s ,  Wr ight -Pat terson AFB, Ohio. Report AMRL-TF-70.5. A p r i l  1972. 

Colby, H.J. and S.M. Garn A B i b l i o g r a p h y  on M i l i t a r y  and I n d u s t r i a l  A p p l i c a t i o n s  
o f  Anthropometry and Appl i ed Phys ica l  Anthropology. Forsy th  Dental I n f i r m a r y  
f o r  Ch i ld ren,  Boston. Supple. Rept. no 11. 1952. 

Col 1 i n s ,  L. R. The Appl i c a t i o n  o f  Anthropo log ica l  Methods Techniques and Concepts 
t o  t h e  Human Engineer ing of  E l e c t r o n i c  Systems U.S. Navy E l e c t r o n i c s  Laboratory ,  
San D i  ego', 1961. 

Damon, A., H. W. Stoudt ,  and R. A. McFarland The Human Body i n  Equipment Design, 
Harvard U n i v e r s i t y  Press, Cambridge, 1966 (Second P r i n t i n g ,  1971 ) . 

Damon, A., and J.M. Cr i ch ton  "Body D isp ropor t i ons  and Occupational Success i n  
BUS-and- ruck D r i v e r s "  ~ r n e r i c a n -  ~ o u r n a l  o f  Phys ica l  Anthropology 23(1) :63-68, 
March 1965. 

Damon, A., and H.W. S toudt  "The Funct iona l  Anthropometry o f  Old Men" Human 
Factors,  1963. 

Damon, A . ,  and H.W. S toudt  "Anthropometry of 168 Factory  Workers o f  I t a l i a n  
Descent" (unpubl ished) 1958. 

Damon, A. "Physique and Success i n  M i l i t a r y  j l y i n g "  American Journal  o f  Phys ica l  
Anthropology 13:217, 1955. 



Damon, A. and L.A. McFarland "The Physique o f  Bus and Truck Dr i ve rs :  With a 
Review o f  Occupational Anthropology" American Journal  o f  Physical  A n t h r o p o l o g l  
13:711-742, 1955. 

Damon, A., H.W. Stoudt ,  and R,A. McFarland The A p p l i c a t i o n  of  Human Body S ize  
Data t o  Veh icu lar  Design Soc ie ty  o f  Automotive Engineers, Inc., New York, 1955 

Davies, C.T.M. "Human Output i n  Exerc ise  o f  Shor t  Durat ion i n  R e l a t i o n  t o  Body 
S i  ze and Composit ion" Ergonomics 14(2) :245-256, 1971 . 

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

Dempster, W.T., W.C. Gabel, and W.J.L. F e l t s  The Anthropometry o f  t h e  Manual 
Work Space f o r  t h e  Seated Subject .  Wright-Patterson AFB, Ohio, ASD Technical  
Report 61-89, A p r i  1 1961 . 

D i f f r i e n t ,  N., A.R. T i l l e y ,  and J.C. Bardoggy Humanscale 1/2/3 MIT Press, 
1975 ( ~ e v i e w e d ,  ~ a u l  kner, T. " P l a s t i c  ~ n i h r o p o m e t r i c s "  Human Factors Soc ie ty  
Bul l e t i n  18(10) :4, October 1975). 

Engel, A. O s t e o a r t h r i t i s  and Body Nat iona l  Center f o r  Heal th  
S t a t i s t i c s ,  Rockv i l l e ,  Md. Rept. PHs 1000 Ser ies  11 no. 29, A p r i l  1968. 

Faul kner , T.W. " P l a s t i c  Anthropometr ics"  Human Factors  Soc ie ty  18(10) , 
1975. 

Floyd, W.F. and J.S. Ward Anthropometr ic  and Phys io log ica l  Cons idera t ions i n  
School, O f f i c e  and Factory  S e a t i n g  n.d. 

G a r r e t t ,  J .W.  and K.W. Kennedy A C o l l  a t i o n  o f  Anthropometry Aerospace Medical 
Research Laboratory,  Wright-Patterson AFB, Ohio. Report AMRL-TR-68-1 ( 2  vo l  s )  , 
March 1971 . 

Gar re t t ,  J . W. "The Adul t Human Hand: Some Anthropometri  c and Biomechanical 
Cons idera t ions"  Human Factors  13(2) :117-131, 1971. 

G a r r e t t ,  J.W. Anthropometry o f  t h e  Air Force Female Hand Aerospace Medical 
Research Laboratory,  Wright-Patterson AFB, Ohio, Report AMRL-TR-69-26, 1970- 

G a r r e t t ,  J.W. Anthropometry o f  t h e  Hands of Male A i r  Force F l i g h t  Personnel 
Aerospace Medical Research Laboratory,  Wri ght-Patterson AFB, Ohio, Report 

Glumm, M.M. The Female i n  Equipment Design Soc ie ty  of Automotive Engineers, 
Inc.  Report no. 760078, 1976. 

Hannon, J .  P.,  J .L. She i l  ds, and C.W. H a r r i s  "Anthropometric Chanqes Associated 
With High A1 t i tude A c c l i m a t i z a t i o n  i n  Females " Army Medical Research and 
N u t r i t i o n  Laboratory,  Denver American Journal  o f  Phys ica l  Anthropology 
31(1):71:83, J u l y  1969. 

Hansen , R. and D.Y. Cornog Annotated B i  b l  iography o f  Appl i e d  Physical  Anthro- 
po logy  i n  Human Engineer ing WADC Techn. Rept. 56-30, 1958. 

Harvor th ,  D. "She Sizes Up t h e  B r i t i s h  Housewife" The Observer, England ,1973. 



Hertzber.g, H.T. D. "Engineer ing Anthropology" 
Chapter 11 , pp 467-584, 19 

Hertzberg,  H.T.E., I. Emmanuel, and M. Alexander The Anthropometry o f  Working 
P o s i t i o n s  I. A Pre l  im ina ry  Study. WADC Tech. Rept. 54-520, 1956. 

Hertzberg,  H.T.E. World D i v e r s i t y  i n  Human Body S ize  and I t s  Meaning i n  American 
A i d  Programs Nat iona l  Technical  I n fo rmat ion  Serv ices , S p r i n g f i e l d ,  VA Report 
AD7371 2. 

Hertzberg,  H.T. E. "Dynamic Anthropometry of Working P o s i t i o n s "  Human Factors 
2:147-155, 1960. 

J i  i r gens  , H.W. " I n d u s t r i a l  Anthropology i n  Europe" Proceedings, 6 t h  Congress 
I n t e r n a t i o n a l  Ergonomi cs Assoc ia t i on  pp. 362-364, 1976. 

Kemsl ey, W .F.F. Women's Measurements and S izes Chel tenham Press L td .  , 
Chel tenham, England, 1957. 

Kroemer, K,H. E. "Engineer ing Anthropometry" Proceedings, 6 t h  Congress I n t e r -  
n a t i o n a l  Ergonomics Assocat i o n  pp. 365-367, 1976 

Lange, W. "Funct iona l  Anthropometry, The cc Method and i t s  Appl i c a t i o n "  
Proceedings , 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t ion ,  1976 

Laubach, L.L. ,  J.T. McConvil l e y  E. C h u r c h i l l ,  and R.M. White Anthropometry o f  
the  U.S. Army-1977. Report no. 1-Methodology and Survey Plan U.S. Army 
Na t i ck  Research and Development Command, Na t i ck ,  Mass. , Techn. Report 
N a t i  ck/TR-771021 

Laubach, L.L., J.T. McConvi l le,  E. C h u r c h i l l ,  and R.M. White Anthropometry o f  
t h e  U.S. Army 1977, Report No. 1 - Methodology and Survey Plan U.S. Army 
Na t i ck  Research and Development Command, Nat ick ,  Mass. Report NATICKITR-771021 Y 

June 1977. 

Laubach, L. , J .T. McConvi l l  e, and I. Tebbetts Anthropometr ic  Source Book, 
Volume 111, Annotated Bib1 iography,  Webb Associates,  Ye1 low Spr ings,  Ohio. 
Nat iona l  Aeronaut ics and Space Admin is t ra t i on ,  Houston (unpubl ished r e p o r t )  
September 1976 

Laubach, L.L. and M.E. Marshal 1 "A Computer Program f Q C  C a l c u l a t i n g  Parne l l  I s  
~ n t h r o ~ o m e t r i c  Phenotype" Journal  o f '  Sports ~ e d i c i n e  and ~ h y s i c a i  F i tness  
14(4)  :217-223, December 1970. 

Lewi n, T. "Anthropometri  c Stud ies  on Swedish I n d u s t r i a l  Workers When Standing 
and S i t t i n g "  Ergonomics 12(6) :883-902, November 1969. 

Mar t i n ,  J.I., R. Sabeth, L.L, D r i v e r ,  T.D. Lowe, R.W. H in tze,  and R.A.C. Peters 
Anthropometry o f  Law Enforcement O f f i c e r s  U .S. Department o f  J u s t i c e ,  Law 
Enforcement Assistance Admin is t ra t i on ,  Na t iona l  I n s t i t u t e  of Law Enforcement 
and Cr imina l  Jus t i ce ,  December 1976, 

McConvil l e y  J .T. and E. Churchi 11 Human V a r i a b i l  i ty  and Resp i ra to r  S i z i n q  
Webb Associates, Inc .  , Ye1 low Spr ings,  Ohio. Nat iona l  I n s t i t u t e  f o r  Occupational 
Safety and Heal th,  C i n c i n n a t i ,  Ohio. NTIS PB266 412/6ST, March 1976, 



McFarland, R.A., A. Damon, and H.W. S toudt  "Anthropometry i n  t h e  Design o f  
t h e  D r i v e r s  Workspace" American Journa l  o f  Phys ica l  Anthropology 
16: l -23,  1958. 

McFarland, R.A. The A p p l i c a t i o n  of Human Body S ize  Data t o  Veh icu la r  Design 
Soc ie ty  o f  Automotive Engineers, Inc ,  , New York, SP 142, 1955. 

M e r r i f i e l d ,  H.H. "Female G a i t  Pa t te rns  i n  Shoes w i t h  D i f f e r e n t  Heel He ights"  
Ergonomics 14(3)  :41l-417, May 1971. 

Na t iona l  Bureau of  Standards. Body Measurements f o r  t h e  S i z i n g  o f  Women's 
Pa t te rns  and Apparel NBS Vol u n t a r y  Product Standard, U. S . Department of 
Commerce, Publ i c a t i o n  PS 42-70, 1971 . 

Nat iona l  Center f o r  Hea l th  S t a t i s t i c s  He igh t  and Weight of Adu l t s  18-24 Years 
of Age i n  t h e  U n i t e d  S ta tes  P u b l i c  Hea l th  Serv ice ,  Advance Data. no. 3, 19 
November 1976. 

Na t iona l  Swedish I n s t i t u t e  f o r  B u i l d i n g  Research, Anatomy f o r  P l  anners 1. 
L i s t  of  L i t e r a t u r e .  Stockholm, Sweden, Report 20. 1965 

Na t iona l  Technical  I n f o r m a t i o n  Serv i ce  Anthropometry: Bas ic  Stud ies  and 
A p p l i c a t i o n s  Vol .  2 1976 - August. 1977. C.  Shonzo, ed. S p r i n g f i e l d ,  VA 
Rept NTISIPB-7710757 September 1977. 

Newman, R.W. and E.H. Munro "The R e l a t i o n  o f  C l ima te  and Body S ize  i n  U.S. 
Ma1 es" American Journa l  o f  Phys ica l  Anthropology 13:l-17, 1955 

O'Br ien,  R. and W.C. She l ton Women's Measurements fo r  Garment and P a t t e r n  Con- 
s t r u c t i o n  U.S. Department o f  A g r i c u l t u r e ,  Bureau of  Home Economics, T e x t i  l es 
and C l o t h i n g  D i v i s i o n  Washington, D.C. Misc. P u b l i c a t i o n  no. 454, 1941. 

Ohlson, M.A., A. R i e s t e r ,  W.D., W.D. Brewer, B.E, Hawthorne, and M.B. Hutchinson 
"Anthropometry and N u t r i t i o n a l  S ta tus  f o r  A d u l t  Women" Human B io logy  28:189-202, 
1956 

Oxford,  H.W. Anthropometr ic  Data f o r  Educat ional  Chai rs  n.d. 

Prokopee, M. "Dimensional Charac te r i  s t i c s  o f  Men and Women i n  Czechoslovakia 
f o r  t h e  Purpose of  I n d u s t r y "  Ergonomics i n  Machine Design I. I n t e r n a t i o n a l  
Labour Off i ce, Geneva, 1969. 

Pike,  B. and W.J.H. B u t t e r f i e l d  Phys ica l  Requirements f o r  D r i v e r s  o f  Heavy Trucks 
Army Operat iona l  Research Group, Report nos 11 /49, 1949. 

Randall  , F. E. and M.J . Boer Survey o f  Body S ize  of Army Personnel , Male and 
Femal e: Methodology. Environmental P r o t e c t i o n  Branch, Quar termaster  C l  i m a t i c  
Research Laboratory,  Lawrence, Mass., Report no 122 ( r e v i s e d ) ,  1951 

Reid, B. An Annotated B i b l i o g r a p h y  o f  Un i ted S ta tes  A i r  Force App l ied  Phys ica l  
Anthropology January 1946 t o  J u l y  1976 Aerospace Medical Research Laboratory ,  
Wri ght -Pat terson AFB, Ohio. Report AMRL-TR-76-58, J u l y  1976. 



Roberts, D.F. "Funct ional  Anthropometry of E l d e r l y  Women" Ergonomics 3:321- 
327, 1960, 

Roebuck, J .A. , Jr . ,  K.H.E. Kroemer, and W .G. Thompson Engineer ing Anthropo- 
metry Methods John Wi ley and Sons, N.Y., 1975. 

Roebuck, J .A. "Aerospace Benef i ts  t o  Engineer ing Anthropometry Appl i c a t i o n s "  
Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 349-354, 1976 

Roebuck, J .A. "Anthropometry i n  Engineer ing Design" Journa l  o f  A v i a t i o n  Medic ine 
28:41-56, 1957. 

Samuel , A.E. and P.A. Young, Anthropometric Survey o f  Q u a d r i p l e g i c s  Department 
o f  Mechanical Engineering, U n i v e r s i t y  o f  Me1 bourne ( A u s t r a l  i a) .  Report no. 
DRS/75. December 1975. 

Sanders, M.S. Anthropometr ic  Survey o f  Truck and Bus D r i v e r s :  Anthropometry, 
Cont ro l  Reach and Cont ro l  Force Department o f  Transpor ta t ion ,  Federal Highway 
Admin is t ra t i on ,  Washington, D.C. F i n a l  Report,  Canyon Research Group, Inc. ,  
C a l i f .  1 March 1977. 

Seminara, J .L. "For Maintenance, Adjustment, Repair,  What S ize  Access ~ ~ e n i n ~ s ? "  
Product Eng ineer ing p. 42, 31 August, 1959. 

Snow, C.C., H.M. Reynolds, and M.A. A1 lgood Anthropometry o f  A i r 1  i n e  Stewardesses, 
U.S. Department o f  Transpor ta t ion ,  Federal A v i a t i o n  Admin is t ra t i on ,  Oklahoma 
C i t y ,  Report no FAA-AM-75-2, 1975. 

Snyder, R.G. Anthropometry o f  Three Parap leg ic  Females (Unpublished data)  
(1975), 1977. 

Snyder, R.G. (neck anthropometry study i n  preparat ion,  1977) 

Snyder, R.G. A Bib1 iography o f  Anthropometr ic  Data Prepared fo r  Soc ie ty  of 
Automotive Engineers, Inc. ,  A i r  T ranspor t  Sa fe ty  Cabin Prov is ions,  Committee 
S-9, Santa Monica, Cal if. 20 A p r i  1 , 1961 (updated 1976). 

Staples,  M.L. A B i b l i o q r a p h i c  Survey and C r i t i c a l  Review of  t h e  Role o f  Anthro- 
pometry i n  t h e  S i z i n g  o f  C l o t h i n g  and Personal Equipment Defense Research Board, 
Ottawa. Report GAO-373, 1961. 

Stoudt, H.W. A p p l i c a t i o n s  o f  Physical  Anthropology t o  Occupational Heal th  and 
Safe ty .  Paper presented, Symposium i n  Honor o f  A1 b e r t  Damn: Medical Anthro- 
po logy,  Annual Meeting, American Assoc ia t i on  o f  Physical  An th ropo log is ts ,  
Amherst, Mass., 10-13 A p r i l  1974. 

Stoudty H.W., T.J. Crowley, R.A. McFarland, A. Ryan, and B. Bruber S t a t i c  and 
Dynamic Measurements o f  Motor Veh ic le  D r i v e r s  NTIS PB-193 605, 1970. 

Stoudt,  H.W., A. Damn, and R,A. McFarland Weight, He ight  and Selected Body 
Dimensions o f  Adu l ts ,  Un i ted  Sta tes  1960-1962, P u b l i c  Heal th  Serv ice  Pub1 i c a t i o n  

no. 1000, Ser ies  11, no. 8, Washington, D.C., 1965. 



Thom~son. D.J .,D. Barden, N.S. K i r k ,  D.L. M i  tche lson,  and J.S. Ward 
~ n t h r o p o m e t r ~  o f  ~ r i  t i s h  Women 1 n s t i  t u t e  f o r  Consumer Ergonomics , Ltd .  
U n i v e r s i t y  o f  Technology, Loughborough, L e i c e s t e r s h i  r e ,  UK,1972. 

Ward, J .S. and N.S. K i r k  "The Re1 a t i o n  Between Some Anthropometr i  c Dimensions 
and P r e f e r r e d  Working Sur face Heights i n  t h e  K i tchen"  Ergonomics 13 (6 )  : 
783-797, 1970. 

Ward, J.S. and N.S. K i r k  "Anthropometry o f  E l d e r l y  Women" Erqonomics 10(1)  : 
17-24, January 1967. 

Ward, J .S. "Weights , Heights and Chest Circumferences o f  E n g l i s h  East Mid1 ands 
Coal Miners i n  1952-62" Human B i o l o g y  37:299-311, 1965. 

Weisman, S. and R.E, Herron Stereophotogrammetry as a Means o f  Anthropometry f o r  
M e n t a l l y  Handicapped C h i l d r e n  Department o f  C i v i  1 Engineer ing,  U n i v e r s i t y  of 
I l l i n o i s ,  Urbanao Report no. Photogrammetry Ser ies  11, NTIS PB-178 125, 
November 1967. 

White, R.M. "Anthropometry as a V a r i a b l e  i n  Human Factors  Engineer ing" Proceed- 
ings,  6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 131 -1 35, 1976. 

White. R.M. " A n t h r o ~ o m e t r i c  Measurements on Se lec ted P o ~ u l a t i o n s  o f  t h e  World", 
~ t h n i c  Var iab les  ii Human Factors  Eng ineer ing A. chapomis (Ed),  Johns ~ o p k i n s  
U n i v e r s i t y  Press, Bal  t imore,l975. 

White, R.M. and E. C h u r c h i l l  The Body S ize  o f  S o l d i e r s :  U.S, Army Anthropo- 
1966 Army PJatick Labora to r ies ,  Na t i ck ,  Flass.~Rept no 72-51-CE. 

b 7 1  

Wisner, A. and R. " " R e b i f f e  Remarques s u r  l a  d i s p e r s i o n  des dimensions anthropo- 
metr iques e t  1 ' u n i c i t e  du m a t e r i e l  p r o d u i t  en s e r i e "  (Remarks on t h e  D ispers ion  
o f  Anthropometr ic  Dimensions and on t h e  Uniqueness o f  Mass Producted M a t e r i a l s )  
T r a v a i l  Hum. 26(1/2):219-139, JanuarylJune 1963. 



B. HUMAN FACTORS 

Adams, S.K., M.M. Boyd, and W.F. Buchele "Human Factors  i n  Gra in  Harvest ing  
Equipment Design" Proceedings , 6 t h  Conqress I n t e r n a t i o n a l  Ergonomics 
Assoc ia t i on  DD. 50-55. 1976. 

Agnew, K. and K. G r o s s f i e l d  "Development o f  Mob i l e  T o i l e t s "  Eng ineer ing  Medic ine 
5(4)  : 100-1 04, October 1976. 

-- -- 

A1 i o t h ,  A., E. Mar t i n ,  and E. U l i c h  "Semi-Autonomous Work Groups i n  Warehousing" 
Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on ,  pp 187-191, 1976 

American Na t iona l  Standards I n s t i t u t e ,  I n c .  S p e c i f i c a t i o n s  f o r  Making B u i l d i n g s  
and F a c i l i t i e s  Access ib le  t o  and Usable by  t h e  P h y s i c a l l y  Handicapped ANSI No. 
A117. 11961 1961(Revised 1971). 

Archer, L.B. "Wheelchair Design - Theore t i ca l  Factors"  Proceedings, Royal Soc ie ty  
o f  Medic ine 67:419, 1974. 

Armstrong, T. Problems o f  Aging a t  Work, Presenta t ion ,  Brouha Symposium, Ind ian -  
apol i s ,  8 September ,1977. 

Asmussen, E. " C o r r e l a t i o n s  between Various Phys io log i ca l  Tes t  Resul t s  i n  Handicapped 
Persons" Communications f rom t h e  Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i  1 e 
Para l ys i s ,  no 27, 1968. 

Asmussen, E. and E. Poulsen "Phys ica l  D i s a b i l i t y  as a Handicap ~ e i a t i v e  t o  
Occupation" Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i l e  P a r a l y s i s ,  
1 966.. 

Asmussen, E., and E. Poulsen "A  batter.^ o f  Ph.ysiologica1 and Psycho log ica l  Tests 
Appl i e d  to -TWO D i f f e r e n t  Groups o f  ~andicapp-ed ~ e r i o n s "  ~ommunicat ions ,  Danish 
Nat iona l  Assoc ia t i on  f o r  I n f a n t i l e  Pa ra l ys i s ,  number 23, 1966. 

A u s t r a l i a n  Counci 1 f o r  R e h a b i l i t a t i o n  o f  t h e  Disabled,  Access f o r  t h e  Disabled- 
A Bib1 iography.  A.C.R.O.D. Pub1 i c a t i o n ,  1977. 

Ba r fo r t ,  J. and L.J. Orgensen " D e s c r i p t i o n  o f  C l e r i c a l  T e s t i n g  and T r a i n i n g  of 
Handicapped PersonsM Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i  1 e 
P a r a l y s i s ,  1963. 

Bar-Or. 0.. 0. I n b n r ,  and R. S ~ i r a  "Ph.ysioloqica1 E f f e c t s  o f  a Spor ts  R e h a b i l i a t i o n  
program on ~ e r e b r a i  Pa ls ied  and post-Lo1 i o m j e l  t i c  Ado1 escents"  ' Medic ine and 
Science i n  Sports 8(3) :157-161, F a l l  1976. 

Bars ley ,  M. Left-Handed Man i n  a Riqht-Handed World. Pitman, London, 197C. 

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

B i  t t n e r  , A.C . "Computeri zed Accommodated Percentage Eva1 u a t i  on : Review and Pro- 
spectus" Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t ion ,  pp. 
157-164, 1976. 



Black,  T.L. and J.A. Mateqka Bus Design f o r  t h e  E l d e r l y  and t h e  Handicapped 
Soc ie ty  o f  Automoti ve Engineers , Inc .  Paper no 760082, February 1976. 

Blethrow, J.G.9 J.D. Garner, D.L. Lowrey, D.E. Busby, and R.F. Chandler Emerging 
Escape of Handicapped A i  r Trave l  e rs  U.S . Department o f  T ranspor ta t i on ,  Federal 
A v i a t i o n  Admin is t ra t i on ,  O f f i c e  of A v i a t i o n  Medicine, Washington, D.CO Report 
FAA-AM-77-1 1 , J u l y  1977. 

B o b b i t t ,  B. "The A i r  Force Leads t h e  Way i n  M i l i t a r y  Jobs f o r  Women" A i r  Force 
P o l i c y  L e t t e r  f o r  Commanders 1 October, 1973. 

Bo la lek ,  P.J., and A.G. Grumbla t t  A Study t o  Determine t h e  Adequacy o f  t h e  Too ls  
and Equipment used by A i r  Force Women i n  t h e  C r a f t  S k i l l s  A i r  Force I n s t i t u t e  
of Technology, Wr ight -Pat terson AFB, Ohio., NTIS Report  ADIA-006 342, January 
1975. 

Brandaleone, H. "Recommendation f o r  Medical Standards f o r  Motor Veh ic le  Operators"  
I n d u s t r i a l  Medic ine and Surgery 26:25-32, 1957. 

Brandaleone, H. and G. J. Friedman "Phys ica l  Standards f o r  Veh ic le  Operators - An 
A i d  t o  Acc ident  Prevent ion"  I n d u s t r i a l  Medic ine and Surgery 25:17-32, 1956 

Chaponis, A. and B.A. Gropper "The E f f e c t  o f  t h e  Opera to r ' s  Handedness on Some 
~i r e c t i o n a l  s tereotypes '  i n  Con t ro l  -D isp lay    elation ships" Human Factors  
10: 303-320, 1968. 

Cooky W . I .  A Report on t h e  Performance of Women's Safety-Toe Footwear Na t iona l  
I n s t i t u t e  f o r  Occupat ional  Sa fe ty  and Heal t h y  Morgantown. Rept no DHEW/PUB/ 

C o r l e t t ,  E.N. "Ergonomics i n  I n d u s t r y  and t h e  Teaching Relevant t o  i t s  P r a c t i c e "  
Proceedings , 6 t h  Congress I n t e r n a t i o n a l  Erqonomi cs A s s o c i a t i o n  pp. 33-36, 1976, 

Cor l  e t t ,  E.N. "Ergonomics i n  I n d u s t r y "  Ergonomics Research Soc ie ty  News, 
May 1976. 

Crosby, W.M., R.G. Snyder, C.C. Snow, P.G. Hanson, Impact I n j u r i e s  i n  Pregnancy. 
I : Exper imental  Stud ies ,  Federal A v i a t i o n  A d m i n i s t r a t i o n ,  Department of  
T ranspor ta t i on .  Report AM 68-6, March 1968. 

Crosby, W .M., and J .P. C o s t i  l o e  "Safe ty  o f  Lap-Be1 t R e s t r a i n t  f o r  Pregnant 
V ic t ims  o f  Automobile C o l l i s i o n s "  ~ e w  ~ n g l a n d  Journal  of  Medic ine 284: 
632-636. 25 March, 1971, 

Cummingham, D.M. "Variable-Height-Powered Wheelchair f o r  t h e  Q u a d r i p l e g i c  D r i v e r "  
U.S. Veterans A d m i n i s t r a t i o n  Department o f  Medic ine and Surgery ~ u l l e t i n  o f  
P r o s t h e t i c  Research p. 337-369, Fa1 1 1974. 

Dudden, F, H. and J . D, L ink ,  "Handedness, Body O r i e n t a t i o n  and Performance on 
a Complex Motor Task", Perceptual  and Motor S k i l l s ,  9:165-166, 1959. 

Engel, P. and G.  H i l debrand t  "Wheelchair Design - Technological  and Phys io log ica l  
Aspects" Proceedings, Royal Soc ie ty  of Medic ine 67:409-413, Mar 1974. 



E l l i s ,  D.S. "Speed o f  Man ipu la t i ve  Performance as a Funct ion of  Work Surface 
Height "  Journa l  o f  Appl i e d  Psychology 35:289-296, 1951. 

F a t t a l  , S.G., L.E. Cattaneo, G.E. Turner,  and S.N. Robinson "Personnel Guard- 
r a i  1 s f o r  t h e  Prevent ion o f  Occupat ional  Acc idents"  Nat iona l  Bureau of Stand- 
ards,  Center f o r  B u i l d i n g  Technology, Washington, D.C. Rept. NBSIR-76-1132, 
November 1 976. 

Fechter,  J.V. J r .  "Product  Sa fe ty  and Product  Performance Research a t  t h e  
Na t iona l  Bureau o f  Standards" Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics 
Assoc ia t ion ,  pp. 136-140, 1976. 

Federal  R e g i s t e r  A i r  T ranspor ta t i on  o f  Handicapped Persons Who May Need Eva- 
c u a t i o n  Ass is tance 42(67) :18392-18394, A p r i  1 7, 1977. 

F o l l e y ,  J.D. and J.W. Attman Guide t o  Desiqn of  E l e c t r o n i c  Equipment f o r  
M a i n t a i n a b i l i t y  WADC Tech. Rept. 56-218, 1956. 

G a r r e t t ,  J . W. Clearance and Performance Values f o r  t h e  Barehanded and Pressure- 
Gloved Operator  Aerospace Medical Research Laboratory ,  Wr ight -Pat terson AFB, 
Ohio. Report AMRL-7R-68-24. August 1968. 

Gar t ,  R.G. A Comparison o f  Severe ly  Handicapped and Able Bodied D r i v e r s  Masters 
Thesis (unpubl ished)  , U n i v e r s i t y  o f  I 1  1 i n o i s ,  Urbana, 1959. 

Gleeson, G.A. Impairments Due t o  I n j u r y  by Class and Type o f  Accident ,  V i t a l  
and H e a l t h  S t a t i s t i c s ,  Na t iona l  Center f o r  Hea l th  S t a t i s t i c s ,  Pub1 i c  Hea l th  
Serv ice ,  Washington, D.C. Se r ies  10, No. 6, January 1964.. 

Goodwi 11 , C .J. "Powered Vehic les  and t h e  Disab led D r i v e r "  Proceedings, Royal 
Soc ie ty  o f  Medic ine 67:416-419, 1974. 

G r a l l  , T.B. "The A p p l i c a t i o n  o f  Ergonomics t o  Improve t h e  I n d i v i d u a l - F i  t Ad jus t -  
ment Features o f  Consumer Products"  Proceedings, 6 t h  Congress I n t e r n a t i o n a l  
Ergonomics Assoc ia t i on  pp, 126-1 30, 19760 

Grandjean, E. "Ergonomic Aspects o f  Aging and t h e  Bui  1 din-g Envi ronment" Pro- 
deedings , 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 1 4 5 - 1 4 8 7 7 6 .  

Grandjean, E. Ergonomics o f  t h e  Home Tay lo r  and F ranc is  L td ,  London, 1973. 

Grandjean, E. and W. H i i n t i n g  "Ergonomics o f  Posture - Review of Var ious Problems 
o f  Standing and S i t t i n g  Posture" Appl i e d  Ergonomics 8 (3 )  :135-140 1977- 

Grandjean, E. and V.  Burandt "Das S i  t z v e r h a l  ten  von B i  i roangeste l  1 t e n "  Indus t -  
r i e l  1 e Organ iza t ion  31 :243-250, 1962, 

Grandjean, E., W. H i i n t i n g ,  G. Wotzka, and R. Scharer "An Ergonomic I n v e s t i g a t i o n  
o f  Mu1 t i  -Purpose Cha i rs "  Human Factors  15: 247-255, 1973. 

Grandjean , E. H. Kretzschmar , and G. Wotzka "Arbe i  tsana lysen beirn Verkaufspersonal 
eimes Warenhouses" 2 .  Praven t i  vmed 13: 1-9, 1968. 



Gurne.y, M., J.L. Purswel l  and L. Hoag "An Analys is  of  Hand Tools by Biomechanic 
a n d  ~hermograph i  c Techniques" proceedings, ~ u m a n  Factors  Soc ie ty  , 17 Annual 
Meeting, pp. 409-417, 1973. 

Harr igan,  J.  E. "Human Factors  I n f o r m a t i o n  Taxonomy: Fundamental Human Factors  
Appl i cat ions  f o r  A r c h i t e c t u r a l  Programs" Human Factors  16(4) :432-440, 1974. 

H a r r i s ,  W .A. "A Human Factors  Comparison o f  Three Cargo Trucks" Proceedings, 
6 t h  Contress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 173-177, 1976. 

Hedges, J.N. and S.E. Bemis "Sex S te reo typ ing :  I t ' s  Dec l i ne  i n  S k i l l e d  Trades" 
Monthly Labor Review 97(5) :14-22, May 1974. 

Her r in ,  G.D., D.B, Chaff in,  J.A. Foulke, and S.Y. Nof "A Systems Approach t o  
Employee/Job Matching" Proceedinqs , Annual Conference ~ m e r i c a n  1 n s t i  t u t e s  of 
I n d u s t r i a l  Engineers, S t .  Lou is ,  May 1976. 

Hoag, L.L. and R.H. Van Dyke "A Human Factors  Eva luat ion of t h e  American K i tchen"  
Proceedings, Huamn Factors  Soc ie ty  19 th  Annual Meeting, pp. 120-1 24, 1975. 

Huffman, J . ,  and M. G o t t l i e b  A Study o f  I n t r a  and I n t e r - i n d i v i d u a l  D i f fe rences  
I n  t h e  Performance Times f o r  Three Everyday Tasks Department o f  Engineering, 
U n i v e r s i t y  of Ca1 i f o r n i a ,  Los Angeles. Special  Technical  Report no. 20, 1954. 

Hunt, V. R. Occupational Heal t h  Problems of  Pregnant Women Department of Heal t h y  
Education and We1 fa re ,  Washington, D.C. F i n a l  Report,  NTIS PB254 032/65T9 
30 A p r i l  ,1975. 

Jacobs, H.H. and S.M. M i  1 ler-Jacobs "Designing f o r  a C h i l d  I s  World" Proceedings, 
Human Factors  Soci e t y  21 s t  Annual Meet ing pp. 532-534, October 1977. 

JAMA Commi t t e e  on Medical Aspects o f  Automotive Safety Recommendations. 221 
' 7 ) : 2 0 - 2 1 ,  3 J u l y  1972. 

Jones, J., M. Lawton, and C. Myles Design f o r  t h e  Old  and Disab led Old Develop- 
ment Study Year 5, Birmingham School o f  A r c h i t e c t u r e ,  England. 

Keegan, J .  J .  "Eva lua t ion  and Improvement o f  Seats" I n d u s t r i a l  Medic ine and 
Surgery  31 :137-148, 1962. 

Ke lv in ,  A.E. "Human Factors  i n  R e h a b i l i t a t i o n  and Hea l th  Care - Transpor ta t i on  
f o r  t h e  Handicapped" Proceedings, Human Factors Soc ie ty ,  17 th  Annual Mee t ing  
pp. 337-344, 1973. 

Kephart, H.C. and J.W. Dunlap Human Factors  i n  t h e  Design o f  Veh ic le  Cab Areas, 
Occupational Research Center, Purdue U n i v e r s i t y  , La faye t te ,  1954. 

K i r k ,  N. " D i s c r i m i n a t i o n  o f  Cha i r  Seat He ights"  Ergonomics 13:3:403-413 

Kolb, J. "Data on Human Engineering. What's A v a i l a b l e  and Where t o  Get I t" 
Product Enqineer ing p.71, September 12, 1960 



Kroemer, K.H. E. "Human Engineer ing t h e  Keyboard" Human Factors  14(1)  :51-63, 
1972. 

Kroemer, K.H. E. "Seat ing i n  P l a n t  and O f f i c e "  American I n d u s t r i a l  Hygiene 
Assoc ia t i on  Journal  32(10) :633-552, 1971. 

Kroemer, K.H. E. I n d u s t r i a l  Seat inq Aerospace Medical Research Laboratory ,  
Wri ght -Pat terson AFB, Ohio. Report AMRL-TR-70-11, 1970. 

Kroemer, K.H.E. and J.C. Robinet te  "Ergonomics i n  t h e  Design of Of f ice  F u r n i t u r e "  
Orthopedics, I n d u s t r i a l  Medic ine and Surgery 38(4) :115-125 

Lauridsen, K.V. and T o  Lund "Wheel c h a i r s "  Communications, Danish Na t iona l  
Assoc ia t i on  f o r  I n f a n t i l e  P a r a l y s i s ,  1964, 

Laveson, 3.1. and R.P, Meyer " L e f t  Out ' L e f t i e s '  i n  Design" Proceedings, 6 t h  
Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 122-1 25, 1976. 

Leschly,  V.,  I. Exner, and J. Exner "General L ines o f  Dwell i ngs  f o r  Handicapped 
Conf ined t o  Wheel c h a i r s "  Communications, Danish Na t iona l  Assoc ia t i on  f o r  
I n f a n t i l e  P a r a l y s i s ,  November 6, 1959. 

Leschly,  V., A. and B. K jae r  "General L ines i n  Designs of Dwel l ings f o r  Handi- 
capped conf ined t o  wheelcha i rs"  Communications, ~ 6 .  7, The ~ a n i i h  Na t iona l  
Assoc ia t i on  f o r  I n f a n t i l e  P a r a l y s i s ,  He1 l e r u p ,  Denmark, 1960. 

McClel land, I .  and J.S. Ward "Ergonomics i n  R e l a t i o n  t o  S a n i t a r y  Ware Design" 
Ergonomics 19(4)  :465-478, J u l y  1976. 

McEwen, J. C .  "Working Condi t ions w i t h  D i f f e r e n t  Types o f  D i  sabi  1 i t y "  Ergonomics 
16(5)  :699-677, September 1973. 

McFarland, R.A., R.G. Damey, B.C. Duggar, T.J. Crowley, and H.W. S toudt  
Eva1 u a t i o n  o f  t h e  Abi  1 i t y  o f  Amputees t o  Operate Highway Transpor t  Equipment. 
Guggenheim Center f o r  Aerospace Hea l th  and Sa fe ty ,  Harvard School of P u b l i c  
Heal th ,  Boston. F i n a l  Report ,  Vocat iona l  R e h a b i l i t a t i o n  A d m i n i s t r a t i o n ,  
RD-592, 1968, 

McCormick, E .J . Human Engineer ing,  McGraw-Hi 11 Book Company, Inc . ,  New York, 
1957, 

Murphy, C .M. " T a l l  B u i l d i n g s  and People" B u i l d i n g  227(6851) :85-87, 1974. 

Muto, W.H. "Human Factors  Cons idera t ions i n  t h e  Design and Eva lua t ion  o f  Bathroom 
F i x t u r e s  f o r  t h e  Handicapped" Proceedings, Human Factors  Soc ie ty  21st  Annual 
Mee t ins  pp. 542-544, October 1977. 

Nadler ,  G.  and J. Goldman "Operator Performance Stud ies :  I One-Plane Mot ion 
Learning" Journal  o f  I n d u s t r i a l  Engineer ing 9: 187, 7958. 

Nat iona l  Swedish I n s t i  u t e  f o r  B u i l d i n g  Research Anatomv f o r  P l m r s - 1  . L i s t  of 
References, Report no. 20. Stockholm, 1965. 

Na t iona l  League o f  C i  t i e s  "S ta te  and Local E f f o r t s  t o  E l  i m i  na te  A r c h i t e c t u r a l  
B a r r i e r s  t o  the  Handicapped", Department o f  Urban Stud ies ,  November 1967. 



Nat iona l  Soc ie ty  f o r  C r i p p l e d  Ch i l d ren  and Adu l ts ,  and t h e  Pres idents  I Committee 
on t h e  Employment o f  t he  Physical  l y  Handicapped,' "Spec i f i ca t i ons  f o r  Making 
B u i l d i n g s  and F a c i l i t i e s  Access ib le  t o  and Useable by the  P h y s i c a l l y  Handicapped" 
American Standards Associ a t i on ,  Approved 31 October ,1961 , 

Nelham, R.L. "Manufacture o f  Moulded Suppor t ive  Seat ing  f o r  t h e  Handicapped" 
Biomedical Engineer ing (London) lO(10) :379-38 , October 1975. 

Occupational Sa fe ty  and Heal t h  A d m i n i s t r a t i o n  Ana lys is  of Reports o f  P o i n t  of 
Operat ion I n j u r i e s  on Mechanical Power Presses, Per iod  1 July-31 December, 1975 
O f f i c e  o f  Standards Development, Washington, D.C. , 15 January ,I 976. 

Olshan, M.D. "Specia l  Populat ions - A Design f o r  t h e  Aged" Proceedings, Human 
Factors  Soc ie ty  21st  Annual Meet ing  pp. 539-541, October 1977. 

Owen, E.P. "The P o s i t i v e  Approach t o  D r i v e r  Phys ica l  Requirements - Physical  
Factors"  Transact ions,  45 th  Na t iona l  Safe ty  congress, Na t iona l  Safe ty  Counci 1, 
Chicago, 1957. 

Paul , J. P. "Discussion" (Automobi 1 e Hand Cont ro ls  and Wheel c h a i r s )  Proceed- 
ings ,  Royal Soc ie ty  o f  Medic ine p. 419, 1974. 

Paulsen, E. "Ana lys is  o f  Job Demands i n  R e h a b i l i t a t i o n  o f  P h y s i c a l l y  Handicapped" 
Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i l e  Pa ra l ys i s ,  1963. 

Pearson, R.G. and M.A. Ayoub "Ergonomics Aids I n d u s t r i a l  Accident  and I n j u r y  
Cont ro l  l1 I n d u s t r i a l  Eng ineer ing  7:18-26, 1975. 

Pezoldt ,  V.J. and J. J. Persensky Power Saws: A Review o f  I n j u r y  Data and Power 
Saw I n d u s t r y  Survey Na t iona l  Bureau o f  Standards, Washington, D .C. NBS Rept. 
75-748, J u l y  1975. 

P l a t t s ,  E.A. "Wheelchair Design - Survey of Users ' Views" Proceedings, Royal 
Soc ie ty  o f  Medic ine 67-414-41 6, May 1974. 

Product  Eng ineer i  nq ltHuman Engineering., . combi ned r e p r i n t  o f  four teen a r t i c l e  
o f f e r i n g  design ass is tance i n  meeting the  non-machine problem i n  t h e  develop- 
ment of i n d u s t r i a l  products"  , 1960. 

Purswel l ,  J.L. "Designing Jobs f o r  Women: P r o d u c t i v i t y  I m p l i c a t i o n s "  - AIIE 
Systems Engineer ing Conference, pp. 107-1 10, December 1976. 

Roozbazar, A. "Ergonomics o f  Machine Guarding" Nat iona l  Sa fe ty  News 11 6(1)  : 
53-59, J u l y  1977. 

Roser, R .  F. "Yurnan Factors and t h e  Developmental l y  Disabled" Proceedings 
Human Faztcr: - Socie ty ,  1 7 t h  I n r u a l  Meeting, pp. 334-336, 1973 . 

ROSS,  D."M. "Eva luat ing  t h e  C a p a b i l i t i e s  o f  Man a t  Work" I n d u s t r i a l  Hygiene 
Q u a r t e r l y  18:42, 1957. 

Rowe, J . L. "Requi rements and Expectat ions o f  Ado1 escents f o r  H i g h r i  se Apartment 
Bui l d i n g s "  Proceedings, Human Factors Soci ety,  21s t  Annual Meeting pp. 535-538 
October 1977. 



Rubovits, F.E. "Traumatic Rupture of t h e  Pregnant Uterus from "Seat B e l t  
I n  j u r y "  American Journal  of O b s t e t r i c s  and-~yneco logy  90(6) :828-289, 
15 November, 1964. 

Runyon, R.D. Human Factors i n  Maintenance. P a r t  11. Maintenance Problems 
A n t i c i p a t e d  As a Resu l t  o f  S u b m i n i t u r i z a t i o n .  U.S. Naval T r a i n i n g  Device 
Center, 1957. 

Saar i ,  J. "Typ ica l  Features o f  Tasks i n  which Accidents Occur" Proceedings, 
6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on ,  pp. 236-239, 1976. 

Sheppard, N. "K i tchen Work Tops Heights"  A r c h i t e c t s  Journa l  20 September, 
1970. 

S j o f l o t ,  L. " D r i v i n g  S imu la to r  f o r  Study ing t h e  Working S i t u a t i o n  of  Farm T r a c t o r s  
i n  t h e  Operat ion o f  Forage Harvesters"  Proceedings, 6 t h  Congress I n t e r n a t i o n a l  
Ergonomics Assoc ia t i on  pp. 56-60, 1976 

S l e i g h t ,  R.B. and K.G. Cook Problems i n  Occupational Safety and Heal th :  A 
C r i t i c a l  Review o f  S e l e c t  Worker Phys ica l  and Psycho log ica l  Factors  Century 
Research Corporat ion,  A r l  i ng ton ,  Va. ,1974. 

S m i l l i e ,  R.J., and M.A. Ayoub "A Computer S imu la t ion  Approach f o r  Ana lyz ing 
Occupational Acc idents"  Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics 
Assoc ia t ion ,  pp. 226-234, 1976. 

Snyder, R.G., C.C. Snow, W.M. Crosby, P. Hanson, J. Fineg, and R. Chandler 
Impact I n j u r y  t o  the  Pregnant Female and Fetus i n  Lap B e l t  Res tpa in t  Soc ie ty  
o f  Automotive Engineers, Inc .  New York, Paper no. 660801, 1966. 

Snyder, R.G.. J.W. Young, C.C.  Snow, and P. Hanson "Seat B e l t  I n j u r i e s  i n  
Impact" The p reven t ion  of Highway I n j u r y ,  Highway Safety ~ e s e a r c h  I n s t i t u t e .  
The U n i v e r s i t y  o f  Michigan,  pp. 188-210, A p r i l  1967. 

Snyder, R.G, J .W. Young, and G.T. P r i c e  "Pathmechanics o f  Automotive R e s t r a i n t  
System I n j u r i e s "  Acc ident  Pathology pp. 68-89, June 1968. 

Sudden, F.H., and J.D. L i n k  "Handedness Body O r i e n t a t i o n  and Performance on a 
Complex Motor Task" Perceptual  and Motor S k i l l s  9:165-166, 1959. 

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

T o r e l l ,  A. "Sa fe ty  f o r  t h e  Disab led and Aging i n  T r a f f i c "  Proceedinqs o f  
Second Congress o f  t h e  I n t e r n a t i o n a l  Assoc ia t i on  f o r  Accident  and T r a f f i c  
Medic ine (Wolf ,  H.B. and E. Forsberg, Eds) Vol. 2, K i r i n g i s k a  V r i v e r s i  t s k l i n i  ke r ,  
Malmo , Sweden, 1966. 

U.S. Department o f  Heal t h y  Educat ion and We1 f a r e  Rehabi 1 i t a t i o n  Engineer ing 
Center S p e c i a l i z i n g  i n  T ranspor ta t i on  Veh ic le  Devices and Systems f o r  t h e  
Severely D isab led Rehabi 1 i t a t i o n  Serv ices A d m i n i s t r a t i o n  (RSA) , O f f i c e  of  
Human Development. Washington, D.C,, 1977. 

U.S. Na t iona l  Heal th  Survey L i m i t a t i o n s  o f  A c t i v i t y  and M o b i l i t y  Due t o  Chronic 
Condi t ions,  Un i ted  S ta tes ,  J u l y  1957-June 1958. U.S. Pub1 i c  Hea l th  Serv ice ,  
Washington, D.C. , P u b l i c a t i o n s  584-81 1, 1959 



Van Cot t ,  H.P. and R.G. Kinkode (eds) Human Engineerinq Guide t o  Equipment Design 
(Revised E d i t i o n ) ,  U.S. Government P r i n t i n g  O f f i c e ,  Washington, D.C. , 1972, 

Van K i r k ,  D.J., and A . I .  K ing " A  Pre l im inary  Study o f  An E f f e c t i v e  R e s t r a i n t  
Sys tem f o r  Pregnant Women and Chi 1 dren" Proceedi ngs-13th S tapp Car Crash 
Conference. DD. 353-364. 1969. 

Waldman, E. and B.J. McEaddy "Where Women Work - An Analys is  by I n d u s t r y  and 
Occupation" Monthly Labor Review 97(5) :3-13, May 1974. 

Ward, J. Ergonomics i n  t h e  Design f o r  Ki tchen Storage I n s t i t u t e  fo r  Consumer 
Ergonomics, Loughborough U n i v e r s i t y  o f  Techno1 ogy, England, 1971. 

Wilder, C.S. and A. N. Pearson, Impairments Due t o  I n j u r y ,  V i t a l  and Heal th  
S t a t i s t i c s ,  Nat iona l  Center f o r  Heal th  S t a t i s t i c s ,  P u b l i c  Heal th  Service,  
Rockv i l l e ,  Md. Ser ies 10, No 87, December 1973. 

Ysander, L. "The Safety  o f  P h y s i c a l l y  Disabled Dr i ve rs "  B r i t i s h  Journal  o f  
I n d u s t r i a l  Medicine 23(1) :28-36, 1966. 



C. RANGE OF MOTION AND BODY KINEMATICS 

Amstutz, H.C. and J.S. Mensch "Knee Replacement and Anthropometry" Proceedings, 
Workshop o f  Total-Knee An th rop las ty ,  C h a r l o t t e s v i l  l e ,  Va., 1974. 

Asmussen, E. " C o r r e l a t i o n s  Between Var ious P h y s i o l o g i c a l  Tes t  Resul t s  i n  Handi - 
capped Persons" Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i l e  
P a r a l y s i  s, 1968. 

Asmussen, E. and E. Poulsen "Physical  D i s a b i l i t y  as a Handicap R e l a t i v e  t o  
occupat ion:  A Survey o f  180 D'isabled, ~ c c u p a t ~ o n a l l ~  ~ m p l o y e d  Persons" Cornmun- 
i c a t i o n s ,  Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i l e  P a r a l y s i s ,  number 2 4 , 1 9 6 6 .  

Bogh, H.E. and E. Poulsen " I n v e s t i g a t i o n  on t h e  DemandIAbi l i ty  R e l a t i o n  i n  Handi- 
capped M o t o r i s t s "  Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i  1 e 
P a r a l y s i s ,  1967. 

Conine, T. and W.T. Brennan "Or thoped ica l l y  Handicapped Ch i ld ren  i n  t h e  Classroom" 
Journa l  o f  School Heal t h  39(1) : 59-63, January 1969. 

Darcus, HOD. "The Range and S t reng th  o f  J o i n t  Movement" Human Factors  i n  Equip- 
ment Desi n (F loyd,  W.F. and A.T. Welford, eds). H.K. Lewis and Co., London, 
FTT-&. 

Dempster, W .T. Space Requirements o f  t h e  Seated Operator: Geometrical , Kinemat ic,  
and Mechanical Aspects o f  t h e  Body w i t h  Spec ia l  Reference t o  t h e  Limbs, 
Pa t te rson  AFB, Ohio. Technical  Report 55-159, 1955. 

Dempster, W .T. , The Anthropometry o f  Body Act ion,  Wr ight -Pat terson AFB, Ohio. 
Technical  Report  60-1 8, January 1960. 

Drill i s ,  R.J. "Fo lk  Norms and Biomechanics" Human Factors  8(4)  :427-551 , 1966. 

E d i t o r  "Biomechanics Boosts Working P r o d u c t i v i t y "  I n d u s t r y  Week pp. 34-36, 
3 February, 197 5. 

Entwis le ,  D.G. "The E f f e c t s  o f  Age and Response Complexity i n  Pa t te rns  o f  Movement" 
Ergonomics 3:281, 1960. 

Fowler, N.W., L.M. L inde,  M.B. Brooks, and M.H. Jones "Pulmonary Funct ion and 
Working Capac i ty  i n  Ch i ld ren  Who Have Undergone Amputation of An Upper Ext re-  
m i  t y "  Arch ives o f  Phys ica l  Medic ine and Rehabi 1 i t a t i o n  43:409-413, 1962. 

G l a n v i l l e ,  A.D., and G. Kresszer "The Maximum Ampl i tude and V e l o c i t y  o f  J o i n t  Move- 
ments i n  Normal Male Human A d u l t s "  Human B io logy  9:197, 1937. 

Harden, D.  H. , and D.M. Tenni swood "Advanced Concepts i n  Automobi 1 e D r i v e r  Con t ro l  s" 
Soc ie ty  o f  Automotive Engineers, Paper no 730472, May 1973. 

H a r r i s ,  M.L. "A Factor  A n a l y t i c  Study o f  F l e x i b i l i t y "  Research Q u a r t e r l y  40: 
62-70, 1969. 



Hol land,  G.T. "The Physio logy of F l e x i b i l i t y :  A Review of t h e  L i t e r a t u r e "  
K ines io logy Review 1968, American Assocat ion f o r  Heal t h y  Phys ica l  Education 
and Recreation, Washington, D.C. pp. 49-61 , 1968. 

Kennedy, K.W. Reach Capabil  i t y  o f  Men and Women (unpubl ished d i s s e r t a t i o n )  Good- 
w in  Watson I n s t i t u t e  f o r  Research and Program Development, Union f o r  Exper i -  
menting Colleges and U n i v e r s i t i e s ,  1976. 

Keldsen, K. Body Segment Weights, Limb Lengths and the  Locat ion of t h e  Center 
o f  G r a v i t y  i n  Col lege Women The U n i v e r s i t y  o f  Massachusetts, Amherst 
(unpubl ished Mas te r ' s  Thes is )  ,1972. 

L e a v i t t ,  L.A., and E.N. Zuniga G a i t  Ana lys is  - P r o s t h e t i c  Funct ion i n  Ser ies  of 
Above-Knee Amputees Department o f  Phys ica l  Medicine, Bay lor  C o l l  ege of Medicine 
Houston - F i n a l  Report ,  A p r i l  1971. 

Lew, W.D. and J,L. Lewis "An Anthropometr ic  Sca l ing  Method w i t h  A p p l i c a t i o n  t o  t h e  
Knee J o i n t "  Journal  of Biomechanics 10:171-181, 1977. 

Moore, M.L. "The Measurement o f  J o i n t  Motion. P a r t  1. I n t r o d u c t o r y  Review o f  
the  L i  t e r a t u r e "  The Phys ica l  Therapy Review 29(5) : 195-205, 1949. 

Natarajan,  M. Research and Demonstrat ion P r o j e c t  f o r  t h e  R e h a b i l i t a t i o n  of t h e  
Or thoped ica l l y  Handicapped Madras Medical Co l lege and Government General 
Hosp i ta l  , A r t i f i c i a l  Limb Center ( I n d i a ) ,  F i n a l  Report,  March 1970. 

Rohmert, W., and P. Jen i  k "Isodynes o f  Women i n  t h e  Reaching Area of  t h e  Arms" 
I n t e r n a t i o n a l  Journa l  o f  Product Research 11 ( 1  ) :11-20, January 1973. 

Roozbazar, A. "Biomechanical Modeling of  t h e  Human Body" Proceedings, Human 
Factors  Soc ie ty ,  17 th  Annual Meet ing pp. 181 -191, 1973. 

Rowe, L.M. "Low Back Pain i n  I n d u s t r y  - A P o s i t i o n  Paper" Journal  of Occupat- 
i o n a l  Medic ine 11 :161, 1969. 

Rowe, L.M. "Low Back D i s a b i l i t i e s  i n  I n d u s t r y :  Updated P o s i t i o n "  Journal  of 
Occupational Medic ine 13:476, 1971 . 

Schneider, L.W., D,R. F O U S ~ ,  B.M. Bowman, R.G. Snyder, D.B. Chaff in,  T.A. Abdelnour, 
J.K. Baum "Biomechanical P roper t i es  of  t h e  Human Neck i n  L a t e r a l  F lex ion"  
Proceedings, 19 Stapp Car Crash Conference pp. 455-485 (Paper no. 751 156), 
November 1 97 5. 

Schumann, V.K., H. Riedel ,  and L. Nevermann Gelrauch des S icherhe i t sgu r tes  durch 
Schwangere (Use o f  Seatbel t s  by Pregnant Women). Fortschs Med. 44(3) :1757-1760, 
November 1976. 

Schwartz, R.P., and A.L. Heath "The D e f i n i t i o n  o f  Human Locomotion on the Basis 
o f  Measurement" Journal  o f  Bone and J o i n t  Surgery 29(1) :203-214, 1947. 

Snyder, R.G. ,  D.B. Chaffin, and D.R. Foust B ioeng ineer ing Study o f  Basic Phys ica l  
Measurements Re1 ated t o  Suscepti  b i  1 i ty t o  Cerv i ca l  Hyperextension-Hyperf l  ex ion 
I n j u r y .  Highway Safe ty  Research I n s t i t u t e ,  The U n i v e r s i t y  o f  Michigan, Ann 
Arbor, 1975. 



Swearingen , J . J .  Determinat ion o f  the  Most Comfortable Knee Anql e f o r  P i l o t s  
C i v i l  Aeronautics Medical Research Laboratory, Report No. 3-48, no 1, 1949. 

Tay lor ,  C.L. "The Biomechanics o f  t h e  Normal and o f  the  Amputated Upper Ex t remi ty "  
i n  Klosteg, P.T. e t  a1 , Human Limbs and The i r  Subs t i tu tes  McGraw H i l l ,  N.Y., 
pp. 169-221, 1954. 

Vukobratovic, M. and R. Tomovic "An I n v e s t i g a t i o n  t o  Restore Locomotion and 
S t a b i l i t y  Functions o f  t he  Severely Disabled" Soc ia l  and Rehabi 1 i t a t i o n  
Service,  Byodynamics Dept. , Washington, D .C., 1972. 

Vukobratovic, M. An I n v e s t i g a t i o n  t o  Restore Locomotion and S tab i  1 i t y  Functions 
of t he  Severely Disabled F ina l  Report, M i  h a i l o  Pupin I n s t i t u t e ,  Beograd, 
Yugoslavia (PB-243198) 



D, STRENGTH 

ACOG Guide1 ines  on Pregnancy and Work The American Col lege of O b s t e t r i c i a n s  
and Gynecologists , Chicago Cont rac t  210-76-01 59, Nat iona l  I n s t i t u t e  f o r  
Occupational Sa fe ty  and Heal t h ,  R o c k v i l l  e, Md,, 1976. 

A1 rand, P  .O. Experimental S tud ies  o f  Physical  Working Capaci ty  i n  Re1 a t i o n  t o  
Sex and Age, Copenhagen, 1952. 

Armstrong, T. "Women a t  Work-Physi ca l  Work Dur ing Pregnancy" Paper presented, 
Brouha Symposium, Ind ianapo l  i s ,  8  September, 1977. 

Armstrong, T. "Problems o f  Aging a t  Work" Paper presented, Brouha Symposium, 
Ind ianapo l  i s ,  8 September, 1977, 

Asmussen, E. "Cor re la t i ons  Between Various Phys io log i ca l  Test  Resul ts  i n  Handi- 
capped Persons" Cormtunications f rom t h e  ~ a n i s h  ~ a t i o n a l  Assoc ia t i on  f o r  
I n f a n t i l e  P a r a l y s i s ,  no 27, 1968. 

Asmussen, E., E. Poulsen and H.E, Bogh "Measurements of t h e  Muscular St rength  
Necessary f o r  D r i v i n g  a  Motor c a r " -  Comuni  ca t ions ,  Danish Na t iona l  ~ s s o c i a t i o n  
f o r  I n f a n t i l e  P a r a l y s i s ,  1964. 

Asmussen, E., and E. Poulsen "Energy Expendi ture i n  L i g h t  I ndus t r y .  I t s  R e l a t i o n  
t o  Age, Sex, and Aerobic capac i t y "  Communications, ~ a n i s h  ~ a t i o n a l  Assoc ia t i on  
f o r  I n f a n t i l e  Pa ra l ys i s ,  1963 ., 

Asmussen, E. and K. Heebo l l -N ie lsen " I somet r i c  Muscle St rength  i n  R e l a t i o n  t o  
Men and Women" Ergonomics 5 (1 )  : 167-169, 1962. 

Asmussen, E., and K O  Heebol l -Nie lsen " I somet r i c  Muscle St rength  o f  A d u l t  Men and 
Women" Communications, Danish Nat iona l  Assoc ia t i on  f o r  I n f a n t i 1  e  Para l ys i s ,  
November 11 , 1961 . 

Asmussen, E., M. Brandt ,  S. Molbeck, and K. Mortensen "A New Test  f o r  Es t ima t ing  
F i tness  f o r  Housework" Communications, Danish Na t iona l  Assoc ia t i on  f o r  I n f a n t i  1  e  
P a r a l y s i s  , 1961 . 

Asmussen, E., K. Heebol l -Nie lsen,  and S. Mol bech "Methods of Eva lua t i on  of Muscle 
St rength"  Communications from t h e  Danish Nat iona l  Assoc ia t i on  f o r  I n f a n t i l e  
Pa ra l ys i s ,  no. 5. , 1959. 

Astrand, I. "The Phys ica l  Work Capaci ty  of Workers 50-64 Years Old" Acta Phys io l  
Scand. 42:73, 1958. - 

Ayoub, M.M., R.D. Dryden, and R.E. Kn ip fer  Psychoph s i c a l  
P r e d i c t i o n  o f  L i f t i n a  C a ~ a c i t v  o f  the  I n d u s t r ~ a  ---T-d 



Ayoub, M.M. , and M.M. El-Bassoussi "Dynamic Biomechanical Model f o r  S a g i t t a l  
L i f t i n g  A c t i v i t i e s "  Proceedings, 6 t h  Congress I n t e r n a t i o n a l  Ergonomics 
Assoc ia t i on ,  pp. 355-361, 1976. 

Brouka, L. Phys io logy i n  I n d u s t r y  Pergamon Press, Oxford, 1967. 

Brown, J.R. Manual L i f t i n s  and Re1 a ted F ie1 ds: An Annotated Bib1 i o g r a p h y  
Labour Sa fe ty  Counci l  o f  Ontar io ,  On ta r io  M i n i s t r y  o f  Labour, 1972. 

Brown, J.R. L i f t i n g  as an I n d u s t r i a l  Hazard Labour Sa fe ty  Counci l  o f  Ontar io ,  
On ta r io  Department of  Labour, .1969. 

Bu t t rey ,  S. Val i d a t i o n  of  ' Ergonomi cslPhysica1 Energy Condi t ions ' Department 
of I n d u s t r i a l  and Operat ions Engineer ing,  U n i v e r s i t y  o f  Michigan,  August 1977. 

Ca ldwel l  , L.S., O.B. C h a f f i n ,  F.N, Dukes D O ~ O S ,  K.H.E. Kroemer, L.L. Lambach, 
S.N. Snook, and D.E. Wasserman "A Proposed Standard Procedure f o r  S t a t i c  
Muscle St rength  Tes t ing "  American ~ n d u s t r i a l  Hygiene A s s o c i a t i o n  Journa l  
35(4) : 201 -206, 1974.. 

Cameron, R. "Should A i r  Hostesses Cont inue F l i g h t  Duty Dur ing  t h e  F i r s t  T r imes te r  
of Pregnancy?" Aerospace Medic ine 44(5) :552, May 1973. 

Cha f f i n ,  D. "Biomechanics o f  Manual M a t e r i a l s  Handl i n s  and Low-Back Pa in"  i n  
Zenz, -c .  (ed. ) Occupat ional  Medic ine:  P r i n c i p l e s  aGd P r a c t i c a l  Appl i c a t i o n s  
Year Book Pub l i she rs ,  1 s t  ed, ,1975. 

C h a f f i n ,  D.B. "Ergonomics Guide f o r  t h e  Assessment of Human S t a t i c  S t reng th "  
American I n d u s t r i a T  Hygiene Assoc ia t i on  Journa l  pp. 505-51 1 , J u l y  1975 a 

C h a f f i n ,  D.B. "Human S t reng th  C a p a b i l i t i e s  and Low-Back Pain" Journa l  of  
Occupat ional  Medic ine 16(4)  :248-254, A p r i l  1974. 

C h a f f i n ,  D .B. , and G.D. H e r r i n  "The Ef fec t iveness of  Pre-employment S t reng th  
Tes t ing  f o r  Manual M a t e r i a l s  Handl i n g  Jobs" Proceedings, 6 th-  Congress inter- 
n a t i o n a l  Ergonomics Assoc ia t i on  pp. 17-23, 1976. 

Cha f f i n ,  D.B., and K.S. Park "A L o n g i t u d i n a l  Study o f  Low-Back Pain as Asso- 
c i  ated w i t h  Occupational Weight L i f t i n g  ~ a c t o r s ' l -  American I n d u s t r i  a1 Hygiene 
Journa l  p. 51 3 , December 1973. 

C h a f f i n ,  D.B. and W .H. Baker "A Biomechanical Model f o r  Ana lys i s  o f  Symmetrical 
S a g i t t a l  Plane L i f t i n g "  A1 1 E Transact ions 2(1) , 1970 . 

Clarke,  H.H. "Re la t i onsh ip  o f  St rength  and Anthropometr ic  Measures t o  Phys ica l  
Performance I n v o l v i n g  t h e  Trunk and Legs" Research Q u a r t e r l y  28 :223-232, 1957 . 

Cotes, J.E., C.T.M. Davies, O.G. Edholrn, M.J.R. Healy, and J.M. Tanner "Factors  
R e l a t i n g  t o  t h e  Aerob ic  Capaci ty o f  46 Heal t h y  B r i t i s h  Males and Females Aged 
18-28 Years" Proceedings o f  t h e  Royal Soc ie ty ,  London ( 3 )  174:91-114, 1969. 

Davies, C.T.M. "Human Power Output  i n  Exerc ise  o f  Shor t  Dura t ion  i n  R e l a t i o n  t o  
Body S ize  and Composit ion" Ergonomics 14(2)  :245-256, March 1971 . 



Diddle,  A. "Grav id  Women a t  Work" Journal  of Occupational Medicine 12(1) : 
10-15, 1970. 

Drosin,  A.B. "Study o f  Fa t igue  i n  t h e  Pronat ion and Supinat ion Muscles" - Pro- 
ceedings , New England Bioengineer ing Conference pp. 151 -1 54, May 1976. 

Everet t ,  P.M. and F.D, S i l l s  "The Re la t ionsh ip  o f  Gr ip  St rength t o  Stature,  
Somato type  Components, and Anthropometric Measurements o f  the  Hand" Research 
Q u a r t e r l y  23:161-166, 1952. 

F le tcher ,  JOG., H .E. Lewis, and D.R. W i l  k i e  "Photographic Methods f o r  Est imat ing 
External  L i f t i n g  Work i n  Man" Ergonomics 2: 114-1 15, 1958. 

Garg, A. A Metabol ic Rate P red i c t i on  Model f o r  Manual Mate r ia l  Handl inq Jobs 
Department of I n d u s t r i  a1 and Operations Engineering, Uni ve r s i  t y  o f  Michigan , 
1976. 

I n t e r n a t i o n a l  Labour O f f i ce .  "Maximum Permiss ib le  Weight t o  be Car r ied  by One 
Worker" Occupational Safety  and Heal th  Ser ies,  no. 5, Geneva, 1964. 

Johnson, B.L. and J. Nelsen " E f f e c t  o f  D i f f e r e n t  Mo t i va t i ona l  Technique During 
T ra i n i ng  and i n  Tes t ing  Upon St rength Performance" Research Q u a r t e r l y  
38:630-636, 1967. 

Jones, H.E. "The Re1 a t i onsh ip  o f  St rength t o  Physiquen American Journal  o f  
Physical  Anthropology 5: 29-40, 1947. 

Jorgensen , K. , and E. Poulsen "Phys io log ica l  Problems i n  R e p e t i t i v e  L i f t i n g  v i  t h  
Special  Reference t o  To1 erance Limi t i  t o  the  Maximum L i  f t i n g  Frequency" 
Ergonomics 17(1) : 31 -39, January 1974. 

Garg, A. and D.B. Chaf f in  "A Biomechanical Computerized Simulat ion o f  Human 
Strength' '  A I I E  Transact ions 7(1):1,  March 1975. 

Ga r re t t ,  J.W. , M. Alexander, and W.G. Bennett Two-Handed Retent ion on Various 
Hand1 e Conf igurat ions Aerospace Medical Research Laboratory,  Wri ght-Patterson 
AFB, Ohio. Report AMRL-TR-67-63, May 1967. 

Green, E.E. The Re1 a t i onsh ip  of Lean Body Mass t o  St rength Doctora l  D i s s e r t a t i o n  
(m i c ro f i lm ) ,  Colorado S ta te  College, 1967. 

H asbrook, A.H,, C.C. Snow, B. Karim, K.H. Bergez, and R.F ,  Chandler A P re l im inary  
Study o f  Maximal Cont ro l  Force C a p a b i l i t y  of Female P i l o t s  Federal Av i a t i on  
Admin is t ra t ion ,  Off ice of Av i a t i on  Medicine, Oklahoma C i t y ,  Report FAA-AM-72-27, 
J u l y  1972. 

Hunsicker, P.A, A r m  St rength a t  Selected Degrees of Elbow F lex ion  Wright Air 
Development Center, Wright-Patterson AFB, Ohio Tech Rept 54-548, 1955. 



Jorgensen , K. and E. Poul sen "Phys io log ica l  Problems i n  R e p e t i t i v e  L i f t i n g  
With Speci a1 Reference t o  To1 erance L imi  t s  t o  the  Maximum L i f t i n g  Frequency" 
Ergonomics 17(1) :31-39, 1974, 

Kennedy, K.W. Reach C a p a b i l i t y  of Men and Women Doctora l  D i s s e r t a t i o n  (unpubl ished) 
Goodwin Watson I n s t i t u t e  f o r  Research and Program Development, Union f o r  Exper i -  
menting Colleges and U n i v e r s i t i e s ,  Ye1 low Spr ings,  Ohio, 1976, 

Koepke, C.A. and L.S. Whetson "Power and V e l o c i t y  Developed i n  Manual Work" 
Mech. Engr. 62:383, 1940. 

Koyl, L.F. and P.M. Hanson "Age,Physical A b i l i t y ,  and Work P o t e n t i a l "  Re o r t  o f  
Nat iona l  Counci l  on Aging, U.S. Manpower Admin is t ra t ion  and U.S. Department o 
Labor, February 1969. 

-e7 

Koemer, K.H.E. "Muscle St rength  as a C r i t e r i o n  i n  Cont ro l  Design f o r  D iverse 
Popula t ions"  E thn ic  Var iab les  i n  Human Factors Engineer ing,  A. Chapanis, Ed., 
The John Hopkins U n i v e r s i t y  Press, Bal t imore.  (a1 so AMRL-TR-72-46), 1975. 

Kroemer , K.H . E. Pedal Operat i  on by t h e  Seated Operator Soc ie ty  o f  Automotive 
Engineers, Paper no 720004, January 1972. 

Kroemer, K.H.E. Hor i zon ta l  S t a t i c  Forces Exerted by Men Standing i n  Common Workin 
P o s i t i o n s  on Surfaces o f  Various T rac t ions  Aerospace Medical Research Laborator!, 
Wright-Patterson AFB, Ohio, Report AMRL-TR-70-114, January 1971 . 

Kroemer, K.H. E. Human St rength :  Terminology, Measurement, and I n t e r p r e t a t i o n  o f  
Data Aerospace Medical Research Laboratory,  Wri ght -Pat terson AFB, Ohio. Rept. - 
AMRL-TR-69-9. , 1970 

Kroemer, K.H. E. Push Forces Exerted i n  S i  x ty -F ive  Common Working P o s i t i o n s  Aero- 
space Medical Research Laboratory,  Wri ght -Pat terson AFB , Ohio. Report AMRL-TR- 
68-143, August 1969 - 

Kroemer, K.H. E. Designing f o r  Muscular St rength  of Various Populat ions Aerospace 
Medical Research Labora to r ies ,  Wright-Patterson AFB, Ohio. Report AMRL-TR-72-46, 
1974 . 

Lamphiear, D.E., and H.J. Montoye "Muscular St rength  and Body S ize"  Human - Biology  48(1) :147-160, 1976. 

Laubach, L.L. Muscular St rength  o f  Women and Men: A Comparative Study Aerospace 
Medical Research Laboratory,  Wright-Patterson AFB , Ohio, U n i v e r s i t y  o f  Dayton 
Research I n s t i t u t e ,  Dayton, Ohio. Technical  Report AMRL-TR-75-32, May 1976. 

Laubach, L.L. and J.T. McConvi l le  'The Re la t ionsh ip  o f  St rength  t o  Body S ize  and 
Typology" Medicine and Science i n  Sports 1 ( 4 )  :189-194, December 1969. 

Laubach, L.L. "Body Composition i n  R e l a t i o n  t o  Muscle St rength  and Range of J o i n t  
Motion" Journal  of Sports Medicine 9:89-97, 1969. 



McFadden , E. B. , J . J. Sweari ngen, and C .D. Wheelwright "The Magnitude and D i r e c t i o n  
o f  Forces t h a t  Man Can Exe r t  i n  Opera t ing  A i r c r a f t  Emergency E x i t s "  Human Factors  
1 (4 )  : 16-27, 1958. 

McFadden, E.B., and J.J.  Swearingen "Forces t h a t  May be Exerted by  Man i n  t h e  
Opera t ion  o f  A i r c r a f t  Door Handles" Human Factors  l ( 1 )  :16-22, 1958.- 

M u l l e r ,  E.A. The Best  Arrangement o f  Foot  C o n t r o l s  Operated i n  t h e  Seated P o s i t i o n "  
( i n  ~ e r m a n )  . Arbe i  t s p h y s i o l o g i e  9:725-137, 1936. 

Munchinger , R. "Manual L i f t i n g  and Car ry ing "  I n t e r n a t i o n a l  Occupat ional  Sa fe ty  
and Hea l th  Sheet, no. 3, Geneva, Swi tzer land,  1962. 

Nemecek, J. "Ergonomic Ana lys i s  o f  Strenuous Work i n  Female T e x t i l e  Employees" 
Proceedings , 6 t h  Congress I n t e r n a t i o n a l  Ergonomics Assoc ia t i on  pp. 245-247, 1976. 

Park, K.S. and D.B. C h a f f i n  " P r e d i c t i o n  o f  Load L i f t i n g  f o r  Manual M a t e r i a l s  
Hand1 i n g "  P ro fess iona l  S a f e t y  20(5) :44, May 1975. 

Park, K.S. and D.B. C h a f f i n  "A Biomechanical Eva lua t i on  o f  Two Methods o f  Manual 
Load L i f t i n g "  A I I E  Transact ions  6 (2 ) ,  1974. 

Paulsen, E. " P r e d i c t i o n  o f  Maximum Loads i n  L i f t i n g  f rom Measurements of Muscular 
S t reng th "  Communications f rom t h e  Danish Na t i ona l  Assoc ia t i on  f o r  I n f a n t i l e  
P a r a l y s i s ,  no, 31, 1970. 

Perk ins,  R. and S. Kong "Force E x e r t i o n  Dur ing  L i f t i n g  w i t h  L i g h t  Loads" Proceed- 
ings ,  Human Factors  S o c i e t y  18 th  Annual Meeting, pp. 393-396, October 1974. 

Perk ins ,  R. and S. Konz " P r e d i c t i o n  of Peak L i f t i n g  Forces f rom a Sub jec ts '  He ight  
and Weight" Proceedings, Human Factors  Soc ie t y ,  1 7 t h  Annual Meeting, pp. 402-408, 
1973, 

Poul ton ,  E.C., J .C.R. Hunt, and J.C. Mumford "The Mechanical D is turbance Produced 
by  Steady and Gusty Winds o f  Moderate St rength :  S k i l l e d  Performance and Semantic 
Assessments" Ergonomics 18(6)  :651-673, 1975. 

Rasch, P. J. and J.W. Hamby Phys ica l  F i t ness  o f  Women Marines U.S. Naval Medical  
F i e l d  Research Labora tory ,  Bureau o f  Med ic ine  and Surgery, Navy Department Camp 
Lejune, Nor th  Caro l i na ,  Report 17, no 1, January 1967. 

Rasch, P.J., J.W. Hamby, and A.G. R ich  The Phys i ca l  F i t n e s s  of Women Mar ine  R e c r u i t s  
U.S. Naval Medical  F i e l d  Research Labora tory ,  Bureau of Med ic ine  and Surgery, 
Navy Department, Camp Lejune, Nor th  ~ a r o l i n a .  Report 17, no 4, May 1967 - 

Rasch, P.J., J,W. Hamby, and W.T. Har re l son  R e l i a b i l i t y  o f  Measurements i n  t h e  
Proposed Phys ica l  F i t ness  Test  f o r  Women Marines U.S. Naval Medical F i e l d  Research 
Labora tory ,  Bureau of Med ic ine  and Surgery, Navy Department , Camp LeJune,N. Carol i na. 
Report 17 ,. no: 19, December 1967 . 

Rasch, P.J. and W .R. P ie rson "Some Re la t i onsh ips  of I s o m e t r i c  S t rength ,  I s o t o n i c  
St rength ,  and Anthropometr ic  Measures" Ergonomics 6:211-215, 1963 . 

Reynolds, M.M. and M.A. A1 lgood Func t i ona l  S t reng th  o f  Commercial A i r l i n e  Steward- 
esses Federal A v i a t i o n  ~ d m i n i s t s  - 
D. C.  Report,  FAA-AM-75-1 3, November 1975 . 



Roberts, D.F., K.A. Prov ins ,  and R,J. Morton "Arm S t reng th  and Body Dimensions" 
Human B io logy  31 ( 4 )  : 334-343, 1959. 

Rohmert, W. and P. J e n i k  "Isodynes of Women i n  t h e  Reaching Area of t h e  Arms" 
I n t e r n a t i o n a l  Journal  o f  Product ion Research 11 ( 1  ) :I 1-20, 1973. 

Rohmert, W. and P. Jen i  k " I s o m e t r i c  Muscular S t reng th  i n  Women" F r o n t i e r s  o f  
F i tness  R.J. Shephard (ed) , Char les C. Thomas, S p r i n g f i e l d ,  I 1  I . ,  1971 . 

Sei t c h i  k ,  J. "Body Composit ion and Energy Expendi ture Dur ing Rest and Work i n  
Pregnancy" American Journa l  o f  O b s t e t r i c s  and Gynecology 97(5) :701-13, 1967. 

Smith, L.E. and J. Royce "Muscular St rength  i n  R e l a t i o n  t o  Body Composit ion" 
Annuals o f  t h e  New York Academy o f  Science 110:809-813, 1963. 

Snook, S.H. New Approaches i n  Human Factors  Research on Phys ica l  S t ress  Male - 
Female S t reng th  Presenta t ion,  B rou la  Symposium, I n d i a n a p o l i s ,  8 September, 1977. 

Snook, S.H., and V.M. C i r i e l l o  "Maximum Weights and Work Loads Acceptable t o  
Femal e Workers" Journa l  o f  Occupational Medic ine 16(8) : 527-534, 1974. 

Techauer, E.R. " P i l o t  Study of the  Biomechanics o f  L i f t i n g  i n  Simulated I n d u s t r i a l  
Work S i  t u a t i o n s "  Journal  of  Sa fe ty  Research 3 ( 3 )  :98-115, September 1971 . 

T e r r e l l  , R. and J.L. Purswel l  "The I n f l u e n c e  o f  Forearm and W r i s t  O r i e n t a t i o n  on 
S t a t i c  G r i p  S t reng th  as a Design C r i t e r i o n  f o r  Hand Too ls"  Proceedings, 6 t h  
Congress I n t e r n a t i o n a l  Ergonomi cs Assoc ia t i on  pp. 28-32, 1976. 

Ward1 e, M.G. "Women and Strenuous Work" Human Factors  19(5) :515-517, 1977. 

Whitney, R.J. "The St rength  of t h e  L i f t i n g  A c t i o n  i n  Man" Ergonomics 1 :101-128, 
1958. 

Wi l l iams,  M. and L. Stutzman "St rength  V a r i a t i o n  Through t h e  Range o f  J o i n t  
Motion" The Phys ica l  Therapy Review 39(3) :145-152, 1959. 


