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ABSTRACT 

Th i s  paper  reviews t h e  an th ropomet r i c  and s t r e n g t h  d a t a  c o l l e c t e d  on women which 
can be  used t o  r e d e s i g n  t o o l s  t o  p e r m i t  t h e  female workers t o  s u c c e s s f u l l y  f u n c t i o n  i n  
t h e  c r a f t  areas. Data was c o l l e c t e d  on women c u r r e n t l y  working i n  t h e  c r a f t  areas f o r  
a l a r g e  United S t a t e s  co rpora t ion .  The workers  were l o c a t e d  a t  f a c i l i t i e s  i n  t h r e e  major 
c i t i e s .  The geographic  d i s p e r s i o n  of  t h e s e  c i t i e s  h e l p  a s s u r e  a ba lance  i n  any r e g i o n a l  
v a r i a t i o n s  i n  e t h n i c  groups.  

The d a t a  f r o n  t h i s  s t u d y  was compared t o  d a t a  from o t h e r  s t u d i e s  and i t  was 
found t h a t  t h e  f e n a l e  c ra f t  t e c h n i c i a m  measured i n  t h i s  study were s u b s t a n t i a l l y  
d i f f e r e n t  t h a n  the women measured i n  t h e  o t h e r  s t u d i e s .  The c r a f t  t e c h n i c i a n s  were 
t a l l e r  and s t r o n g e r  than  t h e  comparison groups.  

INmoDucTIo~~ 

Anthropometric and s t r e n g t h  d a t a  w e r e  
c o l l e c t e d  on female c r a f t  t e c h n i c i a n s  of a major 
United S t a t e s  c o r p o r a t i o n  t o  use  i n  r e d e s i g n i n g  
t o o l s .  Measurements t a k e n  included:  s t a t u r e ,  
overhead r each  h e i g h t ,  forward r each ,  l e g  l i f t ,  
t o r s o  l i f t ,  arm l i f t ,  overhead push s t r e n g t h ,  
arm s t r e n g t h  w i t h  a r m  abducted from t h e  body 
approximately 75O, g r i p  s?an and g r i p  s t r e n g t h .  
S ince  t h e  measurements were t aken  i n  s e v e r a l  
l o c a t i o n s  i n  t h e  coun t ry ,  a t e s t  a p p a r a t u s  w a s  
c o n s t r u c t e d  t o  ho ld  a p l a s t i c  s c a l e  t o  measure 
t h e  an th ropomet r i c  v a r i a b l e s  and t o  p rov ide  
at tachment  p o i n t s  f o r  t h e  f o r c e  t r a n s d u c e r s  
used i n  t h e  s t r e n g t h  measurements. 

THE MEASURELENTS 

S t a t u r e  And The Reaches 

The s t a t u r e  of t h e  s u b j e c t s  and t h e  r eaches  
were determined by hav ing  t h e  s u b j e c t  e n t e r  t h e  
metal suppor t  box and p l a c e  h e r  s h o u l d e r s  
a g a i n s t  a metal b a r  p e r p e n d i c u l a r  t o  t h e  p l a s t i c  
s h e e t  w i t h  t h e  scale on it. One of t h e  exper-  
imen te r s  t h a n  measured t h e  s t a t u r e  and gave t h e  
s u b j e c t  a f e l t  t i p  pen. The s u b j e c t  w a s  i n -  
s t r u c t e d  t o  keep h e r  shou lde r  b l a d e s  a g a i n s t  
t h e  m e t a l  frame and t o  r each  as h i g h  above h e r  
head as s h e  cou ld  and make a mark on t h e  p l a s t i c .  
Following t h i s  measurement, t h e  s u b j e c t  w a s  
i n s t r u c t e d  t o  r o t a t e  h e r  arm t o  a h o r i z o n t a l  
p o s i t i o n  and w i t h  bo th  of  h e r  shou lde r  b l a d e s  
a g a i n s t  t h e  metal frame, t o  r each  as f a r  forward 
as p o s s i b l e  and mark t h e  p l a s t i c .  Then t h e  
s u b j e c t  w a s  i n s t r u c t e d  t h a t  she  could move h e r  
r i g h t  shou lde r  b l a d e  from the me ta l  frame b u t  
had t o  keep h e r  l e f t  shou lde r  b l a d e  a g a i n s t  t h e  
m e t a l  w h i l e  she a t t empted  t o  ex tend  h e r  reach 
as f a r  as p o s s i b l e .  

Arm S t r e n g t h  

Two measures of arm s t r e n g t h  were made. 
The f i r s t ,  c a l l e d  push s t r e n g t h ,  was made with 
t h e  hand over-head and t h e  arm extended a t  
approximately 45O from t h e  h o r i z o n t a l  p o s i t i o n .  
The second,  c a l l e d  arm s t r e n g t h ,  was measured 
w i t h  t h e  arm abducted approximately 75' from 
t h e  s i d e  of t h e  body. Both p o s i t i o n s  were 
s e l e c t e d  from p o s i t i o n s  commonly found i n  t h e  
work performed. 

Grip Span and S t r eng th  

Grip span w a s  measured by a anthropometer 
such t h a t  t h e  second j o i n t  of t h e  index f i n g e r  
could f l e x  around t h e  edge of t h e  device.  Grip 
s t r e n g t h  was measured i n  f o u r  d i f f e r e n t  con- 
f i g u r a t i o n s .  The f o u r  c o n f i g u r a t i o n s  were com- 
b i n a t i o n s  of dynamometer arranqement and p o s i t i o n  
of t h e  arm. The g r i p  of t h e  dynamometer w a s  
set -up such t h a t :  (1) t h e  two p a r t s  of t h e  
hand le  were p a r a l l e l  o r  ( 2 )  t h e  back p o r t i o n  
of t h e  hand le  formed an a n g l e  of approximately 
20° w i t h  t h e  f r o n t  p o r t i o n .  The lower arm w a s  
p o s i t i o n e d  e i t h e r  h o r i z o n t a l  o r  v e r t i c a l  w i t h  
t h e  a n g l e  a t  t h e  elbow of 90'. 

L i f t i n g  S t r e n g t h s  

L i f t i n g  s t r e n g t h  measurements were made 
us ing  p rocedures  developed by Chaff in ,  Her r in ,  
Keyse r l ing  and Foulke (1977) .  The s u b j e c t s  
l i f t e d  e i t h e r  a 15" x 7" or a 8" x 7" meta l  
frame a t t a c h e d  t o  t h e  bottom of t h e  support  box 
by means of a c h a i n  and load  c e l l .  Three 
p o s i t i o n s  were used: (1) t h e  arm l i f t  where 
t h e  f o r c e  was c r e a t e d  by t h e  arms and t h e  l e g s  
and back were s t r a i g h t ,  ( 2 )  t h e  t o r s o  l i f t  
where t h e  f o r c e  w a s  c r e a t e d  by a t t empt ing  t o  
s t r a i g h t e n  t h e  back wi th  t h e  arms and l e g s  
s t r a i g h t  and (3)  t h e  l e g  l i f t  where t h e  f o r c e  
was c r e a t e d  by a t t empt ing  t o  s t r a i g h t e n  t h e  l e g s  
w i t h  t h e  a r m s  and back s t r a i g h t .  The sma l l e r  
frame w a s  used i n  t h e  l e g  l i f t  and t h e  l a r g e r  

Copyright @ 1979, The Human Factors Society, Inc. All rights reserved. 

188 

 at UNIV OF OKLAHOMA LIBRARIES on January 20, 2016pro.sagepub.comDownloaded from 

http://pro.sagepub.com/


PROCEEDJNGS of the HUMAN FACTORS SOCIETY-23rd ANNUAL ME€ TJNG -1979 

frame i n  t h e  o t h e r  two l i f t s .  

THE SUBJECTS 

The s u b j e c t s  were 96 women employed as 
c r a f t  t e c h n i c i a n s .  The d u r a t i o n  of employement 
i n  t h i s  c a p a c i t y  ranged from t r a i n e e  l e v e l  t o  
t h r e e  y e a r s .  
and were pa id  by t h e  company t o  p a r t i c i p a t e  
i n  t h i s  s tudy .  

A l l  s u b j e c t s  were v o l u n t e e r s  

THE DATA 

The d a t a  c o l l e c t e d  i s  sllmmarized i n  
Table  1. When t h e  s t a t u r e  d a t a  was compared 
w i t h  d a t a  c o l l e c t e d  by C l a u s e r ,  Tucker ,  
McConville, C h u r c h i l l  Lau'oach and Reardon (1972) 
on A i r  Force women, t h e r e  w a s  a d i f f e r e n c e  of 
approximately two inches  i n  t h e  mean h e i g h t .  
The A i r  Force women worked p r i m a r i l y  i n  t h e  
c l e r i c a l  and medical  areas. A comparison of 
t h e  l i f t i n g  s t r e n g t h s  i n  t h i s  s tudy  w i t h  t h e  
d a t a  c o l l e c t e d  by Chaf f in ,  H e r r i n ,  Keyse r l ing  
and Foulke (1977) shows t h a t  t h e r e  w a s  a 
s i g n i f i c a n t  d i f f e r e n c e  between the  female 
workers measured i n  t h e  two s t u d i e s .  The 
d i f f e r e n c e s  f o r  t h e  arm, l e g  and t o r s o  l i f t i n g  
s t r e n g t h s  were 5.0,  3 5 . 7  and 3 3 . 8  pounds 
r e s p e c t i v e l y .  For t h e  leg and t o r s o  l i f t i n g  
s t r e n g t h  t h e  women measured i n  t h i s  s tudy  
demonstrated l i f t i n g  s t r e n g t h s  t h a t  w e r e  
38 t o  56% g r e a t e r  t h a n  t h e  Chaf f in  s tudy .  
The reason f o r  t h i s  d i f € e r e n c e  cannot b e  s t a t e d ,  
s i n c e  no d i f f e r e n c e  w a s  expected and t h e  s tudy  
w a s  n o t  designed t o  i n v e s t i g a t e  f o r  p o s s i b l e  
d i f f e r e n c e s  i n  the c h a r a c t e r i s t i c s  of t h e  two 
groups.  

A c l e a r  r e s u l t  of t h i s  s t u d y  i s  t h e  
reminder t h a t  d a t a  ga the red  on a popu la t ion  
of workers w i l l  n o t  n e c e s s a r i l y  d e s c r i b e  
o t h e r  groups.  I n  n e i t h e r  group compared w i t h  
t h e  female c r a f t  t e c h n i c i a n s  i s  t h e i r  any 
obvious r easons  t o  t h i n k  t h e r e  would be  
s i g n i f i c a n t  d i f f e r e n c e s .  I n  f a c t ,  a p r i o r i  
t h e  female workers i n  C h a f f i n ' s  s tudy  would 
be expected t o  be s t r o n g e r ,  s i n c e  l i f t i n g  
i s  important  t o  t h e i r  work. 
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TABLE 1 

A Summary Of The Data Co l l ec t ed  
On Female C r a f t  Techn ic i ans  

P e r c e n t i l e  Ca tegor i e s  

.th 
S t a t u r e  ( i n . )  61.9 

Overhead Reach ( i n .  ) 74.4 

Clenched Hand Reach ( i n . )  24.8 

Clenched Hand 

Reach, Extended ( i n . )  29.1 

A r m  S t r e n g t h  ( l b s . )  7.2 

Overhead Push 

S t r e n g t h  ( l b s . )  39.0 

Grip Span ( i n . )  2.4 

Grip S t r e n g t h  ( l b s . ) :  
P a r a l l e l  Handles - 
Forearm H o r i z o n t a l  

P a r a l l e l  Handles - 
Forearm V e r t i c a l  

20° Handle Angle - 
Forearm Hor i zon ta l  

20' Handle Angle - 
Forearm Vertical  

58.8 

56.5 

54.5 

54.6 

A r m  L i f t i n g  S t r e n g t h  ( l b s . )  32.7 

Leg L i f t i n g  S t r e n g t h  ( l b s . )  89.8 

Torso L i f t i n g  S t r e n g t h  ( I b s . )  48.0 
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6 3 . 2  

164.5 

125.2 

9 5 2  

70.1 

85.0 

31.9 

35.5 

21.0 

117.7 

7.9 

104.0 

106.0 

94.0 

95.0 

67.5 

192.5 

131.7 

SD 

2.5 

3.3 

2.0 

1.9 

4.9 

25.5 

0.23 

14.3 

14.4 

12.4 

12.4 

12.9 

29.1 

24.9 
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