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INTRODUCTION 

E l e c t r o n i c e q u i p m e n t i s f a s t r e p l a c i n g t r a d i t i o n a l 
o f f i c e e q u i p m e n t . V i d e o d i s p l a y t e r m i n a l s (VDTs) a r e b e c o m i n g 
more and more common. They h a v e f o u n d a l a r g e f i e l d o f a p p l i -
c a t i o n i n c o m m e r c i a l e n t e r p r i s e s , b a n k s , i n d u s t r y , e t c . 
A c c o r d i n g t o t h e Wa11 S t r e e t J o u r n a l an e s t i m a t e d 10 m i l l i o n 
VDTs w i l l be i n u s e by 1985 and by 1 9 9 0 , 40 t o 50 p e r c e n t or 
a l l Amer ican w o r k e r s w i l l be u s i n g e l e c t r o n i c o f f i c e e q u i p -
ment (Pulgram and S t o n i s , 1 9 8 4 ) . T h i s c h a n g e i n t h e n a t u r e of 
t h e e q u i p m e n t and t h e work m e t h o d s h a v e n e c e s s i t a t e d an 
a n a l y s i s o f t h e e r g o n o m i c and m e d i c a l a s p e c t s o f t h e w o r k -
s t a t i o n i n t h e l i g h t o f new e l e c t r o n i c e q u i p m e n t s u c h a s t h e 
VDT s y s t e m s . 

A c c o r d i n g t o A r m b r u s t e r ( 1 9 8 3 ) , d u r i n g t h e 1 9 6 0 s and 
e a r l y 7 0 s e r g o n o m i s t s e s t a b l i s h e d a c o n s i d e r a b l e amount of 
e v i d e n c e c o n c e r n i n g t h e p h y s i c a l a s p e c t s o f o f f i c e e q u i p m e n t 
and t h e e n v i r o n m e n t . But f o r some r e a s o n v e r y l i t t l e of t h i s 
k n o w l e d g e was a p p l i e d t o r e a l w o r l d s i t u a t i o n s . However , i n 
t h e m i d - 1 9 7 0 s e r g o n o m i c s i n c o m p u t i n g s y s t e m s began g e t t i n g 
more a t t e n t i o n m a i n l y due t o t h e e f f o r t s made i n E u r o p e , 
p a r t i c u l a r l y i n S c a n d i n a v i a and t h e F e d e r a l R e p u b l i c o f 
Germany, t o i n t r o d u c e n a t i o n a l s t a n d a r d s a l o n g w i t h t h e t e c h -
n o l o g i c a l c h a n g e . 

In r e c e n t y e a r s w i t h t h e VDT s y s t e m s b e c o m i n g more and 
more a f f o r d a b l e t o a v a s t number of p e o p l e , e r g o n o m i c d e s i g n 
o f t h e s y s t e m s h a s now become n e c e s s a r y , more t h a n e v e r , t o 



e n s u r e t h a t t h e s y s t e m s can be u s e d q u i c k l y and e f f e c t i v e l y 
by p e o p l e w i t h l i t t l e or no p r i o r t r a i n i n g . One of t h e c h i e f 
o b s t a c l e s f o r t h e d e v e l o p e m e n t and i m p l e m e n t a t i o n o f t h e 
e r g o n o m i c d e s i g n i n t h e VDT s y s t e m s a c c o r d i n g t o A r m b r u s t e r 
( 1 9 8 3 ) h a s been t h e n e e d t o c a t e r t o t h e e r g o n o m i c c r i t e r i a 
s o m e t i m e s adds t o t h e i n v e s t m e n t i n new t e c h n o l o g y . In some 
c a s e s c h a n g e s t o o f f i c e e n v i r o n m e n t a r e known t o h a v e c o s t a s 
much a s t h e h a r d w a r e and s o f t w a r e i t s e l f . However , e x p e r t s i n 
t h i s a r e a f e e l t h a t i f human f a c t o r s c r i t e r i a a r e b u i l t i n t o 
t h e e q u i p m e n t f rom i t ' s i n c e p t i o n , t h e r e s h o u l d n o t be much 
of a c o s t i n c r e m e n t . A l s o , i t i s s u g g e s t e d t h a t when c o n s i d -
e r i n g t h e a p p a r e n t e r g o n o m i c c o s t s one s h o u l d a l s o e v a l u a t e 
t h e c o s t s o f s u c h t h i n g s a s s t a f f u n h a p p i n e s s , poor o p e r a t i n g 
e f f i c i e n c y , i n c r e a s e d a b s e n t e e s m due t o p h y s i c a l and p s y c h o -
l o g i c a l s t r e s s and s t r a i n s , e t c . 

A f t e r r e s e a r c h on t h e e r g o n o m i c a s p e c t s o f VDTs som.e 
c o u n t r i e s h a v e d e v e l o p e d e r g o n o m i c s t a n d a r d s r e l a t i n g t o VDT 

w o r k s t a t i o n s . T h e s e s t a n d a r d s t e n d t o be e i t h e r g e n e r a l and 
q u a l i t a t i v e or v e r y d e t a i l e d and q u a n t i t a t i v e . For e x a m p l e , a 
N o r w e g i a n r e g u l a t i o n s p e c i f i e s t h a t " S c r e e n s s h o u l d be 
a d j u s t a b l e f o r l u m i n a n c e ( b r i g h t n e s s ) and c o n t r a s t " . On t h e 
o t h e r hand , t h e r e g u l a t i o n i n t h e F e d e r a l R e p u b l i c o f 
Germany s p e c i f i e s t h a t "In a n e g a t i v e p r e s e n t a t i o n ( l i g h t 
s y m b o l s on dark b a c k g r o u n d ) t h e c o n t r a s t s h o u l d l i e b e t w e e n 
3 : 1 and 1 5 : 1 , b e t t e r b e t w e e n 6 : 1 and 1 0 : 1 . . . . " ( c i t e d i n 
A r m b r u s t e r , 1 9 8 3 ) . T h e r e f o r e , i n s t e a d of h a v i n g a l l t h e 
s t a n d a r d s i n e i t h e r of t h e s e e x t r e m e s , i . e . t o t a l l y q u a l i t a -



t i v e or t o t a l l y q u a n t i t a t i v e , a more p r a c t i c a l a p p r o a c h w o u l d 
be t o h a v e q u a l i t a t i v e s t a n d a r d s w h e r e p r e c i s e m e a s u r e m e n t s 
a r e d i f f i c u l t t o make and h a v e q u a n t i t a t i v e s t a n d a r d s w h e r e 
m e a s u r e m e n t s can be e a s i l y made. T h i s a l s o e n a b l e s an 
o r d i n a r y o f f i c e worker t o e v a l u a t e t h e e r g o n o m i c a s p e c t s o f 
t h e VDT w o r k s t a t i o n w i t h o u t r e q u i r i n g h i m / h e r t o u s e any 
s o p h i s t i c a t e d g a d g e t s or r e q u i r e t h e s e r v i c e s o f a 
p r o f e s s i o n a l . 

T h i s r e p o r t f o c u s e s on t h e e r g o n o m i c a s p e c t s o f t h e VDT 
w o r k s t a t i o n s l o c a t e d i n t h e v a r i o u s b u i l d i n g s a t K a n s a s S t a t e 
U n i v e r s i t y . A f t e r c o n s i d e r i n g t h e v a r i o u s d e s i g n c r i t e r i a i n 
o r d e r t o h a v e an e r g o n o m i c a l l y a d e q u a t e VDT w o r k s t a t i o n , a 
s e t o f c r i t e r i a was d e v e l o p e d a l o n g w i t h t h e recommended 
s t a n d a r d s . These c r i t e r i a w e r e m a i n l y b a s e d on t h e recommen-
d a t i o n s of A r i b r u s t e r ( 1 9 8 3 ) and O l s e n ( 1 9 8 1 ) and w e r e 
d e v e l o p e d t o c a r r y o u t t h e e r g o n o m i c e v a l u a t i o n o f an a l r e a d y 
e x i s t i n g VDT w o r k s t a t i o n . A f t e r t h e c r i t e r i a w e r e d e v e l o p e d , 
35 VDT w o r k s t a t i o n s l o c a t e d on t h e Kansas S t a t e U n i v e r s i t y 
campus w e r e e v a l u a t e d and how w e l l t h e e x i s t i n g s t a n d a r d s a t 
t h e s e w o r k s t a t i o n s r e l a t e t o t h e recommended s t a n d a r d s a r e 
r e p o r t e d and d i s c u s s e d . 



PROBLEM 

B a s e d on t h e v a r i o u s e r g o n o m i c d e s i g n c o n s i d e r a t i o n s , 
d e v e l o p a s e t o f c r i t e r i a t o e v a l u a t e an e x i s t i n g VDT w o r k -
s t a t i o n . U s i n g t h e s e c r i t e r i a e v a l u a t e a number of w o r k -
s t a t i o n s l o c a t e d on t h e Kansas S t a t e U n i v e r s i t y campus and 
r e l a t e t h e s t a n d a r d s t o t h e c o n d i t i o n s a t t h e s e w o r k s t a t i o n s . 

DESIGN CONSIDERATIONS 

As a m a t t e r o f c o v e n i e n c e t h e e r g o n o m i c a s p e c t s o f a VDT 
w o r k s t a t i o n a r e d i v i d e d i n t o t h e f o l l o w i n g t h r e e c a t e g o r i e s . 
P o s t u r e : T h i s s e c t i o n c o n c e r n s t h e p o s t u r a l a s p e c t s o f t h e 
o p e r a t o r . 
W o r k s t a t i o n : T h i s s e c t i o n c o n c e r n s t h e e r g o n o m i c a s p e c t s o f 
t h e work s t a t i o n e q u i p m e n t s u c h a s t h e work t a b l e , CRT, c h a i r 
e t c . 
I l l u m i n a t i o n : T h i s s e c t i o n c o n c e r n s t h e l i g h t i n g a s p e c t s o f 
t h e w o r k s t a t i o n . 

Posture 

P o s t u r e i s t h e a r r a n g e m e n t of body s e g m e n t s i n s p a c e . 
P o s t u r e s a t VDT w o r k s t a t i o n s a r e v e r y much c o n s t r a i n e d . T h i s 
i s due t o t h e f a c t t h a t o p e r a t o r s a r e f o r c e d t o k e e p t h e h e a d 
a s w e l l a s t h e hands more or l e s s p e r m a n a n t l y i n a f i x e d 
p o s i t i o n . The h e a d p o s i t i o n i s d e t e r m i n e d by t h e a p p r o p r i a t e 
v i s u a l d i s t a n c e t o t h e s c r e e n or t o t h e s o u r c e d o c u m e n t s and 
a l s o , s o m e t i m e s , by t h e g l a r e on t h e s c r e e n or on t h e s o u r c e 



d o c u m e n t s . The p o s i t i o n of t h e hands i s d e t e r m i n e d by t h e 
l o c a t i o n of t h e k e y b o a r d a n d / o r s o m e t i m e s by t h e l o c a t i o n of 
t h e s o u r c e d o c u m e n t s . These r e s t r i c t i o n s can r e s u l t i n t h e 
o p e r a t o r a d o p t i n g an u n f a v o r a b l e p o s i t i o n o f t e n c h a r a c t e r i z e d 
by e l e m e n t s s u c h a s t h e o p e r a t o r ' s f e e t n o t r e s t i n g c o m f o r t a -
b l y on t h e f l o o r , f o r e a r m s and h a n d s o f t e n h e l d h i g h a t a 
l e v e l b e t w e e n s h o u l d e r s and e l b o w s , e t c . These u n f a v o r a b l e 
p o s i t i o n s p r o d u c e f a t i g u e and, i f m a i n t a i n e d f o r l o n g 
p e r i o d s , can p r o d u c e more permanent a c h e s . 

T a b l e 1 shows t h e i n c i d e n c e of some of t h e p h y s i c a l 
t r o u b l e s r e p o r t e d f rom f i v e d i f f e r e n t g r o u p s o f o f f i c e o p e r a -
t o r s d u r i n g a s t u d y c o n d u c t e d by H u n t i n g , e t a l . ( 1 9 8 0 ) . The 
r e s u l t s o f t h i s s t u d y r e v e a l t h a t s e r i o u s i m p a i r m e n t s w e r e 
o b s e r v e d i n e a c h g r o u p and a l s o s o r e n e s s i n m u s c l e s and o t h e r 
m e d i c a l symptoms w e r e o b s e r v e d i n many of t h e s e o p e r a t o r s . 

C r i t e r i a for p o s t u r e (See F i g u r e 1 1 . E x p e r t s i n e r g o -
n o m i c s , a f t e r a number of s t u d i e s , h a v e recommended t h e 
c o r r e c t p o s i t i o n s f o r t h e o p e r a t o r ' s h a n d s , n e c k , s h o u l d e r s , 
e t c . But i t i s v e r y r a r e t h a t an o p e r a t o r ' s p o s t u r e c o r r e -
s p o n d s t o t h e s e r e c o m m e n d a t i o n s . S o m e t i m e s , t h e r e a s o n s f o r 
t h e bad p o s t u r e can n o t be e a s i l y s e e n . S o m e t i m e s , h o w e v e r , 
i t i s p o s s i b l e t o i d e n t i f y t h e s e r e a s o n s and t a k e c o r r e c t i v e 
a c t i o n . However, t h e a u t h o r f e e l s t h a t , t o h a v e a r e a s o n a b l y 
good p o s t u r e , t h e f o l l o w i n g a r e some of t h e i m p o r t a n t 
c r i t e r i a w h i c h h a v e t o be s a t i s f i e d . 



TABLE 1 
I n c i d e n c e of a l m o s t " d a i l y p a i n s " i n f i v e o f f i c e j o b s 

I n c i d e n c p QL "a l inos t d a i l y -

Groups n Neck S h o u l d e r R i g h t 
arm 
(%) 

R i g h t 
hand 
(%) 

D a t a - e n t r y 
t e r m i n a l s 

53 11 15 15 6 

A c c o u n t i n g m/c 
o p e r a t o r s 

119 3 4 8 8 

C o n v e r s a t i o n a l t e r m i n a l s 109 4 5 7 11 

T y p i s t s 78 5 5 4 5 
T r a d i t i o n a l 
o f f i c e work 

55 1 1 1 0 

S o u r c e : H i n t i n g , W, e t a l . C o n s t r a i n e d p o s t u r e s o f VDU opera-
t o r s . In G r a n d j e a n , E. and V i g i l i a n i / E. ( E d s . ) E r g o n o m i c 

QL v i s u a l i i i j a p l ^ t^xmii iaJjS. London: T a y l o r and F r a n c i s , 1 9 8 0 . 





* The o p e r a t o r s h o u l d h a v e h i s / h e r h e e l s t o u c h t h e f l o o r 
or t h e f o o t r e s t . 

* I t i s n e c c e s s a r y t o make s u r e t h a t t h e s e a t o f t h e . c h a i r 
i s n o t t o o d e e p and t h e f r o n t e d g e of t h e s e a t d o e s n o t 
p r e s s a g a i n s t t h e c a l v e s of t h e o p e r a t o r when t h e o p e r a -
t o r i s s e a t e d . 

* To s u p p o r t t h e lumbar r e g i o n of t h e s p i n e p r o p e r l y , t h e 
c h a i r ' s b a c k r e s t s h o u l d be a d j u s t e d t o f i t s n u g l y i n t o 
t h e s m a l l o f t h e o p e r a t o r ' s b a c k , and t i l t backward and 
f o r w a r d t o accommodate s e a t e d movement . 

* S o m e t i m e s , t o a v o i d g l a r e on t h e CRT or on t h e d o c u m e n t , 
t h e o p e r a t o r t e n d s t o k e e p h i s / h e r t i l t e d a w k w a r d l y . 
T h e r e f o r e i t i s n e c c e s s a r y t o make s u r e t h a t t h e o p e r a -
t o r i s a b l e t o o p e r a t e w i t h h i s / h e r h e a d h e l d i n a 
c o m f o r t a b l e p o s i t i o n . 

* The recommended a n g l e b e t w e e n f o r e a r m and upperarm i s 
9 0 ° . 

* The recommended a n g l e of f o r e a r m t o t h e k e y b o a r d i s 0 t o 
3 0 ° b e l o w k e y b o a r d l e v e l . 

W o r k s t a t i o n 
Many s t u d i e s i n t h e p a s t h a v e shown t h a t t h e r e i s a 

s t r o n g r e l a t i o n s h i p b e t w e e n t h e d e s i g n of w o r k p l a c e and 
c e r t a i n i n c i d e n c e of p h y s i c a l i m p a i r m e n t s . For e x a m p l e , a 
r e c e n t s t u d y ( H u n t i n g , e t a l . , 1980 ) has shown t h a t t h e 
h i g h e r t h e k e y b o a r d l e v e l s t h e h i g h e r t h e i n c i d e n c e of 
p h y s i c a l i m p a i r m e n t s and t h e more t h e hands and arms a r e 

8 



r e s t e d t h e l e s s e r t h e i n c i d e n c e of p h y s i c a l i m p a i r m e n t s . 
I n a d e q u a t e d e s i g n of t h e w o r k p l a c e c a u s e s t h e o p e r a t o r t o 
a d o p t f a u l t y p o s t u r e s w h i c h n o t o n l y l e a d t o d i s c o m f o r t , 
f a t i g u e and poor work p e r f o r m a n c e among w o r k e r s b u t a l s o t o 
s e r i o u s p h y s i c a l i m p a i r m e n t s . 

A c c o r d i n g t o G r a n d j e a n , H u n t i n g , Maeda and L a u b l i 
( 1 9 8 3 ) , p o s t u r a l e f f o r t s a r e s t a t i c e f f o r t s and can c a u s e 
a c u t e l o c a l i s e d f a t i g u e i n t h e s t a t i c a l l y l o a d e d m u s c l e s . 
T h i s i s one of t h e p r e d o m i n a n t r e a s o n s f o r a VDT o p e r a t o r ' s 
poor work p e r f o r m a n c e and p h y s i c a l i m p a i r m e n t s . T h i s i s due 
t o t h e f a c t t h a t t h e s p a c e of a c t i o n of t h e o p e r a t o r i s 
l i m i t e d ; t h e movements a r e l i m i t e d and s t e r e o t y p e d f o r 
f i n g e r s , hands and a r m s ; t h e p o s i t i o n of t h e head i s g o v e r n e d 
by t h e v i s u a l a n g l e and v i s u a l d i s t a n c e ; t h e p o s i t i o n of t h e 
hands i s g o v e r n e d by t h e l o c a t i o n of k e y b o a r d a n d / o r 
s o m e t i m e s by t h e l o c a t i o n of t h e s o u r c e d o c u m e n t s . T h e s e 
r e s t r i c t i o n s i n movement r e q u i r e s t h e o p e r a t o r t o e x p e r i e n c e 
l o n g l a s t i n g s t a t i c p o s t u r e . 

T h e r e f o r e , t h e major o b j e c t i v e i n t h e d e s i g n of a VDT 
w o r k p l a c e s h o u l d be t o m i n i m i z e s t a t i c e f f o r t s due t o 
i n a d e q u a t e p o s t u r e by h a v i n g a l l t h e w o r k p l a c e d i m e n s i o n s 
s u i t e d t o t h e body s i z e of t h e o p e r a t o r a s w e l l a s t h e o p e r a -
t o r ' s b i o m e c h a n i c a l r e q u i r e m e n t s . A l s o , t h e work p l a c e s h o u l d 
a l l o w t h e o p e r a t o r t o a d o p t p o s t u r e s w h i c h a l l o w a s many 
m u s c l e s a s p o s s i b l e t o c o n t r i b u t e . 

In o r d e r t o m e e t t h e a b o v e r e q u i r e m e n t s , e r g o n o m i s t s 



h a v e e s t a b l i s h e d t h e f o l l o w i n g b r o a d g u i d e l i n e s . 
* A l l e q u i p m e n t and i t e m s w h i c h must be m a n i p u l a t e d s h o u l d 

be w i t h i n t h e normal arm r e a c h of t h e o p e r a t o r . 
* Work s u r f a c e h e i g h t , t h e s e a t h e i g h t , and f o o t r e s t h e i g h t 

s h o u l d be s u f f i c i e n t l y a d j u s t a b l e t o m e e t i n d i v i d u a l 
r e q u i r e m e n t s . 

* The a r r a n g e m e n t o f t h e p a r t s o f t h e main w o r k i n g e q u i p -
ment i . e . t h e s c r e e n , k e y b o a r d and t h e document h o l d e r 
must be i n d e p e n d e n t and must be a d j u s t a b l e i n h e i g h t and 
i n c l i n a t i o n . 

* A l l w o r k p l a c e s w i t h k e y b o a r d s s h o u l d g i v e an a d e q u a t e 
p o s s i b i l i t y of r e s t i n g hands or f o r e a r m s . T h i s i s 
e s p e c i a l l y recommended f o r j o b s on c o n v e r s a t i o n a l t e r m i -
n a l s c h a r a c t e r i z e d by f r e q u e n t w a i t i n g t i m e s . 
F i g u r e 2 shows t h e p r o t o t y p e of t h e w o r k p l a c e d e s i g n e d 

by B u t i e t a l . ( 1 9 8 0 ) . When t h i s d e s i g n was t e s t e d o v e r a 
number of o p e r a t o r s who w e r e a l l o w e d t o a d j u s t t h e a n g l e s A , 
E, C, and D and a l s o t h e h e i g h t H a c c o r d i n g t o t h e i r n e e d s , 
i t was f o u n d t h a t t h e r a n g e of v a r i a t i o n i n t h e a n g l e s A (0 
t o 1 5 ° ) , B (0 t o 20O) , and C (0 t o 2 0 ° ) , was s u f f i c i e n t and 
t h e a n g l e D and t h e h e i g h t H c o u l d be f i x e d a t 1 4 0 and 720 mm 
r e s p e c t i v e l y . However , i t s h o u l d a l s o be n o t e d t h a t an e x c e s s 
o f a d j u s t a b i l i t y can be c o n f u s i n g t o t h e u s e r . A d j u s t i n g 
w o r k p l a c e c o m p o n e n t s i s o f t e n e m p l o y e d i n t h e f i r s t f ew w e e k s 
o f u s e and t h e n can be l e f t i n wrong p o s i t i o n s w h i c h i s , i f 
n o t m o r e , a t l e a s t a s h a r m f u l a s an i n a d e q u a t e l y d e s i g n e d 
w o r k p l a c e . 
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B a s e d on t h e a b o v e d i s c u s s i o n and on t h e r e c o m m e n d a t i o n s 
of Armbrus ter ( 1 9 8 3 ) and O l s e n ( 1 9 8 1 ) , t h e a u t h o r h a s d e v e l -
oped t h e f o l l o w i n g s e t o f c r i t e r i a t o d e s i g n t h e VDT 

workstation. 
As a m a t t e r o f c o n v e n i e n c e t h e w o r k s t a t i o n i s d i v i d e d 

i n t o f i v e c o m p o n e n t s n a m e l y , work t a b l e , CRT, document 
h o l d e r , k e y b o a r d , and c h a i r . The c r i t e r i a f o r e a c h component 
a r e l i s t e d s e p a r a t e l y . 

Criteria for the work table (See Figure 3). The f o l -
l o w i n g a r e t h e c r i t e r i a f o r t h e work t a b l e . 
* An improper work s u r f a c e h e i g h t can f o r c e t h e u s e r t o 

a d o p t p o s i t i o n s t h a t p r o d u c e f a t i g u e . T h e r e f o r e t h e work 
s u r f a c e s h o u l d be a d j u s t a b l e i n h e i g h t t o accommodate a 
w i d e r a n g e of u s e r s . Proper work s u r f a c e h e i g h t s h o u l d 
a l l o w t h e f e e t t o r e s t f l a t on t h e f l o o r and p r o v i d e 
a d e q u a t e t h i g h c l e a r a n c e . The recommended r a n g e of 
a d j u s t a b l e h e i g h t i s 680 t o 760 mm. 

* For a s t a t i o n a r y work s u r f a c e t h e recommended h e i g h t i s 
720 mm. 

* I f t h e work s u r f a c e h e i g h t i s s t a t i o n a r y , a f o o t r e s t 
s h o u l d be p r o v i d e d . S i n c e , f o r some o p e r a t o r s , i n c r e a s -
i n g t h e s e a t h e i g h t t o a c h i e v e a c o r r e c t t y p i n g and 
v i e w i n g p o s i t i o n may r e s u l t i n t h e i r f e e t n o t r e s t i n g 
c o m f o r t a b l y on t h e f l o o r . The f o o t r e s t s h o u l d h a v e a 
r a n g e of a d j u s t a b l e h e i g h t f rom 40 t o 110 mm and a r a n g e 
of a d j u s t a b l e i n c l i n a t i o n f rom 5 t o 1 5 ° . 
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The d i s t a n c e b e t w e e n t h e under s i d e of t h e t h i g h s find the 
pa lms of t h e hand on t h e m i d d l e a l p h a b e t i c a l row of k e y s 
i s recommended t o be b e t w e e n 220 and 250 ram. 
The d i s t a n c e b e t w e e n t h e u n d e r s i d e of t h e t h i g h s and t h e 
u n d e r s i d e of t h e t a b l e t o p i s recommended t o be a t l e a s t 
190 mm ( t h i g h c l e a r a n c e ) . 
The o p e r a t o r s h o u l d h a v e an u n o b s t r u c t e d l e g a r e a w i t h 
t h e f o l l o w i n g minimum d i m e n s i o n s : 
H e i g h t : 650 mm 
Width : 580 mm. 
I f t h e work s u r f a c e i s t o o t h i c k and must be l o w e r e d t o 
a c h i e v e a c o m f o r t a b l e t y p i n g p o s i t i o n , t h e t h i g h and t h e 
l e g may become cramped . T h e r e f o r e t h e t h i c k n e s s o f t h e 
t a b l e t o p i s recommended t o be n o t more t h a n 30 mm. 
A s t u d y c o n d u c t e d by H u n t i n g e t a l . ( 1 9 8 0 ) r e v e a l e d t h a t 
90% of t i l e o p e r a t o r s on " c o n v e r s a t i o n a l t e r m i n a l s " 
r e s t e d t h e i r hands and f o r e a r m s . S p e c i a l hand s u p p o r t s 
w e r e n e v e r o b s e r v e d i n t h e s t u d y . But i t was n o t e d 
w h e t h e r hands or f o r e a r m s w e r e r e s t e d on t h e d e s k s or on 
t h e k e y b o a r d s u s i n g them a s s u p p o r t s . The r e s u l t s o f t h e 
s t u d y a r e shown i n F i g u r e 4 . From t h e s e r e s u l t s , t h e 
k e y b o a r d s s h o u l d be p r o v i d e d w i t h an a d e q u a t e d e v i c e 
g i v i n g t h e o p e r a t o r t h e o p p o r t u n i t y t o r e s t hands and 
f o r e a r m s . T h i s r e c o m m e n d a t i o n i s p a r t i c u l a r l y i n d i c a t e d 
f o r c o n v e r s a t i o n a l t e r m i n a l s w h e r e t h e o p e r a t o r a l w a y s 
h a s s h o r t w a i t i n g p e r i o d s a c c o r d i n g t o t h e r e s p o n s e t i m e 
of t h e t e r m i n a l . 
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* The work s u r f a c e s h o u l d be m a t t e f i n i s h e d t o c o n t r o l 
r e f l e c t i o n s and p r e v e n t e x c e s s i v e b r i g h t n e s s . E x c e s s i v e 
l u m i n a n c e f rom g l o s s y s u r f a c e s h a s b e e n f o u n d t o p r o d u c e 
v i s u a l f a t i g u e . 

C r i t e r i a for the CRT (See F i g u r e 51). The f o l l o w i n g a r e 
t h e c r i t e r i a f o r t h e CRT. 
* For c o m f o r t a b l e v i e w i n g of t h e CRT s c r e e n , t h e l i n e of 

s i g h t of t h e o p e r a t o r s h o u l d be normal t o t h e s c r e e n . 
T h e r e f o r e , t o make t h e l i n e of s i g h t of d i f f e r e n t 
o p e r a t o r s normal t o t h e s c r e e n , a f t e r v a r i a t i o n s i n s e a t 
and t a b l e h e i g h t s , i t i s n e c c e s s a r y f o r t h e CRT t o be 

tiltable. 
* The CRT s h o u l d be r o t a t a b l e t o s u i t t h e t a s k and g l a r e 

c o n t r o l n e e d s o f t h e o p e r a t o r . 
* The CRT's s u p p o r t s u r f a c e s h o u l d be a d j u s t a b l e i n h e i g h t 

t o s u i t t h e w i d e r a n g e of o p e r a t o r s . 
* F l e x i b i l i t y i n v i e w i n g d i s t a n c e i s i m p o r t a n t - C o m f o r t -

a b l e v i e w i n g d e p e n d s upon t h e l i g h t i n g , t h e u s e r ' s 
v i s i o n , t h e q u a l i t y of d i s p l a y c h a r a c t e r s , t h e c o n t r a s t , 
c o l o r , and f l i c k e r . G e n e r a l l y a c o m f o r t a b l e v i e w i n g 
d i s t a n c e , t o s u i t a w i d e r a n g e of u s e r s , i s c o n s i d e r e d 
t o be from 3 0 0 t o 550 mm. T h e r e f o r e t h e v i e w i n g d i s t a n c e 
s h o u l d be a d j u s t a b l e o v e r t h i s r a n g e . 

* The a n g l e o f l i n e of s i g h t t o c e n t e r of t h e CRT s c r e e n 
b e l o w t h e h o r i z o n t a l p l a n e of t h e o p e r a t o r ' s e y e s i s 
recommended t o be b e t w e e n 0 and 3 0 ° . 
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* The a n g l e b e t w e e n t h e l i n e of s i g h t and t h e CRT s c r e e n 
i s recommended t o be 9 0 ° . 

C r i t e r i a f o r t h e Document H o l d e r ( S e e F i g u r e 6 1 . The 
f o l l o w i n g a r e t h e c r i t e r i a f o r t h e document h o l d e r . 
* C o n c u r r e n t r e f e r e n c i n g and i n p u t t i n g o f d a t a o f t e n r e -

q u i r e s t h e u s e r t o c o n t i n u a l l y s h i f t v i s i o n b e t w e e n copy 
m a t e r i a l and t h e v i d e o s c r e e n . I f t h e document l i e s f l a t 
on t h e work s u r f a c e t h e h e a d m u s t t i l t v e r t i c a l l y b e -
t w e e n s c r e e n and t h e s o u r c e . I f t h e document i s 
d i f f i c u l t t o r e a d body movement a l s o may be r e q u i r e d . 
U n n e c c e s s a r y f a t i g u e can be a v o i d e d i f t h e document i s 
p l a c e d on a document h o l d e r r a t h e r t h a n on t h e work 
s u r f a c e . 

* For c o m f o r t a b l e v i e w i n g of t h e d o c u m e n t , l i n e o f s i g h t 
o f t h e o p e r a t o r must be normal t o t h e d i s p l a y s u r f a c e of 
t h e document h o l d e r . T h e r e f o r e , t o make t h e l i n e of 
s i g h t of d i f f e r e n t o p e r a t o r s normal t o t h e s c r e e n , a f t e r 
v a r i a t i o n s i n s e a t and t a b l e h e i g h t s , i t i s n e c c e s s a r y 
f o r t h e document h o l d e r t o be t i l t a b l e . 

* The document h o l d e r s h o u l d be r o t a t a b l e t o s u i t t h e 
t a s k and g l a r e c o n t r o l n e e d s o f t h e o p e r a t o r . 

* The document h o l d e r ' s s u p p o r t s u r f a c e s h o u l d be 
a d j u s t a b l e i n h e i g h t t o s u i t a w i d e r a n g e of o p e r a t o r s . 

* I f t h e f o c a l d i s t a n c e b e t w e e n t h e document and t h e 
s c r e e n i s d i f f e r e n t , t h e e y e s must c o n t i n u a l l y a d j u s t t o 
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a c c o m m o d a t e . O b v i o u s l y , economy of movement and t i m e a s 
w e l l a s r e d u c e d body and e y e s t r a i n can be a c h i e v e d by 
u s i n g a document h o l d e r t h a t p l a c e s t h e document on t h e 
same p l a n e a s t h a t o f t h e CRT s c r e e n . T h e r e f o r e t h e 
v i e w i n g d i s t a n c e f rom e y e t o document must r o u g h l y e q u a l 
t h e v i e w i n g d i s t a n c e f rom e y e t o CRT s c r e e n . 

* The a n g l e of t h e l i n e of s i g h t t o c e n t e r of t h e document 
h o l d e r ' s d i s p l a y s u r f a c e b e l o w t h e h o r i z o n t a l p l a n e of 
o p e r a t o r ' s e y e s i s recommended t o be b e t w e e n 0 and 3 0 ° . 

* The a n g l e b e t w e e n t h e l i n e of s i g h t and t h e d i s p l a y 
s u r f a c e of t h e document h o l d e r i s recommended t o be 9 0 ° . 

C r i t e r i a for the Keyboard (See Figure 7). The f o l l o w i n g 
a r e t h e c r i t e r i a f o r t h e k e y b o a r d . 
* The k e y b o a r d and t h e CRT must be i n s e p a r a t e h o u s i n g s 

s u c h t h a t t h e y can be a d j u s t e d i n d e p e n d e n t l y . 
* The k e y b o a r d ' s p o s i t i o n must be a d j u s t a b l e i n t h e f o r e 

and a f t d i r e c t i o n s t o match u s e r n e e d s . 
* The k e y b o a r d must be t i l t a b l e t o a d j u s t t h e a n g l e o f t h e 

k e y b o a r d t o match t h e u s e r n e e d s . 
* The k e y b o a r d s u p p o r t s u r f a c e must be a d j u s t a b l e i n 

h e i g h t t o match u s e r and s e a t v a r i a t i o n s . 
* The a n g l e of t h e k e y b o a r d i s recommended t o be n o t more 

t h a n 1 5 ° t o a v o i d an e x c e s s i v e l o a d on t h e hands and 
a r m s . 

* The h e i g h t o f m i d d l e row of a l p h a b e t i c k e y s i s r e c o m -
mended t o be n o t more t h a n 30 mm. 
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C r i t e r i a for the Chair. The f o l l o w i n g a r e t h e c r i t e r i a 
f o r t h e c h a i r . 
* C h a i r h e i g h t must be a d j u s t a b l e t o s u i t t h e d i f f e r e n t 

o p e r a t o r s and t h e i r s e a t h e i g h t v a r i a t i o n s . 
* C h a i r b a c k r e s t must be a d j u s t a b l e i n h e i g h t and i n t h e 

f o r e - a f t d i r e c t i o n s t o s u i t t h e d i f f e r e n t o p e r a t o r s and 
t h e i r s e a t v a r i a t i o n s . 

* The f r o n t e d g e of t h e s e a t must be r o u n d e d s o t h a t i t 
d o e s n o t c u t i n t o t h e back o f t h e o p e r a t o r ' s l e g s . The 
s e a t c u s h i o n s h o u l d be padded and c o n s t r u c t e d u s i n g a 
m a t e r i a l t h a t " b r e a t h e s " t o a v o i d t r a p p i n g body h e a t and 
p e r s p i r a t i o n . 

* The c h a i r s h o u l d h a v e g o o d s t a b i l i t y and m a n e u v e r a b i l i t y 
and s h o u l d t y p i c a l l y be p r o v i d e d w i t h a f i v e p o i n t b a s e 
w i t h c a s t o r s . 

Illumination 

The most common p r o b l e m s experienced by t h e VDT o p e r a t o r s 
due t o i l l u m i n a t i o n i s e i t h e r a t o o low or t o o h i g h l e v e l o f 
i l l u m i n a t i o n a n d / o r t h e g l a r e c a u s e d by t h e i l l u m i n a t i o n 
s o u r c e s . 

G l a r e c a u s e s v i s u a l d i s c o m f o r t t h a t can l e a d t o poor 
o p e r a t i n g e f f i c i e n c y and under s e v e r e c o n d i t i o n s t o v i s u a l 
i m p a i r m e n t . G l a r e a s s o c i a t e d w i t h d i s p l a y s i s m a i n l y c a u s e d 
by unwanted l i g h t r e f l e c t e d on t h e d i s p l a y w h i c h r e d u c e s 
c o n t r a s t of t h e d i s p l a y . 

L i g h t c o n t r a s t b e t w e e n t h e d i s p l a y and i t s s u r r o u n d i n g s 
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i s a l s o known t o c a u s e g l a r e . However , an a c c e p t a b l e r a t i o 
f o r t h e c o n t r a s t b e t w e e n t h e d i s p l a y and t h e s u r r o u n d i n g s h a s 
n o t y e t b e e n e s t a b l i s h e d . 

C r i t e r i a for i l l u m i n a t i o n . The f o l l o w i n g a r e t h e 
c r i t e r i a f o r i l l u m i n a t i o n . 
* The recommended l e v e l o f room i l l u m i n a t i o n i s b e t w e e n 

300 and 700 lx. 
* In most c a s e s g l a r e can be c o n t r o l l e d by m a n i p u l a t i n g 

t h e r e l a t i v e l o c a t i o n of t h e l i g h t s o u r c e s and t h e 
d i s p l a y , the t y p e of l i g h t s o u r c e s and by m a n i p u l a t i n g 
t h e l e v e l o f i l l u m i n a t i o n . G l a r e a l s o can be c o n t r o l l e d 
by h a v i n g an a n t i - r e f l e c t i v e c o a t i n g on t h e s c r e e n or by 
i n s t a l l i n g o t h e r g l a r e c o n t r o l a i d s s u c h a s s c r e e n 
f i l t e r s , micro mesh f i l t e r s or t u b e s h i e l d s . S c r e e n f i l -
t e r s and micro mesh f i l t e r s a r e a d d i t i o n a l s c r e e n s t h a t 
a r e p l a c e d d i r e c t l y on t h e CRT s c r e e n . Tube s h i e l d s a r e 
s h i e l d s w h i c h a r e f i t t e d a r o u n d t h e CRT s c r e e n t o 
p r e v e n t l i g h t f rom f a l l i n g d i r e c t l y on t h e CRT s c r e e n 
and c r e a t e r e f l e c t i o n s . However , i t i s d e s i r a b l e t o 
c o n t r o l g l a r e t h r o u g h j u d i c i o u s c h o i c e o f t h e l o c a t i o n 
and t h e t y p e of l i g h t s o u r c e s r a t h e r t h a n by u s i n g t u b e 
s h i e l d s or f i l t e r s a s t u b e s h i e l d s t e n d t o i n t e r f e r e 
w i t h t h e v i e w i n g f i e l d of t h e o p e r a t o r and f i l t e r s 
a l w a y s t e n d t o l o w e r t h e q u a l i t y of d i s p l a y and may 
c a u s e a d d i t i o n a l v i s u a l s t r a i n on t h e o p e r a t o r . 

2 3 



VDT WORKSTATION EVALUATION FORM 

F o l l o w i n g i s t h e VDT w o r k s t a t i o n e v a l u a t i o n form 
c o n t a i n i n g t h e c r i t e r i a w h i c h w e r e d e v e l o p e d b a s e d on t h e 
p r e v i o u s l y d i s c u s s e d d e s i g n c o n s i d e r a t i o n s . 
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VDT Workstation Evaluation 

Location of workstation : 

Type of terminal : 

Name of evaluator : 

Date of evaluation : 

Name of operator : 

Profession : 

Sex : 

Height : 
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* Make linear measurements in millimeters, angles in degrees, and 

illumination in lux. 

• If a condition is not applicable, mark an "X" under existing condition. 
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RESULTS 

A s u r v e y of 35 VDT w o r k s t a t i o n s l o c a t e d on t h e K a n s a s 
S t a t e U n i v e r s i t y campus was c a r r i e d o u t i n w h i c h e a c h w o r k -
s t a t i o n was e v a l u a t e d u s i n g t h e a b o v e m e n t i o n e d e v a l u a t i o n 
f o r m . The r e s u l t s o f t h e s u r v e y a r e p r e s e n t e d i n T a b l e 2 . The 
c r i t e r i a i n T a b l e 2 a r e numbered t h e same a s t h e c r i t e r i a i n 
t h e p r e v i o u s l y shown e v a l u a t i o n f o r m . The raw d a t a g a t h e r e d 
d u r i n g t h e s u r v e y a r e shown i n T a b l e s 3 and 4 . 

The l o c a t i o n s o f t h e w o r k s t a t i o n s w e r e D u r l a n d , S e a t o n 
H a l l , C a r d w e l l , D i c k e n s , and F a i r c h i l d H a l l . 

The t y p e s o f t e r m i n a l s : IBM P c , Z e n i t h , A p p l e , C o u r i e r , 
S e l a n a i r , T e l e v i d e o , WYSE, P e r k i n E l m e r , D i g i t a l , SOROC, 
H e a t h k i t , CIT- l O l e , and ESP 6 1 1 0 . 

Name of t h e e v a l u a t o r : N a r e n d r a Munireddy 

P e r i o d of e v a l u a t i o n : J u l y , Augus t 1 9 8 5 . 

P r o f e s s i o n s o f o p e r a t o r s : 7 s e c r e t a r y s and 28 s t u d e n t s . 

Sex o f o p e r a t o r s : 26 m a l e and 9 f e m a l e . 

A v e r a g e h e i g h t o f o p e r a t o r s : 1 7 2 . 5 cm. 
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TABLE 3 

D a t a on t h e e r g o n o u c c o n d i t i o n s a t t h e a o r k s t a t i o n s 

W o r k s t a t i o n P I P2 P3 P4 P5 P& W U M l h Wlc H2a « 2 b W2c K3 M N5 N6 H7 W3 W? W10 M i l H i 2 H13 M14 H15 H1& H17 N I B W19 M2C> M 2 i M22 N23 H24 H2S H2d> W27 N26 N2? W30 W31 W32 W33 N34 11 12 
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1 YES YES NO YES 8 5 15 NO _ 6 4 5 NO 

2 YES YES NO YES 9 0 15 NO _ 6 6 0 NO 

3 YES YES NO NO 9 0 12 NO _ 6 6 0 NO 

4 YES YES NO YES 9 0 5 NO . 6 3 5 NO 

5 YES YES NO YES 8 9 9 NO 6 3 5 NO 

6 YES YES NO YES 9 0 2 0 NO _ 7 0 5 NO 

7 YES YES YES NO 127 9 NO . 7 4 5 NO 

8 YES YES NO YES 87 17 NO _ 7 0 0 NO 

9 YES YES YES YES 9 0 1 NO 6 5 0 NO 

10 YES YES NO NO 8 8 24 NO _ 7 4 5 NO 

11 YES YES NO YES 8 2 12 NO _ 7 4 5 NO 

12 YES YES YES YES 9 0 15 NO _ 7 3 0 NO 

13 YES YES YES YES 8 8 12 NO . 6 5 0 NO 

14 YES YES NO YES 9 0 5 NO 6 2 5 NO 

15 YES YES NO YES 140 6 NO _ 6 6 0 NO 

16 YES YES NO YES 9 0 3 NO 6 2 5 NO 

17 YES YES NO YES 90 8 NO 6 2 5 NO 

18 YES YES YES NO 9 0 18 NO . 6 8 0 NO 

19 YES YES NO YES 135 10 NO _ 7 5 0 NO 

2 0 YES YES NO YES 100 - 1 2 NO 6 1 5 NO 

2 4 0 2 0 5 6 4 5 _ NO YES NO YES NO YES 5 3 0 16 8 5 NO 

2 9 0 2 1 0 6 2 5 35 NO NO NO YES NO YES 5 6 0 12 87 NO 

2 7 0 2 1 0 6 2 5 35 NO NO YES YES NO YES 5 4 0 2 2 8 0 NC 

2 3 0 2 1 0 6 3 5 _ NO YES NO YES NO YES 5 3 0 8 8 8 NO 

2 5 0 2 0 5 6 3 5 _ NO YES NO YES NO YES 5 1 0 8 9 0 NO 

2 8 0 1 6 5 6 3 0 75 NO YES NO YES NO YES 7 4 0 3 9 0 NO 

3 4 5 165 6 3 0 115 NO YES NO YES NO YES 7 0 0 12 8 0 NO 

3 1 0 2 1 0 5 5 0 150 NO NO NO YES NO YES 5 2 0 0 9 0 NO 

2 5 0 165 5 9 5 55 NO YES NO YES 

3 3 5 2 0 0 6 3 5 110 NO NO NO YES NO YES 5 2 0 10 87 NO 

3 4 5 2 0 0 6 3 5 110 NO NO NO YES NO YES 4 1 0 15 8 5 NO 

3 3 0 2 7 5 7 0 0 3 0 NO YES NO YES NO YES 5 4 0 17 8 4 NO 

YES YES YES NO 17 27 NO NO NO YES NO 4 3 0 NONE 

YES YES NO NO 15 70 NO NO NO YES NO 2 4 2 NONE 

_ _ _ _ _ YES YES YES NO 13 4 0 NO NO NO YES NO 4 3 0 SLIGHT 

YES YES YES NO 16 30 NO NO NO YES NO 3 2 3 MODERATE 

YES YES YES NO 17 27 NO NO NO YES NO 2 5 3 SEVERE 

YES YES YES NO 10 30 NO NO NO NO NO 5 3 8 MODERATE 

YES TES NO NO 12 70 YES YES YES NO NO 3 5 0 MODERATE 

YES YES NO NO 12 70 NO NO NO NO NO 5 9 2 SL ISHT 

YES 5 2 0 17 78 YES YES YES NO YES 5 6 0 4 2 6 2 YES YES YES NO 10 30 YES YES YES YES NO 5 3 6 NONE 

YES YES NO NO 11 6 5 NO NO NO NO NO 2 8 5 MODERATE 

YE$ YES NO NO 11 6 5 NO NO NO NO NO 3 3 9 SLIGHT 

YES YES NO NO 11 65 YES NO YES NO NO 2 0 4 SLIGHT 

2 9 0 2 2 5 6 0 0 5 0 NO YES NO YES NO YES 4 0 0 ! 5 8 0 YES YES YES YES YES 5 0 0 25 75 NO NO NO NO 13 80 YES YES YES YES NO 3 1 6 SLIGHT 

2 1 0 1 6 5 6 2 5 _ NO YES NO YES NO YES 5 1 0 8 9 0 YES YES YES YES YES 4 7 5 19 9 0 YES YES YES NO 20 3 0 YES NO NO YES NO 6 4 6 SLIGHT 

195 140 6 3 0 30 NO YES NO YES NO YES 6 4 0 15 8 3 YE5 YES YES YES YES 5 2 0 26 78 YES YES YES NO 10 30 YES NO NO YES NO 4 3 0 SLIGHT 

2 2 0 170 6 2 5 _ NO YES NO YES NO YES 5 1 5 11 B5 NO YES YES YES NO 20 30 NO NO NO WO NO 3 1 2 MODERATE 

2 1 5 175 6 2 5 _ NO YES NO YES NO YES 4 4 0 11 8 5 NO _ _ _ _ _ _ YES YES YES NO 20 3 0 NO NO NO NO NO 2 6 9 SLIGHT 

2 9 0 1 5 0 6 1 0 7 0 NO YES NO YES NO YES 4 6 5 26 8 0 YES NO YES YES YES 4 9 0 25 75 NO YES NO NO 10 8 0 YES YES YES YES YES 3 4 4 NONE 

4 0 5 2 5 0 6 9 0 60 NO YES NO YES NO NO 4 9 0 10 8 0 NO _ _ _ _ _ _ NO NO NO NO 13 7 2 NO NO NO NO NO 97 SLIGHT 

2 2 0 175 6 1 5 NO YES NO YES NO YES 455 16 84 NO YES YES YES NO 23 30 NO NO NO NO NO 3 5 5 NONE 



TABLE 3 Continued 

Norkstation PI P2 P3 P4 P5 P6 W U Mib Wlc K2a H2b W2c N3 W4 N5 N6 K7 US W9 N10 Nil N12 N13 N14 N15 N16 K17 NIB N19 N20 N21 N22 N23 W24 N25 H26 N27 N28 N29 N30 N31 N32 N33 N34 II 12 

21 YES YES NO YES 125 -2 NO _ 685 NO 310 205 655 30 NO YES NO YES NO YES 610 15 63 NO NO YES NO NO 10 60 YES NO NO NO NO 291 SLIGHT 

22 YES YES NO YES BO 21 NO _ 865 NO _ _ 415 225 750 115 NO YES NO YES NO YES 280 37 59 NO NO YES NO NO 13 65 NO NO NO NO NO 118 MODERATE 

23 YES YES NO YES 132 2 NO 685 NO 260 150 620 65 NO YES YES YES NO YES 730 26 81 NO YES YES YES NO 4 30 NO NO NO NO NO 312 SLI6HT 

24 YES YES NO YES 130 5 NO 685 NO 270 160 620 65 NO YES YES YES NO YES 755 15 90 NO YES YES YES NO 4 30 NO NO NO NO NO 247 SLIGHT 

25 YES NO YES YES 73 25 NO _ 775 NO _ . 345 1E0 645 130 NO YES NO YES NO YES 580 0 94 NO YES YES YES NO 10 30 YES YES YES YES NO 215 NONE 

26 YES YES NO YES 82 30 NO _ 905 NO . _ 420 230 760 145 NO YES YES YES NO YES 420 8 66 NO YES YES YES NO 5 30 NO NO NO NO NO 323 SLIGHT 

27 YES YES NO YES 128 0 NO _ 735 NO _ _ 340 240 675 60 NO YES NO YES NO YES 700 11 88 NO _ _ _ _ _ _ YES YES YES NO 10 30 NO NO NO NO NO 183 SLIGHT 

28 YES YES NO YES 90 15 NO _ 735 NO 335 225 675 60 NO YES NO YES NO YES 530 5 90 NO _ _ _ . _ _ YES YES YES NO 10 30 NO NO NO NO NO 334 SLIGHT 

29 YES YES NO YES 100 11 NO _ 735 NO _ 340 260 685 50 NO NO YES YES NO YES 495 23 7? NO YES YES YES NO 6 30 NO NO NO NO NO 592 NONE 

30 YES YES NO YES 90 22 NO _ 740 NO _ _ 345 210 675 65 NO YES NO YES NO YES 540 9 85 NO NO YES NO NO 12 80 NO NO NO NO NO 387 MODERATE 

31 YES YES NO YES 100 10 NO _ 735 NO 370 185 625 110 NO YES NO YES NO YES 500 10 86 NO NO YES NO NO 12 80 NO NO NO NO NO 387 MODERATE 

32 YES YES YES NO 90 8 NO _ 680 NO _ _ 380 150 640 40 NO YES NO YES NO YES 520 8 84 NO _ _ _ _ _ _ _ NO YES NO NO 12 75 YES YES YES YES NO 334 SEVERE 

33 YES YES YES YES 90 15 NO _ 675 NO _ _ 320 215 646 29 NO YES NO YES NO YES 410 15 BO NO _ _ _ _ _ _ _ NO-YES NO NO 12 75 YES YES YES YES NO 355 NONE 

34 YES YES NO YES 90 24 NO _ 775 NO _ _ 340 150 635 140 NO YES NO YES NO YES 550 4 90 NO YES YES YES NO 10 30 NO NO NO NO NO 183 SLIGHT 

35 YES YES YES YES 90 19 NO 760 NO 400 150 590 170 NO YES NO YES NO YES 530 11 82 NO YES YES NO NO 18 73 YES YES YES NO NO 646 SLIGHT 
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TABlE 4 

Data on the Workstation, equipment and the operator 

Workstation Naae of 

number evaluator 

Date of Location of Type of 

evaluation workstation teriinal 

Naae of 

operator 

Profession of 

operator 

Se* of Height of 

operator operator in c«. 

1 Narendra Munireddy 

2 Narendra Munireddy 

3 Narendra Munireddy 

4 Narendra Muni reddy 

5 Narendra Munireddy 

6 Narendra Munireddy 

7 Narendra Munireddy 

8 Narendra Munireddy 

9 Narendra Munireddy 

10 Narendra Munireddy 

11 Narendra Munireddy 

12 Narendra Munireddy 

13 Narendra Munireddy 

14 Narendra Munireddy 

15 Narendra Munireddy 

16 Narendra Munireddy 

17 Narendra Munireddy 

18 Narendra Munireddy 

19 Narendra Munireddy 

20 Narendra Munireddy 

07-02-1985 DU 210 IBM Pc 

07-10-1985 DU 209 COURIER 

07-15-1985 DU 209 SELAViAIR 

07-17-1985 DU 209 IBM Pc 

08-05-1985 DU 210 IBM Pc 

08-05-1985 DU 140 ZENITH 150 

08-05-1985 DU 140 COURIER 

0B-05-1985 DU 140 DIGITAL 

08-05-1985 DU 237 ZENITH 150 

08-05-1985 Dickens 3 TELEVIDEQ 

08-05-1985 Dickens 3 TELEVIDEO 

08-05-1985 Dickens 3 TELEVIDEO 

08-06-91B5 DU 261 ZENITH 150 

08-06-1985 DU 105 ZENITH 150 (ANDEK •onitor) 

08-06-9185 DU 105 ZENITH 150 

08-06-91E5 DU 128 Zenith 150 

08-06-9185 DU 12B Zenith 150 

08-06-9185 DU 207 S0RQC 

0B-06-1985 DU 246 APPLE 11c 

06-07-9185 DU 128 IBM Pc (fiMEEK aonitor) 

Max Atwood 

Stephan Ferrell 

Hurriet Aydogan 

Nesbie Bolden 

Dan Mcnarney 

Chetan Mehta 

Sujeet Shenoy 

Mahendra Ghorpuray 

Fern Miller 

Jennifer Kendal 

Wongo 

Richard 

Vicky Anderson 

Kelly Swenson 

Susan Rolfs 

Jon Crammer 

Chris Loehr 

Joyce Martin 

Song-Tien Chou 

Nagashima 

student 

student 

student 

student 

student 

student 

student 

student 

secretary 

student 

student 

i 

student 

secretary 

secretary 

secretary-

student 

student 

secretary 

student 

student 

male 

male 

male 

male 

male 

male 

male 

male 

female 

female 

male 

male 

female 

female 

female 

male 

male 

female 

male 

male 

195.6 

177.8 

177.8 

167.6 

177.8 

172.7 

182.9 

167.6 

165.1 

157.4 

172.7 

17S.3 

167.6 

165.1 

170.2 

180.3 

177.8 

165.1 

165.1 

167.6 
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TABLE 3 Continued 

Workstation Naae of 

nuaber evaluator 

Date of Location of Type of 

evaluation workstation terainal 

Naie of 

operator 

Profession of 

operator 

Sen of Height of 

operator operator in ca. 

21 Narendra Hunireddy 

22 Narendra Munireddy 

23 Narendra Munireddy 

24 Narendra Munireddy 

25 Narendra Munireddy 

26 Narendra Munireddy 

27 Narendra Munireddy 

28 Narendra Munireddy 

29 Narendra Munireddy 

30 Narendra Munireddy 

31 Narendra Munireddy 

32 Narendra Munireddy 

33 Narendra Munireddy 

34 Narendra Munireddy 

35 Narendra Munireddy 

08-07-1965 DU 31 

08-07-1985 DU 37 

08-08-9185 Cil Baseaent 

08-08-1985 CK Baseient 

08-08-19B5 CK 303 

08-03-1985 CW 313 

06-08-1985 F 5 

08-08-9185 F 5 

0B-0B-9185 F 14-C 

08-09-9185 S 126 

08-09-1985 S 126 

08-09-9185 S 115 

08-09-9185 DU 261 

08-12-1985 DU 52 

Oe-12-1985 S 21 

PEF.K1N-ELHEP. 550 

HEATHKIT 

WYSE 

WYSE 

Zenith 150 

CIT-101e 

ZENITH 150 

ZENITH 150 

EEP 6110 

ZENITH 100 

ZENITH 100 

ZENITH 100 

ZENITH 100 

ZENITH 150 

COURIER 

Ravi Pragasam 

Nora Mortensen 

Gerard Wall 

R. Lapitan 

Venkataraman 

Ajit Bhat 

Wei Lee 

Shun Jane Lin 

Bob Clark 

David Murdock 

Mohammed Nai 

Darlene Axelton 

Orlene Sherwood 

Venkatesh 

Frank Hwang 

student 

student 

student 

student 

student 

student 

student 

student 

student 

student 

student 

secretary 

secretary 

student 

student 

male 

male 

male 

male 

male 

male 

male 

female 

male 

male 

male 

female 

female 

male 

male 

165.1 

177.8 

181.6 

167.6 

170.2 

175.3 

170.2 

160.0 

188.0 

190.5 

167.6 

163.8 

161.9 

172.7 

170.2 
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DISCUSSION 

P o s t u r e ( r e f e r to criteria P1 through p6 in Table 2) 
The p o s t u r a l a s p e c t s o f most o f t h e VDT o p e r a t o r s m o s t l y 

c o n f o r m e d t o t h e d e s i r e d c o n d i t i o n s and s t a n d a r d s . The o n l y 
n o n c o n f o r m i t y of s i g n i f i c a n c e was t h a t some of t h e o p e r a t o r s ' 
b a c k s was n o t b e i n g s u p p o r t e d by t h e c h a i r s ' b a c k r e s t { P 3 ) . 
T h i s w i l l be discussed under t h e c h a i r ' s c h a r a c t e r i s t i c s . 

Workstation 

Work table (refer to criteria W1 through W8 in Table 2). 
A l l t h e w o r k s t a t i o n s e v a l u a t e d had t a b l e s o n l y w i t h f i x e d 
h e i g h t ( W l ) . T h i s r e d u c e d t h e p o s s i b i l i t y o f a d j u s t i n g t h e 
work s u r f a c e h e i g h t and a l s o o t h e r r e l a t i v e h e i g h t s s u c h a s 
t h e d i s t a n c e b e t w e e n t h e u n d e r s i d e of t h i g h s and t h e p a l m s o f 
t h e hand on t h e m i d d l e a l p h a b e t i c a l row o f k e y s (W3), t h e 
d i s t a n c e b e t w e e n t h e u n d e r s i d e of t h i g h s and t h e u n d e r s i d e of 
t h e t a b l e t o p (W4), e t c . 

The a v e r a g e d i s t a n c e b e t w e e n t h e u n d e r s i d e of t h i g h s and 
t h e p a l m s o f t h e hand on t h e m i d d l e a l p h a b e t i c a l row of k e y s 
(W3) was f o u n d t o be 306 mm a g a i n s t a d e s i r e d d i s t a n c e of 200 
t o 250 mm. T h i s i n c r e a s e i n d i s t a n c e c o u l d be due t o t h e 
f o l l o w i n g r e a s o n s . 

N e a r l y 66% of t h e c h a i r s (W30) and a l l of t h e work 
t a b l e s (Wl) w e r e of f i x e d h e i g h t . Hence t h e d i s t a n c e was 
m o s t l y p r e d e t e r m i n e d and c o u l d n o t be a d j u s t e d t o o b t a i n t h e 
d e s i r e d d i s t a n c e . 
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Even i n c a s e s o f c h a i r s w i t h a d j u s t a b l e h e i g h t , t h e 
a d j u s t a b i l i t y c o u l d n o t be f u l l y u t i l i z e d b e c a u s e f o o t r e s t s 
w e r e n o t p r o v i d e d i n any of t h e w o r k s t a t i o n s (W3). T h e r e f o r e , 
i n some c a s e s i n c r e a s i n g t h e c h a i r h e i g h t w o u l d h a v e r e s u l t e d 
i n some of t h e o p e r a t o r ' s f e e t n o t r e s t i n g on any f i r m 
s u p p o r t . 

Some of t h e t a b l e t o p s w e r e a l s o much t h i c k e r t h a n 
d e s i r e d (W7). T h i s p r e v e n t e d t h e o p e r a t o r s f rom i n c r e a s i n g 
t h e c h a i r h e i g h t w i t h o u t r e d u c i n g t h e d i s t a n c e b e t w e e n t h e 
u n d e r s i d e of t h i g h and u n d e r s i d e of t a b l e t o p (.KS) t o l e s s 
t h a n t h e d e s i r e d minimum of 190 mm. 

A l s o , none of t h e 35 w o r k s t a t i o n s e v a l u a t e d was 
e q u i p p e d w i t h w r i s t s u p p o r t s (W7). 

CRT (refer to criteria W9 through W15 in Table 2). Only 
a b o u t 14% of t h e CRTs w e r e t i l t a b l e (W9). Hence most o f t h e 
o p e r a t o r s c o u l d n o t t i l t t h e CRT t o make t h e i r l i n e of s i g h t 
normal t o t h e s c r e e n . T h i s c o u l d be t h e r e a s o n f o r t h e 
s l i g h t l y l o w e r a v e r a g e a n g l e o f 8 4 . 6 ° b e t w e e n t h e l i n e of 
s i g h t of t h e o p e r a t o r and t h e CRT s c r e e n a g a i n s t t h e d e s i r e d 
a n g l e o f 9 0 ° (W15) . 

Document h o l d e r ( r e f e r Criteria Wl0 through W16 In 
T a b l e 2 ) . N e a r l y 86% of t h e w o r k s t a t i o n s w e r e n o t e q u i p p e d 
w i t h document h o l d e r s . Among t h e w o r k s t a t i o n s e q u i p p e d w i t h 
document h o l d e r s , a b o u t 20% of t h e document h o l d e r s c o u l d n o t 
be a d j u s t e d f o r t i l t (W17). Hence t h e o p e r a t o r c o u l d n o t t i l t 
t h e document h o l d e r ' s d i s p l a y s u r f a c e t o make t h e i r l i n e of 
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s i g h t normal t o t h e d i s p l a y s u r f a c e . T h i s c o u l d be t h e r e a s o n 
f o r t h e d e c r e a s e d a n g l e of 7 6 ° b e t w e e n t h e l i n e of s i g h t of 
t h e o p e r a t o r and t h e d i s p l a y s u r f a c e a g a i n s t t h e d e s i r e d 
a n g l e of 9 0 ° (W23) . 

A l s o , o n l y a b o u t 20% of t h e document h o l d e r s c o u l d be 
a d j u s t e d i n h e i g h t (W19) . T h i s a d j u s t m e n t i n h e i g h t i s m a i n l y 
c o n s i d e r e d n e c e s s a r y t o f a c i l i t a t e t h e u s e r t o a d j u s t t h e 
a n g l e o f l i n e of s i g h t t o t h e c e n t e r of t h e document h o l d e r ' s 
d i s p l a y s u r f a c e (W22). S i n c e t h i s a n g l e a v e r a g e d a b o u t 2 7 ° 
a g a i n s t t h e d e s i r e d a n g l e of 0 t o aoo^ t h e l a c k o f h e i g h t 
a d j u s t m e n t i n some o f t h e document h o l d e r s d i d n o t seem t o 
h a v e a f f e c t e d much. 

Keyboard ( r e f e r to c r i t e r i a E 2 1 t h r o u g h K21 i n T a b l e 2 1 . 
About 26% of t h e k e y b o a r d s w e r e a t t a c h e d t o t h e CRT (W24) . 
T h i s p r e v e n t e d t h e o p e r a t o r s f rom moving t h e k e y b o a r d back 
and f o r t h and p o s i t i o n i n g i t a c c o r d i n g t o t h e i r c o n v e n i e n c e 
w i t h o u t a l t e r i n g t h e p o s i t i o n o f t h e CRT. 

None of t h e k e y b o a r d s u p p o r t s u r f a c e s w e r e a d j u s t a b l e i n 
h e i g h t (W27). T h i s p r e v e n t e d t h e o p e r a t o r s from s e t t i n g t h e i r 
own k e y b o a r d h e i g h t and o t h e r r e l a t i v e h e i g h t s . 

The a v e r a g e h e i g h t o f t h e m i d d l e row o f a l p h a b e t i c k e y s 
f rom t h e b a s e of t h e k e y b o a r d (W29) was much h i g h e r t h a n 
d e s i r e d . T h i s a l s o s e e m s t o h a v e c o n t r i b u t e d t o t h e i n c r e a s e 
i n t h e d i s t a n c e b e t w e e n t h e p a l m s o f t h e hand on t h e m i d d l e 
a l p h a b e t i c a l row o f k e y s and t h e u n d e r s i d e of t h i g h s (W3). 
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Chair ( r e f e r C r i t e r i a W30 t h r o u g h W34 i n Table 2 1 . 
N e a r l y 66% of t h e c h a i r s w e r e of f i x e d h e i g h t (W30) . T h i s , 
c o u p l e d w i t h t h e f i x e d h e i g h t o f t h e work t a b l e s and k e y b o a r d 
s u p p o r t s u r f a c e s , a l m o s t t o t a l l y p r e v e n t e d t h e o p e r a t o r s f rom 
a d j u s t i n g any o f t h e h e i g h t s a s d e s i r e d . 

Only 23% of t h e c h a i r s had b a c k r e s t s a d j u s t a b l e i n 
h e i g h t and i n f o r e - a f t d i r e c t i o n s (W31 and W 3 2 ) . T h i s p r o b a -
b l y i s t h e r e a s o n f o r some of t h e o p e r a t o r ' s back n o t b e i n g 
s u p p o r t e d by t h e b a c k r e s t ( P 3 ) . 

N e a r l y 66% o f t h e c h a i r s d i d n o t h a v e a r o u n d e d f r o n t 
e d g e and padded s e a t s u r f a c e or w e r e n o t c o v e r e d w i t h c l o t h 
(W35). Only 3% o f t h e c h a i r s had a f i v e p o i n t b a s e w i t h 
c a s t o r s (W36). 

I l l u m i n a t i o n ( r e f e r to criteria I1 and I2 in Table 2) 
The a v e r a g e l e v e l o f i l l u m i n a t i o n of 3 4 9 I x was w i t h i n 

t h e d e s i r e d l i m i t s o f 3 0 0 t o 700 I x ( I I ) . However , r e g a r d i n g 
t h e g l a r e on t h e CRT s c r e e n ( 1 2 ) , o n l y a b o u t 23% o f t h e CRT 
s c r e e n s had no g l a r e , n e a r l y h a l f o f t h e CRT s c r e e n s had 
s l i g h t g l a r e and t h e r e s t had m o d e r a t e t o s e v e r e g l a r e . 
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RECOMMENDATIONS 

The f o l l o w i n g a r e t h e r e c o m m e n d a t i o n s t o c o r r e c t t h e 
major p r o b l e m s o b s e r v e d d u r i n g t h e s u r v e y . 

1 . For t h e CRTs h a v i n g g l a r e , r e l o c a t e t h e CRTs or t h e 
i l l u m i n a t i o n s o u r c e s s u c h t h a t t h e g l a r e on t h e CRT i s 
r e d u c e d t o a minimum or i s c o m p l e t e l y e l i m i n a t e d . 

2 . P r o v i d e a l l w o r k s t a t i o n s w i t h document h o l d e r s . The 
document h o l d e r s s h o u l d be a d j u s t a b l e i n h e i g h t , and be 
t i l t a b l e and r o t a t a b l e t o match t h e u s e r n e e d s . The 
document h o l d e r s h o u l d be p l a c e d i n t h e p l a n e of t h e 
CRT. 

3 . P r o v i d e a l l w o r k s t a t i o n s w i t h c h a i r s h a v i n g t h e 
f o l l o w i n g c h a r a c t e r i s t i c s . The c h a i r s s h o u l d be a d j u s t a -
b l e i n h e i g h t . The c h a i r ' s b a c k r e s t s h o u l d be a d j u s t a b l e 
i n h e i g h t and i n f o r e - a f t d i r e c t i o n s . The c h a i r s h o u l d 
h a v e a r o u n d e d f r o n t e d g e and p a d d e d s e a t s u r f a c e w i t h 
c l o t h c o v e r i n g . The c h a i r s h o u l d h a v e a f i v e p o i n t b a s e 
w i t h c a s t o r s . 

4 . R e p l a c e a l l t h e w o r k t a b l e s h a v i n g t a b l e t o p s o f more 
t h a n 30 mm t h i c k n e s s w i t h t a b l e s h a v i n g t a b l e t o p s o f 30 
mm or l e s s t h i c k n e s s . 

5 . P r o v i d e a l l t h e w o r k s t a t i o n s w i t h f o o t r e s t s t h a t a r e 
a d j u s t a b l e i n h e i g h t and i n i n c l i n a t i o n . 

6 . P r o v i d e w r i s t s u p p o r t s a t a l l t h e w o r k s t a t i o n s . 
7 . For t h e CRTs w h i c h c a n n o t be t i l t e d , p r o v i d e p i v o t i n g 

m o n i t o r s t a n d s or s t a n d s t h a t can be a d j u s t e d f o r t i l t . 
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8 . Make t h e CRT s u p p o r t s u r f a c e a d j u s t a b l e i n h e i g h t e i t h e r 
by p l a c i n g them on t a b l e s w i t h a d j u s t a b l e h e i g h t or by 
p r o v i d i n g s p a c e r s t o i n c r e a s e and d e c r e a s e t h e h e i g h t . 

9 . Make t h e k e y b o a r d s u p p o r t s u r f a c e a d j u s t a b l e i n h e i g h t 
e i t h e r by p l a c i n g them on t a b l e s w i t h a d j u s t a b l e h e i g h t 
or by p r o v i d i n g s p a c e r s t o i n c r e a s e and d e c r e a s e t h e 
h e i g h t . 

The a b o v e r e c o m m e n d a t i o n s a r e f o r t h e major p r o b l e m s 
o b s e r v e d d u r i n g t h e s u r v e y . However , i t s h o u l d a l s o be n o t e d 
t h a t n o t o n l y i s t h e p r o p e r d e s i g n of t h e VDT w o r k s t a t i o n 
i m p o r t a n t but i t i s a l s o i m p o r t a n t t o a c q u a i n t t h e u s e r w i t h 
t h e c a p a b i l i t i e s o f t h e w o r k s t a t i o n and t o e d u c a t e h i m / h e r i n 
i t s p r o p e r u s e . B e c a u s e , r e g a r d l e s s o f how c a r e f u l l y a w o r k -
s t a t i o n i s d e s i g n e d , i t i s u s e l e s s w i t h o u t t h e p r o p e r 
e d u c a t i o n of t h e end u s e r . 
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ABSTRACT 

E l e c t r o n i c e q u i p m e n t i s f a s t r e p l a c i n g t r a d i t i o n a l 
o f f i c e e q u i p m e n t . The u s e of v i d e o d i s p l a y t e r m i n a l s (VDTs) 
i s becoming more and more w i d e s p r e a d . With t h i s c h a n g e i n t h e 
n a t u r e of t h e e q u i p m e n t and t h e work m e t h o d s i t h a s become 
n e c e s s a r y t o e x a m i n e t h e e r g o n o m i c a s p e c t s a s s o c i a t e d w i t h 
t h e s e new e q u i p m e n t s and work m e t h o d s and d e s i g n t h e w o r k -
s t a t i o n s a c c o r d i n g l y . 

In r e c e n t y e a r s , a f t e r r e s e a r c h on t h e e r g o n o m i c a s p e c t s 
of VDT w o r k s t a t i o n s , some c o u n t r i e s h a v e d e v e l o p e d e r g o n o m i c 
s t a n d a r d s r e l a t i n g t o VDT w o r k s t a t i o n s . T h e s e s t a n d a r d s a r e 
e i t h e r g e n e r a l and q u a l i t i t a t i v e or v e r y d e t a i l e d and 
q u a n t i t a t i v e . B a s e d on t h e s e s t a n d a r d s t h e a u t h o r h a s d e v e l -
oped a s e t o f s t a n d a r d s w h i c h a r e n e i t h e r a l l q u a l i t a t i v e nor 
a l l q u a n t i t a t i v e . T h e s e s t a n d a r d s a r e d i s c u s s e d i n d e t a i l a s 
t h e d e s i g n c o n s i d e r a t i o n s f o r t h e VDT w o r k s t a t i o n and t h e n 
a r e p r e s e n t e d i n t h e form of a VDT w o r k s t a t i o n e v a l u a t i o n 
f o r m . 

In a s u r v e y c o n d u c t e d by t h e a u t h o r , 3 5 VDT w o r k s t a t i o n s 
l o c a t e d on t h e Kansas S t a t e U n i v e r s i t y campus w e r e e v a l u a t e d 
u s i n g t h e a b o v e m e n t i o n e d e v a l u a t i o n f o r m . The r e s u l t s o f t h e 
s u r v e y and how w e l l t h e c o n d i t i o n s a t t h e s e w o r k s t a t i o n s 
r e l a t e t o t h e s t a n d a r d s a r e r e p o r t e d and d i s c u s s e d . A l s o , 
a p p r o p r i a t e r e c o m m e n d a t i o n s h a v e b e e n made t o o v e r c o m e t h e 
major p r o b l e m s o b s e r v e d d u r i n g t h e s u r v e y . 


