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HUMAN FACTORS RESEARCH: SOME 
GENERAL CONCEPTS AND TASK STATEMENTS 

The Human F a c t o r s  Group concurs  wi th  t h e  g e n e r a l  phi losophy a t  
HSRI t h a t  a  system approach is needed f o r  t h e  s o l u t i o n  of t h e  highway 
s a f e t y  problem. In t h i s  r e g a r d  t h e  d r i v e r  is viewed a s  one element 
of a  complex system whose o t h e r  b a s i c  components can be cons idered  t o  
be t h e  v e h i c l e  and t h e  environment i n  which i t  o p e r a t e s .  O v e r a l l  
system performance w i l l  be a f f e c t e d  by t h e  c a p a b i l i t y  of each sf t h e  
components and by t h e  e x t e n t  of t h e  v a r i a b i l i t y  t h a t  each component 
may undergo. I t  i s  w e l l  known t h a t  v a r i a b i l i t y  among d r i v e r s ,  lor 
people  i n  g e n e r a l ,  is an i n h e r e n t  c h a r a c t e r i s t i c .  A t  t h e  same .time, 
however, v a r i a b i l i t y  i n  o t h e r  components of t h e  sys tem,  such a s  t h e  
v e h i c l e  and t h e  environment ,  a r e  a l s o  impor tan t  f a c t o r s .  Th i s  means 
t h a t  t h e  t r a f f i c  system is one t h a t  can be c h a r a c t e r i z e d  by a  g r e a t  
amount of v a r i a b i l i t y  among i t s  components, and s o  no s imple  fo.rmulas 
a r e  l i k e l y  t o  be found t o  exp res s  t h e  s t a t e  of t h i s  system. I t  is 
t h i s  v a r i a b i l i t y  and t h e  i n t e r a c t i o n s  t h a t  occur  between t h e  components 
of t h e  system t h a t  make t h e  s tudy  of highway s a f e t y  a  very d i f f i c u l t  
one. 

A b a s i c  c o n s i d e r a t i o n  i n  Human F a c t o r s  Research,  t h e r e f o r e ,  w i l l  
be  t o  i n v e s t i g a t e  human performance under a  v a r i e t y  of c o n d i t i o n s ,  and 
t o  i n v e s t i g a t e  t h e  performance of d i f f e r e n t  i n d i v i d u a l s  under t h i s  
heterogenous s e t  of s i t u a t i o n s .  I t  is  i n  t h i s  way t h a t  in format ion  
w i l l  be ob ta ined  concern ing  t h e  v a r i a b i l i t y  of t h e  t o t a l  system. Th i s  
in format ion  shou ld  p rov ide  i n s i g h t  i n t o  t h e  k inds  of Human F a c t o r s  
des ign  recommendations t h a t  should  be implemented s o  t h a t  system 
v a r i a b i l i t y  is h e l d  w i t h i n  t h e  l i m i t s  t o  which man can adequate ly  
respond . 

I n  t h e  d r i v i n g  s i t u a t i o n  man can be cons ide red  t o  be an informa- 
t i o n  channe l ,  r e c e i v i n g  i n p u t s  from s t i m u l i ,  emenating from o u t s i d e  
and from w i t h i n  t h e  v e h i c l e ,  t o  which he makes r e sponses ,  t h e  r e s u l t s  
of which a r e  f e d  back t o  him s o  t h a t  t h e  consequences of h i s  a c t i o n s  
may be r e a l i z e d .  Numerous s t u d i e s  have been c a r r i e d  o u t  t o  cons ide r  
man a s  p a r t  of a  c o n t r o l  l oop .  However, none of t h e  s t u d i e s  t h a t  have 
been c a r r i e d  ou t  t o  t h i s  t ime have by any means cons ide red  t h e  f u l l  
complexi ty of t h e  n a t u r e  and number of s t i m u l i  t o  which a  d r i v e r  may 
be responding ,  and a l l  a t t empt s  t o  model t h e  d r i v e r - v e h i c l e  feedback 
system have been extreme o v e r s i m p l i f i c a t i o n s .  

Informat ion  e x t e r i o r  t o  t h e  v e h i c l e  t h a t  i s  u t i l i z e d  by t h e  
d r i v e r  can be i n  numerous forms.  B a s i c a l l y ,  t h i s  w i l l  be concerned 
wi th  in fo rma t ion  r e q u i r e d  t o  t r a c k  t h e  highway over which t,he v e h i c l e  
is t r a v e l i n g .  However, o t h e r  sou rces  of i n fo rma t ion ,  of c u r r e n t  impor- 
t a n c e  t o  a  d r i v e r ,  may be concerned wi th  d i r e c t i o n  informat ion  t o  
i n s u r e  t h a t  he w i l l  f o l l ow t h e  r o u t e  of h i s  cho ice ,  in format ion  con- 
ce rn ing  o t h e r  v e h i c l e s  o r  o b s t a c l e s  on t h e  highway, a s  w e l l  a s  t h e  
c o n d i t i o n  of t h e  highway. 

The v e h i c l e  i t s e l f  is  a l s o  a  sou rce  of in format ion  t o  t h e  d r i v e r ,  
and numerous feedback loops  a r e  c l o s e d  between him and t h e  mechanism 
he is  c o n t r o l l i n g .  These sensory  i n p u t s  a r i s e  from s t e e r i n g  wheel 
t o r q u e ,  f o r c e  e x e r t e d  on t h e  gas  peda l  o r  brake p e d a l ,  n o i s e s  from t h e  
v e h i c l e  and t i r e - r o a d  c o n t a c t ,  k i n e s t h e t i c  and p r o p r i o c e p t i v e  sensa-  
t i o n s  r e s u l t i n g  from motions of t h e  v e h i c l e ,  a s  w e l l  a s  i n fo rma t ion  
d i sp l ayed  t o  t h e  d r i v e r  t o  i n d i c a t e  v e h i c l e  c o n d i t i o n  by t h e  i n s t r u -  
menta t ion .  C)n t h e  b a s i s  of t h i s  i n fo rma t ion  t h e  d r i v e r  i n i t i a t e s  
r e sponses  and c a r r i e s  them o u t  v i a  h i s  motor system. Very l i t t l e  is  
known t o  t h i s  t ime concerning t h e  frequency o r  t h e  n a t u r e  of which 
p a r t i c u l a r  loops  a r e  c l o s e d  a t  any p a r t i c u l a r  p o i n t  i n  t ime dur ing  t h e  
d r i v i n g  t a s k .  I n t e r a c t i n g  wi th  t h e s e  s t i m u l i  and w i t h  t h e  responses  



t h a t  t h e  d r i v e r  is c a l l e d  upon t o  make a r e  t h e  i n h e r e n t  c h a r a c t e r i s -  
t i c s  o f  t h e  d r i v e r  h i m s e l f ,  h i s  p e r s o n a l i t y ,  c o g n i t i v e ,  p e r c e p t u a l -  
motor  and j u d g e m e n t a l  c h a r a c t e r i s t i c s .  T h e s e  i n  t u r n  a r e  i n f l u e n c e d  
by t h e  p h y s i o l o g i c a l  c o n d i t i o n  o f  t h e  d r i v e r  when he  is c o n s i d e r e d  a s  
a l i v i n g  o r g a n i s m .  The p r e s e n c e  o f  v a r i o u s  d i s a b i l i t i e s  f rom t h e  
normal  o r  t h e  p r e s e n c e  of v a r i o u s  d r u g s  c a n  f u r t h e r  i n f l u e n c e  h i s  
r e s p o n s e  c a p a b i l i t y .  

P r e s e n t  knowledge l e a v e s  u s  f a r  s h o r t  o f  a  p r o p e r  u n d e r s t a n d i n g  
o f  t h e  highway s a f e t y  p rob lem a n d ,  i n  p a r t i c u l a r ,  o f  t h e  dynamics  of 
t h e  d r i v e r  i n  t h e  highway s y s t e m .  The o b j e c t i v e  o f  t h e  r e s e a r c h  t o  
be  c a r r i e d  o u t  by t h e  Human F a c t o r s  Group a t  HSRI i s  t o  p r o v i d e  a n  
i n t e g r a t e d  background  of  i n f o r m a t i o n  c o n c e r n i n g  t h e  r o l e  o f  t h e  human 
which c a n  be  u t i l i z e d  t o  r e d u c e  t r a f f i c  a c c i d e n t s .  

GENERAL RESEARCH ORIENTATION 
A b r o a d  s p e c t r u m  o f  r e s e a r c h  t e c h n i q u e s  and l e v e l s  o f  e f f o r t  w i l l  

b e  r e q u i r e d .  The k i n d  o f  r e s e a r c h  a c t i v i t i e s  t o  b e  u n d e r t a k e n  w i l l  
r a n g e  f rom q u i t e  b a s i c  s t u d i e s  t o  t h o s e  h a v i n g  d i r e c t  a p p l i c a t i o n  t o  
t h e  highway s y s t e m .  I t  is o u r  i n t e n t  t o  have t h e  c a p a b i l i t y ,  i n  t e r m s  
o f  p e r s o n n e l ,  t o  o r i g i n a t e  and  l e a d  r e s e a r c h  p r o j e c t s  a n d ,  i n  l i n e  w i t h  
t h e  c o n c e p t  o f  a  m u l t i - d i s c i p l i n a r y  a p p r o a c h  t o  t h e  s t u d y  o f  t h e  high-  
way prob lem,  we s h a l l  a n t i c i p a t e  working i n  c l o s e  c o o p e r a t i o n  w i t h  
members o f  o t h e r  g r o u p s  w i t h i n  t h e  I n s t i t u t e  o r  e l s e w h e r e ,  s u c h  a s  
w i t h  members o f  t h e  f a c u l t y  o f  The U n i v e r s i t y  o f  Mich igan .  A t  t h e  same 
time i t  is c o n s i d e r e d  p r o b a b l e  t h a t  n o v e l  r e s e a r c h  m e t h o d o l o g i e s  w i l l  
b e  d e v e l o p e d  i n  o r d e r  t o  make a  p r o p e r  a t t a c k  upon t h e  k i n d s  o f  prob-  
lems w i t h  which we w i l l  b e  i n v o l v e d .  T h i s  means t h a t  c o n s i d e r a b l e  
i n g e n u i t y  and  i m a g i n a t i o n  w i l l  be  demanded i n  view of  t h e  n o v e l t y  o f  
r e s e a r c h  i n  t h e  man-machine-highway s y s t e m .  

While  r e s p o n s i b i l i t y  f o r  p r o j e c t s  emana t ing  from t h e  Human F a c t o r s  
Group w i l l  r e s t  w i t h  o n e  o f  i t s  s t a f f  members, we a l s o  p r o v i d e  f u n d s  t o  
s u p p o r t  r e s e a r c h  c a r r i e d  o u t  by o t h e r  g r o u p s  f o r  which t h e y  a r e  h e l d  
r e s p o n s i b l e .  We e n c o u r a g e  t h e  p a r t i c i p a t i o n  o f  s t u d e n t s  i n  o u r  s t u d i e s ,  
and  c o n s i d e r  t h e i r  i n p u t s  a s  v a l u a b l e  a s s e t s  t o  o u r  work.  We l o o k  
f o r w a r d  t o  a t t r a c t i n g  s t u d e n t s  of merit t o  work w i t h  u s  w i t h  a v iew t o  
becoming e x p e r t  r e s e a r c h e r s  i n  t h e  a r e a  o f  highway s a f e t y .  

TASK STATEMENTS 
The s p e c i f i c  n a t u r e  o f  t h e  r e s e a r c h  s t u d i e s  t h a t  w i l l  b e  under -  

t a k e n  i n  t h e  Human F a c t o r s  Group c a n n o t  b e  p r e d i c t e d  i n  d e t a i l  i n  ad- 
v a n c e .  However, g e n e r a l  s t a t e m e n t s  o f  t h e  t y p e  o f  t a s k s  t h a t  w i l l  b e  
c a r r i e d  o u t  c a n  b e  made. Undoubted ly ,  t h e  p a r t i c u l a r  p r o j e c t s  t h a t  
t h e  v a r i o u s  s t a f f  members o f  t h e  Human F a c t o r s  Group f i n d  t o  b e  i n  
t h e i r  g r e a t e s t  l i n e  o f  i n t e r e s t ,  and  which a r e  c o n s i d e r e d  t o  b e  o f  
p r i m a r y  i m p o r t a n c e  t o  t h e  o v e r a l l  p rogram,  a r e  t h o s e  t h a t  w i l l  r e c e i v e  
t h e  most  a t t e n t i o n .  

The T a s k  S t a t e m e n t s  t h a t  a r e  s e t  f o r t h  below a r e  s t i p u l a t e d  i n  
v a r i o u s  d e g r e e s  o f  d e t a i l ,  b u t  t h e  s p e c i f i c  p rob lems  t o  b e  i n v e s t i g a t e d  
and  t h e  a c t u a l  t e c h n i q u e s  t o  b e  u s e d  w i l l  b e  d e t e r m i n e d  by t h e  i n v e s t i -  
g a t o r  r e s p o n s i b l e  f o r  e a c h  p r o j e c t .  The Task S t a t e m e n t s  a r e  t o  b e  u s e d  
a s  g u i d e l i n e s  and  t o  i n d i c a t e  t h e  n a t u r e  o f  t h e  Human F a c t o r s  r e s e a r c h  
program.  



1. The R o l e  o f  Sensory  Cues i n  V e h i c l e  T r a c k i n g  
A a u i t e  f u n d a m e n t a l  a r e a  of r e s e a r c h  i n  d r i v i n g  is  t h e  d e l i n e a -  

t i o n  of - t h e  n a t u r e  of t h e  c u e s  u s e d  by d r i v e r s  i n  c o n t r o l l i n g  t h e  
v e h i c l e .  T h i s  Task S t a t e m e n t  w i l l  be  c o n c e r n e d  o n l y  w i t h  t h e  d r i v e r ' s  
c o n t r o l  o f  t h e  v e h i c l e  i n  t e r m s  o f  h i s  a b i l i t y  t o  t r a c k  t h e  highway. 
The i n . t e r e s t  i.s t o  d e t e r m i n e  t h e  r o l e  o f  t h e  v a r i o u s  s e n s o r y  c u e s  t h a t  
a r e  i m p o r t a n t  t o  t h e  d r i v e r  i n  a c h i e v i n g  t h i s  t a s k .  A number o f  meth- 
odo log i . ca1  approa,ches  a r e  s u g g e s t e d  as f o l l o w s :  

(a )  Eye Cam.era. Some d e v i c e s  a r e  now a v a i l a b l e  which p r o v i d e  
p i c t u r e s ,  t a k e n  e i t h e r  by a  f i l m  o r  TV camera ,  which i n d i c a t e  t h e  
genera l .  s c e n e  t h a , t  t h e  d r i v e r  is  l o o k i n g  a t  and a l s o  show, by means 
o f  a n  e y e  s p o t  r e f l e c t e d  f rom t h e  c o r n e a ,  t h e  p o i n t  of f i x a t i o n  of t h e  
e y e  a t  any i n s t a n . t  i n  t i m e .  T h i s  t e c h n i q u e  l e n d s  i t s e l f  q u i t e  w e l l  t o  
d e t e r m i n i n g  t h e  u s e  made by t h e  c e n t r a l  f i e l d  o f  view o f  t h e  e y e s  f o r  
v e h i c l e  con1;rol .  T h i s  method s h o u l d  be  u s e f u l  i n  d e t e r m i n i n g  t h e  v a l u e  
o f  t h e  g r o s s  c u e s  u t i l i z e d  by t h e  d r i v e r  such  a s !  t h e  e d g e s  of t h e  r o a d ,  
c e n t e r l i n e  m a r k e r s ,  e t c .  O u t s i d e  t h e  p r e s e n t  c o n t e x t  t h e  t e c h n i q u e  h a s  
v a l u e  i"n showing t h e  e f f e c t  o f  o t h e r  v e h i c l e s  on t h e  highway, highway 
c h a r a c t e r i s t i c s  and  s i g n p o s t i n g  t e c h n i q u e s .  

(b)  a e  Camera Techniques  C o r r e l a t e d  w i t h  S t e e r i n g  A c t i o n s .  
Another  metkza ,  u s i n g  b a s i c a l l y  t h e  same s y s t e m  a s  i n  ( a ) ,  s h o u l d  i n d i -  
c a t e  t h e  s c e n e  viewed by t h e  d r i v e r  and  a l s o  c o u l d  have super imposed  
upon i t  b l i p s  t o  i n d i c a t e  t h e  o c c u r r e n c e  o f  s t e e r i n g  a c t i o n s .  I n  t h i s  
way, a  d e s c r i p t i o n  c o u l d  b e  o b t a i n e d  of t h e  change i n  t h e  s c e n e  t h a t  
o c c u r s  between t h e  s t e e r i n g  r e s p o n s e s  o f  t h e  d r i v e r .  Thus ,  t h e  g r o s s  
n a t u r e  o f  t h e  c u e s  u t i l i z e d  by t h e  d r i v e r  t o  e n a b l e  him t o  reaclh a  
d e c i s i o n  t o  make h i s  r e s p o n s e  may be  measured.  

( c )  Eye Camera: C r i t i c a l  I n f o r m a t i o n  Method. The Eye Camera 
would a g a i n  be used,  b u t  e p i s c o t i s t e r s  would b e  p l a c e d  i n  f r o n t  (of t h e  
e y e s  t o  r e d u c e  a r t i f i c i a l l y  t h e  v iewing  t i m e .  I n  t h i s  way redu:ndant 
e y e  movements s h o u l d  b e  r e d u c e d  s o  t h a t  c r i t i c a l  v iewing  p a t t e r n s  
become e v i d e n t .  Again ,  s t e e r i n g  wheel  m o t i o n s  c a n  be  super imposed  as 
above i n  ( b ) .  T h i s  method may a l s o  be u s e f u l  f o r  p r e d i c t i n g  t h e  r o l e  
o f  advance  c o u r s e  i n f o r m a t i o n  o r  l e a d  t i m e ,  

( d l  R e s t r i c t i o n  o f  V i s u a l  F i e l d :  D i r e c t  Method. The windows 
and  w i n d s h i e l d  o f  t h e  v e h i c l e  c o u l d  b e  b l a n k e d  o f f  a s  r e q u i r e d  t o  
p e r m i t  s p e c i f i c  f i e l d s  o f  view t o  b e  u t i l i z e d  by t h e  d r i v e r ,  A d r i v -  
i n g  t a s k  would be  u s e d  and  an  i n d e x ,  s u c h  a s  t r a c k i n g  a c c u r a c y ,  c o u l d  
b e  measured .  The work c a n  b e  done b o t h  on  s t r a i g h t  r o a d s  and  on c u r v e s  
and  would p roduce  g r o s s  e s t i m a t e s  o f  t h e  i m p o r t a n t  a s p e c t s  o f  t h e  v i s -  
u a l  s c e n e  needed  t o  pe r fo rm t h i s  t y p e  of t a s k .  

( e )  m t r i c t i o n  of V i s u a l  ~ i e l d :  I n d i r e c t  Method. I n  t h i s  
method t h e  s i d e  windows, r e a r  windows and t h e  w i n d s h i e l d  a r e  c o m p l e t e l y  
b l a n k e d  o f f .  A c a t h o d e  r a y  t u b e  is p l a c e d  on t h e  hood of t h e  v e h i c l e  - 
and  a  s e n s i n g  d e v i c e  is mounted a t  t h e  f r o n t  bumper o f  t h e  c a r  t o  
d e t e c t  l a t e r a l  p o s i t i o n .  T h i s  i n f o r m a t i o n  is t h e n  d i s p l a y e d  on t h e  
c a t h o d e  r a y  t u b e , ,  D i f f e r e n t  k i n d s  o f  i n f o r m a t i o n  c a n  be  d i s p l a y e d  t o  
t h e  d r i v e r  i n  t h i s  w a y - - l a t e r a l  p o s i t i o n ,  l a t e r a l  v e l o c i t y ,  as w e l l  
as h i g h e r  d e r i v a t i v e s ;  and i t  may a l s o  be  p o s s i b l e  t o  p roduce  advance 
c o u r s e  i n f o r m a t i o n  i n  t h i s  f a s h i o n .  T h i s  method p r o v i d e s  a  p r e c i s e  
c o n t r o l  o f  t h e  i n f o r m a t i o n  p r e s e n t e d  t o  t h e  d r i v e r  and i n  t h i s  r e g a r d  
is s u p e r i o r  t o  t h e  o t h e r  methods  t h a t  have been  s u g g e s t e d .  However, 
t h e r e  a r e  complex a p p a r a t u s  p rob lems  t o  be  s o l v e d  b e f o r e  f u l l  u s e  o f  
t h i s  t e c h n i q u e  may be  made. 

( f )  T e l e v i s i o n  D i s p l a y .  A TV camera  c o u l d  b e  u s e d  t o  s c a n  t h e  
f i e l d  o f  v iew and t h e  image p r e s e n t e d  on a  m o n i t o r  on t h e  hood of  t h e  
v e h i c l e .  The r e m a i n i n g  windows on t h e  v e h i c l e ,  a s  w e l l  a s  t h e  wind- 
s h i e l d ,  would b e  b l a n k e d  o f f .  The d r i v e r  would a g a i n  be  a s k e d  t o  t r a c k  
t h e  v e h i c l e  u s i n g  t h e  TV m o n i t o r  a s  a  d i s p l a y .  T h i s  t e c h n i q u e  would 



a g a i n  pe rmi t  v a r i o u s  deg rees  of r e s t r i c t i o n  of t h e  v i s u a l  f i e l d  by 
man ipu la t ing  t h e  f i e l d  of view of t h e  t e l e v i s i o n  camera o r  by b lock ing  
c e r t a i n  a s p e c t s  of t h e  s c e n e  from t h e  d i s p l a y .  I t  a l s o  would be a  
d e v i c e  by which advance c o u r s e  i n f o r m a t i o n  can  be  c o n t r o l l e d .  Another 
advantage  of t h i s  method i s ,  f o r  example, t h a t  t h e  c a r  r e f e r e n c e  can  
be e l i m i n a t e d .  

(g) R e g r e s s i o n a l  Ana lys i s  of Veh ic l e  hlotions.  T h i s  method i s  
based  upon t h e  concept  t h a t  t h e  mot ions  of t h e  v e h i c l e ,  i n  t h e  horizon-  
t a l  p l a n e  can be measured and,  a t  t h e  same t i m e ,  v a l u e s  can  be o b t a i n e d  
of t h e  r e s p o n s e s  made by t h e  d r i v e r .  A t  t h e  i n s t a n t  t h a t  t h e  d r i v e r  
responds  t o  t h e  v e h i c l e  i n  o r d e r  t o  e f f e c t  a  l a t e r a l  c o n t r o l  r e sponse  
t h e  v e h i c l e  motion r e s p o n s e s  would be  measured. I n  f a c t  some a l lowance  
would be  made f o r  t h e  t ime l a g  i n  e f f e c t i n g  t h e  s t e e r i n g  r e s p o n s e .  The 
v e h i c l e  r e s p o n s e s  t o  be measured may c o n s i s t  o f  t h e  s l i p  a n g l e ,  heading 
a n g l e  and i ts  d e r i v a t i v e s ,  yaw v e l o c i t y  and i ts d e r i v a t i v e s ,  l a t e r a l  
p o s i t i o n  and i ts d e r i v a t i v e s .  Other  measures  may a l s o  be o b t a i n e d .  A 
r e g r e s s i o n a l  a n a l y s i s  would then  be r u n ,  and a  p r e d i c t i v e  e q u a t i o n  
o b t a i n e d  i n  which t h e  d i f f e r e n t  v e h i c l e  and v i s u a l  pa rame te r s ,  on which 
t h e  d r i v e r  may base  h i s  d e c i s i o n  t o  a f f e c t  t h e  c o u r s e  change,  w i l l  be 
g i v e n  we igh t s  u s i n g  t h e  u s u a l  l e a s t  s q u a r e s  c r i t e r i o n .  The r e l a t i v e  
impor tance  of t h e  d i f f e r e n t  pa rame te r s  c o u l d ,  t h e r e f o r e ,  be o b t a i n e d .  
The work cou ld  be done on s t r a i g h t  r o a d s ,  on c u r v e s ,  o r  a t  t h e  approach 
t o  c u r v e s .  I t  is c o n s i d e r e d  t h a t  t h i s  c o u l d  be  a verv f r u i t f u l  approach .  

(h) The Role of Sensory Cues Other  Than v i s i o n . -  The f i r s t  s i x  
t e c h n i a u e s  t h a t  have been o u t l i n e d  h e r e  w i l l  be  v a l u a b l e  f o r  a s s e s s i n g  - 
t h e  r o i e  of v i s u a l  c u e s ,  which undoubtedly  a r e  of g r e a t e s t  importance 
i n  v e h i c l e  t r a c k i n g .  However, t h e  r o l e  of k i n e s t h e t i c  and propr iocep-  
t i v e  cues  and t h e  r o l e  of t h e  v e s t i b u l a r  system cannot  be ove r looked .  
I n  o r d e r  t o  o b t a i n  some measure of t h e  impor tance  of  t h e s e  o t h e r  sen-  
s o r y  cues  i t  would be  p o s s i b l e  t o  s i m u l a t e ,  on a  f i x e d  s i m u l a t i o n  
f a c i l i t y ,  t h e  t e c h n i q u e  of ( e )  o r  ( f ) .  P r e s e n t  knowledge p e r m i t s  simu- 
l a t i o n  of t h e  r e sponse  dynamics of t h e  v e h i c l e  and feedback  through 
t h e  s t e e r i n g  wheel.  The i d e n t i c a l  t a s k  used  i n  ( e )  o r  ( f ) ,  u s i n g  t h e  
same d i s p l a y ,  shou ld  be  used  wi th  o n l y  t h e  cues  a s s o c i a t e d  w i t h  t h e  
motion of t h e  v e h i c l e  be ing  a b s e n t .  Comparison of performance under  
t h e  a c t u a l  c a r  d r i v i n g  and t h e  s i m u l a t i o n  t a s k s  would p r o v i d e  some 
measure of  r e l a t i v e  impor tance  of  t h e  v a r i o u s  s e n s o r y  c u e s .  T h i s  work 
would be  of c r i t i c a l  impor tance  f o r  p r o v i d i n g  impor tan t  des ign  i n p u t s  
f o r  t h e  des ign  of a  d r i v i n g  s i m u l a t o r .  

2 .  S imula t ion  
S imula t ion  is  an impor t an t  r e s e a r c h  t o o l  and t h e r e  have been manv 

d i s c u s s i o n s  of t h e  p o t e n t i a l  u s e s  of t h i s  t e c h n i q u e .  Up t o  t h e  p r e s e n t  
t i m e ,  however, t h e  r e s e a r c h  c a r r i e d  o u t  w i t h  s i m u l a t i o n  d e v i c e s ,  which 
a t t e m p t  t o  r e p l i c a t e  t h e  d r i v i n g  s i t u a t i o n  t o  a  l e s s e r  o r  g r e a t e r  ex- 
t e n t ,  have been q u i t e  d i s a p p o i n t i n g .  The r e a s o n  f o r  t h i s  is t h a t  a  
good s i m u l a t i o n  d e v i c e  has  n o t  y e t  been developed.  There  a r e  some 
obvious  d e f i c i e n c i e s  i n  a l l  c u r r e n t  s i m u l a t o r s  and most of t h e s e  can 
b e  t r a c e d  t o  t h e  des ign  of  t h e  v i s u a l  d i s p l a y  which is ,  i n  a l l  i n s t a n c e s ,  
a  q u i t e  i nadequa te  r e p r e s e n t a t i o n  of t h e  r e a l  s i t u a t i o n .  The r eason  
f o r  t h i s  inadequacy is  t h a t  t h e  knowledge r e q u i r e d  t o  des ign  a  p rope r  
d i s p l a y  is n o t  y e t  a v a i l a b l e .  The s t u d i e s  t o  be c a r r i e d  o u t  i n  t h e  
Task Sta tement  (1) concerned wi th  t h e  r o l e  of s e n s o r y  cues  i n  v e h i c l e  
t r a c k i n g  shou ld  p r o v i d e  t h e  in fo rma t ion  t h a t  is needed.  The a b i l i t y  
t o  w r i t e  a n a l y t i c a l  models of t h e  v e h i c l e ,  d e s c r i b i n g  i ts  dynamic 
r e s p o n s e ,  and t h e  a v a i l a b i l i t y  of s e v e r a l  sys tems which can  produce 
f e e l  feedbacks  through t h e  c o n t r o l s  t h a t  i n t e r f a c e  w i t h  t h e  d r i v e r ,  



s u g g e s t  t h a t  t h e  ha rdware  s i d e  o f  t h e  p rob lem-- tha t  c o n c e r n e d  w i t h  
s i m u l a t i n g  t h e  v e h i c l e - - s h o u l d  p o s e  no s e r i o u s  drawbacks .  The clues- 
t i o n s  a r e ,  t h e r e f o r e ,  t h o s e  o f  p r o v i d i n g  t h e  i m p o r t a n t  s e n s o r y  c u e s .  
Assuming t h a t  t h e  i m p o r t a n c e  o f  t h e  v a r i o u s  s e n s o r y  c u e s  c a n  be  as -  
s e s s e d  by t h e  work p r o p o s e d  i n  t h e  Task  S t a t e m e n t s  ( I ) !  t h e n  i t  would 
b e  p r o p o s e d  t o  c o n s t r u c t  a  d r i v i n g  s i m u l a t o r  o f  s u f f i c i e n t  f i d e l i t y  t o  
reprodu .ce  t h e  r e a l  d r i v i n g  t a s k .  T h i s  i s ,  o f  c o u r s e ,  dependen t  upon 
t h e  t o t a l  n e e d s  o f  s u c h  a s y s t e m  and  t h e  e n s u i n g  c o s t  and  a s s o c i a t e d  
hardware  p r o b l e m s .  However, t h e  u s e  o f  s u c h  a d e v i c e  would b e  o f  g r e a t  
v a l u e  i.n s t u d y i n g  t h e  d r i v i n g  t a s k .  S i m u l a t o r s  o f  p r o p e r  c a p a b i l i t y  
c o u l d  b e  .used f o r  t h e  s t u d y  o f  v e h i c l e  h a n d l i n g ,  p e r s o n a l i t y  f a c t o r s ,  
d r u g s ,  v a l u e  o f  d r i v e r  t r a i n i n g ,  e t c .  The Human F a c t o r s  Group will 
p u r s u e  t h i s  problem when i t  a p p e a r s  t o  b e  o n e  t h a t  is f e a s i b l e  on t h e  
b a s i s  o f  t h e  knowledge t h a t  is a v a i l a b l e .  

The u s e  o f  p a r t - t a s k  d r i v i n g  s i m u l a t o r s  a p p e a r s  t o  have  more 
p o t e n t i a l  i n  t h e  immediate  f u t u r e ,  e s p e c i a l l y  f o r  t r a i n i n g  p u r p o s e s .  
The v a l i d i t y  o f  s u c h  d e v i c e s  would have t o  b e  d e t e r m i n e d .  

3 .  V e h i c l e  H a n d l i n g  
V e h i c l e  h a n d l i n g  r e s e a r c h  is c o n s i d e r e d  t o  be  one  o f  t h e  m a j o r  

s t u d y  a r e a s  o f  t h e  Human F a c t o r s  Group. U n t i l  a  whole- o r  p a r t - t a s k  
d r i v i n g  s i m u l a t o r  c a n  be  d e s i g n e d ,  h a n d l i n g  s t u d i e s  w i l l  have t o  be  
done i n  t h e  f i e l d  w i t h  t h e  u s e  o f  r e a l  v e h i c l e s .  The p u r p o s e  o f  t h e s e  
s t u d i e s  is t o  o b t a i n  a  b e t t e r  u n d e r s t a n d i n g  of t h e  man-machine r e l a -  
t i o n s h i p s  c o n c e r n e d  w i t h  v e h i c l e  l a t e r a l  a s  w e l l  a s  l o n g i t u d i n a l 1  
c o n t r o l .  Our i n t e r e s t  is  t o  e s t a b l i s h  p s y c h o p h y s i c a l  t y p e  r e l a t i o n -  
s h i p s  be tween  e n g i n e e r i n g  d e s i g n  v a r i a b l e s  and human p e r f o r m a n c e .  

A t  t h e  same t i m e  we s h a l l  b e  c o n c e r n e d  w i t h  v a r i a b i l i t y  beLween 
t h o s e  who e n t e r ,  o r  a r e  now i n ,  t h e  d r i v i n g  p o p u l a t i o n .  I n  t h i s  way 
d e s i g n  c o n c e p t s  may b e  recommended o f  s u c h  a n a t u r e  t h a t  t h e  t o t a l  
v a r i a n c e  o f  t h e  s y s t e m  r e m a i n s  s u f f i c i e n t l y  na r row s o  a s  n o t  t o  i n -  
f r i n g e  upon t h o s e  e x t r e m e s  where  h a z a r d o u s  s i t u a t i o n s  may a r i s e ,  and 
where a l o s s  o f  c o n t r o l  o f  t h e  v e h i c l e  may b e  t h e  r e s u l t .  I n  t h e s e  
s t u d i e s  we e x p e c t  t o  work c l o s e l y  w i t h  members o f  t h e  P h y s i c a l  F a c t o r s  
Group a t  HSRI. 

A m a j o r  problem a r e a  t o  b e  a t t a c k e d  i n  t h e  s t u d y  o f  v e h i c l e  
h a n d l i n g  i s  t h e  p l a n n i n g  of s e n s i t i v e  c r i t e r i a  by which t h e  man-machine 
s y s t e m  c a n  b e  e v a l u a t e d .  C r i t e r i a  t h a t  have  been  u s e d  t o  t h i s  t i m e  
a r e  o f  m a r g i n a l  s a t i s f a c t i o n .  

A s  a n  o u t g r o w t h  o f  t h i s  work i t  would be  hoped t o  d e v e l o p  an 
a n a l y t i c a l  d e s c r i p t i o n  o f  t h e  d r i v e r s  c o n t r o l  t a s k ,  and t o  b e  a b l e  t o  
w r i t e  s u c h  a  d e s c r i p t i o n  t o  f i t  w i t h  t h e  v a r i a b i l i t y  t h a t  may b e  ex- 
p e r i e n c e d  i n  t h e  e n v i r o n m e n t .  

4 .  D i s p l a y s  and  C o n t r o l s  
The v a l u e  o f  p r o v i d i n g  t h e  d r i v e r  w i t h  v a r i o u s  augment ing cues-- 

t o  i n f o r m  him o f  t h e  s t a t e  o f  h i s  v e h i c l e ,  t h e  s e p a r a t i o n  d i s t a n c e  
and  r e l a t i v e  v e l o c i t y  o f  o t h e r  v e h i c l e s  o r  o b s t r u c t i o n s  on t h e  highway,  
t h e  s t a t e  o f  t h e  r o a d  t o  i n d i c a t e  t h e  p r e s e n c e  o f  a s l i p p e r y  s u r f a c e ,  
r o u t i n g  i n f o r m a t i o n ,  e t c .  s h o u l d  be  s t u d i e d .  I t  w i l l  be  n e c e s s a r y  t o  
d e t e r m i n e  t h e  k i n d  of i n f o r m a t i o n  t h a t  s h o u l d  be  d i s p l a y e d  t o  t h e  
d r i v e r  and ,  c o n s e q u e n t l y ,  t h e  means by which t o  d i s p l a y  t h i s  informa-  
t i o n .  

R e s e a r c h  c o n c e r n e d  w i t h  t h e  d e s i g n  o f  c o n t r o l s  c a n  b e  of v a r i o u s  
k i n d s .  F o r  example ,  a d i s p l a y  i n  t h e  v e h i c l e  may i n d i c a t e  t h a t  a mal- 



f u n c t i o n  e x i s t s  i n  t h e  v e h i c l e  and  t h e  d r i v e r  may t h e n  be  r e q u i r e d  t o  
o p e r a t e  c e r t a i n  c o n t r o l s  i n  o r d e r  t o  i n t e r r o g a t e  t h e  s y s t e m  t o  d e t e r -  
mine t h e  e x a c t  n a t u r e  o f  t h e  m a l f u n c t i o n .  O t h e r  a s p e c t s  o f  r e s e a r c h  
c o n c e r n e d  w i t h  v e h i c l e  c o n t r o l s  s h o u l d  b e  t h a t  i n  which a n a l y s e s  and 
a l t e r n a t i v e s  t o  t h e  p r e s e n t  s t e e r i n g  wheel  and  v e l o c i t y  c o n t r o l s  a r e  
c o n s i d e r e d .  The e v a l u a t i o n  o f  s u c h  c o n t r o l s ,  i n  a  s e n s e ,  would con- 
s t i t u t e  f u r t h e r  r e s e a r c h  s t u d i e s  i n  v e h i c l e  h a n d l i n g .  D e f i n i t e  advan- 
t a g e s  may a r i s e  n o t  o n l y  i n  improvement i n  l a t e r a l  and  l o n g i t u d i n a l  
v e h i c l e  c o n t r o l  b u t  i t  c o u l d  b e  t h a t ,  b e c a u s e  o f  t h e  n a t u r e  o f  t h e  
c o n t r o l  s u r f a c e ,  o v e r a l l  improvements  i n  t h e  i n t e r i o r  d e s i g n  o f  t h e  
v e h i c l e  may r e s u l t  w i t h  b e t t e r  p r o t e c t i o n  a g a i n s t  c r a s h  i n j u r y .  

5. Rear  L i g h t i n g  and  S i g n a l l i n g  
The p r e s e n t  r e a r  l i g h t i n g  and  s i g n a l l i n g  s y s t e m  of  motor  v e h i c l e s  

a r e  u n d o u b t e d l y  n o t  t h e  optimum d e s i g n .  I t  would seem p r o b a b l e  t h a t  
a t w o f o l d  improvement i n  t h e  n a t u r e  o f  t h e  r e a r  s i g n a l l i n g  s y s t e m  
c o u l d  b e  made. 

I n  t h e  f i r s t  p l a c e ,  i n v e s t i g a t i o n  s h o u l d  b e  c o n c e r n e d  w i t h  d e t e r -  
m i n i n g  t h e  a p p r o p r i a t e  t y p e s  o f  i n f o r m a t i o n  t h a t  s h o u l d  b e  s e n t  f rom 
t h e  r e a r  o f  t h e  v e h i c l e  t o  t h e  d r i v e r  o f  f o l l o w i n g  v e h i c l e s .  A t  t h e  
p r e s e n t  t i m e  a p p r o x i m a t e l y  f i v e  i n d i c a t i o n s  o f  t h e  a c t i o n s  b e i n g  t a k e n  
by a  v e h i c l e  a r e  g i v e n  by t h e  r e a r  s i g n a l l i n g  s y s t e m .  I t  is p o s s i b l e  
t h a t  t h e s e  a r e  n o t  t h e  optimum t y p e s  of i n f o r m a t i o n  t h a t  s h o u l d  b e  
t r a n s m i t t e d .  

S e c o n d l y ,  t h e  p r e s e n t  d e s i g n  of t h e  r e a r - l i g h t i n g  s y s t e m  p r o b a b l y  
d o e s  n o t  p e r m i t  s i g n a l s  t o  be  d e t e c t e d  by f o l l o w i n g  d r i v e r s  w i t h  min i -  
mum t i m e  l a g .  

The r e s e a r c h  e f f o r t  i n  t h i s  a r e a ,  t h e n ,  w i l l  have  t o  d e t e r m i n e  
t h e  k i n d s  o f  s i g n a l s  t h a t  s h o u l d  b e  t r a n s m i t t e d  and  t h e  means by which 
t h e y  a r e  d i s p l a y e d .  The a n a l y s i s  o f  r e a r - s i g n a l l i n g  d i s p l a y s  s h o u l d  
c o n s i d e r ,  a t  l e a s t ,  two c r i t e r i a .  One o f  t h e s e  h a s  t o  do w i t h  t h e  
a m b i g u i t y  between s i g n a l s  p r e s e n t e d  by a  p a r t i c u l a r  s y s t e m .  T h u s ,  a  
c o n f u s i o n  a n a l y s i s  s h o u l d  b e  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  e a s e  o f  
i d e n t i f i c a t i o n  o f  t h e  meaning o f  e a c h  s i g n a l  t r a n s m i t t e d  by a  hypo- 
t h e t i c a l  s y s t e m .  A s e c o n d  c r i t e r i o n  h a s  t o  do w i t h  t h e  t r a n s m i s s i o n  
time o f  e a c h  s i g n a l  and  t h i s  may be  a s s e s s e d  on t h e  b a s i s  o f  a r e a c t i o n -  
t i m e  t a s k  s t r u c t u r e d  i n  t h e  form of a  d r i v i n g  s i t u a t i o n  i n  which t h e  
s u b j e c t s  a r e  c a r r y i n g  o u t  a t i m e - s h a r e d  t a s k .  O t h e r  t e c h n i q u e s  may 
a l s o  be  e v o l v e d .  

A s u b s e q u e n t  a n a l y s i s  must  a l s o  c o n s i d e r  t h o s e  l i g h t s  t h a t  a r e  
n o t  s i g n a l  l i g h t s  s u c h  as ,  t h e  marker  l i g h t s  o r  t a i l l i g h t s  on t h e  
v e h i c l e .  F u r t h e r  work is r e q u i r e d  i n t o  t h e  means by which t h e  v i s i -  
b i l i t y  o f  p a r k e d  v e h i c l e s  may b e  i n c r e a s e d .  A t  t h e  p r e s e n t  t i m e  s u c h  
v e h i c l e s  a r e  d e t e c t e d  by t h e i r  s i l h o u e t t e s  b e i n g  s e e n  a g a i n s t  a  l i g h t  
background;  o r  by r e f l e c t e d  l i g h t  f rom t h e  body and  body components ,  
and  f rom t h e  r e f l e c t o r s  t h a t  a r e  now r e q u i r e d  on t h e  r e a r  o f  a l l  
v e h i c l e s .  

N o t i c e  must  b e  t a k e n  o f  t h e  v i s u a l  c a p a c i t i e s  o f  t h e  d r i v i n g  
p o p u l a t i o n  and  t h e  a b n o r m a l i t i e s  i n  v i s i o n  t h a t  a r e  f o u n d  t h e r e .  The 
s y s t e m s  must  b e  d e s i g n e d  f o r  e a s e  o f  i n t e r p r e t a t i o n  and d e t e c t i o n  by 
b o t h  c o l o r - n o r m a l  and  c o l o r - b l i n d  d r i v e r s .  Another  major  c o n s i d e r a -  
t i o n  is  t h a t  o f  t h e  v a r i a b i l i t y  i n  t h e  env i ronment  which may a f f e c t  
t h e  t r a n s m i s s i o n  o f  t h e  l i g h t s  t h r o u g h  t h e  a t m o s p h e r e  and p r o v i d e  a  
v a r i e t y  o f  backgrounds  which may a f f e c t  p e r f o r m a n c e  o f  a  l i g h t i n g  
s y s t e m .  



6 .  Head L i g h t i n g  
R e s e a r c h  i n  h e a d l i g h t i n g  w i l l  be  c o n c e r n e d  w i t h  t h e  e v a l u a t i o n  

of headlamp beam p a t t e r n s  i n  o r d e r  t o  d e t e r m i n e  t h e  r e q u i r e d  beam 
d i s t r i b u t i o n s  f o r  m e e t i n g  beams u s e d  i n  t h e  v a r i o u s  d r i v i n g  c o n d i t i o n s .  
Major a t t e n t i o n  w i l l  b e  g i v e n  t o  t h e  m e e t i n g  beams b e c a u s e  t h e y  a r e  
u s e d  i n  s i t u a t i o r i s  which a r e  c r i t i c a l  i n  t e r m s  o f  v i s i b i 1 i . t ~ .  'When 
a n o t h e r  v e h i c l e  is n o t  a p p r o a c h i n g ,  t h e  h i g h  'beam may b e  u s e d  and  t h e r e  
is  l i t t l e  problem i n  p r o v i d i n g  s u f f i c i e n t  l i g h t ,  p r o p e r l y  d i s t r i b u t e d ,  

The same c a n n o t  b e  s a i d ,  however,  f o r  t h e  m e e t i n g  bea,m i n  which 
a  d r i v e r  r e l i e s  upon t h e  i l l u m i n a t i o n  o f  t h e  highway from h i s  head- 
l amps ,  w h i l e  h i s  v i s i b i l i t y  is i m p a i r e d  by t h e  g l a r e  r e s u l t i n g  from 
t h e  oncoming v e h i c l e ' s  l i g h t s .  

I t  w i l l  b e  n e c e s s a r y  t o  c a r r y  o u t  f i e l d  s t u d i e s  i n  which v a r i o u s  
k i n d s  o f  m e e t i n g  s i t u a t i o n s  a r e  s i m u l a t e d  u s i n g  headlamps provi lding 
v a r i o u s  beam d i s l ; r i b u t i o n s ,  s o  t h a t  a n  u n d e r s t a n d i n g  c a n  be  o b t a i n e d  
o f  t h e  r e l a t i o n s h i p  between g l a r e  and i l l u m i n a t i o n  d u r i n g  t h e  c o u r s e  
o f  a m e e t i n g  a t  n i g h t .  Some t e c h n i q u e s  have a l r e a d y  been deve loped  
by which v i s i b i l i t y  d i s t a n c e s  c a n  b e  o b t a i n e d  and  by which beam d i s -  
t r i b u t i o n s  c a n  be  compared and  s t a t i s t i c a l l y  e v a l u a t e d .  These  methods  
have  been  f o u n d  t o  have  c o n s i d e r a b l e  r e l i a b i l i t y .  

I t  is t h e  u l t i m a t e  o b j e c t i v e  o f  t h i s  r e s e a r c h  t o  p r o v i d e  an  
a n a l y t i c a l  model o f  a t  l e a s t  t h e  two-car m e e t i n g  s i t u a t i o n .  I n  o r d e r  
t o  do t h i s ,  a f u l l  u n d e r s t a n d i n g  of t h e  p s y c h o p h y s i c a l  r e l a t i o n s h i p s  
which a r e  i n v o l v e d ,  . w i l l  have  t o  b e  o b t a i n e d .  The v a l u e  o f  t h i s  work 
would b e  c o n s i d e r a b l e  i n  t h a t  i t  would b e  p o s s i b l e  t o  s p e c i f y  t h e  i d e a l  
beam d i s t r i b u t i o r ~ s  f o r  s i n g l e - l a n e  and  m u l t i - l a n e  highways,  I f  s u c h  a  
model were  t h e n  combined w i t h  a n a l y t i c a l  t e c h n i q u e s  f o r  t h e  d e s i g n  f o r  
headlamp . u n i t s  t l . iemselves,  it s h o u l d  b e  p o s s i b l e  t o  d e s i g n  o p t i m a l  
beam p a t t e r n s  f o r  c i t y  and  c o u n t r y  d r i v i n g  s i t u a t i o n s .  

7 .  V i s i o n  From t h e  D r i v e r ' s  S e a t  
I n  an  i d e a l  s i t u a t i o n ,  t h e  d r i v e r  s h o u l d  have 360' o f  v i s i o n  

a b o u t  t h e  v e h i c l e .  O b v i o u s l y  t h i s  is i m p r a c t i c a l ,  a t  l e a s t  i n  p r e s e n t  
v e h i c l e  d e s i g n s  i n  which w i n d s h i e l d  p i l l a r s ,  door  p i l l a r s ,  and r e a r -  
l i g h t  p i l l a r s  a c t  a s  o b s t r u c t i o n s  t o  v i s i o n .  

C o n s i d e r a t i o n  w i l l  have t o  b e  g i v e n  t o  t h e  f i e l d  o f  v iew p r e -  
s e n t e d  f o r w a r d  o f  t h e  v e h i c l e  i n  o r d e r  t o  s a t i s f y  t h e  n e e d s  f o r  p r o p e r  
v i s i b i l i t y  i n  t h e  f o r w a r d  h e m i s p h e r e ,  

V i s i o n  t o  t h e  r e a r  i s  a l s o  a  c r i t i c a l  problem i n  p r e s e n t  v e h i c l e  
d e s i g n .  R e s e a r c h  on r e a r  v i s i o n  needs  t o  be  done i n  o r d e r  t o  
d e v i s e  a means o f  expanding  t h e  f i e l d  o f  v iew o f  r e a r - v i s i o n  d e v i c e s  
and  t o  r e d u c e  b l i n d - s p o t  a r e a s .  I t  w i l l  be  i m p o r t a n t  t o  i n s u r e  t h a t  
s u f f i c i e n t  r e a r w a r d  i n f o r m a t i o n  is p r e s e n t e d  i n  o r d e r  t o  e n a b l e  t h e  
d r i v e r  t o  make a c c u r a t e  e s t i m a t e s  o f  a p p r o a c h  s p e e d s  o f  f o l l o w i ~ n g  
v e h i c l e s  s o  t h a t  h e  may s a f e l y  c a r r y  o u t  v a r i o u s  t u r n i n g  maneuvers .  
T h i s  s i t u a t i o n  may b e  p a r t i c u l a r l y  c r i t i c a l  u n d e r  n i g h t t i m e  c o n d i t i o n s  
when t h e  c u e s  a v a i l a b l e  t o  t h e  d r i v e r  a r e  marked ly  r e d u c e d .  Cons idera -  
t i o n  s h o u l d  a l s o  be  g i v e n  t o  t h e  u s e  o f  r e a r v i e w i n g  d e v i c e s  t h a t  a r e  
d e s i g n e d  ' to  r e d u c e  .the l i g h t  r e f l e c t e d  i n t o  t h e  d r i v e r ' s  e y e  from t h e  
headlamps o f  f o l l o w i n g  v e h i c l e s .  I n v e s t i g a t i o n s  s h o u l d  be  c a r r i e d  o u t  
i n  o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  t h a t  t h e s e  d e v i c e s  have upon t h e  es -  
t i m a t i o n  o f  t h e  c l o s i n g  r a t e  o f  f o l l o w i n g  v e h i c l e s  and t h e i r  s e p a r a t i o n  
d i s t a n c e .  

The l o c a t i o n  o f  r e a r v i e w  m i r r o r  d e v i c e s  s h o u l d  a l s o  b e  c o n s i d e r e d  
i n  t e r m s  o f  t h e  f o r w a r d  f i e l d  o f  view t h a t  may be  o b s c u r e d  by them, 
t h e  p u r p o s e  b e i n g  t o  r e d u c e  any i m p o r t a n t  a s p e c t  o f  t h e  f o r w a r d  f i e l d  
t h a t  may be  c o v e r e d  by s u c h  d e v i c e s .  T h i s  may mean r e l o c a t i o n  o f  



r e a r v i e w  m i r r o r s  a n d ,  i n d e e d ,  t h e  optimum l o c a t i o n  o f  s u c h  d e v i c e s  
s h o u l d  b e  e x p l o r e d ,  E x p e r i m e n t a l  d e v i c e s  t o  overcome some o f  t h e  
drawbacks  o f  p r e s e n t l y  u s e d  s y s t e m s  s h o u l d  b e  d e s i g n e d  and e v a l u a t e d .  

The u s e  o f  d e v i c e s  t h a t  may augment t h e  r e a r v i e w  m i r r o r  by p ro-  
v i d i n g  s y n t h e t i c  c u e s  o f  t h e  p r e s e n c e  o f  v e h i c l e s  w i t h i n  p r e s c r i b e d  
r a d i a l  d i s t a n c e s  and  a n g l e s  f rom t h e  v e h i c l e ,  may b e  examined. C l o s e  
a t t e n t i o n  would have  t o  b e  g i v e n  t o  t h e  d e s i g n  o f  s u c h  augment ing  c u e  
d i s p l a y s  and t h e i r  e f f e c t s  on o t h e r  a s p e c t s  o f  t h e  d r i v e r ' s  p e r c e p t u a l  
t a s k .  

8.  Highway C h a r a c t e r i s t i c s  
The highwav is  an  i m p o r t a n t  e l e m e n t  i n  t h e  man-machine t r a f f i c  

s y s t e m  and  human e n g i n e e r i n g  d e s i g n  c o n s i d e r a t i o n s  s h o u l d  e n t e r  i n t o  
i ts c o n s t r u c t i o n .  R e l a t i v e l v  l i t t l e  work h a s  been  done i n  t h i s  a r e a  
f rom a  human f a c t o r s  p o i n t  oP view. I t  may b e  u s e f u l  t o  o b t a i n  d a t a  
c o n c e r n i n g  t h e  c h a r a c t e r i s t i c s  o f  highways and  t h e i r  a c c i d e n t  r a t e s ,  
t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  v a r i o u s  p e r t i n e n t  v a r i a b l e s  a n d ,  on t h e  
b a s i s  o f  t h i s  i n f o r m a t i o n ,  c a r r y  o u t  a  f a c t o r - a n a l y s i s  i n  o r d e r  t o  
d e s i g n a t e  t h e  human f a c t o r s  c h a r a c t e r i s t i c s  o f  h i g h - a c c i d e n t  highway 
d e s i g n s .  T h i s  may be  o n e  p o s s i b l e  t e c h n i q u e  f o r  t h e  i d e n t i f i c a t i o n  
o f  a c c i d e n t  p r o d u c i n g  v a r i a b l e s .  I f  t h e  Task  ( 1 )  s t u d i e s  a r e  suc-  
c e s s f u l ,  t h e y  w i l l  l e n d  some i n s i g h t  c o n c e r n i n g  t h e  d e s i g n  o f  highways 
t o  improve d r i v e r  c a p a b i l i t y  i n  t r a c k i n g  t h e  v e h i c l e  upon them. 
Highway c h a r a c t e r i s t i c s  may a l s o  be  a f a c t o r  i n  a f f e c t i n g  d r i v e r  
judgment of v e l o c i t y  and s a f e  s p a c i n g  r e q u i r e m e n t s ,  as w e l l  a s  o f  ab- 
s o l u t e  v i s i b i l i t y .  The l a t t e r  s i t u a t i o n  c o u l d  be  p a r t i c u l a r l y  p e r -  
t i n e n t  i n  t h e  n i g h t  d r i v i n g  c a s e  where t h e  s u r f a c e  c h a r a c t e r i s t i c  of 
t h e  highway and  i ts i n h e r e n t  r e f l e c t a n c e  v a l u e s  c a n  have a  b e a r i n g  
upon v i s i b i l i t y .  

Knowledge o f  d r i v e r  h a n d l i n g  c a p a b i l i t y  o f  v a r i o u s  c l a s s e s  o f  
v e h i c l e s  u n d e r  v a r i o u s  d r i v i n g  c o n d i t i o n s  and  v e l o c i t i e s  may p r o v i d e  
i n f o r m a t i o n  c o n c e r n i n g  t h e  v a l u e  of t h e  maximum r a d i i  t o  b e  p e r m i t t e d  
f o r  highway c u r v e s ,  and o f  t h e  i n f l u e n c e  o f  camber and  o t h e r  r o a d  
v a r i a b l e s .  

V a r i o u s  t e c h n i q u e s  s h o u l d  b e  examined t o  a i d  t h e  d r i v e r  i n  main- 
t a i n i n g  s a f e  v e l o c i t y  and  g u i d a n c e  o f  t h e  v e h i c l e .  The p u r p o s e  o f  
s u c h  d e v i c e s  would be t o  p r e s e n t  augment ing s t i m u l i  t o  t h e  d r i v e r  t o  
e n a b l e  him t o  p r e d i c t  f u r t h e r  i n  advance ,  i f  n e c e s s a r y ,  t h e  p a t h  t o  
be  f o l l o w e d .  Such c u e s ,  i t  may be  f o u n d ,  c o u l d  b e  o f  p a r t i c u l a r  v a l u e ,  
u n d e r  poor  v i s i b i l i t y  c o n d i t i o n s  and i n  t h o s e  s i t u a t i o n s  where  t h e  
highway may b e  p a r t i a l l y  o b s c u r e d  by snow. I t  may a l s o  be  found  
d e s i r a b l e  t h a t  some i n d i c a t i o n  o f  v a r i a t i o n s  i n  t h e  c o e f f i c i e n t  o f  
f r i c t i o n  between t h e  t i r e s  and t h e  r o a d  may be  i n d i c a t e d  t o  t h e  d r i v e r .  
The means f o r  d i s p l a y i n g  t h e s e  t y p e s  o f  i n f o r m a t i o n ,  a s  c o n s i d e r e d  
u s e f u l ,  s h o u l d  b e  i n v e s t i g a t e d .  

D r i v e r  b e h a v i o r  i n  e n t e r i n g  and e x i t i n g  f rom l i m i t e d  a c c e s s  
highways s h o u l d  b e  f u r t h e r  s t u d i e d  w i t h  a  v iew t o  p r o v i d i n g  t h e  neces -  
s a r y  i n f o r m a t i o n  t o  t h e  d r i v e r  t o  e n a b l e  him t o  c a r r y  o u t  t h e s e  a c t s  
i n  s a f e t y  and  w i t h o u t  impeding t h e  t r a f f i c  f l o w .  

I n  c i t y  c o n d i t i o n s ,  t h e  b e h a v i o r  of p e d e s t r i a n s  s h o u l d  b e  f u r t h e r  
s t u d i e d  and  means s h o u l d  b e  found  f o r  r e d u c i n g  t h e  h i g h  a c c i d e n t  f r e -  
quency i n  which p e d e s t r i a n s  a r e  i n v o l v e d  w i t h  motor  v e h i c l e s .  P r o p e r  
means s h o u l d  be found  f o r  t h e  c o n t r o l  of p e d e s t r i a n  t r a f f i c  and  t e c h -  
n i q u e s  s h o u l d  b e  i n v e s t i g a t e d  t o  p r o v i d e  p e d e s t r i a n s  w i t h  a d e q u a t e  
c u e s  o f  t h e  a p p r o a c h  o f  v e h i c l e s ,  and  t h e y  s h o u l d  be  p r o v i d e d  w i t h  
g u i d i n g  s i g n a l s  t o  i n d i c a t e  s a f e t y  o f  p a s s a g e .  S t u d i e s  s h o u l d  be  under -  
t a k e n  t o  i n d i c a t e  t h e  v a l u e  o f  t h e s e  t y p e s  o f  d e v i c e s  and  c o n s i d e r a -  



t i o n  s h o u l d  be  g i v e n  t o  t h e i r  human e n g i n e e r i n g  d e s i g n .  I n  v iew o f  
t h e  h i g h  a c c i d e n t  f r e q u e n c y  o c c u r r i n g  a t  s t r e e t  i n t e r s e c t i o n s ,  f u r -  
t h e r  s t u d i e s  s h o u l d  b e  c a r r i e d  o u t  t o  o b s e r v e  d r i v e r  b e h a v i o r  i.n 
t h e s e  i n s t a n c e s .  

9 .  I n f o r m a t i o n  f rom t h e  Highway 
Apar t  f rom def  i n i n g t h e  pat 'h t h a t  t h e  v e h i c l e  is t o  f o l l o w  t h e  

highway c a n  be a s o u r c e  o f  u s e f u l .  i n f o r m a t i o n  t o  t h e  d r i v e r .  At t h e  
p r e s e n t  t i m e  t h e  i n f o r m a t i o n  is p r e s e n t e d  on s i g n p o s t s  of some t y p e  
o r  a n o t h e r .  Some s i g n s  p r o v i d e  knowledge t o  t h e  d r i v e r  c o n c e r n i n g  
t h e  d i r e c t i o n  i n  which h e  is t r a v e l i n g  and  i n d i c a t e  t h e  t u r n o f f s  t h a t  
h e  s h o u l d  make a t  v a r i o u s  s t a g e s  al.ong t h e  r o u t e  i n  o r d e r  t o  r e a c h  
h i s  d e s t i n a t i o n .  O t h e r  s i g n s  i n d i c a t e  t o  t h e  d r i v e r  c e r t a i n  t y p e s  of 
commands s u c h  a s  s t o p  s i g n a l s  o r  y i e l d  s i g n a l s ,  and a n o t h e r  c l a s s  o f  
s i g n s  may i n d i c a t e  t h e  p r e s e n c e  o f  v a r i o u s  h a z a r d s  on t h e  highway. 
O t h e r  k i n d s  of i n f o r m a t i o n  a r e  somet imes d i s p l a y e d  on s i g n s  t h a t  have  
t h e  capabi1i" t .g  o f  p r e s e n t i n g  v a r i o u s  k i n d s  o f  i n f o r m a t i o n  a t  d l i f f e r -  
e n t  t i m e s .  T h e s e  have  t a k e n  t h e  form of  t e l e v i s i o n  d i s p l a y s  inform- 
i n g  t h e  d r i v e r  o f  o c c u r r e n c e s  f u r t h e r  u p  t h e  r o a d  o r  o f  r o a d  c o n d i t i o n s .  

P r e s e n t  i n d i c a t i o n s  a r e  t h a t  t h e  a r t  of s i g n p o s t i n g  is  n o t  as f a r  
advanced a s  i t  may b e .  I n f o r m a t i o n  n e e d s  t o  be  g a t h e r e d  c o n c e r n i n g  
t h e  p lacement  o f  s i g n s  b o t h  s o  t h a t  t h e y  a r e  a d e q u a t e l y  v i s i b l e  a s  t h e  
d r i v e r  a p p r o a c h e s  them an.d w i t h  r e s p e c t  t o  t h e  p o i n t  o f  d e c i s i o n ,  
s u c h  a s  t h e  p o i n t  where  h e  makes h i s  t u . r n o f f  from t h e  highway. O t h e r  
s t u d i e s  s h o u l d  be  c o n c e r n e d  w i t h  t r a f f i c  s i g n a l s ,  which a r e  a n o t h e r  
c l a s s  o f  s i g n  p r o v i d i n g  i n f o r m a t i o n  o f  a  command n a t u r e  t o  t h e  d r i v e r .  
Work i n  t h i s  c o n t e x t  may be  c o n c e r n e d  a l s o  w i t h  t h e  d e s i g n  o f  t r a f f i c  
s i g n a l l i n g  or  c o n t r o l  s y s t e m s  t o  a c h i e v e  m a x i m i z a t i o n  o f  t r a f f i c  f l o w .  

Ir1 general . ,  t h e r e  h a s  been a c o n s i d e r a b l e  amount o f  work c a r r i e d  
o u t  c o n c e r n e d  w i t h  t h e  a c t u a l  d e s i g n  of s i g n p o s t i n g  d i s p l a y s  and  
numerous s t u d i e s  have shown t h e  s p e c i f i c a t i o n s  f o r  l e t t e r i n g  and back- 
g r o u n d s  f o r  good v i s i b i l i t y  o f  s i g n s .  I t  seems p o s s i b l e ,  however,  
t h a t  t h e  i d e a l  symbology t o  b e  u s e d  i n  s i g n p o s t i n g  h a s  n o t  y e t  been 
d e v e l o p e d .  T h i s  a r e a  r e q u i r e s  f u r t h e r  r e s e a r c h .  

A d i f f e r e n t ;  c o n c e p t ,  h a v i n g  t h e  same g e n e r a l  aim of  p r o v i d i n g  
t h e  d r i v e r  w i t h  i n f o r m a t i o n  f rom t h e  roadway,  h a s  r e c e i v e d  some 
a t t e n t i o n - - p a r t i c u l a r l y  by t h e  a u t o m o b i l e  companies .  I n  t h i s  i n s t a n c e  
i n f o r m a t i o n  is  p r e s e n t e d  t o  t h e  d r i v e r  by a  s e n s o r  w i t h i n  t h e  v e h i c l e  
which i s  r e s p o n s i v e  t o  r o a d s i d e  t r a n s m i t t e r s .  T h i s  t y p e  o f  i n s t a l l a -  
t i o n  would r e q u i r e  s e n d i n g  u n i t s  p l a c e d  a t  c e r t a i n  p o i n t s  a l o n g  t h e  
roadway which would have  c e r t a i n  a d v a n t a g e s  o v e r  f i x e d  s i g n  f a c i l i t i e s ,  
s i n c e  t h e  i n f o r m a t i o n  t h e y  c o u l d  b r o a d c a s t  c o u l d  b e  e n t i r e l y  v e r s a t i l e  
a n d ,  h e n c e ,  t h e y  c o u l d  b e  r e s p o n s i v e  t o  c h a n g i n g  c o n d i t i o n s .  The b e s t  
means o f  d i s p l a y i n g  t h e  i .nformati .on t o  a d r i v e r  w i t h o u t  d i s t r a c t i n g  
h i s  a t t e n t i o n  from h i s  p r i m a r y  t a s k  would r e q u i r e  s t u d y  a s  would t h e  
k i n d s  o f  messages  t h a t  i t  may b e  f e l t  t o  be u s e f u l  t o  p r e s e n t  t o  t h e  
d r i v e r .  F u r t h e r m o r e ,  s u c h  a f l e x i b l e  s y s t e m  may b e  one  t h a t  would 
p e r m i t  t h e  d r i v e r  t o  a s k  q u e s t i o n s  c o n c e r n i n g  h i s  env i ronment  o f  t h e  
s y s t e m .  B a s i c a l l y ,  t h e r e f o r e ,  t h e r e  a r e  two s o u r c e s  o f  human f a c t o r s  
r e s e a r c h  c o n c e r n e d  w i t h  i n f o r m a t i o n  f rom t h e  roadway. These  c a n  b e  
c o n s i d e r e d  t o  be  t h e  f i x e d  t y p e  i .n fo rmat ion  p r o d u c i n g  f a c i l i t i e s  and 
t h e  v a r i a b l e  o r  a d a p t i v e  s y s t e m s .  The b a s i c  human f a c t o r s  r e s e a r c h  
q u e s t i o n s  t h a t  h.ave , to b e  a s k e d  o f  b o t h  t h e s e  s y s t e m s  a r e  c o n c e r n e d  
w i t h  t h e  t y p e  o f  i n f o r m a t i o n  t h a t  s h o u l d  be  p r e s e n t e d  and t h e  lbest 
means f o r  d i s p l a y i n g  i t .  



1 0 .  Drugs 
T h e r e  h a v e  b e e n  a  number o f  s t u d i e s  t h a t  h a v e  shown a r e l a t i o n s h i p  

be tween  t h e  f r e q u e n c y  o f  a c c i d e n t s  and  t h e  a l c o h o l  c o n t e n t  o f  d r i v e r s .  
T h e r e  have  a l s o  been  o t h e r  s t u d i e s  t o  i n d i c a t e  t h a t  q u i t e  low l e v e l s  
o f  a l c o h o l  do i m p a i r  a number o f  p e r c e p t u a l  motor  s k i l l s .  Some of  
t h e s e  s t u d i e s  have  been  c o n c e r n e d  w i t h  t h e  e v a l u a t i o n  o f  e n v i r o n m e n t a l  
e f f e c t s  s u c h  as day and  n i g h t t i m e  v i s i b i l i t y  c o n d i t i o n s  and  t h e  e f -  
f e c t s  o f  headlamp g l a r e ,  and  some s t u d i e s  have  been  c a r r i e d  o u t  u s i n g  
rea l  v e h i c l e s  i n  some s i m u l a t i o n  o f  t h e  d r i v i n g  t a s k .  Numerous s t u d i e s  
have  a l s o  u s e d  l a b o r a t o r y  t a s k s  p r i m a r i l y  o f  a t r a c k i n g  n a t u r e .  A l -  
c o h o l  h a s  a l s o  been  f o u n d  t o  a f f e c t  human r e a c t i o n  t i m e  and  some v i s u a l  
a b i l i t i e s .  I t  c a n  b e  s a f e l y  s t a t e d  t h a t  f o r  most  i n d i v i d u a l s  f a i r l y  
low a l c o h o l  l e v e l s ,  o f  t h e  o r d e r  o f  .05%, w i l l  have  a  d e t r i m e n t a l  
e f f e c t  upon an  i n d i v i d u a l ' s  a b i l i t y  t o  d r i v e .  E v i d e n t l y  some of  t h e  
d e t e r i o r a t i o n  i n  p e r f o r m a n c e  is due  t o  r e d u c t i o n  i n  manual  d e x t e r i t y ,  
i n  a b i l i t y  t o  s e n s e  v i t a l  i n f o r m a t i o n ,  and  p r o b a b l y  i n  t h e  d r i v e r ' s  
a b i l i t y  t o  make r a t i o n a l  judgments .  I n  t h e  l a t t e r  c o n t e x t ,  however ,  
r e l a t i v e l y  l i t t l e  work h a s  b e e n  done t o  d e t e r m i n e  t h e  e f f e c t s  o f  a l -  
c o h o l  upon human d e c i s i o n  making p r o c e s s e s ,  and  t h i s  would a p p e a r  t o  
b e  a n  i n t e r e s t i n g  a r e a  f o r  f u r t h e r  s t u d i e s .  However, t h e  d e b i l i t a t i n g  
e f f e c t s  o f  a l c o h o l  upon s a f e  d r i v i n g  have  been  e s t a b l i s h e d  beyond any  
d o u b t ,  and  f u r t h e r  work t o  e s t a b l i s h  t h i s  e f f e c t  i s  n o t  n e e d e d ,  More 
t o  t h e  p o i n t ,  t h e r e f o r e ,  may b e  s t u d i e s  c o n c e r n e d  w i t h  a l l e v i a t i n g  t h i s  
p rob lem and  a t t e m p t i n g  t o  i d e n t i f y  t h e  d r i n k i n g - d r i v e r s  r e s p o n s i b l e  f o r  
a c c i d e n t s .  To t h i s  end  i t  would b e  d e s i r a b l e  t o  c o n s t r u c t  some prog-  
n o s t i c  d e v i c e  which may b e  a d m i n i s t e r e d  a s  p a r t  o f  t h e  l i c e n s i n g  pro-  
c e d u r e .  I f  a h i g h  a c c i d e n t - p o t e n t i a l  g r o u p  of  d r i n k i n g  d r i v e r s  c o u l d  
b e  s u c c e s s f u l l y  i d e n t i f i e d ,  i t  would t h e n  b e  n e c e s s a r y  t o  p r o v i d e  f o r  
r e m e d i a l  s e r v i c e s .  The  n a t u r e  o f  t h e  remedy f o r  s u c h  a  p rob lem is n o t  
p r e s e n t l y  u n d e r s t o o d  and  r e s e a r c h  would have t o  b e  done t o  e v a l u a t e  
d i f f e r e n t  t r e a t m e n t  m e t h o d o l o g i e s .  

Whi le  a l c o h o l  h a s  been  i d e n t i f i e d  as a  m a j o r  d r u g  r e l a t e d  t o  t h e  
t r a f f i c  a c c i d e n t  p rob lem e v i d e n c e  is a c c u m u l a t i n g  t o  i n d i c a t e  t h a t  o t h e r  
d r u g s  may a l s o  p l a y  a n  i n c r e a s i n g l y  i m p o r t a n t  r o l e .  I t  would,  t h e r e -  
f o r e ,  b e  p e r t i n e n t  t o  c a r r y  o u t  s t u d i e s  c o n c e r n e d  w i t h  psychomotor ,  
dec i s ion-making  a n d  r i s k - t a k i n g  e f f e c t s  o f  d r u g s  t h a t  a r e  c a t e g o r i z e d  
as d e p r e s s a n t s ,  h a l u c i n o g e n s ,  a n t i d e p r e s s a n t s ,  a n t i h i s t a m i n e s ,  am- 
p h e t a m i n e s ,  e t c .  Some work s h o u l d  b e  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  
amount o f  impa i rment  c a u s e d  by t h e  p r e s e n c e  o f  t h e s e  d r u g s  n o t  o n l y  
t a k e n  s i n g l y  b u t  i n  c o m b i n a t i o n s .  I t  h a s  been  s u g g e s t e d  t h a t  t h e  
i n t e r a c t i o n  be tween  d r u g s  may l e a d  t o  s e r i o u s  i m p a i r m e n t s  i n  d r i v e r s .  
F o r  example ,  i t  h a s  been  f o u n d  t h a t  a c c i d e n t s  have  been  c a u s e d  by a  
c o m b i n a t i o n  o f  a l c o h o l  and b a r b i t u r a t e s  t a k e n  i n  d o s e s  t h a t ,  when con- 
s i d e r e d  i n d i v i d u a l l y ,  would p r o b a b l y  have  had n e g l i g i b l e  e f f e c t s .  
L i t t l e  i s  known a t  t h e  p r e s e n t  time o f  t h e  e f f e c t s  upon human p e r f o r -  
mance o f  a  number o f  d r u g s  p r e s e n t  a t  t h e  same t i m e  i n  a n  i n d i v i d u a l ' s  
b l o o d s t r e a m .  

Another  avenue  o f  i n v e s t i g a t i o n  may be  c o n c e r n e d  w i t h  t h e  i d e n t i -  
f i c a t i o n  and  measurement o f  t h e  p e r f o r m a n c e  o f  t h e  c h r o n i c a l l y  s i c k  
i n d i v i d u a l ,  The work o f  W a l l e r  h a s  s u g g e s t e d  t h a t  t h o s e  s u f f e r i n g  
f rom c a r d i o v a s c u l a r  d i s e a s e  t e n d e d  t o  show a d i s t i n c t  i n c r e a s e  i n  f r e -  
quency o f  a c c i d e n t s  i n  a p e r i o d  two y e a r s  p r i o r  t o  t h e  t i m e  o f  t h e i r  
s t r o k e .  S i m i l a r l y ,  a n o t h e r  g r o u p  wor thy  o f  i n v e s t i g a t i o n  a r e  o f  
c o u r s e  t h e  a l c o h o l i c s  t h a t  have  been  t a n g e n t i a l l y  r e f e r r e d  t o  e a r l i e r .  
When more i n f o r m a t i o n  is  documented c o n c e r n i n g  t h e  e f f e c t  o f  d r u g s  and  
d i s e a s e s  upon human p e r f o r m a n c e  r e l e v a n t  t o  t h e  d r i v i n g  t a s k ,  i t  may 
t h e n  become n e c e s s a r y  t o  d e t e r m i n e  means o f  d e t e c t i n g  t h e s e  i n d i v i d u a l s  
b e f o r e  t h e y  become an  a c c i d e n t  s t a t i s t i c .  



ll. F a t i g u e  
The r o l e  of o p e r a t o r  f a t i g u e  i n  highway a c c i d e n t s  is  no t  under- 

s t o o d  a t  t h i s  time-, There a r e - a  number -of  problems t h a t  h inde r  inves-  
t i g a t i o n  i n  t h i s  a r e a .  I n  t h e  f i r s t  p l a c e  no s a t i s f a c t o r y  d e f i n i t i o n  
of t h e  term " f a t i g u e "  has y e t  been o b t a i n e d .  The r eason  f o r  t h i s  is 
t h a t  f a t i g u e  can  have many bases  and t h e s e  a r e  obvious ly  of a  physio- 
l o g i c a l  and psycho log ica l  o r i g i n .  I t  w i l l ,  t h e r e f o r e ,  be impor tan t  t o  
p rov ide  a  d e f i n i t i o n  of f a t i g u e  i n  terms t h a t  a r e  amenable t o  inves-  
t i g a t i o n .  I t  would be sugges t ed  t h a t  an o p e r a t i o n a l  d e f i n i t i o n  of t h e  
term could  he employed. 

R e l a t i v e l y  l i t t l e  work has been done t o  s tudy  t h e  e f f e c t s  of 
f a t i g u e  but  some a c c i d e n t  s t a t i s t i c a l  t y p e  d a t a  have been crbtai~ned 
r e l a t i n g  hours  of d r i v i n g  t o  a c c i d e n t  p r o b a b i l i t y .  These d a t a  gen- 
e r a l l y  a r e  no t  c l e a r - c u t .  These s t a t i s t i c a l  s t u d i e s  have sometimes 
shown. t h a t  a c c i d e n t s  ternd t o  occur  most f r e q u e n t l y  i n  t h e  e a r l y  s t a g e s  
of a  t r i p ,  2nd some t r u c k  d a t a  show t h a t  approximately t h e  f i r s t  
4-hour yericsd is  t h e  most dangerous,  wi th  su.bsequent hours  behind t h e  
wheel r e s u l t i n g  i n  fewer a c c i d e n t s .  I t  would not  have been expected 
t h a t  t h e  d a t a  show t h i s  t y p e  of t r e n d  on t h e  b a s i s  of i n t u i t i o n .  Some 
l a b o r a t o r y  s t u d i e s  have beer], c a r r i e d  ou t  t o  determine t h e  e f f e c t s  of 
t i n e  on v a r i o u s  .crigil.ance t a s k s  and t h e s e  u s u a l l y  have found s i g n i f i -  
c a n t  clecu'emerits t o  occu r .  Some work has a l s o  been done i n  w1iic.h 
physi.ologica1. measurements were taken  wh i l e  a  d r i v e r  c a r r i e d  ou t  h i s  
t a s k s  over  : f a i r l y  long t ime p e r i o d s ,  bu t  t h e r e  is l i t t l e  rel.aticon t h a t  
has  beerk e s t a ' b l i s h e d  between p h y s i o l o g i c a l  i n d i c e s  and some a  p . r i o r i  
index  of fa4;igue t h a t  could  be measured. Apparent ly ,  l i t t l e  n o t i c e a b l e  
change i n  d r i v i n g  e f f i c i e n c y  was noted dur ing  t h e s e  exper iments .  
However, t h i s  rriay be due t o  t h e  f a c t  t h a t  r a t h e r  g r o s s ,  i n s e n s i t i v e  
measures of d r i v i n g  performance were u t i l i z e d .  

11; woulC1 he f r , u i t f u l  perhaps t o  c a r r y  out  some i n i t i a l  l a b o r a t o r y  
s t u d i e s  i n  whi,ch s e n s i t i v e  c r i t e r i a  of human performance a r e  u t i l i z e d  
concommitantZy w i t h  measurement of p h y s i o l o g i c a l  changes.  On t h i s  
b a s i s  it may be p o s s i b l e  t o  obtair i  same c o r r e l a t i o n s  between physko- 
l o g i c a l  a c t i v i t y  and t h e  observed performance on some perceptual-motor  
t a s k s ,  The e f f e c t  of t ime on t h e  t a s k  could  t h e r e f o r e  be e s t a b l i s h e d .  
I f  c o r r e l a t i . o n s  of t h i s  n a t u r e  could  be o b t a i n e d ,  t hen  t h e  physio- 
l o g i c a l  measures themselves could  be used a s  i n d i c a t o r s  of " f a t i g u e ? "  
and s i m i l a r  measures could  then  be recorded  dur ing  t h e  d r i v i n g  s i t u a -  
t i o n .  T h i s  would mean - that  o v e r t  b o d i l y  a c t i v i t y  measu.remenls could  
be used  t o  i n d i c a t e  t h e  o n s e t  and perhaps t h e  e x t e n t  of f a t i g u e  i n  t h e  
dr iv i .ng  ta.s:k. F a t i g u e  i n  t h i s  s i t ua t i c rn  would then  be measured i n  
terms of t h e  psychomotor a b i l i t i e s  t h a t  were measured i n  t h e  o r i g i n a l  
l a b o r a t o r y  s t .ud. ies .  The f a t i g u e  would, t h e r e f o r e ,  be measured opera-  
t i o n a l l y  i n  te:rms of t h o s e  i n i t i a l  p sycho log ica l  v a r i a b l e s ,  I t  i s  
p o s s i b l e  t h a t  i f  a  t echn ique  of t h i s  t ype  could  be developed,  and i f  
s e n s i t i v e  i n d i c e s  were o b t a i n e d ,  t h e  method could  he a p p l i e d  t o  t h e  
e v a l u a t i o n  of d i f f e r e n t  d r i v i n g  t a s k s  such a s  i n  t h e  day o r  a t  n i g h t ,  
a s  w e l l  a s  t h e  e f f e c t s  of d r i v i n g  upon d i f f e r e n t  k inds  of highways, 
such a s  two-lane highways and m u l t i p l e  l a n e ,  r e s t r i c t e d  a c c e s s ,  r o a d s .  
The e f f e c t s  of v e h i c u l a r  des ign  v a r i a b l e s  could  a l s o  be eva lua t ed .  

The s tudy  of f a t i g u e  is undoubtedly ].inked t o  s t u d i e s  concerned 
wi th  t h e  e f f e c t s  of drugs upon d r i v e r  performance and t h e  i n t e r a c t i o n  
of t h e s e  e f f e c t s  shou ld  be s t u d i e d .  U l t i m a t e l y ,  i t  may be p o s s i b l e  
t o  p rov ide  some des ign  requi rements  f o r  dev ices  t o  ma in t a in  t h e  
a l e r t n e s s  of t h e  d r i v e r .  Th i s  is  t h e  purpose of a  number of dev ices  
t h a t  a , re  be ing  marketed,  bu t  it  does not  appear  t h a t  any caf t h e  
methods t h a t  have been used s o  f a r  a r e  f u n c t i o n a l .  



1 2 .  R i d e  and  V i b r a t i o n  
The t o p i c  o f  v e h i c l e  r i d e  and t h e  e n s u i n g  v i b r a t i o n s  t h a t  impinge 

upon t h e  o p e r a t o r  c a n  be  r e g a r d e d  a s  a  u s e f u l  one  f o r  r e s e a r c h  by t h e  
human f a c t o r s  g r o u p .  F o r  p a s s e n g e r  c a r s  v e h i c l e  r i d e  i s  p r o b a b l y  n o t  
t o  b e  c o n s i d e r e d  a s  a  problem i n  r e g a r d  t o  t r a f f i c  a c c i d e n t s .  Passen-  
g e r  v e h i c l e  r i d e  is  u n d o u b t e d l y  a t  a  v e r y  h i g h  l e v e l  and  i t  is doubt-  
f u l  t h a t  any p e r f o r m a n c e  d e c r e m e n t s  c a n  be  a t t r i b u t e d  t o  i ts  q u a l i t y  
a t  t h i s  t i m e .  S i m i l a r l y ,  g e n e r a l  s t a n d a r d s  o f  c o m f o r t  i n  s e a t i n g  i n  
c o m b i n a t i o n  w i t h  t h e  s u s p e n s i o n  s y s t e m  of  t h e  v e h i c l e  p r o v i d e  f o r  a  
c o m f o r t a b l e  r i d e  s e n s a t i o n ,  and  o n e  t h a t  s h o u l d  n o t  c a u s e  f a t i g u e .  

However, t h e  same s i t u a t i o n  p r o b a b l y  d o e s  n o t  a p p l y  t o  d i f f e r e n t  
c l a s s e s  o f  v e h i c l e s .  I n  p a r t i c u l a r ,  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  
t h e  r i d e  phenomena o f  t r u c k s  and t r a c t o r - t r a i l e r  c o m b i n a t i o n s .  I n  
view of t h e  h i g h  m i l e a g e s  and  l o n g  h o u r s  s p e n t  b e h i n d  t h e  wheel  by t h e  
o p e r a t o r s  o f  commercia l  v e h i c l e s ,  a t t e n t i o n  s h o u l d  b e  g i v e n  t o  pro-  
v i d i n g  a  c o m f o r t a b l e  work env i ronment  f o r  t h e  commercia l  v e h i c l e  
d r i v e r .  I n v e s t i g a t i o n s  s h o u l d  be c a r r i e d  o u t  c o n c e r n i n g  t h e  n a t u r e  
o f  t h e  i n p u t s  t o  t h e  d r i v e r ,  s u c h  a s  t h e  v e r t i c a l  a c c e l e r a t i o n s  and 
r o l l  and  p i t c h  v e l o c i t i e s ,  i n  o r d e r  t o  o b t a i n  some i n s i g h t  t o  t h e  
t y p e  o f  v i b r a t i o n s  t h a t  a r e  e x p e r i e n c e d  by t h e  o p e r a t o r s  o f  t h e s e  
v e h i c l e s .  S t u d i e s  s h o u l d  t h e n  b e  c a r r i e d  o u t  t o  d e t e r m i n e  t h e  e f f e c t s  
upon c o m f o r t ,  f a t i g u e  and  psychomotor pe r fo rmance  c a u s e d  by a  r e p r e -  
s e n t a t i v e  s p e c t r u m  of v i b r a t o r y  i n p u t s  t o  d e t e r m i n e  i f  t h e y  l e a d  t o  
impairment  o f  t h e  d r i v i n g  t a s k .  A t  t h e  same t i m e  p h y s i o l o g i c a l  
measurements  s h o u l d  a l s o  be  t a k e n .  

T h i s  t y p e  o f  work h a s  been c a r r i e d  o u t  i n  t h e  a i r c r a f t  c o n t e x t  
where psychomotor t a s k s  were  pe r fo rmed  by p i l o t s  who were  s u b j e c t e d  
t o  v a r i o u s  d u r a t i o n s  o f  v i b r a t i o n ,  F r e q u e n t l y ,  s i n u s o i d a l  i n p u t s  
have been u s e d ;  b u t  more r e c e n t l y  random i n p u t s ,  o f  known s p e c t r a l  
power d i s t r i b u t i o n s ,  were  employed. 

S i m i l a r  a p p r o a c h e s  c o u l d  be  u s e d  i n  e v a l u a t i n g  d e c r e m e n t s  t h a t  
may b e  a s s o c i a t e d  w i t h  t r u c k  r i d e .  However, most o f  t h e  s i g n i f i c a n t  
s t u d i e s  have u t i l i z e d  i n t e g r a t e d  e r r o r  measurements  a v e r a g e d  o v e r  
t i m e  t o  i n d i c a t e  pe r fo rmance  on psychomotor t a s k s .  I t  is  p o s s i b l e  
t h a t  t h i s  t y p e  o f  measurement may h i d e  some of t h e  s i g n i f i c a n t  e f f e c t s  
o f  v i b r a t i o n  by n o t  p r e s e n t i n g  t h e  v a r i a n c e  i n  t h e  s u b j e c t ' s  o u t p u t .  
T h e s e  s t u d i e s  have f r e q u e n t l y  found  t h a t  v i b r a t i o n  i m p a i r s  t r a c k i n g  
c a p a b i l i t y ,  b u t  t h a t  t h i s  impairment  is n o t  a  f u n c t i o n  o f  t h e  d u r a t i o n  
o f  v i b r a t i o n .  Also  i t  h a s  been r e p o r t e d  t h a t  t h e r e  seems t o  be  l i t t l e  
e f f e c t  due  t o  i n t e n s i t y  o f  v i b r a t i o n ,  a t  l e a s t  w i t h i n  l e v e l s  where 
t h e  RMS ''g" v a l u e s  were  v a r i e d  f rom + .  1 t o  + . 2 .  I n  t h e s e  s t u d i e s  
r e a c t i o n  t i m e  was g e n e r a l l y  n o t  a f f e e t e d  b y - v i b r a t i o n  power n o r  dura-  
t i o n ,  b u t  r e s p o n s e s  t o  v i g i l a n c e  t a s k s  were  g e n e r a l l y  e x h i b i t i n g  
h i g h e r  l a t e n c i e s  when v i b r a t i o n  was b e i n g  u s e d ;  b u t ,  a g a i n ,  t h e r e  was 
no d i f f e r e n t i a l  e f f e c t  due t o  t h e  v i b r a t i o n  i n t e n s i t y .  I t  c o u l d  be  
t h a t  t h e  s i g n i f i c a n t  e v e n t s  c o n c e r n i n g  t h e  s u b j e c t ' s  r e s p o n s e  were  n o t  
b e i n g  measured by t h e  t e c h n i q u e s  t h a t  have been u s e d  a n d ,  i n  f a c t ,  
were  o b s c u r e d  by them. I t  does  n o t  seem i m p o s s i b l e  t h a t  e v e n t s  o f  
c r i t i c a l  s i g n i f i c a n c e  may i n d e e d  have o c c u r r e d  d u r i n g  t h e  v i b r a t i o n  
p e r i o d s ,  which l a s t e d  f o r  s i x  h o u r s  i n  some s t u d i e s ,  and t h a t  t h e s e  
e v e n t s  c o u l d  i n  and o f  t h e m s e l v e s  be  h i g h l y  s i g n i f i c a n t  t o  t h e  com- 
p l e t i o n  of a  complex t a s k  such  as f l y i n g  a n  a i r c r a f t  a t  low a l t i t u d e  
o r  d r i v i n g  a  t r u c k  a t  h i g h  v e l o c i t y .  I t  would be  s u g g e s t e d  t h a t  
somewhat d i f f e r e n t  measurement t e c h n i q u e s  b e  employed t h a t  more 
d i r e c t l y  i n d i c a t e  t h e  t o t a l  s p a n  o f  an i n d i v i d u a l ' s  p e r f o r m a n c e .  

The r e s u l t s  o f  t h i s  work may s u g g e s t  f u r t h e r  s t u d i e s  c o n c e r n e d  
w i t h  s e a t  d e s i g n  f o r  commercia l  v e h i c l e s  o r  improvements i n  s u s p e n s i o n  
s y s t e m s ,  and  p e r h a p s  a  changed l a y o u t  o f  t h e  c o n t r o l  and d i s p l a y  
s y s t e m s .  A s  a n  a d j u n c t  t o  s t u d i e s  i n  v i b r a t i o n ,  f o l l o w u p  s t u d i e s  



s t u d i e s  s h o u l d  b e  c a r r i e d  o u t  o f  d r i v e r s  o f  heavy commercia l  v e h i c l e s  
t o  d e t e r m i n e  m e d i c a l  impa i rment  t h a t  may have a r i s e n  a s  a  r e s u 1 . t  o f  
t h e i r  p r o f e s s i o n .  T h e r e  a r e  i n d i c a t i o n s  t h a t  t h e r e  is p r o g r e s s i v e  
p h y s i c a l  d e g e n e r a t i o n  a s s o c i a t e d  w i t h  v a r i o u s  i n d u s t r i a l  o c c u p a , t i o n s .  
I t  c o u l d  b e  t h a t  s i m i l a r  i n v e s t i g a t i o n s  would show an e f f e c t  du,e t o  
v i b r a t i o n  upon t h e  h e a l t h  o f  t h e  commercia l  v e h i c l e  d r i v e r .  Th.e n a t u r e  
of s u c h  p r o g r e s s i v e  d i s a b i l i t i e s  would b e  f u r t h e r  i n d i c a t i o n s  o f  t h e  
t y p e  o f  r e m e d i a l  m e a s u r e s  t h a t  c o u l d  be  recommended. 

1 3 .  D r i v e r  T r a i n i n g ,  Improvement,  and E d u c a t i o n  
The methods  u s e d  f o r  t h e  i n i t i a l  t r a i n i n g  of d r i v e r s  r e a u i . r e  

c a r e f u l  i n v e s , t i g a t i o n .  R e l a t i v e l y  l i t t l e  worE h a s  been done " t o  d e t e r -  
mine t h e  e f f e c t i v e n e s s  o f  v a r i o u s  t e c h n i q u e s  employed f o r  d r i v e r  
t r a i n i n g .  D r i v e r  t r a i n i n g  u s u a l l y  is  g i v e n  t o  young p e r s o n s  p r i o r  t o  
q u a l i f i c a t i o n  f o r  t h e i r  f i r s t  d r i v e r ' s  l i c e n s e .  Most d r i v e r  t r a i n i n g  
is  c a r r i e d  o u t  i n  t h e  p u b l i c  s c h o o l s ,  by p r i v a t e  d r i v e r  t u i t i o n  organ-  
i z a t i o n s ,  or by r e l a t i v e s  and  f r i e n d s  o f  t h e  i n d i v i d u a l .  A number o f  
s t a t e s  a r e  now r e q u i r i n g  t h a t  a  fo rmal  d r i v e r  t r a i n i n g  c o u r s e  b e  t a k e n  
b e f o r e  a  l i c e a s e  w i l l  be  g r a n t e d .  T h i s  would seem t o  o f f e r  an  oppor- 
t u n i t y  f o r  s t a n d a r d i z a t i o n  o f  t h e  t e c h n i q u e s  t o  be  u s e d .  B a s i c  ques- 
t i o n s  remain1 c o n c e r n i n g  t h e  c o n t e n t ,  t h e  t y p e  o f  equipment  t o  be u s e d  
and  t h e  e d u c a t i o n  o f  t h e  d r i v e r  t r a i n i n g  i n s t r u c t o r  needed f o r  a n  
ef  f e c t i v e  program.  

I n  t h i s  r e g a r d  i t  would b e  i n v a l u a b l e  t o  b e  a b l e  t o  f o r m u l a t e  
t h e  h i e r a r c h y  o f  s k i l l s  needed  f o r  t h e  d r i v i n g  t a s k .  Such a  taxonomy 
c o u l d  t h e n  b e  u s e d  t o  s t r u c t u r e  c o u r s e  c o n t e n t  ,to maximize l e a r n i n g .  
A t  t h e  same t i m e  b a s i c  p r i n c i p l e s  o f  human l e a r n i n g  s h o u l d  b e  employed 
i n  t h e  d e s i g n  o f  d r i v e r  t r a i n i n g  c o u r s e s .  R e s e a r c h  i n  d r i v e r  t r a i n i n g  
s h o u l d  a l s o  i n c l u d e  development  o f  t e c h n i q u e s  f o r  t h e  c o n t i n u o u ! ~  e v a l -  
u a t i o n  o f  s t u d e n t s  s o  t h a t  t h e i r  p r o g r e s s  i n  t h e  c o u r s e  may become 
known. I n  t h i s  way s t u d e n t s  who may have p a r t i c u l a r  p rob lems  i n  
c e r t a i n  a s p e c t s  o f  t h e  c o u r s e  c o u l d  b e  g i v e n  more s p e c i a l i z e d  a t t e n -  
t i o n  i n  t h o s e  s p e c i f i c  a r e a s .  I n h e r e n t l y ,  t h i s  i m p l i e s  t h a t  t e c h -  
n i q u e s  would b e  a v a i l a b l e  by which t h e  s u c c e s s  o f  d r i v e r  t r a i n i n g  
c o u r s e s  c o u l d  be  e , v a l u a t e d ,  and  r e s e a r c h  t o  d e t e r m i n e  t h e  v a l i c l i t y  o f  
t h e s e  t e c h n i q u e s  is  a n o t h e r  p r i m e  c o n s i d e r a t i o n .  

Few s t u d i e s  have been c a r r i e d  o u t  t o  d e t e r m i n e  i f  d r i v e r  t r a i n i n g  
is  b e n e f i c i a l .  F r e q u e n . t l y ,  where s t u d i e s  have  been a t t e m p t e d ,  poor  
e x p e r i m e n t a l  d e s i g n  h a s  l e d  t o  an  i n a b i l i t y  t o  make p r o p e r  e x t r a p o l a -  
t i o n s  f rom t h e  d a t a .  A b a s i c  f a u l t  i n  some of  t h e s e  s t u d i e s  h a s  been  
t h a t  a p p r o p r i a . t e  c o n t r o l  g r o u p s  were  n o t  a v a i l a b l e .  I n  view of  t h e  
d i s p r o p o r t i o n a t e  number o f  a c c i d e n t s  i n  which young d r i v e r s  a r e  a t  
f a u l t ,  d r i v e r  t r a i t l i n g  s h o u l d  b e  a  major  a r e a  f o r  r e s e a r c h e r s  I.n 
a c c i d e n t  preven. t iow.  

Another  impor, ,f ;ant  a r e a  o f  s t u d y ,  i n  t h e  p r e s e n t  c o n t e x t ,  i.s t h a t  
c o n c e r n e d  w i t h  d r i v e r  improvement.  Not a l l  s t a t e s  have any f o r m a l  
means by which d , r i ,ve r  improvement methods  may b e  a p p l i e d .  The r o l e  
o f  d r i v e r  improvement t e c h n i q u e s  s h o u l d  b e  t o  change  t h e  a t t i t u d e s ,  
knowledge and s k i l l s  o f  d r i v e r s  who p r e s e n t l y  h o l d  l i c e n s e s .  L i t t l e  
d a t a  a r e  p r e s e n t l y  a v a i l a b l e  c o n c e r n i n g  t h e  s u c c e s s  o f  d r i v e r  i,mprove- 
ment s c h o o l s  i n  t h o s e  s t a t e s  t h a t  have  made some e f f o r t  t o  i n s t i t u t e  
t h e s e .  The r e s u l t s  o f  r e s e a r c h  s t u d i e s  c o n c e r n e d  w i t h  t e c h n i q u e s  of 
i n s t r u c t i o n  s u c h  a s  t h o s e  c a r r i e d  o u t  by M a l f e t t i  a t  Columbia and  
S c h l e s i n g e r  a t  George Washington U n i v e r s i t y  a l s o  l e a v e  t h i s  q u e s t i o n  
unanswered.  D r i v e r  improvement s c h o o l s  v a r y  g r e a t l y  i n  t h e i r  c o u r s e  
c o n t e n t ,  t h e  e d u c a t i o n  o f  t h e  i n s t r u c t o r s ,  t h e  f i n a n c i n g  and  t h e i r  
s p o n s o r s h i p ,  R e f e r r a l s  t o  t h e s e  s c h o o l s  a r e  made l a r g e l y  f rom a d u l t  



c o u r t s ,  j u v e n i l e  c o u r t s ,  by motor  v e h i c l e  d e p a r t m e n t s ,  p o l i c e  d e p a r t -  
ments ,  and from p r i v a t e  c o n c e r n s .  Some v o l u n t e e r s ,  i t  h a s  been n o t e d ,  
a l s o  a t t e n d  t h e s e  s c h o o l s .  The t e a c h i n g  methods  employed r a n g e  from 
t h e  u s e  o f  l e c t u r e s ,  d i s c u s s i o n s ,  f i l m s  and s l i d e s ,  a n a l y s i s  of a c t i o n  
s i t u a t i o n s  and o t h e r  methods .  The i n s t r u c t i o n a l  a i d s  and d e v i c e s  t h a t  
a r e  u s e d  i n  t h e  improvement s e s s i o n s  c o n s i s t  o f  f i l m s ,  b l a c k b o a r d s ,  
r e c o r d i n g s ,  v a r i o u s  forms of  p s y c h o - p h y s i c a l  t e s t i n g  equ ipment ,  d r i v i n g  
s i m u l a t o r s ,  and c a r s .  R a l a t i v e l y  l i t t l e  i s  known a b o u t  t h e  v a l u e  o f  
t h e s e  t e c h n i q u e s .  Some s t u d i e s  have been done c o n c e r n i n g  t h e  u s e  o f  
d r i v e r  t r a i n i n g  s i m u l a t o r s  s u g g e s t i n g  t h a t  t h e  u s e  o f  t h e s e  d e v i c e s  
d o e s  p e r m i t  a  r e d u c t i o n  i n  t h e  number o f  h o u r s  t h a t  a r e  needed b e h i n d  
t h e  wheel  of a  v e h i c l e .  However, t h e r e  i s  a  g r e a t  p a u c i t y  o f  r e s e a r c h  
i n  t h i s  a r e a  and  much more n e e d s  t o  b e  done ,  The economic c o s t s  o f  
d r i v e r  t r a i n i n g  and  o f  d r i v e r  improvement c o u r s e s  a r e  e x t r e m e l y  h i g h  
and i n  p r o p o r t i o n  t o  t h i s  amount o f  r e s e a r c h  t h a t  h a s  been c a r r i e d  o u t  
t o  e v a l u a t e  t h e  v a l u e  o f  v a r i o u s  methods  h a s  been q u i t e  s m a l l .  Pe r -  
haps  t h e  l e a d e r s  i n  t h e  f i e l d  o f  d r i v e r  improvement a r e  t h e  U. S. 
Armed F o r c e s .  The Air F o r c e ,  f o r  example ,  h a s  r e c e n t l y  i n s t i t u t e d  a  
d r i v e r  improvement c o u r s e  which a l l  a i rmen  u n d e r  t h e  a g e  of 25 y e a r s  
must a t t e n d .  Programmed i n s t r u c t i o n  fo rms  t h e  b a s i s  o f  t h e  c o u r s e .  
I t  s h o u l d  be  p o s s i b l e  t o  make e v a l u a t i o n s  o f  t h e  e f f e c t i v e n e s s  o f  t h i s  
program. 

D r i v e r  e d u c a t i o n  s h o u l d  be  a c o n t i n u o u s  p r o c e s s  and  i t  p r o b a b l y  
l a r g e l y  c o n s i s t s  of t h e  a t t e m p t  t o  m a i n t a i n  a d e q u a t e  l e v e l s  of s k i l l  
and a t t i t u d e s  toward  t h e  d r i v i n g  t a s k .  Means s h o u l d  be  deve loped  by 
which t h e  d r i v i n g  p u b l i c  can  be  c o n t i n u a l l y  made aware  o f  t h e i r  
r e s p o n s i b i l i t i e s  w h i l e  d r i v i n g  and  t h e  need t o  remain  a t  peak  e f f i -  
c i e n c y  and  v i g i l a n c e .  T h i s  i s  a complex t a s k .  A t  l e a s t  o n e  s t u d y  
h a s  i n d i c a t e d  t h a t  t h e  p e r i o d i c  s a f e t y  campaigns  which have been 
aimed a t  r e d u c i n g  a c c i d e n t s  have l i t t l e  e f f e c t  b e c a u s e  t h e y  t e n d  t o  
be  i g n o r e d  by t h o s e  p e o p l e  whom t h e y  a r e  a t t e m p t i n g  t o  i n f l u e n c e .  

I n  view of  t h e  i m p o r t a n c e  of f e e d b a c k  f o r  t h e  m a i n t e n a n c e  o f  
s k i l l e d  pe r fo rmance  and  i t s  n e c e s s i t y  f o r  l e a r n i n g ,  i t  becomes f a i r l y  
c l e a r  why t h e  problem of d r i v e r  e d u c a t i o n  e x i s t s .  T h e r e  a r e  p r o b a b l y  
few t a s k s  where t h e  o p e r a t o r  r e c e i v e s  s u c h  i n f r e q u e n t  f e e d b a c k  a s  i n  
d r i v i n g .  When f e e d b a c k  is r e c e i v e d  i t  is u s u a l l y  i n  t h e  form of  nega- 
t i v e  r e i n f o r c e m e n t ,  s u c h  a s  a t i c k e t  f o r  a t r a f f i c  v i o l a t i o n .  The u s e  
o f  s p a r s e  f e e d b a c k  i n  t h e  form of  n e g a t i v e  r e i n f o r c e r s  is  q u i t e  con- 
t r a r y  t o  a c c e p t e d  p r i n c i p l e s  of l e a r n i n g .  T e c h n i q u e s  f o r  p r o v i d i n g  
f r e q u e n t  p o s i t i v e  r e i n f o r c e m e n t  o f  d r i v i n g  a c t i o n  may be  r e q u i r e d  t o  
m a i n t a i n  improved d r i v e r  pe r fo rmance .  

1 4 .  F i e l d  O b s e r v a t i o n s  of D r i v e r  B e h a v i o r  
L a b o r a t o r y  s t u d i e s  and e x p e r i m e n t s  c a r r i e d  o u t  i n  t h e  f i e l d  

s u f f e r  from t h e  s h o r t c o m i n g  t h a t  t h e y  a r e ,  i n  e s s e n c e ,  s i m u l a t i o n s  o f  
some r e a l  t a s k .  T h e r e  is, t h e r e f o r e ,  a lways  some d a n g e r  i n  e x t r a p o -  
l a t i n g  t h e  d a t a  f rom t h e  e x p e r i m e n t a l  s i t u a t i o n  t o  t h e  o p e r a t i o n a l  
o n e .  S u b j e c t s  who a r e  b e i n g  u s e d  i n  a n  e x p e r i m e n t ,  even  when a l l  
o t h e r  c o n s i d e r a t i o n s  a p p e a r  t o  be  q u i t e  r e a l i s t i c  s u c h  a s  t h e  d r i v i n g  
o f  a v e h i c l e  w i t h i n  a  t r a f f i c  s t r e a m ,  n o n e t h e l e s s  a r e  aware  o f  t h e  
f a c t  t h a t  t h e i r  pe r fo rmance  is  b e i n g  o b s e r v e d  a n d ,  h e n c e ,  some q u e s t i o n  
c a n  a r i s e  a s  t o  whe ther  t h e y  a r e  behav ing  as t h e y  would i f  u n o b s e r v e d .  
R e a l  p rob lems  a r i s e  i n  a t t e m p t i n g  t o  v a l i d a t e  e x p e r i m e n t a l  work t o  
d e t e r m i n e  how w e l l  i t  d o e s ,  i n  f a c t ,  d e s c r i b e  d r i v e r  b e h a v i o r  i n  t h e  
r e a l  wor ld .  I n  o r d e r  t o  overcome t h e s e  o b j e c t i o n s  a s  w e l l  a s  t o  
measure  d r i v e r  b e h a v i o r  i n  t h e  real  t a s k  s e t t i n g  w i t h o u t  t h e  u s e  o f  
s u b j e c t s  who a r e  aware  t h a t  t h e y  a r e  b e i n g  m o n i t o r e d ,  i t  w i l l  b e  neces -  



s a r y  t o  make o b s e r v a t i o n s  o f  d r i v e r s  and  p e d e s t r i a n s  w i t h o u t  t h e i r  
b e i n g  aware  o f  t h e  f a c t  t h a t  measurements  a r e  b e i n g  t a k e n  o f  t h e i r  
b e h a v i o r .  These  t y p e s  o f  d a t a  have  been o b t a i n e d  i n  t h e  p a s t ,  p a r -  
t i c u l a r l y  in c o n n e c t i o n  w i t h  t r a f f i c  f l o w  s t u d i e s ,  and a l l  a c c i d e n t  
s t a t i s t i c a l  d a t a  a r e  o f  t h i s  n a t u r e .  However, it is  e x t r e m e l y  d i f -  
f i c u l t  t o  make e x t r a p o l a t i o n s  o f  d r i v e r  b e h a v i o r  from a c c i d e n t  statis-  
t i c s .  T h i s  is s ;uppor ted  by t h e  v e r y  poor  c o r r e l a t i o n s  t h a t  have  been 
o b t a i n e d  between. a c c i d e n t s  and v a r i o u s  c h a r a c t e r i s t i c s  of d r i v e r s ,  o r  
i n d e e d  o f  o t h e r  a s p e c t s  o f  t h e  highway s y s t e m .  T h e r e  a r e  s f  c o u r s e  
ma,ny a d v a n t a g e s  t o  c o n t r o l l e d  e x p e r i m e n t a t i o n  c a r r i e d  o u t  i n  t h e  f i e l d  
o r  t h e  l a b o r a t o r y  s u c h  as t h e  a b i l i t y  , to  make a c c u r a t e  measurements  of 
v a r i a b l e s  t h a t  a r e  m a n i p u l a t e d  a t  t h e  w i l l  of  t h e  e x p e r i m e n t e r .  How- 
e v e r ,  i t  seems p o s s i b l e  t h a t  o b s e r v a t i o n  o f  d r i v e r  b e h a v i o r  caar b e  
c a r r i e d  o u t  t o  y i e l d  i l z fo rmat ion  o f  g r e a t  v a l u e  leadi11.g t o  a b a s i c  
u n d e r s t a n d i n g  of! numerous a s p e c t s  o f  human f a c t o r s  which a f f e c t  a c c i -  
d e n t  prndue:t ion.  F o r  example ,  i n  o r d e r  t o  s t u d y  t h e  o v e r t a k i n g  be- 
h a v i o r  o f  d r i v e r s ,  i t  would b e  f e a s i b l e  t o  m o n i t o r  v a r i o u s  seci : ions  
o f  highway,, By means o f  t e l e v i s i o n  r e c o r d i n g  equipment  t h e  p o i n t s  
a t  which a  d r i v e r  makes a  d e c i s i o n  t o  o v e r t a k e  a n o t h e r  v e h i c l e - - i n  
t e r m s  o f  t h e  a v a i l a b l e  s i g h t  d i s t a n c e ,  t h e  v e l o c i t y  o f  h i s  veh:i.cle 
anci t h e  . v e h i c l e  b e i n g  o v e r t a k e n ,  and  t h e  d i s t a n c e  and  v e l o c i t y  o f  
a p p r o a c h i n g  L r a f f i e - - c o u l d  b e  measured .  Some e x p e r i m e n t a l  s t u d i e s  
have  been c a r r i e d  o u t  a t t e m p t i n g  t o  d e l i n e a t e  d r i v e r  judgment fin t h i s  
s i t u a t i o n .  The f i e l d  o b s e r v a t i o n s  would p e r m i t  an  e v a l u a t i o n  of  t h e  
v a l i d i t y  of t h e  e x p e r i m e n t a l  s t u d i e s  i n  o v e r t a k i n g  t o  b e  made. 

T h i s  i n f o r m a t i o n  would be  b a s i c  t o  t ' h e  f o r m u l a t i o n  o f  d a t a  t h a t  
c o u l d  b e  a p p l i e d  t o  a  m a t h e m a t i c a l  model of d r i v e r  o v e r t a k i n g  b e h a v i o r .  
T h e s e  d a t a  ,wou.lcl a l . s o  i n d i c a t e  t h e  n a t u r e  o f  r i s k - t a k i n g  b e h a v i o r  t h a t  
was o b s e r v e d  on t h e  highway, and  i t  may be  p o s s i b l e  by i n t e r v i e w i n g  
t h e  d r i v e r s  c;oncerned , to d e t e r m i n e  t h e  b a s i s  upon which t h e y  made a  
d e c i s i o n  t o  o v e r t a k e  or  n o t  o v e r t a k e  as t h e  c a s e  may b e .  Undoubted ly ,  
i f  enough observa, ,k ions  were  made, p a r t i c u l a r l y  i n  l o c a t  i o n s  h a v i n g  a  
h i s t o r y  o f  h i g h  a c c i d e n t  p r o b a b i l . . i t y ,  o b s e r v a t i o n s  would b e  obl ta ined 
o f  c o l : l i s i o n s .  T h e  r e c o r d i n g  a p p a r a t u s  would p e r m i t  a f u l l  a n a l y s i s  
o f  t h e  s i t l a a t i o n  l e a d i n g  t o  t h e  a c c i d e n t  t o  be made. 

A l s o ,  t h e  c r i t e r i o n  chosen  f o r  making a  d e c i s i o n  t o  o v e r t a k e  o r  
n o t  t o  o v e r t a k e  mag be  a f a i r l y  s e n s i t i v e  i n d e x  o f  d r i v e r  p e r f o r m a n c e ,  
and  it may be p o s s i b l e  t o  f i n d  p e r s o n a l i t y ,  soc io -economic ,  p e r c e p t u a l  
and  psychornotor v a r i a b l e s  t h a t  show a  c o r r e l a t i o n  w i t h  t h e  p e r f o r m a n c e  
i n d e x .  I t  c o ~ t l d  be t h a t  d r i v e r  c h a r a c t e r i s t i c s  a r e  found  which have  
p r e d i c " & i v e  val . icl . i ty i n  4;erms o f  a, concep-t i n v o l v i n g  , the  a c c e p t a n c e  of 
h i g h , - r i s k  sili;ua.t;ions. Follow-up s k u d i e s  would t h e n  d e t e r m i n e  whe ther  
t h e s e  t y p e s  s f  cl.rivex-s a r e  a l s o  t h o s e  who a r e  i n v o l v e d  i r x  a c c i d e n t s  o r  
who c a u s e  ncc i ,den l . -p roduc i~ lg  s i t u a t i o n s .  

O t h e r  k i n d s  of c r i t i c a l  i n c i d e n t  t y p e  b e h a v i o r  may b e  o b s e r v e d  i n  
a s i m i l a r  way. For i n s t a n c e ,  b e h a v i o r  o f  t r a f f i c  a t  i n t e r s e c t i o n s  
h a v i n g  v a r i o u s  1i;inc:ls o f  t r a f f i c  c o n t r o l s ,  a t  t h e  e n t r a n c e  and  e x i t  
ramps o f  1im.itecl a c c e s s  h i g h  s p e e d  highways,  a t  t h e  a p p r o a c h e s  t o  
c o r n e r s  and  h i1 l . s  on two-lane highways,  and  t h e  e f f e c t s  o f  a d v e r s e  
w e a t h e r  and  roacl c o n d i t i o n s  c o u l d  b e  s t u d i e d .  

The e f f e c t  o f  a l c o h o l  upon d r i v i n g  b e h a v i o r  can  b e  i n v e s t i g a t e d  
i n  f i e l d  s t u d i e s  w i t h o u t  t h e  d r i v e r  knowing t h a t  h i s  pe r fo rmance  i s  
b e i n g  measured.  I n  t h i s  r e g a r d  i.t  would a l s o  b e  i m p o r t a n t  t o  o b t a i n  
f u r t h e r  i n f s r m a t i o n  upon t h e  d r i n k i n g  h a b i t s  o f  d r i v e r s  s u c h  as t h e  
amount o f  a l c o h o l  consumed, t h e  p l a c e  i n  which t h e  d r i n k i n g  is done ,  
t h e  t i m e  of  day o r  n i g h t ,  and t h e  d i s t a n c e s  t h a t  t h e s e  p e r s o n s  sub- 
s e q u e n t l y  d r i v e .  

The g e n e r a l  a p p r o a c h  t h a t  h a s  been  s u g g e s t e d  h e r e  s h o u l d  l e a d  t o  
a n a l y t i c a l  models  o f  d e c i s i o n  making i n  c e r t a i n  a s p e c t s  of t h e  d r i v i n g  



t a s k ,  improve c u r r e n t  knowledge o f  t r a f f i c  f l o w  t h e o r y  and  i n c r e a s e  
t h e  s c o p e  o f  p r e s e n t  mode ls ,  p r o v i d e  a  s e n s i t i v e  c r i t e r i o n  o f  d r i v e r  
r i s k - t a k i n g  p e r f o r m a n c e ,  and e v a l u a t e  t h e  c o r r e l a t i o n  o f  t h i s  c r i t e r i o n  
w i t h  v a r i o u s  p e r s o n a l  a t t r i b u t e s  o f  t h e  d r i v e r ,  The method may a l s o  
l e a d  t o  a  b a c k l o g  o f  d a t a  t h a t  i s  u s e f u l  i n  t h e  d e s i g n  o f  d r i v e r  
t r a i n i n g  and  e d u c a t i o n  t e c h n i q u e s  a s  w e l l  a s  p r o v i d i n g  g u i d e l i n e s  f o r  
d e s i g n  o f  highways and d r i v e r  a i d s .  

1 5 .  A n a l y t i c a l  Models o f  t h e  D r i v i n g  Task. 
T h e r e  have been numerous a t t e m p t s  t o  p r o v i d e  a n a l y t i c a l  models  o f  

t h e  r e s p o n s e  c h a r a c t e r i s t i c s  o f  t h e  a i r c r a f t  p i l o t ,  and  s i m i l a r  t e c h -  
n i q u e s  have been a p p l i e d  t o  mode l ing  s i m p l e  c o n t r o l  a s p e c t s  o f  a u t o -  
m o b i l e  d r i v i n g .  T h e r e  a r e  an abundance o f  t h e o r i e s  t o  d e s c r i b e  t h i s  
a c t i v i t y  b u t  r e l a t i v e l y  l i t t l e  work t h a t  h a s  any v a l i d i t y  t o  i t .  The 
u s u a l  f rame  of  r e f e r e n c e  t h a t  h a s  been t a k e n  by i n v e s t i g a t o r s  i n  pro-  
v i d i n g  a n a l y t i c a l  models  o f  t h e  d r i v e r ' s  l a t e r a l  c o n t r o l  t a s k  a r e  
t h o s e  t h a t  f o l l o w  a  c y b e r n e t i c  t h e o r y ,  and  hence  c o n s i d e r  t h e  d r i v e r  
i n  a c l o s e d  l o o p  man-machine s y s t e m .  T h i s  o r i e n t a t i o n  i n  i t s e l f  may 
w e l l  b e  open t o  q u e s t i o n .  I n  any e v e n t ,  a t  t h i s  t i m e ,  v e r y  s c a n t  
i n f o r m a t i o n  is  a v a i l a b l e  c o n c e r n i n g  t h e  t y p e s  o f  f e e d b a c k  l o o p s  t h a t  
t h e  d r i v e r  c l o s e s ,  and v i r t u a l l y  no i n f o r m a t i o n  is  a v a i l a b l e  con- 
c e r n i n g  which p a r t i c u l a r  l o o p s  may be  c l o s e d  a t  a  p a r t i c u l a r  p o i n t  i n  
t i m e .  

B a s i c  i n f o r m a t i o n  needed  t o  p r o v i d e  even  t h e  s i m p l e s t  model o f  
t h e  d r i v i n g  t a s k  is  l a c k i n g  a t  t h i s  t i m e .  S i m i l a r l y ,  t h e  c o n c e p t s  
t h a t  have  been  u s e d  by which t o  s i m u l a t e  t h e  d r i v i n g  t a s k  s o  t h a t  ex- 
p e r i m e n t a l  v e r i f i c a t i o n  o f  a  model may be  o b t a i n e d  have been q u i t e  
i n a p p r o p r i a t e .  The r e s e a r c h  i n  s i m u l a t i o n  h a s  been d i s c u s s e d  i n  
Task-2 and some a s p e c t s  o f  model ing o f  t h e  l o n g i t u d i n a l  c o n t r o l  t a s k  
have been ment ioned  i n  Task-14. Both l o n g i t u d i n a l  and l a t e r a l  c o n t r o l  
a r e  i m p o r t a n t  e l e m e n t s  o f  t h e  d r i v e r ' s  t a s k  and b o t h  r e q u i r e  s t u d y .  
However, i t  is e s s e n t i a l  t o  o b t a i n  t h e  b a s i c  i n f o r m a t i o n  which must be  
a v a i l a b l e  b e f o r e  a  c o n c e p t u a l  model of t h e  d r i v i n g  t a s k  c a n  b e  d e v e l o p e d ,  
and  t h u s  a g r e a t  d e a l  o f  b a s i c  i n f o r m a t i o n  c o n c e r n i n g  t h e  t y p e s  o f  
s e n s o r y  i n p u t s  t h a t  a r e  u t i l i z e d  by d r i v e r s  n e e d s  t o  b e  o b t a i n e d .  
When s u c h  i n f o r m a t i o n  becomes known, t h e n  i t  may be  a p p r o p r i a t e  t o  
b u i l d  a n a l y t i c a l  models  d e s c r i b i n g  t h e  d r i v e r ' s  s t i m u l u s - r e s p o n s e  
r e l a t i o n s h i p s .  Knowledge o f  d e c i s i o n  making u s e d  by d r i v e r s  i n  v a r i o u s  
s i t u a t i o n s ,  t h e  e f f e c t s  o f  e n v i r o n m e n t a l  v a r i a b l e s  a s  w e l l  a s  t h o s e  o f  
t h e  s u r r o u n d i n g  t r a f f i c  s i t u a t i o n s ,  and  t h e  p e r s o n a l  a t t r i b u t e s  and 
p h y s i o l o g i c a l  s t a t e  of t h e  d r i v e r  s h o u l d  u l t i m a t e l y  e n t e r  i n t o  any 
s o p h i s t i c a t e d  model i n  o r d e r  t o  p r o v i d e  some p r e d i c t i v e  v a l u e  t o  t h e  
a n a l y s i s .  T h i s  is o b v i o u s l y  an  e x t r e m e l y  complex t a s k  b u t  one  which 
s h o u l d  be  o n e  o f  t h e  l o n g  t e r m  aims of t h e  human f a c t o r s  g r o u p .  

1 6 .  Human E n g i n e e r i n g  of t h e  V e h i c l e  
Human e n g i n e e r i n g  d e s i g n  c o n s i d e r a t i o n s  o f  t h e  v e h i c l e  a r e  con- 

c e r n e d  w i t h  t h e  l a y o u t  and  d e s i g n  of d i s p l a y s  s u c h  a s  i n s t r u m e n t a t i o n  
and warn ing  l i g h t s  and t h e  d e s i g n  of c o n t r o l s  s u c h  a s  knobs  f o r  a c t u -  
a t i n g  v a r i o u s  c a r  a c c e s s o r i e s ,  l e v e r s ,  s t e e r i n g  w h e e l s ,  and p e d a l s .  
~ i s ~ i a ~  d e s i g n  s h o u l d  b e a r  i n  mind v i s u a l  c h a r a c t e r i s t i c s  o f  t h e  
d r i v i n g  p o p u l a t i o n  a s  w e l l  as t h e  s e a t e d  p o s i t i o n  of t h e  r a n g e  o f  
d r i v e r s  t o  p r o v i d e  a d e q u a t e  v i s i b i l i t y  u n d e r  a l l  l i g h t i n g  c o n d i t i o n s .  
Design o f  hand and  f o o t  c o n t r o l s  s h o u l d  p e r m i t  p o s i t i v e  a c t u a t i o n  and  
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i d e n t i f i c a t i o n  o f  t h e  c o n t r o l  w i t h i n  t h e  r e a c h  c a p a b i l i t i e s  of d r i v e r s .  
Thus ,  c o n t r o l s  and d i s p l a y s  must 'be 1a l .d  o u t  p r o p e r l y  w i t h i n  t h e  
d r i v e r ' s  work s p a c e  which i n  t u r n  is d e s i g n e d  on t h e  b a s i s  o f  a n t h r o -  
p o m e t r i e  d a t a .  Anthropomet r ic  d a t a  r e f e r e n c e d  t o  t h e  d r i v i n g  popula-  
l ; i sn  r e c e n t l y  betcame a v a i l a b l e .  T h e r e  is a need t o  o b t a i n  da ta .  f o r  
t h e  d r i v e r  p o p u l a t i o n  d e s c r i b i n g  f o r c e  c a p a b i l i t y  i n  t h e  o p e r a t i o n  o f  
hand and f o o t  c o m t r o l s .  

The most i m p o r t a n t  component i n  t h e  d r i v e r ' s  work s p a c e  c o n c e r n s  
t h e  cli.mensions a.nd a d j u s t m e n t s  a v a i l a b l e  f o r  t h e  s e a t .  Suf f  icie11.t 
room must b e  p ro ,v ided  t o  a l l o w  t h e  d r i v e r  t o  a d e q u a t e l y  m a n i p u l a t e  h i s  
c o n t r o l s  and t o  p r o v i d e  p r o p e r  v i s i b i : l j . t y  t h r o u g h  w i n d s h i e l d s ,  s i d e  
and  r e a r  windows o f  t h e  v e h i c l e .  

Another  a s p e c t  of human e n g i n e e r i n g  c r i t e r i a  f o r  t h e  i n t e r i o r  
d e s i g n  of t h e  v e h i c l e  c o n c e r n s  t h e  d e s i g n  of t h e  c o n t r o l  s u r f a c e s  t o  
r e d u c e  t h e i r  p o t t e n t i a l  f o r  c r a s h  i n j u r y  p r o d u c t i o n ,  The e x t e r i o r  
d e s i g n  of t h e  ve lh ie le  s h o u l d  a l s o  b e  s u c h  t h a t  no s h a r p  edges  a r e  
p r e s e n t  i n  o r d e r  t o  min imize  i n j u r y  t o  p e d e s t r i a n s .  

The hurlnan e n g i n e e r i n g  i n v e s t i g a t i o n s  w i l l  a l s o  b e  c o n c e r n e d  w i t h  
t h e  m a i n t e n a n c e  and s e r v i c e  t a s k s  r e q u i r e d  t o  keep  t h e  v e h i c l e  i n  
p r o p e r  o p e r a t i n g  c o n d i t i o n .  

I t  may be  c o n s i d e r e d  f r u i t f u l  t o  c a r r y  o u t  o v e r a l l  human eng in-  
e e r i n g  e v a l u a t i o n s  o f  a  r e p r e s e n t a t i v e  segment  o f  t h e  p r o d u c t s  o f  
v a r i o u s  m a n u f a c t u r e r s  i n  e a c h  model y e a r ,  The r e s u l t s  o f  s u c h  measure- 
ments  would i n d i c a t e  t h e  d e s i g n  changes  t h a t  may b e  recommended t o  
r e s u l t  i n  improved d r i v e r  pe r fo rmance  and p r o t e c t i o n  and  f o r  b e t t e r  
v e h i c l e  1nai:n.tetlamce. The r e s u l t s  o f  t h i s  work may a l s o  p o i n t  o u t  new 
a r e a s  o f  reseax-clil needed t o  s u p p l y  g a p s  i n  c u r r e n t  knowledge.  

1 7 .  Development o f  T e s t s  and A t t i t u d e  S c a l e s  
T h e r e  w i l l  b e  numerous r e q u i r e m e n t s  t o  d e v e l o p  t e s t s  and a t t i t u d e  

m e a s u r i n g  d e v i c e s  by v a r i o u s  g r o u p s  w i t h i n  HSRI i n c l u d i n g  t h e  Human 
F a c t o r s  g r o u p .  The t r a i n i n g  of some o f  t h e  members o f  t h e  Human 
F a c t o r s  g r o u p  is s u c h  t h a t  t h e y  a r e  a  n a t u r a l  r e s o u r c e  f o r  t h e  d e v e l -  
opment of t h e s e  t y p e s  o f  d e v i c e s  a n d ,  t h e r e f o r e ,  t h e y  c o u l d  p r o v i d e  a 
s e r v i c e  t o  o t h e r  g r o u p s  a s  needed.  Within  t h e  programs t h a t  have 
been o u t l i n e d  a number of r e q u i r e m e n t s  have  a l r e a d y  been m e n t i o n e d .  
Examples o f  o t h e r  needs  may be  t h o s e  t h a t  r e f l e c t  changes  i n  t h e  
l i c e n s i n g  p r o c e d u r e s  o f  d r i v e r s  f o r  which new t e s t s  o f  known v a l i d i t y  
may b e  d e v e l o p e d .  

With r e s p e c t  t o  t h e  improvement o f  t h e  m a i n t e n a n c e  of v e h i c l e s  
i t  may be  p r a c t i c a l  t o  d e v e l o p  t e s t s  f o r  t h e  s e l e c t i o n  of t h o s e  w i t h  
an a p t i t u d e  f o r  s u c h  t a s k s .  

An i m p o r t a n t  a s p e c t  o f  human e n g i n e e r i n g  d e s i g n  is  t h a t  thie 
d e s i g n  is a c c e p t a b l e  t o  t h o s e  who must u s e  i t  and  i n  t h i s  r e g a r d  a t t i -  
t u d e  s c a l e s  a r e  needed t o  measure  t h e  a c c e p t a n c e  of human e n g i n e e r i n g  
d e s i g n  p r o p o s a l s .  F o r  example ,  a l t h o u g h  new c a r s  a r e  now equ ipped  
w i t h  s e a t  b e l t s  r e l a t i v e l y  few d r i v e r s  and p a s s e n g e r s  make u s e  o f  them. 
S e a t  b e l t s  have been shown t o  be  c a p a b l e  o f  r e d u c i n g  i n j u r i e s  aind 
f a t a l i t i e s  by a s i g n i f i c a n t  marg in .  However, w h i l e  t h e  e n g i n e e r i n g  
d e s i g n  o f  t h e  s e a t  b e l t  may b e  a p p r o p r i a t e ,  i t  is of  l i t t l e  u s e  u n l e s s  
t h e  i n d i v i d u a l  d e c i d e s  t o  u s e  i t .  More c o n s i d e r a t i o n  s h a u l d ,  t h e r e -  
f o r e ,  have  been g i v e n  t o  t h e  d e s i g n  of s e a t  b e l t s  s o  as t o  e n c o u r a g e  
t h e i r  u s e  by v e h i c l e  o c c u p a n t s .  Measurement o f  a t t i t u d e s  t o w a r d s  s e a t  
b e l t s  may have  p r o v i d e d  some i m p o r t a n t  i n f o r m a t i o n  c o n c e r n i n g  t h e i r  
d e s i g n .  Thus an  u n d e r l y i n g  c o n c e p t  i n  t h e  d e s i g n  of s u c h  a s y s t e m  is 
t h a t  i t  b e  d e s i g n e d  f o r  u s e .  Depending upon t h e  r e s u l t s  o f  an  a t t i t u d e  
s u r v e y ,  an  o c c u p a n t  r e s t r a i n t  sys tem may have  t o  b e  d e s i g n e d  i n  s u c h  



a  way t h a t  t h e  o c c u p a n t  is  c o n s i d e r e d  a s  a p a s s i v e  a g e n t  and  is a u t o -  
m a t i c a l l y  made a  p a r t  o f  t h e  s y s t e m  when h e  e n t e r s  t h e  v e h i c l e .  On 
t h e  o t h e r  hand s u r v e y  r e s u l t s  may i n d i c a t e  t h a t  t h e  u s e  o f  c e r t a i n  
human e n g i n e e r i n g  d e s i g n  c r i t e r i a  may s u f f i c i e n t l y  e n c o u r a g e  t h e  u s e  
o f  t h e  r e s t r a i n t  s y s t e m ,  s o  t h a t  t h e  o c c u p a n t  may b e  c o n s i d e r e d  a s  an 
a c t i v e  a g e n t  who a c t s  v o l u n t a r i l y  t o  make u s e  o f  t h e  s y s t e m .  B a s i c  
d e s i g n  d e c i s i o n s  s h o u l d  t h e r e f o r e  b e  made i n  t e r m s  o f  t h e  a t t i t u d e s  
and  m o t i v a t i o n s  o f  t h e  u s e r ,  a s  w e l l  as f rom an  economic and  eng in-  
e e r i n g  p o i n t  o f  v iew.  


