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THE EFFECT OF REAR LIGHTING CONFIGURATIONS ON 
VEHICLE TRAFFIC FLOW CHARACTERISTICS 

by 
Paul L. Olson 

This is a report of an investigation of the effects of 

different rear lighting and signaling configurations on measures 

felt to be important in determining traffic flow character- 

istics. Three studies are reported: two were conducted during 

the night and one during the day. The two nighttime studies 

employed three different rear lighting configurations. The first 

study was carried out with a two-car platoon and the second with 

a three-car platoon. The only significant differences were in 

reaction time measures. A configuration having separation of 

function and color coding produced shorter reaction times than 

the other systems tested. 

The daytime study was conducted primarily to investigate 

the value of high-mounted signal lamps. It was found that the 

high-mounted signal lamps significantly shortened reaction times 

in multiple car-following situations. 
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INTRODUCTION 

I n  t h e  p a s t  s e v e r a l  y e a r s  t h e r e  have been a  s u b s t a n t i a l  

number o f  i n v e s t i g a t i o n s  r e p o r t e d  d e a l i n g  w i t h  t h e  o p t i m i z a t i o n  

o f  au tomot ive  r e a r  l i g h t i n g  and s i g n a l i n g  sys tems ( e , g . ,  F inch ,  

1968; Nickerson ,  Baron and C o l l i n s ,  1968; P r o j e c t o r ,  Cook and 

P e t e r s o n ,  1969; Rockwell and Banas ik ,  1968; Mort imer ,  1968, 

1969a and 1969b) .  

While t h e r e  i s  no agreement  a s  t o  what k i n d  o f  r e a r  l i g h t -  

i n g  sys tem would be  b e s t ,  t h e  r e s u l t s  o f  t h i s  r e s e a r c h  

s u g g e s t  t h a t  t h e  c o n f i g u r a t i o n  commonly employed on domest ic-  

and f o r e i g n - b u i l t  au tomobi les  up t o  t h e  p r e s e n t  time i s  n o t  a s  

e f f e c t i v e  a s  some o f  t h o s e  which have been i n v e s t i g a t e d  e x p e r i -  

m e n t a l l y .  Those l i g h t i n g  sys tems which have proven most e f f e c -  

t i v e  i n  t h e  t e s t i n g  program t o  d a t e  have been c h a r a c t e r i z e d  by 

redundancy and s e p a r a t i o n  o f  f u n c t i o n .  

Redundancy s imply means t h a t  a  s i g n a l  i s  p r e s e n t e d  i n  

more t h a n  one way. For  example,  i n  most p r e s e n t  day c o n f i g u r a -  

t i o n s  a t  n i g h t  a  b rake  a p p l i c a t i o n  i s  s i g n a l e d  by i n c r e a s i n g  

t h e  b r i g h t n e s s  of  t h e  p r e s e n c e  lamps. Redundancy would r e s u l t  

i f  a d d i t i o n a l  lamps were t u r n e d  on a s  well .  The a v a i l a b l e  

r e s e a r c h  s u g g e s t s  t h a t  t h e  redundant  s y s t e m ' s  s i g n a l s  w i l l  be  

d e t e c t e d  more q u i c k l y ,  w i t h  a  lower p r o b a b i l i t y  o f  e r r o r  t h a n  

t h o s e  o f  t h e  non-redundant system ( e . g , ,  ! lor t imer ,  1 9 6 8 ) .  More 

t h a n  one l e v e l  o f  redundancy i s  p o s s i b l e .  The t h e o r e t i c a l  maxi- 

mum i s  de termined  by t h e  number o f  s i g n i f i c a n t  coding  dimensions.  

S e p a r a t i o n  o f  f u n c t i o n  means t h a t  d i f f e r e n t  lamps a r e  

employed f o r  d i f f e r e n t  s i g n a l s .  I n  t y p i c a l  p re sen t -day  r e a r  

l i g h t i n g  sys tems t h e r e  i s  no s e p a r a t i o n  o f  f u n c t i o n ,  s i n c e  

p r e s e n c e ,  s t o p  and t u r n  a r e  a l l  produced by t h e  same bu lb .  

However, s e p a r a t i o n  o f  f u n c t i o n  i s  n o t  n e c e s s a r i l y  p rov ided  by 

e x t r a  b u l b s  and c i r c u i t s .  The d i s p l a y  must be such t h a t  it i s  



a p p a r e n t  t h a t  a n o t h e r  bu lb  has  been t u r n e d  on t o  a  d r i v e r  fol low- 

i n g  a t  a d i s t a n c e  c l o s e  enough t o  be a f f e c t e d  by a c t i o n s  of  t h e  

l e a d  c a r .  I n  g e n e r a l  t h i s  means t h e  lamps must be f a r  enough 

a p a r t  t o  be seen  a s  s e p a r a t e  a t  a  r easonab le  d i s t a n c e .  [Mortimer 

(1969a) s u g g e s t s  an edge-to-edge s e p a r a t i o n  o f  f i v e  i n c h e s  f o r  a 

viewing d i s t a n c e  of  300  f t , ]  T h e o r e t i c a l l y ,  an e f f e c t i v e  d i s -  

p l a y  might a l s o  r e s u l t  from a  s i g n i f i c a n t  change i n  d i s p l a y  

shape o r  s i z e .  

While s e p a r a t i o n  of  f u n c t i o n  may reduce  response  t ime,  

i t s  primary b e n e f i t  would be  r e d u c t i o n  of  ambigui ty ,  e s p e c i a l l y  

f o r  t h o s e  c a s e s  where more t h a n  one s i g n a l  i s  be ing  p r e s e n t e d  

s imul taneous ly .  

The r e a r  l i g h t i n g  r e s e a r c h  which has  been conducted t o  

d a t e  has  been a lmost  e x c l u s i v e l y  concerned wi th  s i g n a l  d e t e c -  

t i o n .  A t y p i c a l  paradigm has  been t o  have s u b j e c t s  d r i v e  o r  

r i d e  i n  one c a r  and respond t o  s i g n a l s  p r e s e n t e d  by a  l e a d  c a r .  

Dependent v a r i a b l e s  have g e n e r a l l y  c o n s i s t e d  of  r e a c t i o n  t imes  

and i d e n t i f i c a t i o n  e r r o r s .  

Unquest ionably,  t h e s e  a r e  impor tan t  c r i t e r i a  f o r  e v a l u a t -  

i n g  t h e  e f f e c t i v e n e s s  of automotive r e a r  s i g n a l i n g  systems.  

S t i l l  t h e r e  a r e  o t h e r  c o n s i d e r a t i o n s  of consequence. A s  an 

example, t h e r e  i s  a  q u e s t i o n  a s  t o  how e f f e c t i v e  some of  t h e  

more complex systems would be i n  r ea l -wor ld  environments  where 

t h e r e  a r e  many s i m i l a r l y  equipped v e h i c l e s  a s  w e l l  a s  l i g h t s ,  

a d v e r t i s i n g  s i g n s  and o t h e r  forms of background c l u t t e r .  A 

q u i t e  d i f f e r e n t  q u e s t i o n  concerns  t h e  e f f e c t  of  d i f f e r e n t  s i g n a l  

systems on t r a f f i c  f low c h a r a c t e r i s t i c s .  

C l e a r l y ,  answers t o  problems such a s  those  l i s t e d  would 

be h e l p f u l  i n  making recommendations concerning improved v e h i c l e  

rear s i g n a l i n g  systems.  The s t u d y  r e p o r t e d  i n  t h i s  paper  i s  a  

s t e p  i n  t h i s  d i r e c t i o n .  



PURPOSE 

The work t o  be d e s c r i b e d  i n  t h i s  r e p o r t  was c a r r i e d  o u t  

i n  an e f f o r t  t o  de termine  whether  meaningful d i f f e r e n c e s  i n  

t r a f f i c  f low c h a r a c t e r i s t i c s  could  be a s s o c i a t e d  w i t h  d i f f e r -  

e n t  r e a r  l i g h t i n g  and s i g n a l i n g  systems.  

STRUCTURE 

Three s t u d i e s  were conducted. The procedures  i n  each 

were a s  i d e n t i c a l  a s  p o s s i b l e ,  t h e  major d i f f e r e n c e s  be ing t h a t  

s t u d y  1 invo lved  two v e h i c l e s ,  a  l e a d  v e h i c l e ,  which p r e s e n t e d  

t h e  s i g n a l s ,  and a  s u b j e c t  v e h i c l e ,  whi le  t h e  o t h e r  two s t u d i e s  

each invo lved  t h r e e  v e h i c l e s .  S t u d i e s  1 and 2 were run a t  n i g h t ,  

s t u d y  3 was run  d u r i n g  t h e  day. 

STUDY 1 

METHOD 

INSTRUMENTATION. Two v e h i c l e s  were involved i n  t h i s  

s tudy.  These s h a l l  be r e f e r r e d  t o  a s  t h e  l e a d  c a r  and fo l lowing  

c a r .  A p i c t u r e  of  t h e  l e a d  c a r  i s  g iven i n  F igure  1. A p i c -  

t u r e  of  i t s  mas te r  c o n t r o l  pane l  i s  shown i n  F i g u r e  2 ,  By 

means of  s w i t c h e s ,  p o t e n t i o m e t e r s  and f u n c t i o n  g e n e r a t o r s  t h i s  

v e h i c l e ' s  l i g h t i n g  c o n t r o l  system can be programmed t o  p rov ide  

a  wide v a r i e t y  of  i n t e n s i t i e s ,  f l a s h  r a t e s ,  du ty  c y c l e s  and 

s p e c i a l  codings  r e l a t e d  t o  d e c e l e r a t i o n ,  e t c .  The c o l o r  of  t h e  

lamps i s  changed by c o l o r e d  f i l t e r s .  I n t e n s i t y  may be  r e g u l a t e d  

th rough  use  of n e u t r a l  d e n s i t y  f i l t e r s  and/or po ten t iomete r s .  

I n  t h e  l a t t e r  c a s e  s p e c i a l  c i r c u i t r y  keeps i l l u m i n a t i o n  rise 

t i m e  c o n s t a n t .  The v e h i c l e  may be used i n  e i t h e r  " s i m u l a t e "  

o r  " a c t u a l "  mode. I n  t h e  former c a s e  s i g n a l s  can be p r e s e n t e d  

by t h e  exper imenter  wi thou t  r e g a r d  f o r  v e h i c l e  a c t i o n s .  I n  t h e  

l a t t e r  c a s e  s i g n a l s  a r e  p r e s e n t e d  based on v e h i c l e  a c t i o n  

( e . g . ,  a  b rake  a p p l i c a t i o n  i s  s i g n a l e d  o n l y  by d e p r e s s i n g  t h e  

brake  p e d a l ) .  



F i g u r e  1. photograph  o f  r e a r  l i g h t i n g  
c a r  used i n  t h i s  i n v e s t i g a -  
t i o n .  

F i g u r e  2 .  Mas te r  c o n t r o l  p a n e l  i n  r e a r  
l i g h t i n g  c a r .  



Speed and speed changes a r e  s i g n a l e d  t o  t h e  d r i v e r  of  t h i s  

v e h i c l e  be means of t h e  hood-mounted meter  p i c t u r e d  i n  F igure  3 .  

The d r i v e r  ma in ta ins  an  a p p r o p r i a t e  speed o r  a c c e l e r a t i o n  by 

keeping t h e  n e e d l e  on t h i s  meter  c e n t e r e d  a t  a l l  t imes .  I n  

o p e r a t i o n ,  t h e  exper imenter  i n  t h e  back s e a t  of t h e  r e a r  l i g h t i n g  

v e h i c l e  programs t h e  d e s i r e d  maneuver and t h e n  n o t i f i e s  t h e  

d r i v e r  t h a t  a l l  i s  ready.  The d r i v e r  i s  r e s p o n s i b l e  f o r  d e t e r -  

mining when t h e  maneuver may be s a f e l y  c a r r i e d  o u t .  He then  

p r e s s e s  a  b u t t o n  which i n i t i a t e s  a  f u n c t i o n  g e n e r a t o r  which 

d r i v e s  t h e  need le  a t  a  r a t e  r e q u i r e d  t o  ach ieve  t h e  d e s i r e d  

a c c e l e r a t i o n  o r  d e c e l e r a t i o n  t o  t h e  n e x t  programmed speed.  The 

d r i v e r  m a i n t a i n s  t h e  necessa ry  a c c e l e r a t o r  o r  brake  p r e s s u r e  

u n t i l  t h e  t a r g e t  speed i s  o b t a i n e d .  Coincident  w i t h  t h e  o n s e t  

of  t h e  s i g n a l s  ( n o t  n e c e s s a r i l y  w i t h  t h e  a c t u a t i o n  of  t h e  i n i t i -  

a t e  b u t t o n )  s t a r t  p u l s e s  a r e  t e l e m e t e r e d  t o  t h e  fo l lowing  c a r  t o  

s t a r t  c l o c k s  which measure response  t ime.  

Data a r e  r ecorded  on v ideo  t a p e  i n  t h i s  v e h i c l e .  P r e -  

s e n t e d  i n  d i g i t a l  form a r e  in fo rmat ion  r e l a t i n g  t o  s u b j e c t  

number, t r i a l  number, programmed speed f o r  t r i a l  s t a r t  and t r i a l  

end ,  programmed l e v e l  of  a c c e l e r a t i o n ,  v e h i c l e  speed,  d i s t a n c e  

t o  s u b j e c t  v e h i c l e  and r e l a t i v e  speed between t h e  l e a d  and t h e  

s u b j e c t  v e h i c l e s .  Also shown on t h e  d i s p l a y  i s  a  p i c t u r e  of t h e  

fo l lowing  c a r .  T h i s  i s  used t o  p rov ide  in fo rmat ion  r e l a t i n g  t o  

c o n t r o l  a c t i o n s  by t h e  s u b j e c t  (in a  manner t o  be  d e s c r i b e d  

s h o r t 1 y ) a n d  a s  a  back-up source  of  headway in fo rmat ion  ( v i a  

image s i z e ) .  

The s u b j e c t  d r i v e s  t h e  fo l lowing  c a r  and t h e  exper imenter  

occup ies  t h e  back s e a t .  Th i s  v e h i c l e  i s  equipped w i t h  c locks  

which measure t o  an accuracy of  1/100th second t h e  t ime from 

t h e  o n s e t  of  a  s i g n a l  by t h e  l e a d  c a r  u n t i l  t h e  s u b j e c t  has  

responded a p p r o p r i a t e l y .  Appropr ia te  r e sponses  a r e  p r e s s u r e  

on a  b u t t o n  mounted on t h e  s t e e r i n g  wheel yoke t o  i n d i c a t e  t u r n  

s i g n a l s  and p r e s s u r e  on t h e  b rake  peda l  t o  i n d i c a t e  s t o p  s i g n a l s .  



Figure 3. Speed control display for 
drivers of rear lighting 
car. 



Logic c i r c u i t r y  i s  i n c o r p o r a t e d  t o  d e t e c t  i n a p p r o p r i a t e  r e sponses .  

These do n o t  s t o p  t h e  c l o c k  b u t  do t u r n  on a  l i g h t  t o  i n d i c a t e  

e r r o r ,  

The v e h i c l e  i s  equipped w i t h  forward-fac ing  lamps mounted 

a t  bumper h e i g h t  which a r e  swi tched  on t o  i n d i c a t e  a c c e l e r a t o r  

o r  b rake  peda l  a c t u a t i o n .  These a r e  v i s i b l e  t o  t h e  TV system 

i n  t h e  l e a d  v e h i c l e .  

D i s t ance  between t h e  v e h i c l e s  i s  provided  by s p e c i a l  

equipment which measures independen t ly  t h e  d i s t a n c e  t r a v e l e d  

by e a c h  c a r .  T h i s  in fo rma t ion  i s  t e l e m e t e r e d  from t h e  s u b j e c t  

v e h i c l e  t o  t h e  l e a d  v e h i c l e  where it i s  s u b t r a c t e d  from t h e  

d i g t a n c e  t r a v e l e d  by t h e  l e a d  v e h i c l e .  The d i f f e r e n c e  i s  d i s -  

p l ayed  i n  d i g i t a l  fo rma t ,  Th i s  system i s  zeroed  a t  t h e  s t a r t  

o f  each  run by b r i n g i n g  t h e  c a r s  a s  c l o s e  t o g e t h e r  a s  p o s s i b l e .  

Accumulated e r r o r  i s  r e g i s t e r e d  a t  t h e  end of each  run  by a g a i n  

b r i n g i n g  t h e  two c a r s  t o g e t h e r  a s  c l o s e  a s  p o s s i b l e  and r ecord -  

i n g  t h e  d i sc repancy .  The t h e o r e t i c a l  l i m i t  of r e s o l u t i o n  of  

t h i s  equipment i s  0 .1%.  However, i n  r u n s  l a s t i n g  80,000 f e e t  o r  

more, e r r o r s  i n  e x c e s s  of 30 f e e t  were seldom encountered .  The 

bulk  of  t h i s  e r r o r  seemed t o  be accumulated i n  t u r n i n g  maneu- 

v e r s  which were n e c e s s a r y  t o  c l e a r  t h e  road  b e f o r e  t h e  c a l i -  

b r a t i o n  cou ld  be  made. 

The c a r s  were equipped w i t h  two-way r a d i o  g e a r .  The 

exper imen te r  i n  t h e  s u b j e c t  c a r  wore headphones s o  t h a t  t r a n s -  

m i s s i o n s  from t h e  l e a d  c a r  were n o t  heard  by t h e  s u b j e c t .  

SUBJECTS. Twelve s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  s tudy.  

A l l  were l i c e n s e d  d r i v e r s  w i t h  normal v i s i o n  ( a t  l e a s t  20/40 

f a r  a c u i t y ) ,  T h e i r  ages  ranged from 18  t o  45 y e a r s .  

INDEPENDENT VARIABLES. Three l i g h t i n g  systems were 

t e s t e d  i n  t h i s  i n v e s t i g a t i o n .  These a r e  i l l u s t r a t e d  i n  ~ i g u r e  4. 



SYSTEM 1 

SYSTEM 2 

~ i g u r e  4. Lighting,systems tested 
in study 1'. 



System 1 i s  i n t e n d e d  a s  a  s i m u l a t i o n  o f  t y p i c a l  r e a r  l i g h t i n g  

sys tems employed on most c a r s  today .  System 2  i s  a  f u n c t i o n -  

a l l y  s e p a r a t e d  c o l o r  coded sys tem which has  c o n s i s t e n t l y  proven 

t o  be  t h e  b e s t  of  a l l  r e a r  l i g h t i n g  sys tems t e s t e d  o v e r  t h e  

y e a r s  by H S R I .  System 3  i s  a  p a r t i a l l y  f u n c t i o n a l l y  s e p a r a t e d  

sys tem f e a t u r i n g  high-mounted lamps. Use of  high-mounted lamps 

was i n d i c a t e d  by t h e  n a t u r e  of t h e  follow-on s t u d i e s .  I t  was 

f e l t  t h a t  such a  sys tem would have a  d i s t i n c t  advantage  because  

o f  t h e  g r e a t e r  e a s e  w i t h  which t h e  high-mounted lamps cou ld  be  

s e e n  th rough  t h e  windows of  t h e  i n t e r v e n i n g  v e h i c l e .  There i s  

a l s o  some ev idence  t o  t h e  e f f e c t  t h a t  a  v e h i c l e  having  a  fou r -  

lamp c o n f i g u r a t i o n  of  t h e  t y p e  g iven  by sys tem 3  would make it 

e a s i e r  f o r  t h e  d r i v e r  of  a  fo l lowing  v e h i c l e  t o  d e t e c t  s p a c i n g  

changes even i n  t h e  absence  of s i g n a l s  (Mort imer,  1 9 6 9 a ) .  

I n  a l l  t h e s e  sys tems s i g n a l  ,lamps o p e r a t e d  a t  130 can- 

d e l a s  and p resence  i n d i c a t i o n s  were a t  10 c a n d e l a s .  An excep- 

t i o n  was t h e  high-mounted lamps on sys tem 3,  where i n t e n s i t i e s  

were set  a t  5 c a n d e l a s  f o r  p r e s e n c e  and 60 c a n d e l a s  f o r  s i g n a l s .  

The s i g n a l s  were o p e r a t e d  a t  120 cpm, and 5 0 %  on t ime.  

S i x  d i f f e r e n t  maneuvers were p r e s e n t e d  t o  t h e  s u b j e c t s  

i n  t h e  c o u r s e  of  t h i s  i n v e s t i g a t i o n .  Four of  t h e s e  were s i g -  

n a l e d :  b rake  a p p l i c a t i o n  ( B )  , t u r n  s i g n a l  ( T )  , brake  a p p l i c a -  

t i o n  fo l lowed by t u r n  s i g n a l  w h i l e  t h e  b rake  s i g n a l  remained 

on (B+T)  and t u r n  s i g n a l  fo l lowed by a  b r a k e  a p p l i c a t i o n  w h i l e  

t h e  t u r n  s i g n a l  remained on ( T + B ) .  I n  a d d i t i o n ,  t h e r e  were two 

a c t i o n s  which were n o t  marked by s i g n a l s :  a c c e l e r a t i o n s  and 

c o a s t i n g  maneuvers. A c c e l e r a t i o n s  covered  e i t h e r  a  10 o r  20 mph 

range  and ,  a s  i n  t h e  c a s e  of  a l l  b rake  maneuvers,  were accom- 

p l i s h e d  a t  0 . 1  g. The d e c e l e r a t i o n  l e v e l s  a s s o c i a t e d  w i t h  

c o a s t i n g  maneuvers depended on t h e  road  geometry and t h e  speed  a t  

which t h e  maneuver was i n i t i a t e d .  A l l  c o a s t i n g  and b rake  man- 

e u v e r s  covered  a  10 mph range .  The s u b j e c t s  were i n s t r u c t e d  t o  

m a i n t a i n  a  100 f o o t  spac ing .  



DEPENDENT VARIABLES. The f o l l o w i n g  measures  were used 

a s  a  means o f  e v a l u a t i n g  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  t h e  

t h r e e  l i g h t i n g  sys tems:  

A. Reac t ion  T i m e s  To S i g n a l s  - Reac t ion  times were 

measured from t h e  o n s e t  o f  a  s i g n a l  p r e s e n t e d  by t h e  l e a d  c a r  

u n t i l  t h e  s u b j e c t  responded c o r r e c t l y .  I n  t h e  c a s e  of  combina- 

t i o n  s i g n a l s  ( i . e . ,  b r a k e  fo l lowed by t u r n  and t u r n  fo l lowed  

by b r a k e )  r e a c t i o n  time was measured from t h e  o n s e t  o f  t h e  

second s i g n a l .  Fo r  b r a k e  fo l lowed by t u r n  c o n f i g u r a t i o n s  i n  

t h e  c a s e  o f  sys tems 1 and 3 t h i s  l e d  t o  an a r t i f i c i a l  l eng then-  

i n g  o f  t h e  r e a c t i o n  time by 0.25 second.  The r e a s o n  was t h a t  

t h e  t u r n  s i g n a l  f l a s h e r  o p e r a t e d  i n  a  " s t a r t - o n "  mode. Thus, 

i f  t h e  b r a k e  s i g n a l s  were a l r e a d y  on ,  t h e  t u r n  s i g n a l  y i e l d e d  

no d i s c e r n a b l e  change u n t i l  it had completed t h e  f i r s t  h a l f  

c y c l e  and t h e  lamp swi t ched  o f f .  A t  120 c y c l e s  p e r  minute ,  

50/50 d u t y  c y c l e  t h i s  r e s u l t e d  i n  a  0.25 second d e l a y  b e f o r e  t h e  

s u b j e c t  c o u l d  p o s s i b l y  see t h e  s i g n a l ,  The s t a n d a r d  d u t y  

t h e r m a l  f l a s h e r  w i t h  which most American c a r s  a r e  equipped  

o p e r a t e s  i n  a  " s t a r t - o n "  mode. Thus,  t h e  d e l a y  i n  r e spond ing  

t o  t u r n  s i g n a l s  when t h e  b rake  l i g h t s  a r e  on i s  t y p i c a l .  So- 

c a l l e d  "heavy d u t y "  f l a s h e r s  o p e r a t e  i n  a  " s t a r t - o f f "  mode and 

would n o t  s u f f e r  from d e l a y e d  r e c o g n i t i o n  under  t h e  c i r c u m s t a n c e s  

d e s c r i b e d .  However, t h e y  would be  c h a r a c t e r i z e d  by a  r ecogn i -  

t i o n  d e l a y  e q u a l  t o  0.5 c y c l e  when t h e  b r a k e  l i g h t s  were n o t  on. 

The p o i n t  of  t h i s  d i s c u s s i o n  i s  n o t  t o  make a  c a s e  f o r  e i t h e r  

t y p e  o f  f l a s h e r  from a s a f e t y  poin t -of -v iew b u t  mere ly  t o  p o i n t  

o u t  t h e  s o u r c e  o f  0.25 second d i f f e r e n c e  i n  r e s p o n s e  t i m e  com- 

p a r i n g  sys tem 2 w i t h  sys tems 1 and 3 f o r  s t o p  fo l lowed  by t u r n  

s i g n a l s .  

B. E r r o r s .  E r r o r s  were d e f i n e d  a s  i n d i c a t i n g  a  t u r n  

when a  s t o p  would be a p p r o p r i a t e  and v i c e  v e r s a .  E r r o r s  were 

s o  i n f r e q u e n t  t h a t  t h e y  d i d  n o t  c o n s t i t u t e  a  meaningfu l  measure.  



C. Veh ic le  Contro l  Measures. S e v e r a l  v e h i c l e  c o n t r o l  

measures were u t i l i z e d .  

1. Headway - both  o v e r a l l  mean headway and mean head- 

ways i n  response  t o  s p e c i f i c  i n p u t s  by t h e  l e a d  c a r .  

2 .  Headway v a r i a n c e .  

3. R e l a t i v e  speed.  

4 .  R e l a t i v e  speed v a r i a n c e .  

PROCEDURE, When a  s u b j e c t  appeared a t  t h e  t e s t  s i t e  he 

was s e a t e d  i n  a  t e s t  v e h i c l e ,  shown t h e  v a r i o u s  c o n t r o l s ,  t o l d  

t o  a d j u s t  h i s  m i r r o r s  and p u t  on h i s  s e a t  b e l t s .  He was then  

r e a d  t h e  i n s t r u c t i o n s  reproduced i n  t h e  Appendix of t h i s  r e p o r t .  

Ques t ions  were answered and t h e  t e s t  run  began. A t  t h e  s t a r t  

of  t h e  run  t h e  s u b j e c t  was coached t o  a  100-foot  headway and 

then  g iven s e v e r a l  m i l e s  p r a c t i c e  main ta in ing  t h a t  s e p a r a t i o n .  

The exper imenter  i n  t h e  back s e a t  of t h e  v e h i c l e  cou ld  monitor  

headway by means of a  spac ing  gauge i n s t a l l e d  on t h e  r i g h t  s i d e  

of t h e  windshie ld .  He prompted t h e  s u b j e c t  t o  speed up o r  slow 

down u n t i l  t h e  a p p r o p r i a t e  spac ing  was ob ta ined .  Throughout 

t h e  s t u d y  t h e  exper imenter  cont inued t o  monitor  headway. When 

t h e  spac ing  became less than  about  70 f e e t  o r  more than  about  

150 f e e t  t h e  exper imenter  sugges ted  t o  t h e  s u b j e c t  t h a t  he make 

an a p p r o p r i a t e  speed change t o  g e t  w i t h i n  t h e  d e s i r e d  headway 

range .  

When t h e  s u b j e c t  seemed t o  unders tand what was r e q u i r e d  

i n  te rms of  headway maintenance,  t h e  l e a d  c a r  began t h e  s i g n a l  

sequence. Normally t h e  f i r s t  s e v e r a l  s i g n a l s  were responded 

t o  more s lowly  than  subsequent  s i g n a l s .  These were regarded  a s  

p r a c t i c e  and were r e a d m i n i s t e r e d  a t  t h e  end of t h e  sequence. 

S u b j e c t s  were exposed t o  f o u r  each of t h e  s i x  s i g n a l s  

d e s c r i b e d  e a r l i e r ,  making a  t o t a l  of 2 4  s i g n a l s  p e r  r e a r  l i g h t -  

i n g  c o n f i g u r a t i o n .  S i g n a l s  were p r e s e n t e d  i n  a modif ied random 

sequence w i t h i n  t h e  c o n s t r a i n t s  s e t  by t h e  speed range  d e s i r e d  



for operation (30-50 mph). Three such presentation orders 

were generated and were systematically rotated among the light- 

ing systems. The order of presentation of the lighting sys- 

tems was also changed systematically as determined by a Latin 

Square. 

Prior to the start of each trial the experimenter in 

the lead car advised the experimenter in the subject car about 

trial number and maneuver. He also provided a start warning. 

RESULTS 

Figure 5 shows the mean response time to various signals 

as a function of rear lighting systems. The statistical 

analysis revealed that the differences between system 2 and the 

other two systems were significantly different (p.O1) for B+T 

and T+B signals. However, it should be noted that the perfor- 

mance of systems 1 and 3 for the B+T signal suffers from the 

artifact discussed earlier. Accordingly, it would be appro- 

priate to subtract 0.25 second from the reaction times indicated 

in the figure for the B+T signal for systems 1 and 3. If this 

is done, the reaction times for systems 1, 2 and 3 become 0.83, 

0.80 and 0.79 second respectively. These differences are not 

significant. However, this artifact does not affect the T+B 

signal. 

Figures 6 through 11 show mean headways associated with each 

system for each of the six maneuvers. Each curve shows mean 

headings for each system for ten seconds prior to initiation of 

the signal (first signal in the case of multiple signals) and 

for twenty seconds afterward. It will be noted that the curves 

representing station keeping associated with the three systems 

follow one another very closely. None of the indicated differ- 

ences between systems are statistically significant. 

DISCUSSION 

With respect to reaction time and error measures the 
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SIGNAL 
F i g u r e  5 ,  S t u d y  1: Mean r e s p o n s e  t i m e  t o  s i g n a l s  

as a f u n c t i o n  o f  l i g h t i n g  sy s t ems .  
Sys tems  i d e n t i f i e d  by number. 



T I M E  
Figure 6. Study 1: Mean headway during stop maneuvers. 



F i g u r e  7 .  S tudy  1: Mean headway d u r i n g  t u r n  maneuvers. 
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F i g u r e  8 .  S tudy 1: Mean headway d u r i n g  s t o p + t u r n  maneuvers. 



Figure 9. Study 1: Mean headway during turn+stop maneuvers. 
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T I M E  
Figure 10. Study 1: Mean headway during acceleration maneuvers, 

30-50 mph acceleration shown. 



Figure 11. Study 1: Mean headway during coast maneuvers. 
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results of this investigation closely parallel those of other 

investigations of similar rear lighting systems. That is, the 

value of redundancy (in this case achieved by extra lamps and 

color coding) and functional separation are clearly demonstra- 

ted as aids to the detection of multiple signal presentations. 

In this context it should be noted that system 3, although it 

used more lamps than system 1, did not employ separation of 

function or redundancy in a way which would make it superior 

to system 1 for multiple signal presentations. That is, all 

the signal lamps functioned in unison, just as on system 1. 

There is no evidence from this investigation that rear 

lighting systems contribute significantly to traffic flow 

characteristics. 

STUDY I1 

Study I1 was intended to be identical in all respects 

to Study I except that two lead vehicles were used. There were 

two primary reasons for doing this: 

1. Subtle vehicle interactions associated with lighting 

systems may be increased and made easier to detect with a 

three-car platoon, 

2. Certain system characteristics (e.g., mounting 

height), which are of little or no consequence when the whole 

rear of the vehicle is visible, may be significant when part 

of the display is blocked by an intervening car. Since this 

is a common circumstance, it would be desirable to include it in 

the experimental conditions. 

METHOD 

INSTRUMENTATION. The lead vehicle and the subject 

vehicle employed in Study I were also used in this study. Their 

instrumentation remained the same, The third car (which will be 

referred to as the repeater vehicle) was inserted into the 

platoon between the lead and subject vehicles. 



Figure 12, Photograph of repeater vehicle used in studies I1 
and 111. 



The r e p e a t e r  v e h i c l e ,  a  photograph of  which i s  shown i n  

F igure  1 2 ,  was equipped wi th  e i g h t  lamp hous ings  i d e n t i c a l  t o  

t h o s e  employed on t h e  l e a d  v e h i c l e .  I t  used t h e  same lamp 

d r i v e r  c i r c u i t s  a s  on t h e  l e a d  v e h i c l e  t o  enab le  c l o s e  c o n t r o l  

o f  lamp v o l t a g e s  and it was equipped wi th  s p e c i a l  c i r c u i t r y  

s o  t h a t  any one of t h e  t h r e e  tes t  systems could be s e l e c t e d  by 
t h e  t u r n  o f  a  swi t ch .  I t  was equipped w i t h  two forward-facing 

lamps mounted on t h e  f r o n t  bumper which were a c t i v a t e d  when t h e  

a c c e l e r a t o r  pedal  o r  brake  pedal  were depressed .  These lamps 

were v i s i b l e  t o  t h e  TV system i n  t h e  l e a d  c a r .  The d r i v e r  was 

provided wi th  a  space  gauge a t t a c h e d  t o  t h e  windsh ie ld  which 

i n d i c a t e d  t h e  s i z e  of t h e  l e a d  v e h i c l e  a t  t h e  t a r g e t  spac ing  o f  

100 f e e t .  A l l  t h r e e  v e h i c l e s  were equipped w i t h  two-way r a d i o  

g e a r ,  t h e  exper imenter  i n  t h e  s u b j e c t  v e h i c l e  moni tor ing  t h e  r a d i o  

t r a n s m i s s i o n  by means of  headphones s o  t h a t  t h e  s u b j e c t  could  

n o t  hea r .  

Headway was measured from t h e  l e a d  t o  s u b j e c t  v e h i c l e ,  

a s  i n  s t u d y  I .  To ze ro  t h e  equipment a l l  t h r e e  c a r s  were 

brought  a s  c l o s e  t o g e t h e r  a s  p o s s i b l e .  Thus, t h e  a c t u a l  d i s -  

t a n c e  between t h e  l e a d  and s u b j e c t  v e h i c l e s  was g r e a t e r  than  

i n d i c a t e d  by an amount equal  t o  t h e  l e n g t h  of  t h e  r e p e a t e r  c a r .  

L I G H T I N G  SYSTEMS. Systems 1 and 2 were t e s t e d  aga in  

i n  t h i s  s tudy .  However, system 3 was changed t o  t h a t  shown i n  

F igure  13 .  Hencefor th ,  it w i l l  be r e f e r r e d  t o  a s  system 3a. The 

pr imary r eason  f o r  t h e  change i n  system 3 was t o  make it more 

n e a r l y  r e p r e s e n t a t i v e  of c e r t a i n  l i g h t i n g  systems i n  use  today .  

F i g u r e  1 4  shows an e x t e r i o r  view of t h e  t h r e e  test  v e h i c l e s .  

SUBJECTS. Eleven s u b j e c t s  p a r t i c i p a t e d  i n  t h i s  s tudy .  A s  

i n  t h e  f i r s t  s tudy  a l l  were l i c e n s e d  d r i v e r s  having a t  l e a s t  

20/40 f a r  a c u i t y .  The i r  ages  ranged from 19-46 y e a r s .  

J U !  'l'hc p r  oc:rldr~r (1 f o r  1-11 i s i n v e s  t l y a  t i u r ~  was afi 

i d e n t i c a l  a s  p o s s i b l e  t o  t h a t  employed i n  t h e  f i r s t  s tudy .  

Modi f i ca t ions  were necessa ry  t o  t h e  i n s t r u c t i o n s ,  however, t o  

accommodate t h e  two l e a d  v e h i c l e  s i t u a t i o n .  The i n s t r u c t i o n s  

f o r  t h e  t h r e e - c a r  s tudy  a r e  g iven  i n  t h e  Appendix t o  t h i s  r e p o r t .  



SYSTEM 1 

P + S + T  

SYSTEM 2 

SYSTEM 3 a  

Figure 13.  ~ i ~ h t i n g  'systems t e s t e d  
in s t u d y  11. 



Figure 14. Exterior view of three test vehicles used in studies 
I1 and 111. 



I t  w i l l  be  no ted  t h a t  no p a r t i c u l a r  emphasis i s  p l aced  on which 

se t  of  s i g n a l  lamps t h e  s u b j e c t  shou ld  a t t e n d .  They were 

mere ly  t o l d  t h a t  t h e y  shou ld  respond t o  " s i g n a l s  p r e s e n t e d  by 

t h e  v e h i c l e s  ahead ."  Some s u b j e c t s  q u e s t i o n e d  whether  t h e y  were 

t o  respond o n l y  t o  s i g n a l s  p r e s e n t e d  by t h e  r e p e a t e r  c a r .  They 

were t o l d  t h a t  t h e y  shou ld  respond t o  any s i g n a l ,  a s  soon 

a s  t h e y  cou ld  d e t e c t  i t .  

The d r i v e r  o f  t h e  r e p e a t e r  c a r  was i n s t r u c t e d  t o  main- 

t a i n  a  headway o f  100 f e e t  i n  normal d r i v i n g  c o n d i t i o n s  and 

respond t o  a l l  s i g n a l s  p r e s e n t e d  by t h e  l e a d  c a r  by p r e s e n t i n g  

an i d e n t i c a l  s i g n a l  approximate ly  one second l a t e r .  

The same t r e a t m e n t  s c h e d u l e s  a s  employed i n  t h e  f i r s t  

s t u d y  were used i n  t h i s  s t u d y  and t h e  same means of  s y s t e m a t i -  

c a l l y  b a l a n c i n g  v a r i o u s  t r e a t m e n t  c o n d i t i o n s .  

RESULTS 

The r e s u l t s  of  t h e  a n a l y s i s  o f  r e a c t i o n  time d a t a  a r e  

reproduced  i n  F i g u r e  15 .  These d a t a  shou ld  be compared w i t h  

t h e  r e s u l t s  shown i n  F i g u r e  5  f o r  t h e  two-car i n v e s t i g a t i o n .  

The r e l a t i v e  performance o f  t h e  t h r e e  sys tems i n  t h e  two s t u d i e s  

a r e  s t r i k i n g l y  s i m i l a r .  However, t h e  a b s o l u t e  performance i n  

t h e  t h r e e - c a r  s t u d y  i s  s h i f t e d  upward on t h e  o r d i n a t e  by a  

f a c t o r  o f  abou t  1 .8 .  

A s  i n  t h e  two-car s t u d y ,  t h e  o n l y  s i g n i f i c a n t  d i f f e r -  

e n c e s  a r e  f o r  t h e  combinat ion s i g n a l s ,  B+T and T+B. I n  t h e s e  

i n s t a n c e s  system 2 had s i g n i f i c a n t l y  s h o r t e r  r e a c t i o n  times 

t h a n  e i t h e r  sys tem 1 o r  system 3a. However, it should  be no ted  

t h a t  f o r  s i g n a l  B+T t h e  same a r t i f a c t  o p e r a t e s  t o  t h e  d i s -  

advantage  o f  sys tems 1 and 3a a s  i n  s t u d y  I .  Hence, i n  o r d e r  t o  

make a  f a i r  comparison o f  r e a c t i o n  t i m e  from t h e  f i r s t  moment 

t h a t  t h e  s i g n a l  was c a p a b l e  of  b e i n g  d e t e c t e d ,  i t  i s  n e c e s s a r y  

t o  s u b t r a c t  0 .25  second from t h e  r e a c t i o n  t i m e  f o r  sys tems 1 

and 3a. I n  t h i s  c a s e  t h e  r e a c t i o n  t i m e s  f o r  systems 1, 2 and 3a 

become 1 . 6 0 ,  1 .50 and 1.50 r e s p e c t i v e l y .  
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F i g u r e  15. Study 11: Mean r e s p o n s e  time t o  s i g n a l s  
a s  a f u n c t i o n  o f  l i g h t i n g  sys tems.  
Systems i d e n t i f i e d  by number. 



These d i f f e r e n c e s  a r e  n o t  s i g n i f i c a n t .  However, t h e  

d i f f e r e n c e  f o r  t h e  T+B s i g n a l  remains v a l i d  a s  b e f o r e .  

F i g u r e s  16 through 2 1  show headway changes a s  a  f u n c t i o n  

o f  v a r i o u s  i n p u t s  by t h e  l e a d  v e h i c l e .  These f i g u r e s  should  be 

compared w i t h  t h e  e q u i v a l e n t  c a s e s  ( F i g u r e s  6 through 11) from 

s t u d y  I.  I t  w i l l  be noted  t h a t  t h e  mean headway from t h e  s u b j e c t  

t o  t h e  l e a d  c a r  f o r  t h e  t h r e e - c a r  p l a t o o n  is n o t  much g r e a t e r  

t h a n  t h e  mean headway f o r  t h e  two-car p la toon .  The expected  

mean headway i n  t h e  two-car c a s e  was 1 0 0  f e e t ,  b u t  t h e  a c t u a l  means 

were g r e a t e r  than  1 0 0  f e e t .  The expected  mean headway f o r  t h e  

t h r e e - c a r  c a s e  was 2 0 0  f e e t ,  and t h e  a c t u a l  means were r e l a t i v e l y  

c l o s e  t o  t h a t  f i g u r e .  

A s  i n  t h e  c a s e  of s t u d y  I ,  none of t h e  measures of c a r -  

fo l lowing  c a p a b i l i t y  were s i g n i f i c a n t  a s  a  f u n c t i o n  of l i g h t -  

i n g  system. 

DISCUSSION. The r e s u l t s  of t h i s  s t u d y  add l i t t l e  t o  

t h a t  a l r e a d y  l e a r n e d  from two-car i n v e s t i g a t i o n s  conducted 

e a r l i e r .  The t h r e e  l i g h t i n g  systems under i n v e s t i g a t i o n  y i e l d e d  

t h e  same r e l a t i v e  performance i n  t h e  t h r e e - c a r  a s  i n  t h e  two- 

c a r  c a s e  and t h e r e  were no d i f f e r e n c e s  i n  ca r - fo l lowing  capa- 

b i l i t y  a s s o c i a t e d  w i t h  l i g h t i n g  systems.  

I t  appears  from t h e  magnitude of t h e  r e a c t i o n  times com- 

p a r i n g  s t u d i e s  I and T I  t h a t  t h e  s u b j e c t s  i n  s t u d y  I1 were 

g a i n i n g  l i t t l e  in fo rmat ion  from t h e  s i g n a l s  p r e s e n t e d  by t h e  

l e a d  c a r .  The i n s t r u c t i o n s ,  a d m i t t e d l y ,  do n o t  emphasize t h e  

p o s s i b i l i t y  of look ing  through o r  around t h e  i n t e r v e n i n g  c a r .  

Observat ion  o f  t h e  s u b j e c t s  d u r i n g  t h e  i n v e s t i g a t i o n  sugges ted  

t o  t h e  exper imenter  t h a t  most s u b j e c t s  used t h e  r e p e a t e r  c a r  a s  

t h e  dominant cue  s o u r c e ,  perhaps  g a i n i n g  a n t i c i p a t o r y  informat ion  

from t h e  l e a d  c a r .  

The f a i l u r e  of t h e  high-mounted s i g n a l  i n  system 3a t o  

outperform system 1 was r a t h e r  s u r p r i s i n g ,  This  i s  f e l t  t o  be  
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Figure 16. Study 2 :  Mean headway from subject to lead vehicle during 

s t o p  maneuvers, 
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" 3 "  refers to system 3a 
(see figure 1 3 )  

F i g u r e  1 7 .  S tudy 2 :  Mean headway from s u b j e c t  t o  l e a d  vehicle d u r i n g  
t u r n  maneuvers. 
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"3"  r e f e r s  t o  sys tem 3a 180 .~- -  

(see f i g u r e  1 3 )  
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F i g u r e  1 8 .  S tudy  2 :  Mean headway from s u b j e c t  t o  l e a d  v e h i c l e  d u r i n g  
stop' turn maneuvers.  

3 4  





"3"  refers t o  system 3a 
(see f i g u r e  13)  

TIME 
F i g u r e  2 0 .  Study 2 :  Mean headway from s u b j e c t  t o  l e a d  v e h i c l e  d u r i n g  

a c c e l e r a t i o n  maneuvers, 30-50 mph a c c e l e r a t i o n  shown. 
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Figu re  21 .  Study 2 :  Mean headway from s u b j e c t  t o  l e a d  v e h i c l e  
du r ing  c o a s t  maneuvers. 



due t o  t h e  f a c t  t h a t ,  under  n i g h t  d r i v i n g  c o n d i t i o n s ,  t h e r e  

was a  s u f f i c i e n t  cue t o  t h e  o n s e t  of  s i g n a l s  by t h e  l e a d  c a r  

from f l a r e  v i s i b l e  on t h e  w i n d s h i e l d  o f  t h e  r e p e a t e r  c a r  

r e g a r d l e s s  of  t h e  l i g h t i n g  c o n f i g u r a t i o n .  Thus, s u b j e c t s  who 

wanted t o  make u s e  o f  t h e  f a c t  t h a t  a  s i g n a l  had been p r e s e n t e d  

by t h e  l e a d  c a r  c o u l d  do s o ,  i f  t h e y  were s u f f i c i e n t l y  a t t e n -  

t i v e ,  r e g a r d l e s s  o f  t h e  l i g h t i n g  c o n f i g u r a t i o n .  T h i s  shou ld  

n o t  be t h e  c a s e  d u r i n g  t h e  day ,  however, and i n  s t u d y  I11 it 

was a n t i c i p a t e d  t h a t  t h i s  phenomenon would n o t  occur .  

STUDY I11 

Study I11 d i f f e r e d  from s t u d y  I1 i n  t h a t  i t  was r u n  

d u r i n g  t h e  day ,  o n l y  sys tems 1 and 3a were used ,  and t h e  number 

of  s u b j e c t s  was reduced  t o  a  t o t a l  o f  6 .  O the rwise ,  a l l  i n s t r u -  

men ta t ion  and p rocedures  were i d e n t i c a l ,  The tes t  was run  on 

t h e  same s t r e t c h  o f  roadway a s  t h e  o t h e r  two i n v e s t i g a t i o n s .  

RESULTS 

The r e s u l t s  of  t h e  r e a c t i o n  time measures  i n  t h i s  i n v e s -  

t i g a t i o n  a r e  summarized i n  F i g u r e  22. I t  w i l l  be  n o t e d  t h a t  

t h e r e  a r e  d i f f e r e n c e s  o f  0 .2  second o r  more i n  r e a c t i o n  times 

between sys tem 1 and system 3a a t  a l l  s i g n a l s .  However, 

o n l y  t h e  r e a c t i o n  time f o r  t h e  B+T s i g n a l  i s  s t a t i s t i c a l l y  

s i g n i f i c a n t  ( p  < . 0 1 ) .  The a r t i f a c t  which adds 0.25 second 

t o  r e a c t i o n  t i m e  a p p l i e s  e q u a l l y  t o  sys tems 1 and 3a and 

does  n o t  a f f e c t  t h e  comparison i n  t h e  way it d i d  i n  t h e  f i r s t  

two s t u d i e s .  

F i g u r e s  23 th rough  2 8  show mean headways a s s o c i a t e d  w i t h  

e a c h  sys tem f o r  e a c h  o f  t h e  s i x  maneuvers. A s  i n  t h e  o t h e r  

a n a l y s e s ,  t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  a s s o c i a t e d  w i t h  

any o f  t h e  c a r - f o l l o w i n g  measures  a s  a  f u n c t i o n  o f  l i g h t i n g  

sys tems.  

DISCUSSION. The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  p r o v i d e  

c l e a r  ev idence  t h a t  s i g n i f i c a n t  g a i n s  i n  r e a c t i o n  t i m e  f o r  
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F i g u r e  22. S tudy  111: Mean r e s p o n s e  time t o  s i g n a l s  
a s  a f u n c t i o n  o f  l i g h t i n g  sys tems .  
Systems i d e n t i f i e d  by number. 



" 3 "  r e f e r s  t o  system 3a 
(see f i g u r e  1 3 )  

T I M E  

F i g u r e  23. Study 111: Mean headway from s u b j e c t  t o  l e a d  v e h i c l e  
d u r i n g  s t o p  maneuvers. 



" 3 "  r e f e r s  t o  system 3a 
(see f i g u r e  13)  

F i g u r e  2 4 .  Study 111: Mean headway from s u b j e c t  t o  l e a d  v e h i c l e  
d u r i n g  t u r n  maneuvers. 



"3" r e f e r s  t o  system 3a 
( s e e  f i g u r e  13) 

Figu re  25. Study 111: Mean headway from s u b j e c t  t o  l e a d  
v e h i c l e  du r ing  s t op+ tu rn  maneuvers. 



F i g u r e  26 .  Study 111: Mean headway from s u b j e c t  t o  l e a d  
v e h i c l e  d u r i n g  t u r n + s t o p  maneuvers. 



" 3 "  r e f e r s  t o  system 3a 
( s e e  f i g u r e  13)  

T I M E  

F i g u r e  2 7 .  Study 111: Mean headway from sub jec t  t o  l e a d  
v e h i c l e  d u r i n g  a c c e l e r a t i o n  maneuvers, 30-50 mph 
a c c e l e r a t i o n  shown. 
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T I M E  
F i g u r e  28. Study 111: Mean headway from s u b j e c t  t o  l e a d  

v e h i c l e  d u r i n g  c o a s t  maneuvers.  



m u l t i p l e  ca r - fo l lowing  s i t u a t i o n s  may be brought  about  by moving 

s i g n a l  lamps t o  a  h igh  enough p o s i t i o n  on t h e  c a r  body t h a t  t h e y  

may be  c l e a r l y  seen  through t h e  windows of  i n t e r v e n i n g  v e h i c l e s .  

CONCLUSIONS 

The pr imary  purpose of  t h i s  i n v e s t i g a t i o n  was t o  de te rmine  

whether  d i f f e r e n c e s  i n  ca r - fo l lowing  performance could  be asso-  

c i a t e d  w i t h  l i g h t i n g  systems.  On t h e  s u r f a c e  it seems obvious  

t h a t  i f  s u b j e c t s  respond more s lowly  t o  b rake  s i g n a l s  p r e s e n t e d  

by one sys tem a s  compared t o  a n o t h e r  system, t h i s  should  produce 

d i f f e r e n c e s  i n  l o n g i t u d i n a l  c o n t r o l .  S i m i l a r l y ,  t h e r e  i s  some 

in fo rma t ion  which s u g g e s t s  (Mortimer,  1968) t h a t  d i s p l a y  

geometry h a s  an e f f e c t  on t h e  d e t e c t i o n  of  headway changes.  

Again i t  would be  a n t i c i p a t e d  t h i s  e f f e c t  would r e s u l t  i n  d i f -  

f e r e n c e s  i n  l o n g i t u d i n a l  c o n t r o l .  

On t h e  o t h e r  hand, r e a c t i o n  t ime d i f f e r e n c e s  of  a  q u a r t e r  

o r  h a l f  a  second,  wh i l e  t h e y  may be  h i g h l y  s i g n i f i c a n t  s t a t i s -  

t i c a l l y ,  r e s u l t  i n  ve ry  sma l l  headway changes a t  moderate  l e v e l s  

of  d e c e l e r a t i o n .  F u r t h e r ,  t h e s e  changes can be e a s i l y  compen- 

s a t e d  f o r  by a  s l i g h t  i n c r e a s e  i n  d e c e l e r a t i o n  by t h e  fo l lowing  

d r i v e r .  Given t h e  p e r c e p t u a l  l i m i t a t i o n s  of  a  d r i v e r  i n  d e t e c t -  

i n g  r e l a t i v e  speeds  and headway changes,  i t  i s  perhaps  l i k e l y  

t h a t  s u b t l e  d i f f e r e n c e s  of  t h e  t y p e  sought  would be  l o s t  i n  t h e  

r a t h e r  h i g h  " n o i s e "  l e v e l s  a s s o c i a t e d  w i t h  ca r - fo l lowing  measures.  

For whatever  r e a s o n ,  t h e  c o n d i t i o n s  of  t h i s  s t u d y  produced 

no r e l i a b l e  i n d i c a t i o n s  t h a t  t r a f f i c  f low would be  s i g n i f i c a n t l y  

a f f e c t e d  by r e a r  l i g h t i n g  sys tems.  I t  remains a s  a  p o s s i b i l i t y  

t h a t  d i f f e r e n t  expe r imen ta l  c o n d i t i o n s ,  e s p e c i a l l y  h i g h e r  

d e c e l e r a t i o n  l e v e l s ,  may have produced o t h e r  r e s u l t s .  

However, t h e  r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  have p rov ided  

a d d i t i o n a l  in fo rma t ion  r e g a r d i n g  t h e  a t t e n t i o n - g e t t i n g  v a l u e  o f  



d i f f e r e n t  v e h i c u l a r  r e a r  s i g n a l i n g  systems.  These d a t a  suppor t  

in fo rmat ion  from a  v a r i e t y  of s t u d i e s  a l r e a d y  r e p o r t e d  i n  t h e  

l i t e r a t u r e  ( e . g . ,  Mortimer, 1968) i n  demonst ra t ing  t h e  va lue  of 

redundancy and s e p a r a t i o n  of f u n c t i o n .  

High-mounted s i g n a l  lamps have been shown capab le  of  s i g -  

n i f i c a n t l y  r educ ing  r e a c t i o n  t ime t o  s i g n a l s  p r e s e n t e d  by c a r s  

ahead of t h e  immediate l e a d  v e h i c l e .  While no d i f f e r e n c e s  i n  

p l a t o o n  s t a b i l i t y  were demonstrated i n  t h e  s t u d y ,  it seems 

l i k e l y  t h a t  a n t i c i p a t o r y  in fo rmat ion  such a s  provided by 

t h i s  c o n f i g u r a t i o n  would be of v a l u e  g iven more s e v e r e  condi-  

t i o n s  (e .g . ,  s h o r t e r  headways, h i g h e r  d e c e l e r a t i o n s ) .  

These d a t a  sugges t  t h a t  t h e  i n t r o d u c t i o n  of "upgraded" 

r e a r  s i g n a l i n g  systems would have no d i s c e r n a b l e  e f f e c t  on 

t r a f f i c  flow under normal o p e r a t i n g  c o n d i t i o n s .  We can on ly  

s p e c u l a t e  t h a t  t h e  e f f e c t ,  i f  any,  may be conf ined  t o  s e v e r e  

maneuvers. 
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THE VALUE OF REAR LAMP SHIELDING 

by 

Cra ig  M. Jorgeson and Paul  L .  Olson 

Th i s  paper  d e s c r i b e s  an  i n v e s t i g a t i o n  of r e a r  lamp 

s h i e l d i n g .  The e f f e c t  of  s h i e l d i n g  was compared wi th  

o t h e r  v a r i a b l e s ,  i , e . ,  lamp i n t e n s i t y ,  c o l o r ,  background 

r e f l e c t a n c e  and s i g n a l  c o n f i g u r a t i o n ,  under c o n d i t i o n s  

of low and h igh  sun a n g l e .  The r e s u l t s  a r e  complex, b u t  

t h e  v a r i a b l e  having t h e  most e f f e c t  on s u b j e c t  response  

was s i g n a l  i n t e n s i t y .  S h i e l d i n g  of r e a r  s i g n a l  lamps 

was of v a l u e ,  b u t  under a  more r e s t r i c t e d  s e t  of circum- 

s t a n c e s  than  i n c r e a s e d  i n t e n s i t y .  
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INTRODUCTION 

A p r e v i o u s  s t u d y  (Mortimer e t  a l . ,  1973)  h a s  shown t h a t  t h e  

dayt ime e f f e c t i v e n e s s  o f  s t o p ,  t u r n  and o t h e r  s i g n a l s  p rov ided  

by a  r e a r  l i g h t i n g  sys tem can b e  s i g n i f i c a n t l y  improved by 

i n c r e a s i n g  i n t e n s i t y .  The i n c r e a s e d  b r i g h t n e s s  would be  e x c e s s i v e  

a t  n i g h t ,  s o  a  d u a l  i n t e n s i t y  l i g h t i n g  sys tem i s  recommended. 

S i n c e  d u a l  i n t e n s i t y  sys tems  w i l l  add c o s t  and complex i ty ,  and 

t h e r e  i s  conce rn  whether  t h e y  might  be  abused by d r i v e r s ,  t h e r e  

i s  a  c o n t i n u i n g  i n t e r e s t  i n  whether  o t h e r  means might  be found t o  

a c h i e v e  commensurate i n c r e a s e s  i n  e f f e c t i v e n e s s  w i t h o u t  i n c r e a s i n g  

s i g n a l  i n t e n s i t y .  

One' means by which i t  may b e  p o s s i b l e  t o  i n c r e a s e  s i g n a l  

e f f e c t i v e n e s s  i s  by s h i e l d i n g  it from t h e  sun .  While s h i e l d i n g  

might  p rove  h e l p f u l  i n  g e n e r a l ,  it would be  expec ted  t o  have 

g r e a t e s t  b e n e f i t  when t h e  s i g n a l  u n i t s  a r e  o r i e n t e d  toward t h e  

sun  and t h e  sun  i s  low i n  t h e  sky .  Under t h e s e  c o n d i t i o n s  

s u n l i g h t  r e f l e c t e d  by t h e  s i g n a l  u n i t  can  make it d i f f i c u l t  t o  

d e t e r m i n e  whether  t h e  lamp i s  bu rn ing  o r  n o t ,  g r e a t l y  r e d u c i n g  

t h e  e f f e c t i v e n e s s  o f  t h e  s i g n a l .  

T h i s  s t u d y  was des igned  t o  e v a l u a t e  s h i e l d i n g  a s  an a i d  t o  

s i g n a l  e f f e c t i v e n e s s .  To p r o v i d e  a  b a s i s  f o r  comparison,  o t h e r  

f a c t o r s  were i n v e s t i g a t e d  a s  wel l ,  namely s i g n a l  i n t e n s i t y ,  

s u r r o u n d  r e f l e c t i v i t y ,  and s i g n a l  coding .  Most of t h e  work was 

done w i t h  t h e  sun  low i n  t h e  sky and behind  t h e  s u b j e c t s ,  b u t  

some d a t a  were t a k e n  w i t h  t h e  sun  a t  z e n i t h .  

METHOD 

SUBJECTS 

Ten male s u b j e c t s  and f o u r t e e n  female  s u b j e c t s  were p a i d  

t o  p a r t i c i p a t e  i n  t h e  s t u d y .  One s u b j e c t  completed o n l y  t h e  

noontime s e s s i o n .  F i f t e e n  of  t h e  s u b j e c t s  were i n  t h e i r  t w e n t i e s ,  

s even  i n  t h e i r  l a t e  t h i r t i e s  o r  e a r l y  f o u r t i e s ,  and two i n  t h e i r  

f i f t i e s .  



APPARATUS 

The primary p i e c e s  of equipment were a  lamp d i s p l a y  board 

w i t h  accompanying lamps and c o n t r o l s ,  a  s h u t t e r  i n  f r o n t  of t h e  

s u b j e c t s ,  t h e  s u b j e c t s '  response  boxes,  and d a t a  r e c o r d i n g  pane l .  

The gray  lamp d i s p l a y  board ,  70 i n c h e s  wide and 60 i n c h e s  

i n  h e i g h t ,  c a r r i e d  a  7-inch d iamete r  v e n t i l a t i o n  d u c t ,  58 inches  

l o n g ,  p laced  o v e r  f o u r  $-inch d iamete r  lamps which were mounted 

a t  a  h e i g h t  of  20 i n c h e s  ( F i g u r e  2 9 ) .  A p a i r  of lamps were 

p laced  n e a r  each end of  t h e  d u c t  and h o l e s  were c u t  i n  t h e  d u c t  

s o  t h e  lamps were exposed. An aiming tube  was p laced  perpendicu-  

l a r  t o  t h e  board  s o  t h a t  t h e  whole lamp a r r a y  cou ld  be a l i g n e d  

w i t h  t h e  p o s i t i o n  of t h e  s u b j e c t s .  Cr ink led  aluminum f o i l  was 

p l a c e d  o v e r  t h e  d u c t  and lamp housings  t o  r e p r e s e n t  a  surround 

o f  h igh  r e f l e c t i v i t y  ( =  240%) such a s  a  chrome bumper ( F i g u r e  3 0 ) .  

A l t e r n a t i v e l y ,  b lack  f e l t  was p l a c e d  over  t h e  d u c t  and lamp 

housings  t o  p rov ide  a  f l a t  b lack  surround.  S h i e l d s  were con- 

s t r u c t e d  f o r  t h e  lamp housings  which p e r m i t t e d  two square  i n c h e s  

of lamp s u r f a c e  t o  be  viewed a t  10 degrees  above and below t h e  

h o r i z o n t a l  c e n t e r l i n e  and 45 degrees  l e f t  and r i g h t  of  t h e  

v e r t i c a l  c e n t e r l i n e .  These l i m i t s  were s e l e c t e d  based on Motor 

Veh ic le  S a f e t y  S tandard  No. 108,  t o  p rov ide  a  p robab le  maximum 

of  a l l o w a b l e  s h i e l d i n g  and minimum o f  a n g u l a r  v i s i b i l i t y  of t h e  

luminous s u r f a c e  of  t h e  lamps. The c o n t r o l  pane l  p e r m i t t e d  

s e l e c t i o n  of t h e  s i g n a l  mode, lamp i n t e n s i t y ,  and l i g h t i n g  system 

mode of o p e r a t i o n .  

The lamp board was 250 f e e t  i n  f r o n t  of t h e  s u b j e c t s  who 

were s e a t e d  behind a  l a r g e  s h u t t e r  mechanism ( F i g u r e  3 1 ) .  I t  

o b s t r u c t e d  t h e  s u b j e c t s '  view of t h e  s i g n a l  lamp d i s p l a y  excep t  

d u r i n g  s i g n a l  p r e s e n t a t i o n s .  The bottom pane l  f e l l  a t  t h e  o n s e t  

o f  a  s i g n a l  p r e s e n t a t i o n ,  a l lowing  t h e  lamp board t o  be viewed 

f o r  f i v e  seconds ,  a f t e r  which t h e  second pane l  dropped,  b lock ing  

t h e  s u b j e c t s '  view. Each s u b j e c t  had a  response  box ( F i g u r e  32) 



Figure  2 9 .  Photograph of  lamp d i s p l a y  board 
w i t h  low r e f l e c t a n c e  surround.  

F igure  30. Photograph of lamp d i s p l a y  board show- 
i n g  h i g h l y  r e f l e c t i v e  surround.  
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Figure 31. Shutter mechanism with subjects in 
position. 

Figure 32. Shutter mechanism open for viewing. 
Subjects shown holding response boxes. 



w i t h  f o u r  pushbutton swi tches ,  Before a  s i g n a l  p r e s e n t a t i o n ,  

t h e  exper imenter  a t  t h e  s u b j e c t s '  end d e s i g n a t e d  t h e  s i g n a l  t o  

be p r e s e n t e d  by t u r n i n g  t h e  mode s e l e c t  swi tch  on t h e  s u b j e c t s '  

r e sponse  moni tor  and c o n t r o l  pane l  ( F i g u r e  3 3 ) .  This  s e t  l o g i c  

s o  t h a t  t h e  r e a c t i o n  t i m e  c l o c k s  would n o t  s t o p  running a f t e r  

s i g n a l  o n s e t  u n t i l  t h e  c o r r e c t  r e sponses  were made by t h e  s u b j e c t s .  

The p a n e l  a l s o  c o n t a i n e d  four  Nixie- tube  r e a c t i o n  t i m e r s ,  and 

lamps t o  moni tor  t h e  responses  of  each s u b j e c t .  An in tercom 

provided communication between t h e  exper imente r s  a t  t h e  s u b j e c t s '  

end and a t  t h e  lamp board.  

PROCEDURE 

Not more than  f o u r  s u b j e c t s  were scheduled  p e r  s e s s i o n .  

Each s u b j e c t  a t t e n d e d  t h r e e  s e s s i o n s  on t h e  same day, weather  

p e r m i t t i n g .  The morning s e s s i o n  l a s t e d  from approximate ly  

7 a.m. t o  9 a.m., t h e  noon s e s s i o n  from approximately noon t o  

1 p.m., and t h e  a f t e r n o o n  s e s s i o n  from approximate ly  4 p.m. t o  

6 p.m. The equipment was p o s i t i o n e d  s o  t h a t  t h e  sun was always 

behind t h e  s u b j e c t s  and f a l l i n g  on t h e  s i g n a l  lamps. Morning 

and a f t e r n o o n  s e s s i o n s  were cons ide red  t o  be t h e  same i n  terms 

of sun a n g l e  on t h e  lamps and s imula ted  bumper. The purpose o f  

a  s p l i t  s e s s i o n  was t o  reduce  t h e  a r c  through which t h e  sun moved 

d u r i n g  t h e  s e s s i o n s  and t o  a l low t h e  s u b j e c t s  a  s u b s t a n t i a l  b reak ,  

s i n c e  a s i n g l e  s e s s i o n  o f  f o u r  hours  would have been t o o  f a t i g u i n g ,  

S u b j e c t s  were s e a t e d  behind t h e  s h u t t e r  mechanism and were 

r e a d  t h e  i n s t r u c t i o n s ,  which a r e  shown i n  t h e  Appendix. These 

i n s t r u c t i o n s  r e q u e s t e d  t h e  s u b j e c t s  t o  i d e n t i f y  t h e  s i g n a l s  

t h a t  were p r e s e n t e d  by d e p r e s s i n g  t h e  a p p r o p r i a t e  swi tches  on 

t h e  response  box, The s u b j e c t s  then  r a t e d  t h e  p r e s e n t a t i o n  a s  

" inadequa te"  o r  "adequate"  i n  b r i g h t n e s s ,  o r  "no s i g n a l "  i f  they  

d i d  n o t  s e e  a  s i g n a l .  

INDEPENDENT VARIABLES. The s i x  independent  v a r i a b l e s  were: 

A. Sun Angle. 



Figure 33, Experimenter's control panel. 



1. Low (approx .  35 d e g r e e s :  a.m. - p.m.) 

2 .  High (approx .  65 d e g r e e s :  noon) 

B.  Surround R e f l e c t a n c e  

1. Black c l o t h  ( r e f l e c t a n c e  approx.  2 .3%)  

2 .  Aluminum f o i l  ( r e f l e c t a n c e  approx.  240%) 

C.  System 

1 . *  Two r e d  lamps f o r  s t o p ,  t u r n ,  and p resence .  

3. Four r e d  lamps w i t h  s t o p  i n b o a r d ,  and t u r n  

combined w i t h  p r e s e n c e  ou tboa rd .  

1 2 .  Two r e d  lamps i n b o a r d  f o r  s t o p  combined w i t h  

p r e s e n c e ,  and two amber lamps o u t b o a r d  f o r  t u r n .  

D. S i g n a l  I n t e n s i t y  

1. 15 cd ( p r e s e n c e  o n l y )  

2 .  80 cd 

3. 185 cd  ( s t o p ,  t u r n )  

4 .  425 cd 

E.  Lamp S h i e l d i n g  

1. S h i e l d e d  

2 .  Unshielded 

F. S i g n a l  Mode 

1. S t o p  

2 .  Turn 

3. S top  + Turn 

4 .  P re sence  

5. No S i g n a l  

DEPENDENT VARIABLES, The dependent  v a r i a b l e s  were: 

A. Response time, i n  m i l l i s e c o n d s ,  t o  c o r r e c t l y  i d e n t i f y  

t h e  s i g n a l s .  I f  no r e s p o n s e  was made, o r  i f  i t  d i d  n o t  i n c l u d e  
+- 

t h e  c o r r e c t  r e s p o n s e ,  t h e  t i m e  was r e c o r d e d  a s  10 seconds .  

B. S i g n a l  I d e n t i f i c a t i o n .  The p e r c e n t  o f  s i g n a l s  i den -  

t i f i e d  c o r r e c t l y  were ana lyzed .  C o r r e c t  r e s p o n s e s  were d e f i n e d  

a s  t h o s e  i n  which t h e  s i g n a l  mode was i d e n t i f i e d  a s  p r e s e n t e d ,  

* 
These sys tem numbers a r e  used t o  b e  c o n s i s t e n t  w i t h  t h o s e  

used i n  o t h e r  r e c e n t  r e p o r t s  ( e . g . ,  Mort imer ,  1969; 1970; 1971; 1 9 7 4 ) .  

6 1  



b u t  t h e  i n c l u s i o n  of a  p resence  response  t o  s t o p  and/or t u r n  

s i g n a l  r e sponses  was n o t  cons ide red  an e r r o r  of  cornmission. 

C. Br igh tness  Rating.  Each s i g n a l  t h a t  was seen was r a t e d  

f o r  adequacy i n  b r i g h t n e s s ,  a s  fo l lows :  

1 ,  Inadequate 

2 .  Adequate 

3 .  No s i g n a l  

A f t e r  any q u e s t i o n s  asked by t h e  s u b j e c t s  about t h e  procedure 

were answered, approximately e i g h t e e n  f a m i l i a r i z a t i o n  t r i a l s  were 

g iven ,  us ing  a l l  surround-system combinat ions.  S top ,  t u r n ,  and 

s t o p  + t u r n  were p r e s e n t e d  a t  185 cd wi th  no s h i e l d i n g .  S u b j e c t s  

were observed t o  make s u r e  they  understood t h e  procedure  and were 

responding reasonably .  

EXPERIMENTAL DE S I GN 

The o r d e r  of t r e a t m e n t s  t h a t  was fol lowed throughout  t h e  

exper iment ,  randomized o r d e r  w i t h i n  each of t h e  v a r i a b l e s .  Hence, 

a l l  s i g n a l  modes f o r  a p a r t i c u l a r  sur round-sys tem-intens i ty-  

s h i e l d i n g  c o n d i t i o n  were p r e s e n t e d  b e f o r e  t h e  s h i e l d i n g  c o n d i t i o n  

was changed. Half of t h e  180 p r e s e n t a t i o n s  were g iven i n  t h e  

morning and t h e  remaining h a l f  i n  t h e  a f t e rnoon .  The noontime 

s e s s i o n  d i f f e r e d  i n  t h a t  on ly  system 1 was p r e s e n t e d ;  hence,  on ly  

6 0  t r i a l s  were r e q u i r e d .  

RESULTS 

RESPONSE TIME ANALYSIS 

LOW SUN ANGLE. For t h e  low sun ang le  c o n d i t i o n  a  f i v e -  

f a c t o r  a n a l y s i s  of  v a r i a n c e  was conducted on t h e  response times 

a s s o c i a t e d  wi th  each s i g n a l  mode. The f i v e  f a c t o r s  were: 

surround r e f l e c t a n c e ,  system, s i g n a l  i n t e n s i t y ,  lamp s h i e l d i n g ,  

and s u b j e c t s .  A Newman-Keuls t e s t  was then  run  on each i n t e r -  

a c t i o n  t h a t  was s i g n i f i c a n t  a t  p r . ~ l .  
1. Stop Mode. The mean r e a c t i o n  t ime t o  s t o p  s i g n a l s  were 



3.87 seconds  a t  80 cd ,  2.91 seconds  a t  185 cd and 2.25 seconds  

a t  425 cd.  These d i f f e r e n c e s  a r e  s i g n i f i c a n t  (p'.O1). Mean 

r e a c t i o n  times w i t h  a  b l a c k  sur round were 2.59 seconds ,  w i t h  a  

chrome sur round:  3.36 seconds .  

2 .  Turn Mode. The main e f f e c t  o f  sys tems and t h e  i n t e r -  

a c t i o n  o f  s h i e l d i n g  x i n t e n s i t y  were s i g n i f i c a n t .  The r e d  t u r n  

s i g n a l s  o f  sys tems 1 and 3  r e s u l t e d  i n  s i g n i f i c a n t l y  lower mean 

r e s p o n s e  times (means o f  2.27 and 2.29 seconds ,  r e s p e c t i v e l y )  

t h a n  t h e  ye l low s i g n a l  o f  sys tem 1 2  (mean o f  2.55 s e c o n d s ) .  A t  

a l l  s i g n a l  i n t e n s i t i e s  s h i e l d i n g  was b e t t e r  t h a n  w i t h o u t  s h i e l d -  

i n g .  I n  t h e  s h i e l d e d  c o n d i t i o n ,  t h e r e  were no s i g n i f i c a n t  d i f -  

f e r e n c e s  due t o  s i g n a l  i n t e n s i t i e s ;  whereas  w i t h o u t  s h i e l d i n g  

t h e  h i g h e r  t h e  s i g n a l  i n t e n s i t y  t h e  s h o r t e r  t h e  mean r e sponse  

time (Table  1).  

3 ,  Presence  Mode. The i n t e r a c t i o n  o f  s i g n a l  i n t e n s i t y  x 
sys tem x su r round  was t h e  o n l y  s i g n i f i c a n t  e f f e c t .  Across  

sys tems no s i g n i f i c a n t  d i f f e r e n c e s  o c c u r r e d  w i t h i n  su r round  

and s i g n a l  i n t e n s i t y ,  b u t  a c r o s s  s i g n a l  i n t e n s i t i e s ,  425 cd 

r e s u l t e d  i n  a  s i g n i f i c a n t l y  s h o r t e r  mean r e sponse  time t h a n  185 cd 

f o r  sys tem 1 when t h e  sur round was b l a c k  (Tab le  2 ) .  

4 .  No S i g n a l  Mode. A s i g n i f i c a n t  i n t e r a c t i o n  o f  s h i e l d i n g  x 

sys tem x su r round  occur red .  There were no s i g n i f i c a n t  d i f f e r e n c e s  

among sys tems w i t h  e i t h e r  su r round  when t h e  lamps were s h i e l d e d .  

When t h e  lamps were n o t  s h i e l d e d ,  w i t h  b l a c k  su r round  system 12 

was b e t t e r  t h a n  1 and 3. Also ,  when u n s h i e l d e d ,  w i t h  aluminum 

sur round sys tem 1 r e s u l t e d  i n  a  s h o r t e r  mean r e sponse  time t h a n  

sys tem 1 2  (Tab le  3 ) .  Given a  b l ack  su r round ,  s h i e l d i n g  was ve ry  

e f f e c t i v e  i n  t h e  no s i g n a l  mode. I t  was o f  less consequence 

g iven  a chrome sur round.  

5. S t o p  + Turn Mode. The o n l y  s i g n i f i c a n t  e f f e c t  was on 

s i g n a l  i n t e n s i t y ,  w i t h  mean r e a c t i o n  times f o r  185 and 4 2 5  cd 

(3.46 and 3.11 seconds ,  r e s p e c t i v e l y )  b e i n g  less t h a n  f o r  80 cd  

(4 .41  seconds)  ( p < m 0 5 ) m  



TABLE 1. Mean Reac t ion  Times i n  Seconds t o  
Turn S i g n a l s  a t  Low Sun Angles  a s  a  
Func t ion  o f  I n t e n s i t y  and S h i e l d i n g .  

TABLE 2 .  Mean Reac t ion  Times i n  Seconds t o  P r e s e n c e  
I n d i c a t i o n s  a t  Low Sun Angles  a s  a Func t ion  
o f  Sur round ,  System and I n t e n s i t y .  

Not 
S h i e l d e d  

2.93 

2.61 

2 . 4 6  

S i g n a l  
I n t e n s i t y  

80 

185 

425 

TABLE 3. Mean Reac t ion  T i m e s  i n  Seconds For  No 
S i g n a l  C o n d i t i o n s  a t  Low Sun Angles  a s  a 
Func t ion  o f  Surround,  s h i e l d i n g  and 
System. 

S h i e l d e d  

2 .13  

2.09 

2.09 

S i g n a l  
I n t e n s i t y  

80 

185 

425 

Aluminum Surround 
System 

1 

3.28 

3.34 

3.98 

Black Surround 

System 

1 

3 

12 
+ 

Aluminum Surround 

System 
12 

3.06 

3.03 

3.01 

System 
3 

3.35 

3.45 

3.40 

System 
1 

2,85 

3.66 

2.34 

S h i e l d e d  

2.32 

1 .97  

2 .23  

Black Surround 

System 
1 2  

3.89 

4.19 

4.46 

System 
3 

2.90 

2.84 

3.08 

Not 
Shie lded  

3.15 

3.96 

4.66 , 

S h i e l d e d  

1.96 

1.94 

1.96 

1 

7.22 

7.03 

5.27 



H I G H  SUN ANGLE. The same a n a l y s e s  were conducted  f o r  t h e  

h i g h  sun a n g l e  a s  f o r  t h e  low sun a n g l e .  I t  w i l l  be  r e c a l l e d  

t h a t  o n l y  sys tem 1 was used  a t  noon. 

1. S top .  Mean r e s p o n s e  t i m e s  t o  s t o p  s i g n a l s  v a r i e d  

( p < . 0 5 )  a s  a  f u n c t i o n  o f  i n t e n s i t y  (80 cd  = 3.49 s e c s ,  185 cd = 

2.39 s e c s ,  and 425 cd = 2.10 s e c s )  and s u r r o u n d  ( b l a c k  = 2.33 

secs, chrome = 2.92 secs) .  No o t h e r  e f f e c t s  were s i g n i f i c a n t .  

2.  Turn. Mean r e a c t i o n  t i m e s  f o r  t u r n  s i g n a l s  a t  185 cd - 
and 425 cd  (2 .08  and 2.06 secs, r e s p e c t i v e l y )  were s i g n i f i c a n t l y  

lower  t h a n  80 c d  (2.26 secs) .  Black s u r r o u n d  was a  s i g n i f i c a n t  

improvement o v e r  aluminum su r round  (2.05 and 2.22 s e c s  , 
r e s p e c t i v e l y )  . 

3. P resence .  A t  s t o p / t u r n  s i g n a l  i n t e n s i t i e s  o f  80 cd 

t h e r e  were no s i g n i f i c a n t  d i f f e r e n c e s  i n  r e a c t i o n  times t o  t h e  

p r e s e n c e  mode between s u r r o u n d s ,  b u t  a t  185 cd  and 425 cd t h e  

b l a c k  su r round  was s u p e r i o r  t o  t h e  aluminum su r round  ( T a b l e  4 ) .  

TABLE 4 .  Mean Reac t ion  T i m e s  i n  Seconds t o  
P r e s e n c e  I n d i c a t i o n s  a t  High Sun 
Angles  a s  a  Func t ion  o f  Surround 
and S i g n a l  I n t e n s i t y .  

4 .  No S i g n a l .  The i n t e r a c t i o n  o f  s h i e l d i n g  and su r round  

was s i g n i f i c a n t .  With b l a c k  su r round  s h i e l d i n g  r e s u l t e d  i n  

s h o r t e r  r e a c t i o n  t i m e s  t h a n  no s h i e l d i n g  ( 1 . 9 9  v s  2 . 9 3  s e c s ,  

r e s p e c t i v e l y ) ,  but w i t h  t h e  aluminum su r round  t h e r e  were no 

d i f f e r e n c e s  between s h i e l d i n g  and no s h i e l d i n g  (2 .13  and 2 . 1 1  

secs, r e s p e c t i v e l y )  . 

Aluminum 
Surround 

4 . 1 9  

4.80 

4.10 

. 
S i g n a l  

I n t e n s i t y  

80 

185 

425 

Black 
Surround 

3.10 

2 . 4 2  

2.88 



5. Stop - Turn. Mean response  times v a r i e d  a s  a  f u n c t i o n  

o f  s i g n a l  i n t e n s i t y  (80 cd = 3.75 s e c s ,  185 cd = 3.34 s e c s ,  and 

425 cd = 2.81 s e c s ) .  The d i f f e r e n c e  between 80 cd and 425 cd 

was s i g n i f i c a n t  (p< .01)  a s  was t h e  d i f f e r e n c e  between 185 cd and 

425 cd ( p < . 0 5 ) .  

SIGNAL IDEHTIFICATION ANALYSIS 

LOW SUN ANGLE. An a n a l y s i s  of v a r i a n c e  was conducted on 

t h e  f i v e  f a c t o r s  of  s h i e l d i n g ,  su r round ,  s i g n a l  i n t e n s i t y ,  

system, and s i g n a l  mode. The a n a l y s i s  was based on t h e  p e r c e n t  

of  s i g n a l s  i d e n t i f i e d  c o r r e c t l y  w i t h  p resence  a  p e r m i s s i b l e  

a d d i t i o n  t o  s t o p ,  t u r n ,  and s t o p  + t u r n .  Newman-Keuls tests  

were conducted on a l l  s i g n i f i c a n t  (pL.01) i n t e r a c t i o n s .  The 

p e r c e n t  of s i g n a l s  i d e n t i f i e d  c o r r e c t l y  i s  shown i n  Table 5  

f o r  each s i g n a l  mode. The most u s u a l  e r r o r s  were t o  c a l l  a  

s i g n a l  "p resence , "  t o  c a l l  p resence  " s t o p "  o r  "no s i g n a l , "  and 

t o  c a l l  no s i g n a l  "p resence . "  

I n  t h e  a n a l y s i s  o f  v a r i a n c e  of  t h e  p e r c e n t  of  s i g n a l s  

c o r r e c t l y  i d e n t i f i e d ,  s i g n i f i c a n t  i n t e r a c t i o n s  were found f o r  

s h i e l d i n g  x system; s h i e l d i n g  x i n t e n s i t y  x surround;  i n t e n s i t y  

x mode; and surround x mode. Newman-Keuls t e s t s  on t h e  s h i e l d i n g  

x system i n t e r a c t i o n  showed t h a t  i n  t h e  s h i e l d e d  c o n d i t i o n  t h e r e  

were no s i g n i f i c a n t  d i f f e r e n c e s  between systems (90-92% c o r r e c t ) ;  

i n  t h e  unsh ie lded  c o n d i t i o n  system 1 r e s u l t e d  i n  s i g n i f i c a n t l y  

more s i g n a l s  c o r r e c t l y  i d e n t i f i e d  (90%) than  systems 3  and 1 2  

(86  and 83%,  r e s p e c t i v e l y ) .  I n  t h e  s h i e l d i n g  x i n t e n s i t y  x 

surround i n t e r a c t i o n ,  a t  80cd and 425 cd w i t h  b lack  surround,  

b e t t e r  s i g n a l  i d e n t i f i c a t i o n  occur red  i n  t h e  s h i e l d e d  t h a n  

unsh ie lded  c o n d i t i o n  ( 9 0 %  v s  81% a t  80 cd ,  97% v s  92% a t  425 c d ) .  

A t  185 cd ,  w i t h  t h e  aluminum sur round ,  s h i e l d i n g  a l s o  i n c r e a s e d  

s i g n a l  i d e n t i f i c a t i o n  90% v s  8 2 % ) .  I n  t h e  remaining c o n d i t i o n s ,  

t h a t  i s ,  80 cd and 425 cd w i t h  aluminum surround and 185 cd w i t h  



b l a c k  s u r r o u n d ,  t h e r e  were no s i g n i f i c a n t  e f f e c t s  due t o  s h i e l d -  

i n g .  For  t h e  s t o p  mode, 425 cd  r e s u l t e d  i n  r e l a t i v e l y  more 

s i g n a l s  c o r r e c t l y  i d e n t i f i e d  t h a n  a t  80 c d  and 185 cd  ( 9 8 %  v s  

73% and 8 4 % ,  r e s p e c t i v e l y ) ,  and 185 cd  t h a n  80 cd.  For  t h e  t u r n ,  

p r e s e n c e ,  and n o - s i g n a l  modes t h e r e  were no s i g n i f i c a n t  e f f e c t s  

o f  s i g n a l  i n t e n s i t y .  Fo r  s t o p  t t u r n ,  425 cd  and 185 cd (94% and 

9 0 % ,  r e s p e c t i v e l y )  p rov ided  b e t t e r  i d e n t i f i c a t i o n  t h a n  80 cd ( 7 1 % ) .  

The Newrnan-Keuls t e s t  on t h e  su r round  x s i g n a l  mode i n t e r a c t i o n  

( T a b l e  5 )  i n d i c a t e d  t h a t  more c o r r e c t  i d e n t i f i c a t i o n s  were 

a c h i e v e d  w i t h  s t o p ,  p r e s e n c e ,  and s t o p  t t u r n  w i t h  a  b l a c k  s u r -  

round t h a n  t h e  aluminum su r round .  For  t u r n  and n o - s i g n a l  modes 

no s i g n i f i c a n t  d i f f e r e n c e s  between s u r r o u n d s  were found. 

HIGH SUN ANGLE. The f o u r  f a c t o r s  used  i n  t h e  a n a l y s i s  o f  

v a r i a n c e  o f  t h e  p e r c e n t  o f  s i g n a l s  c o r r e c t l y  i d e n t i f i e d  i n  t h e  

h i g h  sun  a n g l e  c o n d i t i o n  were: s h i e l d i n g ,  i n t e n s i t y  su r round ,  

and mode. The e r r o r  o f  commission o f  p r e s e n c e  t o  s t o p ,  t u r n ,  

and s t o p  t t u r n  s i g n a l s  was c o n s i d e r e d  a c c e p t a b l e ,  a s  b e f o r e .  

Two s i g n i f i c a n t  main e f f e c t s  were found:  su r round  and mode. 

I d e n t i f i c a t i o n  was s i g n i f i c a n t l y  h i g h e r  w i t h  b l a c k  su r round  

(91% v s  8 6 % ) ,  and lower  f o r  t h e  p r e s e n c e  mode t h a n  a l l  o t h e r  

modes (79% v s  85% f o r  s t o p ,  9 6 %  f o r  t u r n  and n o - s i g n a l ,  and 86% 

f o r  s t o p  t t u r n ) .  

BRIGHTNESS RATINGS 

LOW SUN ANGLE. An a n a l y s i s  o f  v a r i a n c e  o f  t h e  b r i g h t n e s s  

r a t i n g s  was r u n  on t h e  f i v e  f a c t o r s  o f :  s h i e l d i n g ,  i n t e n s i t y ,  

sys t em,  s u r r o u n d ,  and mode. F i v e  i n t e r a c t i o n s  were s i g n i f i c a n t :  

i n t e n s i t y  x sys tem x su r round ;  s h i e l d i n g  x i n t e n s i t y  x mode; 

s h i e l d i n g  x sys tem x mode; i n t e n s i t y  x sys tem x mode; and sys tem 

x su r round  x mode ( s e e  Tab le  6 ) .  

With a  b l a c k  su r round  and a  s i g n a l  i n t e n s i t y  o f  80 cd and 

185 c d ,  sys tem 1 r e c e i v e d  a  s i g n i f i c a n t l y  g r e a t e r  p e r c e n t  o f  

a d e q u a t e  b r i g h t n e s s  r a t i n g s  (80 cd  = 86%,  185 cd = 94%) t h a n  

sys t ems  3  and 1 2  (80% and 85% f o r  sys tem 3 ,  48% and 69% f o r  





sys tem 1 2 ) ,  and sys tem 3 t h a n  sys tem 1 2 .  A t  425 cd  system 1 was 

s i g n i f i c a n t l y  d i f f e r e n t  from 3 (95% v s  8 4 % ) .  With an aluminum 

su r round ,  a t  80 cd and 185 cd ,  sys tems 1 and 3 (59% and 75% 

r e s p e c t i v e l y  f o r  sys tem 1, 65% and 75% f o r  system 3)  were s i g -  

n i f i c a n t l y  d i f f e r e n t  from 1 2  ( 4 6 %  and 60%,  r e s p e c t i v e l y ) ;  whereas ,  

a t  425  cd  sys tem 3 ( 7 9 % )  was s i g n i f i c a n t l y  d i f f e r e n t  from 1 2  ( 6 9 % ) .  

Except  f o r  s t o p  s i g n a l s  a t  80 cd and 4 2 5  c d ,  where t h e r e  were no 

s i g n i f i c a n t  d i f f e r e n c e s  i n  s h i e l d i n g ,  s h i e l d i n g  r e s u l t e d  i n  a  

s i g n i f i c a n t l y  g r e a t e r  p e r c e n t  o f  adequa te  b r i g h t n e s s  r a t i n g s  t h a n  

non- sh ie ld ing .  

H I G H  SUN ANGLE. The f o u r  f a c t o r s  on which t h e  a n a l y s i s  o f  

v a r i a n c e  was conducted  were s h i e l d i n g ,  i n t e n s i t y ,  su r round ,  and 

mode. The o n l y  s i g n i f i c a n t  e f f e c t  was su r round  x  mode w i t h  a  

Newman-Keuls t e s t  showing t h a t  t h e  b l a c k  su r round  r e s u l t e d  i n  

more r a t i n g s  o f  adequa te  b r i g h t n e s s  t h a n  t h e  aluminum s u r r o u n d ,  

f o r  t h e  p r e s e n c e  mode o n l y  ( 7 3 %  adequa te  r a t i n g s  w i t h  b l a c k  and 

17% w i t h  aluminum). 

The u n s h i e l d e d  s t o p  s i g n a l  o f  sys tems 1 and 3 was r a t e d  

s i g n i f i c a n t l y  more o f t e n  a s  a d e q u a t e l y  b r i g h t  t h a n  i n  sys tem 1 2 ,  

The t u r n  s i g n a l  o f  sys tem 1 2  was r a t e d  less o f t e n  a s  a d e q u a t e l y  

b r i g h t  t h a n  sys tems 1 and 3 i n  s h i e l d e d  and u n s h i e l d e d  c o n d i t i o n s .  

The u n s h i e l d e d  p r e s e n c e  mode of sys tem 1 was r a t e d  more o f t e n  a s  

a d e q u a t e l y  b r i g h t  t h a n  sys tems 3 o r  12.  Unshielded o r  s h i e l d e d  

s t o p  t t u r n  s i g n a l s  o f  sys tems 1 and 3 were more o f t e n  r a t e d  

a d e q u a t e l y  b r i g h t  t h a n  sys tem 1 2 .  

SUMMARY AND CONCLUSIONS 

The f a c t o r s  o f  i n t e r e s t  i n  t h i s  s t u d y  were t h e  p r e s e n c e  o r  

absence  o f  s h i e l d i n g ,  s i g n a l  i n t e n s i t y ,  r e f l e c t a n c e  o f  t h e  s u r -  

round a g a i n s t  which t h e  s i g n a l  was p r e s e n t e d  and s i g n a l  coding .  

Three  c r i t e r i a  were employed: r e a c t i o n  t i m e ,  e r r o r s  and sub- 

j e c t i v e  o p i n i o n .  

The r e s u l t s  o f  t h e  s e v e r a l  a n a l y s e s  run  on t h e  d a t a  were 

v e r y  complex. An a t t e m p t  w i l l  be  made h e r e  t o  summarize t h e  

r e s u l t s  i n  terms o f  t h e  v a r i a b l e s  o f  i n t e r e s t .  



The f a c t o r  most o f t e n  a s s o c i a t e d  w i t h  s i g n i f i c a n t  d i f f e r -  

ences  was s i g n a l  i n t e n s i t y .  I n  g e n e r a l ,  t h e  b r i g h t e r  t h e  s i g n a l ,  

t h e  s h o r t e r  t h e  r e a c t i o n  t ime ,  t h e  fewer e r r o r s  would o c c u r ,  and 

t h e  h i g h e r  t h e  r a t i n g s .  

~ o t h  surround r e f l e c t i v i t y  and s h i e l d i n g  a f f e c t e d  r e s u l t s ,  

though n o t  t o  t h e  e x t e n t  t h a t  s i g n a l  i n t e n s i t y  d i d .  The p resence  

of s h i e l d i n g  shor tened  r e a c t i o n  t imes ,  reduced e r r o r s  and improved 

r a t i n g s  where any e f f e c t  could  be d e t e c t e d  a t  a l l .  S h i e l d i n g  

tended t o  reduce  t h e  e f f e c t  of  d i f f e r e n t  s i g n a l  i n t e n s i t i e s ,  

sometimes e l i m i n a t i n g  t h e  e f f e c t  a l t o g e t h e r .  I t  had been a n t i -  

c i p a t e d  t h a t  s h i e l d i n g  e f f e c t s  would be most marked w i t h  t h e  

h i g h l y  r e f l e c t i v e  su r round ,  b u t  t h i s  e f f e c t  d i d  n o t  appear  t o  an 

a p p r e c i a b l e  e x t e n t .  S h i e l d i n g  had v i r t u a l l y  no e f f e c t  a t  h igh  

sun a n g l e s .  

The e f f e c t  o f  background r e f l e c t i v i t y  was g e n e r a l l y  t h e  same 

a s  s h i e l d i n g  e x c e p t  f o r  t h e  no-s igna l  i n s t a n c e ,  where performance 

was p o o r e r  w i t h  t h e  low r e f l e c t i v i t y  surround when unsh ie lded .  

Th i s  came about  because r e f l e c t e d  s u n l i g h t  i n  t h e  lamps could  be 

more r e a d i l y  seen (and i n t e r p r e t e d  a s  a  s i g n a l )  a g a i n s t  t h e  da rk  

surround.  

The e f f e c t  of  system was mixed. The amber t u r n  s i g n a l s  

of  system 1 2  performed p o o r l y  i n  g e n e r a l .  Otherwise performance 

v a r i e d  depending on o t h e r  parameters  and t h e r e  was no c l e a r  

s u p e r i o r i t y  f o r  any system. 

A s  no ted  i n  t h e  i n t r o d u c t i o n ,  s h i e l d i n g  i s  one way i n  which 

it may be  p o s s i b l e  t o  i n c r e a s e  s i g n a l  e f f e c t i v e n e s s  wi thou t  t h e  

problems of a  d u a l  i n t e n s i t y  system. The most impor tan t  ques- 

t i o n  t o  be asked of  t h e  d a t a  from t h i s  i n v e s t i g a t i o n  i s  "how 

does t h e  r e l a t i v e  e f f e c t i v e n e s s  of s h i e l d i n g  and i n c r e a s e d  

i n t e n s i t y  compare?" Phrased d i f f e r e n t l y  t h e  q u e s t i o n  might be 

" a t  what p o i n t  does i n c r e a s i n g  i n t e n s i t y  equa l  t h e  e f f e c t i v e n e s s  

of s h i e l d i n g ? "  Unfor tuna te ly ,  t h e  answer i s  n o t  a s  c l e a r  a s  one 

would l i k e .  



The d a t a  s u g g e s t  t h a t  f o r  most c a s e s ,  e x c e p t i n g  on ly  when 

t h e  s i g n a l  lamps a r e  o r i e n t e d  toward t h e  sun,  s h i e l d i n g  would 

have n e g l i g i b l e  e f f e c t .  Inc reased  i n t e n s i t y ,  on t h e  o t h e r  hand, 

r e s u l t e d  g e n e r a l l y  i n  s h o r t e r  response  times. A low r e f l e c t a n c e  

surround a l s o  g e n e r a l l y  shor tened  response  t imes  a s  w e l l  a s  

r educ ing  e r r o r s  and improving e f f e c t i v e n e s s  r a t i n g s ,  

Given a  combination of  low sun ang le  and s i g n a l s  o r i e n t e d  

toward t h e  sun,  t h e r e  a r e  i n d i c a t i o n s  of  improved e f f e c t i v e n e s s  

a s s o c i a t e d  w i t h  s h i e l d i n g .  The e f f e c t s  were n o t  c o n s i s t e n t ,  

however. For  example, response  times were s i g n i f i c a n t l y  s h o r t e r  

f o r  t u r n  s i g n a l s  and t h e  no-s ignal  c o n d i t i o n  when s h i e l d e d ,  whi le  

o t h e r  s i g n a l s  ( s t o p ,  s t o p  + t u r n ,  and p resence)  were unaf fec ted .  

S h i e l d i n g  e l i m i n a t e d  s i g n a l  system e f f e c t s  a s  measured by e r r o r  

f r e q u e n c i e s  and g e n e r a l l y  reduced e r r o r s ,  e s p e c i a l l y  a g a i n s t  a  

low r e f l e c t i v e  surround.  Rat ings  were a l s o  g e n e r a l l y  improved 

by s h i e l d i n g .  

Thus, t h e  r e s u l t s  of t h i s  i n v e s t i g a t i o n  s u g g e s t :  (1) s h i e l d i n g  

may p rov ide  l i m i t e d  b e n e f i t s  under some c i rcumstances ,  and ( 2 )  

t h e r e  appear  t o  be no adverse  performance e f f e c t s  a s s o c i a t e d  w i t h  

s h i e l d i n g .  However, t h e  r a t h e r  l i m i t e d  and s p e c i f i c  c o n d i t i o n s  

under which s h i e l d i n g  i s  h e l p f u l  r u l e  it o u t  a s  a  s u b s t i t u t e  f o r  

i n c r e a s e d  s i g n a l  i n t e n s i t y .  
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A REVIEW OF THE LITERATURE CONCERNING THE EFFECTS 
OF ALCOHOL AND OTHER DRUGS UPON COLOR PERCEPTION 

by 
Samuel P .  S t u r g i s  

This  paper  i s  a  review of t h e  l i t e r a t u r e  concerning 

t h e  e f f e c t s  of a l c o h o l  and o t h e r  drugs  on t h e  p e r c e p t i o n  

of c o l o r ,  It appears  t h a t  c o l o r  p e r c e p t i o n  i s  

r e l a t i v e l y  u n a f f e c t e d  by normal dosages of most common 

drugs .  These d a t a  a r e  somewhat incomplete,  however, and 

much f u r t h e r  r e s e a r c h  i s  r e q u i r e d .  
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A REVIEW OF THE LITERATURE CONCERNING THE EFFECTS 
OF ALCOHOL AND OTHER DRUGS UPON COLOR PERCEPTION 

I. ALCOHOL EFFECTS 

A majority of the literature concerning the effect of 

alcohol on color perception is characterized by a lack of 

precision in measurement technique, as well as inconsisten- 

cies in dose specification and administration. A number of 

examples follow: 

Schultz (1916) using very small alcohol doses (0.03-0.15 

g/kg) found the ability to discriminate brightness differences 

between pairs of red and green lights improved by lower doses 

and impaired by higher doses. Zeiner-Heinriksen (1927) in a 

test of color discrimination administered "at least 30 cc 

absolute alcohol" to an unspecified number of subjects and 

found decreased discrimination of "spectral" colors red, yellow, 

and green and increased discrimination of blue, indigo, and 

violet. Fatigue was found to increase the deterioration. The 

exact test procedure and apparatus was not described. Colson 

(1940) administered a bettery of tests to 21 subjects who had 

consumed enough scotch or rye whiskey to "reach the limits of 

gastric tolerance." No change in the ability to read Ishihara 

charts was found following the administration of alcohol. Peters 

(1942) mapped the peripheral fields for motion, form, blue, red, 

and green for one subject prior to, and following the administra- 

tion of seven bottles of beer. The major effects found were 

contractions of the red and green fields and a total collapse of 

the blue field. No change was found in either the motion or 

form fields. All fields were found to be normal twenty hours 

after the cessation of drinking. A reduction in the right and 

left horizontal lateral field of red was reported by Mortimer 

and Sturgis (1975) at a blood-alcohol concentration of 0.10%. 

No effect was noted for white, yellow, green or blue stimuli. 

Popov and Popov (1953) examined the perception of color in 



afterimages to bright stimuli, and found only a general weak- 

ening of the effect following a dose of 1 g alcohol per 

kilogram body weight. Schmidt and Binge1 (1953) measured the 

color saturation thresholds for red, blue, and green in 33 

inexperienced drinkers. No change in threshold was found after 

the consumption of either 30 or 45 cc of alcohol, but a general 

raising of thresholds for all three colors which lasted for 30 

minutes was found following the administration of 60 cc of 

alcohol. Rizzo (1957) using Nagel's anomalascope, found a 

diminished sensitivity of red relative to green, in sixteen 

subjects following a dose of approximately 1 g alcohol per 

kilogram body weight. Stewart (1964) found no changes in color 

vision as measured by Pseudo-Isochromatic plates in six subjects 

at BAC1s of "less than 0.15%." A "slight reduction" in the 

extent of peripheral fields was found, however. 

Several studies (Cruz-Coke, 1964, 1965; Cruz-Coke & Varela, 

1965, 1966; Varela, Rivera & Mardones, 1969; Sassoon, Wise & 

Watson, 1970; Swinson, 1972) have reported an abnormally high 

incidence of color vision defects in alcoholics and alcoholics 

suffering from cirrhosis of the liver. This association has 

variously been attributed to: a sex-linked genetic factor which 

predisposes alcoholism and color blindness (Cruz-Coke, Varela, 

et al.); a depletion of vitamins or other biochemical substances 

necessary for normal color vision (Smith & Brinton, 1971; Fialkow, 

Thuline & Fenster, 1966); the use of inappropriate color vision 

tests and/or methodological errors on the part of the experimen- 

tors (Thuline, 1972). The fact that the association has been 

confirmed by a large number of independent researchers indicates 

that it does exist. Additionally, the color vision anomalies 

have been found nearly equally distributed across sex, which 

supports the hypothesis that the association is acquired rather 

than genetically determined. A large proportion of the anomalies 

discovered have been of tritanopic (blue-yellow blind) or 

protanomalous-tritanopic types (Varela et al., 1969; Swinson, 



1972), which are assumed to be rarely congenital but commonly 

acquired (Swinson, 1972). The duration of the defects is quite 

unclear. Smith and Brinton (1971) and ~ialkow et al. (1966) 

reported recovery of normal color vision in 70% to 80% of their 

initially diagnosed color vision defective alcoholic subjects who 

were treated with vitamins and nutritious meals. Swinson (1972), 

,however, concluded that the defects he found were "semi-permanent" 

as his subjects were not tested until they were "physically well" 

and had received adequate diets for several weeks. Swinson reports 

that he is examining the effects of long-term sobriety on alco- 

holics' color vision. 

11. NON-PRESCRIPTION DRUG EFFECTS 

Carter (1969) examined the effects of "maximum normal doses" 

of alva-tranquil, empirin, dristan, excedrin, bromo-seltzer, 

sominex, cosanyl, donnagel, asthmador cigarettes, wyamine inhaler, 

and medihaler epi on color vision as measured by a A.A.A. color 

vision tester. The fact that no effect was found is hardly sur- 

prising, considering that the task requires naming the color of 

a constant brightness piece of red, green or amber traffic signal 

glass. 

Schmidt and Bingel's 1953 study also investigated the effect 

of caffeine as taken in coffee on the saturation thresholds for 

red, green and blue. Measurements taken up to an hour after the 

consumption of .16 g caffeine in two cups coffee showed an improve- 

ment in the recognition of red and blue at threshold. 

111, PRESCRIPTION DRUG EFFECTS 

Sloan and Gilger (1947) found color discrimination under 

high brightness conditions to be greatly debilitated in patients 

taking tridone, an anti-convulsant drug used in the treatment of 

epilepsy. Color fields for blue and red were found to be normal 

when measured against a dark background, and completely collapsed 

when measured against a white background of high illumination. 



In a color discrimination test the same subjects showed signifi- 

cant abnormalities with red and green stimuli, and a lessened 

effect with yellow and blue stimuli. The authors noted that the 

impairment exists only while the drug is in the system, affects 

cone function throughout the retina, and lessens with exposure to 
the drug. Grutzner (1969) reported on the effects of chloroquine 

(an anti-malaria drug also used in the treatment of rheumatorial 

arthritis), indometracin (also used to treat rheumatorial arthritis), 

thioridazine (a tranquilizer used to sedate persons with nervous- 

mental disorders), and digitalis (a cardiac stimulant). Eabh of 

the drugs were found in some cases to damage the retina and cause 

defective hue discrimination which generally lessened or dis- 

appeared when use of the drug was discontinued. The effects found 

were generally tritanopic, meaning that sensitivities to dif- 

ferences in hues of blues, blue-greens, and green were reduced. 

Laroche (1967; 1971) has found hue discrimination to be 

temporarily impaired by antibiotics such as streptomycin and 

dihydrostreptomycin and has also found partial alleviation of 

congenital protanopic and deuteranopic symptoms through adminis- 

tration of vitamins A and B, respectively. Laroche also found 

chlortetracycline, spinamycine, chloramphenicol, streptomycine, 

difrarel 100, and aneurine to have small but measureable effects 

on hue discrimination. Normal color vision returned with cessa- 

tion of treatment. 

I V .  PSYCHOTOMIMETIC DRUG EFFECTS 

Hartman and Hollister (1963) studied the effects of LSD, 

mescaline, and psilocybin on hue discrimination, color afterimage 

intensity and duration, and the elicitation of subjective colors 

produced by intermittent light (flicker), a pure tone, and the 

combination of flicker and pure tone. Eighteen subjects were 

administered the drugs at weekly intervals, in random orders, 

Hue discrimination was decreased significantly by psilocybin 



only, while reports of colors in afterimages were increased by 

all three drugs. The elicitation of subjective color from flicker 

and tones alone were increased significantly by LSD and mescaline, 

while LSD was the only drug to elicit more reports of subjective 

aolor from the combination of flicker and tone. The authors 

interpret the results as indicating that stimuli which evoke sub- 

jective color phenomena are enhanced by psychomimetics, while 

the usual perception of color may be slightly impaired. 

Siege1 (1969, 1970) reported similar results in studies 

with pigeons. In the earlier study, pigeons trained to respond 

to color changes on a visual display increased their responding 

when no change had taken place after the administration of either 

marijuana extracts or LSD. In the later study, birds trained to 

respond to the presence or absence of a changing color stimulus 

responded more frequently to white light when under the influence 

of LSD. Marijuana in an alcohol solution reduced the error rate, 

while the administration of alcohol alone had no effect on the 

error rate. 

V. SUMMARY 

The ability to perceive color under normal conditions has 

been shown to be relatively resistant to impairment by normal 

doses of most common drugs. Normal use of alcohol in moderate 

doses may impair color discrimination or brightness perception 

at threshold levels, but has a negligible effect upon gross color 

vision as measured by the ability to correctly interpret 

Ishihara or similar isochromatic color plates. Peripheral color 

vision appears to be much more sensitive to deterioration under 

alcohol although the relationship of dose to actual impairment 

remains to be quantified. 

Several studies have demonstrated an abnormally high inci- 

dence of color vision defects in alcoholics. While the effect 



appears to be secondary to the disease and is apparently revers- 

ible through the administration of vitamins and improved diet, 

it may be assumed that impaired color vision is disproportionately 

distributed in this population. 

The effects of other drugs, including psychotomimetics, 

over-the-counter non-prescription drugs, and prescription drugs 

also require quantification. The fact that caffeine has been 

shown to increase the recognition of colors at threshold implies 

that stimulants as a group may improve color vision, but other 

stimulants have not as yet been studied. Psychotomimetics as a 

group apparently increase the propensity to visualize color in 

neutral stimuli, but may slightly impair "normaln color vision. 

Over-the-counter drugs require much more study with more subtle 

measures of color vision. Prescription drugs such as tridone, 

chloroquine, indomethacin, thioridazine, and digitalis have been 

shown to have specific effects on retinal function and color 

vision, but the resultant impact on behavior has not been com- 

pletely examined. 
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THE I N C I D E N C E  OF FOG, RAIN, SNOW, AND SUNLIGHT 
I N  VARIOUS REGIONS OF THE UNITED STATES 

by 
J ,  Kirby Thomas 

T h i s  paper  i s  a  compi la t ion  of d a t a  r e f l e c t i n g  t h e  

inc idence  of weather  c o n d i t i o n s  which i n f l u e n c e  t h e  

d e t e c t a b i l i t y  of r e a r  l i g h t i n g  s i g n a l s .  Data a r e  pre-  

sen ted  on t h e  inc idence  of f o g ,  p r e c i p i t a t i o n ,  snow and 

s u n l i g h t  f o r  t h e  year  1 9 7  0 .  
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INTRODUCTION 

A review of  m e t e o r o l o g i c a l  r e c o r d s  was conducted i n  o r d e r  

t o  e v a l u a t e  t h e  p r o b a b i l i t y  of  exposure  of  d r i v e r s  t o  fog ,  r a i n ,  

snow, and s u n l i g h t  c o n d i t i o n s .  Data on t h e s e  c o n d i t i o n s  was 

e x t r a c t e d  from t a b l e s  i n  "Cl imato log ica l  Data - N a t i o n a l  Summary1' 

p u b l i s h e d  by t h e  U.S. Department of  Commerce f o r  t h e  y e a r  1970. 

Numbers p l o t t e d  on t h e  fo l lowing  f o u r  maps of t h e  United S t a t e s  

i n d i c a t e  t h e  number of  days i n  t h e  y e a r  1970 a  p a r t i c u l a r  con- 

d i t i o n  e x i s t e d  a t  a  s p e c i f i c  weather  s t a t i o n .  Data from a  

sample of  weather  s t a t i o n s  was used. S t a t i o n s  were s e l e c t e d  on 

t h e  b a s i s  o f  completeness of d a t a  r e p o r t e d  and on p o p u l a t i o n  of 

su r round ing  a r e a .  S t a t i o n s  i n  remote a r e a s  o r  s t a t i o n s  f o r  

which d a t a  was incomple te  were n o t  s e l e c t e d .  L o c a l i t i e s  i n  which 

a  p a r t i c u l a r  c o n d i t i o n  e x i s t e d  w i t h i n  some range of  days were 

grouped t o g e t h e r  and t h u s  g e n e r a l  weather  p a t t e r n s  f o r  p a r t i c u l a r  

c o n d i t i o n s  a c r o s s  t h e  c o n t i n e n t a l  United S t a t e s  become apparen t .  

FOG ( F i g u r e  3 4 )  

Data i n  "Cl imato log ica l  Data - N a t i o n a l  Summary" f o r  fog  

c o n d i t i o n s  were i n  terms of  number of  days o f  "heavy fog" - 
which was n o t  de f ined .  The e a s t e r n  and western  c o a s t a l  a r e a s  

had a  h i g h e r  i n c i d e n c e  of heavy fog than  t h e  i n t e r i o r  r eg ions .  
\ ,  

Extreme i n s t a n c e s  of  heavy fog (over  50 days p e r  y e a r )  occu,$red 

i n  r e l a t i v e l y  smal l  i s o l a t e d  a r e a s .  

PRECIPITATION ( F i g u r e  35) 

Data on p r e c i p i t a t i o n  a r e  i n  terms o f  number of  days i n  

which 0.01 i n .  o r  more of r a i n  accumulated. The map i n d i c a t e d  

t h e  expected  v a r i a t i o n  - southwestern  a r e a  having t h e  l e a s t  

p r e c i p i t a t i o n  (0 .01  i n .  o r  more on l e s s  than  15% of days i n  

y e a r )  and n o r t h e a s t e r n  and nor thwes te rn  a r e a s  having t h e  most 

p r e c i p i t a t i o n  (0 .01  i n .  o r  more on more than  40% o f  days i n  y e a r ) .  



SNOW ( F i g u r e  3 6 )  

Data on snow c o n d i t i o n s  a r e  i n  te rms of  t h e  number of  days 

1.0 i n .  o r  more of  snow accumulated. The term "snow" i n c l u d e s  

a l l  forms of  f rozen  p r e c i p i t a t i o n  e x c e p t  h a i l  o c c u r r i n g  a lone .  

SUNLIGHT ( F i g u r e  3 7 )  

S u n l i g h t  c o n d i t i o n s  a r e  surveyed i n  terms of number o f  days 

i n  which c loud cover  was between 0 %  and 30%. I n  t h e  southwest  

t h i s  c o n d i t i o n  e x i s t e d  on more than  h a l f  of t h e  days i n  t h e  y e a r .  

I n  t h e  n o r t h e a s t  c l e a r  s k i e s  were recorded  on o n l y  a f i f t h  of t h e  

days i n  1970. 
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A SUBJECTIVE EVALUATION TURN SIGNAL EFFECTIVENESS 

by 
P a t r i c i a  A, Domas 

T h i s  paper  i s  a  s u b j e c t i v e  assessment  o f  t h e  e f f e c -  

t i v e n e s s  of  f l a s h i n g  s i g n a l s  which go from s i g n a l  i n t e n s i t y  

t o  o f f  r a t h e r  t h a n  from s i g n a l  i n t e n s i t y  t o  p re sence  

i n t e n s i t y ,  The r e s u l t s  i n d i c a t e  t h a t  t h e  former c o n f i g u r a -  

t i o n  would be u n d e s i r a b l e  f i r s t ,  because  t h e r e  a p p e a r s  t o  

be l i t t l e  b e n e f i t  i n  i n c r e a s e d  s i g n a l  e f f e c t i v e n e s s  by such 

a n  a r rangement ,  second,  i n  t h e  e v e n t  t h a t  t h e  s i g n a l  

f i l a m e n t  i s  burned o u t ,  one s i d e  o f  t h e  c a r  would be un- 

marked when t h e  t u r n  s i g n a l s  a r e  used.  
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A proposed Motor Vehic le  S a f e t y  Standard ,  concerning Lamps, 

R e f l e c t i v e  Devices,  and ~ s s o c i a t e d  Equipment (Docket No, 69-19),  

would r e q u i r e  t u r n  s i g n a l  lamps t o  f l a s h  from high i n t e n s i t y  t o  

" o f f . "  The proposed amendment s t a t e s :  "Turn s i g n a l  lamps a r e  

much more d i f f i c u l t  t o  d e t e c t  when combined wi th  a  normally 

s teady-burning lamp, when t h e  s teady-burning lamp i s  on, and when 

t h e  r a t i o  of  t h e  h igh  i n t e n s i t y  t o  low i n t e n s i t y  l i g h t  i s  nea r  

t h e  c u r r e n t  minimum of  5 t o  1 . "  

The p r e s e n t  experiment  eva lua ted  s u b j e c t i v e  judgment of t u r n  

s i g n a l s  which f l a s h  "on" t o  " o f f , "  over  s e l e c t e d  high t o  low 

i n t e n s i t y  r a t i o s ,  

METHOD 

DESIGN 

A s i n g l e  two-fi lament  lamp was used t o  d i s p l a y  presence  ( P )  

and t u r n  ( T )  s i g n a l s ,  a lone  and i n  combination, The presence 

lamp i n t e n s i t y  was 1 0  cande las ,  The t u r n  s i g n a l  f l a s h e d  i n  one 

o f  two ways: "on t o  o f f "  o r  "on t o  presence ."  These two presen-  

t a t i o n s  were made a t  t h r e e  t u r n  s i g n a l  i n t e n s i t y  l e v e l s :  80, 1 2 0  

and 200 cande las .  The p a i r e d  comparison method was used t o  pre-  

s e n t  a l l  combinations of f l a s h  p r e s e n t a t i o n  and l e v e l  of i n t e n s i t y .  

SUBJECTS 

Nineteen male and female employees of t h e  HSRI served a s  

p a i d  s u b j e c t s ,  They were run  i n  groups of t h r e e  t o  s i x .  

PROCEDURE 

S u b j e c t s  were s e a t e d  approximately 4 0  f e e t  away from and 

f a c i n g  t h e  lamp d i s p l a y i n g  t h e  s i g n a l s ,  They viewed 30 t r i a l s  

of  s i g n a l s .  Each t r i a l  c o n s i s t e d  of  t h e  fo l lowing sequence of  

s i g n a l s :  

P+T1+P+T2+P, where P=presence,  T=turn 



Turn s i g n a l s  were p r e s e n t e d  f o r  5  seconds ,  a t  approximately 

1 c p s ,  and t h e  i n t e r v e n i n g  p resence  s i g n a l  was on f o r  4-5 seconds.  

I n t e r t r i a l  i n t e r v a l  was 15 seconds ,  w i t h  a  2-minute r e s t  g iven 

a f t e r  a  b lock o f  t e n  t r i a l s .  

The s u b j e c t s  were asked t o  choose t h e  t u r n  s i g n a l ,  of  t h e  

p a i r ,  t h a t  t h e y  cons ide red  t o  be "more e f f e c t i v e , "  i . e . ,  a t t e n t i o n -  

g e t t i n g  i n  a  d r i v i n g  s i t u a t i o n .  Equal judgments were n o t  al lowed.  

RESULTS 

For  each s u b j e c t  t h e  f requency wi th  which each of t h e  s i x  

p o s s i b l e  p r e s e n t a t i o n  modes ( t h r e e  t u r n  s i g n a l  i n t e n s i t i e s  x  two 

p resence ,  on-off ,  modes) were p r e f e r r e d  was ob ta ined .  The mean 

p r e f e r e n c e s  among t h e s e  s i x  s i g n a l  c o n d i t i o n s  a r e  shown i n  Table 7 ,  

TABLE 7. Mean Turn S i g n a l  E f f e c t i v e -  
n e s s  Ra t ings .  

S i g n a l  Mode 

200 cd (ON-OFF) 

200 cd (ON-P) 

120 CCI (ON-OFF) 

120 cd (ON-P) 

80 cd (ON-OFF) 

80 cd (ON-P)  

Mean Rat ing  

4 . 2 4  

3.66 

2.55 

2.03 

9.. 6 6 

0.87 

T h i s  i n d i c a t e s  t h a t  t h e  s u b j e c t  r a t e d  h igh  s i g n a l  i n t e n s i t i e s  

a s  more e f f e c t i v e  than  low i n t e n s i t i e s ,  and w i t h i n  each s i g n a l  

i n t e n s i t y  t h e  on-off mode r e c e i v e d  somewhat h i g h e r  r a t i n g  than  

t h e  on-presence mode. 

An a n a l y s i s  of v a r i a n c e  on t h e  d a t a  u s i n g  s i g n a l  modes and 

s u b j e c t s  a s  f a c t o r s   able 8) showed a  s i g n i f i c a n t  e f f e c t  of 

s i g n a l  modes. 



TABLE 8. A n a l y s i s  o f  Var iance  of  Turn S i g n a l  
E f f e c t i v e n e s s  Rat ings .  

A Newrnan Keuls  t e s t  (Tab le  9)  showed t h a t  t h e  200 cd t u r n  

s i g n a l  was r a t e d  s i g n i f i c a n t l y  more e f f e c t i v e  t h a n  t h e  1 2 0  cd o r  

TABLE 9 .  Newman-Keuls Test on Mean Ra t ings  of  E f f e c t i v e n e s s  
o f  Turn S i g n a l  Modes. 

F  

29.5" 

4.0" 

Source 

Between S u b j e c t s ( S s )  - 
S i g n a l  Modes 

S i g n a l  Modes x - S s  

Within Cells 

T o t a l  

80  cd i n t e n s i t i e s .  A t  200 cd t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  

df  

18 

5 

90 

114 

227 

SS 

0.0 

302.3 

184.7 

58.0 

5  45 

i n  t h e  r a t i n g s  whether  t h e  p re sence  f i l a m e n t  was l e f t  on o r  t u r n e d  

o f f .  The 120 cd s i g n a l s  were r a t e d  s i g n i f i c a n t l y  more e f f e c t i v e  

MS 

0.0 

60.5 

2 . 0  

Signal Modes 

1120 cd (ON-OFF 

, 1 2 0  cd (ON-P) ' 80 cd (ON-OFE 

80 cd (ON-P) 

80 cd (ON-P) 

S i g n a l  Mode 

200 cd (ON-OFF) 

200 cd (ON-P) 

120 cd (ON-OFF) I 120 cd  (ON-P)  

t h a n  t h e  80 cd  s i g n a l  o p e r a t e d  w i t h  t h e  p re sence  f i l a m e n t  remain- 

Rated S i g n i f i c a n t l y  ( ~ ~ 0 . 0 1 )  
More E f f e c t i v e  t h a n  

II 11 11 

i n g  on,  b u t  n o t  s i g n i f i c a n t l y  d i f f e r e n t  when t h e  p re sence  f i l a m e n t  

was t u r n e d  o f f .  There was no s i g n i f i c a n t  d i f f e r e n c e  (P'o. 01). 

between t h e  80 cd s i g n a l  o p e r a t e d  e i t h e r  w i t h  t h e  p re sence  remain- 

i n g  on o r  go ing  o f f .  



DISCUSSION 

I n  t h i s  s t u d y  s i g n i f i c a n t  d i f f e r e n c e s  i n  r a t i n g s  of  t u r n  

s i g n a l  e f f e c t i v e n e s s  were n o t  o b t a i n e d  whether  t h e  p resence  f i l a -  

ment remained on o r  was t u r n e d  o f f  a t  t h e  o n s e t  o f  v o l t a g e  be ing  

a p p l i e d  t o  t h e  t u r n  s i g n a l ,  f o r  any of  t h e  t h r e e  t u r n  s i g n a l  

i n t e n s i t i e s  used. There were s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

r a t i n g s  a t t r i b u t a b l e  t o  t h e  i n t e n s i t i e s  used ,  w i t h  h i g h e r  i n t e n s i -  

t i e s  be ing  r a t e d  s i g n i f i c a n t l y  more e f f e c t i v e  than  lower i n t e n s i -  

t i es ,  between 200 and 80 cd. However, s i n c e  t h e  1 2 0  cd s i g n a l s  

were n o t  r a t e d  a s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  80 cd s i g n a l s  

when p r e s e n t e d  i n  t h e  ON-OFF mode, whereas t h e  120 cd s i g n a l s  were 

r a t e d  s i g n i f i c a n t l y  more e f f e c t i v e  than  t h e  80 cd s i g n a l s  o p e r a t e d  

i n  t h e  ON-P mode, t h e  d a t a  s u g g e s t  t h a t  a t  t h e  lower i n t e n s i t i e s ,  

o r  lower i n t e n s i t y  r a t i o s ,  t h e r e  appeared t o  be some b e n e f i t  of 

t h e  ON-OFF mode a t  t h e  80 cd l e v e l .  

The f i n d i n g s  on t h e  e f f e c t  of t u r n i n g  o f f  t h e  p resence  f i l a -  

ment when t h e  t u r n  s i g n a l  i s  energ ized  s u g g e s t s  t h a t  t h e r e  may be  

some b e n e f i t  o n l y  f o r  t u r n  s i g n a l s  t h a t  a r e  o p e r a t e d  a t  t h e  mini- 

mum a l lowable  i n t e n s i t y  of  80 cd. Th i s  b e n e f i t  seems t o  be l o s t  

a s  s i g n a l  i n t e n s i t y  i s  i n c r e a s e d  t o  120 cd o r  above, based on a  

p resence  i n t e n s i t y  of  1 0  cd. 

I n  obse rv ing  t h e  o p e r a t i o n  o f  t h e  s i g n a l  i n  t h e  ON-OFF mode, 

t h e  b e n e f i t  of  t u r n i n g  o f f  t h e  p resence  f i l a m e n t  i s  n o t  apparen t  

u n t i l  t h e  s i g n a l  i s  i n  i t s  second c y c l e ,  a t  t h e  e a r l i e s t .  T h i s  

i s  due t o  t h e  f a c t  t h a t  when t h e  t u r n  s i g n a l  i s  t u r n e d  on i t s '  

f i l a m e n t  beg ins  t o  i n c r e a s e  i n  i n t e n s i t y  a t  t h e  same time t h a t  

t h e  p resence  f i l a m e n t  i s  decaying,  such t h a t  both  o f  t h e s e  

e f f e c t s  c a n c e l  each o t h e r  o u t .  The b e n e f i t  of  t u r n i n g  o u t  t h e  

p resence  f i l a m e n t  can ,  t h e r e f o r e ,  on ly  be n o t i c e d  a t  t h e  second 

c y c l e  when t h e  p resence  f i l a m e n t  h a s  s u f f i c i e n t l y  cooled .  

Another c o n s i d e r a t i o n  i n  employing t h i s  t echn ique  i s  t h e  con- 

d i t i o n  which o c c u r s  i n  t h e  e v e n t  of  a  t u r n  s i g n a l  f l a s h e r  malfunc- 



t i o n  r e s u l t i n g  i n  t h e  t u r n  s i g n a l  f i l a m e n t  n o t  be ing energ ized ,  

o r  i f  t h e  t u r n  s i g n a l  f i l a m e n t  i s  open. I n  t h a t  c a s e ,  o p e r a t i n g  

t h e  t u r n  s i g n a l  l e v e l  would produce a  s i t u a t i o n  where t h e  presence  

f i l a m e n t  would be d e a c t i v a t e d  and t h e  lamp on t h e  t u r n i n g  s i d e  

would remain dark.  Thus, t h e  v e h i c l e  w i l l  n o t  be marked on t h e  

t u r n i n g  s i d e ,  and t h i s  i s  a  h i g h l y  undes i rab le  s i t u a t i o n .  For 

t h i s  reason d e a c t i v a t i o n  of  t h e  presence  f i l a m e n t  i s  no t  recom- 

mended. 

While it i s  c e r t a i n l y  d e s i r a b l e  t o  improve t h e  e f f e c t i v e n e s s  

wi th  which s i g n a l s  a r e  d i s p l a y e d  i t  i s  q u e s t i o n a b l e  t h a t  t h e  

approach t e s t e d  p rov ides  a  s i g n i f i c a n t  degree  of improvement. 

S ince  t h e  t u r n  s i g n a l  i s  coded i n  two ways, namely by i n t e n s i t y  

change and by f l a s h i n g ,  it has  a  degree  of  redundancy b u i l t  i n t o  

it which should  p rov ide  a  r easonab le  degree  of c o n s p i c u i t y  under 

most c o n d i t i o n s .  I n  f a c t ,  our  f i e l d  s t u d i e s  show t h a t  r e l a t i v e l y  

few t u r n  s i g n a l s  were missed when combined wi th  t h e  presence  

lamp, a l though t h e  response  t imes  t o  t h e  t u r n  s i g n a l s ,  p a r t i c u -  

l a r l y  when combined wi th  s t o p  s i g n a l s ,  were r e l a t i v e l y  poor.  

However, i t  i s  worth re-emphasizing t h a t  t h e  miss r a t e  was low. 

Th i s  can a l s o  be  shown by comparison of  t h e  miss r a t e  of t h e  t u r n  

s i g n a l  when combined wi th  a s t o p  s i g n a l ,  compared t o  t h e  miss r a t e  

on t h e  s t o p  s i g n a l  when it i s  preceded by a  t u r n  s i g n a l  i n  t h e  

c u r r e n t l y  used U.S. r e a r  l i g h t i n g  system. I n  our  p rev ious  work 

(Mortimer, 1 9 7 0 )  i t  was found t h a t  t h e  bulk of  t h e  missed s i g n a l s  

occur red  on t h e  s t o p  s i g n a l ,  when it  was preceded by a  t u r n  s i g n a l .  

Based on t h e s e  c o n s i d e r a t i o n s  and t h e  f i n d i n g s  of  t h i s  s t u d y  

it would appear  t o  be u n d e s i r a b l e  t o  t u r n  o f f  t h e  presence  f i l a -  

ment when t h e  t u r n  s i g n a l  i s  a c t i v a t e d  because:  (1) t h e r e  appears  

t o  be  l i t t l e  b e n e f i t  i n  i n c r e a s e d  e f f e c t i v e n e s s  of pe rcep t ion  o f  

t h e  t u r n  s i g n a l ,  excep t  a t  t h e  lowest  s i g n a l  i n t e n s i t i e s ,  and 

( 2 )  i n  t h e  even t  t h a t  t h e r e  i s  a  t u r n  s i g n a l  f l a s h e r  malfunct ion  



or the filament is open, the vehicle will be unmarked on the 

turning side. 

An alternative approach would involve flashing the 

presence and the turn signal filament in phase, which will 

obtain the same effect as deactivating the presence filament, 

but has the advantage of redundancy in turn signal operation 

in that a signal will be maintained on the turning side if the 

major, turn filament should be open. Other types of mal- 

functions, such as affecting the flasher itself, will not be 

covered by this technique. 

It is concluded that maintaining adequate marking of the 

vehicle is more important than the small benefits that may be 

obtained in turn signal conspicuity by either deactivating the 

presence filament or combining it with the turn signal filament. 

Other procedures for obtaining improved turn signal performance. 

have already been demonstrated in our other work (Mortimer, 1970; 

Campbell and Mortimer, 1972) involving the separation of function 

of the turn signal lamp from the presence lamp. This would 

provide improved signaling integrity under malfunction conditions, 

and will reduce the time required to detect the signal by a 

following driver (Mortimer, 1970). 
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APPENDIX 

SUBJECT INSTRUCTIONS 



SUBJECT INSTRUCTIONS: TWO-CAR STUDY 

The purpose of  t h i s  s t u d y  i s  t o  de termine  how w e l l  you can 

respond t o  s i g n a l s  p r e s e n t e d  by a  c a r  up t h e  road ahead o f  you. 

Your primary t a s k  i s  t o  main ta in  a  c o n s t a n t  d i s t a n c e  between t h e  

l e a d  c a r  and t h e  c a r  you a r e  d r i v i n g .  When we s t a r t  t h e  t e s t  I 

would l i k e  you t o  drop back t o  100 f e e t  behind t h e  c a r  ahead of  

you. I w i l l  t e l l  you when you a r e  a t  1 0 0  f e e t  and w i l l  g i v e  you 

p r a c t i c e  main ta in ing  t h a t  d i s t a n c e  a s  w e  s t a r t  t h e  tes t .  

A s  t h e  l e a d  c a r  a c c e l e r a t e s  o r  d e c e l e r a t e s  you shou ld  t r y  

always t o  ma in ta in  a  c o n s t a n t  s e p a r a t i o n  d i s t a n c e  o f  100 f e e t .  

I emphasize t h e  s e p a r a t i o n  d i s t a n c e  because it i s  ve ry  impor tan t .  

We w i l l  be a sk ing  you t o  respond t o  s i g n a l s  p r e s e n t e d  by t h e  

l e a d  v e h i c l e ,  and t h e  t ime t h a t  i t  t a k e s  you t o  respond depends 

a  g r e a t  d e a l  on how f a r  away you a r e  from t h e  c a r .  I n  o r d e r  t o  

keep t h i n g s  a s  c o n s t a n t  a s  p o s s i b l e  a s  r e g a r d s  your r e sponse  

t i m e  i t  i s  n e c e s s a r y  t h a t  you s t a y  a s  c l o s e  t o  100 f e e t  a s  you 

can.  I w i l l  moni tor  headway f o r  you d u r i n g  t h e  t e s t  and i f  you 

s t r a y  t o o  f a r  from t h e  t a r g e t  d i s t a n c e  I w i l l  i n s t r u c t  you t o  

c l o s e  up o r  f a l l  back a s  a p p r o p r i a t e .  I might p o i n t  o u t  t h a t  w e  

have n o t  scheduled  any s e v e r e  maneuvers on t h e  p a r t  o f  t h e  l e a d  

v e h i c l e .  However, we a r e  o p e r a t i n g  on a  p u b l i c  road ,  and t h e r e  

i s  a  p o s s i b i l i t y  t h a t  a n o t h e r  d r i v e r  may do something which w i l l  

r e q u i r e  a  s e v e r e  response .  So, d r i v e  a s  you would normal ly  and 

be a l e r t .  

S e v e r a l  d i f f e r e n t  s i g n a l s  w i l l  be  p r e s e n t e d  by t h e  c a r  up 

ahead o f  you and we would l i k e  you t o  respond t o  t h e s e  a s  

q u i c k l y  a s  p o s s i b l e .  For example, whenever a  t u r n  s i g n a l  i s  

p r e s e n t e d  you should  i n d i c a t e  t h a t  you have seen it by d e p r e s s i n g  

t h e  l e f t  b u t t o n  on t h e  s t e e r i n g  wheel yoke f o r  a  l e f t  t u r n  s i g n a l  

and t h e  r i g h t  b u t t o n  f o r  a  r i g h t  t u r n  s i g n a l .  On t h e  o t h e r  hand, 

when a  b rake  s i g n a l  i s  p r e s e n t e d ,  you should  i n d i c a t e  t h a t  you 

have seen  it by d e p r e s s i n g  your brake  peda l  as q u i c k l y  a s  p o s s i b l e ,  



s i n c e  we a r e  r e c o r d i n g  brake  response  t ime from t h e  brake  pedal .  

Should i t  happen t h a t  you do n o t  need t o  a c t u a l l y  slow down, t a p  

t h e  brake  pedal  l i g h t l y ,  a s  t h i s  i s  t h e  on ly  way w e  have of 

knowing t h a t  you have seen t h e  s i g n a l .  

I t  w i l l  sometimes happen t h a t  a brake  s i g n a l  w i l l  q u i c k l y  

fo l low a t u r n  s i g n a l  o r  a t u r n  s i g n a l  w i l l  q u i c k l y  fo l low a brake 

s i g n a l .  I n  t h e s e  c a s e s  simply respond t o  each s i g n a l  i n d i v i d u a l l y  

a s  soon a s  you see it. I f  you keep your thumbs over  t h e  t u r n  

s i g n a l  b u t t o n s  a s  you d r i v e  a long you w i l l  be a b l e  t o  respond 

f a s t e r  t o  t h e  t u r n  s i g n a l s .  

We w i l l  be c o l l e c t i n g  a l l  of our  d a t a  on Carpenter  road 

between t h i s  p o i n t  and t h e  town of Milan, about  t e n  miles south  

of he re .  You should always t r y  t o  mainta in  100 f e e t  between 

your c a r  and t h e  l e a d  c a r  u n l e s s  we t e l l  you o the rwise .  There 

w i l l  be occas ions  when we w i l l  have t o  p u l l  o f f  t o  t h e  s i d e  of 

t h e  road i n  o r d e r  t o  c l e a r  t r a f f i c  behind us o r  t o  g e t  ready t o  

t u r n  around and come back i n  t h e  o t h e r  d i r e c t i o n .  I n  t h e s e  c a s e s  

we w i l l  ask  you t o  p u l l  up very  c l o s e  behind t h e  l e a d  v e h i c l e .  

You should n o t  be p a r t i c u l a r l y  concerned about  t h i s ,  however, 

s i n c e  w e  w i l l  t e l l  you w e l l  i n  advance any t ime such a maneuver 

i s  r e q u i r e d .  

Three d i f f e r e n t  r e a r  l i g h t i n g  systems w i l l  be used on t h e  

c a r  ahead of you dur ing  t h e  t e s t .  We w i l l  f a m i l i a r i z e  you wi th  

t h e  way each system works b e f o r e  we t a k e  it o u t  on t h e  road.  

Do you have any q u e s t i o n s ?  



SUBJECT INSTRUCTIONS: THREE-CAR STUDY 

The purpose of t h i s  s tudy  i s  t o  determine how w e l l  you can 

respond t o  s i g n a l s  p resen ted  by v e h i c l e s  up t h e  road ahead of  

you. Your primary t a s k  i s  t o  mainta in  a  c o n s t a n t  d i s t a n c e  

between t h e  v e h i c l e  immediately ahead o f  you and t h e  c a r  you a r e  

d r i v i n g .  When we s t a r t  t h e  tes t  I would l i k e  you t o  d rop  back 

t o  100 f e e t  behind t h e  second of t h e  two c a r s  ahead of you. I 

w i l l  t e l l  you when you a r e  a t  100 f e e t  and w i l l  g i v e  you p r a c t i c e  

main ta in ing  t h a t  d i s t a n c e  a s  we s t a r t  t h e  tes t .  

A s  t h e  l e a d  v e h i c l e s  a c c e l e r a t e  o r  d e c e l e r a t e  you should t r y  

alway t o  main ta in  a  c o n s t a n t  s e p a r a t i o n  d i s t a n c e  of  100 f e e t  

behind t h e  c a r  immediately i n  f r o n t  of  you. I emphasize t h e  

s e p a r a t i o n  d i s t a n c e  because it i s  ve ry  impor tan t ,  We w i l l  be 

a sk ing  you t o  respond t o  s i g n a l s  p r e s e n t e d  by t h e  two c a r s  ahead 

o f  you and t h e  t ime i t  t a k e s  you t o  respond depends a  g r e a t  d e a l  

on how f a r  you a r e  away from t h e s e  c a r s .  I n  o r d e r  t o  keep t h i n g s  

a s  c o n s t a n t  a s  p o s s i b l e  a s  r e g a r d s  your response  time it  i s  

necessa ry  t h a t  you s t a y  a s  c l o s e  t o  100 f e e t  a s  you can.  I w i l l  

monitor  headway f o r  you d u r i n g  t h e  tes t  and i f  you s t r a y  t o o  f a r  

from t h e  t a r g e t  d i s t a n c e  I w i l l  i n s t r u c t  you t o  c l o s e  up o r  f a l l  

back a s  a p p r o p r i a t e .  I might p o i n t  o u t  t h a t  we have n o t  scheduled 

any s e v e r e  maneuvers on t h e  p a r t  of t h e  l e a d  v e h i c l e s .  However, 

we a r e  o p e r a t i n g  on a  p u b l i c  road ,  and t h e r e  i s  a  p o s s i b i l i t y  

than  ano the r  d r i v e r  may do something which w i l l  r e q u i r e  a  s e v e r e  

response .  So, d r i v e  a s  you would normally and be a l e r t .  

S e v e r a l  d i f f e r e n t  s i g n a l s  w i l l  be p r e s e n t e d  by t h e  c a r s  

ahead of  you and w e  would l i k e  you t o  respond t o  t h e s e  a s  soon 

a s  p o s s i b l e ,  For example, whenever a  t u r n  s i g n a l  i s  p r e s e n t e d  

by t h e  v e h i c l e s  ahead of  you you should i n d i c a t e  t h a t  you have 

seen it by d e p r e s s i n g  t h e  l e f t  b u t t o n  on t h e  s t e e r i n g  wheel yoke 

f o r  a l e f t  t u r n  s i g n a l  and t h e  r i g h t  b u t t o n  f o r  a  r i g h t  t u r n  

s i g n a l ,  On t h e  o t h e r  hand, when a  brake  s i g n a l  i s  p r e s e n t e d ,  

you should i n d i c a t e  t h a t  you have seen it  by d e p r e s s i n g  your brake  



peda l  a s  q u i c k l y  a s  p o s s i b l e ,  s i n c e  we a r e  r e c o r d i n g  brake  response  

t ime from t h e  brake  peda l .  Should it happen t h a t  you do n o t  need 

t o  a c t u a l l y  slow down, t a p  t h e  brake pedal  l i g h t l y ,  a s  t h i s  i s  t h e  

o n l y  way w e  have of knowing t h a t  you have seen t h e  s i g n a l .  

I t  w i l l  sometimes happen t h a t  a  b rake  s i g n a l  w i l l  q u i c k l y  

fo l low a t u r n  s i g n a l  o r  a  t u r n  s i g n a l  w i l l  q u i c k l y  fo l low a brake  

s i g n a l .  I n  t h e s e  c a s e s  s imply respond t o  each s i g n a l  i n d i v i d u a l l y  

a s  soon a s  you s e e  it. I f  you keep your thumbs over  t h e  t u r n  

s i g n a l  b u t t o n s  a s  you d r i v e  a long you w i l l  be a b l e  t o  respond 

f a s t e r  t o  t h e  t u r n  s i g n a l s .  

We w i l l  be c o l l e c t i n g  a l l  o f  our  d a t a  on Carpenter  road 

between t h i s  p o i n t  and t h e  town of Milan, about  t e n  mi les  sou th  

of  he re .  You should  always t r y  t o  mainta in  1 0 0  f e e t  between your 

c a r  and t h e  c a r  immediately ahead of you u n l e s s  we t e l l  you 

o the rwise .  There w i l l  be occas ions  when we w i l l  have t o  p u l l  

o f f  t o  t h e  s i d e  of  t h e  road i n  o r d e r  t o  c l e a r  t r a f f i c  behind us 

o r  t o  g e t  ready t o  t u r n  around and come back i n  t h e  o t h e r  d i r e c -  

t i o n ,  I n  t h e s e  c a s e s  we w i l l  ask you t o  p u l l  up ve ry  c l o s e  behind 

t h e  l e a d  v e h i c l e .  You should n o t  be  p a r t i c u l a r l y  concerned about  

t h i s ,  however, s i n c e  we w i l l  t e l l  you w e l l  i n  advance any t ime 

such a maneuver i s  r e q u i r e d .  

Three d i f f e r e n t  r e a r  l i g h t i n g  systems w i l l  be used by t h e  

l e a d  v e h i c l e s  dur ing  t h i s  t e s t .  We w i l l  f a m i l i a r i z e  you wi th  t h e  

way each system works b e f o r e  we t a k e  i t  o u t  on t h e  road.  Do you 

have any q u e s t i o n s ?  



SHIELDING STUDY INSTRUCTIONS 

In this experiment I want you to imagine that you are 

driving down this road and that there is another car ahead of 

you (that you are following) in the same lane. Each time the 

shutter opens in front of you you will see lamps and a bumper 

mounted on a panel representing the rear of the car you are 

following. Imagine that these lamps are the rear lamps of the 

vehicle in front of you. The purpose of this experiment is to 

learn how well you can identify what is being shown to you on 

the back of the car ahead of you. Each time the shutter in 

front of you opens you will have five seconds to view the lamps. 

A signal will not always be presented when the shutter opens, 

but when a signal is presented you will see taillights (or 

as I shall refer to them, presence lights), stop lights, turn 

signal lights, or combinations of these. 

Presence or taillights are shown on a normal car when the 

headlights are turned on. Stop lights come on when the brakes 

are applied and turn signal lights when the turn signal lever 

is actuated. Please rest the response box on your knee during 

the study. 

I want you to identify what is being presented by pushing 

the appropriate button on the box in front of you. The buttons 

are labeled above the button with: STOP, TURN, PRESENCE, and 

NO SIGNAL. Pushing any single button or combination of buttons 

should allow you to indicate the lack of a signal, a single 

signal, or a combination of signals. I am interested not only 

in your identifying the signal or lack of signal correctly but 

in your identifying it as quickly as possible. Therefore, I 

am recording the buttons you push and how long it takes you 
to push the correct button or set of buttons. If you find 



t h a t  you have made a mis take  you can c o r r e c t  it up u n t i l  j u s t  

af ter  t h e  view i s  blocked by t h e  s h u t t e r  by pushing t h e  c o r r e c t  

b u t t o n  o r  b u t t o n s .  

Use your index f i n g e r  t o  push t h e  b u t t o n s .  When I say  

"ready" you should push t h e  s t a r t  b u t t o n  w i t h  your index f i n g e r  

and look s t r a i g h t  ahead f o r  t h e  p r e s e n t a t i o n .  When t h e  s t a r t  

b u t t o n  i s  pushed t h e  lamp on t h e  s i d e  of your response  box w i l l  

l i g h t .  A f t e r  you have responded and I have had a chance t o  

r e c o r d  your r e sponses  I w i l l  a sk  you t o  r a t e  t h e  s i g n a l  you 

j u s t  saw a s  inadequate  o r  adequate i n  b r i g h t n e s s  by pushing t h e  

a p p r o p r i a t e  b u t t o n  corresponding t o  t h e  l a b e l  below t h e  b u t t o n  

on t h e  response  box. An adequate b r i g h t n e s s  i s  one t h a t  would 

a t t r a c t  your a t t e n t i o n  i n  t r a f f i c ;  an  inadequa te  b r i g h t n e s s  would 

n o t  a t t r a c t  your a t t e n t i o n .  P l e a s e  do n o t  r a t e  t h e  s i g n a l  

b e f o r e  I ask  you t o .  I f  you t h i n k  "no s i g n a l "  was p r e s e n t e d  

push t h e  "no s i g n a l "  b u t t o n  i n s t e a d  of t h e  inadequate  o r  adequate  

bu t ton .  

S e v e r a l  r e a r  l i g h t i n g  systems w i l l  be shown t o  you. For 

example, you w i l l  see d i s p l a y s  u s i n g  two r e d  l i g h t s ,  f o u r  r e d  

l i g h t s ,  and two r e d  and two amber l i g h t s .  

P l e a s e  do n o t  smoke o r  wear t i n t e d  g l a s s e s  d u r i n g  t h i s  

s t u d y  . 
Let's t r y  a few t r i a l s  now t o  g e t  i n t o  p r a c t i c e .  Do any 

o f  you have any q u e s t i o n s ?  








