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FIGURES 

1 . The t e s t  lamps mounted on t h e  l e a d  c a r  . The 
f o l l o w i n g  c a r ' s  hood-mounted l i g h t s  a r e  v i s i b l e  
i n  t h e  fo reg round  . 

2 . The t e s t  lamps. showing s p r e a d i n g  l e n s  and f i l t e r s .  

3 . The c o n t r o l  and c a l i b r a t i o n  sys tems  i n  t h e  l e a d  c a r  . 
4  . The s e t - u p  i n  t h e  f o l l o w i n g  c a r .  showing s u b j e c t s  

and r e c o r d i n g  equipment . 
5  . The l i g h t i n g  c o n f i g u r a t i o n s  t h a t  were compared . 



ABSTRACT 

The purpose of t h i s  s tudy was t h e  eva lua t ion  
of present  and proposed means of coding automobile 
r e a r  l i g h t i n g  systems. Variables considered i n  
t he  s tudy were: number of lamps, s epa ra t i on  of 
lamps by func t ion ,  and co lo r .  Also i nves t i ga t ed  
were i n t e n s i t y  and f l a s h  r a t e  codes c u r r e n t l y  i n  
use. 

Test ing was done a t  n ight  with two s p e c i a l l y  
equipped t e s t  veh i c l e s .  They were dr iven both on 
c i t y  s t r e e t s  and on a  d ivided highway t o  provide 
"c i ty"  and "country" condi t ions .  The lead  c a r ,  
equipped with e igh t  r e a r  l i g h t i n g  systems, d i s -  
played the  t e s t  systems, one a t  a  t ime,  t o  two 
s u b j e c t s  i n  a  fol lowing c a r .  The t e s t  s u b j e c t s  
( t he  d r i v e r  and passenger) i n  t h e  second veh ic l e  
performed a  time-sharing t a s k  which requ i red  t h a t  
they respond t o  t u r n  and s t o p  s i g n a l s  given by the  
l ead  c a r .  Their  r e a c t i o n  t imes ,  t h e  number of 
missed s i g n a l s ,  and s u b j e c t i v e  r a t i n g s  were used t o  
eva lua te  system performance. A t o t a l  of 66 male 
and female sub j ec t s  were used. 

Resul ts  of t h e  s tudy  ind i ca t e  t h a t  t h e  r e a r  
l i g h t i n g  system concept p r e sen t ly  i n  use provided 
the  poores t  performance of a l l  systems t e s t e d .  
Experimental systems show t h a t  t he  a rousa l  property 
of s i g n a l s  is d i r e c t l y  p ropor t iona l  t o  t h e  number 
of lamps used. Separat ion of lamps by func t ion  and 
co lor  coding of s i g n a l s  were a l s o  shown t o  be 
f a c t o r s  s i g n i f i c a n t l y  a f f e c t i n g  system performance. 

The most e f f e c t i v e  systems were those  i n  which 
t a i l l i g h t s ,  t u rn  s i g n a l s ,  and s t o p  s i g n a l s  were 
represented by s epa ra t e  lamps. The f ind ings  i nd i ca t e  
t h a t  t h e  l i g h t  coding techniques represented by t he  
experimental systems (and not c u r r e n t l y  employed 
i n  r e a r  l i g h t i n g  systems) can lead  t o  s i g n i f i c a n t  
gains i n  d r i v e r  performance. 



INTRODUCTION 

The automobile r e a r  l i g h t i n g  system performs an i m -  

por tan t  dual  func t ion  i n  the  prevention of acc iden ts .  The 

system a l e r t s  a  fol lowing d r i v e r  t o  an impending maneuver 

which w i l l  change the  s t a t e  of a  lead veh ic le  (or v e h i c l e s ) ,  

and supp l i e s  information concerning the  nature  of t h i s  

change of s t a t e .  (P r io r  s t u d i e s  i n v e s t i g a t i n g  both aspec ts  

of r e a r  l i g h t i n g  systems include Mortimer, 1967; Crosley and 

Allen,  1966; Rockwell and T r e i t e r e r ,  1966.) 

Although the  importance of r e a r  l i g h t i n g  systems i n  

the  reduct ion of acc iden ts  and the  maintenance of s a f e  

t r a f f i c  flow is genera l ly  assumed, t he re  is r e l a t i v e l y  

l i t t l e  a v a i l a b l e  information t o  support  t h i s  pos i t i on .  

However, accident  s t a t i s t i c s  f o r  1967 do show t h a t  i n  a l l  

two-car acc iden ts  i n  Michigan, rear-end c o l l i s i o n s  accounted 

f o r  17.5% of f a t a l i t i e s ,  49.2% of i n j u r i e s ,  and 55% of 

proper ty  damage acc iden ts  (Michigan S t a t e  Po l i ce ,  1968). 

These da t a  suggest  t h a t  an improvement i n  r e a r  l i g h t i n g  

system performance has p o t e n t i a l  f o r  reducing rear-end 

c o l l i s i o n s .  

Current automobile r e a r  l i g h t i n g  systems provide the  

following s i g n a l s  : 

(a)  Brake s i g n a l s ,  automat ical ly  ac t iva t ed  when the  

d r ive r  app l i e s  h i s  foo t  t o  t he  s e r v i c e  brake 

(b) Turn s i g n a l s ,  d r iver -ac t iva ted  by the  t u r n  s i g n a l  

switch 

(c)  T a i l l i g h t s ,  d r ive r - ac t iva t ed  w i t h  t he  headl ight  

switch t o  show t h e  presence of a  veh ic le  a t  n ight  

These s i g n a l s ,  a l l  red i n  co lor  on American c a r s ,  

u t i l i z e  changes of i n t e n s i t y  o r  con t inu i ty  (steady-burning 

o r  f l a sh ing )  t o  present  information,  T h u s ,  two bas ic  codes, 

i n t e n s i t y  and f l a s h  r a t e ,  a r e  u t i l i z e d  i n  order  t o  p resen t  



i n f o r m a t i o n  t o  f o l l o w i n g  d r i v e r s .  

I t  is well known, however, t h a t  t h e r e  a r e  o t h e r  l i g h t  

cod ing  sys t ems  which o f f e r  bo th  h i g h  a r o u s a l  v a l u e  and 

e f f i c i e n t  means f o r  t r a n s m i s s i o n  of  i n f o r m a t i o n .  The number 

of  l i g h t s  and t h e i r  placement  on t h e  v e h i c l e  can  be used f o r  

cod ing  s i g n a l s .  I n  a d d i t i o n ,  a  powerfu l  cue  f r e q u e n t l y  

u t i l i z e d  i n  t h e  d e s i g n  o f  v i s u a l  d i s p l a y s  (Morgan e t  a l . ,  

1963) is t h e  use  of more t h a n  one  c o l o r .  

T h e r e f o r e ,  number and c o l o r  of  l i g h t s  a r e  a d d i t i o n a l  

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

sys t ems .  Shape and a r e a  of s i g n a l  lamps a r e  o t h e r  

p o t e n t i a l l y  u s e f u l  c u e s ,  b u t  t h e i r  u t i l i t y  was c o n s i d e r e d  

d o u b t f u l  i n  a  p r e v i o u s  s t u d y  (Mortimer,  1967) which a l s o  

showed lamp number and c o l o r  codes  t o  be c a p a b l e  of 

e f f e c t i v e l y  i n c r e a s i n g  t h e  a r o u s a l  p r o p e r t i e s  o f  b rake  and 

t u r n  s i g n a l s .  

One pu rpose  o f  t h e  p r e s e n t  s t u d y  was t o  de t e rmine  t h e  

v a l u e  of  a  code  based  on number of  lamps and t h e  e f f e c t i v e -  

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

use  of  number a s  a  code  p r o v i d e s  an  o p p o r t u n i t y  t o  s e p a r a t e  

s i g n a l  lamps a c c o r d i n g  t o  t h e  f u n c t i o n  t h e y  pe r fo rm,  For 

example,  i n  t h e  p r e s e n t  sys t em t h e  p r e s e n c e  l i g h t  ( t a i l -  

l i g h t ) ,  t h e  b r a k e ,  and t h e  r e a r  t u r n  s i g n a l s  a r e  g i v e n  by 

one p a i r  o f  lamps;  any o f  t h e s e  s i g n a l s  a l o n e  o r  i n  

combina t ion  is r e p r e s e n t e d  by no more t h a n  two l i g h t s .  

A change i n  t h e  number and ,  t h e r e f o r e ,  t h e  placement  

of  l i g h t s  c o u l d  produce  a  more e f f e c t i v e  s i g n a l i n g  sys tem.  

For example,  two l i g h t s  f o r  s i g n a l i n g  b r a k i n g  and t u r n i n g  

c o u l d  be p rov ided  i n  a d d i t i o n  t o  t h e  two p r e s e n c e  l i g h t s .  

With t h i s  sys t em,  when o n l y  two t a i l l i g h t s  were s e e n  a t  

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

I f  more t h a n  two l i g h t s  were v i s i b l e ,  t h e  f o l l o w i n g  d r i v e r  

would know t h a t  a  change -o f - s t a t e  s i g n a l  was b e i n g  g i v e n :  



If  four l i g h t s  were v i s i b l e ,  the following dr iver  would know 

t h a t  the brake was being ac t iva ted;  three l i g h t s  (one of 

which could be f lash ing)  would indicate  the dr iver  intended 

a  turning maneuver, This  d i f f e r s  from the present system 

concept, i n  which the number (or co lor )  of the l i g h t s  does 

not change and s igna l  detect ion depends upon the a b i l i t y  

of the following dr iver  t o  de tec t  and in te rp re t  varying 

i n t e n s i t i e s  and f lash ing  conditions.  

A second object ive of t h i s  s t u d y  was t o  determine the 

r o l e  of color coding, i n  addi t ion t o  the  present ly used 

in tens i ty  and f lashing codes. If color is t o  be used 

successful ly  as a  code, the colors  must be e a s i l y  discriminated 

by d r ive r s ,  a  consideration which l i m i t s  the  choice t o  shades 

of three--red, amber, and green-blue -- as the  most l i k e l y  

candidates i n  terms of s p e c t r a l  discr iminat ion,  Presently 

avai lab le  knowledge indicates  t h a t  normal dr ivers  would be 

able t o  e a s i l y  discriminate between red and blue-green, 

while amber and red would possibly be confused s ince  they 

a re  s p e c t r a l l y  much c lose r .  Further inves t iga t ion ,  

involving s p e c t r a l  and p r a c t i c a l  considerat ions,  w i l l  be 

necessary t o  determine the most appropriate co lors .  

There a re  numerous c r i t e r i a  tha t  m u s t  be considered 

i n  the design of automobile r ea r  l igh t ing  systems. We 

s h a l l  not belabor t h i s  question here,  b u t  merely say tha t  a  

systems-oriented research program is needed t o  develop an 

improved rea r  l i g h t i n g  system. A comprehensive view of 

t h i s  problem has been discussed elsewhere (Mortimer, 1968). 

The present study provides a  systematic evaluation 

of number, funct ional  separa t ion ,  and color  as codes for  

r ea r  l i g h t i n g  systems. The a b i l i t y  of these coding systems 

t o  improve the arousal proper t ies  of s t o p  and t u r n  s igna l s  

is compared w i t h  the present rear  l igh t ing  system concept. 



METHOD 

Two v e h i c l e s  were i nvo lved  i n  t h i s  s t u d y .  A l e a d  c a r  

was equipped w i t h  t h e  expe r imen ta l  l i g h t i n g  c o n f i g u r a t i o n s  

t h a t  were t o  be e v a l u a t e d .  The f o l l o w i n g  c a r  c a r r i e d  t h e  

s u b j e c t s  and an expe r imen te r  who o p e r a t e d  t h e  d a t a - r e c o r d i n g  

equipment .  

THE LEAD CAR 

S i x  a u x i l i a r y  lamps were mounted on t h e  r e a r  o f  t h e  

l e a d  c a r  (F igu re  1 ) .  The lamps were d u a l - f i l a m e n t ,  4- inch 

d i a m e t e r ,  s e a l e d  beam u n i t s  and were c a r r i e d  i n  s p e c i a l  

hous ings  ( F i g u r e  2 ) .  Three lamps were mounted on each  s i d e  

o f  t h e  c a r ,  and t h e y  were p l a c e d  w i t h  9- inch c e n t e r - t o -  

c e n t e r  s e p a r a t i o n s .  The d e s i g n  of t h e  lamp hous ings  a l lowed 

a  c l e a r  s p r e a d i n g  l e n s ,  which p rov ided  a  un i form beam 

d i s t r i b u t i o n  o f t 5  - d e g r e e s  h o r i z o n t a l l y  and - t 2 . 5  deg rees  

v e r t i c a l l y ,  t o  be p l a c e d  i n  f r c n t  of  t h e  s o u r c e s .  Colored 

f i l t e r s  and n e u t r a l  d e n s i t y  f i l t e r s  c o u l d  be  f i t t e d  i n  f r o n t  

of  t h e  s p r e a d i n g  l e n s .  T h i s  arrangement  a l lowed t h e  lamp 

c o l o r  t o  be e a s i l y  changed by changing  f i l t e r s .  The c o n t r o l s  

f o r  t h e s e  lamps were on t h e  f r o n t  s e a t  of t h e  l e a d  c a r  (F igu re  

3 )  and were o p e r a t e d  by t h e  d r i v e r .  

THE FOLLOWING CAR 

The f o l l o w i n g  c a r  was equipped w i t h  d e v i c e s  t o  measure 

t h e  s u b j e c t s '  r e s p o n s e  t o  s i g n a l s  g iven  by t h e  l e a d  c a r .  

During each  t e s t ,  two s u b j e c t s ,  a  d r i v e r  and p a s s e n g e r ,  were 

i n  t h e  f r o n t  s e a t  of t h e  f o l l o w i n g  c a r .  

PRIMARY TASK LIGHTS. Mounted on t h e  hood of  t h e  

f o l l o w i n g  c a r  were two w h i t e  l i g h t s :  t h e  pr imary  t a s k  

l i g h t s .  They were p l a c e d  33 i nches  forward  of  t h e  w i n d s h i e l d ,  
and had a  l a t e r a l  s e p a r a t i o n  of  31 i n c h e s .  They would l i g h t  

i n d i v i d u a l l y  a t  a  r a t e  o f  t e n  t imes  p e r  minu te ,  w i t h  

v a r i a b l e  i n t e r v a l s  and i n  a  random sequence .  A l i g h t  would 







Figure 3 The c o n t r o l  and c a l i b r a t i o n  systems i n  t h e  l e a d  c a r  



remain on u n t i l  bo th  s u b j e c t s  had responded  t o  i t ,  o r  f o r  a  

maximum of  f o u r  s econds .  

SUBJECTS1 RESPONSE SWITCHES. Two dash-mounted s w i t c h e s  

were p l a c e d  s o  t h a t  t h e y  were e a s i l y  o p e r a t e d  by a  d r i v e r /  

s u b j e c t  w i t h  h i s  hands a t  t h e  t e n  and two o ' c l o c k  p o s i t i o n s  

on t h e  s t e e r i n g  wheel.  He responded t o  t h e  pr imary  t a s k  

l i g h t s  on t h e  hood by d e p r e s s i n g  t h e  s w i t c h  on t h e  same 

s i d e  a s  t h e  l i g h t .  A f o o t  s w i t c h ,  c o n v e n i e n t l y  l o c a t e d  n e a r  

t h e  d r i v e r ' s  l e f t  f o o t ,  was a c t i v a t e d  by t h e  d r i v e r  when he 

d e t e c t e d  a  s i g n a l  from t h e  l e a d  c a r .  

The pas senge r  h e l d  a  swi tchbox c o n t a i n i n g  t h r e e  

s w i t c h e s .  Two s w i t c h e s ,  a c t i v a t e d  by t h e  l e f t  thumb, were 

f o r  r e spond ing  t o  t h e  pr imary  t a s k  l i g h t s ,  and t h e  t h i r d  

s w i t c h ,  o p e r a t e d  by t h e  r i g h t  thumb, i n d i c a t e d  t h e  s u b j e c t ' s  

r e s p o n s e  t o  s i g n a l s  from t h e  l e a d  c a r .  

RECORDING EQUIPMENT. An expe r imen te r  s a t  i n  t h e  r e a r  

s e a t  o f  t h e  f o l l o w i n g  c a r  and moni tored  t h e  r e c o r d i n g  equip-  

ment,  which c o n s i s t e d  of two d i g i t a l  c l o c k s .  A t r a n s m i t t e r -  

r e c e i v e r  was p rov ided  f o r  communication between e x p e r i m e n t e r s  

i n  t h e  t e s t  v e h i c l e s .  F i g u r e  4 i l l u s t r a t e s  t h e  s p e c i a l  

equipment used i n  t h e  f o l l o w i n g  c a r .  

LIGHTING SYSTEMS 

The s t u d y  compared t h e  f o l l o w i n g  e i g h t  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 :  

1. A l l  r e d ;  p r e s e n c e ,  s t o p  and t u r n  s i g n a l s  i n  one 

1 amp 

2 .  A l l  r e d ;  p r e s e n c e  s e p a r a t e d  from s t o p  and t u r n  

3 .  A l l  r e d ;  p r e s e n c e  and t u r n  i n  one lamp, s t o p  i n  

a  s e p a r a t e  lamp 

4 .  A l l  r e d ;  p r e s e n c e ,  s t o p  and t u r n  i n  s e p a r a t e  lamps 

5 .  P re sence ,  g r e e n ,  i n  one lamp; s t o p  and t u r n ,  r e d ,  

i n  a  s e p a r a t e  lamp 





6 .  P re sence  and t u r n ,  g r e e n ,  i n  one lamp; s t o p ,  r e d ,  

i n  a  s e p a r a t e  lamp 

7. P r e s e n c e ,  g r e e n ;  s t o p ,  r e d ;  t u r n ,  r e d ;  a l l  i n  

s e p a r a t e  lamps 

8. P r e s e n c e ,  g r e e n ;  s t o p ,  r e d ;  t u r n ,  amber; a l l  i n  

s e p a r a t e  lamps 

I n  each  sys tem t h e  p r e s e n c e  l i g h t s  remained on a t  a l l  times. 

The l i g h t i n g  c o n f i g u r a t i o n s  a r e  shown i n  F i g u r e  5. 

THE DEPENDENT VARIABLE 

The r e a c t i o n  time of  each  s u b j e c t  t o  t h e  s t o p  and t u r n  

s i g n a l s  was m e a s u r e d t o  t h e n e a r e s t  0 .001  second.  

SIGNAL MODES 

The r e a c t i o n  t ime  t o  f o u r  t y p e s  of s i g n a l s  were 

measured : 

1. Turn s i g n a l ,  b o t h  l e f t  and r i g h t  

2 .  S top  s i g n a l  

3 .  Turn-s top  s i g n a l  ( s t o p  s i g n a l ,  when a  p r e v i o u s l y  

i n i t i a t e d  t u r n  s i g n a l  was s t i l l  f l a s h i n g )  

4 .  S top - tu rn  s i g n a l  ( t u r n  s i g n a l ,  when a  p r e v i o u s l y  

i n i t i a t e d  s t o p  s i g n a l  was s t i l l  be ing  shown) 

TURN SIGNAL FLASH RATE 

Turn s i g n a l s  were t h e  c o n v e n t i o n a l  f l a s h i n g  t y p e .  

The f l a s h  r a t e  was 1 c p s ,  w i t h  75 p e r c e n t  "on" t ime .  

PHOTOMETRY 

N e u t r a l  d e n s i t y  f i l t e r s  were used f o r  major a d j u s t -  

ments ,  and p o t e n t i o m e t e r s  f o r  minor a d j u s t m e n t s ,  of t h e  

p r e s e n c e  and s i g n a l  l i g h t  i n t e n s i t i e s .  To e n s u r e  s i m i l a r  

warm-up and d e l a y  c h a r a c t e r i s t i c s  of s i g n a l  l i g h t  f i l a m e n t s ,  

v o l t a g e  was k e p t  between 12  and 12 .5 .  

A S p e c t r a  P r i t c h a r d  photometer  was used t o  measure 



P - P r e s e n c e  ( T a i l l i g h t )  

S - Stop  

T - T u r n  

R - Red 

G - G r e e n  

A - Amber 

F i g u r e  5 
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i n t e n s i t i e s .  P r i o r  t o  u s e ,  i t  was c r o s s - c a l i b r a t e d  w i t h  a  

Macbeth i l l uminomete r  t o  e n s u r e  t h a t  t h e  r e a d i n g s  o b t a i n e d  

would n o t  be con tamina ted  by n o n l i n e a r i t i e s  o f  t h e  photo- 

meter's p h o t o m u l t i p l i e r  t u b e  and f i l t e r s ,  and t o  avo id  

c r i t i c i s m s  t h a t  have been made about  t h e  u se  of t h i s  

i n s t rumen t  f o r  t h e  c a l i b r a t i o n  of s i g n a l  l i g h t s  ( A l l e n  e t  

a l . ,  1967) .  

The p r e s e n c e  l i g h t  i n t e n s i t y ,  measured a s  t h e  f i n a l  

o u t p u t  t h rough  t h e  f i l t e r s ,  was 7  c p  f o r  a l l  sy s t ems .  The 

s t o p  and t u r n  s i g n a l  i n t e n s i t y  was 35 c p .  

TELEMETRY 

During t h e  expe r imen t s ,  t h e  normal r e a r  s i g n a l i n g  

sys tem of  t h e  l e a d  v e h i c l e  was cove red  and a l l  s i g n a l s  

were g iven  by t h e  e x p e r i m e n t a l  sys tem.  The i n i t i a t i o n  of 

a  s t o p  o r  t u r n  s i g n a l  caused  a  t r a n s m i t t e r  i n  t h e  l e a d  c a r  

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

The r e c e i v e r ,  upon r e c e i v i n g  t h i s  s i g n a l ,  s t a r t e d  t h e  

r e a c t i o n - t i m i n g  c l o c k s  i n  t h e  f o l l o w i n g  c a r ,  When t h e  

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

t h e i r  s w i t c h e s ,  t h e y  s t o p p e d  t h e  timers. 

I n  modes t h r e e  and f o u r ,  when two s i g n a l s  were g iven  

a t  an i n t e r v a l  of  two t o  s e v e n  s e c o n d s ,  t h e  t r a n s m i t t e r  

was t r i g g e r e d  o n l y  when t h e  second  s i g n a l  was p r e s e n t e d .  

For example,  i n  mode t h r e e  ( t u r n - s t o p )  a  t u r n  s i g n a l  was 

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

s i g n a l  was g iven .  The sys tem was des igned  t o  a c t i v a t e  t h e  

c l o c k s  on t h e  second  s i g n a l  ( s t o p  s i g n a l ) ,  and t h e r e b y  o n l y  

measure t h e  r e a c t i o n  t ime  t o  t h e  second  s i g n a l .  S i m i l a r l y ,  

i n  mode f o u r  t h e  r e a c t i o n  time t o  t h e  t u r n  s i g n a l ,  no t  t h e  

p r e v i o u s l y  i n i t i a t e d  s t o p  s i g n a l ,  was measured.  T h e r e f o r e ,  

a l t h o u g h  t h e  s u b j e c t s  responded t o  bo th  s i g n a l s  i n  modes 

t h r e e  and f o u r ,  o n l y  t h e i r  r e s p o n s e  t o  t h e  second  s i g n a l  was 

measured.  



SUBJECTS 

The s u b j e c t  group c o n s i s t e d  of 25 f ema le s  and 4 1  males  

between t h e  a g e s  of 19 and 43 y e a r s .  I n  t h e  c i t y  test 34  

s u b j e c t s  were u s e d ,  and i n  t h e  c o u n t r y  t e s t  32 were used .  



PROCEDURE 

The s u b j e c t s ,  s e a t e d  i n  t h e  f r o n t  s e a t  of t h e  f o l l o w i n g  

c a r ,  were i n i t i a l l y  a s s i g n e d  d r i v e r  and p a s s e n g e r  p o s i t i o n s  

t o  be k e p t  t h roughou t  t h e  t e s t .  The d r i v e r  o f  t h e  f o l l o w i n g  

c a r  was t o l d  t o  m a i n t a i n  a  normal ,  s a f e  d i s t a n c e  beh ind  t h e  

l e a d  c a r .  S u b j e c t s  were i n s t r u c t e d  t o  respond a s  r a p i d l y  a s  

p o s s i b l e  t o  t h e i r  own c a r ' s  hood-mounted l i g h t s ,  and t o  t h e  

l e a d  c a r ' s  s t o p  and t u r n  s i g n a l s .  They were t h e n  g i v e n  b o t h  

s t a t i c  and dynamic p r a c t i c e  w i t h  t h e  c u r r e n t l y  used r e a r  

l i g h t i n g  sys t em (system 1 )  u n t i l  t h e y  became f a m i l i a r  w i t h  

t h e  t a s k  t h e y  were t o  per form.  When t h e  s u b j e c t s  were 

a c q u a i n t e d  w i t h  t h e  sys t em,  and judged r eady  t o  b e g i n  t e s t i n g ,  

t h e y  were shown t h e  p r e s e n c e  l i g h t s ,  s t o p  s i g n a l s  and t u r n  

s i g n a l s  o f  t h e  sys t em t h a t  had been  randomly s e l e c t e d  a s  t h e  

f i r s t  w i t h  which t h e y  would work. 

The c a r s ,  equipped  w i t h  t h e  f i r s t  l i g h t i n g  sys t em,  were 

t h e n  r u n  u n t i l  16 r e a c t i o n  times (4 i n  each  mode) had been 

o b t a i n e d .  The s i g n a l  modes were randomly o r d e r e d  i n  e a c h  

sys t em f o r  e a c h  p a i r  of  s u b j e c t s .  When t h e  t e s t i n g  of  each  

sys t em was comple ted ,  t h e  s u b j e c t s  made a  r a t i n g ,  u s i n g  a  

t e n - p o i n t  s c a l e ,  of  t h e  " e f f e c t i v e n e s s  i n  g i v i n g  s i g n a l s "  

of  t h e  sys t em t h e y  had j u s t  used .  

The p r e s e n c e  and s i g n a l  l i g h t s  o f  t h e  n e x t  randomly 

s e l e c t e d  sys t em were t h e n  demons t r a t ed  and t h e  p rocedure  

r e p e a t e d  u n t i l  a l l  e i g h t  sys t ems  had been used.  T e s t i n g  

time was app rox ima te ly  t h r e e  hour s  f o r  e a c h  group of  s u b j e c t s .  

A rest p e r i o d  was g i v e n  a t  t h e  ha l fway mark. 

CITY D R I V I N G  

The c i t y  t e s t  was r u n  on Stadium Blvd. and Washtenaw 

Avenue i n  t h e  C i t y  o f  Ann Arbor ,  between 9 p.m. and midn igh t .  

The tests were r u n  o n l y  on weekday n i g h t s  under  c l e a r  wea ther  

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



t h a t  t h e  s u b j e c t s  would e n c o u n t e r  a  v i s u a l  background of s t o r e -  

f r o n t  i l l u m i n a t i o n ,  t r a f f i c  s i g n a l s ,  s t r ee t  l i g h t i n g ,  neon 

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

g e n e r a l l y  h i g h  a t  t h e  t i m e s  i n v o l v e d .  A d i s t a n c e  of  867 

miles was d r i v e n  i n  t h e  c i t y  t e s t .  

COUNTRY D R I  VING 

The c o u n t r y  t e s t  was run  on US-23 between t h e  Washtenaw 

Avenue I n t e r c h a n g e  i n  Ann Arbor and t h e  1-96 I n t e r c h a n g e  i n  

Br igh ton .  The r o a d s  a r e  f o u r - l a n e ,  d i v i d e d  highways w i t h  a  

70 mph speed  l i m i t .  The s p e e d  of t h e  l e a d  c a r  was m a i n t a i n t e d  

between 50 mph and 60 mph. The d i s t a n c e  d r i v e n  d u r i n g  t h e  

c o u n t r y  t e s t  was 1424 m i l e s .  



RESULTS 

REACTION TIME ANALYSIS 

The reac t ion  time data  were transformed t o  Loge i n  

order t o  s a t i s f y  the  normality and homogeneity of variance 

assumptions underlying the analysis  of variance. The c i t y  

and country dr iving t e s t s  were t r ea ted  by independent analyses 

of variance,  and the r e s u l t s  w i l l  be described separa te ly .  

CITY DRIVING. The analysis  of variance (not shown here) 

of the reac t ion  times t o  the lead car  s ignals  i n  c i t y  

dr iving revealed highly s i g n i f i c a n t  e f f e c t s  due t o  the 

s igna l  systems, the s igna l  modes, and the systems x modes 

in te rac t ion .  

Table 1 shows the geometric mean reac t ion  time fo r  each 

c e l l  i n  the systems x modes in te rac t ion ,  and the main e f f e c t  

means. 

The r e s u l t s  of Newman-Keuls t e s t s  (Winer, 1962) showed 

t h a t  : 

(1) In the tu rn  mode, reac t ion  times fo r  system 2, 4 ,  

5 ,  7 ,  and 8 were s i g n i f i c a n t l y  shor te r  than those f o r  systems 

1, 3,, and 6.  Also, reac t ion  times f o r  system 1 and 3  were 

shor te r  than those f o r  system 6 .  

(2) In the s top  mode, there  were no s t a t i s t i c a l l y  

s i g n i f i c a n t  differences between systems. 

(3) In the turn-stop mode, i n  which reac t ion  time t o  

the s top  s igna l  only was measured, system 1 was s i g n i f i c a n t l y  

i n f e r i o r  t o  the  o the r s .  Also, system 8 was more e f f e c t i v e  

than system 2. 

(4) In the stop-turn mode, system 1 was s i g n i f i c a n t l y  

poorer than any o ther .  Systems 4 ,  7 ,  and 8 were s i g n i f i c a n t l y  

superior  t o  systems 2 ,  3 ,  5, and 6. System 6 was be t t e r  

than 2,  3 ,  and 5 ,  and system 3  was b e t t e r  than system 2 

and 5 .  



COUNTRY DRIVING. The ana lys i s  of var iance of the  

country d r iv ing  r eac t ion  times a l s o  showed highly s i g n i f i c a n t  

s i g n a l  systems and s i g n a l  modes main e f f e c t s ,  and a  s ig -  

n i f i c a n t  systems X modes i n t e r a c t i o n .  

Table 2 shows the  geometric means of the  systems X 

modes i n t e r a c t i o n ,  and the  o v e r a l l  system and modes means. 

A Newman-Keuls t e s t  on the  systems x modes i n t e r a c t i o n  

showed : 

(1) In the  t u r n  mode, system 7 was s i g n i f i c a n t l y  more 

e f f e c t i v e  than systems 1, 3 ,  4 ,  and 6 and systems 2  and 5 

were b e t t e r  than system 6 .  

(2) In t he  s t o p  mode, t h e r e  were no s i g n i f i c a n t  

d i f f e r ences  between systems. 

(3)  In t he  turn-s top mode, system 8 was s i g n i f i c a n t l y  

supe r io r  t o  a l l  o the r  systems except system 7. System 7 

was s i g n i f i c a n t l y  b e t t e r  than systems 1, 2 ,  and 5 ,  and 

systems 3 ,  4 ,  and 6 were b e t t e r  than system 2 .  

(4) In the  s top- turn  mode, system 7 was supe r io r  t o  

a l l  o the r  systems except system 8. System 4 and 8 were 

supe r io r  t o  systems 1, 2 ,  3 ,  5 ,  and 6 ;  system 6 t o  1, 2 ,  

3 ,  and 5 ;  and system 3  t o  1, 2 ,  and 5. 

CITY AND COUNTRY DRIVING. For both c i t y  and country 

t e s t s ,  t h e  longest  mean r eac t ion  t ime,  across  modes, was f o r  

system 1. The mean r eac t ion  times f o r  t u r n  s i g n a l s ,  

e s p e c i a l l y  i n  the  s top - tu rn  mode, were longer than f o r  s t o p  

s i g n a l s ,  and the  o v e r a l l  mean r e a c t i o n  time was longer f o r  

t he  c i t y  condi t ion  than i t  was f o r  t h e  country condi t ion .  

MISSED SIGNALS ANALYSIS 

When a  s u b j e c t  d id  not respond within  10 seconds t o  

a  s i g n a l  given by t h e  lead c a r ,  t h e  response time was recorded 

as  a  missed s i g n a l .  The missed s i g n a l  was repeated a t  a  

l a t e r  time during t h e  t r i a l s .  Therefore,  t he re  were no 



m i s s i n g  d a t a  i n  t h e  a n a l y s e s  of v a r i a n c e  j u s t  p r e s e n t e d .  

The s y s t e m s  and modes i n  which misses o c c u r r e d  were 

a n a l y z e d .  I n  t h e  c o u n t r y  c o n d i t i o n  t h e  number of  misses was 

o n l y  one  f i f t h  t h a t  o f  t h e  c i t y  c o n d i t i o n ,  and misses were 

e v e n l y  d i s p e r s e d  among a l l  sy s t ems .  

I n  t h e  c i t y  c o n d i t i o n ,  40 p e r c e n t  o f  t h e  misses o c c u r r e d  

w i t h  s y s t e m  1. A Chi-Square a n a l y s i s  showed t h a t  t h e r e  were 

s i g n i f i c a n t l y  more misses i n  sys t em 1 t h a n  any o t h e r .  A l so ,  

sy s t em 1, a two-lamp s y s t e m ,  had s i g n i f i c a n t l y  more misses 

t h a n  a l l  f o u r -  and s ix - lamp s y s t e m s ,  and four-lamp sys t ems  

i n c u r r e d  s i g n i f i c a n t l y  more m i s s e s  t h a n  s ix - lamp s y s t e m s .  

SUBJECTIVE RATING ANALYSIS 

The r a t i n g s  made by t h e  s u b j e c t s  produced t h e  f o l l o w i n g  

r a n k - o r d e r i n g  of  p e r c e i v e d  s y s t e m - e f f e c t i v e n e s s :  

(1 )  System 8 

(2 )  System 7 

(3)  S y s t e m 4  

(4)  S y s t e m 5  

(5)  System 2 

(6 .5)  System 3 and 6 

(8)  System 1 



DISCUSSION 

An analysis  of reac t ion  time data  revealed s t a t i s t i c a l l y  

r e l i a b l e  performance differences among the t e s t ed  rear-  

l i g h t i n g  systems. Only the  s t o p  mode, of the four s igna l  

modes, produced no s i g n i f i c a n t  differences i n  system performance. 

In the  t u r n ,  s top-turn,  and turn-stop modes (Tables 1 

and 2 )  the present system coding concept was shown t o  be 

i n f e r i o r  t o  experimental systems using addi t ional  codes such 

as  number, co lo r ,  and funct ional  separat ion.  

In the turn  mode, those systems which combined the 

presence and t u r n  s igna l s  i n  one lamp (systems 1, 3 ,  and 6) 

produced the  poorest performance, and the green t u r n  s ignal -  

presence combination (system 6)  was not as e f f e c t i v e  as the 

red equivalent (system 3 ) .  

In the  turn-stop mode, which allowed an evaluation of 

the arousal  proper t ies  of the s top  s i g n a l  during t u r n -  

s ignal ing ,  separat ion of t h e  s t o p  lamp from the  presence- 

t u r n  lamp led t o  s i g n i f i c a n t  improvements when: 

(1) The red presence-turn lamp was separated from the  

red s top  lamp. (compare system 2  and 3 ;  see  Table 2)  

(2) The green presence-turn lamp was separated from the 

red s top  lamp (system 6) 

(3) The red lamps were a l l  separated (system 4) 

(4) The most e f f e c t i v e  method, complete separat ion and 

color  coding, was used (systems 7 and 8) 

In the  stop-turn mode, i n  both c i t y  and country t e s t s ,  

systems employing complete funct ional  separat ion of lamps 

(systems 4,  7 ,  and 8 )  were superior  t o  a l l  o thers .  System 6  

was superior  t o  3  and both were b e t t e r  than systems 2  and 5. 

An overa l l  appra isa l  of the  findings shown i n  Tables 1 

and 2 indica tes  t h a t  systems 7 and 8  were cons is ten t ly  superior  

t o  the  present concept (system 1) and t o  most of the other  

systems. System 4 ,  which u t i l i z e d  complete funct ional  



separat ion i n  an a l l - red  configurat ion,  was a l so  e f fec t ive .  

Further evidence fo r  the ef fec t iveness  of number coding and 

funct ional  separat ion was supplied by the  missed-signal 

ana lys is .  T h i s  measurement indicated t h a t  there  were 

s i g n i f i c a n t  reductions i n  missed s igna l s  as  the funct ional  

separat ion of lamps was increased, although l i t t l e  f u r t h e r  

benefi t  was derived from color  coding. 

Although the addi t ion of color  coding did not s ign i f i can t -  

l y  reduce the number of missed s i g n a l s ,  there  was evidence 

tha t  color coding, i n  addi t ion t o  complete funct ional  

separat ion,  was useful  i n  reducing reac t ion  times, s ince  system 

8 was s i g n i f i c a n t l y  superior  t o  system 4 i n  the turn-stop 

mode, and system 7 was superior  t o  system 4 i n  the  s top-turn 

mode (Table 2 ) .  Also, ove ra l l  mean reac t ion  times fo r  systems 

5 and 6 were lower than those f o r  the  comparable a l l - red  

systems 2  and 3 .  

The subjec ts  indicated,  through t h e i r  subjec t ive  r a t i n g s ,  

t h a t  they found color  coding, change i n  number of l i g h t s ,  

and funct ional  separat ion t o  be benef ic ia l  t o  rear - l ight ing  

system performance, The subjec ts  r a t ed  the present concept 

(system 1) lowest, and tended t o  prefer  systems which made 

maximum use of a l l  t h ree  techniques. 

On the basis  of these s tud ies  i t  can be concluded tha t  

the  use of number as  a  code is e f fec t ive .  The funct ional  

separat ion t h a t  becomes possible  as  the  number of lamps is 

increased has an e f f e c t  on system performance. The benef i t s  

t o  be derived from function separat ion a re  exemplified by a  

comparison of system 6 w i t h  5 ,  and system 3 w i t h  2 .  These 

data  suggest t h a t  i t  is b e t t e r  t o  separa te  the s t o p  lamps 

from the presence-turn lamps than t o  separa te  the presence 

lamps from the s top-turn lamps. 
Some European cars  use presence-stop lamps separated 

from tu rn  lamps and, although t h i s  arrangement has l imi ta t ions ,  



such p a r t i a l  s epa r a t i ons  a r e  an improvement over t he  cu r r en t  

domestic des ign.  However, f o r  n ight  d r i v i n g  it would be 

p r e f e r a b l e  t o  s e p a r a t e  t h e  s t o p  lamp from o the r  lamps, 

because t h e  s t o p  s i g n a l  is probably t h e  most important element 

of t he  r e a r  l i g h t i n g  system. 

The da t a  c l e a r l y  show t h a t  the  b e s t  l i g h t i n g  systems 

employed both f u l l  f unc t i ona l  s e p a r a t i o n  and co lo r  coding. 

Fkior  d a t a  (Mortimer, 1967) have shown t h a t  p a r t i a l  f unc t i ona l  

s epa ra t i on  w i t h  c o l o r  coding is s i g n i f i c a n t l y  more e f f e c t i v e  

than c u r r e n t l y  used systems.  

Inspec t ion  of Tables 1 and 2 shows t h a t  t h e  longes t  

r e a c t i o n  t imes i n  system 1 were a s soc i a t ed  with t h e  t u r n ,  

tu rn -s top  and, most markedly, t he  s t op - tu rn  modes. Therefore,  

coding should concen t ra te  on t h e  reduc t ion  of r e a c t i o n  times 

i n  t he se  modes. The coding scheme used i n  system 6 does t h i s  

most e f f e c t i v e l y  f o r  four-lamp systems.  A l l  t h e  six-lamp 

systems,  e s p e c i a l l y  those  employing some degree of co lo r  

coding,  provided cons ide rab le  reduc t ions  i n  r e a c t i o n  t imes.  

The systems used i n  t h i s  s tudy  were s e l e c t e d  t o  provide 

a  sys temat ic  eva lua t ion  of coding concepts .  No at tempt 

t o  eva lua t e  p a r t i c u l a r  r e a r  l i g h t i n g  conf igura t ions  was made. 

I f  t h e  da t a  a r e  used t o  he lp  make des ign dec i s i ons  f o r  an 

improved system, o t h e r  cons ide ra t ions  must be taken i n t o  

account .  Such cons ide ra t ions  would inc lude  c o s t ,  compa t i b i l i t y  

wi th  e x i s t i n g  veh i c l e s  and roadway elements ,  and t h e  

d e s i r a b i l i t y  of f u t u r e  changes i n  t h e  r e a r  l i g h t i n g  system 

t o  produce t h e  most va luab le  and p r a c t i c a l  message con ten t .  

In t h e  meantime, t h e  p resen t  s tudy  has shown t h a t  

cons ide rab le  improvements can be made i n  t he  a rousa l  

p r o p e r t i e s  of t h e  s i g n a l s  presented  by c u r r e n t l y  used r e a r  

l i g h t i n g  systems. 
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