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ABSTRACT 

An  valuation ~ e t h o d o l o g y  which uses  a  Monte Car lo  simu- 
l a t i o n  model was developed t o  e v a l u a t e  t h e  e f f e c t ,  on c r a s h  
r e d u c t i o n ,  of a  change t o  t h e  highway system, 

The r e s u l t s  of applying t h i s  model t o  r e a r  l i g h t i n g  con- 
f i g u r a , t i o n s  showed: 

a .  The d e s i g n ,  which f e a t u r e d  a  geomet r i ca l  s e p a r a t i o n  
and c o l o r  coding of t h e  l i g h t i n g  f u n c t i o n s ,  had a  
s i g n i f i c a n t  e f f e c t  i n  c r a s h  r e d u c t i o n  i n  t h e  tu rn+s top  
mode. 

b ,  Inc reased  s i g n a l  l i g h t  i n t e n s i t y  had a  s i g n i f i c a n t  
e f f e c t  i n  t h e  s t o p  mode, 

c. These changes were c o n s i s t e n t  f o r  both  two- and 
four - l ane ,  h igh  volume highways, wi th  fewer c r a s h e s  
be ing  recorded on t h e  l a t t e r ,  

INTRODUCTION 

The problem of highway s a f e t y  i s  r e c e i v i n g  i n c r e a s e d  

emphasis.  This  i s  evidenced by t h e  N a t i o n a l  ~ i g h w a y  S a f e t y  Act 

of 1966 and by t h e  v a r i o u s  approaches t o  t h e  problem being 

undertaken by v a r i o u s  b u s i n e s s ,  governmental and p r i v a t e  groups. 

This  e f f o r t  i s  p rov id ing  a  l a r g e  number of changes and proposed 

changes. These changes range from v a r i o u s  p r o j e c t s  having a s  

t h e i r  o b j e c t i v e  t h e  "changing of d r i v e r  behavior"  t o  p r o j e c t s  

which d e a l  wi th  changes t o  t h e  p h y s i c a l  environment i n  which t h e  

d r i v e r  o p e r a t e s .  I n  t h e  c a s e s  of a l l  of t h e s e  proposed changes 

t h e  q u e s t i o n  of e v a l u a t i o n  i s  of g r e a t  importance because of t h e  

l i m i t e d  r e s o u r c e s  a v a i l a b l e  f o r  r educ ing  t h e  s e v e r i t y  of t h e  

problem. I n  t h i s  paper  w e  i n d i c a t e  an e v a l u a t i o n  procedure f o r  

measuring t h e  change i n  c r a s h  occurrence  r e s u l t i n g  from p h y s i c a l  

changes t o  t h e  environment i n  which t h e  d r i v e r  o p e r a t e s .  Speci-  

f i c a l l y , a n  e v a l u a t i o n  of a  proposed new v e h i c l e  r e a r  l i g h t i n g  

system i s  p resen ted .  



The t r e a t m e n t  of  t h e  highway s a f e t y  problem i n  terms of  

a  sys tem model h a s  been d e a l t  w i t h  by a  number of  p e r s o n s  

( e . g . ,  Bonder e t  a l . ,  1 9 6 7 ) .  I n  t h e  c a s e  of  o u r  problem we  

have c o n s i d e r e d  a  subsystem model i n  which v e h i c l e  r e a r  l i g h t -  

i n g  sys tems o p e r a t e .  The e f f e c t  of any change which improves 

highway s a f e t y - - i . e . ,  which r educes  t h e  number and s e v e r i t y  of 

c rashes- -proceeds  from t h e  change through an incomple t e ly  

d e f i n e d  c a u s a l  c h a i n  t o  t h e  u l t i m a t e  improvement. T h e r e f o r e ,  

it i s  d i f f i c u l t  t o  a t t e m p t  t o  r e l a t e  any change d i r e c t l y  t o  a  

r e d u c t i o n  i n  t h e  number of a c c i d e n t s  w i t h o u t  c o n s i d e r i n g  b o t h  

t h e  i n t e r m e d i a t e  l i n k s  i n  t h e  c a u s a l  c h a i n  and o t h e r  v a r i a b l e s  

which may modify t h e s e  l i n k s .  F i g u r e  1 i s  a  schemat i c  sk:etch 

of  a  highway s a f e t y  subsys tem which d e s c r i b e s  t h e  e f f e c t  of 

improved r e a r  l i g h t i n g  sys tems on c r a s h  r e d u c t i o n .  I t  i s  impor- 

Weather Speed 

ther Sensory Attentiveness 
Evaluation of Risk 
Interpretation of 
Road Condition 
Alcohol 

F i g u r e  1. Schematic  r e p r e s e n t a t i o n  showing t h e  e f f e c t  of  
t h e  r e a r  l i g h t i n g  sys tem on highway s a f e t y .  
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t a n t  t o  n o t e  t h e  l a r g e  number of v a r i a b l e s  a f f e c t i n g  t h e  r e s u l t s  

a t  each s t e p  i n  t h e  c a u s a l  cha in ,  Unless t h e s e  f a c t o r s  a ,re  con- 

t r o l l e d  t h e  e f f e c t  of improvements i n  l i g h t i n g  systems cannot  be 

es t ima ted .  

I n  t h e  schemat ic  diagram two p o t e n t i a l  e f f e c t s  of improved 

l i g h t i n g  systems a r e  i n d i c a t e d :  

1, I n  t h e  normal d r i v i n g  s i t u a t i o n ,  informat ion  sup;pl ied 

t o  t h e  d r i v e r  enab les  him t o  avoid  c r i t i c a l  o r  emergency s i t u a -  

t i o n s .  

2 .  Once t h e  d r i v e r  becomes involved i n  an emergency s i t u a -  

t i o n ,  t ime ly  in fo rmat ion  can h e l p  him avoid  a  c rash .  

I n  an e a r l i e r  s t u d y ,  Nickerson e t  a l .  (1968) d e a l t  w i t h  

t h e  f i r s t  e f f e c t .  They found t h a t ,  "The car - fo l lowing t a s k  

invo lves  main ta in ing  a  d e s i r e d  headway and v e l o c i t y  i n  t h e  

presence  of d i s t u r b a n c e s . . . "  I n  t h i s  paper  we have i n v e s t i g a t e d  

t h e  second e f f e c t :  How improved r e a r  l i g h t i n g  systems a f f e c t  

t h e  d r i v e r ' s  response  given an emergency s i t u a t i o n .  The d e f i n i -  

t i o n  of a  c r i t i c a l  emergency w i l l  be developed i n  t h e  paper .  

From an a n a l y s i s  of t h e  subsystem model an exper imenta l  

procedure was developed t o  o b t a i n  d r i v e r  r e a c t i o n  time t o  t h e  

l i g h t i n g  s i g n a l s  given a  d e f i n e d  emergency. The r e a c t i o n  time 

d a t a  p rov ides  one c r i t e r i o n  f o r  comparing l i g h t i n g  system a l t e r -  

n a t i v e s .  A good f i r s t  approximation i s  t o  conclude t h a t  s h o r t e r  

r e a c t i o n  times imply b e t t e r  systems. However, an importa:nt ques- 

t i o n  remains: What i s  t h e  va lue  of an improvement i n  r e a c t i o n  

t i m e  toward t h e  u l t i m a t e  o b j e c t i v e s  of reducing t h e  number and 

s e v e r i t y  of c r a s h e s ?  To answer t h i s  q u e s t i o n  we developeid a  

Monte Car10 s i m u l a t i o n  model of a  c r i t i c a l  emergency c o n f l i c t .  

By u s i n g  v a r i o u s  d i s t r i b u t i o n s  of d r i v e r  r e a c t i o n  time f o r  a l t e r -  

n a t i v e  l i g h t i n g  systems it was p o s s i b l e  t o  determine t h e  f r e -  

quency and s e v e r i t y  of c r a s h e s  given t h e  modeled emergencly s i t u -  

a t i o n s .  



DRIVER RESPONSE TIME TO SIGNALS FROM REAR LIGHTING SYSTEMS 

The purpose of v e h i c l e  r e a r  l i g h t i n g  systems i s  t o  p rov ide  

fo l lowing  d r i v e r s  wi th  in fo rmat ion  of t h e  s t a t u s ,  changes i n  

s t a t u s  and in tended  changes i n  s t a t u s  of a  v e h i c l e  i n  f r o ~ n t  of 

them. Such in fo rmat ion  should e n a b l e  t h e  fo l lowing  d r i v e r  t o  

mainta in  s a f e  headways and avoid  r e a r e n d  c o l l i s i o n s .  C u r r e n t l y  

r e a r  l i g h t i n g  i s  used t o  i n d i c a t e  b rak ing ,  in tended  t u r n i n g ,  

hazard  warning,  backing-up, and n igh t t ime  presence  marking. 

U.S. automobiles  use  r e d  t a i l  lamps t o  i n d i c a t e  p resence ,  

an i n c r e a s e  i n  i n t e n s i t y  of t h o s e  lamps when t h e  brake  peda l  i s  

depressed  t o  s i g n a l  b rak ing ,  and an i n c r e a s e  i n  i n t e n s i t y  and 

f l a s h i n g  of t h e  lamp on t h e  s i d e  i n  t h e  d i r e c t i o n  of t h e  in tended  

t u r n  f o r  t h e  t u r n  s i g n a l .  S t u d i e s  were conducted t o  e v a l u a t e  

d r i v e r  response  t o  t h e s e  s i g n a l s  when given by t h e  conven t iona l  

d i s p l a y  and by exper imenta l  r e a r  l i g h t i n g  and s i g n a l i n g  c s n f i g u r a -  

t i o n s ,  

The exper imenta l  t echn ique  involved t h e  use  of two t e s t  c a r s .  

The l e a d  c a r  had s i x  4 1 / 4  i nch  d iameter  lamps mounted i n  a h o r i -  

z o n t a l  row a t  t h e  r e a r ,  t h r e e  lamps on each s i d e  ( ~ i g u r e  2 ) .  The 

i n t e n s i t y  of t h e  lamps was v a r i a b l e  and could be s e t  a s  needed, 

and t h e  c o l o r  could  be q u i c k l y  a l t e r e d  by i n s e r t i o n  of c o l o r  

f i l t e r s .  Lamp f u n c t i o n  was c o n t r o l l e d  by swi tches .  

The fo l lowing  c a r  was d r i v e n  by a  t e s t  s u b j e c t ,  w i t h  a  

second s u b j e c t  i n  t h e  f r o n t  passenger  s e a t  (F igure  3 ) .  Mounted 

on t h e  hood of t h e  s u b j e c t s b a r  were two smal l  lamps (F igure  2 )  

which were lit i n  a  randomized o r d e r ,  on an average of t e n  times/ 

minute.  The s u b j e c t s  were i n s t r u c t e d  t o  depress  a  swi tch  a s  

soon a s  p o s s i b l e  a f t e r  a  l i g h t  was n o t i c e d .  They were a l s o  

i n s t r u c t e d  t o  d e p r e s s  ano the r  swi tch  a s  soon a s  they  n o t i c e d  a  

s t o p  o r  t u r n  s i g n a l  on t h e  l e a d  c a r .  React ion times t o  t h e  l a t t e r  

s i g n a l s  were measured by means of a  t e l e m e t r y  l i n k  between t h e  two 

c a r s .  



F i g u r e  2 .  Lead vehicle  i n d i c a t i n g  p o s i t i o n  of 
l i g h t  a l t e r n a t i v e s .  

F i g u r e  3 .  Following v e h i c l e  i n d i c a t i n g  i n s t r u m e n t a t i o n  
used by t e s t  s u b j e c t s .  



Previous  tests were conducted by HSRI (Mortimer, 1969) on 

both c i t y  s t r e e t s  and a r u r a l  expressway. The p r e s e n t  d a t a  

were c o l l e c t e d  on urban s t r e e t s  i n  Ann Arbor. 

The l i g h t i n g  systems t h a t  were e v a l u a t e d  a r e  shown i n  Figure  

4. System 1 r e p r e s e n t s  t h e  c u r r e n t  concept  found on most U.S. 

passenger  c a r s .  The exper imenta l  systems 2 and 3 used func- 

t i o n a l  s e p a r a t i o n ,  and systems 4 and 5 f u n c t i o n a l  s e p a r a t i o n  wi th  

c o l o r  coding.  Tests were conducted wi th  t h e  i n t e n s i t y  of t h e  

s i g n a l s  a t  35 and 9 1  candlepower, wi th  t h e  presence  l i g h t - s i g n a l  

i n t e n s i t y  r a t i o  be ing h e l d  c o n s t a n t  a t  1:13. 

Mean r e a c t i o n  t imes ,  averaged a c r o s s  s i g n a l  i n t e n s i t y ,  f o r  

each of t h e  f o u r  s i g n a l  modes and l i g h t i n g  systems a r e  shown i n  

Table 1. S t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s ,  d e t a i l e d  i n  t h e  

r e s u l t  of t h e  Newman-Keuls t e s t s ,  were found among t h e  mea:n 

r e a c t i o n  t imes ,  g e n e r a l l y  showing t h a t  system 1 was p o o r e s t  and 

system 5 t h e  most e f f e c t i v e  by t h i s  c r i t e r i o n .  

D i s t r i b u t i o n s  of t h e  r e a c t i o n  times were, of course ,  a l s o  

a v a i l a b l e  from t h e s e  s t u d i e s ,  They a r e  used i n  t h e  subsequent  

a n a l y s e s  t o  be d e s c r i b e d  t o  e s t a b l i s h  r e a r  l i g h t i n g  system e f f e c -  

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

MODEL DEVELOPMENT 

METHODOLOGY 

The e v a l u a t i o n  of a change i n  t h e  highway system component 

can be t r e a t e d  a s  a comparison between two h i g h l y  r e l a t e d  t r a f -  

f i c  subsystems; t h e  f i r s t  r e p r e s e n t i n g  c o n d i t i o n s  b e f o r e  t h e  

component change and t h e  second r e p r e s e n t i n g  c o n d i t i o n s  a f t e r  

t h e  change. The change i n  c r a s h  p r o b a b i l i t y  b e f o r e  and a f t e r  

t h e  i n t r o d u c t i o n  of t h e  component change can be expressed  a s  

fo l lows ,  shown i n  Equation (1) : 



F i g u r e  4 .  The l i g h t i n g  c o n f i g u r a t i o n s .  P=Presence ( t a i l  l i g h t s ) ,  
S=Stop, T=Turn, R=Red, A=Amber, G=Green-Blue. 



TABLE 1. GEOMETRIC MEAN REACTION TIME (SECONDS) FOR EACH 
SYSTEM AND SIGNAL MODE I N  H I G H  AND LOW INTENSITY 
CITY D R I V I N G  TESTS, FOR 80 SUBJECTS, 

SYSTEM 

MODE 1 2  3  4 5  

Turn 1.080 1.160 1.102 1.090 1.011 

S top  0.917 0.951 0,933 0.905 0.891 

Turn-tS t o p  ' 0.985 0.865 0.915 0.812 0.811 

Stop-tTurn ' 1.941 1.305 1,032 1.086 0,965 

MEAN 

I n d i v i d u a l  Comparisons by Newman-Keuls Tests: 

1. Turn: 5 s i g n i f i c a n t l y 2  b e t t e r  t h a n  4 ,  3 ,  2 ,  1 

2 .  S top:  5 s i g n i f i c a n t l y  b e t t e r  t h a n  2 

3. Turn+Stopl :  5 ,  4 ,  2 s i g n i f i c a n t l y  b e t t e r  t h a n  3 ,  1 

5 ,  4 s i g n i f i c a n t l y  b e t t e r  t h a n  2 

4. ~ t o p + ~ u r n ' :  5 ,  4 ,  3 ,  2 s i g n i f i c a n t l y  b e t t e r  t h a n  1 

5 s i g n i f i c a n t l y  b e t t e r  t h a n  4 ,  3 ,  2 

4 ,  3  s i g n i f i c a n t l y  b e t t e r  t han  2  

'1n Turn+Stop o r  Stop-+Turn t h e  r e a c t i o n  times shown a r e  
f o r  t h e  second s i g n a l  on ly .  

2 ~ i g n i f i c a n t  a t  PL.05 .  - 

AP - O v e r a l l  change i n  t h e  p r o b a b i l i t y  o f  c r a s h ;  i f  t h i s  
change i s  n e g a t i v e ,  an improvement has  been made. 

Po - The p r o b a b i l i t y  of  a c r a s h  o c c u r r i n g  w i t h i n  t h e  t r a f f i c  
subsystem b e f o r e  a  change, 

P1 - The p r o b a b i l i t y  of c r a s h  w i t h i n  t h e  t r a f f i c  subsystem 
a f  ter a  change. 



The t r a f f i c  subsystem can be approximated a s  a  set  having 

N d i f f e r e n t  d i s c r e t e  t r a f f i c  s i t u a t i o n s  a s  s u b s e t s  o r  eltsments. 

Some examples of t h e s e  s u b s e t s  a r e :  

1, A v e h i c l e  moving i n  an u n r e s t r i c t e d  s t a t e  on a wet, 
c o n c r e t e  two-lane r u r a l  highway. 

2. A car- fo l lowing s i t u a t i o n  o c c u r r i n g  on an urban,  four-  
l a n e  c o n c r e t e  expressway d u r i n g  rush  hour.  

e 

i The s i t u a t i o n s  d e s c r i b e d  i n  s u b s e t  2 above w i t h  t h e  
added c o n d i t i o n  t h a t  t h e  l e a d  v e h i c l e  suddenly makes 
an emergency s t o p .  

. 
N An emergency s t o p  on an urban,  two-lane wet a s p h a l t  

s t r e e t .  

Each of t h e s e  s u b s e t s  c o n t a i n s  Mi e lements  o r  event ,s  d e f i n e d  

by s p e c i f i c  parameter  va lues .  For example, t h e  fo l lowing  e v e n t s  

would be con ta ined  a s  e lements  i n  s u b s e t  2  above: 

1. Both v e h i c l e s  moving a t  50 mph. 

2. Lead v e h i c l e  moving a t  50 mph and t h e  fo l lowing  v e h i c l e  
moving a t  55 mph. 

. 
j Both v e h i c l e s  moving a t  60  mph wi th  t h e  p a i r  l o c a t e d  

w i t h i n  a  20 v e h i c l e  p la toon .  

Mi Lead v e h i c l e  moving a t  50 mph and t h e  fo l lowing  v e h i c l e  
moving a t  47  mph. 

S ince  t h e  t r a f f i c  subsystem opera ted  con t inuous ly  it i s  neces- 

s a r y  t o  impose a  t ime dimension, 
t i j  ( j = 1 . , . M i ;  i = l . . . N )  on each 

of t h e s e  d i s c r e t e  e v e n t s .  This  dimension, which w i l l  be s p e c i f i c  

f o r  each e v e n t  cons ide red ,  covers  t h e  time from t h e  d e f i n e d  

beginning of t h e  e v e n t  under c o n s i d e r a t i o n  u n t i l  i t s  d e f i n e d  end. 



The s u b s e t s  a r e  i d e n t i f i e d  by g e n e r a l  parameter  types  whi le  t h e  

e v e n t s  w i t h i n  t h e  s u b s e t s  a r e  i d e n t i f i e d  by s p e c i f i c  values of 

t h e  parameters .  D i s t i n c t i o n  between g e n e r a l  parameter  types  

and s p e c i f i c  parameter  v a l u e s  i s ,  of course ,  an impor tan t  prob- 

l e m .  For purposes of t h i s  a n a l y s i s  g e n e r a l  parameter  ty:pes a r e  

d e f i n e d  e x p l i c i t l y ,  by means of a  c o n s t a n t ,  a  f u n c t i o n a l  r e l a -  

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

parameter  v a l u e s  a r e  d e f i n e d  a s  t h e  r e a l i z a t i o n  of a  ranldomly 

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

g e n e r a l  parameter .  The d e c i s i o n  concerning what i s  a  s u b s e t  

and what i s  an element  w i t h i n  a  s u b s e t  i s  i n f l u e n c e d  by t h e  

o b j e c t i v e  and s e n s i t i v i t y  of t h e  a n a l y s i s  and by t h e  a v a i l a b l e  

d a t a .  Examples a r e  p r e s e n t e d  i n  t h i s  paper  which i n d i c a t e  how 

s u b s e t s  and e v e n t s  were d e f i n e d  f o r  some t y p i c a l  problems. 

Using t h e  a n a l y s i s  d e s c r i b e d  above, t h e  p r o b a b i l i t y  of a c r a s h  

o c c u r r i n g  w i t h i n  t h e  t r a f f i c  subsystem can be expressed  a s :  

Ai - The pe rcen tage  of t h e  t o t a l  t r a f f i c  subsystem t h a t  
c o n s t i t u t e s  a  s u b s e t  d e f i n e d  by s i t u a t i o n  i. 

Pi - The p r o b a b i l i t y  of a  c r a s h  o c c u r r i n g  w i t h i n  s u b s e t  i. 

I f  s u b s e t  i c o n t a i n s  Mi d i s c r e t e  e v e n t s ,  then:  

where Ci is  t h e  number of c r a s h e s  o c c u r r i n g  i n  s u b s e t  i. The 
number of e v e n t s ,  Mi,  i n  any s u b s e t  i w i l l  i n  g e n e r a l  be countably  

i n f i n i t e .  Mi would be coun tab le  on ly  i f  t h e  s u b s e t  were r e s t r i c -  

t e d  t o ,  f o r  example, a  p a r t i c u l a r  i n t e r s e c t i o n  f o r  a one o r  two 

week pe r iod .  I n  g e n e r a l ,  t h e  number of d i s c r e t e  e v e n t s  i n  any 



subse t  i s  independent of t h e  number of d i s c r e t e  events  i n  any 

o t h e r  subse t .  The concept of d i v i d i n g  t h e  t o t a l  t r a f f i c  sub- 

system i s  i l l u s t r a t e d  i n  Figure  5. I f  an improvement ( i . e . ,  a  

c - THE EVENT A CRASH 
F - THE EVENT A NON-CRASH 

Figure  5. S e t  r e p r e s e n t a t i o n  of an emergency t r a f f i c  
c o n f l i c t  w i th in  t o t a l  t r a f f i c  subsystem. 

reduc t ion  i n  t h e  number of c r a shes )  can be achieved i n  subse t  i ,  

an improvement t o  t h e  t o t a l  subsystem r e s u l t s .  This fol lows 

d i r e c t l y  from equa t ion  ( 2 ) .  However, s i n c e  M. and C a  a r e  count- 
1- 1 

ably  i n f i n i t e  t he  eva lua t ion  of Pi i n  t h e  above form i s  no t  

p o s s i b l e  by convent ional  summation procedures.  



However, a  mathematical model can be  cons t ruc ted  f o r  each 

of t h e  s u b s e t s ,  i , def ined  by a  p a r t i c u l a r  t r a f f i c  s i t u a , t i o n .  

By randomly s e l e c t i n g  s p e c i f i c  parameter  va lues  it i s  p o s s i b l e  

t o  compute a  s imula ted  r e a l i z a t i o n  of t h e  c rash  v s  no c rash  

experiment.  The even t s  occur r ing  w i t h i n  a  s u b s e t  can be repre -  

sen ted  i n  a  model by p a r t i c u l a r  parameter va lues .  For example, 

a model of a  car - fo l lowing s i t u a t i o n ,  i n  which t h e  l ead  c a r  

makes a  sudden s t o p ,  uses  t h e  laws of motion and t h e  parameters  

l i s t e d  below t o  d e f i n e  s p e c i f i c  events :  

1. Veloc i ty  of l ead  c a r  ( f p s )  

2 .  Veloc i ty  of fo l lowing c a r  r e l a t i v e  t o  l e a d  c a r  ( f p s )  

3. Braking a c c e l e r a t i o n  f o r  both c a r s  ( f p s 2 )  

4 .  Headway ( s e e )  

5 .  Pe rcep t ion  and r e a c t i o n  time of fo l lowing-car  d r i v e r  ( s e c )  

Obviously o t h e r  parameters  could be used i n  a d d i t i o n  t o  t h e s e .  

For any given s e t  of parameter va lues  it i s  p o s s i b l e  t o  d e t e r -  

mine whether o r  n o t  a  c r a s h  w i l l  occur ,  A f u r t h e r  s o p h i s t i c a t i o n  

would be t o  determine whether o r  n o t  a  c r a s h  of a  given v e l o c i t y  

w i l l  occur .  

Within each s u b s e t ,  i , c o n t a i n i n g  Mi even t s  I' unique* 

e v e n t  types  can be de f ined  ($i 5 M i )  Each of t h e s e  unique even t  

types  e i t h e r  r e s u l t  i n  a  c r a s h  o r  they  do no t .  The fo l lowing 

convention i d e n t i f i e s  t h e  r e s u l t  of each unique event  type:  

~ k =  ( 0 i f  a  c r a s h  does n o t  occur 

1 i f  a  c r a s h  does occur 

Since  each unique even t  type  i s  de f ined  by r independent param- 

*A unique even t  type  i s  one which i s  de f ined  by a  p a r t i c u -  

l a r  combination of t h e  model parameters ,  



e t e r s  ( i n  above example r=5)  t h e  p r o b a b i l i t y  of a  p a r t i c u l a r  

unique e v e n t  t y p e ,  Pk'  
can be determined a s  fo l lows:  

P~~ 
- The p r o b a b i l i t y  t h a t  parameter  L has  t h e  va lue  

r e q u i r e d  f o r  e v e n t  type  K t o  occur  (i. e .  , e v e n t  K 
i s  d e f i n e d  by r parameters)  

Thus, Pi,  can be de f ined  a s :  

The change i n  P i ,  r e s u l t i n g  from a modi f i ca t ion  i n  -the t r a f -  

f i c  subsystem, i s  a measure of t h e  e f f e c t  of t h e  change. S ince  

mi. i s  a l s o  very  l a r g e  i t  i s  n o t  r easonab le  t o  compute Pi d i r e c t l y .  

However, a random sample of t h e  e v e n t s  conta ined i n  s u b s e t  i 

could be used t o  e s t i m a t e  t h e  v a l u e  of Pi. A s imula ted  random 

sample of e v e n t s  can be ob ta ined  by randomly s e l e c t i n g  v a l u e s  f o r  

each of t h e  parameters ,  L, from t h e i r  d i s t r i b u t i o n  i n  t r a f f i c  

s i t u a t i o n  i. Thus, i f  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  each param- 

e t e r  can be ob ta ined ,  it w i l l  be p o s s i b l e  t o  c o n s t r u c t  randomly 

s e l e c t e d  elements  of t h e  set  i. Using t h i s  sample t h e  summation 

of t h e  p r o b a b i l i t y  of each e v e n t  type  m u l t i p l i e d  by Ck p rov ides  

an e s t i m a t e  of Pi. 

Many of t h e  parameter  d i s t r i b u t i o n s  r e q u i r e d  a s  i n p u t  have 

been developed through r e s e a r c h  on o t h e r  highway problems. For 

example, Dawson and Chimini (196 8) have developed a p r o b a b i l i t y  

d i s t r i b u t i o n  of headways i n  s i n g l e - l a n e  t r a f f i c  f low, and Tignor 

(196 8) has  determined t h e  minimum s t o p p i n g  d i s t a n c e s  f o r  a 

sample of c a r s  s e l e c t e d  from a busy highway. 

I n  g e n e r a l ,  i f  a  component change i n  t h e  highway system can 

be expressed  i n  terms of changes i n  t h e  p r o b a b i l i t y  d i s t r i b u t i o n  



of one o r  more of t h e  parameters  of a  model, i t  can be eva lua ted  

by t h i s  method. 

DESCRIPTION OF MODEL 

The model i s  des igned t o  r e p r e s e n t  a  s i t u a t i o n  i n  which two 

v e h i c l e s  a r e  i n i t i a l l y  fo l lowing  each o t h e r  a t  d e f i n e d  headway 

and v e l o c i t i e s .  The d r i v e r  of v e h i c l e  A ( t h e  l e a d  v e h i c l e )  sud- 

denly  a p p l i e s  t h e  b r a k e s ,  thus  a c t i v a t i n g  h i s  brake  l i g h t .  The 

d r i v e r  of v e h i c l e  B ( t h e  fo l lowing  v e h i c l e )  must p e r c e i v e  t h e  

b r a k e - l i g h t  s i g n a l  and apply  t h e  b rakes  of h i s  v e h i c l e .  The 

assumption t h a t  t h e  fo l lowing  v e h i c l e  w i l l  b rake  was used because 

i t  i s  b e l i e v e d  t h a t  most d r i v e r s  w i l l  a t t empt  t o  brake  r a t h e r  

than  t u r n  when faced  w i t h  a c r i t i c a l  emergency. This  i s  somewhat 

suppor ted  by a  s tudy  i n  an automobile  s i m u l a t o r  conducted by 

B a r r e t  e t  aL., (1968) i n  which on ly  one o u t  of e l even  d r i v e r s  

r e a c t e d  t o  a  s imula ted  emergency by t u r n i n g .  This  d r i v e r  was 

a l s o  an a i r p l a n e  p i l o t  which might e x p l a i n  h i s  p a r t i c u l a r  r e a c t i o n .  

The fo l lowing  p o s s i b l e  occurrences  can r e s u l t  from t h i s  emergency: 

1, Vehic le  B s t r i k e s  v e h i c l e  A a f t e r  v e h i c l e  B has  begun 

braking.  

a .  Vehicle  A i s  moving 

b. Vehic le  A i s  n o t  moving 

2, Vehic le  B s t r i k e s  v e h i c l e  A p r i o r  t o  t h e  time v e h i c l e  

B has  begun b r a k i n g ,  

a ,  Vehicle  A i s  moving 

b. Vehic le  A i s  n o t  moving 

3. Vehicle  B does n o t  s t r i k e  v e h i c l e  A 

The model computes t h e  t i m e  f o r  v a r i o u s  s t a g e s  beginning 

wi th  i n i t i a l  brake  a p p l i c a t i o n  through t h e  p o i n t  a t  which e i t h e r  

a  c r a s h  occurs  o r  both  v e h i c l e s  s top .  A l l  t imes  a r e  computed 

u s i n g  t h e  b a s i c  laws of motion and s e l e c t e d  parameter  va lues .  

The model p r e s e n t l y  uses  average brake  d e c e l e r a t i o n  va lues .  



This  i s  n o t  cons ide red  t o  be a  s e r i o u s  d e f i c i e n c y  s i n c e  t h e  

comparison i s  between d i f f e r e n 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  

i n  t h e  c o n t e x t  of t h e  same c r i t i c a l  s i t u a t i o n .  

SYSTEM EVALUATION 

The use  of t h e  model desc r ibed  above t o  e v a l u a t e  d i f f e r e n 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  r e q u i r e s  t h a t  p e r c e p t i o n  time d i s -  

t r i b u t i o n s  be a v a i l a b l e  f o r  each c o n f i g u r a t i o n  s t u d i e d .  I n  

a d d i t i o n  it i s  necessa ry  t o  d e s c r i b e  t h e  emergency c o n f l i c t s  

by means of p r o b a b i l i t y  d i s t r i b u t i o n s  of o t h e r  impor tant  param- 

e t e r s .  The parameters  used i n  t h i s  model have been d e f i n e d  pre-  

v i o u s l y .  Through p roper  s e l e c t i o n  of t h e  d i s t r i b u t i o n s  i t  i s  

p o s s i b l e  t o  compare d i f f e r e n t  l i g h t i n g  c o n f i g u r a t i o n s  w i t h i n  

s e v e r a l  de f ined  emergencies.  The q u e s t i o n  of which emergencies 

occur  most f r e q u e n t l y  has n o t  been completely answered. However, 

we have a t tempted t o  s e l e c t  a  s e t  of s i t u a t i o n s  which occur  f r e -  

q u e n t l y  and which a r e  a f f e c t e d  s i g n i f i c a n t l y  by d r i v e r  : reac t ion  

t i m e  t o  a  r e a r  l i g h t i n g  system, By making t h e s e  comparisons 

over  a l l  of t h e  most f r e q u e n t  emergencies we expec t  t o  o b t a i n  

a  r o b u s t  comparison of t h e  v a r i o u s  l i g h t i n g  c o n f i g u r a t i o n s .  

The fo l lowing  sources  of in fo rmat ion  have been used t o  

d e f i n e  emergencies: 

1. S i g n a l  p e r c e p t i o n  time d a t a  from t h e  exper imenta l  

s t u d i e s  of automobile 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 .  

These s t u d i e s  provide  a  t i m e  va lue  f o r  t h e  p e r i o d  from 

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

movement from a c c e l e r a t o r  t o  brake  f o r  t h e  d r i v e r  of t h e  

fo l lowing  v e h i c l e .  A s e p a r a t e  va lue  f o r  moving t h e  

f o o t  from a c c e l e r a t o r  t o  brake  i s  used. 

2 .  Traf f i c - f low s t u d i e s  conducted by T r e i t e r e r  (1966) of 

Ohio S t a t e  U n i v e r s i t y  have provided v e l o c i t y ,  r e l a t i v e  

v e l o c i t y  between a d j a c e n t  v e h i c l e s ,  and headway measure- 



ments. He used photogrammetric t echn iques  t o  o b t a i n  

t h e  measurements on an expressway nea r  Columbus, Ohio, 

d u r i n g  an e a r l y  morning r u s h  hour,  

3. A d i s t r i b u t i o n  of d r i v e r - v e h i c l e  b rak ing  c a p a b i l i t y  was 

ob ta ined  from a  s t u d y  conducted by Tignor (1968) of t h e  

Bureau of P u b l i c  Roads. He measured t h e  s topp ing  d i s -  

t a n c e  under emergency s topp ing  c o n d i t i o n s  f o r  a  number 

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

H i s  d i s t r i b u t i o n  of s topp ing  d i s t a n c e s  was conver ted  t o  

a  d i s t r i b u t i o n  of b rak ing  d e c e l e r a t i o n ,  

4. Speed d i s t r i b u t i o n s  measured by t h e  Michigan S t a t e  

Highway Department (1968) have been used t o  r e p r e s e n t  

speeds on two-lane s t a t e  highways. 

5 ,  A headway d i s t r i b u t i o n  model developed by Dawson and 

Chimini (1968) has  been used t o  r e p r e s e n t  headways i n  

s i n g l e - l a n e  t r a f f i c  s i t u a t i o n s ,  This  model, known a s  

t h e  Hyperlang Model, assumes t h a t  t r a f f i c  f low i s  made 

up of c o n s t r a i n e d  v e h i c l e s  and uncons t ra ined  vehi.cles.  

I t  uses  a  weighted combination of an e x p o n e n t i a l  d i s t r i -  

b u t i o n  (uncons t ra ined  f low) and an Er lang  d i s t r i b u t i o n  

( c o n s t r a i n e d  f low) t o  r e p r e s e n t  t h e  highway s i t u a t i o n .  

A s  t h e  number of v e h i c l e s  p e r  hour i n c r e a s e s  t h e  pe rcen t -  

age of cons t ra ined-f low v e h i c l e s  a l s o  i n c r e a s e s .  This  

model has  been found t o  agree  ve ry  w e l l  wi th  d a t a  pre-  

s e n t e d  i n  t h e  1965 Highway Capaci ty  Manual and wi th  d a t a  

ob ta ined  by Purdue Univers i ty  (1967) .  

CHOICE OF THE C R I T E R I O N  

One measurement o b t a i n a b l e  from t h e  s i m u l a t i o n  model i s  t h e  

pe rcen tage  of c r a s h e s  o c c u r r i n g  w i t h i n  each s e t  of assumptions. 

However, we b e l i e v e  t h a t  it i s  a l s o  impor tan t  t o  compare c r a s h  

s e v e r i t y ,  s i n c e  t o t a l  l o s s  due t o  highway c r a s h e s  i s  t h e  product  

of t h e  number of c r a s h e s  and t h e  l o s s  p e r  c rash .  There fo re ,  



r e d u c t i o n  i n  c r a s h  s e v e r i t y  i s  a s  impor tan t  a s  r e d u c t i o n  i n  

number of c r a s h e s ;  i . e . ,  an improvement t h a t  changes f a t a l  

c r a s h e s  t o  n o n f a t a l  c r a s h e s  i s  more impor tant  than  an im.prove- 

ment t h a t  changes n o n f a t a l  c r a s h e s  t o  noncrashes.  The c r i t e r -  

i o n  chosen f o r  comparing a l t e r n a t i v e  systems i s  a cumulat ive 

frequency d i s t r i b u t i o n  of c r a s h e s  o c c u r r i n g  a t  o r  below a given 

v e l o c i t y .  

APPLICATION OF METHODOLOGY 

THE EFFECTS OF FUNCTIONAL SEPARATION AND COLOR C O D I N G ,  AND 

TYPE OF ROAD. Figures  6 through 9 compare t h e  v a r i o u s  r e a r  

l i g h t i n g  systems.  Two modes a r e  cons idered:  The s t o p  mode i n  

which a l e a d  c a r  suddenly a p p l i e s  i t s  b rakes  and t h e  tu rn -+s top  

mode i n  which t h e  l e a d  c a r  i s  s i g n a l i n g  a t u r n  and suddenly 

begins  an emergency s t o p .  The cumulat ive frequency d i s t r i b u t i o n  

curves  i n d i c a t e  t h e  percentage  of c r a s h e s  which occurred  a t  t h e  

i n d i c a t e d  v e l o c i t y  o r  a t  a lower v e l o c i t y .  The i n t e r s e c t i o n  of 

t h i s  cumulat ive d i s t r i b u t i o n  curve wi th  t h e  o r d i n a t e  i n d i c a t e s  

t h e  percentage  of c a s e s  i n  which a c r a s h  d i d  n o t  occur ( e , g . ,  

d e f i n e d  a s  a ze ro  v e l o c i t y  c r a s h )  . There fo re ,  t h e  curve of a 

" b e t t e r "  r e a r  l i g h t i n g  system would i n t e r s e c t  t h e  o r d i n a t e  a t  

" g r e a t e r ' Q e r c e n t a g e  v a l u e s  and have a " s t e e p e r "  s lope .  The 

op t ima l  s i t u a t i o n  would be 100 p e r c e n t  of ze ro  v e l o c i t y  c r a s h e s a  

i n d i c a t e d  by a p o i n t  i n  t h e  upper l e f t  c o r n e r  of t h e  graph. For 

example, i n  F igure  6 t h e  curve  f o r  t h e  p r e s e n t  system (system 1) 

i n d i c a t e s  t h a t  approximately 5 1  p e r c e n t  of t h e  c r a s h e s  occurred  

a t  a v e l o c i t y  of ze ro  f e e t  p e r  second o r  l e s s ,  t h u s  i n d i c a t i n g  

no c r a s h .  S i m i l a r l y ,  approximately 77 p e r c e n t  of t h e  c r a s h e s  

occurred  a t  25 f e e t  p e r  second o r  less. This  i m p l i e s  t h a t  i n  

26 p e r c e n t  ( 7 7  minus 51) of t h e  c a s e s  a c r a s h  a t  a v e l o c i t y  

between ze ro  and 25 f e e t  p e r  second occurred  u s i n g  system 1. 

F igure  6 r e p r e s e n t s  t h e  d r i v i n g  s i t u a t i o n  on t h e  1-91 express-  



way n e a r  Columbus, Ohio, dur ing  a morning rush  hour.  Veloci-  

t i e s  and headways were ob ta ined  from t h e  d a t a  supp l i ed  by 

D r .  J .  T r e i t e r e r .  Using t h a t  highway s i t u a t i o n ,  which i s  char-  

a c t e r i z e d  by uneven t r a f f i c  flow, lower than  normal expressway 

speed,  and s h o r t  headways, we have superimposed emergency c a r -  

fo l lowing s i t u a t i o n s .  Under t h e s e  cond i t ions  system 5 has  

fewer c rashes  a t  a11 of t h e  i n d i c a t e d  r e l a t i v e  v e l o c i t i e s ,  

i n c l u d i n g  zero .  For purposes of comparison it can be seen t h a t  

system 1 had no c rashes  5 1  p e r c e n t  s f  t h e  time whi le  system 5 

had no c rashes  6 2  p e r c e n t  of t h e  t ime,  t h u s  i n d i c a t i n g  a reduc- 

t i o n  i n  c rashes  of 22  p e r c e n t  (11 over 5 1 ) ,  given a de f ined  

emergency. The magnitude of d i f f e r e n c e  i s  s i m i l a r  over  a11 

r e l a t i v e  v e l o c i t i e s  of c rash .  Another p o s s i b l e  measure <of e f f e c -  

t i v e n e s s  i s  t h e  improvement i n  t h e  wors t  cond i t ion .  I n  t h e  

emergency car - fo l lowing c o n f l i c t  t h e  wors t  cond i t ion  would be a  

h igh  v e l o c i t y  c r a s h ,  Thus, t h e  99th p e r c e n t i l e  of t h e  cumula- 

t i v e  r e l a t i v e  v e l o c i t y  a t  c rash  might be used a s  a measure of 

system e f f e c t i v e n e s s .  Although t h i s  measure i s  s u b j e c t  , to 

random v a r i a b i l i t y  it does provide  an i n d i c a t i o n  of t h e  wors t  

case  f o r  v a r i o u s  s i t u a t i o n s .  A more meaningful comparison can,  

of course ,  be made by comparing t h e  e n t i r e  d i s t r i b u t i o n .  For 

example, one might make such a comparison by over- laying t h e  

graphs on a t r a n s p a r e n t  s u r f a c e  s o  t h a t  a l l  curves  p r o j e c t  

on to  one g r i d  system. 

F igure  7 r e p r e s e n t s  t h e  d r i v i n g  s i t u a t i o n  on a r u r a l  two- 

l ane  road under crowded cond i t ions .  The v e l o c i t y  d i s t r i b u t i o n s  

used were ob ta ined  from t h e  Michigan S t a t e  Highway Department 

speed survey.  The headways were ob ta ined  from t h e  Hyperlang 

headway model. This  e v a l u a t i o n  r e p r e s e n t s  a  volume l e v e l  of 

1050 v e h i c l e s  p e r  hour per  l ane .  I n  t h i s  case ,  system 1 has  a  

zero  r e l a t i v e  v e l o c i t y  c r a s h  l e v e l  of 40 p e r c e n t  a s  opposed t o  

a  zero  r e l a t i v e  v e l o c i t y  c r a s h  l e v e l  of 50 p e r c e n t  f o r  system 5. 

This  r e p r e s e n t s  an improvement of 25 p e r c e n t .  
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Figure  6 .  Crash p r o b a b i l i t y  f o r  system 1 and 5 i n  
tu rn - s top  mode on an expressway. 
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RELATIVE VELOCITY A T  CRASH ( FT/SEC) 

F i g u r e  7 .  Crash p r o b a b i l i t y  f o r  system 1 and system 5 i n  
t u r n - s t o p  mode an a  two l a n d  r u r a l  highway, 



By comparing F igures  6 and 7 it i s  a l s o  p o s s i b l e  t o  observe  

t h e  r e d u c t i o n  i n  c r a s h  frequency and s e v e r i t y  which r e s u l t  from 

u s i n g  expressways i n s t e a d  of two-lane roads .  I n  o r d e r  tc:, make 

t h e s e  comparisons meaningful  t h e  headway and v e l o c i t y  d i s t r i b u -  

t i o n s  were a d j u s t e d  t o  a  common v e h i c l e s  p e r  hour p e r  lame t r a f -  

f i c  volume, 

THE EFFECT OF SIGNAL INTENSITY, FUNCTIONAL SEPARATION AN11 COLOR 
CODING 

F igures  8 and 9 compare t h e  e f f e c t  of s t o p  and t u r n  s i g n a l  

i n t e n s i t i e s  and system c o n f i g u r a t i o n s .  F igure  8 compares t h e  

p r e s e n 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  (system 1) wi th  t h e  s i g n a l  

a t  low i n t e n s i t y  ( 3 5  cp) and an exper imenta l  c o n f i g u r a t i o n  

(system 5 )  a t  low and h igh  ( 9 1  cp)  i n t e n s i t i e s  i n  t h e  s t o p  mode. 

A t  t h e  lower i n t e n s i t y  t h e  d i f f e r e n c e s  between t h e  conf igura -  

t i o n s  a r e  n e g l i g i b l e .  The p o s i t i v e  e f f e c t  of i n c r e a s i n g  t h e  

i n t e n s i t y  occurred  f o r  a l l  l i g h t i n g  systems. This  improvement, 

which occurred  f o r  a  two-lane highway s i t u a t i o n ,  a l s o  occurred  

f o r  an expressway s i t u a t i o n .  

I n  c o n t r a s t ,  F igure  9 i n d i c a t e s  t h a t  i n  t h e  tu rn+s top  mode 

i n t e n s i t y  has  ve ry  l i t t l e  e f f e c t  whi le  f u n c t i o n a l  s e p a r a t i o n  of 

lamps and c o l o r  coding a r e  b e n e f i c i a l .  

I n  summary, t h e  r e s u l t s  show t h a t ,  u s i n g  t h e  exper imenta l ly  

ob ta ined  d a t a  i n  con junc t ion  wi th  t h e  s i m u l a t i o n  model, s a f e t y  

i s  improved i n  t h e  s t o p  mode by 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 ,  

whi le  l i g h t  i n t e n s i t y  has  very  l i t t l e  e f f e c t  i n  t h e  turn-+s top 

mode, I n  t h a t  mode f u n c t i o n a l  s e p a r a t i o n  and c o l o r  coding e f f e c -  

t i v e l y  reduce t h e  inc idence  of c r a s h e s ,  The g r e a t e r  s a f e t y  of 

expressways compared t o  two-lane roads  was s i m i l a r l y  apparen t .  

CONCLUSIONS 

A methodology has  been p resen ted  f o r  e v a l u a t i n g  t h e  e f f e c t  

of changes t o  t h e  highway environment on t h e  number of c r a s h e s  



RELATIVE VELOCITY A T  CRASH ( W S E C  ) 

F i g u r e  8. Crash p r o b a b i l i t y  f o r  sys tem 5 ,  h i g h  and Pow 
i n t e n s i t y  s i g n a l s ,  and sys tem 1, low i n t e n s i t y ,  
i n  t h e  s t o p  mode on a  two l a n e  r u r a l  highway. 

RELATIVE VELOCITY A T  CRASH ( FTISEC ) 

F i g u r e  9 .  Crash p r o b a b i l i t y  f o r  sys t em 5 ,  h i g h  and low 
i n t e n s i t y  s i g n a l s ,  and system 1, low i n t e n s i t y ,  
i n  t h e  t u r n  s t o p  mode on a two l a n e  r u r a l  hilghway, 



which occur .  S p e c i f i c a l l y ,  an exper imenta l  v e h i c l e  r e a r  l i g h t -  

ing system was compared t o  one r e p r e s e n t i n g  t h a t  found on most 

U.S. c a r s .  For t h e  s u b s e t  of emergencies t h a t  were cons idered  

t h e  change was shown t o  r e s u l t  i n  a  s i g n i f i c a n t  r e d u c t i o n  i n  

number of c r a s h e s  and i n  c r a s h  s e v e r i t y .  The b a s i s  of t h e  evalu-  

a t i o n  was a  procedure  f o r  d i v i d i n g  t h e  highway system i n t o  a  

number of d i s c r e t e  s u b s e t s  and i d e n t i f y i n g  those  which a r e  

a f f e c t e d  by t h e  proposed change. An e v a l u a t i o n  of t h e  e f f e c t  

of t h e  change on number of c r a s h e s  i s  then  performed w i t h i n  

each of t h e  i d e n t i f i e d  s u b s e t s .  If t h e  changes r e s u l t  i n  a  

c r a s h  r e d u c t i o n  w i t h i n  each s u b s e t  then  it fo l lows  d i r e c t l y  

t h a t  t h e  e n t i r e  system w i l l  exper ience  a  r e d u c t i o n  i n  c r a s h e s .  

There i s ,  of course ,  s t i l l  t h e  q u e s t i o n  of how v a r i o u s  sub- 

sets a r e  r e p r e s e n t e d  i n  t h e  t o t a l  system. Thus, i f  a  c r a s h  

r e d u c t i o n  i s  i n d i c a t e d  f o r  a  s u b s e t  which i s  a t r u l y  r a r e  condi- 

t i o n  then t h e  improvement w i l l  have L i t t l e  e f f e c t  on t h e  t o t a l  

system, A t  t h i s  p o i n t  t h a t  problem can only  be d e a l t  wi th  by 

applying good r e s e a r c h  judgement and by u s i n g  t h e  l i m i t e d  d a t a  

a v a i l a b l e  on exposure.  A s  knowledge i s  gained concerning how 

d r i v e r s ,  v e h i c l e s  and environments a r e  r e p r e s e n t e d  i n  t h e  t o t a l  

system it w i l l  become p o s s i b l e  t o  d e f i n e  t h e  occurrence  of 

v a r i o u s  s u b s e t s  i n  t h e  highway system. However, d e c i s i o n s  con- 

c e r n i n g  improvements a r e  be ing  made now wi th  o r  wi thou t  evalua-  

t i o n .  We b e l i e v e  t h a t  t h i s  methodology can a s s i s t  i n  t h e  evalu-  

a t i o n  problem and,  hence,  c o n t r i b u t e  t o  b e t t e r  dec i s ions . ,  
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