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P r e f a c e  

T h i s  is Volume I  of t h e  f i n a l  r e p o r t  on Con t rac t  FH-11-7293, 

"Acqu i s i t i on  of Informat ion  on Exposure and on Non-Fatal Crashes ."  

I t  cove r s  Phase I of t h e  c o n t r a c t  (Exposure I n f o r m a t i o n ) .  

Requirements ,  approaches ,  and f i n d i n g s  a r e  p resen ted  f o r  

each  of t h e  s i x  t a s k s  i n  Phase I .  F i n a l  conc lus ions  and recom- 

mendations a r e  p r e s e n t e d  wi th  r e g a r d  t o  c o n t e n t  and procedure 

of f u t u r e  exposure s u r v e y s .  

This  volume is  probably t h e  f i r s t  comprehensive a t tempt  t o  

ana lyze  t h e  needs f o r  c o l l e c t i o n  of exposure d a t a  on a  l a r g e  

s c a l e .  I ts  b r e a d t h  and dep th  of d e t a i l  should  be s u f f i c i e n t  t o  

suppor t  p o l i c y  d e c i s i o n s  r e g a r d i n g  t h e  implementat ion of exposure 

d a t a  c o l l e c t i o n  programs. 
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SECTION 1 

INTRODUCTION 

T h i s  volume e x p l o r e s  t h e  mean ing  o f  d r i v i n g - e x p o s u r e  d a t a  

and  i t s  r e l a t i o n s h i p  t o  highway s a f e t y .  The r e s e a r c h  f i n d i n g s  

a r e  i n t e n d e d  t o  a n s w e r  two b a s i c  q u e s t i o n s :  

1. What a r e  t h e  u n i q u e  c l a s s e s  o f  d r i v e r s ,  v e h i c l e s ,  
r o a d w a y s ,  a n d  e n v i r o n m e n t s  i n  t h e  highway t r a n s -  
p o r t a t i o n  s y s t e m  f o r  which  e x p o s u r e  d a t a  s h o u l d  
b e  c o l l e c t e d ?  

2 .  What a r e  t h e  me thods  by which  e x p o s u r e  d a t a  f o r  
t h e s e  u n i q u e  c l a s s e s  s h o u l d  b e  c o l l e c t e d  a n d  
a n a l y z e d ?  

A s y s t e m a t i c  s t u d y  a p p r o a c h  p r o d u c e d  r e s u l t s  which  a n s w e r  t h e s e  

q u e s t i o n s  c o m p r e h e n s i v e l y  f o r  t h e  f i r s t  t i m e .  S u b s e q u e n t  recom- 

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

implement  f u t u r e  e x p o s u r e - s u r v e y  p r o g r a m s .  

VEHICLE MILES AS A MEASURE OF EXPOSURE 

E x p o s u r e  i n  t h e  h ighway t r a n s p o r t a t i o n  s y s t e m  is  t h e  

f r e q u e n c y  o f  t r a f f i c  e v e n t s  which  c r e a t e  a  r i s k  of  a c c i d e n t .  I t  

i s  a  c u m u l a t i v e  q u a n t i t y  which  i n c r e a s e s  c o n t i n u a l l y  w i t h  i n -  

c r e a s e d  d r i v i n g .  I t  may b e  u s e d  t o  c h a r a c t e r i z e  i n d i v i d u a l  

d r i v e r s  o r  v e h i c l e s ,  o r - - i n  a g g r e g a t e - - t o  c h a r a c t e r i z e  c e r t a i n  

c l a s s e s  of d r i v e r s  or  v e h i c l e s .  F u r t h e r  d e t a i l s  o f  d r i v i n g -  

e x p o s u r e  c o n c e p t s  a r e  p r e s e n t e d  i n  S e c t i o n  3 .  

The most  commonly u s e d  m e a s u r e  o f  e x p o s u r e  i s  d r i v i n g  d i s -  

t a n c e  e x p r e s s e d  i n  v e h i c l e  miles o f  t r a v e l .  O t h e r  m e a s u r e s  

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

volume,  number o f  r e g i s t e r e d  v e h i c l e s ,  number o f  l i c e n s e d  d r i v e r s ,  
1 and g a s o l i n e  c o n s u m p t i o n .  Among a l l  o f  t h e  p r o p o s e d  e x p o s u r e  

m e a s u r e s ,  d r i v i n g  d i s t a n c e  ( v e h i c l e  m i l e s )  i s  t h e  o n e  t h a t  r e l a t e s  

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

t h e  r i s k  o f  a c c i d e n t .  I t  is a l s o  t h e  o n e  mos t  a m e n a b l e  t o  



d e t a i l e d  c l a s s i f i c a t i o n .  T h e r e f o r e ,  i t  is l o g i c a l  f o r  t h e  

c o n t r a c t  t o  s p e c i f y  t h a t  v e h i c l e  m i l e s  i s  t h e  m e a s u r e  o f  e x p o s u r e  

t o  b e  u s e d  i n  t h i s  s t u d y .  

MOT1 VATIONS FOR STUDYING EXPOSURE 

R e s e a r c h  i n  highway s a f e t y  r e q u i r e s  t h e  u s e  o f  d a t a  p e r -  

t a i n i n g  t o  m e a s u r e s  o f  e f f e c t i v e n e s s ,  i . e .  q u a n t i t i e s  which t e l l  

s o m e t h i n g  p e r t i n e n t  a b o u t  t h e  a c t u a l  p e r f o r m a n c e  o f  t h e  highway 

t r a n s p o r t a t i o n  s y s t e m  and  i ts  v a r i o u s  e l e m e n t s ,  e s p e c i a l l y  w i t h  

r e g a r d  t o  t h e  a c c i d e n t  p r o c e s s .  B o t h  a c c i d e n t  d a t a  and  e x p o s u r e  

d a t a  s e r v e  t h i s  p u r p o s e .  

When m e a s u r e s  o f  e f f e c t i v e n e s s  i n  highway s a f e t y  a r e  

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

t h e  c o r r e s p o n d i n g  d a t a  may b e  u s e d  i n  two ways.  One is t o  

i d e n t i f y  p r o b l e m s  o f  s a f e t y  i n  c e r t a i n  p a r t s  o f  t h e  s y s t e m ;  t h e  

o t h e r  is  t o  e v a l u a t e  c h a n g e s  i n  s a f e t y  b r o u g h t  a b o u t  by t h e  

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

s y s t e m .  

I n  t h e  p a s t ,  t h e  o n l y  m e a s u r e  o f  e f f e c t i v e n e s s  u s e d  i n  a  

c o m p r e h e n s i v e  way i n  highway s a f e t y  r e s e a r c h  h a s  b e e n  f r e q u e n c y  

o f  a c c i d e n t  o c c u r r e n c e  w i t h i n  v a r i o u s  p a r t s  o f  t h e  s y s t e m .  But 

a c c i d e n t  d a t a  a l o n e  h a s  p r o v e n  t o  b e  i n a d e q u a t e  f o r  t h e  i d e n t i -  

f i c a t i o n  o f  p rob lem a r e a s  and  e v a l u a t i o n  o f  c h a n g e s .  

E x p o s u r e  d a t a  ( v e h i c l e  m i l e s )  h a s  b e e n  d e r i v e d  i n  a  g r o s s  

manner f o r  many y e a r s  i n  a l l  o f  t h e  s t a t e s ,  b u t  i t  h a s  b e e n  

c l a s s i f i e d  o n l y  by r o a d  t y p e .  I t  h a s  n o t  p r o v e n  u s e f u l  a s  a  

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

e v a l u a t i o n  i n  highway s a f e t y .  A s m a l l  number o f  r e s e a r c h  p r o j e c t s  

h a v e  d e r i v e d  w e l l - c l a s s i f i e d  e x p o s u r e  d a t a ,  b u t  t h e i r  l i m i t e d  

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

F o r t u n a t e l y ,  t h e  i d e a  o f  combin ing  a c c i d e n t  d a t a  and  

e x p o s u r e  d a t a  i n  a n  improved m e a s u r e  o f  e f f e c t i v e n e s s  ( a c c i d e n t  

r a t e )  h a s  g a i n e d  t r e m e n d o u s  s t r e n g t h  i n  r e c e n t  y e a r s .  T h i s  k i n d  

o f  a c c i d e n t  r a t e  is d e r i v e d  by d i v i d i n g  t h e  number of  r e p o r t e d  



a c c i d e n t s  ( i n  a  c e r t a i n  a r e a ,  t i m e ,  and s y s t e m  c l a s s i f i c a t i o n )  by 

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

measure  of e f f e c t i v e n e s s  i n  a s s e s s i n g  highway s a f e t y  t r e n d s  is i t s  

r e l a t i v e  i n s e n s i t i v i t y  t o  c h a n g e s  i n  " t h e  p o p u l a t i o n  a t  r i s k . "  
2 

R e c o g n i t i o n  o f  t h i s  f a c t  is s p u r r i n g  an  i r r e s i s t i b l e  movement i n  

highway s a f e t y  r e s e a r c h  toward t h e  u s e  o f  e x p o s u r e - d e r i v e d  a c c i -  

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

The b a s i c  m o t i v a t i o n  f o r  t h i s  s t u d y  is t o  s a t i s f y  t h e  demand 

f o r  e x p o s u r e  d a t a .  F u r t h e r ,  g i v e n  t h e  n e a r  c e r t a i n t y  t h a t  com- 

p r e h e n s i v e  e x p o s u r e  s u r v e y s  w i l l  b e g i n  t o  b e  implemented i n  t h e  

n e a r  f u t u r e ,  a n o t h e r  m o t i v a t i o n  is t o  s t a n d a r d i z e  t h e  c o n t e n t  and 

p r o c e d u r e s  of  e x p o s u r e  d a t a  c o l l e c t i o n .  

The s t u d y  c o n t r a c t  c l a r i f i e s  i ts  m o t i v a t i o n  i n  t h e  ve ry  f i r s t  

t e c h n i c a l  p a r a g r a p h ,  e n t i t l e d  Background:  

" I n a d e q u a t e  o r  n o n - e x i s t e n t  i n f o r m a t i o n  on c e r t a i n  a s p e c t s  
o f  highway s a f e t y  h a s  hampered t h e  development of  e f f e c t i v e  
c o u n t e r m e a s u r e s .  I n  p a r t i c u l a r ,  knowledge of t h e  amount and 
n a t u r e  of d r i v e r s f  and v e h i c l e s '  u s e  o f  v a r i o u s  highway t y p e s ,  
i . e . ,  t h e i r  e x p o s u r e  t o  t h e  c r a s h e s  toward  which t h e s e  c o u n t e r -  
measures  a r e  d i r e c t e d ,  h a s  been f r a g m e n t a r y .  I n f o r m a t i o n  on 
motor  v e h i c l e  c r a s h e s  which r e s u l t  i n  p r o p e r t y  damage o n l y  o r  i n  
n o n - f a t a l  i n j u r i e s  i s  u n r e l i a b l e .  Some of t h i s  i n f o r m a t i o n  may 
b e  o b t a i n a b l e  by b e t t e r  e x p l o i t a t i o n  o f  e x i s t i n g  i n f o r m a t i o n  
s o u r c e s .  However, a d d i t i o n a l  s o u r c e s  and methods ,  s u c h  a s  sample  
s u r v e y s ,  must b e  used  i n  o r d e r  t o  s a t i s f y  t h e  B u r e a u ' s  n e e d s . "  

OBJECTIVES OF THE EXPOSURE STUDY 

I n  i ts  second  t e c h n i c a l  p a r a g r a p h ,  t h e  s t u d y  c o n t r a c t  s t a t e s  

O b j e c t i v e s ,  a s  f o l l o w s :  

1. To f o r m u l a t e  a  l o g i c a l  s t r u c t u r e  and methodology t o  
a i d  i n  t h e  o r d e r l y  a c q u i s i t i o n  of  e x p o s u r e  d a t a .  

2 .  To d e v e l o p  s a m p l i n g  t e c h n i q u e s  and p r o c e d u r e s  f o r  
o b t a i n i n g  m i l e a g e  of t r a v e l  on d i f f e r e n t  c l a s s e s  of  
h ighways ,  w i t h  d i f f e r i n g  t r a f f i c  c h a r a c t e r i s t i c s ,  f o r  
s i g n i f i c a n t  d r i v e r - v e h i c l e  c o m b i n a t i o n s .  

9 .  To d e v e l o p  p r o c e d u r e s  f o r  o b t a i n i n g  r e l i a b l e  e s t i m a t e s  
o f  numbers and t y p e s  of p r o p e r t y  damage and p e r s o n a l  
i n j u r y  c r a s h e s  and t h e  a s s o c i a t e d  damage and i n j u r i e s .  



The f i r s t  two o b j e c t i v e s  d e a l  w i t h  " a c q u i s i t i o n  of  exposure  

da tav- - - the  s u b j e c t  of  t h i s  volume. The t h i r d  o b j e c t i v e  d e a l s  

w i t h  t h e  r e l i a b i l i t y  o f  a c c i d e n t  da t a - - the  s u b j e c t  of  t h e  nex t  

volume. As s e e n  i n  t h e  p r e c e d i n g  s e c t i o n ,  t h e s e  two s u b j e c t  

a r e a s  a r e  i n t i m a t e l y  r e l a t e d  i n  t h e  c o n t e x t  of a c c i d e n t - r a t e  

d e r i v a t i o n s .  Thus,  an  i m p l i c i t  o b j e c t i v e  i n  b o t h  a r e a s  is t o  

f o r m u l a t e  r e l a t i o n s h i p s  between co r r e spond ing  s e t s  of exposure  

d a t a  and a c c i d e n t  d a t a .  

The d e t a i l s  of  t h e  c o n t r a c t  Work S ta tement  a r e  p r e s e n t e d  i n  

Appendix A .  A key g u i d e l i n e  t h e r e i n  is p a r t i c u l a r l y  r e l e v a n t  t o  

t h e  r e l a t i o n s h i p  among t h e  o b j e c t i v e s ,  namely t h a t  t h e  work 

"should  e n s u r e  t h a t  t h e  c l a s s e s  f o r  which exposure  d a t a  is c o l -  

l e c t e d  and t h e  c l a s s e s  f o r  which c r a s h  e x p e r i e n c e  is c o l l e c t e d  

w i l l  co r r e spond  and pe rmi t  a p p r o p r i a t e  r a t e s  t o  be  c a l c u l a t e d . "  

ORGANIZATION OF VOLUME I 

T h i s  volume c o v e r s  Phase I of t h e  c o n t r a c t  (Exposure I n f o r -  

m a t i o n ) .  The s i x  t a s k s  of  Phase I a r e  p r e s e n t e d  i n  s i x  con- 

s e c u t i v e  s e c t i o n s ,  p receded  by a  summary s e c t i o n  and a  s e c t i o n  on 

exposu re  c o n c e p t s .  The f i n a l  s e c t i o n  compi les  c o n c l u s i o n s  and 

recommendations o f  t h e  t o t a l  volume. 

S e c t i o n  2 - Summary - c o n t a i n s  a  b r i e f  d i s c u s s i o n  of  r e -  

q u i r e m e n t s ,  app roach ,  and f i n d i n g s  i n  each  of t h e  s i x  t a s k s .  For 

many r e a d e r s ,  i t  w i l l  i n c l u d e  s u f f i c i e n t  i n f o r m a t i o n  f o r  con- 

s i d e r a t i o n  of  f u t u r e  exposure  programs,  and f o r  o t h e r s  i t  w i l l  

s e r v e  a s  a  conven ien t  rev iew of t h e  e n t i r e  volume. 

The main t e x t  - S e c t i o n s  3 t h rough  9 - may be c o n s i d e r e d  i n  

f o u r  p a r t s :  

Exposure Concepts  - S e c t i o n  3 :  E x p l a n a t i o n s  of  exposu re ,  
i t s  u s e s ,  needs ,  and 
c l a s s i f i c a t i o n s .  

Exposure C l a s s e s  - S e c t i o n  4 :  Task l /De te rmina t ion  of 
exposure  c l a s s i f i c a t i o n s  
t h a t  s h o u l d  be used i n  
t h e  f u t u r e .  



' Data C o l l e c t i o n  
P rocedure s  - S e c t i o n  5: Task 2 /Ana lys i s  of a l t e r -  

n a t e  p r o c e d u r e s  f o r  
exposu re  d a t a  c o l l e c t i o n .  

S e c t i o n  6 :  Task 3 /Ana lys i s  of 
exposu re  s u r v e y  c o s t s ;  
recommended p r o c e d u r e s .  

S e c t i o n  7 :  Task 4 /Ana lys i s  of f i e l d  
t e s t s  of recommended 
c o l l e c t i o n  p r o c e d u r e s  

S e c t i o n  8:  Task 5 /Ana lys i s  of i n d i r e c t  
measures  of exposu re  a s  
i n e x p e n s i v e  a l t e r n a t i v e s  

F u t u r e  Programs - S e c t i o n  9 :  Task G/Recommendations f o r  
f u t u r e  exposu re  programs 

S e p a r a t e l y  bound volumes of  Appendices  A t h rough  I p r o v i d e  

f u r t h e r  d e t a i l s  p e r t a i n i n g  t o  t h e  t a s k s  of Volume I .  



SECTION 2 
SUMMARY 

T h i s  volume p r e s e n t s  t h e  r e q u i r e m e n t s ,  a p p r o a c h e s ,  a n d  f i n d -  

i n g s  p e r t a i n i n g  t o  e a c h  o f  t h e  s i x  t a s k s  o f  P h a s e  I - Exposure  

I n f o r m a t i o n  ( s e e  c o n t r a c t  work s t a t e m e n t ,  Appendix A ) .  Summaries 

o f  e a c h  o f  t h e  t a s k s  a r e  g i v e n  u n d e r  t h e  h e a d i n g s  be low.  

EXPOSURE CLASS1 F I  CATIONS (TASK 1 )  

The r e q u i r e m e n t  o f  t h i s  t a s k  is t o  " d e t e r m i n e  t h e  p r i n c i p a l  

c l a s s e s  of  d r i v e r s  a n d  v e h i c l e s  and  e n v i r o n m e n t s  f o r  which  ex- 

p o s u r e  measurements  a r e  n e e d e d . "  The c l a s s e s  may b e  c h a r a c t e r i z e d  

by v a r i a b l e s  s u c h  a s  d r i v e r  a g e ,  v e h i c l e  t y p e  and  r o a d  t y p e ,  a n d  

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

homogeneous w i t h  r e s p e c t  t o  r e l e v a n t  e x p o s u r e  f a c t o r s , "  amenable  

t o  s a m p l i n g  p r o c e d u r e s ,  and " u s e f u l  f o r  s t u d y i n g  t h e  impac t  o f  

s a f e t y  c o u n t e r m e a s u r e s . "  

T h i s  t a s k  is t h e  key  t a s k  i n  t h e  e x p o s u r e  s t u d y .  I ts  re- 

s u l t s  d e f i n e  t h e  r e q u i r e d  c o n t e n t  o f  f u t u r e  e x p o s u r e  d a t a  r e c o r d s ,  

a n d  t h e y  d e t e r m i n e  f e a s i b l e  a l t e r n a t i v e s  f o r  d a t a  c o l l e c t i o n  i n  

l a t e r  t a s k s .  

The a p p r o a c h  was t o  p e r f o r m  two c o n s e c u t i v e  e x p o s u r e  s u r v e y s ,  

a n d  t o  a n a l y z e  t h e i r  d a t a  i n  terms o f  t h e  v a r i a b l e s  which  a r e  

b e s t  p r e d i c t o r s  o f  e x p o s u r e .  The f i r s t  s u r v e y  had  a  s m a l l  s a m p l e  

( 4 4 8 ) ,  b u t  i t  had  a  l a r g e  number o f  p o t e n t i a l  " p r e d i c t o r "  v a r i -  

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

The s e c o n d  s u r v e y  had  a  v e r y  l a r g e  s a m p l e  s i z e  ( 8 0 0 0 ) ,  b u t  i t  had 

a  g r e a t l y  r e d u c e d  number o f  p o t e n t i a l  p r e d i c t o r  v a r i a b l e s .  (Many 

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

a n a l y s i s  showed t h e y  were  n o t  good p r e d i c t o r s  o f  e x p o s u r e ) .  

B o t h  s u r v e y s  were  c o n d u c t e d  by p e r s o n a l  i n t e r v i e w s  o f  

l i c e n s e d  d r i v e r s  i n  l i c e n s i n g  o f f i c e s .  The f i r s t  was done i n  o n e  

o f f i c e ,  and  t h e  s e c o n d  was done i n  37 o f f i c e s  d i s t r i b u t e d  



th roughout  t h e  c o u n t r y .  D r i v e r s  were asked f o r  e s t i m a t e s  of mi le-  

age d r i v e n  i n  t h e  l a s t  30 days ,  and f o r  in fo rma t ion  on themselves ,  

t h e i r  v e h i c l e ,  and t h e i r  d r i v i n g  p a t t e r n s .  

Data a n a l y s i s  was performed by means of a  computer program 

(AID - Automatic I n t e r a c t i o n  De tec to r )  which d i v i d e s  d a t a  samples  

i n t o  s m a l l e r  groups by p i c k i n g  t h e  b e s t  p r e d i c t o r  v a r i a b l e  on t h e  

b a s i s  of minimum v a r i a n c e .  Success ive  a n a l y s e s  of t h e  s m a l l e r  

groups l e a d s  t o  a  h i e r a r c h y  of b e s t  p r e d i c t o r  v a r i a b l e s ,  a s  

i l l u s t r a t e d  i n  F igure  1. 

T h i s  f i g u r e  i d e n t i f i e s  f o u r  v a r i a b l e s  which de termine  b e s t  

s p l i t t i n g  of sample groups :  Drive on Job?,  Dr iver  Sex, Type of 

Vehic le  Driven,  and Pe rcen t  Dr iv ing  on Local S t r e e t s .  The boxes 

i n d i c a t e  group s i z e  N,  mean m i l e s  y ,  and v a r i a b l e  l e v e l s  which 

d e f i n e  one p a r t  of a  two-way group s p l i t .  

The f i r s t  v a r i a b l e ,  Drive on Job?,  does not  cor respond t o  

any i tem of d a t a  on most a c c i d e n t  r e p o r t s .  T h e r e f o r e ,  i t  cannot  

be used t o  de termine  a c c i d e n t  r a t e s  i n  t h e  nea r  f u t u r e .  However, 

Type of Vehic le  Driven s e r v e s  a s  a  good s u b s t i t u t e  f o r  Drive on 

Job?  because of t h e i r  s t r o n g  c o r r e l a t i o n ,  But i n  t h e  f u t u r e ,  a  

Drive on Job? v a r i a b l e  should  be c o n s i d e r e d  f o r  i n c l u s i o n  i n  

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

F u r t h e r  AID runs  us ing  loga r i thm of m i l e s  and number of a c c i -  

d e n t s  a s  dependent v a r i a b l e s  produced t h r e e  more recommended pre-  

d i c t o r  v a r i a b l e s :  Dr ive r  Age, Model Year of Veh ic l e ,  and Pe rcen t  

Dr iv ing  a t  Night .  

Other  v a r i a b l e s  not s e l e c t e d  a f t e r  t h e  second survey  were: 

number of v e h i c l e s  d r i v e n ,  v e h i c l e  u s e ,  d r i v e r ' s  knowledge of 

eng ine ,  e d u c a t i o n ,  income, c a r  s i z e  and make, u r b a n i z a t i o n  index ,  

socio-economic index ,  a r e a  p o p u l a t i o n ,  and p e r c e n t a g e s  of d r i v i n g  

on f reeways ,  r u r a l  r o a d s ,  and wet r o a d s .  

F igure  2 p r e s e n t s  a  c h a r t  of 26 unique exposure c l a s s e s  

based on t h e  s i x  s e l e c t e d  v a r i a b l e s :  



FIGURE 1 B a s i c  AID C h a r t  from P i l o t  S u r v e y  
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Vehic le  Type (Passenger  Cars and Small Trucks 
v s .  Other  Vehic le  Types) 

Dr ive r  Sex (Male vs .  Female) 
Road Type (Local S t r e e t s  v s .  Other  Road Types) 
Light  Condi t ion  (Day v s .  Night) 
Dr ive r  Age (Three groups :  up t o  25, 26-60, over  60)  
Vehic le  Model Year ( f i v e  r e c e n t  y e a r s  v s .  o l d e r  y e a r s )  

I t  i s  recommended t h a t  t h e  s i x  v a r i a b l e s  be inc luded  i n  

f u t u r e  exposure s u r v e y s ,  and t h a t  t h e  26 c l a s s e s  be used t o  

de te rmine  t o t a l  exposure and a c c i d e n t  r a t e s .  

EXPOSURE SURVEY PROCEDURES (TASK 2)  

The requi rement  of t h i s  t a s k  is t o  "de termine  and ana lyze  

p rocedures  f o r  exposure sample su rveys  t o  p rov ide  e s t i m a t e s  of 

vehic le-mi leage"  f o r  t h e  dr iver-vehicle-road-environment  c l a s s i f i -  

c a t i o n s  de termined i n  Task 1. 

The approach was t o  s y s t e m a t i c a l l y  d e r i v e  a  s e t  of f e a s i b l e  

a l t e r n a t i v e s ,  i . e . ,  b a s i c  p rocedura l  p l a n s  f o r  p o t e n t i a l  exposure 

s u r v e y s ,  and t o  compare t h e  a l t e r n a t i v e s  f o r  accuracy  and r e -  

sponse  r a t e  by means of b r i e f  t e s t  s u r v e y s .  

I n i t i a l  a n a l y s i s  of f e d e r a l  highway s a f e t y  r e s e a r c h  needs 

concluded t h a t  o p e r a t i o n a l  exposure s u r v e y s  shou ld  be o f f i c i a l l y  

sponsored ,  n a t i o n a l  i n  scope ,  and annual  i n  f requency.  Analys is  

of  a  s c e n a r i o  of  exposure a s  a  t r a v e l  p rocess  among e lements  of 

t h e  highway t r a n s p o r t a t i o n  system l e d  t o  a  conc lus ion  t h a t  

d r i v e r s  a r e  t h e  only  f e a s i b l e  s o u r c e  of a c c u r a t e ,  w e l l - c l a s s i f i e d  

exposure  e s t i m a t e s .  F u r t h e r ,  t h e  p o t e n t i a l  magnitudes of d r i v e r  

s u r v e y s  made i t  c l e a r  t h a t  s m a l l  samples  of d r i v e r s  must be used .  

P o t e n t i a l  methods of d a t a  c o l l e c t i o n  from d r i v e r s  were 

s t r u c t u r e d  a s  f o l l o w s :  

Mode of C o l l e c t i o n  Mileage Es t ima t ion  Method 

1. O f f i c e  i n t e r v i e w  a .  Es t ima te  of g r o s s  mi leage  
2 .  O f f i c e  q u e s t i o n n a i r e  b .  Es t ima tes  of mi leages  i n  
3 .  Mail q u e s t i o n n a i r e  s e v e r a l  c a t e g o r i e s  of 
4 .  Telephone i n t e r v i e w  d r i v i n g  o r  components 
5 .  Home i n t e r v i e w  c .  Es t ima tes  of t r i p  mi leages  

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



d .  R e c o r d i n g  o f  m i l e a g e s  i n  
a  t r i p  l o g  

e .  R e c o r d i n g  o f  c u m u l a t i v e  
odomete r  r e a d i n g s  

Of t h e  2 5  p o s s i b l e  m o d e / e s t i m a t i o n  c o m b i n a t i o n s ,  1 4  were  compared 

by s m a l l  s p e c i a l i z e d  s u r v e y s  w i t h  a  t o t a l  s a m p l e  of  a b o u t  900 .  

Of t h e  r e m a i n i n g  11 c o m b i n a t i o n s ,  s i x  were  n o t  f e a s i b l e  and t h e  

o t h e r s  - home i n t e r v i e w s  - were  r e j e c t e d  b e c a u s e  of  h i g h  c o s t .  

I n  o n e  s u r v e y ,  odomete r  r e a d i n g s  o f  t h e  s a m p l e  were compared 

w i t h  g r o s s  e s t i m a t e s  by t h e  same d r i v e r s  i n  o f f i c e  i n t e r v i e w s .  

O d o m e t e r - r e a d i n g  r e s p o n s e s  were  r e c e i v e d  by m a i l  from a b o u t  50% 

o f  t h e  s a m p l e ,  and mean m i l e a g e  r e s u l t s  were  i n  e r r o r  by o n l y  4 

p e r c e n t .  

I n  t h e  o t h e r  s u r v e y s ,  i n d e p e n d e n t  d r i v e r  s a m p l e s  were  t a k e n  

i n  t h e  same c o u n t y .  Response  r a t e s  o f  a b o u t  90% were  a c h i e v e d  

f o r  a l l  o f f i c e  i n t e r v i e w  methods  and  o f f i c e  q u e s t i o n n a i r e  m e t h o d s ,  

e x c e p t  t h o s e  r e q u i r i n g  a  m a i l e d  t r i p  l o g  f o l l o w i n g  t h e  i n t e r v i e w .  

Most o f  t h e  m a i l e d  q u e s t i o n n a i r e s  and m a i l e d  t r i p  l o g s  had 

r e s p o n s e  r a t e s  o f  a b o u t  50% o f  l e s s .  The t e l e p h o n e  r e s p o n s e  r a t e  

was 58%. I n  most  c a s e s ,  t h e  r a t e s  c o u l d  b e  r a i s e d  t o  a n  a c c e p t -  

a b l e  80% l e v e l  by means o f  one  o r  two f o l l o w - u p  c o n t a c t s .  

Accuracy c o m p a r i s o n s  were  made w i t h  t h e  mean v a l u e  o f  t r i p  

l o g  r e s p o n s e s  a s  a  r e f e r e n c e  ( b e c a u s e  o f  i n t r i n s i c  a c c u r a c y  i n  

o n e - t r i p  odometer  r e a d i n g s ) .  Mean v a l u e s  were  w i t h i n  15% by a l l  

methods  e x c e p t  t h e  t o t a l  o f  component  e s t i m a t e s ,  which  r e f l e c t e d  

t h e  compounding o f  o v e r e s t i m a t i o n .  

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

do show t h a t  g r o s s  e s t i m a t e s  a r e  p r o b a b l y  c l o s e s t  t o  t h e  more 

a c c u r a t e  t r i p  l o g  method.  

SURVEY COSTS AND RECOMMENDED PROCEDURES (TASK 3) 

The r e q u i r e m e n t s  o f  t h i s  t a s k  a r e  t o  d e t e r m i n e  c o m p a r a t i v e  

c o s t s  o f  a l t e r n a t i v e  s u r v e y  m e t h o d s ,  a n d  t h e n ,  i n  c o n j u n c t i o n  w i t h  



a c c u r a c y  f i n d i n g s  o f  Task  2 ,  t o  "recommend p r o c e d u r e s  t h a t  w i l l  

b e s t  f u l f i l l  B u r e a u  r e q u i r e m e n t s . "  

C o s t  e s t i m a t e s  were  made f o r  1 9  o f  t h e  a l t e r n a t i v e  s u r v e y  

m e t h o d s ,  b o r k e n  down i n t o  a b o u t  20  c o s t  e l e m e n t s  u n d e r  c a t e g o r i e s  

o f  p l a n n i n g ,  p r e p a r a t i o n ,  d a t a  c o l l e c t i o n ,  a n d  a n a l y s i s .  Based  

o n  a  s a m p l e  of 5000 ,  c o s t  p e r  d a t a  c a s e  r a n g e d  f rom a b o u t  $4 .50 

t o  $ 1 1 . 0 0 .  M a i l e d  q u e s t i o n n a i r e s  were c h e a p e s t  ( u p  t o  $ 4 . 7 0 ) ;  

o f f i c e  i n t e r v i e w s ,  o f f i c e  q u e s t i o n n a i r e s  a n d  t e l e p h o n e  i n t e r v i e w s  

w e r e  i n  t h e  $6 - $7 r a n g e ;  a n d  home i n t e r v i e w s  were most  expen-  

s i v e  ( n e a r l y  $ 1 1 . 0 0 ) .  

A t  t h e  p r e s e n t  t ime, t h e  o f f i c e  i n t e r v i e w  and  o f f i c e  

q u e s t i o n n a i r e  m e t h o d s  a r e  n o t  f e a s i b l e  b e c a u s e  many o f  t h e  s t a t e s  

d o  n o t  r e q u i r e  d r i v e r s  t o  a p p e a r  i n  p e r s o n  a t  a  l i c e n s i n g  o f f i c e  

when t h e y  a p p l y  f o r  r e n e w a l .  Home i n t e r v i e w s  a n d  t e l e p h o n e  i n t e r -  

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

f i c u l t i e s .  T h u s ,  t h e  m a i l e d - q u e s t i o n n a i r e  t y p e  s u r v e y  i s  recom- 

mended,  w i t h  a t t a c h e d  t r i p  l o g s  a s  t h e  m i l e a g e  e s t i m a t i o n  method .  

FIELD TEST PROCEDURES (TASK 4 )  

The r e q u i r e m e n t  i n  t h i s  t a s k  i s  t o  "recommend f i e l d  t e s t s  t o  

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

A f i e l d  t e s t  o f  a n  e x p o s u r e - s u r v e y  p l a n  would r e q u i r e  r e a l -  

w o r l d  i m p l e m e n t a t i o n  o f  a l l  a s p e c t s  o f  t h e  p l a n ,  b u t  i t  would b e  

l i m i t e d  i n  t i m e  and  g e o g r a p h i c  s c o p e .  I ts p u r p o s e  would b e  t o  

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

o p e r a t i o n a l  p r o b l e m s ,  and  t o  e v a l u a t e  o v e r a l l  p e r f o r m a n c e .  

An o u t l i n e  o f  f i e l d - t e s t  p r o c e d u r e s  f o r  a  n a t i o n a l ,  m a i l e d -  

q u e s t i o n n a i r e  e x p o s u r e  s u r v e y  was g e n e r a t e d ,  i n c l u d i n g  s c h e d u l i n g ,  

q u e s t i o n n a i r e  d e v e l o p m e n t ,  l i a i s o n ,  s a m p l e  d e s i g n ,  c l e r i c a l  

p r e p a r a t i o n ,  d a t a  h a n d l i n g ,  and  a n a l y s i s .  I n  e a c h  p a r t ,  s u b t a s k s  

f o r  a u x i l i a r y  p r o c e d u r e  e v a l u a t i o n s  were  i n c l u d e d .  

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

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

o f  t h e  o p e r a t i o n a l  s u r v e y  p l a n .  



INDIRECT EXPOSURE MEASURES (TASK 5) 

The r e q u i r e m e n t  i n  t h i s  t a s k  is t o  d e v e l o p  i n d i r e c t  measures  

o f  e x p o s u r e  ( i . e .  s u b s t i t u t e s  f o r  v e h i c l e - m i l e s  d a t a )  i n  s i t u -  

a t i o n s  where  i t  is i m p o s s i b l e  o r  uneconomica l  t o  o b t a i n  v e h i c l e -  

m i l e  d a t a .  

The f o l l o w i n g  i n d i r e c t  e x p o s u r e  m e a s u r e s  were  a n a l y z e d :  

g a s o l i n e  s a l e s ,  one- t ime-only  odometer  r e a d i n g s ,  p o p u l a t i o n ,  

v e h i c l e  r e g i s t r a t i o n s ,  roadway r i g h t - o f - w a y  m i l e a g e ,  and a u t o  

i n s u r a n c e  premiums.  A l l  o f  t h e s e  m e a s u r e s  a r e  s t r o n g l y  r e l a t e d  

t o  v e h i c l e  m i l e s ,  i n  a g g r e g a t e .  However, t h e y  a r e  a l l  i n c a p a b l e  

o f  b e i n g  b r o k e n  down i n t o  c l a s s i f i c a t i o n s  a c c o r d i n g  t o  t h e  s i x  

recommended v a r i a b l e s  o f  Task 1. 

O t h e r  p rob lems  i n c l u d e  g a s o l i n e  l o s s e s  ( l e a k s ,  n o n t r a v e l  

u s e s ,  e t c . ) ,  i m p r e c i s e  m i l e s  p e r  g a l l o n  d a t a ,  g a s o l i n e  t r a n s f e r  

be tween s t a t e s  and y e a r  t o  y e a r ,  v e h i c l e  a g e  b i a s e s  i n  s a m p l e s  o f  

odometer  r e a d i n g s ,  and t i m e  l a g s  and o t h e r  b i a s e s  i n  i n s u r a n c e  

premiums.  

C o s t s  o f  o b t a i n i n g  i n d i r e c t  e x p o s u r e  d a t a  i n  recommended 

c l a s s i f i c a t i o n s  would n o t  b e  l e s s  t h a n  c o s t s  o f  d i r e c t  e x p o s u r e  

s u r v e y s ;  a c c u r a c i e s  would n o t  be b e t t e r .  Thus ,  i n d i r e c t  m e a s u r e s  

do  n o t  ~ r o v i d e  c o s t - e f f e c t i v e  a l t e r n a t i v e s  t o  d i r e c t  exDosure  

m e a s u r e s .  

RECOMMENDED EXPOSURE SURVEY PROGRAMS (TASK 6 ) 

The r e q u i r e m e n t  o f  t h i s  t a s k  is  t o  s y n t h e s i z e  t h e  f i n d i n g s  

o f  t h e  p r e c e d i n g  t a s k s  -- i . e . ,  t h e  n e e d s  f o r  e x p o s u r e  s u r v e y s  and  

t h e  e f f o r t s  r e q u i r e d  -- and t o  make "recommendat ions  f o r  f u t u r e  

e x p o s u r e  d a t a  c o l l e c t i o n  p r o g r a m s . "  

The b a s i c  f i n d i n g s  were  a s  f o l l o w s :  

1. Comprehensive  e x p o s u r e  d a t a  is  needed  i n  highway s a f e t y  
r e s e a r c h  t o  p e r m i t  c a l c u l a t i o n  o f  a c c i d e n t  r a t e s  a s  t h e  
key measure  o f  e f f e c t i v e n e s s .  

2 .  On t h e  b a s i s  o f  n e e d ,  o f f i c i a l  e x p o s u r e  s u r v e y s  s h o u l d  
be  c o n d u c t e d .  



3 .  F u t u r e  exposure  s u r v e y s  shou ld  u s e  e s t i m a t e s  of  v e h i c l e  
m i l e s  of t r a v e l  a s  t h e  measure of exposu re .  

4 .  Independent  v a r i a b l e s  shou ld  i n c l u d e  v e h i c l e  t y p e ,  
d r i v e r  s e x ,  road  t y p e ,  l i g h t  c o n d i t i o n  (day,  n i g h t ) ,  
d r i v e r  a g e ,  and v e h i c l e  model y e a r .  

5. The s i x  independent  v a r i a b l e s  shou ld  be used t o  d e f i n e  
26 unique c l a s s i f i c a t i o n s  of  exposu re ,  i . e .  d r i v e r - ,  
veh ic le - road-envi ronment  combina t ions .  

6 .  F u t u r e  exposure  s u r v e y s  shou ld  be n a t i o n a l  i n  s c o p e ,  on 
an annua l  b a s i s .  

7 ,  D r i v e r s  s h o u l d  be t h e  s o u r c e  of exposure  e s t i m a t e s .  

8 .  Small  random samples  of d r i v e r s  a r e  adequa te  f o r  
exposure  s u r v e y s ,  and neces sa ry  economica l ly .  

9 .  The b a s i c  mode of exposure  d a t a  c o l l e c t i o n  s h o u l d  be by 
means of  ma i l ed  q u e s t i o n n a i r e s ,  which have t h e  lowes t  
r e l a t i v e  c o s t .  

10 .  The b a s i c  method of  d r i v e r s '  veh ic l e -mi l e  e s t i m a t i o n  
shou ld  b e  by means of t r i p  l o g s  of one-day d u r a t i o n ,  
which have t h e  h i g h e s t  r e l a t i v e  a c c u r a c y .  

11. F i e l d  t e s t s  of a  recommended exposure  su rvey  p l a n  a r e  
f e a s i b l e  and d e s i r a b l e  p r i o r  t o  f u l l - s c a l e  o p e r a t i o n a l  
imp lemen ta t ion .  

1 2 .  There a r e  no a v a i l a b l e  i n d i r e c t  measures  of exposure  
which a r e  p r e f e r r a b l e ,  on a  c o s t - e f f e c t i v e  b a s i s ,  t o  
d i r e c t  measure of v e h i c l e  m i l e s .  

I n  t h e  p r o c e s s  of s y n t h e s i z i n g  t h e s e  f i n d i n g s ,  t h e  f o l l o w i n g  

c o n c l u s i o n s  were r eached :  

1. E v e n t u a l l y ,  n a t i o n a l  exposure  su rvey  programs shou ld  be  
conducted  on a  s t a t e - b y - s t a t e  b a s i s ,  s o  t h a t  each  s t a t e  
may app ly  n 'casures of e f f e c t i v e n e s s  t o  i t s  own unique  
s e t  of highway s a f e t y  coun te rmeasu res .  

2 .  O f f i c i a l  s p o n s o r s h i p  a u t h o r i t y  of f u t u r e  exposure  survey  
programs s h o u l d  be h e l d  by t h e  N a t i o n a l  Highway T r a f f i c  
S a f e t y  A d m i n i s t r a t i o n .  

3 .  Implementat ion r e s p o n s i b i l i t y  of f u t u r e  exposure  su rvey  
programs s h o u l d  be h e l d  by t h e  N a t i o n a l  Highway T r a f f i c  
S a f e t y  A d m i n i s t r a t i o n .  

F i v e  f u t u r e  exposure  programs a r e  recommended: 

1. F i e l d  T e s t  Program - A na t ionwide  m a i l  su rvey  of d r i v i n g  
exposure  i n  t h e  c a l e n d a r  y e a r  1972. Q u a r t e r l y  m a i l i n g s  



would b e  s e n t  t o  randomly s e l e c t e d  d r i v e r s  i n  a l l  
s t a t e s ,  d i s t r i b u t e d  by random s e l e c t i o n  o f  e a c h  of t h e  
s e v e n  t y p e s  o f  day o f  t h e  week. S t a t e  s u b s a m p l e s  would 
be  p r o p o r t i o n a l  t o  d r i v i n g  p o p u l a t i o n .  T o t a l  sample  
s i z e  would b e  l i m i t e d  f o r  economy t o  a b o u t  2 5 , 0 0 0  s u c h  
t h a t  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  would b e  o b t a i n e d  
i n  t h e  26 u n i q u e  e x p o s u r e  c l a s s e s ,  n a t i o n a l l y  b u t  n o t  
f o r  e a c h  s t a t e .  

A u x i l i a r y  s u r v e y  methods c o u l d  b e  t e s t e d  s i m u l -  
t a n e o u s l y  t o  p r o v i d e  d a t a  on p o s s i b l e  e v o l u t i o n  of  
s u r v e y  method t o  home i n t e r v i e w  o r  o f f i c e  i n t e r v i e w  
p r o c e d u r e s .  

A f i r s t  y e a r  m a i l  s u r v e y  program would c o s t  a b o u t  
$250 ,000 ,  and  a d d i t i o n a l  t e s t i n g  o f  a l t e r n a t i v e s  c o u l d  
c o s t  up t o  $125,000 more.  

O p e r a t i o n a l  Exposure  Survey Program - Annual s u r v e y s ,  
s t a r t i n g  i n  1973,  i n c l u d i n g  m o d i f i c a t i o n s  d e r i v e d  from 
t h e  f i e l d  t e s t  program.  S t a t e  subsample  s i z e s  would b e  
i n c r e a s e d  t o  p r o v i d e  s i g n i f i c a n t  r e s u l t s  f o r  t h e  un- 
c l a s s i f i e d  a g g r e g a t e s  i n  e a c h  s t a t e  and f o r  many of t h e  
26 u n i q u e  c l a s s e s  w i t h i n  e a c h  s t a t e .  Survey  d e s i g n s  
would c o n t i n u e  t o  e v o l v e  a s  new i n s i g h t s  were o b t a i n e d  
from y e a r l y  r e - e v a l u a t i o n s .  

C o s t s  o f  a n  o p e r a t i o n a l  e x p o s u r e  s u r v e y  would b e  
a b o u t  t h e  same a s  t h e  f i r s t - y e a r  f i e l d  t e s t  ($250,000 
a n n u a l l y )  i f  sample  s i z e  remained  a t  2 5 , 0 0 0 .  A maximum 
a n n u a l  c o s t  of  a b o u t  $500 ,000  is e s t i m a t e d  f o r  e v e n t u a l  
s a m p l e s  o f  1 0 0 , 0 0 0  (0 .1% o f  a l l  d r i v e r s ) .  

C o n t i n u i n g  S u r v e y - E v a l u a t i o n  Program - Data from t h e  
f i e l d  t e s t  and o p e r a t i o n a l  programs s h o u l d  b e  a n a l y z e d  
c o n t i n u a l l y  t o  d e t e r m i n e  new v a r i a b l e s  and e x p o s u r e  
c l a s s e s .  T h i s  program would i n v o l v e  c o n t i n u i n g  r e s e a r c h ,  
i n  c o n j u n c t i o n  w i t h  a n a l y s i s  p h a s e s  o f  t h e  o p e r a t i o n a l  
p rograms ,  a t  modest  a d d i t i o n a l  c o s t .  

4 .  A u x i l i a r y  I n d i r e c t - E x p o s u r e  Program - Although  t h e  
p o t e n t i a l  i n  t h e  i n d i r e c t - e x p o s u r e  a r e a  is no t  h i g h l y  
p r o m i s i n g ,  i t  i s  l i k e l y  t h a t  g a s o l i n e  s a l e s  d a t a  and 
odometer  d a t a  w i l l  c o n t i n u e  t o  be c o l l e c t e d .  A l s o ,  
i n d u c e d  e x p o s u r e  d a t a ,  d e r i v e d  s o l e l y  from improved 
a c c i d e n t  d a t a ,  is s t i l l  c o n s i d e r e d  worthy o f  f u r t h e r  
i n v e s t i g a t i o n .  T h e r e f o r e ,  i t  is  recommended t h a t  
i n d i r e c t - e x p o s u r e  r e s e a r c h  programs b e  p u r s u e d  i n d e -  
p e n d e n t l y  a t  a p p r o p r i a t e  t i m e s ,  and  t h a t  t h e  r e s u l t s  
be  compared w i t h  r e s u l t s  o f  o p e r a t i o n a l  e x p o s u r e  s u r v e y s .  

5 .  O t h e r  Exposure  S o u r c e s  - D i r e c t  and s e m i - d i r e c t  e x p o s u r e  
d a t a  may b e  o b t a i n e d  o p p o r t u n i s t i c a l l y  by means o f  
d r i v e r  e s t i m a t e s  o r  odometer  r e a d i n g s  a t  t h e  t i m e  of 



l i c e n s i n g ,  v e h i c l e  r e g i s t r a t i o n  and i n s p e c t i o n ,  and 
a c c i d e n t  r e p o r t i n g .  Though t h e s e  exposure  s o u r c e s  
may not  be c a p a b l e  of d r i v e r - v e h i c l e  c r o s s -  
c l a s s i f i c a t i o n  t h e y  may s e r v e  a s  p a r t i a l  checks  on 
d i r e c t  veh ic l e -mi l e  s u r v e y s .  I t  is recommended t h a t  
t h e y  be  c o n s i d e r e d  f o r  i n c l u s i o n  i n  f u t u r e  r e v i s i o n s  
of  highway s a f e t y  program s t a n d a r d s .  



SECTION 3 

CONCEPTS OF EXPOSURE 

The p u r p o s e  o f  t h i s  s e c t i o n  is t o  p r o v i d e  a  c o n c e p t u a l  

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

i n  t h i s  vo lume .  The d i s c u s s i o n  i n c l u d e s  b a s i c  d e f i n i t i o n s ,  

r a t i o n a l e  o f  e x p o s u r e  c l a s s i f i c a t i o n s ,  a n d  u s e s  a n d  n e e d s  o f  

e x p o s u r e  d a t a .  

BASIC DEFINITIONS OF EXPOSURE 

Even t h o u g h  t h e  c o n c e p t  o f  e x p o s u r e  i s  w i d e l y  d i s c u s s e d  i n  

t h e  h ighway s a f e t y  r e s e a r c h  communi ty ,  t h e r e  is n o  g e n e r a l l y  

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

I n  f a c t ,  many o f  t h e  a u t h o r s  who i n t r o d u c e  t h e  p r o b l e m  o f  e x p o s u r e  

d a t a ,  d o  s o  by  means o f  r e f e r e n c e ,  r a t h e r  t h a n  d i r e c t  d e f i n i t i o n .  

However ,  two t h i n g s  a r e  commonly i n f e r r e d  a b o u t  e x p o s u r e :  

1. I t  t e l l s  s o m e t h i n g  a b o u t  t h e  r i s k  o f  d r i v i n g .  

2 .  I t  is  u s u a l l y  m e a s u r e d  i n  terms o f  v e h i c l e  m i l e s .  

T h e s e  c o n f o r m  t o  t h e  i m p l i e d  d e f i n i t i o n  o f  e x p o s u r e  i n  t h e  con-  

t r a c t ,  n a m e l y :  " t h e  amount  a n d  n a t u r e  o f  d r i v e r s '  a n d  v e h i c l e s '  

u s e  o f  v a r i o u s  h ighway t y p e s . ' '  

The amount  o f  h ighway u s e  ( d r i v i n g )  is r e a d i l y  m e a s u r e d  i n  

u n i t s  o f  v e h i c l e - m i l e s  ( t h o u g h  o t h e r  u n i t s  may be  e q u a l l y  v a l i d ) .  

On t h e  o t h e r  h a n d ,  t h e  n a t u r e  o f  h ighway u s e  c a n n o t  b e  m e a s u r e d  

i n  v e h i c l e  mi les ,  o r  a n y  o t h e r  c o n v e n i e n t  u n i t s .  T h u s ,  a  p r o b l e m  

a r i s e s  when we a t t e m p t  t o  d e f i n e  e x p o s u r e  a s  a  compound q u a n t i t y  

i n v o l v i n g  b o t h  amount  a n d  n a t u r e  o f  h ighway u s e .  

The di lemma c a n  b e  s o l v e d  b y  t h e  a d o p t i o n  o f  v e h i c l e  miles 

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

T h u s ,  t h e  " n a t u r e 1 '  o f  d r i v i n g  c a n  b e  removed a s  a  d e f i n i n g  a t t r i -  

b u t e  o f  e x p o s u r e  q u a n t i t i e s ,  a n d  l ' amount f l  o f  d r i v i n g  becomes  

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



o f  m e a n i n g f u l  r e l a t i o n s h i p s  be tween  e x p o s u r e  d a t a  and d a t a  on  

some o t h e r  i n d e p e n d e n t  v a r i a b l e  which c h a r a c t e r i z e s  t h e  " n a t u r e "  

o f  d r i v i n g .  

The f o l l o w i n g  d e f i n i t i o n  o f  e x p o s u r e  is p r o p o s e d  f o r  u s e  i n  

t h i s  s t u d y ,  and  f o r  a d o p t i o n  w i t h i n  t h e  highway s a f e t y  r e s e a r c h  

community u n t i l  s u c h  t i m e  a s  more i n v e s t i g a t i o n s  a r e  p e r f o r m e d  on 

m e a s u r e s - - o t h e r  t h a n  v e h i c l e  mi les - -which  c a n  d e a l  more d i r e c t l y  

w i t h  " n a t u r e 1 '  o f  d r i v i n g ,  i n  a d d i t i o n  t o  "amount1'. 

EXPOSURE is t h e  f r e q u e n c y  o f  t r a f f i c  e v e n t s  which c r e a t e  a  

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

T h i s  d e f i n i t i o n  i s  v e r y  f l e x i b l e ,  b e c a u s e  i t  a d m i t s  v e h i c l e s  

m i l e s  a s  a n  a v e r a g e  measure  o f  t h e  o c c u r r e n c e  o f  " t r a f f i c  e v e n t s , "  

and  y e t  i t  a l l o w s  f o r  f u t u r e  deve lopment  o f  a  s c a l e  o f  i n t e n s i t y  

o f  " t r a f f i c  e v e n t s  which c r e a t e  a  r i s k  of a c c i d e n t . "  Hence, 

" i n t e n s i t y  v a r i a b l e s 1 '  s u c h  a s  s p e e d  o r  t r a f f i c  volume c o u l d  b e  

added  l a t e r  i n  o r d e r  t o  c h a r a c t e r i z e  t h e  r i s k  o f  e a c h  v e h i c l e  mile 

t r a v e l l e d .  

When we a p p l y  u n i t s  o f  v e h i c l e  m i l e s  a s  t h e  m e a s u r e  o f  

e x p o s u r e  i n  t h i s  s t u d y ,  we assume t h a t  a l l  d r i v i n g  is e q u a l l y  

s u s c e p t i b l e  t o  t h e  " r i s k  o f  a c c i d e n t . "  Every  i n c r e m e n t  o f  d i s -  

t a n c e  t r a v e l l e d  is viewed a s  p a r t  o f  a  u n i f o r m  s t r e a m  o f  d r i v i n g ;  

c h a i n s  o f  t r a f f i c  e v e n t s  merge i n t o  a  c o n t i n u o u s  f l o w ,  and  t h e  

r e l a t i v e  d a n g e r  o f  v a r i o u s  t r a f f i c  e v e n t s  a r e  submerged i n  impor-  

t a n c e .  Thus ,  t h e  " f r e q u e n c y  o f  t r a f f i c  e v e n t s  which c r e a t e  a  

r i s k  o f  a c c i d e n t "  is c o n c e p t u a l i z e d  m a t h e m a t i c a l l y  a s  a  c o n t i n -  

u o u s ,  l i n e a r  f u n c t i o n  o f  d i s t a n c e  t r a v e l l e d  ( v e h i c l e  m i l e s ) .  

O b v i o u s l y ,  t h e  t r a f f i c  e v e n t s  o f  any t r i p  a r e  c l o s e l y  l i n k e d  

and  c o n t i n u a l l y  i n t e r r e l a t e d .  Even a  s e e m i n g l y  u n e v e n t f u l  t r i p  

segment  o f  s t r a i g h t  and  l e v e l  d r i v i n g  is a  u n i q u e  t r a f f i c  e v e n t  

i n  i t s e l f .  However, many common t r a f f i c  e v e n t s  a r e  c l e a r l y  

i d e n t i f i a b l e  a s  d i s c r e t e  e v e n t s - - e . g .  c o n f l i c t s  and  n e a r  misses-- 

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

of a n a l y s i s  i n  s u c h  c o n s i d e r a t i o n s  is  beyond t h e  s c o p e  o f  t h i s  

r e p o r t .  



BACKGROUND 

A s  mentioned e a r l i e r ,  many a u t h o r s  have d i scussed  t h e  pro- 

blem of exposure wi thout  a t t empt ing  a  d i r e c t  d e f i n i t i o n .  I n  1953, 
3 Dunlap and Assoc ia t e s  impl ied  t h a t  exposure is a  measure of 

" t h e  frequency of t h e  e x i s t e n c e  of . . .  a  s i t u a t i o n  which may o r  may 

not involve  an a c c i d e n t . "  Mathewson and ~ r e n n e r , ~  i n  1957, 

recommended a  " u n i t  of r i s k  i n  motor v e h i c l e  a c c i d e n t  r a t e s . "  

I n  "The Federa l  Role i n  Highway ~ a f e t ~ " '  (1959))  t h e  d i scuss ion  

r e f e r r e d  t o  "exposure t o  hazard" and t h e  "chances of be ing  in-  

volved i n  an a c c i d e n t . "  I n  1960, s t e w a r t 5  i n d i c a t e d  t h a t  d r i v i n g  

exposure r e q u i r e s  in fo rma t ion  on t o t a l  d r i v i n g  exper i ence ,  k inds  

of expe r i ence ,  and t h e  d i s t r i b u t i o n  of t h e  k inds  of expe r i ence ,  
6  

i n  a  g iven  t ime p e r i o d .  I n  1961, Jacobs asked how one measures 

exposure ,  i . e . ,  " the  frequency of occurrence  of r i s k  s i t u a t i o n s  

(and) c i rcumstances  a s s o c i a t e d  wi th  r i s k  s i t u a t i o n s . "  I n  1964, 

~ h o r ~ e ~  de f ined  exposure t o  a c c i d e n t  of p a r t i c u l a r  groups of 

d r i v e r - v e h i c l e  combinations a s  " t o t a l  v e h i c l e  m i l e s , "  and assumed 

i t  t o  be p r o p o r t i o n a l  t o  twice  t h e  number of two-car a c c i d e n t s  

of t h e  group minus t h e  number of one-car a c c i d e n t s  of t h e  group.  

(Thus, he added p r e c i s i o n  t o  t h e  d e s c r i p t i o n  of t h e  term exposure ,  

b u t  avoided f u r t h e r  c l a r i f i c a t i o n  of i ts  meaning.) I n  1967, 
8 L i t t l e  s a i d  t h a t  "exposure is in tended t o  i n d i c a t e  something 

about t h e  r e l a t i v e  r i s k  of a  c e r t a i n  v e h i c l e - d r i v e r  combination 

t o  t h e  occurrence  of some u n d e s i r a b l e  even t . "  I n  1968, Goe l l e r  
9  

c a l l e d  exposure over a  g iven  d r i v i n g  d i s t a n c e  " t h e  number of t imes  

t h a t  danger o c c u r s , "  and he r e l a t e d  i t  t o  v u l n e r a b i l i t y  (by 
10 

j u x t a p o s i t i o n )  and hence t o  c o n f r o n t a t i o n .  I n  1969, Carr  sug- 

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

c h a r a c t e r i z e s  d r i v e r - v e h i c l e  combinat ions i n  a l l  environmental  - 
c o n d i t i o n s  ( e s p e c i a l l y  wi th  r e s p e c t  t o  roadway l o c a t i o n ) .  In 

1970, Kle in  and w a l l e r 2  d i scussed  exposure a s  t h e  "popula t ion  a t  

r i s k  ( i n  terms of passenger  o r  v e h i c l e  m i l e s ) , "  used a s  a  deno- 

minator  i n  c a l c u l a t i o n  of an a c c i d e n t  o r  i n j u r y  r a t e .  



Othe r  a u t h o r s  ( H a l l ,  P l a t t ,  P e l z ,  Fo ldva ry ,  Burg,  Coppin, 

Wi the fo rd ,  Haight )  have v a r i o u s l y  r e f e r r e d  t o :  

exposure  t o  a c c i d e n t  
exposure  t o  a c c i d e n t  haza rds  
exposure  t o  t h e  r i s k  of  a c c i d e n t  
exposure  t o  a c c i d e n t  s u s c e p t i b i l i t y  
exposure  t o  c rash-producing  s i t u a t i o n s  

I n  a l l  of t h e s e  c a s e s ,  t h e  imp l i ed  d e f i n i t i o n s  of exposure  

a r e  c o n s i s t e n t  w i t h  t h e  one proposed f o r  t h i s  s t u d y .  

One of  t h e  very  few c a s e s  where t h e  a u t h o r  makes i t  

e x p l i c i t l y  c l e a r  t h a t  he is a t t e m p t i n g  a  d e f i n i t i o n  of  exposure  

i s  t h e  book by ~ e ~ i l v a " ,  where exposure  is d e f i n e d  a s  " t h e  

number and r e l a t i v e  dangerof  e x t e r n a l  haza rds  encoun te red  wh i l e  

d r i v i n g . "  Here,  t h e  number of e x t e r n a l  h a z a r d s  is  ana logous  t o  

o u r  " f requency  o f  t r a f f i c  e v e n t s . "  The r e l a t i v e  danger  of 

e x t e r n a l  h a z a r d s  is  ana logous  t o  t h e  " n a t u r e  of d r i v i n g " ,  a s  

p r e v i o u s l y  d i s c u s s e d ,  and i t  is subsumed i n  a  " s c a l e  of  i n t e n s i t y "  

which may be deve loped  i n  t h e  f u t u r e .  

On t h e  b a s i s  of t h i s  h i s t o r i c a l  p e r s p e c t i v e ,  i t  is c l e a r  

t h a t  t h e  b a s i c  d e f i n i t i o n  of exposure  o f f e r e d  i n  t h i s  s t u d y  s e r v e s  

t o  c l a r i f y  t h e  concept  f o r  c u r r e n t  usage ,  and t o  s i m p l i f y  t h e  

a p p l i c a t i o n  f o r  v a r i o u s  measures  of exposu re .  A f l e x i b l e  frame- 

work is provided  f o r  f u t u r e  r e s e a r c h  i n t o  t h e  ways t h a t  t h e  

n a t u r e  of d r i v i n g  may be  i n c o r p o r a t e d  w i t h  t h e  amount of  d r i v i n g  

i n  more complex d e f i n i t i o n s .  

CLASSIFICATIONS OF EXPOSURE DATA 

When a p p r o p r i a t e  measurement t e c h n i q u e s  a r e  a v a i l a b l e ,  

exposure  d a t a  may be c o l l e c t e d  over  a  s e l e c t e d  t ime  p e r i o d  f o r  

a lmos t  any d r i v e r  o r  v e h i c l e ,  o r  s p e c i f i e d  groups  of d r i v e r s  o r  

v e h i c l e s .  On t h e  b r o a d e s t  s c a l e ,  i t  is t h e o r e t i c a l l y  p o s s i b l e  t o  

o b t a i n  exposure  d a t a  f o r  a l l  d r i v e r s  o r  a l l  v e h i c l e s  i n  a  g iven  

a r e a ,  s u c h  a s  t h e  Uni ted  S t a t e s .  I f  t h i s  were done f o r  a  p e r i o d  

of one y e a r ,  we c o u l d  sum t h e  r e s u l t s  and produce a  n a t i o n a l ,  



a n n u a l  t o t a l  o f  e x p o s u r e  i n  v e h i c l e  miles .  A mean y e a r l y  e x p o s u r e  

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

d r i v e r s  o r  v e h i c l e s .  

The same r e s u l t s  c a n  b e  a c h i e v e d ,  w i t h  n e g l i g i b l e  e r r o r ,  by 

t h e  u s e  o f  s m a l l  random s a m p l e s  o f  d r i v e r s  o r  v e h i c l e s .  The mean 

e x p o s u r e  of  t h e  s a m p l e  c a n  b e  e x t r a p o l a t e d  t o  a n  a c c u r a t e  e s t i m a t e  

o f  t o t a l  e x p o s u r e  by m u l t i p l y i n g  by t h e  t o t a l  d r i v i n g  p o p u l a t i o n ,  

i . e . ,  numbers o f  d r i v e r s  o r  v e h i c l e s .  

I f  s a m p l e s  a r e  c o l l e c t e d  i n  e a c h  s t a t e ,  t o t a l  e x p o s u r e  i n  

e a c h  s t a t e  may b e  e s t i m a t e d  and  summed i n  a  n a t i o n a l  e s t i m a t e .  I n  

t h i s  c a s e ,  n a t i o n a l  e x p o s u r e  is  c l a s s i f i e d  by s t a t e .  The mean 

v a l u e s  o f  e x p o s u r e  f o r  t h e  s t a t e s  w i l l  b e  s i m i l a r  i n  m a g n i t u d e ,  

b u t  t h e  s l i g h t  d i f f e r e n c e s  w i l l  b e  s t a t i s t i c a l l y  s i g n i f i c a n t .  A t  

t h e  p r e s e n t  time i n  f a c t ,  n a t i o n a l  e x p o s u r e  is d e t e r m i n e d  f o r  t h e  

F e d e r a l  Highway A d m i n i s t r a t i o n  (FHWA) by means o f  g a s o l i n e  s a l e s  

d a t a  i n  e a c h  s t a t e ,  and  h e n c e  i t  is c l a s s i f i e d  by s t a t e .  U n f o r t u -  

n a t e l y ,  t h e  a c c u r a c y  o f  t h i s  d a t a  is unknown. However, it d o e s  

p r o v i d e  a n  e x c e l l e n t  example  o f  t h e  v a l u e  o f  t h e  c l a s s i f i c a t i o n  

o f  e x p o s u r e  d a t a ,  e . g . ,  c o m p a r i s o n s  o f  e x p o s u r e  among d i f f e r e n t  

c l a s s e s  o f  d r i v e r s  o r  v e h i c l e s .  F o r  e x a m p l e ,  t h e  FHWA n a t i o n a l  

e s t i m a t e  o f  mean e x p o s u r e  p e r  d r i v e r  i n  1967  was 9162 v e h i c l e  

miles ,  r a n g i n g  f rom 6923  f o r  Hawai i  t o  1 1 , 6 8 3  f o r  Wyoming. 1 2  

A n a l y s i s  o f  t h e  e x p o s u r e  d i f f e r e n c e s  among c l a s s e s  o f t e n  p r o v i d e s  

a  c o r r e l a t i o n  w i t h  c e r t a i n  v a r i a b l e s  w h i c h  may s u g g e s t  highway 

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

p o p u l a t e d  s t a t e s  t e n d  t o  h a v e  l o w e r  mean e x p o s u r e  p e r  d r i v e r ,  a n d  

l e s s  d e n s e l y  p o p u l a t e d  s t a t e s  t e n d  t o  h a v e  h i g h e r  mean e x p o s u r e  

p e r  d r i v e r .  The o n l y  o t h e r  c l a s s i f i c a t i o n  o f  FHWA e x p o s u r e  d a t a  

i s  by highway t y p e .  

I n  o r d e r  t o  p r o v i d e  more  c o m p r e h e n s i v e  c l a s s i f i c a t i o n s  o f  

e x p o s u r e  d a t a  (beyond s t a t e  and highway t y p e )  i t  would  b e  d e s i r -  

a b l e  t o  o b t a i n  e x p o s u r e  d a t a  w i t h  r e l a t i o n  t o  many o t h e r  v a r i a b l e s  



o f  t h e  highway t r a n s p o r t a t i o n  s y s t e m .  Many o f  t h e s e  v a r i a b l e s -  

c h a r a c t e r i s t i c s  o f  s y s t e m  e lements-are  e x c e l l e n t  p r e d i c t o r s  o f  

e x p o s u r e .  

The highway t r a n s p o r t a t i o n  s y s t e m  is u s u a l l y  c a t e g o r i z e d  by 

f o u r  b a s i c  e l e m e n t s :  t h e  d r i v e r ,  t h e  v e h i c l e ,  t h e  roadway,  a n d  

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

b e  c o n s i d e r e d  f o r  c l a s s i f i c a t i o n  o f  e x p o s u r e  d a t a :  

V a r i a b l e s  which c h a r a c t e r i z e  d r i v e r s  o p e r a t i n g  i n  t h e  
s y s t e m  

V a r i a b l e s  which  c h a r a c t e r i z e  v e h i c l e s  o p e r a t i n g  i n  t h e  
s y s t e m  

V a r i a b l e s  which c h a r a c t e r i z e  roadways  e x i s t i n g  i n  t h e  
s y s t e m  

V a r i a b l e s  which  c h a r a c t e r i z e  e n v i r o n m e n t s  i n f l u e n c i n g  t h e  
o t h e r  e l e m e n t s .  

I n  e a c h  c a t e g o r y  t h e r e  a r e  s e v e r a l  v a r i a b l e s  which  have  a  s i g n i -  

f i c a n t  c o r r e l a t i o n  w i t h  e x p o s u r e ,  and many o t h e r s  which  have  

l i t t l e  e f f e c t .  

When d a t a  on a  v a r i a b l e  s u c h  a s  d r i v e r  a g e  is c o l l e c t e d  i n  

c o n j u n c t i o n  w i t h  e a c h  i n d i v i d u a l  e x p o s u r e  e s t i m a t e ,  t h e  t o t a l  

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

v a r i a b l e ,  and a u n i q u e  d r i v e r  a g e  d i s t r i b u t i o n  o f  e x p o s u r e  is 

o b t a i n e d .  The r e s u l t  is a  wide  v a r i a t i o n  i n  mean e x p o s u r e  among 

many o f  t h e  a g e  g r o u p s ,  and a  d e f i n i t e  t r e n d  of i n c r e a s i n g  

e x p o s u r e  p e r  d r i v e r  is o b s e r v e d  i n  e a r l y  a g e  g r o u p s ,  f o l l o w e d  by 

d e c r e a s i n g  e x p o s u r e  i n  o l d e r  a g e  g r o u p s .  But  t h e  d i s t r i b u t i o n  o f  

e x p o s u r e  f o r  some o t h e r  v a r i a b l e s ,  s u c h  a s  v e h i c l e  m a n u f a c t u r e r  

may b e  r e l a t i v e l y  u n i f o r m .  The v a r i a b l e s  which show more p ro -  

nounced v a r i a t i o n s  i n  e x p o s u r e  d i s t r i b u t i o n s  a r e  t h e  b e t t e r  p r e -  

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

i n  c l a s s i f y i n g  e x p o s u r e .  

E v e r y  i n c r e m e n t  o f  e x p o s u r e  ( e . g .  one  v e h i c l e  m i l e  o r  

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

i s t i c s  o f  t h e  e l e m e n t s  i n v o l v e d .  Thus ,  a  c e r t a i n  t r i p  w i l l  have  

a s s o c i a t e d  w i t h  i t  c e r t a i n  d r i v e r  v a r i a b l e s  ( a g e ,  s e x ,  o c c u p a t i o n ,  



e t c . ) ,  c e r t a i n  v e h i c l e  c h a r a c t e r i s t i c s  (make, mode l ,  y e a r ,  e t c . ) ,  

c e r t a i n  rowadway c h a r a c t e r i s t i c s  ( r o a d  t y p e ,  number o f  l a n e s ,  

e t c . ) ,  and a  c e r t a i n  e n v i r o n m e n t  ( t i m e ,  w e a t h e r ,  e t c . ) .  I n  t h i s  

c a s e ,  t e n  v a r i a b l e s  w e r e  m e n t i o n e d  p a r e n t h e t i c a l l y  a s  e x a m p l e s ,  

and  t h e  s p e c i f i c  t r i p  would have  f i x e d  v a l u e s  f o r  e a c h  v a r i a b l e ,  

e . g . ,  2 5  y e a r s  o l d ,  m a l e ,  s t u d e n t ,  F o r d ,  2 - d o o r ,  1 9 6 8 ,  c i t y  

s t r e e t ,  4  l a n e s ,  d a y t i m e ,  r a i n i n g .  I n  any e x p o s u r e  s u r v e y ,  

t h e r e  w i l l  b e  many o t h e r  t r i p s  o f  t h e  p r e c i s e l y  same c l a s s .  

T h e r e  w i l l  a l s o  b e  many o t h e r s  which d i f f e r  o n l y  by t h e  v a l u e  o f  

o n e  v a r i a b l e ,  e . g . ,  f e m a l e  i n s t e a d  o f  m a l e .  The number o f  u n i q u e  

c l a s s e s  w i l l  depend n o t  o n l y  on t h e  number o f  v a r i a b l e s  b u t  a l s o  

on t h e  number o f  l e v e l s  i n  e a c h  v a r i a b l e .  I f  e a c h  v a r i a b l e  i n  

t h i s  example  h a s  j u s t  two l e v e l s  ( e . g . ,  u n d e r  3 0  y e a r s  v s .  o v e r  3 0  

y e a r s ,  ma le  v s .  f e m a l e ,  employed v s .  unemployed,  e t c . )  t h e n  t h e r e  

w i l l  b e  21° o r  1024 d i f f e r e n t  e x p o s u r e  c l a s s i f i c a t i o n s .  I n  o t h e r  

w o r d s ,  we c o u l d  c r o s s - c l a s s i f y  a l l  e x p o s u r e  i n  t h e  s u r v e y  a r e a  

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

I n  t h e  example  a b o v e ,  t h e  1024  c l a s s i f i c a t i o n s  would b e  

unmanageable  and  l a r g e l y  w i t h o u t  v a l u e ,  e v e n  t h o u g h  t h e  t e n  

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

mean v a l u e s  o f  e x p o s u r e  i n  many o f  t h e  c l a s s e s  would b e  n e a r l y  

i d e n t i c a l .  However, by e s t a b l i s h i n g  a  h i e r a r c h y  o f  t h e  same t e n  

v a r i a b l e s  w i t h  a  l i m i t e d  number o f  c r o s s  c l a s s i f i c a t i o n s ,  i t  

would b e  p o s s i b l e  t o  d r a s t i c a l l y  r e d u c e  t h e  number o f  u n i q u e  

c l a s s e s .  The o b j e c t i v e  s h o u l d  b e  a  manageab le  s e t  o f  d r i v e r -  

v e h i c l e - r o a d - e n v i r o n m e n t  c o m b i n a t i o n s  which e x h i b i t  homogenei ty  

o f  t h e i r  own e x p o s u r e  d i s t r i b u t i o n .  The f i n a l  c l a s s i f i c a t i o n s  

m i g h t  u s e  o n l y  f o u r  v a r i a b l e s ,  b u t  a l l  o f  t h e  c l a s s e s  migh t  u s e  

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

f i n a l  c l a s s i f i c a t i o n s  s h o u l d  b e  e v i d e n t  i n  a  wide  r a n g e  of  mean 

v a l u e s  f o r  t h e i r  e x p o s u r e  d i s t r i b u t i o n s ,  and by r e l a t i v e l y  

homogeneous d i s t r i b u t i o n s ,  i . e .  minimum p o s s i b l e  s t a t i s t i c a l  

v a r i a n c e .  



I n  o r d e r  t o  b e  o f  most  u s e f u l n e s s ,  t h e  c l a s s i f i c a t i o n s  

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

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

s i t u a t i o n s  t o  which  m a j o r  c o u n t e r m e a s u r e s  may b e  a p p l i e d .  

C l e a r l y ,  a  g r e a t  many s y s t e m  v a r i a b l e s  a r e  r e l e v a n t  t o  m a j o r  

s a f e t y  c o u n t e r m e a s u r e s .  

The p r o b l e m ,  t h e n ,  i n  s e l e c t i n g  v a r i a b l e s  f o r  e x p o s u r e  

c l a s s i f i c a t i o n s ,  is t o  b a l a n c e  t h e  d e s i r e  f o r  many v a r i a b l e s  

which  a r e  r e l e v a n t  t o  c o u n t e r m e a s u r e s  a g a i n s t  t h e  n e e d  f o r  a  

l i m i t e d  number o f  v a r i a b l e s  i n  terms o f  e f f e c t i v e  d a t a  manage- 

men t .  

FURTHER CONCEKTS OF EXPOSURE 

1. Exposure  v a l u e s  may b e  viewed e i t h e r  f rom t h e  p e r -  
s p e c t i v e  o f  a  d e s i i a b l e  p r o c e s s  t o  b e  encouragkd  ( i n -  
c r e a s i n g  u s e  o f  a  t r a v e l  s e r v i c e  o f f e r e d  by t h e  s y s t e m )  
o r  f rom t h e  p e r s p e c t i v e  o f  a n  u n d e s i r a b l e  c o n c o m i t a n t  
phenomenon t o  b e  d i s c o u r a g e d  ( i n c r e a s i n g  r i s k  o f  
a c c i d e n t  e x p e r i e n c e d  r e l u c t a n t l y  i n  t h e  f a c e  o f  po- 
t e n t i a l  breakdown o f  t h e  s y s t e m ) .  The d r i v i n g  p u b l i c  
a p p e a r s  t o  a c c e p t  t h e  r i s k  a t  t h e  p r e s e n t  l e v e l  b e c a u s e  
i t  demands t h e  s e r v i c e  a t  i ts  p r e s e n t  l e v e l .  A r i s k -  
s e r v i c e  t r a d e o f f  c o n t i n u e s  i n  t h e  p u b l i c  mind.  

I n  t h e  f u t u r e ,  e x p o s u r e  d a t a  may b e  u s e d  t o  d e t e r m i n e  

optimum p o i n t s  i n  t h e  r i s k - s e r v i c e  t r a d e o f f .  However i n  t h i s  

s t u d y  t h e  e m p h a s i s  is f o c u s s e d  o n l y  on  t h e  r i s k  p e r s p e c t i v e  i n  

t h e  u s e  o f  e x p o s u r e  d a t a .  

The terms " e x p o s u r e "  and  " d r i v i n g  e x p o s u r e "  a r e  o f t e n  
u s e d  i n t e r c h a n g e a b l y .  They b o t h  imply  t h e  r i s k  o f  
a c c i d e n t ,  and t h e y  c o u l d  i n  f a c t  b e  c a l l e d  a c c i d e n t  
e x p o s u r e ,  r e f e r r i n g  t o  t h e  e x p o s u r e  o f  a  d r m  
v e h i c l e )  t o  a n  a c c i d e n t .  The r i s k s  o f  t h e  d r i v e r  a r e  
c o n s i d e r e d  i n d e p e n d e n t l y  o f  t h e  number o f  p a s s e n g e r s  
he  may b e  c a r r y i n g .  I f  p a s s e n g e r s  a r e  i n v o l v e d  i n  
n o n - i n j u r y  a c c i d e n t s ,  t h e i r  p r e s e n c e ,  a f t e r  t h e  f a c t ,  
a p p e a r s  t o  have  no b e a r i n g  on t h e  3 p r i o r i  r i s k  of 
a c c i d e n t .  



A s  more is l e a r n e d  a b o u t  e x p o s u r e ,  i t  w i l l  b e  d e s i r a b l e  t o  

c o n s i d e r  c a r e f u l l y  a  b r o a d e r  " r i d i n g  e x p o s u r e "  o r  i n j u r y  e x p o s u r e .  

H e r e ,  t h e  r i s k  o f  i n j u r y  r e p l a c e s  r i s k  o f  a c c i d e n t  i n  t h e  

e x p o s u r e  d e f i n i t i o n ,  a n d  t h e  number o f  p a s s e n g e r s  i n v o l v e d  i n  

e v e r y  v e h i c l e  m i l e  o f  t r a v e l  h a s  c r i t i c a l  i m p o r t a n c e .  A new 

measure--passenger m i l e s - - m a y  r e p l a c e  v e h i c l e  m i l e s  i n  s t u d i e s  o f  

i n j u r y  e x p o s u r e .  A n o t h e r  a p p r o a c h  may b e  t o  c o n s i d e r  t h e  c h a i n  

o f  events--accident/injury--and t o  d e f i n e  i n j u r y  e x p o s u r e  

( e x p o s u r e  t o  i n j u r y ,  g i v e n  a n  a c c i d e n t ) .  T h i s  a p p r o a c h  p r o v i d e s  

a  r a t i o n a l  s e p a r a t i o n  be tween  c o u n t e r m e a s u r e s  i n  t h e  s y s t e m  t o  

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

i n j u r i e s .  

3 .  A d i r e c t  m e a s u r e  o f  e x p o s u r e  is  o n e  t h a t  may b e  o b t a i n e d  
d i r e c t l y  f rom a  s o u r c e  i n  t h e  highway t r a n s p o r t a t i o n  
s y s t e m  ( d r i v e r  e s t i m a t e ,  o d o m e t e r  r e a d i n g ) ,  and  t h a t  may 
b e  d i r e c t l y  r e l a t e d  t o  t h e  d r i v i n g  p r o c e s s .  I n c l u d e d  
a r e  d r i v i n g  d i s t a n c e  ( v e h i c l e  m i l e s ) ,  d r i v i n g  t i m e  
( v e h i c l e  h o u r s ) ,  a n d  t r a f f i c  volume ( v e h i c l e s  p e r  h o u r s ) .  

An i n d i r e c t  measure  o f  e x p o s u r e  is one  t h a t  is o b t a i n e d  f rom 

a  s o u r c e  t h a t  is n o t  p a r t  o f  t h e  highway t r a n s p o r t a t i o n  s y s t e m ,  

o r  t h a t  is n o t  d i r e c t l y  r e l a t e d  t o  t h e  d r i v i n g  p r o c e s s .  The b e s t  

e x a m p l e s  a r e  g a s o l i n e  s a l e s  and  a u t o  i n s u r a n c e  premiums,  which  

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

t o  d r i v i n g .  O t h e r s ,  wh ich  c o u l d  b e  c o n s i d e r e d  " s e m i - d i r e c t f '  i n -  

c l u d e  u n p a i r e d  odomete r  r e a d i n g s  ( i . e .  n o t  i n t e n d e d  t o  compute  a  

d i f f e r e n c e  b e t w e e n  r e a d i n g s  o v e r  t i m e ) ,  m i l e s  o f  roadway ,  popu- 

l a t i o n ,  and  v e h i c l e  r e g i s t r a t i o n s .  

4 .  E x p o s u r e  is a  c u m u l a t i v e  q u a n t i t y .  Over  a  g i v e n  t i m e  
p e r i o d  o f  i n t e r e s t  ( e . g . ,  o n e  y e a r ) ,  t h e  e x p o s u r e  o f  a n  
i n d i v i d u a l  d r i v e r  o r  v e h i c l e  i n c r e a s e s  c o n t i n u a l l y ,  
t h o u g h  s o m e t i m e s  s p o r a d i c a l l y .  L i k e w i s e ,  t h e  e x p o s u r e  
o f  a  g r o u p  o f  d r i v e r s  i n c r e a s e s  c o n t i n u a l l y  d u r i n g  a  
y e a r ;  i n  t h i s  c a s e  t h e  a g g r e g a t i o n  e f f e c t  c a u s e s  t h e  
i n c r e a s e  t o  b e  r e l a t i v e l y  u n i f o r m  a s  a  f u n c t i o n  o f  time. 
However, r a t e s  o f  a c c u m u l a t i o n  d o  v a r y  s l i g h t l y  o v e r  
time, e s p e c i a l l y  a s  a  f u n c t i o n  of  s e a s o n  o f  t h e  y e a r .  
S i m i l a r l y ,  r a t e s  of  e x p o s u r e  a c c u m u l a t i o n  i n  o n e  day a r e  
low i n  e a r l y  h o u r s ,  h i g h  d u r i n g  d a y l i g h t  ( e s p e c i a l l y  a t  
r u s h  h o u r s ) ,  and low a g a i n  i n  t h e  e v e n i n g .  



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

t h e  c o n c e p t  o f  i n s t a n t a n e o u s  e x p o s u r e .  F o r  a n  i n d i v i d u a l  d r i v e r ,  

t h i s  is most  s i m p l y  e x p r e s s e d  a s  h i s  d r i v i n g  s p e e d .  However, 

t h e r e  a r e  many o t h e r  f a c t o r s  which i n f l u e n c e  a n  i n s t a n t a n e o u s  

r i s k  o f  a c c i d e n t .  O b v i o u s l y ,  t h e  e x p o s u r e  t o  a c c i d e n t  of  a  

d r i v e r  t r a v e l l i n g  a t  30 mph is much g r e a t e r  i n  heavy t r a f f i c  o r  

on a  c u r v i n g  r o a d  t h a n  i t  is  when he  is d r i v i n g  a l o n e  on a  

s t r a i g h t  r o a d .  Thus ,  r i s k  p r o f i l e s  o f  c o n s t a n t - s p e e d  t r i p s  may 

v e r y  b o t h  p o s i t i v e l y  and n e g a t i v e l y  from t h e  nomina l  s p e e d .  A t  

t h i s  m i c r o s c o p i c  l e v e l  of  e x p o s u r e  a n a l y s i s ,  i t  may b e  p o s s i b l e  

t o  g e n e r a t e  m e a n i n g f u l  r e l a t i o n s h i p s  be tween c u m u l a t i v e  e x p o s u r e  

and  i n c i d e n c e  o f  d i s c r e t e  t r a f f i c  e v e n t s  s u c h  a s  c o n f l i c t s  o r  

n e a r  misses. 

ALTERNATIVE MEASURES OF EXPOSURE 

The p r i m a r y  measure  o f  e x p o s u r e  u s e d  i n  t h i s  s t u d y  is t h e  

q u a n t i t y  " v e h i c l e - m i l e s  t r a v e l l e d "  by v a r i o u s  d r i v e r - v e h i c l e  

c o m b i n a t i o n s  i n  v a r i o u s  roadway-environment  c o m b i n a t i o n s .  V e h i c l e  

m i l e s  is t h e  most  commonly used  measure  o f  e x p o s u r e  i n  highway 

s a f e t y  r e s e a r c h ,  b u t  t h e r e  a r e  s e v e r a l  o t h e r  m e a s u r e s  t h a t  s i m i -  

l a r l y  p r o v i d e  a  d i r e c t  i n d i c a t i o n  o f  t h e  q u a n t i t y  a n d / o r  i n t e n -  

s i t y  of  highway d r i v i n g  p a t t e r n s ,  e . g . ,  d r i v i n g  t i m e ,  t r a f f i c  
1 
1 volume, s p e e d ,  and s q u a r e  o f  v e h i c l e  m i l e s .  Very l i t t l e  h a s  

b e e n  done t o  a n a l y z e  t h e  p o t e n t i a l  of  t h e s e  a s  e x p o s u r e  m e a s u r e s .  

A n o t a b l e  e x c e p t i o n  was t h e  s t u d y  by ~ o l o m o n ' ~  (1964) i n  which 

s p e e d  on r u r a l  highway was c o n s i d e r e d  a s  a n  e x p o s u r e  m e a s u r e .  

T h e r e  c o n t i n u e s  i n  t h e  highway s a f e t y  r e s e a r c h  community a  f e e l -  

i n g  t h a t  a n  e x p o s u r e  measure  may b e  f o u n d  t h a t  is s u p e r i o r  t o  

v e h i c l e  m i l e s  f o r  some p u r p o s e s .  

R e s e a r c h  is needed t o  r e s o l v e  t h e  q u e s t i o n  o f  a n  optimum 

e x p o s u r e  measure  and i t  s h o u l d  be  p u r s u e d .  On t h e  o t h e r  hand ,  

s u c h  r e s e a r c h  r e q u i r e s  a  s o l i d  b a s i s  i n  e x p e r i e n c e  w i t h  p r e s e n t  

m e t h o d s ,  i . e . ,  u s e  o f  v e h i c l e  m i l e a g e  a s  t h e  e x p o s u r e  m e a s u r e .  



The p r e s e n t  s t u d y  f u l f i l l s  t h i s  need ,  and t h e r e f o r e ,  l i m i t i n g  i ts  

e x p o s u r e  measures  t o  j u s t  one ( v e h i c l e  m i l e s )  is a w i s e  d e c i s i o n  

USES AND NEEDS OF EXPOSURE DATA 

A t  p r e s e n t ,  e x p o s u r e  d a t a  is used i n  many s t a t e s  t o  d e t e r -  

mine g r o s s  a c c i d e n t  r a t e s  ( a g g r e g a t e  numbers of  a c c i d e n t s  o r  

f a t a l i t i e s  p e r  100 m i l l i o n  m i l e s  t r a v e l l e d ) .  However, t h e r e  a r e  

ve ry  few a t t e m p t s  t o  d e t e r m i n e  o f f i c i a l  a c c i d e n t  r a t e s  f o r  t h e  

v a r i o u s  c l a s s e s  of d r i v e r s ,  v e h i c l e s  o r  r o a d s .  Such a t t e m p t s  

would be dependent  on e x p o s u r e  d a t a  c l a s s i f i e d  by t h e  c h a r a c t e r -  

i s t i c s  of  t h e  d r i v e r s ,  v e h i c l e s  o r  r o a d s .  Data of  t h i s  k i n d  is 

n o t  c u r r e n t l y  b e i n g  c o l l e c t e d  by t h e  s t a t e s  on a  comprehensive  

b a s i s ,  and t h e r e  do n o t  a p p e a r  t o  b e  any p l a n s  i n  e x i s t e n c e  t o  

c o l l e c t  s u c h  d a t a  a t  t h e  s t a t e  l e v e l .  I n s t e a d ,  t h e  s t a t e s  con- 

t i n u e  t o  c o l l e c t  a g g r e g a t e  e x p o s u r e  d a t a  ( t o t a l  m i l e s  t r a v e l l e d  

p e r  y e a r )  f o r  p u r p o s e s  o f  highway c o n s t r u c t i o n  p l a n n i n g .  The 

y e a r l y  e x p o s u r e  t o t a l s  a r e  used  t o  compute g r o s s  a c c i d e n t  r a t e s  

o n l y  a s  a n  i n c i d e n t a l  u s e .  

Exposure  d a t a  of l i m i t e d  s c o p e  has  been used e f f e c t i v e l y  

i n  a  number o f  r e s e a r c h  p r o j e c t s  concerned  w i t h  s p e c i f i c  pro- 

blems of  highway s a f e t y .  s u r v e y e d  1 7 , 0 0 0  C a l i f o r n i a  

d r i v e r s  f o r  e x p o s u r e  and v i s u a l  a c u i t y ,  and found a  p o s i t i v e  

c o r r e l a t i o n  between good d r i v i n g  r e c o r d s  and good v i s u a l  a c u i t y .  

I n  A u s t r a l i a ,  ~ o l d v a r ~ ' ~  s u r v e y e d  2 3 , 0 0 0  v e h i c l e  owners f o r  ex- 

p o s u r e ,  and found d e c r e a s i n g  a c c i d e n t  r a t e s  w i t h  d r i v e r  a g e .  

The C a l i f o r n i a  Department o f  Motor v e h i c l e s 1 6  s u r v e y e d  1 0 , 0 0 0  

teen-aged d r i v e r s  f o r  e x p o s u r e  and d r i v i n g  r e c o r d ,  and found no 

r e a s o n  t o  r a i s e  t h e  minimum a g e  f o r  d r i v e r  l i c e n s i n g .  Many 

s m a l l e r  r e s e a r c h  s u r v e y s  of d r i v e r ' s  exposure  have been con- 

d u c t e d  i n  r e c e n t  y e a r s ,  b u t  most have been a p p l i e d  t o  a  s p e c i f i c  

s u b - p o p u l a t i o n  r a t h e r  t h a n  a  g e n e r a l  p o p u l a t i o n .  I n  most c a s e s ,  

t h e  r e s e a r c h  d e t e r m i n e d  a c c i d e n t  r a t e s  f o r  o n l y  a  few d r i v e r  o r  

v e h i c l e  c l a s s e s  a p p r o p r i a t e  t o  t h e  s p e c i f i c  r e s e a r c h  q u e s t i o n .  

' *\ 



G e n e r a l l y ,  t h e  purpose  of r e s e a r c h  s u r v e y s  o f  d r i v i n g  

exposure  has  been t o  e v a l u a t e  t h e  performance of  c e r t a i n  c l a s s e s  

i n  t h e  highway t r a n s p o r t a t i o n  sys t em,  and g e n e r a l l y  t h e  e v a l u a t i o n  

measure  is a c c i d e n t  r a t e  d e r i v e d  w i t h  exposure  a s  t h e  denomina tor .  

C l e a r l y ,  t h e r e  is a  movement i n  highway s a f e t y  r e s e a r c h  toward 

t h e  use  of a c c i d e n t  r a t e s  r a t h e r  t h a n  a c c i d e n t  o c c u r r e n c e  f r e -  

quency a s  an e v a l u a t i o n  measure .  Thus,  i t  a p p e a r s  t h a t  t h e  p r i -  

mary f u t u r e  u s e  of  exposure  d a t a  w i l l  be f o r  t h e  d e r i v a t i o n  of  

a c c i d e n t  r a t e s .  

When a c c i d e n t  r a t e s  a r e  used t o  e v a l u a t e  c l a s s e s  i n  t h e  

sys t em,  i t  is n e c e s s a r y  t o  make comparisons o f  r e l a t e d  a c c i d e n t  

r a t e s - - e i t h e r  comparisons among c l a s s e s  o r  comparisons over  t ime  

f o r  a  s e l e c t e d  c l a s s .  Such comparisons may be  used n o t  on ly  t o  

e v a l u a t e  t h e  performance of c l a s s e s ,  b u t  a l s o  t o  e v a l u a t e  s a f e t y  

coun te rmeasu res  t h a t  a r e  a p p l i e d  t o  some c l a s s e s  b u t  no t  o t h e r s .  

For  example,  a  c e r t a i n  countermeasure  may be  a p p l i e d  t o  j u s t  one 

c l a s s ,  and hence t h e  a c c i d e n t  r a t e  f o r  t h a t  c l a s s  may be  compared 

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

coun te rmeasu re .  O r ,  a  countermeasure  may be  a p p l i e d  t o  s e v e r a l  

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

y e a r  may be  compared w i t h  t h e  r a t e s  f o r  p r e v i o u s  y e a r s  t o  i n -  

d i c a t e  t h e  immediate changes  brought  about  by t h e  countermeasure .  

Thus,  i f  a c c i d e n t  r a t e s  (and hence exposure  d a t a )  a r e  t o  be 

v a l u a b l e  f o r  a  wide r ange  of  e v a l u a t i o n s ,  t hey  must cove r  a l l  o f  

t h e  d e f i n e d  c l a s s e s  of t h e  sys tem,  and m u s t  be d e r i v e d  c o n t i n u a l l y ,  

e . g . ,  y e a r  by y e a r .  

I n  a d d i t i o n  t o  t h e  e v a l u a t i o n  use  d e s c r i b e d  above,  exposure  

d a t a  may be  used i n  t h e  i d e n t i f i c a t i o n  of  d r ive r -veh ic l e - road -  

environment c l a s s e s  f o r  which new countermeasures  may be a p p l i -  

c a b l e .  A s  i n t e r - c l a s s  a c c i d e n t  r a t e s  a r e  compared, and a s  

a c c i d e n t  r a t e  t r e n d s  f o r  s i n g l e  groups  a r e  observed  over  t i m e ,  i t  

is p o s s i b l e  t o  n o t e  q u a n t i t a t i v e l y  t h o s e  c l a s s e s  f o r  which t h e  

g r e a t e s t  need e x i s t s  t o  r educe  a c c i d e n t s  and i n j u r i e s .  



I d e n t i f i c a t i o n  o f  t h e  c l a s s e s  w i t h  p r i o r i t y  n e e d s  may t h e n  l e a d  

t o  a n  e m p h a s i s  on deve lopment  o f  a p p r o p r i a t e  c o u n t e r m e a s u r e s .  A s  

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

t h e r e  w i l l  t h e n  b e  a  n a t u r a l  and l o g i c a l  e m p h a s i s  on s u b s e q u e n t  

e v a l u a t i o n  o f  t h e  c l a s s e s  w i t h  r e s p e c t  t o  t h e  new c o u n t e r m e a s u r e s .  

Thus ,  e x p o s u r e - b a s e d  a c c i d e n t  r a t e s  s h o u l d  e v e n t u a l l y  b e  u s e d  f o r  

a  s e q u e n c e  o f  i d e n t i f i c a t i o n  o f  need  and  e v a l u a t i o n  o f  p e r f o r m a n c e  

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

The n e e d s  f o r  n a t i o n w i d e  e x p o s u r e  d a t a  a r e  i n h e r e n t  i n  t h e  

n e e d s  f o r  p rob lem i d e n t i f i c a t i o n  a n d  s o l u t i o n  e v a l u a t i o n  i n  t h e  

e n t i r e  r e a l m  of  n a t i o n a l  highway s a f e t y  p r o g r a m s .  Many o f  t h e  

p r o b l e m s  have  b e e n  i d e n t i f i e d  i n d e p e n d e n t l y  and  s u b j e c t i v e l y ,  and  

w o r k a b l e  highway s a f e t y  c o u n t e r m e a s u r e s  h a v e  b e e n  implemented t o  

a m e l i o r a t e  t h e i r  e f f e c t s .  E v a l u a t i o n s  have  b e e n  p e r f o r m e d  on 

many o f  t h e s e  c o u n t e r m e a s u r e s ,  o f t e n  on a  c o s t - e f f e c t i v e n e s s  

b a s i s ,  and more complex e v a l u a t i o n  m e t h o d o l o g i e s  a r e  b e i n g  con-  

s i d e r e d .  Exposure  d a t a  is a n  e s s e n t i a l  p a r t  o f  many o f  t h e s e  

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

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

highway a c c i d e n t s  and i n j u r y .  Exposure  d a t a ,  i n  and o f  i t s e l f ,  

c a n  b e  u s e d  a s  a  m e a s u r e  o f  c o u n t e r m e a s u r e  e f f e c t i v e n e s s .  But  

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

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

d a t a  n e e d s  a r e  g r e a t e s t .  T h u s ,  t h e  n e e d s  f o r  e x p o s u r e  d a t a  a r e  

b a s e d  on t h e  n e e d s  f o r  a c c i d e n t  r a t e  d a t a  a s  a  m e a s u r e  o f  

c o u n t e r m e a s u r e  e f f e c t i v e n e s s .  

I n  t h e  c u r r e n t  s t a t e  o f  t h e  a r t  o f  highway s a f e t y  a n a l y s i s ,  

a c c i d e n t  r a t e  d a t a  b a s e d  on m i l e a g e  ( e . g . ,  a c c i d e n t s  p e r  m i l e )  

i s  u n i q u e l y  s u i t e d  a s  t h e  p r i m a r y  m e a s u r e  o f  e f f e c t i v e n e s s .  I t  

p r o v i d e s  a  s i m p l e  and m e a n i n g f u l  r e l a t i o n s h i p  be tween  t h e  b a s i c  
p r o c e s s  o f  t h e  highway t r a n s p o r t a t i o n  s y s t e m  ( v i z .  t r a v e l ,  o r  t h e  

a c c r u a l  o f  m i l e a g e )  and  t h e  most  o b v i o u s  d a n g e r s  o f  t h e  s y s t e m  

( a c c i d e n t s  and  i n j u r i e s ) .  No o t h e r  m e a s u r e  h a s  b e e n  p r o p o s e d  t o  



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

phenomena i n  t h e  s y s t e m .  T h e r e f o r e ,  t h e  need f o r  a c c i d e n t  r a t e  

d a t a  is u r g e n t  i f  we i n t e n d  t o  pu r sue  a  r a t i o n a l  c o u r s e  of 

i d e n t i f y i n g  and e v a l u a t i n g  highway s a f e t y  coun te rmeasu res  w i t h  

p r o p e r  p r i o r i t i e s .  

I n  t h e  l ong  t e r m ,  t h e r e  w i l l  be  c o n t i n u i n g  needs f o r  mea- 

s u r e s  of  e f f e c t i v e n e s s  i n  highway s a f e t y  s u c h  a s  exposu re  and 

a c c i d e n t  r a t e  d a t a .  I t  is n o t  l i k e l y  t h a t  t h e y  w i l l  be  s u p e r -  

s e d e d  i n  t h e  f o r s e e a b l e  f u t u r e .  Thus,  t h e  need f o r  exposu re  d a t a  

a p p e a r s  t o  be  a  permanent need .  



SECTION 4 

EXPOSURE CLASS1 FI  CATIONS (TASK 1 )  

The r e q u i r e m e n t  of  t h i s  t a s k  is t o  " d e t e r m i n e  t h e  p r i n c i p a l  

c l a s s e s  o f  d r i v e r s  and v e h i c l e s  and e n v i r o n m e n t s  f o r  which  ex- 

p o s u r e  measurements  a r e  n e e d e d . "  The c l a s s e s  may b e  c h a r a c t e r i z e d  

by v a r i a b l e s  s u c h  a s  d r i v e r  a g e ,  v e h i c l e  t y p e  and r o a d  t y p e ,  and  

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

homogeneous w i t h  r e s p e c t  t o  r e l e v a n t  e x p o s u r e  f a c t o r s , "  amenable  

t o  s a m p l i n g  p r o c e d u r e s ,  and  " u s e f u l  f o r  s t u d y i n g  t h e  impac t  o f  

s a f e t y  c o u n t e r m e a s u r e s . "  

T h i s  t a s k  is t h e  key t a s k  i n  t h e  e x p o s u r e  s t u d y .  I t s  r e -  

s u l t s  d e f i n e  t h e  r e q u i r e d  c o n t e n t  o f  f u t u r e  e x p o s u r e  d a t a  r e c o r d s ,  

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

l a t e r  t a s k s .  

METHODOLOGY 

The methodology f o r  t h e  s e l e c t i o n  o f  e x p o s u r e  c l a s s i f i c a t i o n s  

is b a s e d  on t h e  p r e m i s e  t h a t  t h e  c l a s s i f i c a t i o n s  s h o u l d  b e  d e f i n e d  

by a  s e t  of v a r i a b l e s - c h a r a c t e r i s t i c s  o f  d r i v e r s ,  v e h i c l e s ,  r o a d -  

ways ,  and e n v i r o n m e n t s  i n  t h e  highway t r a n s p o r t a t i o n  system- 

which  a r e  t h e  b e s t  p r e d i c t o r s  o f  e x p o s u r e .  The b a s i c  s t e p s  i n -  

v o l v e d  a r e  i d e n t i f i c a t i o n  of  c a n d i d a t e  v a r i a b l e s ,  c o l l e c t i o n  o f  

d a t a  r e l a t i n g  t h e s e  v a r i a b l e s  t o  i n d i v i d u a l  e x p o s u r e  e s t i m a t e s ,  

and s t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  t o  d e t e r m i n e  which v a r i a b l e s  

a r e  t h e  b e s t  p r e d i c t o r s  o f  e x p o s u r e .  The methodology s e q u e n c e  is 

shown i n  F i g u r e  3 .  

The Data C o l l e c t i o n  S u r v e y s  

A s  i n d i c a t e d  i n  F i g u r e  3 ,  t h e  c o l l e c t i o n  o f  e x p o s u r e  d a t a  

f o r  t h i s  s t u d y  was p e r f o r m e d  i n  a  s e q u e n c e  o f  two s u r v e y s :  a  p r e -  

l i m i n a r y  s u r v e y  and a  p i l o t  s u r v e y .  The r a t i o n a l e  o f  t h i s  a p p r o -  

a c h  was t o  p e r m i t  i n i t i a l  c o n s i d e r a t i o n  of  a  l a r g e  number of  
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p o t e n t i a l  p r e d i c t o r  v a r i a b l e s  a t  r e l a t i v e l y  low c o s t  i n  t h e  p r e -  

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

p e r m i t  a  v e r y  t h o r o u g h  a n a l y s i s  o f  a  s m a l l  number o f  good p r e -  

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

B o t h  s u r v e y s  were  c o n d u c t e d  by p e r s o n a l  i n t e r v i e w s  o f  

l i c e n s e d  d r i v e r s  i n  l i c e n s i n g  o f f i c e s .  T h i s  s u r v e y  method was 

c h o s e n  b e c a u s e  of  i t s  e a s e  o f  s a m p l i n g ,  r e l a t i v e  e a s e  o f  imme- 

d i a t e  i m p l e m e n t a t i o n ,  a n d  low c o s t .  A l l  o f  t h e  o t h e r  methods  

c o n s i d e r e d  (home i n t e r v i e w s ,  m a i l  q u e s t i o n n a i r e s ,  t e l e p h o n e  i n -  

t e r v i e w s )  would have  r e q u i r e d  l e n g t h y  a n d  c o s t l y  s a m p l i n g  p ro -  

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

The s e l e c t i o n  o f  t h e  " o f f i c e  i n t e r v i e w  method" f o r  s h o r t - r e a c t i o n -  

t i m e  e x p e r i m e n t a l  r e s e a r c h  d o e s  n o t  imply  i t s  s u p e r i o r i t y  f o r  

o p e r a t i o n a l  i m p l e m e n t a t i o n  o f  e x p o s u r e  s u r v e y s  i n  t h e  l o n g  r u n .  

The p r e l i m i n a r y  s u r v e y  was c o n d u c t e d  i n  t h e  s t a t e - o p e r a t e d  

d r i v e r  l i c e n s i n g  b r a n c h  o f f i c e  i n  Washtenaw County ,  M i c h i g a n ,  

August  18-29,  1 9 6 9 .  A t o t a l  o f  448 d r i v e r s  w e r e  i n t e r v i e w e d  

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

p r e l i m i n a r y  s u r v e y  is shown i n  Appendix  B .  

The p i l o t  s u r v e y  was c o n d u c t e d  i n  3 7  l i c e n s i n g  o f f i c e s  

t h r o u g h o u t  t h e  c o u n t r y  d u r i n g  t h e  f i r s t  s i x  months  o f  1 9 7 0 .  The 

t o t a l  s a m p l e  s i z e  was 7 1 4 5 ,  r e p r e s e n t i n g  89% o f  t h e  8014  i n t e r -  

v iew r e q u e s t s .  Random s a m p l i n g  was a p p l i e d  i n  t h r e e  s t a g e s .  

F i r s t ,  3 2  s a m p l i n g  a r e a s  ( l a r g e  c o u n t i e s  o r  c o u n t y  g r o u p s )  w e r e  

s e l e c t e d  (by p o p u l a t i o n - w e i g h t e d  p r o b a b i l i t y  s a m p l i n g )  f rom t h e  

24 s t a t e s  which  r e q u i r e  p e r s o n a l  a p p e a r a n c e  o f  d r i v e r s  f o r  l i c e n s e  

r e n e w a l .  (The 24  s t a t e s  a r e  well  d i s t r i b u t e d  t h r o u g h o u t  t h e  

c o u n t r y ,  a s  s e e n  i n  F i g u r e  4 ,  a n d  a r e  c o n s i d e r e d  f a i r l y  r e p r e -  

s e n t a t i v e . )  Second ,  i n  t h o s e  s a m p l i n g  a r e a s  w i t h  more t h a n  o n e  

l i c e n s i n g  o f f i c e ,  a  s p e c i f i c  o f f i c e  was s e l e c t e d  f o r  i n t e r v i e w i n g ;  

i n  f i v e  o f  t h e  l a r g e s t  c i t i e s  t h e r e  a r e  two o f f i c e s  s e l e c t e d ,  

making a  t o t a l  o f  3 7  i n t e r v i e w i n g  l o c a t i o n s .  T h i r d ,  f o r  e a c h  

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





volume o f  r e n e w a l  a p p l i c a t i o n s .  Thus ,  t h e  sample  s u b j e c t s  were  

randomly s e l e c t e d  and  s e l f - w e i g h t i n g .  The i n t e r v i e w  q u e s t i o n -  

n a i r e  f o r  t h e  p i l o t  s u r v e y  is shown i n  Appendix B .  F u r t h e r  de- 

t a i l s  o f  p i l o t  s u r v e y  i m p l e m e n t a t i o n  a r e  p r e s e n t e d  i n  Appendix C.  

A p p l i c a t i o n  o f  t h e  Aid A n a l v s i s  Program 

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

s u r v e y  i s  t o  d e t e r m i n e  a  s e t  o f  t h e  i n d e p e n d e n t  v a r i a b l e s  which  

i n t e r a c t i v e l y  p r o v i d e  t h e  b e s t  p r e d i c t i o n  o f  e x p o s u r e ,  t h e  depen-  

d e n t  v a r i a b l e .  By means o f  s e p a r a t e  one-way a n a l y s i s  o f  v a r i a n c e  

s t u d i e s  f o r  e a c h  c a n d i d a t e  v a r i a b l e ,  i t  is p o s s i b l e  t o  d e t e r m i n e  

which v a r i a b l e s  a r e  b e s t  p r e d i c t o r s  i n d i v i d u a l l y ,  and t o  r a n k  

them on t h a t  b a s i s .  However, t h a t  b a s i s  d o e s  n o t  p r o v i d e  i n s i g h t s  

i n t o  t h e  i n t e r a c t i o n  among v a r i a b l e s .  Thus ,  i t  would b e  p o s s i b l e  

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

c o r r e l a t i o n  w i t h  t h e  f i r s t ,  would n o t  p r o v i d e  a  u s e f u l  second-  

l e v e l  p r e d i c t i o n  c a p a b i l i t y .  T h e r e f o r e ,  a  n e x t  l o g i c a l  s t e p  

would b e  t o  p e r f o r m  two-way a n a l y s i s  o f  v a r i a n c e  s t u d i e s  f o r  a l l  

c o m b i n a t i o n s  o f  t h e  f i r s t  r a n k e d  p r e d i c t o r  w i t h  a l l  o t h e r  c a n d i -  

d a t e  v a r i a b l e s .  U l t i m a t e l y ,  m u l t i - v a r i a b l e  a n a l y s i s  o f  v a r i a n c e  

s t u d i e s  c o u l d  b e  p e r f o r m e d  f o r  a l l  c o m b i n a t i o n s  o f  v a r i a b l e s ,  

r e s u l t i n g  i n  a  complex h i e r a r c h y  o f  i n t e r a c t i n g  e x p o s u r e -  

p r e d i c t i o n  v a r i a b l e s .  

O b v i o u s l y ,  t h e  number of  m u l t i - v a r i a b l e  a n a l y s i s  r e q u i r e d  

f o r  a  l a r g e  s e t  o f  c a n d i d a t e  v a r i a b l e s  is unmanageab le .  An 

e f f i c i e n t  s o l u t i o n  t o  t h e  p rob lem is o f f e r e d  by a n  a l g o r i t h m  

known a s  A I D  (Automat ic  I n t e r a c t i o n  D e t e c t o r ) .  
1 7  

The A I D  compute r  p rogram d i v i d e s  a  d a t a  s a m p l e  i n t o  two 

g r o u p s  by p i c k i n g  t h e  b e s t  p r e d i c t o r  v a r i a b l e  f o r  t h e  whole  sam- 

p l e ,  and i d e n t i f y i n g  t h e  two s e t s  o f  v a l u e  l e v e l s  ( o f  t h e  

s e l e c t e d  v a r i a b l e )  which  p r o d u c e  a  minimum r e m a i n i n g  u n e x p l a i n e d  

v a r i a b i l i t y  i n  t h e  d e p e n d e n t  v a r i a b l e .  The p rogram c o n t i n u e s  by 

r e p e a t i n g  t h e  p r o c e s s  f o r  e a c h  of t h e  g r o u p s  identified in the 



p r e c e d i n g  s t a g e  of a n a l y s i s .  R e s u l t s  o f  an  A I D  r u n  may be  con- 

v e n i e n t l y  r e p r e s e n t e d  a s  shown i n  t h e  g e n e r a l i z e d  A I D  c h a r t  of 

F i g u r e  5. 

The A I D  program is c a p a b l e  of  h a n d l i n g  thousands  of d a t a  

c a s e s  i n  e a c h  r u n .  The r e q u i r e d  i n p u t  format  f o r  each  d a t a  c a s e  

i n c l u d e s  a  s i n g l e  dependent  v a r i a b l e  d e f i n e d  on an i n t e r v a l  s c a l e ,  

and a  s e t  of independent  p r e d i c t o r  v a r i a b l e s  (40 maximum) d e f i n e d  

a t  a  maximum of  t e n  d i s c r e t e  l e v e l s .  A program o p t i o n  a l l o w s  t h e  

u s e r  t o  r e s t r i c t  any independen t  v a r i a b l e  t o  a  monotonic p r e d i c t o r .  

A t  e a c h  s t a g e ,  t h e  a l g o r i t h m  pe r fo rms  a  b i n a r y  comparison between 

a l l  p o s s i b l e  g r o u p s  d e f i n e d  by t h e  l e v e l s  of a  p a r t i c u l a r  inde-  

pendent  v a r i a b l e .  The comparison d e t e r m i n e s  t h e  two groups  of 

d a t a  which would maximize e x p l a i n e d  v a r i a b i l i t y  (minimize e r r o r  

v a r i a n c e )  i f  t h e  p a r t i c u l a r  v a r i a b l e  were chosen  a s  a  p r e d i c t o r  

of t h e  dependent  v a r i a b l e .  Thus,  a  b e s t  g roup ing  o r  s p l i t  of t h e  

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

e x p l a i n e d  t o  t o t a l  v a r i a b i l i t y  is t h e  comparison c r i t e r i o n .  The 

p r o c e s s  is per formed f o r  e a c h  of t h e  independent  v a r i a b l e s  con- 

s i d e r e d  a s  c a n d i d a t e s  i n  t h e  a n a l y s i s ,  and t h e  v a r i a b l e  w i t h  t h e  

maximum r a t i o  is chosen  a s  a  p r e d i c t o r .  The chosen  v a r i a b l e  is 

d i v i d e d  i n t o  t h e  two groups  w i t h  maximum e x p l a i n e d  v a r i a b i l i t y .  

I n  a d d i t i o n ,  a  d e t a i l e d  p r i n t o u t  i n d i c a t e s  t h e  s t e p  by s t e p  ana- 

l y s i s  per formed.  T h i s  d e t a i l  is o f t e n  u s e f u l  f o r  d e t e r m i n i n g  t h e  

r e l a t i v e  p r e d i c t a b i l i t y  i n  a  s e t  of p r e d i c t o r  v a r i a b l e s .  I n  

a d d i t i o n ,  i t  h e l p s  t o  i n d i c a t e  what v a r i a b l e  would have d e f i n e d  a  

s p l i t  i f  t h e  " b e s t "  p r e d i c t o r  had n o t  been i n c l u d e d  i n  t h e  

a n a l y s i s .  

The program c o u l d  t h e o r e t i c a l l y  proceed  u n t i l  subgroups  of 

s i z e  one were produced .  T h i s  would be i n e f f i c i e n t ,  and t h e  

s m a l l e r  g roups  produced a t  t h e  end of t h e  sequence  would no t  be  
s t a t i s t i c a l l y  s i g n i f i c a n t .  The program has  been provided  w i t h  

s e v e r a l  s t o p p i n g  r u l e s ,  which p r o v i d e  f l e x i b i l i t y  i n  examining 

t h e  d a t a .  These r u l e s  a r e :  1 )  a  minimum a c c e p t a b l e  r a t i o  of 
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e x p l a i n e d  v a r i a b i l i t y  t o  t o t a l  v a r i a b i l i t y ,  2 )  a minimum v a r i -  

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

f u r t h e r  a n a l y s i s ,  and 3 )  a  minimum number o f  o b s e r v a t i o n s  w i t h i n  

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

d e p e n d e n t  upon t h e  p r o b l e m .  The normal  s t r a t e g y  i s  t o  b e g i n  w i t h  

low l e v e l s  on  t h e  f i r s t  a n a l y s i s  ( y i e l d i n g  many g r o u p s )  f o l l o w e d  

by a  t i g h t e n i n g  of  t h e s e  r u l e s  a s  t h e  d a t a  s t r u c t u r e  becomes 

b e t t e r  u n d e r s t o o d .  T i g h t e r  r e s t r i c t i o n s  r e s u l t  i n  a n  o u t p u t  t h a t  

is  e a s i e r  t o  a n a l y z e  s i n c e  i t  h a s  f e w e r  g r o u p s .  

CANDIDATE VARIABLES 

V a r i a b l e s  i n  t h e  P r e l i m i n a r v  S u r v e v  

The p r i m a r y  d e p e n d e n t  v a r i a b l e  i n  t h e  p r e l i m i n a r y  

s u r v e y  was :  

T o t a l  number o f  v e h i c l e  miles d r i v e n  i n  t h e  l a s t  
s e v e n  d a y s .  

D a t a  was c o l l e c t e d  on t h e  two mos t  f r e q u e n t l y  d r i v e n  

v e h i c l e s  f o r  e a c h  i n t e r v i e w ,  and  t h e r e f o r e ,  two 

a u x i l i a r y  d e p e n d e n t  v a r i a b l e s  were  a l s o  u s e d :  

Number o f  v e h i c l e  miles i n  t h e  most  f r e q u e n t l y  
d r i v e n  v e h i c l e  ( V e h i c l e  1 )  i n  t h e  l a s t  s e v e n  d a y s .  

Number o f  v e h i c l e  miles i n  t h e  s e c o n d  mos t  f r e q u e n t l y  
d r i v e n  v e h i c l e  ( V e h i c l e  2 )  i n  t h e  l a s t  s e v e n  d a y s .  

T h e r e  were 90 i n d e p e n d e n t  v a r i a b l e s  i n  t h e  p r e l i m i n a r y - s u r v e y  

i n t e r v i e w  q u e s t i o n n a i r e  ( s e e  Appendix  B)  a s  l i s t e d  i n  T a b l e  1. 

A f t e r  t h e  i n i t i a l  s c r e e n i n g  a n a l y s i s ,  31 a d d i t i o n a l  i n d e p e n d e n t  

v a r i a b l e s  were  a d d e d  by d e r i v a t i o n  f rom t h e  o r i g i n a l  s e t ,  a s  s e e n  

i n  T a b l e  2 .  Most o f  t h e  a d d i t i o n a l  v a r i a b l e s  were  d e r i v e d  by 

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

d r i v i n g "  v a r i a b l e s  (one  new " p e r c e n t  d r i v i n g "  v a r i a b l e  f o r  e a c h  

l e v e l  o f  t h e  o r i g i n a l  v a r i a b l e ) .  D e f i n i t i o n s  o f  t h e  new s o c i o -  

economic  s c a l e  a n d  knowledge  o f  e n g i n e  v a r i a b l e s  a r e  g i v e n  i n  

Append ix  D. 



TABLE 1 

ORIGINAL INDEPENDENT VARIABLES I N  THE PRELIMINARY SURVEY 

D r i v e r  Age 
D r i v e r  Sex 
Dwell ing Type 
Dwell ing Ownership 
Area P o p u l a t i o n  
M a r i t a l  S t a t u s  
C h i l d r e n  a t  Home? 
Employment S t a t u s  
Occupat ion  
Dr ive  on Job? 
Income 
Educa t ion  Level  
D r i v e r  Educa t ion?  
Use S e a t  B e l t s ?  
Number of  V e h i c l e s  Dr iven  
Veh ic l e  Type #1  
Veh ic l e  Type #2 
Veh ic l e  S i z e  #1 
V e h i c l e  S i z e  #2 
Body S t y l e  # 1  
Body S t y l e  #2  
Manufac tu re r  #1  
Manufac tu re r  #2 
Model #1  
Model #2 
Year # 1  
Year #2 
Power S t e e r i n g  ? # 1  
Power S t e e r i n g  ? #2 
Power Brakes  ? # 1  
Power Brakes  ? #2 
S e a t  B e l t s  ? #1 
S e a t  B e l t s  ? #2 
V e h i c l e  Weight #1 

V e h i c l e  Weight #2 
No. C y l i n d e r s  #1 
No. C y l i n d e r s  #2 
Engine S i z e  #1  
Engine S i z e  #2 
Horsepower #1  
Horsepower #2 
Own Veh ic l e?  #1 
Own Veh ic l e?  #2 
P r i n c i p a l  O p e r a t o r ?  #1  
P r i n c i p a l  O p e r a t o r ?  #2 

Veh ic l e  Use # 1  
Veh ic l e  Use #2  
Commuting M i l e s  # 1  
Commuting Mi les  #2 
Town Mi le s  #1  
Town M i l e s  #2 
Vaca t ion  Mi l e s  # 1  
Vaca t ion  M i l e s  #2 
Long T r i p  Mi les  #1  
Long T r i p  M i l e s  #2 
Othe r  T r i p  Mi l e s  #1  
Othe r  T r i p  Mi l e s  #2 
P e r c e n t  Dr iv ing  on C i t y  S t r e e t s  # 1  
P e r c e n t  D r i v i n g  on C i t y  S t r e e t s  #2  
P e r c e n t  D r i v i n g  on Suburban S t r e e t s  #1 
P e r c e n t  D r i v i n g  on Suburban S t r e e t s  #2 
P e r c e n t  Dr iv ing  on R u r a l  Highways #1  
P e r c e n t  Dr iv ing  on R u r a l  Highways #2 
P e r c e n t  Dr iv ing  on R u r a l  Roads #1  
P e r c e n t  D r i v i n g  on R u r a l  Roads #2 
P e r c e n t  D r i v i n g  on Urban Freeways #1  
P e r c e n t  D r i v i n g  on Urban Freeways #2 
P e r c e n t  D r i v i n g  on R u r a l  Freeways # 1  
P e r c e n t  D r i v i n g  on Rura l  Freeways #2 
P e r c e n t  D r i v i n g  a t  Day 
P e r c e n t  D r i v i n g  a t  Night 
P e r c e n t  D r i v i n g  i n  Fog 
P e r c e n t  D r i v i n g  i n  Rain 
P e r c e n t  Dr iv ing  on Wet Pavement 
P e r c e n t  D r i v i n g  on Dry Pavement 
P e r c e n t  D r i v i n g  w i t h  No P a s s e n g e r s  
P e r c e n t  D r i v i n g  w i t h  One Passenge r  
P e r c e n t  D r i v i n g  w i t h  Two P a s s e n g e r s  
P e r c e n t  D r i v i n g  w i t h  Three  o r  More 

P a s s e n g e r s  
Adherance t o  Speed L imi t  
Number of  A c c i d e n t s  i n  Three Years  
D o l l a r  Damage i n  Three  Years  
Number I n j u r e d  i n  Three  Years  
Number K i l l e d  i n  Three  Years  
Number of V i o l a t i o n s  i n  Three  Years  
Number of  P o i n t s  i n  Three  Years  
V i o l a t i o n s  i n  A c c i d e n t s  i n  Three  Years  
D r i v e r  A f t e r  Dr inking?  
P e r c e n t  Dr iv ing  #1  
P e r c e n t  D r i v i n g  #2 



TABLE 2 

DERI VED INDEPENDENT VARIABLES FROM THE 
PRELIMINARY SURVEY 

T o t a l  P e r c e n t  D r i v i n g  i n  S t a n d a r d  S i z e  Car 
T o t a l  P e r c e n t  D r i v i n g  i n  I n t e r m e d i a t e  Car 
T o t s 1  P e r c e n t  D r i v i n g  i n  Compact Car 
T o t a l  P e r c e n t  D r i v i n g  i n  Four-door Sedan 
T o t a l  P e r c e n t  D r i v i n g  i n  Two-door Sedan 
T o t a l  P e r c e n t  D r i v i n g  i n  C o n v e r t i b l e  
T o t a l  P e r c e n t  D r i v i n g  i n  S p o r t s  Car 
T o t a l  P e r c e n t  D r i v i n g  i n  S t a t i o n  Wagon 
T o t a l  P e r c e n t  D r i v i n g  w i t h  Power S t e e r i n g  
T o t a l  P e r c e n t  D r i v i n g  w i t h  Power B r a k e s  
T o t a l  P e r c e n t  D r i v i n g  w i t h  S e a t  B e l t s  
T o t a l  P e r c e n t  D r i v i n g  i n  F o u r - c y l i n d e r  V e h i c l e  
T o t a l  P e r c e n t  D r i v i n g  i n  S i x - c y l i n d e r  V e h i c l e  
T o t a l  P e r c e n t  D r i v i n g  i n  E i g h t - c y l i n d e r  V e h i c l e  
T o t a l  P e r c e n t  D r i v i n g  on C i t y  S t r e e t s  
T o t a l  P e r c e n t  D r i v i n g  on Surburban  S t r e e t s  
T o t a l  P e r c e n t  D r i v i n g  on R u r a l  Highways 
T o t a l  P e r c e n t  D r i v i n g  on R u r a l  Roads 
T o t a l  P e r c e n t  D r i v i n g  on Urban Freeways 
T o t a l  P e r c e n t  D r i v i n g  on R u r a l  Freeways 
T o t a l  P e r c e n t  D r i v i n g  Commuting 
T o t a l  P e r c e n t  D r i v i n g  i n  Town 
T o t a l  P e r c e n t  D r i v i n g  on V a c a t i o n  
T o t a l  P e r c e n t  D r i v i n g  on O t h e r  T r i p s  
V i o l a t i o n s  n o t  Connected w i t h  Acc iden t  
Weight-Horsepower R a t i o  # 1  
Weight-Horsepower R a t i o  #2 
Socio-economic S c a l e  
V e h i c l e  Model C l a s s  #1  
V e h i c l e  Model C l a s s  #2 
Knowledge o f  Engine  Index  



V a r i a b l e s  i n  t h e  P i l o t  Survey  

The p r i m a r y  d e p e n d e n t  v a r i a b l e  i n  t h e  p i l o t  s u r v e y  was:  

T o t a l  number o f  v e h i c l e  m i l e s  d r i v e n  i n  t h e  l a s t  30 
d a y s .  

Four  a u x i l i a r y  d e p e n d e n t  v a r i a b l e s  were  a l s o  u s e d :  

T o t a l  number o f  v e h i c l e  m i l e s  d r i v e n  i n  t h e  l a s t  7 
d a y s .  

Number o f  a c c i d e n t s  i n  t h e  l a s t  t h r e e  y e a r s .  

D e r i v e d  a c c i d e n t  r a t e  ( b a s e d  on t h e  two p r e c e d i n g  
d e p e n d e n t  v a r i a b l e s ) .  

L o g a r i t h m  of m i l e s  d r i v e n  i n  t h e  l a s t  30 d a y s .  

T h e r e  were  2 1  i n d e p e n d e n t  v a r i a b l e s  i n  t h e  p i l o t - s u r v e y  i n -  

t e r v i e w  q u e s t i o n n a i r e  ( s e e  Appendix B) a s  l i s t e d  i n  T a b l e  3 .  

M a i n l y ,  t h e s e  v a r i a b l e s  a r e  t h e  o n e s  i d e n t i f i e d  a s  " b e s t 1 '  p r e -  

d i c t o r s  of e x p o s u r e  i n  t h e  a n a l y s i s  o f  t h e  1 2 1  i n d e p e n d e n t  

v a r i a b l e s  o f  t h e  p r e c e d i n g  p r e l i m i n a r y  s u r v e y .  However, an 

u r b a n i z a t i o n  i n d e x  was added  a s  a  p o s s i b l e  s u b s t i t u t e  f o r  popu- 

l a t i o n  ( s e e  Appendix D ) ;  v e h i c l e  s i z e  and  make were l i m i t e d  t o  

p a s s e n g e r  c a r s  o n l y ;  and  r o a d  t y p e  c l a s s i f i c a t i o n s  were changed  

s l i g h t l y  . 

RESULTS OF A I D  ANALYSIS 

R e s u l t s  f rom t h e  P r e l i m i n a r y  Survey  

The c a n d i d a t e  v a r i a b l e s  were s c r e e n e d  i n  t h e  A I D  program i n  

g r o u p s  o f  40 o r  l e s s ,  and  t h e  b e s t  p r e d i c t o r s  from t h e  v a r i o u s  

r u n s  were  combined f o r  a  f i n a l  s c r e e n i n g .  V a r i a b l e s  p e r t a i n i n g  

t o  t h e  s e c o n d  most  f r e q u e n t l y  d r i v e n  v e h i c l e  were  among t h e  f i r s t  

t o  b e  e l i m i n a t e d .  The f i n a l  A I D  c h a r t  is shown i n  F i g u r e  6 .  The 

b e s t  p r e d i c t o r  v a r i a b l e  was " p e r c e n t  d r i v i n g  on  v a c a t i o n  o r  l o n g  

t r i p " ,  a n  anomaly b e c a u s e  t h e  s u r v e y  was c o n d u c t e d  i n  a  peak  

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

75% v a c a t i o n  d r i v i n g )  is f a i r l y  r e p r e s e n t a t i v e  o f  t y p i c a l  d r i v i n g  

p a t t e r n s .  I n  a d d i t i o n  t o  t h e  v a r i a b l e s  on t h e  c h a r t ,  s e v e r a l  

o t h e r s  were  i d e n t i f i e d  f rom t h e  one-way a n a l y s i s  p r i n t o u t s  a s  



TABLE 3 

INDEPENDENT VARIABLES USED I N  THE 
PILOT SURVEY 

D r i v e r  Age 

D r i v e r  Sex 

Area  P o p u l a t i o n  

D r i v e  on J o b ?  

Income 

Number o f  V e h i c l e s  D r i v e n  

V e h i c l e  Type 

P a s s e n g e r  Car S i z e  

P a s s e n g e r  Car  M a n u f a c t u r e r  

V e h i c l e  Year  

V e h i c l e  Use 

P e r c e n t  D r i v i n g  on  C i t y  S t r e e t s  

P e r c e n t  D r i v i n g  on Urban Freeways  

P e r c e n t  D r i v i n g  on R u r a l  F reeways  

P e r c e n t  D r i v i n g  on R u r a l  Roads 

P e r c e n t  D r i v i n g  a t  N i g h t  

P e r c e n t  D r i v i n g  on Wet Pavement 

Number o f  V i o l a t i o n s  n o t  Connec ted  w i t h  A c c i d e n t s  

Soc io -economic  S c a l e  

Knowledge o f  E n g i n e  I n d e x  

U r b a n i z a t i o n  I n d e x  





e x c e l l e n t  p r e d i c t o r s  i n d i v i d u a l l y ,  a n d  t h e y  were  r e t a i n e d  f o r  

f u r t h e r  u s e  i n  t h e  p i l o t  s u r v e y .  

R e s u l t s  f rom t h e  P i l o t  S u r v e y  

The b a s i c  A I D  c h a r t  f rom t h e  d a t a  o f  t h e  p i l o t  s u r v e y  is 

shown i n  F i g u r e  7 .  The t o t a l  s a m p l e  c o n s i s t e d  o f  6576 s u b j e c t s  

(N = 6576)  who r e s p o n d e d  t o  t h e  p r i m a r y  d e p e n d e n t - v a r i a b l e  

q u e s t i o n  ( m i l e s  i n  l a s t  3 0  d a y s ) .  T h e i r  mean m i l e a g e  was 1013  

m i l e s  (y  = 1 0 1 3 ) .  The s t r o n g e s t  p r e d i c t o r  v a r i a b l e  was:  D r i v e  

on  J o b ?  ( y e s  o r  n o ) .  The r e s u l t  of  t h i s  f i r s t  s p l i t  was a  sub-  

g r o u p  o f  1 5 6 1  s u b j e c t s  who d r o v e  on t h e  j o b  a n d  whose e x p o s u r e  

a v e r a g e d  2112 m i l e s  d u r i n g  t h e  p r e v i o u s  month .  T h i s  compares  

w i t h  t h e  s u b g r o u p  o f  5015 d r i v e r s  who d i d  n o t  d r i v e  on t h e  j o b  

and  who r e p o r t e d  a n  a v e r a g e  m o n t h l y  m i l e a g e  of 6 7 0 .  The remain-  

i n g  s p l i t s  u s e d  t h e  p r e d i c t o r  v a r i a b l e s :  t y p e  o f  v e h i c l e ,  - s e x ,  

a n d  p e r c e n t  d r i v i n g  on c i t y  s t r e e t s .  Of p a r t i c u l a r  i n t e r e s t  is 

t h e  i n t e r a c t i o n  b e t w e e n  t h e  v a r i a b l e s  D r i v e  on J o b ?  a n d  V e h i c l e  

Type.  Compar ison o f  t h e  two s u b g r o u p s  u n d e r  t h e  g r o u p  o f  1 5 6 1  

(who d i d  d r i v e  on t h e  j o b )  i n d i c a t e s  t h a t  o f  t h o s e  s u b j e c t s  who 

d r o v e  a s  a  p a r t  o f  t h e i r  j o b ,  t h e  142 who d r o v e  l a r g e  t r u c k s ,  

t r a c t o r - t r a i l e r  c o m b i n a t i o n s  a n d  t a x i s  o r  l i m o u s i n e s  d r o v e  many 

more  m i l e s ,  on  t h e  a v e r a g e ,  t h a n  any o t h e r  s u b g r o u p .  T h i s  con- 

c l u s i o n  is c o n s i s t e n t  w i t h  e x p e c t a t i o n s .  

S e v e r a l  o t h e r  A I D  r u n s  were p e r f o r m e d  on  p i l o t  s u r v e y  d a t a ,  

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

v a r i a b l e s  ( s e e  A I D  c h a r t s  i n  Appendix E ) .  The e n t i r e  s e r i e s  o f  

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

e s p e c i a l l y  a t  t h e  f i r s t  two s p l i t t i n g  l e v e l s .  From t h e  e n t i r e  

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

b e  d i v i d e d  i n t o  t h r e e  m a j o r  g r o u p s :  1 )  t h o s e  p e r s o n s  who d r i v e  

o n  t h e  j o b ,  2 )  m a l e s  who d o  n o t  d r i v e  on t h e  j o b ,  and  3 )  f e m a l e s  

who d o  n o t  d r i v e  on t h e  j o b .  I t  is f u r t h e r  n o t e d  t h a t  t h e  r o a d  

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

i n g  on c i t y  s t r e e t s ,  a r e  s t r o n g  p r e d i c t o r s  w i t h i n  t h e s e  m a j o r  



F I G U R E  7 Basic A I D  Char t  from P i l o t  Survey 
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groups .  I f  t h e  road  and environment  v a r i a b l e s  a r e  removed, t h e  

s t r o n g e s t  p r e d i c t o r s  a r e :  d r i v e  on j o b ,  s e x ,  a g e ,  t y p e  of - -  
v e h i c l e ,  and model y e a r  of v e h i c l e ,  The two b e s t  p e r c e n t - d r i v i n g  

p r e d i c t o r s  a r e  p e r c e n t  d r i v i n g  on c i t y  s t r e e t s  and p e r c e n t  d r i v i n g  

a t  n i g h t .  

ANALYSIS OF STATISTICAL SIGNIFICANCE 

The s t a t i s t i c a l  a n a l y s i s  of t h i s  s t u d y  d e a l s  w i t h  t h e  pro- 

blem of s e l e c t i n g  v a r i a b l e s  which p r e d i c t  exposure  and which 

e n a b l e  one t o  d i v i d e  a  p o p u l a t i o n  of d r ive r -veh ic l e - road -  

environment  combina t ions  i n t o  groups  which a r e  r e l a t i v e l y  homo- 

geneous w i t h  r e s p e c t  t o  exposu re .  Expres s ing  t h i s  i n  te rms  of 

s t a n d a r d  s t a t i s t i c a l  methodology, we b e g i n  w i t h  a  mean v a l u e  f o r  

t h e  d r i v i n g  exposure  f o r  a  sample from a  p o p u l a t i o n .  Assoc ia t ed  

w i t h  t h i s  mean is a  random e r r o r  te rm o r  v a r i a n c e .  Given t h a t  

t h e r e  a r e  v a r i a b l e s  which a r e  r e l a t e d  t o  d i f f e r e n t  q u a n t i t i e s  of  

exposu re ,  i t  s h o u l d  be  p o s s i b l e  t o  p a r t i t i o n  t h e  v a r i a b i l i t y  i n t o  

an  e x p l a i n e d  and an unexp la ined  p o r t i o n .  By do ing  t h i s  we can  

o b t a i n  group e s t i m a t e s  of  exposure  which have a  s m a l l e r  random 

e r r o r  term and hence an  improved r e l i a b i l i t y  exp res sed  i n  te rms  

of nar rower  c o n f i d e n c e  i n t e r v a l s  about  t h e  subgroup  sample mean. 

Thus each  o b s e r v a t i o n  of  m i l e s  d r i v e n  is assumed t o  be s t r u c t u r e d  

a s  f o l l o w s :  

S u b j e c t  Sum of I n d i v i d u a l  B a s i c  Random Mileage  = Component + E f f e c t s  Due t o  Various Error E s t i m a t e  P r e d i c t o r  V a r i a b l e s  

where t h e  sum of p r e d i c t o r  e f f e c t s  is ,  e . g . ,  e f f e c t  
due t o  s e x  + e f f e c t  due t o  dr ive-on- job  + e f f e c t  due 
t o  a g e ,  e t c .  

Th i s  a n a l y s i s  problem is w e l l  s u i t e d  f o r  t h e  a p p l i c a t i o n  of  

a n a l y s i s  of v a r i a n c e  p r o c e d u r e s .  U n f o r t u n a t e l y  a  b a s i c  assumption 

r e q u i r e d  f o r  t h e i r  s t r i c t  a p p l i c a t i o n - - a  normal d i s t r i b u t i o n  of  

t h e  dependent  v a r i a b l e - - i s  v i o l a t e d .  However i t  has  been shown 

t h a t  s i g n i f i c a n c e  t e s t s  between means a r e  r o b u s t  w i t h  r e s p e c t  t o  

t h e  assumpt ion  of n o r m a l i t y . 1 8  I n  a d d i t i o n ,  t h e  a n a l y s i s  of 



v a r i a n c e  p rocedure  assumes t h a t  t h e  v a r i a n c e s  a t  each  l e v e l  of  

t h e  p r e d i c t o r  v a r i a b l e  a r e  t h e  same, an  assumpt ion  a l s o  v i o l a t e d  

by t h e  mi l eage  d a t a .  To overcome t h i s  problem t h e  d a t a  was t r a n s -  

formed by o b t a i n i n g  t h e  n a t u r a l  l o g a r i t h m  of  m i l e s  d r i v e n  f o r  

each  s u b j e c t .  T h i s  t r a n s f o r m a t i o n  p r o v i d e s  a  dependent  v a r i a b l e  

w i t h  a  un i form v a r i a n c e  o v e r  t h e  subgroups  i d e n t i f i e d  by t h e  

l e v e l s  of t h e  p r e d i c t o r  v a r i a b l e s .  Thus, t e s t s  of  s t a t i s t i c a l  

s i g n i f i c a n c e  can  be  performed on t h e  t r ans fo rmed  v a r i a b l e  a s  a  

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

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

t h e  21  c a n d i d a t e  v a r i a b l e s  i n  t h e  p i l o t  s u r v e y  a r e  p r e s e n t e d  i n  

Appendix F. A l l  b u t  t h r e e  of t h e  2 1  c a n d i d a t e  v a r i a b l e s  (pass -  

enge r  c a r  s i z e ,  pas senge r  c a r  make, and number of v i o l a t i o n s  n o t  

connec ted  w i t h  a c c i d e n t s )  were found t o  b e  s i g n i f i c a n t  ( a t  t h e  

0 .05 l e v e l )  i n  p r e d i c t i n g  t o t a l  v e h i c l e  m i l e s .  

RECOMMENDED EXPOSURE CLASSIFICATIONS 

A s  a  r e s u l t  of  t h e  p reced ing  a n a l y s e s ,  we a r e  now a b l e  t o  

choose s e v e r a l  independent  v a r i a b l e s  f o r  recommended u s e  i n  

f u t u r e  exposure  s u r v e y s .  The s u p e r i o r i t y  of s e v e r a l  of t h e  

v a r i a b l e s  has  been shown w i t h  r e s p e c t  t o  s i g n i f i c a n c e  and 

va r i ance -min imiza t ion  c r i t e r i a .  I n  a d d i t i o n ,  we must l i m i t  t h e  

c h o i c e  of v a r i a b l e s  t o  t h o s e  which appea r  on s t a t e  a c c i d e n t -  

r e p o r t  fo rms .  

S e l e c t i o n  of P r e d i c t o r  V a r i a b l e s  

I n  T a b l e  4 ,  t h e  independent  v a r i a b l e s  of  t h e  p i l o t  su rvey  

a r e  l i s t e d  i n  an approximate  o r d e r  o f  impor tance  w i t h  r e s p e c t  t o  

t h e i r  v a l u e  a s  p r e d i c t o r s  of  exposure  ( v e h i c l e  m i l e s  of t r a v e l ) .  

The v a r i a b l e s  n e a r  t h e  t o p  of t h e  l is t  a r e  most c a p a b l e  of e x p l a i n -  

i n g  v a r i a n c e  i n  e s t i m a t e s  of  v e h i c l e  m i l e s ,  w h i l e  t h e  v a r i a b l e s  

n e a r  t h e  bot tom a r e  l e a s t  c a p a b l e  o f  e x p l a i n i n g  v a r i a n c e .  By 

d e f i n i n g  groups  w i t h  minimum v a r i a n c e  i n  v e h i c l e  m i l e s ,  t h e  b e s t  



V a r i a b l e  

TABLE 4 

ASSESSMENT OF VARIABLES FOR FUTURE EXPOSURE SURVEYS 

Dr ive  on Job? 

D r i v e r  Sex 

V e h i c l e  Type 

% D r i v i n g ,  C i t y  S t r e e t s  

% D r i v i n g ,  Night 

D r i v e r  Age 

Veh ic l e  Year 

Number of V e h i c l e s  
Dr iven  

% D r i v i n g ,  Urban 
Freeways 

% D r i v i n g ,  R u r a l  
Freeways 

V e h i c l e  Use 

% D r i v i n g ,  R u r a l  Roads 

% D r i v i n g ,  Wet 
Pavement 

Knowledge of Engine Index 

Income 

P a s s e n g e r  Car S i z e  

U r b a n i z a t i o n  Index 

Socio-economi c  S c a l e  

Area P o p u l a t i o n  

P a s s e n g e r  Car Make 

V i o l a t i o n s  no t  i n  
A c c i d e n t s  

Correspondence t o  S u b s t i t u t e  El imin-  
V a r i a b l e s  on V a r i a b l e s  on a t e d  
Accident  R e p o r t s  Acc ident  

Repor t s  

D i r e c t  I n d i r e c t  

Veh ic l e  Type* 

* 
Road Type** 

L igh t  C o n d i t i o n  

Road Type** 

Road Type** 

Veh ic l e  Type* 

Road Type** 

Road Cond i t i on  x  
----- X 

-em-- X 

X 

----- X 

----- X 

Kind of L o c a l i t y  x  

X 

* The o r i g i n a l  v a r i a b l e  "Vehicle  Type" c o r r e l a t e s  w i t h  and s u b s t i t u t e s  
f o r  two o t h e r  o r i g i n a l  v a r i a b l e s .  

* *  Four o r i g i n a l  v a r i a b l e s  have i n d i r e c t  co r r e spondence  t o  t h i s  sub- 
s t i t u t e  v a r i a b l e  (Road Type ) .  



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

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

I f  we were  t o  s e l e c t  a l l  t h e  v a r i a b l e s  i n  T a b l e  4 f o r  f u t u r e  

e x p o s u r e  s u r v e y s ,  t h e r e  would p r o b a b l y  r e s u l t  a n  unmanageable  

number o f  c l a s s e s  f o r  c o m p u t a t i o n  o f  a c c i d e n t  r a t e s .  Thus ,  t h e r e  

i s  good r e a s o n  f o r  a r b i t r a r i l y  e l i m i n a t i n g  some o f  t h e  v a r i a b l e s  

n e a r  t h e  b o t t o m  o f  t h e  l i s t .  I n  a d d i t i o n ,  some o f  t h e  v a r i a b l e s  

need  t o  b e  r e d e f i n e d  s o  t h a t  t h e y  have  a  d i r e c t  c o r r e s p o n d e n c e  t o  

v a r i a b l e s  on  e x i s t i n g  a c c i d e n t  r e c o r d s ;  some o f  t h e  v a r i a b l e s  

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

a c c i d e n t  f o r m s  need  t o  b e  r e p l a c e d  by c o r r e l a t e d  v a r i a b l e s .  

T a b l e  4 i n d i c a t e s  which v a r i a b l e s  h a v e  a  d i r e c t  c o o r e s p o n d e n c e  t o  

v a r i a b l e s  on a c c i d e n t  f o r m s ,  which  have  a n  i n d i r e c t  c o r r e s p o n d e n c e ,  

a n d  which v a r i a b l e s  s h o u l d  b e  s u b s t i t u t e d .  

The l a s t  n i n e  v a r i a b l e s  i n  T a b l e  4 a r e  e l i m i n a t e d  b e c a u s e  

t h e y  a r e  r e l a t i v e l y  p o o r  p r e d i c t o r s  a n d / o r  have  no s u b s t i t u t e  

v a r i a b l e s .  A l s o ,  t h e  v a r i a b l e  Number o f  V e h i c l e s  D r i v e n  is el imi-  

n a t e d  b e c a u s e  i t  h a s  no s u b s t i t u t e ,  even  t h o u g h  i t  is  a  r e a s o n -  

a b l y  good p r e d i c t o r .  

Of t h e  11 r e m a i n i n g  p r e d i c t o r s ,  f o u r  a r e  recommended f o r  u s e  

i n  f u t u r e  e x p o s u r e  s u r v e y s  a s  p r e s e n t l y  d e f i n e d :  

D r i v e r  Sex 

V e h i c l e  Type 

D r i v e r  Age 

V e h i c l e  Year  

A l s o ,  two r e d e f i n e d  p r e d i c t o r s  a r e  recommended: 

Road Type 

L i g h t  C o n d i t i o n  

The " r o a d  t y p e "  v a r i a b l e ,  when d e f i n e d  i n  f o u r  r o a d - t y p e  c a t e -  

g o r i e s ,  i n c l u d e s  a l l  f o u r  o f  t h e  " p e r c e n t  d r i v i n g "  v a r i a b l e s  f o r  
t h e  v a r i o u s  r o a d  t y p e s .  The " l i g h t  c o n d i t i o n s " ,  when d e f i n e d  i n  

t ime-of -day  c a t e g o r i e s ,  i n c l u d e s  n o t  o n l y  t h e  " p e r c e n t  d r i v i n g  a t  

n i g h t 1 '  v a r i a b l e  b u t  a l s o  " p e r c e n t  d r i v i n g  i n  d a y . "  



The nex t  b e s t  p r e d i c t o r  a f t e r  t h e  s i x  recommended above 

would be  " p e r c e n t  d r i v i n g  on wet pavement" o r  a  s u b s t i t u t e ,  " road  

c o n d i t i o n t 1 .  A s u b j e c t i v e  t r a d e o f f  between min imiz ing  t h e  number 

o f  p r e d i c t o r s  and  add ing  i n f o r m a t i o n  l e d  t o  t h e  e l i m i n a t i o n  of 

t h i s  v a r i a b l e .  

The s i x  recommended p r e d i c t o r  v a r i a b l e s  a r e  l i s t e d  i n  T a b l e  

5 ,  a l o n g  w i t h  t h e  v a r i a b l e  l e v e l s  i n t o  which t h e y  s h o u l d  be  

d i v i d e d .  

Unique Exposure  C l a s s e s  

The v a r i a b l e  l e v e l s  l i s t e d  f o r  a  p o t e n t i a l  q u e s t i o n n a i r e  a r e  

t y p i c a l  of t h e  o p t i o n s  on a c c i d e n t  r e p o r t s .  Though t h e  age and 

model y e a r  q u e s t i o n s  a r e  open-ended on a c c i d e n t  forms ,  i t  is 

t y p i c a l  f o r  s t a t e s  t o  d e f i n e  abou t  10 b r a c k e t s  e a c h .  Thus,  t h e  

number of un ique  c l a s s e s  t h a t  might be d e f i n e d  is 1 1 , 2 0 0  

( 7 x 2 ~ 4 ~ 2 ~ 1 0 ~ 1 0 ) .  I f  i n s t e a d ,  we u s e  t h e  v a r i a b l e  l e v e l s  l i s t e d  
5  f o r  d e f i n i n g  unique  c l a s s e s ,  t h e r e  might be  96 c l a s s e s  (2 x 3 ) .  

Even t h e  reduced  number of 96 c l a s s e s  is  unnecessa ry  i n  t e rms  o f  

un ique  coun te rmeasu res  t h a t  might  be  proposed  f o r  c e r t a i n  c l a s s e s .  

By n o t i n g  t h e  r e l a t i o n s h i p  among t h e  v a r i a b l e s ,  a s  de t e rmined  

by AID c h a r t s  and a n a l y s e s  of v a r i a n c e ,  t h e  number of c l a s s e s  can  

b e  r educed  t o  26 ,  a s  shown i n  F i g u r e  8 .  These c l a s s e s  a r e  l i s t e d  

i n  T a b l e  6 .  

The s i x  v a r i a b l e s  of  T a b l e  5 and t h e  26 c l a s s e s  of  Tab le  6  

a r e  recommended a s  ones  f o r  which exposure  d a t a  s h o u l d  be 

c o l l e c t e d  and a c c i d e n t  r a t e s  computed. The a c c i d e n t  r a t e s  s h o u l d  

b e  u s e f u l  i n  i d e n t i f y i n g  c l a s s e s  f o r  which coun te rmeasu res  s h o u l d  

b e  c r e a t e d ,  and i n  e v a l u a t i n g  e f f e c t i v e n e s s  a f t e r  coun te rmeasu res  

a r e  a p p l i e d .  

The sampl ing  p o l i c y  i n  exposu re  s u r v e y s  may be random sampl- 

i n g  of  a l l  d r i v e r s  o r  i t  may make use  of  c e r t a i n  s e l e c t e d  p re -  

d i c t o r s  f o r  p r e - s t r a t i f i c a t i o n  of a  random sample .  



TABLE 5 

DEFINITION LEVELS FOR SELECTED VARIABLES 

S e l e c t e d  L e v e l s  on a L e v e l s  f o r  D e f i n i n g  
V a r i a b l e s  Q u e s t i o n n a i r e  Unique C l a s s e s  

V e h i c l e  Type 7 : C a r ,  S m a l l  T r u c k ,  2 : C a r s  and  S m a l l  
L a r g e  T r u c k ,  T r a c t o r  T r u c k s ,  O t h e r  
T r a i l e r ,  Bus ,  T a x i ,  
O t h e r  

D r i v e r  Sex 2 : M a l e ,  Female 2 : M a l e ,  Female 

Road Type 4 : C i t y  S t r e e t s ,  2 : C i t y  S t r e e t s ,  
Urban Freeways ,  O t h e r  
R u r a l  F r e e w a y s ,  
R u r a l  Roads 

L i g h t  C o n d i t i o n  2:Day,  N i g h t  2 :Day, Nigh t  

D r i v e r  Age 

Model Year  

open  

open 

3:Under  26  Y e a r s ,  
26-60,  
Over 60 Years 

2 :5 Most Recen t  
Years, O l d e r  



Total Exposure m 

Class Numbers 

F I G U R E  8 

a: 25 years or l e s s  
Driver Age Groups b :  26-60 years 

c:  61 years or more 

Chart of Unique Exposure Classes 



TABLE 6  
RECOMMENDED EXPOSURE CLASSES 

C l a s s e s  1-12: Cars  o r  Small Trucks  Driven by Males 

Road Type Light  Condi t ion  Age 

S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
Other  Road 
Other Road 
O t h e r  Road 
Other Road 
Other Road 
Other Road 

~ i g h t  
Night 
Night 
Day 
Day 
Day 
Night 
Night 
Night 

Under 26 
26-60 
over  60  
Under 26 
26-60 
over  60  
Under 26 
26-60 
over  60 
Under 26 
26-60 
over  60 

C la s se s  13-24: Cars o r  Small Trucks Driven by Females 

C l a s s  Road Type Light  Condi t ion  - Age 

S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
S t r e e t  
Other Road 
Other Road 
Other Road 
Other Road 
Other Road 
Other Road 

Day 
Day 
Day 
Night 
Night 
Night 
Day 
Day 
Day 
Night 
Night 
Night 

Under 26 
26-60 
over  60 
Under 26 
26-60 
over  60 
Under 26 
26-60 
ove r  60 
Under 26 
26-60 
over 60 

C l a s s e s  25-26: Vehic les  Other Than  Cars o r  Small Trucks 

C l a s s  Model Year 

5 most r e c e n t  model y e a r s  
o l d e r  than  5 most r e c e n t  model y e a r s  



Every v e h i c l e  m i l e  of t r a v e l  i n  t h e  highway t r a n s p o r t a t i o n  

sys t em may be c l a s s i f i e d  e x p l i c i t l y  i n  one of t h e  26 recommended 

c l a s s e s .  Thus,  a  n a t u r a l  method f o r  e s t i m a t i n g  exposu re  would b e  

by t r i p  i n c r e m e n t s  i n  which a l l  t r a v e l  is on one c e r t a i n  road  

t y p e  and e i t h e r  day o r  n i g h t .  I f  g r o s s  e s t i m a t e s  of  m i l e a g e  o v e r  

l o n g  t i m e  p e r i o d s  a r e  used i n s t e a d ,  t h e n  t h e y  would have t o  be  

broken  down i n t o  e s t i m a t e d  components of  t o t a l  mi l eage  by road  

t y p e  and l i g h t  c o n d i t i o n .  I n  t h i s  c a s e ,  i t  might be  p r e f e r r e d  t o  

r e v e r t  t o  t h e  v a r i a b l e s  " p e r c e n t  d r i v i n g  on c i t y  s t r e e t s "  and 

" p e r c e n t  d r i v i n g  a t  n i g h t " .  However, t h e  l a c k  of  independence 

between t h e s e  two v a r i a b l e s  would d e c r e a s e  t h e  e s t i m a t i o n  accu racy  

of t h e  f o u r  road-type/light-condition g r o u p s .  

T r i p  d a t a  may i n c l u d e  "number of pas senge r s "  s o  t h a t  

pas senge r  m i l e s  may be  computed a s  a  dependent  exposu re  v a r i a b l e  

i n  a d d i t i o n  t o  v e h i c l e  m i l e s .  Th i s  would r e p r e s e n t  exposu re  t o  

i n j u r y  i n  a d d i t i o n  t o  exposu re  t o  a c c i d e n t .  Thus,  computed r a t e s  

would i n c l u d e  b o t h  a c c i d e n t  r a t e  and i n j u r y  r a t e .  

Al though t h e  exposu re  v a l u e s  and a c c i d e n t  r a t e s  of most i n -  

t e r e s t  w i l l  be  t h o s e  r e l a t i n g  t o  t h e  26 c l a s s e s ,  r a t e s  may be 

computed f o r  any c l a s s e s  r e p r e s e n t e d  by any of  t h e  i n t e r m e d i a t e  

c l a s s e s  on F i g u r e  8 o r  any o t h e r  combina t ion  of v a r i a b l e s .  Care  

must be t a k e n  i n  computing some of  t h e  p o s s i b l e  combina t ions  be- 

c a u s e  t h e  subsample s i z e s  may b e  t o o  s m a l l .  However, t h e  a n a l y s i s  

of  o t h e r  combina t ions  w i l l  be i m p o r t a n t  because  subsequen t  s u r v e y  

d a t a  w i l l  p r o v i d e  u s e f u l  r e s e a r c h  i n f o r m a t i o n  f o r  a  wide v a r i e t y  

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

of t h e  c l a s s e s .  

The v a r i a b l e s  D r i v e r  Age, D r i v e r  Sex and V e h i c l e  Year p r e s e n t  

no problem of co r r e spondence  w i t h  a c c i d e n t  form v a r i a b l e s .  How- 

e v e r ,  i n  some s t a t e s ,  L igh t  C o n d i t i o n  l e v e l s  may i n c l u d e  dawn o r  
dusk ,  which w i l l  have t o  be  a s s i g n e d  a s  e i t h e r  day o r  n i g h t .  A l so ,  

w i t h  r e s p e c t  t o  Veh ic l e  Type, i t  w i l l  be n e c e s s a r y  t o  c l a r i f y  t h e  

d i s t i n c t i o n s  among t r u c k s  ( s m a l l  v s .  l a r g e ) .  A l so ,  some s t a t e s  



do n o t  make i t  c l e a r  on a c c i d e n t  fo rms  w h e t h e r  a  Road Type is  a  

" s t r e e t "  o r  n o t ,  and  t h i s  d e f i n i t i o n  must b e  r e s o l v e d .  

I n  any e x p o s u r e  s u r v e y  u s i n g  t h e  26  recommended c l a s s e s ,  i t  

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

r e l a t i v e l y  u n i f o r m  a c r o s s  t h e  26 c l a s s e s .  I n  t h e  p i l o t  s u r v e y  of 

t h i s  s t u d y ,  t h e  d i s t r i b u t i o n  was n o t  u n i f o r m ,  a s  s e e n  i n  T a b l e  7 .  

Whereas t h e  a v e r a g e  p e r c e n t a g e  o f  t o t a l  m i l e a g e  i n  t h e  26 c l a s s e s  

s h o u l d  b e  a b o u t  4%, i t  a c t u a l l y  v a r i e d  f rom l e s s  t h a n  0 . 1 %  

( o l d e r  p e o p l e  a t  n i g h t )  t o  3 5 . 4 %  (a  g r o u p  o f  26-60 y e a r  o l d  men).  

I t  s h o u l d  be  n o t e d  t h a t  t h e  f i g u r e s  a r e  a p p r o x i m a t i o n s  b a s e d  on 

" p e r c e n t  d r i v i n g  on s t r ee t s "  a s  a n  i n d i c a t o r  o f  a l l  s t r e e t - d r i v i n g  

and  " p e r c e n t  d r i v i n g  a t  n i g h t 1 '  a s  a n  i n d i c a t o r  o f  a l l  n i g h t  d r i v -  

i n g .  



TABLE 7 

APPROXIMATED DISTRIBUTION OF PILOT SURVEY EXPOSURE 

Cars and Small Trucks Driven by Males 

'Percent  S t r e e t  Pe rcen t  Night Age % Sample 
Dr iv ing  Dr iv ing  - 

under 26 
26-60 
over 60 
under 26 
26-60 
over  60 
under 26 
26-60 
over 60 
under 26 
26-60 
over  60 

Car and Small Trucks Driven by Females 

Pe rcen t  S t r e e t  Pe rcen t  Night Age % Sample 
Dr iv ing  Dr iv ing  - 

under 26 
26-60 
over 60 
under 26 
26-60 
over 60 
under 26 
26-60 
over  60 
under 26 
26-60 
over 60 

Vehic les  Other Than Cars o r  Small  Trucks 

% Miles 

% Miles 

Vehicle  Year % Sample 

5 most r e c e n t  model y e a r s  2 . 1  
' o l d e r  than  5 most r e c e n t  

model y e a r s  1 . 2  



SECTION 5 

EXPOSURE SURVEY PROCEDURES (TASK 2 )  

T h i s  s e c t i o n  c o n t a i n s  a  s y s t e m a t i c  d e r i v a t i o n  o f  a l t e r n a t i v e  

p r o c e d u r e s  f o r  c o m p r e h e n s i v e  e x p o s u r e  s u r v e y s ,  a  d e s c r i p t i o n  o f  

t h e  t r a d e o f f  s t u d i e s  i n  which  t h e  a l t e r n a t i v e s  were  compared ,  and 

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

ALTERNATI VE PROCEDURES 

The a l t e r n a t i v e  p r o c e d u r e s  f o r  a n  e x p o s u r e  s u r v e y  must  a l l  

b e  d e s i g n e d  t o  o b t a i n  d a t a  which r e l a t e s  measured  o r  e s t i m a t e d  

v a l u e s  o f  v e h i c l e  m i l e s  t o  s e t s  o f  v a l u e s  f o r  d r i v e r - v e h i c l e - r o a d -  

e n v i r o n m e n t  c h a r a c t e r i s t i c s ,  c a s e  by c a s e .  I d e a l l y ,  t h e  c a s e s  

would i n c l u d e  a l l  e x p o s u r e  t h a t  o c c u r s  i n  t h e  a r e a  and  t i m e  p e r i o d  

o f  i n t e r e s t .  P r a c t i c a l l y ,  i n  t e r m s  o f  d a t a  c o l l e c t i o n ,  e f f o r t  

and c o s t ,  t h e  c a s e s  must  b e  l i m i t e d  i n  number.  T h u s ,  a  compre- 

h e n s i v e  e x p o s u r e  s u r v e y  must  b e  c o n d u c t e d  by means o f  s a m p l i n g  o f  

i n d i v i d u a l  c a s e s ,  and t h e  c a s e s  must  b e  r e p r e s e n t a t i v e  o f  t h e  

whole  p o p u l a t i o n  o f  c a s e s  i n  t h e  a r e a  and time p e r i o d  o f  i n t e r e s t .  

I n  o r d e r  t o  b e  r e l e v a n t  t o  t h e  whole  f e d e r a l  highway s a f e t y  

p r o g r a m ,  t h e  s c o p e  o f  a n  e x p o s u r e  s u r v e y  must  b e  n a t i o n a l ,  i . e .  

t h e  g e o g r a p h i c  a r e a  o f  i n t e r e s t  i s  t h e  e n t i r e  U n i t e d  S t a t e s .  T h i s  

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

s u b - a r e a s ,  n o r  t h e  r e p r e s e n t a t i o n  o f  l o w e r  j u r i s d i c t i o n s  a s  p a r t  

o f  a  n a t i o n a l  a g g r e g a t e .  

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

b e  o n e  c a l e n d a r  y e a r .  T h i s  is c o m p a t i b l e  w i t h  t h e  time p e r i o d  

f o r  which c o r r e s p o n d i n g  a c c i d e n t  d a t a  a r e  t r a d i t i o n a l l y  summarized 

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

t h e  b a s i c  s u r v e y  time p e r i o d  w i l l  n o t  p r e c l u d e  t h e  c o l l e c t i o n  of 

e x p o s u r e  d a t a  by s m a l l e r  t i m e  p e r i o d s  w i t h i n  a  y e a r  ( n o r  r e p r e -  

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

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



W i t h i n  t h e  c o n t e x t  of  a n  a n n u a l ,  n a t i o n a l  e x p o s u r e  s u r v e y ,  

t h e r e  a r e  many . o t h e r  f a c t o r s  t o  b e  c o n s i d e r e d  s u c h  a s  s a m p l i n g  

m e t h o d s ,  t i m i n g ,  s o u r c e s  o f  d a t a ,  a n d  modes and s e t t i n g s  o f  d a t a  

c o l l e c t i o n s .  I n  o r d e r  t o  c o n s i d e r  a l l  o f  t h e  a l t e r n a t i v e s ,  a  

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

( T a b l e  8 ) .  

The c h o i c e  o f  a n  a l t e r n a t i v e  u n d e r  e a c h  c a t e g o r y  was a  p r o -  

c e s s  o f  e l i m i n a t i o n  b a s e d  on  l o g i c a l  r a t i o n a l e  a n d  c o m p a r a t i v e  

d a t a .  The f i r s t  t h r e e  c a t e g o r i e s - - s a m p l e  r e p r e s e n t a t i o n ,  i m p l e -  

m e n t a t i o n  a u t h o r i t y  and i m p l e m e n t a t i o n  r e s p o n s i b i l i t y  a r e  d i s -  

c u s s e d  i n  S e c t i o n  9 ,  Recommended E x p o s u r e  S u r v e y  P r o g r a m s .  The 

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

S o u r c e s  o f  E x ~ o s u r e  Da ta  

S e l e c t i o n  o f  a  s o u r c e  of  e x p o s u r e  d a t a  is p r o b a b l y  t h e  most  

f u n d a m e n t a l  c h o i c e  i n  t h e  s t r u c t u r e  o f  T a b l e  8 .  By c o n s i d e r i n g  

i t  f i r s t ,  we s t a r t  w i t h  a  c o n s i d e r a t i o n  o f  e x p o s u r e  a t  t h e  most  

d e t a i l e d  p r o c e s s  l e v e l ,  a n d  we c a n  t h e n  g o  on t o  b r o a d e r  q u e s t i o n s  

w i t h o u t  n e g l e c t i n g  h i d d e n  o p t i o n s .  The r e s u l t  w i l l  b e  t o  m i n i -  

mize t h e  number o f  o p t i o n s  i n  l a t e r  s t a g e s .  

The p r o c e s s e s  o f  highway t r a v e l  a r e  movement i n  s p a c e  and  

o c c u r r e n c e  i n  t i m e .  Movement a p p l i e s  t o  t h e  b a s i c  m o b i l e  e l e m e n t s  

o f  t h e  highway t r a n s p o r t a t i o n  s y s t e m :  v e h i c l e s ,  d r i v e r s ,  a n d  

p a s s e n g e r s .  O c c u r r e n c e  a p p l i e s  t o  t h e  b a s i c  f i x e d  e l e m e n t s :  

roadway t y p e s  a n d  s e t t i n g s ;  a n d  t o  t h e  t r a n s i t o r y  e l e m e n t s :  

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

F o r  s i m p l i c i t y ,  c o n s i d e r a t i o n  of p e d e s t r i a n s  is e l i m i n a t e d ,  

a n d  roadways  a n d  s e t t i n g s  ( u r b a n  v s .  r u r a l )  may b e  combined .  

W i t h  o n e  e x c e p t i o n ,  a l l  u n i t s  o f  t r a v e l  i n v o l v e  i n t e r a c t i o n  

among a t  l e a s t  o n e  u n i t  o f  e a c h  o f  t h e  b a s i c  k i n d s  o f  s y s t e m  

e l e m e n t s .  The e x c e p t i o n  is p a s s e n g e r s ,  b e c a u s e  some t r a v e l  o c c u r s  

w i t h  no  p a s s e n g e r s  o t h e r  t h a n  a  d r i v e r .  

C o n s i d e r  a  s i n g l e  v e h i c l e ,  s i n g l e  d r i v e r ,  s i n g l e  a d d i t i o n a l  

p a s s e n g e r ,  s i n g l e  r o a d ,  s i n g l e  e n v i r o n m e n t ,  s i n g l e  t r a f f i c  



Table 8 

Structure of Alternat ive Choices f o r  An Exposure Survey 

SAMPLE REPRESENTATION 1. 
2 .  

IMPLEMENTATION AUTHORITY 1. 
2 .  

IMPLEMENTATION RESPONSIBILITY 1. 
2 .  
3 .  
4 .  

PHASING WITHIN BASIC TIME PERIOD 

SAMPLING ENTITIES 

1. Drivers 
2 .  Vehicles 
3 ,  Roadways 

STRATIFICATION 

National aggregate 
State-by-State and nat ional  aggre- 
ga tes  

Federal government 
S ta te  governments 

Federal government 
S ta te  governments 
Pr iva te  firms 
Research i n s t i t u t i o n s  

1. Daily 
2 .  Weekly 
3 .  Monthly 
4 .  Quarterly 
5 .  Once per year 

4 .  Driver-Vehicle Combinations 
5 ,  Driver-Vehicle-Road Combinations 
6 .  Tr ips  

1. Pre-sampling s t r a t i f i c a t i o n  by 
c la s ses  of d r ive r s ,  vehicles  
and/or roads 

2 .  No pre-sampling s t r a t i f i c a t i o n  

SOURCE OF SAMPLE IDENTIFICATION 

1. O f f i c i a l  records (dr iver  records,  vehicle r e g i s t r a t i o n s )  
2 .  Population d i r e c t o r i e s  or telephone books 
3 .  Residence d i s t r i b u t i o n s  
4 .  Driver appearances a t  l icense  o f f i c e s  
5.  Vehicle appearances a t  inspection s t a t i o n s  
6 .  Vehicles observed t r a v e l l i n g  on roads 
7 .  Vehicles stopped on roadside fo r  sample ident i f , ica t ion  



Table 8 continued 

SOURCE OF DATA 

SETTING OF DATA COLLECTION 

MODE OF DATA COLLECTION 

TIME PERIOD INVOLVED PERCASE 1. 
2 .  
3 .  
4 .  
5. 
6. 

Observations externa l  t o  the 
highway t ranspor ta t ion  system 
(researchers)  
Responses in te rna l  t o  the 
highway t ranspor ta t ion  system 
(dr ivers ,  passengers, odometers) 
Instrumentation auxi l ia ry  t o  the 
highway t ranspor ta t ion  system 
(counters, e t c .  ) 

Off i c e  
Home 
Roadside 

Office interview 
Office questionnaire. ,  
Mail questionnaire 
Home interview 
Telephone interview 
Roadside interview 

Time of one t r i p  
Day - aggregate or by t r i p  
Week - aggregate or  by day 
Month - aggregate o r  by week 
Quarter  - aggregate or  by month 
Year - aggregate or  by quar ter  



s i t u a t i o n ,  and  s i n g l e  u n i t  o f  t r a v e l .  The d r i v e r - v e h i c l e  com- 

b i n a t i o n  and a s s o c i a t e d  p a s s e n g e r  a l l  move o n e  mile a l o n g  t h e  

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

( f i x e d  s p e e d ,  no  o t h e r  v e h i c l e s ) .  I n  o v e r v i e w ,  t h e r e  h a s  been  

o n e  m i l e  o f  e x p o s u r e .  But  we c a n  s a y  a l s o  t h a t  1 )  t h e r e  h a s  b e e n  

one  v e h i c l e  m i l e  o f  e x p o s u r e  t o  t h e  r i s k  o f  a c c i d e n t  and  damage, 

2 )  t h e  d r i v e r  h a s  moved o n e  m i l e  and a c c r u e d  one  d r i v e r - m i l e  o f  

e x p o s u r e  t o  t h e  r i s k  o f  a c c i d e n t  and i n j u r y ,  3 )  t h e  p a s s e n g e r  h a s  

a l s o  moved one  mile and  h a s  a c c r u e d  one  p a s s e n g e r  m i l e  o f  ex-  

p o s u r e  t o  t h e  r i s k  o f  a c c i d e n t  a n d  i n j u r y ,  4 )  t h e  r o a d  h a s  

e x p e r i e n c e d  t h e  o c c u r r e n c e  of o n e  r o a d - m i l e  o f  e x p o s u r e  a n d  t h e  

c o n c o m i t a n t  wear  and  r i s k  o f  a c c i d e n t  and damage t o  t h e  r o a d  

( i n c l u d i n g  r o a d s i d e  o b j e c t s ) ,  5)  t h e  e n v i r o n m e n t  h a s  e x p e r i e n c e d  

t h e  o c c u r r e n c e  o f  one  "env i ronment -mi le1 '  o f  e x p o s u r e  and  t h e  con- 

c o m i t a n t  r i s k  o f  a c c i d e n t  - i n  t h e  g i v e n  t y p e  o f  e n v i r o n m e n t ,  and  

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

of  one  " s i t u a t i o n - m i l e "  o f  e x p o s u r e  and  t h e  c o n c ~ m i t a n t  r i s k  o f  

a c c i d e n t  i n  t h e  g i v e n  s i t u a t i o n .  Because  o f  t h e i r  s i m i l a r i t y ,  t h e  - 
d r i v e r  and  p a s s e n g e r  t o g e t h e r ,  w h i l e  e a c h  moving o n e  m i l e ,  h a v e  

a c c r u e d  two " p e r s o n - m i l e s "  of  e x p o s u r e  t o  t h e  r i s k  o f  a c c i d e n t  

a n d  i n j u r y .  

I n  o r d e r  t o  o b t a i n  d a t a  on  e x p o s u r e  i n  t h e  a b o v e  s i t u a t i o n ,  

we must  make u s e  o f  one  o r  more of  t h e  p o s s i b l e  s o u r c e s  of  d a t a  

p e r t a i n i n g  t o  i t .  T h e s e  i n c l u d e :  

1. E x t e r n a l  s o u r c e s  
a )  E x t e r n a l  o b s e r v a t i o n s  d u r i n g  t h e  s i t u a t i o n  
b )  E x t e r n a l  o b s e r v a t i o n s  a t  t h e  end  p o i n t s  o f  t h e  

s i t u a t i o n  
c )  E x i s t i n g  r e c o r d s  r e f e r . e n c e d  f rom o b s e r v a t i o n s  
d )  E x i s t i n g  r e c o r d s  r e f e r  e n c e d  by i n t e r n a l  

s o u r c e s  

2 .  I n t e r n a l  s o u r c e s  
a )  D r i v e r  
b )  P a s s e n g e r  



3 .  I n s t r u m e n t e d  measurement  s o u r c e s  
a )  Road i n s t r u m e n t a t i o n  
b )  V e h i c l e  i n s t r u m e n t a t i o n  
c )  Environment  i n s t r u m e n t a t i o n  

The c h o i c e  o f  a  d a t a  s o u r c e  i n  t h e  above  c a s e  depends  

c r i t i c a l l y  on  w h e t h e r  o r  n o t  t h e  d r i v e r  is made aware  of t h e  

e x p e r i m e n t ,  and  w h e t h e r  o r  n o t  t h e  r e s e a r c h e r  knows when and i f  

t h e  s i t u a t i o n  w i l l  t a k e  p l a c e .  I f  a  d r i v e r  i s  p r e - s e l e c t e d  he  

c a n  b e  made a w a r e  o f  t h e  e x p e r i m e n t ;  i n  t h a t  c a s e  t h e  b e s t  d a t a  

s o u r c e  may b e  a  c o m b i n a t i o n  o f  e x t e r n a l ,  i n t e r n a l ,  and  i n s t r u -  

m e n t a l  s o u r c e s :  t h e  d r i v e r ,  r e c o r d s  r e f e r e n c e d  by t h e  d r i v e r ,  

a n d  v e h i c l e  i n s t r u m e n t a t i o n  (odomete r )  o b s e r v e d  by t h e  d r i v e r .  

I f  i n  a d d i t i o n ,  t h e  r e s e a r c h e r  knows when t h e  s i t u a t i o n  ( t r i p )  

w i l l  o c c u r ,  t h e  b e s t  d a t a  s o u r c e  may s t i l l  b e  t h e  same c o m b i n a t i o n .  

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

n o t i f y i n g  a  d r i v e r ,  t h e  b e s t  d a t a  s o u r c e  may b e  a  c o m b i n a t i o n  o f  

e x i s t i n g  r e c o r d s  r e f e r e n c e d  f rom o b s e r v a t i o n s ,  and t h e  d r i v e r  

( c o n t a c t e d  l a t e r  a f t e r  b e i n g  l o c a t e d  from r e c o r d s ,  e . g .  v i a  

l i c e n s e  p l a t e  number ) .  I f  t h e  d r i v e r  is n o t  p r e - s e l e c t e d  and  t h e  

r e s e a r c h e r  d o e s  n o t  o b s e r v e  t h e  s i t u a t i o n ,  t h e  b e s t  d a t a  s o u r c e  

may b e  a  randomly s e l e c t e d  d r i v e r  who is a s k e d  t o  r e c a l l  a  

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

I f  o n l y  o n e  s p e c i f i c  c a s e  o f  t h e  t y p e  d e s c r i b e d  need  b e  

s t u d i e d ,  t h e n  any o n e  o f  t h e  above  d a t a - s o u r c e  c o m b i n a t i o n s  would 

work.  A s e l e c t i o n  would b e  made on t h e  b a s i s  o f  e a s e  o f  e x p e r i -  

m e n t a t i o n  and  e x p e c t e d  a c c u r a c y .  

However, i f  e x p o s u r e  d a t a  is t o  have  g r e a t  v a l u e ,  i t  must 

r e f l e c t  t h e  a g g r e g a t i o n  o f  many s u c h  s i t u a t i o n s  ( t r i p s )  a s  t h e  o n e  

a b o v e ,  and many o t h e r s  o f  v a r i o u s  t y p e s  and  c o m p l e x i t i e s .  I t  is 

n o t  f e a s i b l e  t o  c o l l e c t  a g g r e g a t e  d a t a  on a  l a r g e  number o f  t r i p s  

by means o f  d i r e c t  o b s e r v a t i o n s  b e c a u s e  o f  t h e  v e r y  l a r g e  magni- 
t u d e  o f  e f f o r t  l o g i s t i c a l l y .  O b s e r v a t i o n s  a t  t h o u s a n d s  o f  f i x e d  

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

e n v i r o n m e n t a l  c o n d i t i o n s ;  h i g h  s p e e d s  o f  v e h i c l e s  would make i t  



t o o  d i f f i c u l t  t o  r e c o r d  d r i v e r - v e h i c l e  c h a r a c t e r i s t i c s  o r  l i c e n s e  

p l a t e  numbers .  S i m i l a r l y ,  o b s e r v a t i o n s  by c o v e r t  f o l l o w i n g  of  

v e h i c l e s  would b e  i n f e a s i b l e ,  and d a n g e r o u s  a l s o .  F i n a l l y ,  r oad  

and  env i ronment  i n s t r u m e n t a t i o n  a r e  e l i m i n a t e d  by l o g i s t i c  p ro -  

b lems  a s  a b o v e .  T h e r e f o r e ,  t h e  f e a s i b l e  s o u r c e s  o f  e x p o s u r e  d a t a  

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

( e . g . ,  o d o m e t e r s ) .  S i n c e  many t r i p s  a r e  made w i t h o u t  p a s s e n g e r s ,  

t h e y  must b e  e l i m i n a t e d  f o r  r e a s o n s  o f  c o n s i s t e n c y .  

I f  d r i v e r s  a r e  u s e d  a s  a  d a t a  s o u r c e ,  t h e y  c a n  r e p o r t  on 

t h e i r  own c o m b i n a t i o n s  w i t h  t h e  v a r i o u s  v e h i c l e s  t h e y  d r i v e  o v e r  

a  p e r i o d  o f  t ime. However, i f  v e h i c l e s  a r e  u s e d  a s  a  d a t a  s o u r c e ,  

i t  is  n e c e s s a r y  t o  r e l y  a d d i t i o n a l l y  on  t h e  v e h i c l e  owners  o r  

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

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

Hence,  i t  a p p e a r s  t h a t  d r i v e r  i n v o l v e m e n t  is n e c e s s a r y  f o r  e s t i -  

m a t e s  o f  e x p o s u r e  f o r  e i t h e r  c a s e ,  i . e . ,  e i t h e r  d r i v e r s  o r  

v e h i c l e s  a s  a  s a m p l i n g  b a s i s .  Even i f  odomete r  r e a d i n g s  a r e  u s e d ,  

t h e  d r i v e r  is  t h e  b a s i c  s o u r c e  f o r  r e p o r t i n g  o f  e x p o s u r e  d a t a .  

Data  C o l l e c t i o n  A l t e r n a t i v e s  

Given t h e  s e l e c t i o n  o f  d r i v e r s  a s  t h e  b a s i c  s o u r c e  o f  i n f o r -  

m a t i o n  i n  a n  e x p o s u r e  s u r v e y ,  t h e  n e x t  l o g i c a l  q u e s t i o n s  d e a l  

w i t h  mode and s e t t i n g  o f  d a t a  c o l l e c t i o n .  I n  T a b l e  8 ,  c e r t a i n  

c h o i c e s  i n  e a c h  c a t e g o r y  may b e  e l i m i n a t e d  i n  view o f  t h e  p r e -  

c e d i n g  d i s c u s s i o n .  Under " s e t t i n g " ,  t h e  r o a d s i d e  is no l o n g e r  

a p p r o p r i a t e ,  and  h e n c e  u n d e r  "mode", r o a d s i d e  i n t e r v i e w  is no 

l o n g e r  a p p r o p r i a t e .  Thus ,  t h e  r e m a i n i n g  c a n d i d a t e  modes o f  d a t a  

c o l l e c t i o n  a r e  t h e  f o l l o w i n g :  

1. O f f i c e  i n t e r v i e w  
2 .  O f f i c e  q u e s t i o n n a i r e  
3 .  M a i l  q u e s t i o n n a i r e  
4 .  T e l e p h o n e  i n t e r v i e w  
5. Home i n t e r v i e w  



I n  t h e  c a s e  o f  q u e s t i o n n a i r e s ,  v e h i c l e  m i l e a g e  v a l u e s  c a n  b e  p ro -  

v i d e d  by d r i v e r  e s t i m a t i o n  o r  odometer  r e a d i n g s ;  t h e  q u e s t i o n -  

n a i r e  would have  t o  b e  t a k e n  t o  t h e  v e h i c l e  by t h e  d r i v e r  f o r  r e -  

c o r d i n g  of  odomete r  r e a d i n g s .  I n  t h e  c a s e  o f  i n t e r v i e w s ,  odomete r  

r e a d i n g s  would n o t  u s u a l l y  b e  p r o v i d e d  d u r i n g  a n  i n t e r v i e w ;  

however,  t h e  d r i v e r  c o u l d  u s e  a n  a u x i l i a r y  form p r o v i d e d  d u r i n g  

t h e  i n t e r v i e w  f o r  s u b s e q u e n t  r e c o r d i n g  and  m a i l i n g  o f  odometer  

r e a d i n g s .  

The p o t e n t i a l  methods  o f  m i l e a g e  e s t i m a t i o n  by d r i v e r s  a r e  

a s  f o l l o w s :  

1. G r o s s  E s t i m a t e :  A s i n g l e  " g r o s s f '  e s t i m a t e  o f  t o t a l  
m i l e a g e  d r i v e n  by t h e  d r i v e r  o v e r  a  
s p e c i f i e d  t i m e  p e r i o d  ( e . g .  week, 
month) .  

2 .  Component E s t i m a t e :  The sum of  s e v e r a l  e s t i m a t e s  o f  
m i l e a g e  i n  s e v e r a l  c a t e g o r i e s  o f  
t r i p  p u r p o s e s ,  encompass ing  a l l  
d r i v i n g  done by t h e  d r i v e r  o v e r  a  
s p e c i f i e d  t i m e  p e r i o d  ( e . g . ,  week, 
m o n t h ) .  

3 .  T r i p  R e c o n s t r u c t i o n :  The s e t  o f  m i l e a g e  e s t i m a t e s  made 
by t h e  d r i v e r  f o r  e a c h  o f  h i s  
r e c e n t  t r i p s ,  u s u a l l y  a s  r e c o l -  
l e c t e d  from t h e  p r e v i o u s  day .  

4 .  T r i p  Log: The s e t  o f  m i l e a g e s  c a l c u l a t e d  from odomete r  
r e a d i n g s  made by t h e  d r i v e r  f o r  e a c h  o f  h i s  
t r i p s  i n  a  c e r t a i n  t i m e  p e r i o d ,  u s u a l l y  one  
d a y .  

5 .  Odometer Read ings :  A s i n g l e  c a l c u l a t e d  m i l e a g e  made by 
t h e  d r i v e r  from odometer  r e a d i n g s  
b e f o r e  and a f t e r  a  s p e c i f i e d  time 
p e r i o d  ( e . g . ,  week, m o n t h ) .  

The f i v e  modes o f  d a t a  c o l l e c t i o n  and f i v e  methods  of  m i l e -  

a g e  e s t i m a t i o n  combine i n t o  2 5  p o s s i b i l i t i e s .  The e a s e  and p r a c -  

t i c a b i l i t y  o f  e a c h  c o m b i n a t i o n  is a s s e s s e d  i n  T a b l e  9.  

S i x e  o f  t h e  2 5  p o s s i b i l i t i e s  i n  T a b l e  9 were judged  impos- 

s i b l e  o r  low i n  f e a s i b i l i t y ,  and were  t h e r e f o r e  e l i m i n a t e d  from 

f u r t h e r  c o n s i d e r a t i o n .  A l s o ,  t h e  f i v e  "home i n t e r v i e w "  methods  



Tab le  9 

Ease and  P r a c t i c a b i l i t y  of u a t a  C o l l e c t  i o n  Methods 

Mileage De te rmina t ion  Methods 
Modes of  Gross  Component T r i p  T r i p  Odometer 

Data  C o l l e c t i o n  E s t i m a t e  E s t i m a t e  R e c o n s t r u c t i o n  Log Readings 

O f f i c e  I n t e r v i e w s  h igh  h igh  h i g h  h igh*  h igh*  

O f f i c e  Ques t ion-  
n a i r e  h igh  h i g h  low high* h igh*  

Mail  Q u e s t i o n -  
n a i r e  h i g h  h igh  

Telephone I n t e r -  
view h i g h  low 

low h i g h  high** 

low i m p o s s i b l e  i m p o s s i b l e  

Home I n t e r v i e w  h i g h  h igh  h i g h  h igh*  high* 

* S e p a r a t e  odometer r e c o r d i n g  forms must be t a k e n  by d r i v e r  

** A s e p a r a t e  form may be d e s i r a b l e  i f  t h e  time p e r i o d  between odo- 
meter  r e a d i n g s  is  more t h a n  a  few days .  



w e r e  r e j e c t e d  b e c a u s e  o f  h i g h  c o s t .  Thus ,  1 4  o f  t h e  a l t e r n a t i v e  

c o m b i n a t i o n s  i n  T a b l e  9 w e r e  r e t a i n e d  f o r  c o m p a r i s o n  o f  a c c u r a c y  

a n d  r e s p o n s e  r a t e .  

COMPARI SON OF DATA COLLECT1 ON METHODS 

S p e c i a l  s u r v e y s  were c o n d u c t e d  t o  compare  t h e  v a r i o u s  d a t a  

c o l l e c t i o n  m e t h o d s .  One s u r v e y  compared t h e  a c c u r a c y  of  odomete r  

r e a d i n g s  v s .  g r o s s  e s t i m a t e s  and  t h e  o t h e r  s u r v e y s  compared t h e  

r e m a i n i n g  a l t e r n a t i v e s .  

Odometer  Read ing  S u r v e y  

The o d o m e t e r - r e a d i n g  v s .  g r o s s  e s t i m a t e  c o m p a r i s o n  was con-  

d u c t e d  i n  Sep tember  1969  i n  c o n j u n c t i o n  w i t h  t h e  p r e l i m i n a r y  

e x p o s u r e  s u r v e y  i n  Washtenaw County .  Of t h e  448 c a s e s  i n t e r v i e w e d ,  

242 (54%) r e t u r n e d  two o d o m e t e r - r e a d i n g  p o s t c a r d s  a t  a b o u t  o n e  

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

w e r e  f o r  p e r i o d s  t h a t  w e r e  n o t  e x a c t l y  t h e  same a s  t h e  p e r i o d s  o f  

i n t e r v i e w  e s t i m a t e s ,  i . e . ,  t h e y  were  one  t o  two weeks f o l l o w i n g  

t h e  week o f  t h e  i n t e r v i e w  e s t i m a t e s .  

I n  T a b l e  1 0  t h e  means a n d  s t a n d a r d  d e v i a t i o n s  o f  e s t i m a t e d  

and odomete r  d a t a  a r e  compared .  The s m a l l e r  s t a n d a r d  d e v i a t i o n  

f o r  odomete r  r e a d i n g s  i n d i c a t e  l e s s e r  random e r r o r s  p e r  c a s e  and 

h e n c e  a  h i g h e r  p r o p o r t i o n  o f  e x p l a i n e d  v a r i a b i l i t y .  U n f o r t u n a t e l y ,  

t h e  o d o m e t e r  r e a d i n g s  c o n t a i n  some m i l e a g e  d r i v e n  by d r i v e r s  

o t h e r  t h a n  t h e  o n e  who g a v e  t h e  m i l e a g e  e s t i m a t e  i n  a n  i n t e r v i e w ;  

a l s o ,  t h e  i n t e r v i e w e d  d r i v e r s  u n d o u b t e d l y  d r o v e  some d i s t a n c e s  i n  

v e h i c l e s  o t h e r  t h a n  t h e  one  o r  two c o v e r e d  by o d o m e t e r  r e a d i n g s .  

However, w i t h  a  v e r y  l a r g e  s a m p l e  t h e s e  two e f f e c t s  s h o u l d  n u l l i f y .  

The 4% e r r o r  be tween  t h e  two methods  i s  a n  a c c e p t a b l e  e r r o r ,  and  

i t  is  p o s s i b l e  t h a t  most  o f  i t  c a n  b e  a c c o u n t e d  f o r  by t h e  f a c t  

t h a t  e s t i m a t e s  made i n  August  were d u r i n g  v a c a t i o n  s e a s o n  w h i l e  

r e a d i n g s  i n  Sep tember  r e p r e s e n t  t h e  u s u a l  downward e x p o s u r e  t r e n d  

o f  autumn.  



Table 10 

I 
Est imated 
T o t a l  Miles 
f o r  Seven 
Days 

I I 
Est imated 
Miles f o r  
Seven days ,  
By Vehicle 

Means and Standard Devia t ion  of Es t imat ion 
and Odometer Reading Methods 

Number of Mean S t .  Dev. 
Cases Miles of Miles 

I I I 
Odome t e  r 
D i f f e r e n t i a l  
f o r  Seven 
Days, by Vehicle 
(1 t o  2 weeks 
a f t e r  e s t i m a t e )  



The s t a n d a r d  d e v i a t i o n s  o f  odomete r  r e a d i n g s  and e s t i m a t e s  

(by v e h i c l e )  may b e  compared t o  d e t e r m i n e  t h e  r e l a t i v e  i m p o r t a n c e  

o f  e r r o r s  due  t o  e s t i m a t i o n  i n a c c u r a c y  v s .  t h e  d i s p e r s i o n  i n  t h e  

s a m p l e .  The s t a n d a r d  d e v i a t i o n  o f  t h e  odomete r  r e a d i n g s  (261 

miles) is p r e s u m a b l y  due  t o  s a m p l e  d i s p e r s i o n  o n l y ,  w h i l e  t h e  

s t a n d a r d  d e v i a t i o n  o f  t h e  e s t i m a t e s  (434 m i l e s )  is  due t o  b o t h  

d i s p e r s i o n  a n d  i n a c c u r a t e  e s t i m a t e s .  The v a r i a n c e  due  t o  i n -  
2  a c c u r a t e  e s t i m a t e s  may b e  computed a s  4342-261 =3472. Thus ,  t h e  

s t a n d a r d  d e v i a t i o n  due  t o  i n a c c u r a c y  (317)  is l a r g e r  t h a n  t h a t  

due  t o  s a m p l e  d i s p e r s i o n  ( 2 6 1 ) ,  which  i n d i c a t e s  t h a t  e x p o s u r e  

d i s t r i b u t i o n  d i s p e r s i o n  due  t o  e s t i m a t i o n  e r r o r s  f o r  one  week 

e s t i m a t e s  is p r o b a b l y  l a r g e r  t h a n  t h e  n a t u r a l  d i s p e r s i o n  o f  r e a l  

m i l e a g e  i n  a  random s a m p l e .  A r e l a t e d  a n a l y s i s  o f  e s t i m a t e  p r e -  

c i s i o n  is g i v e n  i n  Appendix G.  

O t h e r  S p e c i a l  S u r v e y s  

The e l e v e n  r e m a i n i n g  a l t e r n a t i v e s  a r e  i n d i c a t e d  i n  T a b l e  11. 

The t a b l e  e n t r i e s  show t h e  s a m p l e  s i z e s  o f  d a t a  c o l l e c t e d  f o r  

e a c h  o f  t h e  s p e c i a l  s u r v e y s .  

Sampl ing  f o r  t h e  s p e c i a l  s u r v e y s  was done a t  t h e  Washtenaw 

County ,  Mich igan  d r i v e r  l i c e n s i n g  o f f i c e  i n  A p r i l  1 9 7 0 .  O f f i c e  

i n t e r v i e w s  and  o f f i c e  q u e s t i o n n a i r e s  of  sampled  d r i v e r s  were  con- 

d u c t e d  a t  t h e  o f f i c e  f o l l o w i n g  l i c e n s e  r e n e w a l  by t h e  sampled  

d r i v e r s .  M a i l  q u e s t i o n n a i r e s  were a l s o  d i s t r i b u t e d  a t  t h e  o f f i c e  

f o r  c o m p l e t i o n  a t  home and  r e t u r n  by m a i l .  The t e l e p h o n e  i n t e r -  

v iew s a m p l e  was o b t a i n e d  a t  t h e  o f f i c e ,  and  c a l l s  were  made t h e  

f o l l o w i n g  week.  

T a b l e  1 2  p r e s e n t s  t h e  s u r v e y  r e s p o n s e  r a t e s  f o r  18 a l t e r -  

n a t i v e  methods  ( i n c l u d i n g  e l e v e n  o f  t h i s  s e c t i o n ,  t h e  o f f i c e  

i n t e r v i e w / o d o m e t e r  method o f  t h e  p r e v i o u s  s e c t i o n ,  and s i x  

v a r i a t i o n s  which were n o t  t e s t e d ) .  The r e s p o n s e  r a t e  v a l u e s  re- 

p r e s e n t  r e s p o n s e s  t o  a  s i n g l e  r e q u e s t  t o  a  d r i v e r  t o  p a r t i c i p a t e .  

A l l  b u t  t h e  t o p  f i v e  me thods  may have  i n c r e a s e d  r e s p o n s e  r a t e s  



Table 11: 

Special  Surveys-Sample Sizes 

Mileage Determination Methods 
Data Collection Gross Component T r i p  T r i p  

Methods Estimate Estimate Reconstruction !& !EL 

Office Interview 149 30 65 39 

O f f  i ce  Questionnaire 87 29 -- 29 

Mail Quest ionnaire  
(Off ice)*  47 

Telephone Interview 51 -- -- - - - 
334 79 65 

* Questionnaires d i s t r i b u t e d  i n  o f f i c e ,  b u t  completed 
a t  home and returned by mail. 



TABLE 12 

RANKING OF ALTERNATIVE SURVEY METHODS BY RESPONSE RATE 

Rate 

a Office Interview - Trip Reconstruction 
Office Interview - Component Estimate 
Office Interview - Gross Estimate 
Office Questionnaire - Gross Estimate 
Office Questionnaire - Component Estimate 
Mail Questionnaire (office) - Component Estimate 
Office Interview - Trip Log 
Telephone Interview - Gross Estimate 

x Mail Questionnaire - Component Estimate 

Office Interview - Odometer Readings 
Mail Questionnaire (office) - Gross Estimate 
Office Questionnaire - Trip Log 

x Mail-Questionnaire (office) - Trip Log 
Off ice Questionnaire - Odometer Readings 

x Mail Questionnaire (office) - Odometer Readings 
x Mail Questionnaire - Gross Estimate 

x Mail Questionnaire - Trip Log 
x Mail Questionnaire - - Odometer Readings 

** - Calculated by ratio with analogous methods 
* - Assumed value based on Australian survey by Foldvary. 
X - Alternative not tested by special survey. 



by a p p r o p r i a t e  fo l low-up ,  Twelve i n v o l v e  ma i l ed  r e s p o n s e s  . 

which may be  r e p e a t e d ,  and one ( t e l e p h o n e )  may be  improved by 

r e p e a t  c a l l s .  

The c o m p a r a t i v e  a c c u r a c i e s  and p r e c i s i o n s  of t h e  e l e v e n  

t e s t e d  a l t e r n a t i v e s  were based  on s t a t i s t i c a l  compu ta t i ons  of  

means and c o n f i d e n c e  i n t e r v a l s  o f  t h e  exposu re  v a l u e s .  The d i f -  

f e r e n c e s  among o f f i c e  i n t e r v i e w ,  o f f i c e  q u e s t i o n n a i r e  and m a i l  

q u e s t i o n n a i r e  methods were n o t  l a r g e ,  and t h e r e f o r e  t h e  d a t a  f o r  

t h e s e  methods were grouped  w i t h i n  g r o s s  e s t i m a t e ,  component 

e s t i m a t e  and t r i p  l o g  c a t e g o r i e s .  The t e l e p h o n e  i n t e r v i e w / g r o s s  

e s t i m a t e  method and t h e  o f f i c e  i n t e r v i e w / t r i p  r e c o n s t r u c t i o n  

method were a n a l y z e d  s e p a r a t e l y .  Tab le  1 3  p r e s e n t s  t h e  mean 

v a l u e s  of v e h i c l e  m i l e  e s t i m a t e s  made i n  t h e  s p e c i a l  s u r v e y s  by 

t r i p  l o g ,  g r o s s  e s t i m a t e ,  component e s t i m a t e ,  t e l e p h o n e ,  and 

t r i p  r e c o n s t r u c t i o n  methods.  S i n c e  t h e  t r i p  l o g  method is  t h e  

o n l y  one t h a t  u s e s  measurements i n s t e a d  of e s t i m a t e s ,  i t  is 

assumed t o  be more a c c u r a t e  and p r e c i s e  t h a n  t h e  o t h e r s .  The 

mean v a l u e s  of  g r o s s  e s t i m a t e s ,  t r i p  r e c o n s t r u c t i o n  and t e l e p h o n e  

methods were w i t h i n  15-20% of t h e  t r i p  l o g  mean. The component 

e s t i m a t e  mean had a  much l a r g e r  e r r o r ,  p robab ly  because  of  t h e  

compounding of component o v e r e s t i m a t i o n s .  T a b l e  13  a l s o  p r e s e n t s  

t h e  0.95 c o n f i d e n c e  i n t e r v a l s  o f  t h e  f i v e  c a t e g o r i e s ,  and r e -  

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

The " g r o s s  e s t i m a t e "  method is t h e  c l o s e s t  o f  t h e  a l t e r -  

n a t i v e s  t o  t h e  more a c c u r a t e  t r i p  l o g  method. Both  " g r o s s  

e s t i m a t e f 1  and " t r i p  r e c o n s t r u c t i o n "  methods have r e l a t i v e l y  s m a l l  

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

r e s u l t s  s h o u l d  be f u r t h e r  c o n s i d e r e d  i n  t h e  e v a l u a t i o n  of  exposu re  

s u r v e y  programs.  



TABLE 13 

MEANS AND CONFIDENCE INTERVALS OF ALTERNATIVE SURVEY METHODS 

A .  Comparison of T r i p  Logs, Gross Est imates ,  Component Es t imates :  

7 day Period.  

T r i p  Gross Component Gross E s t  . 
EL Est  . Es t .  tele hone 

(veh.mi.) (veh.mi.) (veh . m i .  ) ~h 
Mean 

.95 Confidence 
I n t e r v a l  - +7 0 

Re la t ion  of Mean 
t o  T r i p  Log Con- 
f idence  I n t e r v a l  - i n s i d e  ou t s i de  i n s i d e  

Re la t ion  of Con- 
f idence  I n t e r v a l  t o  
T r i p  Log Confidence 
I n t e r v a l  - 

p a r t i a l l y  p a r t i a l l y  
ou t s i de  ou t s i de  

e n t i r e l y  high end low end 
i n s i d e  of s c a l e  of s c a l e  

B. Comparison of T r ip  Logs and T r ip  Reconst ruct ion:  4 day Per iod 

T r i p  Log T r i p  Reconstruct  ion 

Mean 110 80 

.95 Confidence I n t e r v a l  - +50 

Re la t ion  of Mean t o  T r i p  
Log Confidence I n t e r v a l  --- 
Relat ion  of Confidence In- 
t e r v a l  t o  T r ip  Log Confidence 
I n t e r v a l  --- 

i n s i d e  

P a r t i a l l y  
ou t s i de  
low end of 

s c a l e  



SECTION 6 

SURVN COSTS AND RECOMMENDED PROCEDURES (TASK 3)  

T h i s  s e c t i o n  c o n t a i n s  e s t i m a t e s  of c o s t s  f o r  v a r i o u s  su rvey  

a l t e r n a t i v e s  fo l lowed  by recommendations--based b o t h  on c o s t s  and 

d a t a  q u a l i t y  i n f o r m a t i o n  from t h e  p r e c e d i n g  sec t ion - -o f  t h e  t y p e s  

of p r o c e d u r e s  f o r  f u t u r e  exposu re  s u r v e y s .  

ESTIMATES OF COST COMPONENTS 

Cost e s t i m a t e s  were made f o r  1 9  a l t e r n a t i v e  survey  methods 

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

and a n a l y s i s .  The e s t i m a t e s  were made f o r  two sample s i z e s :  500 

and 5000. An example of  t h e  components f o r  t h e  f i v e  O f f i c e  I n t e r -  

view a l t e r n a t i v e s  i s  shown i n  T a b l e  14 .  

The s t a n d a r d  s i t u a t i o n  assumed f o r  a l l  c a s e s  is a  two week 

s u r v e y  a t  a  l o c a t i o n  1000 m i l e s  from t h e  c e n t r a l  s u r v e y  o f f i c e .  

Manpower c o s t s  ranged  from manage r i a l  t o  c l e r i c a l  ($12.00 t o  

$2 .50  p e r  h o u r ) .  Task t i m e s  were e s t i m a t e d  f o r  each  manpower 

l e v e l  i n  each  component. For t h e  sample s i z e s  of 5000, c e r t a i n  

c o s t  components were assumed t o  be  c o n s t a n t  w i t h  r e s p e c t  t o  t h e  

500 sample (sample d e s i g n  and m a t e r i a l  d e s i g n ,  g u i d e  book,  pro-  

gramming, documenta t ion ,  d a t a  a n a l y s i s ) .  A l l  o t h e r  components 

v a r i e d  l i n e a r l y  w i t h  sample s i z e .  

COMPARISON OF TOTAL COSTS 

The t o t a l  c o s t  e s t i m a t e s  f o r  t h e  1 9  s u r v e y  methods a r e  

summarized i n  T a b l e  15 .  I t  can  be n o t e d  t h a t  s e v e r a l  methods w i t h  

h i g h e r  r e l a t i v e  c o s t s  f o r  t h e  500 sample have lower  r e l a t i v e  

c o s t s  f o r  t h e  5000 sample ,  and v i c e  v e r s a .  I n  p a r t i c u l a r ,  t h e  

ma i l ed  home q u e s t i o n n a i r e  method a c h i e v e s  a  g r e a t  r e d u c t i o n  i n  r e -  

l a t i v e  c o s t  a s  sample s i z e  i n c r e a s e s .  Beyond sample s i z e s  of 

5000, i t  is f e l t  t h a t  t h e r e  w i l l  be few i f  any changes  i n  t h e  

r a n k i n g  of  r e l a t i v e  c o s t s  among t h e  a l t e r n a t i v e  methods.  



Table 14 

Cost Component Es t imates  f o r  Of f i c e  In te rv iew A l t e r n a t i v e s  
(sample s i z e  of 500) 

e t h  d Gross Est  . ~omponen! !?rip Recon. T r i p  Log Odom. 
Est  . Reading 

Design $46 08 $46 08 $46 08 $46 08 $4608 

23 0 23 0 23 0 230 23 0 

L i a i son  & 
Trave 1 298 298 2 98 2 98 298 

Rec ru i t i ng  
& Tra in ing  r 3 12 

3 12 324 324 324 

I M a t e r i a l s  100 100 100 100 100 
C 

.$ 
+' 

td 

Off i c e  
Ren ta l  3 00 300 3 00 300 300 

P r i n t i n g  100 100 100 100 100 

C o l l a t i n g  36 36 36 36 36 
a 
PI 

C 
0 / F a c i l i t i e s  
.r( 

10 

Guide Book 17 2 8 1728 17 2 8 1728 17 2 8 

L ia i son  155 115 115 115 115 

/Mailing ---- ---- ---- 30 75 

1 Personnel  720 720 860 860 860 

Coding  
225 225 225 225 225 

4J 

l-l 
d 
o 
U 

Programming 57 6 576 57 6 57 6 57 6 

Telephone 15 15 15 

Trave l  50 50 50 

m 
.r( 
m 
h 
l-l 

j ~ a t a  Analys is  1152 1152 1152 11 52 1152 

Keypunching 35 35 35 35 35 

Comp. Chgs. 250 250 250 250 250 

; * 

T o t a l  

Documentation 576 57 6 576 57 6 57 6 



Table 15 

Total Cost Estimates of Alternative Survey Methods 

Sample Size 
500 - 5000 

Office Interview 
Gross Estimate 
Component Estimate 
Trip Reconstruction 
Trip Log 
Odometer 

Office Questionnaire 
Gross Estimate 
Component Estimate 
Trip Log 
Odome t e r 

~ . . 

Mail Questionnaire 
Gross Estimate 
Component Estimate 
Trip Log 
Odometer 

Telephone Interview 
Gross Estimate 

Home Interview 
Gross Estimate 



I n  Tab le  16 t h e  a l t e r n a t i v e  methods a r e  l i s t e d  i n  o r d e r  of 

i n c r e a s i n g  c o s t  p e r  c a s e ,  i . e . ,  c o s t  p e r  sampled d r i v e r  from whom 

exposure  d a t a  is  o b t a i n e d .  The c o s t s  p e r  c a s e  a r e  very c o n s i s t e n t  

w i t h  a c t u a l  e x p e n d i t u r e s  i n  a  number of r e c e n t  s u r v e y s  of  v a r i o u s  

t y p e s .  The ma i l ed  q u e s t i o n n a i r e  methods a r e  by f a r  t h e  l e a s t  

expens ive ,  w h i l e  home i n t e r v i e w s  a r e  by f a r  t h e  most expens ive .  

RECOMMENDED PROCEDURES 

The p reced ing  r e s u l t s  i n  S e c t i o n s  5 and 6 p r e s e n t  d a t a  which 

may be  used i n  t h e  s e l e c t i o n  of a  recommended su rvey  method. 

Although t h e  r e s p o n s e  r a t e s  ach ieved  show t h a t  a l l  methods work, 

t hey  do n o t  r e f l e c t  u l t i m a t e  r e sponse  r a t e s  ach ieved  by fol low-up 

p r o c e d u r e s ,  i . e . ,  two o r  more r e p e a t s  of t h e  su rvey  f o r  i n i t i a l  

non responden t s .  F u r t h e r ,  s e v e r a l  of t h e  t e s t e d  methods,  though 

p o t e n t i a l l y  e x c e l l e n t ,  a r e  no t  f e a s i b l e  on a  n a t i o n a l  s c a l e  a t  

p r e s e n t .  

T h e r e f o r e ,  a  new s e t  of g u i d e l i n e s  was e s t a b l i s h e d  (Table  

1 7 )  t o  govern t h e  s e l e c t i o n  of a  su rvey  p l a n  f o r  t h e  immediate 

f u t u r e ,  w i t h  t h e  u n d e r s t a n d i n g  t h a t  c u r r e n t  l i m i t a t i o n s  shou ld  no t  

i n h i b i t  p o s s i b l e  e v o l u t i o n  of  an o f f i c i a l  su rvey  when t h e  l i m i -  

t a t i o n s  a r e  removed. F u r t h e r ,  a s  an a i d  i n  s u b j e c t i v e l y  c o n s i d e r -  

i n g  t h e  a l t e r n a t i v e  modes of d a t a  c o l l e c t i o n ,  t h e i r  advan tages  

and d i s a d v a n t a g e s  were l i s t e d  comprehensively ( s ee  Appendix H ) .  

The on ly  pr imary  su rvey  methods t h a t  s a t i s f y  t h e  g u i d e l i n e s  

f o r  t h e  f i r s t  yea r  a r e :  

1. Mail  Survey f o r  random samples  of  d r i v e r s  i n  a l l  s t a t e s ,  

2 .  Home I n t e r v i e w s  of a  n a t i o n a l  p r o b a b i l i t y  sample o f  
households  (no t  s t a t e  by s t a t e ) .  

O the r  a l t e r n a t i v e s  a r e  no t  s a t i s f a c t o r y  f o r  t h e  f i r s t  y e a r .  

Telephone i n t e r v i e w s  would n o t  p rov ide  s u f f i c i e n t  accuracy  of 

mi l eage  e s t i m a t e s  because  t h e y  do no t  a l l o w  f o r  T r i p  Logs (which 

m u s t  b e  m a i l e d ) ,  o r  T r i p  R e c o n s t r u c t i o n  (which r e q u i r e s  e i t h e r  

p e r s o n a l  c o n t a c t  f o r  p rodding  o r  a  l onge r  t ime  f o r  i n t r o s p e c t i v e  

r e c a l l  t h a n  is  p o s s i b l e  by t e l e p h o n e ) .  Home i n t e r v i e w s  of samples  



TABLE 16 

RANKING OF ALTERNATIVE SURVEY METHODS BY COST PER CASE 
Rased on a sample of 5000 

Mail Questionnaire - Gross Estimate 
Mail Questionnaire - Component Estimate 
Mail Questionnaire - Trip Log Estimate 
Mail Questionnaire - Odometer Readings 
Office Interview - Gross Estimate 
Office Interview - Component Estimate 
Office Questionnaire - Gross Estimate 
Office Questionnaire - Component Estimate 
Off ice Interview - Trip Reconstruction 
Office Interview - Trip Log 
Office Interview - Odometer Readings 
Office Q~estionnaire - Trip Log 
Office Questionnaire - Odometer Readings 
Telephone Interview - Gross Estimate 
Home Interview 



Table 17 

GUIDELINES FOR SELECTION OF A N  EXPOSURE SURVEY METHOD 

1. Selected method f o r  f i rs t  year should provide an est imate of 
mileage fo r  the nation a s  a  whole. 

2 .  Recommended method f o r  the long term should provide mileage 
est imates  f o r  each s t a t e .  

3 .  Acceptable response r a t e s  can be achieved f o r  o f f i c e  i n t e r -  
views and home interviews i n  one-wave, and f o r  mailed 
quest ionnaires  and telephone - i f  there  a re  follow-ups. 

4 .  Costs per case t o  achieve acceptable response r a t e s  a re  
highest  fo r  home interviews, medium fo r  telephone and o f f i c e  
interviews, and lowest f o r  mailed quest ionnaires .  

5 .  Accuracies of mileage est imation a re  highest  f o r  T r i p  Logs, 
next highest f o r  Gross Estimates and T r i p  Reconstruction, 
and lowest f o r  Component Estimates. 

6 .  There should be some provision i n  a  long range plan f o r  evol- 
u t ion  of an i n i t i a l  method t o  an ul t imate method over a  
period of years ,  b u t  there  should not be overemphasis on 
such provis ions.  

7&' The f irst  year should include one or more auxi l ia ry  surveys 
t o  permit v e r i f i c a t i o n  of comparative accuracies  of po ten t i a l  
met hods. 

8 ,  Po ten t i a l  sampling d i f f i c u l t i e s  should be minimized the f i r s t  
year.  

9 .  Po ten t i a l  sample biases  should be minimized the f irst  year.  

10. Tota l  cost  f o r  the f i r s t  year should be a s  low a s  necessary, 
w i t h i n  the above guide l ines ,  t o  be a t  a  reasonable l eve l  
f o r  a  new federa l  program i n  the l i g h t  of the current budget 
r e s t r i c t i o n s .  



d i a g o n a l  e n t r i e s  become 2 i n  t h e  c a s e  where  o n l y  o n e  d r i v e r  d r i v e s  

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

f i c u l t  b e c a u s e  many more r e a d i n g s  t h a n  2 a r e  n e c e s s a r y  t o  k e e p  

o t h e r  d r i v e r ' s  m i l e a g e  s e p a r a t e d ,  e s p e c i a l l y  f o r  t h e  l o n g e r  i n -  

vo lvement  p e r i o d s  ( e . g . ,  o v e r  a  w e e k ) .  

The e n t r i e s  o n e  row below t h e  m a j o r  d i a g o n a l  r e p r e s e n t  

r e a s o n a b l e  c o m b i n a t i o n s  o f  t i m e  p e r i o d s  and  d i v i s i o n s  f o r  s i n g l e -  

v e h i c l e  d r i v e r s .  Here  a g a i n  t h o u g h ,  t h e  t y p i c a l  c a s e  w i l l  r e q u i r e  

many r e a d i n g s ,  e s p e c i a l l y  f o r  l o n g  i n v o l v e m e n t  p e r i o d s .  However, 

i n  t h e  c a s e  o f  one-day p e r i o d s  d i v i d e d  by t r i p s ,  t h e  number o f  

measurements  w i l l  b e  no more t h a n  t w i c e  t h e  number o f  t r i p s  

( t y p i c a l l y  4 - 1 0 ) ,  which  is q u i t e  r e a s o n a b l e .  The same c o m b i n a t i o n  

(one  day d i v i d e d  by t r i p s )  is b o t h  r e a s o n a b l e  and  a c c u r a t e  when 

done  by e s t i m a t i o n .  

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

c o n s i d e r e d  a c c e p t a b l e  and t o l e r a b l e  t o  d r i v e r s  who would b e  i n -  

v o l v e d :  

1. One y e a r  g r o s s  e s t i m a t e  o f  v e h i c l e  miles 

2 .  One q u a r t e r  g r o s s  e s t i m a t e  o f  v e h i c l e  m i l e s  

3 .  One month g r o s s  e s t i m a t e  o f  v e h i c l e  miles  

4 .  One week g r o s s  e s t i m a t e  of  v e h i c l e  miles 

5 .  One week e s t i m a t e  of v e h i c l e  miles by day 

6 .  One day g r o s s  e s t i m a t e  o f  v e h i c l e  miles 

7 .  One day  e s t i m a t e  by t r i p  ( t r i p  r e c o n s t r u c t i o n )  

8 .  One day measurement  by  t r i p  ( t r i p  l o g )  

The f i n a l  c h o i c e  t o  b e  made is t h e  p h a s i n g  o f  t h e  s u r v e y  

w i t h i n  t h e  b a s i c  time p e r i o d .  F o r  most  e f f i c i e n t  u s e  o f  d a t a ,  t h e  

p h a s i n g  s h o u l d  e q u a l  t h e  e s t i m a t i o n  time p e r i o d .  T h u s ,  f o r  a  one- 

y e a r  e s t i m a t e  t h e r e  s h o u l d  b e  o n e  1 - y e a r  p h a s e ;  f o r  a  o n e - q u a r t e r  

e s t i m a t e  t h e r e  s h o u l d  b e  f o u r  3-month p h a s e s ;  f o r  a  one-month 
e s t i m a t e  t h e r e  s h o u l d  b e  t w e l v e  1-month p h a s e s ;  f o r  a  one-week 

e s t i m a t e  t h e r e  s h o u l d  b e  52 one-week p h a s e s ;  a n d  f o r  a  one-day 

e s t i m a t e  o r  t r i p  l o g  o r  r e c o n s t r u c t i o n  t h e r e  s h o u l d  b e  365 one-day 

p h a s e s .  



i n  a l l  s t a t e s  would r e q u i r e  c l u s t e r i n g  of c a s e s  w i t h i n  s t a t e s ,  

and  t h i s  r e q u i r e s  p r o b a b i l i t y  sampl ing  w i t h i n  s t a t e s  by county  o r  

o t h e r  r e g i o n a l  g roup ing ;  c u r r e n t  forms of  s t a t e  d r i v i n g  r e c o r d s  

a r e  n o t  compa t ib l e  w i t h  s u c h  sampl ing  because  t h e y  a r e  no t  a l l  on 

t a p e  and i n  any c a s e  a r e  t o o  d i f f i c u l t  t o  s u b d i v i d e  by coun ty ;  

even g i v e n  t h e  f e a s i b i l i t y  of  county  g roup ing ,  t h e r e  would have 

t o  be many widespread  c l u s t e r s  w i t h i n  each  s t a t e ,  and t h u s  t h e  

t r a v e l  c o s t s  would b e  p r o h i b i t i v e  f o r  a  modest program d u r i n g  t h e  

n e x t  y e a r  o r  n e x t  s e v e r a l  y e a r s .  O f f i c e  i n t e r v i e w s  a r e  s imply  

n o t  f e a s i b l e  i n  o v e r  a  t h i r d  of t h e  s t a t e s  which do no t  r e q u i r e  

p e r s o n a l  appea rance  a t  b r a n c h  o f f i c e s  f o r  l i c e n s e  r enewa l ;  a l s o ,  

f o r  s t a t e  samples  i n  t h e  s t a t e s  where t h e y  a r e  f e a s i b l e ,  o f f i c e  

i n t e r v i e w s  would be  t o o  expens ive  i n  t h e  f i r s t  y e a r  because  of 

overhead  i n e f f i c i e n c i e s  i n  s e t t i n g  up, s a y  10 o f f i c e s  f o r  on ly  

one week each ;  however, o f f i c e  i n t e r v i e w s  would b e  r e a s o n a b l e  f o r  

a  n a t i o n a l  sample (no t  s t a t e  by s t a t e )  i f  i t  were n o t  f o r  t h e  17 

i n f e a s i b l e  s t a t e s .  

Some of t h e  methods e l i m i n a t e d  above a s  p o t e n t i a l  pr imary 

methods f o r  t h e  f i r s t  y e a r  o r  s o  might become f e a s i b l e  i n  t h e  

l o n g  te rm f u t u r e  a s  s t a t e  sys tems  o f  d r i v e r  l i c e n s i n g  and d r i v e r -  

r e c o r d  keep ing  a r e  improved. U l t i m a t e l y ,  i t  seems c l e a r  t h a t  

a d m i n i s t r a t i o n  o f  exposu re  s u r v e y s ,  though c o o r d i n a t e d  a t  t h e  

f e d e r a l  l e v e l ,  c o u l d  be implemented by a p p r o p r i a t e  s t a t e  a g e n c i e s .  

T h i s  might be t r u e  because  o n l y  t h e  s t a t e s  w i l l  b e  c a p a b l e  of t h e  

e f f i c i e n c i e s  p o s s i b l e  by d e c e n t r a l i z e d  i n t e g r a t i o n  of s u r v e y s  i n t o  

m o d i f i c a t i o n s  of e x i s t i n g  programs. F e d e r a l  s u p p o r t  of t h e  i n t e -  

g r a t e d  s u r v e y s  must b e  assumed, however. I n  t h i s  c o n t e x t ,  t h e  

f o l l o w i n g  su rvey  methods appea r  t o  be  f e a s i b l e  i n  t h e  long-term: 

1. Mail  Survey f o r  random samples  of d r i v e r s  i n  a l l  s t a t e s .  

2 .  O f f i c e  I n t e r v i e w s  i n  p r o b a b i l i t y  samples  of o f f i c e s  i n  
a l l  s t a t e s .  

3 .  Home I n t e r v i e w s  f o r  p r o b a b i l i t y  samples  of  d r i v e r s  i n  
a l l  s t a t e s .  



The b a s i c  m i l e a g e  e s t i m a t i o n  method f o r  any o f  t h e  a b o v e  s u r -  

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

T r i p  Logs .  However, s i n c e  t h e  T r i p  R e c o n s t r u c t i o n  method a l s o  

shows p r o m i s e  o f  s i m i l a r  a c c u r a c y ,  i t  m i g h t  b e  a d o p t e d .  I n  

a d d i t i o n ,  i t  a p p e a r s  u s e f u l  f o r  c o m p a r i s o n  p u r p o s e s  t o  a s k  f o r  

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

month ,  o r  week) .  Odometer  r e a d i n g s  o v e r  l o n g  p e r i o d s  would b e  

e x c e l l e n t  i f  we were  i n t e r e s t e d  o n l y  i n  v e h i c l e  c l a s s i f i c a t i o n s ;  

however ,  b e c a u s e  most  v e h i c l e s  a r e  d r i v e n  by s e v e r a l  d r i v e r s  o v e r  

l o n g  p e r i o d s ,  odomete r  r e a d i n g s  d o  n o t  p r o v i d e  a c c u r a t e  c r o s s  

c l a s s i f i c a t i o n s  o f  t h e  d r i v e r - v e h i c l e  c o m b i n a t i o n s  t h a t  we a r e  

p r i m a r i l y  i n t e r e s t e d  i n .  

B o t h  o f  t h e  me thods  i d e n t i f i e d  a b o v e  a s  s a t i s f a c t o r y  f o r  t h e  

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

f o r  t h e  l o n g  term. The M a i l  Survey  was c h o s e n  f o r  t h e  f o l l o w i n g  

r e a s o n s  : 

1. The M a i l  S u r v e y  p l a n  would r e q u i r e  o n l y  a  min imal  
e v o l u t i o n a r y  p r o c e s s  compared t o  t h e  Home I n t e r v i e w  
p l a n  ( t h e  l a t t e r  must  e v o l v e  f rom n a t i o n a l - o n l y  t o  
s t a t e - b y - s t a t e  and  i t  would t a k e  a  l o n g  t i m e ) .  

2 .  The M a i l  S u r v e y  p l a n  s a t i s f i e s  t h e  s t a t e - b y - s t a t e  
c r i t e r i o n  i m m e d i a t e l y .  

3 .  The M a i l  Survey  p l a n  would b e  l e s s  e x p e n s i v e  i n  t h e  
l o n g  r u n .  

4 .  The M a i l  S u r v e y  p l a n  is more c o m p a t i b l e  w i t h  c u s t o m a r y  
s t a t e  p r a c t i c e s  ( o f f i c i a l  home i n t e r v i e w s  a r e  r a r e  a t  
t h e  s t a t e  l e v e l ) .  

The r e m a i n i n g  c h o i c e s  t o  b e  made i n  t h e  s t r u c t u r e  o f  T a b l e  8 

d e a l  w i t h  s a m p l i n g ,  p h a s i n g ,  and  t i m e  p e r i o d s .  With  d r i v e r s  a s  a  

s o u r c e  o f  d a t a  on m a i l e d  q u e s t i o n n a i r e s ,  t h e  o n l y  p o s s i b l e  sampl -  

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

b e  s e n t  t o  l i c e n s e d  d r i v e r s  o r  owners  o f  r e g i s t e r e d  v e h i c l e s .  I n  

t h e  l a t t e r  c a s e ,  t h e  owner would have  t o  i d e n t i f y  a l l  d r i v e r s  o f  

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

b e  d i f f i c u l t  i n  many c a s e s .  T h u s ,  l i c e n s e d  d r i v e r s  a r e  recommended 



a s  t h e  s a m p l i n g  e n t i t i e s .  On t h i s  b a s i s ,  t h e  o b v i o u s  c h o i c e  f o r  

s o u r c e  o f  s a m p l e  i d e n t i f i c a t i o n  is o f f i c i a l  s t a t e  d r i v e r  r e c o r d s ,  

i . e . ,  l ists o f  l i c e n s e d  d r i v e r s  from which random s a m p l e s  may b e  

drawn.  The f i n a l  s a m p l i n g  c h o i c e  d e a l s  w i t h  s t r a t i f i c a t i o n .  I n  

many s t a t e  d r i v e r - l i c e n s e  f i l e s ,  i t  is p r e s e n t l y  v e r y  d i f f i c u l t  

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

T h e r e f o r e ,  e x p o s u r e  s u r v e y  s a m p l e s  s h o u l d  b e  s e l e c t e d  randomly 

w i t h o u t  p r e - s t r a t i f i c a t i o n .  

I n  c h o o s i n g  t h e  time p e r i o d  o v e r  which  e a c h  sampled  d r i v e r  

s h o u l d  b e  i n v o l v e d  i n  e x p o s u r e  measurement  o r  e s t i m a t i o n ,  we con-  

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

d i v i d i n g  t h e  time p e r i o d  ( i f  a t  a l l ) .  The v a r i o u s  p o s s i b i l i t i e s  

a r e  c h a r t e d  i n  T a b l e  18. The e n t r i e s  i n  t h e  t a b l e  i n d i c a t e  t h e  

number o f  d i s t i n c t  and s e p a r a t e  e x p o s u r e  v a l u e s  t h a t  must  b e  

d e t e r m i n e d  by d r i v e r s  f o r  t h e  v a r i o u s  p o s s i b l e  t i m e  p e r i o d s  and  

t i m e - p e r i o d  d i v i s i o n s  o f  a n  i n d i v i d u a l  d r i v e r ' s  i n v o l v e m e n t .  If 

a  d r i v e r  makes e s t i m a t e s  o f  h i s  v e h i c l e  miles t r a v e l l e d ,  t h e  

t a b l e  e n t r i e s  i n d i c a t e  t h e  e x a c t  number o f  e s t i m a t e s  r e q u i r e d .  

I f  a  d r i v e r  makes o d o m e t e r  r e a d i n g s  a t  t h e  e n d  p o i n t s  o f  e a c h  time 

p e r i o d  d i v i s i o n ,  t h e n  t h e  number o f  o d o m e t e r - r e a d i n g s  r e c o r d e d  

w i l l  be a t  l e a s t  o n e  more t h a n  t h e  a p p r o p r i a t e  e n t r y .  I f  a  d r i v e r  

is t h e  o n l y  d r i v e r  o f  a  v e h i c l e ,  t h e n  t h e r e  w i l l  b e  r e q u i r e d  

e x a c t l y  o n e  more r e a d i n g  t h a n  t h e  e n t r y  i n d i c a t e s .  I n  o t h e r  w o r d s ,  

mos t  o f  t h e  r e a d i n g s  s e r v e  b o t h  a s  a  b e g i n n i n g  r e a d i n g  f o r  o n e  

time d i v i s i o n ,  a n d  a n  end r e a d i n g  f o r  t h e  n e x t  d i v i s i o n .  However, 

i f  a  d r i v e r  is n o t  t h e  o n l y  d r i v e r  o f  a  v e h i c l e ,  t h e n  he  may have  

t o  make two r e a d i n g s  p e r  t r i p  i n  o r d e r  t o  k e e p  h i s  d r i v i n g  d i s -  

t a n c e s  s e p a r a t e d  f rom t h e  d i s t a n c e s  o f  t h e  v e h i c l e ' s  o t h e r  d r i v e r s ,  

e v e n  t h o u g h  a  l o n g e r  time d i v i s i o n  is a l l o w e d .  

The e n t r i e s  a l o n g  t h e  d i a g o n a l  i n d i c a t e  a  s i n g l e  e s t i m a t e  

o v e r  t h e  time p e r i o d  of  a  d r i v e r ' s  i n v o l v e m e n t .  T h e s e  r e p r e s e n t  

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

d r i v e r .  I f  odomete r  r e a d i n g s  a r e  u s e d  i n s t e a d  o f  e s t i m a t e s ,  t h e  



Tab le  l g  

Number of S e p a r a t e  Exposure E s t i m a t e s  
f o r  Var ious  Time P e r i o d s  

T o t a l  Time of D r i v e r  Involvement 

Year Q u a r t e r  Month Week Day T r i p  

;I; Year 1 - - - - - 
.r( 

m k Q u a r t e r  4 1 - - - - 
G @ 
O Month 12 3 1 - - - .r( , . 
m d 

a Week 5 2 13 4 1 - - > @ 
.rc 0 
a H Day 3 6 5  9 1  3 1 7 1 - 

T r i p  **  **  * *  *t 2-5* 1 

* Two t o  f i v e  t r i p s  p e r  day is  t y p i c a l  r ange  

** Average number of t r i p s :  A t  l e a s t  tw ice  t h e  number of 
days  i n v o l v e d .  



The t r a d e o f f  among p o s s i b l e  p h a s i n g s  is governed somewhat by 

sample s i z e  ( fewer  c a s e s  r e q u i r e d  f o r  s h o r t e r  p h a s i n g s )  b u t  p r i -  

m a r i l y  i t  is governed by t h e  i n h e r e n t  accu racy  i n  t h e  r e c o l -  

l e c t i o n s  o f  v e h i c l e  t y p e s ,  road  t y p e s ,  day-night  d i s t r i b u t i o n s  

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

w i l l  o ccu r  i n  t h e  one-day phas ing .  

I n  summary of S e c t i o n s  5 and 6 t h e  f o l l o w i n g  c h o i c e s  have 

been made among s u r v e y  a l t e r n a t i v e s  from Tab le  8 .  

PHASING WITHIN TIME PERIOD - Dai ly  
SAMPLING ENTITIES - D r i v e r s  
STRATIFICATION - No pre-sampling s t r a t i f i c a t i o n  
SOURCE OF SAMPLE IDENTIFICATION - S t a t e  d r i v e r - l i c e n s e  

r e c o r d s  
SOURCE OF DATA - D r i v e r s ,  and perhaps  odometers  
SETTING AND MODE OF DATA COLLECTION - Home (mai led  

q u e s t i o n n a i r e )  
TIME PERIOD PER CASE - One day,  r e c o r d e d  by t r i p  



SECTION 7 

FIELD TEST PROCEDURES (TASK 4 )  

T h i s  s e c t i o n  is a  b r i e f  d e s c r i p t i o n  of t h e  f i e l d  t e s t  pro-  

c e d u r e s  r e q u i r e d  t o  v a l i d a t e  t h e  f e a s i b i l i t y  of  a  na t ionwide  m a i l  

s u r v e y  of  exposu re  d a t a ,  a s  recommended i n  S e c t i o n  6 .  A u x i l i a r y  

s u r v e y s  f o r  comparison pu rposes  may a l s o  b e  f i e l d  t e s t e d  s i m u l t a -  

neous ly  w i t h  t h e  m a i l  s u r v e y .  

A f i e l d  t e s t  of  a  d e t a i l e d  exposu re  s u r v e y  p l a n  is t h e  f i r s t  

a t t e m p t  t o  implement t h e  p l a n  on a  l a r g e  s c a l e  i n  t h e  r e a l  w o r l d ,  

i n c l u d i n g  a l l  t h e  r e q u i r e d  o p e r a t i o n a l  p r o c e d u r e s .  I ts  p u r p o s e s  

a r e :  

1. To v a l i d a t e  c o s t  and accu racy  e s t i m a t e s  d e r i v e d  i n  
t h e  su rvey  p l a n ,  

2 .  To e v a l u a t e  t h e  p a r t s  of  t h e  p l a n  where i n s u f f i c i e n t  
d a t a  e x i s t s  t o  make r e a s o n a b l e  e s t i m a t e s  of  per formance ,  

3 .  To d e t e r m i n e  and remove o p e r a t i o n a l  problems which 
a r i s e  i n  imp lemen ta t ion .  

Al though t h e  f i e l d  t e s t  is conducted  i n  t h e  " f i e l d " ,  i . e . ,  

i n  t h e  r e a l  wor ld  where t h e  o p e r a t i o n a l  s u r v e y  w i l l  b e  conduc ted ,  

i t s  l a r g e  s c a l e  does  n o t  n e c e s s a r i l y  imply t h a t  i t  w i l l  have a s  

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

would n o t  n e c e s s a r i l y  c o v e r  a l l  s t a t e s  ( though i t  s h o u l d  cove r  a  - 
l a r g e  p r o p o r t i o n  of  t hem) ,  and i t  would n o t  n e c e s s a r i l y  have a  

sample s i z e  a s  l a r g e  a s  u l t i m a t e l y  i n t e n d e d  ( though i t  s h o u l d  b e  

a  l a r g e  p e r c e n t a g e  of  t h e  u l t i m a t e  sample s i z e ) .  

A f i e l d  t e s t  i s  unique  from o p e r a t i o n a l  imp lemen ta t ion  i n  

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

v i c e s ,  means f o r  c o l l e c t i n g  i n f o r m a t i o n  on t h e  e f f e c t i v e n e s s  of  

t h e  o p e r a t i o n a l  p r o c e d u r e s .  Thus,  a  f i e l d  t e s t  may be  s l i g h t l y  

more complex t h a n  o p e r a t i o n a l  imp lemen ta t ion .  Whereas t h e  major  

conce rn  i n  an o p e r a t i o n a l  s u r v e y  is t h e  d a t a  r e s u l t s ,  i n  t h e  c a s e  

of  a  f i e l d  t e s t  t h e  major  conce rn  is on t h e  e f f e c t i v e n e s s  of i t s  

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



A f i e l d  t e s t  of  t h e  proposed mai l -survey exposure  program 

would i n v o l v e  random sampl ing  of d r i v e r s  from t h e  d r i v e r  lists i n  

each  s t a t e  and D . C . ,  and m a i l i n g  of q u e s t i o n n a i r e s  and t r i p  l o g s  

t o  each  s e l e c t e d  d r i v e r .  Whereas a  l a t e r  o p e r a t i o n a l  program might 

i n v o l v e  m a i l i n g  on a  d a i l y  b a s i s ,  t h e  f i e l d  t es t  may be s i m p l i -  

f i e d  by q u a r t e r l y  m a i l i n g s .  One f o u r t h  of  t h e  sample would be  -. 
c o n t a c t e d  i n  each  q u a r t e r .  The a g g r e g a t e  of d a i l y  t r i p  l o g s  would 

n o t  r e p r e s e n t  d r i v i n g  exposure  th roughout  t h e  y e a r  because  t h e y  

would be  c o n c e n t r a t e d  i n  f o u r  p e r i o d s .  However, t h i s  l a c k  cou ld  

be  accounted  f o r  s imply  by i n c l u d i n g  a  r e q u e s t  f o r  a  g r o s s  

e s t i m a t e  of mi leage  d u r i n g  t h e  3-month q u a r t e r .  Follow-up r e -  

minders  would be  s e n t  i n  two waves, w i t h  an  e x p e c t a t i o n  o f  ach iev -  

i n g  a  cumula t ive  r e sponse  r a t e  of 80-90%. Ques t ions  would i n c l u d e  

t h e  s e l e c t e d  v a r i a b l e s  from S e c t i o n  4 .  

GENERAL FIELD TEST PLAN 

A g e n e r a l  o u t l i n e  of t h e  m a i l  su rvey  f i e l d  t e s t  p l a n  is 

shown i n  Table  19 .  The f i r s t  t a s k ,  Procedure  Eva lua t ion  P l a n s ,  

is t h e  one t h a t  is most n o t i c e a b l y  unique from t h e  t a s k s  o f  an 

o p e r a t i o n a l  su rvey  p l a n .  A l l  of  t h e  o t h e r  major t a s k s  i n  Tab le  

19  a r e  e s s e n t i a l l y  ones  t h a t  would be  invo lved  i n  an  o p e r a t i o n a l  

s u r v e y ,  w i t h  t h e  e x c e p t i o n  t h a t  t h e y  a l l  i n c l u d e  a  s u b t a s k  f o r  

t h e  e v a l u a t i o n  o f  t h e  p rocedures  i n  t h e i r  o t h e r  s u b t a s k s .  The 

d i s t i n g u i s h i n g  f e a t u r e  of t h e  exposure  f i e l d  t e s t ,  t h e n ,  is i t s  

p r o v i s i o n  f o r  e v a l u a t i o n  o f  o p e r a t i o n a l  p rocedures .  

EVALUATION OF OPERATIONAL PROCEDURES 

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

c a t e g o r i e s  f o r  e v a l u a t i o n  of  proposed mai l -survey p r o c e d u r e s :  

V a l i d i t y  E v a l u a t i o n s  ( i n t e r n a l  v a l i d i t y ,  e x t e r n a l  v a l i d i t y ,  and 

r e s p o n s e  r a t e ) ;  Time, Sequence and Schedule  E v a l u a t i o n ;  and Cost 

E v a l u a t i o n s .  I n  a d d i t i o n ,  some of t h e  p o s s i b l e  s p e c i a l  eva lu-  

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



TABLE 19 

GENERAL F tEL,D TEST PLAN 

Tasks  

1. P rocedure  E v a l u a t i o n  
P l a n s  

2 .  Schedu l ing  

3 .  Q u e s t i o n n a i r e  

4 .  L i a i s o n  

5 .  Sample Design 

6 .  C l e r i c a l  and/or  
A d m i n i s t r a t i v e  
P r e p a r a t i o n  

7 .  Data C o l l e c t i o n  

8 .  Data P r e p a r a t i o n  

9 .  Data A n a l y s i s  

Sub-t a s k s  

a .  V a l i d i t y  e v a l u a t i o n s  
b .  Sequence e v a l u a t i o n s  
c .  Schedu le  e v a l u a t i o n s  
d .  Cost e v a l u a t i o n s  

a .  O p e r a t i o n a l  p r o c e d u r e s  
b .  E v a l u a t i o n  s c h e d u l i n g  

a .  C o n s t r u c t i o n  
b .  P r e t e s t i n g  
c .  E v a l u a t i o n  and r e v i s i o n  

a .  Q u e s t i o n n a i r e  a p p r o v a l  
b .  S t a t e  d r i v e r  l i s t  a c c e s s  

a .  Def ine  t a r g e t  p o p u l a t i o n  
b .  Def ine  sampl ing  method 
c .  De f ine  sample s i z e  
d .  Draw sample 
e .  E v a l u a t e  s ampl ing  problems 

a .  M a i l i n g  lists 
b .  P r i n t i n g  
c .  M a i l i n g  
d .  P rocedure  e v a l u a t i o n s  

a .  F i r s t  m a i l i n g  
b .  I d e n t i f i c a t i o n  o f  non- 

r e s p o n s e  
c .  Follow-up m a i l i n g  
d .  P rocedure  e v a l u a t i o n  

a .  E d i t i n g  
b .  Coding 
c .  T r a n s c r i p t i o n  
d .  F i l e  c o n s t r u c t i o n  
e .  Data r e d u c t i o n  
f .  P rocedure  e v a l u a t i o n s  

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

b .  Computing exposure  v a l u e s  
by c l a s s  and i n  a g g r e g a t e  

c .  V a l i d i t y  a n a l y s i s  and o t h e r  
e v a l u a t i o n s  



I n t e r n a l  V a l i d i t y  E v a l u a t i o n s  

Q u a n t i t a t i v e  I tem A n a l y s i s  

One of t h e  p r e r e q u i s i t e s  f o r  o b t a i n i n g  v a l i d  su rvey  i n f o r -  

mat ion  is t h e  a t t a i n m e n t  of  a  h i g h  p e r c e n t a g e  of r e s p o n s e s  t o  a l l  

o f  t h e  q u e s t i o n n a i r e  i t e m s .  I f  t h e  q u e s t i o n n a i r e s  a s  a  whole do 

no t  produce t h e  p r o p e r  q u a n t i t y  of s u i t a b l e  r e s p o n s e s ,  t h e n  one 

might  a s k  s u c h  q u a l i t a t i v e  q u e s t i o n s  a s :  

a )  Is t h i s  due t o  ambigui ty  w i t h i n  t h e  q u e s t i o n s ?  

b )  Is t h i s  due t o  a  l a c k  of  r e sponden t  knowledge? 

c )  Is t h i s  due t o  l a c k  of i n t e r e s t  i n  t h e  s u b j e c t  
m a t t e r  of t h e  q u e s t i o n ?  

I n  an  o p e r a t i o n a l  su rvey  t h e r e  t h e o r e t i c a l l y  s h o u l d  be  no major  

s u r p r i s e s  r e g a r d i n g  comple t enes s  of  r e s p o n s e s  i f  t h e  q u e s t i o n -  

n a i r e  had been a d e q u a t e l y  p r e t e s t e d  and r e f i n e d .  T h i s  c r i t e r i o n  

s h o u l d  be handled  by f i r s t  d e f i n i n g  what w i l l  be  a c c e p t e d  a s  a  

comple te  o r  s u i t a b l e  r e s p o n s e  t o  each  q u e s t i o n .  Also t o  be  de- 

f i n e d  is t h e  minimum l e v e l  which w i l l  be  a c c e p t a b l e  f o r  a  

s a t i s f a c t o r y  comple t enes s  p e r c e n t a g e  among a l l  r e s p o n s e s .  Then 

t h e  number o f  comple te  o r  s u i t a b l e  r e s p o n s e s  and t h e  number of  

i ncomple t e  o r  u n s u i t a b l e  r e s p o n s e s  shou ld  be coun ted  t o  s e e  i f  

t h e  d e s i r e d  minimum comple t enes s  o f  r e s p o n s e  has  been o b t a i n e d .  

Q u a l i t a t i v e  I tem A n a l y s i s  

The q u a l i t a t i v e  i t em a n a l y s i s  c r i t e r i o n  f lows  from t h e  

q u a n t i t a t i v e .  The i n d i v i d u a l  q u e s t i o n s  which have a  low complete-  

n e s s  of  r e s p o n s e ,  a s  de t e rmined  above,  shou ld  be  ana lyzed  

q u a l i t a t i v e l y  a s  f o l l o w s :  

1. Examine each  q u e s t i o n  f o r  ambiguous words o r  i d e a s .  

2 .  Examine each  q u e s t i o n  t o  t r y  t o  de t e rmine  i f  i t  is a  
" l ead ing"  q u e s t i o n  o r  n o t .  

3 .  Examine each  q u e s t i o n  t o  t r y  t o  de t e rmine  i f  an 
"embarrassment f a c t o r f T  is p r e s e n t .  



4 .  Examine e a c h  q u e s t i o n  t o  t r y  t o  d e t e r m i n e  i f  t h e r e  is 
a  w s o c i a l l y  d e s i r a b l e "  r e s p o n s e  which  may b i a s  t h e  
r e s u l t s .  

5.  Examine e a c h  q u e s t i o n  t o  t r y  t o  d e t e r m i n e  i f  t h e  
r e s p o n d e n t  is i n d e e d  c a p a b l e  o f  g i v i n g  t h e  d e s i r e d  
i n f o r m a t i o n .  

6 .  Examine e a c h  q u e s t i o n  t o  t r y  t o  d e t e r m i n e  i f  t h e  r i g h t  
t y p e  o f  q u e s t i o n  h a s  b e e n  u s e d ,  e . g . ,  open  v s .  c l o s e d .  

Q u a l i t a t i v e  C o n t e n t  A n a l y s i s  

By l e a v i n g  a n  open  "Comments" s e c t i o n  a t  t h e  end  o f  e a c h  

q u e s t i o n n a i r e ,  i n f o r m a t i o n  c a n  b e  o b t a i n e d  f o r  a n a l y s i s  i n  s e v e r a l  

w a y s ,  e .  g . ,  f i n d i n g  

1. The number o f  r e s p o n d e n t s  t o  t h e    comment^'^ s e c t i o n  
v s .  t h e  number o f  n o n - r e s p o n d e n t s  t o  i t .  

2 .  The number o f  p o s i t i v e  v s .  t h e  number o f  n e g a t i v e  
comments.  

3 .  The number o f  p o s i t i v e  and  n e g a t i v e  comments a b o u t  
c e r t a i n  f r e q u e n t l y  m e n t i o n e d  p o r t i o n s  o f  t h e  q u e s t i o n -  
n a i r e ,  a n d  

4 .  The m a j o r  g r o u p s  o r  c a t e g o r i e s  o f  t y p i c a l  r e s p o n s e s .  

E x t e r n a l  V a l i d i t y  M e a s u r e s  

A s e c o n d  v a l i d a t i o n  method is t o  compare  s u r v e y - g e n e r a t e d  

d a t a  w i t h  known f a c t s .  Some e x a m p l e s  o f  c o m p a r i s o n s  t h a t  m i g h t  

be made a r e  a s  f o l l o w s :  

When o b t a i n i n g  d r i v e r  l ists f rom t h e  v a r i o u s  s t a t e s  f rom 
w h i c h  t o  draw s a m p l e s ,  a g e  and  s e x  a n d  any o t h e r  
v a r i a b l e s  which  a l l  o f  t h e  s t a t e s  h a v e  i n  common c a n  
a l s o  be o b t a i n e d .  T h e s e  d a t a  c a n  b e  compared w i t h  t h e  
a p p r o p r i a t e  s u r v e y  d a t a  f o r  c o n f o r m i t y .  A n o t h e r  way t o  
do  t h i s  i s  t o  s i m p l y  compare  t h e  a p p r o p r i a t e  s u r v e y  d a t a  
w i t h  t h e  s t a t e  a v e r a g e s  a n d  d i s t r i b u t i o n s  on  t h e s e  v e r y  
same v a r i a b l e s .  T h i s  l a t t e r  method d o e s  n o t  a l l o w  f o r  
i d e n t i f i c a t i o n  o f  n o n - a d d r e s s e e  r e s p o n d e n t s ,  however .  
S u r v e y  d a t a  m i g h t  f u r t h e r  b e  compared w i t h  n a t i o n a l  , 

c e n s u s  d a t a  t o  see how t y p i c a l  t h e  d r i v i n g  p o p u l a t i o n  
is o f  t h e  p o p u l a t i o n - a t - l a r g e ,  and  how d r i v e r s  compare  
w i t h  n o n - d r i v e r s .  



2 .  A p p r o p r i a t e  s u r v e y  d a t a  c a n  b e  compared t o  known d i s -  
t r i b u t i o n s  o f  v e h i c l e  m o d e l s ,  y e a r s ,  a n d  t y p e s .  

3 .  A p p r o p r i a t e  s u r v e y  d a t a  c a n  b e  compared w i t h  e x p o s u r e  
a n d  r o a d  t y p e  f i g u r e s  f rom o t h e r  a g e n c i e s  o r  s o u r c e s  
s u c h  a s  t h e  highway d e p a r t m e n t s ,  s t a t e  p o l i c e ,  A A A ,  
o r  o t h e r  r e s e a r c h  s t u d i e s .  

4 .  A p p r o p r i a t e  e x p o s u r e  d a t a  from t h e  m a i l  s u r v e y  c a n  a l s o  
b e  compared w i t h  r e s u l t s  o b t a i n e d  i n  a u x i l i a r y  s u r v e y s .  

R e s ~ o n s e  R a t e  Measures  

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

e x a m p l e s  o f  r e s p o n s e  r a t e  measurements  t h a t  c a n  b e  made f o r  t h e  

m a i l  s u r v e y  a r e  a s  f o l l o w s :  

1. Non- responden t s  c a n  b e  d i s t i n g u i s h e d  f rom non- 
r e c i p i e n t s .  F o r  e x a m p l e ,  a c e r t a i n  p e r c e n t a g e  o f  
p e o p l e  w i l l  h a v e  moved w i t h o u t  l e a v i n g  f o r w a r d i n g  
a d d r e s s e s .  These  l e t t e r s ,  s i n c e  t h e y  a r e  g o i n g  t o  b e  
s e n t  f i r s t  c l a s s ,  w i l l  b e  r e t u r n e d  and  t h u s  a r e  n o t  
t e c h n i c a l l y  s u r v e y  r e f u s a l s .  

2 .  I f  t h e  s u r v e y  i n c l u d e s  r e s p o n d e n t  anonymi ty  a s  a  f e a t u r e ,  
t h e n  a non-anonymity t e c h n i q u e  c a n  b e  t r i e d  i n  s p e c i a l  
t e s t s  i n  a n  a t t e m p t  t o  d i s c o v e r  i f  t h i s  f a c t o r  h a s a n y  
s i g n i f i c a n t  i n f l u e n c e  on r e s p o n s e  r a t e s .  O r ,  i f  t h e  
s u r v e y  d o e s  n o t  p r o v i d e  f o r  r e s p o n d e n t  a n o n y m i t y ,  t h e n  
a n  anonymi ty  t e c h n i q u e  c a n  b e  t r i e d  i n  s p e c i a l  t e s t s .  

3 .  Non-addressee  r e s p o n d e n t s  c a n  b e  d i s c o v e r e d  i n  a n  
anonymous s u r v e y  by compar ing  c e r t a i n  p r e - s e l e c t e d  
demograph ic  v a r i a b l e s  f rom t h e  q u e s t i o n n a i r e  r e t u r n s  f o r  
c o n f o r m i t y  w i t h  a n  o r i g i n a l  s a m p l e  l is t  w i t h  t h e  same 
s e t  o f  demograph ic  v a r i a b l e s .  I n  a  non-anonymous sur- 
v e y ,  s i g n a t u r e s  c a n  a l s o  b e  compared w i t h  a n  o r i g i n a l  
s a m p l e  l i s t .  

4 .  A p e r s o n a l  i n t e r v i e w  o r  t e l e p h o n e  i n t e r v i e w  a s  a  t h i r d  
f o l l o w - u p  w i t h  e i t h e r  a l l  t h e  m a i l  n o n - r e s p o n d e n t s  o r  a  
r e p r e s e n t a t i v e  s a m p l e  t h e r e o f  would b e  a  v a l u a b l e  a i d  i n  
e l i m i n a t i n g  some o f  t h e  n o n - r e s p o n s e  b i a s .  

Time,  Sequence  a n d  S c h e d u l e  E v a l u a t i o n s  

The f o l l o w i n g  a r e  e x a m p l e s  o f  t i m e  measurements  which c o u l d  

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

r e v i s i n g  p r o c e d u r e  s e q u e n c e s  a n d  s c h e d u l e s .  



1. Average l e n g t h  of t i m e  f o r  s e l f - a d m i n i s t r a t i o n  of t h e  
q u e s t i o n n a i r e .  

2 .  Average l e n g t h  of t i m e  f o r  comple t i ng  t h e  make-up of  t h e  
e n t i r e  m a i l  package i n c l u d i n g :  

a .  O r d e r i n g  s t amps  and e n v e l o p e s  

b .  O b t a i n i n g  a d d r e s s  l a b e l s  

c .  O b t a i n i n g  forms from p r i n t e r s  

d .  Applying l a b e l s  t o  e n v e l o p e s  and/or  forms 

e .  C o l l a t i n g  m a t e r i a l s  and p l a c i n g  them i n  e n v e l o p e s  

3 .  Average l e n g t h  of  t i m e  f o r  r e s p o n d e n t s  t o  r e t u r n  q u e s t i o n -  
n a i r e s  i n  e a c h  m a i l  wave. T h i s  w i l l  improve t h e  s e l e c t i o n  
of  an  optimum c u t - o f f  t i m e .  

4 .  Average l e n g t h  of  t i m e  f o r  d a t a  p r e p a r a t i o n .  

5 .  Average l e n g t h  of  t i m e  f o r  d a t a  a n a l y s i s  and r e p o r t i n g .  

6 .  Unexpected t i m e  d e l a y s  between s t e p s  i n  p r o c e d u r a l  
s e q u e n c e s .  

7 .  Unexpected t i m e  o v e r l a p s  between s t e p s  and between 
s e q u e n c e s .  

- 
Cost  E v a l u a t i o n  

The f o l l o w i n g  a r e  examples  of c o s t  measurements  which c o u l d  

be  o b t a i n e d  f o r  comparison w i t h  o r i g i n a l  e s t i m a t e s .  

1. P o s t a g e  c o s t s .  

2 .  P r i n t i n g  c o s t s .  

3 .  C l e r i c a l  c o s t s .  

4 .  Data r e a d e r  and computer  c o s t s .  

5 .  P r o f e s s i o n a l  s t a f f  c o s t s .  

6 .  Sampling c o s t s .  

7 .  C o s t s  p e r  q u e s t i o n n a i r e .  

S p e c i a l  E v a l u a t i o n s  

The f o l l o w i n g  a r e  examples  o f  e x p e r i m e n t a l  compar i sons  which 

c o u l d  b e  made: 



E f f e c t  on r e sponse  r a t e  of  d i f f e r e n t  p h y s i c a l  l a y - o u t s  
o f  q u e s t i o n n a i r e s  s u c h  a s  

a .  Co lo r ,  

b .  Length,  o r  

c .  A e s t h e t i c  appea rance  ( i . e . ,  crowded v s .  s p a c i o u s  
l a y - o u t ;  d e c o r a t i v e  v s .  a u s t e r e  appea rance ;  e t c . )  

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

a .  Asking t h e  p o t e n t i a l  r e s p o n d e n t s  f o r  h i s  h e l p ,  o r  

b .  S t r e s s i n g  t h e  rewards  of  r e spond ing  

E f f e c t  on r e s p o n s e  r a t e  of 

a .  Typewr i t t en  o u t g o i n g  l e t t e r s  

b .  Machine p l a t e  a d d r e s s i n g ,  o r  

c .  Computer p r i n t o u t  l a b e l s  

E f f e c t  on r e s p o n s e  r a t e  of r e sponden t  anonymity v s .  
non-anonymity. 

E f f e c t  on r e s p o n s e  r a t e  of  i n t e r e s t - a r o u s a l  q u e s t i o n s .  

E f f e c t  on r e s p o n s e  r a t e  of  s e n d i n g  p e n c i l s  a l o n g  w i t h  
t h e  m a i l i n g s .  

E f f e c t  on r e s p o n s e  r a t e  of pre-stamped r e t u r n  e n v e l o p e s .  

E f f e c t  on r e s p o n s e  r a t e  of an a i r  m a i l ,  s p e c i a l  d e l i v e r y  
m a i l i n g  on t h e  f i r s t  wave. (The d e s i r e d  e f f e c t  h e r e  i s  
t o  i n c r e a s e  t h e  f i r s t  wave r e t u r n s  t o  s u c h  an e x t e n t  t h a t  
t h e  a d d i t i o n a l  f i r s t - w a v e  p o s t a g e  c o s t s  a r e  more t h a n  
b a l a n c e d  by t h e  reduced  number of fol low-up q u e s t i o n -  
n a i r e s  r e q u i r e d . )  

E f f e c t  on r e sponse  r a t e  of h a n d w r i t t e n  p o s t - s c r i p t s  i n  
t h e  c o v e r i n g  l e t t e r .  

E f f e c t  on r e s p o n s e  r a t e s  of  reminder  t h r e a t s  i n  t h e  f i r s t  
wave c o v e r i n g  l e t t e r .  

E f f e c t  on r e s p o n s e  r a t e s  of  c e r t a i n  " s u s p i c i o u s "  q u e s t i o n s .  

E f f e c t  on r e s p o n s e  r a t e  of 

a . .  Q u e s t i o n n a i r e s  w i t h o u t  t r i p  l o g s ,  o r  

b .  Q u e s t i o n n a i r e s  w i t h o u t  t r i p  r e c o n s t r u c t i o n  

E f f e c t  on r e s p o n s e  r a t e  of d i f f e r e n t  o f f i c i a l  sponsor -  
s h i p s  such  a s  

a .  U n i v e r s i t y ,  
b .  P r i v a t e ,  

c .  Governmental ,  o r  
d .  Commercial. 



SECTION 8 

INDIRECT EXPOSURE MEASURES (TASK 5) 

I n d i r e c t  measures  o f  exposu re  a r e  c h a r a c t e r i s t i c s  o f  t h e  

highway t r a n s p o r t a t i o n  sys t em o r  r e l a t e d  s y s t e m s  t h a t  c o r r e l a t e  

w e l l  w i t h  measured ,  d i r e c t  e x p o s u r e .  O p e r a t i o n a l l y ,  i n d i r e c t  

measures  of exposu re  a r e  t h o u g h t  t o  be  i n e x p e n s i v e  and r e a d i l y  

o b t a i n a b l e  denomina to r s  f o r  t h e  compu ta t i on  of a c c i d e n t  r a t e s .  

I t ems  t h a t  a r e  c a u s a l l y  r e l a t e d  t o  numbers of a c c i d e n t s  a r e  most 

o f t e n  s u g g e s t e d .  M i l e s  o f  highway r igh t -of -way  is an  obv ious  

example t h a t  ha s  a l l  t h e s e  p r o p e r t i e s .  

A b a s i c  r e a s o n  f o r  c o n s i d e r i n g  i n d i r e c t  measures  of exposu re  

is t h e  commonly h e l d  p e r c e p t i o n  of  t h e  e a s e  w i t h  which t h e y  may 

b e  o b t a i n e d  and u s e d .  T h i s  r e a s o n ,  p l u s  t h e  n e c e s s a r y  a b i l i t y  of  

t h e  u s e r  t o  q u a n t i f y  t h e  e r r o r  i n  t h e  measure  u s e d ,  a r e  b a s i c  t o  

d e v e l o p i n g  c r i t e r i a  f o r  comparing measures  o f  e x p o s u r e ,  e . g .  

1. Ease o f  c o l l e c t i o n  - P r i m a r i l y  r e a d y  d a t a  a v a i l a b i l i t y ,  
b u t  a l s o  t h e  c o s t  of c o l l e c t i n g  o r i g i n a l  d a t a .  

2 .  A v a i l a b i l i t y  o f  i n f o r m a t i o n  - We must b e  a b l e  t o  de- 
t e r m i n e  t h e  t o t a l  exposu re  f o r  a  p o p u l a t i o n  and t h e  
exposu re  f o r  s u b g r o u p s .  

3 .  Ease of  a n a l y s i s  - The c o s t  o f  u s i n g  t h e  d a t a  c o l l e c t e d  
t o  o b t a i n  t h e  i n f o r m a t i o n  needed .  T h i s  i n c l u d e s  d e t e r -  
m i n a t i o n  o f  a c c u r a c y  and t h e  q u a n t i f i c a t i o n  of  t h e  e r r o r  
i n  t h e  dependent  v a r i a b l e s .  

The f o l l o w i n g  a l t e r n a t i v e s  of i n d i r e c t  exposu re  measures  w i l l  

b e  c o n s i d e r e d :  

1. G a s o l i n e  consumption 

2 .  Odometer r e a d i n g s  

( s i n g l e ,  p a i r e d ,  s u c c e s s i v e  s amples )  

3 .  D r i v i n g  and non -d r iv ing  p o p u l a t i o n ,  by c h a r a c t e r i s t i c  

c l a s s  ( age ,  e t c . )  

4 .  Veh ic l e  r e g i s t r a t i o n s  



5. Roadway mi l eage  (r ight-of-way)  

6 .  I n s u r a n c e  premiums ( t o t a l ,  by group)  

Each of t h e s e  i s  s t r o n g l y  r e l a t e d  t o  exposure  ( v e h i c l e -  

m i l e s ) .  Gaso l ine  consumption is a  d i r e c t  f u n c t i o n  of v e h i c l e  

m i l e s .  Odometer r e a d i n g s  a r e ,  i n  some c a s e s ,  a  d i r e c t  measure of  

v e h i c l e  t r a v e l  and i n  o t h e r s  a r e  i n d i r e c t l y  r e l a t e d .  Roadway 

mi l eage  cou ld  b e  c o n s i d e r e d  e i t h e r  a  c a u s e  o r  an  e f f e c t  of v e h i c l e  

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

b o t h  c a u s e  i n c r e a s e d  v e h i c l e  mi l eage .  I n s u r a n c e  premiums a r e  a  

f u n c t i o n  of  i n c r e a s e d  r i s k ,  where t h e  r i s k  i s  a  f u n c t i o n  of 

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

of t h e s e  measures  of i n d i r e c t  exposure  is one of a  c l a s s  of 

measures  w i t h  s i m i l a r  r e l a t i o n s h i p s  t o  t h e  v a r i a b l e  we a r e  t r y i n g  

t o  measure ,  namely t h e  mi l eage  t r a v e l e d  by v a r i o u s  subgroups of 

t h e  p o p u l a t i o n .  

GASOLINE CONSUMPTION 

G a s o l i n e  consumption is d i r e c t l y  c o r r e l a t e d  w i t h  v e h i c l e  

m i l e s .  Because of s e v e r a l  i n t e r v e n i n g  v a r i a b l e s  (or  random pro- 

c e s s e s )  i t  is no t  p o s s i b l e  t o  o b t a i n  a  mi l e s -d r iven  f i g u r e  from a  

gallons-consumed f i g u r e .  The b e s t  we can  do is o b t a i n  a  c o n f i d e n c e  

i n t e r v a l  of  m i l e s  d r i v e n .  Th i s  l e a v e s  two c o u r s e s  of  a c t i o n  

a v a i l a b l e ;  we cou ld  j u s t  use  g a l l o n s  consumed a s  a  denominator 

f o r  a c c i d e n t  r a t e s ,  o r  we c o u l d  t r y  t o  de t e rmine  t h e  d i s t r i b u t i o n  

f u n c t i o n  of v e h i c l e  m i l e s .  

We now have two q u e s t i o n s  t o  c o n s i d e r :  one ,  what happens 

when we t r y  t o  use  g a s o l i n e  consumption a s  a  measure of exposure  

(denomina tor ) ;  two, what happens when we t r y  t o  de t e rmine  t h e  

d i s t r i b u t i o n  f u n c t i o n  of  m i l e s  d r i v e n  a s  a  f u n c t i o n  of consumption. 

The method used today  by t h e  v a r i o u s  s t a t e s  t o  compute annua l  

mi l eage  on t h e i r  highways ( M )  is t o  m u l t i p l y  t o t a l  g a s o l i n e  con- 

sumption p e r  y e a r  (C) by a  b e s t  gues s  of t h e  ave rage  m i l e s  p e r  

g a l l o n  d r i v e n  i n  t h e  s t a t e  ( K ) .  Thus,  



M = KC 

T h i s  i s  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  from u s i n g  t h e  q u a n t i t y  

o f  g a s o l i n e  c o n s u m p t i o n  (C) by i t s e l f  a s  a  measure  o f  e x p o s u r e .  

The computed v a l u e  o f  m i l e a g e ,  M ,  i s  b e t t e r  t h a n  C a l o n e  a s  

a  measure  o f  e x p o s u r e  o n l y  i f  K is a  good e s t i m a t e  of  m i l e s  p e r  

g a l l o n  f o r  t h e  t o t a l  p o p u l a t i o n .  I f  i t  is n o t  a  good e s t i m a t e ,  

t h e n  t h e  computed v a l u e ,  M ,  is m i s l e a d i n g .  I t  r e p r e s e n t s  i t s e l f  

a s  s o m e t h i n g  i t  r e a l l y  i s n ' t ,  t h a t  i s ,  number o f  m i l e s  d r i v e n .  

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

consumed a r e  r e l e v a n t  b o t h  t o  c u r r e n t  p r a c t i c e  and t o  f u r t h e r  

c o n s i d e r a t i o n s  o f  i n d i r e c t  e x p o s u r e .  

T h e r e  a r e  two t y p e s  o f  e r r o r  s o u r c e s :  e r r o r  a r i s i n g  f rom 

t r a n s f e r  of  g a s o l i n e  f rom one  t i m e - i n t e r v a l  o r  a r e a  t o  a n o t h e r ,  

and l o s s e s  be tween  t h e  time o f  t a x  payment and  t h e  t i m e  o f  u s e .  
t h  t h  L e t  Si t  b e  t h e  g a s o l i n e  s o l d  i n  t h e  i- s t a t e  i n  t h e  t- t i m e  

i n t e r v a l  a n d  l e t  Cit b e  t h e  g a s o l i n e  consumed.  The t o t a l  

q u a n t i t i e s  o f  g a s o l i n e  s o l d  and  consumed i n  a l l  50 s t a t e s  i n  

t i m e  t a r e ,  r e s p e c t i v e l y :  

50 50 
St = C sit and Ct = Cit 

i = l  i = l  

I f  we l e t  B i ( t - l )  d e n o t e  t h e  f r a c t i o n  o f  g a s o l i n e  s o l d  i n  a  y e a r  

t h a t  is n o t  u s e d  u n t i l  t h e  f o l l o w i n g  y e a r ,  t h e n  o u r  c o n s u m p t i o n  

f i g u r e  a d j u s t e d  f o r  a n n u a l  c a r r y - o v e r  becomes:  , .  

Ct = St + B  S t-1 t-1 - Bt St 

S  Ct = (1-Bt) St + Bt-l t-1 
t h  

I f  we l e t  M,, d e n o t e  t h e  amount o f  g a s o l i n e  i m p o r t e d  i n t o  t h e  i- 
1 L t h  s t a t e  d u r i n g  t h e  t- y e a r ,  and l e t  X i t  b e  t h e  amount e x p o r t e d ,  t h e  

e q u a t i o n  becomes:  

Ct = (1-Bt) St + B S  t-1 t-1 + Mt - Xt  



None of t h e  e s t i m a t e s  Bt,  M t ,  X a r e  p r e s e n t l y  a v a i l a b l e .  t 
Some s t a t e s  do have e s t i m a t e s  of t h e  d i v e r s i o n  of g a s o l i n e  from 

highway u s e s .  These e s t i m a t e s  have u s u a l l y  been made f o r  pu rposes  

of  t a x a t i o n  o r  d i s t r i b u t i o n  of r evenue .  A s  an example,  t h e  S t a t e  

o f  Michigan is  c u r r e n t l y  conduc t ing  a  s t u d y  t o  de te rmine  t h e  con- 

sumption of g a s o l i n e  by moto rboa t s .  The s t u d y  is be ing  made t o  

de t e rmine  t h e  p r o p e r  d i s t r i b u t i o n  of  t a x  revenue  t o  t h e  s t a t e  

depa r tmen t s .  Other  s o u r c e s  of of l o s s  a r e :  use  by farm v e h i c l e s ,  

e v a p o r a t i o n ,  power mowers, e t c .  S i n c e  t h e  s o u r c e s  a r e  no t  c l e a r -  

c u t ,  l e t  a l o n e  t h e  q u a n t i t i e s ,  we lump t h e s e  t o g e t h e r  under one 

v a r i a b l e ,  L i t9  meaning t h e  n e t  l o s s e s  t o  o t h e r  forms of consum- 

p t i o n .  The e q u a t i o n  becomes: 

S Ct = (l-Bt) St + Btml t-l + Mt - Xt - Lt 

Although Lit would be very d i f f i c u l t  t o  e s t i m a t e  f o r  each  s t a t e ,  

d i s c u s s i o n s  w i t h  t h e  Michigan Highway Department i n d i c a t e  t h a t  i t  

p robab ly  does  n o t  exceed 5% o r  10% of t o t a l  consumption.  

The Cit p r o v i d e ,  t h e r e f o r e ,  a  r a t h e r  a c c u r a t e  e s t i m a t e  of 

g a s o l i n e  consumed. Quan t i fy ing  t h e  e r r o r  w i l l  depend on q u a n t i f y -  

i n g  each  c o r r e c t i o n  s e p a r a t e l y .  S e v e r a l  of  t h e s e  may prove t o  be  

s o  s m a l l  a s  t o  be i n c o n s e q u e n t i a l .  The c o s t  of  q u a n t i f y i n g  t h e  

e r r o r  r e g u l a r l y  depends on p a s t  d a t a .  Some of t h i s  may have 

a l r e a d y  been done,  a s  i n  t h e  motorboat  example. 

T h e r e f o r e ,  i t  seems t h a t  i n  an a r e a  l a r g e  enough, and a  t ime  

i n t e r v a l  long  enough t o  make t h e  e r r o r  a r i s i n g  from t h e s e  s o u r c e s  

very s m a l l ,  t h a t  g a s o l i n e  consumption would be  a  good measure of 

i n d i r e c t  exposu re .  

Veh ic l e  m i l e s  of t r a v e l  i n  t ime  i n t e r v a l  t may be  r e p r e s e n t e d  

a s  a  f u n c t i o n  of  g a s o l i n e  consumption:  

M = KCt + E t 

where E is a  random v a r i a b l e  w i t h  mean z e r o  and v a r i a n c e  g r e a t e r  

t h a n  z e r o ,  and K i s  t h e  ave rage  m i l e s  pe r  g a l l o n  d r i v e n  by t h e  

p o p u l a t i o n  under  s t u d y .  T h i s  number can  be  e s t i m a t e d  f o r  any 

d e s i r e d  group  i n  t h e  p o p u l a t i o n .  T h i s  cou ld  be done by t a k i n g  a  



random s a m p l e  o f  t h e  p o p u l a t i o n ,  and d e t e r m i n i n g  M t  and  Ct f o r  

e a c h  d a t a  p o i n t .  T h i s  would be # j u s t  a s  e x p e n s i v e  a s  a d i r e c t  

e x p o s u r e  s u r v e y ,  and  t h e r e f o r e  d o e s  n o t  seem t o  b e  j u s t i f i e d .  

ODOMETER READINGS 

Sampl ing  Prob,lems 

A s a m p l e  o f  s i n g l e  ( u n p a i r e d )  odomete r  r e a d i n g s  f rom randomly 

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

s t a t e ,  i f  a  s u r v e y  were  c o n d u c t e d  a n n u a l l y .  An o p p o r t u n i s t i c  

s a m p l e  c o u l d  b e  o b t a i n e d  f rom d r i v e r s  when t h e y  p u r c h a s e  l i c e n s e  

p l a t e s  o r  a t  v e h i c l e  i n s p e c t i o n .  Data  c o l l e c t e d  t h i s  way would 

n o t  b e  s i m p l e  t o  a n a l y z e .  E r r o r  would a r i s e  f rom s e v e r a l  c a u s e s .  

The d a t a  would n o t  c o v e r  a  s t a n d a r d  t w e l v e  month y e a r .  O l d e r  

c a r s  and c a r s  i n v o l v e d  i n  a c c i d e n t s  would b e  l e s s  l i k e l y  t o  come 

i n  f o r  new p l a t e s .  We would b e  m e a s u r i n g  l a s t  y e a r ' s  m i l e a g e  

f o r  n e x t  y e a r ' s  a u t o m o b i l e  and  t h u s ,  p o p u l a t i o n  would under -  

r e p r e s e n t  n o n - r e g i s t e r i n g  g r o u p s .  M i l e a g e  f rom c a r s  v i s i t i n g  t h e  

s t a t e  would n o t  b e  i n c l u d e d .  M i l e a g e  o f  c a r s  l e a v i n g  t h e  s t a t e  

would n o t  b e  d e d u c t e d .  Given  t h a t  we were  p r e p a r e d  t o  expend  a  

l a r g e  amount o f  r e s o u r c e s  a n a l y z i n g  s u c h  d a t a ,  and  we r e c o g n i z e d  

t h a t  i t  may b e  v e r y  e x p e n s i v e  t o  f i l l  i n  t h e  a b o v e  g a p s  i n  o u r  

knowledge ,  s u c h  a s  i d e n t i f y i n g  v a c a t i o n e r s ,  we m i g h t  b e  v e r y  i n -  

t e r e s t e d  i n  a n  o p p o r t u n i s t i c  t y p e  of  s a m p l e .  

We c a n  c o n s t r u c t  a  model  o f  miles d r i v e n  i n  e a c h  s t a t e  i n  

g i v e n  y e a r ,  a s  f o l l o w s :  

L e t  Xi = t o t a l  a n n u a l  m i l e a g e  f o r  s t a t e  i f o r  t h e  f i r s t  y e a r .  

L e t  Y i j  = t o t a l  m i l e a g e  t r a v e l l e d  s i n c e  l a s t  i n s p e c t i o n  by 
0 c a r s  i n s p e c t e d  i n  t h e  j t h  month o f  t h e  c u r r e n t  

y e a r ,  and  i n s p e c t e d  i n  t h e  j t h  month l a s t  y e a r .  

S i m i l a r l y  Y i j  = t o t a l  m i l e a g e  t r a v e l l e d  s i n c e  l a s t  i n -  
-1 s p e c t i o n  by c a r s  i n s p e c t e d  i n  t h e  j t h  

month o f  t h i s  y e a r  and  i n  t h e  j-l month o f  
l a s t  y e a r  (and s i m i l a r l y  f o r  Y i j  ) .  

t1 



For t h e  s a k e  of s i m p l i c i t y ,  assume t h a t  a l l  c a r s  be ing  i n -  
s p e c t e d  i n  t h e  j t h  month of  t h e  c u r r e n t  y e a r ,  were a l s o  i n -  
s p e c t e d  i n  t h e  j-1, j ,  o r  j + l  month of  t h e  p r e v i o u s  y e a r .  
Then, t h e  mi l eages  t r a v e l l e d  by each  group  i n  t h e  c u r r e n t  
y e a r ,  up t o  t h e  d a t e  of  i n s p e c t i o n ,  

a r e  b i j  'ij , b i j  y i j  , 
and  b i j  'ij 

, where t h e  sum of t h e  -1 -1 0 0 
+1 t1 

b  c o e f f i c i e n t s  is 1. 

For e a c h  month of  t h e  f i r s t  y e a r  we accumula te  a  mi l eage  

f i g u r e  t h a t  is p a r t  of  t h e  t o t a l  f o r  each  y e a r ,  namely: 

Over t h e  f i r s t  y e a r ,  t h e  t o t a l  is 

I n  a d d i t i o n ,  d u r i n g  each  month of t h e  second  y e a r ,  c a r s  a r e  be ing  

i n s p e c t e d  t h a t  accumulated some of t h e i r  mi l eage  d u r i n g  t h e  f i r s t  

y e a r .  C a l l  t h e s e  months t h e  t h rough  24th of t h e  f i r s t  y e a r .  

S i n c e  c a r s  i n s p e c t e d  i n  December of t h e  second  y e a r  may a l s o  have 

been i n s p e c t e d  i n  J anua ry  of  t h e  same y e a r ,  t h e r e  a r e  on ly  two 

terms f o r  t h i s  month. T h e r e f o r e  t h e  t o t a l  is 

2 C b i j  Y i j  where Yi24+1 = 0 ,  i . e .  Y - - 
j = 1 3  k=-1 k  k  i j k  

0 f o r  j + k  > 25 - 

We m u s t  a l s o  i n c l u d e  one te rm from t h e  f i r s t  month of t h e  t h i r d  

y e a r ,  namely 

bi25-1 Yi25-1 = k=-1 C bi25k  Yi25k  where Y i j  k  
= 0 f o r  j+k  > 2 5  - 

T h e r e f o r e  we have a  p r e l i m i n a r y  formula f o r  miles t r a v e l l e d  i n  

y e a r  one by v e h i c l e s  i n s p e c t e d  i n  t h e  i th s t a t e .  



= f  b  i j k  Y ij ; w h e r e b  ij, 'ij =O f o r  j t k z 2 5  
j=1 k=-1 k k 

For t h e  Un i t ed  S t a t e s :  

where bim - - b i j  7 Yim = y .  , m=3j-l+k 
k l j k  

For  each  s t a t e  we must i n t r o d u c e  t h r e e  v a r i a b l e s :  

'i : m i l e a g e  accumula ted  by c a r s  v i s i t i n g  t h e  s t a t e .  

Ri: mi l eage  accumula ted  by c a r s  t h a t  d i d  n o t  come i n  f o r  
r e i n s p e c t i o n .  T h i s  would i n c l u d e  au tomob i l e s  t h a t  have 
l e f t  t h e  s t a t e  (Ei) and abandoned au tomob i l e s  (Ai).  

Oi: m i l e a g e  accumula ted  o u t s i d e  t h e  s t a t e  by v e h i c l e s  under-  
go ing  i n s p e c t i o n .  

X = B Y + V + R - 0  

X = B Y + V + A + E - 0  

Of t h e s e  v e c t o r s ,  B ,  V ,  A ,  E ,  0 must a l l  be  e s t i m a t e d  f o r  a  t o t a l  

of  3950 p a r a m e t e r s  f o r  a l l  s t a t e s ,  f o r  e a c h  y e a r  t h a t  t h e  t o t a l  

m i l e a g e  is c a l c u l a t e d .  

I n  t h e  c a s e  where d a t a  is c o l l e c t e d  a t  a  v e h i c l e  l i c e n s i n g  

o f f i c e  which s e l l s  renewal  p l a t e s  f o r  abou t  s i x  months (September 

t h r o u g h  Februa ry )  t h e r e  a r e  a t  l e a s t  3800 p a r a m e t e r s .  T h i s  would 

a l s o  i n v o l v e  c o n s i d e r a b l y  more e r r o r  t h a n  i n  t h e  o t h e r  c a s e .  A l l  

o f  t h e s e  c o e f f i c i e n t s  and t h e i r  v a r i a t i o n ,  b o t h  o v e r  t ime  and i n  

a g iven  y e a r ,  would need t o  be  c a r e f u l l y  e s t i m a t e d  by an  a n n u a l  



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

by s u r v e y i n g  t h e  p o p u l a t i o n  o f  e a c h  s t a t e .  T h e r e  d o e s n ' t  seem t o  

b e  a n y  good way o f  e s t i m a t i n g  t h e  r e m a i n i n g  p a r a m e t e r  f o r  e a c h  

s t a t e ,  miles t r a v e l e d  by v i s i t o r s  t o  t h e  s t a t e  ( V ) .  P e r h a p s  t h e  

o n l y  way is t o  s t o p  a  s a m p l e  o f  v e h i c l e s  l e a v i n g  and  e n t e r i n g  t h e  

s t a t e .  

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

i n  m e a s u r i n g  v e h i c l e - m i l e s ;  t h e y  a r e  a l s o  c o s t s  i n c u r r e d  i n  

q u a n t i f y i n g  t h e  maximum o r  l i k e l y  e r r o r  i n  t h e  e s t i m a t e  o f  t h e  

c o r r e c t i o n s .  A s  s u c h ,  t h i s  c o s t  is e s s e n t i a l  t o  a s s e s s i n g  t h e  r e -  

l i a b i l i t y  o f  o u r  e s t i m a t e  o f  t h e  t r u e  v a l u e .  A t t e m p t s  t o  

h e u r i s t i c a l l y  o r  i n t u i t i v e l y  a s s e s s  s u c h  e r r o r  f a c e  s e r i o u s  p i t -  

f a l l s .  The o n l y  r e a l  a l t e r n a t i v e  t o  q u a n t i f i c a t i o n  is t o  a c c e p t ,  

and  r e p r e s e n t  a s  s u c h ,  a  number t h a t  is a n  e s t i m a t e  n o t  o f  v e h i c l e  

miles ,  b u t  o f  some o t h e r  more o r  l e s s  c l o s e l y  r e l a t e d  q u a n t i t y .  

I n  t h i s  c a s e ,  we m i g h t  u s e  v e h i c l e  m i l e s  t r a v e l l e d  i n  a  s t a t e ,  i n  

y e a r  o n e ,  by v e h i c l e s  r e g i s t e r e d  i n  t h a t  s t a t e  i n  y e a r s  two and  

t h r e e .  Even s o ,  a  random d r i v e r  s u r v e y  would b e  n e c e s s a r y  e a c h  

y e a r  f o r  s e v e r a l  y e a r s  t o  q u a n t i f y  t h e  e r r o r  o f  o u r  e s t i m a t e s  o f  

t h e  c o e f f i c i e n t s ,  t h e  b i j .  

The f u l l  e x p e n s e  o f  o b t a i n i n g  t h e  odomete r  r e a d i n g s  h a s  n o t  

b e e n  c o n s i d e r e d .  I n  a  s t a t e  t h a t  i s s u e s  l i c e n s e  p l a t e s  by m a i l ,  

a n d  d o e s  n o t  r e q u i r e  v e h i c l e  i n s p e c t i o n ,  t h i s  may b e  v e r y  l a r g e .  

The q u a l i t y  o f  o p p o r t u n i s t i c  d a t a  is u n r e l i a b l e .  Odometer 

r e a d i n g s  c o l l e c t e d  by u n t r a i n e d  p e r s o n n e l  o f  unknown m o t i v a t i o n  

is o f  t h i s  t y p e .  Assuming t h a t  a u t o m o b i l e s  r e c o r d  a c c u r a t e  mile- 

a g e ,  e x p e r i e n c e s  w i t h  p o l i c e  a c c i d e n t  r e p o r t s  i n d i c a t e s  t h a t  re- 

p o r t i n g  q u a l i t y  v a r i e s  w i d e l y  w i t h  l o c a t i o n ,  w o r k l o a d ,  and r e w a r d  

t o  t h e  c o l l e c t o r s .  



Compar ison o f  Odometer-Reading . D i s t r i b u t i o n s  

An a n a l y s i s  was p e r f o r m e d  on odomete r  r e a d i n g s  c o l l e c t e d .  

We examined odomete r  r e a d i n g s  t h a t  were c o l l e c t e d  by t h e  Mich igan  

S t a t e  P o l i c e  i n  s p o r a d i c  r o a d s i d e  c h e c k l a n e s  i n  1 9 6 8 .  

The o r i g i n a l  p o l i c e  me thodo logy  a t t e m p t e d  t o  randomly 

examine  a l l  v e h i c l e s  p a s s i n g  a  c h e c k l a n e  l o c a t i o n  on t h e  h ighway.  

When i t  was p o s s i b l e  t o  c h o o s e  be tween  two v e h i c l e s ,  t h e y  u s u a l l y  

c h o s e  t h e  o l d e r ,  b e c a u s e  i t  was l i k e l y  t o  have  more d e f e c t s .  

The o d o m e t e r  r e a d i n g s  w e r e  coded  i n  1000 mile i n t e r v a l s  

(0 - 9 7 ) .  V e h i c l e s  w i t h  9 8 , 0 0 0  o r  more miles were coded  9 8 ,  and  

m i s s i n g  d a t a  was c o d e d  9 9 .  We t h e n  p l o t t e d  h i s t o g r a m s  o f  t h e s e  

m i l e a g e  c o d e s  and  t h e i r  "moving means". The number o f  means f o r  

a  s i n g l e  c o d e  i n  e a c h  moving mean v a r i e d  f rom t h r e e  t o  twen ty -one .  

A k - u n i t  moving mean computes  t h e  f o l l o w i n g  number f o r  t h e  i 
t h  

i n t e r v a l :  

where  i = m t l ,  . . . ,  n-m, 

k  = number o f  means f o r  a  s i n g l e  c o d e  i n  e a c h  moving 
mean 

k-l f o r  k  o d d .  m = - - p  

F o r  k  e v e n ,  t h e  f o r m u l a  would b e  s l i g h t l y  d i f f e r e n t .  The v a l u e s  

were  p l o t t e d  a s  a  smoothed  h i s t o g r a m .  F i g u r e s  9 ,  1 0  a n d  11 p r e -  

s e n t  examples  f o r  k = 5  f o r  t h r e e  s u c c e s s i v e  model  y e a r s .  

T h i s  p r o v i d e s  a  good p i c t u r e  o f  m i l e a g e  by y e a r  o f  manufac-  

t u r e .  I t  would n o t  b e  v a l i d  t o  i n t e r p r e t  t h e s e  h i s t o g r a m s  a s  

showing  c h a n g e  o v e r  t i m e ,  t h o u g h  one  may b e  t e m p t e d  t o  d o  s o .  

A l s o ,  t h i s  method,  f o r  l a r g e  k ,  i s  n o t  c o n s i s t e n t  w i t h  o t h e r  

we m i g h t  l i k e  t o  make a b o u t  t h e  d i s t r i b u t i o n  o f  m i l e -  

a g e  by v e h i c l e  y e a r .  

T a b l e  20  shows two d i s t r i b u t i o n s  o f  s i n g l e  odomete r  r e a d i n g s .  

One p o p u l a t i o n  is f rom M i c h i g a n  c h e c k l a n e s ,  t h e  o t h e r  is from 









C o r n e l l  A C I R  a c c i d e n t  i n v e s t i g a t i o n s  f o r  J u l y ,  1964 t o  December, 

1965. 

TABLE 20 

CHARACTER1 ST1 CS OF ODOMETER READINGS 

Sample S i z e  

t o t a l  

c u r r e n t  model y e a r  

p r e v i o u s  model y e a r  

2nd p r e v i o u s  model y e a r  

remainder  

c u r r e n t  model y e a r  

l o c a t  i o n  

s o u r c e  

l e n g t h  of t ime  covered  

C o r n e l l  

1014 

298 

28 0  

102 

334 

196 5 

s e v e r a l  s t a t e s  

a c c i d e n t  
i nvo lved  c a r s  

18 months (1964- 
1965) 

Michigan 

17 ,000  (approx) 

366 

464 

506 

15 ,700  (approx)  

1968 

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

s p o r a d i c  check l a n e s  

4  months (1968) 

The accompanying g raphs  (F igu re  12)  do no t  show any sub- 

s t a n t i a l  d i f f e r e n c e s  i n  mi l eage  f o r  t h e  two samples .  Both show 

t h e  same change over  model y e a r .  I n  t h e  p r e v i o u s  model y e a r ,  t h e  

C o r n e l l  sample is more widespread ,  and i n  t h e  second p r e v i o u s  y e a r ,  

t h e  Michigan sample is more widespread .  I n  t h e  c u r r e n t  model y e a r  

t h e  C o r n e l l  sample has  h i g h e r  p e r c e n t a g e s  f o r  h i g h  mi leage  

v e h i c l e s .  The r e a s o n  may be t h a t  t h e  C o r n e l l  s t u d y  ex tended  t h r e e  

months beyond t h e  end of  t h e  model y e a r ,  w h i l e  t h e  Michigan s t u d y  

ended about  a  month b e f o r e  t h a t  p o i n t .  

POPULATION, VEHICLE REGISTRATIONS, AND ROADWAY MILEAGE 

T h i s  s e c t i o n  p r e s e n t s  t h e  r e s u l t s  of  c o r r e l a t i o n  a n a l y s e s  

among t h r e e  independent  v a r i a b l e s  ( p o p u l a t i o n ,  number of v e h i c l e  
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r e g i s t r a t i o n s ,  and  number o f  m i l e s  improved roadway)  v s .  s i x  de-  

p e n d e n t  v a r i a b l e s  (number o f  f a t a l  a c c i d e n t s ,  number o f  i n j u r y  

a c c i d e n t s ,  number o f  p r o p e r t y  damage a c c i d e n t s ,  t o t a l  number o f  

a c c i d e n t s ,  number o f  f a t a l i t i e s  and  number o f  i n j u r i e s ) .  Each i n -  

d e p e n d e n t  v a r i a b l e  was p o s t u l a t e d  t o  b e  a  r e a s o n a b l e  p r e d i c t o r  of  

a c c i d e n t  f r e q u e n c y ,  a n d  h e n c e  a n  i n d i r e c t  m e a s u r e  of  e x p o s u r e .  

Da ta  o n  a l l  n i n e  v a r i a b l e s  was o b t a i n e d  f o r  t h e  s t a t e  o f  M i c h i g a n ,  

by c o u n t y ,  n o m i n a l l y  f o r  t h e  y e a r  1 9 6 8 .  

P o p u l a t i o n  was u s e d  i n s t e a d  o f  numbers o f  l i c e n s e d  d r i v e r s  

b e c a u s e  d a t a  on t h e  l a t t e r  was n o t  a v a i l a b l e  by  c o u n t y .  Pro-  

j e c t e d  p o p u l a t i o n  d a t a  was o b t a i n e d  f o r  1970 by t h e  M i c h i g a n  

Depar tmen t  o f  Commerce, and  was a r r a n g e d  i n  5 -yea r  a g e  g r o u p s  

(0-4, 5-9,  e t c . ) .  Data  f o r  1970 was c h o s e n  i n  p r e f e r e n c e  t o  1965  

b e c a u s e  1970 is  c l o s e r  t o  1968-- the  most  r e c e n t  y e a r  f o r  w h i c h  a l l  

o t h e r  d a t a  was a v a i l a b l e .  

V e h i c l e  r e g i s t r a t i o n  d a t a  by c o u n t y  was o b t a i n e d  f rom t h e  

M i c h i g a n  Depar tmen t  o f  S t a t e ,  and  was c l a s s i f i e d  by v e h i c l e  t y p e  

( p a s s e n g e r ,  c o m m e r c i a l ,  t r a i l e r ,  m o t o r c y c l e  and  m u n i c i p a l l y -  

owned) .  

Roadway m i l e a g e  d a t a  by c o u n t y  was o b t a i n e d  f rom t h e  M i c h i g a n  

Depar tmen t  o f  Highways,  and  was c l a s s i f i e d  by u r b a n  ( t r u n k l i n e ,  

p r i m a r y  and  s e c o n d a r y )  and  r u r a l  ( t r u n k l i n e ,  p r i m a r y  and  s e c o n -  

d a r y ) .  

A c c i d e n t  d a t a  by c o u n t y  was o b t a i n e d  f rom t h e  M i c h i g a n  De- 

p a r t m e n t  o f  S t a t e .  

The i n d e p e n d e n t  v a r i a b l e  d a t a  s e t  i n c l u d e d  83 v a l u e s  (one  

f o r  e a c h  c o u n t y  i n  M i c h i g a n )  f o r  p o p u l a t i o n  i n  e a c h  o f  t h e  t w e n t y  

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

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

The d e p e n d e n t  v a r i a b l e  d a t a  s e t  i n c l u d e d  8 3  v a l u e s  f o r  e a c h  

of  t h e  s i x  a c c i d e n t  c a t e g o r i e s  w i t h i n  e a c h  o f  t h e  i n d e p e n d e n t  

v a r i a b l e  g r o u p s  a b o v e .  



Each c o r r e l a t i o n  a n a l y s i s  c o n s i s t e d  of 83 d a t a  p o i n t s  (a 

g iven  county va lue  of a  c e r t a i n  independent  v a r i a b l e  group vs .  

t h e  cor responding  va lue  of a  dependent v a r i a b l e ) .  There were 240 

p o s s i b l e  c o r r e l a t i o n s  (40 independent  v a r i a b l e  groups and 6  de- 

pendent v a r i a b l e s ) .  

A summary of t y p i c a l  r e s u l t s  of t h e  c o r r e l a t i o n  a n a l y s i s  is 

shown i n  Table 21. Only f o u r  of t h e  popu la t ion  age groups a r e  

shown, and only  one dependent v a r i a b l e  ( t o t a l  a c c i d e n t s )  is in-  

c l u d e d .  (The p a t t e r n  of c o r r e l a t i o n  w i t h  t h e  o t h e r  f i v e  depen- 

d e n t  v a r i a b l e s  was very s i m i l a r  t o  t h a t  shown f o r  t o t a l  a c c i d e n t s . )  

The p o p u l a t i o n  of  a l l  age groups except  t h e  f i r s t  (0-4 

y e a r s )  had c o r r e l a t i o n  c o e f f i c i e n t s  over  0 .95  f o r  each dependent 

v a r i a b l e .  T o t a l  popu la t ion  had c o r r e l a t i o n  c o e f f i c i e n t s  over  0 .99  

f o r  each  dependent v a r i a b l e .  Passenger  and commercial v e h i c l e s  

had c o r r e l a t i o n  c o e f f i c i e n t s  over  0 .95  f o r  each dependent v a r i -  

a b l e .  T r a i l e r s  and motorcycles  had va lues  over 0 . 9 0 .  Municipal  

v e h i c l e s  had t h e  lowest  c o e f f i c i e n t s  among v e h i c l e s  ranging  from 

0 .64  t o  0 . 7 0 .  Urban road groups had c o e f f i c i e n t s  over  0 .90  f o r  

a l l  dependent v a r i a b l e s ,  bu t  r u r a l  road  groups had r a t h e r  low 

c o e f f i c i e n t s ,  r ang ing  down t o  0 .02  f o r  r u r a l  t r u n k l i n e s  v s .  t o t a l  

a c c i d e n t s .  

From t h e  c o r r e l a t i o n  a n a l y s i s  i t  is  c l e a r  t h a t  popu la t ion  

( i n  t o t a l  and by age group)  is  more h igh ly  c o r r e l a t e d  w i t h  t o t a l  

a c c i d e n t s  than  a r e  v e h i c l e  r e g i s t r a t i o n s  o r  roadway mi leage .  The 

same is  t r u e  f o r  t h e  c o r r e l a t i o n s  w i t h  t h e  o t h e r  a c c i d e n t  v a r i -  

a b l e s ,  e . g . ,  f a t a l s ,  p r o p e r t y  damage. The c o r r e l a t i o n s  of 

a c c i d e n t s  w i t h  popu la t ion  a r e  s o  h igh  t h a t  adding  ano the r  pre-  

d i c t o r  t o  popu la t ion  w i l l  cause  only a  minimal improvement i n  

c o r r e l a t i o n  l e v e l .  

I t  is a l s o  seen  t h a t  c o r r e l a t i o n s  of v e h i c l e  r e g i s t r a t i o n s  

and road mi leage  vary s i g n i f i c a n t l y  ( e s p e c i a l l y  f o r  municipal  

v e h i c l e s  and r u r a l  r o a d s ) .  Hence, even i f  popu la t ion  da ta  were 

used a s  .an i n d i r e c t  exposure measure,  t h e  d a t a  could  not be 



TABLE 2 1  

CORRELATION COEFFICIENTS BETWEEN INDEPENDENT VARIABLE GROUPS 
AND TOTAL ACCIDENT FREQUENCY I N  MICHIGAN COUNTIES 

I n d e p e n d e n t  V a r i a b l e  
L e v e l s  

P o p u l a t i o n  Groups  

a g e  20-24 
a g e  40-44 
a g e  60-64 
a g e  80-84 

V e h i c l e  Type Groups  

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

Roadway Type Groups  

r u r a l  t r u n k l i n e  
r u r a l  p r i m a r y  
r u r a l  s e c o n d a r y  
u r b a n  t r u n k l i n e s  
u r b a n  p r i m a r y  
u r b a n  s e c o n d a r y  

C o r r e l a t i o n  w i t h  Acci- 
d e n t  F r e a u e n c v  



adequa te ly  c l a s s i f i e d  f u r t h e r  (by v e h i c l e  type  and road type)  

t h r o u g h t h e u s e  of v e h i c l e  r e g i s t r a t i o n  and roadway mileage d a t a .  

INSURANCE PREMIUMS 

The automobile  insu rance  premiums c o l l e c t e d  from a  s u b e t  of  

t h e  popu la t ion  r e f l e c t  t h e  t o t a l  c o s t  of a c c i d e n t s  exper ienced by 

t h a t  group.  V i r t u a l l y  a l l  automobile  insu rance  premiums a r e  s e t  

on t h e  b a s i s  of t h e  exper i ence  of t h a t  group dur ing  some previous  

t ime i n t e r v a l ,  u s u a l l y  t h e  p rev ious  y e a r .  Thus, in su rance  premiums 

would be an i n d i r e c t  measure of exposure i n  some p rev ious  t ime 

i n t e r v a l .  

Insurance  premiums i n c l u d e  an overhead charge  l e v i e d  by t h e  

company over  and above t h e  c o s t  of l o s s e s .  S ince  t h i s  is d i f f e r -  

e n t  f o r  each company, t h i s  charge  should  be deducted f o r  a n a l y s i s  

purposes .  We a r e  more i n t e r e s t e d  i n  t h e  t o t a l  s o c i a l  c o s t  of 

a c c i d e n t s ,  not  j u s t  t h e  b i a s e d  c o s t  exper ience  of i n s u r e d s .  This  

s u g g e s t s  replacement  of insu rance  premiums by c o s t  f i g u r e s  from 

mandatory s t a t e  a c c i d e n t  r e p o r t  forms. Unfor tuna te ly ,  t h e  

accuracy of such d a t a  is very poor a t  p r e s e n t .  

Another problem is  t h e  i m p l i c i t  va lue  judgment i n  p l a c i n g  any 

c o s t  on human l i v e s ,  and i n  assuming t h a t  t h e  t r u e  c o s t  of an i n -  

j u r y  is t h e  c o s t  of t h e  medical  c a r e  t h a t  t h e  i n j u r e d  is w i l l i n g  

t o  pay f o r  i n  t r e a t m e n t .  

None of t h e  i n d i r e c t  measures cons idered  is  p r e f e r r a b l e  t o  

t h e  recognized  d i r e c t  exposure measure ( v e h i c l e  mi le s  d a t a  ob ta ined  

by d r i v e r  s u r v e y ) .  Although some of t h e  a l t e r n a t i v e  measures 

c o r r e l a t e  w e l l  w i th  v e h i c l e  mi le s  of t r a v e l  and/or a c c i d e n t s ,  none 

of them i n  t h e i r  p r e s e n t l y  a v a i l a b l e  form, a r e  c l a s s i f i e d  accord-  

i n g  t o  d r ive r -veh ic le - road  combinat ions .  The c o s t s  of improving 

i n d i r e c t  exposure d a t a  (by o b t a i n i n g  i t  according  t o  c l a s s i f i -  

c a t i o n s )  would be a s  high a s  o r  h igher  than  t h e  c o s t s  of a  d i r e c t  



exposure survey.  The r e s u l t i n g  accuracy s t i l l  would not be a s  

good a s  i n  a d i r e c t  survey.  Therefore,  i t  is concluded t h a t  i n -  

d i r e c t  exposure measures do not provide a  c o s t - e f f e c t i v e  a l t e r -  

na t i ve  t o  d i r e c t  exposure surveys .  



SECTION 9 

RECOMMENDED EXPOSURE SURVEY PROGRAMS (TASK 6 )  

The purpose of t h i s  s e c t i o n  is t o  s y n t h e s i z e  t h e  f i n d i n g s  of 

t h e  preceding  t a s k s  -- i . e .  t h e  needs f o r  exposure su rveys  and 

t h e  e f f o r t s  required--and t o  make "recommendations f o r  f u t u r e  

exposure d a t a  c o l l e c t i o n  programs." 

I n  S e c t i o n  3 ,  t h e  needs f o r  c o n t i n u i n g ,  n a t i o n a l  exposure 

survey  programs were s t a t e d  i n  terms of t h e  c r u c i a l  r o l e  of ex- 

posure  d a t a  i n  t h e  computat ion of a c c i d e n t  r a t e s  f o r  counter -  

measure e v a l u a t i o n .  Recommended exposure survey  v a r i a b l e s  and 

unique dr iver-vehicle-road-environment  c l a s s i f i c a t i o n s  were d e t e r -  

mined i n  S e c t i o n  4 .  The d i s c u s s i o n  of S e c t i o n  5  i n d i c a t e d  t h e  

va lue  of annual  exposure s u r v e y s ,  and concluded t h a t  random Sam- 

p l e s  of d r i v e r s  i s  t h e  b e s t  source  of exposure e s t i m a t e s .  I n  

S e c t i o n  6 ,  t h e  s u p e r i o r i t y  of mai l  q u e s t i o n n a i r e s  wi th  t r i p  l o g s  

f o r  exposure su rveys  was shown on t h e  b a s i s  of c o s t  and accuracy .  

T h i s  s e c t i o n  d e a l s  wi th  t h e  sponsor sh ip  of exposure programs, and 

i t  i n c o r p o r a t e s  t h e  p rev ious  f i n d i n g s  i n  a  c o n t i n u i n g  sequence of 

recommended programs which w i l l  h e l p  t o  e s t a b l i s h  a  permanent 

c a p a b i l i t y  f o r  countermeasures  e v a l u a t i o n .  

SPONSORSHIP OF EXPOSURE SURVEY PROGRAMS 

From t h e  s t r u c t u r e  of  a l t e r n a t i v e  exposure survey  c h o i c e s  i n  

S e c t i o n  5 ,  t h r e e  c h o i c e s  remain t o  be made, a l l  d e a l i n g  wi th  s u r -  

vey program sponsor sh ip :  sample r e p r e s e n t a t i o n ,  implementat ion 

a u t h o r i t y ,  and implementat ion r e s p o n s i b i l i t y .  These cho ices  were 

delayed because they  do not  a f f e c t  t h e  p rev ious  c h o i c e s  on a  

t e c h n i c a l  b a s i s ,  bu t  they  do  a f f e c t  t h e  p o l i t i c a l  and f i n a n c i a l  

r a m i f i c a t i o n s  of recommendations f o r  o f f i c i a l  programs of a  perm- 

anen t  n a t u r e .  

Two p o s s i b i l i t i e s  were de f ined  f o r  sample r e p r e s e n t a t i o n :  a  

n a t i o n a l  a g g r e g a t e ,  o r  a  f u l l  s e t  of s t a t e - b y - s t a t e  aggrega tes  



which  c a n  b e  s u b s e q u e n t l y  combined i n t o  a  n a t i o n a l  a g g r e g a t e .  A 

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

n a t i o n a l  a g g r e g a t e  o f  e x p o s u r e  d a t a  d o e s  n o t  r e q u i r e  a  s a m p l i n g  

s t a g e  w h i c h  r e p r e s e n t s  d r i v e r s  w i t h i n  e a c h  o f  t h e  s t a t e s .  In -  

s t e a d ,  i t  o n l y  r e q u i r e s  t h a t  a l l  d r i v e r s  i n  t h e  n a t i o n  h a v e  a n  

e q u a l  c h a n c e  o f  b e i n g  s e l e c t e d  i n  t h e  s a m p l e ;  s a m p l i n g  s t a g e s  

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

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

Even i f  d r i v e r s  w e r e  s e l e c t e d  i n  a l l  s t a t e s ,  t h e y  would  n o t  

n e c e s s a r i l y  b e  i n  p r o p o r t i o n  t o  d r i v e r  p o p u l a t i o n s .  The r e s u l t -  

i n g  d a t a  would  e s t i m a t e  n a t i o n a l  a g g r e g a t e s  o f  b o t h  t o t a l  ex-  

p o s u r e  and  e x p o s u r e  by d r i v e r - v e h i c l e - r o a d - e n v i r o n m e n t  c l a s s e s .  

On t h e  o t h e r  h a n d ,  a  s u r v e y  s a m p l e  which  p r o v i d e s  r e p r e -  

s e n t a t i o n  o f  a g g r e g a t e s  o f  e x p o s u r e  d a t a  i n  e a c h  s t a t e  ( p l u s  t h e  

D i s t r i c t  o f  Columbia)  s t a r t s  w i t h  5 1  i n d e p e n d e n t  s a m p l i n g  s t a g e s  

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

b e i n g  s e l e c t e d  i n  t h e  s a m p l e  t o  r e p r e s e n t  t h a t  j u r i s d i c t i o n .  The 

r e s u l t s  would  e s t i m a t e  a g g r e g a t e s  o f  t o t a l  e x p o s u r e  and  c l a s s  

e x p o s u r e  w i t h i n  t h e  s t a t e .  By p r o p e r  w e i g h t i n g  o f  d a t a ,  t h e  s t a t e -  

b y - s t a t e  a g g r e g a t e s  c o u l d  t h e n  b e  combined i n t o  n a t i o n a l  a g g r e -  

g a t e s .  I n  t h i s  c a s e ,  t h e  t o t a l  s a m p l e  s i z e  would  b e  l a r g e r  t h a n  

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

B e c a u s e  e v e r y  s t a t e  h a s  a  u n i q u e  c o m b i n a t i o n  o f  c o u n t e r m e a -  

s u r e s  a n d  a  u n i q u e  d i s t r i b u t i o n  o f  s y s t e m  c h a r a c t e r i s t i c s  among 

d r i v e r - v e h i c l e - r o a d - e n v i r o n m e n t  c l a s s e s ,  t h e r e  a r e  u n i q u e  re- 

l a t i o n s h i p s  o f  a c c i d e n t - r a t e  d a t a  w i t h i n  and  among s t a t e s .  Each 

s t a t e  n e e d s  i t s  own d a t a  t o  c o n t r o l  i t s  own u n i q u e  highway s a f e t y  

p r o g r a m .  F u r t h e r ,  c o m p a r i s o n s  o f  a c c i d e n t  r a t e s  among s t a t e s  a r e  

n e e d e d  t o  e v a l u a t e  t h e  d i f f e r e n c e s  o f  s i m i l a r  c o u n t e r m e a s u r e s  i n  

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

s u r e s  c o m b i n a t i o n s .  T h u s ,  s t a t e - b y - s t a t e  s a m p l i n g  i s  p r e f e r r e d  on  

t h e  b a s i s  o f  s t a t e  n e e d s .  However, i t s  r e q u i r e d  s a m p l e  s i z e  

would  be on t h e  o r d e r  o f  f i v e  t i m e s  a s  much a s  f o r  n a t i o n - a s - a -  

whole  s a m p l i n g ,  and  i ts c o s t s  would b e  a b o u t  t w i c e  a s  h i g h .  



(Cos ts  f o r  sample c o n s t r u c t i o n  a r e  n e a r l y  t h e  same f o r  b o t h  

app roaches .  S ince  sampl ing  c o s t s  a r e  ove r  h a l f  t h e  t o t a l  f o r  a  

m a i l  s u r v e y ,  t h e  o t h e r  c o s t s  i n  a  s t a t e - b y - s t a t e  sample would do 

no more t h a n  double  t h e  c o s t s  f o r  a  n a t i o n a l  s ample ) .  S ta te -by-  

s t a t e  r e p r e s e n t a t i o n  is recommended i n  s p i t e  of g r e a t e r  c o s t s  be- 

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

Implementa t ion  a u t h o r i t y  f o r  f u t u r e  exposure  s u r v e y s  may be 

h e l d  by e i t h e r  t h e  f e d e r a l  government o r  t h e  i n d i v i d u a l  s t a t e s .  

Arguments f o r  f e d e r a l  a u t h o r i t y  a r e  u n i f o r m i t y  of exposure  d a t a  

q u a l i t y  and h i g h  l i k e l i h o o d  of c o v e r i n g  a l l  s t a t e s .  Arguments 

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

e x i s t i n g  programs f o r  a c c i d e n t  d a t a  c o l l e c t i o n  i n  t h e  s t a t e s ,  and 

t h e  f a c t  t h a t  s t a t e s  must be  c o o p e r a t i v e l y  i nvo lved  anyway i n  t h e  

sample  d e s i g n  p r o c e s s .  I n  e i t h e r  c a s e ,  i t  can be  assumed t h a t  

f e d e r a l  fund ing  w i l l  s u p p o r t  f u t u r e  exposure  s u r v e y s .  Thus, many 

s t a t e s  might f i n d  some a p p e a l  i n  t h e  concept  of  s t a t e  a u t h o r i t y  

f o r  t h e  s u r v e y s ,  s i n c e  t h e y  would spend t h e  f u n d s .  On t h e  o t h e r  

hand, i t  would p robab ly  t a k e  s e v e r a l  y e a r s  b e f o r e  a l l  s t a t e s  would 

be ready  t o  t a k e  on s u r v e y  a u t h o r i t y .  The t o t a l  c o s t s  would be  

somewhat g r e a t e r  f o r  s t a t e  a u k h o r i t y  because of i n e f f i c i e n c i e s  i n  

d e c e n t r a l i z e d  a d m i n i s t r a t i o n .  T h e r e f o r e ,  i t  is recommended t h a t  
implementa t ion  a u t h o r i t y  be a s s i g n e d  t o  t h e  f e d e r a l  government ,  

s p e c i f i c a l l y  t h e  N a t i o n a l  Highway T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  

Implementa t ion  r e s p o n s i b i l i t y  may be h e l d  by t h e  f e d e r a l  

government i t s e l f  o r  by e i t h e r  a  p r i v a t e  f i r m  o r  r e s e a r c h  i n s t i -  

t u t i o n  under  c o n t r a c t .  C o s t s  and accu racy  would be comparable i n  

any c a s e .  Over t h e  long  te rm,  i t  i s  recommended t h a t  t h e  f e d e r a l  
government have implementa t ion  r e s p o n s i b i l i t y  f o r  o f f i c i a l  exposure  

s u r v e y s ,  p r i m a r i l y  because  permanence of r e s p o n s i b i l i t y  would be 

a s s u r e d .  



FIELD TEST PROGRAM 

A f i e l d  t e s t  p rogram f o r  a  n a t i o n w i d e  m a i l  s u r v e y  o f  d r i v i n g  

e x p o s u r e  i s  recommended f o r  t h e  c a l e n d a r  y e a r  1972 .  I t  would b e  

t h e  f i r s t  a t t e m p t  t o  implement  t h e  s u r v e y  p l a n  on  a  l a r g e  s c a l e  

i n  t h e  r e a l  w o r l d ,  i n c l u d i n g  a l l  t h e  r e q u i r e d  o p e r a t i o n a l  p ro -  

c e d u r e s .  I t s  p u r p o s e s ,  e x p l a i n e d  i n  S e c t i o n  6 ,  would b e  t o  

v a l i d a t e  c o s t  a n d  a c c u r a c y  e s t i m a t e s ,  t o  e v a l u a t e  p r o c e d u r e s  f o r  

which  e s t i m a t e s  o f  p e r f o r m a n c e  were  n o t  made, and  t o  d e t e r m i n e  and  

r e c t i f y  p r o b l e m s .  

A l t h o u g h  a  f i e l d  t e s t  program would n o t  n e c e s s a r i l y  have  a s  

l a r g e  a  s c o p e  a s  t h e  u l t i m a t e  o p e r a t i o n a l  p l a n  ( i . e . ,  a l l  s t a t e s  

a n d  f u l l  s a m p l e  s i z e ) ,  i t  would b e  d e s i r a b l e  f o r  it t o  p r o v i d e  a  

r e p r e s e n t a t i o n  o f  e x p o s u r e  f o r  t h e  e n t i r e  n a t i o n .  T h i s  i s ,  i n  

f a c t ,  one  o f  t h e  g u i d e l i n e s  i n  S e c t i o n  6 u s e d  i n  s e l e c t i n g  a  m a i l  

s u r v e y  f o r  t h e  f i r s t  y e a r  o f  a n  e x p o s u r e  s u r v e y .  T h u s ,  i t  is 

recommended t h a t  t h e  f i e l d  t e s t  p rogram b e  c o n s i d e r e d  a s  t h e  

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

Among t h e  o t h e r  g u i d e l i n e s  i n  T a b l e  17  were  p r o v i s i o n s  f o r  

e v o l u t i o n  o f  a n  i n i t i a l  p l a n  o v e r  a  p e r i o d  o f  y e a r s  t o  a  p l a n  

t h a t  m i g h t  b e  u l t i m a t e l y  more d e s i r a b l e ,  and  i n c l u s i o n  o f  a u x i -  

l i a r y  s u r v e y s  i n  t h e  f i r s t  y e a r  t o  p e r m i t  v e r i f i c a t i o n  o f  e s t i -  

ma ted  a c c u r a c y  and c o s t  c o m p a r i s o n s  among t h e  a l t e r n a t i v e s  w i t h  

h i g h e r  p o t e n t i a l .  

I n  o r d e r  t o  s a t i s f y  t h e  c r i t e r i a ,  t h e r e  s h o u l d  b e  a  compre- 

h e n s i v e  p l a n  f o r  t h e  f i r s t  y e a r  which  a l l o w s  a l t e r n a t i v e  me thods  

t o  r e l a t e  t o  t h e  p r i m a r y  M a i l  S u r v e y .  An o b v i o u s  c h o i c e  f o r  o n e  

a l t e r n a t i v e  is t h e  Home I n t e r v i e w  p l a n  on a  n a t i o n a l  s c a l e ;  i t  

c a n  b e  done c h e a p l y  by c o o r d i n a t i n g  w i t h  o n e  o f  t h e  a n n u a l  s u r -  

v e y s  p e r f o r m e d  by s u r v e y  o r g a n i z a t i o n s  on e x i s t i n g  s a m p l e s ;  

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

r e s u l t s  of  t h e  s t a t e - b y - s t a t e  M a i l  S u r v e y .  The r e m a i n i n g  methods  

t h a t  w e r e  i n  c o n t e n t i o n  i n  S e c t i o n  6 ( O f f i c e  and  Home I n t e r v i e w s ,  

s t a t e - b y - s t a t e )  c an  b e  done i n  a  few t y p i c a l  s t a t e s  a s  a c h e c k  a t  

t h e  s t a t e  l e v e l .  The t o t a l  p l a n  is summarized i n  T a b l e  22 .  



TABLE 22 

RECOMMENDED FIRST-YEAR SURVEY PLAN 

I .  P r i m a r y  Method - M a i l  S u r v e y :  Q u e s t i o n n a i r e s  m a i l e d  t o  
random s a m p l e s  o f  d r i v e r s  i n  e a c h  s t a t e .  Follow-up re- 
m i n d e r s  a r e  s e n t  i n  two more waves ,  w i t h  e x p e c t a t i o n  o f  
80-90% t o t a l  r e s p o n s e .  F i r s t  waves would b e  q u a r t e r l y  
t o  o n e  f o u r t h  o f  s a m p l e s  ( i n  l a t e r  y e a r s ,  d a i l y  m a i l -  
i n g s ) .  Q u e s t i o n s  i n c l u d e  s e l e c t e d  i n d e p e n d e n t  v a r i a b l e s  
p l u s  g r o s s  e s t i m a t e s  of  m i l e a g e  ( e . g . ,  y e a r ,  m o n t h ) ,  a n d  
T r i p  Records  f o r  a  s e l e c t e d  day j u s t  p r i o r  t o ,  o r  j u s t  
f o l l o w i n g ,  r e c e i p t .  

11. A u x i l i a r y  Method - Home I n t e r v i e w s  ( n a t i o n a l ) :  Pro-  
b a b i l i t y  s a m p l e s  o f  s a m p l i n g  a r e a s  r e p r e s e n t i n g  n a t i o n  
a s  a  whole .  Random s a m p l i n g  of  h o u s e h o l d s .  Home i n t e r -  
v iews  c o v e r i n g  q u e s t i o n s  a b o v e .  T r i p  R e c o r d s  e x c l u d e d .  
Q u a r t e r l y .  Compar ison w i t h  N a t i o n a l  a g g r e g a t e  o f  Method 
I .  

111. A u x i l i a r y  Method - Home I n t e r v i e w s  ( c e r t a i n  s t a t e s ) :  
P r o b a b i l i t y  s a m p l e s  o f  c o u n t i e s  w i t h i n  a  few s e l e c t e d  
s t a t e s .  Random s a m p l i n g  o f  d r i v e r s  w i t h i n  c o u n t i e s .  
Home i n t e r v i e w s  c o v e r i n g  q u e s t i o n s  a b o v e ,  i n c l u d i n g  T r i p  
R e c o r d s .  P e r f o r m e d  i n  o n e  s e l e c t e d  q u a r t e r  f o r  compar- 
i s o n  w i t h  s e l e c t e d  s t a t e s  o f  Method I .  

I V .  A u x i l i a r y  Method - O f f i c e  I n t e r v i e w s  ( c e r t a i n  s a m p l i n g  
a r e a s ) :  A few o f  t h e  same s a m p l i n g  a r e a s  a s  i n  Method 
11. P r o b a b i l i t y  s a m p l i n g  o f  o f f i c e s  w i t h i n  s a m p l i n g  
a r e a s .  Random s a m p l i n g  o f  d r i v e r  l i c e n s e  a p p l i c a n t s  a t  
t h e  o f f i c e s .  O f f i c e  i n t e r v i e w s ,  q u e s t i o n s  same a s  a b o v e ,  
i n c l u d i n g  T r i p  R e c o r d s .  Pe r fo rmed  i n  one  s e l e c t e d  q u a r t e r  
f o r  c o m p a r i s o n  w i t h  s e l e c t e d  a r e a s  o f  Method 11, 



The e f f o r t  r e q u i r e d  f o r  t h i s  t o t a l  program c a n  b e  e s t i m a t e d  

f rom t h e  c o s t  d a t a  i n  S e c t i o n  6 .  I n  t h e  p r i m a r y  m a i l  s u r v e y  p l a n ,  

a  t o t a l  s a m p l e  s i z e  o f  2 5 , 0 0 0  is recommended. B e c a u s e  o f  s m a l l -  

s a m p l e  i n e f f i c i e n c i e s  i n  most  o f  t h e  s t a t e s ,  t h e  a v e r a g e  c o s t  p e r  

s u b j e c t  is e s t i m a t e d  a s  $10 ,  p r o d u c i n g  a  t o t a l  c o s t  e s t i m a t e  o f  

a b o u t  $ 2 5 0 , 0 0 0 .  I n  t h e  a u x i l i a r y  home i n t e r v i e w  ( n a t i o n a l )  p l a n ,  

a  s a m p l e  s i z e  o f  2 , 0 0 0  is assumed ,  w i t h  a  t o t a l  c o s t  o f  o n l y  

a b o u t  $ 1 0 , 0 0 0  b e c a u s e  c o s t s  would b e  s h a r e d  w i t h  o t h e r  r e s e a r c h  

p r o j e c t s .  I n  t h e  o t h e r  two a u x i l i a r y  m e t h o d s ,  r e q u i r e d  s a m p l e  

s i z e s  a r e  i n d e f i n i t e ,  b u t  a n  u p p e r  l i m i t  o f  a b o u t  $ 5 0 , 0 0 0  e a c h  

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

I f  a  f i r s t  y e a r  f i e l d  t e s t  p l a n  is l i m i t e d  t o  t h e  p r i m a r y  

m a i l  s u r v e y  p l a n  o n l y ,  t h e  c o s t  would  b e  $ 2 5 0 , 0 0 0 .  I f  a l l  t h r e e  

o f  t h e  a u x i l i a r y  methods  a r e  u s e d ,  t h e  t o t a l  c o s t  would  b e  approx-  

i m a t e l y  $ 3 7 5 , 0 0 0 .  A d d i t i o n a l  e f f o r t  f o r  f u r t h e r  r e s e a r c h  u s i n g  

t h e  f i e l d  t e s t  d a t a  m i g h t  b e  a d d e d .  

The n e c e s s a r y  o r g a n i z a t i o n a l  e f f o r t  i n  t h e  f e d e r a l  govern-  

ment t o  p r e p a r e  f o r  a  f i e l d  t e s t  program i n  1972 m i g h t  c a u s e  de- 

l a y s  i n  i m p l e m e n t a t i o n  beyond t h e  f i r s t  s a m p l i n g  q u a r t e r .  

L i a i s o n  w i t h  s t a t e s  and  s a m p l e  d e s i g n  s h o u l d  t a k e  p l a c e  e a r l y  i n  

t h e  y e a r  t o  a l l o w  f o r  i n i t i a l  s a m p l i n g  a t  t h e  e n d  o f  March 1 9 7 2 .  

I f  t h e  a u x i l i a r y  s u r v e y  p l a n s  a r e  a d o p t e d ,  t h e i r  o r g a n i z a t i o n  i n  

a  f e d e r a l  a g e n c y  would p r o b a b l y  b e  f o r  o n l y  o n e  y e a r .  For  t h e s e  

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

p e r f o r m e d  by a n  o u t s i d e  o r g a n i z a t i o n  w h i l e  a  pe rmanen t  s u r v e y  

o r g a n i z a t i o n  i n  a  f e d e r a l  a g e n c y  is  b e i n g  fo rmed .  

OPERATIONAL EXPOSURE SURVEY PROGRAM 

The s e c o n d  y e a r  o f  a n  o f f i c i a l  e x p o s u r e  s u r v e y  program 

( c a l e n d a r  1973)  would r e p r e s e n t  t h e  b e g i n n i n g  o f  a  f u l l y  o p e r a -  

t i o n a l  p rogram,  i . e . ,  f i e l d  t e s t s  would  h a v e  b e e n  c o m p l e t e d  and  

e v a l u a t e d ,  and  r e s u l t i n g  c h a n g e s  would have  b e e n  i n c o r p o r a t e d  i n  

t h e  p l a n .  Data  f rom t h e  a u x i l i a r y  f i e l d  t e s t  s u r v e y s  would b e  

c o n s i d e r e d  f o r  f u t u r e  e v o l u t i o n  o f  t h e  s u r v e y  method ,  b u t  t h e y  



would  n o t  a f f e c t  t h e  recommendat ion  t o  p r o c e e d  i n  t h e  s e c o n d  y e a r  

w i t h  a  m a i l  s u r v e y .  

I n  t h e  o p e r a t i o n a l  m a i l  s u r v e y ,  q u e s t i o n n a i r e s  would b e  s e n t  

o u t  c o n t i n u a l l y ,  r a t h e r  t h a n  by q u a r t e r s .  One p o s s i b l e  p r o c e d u r e  

would b e  t o  a s s i g n  d r i v e r s  randomly t o  e a c h  day o f  t h e  y e a r  f o r  

t h e i r  one-day t r i p  l o g s ,  and  a n  a l t e r n a t i v e  is t o  p i c k  d a y s  o f  

t h e  y e a r  randomly f o r  a s s i g n m e n t  t o  s a m p l e  d r i v e r s .  I n  t h e  l a t t e r  

c a s e ,  t h e r e  would n o t  h a v e  t o  b e  m a i l i n g s  f o r  e v e r y  day of  t h e  

y e a r .  

The r e c u r r i n g  a n n u a l  c o s t  o f  a n  o p e r a t i o n a l  e x p o s u r e  s u r v e y  

program is e s t i m a t e d  a s  a b o u t  $250 ,000  -- t h e  same a s  f o r  t h e  

m a i l  s u r v e y  f i e l d  t e s t .  T h i s  e s t i m a t e  is b a s e d  on a  s a m p l i n g  

p l a n  which  p r o d u c e s  n a t i o n a l  a g g r e g a t e  e x p o s u r e  d a t a ,  b u t  n o t  

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

c a n  b e  e x p e c t e d  i n  t h e  s a m p l i n g  d e s i g n  and m a i l i n g  p r o c e d u r e s ,  

which  r e p r e s e n t  a  m a j o r i t y  o f  t h e  c o s t s .  R e d u c t i o n s  i n  o t h e r  

a r e a s  ( e . g . ,  d a t a  r e d u c t i o n  b y  o p t i c a l  r e a d e r s )  c o u l d  b e  a c h i e v e d  

b u t  t h e y  would b e  r e l a t i v e l y  s m a l l .  I f  t h e  s a m p l e  s i z e s  a r e  i n -  

c r e a s e d  w i t h i n  t h e  s t a t e s  s o  t h a t  v a l i d  s t a t e - b y - s t a t e  e x p o s u r e  

d a t a  is p r o d u c e d ,  t h e  t o t a l  s a m p l e  c o u l d  a p p r o a c h  1 0 0 , 0 0 0  and  

t h e  a n n u a l  c o s t  would b e  on t h e  o r d e r  o f  $500 ,000 .  

CONTI NU1 NG SURVEY-EVA LUATI ON PROGRAM 

Data  f rom t h e  f i e l d  t e s t  program and  t h e  o p e r a t i o n a l  program 

c a n  b e  a n a l y z e d  w i t h  r e s p e c t  t o  u n i q u e  d r i v e r - v e h i c l e - r o a d -  

e n v i r o n m e n t  c l a s s e s  i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  new v a r i a b l e s  

s h o u l d  b e  i n c l u d e d  and new c l a s s e s  s h o u l d  b e  d e f i n e d .  A s  c o u n t e r -  

m e a s u r e s  become e f f e c t i v e ,  i t  is e x p e c t e d  t h a t  t h e  s u i t a b i l i t y  o f  

t h e  c l a s s e s  w i l l  c h a n g e .  T h e r e f o r e ,  t h e r e  s h o u l d  b e  a  c o n t i n u i n g  

e x p o s u r e  r e s e a r c h  program a s s o c i a t e d  w i t h  t h e  o p e r a t i o n a l  s u r v e y  

p rogram.  The needed  m a g n i t u d e  of  e f f o r t  on s u c h  a program w i l l  

become c l e a r e r  a f t e r  t h e  a n a l y s i s  o f  f i e l d  t e s t  d a t a .  



AUXILIARY INDIRECT-EXPOSURE PROGRAM 

The r e s u l t s  o f  S e c t i o n  8 on i n d i r e c t  e x p o s u r e  m e a s u r e s  d o  

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

e x p o s u r e  d a t a  compared t o  d i r e c t  s u r v e y  d a t a .  N e v e r t h e l e s s ,  i t  

i s  e x p e c t e d  t h a t  s t a t e s  w i l l  c o n t i n u e  t o  u s e  g a s o l i n e  c o n s u m p t i o n  

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

m i l e a g e  on t h e i r  r o a d  s y s t e m s ,  a n d  some s t a t e s  w i l l  c o n t i n u e  t o  

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

a s  a c c i d e n t  d a t a  is improved  by t h e  r e d u c t i o n  o f  b i a s e s  a n d  i n -  

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

d u c e d  e x p o s u r e  m e a s u r e s  may b e  d e r i v e d  t h a t  c a n  b e  compared w i t h  

d i r e c t  e x p o s u r e  e s t i m a t e s .  T h u s ,  i t  is recommended t h a t  i n d i r e c t -  

e x p o s u r e  r e s e a r c h  b e  p u r s u e d  a t  a p p r o p r i a t e  t i m e s ,  i n d e p e n d e n t  o f  

s u r v e y  p r o g r a m s .  

OTHER EXPOSURE SOURCES 

I n  a d d i t i o n  t o  s u r v e y s ,  t h e r e  a r e  s e v e r a l  o p p o r t u n i s t i c  

me thods  o f  o b t a i n i n g  d i r e c t  o r  s e m i - d i r e c t  e s t i m a t e s  o f  e x p o s u r e .  

T h e s e  may b e  i n c o r p o r a t e d  i n t o  a  t o t a l  e x p o s u r e  r e s e a r c h  p rogram 

a t  some l a t e r  d a t e .  

1. R e q u i r e  a l l  d r i v e r  l i c e n s e  a p p l i c a n t s  i n  s t a t e s  t o  
make a n  e s t i m a t e  o f  t h e i r  d r i v i n g  d u r i n g  t h e  p a s t  
1 2  months  on t h e i r  a p p l i c a t i o n  f o r m .  

2 .  R e q u i r e  a l l  v e h i c l e  owners  t o  r e c o r d  c u r r e n t  odo- 
m e t e r  r e a d i n g s  o n  a p p l i c a t i o n s  f o r  v e h i c l e  r e g i s -  
t r a t i o n .  

3 .  R e q u i r e  t h a t  o d o m e t e r  r e a d i n g s  b e  r e c o r d e d  a t  t h e  time 
o f  p e r i o d i c  m o t o r  v e h i c l e  i n s p e c t i o n .  

4 .  R e q u i r e  t h a t  o d o m e t e r  r e a d i n g s  b e  r e c o r d e d  f o r  a l l  
v e h i c l e s  i d e n t i f i e d  on a c c i d e n t  r e p o r t s .  

A l t h o u g h  t h e s e  e x p o s u r e  s o u r c e s  a r e  n o t  c a p a b l e  o f  d r i v e r -  

v e h i c l e  c r o s s - c l a s s i f i c a t i o n ,  t h e y  may s e r v e  a s  p a r t i a l  c h e c k s  on 

d i r e c t  v e h i c l e - m i l e  s u r v e y s .  I t  is recommended t h a t  t h e y  b e  con-  

s i d e r e d  f o r  i n c l u s i o n  i n  f u t u r e  r e v i s i o n s  o f  highway s a f e t y  p r o -  

gram s t a n d a r d s .  



SECTION 1 0  

CONCLUSIONS AND RECOMMENDATIONS 

The b a s i c  c o n c l u s i o n s  o f  t h i s  s t u d y  a r e  a s  f o l l o w s :  

1. Comprehens ive  e x p o s u r e  d a t a  is n e e d e d  i n  highway 
s a f e t y  r e s e a r c h  t o  p e r m i t  c a l c u l a t i o n  o f  a c c i d e n t  
r a t e s  a s  t h e  k e y  m e a s u r e  o f  e f f e c t i v e n e s s .  

2. On t h e  b a s i s  o f  t h e  e s t a b l i s h e d  n e e d ,  o f f i c i a l  e x p o s u r e  
s u r v e y s  s h o u l d  b e  c o n d u c t e d  i n  t h e  f u t u r e .  

3 .  F u t u r e  e x p o s u r e  s u r v e y s  s h o u l d  u s e  e s t i m a t e s  o f  
v e h i c l e  miles o f  t r a v e l  a s  t h e  m e a s u r e  o f  e x p o s u r e .  

4 .  I n d e p e n d e n t  v a r i a b l e s  s h o u l d  i n c l u d e  v e h i c l e  t y p e ,  
d r i v e r  s e x ,  r o a d  t y p e ,  l i g h t  c o n d i t i o n  ( d a y / n i g h t ) ,  
d r i v e r  a g e ,  a n d  v e h i c l e  model  y e a r .  

5 .  The s i x  i n d e p e n d e n t  v a r i a b l e s  s h o u l d  b e  u s e d  t o  d e f i n e  
u n i q u e  c l a s s i f i c a t i o n s  o f  e x p o s u r e ,  i . e . ,  d r i v e r -  
v e h i c l e - r o a d - e n v i r o n m e n t  c o m b i n a t i o n s .  

6 .  F u t u r e  e x p o s u r e  s u r v e y s  s h o u l d  b e  n a t i o n a l  i n  s c o p e ,  
o n  a n  a n n u a l  b a s i s .  

7 .  D r i v e r s  s h o u l d  b e  t h e  s o u r c e  o f  e x p o s u r e  e s t i m a t e s .  

8 .  S m a l l  random s a m p l e s  o f  d r i v e r s  a r e  a d e q u a t e  f o r  
e x p o s u r e  s u r v e y s ,  a n d  n e c e s s a r y  e c o n o m i c a l l y .  

9 .  The b a s i c  mode o f  e x p o s u r e  d a t a  c o l l e c t i o n  s h o u l d  b e  
by means o f  m a i l e d  q u e s t i o n n a i r e s ,  wh ich  h a v e  t h e  
l o w e s t  r e l a t i v e  c o s t .  

1 0 .  The b a s i c  method o f  d r i v e r s '  v e h i c l e - m i l e  e s t i m a t i o n  
s h o u l d  b e  by means o f  t r i p  l o g s  o f  one-day d u r a t i o n ,  
w h i c h  have  t h e  h i g h e s t  r e l a t i v e  a c c u r a c y .  

11. F i e l d  t e s t s  o f  a  recommended e x p o s u r e  s u r v e y  p l a n  a r e  
f e a s i b l e  a n d  d e s i r a b l e  p r i o r  t o  f u l l - s c a l e  o p e r a t i o n a l  
i m p l e m e n t a t i o n .  

1 2 .  T h e r e  a r e  no  a v a i l a b l e  i n d i r e c t  m e a s u r e s  o f  e x p o s u r e  
w h i c h  a r e  p r e f e r r a b l e ,  on  a  c o s t - e f f e c t i v e  b a s i s ,  t o  
d i r e c t  measurement  o f  v e h i c l e  miles.  

13. E v e n t u a l l y ,  n a t i o n a l  e x p o s u r e  s u r v e y  p rograms  s h o u l d  
b e  c o n d u c t e d  on a  s t a t e - b y - s t a t e  b a s i s ,  s o  t h a t  e a c h  
s t a t e  may a p p l y  m e a s u r e s  o f  e f f e c t i v e n e s s  t o  i t s  own 
u n i q u e  s e t  o f  highway s a f e t y  c o u n t e r m e a s u r e s .  



1 4 .  O f f i c i a l  s p o n s o r s h i p  a u t h o r i t y  o f  f u t u r e  e x p o s u r e  
s u r v e y  p rograms  s h o u l d  b e  h e l d  by t h e  N a t i o n a l  Highway 
T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  

1 5 .  I m p l e m e n t a t i o n  r e s p o n s i b i l i t y  o f  f u t u r e  e x p o s u r e  sur- 
vey programs s h o u l d  b e  h e l d  by t h e  ~ a t i o n a l  Highway 
T r a f f i c  S a f e t y  A d m i n i s t r a t i o n .  

1 6 .  I t  w i l l  be  f e a s i b l e  t o  c o n d u c t  a  f i e l d  t e s t  of  a  
n a t i o n w i d e  m a i l  s u r v e y  of  e x p o s u r e  i n  1 9 7 2 ,  w i t h  a  
s a m p l e  s i z e  o f  a b o u t  2 5 , 0 0 0  a n d  a  c o s t  o f  a b o u t  
$ 2 5 0 , 0 0 0 .  

1 7 .  I t  w i l l  b e  f e a s i b l e  t o  b e g i n  o p e r a t i o n a l  i m p l e m e n t a t i o n  
o f  a n n u a l  e x p o s u r e  s u r v e y s  i n  1 9 7 3 .  

1 8 .  Sample s i z e s  a p p r o a c h i n g  1 0 0 , 0 0 0  w i l l  b e  n e c e s s a r y  i n  
a n n u a l  e x p o s u r e  s u r v e y s  t o  p r o v i d e  v a l i d  s t a t e - b y -  
s t a t e  c l a s s i f i c a t i o n s ;  a t  t h i s  l e v e l ,  t o t a l  c o s t s  w i l l  
a p p r o a c h  $ 5 0 0 , 0 0 0  a n n u a l l y .  

1 9 .  Survey  p r o c e d u r e s  f o r  a n n u a l  e x p o s u r e  s u r v e y s  w i l l  re- 
q u i r e  c o n t i n u a l  r e v i s i o n  a n d  t h e  need  f o r  g r a d u a l  
e v o l u t i o n  of  b a s i c  d a t a  c o l l e c t i o n  methods  may b e  
a n t i c i p a t e d  i n  t h e  l o n g  r u n .  

2 0 .  A u x i l i a r y  s u r v e y  m e t h o d s ,  i f  t e s t e d  p e r i o d i c a l l y ,  w i l l  
p r o v i d e  d a t a  on needed  c h a n g e s  i n  s u r v e y  m e t h o d s .  

2 1 .  Data  c l a s s e s  f rom a n n u a l  e x p o s u r e  s u r v e y s ,  when 
a n a l y z e d  c o n t i n u a l l y ,  w i l l  i n d i c a t e  t h e  need  f o r  new 
v a r i a b l e s  a n d  e x p o s u r e  c l a s s i f i c a t i o n s  i n  t h e  l o n g  r u n .  

2 2 .  I n d i r e c t  a n d  o p p o r t u n i s t i c  e x p o s u r e  d a t a  w i l l  b e  
a v a i l a b l e  i n  t h e  l o n g  r u n ,  and i t  may b e  u s e d  a s  a  
p a r t i a l  c h e c k  on a n n u a l  e x p o s u r e  s u r v e y s .  

2 3 .  Exposure  d a t a  f rom a n n u a l  e x p o s u r e  s u r v e y s  w i l l  b e  most 
i m p o r t a n t  a s  a  f a c t o r  i n  t h e  c o m p u t a t i o n  o f  a c c i d e n t  
r a t e s  f o r  c r i t i c a l  d r i v e r - v e h i c l e - r o a d - e n v i r o n m e n t  
c o m b i n a t i o n s  i n  t h e  highway s y s t e m ,  t h u s  p r o v i d i n g  a n  
e s s e n t i a l  measure  o f  e f f e c t i v e n e s s  f o r  t h e  e v a l u a t i o n  
o f  c o u n t e r m e a s u r e s .  

F i v e  f u t u r e  e x p o s u r e  p rograms  a r e  recommended: 

F i e l d  T e s t  Program-A n a t i o n w i d e  m a i l  s u r v e y  of  d r i v i n g  
e x p o s u r e  s h o u l d  b e  c o n d u c t e d  i n  t h e  c a l e n d a r  y e a r  1 9 7 2 .  
Q u a r t e r l y  m a i l i n g s  s h o u l d  b e  s e n t  t o  randomly s e l e c t e d  
d r i v e r s  i n  a l l  s t a t e s ,  d i s t r i b u t e d  by random s e l e c t i o n  
o f  e a c h  o f  t h e  s e v e n  t y p e s  of  day o f  t h e  week. S t a t e  
s u b s a m p l e s  s h o u l d  be  p r o p o r t i o n a l  t o  d r i v i n g  popu- 
l a t i o n , .  T o t a l  s a m p l e  s i ze  s h o u l d  b e  a b o u t  2 5 , 0 0 0 ,  t h u s  
p r o v i d i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  n a t i o n a l  r e s u l t s  i n  
t h e  26 u n i q u e  e x p o s u r e  c l a s s e s  d e f i n e d  i n  S e c t i o n  4 .  



O p e r a t i o n a l  E x p o s u r e  Survey  Program - Annual ,  n a t i o n -  
w i d e  m a i l  s u r v e y s  o f  d r i v i n g  e x p o s u r e  s h o u l d  b e  con- 
d u c t e d ,  s t a r t i n g  i n  1 9 7 3 ,  i n c l u d i n g  m o d i f i c a t i o n s  
d e r i v e d  f rom t h e  f i e l d  t e s t  p rogram.  S t a t e  s u b s a m p l e  
s i ze s  s h o u l d  b e  i n c r e a s e d  when p o s s i b l e  t o  p r o v i d e  
s t a t i s t i c a l l y  s i g n i f i c a n t  s t a t e - b y - s t a t e  e x p o s u r e  
e s t i m a t e s .  S u r v e y  d e s i g n s  s h o u l d  c o n t i n u e  t o  e v o l v e  
a s  new i n s i g h t s  a r e  o b t a i n e d  f rom y e a r l y  r e - e v a l u a t i o n s .  
E v e n t u a l l y  t h e  t o t a l ,  n a t i o n a l  s a m p l e  s i z e  s h o u l d  b e  
on t h e  o r d e r  o f  1 0 0 , 0 0 0 .  

3 .  C o n t i n u i n g  S u r v e y - E v a l u a t i o n  Program - Data from t h e  
f i e l d  t e s t  and o p e r a t i o n a l  p rograms  s h o u l d  b e  a n a l y z e d  
c o n t i n u a l l y  $0 d e t e r m i n e  new v a r i a b l e s  and  e x p o s u r e  
c l a s s e s ,  and new p r o c e d u r e s .  T h i s  program s h o u l d  i n -  
v o l v e  c o n t i n u i n g  r e s e a r c h ,  i n  c o n j u n c t i o n  w i t h  a n a l y s i s  
p h a s e s  o f  t h e  o p e r a t i o n a l  p r o g r a m s .  

4 .  A u x i l i a r y  I n d i r e c t - E x p o s u r e  Program - A l t h o u g h  t h e  
p o t e n t i a l  i n  t h e  i n d i r e c t - e x p o s u r e  a r e a  i s  n o t  h i g h l y  
p r o m i s i n g ,  i t  is l i k e l y  t h a t  g a s o l i n e  s a l e s  d a t a  and  
odomete r  d a t a  w i l l  c o n t i n u e  t o  b e  c o l l e c t e d .  A l s o ,  
i n d u c e d  e x p o s u r e  d a t a ,  d e r i v e d  s o l e l y  f rom improved 
a c c i d e n t  d a t a ,  is s t i l l  c o n s i d e r e d  w o r t h y  o f  f u r t h e r  
i n v e s t i g a t i o n .  T h e r e f o r e ,  i t  is recommended t h a t  
i n d i r e c t - e x p o s u r e  r e s e a r c h  programs b e  p u r s u e d  i n d e -  
p e n d e n t l y  a t  a p p r o p r i a t e  times, and t h a t  t h e  r e s u l t s  
b e  compared w i t h  r e s u l t s  o f  o p e r a t i o n a l  e x p o s u r e  s u r -  
v e y s .  

5 .  O t h e r  Exposure  S o u r c e s  - D i r e c t  and s e m i - d i r e c t  ex-  
p o s u r e  d a t a  may b e  o b t a i n e d  o p p o r t u n i s t i c a l l y  by  means 
o f  d r i v e r  e s t i m a t e s  o r  odomete r  r e a d i n g s  a t  t h e  time 
o f  l i c e n s i n g ,  v e h i c l e  r e g i s t r a t i o n  and  i n s p e c t i o n ,  and 
a c c i d e n t  r e p o r t i n g .  Though t h e s e  e x p o s u r e  s o u r c e s  may 
n o t  b e  c a p a b l e  o f  d r i v e r - v e h i c l e  c r o s s - c l a s s i f i c a t i o n ,  
t h e y  may s e r v e  a s  p a r t i a l  c h e c k s  on d i r e c t  v e h i c l e -  
mile s u r v e y s .  I t  is recommended t h a t  t h e y  b e  con- 
s i d e r e d  f o r  i n c l u s i o n  i n  f u t u r e  r e v i s i o n s  o f  highway 
s a f e t y  program s t a n d a r d s .  
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