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INTRODUCTION 

The Symposium on Driving Exposure was held i n  S i l v e r  Spr ing ,  

Maryland, on June 18-20, 1973. T h i s  r e p o r t  p r e sen t s  a summary 

of t he  symposium d i scus s ions ,  p lus  recommendations f o r  f u t u r e  

programs in  driving-exposure research  and da t a  c o l l e c t i o n .  

The purpose of t he  symposium is expressed i n  t h e  fol lowing 

paragraphs from t h e  c o n t r a c t  s ta tement  of work. 

"Recent r e sea rch  i n  t h e  f i e l d  d r i v i n g  exposure has 
demonstrated the  importance of information desc r ib ing  
t h e  na tu re  and quan t i t y  of t r a v e l  ( e . g . ,  veh i c l e  mi les)  
wi th in  va r ious  c l a s s i f i c a t i o n s  of t he  highway t r ans -  
p o r t a t i o n  system. Exposure d a t a ,  when coupled w i t h  
t r a f f i c  acc iden t  da ta  provides a unique means f o r  
c a l c u l a t i n g  comparative acc iden t  r a t e s  f o r  those  
c l a s s i f i c a t i o n s .  The acc iden t  r a t e s  i n  t u r n  can 
provide a supe r io r  means of eva lua t ing  highway 
s a f e t y  countermeasures. 

Although the  s t a t e  of the  a r t  i n  d r i v i n g  exposure 
r e sea rch  is advancing r a p i d l y ,  t h e r e  is no apparent  
p lan t o  coord ina te  f u t u r e  r e sea rch  i n  t h e  f i e l d .  
While t h e  number of r e sea rche r s  c u r r e n t l y  a c t i v e  i n  
t he  f i e l d  is sma l l ,  they have not had an oppor tun i ty  
t o  reach a consensus on f u t u r e  research  needs. 
Others  who w i s h  t o  e n t e r  the  f i e l d  have few gu ide l ine s  
f o r  i n i t i a t i n g  p r o j e c t s .  A symposium on the  t o p i c  
of d r i v i n g  exposure is an i d e a l  way t o  r e so lve  
t he se   problem^.^ 

The four  s e c t i o n s  immediately fol lowing summarize the  four  

ba s i c  s e s s i o n s  of the  symposium: 

Current  S t a t u s  i n  t h e  F i e l d  of Driving Exposure 
Problem Areas i n  Driving Exposure Research 
Problem Areas i n  Obtaining Exposure Data 
Future  Plans  f o r  Exposure Research and Data Co l l ec t i on  

The f i n a l  s e c t i o n  includes  recommendations by t he  author  

f o r  f u t u r e  d r i v i n g  exposure programs, based on ideas  from t h e  

symposium and o the r  sources .  



CURRENT STATUS IN THE FIELD OF DRIVING EXPOSURE 

Concepts and Past  Research 

A p resen ta t ion  on cu r r en t  concepts of d r iv ing  exposure and 

the  s t a t e  of t he  a r t  i n  driving-exposure research was given by * 
C a r r o l l  , a s  ou t l i ned  i n  Table 1. I t  was emphasized t h a t  t he re  

is a s  yet  no commonly accepted,  comprehensive d e f i n i t i o n  of 

exposure. However, most imp l i c i t  d e f i n i t i o n s  used i n  the pas t  

by var ious  au thors  r e l a t e  exposure t o  the  occurrence of t r a f f i c  

hazards or the  r i s k  of acc iden t .  I t  was suggested t h a t  f u t u r e  

d e f i n i t i o n s  should consider the  r e l a t i o n s h i p  between exposure and 

t r a f f i c  c o n f l i c t s ,  and a l s o  the  p o s s i b i l i t y  of d i f f e r e n t i a t i n g  

between amount and i n t e n s i t y  of exposure. Driving distance--  

i n  terms of mi les  of travel--remains the  most commonly used and 

accepted l fd i r ec t "  measure of exposure. Ce r t a in  " i n d i r e c t w  mea- 

su re s  such a s  f u e l  consumption, popula t ion,  numbers of l i censed  

d r i v e r s ,  and numbers of r e g i s t e r e d  veh i c l e s  a r e  used occase iona l ly .  

However, o ther  measures such a s  d r iv ing  time, t r a f f i c  volume or  

c o n f l i c t s  should be considered.  Measures such a s  passenger d i s -  

tance or time should a l s o  be considered i n  terms of exposure t o  

i n ju ry  a s  d i s t ingu ished  from exposure t o  acc iden t .  

Gross exposure, or t o t a l  accumulated exposure, f o r  a  c e r t a i n  

a rea  over a  given time per iod ,  is of l i t t l e  use i n  studying 

highway s a f e t y  problems. Because of t h i s ,  i t  is extremely 

important t h a t  exposure data  be c a r e f u l l y  c l a s s i f i e d  according t o  

the  d i f f e r e n t  types t r a v e l ,  types of d r i v e r s  and veh i c l e s ,  and 

types of roadways and environments. Through p rec i s e  exposure 

c l a s s i f i c a t i o n s ,  i t  is poss ib le  t o  gain  i n s i g h t s  i n t o  the  acc iden t  

causa t ion  processes .  In recen t  years ,  r esearch  i n  d r iv ing  ex- 

posure has emphasized t he  determination of unique exposure c l a s s i -  

f i c a t i o n s .  Research a t  The Univers i ty  of Michigan under con t r ac t  

* 
A l l  name re fe rences  a r e  symposium p a r t i c i p a n t s ;  s ee  Appendix A .  



Table 1 

CONCEPTS OF DRIVING EXPOSURE 

D e f i n i t i o n s :  occurrence  of hazards  
r i s k  of a cc iden t  
dangerous t r a f f i c  e v e n t s  

Amount v s .  I n t e n s i t y  

Exposure Measures - d i r e c t  and i n d i r e c t  

C l a s s i f i c a t i o n  of Exposure 

Uses: Problem I d e n t i f i c a t i o n  and Countermeasure Eva lua t ion  
p r e d i c t i o n  of a c c i d e n t s  
i n t e r p r e t a t i o n  of acc iden t  d a t a  
a cc iden t  r a t e s  
independent a n a l y s i s  

System Views a )  exposure a s  an i n p u t ,  a  p roce s s ,  o r  an output  
b )  a  sequence:  exposure -conf l i c t -acc iden t - in ju ry  
c )  e lements  of t h e  highway t r a n s p o r t a t i o n  system 
d )  t h e  highway s a f e t y  "matrix" 

Induced Exposure 

Other Concepts: i n s t an t aneous  v s .  cumulat ive 
i n d i v i d u a l  v s .  aggrega te  
d i s c r e t e  v s .  continuous 
microscopic v s .  macroscopic 

Exposure Func t ions :  dimensions,  we igh t ing ,  normaliz6d i n d i c i e s  



FH-11-7293 l e d  t o  t h e  recommendation of seven v a r i a b l e s  which 

should  be used t o  c l a s s i f y  exposure d a t a :  d r i v e r  age ,  d r i v e r  

s e x ,  v e h i c l e  type ,  v e h i c l e  make, model yea r ,  road type ,  and day/ 

n i g h t .  While t he se  v a r i a b l e s  provide t he  most unique c l a s s i f i c a -  

t i o n s  f o r  broad i n v e s t i g a t i o n  of exposure and a c c i d e n t s ,  they do 

not  prec lude  o the r  v a r i a b l e s  f o r  s p e c i a l i z e d  s t u d i e s .  

Bas ic  uses  of exposure da ta  a r e  t h e  i d e n t i f i c a t i o n  of highway 

s a f e t y  problems and eva lua t i on  of countermeasures.  For t he se  

u s e s ,  t h e  most s t r a i gh t fo rwa rd  purpose of exposure da ta  is  a s  

t he  denominator i n  w e l l - c l a s s i f i e d  acc iden t  r a t e s .  However, 

exposure da t a  may a l s o  be used i n  t he  p r e d i c t i o n  of a c c i d e n t s  and 

i n t e r p r e t a t i o n  of e x i s t i n g  acc iden t  d a t a .  Exposure da t a  may a l s o  

be used independently f o r  a n a l y s i s  of t r a v e l  t r e n d s .  F i n a l l y ,  

i t  was noted t h a t  "induced exposurev da t a  (de r ived  s o l e l y  from 

acc iden t  d a t a )  may be used i n  t he  same ways a s  noted above f o r  

d i r e c t  exposure d a t a .  

P a r t s  of Table 1 dea l i ng  w i t h  System Views, Other Concepts,  

and Exposure Funct ions  may be u s e f u l  i n  f u t u r e  s t u d i e s  of exposure 

d e f i n i t i o n s  and measures. 

In d i s cus s ion  fo l lowing t he  p r e s e n t a t i o n ,  p a r t i c i p a n t s  

covered many t o p i c s  of exposure concep t s ,  w i t h  g r e a t e s t  emphasis 

on exposure c l a s s i f i c a t i o n s ,  da ta  u s e s ,  and da ta  r e l i a b i l i t y .  

Waller noted good exposure-data c l a s s i f i c a t i o n s  may preclude  a  

need t o  d i f f e r e n t i a t e  between amount and i n t e n s i t y  i n  exposure 

measures. E ld r idge  and Waller i nd i ca t ed  t h e  a p p l i c a b i l i t y  of 

exposure da t a  t o  pos t -c rash ,  a s  we l l  a s  pre-crash and c r a sh  

phases of a c c i d e n t s .  Joksch emphasized t h e  need f o r  correspondence 

between numerators and denominators of a cc iden t  r a t e s .  He and 

Burg a l s o  noted t h a t  a c c i d e n t s  and acc iden t  r a t e s  a r e  not pro- 

p o r t i o n a l  t o  exposure.  Burg emphasized t h e  need t o  consider  a  

p r a c t i c a l  va lue  of exposure da t a  t o  a d m i n i s t r a t o r s .  C e r r e l l i  

noted t h e  p o t e n t i a l  f o r  e v a l u a t i n g  system performance wi th in  
c l a s s e s .  O'Neall  i nd i ca t ed  t h e  d e s i r a b i l i t y  of good exper imenta l  

des ign i n  c o l l e c t i n g  exposure d a t a .  Car lson agreed,  no t ing  t he  

va lue  of s t u d i e s  w i th in  s u b s e t s  of t h e  d r i v i n g  environment i n  

a d d i t i o n  t o  g loba l  s t u d i e s .  Burg ques t ioned t h e  need f o r  broad,  



nationwide s t u d i e s  un l e s s  they a i d  performance modi f i ca t ion  

( e . g .  o lde r  d r i v e r s  i n  backing a c c i d e n t s ) .  Waller defended 

broad s t u d i e s  a s  a  way of i d e n t i f y i n g  s i t u a t i o n s  w i t h  high r i s k ,  

i . e .  l e ads  a s  t o  where t o  conduct more s p e c i f i c  s t u d i e s .  Carr 

sugges ted  an approach t o  exposure a n a l y s i s ,  somewhere i n  between 

t h e  broad s tudy  and t h e  c o n t r o l l e d  experiment ,  a s  most u s e f u l  t o  

a d m i n i s t r a t i v e  dec i s i on  makers. Wiener noted var ious  uses  of 

exposure da ta  i n  dec i s i ons  regard ing  s o c i a l  p o l i c i e s ,  e . g .  t r a n s i t  

f o r  t h e  e l d e r l y .  Re in fu r t  and Koch i nd i ca t ed  t h e  need t o  change 

c e r t a i n  percentage  v a r i a b l e s  i n  the  Michigan s tudy  t o  correspond 

t o  a c t u a l  c l a s s e s .  Comments were made on the  drawbacks inheren t  

i n  s e l f - r e p o r t i n g  of exposure d a t a .  Joksch i nd i ca t ed  t h a t  a  time 

per iod  of t h e  l a s t  30 days may be be s t  f o r  s e l f - r e p o r t i n g  e s t i -  

mates.  Waller i nd i ca t ed  an imperfect  c o r r e l a t i o n  between s e l f -  

r e p o r t i n g  and odometer r e ad ings ,  and d i f f e r e n c e s  t h e r e i n  w i t h  

r e s p e c t  t o  sex  and age .  Koch and White i nd i ca t ed  c e r t a i n  pos- 

s i b i l i t i e s  f o r  cross-checking of exposure e s t i m a t e s .  Burg 

i nd i ca t ed  p o s s i b l e  sys temat ic  b i a s e s  a f f e c t i n g  t he  v a l i d i t y  and 

r e l i a b i l i t y  of pe r son ' s  mileage e s t i m a t e s .  Waller sugges ted  

t he  need t o  s tudy  r e l i a b i l i t y  of mileage e s t ima t i on  through 

samples of r e - e s t ima t e s .  Joksch noted thequandary of s i m i l a r  

exposure va lue s  f o r  d i s s i m i l a r  c l a s s e s .  Woods noted t he  lack 

of evidence regard ing  the  u se fu lne s s  of exposure da t a  w i th in  

narrow c l a s s e s .  Recht r a i s e d  t he  ques t i on  of r esource  a l l o c a t i o n  

wi thout  such evidence .  The e f f e c t s  of a l coho l  on highway s a f e t y  

was noted a s  a  c a se  where narrowed s t u d i e s  a r e  u s e f u l .  Car lson 

pointed  o u t ,  however, t h a t  i t  is unclear  what kind of exposure 

measure is needed f o r  d r ink ing-dr iv ing  s t u d i e s ,  and c i t e d  a  c a se  

where mileage is not  a  good p r e d i c t o r .  

Needs f o r  Exposure Research 

A p r e s e n t a t i o n  on t he  needs f o r  f u t u r e  r e s ea r ch  on d r i v i n g  

exposure was made by C e r r e l l i .  Three main p o i n t s  were emphasized: 

1. The need f o r  a  gene ra l l y  a ccep t ab l e  d e f i n i t i o n  of 
exposure and a  ba s i c  u n i t  of measure. E f f o r t s  
should  be made immediately t o  narrow down on such 
a d e f i n i t i o n ,  and compromise w i l l  be needed. T h i s  



is especia l ly  important for  the gross type of 
research analys is  tha t  m u s t  be conducted a t  the 
nat ional  l e v e l .  

The need to  e s t a b l i s h  meaningful c l a s s i f i c a t i o n s  
of dr iving exposure. Basic c l a s ses  a r e  type of 
t r a v e l ,  d r i v e r s ,  vehic les ,  roadways and environ- 
mental. W i t h i n  these basic  c l a s s e s ,  i t  is neces- 
sary t o  determine to  what l eve l  of d e t a i l  the 
c l a s s i f i c a t i o n s  should be defined. 

3 .  The need t o  s e l e c t  e f f e c t i v e  methods fo r  obtain- 
i n g  necessary exposure da ta .  Many data-collec- 
t ion  methods have been employed under con t rac t ,  
b u t  it is s t i l l  necessary t o  narrow them down 
for  optimum cost-effect iveness  w i t h  respect  t o  
se lec ted  exposure measures and c l a s s i f i c a t i o n s .  

C e r r e l l i  indicated t h a t  t h e e  a r e  r e a l i s t i c  needs which can 

be s a t i s f i e d  by a  well-coordinated e f f o r t .  He a l s o  expressed the 

d e s i r a b i l i t y  of a  continuing s e r i e s  of na t ional  symposiums on 

dr i v  i n g  exposure. 

Waller indicated the d i f f i c u l t y  i n  a r r i v i n g  a t  a  s i n g l e ,  

generally accepted d e f i n i t i o n  of exposure, but C e r r e l l i  emphasized 

t h a t  the need is t o  narrow down the d e f i n i t i o n s  or measures, a s  

appl icable  t o  a  l imited number of s i t u a t i o n s .  Car ro l l  suggested 

a  broad definition--frequency of t r a f f i c  events which c rea te  a  

r i s k  of accident--as an inclusive s t a r t i n g  point for  narrowing 

the d e f i n i t i o n s .  Carr s a i d  t h a t  the de f in i t ions  mus t  be workable, 

though admitt ing h i s  personal preference ( s e t  of probabi l i ty  

density functions varying w i t h  r i s k  of l o s s )  is unworkable under 

most condi t ions.  Carr a l s o  f e l t  t h a t  vehicle-miles is a  p o l i t i -  

c a l l y  acceptable exposure measure, good for  gross work. Joksch 

suggested the p o s s i b i l i t y  of d i f f e r e n t  exposure de f in i t ions  for 

one-vehicle and two-vehicle acc idents .  He a l s o  suggested a  

standardized mile a s  an exposure measure, divided according t o  

na t ional  d i s t r i b u t i o n s  of speeds, volumes, dr iver  and vehicle 

types,  road types,  and environments; data fo r  such a measure 

would be obtained from roadside observat ions,  sampled by loca t ion  

and time, and from follow-up s t u d i e s  using l icense  p la te  numbers. 

There was a  grea t  deal  of discussion on t h i s  idea,  including 



r e s e r v a t i o n s  about t he  f e a s i b i l i t y  of sampling, measuring speed,  

i d e n t i f y i n g  d r i v e r s ,  and methods of ob t a in ing  coordinated  f o l -  

low-up informat ion.  Woods suggested ob t a in ing  odometer readings  

on a l l  veh i c l e s  a t  t he  time of r e g i s t r a t i o n .  Eldr idge  mentioned 

t he  technique of remuneration t o  ob t a in  good responses .  Ander- 

son suggested t h a t  a l l  necessary information might be obta ined 

a t  t h e  roads ide ,  r a t h e r  than r e l y i n g  on fol low-ups.  Carlson 

and Waller mentioned t he  good coopera t ion  experienced i n  previous 

roads ide  su rveys .  The ques t ions  of l e g a l i t y  of s topp ing  d r i v e r s  

f o r  roads ide  surveys was r a i s e d  by Ca r r .  I d e n t i f i c a t i o n  of age 

and sex  of d r i v e r s  from photographs was sugges ted .  White noted 

t h a t  Joksch l s  method would provide r e l a t i v e  r a t h e r  than abso lu t e  

measures. Car lson defended the  r e l a t i v e  measure, and noted t h a t  

s i t e s  could be s e l e c t e d  t o  r ep r e sen t  c e r t a i n  popu la t ions .  

Current  Research D i r ec t i ons  

A p re sen t a t i on  on c u r r e n t  r e s ea r ch  i n  North Caro l ina  was 

made by Wal ler .  A wide v a r i e t y  of exposure s t u d i e s  have been 

conducted a t  The Univers i ty  of North Ca ro l i na ,  p r imar i ly  t o  

o b t a i n  da ta  f o r  use i n  analyzing acc iden t  involvement phenomena. 

Because many d i f f e r e n t  exposure da ta  c o l l e c t i o n  methods have 

been used,  a  g r e a t  d e a l  is being l ea rned  co inc iden t a l l y  about 

t he se  methods. One approach was t o  t i e  i n  w i t h  t h e  o r i g i n -  

d e s t i n a t i o n  s t u d i e s  of t he  S t a t e  Highway Commission each summer. 

The Commission has c o l l e c t e d  s p e c i a l  information on surveyed 

v e h i c l e s  ( r a c e ,  s ex ,  and age e s t ima t e  of d r i v e r  and f r o n t  pas- 

s enge r ,  p lu s  l i c e n s e  p l a t e  number) i n  a d d i t i o n  t o  r egu l a r  da t a  

( veh i c l e  type ,  day of week, time of day,  type of highway, num- 

ber of t r  i p s )  . In comparisons of t r  i p s  and acc iden t s  , young 

d r i v e r s  and o l d  d r i v e r s  were over- represented  i n  a c c i d e n t s ,  f o r  

a l l  t imes of day. Older v e h i c l e s  were a l s o  over involved.  There 

was a l s o  a  d i s t i n c t  ove r r ep re sen t a t i on  of a cc iden t s  from 12 t o  

6 a.m. Future  a n a l y s i s  us ing t h e  same type  of da ta  w i l l  d ea l  
w i t h  c u l p a b i l i t y  i n  a c c i d e n t s .  North Carol ina  s t u d i e s  have a l s o  

used d r i v e r  l i c e n s e  s t a t i o n s  f o r  c o l l e c t i n g  e s t ima t e s  of annual 

d r i v i n g  (by in terview)  and previous  day ' s  mileage (by 



ques t i onna i r e ) .  The problem of r ep re sen t ing  beginning d r i v e r s  

by t h i s  method was noted.  Comparison of the  annual da t a  w i t h  

t he  0-D data  showed good agreement. Another approach has been 

the  c o l l e c t i o n  of odometer readings  a t  veh i c l e  inspec t ion  

s t a t i o n s ,  over a  two-year per iod.  Readings were matched using 

VIN. Adjustments were made fo r  r ecyc l ing  of odometers. In some 

s t a t e s ,  odometer ro l l backs  would be a  problem. In t he  f u t u r e ,  

i t  may be poss ib le  t o  l i n k  r e g i s t r a t i o n  f i l e s  w i t h  odometer 

readings  a t  inspec t ion .  Koch mentioned the  d e s i r a b i l i t y  of 

ob t a in ing  odometer readings  more f requent ly  than annua l ly ,  such 

a s  everytime gaso l ine  was purchased by c r e d i t  c a rd .  Every 

t h r e e  months might be o f t e n  enough. Burg suggested odometer 

readings  on a  roadside  survey.  Waller suggested t h a t  t he  

r e l i a b i l i t y  of readings  or es t imates  w i l l  improve a s  the  general  

publ ic  becomes accustomed t o  the  exposure c o l l e c t i o n  programs, 

Woods mentioned a  t rend  toward s y n t h e t i c  0-D s t u d i e s ,  based on 

the  extreme s t a b i l i t y  of c e r t a i n  groups, year a f t e r  year .  How- 

e v e r ,  base da t a  must be r ev i sed  p e r i o d i c a l l y .  Carlson noted 

t h a t  good sampling s t r a t e g i e s  f o r  exposure da ta  w i l l  allow 

s i m i l a r  ex tens ions  of occass iona l  gross  exposure c o l l e c t i o n  

programs . 



PROBLEM AREAS IN DRIVING EXPOSURE RESEARCH 

Goals of Driving Exposure Research 

The d i scuss ion  on goa l s  was opened by C e r r e l l i ,  who posed 

s e v e r a l  q u e s t i o n s :  should we have goa ls? ,  should they be sho r t -  

term o r  long-term?, should they dea l  w i t h  t he  n a t i o n a l  s c a l e  o r  

s p e c i f i c  research  s t u d i e s ? ,  t o  how much d e t a i l  should exposure 

measures be def ined? ,  should da t a  c o l l e c t i o n  be done through 

e x i s t i n g  s t a t e  channels o r  by a  new survey o rgan iza t i on?  

There was a  gene ra l  consensus t h a t  goa l s  would be u s e f u l  

i n  planning f u t u r e  exposure research  and da t a  c o l l e c t i o n  e f f o r t s .  

The goa l s  a r e  needed e i t h e r  by NHTSA o r  t h e  highway s a f e t y  research 

community. Whether t h e  goa l s  should be formally s t a t e d  o r  only 

t a c i t l y  agreed upon was not mentioned. 

White and Carr contended t h a t  t he  intended uses  of exposure 

information m u s t  be t h e  b a s i s  of g o a l s .  Breedon a l s o  agreed,  b u t  

noted t h a t  o f f - the-she l f  exposure da ta  w i l l  be u s e f u l  f o r  many 

a s  yet  undefined problems. Joksch f e l t  thak exposure da t a  should 

be obta ined a t  a l l  admin i s t r a t i ve  l e v e l s  where acc iden t  da ta  is  

c u r r e n t l y  ob ta ined ,  o r  where i t  w i l l  be obta ined i n  t he  f u t u r e .  

Breedon emphasized t he  need f o r  a  computer system t h a t  would pro- 

v ide  ready answers t o  admin i s t r a to r s  based on cu r r en t  exposure d a t a .  

C e r r e l l i  suggested continuous monitoring of exposure a t  both 

na t i ona l  and s t a t e  l e v e l .  F l e i s che r  f e l t  t h a t  goa l s  f o r  exposure 

research  should be l ihked  d i r e c t l y  t o  s p e c i f i c  countermeasure 

programs; however, he would proceed w i t h  a  program t o  provide 

pub l i c  r e l a t i o n s  r epo r t i ng  of genera l  exposure t r e n d s .  C e r r e l l i  

urged t h a t  any e f f o r t  on exposure da t a  f o r  s p e c i a l  s t u d i e s  be com- 

prehensively  organized t o  avoid d u p l i c a t i o n .  



Measures of Exposure and C l a s s i f i c a t i o n  Variables 

T h i s  was a  very b r i e f  d i scuss ion ,  inasmuch a s  the  previous 

d i scuss ions  had a l ready chanced t o  focus on t he se  t o p i c s .  Tables 

2 and 3 were presented a s  s e t s  of exposure-measure and c l a s s i f i -  

c a t i on  va r i ab l e  a l t e r n a t i v e s .  Driving d i s t ance  (veh ic le  mi les)  

was genera l ly  accepted a s  the exposure measure f o r  a  na t i ona l  da t a  

base.  The c l a s s i f i c a t i o n  v a r i a b l e s  i n  t he  top group, derived 

from the  Michigan s t u d y ,  were genera l ly  accepted a s  ones needed 

i n  a  na t i ona l  da t a  base. However, i t  was s t i l l  f e l t  t h a t  more 

research should be done regarding exposure measures and c l a s s i f i -  

c a t i on  v a r i a b l e s .  

Induced Exposure 

T h i s  d i scuss ion  was l ed  by Carr and Joksch. Carr s a i d  t h a t  

induced exposure da ta  cannot be used f o r  countermeasure eva lua t ion ,  

b u t  i t  is more u se fu l  f o r  i t s  lea rn ing  value i n  i den t i fy ing  prob- 

lems t h a t  might not be i d e n t i f i e d  from d i r e c t  exposure da ta  o r  

accident  s t a t i s t i c s .  Joksch s a i d  t h a t  the  induced exposure models 

which use both one-vehicle and two-vehicle crash da t a  a r e  quest ion-  

a b l e  because the  two types  occur i n  d i f f e r e n t  environments. He 

a l s o  s a i d  they f a i l  t o  account f o r  t he  complex process i n  two- 

veh ic le  c rashes ,  and t h a t  ass igning c u l p a b i l i t y  t o  one veh ic le  

overlooks the  oppor tun i t i e s  of avoidance by both veh i c l e s .  Joksch 

t e s t e d  the  e x i s t i n g  models w i t h  Har t ford  da t a  and found t h a t  none 

explained the  sex d i s t r i b u t i o n s  a c t u a l l y  d r iv ing .  Joksch s a i d  t h a t  

h i s  model t i e s  induced exposure t o  c o n f l i c t  s i t u a t i o n s .  Koch sug- 

ges ted  t h a t  age and sex d i s t r i b u t i o n s  of d r i v e r s  who witnessed 

acc iden ts  might be a  good i n d i c a t o r  of exposure, Carr suggested 

t h a t  maybe a l l  the  answers t h a t  induced exposure can produce, have 

been produced. Joksch s a i d  induced exposure w i l l  have continuing 

value w i t h  respect  t o  new veh ic l e s .  Cerre l . l i  descr ibed h i s  

a n a l y s i s  using reversed induced exposure model, whereby c u l p a b i l i t y  



T a b l e  2 

MEASURES O F  EXPOSURE 

D R I V I N G  DISTANCE ( V E H I C L E  M I L E S )  
DRIVING T I M E  ( V E H I C L E  HOURS) 
OCCURRZNCE O F  T R A F F I C  C O N F L I C T S  (FREQUENCY) 
F U E L  CONSUMPTION (GALLONS) 
NUMBER O F  REG1 STERED V E H I C L E S  
NUMBER O F  L I C E N S E D  DRIVERS 

PEDESTRIAN DISTANCE (WALKING M I L E S )  
PEDESTRIAN T I M E  (WALKING HOURS) 
NUMBER O F  ROAD CROSSINGS 

TRAVEL DISTANCE (PASSENGER M I L E S )  
TRAVEL T I M E  (PASSENGER HOURS) 



T a b l e  3 

EXPOSURE VARIABLES 

DRIVER VEH I CLE ROAD ENVIRONMENT 

D R I V I N G  ON J O B  VEHICLE TYPE ROAD TYPE DAY/NIGHT 
DRIVER SEX MODEL YEAR 
DRIVER AGE VEHICLE MAKE 

USE O F  VEHICLE VEHICLE S I Z E  WET/DRY URBANIZATION 
KNOWLEDGE OF ENGINE VEH I CLE MODEL 

VEHICLE HORSEPOWER POPULATION 
INCOME NUMBER OF CYLINDERS 
SOCIO-ECONOMIC SCALE ENGINE DISPLACEMENT 
EDUCAT ION 
NUMBER O F  VIOLATIONS 
MARITAL STATUS 
OCCUPATION 

ALCOHOL USE VEHICLE WEIGHT LANE NUMBER SPEED 
LANE WIDTH 

SEAT-BELT USE POWER STEERING PAVEMENT TYPE VOLUME 
DRIVER EDUCATION POWER BRAKES SEGMENT ALIGN- 

MENT WEATHER 
S I G N A L I Z A T I O N  TIME OF DAY 
INTERSECTIONS DAY O F  WEEK 
S P E E D  L I M I T  



r a t i o s  can be found i f  d i r e c t  exposure is known. White and C a r r o l l  

s a i d  an e f f o r t  should be made t o  compare induced exposure w i t h  

d i r e c t  exposure. The ques t ion  of combining d i r e c t  and induced 

exposure da t a  was a l s o  r a i s e d .  

Techniques of Exposure Data Analysis  

A p r e sen t a t i on  was made by Koch on s e v e r a l  approaches t h a t  

may be used i n  the  a n a l y s i s  of exposure da t a .  Table 4 l is ts  some 

of the  a n a l y s i s  problems and techniques a v a i l a b l e .  The d i scuss ion  

cen te red  on the  determination of exposure c l a s s i f i c a t i o n  v a r i a b l e s ,  

p r imar i ly  through t h e  AID algor i thm.  Koch a l s o  pointed out the  

sometimes advantages of a  slower process where a l l  va r i ab l e  tabu- 

l a t i o n s  a r e  produced f o r  each subgroup i n  the  d a t a ,  and success ive  

c l a s s i f i c a t i o n  v a r i a b l e s  a r e  chosen by t h e  a n a l y s t ,  and where a  

backward e l imina t ion  process  can produce an AID-like t r e e  c h a r t .  

There was a l s o  d i scuss ion  about methods f o r  combining exposure 

da t a  from d i f f e r e n t  sources .  The method of Shah r e q u i r e s  t h e r e  

be some independent v a r i a b l e s  i n  common between two da t a  s e t s ,  

and t h a t  t he  marginal d i s t r i b u t i o n s  of t h e  common v a r i a b l e s  be 

c o n s i s t e n t .  Adjustments t o  fo rce  such consistency may weaken the  

v a l i d i t y  of r e s u l t s .  McRae gave a  b r i e f  de sc r ip t i on  of f u t u r e  

p lans  f o r  exposure da ta  s t u d i e s  by S t a t i s t i c s  Canada. 



Table 4 

ANALYSIS OF EXPOSURE DATA 

Problems: Determining Significant Classification Variables 
Comparing Exposure Measures as Accident Predictors 
Comparing Reliability of Exposure Data Sources 
Comparing Exposure Estimates with Respect to: 

degree of classification 
time period of estimation 

Combining Direct-Exposure Data Sets 
Combining Direct and Induced Exposure Data 

Techniques:Analysis of Variance 
Regression Models 
Factor Analysis 
AID - Automatic Interaction Detection 



PROBLEM AREAS IN OBTAINING EXPOSURE DATA 

T h i s  discussion dea l t  w i t h  data sources,  sampling design, 

and methods of exposure-data co l l ec t ion .  Possible a l t e r n a t i v e s  

w i t h i n  these topics  a re  l i s t e d  i n  Tables 5 and 6 .  Most of the 

discussion focused on exposure data for  gross ,  national repre- 

senta t ion .  Carro l l  emphasized a  preference for  dr ivers  a s  a  

basic source of da ta ,  whether by estimation or readings of t h e i r  

odometers. McDole described the nat ional  exposure survey a t  

Michigan i n  1970, including the random se lec t ion  of s t a t e s ,  

count ies ,  and l icensing s t a t i o n s ,  and the interview techniques. 

Carro l l  described the t r ip- log  survey of dr iving exposure cur- 

r en t ly  underway among licensed dr ivers  i n  Michigan. McDole 

mentioned various methods of improving response r a t e s  and 

correct ing for  response biases ,  e . g .  reminder l e t t e r s  and 

follow-up postcards for  odometer readings. He noted tha t  non- 

respondents tended t o  be r u r a l ,  young, lower economic and 

educational l eve l ,  and more l ike ly  t o  have v io la t ions  and ac- 

c idents  on t h e i r  records.  Waller suggested i l l i t e r a c y  as  a  

possible  non-response cause. The need for  cooperation of 

l icensing o f f i c e  personnel was noted. Carro l l  described a  s e t  

of small surveys i n  Michigan for comparing accuracies of various 

data co l l ec t ion  methods. W i t h  t r ip- log odometer readings as- 

sumed a s  the most accurate method, mailed one-day estimates 

were judged a s  reasonably accurate ,  but telephone-interview 

estimates were poor. Carro l l  suggested a  s ta te-by-state  sam- 

p l i n g  a s  very feas ib le  for  nat ional  representat ion of exposure, 

followed by comparison w i t h  the  National Accident Summary. 

Waller cautioned about current  variances i n  accident-record 

pol ic ies  among s t a t e s .  Carro l l  suggested improved national 

standards for  accident report ing,  and a l s o  for d r ive r s '  mile- 

age estimates a t  the time of l icense  renewal. Fleischer noted 

the cos t s  of implementing such s tandards,  and suggested NHTSA 

should consider it on a  cost  e f fec t iveness  bas is  w i t h  respect 



Table 5 

POTENTIAL SOURCES OF EXPOSURE DATA 

DRIVERS 
ODOMETER READINGS 
TRAFFIC COUNTS 
GASOLINE SALES 
INSURANCE RECORDS 
LICENSE RECORDS 
REG1 STRATI ON RECORDS 

SAMPLING DESIGNS 

NATIONAL 
Random Sample from National  Driver Registry 
Household sample 
Longitudinal  panel  of new veh ic l e s  
Sample of roadway loca t  ions  
Sample of insurance company records  

STATE-BY-STATE 
Random sample of l i censed  d r i v e r s  
Household sample 
Random sample of veh ic le  owners 
Sample of roadway loca t  ions  
Tota l  gaso l ine  s a l e s  by county 



T a b l e  6 

METHODS OF DATA COLLECTION 

C o n t a c t  w i t h  d r i v e r s  b y :  mail  
phone  
home v i s i t  
r o a d s i d e  s u r v e y  
l i c e n s i n g  o f f i c e  
r e g i s t r a t i o n  o f f i c e  
i n s u r a n c e  a g e n t s  

R e c o r d i n g  o f  d a t a  b y :  i n t e r v i e w  
q u e s t i o n n a i r e  
t r i p  l o g  
s i n g l e  o d o m e t e r  r e a d i n g  

SOME ALTERNATIVE DATA COLLECT ION PLANS 

DRIVER ESTIMATES (INTERVIEW, MAIL SURVEY, OFFICE QUESTIONNAIRE) 
GROSS ESTIMATES 
ESTIMATES BY CLASSIFICATIONS 
RECENT TRIP RECALL 

ODOMETER READINGS (BY DRIVER, INSPECTOR, RESEARCH OBSERVER) 
GROSS DIFFERENCES -- l o n g t i m e  p e r i o d  
PERIODIC DIFFERENCES -- D a i l y ,  w e e k l y ,  e t c .  
DRIVER TRIP LOGS 

COMBINATION OF DRIVER ESTIMATES AND ODOMETER READINGS 

TRAFFIC OBSERVATIONS -- e x c l u d e s  d r i v e r  c l a s s i f i c a t i o n s  



t o  the  va lue  of exposure da t a  t o  dec i s i on  mnkcls i n  each s t a t e .  

E ld r idge  s a i d  t h a t  NHTSA is de l ' i n i l c l y  n lov i~ lg  i n  111(> d i r c ~ l  ion 

of a  n a t i o n a l  sample. One approach b e i n g  suggcstcd is the 

es tab l i shment  of Highway Safe ty  Measurement Areas (HSMA). These 

would not involve a l l  s t a t e s  i n i t i a l l y ,  but a s  they saw the  

p o t e n t i a l  feedback value  t o  them, they would want t o  be involved.  

Carr  agreed t h a t  feedback is de s i r ed  by l o c a l  a r e a s ,  and noted 

a  program i n  Canada t h a t  w i l l  provide information t o  t he  pro- 

v ince s .  However, a d m i n i s t r a t o r s  r e q u i r e  unders tandable  informa- 

t i o n ,  and w i l l  not be enthused un l e s s  t he  feedback is u s e f u l  

f o r  t h e i r  own decision-making needs.  Woods and F l e i s che r  noted 

t h e  e x i s t i n g  abundance of da t a  which is not used f o r  l o c a l  

needs.  Burg suggested t h a t  l e ade r sh ip  of forward-looking s t a t e s  

may show the  u se fu lne s s  of exposure d a t a .  Waller suggested 

t h a t  0 - D  s t u d i e s  may augment d r i v e r  l i c e n s i n g  s t a t i o n  in te rv iews  

by g e t t i n g  young d r i v e r s  and those  without  l i c e n s e s .  F l e i s che r  

suggested t h a t  n a t i o n a l  d a t a  ga the r i ng  techniques  might be 

s e l e c t e d  by no t ing  t h e  f e a s i b l e  a l t e r n a t i v e s ,  l i m i t i n g  kinds 

of exposure d a t a  t o  those  which f i t  the  a l t e r n a t i v e ,  then work- 

i ng  back t o  an optimum combination. Car lson noted t h e  impor- 

t ance  of being a b l e  t o  l i n k  exposure d a t a  from s p e c i a l  s t u d i e s  

t o  t h e  n a t i o n a l  d a t a  base .  Kahane and E ldr idge  d i scussed  t h e  

f e a s i b i l i t y  of us ing personnel  engaged i n  r o u t i n e  n a t i o n a l  

sampling t o  o b t a i n  da t a  f o r  s p e c i a l  s t u d i e s  by c a r e f u l  coor- 

d i n a t i o n .  Burg emphasized t he  need t o  s e l e c t  good exposure 

measures be fore  proceeding w i t h  s e l e c t i o n  of da t a - co l l e c t i on  

methods. He sugges ted  r e sea r ch  t o  weed ou t  measures which a r e n ' t  

va luab le .  Recht sugges ted  t h e  use  of commercial firms t o  co l -  

l e c t  exposure da ta  through e x i s t i n g  samples (pane l s  of house- 

holds ,  e t c . ) .  Carr  i nd i ca t ed  t h a t  households may be an 

u n s a t i s f a c t o r y  sample base .  E ld r idge  sugges ted  t h e  p o s s i b i l i t y  

of a  s t r a t i f i e d  sample of c a r  purchasers .  



FUTURE PLANS FOR EXPOSURE RESEARCH AND DATA COLLECTION 

This  d i s cus s ion  focused on f u t u r e  exposure programs on a  

n a t i o n a l  s c a l e .  There was gene ra l  consensus--though not unanimous-- 

t h a t  a  n a t i o n a l  program should  be e s t a b l i s h e d  a s  soon a s  p o s i b l e ,  

beginning w i t h  r e s ea r ch  d i r e c t e d  toward such a  program, and lead-  

i ng  t o  a  n a t i o n a l  exposure da t a  base which can evolve and improve 

a s  cond i t i ons  pe rmi t .  There was a l s o  a  genera l  consensus t h a t  

s p e c i a l  s t u d i e s  r e q u i r i n g  exposure da ta  f o r  eva lua t i on  of coun- 

termeasures  should be p a r t  of a  f u t u r e  program, and t h a t  unique 

exposure measures f o r  such s t u d i e s  should  be a b l e  t o  make use of 

t he  n a t i o n a l  da t a  base .  Thus, though t h e r e  may be a  s i n g l e  ex- 

posure measure i n  t he  n a t i o n a l  program, i t  should be de f ined  w i t h  

enough f l e x i b i l i t y  i n  i t s e l f ,  and i n  its c l a s s i f i c a t i o n s ,  f o r  

compa t i b i l i t y  w i t h  a  r easonab le  range of s p e c i a l  exposure measures. 

Burg sugges ted  t h a t  f u t u r e  r e s ea r ch  should  fo l low l o g i c a l l y  

from p r o j e c t s  now underway. These inc lude  t he  0-D and l i c e n s e  

s t a t i o n  p r o j e c t s  of Waller e t .  a l .  a t  North Ca ro l i na ,  t h e  p r o j e c t  

i n v e s t i g a t i n g  combinations of a v a i l a b l e  da t a  sources  by W h i t e  a t  

Research T r i a n g l e ,  and t he  t r i p - l o g  survey of C a r r o l l  i n  Michigan. 

E ld r idge  noted p lans  by NHTSA t o  sponsor MITRE f o r  development of 

a  n a t i o n a l  sampling plan  f o r  pedes t r i an  and bike acc iden t s ;  t h i s  

is seen  a s  a  f i r s t  s t e p  toward a  comprehensive p lan  f o r  sampling 

among a l l  r epo r t ed  t r a f f i c  a c c i d e n t s  n a t i o n a l l y .  The Highway 

Sa fe ty  Measurement Area p lans  would inc lude  both acc iden t  and 

exposure d a t a .  Perhaps r e sou rce s  now used f o r  Mul t i -Disc ip l ina ry  

Accident I n v e s t i g a t i o n  teams should  be conver ted  t o  a  p lan  f o r  

a cc iden t  i n v e s t i g a t i o n  based on a  p r o b a b i l i t y  model, though some 

teams could  be r e t a i n e d  f o r  h igh -p r io r i t y  c l i n i c a l  i n v e s t i g a t i o n s .  

Severa l  people i nd i ca t ed  t h a t  s u f f i c i e n t  d a t a  on p e d e s t r i a n ,  b ike ,  

and motorcycle a c c i d e n t s  a r e  needed i n  a  n a t i o n a l  program. C a r r o l l  

noted a need f o r  exposure- to- in jury  d a t a .  White sugges ted  pos- 

s i b l e  use  of methods used i n  previous  Na t iona l  T ranspo r t a t i on  

Surveys by FHWA. Problems of i n j u r y  a n a l y s i s  were noted ,  i n  

terms of poor a cc iden t  r e p o r t i n g  by s e a t e d  p o s i t i o n  and weaknesses 



i n  the KABCO injury code. Fleischer  suggested t h a t  NHTSA should 

c a l l  i n to  question a l l  current  accident data requirements before 

adding more. Carlson noted t h a t  obtaining r e a l l y  good accident 

data put too much of a  burden on pol ice a t  accident scenes.  He 

suggested designating c e r t a i n  police a s  professional  accident 

inves t iga tors  who would go only t o  c e r t a i n  randomly se lec ted  

accident scenes.  Recht suggested the use of FDA's National 

Electronic  Injury Surveil lance System for  accident-injury report-  

ing. Reinfurt  described the value of the North Carolina news- 

l e t t e r  t o  pol ice and other adminis trators  i n  gaining the i r  co- 

operat ion.  Car ro l l  suggested t h a t  NHrSA should sponsor research 

in to  a l t e r n a t i v e  methods of exposure data c o l l e c t i o n .  Burg and 

Joksch expressed support for  vehicle  miles a s  a  measure of 

exposure, though Burg indicated the need for  more research on 

other  measures. Joksch a l s o  suggested t h a t  induced exposure 

analys is  should be par t  of the nat ional  program. There is a  

need t o  compare d i r e c t  and induced exposure r e s u l t s  i n  various 

c l a s s i f i c a t i o n s .  Carlson emphasized tha t  s p e c i f i c  objec t ives  of 

the s t a t e s  should be used a s  a  bas is  for  s e l e c t i n g  exposure 

measures. Anderson suggested wel l -c lass i f ied  dr iv ing  time may 

be a  be t t e r  predictor  of accidents  than vehicle  miles .  Joksch 

again suggested a  standard vehicle  mile ,  divided according t o  

10-20 c r i t i c a l  type s i t u a t i o n s  only ( i . e .  i t  would not include 

ac tua l  proportions of low-r i s k  d r iv ing  exposure) . Carlson and 

Anderson noted the problems i n  t h i s  scheme w i t h  respect  t o  proper 

weighting of various s i t u a t i o n s .  Kahane and Fleischer  noted 

i ts  problems w i t h  respect  t o  meaningfulness i n  public r e l a t i o n s ,  

b u t  Fleischer  nevertheless found i t  appealing for  appl ica t ion  

t o  countermeasure evaluat ions.  Carr noted tha t  i f  the Joksch 

method is we l l - c l a s s i f i ed ,  the r e s u l t  is vshapshotstf of the 

dr iv ing  population. Burg and Fleischer  f e l t  t h a t  research on 

exposure measures and data-col lect ion methods should be done i n  

p a r a l l e l .  White f e l t  t h a t  current  types of exposure sources w i l l  

not be s u f f i c i e n t  fo r  ul t imate needs. Several  pa r t i c ipan t s  com- 

mented on the p o s s i b i l i t y  of improving the  methods of u s i n g  gaso- 

l i n e  s a l e s  a s  an indicator  of exposure, and there was general 

pessimism i n  t h i s  a rea .  



In  t h e  a f t e rnoon  c o n t i n u a t i o n  of t h i s  d i s c u s s i o n ,  emphasis 

remained on f u t u r e  programs on a  n a t i o n a l  s c a l c .  Much of t he  

d i s c u s s i o n  d u p l i c a t e d  previous  ideas  i n  greater  d e t a i l .  Thus, 

on ly  a  few of t h e  more unique sugges t i ons  a r e  r e p o r t e d .  F l e i s c h e ~  

sugges ted  t h a t  MTSA should e s t a b l i s h  a  n a t i o n a l  f i g u r e  of me r i t  

w i t h  r e s p e c t  t o  exposure ,  f o r  p e r i o d i c  r e p o r t i n g  t o  Congress and 

t h e  p u b l i c ;  t h i s  would not  be used f o r  countermeasure e v a l u a t i o n .  

Another approach would be t o  begin on t h e  exposure d a t a  program 

a t  t h e  n a t i o n a l  l e v e l  ( i . e .  n a t i o n a l l y  r e p r e s e n t a t i v e ,  but  not  

s t a t e  by s t a t e )  i n  o rder  t o  g e t  g ro s s  d a t a ,  and a f t e r  i t  was f a i r l y  

well e s t a b l i s h e d ,  r ede s ign  t h e  sample 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  feedback would be a v a i l a b l e  f o r  s t a t e  needs.  Anderson 

noted  a l i k e l y  va r i ance  i n  s t a t e  needs which would preclude  

s t anda rd i zed  c l a s s e s .  Car lson f e l t  compromises should  be made, 

C a r r o l l  s a i d  t h a t  t h e  f i r s t  year o r  s o  of s t a t e - b y - s t a t e  programs 

could  be done under n a t i o n a l  sponsorsh ip  u n t i l  s t a t e s  were ready 

t o  p a r t i c i p a t e  based on the  va lue  seen  by t h e m .  H e  a l s o  sugges ted  

t h a t  t h e  f i r s t  year  of a  n a t i o n a l  survey could  i nco rpo ra t e  a u x i l i a r y  

s t u d i e s  r ega rd ing  a l t e r n a t i v e  d a t a  c o l l e c t i o n  methods, w i t h  

s u p e r i o r  methods being f u l l y  adopted i n  l a t e r  yea r s .  Seve ra l  

p a r t i c i p a n t s  agreed t h a t  t h e  f i r s t  year should  be very s imple  i n  

terms of measures and l i m i t e d  c l a s s i f i c a t i o n s .  E ld r idge  i n d i c a t e d  

an  e a r l y  need f o r  d a t a  on s o b r i e t y  and s e a t  b e l t  use .  She a l s o  

sugges ted  3-4 years  a s  a  time per iod  r equ i r ed  t o  g e t  a  n a t i o n a l  

program s t a r t e d .  F l e i s c h e r  noted t h a t  WTSA is t h e  only  pro- 

s p e c t i v e  sponsor of exposure r e s e a r c h .  E ld r idge  i n d i c a t e d  MTSA's 

need f o r  p o t e n t i a l  c o n t r a c t o r s  who can supply r e s e a r c h  on an  a s -  

needed b a s i s .  Woods sugges ted  t h e  use  of t ape  r e c o r d e r s  i n  

v e h i c l e s  f o r  no t i ng  odometer r ead ings  a s  road types  change, e t c .  

Waller noted t h a t  ou t -o f - s t a t e  d r i v e r s  a r e n ' t  cap tu red  i n  l i c e n s e  
s t a t i o n  su rveys .  Koch s a i d  t h a t  n a t i o n a l  sample s i z e s  should  be 

a s  l a r g e  a s  p o s s i b l e ,  perhaps 25,000 o r  more. He a l s o  noted t h a t  

ins t rumented c a r s  a r e  being used i n  l a r g e  numbers f o r  c e r t a i n  

s t u d i e s ,  and might be used f o r  exposure d a t a .  



CONCLUSIONS AND RECOMMENDATIONS 

The following conclusions were derived from symposium 

proceedings : 

1. Exposure data  i s  needed i n  highway sa fe ty  research, 

along w i t h  accident da ta ,  t o  permit i d e n t i f i c a t i o n  of 

problem areas  and evaluation of countermeasures. 

2 .  The most pressing need fo r  exposure data  i s  f o r  a  

comprehensive data  bank a t  the nat ional  l e v e l ,  though 

considerat ion m u s t  s t i l l  be given t o  exposure data  needed 

f o r  spec ia l  s tud ies .  

3 .  A comprehensive nat ional  program of exposure data 

co l l ec t ion  and analys is  should be es tabl i shed ,  and 

planning f o r  such a  program should begin immediately. 

4 .  The primary use of exposure data is  as  the denomin- 

a t o r s  i n  ca lcula t ions  of accident r a t e s  w i t h i n  

meaningful c lasses  of corresponding accident and 

exposure da ta .  

5.  For general  purposes, vehicle miles of t r a v e l  should 

be used as  a  measure of driving exposure, b u t  fu r the r  

research i s  needed w i t h  regard t o  exposure measures, not 

only f o r  general  purposes b u t  a l so  f o r  spec ia l  s tud ies .  

T h i s  includes not only exposure t o  accident b u t  a l so  

exposure t o  i n j u r y .  

6 .  Meaningful c lass i f  i ca t ions  of exposure data  a re  

extremely important. The independent var iables  d r ive r  

age and sex,  vehicle type,  make and model year ,  road 

type,  and day/night should be used f o r  basic c l a s s i f i -  

ca t ions .  Further research is needed w i t h  regard t o  

o ther  c l a s s i f i c a t i o n  var iables  f o r  both general  purposes 

and spec ia l  s t u d i e s .  



7 ,  Though exposure measures f o r  s p e c i a l  s t u d i e s  

may d i f f e r  from a  s tandard  na t i ona l  measure, the  

s p e c i a l  s t u d i e s  should s t i l l  be l inked  t o  t h e  na t i ona l  

d a t a  bank through cons i s t en t  c l a s s i f i c a t i o n s  and 

sampling des igns .  

8 .  More research  should be performed on induced 

exposure models including t e s t i n g  w i t h  r espec t  t o  d i r e c t  

exposure d a t a ,  and on methods of combining induced and 

d i r e c t  exposure da t a .  

9. More research should be performed on methods f o r  

c o l l e c t i o n  of exposure da t a  w i t h  emphasis on t he  f o l -  

lowing a l t e r n a t i v e s  : t i e - i n  w i t h  o r ig in -des t i na t  ion 

s t u d i e s ,  mailed one-day t r i p  logs  ( t r i p - b y - t r i p  odometer 

readings),  mileage e s t ima te s  v i a  l i c e n s e - s t a t i o n  i n t e r -  

views, roadside  surveys using e i t h e r  mileage e s t ima te s  

o r  odometer readings  (o r  b o t h ) .  

10.  Research should be performed on methods of sampling 

f o r  na t i ona l ly  r ep re sen t a t i ve  exposure d a t a ,  both on an 

o v e r a l l  b a s i s  and a  s t a t e -by - s t a t e  b a s i s .  

11. Strong cons idera t ion  should be given t o  exposure-data 

sampling us ing t he  same sampling plan soon t o  be der ived 

f o r  determining a r e a s  f o r  t h e  Highway Safety Measurement 

Area (HMSA) program. 

12.  Though the  aforementioned research  needs (exposure 

measures, c l a s s i f i c a t i o n s ,  induced-exposure, c o l l e c t i o n  

methods, sampling) a r e  i n t e r - r e l a t e d ,  e f f o r t  should begin 

on each of them independently a s  soon a s  p o s s i b l e ,  a s  a  

prelude t o  more comprehensive research .  

13. Sponsorship of a  na t i ona l  exposure-data program 

should be provided by NHTSA, though s t a t e s  may be i n -  

cluded i n  cooperat ive  sponsorship even tua l ly .  



14. Whether o r  not s t a t e s  a r e  involved i n  a  na t iona l  

exposure-data program, they should each be provided w i t h  

feedback, i . e , ,  any r e s u l t s  which p e r t a i n  s p e c i f i c a l l y  

t o  t h e i r  own s t a t e .  

15. I t  may take  a s  long a s  t h r e e  o r  four  years  t o  make 

a  na t i ona l  exposure da t a  c o l l e c t i o n  program f u l l y  

ope ra t i ona l ,  on an annual b a s i s .  

16. In o rder  t o  expedi te  t he  a v a i l a b i l i t y  of a  na t i ona l  

exposure da ta  f i l e ,  a  program should begin a s  soon a s  

pos s ib l e  t o  provide na t i ana l ly  r ep re sen t a t i ve  exposure 

da t a  from any convenient sampling base,  w i t h  t he  i n t e n t i o n  

of switching t o  an improved sampling base l a t e r ,  perhaps 

s t a t e -by - s t a t e .  

The bas ic  recommendation of t h i s  r epor t  i s  t h a t  NHTSA begin 

planning immediately t o  implement a  coordinated na t i ona l  program 

of exposure-data c o l l e c t i o n  and research based on t h e  conclusions 

above. A r e a l i s t i c  goa l  of t he  program would be t o  e s t a b l i s h  a  

f u l l y  opera t iona l  exposure da t a  c o l l e c t i o n  p l an ,  providing na t iona l  

r ep re sen t a t i on  of exposure on an annual b a s i s ,  beginning w i t h  

t he  calendar  year 1977. The necessary p ro fe s s iona l  resources  

t o  a s s i s t  NHTSA i n  achieving t h i s  goa l  a r e  a v a i l a b l e  i n  t he  highway 

s a f e t y  research community, The necessary resources  wi th in  NHTSA, 

i n  terms of funding and i n t e r n a l  NHTSA o rgan iza t i ona l  s t r u c t u r e ,  

m u s t  be assured by a  s t rong  pol icy commitment. The fol lowing 

scena r io  i s  recommended a s  a  means of tapping and bui ld ing t he  

necessary resources .  

1973 Action 

1. Continue planning wi th in  t h e  Mathematical Analysis  

Divis ion,  based on a  thorough review of t h i s  r e p o r t ,  

the  previous planning r epo r t  under FH-11-7293, and cur- 

r e n t  f i nd ings  of the  RTI s t u d y .  



2 .  Issue  b r i e f  c o n t r a c t ( s )  f o r  consu l t a t i on  i n  1973 

planning.  

3 .  Prepare con t rac t  f o r  a  1974 na t iona l  survey of 

exposure a s  descr ibed below. 

4 .  Begin determination of appropr ia te  o rgan iza t ion  

w i t h i n  the  Off ice  of Accident Inves t i ga t i on  and Data 

Analysis  t o  promote t h e  idea  of a  na t i ona l  exposure 

program wi th in  NHTSA and t o  develop s t r a t e g i e s  f o r  

achieving t h a t  goa l .  The appropr ia te  o rgan iza t ion  a t  

t h i s  point  may be t he  Mathematical Analysis  Division 

(because of i t s  pas t  involvement),  t he  Accident Inves t i -  

g a t i o n  Divis ion (because exposure da t a  must correspond 

t o  accident  d a t a ) ,  a j o i n t  e f f o r t  of the  two d i v i s i o n s ,  

o r  a  s p e c i a l  t a s k  fo rce  w i th in  t he  Of f i ce .  

1974 Action 

1. Continue t r i p - l o g  survey i n  Michigan t o  allow 

comparisons of 1973 and 1974 da t a .  

2 .  Continue research i n  North Carolina con c r n i n g  

uses  of a v a i l a b l e  exposure da t a  sources ,  t o  t he  ex t en t  

t h a t  d i r e c t i o n s  a r e  cons i s t en t  w i t h  above conclus ions ,  

3 .  Sponsor a  con t r ac t  f o r  a  1974 na t iona l  exposure 

survey based on d r i v e r  mileage e s t ima te s  i n  a random 

sample of l i c e n s e  s t a t i o n s .  

4 .  Develop and i s s u e  smal l  research c o n t r a c t s  on exposure 

measures, c l a s s i f i c a t i o n s ,  sampling, d a t a  c o l l e c t i o n ,  and 

induced exposure. 

5. I n v i t e  proposals  f o r  b r i e f  s p e c i a l  s t u d i e s ,  r equ i r ing  

exposure da t a  and deal ing w i t h  important problems such 

a s  dr inking-dr iving o r  s e a t  b e l t  usage, . 
6. Sponsor another  symposium on d r iv ing  exposure. 



7. Sponsor r e s ea r ch  d i r e c t e d  townsd all opt imum 

sampling p l an  f o r  HMSA's 01. n ~ i o t h e s  p l an  f o r  n a t i o ~ l n l  

sampling t h a t  w i l l  p rovide  corresponding s e t s  of both 

acc iden t  and exposure d a t a .  

8.  The Of f i c e  of Accident I n v e s t i g a t i o n  and Data 

Ana lys i s  should  i n i t i a t e  po l i cy  d i s c u s s i o n s  w i t h i n  

NHTSA t o  promote a  n a t i o n a l  exposure program and t o  

e s t a b l i s h  an i n t e r n a l  o r g a n i z a t i o n a l  s t r u c t u r e  r e spons ib l e  

f o r  t h e  program. T h i s  may invo lve  both t h e  Research 

I n s t i t u t e  and T r a f f i c  Safe ty  Programs. 

1975 Action 

1. Sponsor a  c o n t r a c t  f o r  a  1975 n a t i o n a l  exposure 

survey which is  e s s e n t i a l l y  a  con t i nua t i on  of t h e  1974 

c o n t r a c t ,  except  t h a t  a  t r a n s i t i o n  w i l l  be inc luded 

whereby NHTSA becomes more d i r e c t l y  involved i n  p a r t  of 

t h e  ope ra t  i ons .  

2 .  Continue promising r e sea r ch  from t h e  p r ev ious  yea r .  

Complete r e s ea r ch  on d a t a  c o l l e c t i o n  methods f o r  n a t i o n a l  

program, and e s t a b l i s h  methods t o  be used i n  p i l o t  survey 

i n  1976. Sponsor r e s ea r ch  on u se s  of exposure d a t a .  

3 .  Continue r e sea r ch  on sampling p l a n ,  f o r  HMSA o r  o t h e r  

n a t i o n a l  sampling p l a n ,  and e s t a b l i s h  sampling p l an  t o  

be used i n  p i l o t  survey i n  1976. 

4 .  Sponsor r e s ea r ch  on procedures  f o r  e s t a b l i s h i n g  a  

n a t i o n a l  exposure d a t a  bank. 

5 .  Sponsor ano ther  symposium on d r i v i n g  exposure .  

1976 Action 

1. Conduct a  p i l o t  survey under d i r e c t  management of 

NHTSA, us ing  sampling p l a n s  and d a t a  c o l l e c t i o n  methods 

s e l e c t e d  i n  p rev ious  r e s e a r c h .  Begin e f f o r t  t o  implement 



data  bank procedures u s i n g  incoming survey da ta .  

Sponsor a  contract  f o r  consul tat ion and ass is tance  

on the p i l o t  survey. 

2 .  Sponsor research f o r  comparison of 1974 and 1975 

exposure da ta ,  fo r  use i n  f i n a l  modifications i n  an 

operat ional  survey plan.  

3 .  Continue promising research from the  previous year ,  

aimed a t  continuing improvements i n  the  nat ional  exposure 

program and spec ia l  s tud ies  l inked t o  the nat ional  pro- 

gram, 

4 .  Sponsor another symposium on driving exposure. 

1977 Action 

A f u l l y  opera t ional ,  na t ional  exposure-data co l l ec t ion  program 

should begin i n  1977 under d i r e c t  management of NHTSA. The data  

should be inser ted  i n  an exposure data  bank providing convenient 

access f o r  rapid analys is  of exposure c l a s ses  and merging w i t h  

associated accident data .  The responsible NHTSA o f f i c e  should con- 

t inue  planning f o r  improvements i n  the nat ional  exposure program, 

especia l ly  i n  terms of involvement of appropriate s t a t e  agencies. 

The o f f i c e  should a l so  coordinate f u r t h e r  research sponsored by 

NHTSA which requi res  data from the exposure data  bank. There 

should be a  vigorous program t o  promote the use of exposure 

data  i n  highway sa fe ty  research,  and a t  a l l  appropriate  adminis- 

t r a t  ive l eve l s .  

The r a t  ionale  fo r  these recommendat ions a re  three-fold : 

good exposure data  is  needed f o r  highway sa fe ty  research as soon 

as  poss ib le ;  i t  is technical ly  f eas ib le  f o r  NHTSA t o  implement 

a  na t ional  program by 1977; and the ground work of research and 

p rac t i ce  i n  data  co l l ec t ion  m u s t  be b u i l t  continually i n  the next 

three  years t o  meet the goal .  



Appendix A 

SYMPOSIUM PARTICIPANTS 

Ted Anderson - CALSPAN 

David Breedon - National Highway Tra f f i c  Safety Administration 

Albert Burg - University of Cal i forn ia  a t  Los Angeles 

William Carlson - The University of Michigan 

Brian Carr - Ontario Department of Transport 

Ph i l ip  Carro l l  - The University of Michigan 

Ezio Cere l l i  - National Highway Tra f f i c  Safety Administration 

Vince Darago - National Highway Tra f f i c  Safety Administration 

Marie Eldridge - National Highway Tra f f i c  Safety Administration 

Jerry Fleischer  - University of Southern Cal i fornia  

Joseph Jef f rey  - National Highway T r a f f i c  Safety Administration 

Hans Joksch - Center fo r  Environment and Man 

Charles Kahane - National Highway Tra f f i c  Safety Administration 

Gary Koch - University of North Carolina 
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Appendix B 

CONTRACT TASKS 

a .  Prepare plans f o r  a three-day symposium on driving 
exposure, including schedules, formats and agendas 
of a l l  sess ions .  

b .  Select  pa r t i c ipan t s  f o r  the symposium on the bas is  
of experience i n  the driving exposure f i e l d ,  i ssue  
i n v i t a t i o n s  and make necessary arrangements.for 
t r a v e l  and accomodations for  a t  l e a s t  f i f t e e n  p a r t i -  
c ipants .  

c .  Make arrangements w i t h  a l l  p a r t i c i p a n t s  fo r  ac t ive  
r o l e s  i n  the symposium a s  speakers,  panel members, 
and cont r ibutors  t o  a f i n a l  workshop on fu ture  
research programs. 

d .  Prepare a s ta te-of- the-ar t  report  on dr iving exposure 
a s  resource mater ia l .  

e .  Make a l l  other  necessary arrangements, and conduct 
the symposium, w i t h  spec ia l  a t t e n t i o n  t o  completion 
of plans f o r  fu ture  research programs i n  the  f i n a l  
sess ion .  




