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Preface 

T h i s  is  a supplementary r epo r t  on Contract FH-11-7293, 

"Acquisi t ion of Information on Exposure and on Non-Fatal Crashes,"  

covering work on accident  r a t e  a n a l y s i s  beyond Volumes I - V  of 

the  f i n a l  r e p o r t .  

Requirements, approaches, and f i nd ings  a r e  presented f o r  

each of t h e  supplementary t a s k s .  F ina l  conclusions and recom- 

mendations a r e  presented w i t h  regard t o  c l a s s e s  of dr iver-vehic le-  

road-environment combinations f o r  which accident  data  and expo- 

sure  data  should be obtained i n  order  t o  determine accident  r a t e s  

f o r  na t i ona l ,  highway s a f e t y  eva lua t ions .  
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SECTION 1 

INTRODUCTION 

In Volume I of t he  f i n a l  r epo r t  on t h i s  c o n t r a c t ,  unique 

c l a s s e s  of driver-vehicle-road-environment combinations were 

i d e n t i f i e d  on t he  b a s i s  of maximum homogeneity of t h e  d i s t r i b u t i o n s  

of exposure va lues  i l l  those  c l a s s e s .  The c l a s s e s  were recommended 

a s  ones f o r  which acc iden t  r a t e s  should be determined i n  t h e  f u t u r e  

f o r  na t i ona l  eva lua t ions  of highway s a f e t y  countermeasures. The 

a n a l y s i s  procedures f o r  s e l e c t i n g  t he  unique c l a s s e s  were based 

on exposure da ta  obta ined f o r  each sub j ec t  i n  t h e  p i l o t  survey 

descr ibed i n  Volume I .  Because the  exposure da ta  (es t imate  of 

veh ic le  mi les  t r a v e l l e d  i n  the  p a s t  30  days) was the  primary de- 

pendent v a r i a b l e  i n  the  survey,  i t  was the  l o g i c a l  b a s i s  f o r  da ta  

c l a s s i f i c a t i o n .  

However, t he  p i l o t  survey a l s o  included the  c o l l e c t i o n  of 

data  on acc iden t  involvements r e c a l l e d  by t he  s u b j e c t s  dur ing t he  

preceeding 3 yea r s .  Furthermore, t h e  da ta  f i l e  inc ludes  a com- 

puted acc iden t  r a t e  f o r  each s u b j e c t ,  der ived a s  the  q u o t i e n t  of 

r e c a l l e d  acc iden t  frequency and es t imated  mileage. Over 20 per-  

cent  of the  s u b j e c t  cases  have a  non-zero value of acc iden t  r a t e ,  

and the  remainder have ze ro  va lues .  T h u s ,  the  oppor tuni ty  e x i s t s  

f o r  the  a n a l y s i s  of unique c l a s s e s  w i t h  acc iden t  r a t e  a s  t he  

dependent v a r i a b l e ,  r a t h e r  than exposure.  T h i s  is a  more l o g i c a l  

approach, because t h e  uniqueness of acc iden t  r a t e s  among c l a s s e s  

i s  the  u l t ima te  o b j e c t i v e ,  r a t h e r  than the  uniqueness of exposure.  

Prev ious ly ,  i t  had been assumed t h a t  average exposure and average 

acc iden t  r a t e  would be approximately p ropor t i ona l  among c l a s s e s ,  

and t h a t  e i t h e r  dependent v a r i a b l e  could be used f o r  t he  c l a s s i f i -  

c a t i o n  a n a l y s i s .  

Two problems w i t h  t he  da ta  l ed  t o  an e a r l i e r  r e j e c t i o n  of 

acc iden t  r a t e  a s  t he  dependent v a r i a b l e .  F i r s t ,  t h e r e  was an 



a p p a r e n t  u n d e r r e p o r t i n g  of a c c i d e n t s  by su rvey  s u b j e c t s ,  prob-  

a b l y  due t o  f o r g e t t i n g  o r  r e l u c t a n c e  t o  admi t  a c c i d e n t s  i n  an  

i n t e r v i e w .  The b i a s e s  i n h e r e n t  i n  t h e  u n d e r r e p o r t i n g  a r e  unknown. 

Second, t h e  time p e r i o d s  of t h e  exposu re  and a c c i d e n t  e s t i m a t e s  

do n o t  c o i n c i d e  ( p a s t  3 0  days  v s .  p a s t  3  y e a r s ) .  One r e c o u r s e  is 

t o  assume un i fo rm exposu re  f o r  each  s u b j e c t  o v e r  a  3 y e a r  p e r i o d ,  

and t o  e x t r a p o l a t e  t h e  i n d i v i d u a l  30-day e s t i m a t e s  t o  3  y e a r s  

( a  f a c t o r  of 36 months) .  An i n d i v i d u a l  a c c i d e n t  r a t e  may t h e n  be 

c a l c u l a t e d  f o r  e a c h  s u b j e c t  f o r  t h e  " e q u i v a l e n t  3 -year  p e r i o d .  " 
Some c a s e s  w i l l  have m i s l e a d i n g  i n d i v i d u a l  a c c i d e n t  r a t e s  because  

of a t y p i c a l  mi l eage  i n  t h e  p a s t  3 0  days .  N e v e r t h e l e s s ,  a  mean - 
v a l u e  of i n d i v i d u a l  a c c i d e n t  r a t e s  may be c a l c u l a t e d  f o r  t h e  whole 

d a t a  sample r e s u l t i n g  i n  3 5  a c c i d e n t s  p e r  m i l l i o n  miles. On t h e  

o t h e r  hand,  a  g r o u p  a c c i d e n t  r a t e  may be c a l c u l a t e d  f o r  t h e  whole 

sample by d i v i d i n g  t h e  t o t a l  number of a d m i t t e d  a c c i d e n t s  by t h e  

t o t a l  number of m i l e s  ( e x t r a p o l a t e d  t o  3  y e a r s ) .  The r e s u l t i n g  

group  a c c i d e n t  r a t e  i s  on ly  8 . 4  a c c i d e n t s  p e r  m i l l i o n  miles--one 

q u a r t e r  t h e  mean v a l u e  of i n d i v i d u a l  a c c i d e n t  r a t e s .  The d i s -  

c repancy  is  due t o  t h e  unusua l  d i s t r i b u t i o n  of i n d i v i d u a l  a c c i -  

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

a c c i d e n t  r a t e s  and a  h igh  p r o p o r t i o n  of z e r o  a c c i d e n t  r a t e s .  Over 

a  l o n g e r  p e r i o d  t h a n  3 y e a r s ,  t h e  same sample s h o u l d  have a  h i g h e r  

p r o p o r t i o n  of non-zero i n d i v i d u a l  a c c i d e n t  r a t e s  and a  lower  pro-  

p o r t i o n  of z e r o  a c c i d e n t  r a t e s .  I n  p r e v i o u s  s t u d i e s  of  a c c i d e n t  

d a t a  o v e r  l o n g e r  p e r i o d s  ( e . g .  6 y e a r s )  i t  h a s  been shown t h a t  mean -. 
v a l u e s  o f  i n d i v i d u a l  a c c i d e n t  r a t e s  t e n d  t o  c o i n c i d e  w i t h  g roup  

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

o n l y  3 y e a r s ,  i ts  mean v a l u e s  of  a c c i d e n t  r a t e s  a r e  v e r y  m i s l e a d i n g .  

There  i s  no s o l u t i o n  t o  t h e  problem of u n d e r r e p o r t i n g  b i a s  

i n  t h e  a c c i d e n t  d a t a  of  t h e  s u r v e y .  However, t h e r e  is a  s o l u t i o n  

t o  t h e  problem of m i s l e a d i n g  mean v a l u e s  of a c c i d e n t  r a t e .  The 

s o l u t i o n  is  t o  u s e  an a n a l y s i s  methodology f o r  s e l e c t i n g  d a t a  

c l a s s e s  which d o e s  no t  r e a y  on mean v a l u e s  of a c c i d e n t  r a t e ,  a s  



i n  the  A I D  computer program of Volume I .  The a l t e r n a t i v e  is t o  

d iv ide  da ta  groups i n t o  subgroups which have a  maximum r e l a t i v e  

d i f f e r ence  between t h e i r  group acc iden t  r a t e s .  

On t h i s  b a s i s ,  the  supplementary s tudy was i n i t i a t e d ,  w i t h  

t he  primary ob j ec t i ve  of ve r i fy ing  t he  da ta  c l a s s e s  and survey 

v a r i a b l e s  recommended i n  Volume I .  The supplementary work s t a t e -  

ment is  presen ted  i n  Appendix N .  

In Sect ion 2 ,  the  a l t e r n a t i v e  methodologies f o r  s e l e c t i n g  

acc iden t - r a t e  c l a s s e s  a r e  compared. In  Sec t ion  3 ,  v a r i a b l e s  f o r  

exposure surveys  a r e  d i scussed .  Sect ion 4 cons iders  a l t e r n a t e  

sources  of da t a  f o r  acc iden t - ra te  computations. 



SECTION 2  

DETERMINATION OF UNIQUE ACCIDENT-RATE CLASSES 

This s e c t i o n  covers Tasks 1-6 of t he  supplementary work 

s ta tement .  I t s  b a s i c  purpose is t o  compare a l t e r n a t i v e  methodol- 

og ies  f o r  der iv ing  unique acc iden t - r a t e  c l a s s e s  and t o  recommend 

the  p r e f e r r e d  methodology. 

METHODOLOGIES FOR D E R I V I N G  ACCIDENT-RATE CLASSES 

The " A I D  a n a l y s i s "  method and the  "group acc iden t - r a t e  

d i f f e r e n c e "  method a r e  t o  be compared. Both depend on the  

e x i s t i n g  da t a  f i l e  from the  exposure survey,  a s  descr ibed i n  

Volume I .  The f i l e  was condensed t o  5720 sub jec t  cases  which 

have responses  t o  both t h e  mileage e s t ima te  f o r  t he  p a s t  30 days 

and the  acc iden t  frequency f o r  t h e  p a s t  t h r e e  yea r s .  There were 

91 cases  w i t h  z e ro  mi les ,  and t h e r e f o r e  only 5629 ca se s  had a c c i -  

dent r a t e  va lues .  Each case included 12 independent v a r i a b l e s  

(Table 1 ) ;  these  v a r i a b l e s  were s e l e c t e d  from the  21 bes t  pre-  

d i c t o r s  of t he  previous  s tudy ,  excluding t h e  9 v a r i a b l e s  which 

do not correspond v a r i a b l e s  on s tandard  acc iden t  r e p o r t s  . 

AID Analysis  

The AID a n a l y s i s  method i s  descr ibed  i n  Volume I ,  a s  app l ied  

t o  exposure d a t a .  In t h i s  s e c t i o n ,  t he  AID methodology w i l l  be 

app l ied  t o  acc iden t - r a t e  da ta  a s  the  dependent v a r i a b l e ,  and i t  

w i l l  i d e n t i f y  unique c l a s s e s  of the  independent v a r i a b l e s .  The 

t o t a l  sample w i l l  be d ivided f i rs t  i n t o  t he  two groups (of one 

of the  independent v a r i a b l e s )  which produce t he  minimum unexplained 

v a r i a b i l i t y  bewteen t h e i r  r e spec t ive  d i s t r i b u t i o n s  of acc iden t - r a t e  

va lues .  Each of t he  r e s u l t i n g  groups w i l l  be f u r t h e r  s p l i t  i n  

the  same way u n t i l  t h e  d i v i s i o n s  a r e  no longer  s i g n i f i c a n t .  



T a b l e  1 

Independen t  V a r i a b l e s  

D r i v e r  Age 

D r i v e r  Sex 

Vehicle 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  

Vehicle Model Year 

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  Freeways  

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  Nigh t  

P e r c e n t  D r i v i n g  on Wet Pavement 



The c r i t e r i o n  of minimum unexp la ined  v a r i a b i l i t y  t e n d s  t o  

produce d i v i s i o n s  w i t h  maximum r e l a t i v e  d i f f e r e n c e  between t h e  

mean v a l u e s  of t h e  dependent  v a r i a b l e  f o r  t h e  two r e s u l t i n g  g roups .  

Group Accident-Rate  D i f f e r e n c e  

The group  a c c i d e n t - r a t e  d i f f e r e n c e  method is a  s t ep -by - s t ep  

p r o c e s s  of f i n d i n g  d r ive r -veh ic l e - road -env i ronmen t  c l a s s e s  w h i c h  

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

i s  t o  de t e rmine  t h e  t o t a l  number o f  a c c i d e n t s  and t o t a l  mi leage  

f o r  each  l e v e l  of  each  independent  v a r i a b l e  i n  t h e  whole d a t a  

s e t .  For each  v a r i a b l e ,  t h e  l e v e l s  a r e  grouped i n  a l l  p o s s i b l e  

two-group combina t ions  which have l o g i c a l  meanings ( e . g .  o l d  

d r i v e r s  and young d r i v e r s  would n o t  be grouped  t o g e t h e r ) .  The 

g roup  a c c i d e n t  r a t e s  a r e  de t e rmined  f o r  each  g roup  i n  t h e  v a r i o u s  

combina t ions  ( t o t a l  a c c i d e n t s  f o r  t h e  group  d i v i d e d  by t o t a l  

mi l eage  f o r  t h e  g r o u p ) .  The r e l a t i v e  d i f f e r e n c e  i n  group  a c c i d e n t  

r a t e  is de t e rmined  f o r  each  combina t ion .  The r e l a t i v e  d i f f e r e n c e  

( a c t u a l  d i f f e r e n c e  between t h e  two g r o u p s  d i v i d e d  by t h e i r  a v e r a g e )  

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

each  v a r i a b l e ,  one two-group combina t ion  w i l l  have t h e  h i g h e s t  

r e l a t i v e  d i f f e r e n c e .  We p i c k  a  combina t ion  o n l y  i f  i t s  s m a l l e s t  

g roup  is a t  l e a s t  1 0  p e r c e n t  of t h e  p o p u l a t i o n .  For  a l l  12 

v a r i a b l e s ,  one of t h e m  w i l l  have a  combina t ion  w i t h  a  r e l a t i v e  

d i f f e r e n c e  h i g h e r  t h a n  a l l  t h e  o t h e r  combina t ions  i n  t h e  o t h e r  

v a r i a b l e s .  We t h e n  s e l e c t  t h a t  v a r i a b l e  a s  t h e  d e s i r e d  " f i r s t  

s p l i t t i n g  v a r i a b l e "  f o r  t h e  t o t a l  sample.  Thus,  t h e  sample is  

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

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

The second s t e p  is t o  r e p e a t  t h e  same p r o c e s s  a s  above f o r  

each  of t h e  two new g r o u p s .  Again we p i c k  a  combina t ion  on ly  i f  

i t  is a t  l e a s t  10 p e r c e n t  of  t h e  group  above i t .  The r e s u l t  of 

t h e  second  s t e p  i s  two new s e c o n d - l e v e l  s p l i t t i n g  v a r i a b l e s  

and  hence f o u r  new g r o u p s .  I t  is  c o n c e i v a b l e  t h a t  t h e  two new 



s p l i t t i n g  v a r i a b l e s  would a c t u a l l y  be the  same v a r i a b l e ,  even 

though they would be s p l i t t i n g  two d i f f e r e n t  groups from above. 

The t h i r d  s t e p  again  r e p e a t s  t he  process  above f o r  each of 

t h e  four  new groups. In succeeding s t e p s ,  the  number of groups 

could t h e o r e t i c a l l y  increase  t o  e i g h t ,  s i x t e e n ,  e t c .  However, 

t he  process  i s  stopped whenever a  group s i z e  is l e s s  than t e n  

percent  of t he  t o t a l  sample. The smal les t  groups a t  t he  end of 

t he  process  a r e  unique c l a s s e s  of driver-vehicle-road-environment 

combinations which have the  maximum r e l a t i v e  homogeneity w i t h  

r espec t  t o  group accident  r a t e .  

In each s t e p ,  the  mean mileage and number of acc iden t s  f o r  

each v a r i a b l e  l e v e l  a r e  determined by computer, and then group 

accident  r a t e s  and r e l a t i v e  d i f f e r e n c e s  a r e  found by desk c a l -  

c u l a t o r .  Each s t e p  begins w i t h  a  f i l t e r i n g  of t h e  da ta  f i l e  f o r  

t he  va r i ab l e  l e v e l s  which de f ine  the  newly s e l e c t e d  group. 

ALTERNATIVE HIERARCHIES OF ACCIDENT-RATE CLASSES 

The hierarchy of accide.nt-rate c l a s s e s  based on the  "AID 

a n a l y s i s "  method is shown i n  Figure 1 and the  hierarchy of acc i -  

den t - ra te  c l a s s e s  based on the  "group acc iden t - r a t e  d i f f e r ence ' '  

method i s  shown i n  Figure 2 .  

Figure 1 involves  8 independent v a r i a b l e s  a t  7 s p l i t t i n g  

l e v e l s  w i t h  11 intermediate  and 13 f i n a l  data  c l a s s e s .  Figure 

2 involves  6 independent v a r i a b l e s  a t  7 s p l i t t i n g  l e v e l s  w i t h  12 

in termediate  and 15 f i n a l  da ta  c l a s s e s .  The f i v e  common va r i a -  

b l e s  of the  two h i e r a r c h i e s  a r e  a s  fo l lows :  

Driver Age 

Percent  Driving on C i t y  S t r e e t s  

Driver Sex 

Vehicle Type 

Vehicle Make 

I t  i s  c l e a r  t h a t  these  f i v e  v a r i a b l e s  should be s e r i o u s l y  consid- 

e r e d  f o r  a  recommended h ie ra rchy  of acc iden t - r a t e  c l a s s e s .  Figure 1 
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a l s o  involves Percent Driving on Rural Roads, Percent Driving 

a t  N i g h t ,  and Passenger Car S ize ,  while Figure 2 a l s o  involves 

Percent Driving on Rural Freeways. 

The two h ierarchies  a re  qu i t e  d i f f e r e n t  s t r u c t u r a l l y  i n  

terms of the order i n  which the independent var iables  define 

group s p l i t s .  However, Driver Age and Percent Driving on C i t y  

S t r e e t s  a re  h i g h l y  important i n  both h ie ra rch ies .  Both a re  

unsymmetrical i n  t h a t  only one branch i n  each goes t o  the seventh 

l eve l .  Both have four  f i n a l  c lasses  t h a t  a re  defined by f ive  

var iables ,  and both have j u s t  one f i n a l  c l a s s  defined by only 

two var iables .  However, Figure 2 has e ight  f i n a l  c l a s ses  defined 

by three  var iables .  None of the f i n a l  c l a s ses  a re  s imi la r  t o  

on6 i n  the other  hierarchy. 

A s  noted previously,  the major d i f f i c u l t y  w i t h  the  hierarchy 

produced by the  "AID analys is t '  method i s  t h a t  the mean values of 

individual  accident r a t e s  i n  the various groups are  much l a rge r  

than the corresponding group accident r a t e s .  Comparisons of 

these d i f ferences  a re  shown i n  Tables 2 and 3 .  For each of the 

groups i n  Figure 1, a  group accident r a t e  was computed inde- 

pendently of the "AID analys is"  method, and f o r  each of the groups 

i n  Figure 2 ,  a  mean accident r a t e  was computed independently of 

the "group accident-rate  difference" method. In Table 2 ,  the 

r a t i o s  of mean accident r a t e  t o  group accident r a t e  range from 

1.6 t o  8 .1 ,  while i n  Table 3 ,  the r a t i o s  range from 1.6 t o  5.6.  

In both cases ,  the r a t i o s  a t  the lower l e v e l s  of the h ierarchies  

tend t o  be smaller than a t  the higher l e v e l s .  B u t  ne i the r  h ier -  

archy shows a  c l ea r  t rend toward even approximate equivalence 

between the means of accident r a t e  and group accident r a t e s .  

For each of the h ie ra rch ies ,  s t a t i s t i c a l  s igni f icance  l eve l s  

were determined f o r  each of the two-way s p l i t s .  The s igni f icance  

l e v e l s  were determined from F values i n  the AID ana lys i s  f o r  

Figure 1 and from T values i n  analysis-of-variance runs f o r  
6 

Figure 2 .  The s igni f icance  l e v e l s  a re  shown i n  Tables 2 and 3 





T a b l e  3 

G r o u p s  of G r o u p  A c c i d e n t - R a t e  D i f f e r e n c e  H i e r a r c h y  

C h a r t  
Level Sex 

V e h  . 
TY pe 

C a r  
N o t  C a r  

C a r  
C a r  

N o t  C a r  
N o t  C a r  

C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  
C a r  

% D r i v e  
A g e  Street 

% D r i v e  G r p  . 
R u r  . Fwy . Make A v e .  

8.4 
7.4 
14.4 
9.4 
3.3 

22.7 
13.2 
9.9 
17.2 
7.2 
2.7 
5.9 
9.9 
17.2 
9.0 
10.2 
25.7 
13.7 
5.6 
8.7 

0 6.1 
1-100 4 . 9  

10.4 
7.3 
5.9 
8.6 

GM 9.8 
not GM 7.5 

Mean R a t i o  S i g n i f .  

# - Final C l a s s  



opposite the groups which produced the two-way s p l i t s ,  The s ig -  

nif icance l e v e l s  of the A I D  ana lys i s  method tend t o  be higher,  

w i t h  only one out of 12 being l e s s  than .95. In the group acc i -  

dent-rate difference method, f i v e  out of 13 s p l i t s  have s i g n i f i -  

cance l e v e l s  l e s s  than - 9 5 .  

PREFERRED METHODOLOGY 

Both of the  a l t e r n a t i v e  methodologies presented above f o r  

the determination of unique accident-rate  c l a s ses  r e s u l t  i n  

h ierarchies  t h a t  a re  very acceptable i n t u i t i v e l y .  That i s ,  they 

both involve var iables  tha t  a re  commonly used i n  accident research,  

they both involve log ica l  groupings of var iable  l e v e l s ,  and they 

both indica te  na tura l  in t e rac t ions  among the  var iables .  

The c la s ses  derived by the  methodologies a re  required t o  be 

r e l a t i v e l y  homogeneous w i t h  respect t o  relevant  exposure f a c t o r s ,  

amenable t o  sampling procedures, and use fu l  f o r  s t u d y i n g  the 

impact of sa fe ty  countermeasures. Both of the a l t e r n a t i v e  metho- 

dologies lead t o  h ierarchies  of c lasses  which appear t o  s a t i s f y  

these objec t ives .  In order t o  s e l e c t  an a l t e r n a t i v e ,  i t  w i l l  be 

necessary t o  determine t h a t  one methodology s a t i s f i e d  the ob- 

j ec t ives  (or other  c r i t e r i a )  b e t t e r  than the o ther .  

Since both h ierarchies  involve nearly the same var iables ,  

they a re  equally amenable t o  sampling procedures. B u t  they d i f f e r  

i n  regard t o  r e l a t i v e  homogeneity of c lasses  and usefulness  i n  

countermeasure evaluat ion.  

In regard t o  r e l a t i v e  homogeneity of the c l a s ses  produced 

by the two methodologies, the AID method is s l i g h t l y  b e t t e r ,  

t h e o r e t i c a l l y ,  a s  seen by the higher s igni f icance  l e v e l s  of Table 

2 ,  i n  comparison , t o  Table 3 .  The reason is  t h a t  the AID method 

maximizes the explained variance between groups, r a t h e r  than only 

maximizing the d i f ference  i n  mean value of the dependent var iable  

between groups. However, the  data b iases  due t o  the low percentage 

of accidents  reported i n  the survey probably a f f e c t  the homogeneity 



of the  c l a s s e s  i n  the  two h i e r a r c h i e s  i n  d i f f e r e n t  ways. T h u s ,  

the s l i g h t  t h e o r e t i c a l  s u p e r i o r i t y  of the  AID a n a l y s i s  method i n  

c r ea t i ng  homogeneous c l a s s e s  may be neu t r a l i zed .  A t  t h i s  time, 

the re  is no way t o  determine the  e f f e c t s  of accident-underreport ing 

b i a s  on t he  homogeneity of c l a s s e s .  

In regard t o  usefu lness  i n  countermeasure eva lua t ion ,  the  

group acc iden t - ra te  d i f f e r ence  method i s  p r e f e r r a b l e  because i t  

is based p rec i s e ly  on the same measure a s  would be used i n  eva l -  

ua t i ons ,  i . e .  group accident  r a t e .  On t h i s  b a s i s  t he  group acc i -  

dent- ra te  d i f f e r e n c e  method appears t o  be the bes t  methodology f o r  

determining acc iden t - ra te  c l a s s e s  from the  a v a i l a b l e  data  f i l e .  

I t  should be noted t h a t  the  exposure data  used i n  c r ea t i ng  

the two a l t e r n a t i v e  acc iden t - ra te  h i e r a r c h i e s  was obtained by 

means of d r i v e r ' s  e s t ima te s  of g ros s  mileage over t he  pas t  30 

day per iod.  These e s t ima te s  were not thoroughly c l a s s i f i e d  by 

road-environment combinations w i t h i n  each d r i v e r ' s  e s t ima te ,  b u t  

r a t h e r ,  each d r i v e r  gave independent es t imates  of percentages of 

h i s  d r iv ing  done under c e r t a i n  road and environment condi t ions .  

T h u s ,  i n  the  analyses  leading t o  the acc iden t - ra te  h i e r a r c h i e s ,  

the  c l a s s i f i c a t i o n s  were made on the  b a s i s  of d r i v e r s  a s  the  

e n t i t i e s  i n  c e r t a i n  "percent d r iv ing"  ca t ego r i e s ,  i n s t ead  of 

being on the b a s i s  of driver-vehicle-road-environment combinations 

a s  the e n t i t i e s .  However, when new da ta  is obtained from t r i p - log  

exposure surveys ,  the  l a t t e r  case w i l l  be t r u e .  A t  t h a t  t ime, 

the acc iden t - ra te  h ierarchy may change because of the  change i n  

da ta  format.  

If new t r i p - log  exposure data  i s  accompanied by improved acci -  

dent da t a ,  the  hierarchy may tend t o  change simultaneously due 

t o  changes i n  both numerator and denominator of acc iden t - ra te  

computations. Improvements i n  the  accident  da ta  accompanying ex- 

posure data  may come about due t o  increased sample s i z e ,  b e t t e r  

techniques f o r  g e t t i n g  s u b j e c t s  t o  admit pa s t  a cc iden t s ,  and longer 

time per iods  of accident  r e c a l l ,  e . g .  pa s t  6 years  i n s t ead  of 

only pas t  3 years .  



Regardless of the  methodology chosen, i t  w i l l  be d e s i r a b l e  

t o  make some adjustments i n  the  r e s u l t i n g  h ie ra rchy .  General ly ,  

t he  adjustments w i l l  produce symmetry and completeness i n  the  

hierarchy without changing any of t he  unique c l a s s e s .  Symmetry 

may o f t e n  be achieved by in terchanging the  l e v e l s  of two v a r i a b l e s  

on one branch; t h i s  may cause one of t h e  v a r i a b l e s  t o  be a t  t he  

same l e v e l  a s  i t  a l ready  was on t he  p a r a l l e l  branch. When the  

h ie ra rchy  is r e l a t i v e l y  symmetric, comparative eva lua t ions  among 

r e l a t e d  groups w i l l  be more r e a d i l y  performed. The completeness 

of a  h ie ra rchy  may be improved by adding one o r  two s p l i t t i n g  

v a r i a b l e s  near t he  bottom of c e r t a i n  branches.  (The added v a r i -  

a b l e s  would be ones which a l ready  appeared on one o r  more o the r  

branches. ) Also, the  s p l i t t i n g  l e v e l s  of c e r t a i n  v a r i a b l e s  may 

be changed s l i g h t l y  t o  make them cons i s t en t  on ad jacen t  branches 

without des t roy ing  the  uniqueness of t h e  c l a s s e s .  

Based on i t s  use fu lnes s  i n  countermeasures eva lua t ions  and 

i t s  more accu ra t e  acc iden t - r a t e  va lues ,  t he  "group acc iden t - r a t e  

d i f f e r e n c e "  method is p r e f e r r e d  a t  t he  p resen t  t ime.  In t he  

f u t u r e ,  t he  " A I D  a n a l y s i s "  may be p r e f e r r e d  f o r  annual re-asses-  

ments of acc iden t - ra te  c l a s s e s  s i n c e  i s  is qu icker  t o  do, but  i t  

would be dependent on continued improvements i n  acc iden t  exper ience 

responses of s u b j e c t s  i n  annual  exposure surveys .  



SECTION 3 

VARIABLES FOR EXPOSURE SURVEYS 

I n  t h e  h i e r a r c h y  of F i g u r e  2 ,  produced by t h e  p r e f e r r e d  "group 

a c c i d e n t - r a t e  d i f f e r e n c e "  method, t h e  s i x  independent  v a r i a b l e s  i n -  

vo lved  shou ld  be recommended f o r  i n c l u s i o n  i n  exposu re  s u r v e y s  i f  

f e a s i b l e  and mean ing fu l .  Three of t h e  v a r i a b l e s  - Sex, Vehic le  

Type, and Age - a r e  p e r f e c t l y  s u i t a b l e ,  However, t h e  v a r i a b l e s  

P e r c e n t  Dr iv ing  on S t r e e t s  and P e r c e n t  Dr iv ing  on R u r a l  Freeways 

cou ld  n o t  appea r  a s  such i n  an  exposu re  survey  based  on t r i p  l o g s .  

I n s t e a d ,  each  t r i p  s h o u l d  be c l a s s i f i e d  by Road Type ( s t r e e t s  v s .  

o t h e r  r o a d s ) .  A l so ,  t h e r e  i s  some q u e s t i o n  about  t h e  meaning of 

t h e  v a r i a b l e  Vehic le  Make (Manufac tu re r )  because  i t  a p p e a r s  a t  

t h e  very  end  of ongy one branch on t h e  h i e r a r c h y .  

I n  F i g u r e  3 ,  an AID h i e r a r c h y  of exposu re  c l a s s e s  is p r e s e n t e d ,  

based  on t h e  condensed d a t a  f i l e ,  w i th  "mi les  d r i v e n  i n  t h e  p a s t  

30 days"  a s  t h e  dependent  v a r i a b l e .  T h i s  c h a r t  i s  s i m i l a r  t o  o n e s  

produced i n  t h e  p r e v i o u s  s t u d y ,  a s  p r e s e n t e d  i n  Volume I and 

Volume IV (Appendix E ) .  F ive  of t h e  s i x  v a r i a b l e s  i n  F i g u r e  3 

a r e  t h e  same ones  recommended i n  Volume I (Sex,  Veh ic l e  Type, 

P e r c e n t  Dr iv ing  on S t r e e t s ,  Model Year ,  Age). However, F i g u r e  3  

a l s o  i n c l u d e s  Veh ic l e  Make (which was no t  p r e v i o u s l y  recommended) 

bu t  i t  e x c l u d e s  P e r c e n t  Dr iv ing  a t  Night  (which was recommended). 

The g r o u p i n g s  of Veh ic l e  Make i n  F i g u r e  3 occur  on o n l y  one branch  

and they  do n o t  appea r  t o  have any l o g i c a l  r e l a t i o n s h i p ,  nor  do 

they  c o i n c i d e  wi th  t h e  Veh ic l e  Make g r o u p i n g s  of F i g u r e  2 .  

I n  F igu re  4 ,  an  AID h i e r a r c h y  of a c c i d e n t  c l a s s e s  is  p r e s e n t e d ,  

a g a i n  based  on t h e  condensed d a t a  f i l e ,  w i th  " a c c i d e n t s  i n  t h e  

p a s t  3 y e a r s 1 '  a s  dependent  v a r i a b l e .  T h i s  c h a r t  does  n o t  i n v o l v e  

V e h i c l e  Type o r  P e r c e n t  Dr iv ing  a t  N i g h t ,  b u t  i t  does  i n c l u d e  

Vehic le  Make and Model Year .  Again,  t h e  Veh ic l e  Make g roups  (on 

t h r e e  b r a n c h e s )  have no l o g i c a l  r e l a t i o n s h i p s .  
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Because of t h e  u n c e r t a i n t i e s  a s  t o  proper  groupings  of Vehicle 

Make, i t  i s  concluded t h a t  a  h ie ra rchy  of a cc iden t - r a t e  c l a s s e s  

f o r  e v a l u a t i o n  purposes should not  inc lude  Vehicle Make. However, 

Vehicle Make should  be inc luded  a s  a  v a r i a b l e  i n  exposure su rveys  

f o r  continued a n a l y s i s  and p o s s i b l e  f u t u r e  use i n  c l a s s i f i c a t i o n s .  

Also, i t  i s  concluded t h a t  Model Year and Day/Night should be 

inc luded i n  t h e  h i e r a r chy  because of s t r o n g  i n d i c a t o r s  of t h e i r  

importance i n  s e v e r a l  of t he  h i e r a r c h i e s  cons ide red .  

The l i s t  of recommended v a r i a b l e s  f o r  f u t u r e  exposure su rveys  

is a s  f o l l ows :  

Dr iver  Sex 

Driver  Age 

Road Type 

Day/Night 

Vehicle Type 

Model Year 

Vehicle Make 

A l l  except  Vehicle Make should  be inc luded i n  t h e  h i e r a r chy  

of a cc iden t - r a t e  c l a s s e s  f o r  e v a l u a t i o n s  i n  t h e  f i r s t  year  of 

da ta  c o l l e c t i o n .  

The recommended h i e r a r chy  of a cc iden t - r a t e  c l a s s e s  i s  shown 

i n  F igure  5 .  I t  corresponds t o  Figure  2 through t he  t h i r d  l e v e l .  

S l i g h t  mod i f i c a t i ons  a r e  made below t h a t  l e v e l  f o r  symmetry w i t h  

r e spec t  t o  t h e  Age and Road Type v a r i a b l e s .  The Day/Night and 

Model Year v a r i a b l e s  a r e  added a t  t h e  bottom on branches which 

have l a r g e r  groups ,  and which c o i n c i d e n t a l l y  a l s o  show i n t e r a c t i o n  

w i t h  t h e se  two v a r i a b l e s  i n  t he  p r ev ious  h i e r a r c h i e s .  

The recommended h i e r a r chy  of Figure 5 i nc ludes  18 f i n a l  c l a s s e s  

of driver-vehicle-road-environment combinations,  compared t h e  

26 c l a s s e s  recommended i n  Volume I .  The main reason f o r  t he  r e -  

duc t ion  i n  c l a s s e s  is t he  f a c t  t h a t  t h e  Day/Night v a r i a b l e  now 

occurs  on only two branches a t  t he  lowest s p l i t t i n g  l e v e l ,  i n s t e a d  





of four  branches a t  the  t h i r d  l e v e l .  T h i s  change w i l l  he lp  t o  

make the  c l a s s e s  more uniform i n  s i z e .  Another change w i t h  the  

same r e s u l t  i s  use of 40 years  a s  the  d iv id ing  point  i n  age between 

the  middle age groups and the  o lder  age groups. The previous 

s e l e c t i o n  of 60 years  a s  the  d iv id ing  po in t  was a r b i t r a r y ,  whereas 

t he  new d iv id ing  point  of 40 years  is  cons i s t en t  w i t h  s e v e r a l  of 

the  more recent  h i e r a r c h i e s .  



SECTION 4 

ALTERNATIVE SOURCES OF ACCIDENT-RATE DATA 

In t h e  exposure s tudy of Volume I ,  the  premise was t h a t  the  

acc iden t  exper ience of many d i f f e r e n t  c l a s s e s  of d r i v e r s  and 

veh i c l e s  is  a v a i l a b l e  from cu r r en t  sources ,  but the  corresponding 

exposure measurements f o r  these  c l a s s e s  a r e  not a v a i l a b l e .  T h u s ,  

t h e  main o b j e c t i v e  was t o  develop procedures f o r  c o l l e c t i o n  of 

exposure da ta  s o  t h a t  i t  could be combined w i t h  a v a i l a b l e  acc iden t  

da t a  t o  provide acc iden t  r a t e s .  Although most cur ren t  sources  of 

acc iden t  da ta  a r e  u n r e l i a b l e ,  the  acc iden t  records  i n  o f f i c i a l  

s t a t e  f i l e s  a r e  widely used f o r  acc iden t  a n a l y s i s ,  and a  n a t u r a l  

assumption is t h a t  these  s ta tewide  mass acc iden t  da t a  would be 

combined w i t h  new exposure d a t a .  Likewise, a  n a t u r a l  assumption 

w i t h  r e spec t  t o  new exposure da ta  i s  t h a t  i t  would be c o l l e c t e d  i n  

a  s i n g l e ,  comprehensive exposure survey.  These two assumptions 

w i l l  be considered i n  t h e  fol lowing s e c t i o n s .  

ALTERNATIVE SOURCES OF ACCIDENT-INVOLVEMENT DATA 

In Volume 11, t he  r e l i a b i l i t y  of acc iden t  involvement da ta  

was s tud i ed  by means of comparisons between two d i f f e r e n t  sources  

of acc iden t  d a t a .  One source  was t he  i n c i d e n t a l  da t a  obta ined 

from s u b j e c t s  i n  t he  primary exposure survey,  i n  which they gave 

e s t ima te s  of the  number of acc iden t s  i n  which they were involved 

during t h e  p a s t  t h r e e  years .  The second source  of da ta  was a  

search of o f f i c i a l  s t a t e  acc iden t  records  of a  subse t  of the  sur- 

vey s u b j e c t s .  In bcth ca se s ,  i t  is  poss ib l e  t o  compute acc iden t  

r a t e s  f o r  c e r t a i n  driver-vehicle-road-environment c l a s s e s .  Because 

of d i s c r epanc i e s  between the  two sources  of acc iden t  d a t a ,  the  

acc iden t  r a t e s  would not be t he  same i n  many of t h e  c l a s s e s .  Future 

programs t o  improve o r  c o r r e c t  var ious  sources  of acc iden t  da ta  



may r e s o l v e  t h e  d i s c r e p a n c i e s ,  but  t h e  h igh  c o s t  of t h e  programs 

make them u n f e a s i b l e  i n  t h e  n e a r  f u t u r e .  T h e r e f o r e  i t  i s  u s e f u l  t o  

compare t h e  a l t e r n a t i v e  s o u r c e s  of acc iden t - invo lvemen t  d a t a  

w h i c h  might be u sed  i n  t h e  n e a r  f u t u r e  f o r  c a l c u l a t i o n  of a c c i d e n t  

r a t e s  of  t h e  v a r i o u s  c l a s s e s .  

I f  a n  a n n u a l  e x p o s u r e  s u r v e y  is  conducted  w i t h  a  sample of 

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

den t - involvement  d a t a  may be c o n s i d e r e d  f o r  c a l c u l a t i o n  of a c c i d e n t  

r a t e s :  t h e  mass a c c i d e n t  d a t a  f o r  t h e  j u r i s d i c t i o n  i n  t h e  g i v e n  

y e a r ;  e s t i m a t e s  of a c c i d e n t  involvement  by t h e  s u b j e c t s  of  t h e  

exposu re  s u r v e y  f o r  t h e  g i v e n  y e a r ;  and t h e  o f f i c i a l  s t a t e  a c c i -  

d e n t  r e c o r d s  of  t h e  i n d i v i d u a l  s u b j e c t s  i n  t h e  su rvey  f o r  t h e  

g i v e n  y e a r .  

Mass a c c i d e n t  d a t a  is a v a i l a b l e  from most s t a t e s  on a n  a n n u a l  

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

on computer t a p e s  f o r  c o n v e n i e n t  a n a l y s i s .  Although t h e  d a t a  i s  

b i a s e d  due t o  u n d e r r e p o r t i n g  of a c c i d e n t s ,  many s t a t e s  a r e  s t r i v i n g  

t o  r educe  t h e  b i a s e s  by improved r e p o r t i n g  p r o c e d u r e s .  A t  p r e s e n t ,  

t h e  mass a c c i d e n t  d a t a  of o f f i c i a l  s t a t e  r e c o r d s  a r e  t h e  b e s t  

a v a i l a b l e  s o u r c e .  A l l  r e p o r t e d  a c c i d e n t  i nvo lvemen t s  may be counted  

from t h e  t a p e s  t o  d e t e r m i n e  f r e q u e n c i e s  of a c c i d e n t  i nvo lvemen t s  

i n  each  d r ive r -veh ic l e - road -env i ronmen t  c l a s s .  Even though each  

d r i v e r - v e h i c l e  involvement  i n  a m u l t i - v e h i c l e  a c c i d e n t  may be  i n  

a  d i f f e r e n t  c l a s s ,  t h e  f r equency  o f  a c c i d e n t s  may be  c l a s s i f i e d  by 

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

d r i v e r - v e h i c l e  combina t ion .  The c o s t s  o f  c l a s s i f y i n g  a c c i d e n t s  

and  invo lvemen t s  would be min imal ,  assuming t h a t  t h e  n e c e s s a r y  

v a r i a b l e s  a r e  i n c l u d e d  i n  t h e  s t a t e  d a t a  t a p e s ,  Both a c c i d e n t  

r a t e s  and  acc iden t - invo lvemen t  r a t e s  would be de t e rmined  by d i v i d i n g  
f r e q u e n c i e s  i n  c l a s s e s  by c o r r e s p o n d i n g  e x p o s u r e  v a l u e s .  

E s t i m a t e s  o f  a c c i d e n t  i nvo lvemen t s  i n  a  c a l e n d a r  y e a r  by 

s u b j e c t s  i n  exposu re  s u r v e y s  would p r o v i d e  r a t h e r  s m a l l  samples  

of  a c c i d e n t  i nvo lvemen t s .  I t  would be d e s i r a b l e  f o r  each  i n v o l v e -  



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

by t h e  s u b j e c t ,  even though i t  might be d i f f i c u l t  t o  r e c a l l  a f t e r  

a  y e a r ' s  time. ( I n  t h e  p i l o t  su rvey  of Volume I ,  t h e  s u b j e c t s  

d i d  no t  i n d i c a t e  t h e  c l a s s i f i c a t i o n s  of t h e i r  i nvo lvemen t s . )  I t  

was de te rmined  i n  Volume I1 t h a t  t h e  a c c i d e n t  involvements  a d m i t t e d  

i n  t h e  p i l o t - s u r v e y  were on ly  about  o n e - t h i r d  of a l l  a c c i d e n t s  

a c t u a l l y  e x p e r i e n c e d  by t h e  s u b j e c t s .  P r o c e d u r e s  would be needed 

i n  f u t u r e  s u r v e y s  t o  reduce  t h e  b i a s e s  due t o  t h i s  u n d e r r e p o r t i n g .  

However, t h e  r equ i r emen t  f o r  c l a s s i f y i n g  a d m i t t e d  a c c i d e n t s  might 

have an e f f e c t  of even  worse u n d e r r e p o r t i n g ,  Advantages of t h i s  

method a r e  t h e  minimal e f f o r t  r e q u i r e d  t o  o b t a i n  a c c i d e n t  d a t a ,  

and t h e  f a c t  t h a t  a l l  d a t a  (exposure  and a c c i d e n t  d a t a )  c o u l d  be 

p l a c e d  on one t a p e .  Involvement f r e q u e n c i e s  and exposure  t o t a l s  

cou ld  be computed s e p a r a t e l y ,  by c l a s s ,  and combined i n  group 

a c c i d e n t  r a t e s .  Also ,  i n d i v i d u a l  acc ident - involvement  r a t e s  f o r  

each  d r i v e r  ( o r  each  vehic le - road-envi ronment  c l a s s  of each  

d r i v e r )  cou ld  be computed i f  i t  was d e s i r e d  t o  o b t a i n  mean a c c i -  

den t  involvement  r a t e s  i n  an A I D  a n a l y s i s .  

F i n a l l y ,  o f f i c i a l  s t a t e  a c c i d e n t  r e c o r d s  of exposure  su rvey  

s u b j e c t s  cou ld  be o b t a i n e d  by r e c o r d  s e a r c h e s  a f t e r  t h e  s u r v e y ,  

and a  s e p a r a t e  acc iden t - invo lvemen t  f i l e  cou ld  be c r e a t e d .  I f  

d e s i r e d ,  i t  cou ld  be merged w i t h  t h e  exposu re  f i l e ,  by s u b j e c t .  

A s  i n  t h e  p r e v i o u s  a l t e r n a t i v e ,  u n d e r r e p o r t i n g  b i a s e s  would be 

p r e s e n t  i n  t h e  acc iden t - invo lvemen t  d a t a .  The e x t r a  c o s t s  of t h e  

r e c o r d  s e a r c h  would be s u b s t a n t i a l ,  w i t h  no known advantage  o v e r  

t h e  o t h e r  two methods.  However, a  combina t ion  of  t h i s  method 

w i t h  a d m i t t e d  involvements  of s u b j e c t s  i n  t h e  p r e v i o u s  method 

would p r c v i d e  a  p a r t i a l  means of e l i m i n a t i n g  u n d e r r e p o r t i n g  b i a s e s .  

I t  is c l e a r  t h a t  t h e  f i r s t  method ( u s e  of mass a c c i d e n t  d a t a )  

i s  s u p e r i o r  t o  t h e  o t h e r s  because  of i t s  nominal c o s t ,  l a r g e r  Sam- 

p l e  s i z e ,  and g r e a t e r  p o t e n t i a l  f o r  e l i m i n a t i n g  b i a s e s  i n  a c c i -  

d e n t  r a t e s  due t o  u n d e r r e p o r t i n g  of a c c i d e n t s .  However, i t  would 



be u s e f u l  t o  ask  f o r  accident- involvement e s t i m a t e s  i n  f u t u r e  

exposure surveys  ( a s  i n  t h e  second method above) f o r  use  i n  con- 

t i nued  a n a l y s i s  of under repor t  ing b i a s e s .  

COMBINED DATA FROM INDEPENDENT EXPOSURE SOURCES 

In Volume I ,  i t  was concluded t h a t  l i c e n s e d  d r i v e r s ,  sampled 

randomly,would be t h e  be s t  source  of exposure d a t a .  Fu r the r ,  i t  

was concluded t h a t  one-day t r i p  l ogs  of m i l e s  d r iven  i n  va r i ous  

vehicle-road-environment combinations would be t h e  b e s t  way f o r  

survey s u b j e c t s  t o  provide  e s t i m a t e s  of t h e i r  i n d i v i d u a l  exposure.  

I t  was assumed t h a t  t h e  accu ra t e  e s t i m a t e s  of exposure i n  t he  

f i n a l  c l a s s i f i c a t i o n s  of exposure ( i . e .  driver-vehicle-road-environ- 

ment c l a s s e s )  could  be b e s t  ob ta ined  i n  a  s i n g l e ,  comprehensive 

survey i n  which a l l  d r i v ing  was c l a s s i f i e d  by a l l  of t he  independent 

v a r i a b l e s  needed f o r  c l a s s i f i c a t i o n .  I t  was l a t e r  r e a l i z e d  t h a t  

complete c l a s s i f i c a t i o n s  of exposure might be ob ta ined  by com- 

b in ing  s e v e r a l  independent sources  of exposure in fo rmat ion .  One 

reason f o r  t h i s  cons ide r a t i on  i s  t he  f a c t  t h a t  some exposure da t a  

i s  c u r r e n t l y  a v a i l a b l e  on a con t inu ing  b a s i s ,  even though i t  is  

not f u l l y  c l a s s i f i e d  ( e . g .  annual  s t a t ew ide  mileage e s t i m a t e s ,  

c l a s s i f i e d  by road type  on ly ,  a r e  e s t ima t ed  on t h e  b a s i s  of gaso- 

l i n e  consumption i n  each s t a t e ,  coupled w i t h  l i m i t e d  t r a f f i c  c o u n t s ) .  

Another reason f o r  cons ide r ing  t he  combination of independent 

exposure sources  i n s t e a d  of a  s i n g l e  survey is t h e  f a c t  t h a t  each 

independent exposure source  could  cons ide r  a  f a i r l y  smal l  number 

of r e l a t e d  v a r i a b l e s ,  and t h u s  could  perhaps  achieve  g r e a t e r  

accuracy ,  Survey s u b j e c t s  might be more l i k e l y  t o  respond if 

t h e  survey was q u i t e  s h o r t ,  and t h e i r  r e sponses  might be more 

a c c u r a t e .  Other exposure sou rce s  ( e .  g .  roads ide  obse rva t i ons )  

might be more a c c u r a t e  than  assumed i n  Volume I i f  t h e  number of 

v a r i a b l e s  was q u i t e  sma l l .  

An example of t h e  p o t e n t i a l  f o r  combining independent expo- 

s u r e  sou rce s  i s  a v a i l a b l e  from t h e  d a t a  f i l e  used i n  Sec t i on  2 .  



The independent var iables  were divided i n t o  three groups, a s  

shown i n  Table 4 ,  and separate  AID hierarchies  of exposure c lasses  

were produced f o r  the three  var iable  groups, a s  shown i n  Figures 6 ,  

7 and 8. Each of these h ierarchies  can be considered a s  if i t  were 

produced from an exposure data source which was independent of the 

other  two. For example, each could be assumed t o  be the r e s u l t  of 

independent surveys, or they could be assumed t o  come from three 

d i f f e r e n t  k i n d s  of sources,  such a s  one dr iver  survey, one road- 

s ide  observation s t u d y  and one gasoline consumption ana lys i s .  

If  a  combined hierarchy of driver-vehicle-road-environment 

c l a s ses  i s  supposed t o  include the two most important var iables  

from each of the three independent sources,  i t  would include cross- 

c l a s s i f i c a t i o n s  among the three  s e t s  of va r i ab les ,  s imi la r  t o  the 

h ierarchies  of Sections 2 and 3 .  B u t  i t  is  c l e a r  t h a t  the h ier -  

a rchies  of Figures 6 ,  7 and 8 do not provide the necessary infor -  

mation ( in te rac t ion  among the three s e t s  of va r i ab les )  t o  produce 

such cross-classif  i ca t ions .  Therefore,  independent sources of 

exposure data  mus t  include some common independent var iables  i n  

order t o  define the necessary c ross -c las s i f i ca t ions ,  A t  the 

very l e a s t ,  each independent source m u s t  include the var iable  

which i s  the f i r s t  s p l i t t i n g  var iable  i n  a  combined, t o t a l  hierarchy. 

Probably the most usefu l  example of t h i s  p r inc ip le  can be 

seen w i t h  respect  tothe recommended hierarchy of Section 3 (see 

Figure 5 . )  If exposure values a re  t o  be determined f o r  each of 

i t s  c las ses  by means of two or  more independent data  sources,  then 

each source m u s t  include Driver Sex a s  one of i t s  independent 

va r i ab les .  Further ,  from the second s p l i t t i n g  l eve l  on the h ier -  

archy of Figure 5 i t  can be seen t h a t  the exposure of every male 

i n  the data source m u s t  be c l a s s i f i e d  as  t o  whether i t  was i n  a  

passenger car  or  i n  another vehicle type. A t  t h i s  po in t ,  i t  is 

possible  t o  iden t i fy  three  p o t e n t i a l  sources f o r  independent 

exposure da ta :  females, males i n  passenger ca r s ,  and males i n  

other  vehicles .  Whatever the sources,  these three  groups must  be 

i d e n t i f i e d .  Clear ly,  any source t h a t  does not iden t i fy  Driver Sex 



Tab le  4 

Groupings of Independent  V a r i a b l e s  
f o r  S e p a r a t e  C l a s s i f i c a t i o n  A n a l y s i s  

D r i v e r  V a r i a b l e s  

D r i v e r  Sex 

D r i v e r  Age 

V e h i c l e  V a r i a b l e s  

V e h i c l e  Type 

Model Year 

Pas senge r  Car S i z e  

P a s s e n g e r  Car Make 

Road-Environment V a r i a b l e s  

P e r c e n t  D r i v i n g  on S t r e e t s  

P e r c e n t  Dr iv ing  on Urban Freeways 

P e r c e n t  D r i v i n g  on R u r a l  Freeways 

P e r c e n t  D r i v i n g  on Rura l  Roads 

P e r c e n t  Dr iv ing  a t  Night  

P e r c e n t  D r i v i n g  on Wet Roadway 









may not be used;  u n f o r t u n a t e l y ,  t h i s  r e s t r i c t i o n  e l i m i n a t e s  t h e  

cu r r en t  sources  of exposure d a t a ,  by road type ,  from a n a l y s i s  of 

ga so l i ne  consumption. S i m i l a r l y ,  Dr iver  Age must be ob ta ined  f o r  

a  g r e a t  major i ty  of t h e  exposure d a t a .  

Two of the  v a r i a b l e s  i n  F igure  5 - Sex and Road Type - a r e  

r equ i r ed  f o r  a l l  of t h e  c l a s s e s .  Also,  t h e  v a r i a b l e s  Age and 

Vehicle Type a r e  r equ i r ed  f o r  about 80% of t he  t o t a l  exposure .  Thus, 

i t  appears  t h a t  a s i n g l e ,  comprehensive exposure survey of d r i v e r s  

i s  t h e  b e s t  approach f o r  ob t a in ing  d a t a  i n  a l l  of t h e  c l a s s e s  

above t he  f i n a l  s p l i t t i n g  l e v e l .  However, because t he  Day/Night 

and Model Year v a r i a b l e s  apply t o  only a  few c l a s s e s  a t  t h e  bottom 

l e v e l ,  ano ther  d a t a - c o l l e c t i o n  approach may be d e s i r a b l e  a t  t h a t  

p o i n t .  

I n  o rde r  t o  o b t a i n  Model Year c l a s s e s ,  a  s p e c i a l  survey of 

owners of non-passenger-car v e h i c l e s  could be made. The sample 

could  be ob ta ined  from s t a t e  v e h i c l e  r e g i s t r a t i o n  r eco rds .  Sub- 

j e c t s  would be asked t he  model yea r  of t h e i r  v e h i c l e s  and e s t i m a t e s  

of mileage d r i ven  by males on s t r e e t s  and on o t h e r  r oads .  A prob- 

lem w i t h  t h i s  method could  a r i s e  i f  t h e  exposure va lue s  of t h e  

two methods d i d  not  check f o r  t h e  two groups  above t h e  Model Year 

s p l i t t i n g  l e v e l  ( i . e .  Males, Other Veh ic les ,  S t r e e t s  and Males, 

Other Veh ic les ,  Other Roads) .  However, t h e  added expense of t he  

s p e c i a l  survey might be worth t h e  p o t e n t i a l  improved accuracy of 

t he  main survey due t o  not a sk ing  Model Year. But perhaps  t h e  

same r e s u l t  could  be achieved i n  t h e  main survey by des ign ing  t h e  

q u e s t i o n n a i r e  s o  t h a t  only those  d r i v e r s  w i t h  exposure i n  O t h e r  

Vehic les  (non-passenger-cars)  would be bothered w i t h  a  r eques t  f o r  

Model Year in fo rmat ion .  

In  o rde r  t o  o b t a i n  Day/Night c l a s s e s ,  a  s p e c i a l  survey of 

26-40 year  o l d  males could be made. The sample could  be ob ta ined  

from proper  s t r a t a  of s t a t e  d r i v e r  lists. Sub j ec t s  would be asked 

f o r  e s t i m a t e s  of passenger  c a r  d r i v i n g  i n  f o u r  c l a s s e s :  s t r e e t s / d a y ,  



s t r e e t s / n i g h t ,  o ther  roads/day, and o ther  roads/night ,  A s  i n  the  

paragraph above, t h i s  method could involve a problem i f  the  expo- 

sure  values  of the  groups above the  Day/Night s p l i t s  d id  not check 

w i t h  values  from the  main survey.  In  t h i s  case ,  the  s p e c i a l  survey 

may not be worth i ts e x t r a  cos t  because the  day/night d iv i s ion  of 

exposure would not be an e s p e c i a l l y  d i f f i c u l t  t a s k  f o r  most of the  

s u b j e c t s  i n  the  main survey. 

The r e s u l t  of t h i s  a n a l y s i s  is a confirmation of t h e  previously  

recommended concept of a s i n g l e ,  comprehensive exposure survey,  

w i t h  the  poss ib le  except ion of a s p e c i a l  survey f o r  Model Year 

data  of non-passenger-cars. T h i s  r e s u l t  does not o f f e r  the  po- 

t e n t i a l  of cos t  savings by t he  use of e x i s t i n g  exposure-data 

sources .  Any at tempt t o  l i n k  two o r  more independent sources  of 

d i r e c t  exposure data  would r equ i r e  commonality of most of the  

va r i ab l e s  i n  each source ,  and hence would add t o  t he  cost  i f  

required sample s i z e  were adhered t o .  

The use of induced exposure data  may a l s o  be considered a s  

a means of es t imat ing  the  exposure i n  some of t he  c l a s s e s  a t  the  

lower l e v e l s  of t he  h ie ra rchy .  If d i r e c t  exposure measurements 

a r e  known f o r  the  second lowest l e v e l ,  accident  data  may be used 

t o  determine the  d i s t r i b u t i o n s  of d i r e c t  exposure between the  

two lowest c l a s s e s  which s p l i t  a c l a s s  a t  t he  second lowest l e v e l .  * 
The induced exposure method proposed by Thorpe may be used f o r  

t h i s  purpose. In the  hierarchy of Figure 5 ,  t h i s  method would 

involve the  i d e n t i f i c a t i o n  of 18 c l a s s e s  of  accident  involvements, 

b u t  i t  would not r equ i r e  the  knowledge of which dr iver -veh ic le  

combination was a t  f a u l t  i n  a mul t i -vehic le  acc iden t .  In t he  f u t u r e ,  

when a t - f a u l t  d r i v e r s  a r e  accura te ly  i d e n t i f i e d  i n  mass accident  

d a t a ,  the  method proposed by ~ a i ~ h t l  could be used. By e i t h e r  

method, rough e s t ima te s  of t he  four  Day/Night c l a s s e s  and the  

four  Model Year c l a s s e s  of the  Figure 5 hierarchy could be made. 
.................... 

* 
Reference 7 of Volume I .  

1 
I Haight,  F.A., A Crude Framework f o r  Bypassing Exposure, 

Journal  of Safety Research, March, 1970. 



One problem w i t h  t h e se  procedures  is the  p o s s i b i l i t y  t h a t  t he  

d i s t r i b u t i o n s  of exposure among t he  14 c l a s s e s  a t  t h e  second 

lowest l e v e l  would not check when t he  d i r e c t  exposure and induced 

exposure methods a r e  compared. Fur the r  r esea rch  should be per-  

formed on such comparisons. 



SECTION 5 

CONCLUSIONS AND RECOMMENDATIONS 

1. A group acc iden t - r a t e  d i f f e r e n c e  method should be used 

t o  e s t a b l i s h  homogeneous driver-vehicle-road-environment c l a s s e s  

f o r  t he  determinat ion of exposure and acc iden t  involvement, and 

f o r  the c a l c u l a t i o n  of acc iden t  r a t e s  which apply t o  eva lua t ion  

of highway s a f e t y  countermeasures. The group acc iden tk ra t e  d i f -  

fe rence  method s p l i t s  a s e t  of da ta  cases  according t o  t he  suc- 

cess ive  independent v a r i a b l e s  which produce maximum r e l a t i v e  d i f -  

fe rences  i n  group acc iden t  r a t e ,  t h u s  c r e a t i n g  a  h ierarchy of 

unique acc iden t - r a t e  c l a s s e s .  

2 .  The following independent v a r i a b l e s  a r e  recommended f o r  

use i n  f u t u r e  exposure surveys :  Driver Sex, Driver Age, Vehicle 

Type, Model Year, Vehicle Make, Road Type, Day/Night. 

3 .  The hierarchy of Figure 5 is recommended f o r  the  calcu- 

l a t i o n  of acc iden t  r a t e s  r e s u l t i n g  from the  combination of mass 

acc iden t  da ta  and exposure survey d a t a .  The h ie ra rchy  con ta ins  

18 unique c l a s s e s  of driver-vehicle-road-environment combinations, 

produced by t h e  group acc iden t - r a t e  d i f f e r ence  method, w i t h  s l i g h t  

modi f ica t ions  f o r  purposes of symmetry and uniformity  i n  c l a s s  

s i z e .  

4. Mass acc iden t  da t a  from o f f i c i a l  s t a t e  records  should 

be used t o  determine accident-involvement f requenc ies  i n  t he  

c l a s s e s  of the  acc iden t - r a t e  h ie ra rchy .  Accident da t a  c o l l e c t e d  

f o r  t he  s u b j e c t s  of an exposure survey would be disadvantageous 

t o  the  accura te  determinat ion of c l a s s  acc iden t  r a t e s .  

5 .  Exposure da t a  f o r  use i n  determinat ion of c l a s s  acc iden t  

r a t e s  should be c o l l e c t e d  i n  a  s i n g l e ,  comprehensive survey,  r a t h e r  

than by combination of independent sources  of exposure d a t a .  

6 .  Future research  should be performed t o  determine t he  

accuracy of induced exposure c a l c u l a t i o n s  f o r  some of t he  lower 

l e v e l s  i n  the  acc iden t - r a t e  h ie ra rchy .  



APPENDIX N 

SUPPLEMENTARY STATEMENT OF WORK 

Using e x i s t i n g  da ta  from a  n a t i o n a l  exposure survey,  d e t e r -  
mine a  h ie ra rchy  of exposure c l a s s i f i c a t i o n s  based on i nd i -  
v idua l  acc iden t  r a t e s  a s  t h e  dependent v a r i a b l e ,  us ing an 
AID-analysis methodology. 

Determine t he  average acc iden t  r a t e s ,  by c l a s s ,  i n  t h e  h i e r -  
archy found i n  Task 1. 

E s t a b l i s h  an a l t e r n a t i v e  methodology f o r  determining homogeneous 
exposure c l a s s i f i c a t i o n s  based on acc iden t  r a t e s ,  by means of 
a  s tep-by-step analogy t o  AID a n a l y s i s  which uses  average 
acc iden t  r a t e s  by c l a s s  i n s t e a d  of i n d i v i d u a l  a cc iden t  r a t e s .  

Using the  same da ta  a s  i n  Task 1, and t h e  methodology of 
Task 3 ,  determine an a l t e r n a t i v e  h ie ra rchy  of homogeneous 
exposure c l a s s i f i c a t i o n s  based on acc iden t  r a t e s .  

Compare t he  two h i e r a r c h i e s  of exposure c l a s s i f i c a t i o n  i n  
terms of s t r u c t u r e  and acc iden t - r a t e  va lues  and i n t e r p r e t  
t h e i r  d i f l e r e n c e s  w i t h  r e spec t  t o  s t a t i s t i c a l  s i g n i f i c a n c e .  

Recommend and suppor t  t h e  p r e f e r r e d  a n a l y t i c a l  methodology 
f o r  s e l e c t i n g  homogeneous exposure c l a s s i f i c a t i o n s  based on 
acc iden t  da t a .  

Compare t h e  s t r u c t u r e s  of the  p r e f e r r e d  accident- ra te-based 
c l a s s i f i c a t i o n s  and t h e  exposure-based c l a s s i f i c a t i o n s  of 
t h e  p rev ious  s tudy.  I f  a p p r o p r i a t e ,  recommend changes i n  
previous  recommendations f o r  independent v a r i a b l e s  t o  be 
inc luded i n  exposure surveys .  

Describe methodologies f o r  de r i v ing  acc iden t  r a t e s  w i t h i n  
exposure c l a s s i f i c a t i o n s  i n  t h r e e  s i t u a t i o n s :   here acc i -  
dent da t a  is  determined from i n d i v i d u a l s  i n  an exposure 
su rvey ;  where acc iden t  da t a  is determined from o f f i c i a l  
r ecords  of i n d i v i d u a l s  i n  an exposure survey;  and where mass 
acc iden t  da ta  is used from the  j u r i s d i c t i o n s  covered i n  an  
exposure survey.  

Using the  same da ta  a s  i n  Task 1 ,  perform three A I D  ana ly se s  
on d r i v e r  v a r i a b l e s ,  veh i c l e  v a r i a b l e s ,  and roadway v a r i a b l e s  
s e p a r a t e l y .  I n v e s t i g a t e  procedures f o r  combining t h e  three 
s e t s  of da t a  c l a s s i f i c a t i o n s  a s  i f  they had come from inde- 
pendent sou rce s ,  



APPENDIX 0 

EXPOSURE AND ACCIDENT D I S T R I B U T I O N S  



Accidents i n  
3 Years 

Total  

Miles vs. No. of Accidents 

Number of 
Subjects 

Mean Miles i n  
30 days 



Type 

Passenge r  Car 

Small  Truck 

Large Truck  

T r - T r a i l e r  

T a x i  

Bu s 

Other  

T o t a l  

Miles and A c c i d e n t s  v s .  V e h i c l e  Type 

Numbe r Mean Miles 

866 

1536 

4 03 5 

5543 

5444 

3 057 

2026 

Mean No. Acc. 



Size  

fill 

I n t e r  

Compact 

Sqor t s 

Other 

To ta l  

Miles and Accidents v s .  Passenger Car Size  

Number Mean Miles Mean No. Acc. 

3 02 0 886 . 2  96 

8 57 772 ,340 

726 82 1 .410 

152 1160 .4 08 

39 PO66 ,333 



Sex - 

Male 

Female 

Miles and Accidents v s .  Sex 

Number Mean Miles Mean No. ACC. 



T o t a l  

Miles a n d  A c c i d e n t s  v s .  % D r i v e  N i g h t  

Number Mean Miles Mean No. Acc. 



Total 

Miles and Accidents v s .  % Drive Wet 

Number Mean Miles Mean No. Acc. 



T o t a l  

Miles and Accidents v s ,  % Drive S t ree t s  

Number Mean Miles Mean No. Acc. 



T o t a l  

Miles a n d  A c c i d e n t s  v s .  % D r i v e  Urban Freeway 

Number Mean Miles Mean No. Acc. 



Tota l  

Miles a n d  Accidents  v s .  % Drive Rural Freeway 

Number Mean Miles Mean No. Acc. 



Tota l  

Miles a n d  A c c i d e n t s  v s .  % D r i v e  R u r a l  Roads 

Number Mean Miles Mean No. Acc. 



Year 

1960 o r  o lde r  

196 1 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

Miles and Accidents  v s .  Model Year 

Number Mean Miles Mean No. Acc. 

T o t a l  



16-20 

21-25 

26-30 

31-35 

36-40 

41-45 

46-50 

51-60 

61-70 

7 1  and over 

To ta l  

Miles and Accidents vs .  Age 

Mean Miles Mean No. Acc. 



Make 

Ford 

Mercury 

Lincoln 

Plymouth 

Dodge 

Chrysler  

Imperial  

Chevrolet 

Pont i a c  

Bu ick 

Oldsmobile 

Cad i l l ac  

American 

Volkswagen 

Other 

Tota l  

Miles and Accidents v s .  Make 

Number Mean Miles Mean No. Acc. 




