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SUMMARY 

This report  presents  the  r e s u l t s  of Phase IA--the planning phase 

preparatory t o  undertaking f i e l d  work--of t h e  "Vult i level  Study of Accident 

Causation and Avoidance. " The major task accomplished i n  t h i s  phase was the  

s e l e c t  ion of a methodology f o r  conducting t h e  accident-causation research t o  

follow. The s t e p s  required t o  achieve t h i s  goal were d e f i n i t i o n  and 

development of an accident-causation model, i d e n t i f i c a t i o n  of research 

top ics  f o r  f u r t h e r  s tudy , and development of experimental p r o j e c t s  f o r  

studying the  se lec ted  fac tors .  

A major focus of our review of accident-causation l i t e r a t u r e  was the  

search f o r  a methodology appropriate t o  our goals  and t h e  current  s t a t e  of 

knowledge about accident  causation. For t h i s  reason, we expanded t h e  scope 

of our review t o  include work (primari ly medical l i t e r a t u r e )  outs ide  of 

highway s a f e t y  research which might nevertheless suggest models f o r  accident  

causat ion o r  useful  methodological tools .  

The majority of the  highway-related l i t e r a t u r e  involved t h e  case-study 

approach t o  accident  causation. This  cons i s t s  of t h e  determination by 

accident  inves t iga tors  and reconst ruct  ion i s  ts of the  causes of individual  

acc idents  by applying a de terminis t ic ,  test-of-necessity c r i t e r i o n  t o  a 

candidate set of causal  f ac to r s .  The medical l i t e r a t u r e ,  hwever ,  suugested 

an a l t e r n a t i v e  i n  a p r o b a b i l i s t i c  model. This model focuses on comparing 

the  d i s t r i h t i o n  of a f a c t o r  i n  the  accident  population with t h a t  i n  a non- 

accident  p p u l a t i o n .  No attempt need be made t o  r e l a t e  the  f a c t o r  t o  t h e  

dynamics of a p a r t i c u l a r  accident. We have ca l l ed  t h i s  a l t e r n a t i v e  t o  the  

case-study approach t h e  s t a t i s t i c a l  inference approach t o  accident-causation 

research. 

Thus, we were presented with a choice between two fwdamental ly 

d i f f e r e n t  methodologies. 

The case-study approach has an impressive body of l i t e r a t u r e  behind it. 

The bas ic  p r inc ip le  is t h a t  the  inves t iga tors  develop, f o r  each accident 

under inves t iga t ion ,  a model of how t h e  accident happened. The components 

of t h e  model include a l l  i den t i f i ed  f a c t o r s  cont r ibut ing  t o  t h e  accident ,  

The r e s u l t s  r e f l e c t  the  p r i o r  experience and t h e  considered judgements of 



t he  accident  inves t iga to r s  and reconstruct  i o n i s t s  concerning t h e  importance 

of poss ib le  f a c t o r s  cont r ibut ing  t o  t h e  accident  under considerat ion.  

The s t a t i s t i c a l  inference approach is recommended f o r  t h e  accident- 

causat ion research t o  be undertaken during Phases I1 and I11 of the  present  

study. I t  embodies a p r o b a b i l i s t i c  d e f i n i t i o n  of accident  causat ion adapted 

from Greenberg's [ l ]  medical model: 

A f a c t o r  F is sa id  t o  be a cause of acc idents  i f  the  condi t ional  
p robab i l i ty  of an accident  occurring i n  t h e  presence of F is g r e a t e r  
than t h e  condi t ional  p robab i l i ty  of  an accident  occurring i n  t h e  
absence of F, a s  determined under condit ion set E. 

The p robab i l i ty  expressions on both s i d e s  of t h e  equation requi re  

determination of the  r e l a t i v e  frequencies of both acc idents  and "non- 

acc identsn  i n  t h e  presence and absence of f a c t o r  F (under t h e  set of 

condit ions E ) .  Therefore, an e s s e n t i a l  f e a t u r e  of t h i s  approach is t h a t  

information on t r a f f i c  u n i t s  not involved i n  acc idents  be obtained. 

Greenberg notes, i n  t e r n  of h i s  m l t i p l e  regression model adopted f o r  

discussion of smking/lung-cancer i ssues ,  t h a t  one should look not  only a t  

main e f f e c t s  i f  one is in te res ted  i n  a p a r t i c u l a r  variable.  I n t e r a c t i v e  

t e r n  mst te examined a s  well.  I n  accident-causation research, t h e  more 

obvious causes--roughly equivalent  t o  t h e  "m i n  ef f ectsV--have been 

i d e n t i f i e d  and quant i f ied ,  t o  some extent ,  by t h e  case-study approach. Our 

conclusion is t h a t  considerat ion of these m i n  e f f e c t s ,  and t h e  

countem.easures based on them, is no longer adequate. The study of higher- 

order  and i n t e r a c t i v e  terms should now be undertaken, and t h i s  is b e t t e r  

accomplished by t h e  s t a t i s t i c a l  approach. 

I t  is recanmended t h a t  the  s t a t i s t i c a l  inference approach t o  accident- 

causat ion research be forn-ulated i n  terms of multidimensional contingency 

tables .  The p r o b a b i l i t i e s  i n  t h e  inequal i ty  used t o  determine whether a 

f a c t o r  is causal  a r e  r a t i o s  of frequencies taken from such t ab les ,  and t h i s  

a s s i s t s  i n  gaining an understanding of the  f actor-accident re la t ionship .  

Further ,  the re  e x i s t s  a considerable--and growing-body of theory about 

est imating the  parameters of contingency t a b l e  rrodels and about drawing 

inferences from such models. Another important advantage of t h i s  approach 

is t h a t  computer programs a r e  readi ly  ava i l ab le  t o  a s s i s t  i n  t h e  ana lys i s  of 



data  obtained from f i e l d  experiments. 

The study of the  majority of t r a f f i c  sa fe ty  research topics  w i l l  

general ly involve a multidimensional s e t  of f ac to r s  with severa l  l eve l s  of 

many of the  variables.  This f a c t  is one of the  reasons t h a t  the  

mul t ivar ia te  contingency approach is a t t r ac t ive .  Nonetheless, we have 

chosen t o  i l l u s t r a t e  the  concepts and sampling techniques i n  terms of a 2x2 

table.  This is done both fo r  c l a r i t y  i n  presenting the  concepts and because 

there  e x i s t  excel lent  t e x t s  t h a t  develop the  multidimensional case f a r  more 

comprehensively than could be done i n  t h i s  report. 

Three sampling techniques, used c o m n l y  i n  epidemiology, can produce 

2x2 tables :  

Cross-sectional sampling--in which a random sample is obtained from a l l  
d r ive r s  o r  vehicles--is ideal  from a theore t i ca l  perspective i n  t h a t  
t h e  inequali ty defining whether a f a c t o r  is causal can be evaluated 
d i r e c t l y  and because cost-benefit  kinds of assessments a r e  possible. 
I t  is, however, l e s s  e f f i c i e n t  than the  o ther  techniques. 

Prospective sampliy-in which two random samples a r e  obtained, one 
from a population having t h e  study fac to r  and the  o ther  from a 
population not having the  factor-also perni ts  d i r e c t  evaiuation of the  
cause-defining inequality. Cost-benefits assessments a r e  not possible,  
however, unless supplementary data about the  d i s t r ibu t ion  of the  f a c t o r  
under study i n  the- driving population a r e  available.  

Retrospective sampling-in which two random samples a r e  a l so  obtained, 
one from an accident population and t h e  second from a non-accident, 
cont ro l  ppulation-provides the  mst  e f f i c i e n t  means of determining 
whether a f ac to r  is causal. An important disadvantage of t h i s  sampling 
method is t h a t  the  magnitude of the  causal  re la t ionship  ( i f  such 
e x i s t s )  between fac to r  and accidents  is missing. This drawback of 
re t rospect ive  sampling, along with its i n a b i l i t y  t o  a s sess  cost-benefit  
re la t ionships ,  can be overcome i f  the  d i s t r i b u t i o n  between accidents  
and non-accidents can be determined. 

The s t a t i s t i c a l  approach is not  without problems. The need f o r  non- 

accident,  cont ro l  group data  has been mentioned. Obtaining such data 

presents  both conceptual and p rac t i ca l  problem tha t  a r e  not always 

resolvable. The approach focuses on the  study of a few fac to r s  a t  one time, 

and it  does not handle a l l  f ac to r s  of in te res t .  Incorrect  inferences about 

causal  re la t ionships  and potent ia l  reductions from countermeasures a r e  

possible. This  can happen i f  unknown var iables  in te rac t  with the study 

var iables  o r  i f  the  analys is  of known, correlated var iables  is not handled 

correc t ly .  



The mst  a t t r a c t i v e  f e a t u r e  of the  s t a t i s t i c a l  approach is its a b i l i t y  

t o  deal  wi th  complex, i n t e r a c t i v e  phenomena i n  an ob jec t ive  manner. I t  a l s o  

can determine whether a s tudy f a c t o r  has both p o s i t i v e  and negative 

effects--such a s  t h e  p o s s i b i l i t y  t h a t  t i n t e d  windshields may reduce daytime 

accidents  but  increase night- t  ime accidents--and it  is thus  appl icable  t o  

t h e  evaluat ion of countermeasures a s  well. The s t a t i s t i c a l  approach a l s o  

permits t h e  i s o l a t i o n  and study of individual  f a c t o r s  t h a t  a r e  p a r t  of  a 

l a r g e r  study top ic ,  such a s  t h e  influence of t i r e  c h a r a c t e r i s t i c s  on vehic le  

handling. F ina l ly ,  t h e  approach is compatible with t h e  evolving National 

Accident Sampling System. 

We concluded, a f t e r  weighing t h e  r e l a t i v e  s t r e n g t h s  and weaknesses of 

t h e  c a s e s t u d y  and s t a t i s t i c a l  approaches, t h a t  the  l a t t e r  is t h e  prefer red  

method f o r  use i n  t h e  balance of the  present  study. 

Concurrent with our search f o r  a methodology, we attempted t o  i d e n t i f y  

i l l u s t r a t i v e  research top ics  among t h e  l a rge  number of causat ion fac to r s .  

The l i t e r a t u r e  review was useful  i n  t h i s  task  i n  t h a t  t h e  i d e n t i f i c a t i o n  of 

f a c t o r s  is among t h e  f i r s t  products of any case-study inves t iga t ion  of 

accident  causation. The work of t h e  I n s t i t u t e  f o r  Research in  Publ ic  Safe ty  

a t  Indiana Universi ty was of  spec ia l  i n t e r e s t .  Other input  concerning 

research top ics  developed from discuss ions  with NHTSA s t a f f  members t o  

determine t h e i r  cu r ren t  needs f o r  accident-causation data. NHTSA's 5-year 

rule-making plan was a l s o  of i n t e r e s t  i n  t h i s  regard. 

Three top ics  were chosen and research p ro jec t s  were designed f o r  them. 

The f i r s t ,  concerning accident  experience amng s t o l e n  vehicles,  i l l u s t r a t e s  

cross-sect ional  sampling. The second topic ,  determination of the  

cornparat ive accident  experience of f i eld-dependent d r i v e r s ,  may bes t  be 

pursued through prospective sampling. The thircl t o p i c  recommended f o r  s tudy 

is t h e  comparison of t i r e  c h a r a c t e r i s t i c s  i n  t h e  accident  and non-accident 

populations. This  is a sub-topic of the  l a r g e r  vehic le  handling and 

s t a b i l i t y  i ssue ,  and i t  i l l u s t r a t e s  the  appl ica t ion  of re t rospect ive  

sampling techniques. 

A number of appendices a r e  included with t h i s  repor t  a s  by-products of 

t h e  Phase-IA a c t i v i t i e s .  These include a l i t e r a t u r e  review, a repor t  on the  

t r a f f i c  c o n f l i c t s  technique (and its a p p l i c a b i l i t y  t o  accident-causation 

research) ,  and a review of the  concept of induced exposure. Neither  t h e  



t r a f f i c  c o n f l i c t s  nor t h e  t h e  induced exposure techniques, i n  t h e i r  present 

s t a t e  of development, a r e  applicable t o  the  s t a t i s t i c a l  approach. 





1. INTRODUCTION 

This report  presents  the  r e s u l t s  of Phase-IA of a three-phase study 

e n t i t l e d  "Multilevel Study of Accident Causation and Avoidance. " Phase I 

was o r ig ina l ly  iden t i f i ed  a s  the  period f o r  planning t h e  two subsequent 

phases. Phase I1 cons i s t s  of accident invest igat ion,  da ta  col lec t ion ,  and 

data  preparation, and Phase I11 cons i s t s  of da ta  analys is  and reporting. 

The Phase-I planning a c t i v i t i e s  ca l l ed  f o r  completion of several  

d i f f e r e n t  s u m r y  tasks:  

* developing an experimental design, 

* determining accident-investigation mthodologies, 

* determining data-collection procedures, 

* choosing o r  developing an accident causal  model, 

* es tabl ish ing l i a i s o n  and preliminary operating procedures in  the  

l o c a l i t i e s  se lec ted  f o r  accident invest igat ions.  

The f i r s t  four of the  above a c t i v i t i e s  have been iden t i f  id a s  Phase-IA 

tasks,  and the  f i f t h  a s  a Phase-IB task. NHTSA o f f i c i a l s  and t h e  HSRI 

research s t a f f  agreed, ea r ly  i n  the  study, t h a t  t h e  Phase-IA tasks  should be 

reported and the  r e s u l t s  evaluated before undertaking the  Phase IB  task,  and 

of course, Phases I1 and 111. 

Two main t h r u s t s  were followed, both concurrently and in te rac t ive ly ,  i n  

the  workplan devised t o  achieve the  Phase-IA objectives. One main t h r u s t  

consisted of developing a methodology fo r  conducting accident-causation 

research. A ra ther  extensive r e v i m  of t r a f f i c  sa fe ty  l i t e r a t u r e  believed 

t o  be e i t h e r  general ly o r  s p e c i f i c a l l y  per t inent  t o  methodolqica l  i ssues  

was undertaken by the  projec t  s t a f f .  Appendix A contains the  c i t a t i o n s  tha t  

were reviewed; occasionally b r i e f  annotations were prepared, and these  a s  

well a s  some authors'  abs t rac t s  a l s o  appear i n  the  appendix. 

The l i t e r a t u r e  review demonstrated c l e a r l y  t h a t  the  bulk of p r io r  

accident-causation research had u t i l i z e d  t h e  case-study approach-also known 

a s  the  c l i n i c a l  assessment approach--to accident-causation research. The 

projec t  s t a f f  concluded t h a t  t h i s  work--most notably t h a t  of Northwestern 



and Indiana Unive r s i t i e s  and Calspan Corporation--was not e n t i r e l y  adequate 

f o r  the  research contemplated i n  t h i s  study. The coro l l a ry  conclusion was 

t h a t  t h e  case-study m t h o d o l o ~ ~  had t o  be supplemented by an accident- 

causat ion methodology rooted i n  t h e  p r o b a b i l i s t i c  and i n t e r a c t i v e  nature  of 

t h e  accident-causation phenomenon. Accordingly, a s t a t i s t i c a l  inference 

approach t o  accident-causation research was developed, s t a r t i n g  with a 

p r o b a b i l i s t i c  d e f i n i t i o n  of accident  causat ion adapted from t h e  medical 

f i e l d ,  and concluding with a contingency t a b l e  fornula t ion  f o r  s t r u c t u r i n g  

and analyzing da ta  from accident  inves t iga t ions .  

This f i r s t  m i n  t h r u s t  of t h e  Phase-IA a c t i v i t i e s  is reported i n  

Sections 2-4. Sect ion 2-Definitions of Accident Causation and Approaches 

t o  Accident-Causation Research--describes how t h e  d e f i n i t i o n  one adopts f o r  

deciding whether a f a c t o r  is deemed t o  be causal  s t rongly  influences t h e  

data-collection a c t i v i t i e s  undertaken i n  t h e  f i e l d .  Sect ion 3-- 

Charac te r i s t i c s  of the  Case-Study and S t a t i s t i c a l  Approaches--continues with 

an examination of the  r e l a t i v e  s t r e n g t h s  and weaknesses of the  two 

approaches. The focus of t h i s  s e c t i o n  is on t h e  kinds of research quest ions 

t h a t  a r e  b e s t  approached by one of the  two methods, and i t  is shown t h a t  

n e i t h e r  by i t s e l f  can handle a l l  of the  quest ions t h a t  a r e  l i k e l y  t o  be 

under study i n  t h e  fu ture .  Sect ion  4 examines t h e  s t a t i s t i c a l  approach i n  

g r e a t e r  depth, including a discussion of Greenberg's regression model 

formulated f o r  discussion of t h e  smoking-lung cancer controversy [I] . I t  

goes on t o  re-cast t h e  same concepts i n  t r a f f i c  s a f e t y  language and i n  t e r n  

of a contingency t a b l e  formulation, The fundamental sampling methods, 

adapted from t h e  f i e l d  of epidemiology, t h a t  g ive  rise t o  contingency t a b l e s  

a r e  reviewed, and t h e  more important f ea tu res  of these  sampling methods a r e  

discussed. Sample s i z e  i ssues  a r e  a l s o  discussed. Sect ion  4 concludes with 

a demonstration of one of the  most p o t e n t i a l l y  se r ious  problems i n  using t h e  

s t a t i s t i c a l  approach, t h e  problem of incorrec t  inferences caused by unknown 

var i ab les  corre la ted  with t h e  f a c t o r s  under study. 

The second main t h r u s t  undertzken during Phase I was t h e  i d e n t i f i c a t i o n  

of research top ics  of cu r ren t  i n t e r e s t  t o  NHTSA. Several  t a s k s  were 

completed i n  achieving t h i s  object ive.  l'Vo sen io r  members of the  research 

s t a f f  v i s i t e d  severa l  of t h e  NHTSA d iv i s ions  t h a t  use accident-causation 

da ta  t o  determine t h e i r  cu r ren t  needs and i n t e r e s t s .  The RFP requirements 



were reviewed ca re fu l ly ,  and t h e  f ac to r s  under study by Indiana Universi ty 's  

I n s t i t u t e  f o r  Research i n  Public  Safety,  under NHTSA sponsorship, were a l s o  

considered. F inal ly ,  NHTSA's l a t e s t  5-year plan containing its current  

rule-making p r i o r i t i e s  was a l s o  reviewed and integrated i n t o  t h e  decision- 

nuking process. A l l  of these a c t i v i t i e s  a r e  described i n  Section 5 of the  

report  e n t i t l e d  "Choice of Approach and Research Topics." 

The two main study t h r u s t s  described above both fed i n t o  t h e  process of 

picking research topics  and an accident-causation research methodology. We 

recommend t h a t  the  s t a t i s t i c a l  inference approach be used i n  the  balance of 

t h i s  study and t h a t  the  study topics  be chosen from among those described i n  

Section 6 ,  "Preliminary Designs fo r  Phase11  Projects .  " These include 

determination of the  accident experience among s t o l e n  vehicles,  study of the  

accident experience of v i sua l ly  field-dependent d r ive r s ,  and fu r the r  study 

of the  ro le  of vehic le  handling i n  causing o r  avoiding accidents.  

A number of appendices appear i n  the  report  t o  augment the  main text .  

These a r e  c i t e d  i n  t h e  appropriate locat ions i n  t h e  study. Appendix B a l s o  

contains a br ief  review of the  t r a f f i c  c o n f l i c t s  technique and its po ten t i a l  

a p p l i c a b i l i t y  t o  accident-causation research. We explored t h i s  p o s s i b i l i t y  

but have concluded t h a t ,  i n  its present s t a t e  of development, i t  is not 

appropriate within the  framework of the  present  study. 





2. DEFINITIONS OF ACCIDENT CF.USATION AND 
APPROACHES TO ACCIDENT-CAUSATION RESEARCH 

The purpose of accident-causat ion research is t o  discover s t a b l e  

pa t terns  among t h e  pre-crash events t h a t  subsequently culminate i n  

accidents,  I n  t h i s  context,  "pat ternsn implies the  recurrence of ce r t a in  

fac tors  and variables among the  pre-crash phenomena and the  recurrence of 

recognizable combinations of these factors .  "Stablen is meant t o  imply t h a t  

such pat terns would be expected t o  e x i s t  i n  the  fu ture  unless changes in  the  

t r a f f i c  system occur. The iden t i f i ca t ion  of highly unique "causesn amng 

accidents w i l l  have l i t t l e  p rac t i ca l  benefi t  i f  there e x i s t  only spec i f i c  

and unique countermeasures fo r  e l imina t i r i  each spec i f i c  accident. 

I f  s t ab le  pat terns exist with su f f i c i en t  frequency and regulari ty , then 

countermeasure concepts would be formulated. Promising e f f o r t s  would, 

presumably, be evaluated from a cost-benef it perspective and implemented i f  

found worthwhile. The key issue is the  iden t i f i ca t ion  of pat terns t h a t  a r e  

s t a b l e  enough i n  time so t h a t  i t  is worthwhile t o  t r y  t o  eliminate them some 

time i n  the  fu tu re  and a r e  of su f f i c i en t  frequency so t h a t  cost-benefit  

c r i t e r i a  a re  l i k e l y  t o  be met. 

In principle,  it might be possible t o  undertake such countermeasure- 

oriented research e f f o r t s  without introducing the  concept of accident 

causation into the  work. I n  pract ice,  however, the  notion t h a t  "we can ' t  

prevent accidents i f  we don't  know what causes them1' has enough i n t u i t i v e  

appeal and is su f f i c i en t ly  widespread amng t r a f f i c  sa fe ty  prac t i t ioners  

t h a t  we w i l l  have t o  deal with the  de f in i t ion  of an accident cause. 

The de f in i t ion  of accident cause and the  way one goes about determining 

accident causes a r e  t igh t ly  b u n d  t o  each other. I f  one f i r s t  s e l e c t s  a 

de f in i t ion  of cause, then cer ta in  accident-investigation ~e thodo log ies  

immediately suggest themselves, and others  a r e  i m d i a t e l y  found t o  be l e s s  

a t t r ac t ive .  Conversely, i f  one is engaged i n  the  business of invest igat ing 

accidents f o r  some other  purpose-perhaps f o r  determination of injury- 

producing mechanisms o r  a s  par t  of routine police investigations--then 

d i f fe ren t  def in i t ions  and methodologies a r e  appropriate. 

The purpose of t h i s  sect ion is t o  revied some of the def in i t ions  and 



methodologies t h a t  have been used o r  suggested i n  t h e  recent  past .  The 

case-study, o r  c l i n i c a l  assessment approach, is by f a r  t h e  most common 

technique used here tofore ,  and i t  is reviewed i n  Sect ion  2.1. A v a r i e t y  of 

o the r  names and techniques f o r  aggregating and systematizing da ta  a r e  

associa ted  with t h i s  technique, but it is our view t h a t  these  a r e  v a r i a n t s  

of the  case-study approach ra the r  than fundamentally d i f f e r e n t  approaches 

(Benner [2] ,  F e l l  [3] ,  Recht [ 4 ] ) .  I n  addi t ion ,  Joksch, Reidy, and Ba l l  [5] 

have recent ly  constructed a comprehensive causal  network which g ives  a 

conceptual framework f o r  accident-related fac to r s .  Thei r  network uses a 

strict concept of causa l i ty ,  based e i t h e r  on physical  e f f e c t s  o r  a sequence 

of physiological/psychological events  which can, a t  l e a s t  conceptually, be 

traced.  

The s t a t i s t i c a l  inference approach is, however, fundamentally 

d i f fe ren t .  This  is the  approach we a r e  recommending f o r  t h e  accident- 

causat ion research t o  be undertaken i n  t h e  balance of t h i s  study. I t  is 

presented from an overview perspective i n  Section 2.2 and is amplified i n  

subsequent sect ions. 

The Case-Study Approach - 
The c a s e s t u d y  approach, a s  implied by its n m ,  is character ized  by 

its focus, a t  l e a s t  i n i t i a l l y ,  on individual  accidents .  The f a c t s  believed 

t o  be re levant  t o  t h e  accident  under s tudy a r e  obtained, and a judgement is 

made about what "caused" t h e  accident.  A series of acc idents  may be 

inves t iga ted ,  and t h e  r e s u l t s  from them may be aggregated and analyzed using 

s t a t i s t i c a l  techniques, but  t h e  s i n g l e  case  is the  base u n i t  f o r  which 

"causen is determined. 

The c a s e s t u d y  approach c a r r i e s  with it a d e f i n i t i o n  of accident  

"cause," sometimes e x p l i c i t l y  and sometimes impl ic i t ly .  Three of the  b e t t e r  

known and more recent programs using t h e  case-study approach t o  t r a f f i c  

accident  causation, and t h e  d e f i n i t i o n s  used, a r e  reviewed i n  subsequent 

sect ions. 

2.1.1 Northwestern University The work of J. Stannard Baker and h i s  

col leagues a t  Northwestern University, s t a r t e d  i n  t h e  mid 19501s, has 

probably had t h e  most influence on current  p o l i c e i n v e s t i g a t i o n  p rac t i ces  



[6] . I t  is a l so  t h e  most de ta i l ed  and comprehensive insofar  a s  crea t ing  and 

defining t e r n  fo r  determining accident  causes. 

Cause is defined general ly t o  be "the combination of simultaneous and 

sequential  f ac to r s  without any one of which the  r e s u l t  could not have 

occurred." I n  the  t r a f f i c  context,  " the  r e s u l t  might be a motor-vehicle 

t r a f f i c  accident o r  a successful t r i p .  A f ac to r  is "any circumstance 

contr ibuting t o  a r e s u l t  without which the  r e s u l t  could not have occurred." 

I t  is "... an element which is necessary t o  produce the r e s u l t  but not,  by 

i t s e l f  , s u f f i c i e n t  . " 
Factors a r e  fu r the r  c l a s s i f i e d  on two other  dimensions. Sequential 

f ac to r s  a r e  " fac tors  which must follow one another t o  contr ibute t o  t h e  

cause of an accident; general ly,  operat ional  fac tors .  " Simultaneous fac to r s  

a r e  " fac tors  which must be present  a t  the  same time t o  contr ibute t o  t h e  

cause of an accident; general ly,  condition factors ."  

Factors a r e  a l s o  c l a s s i f i e d  on a dimension dealing with the  components 

of t h e  t ranspor ta t ion  system and t h e i r  operation i n  the  system. Operational 

f ac to r s  a r e  "functional f a i l u r e s  of the  highway t ranspor ta t ion  system t h a t  

cont r ibute  t o  t h e  cause of a t r a f f i c  accident.  The f a i l u r e s  may be 

m l f  unctions of perception, decision, o r  performance i n  t r i p  planning, 

driving s t ra tegy,  o r  evasive t ac t i c s . "  Condition fac to r s ,  on the  o ther  

hand, a re  "deficiencies i n  bas ic  a t t r i b u t e s  of roads, vehicles, o r  people, 

a s  re la ted  t o  highway t ranspor ta t ion  and permanently o r  temporarily 

m d i f i e d ,  t h a t  cont r ibute  t o  operational factors .  " And "an a t t r i b u t e  is any 

inherent c h a r a c t e r i s t i c  of a road, a vehicle, o r  a person t h a t  a f f e c t s  the  

probabil i ty of an accident. " 

2.1.2 Calspan Corporation. Kenneth Perchonok and others  a t  Calspan 

have been concerned both with f i e l d  data co l l ec t ion  and analys is  of accident 

data f o r  mny years. Perchonok does not e x p l i c i t l y  define e i t h e r  cause, i n  

a general  sense, o r  accident cause, i n  a s p e c i f i c  sense. However, the  

underlying s t ruc tu re  is c l e a r  enough from t h e  context i n  which the  

operat ional  concepts a r e  presented [7] . 
Perchonok s t a r t s ,  i n  a sec t ion  t i t l e d  - The Meaning - of Accident 

Causation, with the  asser t ion  t h a t  "In studying accident causes, we seek an 

answer t o  the  question: why did t h e  accident occur?" and "... causes of 



accidents  can be presented i n  t e r n  of a descr ip t ion  of events  and 

condit ions leading up t o  t h e  crash." 

I n  deciding which events and condit ions t o  include i n  t h e  accident  

descr ip t ion ,  four po in t s  a r e  made: 

1) An accident  is not  a s i n g l e  event; it is a process. 

2) No s i n g l e  f a c t o r  can explain t h e  accident .  

3) There a r e  causal  l inks ,  each preceded by another. 

4) Each preceding l ink  has l e s s  relevance t o  t h e  individual  accident.  

Perchonok goes on, from t h e s e  bas ic  considerat ions,  t o  develop a 

machine-compatible coding format and s t r u c t u r e  so  t h a t  If. . .  hundreds o r  

even thousands of accidents" can be s tudied  by computer analyses. His 

approach "was t o  d iv ide  t h e  accident  generat ion process i n t o  its component 

pa r t s ,  and t o  provide an exhaustive list of mutually exclusive items f o r  

each of these  pa r t s .  The r e s u l t a n t  series of c h e c k l i s t s  is ref  er red  t o  a s  

t h e  causal  s t ruc tu re .  " 

2.1.3 I n s t i t u t e  - f o r  Research - i n  Publ ic  Safety.  The Indiana Universi ty 

I n s t i t u t e  f o r  Research i n  Publ ic  Safe ty  (IRPS) has done by f a r  by most 

extensive work i n  accident  causat ion i n  recent  years. Their  work--2258 

technician-level and 420 concurrent in-depth inves t iga t ions  were conducted- 

is well documented i n  a s e r i e s  of r epor t s  s t a r t i n g  i n  1971. 

The IRPS d e f i n i t i o n  of accident  causat ion is based on t h e  t e s t  of 

necessi ty.  Spec i f i ca l ly ,  'I.. . f a c t o r s  a r e  designated a s  being e i t h e r  of 

causal  o r  s e v e r i t y  increasing s ign i f i cance ,  according t o  t h e  following 

de f in i t ions :  

Causal Factor-a f a c t o r  necessary o r  s u f f i c i e n t  f o r  t h e  occurrence of 
t h e  accident; had t h e  f a c t o r  not been present  i n  t h e  accident  
sequence, t h e  accident  would not have occurred. 

Severity-Increasing Factor--a f a c t o r  which was n e i t h e r  necessary nor 
s u f f i c i e n t  f o r  t h e  acc iden t ' s  occurrence, but  removal of which from 
t h e  accident  sequence would have lessened t h e  speed of the  i n i t i a l  
impact which resulted.  

The a c t u a l  use of the  causal  f a c t o r  d e f i n i t i o n  was amplified by t h e  

following footnote appearing i n  t h e  f i n a l  repor t  of their work [8] : 
The "or su f f i c i en t1 '  aspect  of t h i s  d e f i n i t i o n  was intended 



f o r  s i t u a t i o n s  where the re  were mult iple s u f f i c i e n t  causes 
(i .e. ,  more than one f a c t o r  which, by i t s e l f ,  absent any 
o ther  deficiency o r  f a i l u r e ,  would have caused a p a r t i c u l a r  
acc ident ) .  For example, it is conceivable (however 
improbable) t h a t  a hea r t  a t tack  could coincidental ly occur 
a t  t h e  same time a s  a mechanical f a i l u r e ,  i n  a s i t u a t i o n  
where e i t h e r  alone would have led t o  t h e  same accident. I n  
t h i s  instance the  "but for"  t e s t  f a i l s  (i.e. , nei ther  f a c t o r  
by i t s e l f  is necessary), but the  "or s u f f i c i e n t "  aspect  
would serve t o  r e t a i n  both fac to r s  a s  "causes. " I n  
prac t ice ,  it is doubted t h a t  c i r ams tances  of t h i s  kind were 
encountered, so  t h a t  the  operat ional  d e f i n i t i o n  was one of 
"necessity." I n  o ther  words, a f a c t o r  was considered a 
cause i f  "but f o r n  t h a t  f ac to r ,  t h e  accident would not have 
occur red. 

A comprehensive dict ionary and s t r u c t u r e  of causal f a c t o r s  was used i n  

the  process of determining accident  causation. The top-level breakdown of 

causal  f ac to r s  cons i s t s  of: 
Human Direc t  Causes 
Human Condition and S t a t e s  
Envi ronmental Factors  
Vehicular Factors 

These fac to r s  a r e  a l l  defined and f u r t h e r  sub-classif ied i n t o  many more 

de ta i l ed  fac tors .  

The IRPS process of determining accident  causation proceeds by f i r s t  

inves t iga t ing  each accident and determining which of the  f ac to r s  contained 

in the  d ic t ionary  a r e  present.  Then a judgement is rrade whether t h e  f ac to r s  

found t o  be present  individually meet the  "necessity" c r i t e r i o n  f o r  

c l a s s i f i c a t i o n  a s  a causal f a c t o r  o r  a s  a severity-increasing fac tor .  

These a r e  but th ree  examples of the  uses t o  which the  case-study 

approach has been put. There e x i s t s  a considerable body of l i t e r a t u r e  on 

t h i s  technique from o the r  c l i n i c a l  accident  inves t iga t ion  programs, but most 

such programs resemble one of t h e  above s t u d i e s  in  various important 

respects. 

2.2 Defini t ion - of Accident Causation: - The S t a t i s t i c a l  Inference Approach 

An a l t e r n a t i v e  t o  the  case-study approach is the  s t a t i s t i c a l  inference 

approach. By the  s t a t i s t i c a l  approach we mean the  appl ica t ion  of 

experimental design pr inc ip les  and s t a t i s t i c a l  analys is  techniques t o  t h e  

iden t i f i ca t ion  of objectively-defined var iables  ( f ac to r s )  t h a t  s ign i f i can t ly  



influence t h e  probabi l i ty  t h a t  an accident  w i l l  occur. 

The ra the r  extensive l i t e r a t u r e  review did not  reveal  a d e f i n i t i o n  of 

accident  causat ion t h a t  we consider applicable.  However, m c h  pas t  research 

work i n  t h e  t r a f f i c  s a f e t y  f i e l d  has u t i l i z e d  t h e  p r inc ip les  and techniques 

inherent  i n  t h e  s t a t i s t i c a l  approach, although probably not  labeled a s  such. 

Further ,  much of t h a t  work is cons i s t en t  with t h e  d e f i n i t i o n  we s h a l l  

recommend and discuss. I n  p a r t i c u l a r ,  t h e  1962-1963 Grand Rapids study of 

Borkenstein e t  a l .  [9] is probably t h e  b e s t  known and most quoted study 

exemplifying one of the  v a r i a n t s  of t h e  s t a t  i s t i c a l  inference approach. 

(The basic design, a s  shown subsequently, can take  o the r  forms). I n  

passing, i t  can be noted t h a t  t h e  concept of accident  causat ion is not 

e x p l i c i t l y  mentioned i n  t h e  Grand Rapids study, although t h a t  research work 

had many d i  rect countermeasure implications. 

We s h a l l  propose a d e f i n i t i o n  of accident causat ion analogous t o  t h a t  

given by Greenberg i n  a medical context [ l ]  . Greenberg, i n  discussing t h e  

smoking-lung cancer controversy, observed t h a t  m c h  confusion was crea ted  by 

lack of s u i t a b l y  d e f i n d  and accepted terms r e l a t i n g  a suspected disease- 

causing f a c t o r  F with occurrence of the  d isease  D . ~  Af ter  discussing 

d isease  causat ion i n  terms of a suggested d e f i n i t i o n  and a multidimensional 

regression m d e l ,  Greenberg concluded t h a t  t h e  following d e f i n i t i o n  was 

appropriate: 

In  words: 

A f ac to r  F is sa id  t o  be a cause of a d i sease  D i f  t he  condit ional  
probabi l i ty  of developing t h e  d isease  i n  t h e  presence of F is g r e a t e r  
than the  p robab i l i ty  of developing t h e  d i sease  i n  its absence, given 
the  "... many conditioning indigenous and exogenous events which 
in£ luence t h e  relat ionship.  " 

A d i r e c t  s u b s t i t u t i o n  of naccidentn f o r  "disease" could be made i n  the  

Greenberg def in i t ion ,  and the  r e s u l t  would se rve  a s  an appropriate beginning 

d e f i n i t i o n  f o r  causation i n  t r a f f i c  s a f e t y  research. However, it seerrs 

sens ib le  t o  a n t i c i p a t e  subsequent appl ica t ion  of the  d e f i n i t i o n  and t o  

modify it on the  bas i s  of some of the  problems which may a r i se .  

Greenberg's nota t icn  has been modified s l i g h t l y  t o  avoid confusion 
i n  the  sequel. 



F i r s t ,  we recommend t h a t  the  determication of causat ive f ac to r s  of 

acc idents  be established by experimental inves t iga t ions  conducted f o r  t h a t  

purpose. The ". .. many conditioning events  which influence the 

relat ionship" in  the  Greenberg d e f i n i t i o n  is too  broad, because t r a f f i c  

s a f e t y  experiments a r e  l imi ted  i n  severa l  important ways. They a r e  

genera l ly  confined geographically t o  p a r t i c u l a r  counties ,  regions, o r  

s t a t e s .  They frequently a r e  l imited i n  dura t ion  t o  a t  most a few years. 

The accidents  under study a r e  genera l ly  a subset  of a l l  acc idents  occurring 

i n  t h a t  a rea ,  f o r  example, a l l  police-reported accidents ,  o r  a l l  police- 

reported tow-away accidents ,  o r  a l l  f a t a l  accidents.  And the  nature  of the  

f a c t o r  under study i t s e l f  may fu r the r  r e s t r i c t  the  range of condit ions and 

accidents  which a r e  investigated; a study of  the  e f f e c t s  o f  high-intensity 

headlamps m u l d  necessari ly be l imited t o  nighttime accidents.  Further,  i t  

is not  p s s i b l e  t o  include a l l  po ten t i a l  causat ive f a c t o r s  simultaneously, 

so  the range of study va r i ab les  is a l s o  re s t r i c t ed .  

Therefore we have t o  acknowledge immediately t h a t  whether a f ac to r  is 

considered causat ive of accidents  is circumscribed by the  s e t  of general 

experimental conditions under which t h e  study was conducted. 

Generalizations beyond the  bounds of the  exper irnental c o d  it ions obviously 

must be made with g r e a t  care ,  i f  a t  a l l .  

The same argument can be presented i n  terms of  evaluat ing t h e  defining 

inequal i ty  i n  the  t e n t a t i v e  de f in i t ion .  The expression on the  l e f t  of the  

inequal i ty  impl i e s  t h a t  the  frequency of  both d r ive r s  experiencing accidents  

and d r ive r s  not  experiencing accidents  be determined in  the  presence of 

f a c t o r  F under a set of  condit ions E. Further,  the  right-side expression 

impl i e s  obtaining a second, s imi la r  s e t  of frequencies, these  determined i n  

the  absence of F but in  the  presence of the  same s e t  E of o ther  conditions. 

I t  is necessary t o  de l inea te  the  c h a r a c t e r i s t i c s  o f  the  a t - r i sk  p p u l a t i o n  

of driver-vehicle u n i t s  and the  per t inent  c h a r a c t e r i s t i c s  of the  environment 

i n  which these  u n i t s  operate. I n  shor t ,  measures of exposure, a s  t h a t  

concept is general ly understood i n  the t r a f f i c  context ,  a r e  needed. 

Another f a c e t  of t h i s  same issue is per t inent .  Subsequently i t  is 

demonstrated t h a t  f a i l u r e  to account fo r  unknown, confounding variables- 

iden t i f i ed  a s  "lurking" var iables  throughout the  report-can a l t e r  the  

evaluat ion of the  defining inequali ty.  This,  of course, a l s o  can change our 



conclusion about whether some study f a c t o r  is causat ive of acc idents  o r  not. 

This problem is inherent  i n  t h e  s t a t i s t i c a l  approach. I n  a sense it is a 

p a r t i c u l a r  form of a more genera1 problem always confronting s c i e n t i f i c  

endeavors: new data  and more cur ren t  inforrr,ation can modify ex i s t ing  

theories.  Nonetheless, it is probably worthwhile t o  acknowledge t h a t  a l l  

determinations of accident  causat ion a r e  provisional  i n  t h e  sense  t h a t  more 

and b e t t e r  da ta ,  o r  da ta  obtained under a d i f f e r e n t  set of exposure 

condit ions,  may modify our previous perceptions of whether f a c t o r s  a r e  

considered causat ive of acc idents  o r  not. 

Together t h e  above i ssues  suggest  t h a t  we m d i f y  t h e  d e f i n i t i o n  of 

causat ion by more than a simple s u b s t i t u t i o n  of "accident" f o r  "disease." 

In  p a r t i c u l a r ,  we s h a l l  add t h e  qual i fy ing c lause  'I... a s  determined under 

condit ion set El1 t o  t h e  de f in i t ion .  By t h i s  we mean t o  imply t h a t  

determination of whether a f a c t o r  is considered causat ive  of acc idents  is 

qua l i f i ed  by t h e  experimental condit ions under which t h e  accident  and 

exposure da ta  were obtained, by t h e  inc lus ion (necessar i ly)  of only a 

l imi ted  number of f ac to r s  f o r  s tudy,  and by t h e  extent  and q u a l i t y  of t h e  

analyses per ta in ing t o  enumeration of t h e  def in ing inequal i ty .  The 

d e f i n i t i o n  ncw becomes: 

A f a c t o r  F is sa'id t o  be a cause of acc idents  i f  the  condit ional  
probabi l i ty  of an accident  occurring i n  t h e  presence of F is g r e a t e r  
than t h e  condi t ional  p robab i l i ty  of an accident  occurring i n  the  
absence of F, a s  determined under condit ion set E. 

I t  w i l l  be appreciated t h a t  t h e  d e f i n i t i o n ,  a s  wr i t t en ,  discourages 

genera l iza t ions  t o  t h e  e f f e c t  t h a t  "Factor F causes accidents1'  on t h e  bas i s  

of l imited experimentation. I f  such genera l iza t ions  a r e  t o  be mde,  then 

condit ion s e t  E should be representa t ive  of acc idents  genera l ly  and t h e  

o the r  var iables  known t o  be associated wi th  t h e  study f a c t o r  F should be 

included i n  t h e  experiment. Al ternat ive ly ,  the re  should be adequate 

r ep l i ca t ions  i n  time and space of smller experiments s o  t h a t  t h e  

genera l iza t ion  is warranted. I t  is i n  t h e  l a t t e r  sense  t h a t  we a r e  q u i t e  

comfortable with the  general  s t a t i s t i c a l  a s s e r t i o n  t h a t  a blood a lcohol  

concentrat ion of 0.10 % W/V causes accidents.  

This  d e f i n i t i o n  powerfully influences the  choice and execution of the  



appropriate accident-causation research methodology. F i r s t ,  t he  probabi l i ty  

expressions on both s ides  of the  inequal i ty  each require the  determination 

of a r a t i o  of r e l a t i v e  frequencies. The numerator is the  frequency of 

accident events,  o r  t h e  frequency of d r ive r s  experiencing one o r  more 

accidents. The denominator is the  number of d r ive r s  experiencing accidents  

plus the  number not experiencing accidents  in  the  same period; f o r  brevi ty  

the  l a t t e r  w i l l  be referred t o  a s  non-accidents. The expression t o  the  l e f t  

of the  inequali ty s ign fu r the r  implies t h a t  the  frequencies of both 

accidents  and non-accidents a r e  t o  be determined i n  the  presence of f ac to r  F 

under a set of conditions E.  The right-side expression implies a second, 

s imi la r  r a t i o  of frequencies, these  determined i n  the  absence of the  f ac to r  

F but in  the  presence of the  same s e t  E of o the r  conditions. 

These concepts a r e  conveniently presented i n  t h e  form of a 2x2 

contingency table ,  with a,  b, c, and d representing t h e  c e l l  frequencies. 

Table 1 

I l l u s t r a t i v e  2x2 Contingency Table 

Row I Accident 1 Non-accident I 1  
I A I Not A I I Totals  
I I - - I 

--- I I -  
I I I 1  

F a c t o r F  . .  I a I b I I a t b  
I I I I 

Not Factor F I c I d I I c+d 
I -.-+--- I I- -- 
I I I I 

Column Tota ls  1 a+c I b4-d I I a t b t c td  

The l e f t  s i d e  of the  inequali ty now becomes a/ (atb)  , and the  r igh t  s ide  

is c/(c+d). The fac to r  F w i l l  be sa id  t o  cause accidents  i f  a / ( a tb )  exceeds 

c/ (c+d) by some operat ionally meaningful and s t a t i s t i c a l l y  s ign i f i can t  

amount. 

This method of defining and determining accident causation is 

fundamentally d i f f e r e n t  from t h e  case-study approach. Further,  the  simple 

extension of the  case-study approach from a one-accident focus-to which it 

is applicable-to a mny-accident focus does not thereby transform i t  in to  



t h e  s t a t i s t i c a l  approach. 

For i l l u s t r a t i o n ,  le t  u s  assume t h a t  a representa t ive  sample of (a*) 

acc idents  is obtained a s  p a r t  of a case-study program. Then let (a )  of 

these  ( a t c )  acc idents  be d i s t r ibu ted  i n t o  t h e  (FIA) c e l l  and (c) of them 

in to  t h e  (not F,A) c e l l .  1 

The r a t i o  a/(a+c) , t h a t  is the  Pr  (FIA) , could then be established.  

This expression, however, does not match e i t h e r  of those contained i n  t h e  

inequal i ty  proposed a s  a d e f i n i t i o n  of accident  causation. Even i f  t h a t  

were the  case, its companion p robab i l i ty  on t h e  o the r  s i d e  of the  inequal i ty  

would not be ava i l ab le  s o  t h a t  the  required comparison could be made. (The 

appropr ia te  contingency t a b l e  analyses and inferences therefrom a r e  

discussed m r e  f u l l y  i n  l a t e r  sec t ions . )  

An e s s e n t i a l  f e a t u r e  of t h e  s t a t i s t i c a l  approach, a s  developed from t h e  

p r o b a b i l i s t i c  d e f i n i t i o n  of accident  causat ion,  is t h a t  information on non- 

accidents  mst be obtained. A s  amplified subsequently, t h i s  information may 

be obtained i n  e i t h e r  of two ways. F i r s t ,  sampling from a non-accident 

population ( t h a t  is, a cont ro l  population) is possible. Second, t h e  

information m y  be obtained by sampling a population of d r i v e r s  (or,  a s  

well ,  vehic les)  on some c h a r a c t e r i s t i c  not  e x p l i c i t l y  r e l a t ed  t o  accident  

occurrence. The d r ive r s  would then be c l a s s i f i e d  in to  t h e  appropr ia te  

accident  and non-accident c e l l s .  However acc~mplished,  t h e  gathering of 

information on the  non-accident population, a s  well a s  on t h e  accident  

population, is the  - s i n e  qua - non of the  proposed s t a t i s t i c a l  approach and its 

companion def in i t ion .  

The c a s e s t u d y  determination of cause would not s t o p  a t  t h i s  point ,  
of course. The (a)  accidents  i n  t h e  (F,A) c e l l  would have t o  be f u r t h e r  
c l a s s i f i e d ,  by a test-of-necessity c r i t e r i o n ,  in to  t h e  smaller number of 
cases i n  which F caused A. 



3. CHARACTERISTICS OF THE CASE-STUDY AND STATISTICAL APPROACHES 

The de f in i t ion  of accident causation and t h e  inves t iga t ive  approaches 

associated with each approach together give rise t o  a number of important 

operating charac ter is t ics .  The approaches d i f f e r  i n  t h e  kinds of research 

questions and study fac to r s  t o  which each is best  sui ted.  The nature and 

extent  of the  da ta  co l l ec t ion  a c t i v i t i e s  d i f f e r ,  a s  do the  kinds of manpower 

required. The associated analyses f o r  t h e  determination of cause a r e  

fundamentally d i f ferent .  These important operating fea tures  a r e  described 

be low. 

3.1 Features -- of the  Case-Study Approach 

3.1.1 - The Case-Study Yodel. The most important of the  case-study 

operating cha rac te r i s t i c s  derive d i r e c t l y  from t h e  fundamental pr inc ip le  

underlying operation of the  approach. The pr inc ip le  is t h a t  the  c a s e s t u d y  

inves t iga tor  (s) have, f o r  each individual accident under study, a m d e l  i n  

mind of how t h e  accident happened. The model my be impl ic i t  a t  f i r s t ,  but 

i t  must evolve ih to  an e x p l i c i t  model by t h e  time the  causal f ac to r s  have 

been ident i f ied .  The components of t h e  m d e l  should include a l l  of the  

f ac to r s  t h a t  a r e  ac tua l ly  per t inent  t o  t h e  accident occurrence, a knowledge 

of how these f ac to r s  operate general ly,  and a kncwledge of how the  fac to r s  

operate individually and i n  concert with other  such fac to r s  f o r  the  accident 

under study. The case-study approach is a matter of careful ly  considered 

judgements about what f ac to r s  a r e  important and how they in te rac t  t o  

produce t h e  accident i n  question. 

In pr inc ip le ,  the  scope of t h e  case-study approach is very broad i n  

t h a t  any fac tor ,  o r  set of fac tors ,  can be addressed. Indeed, a s  noted 

above, i t  is impl ic i t  t h a t  a l l  relevant  f ac to r s  can and should be considered 

f o r  each accident. Since these f ac to r s  a r e  not known before the  

invest igat ion,  it is incumbent on case-study inves t iga tors  t o  consider a l l  



1 reasonable causat ive  f a c t o r s  f o r  each accident  . Therefore f a c t o r s  from 

t h e  human, vehicular ,  and environmental c l a s s e s  a r e  necessa r i ly  wi th in  t h e  

realm of invest igat ion.  

3.1.2 - The Study - of Transients .  Trans ient  f a c t o r s  from t h e  human 

c l a s s ,  which a r e  not  a t  a l l  e a s i l y  approached with t h e  s t a t i s t i c a l  method, 

can be handled with the  c a s e s t u d y  method. Examples a r e  dozing, 

ina t t en t ion ,  and, from t h e  IRPS list of causal  f a c t o r s ,  improper lookout. 

On t h e  o the r  hand, some of t h e  more s t a b l e ,  but  remote ( i n  a causal  sense)  

human f a c t o r s  lend themselves less well t o  a case-study approach. Examples 

include monocular v is ion ,  co lo r  blindness, and chronic d i sease  s t a t e s .  

A t r a n s i e n t  condit ion from t h e  vehicular  realm t h a t  is bes t  

approached with t h e  case-study method is the  in£ luence of blow-outs i n  

causing accidents.  The underlying m d e l  by which a blow-out causes an 

accident  is s u f f i c i e n t l y  s traightforward and understandable t h a t  t h e  method 

would work well. The f a c t o r  would be included i n  a candidate list of causal  

f a c t o r s  t o  be addressed by t h e  inves t iga to r s ,  t h e  physical  evidence would be 

present  and genera l ly  unambiguous, and i t  is l i k e l y  t h a t  t h e  use of exper t  

judgement would provide repeatable r,esul ts. 

3 .l. 3 Limitations. The ro le  of vehicle-handling f a c t o r s  i n  causing 

accidents  is an example of an important s tudy t o p i c  not well s u i t e d  t o  t h e  

case-study approach. This  is one case i n  which the  t h e o r e t i c a l  

understanding of the  phenomenon exceeds t h e  data-collect ion c a p a b i l i t i e s  

needed t o  exerc ise  t h e  t h e o r e t i c a l  m d e l .  I n  order  t o  c a p i t a l i z e  on our 

understanding of vehicle-handling f a c t o r s  on a case-by-case bas is ,  we would 

requi re  de ta i l ed  data  about the  pre-crash braking h i s t o r y  and t h e  pre-crash 

s t ee r ing  input. Also, we usual ly  would requi re  information on t h e  preceding 

human detec t ion ,  perception, decision,  and a c t i o n  fac tors .  Addit ional  

de ta i l ed  data  would be needed about each of the  four tire-road in ter faces .  

A t  l e a s t  some of these da ta  elements could be col lec ted  with the  required 

accuracy and o b j e c t i v i t y ,  but  it is our judgement t h a t  t h e  uncer t a in t i e s  

inherent i n  t h e  braking and s t e e r i n g  inputs  exceed t h e  limits needed t o  

assess  the  s u b t l e  influence of vehicle-handling f a c t o r s  on accident  

l ~ e n n e r  [2] has an excel lent  expostulat ion of t h i s  idea. 



causation. 

Assessing the  ro le  of t in t ed  windshields is another example which would 

seem t o  exceed the  limits of case-study capab i l i t i e s .  A s  i n  the  vehicle- 

handling case, it might very well be t h a t  the  r equ i s i t e  understanding of the  

physical phenomenon is s u f f i c i e n t l y  i n  place. Gathering the  required data, 

however, would again seem t o  be beyond both present and fu tu re  capabi l i t ies .  

I f  only "coarse" data-that is, data  of l imited resolut ion and detail--were 

gathered, then the  judgements connected with es tabl i sh ing whether a 

po ten t i a l  causal f a c t o r  was in  f a c t  causative o r  not would seem t o  be l i t t l e  

more than guesses. The co l l ec t ion  of rrore de ta i led  data of higher 

resolut ion might be compatible with our current  knowledge of the  physics of 

the  s i tua t ion .  However, in  t h i s  case  the  co l l ec t ion  of the  needed data-the 

v isual  c a p a b i l i t i e s  of the  involved d r i v e r ( s ) ,  t he  ambient l i g h t  levels ,  t h e  

r e f l e c t i v i t i e s  of the  s ign i f i can t  objects ,  and t h e  like-is not n w  and is 

l i k e l y  not t o  be within the  scope of accident-investigation capab i l i t i e s .  

The tinted-windshield example i l l u s t r a t e s  another f undamental 

c h a r a c t e r i s t i c  of t h e  case-study approach. The approach, by i t s e l f  and 

without addi t ional  data-collection a c t i v i t i e s ,  examines only accident cases. 

No information on non-accident cases is available.  Suppose t h a t  t in t ed  

windshields increase the  risk of pedestrian accidents  a t  dusk involving 

o lder  drivers .  Let us grant ,  f o r  the  sake of argument, t h a t  the  case-study 

approach were able t o  f ind  these  accidents  and cor rec t ly  ascr ibe  t i n t e d  

windshields a s  a t  l e a s t  one of the causat ive factors .  B u t  suppose a l so  t h a t  

t in t ed  windshields in  f a c t  reduce the  occurrence of daytime accidents  on 

freeways i n  the  summer because of reduced fa t igue  and glare.  Such an e f f e c t  

would be nearly impossible t o  f ind with the  case-study approach. The 

general izat ion is t h a t  the  case-study approach is not well su i t ed  t o  f inding 

both the  p s i t i v e  and negative effects--the benef i t s  and the  addi t ional  

ri sks--associated with f ac to r s  having both. 

The case-study approach, a s  noted e a r l i e r ,  is a matter of considered 

judgement. The m r e  expert accident inves t iga tors  and reconst ruct ionis ts ,  

therefore,  should provide superior  resul t s .  Highly qual i f ied  multi- 

d i sc ip l ina ry  accident inves t iga tors  a re  desirable. These teams a r e  

expensive, of course, with a r e su l t an t  high cos t  per case. The IRPS work 

u t i l i z e d  both technician-level teams (Level B )  and in-depth teams (Level C ) ,  



and the re  is some indica t ion  of disagreement with respect  t o  i d e n t i f i c a t i o n  

of causat ive f ac to r s .  I t  would be expected, therefore ,  t h a t  in-depth teams 

would be required t o  maximize t h e  accuracy of the  c a s e s t u d y  judgements and 

t o  a s su re  mximum repea tab i l i ty  of  r e s u l t s .  

Features of the  S t a t i s t i c a l  Inference Approach -- 

3.2.1 Non-accident Information. The most important f e a t u r e  of t h e  

s t a t i s t i c a l  inference  approach is t h a t  information on non-accidents, a s  well 

a s  on accidents ,  is essen t i a l .  This  information must be obtained by e i t h e r  

sampling d i r e c t l y  from a non-accident, con t ro l  population o r  by aggregating 

data  on d r i v e r s  not  experiencing accidents  i n  some given time frame a s  well 

a s  co l l ec t ing  da ta  on accident-involved dr ivers .  I f  some given f a c t o r  F is 

found, during t h e  a n a l y t i c a l  work, t o  s a t i s f y  t h e  inequal i ty  def in ing 

accident  causat ion [Pr (AIF,E) > Pr  (Alnot FIE) I ,  then F is s a i d  t o  be a cause 

of acc idents  under condit ion s e t  E.  Another c o m n  way of expressing t h i s  

inequal i ty ,  under t h e  p a r t i c u l a r  sampling design c a l l i n g  f o r  sampling from 

both accident  and non-accident p p u l a t i o n s ,  is t h a t  t h e  f a c t o r  F is 

overrepresented i n  t h e  accident  population with respect  t o  its occurrence 

i n  t h e  con t ro l  population. 

3 .2  -2 Accident-Causation Factors. The emphasis i n  t h i s  development, 

it should be noted, is on t h e  candidate accident-causation f a c t o r  F. (This 

can be extended t o  a s e t  of f ac to r s . )  I n  t h e  s t a t i s t i c a l  approach, t h e  

focus is on ident i fy ing F, o r  a small  set of F, looking a t  enough accidents  

and non-accidents i n v o l v i q  both F and not  F,  and then concluding whether, 

according t o  t h e  d e f i n i t i o n ,  F causes accidents.  The case-study approach, 

i n  cont ras t ,  focuses on one o r  more accidents ,  seeks t o  determine t h e  

presence o r  absence of any and a l l  of a l a r g e  candidate set of f ac to r s  F i n  

t h e  accident  (s) under inves t iga t ion ,  and then seeks t o  determine which of 

t h e  present  f a c t o r s  meet t h e  test-of-necessi ty c r i t e r i o n  f o r  accident  

causation. 

This change i n  focus has important implicat ions f o r  an e n t i r e  research 

program a s  well a s  f o r  s p e c i f i c  research projec ts .  I f  the  s t a t i s t i c a l  

approach is to be adopted, then we a r e  i m p l i c i t l y  a s s e r t i n g  t h a t  we have a 

good deal  of p r i o r  information about the  f a c t o r s  worthy of study and bel ieve  



t h a t  the  exploratory c a p a b i l i t i e s  of the  case-study approach a r e  not 

needed. I n  t h i s  sense t h e  s t a t i s t i c a l  approach is analogous t o  control led 

laboratory experimentation i n  the  physical sciences following an i n i t i a l  

period of exploratory and o b e r v a t i o n a l  research. 

3.2.3 S t a b i l i t y  - of Factors. Other operating cha rac te r i s t i c s  follow 

from t h e  focus on f a c t o r s  in both accident and non-accident populations. 

The rrost important of these is t h a t  not a l l  f ac to r s  of potent ia l  i n t e r e s t  

can be studied by t h e  s t a t i s t i c a l  approach o r ,  a t  a minimum, a r e  b e t t e r  

studied by t h e  case-study approach. The general requirement is tha t  study 

fac to r s  possess enough s t a b i l i t y  i n  time so  t h a t  they can be re l i ab ly  

presumed t o  e x i s t  (or ,  a l t e rna te ly ,  not t o  e x i s t )  o r  t o  be measurable i n  

both the  control  and pre-crash s i tua t ions .  This excludes a l l  physical 

conditions o r  mental s t a t e s  so  evanescent t h a t  the  attempt t o  measure them 

would a l t e r  o r  el iminate them. The point  is bes t  made by several  examples. 

Among candidate human fac tors ,  f o r  example, color  blindness and f i e l d  

dependence a r e  both permanent, o r  a t  l e a s t  slowly changing, cha rac te r i s t i c s .  

I t  would be s a f e  t o  assume t h a t  samples of d r ive r s  who were f i e l d  dependent 

a t  the  beginning of a study year would be t h a t  way a t  the  end of the  year 

and t h a t  t h a t  condition held i n  any p r e c r a s h  s i t u a t i o n  t h a t  might have 

arisen.  A s imi la r  s i t u a t i o n  is presumed t o  hold f o r  f ield-independent 

drivers .  From t h e  vehicular  realm, t h e  presence o r  absence of t i n t e d  

windshields can be presumed t o  be a s t a b l e  cha rac te r i s t i c ,  o r  a t  l e a s t  is 

e a s i l y  "rreasurablen t o  determine whether a gross  change has occurred. 

Envi ronmental f ea tu res  exhibi t ing t h i s  property a re ,  f o r  example, highway 

grade and curvature. 

Another c l a s s  of f ac to r s  displaying l e s s  long-term stabil i ty--but  

nonetheless displaying t h e  r equ i s i t e  s t a b i l i t y  in  t ime--can be studied 

provided t h a t  sampling is effected from accident and non-accident 

populations ra ther  than from f a c t o r  and non-factor populations. The 

presence of alcohol i n  the  blood is one such factor .  I t  c l e a r l y  is not a 

permanent condition, but  its presence and amunt  changes s u f f i c i e n t l y  slowly 

t h a t  measurement is possible, a s  in  the  Borkenstein study [9]. Further,  it 

can be accurately and re l i ab ly  measured i n  a non-accident population by 

roadside survey techniques. The measurement of ti re-pressure d i f f e r e n t i a l s  



is a comparable example from the vehicular realm, a s  is the presence of a 

wet driving surface in  the  environmental realm. 

There ex is t ,  however, other important variables tha t  a r e  essen t ia l ly  

t ransient  i n  nature and do not lend themselves well t o  study by the 

s t a t i s t i c a l  approach. Dozing, inattention,  and improper lookout have been 

mentioned ear l ie r .  To these could be added lo s s  of consciousness, 

inadequate search, detect  ion/perception fa i lu res ,  recognit ion fa i lu res ,  and 

decision fa i lures .  Each of these has associated with it a complex 

measurement problem within the accident population, but tha t  is not t h e  

point being raised here. Even i f  those measurement problems could be 

resolved sa t i s f ac to r i l y  i n  the  accident population, there  does not seem t o  

be any way t o  define and measure the analogous behavior in  the control  o r  

non-accident populations. Inab i l i t y  t o  do so  presents very rea l  l imitations 

on the type of research questions tha t  can be addressed by the s t a t i s t i c a l  

approach, par t icular ly  i n  the  human realm. 

A similar problem ex i s t s  w i t h  some of the vehicular and environmental 

variables. Tire  blow-outs, sudden brake fa i lu res ,  and complete loss  of 

steering a re  examples of potential  accident causes tha t  should be studied by 

the case-study rather than the s t a t i s t i c a l  method. From the  environmental 

c lass ,  g la re  from oncoming headlights and s l ick  surfaces from temporary 

freezing conditions f a l l  into the same class.  

3.2.4 Subsetting Complex Phenomena. The focus on fac tors  associated 

with the s t a t i s t i c a l  approach resu l t s  in another charac te r i s t ic  not found i n  

the  case-study approach. Suppose tha t  the e f fec t s  on accidents of t i r e s  

with l e s s  than 3/32-inches of tread-"bald" t i r e s ,  fo r  t h i s  discussion-are 

of interest .  I f  they were t o  be studied by the  case-study method, then t h e  

accident investigators would need t o  measure a number of variables 

associated with vehicle handling: braking and s teer ing inputs, ce r ta in  

vehicle-des ign parameters, other t i r e  parameters ( for  example, pressure and 

s t i f f n e s s ) ,  and the f r i c t i o n  character is t ics  of the p r e c r a s h  path(s)  of the  

vehicle (s) . Without t h i s  information an assessment of the e f fec t s  of the 

bald t i r e s  would be inconclusive a t  best. 

The s t a t i s t i c a l  approach, however, does not require t h a t  a l l  pert inent 

factors  and variables be related i n  a physical modeling sense. The bald- 



t i r e  problem could be studied e f fec t ive ly  by measurement of only t read  depth 

i n  the accident and contro l  populations. I n  p rac t i ce  an experiment would 

not be constructed i n  such a narrow manner. We know, from our p r i o r ,  

knwledge of the  physics of the  s i t u a t i o n ,  t h a t  bald t i r e s  would be expected 

t o  perform more poorly on wet, s l ippery  surfaces and r e l a t i v e l y  b e t t e r  on 

dry, high-friction surfaces. These f a c t s  would be taken in to  account i n  

designing the  experiment. I n  pr inc ip le ,  however, an invest igator  need 

co l l ec t  only the  tread-depth data  from both an accident population and from 

a su i t ab le  control  population t o  be able  t o  deduce the  e f f e c t s  of bald t i r e s  

on accident occurrence. This  a b i l i t y  t o  break a complex phenomenon in to  

segments and t o  study a smaller number of f ac to r s  is one of the  a t t r a c t i v e  

fea tures  of the  s t a t i s t i c a l  approach. 

3.2.5 Field Personnel. I n  cont ras t  t o  the  case-study approach, 

accident invest igators  do not have t o  make judgements about whether a f a c t o r  

is causal o r  t o  c o l l e c t  da ta  so  t h a t  a reconst ruct ionis t  can subsequently 

make such a judgement. I t  should be the  case,  therefore,  t h a t  l e s s  s k i l l e d  

and l e s s  experienced accident inves t iga tors  can be s a t i s f a c t o r i l y  used i n  a 

s t a t i s t i c a l  program. I n  t h e  e a r l i e r  example of .the bald-t i re  invest igat ion,  

the  da ta-collection requirement is t o  follow a prescribed measurement 

protocol a s  accurately and a s  objec t ive ly  a s  possible without a t t en t ion  t o  

the  nuances t h a t  might influence a causal judgement. 





4 .  THE STATISTICAL APPROACH I N  GREATER DEPTH 

A p robab i l i s t i c  de f in i t ion  of accident causation was presented i n  

Section 2. The accompanying methodology, labeled the  s t a t i s t i c a l  inference 

approach, was described and some of the  more important operat ional  

cha rac te r i s t i c s  of the  approach were presented i n  Section 3. The purpose of 

t h i s  sect ion is t o  amplify these  top ics  fu r the r  and t o  present addit ional  

i n f o m t i o n  about the  s t a t i s t i c a l  approach. 

4.1 Accident Causation and a Multiple Regression Model -- 
The de f in i t ion  proposed e a r l i e r  f o r  accident causation e a r l i e r  is that :  

A fac tor  F is sa id  t o  be a cause of accidents i f  the  conditional 
probabil i ty of an accident occurring i n  the  presence of F is g rea te r  
than the  conditional probabi l i ty  of an accident occurring i n  the  
absence of F, a s  determined under condition set E. 

This def in i t ion ,  it was noted, was adapted d i r e c t l y  from Greenberg [ l ]  . 
Greenberg, before of fer ing  the  medical de f in i t ion  of causation on which the  

above is based, discussed a general m d e l  of chronic d isease  i n  t e r n  of a 

mult iple regression mde l .  The model, and its t r a f f i c  safe ty  analog, r a i ses  

a number of our current  concerns and is presented, therefore,  in  some depth. 

Pr  (D) = Xo [ [b X + b X + b X + . . . + bn-lXn-l + bnXnl 1 1  2 2  3 3  
2 

+ [bl , lX1 X X  + b  X X  t... + b1,2 1 2 1 ,3  1 3 
2 

+ bl,nxlXn + b2, 2'2 + b2, 3X2X3 + . . . 
X X + b n  X 2 ]  + * * *  + bn-l,n n-l n 

+ b2,n 2 n tn n 
X X X  + ... 

+ [b1,2,3 1 2 3 

The author goes on t o  describe t h e  m d e l  a s  follows: 

(a) The e n t i r e  r igh t  hand s i d e  is multiplied by a variable,  X , 
which takes the  value 1 when there is a known e t io log ica l  agent (8s 



is t h e  case of tuberculos is )  which is present ,  and t h e  value 0 when 
t h e  agent is absent. One can a l t e r  t h i s  formulation t o  take  i n t o  
account t h e  amount o r  v i ru lence  of t h e  agent present  but  t h i s  
modification is not  necessary i n  t h e  present  applicat ion.  
the re  is no known e t i o l o g i c a l  organism, t h e  va'riable can be dropped 
from the  model. 

(b) I n  t h e  l i s t i n g  containing n va r i ab les  wi th in  t h e  f i r s t  set of 
square brackets,  t he  X ' s  may represent  such fac to r s  a s  age, race, 
sex, occupation, d i e t ,  smoking pa t t e rn ,  p lace  of residence, 
personal i ty  type, gene t i c  s t ruc tu re ,  p lus  a whole hos t  of o the r  main 
e f fec t s .  These var iables  might be q u a n t i t a t i v e  o r  take  simply t h e  
values 0 and 1 according t o  t h e  f a c t o r ' s  a b e n c e  o r  presence. The 
b ' s  designate regression c o e f f i c i e n t s  whose magnitude represents  t h e  
degree of influence of the  f a c t o r  per  se upon t h e  p robab i l i ty  of 
causing disease. 

(c) I n  t h e  list containing (n+K ) var iab les  wi th in  t h e  second s e t  
of square brackets,  t he re  a r e  f i rs t-order  in te rac t ions  p lus  n 
quadra t ic  terms. I f  t h e  e f f e c t  of the  f a c t o r  is quadra t ic ,  such a s  
motheris p a r i t y  upon pe r ina ta l  m r t a l i t y ,  then t h e  appropriate term, 
bi ! would have a nonzero regression coeff ic ient .  I f  a 
r e r e s s i o n  c o e f f i c i e n t  is n i l ,  then t h e  f i r s t - o r d e r  in te rac t ion  is 
non-existent and its po ten t i a l  e f f e c t  need not be considered. 

(d) Simi lar ly ,  t h e  t h i r d  s e t  of square brackets  contains the  second- 
order  in te rac t ions  p lus  appropriate cubic terms a s  well a s  
in te rac t ions  between quadra t ic  terms and o the r  variables.  

( e )  The l imi t ing  term i n  t h e  formulation is the  h ighes t  order  
in te rac t ion  involving a hos t  of fac tors .  

Greenberg notes t h a t  two guides a r e  t o  be drawn from t h e  model. The 

f i r s t  is t h a t  the  one should not  look only a t  the  main e f f e c t  and its 

regression coe f f i c i en t  i f  one is in teres ted  i n  some p a r t i c u l a r  variable.  

Each t e r n  involving t h a t  va r i ab le  should be examined. Second, t h e  model ( a s  

well  a s  experience gained from studying o the r  chronic condit ions)  suggests  

the  importance of the  higher-order in terac t ions .  

I t  is our judgement t h a t  these  arguments hold f o r  t h e  present  s t a t e  of 

accident-causation research. The case-study approach, used f o r  many years, 

has i n  f a c t  iden t i f i ed  many of the  obvious and readi ly  apparent causes of 

accidents.  These a r e  roughly equivalent  t o  Greenberg's "main ef fec ts ."  

That approach has a l s o  quant i f ied  these  e f f e c t s  t o  some extent.  Further ,  

many countermeasures have been iden t i f i ed  and implemented based on such 

research, and t h e r e  is no doubt t h a t  many of the  countermeasures have been 

successful.  One can argue t h a t  the  obvious problems a r e  well iden t i f i ed ,  i f  



not solved. 

Accident-causation research seems now t o  be i n  the  pos i t ion  where 

consideration of pr irnarily main e f fec t s ,  and countermeasures based upon 

them, is no longer adequate. We must now address the  higher-order and 

in te rac t ive  t e r n  a s  well. The s t a t i s t i c a l  approach is the  superior  of the  

two f o r  t h i s  type of accident-causation research. 

4.2 Contingency Table Fomulat  ion 

The Greenberg regression model f o r  chronic diseases was formulated a s  

i f  its data elements had been obtained by cross-sectional sampling. This is 

the  f i r s t  of three sampling methods, a s  discussed by F l e i s s  [lo] , t h a t  can 

produce a 2x2 contingency t a b l e  of the  kind given e a r l i e r  i n  Section 2. 

This can be i l l u s t r a t e d  by considering a random sample of people on each of 

whom mny data elements a r e  aggregated, among them a var iable  t h a t  describes 

the  absence o r  presence of disease. 

The c loses t  analog i n  t h e  t r a f f i c  safe ty  s i t u a t i o n  would be t o  obtain a 

random sample of dr ivers ,  aggregate extensive data  on a l l  t h e i r  

cha rac te r i s t i c s  believed t o  be relevant t o  accident occurrence, and obtain 

de ta i l ed  descript ions of t h e i r  driving prac t ices ,  including t h e  occurrence 

and absence of accidents,  over an extended time period. This analogy does 

not s t r i c t l y  hold i n  t h a t  a d r ive r  does not,  a s  a separa te  e n t i t y ,  g e t  in to  

t r a f f i c  accidents,  but only a s  pa r t  of a driver-vehicle combination. This 

object ion could probably be circumvented, a t  l e a s t  conceptually, by 

aggregating f o r  the  dr ivers ,  a s  par t  of the  driving-description data  set, 

vehicle-specif ic information about t r i p s  undertaken during the  study period. 

Apart from the  l a t t e r  complication, however, t h e  p rac t i ca l  d i f f i c u l t i e s  of 

tracking enough people over a long enough time period with enough deta i led  

data  on each person's t r i p s  weigh heavily against  such a broadside 

implementation of the  s t a t i s t i c a l  inference approach. 

The above conceptualization, even though incapable of implementat ion a t  

the  present,  is a t t r ac t ive .  I t  presents  an orderly and organized way f c r  u s  

t o  think about and d iscuss  accident-causation research. Further,  the  

concepts can be retained on a reduced, prac t icable  s c a l e  by re-casting the  

regression m d e l  in to  a contingency t ab le  model. 



A contingency t a b l e  formulation o f f e r s  two immediate and d i s t i n c t  

advantages. F i r s t  the re  is an extensive, and growing, body of theory t h a t  

is immediately access ib le  (Bishop, Feinberg, and Holland [ l l ]  ; Gokhale and 

Kullback [12] ; Goodman [13] ) . This  can be used t o  guide t h e  design of 

experiments and i n  t h e  subsequent in te rp re ta t ion  of da ta  obtained from them. 

Second, debugged computer programs, such a s  ECTA and GENCAT, a r e  ava i l ab le  

both i n  MTS and elsewhere. This should preclude the  need f o r  software 

development t o  analyze da ta  obtained during t h e  research program, thus  

minimizing both ana ly t i ca l  c o s t s  and schedules. 

4.2.1 Cross-Sectional Sampling. Cross-sectional sampling, a l s o  c a l l e d  

n a t u r a l i s t i c  o r  multinomial sampling [Fle iss ,  p. 391, occurs when a random 

sample is taken from a population s o  t h a t  only t h e  t o t a l  number of sub jec t s  

is fixed. I n  terms of Table 1 from Section 2, reproduced below f o r  

convenience, a sample of s i z e  N=a+b+c+d is obtained. I f  t h e  N sub jec t s  a r e  

d i s t r ibu ted  according t o  the  presence o r  absence of each of two 

charac te r i s t i c s ,  i n  our case accident  occurrence and t h e  f a c t o r  F under 

study, the  2x2 t a b l e  is obtained. 

Table 1 

I l l u s t r a t i v e  2x2 Contingency Table 

1 Accident I Non-accident I 1 Row 
I A I Not A I I Tota l s  -- ____3- 1 1 -  - 
I I I I 

F a c t o r F  . .  I a 1 b 1 I a+b 
I I 1 I 

Not Factor  F I c I d I I c+d 
I - +-_.-- I I -  
I I I I 

Column Tota ls  I a+c 1 b+d I I a+b+c+d 

The p r inc ipa l  advantage of t h i s  kind of sampling-a very s i g n i f i c a n t  

o n e - i s  t h a t  a l l  t h e  p r o b a b i l i t i e s  of i n t e r e s t  a r e  immediately available.  

I t  w i l l  be recal led t h a t  t h e  inequal i ty  defining whether a f ac to r  causes 

accidents  is 



The l e f t  s i d e  of the  inequali ty is given by a/(a+b), and the  r igh t  s i d e  is 

given by c/(c+d). The inequali ty can be evaluated d i r e c t l y ,  and we can 

decide whether t h e  f a c t o r  causes accidents. 

Cross-sectional sampling a l s o  provides two other  very important pieces 

of information. The d i s t r ibu t ion  of the  f ac to r  under study i n  the  sampled 

population is one of the  two marginal d is t r ibut ions .  I f  we have l i t t l e  

p r i o r  information about the  f a c t o r  and its d i s t r ibu t ion ,  t h i s  f ea tu re  may be 

of g rea t  u t i l i t y .  

Further,  a s  a corollary of the  above, the  j o i n t  d i s t r i b u t i o n  of the  

accident and f a c t o r  d i s t r ibu t ions  provides e s sen t i a l  information needed f o r  

cos t-benefi t considerations. The mximum po ten t i a l  reduct ion i n  accident 

frequency a t t r i b u t a b l e  t o  some countermeasure, on the  assumption t h a t  t h e  

countermeasure el iminates completely t h e  de le ter ious  e f f e c t s  of the  f ac to r ,  

is (ad-bc)/(c+d) fo r  the  sample of s i z e  N. Division of t h i s  expression by 

the  sampling r a t i o  would provide the  maximum potent ia l  reduction i n  accident 

frequency fo r  t h e  population from which the  sample was taken. 

The pr inc ipal  disadvantage of t h i s  form of sampling, apa r t  from t h e  

problems .associated with obtaining adequate d e t a i l  on t h e  accident 

experience, is its potent ia l  ineff iciency,  By way of i l l u s t r a t i o n ,  l e t  us 
1 note t h a t  about 10% of a l l  d r ive r s  have one o r  more accidents per  year  . 

Let us assume t h a t  the  proportion of some fac to r  of i n t e r e s t  i n  the  driving 

population is, say 0.2. Then the  expected proportion of d r ive r s  having an 

accident and the  factor-the F,A cell--is 0.02. I t  would therefore  be 

necessary t o  s t a r t  with a very large  N t o  el iminate s t a t i s t i c a l  

i r r e g u l a r i t i e s  associated with small c e l l  frequencies and t o  have a 

reasonable number of F,A e n t r i e s  f o r  fu r the r  study. The same information 

might be obtainable f a r  more e f f i c i e n t l y  by oversampling from t h e  

subpopulation exhibi t ing the  f ac to r  of in te res t .  Such a sampling method 

f o m  the  bas is  of prospective sampling, discussed i n  the  next section. 

Because of these considerations, it is l i k e l y  t h a t  cross-sectional 

' "~ccident" ,  of course, requires some precise  def in i t ion .  The 10% 
f i g u r e  is about r igh t  f o r  accidents  reported t o  o r  by o f f i c i a l  (police)  
agencies i n  a jur isd ic t ion  with a f a i r l y  industr ious reporting system. 



sampling w i l l  not be used widely i n  accident-causation research. 

Nonetheless, the  information available a s  a resu l t  of cross-sectional 

sampling is more complete than t h a t  available from other sampling methods, 

and the result ing contingency table  should be considered a s  the  ideal  t o  be 

obtained. Further, there  e x i s t  t r a f f i c  applications for  which it is l ike ly  

t o  be the preferred sampling approach. One such i l l u s t r a t i ve  application 

appears i n  Section 6.1. 

4.2.2 Prospective Studies. A prospective study is another form of 

design tha t  can resu l t  in  a contingency table  formulation. I t  is one of two 

designs employing sampling from fixed margins. I n  epidemiologic terms, 

prospective sampling occurs when one sample is drawn from a population of 

exposed individuals, and another sample is drawn from a population of non- 

exposed individuals. These kinds of studies a r e  a l so  known a s  cohort 

studies (the preferred epidemiologic term), forward-going s tudies ,  o r  

follow-up studies. 

We sha l l  use the term "prospective" t o  ident i fy  t h i s  kind of study. 

Table 2 depicts  a 2x2 contingency table  with a fixed sample of s i z e  

N1=kl (a+b) taken from the population having the factor  under study--the 

suspected antecedent factor--and a sample of of s i z e  N2=k2 (c+d) taken from a 

population with the factor  aksent. 

Table 2 

I1 l u s t  r a t  ive 2x2 Contingency Table 
from 

Prospective Sampling 

I Accident 1 Non-accident I I Row 
I A I Not A ! I Totals 
I 1 - I I ! I -- 
I 1 I I 

Factor F . . I I kla I klb I I kl (a+b) I I I 
Not Factor F I k2c I k2d I I k2 (c*) 

I - -111---- I I- -- 
I I ! I  

Column Totals I kla+k2c I klb+k2d I I kla+klb+k2c+k2d -- 



The c l a s s i c  applicat ion of prospective sampling is t o  s e l e c t  two 

samples f o r  study, one of s i z e  N1 having t h e  antecedent f a c t o r  of in te res t ,  

and the  o ther  of s i z e  N2 without the  fac tor .  These samples a r e  followed 

forward i n  time f o r  the  period of the  study and ohserved f o r  the  occurrence 

of disease, o r  accidents. Although the  t e r n  "prospectiven follows from t h i s  

typica l  applicat ion,  we should note a t  the  ou t se t  t h a t  h i s t o r i c a l  data can 

be used. Thus, f o r  example, we might ident i fy  a sample of N1=lOOO current ly  

color-blind dr ivers  and another sample of N2=2000 d r ive r s  who a r e  not color  

blind. We might look only a t  accident experience over, say, t h e  l a s t  f i v e  

years. We might equally well choose t o  t rack t h e  d r ive r s  forward i n  time 

over the  next f i v e  years. And we might combine both of these options and 

still re ta in  t h e  prospective design. The key p i n t  is t h a t  a prospective 

study is characterized by f ixed-margins sampling from d i f fe ren t  sub- 

populations having and not having t h e  study fac to r  F. 

Advantages - of Prospective Sampl inq. The most important benef i t  

avai lable  from prospective sampling is t h a t ,  j u s t  a s  with cross-sectional 

s tudies ,  the  p robab i l i t i e s  defining' r i s k  and accident causation a r e  

immediately available. I n  pa r t i cu la r ,  Pr (AIF) is kla/kl (a+b) , o r  Pr  (AIF) 

equals a/(a+b) a s  before. Similarly,  P r  (AInot F) is c/(c+d). These two 

protxbi li t i e s  needed f o r  the  defining inequali ty a r e  d i r e c t l y  available,  

i r respect ive  of the  f a c t  t h a t  we have sampled from fixed marginal t o t a l s  N1 

and N2. 

F l e i s s  [ lo ,  p. 541 demonstrates t h a t ,  f o r  the  same t o t a l  sample 

N=N +N , a prospective study yie lds  a m r e  pcwerful chi  square t e s t  of 1 2  
associat ion than does a cross-sectional study of the  same t o t a l  sample s i z e  

N. Further,  it is the  case t h a t  the  odds r a t i o  (one of the most useful 

measures of associat ion) is more prec ise ly  estimated i n  the  prospective 

study. Thus, the  prospective design is both m r e  powerful and more precise 

than a cross-sectional study of the  same s ize .  

Potent ia l  Disadvantaaes - of Prospective Sampling. Prospective 

sampling, i n  con t ras t  t o  cross-sectional sampling, does not y ie ld  any 

information about the  d i s t r ibu t ion  of the  f ac to r  F i n  the  population under 

study. Whether t h i s  is a r ea l  disadvantage depends on what addit ional  

information m y  be avai lable  about the  fac tor .  If the  d i s t r ibu t ion  of F is 

known from other  sources, then we should be able t o  re-create the  cross- 



sec t iona l  contingency table ,  and hence t h e  informa t ion ,  ava i l ab le  from a 

cross-sectional study. I f  the  d i s t r i b u t i o n  of t h e  f a c t o r  is completely 

unknown, however, then we may have l i t t l e  ins igh t  in to  t h e  r e a l  s i z e  of the  

problem even t b u g h  a/ (a+b) is much g rea te r  than c/ (ctd) . I n  shor t ,  

prospective sampling does not provide any of the  prevalence kind of 

information needed t o  a s sess  cost-benef it kinds of issues. 

4.2.3 Retrospective Studies. Retrospective s tud ies  use t h e  second of 

t h e  two ways of sampling from f ixed margins. I n  epidemiologic terms, 

re t rospect ive  s t u d i e s  r e s u l t  when primary sampling is from a f fec ted  and not 

af fec ted  populations. I n  t r a f f i c  s a f e t y  terms, t h i s  is d i r e c t l y  equivalent  

t o  sampling from accident  and non-accident (cont ro l )  populations, a s  i n  t h e  

Borkenstein e t  a l .  study [9 ] .  

The term "retrospective" is associated with "looking backwardw from 

ef f e e s  t o  causes. Epidemiologists p re fe r  the  term "case-history," but  we 

s h a l l  use "retrospectiven t o  prevent confusion between the  "case-history" 

and "case-s tudy" approach. 

Table 3 i l l u s t r a t e s  t h e  2x2 contingency t a b l e  a r i s i n g  from 

re t rospect ive  sampling. Here a sample of fixed s i z e  N3=k3(atc) is drawn 

from an accident  population and a sample of fixed s i z e  N4=k4(b+d) is taken 

from t h e  cont ro l  population. 

Table 3 

I l l u s t r a t i v e  2x2 Contingency Table 
from 

Retrospective Sampling 

I Accident 1 Non-accident I I Row 
I A 1 Not A I I Tota l s  

Factor F . . I 1 k3a I k4b I I k3a+k4b I I I 
Not Factor F I k3C I k4d I I k3ctk4d I - 1 

--- I I -- 

Column Tota l s  I k 3 ( a h )  I I k3a+k4b+k3c+k4d - - I k4 --- - 



As noted e a r l i e r ,  t he  bulk of pas t  accident-investigation work is of 

the  c a s e s t u d y  type and is akin t o  sampling only from t h e  accident 

population. In t h i s  respect,  such s tud ies  provided-assuming t h a t  correc t  

sampling techniques were f ollowed--one-half of a retrospective design 

undertaken a s  pa r t  of a s t a t i s t i c a l  approach t o  accident causation. These 

s tudies  typica l ly  did not focus on determination of accident cause-they 

frequently emphasized determination of i n  jury mechanism-and, a s  noted i n  

Section 2.1, the  determination of cause, i f  attempted a t  a l l ,  was undertaken 

i n  a fundamentally d i f f e r e n t  manner than we a r e  recommending here. 

Advantages - of Retrospective Sampling. In  the  preceding sec t ion  i t  

was noted t h a t ,  f o r  equal sample s i zes ,  prospective s tud ies  a r e  more prec ise  

and m r e  pwer f  ul than s tud ies  using cross-sectional sampling. F l e i s s  [ lo ,  

pp. 58-59] demonstrates fu r the r  t h a t  a retrospective study is even more 

powerful and more prec ise  than a prospective study of the  same t o t a l  N. A 

corol lary  is t h a t  a retrospective study is r e l a t i v e l y  more a t t r a c t i v e  f o r  

the  study of r a r e  events, such a s  accidents and some diseases. 

I t  is appropriate t o  note here t h a t  the  advantages of precision and 

power t h a t  the  retrospective study has over the  prospective study-and 

s imi la r ly  f o r  the  prospective study compared with the  cross-sectional 

study--are not a t  a l l  l i k e l y  t o  be contro l l ing  i n  the  choice of one method 

o r  the  other.  I t  is more l i k e l y  t h a t  the  choice of sampling mthod w i l l  be 

based on the  inherent app l i cab i l i ty  of one sampling method t o  the  research 

questions and fac to r s  under study and t o  the  need f o r  and qua l i ty  of da ta  

available from h i s t o r i c a l  f i l e s .  The operational e a s e - o r  lack of it-and 

cos t  of sampling t h e  non-accident, control  population a r e  a l s o  l ike ly  t o  be 

q u i t e  in f luen t i a l .  Nonetheless, the  s t a t i s t i c a l  propert ies  of the  sampling 

methods a r e  important and should be included i n  evaluating which of the  

s a m p l i g  mthods t o  use. 

Potent ia l  Disadvantages - of Retrospective Sampling. The cen t ra l  

deficiency of retrospective sampling is tha t  ne i ther  of the  two 

p robab i l i t i e s  needed t o  determine d i r e c t l y  ( the  reason f o r  t h e  emphasis w i l l  

be seen shor t ly)  whether a f ac to r  is causative of accidents is available. 

The Pr (AIF) is k3/(kja+k4b), and t h e  ~r ( ~ l n o t  F) is kjc/(k3c+k4d). Neither 

proportion can be evaluated without knowing both k j  and k4 ,  and nei ther  of 

these  is avai lable  from a fixed-margins sampling method. I f  both of these 



constants were available, then the 2x2 tab le  result ing from cross-sectional 

sampling could be re-constructed and a l l  of the  information i n  it would be 

available. 

This is not the  case, however. Careful sampling from the  accident 

population-say with some known sampling f rac t ion  s3--is not a t  a l l  the  same 

as  knowing how the N=N3+N4 driver-vehicle combinations a re  dis t r ibuted in to  

the accident and non-accident marginal t o t a l s .  In  short ,  k and s3 a r e  not 3 
related i n  such a manner t h a t  one can be derived from the  other. Similarly, 

we do not generally know the  k4 associated with the control population. 

That is, even well-designed roadside surveys do not generally presume t o  

know what proportion of a l l  driver-vehicle combinations in a given area over 

a given time are  sampled i n  the survey. 

I t  is t h i s  lack of information about how the accidents and non- 

accidents a r e  dis t r ibuted in  the  margins t ha t  resu l t s  i n  fixed-margins, 

retrospective sampling designs providing l e s s  infonnation than desired. 

Direct information about the risk associated with the presence of factor  F 

compared to  the  risk associated with absence of the factor  is not available. 

I t  cer ta inly does not follow, however, t h a t  retrospective sampling 

designs a r e  without merit. To the contrary, the  cross-product ratio-also 

known as  the odds ratio-is a highly useful measure of association, and it 

is available from a retrospective design. And because the cross-product 

r a t i o  is available, it can be demonstrated tha t  the inequality defining 

accident causation can be evaluated. The cross-product r a t i o  and the 

required demonstration a re  presented i n  the  next subsection. 

I t  is also the case t h a t  re la t ive  - risk--another useful measure of risk 

used frequently by epidemiologists--can be estimated from a retrospective 

design under cer ta in  simplifying assunptions. Relative risk is the r a t i o  of 

r isk in  the  presence of the factor  t o  risk in the absence of the factor. 

Thus it is the r a t i o  of the two probabi l i t ies  i n  the inequality defining 

accident causation. I n  the  notation of Table 3, 

Relative risk= [k3a/ (k3a+k4b) I / k3c/ (k3c+k4d) 1 



I f ,  a s  is frequently the  case, k3c<<k4d and k3a<(k4b, then 

Relat ive risk=approx [a (k4d) 1 / [c (k4b) ] 

The bracketed r a t i o  is in  f a c t  the  odds r a t i o ,  discussed i n  the  next 

subsection dealing with the  cross-product r a t io .  

4.2.4 -- The Cross-Product Ratio. Numerous measures of a s s o c i a t i o n - o r  

i n t e r a c t  ion--between var iables  i n  contingency t ab les  have been developed 

over the  years. The cross-product r a t i o  is one of these. Fore general ly,  

there  e x i s t s  an extensive body of theore t i ca l  and p rac t i ca l  l i t e r a t u r e  on 

the  analys is  of contingency tables. Clearly,  a review of t h i s  l i t e r a t u r e  is 

f a r  beyond the  scope of t h i s  report  even i f  it were possible. Readers a r e  

referred t o  Bishop, Feinberg, and Holland [ l l ]  and t o  Gokhale and Kullback 

[12] f o r  both current  information on various ana ly t i ca l  techniques and f o r  

extensive bibliographies t o  the  p r i o r  l i t e r a t u r e .  

A br ief  discussion of the  cross-product r a t i o  is included here f o r  

several  reasons. F i r s t ,  i t  is one of the  most c o m n l y  used measures of 

associat ion,  i t  has several  des i rable  propert ies ,  severa l  other  measures a r e  

functions of it, and, a s  Bishop e t  a l .  o b e r v e '  [ l l ,  p. 3771, it plays a 

cen t ra l  theore t i ca l  ro le  in  the  construct ion of log-linear models. Final ly,  

the  three  sampling methods discussed e a r l i e r  a r e  nicely unif ied i n  t e r n  of 

the  cross-product rat io.  

Definition. The cross-product r a t i o  (CPR) can be defined i n  terms 

of the  p robab i l i t i e s  of the  c e l l s  in  a 2x2 table. Using Table 1 f o r  
i l l u s t r a t i o n  and notat ion,  pll =a/Nt p12=b/N, PZl =c/N, and P ~ ~ = ~ / N .  Then 

We s h a l l  general ly use the  frequency notat ion f o r  convenience. 

The cross-product r a t i o  is a l so  equivalent t o  t h e  odds ra t io ,  and each 

can be derived from t h e  other.  Using the  probabil i ty notat ion appropriate 

f o r  Table 1, the  odds of having an accident in  t h e  presence of f ac to r  F a r e  

p1 l/pl 1 and t h e  odds of having an accident in  the  absence of F are p21/p22. 
The odds r a t i o  is simply t h e  r a t i o  of these odds, (p11/p12) / ( P ~ ~ / P ~ ~ !  r O r  

pllp22/p12p21 , t he  sane a s  the CPR given above. 



Invariance. One of the highly desirable properties of the cross- 

product r a t i o  is tha t  i t  is invariant under row and column multiplications. 

In Table 2,  i l l u s t r a t i ng  a 2x2 table  from prospective sampling, row 1 was 

multiplied by kl and row 2 was m l t i p l i e d  by k2. For Table 2 we have tha t  

CPR = (kla) (k2d) / (klb) (k2c) = ad/bc. 

From Table 3, i l l u s t r a t i ng  retrospective sampling and having column 1 

multiplied by k3 and column 2 by k4,  we have 

CPR = (k3a) (k4d) / (k4d) (k3c) = ad&. 

I t  is readily apparent t h a t  the  same resul t  would hold had simultaneous row 

and column m l t i p l i c a t i o n s  occurred. 

This is an important resul t ,  and i t  is cer ta inly one of the important 

reasons tha t  the cross-product r a t i o  is the most widely used measure of 

association. In  t e r n  of the s t a t i s t i c a l  inference approach to  accident 

causation, i t  means tha t  any of the three sampling methods-irrespective of 

the fac t  tha t  both prospective and retrospective sampling can occur w i t h  

some unknown values of k l ,  k2, k3, and k p  not equal t o  one-all produce the 

same measure of association. (The precision with which the cross-product 

r a t i o  can be measured w i l l  ' not, in  general, be the  same fo r  the three 

methods). This resu l t  is a s  one would hope for;  inferences a b u t  the 

association between the factor  F and accidents should not depend on which 

sampling method is used, o r ,  a s  is t rue  of some other measures, on the s i ze  

of the sample. 

We demonstrated above tha t  the cross-product r a t i o  derived from a 2x2 

contingency table  obtained from a retrospective sampling design is ad/bc. 

I f  the  cross-product r a t i o  is unity (one), then the accidents occur 

independently from the  factor  F; tha t  is, the  factor  is not associated with 

accidents. I t  remains t o  be shown t h a t  i f  the cross-product r a t i o  is 

greater than one, then the defining inequality with which we s ta r ted  is 

sat isf ied.  

We had t h a t  a factor  F is said t o  cause accidents i f  

P r (A(F)  > Pr(Alnot F).  

This was related t o  a contingency table  formulation derived from a cross- 

sectional samplincj study a s  shown i n  Table 1. Using tha t  table  and its 



notat ion,  we can evaluate the  inequali ty defining accident causation: 

Pr (A 1 F) > Pr  (A 1 not F) 

The following has been demonstrated. A f ac to r  F is sa id  t o  cause 

accidents  i f  the Pr (A IF) > Pr (A1 not  F) . I f  t h a t  is true,  then the  cross- 

product r a t i o  necessari ly exceeds one. The cross-product r a t i o  is avai lable  

from r e t r o s p c t i v e  study designs, and i t  is i n  f a c t  invariant  regardless of 

which sampling method is used. Therefore we can determine accident 

causation, in  a p robab i l i s t i c  sense, from retrospective s tud ies  regardless 

of the  f a c t  t h a t  we have sampled from fixed marginal t o t a l s  N1 and N2. 

But t h i s  is not the  same a s  asser t ing  t h a t  a l l  three  sampling methods 

produce the  same information about r i sk ,  f o r  they do not. Cross-sectional 

and retrospective sampling provide d i r e c t  e s t i m t e s  of the  r i sk  of an 

accident associated with the  f a c t o r  under study, but retrospective sampling 

provides only an indi rec t  estimate of the  same risk. What is not avai lable  

from a retrospective study is the  l eve l  of the  re la t ionship  between F and A. 

This is i l l u s t r a t e d  i n  Table 4. 

Clearly, the  four i l l u s t r a t i v e  cases of Table 4 a r e  very d i f f e r e n t  in  

character  and have very d i f fe ren t  t r a f f i c  sa fe ty  implications. Yet they 

d i f f e r ,  from a sampling point  of view, only i n  the  s i z e  of the  sample taken 

from the  non-accident population. The p robab i l i t i e s  a r e  included f o r  

i l l u s t r a t i o n  only, fo r  they have no rea l  meaning i n  t h i s  context and a r e  not 

ordinar i ly  computed. The cross-product ratio-note t h a t  i t  is constant- 

does have meaning, however, and i t  enables us  t o  conclude t h a t  th.e f ac to r  F 

and accidents  a r e  associated. The t ab le  a l s o  shows how the  r e l a t i v e  risk 

approaches the  cross-product r a t i o  a s  the  accidents become increasingly 

r a r e r  with respect t o  t h e  non-accident population. 



Table 4 

Illustrative Values 
from a 

Retrospective Sarnpl ing Design 

I I I I I Cross- I I I 
I a I b I c I d I product I Prob. I Prob. I Relative 
I 1 I I I ratio 1 (AIF) I (Alnot F) I risk 
I I I I I 
I I I I 1 +-- P- 
1 I I I I I I 1 

Case11501 401501 601 1.5 1 .5561 .455 11.222 
I I i I I I I I 

Case21501 4001501 6001 1.5 1 .I111 .077 11.444 
I I I I i I I I 

Case 3 1 50 1 4000 I 50 1 6000 1 1.5 1 .01235 1 .00826 1 1.494 
1 I 1 I I I I I 

Case 4 1 50 1 40000 1 50 1 60000 1 1.5 1 .00125 I .00083 1 1.499 



We a r e  now i n  a pos i t ion  t o  appreciate F l e i s s '  defense of the  cross- 

product (odds) r a t i o  and of retrospective s tud ies  [ lo,  p. 611 : 
Given these concerns, t h a t  measure of associat ion is bes t  
which is suggested by a mathematical model, which remains 
va l id  under a l t e rna t ive  models, which is capable of assuming 
predicted values f o r  c e r t a i n  kinds of populations and can 
thus serve a s  the  bas is  of a t e s t  of hypothesis, and which 
is invariant  under d i f f e r e n t  methods of studying 
association. Because the  odds r a t i o ,  o r  such a function of 
it a s  its logarithm, comes c loses t  t o  providing such a 
measure (Cox, 1970, pp. 20-21), and because the  odds r a t i o  
is estimable from a retrospective study, retrospective 
s tud ies  a r e  eminently va l id  from t h e  more general point  of 
view of the  advancement of knowledge. Peacock (1971) warns, 
however, agains t  the  u n c r i t i c a l  assumption t h a t  the  odds 
r a t i o  should be constant across d i f fe ren t  kinds of 
populations. 

4.3 Sample - Size  Considerations 

The s t a t i s t i c a l  inference approach t o  accident-causation research 

r e l i e s  heavily on sampling from accident and control  populations. I t  

therefore becomes necessary t o  look a t  the  s i z e s  of the  samples t h a t  w i l l  be 

required. There may e x i s t  research topics  of i n t e r e s t  in which the  approach 

w i l l  not work because of prohibi t ively la rge  samples. &d f o r  those topics  

f o r  which the  method is sui ted ,  we wish t o  be able  t o  est imate the  number of 

dr ivers ,  o r  vehicles, required from both accident and contro l  populations. 

As an i n i t i a l  s tep ,  t h e  required sample s i z e s  were worked out  fo r  a 2x2 

contingency table. Input parameters f o r  the  equations (Equations 3.14 and 

3.15 from reference 6) a r e  alpha, beta, t h e  estimated proportion i n  one of 

the  two samples under study, and t h e  d i f ference  between the  two sample 

proportions t o  be detected with power (1-beta). These equations were 

programmed i n  PIL within MTS, and the  required sample s i z e s  were tabulated 

f o r  parameters i n  the  range of in te res t .  Table 5 presents  these sample 

s i z e s  f o r  t h e  2x2 case. 

A cursory review of the  required sample s i z e s  suggests tha t  the  

s t a t i s t i c a l  inference approach w i l l  probably be prac t icable  f o r  some topics  

of i n t e r e s t  but  w i l l  not work fo r  others. For example, a small difference 

of 0.01 between two samples with base proportion of 0.4 requires about 

12,000 cases from both samples, and t h i s  number gives an alpha of 0.2 and a 



power of only 0.6. However, t h i s  number drops to  900 for  a base proportion 

of 0.1 and a difference of 0.025 with the same alpha and power. For small 

differences around 0.5 the required sample s izes  w i l l  l ike ly  prove 

prohibitive, but for  smaller base proportions with reasonable, in terest ing,  

and worthwhile differences between accident and control populations, the 

s t a t i s t i c a l  approach w i l l  probably work from t h i s  perspective. 

We a re  not, hwever, working with the 2x2 case in  the typical  t r a f f i c  

safety si tuation.  Extensions of F le i ss '  equations 3.14 and 3.15 have not 

been found in  the  l i t e r a tu re  for  e i ther  mxn (2-dimensional) contingency 

tables or f o r  multi-dimensional tables. Neither have HSRI nor S t a t i s t i c a l  

Research Laboratory consultants been able t o  provide expl ic i t  guidance on 

t h i s  topic. Both because of the inherent complexity of determining sample- 

s i z e  requirements generally, and because we probably could not 

sa t i s fac tor i ly  estimate the required parameters anyway, we w i l l  probably be 

forced to  use the 2x2 tabulations for planning and design purposes. These 

can be used for  guidance in  future  experimental work and extended t o  the 

general s i tua t ion  by whatever insight and judgement can be brought t o  bear. 

Some thought, however, has been given t o  a simulation approach using 

programs l ike  ECTA or  GENCAT for  helping t o  resolve the sample-size problem, 

and we w i l l  continue t o  investigate the  f ea s ib i l i t y  of such an approach. 



Table 5 

Required Group Sample S i z e s  
f o r  

2x2 Contingency Table 
(Wo-Tailed T e s t s )  

I 1 1 Power (1-Be t a )  
P(A) i n  I D i f f .  i n  I Alpha I -  - 
con t ro l  I p r o k .  I ( s i g n i f )  1 .90 1 .80 1 .70 1 .60 

1 I I t 1 
I , I I 

I I I I I I 
.4 1 .01 I .05 1 51052 1 38182 1 30882 ( 23936 
.4 1 .01 1 .10 1 41687 1 30159 1 23724 1 17704 
.4 1 .01 1 .20 1 32031 1 22867 1 16625 1 12099 

I I 1 I I I 
.4 1 .025 1 .05 1 8308 1 6237 1 5063 1 3945 
.4 1 ,025 1 . l o  1 6801 1 4946 1 3911 1 2942 
.4 1 .025 1 .20 I 5247 1 3750 1 2768 1 2080 

I I 1 I I I 
.4 1 .05 1 .05 1 2131 1 1610 1 1314 1 1033 
.4 1 .05 1 .10 1 1752 1 1284 1 1024 1 779 
.4 1 .05 1 .20 1 1360 I 974 I 735 1 543 

I I I I I I 
.1 I . O l  I .05 1 20150 1 15131 1 12284 1 9575 
.1 I . O l  I .10 1 16498 1 12001 1 9491 1 7143 
.1 J . O l  1 .20 1 12731 1 8841 1 6722 1 4791 

I I I I I I 
.1 I .025 1 .05 1 3514 I 2661 1 2177 1 1716 
.1 1 .025 1 .10 1 2 8 9 3 1  21281  1 7 0 2 1  1302 
.1 1 .025 1 .20 1 2252 I 1591 1 1230 1 900 

I I I I I I 
.1 I .05 I .05 1 9 9 5 1  7 6 2 1  6 3 0 1  503 
.1 1 .05 1 .10 1 825 1 516 1 499 1 389 
.1 I .05 1 -20 I 6 5 0 1  4 6 8 1  3 6 9 1  278 

I I I I I 1 
. O l  I . O l  I .05 1 34921  27001  22501  1821 
. O l  I . O l  I .10 1 2916 1 2205 1 1807 1 1432 
. O l  I . O l  1 .20 I 2320 1 1703 1 1365 1 1053 

I I I I I I 
. O l  1 .025 1 .05 1 890 I 701 I 593 1 490 
. O l  1 .025 1 -10 1 752 1 582 1 486 1 396 
. O l  1 .025 1 .20 1 6 0 9 1  4 6 1 1  3 7 9 1  303 

I I I I I I 
.01 1 .05 1 .05 1 3 5 7 1  2 8 5 1  2 4 3 1  203 
. O l  1 .05 1 .10 I 3 0 4 1  2 3 9 1  2 0 2 1  167 
. O l  1 .05 1 .20 2 4 9 1  1 9 2 1  1 6 0 1  130 



4.4 Potential  Problems 

The material presented thus f a r  has included an appraisal  of some 

strengths of the s t a t i s t i c a l  approach t o  accident-causation research. I t  

was a lso noted t h a t  the approach is not well sui ted t o  the  study of 

t ransient  phenomena generally, and t o  the  study of cer ta in  human conditions, 

such as  dozing, ~ o s e  measurement i n  a control population d i s t u r b  the 

s i tua t ion  being measured. 

In  addition t o  these issues, other potential  problems ex i s t  with the 

s t a t i s t i c a l  approach which users should consider. These include, a s  noted 

before, the  collection of control-group data. Further, there is a 

p t e n t i a l l y  serious problem connected with drawing inferences from a study 

in which a study variable in te rac t s  with an unknown variable t h a t  influences 

the occurrence of an accident. Another face t  of t h i s  same problem is 

concerned with knowing when it is possible t o  collapse a contingency tab le  

into one of fewer dimensions without d i s tor t ing  the  s t ruc ture  of the data. 

4.4.1 Control-Croup Problems. The ident i f icat ion of a su i tab le  

control group and col lect ion of data on members of tha t  group is an 

indispensable par t  of the s t a t i s t i c a l  approach. The general requirement is 

tha t  the control  group members be exposed t o  a s  nearly the same s e t  of 

accident-producing factors  a s  was the accident group. 

Roadside surveys probably come the c loses t  t o  matching t h i s  requirement 

when t h e  study focuses on human and vehicular variables and when a 

retrospective design is in  use. Typically survey locations a r e  picked a t  

places t ha t  pas t  accidents have occurred, and the driver/vehicles passing 

these locations a t  the times past  accidents have occurred a r e  included i n  

the survey on a sample basis. The design of roadside surveys and the  

pract ical  issues regarding t h e i r  conduct a r e  well covered i n  the 

l i t e r a t u r e  [14]. Wolfe's bibliography on highway t rave l  exposure research 

methods also contains sections pertinent t o  t h e  use of such surveys [15]. 

The principal disadvantage of such surveys is pract ical ,  not 

theoretical .  They do, however s l igh t ly ,  inter£ e r e  with the f r ee  passage of 

the mtoring public, and t h e  collection of data from motorists can be 



considered an invasion of privacy. These issues, and t h e  perception of 

these i ssues  by policy-making organizations, led us t o  inves t iga te  

a l t e rna t ive  ways of co l l ec t ing  t h e  required cont ro l  data. 

In pa r t i cu la r ,  the  concepts and techniques of induced exposure were 

invest igated i n  some depth, and t h e  appraisal  of t h i s  method of col lec t ing  

cont ro l  group information appears i n  Appendix C. Unfortunately, t h i s  

technique was judged t o  be not appropriate f o r  the  s t a t i s t i c a l  approach. 

Induced exposure has been tes ted  agains t  more conventional techniques, and 

general ly the  r e s u l t s  have been unacceptable. Its use is ce r t a in ly  

conceptually a t t r a c t i v e ,  but the  avai lable  da ta  do not support such a choice 

a t  the  present time. 

The r e s u l t  is t h a t  the  col lec t ion  of the required exposure da ta  st i l l  

must be designed on an individual  basis  t o  match the  research questions 

under study, and the re  is no s ing le  technique t h a t  can be universal ly 

recommended f o r  the  s t a t i s t i c a l  approach. 

4.4.2 In terac t ion  between Variables. One of the  most troublesome 

problems associated with the  s t a t i s t i c a l  inference approach a r i s e s  when a 

study fac to r  i n t e r a c t s  with another variable t h a t  influences the  accident 

probabi l i t ies .  The most ser ious  s i t u a t i o n  occurs when the  in te rac t ive  

var iable  e x i s t s  but  is unknown t o  the  invest igator;  t h i s  has been labeled a 

"lurking" variable.' Even i f  the  invest igator  has information about 

in te rac t ive  variables,  t h e  in fe ren t i a l  process must be handled with 

considerable care. These s i tua t ions  a r e  discussed i n  t h e  following 

subsect ions. 

Lurkinq Variable. We s h a l l  i l l u s t r a t e  t h i s  issue with two 

examples t h a t  a r e  completely manufactured. The data  i n  these  examples have 

no inherent meaning whatsoever, and they should of course not he quoted 

except i n  an i l l u s t r a t i v e  context. 

The study fac tor ,  in  both examples, is t i r e  condition, with two 

dichotomous c l a s s i f i c a t i o n s  possible on t h i s  f ac to r ,  "badn and "good. " 

The o r ig ina l  source of t h i s  lake1 is not known t o  the  s t a f f  member 
suggesting its use i n  the  present context. 



(These terms a re  purposefully not defined fur ther) .  The response variable, 

as usual, has two levels,  accident (A) and non-accident (not A )  . The 

lurking, unknown variable in  these examples is driving aggressiveness, and 

it is measured by the two-level responses "normal" (N)  and " f a s tn  (F) . 
Table 6 shows the resu l t s  of a hypothetical experiment using cross- 

sectional sampling. (This is adopted fo r  simplicity; the  choice is not 

central  t o  the  argument). I t  is readily apparent that: 

WAIF) = Pr(Albad t i r e s )  = 0.25 , and 

Pr(Alnot F) = Pr(A1good t i r e s )  = 0.0625. 

We can, therefore, conclude d i rec t ly  t ha t  "Tire Condition = Badn is a cause, 

in a probabi l is t ic  sense, of accidents. This conclusion would a l so  follow 

if  prospective sampling had occurred. I f  retrospective sampling had been 

used to  obtain these data, we would not compute the two probabi l i t ies  given 

above, kt rather Pr(F1A) = 0.5 and Pr (Flnot A) = 0.167. Irrespective of 

sampling technique, we would note tha t  the  cross-product r a t i o  is 

ad/bc = (100x1500)/(300x100) = 5.0, and would arr ive a t  the  same conclusion. 

Table 6 

Interaction Example 
A l l  Drivers 

I Accident I Non-accident I I Row 
Ti re Condition I A Not A I 1  Totals 

, I - I - -- I I -  
1 I I I 

Bad . I 100 I 300 1 I 400 
I I I I 

Good . I 100 I 1500 I I 1600 
I - I 1 ---- I I 
I I I I 

Column 1 I I I 
Totals I 200 I 1800 1 I 2000 

To look a t  the potential  savings to  be realized from a countermeasure 

designed t o  remove a l l  bad t i r e s  from the road, we would calculate  

(ad-bc)/(a+c)=75. We would conclude that ,  fo r  t h i s  sample, 75 accidents 

could be prevented i f  a l l  bad t i r e s  were removed. (This specif ic  resu l t  



does depend on having the  tabulated r e s u l t s  generated by cross-sectional - 
sampling, but t h e  general problem being i l l u s t r a t e d  holds i r respect ive  of 

sampling technique.) 

But suppose now t h a t  we had a clue-from our own p r i o r  research, from 

the  l i t e r a t u r e ,  o r  j u s t  a good hunch-that driving aggressiveness (our 

heretofore lurking variable)  and t i r e  condition a r e  i n  f a c t  related. That 

is, the  t i r e s  t h a t  f a s t  d r ive r s  have a r e  not the  sane, on the  average, a s  

the  tires t h a t  normal dr ivers  have. With t h a t  information, we would have 

included a measure of driving aggressiveness in  our data s e t ,  of course. 

Our h y p t h e t i c a l  da ta  s e t  can now be presented i n  two tables ,  Table 7 f o r  

normal dr ivers ,  and Table 8 f o r  f a s t  dr ivers .  The two t ab les  t q e t h e r  

produce Table 6 f o r  a l l  d r ive r s  when they a r e  collapsed across the  driving 

aggressiveness variable.  

Table 7 

I n t e r a c t  ion Example 
Normal Drivers 

I Accident 1 Non-accident 1 I Row 
T i r e  Condition I A I Not A I1 Tota ls  

1 I 
I I -- I I 
I I I I 

Bad . I 9 I 291 I I 300 
I I I I 

Good . 1 4 5 I 1455 I I 1500 
I - .---- I I 
I I I I 

Column I I I I 
Totals  I 5 4 I 1746 I I 1800 

Now we have from Table 7 ,  describing t h e  accident experience of the  

normal dr ivers  i n  t h i s  h y p t h e t i c a l  da ta  set, t h a t  t h e  cross-product r a t i o  

is 1 . O r  and (ad-bc)/(a+c) is zero. For these  normal dr ivers ,  the re  is no 

in terac t ion  between t i r e  condition and accident  experience, and elimination 

of bad tires has no e f f e c t  whatsoever on t h e  sa fe ty  s i tua t ion .  

Table 8, however, produces a cross-product r a t i o  of 8.27. Thus, f o r  

the  f a s t  d r i v e r  subset ,  t he re  is a s t rong in te rac t ion  between t i r e  condition 



Table 8 

Interaction Example 
Fast Drivers 

I Accident 1 Non-accident I I Row 
T i  re  Condition I A I Not A 1 1  Totals -- 1 I 

I I -I I - 
Bad . 

1 I I I 
Good . 1 55 I 4 5 I I 100 

I +----- I I- 
I I I I 

Column I 1 I I 
Totals I 146 1 5 4 I I 200 

and accident experience. Evaluation of the (ad-bc)/ (a+c) expression shows 

tha t  the mximum potent ia l  reduction i n  accident frequency by eliminating 

bad t i r e s  is 36, not the 75 t h a t  might have been anticipated. 

The f i r s t  example above shows tha t  it is en t i re ly  p s s i b l e  for  a 

lurking variable t o  erroneously magnify the  benefits  t o  be expected by 

eliminating the unwanted e f f ec t s  of some study variable. The converse can 

also happen, t ha t  is, interact ive e f f ec t s  can mask a causative factor  and 

the accident-reduction potent ia l  of an associated countermeasure. This is 

i l l u s t r a t ed  i n  our second example contained i n  Tables 9-11. 

Table 9 

Second Interaction Example 
A l l  Drivers 

---pp-ppppp - 

I Accident I Non-accident I I Row 
Ti recondi t ion  1 A Not A I I Totals 

I I - I -- 
4 -I I -- 
I I I I 

Bad . I 40 1 3 60 I I 400 
I I I I 

Good . I 160 1 1440 1600 
I I --- I I 

I - I I - 
I I I I 

Column I I I1 
Totals I 200 I 1800 1 1  2000 



Table 10 

Second In te rac t  ion Example 
N o m l  Drivers 

1 Accident I Non-accident I 1 Row 
T i re  Condition I A I Not A 1 1  Totals  

L I 
1 I - I  I 
I I I I 

Bad . 1 3 0 I 3 30 I I 360 
I I I I 

Good . I 70 I 1170 I I 1240 
I I - --I I 
I I I I 

Column I I I I 
Totals I 100 I 1500 I I 1600 

Table 11 

Second In te rac t  ion Example 
Fast  Drivers 

I Accident 1 Non-accident I I Row 
Tire  Condition I A I Not A I I Totals  

I I 

I I I1 
Bad . I 10 I 30 I I 40 

I I I I 
Good . I 90 I 2 70 I I 3 60 

I -3------------- 1 1 - 
I I 1 1  

Column I I 1 I 
Totals I 100 I 300 1 I 400 

The f i r s t  and t h i r d  t ab les  of t h i s  second example both have cross- 

product r a t ios  of 1.0, indicat ing t h a t  bad t i r e s  do not cause accidents and 

t h a t  nothing is t o  be gained by t h e i r  elimination. However, the  second 

t ab le  (Table l o ) ,  depicting t h e  experience of the  normal dr iver  subset,  

exhibi ts  a CPR of 1.52 and an accident-reduction potent ia l  of 9.68. Thus, 

i f  we were t r u l y  unaware of the lurking variable and its e f fec t s ,  we would 

have erroneously concluded from t h e  f i r s t  t ab le  (Table 9) t h a t  no accident 



reduction could have been achieved by eliminating bad t i r e s .  

Implications. These resu l t s  a r e  of obvious importance in  

assessing whether potent ia l  accident factors  a re  causative and i n  evaluating 

accident-reduct ion potential  of a countermeasure aimed a t  a spec i f ic  

causative factor. We must always be wary of claims based on single-factor 

analyses, and we must continue t o  question whether lurking variables a re  a t  

work. Clearly we must attempt t o  expose the  lurking variables, t h a t  is we 

must seek t o  ident i fy  them, include them i n  our data set, measure them, and 

then handle them correct ly  i n  our analyt ical  and infe ren t ia l  work. 

Three other points a re  worth noting. The f i r s t  is tha t  nei ther  

s t a t i s t i c a l  (analytical)  control  nor experimental control  (control i n  the  

design and conduct of the experiment) w i l l  solve the lurking-variable 

problem. Second, t h i s  problem is not unique t o  the s t a t i s t i c a l  inference 

approach to  accident-causation research; i t  is a l so  present i n  the  case- 

study approach. I f  there is a lurking variable present i n  some accident s e t  

under study, then the case-study investigator necessarily has an incomplete 

s e t  of candidate accident-causation factors  a t  the  outset. His accident- 

causation mde l  is necessarily incomplete, and thus h i s  conclusions may be 

e i ther  erroneous, incomplete, o r  misleading. Finally, although the examples 

given here a r e  s t r i c t l y  h y p t h e t i c a l  and perhaps pathologic, lurking 

variables a re  not jus t  freak anomalies tha t  never occur i n  practice. Real 

examples from the medical f i e l d  w i l l  be presented i n  the  next subsection, 

and it is possible t o  find rea l  examples from the  t r a f f i c  f ie ld .  

4.4.3 Collapsing Tables. The problem of interact ive variables was 

presented i n  the preceding section i n  the context of a lurking variable. A 

similar problem-they d i f f e r  mostly in  the perspective one adopts i n  looking 

a t  thew-can a r i s e  when there is interaction between between fu l ly  exposed 

variables, tha t  is none of them is a lurking, unknown variable. The 

question a r i ses  when we consider under what conditions it is possible t o  

collapse an n-dimensional array in to  one of n-1 (or fewer) dimensions. 

Again we sha l l  i l l u s t r a t e  t h i s  issue w i t h  the simplest possible example, a 

2x2~2 table,  o r  equivalently, two 2x2 layers. 

The reason we are  interested i n  knowing whether it is possible t o  

collapse arrays is tha t  doing so is generally desirable,  but only i f  the 



s t ruc tu re  of the  da ta  is not d is tor ted .  This is a pa r t  of the  whole process 

of searching f o r  ways t o  s implify complex data  sets and t o  f ind  t h e  simplest 

m d e l s  which adequately describe the  da ta  a t  hand. 

The general process is analogous t o  f i t t i n g  a curve (a simple 

mathematical model) t o  a set of experimental data,  say f i v e  x,y points  in  

2-space. A fourth-order curve re l a t ing  x and y can be f i t  t o  the  data- 

exactly, it turns  out ,  with no e r r o r  terms. The sixth-order curve, however, 

is l i k e l y  t o  t e l l  us  no more about the  underlying phenomenon than the  f i v e  

o r ig ina l  data p i n t s .  I f ,  however, a l i n e a r  model f i t s  the  data-adequately 

meeting goodness-of-fit criteria--then we have probably learned a g rea t  deal  

m r e  about the  general x,y re la t ionship  than we would have learned from a 

m r e  exact, higher-order model. 

Similarly,  it is usually t h e  case t h a t  we want t o  use t h e  simplest  

m d e l  avai lable  t h a t  does jus t i ce  t o  t h e  data. Suppose we a r e  in teres ted  i n  

the  re la t ionship  between alcohol use and accident experience, and suppose 

t h a t  age d a t e - i n  the  form of 10-year age groupings--are a l s o  available.  We 

should be in teres ted  i n  knowing i f  the  da ta  can be collapsed across the  age 

variable,  f o r  the  countermeasure implications of a general finding holding 

f o r  a l l  ages d i f f e r s  from t h a t  of a f inding t r u e  only for ,  say, the  15- t o  

25-year-old drivers. 

Bishop, Feinberg, and Holland [ l l ,  p.411 provide an example using data 

from s tud ies  r e l a t ing  infant  survival  t o  amount of prenatal  care  a t  each of 

two c l in ics .  Their  Tables 2.4-2 and 2.4-3 appear below a s  Tables 12 and 13. 

The m r t a l i t y  r a t e s  i n  Table 12 a r e  seen t o  vary between c l i n i c s ,  but 

within c l i n i c s  they d i f f e r  l i t t l e  f o r  d i f f e ren t  amounts of prenatal  care. 

The cross-product r a t i o  fo r  Cl in ic  A is 1.25, and f o r  C l in ic  B it is 0.99. 

The authors note t h a t  both r a t i o s  a r e  sm11 and t h a t  the re  is l i t t l e  

re la t ionship  between care  and survival.  

Table 13  presents  the  pooled data  from t h e  two c l in ics .  Here the  

m r t a l i t y  r a t e s  d i f f e r  markedly fo r  " l e s sn  o r  "mre"  care,  and t h e  cross- 

product r a t i o  is 2.8. Based on only t h i s  l a t t e r  t ab le ,  an invest igator  

would erroneously conclude t h a t  survival  and care  a r e  related.  

The point  of t h i s  example is tha t  Bishop, Feinberg, and Holland have 

presented a s e t  of log-linear, h ierarchica l  models and have s e t  fo r th  



Table 12 

Three-Dimensional, Interact ive Array 

I I Infants '  Survival I  I 
Place 1 Amount of I- I  I Mortality 

I  Care I  Died 1 Survived I I  Rate(%) 
I I I 
I I --- I I 
I I I 1 I  
I Less I 3 1 176 I I 1.7 

Cl inic  A I  I I  I I 
I  More I 4 1 29 3 I I 1.4 
I I I I  I  
I  I  1 1 I 
1 Less I 17 1 197 I  I 7.9 

Cl inic  B I I I  I 1  
I More I 2 1 2 3 1 I 8.0 

Source: Table 2.4-2, Three-Dimensional Array Relating Survival of 
Infants t o  Amount of Prenatal Care Received i n  Two Clinics 
(Bishop, Feinberg, and Holland [ l l ,  p.411). 

Table 13 

Collapsed Array 

I  I Infants '  Survival ---- I I 
Place 1 Amount of I- I  I Mortality 

I Care I Died I Survived 1 I Rate(%) 
I I I - -  
I I  I  
I I I  I  I 
I  Less 1 20 1 37 3 I I 5.1 

Both I I I I I 
I More I  6 1 316 I I 1.9 

Source: Table 2.4-3, Three-Dimensional Array Relatirq Survival of Infants  
t o  Amount of Prenatal Care Received in  Two Clinics  (Bishop, 
Feinberg , and Holland [ l l ,  p. 411 ) . 

pertinent properties and theorems. One such theorem specif ies  when it is 

possible t o  collapse models and when such is done only a t  the expense of 

a l te r ing  the or iginal  data structure.  That theorem indicates tha t  

co l laps ib i l i ty  is not possible i n  the  above example, and a pract i t ioner  



guided by ex i s t ing  theory would not a r r i v e  f a l s e  conclusion. 

I t  is our in ten t  t o  apply these  lessons t o  the  subsequent f i e l d  

a c t i v i t i e s  t o  be undertaken i n  Phase I1 and t o  t h e  da ta  analy t ic  work i n  

Phase 111. Speci f ica l ly ,  we w i l l  t r y  t o  p r e j u d g e  the  f ac to r s  tha t  a r e  

l i k e l y  t o  be correlated with the  study fac to r s  and include them i n  the  da ta  

collected during Phase 11. Having done so, we w i l l  then apply the  theory 

re l a t ing  t o  multidimensional contingency t ab les  t o  pick appropriate ana ly t i c  

models and t o  appropriately simplify the  models t o  a s s i s t  i n  understanding 

t h e  f ac to r s  under study. 





5. CHOICE OF APPROACH AND RESEARCH TOPICS 

The preceding sec t ions  have demonstrated t h a t  the  case-study approach 

is b e t t e r  su i ted  t o  the  study of some top ics  of i n t e r e s t  than is the  

s t a t i s t i c a l  inference approach. They have a l s o  shown t h a t  the  converse is 

j u s t  as  sure ly  true. Clearly,  therefore,  it is not general ly wise t o  pick 

the  study topics  independently from methodological considerations. 

Conversely, an inves t iga tor  does not general ly pick h i s  methodological 

approach and then shop around f o r  appropriate study topics. Ordinarily one 

looks a t  both issues together. 

In  the  present  study, however, we a r e  recommending t h a t  only t h e  

s t a t i s t i c a l  approach be implemented i n  the  f i e l d  portion of the  program. 

The purposes of t h i s  sect ion a r e  t o  s e t  f o r t h  the  reasons f o r  t h i s  choice 

and t o  present the  procedures t h a t  were followed i n  choosing topics  fo r  

study. 

5.1 Choice of Approach -- 
Heretofore we have ident i f ied  a. number of reasons wpy we prefer  the  

s t a t i s t i c a l  inference approach t o  accident-causation research t o  the  case- 

study approach. The f i e l d  work associated with the  s t a t i s t i c a l  approach is 

inherently more object ive and l e s s  judgemental. I t  seems b e t t e r  su i ted  t o  

the  study of complex, in te rac t ive  phenomena t h a t  do not have an obviously 

v i s i b l e  influence on accident occurrence. The approach lends i t s e l f  t o  

reducing a complex problem in to  sub-problem of manageable s i z e  t h a t  can be 

studied individually. I t  a l s o  has the  capabi l i ty  of identifying both 

pos i t ive  and negative e f f e c t s  of a f ac to r ,  and i t  is sui ted  t o  the  

evaluation of many countermeasures. 

Two other  reasons support our recommendation f o r  using only the  

s t a t i s t i c a l  approach in  the  balance of the  present study. The f i r s t  is t h a t  

the  case-study approach has received much more f inancia l  s u p p r t  and 

implementation i n  the  past ,  and thus, a s  an iden t i f i ab le ,  organized 

a c t i v i t y ,  it is much fu r the r  developed than the  s t a t i s t i c a l  approach. The 

f i n a l  report of the  I n s t i t u t e  f o r  Research i n  Public Safety [8] contains a 

number of suggestions f o r  inproving t h e  case-study approach, but these a re  



m s t l y  refinements of a methodology t h a t  is generally well i n  place. Our 

judgement is tha t  the development of accident-causation research capabi l i ty  

w i l l  be furthered more by major advances in the  s t a t i s t i c a l  approach than by 

f in-tuning the case-study approach. 

The second reason is tha t  the s t a t i s t i c a l  approach is probably be t te r  

suited t o  the  National Accident Sampling System (NASS) than is the case- 

study approach. The l a t t e r  reaches its maximum potential  i f  applied by a 

team of sk i l led  spec ia l i s t s ,  each devoting a considerable e f fo r t  t o  the  

determination of the cause(s) of a group of individual accidents. NASS, 

however, is intended t o  serve in te res t s  other than just  accident-causation 

determination. I t  is l ike ly ,  therefore, t ha t  the NASS resources w i l l  not 

support the case-study approach t o  the  extent needed t o  use it properly. 

The capabil i ty t ha t  the s t a t i s t i c a l  approach of fe rs  t o  study just  a few 

factors a t  one time is more a t t r ac t ive  than implementing a case-study 

approach of reduced scope, whether by applying l e s s  e f f o r t  per accident or  

by compromising representativeness by samplinq fewer accidents. NASS, on 

the other hand, can enhance the s t a t  is t i c a l  approach considerably through 

its acquisit ion of much auxil iary data. Such data w i l l  permit the tes t ing 

of interact ive e f f ec t s  and the search f o r  lurking variables so t h a t  t h e i r  

e f f ec t s  may be minimized i n  future  studies. 

5.2 Choice of Research Topics -- 
The i n i t i a l  se lect ion of research topics for  study is a m t t e r  of 

judgement. There a r e  no easy answers to  the question of what t o  study. 

This is because, i n  accident-causat ion research, present accident costs  and 

future  benefits  from t h e i r  reduction cannot rea l ly  be known unless one has 

considerable pr ior  knowledge about them. Specifically,  the frequency and 

severity of accidents caused by some factor ,  the  amenability of these 

accidents t o  reduction by countermeasures, and the  costs of implementing the 

countermeasures a l l  would be needed t o  analyze costs  and benefits. Were 

these known i n  any quant i ta t ive  way, a research enterprise would not be 

needed and we would probably not be engaged i n  t he  present study. 

This is not t o  imply tha t  se lect ion of a research topic can 

subsequently be judged r igh t  o r  wrong on the basis of countermeasures 

result ing from its study. I n  t h i s  regard, the  his tory of research on 



drinking dr ivers  is worthy of mention. Drinking d r ive r s  were a major focus 

f o r  a number of years. Surely they were a big problem, and t h e  problem 

remains. Much has been learned about alcohol and its role i n  accidents,  but 

our pe r s i s t en t  i n a b i l i t y  t o  devise and implement e f fec t ive  countermeasures 

has led t o  f r u s t r a t i o n  and a s h i f t  i n  research p r i o r i t i e s .  But t h i s  does 

not m a n  t h a t  decisions t o  undertake alcohol research were ill conceived. 

Apart f r m  the  spin-off  benef i t s  of such research, it was v i t a l l y  important 

t o  place the  alcohol issue i n  focus and perspective so t h a t  other  causative 

f ac to r s  can be researched properly. The point  of t h i s  digression is simply 

tha t ,  although we have kept the  countermeasure issue i n  mind, we have not 

l e t  it d i c t a t e  our choice of research topics. 

5.2.1 Survey of User Needs. Senior members of the  study group met --- 
with NHTSA p e r s o ~ e l  i n  November, 1977 t o  discuss program needs f o r  

accident-investigation information relevant t o  accident causation. 

Vision was a m j o r  topic  of i n t e r e s t  i n  these discussions. Factors 

mentioned included dr iver  vision c a p a b i l i t i e s  (pa r t i cu la r ly  dynamic v isual  

acuity and f i e l d  dependence), v i s i b i l i t y  r e s t r i c t i o n s  re la ted  t o  vehicle 

design, t in t ed  windshields, and innovations in  vehicle l ighting.  

UDAts--Unsafe Driver Act ions-were  another focus of in teres t .  The 

concept is sti l l  i n  its ea r ly  development, but i t  is associated with those 

ac t ions  of a d r ive r  which he knows a r e  unsafe o r  i l l e g a l .  The premise is 

t h a t  such ac t ions  m y  be corrected by education and enforcement. A more 

prec ise  de f in i t ion  of UDA's is needed, along with a comprehensive scheme t o  

ident i fy  them. Countermeasures, na tura l ly ,  must a l so  be considered. 

Alcohol use, i n  i t s e l f ,  is not considered a UDA, but there is i n t e r e s t  i n  

the  in terac t ions  between alcohol use and Urn's. 

Youthful d r ive r s  were the  subject  of several  conversations. 

Iden t i f i ca t ion  of accident-causation mechanisms associated with youth may be 

expected t o  lead t o  countermeasures. 

Although the  current  project  is expected t o  concentrate on passenger 

cars ,  mopeds and t rucks  were a lso  mentioned i n  our discussions. There was 

a l so  some i n t e r e s t  i n  t h e  problem of pedestrians being struck by mirrors 

protruding from vehicles. 



Concerning vehicle factors,  there was in te res t  in  obtaining accident 

data relevant t o  planned rulemaking. These topics include t i r e s  (pressure, 

automatic pressure indicators, mixtures of generic types, traction,  and 

retreads),  handling, and braking. The l a s t  of these includes radar braking 

devices, loss  of control  during braking, the  adoption of braking standards 

similar to  those i n  Europe, and the  extension of braking standards t o  

vehicles other than passenger cars. 

The meetings demonstrated t h a t  the various groups a re  primarily 

interested i n  obtaining accident-causation infomation re la t ive  t o  t he i r  

current and projected program plans. The t a l k s  were useful, and they have 

guided us in  planning the  study. However, we have not l o s t  s igh t  of the 

fact  t ha t  one of our goals is the discovery of countermeasures in subject 

areas not ye t  defined o r  planned for. 

A complete report on these discussions may be found i n  Appendix D. 

5.2.2 Other Inputs. The questions pertinent t o  the select ion of study 

topics identified i n  the RFP were a lso considered with care. These 

questions were sorted into  human, vehicular, and environmental groups t o  

f a c i l i t a t e  t he i r  consideration. 

The NHTSA' s five-year rule-mak ing plan was a lso read and discussed 

during the selection process. A s  expected, its contents and p r i o r i t i e s  were 

similar t o  those identified i n  the  survey of NHTSA user needs. 

As noted e a r l i e r  i n  t h i s  report, we a l so  reviewed the  l i t e r a tu re  of 

accident causation (see Section 2 and Appendix A ) .  This was done primarily 

t o  learn about the research methodologies t h a t  have been employed, but 

others ' taxonmi es of accident-causation factors  were a lso useful. Of 

special  in te res t  were the factors  used by the I n s t i t u t e  for  Research in 

Public Safety in its "Tri-Level Study of the Causes of Traff ic  Accidents" 

[81 

5.2.3 Assessment. Armed with these inputs, numerous topics were 

assessed fo r  t h e i r  amenability t o  study by the s t a t i s t i c a l  inference 

approach. A table  (the Accident Causation Worksheet, found i n  Appendix E )  

was prepared to  s m r i z e  these preliminary assessments. We then determined 

which of the three sampling techniques discussed i n  Section 4 would work 



bes t  f o r  var ious  topics.  F ina l ly ,  we chose one top ic  f o r  each of the  t h r e e  

sampling methods. These top ics  were se lec ted  t o  i l l u s t r a t e  t h e  methods, of 

course, b u t  they a r e  a l s o  relevant  t o  NHTSA rule-making a c t i v i t i e s  and 

research on them w i l l  con t r ibu te  t o  the  body of t r a f f i c  s a f e t y  knowledge. 

The topics-accident experience among s t o l e n  vehic les ,  accident  experience 

among field-dependent d r ive r s ,  and f u r t h e r  research r e l a t i v e  t o  vehic le  

handling-are de ta i l ed ,  along with experimental designs, i n  Sect  ion 6 

following. 





6. PRELIMINARY DESIGNS FOR PHASE-I1 PROJECTS 

This sec t ion  presents  the  three  experimental p ro jec t s  t h a t  we a r e  

recommending be undertaken i n  Phase 11. The th ree  have i n  c o m n  t h a t  one 

o r  m r e  of the  research o r  program divis ions  i n  NHTSA has expressed i n t e r e s t  

i n  fu r the r  study. Each is bes t  su i t ed  t o  and i l l u s t r a t e s  one of the  th ree  

basic sampling techniques discussed e a r l i e r .  

Section 6.1 describes a projec t  f o r  determining t h e  accident experience 

among s t o l e n  vehicles,  and i t  i l l u s t r a t e s  cross-sectional sampling. 

Determination of the  accident experience among visual ly  f i eld-dependent 

d r ive r s  has been chosen t o  i l l u s t r a t e  a prospective sampling design, and i t  

is described i n  Section 6.2. Retrospective sampling would be employed i n  

the  t h i r d  study, fu r the r  research on se lec ted  i ssues  re la ted  t o  vehicle 

handling and s t a b i l i t y .  That discussion appears i n  Section 6.3. 

Accident Experience anong Stolen Vehicles 

The development and spec i f i ca t ion  of a t h e f t  protect ion standard was 

undertaken by t h e  (then) National Highway Safety Bureau in  the  l a t e  1960's. 

Although there  was some discussion a t  t h a t  time regarding whether t h i s  was a 

sa fe ty  measure, Dr. Haddon, Director  of the  Bureau, based h i s  decision t o  

make ru les  regarding t h e f t  protect ion on a (then) recent Department of 

J u s t i c e  study [16] which had found t h a t  s to len  vehicles were involved i n  

crashes a t  a r a t e  about 200 times grea te r  than t h e  average vehicle. This 

was based on a s e r i e s  of interviews with convicted c a r  thieves, and on a 

number of assumptions regarding t h e  average time the  ca r  remined s to len ,  

etc.  While the re  have been arguments about the  "two hundred times" f ac to r ,  

the re  seems t o  be l i t t l e  doubt t h a t  s to len  cars ,  pa r t i cu la r ly  those s to len  

f o r  joy-riding, a r e  more l i k e l y  t o  be involved i n  crashes than the  average 

passenger car ,  

Current s t a t i s t i c s  regarding c a r  t h e f t  emanate from many sources, and 

a r e  frequently i n  conf l i c t  with each other.  I n  the  Journal  of American 

Insurance [17], t h e  National Automotive Theft Bureau's president  Michael 

J. Murphy is quoted a s  saying, 'We used t o  ge t  recovery r a t e s  of a h s t  90 

percent of the t o t a l  the f t .  I t ' s  down n w  t o  around 80 percent 



countrywide. I' (This in  an argument tha t  the proportion of professional car  

thieves is increasing). William L. Roper, i n  the California Highway 

Patrolman [I81 i n  April,  1976, s ta tes :  "Adding t o  the  good news, is the 

increased recovery r a t e  being reported. During the 1974-75 period, 1548 

more stolen cars were recovered than in  the previous f i s ca l  year. The 

recovery r a t i o  rose from 81.9 t o  87.1 per cent during the pas t  year." The 

"200 times" figure  given above was modified by Roper t o  It.. . . the  chances of 

a s tolen car being involved i n  an accident are 150 times tha t  of an owner- 

driven car, according t o  insurance s t a t i s t i c s .  " And recently NHTSA 

administrator Claybrook was quoted a s  saying tha t  t h i s  number was somewhere 

between 48 and 200. 

Cars i n  the  United S ta tes  a re  ordinarily l i s t ed  a s  s tolen a s  soon a s  a 

report is made to  a police agency. By contrast ,  in  some other countries a 

car  nust be missing fo r  f i ve  days before i t  is so tabulated. The majority 

of recoveries seem t o  occur within the f i r s t  48 hours, and i t  is evidently 

these which a re  over-involved in  accidents. A variety of other s t a t i s t i c a l  

information has been provided, mostly without references, but often of 

in te res t  in  considering possible countermeasures. For example: (1) 

"Estimates of annual loss  through auto the f t  vary from $140 t o  $600 

million. (Stated by the chairman of a congressional subcornmi t t ee '  having 

hearings on a b i l l  t o  outlaw master keys[l9] ) (2)  "It is c lear  tha t  over 80 

percent of the thieves a r e  juveniles o r  young adults." (3 )  "A 1966 survey 

indicated tha t  over 50% of the time (when the ignit ion was locked) a master 

key was used." (4 )  Richard L. Braun, of the Department of Justice,  s ta ted 

tha t  in  h i s  survey [16] (about 1967) 17% of the s tolen vehicles were 

involved i n  accidents. He extrapolated t h i s  t o  "100,000 accidents per year" 

with "many thousands of injur ies  and deaths." The problem addressed i n  t h i s  

program is accident causation, and s tolen vehicles have been identified from 

a number of previous studies a s  being overrepresented i n  the accident 

population. The question a t  hand, however, is t o  find out enough about tha t  

s tolen vehicle population t o  develop appropriate countermeasures. 

Countermeasure def ini t ion is, indeed, already underway i n  such areas as  

armored ignit ion cables, control of master keys, buzzer warnings for keys 

l e f t  in locks, etc. But there still seems to  be some in te res t  in a more 

precise def ini t ion of the extent of the accident problem; a method for  

obtaining information re la t ive t o  t ha t  is discussed here. 



Questions t o  be addressed include the  following: (1) How many 

passenger ca r s  a r e  s t o l e n  each year  i n  the  United Sta tes?  ( t h i s  question is 

limited t o  passenger cars  because of the  study de f in i t ion) .  (2)  Of those 

cars  which a r e  s tolen:  a. What is the  d i s t r i b u t i o n  of the  time period t h a t  

t h e c a r  remained missing? b. What f r ac t ion  of t h e  s t o l e n c a r s w e r e  

involved in  accidents? c. What monetary l o s s  was associated with the  

vehicle damage i n  these  accidents? d. Were the re  o ther  losses  not 

a t t r i b u t a b l e  t o  accidents  (missing wheels, o ther  p a r t s )  ? e. How many 

persons were injured (and t o  what degree) i n  these accidents? f. How many 

of these  injured persons were not occupants of the  s to len  c a r  (i.e. how many 

were pedestrians, occupants of another vehicle,  e t c ?  (3) How do the  values 

obtained i n  (2) compare with the  non-stolen accident involved vehicles? 

6.1.1 Choice - of Sampling Method. Of the  three  approaches t o  acquiring 

a sample f o r  the  study of t h i s  subject ,  t he  cross-sectional sampling method 

is t h e  most a t t r ac t ive .  Prospective sampling would require the  

iden t i f i ca t ion  of a s to len  vehicle population and a p a r a l l e l  not-stolen 

vehicle population, but t h i s  would not y ie ld  d i r e c t l y  an estimate of the  

answer t o  t h e  f i r s t  question above-the t o t a l  number of s to len  vehicles. 

The Department. of J u s t i c e  survey discussed above cons t i tu tes  a prospective 

sample-drawn by interview with convicted c a r  thieves. I t  has the 

disadvantage of not  representing very well t h e  unrecovered vehicles, and m y  

be biased by t h e  reporting of the  convicted thieves. 

Iden t i f i ca t ion  of s to len  vehic les  in the  accident population 

( re t rospect ive  sampling) is a l s o  d i f f i c u l t .  With an estimated one mil l ion 

s to len  q r s  per year, about 200,000 accident  involvements, and about one 

police-reported accident f o r  each ten  registered vehicles per year, 

invest igat ion of 10,000 accidents  should y ie ld  about 200 s to len  vehicles. 

Few s t a t e s  ident i fy  s to len  vehicles adequately i n  accident s t a t i s t i c s .  (In 

the  s t a t e  of Washington i n  1976 the re  were 276 stolen-vehicle accidents with 

a t o t a l  of 218,000 vehicles reported i n  accidents--a number not cons is tent  

with the  above estimates, and indicat ing t h e  problem of inadequate 

iden t i f i ca t ion  of s to len  vehicles i n  pol ice  accident reports.  Further,  t h i s  

sampling method does not d i r e c t l y  measure the  s t o l e n  vehicles not involved 

i n  crashes, and would require a survey of the  cont ro l  population not eas i ly  

conducted (e.g. in  a roadside survey, asking 'Are you driving a s to len  



car?") 

These considerations make the cross-sectional sampling method 

at t ract ive.  I n i t i a l l y  one may think of four ce l l s  t o  be defined a s  shown i n  

Table 14. 

Table 1 4  

I l l u s t r a t i v e  Distribution of Stolen Vehicles 

I  Accident 1 Non-accident 1 1  Row 
I  Involved I Involved I  I  Totals 

I 
I - I I- - 

I  1 1 I  
Stolen . . . I 20 I  8 0 I  I 100 

I I  I  I  
Mot Stolen . I 990 I  8 910 I  1 9900 

I  1 I1 
I  1 I  I  

Column Totals 1 1010 1 8990 1 1 10,000 

I l l u s t r a t i v e  values have been inserted in  the table  f o r  a t o t a l  sampled 

population of 10,000 based on estimates from the l i t e ra ture .  

6.1.2 Choice - of Sampling Frames. The cross-sectional sampling method 

requires a sampling frame which is representative of the t o t a l  population of 

interest--in t h i s  case passenger cars  which a re  candidates for  thef t .  I n  an 

interview t o  determine whether a car  has k e n  i n  an accident o r  whether i t  

was stolen,  however, the  frame might be t te r  be a list of vehicle owners 

linked to  the list of vehicles. 

The actual sampling uni t  should be a vehicle-ownership-year, since 

comparisons w i l l  be made of the populations over t ha t  period. One 

complication of t h i s  is tha t  new vehicles (or recently purchased old 

vehicles) may not have been with a par t icular  owner fo r  a one-year period. 

While one choice might be t o  r e s t r i c t  the study population t o  vehicles which 

have been awned fo r  a t  l e a s t  one year, t h i s  has the disadvantage of 

eliminating a group of l'ikely par t icular  interest-the very new cars. 

Further, we should be interested i n  owners whose vehicles have been s tolen 

and were not recovered (say over the pas t  year ) ,  so  t h a t  the best  list would 



be persons who owned a vehic le  a t  sometime during t h a t  year. Vehicles 

acquired o r  disposed of during t h a t  year would be counted f o r  only the  

number of months they were ac tua l ly  owned by t h a t  person. Disposals would 

include vehicles which were sold,  those which were scrapped (e.g. because of 

crash damage), and those which were s t o l e n  and recovered. An appropriate 

sampling frame i n  many jur isd ic t ions  could be derived from the  motor vehicle 

r eg i s t r a t ion  r o l l s  a s  of a d a t e  a year ago, supplemented by not ice  of more 

t ransact  ions. 

An a l t e r n a t i v e  sampling frame could be derived by accepting t h e  

vehicles registered within t h e  de f in i t ion  of a household sample conducted 

f o r  another purpose. I n  t h i s  case the  frame might cons i s t  of a list of 

licensed dr ivers ,  o r  a list of registered vehicles, depending on the  

questions addressed i n  the  sample. I n  any case, correct ions would have t o  

be made f o r  periods of ownership less than the  one year of in teres t .  

6.1.3 Required Sample Sizes  The t ab le  above is based on a sample of 

10,000 registered vehicles. Assuming a simple random sample, the  estimated 

proportion of s to len  vehicles (100 ou t  of 10,000 o r  1%) should have a 

1-sigma e r ro r  of about 0.09%-i.e. we could say with some con£ idence t h a t  

the  proportion of s to len  ca r s  in t h e  U. S. was 1% + .09%. The precision of 

the  est imate of crash involvements would be lower; based on the  100 s to len  

vehicles, 20 of which were involved i n  accidents,  one standard deviation of 

the  20% would be 4%-i.e. the  proportion of s to len  vehicles which a r e  

involved i n  accidents  could be estimated a t  20% x 4%. While not of g r e a t  

precision,  t h i s  would lead t o  a m r e  prec ise  est imate than the  present "45 

t o  200 times" t h e  non-stolen c a r  accident rate .  

Precision is, of course, r e l a t i v e l y  insens i t ive  t o  sample size.  A 

sample of 10,000 seem adequate t o  g e t  a b e t t e r  est imate than is presently 

available. And a sample s i z e  of perhaps ten times tha t  would be necessary 

t o  achieve a much b e t t e r  resul t .  

6.1.4 - Data Collect ion Techniques This whole approach is based on the  

idea t h a t  vehicle owners w i l l  r e c a l l  the  f a c t  t h a t  t h e i r  ca r s  have been 

s to len  with considerable accuracy over a period of one year; and fur ther ,  

t h a t  t h y  w i l l  r e c a l l  some of the  d e t a i l s  of t h e i r  l o s s  and any accidents 



associated with the event. The two most important s t a t i s t i c s  come from 

responses t o  the questions "Was your car  s tolen during the l a s t  year?" and 

"Was it involved i n  an accident?" I f  one, o r  both, of these responses is 

positive, fur ther  information about the length time the car  was missing 

and whether o r  not there  were in jur ies  o r  damage should be requested. 

This information could be sought in  a survey devoted solely  t o  t h i s  

subject, but it might be more economical t o  combine t h i s  subject  with a 

broader survey. In  par t icular ,  the  stolen-vehicle topic might be added t o  a 

general exposure survey, taking advantage of the ava i l ab i l i t y  of a sampling 

frame and questionnaire. I f  made a par t  of a general purpose survey, t h i s  

topic would usually (i.e. 99% of the time) add only the s ingle  question "Was 

your car  s tolen a t  any time during the  pas t  year?" 

6.1.5 - Data Collection Protocols. As noted a b v e ,  the  f i r s t  question 

(having confirmed vehicle ownership) is: 
Was your car  s tolen a t  any time during the  
past  twelve months? 

I f  the response t o  t h i s  question is YES, the  following questions 

should be asked: 
How long was the car  missing? 
o r  (a l ternat ively)  When was it  s tolen? and 
When was it recovered? 
Was there any damage t o  the  car when it  was returned? 
Had the car  been involved i n  an accident? 
I f  so, what was the property damage loss  ( to  
your car)  from the accident? 
Was there an injury i n  the accident? 
I f  so, describe the injury o r  in jur ies  
(preferably , with prompting , i n  an approximation 
of the Abbreviated Injury Scale). 

I t  is assumed t h a t  data on the  mke and mde l ,  model year, and 

ownership period of the vehicle in  question w i l l  have been obtained i n  

addition--either a s  a par t  of t h i s  (special purpose) survey, o r  i n  

connection w i t h  a general exposure survey. 

6.1.6 Estimated Costs. Costs of acquiring data depend on the method 

used. Alternatives which might be considered include (1) a mail survey, (2) 

a telephone (random d i g i t  d ia l ing)  survey, o r  (3) the coupling of these 

questions w i t h  a more general household survey. 



For the  present a mail survey w i l l  not be considered. Pas t  experience 

with mi l  surveys suggests response r a t e s  of the  order of t h i r t y  percent, 

with some poss ib i l i ty  of increasing t h a t  by m l t i p l e  inquiries.  But e i t h e r  

the  telephone o r  household survey method would produce much higher response 

ra tes ,  and they w i l l  be discussed below. 

The principal  advantage of a special-purpose, random-digit d ia l ing  

survey is the  po ten t i a l  fo r  a nationwide, simple random sample. The 

sampling frame is bas ica l ly  the  census of telephone numbers in  the country 

(or  the  vehicles owned or  controlled by the  people who answer these phones). 

Response ra tes  with such surveys have been of the  same order a s  f o r  

household interviews-about 70%-80%. And with the  questions proposed here 

the telephone survey should be economical. We estimate t h a t  $2.00 per c a l l  

fo r  ten  thousand c a l l s  would cover both the  telephone charges and t h e  

operator time. An addit ional  $5,000 is proposed f o r  planning, data 

processing, report wri t ing,  etc.  f o r  a t o t a l  of $25,000. With a modest 

s t a f f  of operators (say ten)  data  f o r  ten  thousand interviews could be 

acquired over a period of a couple of months. 

The household interview method might be preferred i f  t h i s  question 

could be added t o  some exis t ing  i n t e r v i 4  program. The recently completed 

Nationwide Personal Transportation Survey of the Census Bureau obtained 

about 20,000 interviews over a period of one year, and the  number of 

vehicles m e d  by the  households contacted is somewhat l a rge r  than th is .  

The t o t a l  cos t  of t h i s  program is about $1.5 million, and we e s t i m t e  t h a t  

the  "stolen vehiclen question should pay fo r  about 5% of the total-thus 

about $75,000 t o t a l  (including processing, reporting, etc.  ) . I f  a household 

survey were done with only 10,000 ca r s ,  t h e  cos t  would again t o t a l  about 

$25,000. 

A household survey would l ike ly  be done with some s o r t  of c l u s t e r  

sampling, and a design e f f e c t  would probably increase the  variance over t h a t  

of the  simple random sample. But i f  a household survey were being done 

anyway for  other reasons, t h e  poss ib i l i ty  of comparing t h e  s to len  vehicle 

in£ o m  t ion  with other dr iver  and envi ronrnental charac te r i s t i c s  would mke 

t h i s  the  preferred method. 



6.2 Accident Experience - of ~ i e ld -~ependen t  Drivers 

The second project  recommended fo r  implementation during Phase I I is 

determination of the accident experience of dr ivers  who exhibi t  f i e ld  

dependence. This topic is among the vision factors  of i n t e r e s t  t o  some of 

the NHTSA s t a f f ,  and i t  has long been of i n t e r e s t  t o  members of HSRI 's Human 

Factors Group. I t  has been selected both because of its inherent worth and 

because it is nicely adapted t o  a prospective sampling design. 

6.2.1 Review -- of the Literature. Out of a var ie ty  of sensory and 

perceptual measures, one of the most promising ( i n  terms of its rela t ion t o  

accident frequency) is f i e ld  dependence. Field dependence evaluates 

"... the capacity t o  overcome embedding contexts in  perceptual functioning." 

[20, p.571. Individuals d i f f e r  widely on a continuum from reacting 

basically only t o  the  t o t a l  organization of the i m d i a t e  stimulus f i e ld  

( f i e ld  dependence) , t o  being able  t o  respond t o  various elements of the 

stimulus input ( f i e ld  independence). The usual measures of f i e ld  

dependence/independence a re  the Embedded Figures t e s t  and the  Rod-and-Frame 

t e s t ;  performance on these two tests is highly correlated [21]. I n  the 

former t e s t  the task is to  ident i fy  s i q l e  forms embedded i n  a f i e ld  of 

complex figures. In  the  l a t t e r  t e s t ,  the subject  is required t o  s e t  a rod 

t o  the  upright within a t i l t e d  frame ( in  t h e  absence of any other visual 

cues). Field-independent individuals have no problems in identifying the 

embedded figures and a r e  able t o  s e t  the rod t o  near-vertical consistently. 

Conversely, f ield-dependent individuals take a long time t o  identify the 

embedded figures and a r e  influenced by the t i l t e d  frame i n  t h e i r  judgement 

of upright. 

I n  several rather small-scale studies,  f i e l d  dependence has been shown 

t o  be related t o  t r a f f i c  accidents. Harano [22], for  example, selected two 

groups of m l e  subjects  on the basis of the i r  accident record the preceding 

three years. The 28 llaccident'l group members were involved i n  a t  l e a s t  

three accidents while the 27 "safe" group members had no reported accidents. 

Field dependence was measured by the  Enbedded Figures tes t .  The resu l t s  

indicate tha t  field-dependent dr ivers  tended t o  be involved in  more 

accidents than f ield-independent drivers. 

W i l l i a m s  [23] found t h a t  the performance on a variant of the Embedded 



Figures t e s t  was s ign i f i can t ly  re la ted  t o  accident frequency. Furthermore, 

the  derived measure of f i e l d  dependence was a be t t e r  predictor  than number 

of v io la t ions ,  driving experience, o r  annual mileage. 

I n  two s tud ies  reported by Jameson, McLellan, & Jackson [24], a 

s ign i f i can t  r e l a t ion  between f i e ld  dependence (measured by the  Embedded 

Figures test) and accident record was present i n  one but not the  o ther  

study . 
Mihal & Bar re t t  [21] invest igated t h e  f ield-dependence continuum using 

29 d r ive r s  who were accident f r e e  and 31 d r ive r s  who had two o r  more 

accidents  during the  preceding two years. Field dependence (measured by 

both the  Embedded Figures t e s t  and the  Rod-and-Frame t e s t )  was found t o  he 

s ign i f i can t ly  re la ted  t o  accident frequency. 

I n  a recent study by Loo [25] , t he  accident record of 28 f m a l e s  was 

compared with t h e i r  performance on the  Embedded Figures t e s t .  The r e s u l t s  

indica te  t h a t  the  f ield-dependent subjec ts  had more accidents than t h e  

f ield-independent subjects.  

In  addit ion t o  the  trend f o r  f ield-dependent subjec ts  t o  be 

overrepresented i n  accidents,  there  is a l s o  some explanatory evidence f o r  

t h i s  re la t ion .  Several s tud ies  showed t h a t  t h e  field-dependent dr iver  

p e r f o m  poorer on a range of driving-related s k i l l s .  Barre t t ,  Thornton, & 

Cabe [26] , f o r  example, found t h a t  f ield-dependent individuals tended t o  

have longer brake-reaction times. Similarly , f ield-dependent dr ivers  have 

longer react ion times t o  embedded t r a f f i c  s igns (Mihal & Barre t t ,  [21] ; Loo, 

[25] ) , and nuke l e s s  use of the  t r a f  fic-flaw information conveyed by 

vehicles fu r the r  ahead [27] . 
These types of analyses indica te  t h a t  f ield-dependent d r ive r s  a r e  

l ike ly  t o  be overrepresented i n  pa r t i cu la r  types of accidents,  f o r  example, 

rear-end accidents ( a s  suggested by Olson, [27] ) . 
In summary, there  is evidence that :  

a. f i e l d  dependence is re la ted  t o  accident frequency, and 

b. f i e l d  dependence is re la ted  t o  performance on various driving-related 
s k i l l s .  

Therefore we believe t h a t  a comprehensive study t o  inves t iga te  the  



relationship of f i e ld  dependence t o  accidents in general and t o  types of 

accidents i n  par t icu la r  is both warranted and potent ia l ly  f r u i t f  ul. 

6.2.2 Choice -- of a Sampling Method. Technically, a l l  three  sampling 

approaches might be employed i n  the  proposed investigation. The 

retrospective approach has appeal i n  t h a t  it begins with a sample of 

accident-involved and non-accident-involved drivers,  producing the optimum 

levels of the  dependent variables. However, the problems of attemptinq t o  

contact and screen these individuals make t h i s  approach impractical f o r  a 

l a  rge-scale study. 

A cross-sectional study would be appropriate and indeed, the  approach 

t o  be suggested f i t s  the cross-sectional model t o  some extent. However, we 

fee l  there is substantial  merit in  following the  screened populations for  a 

period of time in  the c lass ica l  prospective sense. Thus, what we s h a l l  

propose is a prospective study which u t i l i z e s  crash data from years both 

before and a f t e r  the  screening. I t  is feasible  t o  reach out some years in 

each direction because there  is a great  deal of data t o  show tha t  the f ie ld-  

dependence charac te r i s t ic  is s table ,  a t  l e a s t  through most of the driving 

years. 

6.2.3 Choice -- of a Sampling Frame. The sampling frame appropriate fo r  

t h i s  study is a population of persons representing a t  l ea s t  two levels on 

the f ield-dependence continuum, based on the use of a rod-and-f rarne tes t -  

scores range from 0' (f ield independent) t o  224' (f ield dependent) fo r  a 

s e r i e s  of eight t r i a l s .  The d is t r ibu t ion  of scores has been shown t o  be 

log-norma 1, so tha t  strongly f ield-dependent persons (those who average an 

e r ro r  of 10 degrees o r  more) const i tute  l e s s  than 20% of the population. 

Thus, field-dependent persons a r e  re la t ively scarce. Despite th i s ,  the 

typical  approach has been to  screen a sample of subjects and cor re la te  t h e i r  

scores with the dependent variable, ignoring the dis t r ibut ional  problems. A 

m r e  sophisticated (and cost ly)  approach would require the  screening of a 

large sample t o  c rea te  two t e s t  groups matched i n  a l l  respects but dif fer ing 

substant ia l ly  in  rod-and-frame t e s t  scores. We sha l l  propose a combination 

approach. 



6.2.4 Required - Sample Sizes. Per group of 1000 persons screened, we 

would expect t o  f ind about 200 strongly f ield-dependent persons. That group 

of 200, i n  turn,  w u l d  be expected t o  produce about 20 crashes per year. I n  

order  t o  ex t rac t  information concerning the  types of crashes a subs tan t i a l  

da ta  base is required. Assuming we can look ba&ward i n  the  accident f i l e s  

f o r  a minimum of f i v e  years ,  and follow the  sample forward f o r  two years, 

100 crashes per year involving f ield-dependent d r ive r s  is a reasonable 

estimate. Thus, 1000 field-dependent subjec ts  a r e  required, and a t o t a l  

sample of 5000 must be screened. 

6.2.5 - Data Collect ion Techniques. Three portable rod-and-frame 

devices w i l l  be used. They w i l l  be s e t  up a t  dr iver  l icensing s t a t i o n s  i n  

southeastern Michigan during hours of normal operations. Individuals  who 

appear f o r  r e l i c e n s i n g  w i l l  be asked t o  take  the  rod-and-frame t e s t  a s  

well. Those who agree w i l l  f i l l  i n  a brief  personal h i s to ry  blank (age, 

sex, driving experience, and exposure da ta  [mileage and type of roads 

t ravel led] ,  plus information necessary t o  access accident records) ,  s ign  a 

re lease  form, and take  the  t e s t .  They w i l l  be paid $2.00 f o r  t h e i r  

assistance.  1 

When t he  screening is complete, two matched groups w i l l  be created by 

taking t h e  highest  scoring 20-25% ( field-dependent) subjec ts  and matching 

them, in  t e r n  of the  personal-history variables,  with f ield-independent 

subjec ts  se lec ted  from t h e  lowest-scoring 50% of the  group. 

Two approaches w i l l  be used. I n  addit ion t o  the  contingency t a b l e  

analyses described e a r l i e r ,  a basic corre la t ional  analys is  w i l l  be run using 

a l l  t h e  subjec ts  and crash data  from the  previous f ive  years. The more 

important analys is  w i l l  use only the  matched samples (about 2000 t o  2500 

persons). Crash data  from t h e  previous f ive  o r  more years w i l l  be assessed. 

Comparisons w i l l  be made i n  t e r n  of t o t a l  crash involvement and violat ions.  

However, a s  noted i n  t h e  l i terature-review sect ion,  experimental r e s u l t s  
- - 

Precautions w i l l  be taken t o  avoid biasing the  sample , e.g., 
t e s t ing  w i l l  be done throughout a l l  weekly operating hours of the  dr iver  
l icensing s ta t ions .  



concerning differences between f ield-dependent and f ield-independent persons 

lead to  expectancies concerning the types of crashes i n  which one group or  

the other may tend t o  be involved. Thus, the data w i l l  be examined fo r  

these trends. Crash records w i l l  be followed f o r  two subsequent years t o  

see  i f  the findings of the f i r s t  phase hold up. 

6.3 Vehicle Handling - and S tab i l i t y  

6.3.1 Vehicle-Handling Study Objectives. Vehicle handling has been of 

concern to  those interested i n  highway safety  for  many years, and has 

received considerable a t tent ion from those responsible for  Motor Vehicle 

Safety Standards. However, delineation of character is t ics  and parameters 

t ha t  a r e  d i rec t ly  related t o  s a fe  use of cars on public roads, and t h e i r  

measurement, has proved elusive. For the purposes of safety,  even a 

def ini t ion of vehicle handling has fa i led t o  achieve universal acceptance. 

While some would r e s t r i c t  the subject  t o  physical character is t ics  of the 

vehicle, others would adopt a broader concept including the driver,  road, 

and environmental factors. Even when the subject is res t r ic ted  t o  the  

physical character is t ics  of the vehicle, t he  t i r e ,  and the  tire-road 

interface,  the subject is still elusive, i n  s p i t e  of the  f ac t  tha t  the 

theory of vehicle dynamics is well developed. 

We have reviewed the  vehicle-handling related fac tors  l i s t e d  i n  the 

RFP, those identified by the  I n s t i t u t e  fo r  Research in  Public Safety of 

Indiana University [8], those discussed by the  s t a f f  of MVP and P and E of 

NHTSA a t  a meeting with project  s t a f f  in  Novenber, 1977 (see Appendix D ) ,  

and the NHTSA Five Year Plan (Docket No. 78-07; Notice 1). We have selected 

those subjects which a re  amenable t o  study by the s t a t i s t i c a l  analysis 

approach, with p r io r i t y  given t o  those currently of in te res t  t o  MVP and P 

an E. 

The subjects r e c m n d e d  fo r  inclusion i n  the program are: 
1. Deviant t i r e  inf la t ion pressure, 
2. Tire  t ract ion on wet surfaces and tread depth, 
3. Yaw s t ab i l i t y .  

Each of these subjects  is discussed br ie f ly  below. 

Deviant - Tire  Inf la t ion  Pressure. Improper maintenance of t i r e  

pressure result ing i n  e i t he r  gross under in f la t ion  o r  unequal pressures has 



several  de le ter ious  ef fec ts .  Underinflation r e s u l t s  in  decreased fue l  

economy and reduced tread l i f e .  30th of these a r e  economic fac to r s ,  and a s  

such would not be addressed i n  the  study. Gross underinflat ion can a l s o  

lead t o  catastrophic f a i l u r e  from over-heating. Blowouts, a s  such, wpuld be 

included, although the  number of such cases t h a t  would be ohserved i n  a 

random sample of accidents  would be small so  t h a t  t h e  l ikel ihood of 

obtaining meaningful s t a t i s t i c s  on crashes "causedn by blow-outs is low. 

Deviant p r e s s u r e s - e i t h e r  imbalance among the  t i r e s  on a c a r  o r  

deviat ions f rom recorrimended pressureso-can a l s o  a f f e c t  the  dynamic handling 

proper t ies  of a c a r  under both steady s t a t e  and t r ans ien t  conditions. 

Substant ia l  de ter iora t ion  of handling proper t ies  from poor t i re  maintenance 

prac t ices  can be studied by the  s t a t i s t i c a l  inference approach. A previous 

study a t  HSRI found subs tan t i a l  evidence of front-to-rear pressure 

d i f ferences  on cars  involved i n  accidents [28]. Over 29 percent of the  cars  

had differences of over 3 ps i ,  while 5.5 percent had d i f ferences  over 8.5 

psi. Unfortunately, the  accident da ta  were not accompanied by control  group 

data  adequate t o  draw s t a t i s t i c a l  inferences. The accident da ta  do 

demonstrate t h a t  la rge  pressure deviat ions do ex i s t .  Furthermore, the  

e f f e c t  of the  observed deviat ions does e f f e c t  vehicle-handling parameters 

subs tan t i a l ly  [29,30] , nearly a s  much a s  differences in  or ig inal  equipnent 

designs . 
Because of the  po ten t i a l ly  la rge  e f fec t s ,  and t h e  ease of observation 

and measurement, we f e e l  t h a t  in-use t i r e  f ac to r s  a r e  prime candidates f o r  

study using t h e  s t a t i s t i c a l  inference approach. I n  f a c t ,  any attempt t o  

look f o r  differences in the  s a f e t y  of d i f f e r e n t  vehicle models would have t o  

include ti r e  f ac to r s  a s  important confounding variables. 

T i r e  Tract ion on Wet Surfaces. The e f f e c t s  of d e t a i l s  in  t read - -- 
design on wet surface t r a c t i o n  would be d i f f i c u l t  t o  study because the  

e f f e c t s  a r e  l i k e l y  t o  be small compared t o  v a r i a b i l i t y  i n  t r ac t ion  resul t ing  

from small var ia t ions  in t h e  road surface  texture  and lack of d e t a i l  i n  the  

"wetness" data. However, the  e f f e c t s  of road surface  conditions by gross 

t read type (regular ,  snaw) and ?JY t read  depth would be examined. Since both 

road surface condition and t read  depth a f f e c t  vehicle dynamics, these 

var iables  should a l s o  be included a s  cont ro l  variables i n  any study of yaw 

s t a b i l i t y .  



Yaw Stab i l i ty .  A cr i te r ion  tha t  might be used i n  a yaw s t a b i l i t y  - 
standard is not ye t  i n  place. However, the theory of vehicle directional 

control dynamics is well developed, and the basic physical parameters 

important t o  yaw s t a b i l i t y  a r e  understood and a re  fundamental t o  any 

handling c r i t e r i a  t h a t  a r e  in use or  might be developed. The OEM design 

parameters, together with in-use t i r e  data, would provide a base of data 

t h a t  could be used t o  investigate the influence upon accident ra tes  of a 

number of handling c r i t e r i a .  Reference 25 is an example of a comparison of 

the  understeer coefficient of accident-involved and at-risk vehicles; t h i s  

study, l i k e  tha t  noted above, was a l so  limited by inadequate control-group 

data. Such an analysis is costly,  huwever, and should not be attempted 

unless knowledge of a spec i f ic  c r i te r ion  suggests the e f f o r t  is warranted. 

We are  recormending, therefore, t ha t  Phase I1 of t h i s  project  i n i t i a l l y  be 

limited t o  the t i r e  and wet-road t ract ion factors. 

Two vehicle-handling subjects appearing i n  the c i ta t ions  of the 

introductory paragraph have not been included but deserve some comment. 

These a r e  braking factors,  including af tennarket f r i c t i on  materials, and 

wheel identification.  Generally, braking factors,  such a s  stopping distance 

and braking while steering,  could be t te r  be examined using the case-study 

approach, since they a r e  so closely linked t o  driver inputs and response 

times. The question of af ter-market f r i c t i on  material could be addressed by 

the s t a t i s t i c a l  inference approach, but not in  the context of a 

retrospective accident investigation program because once a brake shoe (and 

l ining) is in  senrice,  it cannot be identif  ied. Most after-market brake 

shoes a re  relined using or iginal  mnufacture shoes. Stmped ident i f icat ion 

i n  the shoe re la tes  t o  the OEM and not the i r  re-manufacturer. 

The subject of wheel ident i f icat ion presents a similar problem because 

wheel ident i f icat ion is d i f f icu l t .  Misuse of after-market rims is d i f f i c u l t  

t o  determine because such rims a re  not permanently identified. OEM versus 

non-OEM wheels could be identified,  but only with d i f f i cu l ty  because of the 

large number of regular production options. 

6.3.2 Choice - of Sampling Method. Overinvolvement i n  accidents by 

vehicle rake and model could be determined by e i the r  a cross-sectional or  

prospective study. A sample of vehicles could be drawn from s t a t e  vehicle 



r eg i s t r a t ion  f i l e s .  I f  a random sample of a l l  passenger cars  were selected,  

a cross-sectional study could be conducted by following t h e  accident 

experience of the  sample over a speci f ied  period of time. Alternat ively,  

samples of s p e c i f i c  s i z e  of selected models could be drawn and form t h e  

bas is  of a prospective study. Such a prospective study could be done by 

e i t h e r  following fu tu re  accident experience, o r  h i s t o r i c a l l y  by examining 

the  accident record of each vehicle. 

Both of these methods-cross-sectional and prospective--present ser ious  

problems. Contact with owners ident i f ied  through s t a t e  f i l e s ,  and follow up 

t o  obtain da ta  on accidents  and exposure, m u l d  be time consuming and 

expensive (per case) ,  even i f  the  sample is res t r i c t ed  t o  a l imited 

geographic region such a s  a county. Furthennore, the  t o t a l  sample would 

have t o b e  very large. I n  Michigan, f o r  example, the re  a r e a b o u t 1 2  

registered vehicles f o r  every accident in  a s ing le  year. Thus, the  r a t i o  of 

accident vehicles t o  non-accident vehicles i n  e i t h e r  a cross  sec t ional  o r  

prospective study would be very small, and the  sample would be ineff ic ient .  

An even m r e  fundamental problem exis ts .  There a r e  differences i n  the  

designs of American passenger ca r s  which a f f e c t  vehicle-handling 

cha rac te r i s t i c s ,  e.g. the  understeer coe f f i c i en t  o r  s t ee r ing  s e n s i t i v i t y  , 

[29]. I f  the  differences i n  o r ig ina l  design a r e  s u f f i c i e n t  t o  a f f e c t  safe ty  

we could expect t o  ohserve d i f f e r e n t i a l  accident-involvement r a t e s  among 

d i f f e r e n t  mdels .  However, vehicle-handling parameters a r e  a l so  effected by 

in-use fac to r s  which can lead t o  differences ( i n  a pa r t i cu la r  model) which 

a r e  a s  g rea t  a s  the differences among models. This is par t i cu la r ly  t r u e  of 

t i r e  cha rac te r i s t i c s  [29,30] . T i r e  fac tors ,  such a s  in f l a t ion  pressure, 

along with road-surface conditions, a r e  not s t a b l e  over time. Thus, 

h i s t o r i c a l  data would be impossible t o  co l l ec t ,  and a forward-looking, 

prospective study would require a l m s t  constant monitoring of the  e n t i r e  

sample. 

Because of these problem, we have concluded t h a t  the  general subjec t  

of vehicle handling, a s  well a s  the  s p e c i f i c  subjec ts  l i s t e d  i n  Section 

6.3.1, can bes t  be examined i n  a retrospective study. 

6.3.3 Choice - of Sampling Frame. The sample frame would consis t  of 

passenger cars  (of a range of models and model years not y e t  determined) 



using a defined geographic area i n  which accidents would be investigated. 

The control-group sampling frame would consis t  of the at-risk population of 

cars in  use i n  the area, both t ransient  users and those indigenous t o  the 

area. The accident-data sampling frame would consis t  of those cars  involved 

in  police-reported accidents in  the  study area. 

6.3.4 Accident - Data Collection Techniques. The accident data would be 

collected from a sample of cars  involved i n  accidents in  the  study area. 

The s q l i n g  mthod w i l l  be dictated by the geographic and po l i t i ca l  

character is t ics  of the area. A simple random o r  pseudo-random sample would 

be desirable, ht a c lus te r  sample may be more pract ical .  

The investigations would be done of f-scene since no data are  required 

beyond t h a t  which can be obtained from a combination of vehicle inspections, 

post-accident s i t e  v i s i t s ,  po l i ce repor t  data, and local  obenra t ion  of 

meteorological data. Both single- and multi-vehicle accidents would be 

included, with no weighting based on accident sever i ty  . 
6.3.5 Accident - Data Requirements. Similar data would be collected f o r  

each vehicle in the  areas of driver,  accident, and vehicle. The dr iver  data 

would be cursory, and would serve t o  define the general type' of d r iver  and 

vehicle usage. The accident data would describe the  type of accident and 

principal envi romental  conditions t ha t  r e l a t e  t o  vehicle usage and the 

tire-road interface. The vehicle data would include vehicle ident i f icat ion,  

items rela t ing t o  weight determination, options which a f f ec t  vehicle- 

handling parameters, and data on a l l  four t i r e s .  

Specific accident data variables tha t  have been tentat ively selected 

are: 

I. Driver 
1) Age 
2) Sex 
3) Purpose and length of t r i p  
4 )  Type of roads used i n  t r i p  

11. Accident and Environment 
1) Type of accident 
2) Date 
3) Time of day (hour) 
4 )  Precipitation 
5) Temperature 



6) Light 
7) Class of road 
8) Type of road surface  material  
9) Condition of surface  material  

10) Surface covering 

II1* 1) VehiY 
2) Occupants - loca t ion  and weight 
3) Major cargo - locat ion and weight 
4)  Air conditioner ( fo r  weight) 
5) Type of transmission ( fo r  weight) 
6) Type of s teer ing  system ( fo r  s t ee r ing  r a t i o ,  

s teer ing  system s t i f f n e s s ,  and weight) 
7) Sway bar diameter ( r o l l  cha rac te r i s t i c s  and 

presence of standard o r  heavy duty suspension 
can be determined from t h e  sway bar  diameter) 

8) T i r e  make and model 
9) T i r e  s i z e  

10)  T i r e  in f l a t ion  pressure (cold) 
11) T i r e  t read depth 

6.3.6 Control Group - Data Collect ion Techniques. Control-group data 

a r e  required t h a t  w i l l  provide the  same data  a s  col lected i n  the  accident 

data, weighted on the  amount of t r ave l  i n  t h e  projec t  area. Several methods 

offer ing  p o s s i b i l i t i e s  can be categorized as: . 

1) Samples from vehicle r eg i s t r a t ion  f i l e s  
2) Household surveys 
3) Surveys of cars-in-t ransport. 

Registrat ion f i l e s  provide a convenient means of sampling by make and 

m d e l  (and thus OEM design cha rac te r i s t i c s ) ,  s ince  a l l  such f i l e s  contain 

VIN's. Unless the  projec t  area is large,  however, iden t i f i ca t ion  of a 

proper sample frame is d i f f i c u l t .  The problem a r i s e s  because of differences 

between areas  of use and owner residence, t h a t  is t rans ient  use i n  the  

po ten t i a l  study area. This problem is pa r t i cu la r ly  troublesome i n  Lie 

confines of a large c i t y ,  where much of the t r ave l  is by non-residents from 

the  s u b u r k  and motorists  on i n t e r - c i t y  business t r ips .  Contact and follow- 

up with owners and vehicles, f o r  mileage data  and o b e r v a t i o n  of unstable 

in-use parameters requiring frequent measurement, is d i f f i c u l t  and 

expens ive. 

l ~ h e  VIN would be used t o  determine make, model, series, engine, base 
vehicle curb weight, and physical parameters published by the  manufacturer. 



Household surveys provide a viable method t h a t  would provide a l l  the  

necessary data. Since an - a p r i o r i  se lect ion of makes and mde l s  would be 

inpossible, the  method could not be used fo r  an e f f i c i en t  prospective study, 

but would be limited t o  cross-sectional o r  retrospective studies. Although 

i n i t i a l  contact with owners would be easier  than in samples drawn f rom 

regis t ra t ion f i l e s ,  the  method would still be costly and would not avoid the  

problem of transient use. 

Surveys of cars-in-transport could be accomplished i n  several  ways, and 

include the most ef f ic ien t  (minimal time required per vehicle) methods. The 

most desirable technique would be a roadside survey planned and conducted t o  

provide self-weighting on miles traveled by model, season, time of day, type 

of road, etc.  However, the  operational problems of stopping vehicles 

safely, and problems of privacy and interference with f r e e  movement, a r e  

formidable and make roadside surveys unattractive. 

Surveys of cars  already stopped, o r  stopping fo r  other reasons, a r e  

much m r e  at t ract ive.  For example, surveys could be conducted i n  shopping 

centers, parking lo t s ,  etc. This approach has several problem, hcwever. 

I t  would be very d i f f i c u l t ,  i f  not impossible, t o  avoid biases in  mileage 

data, since the sample would be highly dependent on use (shopping, fo r  

example) and not necessarily representative of a l l  kinds of t ravel  a t  a l l  

times of the day. Although vehicles would be readily available for  

inspection, contact with owners o r  operators t o  survey mileage might be 

d i f f i cu l t .  

One technique tha t  is operationally a t t r ac t ive  is to  use periodic 

mtor-vehicle inspection s ta t ions  as  the contact points, and augment the 

inspections w i t h  supplementary data collection where necessary. S ta tes  tha t  

have such inspection programs and a l so  maintain records of consecutive 

odometer readings would be a source of convenient and re l iab le  mileage data. 

Th i s  method has not been thoroughly investigated, and a survey of the 

ava i lab i l i ty  of such data in  t h e  s t a t e s  with PMVI w i l l  be undertaken. 

The method of acquiring control-group data tha t  we r ecomnd  a t  t h i s  

time is t o  sample cars  a t  gasoline service stations.  The method of fe rs  

several a t t r ac t ive  features. The sampling plan could be designed t o  be se l f  

weighting on mileage i f  the amount of gasoline purchased is recorded and an 

approximate adjustment is made fo r  the  re la t ive fue l  economy of the vehicle. 



Problem associated with t r ans ien t  users  could be avoided, a s  the  survey 

would represent the ac tual  a t - r i sk  driving i n  the  study area. Observation 

of vehicle iden t i f i ca t ion  and t i r e  parameters could be done with l i t t l e  

inconvenience t o  the  driver .  This method has been used successful ly in  the  

pas t  t o  survey t i r e  i n f l a t i o n  pressures [31] . 
6.3.7 Control Group - Data Requirements. The data  requirements f o r  the  

cont ro l  group a r e  s imi la r  t o  those f o r  t h e  accident group and a r e  l i s t e d  

below. 

I. Driver 
1) Age 
2) Sex 
3) Purpose and length of t r i p  
4)  Type of roads used i n  t r i p  
5) Amount of gasoline purchased 

11. Environment 
1) Date 
2) Time of day (hour) 
3) Prec ip i ta t ion  
4 )  Temperature 
5) Surface covering (from precip i ta t ion)  of roads i n  the  loca l  a rea  
of the  survey s i t e  

111. Vehicle 
1) VIN 
2) Occupants - locat ion and weight 
3) Major cargo - locat ion and weight 
4 )  Air conditioner 
5) Type of transmission 
6) Type of s t ee r ing  system 
7) Sway bar diameter 
8) T i r e  rake and model 
9) Tire s i z e  

10) T i r e  in f l a t ion  pressure 
11) Ti re  t read depth 
12) T i r e  sidewall temperature 1 

'sidewall temperature would be necessary t o  correc t  the  in£ l a t ion  
pressure from a hot (driving) value t o  the  cold (ambient) value. The 
methods developed by t he  Stevens I n s t i t u t e  of Technology for  measuring the  
temperature and correct ing pressure could be used [311. 
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ACCIDENT CAUSATION 
BIBLIOGRAPHY PND LITERATURE REVIEW 

Appleby, M.R., L. J. Blintz,  and P .E. Keen, Jr. , "Incidents Caused by Vehicle 
Defects, " SAE 770115, Society of Automotive Engineers, 
International Automotive Engineering Congress, Detroit ,  March 1977. 

Data from in-depth investigations of 1,087 incidents caused by vehicle 

defects reported t o  an automobile insurer were examined, compiled into  

various categories, and analyzed. 

Significant r e su l t s  were t ha t  530 (49%) of the incidents involved 

vehicle fuel  system fa i lu re s  which caused f i res .  Brake system fa i lu re s  

accounted for  f o r  301 of the remaining 557 incidents. Conclusions and 

recommendat ions a r e  made supportive of countermeasures such a s  reca l l  

campaigns, u ~ r a d i n g  of vehicle service f a c i l i t i e s ,  and vehicle owner 

education. The cost  effectiveness of mandatory periodic motor vehicle 

inspection systems is questioned. Further research, generally on vehicle 

safety defects and spec i f ica l ly  on the causes of vehicle engine f i r e s ,  is 

recommended. 

Babarik, P., "Automobile Accidents and Driver Reaction Pattern," Journal - of 
Applied P~ychology, Vol. 52, No. 1, 1968, pp. 49-54. 

Taxicab drivers who reported an abnormal number of accidents i n  which 

they were struck from behind, when tested on a c lass ica l  laboratory 

reaction-t irne apparatus, were found t o  have a react ion pat tern made up of 

slow in i t i a t i on  time and compensat ingly f a s t  movement time. Drivers with 

t h i s  perceptual-motor pattern probably stopped t h e i r  vehicles more abruptly 

in  a way t h a t  cannot be duplicated by a following driver,  or  in  the  headway 

of the following vehicle. However, drivers with such an atypical  perception 

reaction had fewer accidents in their headways and therefore had lower 

overall  accident rates. Suggestions for  fur ther  research and the possible 

implications of these findings were discussed. (From author's abstract.) 



Baird, J.D. and E.E. Flamboe, "An Histor ica l  Overview of Research in  Tra f f i c  
Accident Invest igat ion Act iv i t ies  ," SAE 750891, Society of 
Automotive Engineers, Automobile Engineering meeting, Detroi t ,  
October 1975. 

TWO previous reviews of the research aspects  of t r a f f i c  accident 

invest igat ions a r e  used a s  s t a r t i n g  points  f o r  presenting an up-date of 

accident invest igat ion a c t i v i t i e s ,  both i n  the  U.S. and i n  foreign 

countries. Elements of nat ional  accident invest igat ion programs a r e  

discussed a s  well a s  areas of current  accident invest igat ion technology. An 

internat ional  accident invest igat ion f e a s i b i l i t y  study under the  auspices of 

NATO is a l so  studied. (From author 's  abstract . )  

Baker, J.S. and R.E.B. Fisher, Better  Information About Causes - of Accidents 
from Police Investigations, T r a f f i c  I n s t i t u t e ,  Northwestern 
University, Evanston, I l l i n o i s ,  1955. 

Baker dist inguishes between the  reporting of an accident and its 

invest igat ion,  and suggests tha t  l e s s  informa t ion  on most accidents coupled 

with de ta i led  invest igat ions of a few accidents would be preferable t o  the  

current  system. He a l so  notes tha t  police functions in an accident a r e  not 

directed toward discovering causes, jus t  v io la t ions  of the  law. 

The projec t  described here trained groups of men in  the  Ohio S t a t e  

Pat ro l  t o  analyze accidents and determine t h e i r  causes. Baker concludes, 

a f t e r  a t r i a l  run of 297 accident analyses, t h a t  o f f i ce r s  can, with 

r e l a t ive ly  l i t t l e  addit ional  t ra in ing,  produce f a r  be t t e r  information on 

accidents than they have i n  the  past. 

Baker, J.S. and L.R. Horn, An Inventory of Factors Suggested a s  Contributi 
t o  Tra f f i c  ~ c c i d e n G ,  Traf t ic  %s t i tu te ,  ~ o r t h w e s t G n  Universiwy - 
Evanston, 1969. 

Over 850 contributing fac tors  t o  accidents a r e  l i s t e d  and defined 

using the  authors' systematic approach t o  accident reconstruction. 

Baker, J.S. and H.L. Ross, Concepts - and Class i f ica t ion  of Tra f f i c  Accident 
Causes, Tra f f i c  I n s t i t u t e ,  Northwestern universi ty,  Evanston, 
I l l i n o i s ,  1960. 



Baker here presents an overview of h i s  major concepts and h i s  approach 

t o  accidents and accident causation. 

Topics discussed include the various elements of the highway 

t r a n s p r t a t i o n  system, def ini t ions  of causes, the driving task,  accident 

reconstruct ion, and accident proneness. 

Baker, J.S. and H.L. Ross, "Concepts and Classi f icat ion of Traff ic  Accident 
Causes: Par t  1 , "  ~n te rna t iona l  Road Safety and Traf f ic  Review, - - 
Number 3, Summer 1961. 

The authors begin by defining an accident factor  a s  "any circumstance 

connected with a t r a f f i c  accident without which the accident could not have 

occur red. " Accident causes a r e  "a combination of simultaneous and 

sequential circumstances without any one of which the  accident could not 

have happened. " I n  t h i s  combination, each factor  is necessary but not 

suf f ic ien t  t o  cause an accident. 

Baker's emphasis is on the immediate p r e c r a s h  phase. He sees evasive 

maneuvers as  the c r i t i c a l  variable i n  whether the  accident w i l l  occur. 

The a r t i c l e  is useful i n  t h a t  it of fe rs  the investigator a, systematic 

scheme for  reconstruction of the' accident. 

Baker, J .S., Limitations on Accident Reconstruction, Traf f ic  Ins t i tu te ,  
Northwestern ~ n i v e r x t y ,  Evanston, I l l i no i s ,  1960. 

How precisely an investigator can determine how a t r a f f i c  accident 

happened depends on the completeness and r e l i a b i l i t y  of the information 

available, on the s k i l l  of the investigator i n  recognizing pertinent f a c t s  

i n  the available information and on h i s  ab i l i t y  t o  deduce from the f ac t s  the 

position and motion of t r a f f i c  uni ts  involved during the accident. 

Usefulness of such reconstruct ion depends on whether the  precision achieved 

is suf f ic ien t  t o  meet needs a s  determined by t h e  purposes of the 

investigation. (From author's abstract) .  

Baker, J.S., Experimental - Case Studies - of Traff ic  Accidents: A General 
Discussion of Procedures - and Conclusions, Traff ic  ~' ; ist i tute,  
~ o r t h w e s t e r n ~ n i v e r s i t ~ ,  Evanston, I l l i no i s ,  1960. 



This a r t i c l e  serves a s  a guide t o  t h e  rest of Baker's repor ts  on h i s  

case s tud ies  of t r a f f i c  accidents.  An o u t l i n e  of the  methodology is 

presented, along with a discussion of a l t e r n a t i v e  procedures considered by 

the  projec t  team. An attempt was m d e  t o  descry t h e  b iases  of the  

inves t iga tors ,  and a shor t  p rec i s  of t h i s  problem, and h m  t h e  team d e a l t  

with it, is included. 

Baker , J.S., "Psychological Bias i n  Accident ReconstructionIn I n s t i t u t e  
Tra f f i c  Enqineers Proceedings, Vol. 30, 1960, pp. 113-117. 

The a r t i c l e  describes an experiment i n  which groups of people 

(professional  inves t iga tors ,  col lege students ,  engineers, etc.) were given 

information on a t r a f f i c  accident  and asked t o  decide who was a t  f a u l t  and 

where i n  the  road t h e  c o l l i s i o n  occurred. Baker was searching f o r  b ias  i n  

accident  inves t iga t ion  and he found plenty of it. Subt le  d i f ferences  i n  the  

way i n f o m t i o n  was presented t o  t h e  sub jec t s  produced vas t ly  d i f f e r e n t  

in te rp re ta t ions  of the  data. 

Baker, J.S., J. Midler, and G. B loqren ,  Sources --- of Error i n  Deciding -- How a 
T r a f f i c  Accident Ha~mned.  T r a f f i c  I n s t i t u t e ,  Northwestern - University, Evanston, I l l i n o i s ,  1960. 

Experiments t o  f ind  sources of e r r o r  i n  deciding how a t r a f f i c  

accident  happens were undertaken because experienced inves t iga tors  of t en  

d i f f e r  i n  t h e i r  conclusions. This has important implications in  s e t t l i n g  

lawsui ts  a r i s i n g  from t r a f f i c  acc idents  and i n  t ry ing  t o  determine causes of 

acc idents  fo r accident  prevent ion purposes. 

I t  was hypothesized t h a t  except when circumstances a r e  obvious, people 

w i l l  be biased by i r r e l evan t  psychological and physical f ac t s .  These 

hypotheses a r e  supported by t h e  experiment. But is was surpr iz ing  t h a t  

the re  was no s i g n i f i c a n t  d i f ference  between technica l ly  t ra ined people o r  

experienced inves t iga tors  and ordinary laymen. That technical  peoples'  

performance can be improved by rmre time f o r  so lu t ion  and by how t h e  problem 

is s ta t ed  has a l s o  been demonstrated. 

Thus, four kinds of f ac to r s  o r  var iables  which m y  influence decisions 

about who was a t  f a u l t  i n  t r a f f i c  accidents  have been iden t i f i ed  and tested:  



1. I r re levan t  psychological information t h a t  is suggestive t o  

begin with and s o  beguiles the  invest igator .  

2. I r r e l evan t  physical information t h a t  misleads the  inves t iga tor  

a s  t o  pos i t ion  and d i  rect ion of movement. 

3. Time avai lable  t o  the  invest igator .  

4. Ins t ruc t ions  given o r  approach t o  the  problem. 

The manner i n  which these  var iables  operate is discussed. (From 

author ' s  abs t rac t )  

Baker, J.S. , "Concepts and Class i f i ca t ion  of T r a f f i c  Accident Causes - P a r t  
11: Analysis of Accident Causes, " In te rna t iona l  Road Safe ty  and - 
T r a f f i c  Review, Number 4, Autumn 1961. 

These a r t i c l e s  a r e  condensations of l a rge r  repor ts  bearing t h e  same 

t i t le .  

I n  P a r t  I ,  Baker defines the  concepts t h a t  form t h e  foundation of h i s  

c l i n i c a l  assessment projec t  on the  causes of t r a f f i c  accidents.  The most 

bas ic  of these is the  factor:  "any circumstance connected with a t r a f  fir:  

accident without which t h e  accident could not have occurred." Cause is "a 

combination of simultaneous and sequential  circumstances without any one of 

which the  accident could not have happened. " Because a l l  contr ibuting 

fac to r s  must be present ,  Baker sees no reason t o  d i f f e r e n t i a t e  between 

primary and secondary factors .  

Baker's system is anchored i n  time. This becomes c l e a r  i n  Pa r t  11, 

which is largely  concerned with accident reconstruction. Important events 

i n  an accident a r e  1) t h e  point  of possible perception under normal 

conditions; 2)  t h e  point  of possible perception under ex i s t ing  conditions; 

3) t h e  p i n t  of ac tua l  perception; 4) t h e  point  of response; and 5) the  

p i n t  of no escape. The l a s t  of these m y  occur anywhere i n  the  sequence. 

The general procedure i n  ana lys i s  is the  descr ip t ion  of the  sequence. A 

sample case study is presented. 

Baker, J.S., M a t  Are the  Causes of T r a f f i c  Accidents?" T r a f f i c  - Digest - and 
Review, Vol. 9 ,  No. 10, October 1961, pp. 11-16, 28-31. 



The author explains h i s  view of accidents and h i s  scheme fo r  

discovering the i r  causes. An accident is a breakdown or f a i l u re  in  the  

s e r i e s  of operations necessary t o  make a t r i p  on a highway without injury o r  

damage. 

Baker fur ther  defines a factor  a s  "any circumstance connected with a 

t r a f f i c  accident without which the accident could not have occurred." From 

th i s ,  it follows tha t  a l l  factors  contributing t o  any accident must be 

present t o  bring it about. Hence, it is meaningless t o  designate primary 

and secondary factors  in h i s  causal scheme. 

Baker, J.S., A Condensed Report on Case Studies of Traff ic  Accidents, - -  
~ r a f f T c  Ins t i t u t e ,  Northwestern University, ~ G n s t o n ,  I l l i no i s ,  
19 61. 

Baker, J.S., "Accident Reconstruction Research, " National Safety Congress 
Transactions, Vol. 24, Part  2, 1964, pp. 8-15. 

This paper concerns the role of police in  accident reporting and 

research. Because of the demands placed on police services, Baker 

recommends t h a t  police functions with respect t o  accident investigation (and 

especially cause analysis) be c la r i f ied .  He suggests t ha t  police avoid a l l  

but broad supervisory work i n  connection with accidents. The accident work 

i t s e l f  would then be handled by other agencies, possible t r a f f i c  engineering 

departments or  insurance companies. 

Baker, J.S., "Single-Vehicle Accidents on Route 66, " 46th Annual Meeting, 
Highway Research Board, January 1967. 

Th i s  is the report on a "level 1-1/2" study on f ive  months of single- 

car accidents on the en t i re ty  of Route 66. I t  contains some interesting 

categories for  accident causation. 

Baker, J.S., "Reconstruction of Accidents, " Traff ic  Digest and Review, - 
Vol. 17, No.3, March 1969, pp. 9-16. 

Experiments were conducted a t  the Traf f ic  I n s t i t u t e  t o  discover how 

successfully various kinds of investigators can reconstruct accidents from 

photographs of the roadway and post-accident s i tuat ion diagrams. Police and 



insurance claim inves t iga tors  d id  no b e t t e r  than college freshmen. Baker's 

point  is t h a t  spec ia l  t r a in ing  is required f o r  proper da ta  co l l ec t ion  and 

analysis .  

Baker, J .S., T r a f f i c  Accident Inves t iga t ion  Manual, The T r a f f i c  I n s t i t u t e ,  
Northvestern University, Evanston, I l l i n o i s ,  1975. 

Baker, J.S., "Traff ic  Accident Analysis, " Transportation - and T r a f f i c  
Engineering Handbook, Prentice-Hall, Englewood C l i f f s ,  New Jersey ,  
1976, pp. 377-403. 

Accident analys is ,  t h e  author points  out ,  may involve the  study i n  

d e t a i l  of individual  accidents  o r  the  study of groups of accidents  occurring 

a t  the  same o r  s imi la r  locations. The two types serve d i f f e r e n t  purposes. 

This a r t i c l e  is a manual f o r  would-be accident analysts .  Topics 

include accident reconstruct ion techniques, weighting of accidents  by 

sever i ty ,  countermeasures, and cost-benef i t e s t i m  t ion. 

Barre t t ,  G.V., P.E. Panek, H.L. S terns ,  R.A. Alexander, and W.L. ~ i h a l ,  
1nfo& t i o n  ~ r o c e s s i n g  S k i l l s  predic t ive  of ~ c c i d e n t  .Involvement - fo r  
Younger and Older Drivers, Technical ~ e p o z  AND-1, The University of 
Akron, ~=em]tbe 1976. 

Bar re t t  - e t  - a1 invest igated the  inf  ormation-processing capac i t i e s  of 

d r ive r s  in  the  areas of s e l e c t i v e  a t t en t ion ,  perceptual s t y l e ,  and 

perceptual-motor react ion time. Signi f icant  age-related d i f ferences  

appeared which a r e  s p e c i f i c a l l y  linked t o  accident involvement. 

Information-processing a b i l i t y  decreases about the  mid f o r t i e s  and 

individuals  cannot compensate f o r  t h i s  by "trying harder." 

Benner, L. Jr . ,  "Accident Invest igat ions:  Mult i l inear  Events Sequencing 
Methods," Journal  - of Safe ty  Research, Vol. 7,  No. 2,  June 1975, 
pp. 67-73. 

I n  these t h r e e  a r t i c l e s ,  Benner proposes a "Mult i l inear  Events 

Sequencing Method" of modeling accidents.  The model is a time-scaled l i n e a r  

sequence i n  which each event is an ac t ion  - by an ac to r  (animate o r  inanimate) 

i n  response t o  a perturbation. Several ac to r s  may be involved. 

Important concepts f o r  Benner a r e  the  beginning of an accident 



sequence and its end. The beginning is when homeostasis (equilibrium) ends. 

The ending is a return t o  homeostasis a f t e r  the l a s t  injury o r  damage 

producing event. 

The method d i f f e r s  from fault- tree analysis i n  tha t  a )  re la t ive  time 

is preserved in  the sequence; b) no logic (and/or gates) is used; and c)  the  

m d e l  is not quant i ta t ive  with probabi l i t ies  - each event did happen. I t  is 

descriptive rather than probabail ist ic.  

This view d i f f e r s  markedly from Perchonok's. No "c r i t i ca l  eventn is 

sought, and any predefined taxonomy of events is avoided. These, Benner 

believes, in te r fe re  with the process of discovery. A methodology directed 

towards the ident i f icat ion of a "causen is somewhat a r t i f i c i a l ,  and can mask 

the importance of interrelationships. 

Benner, L., Jr.  "Accident Theory and Accident Investigation," Proceedings of 
the  The Society of Air Safety Investigators Annual Seminar, 0 t t a w Z  -- -- 
Canada, October 1975, pp. 148-154. 

Benner, L.A. Jr. , " H w t h e s i s  Generation for Rare Events Research, " Rare 
' ~ven t /~cc ide 'n i  Research Methodoloqy , NBS Special pub1 i c a t  ibn 4'82; 

Proceedings of a Workshop held a t  the National Bureau of Standards, 
~ a i t h e r s b u r ~ ,  Maryland, - ~ a ~  1976, National Bureau of Standards, 
U.S. Department of Comnerce, Washington, D.C., Ju ly  1977, pp. 25-28. 

Blair ,  

425 accidents were investigated using the in-depth (c l in ica l  

assessment) approach. Included were pedestrian, urban, and rural  accidents. 

Variables were e i ther  act ive (wind gusts, t i r e  f a i l u r e ) ,  o r  passive 

(potholes, parked cars,  ice) . Driver error ,  judged subjectively by experts, 

was c lass i f ied  by means of the Baker (1960) system. This work is similar t o  

Indiana's but l e s s  rigorous. 

Blotzer, P., R.L. Krm, D.M. Krus, and D.E. Stark, Accident Causation, 
Pennsylvania Turnpike Jo in t  Safety Research Group, Harrisburg, 1954. 

This  18-month study of accident causation on the Pennsylvania Turnpike 

concludes tha t  86.5% of accidents were caused by dr iver  error  and the r e s t  

by vehicle fa i lures .  Environmental conditions a r e  treated a s  a given, a 



backdrop agains t  which dr iv ing experience occurs. Eight ca tegor ies  of 

f ac to r s  a r e  l i s t e d :  

1. Fa i lu re  t o  cope with road conditions. 

2. I l l e g a l  o r  unsafe actions. 

3 .  Ina t tent ion .  

4. Vehicle f a i lu res .  

5. Deficiencies i n  routine dr iv ing s k i l l s .  

6. Misperception. 

7. Fa i lu re  t o  avoid ob jec t s  i n  road. 

8. Intoxicants .  

Bohlin, N. and L.E. Samuelson, "A Methodology f o r  Codinq -- 
Configuration, Proceedings of - the In te rna t iona l -  
Inves t iga t ion  Workshop - p i l o r  Study on Road Safety,  - -  
Highway T r a f f i c  Safety Administration, Washington, D.C 
pp. 19-23. 

Accident 
Accident 
National . 1974, 

Bohlin proposes a coding system f o r  accident  types, d r ive r  react ion,  

and vehicle movement. A s ix -d ig i t  code is used. 

The f i r s t  two d i g i t s  descr ibe  t h e  type of accident (crossroads, s i n g l e  

vehicle, pedestrian, two same d i rec t ion  vehicles,  etc.), t h e  t h i r d  describes 

braking, the  fourth,  s teer ing ,  and t h e  l a s t  two, skidding and vehicle 

mvement. The system is organized t o  describe a case vehicle. Thus, an 

accident  my have more than one s i x - d i g i t  code. 

Bonder, S. , A Q u a l i t a t i v e  Highway System Model, Highway Safety Research 
Ins t iTute ,  J u l y  1966. (Unpublished. ) 

The paper lists the components in  a model of the  highway system. 

These fac to r s  include System Effect iveness Measures (measures of the q u a l i t y  

of se rv ice  and t h e  s a f e t y  provided), Subsystem Performance Measures 

( c a p a b i l i t i e s  of vehicles,  the  highway, medical f a c i l i t i e s ,  e t c . ) ,  Control - 
St rea teg ies  (a m a s u r e  of the  system's f l e x i b i l i t y ) ,  Hardware Performance 

Measures ( c a p a b i l i t i e s  of driving subsystems, including humans), Physical 

Hardware Charac te r i s t i c s  (brake l in ing  thickness, highway material ,  e tc .  ) , 



and Environmental Parameters (weather, noise level,  time of day, etc.) .  A 

paradigm is then presented t o  define the interrelationships of the parts.  

The model is used t o  determine the interactions and resultant 

performance capabi l i t i es  for the subsystems usually associated with the 

highway system. 

Bonder, S., D.E. Cleveland, and D. Wilson, Report of the Ad Hot System 
Study Group, Highway Safety Research Ins t i t u t e ,  The University of 
Mihigan, Ann Arbor, 1967. 

The objective of the Ad Hoc Systems Study Group was to  create  a 

highway system model fo r  use a s  a guide i n  al locating research resources. 

This large document examines a number of topics, including transportation 

demand, t r a f f i c  flow, accident prediction, degradation, the  driver,  vehicle 

dynamics, and costs. 

Borkenstein, R., The Role of the Drinking Driver in Traff ic  Accidents, - 
~ e p a r t m e n r  o r  ~ a i c r  Administration, Indiana University, 
Bloomington, February 1964. 

Brill ,  E.A., "A Car-Following Model Relating Reaction ~ iks  and Temporal 
Headways t o  Accident Frequency," Transportation Science, Vol. 6,  
No. 4 ,  November 1972, pp. 343-353. 

Brill, referring t o  s tudies  showing reduced reaction time with an 

integrated brake/accelerator pedal, attempts to re la te  braking reaction time 

t o  accident frequency. To t h i s  end, he creates a model fo r  rear-end 

col l is ions  during rush hour on c i t y  freeways. Examples a re  given t o  

demonstrate h i s  conclusion t h a t  addit ive changes in  reaction time correspond 

to  multiplicative changes i n  co l l i s ion  probability. 

Brown, D.B., Systems Analysis and Design fo r  Safety - Safety Systems - - - 
Engineering, Prentice-Hall, Inc. , Englewood C l i f f s ,  N.J., 1976. 

Browner, H.D., "Analysis of Relationships between Accidents and Geometries 
and Traf f ic  Characterist ics on the In t e r s t a t e  System," I n s t i t u t e  of 
Traff ic  Engineers, World Traff ic  Engineering Conference, Montreal, 
September 1971. 

The study collected detailed information on roadway segments of the 



i n t e r s t a t e  system pertaining t o  highway design and geometrics, t r a f f i c  

volume and type, and accident  occurrence and sever i ty .  Regression an lys i s  

indicated a co r re la t ion  between design fea tures  (ramps, lane  types, 

etc .)  and types of accidents,  but t h i s  co r re la t ion  explained only 5 t o  20% 

of t h e  variance i n  accident  rate .  The author bel ieves t h i s  is an upper 

limit on t h e  amount of variance design cha rac te r i s t i c s  can account for .  He 

indica tes  t h a t  t r a f f i c  volume is a m r e  important predictor .  

Burger, W.J . ,  R.L. Smith, J .E .  Queen, and G .B. Slack, Accident and Near -- 
Accident Causation: The Contribution of Automobile Design - 
Characteris t ics .  F inal  Report, Dunlap and-~ssociates, Inc., La 
J o l l a ,  California,  November 1977. DOT HS-802 714. 

This study was conducted to: 1) determine the  frequency and s e v e r i t y  

of driver/vehicle design mism tch problem contr ibut ion  t o  acc idents  and near 

accidents; 2) r e l a t e  d r ive r  and vehicle c h a r a c t e r i s t i c s  t o  s e v e r i t y  and 

frequency of problem experienced by dr ivers ;  3) develop and va l ida te  t h e  

method used t o  measure mismatch problem; and 4 )  i den t i fy  vehicle design 

countermeasures which would reduce problem frequency o r  sever i ty .  Five 

d i r e c t  m i l  quest ionnaires were developed and p i l o t  t e s t ed  on a sample of 

800 U.S. Goverment employees. Results  were analyzed and a modified 

quest ionnaire recommended f o r  a l a rge  s c a l e  survey of dr ivers .  

Subsequently, a d i r e c t  mail survey was s e n t  t o  10,000 d r ive r s  from 

Cal i fornia  and New Hampshire. Results  s trongly indica te  the  survey approach 

is val id  and t h a t  driver/vehicle design mismatch problems a r e  not t r i v i a l  a s  

cont r ibutors  o r  causes of accidents. (From author 's  abs t rac t )  . 

Cameron, D.H., "Accident Rate Analysis and Confidence L i m i t s , "  Proceedings 
of the  F i f t h  Conference of the  Austral ian Road Research Board - --- - - 
Volume - 5, 1970, pp. 117-138. 

This analys is  is b u i l t  on the  premise t h a t  the  number of accidents  f o r  

a given exposure (measured i n  miles) assumes a Poisson d is t r ibut ion .  The 

accident r a t e  (accidents per mile) is computed and a l s o  assumed t o  be a 

random variable. 

An i l l u s t r a t i o n  is provided i n  which accident r a t e s  a r e  computed 

separately a t  each l e v e l  of up t o  th ree  d i f fe ren t  "a t t r ibutes .  " These may 



be thought of a s  dif ferent  variables which define d i sc re te  categories of 

exposure. A chi-square t e s t  is used t o  search for  differences i n  accident 

ra tes  under the  nul l  h y p t h e s i s  tha t  the ra tes  a r e  the  same a t  each level  of 

the a t t r i b u t e  in  question. A p p r o x i ~ t e  equations a re  presented t o  compute 

con£ idence in t ema l s  for  each rate. 

An argument is cited,  based on t h i s  analysis, t ha t  the minimum 

accident count for  any category is about 30 ( th i r t y ) .  A t  t h i s  point, - +34% 

of the accident r a t e  w i l l  be an approximate 95% confidence interval. 

Carlson, W.L. , "Sampling from Highway Crash Populations, " Accident Analysis 
and Prevention, Vol. 8, No. 3, September 1976, pp. 177-186. - 

The problem of obtaining unbiased estimates using samples from 

sequential populations is examined using Monte Carlo simulation. These 

sequential populations a r e  composed of superposed renewal processes. One 

example of a sequential population is the population of highway crashes 

within a geographic area over a spec i f ic  time period. The simulation 

resu l t s  indicate tha t  samples a t  fixed o r  random count intervals provide 

unbiased estimates of the proportion of elements from each subpopulation, 

whereas samples a t  spec i f ic  times which a re  defined a t  fixed o r  random time 

intervals  resu l t  i n  biased estimates. A multiple regression analysis showed 

t h i s  bias t o  be related t o  the  actual  subpopulation proportions and the  

difference in  the relvariances (squared coefficient of variation) of the 

subpopulation in te ra r r iva l  times. The resu l t s  a re  shown t o  apply t o  an 

actual population of highway crashes obtained from a midwestern county over 

a one year t ime period. (From author's abstract) .  

Carr, B. e t  a l . ,  International Conference on Research Methodology for - - 
Roadside Surveys of Drinking-Driving - Alcohol Countermeasures - 
Workshop, National Safety Council, ~ h i c a g o ,  September 1974. DOT 
HS-801 220. 

Clayton, A.B., "An Accident-based Analysis of Road-user Errors, " Journal of - 
Safety Research, June 1972 . 

Clayton, in a Br i t i sh  study using at-scene accident investigations, 

suggests tha t  an "accident" is such a disparate collection of events that  

its use conceptually is limited. Causation research should concentrate on 



s p e c i f i c  e r r o r s  committed ra the r  than seek a unique cause. He a l s o  points  

out  t h a t  an individual  who commits e r r o r s  of a p a r t i c u l a r  type may possess 

d i f f e r e n t  psychological t r a i t s  from one who commits another type of er ror .  

Clayton, A.B., "Aetiology of T r a f f i c  Accidents, " Health Bul le t in ,  Vol. XXXI, - 
No. 4 ,  October 1972. 

Clayton used an in te rd i sc ip l ina ry  team (a mechanical engineer, 

psychologist, surgeon, and t r a f f i c  engineer) f o r  h i s  c l i n i c a l  assessment of 

625 accidents  i n  Birmingham, U.K. He notes t h a t  accidents  tend t o  be caused 

by a combination of factors .  Road-user e r ro r s ,  alone o r  i n  combination wi th  

o ther  f ac to r s ,  were present  i n  90% of accidents. Of these e r ro r s ,  the  most 

c o m n  were f a i l u r e  t o  look and excessive speed. 

Cohen, J., and B. Preston, Causes - and Prevention of Road ~ c c i d e n t s ,  Faber -- 
and Faber, London, 1968. 

This  book addresses various causat ive mechanism which a r e  thought t o  

be re la ted  t o  accident  causation i n  the  B r i t i s h  experience. Pa r t i cu la r  

a t t en t ion  should be paid t o  chapter 6 of  Pa r t  I ,  concerning communication on 

t h e  road. The authors analyze t h e  reasons £or communication f a i l u r e s  and 

resul t ing  crashes. 

Cooper, P.J., Predic t ing  In te r sec t ion  Accidents, Road and Safe ty  Motor 
Vehicle T r a f f i c  Safe ty  Of f i c e ,  Canadian Ministry of  T r a n s p r t ,  
Ottawa, September 1973. 

The author used t h e  T r a f f i c  Conf l ic ts  Technique i n  an attempt t o  

predic t  accident r a t e s  a t  in t e r sec t  ions. Exposure ( t r a f f i c  volume) , 
con£ licts, and accidents  were counted, with con£ l ic ts  being defined a s  the  

ac t ions  of one vehicle causing another t o  take evasive action. A good 

cor re la t ion  was found between exposure, conf l i c t s ,  and accidents ,  but 

c o n f l i c t s  were not a s  good a predic tor  of accident  r a t e  a s  was exposure. 

The author suggests t h a t  the  c o n f l i c t  technique is probably not  useful a s  an 

accident predic tor  txlt it is useful  i n  determining problem a reas  i n  s p e c i f i c  

in tersec t ions ,  p a r t i c u l a r l y  when the  okserver is a t r a f f i c  engineer. 



Cromack, J.R. and G.M. Barnwell, A Cr i t i ca l  Analysis of Traf f ic  Accident 
Data, SAE 750916, soc ie ty  of Automotive ~ n s n e e r s  Automobile 
Engineering Meeting, Detroit,  October 1975. 

Cromack and Barnwell asser t  that  most t r a f f i c  accidents resu l t  from 

defects in driver performance, and t h a t  underlying psychological and 

behavioral variables have been neglected in  accident investigations. They 

recommend a systems approach based both on the paradigm of the human 

operator performing simultaneous tracking, vigilance, and decision tasks, 

and on the linking of mthematical models, computer simulation, and 

laboratory experimentation. 

Curry, G.A. e t  al .  Task Load in  the Motor Vehicle Operator: A Comparative -- - - - 
Study of Assessment Procedures, Department of ~sychoiogy , Queen's 
~ n i v e r z t y ,  Kingston, Ontario, July 1975. 

Curry -- e t  a1 assessed four methods of establishing driving task load. 

Cardiovascular measures and a verbal tapping task were found t o  be good 

discriminators of t r a f f i c  routes of dif fer ing complexities. Sugestions a re  

made for  the  use of dr iver  overload measures (when bet ter  developed) i n  

dr iver  tes t ing,  road design, etc.  

Driessen, G.J.,  -- Cause Tree Analysis: Measuring - How Accidents Happen -- and the 
Probabili t ies - -  of t he i r  Causes, National Safety Council, Chicago, 
September, 1970. 

This a r t i c l e  concerns the general topic of safety,  not specif ical ly  

highway safety. I t  is a good, brief introduction t o  fault- tree analysis, 

probability calculation, and the  ident i f icat ion of countermeasures. Also 

included is a good bibliography, up to  1970. 

Dugoff, H., "Implications of a Simplified Systems Model: The Elements of 
PreCrash Safety," Unpublished Memorandum dated March 5, 1968, 
Highway Safety Research Ins t i tu te ,  The University of Michigan, Ann 
Arbor. 

Dunlap and Associates, Inc., An Analysis --- of R i s k  and Exposure - in  Automobile 
Accidents, Stamford, Connecticut, 1953. 

The occurrence of automobile accidents is modelled using a combination 

of three causes: exposure (determined mainly by the environment), r isk  



acceptance (detemined mainly by t h e  d r i v e r ) ,  and t h e  probabi l i ty  of an 

accident. For two-vehicle accidents,  exposure is taken t o  be a passing o r  

overtaking ( the  amount of passing is re la ted  t o  the  t r a f f i c  dens i ty  and t h e  

speed d i s t r ibu t ion) .  Risk acceptance is a condit ional  probabi l i ty  

describing the  l ikel ihood t h a t  t h e  d r ive r  w i l l  t ake  c e r t a i n  s p e c i f i c  ac t ions  

given t h e  exposure. R i s k  acceptance is modelled i n  t e r n  of risk 

estimation, and is re la ted  t o  t r a f f i c  dens i ty  by considering t h e  frequency 

a t  which t r a f f i c  c o n f l i c t s  o r  po ten t i a l  danger s i t u a t i o n s  a r e  presented t o  

the  driver .  The probabi l i ty  of an accident  is then condit ional  on t h e  

s p e c i f i c  ac t ion  taken by t h e  d r i v e r  when presented with a s p e c i f i c  exposure 

s i tua t ion .  

Exposure i n  terms of t r a f f i c  dens i ty  is compared with accident counts 

using to l l road and o the r  data. I n  general ,  t h e  re la t ionship  is found t o  be 

inadequate. Further discussion of the  model f o r  r i s k  taking describes how 

t h i s  f a c t o r  has the  po ten t i a l  t o  explain some of the  observed discrepancies. 

The probabi l i ty  of an accident is not estimated. 

Edwards, C.B. and J. Gurland, 'A Class of Dis t r ibut ions  Applicable t o  
Accidents," American S t a t i s t i c a l  Association Journal ,  Vol. 5-6, 
September 1961, pp. 503-517. 

This a r t i c l e  extends the  accident proneness model by compounding t h e  

corre la ted  b iva r i a t e  Poisson d i s t r i b u t i o n  through a Gamma d i s t r ibu t ion .  

Recurrence re l a t ions  and expressions f o r  t h e  required p robab i l i t i e s  a r e  

i l l u s t r a t e d  with two sets of da ta ,  and t h e  compounded d i s t r i b u t i o n  f i t s  a s  

well o r  be t t e r  than the  corre la ted  b i v a r i a t e  Poisson from which it was 

derived . 

E h m n ,  L., "Causes of Highway Accidents; United S t a t e s  Experience," T r a f f i c  
Quarterly,  Vol. 12, January 1958, pp. 30-57. 

Ehrman, wri t ing i n  1958, emphasizes the  need f o r  mre comprehensive 

accident data. Also discussed a r e  t h e  c o s t s  of accidents,  highway design 

fea tures ,  and t r a f f i c  volume. 



Erlander, S., "A Reviw of Some S t a t i s t i c a l  Models Used i n  Automobile 
Insurance and Road Accident Studies," Accident Analysis - and 
Prevention, Vol. 3, No. 1, July 1971, pp. 45-75. 

Fel l ,  J. and V.J. E s p s i t o ,  "Accident Data Collection, Analysis and 
Findings," Young Driver Accidents, Paris,  OECD, March 1975, 
pp. 121-145. 

Fel l ,  J.C. and K.J. Tharp, Multi-Disciplinary Investigations t o  Determine 
Accident Causation: Report No. -- 2 - Accident - Case ~ n a l y z s  -- and Data 
Processing Procedures, Report No. VJ-2224-V-2, Cornell Aeronautical 
Laboratory, Inc. , Buffalo, October 1969. 

The data collected by the mult i-disciplinary team investigations of 

m t o r  vehicle accidents were used t o  reconstruct the pre-, at-, and post- 

impact conditions and dynamics of the accident event. An individual 

accident report - referred to  a s  a summary - was writ ten and provided a 

s m r i z a t i o n  of the  otservations and data collected, a description of the 

various stages of the accident, and a l i s t i n g  of the causation factors  a s  

concluded by the investigators. 

The individual case report was then processed fo r  use with CALrs 

computer equipment. Processing cons isted of pa r t i a l  numeric and 

alphanumeric coding of the data obtained and an alphanumeric presentation of 

the  description and causatdon factors  in a semi-structured form. 

This volume is a manual of data processing procedures for  the  study. 

(From author's abstract)  . 

Fell ,  J.C., "A Motor Vehicle Accident Causal System: The Human Element," 
Human Factors, 1976, Vol. 18, No. 1, pp. 85-94. 

Fel l ,  J.C., "ACCIDENT CAUSATION AND AVOIDANCE: METHODOLOSICAL APPROACHES - 
~nt roduct ion  and Systems Overview," Motor Vehicle Collision 
Investigation Sympos iun Volume - I : Proceedings, Report 
No. ZQ-5731-V-1, Calspan Corporation, Buffalo, pp. 458-480. DOT 

The a r t i c l e  presents four examples of accident causal models. The 

f i r s t  two, the  "Indiana Accident Causal Taxonomy" and the CALSPAN 

(Perchonok) model of accident generat ion, a r e  a1 1-inclus ive schemes designed 

to  categorize large numbers of accidents. The " H m n  Factors Causal System" 

and the "Miami Causal Model fo r  Single Vehicle Accidents" have more limited 

and spec i f ic  goals. 



F e l l ,  J.C., "A Motor Vehicle Accident Causal System: The Human Element," 
Motor Vehicle Col l i s ion  Inves t iga t ion  Symposium Volume I: 
Proceedings, Reprt No. ZQ-5731-V-1, Calspan Corporation, ~ u f  f a l c  
pp. 504523. WT HS-801 979. 

F e l l  considers f i r s t  the  IRPS and Perchon& models of accident 

causation. The body of the  a r t i c l e  then draws u p n  these  models, 

concentrating on the  human pre-crash elements of a c o l l i s i o n ,  t o  c rea te  a 

human accident causal  model. The author preserves the  chronology of the  

accident through the  use of causal  chains (a cause is followed by an e f fec t ,  

which becomes a cause f o r  t h e  next e f f e c t  ) . 

Fergenson, P.E., "The Relationship between Information Processing and 
Driving Accident and Violat ion Record," Human Factors, Vol. 13, 
No. 2, April  1971, pp. 174176.  

Fergensen studied t h e  re la t ionship  of information processing a b i l i t y  

t o  accident and v io la t ion  records. High violation/zero accident group was 

t h e  best  informa t i o n  processor; high v i o l a t  i o n h i g h  accident group, t h e  

worst. 17 subjec ts ,  a l l  male, were matched f o r  driving experience. 

Ferre i ra ,  J. Jr., "Driver Accident Models and Their Use i n  Policy 
k a l u a t i o n , "  Analysis of Public  Sys tem,  Massachusetts I n s t i t u t e  of 
Technology, ~ambridge,T972.  

This paper is an outgrowth of  the  DOT Auto Insurance and Compensation 

Study. The author ' s  goal  is t o  " i l l u s t r a t e  the  po ten t i a l  ro le  of operat ions 

research analys is  i n  formulating quan t i t a t ive  approaches t o  policy 

evaluation. " 

The paper focuses on two problems: overrepresentation i n  accident 

s t a t i s t i c s ,  and d r ive r  improvement programs. 

The overrepresentation study is based on s i x  years of accident da ta  

f o r  a sample of 7,842 licenced Cal i fornia  drivers .  He compares a Poisson 

"equally l ike ly"  model with a negative binomial model, and concludes t h a t  

arcident  prone d r ive r s  exis t .  However, he a l so  concludes t h a t  most of the  

proneness r e s u l t s  from people who have no mre than a handful of reported 

accidents  during t h e i r  e n t i r e  l i f e t i n e .  Because of t h i s ,  he claims, the  



concept proneness l i t t l e  value. 

The section on driver improvement programs develops a probabi l is t ic  

model t o  measure the reduction i n  accidents one might expect from driver  

improvement programs. Using the California data,  he concludes tha t  

measurable reduction i n  accidents would only occur a f t e r  several years. 

Furthermore, over a ten-year period, from three t o  ten dr ivers  would have t o  

be trained fo r  each accident prevented. 

Because Ferreira 's  work on overrepresentation does not compare 

accident and exposure data, i t  is not applicable i n  determining causation 

from accident data. 

Fleiss,  J.L., S t a t i s t i c a l  Methods for  Rates and Proportions, John Wiley & --- 
Sons, New York, 1973. 

Flynn, L., (Compiler), Accident - R i s k  Forecasting - - - A Bibliography, Report 
No. 22, Technical Reference Division, National Hiqhway Traff ic  
Safety ~dminis t ra t ion ,  Washington, D.c., August 1977. DOT HS-802 
567. 

This bibliography represents accident forecasting l i t e r a t u r e  acquired 

by the NHTSA since its establishment in 1967. I t  contains NHTSA contract 

reports, reports of other organizations concerned with highway safety,  and 

a r t i c l e s  from periodicals in related f ie lds .  (From author's a h t r a c t ) .  

Garrett ,  J .W. ,  Editor, Motor Vehicle Collision Investigation Symposium - 
Volume 1 : Proceedings , Report No. ZQ-5731-V-1, Calspan ~ o r p o r a t  ion: 
~ u f f a l o ~ ~ u ~ u s t  1976. DOT HS-801 979. 

The objectives of t h i s  symposium were to  exchange ideas and discuss 

accident investigation plans and programs, new technology for  improving 

accident investigation, accident study designs, and accident data reduct ion 

and analysis. Major emphasis was placed on new or planned federal  data 

systems, co l l i s ion  reconstruction, and accident causation methodology. A 

feature of the symposium was a crash c l i n i c  in  which a staged co l l i s ion  was 

investigated and reconstructed by a composite investigation team made up of 

members of teams throughout the U.S. (From author 's  abs t rac t ) .  



Glennon, J.C., "Roadside Safety Improvement Programs on Freeways; A Cost- 
Effectiveness P r i o r i t y  Approach, " National cooperat ive Highway 
Research Program Report, 148, 1974. 

Glennon developed a cost-effectiveness p r i o r i t y  approach t o  t h e  

a l locat ion  of funds f o r  roadside safe ty .  A p r o h b i  lity-based hazard index 

model was developed which considers vehicle encroachment frequencies, 

l a t e r a l  displacement of encroaching vehicles,  l a t e r a l  placement of roadside 

obstacles,  and t h e  accident seve r i ty  associated with the  o b t a c l e .  

Glennon, J.C., W.D. Glauz, M.C. Sharp, and B.A. Thorson, Cr i t ique  ( 

Traffic Con£ 1,: A&- "--'.-:-..- "-----A -d L & CCLL. X--..-l M. 
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of the  Transportation Research Board, January 1977. 

Goeller,  B.F., Modeling - the  
1968. 

Traf f ic-Safety System, Rand Corporation, Apri l  

The author suggests  there  is a need f o r  a rmdel of the  t r a f f i c  s a f e t y  

system t h a t  can predic t  the  consequences of various safety-related 

a c t i v i t i e s  i n  terms of deaths, co l l i s ions ,  in ju r i e s ,  and property damage. 

The paper develops a conceptual framework f o r  such a model and 

attempts t o  iden t i fy  the  types of research needed t o  make t h a t  framework 

in to  an operat ional  model of p rac t i ca l  use. 

Goeller,  B .F., "Modeling t h e  Traf f ic-Safety System, " Accident Analysis - and 
Prevention, Vol. 1, October 1969, pp. 167-204. 

Goeller  assumes t h a t  the  d r ive r  is the  rnajor causative f a c t o r  i n  

accidents,  but  concedes t h a t  d r i v e r  improvement is not necessari ly t h e  most 

c o s t  e f fec t ive  way t o  improve t r a f f i c  safety.  The model defines d r ive r  

"vulnerabi l i tyn  a s  the  sum of four sub-categories: perception, judgement, 

s k i l l ,  and chance. This f ac to r  is mult ipl ied by exposure, and by t h e  

probabi l i ty  of danger, t o  y ie ld  t h e  expected confrontation r a t e  f o r  

accidents. He concludes tha t  much research is needed t o  tu rn  h i s  

preliminary model i n t o  an operat ional  one. 

Goodenough, D.R. , "A Review of Individual  Differences in  Fie ld  Dependence a s  
a Factor i n  Auto Safety,"  Human Factors, 1976, Vol. 18, No. 1, 
pp. 53-62. 



Goodenough c i t e s  evidence i n  support of the notion t h a t  f ield- 

dependent dr ivers  a re  more often involved i n  accidents than a re  field- 

independent drivers. Four reasons are  suggested: slw recognit ion of 

developing hazards, slow response t o  embedded road signs, poor control of 

skidding vehicles, and lack of defensive driving i n  high speed t r a f f i c .  

Gordon, D.A. and T.M. Mast, "Drivers' Judgements in  Overtaking and Passing," 
Human Factors - -1 1970, Vol. 12, No. 3, pp. 341-346. 

Gordon and Mast looked a t  dr iver  estimation of the required overtaking 

and passing distances i n  an actual driving si tuation.  Consistant 

underestimation was found: 15% a t  18 mi/hr and 68% a t  50 mi/hr. 

Gordon, J.E., "The Epidemiology of Accidents," American Journal - of Public 
Health, Vol. 39, April 1949, pp. 15-27. 

This twenty-three year-old study is considered a c l a s s i c  i n  accident 

epidemiology. The argument presented fo r  an epidemiological approach t o  

accident causation is convincing despite the use of outdated concepts and 

case studies . 

Greenberg, B.G., "Problems of S t a t i s t i c a l  Inference in  Health with Special 
Reference to  the Cigarette Smoking and Lung Cancer Controversy," 
Journal of the  American S t a t i s t i c a l  Association, Vol. 64, No. 327, 
~ e p t  ember1969. 

Haddon, W. Jr. ,  "The Changing Approach to  the Epidemiology, Prevention, and 
Amelioration of Trauma: The Transition t o  Approaches Etiologically 
Rather Than Descriptively Based, " Behavioral Research in  Highway - - 
Safety, Vol. 1, No. 1, January 1970. 

The author r a i l s  against  "prescientif ic concepts and terms." The 

concept of accident is one such concept, being descriptive rather than 

etiologic.  The et iologic  approach examines f o m  of energy exchange which 

must occur in  excess of body injury thresholds. Haddon compares the notion 

of accident t o  the medieval use of "wasting" a s  a disease. Only l a t e r ,  when 

physicians came to  see  wasting a s  a resul t  rather than a cause, did they 

make any progress on the diseases tha t  cause it. 

Haddon also makes the point t ha t  the effectiveness of accident 



countermeasures does not p a r a l l e l  t h e  ranking of accident causes. 

Haddon, W., Research - with Respect -- t o  Fata l  Accident Causes:Implications - f o r  
Vehicle Design, Society of Automotive Engineers Summer Meeting, 
19 61. 

This address c a l l s  a t t e n t i o n  t o  the  ro le  of i n t e r i o r  vehic le  design i n  

c o l l i s i o n  in jur ies .  Haddon ou t l ines  four s t r a t e g i e s  f o r  t h e  reduction of 

crash-related in jur ies .  

The f i r s t  s t r a t egy  is t o  modify vehicle use pa t t e rns  by rearranging 

workdays t o  s tagger t r a f f i c  loads and banning the  use of motor vehicles f o r  

individuals  who a r e  "partying. " Given the  dependence of the socie ty  on 

p r iva te  vehicle use, t h i s  s t r a t egy  would be of l imited effect iveness.  

His second suggestion is t o  strengthen law enforcement and improve 

engineering design i n  order t o  reduce accidents. 

A t h i r d  s t r e t egy  would attempt t o  prevent o r  lessen i n j u r i e s  by 

improving i n t e r i o r  vehicle design. 

F inal ly ,  he suggests improving emergency services  and a f t e r c a r e  f o r  

accident victims. 

Haddon, W. , "A Logical Framework f o r  Categorizing Highway Safety Phenomena 
and Activi ty,"  Journal  -- of Trauma, Vol. 12, No. 3 ,  March 1972. 

Haddon suggests a systematic analys is  of accidents  with a view t o  l o s s  

reduction ra the r  than accident prevention. He c i t e s  examples of 

countermeasure s t r a t e g i e s  t h a t  have proven successful  i n  reducing crash 

sever i ty  (e.g. - high-penetration-resistant windshields). 

He a l s o  d is t inguishes  between the  p r i o r i t y  order  of countermeasures in 

terms of t h e i r  contr ibution t o  l o s s  reduction and the  rank order  of accident 

causes. The author est imates t h a t  a th i rd  of a mi l l ion  d r ive r s  i n  the  

U.S. have unnecessarily l o s t  t h e i r  l i v e s  because of hard, spear l ike  s t ee r ing  

columns. 

Haight, F., H. Joksch, J. O'Day, P. Waller, J. S t u t t s ,  and D. Reinfurt,  
Review - of Methods - fo r  Studying Pre-Crash Factors, The Highway Safe ty  



Research Center, University of North Carolina, Chapel H i l l ,  October 
1976. DOT HS-802 054. 

Haight, F.A., Problems. i n  Transport Safety,  Pennsylvania S t a t e  University, 
University ~ a r k T ~ u 1 ~  1970. 

This  work is the t r a n s c r i p t  of a series of l e c t u r e s  given i n  

Karlsruhe. Taken a s  a whole, t h e  s i x  t a l k s  comprise an overview of highway 

s a f e t y  research. Topics include accident proneness, accident  models, d r ive r  

behavior, exposure m d e l s ,  and s t r a t e g i e s  f o r  f u t u r e  research. 

Haight, F.A., Ind i rec t  Measures f o r  Measurins Exposure Factors  a s  Related t o  - 
t h e  ~ n c i d e n z  of Motor Vehicle T r a f f i c  ~ c c i d e n t s , ~ e n n s ~ l v a n ~  - --  
Transportation and T r a f f i c  Safety Center, University Park, Septwker  
19 71. 

Haight, F.A., 'Induced Exposure, ' Accident Analysis and Prevention, Vol. 5, - 
No. 2, June 1973, pp. 111-126. 

Henderson, M., Human Factors  i n  T r a f f i c  Safety: A Reappraisal, T r a f f i c  - 
Accident ~ e s e a r c h  Unit, Department of ~ o t o r  Transport,  N e w  South 
Wales, February 1971. 

Henderson, looking a t  the  a u s t r a l i a n  experience, concludes t h a t  the  

m d i f i c a t i o n  of human behavior is not the  answer t o  t h e  t r a f f i c  s a f e t y  - 
problem. He r e c o m n d s  research i n  areas  of driving s k i l l s ,  highway system 

demands, socic-cultural envi ronment , and enforcement . He a l s o  recomnends 

a c t  ion on drinking d r i v e r  i d e n t i f i c a t i o n  and contro l ,  dr iv ing and accident  

records, and s e a t  be l t s .  

Horodniceanu, M., E.J. C a n t i l l i ,  M. Shoomn, and L.J. Pignataro, 
Transportation System Safe ty  Methodology - F i r s t  Year Final  Report, --- 
Report No. TR-76-505, Polytechnic I n s t i t u t e  of New York, Brooklyn, 
Novembe r 19 76. DOT-TST-77-17. 

The Transportation System Safe ty  Methodology is composed of two major 

sections: a M a n a g e ~ n t  sec t ion  and a Transportation System Safe ty  Program. 

The Management port ion describes the  ideal  philosophy and a t t i t u d e  of 

sa fe ty  management, and provides guidel ines f o r  appropriate organizat ion and 

s t a f f i n g  of sa fe ty  a c t i v i t i e s  within t h e  parent  organization, and f o r  policy 

and objec t ive  development, se l ec t ion ,  t r a in ing ,  c e r t i f i c a t i o n  and m t i v a t i o n  

of personnel, da ta  base requirements, assignment of accountabil i ty,  and 



measurement of program effect iveness.  

The Program sect ion provides a descript ion of the  hazard 

iden t i f i ca t ion  and analysis ,  and invest igat ion and review processes, and 

introduces the  techniques t o  be used i n  sa fe ty  analysis.  These analyt ic  

methods a r e  discussed i n  t h e i r  applicat ion t o  each phase of the  

t r a n s p r t a t i o n  a c t i v i t y  cycle: concept formulation, preliminary design, 

engineering design, production, and operation and maintenance, providing 

s p e c i f i c  guidelines t o  the  transportat ion system safe ty  process i n  any given 

modal organization. (From author ' s  abs t rac t ) .  

Hutchinson, T.P., " S t a t i s t i c a l  Aspects of Injury Severity. Par t  I: 
Comparison of o Populations When There a r e  Several Grades of 
~ n j u r ~ , ' ~   rans sport at ion Science, Vol. 10, No. 3,  August 1976, 
pp. 269-284. 

Hutchinson, T.P., " S t a t i s t i c a l  Aspects of Injury Severity. Par t  11: The Case 
of Several Populations but Only Three Grades of Injury,"  
Transportation Science, Vol. 10, No. 3 ,  August 1976, pp. 285-299. 

I n  the  f i r s t  paper, t h e  proportion of cases in one population t h a t  

exceed each l e v e l  of injury sever i ty  is plot ted  agains t  t h e  proportion of 

cases i n  the  o ther  population exceeding the  same threshold level.  I n  
0 general,  deviations of t h i s  p lo t  from a 45 l i n e  indicate  differences i n  the  

l eve l  of sever i ty  f o r  the  two populations. I f  the re la t ionship  shown on 

t h i s  p lo t  may be described by a simple function, then ca lcula t ion of the 

parameters i n  the  function provide a means of quantifying di f ferences  i n  t h e  

d i s t r ibu t ions  of injury sever i ty  i n  the  two populations. 

This approach is extended i n  the  second paper t o  the  case of only 

three  l eve l s  of injury but where several  categories a r e  defined based on the 

l eve l s  of o ther  fac tors  (e.g.--age). The injury d i s t r ibu t ion  is again 

assumed t o  be exponential and t h e  influence of the d i f f e r e n t  categories of 

the  fac to r  on the  in jury  d i s t r ibu t ion  is assumed t o  be described by changes 

in the  value of the parameter i n  t h e  exponential d is t r ibut ion.  When the 

proportions associated with two of the  injury levels  a r e  p lo t ted  agains t  one 

another a t  each of the  l eve l s  of the  added fac tor ,  the  re la t ionship  m y  be 

expected t o  be a power function. 

Data a r e  presented t o  demonstrate a corre la t ion  between t h e  proportion 



se r ious ly  injured and t h e  proportion k i l l ed .  Curves a r e  f i t t e d  t o  these  

data  assuming both the  exponential d i s t r i b u t i o n  of in jury  s e v e r i t y  and a 

normal d i s t r i b u t i o n  with constant  variance. A b e t t e r  f i t  is obtained under 

t h e  assumption of t h e  exponential d i s t r ibu t ion .  The r e s u l t  lends support t o  

t h e  use of the power function i n  comparing t h e  proportions of se r ious ly  

injured and k i l l e d  a t  var ious  l e v e l s  of  another  f a c t o r  such a s  age. These 

r e s u l t s  would seem t o  be most useful  i n  comparing da ta  from d i f f e r e n t  

sources where va r i a t ions  e x i s t  i n  t h e  report ing thresholds and d e f i n i t i o n  of 

i n  jur ies .  

I n s t i t u t e  f o r  Research i n  Publ ic  Safety,  Study t o  Determine - t h e  Relat ionshi  
between Vehicle Defects and Fai lures .  a 3  Vehicle Crashes. Volume 1; - . - - 
Indiana Universi ty,  Bloomington, May 1973. WT HS-800 850; 

Resul ts  of t h e  Indiana Tri-Level Accident Inves t iga t ion  Program a r e  

reported. The study focused on the  determination of the  r e l a t i v e  ro les  

played by human, environmental, and vehicular  de f i c i enc ies  i n  causing 

accidents.  

This  is the  f i r s t  of four volumes. I t  presents  f indings concerning 

component outage ra t e s ,  representat iveness of samples, and o the r  study 

topics.  (From author ' s  a b s t r a c t )  . 

I n s t i t u t e  fo r  Research i n  Publ ic  Safety,  A study - t o  Determine t h e  - 
Relat ionship between Vehicle ~ e f e z s  - and Crashes, Indiana 
University, May 1973. 

I n  t h i s  study, 999 accidents  were invest igated i m d i a t e l y  a f t e r  t h e i r  

occurence by teams of technicians; 219 o f  these same accidents  were 

independently examined by a mul t id isc ip l inary  team. Baseline information 

about t h e  study area  and nat ional  d r ive r ,  vehicle,  roadway and accident  

populations was acquired. 

The author concludes t h a t  s tudy r e s u l t s  from t h e  Indiana work may be 

general ized t o  t h e  na t ional  accident  picture.  

I n s t i t u t e  f o r  Research i n  Public  Safety,  Tri-Level - Study -- of t h e  Causes of 
T r a f f i c  Accidents: Interim Report I ,  Volume - I ,  Indiana ~ n i v e r s i t c  
Bloomington, January 1975. DOT HS-801 334. 



This is the f i n a l  repor t  of the f i r s t  year of the  "Tri-Level Study of 

t h e  Causes of T r a f f i c  Accidents." This  is Volume I ,  covering study 

findings. 

I n s t i t u t e  f o r  Research i n  Public  Safety,  Study - t o  Determine - t h e  Relat ionship 
between Vehicle Defects - and Failures,  - and Vehicle Crashes, Volume 
2. Final  Report, Indiana University, Bloomington, May 1973. DOT -- 
HS-800 851. 

Results  of the  Indiana Tri-Level Accident Inves t iga t ion  Program a r e  

reported. The study focused on t h e  determination of the  r e l a t i v e  ro les  

played by human, environmental, and vehicular def ic iencies  i n  causing 

accidents. 

This  is the  second of four volumes. I t  presents  findings concerning 

component outage ra tes ,  representat iveness of  samples, and o ther  study 

topics. (From author 's  aks t rac t )  . 

I n s t i t u t e  f o r  Research i n  Public  Safety,  A Procedures Manual -- f o r  a Rapid- 
Respnse  S y s t m  - t o  Generate ~ i g h i a y  -- Crash Da-~inal Reprt , 
Report No. DOT- HS-034-2-410-74-RR1, Indiana University , 
Bloomington, November 1974. DOT HS-801 259. 

The NHTSA uses a mul t i level  approach f o r  col lec t ing  t h e  accident da ta  

it requires. One of these  approaches is the  bi-level study. The bi-level 

methodology cons i s t s  of adding s p c i a l i z e d  data  elements t o  a standard 

pol ice  accident report ing form. The desired data  had therefore  t o  be 

col lec table  by the  pol ice  o f f i c e r  inves t iga t ing  the  accident. This  approach 

yielded valuable da ta  but suffered from lengthy delays between the  

iden t i f i ca t ion  of an information void and the  point where aggregated and 

analyzed data  were available.  The goal  of the  study was t o  analyze t h e  bi- 

l eve l  methodology and redesign i t  t o  el iminate t h e  delays. The r e s u l t  was 

the  rapid-response system (RRS) . 
Thi s  a r t i c l e  describes the  procedures used i n  t h e  RRS. (From author ' s  

abs t rac t ) .  

I n s t i t u t e  f o r  Research i n  Public  Safety,  Tri-Level Study -- of the  Causes of 
Tra f f i c  Accidents: Interim R e p r t  II. Volume - I: Causal E 'ac tz  



Tabulations and Trends, Indiana University, Bloomington, December 
1974. ~ n p u b l m e d .  

I n s t i t u t e  for  Research in  Public Safety, An Analysis of Emergen 
Situations, Maneuvers, - and Driver ~ e h a v z r s  - in ~ c c i d e z  Avoidancz 
Indiana University, February 1975. 

The IRPS e f fo r t  involved the  development of taxonomies of both 

accident s i tuat ions  and vehicle maneuvers tha t  might be taken to  avoid 

accidents. Attent ion was focused par t icular ly  on the "emergency t r a f f i c  

confl ic t"  si tuations.  These involve more than one roadway user and require 

rapid and unplanned actions t o  avoid coll ision.  Subjective estimates of the 

probabi l i t ies  of accident avoidance l'successH were developed fo r  a l l  

feasible combinat ions of emergency s i tuat ions  and maneuvers. (From author's 

abstract)  . 

I n s t i t u t e  for  Research in Public Safetv, Tri-Level Studv of the Causes of - --- 
Traff ic  Accidents: Interim ~ e p o s  I ,  Volume - I I,  Appendices, 1ndiaK 
University, Bloomington, January 1975, DOT HS-801 335. 

This is the f i na l  report of the f i r s t  year of the "Tri-Level Study of 

the Causes of Traff ic  Accidents. " T h i s  is Volume 11, containing the report 

apendi ces. 

I n s t i t u t e  for  Research in  Public Safetv. TRI-LEVEL STUDY OF THE CAUSE OF 

This volume presents resu l t s  of the  r e l i a b i l i t y  and va l id i ty  

assessments of a Dynamic Vision Tester (DVT). Test/retest  comparisions were 

made to  assess t e s t s  r e l i ab i l i t y ,  and a test was administered t o  both 

accident and control populations to  determine the relevance of vision t e s t  

scores t o  accident involvement and types of accident causing error  

c d  tted. The authors a l so  examine the relationship between driving 

knowledge t e s t  scores and accident involvement. 

Also included i n  t h i s  report are  resu l t s  of the c lus te r  analysis of 

both in-depth and on-site investigation team data,  and a discussion of new 

methodologies for  measuring dr iver  character is t ics  and determining t h e i r  

relationship to  accident causation. (From author I s  abst ract)  . 



I n s t i t u t e  f o r  Research i n  Public  Safety,  TRI-LEVEL STUDY OF TRAFFIC - -  
ACCIDENTS: INTERIM REPORT I1 (Volume 11: Radar and Anti-Lock Braking --- 
Payoff Assessment) , ~ n d i a n r ~ n i v e r s  i t y  , June 1975. DOT HS-801 631. 

A s e t  of accidents  invest igated in-depth by a mul t id isc ip l inary  team 

was examined t o  a s sess  the  benef i t  derived from t h e  h y p t h e t i c a l  appl ica t ion  

of various combinations of radar  and anti-lock braking systems. A t o t a l  of 

215 accidents  was considered. An accident analys t  evaluated on a case-by- 

case bas is  the  benef i t  which would have been derived i f  one o r  mre of the  

vehicles involved i n  each accident had been equipped with various types and 

combinations of these  hypothetical systems. 

On one extreme, i t  was found t h a t  two-wheel anti-lock systems, hy 

themselves, have r e l a t i v e l y  l i t t l e  accident prevention potent ia l .  On t h e  

other  extreme, the  most complex of the  s y s t e m  defined, comprised of a non- 

cooperative radar system with both ac t iva t ion  and warning po ten t i a l ,  coupled 

with a four-wheel anti-lock system, m u l d  d e f i n i t e l y  have prevented 18% of 

t h e  accidents,  with some p o s s i b i l i t y  of prevention of up t o  41.9% of the  

accidents. (From author ' s  a b s t r a c t ) .  

I n s t i t u t e  f o r  Research i n  Public  Safety,  Rapid Response System - t o  Generate 
Highway Crash Data - Final  Report, Report No. DOT- 
H S - 0 3 4 - 2 - 4 1 0 - 7 4 ~ ~ 7 5  Indiana University, Bloomington, January 
1976. DOT HS-801-796. 

The document presents  the  f i n a l  report  of a study t o  design, t e s t  and 

document a system which can rapidly provide specif ied highway crash data  

responsive t o  t h e  needs of the  NHTSA. The top ic  se lec ted  f o r  the  f i e l d  test 

phase of the  cont rac t  was the  impact of the  sea tbel t - igni t ion  interlock on 

r e s t r a i n t  usage. Data were collected i n  Pennsylvania during four separa te  

periods between Noverrber 1973 and January 1975. A t o t a l  of 872 cases  of 

accident-involved 1974 model passenger cars  were studied. Another 876 cases 

of accident-involved 1973 models were a l s o  analyzed f o r  comparison purposes. 

This document a l s o  presents  the  r e s u l t s  of t h i s  t e s t  study. (From author ' s  

a b s t r a c t ) .  



J a c o b ,  H.H. , "Mathematical Models Applied t o  Accident Processes, 
~ a t h k t i c a l  Models -- of Human ~ehav io r .  Proceedings - of - a ~yrnposi&~, 
Dunlap and. Associates, Darien, Connecticut, 1955. AD 079 529. 

The problem addressed here is one of developing some procedure for  

studying the contagion phenomenon i n  accident processes in the  presence of a 

population l i a b i l i t y  distr ibution.  The d i f f i cu l ty  is tha t  contagion and 

l i a b i l i t y  dis t r ibut ion e f fec t s  can resemble each other in  any s e t  of 

accident data. The author suggests using what he c a l l s  an "accident 

probability r a t e  model," i n  which a t  any instant of time, we consider the 

probability of the occurrence of an accident. 

Jagger, D. , Study t o  Determine an Accident Research ~ e t h o d o l o q ,  Report 
No. CAL VJ-1378-V-1, c o r n e n  Aeronautical Laboratory Inc. , Buffalo, 
July 1960. 

Johnson, W.G. , "Sequences in  Accident Causation, Journal of Safety - 
Research, Vol. 5, No. 2,  June 1973, pp. 54-57. 

The author describes the Management Oversight and R i s k  Tree (MORT) and 

urges its use in  the  analysis of accidents. MORT is similar t o  fault- tree 

analysis, and is basically a pract ical  guide as  t o  what f ac t s  t o  seek when 

conducting an accident investigation. I t  focuses on three major areas: 

specif ic  oversights and omissions, assumed risks,  and mnagement system 

fai lures .  Johnson s t resses  discovering the  sequence of events leading t o  an 

accident as  the best  way t o  develop countermeasures. 

Johnson, W.G. , "MORT: The Management Oversight and R i s k  Tree, " Journal of - 
Safety Research, V7, N 1 ,  March 1975, pp. 4-15. 

MIRT (Management Oversight and R i s k  Tree) is a s t ructure  fo r  

investigating and analysing accidents. Though it is based i n  par t  on logic 

t rees ,  the emphasis in  MORT is on management functions. I n  fac t ,  the MORT 

t r ee  could be used even before an accident happened t o  review and assess 

preventive measures. 

The focus is clear ly  on industr ia l  accidents, and it is not c lear  MORT 

is applicable t o  highway safety. Johnson points out  tha t  MOW is too time- 

consuming for use i n  large numbers of accidents. The current (1975) 

s t ructure  - the generalized t r e e  - iden t i f ies  nearly 300 basic problem 



re la t ing  t o  cause o r  preventive measures.   his suggests the  complexity of 

the  formulation. 

Johnson, W.G. , "Invest igat ive Methods Usef u l  i n  Safety, " - Rare Event/Accident 
Research Methodology, NBS Special  Publicat ion 482, Proceedings of a 
W kshop held a t  the  National Bureau of Standards, Gaithersburg, 
Maryland, May 1976, National Bureau of Standards, U.S. Department of 
Commerce, Washington, D.C., J u l y  1977, pp. 11-23. 

Joksch, H.C., An Accident Trend Model - Final  Report, Center f o r  t h e  -- 
~ n v i  r o z e n t  and Man, Inc. , Hartford, Connecticut, March 1975. 

A trend model f o r  motor vehicle deaths is described. Expressions were 

developed fo r  t h e  e f f e c t s  of vehicle sa fe ty  fea tures  and the  proportion of 

s n a l l  ca r s  a s  a function of the  calendar year. These expressions a r e  used 

t o  ad jus t  the  number of deaths p r i o r  t o  f i t t i n g  a r b i t r a r y  models t o  pas t  

data, and t o  compute projected death ra tes  under various assumptions of 

sa fe ty  fea tures  and vehicle mix. 

The only model consis tent ly  f i t t i n g  the  adjusted death r a t e s  for  a 

base period, and giving good project ions beyond, used t h e  number of 

registered passenger cars  i n  th ree  age groups a s  independent variables. 

Other ( l e s s  successful ) predic tor  var iables  included t h e  Federal Reserve 

Board Index of Indus t r i a l  Production, and vehicle miles traveled. 

The model is used t o  projec t  the  number of automobile occupant deaths 

t o  1985. 

Joksch, H.C. and J.C. Reidy, J r . ,  Construction -- of a Comprehensive Causal 
NeWork - Volume 2: L i t e ra tu re  Review - and Bibliographies, CEM Report 
No. 4206-583b, The Center f o r  the  Environment and Man, Inc., 
Hartford, Connecticut, September 1977. DOT HS-802 592. 

The l i t e r a t u r e  on accident causation was reviewed t o  ident i fy  

empirical and h y p t h e t  i c a l  causal relat ions.  The findings a r e  presented. 

(From author's a b s t r a c t ) .  

Joksch, H.C., J.C. Reidy, Jr., and J.T. Ball ,  Construction - of - a 
Comprehensive Causal Network - - Phase -- 111: Final Report (Volume 1), 
CEM Rewr t  No. 4206-583, The Center f o r  the  Environment and Man, -- ~ - L  - - -  

Inc.,  artf ford, ~ o m e c t i c u t ,  September 1977. WT HS-802 591. 



A comprehensive network is presented which provides a conceptual 

framework f o r  accident-related fac tors .  The basic dimensions of t h i s  

network a r e  t h e  elements (causal f a c t o r s ) ,  and t h e  time sequence. A coding 

s-heme organizes the  f ac to r s  according t o  time sequence, accident  element, 

and h ie ra rch ica l  r e l a t ionsh ips  within major categories of elements. 

A s i g n i f i c a n t  aspe& of t h i s  approach is t h e  inclusion of the  "driving 
cyclen i n  t h e  time sequence. This cycle includes the  d r i v e r  perception, 
judgement, decision,  and act ion.  Emphasis is placed on t h e  re tent ion  of 

"causal chainsn o r  "l inks" between t h e  various fac tors .  This  seems an 

important cons ideration. 

The e f f o r t  is, i n  mny respects ,  an extension of the  Calspan and 

fau l t - t r ee  d i rec t ions  i n  accident-causation research. The implementation of 

t h i s  approach does not appear f eas ib le  i n  t h e  foreseeable f u t u r e  s ince  the  

necessary assessments on t h e  p a r t  of inves t iga t ing  teams a r e  considerably 

beyond the  c a p a b i l i t i e s  of current  teams. Indeed, i t  is doubtful whether 

the  f ac to r s  involving t h e  d r ive r ,  h i s  perceptions, and decisions,  can ever 

be objec t ive ly  ascertained within t h i s  approach. The , r e s u l t s ,  while of 

g rea te r  d e t a i l  and dimension, would still seem t o  s u f f e r  t h e  same 

sub jec t iv i ty  a s  much of the  cu r ren t  work. The value of the network 

developed, then, is primari ly a s  a conceptual tool .  

Kemp, C.D., "On a Contagious Dis t r ibut ion  Suggested f o r  Accident Data," 
Biometries, June 1967, pp. 241-255. 

Cresswell and Froggatt (1963) devised a model leading t o  a three- 

parameter d i s t r ibu t ion ,  which they ca l l ed  t h e  "shortn d i s t r ibu t ion ,  t o  

describe accident  data. I t  is the  convolution of a Poisson d i s t r i b u t i o n  and 

a Neyman Type A d i s t r ibu t ion .  The paper considers f i r s t  its general 

propert ies .  The authors then der ive  a recurrence re la t ionship  f o r  t h e  

p robab i l i t i e s ,  and a l s o  t h e  raximum-likelihood equations, from t h e  

probabi l i ty  generating function by a very simple d i f f e r e n t i a t i o n  method. An 

Algol program was wr i t t en  t o  solve these  equations and an example is given. 

The ef f ic iency of the  method of moments f o r  est imating t h e  parameters is 

a l s o  examined. Resul ts  suggest t h a t ,  i n  general ,  because of extremely high 

cor re la t ions  between them, t h e  est imates of the  parameters (by e i t h e r  

method) w i l l  be subjec t  t o  very l a rge  sampling er rors .  This  implies severe 



l imi ta t ions  on the use of the d is t r ibut ion.  (From author ' s  abs t rac t ) .  

Kemp, C.D., " ~ n '  Elementary Ambiguity in  Accident Theory, " Accident Analysis 
and Prevention, Vol. 5, No. 4 ,  December 1973, pp. 371-373. - 

Kemp p i n t s  out  t h a t  f o r  any generalized power s e r i e s  d i s t r ibu t ion  i n  

which there is a simple general relat ionship between missing data and t h e  

parameter of i n t e r e s t  ( the  b i a s ) ,  the  modified d i s t r ibu t ion  has the same 

functional form so  t h a t  the  b ias  cannot be separated from t h e  parameter of 

interest .  

Kemp, R.N., I.D. Neilson, G.C. Staughton, and H.A. Wilkins, A Prelimina 
Remrt on an On-The-smt Survev of Accidents. ~ e o o r c  No. TRRL 2 
A-- 11. 

434, T r a n s p r t  and ~ k a d  Research ~ a b o r a t o r y ,  ' ~rar ' thorne ,  ~ n ~ l a n d ,  
1972. 

Detailed invest igat ions by the  Road Research Laboratory in to  how road 

accidents occur were resumed with an on-the-spot study over a period of 

seven mnths  i n  1968-9. A t o t a l  of 247 accidents was investigated. The 

method included judgement by the  team a s  t o  the  fac tors  contributing t o  the  

accidents. I t  was found t h a t  vehicle f ac to r s  and road fac tors  each occurred 

i n  one quar ter  of the  accidents, and tha t  road user f ac to r s  occurred i n  

three  quarters. 

Braking and t i r e  defects  were s u f f i c i e n t l y  c o m n  t o  suggest tha t  

these fac tors  should be studied further .  Loss of control  occurred i n  40% of 

the  accidents. The features of some of the  main accident black spots  were 

studied and remedial measures have been suggested. 

The resu l t s  reinforce the need f o r  research in to  the  conspicuity of 

vehicles t o  pedestrians, the  optimum placing of warning s igns  on the  

approach to  hazards, and t h e  potent ia l ly  dangerous movements of pedestrians. 

(From author's abs t rac t )  . 

Kianfar, F., "Optimal Design f o r  Systems Safety Using Fault  Tree Analysis 
and Dynamic Programming," Journal - of Safety Research, Vol. 8,  No. 3, 
September 1976, pp. 126-135. 

I n  most cases, there  a r e  mny design a l ternat ives  where the  sa fe ty  of 



a given system is concerned. Each design al ternat ive has a probability 

value for occurrence of an undesirable event (accident) in  the system and a 

t o t a l  cost. For a given probabili ty value, there  is a design tha t  has the 

lowest cost  and meets t h i s  probability. In  t h i s  paper, a method is 

presented fo r  finding the optimal design and its t o t a l  cost  without 

expl ic i t ly  enumerating a l l  the  possible design alternatives.  I n  addition, 

it is shown how the  optimal cost  and design change as the acceptable 

probability level  of the undesirable event changes. The method uses f au l t  

t r e e  analysis and dynamic programming techniques. The problem of selecting 

an optimal res t ra in t  system for  a car  is presented a s  an example and is 

solved by the method. (From author's abstract) .  

King, B.G. , "Human Factors in  Accident Causation, " National Safety Congress 
Transactions, Vol. 6, 1960, pp. 44-50. 

This a r t i c l e  describes the  role of the physician and the safety  

engineer in  accident prevention. The author c i t e s  a need for  a safety 

philosophy t o  be i n s t i l l ed  i n  designers and operators to  e f fec t  a reduction 

i n  accidents. 

Knoblauch, R.L. e t  a1 Causative Factors - and Countermeasures --- for Rural and 
Suburban Pedestrian Accidents - Accident Data Collection - and 
Analyses - Appendices, BioTechnology, Inc., Fal ls  Church, Virginia, 
June 1977. DOT HS-802 474. 

This was an in-depth c l i n i ca l  assessment study of pedestrian 

accidents. Included i n  t h i s  volume are  f o m  and documents referenced i n  

the study's f i na l  report. 

Knoblauch, R.L., Causative Factors - and Countermeasures --- for Rural and 
Suburban Pedestrian Accidents: Accident Data Collection and 
Analysis. Phases I and I I ,  BioTechnology, Inc. , Fal l s  ~ h u r z  
Virginia, March 1977. ~ 5 8 0 2  266. 

This was an in-depth c l i n i c a l  assessment study of pedestrian accidents 

in urban and rural  areas. Subjective judgements were made by f i e ld  

investigators in  determining the causes of accidents. Exposure data were 

collected by roadside survey. 



Countermeasures a r e  suggested f o r  pedes t r ian  accident  groups i n  

s imi la r  circumstances. 

Kontaratos, A.N., "A Systems Analysis of Road Casual t ies  i n  t h e  United 
S ta tes , "  ~ c c i d e n t  Analysis and Prevention, Vol. 6 ,  No. 3/4, December - 
1974, pp. 223-241. 

Kontaratos rejects the  epidemiological approach t o  accident  causat ion 

i n  favor of a systems approach. Factors  a r e  associated with the  d r ive r ,  

vehicle, environment, o r  combinations of these, and t h e  analys is  is aimed a t  

developing ac t ion  programs t o  ameliorate these  fac tors .  To measure the  

cost-effectiveness, he concludes, we must be prepared t o  measure system 

losses  before and a f t e r  an ac t ion  program is put i n t o  e f fec t .  

. t z ,  L., "On t h e  Class i f i ca t ion  of Accidents by Type, " Paper presented a t  
the  OECD symposium on t h e  use of s t a t i s t i c a l  methods in  t h e  analys is  
of road accidents ,  Crowthorne U.K., Apri l  1969. 

Kr i tz  remarks on t h e  need t o  develop a p r i o r i t y  system f o r  determining 

causes of accidents  which would enable t h e  inves t iga tor  t o  determine t h e  

primary cause. This  is d i f f i c u l t ,  he po in t s  out ,  s ince  acc idents  a r e  r a re ly  

caused by a s ing le  f ac to r ,  but  r a the r  by an int imate in te rac t ion  of various 

factors .  Thus, it is of t en  impossible t o  determine which f a c t o r  was the  

more important. 

Road t r a f f i c  is viewed a s  a man-milieu system i n  which the  d r ive r  and 

h i s  environment must be wel l  adapted i n  order  f o r  the  system t o  function 

without m j o r  problems. Kr i tz  bel ieves the dysfunctions i n  the  man-milieu 

adaptat ions must be looked a t  very c lose ly  t o  determine (and c l a s s i f y )  

s i t u a t i o n s  in  which adaptat ion breaks down. 

A c l a s s i f i c a t i o n  system much used i n  Sweden has, a s  a leading 

pr inc ip le ,  the  intended courses of vehicles immediately before t h e  accident.  

The course of the  vehicles a f t e r  evasive maneuvers have been attempted is 

i r r e l evan t  t o  t h i s  scheme. Thus, a head-on c o l l i s i o n  resu l t ing  from a 

d r ive r  s t ee r ing  l e f t  t o  avoid impact with a stopped vehicle i n  h i s  headway 

would not be classed a s  a head-on, kt ra the r  a s  an overtaking accident.  I n  

t h i s  scheme, the  on-coming vehicle is a " t r a f f i c  disturbance. I' The search 

f o r  " t r a f f i c  disturbances" is e s s e n t i a l  t o  determining accident  causation by 



t h i s  scheme. 

The system has some weaknesses but o f fe rs  the investigator an 

opportunity t o  view more closely the accident s i tua t ion  i n  the  immediate 

p r e c r a s h  phase. I t  a lso provides a new perspective i n  assessing the  

interactional qual i ty  of the t r a f f i c  s i tuat ion.  

Kurucz, C.N. and B.W. Morrow, "A Causal Structure fo r  Sinqle Vehicle 
Accidents," Motor Vehicle Collision Investigation ~ymposium Volume 
I: Proceedings, Report No. ZQ-5731-V-1, Calspan Corporation, - 
Buffalo, pp. 535- 549. DOT HS-801 979. 

Kurucz describes a causal model developed a t  the University of Miami  

f o r  use in single vehicle accidents. The model may be easi ly  adapted fo r  

use in  other accidents simply by considering one vehicle a t  a time. 

The scheme consists of an event sequence and the causal factors  

involved i n  these events. The author believes that  h i s  system makes the 

search for  countermeasures more eff ic ient .  

KWY, K.W., J., Kuan, and R.C. Peck, Longitudinal I 
Accident Freauencies I : An Emloraton 

- Study of California Driver 
-- I ~ u l t i v a r i z e  Analysis - Final 

Report, ( 
June 1976. 

:al ifornia S t a t e  Department of Motor Vehicles, Sacram- 

This paper presents an explorative multivariate analysis of dr iver  

l icense records. Stepwise regression techniques a re  used t o  develop models 

t o  predict accident involvement and improve the "point system. I' 

Significant variables involve previous driving violations,  previous 

accident involvement, sex, and drivers with black hair. The "bestn 

regression m d e l  explains only 7% of the t o t a l  sum of squares (variation).  

A negative binomial is shown t o  handle the dis t r ibut ion of accidents for  
1 each driver very well (x =.71, p>.70). 

Mack, R.B., Engineering Science Techniques in Experimental Case Studies of - 
Traff ic  Accidents, Traf f ic  ~ n s t i G t e ,  Northwestern university: 
Evanston, I l l i no i s ,  1960. 

Ma*, R.B., Engineering Science Techniques in Experimental Case Studies of - 
Traff ic  Accidents, Traf f ic  ~ n s t i t u t e ,  Northwestern ~ n i v e r s i t 5  



Evanston, I l l i n o i s ,  1960. 

This repor t  describes the  a c t i v i t i e s  of the  engineering member of the  

research team. The engineer is primari ly in teres ted  i n  t h e  vehicle and road 

in  r e l a t ion  t o  accidents.  The techniques and tools  used by him i n  t h e  da ta  

gathering process a r e  described. The evaluation of the  engineering data and 

its in tegra t ion  in to  t h e  comprehensive case study a r e  outlined. Mapping 

posi t ions of t r a f f i c  u n i t s  a t  various times during t h e  accident is an 

important engineering contr ibut ion  t o  accident reconstruction. Twenty-two 

po ten t i a l ly  hazardous conditions were found on ten  c a r s  examined i n  d e t a i l ,  

though none was considered t o  have contributed t o  the  s p e c i f i c  accident.  

(From author ' s  abs t rac t ) .  

Mackay, G.M., Causes - and Ef fec t s  of T r a f f i c  Accidents:Part - I11 - - The 
Vehicles, Department of ~ r a F p r t a t i o n  and Planning, University of 
Birmingham, June 1969. 

This is one of f i v e  volumes describing a B r i t i s h  study of roadway 

accidents  using t h e  c l i n i c a l  assessment approach. The s i m i l a r i t i e s  t o  the  

Indiana study a r e  s t r i k i n g ,  and t h e  conclusions of the  two groups a r e  not 

d iss imi lar .  

Major d i f ferences  a r i s e  from t h e  d i f f e r i n g  vehicle populations. 

Smaller ca r s  a r e  the  r u l e  i n  t h e  U.K., along with a l a rge r  population of 

mtorcyc les  and bicycles. The authors a l s o  note  t h a t  r i g h t  turns  a r e  th ree  

times a s  dangerous a s  l e f t  turns. I n  t h e  U.S., one would expect the  

o p p s i t e  t o  be true.  

636 accidents  were examined, involving 1049 vehicles. 

Mat ey .ka, J., R. Danzeisen, and D.W. Weiss, "Fault- Tree Applications t o  the  
Automobile Industry,"  SAE 730587, Society of Automotive Engineers, 
Automobile Engineering Meeting, Detro i t ,  May 1973. 

"Fault t ree"  is a name given t o  a log ic  diagram t h a t  develops a l l  of 

the  subsystem and component f a u l t s  and combinations of f a u l t s  which can 

r e s u l t  i n  p a r t i c u l a r  system symptom o r  f au l t s .  This  type of log ic  diagram 

can be extremely useful i n  a l l  phases of automobile design and service. 

Applications a r e  discussed t o  the  following areas: 



1. A s  a r e l i a b i l i t y  t o o l  f o r  ident i fy ing and cataloging s p e c i f i c  

problems, t o  preclude t h e i r  being incorporated i n  new designs. 

2. A s  a d iagnost ic  a id  t o  maintenance personnel i n  sys temat ica l ly  

screening po ten t i a l  vehic le  performance problems. 

3.  A s  an a id  i n  assessing accident  causation f a c t o r s  and t h e  

p t e n t i a l  cont r ibut ion  of vehicle de fec t s  t o  accidents.  

Examples i n  each area a r e  presented. P a r t i c u l a r  emphasis is placed on 

the  value of such l o g i c  diagrams over conventional troubleshooting c h a r t s  

and manuals i n  aiding mechanics t o  pinpoint  s p e c i f i c  problems. Problems and 

p i t f a l l s  i n  developing such de ta i l ed  log ic  diagrams and implementing t h e  

r e s u l t s  i n  a f i e l d  se rv ice  environment a r e  a l s o  discussed. (From author ' s  

a b s t r a c t ) .  

Mateyka, J.A. and J. Talley,  "System Safe tyDisk  Analysis Techniques Applied 
t o  Motor Vehicles and Rapid Trans i t  Systems, " Journal  - of Safety 
Research, Vol. 9 ,  No. 1, March 1977, pp. 2-14. 

The a r t i c l e  concerns f a u l t  t r e e  ana lys i s  d i rec ted  a t  the  automobile, 

the  t r a n s i t  bus, and t h e  r a i l  rapid t r a n s i t  system. The authors d iscuss  the  

u t i l i t y  of f a u l t  t r e e  analys is  techniques i n  s e t t i n g  s a f e t y  requirements and 

goals  f o r  new equipnent designers and system managers. The p r i o r i t i z a t i o n  

of s a f e t y  requirements and goals  was obtained through e f f e c t s  o r  cost- 

benef i t  analyses and was an i n t e g r a l  p a r t  of the  f a u l t  t r e e  analys is  

technique. The s a f e t y  ana lys i s  of the  automobile was confined t o  component 

degradation a s  a causation f a c t o r  i n  automobile accidents.  The t r a n s i t  bus 

sa fe ty  work analyzed over 92 types of accidents ,  both onboard and offboard. 

7 h  major outputs  were derived from t h e  s a f e t y  analys is  of r a i l  rapid 

t r a n s i t  systems. These were s a f e t y  c r i t e r i a  and a system s a f e t y  program 

plan f o r  the f u t u r e  design and development of such systems. I n  a l l  t h r e e  

t r a n s i t  m d e s  the  ana ly t i ca l  methodology, r e su l t s ,  and conclusions a r e  

presented. 

McClean, J .R.  and E.R. Hoffman, "Analysis of Drivers '  Control Movements," 
Human Factors ,  1971, Vol. 13, No.5, pp. 407-418, 

This work examines the  pe r iod ic i ty  of s t ee r ing  wheel reversals.  
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Control mvements were found t o  be i n  two frequency ranges: .1 t o  0.3 

hz. and 0.35 t o  0.6 hz. 

This  suggests  t h a t  two d i f f e r e n t  vehicle output var iables  a r e  being 

control led by t h e  d r ive r ,  o r  a l t e r n a t i v e l y ,  demonstrates the  use and nonuse 

of preview. 

McDaniel, W.C., "A Measure of Safety Effect iveness,"  Proceedings --- of the 6th 
Congress of - t h e  In te rna t iona l  Erqonomics Association, 1976, 
pp. 222-22K 

Manaaerial decisions concerning s a f e t y  program a r e  o f t en  made using 

accident r a t e s  a s  a c r i t e r i o n  of s a f e t y  effect iveness.  This  paper descr ibes  

a concept based on t h e  Poisson process t h a t  may provide a b e t t e r  c r i t e r i o n  

of sa fe ty  ef fec t iveness  than present ly  used accident  ra tes .  Resul ts  

ind ica te  t h i s  conceptual model may be more s e n s i t i v e  than accident  r a t e s  i n  

determining o v e r a l l  s a f e t y  e f fec t iveness  and hazard reduction. (From 

author ' s  a b s t r a c t ) .  

Menight ,  A.J. and B.B. Adams, DRIVER EDUCATION - TASK ANALYSIS - Volume I: 
Task Descript ions - Final  Report, Technical Report 70-103, H~ - 
Resources Research Organization, Alexandria, Virginia,  November 
1970. DOT-HS 800 367. 

McKnight, A.J. and B.B. Adam, DRIVER EDUCATION - TASK ANALYSIS - Volume - 11: 
Task Analysis Methods - Final  Report, Report I R  Dl-70-1, Human - 
Resources Research Organization, Alexandria, Virginia,  November 
1970. DOT-HS 800 368. 

-- 

3n, Alexandria, v i rg in ia ,  March 

McKnight, A.J. and A.G. Hundt, DRIVER EDUCATION - TASK ANALYSIS - Volume - IV: 
The Development of Ins t ruc t iona l  Objectives - Final  Report, Report - 
I R  Dl-71-1, ~~n Resources Research Organization, Alexandria, 
Virginia,  March 1971. DOT-HS 800 370. 

These publicat ions descr ibe  r e s u l t s  of a study of s p e c i f i c  dr iv ing 

behaviors with a view t o  developing objec t ives  f o r  d r i v e r  education and 

evaluat ing too l s  by which attainment of these objec t ives  can be measured. 

The f i r s t  task  was the  crea t ion  of a list of s p e c i f i c  driving 



behaviors affecting the  transportation system. Goals of the transportation 

system (safety , efficiency , comfort, and responsibil i ty) were analyzed with 

a view to  the spec i f ic  behaviors they encourage. 

Over 1700 driving behaviors a re  l i s ted .  They a re  organized a s  

f 0 llows: 

A. Basic control 

B. General Driving 

C. Situational 

11. Off-road 

A. P redr iv ing  

B. Maintenance 

C. Legal Responsibil i t ies 

Each of these behaviors was then rated by several highway safety 

authori t ies  "in terms of its c r i t i c a l i t y  t o  the highway transportation 

system. " 

Based on t h i s  list of rated behaviors, a list of rated performance 

objectives for  beginning dr ivers  was prepared. Finally, a driving t e s t  and 

a wri t ten exam were created t o  measure driving a b i l i t y  and knowledge. 

Performance objectives with high c r i t i c a l i t y  ratings were given 

proportionately more weight in  the scoring of these tes t s .  

This study is of l i t t l e  help t o  u s  in t e r n  of methodology o r  spec i f ic  

causes of accidents. 

McLean, A.J. ,  'The Development of an In-Depth Study of Accidents in 
Metropolitan Adelaide," Paper 11, Road Accident Information Seminar, 
C herrat  March 1974. 

The author discusses h i s  plan fo r  a study of accidents in metropolitan 

Adelaide (Australia). He is par t icular ly  interested i n  the  environment, and 

he discusses features of the environment (signing, road surf ace, t r a f f i c  

controls, etc.) t h a t  he believes are  worthy of study. Another of h i s  

concerns is the elimination of bias in investigators. 



Mela, D.F., "Exposure Data Needs, " Motor Vehicle Col l i s ion  Inves t iga t ion  
Symposium Volume I: Proceedings, Report No. ZQ-5731-V-1, Calspan 
Corporation, ~ u f f a c ,  pp. 132-142. DOT HS-801 979. 

The author discusses the  NHTSA's need f o r  exposure da ta  and t h e  uses 

t o  which it w i l l  be put. NASS is seen a s  a major t o o l  i n  t h e  co l l ec t ion  of 

t h i s  information, s ince  NASS makes it possible t o  c o l l e c t  de ta i l ed  data  on 

road type, d r i v e r  age and sex, and vehicle make. 

Mihal, W.L. and G.V. Bar re t t ,  "Individual Differences i n  Perceptual 
I n f o m t i o n  Processina and Their Relation t o  Autombi l e  Accident 
Involvement, " ~ o u r n a l - o f  - Applied Psychology, 1976, Vol. 61, No. 2 ,  
229-233. 

Mihal and B a r r e t t  s tudied t h e  re la t ionship  of perceptual information 

processing t o  accident  r a t e s  of drivers .  Both f i e l d  dependence (v isual )  and 

s e l e c t i v e  a t t e n t i o n  (auditory)  were found t o  c o r r e l a t e  pos i t ive ly  with 

accident frequency. React ion time measures were not predict ive.  

Mil ler ,  C.H., C.R. Baird, and V. Doiron, An Improved Causal Factor Recording 
Procedure - f o r  Highway Accidents, Vehicle Safety Research Team, Nova 
Scotia  Technical College, Halifax, Undated. 

Miller provides a method of coding causat ion fac to r s  defined i n  F e l l ' s  

m d e l  (expanded t o  include t h e  9-cell  NHTSA highway sa fe ty  program matrix) .  

In  t h e  human precrash c e l l ,  four e f f e c t s  and f i v e  causes of  information 

processing e r r o r s  a r e  defined by the  model. 

Though Miller agrees with the  categories,  he c r i t i c i z e s  the  terms 

"cause" and "effect .  E f fec t s  become causes f o r  subsequent e f f e c t s ,  he 

notes, and thus  the  words a r e  ambiguous. 

The coding scheme he presents  f o r  F e l l ' s  m d e l  uses a 5-character code 

f o r  1) t h e  NHTSA matrix number; 2) a causal  statement number from an 

expanded version of F e l l ' s  model; 3) a - + value fo r  increased r i sk  o r  reduced 

sever i ty ;  4 )  a confidence index; and 5) an accident cont r ibut ion  index. 

This l a t t e r  is a measure of the  importance of the  f a c t o r  t o  the  accident i n  

question. This  is expressed by an in teger  from one t o  nine, t h e  sum of the  

indices f o r  - a l l  f ac to r s  being nine. This, he claims, reduces sub jec t iv i ty  



by removing the  concept of a "principal cause. " 

Regarding h i s  coding scheme, Miller writes that  when the sum of the 

posit ive indices equals the sum of the negative indices, the accident is 

insignificant with respect t o  t h a t  par t icular  dr iver  and vehicle. This is 

not clear,  and seems questionable. 

I n  general, t h i s  work has some value for  coding accident data vis-a- 

v i s  Fe l l ' s  causation model. However, it is not c lear  how the chronology of 

events would be preserved. I n  addition, the  method does not address any of 

the problem of Fe l l ' s  work. 

Mucciardi, A.N., E.C. Orr, and J . K .  Chang, H i g h 3  Safety Program 
Effectiveness Model. Final R e p r t ,  AD1 517, Adaptronics, Inc., 
McLean, Virginia, September 1977. DOT HS-802 594. 

The purpose of t h i s  project  was to  construct a model capable of 

re1 a t ing highway safety (DOT/NHTSA) program outputs to  (intermediate) r isk  

factors,  and then t o  accidents, injuries,  and f a t a l i t i e s .  The model inputs 

and outputs were obtained from a conceptual Causal Network which displayed 

the factors believed t o  influence the occurrence of an accident and the i r  

postulated interdependencies in leading t o  an accident. . Also depicted i n  

the network were the outputs of the  highway safety a c t i v i t i e s  a s  they were 

believed t o  interact  with the intervening factors. 

The models constructed were each nonlinear polynomial functions known 

as  Adaptive Learning Networks (ALNs) . The ALN methodology was applied t o  

the factors  s e t  for th  in  a Causal Network constructed especially for  t h i s  

project. The relationships between the program outputs, the  intervening 

factors,  and the  occurence of accidents displayed i n  t h e  network were tested 

along with various other variable combinations using nationally 

representative data. I n  essence, the  postulated network was checked and 

appropriately a l tered so a s  t o  t race quanti tat ively the e f fec t s  of the 

outputs of highway safety  programs in deterring accidents through the 

control  of the intervening factors. Th i s  deterrent e f fec t  was estimated by 

asympotically reducing the outputs of the highway safety  programs to  zero 

and okserving the impact of these reductions on t h e  intervening factors,  and 

in  turn, the effect  of these a l te ra t ions  in the intervening factors on 

accident occurrences. (From author I s  akst ract)  . 



Mucciardi, A.N., E.C. Orr, and J .K.  Chang, Highway Safe ty  Programs 
Effectiveness Model - Final  Technical Report, Report No. AD1 517, - - 
Adaptronics, Inc., McLean, Virginia, September 1977. DOT HS-802 594. 

MVMA Task Group # 5, R.T. Bundorf, Chairman, - Data Acquisition - f o r  Accident 
Causation Analysis (With Emphasis on Vehicle, Handlinq, Safety 
Bul le t in  Number T.G. #5-79, Apri l  197571 

National Comrni t t e e  on Uniform T r a f f i c  Laws and Ordinances, 'Accident 
Invest igat ing and Reporting, " T r a f f i c  - Laws Commentary, Vol. 4 ,  
No. 2, September 1975. 

This pamphlet is a reference work on s t a t e  laws concerning accident 

reporting. I t  describes the  d i f fe r ing  de f in i t ions  of "accident, I' and t h e  

dut ies  of dr ivers ,  vehicle m e r s ,  garages, and police. Also l i s t e d  a r e  the  

property damage reporting thresholds i n  the  various s t a t e s .  The authors 

note a trend away from wr i t t en  accident reports.  

Neilson, I.D., - The Theoret ical  Reconstruction of Events Leading -- t o  an Impact 
in  a Road Accident, TRRL LR 575, T r a n s p o r t  and Road Research -- - 
Laboratory, Crowthorne, England, 1973. 

An accurate reconstruction of events immediately leading up t o  an 

accident is des i rable  f o r  the  police,  insurance companies, and researchers 

on road safety.  An understanding of vehicle impact dynamics helps i n  these 

invest igat ions because it provides a l ink  between the  various pieces of 

evidence which may be available: 

1. The verbal evidence. 

2. The pos i t ion  of damage t o  vehicles and t o  fixed objects.  

3.  The extent  of damage t o  vehicles. 

4. T i r e  marks on the  road and the  condition of the  surface. 

5. Movements of vehicles a f t e r  impact. 

6. The d i s t r ibu t ion  of debris.  

Such evidence may enable the  i n i t i a l  paths and speeds of t r ave l  t o  be 

estimated. The re la t ive  masses and the i n i t i a l  point  of contact  a l so  

determine how t h e  vehicles rebound a f t e r  impact. The r e l a t i v e  s t i f f n e s s e s  

of the  p a r t s  of the  vehicle i n  contact play an important pa r t  i n  the  



situation, though their evidence can be misleading. 

Some examples of accident situations demonstrate that the estimation 

of velocity changes at impact is a relatively complicated task, and the 

results vary greatly with the assmptions made. It is concluded that though 

theoretical calculations may help in the understanding of a situation, their 

results must be used with discretion. (From author's ahtract). 

Nertney, R.J. "Practical Application of System Safety Concepts," 
Professional Safety, Vol. 22, No. 2, February 1977, pp. 29-33. 

The author recommends the use of advanced systems of safety analysis 

for even small industrial operations. What is known about safety can be of 

value to any industry, and what has been done can be scaled down and applied 

to industrial operations in a practical and cost-effective manner. 

KlF7I' is of value as a conceptual framework and not merely as a set of 

rules for conducting a rigorous accident investigation. 

North Atlantic Treaty Organization, Committee on the Challe~ges of Modern 
Society , Accident Investigation, Report No. CCMS 26, National 
Highway Traffic Safety Administration, Washington, D.C., July 1974. . 

Under the auspices of NATO's Committee -- on the Challenges - of Modern 

Society, thirty-two accident investigation teams in nine countries were 

organized to collect information on vehicle deformation and injury severity. 

Standardized report form and a c o m n  coding scheme were used. This was 

basically a pilot study to test the feasibility of establishing an on-going 

international accident investigation system. 

The methodology has little application to causation research. 

, J., A.C. Wolfe, and R.J. Kaplan, Design for NASS: A National Accident 
Sampling System - Volume 2: Appendices, Report No. UM-HSRI- 
SA-75-14-2, Highway Safety ~Eearch Institute, The University of 
Michigan, Ann Arbor, May 1976. DOT HS-801 914. 

A "esign is presented for a national accident investigation program 

based on sampling theory. By limiting the number of investigations within a 

strict sampling plan it is possible to record sufficient detail about each 



accident t o  produce national  est imates of injury,  property damage, and other  

accident c h a r a c t e r i s t i c s  which w i l l  be useful  i n  cost-benefit  analyses. The 

system described has three  major f a c e t s  - a program f o r  continuous 

acquis i t ion  of da ta  of a random sample of a l l  towaway, pedestr ian,  bicycle, 

and mtorcyc le  accidents  occurring i n  t h e  U.S., a program f o r  occasional 

acquis i t ion  of addi t ional  data on se lec ted  top ics  quickly and on-call, and a 

program f o r  conducting in-depth o r  mlt  id i sc ip l ina ry  accident  invest igat ions 

f o r  accidents  of pa r t i cu la r  in te res t .  (From author ' s  a h t r a c t ) .  

O'Day, J., A.C. Wolfe, and R.J .  Kaplan, Design fo r  NASS: A National Accident --- 
Sampling System - Volume 1: Text, Report No. UM-HSRI-SA-75-14-1, - -  
Highway Safety Research I n s t i t u t e ,  The University of Michigan, Ann 
Arbor, May 1976. DOT HS-801 913. 

O'Day, J., Interviewee, "Accident Data Needs and a National Accident 
Sampling System," - HSRI Research Review, Vol. 6, No. 2, Nov.- 
Dee. 1975, pp. 3-8. 

I n  t h i s  interview, O'Day argues f o r  a National Accident Sampling 

System (NFSS) . He explains the  value of the  plan, developed a t  HSRI, i n  

providing accurate, de ta i led ,  and consis tent  data. 

Older, S.J. and B.R. Spicer ,  "Traff ic  Conf l ic ts  - A Development i n  Accident 
Research,'' H m n  Factors, Vol. 18, No. 4, August 1976, pp. 335-349. 

Paddock, R.D., 'The T r a f f i c  Conf l ic ts  Technique: An Accident Predict ion 
Method," Transportation Research Record, No. 486, 1974, pp. 1-10. 

Peranio, A., An Expanded Cybernetic -- Model f o r  Analyzing Driver Behavior, 
1 n t e r G t  ional  Symposium on Psychological Aspects of Driver Behavior, 

The author concentrates on the  physiological l imi ta t ions  of man a s  an 

operator of automobiles. S t ress ing t h e  complexity of the  perception- 

decision-action sequence i n  driving,  t h e  author r e c o m n d s  reducing t h e  

number of complex driving environments. This would give t h e  physiologically 

degraded dr iver  more time f o r  completion of the  sequence. 

Peranio, A., "Conceptualization and Use of Road Safety and T r a f f i c  
Engineering Formulas, I' T r a f f i c  Quar ter ly ,  Vol. 25, No. 3, Ju ly  1971, 
pp. 429-446. 



Perchonok , K . , Accident Cause Analysis, Report No. ZM-5010-V-3, Cornell 
Aeronautical Laboratory, Inc., Buffalo, July 1972. DOT HS-800 716. 

A system was developed t o  describe the process of accident generation. 

I t  was then mdi f ied  and applied t o  accident reports from a var ie ty  of 

sources ranging from routine police reports to  intensive, on-scene 

investigations. 

Comparisons a r e  made among the  samples in  t e r n  of the i r  value i n  

providing causation information. Frequently occurring accident causal 

s t ructures  a r e  determined. The influence u p n  modes of involvement and 

culpabil i ty a re  measured fo r  drinking, l ighting conditions, dr iver  

education, and selected driver characterist ics.  (From author's abstract)  . 

Perchonok, K. , "The Accident Generation Process, " Motor Vehicle Collision 
~ i v e s t i ~ a t i o n  Symposium Volume - I : Proceedings, Report 
No. ZQ-5731-V-1, Calspan Corporation, Buffalo, pp. 481-503. DOT 
HS-801 979. 

The author describes what he c a l l s  "causal structure.  " The most 

important pa r t s  of t h i s  scheme are  the c r i t i c a l  event ( the  l a s t  maneuver 

before the crash becomes inevitable) ,' the ta rge t  ( the  accident event, such 

as a rollover o r  head-on co l l i s ion) ,  the  accident configuration, the  

c r i t i c a l  reason (primary cause) , and culpabi l i ty  (degree of blarre) . 

Perchonok , K . , "Application of 
Collision Investigation 
No. ZQ-5731-V-1, Calspan 

the Causal Structure." Motor Vehicle 
Symposium Volume I : Proceedinas. Remrt 

t ~ ~ r p o r a t i o n ,  ~ u f f X o ,  pp. 5 2 & ~ 3 4 . ' ~ 0 ~  

Perchonok of fe rs  some examples of how accident data may be coded i n  

terms of cause, a discussion of the  role of such analysis in accident 

prevention, and a few remarks on directions for accident causation research. 

- - -  
- _ - - A  - _ _  _ -  Accidents, Report No. zQ-5276-V-4, Calspan 

Corporation, ~ u E a l o ,  I 

Accidents reported by p l i c e  were coded i n  terms of elements of the 

accident generation process. Analyses were done t o  r e l a t e  general driver 



and vehicle c h a r a c t e r i s t i c s  t o  responsib i l i ty  f o r  the  acc idents  and t o  

reasons f o r  the  accidents.  Driver and vehicle c h a r a c t e r i s t i c s  included 

d r ive r  age, sex, l i cense  type, r e s t r a i n t  use, and drinking. Vehicle 

c h a r a c t e r i s t i c s  were age and general vehicle type. The nuin reasons f o r  

accident generation were information f a i l u r e s ,  cont ro l  f a i l u r e s ,  and contro l  

f a i l u r e s  associated with s l ippery  roads. (From author ' s  a b s t r a c t ) .  

Philipson, L.L., Inves t iga t ion  - -  of the  F e a s i b i l i t y  of the  Delphi Technique -- 
f o r  E s t i ~ t i n g  Risk Analysis Parameters, I n s t i t u t e  of Safe ty  and - - 
Systems Management, University of Southern Cal i fornia ,  Los Angeles, 
Apri l  1974. 

Phil ipson used a Delphi method t o  a s sess  t h e  l ik l ihood and t h e  c o s t s  

of accidents  i n  t ranspor t ing  hazardous materials.  These then formed t h e  

inputs  t o  a previously developed risk-analysis model f o r  evaluat ing 

a l t e r n a t i v e  t ranspor ta t ion  modes. 

P h i l l i p s ,  D.P., "Motor Vehicle F a t a l i t i e s  Increase J u s t  Af ter  Publicized 
Suicide S to r i e s , "  Science, - Vol. 196, No. 4297, June 24, 1977. 

The study of su ic ide  on t h e  highway has been hampered by a lack of 

c lever  methodology. P h i l l i p s '  ingenious study suggests one d i rec t ion  f o r  

study. 

The a r t i c l e  is an extension of e a r l i e r  work showing t h a t  su ic ides  

reported prominently i n  newspapers s t imula te  a wave of imi ta t ive  su ic ides  

f o r  a few days thereaf ter .  I n  t h e  current  study, P h i l l i p s  shows t h a t  motor 

vehicle deaths a l s o  r i s e  a f t e r  such s t o r i e s  appear. Further,  the  more 

publ ic i ty  given t h e  su ic ide ,  t h e  g rea te r  is the  increase i n  roadway 

f a t a l i t i e s .  The average increase i n  f a t a l i t i e s  is 9.12% i n  the  week 

following t h e  story.  

P h i l l i p s '  work suggests t h a t  previous est imates of su ic ide  a s  a cause 

of highway f a t a l i t i e s  a r e  too low. 

Porterf i e ld ,  A.L., "Traff ic  F a t a l i t i e s ,  Suicide, and Homicide," American 
Sociological  Review, Vol. 25, December 1960, pp. 897-901. 

The author, looking a t  s i x t y  major U.S. cities, f inds  t h a t  the  



combined hornicide/suicide ra tes  cor re la te  with t r a f f i c  f a t a l i t y  rates.  The 

m r e  homicides and suicides a c i t y  has, the  more f a t a l  ca r  accidents it w i l l  

,have. The study is an attempt t o  demonstrate tha t  the level  of violence 

i m n e n t  in  a society is a fac tor  i n  accident causation. 

Rapport ,  A., "Research on the Alcoholic Driver: A Critique," - The Prevention 
of Highway Injury, Proceedings of a Conference held April 19-21, - 
1967, Highway Safety Research Ins t i tu te ,  The University of Michigan, 
Ann Arbor, 1967, pp. 78-85. 

The d i f f i c u l t i e s  in  developing e f fec t ive  countermeasures for  t h e  

problem of the drinking dr iver  a r e  the subject of Dr. Rappor t ' s  address. 

His remarks focus on the perception of r isk  by the individual and soc ia l  

a t t i tudes  toward accident prevention. 

Though there is l i t t l e  here on accident causation per s e t  the 

discussion is cer ta inly relevant t o  any e f fo r t  a t  tranforming knowledge 

about safety into accident reduction. 

Raymond, S., and M.D. Hodgkinson, 'The Relationship between Road Accidents 
and Urban ~ t r u c t u r e , "  Transportation Planning - for  - a Better 
Environment, Plenum Press, N.Y., 1976, pp. 361-371. 

The study of the variation in road accident s t a t i s t i c s  between 

different  nations has become a well-accepted par t  of road accident analysis 

over the l a s t  few years. Little work has been completed, however, on the 

internal variations within one country, between d i f fe ren t  urban areas. The 

research outlined i n  t h i s  paper attempted t o  look a t  t h i s  variation within 

England, Scotland and Wales, using a mult i-stage s t a t i s t i c a l  approach. The 

variation was studied both spa t ia l ly  and temporally using data from the  

years 1960-1970. Such s tudies  perform a two-fold function. Besides being 

valuable for  use i n  deriving basic properties, and much needed system 

mdels ,  they a re  a lso useful in  investigating the re la t ive effectiveness of 

countermeasure treatments. (From author 's  abstract) .  

Recht, J.L.,  "System Safety Analysis: The Fault Tree," National - Safety 
News, Vol. 93, No. 4 ,  April 1966, pp. 37-40. - 

Thi s  brief introduction t o  the  f a u l t  t r ee  describes its i n i t i a l  



development i n  the  aerospace industry and its l a t e r  use i n  product s a f e t y  

and r e l i a b i l i t y .  Recht suggests a wider appl ica t ion  i n  sa fe ty  engineering, 

though uses i n  highway s a f e t y  a r e  not rnent ioned. 

Recht gives a shor t  descr ip t ion  of the  method, and i l l u s t r a t e s  it with 

an example i n  a home f i r e  alarm system, r e s t r i c t i n g  the  discussion t o  its 

q u a l i t a t i v e  use. Quan t i t a t ive  uses a r e  mentioned l a t e r ,  along with 

shortcomings t h a t  have been overcome by computerization. 

Rice, R.S. and F. Dell'Arnico, An Experimental Study of Automobile Driver 
Character is t ics  - and ~ a z b i  li t i e s ,  Calspan ~ e @ r t  No. ZS-5208-K-1, 
Calspan Corporation, Buffalo, N.Y. March 1974. 

An experimental program t o  obtain quan t i t a t ive  da ta  on how dr ive r s  use 

the  performance and handling c h a r a c t e r i s t i c s  of t h e i r  vehicles was 

performed. Over one hundred d r ive r s  par t ic ipa ted  i n  t h e  experiment, which 

consisted of self-paced driving through a specially-constructed course. 

Ccnt inuous measurement of primary input  var iables  (s teer ing  wheel mot ions 

and brake pedal a c t i v i t y )  and t h e  pr inc ipal  vehicle responses (speed and 

l a t e r a l  and longitudinal  accelera t ions)  were made throughout each t r i a l .  

Total  time i n  the  course and incidents  of f a i l u r e  t o  maintain path were a l s o  

measured, Driving techniques (e.g., hand pos i t ion  on t h e  wheel, foot  used 

f o r  braking) of the  subjects ,  o were se lec ted  t o  provide an appropriate 

representat ion of the  dr iv ing population with respect t o  age, sex, and years 

of driving experience, were subjec t ive ly  measured. 

Experimental results a r e  analyzed primarily i n  terms of the  

appl ica t ion  of the  maneuvering po ten t i a l  of the  vehicle used by the  sub jec t s  

i n  negotiating t h e  t h e  various driving t a sks  which they encountered i n  t h e  

course. I t  is in te res t ing  t o  note t h a t  the  subjects ,  even when encouraged 

t o  dr ive  a t  the  l i m i t  of t h e i r  willingness, did not normally attempt t o  

operate near t h e  l imi t ing  c a p a b i l i t i e s  of the automobiles. I t  is concluded 

t h a t  i n  addit ion t o  the  analyses given i n  t h i s  report the  extensive data  

accumulated i n  the  program can a l s o  be applied t o  many other  invest igat ions 

of d r ive r  behavior. (From author ' s  a h t r a c t ) .  

Rorbech, J., "A Model Describing t h e  Motorway T r a f f i c  Flow Process Related 
t o  the  T r a f f i c  Areas Level of R i s k , "  T r a f f i c  Speed - and 



Casualties. Proceedings, Laboratory of Road Data Processing, 
Copenhagen, April 1975, pp. 84-96. 

The author describes a road t r a f f i c  model. A s m r y  is given of some 

of the m s t  important resu l t s  from work on the model, par t icular ly  with 

reference to  the  problems concerning the influence of speed limits on the 

t r a f f i c  flow process and the accident r isk of the motorists. The road 

t r a f f i c  m d e l  is based on the theory of s tochast ic  processes, and i n  its 

construction it is closely related t o  a special  data collection technique. 

The data used i n  the  work on the mde l  were recorded on the  Elsinore Road, a 

4-lane mtorway north of Copenhagen. (From author 's  abstract)  . 

ROSS, H.L. and R.B. Mack, Synopses of Accidents in Experimental Case Studies - 
of Traff ic  Accidents, ~ r a E i c  1 n s t i t u 6 ,  Northwestern University, - 
Evanston, I l l i no i s ,  1960. 

ROSS, H.L., Schematic Analysis of the Driving Situation,  Traff ic  In s t i t u t e ,  - - 
Northwestern University, Evanston, I l l i no i s ,  1960. 

Ross introduces the "social modeln ( the  interaction of the competing 

goals of drivers) into  the analysis of the vehicle-roadway-driver system. 

ROSS, H.L., Ignorance of Collision Course -- as  a Factor in Traff ic  Accidents, - 
Traff ic  ~ n s t i t u t e ,  Northwestern University, Evanston, I l l i n o i s ,  
1960. 

Experimental - Case Studies of Traff ic  Accidents looked closely a t  - 
forty-three accidents. O f  these, a considerable number were found t o  

involve a lack of awareness, on the par t  of one or  both drivers,  t ha t  a 

co l l i s ion  was imminent. 

This lack of awareness is divided into  two classes - delayed 

perception and erroneous prediction. 

Delayed perception is the resul t  of impediments t o  vision o r  of 

inattentiveness. An impediment can be a d i r t y  windshield o r  a mischievious 

child passenger. I t  can also be a view obstruction outside the car ,  such as  

a parked car  or a t a l l  hedge. 

Erroneous predictions resulted when other vehicles fa i led t o  perform 

a s  expected. The reason may be a f a i l u re  t o  signal or  a f a i l u re  i n  



receiving a s ignal ,  o r  ac t ions  tha t  d i f f e r  from those prescribed by law o r  

custom. 

Rubinstein, E., "The Mobile In-Depth Accident Survey i n  Victoria ,"  Paper 12, 
Road Accident Information Seminar, Canberra, March 1974, 

The author describes procedures f o r  a c l i n i c a l  assessment study of 

injury-producing and f a t a l  accidents  in  Victoria  (Austral ia) .  The plan 

draws on e a r l i e r  s t u d i e s  in  Brisbane and Adelaide. 

Sabey, B.E., "Accident Analysis i n  Great Br i ta in ,"  F i r s t  In ternat ional  
Driver Behavior Research Conference, Zurich, October 1973. 

This paper out l ines  the  various l eve l s  of accident invest igat ion i n  

Br i ta in ,  and t h e  ways i n  which the  methods complement each other .  The value 

of nat ional  s t a t i s t i c s ,  f o r  example, is i n  identifying gross trends, bile 

vehicle defec ts  may more e a s i l y  be discerned i n  in-depth on-scene 

investigations. 

Sabey, B.E., "Accident Studies Related t o  Vehicle Safety, " Sixth  
In ternat ional  Conference on Experimental Safety Vehicles, 
Washington, D.C., October 1976. 

Sacks, W.L., 'Vehicle Factors and T r a f f i c  Accident Causation: an Interim 
Report, " T r a f f i c  Quar ter ly ,  January 1973. 

The author discusses vehicle f ac to r s  i n  accidents  with a view t o  

countermeasures. He demonstrates methods of cost-benefit  analys is  f o r  

sa fe ty  standards, and suggests "informal" inspection of la rge  numbers of 

vehicles coupled with a thorough examination of only a few vehicle elements. 

Sce rbo,  F.A. and J.J. Pri tchard,  "Fault Tree Analysis: A Technique f o r  
Product Safety Evaluation," Professional Safety, Vol. 22, No, 5, May 
1977, pp. 12-16. 

The enactment of the  Consumer Product Safety Act and recent product 

l i a b i l i t y  legal  trends have made product safe ty  an area of major concern f o r  

the  manufacturer. The a r t i c l e  reviews Fault  Tree Analysis a s  it may be used 

f o r  product safe ty  analysis.  (From author 's  abs t rac t )  . 



Schaeffer, M.H., "An Evaluation of Epidemiologic Studies Related t o  Accident 
Prevention, " Journal - of Safety Research, Vol. 8 ,  NO. 1, March 1976, 
pp. 19-22. 

The epidemiologic approach was f i r s t  suggested a s  a tool  for  the  study 

and prevention of accidents in 1948. Most epidemiologic accident research, 

however, has been performed i n  the area of t r a f f i c  accidents rather than 

industr ia l  accidents. There a r e  some notable examples of the application of 

an epidemiologic approach to  occupational accident s tudies  and these a re  

discussed. The u t i l i t y  of epidemiologic methods for  reducing occupational 

accidents l i e s  mainly i n  the  capabil i ty t o  define the nature and extent of a 

new problem area. A s  a research strategy, however, the epidemiologic 

approach has the following m jor shortcomings: (1) no systematic use of the 

approach in  practice; (2) f a i l u re  t o  c lass i fy  environments; (3) f a i l u r e  t o  

study social  and psychological indices of the host; (4) f a i l u re  t o  study the 

influence exerted by the socioeconanic environment; and (5) too much 

concent ration on broad descriptive survey results .  To achieve its 

theoret ical  potential ,  future  epidemiologic research mst correct  these 

flaws. (From author's abstract) .  

Schmidt, R., "Accident Investigation i n  the Evaluation of Safety Standards - 
A Survey of Methodology and Applicability," Proceedings of the -- 
Fourth International Congress on Automotive Safety, Washington, - 
D.C. 1975, pp. 605-665. 

Despite the lack of a nationwide data base f o r  accidents, data can be 

prepared for  complex costhenef  it analysis of safety measures in  ways 

sui table  for  the evaluation of safety standards from the automotive 

engineer's p i n t  of view. The author argues that  absolute nationwide 

numbers of injur ies  versus accident type, s ea t  position, impact location, 

single vehicle, and vehicle-to-vehicle accidents can be determined. He 

describes an accident projection technique and a method of evaluating 

accident data with a view t o  accident mechanics. He also suggests a method 

of judging the effectiveness of safety  measures. 

Shaffer, J .W., "Biorhythm and Highway Crashes: Are They Related, " ~ r c h i v e s  
of General Psychiatry, Vol. 35, No. 1, January 1978. - 



The theory of biorhythms is explained and its l i t e r a t u r e  reviewed. 

The Japanese t ranspor ta t ion  system has used biorhythm theory t o  reduce 

accidents ,  but these  repor ts  a r e  sketchy and not well substantiated.  None 

of the  o the r  s t u d i e s  examined showed any s ign i f i can t  co re la t ion  between 

biorhythms and accidents.  

Shaf fe r ' s  work looked a t  135 male d r ive r  f a t a l i t i e s  o r  accidents  

having the  po ten t i a l  f o r  f a t a l  d r ive r  injury.  I n  a l l ,  t h e  case d r i v e r s  were 
l ega l ly  culpable. Their  birthdays were checked and t h e i r  biorhythms 

calculated f o r  the  accident day. No s i g n i f i c a n t  re la t ionships  were found. 

Shaoul, J.E., "The System Concept and t h e  Study of Accidents," 
Transportation Planning -- f o r  a Better Environment, Plenum Press, N e w  
York, 1976, pp. 339-348. 

The author ' s  major idea is t h a t  t h e  cybernetic  research model f o r  

aprident  research is faul ty .  The notion of a driver/car/road/envi ronment 

system is handy, but is only a s  useful a s  the  assumptions i t  makes about the  

driver .  These, Shaoul a s s e r t s ,  a r e  o f t en  s i m p l i s t i c  i n  t h a t  they reduce the  

human d r ive r  t o  a passive receptor  of s t imul i .  Any psychological view of 

man a s  o ther  than an open, adaptive being who crea tes  h i s  own universe is 

inadequate. 

Shinar, D., S.T. McDonald, and J.T. Treat,  T h e  In te rac t ion  between 
Causally-Implicated Driver Mental and Physical Conditions and Driver 
Errors Causing T r a f f i c  Accidents," Proceedings --- of the  6th Congress 
of the  In te rna t iona l  Ergonomics Association, 1976, pp. 329-334. -- 

The re la t ionships  between d r i v e r  behaviors causing and immediately 

preceding an accident ( d i r e c t  causes) and accident causat ive impairments i n  

d r ive r s  ' predisposing m n t a l  and physical s t a t e s  ( ind i rec t  causes) were 

analyzed from a representat ive sample of 420 t r a f f i c  accidents.  A Relat ive 

Involvement Factor (RIF) was developed t o  r e f l e c t  the  change i n  t h e  

l ikel ihood of any accident-causing behavior being implicated, given the  

existence of a causal ly  re levant  mental o r  physical  impairment. The 

analys is  indica tes  t h a t  causat ive conditions and s t a t e s  suppress c e r t a i n  

d i r e c t  causes while increasing t h e  l ikel ihood of others. Spec i f i c  

re la t ionships  a r e  discussed. (From author ' s  a b s t r a c t ) .  



Smeed, R.J. "The Usefulness of Formulae in  Traf f ic  Engineering and Road 
Safety, Accident Analysis and Prevention, Vol. 4, No. 4 ,  December - 
1972, pp. 303-312. 

This is a response t o  a c r i t ique  by Peranio of formulae used i n  

t r a f f i c  engineering. Srneed objects t o  a blanket rejection of a l l  such 

formulae, and makes a case for  a formula he had prepared i n  1948 t o  

s m r i z e  data on road deaths, vehicles, and population. 

Smillie, R.J . ,  and M.A. Ayoub, "A Computer Simulation Approach for  Analyzing 
Occupational Accidents, " Proceedings of the 6th Congress of the - - -  -- 
International Ergonomics Association, 1976, pp. 226-235. 

This study used a computer algorithm, the Graphical Evaluation and 

Review Technique (QGERT) , t o  model the  accident process. Five simulation 

examples were presented t o  i l l u s t r a t e  the basic concepts and the  f l e x i b i l i t y  

of the proposed approach. Discussion focuses on the usefulness of t h i s  

simulation technique as  an aid for  the  accident investigator in  the 

discovery of potential  hazards in  the occupational system. (From author's 

abs t rac t ) .  

Snyder, H.L. , "Braking Movement Time and Accelerator-Brake Separation, " 
Human Factors, 1976, Vol. 18, No. 2, pp. 201-204. 

Snyder studied acce le ra torbrake  control separation distances, fo r  

which he noted no pr ior  exerirnental evidence. The recommended separation 

currently used as  a design standard produced s igni f icantly longer react ion 

times than an experimental configuration. The new configuration would 

double the l a t e r a l  separation of the two controls and have no ver t ica l  

separation. 

Snyder, J.C., "Environmental Determinants of Traff ic  Accidents: An Alternate 
Model, " Transportation Research Record, No. 485, 1974, pp. 11-18. 

The author used the Oakland County (Michigan) accident f i l e  t o  

determine the correlation between accident ra tes  and the type of urban 

s t ruc ture  adjacent t o  the  roadway. He found the number of accidents could 



be predicted from the  type of roadway and the  t r a f f i c  volume of the road. 

The number of intersections,  type of road, and number of young dr ivers  a l l  

in teract  with t r a f f i c  volume t o  determine the number of accidents. 

Staughton, G.C. and V.J. Storie ,  Methodology - of - an In-Depth Accident 
Investiqation Survey, TRRL LR 762, Transport and Road Research 
Laboratory, Crowthorne, England, 1977. 

The circumstances leading up to  the  occurrence of road accidents a r e  

so complex t h a t  a re l iable  assessment of accident causation can only be made 

with detailed knowledge of the many aspects of road environment, vehicle and 

road user which may have contributed t o  the  accidents. This report 

describes in d e t a i l  the  techniques adopted fo r  an On-Thespot investigation 

into accident causation s t a r t i ng  with attendance a t  the scene and ending 

with a f u l l  assessment of the contributing factors. 

The organization, s ta f f ing ,  investigating and analyt ical  procedures 

used a re  described; d i f f i c u l t i e s  encountered and possible improvements in  

technique a re  a lso discussed. (From author's abstract)  . 

Stimpkon, W.A., W.K. Kittelson, and W.D. Berg, nMethods for  Field Evaluation 
of Roadway Delineation Characterist ics," 56th Annual Meeting of the - -- 
Transportation Research Board, January 1977. 

Sublett,  F.L. and W.T. Roe, "Human Factors/ Ergonomic Aspects of Vehicular 
Accident Investigation - 1975 Update," SAE 750898, Society of 
Automotive Engineers, Automobile Engineering Meeting, Detroit ,  
October 1975. 

This paper presents a case for  the growing application of Human 

Factors/Ergonomic expertise t o  develop decisions tha t  take place within the 

transportation industry. I t  of fe rs  a def ini t ion of the HF/ERG engineering 

i n  t r a f f i c  safety,  research, training,  and education. (From author 's  

abstract) .  

Surry, J., Industr ia l  Accident Research: - -  A Human Engineering Appraisal, 
Department of Industr ia l  Engineering, Toronto University, Ontario, 
June 1969. 

Surveys & Research Corporation, Data Coding System for  Highway Accident - - 
Reports, Surveys & Research Corporation, Washington, D.C., August 



Recognizing tha t  the police accident report, though not uniform, w i l l  

continue t o  be an important source of infomation t o  highway safety  

researchers, the authors undertook a project t o  design a system t o  code 

accident reports into a s ingle  data fund. 

The work involved analysis of 3,000 f a t a l  highway accidents from s i x  

s ta tes .  

Tabachnick, N.D., "A Theoretical Approach t o  Accident Research," Bulletin - of 
Suicidoloqy, No. 6, Spring 1970, pp. 18-23. 

This a r t i c l e  concerns the psychological reasons for  accidents. The 

death ins t inc t  and related theories are  discussed, a s  well a s  the concepts 

of mental i l l ne s s  and adaptational mishaps. 

There is some worthwhile theory here on human motivations, but 

Tabachnick adds l i t t l e  t o  the  understanding of the  m r e  concrete and 

ident i f iable  causes of accidents. 

Tabachnick , N. , Accident o r  Suicide; Destruct ion & Automobile, ~ h a r l e s  
Thomas Publishing, Springfield,  I l l i no i s ,  1973. 

Tabachnick ' s book describes a psychoanalytic study of one-car 

accident-involved drivers. This group is compared t o  a group of persons who 

attempted suicide and a group of post-appendectomy patients. The study 

seeks suicidal  and self -destruct ive urges in drivers t o  explain t h e i r  

accident involvement. 

Taylor, D.H., "Accidents, R i s k s ,  and Models of Explanation," Human Factors, 
Vol. 18, No. 4 ,  August 1976, pp. 371-380. 

Taylor presents a "rule following" model, combining a causal model and 

a purposive one. Neither of the l a t e r  two, he s t a t e s ,  is suf f ic ien t  t o  

handle the problem of accidents. His model takes into account risk and loss  

of control, and considers both the positive and negative aspects of each. 

This is largely a philosophical discussion following from the  f ac t  that  pure 

causal models require "observable" data tha t  cannot be obtained i n  the real  



world. 

Tharp, K.W., and J.W. Garrett ,  Multi-Disciplinary Investigations to  
Determine Automobile Accident Causation, Report No. VJ-2224-V-c 
Cornell Aeronautical Laboratory, Inc., Buffalo, December 1968. 

Accidents in  three towns in  the area of Buffalo, New York were 

investigated by a multi-disciplinary team. The goals were reconstruction of 

the accidents and determination of causes. 

This volume contains a description of the study methodology - training 

of investigators, data collection procedures, investigation f o m ,  etc. 

Also included a re  some preliminary findings. 

Thedie, J., "Road Accidents and Probable Causation," International Road - 
Safety Traf f ic  Review, Vol. 6 ,  No. 2, 1958, pp. 35-38. 

This is a philosophical discussion of the concept of causali ty.  

Thedie emphasizes the complexity of the issue and d i f fe ren t ia tes  causali ty 

from re spns ib i l i t y .  

Thorpe, J .Do ,  "Calculating Relative Involvement Rates in Accidents without 
Determining Exposure, " Australian Road Research, Vol. 2, No. 1, 
September 1964, pp. 25-36. 

Tolle, J .E. ,  l lProbabilistic Aspects of Safety in  Traff ic  Flow," Traf f ic  
Engineering - and Control, Vol. 1 4 ,  No. 10, February 1973, 
pp. 489-490. 

Tolle presents several models of t r a f f i c  flow synthesized from 

deterministic and probabi l is t ic  models. He points out tha t  since t r a f f i c  

flow involves human factors a s  well a s  physical laws, a purely deterministic 

approach is not adequate. 

Transport and Road Research Laboratory, "On-thespot Accident Investigation, 
Road/Envi ronmental Factors in  Accidents, and Vehicle Defects and 
Their Contribution t o  Road Accidents," T.R.R.L. Leaflets LF 392, LF 
387, and LF 374, - Road Accident Reduction - for  Highway Engineers - and 
Police, PTRC (UK) Limited, London, pp. 1-6. 

These three l e a f l e t s  s u m r i z e  resul ts  of a four-year in-depth study 



of 2,130 accidents.  Each case  was examined t o  determine t h e  cause o r  

causes. A road user  f a c t o r  was deemed contr ibutory i n  91.5% of the  

accidents.  

Determine - t he  Relationship between 
Vehicle Defects - and Crashes, Interim Report: Methodology, Report 
No. DOT-HS-034-2-263-71-A, I n s t i t u t e  f o r  Research i n  Public  Safe ty ,  
Indiana University, Bloomington, November 1971. DOT HS-800 661. 

Procedures and techniques developed f o r  the  Indiana Tri-Level Accident 

Inves t iga t ion  Program a r e  described. Included here  a r e  the  pr inc ipal  da ta  

co l l ec t ion  f o m ,  and accompanying c r i t e r i a  and instruct ions.  

Treat,  J.R. and K.B. Joscelyn, "The Role of Steering and Suspension 
Degradations and Fai lures  i n  Accident Causation, " SAE 740150, 
Society of Automt ive Engineers, Automotive Engineering Congress, 
Detroi t ,  March 1974. 

Despite inherent d i f f i c u l t i e s  i n  assessment, accident inves t iga t ion  

can provide useful  est imates of the  ro le  of s t ee r ing  and suspension 

degradations and f a i l u r e s  i n  causing accidents.  Indiana s tud ies  indica te  

t h a t  such fac to r s  probably account f o r  no m r e  than 5% of accidents,  and 

o ther  causation s tud ies  record s imi la r ly  low involvement percentages. 

However, ne i ther  t h e  influence of d i f f e r e n t  o r ig ina l  e q u i p n t  c a p a b i l i t i e s  

nor the  ro le  of degradations a s  a source of d r ive r  f a t igue  has been 

adequately considered. Another group of s tud ies  has shown t h a t  degradations 

i n  s t ee r ing  and suspension components can adversely a f f e c t  vehicle handling, 

and t h a t  such degradations a r e  c o m n  i n  the  vehicle-in-use population. 

(From author ' s  abs t rac t ) .  

Treat,  J .R.  and D. Shinar, "A Methodology f o r  Assessing and Classifying 
T r a f f i c  Accident Causes," Motor Vehicle Col l i s ion  Inves t iaa t ion  
Sympas iurn Volume I : proceedings , Report No. ZQ-5731-V-1, ~ a l s p a n  
Corporation, ~ u f f a E ,  pp. 432-457. Dm HS-801 979. 

This  paper describes the  evolution of the  methodology f o r  the  Indiana 

"Tri-Level Study of the  Causes of T r a f f i c  Accidents. " Defini t ional  problems 

a r e  discussed (e.g. - prime vs. contr ibuting cause) a s  well a s  the  ways in  

which the  team d e a l t  with inves t iga tor  bias. The authors acknowledge the  



d i f f i c u l t i e s  of inves t iga to r s  i n  choosing cor rec t  ca tegor ies  wi th in  the  

Indiana causal  hierarchy,  and suggest  ways i n  which the  system might be 

improved by other  researchers. 

Treat ,  J.R. e t  a l . ,  TRI-LEVEL STUDY OF THE CAUSES OF TRAFFIC ACCIDENTS: - - -  
FINAL REPORT Volume I : Causal Factor ~ a b u l a t i o n s  and Assessments, - 
Report No. D0l'- ~ ~ - 0 n 4 - 3 - 5 3 5 - 7 7 - ~ ~ ~ ( 1 ) ,  I n s t i t u t e  f o r  Research i n  
Public Safe ty ,  Indiana University, Bloomington, March 1977. 

Volume 1 of Indiana ' s  f i n a l  repor t  provides causal r e s u l t  tabula t ions  

from t h e  study, and re la t ed  analyses. 

Data were col lec ted  on t h r e e  l eve l s  of d e t a i l .  Pol ice  repor ts  and 

o the r  basel ine da ta  on t h e  Monroe County, Indiana study a rea  were col lec ted  

on Level A. On Level B ,  team of technicians responded t o  acc idents  a t  the  

time of t h e i r  occurrence t o  conduct on-scene invest igat ions;  a t o t a l  of 

2,258 inves t iga t ions  were conducted. Concurrently, 420 of  these  acc idents  

were examined independently by a mul t id isc ip l inary  team on Level C. Other 

spec ia l  surveys were a l s o  conducted. 

One o r  more human f a c t o r s  was c i t e d  by t h e  in-depth team a s  a probable 

cause i n  92.6% of acc idents  invest igated.  Environmental f a c t o r s  were c i t e d  

a s  probable causes i n  33.8% of these  accidents ,  while vehicular  f a c t o r s  were 

iden t i f i ed  a s  probable causes in 12.6%. (From au thor ' s  a b s t r a c t ) .  

Treat ,  J .R .  and R.L. S t a n s i f e r ,  "Vehicular Problems a s  Accident Causes -- An 
Ovemiew of Available Information," SAE 770117, Socie ty  of 
Automotive Engineers, In te rna t iona l  Automotive Engineering 
Conference, Detro i t ,  March 1977. 

This  a r t i c l e  provides f i n a l  r e s u l t s  of  an accident  inves t iga t ion  

projec t ,  emphasizing t h e  ro le  of vehicular  f a c t o r s  i n  accident  causation. 

Also, these  r e s u l t s  a r e  put  i n  context with o ther  s t u d i e s  which have 

of fer red  conclusions on t h e  same topic. 

Vehicular degradations, mala justments, and f a i l u r e s  were iden t i f i ed  a s  

d e f i n i t e  causes i n  4.5% of t h e  420 accidents  invest igated by a 

~nu l t id i sc ip l ina ry  team, and 4.1% of the  2,258 accidents  invest igated by 

technicians. Vehicular problems were considered e i t h e r  d e f i n i t e  o r  probable 

causes i n  12.6% of accidents  by t h e  in-depth teem, and i n  9.1% by t h e  



technicians. Problems with brakes and t i r e s  predominated a s  vehicular 

causes, with gross brake system fa i lu re  and inadequate tread depth being two 

of the  leading problem identif  ied. 

The other studies referenced also re f lec t  brakes and t i r e s  as  

predominant problem areas. (From author's alzstract). 

Treat, J .R.  e t  a l . ,  TRI-LENEL 

Safety, Indiana University, Bloornington, March 1977. 

Volume 2 of Indiana's f i na l  report presents several special  analysis 

reports dealing with dr iver  vision, knowledge, psychological make-up, etc. 

Data were collected on three levels of detai l .  Police reports and 

other baseline data on the Monroe County, Indiana study area were collected 

on Level A. On Level B ,  t eam of technicians responded t o  accidents a t  the  

time of the i r  occurrence t o  conduct on-scene investigations; a t o t a l  of 

2,258 investigations were conducted. Concurrently, 420 of these accidents 

were examined independently by a multidisciplinary team on Level C. Other 

special  surveys were a lso conducted. 

One or more human fac tors  was c i ted  by the in-depth team a s  a probable 

cause in  92.6% of accidents investigated. Environmental factors  were c i ted 

a s  probable causes i n  33.8% of these accidents, while vehicular factors  were 

identified a s  probable causes i n  12.6%. (From author 's abstract) .  

Treat, J.R., N.S. Turnbas, and R.W. Drahos, "Accident Prevention and 
Avoidance Assessment Methodologies, " Motor Vehicle Collision 
Investigation Symposium Volume I : Proceedings, Report - 
No. ZQ-5731-V-1, Calspan Corporation, Buffalo, pp. 550-568. DOT 
HS-801 979. 

This paper describes two s tudies  by the I P S :  an assessment of 

possible benefits  from improved braking systeins, and an assessment of 

various mneuvers with respect t o  emergency t r a f f i c  conf l ic t  si tuations.  

Both studies bu i l t  on exist ing IRPS data f i l e s .  

The authors' objective is "to consider recent uses of accident data in  

assessing accident avoidance and prevent ion measures. I' 



Treat ,  J .R . ,  "Tri-Level Study of the  Causes of T r a f f i c  Accidents: An 
Overview of Final  Results ,  'I American Association - f o r  Automtive  
Medicine. - 21st  Conference. Proceedings, 1977, pp. 391-403. 

Final  r e s u l t s  of a Tri-Level Accident Causation Study a r e  reported, a s  

well  a s  the  r e s u l t s  of spec ia l  ana lys i s  p ro jec t s  inves t iga t ing  t h e  

r e l a  t ionship  of d r i v e r  vision,  knowledge, and psychological a t t r i b u t e s  t o  

accident involvement. A t o t a l  of 2,258 accidents  invest igated by 

technicians, and 420 accidents  invest igated by a mul t id isc ip l inary  team a r e  

reported. H m n  fac to r s  were c i t e d  a s  probable causes i n  93% of accidents ,  

compared t o  34% f o r  environmental f a c t o r s  and 13% f o r  vehicle fac tors .  

Leading human fac to r s  included inproper lookout, excessive speed, 

ina t tent ion ,  and improper evasive act ion.  View ohstruct ions and s l i c k  roads 

were leading environmental fac tors .  The mst f requently-involved vehicle 

f ac to r s  were gross  brake f a i l u r e ,  inadequate t read  depth, side-to-side brake 

imbalance, and underinfla  tion. Vision (especial ly poor dynamic v i sua l  

acu i ty )  and personal i ty  (especia l ly  poor personal and s o c i a l  adjustment) 

were re la ted  t o  accidents.  Hcwever, knowledge of the  dr iv ing task  was not 

shown t o  be related. (From author ' s  a b s t r a c t ) .  

Tumbas, N.S., J .R.  Treat ,  and S.T. McDonald, "An Assessment of the  Accident 
Avoidance and Sever i ty  Reduction Po ten t i a l  of Radar Warning, Radar 
Actuated, and Anti-Locking Braking Systems, " SAE 770266, 
In ternat ional  Automotive Engineering Congress and Exposition, 
Society of Automtive Engineers, Det ro i t ,  March 1977. 

A group of 215 in-depth accident  repor ts  prepared a s  par t  of a tri- 

l e v e l  accident causat ion study by a m l t i - d i s c i p l i n a r y  team was examined t o  

assess  the  benef i t  derived from t h e  hypothetical appl ica t ion  of various 

combinations of radar  warning, radar actuated, and anti-lock braking 

systems. The approach was t o  have an accident  analys t  evaluate pos t  - hoc t h e  

benef i t  which would have accrued i f  one o r  more of the  vehicles involved i n  

each accident had been equipped with various types and combinations of these  

hypothetical  systems. Ten system types o r  combinations were defined. On 

one extreme, it was found t h a t  two-wheel anti-lock systems, by themelves ,  

had r e l a t i v e l y  l i t t l e  accident prevention potent ia l ;  only one of the  215 

accidents  (0.5%) would d e f i n i t e l y  have been prevented by such a system, 



although with less assurance there was some possibility of prevention of up 

to eight accidents (3.7%). On the other extreme, the most complex of the 

systems defined, comprised of a non-cooperative radar system with both 

actuation and warning potential, coupled with a four-wheel anti-lock system, 

would definitely have prevented 39 of these accidents (18.0%) , with some 
possibility of prevention of up to 90 accidents (41.9% of those examined). 

From author's abstract). 

VanWagoner, W.T., "Investigating the Roadway Environment, " American 
Association - for Automotive Medicine. - 21st Conference. Proceedinqs, 
1977, pp. 305-333. 

This paper is a discussion of investigation techniques for assessing 

the environment Is role in accident causation. Included in the discussion 

are environmental variables to be considered, methods of measuring or 

assessing the role of the variables, and examples of environmental 

contributions to accident causation. This work is primarily applicable to 

in-depth investigations involving on-scene study. 

Vaughan, R. J . , and G . Goulbergh, "A Two-Stage Model for Traffic Accident 
Prediction," Proceedings -- of the - Fifth Conference -- of the Australian 
Road Research Board - Volume 5, 1970, pp. 365-378. - -- - 

The major street system of metropolitan Adelaide has been divided into 

some 250 road sections for the purposes of accident evaluation. The object 

of the study was to determine the worst sections. For each section the 

million vehicle miles was calculated and plotted against accident damage. A 

linear relationship was shown to exist between m.v.m. and accident damage; 

from this a weight was assigned to each section to make a comparison between 

sections possible. Sections with major geometric differences were not 

compared. The virtue of the system lies in that it can detect minor 

differences in road geometries to which the variation in accident damage is 

attributed. (From author's abstract). 

Veney, J.E. and D.L. Kaiser, "Development of a Conputer Simulation of 
Highway Accident Prevent ion and Treatment, " ~ccident Analysis - and 
Prevention, Vol. 8, No. 4, December 1976, pp. 279-291. 



This paper descr ibes  t h e  appl ica t ion  of a dynamic s y s t e m  model t o  t h e  

general  problem of automobile accident  prevent ion, treatment and control .  

The paper describes the  development of a Dynamo simulat ion model t o  describe 

t h e  accident prevention, treatment and contro l  system. I n  t h e  development 

and descr ip t ion  of t h i s  model, assumptions about the  na ture  of the  system 

a r e  speci f ied  and severa l  hypothetical  runs of the  model a r e  described. The 

s p e c i f i c  appl ica t ions  of t h e  m d e l  deal  with the  c o s t  and benef i t  of 

m d i f  i ca t ion  i n  speed limits and t h e  mandatory use of s e a t  b e l t s  and a i r  

bags. The consequences of such s y s t e m  changes a r e  noted and discussed. 

Implications f o r  f u t u r e  research of t h i s  type a r e  suggested. (From author ' s  

a b s t r a c t ) .  

Waller, J.A., "Epidemiologic Approaches t o  In jury  Research, " - Rare Event/ 
Accident Research Methodology, NBS Special  Publ ica t  ion 482, 
Proceedings of a Workshop held a t  t h e  National Bureau of Standards, 
Gaithersburg, Maryland, May 1976, National Bureau of Standards, 
U.S. Department of C o m r c e ,  Washington, D.C., J u l y  1977, pp. 29-46. 

Waller 's  paper begins with a br ief  overview of epidemiology and two 

basic designs used by epidemiologists f o r  t e s t i n g  hypotheses about 

determinants of injury. These a r e  t h e  case h i s to ry  and cohort methods, 

Waller then discusses two epidemiologic methods based on t h e  in te rac t ion  

between t h e  hos t  (victim) and t h e  in jury  agent (physical energy). The f i r s t  

m d e l  presented deals  with determining causes while the  second is concerned 

with ident i fy ing t h e  range of countermeasures options. (From author ' s  

a b s t r a c t ) .  

hratkins, C.J . ,  "Uniform Road T r a f f i c  Accident Reporting Procedures, " 
Austral ian Road - Research, Vol. 4, No. 7 ,  November 1971, pp. 67-82. 

The author argues f o r  a uniform system of gathering and coding 

information on t r a f f i c  acc idents  in Austral ia ,  and presnts  h i s  plan f o r  such 

a system. 

Weber, D.C., A S tochas t ic  Model for Automobile Accident Experience, 
~ n s t i t c t e  of S t a t i s t i c s ,  North Carolina S t a t e  University, Raleigh, 
January 1970. 



White, J.G., A Systems Approach t o  Co l l i s ion  Avoidance, Report No. W S  
7503 ,~veh ic le  Sys tem ~ i v i s i o n ,  Transport Canada, Ottawa, June 1975. 

This  repor t  presents  t h e  concept of a c o l l i s i o n  avoidance model a s  a 

method of assessing t h e  probable s a f e t y  value of presumed c o l l i s i o n  

avoidance countermeasures. Accident causat ion concepts a r e  reviewed i n  t h e  

context of an automotive t r anspor t  system. A review is a l s o  m d e  of methods 

of c l a s s i fy ing  accident  causat ion f a c t o r s  and of causat ion s tudies .  

A poss ib le  program of research is outl ined d i rec ted  a t  evaluat ing 

s p e c i f i c  vehic le  systems countermeasures through technica l  f e a s i b i l i t y  

s t u d i e s  and a n a l y s i s  of accident  da ta  using t h e  c o l l i s i o n  avoidance model 

concept. (From author ' s  a b s t r a c t ) .  

Wiqqlesworth, E.C., "A Teaching Model of Causal Mechanisms and a Derived - - 
Theory of ~ o u n t e m a s u r e  Selec t ion ,"  American Society - of Safe ty  
Engineers Journal ,  Vol. 17, No. 8 ,  August 1972, pp. 27-32. 

In ju ry  c o u n t e m a s u r e s  t r a d i t i o n a l l y  have been oriented t w a r d  t h e  

removal o r  engineering con t ro l  of p o t e n t i a l l y  damaging energy, but  the  use 

of techniques d i  rected a t  t h e  reduction of non-culpable e r r o r  c o n s t i t u t e s  an 

addi t ional  and p o t e n t i a l l y  f r u i t f u l  f i e l d  f o r  in jury  countermeasures. 

These two p a r a l l e l  approaches a r e  here  combined i n t o  a simple teaching 

model from which a conceptual o u t l i n e  of p r e f e r e n t i a l  countermeasure 

s e l e c t i o n  is derived. I t  is suggested t h a t ,  from t h i s  rodel ,  a course of 

f o m l  study can be s t ruc tu red  i n  a manner s u i t a b l e  f o r  incorporat ion i n t o  

t h e  curriculum of those who w i l l  be profess ional ly  concerned with the  

prevention of acc identa l  injury.  (From au thor ' s  a b s t r a c t )  . 

Wilde, G.J.S., "The Risk Conpensation Theory of Accident Causation and Its 
P r a c t i c a l  Consequences f o r  Accident Prevention," Osterreichische 
Gesellschaf t f u r  Unf a l l c h i  ru rg ie  Annual Meeting, Salzburg, 1976. 

Wilson, D.G., Transportat ion Resource Allocat ion - - -  Based on New Methods of 
Accident Reportinq, Engineering Pro jec t s  Laboratory, Department of 
Mechanical Engineering, M.1 .T., Cambridge, Mass. August 1969. 

This repor t  uses a n a l y t i c  methods t o  determine cost-benefit  r a t i o s  of 

various countermeasures. I n  a discussion of accident  causation, t h e  author 

d iscusses  the  i n t e r a c t i v e  e f f e c t s  of various causes of accidents  and how 
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TRAFFIC CONFLICTS TECHNIQUE 

Background 

The T r a f f i c  Conf l i c t s  Technique (TCT) was o r i g i n a l l y  developed by t h e  

General Motors Research Laboratories in  1967. I t  is a method f o r  predic t ing  

the  number of accidents  a t  an in te r sec t ion  based on t h e  number of c o n f l i c t s  

(near misses) which occur. 

The o r i g i n a l  technique separated c o n f l i c t s  in to  f i v e  ca tegor ies  : l e f t  

turn,  weave, c ross  t r a f f i c ,  red l i g h t ,  and rea r  end. Counts were made by 

type of the  number of c o n f l i c t s  occurring during a standard time period- 

f i v e  hours i n  t h e  f i r s t  experiments, t e n  hours i n  subsequent s tudies.  Each 

l eg  of the  in te r sec t ion  was observed and t h e  number of conf l ic ts  on t h a t  l e g  

recorded. 

The assumption behind t h e  technique is t h a t  t h e  number of c o n f l i c t s  

co r re la t e s  with t h e  number of acc idents  a t  a given in tersec t ion .  I f  t h i s  is 

so, TCT should be useful  f o r  ranking in te r sec t ions  i n  t e r n  of r e l a t i v e  

sa fe ty  and f o r  predic t ing  t h e  number of accidents  a t  an in tersec t ion .  

Further,  a s  a surrogate  f o r  accident  da ta ,  TCT could be a pawerful t o o l  i n  

assessing t h e  ef fec t iveness  of safety-related design changes t o  

in te r sec t  ions. 

Effect iveness --- of the  TCT 

In  an excellent  review of s tud ies  done using t h e  T r a f f i c  Conf l i c t s  

Technique, Glennon e t  a l .  [ l ]  found no consis tent  evidence t h a t  the  number 

of t r a f f i c  c o n f l i c t s  a t  an in te r sec t ion  can be used t o  p red ic t  the  number of 

accidents  t h a t  w i l l  occur there.  Indeed, the  volume of t r a f f i c  has been 

shown t o  be a b e t t e r  predictor .  Another problem mntioned by the  reviewers 

is t h a t  t h e  numerous s tud ies  employing t h e  TCT a r e  d i f f i c u l t  t o  compare, 

s ince  the  de f in i t ions  of c o n f l i c t  vary s o  widely and t h e  nature of the f i e l d  

measurements is subjective. Glennon concludes t h a t  t h e  technique requires 

fu r the r  refinement and evaluat ion before its use can be j u s t i f i ed .  



Poten t i a l  Use ----- of t h e  TCl' i n  Accident-Causation Research 

The TCI', a s  current ly  used, attempts t o  c o r r e l a t e  c o n f l i c t s  with 

accidents  f o r  t h e  purpose of predict ing t h e  number of acc idents  a t  an 

in tersec t ion .  Other than subset t ing  unsafe d r i v e r  ac t ions  in to  severa l  

general  c lasses ,  and counting such ac t ions ,  no evaluat ion of the  cause of 

the  c o n f l i c t  is recorded. 

To obta in  information regarding t h e  cause of a given d r ive r  ac t ion ,  a 

more de ta i l ed  examination of each c o n f l i c t  would have t o  be made. This  

could be done photographically, v isual ly ,  o r  perhaps by a post-conf l ict  

interview with t h e  dr iver .  However, obtaining such information would not 

solve t h e  basic problem of the  unproven re la t ionship  between c o n f l i c t s  and 

accidents.  F u r t h e m r e ,  previous s t u d i e s  have indicated t h a t  the  types of 

c o n f l i c t s  which occur a t  a given in te r sec t ion  a r e  highly dependent on t h e  

design of the  in tersec t ion .  This  supports the  use of the  technique f o r  

individual  in te r sec t ion  evaluat ion,  but would confound its use f o r  a 

causat ion study of broader scope. 

Another drawback t o  t h e  use of the  TCI' is t h a t  the  assessment of 

c o n f l i c t s  is subjec t ive  and dependent u p n  the  judgement of the  observer. 

Conf l ic ts ,  according t o  t h e  theory, a r e  a continuum, with minor avoidance o r  

braking maneuvers a t  one end and ac tua l  acc idents  a t  the  other.  The 

i d e n t i f i c a t i o n  of a conf l i c t ,  therefore ,  is an important decision t h a t  can 

only be made subjec t ive ly  . 
A causation study using t h e  TCT would become a c l i n i c a l  assessment of 

near misses r a the r  than accidents.  I f the  re la t ionship  between con£ l ic ts  

and accidents  were c l e a r  and i f  t h e  d e f i n i t i o n  of a c o n f l i c t  could be 

objec t ive ly  applied, then the re  would still remain the  quest ion of the  cause 

of the  conf l i c t s .  

I n  l i g h t  of the  uncertainty of the  re la t ionship  between c o n f l i c t s  and 

accidents ,  and because of the  inherent  s u b j e c t i v i t y  of the  method, no 

accident causation study based on t h i s  technique can be recommended a t  t h i s  

time. 
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INDUCED EXPOSURE 

The f a c t  t h a t  t h e  s t a t i s t i c a l  approach requires da ta  on t h e  non- 

accident,  o r  sxposed population, has been s t r e s sed  repeatedly. This  

requirement is p a r t i c u l a r l y  c l e a r  i n  t h e  context  of re t rospect ive  s t u d i e s  a s  

discussed i n  Section 4.2.3  of t h e  main text .  

Exposure has been a t roubl ing  problem t o  accident researchers f o r  many 

years, both conceptually and pragmatically. Many of the  problems a r e  with 

us yet. Researchers have considered the  matter of importance ever s ince  

they f i r s t  recognized t h e  value of cont ras t ing  s e g m n t s  of the  t o t a l  t r a f f i c  

community i n  terms of accident ra tes .  

Because of the  importance of exposure da ta ,  and because of the  

administrat ive problems and expense i n  gathering it, the  concepts and 

techniques of induced exposure have been examined with some care. The hope 

was, of course, t h a t  t h i s  approach would prove applicable and would enhance 

the  s t a t i s t i c a l  approach t o  accident-causation research by reducing one of 

its more burdensome data-collect ion tasks. 

Induced Exposure 

In  1964, Thorpe [ I ]  described a method of ca lcu la t ing  r e l a t i v e  

involvement r a t e s  without e x p l i c i t l y  measuring exposure. The method used 

only data  avai lable  from accident  records and has become known a s  "induced 

exposure." Thorpe's method is based on t h e  following f i v e  assumptions 

(taken d i r e c t l y  from Thorpe) : 

(1) Single vehic le  accidents  a r e  caused e n t i r e l y  by a t t r i b u t e s  of the  
driver-vehicle combination concerned ( t h i s  ignores the  p a r t  played by the  
road, which is c o m n  t o  a l l  vehic les  and d r ive r s ) .  

(2) Co l l i s ion  accidents  a r e  caused by the  f i r s t  two vehicles t o  h i t .  
(Coll is ion accidents  involving more than two vehicles c o n s t i t u t e  only 5 
percent of a l l  c o l l i s i o n  accidents  and those i n  which the  f i r s t  two 
vehicles t o  h i t  d id  not  cause the  accident  would have no s i g n i f i c a n t  
ef f e e t  on the  general accident  pa t tern .  The Commission's accident reports  
record d e t a i l s  of only t h e  f i r s t  two vehicles t o  h i t  i n  c o l l i s i o n  
accidents)  . 



(3) In each collision accident there will be a 'responsible' and a 'not 
responsible' driver-vehicle combination (this is an over-simplification 
which is discussed later). 

(4) The relative likelihood of a driver-vehicle combination being the 
'responsible' combination in a collision-accident will be the same as the 
relative likelihood of that combination being involved in a single vehicle 
accident. 

(5) The likelihood of any particular driver-vehicle combination being 
innocently involved in a collision accident, i.e., the 'not responsible' 
combination, will be the likelihood of meeting that combination anywhere 
on the road. 

Assumption (5) has been used as the operative definition of induced 

exposure. However, Thorpe did not require a case-by-case assessment of the 

"responsible" or "innocent" driver-vehicle combination. Presurrrably, a 

reliable assessment of responsibility was not available. Instead, Thorpe 

used assuption (4) to determine the proportion of a combination as the 

innocently involved combination in collisions (two-vehicle accidents) . To 
do this, he needed only the distribution of the combinations of interest 

(e.g., age groups or alcohol level in collisions and in single-vehicle 

accidents. This modest data requirement is one of the virtues of Thorpe's 

method. 

The m s t  sophisticated m them tical discussion of induced exposure has 

been given by Haight [2,31. It might be appropriate to relate some of 

Haight's observations before continuing with a general discussion. Haight 

restricts the use of the t e n  "induced exposure" to the method of Thorpe, 

i. e. , the application of both assumptions (4) and (5) . Several other 
investigators have used induced exposure, but have used case-by-case 

assignment of responsibility to derive the exposure population rather than 

using the single-vehicle accident set. Haight calls this technique "quasi- 

induced exposure. " 

Using Thorpe's method, the proportion of total exposure that is 

contributed by attribute i (Ni) is equal to twice the proportion of 

attribute level i in the two vehicle accident population (Ti) , minus the 
proportion in the single-vehicle accident population (Si) , or Ni=Ei-Si. 
Both Thorpe and Haight note that it is possible for Ni to be negative. 

Thorpe seem to dismiss this problem as one which results from sampling 



e r r o r  with -11 numbers, s ince  t h e  d i f ference  N i  can be extremely s e n s i t i v e  

t o  e r r o r s  i n  Ti o r  S i' 

This appears t o  be a r a the r  s i m p l i s t i c  dismissal ,  however. I f  t h e  

exposure of an a t t r i b u t e  l e v e l  is cor re la t ed  with f ac to r s  which a r e  i n  t u r n  

highly corre la ted  with the  propensity f o r  single-vehicle accidents ,  then Ni  

could be negative regardless of sample s ize .  For example, suppose t h a t  

young persons drove only a t  night  when t r a f f i c  is l i g h t  and the re fo re  a high 

proportion of t h e i r  acc idents  a r e  s i n g l e  vehicle. Then the  incidence of 

young persons i n  two-vehicle crashes (Ti) would be small,  but  t h e i r  

involvement i n  s i n g l e  vehicle crashes-and hence Si--would be large,  

r e su l t ing  i n  a negative N i' This  co r re la t ion  of an a t t r i b u t e  with f a c t o r s  

associated with single-vehicle crashes presents  a fundamental problem with 

t h e  use of single-vehicle crashes f o r  determining respons ib i l i ty  i n  two- 

vehicle co l l i s ions ,  and thus  with the  concept of induced exposure. This  

w i l l  be discussed f u r t h e r  i n  a l a t e r  paragraph. 

Haight [2,3] has  m d i f i e d  Thorpe's model t o  remove t h e  p o s s i b i l i t y  of 

negative resul t s .  Haight 's formula is based on a weaker assumption 

regarding r e s p n s i b i l i t y .  Rather than assuming an a t t r i b u t e  l e v e l  is 

responsible i n  the  same proport ion among two-vehicle accidents  (doubles) a s  

many single-vehicle crashes, he assumes the  r a t i o  of r e s p n s i b i l i t y  of two 

a t t r i b u t e s  is the  same i n  doubles a s  t h e i r  r a t i o  i n  s ingles.  I n  order  t o  

solve f o r  the  exposure of each a t t r i b u t e  under t h i s  weaker assumption, t h e  

da ta  requirements a r e  more s t r ingen t .  The two-way c l a s s i f i c a t i o n  of the  

a t t r i b u t e s  i n  two-vehicle acc idents  is required. However, t h i s  is still a 

modest requirement. While Haight 's formula always leads  t o  p o s i t i v e  
1 
I 

r e su l t s ,  i t  has one de fec t  which Thorpe's does not have. I t  v i o l a t e s  t h e  

"Null Categorizat ion Postu la te"  [2]. I f  driver-vehicles a r e  categorized by 

unequal groups defined by a random var iable  unassociated with accidents ,  

e.g., a dichotomy based on l i cense  p l a t e  d i g i t s ,  Haight 's  formula does not 

lead t o  t h e  same proportions i n  t h e  exposed and single-vehicle populations- 

a spurious over-representation. Haight [2] modified h i s  e a r l i e r  model 

(Haight's m d i f i e d  formula) t o  meet the  Null Categorizat ion Pos tu la te  and 

sti l l  give pos i t ive  resul t s .  These developments st ill provide induced 

I Haight 's formula gives q u i t e  d i f f e r e n t  r e s u l t s  from Thorpe's r e su l t s ,  
a f a c t  i l l u s t r a t e d  i n  Haight 's  1970 paper. 



exposure i n  tha t  they use the single-vehicle accident experience t o  deduce 

the responsible vehicle in  a group of two-vehicle accidents. 

Quas i-Induced Exposure 

A number of investigators have used the  methods of induced exposure 

with empirical data s e t s ,  although none have employed Haight ' formulas. 

These include Carr [4] , Hall [5] , Carlson [6] , Joksch [7] , and Waller e t  

al .  [8] . With an exception discussed l a t e r  (Carr) , a l l  have used quasi- 

induced exposure. Carr and Waller both attempted t o  val idate  the concept. 

Most have used the  quasi-induced exposure concept for  two reasons. One is 

that  many investigators a r e  suspect of Thorpe's fourth assumption. The 

second is that  police investigators frequently assign and record 

r e spns ib i l i t y .  Thus most investigators appear t o  prefer the use of police 

assignment of responsibil i ty rather than s ingle-vehicle accident experience 

t o  es tabl ish the "responsible" involvement of an a t t r i b u t e  in  two-vehicle 

crashes. On the other hand, the  va l id i ty  of assignment of responsibil i ty by 

police has been questioned. Haight [91 s t a t e s  "It would, except in  very 

well-defined circumstances, be assuming too much i f  we supposed t h a t  the 

proportions of gu i l ty  and innocent par t ies  were decided by the reporting 

authorit ies.  " 

Carr used the  quasi-induced exposure method t o  examine the re la t ive  

overinvolvement-which he called "rela t ive riskn-for categories of age, 

experience ( i n  years of dr iving) ,  l i g h t  condition, and blood alcohol level. 

He attempted t o  val idate  the  concept using exposure as  determined from 

driver  regis t ra t ion data, and a l so  t o  val idate  Thorpets method by cornparing 

the single-accident re la t ive  risk with two-vehicle accident re la t ive risk, 

both obtained using driver regis t ra t ion data. He found s ignif icant  

discrepancies in  both comparisons. While he raised several issues in 

discussing the discrepancies, he does not seem t o  have questioned the 

val idi ty  of assignment of responsibil i ty by investigating off icers .  

Carr, along with mst other investigators,  s t a r t s  with the premise tha t  



exposure is measured by vehicle miles.' Both Thorpe and Carr recognize 

t h a t  gross vehicle miles driven may not be a suf f ic ien t  measure of exposure, 

and tha t  the conditions and environment under which t rave l  is accrued m y  

a l so  be important. Thus, the  f a i l u r e  of quasi-induced exposure t o  repl icate  

the  resu l t s  using dr iver  regis t ra t ion data noted by Carr could resu l t  from 

fa i lu re  of dr iver  regis t ra t ions  t o  represent miles driven, a s  well a s  from 

errors  in  assigning responsibility. 

I t  is very possible-if not likely--that d i f fe ren t  levels  of a dr iver  

parameter, or  d i f fe ren t  driver-vehicle combinations, may not have the same 

risk of involvement in  s ingle-vehicle accidents as  in two-vehicle accidents. 

This could explain the  discrepancy Carr noted i n  the  comparison of s ingle  

and two-vehicle accident results;  t h i s  poss ib i l i ty  was a lso noted by Thorpe. 

More importantly, such a correlation would invalidate the  methods of Thorpe 

and Haight. An example of how t h i s  could happen i n  the case of young 

drivers was given ear l ie r .  

Waller, e t  a l .  conducted a study of induced exposure s imilar  t o  t h a t  of 

Carr except tha t ,  in  addition t o  dr iver  regis t ra t ion data, gross-vehicle- 

miles data were available from origin-destination studies. Their resu l t s  

were similar t o  Carr ' s  in  t ha t  accident rates based on quasi-induced 

exposure did not agree with those based on vehicle-mi l e s  data-rela t i ve  

single-vehicle accident ra tes  did not agree with those derived from vehicle 

miles. The issues raised above with regard t o  Carr 's  work a l so  apply here. 

The police assignment of responsibil i ty was not verified and only gross 

vehicle miles were available. Furthermore, the re la t ive  risk of 

single- versus two-vehicle involvements may be correlated with the study 

parameters, age and sex. 

 ADD^^ cabi li tv of Induced Emosure 

There a re  several conclusions tha t  can be drawn from the  above 

discussion re la t ive t o  the  use of the concept of induced exposure in the  

study of accident causation. The concept of exposure can be extended from a 

simple vehicle-miles measure t o  a much broader measure of the risk of 

involvement. Under t h i s  broader concept, validation or invalidation of 

Thorpe expl ic i t ly  s ta ted t h a t  N i  is the proportion of the t o t a l  
vehicle miles accrued by driver-vehicle combination i. 



induced exposure by comparison with vehic le  miles would be impossible. Even 

i f  a multi-factor model of exposure is se lec ted ,  attempts t o  va l ida te  

induced exposure would be a s  much a test of the  rmlt i-factor  m d e l  a s  of 

induced exposure. This is the  reason Haight has suggested t h a t  the  bas ic  

idea of induced exposure is nei ther  provable o r  unprovable. 

The use of single-vehicle accidents  t o  determine r e l a t i v e  

responsib i l i ty ,  and i n  tu rn  t o  derive r e l a t i v e  exposure from t h e  two-vehicle 

accident population, has se r ious  problems. I t  is very l i k e l y  t h a t  t h e  

r e l a t i v e  l ikel ihood of single-vehicle versus two-vehicle involvements would 

be corre la ted  with the  f a c t o r  under study a s  c i t e d  i n  t h e  example of young 

drivers .  I t  is e n t i r e l y  possible t h a t  the  subjec t  of a p a r t i c u l a r  study 

would be the  r e l a t i o n  between an a t t r i b u t e  ( f ac to r )  and t h e  type of 

accident.  I f  such a r e l a t i o n  d id  exist-that is dependence, and hence 

cor re la t ion  between t h e  f a c t o r  and t h e  type of accident--assumption (4) 

would be v io la ted  and Thorpe's concept would be invalid.  

This leaves the  p o s s i b i l i t y  of using t h e  quasi-induced exposure method 

incorporating a case-by-case assessment of responsib i l i ty  . Professional  

mult i-discipl inary inves t iga t ion  teams might provide assessments with more 

r e l i a b i l i t y  than is represented i n  mass-accident data, and without re l iance  

on an extant  set of s t a t u t e s .  Hcwever, our concept of the  s t a t i s t i c a l  

de tec t ion  of overrepresentat ion is inconsistent  with da ta  co l l ec t ion  by a 

caseby-case ( c l i n i c a l )  assessment of responsib i l i ty .  
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REVIEW OF TECHNICAL DISCUSSIONS 

This is a review of the  conferences held a t  NHTSA between t h e  HSRI 

projec t  personnel and severa l  "userst1 i n  the  MVP and TSP areas. Meetings 

were held over a two-day period. 

Discussions a t  t h e  f i r s t  meeting were centered around t h e  TSP needs f o r  

accident  causat ion information. Mention was made of the  North Carolina UDA 

study, and t h e  f ee l ing  was expressed t h a t  the  UDA's a s  defined t h e r e i n  were 

not adequate t o  NHTSA's needs. I n  pa r t i cu la r ,  t he re  were no countermeasure 

implications. And t h e  opinion was given t h a t  t h e  r e l i ance  on pol ice  da ta  

meant t h a t  the re  was not much new information provided. Our in te rp re ta t ion  

of t h i s  was t h a t  in-depth inves t iga t ions  might provide a new leve l  of d e t a i l  

o r  ins igh t  i n t o  UDA's not ava i l ab le  i n  po l i ce  records. 

There is a current  emphasis i n  TSP on t h e  youthful dr iver .  The current  

Lansing program, described a s  a s o r t  of modified STEP a c t i v i t y ,  is or iented  

toward the  youthful dr iver .  We had considerable discussion about t h e  

d e f i n i t i o n  of llyouth"--whether t h i s  should include j u s t  the  novice d r ive r ,  

the  18-20 year  old, e tc .  No f irm categor ies  resul ted ,  but there  is i n t e r e s t  

i n  many groups-the novice (e.g. t h e  16-17 year old beginning d r i v e r ) ,  t h e  

18 t o  25 year old,  less than 21 vs. 21  and over, etc .  They s e e  a need t o  

iden t i fy  p a r t i c u l a r  age groups which might be suscept ib le  t o  treatment- 

possibly from a d r i v e r  education point  of view. 

There seems t o  be a need f o r  a good opera t ional  d e f i n i t i o n  of speeding, 

and of o the r  act ions.  Is the re  a p o s s i b i l i t y  of quantifying reckless  

dr iv ing o r  ina t tent iveness?  Some mention was made of the  in te rac t ion  between 

speed and alcohol ,  though it was pointed ou t  t h a t  alcohol a s  such is not 

considered a UDA a s  UDA is cur ren t ly  defined. 

Again t h e  need f o r  an operat ional  d e f i n i t i o n  of speeding was expressed. 

The North Carolina report  def ines  speeding i n  severa l  ways--e.g. more than 

5 mph above t h e  posted l i m i t ,  speeding i n  a 55 mph zone, etc .  

Another top ic  of i n t e r e s t  t o  t h i s  group was d r i v e r  vision-broadly 

defined; and a l s o  d r ive r  knowledge ( t h i s  with reference t o  t h e  motorcycle 



course current ly  being given i n  C a l i f o r n i a ) ,  

Las t ly ,  the re  is a cu r ren t  i n t e r e s t  i n  f i e l d  dependence/independence. 

A subsequent meeting continued these  discussions. No new s p e c i f i c  

top ics  were mentioned, but  the  i n t e r e s t  i n  youthful d r ive r s  was confirmed. 

During t h e  afternoon we met wi th  s t a f f  members from Motor Vehicle 

Program. Topics were genera l ly  haw t h e  MVP people hoped t o  g e t  information 

from accident  inves t iga t ion  a c t i v i t y  which would support t h e i r  planned 

standards work, o r  a s s i s t  them i n  f inding a reas  i n  which standards were 

needed. 

The MVP s t a f f  noted t h a t  p r i o r i t i e s  were current ly  being "firmed up1' i n  

discussions with NHTSA administrators ,  but t h a t  a high p r i o r i t y  t o p i c  was 

f i e l d s  of view (A-pillar width, d i r e c t  v i s i b i l i t y ,  and bl ind s p o t s ) .  There 

was concern about the  depth .of accident  inves t iga t ion  necessary t o  iden t i fy  

problems i n  t h i s  area. 

The MVP a l s o  want considerable d e t a i l  on make/model of vehic le  i n  order  

t o  properly iden t i fy  problems. Sub-categories a r e  necessary (2-door o r  

@door) i n  order  t o  knaw whether t h e r e  is a problem of v i s i b i l i t y  t o  t h e  

r i g h t  rear.  For example, t h e r e  a r e  severa l  models of the  Hornet which have 

d i f f e r e n t  v i s i b i l i t y  proper t ies ,  and i f  one of these  were overrepresented i n  

"lane changen accidents  it would be important t o  have de ta i l ed  mke/model 

in fo rmt ion .  

Mention was made of a l i k e l y  ANPRM on d i r e c t  v i s i b i l i t y  and t i n t i n g .  

One vehic le  under suspicion a s  a v i s i b i l i t y  problem is the  small 2-door 

coupe with t h e  "dark s a i l  a rea"  (a windowless panel behind t h e  door a r e a ) .  

Another area  of current  i n t e r e s t  and concern was mentioned- 

pedestr ians,  motorcyclis ts ,  o r  b i c y c l i s t s  being s t ruck by mirrors  which 

projec t  ou t  too f a r  from c a r s  o r  trucks. the re  was some discussion here 

about causat ive vs. severi ty-increasing fac tors .  

Another top ic  discussed was the  need f o r  empirical evidence about the  

overinvolvement of t i n t e d  windshields i n  dusk/dark accidents.  We had some 

discussion about the  d i f f i c u l t y  of handling t h e  mult iple va r i ab les  i n  such a 

problem-tinted windshields were shown i n  an e a r l i e r  paper (by Arvai e t  a l )  

t o  c o r r e l a t e  with o lde r  d r ive r s ,  bigger cars ,  t r a v e l  a t  d i f f e r e n t  times of 



day, etc .  I t  is hard t o  g e t  a simple cor re la t ion  of accident  r a t e  with 

darkness, but the  need is sti l l  there. 

There is a l s o  some concern about tires-pressure, t read ,  mixtures- 

and with suspension system a l t e r a t i o n s .  

MVP s t a f f  talked about t h e i r  l i m i t  yaw s t a b i l i t y  work, and noted t h a t  

de ta i l ed  vehicle i d e n t i f i c a t i o n  (e.g. t h e  VIN)  p lus  f a i r l y  complete 

i d e n t i f i c a t i o n  of tires (make, model, condit ion) was necessary t o  an 

understanding of that .  He refer red  t o  t h e  European standards ( fo r  brake 

pressure d i s t r i b u t i o n )  and noted t h a t  NHTSA is in teres ted  i n  pursuing a 

standard i n  t h a t  area. He would l i k e  t o  know the  "types" of  vehic les  

involved i n  l i m i t  l o s s  of con t ro l  maneuvers. 

We asked what a l i m i t  yaw contro l  standard would look l i k e ,  and they 

answered t h a t  i t  would l i k e l y  be a speci f  i ca t ion  of allowable performance 

s imi la r  t o  t h e  CALSPAN carpet  plots-reference was given t o  an SAE paper on 

t h i s  subject.  There was some discussion about rear  l i g h t i n g  of trucks, and 

evidence of d i f f e r e n t i a l  accident  experience with s t r i k i n g  of lowboy t rucks  

, a s  opposed t o  high well l ighted  trucks. Hawever, an MrP s t a f f  member s a i d  

t h a t  the  present cont rac t  would be l imited t o  passenger cars.  

The e f f e c t s  of weather on accident frequency f o r  various types of 

vehic les  were discussed. They a r e  in teres ted  i n  s p e c i f i c  vehic le  types 

being overrepresented i n  acc idents  on wet roads, i n  fog, etc .  

There was some discussion about radar braking, but t h i s  is evidently 

st i l l  long-range planning. A no t i ce  of proposed rulemaking is "planned" f o r  

about 1982. 

There is still some i n t e r e s t  i n  s t o l e n  vehicles-from a sa fe ty  point  of 

view, and of f i r e .  

Under t h e  general  heading of adverse weather, t h e r e  is i n t e r e s t  i n  the  

e f f e c t s  of spray from trucks-reference was made t o  an o ld  Pennsylvania 

Turnpike study which iden t i f i ed  t h i s  problem. 

Under the  heading of tires and wheels, mention was made of t i r e  

t r ac t ion ,  wheels , re t reads ,  t read  depth, o r i g i n a l  equipment wheels and non- 

OEN wheels and t i r e s ,  mult ipiece r i m  i n  non-passenqer vehicles,  and wheels 



f a l l i n g  off .  

Again under t h e  handling category: l o s s  of con t ro l  during braking, and 

t h e  European braking standard ( f ron t  wheels mst lock f i r s t  under nearly a l l  

conditions of road f r i c t i o n ) .  There is i n t e r e s t  i n  how lockup occurs i n  wet 

road accidents.  

I n t e r e s t  was expressed i n  recrea t ional  t r a i l e r s  and load level ing  

hi tches.  Involvement r a t e  f o r  such vehic les  is of in te res t .  There was a 

br ief  discussion here  about t h e  Kentucky MDAI study of recrea t ional  

vehicles. 

I n  summary, the  Off i c e  of Crash Avoidance p r i o r i t i e s  include: f i e l d s  of 

view (di  rec t ,  t i n t i n g ,  m i  r r o r  v i s i b i l i t y ,  headlighting) , and t h e  extensions 

of t h e  105 standard t o  l i g h t  and medium trucks. 

The next meeting was held with the  Planning and Evaluation group. We 

discussed severa l  planned standard a reas  from t h e  point  of view of the  need 

f o r  accident  causat ion information. These included: 

Lighting Standards (general ly)  

Side Lights  

Headlight glare--particularly comparisons of t h e  1978 and 1979 model 
years with e a r l i e r  years, s ince  t h e  manufacturers a r e  permitted t o  
increase candlepower i n  these  years. I t  is expected t h a t  by 1979 
about 30% of t h e  American production w i l l  be upgraded t o  t h e  more 
intense headlamps. W i l l  t h i s  increased candlepower c r e a t e  problems? 

Braking-the opinion was expressed t h a t  accident da ta  was lacking here, 
but t h a t  NHTSA is looking forward t o  improved braking systems. 

T i r e  pressure--some discussion about automatic lowhigh pressure 
indicators ,  and a need f o r  knowledge of overrepresentat ion of 
deviant t i r e  pressure i n  crashes. 

Electromagnetic in ter ference  ( the re  was an RFP on t h i s  subjec t  i n  t h e  
summer of 1977--concern about radio i n t e r f  erence with e l ec t ron ic  
igni t ion ,  braking systems, etc .  ) 

There was some discussion about mtorcyc le  braking. 

There was some discussion about vans and l i g h t  t rucks,  p a r t i c u l a r l y  t h e  
extension of 201,202,204 and 208 t o  cover these  vehicles. 



Vans seem t o  be a candidate f o r  a s tudy of l imi ted  v i s ion  capab i l i ty ,  
and might be expected t o  s h m  up i n  t h e  acc ident  da ta  because of 
tha t .  

There was mention of t h e  extension of the  power window standard (a 
standard aimed a t  preventing chi ldren  from c los ing  windows on 
themselves) t o  l i g h t  t rucks  and vans. 

Several  o the r  top ics  were mentioned l igh t ly :  t h e f t ,  t h e  302 standard,  
and t h e  l i m i t  yaw s t a b i l i t y  standard. 

On Thursday, Novenber 3, 1977, HSRI s t a f f  along with t h e  CTM f o r  t h e  

p ro jec t  met with two members of the  Of f i ce  of Driver  and Pedes t r ian  

Program. The two a r e  concerned pr imar i ly  with d r i v e r  education. 

Information is needed about what techniques, o r  lack thereof ,  g e t  

d r ive r s  (general ly)  and young d r i v e r s  ( s p e c i f i c a l l y )  , i n t o  accident- 

producing s i tua t ions .  A s p e c i f i c  i n t e r e s t  was expressed i n  l e f t - tu rn  

s i t u a t i o n s  leading t o  accidents .  There was some discuss ion of t h e  p r i o r  

Driving Task Analysis (done by McKnight i n  1971) , which was t o  have produced 

t h e  Sa fe  Driving Curriculum. McKnight apparently used some s o r t  of "expert- 

opinion-techniqueR t o  rake a " c r i t i c a l i t y  assessment" of  d r iv ing  mistakes 
and t h e i r  ro le  i n  causing t h e  accident  under assessment. The MDAI f i l e  was 

used i n  t h i s  work. A review of the McKnight work seems appropriate. 

There was some discuss ion of kncwledge t e s t s ,  and i t  was observed t h a t  

t h e  general problem is t h a t  we "don't  know what quest ions t o  ask. " I t  is 

c e r t a i n l y  t r u e  t h a t  t h e r e  is no " t r i e d  and t rue"  knowledge test, and they 

o b e r v e d  f u r t h e r  t h a t  t h e  ex i s t ing  l i t e r a t u r e  on t h e  sub jec t  suggests  t h a t  

lack of knowledge is not  a f a c t o r  i n  causing accidents.  ODPP is looking t o  

t h e  DeKalb County (Georgia) demonstration program f o r  guidance, but  i t  was 

not c l e a r  t o  me a t  the  time whether t h e r e  were s p e c i f i c  research ques t ions  

being addressed o r  not. This  phase of t h e  discussion concluded with t h e  

obsentat ion t h a t  t h e r e  is not any cur ren t  e f f o r t  d i rec ted  t o  re-wri t ing of 

s tandards and cur r i cu la  i n  t h e  Driver EZucation area. 

ODPP opinions and p r i o r i t i e s  about what is important f o r  Driver  

Education, i n  t e r n  of Pages 13-17 of t h e  RFP, a r e  a s  follows. Items 

l a m a t  a r e  the  t en  most frequent  d i r e c t  h m n  b e h a v i o r a l / i n f o m t i o n  

processirq f a i l u r e s  which cause o r  increase  t h e  s e v e r i t y  of accidents?)  , 
l b  (What a r e  t h e  t en  most frequent  human conditions o r  s t a t e s  associated with 

the  causes of acc idents?) ,  I d m a t  a r e  t h e  t e n  mst frequent  environmental 



condit ions o r  f a c t o r s  which cause o r  increase  t h e  s e v e r i t y  of acc idents?) ,  

le(What c l u s t e r s  of human behavioral e r r o r s  c o r r e l a t e  highly with c e r t a i n  

environmental (or  vehic le)  condi t ions?) ,  and I f  (What a r e  t h e  t e n  most 

frequent  Unsafe Driving Acts (UDAs) causal ly  r e l a t ed  t o  these  accidents?) 

a r e  t h e  p r i o r i t y  items. An ODPP s t a f f  member observed t h a t  l a ,  although a 

p r i o r i t y  i tm,  seemed l e a s t  f e a s i b l e  i n  t e r m  of a "do-able" research 

methodology. He otserved t h a t  item l b  would be amenable t o  t h e  s t a t i s t i c a l  

inference approach. The content  of item Id  was re-phrased a s  "Can we type 

accidents?" Item I f  on UDA's was seen a s  a very l a rge  research program. 

Continuing on t o  Page 14/17, item 2a(By what degree ( i f  any) is alcohol  

overinvolved i n  noninjury accidents?)  was seen a s  in te res t ing ,  but not very 

important. Items 2f (Is i n f o m t i o n  processing a b i l i t y  a s  measured by t h e  

information processing test lower f o r  accident  d r ive r s  vs. exposure-to-risk 

d r ive r s? )  and 2g (What environmental condit ions were overrepresented i n  t h e  

accident  group vs. t h e  roadside survey da ta  o r  its equivalent?)  were seen 

by ODPP a s  having t h e  mst important implications f o r  Driver Education. 

There m y  not be much payoff i n  t h e  v i s ion  area ,  but  the re  is considerable 

i n t e r e s t  wi th in  NHTSA i n  t h i s  topic. Events immediately preceding t h e  

accident-the e r ro r s ,  a c t s ,  and conditions--were important because the  l e a s t  

is known about them. 

Mopeds a r e  of cu r ren t  concern because nobody r e a l l y  k n w s  whether the re  

is a problem o r  not. 

The afternoon sess ion  of November 3 was spent with s t a f f  of the  Off ice  

of Driver and Pedestr ian Research (ODPR). 

The discussion began with a descr ip t ion  of ODPR1s i n t e r e s t  i n  UDA's. 

UDA's a r e  dr iv ing behaviors causal ly  r e l a t ed  t o  accidents ,  and one of the  

key concepts t o  a UDA is t h a t  the  d r ive r  must be aware of what he is doing. 

Speeding is an example; i f  t h e  d r i v e r  is purposefully dr iv ing 65 i n  a 55 

zone, t h a t  behavior c o n s t i t u t e s  a UDA. I f ,  hawever, he is not aware t h a t  he 

is driving 65 i n  a 55 zone, t h a t  is not a UDA. ' T a i l  ga t ingn is another 

example of a UDA. (There was considerable discussion l a t e r  about what is 

and what i s n ' t  a UDA. A t  one po in t  an ODPR s t a f f  member went t o  the  

blackboard and defined a UDA a s  a "driver  e r r o r  of commission" a s  opposed t o  

a "driver  e r r o r  of o r n i ~ s i o n . ~ )  



The UNC Highway Safe ty  Research Center UDA study was discussed. An 

ODPR s t a f f  member f e l t  s t rong ly  t h a t  b e t t e r  accident  d a t a  a r e  needed and 

t h a t  ~ o l i c e  repor t  d a t a  a r e  not adequate. He suggested t h a t  perhaps 50-100 

Level I1 accident  inves t iga t ions  would be necessary. Also needed would be 

b e t t e r  d e f i n i t i o n  ( i n  t h e  sense  of s p e c i f i c a t i o n )  of d r i v e r  behaviors, 

d e f i n i t i o n  of accident  types, and cor re la t ions  between t h e  two. I n  t h i s  

discussion he a l s o  refer red  t o  information f a i l u r e s ,  wherein t h e  d r i v e r  is 

aware of what he is doing but f a i l s  t o  process the  information he has 

correc t ly ;  he c i t e d  "following too  closely '  a s  an example. 

He mentioned again t h a t  UNC HSRC had examined po l i ce  repor ts ,  but the re  

was i n s u f f i c i e n t  information there.  I t  would be necessary t o g e t ,  by 

accident  type, t h e  UDA behavior, t h e  reason (s) f o r  t h e  behavior, t h e  

s i t u a t i o n s  t h a t  t h e  behavior(s )  occurred in ,  and t h e  d r i v e r  c h a r a c t e r i s t i c s .  

He went on t o  a d iscuss ion of the  r o l e  of Roadside Surveys i n  a research 

program. I t  was noted t h a t  i t  would be necessary t o  develop a general  

causal  scheme f o r  using RS's, t o  develop observational  methods, and t o  look 

a t  the  RS loca t ions  careful ly .  I n  response t o  a quest ion about emphasis on 

youth, he responded t h a t  they c e r t a i n l y  should be included, but  he 

d e f i n i t e l y  would not  want t o  r e s t r i c t  a UDA research program t o  youth only. 

The top ic  of alcohol  was a l s o  discussed. ODPR would d e f i n i t e l y  l i k e  t o  

have BAC's,  but  primari ly they would be in te res ted  i n  t h e  in te rac t ions  

between alcohol  and UDA's. Ser ious  in ju ry  accidents  and BAC's a r e  of 

concern. 

There was f u r t h e r  discussion about a lane-changing-maneuver UDA. 

The UDA-centered p a r t  of t h e  discussion was concluded by an ODPR s t a f f  

member's observation t h a t  i f  t h i s  becomes p a r t  of the  Accident Causation 

Study, then we should look c a r e f u l l y  a t  the  NC work and t h a t  more meetings 

between NHTSA and HSRI s t a f f  would be needed. Subsequently, he s t a t e d  t h a t  

he would l i k e  t o  know where we stand on t h e  UDA top ic  a s  soon a s  possible,  

because a new procurement is cur ren t ly  a t  NHTSA's con t rac t s  o f f i ce .  The new 

procurement, i t  was implied, might depend s i g n i f i c a n t l y  on our inclusion o r  

exclusion of t h e  UDA topic.  

Another ODPR s t a f f  member then took over the  discussion and s t a t e d  t h a t  



he has three priority items. In RFP terms, these are: 

Page 14, Item 2d) Are certain driver defects in vision (as measured by 

low scores on the vision tests) overrepresented in accident drivers? 

Page 14, Item 2e) Is infomtion processing ability ability (as 

measured by the information processing test) lower for accident drivers vs. 

exposure-to-risk drivers? 

Page 15, Item 3e) For various accident configurations, accident 

locations, and ambient conditions, what are the "Envi ronmental Conduciveness 

Indices"? (The citation is DOT-HS-3-335 "Further Data Analyses"). 

The priorities are as given above. He started the discussion with the 

last item. The interest is in the two seconds prior to impact. What is the 

environmental situation? What is the environmental situation that would 

permit escape or recovery? Indiana University's Institute for Research in 

Public Safety (IPS) looked at this topic in their predecessor work. Hard- 

copy plan view drawings were prepared from a review of the existing accident 

documentation. This preparation was done after the fact, and he believes 

that the plan view drawings were not as good as they would have been had the 

accident investigators had this interest specifically in mind at the time 

they were on the scene. 

The discussion then shifted to the vision topic-this is his highest 

priority item. Honeywell has developed a vision tester which tests dynamic 

acuity (the ability to detect motion) and low-level-light acuity. The 

vision test battery takes about twenty (20) minutes to administer. 

Normative data are being collected under another NHTSA contract. 

The specific interest is in giving this same battery of tests to about 

ten thousand (10,000) accident-involved drivers. It would further be 

necessary to sort out the accidents into those which are vision related and 

those which are not. The latter point was pursued in some depth, in that 

the HSRI project group expressed some concern about the ability of accident 

investigators (or analysts scrutinizing case documentation after the fact) 

to perform the required subsetting operation. The ODPR staff member 

concluded that it would be necessary to be able to differentiate between 

vision-related accidents and non-vision-related accidents. This is related 



t o  the numbers of accidents  t o  be expected. Blanket screening of  accident- 

involved d r ive r s  i n  t h e  present  study would not produce enough cases t o  be 

of i n t e r e s t ,  s o  another procurement w i l l  g e t  a t  screening of  a l l  accident- 

involved drivers .  

The discussion then s h i f t e d  t o  the  f i e l d  dependence/independence topic. 

Any work i n  t h i s  a rea  is d e f i n i t e l y  exploratcry research. I n  con t ras t  t o  

the  v is ion  work discussed e a r l i e r  and described above, a l l  accident-involved 

d r ive r s  would be t h e  subjec t  of t h i s  exploratory research. The basic 

approach would be t o  provide portable f ield-dependence t e s t i n g  equipment and 

test accident-involved dr ivers ,  do the  same f o r  cont ro l  d r ive r s ,  and look 

f o r  over/underrepresentation. Rod and frame equipment and paper/pencil 

t e s t s  were mentioned a s  being available.  A reference was made t o  NPSRI and/ 

o r  McKnight, but fu r the r  c losure  cannot be made a t  t h e  present.  

Attention then s h i f t e d  t o  the  second p r i o r i t y  topic ,  t h a t  of maneuver 

se lec t ion  and environmental conduciveness. Here the  reference was i tern 3a 

on page 14 of the  RFP: 

Page 14, Item 3a) Determine potent ia l  e f f e c t s  of various vehic le  

subsystem improvements o r  changes and d r ive r  evasive maneuvers i n  preventing 

o r  reducing t h e  sever i ty  of accidents,. Using t h e  Indiana University model 

/19/, determine the  percentage of accidents  which could have been avoided i f  

a l l  d r ive r s  had se lec ted  t h e  optimal maneuver f o r  t h e i r  s i t u a t i o n ,  i f  one 

d r ive r  had se lec ted  t h e  optimal manewer, e tc .  

A current  G m n t h s  cont rac t  - with IRPS - is looking a t  accident da ta  

r e l a t i v e  t o  t r a in ing  objectives. I n  t h i s  work an attempt is being made t o  

i s o l a t e  the  d r ive r  and focus quest ions around him. Questions, apparently of 

a conceptual nature,  are: How t o  approach t h i s  topic?  What models should be 

employed? How t o  incorporate infonna t i o n  from accident invest igat ions? An 

ODPR s t a f f  member summarized t h e  current  NHTSA concern as: "We have reached 

the  end of the  rope with respect t o  driving task  analysis ."  What a r e  needed 

a r e  observable, measurable behavioral antecedents t o  the  accident,  and good 

qua l i ty ,  empirical,  objec t ive  accident data. 

A s  a general observation it was noted tha t  the  references t o  the  ten  

(10) llproductsl' of the  RFP on page 13 had no meaning a s  such and should be 

scratched. The products a r e  ok but  the  "10" should be scratched. 
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