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CHAPTER I 

The s e t  of  a l l  crash events c o n s t i t u t e s  a  population which 

extends over both time and geographic dimensions. From t h i s  

population a  sample is  obtained and analyzed i n  order t o  l ea rn  about 

a l l  crashes i n  the population. T h i s  sample should represent  the  

population, That i s ,  r e l a t ionsh ips  r e su l t ing  from analyses of the 

sample should a l s o  apply t o  the  e n t i r e  population. A random 

sample is the best  way of i n s u r i n g  representa t iveness .  Unfortunately 

no random sample of United S t a t e s  crashes e x i s t s .  Instead the re  

a re  groups of case s t u d i e s  ( e . g . ,  CPIR fi1.e) o r  data. which purport 

t o  be a  census of crash events  i n  a p a r t i c u l a r  geographic a rea  

( e . g . ,  Washtenaw County pol ice  inves t iga t ion  r e p o r t s ) .  The l a t t e r  

type of sample can be used t o  s t u d y  crashes i n  the  pa r t i c ' u l a r  geo- 

graphic a rea  ( e . g . ,  Washtenaw County). Unfortunately the  po l i ce  
reported data  general ly  do not contain enough d e t a i l  t o  answer 

the sophis t ica ted  quest ions present ly being asked by the  .highway 

s a f e t y  community. An adequate evaluat ion of energy absor'bing 

s t ee r ing  columns requi res  prec ise  measurement of impact angles ,  

i n t e r i o r  components s t ruck ,  and loca t ion  of body i n j u r i e s .  T h u s  

the user  of crash data  faces  a  dilemma, Ei ther  he m u s t  analyze 

da ta  from a  l a rge  group of crashes w i t h  l i t t l e  or  no d e t a i l  or  he 

m u s t  analyze a  small d e t a i l e d  s e t  of data  from a  poorly defined 

sample of crashes.  

This report  presents  an approach t o  handling the  CPIR da ta  

which contains prec ise  measurements. Methods f o r  using the  present 

f i l e  a re  presented. In addi t ion  a  plan f o r  co l l ec t ing  fu tu re  da ta ,  

which considers both the problems of complete accurate  measurement 

and representa t iveness ,  i s  presented. T h i s  plan provides a  - 
bas is  f o r  e s t ab l i sh ing  a na t ional  crash information program which 

can provide the bas-LS f o r  decis ions regarding sa fe ty  s tandards and 

countermeasures. Hcwever, the major port ion of the report  discusses  

uses of the C P I R  a a t a  which a re  present ly ava i l ab le .  These data  



a r e  a v a i l a b l e  a t  no c o s t .  They can and should be used t o  ga in  

g r e a t e r  understanding of t h e  crash process .  Tke a l t e r n a t i v e  is 

$0 wait  u n t i l  a  na t i ona l  crash information program is e s t ab l i shed  

before doing a d d i t i o n a l  ana lyses .  

PURPOSE OF THIS STUDY 

The combination of in-depth i n v e s t i g a t i o n  r e p o r t s ,  the  d i g i t a l  
P i l e s  r e s u l t i n g  from them (and the  a s soc i a t ed  police-report  and 

populat ion da t a  from t r i - l e v e l  MDAI teams) c o n s t i t u t e s  a  resource  

which has been used sporad ica l ly  but remained l a rge ly  untapped 

because of a  l ack  of understanding of i t s  c a p a b i l i t i e s  and l i m i t a t i o n s .  

T h i s  information can be viewed a s  one p a r t  of t he  broader compilation 

of many sources  of accident  da t a ,  b u t  t h e  MDAI da ta  c o l l e c t i o n  

system, being under the  d i r e c t  purview of t h e  f e d e r a l  government, 

is thereby suscep t ib l e  t o  change by d i r e c t i o n  of the  NHTSA. 

Data about acc iden t s  occurr ing i n  t he  United S t a t e s  may be 

looked upon a s  a  s o r t  of window on the  highway t r a f f i c  system--the 

v i s i b l e  r e s u l t  of our e f f o r t s  toward improved t r a f f i c  s a f e t y .  The 

da t a  r e s u l t i n g  from the  MDAI  program should not be considered a s  

an end i n  i t s e l f .  Rather i t  may be viewed a s  a  p a r t  of t h e  in for -  

mation necessary t o  the  s o l u t i o n  of some s t a t e d  problem. One may 

genera te  a problem statement such a s  "how many f a t a l  acc iden ts  a r e  

'caused b y '  c a r s  parked on the  shoulder of high speed roads ,  and 

could t he se  be i n h i b i t e d  by some new warning s i g n a l  t o  be c a r r i e d  

by each veh ic le  and properly employed by each driver?" 

The mere s ta tement  of t h i s  problem impl ies  t h a t  some da t a  has 

a l ready been obta ined (although a ques t ion  could be asked independent 

of any d a t a ) .  This could range from a  s i n g l e  observat ion repor ted 

by l e t t e r  t o  a  compilat ion of acc iden t  da t a  from a  l a r g e  j u r i s d i c t i o n .  

The da t a  which l e d  t o  t h e  problem statement may not have ind ica ted  

t h a t  t h e r e  were any f a t a l i t i e s  (simply t h a t  these  were acc iden ts  

of t h i s  t y p e ) ,  o r  i t  may have suggested t h a t  t h e r e  were a s u b -  

s t a n t i a l  nu rn l -~ r  of' suc:l i  f a t a l  acc iden ts  ( b u t  without a very p r ec i s e  

es t imalo  sL' t h c  tlat i o l ~ u l  t o t e t l )  . Our ob*.co~*vitt. lot1 o 1' t ,t lc.  1) t ' o r i c ~ t ~ t .  

highway t r a f f i c  system is  almost always i.11 t o ~ ~ m s  of '  some surn1)le 0 1  



the e n t i r e  popula t ion,  and our a b i l i t y  t o  i n f e r  t o  t h e  na t i ona l  

t o t a l s  depends i n  l a r g e  ueasure on how w e l l  t h a t  sample can be 

def ined .  

Chapter I11 desc r ibes  t he  da t a  f i l e  and de f ines  t he  r u l e s  

f o r  i t s  c o l l e c t i o n .  I n  p a r t i c u l a r  a  methodology for' us ing t he  

p resen t  da t a  is  in t roduced.  Each crash i nves t i ga t ed  i s  viewed 

a s  an experiment--defined by crash c l a s s i f i c a t i o n  variables--which 

r e s u l t s  i n  a  measurable outcome such a s  personal  i n j u r y  measured 

us ing the  AIS s c a l e .  The measurable outcomes a r e  viewed a s  random 

v a r i a b l e s  cond i t i ona l  on t h e  crash c l a s s i f i c a t i o n  v a r i a b l e s .  Fol- 

lowing t h i s  approach i t  i s  pos s ib l e  t o  ob t a in  r e s u l t s  concerning 

the  r e l a t i o n s h i p  between c l a s s i f i c a t i o n  v a r i a b l e s ,  and f o r  example, 

occupant i n j u r y .  

Chapter I V  p r e s e n t s  da t a  descr ib ing  the  e n t i r e  CPIR f i l e .  

T h i s  can be u s e f u l  f o r  gaining some i n i t i a l  impressions of the  

P i l e .  Of  p a r t i c u l a r  i n t e r e s t  a r e  t a b l e s  which i n d i c a t e  t h e  f r e -  

quency and i n j u r y  s e v e r i t y  f o r  p a r t i c u l a r  p a r t s  of t h e  body s t r i k i n g  

var ious  veh i c l e  i n t e r i o r  components. These t a b l e s  provide a  f i r s t  

l e v e l  screening f o r  the  con t r i bu t ion  of var ious  i n t e r i o r  components 

t o  i n ju ry  product i on .  

Chapter V p r e s e n t s  an a p p l i c a t i o n  of the  r e t r o a c t i v e  exper i -  

ment approach which uses  a  mu l t i p l e  r eg re s s ion  model t o  c o n t r o l  

f o r  t h e  e f f e c t  of crash s e v e r i t y  on i n j u r y .  The next chap te r  ( V I )  

i n d i c a t e s  how es t ima te s  of the frequency of var ious  crash phenomena 

can be obta ined from t h e  p resen t  CPIR d a t a .  A s  i nd i ca t ed  t he se  

e s t ima te s  a r e  somewhat tenuous;  but e s t ima te s  made using t he se  

procedures may be t he  bes t  r e s u l t s  a v a i l a b l e .  

The remaining two chap te rs  de sc r ibe  a  proposal  f o r  a d a t a  co l -  

l e c t i o n  system which overcomes t he  problems of l ack  of p r e c i s e  

measurement and non-representa t iveness  which plague t h e  p resen t  

da t a  f i l e s .  T h i s  system provides  both a  continuous sample c a p a b i l i t y  

which can be usea t c q  monitor t h e  c rash  popula t ion ,  t;o conduct 

s t u d i e s  of var ious  r ~ l a t i o n s h i p s  between crash v a r i a b l e s ,  and t o  
e s t ima te  t he  frequency of occurrence f o r  var ious  c rash  v a r i a b l e s .  

I n  a d d i t i o n  i t  provides  a  r ap id  response c a p a b i l i t y  t o  acqu i r e  

da t a  f o r  s p e c i a l  s t u a l e s .  



Supporting mater ia l  is  contained i n  appendices A through I .  

While these a re  not necessary t o  a general  unae-standing of the 

concepts presented,  they should be of value t o  readers  who w i l l  

be making d i r e c t  use of the  MDAI f i l e s .  



CHAPTER I 1  

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The present co l l ec t ion  of MDAI cases i s  a  sample of a,n 

undefined and r e l a t i v e l y  undefinable population, t h u s  l i m i t i n g  

severely the capab i l i ty  t o  draw inferences t o  the nat ional  accident 

p i c t u r e .  The cases i n  themselves a re  of ten  of considerable anecdotai  

value,  and indeed may lead t o  f u r t h e r  da ta  analyses which can lead 

t o  s t a t i s t i c a l  inferences.  Certain subse ts  of the da ta ,  most 

p a r t i c u l a r l y  the  census of i n j u r y  accidents  r e s u l t i n g  from the  

CALSPAN j o i n t l y  funded program and two MVMA f u ~ d c d  programs, and 

the s e t  of accidents  inves t iga ted  i n  Washtenaw County (und.er 

separa te ly  funded NHTSA and MVMA support)  can be used t o  i n f e r  

frequencies of occurrence of phenomena of i n t e r e s t ;  b u t  th.ese a re  

l imited by t h e i r  p rov inc ia l i ty  and only guarded inferences t o  the 

na t ional  population can be made. 

Methodology has been presented i n  t h i s  report  f o r  d,efining 

what is ca l l ed  a  " re t roac t ive  experiment", i . e . ,  s e l e c t i n g  experi-  

mental data  poin ts  from the  ex i s t ing  repor t s  t o  f i l l  i n  the c e l l s  

of an experimental design. While t h i s  technique can i l luminate  

some problem a r e a s ,  i t  i s  again d i f f i c u l t  t o  ex t rapo la te  these 

f i n d i n g s  t o  a  na t ional  p ic tu re  because of some known b u i l t - i n  b iases  

i n  the se lec t ion  of MDAI cases .  In the  ea r ly  i n s t r u c t i o n  t o  MDAI 

teams i t  was noted t h a t  cases should be se lec ted  which demonstrated 

the g r e a t e s t  d i s p a r i t y  between vehicle  damage and i n j u r y  s 'everity--  

suggesting t h a t  the best cases f o r  inclusion would be fata.1 acc i -  

dents w i t h  no damage t o  the vehicle  or  the  opposi te .  I t  is c l e a r  

from ana lys i s  of the da ta  t h a t  teams concentrated on the former, 

and t h a t  the present s e t  of da ta  represents  a  worse than a.verage 

d i s t r i b u t i o n  of i n j u r i e s  r e l a t i v e  t o  the vehicle  damage ex ten t .  

Some i n s i g h t  i n t o  i n j u r y  causation f a c t o r s  can be gained by 

ana lys i s  of the ex i s ; ing  da ta ,  general ly  by accounting fo r  some of 

the  above mentioned h lases  by s t a t i s t i c a l  manipulation, I n  par- 

t i c u l a r  the methoa @:- regression ana lys i s  i s  discussed and appl ied 

t o  some problems. 



The s t a t e d  purposes of t he  M D A I  programs, contained i n  most 

of t he  MDAI team c o n t r a c t s ,  a r e  t o :  

(1) Determine causa t ion  of acc iden ts  

( 2 )  Determine causat ion of i n j u r i e s  

(3 )  Iden t i fy  func t iona l  problems of the  highway 
t r a n s p o r t a t i o n  system 

( 4 )  I den t i fy  t h e  need f o r  countermeasures 

(5)  Ind i ca t e  appropr ia te  countermeasure methods 

( 6 )  Assess the  e f f e c t i v e n e s s  of new s a f e t y  f e a t u r e s  

(7)  Evaluate t he  performance of veh ic le  s a f e t y  s tandards  

(8) Evaluate the  performance of highway s a f e t y  s tandards  

A s  a  guide t o  i nd iv idua l  i n v e s t i g a t i o n s ,  and t o  t he  wr i t i ng  

of r e p o r t s  on ind iv idua l  i n v e s t i g a t i o n s ,  t h i s  is  a  succ inc t  s t a t e -  

ment of t he  expec ta t ions  of t h e  NHTSA f o r  t he  accident  i nves t i ga t i on  

program. Indeed, i n  w r i t i n g  up i nd iv idua l  cases  the  i n v e s t i g a t o r s  

keep a l l  of these  po in t s  i n  mind and address  them. 

,1 major purpose of t h i s  s tudy performed by HSRI was t o  de t e r -  

mine whether t he  combined information from the  many ind iv idua l  i n -  

v e s t i g a t i o n s  can be used i n  a  s t a t i s t i c a l  sense t o  address these  

same purposes. To a  l im i t ed  ex ten t  causa t ive  f a c t o r s  involved i n  

a cc iden t s  can be identified--however without exposure information 

t he  ex i s tence  of p o t e n t i a l  causa t ive  f a c t o r s  is d i f f i c u l t  t o  i n t e r -  * 
p r e t .  The causes of i n j u r i e s  ( i n  the  sense of which p a r t s  of the  

veh ic le  i n t e r i o r  were involved) can be s tud ied  w i t h  respect  t o ,  say 

accident  conf igura t ion  ( ro l l ove r  vs .  non-rol lover) .  Functional  

problems i n  t h e  highway t r a n s p o r t a t i o n  system might be i d e n t i f i e d  

by noting t he  occasional  occurrence of some f a c t o r  ( l i k e  i n ju ry  due 

t o  hood pene t r a t i on  of t he  windsh ie ld ) ,  b u t  the  na t i ona l  frequency 

of such even ts  can only be es t imated by reference t o  one of the  

MVN4 subse t s  of the  data--and the re  w i t h  an unknown p rov inc i a l  b i a s .  

* 
I n  add i t i on  t he  methodology f o r  repor t ing  causat ive  f a c t o r s  

was not w e l l  def ined and informat ion from var ious  teams cannot be 
aggregated i n  L ,  c 0 n s i : ~ t a n l  fashion.  A scheme s i m i l a r  t o  t h a t  
enipl.oyed hy  ?:kc Indiana IvIDAI program i f  cons i s t en t ly  applied b y  a l l .  
t,exms, would permit some more u se fu l  ana lys i s  01' .accident c.aust!s.  



The  need f o r  countermeasures, and the  i d e n t i f i c a t i o n  of the 

appropriate  countermeasure may be suggested by data  ana lys i s ,  b u t  

m u s t  i n  the end r e s t  w i t h  experts  i n  countermeasure design---for 

example w i t h  highway or vehicle engineers who can invent a  so lu t ion  

t o  a  problem i d e n t i f i e d  i n  the da ta .  

The ef fec t iveness  of new sa fe ty  f ea tu res ,  and the evaluat ion 

of the performance of vehicle safe ty  standards can only be solved 

i n  a  l imited fashion i n  the present data--in pa r t  because of the 

sampling biases  ( e . g . ,  ear ly  crash inves t iga t ions  concentrated on 

the most severe crashes)  and i n  pa r t  because of the  lack of da ta  

on o lder  vehicles  and on non-injury accidents  which a re  necessary 

f o r  comparison. Final ly  the  performance of highway sa fe ty  s tandards,  

which may of ten  be noted i n  individual  r epor t s ,  is exceedingly 

d i f f i c u l t  t o  determine i n  the col lec ted  data  because of the lack of 

an exposure measure--for example we may know i n  some d e t a i l  whether 

the  d r ive r s  i n  the accident data  s e t  have had a  p a r t i c u l a r  k i n d  of 

d r ive r  education course, b u t  we have no idea of the extent  t o  which 

t h i s  course has been taken by d r ive r s  not involved i n  crashes.  The 

evaluat ion of some of these sa fe ty  standards is exceedingly d i f f i c u l t  

even i n  wel l  designed experiments (as  discussed i n  Appendix C )  and 

the MDAI program should hardly be expected t o  solve a l l  these prob- 

lems. 

T h i s  t abula t ion  may seem ra the r  negative,  b u t  the reader 

m i g h t  keep i n  mind  t h a t  negative r e s u l t s  a l s o  come from h i g h l y  

control led experiments i n  these same a reas .  T h i s  s e t  of da ta  has 

many l imi ta t ions  which a re  discussed i n  some d e t a i l  i n  the t e x t  

of t h i s  r epor t ,  b u t  i t  is  a l s o  b e t t e r  i n  many ways than anyything 

e l s e  which is  ava i l ab le .  

I t  is  c l e a r  t h a t  we as  analys ts  would be b e t t e r  o f f  i f  we had 

planned a t  the outse t  carefu l ly  t o  c o l l e c t  a  s e t  of data  more 

appropriate  t o  our qq~est ions,  b u t  we note tha t  the work tot-date 

has been of  value I n  a number of ways--learning what data  could 

b e  obtained and devreloping report ing methods f o r  cons is ten t  and 

precise  recording; lezrning more about ways of analyzing accident 

d a t a  and thence defiqing sampling plans more c a r e f u l l y ;  and developing 



a cadre of inves t iga to r s  who have the  capabi l i ty  t o  provide i n f o r -  

mation more attuned t o  the needs of s t a t i s t i c a l  inference.  

The problems noted above a re  s t i l l  w i t h  u s ,  and we m i g h t  ask 

the  quest ion "can we make b e t t e r  use of our present capab i l i ty  t o  

bui ld  a  more use fu l  da ta  acqu i s i t ion  system?" We note t h a t  accident 

da ta  reported by operat ing agencies (pr imari ly  pol ice departments) 
* has the advantage of being more of a  census of uncertain measurement 

p rec i s ion .  The percentage of a l l  i n j u r i e s  i d e n t i f i e d  as  "A'? 

( r e l a t i v e l y  s e r i o u s ) ,  i n  po l ice  reported data  va r i e s  from 65% 

( ~ i r g i n i a ) ,  42% ( F l o r i d a ) ,  28% (North C a m l i n a ) ,  23% (Connecticut) ,  

15% (New ~ o r k ) ,  t o  12% (Oklahoma). Compilations of pol ice i n j u r y  

da ta  which include information from severa l  p a r t s  of the  United 

S t a t e s  a r e  of doubtful  value.  Vehicle damage data  information is 

s imilar ly  confounded, repor t ing  systems being different--and even 

where the same in te rp re ted  i n  a  d i f f e r e n t  manner. 

L t  is suggested t h e r e f o r e ,  t h a t  a  p r inc ipa l  requirement f o r  a  

s e t  of da ta  which can lead t o  na t ional  inferences about i n j u r y  and 

vehicle  damage is t h a t  the  da ta  be representa t ive  of the nation 

and t h a t  i t  be cons i s t en t ly  reported.  The present hlDAI program is 

viewed as  a  s t a r t i n g  point: from which t o  launch such a  da ta  col-  

l e c t i o n  a c t i v i t y .  

Zn Appendix A of t h i s  report  a  geographical sampling design 

i s  presented which would include data  from approximately 30 Standard 

Metropalitan Areas (SMSA). These areas  a re  chosen because adequate 

census da ta  is  current ly  ava i l ab le  t o  descr ibe them, because they 

represent  a l l  SMSAts and t h u s  more than ha l f  the  pppulation of the  

United S t a t e s ,  and because the f a c i l i t i e s  and personnel of the  

census bureau and o ther  surveying organizat ions can e a s i l y  be used 
---------------I---- 

& 

Local po l i ce  agencies have d i f f e r e n t  se lec t ion  r u l e s  because 
of o f f i c i a l  report ing c r i t e r i a , d a i l y  workloads, and l o c a l  
p o l i c i e s .  Such p rac t i ces  lead t o  undefinable e r r o r s  when 
2oLice da ta  a re  aggregated over many agencies.  



i n  f u r t h e r  exposure s t u d i e s  of such a reas .  In addi t ion  r e s u l t s  of 

o ther  s t u d i e s  of population c h a r a c t e r i s t i c s  can be compared t o  

the crash involvement s t u d i e s .  A s t r a t i f i e d  sampling plan is 

discussed based on both regions of the country and SMSA population 

s i z e .  Among the present or past  MDAI teams some 15 have operated 

w i t h i n  acceptable SMSArs and modification of t h e i r  accident sampling 

plans would lead t o  an immediate capab i l i ty .  From a  l ~ n g e r  term 

point of view i t  w i l l  be of value t o  add new data  taking teams, 

and i t  is expected t h a t  some of these could be d i r e c t  f ede ra l  employees 

operating i n  conjunction w i t h ,  say,  an NHTSA regional  o f f i c e .  

THE TEAM ACTIVITIES : 

Three separa te  b u t  complementary a c t i v i t i e s  would be performed 

by these inves t iga t ion  teams : 

(1) Collect ion of f u l l  MDAI cases (SCRUB - Selected 
Collect ion of Reports w i t h  Unknown ~ i a s e s )  - - - - 

(2 )  A continuing sample of a l l  c o l l i s i o n s  (of a  
defined accident s e v e r i t y )  occurring w i t h i n  t he  
SMSA, (VACUUM - Valid Accident Data - Collect ion f o r  
Universal u t i l i t y  ~easurements )  - - - 

( 3 )  Periodic  s p e c i a l  s t u d i e s ,  responsive t o  d i r e c t i o n  
from NHTSA, t o  c o l l e c t  very s p e c i f i c  data  f o r  a  
small number of i d e n t i f i e d  c o l l i s i o n s  (CARPETSWEEP - 
Computer Assisted Rapid-response Procedure f o r  - 
 valuating ~ e c h n o l o g ~  i n  5ec i f i c -wide  area Environ- - - - 
ments of -  merging - Problems) 

These three  a c t i v i t e s  a r e  amplified below: 

(1) The MDAI cases ,  performed much a s  i n  the present  opera t ion ,  

would be l imi ted  t o  about 10 or  20 per year per team. They would 

serve severa l  purposes, the p r inc ipa l  one being t o  provide anecdotal  

information about a  small number of i n t e r e s t i n g  crashes t o  the  

sponsor , accompanied by the reasoned i n t e r p r e t a t i o n s  of the  loca l  

inves t iga t ion  exper t s .  I t  is  assumed t h a t  p a r t i c u l a r  teams would 

concentrate on arees  of i n t e r e s t  t o  them--one looking a t  cases 

involving vehicle  ue fec t s ,  f o r  example, and another concerned w i t h  

broken bones. Anothr: purpose of the  MDAI i nves t iga t ion  is t o  pro- 



vide a  cont inuing rappor t  w i t h  l o c a l  p o l i c e  agenc ies ,  h o s p i t a l s ,  

wrecking ya rds ,  motor veh i c l e  departments,  ant, evpe r t s  i n  var ious  

f i e l d s  r e l a t e d  t o  accident  i n v e s t i g a t i o n  s o  t h t , ~ t r  when they a r e  

necessary t o  some o the r  d i r e c t e d  s tudy ,  t he  channels w i l l  be open. 

F i n a l l y ,  t h e  MDAI cases  w i l l  s e rve  t o  provide some degree of con- 

t inuous  t r a i n i n g  t o  t he  i n v e s t i g a t o r s  s o  t h a t  they w i l l  have t h e  

knowledge and s k i l l s  necessary t o  r epo r t i ng  of information i n  t he  

d i r e c t e d  s t u d i e s .  

(2 )  The cont inuing sample of c o l l i s i o n s  should be based on 

some veh ic l e  damage c r i t e r i o n  (such a s  towaway), and should provide 

a l i m i t e d  amount of (p r imar i l y )  i n j u r y  and damage information on 

approximately 500 veh ic l e s  per  year  per  team. The presen t  CPIR 

form could se rve  a s  a  s t a r t i n g  po in t  f o r  such i n v e s t i g a t i o n s ,  but 

i n  t h e  f u tu re  i t  i s  a n t i c i p a t e d  t h a t  a  somewhat s h o r t e r  form 

t a i l o r e d  t o  t h e  expected needs of t he  NHTSA would be developed. The 

purpose of t h i s  sample would be t o  provide a  na t i ona l  sample which 

c o u l d  be summarized monthly and annually i n  terms of i n ju ry  and 

veh ic l e  damage d i s t r i b u t i o n s  by make, model, and s i z e  of v e h i c l e :  

t o  i d e n t i f y  marked changes i n  i n j u r y  r a t e s  t o ,  f o r  example, motor- 

c y c l i s t s ;  t o  i d e n t i f y  a change i n  i n j u r y  p a t t e r n s  occasioned by 

some new f e a t u r e ,  W i t h  each of 30 teams providing 500 cases  per 

yea r ,  some 15,000 such r e p o r t s  w i l l  be acquired per  year .  These 

r e p o r t s  would, i n  g e n e r a l ,  be e n t i r e l y  d i g i t i z e d ,  involve no 

photography, and would cos t  approximately $150 per  case .  

( 3 )  T h e  s p e c i a l  i n v e s t i g a t i o n s  would be conducted by the  same 

teams us ing t he  CARPET SWEEP concept d e t a i l e d  l a t e r  i n  t h i s  r e p o r t .  

Each of t he  teams would a l l o c a t e  approximately one t h i r d  of i t s  

e f f o r t  t o  c o l l e c t i n g  a  smal l  amount of  da t a  f o r  s p e c i a l  s t u d i e s  

i d e n t i f i e d  by some c e n t r a l  s e l e c t i o n  process .  For example, i f  t he  

c o n t r o l l i n g  agency wished t o  determine t he  frequency of use of 

vnr ious  kinds  of c h i l d  s e a t s ,  and the  i n j u r i e s  a s soc i a t ed  w i t h  a cc i -  

d e n t ; ~  f o r  each,  i t  might; h c  d e s i r a b l e  t o  i n v e s t i g n t c  1000 acc%idents 

ip.volving 1 Lo 4 year  o ld  c h i l d r o ~ i  as vvehiclc O ~ . C ~ I ~ ; I I I ~ H .  tJsi111: L l j ( !  

30 SMSA teams, each acc iden t  (o r  some def ined sample of accidents) 



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

t h e  s e a t e d  l o c a t i o n  of t h e  c h i l d ,  t h e  model number of t h e  c h i l d  

s e a t ,  t h e  i n j u r i e s  t o  t h e  c h i l d  ( u s i n g  t h e  AIS c o d e s ) ,  t h e  damage 

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

t o  t h i s  s t u d y .  I t  is a n t i c i p a t e d  t h a t  t h e  i n f o r m a t i o n  wou1.d be 

l i m i t e d  enough ( i n  e x t e n t )  s o  a s  t o  r e q u i r e  a  minimum o f  i n v e s t i -  

g a t i o n  time, and t h a t  i t  would be communicated t o  t h e  s t u d y  head- 

q u a r t e r s  by t e l e t y p e  s o  t h a t  r e p o r t i n g  and p r o c e s s i n g  t i m e s  would 

be minimized.  I n  t h i s  way d a t a  c o l l e c t i o n  f o r  t h i s  s u b j e c t  might  

be completed i n  3 0  d a y s ,  c o n c l u s i o n s  drawn, a r e p o r t  w r i t t e n ,  and 

a  subsequen t  s t u d y  begun. 

TIME PHASING 

A c o n t i n u i n g  sample  of a l l  c o l l i s i o n s  c o u l d  be d e f i n e d  f o r  each  

of  s e v e r a l  t eams  p r e s e n t l y  o p e r a t i n g ,  and t h i s  p r o c e s s  ( i t e m  number 

2 above)  begun w i t h o u t  d e l a y .  New teams s h o u l d  be implemented on 

some p r i o r i t y  b a s i s ,  p robab ly  choos ing  more comple te  r e g i o n a l  

r e p r e s e n t a t i o n  f i r s t  ( t h e r e  a r e  c u r r e n t l y  no teams  i n  t h e  n o r t h w e s t  

a r e a  o f  t h e  Uni ted  S t a t e s ) ,  and t h e n  implement ing a c t i v i t i e s  i n  

t h e  major  c i t i e s  i d e n t i f i e d  i n  t h  e  sampl ing  p l a n .  

COST 

A p r e l i m i n a r y  c o s t  e s t i m a t e  h a s  been  based  p r i m a r i l y  on t h e  

c o s t s  o f  e x i s t i n g  MDAI t eams .  I t  h a s  been e s t i m a t e d  t h a t  e ach  team 

pe r fo rming  t h e  three t a s k s  d e f i n e d  above might o p e r a t e  f o r  a p p r o x i -  

ma te ly  $150 ,000  p e r  y e a r ,  a l t h o u g h  t h e  t o t a l  would depend on l o c a l  

s a l a r y  and expense  l e v e l s ,  and on w h e t h e r  t h e  f u l l  MDAI c a s e s  were  

accompl i shed .  

Each of t h e  teams might  be c o n s i d e r e d  a  s o r t  o f  T r i - l e v e l  

o p e r a t i o n ,  a l t h o u g h  t h e  t r i - l e v e l s  are d e f i n e d  somewhat d i f f e r e n t l y  

from the p r e s e n t  o p e r a t i o n s .  Access  t o  compu te r i zed  p o l i c e  d a t a  

f o r  each  team wouid 5e u s e f u l - - p e r h a p s  n e c e s s a r y  t o  t h e  d e s i g n  o f  

the sampl ing  p l a n  and t o  t h e  d e s i g n  o f  CARPETSWEEP o p e r a t i o n s .  I t  



is a n t i c i p a t e d  t h a t  most teams would not need t )  maintain t h e i r  own 

banks of p o l i c e  l e v e l  da t a  f o r  t h i s  purpose, but cauld  draw on l o c a l  

compila t ions ,  

The o b j e c t i v e s  of a  f e d e r a l  acc iden t  i n v e s t i g a t i o n  program can 

be s t a t e d  i n  summary form a s  t h r e e  i tems:  

(1) development and pub l i ca t i on  of s e v e r a l  na t i ona l  
i nd i ce s  of t h e  t r a f f i c  acc iden t  s i t u a t i o n .  

( 2 )  informat ion on t h e  r e l a t i o n s h i p  between i n j u r y  
degree and type and crash conf igura t ion  v a r i a b l e s  
(such a s  impact v e c t o r ,  s i z e  of c a r ,  veh i c l e  damage, 
presence of s a f e t y  equipment, e t c . )  

( 3 )  i d e n t i f i c a t i o n  of f a c t o r s  l ead ing  t o  the  occurrence 
of c rashes  ( i . e . ,  c rash c a u s a t i o n ) .  

Most of t he  a n a l y s i s  i n  t h i s  r epo r t  dea l s  w i t h  t he  second 

o b j e c t i v e  s t a t e d  above, and examples a r e  given w i t h  t h e  use of t he  

p resen t  da t a  i n  t h i s  regard.  Object ives  (1) and ( 3 )  have been con- 

s i d e r e d  and d i scussed ,  and i n  genera l  t he  p resen t  da t a  is  not adequate 

t o  answer t he se  ques t i ons  because of both t h e  lack of exposure i n -  

formation and the  l ack  of a  de f inab l e  sampling p l an .  

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

program. These a r e  : 

(1 )  t he  o b j e c t i v e s  of t h e  s tudy ( f o r  example, what 
percentage of t he  f a t a l  involvements have i n j u r i e s  
r e s u l t i n g  from hood pene t r a t i on  of t he  windshie ld?)  

( 2 )  t h e  type and ex t en t  of informat ion t o  be c o l l e c t e d  
(make and model of windshie ld ,  type of damage, 
d e s c r i p t i o n  of i n j u r i e s ,  e t c . )  

( 3 )  t h e  number of d o l l a r s  a v a i l a b l e  f o r  t he  study 

( 4 )  t h e  number of cases  t o  be c o l l e c t e d  

( 5 )  t h e  p rec i s ion  des i r ed  i n  t h e  r e s u l t  

I n  t h i s  r epo r t  we have recommended two complementary types  of 

d a t a  c o l l e c t  i o c  :~c t i v i t i c s - -o r?e  i.s continuous and  t h e  o ther  i s  pr -oh-  

lorn or t lsntcd n;ld cx11i 1) i t s  r n p i t l  ~ C ' H ~ ) O I I H ( :  . 1~'or l , t ~ ( :  (-011 L I llurjilfi (];I 1 ; t  

c o l l e c t i o n  program we h a v e  s p e c i f i e d  I n  t h i : :  r e p o r 1  rccommcndcd 

l e v e l s  f o r  f a c t o r s  2 through 5 based on our conversa t ions  w i t h  many 



( 1 ; 1  I : I  (IC,(:Y'S i r i  govor.nment, i ndus t ry ,  and research i n s t i t u t i o n s .  In 

sumrn;ir8y ttic cont i riuous ~ a t a  c o l l e c t i o ~ l  program (VACUUM) would be 

embedded i n  a  na t i ona l  program cos t ing  approximately $5,000,000 per  

yea r ,  c o l l e c t i n g  about 13,000 cases  per  yea r ,  t he  information being 

e s s e n t i a l l y  equ iva len t  i n  d e t a i l  t o  what i s  p re sen t ly  contained i n  

t he  CPIR form, and providing the  a b i l i t y  t o  see  changes (from year  

t o  yea r )  of the  o rder  of 1% i n  occurrence of crash v a r i a b l e s  of 

i n t e r e s t  ( e . g . ,  i f  l a p  b e l t  usage increased from 24% t o  25% a  

sample of t h i s  s i z e  could d e t e c t  t h a t  f a c t ) .  

A s  a  supplement t o  t h i s  t he  s p e c i a l  da t a  c o l l e c t i o n  program 

(CARPETSWEEP) would r equ i r e  a  s p e c i f i c  des ign f o r  each problem. 

A s  d iscussed i n  Chapter VII t h e  i n v e s t i g a t o r  would o r d i n a r i l y  t r y  

t o  answer h i s  ques t ion  us ing e x i s t i n g  d a t a ,  b u t  would proceed t o  

des ign a s p e c i f i c  program when t h a t  d id  not s u f f i c e .  The choice of 

t y p e  of in format ion ,  number of ca se s ,  and des i r ed  p r e c i s i o n  of t h e  

r e s u l t  i n  t he  CARPETSWEEP ope ra t i ons  w i l l  depend on the  u s e r s  needs 

and the  number of d o l l a r s  a v a i l a b l e .  



CHAPTER 111 

THE MDAI FILE 

H I STORY 

The Mul t i -d i s c ip l i na ry  Accident I n v e s t i g a t i o n  program of t h e  

Nat ional  Highway T r a f f i c  Sa fe ty  Adminis t ra t ion was begun when a 

smal l  number of ded,icated p r o f e s s i o n a l s  undertook a  s e r i e s  of 

i n v e s t i g a t i o n s  of (mostly)  s e r i o u s  a c c i d e n t s ,  and forwarded t h e  

r e p o r t s  t o  t h e  ( t hen )  NHSB. I n i t i a l l y ,  these  r e p o r t s  were r e l a t i v e l y  

uns t ruc tu red ,  but i n  about 1969--mainly a s  a  r e s u l t  of d i s cus s ions  

held  a t  a  symposium f o r  acc iden t  i nves t i ga to r s - - t he  teams then 

ope ra t i ng  began t o  r e p o r t  a  p o r t i o n  of t h e i r  obse rva t ions  us ing 

t h e  C o l l i s i o n  Performance and In ju ry  Report ,  Revision I11 (sometimes 

known a s  t he  General Motors Long Form). 

In t he  same per iod  s e v e r a l  teams suppor ted by t h e  Motor 

Vehicle Manufacturer ' s  Assoc ia t ion  a l s o  i n v e s t i g a t e d  a  s e r i e s  of 

a c c i d e n t s ,  and provided t h e i r  r e p o r t s  us ing t he  same forms. In 

gene ra l  t he  MVMA r e p o r t s  a r e  l e s s  d e t a i l e d  w i t h  r egard  t o  t h e  

d r i v e r  and environmental  f a c t o r s  i n  the  a c c i d e n t ,  b u t  were equ iva len t  

i n  r egard  t o  i n j u r i e s  and veh i c l e  damage informat ion.  

Since 1969 t h e r e  have been a  t o t a l  of 22 i n v e s t i g a t i o n  teams 

ope ra t i ng  a t  one time o r  ano ther  under t he  sponsorship  of NHTSA. 

A t  t he  time of w r i t i n g  of t h i s  r epo r t  a  t o t a l  of 1133 veh ic l e  

r e p o r t s  have been coded i n t o  a  d i g i t a l  f i l e ,  w i t h  informat ion on 

1936 occupants . 
Chronological ly  speaking the  f i r s t  few teams i n  tP,e MDAI pro- 

gram came i n t o  being e i t h e r  because they were a l ready  i n v e s t i g a t i n g  

a c c i d e n t s  f o r  o t h e r  reasons  (Corne l l  and UCLA) o r  because t h e i r  

p r i n c i p a l  i n v e s t i g a t o r s  showed an i n t e r e s t  i n  the  a c t i v i t y  and 

rece ived  funding t o  begin such an e f f o r t .  Subsequently teams were 

s e l e c t e d  on a  geographical  b a s i s  s o  a s  t o  have some coverage of most 

of  t h e  c o n t i n e n t a l  United S t a t e s .  W i t h i n  t h e  geographic c o n s t r a i n t s ,  

however, i t  was necessary t o  have a  group of i n t e r e s t e d  persons pro- 

pose t o  conduct such s t u d i e s ;  and the  teams which came i n t o  ex i s t ence  



tended t o  be one of t h r e e  gene ra l  t ypes - - ( l )  those  a s s o c i a t e d  

pr imar i ly  w i t h  a  medical examiner ' s  o f f i c e ,  (2 )  those;  a s s o c i a t e d  

w i t h  a  Univers i ty  t each ing  o r  research  f a c i l i t y ,  and ( 3 )  those  

a s soc i a t ed  w i t h  a  research  i n s t i t u t e .  W i t h  few  exception,^, then ,  

t h e  MDAI teams tend t o  be l oca t ed  i n  o r  near l a r g e  c i t i e s  (where 

t h e r e  a r e  Research I ~ l s t i t u t e s ,  Medical examiners,  o r  U n i ~ ~ e r s i t i e s ) ,  

and i t  might be expected t h a t  t h e  complete s e t  of da.ta r e s u l t i n g  

from these  s t u d i e s  would not gene ra l l y  be r e p r e s e n t a t i v e  of acc i -  

den t s  i n  the  United S t a t e s .  

The 1133 case  veh i c l e  r e p o r t s  from MDAI teams have been com- 

bined i n t o  a  d i g i t a l  f i l e  w i t h  1 5 0 ~  r e p o r t s  from MVMA sponsored 

teams. T h i s  s t u d y  con t r ac t  has been concerned p r imar i l y  ' w i t h  t h e  

problems of drawing in f e r ences  from the  M D A I  d a t a ,  b u t  i t  w i l l  

touch on t h e  u t i l i t y  of t h e  MVhA-provided da t a  where a p p r o p r i a t e .  

Severa l  of t he  MDAI teams have expanded t o  become t r i - l e v e l  

o r  mu l t i - l eve l  ope ra t i ons  w i t h  r e spec t  t o  t h e  k inds  of d a t a  c o l l e c t e d  

and analyzed.  The t r i - l e v e l  concept has developed over t he  pas t  

s e v e r a l  yea r s  w i t h  t h e  i n t e n t  t h a t  in-depth i n v e s t i g a t i o n s  could 

be complemented by  p o l i c e  r epo r t ed  acc iden t  in format ion ,  o r  i n  

some case s ,  d a t a  c o l l e c t e d  t o  some in te rmedia te  l e v e l  of d e t a i l ,  

i n  o rder  t o  permit  b e t t e r  e s t ima t ion  of n a t i o n a l  acc iden t  cha rac t e r -  

i s t i c s .  

CASE SELECTION BY THE TEAMS 

The complete MDAI d i g i t a l  f i l e  a t  t h e  p resen t  time i s  made up 

of d a t a  submit ted  by NHTSA and MVMA teams over t h e  pe r iod  s i n c e  1969. 

In  p a r t  because of case s e l e c t i o n ,  and i n  p a r t  because of longer  

p rocess ing  time r equ i r ed  f o r  t h e  more severe  c o l l i s i o n s ,  the  s e v e r i t y  

of a c c i d e n t s  i n  t h e  f i l e  v a r i e s  w i t h  t ime . . .  being t h e  most s eve re  

i n  t h e  e a r l i e r  pe r iod ,  and l e a s t  severe  i n  t h e  most r ecen t  per iod  

(1972).  The p r o c ~ s ~ i c g  time problem w i l l  be d i scussed  f i r s t .  

T h e  t i m e  b e t w e e n  t h e  occurrence of t h e  acc iden t  and t h e  s u b -  

mission of t he  case T O  t h e  sponsor is somewhat v a r i a b l e ,  depending 

t o  a  l a r g e  e x t e n t  or> t n e  d i f f i c u l t y  of g e t t i n g  a l l  of t h e  informat ion 



r equ i r ed  t o  complete t he  case .  A s  a  genera l  r u l e ,  t he  more severe  

cases  ( e . g . ,  those  involving mul t ip le  f a t a l i t i e s  and mu l t i p l e  c a r  

a c c i d e n t s )  r equ i r e  more i n v e s t i g a t i o n  and have t he  most delays  i n  

ob ta in ing  informat ion.  When the  next-of-kin m u s t  be in terviewed,  

o r  when t h e  i n v e s t i g a t o r  m u s t  ob t a in  information through the  

a t t o rney  f o r  a  d r i v e r  charged w i t h  negl igent  homicide, much time 

is  consumed. A t  t he  o t h e r  extreme, an accident  involving a  minor 

o r  moderate i n j u r y  w i t h  a  s i n g l e  veh i c l e  may be repor ted  qu ick ly .  

These d i f f e r e n t i a l  delays  seem t o  be increased a s  the  case 

proceeds t o  t he  computer; many cases  involving l i t t l e  o r  no i n ju ry  

ge t  i n t o  t h e  computer w i t h i n  3 0  t o  90 days, but some s e r i o u s  a c c i -  

dent ca se s  c u r r e n t l y  being coded f o r  input  a r e  more than 18 months 

o ld .  

The time delay problem, t hen ,  m u s t  be taken i n t o  account i n  

some ana lyses  i n  which t h i s  b i a s  would be important .  B u t  u l t ima te ly  

i t  can be solved by wa i t i ng ,  o r  co r r ec t ed  f o r  by l i m i t i n g  the  a n a l y s i s  

t o  time per iods  f o r  which the  da t a  a r e  complete. 

The more s e r i o u s  problem is t h a t  of v a r i a t i o n  i n  t h e  case 

s e l e c t i o n  o r  sampling r u l e s  used by the  s e v e r a l  teams, In 1969, a t  * 
t he  A i r l i e  House Symposium, D r .  Flamboe noted t h a t  "The presen t  

c r i t e r i a  ( f o r  MDAI teams) determining which c rashes  a r e  t o  be inves-  

t i g a t e d  a r e  those  involving l a t e  model c a r s ,  1968-69, and where 

t h e r e  is a  g r e a t  degree of d i s p a r i t y  between veh ic l e  damage and 

i n j u r y  s e v e r i t y .  " 

Using t h i s  c r i t e r i o n  one should expect t o  f i n d  a c o l l e c t i o n  of 

MDAI cases  which a r e  more severe  ( i n  the  i n ju ry  measure) than cases  

s e l e c t e d  randomly from c o l l i s i o n s  of s p e c i f i e d  (veh i cu l a r )  damage 

s e v e r i t y .  T h i s  i s  i n  f a c t  t h e  case ,  and the  e f f e c t  upon the  a b i l i t y  

t o  do c e r t a i n  ana lyses  w i t h  the  da t a  is  somewhat devas t a t i ng .  More 

* "A National  C o l l i s i o n  Data Col lec t ion  System" by Eugene E .  
Flatnboe, p i u c e ~ d i n g s  of conference a t  A i r l i e  House Symposium 
1963, Warrenton, V i rg in i a .  



r ecen t ly  most MDAI teams have been i n s t r u c t e d  t o  i n v e s t i g a t e  a  

" represen ta t ive"  sample of c o l l i s i o n s  w i t h i n  t h e i r  j u r i s d i c t i o n s ,  

b u t  no p r e c i s e  d e f i n i t i o n  of r ep re sen t a t i venes s  has been given.  

Figures  1, 2,  3 ,  and 4 show the  d i s t r i b u t i o n  of i n j u r y  s e v e r i t i e s  

(using the  AIS s c a l e )  f o r  s e v e r a l  groups of acc iden t  s e v e r i t y  (us ing 

the  Vehicle Damage Index S c a l e ) .  The v e r t i c a l  ba r s  i n d i c a t e  t h e  

percentage of cases  ( i n  the  ind ica ted  s u b s e t )  f o r  which t h e  most 

severe  i n , j u r y  i n  thc veh ic l e  was a s  shown. To provide a  s tandard  

f o r  comparison, t l ~ c  subset  i d e n t i f i e d  a s  "Washtcliaw County'' i s  given.  

T h i s  includes  772 veh ic le  r e p o r t s  of American-manufactured c a r s  

occurr ing over a per iod of about 2 0  months, and is  intended t o  be 
* 

a  census of towaway involvements. 

Figure 1 compares ,the complete s e t  of NHTSA sponsorecl cases  

w i t h  the  Washtenaw County d a t a ,  t ak ing  the  complete range of 

Vehicle Damage Ind ices .  Note t h a t  t he  percentage of f a t a l  involve- 

ments i n  t he  NHTSA cases  i s  more than four  t imes t h a t  i n  t h e  lltowaway" 

census:  the  percentage of non-injury involvements i n  t he  KHTSA 

c o l l e c t i o n  is about one- thi rd  t h a t  of the  comparison s e t .  I t  i s  

c l e a r  tha$ on the  average,  cases  involving i n j u r i e s  more s eve re '  

than would occur i n  a  sample of a l l  towaways were s e l e c t e d .  

Figures  2 ,  3 ,  and 4 show t h e  same comparison divided i n t o  

t h r e e  sub-groups by an accident  s e v e r i t y  measure. In Figure 2 a l l  

cases  w i t h  a  veh ic le  damage index of 1 o r  2 a r e  compared. Note t h a t  

i n  t he  towawpy s e t  t h e r e  were no cases  of i n ju ry  a t  t he  l e v e l s  4 

( s e v e r e ) ,  5 ( c r i t i c a l ) ,  o r  6 through 9 ( f a t a l ) ,  although about 5% 

of the  i n j u r i e s  i n  the  NHTSA s e t  a r e  i n  t h i s  range. T h i s  i s  

c e r t a i n l y  cons i s t en t  w i t h  t he  i n s t r u c t i o n  t o  "f ind those  ca se s  

i n  which t h e r e  is  a  d i s p a r i t y  between t h e  impact s e v e r i t y  and 

the  i n j u r y  s eve r i t y " .  

* 
I t  represer , t , - ,  i n  f a c t ,  about 50% of t h e  e l i g i b l e  towaways 
and is  probarhlv biased s l i g h t l y  toward more severe  c o l l i s i o n s .  







F i g u r e  3 .  I n j u r y  s e v e r i t y  d i s t r i b u t i o n s  f o r  t h r e e  sub-groups  
of d a t a  i n  t h e  MDAI f i l e  (moderate s e v e r i t y  i m p a c t s ,  VDI=3-4). 





The same e f f e c t  is  c l e a r  i n  Figure 3 ( f o r  vehicle  damage 

indices  of 3 and 4 ) ,  and i n  Figure 4 ( f o r  vek ic le  damage indices  

of 5 through 9 ) .  The i n s t r u c t i o n  t o  f i n d  those cases w i t h  a  

g rea t  d i s p a r i t y  between vehicle  damage and personal i n j u r y  l e v e l s  

could have been in te rp re ted  i n  e i t h e r  of two ways--i.e.,  t o  f i n d  

cases i n  which no one was in jured  even though the accident was 

severe,  and vice versa.  The da ta  ind ica te  t h a t  the l a t t e r  was 

the  general  r u l e  followed. 

If  t h i s  i n s t r u c t i o n  had been taken t o  the extreme, one might 

expect t o  f i n d  only two k i n d s  of cases repor ted-- fa ta l  accidents  

w i t h  l i t t l e  or no damage t o  the vehic le ,  and non-injury accidents  

w i t h  the vehic les  demolished. In f a c t  the re  a re  many accidents  

reported which a re  more normal, b u t  i n  looking a t  the e n t i r e  s e t  

of NHTSA data  i t  i s  not general ly  possible  t o  segregate these 

from t h e  "ou t l i e r s " .  

The MDAI data  i t s e l f  represents  a  r e l a t i v e l y  undefined sample 

of acc idents ,  and t h i s  suggests tha t  i t s  p r inc ipa l  u t i l i t y  may be 

i n  f inding new problems and not i n  def in ing  t h e i r  frequency of 

occurrence. For example, a  p a r t i c u l a r  MDAI case report  involving a  

school b u s  which r o l l e d  over d u r i n g  a  crash notes tha t  the d r ive r  

had no t r a i n i n g  i n  the handling of the b u s  i n  emergencies, and 

suggests t h a t  i n i t i a l  and per iodic  t r a i n i n g  i n  emergency maneuvers 

while perhaps not use fu l  i n  i nh ib i t ing  the crash,  could have prevented 

t3e ro l lover .  B u t  the e n t i r e  s e t  of MDAI cases does not give a 

p ic tu re  of the number of school b u s  ro l lover s  i n  the country ( i . e .  

is  t h i s  r e a l l y  a problem), nor does i t  t e l l  what percentage of the 

school b u s  d r ive r s  cur rent ly  have adequate emergency maneuver t r a i n i n g .  

Yet the  immediate f i n d i n g  seems important, and deserves t o  be augmented 

by  add i t iona l  frequency information. 

P a r t s  of the  MDAI data  s e t  do c o n s t i t u t e  a  more prec ise ly  

defined sample, being an attempted census of c e r t a i n  accidents  

occurring w i t h i n  given j u r i s d i c t i o n s .  W i t h  respect t o  such s u b -  

s e t s  of $ h e  d a t a  same inferences about frequency of occurrence 

may be drawn, These w i l l  be defined l a t e r  i n  t h i s  r epor t ,  and 

examples of t h e i r  use given, 



The MDAI d a t a  might be viewed a s  a  s e t  of information acquired 

i n  considerable  d e t a i l  so  t h a t  f u t u r e  ques t i ons  ( those  not thought 

of i n  d e t a i l  a t  t he  time of da t a  t ak ing )  would have some high proba- 

b i l i t y  of being answered. W i t h  r espec t  t o  i n j u r y  and veh i c l e  damage 

problems, t h i s  i s  l a rge ly  t he  ca se .  To some e x t e n t ,  t he  p o l i c e  

repor ted  da ta  ( a s  i n  the  T r i - l e v e l  programs) s e rves  the  same purpose. 

B u t  new ques t i ons  w i l l  be asked i n  t h e  f u t u r e  f o r  which no e x i s t i n g  

d a t a  is  app rop r i a t e ,  and i t  w i l l  be necessary t o  genera te  new da t a  

c o l l e c t i o n  programs t o  provide t he  answers. In t h i s  r epo r t  we con- 

s i d e r  each of t he se  aspects- - the  p resen t  use of MDAI d a t a ,  t h e  use 

of po l i ce  repor ted  d a t a ,  i n  conjunct ion w i t h  i t ,  and methods of 

using the MnAI organ iza t ion  t o  acqui re  new information p e r t i n e n t  

t o  new and s p e c i f i c  ques t i ons .  

A major c r i t i c i s m  t h a t  has been made of t he  MDAI program is  t h a t  

t h e  da ta  were not acquired i n  response t o  a  c a r e f u l l y  designed sampling 

p lan .  The p u r i s t  w i l l  c laim t h a t  no s t a t i s t i c a l  in fe rences  can be 

made from t h i s  d a t a ,  and t h a t  i t  t h u s  r ep re sen t s  merely a  s e r i e s  of 

anecdotes which may genera te  much d i scuss ion  b u t  few concl.usions. 

I t  i s  our i n t e n t  t o  suggest  t h a t  i n  s p i t e  of the  l ack  of a 

sampling des ign,  t h e  da t a  a r e  i n  f a c t  u s e f u l  i n  t h a t  they r ep re sen t  

a  broad v a r i e t y  of highway acc iden t s ,  con ta in  very d e t a i l e d  i n f o r -  

mation, and may be assembled i n t o  groups from which c e r t a i n  u s e f u l  

i n f e r ences  can be drawn. Each c r a sh  might be viewed a s  a  

random sample of  a  subse t  of crash c l a s s i f i c a t i o n  v a r i a b l e s .  Examples 

of t he se  c l a s s i f i c a t i o n  v a r i a b l e s  include veh i c l e  damage index ex t en t  

code, impact v e l o c i t y ,  crash con f igu ra t i on ,  e t c .  Much of t h e  remainder 

of t h i s  r epo r t  i s  concerned w i t h  t h e  methods f o r  making use of t h i s  

d a t a ,  and making l o g i c a l  ex tens ions  based on t h e  methodology of t he  

da t a  c o l l e c t  ion process  c u r r e n t l y  i n  use .  



CONTENTS OF THE MDAI FILE 

Before a t t ack ing  the problem of what k i n u  of s t a t i s t i c a l  

inferences  can be made from MDAI-type data  and what methodologies 

might be involved i n  these endeavors, we m u s t  take a  c r i t i c a l  

look a t  what these  da t a  represent .  In some sense t h i s  involves 

a cor rec t ion  of some common misconceptions about t h i s  f i l e  of 

da t a ,  After  developing a bas ic  d e f i n i t i o n  of the f i l e  we w i l l  

present  a  j u s t i f i c a t i o n  fo r  i t s  exis tence i n  terms of newly 

es tab l i shed  p r inc ip l e s  f o r  i ts  use. 

F i r s t  of a l l ,  the  MDAI f i l e  a s  a whole is not a  sample--of 

anything. The cases  i n  the  f i l e  do not accurate ly  represent  any 

def inable  subset  of the  t o t a l  crash populat ion,  even though i n  

s p e c i f i c  ins tances  the marginal d i s t r i b u t i o n s  between the  f i l e  

and some population can be shown t o  match q u i t e  c lo se ly .  Cases 

do not get  i n t o  the f i l e  a s  a  r e s u l t  of random sampling, and there-  

fo r e ,  r e s u l t s  obtained from analyses on these  data  a r e  not general- 

i z ab l e  t o  the  s p e c i f i c  events i n  any populat ion,  defined geo- 

graphical ly  o r  otherwise. I t  i n  no way can be considered a  micro- 

cosm of the na t iona l  accident  population which we can use t o  draw 

conclusions about the  c h a r a c t e r i s t i c s  of t h a t  populat ion.  

I f  the  MDAI f i l e  is not a  sample, what is i t ,  and of what use 

is i t ?  We consider  it t o  be a co l l ec t i on  of experimental da ta ,  

each case i n  the f i l e  representing a  s i ng l e  experiment o r  a data  

point  i n  a  large  experimental s e r i e s  designed t o  answer quest ions 

yet t o  be def ined.  The methodology employed i n  i t s  const ruct ion 

i s  t h a t  of the  "functional" experiment, so named because i t s  goal 

is t o  determine the  func t iona l  form of the  var iab les  i n  r e l a t i o n  

t o  one another.  The s e l ec t i on  of cases t o  be included i n  the  f i l e  

i s  purposive, the  attempt being t o  include i n  the  data  a l l  l eve l s  

of the  independent var iab les  which a r e  w i t h i n  the  range of i n t e r e s t .  

The c r i t i c i s m  t h a t  the  f i l e  is  r ep l e t e  w i t h  s e l ec t i on  b ias ,  while 

j u s t i f i e d  I; t h e  f i l e  is  thought t o  be a random sample, becomes 

i r r e l evan t  when i t  is looked, a t  i n  t h i s  l i g h t .  The inclus ion 

c r i t i c i s m  is t h a t  a p a r t i c u l a r  case adds t o  ou r  knowledge about one 

oll more oY the i ~ ~ i i o p o l ~ d c ~ i t  variahlos of i n t n r e ~ t  , by ex ton din^ the 

range,  f i l l i n g  ;I gap, 01' providing i t  c . c x n i ) i  r ~ ; i t .  I or] not ; tvu  i I ; r t ) l  (. 

before ,  24 



Tho use t o  w h i c h  t h i s  da ta  file can be put derives from the 

l a rge  number of v a r i a b l e s  included f o r  each case a s  w e l l  a s  the  

meticulous d e t a i l  w i t h  which accuracy i s  insured.  The me tho do log,^ 

f o r  exp lo ra t i on  of the  f i l e  con ten ts  involves  formulat ing t he  

s o l u t i o n  t o  a  ques t ion  o r  problem i n  terms of the  r e l a t i o n s h i p  

between o r  among v a r i a b l e s .  The func t iona l  form of these  r e l a t i o l -  

sh ip s  can be expected t o  provide ,  i f  not a  bas ic  t r u t h ,  a t  l e a s t  

some in s igh t  i n t o  what happens when an aracident occurs .  I n f e r e n ~ e s  

can be made about the  degree t o  which changes i n  one v a r i a b l e  

a f f e c t  l e v e l s  of o the r  v a r i a b l e s .  For ~xample ,  one might w i s h  t o  

compare t he  i n j u r i e s  received by occupants wearing l a p  r e s t r a i n t s  

t o  those of unres t ra ined  occupan t s .  For crashes  of s i m i l a r  s e v e r i t y  

x h e  f i l e  could be i n t e r roga t ed  and t h i s  comparison made (See Chapter 

V i n  which such an a n a l y s i s  is performed). The gene ra l i za t i on  

from the  r e l a t i o n s h i p  holds f o r  t h e  accident  popula t ion even though 

the  propor t ions  of acc iden ts  i n  t he  f i l e  represen t ing  d i f f e r e n t  

l e v e l s  of v a r i a b l e s  may be v a s t l y  d i f f e r e n t  from those  i n  t he  

genera l  popula t ion.  Inferences  a r e  made t o  these  i n t e r a ~ t ~ i o n s  

among v a r i a b l e s  by t h i s  procedure, not necessar i ly  t o  f a c e t s  of 

accident  e f f e c t s  i n  t h e  whole popula t ion.  

The d i s t r i b u t i o n  o i  da ta  p o i n t s  f o r  any p a r t i c u l a r  v a r i a b l e  

over the range of i n t e r e s t  is an i n d i c a t i o n  of our s t a t e  of knowledge 

about t h a t  v a r i a b l e  and hence our a b i l i t y  t o  p r e d i c t  from i t ,  T h e  

con t inua l  a n a l y s i s  of these  d a t a ,  t h e r e f o r e  provide a  d i r e c t i o n  f o r  

research  i n  t h e  a r ea  of accident  da ta  c o l l e c t i o n .  The gaps i n  
our understanding of func t iona l  r e l a t i o n s h i p s  represen t  a  need 

f o r  a d d i t i o n a l  research ,  and these  gaps rill become apparent  a s  

we undertake t o  answer more and more ques t i ons  about t h e  i n t e r -  

a c t i o n s  among v a r i a b l e s ,  



I t  should be mentioned t h a t  a l l  t h e  da t a  a re  cond i t i ona l  on 

t h e  occurrence of acc iden t s .  The e f f e c t  of exposure is considered 

n e i t h e r  i n  t h e  bu i ld ing  of t he  d a t a  nor i n  i t s  primary a n a l y t i c a l  

u se ,  s i nce  what we a r e  concerned w i t h  i s  the  i nc lu s ion  of t h e  ranges 

of v a r i a b l e s  of i n t e r e s t  no mat te r  what the  prevalence of t h a t  

v a r i a b l e  might be i n  t he  t o t a l  accident  popula t ion o r  t he  popula t ion 

i n  gene ra l .  The r e s u l t s  of ana lyses  of  t he se  da t a  at tempt t o  exp la in  

t he  under lying cause and e f f e c t  r e l a t i o n s h i p s  among v a r i a b l e s  when 

acc iden t s  do occur ,  r a t h e r  than desc r ibe  o r  p r e d i c t  t he  r e l a t i v e  

f requenc ies  of d i f f e r e n t  k inds  of acc iden t s .  

HOW I T  CAN BE USED 

We w i l l  use a  concept here  def ined  a s  " r e t r o a c t i v e  experimen- 

t a t i o n " - - i . e . ,  a process  of des igning an experiment f o r  which a l l  

o r  p a r t  of t h e  d a t a  has a l ready  been c o l l e c t e d  and r e s i d e s  i n  t he  

MDAI f i l e .  The approach t o  us ing the  d a t a ,  t hen ,  is t o  formulate a  

s p e c i f i c  ques t i on  which r e q u i r e s  exper imentat ion,  l ay  out  an 

experiment us ing t h e  c l a s s i c a l  p r i n c i p l e s  of exper imental  des ign ,  

and then  look t o  s ee  how much of t h e  d a t a  i s  a l ready  a v a i l a b l e .  

Let us  consider  a  s p e c i f i c  example of t h i s  p rocess .  The 

energy absorbing s t e e r i n g  column has come aboQt through the  f o l -  

lowing s e r i e s  of s t e p s :  

1 Accident s t u d i e s  i nd i ca t ed  t h a t  d r i v e r  A. 

i n j u r i e s  were predominantly a s soc i a t ed  
w i t h  s t e e r i n g  columns. 

2 ,  Design eng ineers  formulated a countermeasure 
i n  t h e  form of an energy absorbing s t e e r i n g  
column, I n i t i a l l y  a  t h e o r e t i c a l  ( phys i ca l )  
model of how the  device would behave was 
c a l c u l a t e d .  

3 ,  Prototype energy absorbing s t e e r i n g  columns 
were developed and t e s t e d  under l abora tory  
cond i t i ons .  

4 .  Experimental c a r s  were cons t ruc ted  w i t h  t he se  
new dev ices ,  and t e s t e d  using instrumented 
dummies. 

5 .  Prod,;:ct:'-on automobiles were in t roduced i n  which 
t he  newly developed s t e e r i n g  column was i n s t a l l e d ,  



The obvious ques t ion  a t  t h i s  point  is t o  determine whether t h e  

device performs a s  we l l  a s  expected from s t e p s  (1)  through ( 4 ) .  A 

way t o  answer such a  ques t ion  is t o  conduct an experiment. 

The f i r s t  t a s k s  i n  experimental  design include t h e  s p e c i f i -  

c a t i o n  o f :  

1. The dependent v a r i a b l e  o r  t h e  measure of 
i n t e r e s t ,  i n  t h i s  case t he  degree of i n ju ry  
measured by*the o v e r a l l  Abbreviated In jury  
Scale  (AIS) - incur red  6 y  t he  veh i c i e  d r i v e r  - 
s t r i k i n g  the  s t e e r i n g  column. 

2 .  The independent v a r i a b l e s ,  o r  t he  parameters 
whose re la t ionsh ip :  t o  i n j u r y  we a r e  i n t e r e s t e d  
i n  determining.  In t h i s  case we might be 
i n t e r e s t e d  i n  t h e  weight of the  c a r ,  t he  speed 
of impact, and the  presence o r  absence of an 
energy absorbing s t e e r i n g  column. By i d e n t i f y i n g  
t he  e f f e c t s  of ca r  weight and impact ve loc i t y  
we propose t o  determine t he  e f f e c t  of energy 
absorbing s t e e r i n g  columns w i t h  g r e a t e r  p r e c i s i o n .  

3 .  The c o n t r o l  v a r i a b l e s ,  o r  those  which we w i s h  t o  
hold constant  f o r  t he  condi t ions  of t he  experiment. 
I n  t h i s  case we might w i s h  t o  hold t he  age and 
weight of t h e  d r i v e r  w i t h i n  s p e c i f i e d  ranges ,  

4 .  The sample s i z e ,  a  complex dec i s ion  t o  be 
made on the  b a s i s  of c o s t ,  convenience, and 
the  s i z e  of t h e  e f f e c t  t h a t  i s  considered 
t o  be important .  

The designed experiment might look a s  shown i n  Table 1. 

10 mph 5 5 5 10 mph 5 5 5 

30 mph 5 5  5  30 mph 5  5 5 

50 mph 5  5 5 50 mph 5 5 5 

Cars w i t h  EA 
S t e e - ~ n g  Columns 

Cars without EA 
S teer ing  Columns 

Table 1 

Experimeneal 3es ign  f o r  Energy \Absorbing 
Sceering Column Evaluation 

* See Figure  17 c n  page 1 3 l f o r  f u l l e r  d e s c r i p t i o n  of t h i s  s c a l e .  



WL,WZ, and W represent  three  d i f f e r e n t  weight c l a s s e s ,  and the 3 
row headings ind ica te  three  d i f f e r e n t  impact speeds, The t e s t s  

w i l l  cont ro l  on d r i v e r  age ( a l l  20 t o  30 year o l d s )  and weight 

( a l l  between 160 and 180 l b s . ) ,  and 5 r u n s  w i l l  be conducted a t  

each speed-weight i n t e r s e c t i o n .  The assignment of d r i v e r s  t o  c e l l s  

w i l l  be done randomly. The number of observations i n  each c e l l  

is  chosen a t  the outse t  a s  an est imate of the  number needed t o  give 

enough s t a b i l i t y  t o  the data  t o  permit comparison. Since the  variance 
of the dependent va r i ab le  is not known a t  the ou t se t ,  we m i g h t  

view the design a s  a  sequent ia l  experiment i n  which we w i l l  t r y  

the number of r u n s  shown, evalua te  the r e s u l t s ,  s top  i f  there  i s  

enough da ta ,  and r u n  a l l  or pa r t  of the experiment again i f  t he re  

i s  not ,  

The r e s u l t s  of t h i s  experiment can be expected t o  answer the 

quest ion about the  e f fec t iveness  of the  energy absorbing s t ee r ing  

column, B u t  one can hardly conceive of t h i s  planned experiment 

being r u n .  

The da ta ,  however, f o r  many of the  c e l l s  has been generated by 

chance and is s to red  i n  the MDAI accident f i l e s .  In a  sense the 

experiment has been r u n ,  the data  co l l ec ted ,  and made ready fo r  

ana lys i s .  We w i l l  probably f i n d  t h a t  some of the c e l l s  have a  

l a r g e r  number of cases than required by the design, and t h a t  n few 

of the c e l l s  w i l l  have a smaller number of cases than required,  

The excess cases can be accepted, and w i l l  i n  f a c t  help t o  s t rengthen 

the r e s u l t s .  Thermissing cases,however, w i l l  have t o  be obtained. 

The MDAI f i l e  was reviewed i n  order t o  s e l e c t  data  f o r  t h i s  

r e t r o a c t i v e  experiment, Vehicles have been r e s t r i c t e d  t o  those 

having impact vec tors  of 11, 1 2 ,  and 01 o 'c lock ,  and t h e  Vehicle 

Damage Index Extent (VDI) has been used a s  a  surrogate  f o r  impact 

speed. Five l e v e l s  have been tabulated ra the r  than t h r e e ,  s ince  

f i v e  were ava i l ab le .  The weight c l a s s i f i c a t i o n s  were (1) l e s s  than 



2500#, (2) 2501-3500#, and ( 3 )  more than 3500#. I t  was required 

tha t  the s t e e r i n g  wheel or spokes were contacted by the occupant, 

Drivers i n  t h i s  s e t  of data  a re  r e s t r i c t e d  t o  150 t o  190 pounds, 

and between 20 and 40 years of age. 

There a re  some obvious d i f f i c u l t i e s  i n  using VDI-extent a s  a  

surrogate  fo r  speed; y e t ,  f o r  purposes of t h i s  study i t  is  the  

best  s ing le  var iable  avai lab le  on which t o  cont ro l  f o r  accident 

seve r i ty .  For f r o n t a l  c o l l i s i o n s  VDI-extent i s  defined la rge ly  a s  

a  measure of the perc:entage of the vehicle  i n  f ront  of the windshield 

which has been crushed. For co~lvcnt ional  c a r s ,  a VDI extent  of 3 

means tha t  there  i s  penetrat ion about hallway t o  the  windshield,  
* The case of the microbus i s  an obvious o u t l i e r ,  but even for  

conventional passenger ca r s  there  i s  some va r i a t ion  i n  f r o n t a l  

s t i f f n e s s ,  and f u r t h e r ,  the crush i s  q u i t e  dependent on the  width 

of the object s t ruck  and the prec ise  loca t ion  of the  object  i n  the 

horizontal  plane.  I t  would t h u s  seem preferable  i f  we could know 

the s t r i k i n g  speed of the vehicle  i n t o  a  s o l i d  b a r r i e r ,  and t o  have 

a  dece lera t ion  record of the impact so  a s  t o  assure t h a t  the data  

from the two groups is comparable. Alternat ive measures f o r  crash 

sever i ty  w i l l  be discussed l a t e r  i n  t h i s  r epor t ,  but f o r  the present 

we w i l l  continue t o  depend on the VDI (more recent ly  ca l l ed  the 

Col l i s ion  Deformation Index) f o r  t h i s  s tudy. 

Table 2 presents  the r e s u l t s  taken from the MDAI f i l e .  Since 

da ta  a re  tabulated i n . t h e  f i l e  f o r  VDI-extents of 1, 2 ,  3 ,  4 ,  and 

5 a l l  f i v e  l e v e l s  a re  presented. T h i s  shows the number of cases  i n  

the f i l e  which meet each c e l l  requirement, and the average value 

of o v e r a l l  injury t o  the d r ive r  (using the AIS sca le  values ranging 

from (uninjured)  ( f a t a l i t y  w i t h  3 or  more f a t a l  i n j u r i e s ) ) .  

The t h i r d  number presented shows the standard deviat ion (of  in jury  

l e v e l )  i n  each c e l l .  

Note t h a t  three  of the c e l l s  i n  the "With EA Column" t a b l e ,  

and 13 of the  15 ce.'.is i n  the "Without EA Column" t a b l e  did not 

reach the l e v e l  of 5 cases hoped f o r  a t  the o u t s e t ,  The c:olumns 

* 
Such obvicas anomalies would be excluded from the  analysfs .  



l abe led  " A l l  weights combined" have a t  l e a s t  f i v e  cases  i n  each c e l l ,  

b u t  comparing t he se  a s su re s  t h a t  the  e f f e c t  o: weight cannot be 

s t u d i e d .  

The combined weight da t a  is  p l o t t e d  i n  Figures  5  and 6 . 
Figure 7 shows two l e a s t  squares  regress ion  l i n e s  (der ived from 

the  o r i g i n a l  d a t a )  and the se  suggest  t h a t  veh i c l e s  equipped w i t h  EA 

devices  produce a  lessened o v e r a l l  i n j u r y .  

These r eg re s s ion  l i n e s  a r e  e s t ima te s  of the  " t rue"  r e l a t i o n -  

s h i p  between Accident In jury  Sever i ty  (AIS) and Vehicle Damage Index 

(VDI). An important ques t ion  i s :  How c lose ly  do these  es t imated 

r e l a t i o n s h i p s  correspond t o  t he  " t rue"  r e l a t i o n s h i p s ?  To answer 

t h i s  ques t ion  95% confidence i n t e r v a l s  have been const ructed f o r  

each of t he  es t imated r e l a t i o n s h i p s .  These a r e  i nd i ca t ed  by t he  

d o t t e d , . p a r a b o l i c ,  curves t h a t  a r e  shown about t he  es t imated l i n e s ,  

The i n t e r p r e t a t i o n  of these  confidence i n t e r v a l s  i s  t h a t  95% of the  

time experiments of t h i s  type a r e  conduc t ed the" t rue"  r e l a t i o n s h i p  

w i l l  be included wi th in  the  computed confidence i n t e r v a l s .  However 

only one experiment has been conducted. 

A reasonable ope ra t i ona l  s t r a t e g y  i s  t o  conclude t h a t  t he  " t rue"  

r e l a t i o n s h i p  is somewhere w i th in  these  confidence i n t e r v a l s .  We 

do t h i s  knowing t h a t  on t he  average one out  of twenty t imes we w i l l  

be wrong! S p e c i f i c a l l y  from Figure 7 i t  is concluded t h a t  t he  

" t rue"  r e l a t i o n s h i p  between AIS and V D I  has not been shown t o  be 

d i f f e r e n t  f o r  c a r s  equipped and not equigiped with energy  absorbing 

s t e e r i n g  columns. 

T h i s  a n a l y s i s  l eads  t o  one of two conclus ions:  e i t h e r  t h e r e  

is  l i t t l e  d i f f e r e n c e  between the  (average) i n j u r y  l e v e l  t o  d r i v e r s  

of c a r s  w i t h  and without EA columns, or  t he re  is not s u f f i c i e n t  da t a  

i n  t h e  present  sample t o  make t h i s  de terminat ion.  An a l t e r n a t i v e  

hypothesis ,  of course ,  i s  t h a t  b i a se s  i n  the  da t a  des t roy t he  

v a l i d i t y  s o  t h a t  i t  is impossible t o  determine t h i s  r e l a t i o n s h i p  

from the  present  information.  There i s  some evidence t h a t  t h i s  



176 Cases  f o r  t h i s  g r a p h  

VEHICLE DAMAGE LEVEL (VDI) 

F i g u r e  5 .  S c a t t e r g r a m ,  d r i v e r  i n j u r y  v s .  V D I  e x t e n t ,  c a r s  w i t h  EA. 



50 C a s e s  f o r  t h i s  g r a p h  

VEHICLE DAMAGE LEVEL ( V D I )  

F i g u r e  6 .  S c a t t e r g r a m ,  d r i v e r  i n j u r y  v s .  VDI e x t e n t ,  c a r s  w i t h o u t  EA.  



- C a r s  W i t h o u t  Energy  A b s o r b i n g  
S t e e r i n g  Columns --- C a r s  With Energy A b s o r b i n g  
S t e e r i n g  Columns 

Conf i d e n  
I n t e r v a l  

Conf i d e n  
I n t e r v a l  

VDI-EXTENT 

F i g u r e  7 .  Average  l - l j u r y  v s .  VDI f o r  c a r s  w i t h  and  w i t h o u t  EA co lumns  
33 
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i s  t r u e ;  b u t  f o r  purposes of d i scuss ing  t he  method here i t  w i l l  

be neglected.  A s e t  of da t a  acquired without t he  kinds of b i a se s  

d e t a i l e d  i n  Appendix B ,  "Bias i n  Crash Injury  Sever i ty  by Xnves- 

t i g a t  ion YearT1, would c e r t a i n l y  be p re f e r r ed .  The observed d i f -  

ference between t h e  two es t imated regress ion  l i n e s  a t  t he  average 

V D I  ( 3 .0 )  is about 0.25 AIS u n i t s .  While t he  meaning of a  change 

i n  the  mean AIS i s  not e a s i l y  defined i n  abso lu te  terms,  i t  can 

be considered i n  r e l a t i v e  terms. Elsewhere i n  t h i s  r epor t  i t  is  

shown t h a t  the  mean d i f f e r ence  i n  i n ju ry  l e v e l  f o r  occupants w i t h  

and without f u l l  r e s t r a i n t  systems is  approximately 0,3 on t h i s  

same s c a l e .  

~ u t  our confidence i n  t he  0.25 value f o r  EA columns (which if 

the  da ta  were adequate m i g h t  be considered about a s  e f f e c t i v e  a s  

r e s t r a i n t  systems) is  not g r e a t ,  One may ask t he  ques t ion  "How 

much da t a  ( i . e . ,  how many cases )  a r e  needed t o  de t ec t  a  change of 

0 .25 ,  0 . 5 ,  o r  another value".  Figure 8 p l o t s  t he  number of cases  

needed a s  a  funct ion of t he  t r u e  d i f f e r ence  i n  AIS t o  be discerned.  

I f  the  t r u e  d i f f e r ence  i n  i n j u r y  l e v e l  ascr ibed t o  t h i s  f a c t o r  

is  a s  low a s  0 . 1  AIS u n i t s ,  app rox imte ly  1600 cases  would be nec- 

essa ry  t o -de t ec t  t h i s  f a c t .  

I t  i s  poss ib le  t o  t e s t  t he  r e l a t i o n s h i p s  between impact 

s e v e r i t y ,  column type and d r i v e r  i n ju ry  s e v e r i t y .  The l a s t  two 

columns of Table2a conta in  t he  r e s u l t s  of combining the  weight 

ca t ego r i e s  f o r  a l l  speed and column groups. T h i s  da t a  was analyzed 

using an a n a l y s i s  of var iance program t h a t  does not r equ i r e  balanced 

c e l l s .  That a n a l y s i s ,  summarized i n  Table 2 b ) i n d i c a t e s  t h a t  i n ju ry  

s e v e r i t y  is  a  funct ion of impact s eve r i t y  and the  i n t e r a c t i o n  

between s t e e r i n g  column and impact severi ty--but  not a  func t ion  

of Energy absorbing S teer ing  Columns. 

Inspect ion of Table 2a r evea l s  t h a t  t he  i n t e r a c t i o n  e f f e c t  

occurs f o r  crashes  a t  40 and a t  50 miles per hour impact speed. 

Spec i f i ca l l y  a t  50 mch c a r s  w i t h  EA columns showed lower average 
i n j u r y ,  while a t  40 mph c a r s  w i t h  EA columns showed higher average 

i n j u r y .  T h i s  r e s u l t  is coun te r - i n tu i t i ve ,  and may we l l  be the  



n k i l r t i o n  of d ~ t a  from presen t  hDAI f i l e  
f o r  EA colicmn experiment , I 

! 

Sitb EA Column without  EA Columq A l l  Weights Lornt,inrtl 
VDI (Impact Speed) Height beight \ e i g h t  Weight Nclght Nelght With Without 

(250W 2501- >3501* (2500. 2501- >35014 
3H)W 350W 

I NO. oz Cases 1 Average I n j u r y  
S td .  Dev. 2.309 

! 

- ] 1 - n p h  

No. of Cases 
Average l n j u r y  
S t d .  Dev. 

I I I I I 

1 4  40 mph 

I 

j NO. of Cases 
Average In ju ry  2.200 7 1 :.250 O--- 1 i . 0 0 0  i . 3 3 3  1 i4208  1 !.BOO 1 / S t d .  Rv. 1.304 2.200 .500 ,577 1 .865  .837 , 

2 20 mph 

No. of Cases 
Average Injury 
S t d .  Dev. 

2 
,500 
.707 

I 

12 
1.333 

.888 

4 
1 .000  
0 

0 -- - 24 
.917 
.408 

I 

6 
1 , 0 0 0  
0 

5 
1.000 
0 

17 
1.000 

,866 

1 

4 
1.000 
0 

1 
1 . 0 0 ~  
0 

5 50 mph / No. of Cases 2 8 1 3 1 15 5 
I Average In ju ry  2 . I 2 5  2.000 4.333 3.000 2.133 3.600 / S t d .  Dev. 0 1.949 1.126 0 ,572 / 0 1.407 1.140 
I 

10 
1.600 
2.011 

53 
1.038 

.706 

- 

11 
1.545 
1.916 



r e s u l t  of small sample s i z e  and/or biased se lec t ion  of cases fo r  

inclusion i n  t h i s  data s e t .  

Table 2b 

Analysis of Vaiance of the Effect  of 
Speed and EA Columns on Driver Injury 

fo r  A 1 1  Vehicle Weights 

Source 
Sum of Degress of Me an 
Squares Freedom Square 

Impact Severity 1.83 4 

Steering Column 0.01 1 

In terac t  ion 4.29 4 

Error 25.16 195 

Total  31.29 

* Signif icant  @a( - 4 0.01 

T h i s  example ( the  energy absorbing s teer ing  column) has been 

presented primarily t o  indica te  a  method of using MDAI-like data .  

There are  c l ea r ly  some def ic iencies  i n  the study i n  additi.on t o  the 

spa r s i ty  of data on older  vehicles .  There may be biases  i n  the 

se lec t ion  of cases which a re  d i f f e ren t  fo r  older  ca r s  (those without 

EA columns) and fo r  newer ca r s  (those w i t h  EA columns). Given the 

present data s e t  i t  i s  possible tha t  the older  ca r s  w i l l  tend t o  be 

associated w i t h  teams which produce more severe accidents  (or more 

severe i n j u r i e s  given an acc ident ) .  While a l l  of these f ac to r s  have 

not been discussed i n  d e t a i l  here,  one anaJ.yzing these data  should 

question h i s  f indings w i t h  regard t o  the e f f e c t  of such b iases ,  and 

i n v i t e  fu r the r  questioning from h i s  colleagues before announcing a  

conclusion. B u t  i t  is concluded t h a t  the desired measure ( i . e . ,  

the eff icacy of the EA column) cannot be obtained from the  present 

s e t  of data. 



PRESENT TRI-LEVEL MDAI OPERATIONS: 

There a r e  p r e sen t ly  t h r e e  hlDAI teams operaying under t h e  

banner of a  " t r i - l e v e l "  program. These a r e  l oca t ed  a t  CALSPAN, 

Indiana Univers i ty ,  and The Univers i ty  of Michigan. A l l  opera te  

i n  a  somewhat d i f f e r e n t  fash ion ,  and t h e i r  programs w i l l  be reviewed 

here b r i e f l y  . 
CALSPANfs t r i - l e v e l  program has been des ignated t o  ob t a in  

measures of i n j u r y  causa t ion .  I t  has been j o i n t l y  sponsored by 

NHTSA and MVMA f o r  s e v e r a l  yea r s ,  and i n  t he  e a r l i e r  years  was 

funded only t o  acqui re  da t a  t o  make i t  a v a i l a b l e  t o  t he  sponsors .  

For t he  pas t  two yea r s  t he  program has been augmented w i t h  s e p a r a t e  

a c t i v i t i e s  t o  perform c e r t a i n  ana lyses  on t he  da t a .  

The t h r e e  l e v e l s  of da t a  a r e  a s  fo l lows:  For a l l  a cc iden t s  

occur r ing  i n  an e i g h t  county region i n  western New York S t a t e  

p o l i c e  acc iden t  r e p o r t s  a r e  compiled i n  d i g i t a l  form, along w i t h  

d r i v e r  records  and v e h i c l e  r e g i s t r a t i o n  records  from t h e  same 

reg ion .  These then c o n s t i t u t e  a  census of acc iden t s  i n  t he  region,  

but w i t h  a  l e v e l  of d e t a i l  cons i s t en t  w i t h  t h e  p o l i c e  r epo r t i ng .  

These a r e  t he  l e v e l  one d a t a .  

For a l l  a cc iden t s  i n  t h e  same region involving 0 t o  2 year  

o ld  c a r s  a ' l l eve l  twof1 f i l e  i s  c r ea t ed  and placed i n  d i g i t a l  form. 

For  a s  many cases  a s  pos s ib l e  i n  t h i s  da t a  s e t  veh ic le  damage is 

coded i n  terms of t h e  Vehicle Damage Index ( V D I )  and i n j u r i e s  a r e  

coded using t he  Abbreviated In jury  Scale (AIS). These i nd i ce s  a r e  

more complete f o r  some cases  than o t h e r s ,  t he  d i f f e r e n c e  depending 

~ r i m a r i l y  on a v a i l a b i l i t y  of supplementary information from the  

p o l i c e  departments.  Although the  l e v e l  two da t a  nominally repre-  

s e n t s  a  census of new c a r  involvements i n  t he  region,  t h a t  po r t i on  

of i t  w i t h  V D I  and AIS f u l l y  coded does not r ep re sen t  a randomly 

s e l e c t e d  subse t .  



For new American manufactured cars  (0  t o  2 years of age) and 

c e r t a i n  t rucks i n  which there  was ( r e l a t i v e l y )  ser ious  i n j u r y  t o  

the vehicle occupants, a  Col l i s ion  Performance and Injury Report 

is  completed. There are  approximately 350 of these per year ,  and 

they too a re  intended t o  be a  census of t h i s  category of a.ccident 

i n  the region. A t  the time of t h i s  wr i t ing  the completeness of t h a t  

census is  not known, b u t  t h i s  matter w i l l  be discussed under the 

University of Michigan program below. 

Final ly  there  a re  produced about 50 "Level Three" or  f u l l  MDAI 

cases per year.  These a re  generally se lec ted  from new car  involve- 

ments, b u t  represent a  somewhat older  car population than those 

above. Both the 350 above and these 50 a re  ul i imately encoded i n t o  

the MDAI f i l e .  

INDIANA UNIVERSITY 

For nearly three  years  Indiana University has operated a  t r i -  

l eve l  program designated a s  a  pre-crash or  accident causation study. 

Level one data  includes the pol ice accident r epor t s  and associated 

vehicle r e g i s t r a t i o n  and l icens ing  da ta ,  and spec ia l  surveys such 

as  one of motor vehicle inspect ion i n  the  county. While the da ta  

a re  not s p e c i f i c a l l y  i d e n t i f i e d  as  "Level Two" o r  "Level Three" 

a f t e r  t h a t ,  the data  most c losely i d e n t i f i e d  a s  l e v e l  two comes from 

approximately 500 on-scene accident inves t iga t ions  per year ,  and 

the l e v e l  three  data  comes from approximately 100 cases per year i n  

which vehicles  a r e  brought i n t o  the laboratory f o r  ana lys i s .  

Although an attempt is made t o  make the l eve l  th ree  cases a  

random subset of l eve l  two the f i n a l  se l ec t ion  f o r  l eve l  three  

depends i n  l a rge  measure on the wil l ingness  of owners t o  have t h e i r  

ca r s  analyzed in-depth. T h i s  same condition e x i s t s  t o  a  la rge  

extent  i n  a l l  of the MDAI programs i n  which a  case can only be com- 

p le ted  i f  c e r t a i n  interviews and vehicle examinations can be accom- 

plished--thus i t  has been d i f f i c u l t  t o  achieve any s o r t  of random 

se lec t ion  a t  t h i s  l e v e l .  

Analysis of the data acquired a t  Indiana is an i n t e g r a l  pa r t  

of the program, a id  has been concerned pr imari ly  w i t h  pre-crash 

fac to r s .  



UNIVERSITY OF MICHIGAN 

The t r i - l e v e l  program a t  t h e  Univers i ty  of dichigan has been 

funded i n  p a r t  by NHTSA and i n  p a r t  by MVMA f o r  ~ l m o s t  two yea r s .  

Level I  d a t a  is s i m i l a r  t o  t h a t  i n  o the r  a r e a s ,  being a  compilat ion 

of a l l  po l i ce  accident  r e p o r t s  i n  one county, a  sample of r e g i s t e r e d  

veh i c l e s  and l i c ensed  d r i v e r s ,  and da t a  from ASAP roadside  surveys 

a n d  exposure s t u d i e s  conducted i n  t he  same a r e a .  

The Level I 1  da t a  is  composed of f u l l  CPIR r e p o r t s  made on 

about 600 veh ic l e s  per  year - - th i s  being an intended census of new 

American manufactured c a r s  towed away from acc iden t s  i n  t h i s  

county. In f a c t  t h i s  "census" t u r n s  out t o  c o n s t i t u t e  something 

l i k e  50% of t he  e l i g i b l e  towaways, a s  revealed by comparison w i t h  

the  po l i ce  l e v e l  d a t a .  I t  is of i n t e r e s t  t o  consider  whether the  

50% t h a t  a r e  acquired a r e  a  random subset  of t he  whole, and i t  i s  

pos s ib l e  t o  employ the  po l i ce  l e v e l  da ta  t o  study t h i s .  

A s tudy has been conducted a s  t o  why cases  a r e  not included.  

Approximately 30% of t h e  t o t a l  a r e  missed because t h e  s t a f f  of 

i n v e s t i g a t o r s  is not ab le  t o  g e t  t o  the  veh i c l e s  before they 

disappear  from wrecking yards  o r  r e p a i r  f a c i l i t i e s .  About 5% d i s -  

appear q u i c k l y , o f t e n  being dr iven  out  of s t a t e .  Much of t he  remainder 

were not r e a l l y  towaways, although so  l i s t e d  on the  po l i ce  r e p o r t s .  

They may have involved a  drunk d r i v e r  whose ca r  was towed because 

he could not d r i v e  i t  ; o r  they may have been "uarginal"  towaways-- 

say w i t h  a  fender bent aga ins t  t he  wheel which could have been 

ad jus ted  o n , s c e n e ,  I t  seems l i k e l y  t h a t  the  50% which a r e  acquired 

are  indeed biased toward more severe  c o l l i s i o n s ,  t h u s  l i m i t i n g  any 

in f e r ences  drawn from t h i s  d a t a  when mat te r s  of s e v e r i t y  a r e  involved.  

T h i s  is  discussed i n  Chapter V I  w i t h  regard t o  r o l l o v e r  involve- 

ments. 

F i n a l l y ,  t h e r e  a r e  approximately 50 f u l l  MDAI cases  produced 

per  year  by a team a t  t he  Univers i ty  of Michigan. These a r e  s e l e c t e d  

on t h e  b a s i s  of t h e i r  i n t e r e s t  and i n  no way can they be considered 
s ta t i s t  icnll:; r ep re sen t a t i ve  sample of t h e  acc iden ts  i n  the  (:r)unt,?j . 



GENERAL COMMENTS 

The t r i - l e v e l  operat ions  have a l l  been engaged i n  compiling 

da ta  a t  s eve ra l  l e v e l s  wi th in  closed j u r i s d i c t i o n s ,  making analyses 

of these  da t a ,  and f u r n i s h i n g  r epo r t s  of these  analyses  t o  the  

sponsor. Spec i f ic  s t u d i e s  a r e  not repor ted i n  t h i s  document, b u t  

may be read i n  r epo r t s  from the  appropr ia te  teams. While c e r t a i n  

conclusions w i t h  regard t o  accident  and in jury  causat ion have r e su l t ed  

from these  s t u d i e s ,  and while they may provide considerable  i n s igh t  

i n t o  these  processes ,  we can presen t ly  not i n f e r  much about the  

na t iona l  populat ion from these .  The data  acquired a r e  both p rov inc ia l  

( i n  t h a t  they come from only a  few and r a the r  unique regions of the  

country) ,  and non-representat ive ( s i m p l y  because of a  lack of de f in i -  

t i o n  o r  app l i ca t i on  of random s e l e c t i o n  methods a t  the  l o c a l  l e v e l ) ,  



CHAPTER I V  

DESCRIPTIVE STATISTICS 

The data  i n  t he  MDAI f i l e  a s  of October 1672, was described 
i n  some d e t a i l  i n  a  f i n a l  report  on the cont rac t  f o r  automating 

t h a t  da ta .  Figures 9  and 10 , reproduced from the repor t ,  

display the  number of cases by month and by team of occurrence as  

of t h a t  time, Since then approximately 1000 add i t iona l  cases have 

been processed, although r e l a t i v e l y  few of these a r e  from the 

fede ra l ly  sponsored teams. The e n t i r e  f i l e  a s  of May, 1973, con- 

t a i n s  3500 case vehic les  and a t o t a l  of 5500 occupants. 

Appendix A presents  a br ie f  discussion of the  character-  

i s t i c s  of each team which has contr ibuted da ta ,  a s  wel l  a s  some 

desc r ip t ive  s t a t i s t i c s  derived from the  data  f i l e .  Generally one 

can conclude t h a t ,  while any one team i s  l i k e l y  t o  be biased 

( r e l a t i v e  t o  the  na t ional  population) i n  many ~ i ~ s - - e . ~ . ,  too many 

urban acc idents ,  too many female d r i v e r s ,  too many l imi ted  access 

highways, e tc . - - the sum of the da ta  is much c loser  t o  the na t ional  

averages except w i t h  respect  t o  seve r i ty  (MDAI accidents  tend t o  

be severe)  and age of vehicle  (by d e f i n i t i o n  the  teams have been 

asked t o  look a t  new c a r s ) .  The mean age of ca r s  i n  t h i s  s e t  of 

da ta  is  1.22 years ,  ca lcula ted  s i m p l y  by subt rac t ing  the  model 

year from the  accident year.  The few older  ca r s  which do e n t e r  

the da ta  r e s u l t  p r inc ipa l ly  from being the second car  i n  a  two-car 

c o l l i s i o n  involving a  newer c a r ;  a  very small number of o lder  ca r s  

i n  s ing le  vehic le  c o l l i s i o n s  came i n t o  the f i l e  through one of 

the spec ia l  purpose teams s t u d y i n g ,  f o r  example, vehicle  defec ts .  

Table 3 presents  some summary s t a t i s t i c s ,  f o r  the  NHTSA- 

sponsored MDAI teams as  of the time of w r i t i n g  t h i s  r epor t .  For 

se lec ted  va r i ab les  a  comparison i s  made w i t h  an avai lab le  s t a t i s t i c  

from a  l a r g e r  or  d i f f e r e n t  sample. No s i g n i f i c a w e  computations 

a re  made; comparison w i t h  the severa l  mi l l ion  accidents  i n  the 

na t ional  accident summary would y ie ld  a  h i g h  l e v e l  of s t a t i s t i c a l  
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TABLE 3 , SOME SUMMARY STATIST1 CS FOX THE NDAI TEAMS 

% Occup.  w e a r i n g  l a p  b e l t  

% d r i v e r s  w e a r i n g  l a p  b e l t  

% f e m a l e  o c c u p a n t s  

% f e m a l e  d r i v e r s  

Average  o c c .  i n j  . s e v e r i t y *  

Average  d r i v e r  i n j  . s e v e r i t y  

Average  o c c u p a n t  a g e  

Average  d r i v e r  a g e  

Average  occupar  t h e i g h t  

Average  d r i v e r  h e i g h t  

% , r u r z l .  accider+'is 

% lim. a c c e s s  twy .  a c c i d e n t s  

% a c c i d e n t s  o n  c u r v e s  
0 B a c c i d e n t s  on s l i p p e r y  s u r f .  

'% v e h i c l e s  r o l l i ~ s  o v e r  

% a c c i d e n t s  a t  n i g h t ,  dawn, o r  
d u s k  

25.7%---(26.7% o f  p a s s e n g e r  
c a r  d r i v e r s  i n  
n a t i o n a l  a c c i d e n t  surl- 
mary a r e  f e m a l e s )  

2 . 0 7 8  (AIS) 

2 . 1 2 4  (AIS) 

30.52 y e a r s  

3 4 . 1 4 4  y a a r s  (35.7 y e a r s  
a p p r o x i m a t e d  f r o m  
n a t i o n a l  a c c i d e n t  
summary) 

6 6 .  C 4 1  i n c h e s  

68 .334  i n c h e s  

33 . / %  (37.0% r u r a l  i n  t h e  
n a t i o n a l  a c c i d e n t  
summary) 

46.2% (35% o f  p a s s e n g e r  c a r s  
i n  n a t i o n a l  a c c i d e n t  
summary a r e  a t  n i g h t ,  
dawn, o r  d u s k )  

*Vs. O.S9 f o r  s l l  o c c u p a n t s  i n  t h e  'IVnshtena\v County s u b s e t  
( i  . e .  . 311 ton  a~:ny s i ~ l v o l v i n g  11cw c a r s  ~ h e t h e r  t h e r e  was 
a n  i n j u r y  o r  c o t ) .  



s i g n i f i c a n c e ,  b u t  there  is  l i t t l e  p r a c t i c a l  difference between the 

items noted except f o r  the percent of nighttime acc idents  and s e v e r i t y .  

I N J U R Y  CAUSATION : 

Injury r e p o r t s  f o r  the MDAI cases a re  usual ly  provided by 

physicians,  and the repor t ing  codes a re  those of the abbreviated 

i n j u r y  s c a l e  (AIS) developed by an American Medical Association 

committee. The AIS i s  an ordered s c a l e  ranging from a  value of 0  

(no i n j u r y )  t o  9 (dead w i t h  t h ree  or more f a t a l  i n j u r i e s ) ,  

Numerical ana lys i s  w i t h  such a  sca le  has some obvious de f i c i enc ies .  

Although the  s c a l e  is ordered, i t  i s  not obvious t h a t  the  d i f ference  

between 1 (minor) and 2 (moderate) is equivalent t o  the  d i f ference  

between 4 ( se r ious )  and 5 ( c r i t i c a l ! .  The d i f ference  between 8 (two 

f a t a l  i n j u r i e s )  and 9 ( th ree  o r  more f a t a l  i n j u r i e s )  is  even more 

confusing. N e v e r t k l e s s ,  the average value of occupant i n j u r y  ca l -  

culated over some subset of  the data  ( e .g . ,  team) is i n t u i t i v e l y  

usefu l .  A more comprehensive comparison between two groups m i g h t  

be made by inspect ing the f u l l  d i s t r i b u t i o n  of i n j u r y  l e v e l s ,  and 

indeed there  w i l l  be cases i n  which t h i s  i s  prefer red .  

Figure 11 shows the d i s t r i b u t i o n  of i n j u r i e s  u s i n g  the  AIS 

sca le  f o r  occupants i n  t h i s  s e t  of data  who are  u s i n g  r e s t r a i n t  

systems as  opposed t o  those who are  not .  The mean value of i n j u r y  

(ca lcula ted  on the same s c a l e )  i s  a l s o  shown, once f o r  oiily i n j u r y  

cases and once f o r  a l l  cases .  The d i f ference  i n  the average AIS 

value  is  0.310 ( f o r  a l l  c a s e s ) ,  and by inspect ion i t  can be seen 

t h a t  the  s h i f t  i n  the d i s t r i b u t i o n  was not i n  any s ing le  c e l l .  

T h i s  data  has not been adjusted fo r  any d i f ferences  i n  accident 
seve r i ty  experienced by the  bel ted and unbelted g r o u p s ,  and is intended 
here pr imari ly  a s  an example of the r e l a t ionsh ip  between the f u l l  

APS d i s t r i b u t i o n  and the mean value of t h i s  o rd ina l  var iable .  A 

comparison including such an adjustment is given i n  Chapter V .  
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The u t i l i t y  of the  i n ju ry  s c a l e  would be g r e a t l y  expanded 

i f  one could a s s ign  some d o l l a r  bene f i t  t o  an observed change. 

For example, i f  a  change i n  a  d i f f e r e n t  AIS s c a i e  of 0 .3  were worth 

$200 one might c a l c u l a t e  a  cos t / bene f i t  r a t i o  t o  be a s soc i a t ed  w i t h  

a  countermeasure of t h a t  e f f e c t i v e n e s s .  

One can imagine countermeasures which would change the  form 

of t he  i n j u r y  d i s t r i b u t i o n  b u t  would not change t h e  mean value .  

For example, some modi f ica t ion  t o  t he  veh ic le  might save l i v e s  a t  

t he  expense of inc reas ing  some minor i n j u r i e s  t o  the  moderate l eve l .  

And i n  t h i s  case ,  t he  mean value would not con t r i bu t e  much t o  t h e  wnder- 

s tanding of t h e  pheonomenon. If t he  s c a l e  were l i n e a r  w i t h  value 

and the  mean d id  not change, one could conclude t h a t  t h e  change 

produced no b e n e f i t .  

The AIS s c a l e  was ev iden t ly  conceived without ex tens ive  th ink ing  

about i t s  use as  an a n a l y t i c a l  v a r i a b l e .  Rather i t  was a  convenient 

form of not ing something about t he  s e v e r i t y  of i n ju ry  i n  an ordered 

form, I t s  use a s  an a n a l y t i c a l  v a r i a b l e  i s  viewed t e n t a t i v e l y  a s  

a  convenient way of comparing subse t s  of the  d a t a  w i t h  the  app l i ca t i on  

of the  p o s s i b i l i t y  of m i s i n t e r p r e t a t i o n ,  and the  opt ion of f u r t h e r  

comparisons t r e a t i n g  i t  a s  a  c a t e g o r i c a l  v a r i a b l e .  

If t he  i n j u r y  d i s t r i b u t i o n  i s  w e l l  behaved w i t h  r espec t  t o  

countermeasures, i . e . ,  i f  the  countermeasures produce a  s h i f t  i n  

t he  same d i r e c t i o n  throughout t h e  AIS s c a l e ,  one m u s t  s t i l l  be 

concerned w i t h  t he  weighting of t he  s c a l e .  T h i s  mat ter  i s  discussed 

more completely i n  Appendix E ,  arid a  t e s t  of t he  da t a  has been 

conducted by transforming the  s c a l e  i n  s e v e r a l  ways (making i t  

logar i thmic ,  exponent ia l ,  e t c . )  and s tudying the  e f f e c t  of such 
change on observed d i f f e r ences  ac ros s  a  number of independent v a r i a b l e s .  - 

While t he  s t a t i s t i c a l  f irmness of conclusions v a r i e s  somewhat w i t h  

t he  d i f f e r e n t  s c a l e s ,  t h e r e  were no changes of d i r e c t i o n  i n d u c e d  by 

t h i s  method. 



For individual  p a r t s  of the human body, i n j u r i e s  a re  coded 

w i t h  the same s c a l e ;  b u t  the sca le  is l imi ted  t o  values 0 t o  6 .  

Overall i n j u r y  t o  each occupant is coded as  the  maximum value t o  

any of the p a r t s  of the body except i n  the case of f a t a l i t i e s  where 

the  scheme mentioned above is employed. 

INJURIES TO OCCUPANTS OF LARGE AND SMALL CARS 

Viewing the e n t i r e  f i l e  of data  i n  the l i g h t  of i t s  or igin--  

i . e , ,  a  broad mixture of case s e l e c t i o n  r u l e s  varying over time 

and place--one m u s t  judge t h a t  the reported i n j u r i e s  a re  representa t ive  

of a  s e t  of severe c o l l i s i o ~ l s  (more severe than e i t h e r  a  "towaway 

sample" or even "a sample of a l l  i n j u r y  acc idents1 ' ) .  Injury infor -  

mation i s  reported i n  some d e t a i l  w i t h  respect  t o  the  loca t ion  of 

the i n j u r y  on the body, the l i k e l y  contact poin ts  w i t h i n  the  vehic le ,  

the type of i n j u r y  ( f r a c t u r e ,  contusion, e t c . ) ,  and the sever i ty  of 

the  i n j u r y  ( u s i n g  the Abbreviated Injury Scale) which provides s i x  

l e v e l s  ranging from minor t o  f a t a l .  

I n t u i t i v e l y  one m i g h t  expect t o  see some va r i a t ion  i n  the  

seve r i ty  of i n j u r y  i n  a  random se lec t ion  of cases between occupants 

of small and l a rge  c a r s ;  pol ice  l e v e l  data  have indica ted  t h a t ,  given 

a  c o l l i s i o n ,  i t  is more l i k e l y  tha t  there  w i l l  be an in jured  occu- 

pant i n  a  small car  than i n  a  la rge  one, and f u r t h e r  t h a t ,  on the  

average, more persons w i l l  be in jured  per c o l l i s i o n  i n  the small  c a r .  

Yet i f  the sampling method used t o  p u t  data  i n t o  t h i s  f i l e  i s  t o  

f i n d  those cases  involving the more severe i n j u r i e s  i t  is poss ib le  

tha t  t h i s  b i a s  w i l l  minimize any r e a l  d i f ferences  between ca r s  of 

d i f f e r e n t  s i z e s .  W i t h  t h i s  i n  mind ,  da ta  on i n j u r i e s  i n  small and 

la rge  ca r s  a re  presented w i t h  the  understanding t h a t  they a re  

desc r ip t ive  s t a t i s t i c s  from the present f i l e .  The reader is cautioned 

t o  consider the reported i n j u r y  va r i a t ions  a s  desc r ip t ive  s t a t i s t i c s  

which deserve f u r t a e r  confirmation before ac t ion  is  taken. 



I t  i s  noted tha t  there  is some confusion i r ,  the  repor t ing  of 

i n j u r y  contact po in t s .  When the re  a r e  severa l  !-njuries t o  a  given 

pa r t  of the  body, and severa l  contact poin ts ,  t b s  method of da ta  

repor t ing  does not permit one t o  d i f f e r e n t i a t e  Detween these .  For 

example, i f  the head has a  reported l ace ra t ion  and a  contusion, and 

contact w i t h  the  windshield and w i t h  the g e a r s h i f t  l eve r ,  i t  i s  not 

poss ib le  t o  determine which i n j u r y  was occasioned by which contac t .  

Further ,  i nves t iga to r s  o f t en  repor t  seve ra l  l i k e l y  contact po in t s ,  

and they a re  not able t o  report  ( i n  the present form) t h e i r  judge- * 
ment a s  t o  whether these a re  c e r t a i n ,  probable, or  poss ib le ,  In 

s p i t e  of these de f i c i enc ies  i n  both the sampling and the report ing 

methodology, the general  d i s t r i b u t i o n  of i n j u r i e s  provides some 

i n s i g h t  i n t o  what happens t o  the occupants of vehic les  involved i n  

r e l a t i v e l y  se r ious  acc idents .  The t radeoff  t o  be considered is 

t h a t  a  complete census of pol ice  i n j u r y  r epor t s  iden t i fy ing  i n j u r i e s  

as  "A",  "B", o r  "C" t e l l s  u s  very l i t t l e  about what p a r t s  of the  

body a re  in jured  and how. The present MDAI da ta ,  w i t h  i t s  unfortunate 

b iases ,  does provide s u f f i c i e n t  d e t a i l  t o  see what kinds of i n j u r i e s  

occur i n  t h i s  s e t  of r e a l  acc idents .  

I n j u r y  seve r i ty  has been used a s  a  numeric dependent var iable  

i n  these t a b l e s .  The m i n i ~ u u m  value i s  1, represent ing a  minor 

i n j u r y ) ,  and the  maximum value i s  6 ,  represent ing a  f a t a l  in jury  

t o  t h a t  p a r t  of the body. Table 4 displays  the number of i n j u r i e s  

by pa r t  of the body and the mean value of the i n j u r y  l c v e l  fo r  each 

noted contact point w i t h i n  the  car  (or e x t e r i o r  t o  the car  i n  a  few 

c a s e s ) .  Heavy ca r s  have been defined a s  those w i t h  a curb weight 

of more than 3100 pounds; l i g h t  ca r s  a r e  those weighing 3100 pounds 

or  l e s s .  The t a b l e  i s  presented without comment except t o  note t h a t  

the re  is  a  t o t a l  of approximately 1 2 , 0 0 0  i n j u r i e s  tabula ted ,  and 

the r e l a t i v e  frequency of combinations of s t ruck  components and 

p a r t s  of the body may be computed from t h i s .  

* 
T h i s  n a t t e r  is  more f u l l y  discussed i n  "Existing Accident 
Injury Causation Data Recording and Proposed Improvements" 
Marsh, J . C . ,  proceedings of 16th a ~ n u a l  AAAM conference, 
held a t  University of North Carolina October 18-21, 1972. 



T a l l u  4 A  

P a r t  of  Rody lnJurod  v r .  Con tac t  P o l n t  

F ron t  - 
0 5  - I n h t r ~ ~ r n n t  h n t . 1  
09 - Stcor i t ig  Assemlllb 
12 - h i n d h h l e l d  
02 - Glove iompar tmc~i l  
03 - Harduarc Item* 
04 - l l e a t e r  o r  4 C  lhrcts  
0 1  - AC o r  \ ' c ~ ~ t  C u t l e t s  
06 - Wirrora  
07 - Park ing  Urakc 
08 - Fad io  
1 0  - S u n v i s o r s  & F x t t i n g s  
1 1  - T r a n s .  S e l e c t o r  Lever 
53 - P a r c e l  Tray 

S i d e s  

2 0  - S u r f a c e  of S i d e  I n t e r i o r s  
1 9  - Hardware 
13 - Armres t s  
22 - F i n d w  G l a s s  
2 1  - N i n d w  Frames 
1 4  - A P i l l a r  
15  - B P i l l a r  
16 - C P i l l a r  
17 - D P i l l a r  
18  - Courteny L i g h t s  

I n t e r i o r  

a 9  - Ft'ont .seatbacks 
3 3  - R e s t r a i n t  System Ilard. 
34  - b s t r a i n t  System Neb. 
3 0  - Read R e s t r a i n t s  
3 2  - O t h e r  Occupants  
3 1  - I n t e r i o r  Loose Objec t  
50 - Rear S e a t  
5 1  - Fron t  Sea t  Cushion 
52 - I n t e r n a l  F l y i n g  G l a s s  

Roof - 
26  - Roof S i d e  R a i l s  
1 0  - s u n v i s o r s  a F l t t l i l g s  
2 5  - Roof o r  Conv. Top 
24 - Coat Hooks 
18  - Cour tesy  L 'gh t s  

Flrmr - 
1 1  - T r a n s .  S e l e c t o r  Lever  
40 - F l o o r  
28 - Foot C o n t r o l s  
27 - Console 

Rear - 
23 - B a c k l i g h t  ( r e a r  window) 
3 9  - B a c k l i g h t  Header  

E x t e r i o r  

3 5  - Hood 
3 6  - O b j e c t a  F k t e r i o r  t o  Cnr 
07 - C u t s i d e  S u r f a c c  o f  Car  
3 8  - Other  

9R - Impact F o r c e ,  " l h i p l a * h " ,  
Hyperextenaion/cr~mpres- 
s i o n  

I n t e r n a l  Organs Bra in  
N-133 N- 184 N- 187 H-322 

Face 
H-790 N-1271 

k l y h t  p r  Heavy Car 
V N 



Table  4 f l  

R r t  o f  Body I n j u r e d  v s .  Coritrct Poi-, 

Front .- 
05 . Inst t 'uaent  Pnnol 
09 - S t e e r i n g  Assemblv 
12 - Bl t~d . ih ic ld  
02 - Glove Coml~nrtmrtlt 
03 - Ilnrdvara ItcmS 
04 - Hoatcr o r  AC hcts 
01 - Ai'  o r  Vent ( X l t l e t ~  
06 - Mlrrora 
07 - Psrkitlg Brake 
08 - R a d ~ o  
10 - Sunvisors  and F i t t i n g s  
11 - Trans S e l e c t o r  Lever 
53 = Parce l  Tray 

S ides  - 
20 - Sur face  of S ide  I n t e r i o r  
19 - Hardware 
13 - Armrests 
22 - Windw Glass  
2 1  - Window Frames 
1 4  - A P i l l a r  
1 5  - B P i l l a r  
16 - C P i l l a r  
17 - D P i l l a r  
18 - cour tesy  L igh t s  

I n t e r i o r  

29 - Front Sea tbacks  
33 - H e s t r a i n t  System Hard. 
34 - R e s l r a i n t  System b b .  
30 - blend R e s t r a i n t s  
32 - Other Otcupants  
3 1  - I n t e r i o r  Loose Object  
SO - Rear Sea t  
51 .. Front Sea t  Curhlon 
52 - I ~ I ~ F I I I R I  Flying Olaae 

Roo 1 -. 
I 1  - Tronb. S e l e c t o r  l a v e r  
4 0  - Yloor 
98 - t ~ u l  Cont ro l s  
97 - c ' o ~ ~ r o l e  

Rear -- 
23 - Backlight  ( r e a r  window) 
39 - Backl igh t  Handor . 
E x t e r i o r  

3 5  - Hood 
36 - Objec t s  E x t e r i o r  t o  Car 
37 - Outslde Sur face  o f  Car 
38 - Other 
98 - impact Force ,  "Whiplash", 

Hyperextension/Compres- 
s i o n  

Rcrd Neck ( C e r v l r a l  Region) Shoulder  t l r d l o  Right Vppcr Llnb 
Nu532 R-794 h-210 S-372 ti-170 N-248 Y-Zn3 N-434 

Light  Car Heavy Car Light  Car Heavy Car L l ~ h t  Car llcrvy Car L i ~ h t  Car Heavy C Y I  
Y N I  N Y  N Y  W Y  N Y ' N V  n 9  N 





Tabla  411 

P n r t  of llody I l i jurud v R .  C o l ~ t a c t  Po in t  

Front  - 
0 5  - Instrument I'n11r.1 
0 9  - S t e o ~ i n ) :  , \~ . scml~ ly  
12 . Wlndqhield 
02 - Glove ( ompol t mcnt 
03 tlardware Item* 
04 - t l oa te r  o r  4 1 '  i t uc t s  
01 - AC o r  Vent O l l t l c t s  
06 - M i r r o r s  
07 - Park ing  Brake 
08 - Radio 
1 0  - S u n v i s o r s  and F i t t i n g s  
1 1  - T r a n s .  S e l e c t o r  Leve r  
53 - P a r c e l  Tray 

S i d e s  - 
2 0  - S u r f a c e  o f  S ide  I n t e r l o r  
19 - Hardware 
13 - Armres t s  
2 2  - Windev C l a s s  
2 1  - Window frames 
14 - A P i l l a r  
1 5  - 8  P i l l a r  
16 - C P i l l a r  
17 = D P i l l a r  
18  - Cour tesy  L i g h t s  

I n t e r i o r  -- 
1 9  - Front  Sea tbacks  
33 - R e s t r a i n t  System Hard. 
34 - R e s t r a i n t  System n e b .  
3 0  - ~ e a d  R e a t r a i n t o  
31 - o t h e r  Occupants  
3 1  - I n t e r i o r  t o u s e  Objec t  
50 - Rear $eat 
31 - r r o n t  s e a t  Cushion 
52 - I n t e r n a l  Fly lllg Gls sa  

Roof - 
a6 - ~ooi S i d e  ~ a i i s  
10 - S u i ~ v i s o r a  & F l t t i ~ i g s  
25  - Roof o r  Conv. Top 
24 - Coat Hooks 
18  - Courtesy L i g h t s  

F l o o r  - 
11 - Trans .  S e l e c t o r  Lever 
40 - F l o o r  
28 - Foot Co l i t ro l s  
27 - Console 

Rear - 
23 - Back l igh t  (Rear  b i n d w )  
3 9  - B a c k l i g h t  Header 

E x t e r i o r  

3 5  - Hood 
36 - O b j e c t s  E x t e r i o r  t o  Car 
37 - O u t s l d e  S u r f a c e  o f  Car 
38 - Other  
98 - Impact l o r c e ,  "Whiplash",  

Hyperextensiun/Comprrs-  
s i o n  

P o l v l c  C l r d l c  Right Lowor I.iml~ L e f t  hrvvt  Limlr wh111c Lkdy 
N . 143 N ' 235 N - 5 7 2  X - H4H Y - 564 N - XZtr Y - 46 N . 0 4  

~ l g h t  Cnr ~IC'PVY Car 1.luht Car  Ibnvy t a r  L l ~ h t  Car 1Iw11vy ( I I  1 . 1 ~ t 1 t  I I C ~ V ,  

Y N N T  N Y  N Y  N N y  h P  ti 



Occupants of the  heavy cars  i n  the f i l e  sustained 7397 

recorded i n j u r i e s ;  occy an t s  of l i g h t  cars  sustained 4601. Table 

5 displays the percentage of these i n j u r i e s  ( a t  a l l  poin ts  of the  

body) a t t r i b u t a b l e  t o  each of the major cont r ibutors ,  along w i t h  

the average i n j u r y  l eve l  computed u s i n g  the Abbreviated Injury 

Scale. 



Table  5  

Average i n j u r y  l e v e l  from cof i tac t  w i t h  v a r i o u s  p a r t s  
of t h e  v e h i c l e ,  and p e r c e n t  of  c o n t a c t s  w i b i t h a t  p a r t .  

L igh t  c a r s  (3100#, heavy c a r s  >3100#. 

Heavy 73 97 
In ju r ies  

L igh t  
Cars 

4601 
I n j u r i e s  Cars  

FRONT 
Ins t rument  p a n e l  25 .0  
S t e e r i n g  assembly 17 .7  
Windshield 8 . 6  
Glove compartment 1 . 9  
Hardware i t e m s  1.3 
M i r r o r s  1 . 8  
Sunv i so r s  and f i t t i n g s  2 . 5  
Trans ,  s e l e c t o r  l e v e r  0 . 5  

SIDES 
S u r f .  of s i d e  i n t e r .  9 . 5  2 .02  9 . 6  2.07 
Window g l a s s  2 .8  1.76 3 . 5  1.47 
Window f rames  0.6 1 .48  1 . 4  1.42 
A - p i l l a r  2 . 8  2 .57  2 . 1  1 .73  

INTERIOR 
Fron t  s e a t b a c k s  1 . 0  1 . 6 1  
Res t .  System webbing 1 . 2  2 .34  
Other  occupan t s  0 . 9  1 . 7 4  

ROOF 
Roof s i d e  r a i l s  
Roof ( o r  conv. t o p )  

FLOOR 
F l o o r  
Foot c o n t r o l s  

EXTERIOR & MISCELLANEOUS 
O b j e c t s  e x t e r i o r  t o  

c a r  
Ou t s ide  s u r f a c e  of  c a r  
Impact f o r c e  

OTHER 

AVERAGE INJURY LEVEL 1.784 1.740 

1 .40  occupants/veh 1 .36  occupants/veh 
1589 v e h i c l e s  1095 v e h i c l e s  
2217 occupants  1484 occupants  
1706 occupants  w i t h  i n j .  987 occupants  w i t h  i n j .  
1 .07  i n j .  persons/veh.  . 9  i n j  . persons/veh.  



ACCIDENT CAUSATION : 

The MDAI cases  genera l ly  con ta in  much d e t a i l  about the  accident  

circumstances,  and include an opinion of t he  i n v e s t i g a t o r  about 

causes o r  con t r i bu t ing  f a c t o r s .  While t he se  causes  a r e  noted i n  

t he  d i scuss ion  they have not been sys t ema t i ca l l y  coded i n t o  the  

d i g i t a l  f i l e ,  p r i n c i p a l l y  because of a l ack  of consis tency i n  

r epo r t i ng .  A c e r t a i n  amount of f a c t u a l  information which may be 

r e l a t e d  t o  t he  causa t ion  problem is  encoded, p a r t l y  i n  the  o r i g i n a l  

CPIR form and p a r t l y  i n  supplementary coding from the  t ex t  of t h e  

r e p o r t s .  

The CPIR f i l e  inc ludes  r epo r t i ng  of veh i c l e  .malfuncti.ons, 

weather cond i t i ons ,  v i s i b i l i t y  o b s t r u c t i o n s ,  and d r i v e r  impairment 

f o r  example. The supplementary codes r epo r t  such i tems a s  t r i p  

o r i g i n  (home, work, b a r ,  e t c . ) ,  m a r i t a l  s t a t u s ,  type of d r i v e r  

educa t ion ,  occupation c l a s s ,  and hazardous road condi t ions .  

To a r r i v e  a t  any conclus ions  regarding accident  causa t ion  from 

an acc iden t  d a t a  f i l e  i t  i s  necessary t o  have some idea  of t h e  

exposure information a s soc i a t ed  w i t h  the  same group of d r i v e r s .  

For example, i f  15% of the  d r i v e r s  i n  t h i s  s e t  of acc iden t  d a t a  

were d r ink ing ,  and i f  only 5% of the  d r i v e r s  i n  an exposure s e t  

sampled from the  same populat ion were d r ink ing ,  we might conclude 

t h a t  d r inke r s  were overrepresented i n  the acc iden t  popula t ion .  

W i t h  t he  lack of p r e c i s e  d e f i n i t i o n  of t h e  sampling involved i n  

c r e a t i n g  t h i s  s e t  of da t a  i t  does not seem app rop r i a t e  t o  t r y  t o  

cons t ruc t  an exposure da t a  s e t .  I t  i s  pos s ib l e  t o  look a t  t h e  

d i s t r i b u t i o n s  of those  f a c t o r s  which may be considered "causat ive"  

w i t h i n  t h i s  d a t a  s e t ,  simply t o  cha rac t e r i ze  i t ;  b u t  one should be 

wary of concluding t h a t ,  f o r  example, males a r e  more acc iden t  prone 

than females. 

There a r e  some acc iden t  causa t ion  f a c t o r s  noted which a r e  

i d e n t i f i e d  a s  d i rec ,  and s o l e  causes--a wheel f e l l  o f f  the  v e h i c l e ,  



or the  d r ive r  had a  f a t a l  hear t  a t t a c k .  These may be taken as  

anecdotal  information about accident causa t ioa ,  but ,  again,  because 

of the lack of an exposure da ta  s e t ,  should not be viewed a s  

representa t ive  of the frequency of such phenonena, 

W i t h  a l l  of these cautionary remarks, we now present some 

desc r ip t ive  s t a t i s t i c s  of the  MDAI f i l e  w i t h  regard t o  causat ive 

f a c t o r s .  

INDUCED EXPOSURE : 

A method which has been employed t o  account fo r  exposure i n  

the pas t  is t o  use information w i t h i n  the accident f i l e  i t s e l f .  T h i s  

has general ly  been ca l l ed  an "induced exposure" method, and has been 
1 2 3 discussed by Hall  , Thorpe , and Carr , In p r inc ipa l  one uses 

information w i t h i n  t he  accident data  s e t  i t s e l f  t o  determine cul-  

p a b i l i t y  of the  d r i v e r s ,  and then compares other  d r ive r  or vehicle  

c h a r a c t e r i s t i c s  a s  a  function of c u l p a b i l i t y .  In previous s t u d i e s  

cu lpab i l i ty  was determined by such devices a s  ident i fy ing  those 

d r i v e r s  who were given c i t a t i o n s  by the  po l i ce ,  and then comparing 

t h e i r  c h a r a c t e r i s t i c s  (such a s  age) against  those d r i v e r s  who were 

not c i t e d  i n  connection w i t h  t he  acc ident ,  

In e d i t i n g  of the MDAI repor t s  two separa te  e d i t o r s  a re  employed. 

The f i r s t  does the i n i t i a l  d e t a i l e d  e d i t i n g  of the  various forms, 

e s s e n t i a l l y  preparing the information i n  a  cons is ten t  form f o r  

" l ~ n  Empirical Analysis of Accident Data Using Induced Exposure", 
W. K. Hal l ,  Hit-Lab Reports, September 1970. 

2 f 1 ~ a l c u l a t i n g  Relative Involvement Rates i n  Accidents Without 
Determining Exposure", by J . D .  Thorpe, Austral ian Road Research, 
September 1964. 

3 1 t ~  S t a t i s t i c a l  Analysis of Rural Ontario T r a f f i c  Accidents 
Using Induced Exposure Data" by B . R .  Carr ,  Symposium of the 
Use of S t a t i s l i c a l  Methods i n  the Analysis of Road Accidents, 
Road Research Laboratory, April  1969, 



plac ing  i t  i n  t he  computer. The second e d i t o r ,  a  check e d i t o r  o r  

supe rv i so r ,  reviews the  e n t i r e  case and encodes a  supplementary 

code s h e e t ,  One of the  items on t h i s  supplementary shee t  is the  

assignment of r e s p o n s i b i l i t y  f o r  t he  acc iden t .  The e d i t o r  looks a t  

t h e  whole acc iden t  and a s s igns  ( t o  each veh i c l e  invo lved) ,  t h e  o rder  

of r e s p o n s i b i l i t y .  In  a  t h r e e  veh i c l e  acc iden t ,  f o r  example, one 

d r i v e r  w i l l  be noted a s  the  f i rs t  most r e spons ib l e ,  another  a s  t he  

second, and another  a s  the  t h i r d ,  The r u l e  by which t h i s  assignment 

i s  made is  t h a t  t he  l a s t  d r i v e r  who could have done something t o  

avoid t he  acc iden t  is  l i s t e d  f i r s t ,  e t c .  

On r a r e  occasions the  d r i v e r  i n  a s i n g l e  veh i c l e  acc iden t  may 

not be considered t he  f i r s t  most r e spons ib l e ,  f o r  example i n  a 

"phantom1' veh i c l e  acc iden t .  
An adap ta t i on  of t h e  induced exposure method has then been 

app l ied  t o  t h i s  s e t  of d a t a .  A new binary v a r i a b l e  was c r ea t ed  

w i t h  va lues  (1) when t h e  case veh i c l e  d r i v e r  was t h e  most respons ib le  

f o r  t h i s  acc iden t  and ( 2 )  when t h e  case veh i c l e  d r i v e r  was not t h e  

most respons ib le  f o r  t h i s  a cc iden t .  Looking then  a t  any subse t  of 

t he  f i l e ,  one can observe the  degree of c u l p a b i l i t y  a s soc i a t ed  w i t h  

t h a t  group of c a r s  o r  d r i v e r s .  

The Automatic I n t e r a c t i o n  Detect ion program ( A I D )  was used f o r  

t h i s  a n a l y s i s .  Cu lpab i l i t y  o r  r e s p o n s i b i l i t y  i s  the  dependent 

v a r i a b l e ,  and a  number of veh i c l e  and d r i v e r  f a c t o r s  were chosen a s  

independent v a r i a b l e s .  These included t r i p  o r i g i n ,  m a r i t a l  s t a t u s ,  

occupation category,  worst  i n j u r y  i n  v e h i c l e ,  d r i v e r  impairment, 

odometer reading,  type of d r i v e r  educa t ion ,  f a m i l i a r i t y  w i t h  r o u t e ,  

d r i v e r  age ,  weight and h e i g h t ,  and whether o r  not a  r e s t r a i n t  system 

was worn by t h e  d r i v e r .  
The AID diagram is presen ted  i n  Figure 12 , and shows t h a t  t he  

f i rs t  s p l i t  was between d r i v e r s  who were noted a s  impaired ( i n  some 

way) and those  who were no t ,  The impaired group s p l i t s  a second 

time on t h e  same v a r i a b l e .  Please  note t h a t  t he  e d i t o r ' s  assignment 





of r e spons ib i l i ty  is not expected t o  be based on h i s  knowledge of 

impairment, b u t  simply the assessment of the l a s t  vehicle  which 

could have avoided the  c o l l i s i o n .  

Tables 6 through 17 present the  one way re la t ionsh ips  

between proportion most responsible and the various accident 

"causation" va r i ab les .  These a re  presented a s  desc r ip t ions  of the 

accident cases r a the r  than a s  evidence of causation. F s t a t i s t i c s  

a re  shown f o r  each t a b l e  together  w i t h  the associated s igni f icance  

l e v e l .  I t  should be emphasized t h a t  the s igni f icance  l e v e l s  apply 

only on an individual  t a b l e  bas i s .  T h u s  f o r  example one can con- 

clude tha t  r e spons ib i l i ty  is s i g n i f i c a n t l y  d i f f e r e n t  a t  the 0,01 

l e v e l  f o r ,  Origin of Tr ip ,  or  f o r ,  Marital  S t a t e ,  taken indiv idual ly .  

However the j o i n t  s igni f icance  l e v e l  of both va r i ab les  is not 0,Ol.  

SUMMARY OF THE INDUCED EXPOSURE APPROACH 

The lack of sampling methodology i n  the f i l e  leads t o  cons t ra in t s  

i n  i n fe r r ing  from t h i s  k i n d  of causation analys is  t o  a  nat ional  

population. The method employed t o  s t u d y  causat ion,  i . e . ,  the  

method of induced exposure, was decided upon i n  re t rospect  a f t e r  

looking a t  the da ta .  I f  t he re  had been an i n i t i a l  plan t o  empmoy 

t h i s  method there m i g h t  have been a  more prec ise  s p e c i f i c a t i o n  of 

" respons ib i l i ty"  or "impairment" than present ly e x i s t s .  

I t  is  noted tha t  the r e l a t i v e l y  hard data  reported i n  the  MDAI 

cases is l i k e l y  t o  be correc t  and prec ise ly  reported.  The number 

of cy l inders  i n  the engine, the d r ive r  age, whether or  not the 

windshield was broken o r  the t i r e  de f l a t ed  m u s t  be viewed a s  general ly  

accurate  information. Ins t ruc t ions  f o r  report ing these harder f a c t s  

a re  more complete. Many of t h e s o f t e r  da ta  elements seem t o  have 

been added without c l e a r  def in i t ions- - for  example how do d i f f e r e n t  

r epor te r s  d i f f e r e n t i a t e  between an emotional s t a t e ,  lack of t r a i n i n g ,  

recklessness ,  and i r 3 t t e n t i o n ?  



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

c o l l e c t i o n  of i n v e s t i g a t i o n s  u s i n g  t h i s  i nduce ' l  exposu re  t e c h n i q u e .  

B u t  t h e  r e a d e r  must keep  i n  mind t h a t  t h e  c o n c l u s i o n s  drawn a r e  

w i t h  r e s p e c t  t o  wha teve r  p o p u l a t i o n  t h i s  s e t  of d a t a  is  a  sample o f ,  

and t h a t  t h a t  p o p u l a t i o n  is  s t i l l  (ahd p e r h a p s  f o r e v e r )  i m p r e c i s e l y  

known. 
T h e r e f o r e  c o n c l u s i o n s  based  upon these k i n d s  of  a n a l y s e s  a r e  

somewhat a n e c d o t a l  and a r e  b e s t  u sed  t o  deve lop  hypo theses  t h a t  

c an  be t e s t e d  by c o l l e c t i n g  d a t a  i n  a more r i g o r o u s  manner. 



Table  6 

D r i v e r  Educa t ion  Leve ls  v s .  Pe rcen t  Respons ib le  D r i v e r s  

DRIVER EDUCATION 

Commercial 

Unknown 

High School  

Yes, bu t  t ype  
unknown 

None 

Informal  

P r o f e s s i o n a l  

Other  

M i l i t a r y  

NUMBER 

40 

1607 

224 

% RESPONSIBLE DRIVERS 

68 

66 

65  

Not s i g n i f i c a n t  @ 10% l e v e l  



Tab le  7 

Lap Belt Worn v s .  P e r c e n t  Respons ib l e  D r i v e r s  

LAP BELT WORN NUMBER % RESPONSIdLE DRIVERS 

Yes 523 62 

Not a p p l i c a b l e  ( i  . e .  
no b e l t s  i n s t a l l e d  
o r  a v a i l a b l e )  69  

Unknown i f  worn 6  2 53 

F - r a t i o  ( n e g l e c t i n g  unknowns) = 1 . 8 7 1  Not s i g .  @ 10% l e v e l  

Tab le  8 

D r i v e r  Impairment v s .  P e r c e n t  Respons ib l e  D r i v e r s  

DRIVER IMPAIRMENT NUMBER 

Drugs ( n a r c o t i c )  4 

I l l n e s s  13  

Asleep  29 

Drunk (by  l o c a l  
l e g a l  s t a n d a r d s )  12 0  

R e c k l e s s n e s s  28 

Lack of  t r a i n i n g  18  

I n f i r m i t i e s  8  

Dr ink ing  3 5 1  

Emotional  s t a t e  36  

Other  7 

Medicat i o n  6 

P h y s i c a l l y  
handicapped  5 

Unknown i f  impa i r ed  113 

I n a t t e n t i o n  156 

F a t i g u e  2 1  

Not impa i r ed  1440 

% RESPONSIBLE DRIVERS 

100 

100 

97 

F-rat  i o  ( n e g l e c t i n g  unknown and not  impa i r ed )  = 2.172 S i g .  8 (1% 



T a b l e  9 

Sex v s .  Percent IEesponeible Drivers 

SEX NUMBER % RESPONSIBLE DRIVERS 

Female 673 66 

Male 1670 64  

P regnan t  female  8 3 8  

F - r a t i o  = 1 .45  Not.  s i g .  @ 10% l e v e l  

Tab le  10  

T r i p  Plan-Route Usage v s .  P e r c e n t  Respons ib l e  D r i v e r s  

TRIP PLAN-ROUTE USAGE NUMBER 

Annual ly  (1-3 t i m e s )  2 1  

Never b e f o r e  3 5  

Les s  t h a n  a n n u a l l y  16 

Unknown 1803 

Q u a r t e r l y  (1-2 t i m e s )  8 

Weekly (1-4 t i m e s )  201  

Monthly (1-3 t i m e s )  60 

Da i ly  2 1 1  

% RGSPONSIELE DRIVERS 

90 

83 

75  

66 

6 3 

6 1  

57 

53 

F - r a t i o  ( n e g l e c t i n g  unknown) = 3.740  S i g .  @ (1% l e v e l  



Tab le  11 

D r i v e r  Age v s .  P e r c e n t  Respons ib le  D r r v e r s  

DRIVER AGE 

12-16 y e a r s  

17 

64-98 

1 month t o  12 y r s .  

22-24 

20-21 

18-19 

55-63 

30-34 

25-29 

3 5-44 

45-54 

NUMBER 

64 

8 2 

109 

20 

337 

247 

226 

140 

205 

334 

315 

276 

% RESPONSIBLE DRIVERS 

84 

74 

72 

70 

68  

68  

66 

64  

62 

6 1  

59 

59 

T a b l e  12 

Speed a t  Impact v s .  P e r c e n t  Respons ib le  D r i v e r s  

SPEED AT IMPACT 

81-90 mph 

91-100 

71-80 

unknown 

51-60 

61-70 

41-50 

1-10 

31-40 

11-20 

21-30 

s topped  

NUMBER 

3 

1 

15  

234 

84 

49 

17 1 

457 

274 

549 

3 83 

13 5 

% RESPONSIBLE DRIVERS 

100 

100 

93 

82 

80 

80 

73 

68  

66 

63 

59 

11 

F - r a t i o  - 23 .8  ( n e g l e c t i n g  t h e  unknown ca tegoky)  s i g .  @ (1% 
66 



T a b l e  13 

High-Performance V e h i c l e  v s .  P e r c e n t  R e s p o n s i b l e  Drivers 

HIGH-PERFORMANCE 
VEHICLE NUMBER % R.ESPONSIBLE DRIVERS 

Yes 234 7 1  

F - r a t i o  = 5.227 S i g  . @ 1% l e v e l  

T a b l e  14 

Body S t y l e  v s .  P e r c e n t  R e s p o n s i b l e  D r i v e r s  

BODY STYLE NUMBER 

C o n v e r t i b l e  80  

Othe r  ( b u s ,  j e e p )  10 

2-door  s e d a n  o r  coupe 662 

2-door  h a r d t o p  892 

Truck  ( s m a l l )  88 

4-door h a r d t o p  13 5 

s t a t  i o n  wagon 158 

4-door s e d a n  294 

Van 36 

% RESPONSIBLE DRIVERS 

74  

7 0  

67  

66 

64 

63 

59 

59 

43 

F - r a t i o  = 1 .966  S i g ,  @ 5% l e v e l  



T a b l e  1 5  

O r i g i n  o f  T r i p  v s .  P e r c e n t  R e s p o n s i ~ k  D r i v e r s  

O R I G I N  OF TRIP 

C o c k t a i l  lounge/  
bar /wet  p a r t y  

~ r i e n d s / r e l a t  i v e s  

Church 

R e c r e a t i o n  

Othe r  

Unknown 

Shopping 

Schoo l  

Home 

Work 

NUMBER % RESPONSIBLE DRIVERS 

F - r a t  i o  ( n e g l e c t i n g  unknown) = 5 . 5 3  S i g .  @ < 1% 

T a b l e  16 

M a r i t a l  S t a t e  v s .  P e r c e n t  R e s p o n s i b l e  D r i v e r s  

MARITAL STATE 

Common law 

S e p a r a t e d  

Widowed 

Divorced  

S i n g l e  

Unknown 

Mar r i ed  

NUMBER 

3 

29 

23 

47 

340 

13 56 

5 57 

% RESPONSIBLE DRIVERS 

100 

8 3 

8 3 

74 

7 1  

65 

57 

F - r a t i o  ( n e g l e c t i n g  unknown) = 6.88 S i g .  @ (1% 



T a b l e  17 

O c c u p a t i o n  v s .  P e r c e n t  R e s p o n s i b l e  D r i v e r s  

OCCUPATION 

M i l i t a r y  

R e t i r e d  

Farm Workers  

Unemployed 

S t u d e n t  

B lue  c o l l a r  

Unknown 

White  c o l l a r  

Housewife  

S e r v i c e  w o r k e r s  

NUMBER 

1 9  

2 5 

3 

20 

9 7 

13 6 

17  1 0  

23 4 

48 

62 

% RESPONSIBLE DRIVERS 

79 

76 

75 

70 

68 

66 

66 

56 

5 4 

53 

F - r a t i o  ( n e g l e c t i n g  unknown) = 1.88 S i g .  @ (10% 



FREQUENCY DISTRIBUTIONS OF CRASH CAUSATION VARIABLES 

Tables 18 through 26 conta in  t he  f requanc j  d i s t r i b u t i o n s  of 

v a r i a b l e s  from the  CPIR f i l e  which might be loose ly  def ined a s  

crash causa t ion  v a r i a b l e s .  Such informat ion a s  type of d r i v e r  

impairment and type of veh i c l e  defec t  a r e  examples. T h i s  information 

is gene ra l l y  r epo r t ed  by t h e  i n v e s t i g a t o r  i n  a  r e l a t i v e l y  uns t ruc tured  

way, and has gene ra l l y  been encoded i n t o  the  f i l e  from comments i n  

t h e  t e x t  of t h e  accident  r e p o r t .  They can be used t o  i d e n t i f y  a  

given s e t  of c rashes  f o r  f u r t h e r  study--for example i f  one were 

i n t e r e s t e d  i n  s tudying those  c rashes  i n  which d r i v e r  a lcohol  impair- 

ment was i n d i c a t e d ,  he could s e l e c t  those  by l e t t i n g  t he  computer 

i d e n t i f y  a l l  cases  a t  t h a t  l e v e l  of t h e  "impairmentu v a r i a b l e .  

Due t o  t he  non-random na ture  of t h e  f i l e  i t  is not pos s ib l e  

t o  i n f e r  t h a t  t he  amount of a l coho l  involvement i n  c rashes  i n  t h i s  

d a t a  is r e p r e s e n t a t i v e  of any o t h e r  de f inab l e  popula t ion.  One might 

ge t  some i n s i g h t  i n t o  t he  acc iden t  process  by comparing, say the  

ex t en t  of b e l t  wearing among dr ink ing  and non-drinking d r i v e r s .  

T h i s  same d a t a  recorded f o r  a  proper sample (and c o n s i s t e n t l y  

r epo r t ed )  might l ead  t o  some understanding of t h e  r e l a t i v e  frequency 

of va r ious  causa t i ve  f a c t o r s .  

B u t  f o r  t he  p resen t  we tabu la t e  here some f u r t h e r  d e s c r i p t i v e  

s t a t i s t i c s  of t h i s  f i l e  which a r e  intended only t o  g ive  the reader  

some knowledge of t h e  s e v e r a l  k inds  of accident  c a u s a t i o ~ l  i n fo r -  

mation i n  t h e  f i l e .  

I t  shou1.d bc nd ed t h a t  t h e r e  a r e  a  number of unreported o r  

unknown responses f o r  a l l  of t he se  "causation" v a r i a b l e s .  T h i s  

adds another  p o s s i b i l i t y  f o r  b i a s  which must be kept  i n  mind. 



Table 18 

Crash Causation Analysis 
Frequency Di s t r i bu t ion  of Case Vehicle* D r i v e r ' s  Ab i l i t y  t o  

Drive Impaired f o r  Crash Involved Vehicles i n  CPIR F i l e  

Category 

Unknown 
None 
Drinking Involved 
Drunk by Legal S tds .  
Asleep 
Fat igue 
Recklessness 
I n a t t e n t i o n  
Lack of Training 
Emotional S t a t e  
Medication 
Drugs (Narcot ic)  
I l l n e s s  
I n f i r m i t i e s  
Phys ica l ly  Handicap 
Other 

Percentage of 
Frequency Percentage Reported Responses 

* T h i s  i s  a mul t ip le  response v a r i a b l e ,  s o  t h a t  
a p a r t i c u l a r  d r i v e r  could be i d e n t i f i e d  w i t h  up 
t o  four  of t h e  categor ies--e  .g., unt ra ined ,  
emotionally upse t ,  drunk, and r e c k l e s s  a t  t h e  
same time. The counts and percentages  a r e  based 
on t h e  sum of a l l  r e p o r t s .  



Table 19 

Category 

Crash Causation Analysis  
Frequency D i s t r i b u t i o n  of Driver  S t r e s s  That Day 

For Crash Involved Vehicles i n  CPIR F i l e  

Unknown 
Argument w i t h  Re la t ions  

o r  Fr iends  
Argument w i t h  Boss o r  

Co-worker 
Loss of Fr iend o r  

Re l a t i ve  
F inanc i a l  D i f f i c u l t y  
School Problems/Work 

Problems 
Legal/Police Problems 
Soc i a l  Agency/Counselor 

Problems 
Other 
None 

Percentage of 
Frequency Percent  age Reported Responses 



Table 20 

Crash Causation Analysis 
Frequency Di s t r i bu t ion  of Permanent Physiological  

Condition f o r  Crash Involved Vehicles i n  CPIR F i l e s  

Percent  age of 
Category 

Unknown 
I n f i r m i t i e s  (Arthrit is ,  

S e n i l i t y ,  e t c , )  
Diabetes 
Brain (Epilepsy,  St roke)  
Cardio-Vas cu l a r  (Heart 

f a i l u r e ,  Angina, 
In fec t  ion)  

~ i s i o n / H e a r i n g  Res t r ic -  
t e d  

Respiratory Condition 
Parap leg ic ,  Amputee 
Other 
None 

Frequency Percentage Reported Responses 



Table 21  

Crash Causation Analysis  
Frequency D i s t r i b u t i o n  of Trans ien t  Phys io log i ca l  

Condition f o r  Crash Involved Vehicles i n  CPIR F i l e s  

Category 

Unknown 
None 
Blackouts 
Dozing 
Fa t igue  
Drunk 
Drinking Involved 
Drug o r  Medication 
F lu ,  Head co ld ,  e t c ,  
Pregnancy 
Hangover 
Not Wearing Cor rec t ive  

Lenses 
Other 

Freauencv Percentage 
Percentage of 
Reported Responses 



Table 22 

Crash Causation Analysis 
Frequency Di s t r i bu t ion  of Non-Impact Medical Condition 

For Crash Involved Vehicles i n  CPIR F i l e s  

Category 
Percentage of 

Frequencx Percentage Reported Responses 

None 2697 95.6 
Yes - time and 

type unknown 2 0 . 1  
Pre-crash f a t  a1  2 0 . 1  
( C l i n i c a l  Death a t  

Wheel) 
Pre-Crash Non-Fatal 
( P r i o r  i n j u r y ,  s t r o k e )  
Post-Crash F a t a l  

(Drowning) 
Post Crash Non-Fatal 
Unknown 



Table 23 

Crash Causation Analysis  
Frequency Di s t r i bu t ion  of Pharmaco1ogica:- Agents 
Noted f o r  Crash Involved Vehicles i n  CPIR F i l e s  

Category Frequency 

Unknown 788 
Yes, Unknown o r  

Other 30 
None Noted 1592 
St imulants ,  Persc r ip -  

t ive /Narco t ics  
(Amphetamines, Cocaine, 
Bennies) 0 

St imulants ,  over-the- 
counter  (Caf f ine , 'no-  
doz ' ) 0 

Depressants,  P re sc r ip t i ve /  
Narcotics (Barb i tua tes ,  
Q p i a t e s ,  T ranqu i l i ze r s )  14 

Depressants,  Over-the 
Counter (Alcohol, 
s l eep ing  compounds) 388 

Antihistamines 2 
Hallucinogens (LSD, DMT, 

Mescaline, Ps i locybin)  1 
Marijuana 7 

Percent age 
Percentage of 
Reported Responses 



Table 24 

Crash Causation Analysis  
Frequency Di s t r i bu t ion  of t h e  Primary Factor Responsible f o r  

Accident Noted f o r  Crash Involved Vehicles i n  CPIR F i l e s  

Percentage of 
Category Frequency Percentage Reported Responses 

Driver Ommission o r  
Unaware Er ror  119 1 42.2 

Driver Commission o r  
Aware Er ror  7 97 28.2 

Vehicle Defect 59 2 . 1  
Road Defect 32 1.1 
Ambience 193 6 .8  
Unknown 550 19.5 



Table 25 

Crash Causat ion  Ana lys i s  
Frequency D i s t r i b u t i o n  of t h e  Primary E r r o r  of 

Most Responsible Vehicle Noted f o r  Crash Involved 
Vehic les  i n  CPIR F i l e s  

Category Frequency 

No E r r o r  7 1  
Underest imation 108 
F a l l i n g  Asleep,  Blackout ,  

Deatk-at-Wheel 82 
Diver ted  A t t e n t i o n  165 
Inexper ienced Driving 

o r  E r r a t i c  Dr iv ing 12 1 
Drunk Dr iv ing ,  Drinking 

Involved,  o r  Na rco t i c s  
o r  Medication 362 

Right-of -Way 386 
Turning E r r o r  93 
Speeding 328 
Overtaking 5 3 
Following t oo  Close ly  9 1  
S igns ,  S i g n a l s  Disobeyed 250 
Wrong Way i n t o  Oncoming 

T r a f f i c  72 
Lack of L i g h t s  7 
Lack of Brakes 3 1 
Other 49 
Avoidance Maneuver 50 
Unknown 5 03 

Percentage  
Percen tage  of 
Reported Responses 



Table 26 

Crash Causation Analysis 
Frequency Dis t r ibu t ioo  of Hazardous Road Conditions f o r  

Most Responsible Vehicle Noted f o r  Crash Involved Vehicles i n  CPIR F i l e s  
0 

Category 

None 
Surface Under Water 
Surface Slippery ( o i l ,  

i c e ,  water,  e t c . )  
Shoulders Slippery 
Weather Obstructions 

(snow, f o g ,  e t c . )  
L i g h t  ( s u n ,  Headlight, 

e t c . )  
Obstacle i n  Road 
Road Construction, 

Repair or  Disrepair  
Other 
Unknown 

Percentage of 
Frequency Percent age Reported Response 



CHAPTER V 

REGRESSION MODEL APPROACH 

The importance of comparing i n j u r y  reduction countermeasures 

over s imi la r  crashes has been indica ted .  For the previous evalu- 
a t i o n  of energy absorbing s t e e r i n g  columns, crash subse ts  were 

defined by V D I  groupings. T h i s  provided d i s c r e t e  subse ts  of crashes 

c l a s s i f i e d  by a  s ing le  variable--V,D.I, However crash sever i ty  
tends t o  occur over a  continuous range which can be defined by com- 

binat ions of seve ra l  c l a s s i f i c a t i o n  var iables .  T h u s  separat ing 
crashes i n t o  d i s c r e t e  subse ts  requi res  the crea t ion  of a r b i t r a r y  

d iv is ion  po in t s .  

An a l t e r n a t i v e  t o  d i s c r e t e  subse t t ing  is  a  mult iple  regression 

model which uses a  number of d i s c r e t e  and continuous crash c la s -  

s i f i c a t i o n  va r i ab les  t o  predic t  a  measure of crash sever i ty .  Such 

a  model has been developed. Deta i l s  of the development a re  pre- 

sented i n  Appendix E .  , T h i s  model p red ic t s  an expected AIS 

value which can be used as  a  standard of seve r i ty  f o r  each crash.  

Deviations from t h i s  s tandard can be used t o  compare vehic lesafe ty  

f ea tu res .  

The i n w s t i g a t i o n  leading t o  the development of the  multiple 

regression i n j u r y  predic t ion  model provides a  method f o r  equating 

crashes t o  a  common bas i s .  From t h a t  work i t  was found t h a t  53% 

of the v a r i a t i o n  i n  i n j u r y  from crash t o  crash could be explained 

by u s i n g  the following var iables  a s  p r e d i c t o r s ;  vehicle  damage 

extent  code, crash impact ve loc i ty  squared, indica t ion  of windshield 

bond separa t ion  and indica t ion  of whether or not the occupant was 

e j ec ted .  A common adjustment between multiple and s i n g l e  vehicle  

crashes was a l s o  included i n  the model. However tha t  improvement 

was marginal. Explanation of 53% of the v a r i a b i l i t y  occurred when 

the  model was f i t t e d  t o  Washtenaw County crash inves t iga t ions ,  w h i c h  

include i n j u r y  and non-injury crashes on a  bas is  more closely 

approximating t h e i r  occurrence i n  the t o t a l  s e t  of crashes.  The 



same model provides  s i m i l a r  p r e d i c t i o n s  when appl ied  t o  a l l  in-depth 

crash i n v e s t i g a t i o n s .  However t he  percentage of exp la ined  va r i a -  

b i l i t y  is  lower f o r  t he  e n t i r e  s e t  of crash i n v e s t i g a t i o n s  due t o  

t he  f a c t  t h a t  more "unusual" c rashes  have been s e l e c t e d  i n  t h e  

e n t i r e  s e t .  

T h i s  p r e d i c t i o n  model provides  a  b a s i s  f o r  equat ing c rashes  

t o  a  s i m i l a r  s tandard  because i t  exp la in s  a l a r g e  po r t i on  of t he  

v a r i a b i l i t y  using a  few p r e d i c t o r s  t h a t  a r e  f a m i l i a r  t o  crash in -  

v e s t i g a t o r s  and which can be measured on a  reasonably comm.on b a s i s ,  

Bas i ca l l y  t he  model provides  an e s t ima te  of expected i n j u r y  r e s u l t i n g  

from crash dynamics. Therefore an expected base l i ne  i n j u r y  l e v e l  

is e s t a b l i s h e d  f o r  c rashes  over a  wide range of crash types  and 

i n t e n s i t i e s .  I t  i s  then pos s ib l e  t o  compute t h e  d i f f e r e n c e  o r  

r e s i d u a l  between p red i c t ed  and observed i n j u r y  (Residual  = Observed 

In jury  Minus p red i c t ed  I n j u r y )  and use t h a t  a s  a  "con t ro l led"  

measure of crash i n j u r y .  The r e s i d u a l  can then be used d i r e c t l y  

a s  a  s t a t i s t i c  f o r  analyzing t h e  e f f e c t i v e n e s s  of changes i n  

veh i c l e  o r  environment components.With r e spec t  t o  t h e  o r i g i n a l  

problem an a n a l y s i s  could be conducted by merely comparing t h e  

r e s i d u a l  i n ju ry  s t a t i s t i c s  f o r  veh i c l e s  w i t h  and without the  new 

component. Depending upon t h e  problem one might w i s h  t o  f u r t h e r  

d e t a i l  t he  a n a l y s i s  by consider ing only those  c rashes  i n  which t h e  

component being eva lua ted  could reasonably be expected t o  have an 

e f f e c t .  T h u s  an a n a l y s i s  of s i d e  door beams would probably be 

r e s t r i c t e d  t o  only s i d e  impact c rashes .  

Two bas i c  approaches can be used t o  ob t a in  t h e  r e s i d u a l s  

f o r  crash i n ju ry  a n a l y s i s .  F i r s t , o n e  might use a  s p e c i f i c  regres -  

s i o n  model t h a t  has been der ived  us ing a  r e p r e s e n t a t i v e  s e t  of 

crash d a t a ,  f o r  example t h e  r eg re s s ion  model f i t t e d  t o  a l l  c r a shes  

i n  the  f i l e .  Since t h i s  d a t a  r e p r e s e n t s  t he  range of c rashes  t h e r e  

is  a  good argument f o r  us ing i t  a s  a  g l o b a l  e s t ima te  of ex,pected 



i n j u r y .  A l t e r n a t i v e l y  one might use t h e  p r e d i c t o r  v a r i a b l e s  

and f i t  a  unique r eg re s s ion  model f o r  t he  ac t : i s l  s e t  of da t a  

being used t o  perform t h e  a n a l y s i s .  Residucl i n j u r y  s t a t i s t i c s  

could then be computed using t h a t  model and cne  a n a l y s i s  would 

proceed i n  t h e  same manner. A disadvantage of the  second procedule 

i s  t h a t  the  model would tend t o  reduce any unusual c h a r a c t e r i s t i c s  

of t he  p a r t i c u l a r  d a t a  s e t  being used. T h i s  might remove some of 

t he  t r u e  d i f f e r e n c e s  a t t r i b u t a b l e  t o  t h e  component being analyzed.  

From a  conceptual  viewpoint t he  former approach seems b e s t ,  How- 

eve r  t h e  evidence e s t a b l i s h i n g  i t s  s u p e r i o r i t y  i s  very l im i t ed  

and unc lear .  

Tables 27 and 28 and Figure  13 presen t  an a n a l y s i s  of t he  

e f f e c t  of r e s t r a i n t  systems - Tab le27cons ide r ing  a l l  occupants 

and Table 28cons ider ing  only persons i n  t he  f r o n t  s e a t .  Since 

upper t o r s o  r e s t r a i n t s  a r e  only i n s t a l l e d  i n  t h e  f r o n t  s e a t  Table 28 

provides  a  comparison which is not p a r t i a l l y  masked by t h e  non- 

a v a i l a b i l i t y  of upper t o r s o  r e s t r a i n t s .  In both occupant popula t ions  

those  persons not using any r e s t r a i n t  system have worse i n j u r i e s .  

Examination of t he  r e s i d u a l  i n j u r y  v a r i a b l e s  i n d i c a t e s  t h a t  persons 

wi thout  r e s t r a i n t s  a r e  i n ju red  worse than expected w h i l e  persons 

w i t h  r e s t r a i n t s  a r e  i n j u r e d  l e s s  than expected.  Fur ther  those  occu- 

pan ts  wearing both s e a t  b e l t s  and upper t o r s o  r e s t r a i n t s  have even 

lower r e s i d a u l  i n j u r i e s .  These d i f f e r e n c e s  lead t o  an F t e s t  which 

i n d i c a t e s  s t a t i s t i c a l  s i g n i f i c a n c e  a t  the,A< 0.01 l e v e l .  Examination 

of t h e  p red i c t ed  i n j u r y  from e i t h e r  model i n d i c a t e s  t h a t  t h e  acc i -  

dent s e v e r i t i e s  were d i f f e r e n t  f o r  t h e  r e s t r a i n e d  and un re s t r a ined  

occupants.  Those occupants who were not wearing any r e s t r a i n t  

device  have higher  expected i n j u r i e s ,  i . e . ,  t h e i r  c rashes  were on 

t h e  average more s eve re .  Pred ic ted  crash s e v e r i t y  does not depend 
upon whether o r  not t h e  upper t o r s o  r e s t r a i n t  was added t o  t h e  s e a t  

b e l t .  B u t  t h e  observed and r e s i d u a l  i n j u r i e s  a r e  lower when t h e  

upper t o r s o  r e s t r a i n t  i s  added. 



L e v e l s  

T a b l e  27 
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i t h  
Respec t  t o  a l l  V e h i c l e  Occupants  

1 N e i t h e r  
2 S e a t  B e l t  o n l y  
3 S e a t  & Upper 

Tor so  B e l t  
4 Not I n d i c a t e d  

Mean Sq. Wi th in  
Mean Sq. Between 

F - s t a t i s t  i c  
S i g n i f .  

Leve 1s 

O v e r a l l  P r e d i c t e d  AIS 
AIS from Complete 

N Model 

T a b l e  28  
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i t h  
Respec t  t o  F r o n t  S e a t  Occupants  

P r e d i c t e d  AIS 
O v e r a l l  from Complete 

N AIS Model 

1 N e i t h e r  1666 1 .42  
2 S e a t  B e l t  Only 447 1 . 0 8  
3 S e a t  & Upper 

T o r s o  B e l t  57 .89 
4 Not I n d i c a t e d  9 1 .33  

Mean Sq. Wi th in  
Mean Sq. Between 

F - s t a t i s t i c  
S i g n i f .  

R e s i d u a l  AIS 
from com- 
p l e t e  Model 

R e s i d u a l  AIS 
from com- 
p l e t e  Model 



- P r e d i c t e d  I n j u r y  
( M u l t i p l e  R e g r e s s i o n  Model) 

r. - - Observed  I n j u r y  

0 . 0  
No R e s t r a i n t  S e a t  B e l t s  S e a t  B e l t s  

System 011 1 y and 
S h o u l d e r  H a r n e s s e s  



The coi lc lus ions  of t h i s  a n a l y s i s  a r e :  

1. Occupants  of v e h i c l e s  who were not  wearing any 

r e s t i - a i . n t  device  were involved  i n  c r a s h e s  which had 

a s l i k l ~ t l y  h igher  expccted  i n j u r y  s eve r i ty ,  

2 .  Sea t  b e l t s  and upper t o r s o  r e s t ~ ~ i n t s  each c o n t r i b u t e  

an increment of occupant in ju ry  s e v e r i t y  r e d u c t i o n ,  even 

a f t e r  t h e  d i f f e rences  i n  crasll  s e T i e r i t y  h a v e  been c o n t r o l l e d .  

'I'eblcs 29 and 30sI:ow an a n a l y s i s  of cbserved  and r e s i d u a l  i n j u r y  - 
f o r  va r ious  c rash  c o n f i g u r a t i o n s .  The ot. j c  c t i v e  i n  p r e s e n t i n g  t h e s e  

r e s u l t s  is  a  s e n s i t i v i t y  a n a l y s i s  of t h e  ;> red ic t ion .  model. As shc~wn 

t h e r e  a re  d i f f e r e n c e s  i n  r e s i d u a l  in j i i ry  t h a t  a r e  i d e n t i f i a b l e  by 

crasl]  conf i.gurn.t i.011, Iinving mntle t h a t  01- s e r v a t  i o n  t h e  next a c t  iori 

is depc~ldcllt  upnu the o b j e c t i v e  o f  t h e  s r r - t c i f i c  s tudy  f o r  ~ilhich t l ie 

n ~ o d c ! l  js t o  be  ~1sc.d. For exnniplc by u s j  ng t h e  r e s u l t s  p r e s e n t e d  

i n  'I1:tbl.es29 a n d 3 0  ()!I(- niigl~t  nrgilo t h a t  c'( 1*t:~i11 c rash  t y p e s  -- e ,g, , 
T. il:?;crscctir!:: -- a r e  i ! ! l~e rcn t ly  more sc-. c.lle i:hnn o t h e r s .  In (level oping 

tllc ~ ~ g l - e s ~ ; . : i o n  model n di I f e r c ~ i l  method 1.2s used t o  compute impact; 

v e l o c i t y  f o r  t h e  d i f f e r e n t  c rash  conf iguJ1at i o n s .  C l e a r l y  t h a t  

procedure d i d  not remove a l l  of t h e  d i f f (b rences  i n  i n j u r y  p r e d i c t i o n  

between c rash  t y p e s .  There fo re  e i t h e r  i l lpac t  v e l o c i t y  has  not been 

p rope r ly  r ep resen ted  over  c ra sh  c o n f i g u r ; i t i o n  o r  t h e  p r o c e s s  l e a d i n g  

t o  i n j u r i e s  is d i f f e l u e n t .  Such a concli: , ; ion miqht be u s e f u l  by 

i1.seS.f. IIoaever i f  a more p r e c i s e  compa : ison of t h e  e f f e c t  of 

p a r t i c a l f i r  compc~nent,~; - e . g . ,  r e s t r a i n t  ;ystems - is  r e q u i r e d ,  i t  

rnay b c  d e s i r a b l e  t o  inc lude  c r a s h  c o n f i g l l r a t i o n  a s  a  va . r iab le  i n  

t h i ~  p r e d i c t  ion niodcl. 

T a b l e s  3 1  and 32 ind ica te  some of t h e  i n h e r e n t  b i a s e s  which e x i s t  

i l l  t h e  d a t a  collection system and a l s o  i h d i c a t e  how t h e  model 

~ o n i p ~ n s a t e s  f.'oil t h e s c  b i a s e s .  S p e c i f i c a l l y  t h e  m a n  AIS is lower 

i o r  t h e  1ate.r  y e a r s  compared t o  e a r l y  y e a r s .  One r eason  f o r  t h i s  

decrease  i s  t h a r  :T g:-eater emphasis - p a r t i c u l a r l y  by HSRI - has  



T a b l e  2 9  
A n a l y s i s  o f  I n j u r y  S e v e r i t y  w i t ?  

R e s p e c t  t o  C r a s h  Conf i g u r a t i o r  f o r  
a l l  C r a s h e s  i n  t h e  F i l e  

Unknown 2 
S i n g l e  V e h i c l e  723 
Head-on 3 2 6  
I n t e r s e c t  i o n  

Type L 7 96 
S i d e - s w i p e  1 1 5  
Rear - impac t  436 
O t h e r  7 
I n t e r s e c t  i o n  

Type T  3 00 

R e s i d u a l  AIS 
O v e r a l l  f rom Comple te  

N AIS Model 

Mean Sq.  W i t h i n  
Mean Sq. Between 

F - s t a t i s t i c  
S i g n i f .  



L e v e l s  

T a b l e  3 0  
A n a l y s i s  o f  I n j u r y  S e v e r i t y  w i t h  

R e s p e c t  t o  C r a s h  C o n f i g u r a t i o n  f o r  
Washtenaw County  C r a s h e s  Only 

Unknown 2  
S i n g l e  V e h i c l e  587 
Head-on 2 6 1  
I n t e r s e c t i o n  

TYF L 6 6 6  
Side-sw i p e  8 7  
R e a r  i m p a c t  364 
O t h e r  6  
I n t e r s e c t  i o n  

Type T 2 8 0  

R e s i d u a l  AIS 
O v e r a l l  f rom Comple te  

N AIS Model 

Mean Sq.  W i t h i n  
Mean Sq.  Between 

F - s t a t i s t i c  
S i g n i f .  



L e v e l s  

T a b l e  3 1  
A n a l y s i s  o f  I n j u r y  S e v e r i t y  v i t r  
Respec t  t o  Year of  I n v e s t i g a t i c - !  

70  C o l l i s i o n  Year 
7 1  C o l l i s i o n  Year 
72  C o l l i s i o n  Year 

Mean Sq. Wi th in  
Mean Sq. Between 

F - s t a t i s t i c  
S i g n i f .  

L e v e l s  

O v e r a l l  
N AIS 

R e s i d u a l  AIS 
from Complete 

Model 

T a b l e  32 
A n a l y s i s  of I n j u r y  S e v e r i t y  With 

Respec t  t o  Year o f  I n v e s t i g a t i o n  
f o r  Washtenaw County Crashes  Only 

R e s i d u a l  AIS 
O v e r a l l  from Complete 

N AIS Model 

70 C o l l i s i o n  Year 149 1 . 7 5  
7 1  C o l l i s i o n  Year 592 1 .13  
72 C o l l i s i o n  Year 494 -62 

Mean Sq, Wi th in  
Mean Sq. Between 

F - s t a t  i s t i c  
S i g n i f .  



been placed on ob ta in ing  da t a  from non-injury c rashes .  T h i s  has 

con t r ibu ted  t o  an even g r e a t e r  dev ia t ion  i n  1972 crash i n v e s t i g a t i o n s  

because more of t he  non-injury c rashes  from 1972 have been added 

t o  t he  f i l e .  Examination of t he  r e s i d u a l s  from the  complete model 

provides some a d d i t i o n a l  confidence i n  t h e  c a p a b i l i t y  of t he  model 

t o  a d j u s t  f o r  d i f f e r e n c e s  i n  crash s e v e r i t y .  Since t h e  r e s i d u a l s  

from the  t o t a l  model (Table 5 )  a r e  not s i g n i f i c a n t l y  d i f f e r e n t  i t  

is concluded t h a t  the  model adequately exp la in s  t h e  d i f f e r e n c e s  

i n  s e v e r i t y .  

Tables 33 and 34 present  an a n a l y s i s  of i n j u r y  l e v e l s  from 

crashes  def ined by type of road.  Examination of o v e r a l l  .AIS i nd i -  

c a t e s  t h a t  crashes  occurr ing on l im i t ed  access  expressways r e s u l t  

i n  h igher  i n j u r y  s e v e r i t y .  However examination of t h e  r e s i d u a l s  

i n d i c a t e s  t h a t  a f t e r  co r r ec t i ng  f o r  crash s e v e r i t y  r e s i d u a l  i n j u r i e s  

a r e  a c t u a l l y  lower f o r  c rashes  occurr ing on l im i t ed  access  expres-  

sways. T h i s  may be the  r e s u l t  of expressway c rashes  being more 

l i k e l y  t o  be s i n g l e  veh i c l e  c rashes  - whose d i f f e r e n c e s  a r e  ad jus ted  

f o r  i n  the  i n ju ry  p red i c t i on  model. A l t e rna t ive ly  expressway 

crashes  may not involve a s  many h o s t i l e  environmental f a c t o r s  a s  do 

c rashes  on f o r  example undivided four  lane  roads .  

Tables 3 5  and 36 i n d i c a t e  t h a t  observed and r e s i d u a l  i n j u r i e s  

do not d i f f e r  s i g n i f i c a n t l y  a s  a  func t ion  of veh i c l e  manufacturer ,  

I t  should be noted t h a t  model development considered only d a t a  from 

these  four  U .  S. manufacturers.  

Table 37 compares i n j u r i e s  by automobile body type .  Observed 

i n J u r i e s  a r e  not s i g n i f i c a n t l y  d i f f e r e n t ,  however residua.1 i n j u r i e s  

from the  complete model a r e .  A somewhat s u r p r i s i n g  r e s u l t  i s  t h a t  

four  door hardtops and sedans have the  h ighes t  r e s i d u a l  i n j u r y .  

Since four  door veh i c l e s  a r e  genera l ly  l a r g e r  one would suspect  

lower r e s i d u a l  i n j u r y .  The f a c t  t h a t  r e s i d u a l  i n ju ry  is higher 

impl ies  e i t h e r  a  model p r e d i c t i o n  b i a s  - e . g , ,  a  lower V D I  f o r  a  

given " t rue"  crash s e v e r i t y  would g ive  t h i s  r e s u l t  - o r  poss ib ly  

t h e r e  is some o the r  problem con t r ibu t ing  t o  excess  i n j u r y  i n  four-  

door veh i c l e s .  We tend t o  favor  t h e  former. 



T a b l e  33 
A n a l y s i s  o f  I n j u r y  S e v e r i t y  w i x h  

R e s p e c t  t o  Road Type 

L e v e l s  N 

1 1 l a n e  13 
2 2 l a n e  1 2  7  9 
3 3 l a n e  73  
4 4 o r  more  l a n e  785 
5 4 o r  more l a n e  

d i v i d e d  525 
6 P a r k i n g  l o t  

d r i v e w a y  2 5 
7 O t h e r  ( e . g . ,  

RR T r a c k )  8 

Mean Sq.  W i t h i n  
Mean S q .  Between 

F - s t a t i s t i c  
S i g n i f .  

O v e r a l l  
AIS 

R e s i d u a l  AIS 
f rom c o m p l e t e  

Model 



Table 34 
Analysis of Injury Sever i ty  w i t h  Respect t o  

Road Type f o r  Washtenaw County Crashes 

Leve 1s N 

1 1 lane 10 
2 2 lane 560 
3 3 lane 47 
4 4 o r  more lanes  379 
5  4 o r  more lanes  

divided 23 1 
6  Parking l o t ,  

Driveway 3 
7 Other (e .g ,  

RR t r a c k s )  5 

Mean S q .  W i t h i n  
Mean Sq. Between 

F - s t a t i s t i c  
S ign i f ,  

Overal l  
AIS 

Residual AIS 
from Complete 

Model 



Tab le  35 
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i v h  

Respec t  t o  Manufac tu re r  

k v e l s  N 

1 G e n e r a l  Motors  1114 
2 Ford  1008 
3 C h r y s l e r  476 
4  American Motors 107 

Mean Sq. Wi th in  
Mean Sq.  Between 

F - s t a t i s t i c  
S i g n i f ,  

Leve 1s 

O v e r a l l  
AIS 

R e s i d u a l  AIS 
from Complete 

Model 

T a b l e  36 
A n a l y s i s  o f  I n j u r y  S e v e r i t y  w i t h  Respect  

t o  Manufac tu re r  f o r  Washtenaw County Crashes  

R e s i d u a l  AIS 
O v e r a l l  from Complete 

N AIS Model 

1 G e n e r a l  Motors  435 1.11 
2 Ford 510 - 9 4  
3 C h r y s l e r  225 .97 
4  American Motors  6 5  .89  

&lean Sq.  W i t h i n  
Mean Sq. Between 

F - s t a t i s t i c  
S i g n i f .  



L e v e l s  

T a b l e  37 
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i t h  

Respect  t o  Automobile Body Type 

R e s i d u a l  AIS 
O v e r a l l  from Complete 

N AIS Model 

1 2-door h a r d t o p  1129 1 .28  -. 074 
2 2 -door sedan  810 1 . 2 5  - ,014 
3 4-door h a r d t o p  170 1 .24  .12 
4 4-door sedan  345 1 . 5 3  .19  
5 S t a t  i o n  wagon 197 1 . 3 7  -, 066 
6 C o n v e r t i b l e  54 1 . 2 2  - ,033  

Mean Sq. Wi th in  
Mean Sq.  Between 

F - s t a t i s t i c  
S i g n i f .  



Table 38 compares i n j u r i e s  and r e s i d u a l  i c l u r i e s  over the  

var ious  teams. This provides an i n d i c a t i o n  of t.ie b iases  which 

e x i s t  when ind iv idua l  teams a r e  t r e a t e d  uniquely.  In p a r t i c u l a r  

i t  should be noted t h a t  a  number of MDAI teams have higher  abso lu te  

AIS codes and higher  r e s i d u a l  i n j u r i e s .  Highly deviant  examples 

a r e  the  team from Boston Univers i ty  ( r e s i d u a l  i n ju ry  equals  1 .95)  

and the  Maryland Medical-Legal Team ( r e s i d u a l  i n ju ry  equa ls  1 .05) .  

The ob j ec t i ve  of these  teams is  t o  ob t a in  high i n j u r y  c rashes .  A s  

i nd i ca t ed  t h i s  o b j e c t i v e  r e s u l t e d  i n  a  l a r g e  i n ju ry  b i a s .  

Table 39 and F igure14  compares i n j u r i e s  and r e s i d u a l  i n j u r i e s  

by occupant age group. Younger persons have l e s s  severe  i n j u r i e s  

than do o lde r  persons.  I n  add i t i on  i n j u r i e s  of younger persons 

have negat ive  res idua l s - - ind ica t ing  l e s s  severe  i n j u r i e s  than 

expected--while occupants over 35 have p o s i t i v e  res idua l s - - ind ica t ing  

more severe  i n j u r i e s  than expected.  



L e v e l s  

T a b l e  38 
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i t h  R e s p e c t  

t o  A c c i d e n t  I n v e s t i g a t i o n  Team 

Ann A r b o r ,  HSRI-111 
B a y l o r  C o l l .  o f  Med. 
B o s t o n  Univ ,  
C o r n e l l  Aero Lab IIIA 
C o r n e l l  Aero Lab I I I B  
G e o r g i a  I n s t .  o f  Tech .  
H.S.R.I .  
I n d i a n a  Univ.  
McGi l l  U n i v . ,  Mont. 
Univ.  o f  Miami 
Md. Med/ legal  Found.  
Univ .  o f  New Mexico 
Oakland Co . ,  HSRI-I11 
Ohio  S t a t e  Univ.  
R e s e a r c h  T r i a n g l e  I n s t .  
Un iv ,  o f  R o c h e s t e r  
Univ .  o f  S .  C a l .  
S t a n f o r d  R e s e a r c h  I n s t .  
S t a n f o r d  Univ .  
Sou thwes t  R e s e a r c h  I n s t .  
T u l a n e  Univ .  
Univ .  o f  C a l .  ( S i e g e l )  
Univ .  o f  Mich. (Hue lke )  

Mean Sq.  W i t h i n  
Mean Sq.  Between 

F - s t a t i s t i c  
S i g n i f .  

R e s i d u a l  AIS 
O v e r a l l  f rom Complete  

N AIS Model 



Leve l s  

Table  39  
A n a l y s i s  of  I n j u r y  S e v e r i t y  w i t h  

Respect t o  Age Groups 

Age Group (1-5) 
Age Group (6-10) 
Age Group (11-15) 
Age Group (16-20) 
Age Group (21-25) 
Age Group (26-33) 
Age Group (34-45) 
Age Group (46-55) 
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CHAPTER VI 

USING SUBSETS OF THE DATA TO ESTIMATE THE FMQUEYCY OF OCCURRENCE 

OF CERTAIN PHENOMENA: 

As discussed above, severa l  la rge  subse ts  of the present data  

f i l e  were acquired w i t h  s e l e c t i o n  r u l e s  which a re  more e a s i l y  deter-  

mined or  defined than the bulk of the MDAI r e p o r t s .  One grouping 
of i n t e r e s t  is the th ree  teams operating primarily i n  response t o  

an MVMA s p e c i f i c a t i o n  requir ing the inves t iga t ion  of ( se r ious )  new car  

i n j u r y  acc idents  w i t h i n  t h e i r  j u r i s d i c t i o n .  T h i s  includes the cases 

known as  Cornell  1 1 1 - A  (supported j o i n t l y  by MVMA and NHTSA), Oakland 

County cases (supported wholly by M Y M A ) ,  and those cases inves t iga ted  

by D r .  Huelke (supported wholly by MVMA but included i n  the  f i l e s  of 

the t r i - l e v e l  operat ion a t  the Un-iversity of Michigan which a re  

supported by NHTSA.) A l l  t h ree  of these teams have been asked t o  

obtain a  census of se r ious  i n j u r y  accidents  involving American manu- 

fac tured  passenger ca r s  (and c e r t a i n  foreign ca r s  manufactured by 

s u b s i d i a r i e s  of American manufacturers).  For a var ie ty  of reasons 

these cases a r e  somewhat l e s s  than a  census, and the c r i t e r i o n  f o r  

sel .ection on the bas i s  of i n j u r y  i s  not q u i t e  a s  p rec i se  a s  one 

might w i s h .  Nevertheless,  the re  i s  evidence i n  the da ta  t h a t  the  

th ree  teams do acquire  comparable data  w i t h  regard t o  the r e l a t ion-  

sh ip  between impact and i n j u r y  s eve r i ty  and tha t  they vary i n  an 

exepcted fashion because of geographic d i f ferences  among the covered 

a reas .  S p e c i f i c a l l y ,  D r .  Huelke's cases a r e  61% r u r a l ,  Cornel l ' s  

a re  53% r u r a l ,  and Oakland County's a re  9% r u r a l  ( the  Oakland County 

invest igat ionsbeing l imi ted  t o  s i x  l a rge  urban j u r i s d i c t i o ~ i s  w i t h i n  

t h a t  county).  For purposes of synthesizing a  sample of " a l l "  i n j u r y  

acc idents ,  we have combined the da ta  from these three  teams and c a l l  

them the  MVMA in jury  group. 

The second subset of i n t e r e s t  i s  tha t  data  obtained i n  Washtenaw 

County from D r .  Huelke's inves t iga t ions ,  a  complementary s e t  of non- 

or  l i t t l e - i n j u r y  cases (both of these sponsored by the M v M A ) ,  and a  



small number of cases invest igated by the MDAI team operating a t  

the University of Michigan. T h i s  combination is intended t o  repre- 

sent  a  census of towaway involvements of 0 t o  2 year old American 

manufactured ca r s  occurring w i t h i n  t h i s  county. In f a c t ,  i t  is not 

a  complete census--for a  var ie ty  of reasons i t  includes only about 

50% of the vehicles  i d e n t i f i e d  on pol ice r epor t s  a s  lltowaways", and 
i t  is of i n t e r e s t  t o  consider b iases  introduced by t h i s  shortcoming. 

The cases t h a t  "get away" do so  because (1) they occur on week-ends 

and s ince  the inves t iga to r s  work a  normal five-day week the ca r s  

have occasionally departed the county before Monday, ( 2 )  a very 

heavy r u n  of accidents  prevents a  case from being done before the  

car  i s  moved t o  a  r epa i r  f a c i l i t y  and repa i r s  have been i n i t i a t e d ,  

( 3 )  some ca r s  a re  l i s t e d  a s  "towed away" on the  pol ice report  b u t  

a re  i n  f a c t  towed only because the dr iver  was incapaci ta ted by 

i n j u r y  or drunkenness. From an analys is  of the pol ice  data  it is 

known t h a t  the  percentage of i n j u r y  and non-injury involvements 

i n  the l o s t  data  is  approximately the same a s  i n  the acquired da ta ,  

b u t  i t  seems l ike ly  t h a t  the l o s t  cases a re  general ly  l e s s  severe 

c o l l i s i o n s .  

Extrapolation from e i t h e r  of these s e t s  of data t o  a  n a t i m a l  

p ic tu re  has obvious d i f f i c u l t i e s .  There may be overr iding regional  

biases  which make such estimation inva l id .  The reader may w i s h  t o  

regard any conclusions drawn from such subsets  a s  examples of what 

could be done with a  more defensible  sampling p lan .  Yet i t  w i l l  

be argued tha t  f o r  many purposes these groups of data  a re  usefu l  

i n  p u t t i n g  bounds on some problem a reas .  

Table40compares these two groups of teams w i t h  the remainder 

of the CPIR f i l e  ( i . e . ,  the MDAI teams) a n d  w i t h  the e n t i r e  f i l e .  

Kote tha t  these a re  not mutually exclusive,  s ince  D r .  Huelke's 

data i s  i n  both of the f i r s t  two columns. These data  were developed 
i n  a  s t u d y  of the f r q u e n c y  of hood/windshield involvement. I f  the  

same values held up l o r  a  more adequate sample, one would i n f e r  
t h a t  hood p e n e t r a t l ~ b ~ !  occurs i n  something l i k e  2% of the involve- 

ments i n  a  towaway s e t ,  4 .6% of a  s e t  co l lec ted  t o  the MVMA i n j u r y  

s p e c i f i c a t i o n ,  a n d  tna t  t h i s  phenomenon may be overrepresented i n  
the MDAI cases .  





Rollovers seem t o  hover around the 10% leve l  i n  a l l  except the 

MVMA i n j u r y  da ta ,  and fu r the r  ana lys is  m i g h t  f i n d  t h i s  t o  be 

associated w i t h  a  higher incidence of r u r a l  crashes i n  t h a t  data .  

The b ias  i n  co l l ec t ion  of the Washtenaw County towaway sample 

discussed above is  estimated t o  lead t o  a  reduced percentage of 

ro l lover s  i n  a  t o t a l  population of towaways. Assume, fo r  example, 

tha t  none of the 50% of the towaways t h a t  got away r o l l e d  over-- 

then the ro l lover  frequency i n  towaway accidents  m i g h t  be on the 

order of 5% ra the r  than lo%.* F ina l ly ,  the percentage of towaway 

involvements i n  the Washtenaw County pol ice l eve l  data  is  about 40%. 

M u l t i p l y i n g  by t h i s  f a c t o r ,  one m i g h t  es t imate t h a t  only 2% of the 

vehicles  reported i n  accidents  i n  t h i s  county ro i l ed  over.  

While i t  is c l e a r  t h a t  one cannot s t a t e  s t a t i s t i c a l  confidence 

l eve l s  i n  these values ( w i t h  regard t o  nat ional  representa.t ion) , i t  

i s  i n t e r e s t i n g  t o  compare them w i t h  what other  data  is present ly 

ava i l ab le .  Rollovers a re  l i s t e d  i n  mass (pol ice)  accident da ta  

usually only i f  they represent the  first event i n  an accident 

sequence. If a  car  is s t ruck  a t  an in te r sec t ion  and i t  subsequently 

r o l l s  over,  the ro l lover  information is general ly  l o s t .  The na t ional  

accident summary, compiled by combining pol ice reported information 

from many s t a t e s ,  l is ts  ro l lover  frequency a s  0.5% of a l l  reported 

involvements. 

The hood windshield contact and penetrat ion informat ion i s  

j u s t  not ava i lab le  i n  pol ice l eve l  da ta .  Further ,  i t  is r e l a t i v e l y  

d i f f i c u l t  phenomenon t o  observe, The process of inspecting a  ca r  

u s i n g  the CPIR form, and noting the r e l a t ionsh ip  between a ra ised  

rea r  edge of a  hood and a  t e a r  i n  the windshield is time consuming, 

and requires  a  c e r t a i n  amount of exper t i se  on the  pa r t  of the  

inves t iga to r .  The MDAI f i l e  then provides some idea of the frequency 

of t h i s  event under d i f f e r e n t  ( e . g .  towaway, a l l  i n j u r y )  conditions.  

I t  seems l ike ly  tha t  an adjustment s imi la r  t o  the  one performed 

f o r  the ro l lover  az ta  would be i n  order f o r  the  hood windshield 
-------------------u-- 

* 
An a l t e r n a t i v e  hypothesis m i g h t  be t h a t  a l l  of the  l o s t  
50% ro l l ed  over. Although the l ikel ihood of t h i s  can be 
s tudied by reference t o  pol ice l e v e l  data  i n  t h i s  case,  
i n  o ther  cases i t  cannot. 



information, assuming tha t  the towaways not i.1 t3e sample were not 

generally a s  severely damaged. So the estimated frequency of 

hood windshield penetrat ion i n  " a l l "  reported cowaways may be of the 

order of I%, and of a l l  accidents  something l i k e  half  of t h a t .  

For some purposes, then, i t  may be useful  t o  use these iden t i f i ed  
subsets  of t h e  CPIR f i l e  t o  get an est imate of the frequency of 

c e r t a i n  phenomena i n  these p a r t i c u l a r  populations. I t  is c l e a r ,  

however, tha t  a  broader sample geographically representat ive of the 

nation and more s t r i c t l y  representa t ive  of some definable  accident 

population would be of more value i n  arguing the cos ts /benef i t s  of 

a proposed countermeasure. 



CHAPTER VI I 

Methodology l o r  9 t  i m u m  Procurement oi' L)a t;a l o r  Underlying Processes - - - - 
MOPUP 

A NEW TRI-LEVEL SURVEILLANCE CONCEPT 

While t he  genera l  goa l s  of the  MDAI team a c t i v i t i e s  have been 

s t a t e d  a s :  Determine acc iden t  and in ju ry  causa t i on ,  i d e n t i f y  func t iona l  

problems i n  t h e  highway t r a n s p o r t a t i o n  system, i d e n t i f y  the  need 

f o r  countermeasures, e t , c . ,  i t  should be c l e a r  t h a t  acc iden t  i n v e s t i -  

ga t i on  i s  only one t o o l  o r  method i n  approaching a  s o l u t i o n  t o  such 

problems. 

These genera l  goa l s  l ead  t o  a  number of s p e c i f i c  ope ra t i ona l  

ques t i ons  faced by t he  NHTSA s t a f f ,  such a s :  What i s  the  a n t i c i p a t e d  

benef i t  o l  t he  p ~ o p o s e d  add i t i on  of a i r  bags t o  automobiles? Which 

veh i c l e  i n t e r i o r  components a r e  s t i l l  con t r i bu t ing  excess ive ly  t o  

i n ju ry?  I s  t h e r e  a  need f o r  a  f e d e r a l  s tandard  t o  r equ i r e  t h a t  each 

automobile be equipped w i t h  a  po r t ab l e  stopped veh ic l e  warning device?  

So lu t ions  t o  such problems may occas iona l ly  come from a n a l y s i s  of 

some e x i s t i n g  s e t  of accident  d a t a ,  but more o f t e n  than not they 
I 

w i l l  involve most of t he  s t e p s  shown i n  Figure 15- -  a n a l y s i s  of 

e x i s t i n g  l i t e r a t u r e ,  running c o n t r o l l e d  t e s t s  t o  i n v e s t i g a t e  t he  

phenomena of i n t e r e s t ,  analyzing a v a i l a b l e  sources  of d a t a ,  spec i fy ing  

a  f i e l d  da t a  c o l l e c t i o n  program, and hopefully.  a r r i v i n g  a.t an accept-  

ab l e  answer t o  t he  problem. While we a r e  concerned here  p r imar i ly  

w i t h  t h e  a c q u i s i t i o n  and a n a l y s i s  of da t a  from t h e  r e a l  world of 

a c c i d e n t s ,  i t  should be c l e a r  t h a t  t h i s  acc iden t  i n v e s t i g a t i o n  

process  is not an end i n  i t s e l f  but r a t h e r  f i t s  i n t o  a  gene ra l  

s c i e n t i f i c  approach t o  so lv ing  problems. Four types  of da t a  col-  

l e c t i o n  and a n a l y s i s  systems a r e  important f o r  NHTSA ope ra t i ons .  

The f i r s t  of these  is  represen ted  by t h e  p resen t  and pas t  MDAI 

e f f o r t s  i n  which experc i n v e s t i g a t o r s  c o l l e c t  very d e t a i l e d  i n f o r -  

mation about a  modest number of a cc iden t s ,  consider  t h e  dlata i n  





the  l i g h t  of t h e i r  own exper t i se ,  and make recommendations f o r  

change or fu r the r  s t u d y .  The second is  a need t o  rout inely monitor 

the crashes on the  highway t o  determine whether o r  not losses  a re  

increasing or  decreasing, and t o  measure the  c h a r a c t e r i s t i c s  of 

the  losses .  The t h i r d  i s  a  need fo r  occasional sampling of the 

accident population t o  s t u d y  a  problem of current  i n t e r e s t  f o r  

which ex i s t ing  data  w i l l  not s u f f i c e .  

A f i n a l  data  input concerns the i d e n t i f i c a t i o n  and ana lys i s  of 

system defec t s ,  e . g . ,  the acce le ra to r  t h a t  s t i c k s  i n  a unique s e t  

o f  circumstances, Such problems a re  not l i k e l y  t o  be rout ine ly  

discovered by in-depth crash inves t iga t ion .  T h i s  comes about 

because such defec ts  a r e  l t ra re"events - - i .e . ,  they m i g h t  occur i n  

l e s s  than 1% of the crashes.  Detection of system defec ts  such as  

these a re  b e t t e r  l e f t  t o  the rout ine pol ice  inves t iga t ion  r e p d s - -  

or  preferably t o  various i n p u t s  from individual  d r i v e r s , p u b l i c  

serv ice  groups, news r e p o r t e r s ,  or  automotive companies. Govern- 

ment sponsored crash inves t iga t ion  teams should be included i n  

t h i s  s e t  of report ing agencies,  b u t  only a s  one of many information 

sources and not a s  a primary source.  

Other government agencies have systems which y i e l d  answers 

t o  s p e c i f i c  quest ions continuously over time. Such systems 
o rd ina r i ly  proceed from a  ca re fu l ly  defined problem and should 

include some pre-defined a n a l y t i c  approaches. A number of excel-  
l en t  examples e x i s t  i n  the  Federal Government including:  

1. The Current Populatinn Survey ( C ' 3 )  

T h i s  survey c o n s i s t s  of a probabi l i ty  sample of 50,000 U. S. 

Households condilcted each month. Results a r e  made publ ic  within 

approximately two weeks of t h e  time t h a t  t h e  interviews a r e  con- 

ducted, The best  known item of information developed is the  

na t ional  unemplnynlent r a t e .  I n  nddi t ioa  s t a t  i s t i c s  on such var ied  

topics  a s  smoking and vot ing have been co l l ec ted  a t  var ious times 
T h i s  system which has been opera t jng  f o r  25 years r equ i res  a well  



designed sampling s t r a t e g y ,  having s p e c i f i c  objec  r i ve s .  I n  addi- 

tion a we11 developed organ iza t ion  is requ i red  t o  provide t he  

r a p i d  response and t o  check on t h e  accuracy and completeness of 

t h e  da t a .  

2, The Consumer P r i c e  Index (CPI) 

The CPI is cons t ruc ted  by f i r s t  assuming a  "market basket" 

of items def ined a s  common purchases f o r  a  family.  The l a r g e  
number of items a r e  separa ted  i n t o  f i v e  major groups; food, 

housing, appare l  and upkeep, t r a n s p o r t a t i o n ,  and hea l th  and 

r ec rea t i on ,  These groups a r e  each divided s o  t h a t  i n  t o t a l  52 

ca t ego r i e s  of expendi tures  a r e  included.  S t a t i s t i c a l  sampling 

is then used t o  determine t he  p r i c e  t o  consumers of items i n  

each category f o r  56 c i t i e s .  These ca t ego r i e s  a r e  then combined, 

according t o  purchasing p a t t e r n s ,  f o r  t he  var ious  c i t i e s  t o  ob ta in  

an index f o r  each c i t y .  These i nd i ce s  a r e  then combined t o  develop 

t h e  CPI. F i n a l l y ,  an index number, which shows t h e  r a t i o  of present 

p r i c e s  t o  a  base per iod ,  i s  computed f o r  comparison purposes. 

3 ,  The National  Crime Survey 

The  Census Bureau, i n  cooperat ion w i t h  the  Law Enforcement 

Assistance Administrat ion,  has f i o l d  t e s t e d  a  survey of cr iminal  

a c t i v i t y  i n  s eve ra l  c i t i e s ,  i n  the  United S t a t e s ,  and w i l l  begin 

s h o r t l y  t o  in terview 60,000 f ami l i e s  and 10,000 businesses  each 

month t o  measure t he  count ry ' s  crime r a t e .  The development of 

t h i s  method was begun i n  1966 w i t h  a  survey of 10,000 households, 

and was subsequently more f u l l y  t e s t e d  i n  San Diego and Dayton, 

While i t  is cu r r en t ly  believed t h a t  po l i ce  departments under repor t  

cr iminal  a c t i v i t y  (although they have been increas ing the  repor t ing  

frequency i n  recent  y e a r s ) ,  t h i s  survey is  expected t o  y i e l d  a 

mollthly natiol lal  crime s t a t i s t i c  which may t k  n lead t o  a l l o c a t i o n  

of resources ,  i d e n t i f i c a t i o n  of problem a reas ,  e t c .  

I n  a l l  t h r e e  of these  examples s eve ra l  c h a r a c t e r i s t i c s  come 

through. F i r s t ,  the  surveys have wel l  def ined ob j ec t i ve s  w h i c h  a r e  

met by the  devcllopmcrlt of  a comprehensive da ta  c o l l e c t i o n  process .  



The development of t h i s  process  r e f l e c t s  a  compromise between theory 

and p r a c t i c e .  The da t a  is  c o l l e c t e d  by a  l a r g e  we l l  t r a i n e d  s t a f f  

which r igorous ly  adheres t o  a  s e t  procedure. This provides  a  s e t  

of numbers t h a t  a r e  comparable from one per iod t o  t he  nex t ,  More 

importantly t h e  surveys provide . numbers t h a t  a r e  used by dec i s ion  

makers. T h u s ,  while t h e  average man represen ted  by these  surveys 

may not e x i s t ,  the  numbers developed have proven t o  be u se fu l  

measures, i . e . ,  they provide a  measure of how t h e  n a t i o n ' s  economy 

o r  crime r a t e  is moving. 

Development of such a  system f o r  highway s a f e t y  would r equ i r e  

s p e c i f i c a l l y  def ined o b j e c t i v e s  t h a t  a r e  seen a s  important by, 

management i n  DOT. There w i l l  be a need t o  devote s i g n i f i c a n t  

resources  continuously over time t o  develop and maintain such a  

system. IIowever, without such a  system i t  w i l l  he d i f f i c u l t  t o  

ob t a in  system performance da t a  t h a t  i s  comparable over t ime.  

General ly ,  any ex tens ive  da t a  c o l l e c t i o n  system w i l l  inc lude c e r t a i n  

known and unknown b i a se s .  Some of t he se  a r e  recognized but  t h e i r  

removal would be t oo  expensive .  Other b i a s e s  a r e  unknown o r  only 

recognized a s  p o s s i b i l i t i e s .  Clear ly  a  balance between cos t  and 

system performance m u s t  be maintained.  

Three p a r a l l e l  da t a  c o l l e c t i o n  e f f o r t s  can be operated t o  pro- 

v ide  the  in-depth,  the  cont inhing s u r v e i l l a n c e ,  and the  s p e c i a l  

i n v e s t i g a t i o n s  needed f o r  NHTSA's dec i s ion  making. These a r e  

descr ibed here under t h r e e  acronyms: 

S C R U B - - Se lec t i ve  - Col lec t ion  of Reports with Unknown Bias - - - 
V A C U U M - Valid Accident Data Co l l ec t i on  f o r  Universal  - - u t i l i t y  Measurements- - - 
C A R P E T S  W E E P - Computer Ass i s ted  Rapid Response - 

procedure-for ~ v a l G a t  ing Tec!hnology - 
i n  S p e c i f i c  ~ i J e  Area Environments of - 
Emerg i ng ~ r o E l e m s  - - 

Each of t he se  concepts w i l l  be descr ibed i n  more d e t a i l  below. 



S e l e c t i v e  Col lec t ion  of Reports w i t h  Unknown Biases (SCRUB) 

This e f f o r t  w i l l  be e s s e n t i a l l y  a  con t inus t i on  of t he  p resen t  

in-depth r e p o r t i n g ,  w i t h  r e l a t i v e l y  complete information being 

developed about each accident  i nves t i ga t ed .  I t  i s  expected t h a t  

numerous photographs would be taken of t he  veh i c l e  and the  scene ,  

and i n  some cases  of the  i n j u r i e s .  

Conventions p re sen t ly  i n  f o r c e  f o r  MDAI c a se s  would continue 

w i t h  complete in te rv iews  w i t h  d r i v e r s  and wi tnes se s ,  d e t a i l e d  

measurement of veh i c l e  damage, and f u l l  medical r e p o r t s  f o r  each 

occupant,  

The major con t r i bu t ion  of t he se  ca se s ,  however, should be t he  

exper t  opinion of t he  i n v e s t i g a t i n g  team members regarding causa t ive  

f a c t o r s ,  and p a r t i c u l a r  problems observed i n  the  v e h i c l e ,  human, 

o r  environmental a spec t s  of the  acc iden t .  Suggestions f o r  counter-  

measures should be welcomed. 

The s e t  of information developed from these  r e p o r t s  may be 

placed i n  computer form if the  quan t i t y  is l a r g e  enough (we have 

es t imated a t o t a l  input  of perhaps 300 cases  per  year  from a  number 

of teams) ,  b u t  the  computer sea rch ing  would be used p r i n c i p a l l y  f o r  

f i nd ing  cases  p e r t i n e n t  t o  a  p a r t i c u l a r  s u b j e c t ,  and then t h e  

investigator would have t o  review t h e  cases  i n  d e t a i l  t o  ga in  a 

b e t t e r  understanding of h i s  s u b j e c t .  

No at tempt would be made t o  make the  SCRUB cases  s t a . t i s t i c a l l y  

r e p r e s e n t a t i v e  of t he  na t i ona l  o r  even l o c a l  popula t ion,a l though 

t h e r e  should be some emphasis p laced on g e t t i n g  cases  from a l l  regions  

of t h e  country ,  Lacking a f u r t h e r  reason,  teams might be i n s t r u c t e d  

t o  ob t a in  SCRUB cases  which were i n t e r e s t i n g  - i n  t h i s  sense  they 

might look f o r  t h e  unusual ,  o r  f o r  a wide range of acc iden t  types .  

T h u s  the  r e s u l t i n g  c o l l e c t i o n  of SCRUB cases  should u l t ima te ly  have 

one of almost any conceivable type of accident  i n  i t ,  b u t  would i n  

f a c t  be s t a t i s t i c a l l y  r e p r e s e n t a t i v e  of nothing.  



The usefu lness  of t h i s  SCRUB information would be almost 

t he  same a s  f o r  t he  p resen t  MDAI ca se s .  Recommendations from 

ind iv idua l  i n v e s t i g a t o r s  may lead  t o  f u r t h e r  da t a  a n a l y s i s  o r  exper i -  

ments ( f o r  example when a  severe  i n ju ry  induced by some new type 

of roadside  f u r n i t u r e  is r epo r t ed ) .  Viewing t h e  e n t i r e  c o l l e c t i o n  

of cases  a s  a  re fe rence  l i b r a r y  would permit an ana lys t  to  read 

about s eve ra l  cases  i n  which t h e r e  was severe  i n j u r y  a t  l.ow speed, 

t o  understand the  range of mechanisms f o r  f i r e s  s t a r t i n g  i n  connection 

w i t h  c r a shes ,  t o  see  p i c t u r e s  of broken g l a s s  i n  two d i f f e r e n t  

k inds  of windsh ie lds ,  e t c .  

The usefu lness  of t he  SCRUB program from the  i n v e s t i g a t o r s  

point  of view, however, i s  somewhat d i f f e r e n t .  T h i s  SCRUB a c t i v i t y  

would i n su re  t h a t  i n v e s t i g a t i n g  teams maintained open communication 

w i t h  a l l  agencies  concerned w i t h  t r a f f i c  acc iden t s  i n  t h e i r  juris- 

d i c t i ons - -hosp i t a l s ,  p o l i c e  agencies ,  t r a f f i c  eng ineers ,  wrecking 

yards ,  motor veh i c l e  departments,  insurance companies and o t h e r s .  

I t  would a l s o  fu rn i sh  an oppor tuni ty  f o r  t r a i n i n g  f i e l d  i n v e s t i -  

g a t o r s  over a  broad range of i n v e s t i g a t i v e  techniques ,  s o  t h a t  

they would be ab l e  t o  i n v e s t i g a t e  and r epo r t  f o r  s p e c i a l  s t u d i e s  

( t o  be descr ibed below) without f u r t h e r  t r a i n i n g .  F i n a l l y ,  t h e  

remainder of t h e  t a s k s  t o  be ass igned t o  these  new t r i - l e v e l  teams 

a r e  perhaps more mundane, and the  SCRUB i n v e s t i g a t i o n s  should 

s e rve  t o  maintain i n t e r e s t  of p ro fe s s iona l s  i n  t h i s  work,, 

Valid Accident da t a  Col lec t ion  f o r  Universal  U t i l i t y  Measurements 
(VACUUM) 

T h i s  e f f o r t  w i l l  be a  very s t r i c t  r e p r e s e n t a t i v e  sampling of 

acc iden ts  occurr ing w i t h  a  w e l l  def ined geographic reg ion ,  i n  

o rder  t o  ob t a in  a  s e t  of accident  r e p o r t s  which can be combined w i t h  

those  of o the r  regions  f o r  na t i ona l  in fe rence .  The r e l a t i v e  f r e -  

quency of a  l a r g e  number of crash subse t s  could be es t imated  from 

t h i s  sample. I t  s h o l ~ l d  be viewed a s  a  c o l l e c t i o n  of da t a  which pro- 

v ides  a  continuous pu lse  measurement of t h e  t r a f f i c  accident  s i t u a t i  on. 



(The recommended regions,  and the t o t a l  sample s i z e  w i l l  be discussed 

i n  s ec t ion  VIII below). 

I n  concept the  data  acquired i n  t h i s  program i s  intended t o  

furnish a  continuing assessment of the s t a t e  of t r a f f i c  sa fe ty  i n  

the  country ( i n  terms of the number and type of accidents  and i n j u r i e s ;  

i t  is assumed t h a t  f a t a l i t y  counts w i l l  continue t o  come from a  

census taken under the  f a t a l i t y  ana lys i s  f i l e ) .  In addi t ion ,  t h i s  

s e t  of da ta  should provide information f o r  i d e n t i f i c a t i o n  of new 

problems, and assessment of the e f f i cacy  of some so lu t ions .  Generally 

i t  w i l l  provide information t o  answer quest ions which were not asked 

s p e c i f i c a l l y  i n  advance, b u t  f o r  which the re  was a  general  idea of 

t h e i r  type. 

For example i t  has recent ly been of some i n t e r e s t  t o  de ter -  

mine the number and sever i ty  of i n j u r i e s  occasioned by hood penetrat ion 

of passenger car  windshields i n  the  United S t a t e s .  While the present 

&IDA1 f i l e  can be in ter rogated  w i t h  respect  t o  this, and, i n  f a c t  

some guarded inferences drawn w i t h  respect  t o  frequency, there  a r e  

obvious shortcomings i n  the da ta .  T h i s  p a r t i c u l a r  question of 

hood-windshield involvement was i n  p a r t  an t ic ipa ted  by the developers 

of the  Col l i s ion  Performance and Injury Report i n  t ha t  hood pene- 

t r a t i o n  of the windshield,  hood contact w i t h  the windshield, and 

e levat ion  of the r ea r  edge of the  hood a re  a l l  recorded. Further ,  

i n j u r i e s  t o  var ious p a r t s  of the body a re  a t t r i b u t e d  t o  contact w i t h  

p a r t i c u l a r  vehicle  components--such a s  "head s t ruck  winc?shieldV or 

" face  s t ruck hood". I t  i s  d i f f i c u l t  t o  suggest the next s p e c i f i c  

quest ion which may be asked--it could be "what a re  the poin ts  of 

contact f o r  the more severe i n j u r i e s  incurred by d r ive r s  when t h e i r  

ca r s  a re  s t ruck  on the l e f t  s i d e  by other  veh ic les t t ,  o r  "of a l l  

c o l l i s i o n s  i n  which roadside f u r n i t u r e  is s t ruck ,  what percentage 

( t h i s  year)  involve breakaway posts?". 

No attempt is  made i n  the present study t o  d e t a i l  the content 

of the r epor t s  made under the VACUUM program. In the  i n t e r e s t s  of 

an e a r l y  s t a r t  i t  i s  scggested t h a t  the present CPIR form would be 



an appropr ia te  s t a r t i n g  p o i n t ,  b u t  t h a t  during a  t r i a l  pe r iod  (of a  

year o r  s o ) ,  a  more c a r e f u l  determinat ion of NHTSA's needs would 

l i k e l y  d e l e t e  some i tems from the  form and add o t h e r s .  An advantage 

i n  beginning w i t h  t he  p resen t  form is  t h a t  t he  d a t a  handling mechanism 

i s  s e t  up t o  accept  i t ,  and t h a t  t he  kinds  of da t a  repor ted  (while 

p r imar i ly  concerned w i t h  veh i c l e  damage and i n j u r y )  have been genera l ly  

used i n  e a r l y  ana lyses .  

Present  MDAI cases  (and t h e i r  MVMA coun te rpa r t s )  supplement t he  

CPIR form w i t h  numerous photographs. While t he se  have been of 

valuc: t;o des ign eng ineers  i n  t he  p a s t ,  t h o  l o g i s t i c s  of ll~ilndling a  

l a r g e  number of t he se  is awesome; and i t  is c l e a r  t h a t  t h e r e  would 

be a t radeof f  ( f o r  t he  same c o s t )  i n  photographs and the  t o t a l  number 

of cases .  For t he  VACUUM program photographs a r e  not recommended. 

One shortcoming of t h i s  choice i s  t h a t  t h e r e  is  l i t t l e  redundancy 

l e f t  i n  t he  r epo r t i ng  scheme, and i t  w i l l  not be easy f o r  e d i t o r s  

t o  check r e p o r t s  o r  reso lve  c o n f l i c t s  i n  t he se .  T h i s  then would 

i n d i c a t e  a  s t rong  need f o r  good q u a l i t y  c o n t r o l  throughout t he  e n t i r e  

da t a  c o l l e c t i o n  system. 

An a l t e r n a t i v e  t o  t h i s  r e l a t i v e l y  expensive and expansive d a t a  

c o l l e c t i o n  a c t i v i t y  would seem t o  be t o  accept  p o l i c e  l e v e l  d a t a ,  

and t o  t r y  t o  insure  i t s  completeness and sampling adequacy. T h i s  

i s  not recommended f o r  s e v e r a l  reasons .  The type of informat ion t o  

be repor ted  i n  t h i s  program, and the  l e v e l  of d e t a i l  and p r e c i s i o n  

needed t o  NHTSA, is  such t h a t  t he  i n v e s t i g a t o r s  mus t  be highly 

t r a i n e d ,  The sampling process  m u s t  be p r e c i s e  and r e l a t i v e l y  com- 

p l e t e - - i . e . ,  i f  every t e n t h  towaway acc iden t  w i th in  a  p a r t i c u l a r  

j u r i s d i c t i o n  is  t o  be included i n  t he  sample considerable  e f f o r t  

m u s t  be made t o  i n su re  i t s  inc lu s ion .  In  o rder  t o  achieve both t h e  

t echn ica l  c a p a b i l i t y  and the  sampling p rec i s ion  needed t h e  i n v e s t i -  

ga t i on  a c t i v i t y  should be dedicated t o  t h i s  t a s k  r a t h e r  than accept ing 

i t  a s  a  p a r t  time opera t ion .  The p a r t  t ime s t a t i s t i c i a n s  w i th in  

po l i ce  departments a r e  the  reason f o r  the  new na t iona l  crime survey.  



Determining unemployment r a t e s  by asking c i t i e s  o r  s t a t e s  each t o  

r e p o r t  t h e i r  unemployment s t a t i s t i c s  i s  not u workable scheme. 

And t h e r e  is evidence ap len ty  i n  t h e  t r a f f i c  s a f e t y  l i t e r a t u r e  of 
* 

t he  v a r i a b i l i t y  of r e p o r t i n g  among p o l i c e  departments.  

There should be a  s t rong  c e n t r a l  c o n t r o l  of t h e  VACUUM opera t ion ,  

and i f  i t  i s  d i f f i c u l t  t o  g e t  r e sea rch  o r i e n t e d  teams l i k e  t h e  

p re sen t  MDAI ope ra t i ons  t o  provide  t h e  input  p r e c i s i o n  requ i red ,  

NHTSA should cons ider  s t a f f i n g  t h e  teams w i t h  f e d e r a l  employees. 

A t  t h i s  junc ture  t h e r e  seems t o  be no reason w h y  t h e r e  could not 

be a  mixture of both c o n t r a c t  and f e d e r a l  teams providing i n f o r -  

mation f o r  VACUUM. 

Questions app rop r i a t e  f o r  the  da t a  t o  be acqui red  under VACUUM 

a r e  many. W i t h  r e spec t  t o  t h e  veh i c l e  one might w i s h  ( a t  some l a t e r  

d a t e )  t o  determine how many wheels f e l l  o f f  c a r s  a s  a  func t ion  of 

age ,  what percentage of t h e  crashed v e h i c l e s  had t h e  windshie ld  

pene t r a t ed  by t he  hood; whether t h e  energy absorbing s t e e r i n g  columns 

a r e  e f f e c t i v e  ; what percentage of a  p a r t i c u l a r  r e c a l l e d  veh i c l e  ( i n  

a c c i d e n t s )  has been proper ly  r e p a i r e d .  W i t h  r e spec t  t o  occupants 

one might w i s h  t o  determine i n j u r y  p a t t e r n s  a s  a  func t ion  of d r i v e r  

age and acc iden t  c o n f i g u r a t i o n ,  o r  keep t a b s  on r e s t r a i n t  system 

usage a s  a  func t ion  of reg ion  of t h e  country ,  t ime of day, purpose 

of  t r i p ,  o r  season.  W i t h  r e spec t  t o  t h e  environment one might w i s h  

t o  determine t h e  e x t e n t  of i cy  pavement a s  a  causa t i ve  f a c t o r  i n  

a cc iden t s  (and understand w e l l  t h e  s e v e r i t y  of t h e  r e s u l t i n g  a c c i -  

d e n t s ) ,  o r  t o  s tudy t h e  r e l a t i o n s h i p  between some d r i v e r  f a c t o r  

( e , g . ,  b e l t  wearing) and weather .  

Xt is  expected t h a t  t h e  d a t a  elements t o  be c o l l e c t e d  i n  the  

VACUUM program would change, but only slowly s o  t h a t  t h e r e  would 

be c o n s i s t e n t  d a t a  f o r  many elements over a  long per iod  of t ime,  .................... 
ak 

G a r r e t t ,  J . W . ;  B r a i s t e d ,  R . C . ;  and Morris ,  D.F., "Tri-Level 
acc iden t  research  s tudy .  Second annual  r e p o r t .  F i n a l  r e p o r t "  
Corne l l  Aeronaut ical  Laboratory,  I n c . ,  Buffa lo ,  N . Y . ,  May 1972. 
87 p .  Report No. CAL VJ-2893-V-2/ Dm-HS-800 679 . )  NHTSA. 

Wuerdemann, H . ,  "Estimating t h e  q u a l i t y  of r o u t i n e  t r a f f i c  
acc iden t  r e p o r t i n g  by p o l i c e  personnel" ,  Center  f o r  t h e  Environ- 
ment and Man, Inc . ,  Har t fo rd ,  Conn. 1970. 7  pages . ,  National  
Safe ty  Congress T iansac t iono ,  Vol. 2 4 ,  1970. . 

S c o t t ,  R . E . ,  and C a r r o l l ,  P . S . ,  " A c q u i s i t i o ~  of Information 
of ~ n f o r m a t i o n  o n  Exposure and on Non-latal  Crashes",  Vol. XI, 
F i n a l  Report ,  May 1 2 ,  1971. Highway Safety  Research I n s t i t u t e ,  
Ann Arbor, Michigan, Contract  Yo. FH-11-7293. 



The t o t a l  amount of da t a  w i l l  depend on choice of sample s i z e ,  t h e  

amount of funding a v a i l a b l e  f o r  t he  program, and the  p rec i s ion  of 

r e s u l t s  de s i r ed .  B u t  what m u s t  be s t r i v e n  f o r  is  a  s e t  of da t a  of 

accuracy and s i z e  s u f f i c i e n t  t o  s tand  up under a  v a r i e t y  of c r i t i c i s m .  

Computer Ass i s ted  Rapid resp-onse Procedures f o r  Evaluat ing Technology 
i n  S p e c i f i c  Wide Area Environments of Emerging Problems (CARPETSWEEP) 

When a  problem a r i s e s ,  e i t h e r  t he  answer w i l l  be a v a i l a b l e  o r  

i t  w i l l  no t .  A v a i l a b i l i t y  means t h a t  t he  da t a  e x i s t  i n  a r epo r t  

o r  i n  a  computer f i l e  and can be r e t r i e v e d ,  t oge the r  w i t h  the  necessary 

s t a t i s t i c a l  a n a l y s i s ,  t o  allow a  dec i s ion  t o  be made about t h e  

mat ter  a t  hand. I f  the  da t a  a r e  not a v a i l a b l e  they m u s t  be ob ta ined  

The procedure t o  do t h l s  is  c u r r e n t l y  a  time consuming and c o s t l y  

one, involving the  formulat ion of t he  problem i n  t h e  framework of a 

request  I o r  proposals  sen t  t o  q u a l i f i e d  research  e n t i t i e s ,  t h e  

eva lua t ion  of the  proposals  which a r e  submit ted  i n  response t o  t h i s ,  

the nego t i a t i on  of c o n t r a c t u a l  arrangements,  t h e  monitoring of 

research  p rog re s s ,  and f i n a l l y  the  a n a l y s i s  of t h e  r e s u l t s  repor ted  

by t he  c o n t r a c t o r .  These two ways of answering ques t i ons  a r e  extremes 

on continuums of both time and e f f o r t .  While each can lead  t o  
s a t i s f a c t o r y  r e s u l t s  i n  s p e c i f i c  i n s t a n c e s ,  we w i l l  suggest  here  

than an in te rmedia te  approach may be adv i sab l e .  The procedure we 

a r e  de f in ing  stems from two cons ide ra t i ons .  F i r s t ,  t he re  is  a  need 

f o r  an in te rmedia te  l e v e l ,  r ap id  response d a t a  c o l l e c t i n g  technique 

t o  f i l l  t he  gap i n  NHTSA's a b i l i t y  t o  respond t o  t he  r eques t s  of i t s  

c l i e n t s ,  and secondly,  a  g r e a t  p a r t  of t he  mechanism f o r  accomplishing 

the  t a s k s  s e t  out a l ready  e x i s t s  because of t he  Adminis t ra t ions  

previous  e f f o r t s .  

The name we have given t o  t h i s  new procedure i s  - Computer - Ass is ted  

Rapid-response Procedure f o r  Evaluat ing Technology i n  S p e c i f i c  Wide- - - - - - - 
area  Environments of Emerging Problems: CARPET SWEEP. The acronym - - - 
is  intended t o  convey the  idea  t h a t  t h e  t echnique . . i s  t o  he used 

i n  s i t u a t i o n s  where immediate a t t e n t i o n  m u s t  be g i v e n ~ t o  a  s p e c i f i c  

a r e a .  A handy simpie mechanism is needed which is  kept a t  a  high 



s t a t e  of r ead ines s  and can be put  i n t o  a c t i o n  a s  soon a s  a  problem 

is i d e n t i f i e d .  The process  is  tu rned  on f o r  a s  long a  time a s  

necessary t o  ge t  t he  job done and i t  then r e t u r n s  t o  i t s  ready s t a t e  

awai t ing  t he  next requirement.  

In  s e v e r a l  ways , t h e  e x i s t i n g  MDAI teams meet t h e  needs 

f o r  t he  CARPET SWEEP process .  They c o n s i s t  of h ighly  t r a i n e d  per-  

sonnel  capable  of c o l l e c t i n g  acc iden t  da t a  accu ra t e ly  and e f f i c i e n t l y  . 
Thei r  r e l a t i o n s h i p s  w i t h  t he  community, i . e . ,  t h e  p o l i c e  and f i r e  

depar tments ,  ambulance d i spa t ch ing  s e r v i c e s ,  h o s p i t a l  emergency room 

o r g a n i z a t i o n s ,  and the  j u d i c i a l  system, a r e  such t h a t  a cces s  t o  a  

con t inua l ly  changing s e t  of d a t a  can be r e a d i l y  a s su red ,  F a m i l i a r i t y  

w i t h  t he  da t a  input  and i t s  subsequent a n a l y t i c a l  u se ,  fur thermore ,  

makes them s e n s i t i v e  t o  t h e  i s s u e s  t h a t  a r e  c r i t i c a l  t o  t h e  success  

of any da ta  c o l l e c t  ion program. 

The i n s t i t u t i o n  of t he  procedure we have i n  mind would n e c e s s i t a t e  

a  somewhat d i f f e r e n t  c o n t r a c t u r a l  r e l a t i o n s h i p  between NHTSA and 

t h e  MDAI teams. The SCRUB and VACUUM p o r t i o n s  of t he  team's work 

would cont inue a s  before  under f i x e d  c o n t r a c t s ,  and t h i s  p a r t  would 

provide  f o r  t h e  c o l l e c t i o n  of da t a  on an on-going b a s i s .  Another 

p o r t i o n  of t h e  team's  work would be l e f t  open and would be dedicated 

t o  t h e  performance of ad hoc s t u d i e s  under t h e  CARPET SWEEP concept .  

A s tudy under t h i s  procedure s t a r t s  w i t h  t h e  i d e n t i f i c a t i o n  of 

a  problem, and t h e  source  of t h i s  a c t i v i t y  w i l l  most o f t e n  be a t  

NNTSA i t s e l f .  Along w i t h  a  s ta tement  of t h e  problem m u s t  come a  

complete d e s c r i p t i o n  of t h e  d a t a  which a r e  t o  be c o l l e c t e d  and an 

unders tanding of how these  da t a  a r e  t o  be processed.  I t  is s t r o n g l y  

sugges ted ,  however, t h a t  t he  teams themselves have a  cons iderab le  

degree of p a r t i c i p a t i o n  i n  t h i s  s t a g e  of t h e  p roces s ,  both because 

t h e  pe r spec t ive  of f i e l d  teams i s  a  va luab le  a s s e t  and because of 

the  sense  of i d e n t i f i c a t i o n  and c c n t r i b u t i o n  which i s  important t o  

t h e  morale and e f f i c i e n c y  of those  working i n  a r e a s  remote from t11e 

d i r e c t i n g  agency, 



Communication between the  c e n t r a l  o f f i c e  and the  MDAI teams is 

t o  be handled almost completely by a remote computer t e rmina l  l i n k .  

The i n s t r u c t i o n s  f o r  c o l l e c t i n g  the  da t a  a r e  s t o r e d  i n  a  computer 

f i l e  and t h e  f i e l d  team is given i n s t r u c t i o n s  t o  access  t h a t  f i l e .  

This  w i l l  t e l l  them t h e  c r i t e r i a  t o  be used i n  s e l e c t i n g  cases  f o r  

t h i s  s t u d y ,  t he  v a r i a b l e s  on which da t a  a r e  t o  be c o l l e c t e d  and t h e  

format t o  be used i n  t he  r epo r t i ng  of d a t a .  Reporting is t o  be 

done on a case-by-case b a s i s  d i r e c t l y  from t h e  t e rmina l  a t  t he  MDAI 

s i t e  t o  t he  computer i n  t he  c e n t r a l  o f f i c e .  W i t h  each study design 

an i n t e r a c t i v e  p r o g r a d w i l l  be w r i t t e n  t o  prompt t he  user  i n  h i s  

r epo r t i ng  and w i l l  accumulate t he  da t a  from the  many sources  i n  

a  s i n g l e  f i l e  f o r  a n a l y s i s .  The da t a  can be analyzed a t  any po in t  

i n  t he  CARPET SWEEP opera t ion  s o  t h a t  an i n d i c a t i o n  may be go t t en  

a s  t o  when enough informat ion has been c o l l e c t e d  t o  answer t h e  

o r i g i n a l  ques t i on .  

Let u s  t ake  a s  an example of a  problem which could he a t t acked  

by t h i s  procedure,  a  ques t i on  o r  s e t  of ques t i ons  which t h e  s tandards  

w r i t i n g  d i v i s i o n  a t  NHTSA might have about c h i l d  r e s t r a i n t  systems. 

The goa l  of t h i s  inqu i ry  might be t o  determine whether t o  r equ i r e  

t h a t  such a  device be provided w i t h  every new c a r  i f  t he  purchaser  

d e s i r e s  i t .  The ques t i ons  which a r i s e  i n  connection w i t h  t h i s  

i n v e s t i g a t i o n  can be answered from many sources .  The t o t a l  popu- 

l a t i o n  of ch i ld r en  is  a v a i l a b l e  from s tandard  census d a t a ,  and w i l l  

g ive  an idea of t he  s i z e  of the  group t h e  dec i s ion  w i l l  e f f e c t .  

The number of f a m i l i e s  t h a t  would use such a  device i f  i t  were 

provided t o  them, f r e e  of charge o r  a t  some def ined  c o s t ,  might be 

a t t acked  by something resembling a  market survey.  The more s e r i o u s  

ques t i ons  from t h e  Adminis t ra t ion ' s  po in t  of view, however, have t o  

do w i t h  t he  publ ic  acceptance and use of t h e  device  and i t s  per-  

formance i n  reducing o r  e l imina t ing  i n j u r i e s  and f a t a l i t i e s .  I t  

is  toward t h i s  l a t e r  s e t  of ques t i ons  t h a t  an ad hoc s tudy w i l l  

be d i r e c t e d .  .................... 
I T h i s  interactive program w i l l  be composed of sub-program 

modules c h a z  can be qu ick ly  put  t oge the r  according t o  t h e  
needs of d s p e c i f i c  s tudy .  



The s o l u t i o n  w i l l  be framed around a c o l l e c t i o n  of v a r i a b l e s ,  

r e l a t i v e l y  smal l  i n  number, which bear d i r ec t11  on the  problem. 

The da ta  c o l l e c t i o n  procedure w i l l  be designed and t h e  a n a l y s i s  

and r epo r t i ng  process  de f ined ,  both based on computer codes 

previously  checked out and used,  b u t  modified f o r  t h i s  s p e c i f i c  

case .  The MDAI s i t e s  a t  which da t a  w i l l  be gathered w i l l  be s e l e c t e d  

s o  t h a t  a  s u f f i c i e n t  quan t i t y  of da t a  w i l l  be c o l l e c t e d  i n  t he  time * 
requ i red .  T h i s  s e t  up process  should be completed i n  no more than 

one week. A t  t h a t  time each of t h e  des ignated MDAI teams w i l l  

r e ce ive  a  message on i t s  remote t e rmina l  s i m i l a r  t o  t he  fo l lowing:  

CARPEX' SWEEP STUDY NO. 8** 

Beginning November 1, 1974 and cont inuing u n t i l  December 3 0 ,  

1974, un l e s s  otherwise d i r e c t e d ,  you w i l l  i n v e s t i g a t e  a l l  motor 

veh i c l e  acc iden t s  i n  which 1 )  a  V D I  of 1 o r  g r e a t e r  is  e s t a b l i s h e d  

and 2 )  a  c h i l d  between the  ages of 6 months and 4 years  i s  an occu- 

pant of any v e h i c l e  involved.  A s e p a r a t e  r epo r t  w i l l l b e  made f o r  

each such occupant,  

To e n t e r  a r epo r t  signon and i s s u e  t h e  command "SOURCE CPS8: 

ENTER" you w i l l  then be prompted a t  t he  t e rmina l  t o  e n t e r  da t a  w i t h  

regard t o  the  fol lowing v a r i a b l e s  f o r  each c a s e :  

1 - Make and model of veh i c l e  

2 - Model year  

3 - Driver age 

4 - Driver sex 

5 - Accident Type 

6 - VDI 

7 - Impact Speed 

8  - Road condi t ions  

9 - ~ a t e / ~ i r n e  

* 
i . e . ,  t he  mechanics of  t h e  s e t  up p roces s ;  t h e  i n i t i a l  
formulat ion of t he  problem may take  any amount of t ime.  

**  
Appendix H shows i n t e r a c t i v e  computer conversat ion a s  i t  
would appear t o  t h e  r epo r t i ng  c rash  i n v e s t i g a t o r .  
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10 - Case occupant 
a )  age 
b )  sex 
c )  weight 
d )  pos i t ion  
e )  i n j u r y  s eve r i ty  
f )  r e s t r a i n t  system data  (V461r471, C P I R ~  

11 - Free form t e s t  comments 

The ENTRY rout ine  has an e r r o r  checking capab i l i ty  and w i l l  h a l t  

a t  each s t e p  u n t i l  a  va l id  input i s  received, repeat ing a  s t e p  

should an e r r o r  occur. The command "???" instead of an entry 

value w i l l  display a  complete descr ip t ion  of the var iable  awaiting 

values.  The command "CHANGE X1', where X is a  var iable  number i n  

t h i s  r e p o r t ,  w i l l  d e l e t e  previously entered values and allow.new 

values t o  be entered.  The command "END ENTER" s t o r e s  t h i s  repor t  i n  

the c e n t r a l  f i l e  and p r i n t s  a  copy fo r  your records.  

To allow you t o  monitor the progress of t h i s  program, two 

s t a t u s  r epor t s  a r e  ava i l ab le  which summarize the  da ta  held i n  the  

c e n t r a l  f i l e  a t  the time of the request ,  The command "SOURCE CPS8: 

STATUS-ME" w i l l  present the s t a t u s  of your own cont r ibut ions  t o  the 

f i l e ,  and the  command "SOURCE CPS8: STATUS-ALL w i l l  provide a  summary 

of the e n t i r e  p r o j e c t .  

For a  t r a i n i n g ,  educat ional ,  or demonstration purposes, the  

command "SOURCE CPS8 :DEMOu may be used. T h i s  w i l l  cause the terminal  

t o  behave exact ly  a s  i z  does when i n  the  ENTRY mode, except tha t  no 

data  a re  entered i n t o  the c e n t r a l  f i l e s .  

Mr. A . C .  Dent a t  Area Code 202-724-0000 w i l l  be ab le  t o  

answer any quest  ions you might have regarding CPS8. 

Please signon and i ssue  the command "SOURCE CPS8:OK" t o  

acknowledge rece ip t  of t h i s  message. 

* 
i . e . ,  I n  the  same manner as you would record data f o r  
va r i ab les  461 through 471 of the  Col l i s ion  Ferformancd 
and Injury Report. 



The r e c i p i e n t s  of t h e  message uTould have a b o ~ t  two weeks i n  

which t o  p repare  f o r  t he  new e f f o r t ;  a d j u s t i n g  t h e  schedul ing of 

t h e i r  on-going M D A I  c a s e s ,  p repar ing  whatever forms were thought 

necessary t o  t h e  d a t a  c o l l e c t i o n ,  adv is ing  p o l i c e ,  h o s p i t a l ,  e t c .  

of t h e i r  in format iona l  needs,  and i n d o c t r i n a t i n g  personnel  a s  t o  

t he  goa l s  and methods of t h e  program. The t o t a l  t ime f o r  t h e  com- 

p l e t i o n  of t h e  e n t i r e  p r o j e c t ,  t h e r e f o r e ,  would be l e s s  than t h r e e  

months. 

Implementation of t h e  CARPETSWEEP concept would provide  NHTSA 

w i t h  t h e  means of acqu i r i ng  e s s e n t i a l  d a t a  on a  t imely  b a s i s  t o  

provide  s o l u t i o n s  t o  s p e c i f i c  problems. I t s  power is der ived  from 

t h e  combination of us ing t h e  e x p e r t i s e  a l r eady  i n  e x i s t e n c e  a t  

t he  MDAI team s i t e s  and employing a  remote access  computer a s  both 

t he  communication network and a  r ap id  d a t a  p rocessor .  

We l i s t  below a  dozen problems which might be a t t acked  by t h e  

CARPETSWEEP technique ,  t oge the r  w i t h  an i n d i c a t i o n  of t he  goa l s  of  

each s tudy and t h e  v a r i a b l e s  r e l evan t  t o  answering our q u e s t i o n s ,  

These a r e  in tended only t o  r e f l e c t  t h e  scope of such problems and 

not t o  suggest  t o  NIITSA a n y  o rder ing  of importance o r  p r i o r i t y .  

Na tu ra l l y ,  i n  each case the s p e c i f ' i c  01 t h e  sample and thc  da t a  t o  

be c o l l e c t e d  would have t o  be worked ou t  i n  complete d e t a i l  before 

t h e  s tudy were i n i t i a t e d .  

1 )  S t ee r ing  Column: The goa l  here  is  t o  f i n d  out  i f  energy 

absorbing s t e e r i n g  columns a r e  e f f e c t i v e  i n  reducing i n j u r y  s e v e r i t y  

i n  f r o n t a l  c o l l i s i o n s .  Each c o l l i s i o n  i d e n t i f i e d  i n  t h e  time per iod 
* 

f o r  a new model c a r  con ta in ing  an EA column would be matched on the  

t Here and elsewhere i n  t h i s  s ec t i on - r e f e r ence  is made t o  t h e  
c o l l e c t i o n  of matched samples.  I t  should be noted t h a t  t h e  
i n v e s t i g a t i o n  teams themselves would not be g iven  t h e  oppor- 
t u n i t y  t o  do t h e  -matching. They might be asked f o r  example, 
t o  o b t a i n  informat ion about c rashes  wi th  and wi thout  a i r b a g s ,  
wi th  20  c r a shes  i n  each group. Within each s e t  
t h e r e  m, igh t  b e  r, requirement t o  ob t a in  a  p a r t i c u l a r  number a t  
each of s e v e r a l  Vehicle Damage Extent  l e v e l s .  But t he  a c t u a l  
s e l e c t i o n  of ca se s  f o r  i nc lu s ion  would u l t i m a t e l y  r e s u l t  from 
a  random process  employed by t h e  team. Ul t imate  matching f o r  
c rash  s e v e r i t y  would be performed a n a l y t i c a l l y  us ing something 
l i k e  t h e  r eg re s s ion  model d i scussed  i n  t h i s  r e p o r t .  



b a s i s  of c o l l i s i o n  s e v e r i t y  (impact speed o r  V D I )  w i t h  an o l d e r  

c a r  not equipped w i t h  an EA column. The main da t a  item sought 

would be ex t en t  of i n ju ry  t o  t he  d r i v e r ,  and the  sample would 

most l i k e l y  be subdivided f u r t h e r  on some c o n t r o l  v a r i a b l e s  such 

a s  the  use of r e s t r a i n t s .  

2 )  Air Bag: When t h e  a i r  bag is i n  common enough use a s  a  

pass ive  r e s t r a i n t ,  we w i l l  be i n t e r e s t e d  i n  eva lua t ing  i t s  e f f e c t -  

iveness  i n  prevent ing o r  reducing i n j u r y .  For each crash i n  which 

an a i r  bag is  deployed, a  s i m i l a r  crash w i l l  be taken i n  which t h e  

veh i c l e  was  not equipped w i t h  t h e  device .  A comparison of t he se  

two populat ions  w i l l  then be made t o  eva lua te  d i f f e r e n c e s  i n  i n j u r y  

product ion.  

3 )  Bumper systems: Low speed rear-end c o l l i s i o n s  w i l l  be 

used i n  t h i s  s tudy ,  and t h e  sample w i l l  be r e s t r i c t e d  t o  cases  

where one of the  veh i c l e s  has a  new bumper system and t h e  o the r  

does not .  The "new" c a r s  w i l l  equa l ly  o f t e n ,  i n  t he  sample, be 

t he  s t r i k i n g  and the  s t ruck  veh i c l e .  The cos t  of r e p a i r s  f o r  each 

c a r  w i l l  be c o l l e c t e d  and compared t o  see  i f  t he  new bumper system 

i s  achieving i t s  intended g o a l s ,  

4 )  Roadside Obs tac les :  T h i s  s tudy w i l l  be r e s t r i c t e d  t o  

t he  s t u d y  of s i n g l e  veh i c l e  acc iden t s  i n  which t h e  crash involves  

h i t t i n g  some permanent f e a t u r e  of the  highway. The ob j ec t  of t h i s  

s tudy w i l l  be t o  develop a  d i s t r i b u t i o n  of acc iden t s  over t h e  kinds 

of o b s t a c l e s  which a r e  s t r u c k  and t o  def ine  t h e  s e v e r i t y  of t h e  

i n j u r y  r e l a t e d  t o  each.  Knowledge of the  type of roadways and 

o the r  environmental condi t ions  w i l l  help i n  dec i s ions  a s  t o  t he  

p o s s i b i l i t y  o r  necess i ty  of t ak ing  c o r r e c t i v e  a c t i o n s .  

5 )  Unlicensed Dr ivers :  A l l  c rashes  i n  which t he  d r i v e r  d id  

not possess  a  v a l i d  d r i v e r ' s  l i c e n s e  w i l l  c o n s t i t u t e  t h i s  sample, 

and t h e  goa l  of the  s t u d y  is  t o  discover  t he  motivating f a c t o r s  

underlying t h i s  kl l ld  of behavior.  Did  t he  d r i v e r  know he d id  not 

have a v a l i d  l i c ense?  How long has he been d r iv ing  w i t h  a  revoked 

l i c e n s e ?  What r i s ~ s  does he perceive  a s  a  r e s u l t  of h i s  behavior? 



A concurrent s t u d y  on exposure aimed a t  unlicensed d r i v e r s  m i g h t  be 

use fu l  i.n e s t ab l i sh ing  the  magnitude of the  p r ~ b l e m .  

6 )  Recreational Vehicles:  The aim of t h i s  study would be 

t o  discover the spec ia l  circumstance surrounding rec rea t iona l  

vehicle  acc idents .  The nature and durat ion of the t r i p  components, 

the number and ages of vehicle  occupants, f a m i l i a r i t y  w i t h  the area 

t r a v e l l e d ,  length of time the vehic le  has been owned, and many 

o ther  va r i ab les  would help t o  d i s t ingu i sh  t h i s  type of accidents  

from the  general  population. I n j u r i e s  which a re  a t t r i b u t a b l e  t o  

spec ia l ized  vehicle  configurat ion w i l l  a l s o  serve t o  ind ica te  

whether countermeasures should be d i rec ted  a t  t h i s  c l a s s ,  

7 )  Shoulder Harnesses: There a r e  many indica t ions  t h a t  upper 

t o r s o  r e s t r a i n t s  a re  an e f f e c t i v e  means of reducing i n j u r y  s e v e r i t y ,  

and the goal  of t h i s  s t u d y  w i l l  be t o  t e s t  the  t r u t h  of these  

observat ions.  Crashes i n  which Bhoulder harnesses a re  worn by the 

vehicle  occupants w i l l  be matched against  s i m i l a r  crashes i n  which 

the r e s t r a i n t s  were not used, both samples being cont ro l led  fo r  the 

use of lap b e l t  r e s t r a i n t s .  The between group comparison of i n j u r y  

~ r o d u c t i o n  w i l l  t e l l  us something about the e f fec t iveness  of the  

respect ive  r e s t r a i n t  systems. 

8 )  Warning Buzzers: The e f fec t iveness  of the  requirement 

f o r  a  warning buzzer and l i g h t  t o  be ac t iva ted  when sea t  b e l t s  a re  

not properly fastened is the objec t  of t h i s  s tudy.  We may e i t h e r  

sample from the  crash population or  perform an exposure survey t o  

determine i f  occupants of c a r s  w i t h  the warning system a re  using 

t h e i r  lap b e l t s  and shoulder harnesses.  Our  major quest ion has 

t o  do w i t h  the percentage increase i n  r e s t r a i n t  usage fo r  vehicles  

which have the w a r n i n g  system over those which do not .  We don' t  

expect usage i n  ca r s  w i t h  the warning devices t o  be 100% and we 

a l s o  w i s h  t o  know why and how the owners have defeated the system. 



9 )  School Buses: Since school buses a r e  provided f o r  a  

pa r t  of our population which requi res  more than average p ro tec t ion ,  

we a re  concerned w i t h  whether they a re  receiving i t .  Any accident 

involving a  s k h o ~ l  b u s  w i l l  be s tudied  t o  f i n d  out the reasons f o r  

the crash,  including such t h i n g s  a s  the condition of the vehicle  

and the experience of i t s  d r i v e r .  In addi t ion  vehicle  st iructures 

associated w i t h  passenger i n j u r y  would be reported i n  a  uniform 

manner. 

10) Trucks: Trucks and other  spec ia l  heavy-load vehic les  

present s p e c i a l  problems on the  highway because of t h e i r  s i z e ,  

weight, and operating c h a r a c t e r i s t i c s  which make them d i f f e r e n t  

from the main port ion of t h e  t r a f f i c  stream. One p a r t i c u l a r  prob- 

lem is t h a t  passenger ca r s  i n  a  rear-end c o l l i s i o n  w i t h  a t ruck  

m i g h t  ffunderride" the t ruck chass i s .  T h i s  s t u d y  would be d i rec ted  

a t i f i n d i n g  out the prevalence of t h i s  problem i n  the general  popu- 

l a t i o n  of acc idents ,  and by inves t iga t ing  the s p e c i f i c  ins tances  

of i t ,  determine i f  i n j u r y  production i s  augmented. 

11) S t a l l i n g :  One of the  s ide  e f f e c t s  of the  in t rc~duct ion  

of emission cont ro l  devices on newer model c a r s ,  is t h a t  engine 

s t a l l i n g  occurs more frequent ly upon s t a r t -up  o r  d u r i n g  acce le ra t ion ,  

The purpose of t h i s  s t u d y  would be t o  determine how frequent ly the  

s i t u a t i o n  a r i s e s ,  and when i t  does, is  i t  a  contr ibutory cause t o  

an accident .  A l l  such cases w i l l  be s tudied  i n  d e t a i l  t o  discover 

the relevant  f a c t s .  



SUMMARY (OF NEW TRI-LEVEL APPROACH) 

The SCRUB, VACUUM, and CARPETSWEEP programs a r e  in tended t o  

provide  a  n a t i o n a l l y  r e p r e s e n t a t i v e  s e t  of d a t a  which can be used 

f o r  drawing in f e r ences  about the  s t a t e  of t r a f f i c  s a f e t y  i n  t he  

Gnited S t a t e s  and f o r  i n v e s t i g a t i o n  of s p e c i f i c  t e c h n i c a l  problems 

a s  they a r i s e ,  I t  does not d u p l i c a t e  t h e  compila t ion of s t a t e -  

provided in format ion ;  r a t h e r  i t  supp lan t s  i t  w i t h  a  c a r e f u l l y  con- 

t r o l l e d  sampling procedure .  

I nd iv idua l  teams ope ra t i ng  i n  t h i s  program w i l l  be expected 

t o  have acces s  t o  l o c a l  p o l i c e  l e v e l  d a t a ,  and t h i s  may be t he  

mechanism through which t h e i r  sampling is accomplished. Fu r the r ,  

i t  w i l l  be u s e f u l  t o  develop exposure informat ion about t h e  s e v e r a l  

reg ions  c o n t r i b u t i n g  d a t a  t o  t h e  program, and one o r  more of t h e  

s p e c i a l  (CARPETSWEEP) s t u d i e s  may be d i r e c t e d  t o  t he  c o l l e c t i o n  of 

exposure d a t a .  

There i s  no recommendation here  f o r  t h e  compila t ion of t he  

p o l i c e  l e v e l  d a t a  f o r  a l l  of t h e s e  reg ions .  I t  is considered t o  

be a l o c a l  r e sou rce ,  of value  f o r  day t o  day d i r e c t i o n  of t h e  team 

ope ra t i ons .  But t h e  v a r i a b i l i t y  of c o l l e c t i o n  r u l e s  among p o l i c e  

agenc ies  i n  d i f f e r e n t  p a r t s  of t he  country would make any complete 

compila t ion suspec t .  

Cost of t h i s  program has been es t imated  us ing knowledge of 

e x i s t i n g  MDAI c o s t s .  In t he  next s e c t i o n  of t h i s  r epo r t  we w i l l  

develop an argument f o r  approximately 30 teams each of which provide 

a.bout 500 VACUUM cases  per  year  each.  T h i s  number of ca se s  ( i , e ,  

15,000 t o t a l )  w i l l  permit  a n a l y s t s  t o  ask ques t i ons  s e v e r a l  l e v e l s  

down i n t o  t h e  d a t a ,  and s t i l l  have a  s u f f i c i e n t  nunber of even t s  t o  

make s t a t i s t i c a l  judgments. For example, w i t h  15,000 v e h i c l e s ,  

one might w i s h  t o  look a t  t he  d i s t r i b u t i o n  of i n j u r i e s  t o  male and 

female d r i v e r s  ( ad jus t ed  f o r  impact s e v e r i t y )  f o r  seven d i f f e r e n t  

c o l l i s i o n  con f igu ra t i ons  ( rear-end,  head-on, s ide-swipe,  i n t e r sec t i on -L ,  

i n t e r sec t i on -T ,  r o l l o v e r s ,  a.nd o t h e r  s i n g l e  v e h i c l e  c r a s h e s ) .  From 



o t h e r  informat ion we expect  head-on involvements t o  be t h e  sma l l e s t  

group (about 5 % ) . .  T h i s  would y i e l d  about 750 cases  w i t h  perhaps 

two- th i rds  male d r i v e r s  and one- th i rd  females.  I t  might be p o s s i b l e  

t o  go one f u r t h e r  s t e p  - say f o r  va r ious  t imes of t he  day. 

W i t h  30 teams and a  t o t a l  of 15,000 ca se s ,  c o s t s  of t h e  t o t a l  

f i e l d  program a r e  es t imated  a t  $4 .5  m i l l i o n .  Program admin i s t r a t i on  

and da t a  handling w i l l  add $500,000 t o  $1,000,000 t o  t h i s  f i g u r e .  

Costs  

System Cases/Yr . 
SCRUB 20 

VACUUM 500 

CARPETSWEEP 500 

To t a l  

50,000 

75,000 

20)OOO 

145,000 

TRAFFIC SAFETY INDICES : 

W i t h  t h e  excep t ion  of the  annual  f a t a l i t y  count ,  and s e v e r a l  

de r ived  s t a t i s t i c s  based on t h i s ,  t h e r e  a r e  no r e a l l y  s o l i d  n a t i o n a l  

i nd i ce s  of t h e  s t a t e  of t r a f f i c  s a f e t y .  In ju ry  s t a t i s t i c s  provided 

by t h e  Nat ional  Safe ty  Council  a r e  based on compi la t ions  of r e p o r t s  

from many s t a t e s ,  and t h e  b i a s e s  i n  t h e  o r i g i n a l  r e p o r t s  a r e  l i t t l e  

known but gene ra l l y  q u i t e  v a r i e d .  

The VACUUM program desc r ibed  he r e in  has t h e  c h a r a c t e r i s t i c s  

r equ i red  t o  develop a  cont inuing index of t r a f f i c  safety---a w e l l  

de f ined  sampling procedure,  a  c o n s i s t e n t  geographical  sampling, 

and da t a  i n  s u f f i c i e n t  d e t a i l  t o  provide  s e v e r a l  p o t e n t i a l l y  u s e f u l  

s t a t i s t i c s .  

One important  ques t i on  is t o  determine whether t he  p ropor t ion  

of c rashes  involving a  c e r t a i n  degree of i n j u r y  i s  r i s i n g  o r  f a l l i n g .  

I f ,  f o r  example, t t e  t r u e  p ropor t ion  of c rashes  i n  t h e  f i n i t e  a r e a  

involving i n ju ry  is  50(& i n  one- month, and i t  d e c l i n e s  t o  45% i n  t h e  



succeeding month, w i t h  a  sample s i z e  of 1200 t k i s  can be de tec ted  
* 

w i t h  a high degree of c e r t a i n t y .  I n  comparing t k i s  same propor t ion 
on an annual b a s i s  i t  i s  pos s ib l e  t o  d e t e c t  a  ccange from 50% t o  

48,5% w i t h  t he  same confidence.  

Other measures (based on monthly comparisons) would have s i m i l a r  

p r ec i s ion .  For example, one could compare the  AIS i n j u r y  d i s t r i b u t i o n  

f o r  a l l  occupants,  t h e  average and r e s i d u a l  i n ju ry  s e v e r i t i e s  ( a s  

i n  t he  r eg re s s ion  model developed i n  t h i s  r e p o r t ) ,  t h e  number of 

acc iden t s  and i n j u r i e s  per  100,000 popula t ion ,  o r  t h e  observed per- 

centage of s e a t  b e l t  wearers  i n  t h e  accident  sample. Seasonal  v a r i -  

a t i o n s  could be observed,  and t h e  time s e r i e s  p a t t e r n s  of a  l a r g e  

number of parameters of p o t e n t i a l  i n t e r e s t  t o  highway s a f e t y  managers 

could be developed and followed. 

Any d a t a  c o l l e c t i o n  system of t h i s  type i s  l i k e l y  t o  have 

unknown b i a s e s  imposed by the  p a r t i c u l a r  geographical  s i t e  s e l e c t i o n  

and t h e  survey team i n v e s t i g a t i o n  procedures.  T h i s  w i l l  be t r u e  

even though every e f f o r t  is  made t o  keep t h e  teams cons i s t en t  by 

t r a i n i n g  and monitoring of ope ra t i ons .  B u t  t he  process  of us ing 

t h e  same l o c a t i o n s  and teams each month w i l l  c o n t r o l  f o r  b i a se s  of  

t he se  types  i f  they occur ,  and the  t r u e  d i f f e r e n c e s  from one per iod 

t o  t he  next w i l l  not be a f f e c t e d  by t h e  unknown f ixed  b i a s e s .  A s  

opposed t o  f i x e d  b i a s e s ,  the  random o r  v a r i a b l e  b i a se s  w i l l  c o n t r i -  

bute t o  t he  unexplained e r r o r .  For example, if  s e a t  b e l t  wearing 

i s  over-repor ted i n  summer months (because of a  b e t t e r  oppor tuni ty  

t o  make obse rva t ions )  and underreported i n  w in t e r  months (and t h i s  

phenomenon i s  not d e t e c t e d )  t h i s  w i l l  con t r i bu t e  t o  t he  unexplained 

v a r i a b i l i t y  and hence reduce t h e  p r ec i s ion  of t he  s t a t i s t i c s  being 

es t imated .  T h i s  emphasizes again  t h e  need f o r  cons i s t en t  t r a i n i n g  

2nd  s t rong  monitoring of t he  e n t i r e  ope ra t i on .  

* 
The a lpha  and be t a  e r r o r s  a r e  both ,05. T h i s  example is 
worked out  i n  Appendix F. 



C h a p t e r  VIII 

THE GEOGRAPHICAL SAMPLE DESIGK FOR MfdPUP 

THE RESEARCH QUESTION 

Depending upon t h e  q u e s t i o n s  f o r  which  i n f o r m a t i o n  i s  n e e d e d  

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

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

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

o n l y  a p p r o p r i a t e  d e s i g n .  Assuming t h a t  t h e  i n t e r r e l a t i o n s h i p  b e t w e e n  

s e v e r i t y  o f  human i n j u r y  a n d  a s p e c i f i c  V D I  c a n n o t  b e  s t u d i e d  

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

u s  w i t h  s u r r o g a t e s  o f  s u c h  a n  " e x p e r i m e n t " .  T h i s  h a s  b e e n  p r e v i o u s l y  

d i s c u s s e d  u n d e r  t h e  u s e  o f  MDAI d a t a  a s  a  r e t r o a c t i v e  e : x p e r i m e n t .  

A l t h o u g h  such ,  d a t a  l a c k  c o n t r o l s  w h i c h  w o u l d  b e  i d e a l ,  t h e  v a r i a b l e  

i n t e r r e l a t i o n s h i p s  o f  d r i v e r s ,  o c c u p a n t s  a n 6  v e h i c l e  componen t s  

c a n  be  s t u d i e d ,  g i v e n  a c r a s h  e x p e r i e n c e .  

But  what  a b o u t  t h e  q u e s t i o n  r e g a r d i n g  f r e q u e n c i e s  of o c c u r r e n c e ?  

C u r r e n t  MDAI d a t a  f i l e s  a r e  i n a p p r o p r i a t e  t o  d e t e r m i n e  h'ow many 

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

c h a r a c t e r i s t i c s .  hlDA1 d a t a ,  b e c a u s e  of  p e r s o n a l  judgment  i n  

team l o c a t i o n  a n d  c a s e  s e l e c t i o n  c a n n o t  b e  u s e d  t o  i n f e r  t h e  

f r e q u e n c y  o f  any  c r a s h  o r  i n j u r y  c a t e g o r y  r e l a t i v e  t o  any  l a r g e  

p o p u l a t i o n  t h a n  t h e  MDAI d a t a  f i l e  i t s e l f .  I t  is t o  t h i s  

c l a s s i f i c a t i o n  o f  r e s e a r c h  q u e s t i o n  t h a t  t h e  f o l l o w i n g  recom- 

m e n d a t i o n s  a r e  a d d r e s s e d .  

A SAMPLING PLAN FOR THE MDAI SYSTEhl 

MDAI t e a m s  a r e  h i g h l y  t r a i n e d  and  c l o s e l y  c o o r d i n a t e d  w i t h  

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

a n d  j u r i s d i c t i o n a l  s y s t e m  d e v e l o p m e n t  a r e  t i m e  consuming  a n d  

e x p e n s i v e  w h i c h  res t r ic ts  t h e  number o f  s u c h  t e a m s  a v a i l a b l e  and  

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

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

t o  s e l e c t  l o c a t i o n s  t h r o u g h o u t  t h e  U.S.  w h i c h  w i l l  b e  r e p r e -  

s e n t a t i v e  o f  t h e  n a t i o n .  F i r s t ,  t h e r e  i s  no c l e a r l y  a p p r o p r i a t e  

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

S e c o n d l y ,  a  random s a m p l e  o f  l o c a t i o n s  w h i c h  would  i d e a l l y  

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

teams t h a n  would  b e  y r a c t i c a l .  



If  the  nation i s  s t r a t i f i e d  i n t o  geographic regions,  Eas t ,  

Midwest, South, West, P a c i f i c ,  each region except P a c i f i c  is now 

represented by a t  l e a s t  one MDAI team, Although i t  is not possible  

t o  j u s t i f y  current  team loca t ions  a s  "representat ive" of i t s  par- 

t i c u l a r  region, the f a c t  of each region ' s  representa t ion  is an 

a s s e t  which can be u t i l i z e d .  The present geographic arrangement 
of the MDAI team is analogous t o  a  c l u s t e r  sampling design, 

Cluster ing i s  usual ly  a  necessary compromise t o  simple random 

sampling because the  method reduces the cost  of each data  s e t  

co l l ec ted .  A properly conducted c l u s t e r  sample produces no biases;  

however the MDAI s i t u a t i o n  was not created according t o  a  sampling 

plan,  In order t o  employ the present team loca t ion  as  i f  s e l ec t ion  

were based on a  p r o b a b i l i l i t y  design, i t  is necessary t o  support 

the  assumption of representa t iveness  of the  present MDAI loca t ions .  

W i t h  some modifications i t  can be shown t h a t  a s  a  sample, 15 of the 

MDAI teams operate  i n  a reas  w i t h  c h a r a c t e r i s t i c s  much l i k e  the 

na t ional  norms when severa l  matching c h a r a c t e r i s t i c s  a re  examined. 

T h i s  point w i l l  be elaborated below and provides the bas is  f o r  the  

f i rs t  proposed da ta  co l l ec t ion  modification of the MDAI systems. 

MODIFICATION 1 

If  we assume t h a t  the  teams operate i n  j u r i s d i c t i o n s  which 

represent  t h e i r  region,  then,  i n  order t o  apply i n f e r e n t i a l  

ana lys i s ,  the  case s e l e c t i o n  procedure m u s t  be a l t e r e d  t o  s a t i s f y  

the  requirements of probabi l i ty  sampling. Essent ia l ly  t he se  

requirements a re :  (1) the probabi l i ty  of each case s e l e c t i o n  

should be known and ( 2 )  case se lec t ion  should not be biased b y  

judgmental decision-making, Cases should be se lec ted  i n  a 

mechanical, random fashion.  

Cases can be se lec ted  according t o  sampling procedures i n  a 

var ie ty  of ways, For ins tance ,  each k - t h  case of a  given type can 

be se lec ted  by a  team f o r  inves t iga t ion .  O n l y  each k - t h  case s h a l l  

be inves t iga ted ,  When an adequately la rge  number of cases a re  

s tud ied ,  then inferences can be made about the e n t i r e  population 

of such cases fo r  the team loca t ion .  A s  previously mentioned i f  a 

s p e c i f i c  crash o r  i n j u r y  type is r a r e ,  a l l  or most such cases can 

be s tud ied ;  i t  is only e s s e n t i a l  tha t  the s i z e  of the population 

N be known i n  order t o  ca lcu la te  the  probabi l i ty  of case s e l e c t i o n .  



I t  i s  important t o  be cognizant of sampling problems w i t h i n  

s e l e c t e d  team loca t ions  which can inf luence t he  sampling p r o c e d u ~ ,  

In any SMSA o r  o ther  team loca t ion ,  acc iden ts  a r e  repor ted from a  

va r i e ty  01 sources .  Po l ice  agencies ,  wrecking companies, s t r e e t  

departments and h o s p i t a l s  among o the r s  compile and repor t  accident  

d a t a .  I t  i s  e s s e n t i a l  t h a t  such sources of accident  r e p o r t s  use 

cons i s t en t  d e f i n i t i o n s  and da ta  from such var ied  sources  be con- 

s i s t e n t  f o r  the  e n t i r e  MDAI system. The importance of r igorous  

ope ra t i ona l  procedures i n  these  a r ea s  cannot be over-emphasized 

because the  sampling frames w i l l  be only a s  good a s  the  da t a  from 

repo r t i ng  sources .  I t  fol lows t h a t  no mat ter  how rigouously random 

case s e l e c t i o n  procedures a r e  adhered t o ,  t he  sample is only a s  

good a s  the  sampling frame. 

If t h e  sampling frame c o n s i s t s ,  f o r  i n s t ance ,  of  a l l  towaway 

acc iden ts  f o r  a  s p e c i f i e d  time per iod ,  then "towaway" m u s t  be 

cons i s t en t ly  defined ac ros s  a l l  j u r i s d i c t i o n s  w i t h i n  team. l oca t i ons  

and across  a l l  team loca t ions .  We consider  i t  t o  be p r imar i ly  a  

problem of management t o  i d e n t i f y  sources of d e f i n i t i o n a l  ambigui t ies  

and t o  provide the  means f o r  achieving consis tency throughout t h e  

system. 

Another ope ra t i ona l  problem which needs t o  be addressed is  the  

j u r i s d i c t i o n a l  complexity of s eve ra l  team l o c a t i o n s  (present  and 

f u t u r e ) .  Clear ly  an i n v e s t i g a t i n g  team cannot cons t ruc t  d a i l y  

sampling frames of a l l  a cc iden t s ,  i n , f o r  i n s t ance ,  New York C i t y ,  

if a l l  acc iden ts  f o r  the  e n t i r e  a r ea  a r e  t o  be included.  Sub-sampling 

w i t h i n  t he  team loca t ion  is an ope ra t i ona l  neces s i t y .  B u t ,  what 

p r e c i n c t s  o r  o the r  j u r i s d i c t i o n s  can provide " r ep re sen t a t i ve t f  a cc i -  

den ts  on a  rou t ine  bas i s  w i t h  which t o  cons t ruc t  sampling frames? 

I t  i s  necessary t o  i n i t i a t e  i n  these  cases ,  a  m u l t i s t a g e  sampling 

design such t h a t  j u r i s d i c t i o n s  a r e  s e l e c t e d  on a  p r o b a b i l i t y  b a s i s  

w i t h i n  t h e  team loca t ion .  Then, cases  a r e  rou t ine ly  sampled from 

the  accident  r e p o r t s  of t he  sampled j u r i s d i c t i o n ( s ) .  



I n  a  complex team loca t ion  a  representa t ive  sampling frame 

of accident r epor t s  can be constructed on a  da i ly  bas is  w i t h  rapid 

response team c a p a b i l i t i e s  i f  n report ing j u r i s d i c t i o n s  a re  ran- 

domly se lec ted  and then a l l  accidents  a r e  compiled i n t o  a  l i s t  

from these n repor t ing  sources.  Random case s e l e c t i o n  procedures 

can become opera t ional  i n  a  complex area w i t h  many report ing j u r i s -  

d i c t i o n s  a s  wel l  a s  i n  a  simpler area once the da i ly  sampling frame 

construct ion becomes systematic ,  consis tent  and rout ine .  

T h i s  design can be schematically presented i n  Figure 16. 

Figure 16 

ACHIEVEMENT OF NATIONAL REPRESENTATIVENESS OF THE MDAI SYSTEM 

CURRENT MDAI SYSTEM 

INITIATE RANDOM 
CASE SELECTION PROCEDURES 

REGIONAL AND POPULATI~N SIZE STRATIFICATION 
OF STANDARD METROPOLITAN STAT1 ST1 CAL AREAS 

INITIATE PACIFIC TEAM TO COMPLETE 
REGIONAL REPRESENTATION 

9 
STAGEWISE EXPANSION OF SYSTEM BY SIZE AND 

REGIONAL STRATA TO ACHIEVE NATIONAL REPRESENTATIVENESS 

A t  the l e a s t ,  cases se lec ted  i n  t h i s  fashion could be repre- 

s e n t a t i v e  of a l l  such cases i n  the  j u r i s d i c t i o n  i n  which teams a r e  

located.  If  representa t iveness  of team loca t ion  t o  the U.S. gen- 

e r a l l y  can be demonstrated, then inferences can be suggested about 

the l a rge r  populat ion.  



MDAI LOCATIONS WITHIN SMSA's 

F i f t een  of t,he cur ren t  MDAI teams a r e  s i t u a t e d  i n  Standard 

Metropolitan S t a t i s t i c a l  Areas. Data was taken on 19 matching * 
v a r i a b l e s  f o r  these  SMSA's from S t a t i s t i c a l  Abs t rac t s .  The 15 

SMSAts were analyzed a s  a  sample i n  r e l a t i o n  t o  the  t o t a l  popu- 

l a t i o n  of SMSA's and t o  t he  U.S. general  popula t ion.  Populat ion 

r a t e s  f o r  13 of these  v a r i a b l e s  a r e  presented i n  t a b u l a r  form i n  

Table 39 .  I t  can be seen t h a t  f o r  the  va r i ab l e s  p resen ted ,  t he  

j u r i s d i c t i o n s  now represented by MDAI team a r e  not g r e a t l y  d i f f e r e n t  

than e i t h e r  the  average r a t e s  f o r  the U.S. genera l  popula t ion o r  

f o r  the  t o t a l  popula t ion of SMSA's. Given thc  r e s t r i c t e d  number 

of teams (n=15),  the  sample i s  f a i r l y  r ep re sen t a t i ve  of t h e  U.S. 

except f o r  s p e c i f i c  c h a r a c t e r i s t i c s  such a s  ch i ld r en  under 5  

years  o ld ,  physic ians  per c a p i t a ,  o ld  age publ ic  assistanc!e r e c i p i e n t s  

and ADC r e c i p i e n t s .  The v a r i a b l e s  t h a t  d i f f e r  from t h e  SMSA and 

U.S. popula t ions  a r e  expected t o  d i f f e r  because of the  reg iona l  

judgmental MDAI team loca t ion  s e l e c t i o n  procedure.  From Table 4 1  

t he  s i m i l a r i t y  of t he  MDAI-SMSA's t o  t he  U.S. genera l  popula t ion 

and t h e  SMSA populat ion can be noted. 

In o rder  t o  determine, from ava i l ab l e  da t a ,  which matching 

v a r i a b l e s  a r e  most cons i s t en t ly  assoc ia ted  w i t h  concerns of highway 

s a f e t y ,  motor veh ic le  f a t a l i t y  r a t e s  were used a s  t h e  dependent 

va r i ab l e  i n  a  stepwise mul t ip le  regress ion  a n a l y s i s  using a l l  t h e  

v a r i a b l e s  a s  u r e d i c t o r s .  Not s u r p r i s i n g l y ,  exposure r e l a t e d  ** 
v a r i a b l e s  15 and 16, p r ed i c t ed  most s i g n i f i c a n t l y .  The r e s u l t s  

of t h i s  r egress ion  a n a l y s i s  a r e  shown i n  Figure 17 .  

One cons idera t ion  of c l u s t e r  sampling i s  the  expec ta t ion  t h a t  

t he  w i th in  c l u s t e r  var iance i s  more homogeneous than t he  var iance 

of t he  l a r g e r  popula t ion.  Therefore ,  i f  a  r ep re sen t a t i ve  sample 

* 
S t a t  i s t i c i , , ~  Abstracts  provides matching da t a  only f o r  
SMSA's over 300,000 populat ion.  

** 
Var. 15 - -  workers using pub l i c  t r a n s p o r t a t i o n  t o  work 
Var. 16 - workers employed ou t s ide  country of res idence 



T a b l e  4 1  

POPULATION RATES FOR SELECTED VARIAB.US* 

P o ~ u l a t i o n  R a t e s  
(n=15)  

MDAI-SMSA 's 

C h i l d r e n  unde r  5 y e a r s  o l d  ,12263 

A d u l t s  o v e r  65  y e a r s  o l d  ,10740  

P h y s i c i a n s  2 .1846  

H o s p i t a l  Beds 

F a m i l i e s  

Unemployment 

T o t a l  work ing  f o r c e  

Female work ing  f o r c e  

Workers t a k i n g  p u b l i c  t r a n s -  
p o r t a t i o n  t o  work** .03  128  

Workers commuting o u t  $ $ , c o u n t y  
o f  r e s i d e n c e  t o  work .056867 

Old a g e  p u b l i c  a s s i s t a n c e  r e c i p i e n t s . 0 1 0 1 6  

Aid t o  dependen t  c h i l d r e n  r e c i p i e n t s . 0 7 0 6 8  

Motor v e h i c l e  f a t a l i t i e s  (12 mos) .00014525 

U.S. 
P o p u l a t i o n  

* 
A l l  d a t a  t a k e n  f rom S t a t i s t i c a l  A b s t r a c t s ,  1971  e x c e p t  
Motor V e h i c l e  F a t a l i t i e s  which were  i n d i v i d u a l l y  com- 
p i l e d  f rom p u b l i s h e d  s o u r c e s  by s t a t e .  

A l l  SMSA's 

.08283 

. l o 8 0 0  

1 .8916  

4 .1459  

.23  123 

m i s s i n g  

.40615 

. I5714  

m i s s i n g  

.00739 

,05962 

m i s s i n g  

** 
Exposure  V a r i a b l e s  ( a n a l y t i c  no.  1 5  and 1 6 )  



F i g u r e  17 

Stepwise  Regress ion  A n a l y s i s  of Two Exposure V a r i a b l e s  
and Other  1971 Census S t a t i s t i c s  t o  P r e d i c t  

Motor Veh ic l e  F a t a l i t i e s  by SMSA f o r  N-15 MDAI 
Represented  SMSAfs* 

P r e d i c t  i o n  of  Motor Veh ic l e  F a t a l i t i e s  "MVFATAL" 

S e l e c t i o n  of Regress ion  

S t e p  1. V a r i a b l e  1 5 ,  "Workers Using P u b l i c  T r a n s p o r t a t i o n  t o  Work" 
A n a l y s i s  of Var i ance  MVFATAL N=15 EQN=l 

Source  DF Sum of  Sqr s  Mean Square F - S t a t i s t i c  S i g .  

Regress ion  1 ,29284 x106 ,29284 x l o d  30.602 ,0001  6  

E r r o r  13 ,12440 x106 9569.2 
T o t a l  14  .41724 x10 

M u l t i p l e  R = .83776 R-SQR= ,70185 SE= 97.822 

V a r i a b l e  P a r t i a l  C o e f f i c i e n t  S t d .  E r r o r  T - S t a t i s t i c  S i g n i f .  

Const a n t  99.432 35 .623 2.7912 .0153 
Var 1 5  .83776 2.7072 ,48937 5.5319 ,0001  

Remaining P a r t i a l  S i g n i f .  

Var 2  
Var 3 
Var 4 
Var 5 
Var 6  
Var 7  
Var 8  
Var 9  
Var 10 
Var 11 
Var 12 
Var 13 
Var 14 
Var 16 
Var 17 
Var 18  

median age 
t o t a l  p o p u l a t i o n  
c e n t r a l  c i t y  p o p u l a t i o n  
w h i t e  p o p u l a t i o n  
p o p u l a t i o n  d e n s i t y  
c e n t r a l  c i t y  p o p u l a t i o n  under  5  years o l d  
c e n t r a l  c i t y  p o p u l a t i o n  o v e r  65  y e a r s  o l d  
number of p h y s i c i a n s  
number of h o s p i t a l  beds 
number of  f a m i l i e s  
t o t a l  1971 unemployment 
s i z e  of  t o t a l  l a b o r  f o r c e  
s i z e  of  female l a b o r  f o r c e  
worke r s  employed o u t s i d e  county  of  r e s i d .  
r e c i p i e n t s  of o l d  age a s s i s t a n c e  
r e c i p i e n t s  of  j u v e n i l e  dependence a s s i s t a n c e  

* 
Caut ion  s h o u l ~ ,  be e x e r c i s e d  i n  drawing c o n c l u s i o n s  from 
a n a l y s i s  based cn a  sample of c a s e s  as s m a l l  a s  n=15. 



Figure  17 cont inued  

S tep  2 .  Var i ab le  16 ,  "Workers Employed Outs ide  County of Residence" 

Ana lys i s  of Variance of MVFATAL N=15 EQN=2 

Source DF SumL of Sqr s  Mean Square F - S t a t i s t i c  Sig:  

2 .37259 x106 . I8630 x10 
6 

Regress ion  50.078 . O O O O  
E r r o r  12 44642 3720.2 
T o t a l  14 ,41724 x106 

AIult i p l e  R= .  94499 R-SQR=. 89301 SE=60.993 

Var i ab le  P a r t i a l  C o e f f i c i e n t  S t d .  E r r o r  T - S t a t i s t i c  S i g n i f .  

Constant  68 .941 23.167 2.9758 ,0116 
Var 15  ,84966 1.9387 ,34734 5.5815 ,0001 
Var 16 ,80071 .74934 ,16184 4.6302 ,0006 

Remaining P a r t i a l  S i g n i f  

Var 2 
Var 3 
Var 4 
Var 5 
Var 6 
Var 7 
Yar 8 
Var 9 
'Jar 10 
Var 11 
Var 12 
Var 13 
Var 14 
Var 17 
Var 18 

median age 
t o t a l  p o p u l a t i o n  
c e n t r a l  c i t y  p o p u l a t i o n  
w h i t e  p o p u l a t i o n  
popu la t ion  d e n s i t y  
c e n t r a l  c i t y  p o p u l a t i o n  under 5 y e a r s  o l d  
c e n t r a l  c i t y  p o p u l a t i o n  over  65 y e a r s  o l d  
number of p h y s i c i a n s  
number of h o s p i t a l  beds 
number of f a m i l i e s  
t o t a l  1971 unemployment 
t o t a l  l a b o r  f o r c e  
female l a b o r  f o r c e  
r e c i p i e n t s  of o l d  age a s s i s t a n c e  
r e c i p i e n t s  of j u v e n i l e  dependence a s s i s t a n c e  

Regress ion  of MVFATAL Summary Forward S e l e c t i o n  

EQN R-SWR STD ERR #VAR VARIABLE PARTIAL T-STAT SIGNIF 

1 .70185 97.822 1 i n  Var 15  ,83776 5.5319 ,0001 
2 ,89301 60.993 2 i n  Var 16 ,8007 1 4.6302 .0006 



of c l u s t e r s  (MDAI-locations) is expected,  t he  c l u s t e r s  should 

represen t  t he  fu l l - range  of v a r i a b l i t y  of t h e  l a r g e r  popula t ion 

of a l l  pos s ib l e  c l u s t e r s  ( a l l  SMSA's). 

Table 42 p re sen t s  the  p resen t  15 SMSAfs represen ted  by an 

MDAI team and the  range of va r i ab l e  measures f o r  SMSAfs g r e a t e r  

than 200,000 people.  Populat ion r a t e s  f o r  v a r i a b l e s  c o n s i s t e n t l y  

assoc ia ted  w i t h  motor veh ic le  f a t a l i t i e s  a r e  presented along w i t h  

the  f u l l  range of such r a t e s  f o r  a l l  SMSA's. I t  can be seen t h a t  

the  range of v a r i a b i l i t y  f o r  these  matching v a r i a b l e s  is  somewhat 

covered by the  cur ren t  s e t  of SMSAfs which provides some evidence 

of the  r ep re sen t a t i venes s  of present  MDAI loca t ions  a s  adequate 

" c l u s t e r  s i t e s "  f o r  an i n f e r e n t i a l  a n a l y s i s  t o  t he  popula t ion of 

SMSA's. I t  is  a l s o  apparent t h a t  t he  v a r i a b i l i t y  of these  exposure 

v a r i a b l e s  is  d i f f e r e n t  f o r  the  cur ren t  MDAI/SMSAfs than f o r  t he  

f u l l  SMSA populat ion,  i nd i ca t i ng  t he  need, even tua l ly  f o r  a  l a r g e r  

sample. W i t h  these  cons idera t ions  i n  mind, t h e  f i r s t  modif ica t ion 

suggested here ,  Ind ica t ing  Random Case Se lec t  ion Procedures,  w i l l  

permit guarded in fe rence  t o  metropol i tan  a r ea s  i n  the  U.S. 

FURTHER MDAI MODIFICATIONS 

More r e l i a b l e  and s a t i s f y i n g  in fe rences  of acc iden t  da t a  can 

be made only i f  (1) the  sample of team l o c a t i o n s  i s  enlarged and 

(2 )  case s e l e c t i o n  procedures a r e  both sys temat ic  and cons i s t en t  

among the  teams. 

CRITERIA FOR THE DESIGN 
* 

Standard survey sampling procedures have been referenced and 

the  proposed MDAI modi f ica t ions  a r e  based on the se  sources .  In 

add i t i on  na t i ona l  sampling des igns  of t h e  Survey Research Center ,  of 

the  I n s t i t u t e  f o r  Soc ia l  Research, Univers i ty  of Michigan have 

been examined i n  order  t o  def ine  ope ra t i ona l  cons idera t ions  a s  w e l l  

a s  s t a t i s t i c a l  requirements.  One ope ra t i ona l  cons idera t ion  i d e n t i f i e d  

* K i s h ,  L e u 1 . e .  Survey Sampling. John Wiley & Sons, Inc.  
New York 1367. 

Lansing, ~ ~ n n  B . ,  and Morgan, James N .  Economic Survey 
Methods. 1 ; ~ i v e r s i t y  of Michigan, Ann Arbor, 1971. 

Moser, C .F . .  . Survey Meth ods i n  Soc ia l  I n v e s t i g a t i o n .  - HeinemanrA, London, 1969. 



TABLE 42 

M I N I M U M  AND MAXIMUM VALUES OF TWO EXPOSURE VARIABLES AMONG 

ALL SMSA'S AND AMONG MDAI-REPRESENTED SMSA'S 

(1970 Census Data) 

V a r i a b l e  15 ,  Workers Using P u b l i c  T r a n s p o r t a t i o n  t o  Work 

A l l  SMSAts MDAI SMSA' s 

Minimum 1.1% (Baker s f  i e l d ,  C a l i f o r n i a )  2.3% ( S a l t  Lake C i t y ,  Utah) 

Maxdmum 48.0% (New York C i t y )  20.4% (New Or leans ,  La . )  

V a r i a b l e  16 ,  Workers Employed Outs ide  County of Residence 

A 1 1  SMSA's MDAI SMSA's 

Minimum 1 .5% (Phoanix,  Arizona) 2.8% (Alb q u e r q u e ,  N .  M.  ) 

Maximum 44,O%(Richmond, V i r g i n i a )  36.0% ( A t l a n t a ,  Georgia)  



by Moser ,  K i s h  and  ISR i s  t h e  " a p p a r e n t "  r e p r e s e n t a t i v e n e s s  o f  

c l u s t e r  s i tes  on  a n a t i o n a l  d e s i g n  when most  c l u s t e r s  are d e f i n e d  

a s  c i t i e s  o r  SMSA's. 

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

f o r  t h e  MDAI s y s t e m  is i n f l u e n c e d  by b o t h  s t a t i s t i c a l  a n d  " p o l i t i c a i "  

c r i t e r i a ,  On t h e  one  hand  a  "pure"  random s a m p l e  o f  c i t i e s ,  c o u n t i e s  

o r  SMSA's, p r o p e r l y  s t r a t i f i e d  by s ize ,  would  p r o d u c e  a n  e f f i c i e n t  

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

w h i c h  t o  t es t  r e p r e s e n t a t i v e n e s s  f o r  t h e  p o p u l a t i o n  o f  highway 

a c c i d e n t s ,  a c c i d e n t - r e l a t e d  i n j u r i e s ,  e t c . ,  is  u n a v a i l a b l e .  The 

f a c t o r s  (human a n d  e n v i r o n m e n t a l )  c h a r a c t e r i z i n g  t h e s e  s t u d y  popu- 

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

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

s a m p l e  m i g h t  wel l  be " u n d e f e n s a b l e "  i n  t h e  p o l i t i c a l  s e n s e .  T h e r e -  

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

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

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

F o r  i n s t a n c e ,  i t  m i g h t  b e  t r u e  t h a t  t h e  h ighway a c c i d e n t  

e x p o s u r e  f a c t o r s  i n  P h i l a d e l p h i a ,  B a l t i m o r e ,  a n d  C l e v e l a n d  a r e  

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

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

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

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

ShlSA ' s  r e p r e s e n t e d  a r e  p a r t  o f  t h i s  n a t i o n a l  i n f e r e n c e  d e s i g n ,  

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

m i g h t  n o t  r e q u i r e  them a l l .  

The s a m p l e  is  i n  f a c t  a  p r o b a b i l i t y  s a m p l e  where  t h e  p r o b -  

a b i l i t y  o f  i n c l u s i o n  of a n y  s t u d y  s i t e  i s  known. I t  i s  a l s o  t r u e  

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

Example o f  t h e  l a t t e r  c a s e  a r e  most  SMSA's c u r r e n t l y  r e p r e s e n t e d  

by an  MDAI t eam a n d  t h e  l a r g e s t  U.S.  c i t i e s .  



A STRATIFIED PROBABILITY SAMPLE OF SMSA1s 

SMSA1s h a v e  b e e n  r o u t i n e l y  u s e d  by b o t h  u n i v e r s i t y  a n d  p r i v a t e  

s u r v e y  r e s e a r c h  i n s t i t u t e s  a s  wel l  a s  t h e  C e n s u s  Bureau  as  p r i m a r y  

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

s u p p o r t i v e  a r g u m e n t s  f o r  u t i l i z i n g  SMSA's c a n  b e  p r e s e n t e d  i n c l u d i n g :  

( 1 )  D a t a  a v a i l a b i l i t y  

( 2 )  R e s o u r c e  a v a i l a b i l i t y  

( 3 )  P o t e n t i a l  f o r  c o m p a r i s o n  w i t h  o t h e r  s u r v e y s  b a s e d  on  
SMSA's as  p r i m a r y  Sam l i n g  u n i t s .  

( 4 )  O p e r a t i o n a l  c o n s i d e r a  ! i o n s  

( 5 )  SMSA's c o m p r i s e  a s a m p l i n g  f r a m e  w h i c h  i n c l u d e s  
4 t h e  U.S. P o p u l a t i o n  a n d  a l l  m e t r o p o l i t a n  a r e a s  
w i t h  p o p u l a t i o n s  g r e a t e r  t h a n  5 0 , 0 0 0  

I t  i s  a  r e l a t i v e l y  s a f e  a s s u m p t i o n  t h a t  as  well  a s  b e i n g  i d e a l  

p r i m a r y  s a m p l i n g  u n i t s  ( P S U 1 s )  f o r  t h e  U.S. human p o p u l a t i o n ,  SMSA1s 

a r e  a g g r e g a t e  PSU's  f o r  t h e  a u t o m o b i l e s  a n d  r e l a t e d  a u t o  a c c i d e n t  

p o p u l a t i o n s .  

SAMPLE DESIGN 

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

i n  a  p r o b a b i l i t y  s a m p l e  r e p r e s e n t a t i v e  o f  m e t r o p o l i t a n  a r e a s  i n  

t h e  U.S. The d e s i g n ,  as  d i s c u s s e d  a b o v e ,  is  d e f e n s a b l e  b o t h  on  

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

c a s e  s e l e c t i o n  p r o c e d u r e s  are employed  by a l l  MDAI teams. 

THE POPULATION 

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

t h e  U.S. w h e r e  " m e t r o p o l i t a n "  j,s d e f i n e d  a s  a  p o p u l a t i o n  c l u s t e r  

w i t h  50,000 o r  more p e o p l e .  T h e s e  c l u s t e r s  are documented  a s  

SMSArs by t h e  Bureau  o f  t h e  C e n s u s .  A l t h o u g h  s e v e r a l  SMSA1s 

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

i n f e r e n c e s  sholl.ld o n l y  b e  made t o  m e t r o p o l i t a n  a r e a s .  



I t  i s  n e c e s s a r y  t o  base  t h e  d e s i g n  on human u r b a n  o r  semi- 

u rban  p o p u l a t i o n s  because  a d e q u a t e  d a t a  f o r  a c c i d e n t  p o p u l a t i o n s  

i s  u n a v a i l a b l e .  We assume a  h i g h  a s s o c i a t i o n  between human and 

au tomob i l e  p o p u l a t i o n s .  T h e r e f o r e  t h e  d e s i g n  d e s c r i b e d  h e r e  is 

p robab ly  no t  r e p r e s e n t a t i v e  of e i t h e r  r u r a l  human o r  a c c i d e n t  

p o p u l a t i o n s  and i n f e r e n c e s  from t h e  sample  t o  r u r a l  p o p u l a t i o n s  * 
must be r e g a r d e d  a s  i n a p p r o p r i a t e .  

SAMPLING FRAME 

The most s u i t a b l e  and a v a i l a b l e  sampl ing  f rame f o r  a  n a t i o n a l  

p r o b a b i l i t y  sample  of t h e  U.S. p o p u l a t i o n  c l u s t e r s  is  t h e  l is t  o f  

SMSA's p r o v i d e d  by t h e  Bureau of t h e  Census ,  

U.S .  SMSAts have been s t r a t i f i e d  i n t o  f o u r  l e v e l s  a c c o r d i n g  

t o  p o p u l a t i o n  s i z e  and i n t o  f i v e  g e o g r a p h i c  r e g i o n s .  T a b l e  4 1  

p r e s e n t s  l e v e l s  1 and 2  and t h e  SMSAfs i n c l u d e d .  The number o f  

SMSAfs i n  l e v e l s  3 and 4 is much l a r g e r  t h a n  is l e v e l s  1 'and 2 

because  o f  t h e  s i m i l a r i t y  o f  s i z e  of most U.S. m e t r o p o l i t a n  a r e a s .  

Also  i n  T a b l e  4 1  t h e  c u r r e n t  and d e s i r e d  sample  s i z e  o f  MDAI 

team l o c a t i o n s  a r e  i n d i c a t e d .  Th ree  of t h e  s e v e n  l a r g e s t  SMSA's 

a r e  now o r  have been r e p r e s e n t e d  by in -dep th  t eams .  S i m i l a r i l y ,  

t h r e e  o f  t h e  37 l e v e l  2 SMSAfs a r e  o r  have been  r e p r e s e n t e d  by MDAI 

t e ams .  

I t  is p roposed  t h a t  a l l  e i g h t  l e v e l  1 SMSAfs e v e n t u a l l y  be 

i n c l u d e d  i n  t h e  sample  and m a i n t a i n  a n  MDAI team (p -1 .0 ) .  T h i s  

c o n s t i t u t e s  sampl ing  s t a g e  I .  The 8 l a r g e s t  SMSAts r e p r e s e n t  21% 

o f  t h e  t o t a l  U.S. p o p u l a t i o n  and 34% of t h e  SMSA p o p u l a t i o n s .  

Leve l  2 ,  L e v s l  3 and Leve l  4  SMSA1s have been  s t r a t i f i e d  i n t o  

f i v e  g e o g r a p h i c  r e g i o n s .  I t  is  p roposed  t h a t  10  Leve l  2  SMSAfs 

be i n c l u d e d  i n  t h e  f i n a l  sample ,  L e v e l  3 and L e v e l  4 r e p r e s e n t  t h e  

g r e a t e s t  number o f  SMSA1s and t h e  l a r g e s t  v a r i a n c e  i n  p o p u l a t i o n  

s i z e .  S e v e n t y - f i v e  SMSAfs between 250 ,000  and 599,999 a r e  i n c l u d e d  

i n  L e v e l  3 and t h e  r ema in ing  106 SMSAfs i n  Leve l  4 .  Two MDAI t eams  

* 
For  c o n t i n u o u s  s u r v e i l l a n c e  of  t h e  t r a f f i c  s a f e t y  problem 
i t  is i m p o r t a n t  t o  have a  c o n s i s t e n t l y  d e f i n e d  p o p u l a t i o n .  
Month-to-lrnnth o r  y e a r - t o - y e a r  changes  i n  t h e  t r a f f i c  
a c c i d e n t  p i c t u r e  c a n  be e x p e c t e d  t o  be  r e l a t i v e l y  s m a l l ,  
and a  w e l i  d e f i n e d  sample  and a d e q u a t e  e x p o s u r e  i n f o r m a t i o n  
w i l l  be p r e r e q u i s i t e  t o  t h e  measurement o f  time v a r y i n g  
changes .  13 7 



have ope ra t ed  i n  Level 3 and 2 i n  Level 4 .  For economy t h e s e  

teams should  be inc luded  (p=1.0)  and t h e  remainiug sample s i t e s  

be randomly s e l e c t e d  w i t h  p r o p o r t i o n a t e  consiciera.tions t o  geo- 

g r a p h i c a l  r eg ion .  I t  is  sugges ted  t h a t  10 t o  13 a d d i t i o n a l  s i t e s  

be s e l e c t e d  which p rov ide s  t h a t  between 29  and 3 1  teams should  

be o p e r a t i n g  i n  t h e  proposed op t imal  MDAI system. 

C l ea r l y  i t  i s  not  p o s s i b l e  t o  i n i t i a t e  such a  l a r g e  system 

a t  one t ime o r  i n  one f i s c a l  p e r i o d .  In  f a c t ,  immediate eskab- 

Pishment would not  be wise  f o r  a  number of r e a s o n s :  

(1) Economy 

( 2 )  Sampling s t a t i s t i c s  f o r  a cc iden t  sample 
s i z e  such a s  S.E. and va r i ance  a r e  not 
known f o r  t h e  U.S. 

( 3 )  Team development is  t ime consuming and 
expensive  . 

W i t h  t h e s e  c o n s i d e r a t i o n s  i n  mind a  s t agewise  implementat ion 

schedu le  is sugges ted  which e v e n t u a l l y  r e s u l t s  i n  t h e  op t imal  

n a t i o n a l  sample de s ign .  The implementat ion schedu le  is p r e sen t ed  

i n  Table 43. 



Table 43 

Proposed MDAI National  Sampling Frame of Standard Metropoli tan 
S t a t i s t i c a l  Areas - S t r a t i f i e d  by Region and Size  - W i t h  I nd i ca t i on  
of Current MDAI S i t e s  and Optimal Sample Size  Within S t r a t a  

* Ind i ca t e s  Current o r  Former MDAI Location 
# Detro i t  SMSA is i n  p a r t  covered by the  Oakland County MVMA team 

SMSA Region 

Level 1. Eight l a r g e s t  metropol i tan  a r e a s ,  m i n i m u m  s i z e  = 2,730,000 

Boston, Massachusetts * East 
Chicago, I l l i n o i s  Midwest 
D e t r o i t ,  Michigan * if Midwest 
Los Angeles - Long Beach * West 
New York, New York East 
Ph i lade lph ia ,  Pennsylvania East 
San Francisco - Oakland, C a l i f ,  West 
Washington, D.C. East 

Optimal National  Sample Includes A l l  Level 1. SMSA's 
P robab i l i t y  of Inc lus ion  = 1 . 0  

Level 2 .  Metropoli tan Areas between 700,000 and 2,729,999 
populat ion.  

Albany-Schenectady-Troy,  New York East 
Balt imore,  Maryland * East 
Newark, New Jersey  
P a t t e r s o n - C l i f t o n - P a s s a i c ,  New Jersey  
Providence-Pawtucket-Warwick 

Optimal National  Sample Includes  One Level 2 ,  Eastern  Region SMSA 

Buffa lo ,  New York Midwest 
C inc inna t i ,  Ohio 
Cleveland, Ohio 
Columbus, Ohio 
Dayton, Ohio 
Ind ianapol i s ,  Indiana 
L o u i s v i l l e ,  Kentucky 
Milwaukee, Wisconsin 
Minneapolis-St. Paul ,  Minnesota 
P i t t sbu rgh ,  Pennsylvania 
Rochester,  New York * 
S t .  Louis, Missobr l ,  

Optimal National  Sarn~le  Includes Three Level 2 .  Mid Western SMSA's 
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A t l a n t a ,  Georgia 
Birmingham, Alabama 
Memphis, Tennessee 
M i a m i ,  F l o r i d a  t 

Sew Orleans ,  Lou is iana  * 
Tampa-St. P e t e r s b u r g ,  F l o r i d a  

South 

Optimal. Na t iona l  Sample Inc ludes  Two Level 2 .  Southern SMSA1s 

AnaheimBanta Ana-Garden Grove, C a l i f o r n i a  West 
D a l l a s ,  Texas 
Denver, Colorado 
F o r t  Worth, Texas 
Kansas C i t y ,  Missouri  
Phoenix,  Arizona 
Sacramento, C a l i f o r n i a  
San Antonio, Texas * 
Sari Bernadino-Riverside-Ontario,  C a l i f o r n i a  
Szn Piego,  C a l i f o r n i a  
Sa:l Jo se ,  C a l i f o r n i a  * 
Optimal Na t iona l  Sample Inc ludes  Three Level 2, Western SMSAts 

Po r t  l and ,  Oregon 
S e a t t l e ,  Washington 

P a c i f i c  

Optimal Na t iona l  Sanlple Inc ludes  One Level 2 .  P a c i f i c  SMSA 

O f  t h e  37 Level 2 .  SMSAts t h e  Optimal Na t iona l  Sample should  i nc lude  
P O ,  O f  t h e  10 SMSA's inc luded ,  7 should  be e x i s t i n g  MDAI-SMSA 
l o c a t i o n s  f o r  r easons  of economy. P r i o r i t y  should  be g iven  t o  
i n c l u s i o n  of one P a c i f i c  Region SMSA t o  p rov ide  Regional  r epresen-  
t a t i o n ,  

Level 3 .  Metropo l i t an  a r e a s  between 250,000 and 5 ,999,999 
popu l a t i on .  

O f  t h e  75 l e v e l  3 .  SMSA's, only two, Albuquerque, N e w  Mexico a n d  
S a l t  Lake C i t y ,  Utah now main ta in  an MDAI team. Both of t h e s e  
e x i s t i n g  l o c a t i o n s  a r e  i n  t h e  Western Region. The  Southern Region 
is over  r ep r e sen t ed  i n  Level 3 a s  i t  is under r ep r e sen t ed  i n  Level 
I ,  I t  is proposed t h a t  f o r  t h e  Optimal Na t iona l  Sample of SMSA's 
f o r  a na t i ona l  MDAI system, two of t h e  Level 3 .  l o c a t i o n s  be from 
t h e   souther^ Pegioc,  b ~ t h  of t h e  e x i s t i n g  Western l o c a t i o n s  be 
main ta ined ,  and two a d d i t i o n a l  l o c a t i o n s  be randomly s e l e c t e d  from 
t h e  combined remaining ShlSA's. S ix  Level 3 .  ShlSAts should  be i n -  
c luded.  



Table 43 continued 

Level 4 .  Metropol i tan  a r e a s  between 50,000 and 249,000 popu- 
l a t  ion .  

O f  t h e  106 remaining SMSA's which c o n s t i t u t e  Level 4 .  only two now 
mainta in  an MDAI team, Ann Arbor, Michigan and Rale igh,  North 
Caro l ina .  I t  i s  suggested f o r  t h e  Optimal Nat ional  Sample, t h a t  
both of t h e  e x i s t i n g  MDAI l o c a t i o n s  i n  Level 4 .  be maintained and 
one a d d i t i o n a l  l o c a t i o n  be s e l e c t e d  f o r  each SM8A Regional S t r a t a .  
Seven Level 4 ,  SMSA1s should be inc luded.  

SUMMARY 

Level 1. n=8 N=8  
Level 2 .  n-10 N-3 7 
Level 3 .  n-6 N=7 5 
Level 4 .  n=7 N=106 
T o t a l  n=3 1 N=2 2 6 



TABLE 44 

Stagewise MDAI System Modif i c a t i o r  

(1) I n i t i a t e  Random Case Selec t ion  Procedures (RCSP) i n  
SMSA loca t ions  current ly  represents  and MDAI team 

Purposes : 

1.1. Permit s t a t i s t i c a l  ana lys i s  not poss ib le  before 
( fo r  FY74 - d a t a ) .  

1,2,  Test f e a s i b i l i t y  of procedures (RCSP) 
1 , 3 .  Permit computation of variances of accidents  popu- 

l a t i o n s  necessary t o  determine optimal sample s i z e  
fo r  na t ional  inference 

( 2 )  Establ i sh  a  new team i n  one of the  un-staffed seven 
major c i t i e s  (Chicago). 

Purposes : 

2 . 1 .  Test f e a s i b i l i t y  of (RCSP) i n  a  new s e t t i n g  as  a  
p i l o t  f o r  other  system expansion i n  fu ture  

2 . 2 .  Increase SMSA representa t iveness  of ex i s t en t  f i l e s  
2 . 3 ,  Test f e a s i b i l i t y  of using Federal teams operating 

from Regional off i ces  
2 . 4 .  Determine cost  es t imates  f o r  new team establishment 

( 3 )  Establ i sh  team i n  S e a t t l e  or  Portland 

Purposes : 

3 . 1 ,  Permit SMSA coverage f o r  P a c i f i c  N . W .  not yet a t t a i n e d  
3 . 2 .  Test (RCSP) f e a s i b i l i t y  and cost  i n  a  self-contained 

l e v e l  2 SMSA 

( 4 )  Es tabl i sh  teams i n  reamining S t r a t a  1 SMSA's 

Purposes : 

4 , L ,  Permit inference t o  a l l  S t r a t a  1 populations - nationwide 
4 . 2 ,  Refine l o g i s t i c a l  considerat ions of team development and 

case s e l e c t  ion methodologies 

( 5 )  Stepwise implementation of teams i n  S t r a t a  2 - 4 beginning 
w i t h  l e v e l  2 

Purposes : 

5.1.  Stepwise i !lcrements i n  i n f e r e n t i a l  c a p a b i l i t i e s  - 
u1timaf;~'J.y t o  al l .  SMSA populations - nationwide 

5 . 2 .  F i n a i  Sample Fract ion represents  approximately 40 .4% 
of t o t a l  u.S. population and 64.3% of t o t a l  U.S./ShlSA 
population 



The p r e s e n t  MDAI d a t a  c o l l e c t i o n  s y s t e m  migh t  be  c a l l e d  a 

n o n - p r o b a b i l i t y  judgment c l u s t e r  s a m p l e  o f  l o c a t i o n s  combined 

w i t h  u n s y s t e m a t i c  n o n - p r o b a b i l i s t i c  c a s e  s e l e c t i o n .  A s  s u c h ,  

= n c e s  a n a l y t i c  s t a t i s t i c s  a r e  i n a p p r o p r i a t e  and  p o p u l a t i o n  i n f e r ( . ,  

f rom t h e  f i l e  s o  c o l l e c t e d  c a n n o t  be  made beyond t h e  l i m i t s  o f  

t h e  f i l e  i t s e l f .  

The p r e s e n t  MDAI Sample :  I n  t e r m s  of  s a m p l i n g , t h e  c u r r e n t  

d a t a  c o l l e c t i o n  s y s t e m  is w i t h i n  t h e  framework o f  q u o t a  o r  judg-  

ment s a m p l e s .  Team l o c a t i o n s  w e r e  s e l e c t e d  by j u d g m e n t ,  n o t  a s  

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

s i t e s .  Moreover ,  c a s e  s e l e c t i o n  i s  n o n - p r o b a b i l i s t i c  b e c a u s e  

h e r e ,  a s  w i t h  t eam l o c a t i o n ,  t h e  c a s e s  i n v e s t i g a t e d  are l a r g e l y  

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

i n v e s t i g a t o r ' s  p e r s o n a l  i n t e r e s t s .  E l e m e n t s  o f  p e r s o n a l  c h o i c e  

e n t e r  t h e  p r o c e s s  o f  s e l e c t i o n  a t  b o t h  t h e  t eam l o c a t i o n  and  t h e  

c a s e  s e l e c t i o n  l e v e l s .  One p o t e n t i a l  a rgument  s u p p o r t i n g  t h e  p re -  

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

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

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

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

t e n d e n c y  t o  a m b i g u i t y  and  u n c e r t a i n t y  a s  t o  e x a c t l y  what  i s  d o n e .  

T h e r e  i s  u n c e r t a i n t y  a s  t o  t h e  m e r i t s  o f  t h e  c l a i m  of more i n f o r -  

m a t i o n  p e r  d o l l a r  when t h e  i n f o r m a t i o n  c a n n o t  b e  u t i l i z e d  t o  

r e p r e s e n t  a n y t h i n g  e x c e p t  i t s e l f .  

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

o f  t h i s  t y p e .  F i r s t ,  t h e  method may b e  b i a s e d .  T h i s  i s  c l e a r l y  

t h e  c a s e  o f  t h e  c u r r e n t  XlDAI f i l e s  which  f o c u s  on s p e c i f f i c  c r a s h  

t y p e s ,  e x t e n t  of  i n j u r y  s e v e r i t y ,  and e x c e p t i o n a l  c a s e s .  Second 

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

p o p u l a t i o n .  A g a i n ,  t h i s  a p p e a r s  t o  b e  t r u e  o f  t h e  MDAI f i l e s  which  

a r e  h e a v i l y  skewed t o w a r d  extreme v a l u e s  o f  p r o p e r t y  damage, e x t e n t  o f  

i n j u r y ,  and a g e  o f  v e h i c l e  i n v o l v e d .  T h i r d ,  it may b e  d i f f i c u l t  



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

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

p l a n n e d  which i s  i n t e n d e d  t o  i n f e r  t o  a  l a r g e r  p o p u l a t i o n .  No 

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

i n j u r i e s  among c h i l d r e n  who were  n o t  r e s t r a i n e d  i n  any way) is 

now p o s s i b l e  w i t h  t h e  MDAI d a t a .  T h i s  t h i r d  d i f f i c u l t y  c a n  o n l y  

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

way a s  t o  p e r m i t  i n f e r e n t i a l  a n a l y s i s .  

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

be a r g u e d  t h a t  t h e r e  is no f e a s i b l e  method o f  s a m p l i n g  f o r  t h e  

q u e s t i o n s  s u c h  a s  t h o s e  r e g a r d i n g  a c c i d e n t  c a u s a t i o n .  I n  t h i s  c a s e  a 

judgment  sample  may a t  l e a s t  p e r m i t  a  p r e l i m i n a r y  a s s e s s m e n t  o f  

i n t e r - v a r i a b l e  r e l a t i o n s h i p s ,  which  c a n  i n  f a c t  b e  done  w i t h  t h e  

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

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

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

s a m p l i n g  i s  n o t  t h e  same a s  s i m p l e  random s a m p l i n g .  A l l  t h a t  is 

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

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



Append ix  A 

Compar ison o f  t h e  C h a r a c t e r i s t i c s  o f  t h e  S e v e r a l  Teams 

TEAM CHARACTERISTICS 

The p r e s e n t  s e t  o f  d i g i t a l  d a t a  c o n t a i n s  i n f o r m a t i o n  from 

22 s e p a r a t e  MDP.1 t e a m s ,  f o u r  t e a m s  w h i c h  h a v e  b e e n  s u p p o r t e d  by 

t h e  MVMA, o n e  j o i n t l y  s u p p o r t e d  t e a m ,  a n d  ( a l t h o u g h  t h e  number 

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

C a n a d i a n  m i n i s t r y  o f  t r a n s p o r t .  T h i s  r e p o r t  i s  p r i m a r i l y  con-  

c e r n e d  w i t h  t h e  c h a r a c t e r i s t i c s  a n d  u t i l i t y  o f  t h e  d a t a  emanat-  

i n g  f rom t h e  NHTSA-sponsored t e a m s ,  and most  c o m p a r i s o n s  w i l l  b e  

made of  t h a t  d a t a  a l o n e .  N e v e r t h e l e s s ,  a p p r o x i m a t e l y  h a l f  t h e  

d a t a  a t  t h i s  t i m e  stems f rom t h e  o t h e r  s o u r c e s ,  a n d  t h e y  w i l l  b e  

b r i e f l y  d e s c r i b e d  h e r e .  

MVMA TEAMS 

The U n i v e r s i t y  o f  C a l i f o r n i a  a t  Los A n g e l e s  p r o v i d e d  

a c c i d e n t  r e p o r t s  u n d e r  MVMA s p o n s o r s h i p  i n  1 9 6 9  and 1 9 7 0 ,  and  

67 c a s e s  a r e  i n c l u d e d  i n  t h i s  d a t a  s e t .  T h e s e  were  a l l  i n j u r y  

a c c i d e n t s  i n v o l v i n g  r e c e n t  model  c a r s ,  and  i n  g e n e r a l  t h e y  * 
o c c u r r e d  i n  Los A n g e l e s ,  C a l i f o r n i a .  Average  i n j u r y  s e v e r i t y  i n  

t h e  v e h i c l e s  (on t h e  AIS s c a l e )  f o r  t h e s e  c a s e s  is 2 . 1 2 ,  

D r .  Donald  H u e l k e ,  a t  The U n i v e r s i t y  o f  M i c h i g a n ,  h a s  i n v e s -  

t i g a t e d  i n j u r y  a c c i d e n t s  i n v o l v i n g  new c a r s  o f  American manu- 

f a c t u r e r  c o n t i n u o u s l y  s i n c e  1 9 6 9 ,  and  c u r r e n t l y  h a s  296 c a s e s  i n  

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

v e h i c l e s  i n  a c c i d e n t s  i n  Washtenaw C o u n t y ,  M i c h i g a n .  I n  

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

number o f  r e p o r t s  c f  t r u c k  a c c i d e n t s  h a v e  b e e n  made.  The a v e r a g e  

i n j u r y  s e v e r i t y  fos t h e s e  c a s e s  is  1 .98 .  

* 
I . e . ,  t h e  mean v a l u e  o f  t h e  w o r s t  i n j u r y  i n  e a c h  v e h i c l e  
f o r  which  a CPIR f o r m  w a s  c o m p l e t e d .  



Mr. R o b e r t  S c o t t ,  a l s o  a t  The U n i ~ e r s i t , ~  of M i c h i g a n ,  h a s  

i n v e s t i g a t e d  i n j u r y  p r o d u c i n g  a c c i d e n t s  i n  S I X  c o m m u n i t i e s  i n  

O a k l a n d  C o u n t y ,  M i c h i g a n ,  s i n c e  J u l y  o f  1 9 7 1 .  T h e r e  a r e  c u r -  

r e n t l y  277 c a s e s  i n  t h e  f i l e ,  a g a i n  r e p r e s e n t i n g  i n j u r y  a c c i d e n t s  

w i t h  r e l a t i v e l y  new A m e r i c a n - m a n u f a c t u r e r  p a s s e n g e r  c a r s .  The 

a v e r a g e  i n j u r y  s e v e r i t y  f o r  t h e s e  c a s e s  i s  1 . 3 9 .  

Mr. R a l p h  D a r b y ,  a t  The U n i v e r s i t y  o f  M i c h i g a n ,  r e p o r t s  o n  

non- ( o r  v e r y  m i n o r )  i n j u r y  a c c i d e n t s  i n v o l v i n g  new American-  

made p a s s e n g e r  c a r s  i n  Washtenaw C o u n t y ,  M i c h i g a n .  T h e s e  a r e  

i n t e n d e d  t o  complement  D r .  H u e l k e ' s  r e p o r t s ,  and  i n  c o m b i n a t i o n  

t h e y  a im t o w a r d  a  c e n s u s  o f  t h e  new-car towaway i n v o l v e m e n t s  i n  

t h a t  c o u n t y .  I n  p r a c t i c e ,  t h e y  r e p r e s e n t  a b o u t  50% o f  t h e  

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

s e v e r i t y  f o r  t h e s e  c a s e s  is . 4 1 5  on  t h e  AIS s c a l e  (0 = no  

i n j u r y ,  1 = m i n o r  i n j u r y ) .  

The C o r n e l l  A e r o n a u t i c a l  L a b o r a t o r y  (now CALSPAN) p r o v i d e s  

r e p o r t s  o n  i n v e s t i g a t i o n s  c o n d u c t e d  on  i n j u r y - p r o d u c i n g  a c c i d e n t s  

i n v o l v i n g  new American made c a r s  u n d e r  a  p rogram s p o n s o r e d  

j o i n t l y  by NHTSA a n d  MVMA. T h e i r  c a s e s  a r e  i d e n t i f i e d  i n  two  

g r o u p s  i n  t h e  d i g i t a l  f i l e - - a s  CAL 1 1 1 - A  a n d  CAL 111-B. The 

f a r m e r  a r e  done  e s s e n t i a l l y  t o  t h e  MVMA s p e c i f i c a t i o n ,  a n d  may 

be compared  w i t h  t h e  UCLA, H u e l k e ,  o r  O a k l a n d  County  c a s e s .  The 

l a t t e r  a r e  done  t o  t h e  NHTSA MDAI s p e c i f i c a t i o n ,  a n d  w i l l  b e  

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

f o r  t h e s e  (111-A) c a s e s  i s  1 . 5 9 .  

I t  is n o t e d  t h a t  t h e  r e p o r t s  f u r n i s h e d  u n d e r  MVMP s p o n s o r -  

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

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

i n j u r y  c i r c u m s t a n c e s  a n d  a  s e t  o f  3 5  m m .  s l i d e s  p r i m a r i l y  re- 

l a t i n g  t o  t h e  v e h i c l e  damage a n d  i n j u r i e s .  S i n c e  t h e  f u l l  

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

NNTSA-sponsored c a s e s ,  m i s s i n g  d a t a  c o d e s  a r e  e n t e r e d  f o r  many 

v a r i a b l e s  f o r  t h e  MVMA c a s e s .  

W h i l e  t h e  MVMA d a t a  i s  somewhat l e s s  c o m p l e t e ,  i t  h a s  a n  

a d v a n t a g e  ( f r ~ m  a s t a t i s t i c a l  p o i n t  o f  v i e w )  i n  t h a t  i t  is  e a s i e r  

t o  d e s c r i b e  t h e  p o p u l a t i o n  f rom w h i c h  t h e s e  c a s e s  come, and  t o  



de f ine  them a s  a  subset  of t h a t  popula t ion.  Two groups of da t a  may 

be considered f o r  s p e c i f i c  analyses--one, i d e n t i f i e d  a s  t he  Wash- 

tenaw County group and cons i s t i ng  of cases  from teams 8 and 30 

( ~ u e l k e  and Darby) represen t  approximately ha l f  of t he  new c a r  tow- 

aways i n  t h a t  county. Po l ice  l e v e l  d a t a  f o r  t he  same a rea  permits  

some i d e n t i f i c a t i o n  of the  " lo s t "  cases ,  and the  ana lys t  may judge * 
the  e f f e c t  of t h i s  on a  p a r t i c u l a r  problem. The second group 

c o n s i s t s  of t h e  Cornell  III-A case s ,  t h e  Oakland County c a s e s ,  

and the  Huelke c a s e s ;  these  toge ther  a r e  intended t o  represen t  

the  census of American-made new-car towaway in ju ry  acc iden ts  i n  

t h e i r  communities. The "new-car" d e f i n i t i o n  is  e s s e n t i a l l y  f o r  

a  c a r  two years  o ld  o r  l e s s ,  and thus a  s l i d i n g  group of new 
c a r s  i s  presented f o r  a n a l y s i s  of new veh ic le  f e a t u r e s .  The 

average i n j u r y  l e v e l  f o r  these  t h r e e  teams (Cornell . ,  Huelke, 

and Oakland) is  seen t o  be d i f f e r e n t ,  and the  reason f o r  t h i s  

is not e n t i r e l y  c l e a r .  Oakland cases  a r e  p r imar i ly  urban, 

Huelke's p r imar i ly  r u r a l ,  and the  CAL III-A cases  approximately 

evenly s p l i t  between urban and r u r a l .  Mean i n j u r i e s  (on t he  AIS 

s c a l e )  f o r  t he se  t h r e e  teams i s  shown i n  t a b l e 4 5 .  The F 

r a t i o s  shown a r e  s i g n i f i c a n t  a t  b e t t e r  than t h e  1% l e v e l ,  

Mean 
occup. 

Nocc Ndr iv  Injury  -- 
Cornell  III-A 438 (276) 1.587 

Oakland 451 (275) 1.388 

Huelke 505 (296) 1.976 

Average 1.663 

Mean 
Driver 
In jury  

1,717 

TABLE 45. MEAN INJURIES FOR DRIVERS AND OCCUPANTS 
IN THREE MVMA-SPONSORED TEAMS 

* 
See discus.3ion of t h i s  mat ter  i n  Sect ion V of t h i s  r e p o r t .  



NHTSA TEAMS 

The  p r i n c i p a l  c h a r a c t e r i s t i c s  of t h e  NHTSA-sponsored t e a m s  

a r e  d i s c u s s e d  h e r e  i n  t e r m s  o f  ( 1 )  a n y  s p e c i ~ l  a s s i g n m e n t s  g i v e n  

t o  t h e  t e a m  b y  t h e  s p o n s o r ,  (2 )  t h e  i n t e r e s t s  s f  t h e  p r i n c i p a l  

i n v e s t i g a t o r s ,  a n d  ( 3 )  t h e  e n v i r o n m e n t a l  c h a r a c t e r i s t i c s  o f  t h e  

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

c e r t a i n  c o m p a r i s o n s  w i l l  b e  made of t h e  d a t a  i n  t h e  f i l e .  Da ta  

i n  t h e  d i g i t a l  f i l e  a t  t h i s  w r i t i n g  is u n f o r t u n a t e l y  n o t  a s  

c o m p l e t e  a s  t h e  number o f  c a s e s  s u b m i t t e d  ( b e c a u s e  o f  a  v a r i e t y  

of d e l a y s  i n  t h e  r e p o r t i n g  a n d  e n c o d i n g  s y s t e m ) ,  s o  t h a t  t h e s e  

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

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

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

f i l e .  ANN ARBOR--This is  t h e  MDAI t e a m  o p e r a t i n g  a t  The U n i v e r -  

s i t y  o f  M i c h i g a n .  I t s  b a s i c  a s s i g n m e n t  is c o n s i d e r e d  t h e  

" s t a n d a r d  MDAI" a s s i g n m e n t - - p a s s e n g e r  c a r s  of t h e  l a s t  t h r e e  

model y e a r s  i n  a  " r e p r e s e n t a t i v e "  s e t  o f  a c c i d e n t s .  G e n e r a l l y  

t h e s e  w i l l  i n v o l v e  i n j u r y ,  a l t h o u g h  a  f ew a c c i d e n t s  may b e  i n -  

c l u d e d  w h i c h  d o  n o t .  T r u c k s  may be r e p o r t e d  on  ( a n d  a r e ) ,  

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

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

The  t eam members h a v e  s h i f t e d  i n  e m p h a s i s  o v e r  t h e  p e r i o d  f o r  

which  d a t a  i s  i n  t h e  f i l e  f rom a  r e l a t i v e l y  heavy  e m p h a s i s  on 

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

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

t o  h e  of  d i f f e r e n t  t y p e s .  The  p r i n c i p a l  i n v e s t i g a t o r ' s  back-  

g r o u n d  is i n  e n g i n e e r i n g ,  a n d  t h e  t e a m  members who a t t e n d  t h e  

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

a s  c ~ n s u l t a n t s .  

S i n c e  t h i s  t eam o p e r a t e s  i n  t h e  same a r e a  a s  two o f  t h e  

MVMA s p o n s o r e d  t e a m s ,  a n  a t t e m p t  i s  made n o t  t o  d u p l i c a t e  c a s e s .  

A s  a  r e s u l t  t h e r e  w i l l  be f e w e r  c a s e s  o f  new American c a r s  a n d  

more c a s e s  o f  o l d e r  c a r s ,  f o r e i g n  c a r s ,  a n d  p e d e s t r i a n s  t h a n  

m i g h t  o t h e r w i s e  be r e p o r t e d  o n .  E s s e n t i a l l y  a l l  r e p o r t e d  c a s e s  

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



BAYLOR 

I n i t i a l l y  t h e  Bay lo r  teams was l e d  by a  p s y c h i a t r i s t ,  and 

t h e i r  i n v e s t i g a t i o n s  were o r i e n t e d  toward  m o t i v a t i o n  and 

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

was e s s e n t i a l l y  a t  t h e i r  o p t i o n .  I n  abou t  1969 t h e y  were a sked  

by t h e  s p o n s o r  t o  c o n c e n t r a t e  on problems a s s o c i a t e d  w i t h  v e h i c l e  

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

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

was g r e a t e r  Houston. A p a r t i c u l a r  f e a t u r e  of t h e  team was t h e  

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

w i t h  a s t r o n g  mechan ica l  e n g i n e e r i n g  t a l e n t  s h o u l d  make f o r  

r a t h e r  comple te  r e p o r t s  on v e h i c l e - r e l a t e d  f a c t o r s .  T h i s  team 

o p e r a t i o n  was d i s c o n t i n u e d  i n  abou t  1970 ,  and t h e r e  a r e  c u r -  

r e n t l y  68 c a s e s  i n  t h e  p r e s e n t  d a t a  f i l e .  

BOSTON 

The Bos ton  team is d i r e c t e d  by t h e  Boston medica l  examine r ,  

and t h e i r  on-scene i n v e s t i g a t o r  works i n  t h e  m e d i c a l  e x a m i n e r ' s  

o f f i c e .  I t  i s  u n d e r s t o o d  t h a t  t h e r e ' s  is an  on-scene i n v e s t i g a t i o n  

i n  about  o n e - t h i r d  of  t h e  c a s e s .  E s s e n t i a l l y  a l l  o f  t h e  c a s e s  

i n v o l v e  a  f a t a l i t y .  Out of 60 c a s e s  r e p o r t e d ,  f i v e  o r  s i x  a r e  

d i agnosed  a s  h e a r t  a t t a c k s ,  and t h r e e  o r  f o u r  a s  p r o b a b l e  

s u i c i d e s .  

Bos ton  r e p o r t s  a r e  q u i t e  d e t a i l e d  i n  t h e  med ica l  and human 

f a c t o r s  a r e a s ,  b u t  competent  i n  t h e  v e h i c l e  a r e a .  A p r o f e s s i o n a l  

t r a f f i c  e n g i n e e r  p a r t i c i p a t e s  i n  a n a l y z i n g  and w r i t i n g  up some, 

b u t  n o t  a l l ,  o f  t h e  c a s e s .  

G e o g r a p h i c a l l y  t h e  team o p e r a t e s  i n  t h e  " g r e a t e r  Boston" 

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

l i m i t s  of  Bos ton ,  

GEORGIA TECH 

The p r i n c i p a l  i n v e s t i g a t o r  of t h e  Georg ia  Tech team is a  

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

p l a n n i n g  e n g i n e e r i r & g .  The g e o g r a p h i c a l  a r e a  cove red  is metro-  

p o l i t a n  A t l a n t a ,  i n z l u d i n g  DeKalb County which  is a r e s i d e n t i a l  



a r e  a d j a c e n t  t o  t h e  c i t y .  Most of t h e  a c c i a s n t s  r e p o r t e d  a r e  

i n  urban  a r e a s ,  and  a  s u b s t a n t i a l  f r a c t i o n  a r e  on f r e e w a y s .  

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

i n  a c c i d e n t s  w i t h  a t  l e a s t  one v e h i c l e  towed :'ram t h e  s c e n e .  

I n  t h e i r  e a r l i e r  c a s e s  emphas is  was p l a c e d  on s e v e r e  a c c i d e n t s .  

Sampling o f  t h e  a c c i d e n t  p o p u l a t i o n  was done w i t h  t h e  i n t e n t  

of r e p r e s e n t i n g  a l l  k i n d s  and t i m e s  of  day of  a c c i d e n t s ;  a  com- 

p a r i s o n  made by t h e  team showed t h a t ,  i n  t h e i r  f i r s t  hundred 

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

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

Medica l  i n f o r m a t i o n  was g e n e r a t e d  by two c o n s u l t i n g  s u r g e o n s  

(one a  g e n e r a l  s u r g e o n ,  and t h e  o t h e r  a neu ro - su rgeon) .  Members 

o f  t h e  Georg ia  Tech e n g i n e e r i n g  and psychology  d e p a r t m e n t s  p ro -  

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

I N D I A N A  UNIVERSITY 

For  t h e  c a s e s  p r e s e n t l y  i n  t h e  d i g i t a l  f i l e  t h e  team was 

managed by  two p e o p l e  w i t h  a  p r imary  background i n  law ( a l t h o u g h  

b o t h  of them a l s o  had d e g r e e s  i n  t h e  p h y s i c a l  s c i e n c e s ) .  They 

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

and a  team of  on-scene i n v e s t i g a t o r s  which i n c l u d e d  p e r s o n s  

w i t h  a  p o l i c e  i n v e s t i g a t i v e  background.  E s s e n t i a l l y  a l l  a c c i -  

d e n t s  i n v o l v e d  a n  on-scene i n v e s t i g a t i o n .  

The g e o g r a p h i c a l  a r e a  c o v e r e d  was Monroe County,  I n d i a n a ,  

and  c o n t a c t  f o r  on-scene  i n v e s t i g a t i o n  was made by m o n i t o r i n g  

t h e  r a d i o  n e t s  o f  t h e  Bloomington ( c i t y )  p o l i c e ,  t h e  coun ty  

s h e r i f f ,  and t h e  I n d i a n a  S t a t e  p o l i c e .  Many o f  t h e  a c c i d e n t s  

i n v e s t i g a t e d  o c c u r r e d  i n  r u r a l  a r e a s ,  main ly  on two-lane r o a d s ;  

t h i s  coun ty  c o n t a i n e d  no l i m i t e d  a c c e s s  highways a t  t h e  t ime  of  

t h e s e  i n v e s t i g a t i o n s .  

S e l e c t i o n  r u l e s  were t h o s e  r e f e r r e d  t o  a s  "S tanda rd  MDA1"-- 

i . e . ,  r e c e n t  model y e a r  v e h i c l e s  i n  ( p r i m a r i l y )  i n j u r y  p roduc ing  

a c c i d e n t s .  T h i s  team,  a s  were s e v e r a l  o t h e r s ,  was o c c a s i o n a l l y  

c a l l e d  upon (by t h e  s p o n s o r )  t o  i n v e s t i g a t e  an a c c i d e n t  which 

o c c u r r e d  o u t s i d e  t h e  c o u n t y ,  b u t  s u c h  remote  i n v e s t i g a t i o n s  do 

n o t  c o n s t j c g t e  any s u b s t a n t i a l  p r o p o r t i o n  of  t h e  d a t a .  



M I A M I  UNIVERSITY 

The Miami U n i v e r s i t y  t eam h a s  b e e n  d i r e c t e d  by a  c i v i l  

e n g i n e e r ,  a n d  g e n e r a l l y  p r o v i d e s  good d e t a i l  on t h e  e n v i r o n -  

m e n t a l  f a c t o r s .  Human f a c t o r s  a r e  c o v e r e d  by a  team p s y c h o l o -  

g i s t ,  and  v e h i c l e  f a c t o r s  by member o f  t h e  f a c u l t y  i n  m e c h a n i c a l  
e n g i n e e r i n g .  

The a r e a  c o v e r e d  is Dade Coun ty ,  F l o r i d a ,  a n d  t h e i r  normal  

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

p a s s e n g e r  c a r s  o f  t h e  p a s t  t h r e e  model  y e a r s  p l u s  t r u c k s  o f  

v a r i o u s  a g e s .  The Miami t eam n o r m a l l y  f i e l d s  f i v e  p e o p l e  t o  

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

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

s c e n e .  

I n j u r y  d e t a i l  i s  good ,  and  t h e  t eam is  n o t e d  f o r  i t s  c a r e f u l  

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

s t a n d a r d s .  

MARY LAND 

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

e x a m i n e r ,  a n d  he  is s u p p o r t e d  by a  m e c h a n i c a l  e n g i n e e r  a n d  a  

t r a f f i c  e n g i n e e y ,  who a r e  c a l l e d  i n  when t h e  c a s e  w a r r a n t s  t h e i r  

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

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

o t h e r s .  

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

B a l t i m o r e  a r e a ,  a l t h o u g h  most  o f  t h e  c a s e s  a r e  f rom t h e  c i t y  o f  

B a l t i m o r e .  The t eam r a r e l y  i n v e s t i g a t e s  t h e  a c c i d e n t s  o n  s c e n e .  

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

T h e r e  a r e  o c c a s i o n a l  t r u c k  a c c i d e n t s  and a  few p e d e s t r i a n s .  

NEW MEXICO 

The p r i n c i p a l  i n v e s t i g a t o r  a t  t h e  time c a s e s  now i n  t h e  f i l e  

were  p r e p a r e d  was a  p h y s i c i a n ,  w i t h  a  c o - p r i n c i p a l  i n v e s t i g a t o r  

who was a  p r o f e s s o r  o f  m e c h a n i c a l  e n g i n e e r i n g .  

The g e o g r a p h i c  a r e a  c o v e r e d  b y  t h i s  team was A l b u q u e r q u e ,  
New Mexico ,  t h e i r  n o t i f i c a t i o n  o f  a n  a c c i d e n t  coming p r i m a r i l y  



f rom t h e  A l b u q u e r q u e  p o l i c e .  I t  c a n  b e  e x p e c t e d  t h a t  t h e y  w i l l  

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

OHIO STATE UNIVERSITY 

The p r i n c i p a l  i n v e s t i g a t o r  f o r  t h i s  team was a  m e c h a n i c a l  

e n g i n e e r .  T h e i r  g e o g r a p h i c  c o v e r a g e  was i n  a n d  n e a r  Columbus,  

O h i o .  P r i m a r i l y  u r b a n  a c c i d e n t s  w e r e  i n v e s t i g a t e d .  

RESEARCH TRIANGLE INSTITUTE 

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

t h i s  t e a m ' s  o p e r a t i o n s - - t h e  f i r s t  a  m e c h a n i c a l  e n g i n e e r  ( u n t i l  

a b o u t  mid-1971) a n d  t h e n  a  c i v i l  e n g i n e e r  f o r  t h e  r e m a i n d e r  o f  

t h e  c a s e s  i n  t h e  f i l e .  

Most of t h e  a c c i d e n t  s i t e s  i n v e s t i g a t e d  by t h i s  team c a n  b e  

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

Wake C o u n t i e s  i n  N o r t h  C a r o l i n a .  T h e r e  a r e  few f r e e w a y s  i n  t h i s  

a r e a .  

The team a t t e n d e d  mos t  a c c i d e n t s  o n  s c e n e .  T h e i r  r e p o r t -  

i n g  o f  e n v i r o n m e n t a l  f a c t o r s  is f e l t  t o  b e  p a r t i c u l a r l y  s t r o n g .  

They h a v e  good c o v e r a g e  o f  t w o - l a n e  r u r a l  r o a d  a c c i d e n t s .  

ROCHESTER 

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

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

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

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

R o c h e s t e r ,  New York a n d  t h e  s u r r o u n d i n g  r u r a l  a r e a .  The e a r l i e r  

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

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

t h e  a c c i d e n t  was f o l l o w e d  up .  B e g i n n i n g  i n  a b o u t  t h e  summer o f  

1971 t h e  team b e g a n  t o  i n v e s t i g a t e  a  number o f  a c c i d e n t s  on  

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

t h e i r  d a t a  a f t e r  t h a t  t i m e .  

I n  o p e r a t i o n  t h e r e  a r e  u s u a l l y  two p e o p l e  on  s c e n e  a t  t h e  

a c c i d e n t ,  a  v e h i c l e  t e c h n i c i a n  a n d  a n  i n t e r v i e w e r .  T h e i r  r e p o r t s  

g e n e r a l l y  e m p h a s i z e  t h e  v e h i c l e  c r a s h  p h a s e  a n d  t h e  m e d i c a l  de- 

t a i l s  w i t h  minima: i ~ f o r m a t i o n  on  p r e - c r a s h  d e t a i l s .  



SOUTHERN CALIFORNIA 

The t e a m ' s  p r i n c i p a l  i n v e s t i g a t o r  is  a  m e c h a n i c a l  

e n g i n e e r ,  and he  is s u p p o r t e d  by o t h e r  e n g i n e e r s ,  a  p h y s i c i a n ,  

and  a n  i n t e r v i e w e r .  

T h e i r  g e o g r a p h i c  c o v e r a g e  is  p r i m a r i l y  w i t h i n  t h e  c i t y  

limits o f  Los A n g e l e s ,  and  t h e y  c o v e r  numerous f r e e w a y  a c c i d e n t s .  

N o t i f i c a t i o n  o f  a c c i d e n t s  i s  o b t a i n e d  f rom t h e  f i r e  r e s c u e  

s e r v i c e ,  and team p e r s o n n e l  ( two  o r  t h r e e  i n  a  c a r )  g e t  t o  t h e  

s c e n e  o f  most  a c c i d e n t s  q u i c k l y .  They c h o o s e  c a s e s ,  w i t h i n  t h e  

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

s e v e r i t y .  

STANFORD RESEARCH INSTITUTE ( 1  and 2 )  

SRI c a s e s  i n  t h e  d i g i t a l  f i l e  a r e  i d e n t i f i e d  i n  two  

s e p a r a t e  g r o u p s  a s  SRI-1 a n d  SRI-2.  T h e r e  h a v e  b e e n  two d i s c r e t e  

MDAI p r o g r a m s  a t  t h e  S t a n f o r d  R e s e a r c h  I n s t i t u t e  w i t h  a  t i m e  

p e r i o d  b e t w e e n  t h e  p r o g r a m s .  

Those  c a s e s  i d e n t i f i e d  a s  SRI-1 w e r e  i n v e s t i g a t e d  u n d e r  a  

s p e c i a l  p rogram aimed a t  s t u d y i n g  t h e  a s s o c i a t i o n  b e t w e e n  v e h i c l e  

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

a n  e n g i n e e r i n g  b a c k g r o u n d .  

The t eam o p e r a t e d  b r o a d l y  i n  t h e  P a l o  A l t o  a r e a ,  w i t h  n o t i -  

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

o b s e r v e d  a  v e h i c l e  i n  w h i c h  a  d e f e c t  was p resumed  t o  h a v e  con-  

t r i b u t e d  t o  t h e  a c c i d e n t .  

Those  c a s e s  i d e n t i f i e d  a s  SRI-2 h a v e  b e e n  a c q u i r e d  u n d e r  a  

p rogram w h i c h  b e g a n  a b o u t  May o f  1 9 7 2 .  They h a v e  f o l l o w e d  t h e  

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

g e n e r a l l y  o p e r a t e d  i n  t h e  i m m e d i a t e  v i c i n i t y  o f  Menlo P a r k ,  

C a l i f o r n i a  ( a l t h o u g h  t h e r e  a r e  no  s p e c i f i c  j u r i s d i c t i o n a l  l i m i t s  

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

a g e n c i e s ,  and t h e  t eam o r d i n a r i l y  i n v e s t i g a t e s  on  s c e n e .  I n  

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

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

c i v i l  ( t r a f f i c )  e n 6 , i n e e r  p a r t i c i p a t e  i n  t h e  p rogram.  



STANFORD U N I  VERS I TI' 

The p r i n c i p a l  i n v e s t i g a t o r  of  t h i s  team # a s  a  p h y s i c i s t ,  

w i t h  s u p p o r t  f rom a n  o r t h o p d d i c  s u r g e o n .  T h i s  team o p e r a t e d  

f o r  a b o u t  o n e  y e a r  ( t h e  time i n t e r v a l  be tween  t n e  two SRI 

o p e r a t i o n s  d i s c u s s e d  a b o v e ) ,  a n d  t o  some e x t e n t  made u s e  of t h e  

same c o n s u l t a n t s .  

T h e i r  g e o g r a p h i c  a r e a  o f  c o v e r a g e  was a l s o  t h e  P a l o  A l t o -  

Menlo P a r k  v i c i n i t y ,  and  t h e y  c o n c e n t r a t e d  on v e h i c l e s  o f  t h r e e  

y e a r s  o r  l e ss  i n  a g e .  

P a r t i c u l a r  s t r e n g t h s  i n  t h e i r  r e p o r t i n g  w e r e  i n  i n j u r y  de-  

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

UCLA-TRAUMA 

UCLA had two i n v e s t i g a t i o n  t e a m s  s i m u l t a n e o u s l y ,  o n e  u n d e r  

NHTSA s p o n s o r s h i p  a n d  t h e  o t h e r  u n d e r  t h e  s p o n s o r s h i p  o f  t h e  

( t h e n )  A u t o m o b i l e  M a n u f a c t u r e r ' s  A s s o c i a t i o n .  C a s e s  i d e n t i f i e d  

i n  t h e  d i g i t a l  f i l e  a s  "UCLA-Trauma R e s e a r c h  Group' '  c o n s t i t u t e  

t h e  o u t p u t  o f  t h e  NHTSA-sponsored t e a m .  

The g e o g r a p h i c  a r e a  c o v e r e d  was g e n e r a l l y  t h e  g r e a t e r  Los 

A a g e l e s  a r e a .  They c o v e r e d  r e l a t i v e l y  few r u r a l  a c c i d e n t s ,  and  

many f r e e w a y  a c c i d e n t s .  

The p r i n c i p a l  i n v e s t i g a t o r  was a  m e c h a n i c a l  e n g i n e e r  and  

he  was s u p p o r t e d  by a  p h y s i c i a n ,  a  t r a f f i c  e n g i n 2 e r ,  a n d  o t h e r s .  

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

i n j u r y  p r o d u c t i o n  f a c t o r s .  Case  v e h i c l e s  w e r e  s e l e c t e d  f rom t h e  

L a s t  t h r e e  model  y e a r s .  T h i s  t e a m  p r o v i d e d  a  l a r g e r  number o f  

t r u c k  and  b u s  c a s e s  t h a n  mos t  o t h e r  t e a m s ,  a l t h o u g h  t h c a e  

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

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

SOUTHWEST RESEARCH INSTITUTE 

The p r i n c i p a l  i n v e s t i g a t o r ' s  b a c k g r o u n d  is i n  m e c h a n i c a l  

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

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

o f  t h e  c a s e .  Human f a c t o r s  i n f o r m a t i o n  was p r o v i d e d  by a n  i n t e r -  

v i e w e r  w i t h  s b a c k g r o u n d  i n  s o c i a l  work .  Autopsy i n f o r m a t i o n  

was f u r n i s h e d  by t h e  c o u n t y  m e d i c a l  e x a m i n e r ,  and o t h e r  i n j u r y  



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

i n  a r e a  h o s p i t a l s .  E n v i r o n m e n t a l  r e p o r t i n g  was p e r f o r m e d  b y  

e n g i n e e r s  and  t e c h n i c i a n s  a s s o c i a t e d  w i t h  t h e  t e a m .  

The g e o g r a p h i c a l  a r e a  c o v e r e d  was B e x a r  C o u n t y ,  T e x a s .  

Members o f  t h e  team m o n i t o r e d  t h e  c i t y  a n d  c o u n t y  p o l i c e  r a d i o  

n e t s ,  r e s p o n d e d  t o  what  p o l i c e  t e r m e d  "major"  a c c i d e n t s .  T h i s  

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

f o r  f u l l  i n v e s t i g a t i o n  was b a s e d  on o b s e r v a t i o n s  made on  s c e n e .  

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

a n  a c c i d e n t  had t o  be o f  t h e  l a s t  t h r e e  model  y e a r s ,  and a  

v e h i c l e  h a d  t o  b e  towed f rom t h e  s c e n e .  Most a c c i d e n t s  i n v o l v e  

some i n j u r y .  

A c c i d e n t s  were s e l e c t e d  t o  r e p r e s e n t  a  b r o a d  c r o s s - s e c t i o n  

o f  t y p e s  o f  e v e n t s  i n  t h e  a r e a .  The p e r c e n t a g e  o f  n i g h t t i m e  

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

p o p u l a t i o n .  The human f a c t o r s  i n f o r m a t i o n  is c o n s i d e r e d  t o  be 

e m p h a s i z e d  more s t r o n g l y  t h a n  o t h e r  d e t a i l s ,  a n d  t h e  w r i t t e n  

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

i n  t e r m s  o f  t h e  m a t e r i a l  i n  t h e  d i g i t a l  f i l e .  

TULANE UNIVERSITY 

The p r i n c i p a l  i n v e s t i g a t o r  o f  t h i s  t eam was a  p h y s i c i a n  i n  

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

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

was t h e  p e r s o n  most  d i r e c t l y  c o n c e r n e d  w i t h  t eam o p e r a t i o n s .  

The g e o g r a p h i c  a r e a  c o v e r e d  was m e t r o p o l i t a n  New O r l e a n s ,  

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

a r e a s .  

T h e s e  c a s e s  a r e  f e l t  t o  be somewhat weak i n  i n t e r p r e t a t i o n  

o f  t h e  highway s a f e t y  s t a n d a r d s ,  a n d  m i n i m a l  r e g a r d i n g  e x a m i n a t i o n  

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

" s t a n d a r d "  MDAI t e a m s - - i . e . ,  v e h i c l e s  t h r e e  y e a r s  o f  a g e  o r  less ,  

e t c .  
b 

UNIVERSITY OF UTdP 

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

e x a m i n e r .  The c o - p r i n c i p a l  i n v e s t i g a t o r  is a  member o f  t h e  



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

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

e a r l i e r  r e p o r t e d  c a s e s ,  a n d  i n  t h e  more r e c e ~ t  c a s e s  t h e  e n v i r -  

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

d e p a r t m e n t  o f  t h e  S t a t e  o f  U t a h .  S t r o n g  s u p p o r t  i n  t h e  f i e l d  

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

The a r e a  c o v e r e d  is  d e f i n e d  a s  t h e  g r e a t e r  S a l t  Lake  C i t y  

r e g i o n ,  w i t h  a  l a r g e  p e r c e n t a g e  of  r u r a l  a c c i d e n t s .  The o n - s c e n e  

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

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

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

V e h i c l e s  a r e  i n v e s t i g a t e d  i n  d e t a i l  mos t  v e h i c l e s  b e i n g  

b r o u g h t  i n t o  t h e  l a b o r a t o r y  f o r  e x a m i n a t i o n .  P a r t i c u l a r  s t r e n g t h s  

a r e  i n  t h e  e n v i r o n m e n t a l  r e p o r t i n g  a n d  i n  t h e  i n t e r v i e w i n g  a n d  

p h y s c h o l o g i c a l  f o l l o w u p .  

OTHER TEAMS 

S e v e r a l  t e a m s  h a v e  b e e n  i n  o p e r a t i o n  f o r  s u c h  a  s h o r t  time 

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

These  w i l l  b e  d i s c u s s e d  i n  a  s i n g l e  g r o u p  h e r e ,  

A t e a m  o p e r a t i n g  a t  t h e  U n i v e r s i t y  o f  Hous ton  c o n c e n t r a t e s  

on  p e d e s t r i a n  a c c i d e n t s ,  a n d  c o m p l e t e s  a  s e t  o f  d a t a  f o r m s  

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

MDAI f i l e s .  Thus  n o  c a s e s  f r o m  t h a t  t eam a r e  i n c l u d e d  h e r e .  

A t eam h a s  b e e n  e s t a b l i s h e d  a t  t h e  U n i v e r s i t y  o f  K e n t u c k y ;  

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

i n  t h e  d i g i t a l  f i l e .  And a  t e a m  h a s  b e e n  e s t a b l i s h e d  a t  t h e  

U n i v e r s i t y  o f  Oklahoma,  a n d  two c a s e s  h a v e  b e e n  a d d e d  t o  t h e  f i l e  

f rom t h e r e .  

CONCLUSIONS 

From o b s e r v a t i o n  o f  t h e  p r e s e n t  a n d  p a s t  MDAI t e a m  o p e r a t i o n s ,  

o n e  may i n f e r  t h a t  t h e  e n t i r e  s e t  o f  d a t a  w i l l  be b i a s e d  

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

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



g e n e r a l l y  more  s e v e r e  t h a n ,  s a y ,  t h e  c o m p l e t e  s e t  of p o l i c e -  

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

O l d e r  c a r s  w i l l  be i n c l u d e d  i n  t h e  d a t a  s e t  s i n c e  t h e  p r e -  

s e n t  p r a c t i c e  i s  t o  c o m p l e t e  a l l  o f  t h e  r e p o r t i n g  f o r m s  on  e a c h  

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

if a  1 9 7 1  p a s s e n g e r  c a r  is i n  a  two v e h i c l e  c o l l i s i o n  w i t h  a  

1950  p i c k u p  t r u c k ,  t h e  l a t t e r  w i l l  a l s o  be r e p o r t e d  i n  d e t a i l .  

I f  a n  a n a l y s t  d e s i r e s  t o  s t u d y  t h e  e n t i r e  s e t  o f  d a t a  w i t h  

r e s p e c t  t o  some f a c t o r  w h i c h  d e p e n d s  on v e h i c l e  a g e  ( f o r  example  

t h e  e f f e c t i v e n e s s  of  e n e r g y  a b s o r b i n g  s t e e r i n g  co lumns  w h i c h  w e r e  

i n t r o d u c e d  i n  '967 and  1968  m o d e l s ) ,  he  s h o u l d  r e c o g n i z e  t h a t  t h e  

m o s t  o f  t h e  pre-1967 v e h i c l e s  i n  t h e  d a t a  w i l l  h a v e  b e e n  i n  two 

v e h i c l e  c o l l i s i o n s ,  w h e r e a s  a  s u b s t a n t i a l  n u x b e r  o f  t h e  newer  

v e h i c l e s  w i l l  have  b e e n  i n  s i n g l e  v e h i c l e  c o l l i s i o n s - - t h e  f o r m e r  

i m p l y i n g  a n  e x c e s s  of  s i d e  damage,  and  t h e  l a t t e r  a n  e x c e s s  o f  

f r o n t a l  damage . 
The i n j u r y  s e v e r i t y  b i a s  comes a b o u t  f o r  two r e a s o n s - -  

s e v e r a l  t eams  p r o d u c e  r e p o r t s  o n l y  on f a t a l  a c c i d e n t s - -  

s p e c i f i c a l l y  B o s t o n  and B a l t i m o r e .  Most o f  t h e  o t h e r  t e a m s  

e x h i b i t  somewhat o f  a  m i x t u r e  o f  i n j u r y  s e v e r i t i e s ,  b u t  n e a r l y  

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

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

An e x c e p t i o n  t o  t h e  s e v e r i t y  b i a s  o c c u r s  i n  t h e  s e t  of d a t a  

d e f i n e d  by t h e  c o m b i n a t i o n  o f  two  MVMA t e a m s  a n d  t h e  MDAI t eam 

o p e r a t i n g  i n  Washtenaw County ,  s i n c e  t h e r e  a n  a t t e m p t  i s  made 

t o  g e t  a  c e n s u s  o f  t h e  new c a r  towaway ( i n j u r y  o r  n o t )  a c c i d e n t s .  

I n  C h a p t e r  V o f  t h i s  r e p o r t  t h e  u s e  o f  t h i s  s u b s e t  o f  t h e  d a t a  
i s  d i s c u s s e d .  

TEAM CHARACTERISTICS AS REFLECTED I N  THE ACCIDENT DATA 

A s  o b s e r v e d  a b o v e ,  o n e  m i g h t  e x p e c t  t o  see some v a r i a t i o n  

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

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

t h e  i n v e s t i g a t o r s .  -4 s e a r c h  o f  t h e  d i g i t a l  f i l e s  c o m p a r i n g  t h e  

s e v e r a l  t e a m s  a c r o s s  a  number o f  c h a r a c t e r i s t i c s  r e v e a l s  t h a t  

t h e r e  a r e  few m e a s u r e s  i n  t h e  f i l e  f o r  w h i c h  t h e  t e a m s  a r e  

s i m i l a r .  



On t h e  o t h e r  hand, t h e  e n t i r e  c o l l e c t i o n  ~f d a t a  may be 

compared w i t h  a  broader source  f o r  some v a r i a b ~ , ? ~ .  Table 3 

( i n  Chap te r3 )  p r e s e n t s  some summary s t a t i s t i c s  f o r  t h e  combined 

da t a  of a l l  NHTSA-sponsored teams, and i n d i c a t e s  t h a t  t h e  percent  

female d r i v e r s  i s  about t he  same a s  ( f o r  passenger c a r s )  i n  t he  

Nat ional  Accident Summary; t h e  average d r i v e r  age is about t he  

same; t he  percen t  r u r a l  a cc iden t s  i s  s l i g h t l y  lover  than i n  t he  

NAS, but  not g r e a t l y  d i s s i m i l a r ,  and t h e  percent  of acc iden t s  

occur r ing  i n  hours of darkness is somewhat g r e a t e r  than t h e  N A S .  

Also compared i n  t h i s  same t a b l e  is t h e  mean i n j u r y  s e v e r i t y  

(on t h e  AIS s c a l e )  f o r  a l l  occupants of t h e  MDAI case  veh i c l e s  

and a l l  occupants of  veh i c l e s  i n  t h e  Washtenaw County " t ~ w a w a y ~ ~  

s e t .  The l a t t e r  inc ludes  an at tempted census of r ecen t  model year  

v e h i c l e s  involved i n  a cc iden t s  i n  Washtenaw County i n  which t h e  

damage was s u f f i c i e n t  t o  r e q u i r e  towing of the  veh i c l e  (near ly  h a l f  

of t he se  ca se s  involve  no i n j u r y ) ,  From t h i s  comparison i t  can be  

seen t h a t  t h e  s e v e r i t y  of t he  MDAI case s  is r e l a t i v e l y  high.  
Ind iv idua l  team comparisons a r e  presented i n  t a b l e s  46 

through 48. These were t abu la t ed  us ing a  one-way a n a l y s i s  of 

var iance  program w i t h  MDAI team as  t h e  independent v a r i a b l e .  The 

number of ca se s  ( d r i v e r s ,  occupants,  veh i c l e s )  v a r i e s  s l i g h t l y  

from column t o  column depending upon t h e  missing d a t a ,  but  t h e  

va lues  shown a r e  approximately c o r r e c t .  For each t a b u l a t e d  

v a r i a b l e  an F- ra t io  is given,  and i t  can be seen t h a t  t h e r e  is 

s i g n i f i c a n t  v a r i a t i o n  i n  nea r ly  a l l  of t h e s e .  One may conclude 

t h a t  no s i n g l e  team i s  very r e p r e s e n t a t i v e  of t h e  whole, and t h a t  

t h e  e n t i r e  s e t  of d a t a ,  whi le  b iased  toward t h e  more s e r i o u s  

c o l l i s i o n s ,  does not vary widely i n  those  c h a r a c t e r i s t i c s  compared 

from the  National  Accident Summary. 
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C o m p a r i s o n  o f  O c c u p a n t  C h a r a c t e r i s t i c s ,  MDAI Teams 

w [I) 

Ann A r b o r  
Bay l o r  
B o s t o n  
C o r n e l l - B  
G e o r g i a  
I n d i a n a  
M i a m i  
Mary l a n d  
New Mexico 
O h i o  
R e s  T r i  
R o c h e s t e r  
S o u t h e r n  C a l  
SRI-2 
SRI-1 
S t a n f o r d  
S o u t h w e s t  R 
UCLA-Trauma 
T u l a n e  
Ken tucky  
Oklahoma 
U t a h  
T o t  a l / A v e r a g e  

F-Rat i o  
S i g n i f i c a n t  





Appendix B 

Bias i n  Crash Injury Severity by Inves t iga t ioa  Year 

One of the  s t a t e d  ob jec t ives  of the in-depth crash inves t i -  

ga t ion  program is t o :  

"Determining accident and i n j u r y  causation a s  wel l  a s  the 
e f fec t iveness  of new s a f e t y  f ea tu res"  

I t  has been shown i n  Chapter V and Appendix E t h a t  a  mult iple  

regression model can be used t o  compute a  predic ted  AIS f o r  each 
crash.  The res idua l  (observed AIS m i n u s  predicted AIS) from t h i s  

regression model is a  measure of i n j u r y  s e v e r i t y  a f t e r  the contr i '  
butions due t o  crash sever i ty  have been removed. For example, t h i s  

measure was previously used t o  ind ica te  the i n j u r y  reduction from 

r e s t r a i n t  system usage. The fundamental assumption underlying the 

use of r e s idua l  AIS is t h a t  a  random sample of occupant i n j u r i e s  

a r e  obtained from the crash population subsets  defined by the 

regression model p red ic to r  var iables .  
Evaluation of vehicle  s tandards is  performed by comparing the 

mean res idua l  i n j u r y  from crashes i n  which the vehicle  had the 

required equipment versus those i n  which the  vehicle  did not have 

the required equipment. T h i s  s t r a t egy  w i l l  provide the  required 

evalua t ion  i f  t he re  a re  no other  confounding va r i ab les  which a re  

co r re la t ed  w i t h  the change i n  equipment. For example new vehicle 

s tandards have been implemented w i t h  changes i n  model year .  There- 

fo re  i f  more severe crashes were se lec ted  f o r  inves t iga t ion  from 

d i f f e r e n t  model yea r s ,  then d i f fe rences  r e s u l t i n g  from the vehicle  

s tandards could be e i t h e r  reduced o r  increased by the  crash 
s e l e c t i o n  procedure. 

Table49 ind ica tes  t h a t  such a  b ias  did occur. Spec i f i ca l ly  

i t  can be seen t h a t  both the  mean AIS and res idua l  AD decreased 

over the inves t iga t ion  years  1969 through 1972.  In addi t ion  crash 



TABLE 49. ANALYSIS OF INJURY BIASES I N  CPIR FILE 
(Model Year /Accident  Year  Comparison) 

Vehicle 
lnveatig~tion Modal Number of Mean Ren i dira 1 
Year Year pccuj~nta A T $  A I H  ,~ 

Tot  a  1 30646 

F S t a t i s t i c  

S i g n i f i c a n c e  

" I n c l u d e s  a l l  o c c u p a n t  i n j u r i e s  i n  t h e  J a n u a r y  1973 t h a t  had 
s u f f i c i e n t  d a t a  f o r  i n c l u d i n g  i n  t h e  m u l t i p l e  r e g r e s s i o n  model .  



i n v e s t i g a t i o n s  were genera l ly  conducted f o r  l a t e  model veh i c l e s  

during any given i n v e s t i g a t i o n  year .  For example most of the  1968 

model year  veh i c l e s  i n  t h e  f i l e  were i nves t i ga t ed  dur ing 1969 and 

1970. Thus comparison of 1968 model year veh i c l e s  w i t h  1970 model 

year  veh i c l e s  is  confounded w i t h  d i f f e r e n c e s  between i n v e s t i g a t i o n  

yea r s ,  T h i s  confounding could be removed by r e s t r i c t i n g  any analyses  

t o  only those  c rashes  i nves t i ga t ed  during 1971 and 1972. However 

such a s t r a t e g y  severe ly  reduces t he  number of 1968 model year  

cases  t h a t  a r e  included i n  t h e  a n a l y s i s .  

Tables 50 a n d  5 lwhich compare i n j u r i e s  by domestic manufacturer 

w i th in  i n v e s t i g a t i o n  y e a r ,  i n d i c a t e  a  s i m i l a r  problem. S p e c i f i c a l l y  

t he  p ropor t ion  of General Motors veh i c l e s  i n  t h e  sample, by i n v e s t i -  

g a t i o n  year ,  have decreased whi le  t h e  p ropor t ion  of Ford veh i c l e s  

have increased .  T h i s  r e s u l t e d  from the  l a rge  number of Washtenaw 

County c rashes  included i n  t he  f i l e  ( e . g . ,  Washtenaw County has 

a l a r g e  p ropor t ion  of Ford c a r s ) .  Any d i r e c t  comparison between 

Ford and General Motors would be biased i n  favor  of Ford, s i n c e  a  

l a r g e r  p ropor t ion  of Ford crashes  were obta ined i n  l a t e r  i n v e s t i g a t i o n  

years .  

Acalys is  of veh i c l e  s a f e t y  s tandards  a r e  severe ly  r e s t r i c t e d  

by t he  crash i n v e s t i g a t i o n  b i a s .  During 1971 and 1972 t h i s  b i a s  

has been l a r g e l y  removed. However t h e  exclus ion of o l d e r  veh i c l e s  

during these  years  has a l s o  severe ly  handicapped the  c a p a b i l i t y  f o r  

eva lua t ing  veh i c l e  s a f e t y  s tandards .  



TABLE 50. ANALYSIS OF INJURY BIASES IN CPIR FILE 
(Accident Year/Manufacturer Comparison) 

% of 
Investigation Manufacturer Number of Investigation Mean Residual 
Year (Domestic Only) Occupants Year AIS AIS 

1969 GM 121 50.4% 2.26 -22 
Ford 76 31.7% 2.41 . 0 5  
Chrysler 38 15.8% 3.26 .14 
AMC 5 2.1% 2.20 -01 - 

240 

Total 

F Statistic 

Significance 

GM 
Ford 
Chrysler 
AMC 

GM 
Ford 
Chrysler 
AMC 

GM 
Ford 
Chrysler 
AMC 



TABLE 51. ANALYSIS OF I N J U R Y  BIASES I N  'JPIR FILE 
(FRONTAL IMPACT CRASHES ONLY) 

y p,f 

I n v e s t i g a t i o n  Manufac turer  Number of i i v e s t i g a t i o n  Mean R e s i d u a l  
Year (Domestic) Occupants  f e a r  AIS AIS 

1969 GM 38 52.1% 2 .32  .37  
Ford 20 27 .4% 1 .90  .14  
Chrys l e r  13  17 .8% 3 . 0 0  - 7 2  
AMC 2  2 .7% 3 . 0 0  . 2 5  

73 

T o t a l  

F  S t a t i s t i c  

S i g n i f i c a n c e  

GM 
Ford 
C h r y s l e r  
AMC 

GM 246 43.1% 1 . 3 7  .11 
Ford 195 34 .2% 1.11 . O O  
Chrys l e r  105 18 .4% 1 .32  .23  

GM 120 41.1% .96 .03  
Ford 118 40.4% .90  - .  12 
C h r y s l e r  44 15 .1% .93  . 1 5  
AMC 



Appendix  C 

THE USE OF THE MDAI DATA IN EVALUATING TKE EFFICACY OF TRE HIGH- 
WAY SAFETY PROGRAM STANDARDS: 

The Highway S a f e t y  Program S t a n d a r d s  e x p r e s s  t h e  i m p o r t a n c e  

o f  e a c h  s t a t e ' s  s u p p o r t i n g  a c t i v i t y  t o w a r d  c o m p l i a n c e  w i t h  t h e  

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

g e s t e d  i n  d e t a i i  b y  a  s e r i e s  o f  documents  p r e p a r e d  b y  p r o f e s -  

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

p a r t i c u l a r  a c c i d e n t  r e p o r t  it is p o s s i b l e  t o  j u d g e  w h e t h e r  t h e  

l a c k  o f  c o m p l i a n c e  ( a s  when a  d e f e c t i v e  v e h i c l e  is i m p l i c a t e d )  

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

t h e  s t a n d a r d  ( a s  i n  t h e  i n s t a l l a t i o n  o f  b reakaway  highway 

s i g n s )  w a s  a f a c t o r  i n  r e d u c i n g  t h e  s e v e r i t y  o f  t h e  a c c i d e n t  o r  

i n j u r y .  Such f a c t o r s  r e l a t e d  t o  t h e  s t a t e  s t a n d a r d s  are r o u t i n e l y  

r e p o r t e d  i n  t h e  MDAI c a s e s ,  a n d  some o f  t h e s e  a r e  e n c o d e d  i n t o  

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

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

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

One means o f  a p p r o a c h i n g  t h i s  p r o b l e m  would be t o  m e a s u r e  

t h e  i n c i d e n c e  o f  some f a c t o r  ( s u c h  a s  w h e t h e r  or  n o t  a  d r i v e r  

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

n o t  t h e  v e h i c l e  had b e e n  i n s p e c t e d )  i n  t h e  a c c i d e n t  d a t a  and  t o  

compare  i t  w i t h  t h e  i n c i d e n c e  i n  some c o n t r o l  o r  e x p o s u r e  popu- 

l a t i o n .  But  a s  h a s  b e e n  n o t e d  e l s e w h e r e  i n  t h i s  r e p o r t  t h e  

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

there a r e  some n o t a b l e  e x c e p t i o n s  i n  t h e  c a s e  o f  random s a m p l e s  o f  

n i g h t  d r i v e r s  c o n d u c t e d  as  p a r t  o f  t h e  many A l c o h o l  B a f e t y  A c t i o n  * 
Programs  (ASAP). 

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

a n a l y z e  t h e  d a t a  u s i n g  t h e  method o f  i n d u c e d  e x p o s u r e  ( d i s c u s s e d  

i n  C h a p t e r  - I V  ) ' ,  b u t  t h i s  wou ld  b e  o f  l i m i t e d  v a l u e  u n l e s s  t h e  

c r a s h  s a m p l i n g  method c o u l d  b e  s p e c i f i e d .  

* 
C a r l s o n ,  " , L . ,  Chapman, M.M., C l a r k ,  C.D., F i l k i n s ,  L.D., 
a n d  Wolfe, A.C. "Washtenaw County  BAC Roadside S u r v e y  
Report ", hnr! A r b o r ,  M i c h i g a n ,  Highway S a f e t y  R e s e a r c h  
I n s t i t u t e ,  The U n i v e r s i t y  of M i c h i g a n  1 9 7 1 ,  



With t h i s  i n  m i n d ,  p o s s i b l e  u s e s  of  a  b e t t e r  d e f i n e d  d a t a  

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

program s t a n d a r d s .  The comments a r e  summarized b r i e f l y  i n  

T a b l e  52 which d i s p l a y s  t h e  l i k e l y  v a l u e  o f  t h e  p r e s e n t  d a t a  

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

o r  c o n t i n u i n g  a s s e s s m e n t  of  t h e  highway s a f e t y  s t a n d a r d s  

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

adequacy  o f  t h e  d a t a  and methods  o f  a n a l y s i s .  

T a b l e  52 

S t a t e  S t a n d a r d s  E v a l u a t i o n  Summary 

STANDARD 

Vekicle i n s p e c t i o n  

V e h i c l e  R e g i s t r a t i o n  

? J o t o r c y c l e  s a f e t y  

D r i v e r  e d u c a t i o n  

D r i v e r  l i c e n s i n g  

Codes and  l a w s  

T r a f f i c  C o u r t s  

A l c o h o l  

I d e n t j f i c a t i o n  o f  
a c c i d ~ n t  l o c a t i o n s  

T r a f f i c  r e c o r d s  

Emergency m e d i c a l  
s e r v i c e s  

Highway d e s i g n  

T r a f f i c  c o n t r o l  d e v i c e s  

P e d e s t r i a n  s a f e t y  

P o l i c e  t r a f f i c  s e r v i c e s  

Debris rernovn! 

P u p i l  t r a n s p o r t a t i o n  
systems 

A c c i d e n t  i n v e s t i g a t i o n  

Can t h e  e f f i c a c y  Would a  f u t u r e  
o f  t h i s  s t a n d a r d  c o n t r o l l e d  sam- 
b e  e v a l u a t e d  u s i n g  p l e  b e  u s e f u l  i n  
t h e  p r e s e n t  MDAI t h e  e v a l u a t i o n  o f  
d a t a ?  o f  t h i s  s t a n d a r d ?  

P a r t i a l l y  

No 

D o u b t f u l  

No 

P o s s i b l y  

P o s s i b l y  

No 

P o s s i b l y  

No 

P o s s i b l y  

No 

P o s s i b l y  

P o s s i b l y  

P o s s i b l y  

P o s s i b l y  

P o s s i b l y  

No 

P o s s i b l y  

Uoubt fu.1 



1. MOTOR VEHICLE INSPECTION 

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

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

l e s s  l i k e l y  ( o t h e r  t h i n g s  b e i n g  e q u a l )  t o  become i n v o l v e d  i n  

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

n o t  p o s s i b l e  t o  have  b o t h  i n s p e c t e d  and  u n i n s p e c t e d  v e h i c l e s  

w i t h i n  t h e  same j u r i s d i c t i o n ,  s o  o n e  m i g h t  t r y  t o  a s s o c i a t e  

a c c i d e n t  r a t e  w i t h  t ime  s i n c e  i n s p e c t i o n - - j u d g i n g  t h a t  a  l o w e r  

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

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

b e e n  a t t e m p t e d  ( f o r  example  i n  a  s t u d y  by B . J .  Campbel l  i n  N o r t h  

C a r o l i n a )  u s i n g  p o l i c e  r e p o r t e d  a c c i d e n t  d a t a ,  and  i n  a n  unpub- 

l i s h e d  s t u d y  by NHTSA p e r s o n n e l  i n  W a s h i n g t o n ,  D . C .  

W i t h i n  t h e  MDAI f i l e  t h e r e  is no e x p o s u r e  i n f o r m a t i o n  o n  t h e  

p a r e n t  p o p u l a t i o n ,  i . e . ,  t h e r e  i s  r e a l l y  no way o f  d e t e r m i n i n g  

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

p o s s i b l e  t o  t a b u l a t e  t h e  number o f  v e h i c l e  d e f e c t s  which  con- 

t r i b u t e d  t o  a c c i d e n t s  i n  t h e  MDAI f i l e ,  and  t o  c o n s i d e r  w h e t h e r  

s u c h  d e f e c t s  m i g h t  have  b e e n  e l i m i n a t e d  by a n  i n s p e c t i o n  s y s t e m .  

I n  p a r t  b e c a u s e  o f  a  p a r t i c u l a r  b i a s  i n  t h e  f i l e  (t,wo t e a m s  

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

b e c a u s e  o f  some m i s u n d e r s t a n d i n g s  i n  t h e  r e p o r t i n g  s y s t e m  (many 

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

f a c t o r s ) ,  i t  is  n o t  p o s s i b l e  t o  i n f e r  any  n a t i o n a l  f r e q u e n c y  o f  

d e f e c t s  which  a r e  a s s o c i a t e d  w i t h  c r a s h e s - - f r o m  t h e  p r e s e n t  set 

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

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

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

i n  t h i s  regard.  

2 .  MOTOR VEHICLE REGISTRATION 

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

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

a s  make,  m o d e l ,  Lic.ense p l a t e  number,  name o f  owner ,  e t c . ,  f o r  

e a c h  v e h i c l e  l i c e q s e d  t o  o p e r a t e d  by t h a t  s t a t e .  The r e l a t i o n -  



s h i p  t o  h ighway s a f e t y  is  c i r c u i t o u s  i n  t h a t  i t  is e x p e c t e a  

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

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

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

example ,  v e h i c l e s  u n d e r  r e c a l l  b u t  n o t  r e p a i r e d  were o v e r r e p r e -  

s e n t e d  i n  t h e  a c c i d e n t  p o p u l a t i o n  ( r e l a t i v e  t o  t h o s e  i n  t h e  

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

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

n o t i f y  o w n e r s  o f  r e c a l l e d  v e h i c l e s .  Wi th  t h e  l a c k  o f  e x p o s u r e  i n  t h e  

p r e s e n t  f i l e  s u c h  i n f e r e n c e  would  n o t  b e  p o s s i b l e ;  b u t  e v e n  i n  

a l a r g e r  more  d e f i n e d  s e t  of  d a t a  s u c h  a n  a n a l y s i s  s e e m s  u n l i k e l y  

to  be p r o d u c t i v e .  

3 ,  MOrKIRCYCLE SAFETY 

W h i l e  t h e r e  a r e  a  s m a l l  number o f  m o t o r c y c l e  a c c i d e n t s  

r e p o r t e d  by MDAI t e a m s ,  t h e  p r e s e n t  d i g i t a l  f i l e  i s  t a i l o r e d  

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

c o r ~ t a i n  enough  i n f o r m a t i o n  a b o u t  m o t o r c y c l e s  o r  m o t o r c y c l i s t s  

t o  be o f  a n y  s t a t i s t i c a l  v a l u e .  

4. DRIVER EDUCATION 

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

t h e  s u b j e c t  o f  numerous  s t u d i e s  b o t h  b e f o r e  a n d  s i n c e  t h e  

c r e a t i o n  o f  t h e  N a t i o n a l  Highway S a f e t y  A d m i n i s t r a t i o n ,  mos t  o f  

w h i c h  a r e  i n c o n c l u s i v e .  T h i s  is n o t  t o  s a y  t h a t  s u c h  e d u c a t i o n a l  

programs have  no  v a l u e ,  b u t  s i m p l y  t h a t  t h e  e x p e r i m e n t s  w h i c h  

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

a s  t n  make a n y  f i r m  c o n c l u s i o n  i m p o s s i b l e .  A g a i n  b e c a u s e  o f  t h e  

l a c k  o f  exposure i n f o r m a t i o n  i t  is n o t  p o s s i b l e  t o  u s e  t h e  MDAI 

d a t , a  t o  e v a l u a t e  d r i v e r  e d u c a t i o n  d i r e c t l y .  

Ti! sevtion XVof t h i s  r e p o r t  a  d i s c u s s i o n  of  t h e  i n d u c e d  

z s p n s u r e  method is g i v e n ,  a n d  some e v i d e n c e  o f  t h e  a s s o c i a t i o n  

o f  d r i v e r  e d u c a t i o n  w i t h  a c c i d e n t  p r e v e n t i o n  may b e  g a i n e d  b y  

c o n d u c t i n g  sc1rh a n  a n a l y s i s  i f  t h e  MDAI d a t a  were s u f f i c i e n t l y  
, 3 rneprest?rlt.?'  . . .  ve c;.f a  l a r g e r  p o p u l a t i o n .  Wi th  t h e  p r e s e n t  d a t a  

!;her<> was  no  c l e a . ?  i n d i c a t i o n  t h a t  f o r m a l l y  e d u c a t e d  d r i v e r s  w e r e  
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l e s s  l i k e l y  t o  " c a u s e "  a c c i d e n t s  t h a n  t h o s e  w i t h o u t  f o r m a l  

e d u c a t i o n ,  b u t  f o r  t h e  p r e s e n t  t h i s  must  b e  v iewed  a s  a  con-  

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

5 .  DRIVER LICENSING 

One c o u l d  s p e c u l a t e  t h a t  u n l i c e n s e d  d r i v e r s  a r e  more l i k e l y  

t o  b e  i n v o l v e d  i n  a c c i d e n t s  t h a n  t h o s e  w i t h  v a l i d  l i c e n s e s .  An 

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

c a r e f u l l y  a n d  a r e  l e s s  l i k e l y  t o  b e  i n v o l v e d  i n  a c c i d e n t s .  

N e i t h e r  c a n  be c o n f i r m e d  w i t h o u t  some knowledge  of  t h e  c o n t r o l  
p o p u l a t i o n - - i . e . ,  what  number o f  u n l i c e n s e d  d r i v e r s  a r e  t h e r e  

o p e r a t i n g  on t h e  r o a d s .  

Again  i t  is p o s s i b l e  t h a t  i n d i v i d u a l  cases w i l l  r e p o r t  l i c e n -  

s i n g  s y s t e m  improvements  which  m i g h t  h a v e  p r e v e n t e d  a s p e c i f i c  

c r a s h .  I n  a  p a r t i c u l a r  c a s e  a  d r i n k i n g  d r i v e r  who c a u s e d  two s u c -  

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

( f o l l o w i n g  t h e  MDAI team i n v e s t i g a t i o n )  t o  h a v e  b e e n  w i t h o u t  a 

d r i v i n g  l i c e n s e  f o r  15 y e a r s ,  a l t h o u g h  h e  h a d  d r i v e n  r e g u l a r l y  

t h r o u g h o u t  t h a t  p e r i o d .  I t  was  n o t e d  by t h e  i n v e s t i g a t o r  t h a t  t h e  

l i c e n s i n g  s y s t e m  had some l o o p h o l e s  w h i c h  m i g h t  well  b e  b o t t l e d  u p ,  

a n d  t h i s  a n e c d o t a l  i n f o r m a t i o n  may b e  u s e f u l  i n  some way. But  

no s t a t i s t i c a l  a n a l y s i s  o f  t h e  p r e s e n t  d a t a  i s  s e e n  t o  b e  o f  v a l u e .  

6 .  CODES AND LAWS 

T h i s  s t a n d a r d  s u g g e s t s  t h a t  a l l  s t a t e s  s h o u l d  a d o p t  m o t o r  

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

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

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

a c c i d e n t  ( e . g . ,  someone f rom C a l i f o r n i a  making a  r i g h t  t u r n  on  

r e d  i n  a  s t a t e  where  s u c h  a n  a c t i o n  is p r o h i b i t e d )  may 

s t r e n g t h e n  t h e  a r g u m e n t s  f o r  s t a n d a r d i z a t i o n .  The p r e s e n t  d a t a  

f i l e  d o e s  not  c o d e  t h i s  i t e m ;  b u t  i f  i t  d i d  i t  would  be o f  i n t e r -  

e s t  o n l y  a s  a  c o l l e c t i o n  o f  s u c h  a n e c d o t e s  and w i t h o u t  

s t a t i s t i c a l  v a l u e  b 3 c a u s e  o f  t h e  l a c k  o f  s a m p l e  d e f i n i t i o n .  I f  

t h e  s a m p l e  w e r e  more p r e c i s e l y  d e f i n e d ,  and t h i s  i t e m  o f  i n f o r -  

m a t i o n  more cons : sxen t ly  r e p o r t e d ,  some e s t i m a t e  of  t h e  f re -  

quency  o f  l aw m l s i ! l t e r p r e t a t i o n  a s  a n  a c c i d e n t  c a u s a t i o n  f a c t o r  

would  b e  p o s s i b l e  T h i s  would  seem t o  b e  o f  some u s e  e v e n  w i t h -  

o u t  an  e x p o s u r e  ~ l r e a s u r e .  
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7 .  TRAFFIC CQURTS 

The t r a f f i c  c o u r t  s t a n d a r d  r e q u i r e s ,  among o t h e r  t h i n g s ,  
t h a t  d r i v e r s  c h a r g e d  w i t h  a l l  moving  h a z a r d o u s  v i o l a t i o n s  a p p e a r  

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

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

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

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

h u t  no  i n f o r m a t i o n  a b o u t  t h e  t y p e  o f  c o u r t  s y s t e m  i n  w h i c h  s u c h  

v i o l a t i o n s  w e r e  t r i e d ,  I t  is  c o n c l u d e d  t h a t  t h e r e  is  n o t  

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

arlg s t a t i s t i c a l  a n a l y s i s  r e l a t i v e  t o  t h e  e f f i c a c y  o f  t h e  c o u r t  

s t a n d a r d .  

8 ALCOHOL I N  RELATION TO HIGHWAY SAFETY 

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

a c c i d e n t s  is a s  a p p a r e n t  i n  t h e  MDAI d a t a  a s  i n  many o t h e r  s e t s  

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

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

The a l c o h o l  s t a n d a r d ,  and  i t s  s e q u e l a e  s u c h  a s  t h e  ASAP p r o g r a m s ,  

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

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

t h i s  r e g a r d ,  a n d  i t  i s  p o s s i b l e  t h a t  a  p rogram o p e r a t e d  i n  con-  

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

n a t i o n  a p p r o p r i a t e  t o  t h a t  a r e a .  Bu t  t h e  e n t i r e  c o m p i l a t i o n  o f  

MDAI information is p r e s e n t l y  o f  l i t t l e  v a l u e  i n  a s s e s s i n g  t h e  

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

9.  SDENTLFI CATION AND SURVEILLANCE O F  ACCIDENT LOCATIONS 

I n d i v i d u a l  i n v e s t i g a t i o n  h a v e  o f t e n  Led t o  t h e  i d e n t i f i -  

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

between t h e  i n v e s t i g a t o r s  a n d  h ighway o r  t r a f f i c  e n g i n e e r i n g  

d e p a r t m e n t s .  The g e n e r a l  i n t e n t  o f  t h i s  s t a n d a r d ,  however ,  i S  

f o r  thr? i d e n t i f i c a t i o n  o f  s u c h  l o c a t i o n s  w i t h i n  e a c h  , j u r i s d i c t i o n  

13y (*ont j .n~a( - ) l~ :  s u r v e i l l a n c e  of' t h e  roadway n e t w o r k  a n d  t h e  

n n a l y s i s  ' )  i m a s j  a c c i d e n t  i n f o r m a t i o n .  

Xo method is  s e e n  a t  t h i s  t i m e  w h i c h  would  make t h e  c o l -  

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



1 0 .  TRAFFIC RECORDS 

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

c e r t a i n  k i n d s  o f  d a t a  i n  s u c h  a  form a s  t o  p e r m i t  a  c o n t i n u i n g  

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

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

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

C e r t a i n  a n a l y s e s  h a v e  b e e n  p e r f o r m e d  w i t h i n  t r i - l e v e l  

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

s c a l e s  w i t h  t h e  a b b r e v i a t e d  i n j u r y  s c a l e s  u s e d  i n  MDAI c a s e s .  

Such ( p o l i c e )  s c a l e s  v a r y  w i d e l y  from one  j u r i s d i c t i o n  t o  

a n o t h e r ,  a n d  i t  seems  u n l i k e l y  a t  t h i s  t i m e  Lhat  t h e r e  would 

b e  much v a l u e  i n  a  n a t i o n a l  c o m p a r i s o n ,  b u t  t h e  a n a l y s e s  con-  

d u c t e d  t o  d a t e  have  s e r v e d  t o  i d e n t i f y  t h e  d i f f e r e n c e s  i n  

r e p o r t i n g .  

Such a n a l y s e s  s h o u l d  u l t i m a t e l y  l e a d  t o  a  b e t t e r  u n d e r s t a n d i n g  

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

f rom t h e  a p p l i c a t i o n  o f  t h e  t r a f f i c  r e c o r d s  s t a n d a r d .  I n  a d d i t i o n ,  

t h e  i n v e s t i g a t i o n  methodo logy  d e v e l o p e d  by i n - d e p t h  teams c o u l d  be  

u s e d  t o  u p d a t e  p r o c e d u r e s  u s e d  by p o l i c e .  But  i t  seems u n l i k e l y  

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

b e  made by a n a l y s i s  o f  t h e  p r e s e n t  MDAI f i l e s .  

11. EMERGENCY MEDICAL SERVICES 

B e c a u s e  o f  t h e  l a c k  o f  s a m p l e  d e s i g n  i t  is  n o t  p o s s i b l e  t o  

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

emergency m e d i c a l  c a p a b i l i t i e s  i n  t h e  M D A I  c a s e s .  Whi le  t h i s  

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

a b o u t  i t  is  n o t  c u r r e n t l y  c o d e d  i n t o  t h e  d i g i t a l  f i l e - - e . g . ,  

t h e r e  is no  d i g i t a l  r e c o r d  o f  t h e  t i m e  s p e n t  w a i t i n g  f o r  a n  

a m b u l a n c e ,  t h e  q u a l i t y  o f  t h e  emergency m e d i c a l  t r e a t m e n t ,  t h e  

d i s t a n c e  t o  t h e  h c s p i t a l ,  e t c .  Even i f  t h e r e  were  t h e r e  would  
b e  l i t t l e  v a l u e  i n  i t .  



I f  t h e  d a t a  had b e e n  a c q u i r e d  i n  r e s p c n s ?  t o  a  s a m p l i n g  

p l a n ,  and  i n f o r m a t i o n  r e l a t i n g  t o  t h e  emergency m e d i c a l  s t a n -  

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

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

s y s t e m s ,  and  t o  d e s c r i b e  a  combined s y s t e m  r e p r e s e n t e d  by a l l  

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

up  it would  b e  u s e f u l  t o  r e c o r d  emergency m e d i c a l  i n f o r m a t i o n  

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

1 2 .  HIGHYAY DESIGN, CONSTRUCTION, AND MAINTENANCE 

The highway d e s i g n  s t a n d a r d  r e q u i r e s  t h a t  t h e  s t a t e s  and  

l o c a l  j u r i s d i c t i o n s  m a i n t a i n  e x i s t i n g  h ighways  p r o p e r l y ,  and  

t h a t  new h ighways  conform t o  t h e  b e s t  s a f e t y  p r a c t i c e s .  T h i s  

i m p l i e s ,  f o r  e x a m p l e  b reakaway  l i g h t  p o l e s ,  i n s t a l l a t i o n  o f  

med ian  b a r r i e r s  on  n a r r o w  m e d i a n s ,  e t c .  

The p r e s e n t  MDAI f i l e  c o n t a i n s  o n l y  s p o r a d i c  i n f o r m a t i o n  

a b o u t  h ighway f e a t u r e s - - i n  p a r t  b e c a u s e  o f  t h e  l a c k  o f  any  f o r -  

mal r e p o r t  f o r m  f o r  t h i s  i n f o r m a t i o n .  But  a g a i n ,  b e c a u s e  o f  

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

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

n o t  o f  t h e i r  f r e q u e n c y .  T h e r e  a r e ,  f o r  e x a m p l e ,  some 250 

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

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

g u a r d  r a i l s  ( t o o  h i g h ,  t o o  r i g i d ,  e t c . ) ,  b u t  t h i s  is n o t  p r e -  

s e n t l y  c o d e d  i n t o  t h e  d i g i t a l  f i l e .  

Tf t h e  s a m p l i n g  w e r e  a d e q u a t e  i t  would  b e  p o s s i b l e  t o  draw 

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

a n d  a n a l y z i n g  s u c h  roadway i n f o r m a t i o n .  A t  t h e  p r e s e n t  time i t  

is  n o t  p o s s i b l e  t o  make any  judgment  a b o u t  t h e  a d e q u a c y  o f  

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

1 3 .  TRAFFIC CONTROL DEVICES 

T h i s  s t a n d a r d  i s  c o n c e r n e d  w i t h  t h e  s t a t e  i m p l e m e n t a t i o n  

of t r a f f i c  t ~ o n t r o l  d e v i c e  improvements  t h a t  b e a r  d i r e c t l y  o n  

r e d u c i n g  a c c i d e n L s .  T h i s  i n c l u d e s  s i g n s ,  s i g n a l s ,  m a r k i n g s ,  and  

a  v a r i e t y  o f  e l e c t r o n i c  c o n t r o l s .  



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

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

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

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

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

r e c o r d e d ,  i t  would  b e  p o s s i b l e  t o  k e e p  a  p u l s e  on  t h e  c h a n g e s  i n  

r e s p o n s e  t o  t h i s  s t a n d a r d .  But  a t  t h e  p r e s e n t  t i m e  t h e r e  is 

l i t t l e  t h a t  c a n  be done w i t h  t h e  c o m p i l e d  d a t a  h e r e .  

1 4 ,  PEDESTRIAN SAFETY 

The p e d e s t r i a n  s a f e t y  s t a n d a r d  i s  c o n c e r n e d  b o t h  w i t h  pe-  

d e s t r i a n  e d u c a t i o n  and  w i t h  t h e  u s e  o f  t r a f f i c  c o n t r o l s  a n d  pave-  

ment m a r k i n g s  t o  p r o t e c t  p e d e s t r i a n  movements .  

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

t e a m s  i n  t h e  p r e s e n t  MDAI p r o g r a m ,  t h e  i n f o r m a t i o n  d e v e l o p e d  is 

g e n e r a l l y  n o t  a p p r o p r i a t e  t o  t h e  d i g i t a l  f i l e s  w h i c h  a r e  con-  

c e r n e d  m o s t l y  w i t h  v e h i c l e  damage a n d  o c c u p a n t  i n j u r y .  B o t h  t h e  

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

t o  a s s e s s  t h e  n a t i o n a l  p e d e s t r i a n  a c c i d e n t  s i t u a t i o n  f rom t h i s  

d a t a .  

1 5 .  POLICE TRAFFIC SERVICES 

T h i s  s t a n d a r d  r e q u i r e s  i n c r e a s e d - t r a i n i n g  of p o l i c e  o f f i c e r s ,  

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

a p p l i e d .  But  t h e r e  i s  p r e s e n t l y  no  d a t a  i n  t h e  c o m p i l a t i o n  o f  

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

s t a n d a r d .  

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

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

t h a t ,  g i v e n  a  p r o p e r  s a m p l i n g  p l a n ,  i n f o r m a t i o n  a p p r o p r i a t e  t o  

t h i s  m a t t e r  c o u l d  b e  r e c o r d e d  a n d  a n a l y z e d .  But  t h i s  is n o t  t h e  

c a s e  now. 

16 .  DEBRIS REMOIAL 

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

p r a c t i c e s  t o  remove t h e  a f t e r  e f f e c t s  o f  a c c i d e n t s  on t h e  h i g h -  

way.  T h e r e  a r e  numerous  m e n t i o n s  o f  i n f o r m a t i o n  p e r t i n e n t  t o  



t h i s  s t a n d a r d  i n  t h e  MDAI r e p o r t s ,  i n c l u d i n g  j e s c r i p t i o n s  o f  t h e  

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

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

d i g i t a l  f i l e - - p r o b a b l y  b e c a u s e  o f  t h e  l a c k  o f  3 fo rm f o r  r e p o r t -  

i n g  t h e  i n f o r m a t i o n .  But  e v e n  i f  i t  w e r e  i t  would  b e  o f  l i t t l e  

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

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

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

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

1.7. PUPIL TRANSPORTATION STANDARD 

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

t h e  i n f o r m a t i o n  from e a c h  i n d i v i d u a l  a c c i d e n t  may b e  o f  v a l u e  i n  

a s s e s s i n g  problems i n  p u p i l  t r a n s p o r t a t i o n ,  t h e r e  i s  n o t  enough  

d a t a  i n  t h e  combined  f i l e  t o  b e  of much s t a t i s t i c a l  v a l u e .  
Whethe r  t h e r e  would  b e  enough  i n f o r m a t i o n  i n  a  l a r g e r  more  con-  

t r o l l e d  s a m p l e  is d o u b t f u l .  A s a m p l e  o f  1 5 , 0 0 0  i n v o l v e m e n t s  

p e r  y e a r  m i g h t  c o n t a i n  r e p o r t s  o f  50  s c h o o l  b u s  a c c i d e n t s  

( b a s e d  on t h i s  r a t i o  i n  O a k l a n d  C o u n t y ,  M i c h i g a n ) .  

1-8. ACCIDENT INVESTIGATION STANDARD 

T h i s  s t a n d a r d  r e q u i r e s  t h e  s t a t e s  t o  m o d i f y  a n d  improve  

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

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

r e c o r d s  s t a n d a r d  a b o v e ,  t h e r e  is no o b v i o u s  way o f  e v a l u a t i n g  

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



Appendix D 

THE USE OF MDAI DATA IN EVALUATING THE EFFICACY OF THE MOTOR 
VEHICLE SAFETY STANDARDS 

There are  present ly 43 motor vehicle  sa fe ty  s tandards which 

have been enacted, and a l l  b u t  a  few of these a r e  current ly  i n  

force .  Accident inves t iga t ion  teams a re  general ly  f ami l i a r  w i t h  

these s tandards,  and t o  some extent  w i t h  the o ther  s tandards 

generation a c t i v i t i e s  i n  e a r l i e r  phases ( the re  a re  another 25  t i t l e s  

which may lead t o  motor vehicle  s tandards i n  the f u t u r e ) .  Most 

inves t iga to r s  consider i n  connection w i t h  each inves t iga ted  

accident whether the standard played some par t  i n  the accident-- 

fo r  example i f  a  head r e s t r a i n t  system could be given c r e d i t  f o r  

minimizing or  i n h i b i t i n g  a  neck i n j u r y ,  o r  i f  the  lack of a  r e a r  

view mirror contr ibuted t o  the causation of the accident .  

The encoding of information r e l a t i v e  t o  the  s tandards i n  the  

present data  f i l e  has been sporadic .  The p r inc ipa l  d i g i t a l  information 

i n  the f i l e  comes from the CPIR form, which was developed la rge ly  

w i t h i n  the  automotive i n d u s t r y .  While the re  is  considerable over- 

lap  of t h a t  form and vehicle  s tandards information, i t  is c l e a r  

t h a t  the s t ruc tu red  da ta  taking was not designed s p e c i f i c a l l y  t o  

answer the quest ion "was t h i s  s tandard e f fec t ive" .  Further ,  the  

case s e l e c t i o n  r u l e s  which concentrate on o u t l i e r s  o r  unusual 

cases would seem t o  i n h i b i t  any s t a t i s t i c a l  inference about the  

frequency w i t h  which a  p a r t i c u l a r  standard has been e f f e c t i v e  or  

not.  Individual  r epor t s  may i d e n t i f y  a  shortcoming, and t h i s  may be 

f u r t h e r  s tudied  by means ex te rna l  t o  the mul t i -d isc ip l inary  

inves t iga t ion  i t s e l f .  

In s p i t e  of t h i s  bleak p i c t u r e ,  the re  a re  c e r t a i n  modifications 

t o  the vehicle  which may shine through. By ca re fu l  ana lys i s  of 

the MDAI data--careful i n  the sense t h a t  known biases  a re  accounted 

f o r ,  or subse ts  chosen f o r  ana lys i s  i n  which b iases  r e l a t i n g  t o  a  

p a r t i c u l a r  problem are  minimal--one can s t u d y  the ef f icacy  of 

changes. For example i t  is c l e a r  from the regression model analysis  

of the  MDAI data  (v l r~ch attempts t o  account f o r  accident s e v e r i t y )  
t h a t  occupants wear:.ng r e s t r a i n t  systems a re  noticeably b e t t e r  o f f .  



I t  is possible  t o  search the MDAI f i l e s  f o r  c a ~ e q  i n  which occupants 

were in jured  a s  the r e s u l t  of hood-windshield co,<,tact o r  penet ra t ion .  

I t  is  even poss ib le  t o  get  some guarded est imate of the frequency 

with which hood-windshield involvement occurs.  B u t  i t  is not 

poss ib le  t o  es t imate  the  na t ional  frequency of most events ,  nor 

t o  get a na t ional  es t imate of the e f f i cacy  ( i n  the  sense necessary 

to a c o s t j b e n e f i t  computation) from the  present da ta .  The f a u l t  

i s  not i n  t h e  prec is ion  and d e t a i l  of the information ava i l ab le  

i n  the MDAI f i l e ;  i t  is w i t h  the  sampling procedures. 

A very p a r t i c u l a r  shortcoming of the present MDAI f i l e  w i t h  

regard t o  evalua t ion  of the motor vehicle  s t m  dards is t h a t  the re  

is by choice l i t t l e  or  no data  on o lder  vehicles--those vehicles  

w i t h  which the newer models ( w i t h  the  s tandards implemented) could 

be compared. A s  shown i n  Section I1 of t h i s  r epor t ,  the  sample i s  

inadequate f o r  evaluat ing the energy absorbing s t e e r i n g  column 

hecause of t h i s .  Nearly a l l  of the  ca r s  i n  the f i l e  have head 

r e s t r a i n t s  of some s o r t .  And e s s e n t i a l l y  a l l  of the ca r s  i n  the 

f i l e  have the HPR windshield. Most ca r s  a re  equipped w i t h  upper 

to r so  r e s t r a i n t s ,  and e s s e n t i a l l y  a l l  w i t h  lap restraints--and i t  

i s  o n l y  the  f a c t  t h a t  the r e s t r a i n t  system is not passive tha t  

permits some evaluat ion t o  be made of t h a t .  

Several examples of the  use of the present data  i n  gaining 

i n s i g h t  i n t o  the  vehicle  r e l a t e d  s tandards a re  given i n  the 

t e x t  of t h i s  r epor t .  In addi t ion  the reader is re fe r red  t o  

o t h e r  publ ica t ions  u s i n g  t h i s  da ta  a s  a  base fo r  s t u d y .  These 

i n c 3 u d c  a study of r e s t r a i n t  system e f fec t iveness  by Shortridge * 
a n d  P ~ e s t o n ,  a  study of the incidence of hood-windshield * 
?.nvo!vernent i n  crashes by Scott  among o the r s .  

T a b l e  53 l i s ts  i n  b r ie f  form the present motor vehicle 

sa fe ty  s tandards and provides four columns f o r  noting whether 

p a r t i c u l a r  s e t s  of da ta  may be use fu l  i n  e i t h e r  ident i fy ing  

problems o r  i n  drawing na t ional ly  use fu l  inferences about a c t i v i t i e s  

relevant  t o  t h a t  s tandard.  En t r i e s  i n  the t a b l e  a r e  the r e s u l t  
of reasoned j\,ldynent and represent  a  concensus of experienced 

a n a l y s t s  ae;j i l lves t iga tors  who were asked t o  consider how they 

m i g h t  approach o r  solve these problems. 

F 
To be published. 



u 
0 c 
U o  

'u G h  

2 82  
j u $ 2  
o r - g  
ir M 
Q " *  0 
a 0 d h  c e O i r  
a ~ c m  



Appendix E 

P r e d i c t i o n  of Automobile Crash In ju ry  Using Mult ip le  Regression 

The s tudy of t h e  r e l a t i o n s h i p  between automobile crash parameters 

and i n j u r y  is  an important  problem i n  t h e  f i e l d  of acc iden t  r e sea rch .  

Improved unders tanding of t he  under lying mechanisms lead ing  t o  i n -  

j u r y  can provide  important  i n s i g h t  f o r  the  des ign and eva lua t ion  of 

countermeasures.  The s t u d y  of t h i s  problem can be c l a s s i f i e d  under 

t h r e e  major c a t e g o r i e s .  F i r s t  a r e  t he  many bio-medical s t u d i e s  

which inc lude  dynamic t e s t i n g  on crash s l e d s  and crash t e s t i n g  of 

i~ l s t rumen ted  v e h i c l e s .  A second approach i n v o l v e s  i n t e n s i v e  case  

s t u d y  i n v e s t i g a t i o n  by exper t  medical-engineering teams. Third  

t h e r e  a r e  s t a t i s t i c a l  a n a l y s i s  of acc iden t  r e p o r t s  prepared rou t ine ly  

by  p o l i c e  t r a f f i c  i n v e s t i g a t o r s .  These c a t e g o r i e s  span t h e  range 

from c o n t r o l l e d  p r e c i s e l y  measured r e s u l t s  which provide cons iderab le  

Itnowledge of c rash  physics ,  g iven p a r t i c u l a r  hypothesized crash events,  

t o  imprecise measurements of a  complete r e p r e s e n t a t i o n  of a l l  crash 

e v e n t s .  

Th is  s tudy r e p r e s e n t s  a  combination of c a t e g o r i e s  2 and 3 .  

S p e c i f i c a l l y  t h e  o b j e c t i v e  is t o  use t he  r e s u l t s  of a popula t ion  of 

case s t u d y  crash i n v e s t i g a t i o n s  t o  ob t a in  increased  p r e c i s i o n  i n  the  

measurement of c rash  c h a r a c t e r i s t i c s  which r ep re sen t  a  broad spectrum 

of the  t o t a l  popula t ion  of c rash  t ypes .  T h i s  s tudy does not represen t  

t h e  f i n a l  answer t o  t h i s  problem b u t  i s  seen a s  t he  beginning of a  

developing methodology. 

Crash i n j u r y  r e s u l t s  from a complex dynamic process  which i s  

in f luenced  by a  l a r g e  number of v a r i a b l e s .  I n  fack one might argue 

t h a t  a l l  c rashes  a r e  unique even t s .  However t h i s  uniqueness is  

merely a  mat te r  of degree .  A fundamental p r i n c i p l e  of t h i s  s t u d y  is  

t h a t  i n j u r y  can be p r e d i c t e d  us ing a  model of t h e  fol lowing form: 



where : 

Y = a  measure of occupant crash i n j u r y  s e v e r i t y  which is common t o  
a l l  c rashes .  

X .  = ( j = l , , . , k )  Var iables  common t o  a l l  c rashes  which can 
be measured independently of Y .  

E = a  measure of t h a t  po r t i on  of crash i n j u r y  which i s  not 
"explained" o r  p red ic ted  by t he  X v a r i a b l e s .  

I t  i s  assumed t h a t  E is a random v a r i a b l e  which is  independent 

of  t h e X t s .  That i s :  

and 

The da ta  used f o r  developing t h e  i n ju ry  p r e d i c t i o n  model 

cons i s ted  of Occupant In jury  r e p o r t s  f o r  2705occupants t h a t  were 

obta ined from in t ens ive  crash i n v e s t i g a t i o n  r e p o r t s  coded on the  

C o l l i s i o n  Performance and Injury Report Form (CPIR) , popular ly  

known a s  t he  "GM Long Form1'. These da t a  have been c o l l e c t e d  by a  

number of crash i n v e s t i g a t i o n  teams loca t ed  throughout t h e  United 

S t a t e s .  A l ist  of these  teams and t h e i r  l o c a t i o n s  is presented i n  

Table 54,  The i n v e s t i g a t i o n  r e p o r t s  prepared by these  teams have been 

coded and b u i l t  i n t o  s eve ra l  computerized data  f i l e s  t h a t  a r e  r e a d i l y  

acces s ib l e  through the  Univers i ty  of Michigan MTS system computer, 

Access can be made d i r e c t l y  i n  batch mode or  through remote batch * 
or  t e rmina l  devices  u s i n g  t h e  telephone l i n e s ,  The 

s p e c i f i c  vers ion of the  data  used was a  f i l e  which con ta ins  one ob- 

s e rva t ion  per  occuphnt i n  the  veh i c l e s  i n v e s t i g a t e d .  General ly t he se  

a r e  l a t e  model U .  S. veh ic l e s .  Crashes s e l e c t e d  f o r  i n v e s t i g a t i o n  

* 
Wult idisc::pl.inary Accident Inves t i ga t i on  Report Auto- 
mation" f;.?aY r e p o r t ,  Five volumes, by Joseph C .  Marsh, 
prepared for Department of Transpor ta t  ion ,  National  
Highway T r a f f i c  Safety  Admin., October 1972. 
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a r e  genera l ly  not chosen by a  random sampling process .  Usually 

they a r e  chosen because of some s p e c i a l  c h a r a c t e r i s t i c s  t h a t  a r e  

o f  i n t e r e s t  t o  t he  i n v e s t i g a t i o n  team. Crash i n v e s t i g a t i o n s  a r e  

conducted on a  case  s t u d y  b a s i s  and t h u s  no at tempt i s  gene ra l l y  

made t o  ob t a in  a  "random" sample. Therefore conclus ions  based upon 

t h e  a n a l y s i s  of t h i s  da ta  f i l e  a r e  cond i t i ona l  on the  occurrence 

of a  c r a sh .  

Bas i ca l l y  t he  study c o n s i s t s  of us ing p o i n t s  i n  the  space 

def ined by a l l  automobile c rashes .  A t  each of t he se  p o i n t s  an 

"experiment" ( e . g . ,  a  c r a sh )  is  run ,  T h i s  experiment r e s u l t s  i n  

i n j u r i e s  of varying degrees of s e v e r i t y ,  In many ca se s  s e v e r a l  

occupants a r e  t e s t e d  i n  the  same experiment.  These may be viewed 

a s  nes ted experiments o r  a s  s e v e r a l  r e p l i c a t i o n s  of a s i n g l e  exper i -  

ment. The d i f f e r e n c e  r e s u l t s  from t h e  v a r i a b l e s  chosen t o  d e f i n e  

t he  experimental  space.  For example t h i s  s t u d y  has shown t h a t  o lde r  

persons (above 4 0 )  and persons s i t t i n g  i n  the f r o n t  s e a t  tend t o  

have more severe  i n j u r i e s  when the  d i f f e r e n c e s  between c rashes  a r e  

con t ro l l ed  f o r .  T h u s  i f  one choses t o  use age and s e a t i n g  p o s i t i o n  

a s  d e f i n e r s  of t he  exper imental  space a  nes ted experiment r e s u l t s .  

If  one does not then t h e  s e v e r a l  occupants a r e  r e p l i c a t i o n s  and 

t h e  d i f f e r e n c e s  i n  i n j u r i e s  due t o  age and s e a t i n g  p o s i t i o n  becane 

p a r t  of t he  unexplained v a r i a b i l i t y .  

Returning t o  our ba s i c  model (equat ion 1) we a r e  assuming t h a t  

t h e  i n j u r i e s  incur red  by a  s p e c i f i c  occupant a r e  a  random v a r i a b l e  

cond i t i ona l  on t h e  c h a r a c t e r i s t i c s ,  X ' s  which de f ine  t h e  c r a sh ,  

Since mul t ip le  r eg re s s ion  assumes t h a t  t h e  independent o r  p r e d i c t o r  

v a r i a b l e s  a r e  f i xed  and t h a t  a l l  of the  v a r i a b i l i t y  is  i n  the  

dependent ( i n j u r y )  v a r i a b l e  t h e  a p p l i c a t i o n  of mu l t i p l e  r eg re s s ion  

i s  v a l i d .  A s  i nd i ca t ed  prev ious ly  important  methodological ques t i ons  

dea l  w i t h  the  choice of t h e  v a r i a b l e  measuring i n j u r y .  

In choosing a  s e t  of c rashes  f o r  f i t t i n g  a  model t h e r e  was one 

important s e l e c t i o 2  b i a s  problem t h a t  had t o  be overcome. Because 

of t h e  case  s t u d y  na ture  of t h e  data  c o l l e c t i o n  most of the  i n v e s t i -  

g a t i o n s  cons i s ted  of more severe  c r a shes .  The i n v e s t i g a t o r  wanted 

t o  know how a s e r i o u s  i n j u r y  occurred o r  how a  p a r t i c u l a r  v e h i c l e  

component held  up under very high s t r e s s .  T h i s  



is counter  t o  t h e  o b j e c t i v e  of r ep re sen t ing  tne s n t i r e  space of 

crashes,which i s  e s s e n t i a l  f o r  f i t t i n g  an i n j u r y  g r e d i c t i o n  model, 

To overcome t h i s  problem t h e  Highway Safety  Research I n s t i t u t e  (HSRI) 

began a  program of a l s o  i n v e s t i g a t i n g  non-injury c rashes  involving 
* 

l a t e  model c a r s .  I n  a d d i t i o n  HSRI has two o the r  teams which i n -  

v e s t i g a t e  t h e  more severe  c r a shes .  A l l  of t he se  i n v e s t i g a t i o n s  a r e  

concentra ted i n  Washtenaw County, Michigan, which r e s u l t s  i n  some 

geographic and c u l t u r a l  b i a se s .  However t h i s  i n v e s t i g a t i o n  s t r a t e g y  

has r e s u l t e d  i n  a  s e t  of c rashes  whose i d e n t i f y i n g  v a r i a b l e s  span 

the  range of crash type and crash dynamics. To i l l u s t r a t e  t h i s  

spanning of t he  range see  Table55 ,which  i n d i c a t e s  the  d i s t r i b u t i o n  
/ 

of occupants by impact ve loc i t y  and veh i c l e  damage ex t en t  code. 

Measurement of In jury  

The s e l e c t i o n  of a  c r i t e r i o n  va r i ab l e ,Y ,  f o r  t h i s  approach is  

an important problem. T h i s  r e s u l t s  from t h e  f a c t  t h a t  a  common 

gene ra l l y  accepted measure of  i n j u r y  s e v e r i t y  w i t h  an i n t e r v a l  s c a l e  

does not e x i s t .  Such a  measure would r equ i r e  p r e c i s e l y  def ined s e v e r i t y  

l e v e l s  f o r  s p e c i f i c  i n j u r i e s .  ( e . g . ,  ches t  t rauma),  Fur ther  t h e r e  

is a  need f o r  a  weighting func t ion  t o  combine d i f f e r e n t  ca t ego r i e s  

of i n j u r y  such a s  head, c h e s t ,  o r  l eg  i n j u r y .  Development of such 

a s c a l e  w i l l  r equ i r e  cons iderab le  time and e f f o r t .  Therefore i t  

was decided t o  use the  Abbreviated In jury  Scale (AIS). T h i s  s c a l e  

is presented i n  Figure  18. 

The use of t h e  AIS code i n  t h i s  manner r a i s e s  some important 

methodological ques t i ons .  S p e c i f i c a l l y  AIS is  gene ra l l y  thought 

of a a a n  o r d i n a l  v a r i a b l e  r a t h e r  than an i n t e r v a l  v a r i a b l e ,  That 

i s ,  u n i t  d i f f e r e n c e s  between l e v e l s  of t he  v a r i a b l e  do not imply 

t h e  same magnitude of i n j u r y  s e v e r i t y  d i f f e r ence  a t  a l l  p o i n t s  on 

t he  s c a l e .  For example a  4 i n j u r y  l e v e l  is not neces sa r i l y  twice 

a s  severe  a s  r 2 i n j u r y  l e v e l .  However we assume t h a t  these  i s  a  

s c a l e  - ~nknawn t o  t h i s  w r i t e r  - t h a t  does have t he  necessary i n t e r -  

va l  v a r i a b l e  p roper ty .  Fu r the r ,  when such a va r i ab l e  is  def ined i t  



Figure 18: The Abbreviated Injury Scale as used i n  the @IR, 
AMERICAN MEDICAL ASSOCIATION * 
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w i l l  be pos s ib l e  t o  transform the  present  AIS code uniquely t o  the  

new i n j u r y  s e v e r i t y  s c a l e .  That i s  each AIS l e v e l  will be equivalent  

t o  a  unique range of values f o r  the appropr ia te  i n t e r v a l  s c a l e .  

Given these  assumptions the  problem becomes one of determining an 

appropr ia te  transformation f o r  the  AIS v a r i a b l e .  A t  t h i s  point  i n  

the  a n a l y s i s  s eve ra l  d i f f e r e n t  t ransformat ions  have been used on 
- -- -* -.* --.(-.-<- . ". - -- 

t h e  AIS code without changing the  conclusions of the  a n a l y s i s .  

Examples of these  a r e  given i n  Appendix I .  

Given these  methodological problems two choices e x i s t .  F i r s t  

one could wai t  u n t i l  a  more s u i t a b l e  i n j u r y  s c a l e  i s  developed or  

one can proceed caut iously  w i t h  the  o v e r a l l  approach using the  

bes t  ava i l ab l e  i n j u r y  s c a l e .  The l a t t e r  approach has been chosen 

f o r  s eve ra l  reasons .  Most important is the  need t o  develop a  

methodology f o r  equating crashes  t o  a  common base s o , t h a t  i n j u r i e s  

can be compared from one crash t o  another .  Second t h i s  study 

should provide guidance f o r  the  development of an i n t e r v a l  i n j u r y  

va r i ab l e .  Having chosen t h i s  approach i t  i s  important t h a t  t he  

r e s u l t s  be t e s t e d  and evaluated a t  every s top  of the  process ,  In 

the end the  f i n a l  judgement of the  approach used concerns whether 

o r  not i t  con t r i bu t e s  t o  an understanding of the  i n ju ry  production 

process .  

t 

A s  ind ica ted  previously  t he re  a r e  some important ques t ions  con- 

cerning the  i n t e r p r e t a t i o n  of t he  AIS code. Since the  approach 

used i n  f i t t i n g  a  regress ion  model r equ i r e s  the  computation of means 

i t  is usefu l  t o  determine what exac t ly  is implied by a  mean AIS code. 

Table 56presen ts  the  d i s t r i b u t i o n  of AIS codes wi th in  subse t s  of 

the  crash populat ion def ined by V D I  ex t en t  code and impact ve loc i t y .  

In add i t i on  the  mean AIS has been computed f o r  each subse t .  Examin- 

a t i o n  of the  d i s t r i b u t i o n s  wi th in  subse t s  i nd i ca t e s  t h a t  the  mean 

de f ines  a  point  of c e n t r a l  tendency about which a r e  grouped - i n  

* 
The c r i t e r i o n  f o r  s e l e c t i n g  these  crashes  was t h a t  the  
vehic le  had t o  be towed from the scene  of the  crash.  



most cases closely grouped - the observed AIS codes. T h u s  f o r  example 

i n  the subse t ,  defined by  VDI  equal t o  1 and impact ve loc i ty  l e s s  

than 24.5 mph, there  were 214 occupants w i t h  a "0" AIS code and 240 

w i t h  a "1" AIS code and a mean AIS of 0.53. In con t ras t  the  adjacent 

subset w i t h  VDI code 2 has 235 occupants w i t h  an "0" AIS code, 356 

w i t h  a "I", 28 w i t h  a "2" AIS code and 12 w i t h  higher codes f o r  a 

mean AIS of 0.72. The implication is t h a t  the second subset repre- 

s e n t s  a "worse" i n j u r y  condition s ince  the re  were more persons w i t h  

i n j u r i e s .  Speci f ica l ly  the d i f ference  i n  mean r e s u l t s  from a s h i f t  

i n  the  c e n t r a l  port ion of the d i s t r i b u t i o n  r a t h e r  than merely a 

change of a few occupants from a "2" t o  a "6" AIS code. The same 

general  observations app l i e s  t o  other  subse ts  shown .  Naturally 

conclusions a re  not a s  c l e a r  f o r  those subse ts  w i t h  smaller  sample 

s i z e s .  However the underlying assumption is t h a t  the mean w i l l  

represent  the  point about which most of the  AIS codes a re  

c lus te red  given a la rge  enough sample w i t h i n  each subse t .  
Table 55 

n i s t r i b u t i o n  of Occupants by Impact Velocity 
and Vehicle Damage Extent Code 

Vehicle Damage Index ExtenttCode 
(cases  without Ejec t ion)  

Impact Velocity 1 2 3 4 5 26 

1 2 4 . 5  mph 
(37.4 mph 
( 5 1  mph 
<65.6 mph 
>65.6 mph 

Total  

Total  

* Note: There were only 15 cases i n  which occupant e j e c t i o n  
occurred. 



Table 56 

D i s t r i b u t i o n  of I n j u r y  S e v e r i t y  Coc!es Within 
Sub-Groups Defined by Vehicle Damage Index 

and Impact Ve loc i ty  

Two-way Cross Tabu l a t i on  St ra tum = 1 

Impact Ve loc i ty  < 2 4 . 5  mph 

VDI Extent  Code 

T o t a l  1 2  3 4 5 6 

Mean AIS .53 ,72 1.15 1.26 1.82 2.31 

6 o r  more 1 0 2 3 1 0  1 

T o t a l  4  14 455 631 303 69 11 13 

Two-Way Cross  Tabu l a t i on  St ra tum = 2 

2 4 . 5  mph < - Impact Ve loc i ty  ( 3 7 . 4  mph 

VDI Extent  Code 

T o t a l  1 2 3 4 5 6 

Mean AIS 

T o t a l  



Two-Way Cross Tabu la t ion  Stratum = 3 

37 .4  mph < - Impact Veloci ty  51  mph 

V D I  Extent  Code 

T o t a l  1 2 3 4 5  6 

Mean AIS , 7 1  1.06 1 .78  2.37 2.64 4.22 
0 7  11 13 10 3 1 1 

1 2 1 9 30 31 37 9  3 

2 13 0 3 10 17 9 8 
W 
a 3  11 0 1 4 12 7  8 
8 

4 5  0 0 4 5 0 3 
r / !  

5 4 9  0 1 1 3  3 5 

6 &7 4  1 0 4 6 4 4 

8&9 1 0 1 1 4  0 6 

T o t a l  71 2 1 49 65 87 33 36 

Two-Way Cross Tabu la t ion  Stratum = 4 

51 mph < Impact Ve loc i ty  

VDI Extent  Code 

T o t a l  1 2  3 4 5  6 

Mean AIS 1 .29  .94  2.17 3.21 3.03 4.53 

0 6 4  9 12 0 1 5 

1 20 8 16 29 13 11 9  

8&9 3 0 0 5 4 2 16 
T o t a l  6 ?., 14 3 1  7 1  33 34 58 



F i t t i n g  of the  Multiple Regression Model t o  Predict  Injury 

Our  ana lys i s  has used two basic data  s e t s  lrom the ICPR f i l e  

dated February 5 ,  1973, one is the occupant i n j u r i e s  from Washtetlaw 

County crash inves t iga t ions  conducted during 1970 and 1972. The 

o the r  c o n s i s t s  of a l l  occupant i n j u r i e s  i n  the  f i l e  coming from 

crashes occurring during 1969 through 1972. Clear ,  the f i r s t  is  

a subset of the second. The r a t i o n a l e  f o r  using the Washtenaw 

County subset has been discussed previously.  

Table57 presents  a  comparison of the A.I .S.  code f o r  the samples 

from the two populations s tudied .  The d i s t r i b u t i o n s  of i n j u r i e s  

a re  d i f f e r e n t  a s  would be expected given the  previously discussed 

crash s e l e c t i o n  r u l e s .  Spec i f i ca l ly ,  the Washtenaw County group 

has a  l a r g e r  proportion of 0  and 1 i n j u r y  codes. In addi t ion  the  

Washtenaw County grcup has 2  -9% f a t a l i t i e s  while the  other  group 

has 4 .0% f a t a l i t i e s .  

Multiple regression models predic t ing  A.I.S. were f i t t e d  t o  

the da ta  i n  each of these s e t s .  These models a r e  a s  follows: 

Model I  Washtenaw County Crashes 

Nodel I 1  A l l  Crashes 

Note: The value i n  parentheses ( ) i s  the p a r t i a l  co r re la t ion  
between AIS and the var iable  given a l l  o ther  independent 
va r i ab les .  



TABLE 5 7 .  DISTRIBUTION OF AID FOR CRASH VEHICLE OCCUPANTS 

Washtenaw County  
Occupant  I n j u r i e s  A l l  Occupant  I n j u r i e s  

AIS 
Code P r o p o r t i o n  Cummulative P r o p o r t i o n  Cummulative 



Deta i l s  of the  regression ana lys i s  a r e  presented i n  Tables 

58 and 59. 

Y - Accident Injury sever i ty  code 

XI - Vehicle damage index extent  code f o r  the  case vehicle  
( e . g . ,  vehicle  i n  which subject  was located)  

X2 - Impact vehicle  ve loc i ty  squared f o r  vehicle  which i s  
hypothesized t o  cont r ibute  most d i r e c t l y  t o  the  i n j u r y  
The value f o r  t h i s  va r i ab le  was determined as  follows: 

Let 

V1 = case vehicle  impact ve loc i ty /  < 
v2 = other  vehicle  impact velocity/qe 

COLLISION CONFIGURATION(V59) AREA OF DAMAGE (V144) 
CASE VEHICLE 

x, = v2 1. Single vehicle  or unknown 
(codes 1 , 2 , 7 )  

- 4 + < Head on ( 3 )  
X2 - 

x, = P 1 
Rear Impact (6)  

X2 = 4 Rear Impact (6)  

2  
X2 = v2/4 Sideswipe (5)  

x2 = $I 
I 

Sideswipe (5 )  

In te r sec t ion  type (4 ,8 )  
T or  L 

x2 = v2 1 
In te r sec t ion  type (4 ,8)  
T or  L 

-- 
Front 

Back 

Right or  l e f t  s ide  

Front 

Right or  l e f t  s i d e  

Front 



TABLE 5 8 :  INJURY PREDI(;TION.MODEL FROM WASHTENAI COUNTY CRASHES 

bob: C k  D F  SUM OF S Q R S  MEAN S U U A R t  F - S T A T I S T I C  SlGNlF 1 ,  

. -.* - -. * . e . r.. < H I S T O  V = 7 1 5  INT=2C~:(-4.0~4.0)~ ci-&$=v<!jtj: IL;O:::VS: 1 , 8 , 3 0  ) 



TABLE 5 9 :  INJURY P.mDICTION ,MODEL FROM TWAI CRASH FILE 
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The basic  r a t i o n a l e  i n  t h i s  d e f i n i t i o n  was t o  obta in  a  ve loc i ty  

vector  which is most l i k e l y  t o  be associated w i t h  occupant i n j u r y .  

For example i n  r ea r  impact crashes the  ve loc i ty  of the s t r i k i n g  

vehicle  was used. Another l i k e l y  candidate--relat ive veloci ty--  

was found t o  r e s u l t  i n  a  worse predic t ion  of i n j u r y .  The suggestion 

is t h u s  t h a t  the  impacting vehic les  ve loc i ty  m u s t  be d i s s ipa ted  

s ince  the f i n a l  condition of the  vehicles  i s  zero  ve loc i ty .  Side- 

swipe crashes a re  beljeved t o  r e s u l t  i n  a  glancing blow. I f  a  

t h i r t y  degree impact angle is assumed, the ve loc i ty  component 

perpendicular t o  the case vehic le  is one ha l f  of the  vehicle  veo lc i ty .  

Hence the  use of one-half of the ve loc i ty  squared. 

Xg - 1 if occupant was e j ec ted  e i t h e r  p a r t i a l l y  or completely 

0 if occupant was not e j ec ted  

X4 - 1 i f  windshield bond separated 

0 i f  it d i d  not 

X5 - 1 f o r  a  s i n g l e  vehicle  crash 

0 otherwise 

T h i s  model was chosen above a  number of o the r s  because of i ts  

"good" predic t ion  capabi l i ty-higher  percent explained v a r i a b i l i t y  
2 (R ) and symmetric d i s t r i b u t i o n  of residuals-and i ts  r e l a t i v e l y  

simple s t r u c t u r e .  In  addi t ion  i t  is cons i s t en t  with our knowledge 
of t h e  injury causat ion process i n  automobile c rashes .  

An important problem i n  mult iple  regression models is  t h a t  of 

m u l t i - c o l i n e a r i t y , .  Mult i -col ineari ty  i s  the  condition i n  which 
p red ic to r  va r i ab les  ( X ' s )  a r e  not independent. If t h i s  oc:curs both 

of the  corre la ted  p red ic to r s  may be predic t ing  the same phenomenon. 

A l t h o u g h  t h i s  can r e s u l t  i n  unstable  es t imates  of regression co- 

e f f i c i e n t s ,  the  predic t ion  from the model w i l l  not be 

a f fec ted .  T h i s  r e s u l t s  from the f a c t  t h a t  the mult iple  regression 
model is  determined ucder the r e s t r i c t i o n  of minimizing the squared 



v a r i a b i l i t y  from the  p red i c t ed  value  of t he  dependent v a r i a b l e  (Y). 

~ h u s ,  even though two r eg re s s ion  models have d i f f e r e n t  c o e f f i c i e n t s  

they can s t i l l  r e s u l t  i n  s i m i l a r  p r ed i c t ed  values  w h e n  app l ied  t o  

s i m i l a r  d a t a  s e t s ,  T h i s  r e s u l t s  from compensating e f f e c t s  of d i f -  

f e r ences  i n  the  c o e f f i c i e n t s ,  However i f  m u l t i - c o l i n e a r i t y  e x i s t s  
t h e  r e s u l t i n g  model may be d i f f i c u l t  t o  i n t e r p r e t  and i t  may not 

p r e d i c t  c o r r e c t l y  when app l i ed  t o  o the r  da t a  s e t s .  

Tab le60  p r e s e n t s  a  c o r r e l a t i o n  mat r ix  of t h e  v a r i a b l e s  used 

f o r  t h e  Washtenaw County data  s e t .  O f  some concern a r e  t h e  high 

c o r r e l a t i o n  between V . D . I .  ex t en t  code, the impact v e l o c i t y  squared,  

and t h e  windshie ld  bond s e p a r a t i o n  v a r i a b l e s .  One method of 

examining t h e  e f f e c t  of t he se  p r e d i c t o r  v a r i a b l e  c o r r e l a t i o n s  on t h e  

r eg re s s ion  model i s  t o  examine t h e  p a r t i a l  c o r r e l a t i o n s  f o r  each 

predic tor-which a r e  provided i n  t h e  r eg re s s ion  o u t p u t .  These repre -  

s e n t  t h e  r e l a t i o n s h i p  between a  p r e d i c t o r  and t h e  dependent v a r i a b l e  

-AIS-after t h e  e f f e c t s  of t h e  o t h e r  p r e d i c t o r  v a r i a b l e s  have been 

removed. Thus, t hey  provide an i n d i c a t i o n  of what would happen i f  

t h i s  p r e d i c t o r  were removed. The p a r t i a l  c o r r e l a t i o n s  f o r  t h e  

Washtenaw County model i n d i c a t e  s u b s t a n t i a l  i nd iv idua l  c o n t r i b u t i o n s  

t o  t h e  o v e r a l l  p r e d i c t a b i l i t y  f o r  t he  V D I  and v e l o c i t y  v a r i a b l e s  

w i t h  a  l e s s e r  c o n t r i b u t i o n  from t h e  windshie ld  bond sepa ra t i on  

v a r i a b l e .  The s i n g l e  v s .  mu l t i p l e  veh i c l e  v a r i a b l e  could be removed 

w i t h  very l i t t l e  e f f e c t  on o v e r a l l  expla ined v a r i a b i l i t y ,  However, 

t h e r e  is a j u s t i f i c a t i o n  f o r  s epa ra t i ng  s i n g l e  and mu l t i p l e  veh i c l e  

c r a shes  based upon crash dynamics. In  a d d i t i o n ,  i n j u r i e s  from 

s i n g l e  v e h i c l e  c rashes  a r e  p r ed i c t ed  b e t t e r  w i t h  t h a t  v a r i a b l e  

included.  

Seve ra l  o t h e r  v a r i a b l e s  were a l s o  used a s  measures of t h e  

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

1 (Veloci ty  1) ve loc i ty  of case  veh i c l e  squared 

2 (Veloei iy  2) t h e  sun of both  veh i c l e s  impact v e l o c i t y  squared 

3 ( e n e r g y )  t h e  c r a s h  energy r a t h e r  than impact v e l o c i t y  

Energy = M v2/2 



TABLE 60: SIMPLE CORRLEATIONS BETWEEN VARIABLES USED I N  
REGRESS ION MODEL -- WASHTENAW COUNTY OCCUPANTS 



The c o r r e l a t i o n s  between these  v a r i a b l e s  and AIS a r e  shown 

Table 61. In add i t i on  each of these  v a r i a b l e s  wah used a s  a  s u b -  

s t i t u t e  f o r  t he  impact ve loc i t y  va r i ab l e  i n  t he  mul t ip le  regres-  

s i on  model. This provided f o r  an examination of t he  p a r t i a l  

c o r r e l a t i o n s  f o r  these  va r i ab l e s .  Using both the  t o t a l  c o r r e l a t i o n s  

- from Table61.- and t h e  p a r t i a l  c o r r e l a t i o n s  i t  was concluded 

t h a t  i n ju ry  could be p red ic ted  "best" using impact ve loc i t y .  

E i the r  the  ve loc i ty  squared o r  the  energy v a r i a b l e s  could be 

used a s  s u b s t i t u t e s  f o r  X2 i n  a  model t h a t  would s t i l l  provide 

reasonably good p r e d i c t a b i l i t y .  However, because of t h e  high cor-  

r e l a t i o n s  between these  va r i ab l e s  they should not be added t o  the  

present  model, 

MODEL APPLICATIONS 

The model can be used i n  two ways. F i r s t  t h e  va r i ab l e s  i n  the  

model i n d i c a t e  condi t ions  leading t o  i n j u r y .  I t  should not be 

s u r p r i s i n g  t h a t  l a r g e r  impact ve loc i t y  and veh ic le  damage index a r e  

a s soc i a t ed  w i t h  worse i n ju ry .  The f a c t  t h a t  e j e c t i o n  r e s u l t s  i n  more 

severe  i n j u r y  has. a l s o  been shown i n  numerous s t u d i e s .  However, 

t h i s  model provides a  q u a n t i f i c a t i o n  of the  magnitude of t he  e f f e c t s .  

As ind i ca t ed  previously  regress ion  c o e f f i c i e n t s  a r e  sometimes 

uns tab le  when t h e  p red i c to r s  a r e  c o r r e l a t e d .  However, t he  c o e f f i c i e n t s  

f o r  impact v e l o c i t y ,  VDI and windshield bond sepa ra t i on  have remained 

reasonably s t a b l e  over a  l a r g e  number of a l t e r n a t i v e  regress ion  models 

and subse t s  of t h e  d a t a ,  
The model can a l s o  be used a s  a  device f o r  comparing i n j u r i e s  

from a wide range of c rash  types .  S p e c i f i c a l l y ,  t h e  model computes 
t h e  expected i n ju ry  code condi t iona l  on c r a sh  dynamics and occupant 
e j e c t i o n .  The combined e f f e c t  of t he se  va r i ab l e s  exp la ins  f i f t y -  

t h r e e  percent  of t h e  v a r i a b i l i t y  a s  shown i n  Model I .  Differences 

between t h e  e::?ected and repor ted AIS codes can be computed y ie ld -  





ing r e s i d u a l  AIS. This  new s t a t i s t i c  measures i n j u r y  wi th  t h e  

e f f e c t  of c r a s h  dynamics and e j e c t i o n  removed. Thus, it can be used 

t o  s tudy t h e  relat ionships between veh ic l e ,  environment o r  

d r i v e r  conlponents.independent of c r a sh  dynamics. T h i s  approach w i l l  

be i l l u s t r a t e d  i n  t h e  f i n a l  s e c t i o n  of t h i s  paper.  

SELECTION OF A MODEL 

The u l t ima te  goa l  of t h i s  e f f o r t  is a  r eg re s s ion  model which 

p r e d i c t s  i n ju ry  A I S  w i t h  m i n i m u m  var iance when appl ied  t o  any 

crash o r  s e t  of c rashes .  Since t he  Washtneaw County populat ion 

con ta ins  a  r ep re sen t a t i ve  sample of a l l  i n ju ry  and non-injury 

c rashes  involving l a t e  model veh i c l e s  i n  a  s p e c i f i c  geographic a r e a ,  

i t  was hypothesized t h a t  a  b e t t e r  p r ed i c t i on  model would r e s u l t  

from t h a t  popula t ion.  T h u s ,  many of t he  non-random s e l e c t i o n  c r i t e r i a  

t h a t  a r e  apparent  i n  most in-depth case i n v e s t i g a t i o n  of c rashes  

a r e  avoided,  
. ..* . -  - .  

Table 62 p r e s e n t s  a  comparison of Models 1 -- Washtenaw 

County Occupants -- and 2 -- a l l  occupants -- appl ied  t o  t h e  

e n t i r e  s e t  of occupant i n j u r i e s .  Since Model 2 is  t h a t  model 

having minimum unexplained var iance when appl ied t o  t he  e n t i r e  

data  s e t  no o t h e r  model--with t he  same variables--could have a 

smal le r  unexplained var iance .  The ques t ion  then i s :  How c lose  

does Model 1 - developed using only Washtenaw County crashes  - come 

t o  t he  minimum unexplained var iance? 

Minimum unexplained variance--from Model 2--is 4035. Model 

I unexplained var iance is  4182 an increase  of 147. Percent  

expla ined v a r i a b i l i t y  was reduced from 38.1% t o  35.8%) whi le  mean 

square e r r o r  changed from 1.53 t o  1.59 

The reverse  a n a l y s i s  was a l s o  performed--Model 2  app l ied  t o  

Washtenaw County data--as shown i n  Table 6 3 .  In t h i s  case Model 

1 has min imum unexplained e r r o r  and the  ques t ioq  i s :  How good a  

s u b s t i t u t e  is  Model 2 1  Percent  expla ined v a r i a b i l i t y  was reduced 

from 53.3% t o  51.8"A. whi le  mean square e r r o r  changed from 0.92 t o  

0.95.  



TA13Illl: 82, COM I'AIII SON OF MOUEIJS DEVELOI'NL) FROM WASHTENAW 
COUNTY OCCUPANT INJURIES AND PROM ALL OCCUPANT 
INJURIES APPLIED TO ALL OCCUPANT INJURIES 

Model  1 --  Washtenaw County Occupants -- Appl i ca t ion  

Analys is  of Variance 

Sum of Degrees of -Mean 
Source Squares Freedom Square - F 

Explained by 
l~lodel 1 2332 5 466 , 252.7 

Unexplained 
( E r r o r )  4 182 263 1 1.59 

To ta l  6514 

Percent  Exp l a ined  = 3 5 . 8 %  

Model 2 - - A l l  Occupants -- Appl i ca t ion  

Analvs is  of Variance 

Sum of Degrees of Mean 
Source Squares  Freedom Square F 

Explained by 
Model 2 2479 5 496.0 324.2 

Unexplained 
(Er ro r )  4 03 5 263 1 1 .53  

To ta l  6514 

Percent  Explained * 38.1% 



TABLE 63 COMPARISON OF MODELS DEVELOPEL FROM WASHTENAW 
COUNTY OCCUPANT INJURIES AND FROM ALL OCCUPANT 

" INJURIES APPLI ED TO WASHTENAW CObNTY OCCUPANT 
INJURI ES 

Model 2 -- All Occupants  -- A p p l i c a t i o n  

Source  

A n a l y s i s  o f  Var i ance  

Sum o f  Degrees  of Mean 
Squa res  Feedom Squa re  F 

Exp la ined  by 
Model 2 1236 5 247.2 260.2 

Unexpla ined  
( E r r o r )  1149 12 13 0.95 

T o t a l  23 85 12 18 

P e r c e n t  E x p l a i n e d  V a r i a b i l i t y  - 51.8% 

Model 1 -- Washtenaw County Occupants  -- A p p l i c a t i o n  

Source  

A n a l y s i s  of Var i ance  

Sum of  Degrees  of Mean 
Squa res  Freedom Square  F 

Exp la ined  b y  
Model 1 12 7 1 5 254.2 276.3 

Unexplained 
( E r r o r )  1114 12 13 0.92 

T o t a l  2385 12 18 

P e r c e n t  Exp la ined  V a r i a b i l i t y  - 53.3% 



Comparison of Tables 62 and 63 f a i l  t o  indica te  a preference 

between e i t h e r  model, The conclusion is  encouraging s ince  a l l  

crashes invest igated outs ide of Washtenaw County were chosen on a 

case study basis .  However, i f  i t  is  assumed t h a t  AIS contains a 

f ixed component, condi t ional  on crash dynamics--as  rep^ sented by 

the model--and a uniform random component--unexplained variance-- 

then our procedure i s  reasonable. The d i s t r i b u t i o n  of Model 

res iduals  presented i n  Tables 58 and 59indica te  symmetric d i s t r i -  

butions about zero.  T h u s ,  the  models have "explained" c e r t a i n  

port ions of the differences i n  A.1.S.--shown by the upper h is to-  

grams i n  Tables 58 and 59and the remaining d i f ference  is symmetrically 

d i s t r ibu ted  about the predicted value.  



Application of Model t o  Random Subsets of Data 

In addi t ion  t o  the  above comparison of models i t  was f e l t  

t h a t  models developed using randomly se lec ted  subse ts  of the t o t a l  

f i l e  should a l s o  be compared w i t h  regard t o  t h e i r  i n j u r y  predic t ion  

c a p a b i l i t y .  To accomplish t h i s  the following experiment was con- 

ducted. Three random subse ts  of the occupant in jury  f i l e  were 

se lec ted .  Multiple regression models were f i t t e d  i n  each subse t ,  

Slope c o e f f i c i e n t s ,  p a r t i a l  c o e f f i c i e n t s  and overa l l  R~ f o r  these 

models i s  presented i n  Table 64.  The percent explained v a r i a b i l i t y  

f o r  the  th ree  models ranges from 0.34 t o  0.43, however individual  

c o e f f i c i e n t s  vary over a  much wider range. T h i s  is not su rp r i s ing  

s ince  the objec t ive  of mult iple  regression models i s  predic t ion  

of in jury  w i t h  min imum squared v a r i a b i l i t y .  

A methodology has been presented f o r  analyzing occupant i n j u r y  

data  obtained from in-depth crash inves t iga t ion .  There a r e  some 

p o t e n t i a l l y  se r ious  biases  a r i s i n g  from the use of t h i s  technique. 

The most important of these concerns is the crash s e l e c t i o n  process.  

The model developed is most appl icable  t o  the population of crashes 

from which i t  was developed; i . e . ,  w i l l  tend t o  provide lower 

variance i n j u r y  p red ic t ions  when used w i t h  data  containing the same 

b iases .  The u l t imate  quest ion concerns whether or  not t h i s  approach 

provides add i t iona l  i n s i g h t s  i n t o  the occupant i n j u r y  problem. 

Speci f ic  examples of the use of r e s idua l  i n j u r i e s  have been 

presented i n  Section V .  

Conclusion 

A crash i n j u r y  ana lys i s  s t r a t egy  has been developed. Basically 

i t  makes use of a  mechanism t o  compute expected i n j u r i e s  which can 

be compared t o  ac tua l  i n j u r i e s  f o r  various da ta  subse ts .  The 

methodology is believed t o  be i n  a  developmental s t age .  Clearly 

a  next s t e p  cons i s t s  of app l i ca t ions  t h a t  t e s t  the approach. These 

should be accccplished by ri.gorous technica l  ana lys is  of the r e s u l t s  

i n  order t o  2lace the approach on a  firmer foundation. 



Tab le  64  

Comparison of I n j u r y  P r e d i c t i o n  Model Appl ied  
t o  Random S u b s e t s  of t h e  Data 

Independent  S u b s e t s  
Random Random Random 

V a r i a b l e s  A l l  Subse t  Subse t  Subse t  
1 2  3 

Cons tan t  0 .00  .05 . l l  -0.14 

VDI Ex ten t  
B . 35  .33 .29 .40  
p a r t i a l  .33 .33 .27 .38  

Impact V e l o c i t y  
Squared 
B ,22 .18 .27 .22 
p a r t i a l  .20 .18  - 2 5  .18 

E j e c t i o n  
B 
p a r t i a l  

Windshie ld  Bond 
S e p a r a t i o n  
B .79 .75  .88  .76 
p a r t i a l  - 2 1  .20 .24 .20 

S i n g l e  Veh ic l e  
B -0.01 - 0 6  - . I 5  .03 
p a r t i a l  0 .00  -02  -. 05 . 0 1  



One s p e c i f i c  procedure t h a t  is  l i k e l y  t o  provide i n s i g h t  

involves extensive model r e s idua l  ana lys i s .  F i r s t  the model would 

be applied t o  s p e c i f i c  crashes.  Differences between observed and 

expected i n j u r y  would then be computed, If the d i f ference  exceeded 

c e r t a i n  values an attempt would be made t o  "explain" the d i f ference  

u s i n g  the  inves t iga to r s  d e t a i l e d  knowledge of the crash .  T h i s  

should provide two p o t e n t i a l  r e s u l t s :  

1. A b e t t e r  understanding of i n j u r y  producing 
mechanisms. 

2 .  An indica t ion  of model shortcomings. 

Residual AIS can a l s o  be used a s  a  s t a t i s t i c  t o  evaluate  the 

i n j u r y  reduction e f fec t iveness  of vehicle  s tandards.  Examples of 

t h i s  approach have been presented i n  Section V .  Similar analyses 

could be performed f o r  other  vehic le ,  human, or  environmental f a c t o r s .  



Appendix F 

Choice of Sample Size Control l ing b o t h  a/ and 8 e r r o r .  



Figure  1 9 .  Schematic r ep re sen t a t i on  of alpha a n d  beta e r r o r s  

A sample of s i z e  N is drawn and the  ob j ec t i ve  is t o  determine 

which of two populat ions  I o r  11; is  the  most l i k e l y  source of t he  

da t a .  The p r o b a b i l i t y  dens i ty  func t ions  f o r  these  popula t ions  a r e  

shown schemat ical ly  i n  Figure 19. To formalize the  a n a l y s i s  we 

s t a t e  the  fo l lowing:  

Null Hypothesis:  

Ho: The sample da t a  comes from Populat ion I 

The d i f f e r ence  between the  popula t ion means i s :  

Diff =&A-.q=A 

To answer t h e  i n i t i a l  ques t ion  we w i l l  (1) compute the  mean 

of the  sample: 

where Yi is t h e  value of a  random observat ion contained i n  t h e  

sample i s  the  sample mean. 



( 2 )  Select a  value C tha t  is betweenAand &t A . If i s  l e s s  

than or  equal t o  C we w i l l  accept the  hypothesis Ho and conclude 

tha t  the sample data  comes from Population I .  I f  Y is g rea te r  

than C we w i l l  r e j e c t  the nu l l  hypothesis and conclude t h a t  the 

data came from Population 11. 

To a id  i n  the process of choosing C we w i l l  define the f o l -  

lowing r u l e s  : 

1. If the data  r e a l l y  comes from Population I we want 
t o  accept Ho w i t h  a  probabi l i ty  of .95. T h i s  implies 
t h a t  5% of the time we conduct experiments of t h i s  
type. We w i l l  conclude tha t  the data  does not come 
from Population I when i t  ac tua l ly  does. T h u s  = 0.05. 

2 .  If the data r e a l l y  comes from Population I1  we want 
t o  accept Ho w i t h  a  probabi l i ty  of 0.05, t h i s  implies 
t h a t  5% of the time we conduct experiments of t h i s  
type. We w i l l  conclude tha t  the data  does come from 
Population I when i t  ac tua l ly  does not.  ~ h u s d  = 0.05. 

We w i l l  a l so  make the  following assumptions i n  choosing C .  

1. The means of samples drawn from e i t h e r  Population I 
or I1 have a normal probabi l i ty  d i s t r i b u t i o n .  The 
cen t ra l  l i m i t  theorem insures  tha t  t h i s  assumption w i l l  
be acceptable f o r  most r e a l  problems. 

- 

Note: the following ca lcula t ions  have the same form 
if C1 = a & ,  The r e s u l t  would merely contain the  
f ac to r  a .  

From these r u l e s  and assumptions some addi t ional  dimensions 

can be added t o  Figure 19. 



Za - Normalized Deviate f o r  a  s ign i f i cance  l eve l  of 4 
The hypothesis Ho implies t h a t :  

I n  addi t ion  assumption 2 implies t h a t  : 

From our r u l e s  

e . g . ,  a = . 0 5 , 6  = .05 

The hypothesis Ho is accepted. 

Choice of sample s i z e  N 



For  a g i v e n  v a l u e  o f  A 

Then f o r  an  e s t i m a t e  of S a  v a l u e  of N c a n  be d e t e r m i n e d .  

F i g u r e  p r e s e n t s  t h e  g r a p h i c a l  r e l a t i o n s h i p  between N and 4 
f o r  v a r i o u s  v a l u e s  of a n d 4  , 

Comparison of p r o p o r t i o n s  

L e t :  

where Pl is t h e  p r o p o r t i o n  of  c a s e s  i n  P o p u l a t i o n  I which have 

a  c h a r a c t e r i s t i c  o f  i n t e r e s t  L 

The a t t a c h e d  g raph  - F i g u r e  18 i n d i c a t e s  t h e  r e l a t i o n s h i p  

between sample  s i z e  N and P  f o r  v a r i o u s  v a l u e s  of  PI .  
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Appendix G 

The E f f e c t  of Non-Response on P rec i s ion  of Sample Es t imates  

Consider a  sampling survey problem i n  which only a  p ropor t ion  

P (o<$ < 1 )  of t he  randomly s e l e c t e d  s u b j e c t s  agree  t o  p a r t i c i p a t e  
1 1- 

i n  t h e  in te rv iewing  process .  Suppose a  c h a r a c t e r i s t i c  Y i s  being 

measured i n  t h e  i n t e rv i ew .  Define two subpopulat ions  a s  fo l lows : 

Populat ion Expected Value Propor t ion  of 
of t h e  C h a r a c t e r i s t i c  Target  Populat ion 

- 
1 ( p a r t i c i p a n t s )  Y1 P1 
2  (non -pa r t i c ipan t s )  4 1-P1 

Note t h a t  t h e  p ropo r t i on  of t h e  sample who agree  t o  be in terviewed 
A 
PI,  is  taken a s  an unbaised e s t ima te  of P1. Now t h e  expected value 

of Y i n  t h e  popula t ion  is :  

However t h e  sample e s t ima te  of t he  expected value  of Y is i' There- 

f o r e  a  b i a s  i s  in t roduced a s  fo l lows :  

Bias  = 7- - E(Y) 1 

S u b s t i t u t i n g  equa t ion  (1 )  i n t o  equat ion ( 2 ) :  

Bias = Y1-T2-pl (yl-T2) 

Let AY = Y -7 1 2  

Bias = bY-P1UY) 

T h u s  from equa t ion  (4 )  i t  can be seen t h a t  b i a s  is  a  func t ion  of 

t h e  p a r t i c i p a t i o n  p ropor t i on  and the  d i f f e r e n c e  between p a r t i c i p a n t s  

and non -pa r t i c ipan t s .  



In genera l  t he  d i f f e r ence  Y between and y2 is not known. 
1 

Therefore the  e f f e c t  of b i a s  i s  the  in t roduc t ion  of a d d i t i o n a l  

uncer ta in ty  f o r  the  es t imate  of E ( Y ) .  T h i s  uncer ta in ty  is added 

t o  the  var iance t h a t  i s  assoc ia ted  w i t h  t he  es t imate  of E ( Y ) .  

Variance is a of random v a r i a b i l i t y  due t o  unexplained 

causes such a s  measurement e r r o r .  Combining var iance and b i a s  

provides a measure of t o t a l  uncer ta in ty  of the  e s t ima te  of E ( Y ) .  

2 
MSE = t (Bias)  2 

MSE - Mean Square Error  

S u b s t i t u t i n g  ( 4 )  i n t o  ( 5 ) :  

I f  a  sample of s i z e  N p a r t i c i p a n t s  is obta ined MSE becomes: 

2 2 
MSE- = + (1-P1) 

Y N 

MSE- - Mean square e r r o r  f o r  an es t imate  of E(Y) using a sample Y 
of s i z e  N .  

Notice i n  equation ( 7 )  t h a t  only var iance and not b i a s  is  

e f f e c t e d  by inc reases  i n  sample s i z e .  Suppose MES? is t r e a t e d  a s  

a measure of unknown v a r i a b i l i t y .  Then: 

Let 

AY == 1 



Appendix H 

CARPETSWEEP interactive computer conversation 



MTS ( L A 4 4 - 0 0 7 1 )  
#SIGNON S B Z 3  
#ENTER USER PASSWORD 
?aaaaaanaaan 
#**LAST SIGNON WAS: 09 :39 .45  12-13-73 
#USER " S B Z 3 "  S I G N E D  ON AT 08 : 2 3 . 3 4  on 12-14-73 
#source cps8 : en te r  
#EXECUTION B E G I N S  

C P S 8 t E N T R Y  FORM 

WHENEVER YOU NEED H E L P ,  ANSWER WITH A ? 

THERE ARE 2 1  VARIABLES T O  B E  ENTERED 

DO YOU WANT A L I S T  O F  THESE?  Y E S  OR NO 

L I S T  O F  VARIABLES T O  B E  ENTERED 

VAR NO. NAME NO. O F  CHARACTERS 
1 MAKE AND MODEL 72 

O F  V E H I C L E  
2 MODEL YEAR 2 
3 D R I V E R . A G E  ( Y R S )  2 
4 DRIVER SEX 1 
5 ACCIDENT T Y P E  1 
6 VDI  1 
7 IMPACT S P E E D  (MPH) 2 
8 ROAD C O N D I T I O N S  1 
9 DATE/TIME OF ACC 13 

10 CASE OCC AGE (MO) 2 
11 CASE OCC S E X  1 
1 2  CASE OCC WEIGHT ( L B S )  3 
13 CASE OCC P O S I T I O N  1 
1 4  CASE OCC I N J  S E V E R I T Y  2 
15 A C T I V I T Y  P R I O R  T O  CRASH 1 
16 C H I L D  R E S T R A I N T  USED 1 

I F  ANSWER T O  VAR #16 I S  Y E S ,  ENTER THE FOLLOWING 
17 LAP B E L T  USED 1 
18 SHOULDER HARNESS USED 1 
19 C H I L D  SEAT USED 1 
2 0  MFG O F  C H I L D  SEAT 1 
2 1  MODEL NO. O F  C H I L D  SEAT 4 

END O F  VARIABLE L I E T  



VAR 1 - MAKE AND MODEL O F  VEHICLE 

Ford S t a t i o n  W a g o n  

VAR 2 - MODEL YEAR 

VAR 3 - DRIVER AGE 

VAR 4 - DRIVER SEX 

VAR 5 - ACCIDENT TYPE 

ACCIDENT TYPE CODES 
1 - V E H I C L E  T O  O B J E C T  
2 - RAN O F F  ROAD 
3 - HEAD ON T O  i l T H E R  VEHICLE 
4 - S I D E  S W I P E ,  I N T O  OTHER VEHICLE 
5 - S I D E  S W I P E ,  BY OTHER VEHICLE 
6 - REAR END, I N T O  OTHER VEHICLE 
7 - REAR END, BY OTHER VEHICLE 
8 - I N T O  PARKED CAR 

VAR 5 - ACCIDENT TYPE 

VAR 6 - VDI 

VAR 7 - IMPACT S P E E D  

VAR 8 - ROAD C O N D I T I O N S  

C l e a r ,  D r y  

VAR 9 - DATE/TIME O F  ACCIDENT 



V A R  10 - CASE OCC AGE 

VAR 11 - CASE OCC S E X  

Male 

VAR 12 - C A S E  OCC WEIGHT 

VAR 13 - CASE OCC P O S I T I O N  

OCCUPANT P O S I T I O N  CODES 
1 FRONT R I G H T  
2 FRONT CENTER 
3 BACK L E F T  
4 BACK CENTER 
5 BACK R I G H T  
6 BACK FLOOR 
7 REAR ( S T A T I O N  WAGON) 
8 UNKNOWN 

VAR 13 - CASE OCC P O S I T I O N  

VAR 1 4  - CASE OCC I N J U R Y  S E V E R I T Y  

CODE NOT ACCEPTABLE 

VAR 14  - CASE OCC I N J U R Y  S E V E R I T Y  

INJURY S E V E R I T Y  CODES 
00 - NONE 
0 1  - MINOR 
02 - NON-DANGEROUS , MODERATE 
03 - NON-DANGEROUS, SEVERE: 
04 - DANGEEtSTJS, S E R I O U S  
05 - DANGEROUS, C R I T I C A L  
06 - FATAL L S S I O N S  I N  1 REGION 
07 - FATAL U S I O N S  I N  1 REGION 
08 - FATAL L E S I O N S  I N  2 REGIONS 
09 - FATAL L E S I O N S  I N  3 OR MORE REGIONS 
98 - UNKNOWN 
99 - I N J U R E D ,  S E V E R I T Y  UNKNOWN 



VAR 1 4  - C A S E  OCC I N J U R Y  S E V E R I T Y  

01  

VAR 15 - A C T I V I T Y  P R I O R  T O  CRASH 

? 

A C T I V I T Y  CODES 
1 S T A N D I N G  
2 S I T T I N G  
3 L Y I N G  DOWN 
9 UNKNOWN 

VAR 15 - A C T I V I T Y  P R I O R  T O  CRASH 

VAR 16 - C H I L D  R E S T R A I N T  U S E D  

E N T E R  ANY T E X T  OR COMMENTS 
E N D  W I T H  "DONE" 

done 

YOUR C A S E  W I L L  B E  ENTERED A S  FOLLOWS: 

SITE H S R I  C A S E  NO.  33 
12 - 14 -73 

FORD S T A T I O N  WAGON - 1972 
D R I V E R :  2 9 ,  F 
S I D E  S W I P E  BY OTHER V E H I C L E  
V D I 9 1  I M P A C T = 1 5  MPH ROAD=CLEAR, DRY 
A C C I D E N T  OCCURRED 12-10-73 A T  1030 
C A S E  OCCUPANT:  24 MO, F ,  28  LBS 

S I T T I N G ,  BACK C E N T E R  
MINOR I N J U R I E S  

R E S T R A I N T  U S E D :  NONE 

E N T E R  "STORE" O R  U S E  "CHANGE" COMMAND 

s t o r e  



signof f 
#OFF AT 08 :32.40 12 - 13 -73 
#ELAPSED TIME 9.083 M I N .  $ .45  
#CPU TIhlE USED 8.277 SEC. $. 65 
#CPU STOR VMI 3.583 PAGE-MIN. $.17 
#WAIT STOR VMI 4.599 PAGE-HR. 
#DRUM READS 46 
#APPROX. COST OF THIS RUN I S  $1.28 
#DISK STORAGE 7805 PAGE-HR. $1.33 
#APPROX. REMAINING BALANCE: $124.47 
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Appendix I 

ANALYSIS OF TRANSFORMED INJURY SCALES 

A s  indicated previously,  there  a re  questions concerning the 

measurement of occupant i n  jury. Speci f ica l ly  we argued tha t  

there  is a t rue  injury sca le  which can be obtained by a monotonic 

transformation of the present AIS s c a l e .  A s  a t e s t  of the 

e f f e c t  of  t h i s  hypothesis 4 d i f f e ren t  transformations of the 

present AIS s c a l e  were developed and the regression model f i t t e d .  

These transformed sca les  a r e  a s  follows: 

I n j u r y  I S c a l e  

Va .I u e Range of A I S  
0 0 

1 1 

2 2 -3 

3 4-5  

4 6-9 

Injury 2 S c a l e  

Value Range of AIS 

0 0-1 

1 2-5 

2 6-9 

Injury 3 S c a l e  

Value Range of AIS 

0 0 

1. 1 

2 2 

,I 3 

6 4 

10 5 
12 6-9 

Injury 4 S c a l e  

Value 

0 

1 

3 

5 

l o  
20 

2 5 

Range of AIS 

0 

1 

2 

3 

4 

5 

6-9 



Injury Scales  1 and 2 a r e  a  reduction i n  t:ie range of the 

i n j u r y  s c a l e  while 3 and 4 a r e  an extension of .;he s c a l e .  These 
l a t e r  s c a l e s  ass ign  a  very h i g h  r e l a t i v e  value T O  death and 

ser ious  in ju ry .  

Table 65 presents  a  comparison of the regression models 

which use these a l t e r n a t i v e  injury s c a l e s .  In a l l  cases the 

mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t  and the p a r t i a l  co r re la t ion  

c o e f f i c i e n t s  a r e  i n  c lose  agreement over the various models. 

Since these transformations span the  range of po ten t i a l  monotonic 

transformations of the present AIS there  is evidence tha t  a  new 

injury s c a l e  would behave i n  a s imi la r  fashion.  

Tables 66 and 67 present a  comparison of injury predict ion 

model r e s idua l s  s t r a t i f i e d  by r e s t r a i n t  system usage and by 

occupant age.  In Table 66 , the r e s idua l s  a l l  indica te  l e s s  

severe i n j u r i e s  w i t h  r e s t r a i n t s  than without.  However, only the  

r e s idua l s  from Injury 1 Model a r e  s i g n i f i c a n t l y  d i f f e r e n t  a t  

0( = 0 . 0 5 .  In p a r t i c u l a r ,  the r e s idua l s  from models 3 and  4 

r e s u l t  i n  very small F s t a t i s t i c s .  

Severe i n j u r i e s  and f a t a l i t i e s  a r e  a  small portion of the 

t o t a l  reported i n j u r i e s  even when using CPIR data which a re  

biased toward more severe crashes .  Therefore, d i f ferences  i n  

means tend t o  r e s u l t  more from the la rge  number of moderate or 

minor i n j u r i e s  t h a t  a r e  reduced ra the r  than reductions i n  severe 

and f a t a l  i n j u r i e s .  Therefore,  placing a  h i g h  value on severe 

and f a t a l  i n j u r i e s  adds more t o  unexplained v a r i a b i l i t y  t h a n  

the d i f ferences  between r e s t r a i n t  system usage s t r a t a .  In 

Table 67,  the in jury  d i f ferences  between age groups a l l  have 

s i g n i f i c a n t  F s t a t i s t i c s .  In t h i s  case ,  the sca l ing  problem is 

evident ly not a s  severe .  



T a b l e  65 

Comparison of Crash In,jury 
P red i c t i on  Nodels 

N-2705 Occupant I n j u r i e s  

Dependent Var iable  

V600 I n j u r y  I n j u r y  
AIS 1 2 

Percent  Espl-aincd 
V a r i a b i l i t y  R~ 0 . 3 8  0 . 3 8  0 .38  

To ta l  S . S .  6685. 2420,  745 ,  

S t d .  Error  1 .24  0 .74  0 . 4 1  

hlodel. C o e f f i c i e n t s  
Collst ant  . O O  0 .22  -0.20 

P a r t i a l  0 .33  0.37 0.36 

Squal.cd ---- 
Coef f i c i en t  

P a r t i a l  0 .20  0.16 0.17 

Ejection - 
Coef f i c i en t  

P a r t i a l  

\Vindsh i e  l d  Bond 
s i n  r':~ t i o 11 -- 

Coeff ic ien t  

P a r t i a l  

I n j u r y  
4 





Age Group 

Mean Sq.  W i t h i n  

Mean Sq. Between 

F - S t a t i s t i c  

S i g n i f  

T a b l e  67  

Comparison of Age Group E f f e c t s  Over 
A l t e r n a t e  I n j u r y  S c a l e s  

R e s i d u a l  R e s i d u a l  R e s i d u a l  R e s i d u a l  R e s i d u a l  
AIS Injury  1 I n j u r y  2 I n j u r y  3 Injury 4 

N AIS Mode 1 Model Mode 1 Mode 1 Model 








