
Accura te ,  d e t a i l e d ,  r e p r e s e n t a t i v e  d a t a  
on U.S. automotive a c c i d e n t s  can b e  o b t a i n e d  
on ly  through a  c a r e f u l l y  des igned and con- 
t r o l l e d  d a t a  c o l l e c t i o n  system. Po l i ce -  
r e p o r t e d  d a t a  l a c k  cons i s t ency  and s u f f i c i e n t  
d e t a i l ,  and thus  a r e  of  l i m i t e d  va lue  f o r  
a n a l y t i c  purposes.  On t h e  o t h e r  hand,  mul t i -  
d i s c i p l i n a r y  s t u d i e s  of  s e l e c t e d  a c c i d e n t s  
have l i t t l e  g e n e r a l i z a b i l i t y .  The d a t a  
r e q u i r e d  f o r  e f f e c t i v e  c o s t - b e n e f i t  s t u d i e s  
of  nat ionwide phenomena must be  ob ta ined  by 
means of a  c a r e f u l l y  des igned sampling p lan .  
S t a f f  members of t h e  U n i v e r s i t y  of  Michigan 
Highway S a f e t y  Research I n s t i t u t e ,  i n  con- 
s u l t a t i o n  wi th  t h e  Sampling S e c t i o n  of t h e  
U n i v e r s i t y  of Michigan I n s t i t u t e  f o r  S o c i a l  
Research,  have des igned the sampling p l a n  
d i s c u s s e d  i n  t h i s  r e p o r t .  The p l a n  p rov ides  
a means of  s c i e n t i f i c a l l y  and economical?y 
o b t a i n i n g  t h e  needed d a t a .  

L e s l i e  Kish 
P r o f e s s o r  
Research S c i e n t i s t ,  
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SUMMARY 

This  r e p o r t  p r e s e n t s  t h e  d e s i g n  o f  a N a t i o n a l  Acci- 

d e n t  Sampling sys tem (NASS) . The purpose of t h i s  sys tem 

i s  t o  c o l l e c t  highway a c c i d e n t  d a t a  na t ionwide  i n  

accordance w i t h  a s t a t i s t i c a l  p l a n  t h a t  e n s u r e s  t h e  re- 

l i a b i l i t y ,  v a l i d i t y ,  and r e p r e s e n t a t i v e n e s s  of t h e  d a t a  

a s  a p r e c i s e ,  c o n t i n u i n g  microcosm o r  model of  highway 

a c c i d e n t s  o c c u r r i n g  i n  the U.S. This  NASS d e s i g n  h a s  

been developed by t h e  Highway S a f e t y  Research I n s t i t u t e  

and t h e  I n s t i t u t e  f o r  S o c i a l  Research,  The U n i v e r s i t y  of  

Michigan, under  c o n t r a c t  t o  t h e  NHTSA. The sys tem a s  now 

developed i s  ready f o r  t e s t i n g  by means of  a p i l o t  pro- 

gram. 

The NASS has  been des igned  t o  house t h r e e  sub-systems,  

each w i t h  a unique purpose.  The f i r s t  of t h e s e  i s  a con- 

t i nuous  sampling sub-system (CSS) which p r o v i d e s  f o r  a 

cont inuous  t r a c k i n g  o f  a n a t i o n a l  sample of  s e r i o u s  a c c i -  
' 

d e n t s  w i t h  a s u b s t a n t i a l  amount of d e t a i l .  The second i s  

a quick  r e a c t i o n  sub-system (QRS) which pe rmi t s  t h e  

d i r e c t o r  of  t h e  system t o  q u i c k l y  s p e c i f y  and c a r r y  o u t  a 

d a t a  c o l l e c t i o n  program f o r  a s p e c i f i c  purpose ,  The t h i r d  

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

a b i l i t y  ( M D A I ) ,  s i m i l a r  t o  t h a t  c u r r e n t l y  i n  use.  

A system such a s  NASS i s  needed t o  overcome problems 

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

P o l i c e - r e p o r t e d  d a t a  p rov ide  q u a n t i t y  w i t h o u t  adequate  

d e t a i l ,  p r e c i s i o n ,  o r  cons i s t ency .  MDAI-team d a t a  p rov ide  

q u a l i t y  w i t h o u t  adequate  r e p r e s e n t a t i v e n e s s  f o r  making 

v a l i d  and r e l i a b l e  i n f e r e n c e s  concern ing  a c c i d e n t  phenomena 

n a t i o n a l l y .  The NASS d e s i g n  d e s c r i b e d  he.re solv-es t h o s e  

problems by p rov id ing  f o r  d a t a  c o l l e c t i o n  by 35 teams i n  3 5  



p r e c i s e l y  d e f i n e d  Primary Sampling U n i t  a r e a s  i n  t h e  U.S., 

w i t h  t h e  teams e s t a b l i s h e d ,  t r a i n e d ,  d i r e c t e d ,  and moni- 

t o r e d  by a  c e n t r a l  h e a d q u a r t e r s  u n i t .  A s  now des igned ,  

t h e  NASS system complements t h e  c u r r e n t  NHTSA F a t a l  Acci- 

d e n t  Repor t ing  System (FARS) and t h e  c u r r e n t l y  deve loping  

Na t iona l  Accident  Report  System (NARS) by p rov id ing  s i g n i -  

f i c a n t l y  more d e t a i l  concern ing  c r a s h  damage and i n j u r i e s  

t han  could  be  ob ta ined  from t h e  planned l a r g e r  NARS and 

FARS d a t a  sets. 

To o b t a i n  15,000 t o  20,000 r e p r e s e n t a t i v e  a c c i d e n t  

c a s e s  annua l ly  ( a l l  t h a t  a r e  needed f o r  a  v a l i d  r ep re -  

s e n t a t i o n  of most n a t i o n a l  phenomena), NASS employs a  

sample d e s i g n  b r i e f l y  d e s c r i b a b l e  a s  a  mu l t i - s  t a g e  , 
c o n t r o l l e d - p r o b a b i l i t y ,  c l u s t e r  des ign .  T h i s . c o n t r o l s  tl1e 

s e l e c t i o n  of a c c i d e n t  c a s e s  on t h e  b a s i s  of  p o p u l a t i o n ,  

g a s o l i n e  s a l e s ,  and geographic  r e g i o n s .  The 35 Primary 

Sampling Un i t s  i n c l u d e  Los Angeles ,  Chicago, and New York, 

w i t h  t h e  o t h e r  32 PSUs e q u a l l y  d i v i d e d  i n  f o u r  r e g i o n s  of  

t h e  U.  S. ( N o r t h e a s t ,  Flidwest, South and West) . Three , 

popu la t ion  d e n s i t y  s t r a t a  a r e  r e p r e s e n t e d :  urban ( c e n t r a l  

c o u n t i e s  of S tandard  Met ropo l i t an  S t a t i s t i c a l  Areas)  ; 

suburban (non-cen t r a l  c o u n t i e s  w i t h i n  SMSAs); and r u r a l  

(non- SMSA c o u n t i e s  ) . 
The popu la t ion  of a c c i d e n t s  t o  b e  sampled by NASS 

i n c l u d e s  a l l  f a t a l  a c c i d e n t s ,  a l l  a c c i d e n t s  i n  which a t  

l e a s t  one v e h i c l e  i s  towed from the s c e n e ,  and a l l  p o l i c e -  

r e p o r t e d  p e d e s t r i a n ,  b i c y c l e ,  and motorcyc le  a c c i d e n t s .  

Accidents  s e l e c t e d  f o r  i n c l u s i o n  i n  t h e  sample w i l l  b e  re- 

p o r t e d  on i n  d e t a i l  by t r a i n e d  i n v e s t i g a t o r s  who w i l l  

v i s i t  t h e  s i t e ,  i n s p e c t  and measure the v e h i c l e ,  and when 

neces sa ry ,  i n t e r v i e w  t h e  d r i v e r ,  o t h e r  occupan t s ,  a t t e n d -  

i n g .  p h y s i c i a n s ,  etc. The frequency and s e v e r i t y  of  i n j u r i e s  

o c c u r r i n g  i n  non-towaway and non-reported '  a c c i d e n t s  would 



be e s t i m a t e d  through s e p a r a t e  g e n e r a l  p u b l i c  su rveys  

coo rd ina t ed  wi th  t h e  NASS a c c i d e n t  i n v e s t i g a t i o n  program. 

The NASS des ign  i n t e g r a t e s  t h e  s t r e n g t h s  of human 

i n v e s t i g a t o r s  and d i g i t a l  computers t o  a s s u r e  c o l l e c t i o n  

of i n c o n t r o v e r t i b l e  d a t a  e s s e n t i a l  f o r  e f f e c t i v e  eva lu-  

a t i o n  of  p r e s e n t  countermeasure  programs and t h e  develop- 

ment o f  new programs. The computer programs neces sa ry  

f o r  d a t a  p roces s ing ,  i n p u t s ,  and a n a l y s e s  a r e  complete and 

ready.  The forms f o r  f i e l d  d a t a  c o l l e c t i o n  a r e  ready.  

The o r g a n i z a t i o n  p l a n  f o r  e s t a b l i s h i n g  PSU p o i n t s ,  f i e l d  

teams, and f u n c t i o n s  of t h e  u n i t s  i s  complete and i s  h e r e i n  

desc r ibed .  Thus it is  recommended t h a t  a  p i l o t  program 

c o n s i s t i n g  of f o u r  o r  f i v e  PSU teams be  i n i t i a t e d  du r ing  

t h e  n e x t  yea r .  Cur r en t  MDAI teams would b e  used t o  imple- 

ment this p i l o t  program. That  p i l o t  program would t hen  

be  expanded i n  t h e  fo l lowing  y e a r  t o  i n c l u d e  16-18 PSU 

teams t h a t  would beg in  t o  p rov ide  n a t i o n a l l y  u s e f u l  i n f o r -  
mation.  I t  i s  env i s ioned  t h a t  t h e  f u l l  recommended system 
of  35 PSU teams could  t hus  be  made o p e r a t i o n a l  w i t h i n  a  

t h r e e  y e a r  pe r iod .  





1. INTRODUCTION 

This  r e p o r t  d e s c r i b e s  a  n a t i o n a l  t r a f f i c  a c c i d e n t  

sampling system des igned  t o  o b t a i n  a c c u r a t e ,  d e t a i l e d ,  and 

adequate ly  p r e c i s e  d a t a  on highway a c c i d e n t s  i n  t h e  United 

S t a t e s .  The d a t a  o b t a i n e d  by means o f  t h i s  system can be 

used t o  i d e n t i f y  n a t i o n a l  problems which need a t t e n t i o n ,  

t o  de termine  t h e  e f f e c t s  of  some highway s a f e t y  s t a n d a r d s ,  

and t o  provide  a  q u a n t i t a t i v e  b a s i s  f o r  des ign ing  and 

e v a l u a t i n g  countermeasure programs. The sys tem c o n s i s t s  

of (1) a cont inuous  sampling sub-system f o r  i n v e s t i g a t i n g  

approximately 15,000 a c c i d e n t s  p e r  y e a r  i n  d e t a i l ;  ( 2 )  a 

qu ick - reac t ion  sub-system o p e r a t i n g  i n  t h e  same frame and 

capab le  of compil ing s p e c i a l  d a t a  on a  chosen s u b j e c t  

q u i c k l y  w i t h  t h e  same sampling p r e c i s i o n  a s  i n  t h e  con- 

t i nuous  s y s  tem; and ( 3 )  a  m u l t i d i s c i p l i n a r y  a c c i d e n t  i n -  

v e s t i g a t i o n  subsystem f o r  f u l l ,  in-depth i n v e s t i g a t i o n s  

of s e l e c t e d  a c c i d e n t s .  

The Na t iona l  Highway T r a f f i c  S a f e t y  Admin i s t r a t ion  has  

suppor t ed  s e v e r a l  a c c i d e n t  i n v e s t i g a t i o n  programs s i n c e  

i t s  format ion  i n  1966, a l l  concerned w i t h  deve loping  an 

unders tanding  of t h e  problems o f  highway s a f e t y .  A major 

p a r t  of  t h e  NHTSA e f f o r t  has  been i n  s u p p o r t  of  m u l t i d i s -  

c i p l i n a r y  a c c i d e n t  i n v e s  t i g a t i c n  teams which have o p e r a t e d  

i n  many p a r t s  of t h e  U.S. and which have addressed  s e v e r a l  

s p e c i f i c  s tudy  t o p i c s .  I n  1972, The U n i v e r s i t y  o f  Michigan 's  

Highway S a f e t y  Research I n s t i t u t e  undertook f o r  NHTSA a 

s tudy*  o f  the va lue  of  t h e  MDAI d a t a  f o r  drawing s t a t i s t i c a l  

i n f e r e n c e s  about  highway c r a s h e s  i n  the U.S. One of t h e  

o u t p u t s  of t h a t  s tudy  was a  recommendation t h a t  t h e  in-depth 

& s t a t i s t i c a l  I n f e r e n c e  from M u l t i d i s c i p l i n a r y  Accident  
I n v e s t i g a t i o n ,  DOT-801 11, August,  1974, J. O'Day, e t  a l .  - 



a c c i d e n t  i n v e s t i g a t i o n  programs be modified toward a  

n a t i o n a l  sampling system t o  permi t  s t r o n g e r  in fe rences  t o  

the n a t i o n a l  populat ion.  Another recommendation was t h a t  

d e t a i l e d  d a t a  c o l l e c t i o n  be  cont inued,  s o  t h a t  both  types 

of informat ion-- representa t ive  and in-depth--would be 

a v a i l a b l e  t o  des igners ,  e v a l u a t o r s ,  policy-makers,  and 

p lanners .  

The purpose of t h i s  r e p o r t  i s  t o  desc r ibe  t h e  

developed des ign ,  t o  d e t a i l  some design opt ions  a t  t h i s  

p o i n t ,  and t o  lay  o u t  a  program of a n a l y s i s  and p i l o t  t e s t -  

i n g  t h a t  w i l l  reduce o p e r a t i o n a l  u n c e r t a i n t i e s  and thereby 

f a c i l i t a t e  implementation of a  f u l l  system of d a t a  col-  

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

The design presented  he re  employs what has been 

learned i n  nea r ly  n ine  yea r s  of Department of Transpor ta t ion  

exper ience  i n  acqu i r ing  knowledge about t h e  n a t i o n a l  acc i -  

d e n t  popula t ion .  The design employs well-developed 

met.hodologies f o r  i n v e s t i g a t i o n  and f o r  p r e c i s e  r e p o r t i n g ,  

and it a p p l i e s  modern computer technology t o  provide t h e  

system responsiveness necessary f o r  a s su r ing  c o l l e c t i o n  of 

accura te  and r e p r e s e n t a t i v e  d a t a .  While t h e  b a s i c  i n v e s t i -  

g a t i o n s  remain t h e  r e s p o n s i b i l i t y  of human i n v e s t i g a t o r s ,  

t h e  system i s  designed t o  l i n k  the  unique s t r e n g t h s  of 

humans and computers t o  o b t a i n  a c c u r a t e ,  p r e c i s e ,  d e t a i l e d ,  

r e p r e s e n t a t i v e  da ta .  

The t e c h n i c a l  problems addressed i n  this r e p o r t  f a l l  

i n t o  two genera l  c a t e g o r i e s :  (1) sample des ign ,  such t h a t  

t h e  c o l l e c t i o n  system can produce d a t a  which a r e  repre-  

s e n t a t i v e  of t h e  U.S. acc iden t  popula t ion  i n  a  d e f i n a b l e  

way; and (2) o r g a n i z a t i o n a l  and o p e r a t i o n a l  des ign ,  such 
r 

t h a t  t h e  d a t a  ( t o  be acqui red  under a  de f ined  sampling pro- 

gram) a r e  complete, p r e c i s e ,  and accura te  enough t o  permi t  

v a l i d  conclusions t o  be  drawn. This  dichotomy of sample 

( o r  mathematical) des ign  of t h e  system and t h e  o p e r a t i o n a l  



(and o r g a n i z a t i o n a l )  des ign  w i l l  b e  addressed i n  d e t a i l  

i n  many p a r t s  of t h i s  r e p o r t .  

The des ign  of a  complex system i s  a  con t inu ing ,  semi- 

r e f l e x i v e  process .  I t  can be  viewed a s  a  sequence of (1) 

an i d e a ,  (2 )  a  conceptual  des ign ,  ( 3 )  a  mathematical 

des ign ,  ( 4 )  an o p e r a t i o n a l - f u n c t i o n a l  des ign ;  and ( 5 )  a  

p i l o t  t e s t ,  e tc .--with each s t e p  c o n t r i b u t i n g  t o  o t h e r  

s t e p s  i n  t h e  process  ( a s  shown i n  Figure 1). This  r e p o r t  

d e s c r i b e s  t h e  major f e a t u r e s  of t h e  NASS des ign .  It  in -  

t roduces  and d e s c r i b e s  a  conceptual  des ign  based on t h e  

elements shown i n  t h e  "background" and " c o n s t r a i n t s "  

boxes. This conceptual  des ign  d e f i n e s  a  popu la t ion  of 

a c c i d e n t s  of i n t e r e s t ,  d e f i n e s  a  sampling frame, d e s c r i b e s  

methods of handl ing  t h e  d a t a ,  and p r e s e n t s  some p r e - p i l o t  

exper ience  (from an ongoing r e s t r a i n t  system e v a l u a t i o n  

program). The system-design choices  L l a t  remain open a t  

t h i s  p o i n t  can b e s t  be  made wi th  informat ion  ob ta ined  from 

p i l o t  opera t ions .  The system i n  opera t ion  w i l l  be prc- 

d u c t i v e ;  t h e  choices which remain a r e  n o t  c r i t i c a l  t o  t h e  

b a s i c  des ign .  Therefore  the  a p p r o p r i a t e  n e x t  s t e p  i s  a  

formal  p i l o t  program t o  t e s t  t h e  YASS des ign .  

The remainder of t h i s  r e p o r t  p r e s e n t s  t h e  background 

f o r  the  p r e s e n t  s tudy (Sec t ion  2 )  and an overview of tile 

system (Sec t ion  3 ) .  The sampling des ign  a t  t h e  primary 

( n a t i o n a l ) ,  secondary , .  and t e r t i a r y  l e v e l s  i s  d i scussed  

i n  Sec t ion  4 .  The s t e p s  t o  t h e  s e l e c t i o n  of  t h e  a c t u a l  

sample a r e  d e t a i l e d  i n  Sec t ion  5. Data c o l l e c t i o n ,  handl- 

i n g ,  a n a l y s i s ,  and r e p o r t i n g  a r e  desc r ibed  i n  Sec t ions  6-8. 

The command and c o n t r o l  func t ions  w i t h i n  t h e  system a r e  

d i scussed  i n  Sec t ion  9 ,  and monitoring (which i s  d i r e c t l y  

r e l a t e d  t o  command and c o n t r o l )  i s  d i scussed  i n  Sec t ion  

10.  Sec t ion  11 d i s c u s s e s  the f u n c t i o n a l  o r g a n i z a t i o n .  

Sec t ion  12 sugges ts  a  schedule f o r  implementation of t h e  





system. And Sect ion 1 3  p resen t s  t he  c o s t s  f o r  t h e  

ope ra t i ng  sys  tem through the  var ious  phases. 

Appendices p r e sen t  more d e t a i l e d  information on 

var ious  aspec t s  of the system. 





Highway s a f e t y  pol icymakers,  s t andards  writers, 

eva1uators;and d e s i g n e r s  seldom can use  and do n o t  want 

d a t a  i n  i t s  raw forms. But they  need t h e  r e s u l t s  of 

ana lyses  of h igh-qua l i ty  raw d a t a .  The combination of 

v a l i d  d a t a  and c o n s i s t e n t  a n a l y s i s  i s  p a r t i c u l a r l y  valu-  

a b l e  a s  an i n p u t  t o  c o s t - b e n e f i t  computation--in t h e  

development of s t a n d a r d s ,  of a l t e r n a t e  des igns  f o r  

v e h i c l e s ,  and i n  t h e  adopt ion  of countermeasures by p o l i c e  

o r  o t h e r  governmental agencies .  

Adminis t ra tors  and p lanners  need a c c u r a t e  and r e l i -  

a b l e  answers t o  such q u e s t i o n s  a s :  

- A r e  a i r  bags more e f f e c t i v e  than  shou lde r  
ha rnesses  i n  reducing i n  jury?  

-Is t h e  r e l a t i o n s h i p  between a c c i d e n t  c a u s a t i o n  
and v a r i a b i l i t y  i n  vehicle-handling-and-braking 
c h a r a c t e r i s  t i c s  s t r o n g  enough t o  j u s t i f y  t l e  
imposi t ion  of performance s t a n d a r d s  i n  t h i s  
a r e a ?  

-Is d r i v e r  educa t ion ,  e f f e c t i v e  i n  reducing 
a c c i d e n t  involvement? 

-Can p a r t i c u l a r  groups of d r i v e r s  be  i d e n t i f i e d  
a s  over- involved i n  a c c i d e n t s ,  and thus  be  
t a r g e t s  f o r  countermeasure development and 
a p p l i c a t i o n ?  

-What i s  t h e  r a t e  of r e s t r a i n t  system usage i n  
c a r s  of s e v e r a l  ( r e c e n t )  model y e a r s  a t  t h e  
time they a r e  involved i n  c o l l i s i o n s ?  

-Are l a r g e  t r u c k s  "overinvolved" i n  i n j u r y -  
producing a c c i d e n t s ?  

-What k inds  of i n j u r i e s  a r e  s u s t a i n e d  i n  s i d e -  
impact c o l l k s i o n s ?  What i s  t h e  source  ( i . e . ,  
t h e  c o n t a c t  p o i n t s )  f o r  t h e s e  i n j u r i e s ?  

-How many in -ca r  i n j u r i e s  a r e  i n c u r r e d  
n a t i o n a l l y  a t  each code l e v e l  of t h e  
Abbreviated I n  jury Sca le?  



-What is the frequency of roads ide  o b s t a c l e  
c r a s h e s ,  and what a r e  t h e  d i s t r i b u t i o n s  of 
i n j u r y  s e v e r i t y  and type of o b s t a c l e ?  

While answers t o  some of t h e s e  ques t ions  l i e  i n  s imple  

t a b u l a t i o n s  of d a t a  (e .g . ,  the i n j u r y  d i s t r i b u t i o n  on t h e  

Abbreviated I n j u r y  Sca le  f o r  c a r  o c c u p a n t s ) ,  o t h e r s  re-  

q u i r e  cons ide rab le  reasoning and m u l t i v a r i a t e  a n a l y s i s .  

For  example, the  e f f e c t i v e n e s s  of one type  of r e s t r a i n t  

compared w i t h  another  may w e l l  b e  modif ied by d i f f e r e n c e s  

i n  t h e  ages of d r i v e r s  o r  t h e  s i z e s  o r  weights  of t h e  c a r s  

used.* An e f f e c t i v e  a c c i d e n t  d a t a  system must p rov ide  n o t  

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

us ing  t h a t  d a t a  e f f e c t i v e l y .  

2 . 1   xis st in^ Data and Programs 

Accident  d a t a  i n  one form o r  another  have been a v a i l -  

a b l e  f o r  many yea r s .  The Na t iona l  S a f e t y  Council  has  ,com- 

p i l e d  and publ ished s t a t e  and c i t y  f a t a l  t r a f f i c  a c c i d e n t  

s t a t i s t i c s ,  and has  es t ima ted  n a t i o n a l  a c c i d e n t  t o t a l s  

annual ly  i n  i t s  "Accident  Fac t s"  book le t .  Following en- 

actment of t h e  1966 Transpor ta t ion  Act ,  most s t a t e s  have 

s h i f t e d  toward uniform ( w i t l i n  t h e  s t a t e )  a c c i d e n t  r e p o r t s  

and t o  d i g i t a l  p rocess ing  of t h e  acqui red  a c c i d e n t  d a t a .  

Within t h e  NHTSA, po l i ce - repor ted  d a t a  were f i r s t  

compiled i n  a  d i g i t a l  f i l e  i d e n t i f i e d  a s  t h e  Na t iona l  

Accident  Summary f o r  t h e  yea r  1 9 6 8 ,  and subsequent  

d a t a  s e t s  of t h e  NAS have provided a r e l a t i v e l y  com- 

p l e t e  b u t  u n d e t a i l e d  s e t  of po l i ce - repor ted  a c c i d e n t s .  

NHTSA's p r e s e n t  F a t a l  Accident  Report ing System, 

and t h e  planned ex tens ion  t o  a Nat ional  Accident  Re- 

p o r t i n g  System, provide  f o r  more c o n s i s t e n t  r e p o r t i n g  

% s e e ,  f o r  example, "How Much S a f e r  Are You i n  a  Large 
Car",  J. OIDay and R. Kaplan, SAE Paper 750116. 



of s e l e c t e d  a c c i d e n t s  from the s t a t e s .  The FARS, i n  

p a r t i c u l a r ,  be ing  e s s e n t i a l l y  a  census ,  s e r v e s  a s  a  com- 

p l e t e  documentation of t r a f f i c  f a t a l i t i e s  i n  t h e  n a t i o n .  

Beginning i n  t h e  l a t e  1960 ' s  , t h e  N a t i o n a l  Highway 

T r a f f i c  S a f e t y  Admin i s t r a t ion  began t o  sponsor  s p e c i a l i z e d  

f i e l d  a c c i d e n t  i n v e s t i g a t i o n  teams under a m u l t i d i s c i p -  

l i n a r y  a c c i d e n t  i n v e s t i g a t i o n  (MDAI)  program. While t h e s e  

teams i n i t i a l l y  r e p o r t e d  d e t a i l e d  a c c i d e n t  c i rcumstances  

i n  s e v e r a l  d i f f e r e n t  forms, about  1969 t h e  r e p o r t i n g  be- 

came more c o n s i s t e n t  w i t h  adopt ion  of t h e  C o l l i s i o n  

Performance and I n j u r y  Report  form. The MDAI d a t a ,  a s  

compiled f o r  a n a l y s i s ,  provided r i c h  d e t a i l  w i t h  r e g a r d  t o  

v e h i c l e  damage, i n j u r y  t o  occupants ,  and c a u s a t i o n ,  but-- 

as d i s c u s s e d  i n  t h e  S t a t i s t i c a l  I n f e r e n c e  repor t*- -d id  n o t  

r e p r e s e n t  any d e f i n e d  popu la t ion .  I n f e r e n c e s .  drawn from 

t h e  MDAI d a t a  have been n e c e s s a r i l y  guarded,  and r e f e r e n c e  

t o  o t h e r  census- l i k e  d a t a  ( e .  g. , p o l i c e  r e p o r t s )  h a s  o f t e n  

been necessa ry  t o  e s t i m a t e  occurrence  f r e q u e n c i e s  i n  t h e  

a c c i d e n t  popu la t ion .  The MDAI program f o s t e r e d  t h e  de- 

velopment o r  improvement of many measurement methods which 

pe rmi t  p r e c i s e  r e c o r d i n g  of in fo rmat ion  & o u t  acc iden t s - -  

' notab ly  t h e  e x t e n s i o n s  of  t \ e  Abbreviated I n j u r y  S c a l e ,  t h e  

C o l l i s i o n  Deformation S c a l e ,  and methods f o r  r e c o r d i n g  

acc iden t -causa t ion  in fo rmat ion .  

2 . 2  C a p a b i l i t i e s  of P r e s e n t  Systems 

The q u e s t i o n s  g iven a s  examples above a r e  indeed re -  

p r e s e n t a t i v e  of t h e  needs of t h e  u s e r s .  Most of t h e  

q u e s t i o n s  r e q u i r e  two q u a l i t i e s  i n  a c c i d e n t  data-- 

r e p r e s e n t a t i v e n e s s  ( s o  t h a t  i n f e r e n c e s  from t h e  d a t a  can 

be drawn t o  a  n a t i o n a l  o r  some i d e n t i f i a b l e  l a r g e  popu- 

l a t i o n ) ,  and d e t a i l  ( s o  t h a t  a n a l y s e s  of t h e  d a t a  can 



produce a c c u r a t e ,  r e l i a b l e  answers t o  p a r t i c u l a r  q u e s t i o n s  1 . 
The need f o r  completeness and p r e c i s i o n  i n  t h e  d a t a  i s  

impl ied .  

The p r e s e n t  d a t a  systems have been of l i m i t e d  use fu l -  

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

decision-makers because (1) t h e  p o l i c e - r e p o r t e d  d a t a  ( o r  

compi la t ions  of i t ,  such as  t h e  N a t i o n a l  Accident  Summary) 

do n o t  p rov ide  t h e  d e t a i l  needed f o r  s o l v i n g  p a r t i c u l a r  

problems; and ( 2 )  t h e  MDAI-reported d a t a  do n o t  w e l l  r ep re -  

s e n t  t h e  n a t i o n a l  a c c i d e n t  popu la t ion .  A f u r t h e r  

l i m i t a t i o n  of compi la t ions  of p o l i c e - r e p o r t e d  d a t a  i s  t h a t  

r e p o r t i n g  r u l e s  vary  from s t a t e  t o  s t a t e ,  and from one 

j u r i s d i c t i o n  t o  ano the r  w i t h i n  a  s t a t e .  I n .  i n j u r y  r e p o r t -  

i n g ,  f o r  example, d i f f e r e n t  meanings a r e  a s s igned  t o  t h e  

same sca le- -so  t h a t  "A" i n j u r i e s  i n  one s t a t e  a r e  n o t  

s t r i c t l y  comparable i n  degree  of s e v e r i t y  w i t h  "A" i n -  

j u r i e s  i n  ano the r  s t a t e ,  This  s u b j e c t  i s  d i s c u s s e d  i n  

more d e t a i l  i n  Volume I1 of a  r e p o r t  by S c o t t  and C a r r o l l , "  

b u t  it seems l i k e l y  t h a t  p r e c i s e  and c o n s i s t e n t  r e p o r t i n g  

by a l l  p o l i c e  agenc ies  i s  n o t  going t o  occur  f o r  many 

y e a r s .  Blumenthal,  e t  a l . ,  concluded t h a t  f u l l  n a t i o n a l  

cons i s t ency  of p o l i c e  a c c i d e n t  r e p o r t i n g  was n o t  l i k e l y . * *  

MDAI d a t a  have t h e  k ind  of d e t a i l  necessa ry  t o  d e t e r -  

mine meaningful  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  o r  i n j u r y  

mechanisms ( t o  answer , .  f o r  example, a  q u e s t i o n  about  t h e  

k inds  and sources  of i n j u r i e s  i n  s i d e  c o l l i s i o n s ) .  Indeed 

i n  their p r e s e n t  format  they have more d e t a i l  than is  

necessa ry  t o  answer t h e  more common q u e s t i o n s .  These d a t a  

have been used t o  p rov ide  i n s i g h t  i n t o  t h e  need f o r  s t a n -  

d a r d s ,  b u t  most o f t e n  they have been used a s  a  b a s i s  f o r  

*Acquis i t ion  of Informat ion  'on Exposure and Non-Fatal 
Crashes ,  Volume 11, Accident  Data ~ n a c c u r a c i e s ,  1971, R.  
S c o t t ,  P.  C a r r o l l .  

**A S t a t e  Accident  I n v e s t i g a t i o n  Program - Phase 11, M. 
Blumenthal,  H .  Wuerdemann, J u l y ,  1969 (pg.  36) . 



anecdo ta l  examples r a t h e r  than  s t a t i s t i c a l  i n t e r p r e -  

t a t i o n s .  Arguments have been p resen ted  f o r  such occupant- 

p r o t e c t i o n  s t a n d a r d s  a s  l i m i t i n g  hood p e n e t r a t i o n  of t h e  

windshie ld  on t h e  b a s i s  of a  s m a l l  number of obse rva t ions  

of  i n j u r i e s  caused by t h i s  mechanism, b u t  t h e  MDAI d a t a  

cannot  b e  used a s  a  b a s i s  f o r  a  r e l i a b l e  e s t i m a t e  of t h e  

n a t i o n a l  inc idence  of t h e s e  i n j u r i e s .  Imposi t ion  of such 

s t a n d a r d s  has  been ques t ioned  on t h e  b a s i s  of c o s t s  and 

b e n e f i t s ,  and t h e  d a t a  f o r  computing such f requenc ies  a r e  

n o t  a v a i l a b l e .  

The F a t a l  Accident  Report ing System promises t o  b e  a  

most u s e f u l  source  of informat ion .  I t  has  t h e  advantage 

of  be ing  a census e .  , a complete s e t  of d a t a )  about  

f a t a l  c o l l i s ~ i o n s .  One d isadvantage  of a census i s  t h a t  

one must a c c e p t  whatever miss ing  d a t a  comes abou t ,  and 

wi th  l i m i t e d  funds it i s  d i f f i c u l t  t o  reduce t h e  miss ing  

d a t a  t o  a  few percen t .  For the  major f a c t u a l  d a t a  , 

elements--driver  age ,  s e x ,  type  of v e h i c l e ,  t ime of day, 

e t c . - - the  FARS provides  a  very good knowledge of f a t a l  

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

such a s  blood a l c o h o l  l e v e l ,  the ' t i m e  it took the ambu- 

l ance  t o  g e t  t o  t h e  scene ,  e t c . - - the  percentage  of miss ing  

d a t a  l i m i t s  t h e  use fu lness  of t h e  d a t a .  

2 . 3  Summary 

I n  summary, many decision-makers have q u e s t i o n s  which 

r e q u i r e  p r e c i s e  and d e t a i l e d  in fo rmat ion  about  t h e  n a t i o n a l  

a c c i d e n t  popu la t ion .  And answers a r e  needed f o r  p lann ing ,  

countermeasure development, and des igning.  The d a t a  pre- 

s e n t l y  a v a i l a b l e  have been used,  b u t  have been l a c k i n g  i n  

d e t a i l  and r e p r e s e n t a t i v e n e s s :  This  r e p o r t  p r e s e n t s  a  

new d a t a  a c q u i s i t i o n  and a n a l y s i s  system des igned t o  over- 

come t h e s e  shortcomings. 





3. OVERVIEW OF THE NASS DESIGN 

3.1 Objec t ives  of  a  N a t i o n a l  Accident  Sampling System 

The NASS has  t h r e e  o b j e c t i v e s :  

(1) To c r e a t e  and m a i n t a i n ,  by means of a  sampling 

p l a n  and d i l i g e n t  i n v e s t i g a t i o n ,  a  se t  of a c c i d e n t  d a t a  

which t r u l y  r e p r e s e n t  t h e  popu la t ion  of highway a c c i d e n t s  

i n  t h e  United S t a t e s ,  and which p rov ide  d e t a i l e d  i n f o r -  

mation n o t  r e g u l a r l y  a v a i l a b l e  i n  p o l i c e  r e p o r t s .  This  

a s p e c t  of t h e  Na t iona l  Accident  Sampling System w i l l  b e  

r e f e r r e d  t o  i n  t h i s  r e p o r t  a s  t h e  Continuous Sampling 

Subsys tem (CSS) . 
(2 )  To provide  f o r  a c q u i s i t i o n ,  w i t h i n  t h e  same 

p o p u l a t i o n ,  of  a d d i t i o n a l  d a t a  abou t  any chosen s u b s e t  of 

a c c i d e n t s  f o r  f i n i t e  t i m e  per iods- - in  o r d e r  t o  address  

s p e c i a l  q u e s t i o n s  n o t  answerable i n  tile g e n e r a l  d a t a  of 

t h e  CSS. This  a s p e c t  of t h e  System w i l l  b e  r e f e r r e d  t o  i n  

this r e p o r t  a s  t h e  Quick React ion  Subsystem ( Q R S ) .  

( 3 )  To provide  a  c a p a b i l i t y  £ o r  in-depth  i n v e s t i -  

g a t i o n  of s e l e c t e d  a c c i d e n t s ,  s o  a s  t o  g e n e r a t e  a  s e t  of 

very  d e t a i l e d  r e p o r t s  p e r t i n e n t  t o  s p e c i a l  problems. This  

a s p e c t  of t h e  sys tem i s  comparable t o  t h e  e x i s t i n g  in-depth  

i n v e s t i g a t i o n  program of t h e  NHTSA, and w i l l  b e  r e f e r r e d  t o  

i n  t h i s  r e p o r t  a s  t h e  MDAI Subsystem. 

3.2 Cons ide ra t ion  of System E r r o r s  

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

u n c e r t a i n t i e s  a r i s e  from two b road ly  cons ide red  s o u r c e s .  

Random e r r o r  i n  an e s t i m a t e  o f ]  parameters  measured w i t h i n  

t h e  d a t a  i s  a f u n c t i o n  of t h e  sampling des ign  and t h e  number 

o f  c a s e s  i n v e s t i g a t e d ;  and b i a s  e r r o r s  may a r i s e  because  of - 



i n a c c u r a t e  r e p o r t i n g ,  miss ing  d a t a  ( i n  which t h e  d e s i r e d  

parameters  may have d i f f e r e n t  va lues  f o r  t h e  measured 

d a t a ) ,  o r  i n a c c u r a t e  implementation of t h e  sampling p lan .  

These sources  of e r r o r  a r e  po in ted  o u t  t o  emphasize t h e  

n e c e s s i t y  of c o n s i d e r i n g  bo th  the mathematical  system 

des ign  and its o p e r a t i o n a l  implementat ion.  I n a c c u r a t e  re- 

p o r t i n g ,  i n a c c u r a t e  implementation of t h e  sampling p l a n ,  

and t h e  f a i l u r e  t o  a c q u i r e  s p e c i f i c  d a t a  elements  f o r  a  

chosen r e p o r t  a l l  c o n t r i b u t e  i n  e s s e n t i a l l y  t h e  same way 

t o  t h e  b i a s  term. They may a l l  b e  thought  of a s  d a t a  

which should b e  t h e r e  b u t  a r e  miss ing .  

The random and b i a s  types  of e r r o r s ,  when e s t i m a t i n g  

a  p r o p o r t i o n ,  may b e  r e p r e s e n t e d  a s  shown i n  Equation (1) 

t h e  rms Sampling ( b i a s )  * 
e r r o r  i n  Variance 
"P" (random 

e r r o r )  

where 
I 

= t h e  range w i t h i n  which t h e  t r u e  va lue  w i l l  

l i e  w i t h  a  p r o b a b i l i t y  of about  2/3.  

p  = t h e  p r o p o r t i o n  be ing  determined - e .g . ,  

t h e  f r a c t i o n  of  d r i v e r s  wearing r e s t r a i n t  

s y s  terns. 

q = (1-p) 

DEFF = t h e  des ign  e f f e c t  ( f o r  a  c l u s t e r  des ign ,  

g e n e r a l l y  a  number g r e a t e r  than  1 which 

depends, among o t h e r  t h i n g s ,  on t h e  a r e a l  

v a r i a b i l i t y  of t h e  q u a n t i t y  be ing  

measured) . * 
w = the propor t ion  of miss ing  d a t a .  

*See Sec t ion  4 f o r  a  f u l l e r  d e f i n i t i o n  of ' t h e  d e s i g n  
e f f e c t .  



Ap = t h e  d i f f e r e n c e  between "pH i n  t h e  mea- 

s u r e d  p o p u l a t i o n  and "p" i n  t h e  miss ing  

d a t a  popu la t ion .  

The p roduc t  pq i s  n e a r l y  i n v a r i a n t  f o r  v a l u e s  of  p  i n  

t h e  middle range.  For example, f o r  p  = 0.5 and q = 0.5 ,  

pq = 0.25; and f o r  p  = 0.3 and q  = 0 . 7 ,  pq = 0.21. For 

very  s m a l l  v a l u e s  of p ,  pq i s  n e a r l y  e q u a l  t o  p. 

I n  a  sampling system w i t h  no miss ing  d a t a ,  t h e  second 

term ( w )  would become z e r o ,  and t h e  bounds on t h e  e r r o r  

cou ld  be c o n t r o l l e d  simply by changing N and DEFF. But i n  

any p r a c t i c a l  system t h e r e  a r e  always some miss ing  d a t a ,  

and t h e  second term must be  cons idered .  For  example, i f ,  

i n  t h e  a c q u i s i t i o n  of d a t a ,  c a s e s  a r e  chosen f o r  inc - lus ion  

i n  t h e  sample on t h e  b a s i s  of convenience ( e . g . ,  i f  a  

l a r g e r  f r a c t i o n  of c a s e s  i s  o b t a i n e d  on weekdays than  on 

weekends, because of t h e  reduced work f o r c e  on weekends) ,  

and i f  t h e r e  i s  a  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  of people  

wearing r e s t r a i n t s  i n  t h e  two p e r i o d s ,  t h i s  w i l l  r e s u l t  i n  

er roneous  d a t a .  h%ile  va lues  of  DEFF can a c t u a l l y  be  de- 

termined only  a f t e r  t h e  d a t a  a r e  a c q u i r e d ,  a  sample problem 

w i t h  a  t y p i c a l  and reasonab le  v a l u e  w i l l  b e  p r e s e n t e d  h e r e .  

I f  t h e  des ign  e f f e c t  i s  1 0 ,  p  = 0.3, and N = 10,C00, t h e  

s q u a r e  r o o t  of  t h e  v a r i a n c e  term i s  0.014--thus t h e  "one 

sigma" conf idence  i n t e r v a l  on t h e  e s t i m a t e  cou ld  b e  s t a t e d  

a s  30% - + 1 . 4 % .  But w i t h  25% miss ing  d a t a ,  and a  t r u e  

v a l u e  of p  = . 2 0  i n  t h e  miss ing  d a t a ,  the r e a l  e r r o r  

would be 2 .8%.  I f  the f i r s t  term were reduced t o  z e r o ,  t h e  

e r r o r  would s t i l l  be 2.5%. 

I n  many U-M ISR s u r v e y s ,  impor tan t  d i f f e r e n c e s  have 

been found between persons  who p rov ide  in fo rmat ion  on a  

p a r t i c u l a r  v a r i a b l e  and t h o s e  who do n o t ;  it cannot  be 



assumed t h a t  t h e  in fo rmat ion  o b t a i n e d  from w i l l i n g  respon- 

d e n t s  i s  v a l i d  f o r  persons  who r e f u s e  t o  respond. I n  a 

survey conducted i n  d r i v e r  l i c e n s i n g  o f f i c e s  s e v e r a l  y e a r s  

ago, persons who responded t o  a q u e s t i o n n a i r e  had h a l f  a s  

many conv ic t ions  on t h e i r  r ecords  a s  persons who d i d  no t .*  

I n  c o l l e c t i n g  ' acc ident  d a t a ,  f o r  example, i t  may be  e a s i e r  

t o  a c q u i r e  informat ion  on s e r i o u s  a c c i d e n t s ,  and t h e  miss- 

i n g  d a t a  may con ta in  a l a r g e r  p r o p o r t i o n  of un in ju red  

persons .  

The percentage  of miss ing  d a t a  viewed a s  a c c e p t a b l e  i n  

a survey v a r i e s  wi th  t h e  needs of t h e  use r .  In  a survey 

of  d r i v e r s  t o  determine t h e  f r a c t i o n  of uninsured  m o t o r i s t s  

i n  a s t a t e ,  t h e  d a t a  t o  be  used i n  connect ion  w i t h  a no- 

f a u l t  c o n s t i t u t i o n a l i t y  t r i a l ,  Katz** went t o  g r e a t  ex- 

pense t o  have no miss ing  d a t a  ( d e t e c t i v e s  were' used t o  

t r a c k  down "hard- to- f ind"  i n d i v i d u a l s )  . But,  i n  a more 

t y p i c a l  su rvey ,  such a s  t h e  U.S. Bureau of Census t r u c k  

t r a n s p o r t a t i o n  survey of 19 72, ***  t h e r e  was approximately 

a 12% non-response. This  was judged a c c e p t a b l e  by t h e  

a u t h o r s ,  a l though t h e  i n s t r u c t i o n s  t o  u s e r s  of t h e  survey 

con ta in  a warning t h a t  "our  exper ience  i n d i c a t e s  t h a t  

t h e r e  a r e  b i a s e s  i n  t h e  non-responding popu la t ions . "  In  

t h e  p r e s e n t  r e s t r a i n t  system s t u d y  be ing  conducted by 

s e v e r a l  a c c i d e n t  i n v e s t i g a t i o n  teams under MVMA and/or 

NHTSA sponsorsh ip ,  e f f o r t s  have been made t o  ho ld  miss ing  

d a t a  down t o  1 0 % .  

I t  i s  impor tan t  i n  t h e  des ign  of a d a t a  c o l l e c t i o n  

system t o  cons ide r  bo th  t h e  sampling v a r i a n c e  and t h e  b i a s  

*Exposure Study,  Volume 11, C a r r o l l ,  op. c i t .  
**Katz, L.  P r e s e n t a t i o n  of a Confidence I n t e r v a l  ~ s t i m a t e  

a s  Evidence i n  a Legal  Proceeding,  J u l y ,  1974. Michigan 
S t a t e  U n i v e r s i t y ,  Department of S t a t i s  t i c s  and Probabi- 
l i t y .  

***I972 Census of T r a n s p o r t a t i o n ,  U . S .  Government P r i n t i n g  
Of f i ce .  



e r r o r s .  The sampling e r r o r  i s  mathematical ly t r a c t a b l e - -  

i.e., it can b e  r a t h e r  p r e c i s e l y  de f ined  a s  a  f u n c t i o n  of 

t h e  system des ign and t h e  number of cases  acqui red .  The 

b i a s  e r r o r ,  on the o t h e r  hand, might be c h a r a c t e r i z e d  a s  

i n s i d i o u s .  For t h e  most p a r t ,  e r r o r s  a r i s i n g  from t h e  

miss ing  d a t a  a r e  unknown, and c r i t i c s  of the o u t p u t  of  t h e  

system a r e  r e l a t i v e l y  f r e e  t o  s u g g e s t  t h a t  t h e  miss ing  

d a t a  va lues  d i f f e r  s i g n i f i c a n t l y  from t h e  known d a t a  

va lues  (always,  of course ,  i n  a  d i r e c t i o n  s u p p o r t i v e  of 

t h e  c r i t i c ' s  argument) .  While t h e r e  a r e  techniques  f o r  

sampling of miss ing  d a t a  cases  t o  e s t i m a t e  b i a s ,  t h e  pre-  

f e r r e d  technique  i s  t o  minimize t h e  e x t e n t  of t h e  miss ing  

d a t a  i n  t h e  o p e r a t i o n  of t h e  system. 

I n  t h e  p r e s e n t  r e p o r t  we devote  cons ide rab le  

a t t e n t i o n  t o  both  of t h e s e  problems. The b a s i c  sample 

des ign  s t a r t s  w i t h  a  l i s t  of U.S. c o u n t i e s  and ( f o r  very 

s m a l l  c o u n t i e s )  county groups a s  a  sampling frame, and de- 

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

u n i t s  based on both  popu la t iqn  and a t r a v e l - r e l a t e d  para-  

meter ( g a s o l i n e  s a l e s ) .  From t h i s  o p e r a t i o n ,  s e v e r a l  p r i -  

mary sampling u n i t s  a r e  de f ined  i n  such a way a s  t o  

r e p r e s e n t  a l l  of t h e  contiguous 4 8  s t a t e s .  Within primary 

sampling u n i t s ,  secondary and case  sampling procedures a r e  

de f ined .  

A t  t h e  same t ime,  a p p r o p r i a t e  a t t e n t i o n  has been 

g iven t o  t h e  problems of ach iev ing  t h e  necessa ry  q u a l i t y  

i n  t h e  d a t a  t o  minimize the b i a s  term. Experience w i t h  

t h e  r e s t r a i n t  system program h a s  been i n v a l u a b l e  i n  t h i s  

e f f o r t ,  and the system a s  p resen ted  h e r e  h a s  many checks 

t o  ensure  t h a t  d a t a  a r e  p roper ly  repor ted .  The s e l f -  

checking c a p a c i t y  of t h e  system i s  a l s o  desc r ibed  i n  d e t a i l .  

Most of t h e  e r r o r  computations given i n  t h e  remainder 

of the r e p o r t  do n o t  i n c l u d e  t h e  b i a s  term. The s t a t i s t i c a l  



des ign  of the system presen ted  p r i m a r i l y  i n  Sec t ions  4 

and 5 ,  and t h e  e r r o r  s t a t ements  t h e r e  assume t h a t  t h e  d a t a  

a r e  e s s e n t i a l l y  unbiased. Sec t ions  6 through 11 have t o  

do mainly w i t h  system o p e r a t i o n  and implementation. The 

methods developed t h e r e  a r e  in tended  t o  minimize e r r o r  due 

t o  miss ing  o; poor ly  r e p o r t e d  d a t a .  

3 . 3  Maior Svstem Po l i cv  Choices 

I n  d e f i n i n g  a  n a t i o n a l  system of a c c i d e n t  d a t a  col -  

l e c t i o n ,  it i s  necessary  t o  p l a c e  some bounds a t  t h e  out-  

set .  While t h e s e  may b e  changed l a t e r ,  t h e  p lanning 

p rocess  cannot  proceed very f a r  wi thou t  some s p e c i f i c  

g u i d e l i n e s .  I n  t l i s  development program we have cons idered  

t h e  problems of what types  of a c c i d e n t s  a r e  t o  b e  repre-  - 
s e n t e d ,  which might be  i n t e n t i o n a l l y  excluded,  what t o t a l  

popu la t ion  must b e  i n f e r r e d  t o ,  and whether  s p e c i a l  

emphasis should  b e  p laced  on p a r t i c u l a r  k inds  of a c c i d e n t s .  

For  t h e  most p a r t  t h e s e  become major p o l i c y  choices  which 

must b e  made by t h e  agency r e s p o n s i b l e  f o r  t h e  system, 

al though t h e r e  may be  t e c h n i c a l  i n p u t s  which al low t h e s e  

ques t ions  t o  be reso lved  more e a s i l y .  These des ign  cho ices  

a r e  d i scussed  h e r e .  

Should t h e  d a t a  r e s u l t i n g  from t h i s  sampling system b e  

capab le  of r e p r e s e n t i n g  only t h e  n a t i o n  a s  a  whole, o r  

should  it represe .n t  major s u b d i v i s i o n s  o r  even s t a t e s ?  I t  

has been assumed t h a t  t h e  primary purpose of t h e  Na t iona l  

Accident  Sampling System i s  t o  p rov ide  e s t i m a t e s  f o r  acc i -  

d e n t  parameters  f o r  t h e  n a t i o n .  Using a  c l u s t e r  sampling 

t echn ique ,  a s  d i scussed  i n  S e c t i o n s  4 and 5 ,  it would be 

necessary  t o  have a  c o n s i d e r a b l e  number of primary sampling 

u n i t s  i n  each sub-region t o  be a b l e  t o  o b t a i n  any' meaning- 

f u l  measures about  t h a t  a r e a - - c e r t a i n l y  no l e s s  than  e i g h t .  

To r e p r e s e n t  t h e  s t a t e s  i n d i v i d u a l l y ,  t h e n ,  would r e q u i r e  

n e a r l y  4 0 0  sampling u n i t s ,  and t h a t  i s  cons idered  an 



unreasonable ex tens ion  of a  system aimed p r i m a r i l y  a t  

n a t i o n a l  s t a t i s t i c s .  I n  the des ign ,  however, it is  

p o s s i b l e  t o  ba lance  sampling u n i t s  i n  a s  many a s  f o u r  

regions  of t h e  United S t a t e s ,  and thus  t o  be  a b l e  t o  draw 

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

The system cho ice ,  then ,  has been t o  cons ide r  n a t i o n a l  

r e p r e s e n t a t i o n  a s  a  primary f a c t o r ,  t o  a t t e m p t  t o  achieve  

some c a p a b i l i t y  t o  r e p r e s e n t  s m a l l e r  r e g i o n s ,  b u t  t o  make 

no a t t empt  t o  r e p r e s e n t  i n d i v i d u a l  s t a t e s .  The purpose of 

NASS i s  t o  permi t  e s t i m a t e s  of n a t i o n a l  s t a t i s t i c s  f o r  

n a t i o n a l  planning.  It  would t a k e  about  a s  many primary 

sampling u n i t s  t o  r e p r e s e n t  one s t a t e  a s  i t  does t o  r ep re -  

s e n t  the  U.S. But t h a t  i s  w e l l  beyond t h e  p r o j e c t e d  scope 

and c o s t s  f o r  NASS. 

What acc iden t s  a r e  t o  be represen ted?  T r a f f i c  acc i -  

den t s  range i n  s e v e r i t y  from s imple  s c r a t c h e s  of a  f ender  

t o  m u l t i p l e  f a t a l i t i e s .  I n  a t t empt ing  t o  e s t i m a t e  ~e 

n a t i o n a l  consequences of  a l l  t r a f f i c  mishaps it would per-  

haps be u s e f u l  t o  know about  a l l  of t h e s e .  But a  major 
, 

f r a c t i o n  of t h e  t o t a l  d o l l a r  damage o r  t o t a l  i n j u r y  

. (weighted by s e v e r i t y )  occurs  i n  a more l i m i t e d  c l a s s  of 

a c c i d e n t s .  Candidates f o r  such a l i m i t e d  c l a s s  might be 

" a l l  i n j u r y  a c c i d e n t s , "  " a l l  towaway a c c i d e n t s "  ( l e e .  , 
crashes  from which a t  l e a s t  one v e h i c l e  had t o  be  towed 

from t h e  s c e n e ) ,  " a l l  c rashes  i n  which a t  l e a s t  one person 

was t r a n s p o r t e d  t o  a  h o s p i t a l , "  e t c .  The choice  should  

s a t i s f y  two cond i t ions :  t h e  r e s u l t i n g  d a t a  should be  use- 

f u l  i n  s o l v i n g  the  problems t h e  system i s  faced w i t h ,  and 

t h e  choice  should be implementable i n  a  c o n s i s t e n t  f a s h i o n  

ac ross  any of t h e  j u r i s d i c t i o n s  which may b e  chosen f o r  

i n c l u s i o n .  This  m a t t e r  i s  d i scussed  i n  some d e t a i l  i n  

Appendix A ,  b u t  t h e  choice  f o r  guid ing f u r t h e r  des ign  has  

been t o  take  a t  l e a s t  f a t a l  a c c i d e n t s  p l u s , a l l  a c c i d e n t s  

from which a t  l e a s t  one v e h i c l e  has been towed from t h e  



scene.  A t  t h i s  time those  sets seem t o  have t h e  l e a s t  

v a r i a b i l i t y  from one reg ion  t o  ano the r ,  and they c o n t a i n  

nea r ly  a l l  of t h e  s e r i o u s  i n j u r i e s  and most of t h e  re-  

por ted  i n j u r i e s .  

Three o t h e r  c a t e g o r i e s  of a c c i d e n t s  a r e  of concern 

because they produce a s u b s t a n t i a l  p ropor t ion  of t h e  

n a t i o n ' s  i n j u r i e s .  These a r e  p e d e s t r i a n ,  b i c y c l e ,  and 

motorcycle acc iden t s .  The t o t a l  s e t  of a c c i d e n t s ,  then ,  

t o  be  used a s  cand ida tes  f o r  i n v e s t i g a t i o n  i n c l u d e s  c rashes  

i n  which a f a t a l  i n j u r y  occurred  o r  from which a t  l e a s t  one 

v e h i c l e  was towed from t h e  scene ,  p lus  any o t h e r  po l i ce -  

r epor ted  b i c y c l e ,  motorcycle,  o r  p e d e s t r i a n  a c c i d e n t s .  

Should any regions  of t h e  U.S. be  excluded from the 

sampling program? I n  t h e  i n i t i a l  development. of t h e  sampl- 

i n g  p l a n ,  c o n s i d e r a t i o n  was given t o  i n c l u d i n g  d a t a  only 

from Standard Metropol i tan  S t a t i s  t i c a l  Areas (SPISA' s )  *-- 
l a r g e l y  as  a  m a t t e r  of convenience i n  c o l l e c t i o n  of a  s e t  

of d a t a  t h a t  would r e p r e s e n t  about  7 0 %  of t h e  country .  

But it was u l t i m a t e l y  concluded t h a t  r e p r e s e n t a t i o n  of , 

r u r a l  a r e a s  was inpor tan t  t o  develop n a t i o n a l  e s t i m a t e s  

of many parameters ,  s o  t h e  p r e s e n t  des ign  t akes  i n t o  

account  a l l  regions  of  t h e  contiguous 4 8  s t a t e s  and t h e  

D i s t r i c t  of Columbia. Alaska and Hawaii have been excluded 

from the  sampling frame a t  t h i s  t ime,  al though i t  would be  

p o s s i b l e  t o  add them l a t e r  t o  r e p r e s e n t  themselves.  

Should t h e r e  be  an emphasis (wi th in  t h e  chosen sampled 

a c c i d e n t  popula t ion)  on any p a r t i c u l a r  k inds  of a c c i d e n t s ?  

General ly t h e  answer t o  t h i s  q u e s t i o n  i s  yes .  Experience 

i n  t h e  r e s t r a i n t  system s tudyk*  ( a s  w e l l  a s  o t h e r  cons i -  

d e r a t i o n s )  has  l e d  t o  t h e  conclus ion  t h a t  t h e r e  is  more 

. *This was t h e  b a s i s  f o r  t h e  p re l iminary  p lan  d i scussed  i n  
S t a t i s t i c a l  In fe rence  Report a s  w e l l  a s . i n  the c o n t r a c t  
work s t a t ement  f o r  this program. 

**"A Sampling Program f o r  Eva lua t ion  of t h e  1974 
R e s t r a i n t  Systems", R. S c o t t  and J. 0' Day, SAE Paper 
No. 750188, February 2 4 - 2 8 ,  1975. 



i n t e r e s t  i & i n j u r y - r e l a t e d  q u e s t i o n s ,  and t h a t  it w i l l  b e  

more economical t o  emphasize t h e  more s e v e r e  a c c i d e n t s  (by 

weighted sampl ing) .  Consequently t h e r e  i s  p r o v i s i o n  i n  

the des ign  f o r  weight ing  t h e  s e l e c t i o n  of c a s e s  according 

t o  some p r e s c r i b e d  r u l e s .  

What should  t h e  system o p e r a t i n g  c o s t s  be? Cost ,  of  

course ,  i n t e r a c t s  wi th  the  o t h e r  parameters  of t h e  system-- 

accuracy,  number of cases  t o  b e  acqu i red ,  l e v e l  of d e t a i l  

needed i n  t h e  i n v e s t i g a t i o n ,  e t c .  I n  the same s e n s e  a s  i n  

a s e t  of a l g e b r a i c  e q u a t i o n s ,  it should  be  p o s s i b l e  t o  

determine c o s t  i f  a l l  t h e  o t h e r  parameters  a r e  known, o r  

t o  determine o t h e r  parameters  i f  c o s t  i s  known. Based on 

d i s c u s s i o n s  wi th  t h e  sponsor and a  knowledge of o p e r a t i n g  

c o s t s  i n  t h e  p r e s e n t  MDAI program, an annual  o p e r a t i n g  

c o s t  of $6,000,000 t o  $12,000,000 has  been assumed a s  a  

g u i d e l i n e  f o r  t h e  system under d i s c u s s i o n  h e r e .  I n  S e c t i o n  

4 ,  a l t e r n a t i v e s  i n  des ign  a r e  d i s c u s s e d  a s  a  f u n c t i o n  of 

c o s t  w i t h i n  t h i s  range.  

Recommended choices  then  i n c l u d e  aiming t h e  system to -  

ward n a t i o n a l  r e p r e s e n t a t i o n ;  d e f i n i n g  t h e  popu la t ion  t o  be  

measured as  f a t a l  o r  towaway a c c i d e n t s  p lus  p e d e s t r i a n ,  

b i c y c l e ,  and motorcycle a c c i d e n t s ;  n o t  i n c l u d i n g  Alaska 

and Hawaii a t  t h e  o u t s e t ;  p lanning f o r  weighted case  sampl- 

i n g  t o  emphasize d a t a  of most i n t e r e s t ;  and des ign ing  to -  

ward an o p e r a t i n g  c o s t  of $ 6  t o  $12 m i l l i o n  p e r  y e a r .  

3 . 4  Sampling Design 

I n  developing a  sample of a c c i d e n t s  t o  r e p r e s e n t  t h e  

n a t i o n ,  sampling w i l l  be  accomplished i n  a s  many a s  t h r e e  

s t a g e s .  Primary sampling i s  t h e  p rocess  of  choosing sampl- 

ing u n i t s  from a  frame of a l l  c o u n t i e s  ( i n c l u d i n g  groups 

of  s m a l l  c o u n t i e s )  i n  t h e  country.  While t h e  v a r i a n c e  of  

the e s t i m a t e s  made from the d a t a  w i l l  b e  s e n s i t i v e  ' t o  t h e  



number of primary sampling u n i t s ,  it w i l l  be  a  f u n c t i o n  

a l s o  of t h e  d a t a  i t s e l f .  This  i n t e r a c t i o n  i s  d i scussed  i n  

Sec t ion  4 of t h i s  r e p o r t .  The des ign  choice  a t  t h i s  t ime 

i s  t o  t ake  a  sample of  35 primary sampling un i t s - - th ree  

densely  populated a r e a s  (Los Angeles,  Chicago, and New York) 

chosen w i t h  * c e r t a i n t y ,  and t h e  3 2  o t h e r s  s e l e c t e d  on a 

p r o b a b i l i s t i c  b a s i s  b u t  d i s t r i b u t e d  e q u a l l y  i n  the four  re-  

maining equa l  popula t ion  regions  of t h e  U.S. 

Secondary sampling w i l l  b e  necessary  i n  t h e  primary 

sampling u n i t s  t h a t  have a popu la t ion  g r e a t e r  than  about  

200,000 persons ( i .e . ,  about  3,000 a c c i d e n t s  p e r  y e a r  

which would q u a l i f y  a s  cand ida tes  f o r  i n v e s t i g a t i o n  by 

be ing  f a t a l s  , "towaways ," p e d e s t r i a n ,  motorcycle,  o r  b i -  

cyc le .  These 3,000 a c c i d e n t s  can be cons idered  t o  make up 

t h e  l o c a l  sampling "frame". I t  is  impor tan t  t h a t  t h i s  

secondary sampling process  r e p r e s e n t  t h e  j u r i s d i c t i o n  pro- 

p e r l y ,  and t h e  method recommended i s  a  two-step random 

sampling of sub-d iv i s ions  and c a s e s  w i t h i n  t h e  j u r i s -  

d i c t i o n .  This  technique  w i l l  approximate s imple random 

sampling f o r  t h e  secondary p r o c e s s ,  and w i l l  minimize t h e  

va r i ance  as  compared w i t h  o t h e r  sampling methods. This  

i s  d i scussed  i n  d e t a i l  i n  S e c t i o n  4.3. 

Weighted sampling i s  in t roduced  a t  case  s e l e c t i o n  

l e v e l .  Given a sampling frame o f ,  f o r  example, 3,000 

a c c i d e n t s  w i t h i n  a  Primary Sampling Uni t ,  d e t a i l e d  i n -  

v e s t i g a t i o n s  w i l l  be  conducted of approximately one-s ix th  

o f  t h e s e  a c c i d e n t s .  For  e s t i m a t i n g  some s imple  para- 

meters--e.g. ,  t h e  percentage  of female d r ive r s - -va r i ance  

would be minimized by drawing a s imple random sample from 

the frame, For comparing i n j u r y - r e l a t e d  f a c t o r s  ( e . g . ,  

t h e  number of d r i v e r s  i n j u r e d  above and below AIS l e v e l  
11 2 11 i n  s m a l l  a s  opposed t o  l a r g e  c a r s ) ,  t h e  va r i ance  of  

t h e  e s t i m a t e  can be  improved by having more n e a r l y  

e q u a l  popula t ions  i n  t h e  compared i n j u r y  groups. Such 



an improvement may b e  accomplished by t ak ing  a  l a r g e r  

( b u t  s t i l l  random) f r a c t i o n  of c a s e s  i n  t h e  more s e v e r e  

c r a s h e s ,  and a  lower f r a c t i o n  i n  t h e  l e s s  s e v e r e  crashes--  

s t i l l  r e p o r t i n g  i n  d e t a i l  on approximately 500 cases  with-  

i n  a PSU, 

For a  p a r t i c u l a r  problem, such as  t h e  one posed above 

regard ing  smal l  and l a r g e  c a r s  and i n j u r y ,  it may be 

p o s s i b l e  t o  compute an optimum weight ing  scheme based on 

h i s t o r i c a l  d a t a .  The p r e s e n t  system i s  designed t o  per- 

m i t  i n v e s t i g a t i o n  of many d i f f e r e n t  a c c i d e n t - r e l a t e d  

problems, and it i s  n o t  reasonable  t o  compute an optimum 

weight ing  scheme f o r  a l l  p o s s i b l e  problems j o i n t l y .  

A n t i c i p a t i n g  t h a t  t h e r e  w i l l  b e  g r e a t e r  i n t e r e s t  i n  in -  

jury acc iden t s  invo lv ing  r e l a t i v e l y  new-model v e h i c l e s ,  

the t e n t a t i v e  weight ing  assignment  proposed h e r e  c a l l s  

f o r  t h e  i n c l u s i o n  of a l l  f a t a l  a c c i d e n t s  i n  t h e  frame, 

a long wi th  a  s u b s t a n t i a l  p ropor t ion  (say  5 0 % )  of t h e  

s e r i o u s  i n j u r y  a c c i d e n t s  invo lv ing  new model v e h i c l e s ,  

and l e s s e r  percentages  of a c c i d e n t s  invo lv ing  o l d e r  

c a r s  and l i g h t -  o r  no- in jury  c r a s h e s .  R e c o n s t i t u t i o n  

of  t h e  d a t a  by m u l t i p l y i n g  by t h e  ' inverse  of the sampl- 

i n g  f r a c t i o n s  i s  s t r a i g h t f o r w a r d ,  al though t h e  va r i ance  

computations a r e  somewhat more complex (See S e c t i o n  

4 . 4 ) .  This  weighted sampling procedure was used by 

most of t h e  teams dur ing  t h e  r e s t r a i n t  system e v a l u a t i o n  

s t u d y ,  and t h e  technique  was q u i t e  u s e f u l  t h e r e .  This  

i s  d i scussed  i n  more d e t a i l  i n  Sec t ion  1 0 ,  and an example 

of t h e  weighted o u t p u t  i s  shown i n  Table 1 0 . 1 ,  page 136 .  

3 . 5  Exposure Data and Other Considera t ions  

When a  change i s  recogniqed i n  the a c c i d e n t  d a t a ,  

one i s  o f t e n  faced wi th  a  problem of e x p l a i n i n g  why i t  

occurred.  I f ,  f o r  example, t h e  average age of f a t a l  



a c c i d e n t  d r i v e r s  drops from 37  t o  35* y e a r s  over  a  

p e r i o d  of s e v e r a l  y e a r s ,  one could i n f e r  t h a t  (1) t h e r e  

a r e  more young d r i v e r s  now ( o r  fewer o l d  d r i v e r s )  than  

t h e r e  used t o  b e ,  ( 2 )  young d r i v e r s  d r i v e  more danger- 

ous ly  ( o r  o l d  d r i v e r s  d r i v e  less dangerously)  than they 

used t o ,  o r  ( 3 )  young d r i v e r s  a r e  buying s m a l l e r  c a r s  

which have a  g r e a t e r  p o t e n t i a l  f o r  i n j u r y  t o  t h e i r  

occupants ,  e t c .  Exposure informat ion  i s  g e n e r a l l y  

thought  of a s  a  second s e t  of informat ion  bou t  t h e  

popu la t ion  a t  hand which w i l l  g e t  t h e  a n a l y s t  one s t e p  

c l o s e r  t o  a  s o l u t i o n .  

I n  i t s  s i m p l e s t  form, exposure informat ion  i s  a l -  

ready a v a i l a b l e ,  a l though n o t  o f t e n  wi th  t h e  p r e c i s i o n  

necessary  t o  a  f u l l  s o l u t i o n .  Male d r i v e r s  have more 

acc iden t s  than females--about 7 0 %  t o  30%.  But it has  

been determined from s e v e r a l  surveys  t h a t  males do about  

7 0 %  of t h e  d r i v i n g ,  and a t  l e a s t  a  f i r s t - o r d e r  cor- 

r e c t i o n  of t h e  i n f e r e n c e  t h a t  males a r e  poorer  d r i v e r s  

can be  made. 

Occasional  d a t a  a r e  a v a i l a b l e  which show, f o r  

example, t r u c k  and c a r  mileage by time of day, and 

n a t i o n a l  and s t a t e  e s t i m a t e s  of t o t a l  mileage a r e  made 

from analyses  of g a s o l i n e  s a l e s .  But t h e r e  i s  p r e s e n t l y  

n o t  a n a t i o n a l  s e t  of  exposure informat ion  which could 

adequate ly  s e r v e  t o  permi t  adjus tment  of t h e  a c c i d e n t  

d a t a  se t  de f ined  i n  this s tudy .  By d e f i n i t i o n  t h e  pre- 

s e n t  p r o j e c t  was n o t  expected t o  s o l v e  t h e  "exposure" 

problem, b u t  a  few comments on it a r e  i n  o r d e r .  

I n  e a r l y  d i scuss ions  of a n a t i o n a l  a c c i d e n t  d a t a  

c o l l e c t i o n  system one of t h e  techniques  cons idered  was 

a  genera l  ( e .g . ,  a rhousehold)  survey.  Although such 

surveys have been made f o r  the purpose of count ing  

*See Figure  1 0 . 1 ,  Sec t ion  1 0 ,  page 137. 



numbers of a c c i d e n t s ,  t h e  l e v e l  of d e t a i l  of c r a s h  and 

i n j u r y  in fo rmat ion  i n d i c a t e d  by t h e  q u e s t i o n s  a t  t h e  

beginning of this s e c t i o n  could  n o t  b e  ob ta ined  i n  t h a t  

way. F u r t h e r ,  i t  has  been demonstrated t h a t  people t end  

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

a maximum of 9 0  days is  t h e  most c o s t - e f f e c t i v e  r e c a l l  

p e r i o d  f o r  such a  survey.*  A g e n e r a l  popu la t ion  survey 

would be a  very  u s e f u l  supplement t o  t h e  p r e s e n t  sampl- 

i n g  p l a n  a s  a  means of o b t a i n i n g  counts  o f  types  of acc i -  

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

Exposure in fo rmat ion  a l s o  might  be  o b t a i n e d  by such 

a  d i r e c t  survey of t h e  g e n e r a l  popu la t ion .  While only a  

s m a l l  percentage  of t h e  populace has  a c c i d e n t s ,  nea%rly 

everyone has  some exposure t o  the highways. I t  i s  sug- 

g e s t e d  t h a t  some s o r t  of g e n e r a l  popu la t ion  survey--by 

household i n t e r v i e w ,  random d i g i t  d i a l i n g  by t e l ephone ,  

i n t e r v i e w s  of  d r i v e r s  a t  l i c e n s e  renewal t ime ,  e t c . - -  

cou ld  b e  accomplished w i t h i n  t h e  same primary sampling 

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

The system i s  in tended  t o  r e p r e s e n t  a  c e r t a i n  c l a s s  

of  c o l l i s i o n s  a s  d e f i n e d  above--namely , those  a c c i d e n t s  

from which a t  l e a s t  one v e h i c l e  was towed - and a l l  p o l i c e -  

r e p o r t e d  f a t a l  and pedes t r ian-bicycle-motorcycle  acc i -  

d e n t s .  Towaway i s  expected  t o  b e  an implementable 

c r i t e r i o n  i n  most j u r i s d i c t i o n s  because (1) most p o l i c e  

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

f i c i e n t  d e t a i l  t o  i d e n t i f y  those  which have been towed 

from t h e  scene ,  and ( 2 )  Highway S a f e t y  Standard  #18 sets 

a  g o a l  f o r  p o l i c e  agencies  t o  make w r i t t e n  r e p o r t s  on 

a l l  towaway a c c i d e n t s .  I n  a formal  check of t h i s  

*Nat ional  Center  f o r  Health S t a t i s t i c s ,  HEW, Optimum 
R e c a l l  Per iod  f o r  Repor t ing  Persons I n j u r e d  i n  Motor 
Vehic le  Acc iden t s ,  Washington, D.C.  US GPO,  ~ p r i l ,  
1 9 7 2  ( V i t a l  and Heal th  S t a t i s t i c s  - S e r i e s  2 - No.50). 



e x p e c t a t i o n  a survey of towing agencies  and insurance  

companies was compared w i t h  p o l i c e - r e p o r t e d  a c c i d e n t s  

i n  one county i n  Michigan, and it was concluded t h a t  

fewer than  5% of t h e  r e p o r t s  i n  t h e  f i r s t  two were n o t  

a v a i l a b l e  i n  t h e  p o l i c e  r ecord .  I t  i s  l i k e l y  t h a t  t h i s  

w i l l  n o t  be  u n i v e r s a l l y  t h e  case- -a t  l e a s t  a t  t h e  begin-  

n i n g  of system o p e r a t i o n .  This  s o r t  of survey should  be  

conducted i n  each chosen primary sampling u n i t  t o  d e t e r -  

mine whether  t h e r e  w i l l  be  many miss ing  c a s e s .  A l t e r -  

n a t i v e s ,  i n c l u d i n g  s u b s t i t u t i o n  of primary sampling 

u n i t s ,  o r  c o n s t r u c t i o n  of a  m u l t i p l e  frame (i  . e . ,  where 

the towaway popu la t ion  i s  d e f i n e d  by looking a t  b o t h  

t h e  p o l i c e  r e p o r t s  and some o t h e r  s e t  of r e p o r t s  such 

a s  those  of towing agenc ies )  , a r e  p o s s i b l e .  This  i s  

d i s c u s s e d  i n  Sec t ion  4 . 2 .  

3.6 Data Handling 

Although t h e  proposed data-handl ing  method r e s u l t s  

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

se t  of d a t a ,  speed was n o t  t h e  o r i g i n a l  purpose of t h e  

des ign .  Experience w i t h  p a s t  programs, however, has  

i n d i c a t e d  t h a t  sequences of paper-handling r e s u l t  i n  

r e l a t i v e l y  long d e l a y s ,  and t h a t  when t h e r e  i s  need f o r  

a  follow-up i n v e s t i g a t i o n  t o  o b t a i n  some miss ing  d a t a ,  

t h e  time has o f t e n  passed  when t h a t  can b e  accomplished. 

P r e s e n t  exper ience  wi th  MDAI r e p o r t s  shows an average  

of 1 0 %  of t h e  d a t a  elements  a r e  incomple te ly  r e p o r t e d  

f o r  each c a s e ,  and most cases  e d i t e d  i n  t h e  MDAI p rocess  

e x h i b i t  some i n c o n s i s t e n c i e s  i n  r e p o r t i n g .  These vary  

from completely miss ing  r e p o r t s  on occupants  (e. g. , 
t h r e e  occupants a r e  r e p o r t e d  i n  t h e  summary of  t h e  c a s e ,  

b u t  only  two occupant  r e p o r t s  a r e  completed) t o  a  f ender  

r e p o r t e d  damaged i n  one p l a c e  i n  the r e p o r t  and undamaged 



i n  t h e  o t h e r .  S i m i l a r  though perhaps l e s s  s o p h i s t i -  

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

repor ts - -e .g . ,  wi th  a  V I N  number i n d i c a t i n g  a  t ruck  

and a  r e p o r t  s t a t i n g  t h a t  t h e  v e h i c l e  was a passen- 

g e r  c a r .  I n  t h e  MDAI cases  every e f f o r t  i s  made t o  

r e s o l v e  i n c o n s i s t e n c i e s  be fo re  p l a c i n g  d a t a  i n t o  a  

d i g i t a l  f i l e ,  b u t  i t  i s  o f t e n  n o t  p o s s i b l e  t o  go back 

t o  t h e  o r i g i n a l  source  of t h e  d a t a  because of t h e  

passage of t ime. The r a p i d  handl ing  desc r ibed  h e r e ,  

then ,  i s  mainly t o  ensure  completeness and accuracy,  

and t o  produce evidence of d i sc repanc ies  soon enough 

s o  t h a t  they can be resolved.  

3 . 7  Physic,al and Opera t ional  Desc r ip t ion  of t h e  System 

The suggested framework f o r  t h e  Nat ional  Accident 

Sampling System i s  a  sample of 35 Primary Sampling u n i t s  

d i s t r i b u t e d  t o  r e p r e s e n t  f o u r  major regions  of t h e  

United S t a t e s .  Within each PSU a  l o c a l  sampling frame 

of  a t  l e a s t  400  f a t a l -  towaway-pedes t r ian-bicycle-motor-  

c y c l e  crashes  i s  d e f i n e d ,  and a  m o r e ' d e t a i l e d  i n v e s t i -  

g a t i o n  and r e p o r t i n g  i s  performed on a  s u b s e t  of these .  

The 35 primary Sampling Units  w i l l  be d iv ided  i n t o  

f i v e  o r  s i x  groups,  each managed by a  zone* c o n t r o l  

u n i t .  Each of t h e  zone c o n t r o l  u n i t s  w i l l  s e r v e  s e v e r a l  

f u n c t i o n s - - a s s i s t i n g  i n  t e c h n i c a l  problems a t  any of i t s  

primary sampling u n i t s ,  a i d i n g  i n  i n i t i a l  s e t u p  of r e -  

l a t i o n s  wi th  l o c a l  p o l i c e ,  h o s p i t a l s ,  e t c . ,  and provid- 

i n g  the  f u l l  in-depth (MDAI)  c a p a b i l i t y  f o r  t h a t  region 

of t h e  country.  I t  i s  p o s s i b l e  f o r  t h e  zone c o n t r o l  

u n i t  t o  be geographica l ly  l o c a t e d  a t  t h e  same p lace  a s  a  

primary sampling u n i t ,  b u t  i t  i s  n o t  necessary .  

*Zones a r e  admins t ra t ive  units a s  opposed t o  regions  
d i scussed  e a r l i e r  a s  sampling a r e a s .  See S e c t i o n  11. 



Data f o r  t h e  l o c a l  frame a r e  d e r i v e d  g e n e r a l l y  

from p o l i c e  r e p o r t s ,  and a r e  r e p o r t e d  f r e q u e n t l y  (prob- 

a b l y  d a i l y )  by a  d i g i t a l  communications sys tem t o  t h e  

sys tem d a t a  c e n t e r  a t  t h e  n a t i o n a l  l e v e l .  S e l e c t i o n  

of  c a s e s  from t h e  frame f o r  more d e t a i l e d  i n v e s t i g a t i o n  

( i . e . ,  f o r  t h e  CSS) may b e  made by a  weighted  sampl ing  

t echn ique  monitored a t  t h e  n a t i o n a l  d a t a  c e n t e r ,  and 

t h e  d e t a i l e d  i n v e s t i g a t i o n  r e p o r t s  a r e  subsequen t ly  

r e p o r t e d  t o  t h e  c e n t e r  i n  t h e  same manner. 

Feedback from the d a t a  c e n t e r  t o  t h e  sampl ing  u n i t  

is accomplished l a r g e l y  through t h e  same communications 

network,  b u t ,  f o r  purposes  of  management, s e v e r a l  in -  

t e r i m e d i a t e  c e n t e r s  a r e  p l a c e d  i n  t h e  loop.  . The l i n e s  

o f  communication and c o n t r o l  a r e  d i s c u s s e d  i n  S e c t i o n  

11. F i g u r e  1 1 - 4  shows t h e  b a s i c  arrangement  of a  sys tem 

w i t h  many primary sampl ing  u n i t s  and a  few zone c o n t r o l  

c e n t e r s .  

3 . 8  Funct ions  

The sys tem i s  des igned  t o  meet t h e  requ i rements  of  

a  cont inuous  sampling s y s  t e n  (CSS) : For  this a s p e c t  of  

t h e  sys tem,  each pr imary  sampl ing  u n i t  i s  s t a f f e d  w i t h  a  

team of f o u r  t o  s i x  persons  who a r e  r e s p o n s i b l e  f o r  

cont inuous  c o l l e c t i o n  of t h e  frame d a t a ,  i n p u t t i n g  of  

t h a t  in fo rmat ion  t o  t h e  ' d a t a  c e n t e r ,  i n v e s t i g a t i n g  i n  

d e t a i l  t h e  a s s i g n e d  a c c i d e n t s ,  and i n p u t t i n g  t h e  r e s u l t -  

i n g  i n f o r m a t i o n  t o  t h e  n a t i o n a l  sample f i l e .  

A t  t h e  n a t i o n a l  l e v e l  t h e  "frame" f i l e  becomes a  

s e t  o f  a t  l e a s t  100,000 a c c i d e n t s  p e r  y e a r  w i t h  a  

l i m i t e d  amount of da ta- -date  and t ime of  t h e  a c c i d e n t ,  

s e v e r i t y  ( u s i n g  a  p o l i c e  i n j u r y  s c a l e )  , makes and models 

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

weighted  random s e l e c t i o n  r u l e s  t o  be a p p l i e d .  I t  i s  



expected  t h a t  t h e  frame f i l e  would b e  s u b s t a n t i a l l y  

complete w i t h i n  a  week o r  less of  t h e  occur rence  of  t h e  

c r a s h ,  and e n t t i e s  would b e  9 0 %  complete w i t h i n  48 

hours .  

The d e t a i l e d  i n v e s t i g a t i o n  f i l e  a t  t h e  n a t i o n a l  

l e v e l  c o n t a i n s  much more in fo rmat ion  about  t h e  c r a s h  

and each of t h e  v e h i c l e s  and persons  involved.  I t  i s  

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

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

c e n t e r e d  on t h e  a c c i d e n t ,  t h e  v e h i c l e ,  and t h e  people .  

~t i s  expected  t h a t  e n t r i e s  i n t o  t h i s  f i l e  would nor- 

mally be  made w i t h i n  a  few days ,  b u t  t h a t  some c a s e s  

might r e q u i r e  more t ime than  t h i s .  I t  shou ld  b e  essen-  

t i a l l y  complete w i t h i n  a  month of  t h e  a c c i d e n t  

occurrence .  

While t h e  b a s i c  des ign  i s  c e n t e r e d  on t h e  CSS por- 

t i o n  of t h e  system, t h e  QRS p o r t i o n  fo l lows t l e  same 

r o u t i n e s .  The computer programs genera ted  f o r  c r e a t i n g  

t h e  i n t e r a c t i v e  i n p u t  r o u t i n e s  a r e  g e n e r a l  i n  na ture- -  

i.e., i t  i s  p o s s i b l e  t o  change t h e  reques ted  d a t a  e l e -  

ments i n  a  r e l a t i v e l y  s imple  manner. Thus, a  new query 

system can b e  implemented w i t h i n  hours  a f t e r  'the q u e s t i o n s  

a r e  d e f i n e d ,  and t h e  responses  t o  Lhat query w i l l  be  

a u t o m a t i c a l l y  b u i l t  i n t o  a  working f i l e  f o r  a n a l y s i s  of 

a  p a r t i c u l a r  problem. This  i s  d i s c u s s e d  i n  more d e t a i l  

i n  Sec t ion  1 2 .  

The f u l l  MDAI in-depth c a s e s  a r e  n o t  a t  this time 

planned t o  be  p a r t  of a s t a t i s t i c a l l y  d e f i n e d  sample of  

a c c i d e n t s .  In-depth i n v e s t i g a t i o n s  have been proven t o  

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

e .g . ,  schoo l  bus a c c i d e n t s ,  a i r  bag c a r s ,  motor homes, 

e t c .  They tend t o  p rov ide  a  l e v e l  of d e t a i l  n o t  a v a i l -  
' 

able i n  t h e  CSS o r  QRS p a r t s  of  t h e  system, and would b e  

conducted i n  t h e  p r e s e n t  d e s i g n  only by teams o p e r a t i n g  



o u t  of  t h e  zone c o n t r o l  c e n t e r s .  Such teams would have 

i n  them o r  a v a i l a b l e  t o  them a  l e v e l  of e x p e r t i s e  i n  

v e h i c l e  f a c t o r s ,  human f a c t o r s ,  and environmental  

f a c t o r s  a p p r o p r i a t e  t o  t h e  in-depth i n v e s t i g a t i o n s ,  and 

t h e i r  r e s u l t a n t  d a t a  would be  handled i n  t h e  same way 

t h a t  p a s t  MDAI cases  have been.* I n  a d d i t i o n ,  t h e s e  

teams would b e  a v a i l a b l e  f o r  s p e c i a l  assignment t o  

a c c i d e n t s  of  i n t e r e s t  t o  t h e  Department of T r a n s p o r t a t i o n  

as  necessary .  

3.9 Evolut ion  of t h e  System 

The Na t iona l  Accident  Sampling System i s  in tended  t o  

b e  a  continuous a c t i v i t y ,  supplying informat ion  t o  t h e  

f e d e r a l  government and t o  t h e  n a t i o n  about  highway 

t r a f f i c  acc iden t s .  I t  has been argued h e r e  t h a t  35 p r i -  

mary sampling u n i t s  d i s t r i b u t e d  throughout  t h e  country 

w i l l ,  g iven c o l l e c t i o n  of t h e  number of cases  p r e s c r i b e d ,  

provide  an adequate r e p r e s e n t a t i o n  of t h e  country .  There 

a r e ,  however, s e v e r a l  system choices  which may b e  modified 

b e f o r e  such a  system i s  f u l l y  o p e r a t i o n a l .  

The p r e s e n t  r e s t r a i n t  system study** has  se rved  as  a  

s o r t  of p r e - p i l o t  opera t ion  of a  sampling system, and i t s  

execu t ion  i n  s e v e r a l  a r e a s  of t h e  country has brought  t o  

a t t e n t i o n  r e g i o n a l  d i f f e r e n c e s  i n  t h e  form of p o l i c e  d a t a  

and i n  methods of i n t e r a c t i n g  wi th  l o c a l  o f f i c i a l s .  Data 

hand l ing  i n  t h e  r e s t r a i n t  system s tudy has many p a r a l l e l s  

w i t h  t h e  NASS d e s i g n ,  al though t h e  reg ions  were n o t  se -  

l e c t e d  on a  p r o b a b i l i t y  sampling b a s i s  and s t r o n g  i n f e r -  

ences t o  t h e  n a t i o n a l  popula t ion  a r e  n o t  p o s s i b l e .  

*Presen t ly  MDAI cases  a r e  coded i n t o  d i g i t a l  form and 
s t o r e d  a t  The Univers i ty  of Michigan, where they can 
be addressed from remote t e rmina l s  by NHTSA and o t h e r  
agencies .  

**OtDay, S c o t t ,  0p.Cit .  



This r e p o r t  comes a t  the end of t h e  NASS des ign  

phase.  The most a p p r o p r i a t e  n e x t  s t e p  would b e  a  p i l o t  

o p e r a t i o n  in tended  t o  f u r t h e r  d e f i n e  such ci-loices a s  (1) 

d i g i t a l - i n t e r a c t i v e  vs .  paper  r e p o r t i n g  by teams, ( 2 )  

t h e  a p p r o p r i a t e  number of PSUs t o  be  managed by each 

zone c o n t r o l  c e n t e r ,  ( 3 )  f i n a l  d e f i n i t i o n  of team s t a f f -  

i n g  requi rements ,  ( 4 )  o p e r a t i o n  of a  Quick ~ e a c t i o n  

System problem w i t h  more than one PSU, e t c .  These a r e  

d i scussed  i n  S e c t i o n  11 and 12 i n  more d e t a i l .  

While it would be p o s s i b l e  t o  proceed t o  35  primary 

sampling u n i t s  over  a  s h o r t  p e r i o d  of t ime,  t h a t  course  

is  n o t  recommended. Many system d e t a i l s  w i l l  b e  b e t t e r  

d e f i n e d  w i t h  exper ience ,  and a  p rogress ion  through 

s e v e r a l  p i l o t  phases i s  recommended. NHTSA shou ld  i m -  

plement a  p i l o t  o p e r a t i o n  of t h e  system a s  qu ick ly  a s  

p o s s i b l e  a t  one l o c a t i o n ,  and over  a  p e r i o d  of one y e a r  

implement four  a d d i t i o n a l  PSUs, each under t h e  c o n t r o l '  

of a  d i f f e r e n t  zone c o n t r o l  c e n t e r .  While one y e a r  of 

exper ience  wi th  four  o r  f i v e  PSUs i s  n o t  l i k e l y  t o  pro- 

v i d e  d e f e n s i b l e  n a t i o n a l  s t a t i s t i c s ,  t h e  n e x t  recom- 

mended expansion t o  about  16 i n  a  second y e a r  would. 

An expansion t o  35 PSUs could  be  accomplished dur ing  a 

t h i r d  yea r .  The procedure f o r  drawing t h e  sample of 

PSUs d i scussed  i n  S e c t i o n  5 permi ts  a  phased expansion 

of  o p e r a t i o n a l  teams i n '  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  

manner up t o  6 7 s i tes  . 
The cho ice  of  f i n a n c i a l  s t r u c t u r e  f o r  o p e r a t i n g  the 

NASS i s  r e a l l y  beyond t h e  concerns of t h i s  des ign  pro- 

j e c t .  The f i n a l  sys tem shou ld  be  viewed as  a  con t inu ing  

f e d e r a l  e f f o r t ,  and i t  may be  t h a t  i t  could  be  managed 

most convenient ly  w i t h i n  the c i v i l  s e r v i c e  system. Zone 

c o n t r o l  c e n t e r s  could  be  l o c a t e d  a t  o r  i n  con junc t ion  

wi th  DOT r e g i o n a l  o f f i c e s ;  t h e  computer and d a t a  c e n t e r  

could  r e s i d e  i n  t h e  NHTSA o f f i c e s  i n  Washington; and t h e  



l o c a l  PSU pe r sonne l  could  b e  DOT employees r e s i d i n g  i n  

t h e i r  a s s igned  a r e a s .  A l t e r n a t i v e l y ,  t h e  bulk  of t h e  

system could  b e  c o n t r a c t e d  by NHTSA i n  p a r t s ,  w i t h  

a p p r o p r i a t e  b i d d i n g  procedures  and c h o i c e  of c o n t r a c t o r s  

based  on expected  performance -and c o s t .  I n  t h i s  l a t t e r  

c a s e  t h e r e  would be  a  s t r o n g  argument f o r  r e l a t i v e l y  

long- term cont rac ts - -perhaps  t h r e e  t o  f i v e  years--and 

w i t h  va r ious  c o n t r a c t o r s  phased t o  renew a t  d i f f e r e n t  

t imes s o  a s  t o  minimize p e r t u r b a t i o n s  t o  t h e  system. 

For  t h e  development and p i l o t  t e s t i n g  programs it 

i s  deemed a p p r o p r i a t e  t o  make use  of e x i s t i n g  capabi -  

l i t i e s  i n  t h e  MDAI f i e l d  a c t i v i t i e s  throughout  t h e  

count ry .  Note t h a t  a  s t r i c t  p r o b a b i l i t y  sample i s  n o t  

l i k e l y  t o  s e l e c t  a  geographic  l o c a t i o n  f o r  a  primary 

sampling u n i t  which i s  c o i n c i d e n t  wi th  a  p r e s e n t  MDAI 

team o p e r a t i o n ,  w i t h  t h e  excep t ion  of teams l o c a t e d  i n  

t h e  very l a r g e s t  c o u n t i e s  which w i l l  b e  i n c l u d e d  i n  t h e  

sample wi th  p r o b a b i l i t y  equa l  t o  one. But p r e s e n t  

MDAI teams have e s t a b l i s h e d  remote i n v e s t i g a t i o n  u n i t s  

a t  some d i s t a n c e  from t h e i r  home b a s e ,  and could  be 

. expected  t o  manage s u b s i d i a r y  Primary Sampling Uni ts  

w i t h i n  a  r e g i o n  of t h e  count ry .  We recommend t h a t ,  f o r  

t h e  p i l o t  phase of t h i s  program, advantage be  taken  of 

t h e  expe r i ence  of s e v e r a l  l o c a l  teams by us ing  them i n  

t h i s  way. 



4. THE SAMPLE DESIGN 

The g o a l  of  t h e  sample d e s i g n  i s  t o  o b t a i n  a  r e p r e -  

s e n t a t i v e  n a t i o n 3 1  sample of  f a t a l ,  towaway , p e d e s t r i a n ,  

b i c y c l e ,  and motorcycle  a c c i d e n t s  ( a s  d i s c u s s e d  i n  

S e c t i o n  3 )  . . This  sample i n e v i t a b l y  must be  a  s t a t i s t i c a l  

compromise between maximizing t h e  s t a t i s t i c a l  r e l i a b i l i t y  

o f  t h e  d a t a  a n a l y s i s  and minimizing t h e  c o s t s  of  t h e  d a t a  

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

t h e  a c c i d e n t  types  l i s t e d  above would probably  p rov ide  

much h i g h e r  p r e c i s i o n  of a n a l y t i c a l  f i n d i n g s ,  t h i s  appro- 

ach was r e j e c t e d  f o r  s e v e r a l  p r a c t i c a l  r e a s o n s .  I n  t h e  

f i r s t  p l a c e ,  t h e r e  i s  no s i n g l e  n a t i o n a l  l i s t  of  such 

a c c i d e n t s  from which t o  draw a  sample. Even i f  t h e  

v a r i o u s  c e n t r a l i z e d  s t a t e  a c c i d e n t  f i l e s  were u t i l i z e d  

f o r  t h i s  purpose ,  t h e r e  would b e  t h e  problem of  incom- 

p l e t e n e s s  i n  many s t a t e s  and t h e  problem o f  long  l a p s e s  

between t h e  time of  t h e  s e l e c t e d  a c c i d e n t  and i t s  i n v e s t i -  

g a t i o n  which would r e s u l t  i n  t o o  much incomple te  and 

u n r e l i a b l e  d a t a .  Secondly,  t h e r e  i s  t h e  l o g i s t i c a l  pro- 

blem t h a t  send ing  a c c i d e n t  i n v e s t i g a t o r s  t o  a l l  p a r t s  of  

the United S t a t e s  would r e s u l t  i n  very  h igh  c o s t s  p e r  

a c c i d e n t  i n v e s t i g a t e d .  I t  i s  obvious t h a t  an a c c i d e n t  

i n v e s t i g a t i o n  team would b e  a b l e  t o  i n v e s t i g a t e  a  g r e a t  

many more a c c i d e n t s  f o r  t h e  same c o s t  i f  it were l o c a t e d  

i n  a l i m i t e d  geographic  a r e a  than  i f  t h e  team members had 

t o  t r a v e l  t o  a l l  p a r t s  of  a  s t a t e  o r  l a r g e r  r e g i o n  t o  

i n v e s t i g a t e  a  s imple  random sample of a c c i d e n t s .  

There fo re ,  t h i s  r e p o r t  proposes  a  c l u s t e r e d  con- 

t r o l l e d  p r o b a b i l i t y  sample d e s i g n  i n  which t h e  s e l e c t e d  

a c c i d e n t s  a r e  c l u s t e r e d  by s p e c i f i c  geographic  a r e a s  b u t  

i n  which s t r a t i f i c a t i o n  is  used i n  t h e  s e l e c t i o n  of t h e s e  



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

a c c i d e n t s  i n v e s t i g a t e d .  

When a sample su rvey  is  f i r s t  des igned  i n  a new 

a r e a  such a s  a c c i d e n t  d a t a  c o l l e c t i o n ,  one t y p i c a l l y  h a s  

f a r  from p e r f e c t  knowledge abou t  parameters  o f  c o s t ,  o f  

v a r i a n c e ,  and o f '  the most i m p o r t a n t  s t a t i s t i c s  t h e  s u r v e y  

must produce.  Hence t h e  s t a t i s t i c a l  compromise canno t  

b e  op t ima l  i n  any time s e n s e .  However, from the su rvey  

e x p e r i e n c e  i t s e l f  one can o b t a i n  t h e  d a t a  needed f o r  

l a t e r  improvments through e v o l u t i o n a r y  development b a s e d  

on methodologica l  r e s e a r c h .  

4 . 1  The F i r s t  S tage :  Choosing t h e  Primary Sampling Uni t s  

S e v e r a l  i n t e r a c t i v e  i s s u e s  had t o  be c o n s i d e r e d  i n  

developing a method f o r  choosing a sample of primary 

sampling u n i t s  (PSUs)  , These i n c l u d e  what type  o r  types  

o f  PSUs t o  u t i l i z e ,  what  measure of  s i z e  t o  use  i n  t h e  

s e l e c t i o n  p r o c e s s ,  what s t r a t i f i c a t i o n  v a r i a b l e s  t o  i n -  

c l u d e ,  and how many PSUs t o  s e l e c t  w i t h  how many expec ted  

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

The l a s t  i s s u e  i n v o l v e s  t h e  q u e s t i o n s  of  average  

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

of  p r e c i s i o n  i n  s t a t i s t i c a l  e s t i m a t e s  t o  b e  expec ted  from 

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

d i f f e r e n t  numbers of  primary sampling u n i t s .  I f  one cou ld  

assume t h a t  a l l  p o t e n t i a l  PSUs were comple te ly  uniform i n  

t h e  t y p e s  of a c c i d e n t s  which t a k e  p l a c e  w i t h i n  their 

b o r d e r s ,  then  obv ious ly  t h e  most c o s t - e f f e c t i v e  approach 

would b e  t o  s e l e c t  one l a r g e  PSU w i t h  one l a r g e  a c c i d e n t  

i n v e s t i g a t i o n  team, and t h e  sampl ing  e r r o r  would b e  a  

s t r a i g h t f o r w a r d  c h c u l a t i o n  based  on t h e  s q u a r e  r o o t  of 

t h e  t o t a l  sample s i z e  i n  t h a t  PSU (SampEr = 2 ~XN). * 
However, i n  the rea l  wor ld  t h e r e  a r e  s u b s t a n t i a l  d i f -  

f e r e n c e s  i n  t h e  c h a r a c t e r i s t i c s  o f  a c c i d e n t s  among 

* I n  t h i s  s e c t i o n  of  t h e  r e p o r t  t h e  sampling e r r o r  i s  d e f i n e d  
a s  2-sigma, t h a t  i s  t h e  range  t o  g i v e  a 9 5 2 c o n f i d e n c e  
i n t e r v a l .  
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d i f f e r e n t  geographic  a r e a s - - f o r  example, rear -end col -  

l i s i o n s  o c c u r  less f r e q u e n t l y  i n  r u r a l  a r e a s  t h a n  i n  urban 

a r e a s .  

To e x p l o r e  how much t h i s  v a r i a b i l i t y  might  a f f e c t  

t h e  p r e c i s i o n  of sample e s t i m a t e s ,  s e v e r a l  v a r i a b l e s  of  

t h e  type  commonly a v a i l a b l e  i n  p o l i c e  r e p o r t s  were 

analyzed i n  two H S R I  a c c i d e n t  f i l e s .  These f i l e s  c o n t a i n  

f i v e  p e r c e n t  samples of a l l  1973 p o l i c e - r e p o r t e d  a c c i d e n t s  

i n  Texas and ~ i c h i g a n .  I n  Michigan t h e  t a b u l a t i o n s  were 

based on d i v i d i n g  t h e  s t a t e  i n t o  3 4  p o t e n t i a l  PSUs which 

were e i t h e r  whole c o u n t i e s  o r  groups of  c o u n t i e s  w i t h  a  

minimum 1970 p o p u l a t i o n  of  a b o u t  85,000. I n  Texas t h e  

t a b u l a t i o n s  were based on d i v i d i n g  t h e  s t a t e  i n t o  56 

p o t e n t i a l  PSUs which were e i t h e r  whole c o u n t i e s  o r  groups 

of  c o u n t i e s  wi th  a  minimum 1970 p o p u l a t i o n  o f ' a b o u t  98,000,  

I n  b o t h  s t a t e s  t h e  PSUs were d i v i d e d  i n t o  t h r e e  s t r a t a :  

one composed p r i m a r i l y  of  c e n t r a l  c o u n t i e s  of  S tandard  

Met ropo l i t an  S t a t i s  t i c a l  Areas (SMSAs) , one composed 

p r imar ly  of  suburban SMSA c o u n t i e s ,  and one composed p r i -  

mar i ly  of non-SMSA ( i . e . ,  r u r a l )  c o u n t i e s .  The v a r i a n c e  
I 

terms were c a l c u l a t e d  s e p a r a t e l y  f o r  each of t h e  t h r e e  

s t r a t a ,  and then  t h e  o v e r a l l  v a r i a n c e  was c a l c u l a t e d  by 

the formula: 

- 2r L cov (ynxn) ] 

where : 

r = t h e  o v e r a l l  p r o p o r t i o n  on some c h a r a c t e r i s t i c .  

y = the number of c a s e s  w i t h  t h i s  c h a r a c t e r i s t i c .  

x = t h e  number of non-missing-data c a s e s .  

n  = the number of PSUs i n  a s t ra tum.  



The Michigan r e s u l t s  a r e  based on 7,490 v e h i c l e s  ( i n -  

volved i n  a t  l e a s t  4,721 a c c i d e n t s )  which were towed 

from the scene (about  258 of t h e  t o t a l  t r a f f i c  u n i t  

sample) .  The Texas r e s u l t s  a r e  based on 9,498 v e h i c l e s  

( invo lv ing  a t  l e a s t  6,000 a c c i d e n t s )  which were ass igned  

a s c o r e  of 3-'7 on t h e  v e h i c l e  damage s c a l e  ( abou t  30% of  

t h e  non-missing-data sample; b u t  19% of t h e  Texas t r a f f i c  

u n i t s  were n o t  scored  on t h i s  v a r i a b l e )  .* 
The r e s u l t s  of  t h e s e  c a l c u l a t i o n s  a r e  p resen ted  i n  

Tables 4 . 1  and 4 . 2 .  Shown f o r  each v a r i a b l e  a r e  i t s  pro- 

p o r t i o n  of t h e  t o t a l  N ,  i t s  sampling e r r o r  (two t imes t h e  

s t andard  e r r o r ,  thus  us ing  a  95% l e v e l  of conf idence)  , 
i t s  c l u s t e r  des ign  e f f e c t  (DEFF i s  t h e  r a t i o  between t h e  

a c t u a l  va r i ance  and t h e  s imple random sample v a r i a n c e  f o r  

an N of t h e  same s i z e ) ,  t h e  square  r o o t  of DEFF (which 

i s  t h e  r a t i o  of t h e  a c t u a l  sampling e r r o r  t o  t h e  s imple  

random sample sampling e r r o r  f o r  an N of equa l  s i z e )  , i t s  

r a t e  of homogeneity** ( roh  = where b  i s  t h e  aver-  b- 1 
age number of cases  p e r  PSU), and t h e  percentage  e r r o r  of 

t h e  obta ined p ropor t ion  ( t h e  sampling e r r o r  d i v i d e d  by 
I 

t h e  p r o p o r t i o n ) .  

I t  can b e  qu ick ly  seen  t h a t  t h e r e  i s  s u b s t a n t i a l  

he te rogene i ty  among t h e  PSUs i n  both  s t a t e s  on some of 

the v a r i a b l e s  of  i n t e r e s t  ( e . g . ,  t h e  p r o p o r t i o n  of s i n g l e  

v e h i c l e  c r a s h e s )  , whi le  some o t h e r  v a r i a b l e s  ( e . g . ,  Sunday 

c r a s h e s )  tend t o  be  q u i t e  homogenously d i s t r i b u t e d  

throughout  each s t a t e .  These d a t a  from a l l  coun t i e s  i n  

two s t a t e s  cannot  provide  a  p e r f e c t  r e p r e s e n t a t i o n  of what 

would be expected i n  a  n a t i o n a l  sample of PSUs, b u t  a t  

*"Towaway" i s  n o t  a  coded v a r i a b l e  i n  t h e  Texas d a t a ,  and 
s c o r e s  of  3-7 on t h e  v e h i c l e  damage s c a l e  ( a l s o  c a l l e d  
TAD) were used a s  a  s u r r o g a t e  f o r  towaway. 

 his i s  sometimes c a l l e d  t h e  i n t r a - c l u s . t e r  c o r r e l a t i o n  
c o e f f i c i e n t .  A roh of  l e s s  than , 0 0 5  i n d i c a t e s  very 
l i t t l e  v a r i a b i l i t y  among c l u s t e r s ,  w h i l e  a  roh approach- 
i n g  .1 i n d i c a t e s  g r e a t  v a r i a b i l i t y  among c l u s t e r s .  





TABLE 4.2. SAMPLE STATISTICS FOR SELECTED VARIABLES I N  THE 1 9 7 3  MICHIGAN 
ACCIDENT FILE (A FIVE PERCENT SAMPLE), USING VEHICLES TOWED 
FROM THE ACCIDENT SCENE 

N=7,490 

S a m p l i n g  D e s i g n  P e r c e n t a g e  
V a r i a b l e  P e r c e n t  E r r o r  E f f e c t  r o h  E r r o r  

I n t e r s t a t e  Highway A c c i d e n t  6 . 4  2 . 1  9 . 1  3 .02  . O  59  32 .8  

S i n g l e  V e h i c l e  A c c i d e n t  47 .3  5 .7  1 5 . 3  3 . 9 1  - 1 0  4  1 2 . 1  

A c c i d e n t  I n v o l v i n g  a P e d / B i c  - 4 9  - 2 1  1.1 1 . 0 5  . 0 0 1  42.9 

F a t a l  A c c i d e n t  1 . 7  - 6 4  3.0 1 . 7 3  , 1 1 4  37.6 

N i g h t t i m e  A c c i d e n t  43.0 1 . 2  0 .7  0 .84  - 0 0 0 2  2 .8  
IP 
p3 S u n d a y  A c c i d e n t  1 4 . 0  . 1 . 0  1 . 0  1 - 0 0  , 0 0 1  7 . 1  

A c c i d e n t  w i t h  an "A" I n  jury 1 2 . 6  1 . 3  1 . 7  1 .30  - 0 0 5  1 0 . 3  

A c c i d e n t  w i t h  N o  I n j u r i e s  45.0 3 .2  4 .7  2 . 1 7  . 0 2 7  7 . 1  

Pre -19  72  M o d e l  V e h i c l e  74.0  1 . 5  2 . 1  1 . 4 5  . 0 0 5  2.0 

D r i v e r  U n d e r  Age 6 5  9 3 . 9  1 . 4  6.0 2 .45  , 0 2 3  1.5 

T r u c k  V e h i c l e  T y p e  

F e m a l e  D r i v e r  

"C" I n j u r y  t o  a V e h i c l e  
O c c u p a n t  1 9 . 0  3.0 1 1 . 2  3 . 3 5  - 0 4 7  1 5 . 8  

M o t o r c y c l e  V e h i c l e  T y p e  2 . 3  0 . 3  0 . 7  0 .84  - . 0 0 1  13 .0  



l e a s t  they  a r e  s u f f i c i e n t  t o  demonst ra te  some r e l a t i v e  

expected  magnitudes of c l u s t e r i n g  e f f e c t  on t h e  sample 

e s t i m a t e s  f o r  a  s e l e c t i o n  of v a r i a b l e s ,  and they do 

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

' n a t i o n a l  c l u s t e r e d  sample i s  expected  t o  be  subs tan-  

t i a l l y  g r e a t e r  than  it would be i n  a  n a t i o n a l  s imple  

random sample. Never the less  t h e r e  seems t o  b e  no 

p r a c t i c a l  a l t e r n a t i v e  t o  t h e  c l u s t e r e d  des ign  approach 

w i t h  a  r e s i d e n t  a c c i d e n t  i n v e s t i g a t i o n  team i n  each 

c l u s t e r  which is  a b l e  t o  c o l l e c t  complete d e t a i l e d  i n -  

format ion  on t h e  s e l e c t e d  a c c i d e n t s  i n  a  c o s t - e f f i c i e n t  

and t ime ly  manner. Of course  t h e  l a r g e r  numbers of  t h e  

NASS sample would p rov ide  lower sampling e r r o r s  than  

those  shown h e r e ,  b u t  t h e  'design e f f e c t s  shown h e r e  may 

b e  f a i r l y  t y p i c a l  of what can b e  expected  i n  t h e  NASS 

sample. 

I n  o r d e r  t o  e s t i m a t e  an optimum number of sample 

a r e a s  i n  which t o  e s t a b l i s h  i n v e s t i g a t i o n  teams, the 

Texas and Michigan d a t a  on r a t e s  of homogeneity were used 

t o  e s t i m a t e  t h e  sampling e r r o r s  of s e v e r a l  v a r i a b l e s  

w i t h  d i f f e r e n t  numbers of PSUs and average  N s  p e r  c l u s t e r .  

F i r s t ,  however, i n  o r d e r  t o  s e t  some reasonab le  limits on 

t h i s  p r o c e s s ,  e s t i m a t e s  were developed of t h e  r e l a t i v e  

c o s t s  of o p e r a t i n g  v a r i o u s  numbers of teams w i t h  va ry ing  

numbers of a c c i d e n t s  t o  b e  i n v e s t i g a t e d  p e r  team. Two 

sets of  e r r o r  curves  were then  c a l c u l a t e d  w i t h  t h e  acc i -  

d e n t  d a t a  from each s t a t e ,  one u t i l i z i n g  an e s t i m a t e d  

o v e r a l l  o p e r a t i o n a l  c o s t  of $6,000,000 and t h e  o t h e r  u s i n g  

an e s t i m a t e d  o v e r a l l  c o s t  of $12,000,000. Obviously,  

o t h e r  sets of curves  f o r  d i f f e r e n t  t o t a l  c o s t s  could  be  

c a l c u l a t e d ,  b u t  thbse  c o s t s  bound t h e  range  sugges ted  by 

t h e  sponsor  f o r  p lanning purposes ,  and a p e r u s a l  of t h e s e  

e r r o r  curves  w i l l  p rov ide  some i d e a  of t h e  r e l a t i v e  



p r e c i s i o n  o f  sample e s t i m a t e s  t o  be expec ted  f o r  v a r i o u s  

t y p e s  o f  v a r i a b l e s  a t  t h e s e  two magnitudes o f  e f f o r t .  

The e r r o r  cu rves  are p r e s e n t e d  i n  F igu res  4 . 1  t o  4 . 4 .  

As would be  expec ted ,  t h e  optimum combinat ion of  number o f  

PSUs and average  PSU " t a k e "  v a r i e s  c o n s i d e r a b l y  among t h e  

d i f f e r e n t  v a r i a b l e s .  S i n c e  t h e r e  i s  no one v a r i a b l e  which 

can b e  cons ide red  c o n t r o l l i n g  i n  t h e  cho ice  of t h e  optimum 

combina t ion ,  some judgment must s t i l l  b e  e x e r c i s e d  i n  

recommending t h e  " b e s t "  sample s i z e s  a t  t h e  two d i f f e r e n t  

c o s t  l e v e l s .  A t  t h e  $6,000,000 c o s t  f i g u r e  a  sample of  

32-36 PSUs ave rag ing  abou t  350-505 i n v e s t i g a t e d  a c c i d e n t s  

p e r  PSU would seem optimum i n  terms of  r e l a t i v e  l e v e l s  o f  

p r e c i s i o n  o f  sample e s t i m a t e s  and i n  terms of p r o v i d i n g  

enough work t o  keep f u l l -  t i m e  i n v e s t i g a t i n g  teams appro- 

p r i a t e l y  occupied .  About tw ice  t h i s  number of PSUs, 6 4 -  

7 2 ,  w i t h  s i m i l a r  average  PSU " t a k e s "  would seem optimum 

a t  t h e  $12,000,000 l e v e l  of  e f f o r t .  

Thus the t o t a l  sample s i ze  would b e  12,000-16,160 

a c c i d e n t s  i n v o l v i n g  abou t  20,000-26,000 t r a f f i c  u n i t s  a t  

the $6,000,000 l e v e l  and 25,920-35,200 a c c i d e n t s  involv-  

i n g  abou t  41,000-56,000 t r a f f i c  u n i t s  a t  t h e  $12,000,000 

l e v e l .  

Having de termined  t h a t  a  r easonab le  l e v e l  of  e f f o r t  

f o r  each a c c i d e n t  i n v e s t i g a t i o n  team would b e  350-550 

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

e s t a b l i s h i n g  a  minimum PSU s ize  t o  g e n e r a t e  enough a c c i -  

d e n t s  which meet the s e l e c t i o n  c r i t e r i a .  Again t h e  Texas 

and Michigan 5% sample f i l e s  f o r  1973 were used t o  see how 

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

g e o g r a p h i c a l l y  among t h e  56 and 34 r e g i o n s  i n  t h e  two 

s t a t e s  . I 

I n  Texas t h e  s m a l l e s t  number of  1973 s e r i o u s l y  dam- 

aged v e h i c l e s  (3-7 on t h e  damage s c a l e )  was found i n  a 

s p a r s e l y  popu la t ed  w e s t e r n  a r e a  c o n t a i n i n g  1 6  c o u n t i e s  and 



99,000 people .  This  number was 41, o r  a  p r o j e c t i o n  of  

820 when m u l t i p l i e d  by 20 t o  account  f o r  t h e  5% sample 

used. The second lowes t  number, 4 4 ,  was found i n  t h e  

two c o u n t i e s  around Abilene w i t h  a  popu la t ion  of 116,000. 

These two geographic a r e a s  were n o t  t h e  lowest  i n  re-  

p o r t e d  pedestriav-bicyclist-motorcyclist a c c i d e n t s ,  b u t  

only  four  a r e a s  had fewer such a c c i d e n t s  than  the t h r e e  

inc luded  i n ' t h e  5% sample from t h e  f i r s t  a r e a  mentioned 

above. Thus, assuming t h a t  20% of t h e  v e h i c l e s  n o t  

c l a s s i f i e d  on v e h i c l e  damage were a l s o  r e a l l y  3-7 on t h e  

damage s c a l e  b u t  t h a t  each 3-7 damaged v e h i c l e  r e p r e s e n t s  

only  .8  a c c i d e n t s  (because  some of t h e  t ime two such 

v e h i c l e s  a r e  i n  t h e  same a c c i d e n t ) ,  one o b t a i n s  i n  Texas 

a  minimum p r o j e c t i o n  of 748 a c c i d e n t s  of  t h e  types  ' to  b e  

i n v e s t i g a t e d  i n  a  p o t e n t i a l  PSU of  a  minimum 1 0 0 , 0 0 0  

popu la t ion .  

I n  Michigan t h e  lowes t  number of towaway v e h i c l e s  i n  

t h e  5% sample was found i n  a  r u r a l  a r e a  i n  t h e  wes te rn  

Upper P e n i n s u l a ,  c o n t a i n i n g  s i x  c o u n t i e s  and 91,000 

people .  This  number was 39, which p r o j e c t s  t o  780 when 

m u l t i p l i e d  by 20. The second lowes t  number, 4 9 ,  was 

found i n  an a d j a c e n t  a r e a .  of t h r e e  Upper Pen insu la  

c o u n t i e s  c o n t a i n i n g  85,000 people .  P e d e s t r i a n - b l c y c l i s t -  

m o t o c y c l i s t  a c c i d e n t s  a r e  somewhat more f r e q u e n t  i n  t h e  

Michigan f i l e  ( 5 . 6 % )  than i n  t h e  Texas f i l e  (3.9%), and 

even t h e  s m a l l e s t  Michigan reg ions  have a t  l e a s t  f i v e  such 

a c c i d e n t s  i n  t h e  f i l e .  I t  seems reasonab le  t o  p r o j e c t  i n  

Michigan a  minimum of  724 r e l e v a n t  a c c i d e n t s  i n  a  

p o t e n t i a l  PSU of a  minimum 85,000 p o p u l a t i o n ,  t a k i n g  i n t o  

account  some d u p l i c a t i o n  of towaway v e h i c l e s  i n  t h e  same 

a c c i d e n t s .  
r 

I t  shou ld  be emphasized t h a t  t h e s e  low numbers of  

p o l i c e - r e p o r t e d  a c c i d e n t s  were n o t  t y p i c a l  i n  e i t h e r  

~ i c h i c j a n  o r  Texas. Most of the s m a l l  PSUs had 



cons ide rab ly  more a c c i d e n t s  i n  t h e  f i l e s .  The number o f  

a c c i d e n t s  i n v o l v i n g  v e h i c l e s  scored  3-7 on t h e  damage 

s c a l e  p e r  100,000 popu la t ion  i n  t h e  5% Texas f i l e  was 

over  80, which p r o j e c t s  t o  1,600 p e r  100,000 peop le ;  and 

t h e  number of towaway a c c i d e n t s  p e r  100,000 popu la t ion  i n  

t h e  Michigan 5% sample was s l i g h t l y  g r e a t e r .  

On t h e  b a s i s  o f  t h e s e  Texas and ~ i c h i g a n  d i s t r i b u t i o n s  

it was decided t h a t  an a c c i d e n t  i n v e s t i g a t i o n  team shou ld  

s e r v e  an a r e a  wi th  a  r e s i d e n t  p o p u l a t i o n  of a t  l e a s t  5Q,000 

people i n  o r d e r  t o  b e  f a i r l y  c e r t a i n  of having a reason- 

a b l e  number of a c c i d e n t s  t o  i n v e s t i g a t e  (i . e . ,  enough t o  

keep a team occup ied) .  Even w i t h  t h e  r e d u c t i o n  i n  t h e  

inc idence  of t r a f f i c  a c c i d e n t s  s i n c e  1973, a lmost  any geo- 

g raph ic  a r e a  of  t h i s  minimum s i z e  could b e  expected  t o  pro- 

v i d e  a t  l e a s t  350 a c c i d e n t s  p e r  y e a r  of t h e  types  t o  be  

i n v e s t i g a t e d .  Nos t such minimum-sized a r e a s  would o f f e r  

more a c c i d e n t s  than  one team could  h a n d l e ,  thus  p e r m i t t i n g  

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

types  of g r e a t e s t  i n t e r e s t .  . 

I n  r e g a r d  t o  type  of geographic  . a r e a  t o  use  a s  a  

b a s i s  f o r  t h e  primary sampl ing ,  it is  c l e a r  t h a t  most 

s t a t e s  would be too  l a r g e  f o r  one team t o  cover  e f f i c i e n t l y ,  

w h i l e  t h e  v a s t  m a j o r i t y  of t h e  over  12,000 p o l i c e  agencies  

i n  t h e  United S t a t e  would b e  t o o  s m a l l  t o  s e r v e  a  complete 

a c c i d e n t  i n v e s t i g a t i o n , t e a m .  A geographic  u n i t  which 

aggrega tes  a  number of  p o l i c e  agencies  i s  needed, and f o r  

t h i s  purpose t h e  county seems t o  b e  an i d e a l  u n i t ,  Logis- 

t i c a l l y  most c o u n t i e s  a r e  s m a l l  enough i n  a r e a  t o  p rov ide  

a  reasonably  bounded working a r e a  f o r  a  r e s i d e n t  a c c i d e n t  

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

enough t o  provide  c o n s i d e r a b l e  h e t e r o g e n e i t y  i n  a c c i d e n t  
, 

t y p e s ,  a  s i g n i f i c a n t  advantage i n  t e r n s  of  minimizing 

sampling e r r o r s .  



About 80% of  t h e  U.S. popu la t ion  l i v e  i n  c o u n t i e s  of 

a t  l e a s t  50,000 popu la t ion .  Unfor tuna te ly ,  however, 

n e a r l y  80% of  the 3,108 c o u n t i e s ,  p a r i s h e s ,  and independent  

c i t i e s  i n  t h e  contiguous United S t a t e s  a r e  l e s s  than  50,000 

i n  p o p u l a t i o n ,  ranging down t o  t h e  95 persons e s t i m a t e d  f o r  

Loving County, Texas, i n  1973. Therefore  it i s  necessa ry  

t o  group t h e s e  s m a l l e r  c o u n t i e s  i n t o  mult i -county po- 

t e n t i a l  PSUs wi th  a  minimum popu la t ion  of 50,000. I n  some 

s p a r s e l y  s e t t l e d  a r e a s  t h i s  w i l l  r e s u l t  i n  some very ex- 

t e n s i v e  p o t e n t i a l  PSUs , and perhaps an a c c i d e n t  i n v e s  ti- 

g a t i o n  team would have t o  s e t  up d i s p e r s e d  s u b s t a t i o n s  i n  

such an a r e a .  However, only about  o n e - f i f t h  of  t h e  chosen 

PSUs a r e  l i k e l y  t o  be  rr,ulti-county u n i t s ,  and most of 

t h e s e  w i l l  c o n t a i n  no more than t h r e e  t o  f o u r  c o u n t i e s .  

A remaining i s s u e  i s  what type  of measure of s i z e  t o  

use  i n  s e l e c t i n g  t h e  PSUs by t h e  c o n t r o l l e d  p r o b a b i l i t y -  

p r o p o r t i o n a t e  t o - s i z e  procedures .  I d e a l l y ,  s i n c e  t h e  pur- 

pose of  t h e  sample i s  t o  draw a  n a t i o n a l  sample of c e r t a i n  

types  of a c c i d e n t s ,  the most a p p r o p r i a t e  b a s i s  of t h e  

sample s e l e c t i o n  would be  t h e  number of a c c i d e n t s  of  t h e s e  

types  t a k i n g  p l a c e  i n  each p o t e n t i a l  PSU. However, w h i l e  

most s t a t e s  pub l i sh  some kinds  of  a c c i d e n t  d a t a  by county ,  

t h e r e  a r e  s e r i o u s  problems i n  t h e  comparab i l i ty  of t h e s e  

d a t a  from s t a t e  t o  s t a t e  and even from county t o  county 

w i t h i n  t h e  same s t a t e .  An i n q u i r y  i n t o  pub l i shed  d a t a  

from 1 4  s t a t e s  found 1971 p e r  c a p i t a  a c c i d e n t  r a t e s  vary- 

i n g  from , 0 2 1  i n  New York t o  .050 i n  Colorado ( n o t  re-  

p o r t e d  a t  a l l  i n  C a l i f o r n i a ) ,  w h i l e  i n j u r y  a c c i d e n t  r a t e s  

v a r i e d  from .005 i n  South Caro l ina  t o  , 0 1 2  i n  N e w  York. 

Thus t h e  same s t a t e ,  New York, was lowest  on one a c c i d e n t  

measure and h i g h e s t  on ano the r .  There undoubtedly a r e  

r e a l  d i f f e r e n c e s  i n  a c c i d e n t  ' r a t e s  among t h e  va r ious  

s t a t e s ,  b u t  i t  seems u n l i k e l y  t h a t  t h e s e  d i f f e r e n c e s  a r e  



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

n o n - f a t a l  a c c i d e n t  s t a t i s t i c s  . 
Other types  o f  s i ze  measures which were c o n s i d e r e d  

because  t hey  seemed t o  have a  r e l a t i o n s h i p  t o  a c c i d e n t  

r a t e s  were p o p u l a t i o n ,  number of  v e h i c l e  r e g i s t r a t i o n s ,  

number of l i c e n s e d  d r i v e r s ,  m i l e s  o f  pr imary r o a d s ,  

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

d r i n k i n g  p l a c e  r e t a i l  s a l e s .  However, on ly  the two re- 

t a i l  s a l e s  v a r i a b l e s  showed c o r r e l a t i o n s  w i t h  Michigan 

county a c c i d e n t  t o t a l s  a s  h i g h  a s  t h e  acc iden t -popu la t i on  

c o r r e l a t i o n s .  I n  Pqichigan c o u n t i e s ,  f o r  example,  t h e s e  

t h r e e  v a r i a b l e s  c o r r e l a t e d  w i t h  bo th  t o t a l  a c c i d e n t s  and 

i n j u r y  a c c i d e n t s  a t  f i g u r e s  above .99.  

There fo re  i t  was dec ided  t o  u se  county p o p u l a t i o n  a s  

t h e  b a s i c  measure of  s i z e  f o r  s e l e c t i n g  t h e  PSUs. How- 

e v e r ,  it was recognized  t h a t  t h e r e  a r e  many r u r a l  a r e a s  

which have d i s p r o p o r t i o n a t e l y  h i g h  a c c i d e n t  r a t e s  due t o  

heavy v i s i t o r  t r a f f i c ,  and it was dec ided  t h a t  g a s o l i n e  

s a l e s  d a t a  shou ld  b e  used a s  a  s t r a t i f i c a t i o n  v a r i a b l e  t o  

e n s u r e  t h a t  c o u n t i e s  and county groups w i t h  d i v e r s e  l e v e l s  

of g a s o l i n e  s a l e s  a r e  adequa t e ly  r e p r e s e n t e d  i n  t h e  

n a t i o n a l  sample.  

I t  was a l s o  dec ided  t o  u se  two geograph ic  v a r i a b l e s  

a s  s t r a t i f i c a t i o n  f a c t o r s  i n  the s e l e c t i o n  of t h e  pr imary 

sampl ing  u n i t s .  While it i s  d o u b t f u l  t h a t  t h e r e  a r e  g r e a t  

d i f f e r e n c e s  i n  a c c i d e n t  c h a r a c t e r i s t i c s  among t h e  major  

r e g i o n s  of t h e  Uni ted S t a t e s ,  it seems i m p o r t a n t  from a t  

l e a s t  a  p u b l i c  r e l a t i o n s  p o i n t  of view t o  e n s u r e  t h a t  t h e r e  

i s  adequa te  r e p r e s e n t a t i o n  i n  t h e  n a t i o n a l  sample from each  

major  s e c t i o n  of t h e  count ry  ( N o r t h e a s t ,  Midwest, South ,  and 

West). So t h e s e  kegions  s e r v e  a s  t h e  f i r s t  l e v e l  o f  s t r a -  

t i f i c a t i o n .  

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

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



c h a r a c t e r i s t i c s  between urban and r u r a l  a r e a s ,  s o  it is  

e s s e n t i a l  t h a t  t h e  sample d e s i g n  p rov ide  f o r  adequate  

r e p r e s e n t a t i o n  o f  these d i f f e r e n c e s .  Accord ingly ,  t h e  

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

urban types  : c e n t r a l  c o u n t i e s  o f  S t anda rd  M e t r o p o l i t a n  

S t a t i s t i c a l    re as (SMSAs) , suhurban c o u n t i e s  o f  SMSAs , 
and non-SMSA c o u n t i e s .  I n  1973 abou t  73% of  t h e  Uni ted  

S t a t e s  p o p u l a t i o n  was r e s i d i n g  i n  C e n s u s - c l a s s i f i e d  

SMSAs, and a lmos t  55% were i n  the c e n t r a l  c o u n t i e s  o f  

t h e s e  SMSAs. 

I t  i s  n o t  known how much t h e s e  t h r e e  s t r a t i f i c a t i o n  

v a r i a b l e s  w i l l  c o n t r i b u t e  t o  v a r i a n c e  r e d u c t i o n  f o r  

s t a t i s t i c s  based  on t h e  sample d a t a .  When t h e  v a r i a n c e  

was c a l c u l a t e d  f o r  s e l e c t e d  Texas and Michigan a c c i d e n t  

v a r i a b l e s  bo th  w i t h  and w i t h o u t  an u r b a n i z a t i o n  s t r a t i -  

f i c a t i o n  f a c t o r  t h e  r e s u l t s  were r a t h e r  mixed. Some 

v a r i a b l e s  showed a  h i g h e r  v a r i a n c e  w i t h  r u r a l - u r b a n  

s t r a t i f i c a t i o n ,  w h i l e  some o t h e r  v a r i a b l e s  snowed a  lower  

v a r i a n c e  w i t h  ru ra l -u rban  s t r a t i f i c a t i o n .  

I n  summary, t h e n ,  the sample d e s i g n  f o r  t h e  s e l e c t i o n  

, of t h e  primary sampl ing  a r e a s  i n v o l v e s  t h e  c h o i c e  by a  

c o n t r o l l e d  p r o b a b i l i t y - p r o p o r t i o n a t e -  t o - p o p u l a t i o n  t ech -  

n ique  of  32-72 c o u n t i e s  and county-groups each  w i t h  a  

minimum p o p u l a t i o n  of  50,000 people .  These s e l e c t i o n s  w i l l  

b e  made from w i t h i n  s t r a t a  e s t a b l i s h e d  by  t h e  i n t e r -  

s e c t i o n  of t h r e e  s t r a t i f i c a t i o n  v a r i a b l e s :  r e g i o n  of t h e  

Uni ted  S t a t e s ,  deg ree  of u r b a n i z a t i o n ,  and p e r  c a p i t a  

g a s o l i n e  s a l e s .  

Within each s e l e c t e d  PSU a  r e s i d e n t  a c c i d e n t  i n v e s t i -  

g a t i o n  team w i l l  b e  e s t a b l i s h e d ,  and each  team i s  expec ted  

t o  i n v e s t i g a t e  between 350 and 550 a c c i d e n t s  p e r  y e a r .  

Thus, depending on t h e  t o t a l  number of  PSUs, a  n a t i o n a l  

sample of 12,000 t o  35,000 a c c i d e n t s  ( i n v o l v i n g .  20,000- 

5 6 , 0 0 0  t r a f f i c  u n i t s )  would b e  produced. The a c t u a l  



number of PSUs t o  be  s e l e c t e d  depends p r i m a r i l y  on t h e  

l e v e l  of f i n a n c i a l  s u p p o r t  which t h e  government p lans  t o  

g i v e  t h i s  e n t e r p r i s e .  The sugges ted  range r e p r e s e n t s  an 

e s t i m a t e d  o v e r a l l  c o s t  va ry ing  from $6,000,000 t o  

$12,000,000. The l a r g e r  t h e  number of  PSUS s e l e c t e d ,  t h e  

g r e a t e r  would b e  t h e  n a t i o n a l  sample s i z e  and t h e  h i g h e r  

would be  t h e  p r e c i s i o n  i n  t h e  s t a t i s t i c a l  e s t i m a t e s  

d e r i v e d  from t h e  sample. 

4 .2  Choosing t h e  Sample of Accidents 

I t  is  expected t h a t  t h e  a c c i d e n t  r ecords  of a l l  

p o l i c e  agencies  o p e r a t i n g  w i t h i n  t h e  geographic boundar ies  

o f  a s e l e c t e d  PSU w i l l  s e r v e  as  t h e  b a s i c  source  of t h e  

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

agency j u r i s d i c t i o n s  a r e  a lmost  always c i rcumscr ibed by 

county boundar ies  excep t  f o r  the few towns and c i t i e s  which 

a r e  l o c a t e d  i n  two c o u n t i e s .  However, because t h i s  is  n o t  

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

which s t a t e  p o l i c e  o r  highway p a t r o l  pe r sonne l  sometimes 

make a c c i d e n t  r e p o r t s  i t  w i l l  be  necessary  t o  use t h e  

a c c i d e n t  f i l e s  c o l l e c t e d  a t  t h e  s ' t a t e  s t a t i o n s  i n  o r  nea r  

t h e  PSU county o r  coun t i e s  i n  o r d e r  t o  o b t a i n  in fo rmat ion  

on a c c i d e n t s  i n  t h a t  PSU which were r e p o r t e d  only t o  s t a t e  

a u t h o r i t i e s .  While it sometimes happens t h a t  p o l i c e  per-  

sonne l  from two d i f f e r e n t  agencies  w i l l  p rovide  a s s i s t a n c e  

a t  one a c c i d e n t ,  d u p l i c a t e  r e p o r t s  of t h e  same a c c i d e n t  

a r e  n o t  l i k e l y  t o  be  made very o f t e n .  However, t h e  

p o s s i b i l i t y  of  such d u p l i c a t i o n  w i l l  be  checked i n  t h e  

a c c i d e n t  i n v e s t i g a t i o n  team's  a c c i d e n t  s c r e e n i n g  p rocess .  

I n  a l l  b u t  t h e  very s m a l l e s t  PSUs the number of p o l i c e  

agency records  of f a t a l ,  towaway, p e d e s t r i a n ,  b i c y c l i s t ,  

o r  m o t o r c y c l i s t  a c c i d e n t s  i s  expected  t o  b e  g r e a t e r  than 

t h e  350-550 a c c i d e n t s  which each team w i l l  i n v e s t i g a t e  each 

y e a r .  There fo re ,  a c o n t r o l l e d  p r o b a b i l i t y  procedure must 



be developed f o r  choos ing  which a c c i d e n t s  t o  i n v e s t i g a t e .  

This  i n v o l v e s  a  two-step p rocess .  The f i r s t  s t e p  w i l l  b e  

t o  go through t h e  a c c i d e n t  f i l e s  l i s t i n g  b a s i c  i n f o r -  

mation about  a l l  a c c i d e n t s  which meet t h e  d e s i g n a t e d  

s e l e c t i o n  c r i t e r i a  ( f a t a l ,  towaway, e t c .  ) . This  l i s t  

w i l l  t hen  s e r v e  a s  t h e  PSU a c c i d e n t  frame from which par-  

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

a c c i d e n t  i n v e s t i g a t i o n  sample. The b a s i c  in fo rma t ion  t o  

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

i n c l u d e  such i tems a s  t h e  type  of a c c i d e n t ,  t h e  type  of 

roadway, i n j u r y  s e v e r i t y ,  t i m e  and d a t e ,  v e h i c l e  types  

and model y e a r s ,  d r i v e r  c h a r a c t e r i s t i c s ,  t h e  a c c i d e n t  r e -  

cord  number, and perhaps v e h i c l e  l i c e n s e  numbers and/or  

V I N  numbers. 

One of t h e  f i r s t  t a s k s  i n  each PSU w i l l  .be t o  look 

through whatever  a c c i d e n t  summaries a r e  a l r e a d y  a v a i l a b l e  

from t h e  v a r i o u s  p o l i c e  agenc ies  i n  o r d e r  t o  e s t i m a t e  t h e  

t o t a l  numbers of  t h e  d e s i g n a t e d  types  of a c c i d e n t s  which 

u s u a l l y  t a k e  p l a c e  w i t h i n  t h e  PSU. I t  may be  t h a t  i n s u f -  

f i c i e n t  i n fo rma t ion  of t h i s  s o r t  w i l l  be  a l r e a d y  a v a i l -  

a b l e ,  and i t  may be  necessa ry  t o  a c t u a l l y  go through t h e  

p rev ious  y e a r ' s  a c c i d e n t  r e c o r d s  i n  o r d e r  t o  o b t a i n  s u f -  

f i c i e n t  e s t i m a t e s  of L h s e  numbers, Once an e s t i m a t e  of 

t h e  t o t a l  number of a c c i d e n t s  of t h e  d e s i g n a t e d  types  i s  

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

PSU sampling r a t e  by d i v i d i n g  t h i s  number i n t o  t h e  number 

of a c c i d e n t s  t o  be  i n v e s t i g a t e d  i n  t h a t  PSU. For example,  

i f  t h e  e s t i m a t e  of t h e  number of e l i g i b l e  a c c i d e n t s  p e r  

y e a r  i n  a  PSU was 2,500,  and the team was t o  i n v e s t i g a t e  

500 of them, t h e  o v e r a l l  PSU sampling r a t e  would be . 2 0 .  

The s i m p l e s t  approach t o  choos ing  t h e  PSU a c c i d e n t  

sample from t h e  PSU a c c i d e n t  l i s t  (frame) would b e  t o  

. fo l low a  random procedure .  For  example, w i t h  a  20% 

sample r a t e  two o n e - d i g i t  numbers (e .g .  ,' 4 and 0 )  might  



be chosen from a t a b l e  o f  random numbers, and t h e n  a l l  

a c c i d e n t s  whose a c c i d e n t  r e c o r d  numbers ended i n  these 
two d i g i t s  might  b e  s e l e c t e d  f o r  i n v e s t i g a t i o n .  T h i s  

approach would a l s o  have t h e  s t a t i s t i c a l  advantage  o f  

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

sample of i n v e s t i g a t e d  a c c i d e n t s .  

The d i sadvan tage  o f  t h i s  s imple  random sample ap- 

proach t o  s e l e c t i n g  PSU a c c i d e n t s  f o r  i n v e s t i g a t i o n  i s  

t h a t  a g r e a t  d e a l  o f  t h e  a c c i d e n t  i n v e s t i g a t i o n  t e a m ' s  

time would be s p e n t  on t y p e s  o f  a c c i d e n t s  which a r e  n o t  

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

which no one was i n j u r e d ) ,  and o n l y  s m a l l  numbers of 

a c c i d e n t s  would be  i n v e s t i g a t e d  of  t h e  t y p e s  which would 

be  of  g r e a t e s t  i n t e r e s t  t o  t h e  NHTSA s t a n d a r d s - s e t t i n g  

p e r s o n n e l  ( e . g . ,  f a t a l  a c c i d e n t s  i n v o l v i n g  la te -model  

c a r s ) .  T h e r e f o r e ,  it i s  recommended t h a t  d i f f e r e n t i a l  

sampling f r a c t i o n s  b e  used i n  each  PSU f o r  d i f f e r e n t  

t y p e s  o f  a c c i d e n t s ,  w i t h  over-sampling o f  a c c i d e n t s  i n -  

v o l v i n g  g r e a t e r  s e v e r i t y  and more r e c e n t  model c a r s  and 

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

o l d e r  c a r s .  While t h i s  approach would l e a d  t o  somewhat 

' i n c r e a s e d  sampling e r r o r s  i n  a n a l y s e s  u s i n g  t h e  e n t i r e  

a c c i d e n t  sample,  i t w o ~ l d  g r e a t l y  r educe  t h e  sampl ing  

e r r o r s  i n  a n a l y s e s  o f  t h o s e  subgroups o f  g r e a t e s  i n t e r -  

e s t  t o  a c c i d e n t  r e s e a r c h e r s .  
The p a r t i c u l a r  sampl ing  r a t i o s  t o  b e  used w i t h  t h e  

d i f f e r e n t  t y p e s  o f  a c c i d e n t s  i n  a  PSU depend b o t h  on 

f u r t h e r  d i s c u s s i o n s  w i t h  NHTSA p e r s o n n e l  conce rn ing  t h e  

a c c i d e n t  s u b c l a s s e s  of  g r e a t e s t  i n t e r e s t  and on the t y p e s  - 
o f  a c c i d e n t  c l a s s i f i c a t i o n  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  

PSU p o l i c e  r e c o r d s .  For  example,  i n  t h e  Oakland County 

and Washtenaw County r e s t r a i n t  s y s  tem s t u d i e s ,  HSRI i n -  

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

i z e d  p a r t i c i p a n t .  But  i f  i n f o r m a t i o n  a b o u t  w h e k e r  o r  



not a  v i c t i m  was t aken  t o  a  h o s p i t a l  i s  l a c k i n g  i n  many 

PSU p o l i c e  a c c i d e n t  r e c o r d s ,  t h e n  t h a t  v a r i a b l e  would 

n o t  be  an a p p r o p r i a t e  one f o r  c a t e g o r i z i n g  a c c i d e n t  

s u b c l a s s e s  w i t h  d i f f e r e n t  sampling r a t e s  i n  t h a t  PSU, 

F o r t u n a t e l y ,  i t  i s  n o t  e s s e n t i a l  t h a t  t h e  same sub- 

c l a s s e s  be  used among a l l  PSUs, s i n c e  t h e  we igh t ing  

f a c t o r s  t o  t a k e  i n t o  accoun t  t h e  d i f f e r e n t i a l  sampl ing  

r a t e s  w i l l  be  de termined a t  t h e  PSU l e v e l  and w i l l  n o t  

a f f e c t  t h e  summarizing of a l l  PSU d a t a  i n  t h e  n a t i o n a l  

sample. 

An example of a  p o s s i b l e  sys tem o f  d i f f e r e n t i a l  

sampling r a t e s  t o  be  used i n  a h y p o t h e t i c a l  PSU w i t h  

2,500 annual  a c c i d e n t s  i n  i t s  frame i s  g iven  below: 

Accident  C l a s s  

F a t a l  

L a t e  Model, ~ o s p i t a l i z e d  

Late  Model, Not H o s p i t a l i z e d  

E a r l y  Model, H o s p i t a l i z e d  

E a r l y  Model, Not H o s p i t a l i z e d  

P e d e s t r i a n  and B i c y c l i s t  

M o t o r c y c l i s t  

TOTAL 

Frame Sample Sample 
N Rate N 

Thus t h e  procedure  t o  be  fo l lowed would i n v o l v e  team 

members (1) going through t h e  6,000 o r  s o  p o l i c e  a c c i d e n t  

r e c o r d s  t o  p i c k  o u t  t h o s e  a c c i d e n t s  which meet t h e  b a s i c  

s e l e c t i o n  c r i t e r i a ;  ( 2 )  l i s t i n g  b a s i c  i n f o r m a t i o n  from 

t h e s e  2,500 e l i g i b l e  a c c i d e n t s  ; ( 3 )  c l a s s i f y i n g  t h e s e  

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

( 4 )  s e l e c t i n g  c e r t a i n  a c c i d e n t s  f o r  i n v e s t i g a t i o n  from 

each s u b c l a s s  accord ing  t o  a  p r e s c r i b e d  random method i n  

r e l a t i o n  t o  t h e  PSU sampl ing  r a t e  f o r  t h a t  s u b c l a s s .  This  



method would invo lve  making use of  p a r t i c u l a r  p rede te r -  

mined d i g i t s  of some number ( o r  p a r t  of a  number) on t h e  

a c c i d e n t  r ecord  form which could be expected  t o  vary from 

form t o  form i n  a  random fashion--perhaps t h e  po l i ce -  

ass igned a c c i d e n t  i d e n t i f i c a t i o n  number o r  t h e  l i c e n s e  

o r  VIN number of t h e  f i r s t  v e h i c l e .  I t  i s  impor tant  

t h a t  t h i s  s e l e c t i o n  procedure be  p r e s c r i b e d  c l e a r l y  i n  

o r d e r  t o  permi t  easy moni tor ing  of t h e  s e l e c t i o n  proce- 

dure  and t o  p reven t  any s t a f f  member b i a s e s  from a f f e c t -  

i n g  t h e  s e l e c t i o n  p rocess .  The team member would b e  

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

a t  t h e  time he i s  l i s t i n g  t h e  a c c i d e n t  frame, and he  

would thus  be  a b l e  t o  r ecord  a l l  needed d r i v e r  i d e n t i -  

f i c a t i o n  in fo rmat ion ,  e t c . ,  f o r  t h e  s e l e c t e d  a c c i d e n t s  

a t  t h e  same' t i m e .  

I t  i s  planned t h a t  t h e  b a s i c  informat ion  c o l l e c t e d  

on each a c c i d e n t  i n  t h e  frame w i l l  be  e n t e r e d  i n t o  a  

computer f i l e ,  and thus  t h e r e  w i l l  b e  a  computerized 

method f o r  checking t h a t  proper  s e l e c t i o n  procedures were 

fol lowed i n  r egard  t o  each sample a c c i d e n t ,  and non- 

sampled acc iden t s  which should  have been s e l e c t e d  w i l l  

a l s o  be  d iscovered .  I t  would a l s o  be  d e s i r a b l e  t o  

p e r i o d i c a l l y  ,check t h e  a c c i d e n t  r ecords  from t h e  PSU i n  

t h e  s t a t e  c e n t r a l i z e d  a c c i d e n t  f i l e s  ( i f  a v a i l a b l e )  i n  

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

PSU which a r e  n o t  b e i n g  e n t e r e d  i n  t h e  PSU a c c i d e n t  frame, 

e i t h e r  due t o  team member c a r e l e s s n e s s  o r  due t o  d e f i -  

c i e n c i e s  i n  t h e  p rocess  by which p o l i c e  agencies  make 

t h e i r  records  a v a i l a b l e  t o  t h e  team. 

An a l t e r n a t i v e  procedure t o  having t h e  teams s e l e c t  

a c c i d e n t s  from the frame f o r  d e t a i l e d  i n v e s t i g a t i o n ,  i s  

t o  have t h e  computer make t h e  s e l e c t i o n  a t  t h e  time t h e  

frame i s  e n t e r e d .  This  i s  a h igh ly  d e s i r a b l e  f e a t u r e  of 

t h e  system, desc r ibed  i n  more d e t a i l  i n  S e c t i o n  7. The 



program t o  accomplish t h e  s e l e c t i o n ,  c a l l e d  RULE (see 

Appendix B) , o p e r a t e s  i n  i t s  p r e s e n t  v e r s i o n  a s  a 

s imple  random s e l e c t i o n  based on a predetermined s e t  

of s e l e c t i o n  p r o b a b i l i t i e s .  I n  t h e  f u t u r e ,  i t  i s  con- 

templated t h a t  t h e  s e l e c t i o n  would be  made adap t ive  t o  

account  f o r  v a r i a t i o n s  i n  t h e  a c c i d e n t  p roduc t ion  a t  

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

There a r e  two o t h e r  impor tan t  methods which shou ld  

be  used i n  checking t h e  completeness of t h e  PSU a c c i d e n t  

frame. The f i r s t  invo lves  conducting a g e n e r a l  popu- 

l a t i o n  sample survey i n  each PSU (probably by t e l ephone ,  

us ing  random d i g i t  d i a l i n g  t echn iques )  t o  f i n d  o u t  about  

r e s i d e n t s '  r e c e n t  a c c i d e n t  exper ience  and whether  any 

f a t a l ,  towaway , o r  pedes t r i a n - b i c y c l i s  t -motorcyc l i s  t 

acc iden t s  i n  which they o r  t h e i r  family merrbers were in -  

volved were n o t  r e p o r t e d  t o  t h e  p o l i c e .  I f  an a c c i d e n t  

had been r e p o r t e d  t o  t h e  p o l i c e  i n  t h e  PSU, enough i n -  

formation would be ob ta ined  from t h e  respondent  t o  

enab le  checking whether o r  n o t  t h a t  a c c i d e n t  was inc luded  

i n  t h e  PSU a c c i d e n t  frame. Informat ion  about  e l i g i b l e  , 

a c c i d e n t s  which had n o t  been r e p o r t e d  t o  t h e  p o l i c e  

would pe rmi t  developing e s t i m a t e s  of t h e  completeness of  

t h e  d i f f e r e n t  c l a s s e s  of a c c i d e n t s  i n  t h e  a c c i d e n t  frame, 

and i f  s i z a b l e  d e f i c i e n c i e s  i n  t h e  frame were d i scovered  

t h e s e  e s t i m a t e s  could  even be  used f o r  weight ing  t h e  

sampled a c c i d e n t s  upward t o  compensate f o r  t h e  incom- 

p l e t e n e s s  of t h e  frame from which they were s e l e c t e d .  

The o t h e r  checking method invo lves  going t o  towing 

agencies  i n  each PSU, r ecord ing  b a s i c  in fo rmat ion  from 

t h e i r  r ecords  on each a c c i d e n t  v e h i c l e  which they have 

towed i n t o  t h e i r  agency, and then checking f o r  non- 

d u p l i c a t e s  a g a i n s t  t h e  a c c i d e n t  frame f i l e .  This  would 

be  a f a i r l y  time-consuming and t e d i o u s  t a s k ,  and i n  most - .  

PSUs i t  would probably be  done only  once nea r  t h e  



beginning of t h e  p r o j e c t  i n  o r d e r  t o  determine i f  t h e r e  

is a  s e r i o u s  problem of towaway a c c i d e n t s  n o t  be ing  

a v a i l a b l e  i n  t h e  p o l i c e  agency records .  I f  t h i s  check- 

i n g  p rocess  f i n d s  t h a t  fewer than  1 0 %  of t h e  towaway 

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

then  probably i t  would b e  s a f e  t o  ignore  t h e  problem, 

e s p e c i a l l y  i f  it i s  determined t h a t  t h e s e  t end  t o  in -  

volve  l e s s  s e r i o u s  a c c i d e n t s  and i n j u r i e s .  I f  t h e  d i f -  

f e rence  i s  g r e a t e r  than  l o % ,  it may b e  necessary  t o  

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

a c c i d e n t  in fo rmat ion  from l o c a l  towing agencies  i n t o  a  

towing agency frame. The two frames would then have t o  

b e  compared f o r  d u p l i c a t e s ,  and a s e l e c t i o n '  process  

s i m i l a r  t o  t h a t  used w i t h  t h e  p o l i c e  agency a c c i d e n t  

frame would have t o  be  e s t a b l i s h e d  f o r  s e l e c t i n g  a c c i -  

den t s  t o  i n v e s t i g a t e  from t h e  non-duplicates  i n  t h e  

towing agency a c c i d e n t  frame. I f  t h e  problem of  miss ing  

towaway a c c i d e n t s  i n  t h e  p o l i c e  f i l e s  were found t o  b e  

q u i t e  s u b s t a n t i a l ,  t hen  i t  might prove necessary  t o  move 

t o  a  s u b s t i t u t e  PSU, a l though such a  . s t e p  should  be  

avoided i f  a t  a l l  p o s s i b l e .  

I t  shou ld  be  mentioned t h a t  t h e  computerizing of 

the p o l i c e  agency a c c i d e n t  frame should  be  of more va lue  

than j u s t  t o  pe rmi t  checking on t h e  a c c i d e n t  sample 

s e l e c t i o n  p rocess .  These frame d a t a  from a l l  t h e  PSUs 

w i l l  p rovide  a  l a r g e  n a t i o n a l  sample of b a s i c  i n f o r -  

mation about  a c c i d e n t s  of t h e  des igna ted  t y p e s ,  and thus  

t h i s  frame sample can b e  used t o  provide  more r e l i a b l e  

s t a t i s t i c a l  e s t i m a t e s  f o r  c e r t a i n  b a s i c  v a r i a b l e s  a v a i l -  

a b l e  i n  the p o l i c e  agency a c c i d e n t  r ecords  than  w i l l  be 

a v a i l a b l e  from the s m a l l e r  d e t a i l e d  i n v e s t i g a t i o n  sample. 

There w i l l  be  100,000 t o  250,000 a c c i d e n t  c a s e s  annua l ly  

i n  the n a t i o n a l  a c c i d e n t  frames f i l e ,  depending on the 

number of PSUs e s t a b l i s h e d ,  and t h i s  f i l e  could  p rov ide  

some u s e f u l  b a s i c  in fo rmat ion  of t h e  type  which is  



r e g u l a r l y  inc luded  i n  p o l i c e  a c c i d e n t  r e p o r t s .  The PSU 

a c c i d e n t  frames w i l l  a l s o  b e  u s e f u l  i n  t h e  s e l e c t i o n  of  

a c c i d e n t s  f o r  i n v e s t i g a t i o n  i n  t h e  Quick Response 

System whenever t h e  d a t a  r e l a t i n g  t o  t h e  s e l e c t i o n  

c r i t e r i a  f o r  those  a c c i d e n t s  a r e  inc luded  i n  t h e  b a s i c  

i n f o r m a t i o n  recorded on t h e  a c c i d e n t  frame cases .  

4 . 3  S p e c i a l  Accident  S e l e c t i o n  Procedures i n  Large PSUs 

The a c c i d e n t  s e l e c t i o n  p rocess  d e s c r i b e d  i n  S e c t i o n  

4.2 would be  expected  t o  work most s u c c e s s f u l l y  i n  PSUs 

between 100,000 and 200,000 i n  popu la t ion .  I n  t h e s e  PSUs 

t h e r e  w i l l  be  enough a c c i d e n t s  t o  pe rmi t  oversampling of 

t h e  types  of  a c c i d e n t s  of  p a r t i c u l a r  i n t e r e s t ,  and .ye t  

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

d e n t  f i l e s  t h a t  t h e  a c c i d e n t  i n v e s t i g a t i o n  team w i l l  have 

t o  spend a  very l a r g e  p o r t i o n  of i t s  time s c r e e n i n g  t h e s e  

f i l e s  and compil ing t h e  a c c i d e n t  s e l e c t i o n  frame. How- 

e v e r ,  only  about  1 0 %  of  t h e  U.S. popu la t ion  l i v e  i n  PSUs 

of t h i s  i d e a l  s i z e ,  About 30% l i v e  i n  s m a l l e r  PSUs i n  

which t h e r e  may n o t  b e  a s  many a c c i d e n t s  t o  i n v e s t i g a t e  

a s  would b e  d e s i r e d  i n  c e r t a i n  s u b c l a s s e s ,  even i f  they  

a r e  sampled a t  a  100% r a t e .  F o r t u n a t e l y ,  t h i s  i s  n o t  a  

s e r i o u s  problem, s i n c e  even t h e  s m a l l e r  PSUs w i l l  b e  

expected  t o  p rov ide  s i g n i f i c a n t  numbers of  a c c i d e n t s  i n  

a l l  s u b c l a s s e s ,  and wi th  t h e  a d d i t i o n  of d a t a  from t h e  

l a r g e  PSUs t h e r e  should  be  s u f f i c i e n t  numbers i n  each 

s u b c l a s s  i n  t h e  n a t i o n a l  sample t o  pe rmi t  u s e f u l  a n a l y s i s .  

The more s e r i o u s  problem i s  wi th  t h e  6 0 %  of t h e  PSUs 

which a r e  expected  t o  b e  l a r g e r  than  t h i s  i d e a l  s i z e ,  

s i n c e  60% of t h e  U.S. popu la t ion  l i v e s  i n  p o t e n t i a l  PSUs 

l a r g e r  than  200,OOQ i n  s i z e .  These i n c l u d e  18% i n  c o u n t i e s  

l a r g e r  than  1,000,000; 2 2 %  i n  c o u n t i e s  between 500,000 

and 1,000,000;  and about  20% i n  c o u n t i e s  between 200,000 

and 500,000. I t  i s  obvious t h a t  i n  t h e s e  l a r g e r  PSUs 



t h e  process  of  going through a l l  t h e  PSU a c c i d e n t  re-  

cords  and compil ing a complete frame of a l l  e l i g i b l e  

a c c i d e n t s  i n  t h e  PSU would be  very time-consuming and 

expensive.  Therefore  it seems e s s e n t i a l  t h a t  ano the r  

s t a g e  of s e l e c t i o n  b e  employed i n  these  PSUs. Without 

more exper ience  i n  fo l lowing t h e  a c c i d e n t  s e l e c t i o n  

procedures desc r ibed  i n  Sec t ion  4 . 2  it i s  d i f f i c u l t  t o  

judge a t  e x a c t l y  what s i z e  PSU it would be  b e s t  t o  make 

use  of a secondary s e l e c t i o n  procedure.  This  w i l l  be  

one of t h e  q u e s t i o n s  t o  be  exp lo red  i n  t h e  p i l o t  phase 

of t h i s  p r o j e c t .  S t a t i s t i c a l l y  i t  would be  b e s t  i f  a l l  

e l i g i b l e  a c c i d e n t s  w i t h i n  a PSU were inc luded  i n  t h e  PSU 

frame, b u t  i n  Wayne County ( D e t r o i t )  t h i s  would invo lve  

s i f t i n g  through more than 100,000 a c c i d e n t  records  

annual ly  an.d record ing  d a t a  f o r  t h e  a c c i d e n t  frame on 

perhaps 4 0 , 0 0 0  of them. The s m a l l  s t a t i s t i c a l  ga ins  

from n o t  employing secondary s e l e c t i o n  would h a r d l y  

j u s t i f y  such an expensive procedure i n  such a l a r g e  PSU, 

Three major approaches t o  t h e  secondary s e l e c t i o n  

s t a g e  have been cons idered  f o r  L\ese l a r g e  PSUs. The 

f i r s t  invo lves  a subsampling of geographic a r e a s  w i t h i n  

t h e  county i n  r e l a t i o n  t o  popu la t ion  s i z e .  This  i s  t h e  

s t a n d a r d  method fol lowed i n  c o n s t r u c t i n g  household i n t e r -  

view samples.  A l a r g e  c i t y  would be  d i v i d e d  i n t o  s e v e r a l  

geographic s e c t i o n s ,  h.opefully i n  r e l a t i o n  t o  p o l i c e  

p r e c i n c t  a c c i d e n t  f i l e s  ( i f  t h e r e  a r e  such)  o r  a t  l e a s t  

i n  r e l a t i o n  t o  some kind of geographic i n d i c a t o r  which i s  

recorded on t h e  a c c i d e n t  r ecord  and which could be qu ick ly  

s p o t t e d  by a team member going through t h e  c e n t r a l  acc i -  

d e n t  f i l e s .  A popu la t ion  s i z e  would be a s s o c i a t e d  w i t h  

each of t h e s e  geographic s e c t i o n s ,  and a c o n t r o l l e d  

s e l e c t i o n  would be made among t h e s e  c i t y  s e c t i o n s  and 

among t h e  o t h e r  p o l i c e  agencies  i n  t h e  county ,  us ing  

p robab i l i ty -propor t iona te - to - s ize  t echn iques .  To ensure  



d i v e r s i t y  i n  the types  o f  a r e a s  chosen t o  r e p r e s e n t  t h e  

PSU, t h e  p o t e n t i a l  Secondary S e l e c t i o n  Uni t s  (SSUs) 

might  b e  s t r a t i f i e d  accord ing  t o  p o p u l a t i o n  s i z e ,  o r  

proximi ty  t o  t h e  downtown a r e a  of the c e n t r a l  c i t y ,  o r  

some o t h e r  v a r i a b l e  o f  concern ,  and a  c e r t a i n  number of  

s e l e c t i o n s  would b e  made from each s t r a t u m  i n  r e l a t i o n  

t o  the r a t i o  o f  t h e  s t r a t u m  p o p u l a t i o n  t o  t h e  whole PSU 

p o p u l a t i o n .  Another method f o r  p r o v i d i n g  d i v e r s i t y  among 

SSUs, which would p rov ide  more compact secondary  s e l e c -  

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

i n v e s t i g a t i o n  team, would b e  t o  d i v i d e  t h e  PSU i n t o  

s e v e r a l  d i v e r s e  geographic  a r e a s  i n  rough p i e  s h a p e s ,  

each a r e a  t o  i n c l u d e  p a r t s  of  t h e  c e n t r a l  c i t y  a s  w e l l  

a s  near-suburbs  and fa r - suburbs .  The SSUs s e l e c t e d  i n  

a l a r g e  PSU shou ld  probably  t o t a l  between 200,000 and 

500,000 i n  p o p u l a t i o n .  Once t h e s e  SSU p o l i c e  agenc ies  

a r e  chosen the same procedure  d e s c r i b e d  i n  S e c t i o n  4 . 2  

w i l l  b e  used t o  compile a l l  e l i g i b l e  a c c i d e n t s  i n t o  t h e  

PSU a c c i d e n t  frame and t o  s e l e c t  c e r t a i n  a c c i d e n t s  f o r  

t h e  a c c i d e n t  i n v e s t i g a t i o n  sample. 

A second secondary  g e l e c t i o n  approach would i n v o l v e  

n o t  a permanent subsampling of p o l i c e  agenc ies  and c i t y  

p r e c i n c t s  b u t  i n s t e a d  would i n v o l v e  r o t a t i n g  among a l l  

t h e  d i f f e r e n t  p o l i c e  agenc ies  i n  t h e  PSU on d i f f e r e n t  

days of t h e  y e a r .  For  example, i f  it was dec ided  t h a t  

on ly  one-four th  of  a PSU's e l i g i b l e  a c c i d e n t s  shou ld  b e  

inc luded  i n  t h e  a c c i d e n t  frame,  then  each PSU p o l i c e  

agency would b e  randomly a s s i g n e d  a  p a r t i c u l a r  9 1  o r  9 2  

days a  y e a r ,  and only  a c c i d e n t s  which took p l a c e  on t h e s e  

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

a c c i d e n t  frame fr&m t h a t  agency. I n  de te rmin ing  t h e  

d a t e s  f o r  each agency it would probably  b e  d e s i r a b l e  t o  

i n t r o d u c e  a  s t r a t i f i c a t i o n  procedure  f o r  both months 

and days of the week. This  second approach would reduce  



the number of a c c i d e n t s  which would have t o  b e  compiled 

i n t o  t h e  a c c i d e n t  frame, and it would reduce  t h e  f r e -  

quency of v i s i t s  t o  each of t h e  p o l i c e  agencies  i n  t h e  

PSU. However, it s t i l l  would n o t  avoid  t h e  n e c e s s i t y  of 

s i f t i n g  through a l l  of t h e  a c c i d e n t  r ecords  i n  each 

p o l i c e  agency, u n l e s s  t h e  agency happens t o  adhere 

r i g i d l y  t o  a  procedure of f i l i n g  a c c i d e n t s  by d a t e  o f  

occurrence .  I f  t h i s  were n o t  t h e  agency procedure ,  a l l  

of t h e  a c c i d e n t  r ecords  would have t o  be sc reened  f o r  t h e  

p o s s i b i l i t y  of  a  l a t e - f i l e d  r e p o r t  cover ing  an a c c i d e n t  

on a des igna ted  d a t e  b u t  n o t  f i l e d  wi th  t h e  o t h e r  a c c i -  

d e n t  r ecords  f o r  t h a t  d a t e .  S t i l l  t h i s  procedure of 

s c r e e n i n g  a l l  a c c i d e n t  r ecords  i n  r e l a t i o n  t o  d a t e  .of 

occurrence  would be  much l e s s  time-consuming than  would 

b e  read ing  a l l  r ecords  t o  s e e  i f  an a c c i d e n t  i s  an 

e l i g i b l e  type  and then e n t e r i n g  a l l  e l i b i b l e  a c c i d e n t s  

i n t o  t h e  a c c i d e n t  frame. 

The t h i r d  secondary s e l e c t i o n  approach i s  s i m i l a r  

t o  t h e  second. Rather  than  us ing  d a t e s ,  some o t h e r  

v a r i a b l e  would be  used f o r  randomly s e l e c t i n g  among a l l  

t h e  a c c i d e n t  r ecords  i n  every p o l i c y  agency i n  t h e  PSU. 

I f  t h e  p o l i c e  agency a s s i g n s  an a c c i d e n t  r e p o r t  f i l i n g  

number a s  t h e  r e p o r t s  a r e  f i l e d ,  t h i s  would be a  most 

l o g i c a l  b a s i s  f o r  choosing a  c e r t a i n  f r a c t i o n  of t h e  

a c c i d e n t  r e p o r t s  ( e . g . ,  u s ing  a l l  r ecords  whose f i l i n g  

numbers end i n  1, 7 ,  o r  9 f o r  a  3 0 %  sample ) .  A pre- 

s c r i b e d  procedure u t i l i z i n g  a number on t h e  form would 

b e  p r e f e r a b l e  t o  having a  team member count  r e c o r d  forms 

and s e l e c t  c e r t a i n  ones a t  a des igna ted  sampling r a t e  

(every  t h i r d ,  o r  f i f t h ,  e t c . ) .  I n  a  l a r g e  c i t y ,  i f  t h e  

a c c i d e n t  forms arer  a s s igned  a  s e q u e n t i a l  f i l i n g  number 

and a r e  r e a l l y  f i l e d  i n  o r d e r ,  it might b e  p o s s i b l e  t o  

use t h e  t e n s  d i g i t  o r  even the hundreds d i g i t  t o  s e l e c t  



groups of  r ecords  f o r  s c r e e n i n g  whi le  d i s r e g a r d i n g  l a r g e  

s e c t i o n s  o f  t h e  a c c i d e n t  f i l e s .  

The second and t h i r d  approaches have t h e  s t a t i s t i -  

c a l  advantage of approximating a s imple  random sample of  

t h e  a c c i d e n t  r ecords  i n  a l l  of t h e  p o l i c e  agenc ies  of  t h e  

PSU. They have t h e  d isadvantage  t h a t  they  s t i l l  invo lve  

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

agencies  i n  t h e  PSU. I n  Los Angeles County w i t h  perhaps 

300,000 a c c i d e n t s  recorded p e r  y e a r  by 78 c i t y  p o l i c e  

agenc ies ,  by t h e  Los Angeles County S h e r i f f ' s  Depart- 

ment, and by the v a r i o u s  C a l i f o r n i a  Highway P a t r o l  p o s t s  

i n  t h e  a r e a ,  it i s  probably t o o  much t o  use  t h e  a c c i d e n t  

f i l e s  of a l l  t h e  p o l i c e  agenc ies  i n  t h e  county.  Perhaps 

some combination of approaches,  i n v o l v i n g  t h e  r e d u c t i o n  

i n  t h e  number of u t i l i z e d  p o l i c e  agency f i l e s '  by means 

of  t h e  f i r s t  approach and then t a k i n g  a random sample 

of t h e s e  f i l e s  by means of t h e  second o r  t h i r d  approaches ,  

would b e  t h e  b e s t  secondary s e l e c t i o n  method i n  t h e  

l a r g e s t  PSUs such a s  Los Angeles County and Cook County 

(Chicago).  Of course  it is  n o t  necessa ry  t h a t  t h e  same ' 

secondary s e l e c t i o n  process  be  used i n  each of t h e  l a r g e  

PSUs, b u t  t h e  process  used can b e  t a i l o r e d  t o  b e s t  s u i t  

each l o c a l  s i t u a t i o n .  I t  i s  planned t h a t  d i f f e r e n t  

approaches t o  secondary s e l e c t i o n  be t r i e d  o u t  d u r i n g  

the p i l o t  phase,  s o  t h a t  more d e f i n i t i v e  recommendations 

can be  made b e f o r e  t h e  f u l l  sample des ign  i s  implemented. 

4 .4  Weighting Procedures and the C a l c u l a t i o n  of  ~ s t i m a t e s  
and The i r  Sampling E r r o r s  

There a r e  two types  of we igh t ing  f a c t o r s  which must 

be  used w i t h  each a c c i d e n t  c a s e  i n  t h e  a n a l y s i s  of  t h e  

a c c i d e n t  sample d a t a .  The f i r s t  i s  d e r i v e d  from t h e  

sampling r a t e  f o r  t h e  s e l e c t i o n  of t h e  p a r t i c u l a r  PSU. 
- .  



The second i s  d e r i v e d  from t h e  sampling r a t e  used t o  

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

The p r o b a b i l i t y  of s e l e c t i o n  of each PSU i s  t h e  

r a t i o  of t h e  PSU1s popu la t ion  t o  t h e  average popu la t ion  

of t h e  non-se l f - represen t ing  s t r a t a  (5,896,347 i n  t h e  

sugges ted  p l a n  of 32 non-se l f - represen t ing  PSUs) . The 

i n v e r s e  of t h i s  p r o b a b i l i t y  of  s e l e c t i o n  of each PSU 

should  be used t o  we igh t  each d a t a  c a s e  from t h a t  PSU 

when it is  e n t e r e d  i n t o  t h e  n a t i o n a l  sample. Thus i n  

t h e  sugges ted  p l a n  t h e  popu la t ion  we igh t ing  f a c t o r  f o r  

c a s e s  i n  a  PSU of 1,000,000 people would b e  5,896 ( t h e  

i n v e r s e  of t h e  1,000,000/5,896,347 p r o b a b i l i t y  o f  

s e l e c t i o n ) ,  and t h e  popu la t ion  we igh t ing  f a c t o r  f o r  

c a s e s  i n  a PSU of 100,000 would b e  58.96 ( t h e  i n v e r s e  

of t h e  100,000/5,896,347 p r o b a b i l i t y  of s e l e c t i o n  f o r  

t h a t  PSU). I n  l a r g e  PSUs us ing  secondary s e l e c t i o n  pro- 

cedures ,  t h i s  popu la t ion  we igh t ing  f a c t o r  would b e  in -  

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

s e l e c t i o n  sampling weight .  

t h e  i n v e r s e  

For example, 

t h e  secondary 

only  h a l f  

of  t h e  a c c i d e n t s  were s e l e c t e d  f o r  s c r e e n i n g  i n  a PSU 

of  1,000,000 p o p u l a t i o n ,  then  t h e  popu la t ion  we igh t ing  

f a c t o r  would be 2 x  5.896 = 11.79. Popula t ion  weights  

i n  s e l f - r e p r e s e n t i n g  PSUs would s i m i l a r l y  be  based on 

t h e  r a t i o  between t h e  average popu la t ion  of t??e  non- 

s e l f - r e p r e s e n t i n g  s t r a t a  and t h e  PSU popu la t ion .  

The second we igh t ing  fac to ' r  would be  t h e  i n v e r s e  

of  t h e  p a r t i c u l a r  sampling f r a c t i o n  used t o  s e l e c t  an 

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

of a  p a r t i c u l a r  s u b c l a s s  of  a c c i d e n t s .  For example, i f ,  

i n  a  p a r t i c u l a r  PSU, 50% of t h e  e l i g i b l e  la te-model ,  

h o s p i t a l i z e d - v i c t i m  a c c i d e n t s  were chosen f o r  t h e  a c c i -  

d e n t  sample, then  each such i n v e s t i g a t e d  c a s e  would be  

weighted by a f a c t o r  of two. I f  2 0 %  of the p e d e s t r i a n  



a c c i d e n t s  were inc luded  i n  t h e  a c c i d e n t  sample,  each 

such case  would be  weighted by a f a c t o r  of f i v e .  

Thus t h e  popu la t ion  we igh t ing  f a c t o r  would b e  

i d e n t i c a l  f o r  every  c a s e  i n  t h e  a c c i d e n t  sample from a  

g iven  PSU, w h i l e  t h e  case  s e l e c t i o n  we igh t ing  f a c t o r  

would be  i d e n t i c a l  f o r  each c a s e  i n  a  g iven s u b c l a s s  of 

sampled a c c i d e n t s  i n  a g iven PSU. Both we igh t ing  

f a c t o r s  would be  known a t  t h e  time of t h e  c a s e  s e l e c t i o n  

and would be  inc luded  a s  p a r t  of  t h e  c a s e  d a t a  r e c o r d  

from t h e  beginning.  For use  i n  a n a l y s i s  programs t h e  

two f a c t o r s  would be  m u l t i p l i e d  t o  form a  s i n g l e  Sam- 

p l i n g  weight  v a r i a b l e ,  and t o  p rov ide  more manageable 

weighted f requenc ies  it would probably b e  d e s i r a b l e  t o  

d i v i d e  t h i s  v a r i a b l e  by some l a r g e  c o n s t a n t  ( say  100 

o r  2 0 0 ) .  A l l  of t h e  r e l e v a n t  a n a l y s i s  programs can 

make use of decimal  weights  j u s t  a s  w e l l  a s  i n t e g e r  

we igh t s .  The popu la t ion  we igh t ing  f a c t o r  should  b e  used 

i n  t h e  a n a l y s i s  of  d a t a  i n  t h e  n a t i o n a l  a c c i d e n t  frame 

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

sample. 

Both t h e  n a t i o n a l  a c c i d e n t  frame and t h e  n a t i o n a l  

a c c i d e n t  sample w i l l  b e  analyzed by computer programs t o  

produce v a r i o u s  n a t i o n a l  and r e g i o n a l  e s t i m a t e s  of  t o t a l  

f r e q u e n c i e s ,  means, p r o p o r t i o n s ,  r a t i o s ,  e t c .  For  

c a l c u l a t i n g  t h e  v a r i a n c e  and sampling e r r o r  of t h e s e  

va r ious  e s t i m a t e s ,  The U n i v e r s i t y  of Michigan I n s t i t u t e  

f o r  S o c i a l  Research has  a  se t  of computer programs 

developed by L e s l i e  Kish,  Mar t in  F ranke l ,  and Neal Van 

Eck.* These programs were w r i t t e n  t o  c a l c u l a t e  v a r i a n c e s ,  

sampling e r r o r s ,  and des ign  e f f e c t s  f o r  n a t i o n a l  samples 

of t h e  type  sugges ted  i n  t h i s  r e p o r t .  The most u s e f u l  

>SEPP: Sampling E r r o r  Program Package, Ann Arbor: 
I n s t i t u t e  f o r  S o c i a l  Research,  no d a t e  ( abou t  1 9 7 1 )  . 



program i n  t h e  package i s  PSALMS ( p a i r e d  s e l e c t i o n  

Algori thm f o r  M u l t i p l e  S u b c l a s s e s ) .  I t  computes Sam- 

p l i n g  e r r o r s  u s i n g  a method based  on t h e  Tay lo r  

approximat ion  f o r  s imp le  r a t i o s  and f o r  l i n e a r  com- 

b i n a t i o n s  o f  r a t i o s  ( f o r  example,  d i f f e r e n c e s  of  means 

o r  p r o p o r t i o n s  between two s u b c l a s s e s ) .  The BRRP pro- 

gram (Balanced Repeated R e p l i c a t i o n  Package) u ses  t h e  

method of  ba l anced  r e p e a t e d  r e p l i c a t i o n s ,  and it can 

a l s o  compute sampling e r r o r s  f o r  v a r i o u s  t y p e s  o f  

c o r r e l a t i o n  and r e g r e s s i o n  c o e f f i c i e n t s .  Both programs 

a r e  p repa red  t o  r e c e i v e  d a t a  c o n t a i n i n g  a  we igh t  v a r i -  

a b l e ,  a l t hough  t h e r e  w i l l  always b e  some q u e s t i o n  abou t  

the i n t e r p r e t a t i o n  of sampl ing  e r r o r s  of c o r r e l a t i o n  

and r e g r e s s i o n  c o e f f i c i e n t s  when u s i n g  weighted  d a t a .  

Both programs a r e  based  on a  model u t i l i z i n g  con- 

p a r i s o n s  between and among p a i r s  o f  s i m i l a r  PSUs, al-  

though t h e s e  can e i t h e r  be  a d i s t i n c t  s e t  of  p a i r s  o r  

an o r d e r e d  s e t  o f  PSUs i n  which t h e  f i r s t  i s  p a i r e d  

w i t h  t h e  second ,  the second i s  p a i r e d  w i t h  t h e  t h i r d ,  

e t c .  The program a l s o  p e r m i t s  t h e  i n p u t  d a t a  t o  come , 

from a  combinat ion o f  t h e s e  two . t ypes  o f  p a i r i n g s .  The 

i n t r o d u c t o r y  t e x t  f o r  t h e  SEPP programs and t h e  sampl ing  

e r r o r  formulas  used by PSALMS a r e  i n c l u d e d  i n  Appendix 

I t  would be  d e s i r a b l e  i n  t h e  p r o j e c t i o n  o f  n a t i o n a l  

e s t i m a t e s  of  t o t a l  f r e q u e n c i e s  from t h e  a c c i d e n t  sample 

o r  frame t o  b e  a b l e  t o  compare some of t h e  r e s u l t s  w i t h  

known pa rame te r s .  One example of  such an independen t ly  

a v a i l a b l e  n a t i o n a l  pa rame te r  which h a s  h i g h  r e l i a b i l i t y  

i s  t h e  number of f a t a l  a c c i d e n t s  i n  t h e  n a t i o n .  The 

NASS e s t i m a t e  of t h e  t o t a l  number of  f a t a l  a c c i d e n t s  f o r  

a c e r t a i n  p e r i o d  cou ld  b e  compared w i t h  t h e  known 

n a t i o n a l  number of f a t a l  a c c i d e n t s  ( e x c l q d i n g  Alaska and - .  
Hawaii)  i n  o r d e r  t o  judge t h e  deg ree  of  r e p r e s e n t a t i v e n e s s  



of t h e  d a t a  i n  t h e  n a t i o n a l  a c c i d e n t  frame and sample, 

I f  t h e r e  were a  s i g n i f i c a n t  d i f f e r e n c e  among t h e  two 

f i g u r e s ,  the r a t i o  of this d i f f e r e n c e  could  be used 

f o r  a d j u s t i n g  a l l  of t h e  n a t i o n a l  e s t i m a t e s  of t o t a l  

f r e q u e n c i e s  which a r e  based on t h e  n a t i o n a l  a c c i d e n t  

frame o r  sample. 
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5. CONSTRUCTION OF THE NATIONAL SAMPLE 

To c o n s t r u c t  a  n a t i o n a l  sample of PSUs i n  accordance 

w i t h  t h e  des ign  d i s c u s s e d  i n  S e c t i o n  4 . 1 ,  it was neces- 

t o  o b t a i n  t h r e e  of d a t a  about  each county i n  

the 4 8  cont iguous  s t a t e s .  These were i t s  p o p u l a t i o n ,  

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

whether  o r  n o t  it was p a r t  of an SMSA. The s o u r c e  used 

f o r  t h e  popu la t ion  d a t a  was General  Revenue Shar in3:  

I n i t i a l  Data Elements,  E n t i t l e m e n t  Pe r iod  S i x ,  p u b l i s h e d  

by t h e  O f f i c e  of Revenue Shar ing  of  t h e  Department of 

the Treasury i n  A p r i l ,  '1975. This  volume c o n t a i n s  popu- 

l a t i o n  e s t i m a t e s  a s  of  J u l y  1, 1973, f o r  eve ry  l o c a l  

governmental u n i t  i n  t h e  United S t a t e s - - c o u n t i e s ,  c i t i e s ,  

v i l l a g e s ,  towns, and townships.  The Census Bureau d i d  

n o t  complete i t s  p u b l i c a t i o n  of  p r o v i s i o n a l  1 9 7 4  es t i -  

mates of county popu la t ions  i n  time f o r  t h e i r  u t i -  

l i z a t i o n  i n  t h e  sample c o n s t r u c t i o n .  The source  of 

d a t a  on g a s o l i n e  s a l e s  was Table .6 i n  t h e  s e r i e s  of  s t a t e  

r e p o r t s  on t h e  1972 Census of  R e t a i l  Trade,  i s s u e d  by 

the Census Bureau i n  1973. The s o u r c e  of in fo rmat ion  

concerning SMSA composi t ion was F e d e r a l  In fo rmat ion  

Process ing  Standards  P u b l i c a t i o n  8-4, i s s u e d  June 30, 

1974. This  con ta ined  in fo rmat ion  d e f i n i n g  t h e  2 6 7  SMSAs 

which c o n t a i n  a lmost  

l a t i o n .  I t  shou ld  be 

s i d e r a b l e  expansion i 

geographic  boundar ies  

Census. 

t h r e e  q u a r t e r s  

noted  t h a t  t h e  

n  the number of 

of  many SMSAs 

of t h e  U.S. popu- 

r e  has  been a  con- 

SMSAs and i n  t h e  

s i n c e  t h e  1970 



5.1 C r e a t i o n  of  t h e  P o t e n t i a l  PSUs 

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

t h e  s e l e c t i o n  of  PSUs no s m a l l e r  than  50,000 i n  popu- 

l a t i o n ,  There fo re  a  l a b o r i o u s  p r o c e s s  had t o  b e  used 

t o  group s m a l l e r  c o u n t i e s  t o g e t h e r  i n t o  minimum-sized 

p o t e n t i a l  PSUs, This  invo lved  xe rox ing  o u t l i n e  maps o f  

each s t a t e ;  marking o f f  t h e  c o u n t i e s  i n  each SMSA i n  

each s t a t e ;  e n t e r i n g  t h e  1970 p o p u l a t i o n  f i g u r e  t o  t h e  

n e a r e s t  thousand i n  each county on each map; and t h e n  

t r y i n g  t o  p u t  t h e  s m a l l e r  c o u n t i e s  t o g e t h e r  i n  a s  compact 

and n a t u r a l  groups a s  p o s s i b l e .  To t r y  t o  make t h e s e  

groupings n a t u r a l  ones based  on normal d i s t r i b u t i o n  

c e n t e r s ,  s t a t e  road maps and t h e  Rand McNally map of 

b a s i c  t r a d i n g  a r e a s  were c o n s u l t e d .  However, it was 

o f t e n  d i f f i c u l t  t o  use  n a t u r a l  t r a d i n g  a r e a s ,  because  

most s m a l l  d i s t r i b u t i o n  c e n t e r s  t e n d  t o  s e r v e  mainly 

t h e  county i n  which they  a r e  l o c a t e d ,  w h i l e  l a r g e r  d i s -  

t r i b u t i o n  c e n t e r s  t end  t o  be  l o c a t e d  i n  c o u n t i e s  l a r g e  

enough t o  s e r v e  a s  a  p o t e n t i a l  PSU w i t h o u t  grouping.  

I n  grouping t h e  PSUs t h e  f o u r  r e g i o n a l  d i v i s i o n s  

were adhered t o  comple te ly ,  and Lhere was on ly  one 

p o t e n t i a l  PSU which was c o n s t r u c t e d  a c r o s s  s t a t e  l i n e s .  

Three s m a l l  ( i n  p o p u l a t i o n )  C a l i f o r n i a  c o u n t i e s  l o c a t e d  

on t h e  e a s t e r n  s l o p e s  of  t h e  S i e r r a  Mountains were 

jo ined w i t h  seven c o u n t i e s  i n  w e s t e r n  Nevada, because  

they a r e  much more a c c e s s i b l e  from Nevada d u r i n g  much 

o f  t h e  y e a r .  The main r a t i o n a l e  f o r  n o t  c r o s s i n g  s t a t e  

boundar ies  i n  t h e  PSU groupings was t o  avo id  hav ing  t o  

invo lve  more than  one s t a t e  p o l i c e  f o r c e  o r  highway 

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

However, f o r  t h e  r u r a l - u r b a n  s t r a t i f i c a t i o n  f a c t o r  

it was n o t  p o s s i b l e  t o  fo l low t h e  boundar ies  o f  t h e  t h r e e  

ru ra l -u rban  s t r a t a  s o  s t r i c t l y  . I n  36 o f .  t h e  SMSAs . t h e r e  



were SMSA suburban c o u n t i e s  t o o  s m a l l  t o  s e r v e  a s  PSUs 

by themselves and y e t  t h e r e  were no o t h e r  nearby 

suburban SMSA coun t i e s  t o  group them w i t h .  So t h e s e  

were grouped w i t h  t h e i r  c e n t r a l  county,  and t h e s e  groups 

were a l l  c l a s s i f i e d  i n  t h e  SMSA c e n t r a l  county s t r a t u m ,  

making t h i s  s t t a t u m  s l i g h t l y  l a r g e r  i n  t o t a l  p o p u l a t i o n  

than i t  shou ld  be. There were a l s o  two c a s e s  i n  which 

geographic  l o g i c  n e c e s s i t a t e d  t h e  combination of some 

s m a l l  non-SMSA coun t i es  wi th  a c e n t r a l  SMSA county. 

There were a l s o  1 4  c a s e s  i n  which non-SMSA c o u n t i e s  were 

combined wi th  SMSA suburban c o u n t i e s .  These were p r i -  

mar i ly  s i t u a t i o n s  i n  which a s m a l l  suburban SMSA county 

was l o c a t e d  a c r o s s  a s t a t e  boundary from t h e  main p a r t s  

of t h e  SMSA and t h e r e  were no o t h e r  nearby suburban 

SMSA c o u n t i e s  t o  combine it wi th .  These county groups 

were ass igned  t o  whichever s t r a t u m  was a p p r o p r i a t e  f o r  

t h e  major i ty  of t h e  group popu la t ion .  

I n  de termining a p p r o p r i a t e  ru ra l -u rban  s t r a t a  

ass ignments ,  t h e  procedure used w i t h  double-named o r  

t r iple-named SMSA's should  be  mentioned. I f  named 

c e n t r a l  c i t i e s  were i n  d i f f e r e n t  c o u n t i e s  and each 

c e n t r a l  c i t y  was l a r g e r  than  50,000 i n  p o p u l a t i o n ,  then  

each county was cons idered  an SMSA c e n t r a l  county. 

However, i f  t h e  named c i t y  of a second county was l e s s  

than  50,000 i n  p o p u l a t i o n ,  t h a t  county was cons ide red  

a suburban SMSA county. For example, bo th  Mahoning and 

Trumbull Counties  were cons ide red  c e n t r a l  c o u n t i e s  i n  

the Youngstown-Warren SMSA (Ohio) ; b u t  G r e e n v i l l e  County 

was cons idered  a c e n t r a l  county w h i l e  Spar tanburg  County 

was cons idered  a suburban county i n  the Greenv i l l e -  

Spar tanburg  SMSA (South Caro l ina )  . 
Determining c e n t r a l  county and suburban county 

assignments  i n  t h e  New England s t a t e s  was e s p e c i a l l y .  

compl ica ted ,  because i n  t h e s e  s t a t e s  SMSAs a r e  d e f i n e d  



by c i t ies  and towns r a t h e r  than  by whole c o u n t i e s .  Only 

i n  f o u r  l a r g e  SMSAs were s e p a r a t e  c e n t r a l  county and 

suburban p o t e n t i a l  PSUs e s t a b l i s h e d :  Boston,  H a r t f o r d ,  

S p r i n g f i e l d ,  and Providence.  I n  t h e s e  SMSAs, l a r g e  

p a r t s  of t h e  SMSA i n  d i f f e r e n t  c o u n t i e s  from t h e  c e n t r a l  

c i t y  were c o n s i d e r e d  a s  suburban SMSA c o u n t i e s .  A l l  

o t h e r  SMSAs were t r e a t e d  a s  s i n g l e  c e n t r a l  county 

p o t e n t i a l  PSUS . 
A f t e r  the p o t e n t i a l  PSUs were d e f i n e d  geographi-  

c a l l y ,  t h e  components of  each p o t e n t i a l  PSU were l i s t e d  

on s e p a r a t e  forms. S i n c e  n e i t h e r  t h e  1973 p o p u l a t i o n s  

n o r  the 1972 r e t a i l  t r a d e  d a t a  were y e t  a v a i l a b l e  on 

computer t a p e s  from t h e  Census Bureau, it was n e c e s s a r y  

t o  look up t h e s e  d a t a  i n  t h e  documents mentioned e a r l i e r ,  

t o  r e c o r d  t h e  two f i g u r e s  f o r  each component of  a 

p o t e n t i a l  PSU, and t h e n  t o  sun? t h e  two s e t s  of f i g u r e s  

on a c a l c u l a t o r .  There were no s p e c i a l  d i f f i c u l t i e s  

w i t h  t h i s  c l e r i c a l  p r o c e s s  f o r  t h e  p o p u l a t i o n  d a t a .  How- 

e v e r ,  f o r  a  number of s m a l l  c o u n t i e s  t h e  gas s a l e s  d a t a  

were n o t  p u b l i s h e d  f o r  r easons  of  c o n f i d e n t i a l i t y ,  a l -  

though t h e  numbers of  g a s o l i n e  s e r v i c e  s t a t i o n s  i n  

t h e s e  c o u n t i e s  were pub l i shed .  There fo re  an e s t i E a t e  of  

g a s o l i n e  s a l e s  f o r  such a county was made by m u l t i p l y i n g  

t h e  s t a t e  average  gas s a l e s  p e r  s e r v i c e  s t a t i o n  by t h e  

number of  s e r v i c e  s t a t i o n s  i n  t h a t  county.  This  problem 

was even g r e a t e r  i n  New England, where d a t a  were n o t  

p u b l i s h e d  f o r  a  l a r g e  number of t h e  s m a l l e r  c i t i e s  and 

towns. Here t h e  b a s i c  procedure  used was t o  p r o r a t e  t h e  

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

of  t h e  county" among t h e  remaining county u n i t s  i n  pro- 

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

A f t e r  t h e  i n p u t  d a t a  were t o t a l e d  f o r  each p o t e n t i a l  

PSU, t h e  forms were keypunched o n t o  one IBM c a r d  p e r  PSU. 

Th i s  c a r d  c o n t a i n s  a  PSU i d e n t i f i c a t i o n  number, which 



i n c l u d e s  both a  r e g i o n  and a  ru ra l -u rban  code,  t h e  number 

of  c o u n t i e s  i n  the PSU, and the t o t a l  1972 r e t a i l  g a s o l i n e  

s a l e s  i n  t h e  PSU. A f t e r  b e i n g  keypunched t h e  d a t a  re- 

cords  were e n t e r e d  i n t o  a  computer f i l e ,  and each of  t h e  

v a r i a b l e s  was summed by s t a t e  i n  o r d e r  t o  check them 

a g a i n s t  t h e  .pub l i shed  s t a t e  t o t a l s .  This  p rocess  r e s u l t e d  

i n  d i s c o v e r i n g  s e v e r a l  s m a l l  c l e r i c a l  e r r o r s ,  which were 

then  c o r r e c t e d .  

5.2 S e l e c t i o n  of t h e  Na t iona l  Sample of PSUs 

The f i r s t  s t e p  i n  u s i n g  t h e  d a t a  r ecords  f o r  t h e  

1 , 2 4 1  p o t e n t i a l  PSUs i n  o r d e r  t o  s e l e c t  a  n a t i o n a l  sample 

involved t h e  c r e a t i o n  of a new v a r i a b l e - - t h e  p e r  c a p i t a  

gas sales--by d i v i d i n g  t h e  t o t a l  gas s a l e s  by t h e  popu- 

l a t i o n .  P e r c e n t i l e  d i s t r i b u t i o n s  were then ob ta ined  on 

t h i s  v a r i a b l e  i n  o r d e r  t o  dec ide  what s t r a t a  c a t e g o r i e s  

t o  e s t a b l i s h .  S ince  most of t h e  a r e a s  which a r e  h igh  i n  

p e r  c a p i t a  gas s a l e s  tend t o  b e  r a t h e r  low i n  p o p u l a t i o n ,  

i t  was decided t o  use t h e  20th ,  4 0 t h ,  and 60th percen- 

t i l e s  as  cu t -o f f  p o i n t s  i n  e s t a b l i s h i n g  f o u r  gas s a l e s  

c a t e g o r i e s  ( low, moderate,  ave rage ,  and h i g h )  , The t h r e e  

cu t -o f f  va lues  f o r  t h e s e  f o u r  c a t e g o r i e s  a r e  $138, $158, 

and $178 p e r  c a p i t a  gas s t a t i o n  s a l e s .  The f u l l  range 

of va lues  runs  from $62 p e r  c a p i t a  i n  New York C i t y  t o  

$553 p e r  c a p i t a  i n  seven Nevada c o u n t i e s .  

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

was then p o s s i b l e  t o  group t h e  p o t e n t i a l  PSUs i n t o  t h e i r  

a p p r o p r i a t e  c o n t r o l l e d - s e l e c t i o n  c e l l s  and t o  have t h e  

computer c a l c u l a t e  t h e  p o p u l a t i o n  t o t a l s  f o r  each c e l l .  

Before beginning t h e  c o n t r o l l e d - s e l e c t i o n  p rocess  it was 

dec ided  t h a t  t h e  t h r e e  l a r g e s t  p o t e n t i a l  PSUs, New York 

C i t y ,  Los Angeles County, and Cook County, should  be 

s e l e c t e d  w i t h  c e r t a i n t y ,  a s  s e l f - r e p r e s e n t i n g  PSUs. ~ h e s e  

popu la t ions  were then  taken o u t  of t h e i r  a s s igned  s t r a t a ,  



l e a v i n g  1 ,238  p o t e n t i a l  PSUs w i t h  a  t o t a l  p o p u l a t i o n  o f  

188,683,119 a l l o c a t e d  among 48 c o n t r o l l e d - s e l e c t i o n  

cel ls ,  I t  was a l s o  d e c i d e d  t h a t  i n  t h e  recommended 

s e l e c t i o n  p r o c e s s  p r e s e n t e d  h e r e  t h e r e  would b e  32 non- 

s e l f - r e p r e s e n t i n g  PSU s e l e c t i o n s ,  w i t h  e x a c t l y  e i g h t  

from each  o f  t h e  ' four  r e g i o n s .  An a d j u s t m e n t  was made 

i n  the boundary between t h e  N o r t h e a s t  r e g i o n  and t h e  

South  r e g i o n  by moving Delaware,  Maryland, and Washington 

i n t o  t h e  N o r t h e a s t ,  Th i s  change l e f t  25.06% of  t h e  non- 

s e l f - r e p r e s e n t i n g  PSU p o p u l a t i o n  i n  t h e  N o r t h e a s t ,  24.87% 

i n  t h e  Midwest, 24.51% i n  the South ,  and 25 .56% i n  t h e  

West ( d e f i n e d  a s  t h e  P a c i f i c  S t a t e s ,  t h e  Mountain S t a t e s ,  

and the s i x  G r e a t  P l a i n s  S t a t e s ,  i n c l u d i n g  Texas)  . . Thus,  

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

t o  p e r m i t  e x a c t l y  e i g h t  s e l e c t i o n s  from each  r e g i o n  

caused  l i t t l e  d e v i a t i o n  from t h e  non-cons t r a ined  prob- 

a b i l i t i e s .  The major  r e a s o n  f o r  t h i s  c o n s t r a i n t  was t o  

e n s u r e  t h a t  PSU p a i r i n g s  f o r  t h e  c a l c u l a t i o n  of  sampl ing  

e r r o r s  cou ld  be  c a r r i e d  o u t  s e p a r a t e l y  i n  each  r e g i o n .  

Tab le  5 . 1  p r e s e n t s  t h e  cons t r a i n e d  s e l e c t i o n  prob- 

a b i l i t i e s  f o r  each  of  t h e  48 s t r a t a  d e f i n e d  by t h e  

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

u r b a n - r u r a l  s t r a t a ,  and t h e  f o u r  g a s o l i n e  s a l e s  s t r a t a .  

The n e x t  s t e p  i n  t h e  s e l e c t i o n  p r o c e s s  i n v o l v e d  e n t e r i n g  

t h e s e  p r o b a b i l i t i e s  i n t o  a  s p e c i a l  c o n t r o l l e d - s e l e c t i o n  

computer program r e c e n t l y  deve loped  by Rober t  Groves and 

I r e n e  Hess o f  t h e  I n s t i t u t e  f o r  S o c i a l  Research Sampling 

S e c t i o n .  Th i s  program a s c e r t a i n s  a l l  o f  t h e  p o s s i b l e  

s e l e c t i o n  a l l o c a t i o n  p a t t e r n s  among t h e  48 s t r a t a  which 

are a p p r o p r i a t e  w i t h i n  t h e  c o n s t r a i n t s  o f  t h e  g iven  

m a r g i n a l s  f o r  eachr o f  t h e  f o u r  r e g i o n s .  I t  a l s o  a s s i g n s  

a p r o b a b i l i t y  w e i g h t  t o  each p a t t e r n  and cumula tes  t h e s e  

w e i g h t s  a s  each  new p a t t e r n  i s  p r e s e n t e d .  Thus a  random 

number t a b l e  can b e  used  t o  p i c k  a  number between one 





and t h e  cumulat ive weight  t o t a l  f o r  t h e  f i n a l  p a t t e r n ,  

and this number then determines  which s e l e c t i o n  p a t t e r n  

is  t o  be  u t i l i z e d .  The c o n t r o l l e d  s e l e c t i o n  p rocess  i s  

d e s c r i b e d  more f u l l y  i n  an a r t i c l e  by Roe Goodman and 

L e s l i e  Kish e n t i t l e d ,  "Cont ro l l ed  S e l e c t i o n  -- A 

Technique i n  P r o b a b i l i t y  Sampling, " J o u r n a l  of t h e  

American S t a t i s t i c a l  A s s o c i a t i o n ,  45: 350-372 (September,  

1 9 5 0 ) ,  and i n  Sec t ion  12.8 of Survey Sampling by L e s l i e  

Kish (New York: Wiley, 1965, pp.488-495). 

When t h e  p r o b a b i l i t y  d a t a  i n  Table 5 . 1  were i n p u t  

t o  t h e  Groves-Hess c o n t r o l l e d - s e l e c t i o n  program, 38 

p o s s i b l e  s e l e c t i o n  p a t t e r n s  were genera ted .  By random 

number s e l e c t i o n  t h e  f i f t e e n t h  p a t t e r n  happened t o  be  

chosen,  and t h e  s e l e c t i o n  a l l o c a t i o n s  of t h i s  p a t t e r n  

a r e  a l s o  shown i n  Table 5.1. 

I t  i s  a p p r o p r i a t e  t o  choose s i m i l a r  p a i r s  of t h e  

s e l e c t e d  c e l l s  f o r  use i n  t h e  sarnplin; e r r o r  programs 

p r i o r  t o  t h e  a c t u a l  s e l e c t i o n  of p a r t i c u l a r  PSUs.  The 

16 sugges ted  p a i r s  f o r  t h e  s e l e c t i o n  p a t t e r n  of Table 

5 . 1  a r e  shown i n  Table 5.2. I n  t h e  sampling e r r o r  

c a l c u l a t i o n s  t h e  PSUs chosen t o  r e p r e s e n t  t h e s e  c e l l s  

would be p a i r e d ,  and t h e  t h r e e  s e l f - r e p r e s e n t i n g  PSUs 

would be  t r e a t e d  a s  consecu t ive  p a i r s .  A random process  

of choosing one PSU from each of t h e s e  p a i r s  would be  a  

good method f o r  o b t a i n i n g  a  r e p r e s e n t a t i v e  n a t i o n a l  

sample of  16 PSUs t o  use  i n  t h e  second y e a r  of imple- 

menting t h e  sample p lan .  

I f  it i s  decided t h a t  e i t h e r  35 o r  6 7  PSUs a r e  

a p p r o p r i a t e  numbers t o  be e s t a b l i s h e d  i n  t h e  n a t i o n a l  

Continuous Sampling Subsystem, then  t h e  s e l e c t i o n  

a l l o c a t i o n  shown i f i  Table 5 . 1  shows which c e l l s  should  

have one o r  two s e l e c t i o n s .  The p o t e n t i a l  PSUs i n  each 

c e l l  a r e  l i s t e d  i n  Appendix D i n  o r d e r  by number of 

c o u n t i e s  and d e c r e a s i n g  popu la t ion  s i z e .  This  l i s t i n g  



TABLE 5 .2 .  SUGGESTED PAIRINGS OF CELL PSU 
SELECTIONS FOR THE CALCULATION OF 
SAMPLING ERRORS, USING THE SELECTION 
PATTERN OF TABLE 5 . 1 .  

N o r t h e a s t  

P a i r  1 - 2 PSUs f r o m  C e l l  11 
P a i r  2 - C e l l s  1 2  a n d  1 3  
P a i r  3 - C e l l s  2 1  a n d  22  
P a i r  4 - C e l l s  3 3  a n d  34 

M i d w e s t  

P a i r  1 - C e l l s  1 2  a n d  1 3  
P a i r  2 - C e l l s  1 4  a n d  24 
P a i r  3 - C e l l s  32 a n d  2 3  
P a i r  4 - 2 PSUs f r o m  C e l l  34  

S o u t h  

P a i r  1 - C e l l s  1 2  a n d  1 4  
P a i r  2 - 2 PSUs f r o m  C e l l  1 3  
P a i r  3 - 2 PSUs f r o m  C e l l  3 1  
P a i r  4 - C e l l s  32  a n d  24  

West - 
P a i r  1 - C e l l s  11 a n d  1 2  
P a i r  2 - 2 PSUs f r o m  C e l l  1 3  
P a i r  3 - C e l l s  1 4  and 24  
P a i r  4 - C e l l s  3 3  a n d  34 



i n c l u d e s  t h e  cumula t ive  popu la t ion  t o t a l s  f o r  each 

p o t e n t i a l  PSU w i t h i n  i t ' s  c e l l ,  s o  t h e  a c t u a l  s e l e c t i o n  

could  b e  qu ick ly  c a r r i e d  o u t  w i t h  a  t a b l e  of 8 - d i g i t  

random numbers by s e l e c t i n g  f o r  each c e l l  wi th  one 

s e l e c t i o n  a  random number between one and t h e  cumu- 

l a t i v e  t o t a l  f o r  t h e  c e l l  and then  s e e i n g  which 

p o t e n t i a l  PSU t h a t  number f a l l s  i n t o .  I n  t h e  f i v e  two- 

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

t h e  c e l l s  i n t o  two e q u a l  h a l f - c e l l s  and then  t o  choose 

s e p a r a t e  random numbers f o r  each h a l f - c e l l .  

I n  t h e  e v e n t  t h a t  6 4  non-se l f - represen t ing  PSUs 

a r e  t o  b e  s e l e c t e d ,  t h e  same procedure could  b e  fo l lowed 

by us ing  a  p a i r e d  s e l e c t i o n  t echn ique  i n  which a  number 

which i s  h a l f  of t h e  t o t a l  c e l l  popu la t ion  i s  added t o  

o r  s u b t r a c t e d  from t h e  s e l e c t e d  random number and then 

used t o  make a  second s e l e c t i o n  w i t h i n  t h e  c e l l .  This  

second s e l e c t i o n  i n  t h e  c e l l  could  a l s o  b e  used a s  a 

random s u b s t i t u t e  f o r  t h e  f i r s t  s e l e c t i o n  i n  t h e  sys tem 

of 32 non-se l f - represen t ing  PSYs,  i f  f o r  some reason  

t h e  f i r s t  s e l e c t e d  PSU proved u n s u i t a b l e .  However, i t  

i s  hoped t h a t  no such s u b s t i t u t i o n s  would be  necessa ry .  

I f  a n a t i o n a l  sample c o n t a i n i n g  a  d i f f e r e n t  number 

of PSUs were d e s i r e d ,  then  t h e  new c e l l  s e l e c t i o n  prob- 

a b i l i t i e s  f o r  t h a t  n u h e r  of s e l e c t i o n s  would have t o  

b e  e n t e r e d  i n t o  t h e  c o n t r o l l e d - s e l e c t i o n  program, and 

a  new p a t t e r n  of s e l e c t i o n  a l l o c a t i o n s  would be  chosen. 

I t  i s  expected  t h a t  t h e  des igna ted  system of PSUs 

w i l l  be  mainta ined f o r  s e v e r a l  y e a r s  w i t h o u t  change. 

The only va lue  i n  r o t a t i n g  PSU s e l e c t i o n s  i n  the s h o r t  

run  would be  t o  reduce t h e  v a r i a n c e  i n  d a t a  aggregated  

over  s e v e r a l  y e a r s ,  b u t  t h i s  p o s s i b l e  advantage seems 

t o  b e  h e a v i l y  outweighed by th;? disadvan tage  t h a t  corn- 

p a r i s o n  of year- to-year  t r e n d s  would be  l e s s  meaningful  

i f  t h e r e  were f r e q u e n t  changes i n  t h e  PSUs from which 



t h e  a c c i d e n t  d a t a  a r e  c o l l e c t e d .  And of course  t h e r e  a r e  

g r e a t  o p e r a t i o n a l  advantages t o  keeping f i e l d  i n v e s t i -  

g a t i o n  teams i n  t h e i r  e s t a b l i s h e d  l o c a l i t i e s  f o r  sub- 

s t a n t i a l  pe r iods  of t ime.  

Never the less  i t  i s  recognized t h a t  a t  some t i m e  

(perhaps  fol'lowing t h e  1980 Census) t h e r e  w i l l  be  enough 

changes i n  popu la t ion  d i s t r i b u t i o n s  t h a t  some changes 

i n  PSUs w i l l  be needed. I t  i s  a n t i c i p a t e d  t h a t  such 

changes w i l l  i nvo lve  a s  few movements of a c c i d e n t  i n -  

v e s t i g a t i o n  teams a s  p o s s i b l e ,  and t h a t  such movements 

would t a k e  p l a c e  i n  g radua l  phases .  A t echn ique  f o r  

a d j u s t i n g  t o  changes i n  popu la t ion  d i s t r i b u t i o n  w h i l e  

minimizing t h e  changes i n  s e l e c t e d  PSUs i s  d e s c r i b e d  i n  

S e c t i o n  12.7 of Survey Sampling by L e s l i e  Kish (New York: 

PJiley, 1965, pp.483-488). 





6 .  DATA SYSTEM DESIGN 

Four k inds  of  d a t a  a r e  t o  be c o l l e c t e d  under t h e  

NASS program. These a r e :  

(1) CSS - Continuous Sampling System 

S tandard  s e t  of in fo rmat ion .  

( 2 )  QRS - Quick React ion System 

S p e c i a l  s e t s  of in fo rmat ion  f o r  

s p e c i f i c  requi rements .  

( 3 )  Sampling Frame f o r  CSS and QRS 

S e t  of in fo rmat ion  f o r  sample 

s e l e c t i o n .  

( 4 )  MDAI - M u l t i d i s c i p l i n a r y  Accident  

I n v e s t i s a t i o n s  

In-depth s e t  of in fo rmat ion .  

Too f r e q u e n t l y  d a t a  system des igns  beg in  w i t h  t h e  

des ign  and implementation 0 f . a  f i e l d  d a t a  form. Only 

a f t e r  f i e l d  d a t a  c o l l e c t i o n  has  s t a r t e d  i s  computer- 

i z a t i o n  of t h e  d a t a  cons ide red .  A f t e r  t h e  f a c t ,  an 

a n a l y s t  i s  asked t o  i n t e r p r e t  t h e  c o l l e c t e d  d a t a .  The 

problems wi th  t h a t  approach a r e  obvious.  

The r e v e r s e  approach was used i n  d e s i g n i n g  t h e  NASS 

d a t a  system. The end products  o r  a n a l y s i s  r e s u l t s  de- 

s i r e d  were determined f i r s t ,  and then  t h e  des ign  proceeded 

backwards through each s t a g e  of t h e  d a t a  system, u l t i -  

mately t o  t h e  f i e l d  d a t a  form. The remainder  of t h i s  

s e c t i o n  d i s c u s s e s  the c o n s i d e r a t i o n s  g iven t o  what and 

how d a t a  shou ld  be c o l l e c t e d .  The subsequent  f o u r  

s e c t i o n s  d e s c r i b e  t h e  d a t a  sys tem i n  terms of F i e l d  Data 
I 

C o l l e c t i o n  (Sec t ion  7 )  , Data Center  Opera t ions  ( S e c t i o n  

8 )  , Sys tem Monitoring ( S e c t i o n  9 )  , and Data Analys is  and 

~ e p o r t i n g  ( S e c t i o n  1 0 )  . 



6 . 1  Continuous Sampling System - CSS 

The two major c o n s i d e r a t i o n s  i n  d e s i g n i n g  t h e  CSS 

d a t a  c o l l e c t i o n  sys t em concerned  what  t o  c o l l e c t  and 

how t o  c o l l e c t  it. Each w i l l  b e  d i s c u s s e d  i n  t u r n .  

6 .1 .1  What Data  t o  C o l l e c t  

The p r o c e s s  o f  d e c i d i n g  what  d a t a  e l emen t s  t o  co l -  

l ec t  began by compi l ing  a l i s t  of  p r i n c i p a l  q u e s t i o n s  

c u r r e n t l y  b e i n g  asked  ( l a r g e l y  by DOT s t a f f )  . T h i s  

compi l a t i on  p roces s  was commenced e a r l y  i n  t h e  p r o j e c t  

because  of  i t s  obvious i n t e r a c t i o n s  w i t h  t h e  sample 

d e s i g n  p r o c e s s .  

The proposed l i s t  of  CSS q u e s t i o n s  was c o n t i n u a l l y  

reviewed and updated  t o  e n s u r e  comprehensiveness  and 

r e l evancy .  A g e n e r a l  e s t i m a t e  of  the r e l a t i v e  impor- 

t a n c e  o r  p r i o r i t y  of  each  q u e s t i o n  was a l s o  made. The 

q u e s t i o n s  t a b u l a t e d  i n  Appendix E a r e  l i s t e d  i n  o r d e r  

of r e l a t i v e  impor tance  a s s i g n e d  s u b j e c t i v e l y  by pro- 

j e c t  p e r s o n n e l .  

Some r a r e  a c c i d e n t  e v e n t s  may b e  e a s y  and d e s i r -  

a b l e  t o  r e c o r d  and t a b u l a t e  (e .  g ,  , i n  jury d i s t r i b u t i o n  

of  s c h o o l  bus  occupan t s j  , b u t  t hey  o c c u r  s o  i n f r e q u e n t l y  

o v e r  a p e r i o d  of  s e v e r a l  y e a r s  t h a t  no a c c u r a t e  n a t i o n a l  

e s t i m a t e s  can b e  made w i t h i n  t h a t  t i m e  p e r i o d .  There- 

f o r e ,  a c o a r s e  e s t i m a t e  of t h e  p r e c i s i o n  l i k e l y  f o r  each  

answer was made, u s i n g  a s imp le  computa t ion  of  t h e  

p r e c i s i o n  w i t h  which a n a t i o n a l  e s t i m a t e  of  each  

q u a n t i t y  cou ld  b e  made w i t h  t h e  NASS sample s i z e  coupled  

w i t h  t h e  t i m e  p e r i o d  o v e r  which t h a t  p r e c i s i o n  a p p l i e s .  

This  was e s t i m a t e d  a t  a 9 5 %  conf idence  i n t e r v a l  and 

assumed a des ign  e f f e c t  ( i . e . ,  t h e  r a t i o  o f  t h e  t o t a l  

v a r i a n c e  t o  t h e  s i m p l e  random sample v a r i a n c e )  o f 2 . 2 5 .  
. . - .  



The n e x t  s t e p s  i n  d e c i d i n g  what d a t a  t o  c o l l e c t  i n -  

volved c o n s i d e r i n g  what computer d a t a  v a r i a b l e s  were 

r e q u i r e d  t o  answer each q u e s t i o n  and then  what f i e l d  

d a t a  elements  were r e q u i r e d .  Note t h a t  t h e  s e t  of 

computer v a r i a b l e s  and f i e l d  elements  i s  n o t  i d e n t i c a l ,  

because  t h e  computer i s  a b l e  t o  d e r i v e  necessa ry  v a r i -  

a b l e s  from f i e l d  d a t a .  These d e r i v a t i v e s  may b e  a s  

s imple  a s  d e r i v i n g  t h e  "day-of-the-week1' from t h e  f i e l d -  

r e p o r t e d  d a t a ,  o r  a s  i n t r i c a t e  a s  computing a  c r a s h  

s e v e r i t y  s c o r e  based upon a  r e g r e s s i o n  model of a  dozen 

f i e l d - r e p o r t e d  c r a s h  d a t a  e lements .  Wherever p o s s i b l e ,  

f i e l d  d a t a  e lements  were dropped where t h e  computer 

could  be  t a u g h t  t o  d e r i v e  t h e  r e q u i r e d  vari&ble.  

Cons ide ra t ion  was d s o  g iven t o  t h e  a b i l i t y  t o  col -  

l e c t  each d a t a  e lement  i n  t h e  f i e l d .  I f  a l l  of the 

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

d a t a  e lement  could  n o t  be  r e l i a b l y  c o l l e c t e d  i n  t h e  

f i e l d ,  t h e  e lement  was dropped from f u r t h e r  cons ide r -  

a t i o n ,  The a b i l i t y  t o  adequa-tely c o l l e c t  a  f i e l d  d a t a  

e lement  was decided on t h e  b a s i s  of f o u r  parameters  : 

c o r r e c t n e s s ,  cons i s t ency  , comple teness ,  and c o s t .  Thus, 

i f  a  f i e l d  element  could  n o t  be  measured a c c u r a t e l y  

(e .g . ,  t h e  d i s t a n c e  from t h e  s t e e r i n g  wheel hub t o  t h e  

r e a r  l i g h t )  , o r  c o n s i s t e n t l y  between PSU teams, o r  wi th-  

o u t  a  l o t  of miss ing  da , ta ,  o r  w i t h o u t  e x o r b i t a n t  c o s t  

i n  t ime (e .g .  , c a r  d isassembly)  , it was dropped. I n  

t h e  p r e s e n t  d e s i g n ,  f o r  example, one of t h e  i n i t i a l  

q u e s t i o n s  concerned d e t e r m i n a t i o n  of t h e  e x t e n t  of 

carbon monoxide involvement  i n  a c c i d e n t s .  I t  was judged 

t h a t  in fo rmat ion  r e l e v a n t  t o  t h i s  f a c t o r  could  n o t  be  

r e l i a b l y  ob ta ined  i n  t h e  Continuous Sampling System. 

Consequently,  t h e  c o l l e c t i o n  df any s p e c i f i c  "degree  of 

carbon monoxide poisoning"  d a t a  has  n o t  been planned. 



While a  top-down des ign  approach was used,  from 

a n a l y s i s  q u e s t i o n s  t o  f i e l d  d a t a  e l ements ,  i t  i s  c l e a r  

t h a t  t h e r e  a r e  s t r o n g  i n t e r a c t i o n s  of  a l l  l e v e l s  o f  t h e  

d a t a  system t h a t  a r e  p a r t  of i t s  des ign .  J u s t  a s  a  

f i e l d  i n v e s t i g a t o r  i s  u n l i k e l y  t o  know what t h e  

s t a t i s t i c i a n  r e q u i r e s ,  t h e  a n a l y s t  cannot  des ign  a  

f u n c t i o n a l  d a t a  system o u t s i d e  of t h e  o p e r a t i o n a l  en- 

vironment of f i e l d  a c c i d e n t  i n v e s t i g a t i o n s .  J u s t  a s  

the p r o t o t y p e  d a t a  system des igned h e r e  was an i n t e r -  

a c t i v e  p r o c e s s ,  an e x e r c i s e  of  t h e  p i l o t  des ign  w i l l  

b e  r e q u i r e d  i n  o r d e r  t o  a r r i v e  a t  a  completely 

f u n c t i o n a l  des ign .  

6 . 1 . 2  How t o  C o l l e c t  Data 

Data c o l l e c t i o n  f o r  t h e  CSS e lement  of NASS, a s  the 

name i m p l i e s ,  r e q u i r e s  a  con t inuous ,  u n i n t e r r u p t e d  

c o l l e c t i o n  of a c c i d e n t  d a t a  i n  conformance wi th  t h e  sam- 

p l i n g  p l a n .  The d a t a  c o l l e c t i o n  sys tem shou ld  have a l l  

of  t h e  obvious ly  d e s i r a b l e  f e a t u r e s  of e a s e  of u s e ,  r e -  

l i a b i l i t y ,  t i m e l i n e s s  (i. e .  , quickness )  , respons iveness ,  

adap t iveness  t o  changing needs.  The p r o t o t y p e  d e s i g n  

p r e s e n t e d  h e r e  e x e m p l i f i e s  what can be  done. S b s e -  

quen t  t r i a l  exper ience  w i l l  p rov ide  t h e  in fo rmat ion  

necessa ry  f o r  " f i n e  tun ing"  t h e  system. 

The des ign  approach taken t o  t h e  d a t a  c o l l e c t i o n  

was t o  (1) remove a s  many i n t e r m e d i a t e  s t e p s  a s  p r a c t i c a l ,  

and ( 2 )  remove a s  much "computer coding" burden from t h e  

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

i n  t h e  d e s i g n  and development of an i n t e r a c t i v e  computer 

t e r m i n a l  d a t a  e n t r y  program and a  modular f i e l d  d a t a  
r 

form wi th  s e m i s t r u c t u r e d  d a t a  elements  o r i e n t e d  towards 

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

The CSS f i e l d  form was des igned i n  a  modular format ,  

s o  t h a t ,  f o r  example, t h e  d a t a  c o l l e c t e d  from a  v e h i c l e  



i n s p e c t i o n  i s  recorded  on t h e  " v e h i c l e  module." Each 

d a t a  form i s  s e m i - s t r u c t u r e d  s o  t h a t  t h e  i n v e s t i g a t o r  

can r e c o r d  what  he  s e e s  w i t h o u t  having t o  worry s imul-  

t aneous ly  abou t  t h e  s p e c i f i c  encoding o f  computer 

v a r i a b l e s .  The f i e l d  form i s  a " s c r a t c h  pad" f o r  tak-  

i n g  n o t e s  abou t  s p e c i f i c  a s p e c t s  of  t h e  i n v e s t i g a t i o n .  

I t  i s  n o t  a  computer coding form. 

The completed form then s e r v e s  a s  t h e  i n v e s t i -  

g a t o r ' s  f i e l d  n o t e s  f o r  i n p u t t i n g  d a t a  i n t o  t h e  computer 

system. This  cou ld  b e  done from each PSU by the in -  

d i v i d u a l  i n v e s t i g a t o r s  o r  by forwarding t h e  hard-copy 

forms t o  a  c e n t r a l  f a c i l i t y  f o r  encoding by a c o r e  of 

d a t a  e d i t o r s .  A coding handbook complements t h e  f i e l d  

form by d e f i n i n g  t h e  a c c e p t a b l e  r e sponses  t o  each of 

t h e  d a t a  e lements .  Wherever p o s s i b l e ,  r e sponses  a r e  

s t a n d a r d i z e d  ( e .  g.  , Y ,  N, ? , N/A) o r  i n  n a t u r a l  

language ( e .  g .  , " f i r e " )  . Mnemonic responses  ( e .  g . ,  

'IF" f o r  " f i r e " )  a r e  a l s o  accep ted .  The r e s u l t i n g  f i e l d  

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

S e c t i o n  7 . 0 .  

Ent ry  of  f i e l d  d a t a  i n t o  computer f i l e s  i s  done 

d i r e c t l y  from l o c a l  t e r m i n a l s  a t  each PSU, u s i n g  com- 

p u t e r  query programs t h a t  p e r m i t  t h e  i n v e s t i g a t o r  t o  

e n t e r  t h e  d a t a  i n  an i n t e r a c t i v e  mode. Being i n t e r -  

a c t i v e ,  t h e  d a t a  e n t r y  program permi t s  t h e  i n v e s t i g a t o r  

t o  r e q u e s t  d e s c r i p t i o n s  of  p r o p e r  r e s p o n s e s ,  t o  propose  

new responses  where needed, t o  l i s t  and review c a s e s  a s  

they  a r e  e n t e r e d ,  and t o  e d i t  o r  c o r r e c t  p rev ious  e n t r i e s .  

On-line d a t a  checks a r e  a l s o  made and f e d  back t o  t h e  

i n v e s t i g a t o r .  

A s  d i s c u s s e d  e a r l i e r  i n  S e c t i o n  3 ,  e x p e r i e n c e  w i t h  

e a r l i e r  d a t a  c o l l e c t i o n  programs i n d i c a t e s  t h a t  t h e  more 

s t e p s  invo lved  (paper  h a n d l i n g ,  e t c . ) ,  t h e  l o n g e r  t h e  

d e l a y s .  These d e l a y s  have hampered t h e  a b i l i t y  t o  



per form follow-up i n v e s t i g a t i o n s  o r  t o  c o r r e c t  t h e  d a t a  

c o l l e c t i o n -  methodology. The d a t a  c o l l e c t i o n  p r o c e s s  h a s  

been completed ( o r  n e a r l y  completed)  b e f o r e  major  a r e a s  

of mi s s ing  d a t a  o r  i n c o n s i s t e n t  i n t e r p r e t a t i o n s  have 

been d i s cove red .  Bes ides  t h e  need f o r  t i m e l y  a n a l y t i c  

r e s u l t s ,  t h e r e  i s  a l s o  t h e  r equ i r emen t  f o r  d e t e c t i n g  

p o t e n t i a l  problems b e f o r e  t h e i r  s o l u t i o n  becomes 

economica l ly  very  c o s t l y .  The c e n t r a l  d a t a  c o l l e c t i o n  

program and t h e  d a t a  sys tem mon i to r ing  f u n c t i o n  a r e  

d e s c r i b e d  i n  S e c t i o n s  8 and 9 ,  r e s p e c t i v e l y .  

6 . 2  ~ u i c k - R e a c t i o n  Sys tem (QRS) Data  Sys t e m  

The QRS e lement  o f  NASS i s  i n t e n d e d  t o  b e  add re s sed  

t o  a  s i n g l e  s p e c i f i c  highway s a f e t y  problem t o p i c  a t  a  

t ime.  Such t o p i c s  may range  from t h e  e v a l u a t i o n  of  t h e  

performance of a  new v e h i c l e  s a f e t y  d e v i c e  b e i n g  i n t r o -  

duced i n t o  t h e  p o p u l a t i o n  ( f o r  example a  qu i ck  look a t  

f u e l  systems i n  pas senge r  c a r s  b u i l t  t o  t h e  new FMVSS 

#301) t o  t h e  d e t e r m i n a t i o n  of  i n j u r y  p a t t e r n s  a s s o c i a t e d  
, 

with a  d e f i n e d  ( s a y ,  a  s i d e  impac t )  t y p e  of  c r a s h .  The 

d a t a  f o r  a  g iven  QRS i n v e s t i g a t i o n  might  b e  a  supple -  

ment f o r  c a s e s  a l r e a d y  c o l l e c t e d  i n  t h e  CSS program, o r  

might  c o n s t i t u t e  a  s e p a r a t e  s e t  of  c a s e s  d u p l i c a t i n g  

some of t h e  d a t a  normal ly  a c q u i r e d  i n  t h e  CSS. I n  any 

c a s e ,  t h e  s p e c i f i c  d a t a  form f o r  c o l l e c t i o n  of i n f o r -  

mation under  t h e  QRS would be  des igned  f o r  t h a t  problem, 

d i s t r i b u t e d  t o  t h e  f i e l d  a g e n c i e s ,  and used  f o r  a  pre-  

s c r i b e d  p e r i o d  of  time. 

T ime l ines s  i s  a  c r i t i c a l  a s p e c t  o f  t h e  QRS, a s  t h e  

name i m p l i e s .  Consequent ly ,  t h e  i n t e r a c t i v e  d a t a  e n t r y  

procedure  has  been des igned  a s  a  g e n e r a l i z e d  program 

. t h a t  i s  independent  of t h e  s p e c i f i c  s e t  of  q u e s t i o n s  

asked .  Th i s  p e r m i t s  t h e  s y s  t e m  manager .to implement a  

new s e t  of QRS d a t a  e lements  w i t h i n  days of  t h e i r  



se lec t ion .  The f i e l d  inves t iga to r  uses the same data  

en t ry  protocol used i n  the CSS, The data  entry program 

i s  self-documenting, so  t h a t  the f i e l d  inves t iga to r  can 

i n t e r a c t i v e l y  refresh h i s  memory concerning any s p e c i f i c  

QRS data  element he i s  unsure o f .  

Because the,QRS operates i n  the environment of an 

ongoing CSS sample frame and s e t  of PSUs, and because 

the da ta  system i s  generalized f o r  responsiveness, the 

Quick Response System i s  designed t o  be j u s t  what i t s  

name implies. 

6 .3  Sampling Frame Data System 

The da ta  entry process developed fo r  the CSS and QRS 

i n  the previous sec t ions  i s  equally useful  fo r  enter ing 

the sample frame data .  The s p e c i f i c  data  e l e ~ . e n t s  a re  

those entered from the pol ice repor t  t h a t  a re  necessary 

f o r  the se lec t ion  of s p e c i f i c  cases within the sample 

frame, i . e . ,  accident i d e n t i f i c a t i o n  numbers and sample 

se lec t ion  data .  

I t  i s  ant ic ipa ted  t h a t  each PSU w i l l  maintain manual 

logs of candidate accidents i n  the sample frame and of 

cases sampled fo r  f i e l d  inves t iga t ion .  Basic accident 

i d e n t i f i c a t i o n  and sampling da ta  elements w i l l  a l s o  be 

entered v ia  the i n t e r a c t i v e  computer terminals.  This 

i s  done f o r  two reasons: (1) the frame f i l e  i s  useful  

i n  i t s e l f  f o r  analysis  and project ion of the na t ional  

accident population; and ( 2 )  by enter ing  the frame data  

and matching i t s  var iables  against  the case se lec t ion  

c r i t e r i a ,  the process of case se lec t ion  from the frame 

can be automated and/or monitored. 

The sampling ?data elements a re  of two types ; Sam- 

p le  c l a s s  o r  s t r a t a ,  and random element. These w i l l  be 

used as the c r i t e r i a  fo r  individual  case se lec t ion  w i t h -  

i n  the sample frame. The sample c l a s s  o r  s t r a t a  da ta  



elements  i n c l u d e  such i tems a s  t r a f f i c  u n i t  type  ( c a r ,  

t r u c k ,  e t c .  ) , v e h i c l e  model y e a r ,  h o s p i t a l i z a t i o n ,  and 

a c c i d e n t  type .  

C e r t a i n  s u b c l a s s e s / s t r a t a  w i l l  b e  sampled a t  a  

r a t e  of l e s s  than  1008. For example, a c c i d e n t s  i n  which 

no one was h o s p i t a l i z e d  might b e  sampled a t  t h e  r a t e  of 

20%. The random d a t a  elements  w i l l  be  used t o  s e l e c t  

c a s e s  w i t h i n  each s u b c l a s s  accord ing  t o  t h e  p r e s c r i b e d  

sampling f r a c t i o n  f o r  t h a t  s u b c l a s s .  These random d a t a  

e lements  may b e ,  f o r  example, predetermined d i g i t s  of  

c e r t a i n  p o l i c e  a c c i d e n t  r e p o r t  numbers which could  be  

expected  t o  vary from form t o  form i n  a  random f a s h i o n .  

Examples i n c l u d e  p o r t i o n s  of t h e  p o l i c e  a c c i d e n t  

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

V I N .  

The s e l e c t i o n  r u l e s  a r e  based s o l e l y  upon d a t a  

elements  e n t e r e d  i n t o  t h e  sample frame f i l e .  The d a t a  

e n t r y  program, i n  t u r n ,  uses  t h e s e  d a t a  e lements  t o  pro- 

v i d e  o r  conf i rm t h e  s e l e c t i o n  of  each c a s e ,  A s e l e c t i o n  

check r o u t i n e  has  been w r i t t e n  as  a s e p a r a t e  program 

module t h a t  i s  e a s i l y  modif ied i n m r e s p o n s e  t o  changes 

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

6 . 4  M u l t i d i s c i ~ l i n a r v  Accident  I n v e s t i u a t i o n  Data 

Sys tem ( M D A I S )  

The d a t a  system f o r  t h e  e x i s t i n g  MDAI case  s t u d i e s  

has  been us ing  an anno ta ted  and augmented v e r s i o n  of t h e  

Revision-3 C o l l i s i o n  Performance and I n j u r y  Report  ( C P I R )  

form. The o r i g i n a l  Revision-3 C P I R  was implemented i n  

1969, and has  been con t inuous ly  "patched"  s i n c e  t h a t  

t ime.  Consequently,  many i n e f f i c i e n c i e s  and redundancies  

have c r e p t  i n ,  
, 

The MDAI c a s e  s t u d i e s  shou ld  con t inue  t o  b e  auto-  

mated under t h e  NASS program, e i t h e r  i n  t h e  e x i s t i n g  



fo rma t  o r  i n  a newer and more f u n c t i o n a l  format .  S i n c e  

t h e  MDAI c a s e s  a r e  n o t  p a r t  of  t h e  p r o p e r  s t a t i s t i c a l  

sampl ing  p r o t o c o l  u sed  i n  NASS, the MDAI c a s e s  can be 

automated and a n a l y z e d  as a comple t e ly  s e p a r a t e  f u n c t i o n .  

The c u r r e n t  MDAI c a s e  au tomat ion  program i s  d e s c r i b e d  

e l sewhere .  * , 

* ~ u l t i d i s c i p l i n a r y  Acc iden t  I n v e s t i g a t i o n  Data F i l e ,  19 74 
F i n a l  Repor t ,  J. Marsh, Highway S a f e t y  Research ~ n s t i t u t e ,  
C o n t r a c t  No. DOT-HS-4-0089. March, 1975,  133 pages .  





7. FIELD DATA COLLECTION 

7 . 1  F i e l d  Data Sources 

The s e t  of CSS d a t a  elements  t o  be  c o l l e c t e d  dur ing  

t h e  f i e l d  a c c i d e n t  i n v e s t i g a t i o n  process  was developed 

according t o  t h e  approach desc r ibed  i n  t h e  previous  

s e c t i o n  (Sec t ion  6 - Data System ~ e s i g n ) .  One of the 

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

i t  indeed was c o l l e c t i b l e .  I t  i s  most impor tant  t h a t ,  

once d e f i n e d ,  a  concer ted  e f f o r t  be  made t o  acqu i re  t h a t  

d a t a  element.  

The CSS d a t a  elements  d i scussed  h e r e  were s e l e c t e d  

i n  p a r t  because they were g e n e r a l l y  o b t a i n a b l e  from one 

o r  more of f i v e  sources  : (1) p o l i c e  r e p o r t s ,  ( 2 )  

v e h i c l e  i n s p e c t i o n ,  ( 3 )  d r i v e r  o r  occupant  i n t e r v i e w s ,  

( 4 )  h o s p i t a l  r e c o r d s ,  o r  ( 5 )  s i t e  v i s i t s .  There a r e ,  

however, many o t h e r  sources  of informat ion  which may 

s u b s t i t u t e  o r  h e l p  t o  confirm informat ion  normally 

acqui red  from one of these .  The , i n v e s t i g a t o r  should  n o t  

have t h e  a t t i t u d e  t h a t  he should  f i l l  i n  t h e  d a t a  e l e -  

ment only i f  i t  i s  r e a d i l y  a v a i l a b l e ,  b u t  r a t h e r  t h a t  

he  should achieve  a s  l i t t l e  miss ing  d a t a  a s  p o s s i b l e .  

Table 7 . 2  i n d i c a t e s  p o s s i b l e  sources  of  in fo rmat ion ,  a l l  

of  which should be cons idered  a v a i l a b l e  t o  t h e  i n v e s t i -  

g a t o r .  A l a r g e  percentage  of t h e  a c c i d e n t s  (say  7 5 % )  

may never r e q u i r e  anything o t h e r  than t h e  p o l i c e  r e p o r t ,  

d r i v e r ,  v e h i c l e  i n s p e c t i o n ,  and s i t e  v i s i t - - b u t  2 5 %  

miss ing  d a t a  i n  t h e  system cannot  be t o l e r a t e d ,  and 

t h e s e  o t h e r  sources  should be c o n t i n u a l l y  developed. To 

paraphrase  M r .  Kennedy, " ~ s k ' n o t  how much informat ion  

you can g e t  from t h e  f i v e  p r i n c i p a l  s o u r c e s ,  b u t  where 

you have t o  go t o  g e t  t h e  informat ion  necessary  t o  com- 

p l e t e  t h e  forms . " 



TABLE 7 .1 .  CSS FIELD DATA SOURCES 

Pol ice  Report 

Standard Po l ice  Report 
Supplemental I nves t i ga t i ve  Reports 
Po l ice  Photographs 

Vehicle Inspect ion 

Interviews 

Driver 
Passengers 
Family/Friends 
Witness ( e s )  
Po l ice ,  EMS, F i r e ,  Towing Personnel 

Medical Reports 

Hospi ta l  Records 
Physicians Data 
Medical Examiner/Morgue/Autopsy Reports 
Death C e r t i f i c a t e s  
EMS Records 

S i t e  Examination 

Administrat ive Records 

Vehicle Regis t ra t ion  Records 
S t a t e  Driver Records 
Court Records 

Local/Miscellaneous Records 

Weather Reports 
T r a f f i c  Records 
Road Comm. Reports 
Auto Repair/Service Records 
F i r e  Records, 

Reference Information 

Motor Vehicle I d e n t i f i c a t i o n  Manual 
(VINs) National Auto Theft  Bureau 

Vehicle Weight Data 
Highway Inventory Data 



Data e lements*  p lanned f o r  t h e  CSS a r e  l i s t e d  below 

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

Data Obtained P r i m a r i l y  from P o l i c e  Reports*" 

Accident  Data 
T i  me 
~ e ~ o r t  1 d e n t i f  i c a t i o n  
Type o f  Accident  ( g e n e r a l  t y p e ,  i . e . ,  c o l l i s i o n  

w i t h  f i x e d  o b j e c t ,  r o l l o v e r ,  s i d e s w i p e ,  e t c . )  
Locat ion  of  Accident  
V e h i c l e s ,  C y c l i s t s ,  P e d e s t r i a n s  Involved 

Vehic le  Make 
Veh ic le  Year 
Vehic le  Type 

Veh ic le  D i s p o s i t i o n  (towed, where) 
Dr ive r  I d e n t i f i c a t i o n  

Age 
Sex 
I n  jury  ( p o l i c e  code) 

I n j u r e d  Occupant I d e n t i f i c a t i o n  
Age 
Sex 
I n  jury  ( p o l i c e  code) 

Hazardous A c t i o n s / C i t a t i o n s  
Weather/Surface Condi t ions  ( d r y ,  wet, snow, i c e )  
L i g h t i n g  ( d a y l i g h t ,  d a r k n e s s ,  dusk/dawn) 

Data Obtained P r i m a r i l y  from I n s p e c t i o n  of t h e  
Veh ic le  

Veh ic le  Identification/Description 
Model 
S t y l e  
Funct ion  
Cargo 
Weight/Loading 

Damage S e v e r i t y  
CDC 
Crush ( i n c h e s )  
Damage Areas 

*Data e lement  i s  ,used h e r e  t o  d e s c r i b e  a  p a r t i c u l a r  c a t e -  
gory of  d a t a ,  such a s  damage s e v e r i t y .  The assessment  
o f  damage s e v e r i t y  may r e q u i r e  many computer v a r i a b l e s  
t o  c o n t a i n  t h e  d a t a ,  which i s  t h e  c a s e  w i t h  t h e  p r e s e n t  
use  o'f t h e  C o l l i s i o n  Damage C l a s s i f i c a t i o n  ( C D C )  . 

**These do vary from s t a t e -  to-s  t a t e .  Those i n c l u d e d  h e r e  
w e  f e l t  t o  b e  most r e p r e s e n t a t i v e  of what i s  g e n e r a l l y  
found i n  most p o l i c e  a c c i d e n t  r e p o r t i n g  formats .  



Damage t o  Components 
Door (jammed, l a t c h e s ,  s i d e  door  i n t e g r i t y )  
Hood ( s e p a r a t i o n ,  r e l e a s e ,  p e n e t r a t i o n )  
Windshield  ( c r a c k e d ,  b roken ,  s e p a r a t e d )  

I n t e r n a l  Damage/Contact P o i n t s  
R e s t r a i n t  Equipment Ava i l ab l e /Cond i t i on  
F u e l  Leakage ( o r i g i n )  
F i r e  ( e x t e n t ,  o r i g i n )  
V e h i c l e  Speed E s t i m a t e s  

Data  Obta ined  P r i m a r i l y  from t h e  Dr ive r /Opera to r /  
Pedes t r i an /Occupan t  o r  H o s p i t a l  Repor t  

S e a t e d  Loca t ion  
Weight 
He igh t  
Sex 
Age 
P o s t u r e  
I n j u r i e s  ( A I S ,  O I C )  
I n j u r y  Source /Contac ts  
Trea tment  
E j e c t i o n  
Entrapment  
T r i p  Origin/Destination/Purpose 
Route/Area F a m i l i a r i t y  
Veh ic l e  F a m i l i a r i t y  
D r i v e r  Educa t ion  
Dr iv ing  Exper ience  ( y e a r s ,  m i l e s / y e a r )  
Impairment (physiological/pharamological/ 

p s y c h o l o g i c a l )  
V i o l a t i o n s / C i  t a t i o n s  

Roadwav/Site V i s i t  

Roadway Type/Traf f  i c  Lanes 
Roadway Design Involvement  ( g r a d e ,  s u p e r e l e v a t i o n ,  

crown) 
Roadside Involvement  (median,  r o a d s i d e  s t r u c t u r e s  

and h a z a r d s ,  main tenance)  
F ixed-Obs tac le  Involvement  ( d i s t a n c e  from roadway, 

type s i z e ,  v e h i c l e  i n t e r a c t i o n )  

7 .2  F i e l d  Data Forms 

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

summary d a t a  from NASS, t h e  d a t a  h a n d l i n g  sys t em h a s  been  



des igned  t o  p rov ide  f o r  qu ick  and i n t e r a c t i v e  d a t a  e n t r y  

from each PSU i n t o  t h e  Data Cen te r ,  While t h i s  has  been  

e s t a b l i s h e d  a s  ' t h e  pr imary method of d a t a  f low,  t h e  

i n v e s t i g a t o r ' s  f i e l d  a c c i d e n t  r e p o r t  form w i l l  s e r v e  a s  

a  back-up t o  t h e  au toma t i c  remote e n t r y  system.  A 

f i e l d  form has  been des igned  f o r  u se  i n  the CSS o f  NASS 

and i s  inc luded  i n  this r e p o r t  a s  Appendix F. 

The CSS f i e l d  form i s  modular and i s  made up of 

f i v e  b a s i c  modules. These were des igned  t o  s e r v e  a s  a  

hard-copy back-up r e p o r t ,  a  conven ien t  form f o r  f i e l d  u se  

w i t h  " s c r a t c h  pad" f e a t u r e s ,  and f o r  use  a s  a  ready 

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

au toma t i c  e n t r y  system.  The f i v e  modules of t h e  f i e l d  

form a r e :  

"A" Accident  Module, a  s ing le -page  form f o r  

a c c i d e n t  d e s c r i p t i v e  and a d m i n i s t r a t i v e  

d a t a ,  a c c i d e n t  sample s e l e c t i o n  c r i t e r i a ,  

and a s s e s s e d  c a u s a l  f a c t o r s .  

"V" Vehic le  Module, a  two-sheet  form f o r  re- 

co rd ing  d a t a  r e g a r d i n g  v e h i c l e  i d e n t i -  

f i c a t i o n  and d e s c r i p t i o n ,  a c c i d e n t  damage, 

t i r e  c o n d i t i o n ,  s p e c i f i c  v e h i c l e  component 

damage, i n t e r n a l  damage, r e s t r a i n t  f e a t u r e s ,  

and v e h i c l e  speed e s t i m a t e s ,  f o r  use  p r i -  

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

'0" Opera tor  Module, a  one-page form f o r  r eco rd ing  

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

r e s t r a i n t  usage ,  impairment ,  c i t i a t i o n s  , 
e x p e r i e n c e  and t r i p  d e t a i l s ;  f o r  use  p r i -  

m a r i l y  d u r i n g  an i n t e r v i e w .  



"P" Passenger Module, a one-page form t o  record  

d a t a  on passengers  i n  terms of p h y s i c a l  

c h a r a c t e r i s t i c s ,  i n j u r i e s ,  r e s t r a i n t  usage,  

t r e a t m e n t ,  e j e c t i o n  o r  ent rapment ,  a l s o  

used dur ing  an in te rv iew.  

"E" Environment Module, a  one-page form f o r  

r ecord ing  d a t a  r ega rd ing  roadway and road- 

s i d e  f e a t u r e s  dur ing  a  s i t e  v i s i t .  

Each module w i l l  b e  used a s  many t imes as  needed. 

Only one Accident  module would be  used. Both v e h i c l e  

and Operator  modules would be used f o r  each t r a f f i c  u n i t  

involved i n  t h e  a c c i d e n t .  The Passenger module would be  

used only  when occupants  o t h e r  than t h e  d r i v e r  a r e  in-  

volved.  Up t o  two passengers  can be  recorded on each 

module, wi th  more cop ies  used ,  a s  r e q u i r e d ,  t o  cover  a l l  

t h e  passengers .  

Each module i s  tagged i n  t h e  upper l e f t  co rne r  w i t h  

an i d e n t i f y i n g  mnemonic l e t t e r .  Space i s  a l s o  provided 

f o r  encoding t h e  a c c i d e n t  case  l o g  number and v e h i c l e  

number i n  t h e  corner  of each module. Thus t h e  i n d i v i d u a l  

modules can be handled s e p a r a t e l y  o r  r e a d i l y  combined. 

The o r g a n i z a t i o n  o r  flow of q u e s t i o n s  w i t h i n  each module 

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

For example, t h e  Opera tor  module fo l lows t h e  o u t l i n e  of 

a t y p i c a l  i n t e r v i e w  sequence. The s p e c i f i c  q u e s t i o n s  

a r e  in tended  t o  b e  cues t o  t h e  i n t e r v i e w e r .  They a r e  n o t  

in tended  t o  be r e c i t e d  verbat im o r  i n  a  s t r i c t  sequence. 

The approach was t o  s t r u c t u r e  each module around t h e  

t y p i c a l  i n v e s t i g a t i v e  p r o t o c o l  r a t h e r  than  i n  t h e  format  

of t h e  subsequent  d a t a  a n a l y s i s  f i l e s .  The o r g a n i z a t i o n  

of each module i s  t h e r e f o r e  s u b j e c t  t o  a l t e r a t i o n  as  a  

r e s u l t  of t h e  p i l o t  t e s t .  



Each of t h e  d a t a  elements  on t h e  f i e l d  forms fo l lows 

one of two s t y l e s .  ~f t h e  responses  a r e  few and r o u t i n e ,  

(e.g. ,  Y N ?) then  a l l  t h e  responses  a r e  e x p l i c i t l y  

d i s p l a y e d ,  s o  t h a t  t h e  i n v e s t i g a t o r  can simply c i r c l e  

o r  mark t h e  a p p r o p r i a t e  response .  O t h e m i s e  t h e  re-  

sponses a r e  & e f t  a s  an open l i n e  on which t h e  i n v e s t i -  

g a t o r  may record  h i s  f i e l d  no tes  ( e .g . ,  f i r e  o r i g i n )  . 
The completed forms s e r v e  a s  t h e  i n v e s t i g a t o r ' s  

f i e l d  no tes  f o r  i n p u t t i n g  d a t a  t o  t h e  computer system. 

A l t e r n a t i v e l y ,  t h e  form can b e  forwarded t o  a  d a t a  

e d i t o r  f o r  encoding i n t o  a  d i g i t a l  f i l e .  I t  i s  expected  

t h a t  t h e  f i e l d  i n v e s t i g a t o r  would r e t a i n  a  f i l e  copy of 

t h e  f i e l d  form, supplemented by a  p o l i c e  r e p o r t  form, 

f o r  f u t u r e  r e f e r e n c e  t o  t h a t  a c c i d e n t .  

7 . 3  F i e l d  Data Codinq Manual 

One of t h e  major problems t h a t  t h e  CSS i s  expected  

t o  s o l v e  is  t h e  cons i s t ency  of r e p o r t i n g  i n  d i f f e r e n t  

r eg ions  of  t h e  U.S. The need f o r  t r a i n i n g  and f o r  

moni tor ing  f o r  q u a l i t y  c o n t r o l  has  been d i s c u s s e d  e l s e -  

where i n  t h i s  r e p o r t .  The f i e l d .  i n v e s t i g a t o r s  would 

a l s o  have a  manua.1 of  i n s t r u c t i o n s  a s  a  guide  t o  t h e i r  

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

handbook which provides  an in-depth e x p l a n a t i o n  of t h e  

complete f i e l d  i n v e s t i g a t i o n  p r o t o c o l  inc luding--case  

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

and i n t e r p r e t a t i o n  of r e q u i r e d  d a t a  e l ements ,  i n s  t r u c -  

t i o n s  f o r  d a t a  e n t r y  procedures and b a s i c  r e f e r e n c e  

i n £  ormation. The handbook s e r v e s  t o  complement t h e  

t r a i n i n g  and moni tor ing  a c t i v i t i e s .  

A pro to type  of  a  f i e l d  d a t a  coding manual has  been 

developed as  one component of t h e  i n v e s t i g a t o r s  hand- 

book (Appendix G ) ,  The coding manual documen&s t h e  

i n t e r f a c e  between t h e  i n v e s t i g a t o r  and computer f i l e  



on a d e t a i l e d  d a t a  element  l e v e l .  I t  c o n t a i n s  a l l  of  

the v a l i d  responses  f o r  each d a t a  element .  These 

responses  a r e  t h e  same ones i n c o r p o r a t e d  i n  t h e  i n t e r -  

a c t i v e  d a t a  c o l l e c t i o n  program d e s c r i b e d  i n  t h e  n e x t  

s e c t i o n .  This  program, b e s i d e s  prompting f o r  v a l i d  

r e sponses ,  a l s o  pe rmi t s  t h e  i n v e s t i g a t o r  t o  d i s p l a y  

a l l  t h e  a p p r o p r i a t e  responses .  I n  e s sence  t h e  p r i n t e d  

coding manual i s  a l s o  s t o r e d  on- l ine  f o r  i n v e s t i g a t o r s  

purus a 1. 

The CSS f i e l d  d a t a  coding manual i s  o rgan ized  

around t h e  f i v e  modular f o r m .  The upper c o r n e r  of  

each page c o n t a i n s  t h e  module's i d e n t i f y i n g  l e t t e r .  

The d a t a  elements  fo l low t h e  same sequence a s  t h e  f i e l d  

forms and a r e  numbered w i t h i n  each module, f o r  easy  

r e f e r e n c e .  Thus A-17 r e f e r s  t o  " F i r s t  Harmful Event" ,  

t h e  seven teen th  q u e s t i o n  i n  t h e  Accident  module. 

An e f f o r t  was made t o  minimize t h e  amount of code 

memorization o r  lookup r e q u i r e d  t o  e n t e r  a c a s e  and t o  

make t h e  t r a n s c r i p t i o n  i n  t h e  computer a s  n a t u r a l  a s  

p r a c t i c a l .  For most of t h e  d a t a  elements  t h e  i n v e s t i -  

g a t o r  can e n t e r  an Engl ish  "word" (e .g . ,  "Bus") o r  a 

mnemonic t r u n c a t i o n  (e.g. , ,  "B" f o r  "Bus") . Numeric 

responses  a r e  a l s o  e n t e r e d  i n  t h e i r  n a t u r a l  forv. ( e .g . ,  

"8/21/75" o r  5 ' 7 " ) .  

Three s t a n d a r d  a b b r e v i a t e d  responses  have been 

programmed un ive r s  a 1  f o r  a l l  d a t a  e lements  : 

UNK o r  ? f o r  "Unknown s t a t e d  by i n v e s t i g a t o r "  

N/A o r  / f o r  "Not/Applicablel '  

* f o r  D e f a u l t  va lue  

These responses  a r e  e q u a l l y  a c c e p t a b l e  f o r  b o t h  

"word" and numeric responses .  Thus "?" i s  a v a l i d  

response  f o r  bo th  F i r s t  Harmful Event and Accident  

Time. These s t a n d a r d  a b b r e v i a t e d  responses  a r e  n o t  

p e r m i t t e d  where such a response  i s  i n v a l i d .  For  



example, " ? "  i s  n o t  p e r m i t t e d  f o r  Accident  c a s e  I D  

Number and "N/AW i s  n o t  p e r m i t t e d  f o r  Accident  Date. 

The d e f a u l t  response  ("*" o r  a  c a r r i a g e  r e t u r n )  can b e  

used t o  answer one q u e s t i o n  o r  an e n t i r e  se t  o f  

q u e s t i o n s  w i t h  a  predetermined response .  Thus t h e  i n -  

ves  t i g a t o r  can r e a d i l y  d e f a u l t  q u e s t i o n s  concerning 

Axles ,  Tread and Door Latches Separa ted  t o  "Not Applic- 

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

p e d e s t r i a n .  

For d a t a  e lements  w i t h  a l a r g e  number of v a l i d  

r e sponses  ( s a y  o v e r  25) t h e  mnemonic o r  n a t u r a l  re- 

sponses  become s o  long  t h a t  they  a r e  h a r d  t o  remember 

and a r e  d i f f i c u l t  t o  e n t e r  c o r r e c t l y .  For  example t h e  

d a t a  e lement  " F i r s t  Harmful Event" r e q u i r e d  a minimum 

of a  f o u r  l e t t e r  mnemonic i n  o r d e r  t o  p rov ide  unique 

responses ,  s o  bo th  a  numeric code o r  a  "word" depending 

on t h e  i n v e s t i g a t o r ' s  p r e f e r e n c e  ( e . g . ,  e i t h e r  "12" or .  

" F i r e "  a r e  v a l i d )  . For  l o n g e r  l i s t s  ( e  .g . ,  Causat ion  

F a c t o r s )  only  numeric codes a r e  pe rmi t t ed .  





8. CENTRAL DATA COLLECTION 

8 . 1  CSS Data 

The CSS f i e l d  d a t a  forms d e s c r i b e d  i n  t h e  preced-  

i n g  s e c t i o n  a r e  used a s  a convenience by  t h e  i n v e s t i -  

g a t i o n  teams t o  e n s u r e  t h a t  a l l  t h e  d a t a  e l emen t s  a r e  

a v a i l a b l e  a t  t h e  t i m e  of  i n p u t  t o  t h e  system. The 

i n p u t  i s  done d i r e c t l y  from t h e  f i e l d  team l o c a t i o n  t o  

t h e  c e n t r a l  computer. This  recommendation w i l l  b e  

t e s t e d  d u r i n g  t h e  p i l o t  phase o f  NASS o p e a r a t i o n  by 

comparing t h e  d i r e c t  d i g i t a l  i n p u t  a g a i n s t  a "pape r "  

sys tem,  b u t ,  a t  p r e s e n t  w e  t h i n k  t h a t  d i g i t a l  i n p u t  w i l l  

b e  n o t  on ly  more e f f i c i e n t  i n  terms of speed  and 

accu racy ,  b u t ,  i n  t h e  long  r u n ,  less expens ive  t o  

o p e r a t e .  

Using t h e  completed f i e l d  d a t a  form f o r  r e f e r e n c e ,  

t h e  i n v e s t i g a t o r  communicates w i t h  t h e  system v i a  a 

d a t a  e n t r y  t e r m i n a l  ove r  o r d i n a r y  t e l ephone  l i n e s .  

The ENTRY program a s  shown i n  F igu re  8.1 performs these 

e n t r y  f u n c t i o n s ,  and examples of  t h e  program o p e r a t i o n  

appear  i n  Appendix B. The program i t s e l f  i s  repro-  

duced i n  Appendix B.  I t  i s  w r i t t e n  i n  F o r t r a n  I V  

w i t h  assembly language'  i n p u t / o u t p u t  r o u t i n e s ,  o p e r a t -  

i n g  w i t h i n  the MTS (Michigan Terminal  System) Operat-  

i n g  System on an IBM 370/168. The ENTRY program 

f u n c t i o n s  a r e  d e t a i l e d  i n  F i g u r e  8.2. 

The e n t e r i n g  of d a t a  i s  made i n  an i n t e r a c t i v e  

mode, w i t h  t h e  o p e r a t o r  b e i n g  queued by t h e  program f o r  

each  of t h e  d a t a  e lements  t o  e n s u r e ,  a s  n e a r l y  a s  

p o s s i b l e ,  complete and a c c u r a t e  e n t r y  o f  a c a s e  w i t h  a 

s i n g l e  p a s s .  Upon s ignon ,  t he  o p e r a t o r  may s e t  a 

series of s w i t c h e s ,  de te rmined  l a r g e l y  by h i s  own 





Switches 

Long/Short Form 

Echo On/Off 

Group Yes/No 

Content  

V a r i a b l e s  

D i c t i o n a r y  

P e r m i s s i b l e  Values 

E r r o r  Messages 

Process  

Order ing  

Descr ibe  Command 

Grouping 

S c r a t c h  Pad I n t e r a c t i o n  

F i l i n g  

Feedback &' Revis ion  

FIGURF: 8.2. ENTRY PROGRAM FUNCTIONS 



pre fe rence  and exper ience  wi th  t h e  system. The long 

form s p e l l s  o u t  t h e  d a t a  elements  completely,  whi le  the 

s h o r t  form p r e s e n t s  only v a r i a b l e  numbers and abbre- 

v i a t e d  forms of t h e  d a t a  element l a b e l s .  The ~ c h o  o r  

r e p e a t i n g  of t h e  i n p u t  by the  computer may be reques ted  

o r  supressed ,  and t h e  d a t a  elements may be  e n t e r e d  

s i n g l y  o r  i n  groups. 

The ENTRY program accesses  a  l i s t  of v a r i a b l e s  

con ta in ing  t h e  d a t a  elements r e q u i r e d  a s  inpu t .  This  

d i c t i o n a r y  i s  used by t h e  system manager i n  d e f i n i n g  

t h e  e n t r i e s  which can be  made and f o r  use  i n  cross-  

checking on t h e  c o m p a t i b i l i t y  of e n t r i e s  wi th  one 

another .  Permiss ib le  va lues  a r e  s t o r e d  f o r  *each re -  

q u i r e d  e n t r y  i n  t h e  form of e i t h e r  numerical  l i m i t s  f o r  

e n t r i e s  o r  a  l i s t  of d e s c r i p t i v e  terms allowed. The 

program has been designed s o  t h a t  t h e  l i s t  of permiss- 

i b l e  va lues  may be changed dur ing  t h e  course  of t h e  NASS 

program. Any English o r  numerical phase may be e n t e r e d  

and w i l l  be accepted i n  i t s  l i t e r a l  form. I t  w i l l  be  

tagged a s  a  "new" value  f o r  c o n s i d e r a t i o n  by t h e  system 

manager a t  t h e  d a t a  c o l l e c t i o n  c e n t e r  and can then 

e i t h e r  be added t o  t h e  l i s t  of p e r m i s s i b l e  va lues  o r  t h e  

e n t e r i n g  use r  w i l l  be reques ted  t o  use some o t h e r  term 

i n s t e a d .  E r r o r  messages form a  p a r t  of t h e  program 

a s s o c i a t e d  wi th  each v a r i a b l e ,  and a r e  used t o  cue t h e  

i n v e s t i g a t o r  i n  an a t tempt  t o  g e t  c l ean  case  i n p u t  on 

t h e  f i r s t  pass .  

The process  func t ions  of t h e  ENTRY programs do t h e  

bookkeeping necessary f o r  system opera t ion .  The order-  

i n g  p o r t i o n  of t h e  program keeps t r a c k  of t h e  e n t r i e s ,  

and t h e  desc r ibe  command i s  a v a i l a b l e  f o r  a  u s e r  who i s  

unfami l i a r  wi th  o r  may have f b r g o t t e n  what i s  r e q u i r e d  

i n  connect ion wi th  a p a r t i c u l a r  v a r i a b l e .  The group- 

i n g  sub-rout ine  a l lows the e n t r y  of c l u s t e r s  of d a t a  



e lements .  Th i s  p e r m i t s  f a s t e r  c a s e  p r e p a r a t i o n  a f t e r  

u s e r s  become f a m i l i a r  w i t h  t h e  system. The s c r a t c h  pad 

p a r t  of t h e  program i s  des igned  t o  p r o v i d e  two-way 

communication between t h e  i n v e s t i g a t o r  and the sys tem 

manager f o r  such i n f o r m a t i o n  a s  e n t r y  and c a s e  s t a t u s ,  

and,  a s  mentioned above, t h e  a d d i t i o n  of  new v a l u e s  t o  

d a t a  e lement  v a r i a b l e s .  The f i l i n g  p o r t i o n  of  t h e  

ENTRY program p r e p a r e s  the d a t a  e lements  o f  a  c a s e  f o r  

s t o r a g e  i n  t h e  c a s e  f i l e s  f o r  l a t e r  use  by the system.  

Th i s  f i l e  i s  a  temporary one ,  and i s  used t o  d i s p l a y  

the in fo rma t ion  i n  condensed form t o  check f o r  e r r o r s  

and t o  r e v i s e  when neces sa ry .  

Re tu rn ing  t o  F igu re  8 .1 ,  we c o n t r i n u e  w i t h  t h e  

d e s c r i p t i o n  of  t h e  e n t i r e  program. Note t h a t  t h e  box 

l a b e l e d  STATUS & SCRATCH forms t h e  on ly  l i n e  of com- 

municat ion between t h e  f i e l d  d a t a  s o u r c e s  and t h e  

system managers. They may, and undoubtedly w i l l ,  speak 

t o  each o t h e r  on t h e  t e l e p h o n e ,  b u t  t h e  i n t e n t i o n  o f  

t h i s  d e s i g n  i s  t o  have t h e  major p o r t i o n  of t h e  ad- 

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

computer. 

The EDIT r o u t i n e  i s  t h e  f i n a l  check on d a t a  

q u a l i t y  by t h e  system manager b e f o r e  i t s  e n t r y  i n t o  

permanent s t o r a g e  i n  t h e  d a t a  bank. S ince  t h e  major  

p o r t i o n  of  e d i t i n g  f o r  i naccu racy  i n  t h e  d a t a  h a s  a l -  

ready  been performed a t  t h e  i n i t i a l  e n t r y ,  t h e  pr imary 

f u n c t i o n  of t h i s  l e v e l  of  a c t i v i t y  w i l l  b e  t o  reduce  

t o  a s  c l o s e  t o  z e r o  a s  p o s s i b l e  t h e  amount of  mi s s ing  

d a t a .  No c a s e  w i l l  be  e n t e r e d  i n t o  permanent s t o r a g e  

u n t i l  t h e  manager i s  a s s u r e d  t h a t  no v a r i a b l e  f o r  a  

p a r t i c u l a r  c a s e  has  been o m i t t e d  u n n e c e s s a r i l y .  The 

manager makes use  of  t h e  s c r a t c h  pad t o  communicate 

with the f i e l d  d a t a  s o u r c e s  and t o  moni tor  t h e  s t a t u s  

of d a t a  c o l l e c t i o n  th roughout  t h e  system.  



A c a s e ,  having passed  through t h e  e d i t  p rocess  and 

having been c e r t i f i e d  a s  complete,  i s  e n t e r e d  i n t o  

permanent s t o r a g e .  A t  fu l l - sys tem o p e r a t i o n ,  i n v o l v i n g  

35 f i e l d  d a t a  s o u r c e s ,  each w i t h  a  r e s p o n s i b i l i t y  f o r  

500 cases  pe r  y e a r ,  t h e  load  on the e d i t i n g  p o r t i o n  of 

t h e  system w i l l  average about  6 0  cases  p e r  day. A t  t h i s  

t ime dur ing  the d a t a  hand l ing  p r o c e s s ,  new a n a l y s i s  

v a r i a b l e s  a r e  c r e a t e d  from t h e  d a t a  elements  t h a t  a r e  

necessary  o r  d e s i r a b l e  f o r  t h e  o u t p u t  of t h e  system. 

This  process  i s  performed r o u t i n e l y  by t h e  FILE B U I L D  

program. For example, w h i l e  t h e  age of  t h e  d r i v e r  i s  

recorded and e n t e r e d  a s  a  d a t a  e lement ,  t h e  permanent 

d a t a  f i l e  w i l l  s t o r e ,  a long w i t h  t h i s  v a l u e ,  t h e  age 

of  t h e  d r i v e r  coded i n  t h e  a p p r o p r i a t e  NSC and f ive -yea r  

groupings.  

The permanent master  f i l e  i s  mainta ined a s  an 

occupant f i l e ,  wi th  t h e  t r a f f i c  u n i t  and a c c i d e n t  i n f o r -  

mation f o r  each case  d u p l i c a t e d  i n  t h e  occupant  master  

record .  A schematic  of t h i s  s t r u c t u r e  is  shown i n  

Figure  8.3. For the g e n e r a t i o n  of r e p o r t s ,  however, i t  ' 

would be i n e f f i c i e n t  t o  o p e r a t e  on t h e  e n t i r e  master  

f i l e ,  and it w i l l  be  r o u t i n e  t o  b u i l d  sub f i l e s  from 

it f o r  t h a t  purpose. A t  this time i t  i s  thought  t h a t  

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

a c c i d e n t s ,  v e h i c l e s ,  and occupants .  These a n a l y s i s  

f i l e s  w i l l  be  updated wi th  new cases  e n t e r e d  i n t o  

permanent s t o r a g e  on a  p e r i o d i c  b a s i s ,  weekly o r  even 

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

8.2 Quick-Reaction Sys t e m  (QRS) Data 

The key t o  t h e  o p e r a t i o n  of t h e  QRS p o r t i o n  of t h e  

system is  t h e  UTILITY CONTENT BUILD s u b r o u t i n e  i n d i -  

c a t e d  i n  Figure  8.1. This  f e a t u r e  of t h e .  d a t a  handl ing  

system a l lows changes i n  t h e  d a t a  elements  t o  be  made 





q u i c k l y  and e a s i l y .  This  program al lows t h e  cons t ruc -  

t i o n  of a  UTILITY package t o  o p e r a t e  w i t h i n  t h e  ENTRY 

program f o r  any p a r t i c u l a r  a p p l i c a t i o n .  Once dec ided  

upon, t h e  d a t a  e l ements ,  t o g e t h e r  w i t h  t h e  l i m i t s  on 

t h e i r  v a l u e s ,  can be  p repared  f o r  system o p e r a t i o n  i n  

a m a t t e r  of hours .  The i n t e r a c t i v e  mode of t h e  ENTRY 

program then  o p e r a t e s  on t h e  new c o n t e n t ;  f i l e s  a r e  

b u i l t  sur rounding t h e  new d a t a  e l ements ;  and t h e  out-  

p u t  r o u t i n e s  can b e  run  a g a i n s t  t h e s e  f i l e s .  

With minor modi f i ca t ions  t o  t h e  RULE s u b r o u t i n e ,  

c a s e s  t o  be  s t u d i e d  i n  a  QRS o r  S p e c i a l  Study o p e r a t i o n  

of t h e  system may be  i d e n t i f i e d  from t h e  sample frame 

f i l e .  The QRS s tudy  can then be  i n c l u d e d  i n  t h e  s t a t u s  

r e p o r t i n g  and moni tor ing  f u n c t i o n s  of t h e  sys tem,  des- 

c r i b e d  i n  S e c t i o n  9 of t h i s  r e p o r t .  

8 . 3  Sample Frame Data 

The preceding s e c t i o n s  d e s c r i b e d  t h e  c e n t r a l  d a t a  

c o l l e c t i o n  process  f o r  t h e  CSS and QRS i n v e s t i g a t i o n s .  

These cases  a r e  s e l e c t e d  from a  sample frame of  s p e c i f i c  

p o l i c e - r e p o r t e d  a c c i d e n t s .  The sample frame d a t a  i s  a  

l i s t  of a c c i d e n t s  and i s  a l s o  mainta ined as  a  computer 

f i l e ,  

A s  each sample frame e n t r y  i s  concluded,  t h e  RULE 

program i s  evoked and t h e  f i e l d  team i s  s u p p l i e d  w i t h  

immediate feedback a s  t o  whether  t h e  a c c i d e n t  i s  t o  b e  

(or should  have been)  s e l e c t e d  a s  a  c a s e  f o r  CSS o r  QRS 

s tudy .  Should t h e  computer n o t  b e  a v a i l a b l e ,  t h e  f i e l d  

teams w i l l  be  provided w i t h  a  manual backup f o r  c a s e  

s e l e c t i o n .  

The e n t r y  of frame d a t a  i s  done i n  e x a c t l y  t h e  same 

way as  t h a t  of f i e l d  cases .  The e n t r y  program, however, 

' c a l l s  f o r  f a r  fewer v a r i a b l e s ,  and t h e  e n t r y  p rocess  

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



one l i n e  f o r  each of t h e  t r a f f i c  u n i t s  involved i n  it. 

The i n v e s t i g a t o r  i n i t i a l l y  s e l e c t s  t h e  frame-made r a t h e r  

than t h e  case-mode of program ope ra t ion ,  be fo re  sample 

frame d a t a  a r e  en te red .  





9 .  DATA SYSTEM MONITORING 

One of t h e  most impor tant  func t ions  of t h e  NASS 

opera t ions  i s  managing t h e  d a t a  c o l l e c t i o n  e f f o r t s  of  

t h e  f i e l d  teams (Sec t ion  7 )  and t h e i r  e n t e r i n g  of  d a t a  

i n t o  computer s t o r a g e  (Sec t ion  8 ) .  Monitoring i s  done 

a t  t h e  c e n t r a l  d a t a  p o i n t  by means of t h e  s t a t u s -  

keeping r o u t i n e  incorpora ted  i n t o  t h e  EDIT program, and 

a t  t h e  f i e l d  l e v e l  through t h e  s c r a t c h  pad s t a t u s  and 

communication device .  A t  t h e  i n t e r m e d i a t e  management 

l e v e l ,  t h e  zone c e n t e r s  desc r ibed  i n  t h e  n e x t  s e c t i o n ,  

sys t e m  s t a t u s  informat ion  i s  provided t o  al low t h e  'day- 

to-day determinat ion  of adequate conformance t o  system 

requirements  by t h e  teams under zone c e n t e r  c o n t r o l .  

A t  a  f i e l d  l o c a t i o n ,  every s ignon a t  a  t e r m i n a l  

dev ice  au tomat ica l ly  c a l l s  up t h e  s t a t u s  and s c r a t c h  

pad informat ion  t o  t h e  u s e r .  Table 9 . 1  shows a  sample 

p r i n t o u t  of what may appear  t o  t h e  u s e r .  The f i r s t  

t h r e e  l i n e s  show h i s  p rogress  wi th  r e s p e c t  t o  h i s  case- 

e n t e r i n g  a c t i v i t i e s .  The n e x t  t h r e e  e n t r i e s  g i v e  c a s e  

numbers f o r  r e f e r e n c e  t o  t h e  paper  forms maintained a t  

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

of cases  a s  seen by t h e  e d i t o r  a t  t h e  c e n t r a l  s i t e .  

The l a s t  e n t r i e s  have been made by t h e  system manager 

based on h i s  review of t h e  cases  e n t e r e d .  I n  t h i s  way 

the a t t e n t i o n  of the f i e l d  team can be  c a l l e d  t o  

ma t te r s  r e q u i r i n g  immediate a t t e n t i o n ,  s o  t h a t  t h e  

p o s s i b i l i t y  of missing d a t a  remaining i n  t h e  f i l e  i s  

minimized. 
r 

The zone manager has r e s p o n s i b i l i t y  f o r  e n s u r i n g  

t h e  smooth o p e r a t i o n  of t h e  f i e l d  teams under h i s  

immediate c o n t r o l .  He does t h i s  by providing 



TABLE 9.1. F I E L D  TEAM STATUS PRINTOUT 

SSIGNON xxx 

ENTER USER PASWORD 

USER XXX 

STATUS 

CASES I N  PERM F I L E  TO DATE: 1 7 2  

CASES I N  TEMP F I L E  NOT COMPLETED: 1 2  

CASES ASSIGNED, NOT YET ENTERED: 2 

CASE NOS. COMPLETE, NOT YET EDITED: 

234,  237 ,  240,  241,  242,  244,  245,  247,  249 

CASE NOS. WITH MISSING DATA: 

2 3 3 ,  235,  2 3 6  

CASE NOS. NOT YET ENTERED: 

248, 250 

CASE NO. 2 3 3 1  

VARIABLE 2 7  MISSING,  DRIVER AGE? 

CASE NO. 2 3 5 !  

VIN NUMBER AND BODY STYLE DO NOT AGREE 

PLEASE CONFIRM 

CASE NO. 2 3 6 !  

MISSING VARIABLES 3 6 ,  38 ,  39 and 41. 



p r o f e s s i o n a l  personnel  a s s i s t a n c e  when needed, by 

i n t e r p r e t i n g  t h e  sys  tem requi rements  where they  may 

become unclear. ,  and by a n t i c i p a t i n g  p o s s i b l e  problems 

i n  t h e  d a t a  c o l l e c t i o n  and e n t r y  p rocess .  To h e l p  

him i n  t h i s  l a s t  f u n c t i o n  he may c a l l  up a  s e t  of  

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

an i n d i v i d u a l  team's  o p e r a t i o n  and compare the 

opera t ions  of t h e  teams w i t h  each o t h e r .  

Table 9 . 2  i s  an example of t h e  s t a t u s  of a  s i n g l e  

u s e r  which may be  c a l l e d  by t h e  zone manager. The 

frame and case  f i l e s  a r e  monitored t o  a r r i v e  a t  some 

i n s i g h t  a s  t o  whether a c c i d e n t s  a r e  be ing  i d e n t i f i e d  

a t  t h e  r a t e  a t  which they were expected  t o  o c c u r ,  and 

whether t h e  i n v e s t i g a t i o n s  a r e  proceeding a t  an accept -  

a b l e  pace. I n  t h e  f i r s t  c a s e ,  a  d ivergence  between 

the expected and a c t u a l  number of cases  might i n d i c a t e  

a  change i n  p o l i c e  r e p o r t i n g  procedures r e q u i r i n g  a l t e r -  

n a t e  methods of a c c i d e n t  i d e n t i f i c a t i o n .  The second 

d i s p l a y  l i n e  g ives  an i n d i c a t i o n  of p o s s i b l e  s t a f f i n g  

problems o r  de lays  i n  complet ing t h e  d a t a  e n t r y .  , 

The i n d i v i d u a l  cases  can b e  reviewed, a s  i n  t h e  

n e x t  p o r t i o n  of t h e  d i s p l a y ,  t o  s e e  how f a r  behind i n  

t ime t h e  i n p u t  has faLlen and t o  d i scover  any d a t a  

elements  which may be caus ing  p a r t i c u l a r  t r o u b l e  r e -  

q u i r i n g  an upgrading of t h e  team's  p r o f e s s i o n a l  exper- 

t i s e .  The l a s t  t a b l e  d i s p l a y e d  i s  t o  a l e r t  t h e  zone 

manager of  any unusual de lays  o r  h igh  p r i o r i t y  i tems 

which might r e q u i r e  a s s i s t a n c e  from the manager 's 

s t a f f .  

Table 9 . 3  p r e s e n t s  an example of t h e  summary i n -  

formation t h e  zonal  manager might c a l l  r ega rd ing  a l l  

t h e  f i e l d  teams under h i s  c o n t r o l .  This  d i s p l a y  would 

b e  used f o r  comparative purposes i n  de termining where 
. . 

managerial  a t t e n t i o n  could be  most p r o f i t a b l y  d i r e c t e d .  



TABLE 9.2. INDIVIDUAL TEAM STATUS 

TEAM XXX STATUS 

14 AUG 77 

FRAME: EXPECTED ACTUAL A/E 

3 85 370 96 

CASES : ASSIGNED PERM TEMP NO ENTRY 

125 109 10 4 

M I S S I N G  DATA CASES: 

CASE NO. DATE M I S S I N G  VARIABLES 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  

324 9 Jul 27, 29 

327 12 Jul 3 2 

334 15 Jul 27, 32 

335 15 Jul 44, 45, 46 

3 40 19 Jul 27 

343 26 Jul 4, 27, 32 

345 30 Jul 27, 32, 44 

35 4 4 A u ~  4, 8, 27, 32 

364 12 A u g  4, 27, 29, 32, 44 

365 12 A u ~  8, 27, 29, 3 2 ,  44 

NO ENTRY CASES: 

CASE NO. DATE MOD. YR. I N  JURY 

366 13 A u g  75 0 

367 13 A u g  76 3 

36 8 13 Aug 74 0 

369 14 A u g  77 6 



TABLE 9.3.  ZONE STATUS 
14 AUG 77  

TEAM 
xxl XX2 XX3 xx4 

FRAME : 

Expected  

A c t u a l  

A/E ( % )  

CASES : 

Assigned  

Pe rm . 

Temp 

Miss. Data 

No E n t r y  

FATALS : 



A t  the h i g h e s t  l e v e l  o f  sys tem management, t h e  d a t a  

c e n t e r ,  complete acces s  t o  a l l  i n fo rma t ion  c o n t a i n e d  i n  

the f i l e s  i s  a v a i l a b l e ,  I n d i v i d u a l  s t y l e  of management 

and in fo rma t ion  requi rements  w i l l  p l ay  an impor t an t  r o l e  

i n  de te rmin ing  how t h e  moni tor ing  f u n c t i o n  i s  performed. 

Furthermore',  t h e  computer programming c a p a b i l i t y  a t  t h e  

d a t a  c e n t e r  w i l l  b e  such t h a t  t h e  manager ia l  needs f o r  

moni tor ing  d i s p l a y s  can b e  e a s i l y  met a s  they  develop.  

The fo l lowing  t a b l e s  shou ld ,  t h e r e f o r e ,  b e  cons ide red  

only  s u g g e s t i v e  of  what may b e  produced a t  t h i s  l e v e l .  

Table  9,4 i n d i c a t e s  t h e  o v e r a l l  s t a t u s  of  t h e  NASS 

w i t h  r e s p e c t  t o  zona l  a c t i v i t i e s ,  S i m i l a r  d a t a  could  

b e  r eques t ed  f o r  each zone broken o u t  by team t o  a i d  

t h e  zone managers i n  t h e i r  c o n t r o l  ove r  t h e  sys tem 

o p e r a t i o n .  The manager a t  t h e  d a t a  c e n t r a l  might ,  on 

t h e  b a s i s  of  t h i s  d i s p l a y ,  check f u r t h e r  i n t o  t h e  d e t a i l s  

o f  zone 4 ,  t o  de te rmine  which o f  t h e  teams i s  mainly 

r e s p o n s i b l e  f o r  t h e  i n o r d i n a t e l y  h igh  mis s ing  d a t a  r a t e  

i n  t h e  CSS p o r t i o n  of the system.  

A more s o p h i s t i c a t e d  l e v e l  of moni tor ing  i s  pro- 

v ided  v i a  t h e  a n a l y s i s  c a p a b i l i t i e s  d e s c r i b e d  i n  S e c t i o n  

10 .  A n a l y t i c a l  runs  c a n ' b e  r o u t i n e l y  performed t o  t e s t  

f o r  d i f f e r e n c e s  o r  changes i n  t h e  means o r  d i s t r i b u t i o n s  

o f  i n d i v i d u a l  v a r i a b l e s .  These d i f f e r e n c e s  shou ld  be  

t e s t e d  a c r o s s  t ime and on an i n t e r - t e a m  b a s i s .  S i g n i f i -  
c a n t  d i f f e r e n c e s  between teams may be  i n d i c a t i v e  of  

i n c o n s i s t e n t  i n v e s t i g a t i o n  o r  coding p r a c t i c e s ,  and a  

need f o r  f u r t h e r  t r a i n i n g  and guidance.  For example, 

t h e  f i n d i n g  of  a more than  2-to-1 d i f f e r e n c e s  i n  t h e  

f requency of  AIS-2 l a c e r a t i o n s  ( a s  i n  t h e  73/74 r e s t r a i n t  

s t u d y )  may d i c t a t e  a  thorough review of AIS coding 

p r a c t i c e s  by a l l  teams. 



TABLE 9.4. DATA CENTER STATUS DISPLAY 
SYSTEM STATUS 
14 AUG 7 7  

TEAMS 

ACTIVE 

AUTHORI ZED 

PERSONNEL 

AUTHORI ZED 

ACTIVE 

MDAI CASES 

EXPECTED 

COMPLETE' 

C S S  CASES 

ASSIGNED 

F I L E D  

QRS STUDY #5  

EXPECTED 

F I L E D  

M I S S I N G  DATA RATE 

MDAI ( % )  

css ( % )  

QRS ( % I  





10. DATA ANALYSIS AND REPORTING 

A s  s t a t e d  i n  S e c t i o n  3 o f  t h i s  r e p o r t ,  t h e  purposes  

of  NASS a r e  t o  p rov ide  e s t i m a t e s  o f  n a t i o n a l  r a t e s  and 

t r e n d s  w i t h  r e g a r d  t o  t h e  a c c i d e n t  popu la t ion .  Each 

c a s e  r e p o r t e d  i n t o  t h e  permanent f i l e  of  t h e  sys tem con- 

t r i b u t e s  toward t h e  n a t i o n a l  e s t i m a t e  i n  an amount 

corresponding t o  i t s  we igh t  d e r i v e d  from t h e  sampling 

f r a c t i o n s  and p r o b a b i l i t i e s  a s  d e s c r i b e d  i n  S e c t i o n  4 . 4 .  

The i n t e r r o g a t i o n  of t h e  d a t a  f i l e  w i l l  y i e l d  a t  any 

time a  d e s c r i p t i o n  of a c c i d e n t  r a t e s ,  and, a c r o s s  t ime ,  

w i l l  p rovide  e s t i m a t e s  of  t r e n d s .  This  s e c t i o n  p rov ides  

a  d e s c r i p t i o n  of how d a t a  a n l y s i s  and r e p o r t i n g  f i t s  i n -  

t o  t h e  o v e r a l l  system des ign .  

1 0 . 1  Analys is  F i l e  S t r u c t u r e  

The cases  r e p o r t e d  t o  t h e  c e n t r a l  computing f a c i l i t y  

by t h e  f i e l d  d a t a  c o l l e c t i o n  teams a r e  v e r i f i e d  and 

e n t e r e d  i n t o  permanent s t o r a g e  i n ,  a  master  f i l e .  This  

f i l e  i s  an "occupant" f i l e ,  i n  t h a t  a  complete c a s e  

r e c o r d  i s  c o n s t r u c t e d  f o r  each occupant  ( o r  p e d e s t r i a n ,  

b i c y c l i s t ,  m o t o r c y c l i s t )  i n  eve ry  a c c i d e n t .  The c a s e  

records  f o r  occupants  i n  t h e  same v e h i c l e  a r e  redundant  

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

v e h i c l e s  i n  t h e  same a c c i d e n t  a r e  redundant  i n  t h e i r  

a c c i d e n t  in fo rmat ion .  This  mas te r  f i l e  w i l l  r a r e l y ,  i f  

e v e r ,  be  used d i r e c t l y  i n  t h e  performance of  a n a l y t i c a l  

t a s k s .  From t h e  master  f i l e ,  a n a l y s i s  f i l e s  w i l l  be  

c r e a t e d  i n  o r d e r  t o  f a c i l i t a t e  use  of a n a l y s i s  t o o l s .  

Based on t h e  k inds  of  q u e s t i o n s  t h a t  a r e  expected  t o  be 

asked of t h e  d a t a  sys tem,  t h r e e  a n a l y s i s  f i l e s  have 

been d e t a i l e d :  (1) Accident ,  ( 2 )  T r a f f i c  Uni t ,  and 

( 3 )  Occupant. 



10.1.1 Accident F i l e  

The acc iden t  f i l e  records  v a r i a b l e s  s p e c i f i c a l l y  

concerned wi th  t h e  n a t u r e  and consequences of  t h e  

t r a f f i c  acc ident .  These d a t a  a r e  o r i e n t e d  toward t h e  

events  surrounding t h e  a c c i d e n t ,  t h e  environmental  

condi t ions  a t  t h e  time of occurrence ,  and t h e  p h y s i c a l  

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

v a r i a b l e s  concerned wi th  t h e  a c c i d e n t  c o n f i g u r a t i o n  

and any in fe rences  which have been made i n  t h e  i n v e s t i -  

ga t ion  wi th  regard  t o  t h e  c a u s a l  f a c t o r s  involved.  

Incorpora ted  i n t o  t h i s  f i l e  a r e  summaries of t h e  

v e h i c l e  and occupant i n j u r y  informat ion  from t h e  master  

f i l e  i n s o f a r  a s  they r e l a t e  t o  t h e  a c c i d e n t  a s  a  whole. 

Such d a t a  elements a s  the  t o t a l  number of v e h i c l e s  o r  

t r a f f i c  u n i t s  involved,  t h e  most sev 'erely damaged 

v e h i c l e ,  t h e  wors t  i n j u r y  t o  any occupant ,  and t h e  

d i s p o s i t i o n  of v e h i c l e s  and v ic t ims a r e  genera ted  from 

t h e  master  f i l e  f o r  use i n  subsequent  a c c i d e n t  ana lyses .  

10.1.2 T r a f f i c  Unit F i l e  

This f i l e  i s  cons t ruc ted  f o r  t h e  s p e c i f i c  purpose 

of determining what h?ppens t o  s p e c i f i c  v e h i c l e s  i n  an 

acc iden t .  Vehicle parameters  such as  weight ,  s i z e ,  and 

type a r e  p r e s e n t  i n  t h e  f i l e  along wi th  t h e  a c c i d e n t  

s p e c i f i c s  of speed,  d i r e c t i o n  of motion, and t h e  o b j e c t  

s t r u c k  i n  t h e  c o l l i s i o n .  These v a r i a b l e s  can be  com- 

pared t o  t h e  amount of damage done both t o  t h e  v e h i c l e s  

and t h e i r  occupants ,  and can be r e l a t e d  t o  d e f e c t s  

p reda t ing  the  c r a s h ,  t h e  type  and use of s a f e t y  equip- 

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

crash  and t h e  r e s u l t i n g  damage. 



10.1.3 Occupant F i l e  

The v a r i a b l e s  mainta ined i n  this f i l e  a r e  p r i m a r i l y  

r e l a t e d  t o  t h e ' o c c u p a n t  and h i s / h e r  c o n d i t i o n  p r i o r  t o ,  

dur ing ,  and subsequent  t o  t h e  c r a s h .  The type  and 

amount of i n j u r y  a r e  capab le  of  r e l a t i o n  t o  t h e  a c c i d e n t  

and v e h i c l e  v a r i a b l e s  r e l e v a n t  t o  t h e  c i rcumstances  a s  

well a s  t o  o t h e r  parameters  of  t h e  occupant  such a s  

age ,  s e x ,  and p h y s i c a l  c h a r a c t e r i s  t ics .  O t h e  r i m p o r t a n t  

d a t a  elements  i n  t h i s  f i l e  have t o  do w i t h  t h e  s e a t e d  

p o s i t i o n  of t h e  occupant ,  the use  of r e s t r a i n i n g  de- 

v i c e s ,  and t h e  i n t e r i o r  p o r t i o n s  of  t h e  v e h i c l e  which 

were involved i n  caus ing  i n j u r y .  

10.2 Analys is  

The cumulat ive d a t a  i n  t h e  a n a l y s i s  f i l e s  r e p r e s e n t  

a  c o n t i n u a l  updat ing  of  e s t i m a t e s  ( t o g e t h e r  with t h e  

a p p r o p r i a t e  sampling e r r o r s )  of  s t a t i s t i c s  r e g a r d i n g  

n a t i o n a l  a c c i d e n t  phenomena. This  is because ,  a s  des- 

c r i b e d  i n  S e c t i o n  4 . 4  of t h i s  r e p o r t ,  each c a s e  comes 

i n t o  t h e  d a t a  f i l e  wi th  i t s  own weight  f o r  t h e  recon- 

s t i t u t i o n  of  t h e  n a t i o n a l  e s t i m a t e .  I t  remains,  t h e r e -  

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

purposes of  a n a l y s i s .  

The v a l i d i t y  o f  t h i s  p rocess  has  been t e s t e d  a t  

HSRI dur ing  t h e  p a s t  y e a r  i n  connect ion  w i t h  t h e  

R e s t r a i n t  System Study suppor ted  j o i n t l y  by NHTSA and 

t h e  Motor Vehicle  Manufacturers  Assoc ia t ion .  T h i s  

p re l iminary  s tudy  has  shown t h a t  t h e  concept  works 

w e l l ,  n o t  only i n  t h e  a n a l y s i s  a r e a ,  b u t  a l s o  i n  the 

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

s e c t i o n ,  

The fo l lowing t a b l e s  were genera ted  a s  examples 

of NASS a n a l y s i s  s t a t i s t i c s .  The assumption underly-  

i n g  t h e s e  is  t h a t  35 teams would be o p e r a t i n g  i n  35 



Primary Sampling Un i t s  (PSUs) th roughou t  t h e  n a t i o n .  

T h i s  assumption i s  a r b i t r a r y  b u t  i s  b a s e d  on a d a t a  

c o l l e c t i o n  and . subsequen t  a n a l y s i s  c o s t  o f  $6 m i l l i o n  

p e r  y e a r .  The PSUs w i l l  b e  s e l e c t e d  s o  t h a t  t h e  

s m a l l e s t  o f  them w i l l  y i e l d  3,000 a c c i d e n t s  a n n u a l l y ,  

and secondary  sampl ing  w i l l  t a k e  p l a c e  i n  t h o s e  where 

a  l a r g e r  number i s  expec ted .  T h i s  w i l l  g e n e r a t e  i n  

o u r  sample 90K a c c i d e n t s  p e r  y e a r ,  compr is ing  t h e  

a c c i d e n t  r e c o r d s  which w i l l  b e  ma in ta ined  and from 

which t h e  CSS c a s e s  w i l l  b e  s e l e c t e d .  

10.3 Repor t  Gene ra t ion  

The u s e r  w i l l  have a c c e s s  t o  t h e  NASS d a t a  f i l e s  

through e x i s t i n g  d a t a  a n a l y s i s  program packages such a s  

SPSS, OSIRIS, and ADAAS.* These sys tems have been  i n  

use  a  number o f  y e a r s  and p r o v i d e  the a n a l y s t  a 

s t r a i g h t f o r w a r d  method f o r  r e c o v e r i n g  d a t a  from a l a r g e  

f i l e .  I n  t h e  HSRI  Automated Data  Access and A n a l y s i s  

System (ADAAS), t h e  a n a l y s t  can r e a d i l y  a c c e s s  a  v a r i e t y  

of a n a l y s i s  programs and d a t a  f i l e s  on a  keyword b a s i s .  

The o u t p u t  i s  o r g a n i z e d ,  f o r m a t t e d ,  and l a b e l l e d  au to-  

m a t i c a l l y .  

A s  e a s y  a s  ADAAS i s  t o  r u n ,  t h e  p r o c e s s  was f u r t h e r  

s i m p l i f i e d  f o r  use  i n  t h e  R e s t r a i n t  System Study.  The 

commands used t o  i n i t i a t e  the ADAAS run  a r e  normal ly  

*"SPSS - S t a t i s t i c a l  Package f o r  t h e  S o c i a l  S c i e n c e s , "  
N.  Nie, D. Bent ,  C .  H u l l .  McGraw-Hill Book Co,, 1970,  
343 pages ,  
"OSIRIS 111" - Volumes 1 t o  6 ,  C e n t e r  f o r  P o l i t i c a l  
S t u d i e s ,  I n s t i t u t e  f o r  S o c i a l  Research ,  Ann Arbor ,  
Michigan, 1973. 
"A Manual f o r  ADAAS", P r e l i m i n a r y  v e r s i o n ,  Highway 
S a f e t y  Research I n s t i t u t e ,  Ann Arbor ,  Michigan,  
February ,  1974, 111 pages .  



e n t e r e d  by t h e  a n a l y s t  from a  t e r m i n a l ,  on- l ine  w i t h  

t h e  computer. I n  t h i s  c a s e ,  however, t h e s e  commands 

were s t o r e d  i n  a  computer f i l e ,  and t h e  e n t i r e  s e r i e s  

o f  r e p o r t s  could  be  produced by i s s u i n g  a  s i n g l e  in-  

s t r u c t i o n  which accessed  t h a t  f i l e .  A sample of  t h e  

o u t p u t  produced by t h i s  means is  shown i n  Table 1 0 . 1 .  

The updat ing  of t h e  d a t a  f i l e  would, of c o u r s e ,  y i e l d  

a  t a b l e  i n  t h e  same format  b u t  c o n t a i n i n g  d i f f e r e n t  

va lues .  This  procedure w i l l  b e  used i n  t h e  g e n e r a t i o n  

o f  r o u t i n e  r e p o r t s  f o r  NASS. The d e s i r e d  r e p o r t s  w i l l  

b e  des igned us ing  ADAAS commands, and then  s t o r e d  i n  a  

computer f i l e  a long wi th  an i d e n t i f i c a t i o n  number. The 

a n a l y s t  must simply i n d i c a t e  which s p e c i f i c  r e p o r t  .he 

d e s i r e s  and it  w i l l  be  a u t o m a t i c a l l y  produced and w i l l  

b e  based on t h e  d a t a  c u r r e n t l y  con ta ined  i n  t h e  NASS 

d a t a  f i l e .  

An impor tan t  o u t p u t  of t h e  NASS w i l l  be  t h e  

supp ly ing  of a n a l y s t  wi th  t r e n d  in fo rmat ion .  Computer 

techniques  a r e  a v a i l a b l e  t o  p l o t  curves  from d a t a  i n  

d i g i t a l  form, and t h e s e  w i l l  be  i n t e r f a c e d  w i t h  t h e  

r e p o r t  g e n e r a t i o n  p o r t i o n  of t h e  system. ~ i g u r e  10 .1  

r e p r e s e n t s  an example of such a  p l o t ,  showing t h e  mean 

d r i v e r  age ( s e p a r a t e d  i n t o  male and female)  over  t ime. 

Reports  of t h i s  type can be  c a l l e d  by number o r ,  i f  t h e  

a n a l y s t  wishes  l e s s  than t h e  f u l l  f i l e  c o n t e n t ,  he may 

s p e c i f y ,  i n  an i n t e r a c t i v e  mode, t h e  l i m i t s  he  would 

l i k e  d i sp layed .  The s e l e c t i o n  of cases  f o r  d e t a i l e d  

a n a l y s i s  under NASS w i l l  c o n s i s t  of 500 v e h i c l e s  w i t h i n  

each PSU. The r e s u l t i n g  NASS f i l e s  w i l l  c o n t a i n ,  f o r  

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

15,000 v e h i c l e s  and approximately 25,000 occupants .  The 

sample N ' s  and percentages  were e s t i m a t e d  us ing  t h e  d a t a  

from t h e  1973 Texas 5 %  sample f i l e .  



A. N and % i n  n a t i o n a l  sample o f  15,000 v e h i c l e s .  

I. S p e c i f i c  V e h i c l e  Type 

Passenger  Car  

Truck 

Truck t 

School  Bus 

Bus 

Motorcycle  

P e d e s t r i a n  

11. Most S e r i o u s  I n j u r y  i n  Veh ic l e  

No I n j u r i e s  

111. Day o f  Week 

Sunday 

Monday 

Tuesday 

Wednesday 

Thursday 

F r iday  

Sa turday  



I V .  Dr iver  Age NSC Groups 

V. Driver Sex 

Male 

Female 

V I .  Damage Scale (TAD) ' 



V I I .  Accident  Type 

P e d e s t r i a n  

Other  Vehicle  

Ra i l road  T r a i n  

Parked Car 

B icyc le  

Animal 

Fixed Objec t  

Other  Objec t  

Overturn i n  Road 

Ran Off Road 

Other  Non-Collision 

V I I I .  Road C l a s s i f i c a t i o n  

I n t e r s t a t e  

US & S t a t e  Trunk 

S t a t e  11° Road 

County Road 

C i t y  S t r e e t  

Turnpike 

I X .  Age of Vehicl2 

1 o r  l e s s  

2 

3 

4 



X. V e h i c l e  Damage Area 

F r o n t  

Rear 

L e f t  

R i  gh t 

S i d e  & Top 

X I .  Road S u r f a c e  

Dry 

Wet 

Muddy 

Snowy 

ICY 

X I I .  L i g h t  Cond i t i ons  

D a y l i g h t  

Dawn 

Dark - Not S t r e e t  L i g h t s  

Dark - S t r e e t  L i g h t s  

Dusk 

X I I I .  V e h i c l e  Defec t s  

None 

Brakes  

S t e e r i n g  

L i g h t s  

Windshield  Wiper 

T i r e s  

T r a i l e r  Equipment 

Stop/Turn S i g n a l  

Wheel Came O f f  



The fo l lowing t a b l e s  have been produced t o  show how 

t h i s  method of a n a l y s i s  can y i e l d  answers t o  a  s e l e c t e d  

list of q u e s t i o n s  of  concern t o  those  who i n t e r r o g a t e  

t h e  NASS d a t a  f i l e s .  

(1) What is % of a c c i d e n t s  by i n j u r y  l e v e l ?  

( 2 )  Involvements by impact d i r e c t i o n ?  

( 3 )  Percen t  of Accidents by s e v e r i t y  and c o n f i g u r a t i o n  
t h a t  involve  a l c o h o l  and drugs? 

B 

5.9 

885 

I n  jury 

% 

N 

Damage 
Area 

% 

N 

Number of Alcohol-Related Involvements by 
I n  j u r y  and Conf igura t ion  f o r  C i t a t i o n .  

r 

C 

4 . 4  

660  

K 

. 4  

60 

None 

86.8 

13,020 

A 

2.5 

375 

Fron t  

34.8 

5,220 

Rear 

19.0 

2 ,850 

Side  1 
L e f t  I Right  I & Top 1 

3 ,285 3,375 / 225  
1 



Same lassuming 11% involvement .  

F ron t  

Real: 

L e f t  

R i  gh t 

( 4 )  P e r c e n t a g e  o f  a c c i d e n t s  i n v o l v i n g  f a c t o r  X. 

F a c t o r  

I n  jury 

- - 

Pick-up Trucks 

~ e d e s  t r i a n s  

C 

25 

14  

16 

1 6  

Motor 

B 

3 4  

19 

2 1  

22 

Motorcyc le  

A 

14 

8 

9 

9 

None 

49 8 

9 5 

10 9 

1 1 2  

N Sample 

1 , 8 4 5  

116 

10 

20 6 

K 

2 

1 

1.5 

1.5  



Same !assuming 11% involvement. 

L 

Front  

Rear 

L e f t  

Right 

( 4 )  Percentage of acc iden ts  involv ing  f a c t o r  X. 

Fac tor  

r 

In ju ry  

% - N Sample 

Pick-up Trucks 12.30 1,845. 

Pedes t r ians  . 7 7  116 

Motor Home/Camper .066 10 

Motorcycle 1.37 20 6 

A 

14 

8 

9 

9 

None 1 K B I C  

49 8 

95 

10 9 

34 

19 

21 

22 

2 

1 

1.5 

25 

1 4  

16 

16 112 1 , 1.5 
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FIGURE 10.1 
TREND IN MEAN DRIVER AGE 

IN FRTAL ACCIDENTS 
TEXRS 1970-1973 
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11. ORGANIZATIONAL COMPONENTS 
AND THEIR FUNCTIONS 

The major f u n c t i o n s  of  t h e  N a t i o n a l  Acc ident  Sam- 

p l i n g  System have been  addres sed  i n  S e c t i o n s  6 th rough 

1 0 ,  They i n c l u d e  d a t a  c o l l e c t i o n  ( f o r  t h e  CSS, QRS, 

and MDAI a c t i v i t i e s )  ; d a t a  h a n d l i n g ,  a n a l y s i s ,  and 

r e p o r t i n g ;  command and c o n t r o l  of t h e  sys tem;  and 

mon i to r ing  o f  o p e r a t i o n s .  I n  t h i s  s e c t i o n  w e  c o n s i d e r  

a l t e r n a t i v e s  f o r  a c t u a l  o p e r a t i o n  of t h e  sys tem,  g i v e n  

t h a t  t h e  above f u n c t i o n s  a r e  t o  be  performed.  

F i g u r e  11.1 i s  a  f u n c t i o n a l  b lock  diagram o f  t h e  

system. S o l i d  l i n e s  i n d i c a t e  t h e  flow of  d a t a  i n  raw 

o r  p roces sed  form, p roceed ing  from t h e  c o l l e c t i o n  t o  

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

s t a t i s t i c s  p roduc t ion  f u n c t i o n s .  Output  of  t h e  s y s  tem 

i s  d i r e c t e d  t o  u s e r s  a t  NHTSA and e l sewhere  through a  

management f u n c t i o n .  Command and c o n t r o l  a c t i v i t i e s  

a r e  shown by t h e  d o t t e d  l i n e s .  A t r a i n i n g  f u n c t i o n  

a s s u r e s  t h a t  p e r s o n n e l  i n .  t h e  sys tem a r e  o p e r a t i n g  

cons i s  t e n  t l y  on a  long- term bas  i s  , and t h e  q u a l i  ty con- 

t r o l  f u n c t i o n  s e r v e s  t h e  same purpose on a  s h o r t e r -  

term b a s i s .  D i r e c t i o n  of  t h o s e  a c t i v i t i e s  i n  t h e  

system which change w i t h  t ime  ( e . g . ,  new MDAI a s s ign -  

ments ,  o r  new QRS ass ignments )  i s  accounted  f o r  by a  

p l a n n i n g  f u n c t i o n  a s  shown. 

There  a r e  s e v e r a l  ways of a s s i g n i n g  t h e  v a r i o u s  

f u n c t i o n s  t o  a  working o r g a n i z a t i o n .  Three a r range-  

ments w i l l  b e  d i s c u s s e d  h e r e ,  i d e n t i f i e d  a s  a c e n t r a l -  

i z e d ,  a d e c e n t r a l i z e d ,  and a  h y b r i d  s y s  tern arrangement .  

Although t h e r e  a r e  examples o f  each  which a r e  working 

sys t ems ,  t h e  h y b r i d  sys tem w i l l  b e  recommended f o r  

t h e  NASS. 



USERS n --- - - -  Communica t ion  of D a t a  
a n d  O u t p u t  I n f o r m a t i o n  

Command Communica t ion  

FIGURE 11.1. F u n c t i o n a l  Block Diagram - National A c c i d e n t  Sampling S y s t e m  
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The c e n t r a l i z e d  arrangement i s  d e p i c t e d  i n  F igure  

1 1 . 2 .  Only t h e  d a t a  c o l l e c t i o n  f u n c t i o n s  a r e  l o c a t e d  

anywhere o t h e r  than  a t  the s i n g l e  management c e n t e r .  

Data c o l l e c t i o n  o r g a n i z a t i o n s  a r e  shown i n  a  v a r i e t y  

of configurat ions--one primary sampling u n i t  c o l l e c t -  

i n g  only CSS d a t a ,  one only QRS d a t a ,  e t c .  But t h e  

l i n e s  of d a t a  flow i n d i c a t e  t h a t  t h e  raw d a t a  would be  

t r a n s m i t t e d  ' i n  some way d i r e c t l y  t o  t h e  c o n t r o l  c e n t e r ,  

and commands f o r  change, t r a i n i n g ,  i n s t r u c t i o n s  re- 

l a t i v e  t o  c o n t r o l  q u a l i t y ,  e t c . ,  would go d i r e c t l y  

from t h e  c o n t r o l  c e n t e r  t o  t h e  f i e l d  u n i t .  A system 

s i m i l a r  t o  t h i s  i s  employed by The Univers i ty  of 

Michigan's Survey Research Center  f o r  i t s  q u a r t e r l y  

n a t i o n a l  su rveys ,  w i t h  more than  6 0  primary sampling 

u n i t s  a l l  be ing  managed from a  c e n t r a l  p o i n t .  Con t ro l  

of q u a l i t y  and t r a i n i n g  a r e  a l s o  handled c e n t r a l l y ,  

a l though t h e r e  i s  some need f o r  t r a v e l  and f r e q u e n t  

communication b e f o r e  and dur ing  a  sampling pe r iod .  

This  concept  was cons idered  f o r  t h e  NASS, b u t  judged 

i n a p p r o p r i a t e  because of t h e  continuous n a t u r e  of  t h e  

d a t a  c o l l e c t i o n  and t h e  requi rements  f o r  o c c a s i o n a l  i f  

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

A r a t h e r  f u l l y  d e c e n t r a l i z e d  o r g a n i z a t i o n  1s 

shown i n  Figure  11.3. I n  t h i s  c o n f i g u r a t i o n  t h e  head- 

q u a r t e r s  component provides  g e n e r a l  d i r e c t i o n  of t h e  

program, conducts some a n a l y s i s  (though l a r g e l y  of 

processed  d a t a ) ,  and develops g e n e r a l  p l a n s  f o r  changes 

i n  t h e  program. The f i e l d  u n i t s  a r e  each shown a s  

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

be ing  l a r g e l y  r e s p o n s i b l e  f o r  t r a i n i n g  and q u a l i t y  

c o n t r o l ,  and prodycing r e p o r t s  r a t h e r  than  d a t a .  The 

p r e s e n t  MDAI system o p e r a t e s  l a r g e l y  i n  t h i s  manner, 

w i t h  the p r i n c i p a l  o u t p u t s  of t h e  MDAI teams b e i n g  

paper  r e p o r t s  forwarded t o  t h e  management c e n t e r  f o r  







f u r t h e r  a n a l y s i s ,  The management c e n t e r  i s  b a s i c a l l y  

r e s p o n s i b l e  f o r  communication t o  t h e  wor ld  o u t s i d e  

the s y s  tem. This  c o n f i g u r a t i o n  was judged inappro-  

p r i a t e  f o r  t h e  NASS because of t h e  requi rement  f o r  

cons i s t ency  of  t r a i n i n g  and t h e  need f o r  r a p i d  re -  

a c t i o n  t o  main ta in  c o n t r o l  of  q u a l i t y  i n  t h e  d a t a .  

F u r t h e r ,  i n  o r d e r  t o  develop n a t i o n a l  s t a t i s t i c s ,  

raw d a t a  need t o  be  c e n t r a l i z e d .  

The recommended h y b r i d  o r g a n i z a t i o n  i s  shown i n  

F igure  1 1 . 4 .  Because of t h e  n a t u r e  of t h e  MDAI i n -  

v e s t i g a t i o n s - - b e i n g  d e t a i l e d  s t u d i e s  o f  a  l i m i t e d  

number of accidents--only a  s m a l l  number of  teams 

should  be  ass igned  t h a t  f u n c t i o n ,  The people r e q u i r e d  

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

than  those  doing t h e  CSS and QRS d a t a  c o l l e c t i o n ,  and 

they could w e l l  s e r v e  t o  s u p p o r t  CSS and QRS teams on 

an o c c a s i o n a l  b a s i s .  A p a r t  of t h e  management 

f u n c t i o n  i s  d i s t r i b u t e d  t o  t h e  MDAI teams, which then  

o p e r a t e  d u a l l y  a s  MDAI i n v e s t i g a t o r s  and a s  zone 

managers, each being r e s p o n s i b l e  f o r  f i v e  o r  s i x  p r i -  

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

Command l i n e s  proceed downward on t h e  c h a r t  

through t h e  zone c e n t e r s .  Q u a l i t y  c o n t r o l  i s  s t i l l  

a  major f u n c t i o n  a t  t h e  NHTSA management c e n t e r ,  b u t  

t h e  zones have a  s i m i l a r  r e s p o n s i b i l i t y  i n  monitor- 

i n g  teams under t h e i r  command. Data,  i n  g e n e r a l ,  flow 

d i r e c t l y  from t h e  source  t o  t h e  d a t a  c e n t e r ,  a l though 

a  d i g i t a l  communications system w i l l  pe rmi t  r a t h e r  

c l o s e  moni tor ing  of team a c t i v i t i e s ,  a s  d e s c r i b e d  i n  

S e c t i o n  1 0  of t h i s  r e p o r t .  

Communication w i t h  t h e  world o u t s i d e  of t h e  NASS 

i s  aga in  l a r g e l y  through t h e  NHTSA management center - -  

both  f o r  i n p u t  and ou tpu t .  O v e r a l l  guidance of  t h e  

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

c o l l e c t i o n  r e q u i r e s  r e l a t i v e l y  con t inuous  t r a i n i n g  

a c t i v i t y  a t  the zone l e v e l .  

F i n a l l y ,  t h e  h y b r i d  a r rangement  shown f i t s  wel l  

a s  a  t r a n s i t i o n  from t h e  p r e s e n t  MDAI program, and 

t a k e s  advantage of the e x p e r t i s e  c u r r e n t l y  r e s i d e n t  

i n  t h a t  system. 



1 2 .  IMPLEMENTATION OF THE NASS. PLAN 

Although t h e  major i ty  of t h e  des ign  cho ices  f o r  t h e  

Na t iona l  Accident  Sampling System can b e  made now, many 

d e t a i l s  can be  b e t t e r  s p e c i f i e d  a f t e r  g a i n i n g  more 

o p e r a t i o n a l  exper ience .  The R e s t r a i n t  System  valuation 

Study,  which took p l a c e  over  t h e  p a s t  y e a r ,  has  se rved  

a u s e f u l  purpose i n  a t t empt ing  t o  i n t r o d u c e  a  c a r e f u l  

sampling p lan  f o r  i n v e s t i g a t i o n  of a  p a r t i c u l a r  problem. 

The c o l l e c t i o n  of p o l i c e - r e p o r t e d  towaway a c c i d e n t s  , 
t h e  d e t a i l e d  i n v e s t i g a t i o n  of a  wel l -def ined sample of 

t h e s e  a c c i d e n t s ,  and t h e  compi la t ion  of t h e  r e s u l t i n g  

d a t a  i n t o  a  s i n g l e  f i l e ,  have a l l  been a c t i v i t i e s  which 

would be conducted i n  t h e  NASS. Some of t h e  problems 

i n  t h e  RSES program have,  i n  f a c t ,  d i c t a t e d  des ign  

choices  i n  t h e  NASS. For example, v a r i a t i o n s  i n  i n t e r -  

p r e t a t i o n  of t h e  Abbreviated I n j u r y  Sca le  amonq t h e  

s e v e r a l  t e a m  became apparent  a s  a n a l y s i s  began, and 

now has  been t r a c e d  t o  t h e  coding of l a c e r a t i o n s  a t  AIS 

l e v e l s  1 and 2 ,  For one team, r e p o r t e d  l a c e r a t i o n s  

have been about  equa l ly  d iv ided  between l e v e l s  1 and 2 ,  

and f o r  another  team about  80% of t h e  r e p o r t e d  l a c e r -  

a t i o n s  a r e  a t  l e v e l  1. Although t h e  I n j u r y  S c a l e  was 

in tended  t o  permi t  c o n s i s t e n t  r e p o r t i n g ,  t h e  most l i k e l y  

conclus ion  i s  t h a t  it has been i n t e r p r e t e d  and used 

d i f f e r e n t l y  a t  d i f f e r e n t  l o c a t i o n s .  The moni tor ing  

s t r u c t u r e  of t h e  NASS has been developed l a r g e l y  t o  

i n t e r c e p t  such d i s c r e p a n c i e s  a s  e a r l y  a s  p o s s i b l e ,  and 

t o  provide  f o r  removing them. 

I n  a d d i t i o n  t o  t h e  RSES o p e r a t i o n s ,  t h e  f i e l d i n g  

of  a  s i n g l e  team t o  c o l l e c t  t h e  d a t a  s p e c i f i e d  f o r  t h e  

CSS p o r t i o n  of t h e  NASS would provide  f u r t h e r  u s e f u l  



i n p u t s  t o  t h e  des ign .  Both of t h e s e  s h o u l d  b e  viewed 

a s  a " p r e - p i l o t "  a c t i v i t y  t h a t  would pe rmi t  t r y i n g  o u t  

t h e  b a s i c  mechanics of  t h e  system. The o r i g i n a l  i n t e n t  

of  t h e  HSRI  program was t o  implement a  t r i a l  f i e l d  

o p e r a t i o n  l a t e  i n  1974, b u t  t h i s  was d e f e r r e d  i n  f a v o r  

of  f u r t h e r  development of t h e  n a t i o n a l  p l a n ,  Such a  

p r e - p i l o t  a c t i v i t y  i s  s t i l l  viewed a s  mandatory i n  

checking o u t  t h e  mechanics of  t h e  system, and i s  ex- 

pec ted  t o  r e q u i r e  t h r e e  t o  s i x  months of  o p e r a t i o n  by 

a  team working d i r e c t l y  w i t h  t h e  d a t a  c e n t e r .  

12 .1  P i l o t  Program 

To proceed c a r e f u l l y  b u t  q u i c k l y  toward f u l l  

o p e r a t i o n  o.f a  n a t i o n a l  sys tem,  s e v e r a l  q u e s t i o n s  can 

b e s t  b e  r e s o l v e d  by means of  a  modest p i l o t  program. 

The NASS sample des ign  c a l l s  f o r  implementat ion of 

primary sampling u n i t s  i n  d i v e r s e  reg ions  of t h e  

country  and i n  a r e a s  of  widely  d i f f e r i n g  popu la t ion  

d e n s i t i e s .  Sub-sampling (i. e. , secondary sampling as  

d i s c u s s e d  i n  S e c t i o n  4 of t h i s  r e p o r t )  w i l l  b e  necessa ry  

i n  many of t h e  primary sampling r e g i o n s ,  and t h e  method 

of  sub-sampling needs t o  be t e s t e d .  The i n t e r r e l a t i o n -  

s h i p  between a  zone c e n t e r  and a  remote primary sampling 

u n i t  should  be  t e s t e d .  The combining of  s m a l l  c o u n t i e s  

i n t o  popu la t ion  u n i t s  of a t  l e a s t  5 0 , 0 0 0  was d i s c u s s e d  

i n  S e c t i o n  4 ;  t h i s  impl ies  r e l a t i v e l y  low p o p u l a t i o n  

d e n s i t i e s  and a  d i f f e r e n t  approach t o  d a t a  c o l l e c t i o n  

than  would e x i s t  i n  a  l a r g e  c i t y .  P i l o t  t e s t i n g  of a  

team i n  such a  s p a r s e l y  popu la ted  r e g i o n  would b e  use- 

f u l  i n  de termining f i n a l  pe r sonne l  and t r a v e l  r e q u i r e -  

ments f o r  t h e s e  s i tes .  
I 

S i t e  s e l e c t i o n  from t h e  sampling p l a n  can be  

accomplished a t  any t ime,  i n  a  m a t t e r  of  h o u r s ,  The 

sampling frame f o r  primary s i t e  s e l e c t i o n  has  been 



d e f i n e d  i n  S e c t i o n  5 ,  and t h e  weights  f o r  each d e f i n e d  

u n i t  have been computed. A l l  t h a t  remains i s  t o  perform 

the a c t u a l  p r o b a b i l i t y  sampl ing--preferably  a  manual 

opera t ion- - to  choose a c t u a l  l o c a t i o n s .  I n  t h e  p i l o t  

o p e r a t i o n  it seems p r e f e r a b l e  t o  s e l e c t  a c t u a l  l o c a t i o n s  

which w i l l  be  i n ,  t h e  f i n a l  sys tem,  and thus  no recom- 

mendations a r e  made h e r e  f o r  s p e c i f i c  s i t e s  f o r  the 

p i l o t  t e s t ,  excep t  t o  n o t e  t h a t  Los Angeles,  New York, 

o r  Chicago (Cook County) could  b e  inc luded  w i t h  

c e r t a i n t y  because ,  wi th  t h e i r  l a r g e  p o p u l a t i o n s ,  they  

w i l l  be  s e l f - r e p r e s e n t i n g  i n  NASS. 

Other  s i t e s  recommended f o r  p i l o t  o p e r a t i o n  i n c l u d e  

one l a r g e  urban a r e a  remote from i t s  a s s o c i a t e d  zone 

c e n t e r  ( t h i s  might b e ,  f o r  example, New Or leans ,  w i t h  a  

zone c e n t e r  a t  Miami); one r u r a l  (mul t i -county)  s i t e  

remote from i t s  zone c e n t e r  ( e .g . ,  s e v e r a l  c o u n t i e s  i n  

Texas a s s o c i a t e d  w i t h  a  zone c e n t e r  i n  San Anton io ) ;  one 

s i t e  i n  t h e  nor thwestern  United S t a t e s  (perhaps  asso-  

c i a t e d  wi th  an NHTSA r e g i o n a l  o f f i c e  a s  a zone c e n t e r )  ; 

and a  s i t e  i n  t h e  n o r t h e a s t e r n  U .S . ,  which i s  a  more 

densely  popula ted  r u r a l  a r e a .  

S e v e r a l  p o s s i b l e  procedures  f o r  secondary sub- 

sampling have been d i s c u s s e d  i n  S e c t i o n  4 .  The problem 

i n  t h e  l a r g e r  ( i . e . ,  t h e  more populous)  PSUs i s  t h a t  

t h e r e  a r e  many more a c c i d e n t s  than  a r e  r e q u i r e d  f o r  t h e  

sample, and i n  o r d e r  t o  make t h e  sampling p rocess  

workable and t o  minimize c o s t s  i t  i s  d e s i r a b l e  t o  c r e a t e  

a  l o c a l  sampling frame from which t o  choose c a s e s  f o r  

d e t a i l e d  i n v e s t i g a t i o n .  I t  i s  impor tan t  t h a t  t h e  method 

chosen minimize any i n c r e a s e  i n  v a r i a n c e  of e s t i m a t e s  

from the sys tem,  and some approximation t o  s imple  ran-  

dom sampling i s  d e s i r a b l e .  I t  i s  q u i t e  p o s s i b l e  f o r  

t h e  method t o  b e  d i f f e r e n t  i n  v a r i o u s  primary sampling 

u n i t s - - e , g . ,  a  r o t a t e d  sample through a l l  



s u b - j u r i s d i c t i o n s  i n  one p l a c e ,  a  wedge sample i n  

a n o t h e r ,  and a  s imp le  random sample i n  a t h i r d .  During 

t h e  p i l o t  phase ,  s e v e r a l  o f  t h e s e  mechanisms s h o u l d  be  

t r i e d  i n  o r d e r  t o  p r o v i d e  b e t t e r  gu idance  f o r  l a t e r  

o p e r a t i o n s .  

Based o n ' p a s t  e x p e r i e n c e  i n  s e t t i n g  up and o p e r a t -  

i n g  in -depth  a c c i d e n t  i n v e s t i g a t i o n  programs it i s  es ti- 

mated t h a t  approximate ly  9 0  days o f  p r e p a r a t i o n  time 

w i l l  b e  r e q u i r e d  b e f o r e  any u s e f u l  d a t a  can  b e  e x p e c t e d  

from a new s i t e .  t his i s  n o t  t o  s a y  t h a t  some d a t a  

a c q u i s i t i o n  canno t  b e  begun,  b u t  t h a t  e x p e c t a t i o n s  

concern ing  t h e  d a t a  i n  t h e  f i r s t  t h r e e  months s h o u l d  b e  

minimal. The recommended f o u r  p i l o t  s i tes  cou ld  b e  

implemented a t  abou t  the same t i m e ,  and u s e f u l  d a t a  

might  b e  expec ted ,  t h e n ,  a t  abou t  t h e  same t i m e  from 

a l l  of  t h e s e  u n i t s .  

The i n i t i a l  d a t a  c o l l e c t i o n  would b e  aimed a t  

s a t i s f y i n g  t h e  needs of  t h e  cont inuous  sampl ing  sys t em,  

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

problems o f  i n t e r p r e t a t i o n  of codes ,  e t c . ,  s h o u l d  b e  

, accomplished q u i c k l y .  T r a i n i n g  f o r  t h e  p i l o t  programs 

shou ld  b e  accomplished c e n t r a l l y ,  u s i n g  t h e  d a t a  forms 

and t h e  i n v e s t i g a t o r s  manual (Appendix G ) w i t h  

i n s t r u c t i o n a l  m a t e r i a l  s i m i l a r  t o  t h a t  used  i n  t h e  

c u r r e n t  MDAI t r a i n i n g  programs. F requen t  (i .e. , n e a r l y  

con t inuous )  mon i to r ing  o f  t h e  f i e l d  o p e r a t i o n s  by b o t h  

n a t i o n a l  c e n t e r  p e r s o n n e l  and zone c e n t e r  p e r s o n n e l  

i s  d e s i r a b l e  d u r i n g  t h i s  p h a s e ,  w i t h  p e r i o d i c  meet ings  

t o  d i s c u s s  problems and e f f e c t  m o d i f i c a t i o n s .  

The Quick  Reac t ion  System (QRS) i s  a  most impor- 

t a n t  p a r t  of t h i s  des ign .  I t s  purpose  i s  t o  p r o v i d e  

a conven ien t  means t o  i n s t i t u t e  a  r a p i d  c o l l e c t i o n  o f  

r e p f e s e n t a t i v e  d a t a  t o  add res s  some p a r t i c u l a r  s -ub jec t .  

The d a t a  h a n d l i n g  mechanics f o r  the QRS have been 



developed i n  p a r a l l e l  wi th  t h e  same f e a t u r e s  of t h e  CSS, 

and a r e  adap tab le  qu ick ly  t o  a  new s e t  of  q u e s t i o n s .  

During t h e  p i l o t  o p e r a t i o n  two QRS s t u d i e s  shou ld  b e  

conducted--the f i r s t ,  i n v o l v i n g  p r i o r  p lann ing ,  t a k i n g  

about  60 days f o r  t h e  f i e l d  d a t a  c o l l e c t i o n  a c t i v i t y ;  

and t h e  second, undertaken on s h o r t  n o t i c e ,  i n v o l v i n g  

about  9 0  days from s t a r t  t o  f i n i s h .  The l a t t e r  would 

test  p a r t i c u l a r l y  t h e  command communications a s p e c t s  

o f  t h e  system. 

HSRI has submit ted  s e v e r a l  p o s s i b l e  t o p i c s  f o r  QRS 

o p e r a t i o n  t o  NHTSA f o r  c o n s i d e r a t i o n  e a r l y  i n  t h e  pro- 

gram, b u t  comments were de layed dur ing  t h e  p e r i o d  of 

development of a  n a t i o n a l  sampling approach. Candidate 

t o p i c s  d i scussed  i n  J u l y ,  19 7 4 ,  inc luded:  

( a )  The e f f e c t i v e n e s s  of bumper systems i n  

low-speed c r a s h e s  

(b)  Roadside o b s t a c l e  a c c i d e n t s  

( c )  The frequency of un l i censed  d r i v e r s  i n  

a c c i d e n t s  (and the c h a r a c t e r i s t i c s  of  

t h e i r  a c c i d e n t s )  

(d)  Young c h i l d r e n  i n  a c c i d e n t s ,  p a r t i c u l a r l y  

wi th  r e s p e c t  t o  r e s t r a i n t  usage 

Each of t h e s e  would b e  covered only i n  a l i m i t e d  

fash ion  by t h e  CSS, and s p e c i f i c  a d d i t i o n a l  in fo rmat ion  

could  be  c o l l e c t e d  through t h e  QRS f o r  a  p r e s c r i b e d  

pe r iod  on such a c c i d e n t s  t o  provide  a  n a t i o n a l  e s t i m a t e  

on a  s p e c i f i c  s u b j e c t .  A sample s e t  of  q u e s t i o n s  f o r  

t h e  "young c h i l d r e n "  t o p i c  was provided i n  t h e  r e p o r t  

" S t a t i s  t i c a l  In fe rence  from In-Depth Accident  Inves ti- 

g a t i o n s , "  and s e r v e s  a s  an example of t h i s  t o p i c .  



c h a r a c t e r i s t i c s ,  e t c .  , have become r e l a t i v e l y  s t a n -  

dardized .  But a  N a t i o n a l  Accident  Sampling System 

should  n o t  b e  viewed a s  s t a t i o n a r y ;  t h e r e  i s  room f o r  

improvement i n  many of t h e s e  a r e a s .  Veh ic le  damage 

r e p o r t i n g  us ing  t h e  V D I  o r  CDC c l a s s i f i c a t i o n s ,  o r  

r e p o r t i n g  of  v e h i c l e  c rush  and speed,  remains somewhat 

of an a r t ;  t h i s  system needs a  c o n t i n u i n g  e f f o r t  a t  

improving t h e  r e p o r t i n g  methodology. Over t h e  p a s t  

f i v e  y e a r s  CALSPAN has  developed t h e  SMAC sys tem,  

Ind iana  U n i v e r s i t y  has  developed a  r e p o r t i n g  method- 

ology f o r  a c c i d e n t  c a u s a t i o n ,  The U n i v e r s i t y  of  

Michigan has extended t h e  Abbreviated I n j u r y  S c a l e  t o  

an Occupant I n j u r y  C l a s s i f i c a t i o n  sys tem,  and s e v e r a l  

people have sugges ted  m o d i f i c a t i o n  of c r a s h  s e v e r i t y  

r ecord ing  ( e . g . ,  K .  Campbell a t  General  Motors,  L .  

P a t r i c k  a t  Wayne S t a t e  U n i v e r s i t y )  . Some of t h e s e  have 

proceeded t o  t h e  p o i n t  where they  a r e  now i n  a c t u a l  

use.  The p o i n t  h e r e  i s  t h a t  involvement  of p r o f e s s i o n a l -  

l e v e l  people i n  t h i s  program on a  c o n t i n u i n g  b a s i s  (on 

t h e  MDAI teams a t  t h e  zone c e n t e r s )  w i l l  p rov ide  t h e  

i n t e r e s t e d  e x p e r t i s e  t o  c o n t i n u e .  development of r e p o r t -  

i n g  methodology. The needs f o r  t h i s  work shou ld  be  

recognized by t h e  NHTSA managers of  t h e  system, and a  

long-term schedu le  should  be  devised .  

Tra in ing  f o r  t h e  o p e r a t i o n a l  sys tem shou ld  b e  

s i m i l a r  t o  t h a t  developed i n  t h e  p i l o t  program, perhaps 

w i t h  one of t h e  MDAI-zone c e n t e r  a c t i v i t i e s  t a k i n g  p r i -  

mary r e s p o n s i b i l i t y .  Note aga in  t h e  importance of 

p r e c i s e  d a t a  t a k i n g ,  implying f r e q u e n t  t r a i n i n g  of 

personnel  and t h e  matura t ion  of  t h e  i n v e s t i g a t o r s  t o  t h e  

l e v e l  of a  p r o f e s s i o n a l  a c c i d e n t  i n v e s t i g a t o r .  One of  

t h e  reasons  f o r  a  n a t i o n a l  sampling sys tem i s  t o  achieve  

cons i s t ency  i n  r e p o r t  a t  a  l e v e l  n o t  a t t a i n a b l e  i n  

vo lun tee r  ( i . e . ,  p o l i c e )  r e p o r t i n g ,  and t h e  permanent 

t r a i n i n g  and educa t ion  f u n c t i o n  i s  v i t a l  t o  t h a t .  





13.  SYSTEM OPERATING COSTS 

The N a t i o n a l  Accident  Sampling System d e s c r i b e d  i n  

t h i s  r e p o r t  c d n s i s t s  of  35 pr imary  sampl ing  u n i t s  

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

r e p o r t i n g ,  s i x  zone control/MDAI c e n t e r s  which s e r v e  a  

d u a l  f u n c t i o n  a s  manager of  s e v e r a l  PSUs and a s  a 

r e g i o n a l  MDAI team f o r  in-depth  i n v e s t i g a t i o n s ,  one 

n a t i o n a l  d a t a  c e n t e r  which r e c e i v e s ,  s t o r e s ,  and pro- 

c e s s e s  d a t a  f o r  t h e  e n t i r e  sys tem,  and one management/ 

c e n t r a l  c o n t r o l  c e n t e r  which d i r e c t s  and moni tors  t h e  

o p e r a t i o n  of t h e  system. These f o r t y  u n i t s  a r e  i n  

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

Costs  of o p e r a t i n g  t h e  e n t i r e  sys tem i n c l u d e  expen- 

d i t u r e s  f o r  s a l a r i e s ,  o f f i c e  s p a c e ,  t r a v e l ,  comrnuni- 

c a t i o n s ,  and misce l l aneous  s u p p l i e s .  I n  o r d e r  t o  s t u d y  

a l t e r n a t i v e  s y s  tem arrangements-- f o r  example, v a r i a t i o n s  

i n  t o t a l  c a s e  l o a d ,  v a r i a t i o n s  i n  t h e  number of primary , 

sampling u n i t s ,  e t c . - - b a s i c  u n i t  c o s t s  have been a s s i g n e d .  

These have been developed from knowledge of p r e s e n t  

a c c i d e n t  i n v e s t i g a t i o n  team o p e r a t i o n s  a t  b o t h  t h e  MDAI 

l e v e l  and t h e  more r o u t i n e  R e s t r a i n t  System E v a l u a t i o n  

S t u d i e s .  I n  g e n e r a l ,  s a l a r i e s  have been e s t i m a t e d  w i t h  

a burden of l o o % ,  and d i r e c t  cha rges  ( t e l e p h o n e ,  r e n t ,  

t r a v e l )  have been e s t i m a t e d  a t  c o s t .  

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

and consequent ly  i n  t h e  s a l a r y  needed f o r  a  p a r t i c u l a r  

job,  i n  d i f f e r e n t  p a r t s  o f  t h e  coun t ry .  I f  t h i s  NASS 

i s  u l t i m a t e l y  s e t  up a s  a  c i v i l  s e r v i c e  a c t i v i t y ,  it i s  

l i k e l y  t h a t  t h e r e  w i l l  b e  l i t t l e  d i f f e r e n c e  from team 

' t o  team; i f ,  on t h e  o t h e r  hand, t h e  sys tem.  i s  s e t  up by 

c o n t r a c t ,  it i s  l i k e l y  t h a t  t h e r e  w i l l  b e  wider  



d i f f e r e n c e s  i n  pe r sonne l  c o s t .  S a l a r i e s  i n  t h i s  s e c t i o n  

have been e s t i m a t e d  from d a t a  i n  t h e  U.S. ~ e ~ a r t m e n t  of 

Labor 's  Handbook of Lahor S t a t i s t i c s  f o r  1973, comparing 

jobs b e l i e v e d  t o  be  of s i m i l a r  d i f f i c u l t y  and respons ib i -  

l i t y .  While t h e r e  a r e  a  few p r o f e s s i o n a l  a c c i d e n t  in -  

v e s t i g a t o r s  p r e s e n t l y  o p e r a t i n g  i n  t h e  United S ta tes - -  

f o r  insurance  companies, f o r  i n d u s t r y ,  e t c . - - t h e r e  i s  

n o t  a  l a r g e  enough group t o  be  i d e n t i f i e d  a s  such i n  t h e  

Handbook of Labor S t a t i s t i c s .  S a l a r y  e s t i m a t e s  have 

been r e v i s e d  upward from t h e  d a t a  i n  t h e  1973 p u b l i c a t i o n  

t o  account  f o r  i n f l a t i o n . "  

13 .1  Primary Sampling Unit  

Manpower and s u p p o r t  f o r  o p e r a t i o n  of primary Sam- 

p l i n g  u n i t s  has  been e s t i m a t e d  f o r  annual  i n v e s t i g a t i o n  

r a t e s  of 250, 500, and 1 , 0 0 0 .  Although t h e  number of 

i n v e s t i g a t i o n s  recommended i n  t h i s  r e p o r t  i s  500, i t  

was u s e f u l  i n  d e f i n i n g  an optimum sampling arrangement 

t o  cons ide r  lower and h i g h e r ' f i g u r e s ,  and these have ben 

been used i n  S e c t i o n  4 .  The s t a f f i n g  of  a  t y p i c a l  p r i -  

mary sampling u n i t  o f f i c e  f o r  each of t h e s e  cases  i s  

shown i n  F igure  13.1 .  Annual s a l a r y  f o r  each i n d i v i d u a l  

i s  shown on t h e  c h a r t .  Average annual c o s t  of o p e r a t i o n  

o f  a  500 case /year  primary sampling u n i t  i s  $140.000. 

wi th  a  one-time expense of $2,500 f o r  o f f i c e  f u r n i s h i n g s .  

The number of  employees shown i s  expected  t o  be  enough 

t o  handle  t h e  needs o f  t h e  continuous sampling system, 

wi th  enough a d d i t i o n a l  t ime t o  under take  QRS s t u d i e s  

one a t  a time and t o  provide  r e l i e f  f o r  v a c a t i o n s ,  s i c k  

l e a v e s ,  e  t c .  Emergency manpower supplements would be  

fu rn i shed  on occas ion  by t h e  ,zone c e n t e r ,  b u t  the fre- 

quency of t h e s e  e v e n t s  should  be  low. 

' ~ o b  d e s c r i p t i o n  f o r  pe r sonne l  i n  t h e  v a r i o u s  l o c a t i o n s  
w i t h i n  NASS a r e  d e t a i l e d  i n  Appendix H .  





13.2 Zone Center/MDAI Team 

S t a f f i n g  of  t h e  zone center/MDAI team i s  shown i n  

F igure  13.2. The o r g a n i z a t i o n  i s  s i m i l a r  t o  t h a t  of 

t h e  conven t iona l  MDAI team, supplemented by an a s s i s -  

t a n t  manager who would b e  r e s p o n s i b l e  f o r  moni to r ing  

and working' d i r e c t l y  w i t h  t h e  primary sampl ing  u n i t s .  

The t h r e e  " s p e c i a l i s t s "  shown cou ld  be  e i t h e r  f u l l  o r  

p a r t - t i m e ,  depending on t h e  needs ,  b u t  a l l  t h r e e  

shou ld  b e  r e p r e s e n t e d .  T o t a l  c o s t  of o p e r a t i o n  p e r  

y e a r  i s  e s t i m a t e d  a t  $200,000. 

13 .3  Data Cen te r  Opera t ions  

S t a f f i n g  of t h e  d a t a  c e n t e r  i s  shown i n  F igure  

13.3. The c e n t e r  would r e c e i v e  and p l a c e  i n  s t o r a g e  

approximate ly  90,000 "frame" c a s e s  p e r  y e a r ,  15,000 

d e t a i l e d  c a s e s ,  and 500 I D A 1  c a s e s .  F i l e s  f o r  t h e  

f i r s t  two o f  t h e s e  would b e  b u i l t  approximate ly  monthly, 

w i t h  s p e c i a l  f i e l s  b u i l t  a t  t h e  end of  s i x -  and twelve- 

month p e r i o d s .  Programming a s s i s t a n c e  would b e  r e q u i r e d  

t o  c r e a t e  and modify a n a l y s i s  programs, a r  t o  develop 

new s t a n d a r d  o u t p u t s .  Computer c o s t s  a r e  based on 

c u r r e n t  r a t e s  f o r  a  U n i v e r s i t y  I B M  370/168. 

13.4 Genera l  Con t ro l  Cen te r  

The g e n e r a l  c o n t r o l  c e n t e r  f o r  t h e  sys tem i s  viewed 

as b e i n g  l o c a t e d  a t  NHTSA and s t a f f e d  by DOT pe r sonne l .  

D e t a i l e d  c o s t s  a r e  n o t  g iven h e r e ,  b u t  t h e  g e n e r a l  

f u n c t i o n s  of t h a t  s t a f f  a r e  shown i n  F i g u r e  13.4. The 

s e n i o r  a n a l y s t  would work c l o s e l y  w i t h  t h e  d a t a  c e n t e r  

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

from t h e  system. The q u a l i t y  c o n t r o l  a n a l y s t  would 

moni tor  t h e  s t a n d a r d  comparisons made of t h e  d a t a  t o  

e n s u r e  t h a t  r e p o r t i n g  was c o n s i s t e n t  and p roper .  The 
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FIGURE 13 .3 .  DATA CENTER - COMPOSITION AND COSTS 
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FIGURE 13.4.  GENERAL CONTROL CENTER - STAFFING 



t r a i n i n g  s p e c i a l i s t  would develop and moni tor  the t r a i n -  

i n g  a c t i v i t i e s  w i t h i n  t h e  system. Veh ic le ,  Human, and 

Environmental  s p e c i a l i s t s  shou ld  b e  a v a i l a b l e  a t  l e a s t  

on a  c o n s u l t i n g  b a s i s  t o  d i s c u s s  problems w i t h  t h e  o t h e r  

a n a l y s t s .  The QRS manager would b e  r e s p o n s i b l e  f o r  

p lann ing  and d i r e c t i n g  q u i c k - r e a c t i o n  d a t a  c o l l e c t i o n  

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

c e n t e r  would be r e s p o n s i b l e  t o  t h e  NHTSA management 

f o r  e n s u r i n g  t h e  s y s t e m ' s  con t inued  u s e f u l  o p e r a t i o n  

and o u t p u t .  

13.5 Summary of  Costs  

For a  32 PSU sys tem w i t h  s i x  zone c e n t e r s ,  totsal 

c o s t  i s  g iven by: 

where "GIt r e p r e s e n t s  t h e  DOT management group. Neglect-  

i n g  t h e  l a t t e r ,  t h e  t o t a l  i s  $6,360,000 p e r  y e a r  f o r  a 

f u l l  o p e r a t i n g  system. A s  no ted  above, b o t h  c o s t s  and 

manpower e s t i m a t e s  have been based on c o n s i d e r a b l e  

e x p e r i e n c e ,  and a l though g r e a t  p r e c i s i o n  i n  a  t ime of 

b o t h  i n f l a t i o n  and unemployment i s  n o t  p o s s i b l e ,  they  

a r e  b e l i e v e d  by t h e  p r e s e n t  a u t h o r s  t o  be  reasonab le .  

The bases  f o r  t h e  c o s t s  has  been g iven h e r e  s o  t h a t  t h e  

r e a d e r  w i t h  d i f f e r e n t  exper ience  may perform h i s  own 

computat ions.  

Cost  of o p e r a t i o n  of a  p i l o t  sys tem can be  e s t i -  

mated us ing  t h e  same f i g u r e s .  Data c e n t e r  c o s t s  i n  a 

p i l o t  o p e r a t i o n  w i l l  b e  s u b s t a n t i a l l y  reduced simply 

because of smal le?  computer c o s t s - - f o r  a  four-PSU 

o p e r a t i o n  t h e s e  a r e  e s t i m a t e d  a t  $10,000. Personnel  

requi rements  would b e  reduced by abou t  a  f a c t o r  of two, 



and t o t a l  c o s t  of one y e a r  of o p e r a t i o n  of  t h e  d a t a  

c e n t e r  i n  such a  p i l o t  mode i s  e s t i m a t e d  a t  $130,000. 

Cos t  of o p e r a t i o n  o f  t h e  zone c e n t e r s  dur ing  p i l o t  

o p e r a t i o n  would a l s o  be reduced,  s i n c e  each would have 

only  one primary sampling u n i t  t o  manage. These a r e  

e s t i m a t e d ,  t h e n ,  a t  $100,000. The t o t a l  c o s t  f o r  a 

y e a r  of o p e r a t i o n  i n  t h e  four-PSU p i l o t  mode would b e  

c a l c u l a t e d  by: 

and,  aga in  n e g l e c t i n g  G ,  t h e  t o t a l  would be $1,090,000. 


