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INTRODUCTION 

T h i s  f i n a l  r e p o r t  c o v e r s  t h e  work conduc ted  from 15  May, 

1968-31 December, 1968 on Highway S a f e t y  P r o j e c t  E v a l u a t i o n  

Methodolog ies ,  a c o n t r a c t  between t h e  O f f i c e  o f  Highway S a f e t y  

P l ann ing  and t h e  Highway S a f e t y  Research  I n s t i t u t e  o f  The 

U n i v e r s i t y  o f  Michigan.  

The complete  e v a l u a t i o n  o f  highway s a f e t y  p r o j e c t s  i s  a  

d i f f i c u l t  and complex t a s k ,  r e c u i r i n g  t e c h n i c a l  e x p e r t i s e ,  

knowledge o f  t h e  " s t a t e  o f  t h e  a r t " ,  judgment,  and c a r e f u l  

a n a l y s i s .  C o ~ s e q u e n t l y ,  t h e r e  i s  no one p rocedu re  o r  s e t  o f  

p rocedu re s  which can be r o u t i n e l y  used i n  e v a l u a t i o n .  I n s t e a d  

t h e  highway s a f e t y  comnunity must have f l e x i b l e  t o o l s  and 

methods which can  be a p p l i e d  t o  t h e  e v a l u a t i o n  o f  p r o j e c t s .  

The o b j e c t i v e  o f  t h i s  c o n t r a c t  i s  t o  d e v e l o r  and p r e s e n t  

t e c h n i q u e s  which a r e  u s e f u l  i n  t h e  e v a l u a t i o n  o f  " a c t i o n "  

p r o j e c t s  conduc ted  by l o c a l  and s t a t e  a g e n c i e s .  Throughout 

t h i s  s t u d y ,  we have used t h e  t e c h n i q u e s  o f  sys tems a n a l y s i s  

t o  o r g a n i z e  t h e  e v a l u a t i o n  p r o c e s s  and t o  deve lop  t h e  compon- 

e n t s  o f  t h i s  p r o c e s s  i n  a l o g i c a l  manner,  Without such  a 

sys tems  approach ,  t h e  e v a l u a t o r  i s  l e f t  w i t h  no u n i f i e d  way 

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

I n  Chapter  1 we p r e s e n t  an overview of  t h e  e v a l u a t i o n  

p r o c e s s  by c o n s i d e r i n g  t h e  chronology  o f  evenzc which shou ld  

t a k e  p l a c e  i n  p r o j e c t  f o r m u l a t i o n  and imnle rnen ta t ion .  This  

chrono logy  a l l o w s  one t o  i d e n t i f y  t h e  n e c e s s a r y  t a s k s  a t  



each  s t e p  of t h e  e v a l u a t i o n  p r o c e s s  and g u i d e s  t h e  e x e c u t i o n  

o f  t h e s e  s t e p s .  

Chap t e r  2 i s  devo t ed  t o  a  d i s c u s s i o n  o f  t h e  e a r l y  s t e p s  

i n  e v a l u a t i o n - - s y s t e m a t i c  c l a s s i f i c a t i o n  and a n a l y s i s .  T h i s  

p rocedu re  i s  n e c e s s a r y  t o  i s o l a t e  p o t e n t i a l  p r o j e c t  e f f e c t s  

and t o  d i s c o v e r  t h o s e  u n c o n t r o l l e d  v a r i a b l e s  which might  

mask o r  e x a g g e r a t e  such  e f f e c t s .  

The more t e c n n i c a l  a specLs  o f  t h i s  a n a l y s i s  a r e  d i s -  

c u s s e d  i n  C h a ~ t e ~  3 ,  where p r o j e c t  model ing i s  d i s c u s s e d  i n  

some d e t a i l ,  By deve lon i r ig  such a p r o j e c t  mofiel, t h e  s t a f f  

o f  OHSP w i l l  be a b l e  t o  s e l e c t  i n t e r m e d i a t e  x e a s u r e s  of  p ro-  

j e c t  e f f e c t i v e n e s s .  The r e s u l t i n y  p r o j e c t  e v a l u a t i o n  c r i t e r i a  

w i l l  t h e n  be meaningfu l  i n  t e rms  of  t h e  ' ' c a u s a l  c h a i n "  

r e l a t i n g  t h e  p r o j e c t  t o  a  change i l l  t h e  c o l l i s i o n  p r o c e s s .  

I n  c e r t a i n  s i t u a t i o n s  an e x p e r i x e n t  may be  conduc ted  

a s  a p a r t  o f  t h e  p r o j e c t  e x e c u t i o n .  C h a p t e r s  4 and 5 p r e s e n t  

m a t e r i a l  on e x p e r i m e n t a l  d e s i p n  rihich t h e  s t a f f  o f  OI-ISP s h o u l d  

unders tand- -bo th  i n  d e c i d i n c  whe ther  t o  e x p e r i n e n t  and i n  

d e v e l o p i n g  meaningfu l  e x p e r i m e n t s .  

C o s t - e f f e c t i v e n e s s  a n a l y s i s  i s  c o n s i d e r e d  i n  Chap t e r  6 .  

I n  t h i s  c h a p t e r  we d i s c u s s  t h e  e s s e n t i a l  cor~poner i t s  o f  c o s t -  

e f f e c t i v e n e s s  a n a l y s i s  and t h e  problems i n  applyi -ng s t a n d a r d  

c o s t - b e n e f i t  r a t i o s  t o  highway s a f e t y  p r o j e c t s .  

The a p p l i c a t i o n s  o f  t h e s e  b a s i c  c o n c e p t s  t o  a c t u a l  pro--  

j e c t s  a r e  p r e s e n t e d  i n  Chap t e r s  7-10,  These  a p p l i c a t i o n s  

p r o v i d e  : 



(1) F u r t h e r  exp l ana t i o r l  o f  t h e  b a s i c  c o n c e p t s  d ,evelcped 
i n  Chap t e r s  1 - 6 .  

( 2 )  An e v a l u a t i o n  o f  a p p l i c a b i l i t y  o f  t h e s e  c o n c e p t s  
t o  Y ' r e a l "  p r o j e c t s .  

( 3 )  An i ndependen t  a n a l y s i s  o f  f o u r  p r o j e c t s  which 
a r e  c u r r e n t l y  b e i n g  c o n s i d e r e d  by OHSP, 

The p r o j e c t s  which a r e  chosen  by OHSP d i s p l a y  problems which 

f a l l  i n t o  d i f f e r e n t  p o r t i o n s  o f  t h e  chronology  deve loped  in 

Chapte r  1. Consequen t ly ,  t h e i r  a n a l y s i s  i s  eondue tcd  i n  

t e rms  o f  t h i s  ch rono logy .  Re fe r ences  a r e  made t o  t h e  bas ic  

material o f  t h e  e a r l i e r  c h a p t e r s  i n  o r d e r  t o  i n t e g r a t e  and 

expand upon t h e s e  s e c t i o n s .  





RECOI4MENDATIONS 

1. Problem D e f i n i t i o n / P r o j e c t  Development 

i .  OHSP shou ld  be r e q u i r e  a g e n c i e s  t o  d e f i n e  t h e i r  

problems w i t h  more p r e c i s i o n .  When an  agency i s  

n o t  a b l e  t o  do t h i s ,  OHSP shou ld  encourage  i t  t o  

o b t a i n  t h e  s e r v i c e s  o f  a competent  c o n s u l t i n g  firm 

f o r  a  problem d e f i n i t i o n  s t u d y .  

ii. OHSP shou ld  r e q u i r e  a g e n c i e s  t o  deve lop  a p r o j e c t  

by d e f i n i n g  p r o j e c t  o b j e c t i v e s ,  components,  and 

p o t e n t i a l  a l t e r n a t i v e  p r o j e c t s .  An i n f o r m a t i o n  

r equ i r emen t  t a b l e  ( F i g u r e  2 )  w i l l  be u s e f u l  i n  

t h i s  e f f o r t ,  

2 .  A P r i o r i  E v a l u a t i o n  

i. OHSP shou ld  de t e rmine  from t h e  p r o p o s a l  s u b m i t t e d ,  

and i f  n e c e s s a r y  from d i s c u s s i o n s  w i t h  t h e  agency ,  

whe ther  t h e  agency ha s  d e f i n e d  and deve loped  i t s  

p r o j e c t  e f f e c t i v e l y .  I f  t h i s  h a s  n o t  been done,  

OHSP shou ld  r e t u r n  t h e  p r o p o s a l  t o  t h e  agency f o r  

f u r t h e r  i n f o r m a t i o n .  A p o s s i b l e  a l t e r n a t i v e  i s  f o r  

OHSP t o  a ss i s t  t h e  agency i n  d e f i n i n g  and deve lop-  

i n g  t h e  p r o j e c t .  

ii. OHSP shou ld  c o n s i d e r  whe ther  t h e  s t a t e d  o b j e c t i v e  

o f  t h e  p r o j e c t  i s  u s e f u l  i n  r e l a t i o n  t o  t h e  o v e r a l l  

s a f e t y  o b j e c t i v e s  o f  t h e  agency and /or  OHSP. 



iii. OHSP s h o u l d  c l a s s i f y  p r o j e c t s  and d e v e l o p  p r o j e c t  

models  t o  d e t e r m i n e  p o t e n t i a l  p r o j e c t  e f f e c t s  and 

p o t e n t i a l  b i a s i n g  v a r i a b l e s .  T h i s  a n a l y s i s  s h o u l d  

be u sed  t o  s e l e c t  p r o j e c t  e v a l u a t i o n  c r i t e r i a .  

i v .  OESP s h o u l d  e s t i m a t e  t h e  l i k e l i h o o d  t h a t  t h e  p r o -  

S e c t ,  if p r o p e r l y  e x e c u t e d ,  w i l l  a c h i e v e  t h e  

chosen  o b j e c t i v e s ,  T h i s  e s t i m a t e  s h o u l d  be corn- 

b i n e d  w i t h  an  e v a l u a t i o n  o f  t h e  a g e n c y ! ~  a b i l i t y  

t o  e x e c u t e  t h e  p r o j e c t ,  t h e r e b y  d e v e l o p i n g  a sub-  

j e c t i v e  e s t i m a t e  o f  t h e  o v e r a l l  p r o j e c t  w o r t h .  

T h i s  s h o u l d  be combined. w i t h  c o s t  i n f o r m a t i o n  t o  

d e v e l o p  a s u b j e c t i v e  p r o j e c t  r a t i n g .  

3.  P r o j e c t  Conduct 

i .  OHSP s h o u l d  encou rage  e x t e n s i v e  p r o j e c t  p l a n n i n g  

by t h e  agency a f t e r  t h e  c o n t r a c t  awsrd .  T h i s  may 

be done by r e q u i r i n g  a  p l a n n i n g  r e p o r t  o r  b r i e f i n g  

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

ii. OHSP s h o u l d  c o n s i d e r  a n  e x p e r i m e n t a l  e v a l u a t i o n  i f :  

a )  Such e x p e r i m e n t a l  i n f o r m a t i o n  i s  u n a v a i l a b l e  

and i s  b e n e f i c i a l  t o  t h e  agency a n d / o r  OHSP i s  

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

p rograms .  

b )  An expe r imen t  c an  be  d e s i g n e d  t o  o b t a i n  t h e  

d e s i r e d  i n f o r m a t i o n  i n  a  c o s t - e f f e c t i v e  way, 



iii. I f  an  e x p e r i m e n t a l  e v a l u a t i o n  i s  p a r t  o f  t h e  p r o j e c t ,  

OHSP shou ld  i n s i s t  t h a t  t h e  exper iment  be wel l -{design-  

ed and e x e c u t e d .  T h i s  may be accompl i shed  by:  

a )  The u s e  o f  an  agency s taf f  member who i s  knowl- 

edgeab l e  i n  t h e  a p p l i c a t i o n  o f  e x p e r i m e n t a l  

d e s i g n  t e c h n i q u e s .  

b )  The a c t i v e  p a r t i c i p a t i o n  o f  a n  OHSP s t a f f  member 

who i s  f a m i l i a r  w i t h  t h e  p r o j e c t  and t h e  m a t e r i a l  

of Chap t e r s  4--Overview o f  Expe r imen ta l  Design-- 

and 5 - -Exper imenta l  C o n s i d e r a t i o n s  P a r t i c u l a r  

t o  Highway S a f e t y  P r o j e c t  E v a l u a t i o n .  

c )  Encourag ing  t h e  a g e n c i e s  t o  o b t a i n  t h e  s e r v i c e s  

o f  an  independen t  r e s e a r c h  u n i t  i n  t h e  e x p e r i -  

men t a l  d e s i g n  and a n a l y s i s ,  

4. Ex Pos t  F a c t o  E v a l u a t i o n  

i. OHSP shou ld  conduct  an  ex p o s t  f a c t o  e v a l u a t i o n  

by comparing t h e  a g e n c y ' s  p l anned  o b j e c t i v e s  and 

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

an a n a l y s i s  shou ld  be made t o  de t e rmine  t h e  c a u s e s  

o f  d i s c r e p a n c i e s  between t h e  p l a n  and t h e  a c t u a l  

e x e c u t i o n .  

ii. A d d i t i o n a l  b e n e f i t s  which were unplanned b u t  

a c h i e v e d  shou ld  be no t ed  f o r  f u t u r e  p l a n n i n g .  

5 .  Gene ra l  

i. OHSP shou ld  d e t e r m i n e  gaps  i n  t h e  , c a u s a l  c h a i n t r  



r e l a t i n g  a  p r o j e c t  t o  o v e r a l l  system e f f e c t i v e n e s s  

and shou ld  encourage  r e s e a r c h  d i r e c t e d  t o  f i l l i n g  

t h e s e  gaps  i n  o r d e r  t o  promote b e t t e r  f u t u r e  e v a l -  

u a t i o n s .  

ii. OHSP should  have t h e  r e l e v a n t  m a t e r i a l  from t h i s  

r e p o r t  d i g e s t e d  i n t o  a  r e f e r e n c e  manual f o r  d i s t r i -  

b u t i o n  t o  l o c a l  and s t a t e  a g e n c i e s .  



1. OVERVIEW OF THE EVALUATION PROCESS 

I n  t h i s  c h a p t e r  we wish  t o  i n t r o d u c e  and d i s c u s s  t h e  

g e n e r a l  c o n c e p t s  and problems o f  highway s a f e t y  p r o j e c t  e v a l u -  

a t i o n .  We s h a l l  do t h i s  by c o n s i d e r i n g  t h e  e n t i r e  ch rono logy  

o f  p r o j e c t  f o r m u l a t i o n  and i m p l e m e n t a t i o n ,  As w i l l  be i n d i -  

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

o l o g y .  

S e v e r a l  b e n e f i t s  come f rom l o o k i n g  a t  p r o j e c t s  i n  t h i s  

way. S p e c i f i c a l l y ,  such  an  overv iew p r o v i d e s  gu idance  I n  

answer ing  t h e  fol lor l r ing g e n e r a l  q u e s t i o n s  which have been  

posed  by t h e  s t a f f  o f  OHSP a t  v a r i o u s  t i m e s  d u r i n g  t h i s  

s t u d y  : 

(1) Why s h o u l d  p r o J e c t s  b e  e v a l u a t e d ?  

( 2 )  When shou ld  p r o j e c t s  be e v a l u a t e d ?  

( 3 )  Who s h o u l d  e v a l u a t e  p r o j e c t s ?  

(4) How does  a sy s t ems  "model" h e l p  i n  p r o j e c t  e v a l u a t i o n ?  

( 5 )  When shou ld  an  e x p e r i m e n t a l  e v a l u a t i o n  be conduc ted?  

( 6 )  How s h o u l d  t h e  expe r imen t  be conclucted? 

( a )  I s  t h e r e  a s t a n d a r d  c h e c k l i s t ?  

( b )  I s  t h e r e  a  s t a n d a r d  "model"? 

b a s i c a l l y ,  a p r o j e c t  can  be d i v i d e d  i n t o  f i v e  s e q u e n t i a l  

s t a g e s :  problern d e f i n i t i o n ,  p r o j e c t  deve lopment ,  a p r i o r : i  

p r o j e c t  , e v a l u a t i o n ,  p r o j e c t  c o n d u c t ,  and ex  p o s t  f a c t o  p r o j e c t  

f i a l u a t i o n .  The p rob lem d e f i n i t i o n  and p r o j e c t  developmei?t 
- 

s t a g e s  w i l l  g e n e r a l l y  be u n d e r t a k e n  by t h e  agency which i s  



s u b m i t t i n g  a p r o p o s a l .  The a  p r i o r i  e v a l u a t i o n  w i l l  be  done  

by OHSP. The p r o j e c t  w i l l  be c o n d u c t e d  by t h e  a g e n c y  w i t h  

OHSP s u p p o r t .  F i n a l l y ,  t h e  ex p o s t  f a c t o  e v a l u a t i o n  w i l l  be 

u n d e r t a k e n  by OHSP. 

These  s t a g e s  a r e  p r e s e n t e d  a s  F i q u r e  1. W i t h i n  e a c h  

s t a g e  t h e r e  a r e  a s e t  o f  l o p i c a l l y  i n t e r r e l a t e d  a c t i o n s  and 

q u e s t i o n s  which must be examined .  We now c o n s i d e r  t h e s e  i n  

g r e a t e r  d e t a i l .  

PHOBLEP! DEFINITIC?;  

The f i r s t  s t e a  i n  i r . i t i a t i n r  a p r o j e c t  c o n s i s t s  o f  

p rob lem r e c o g n i t i o n  and d e f i n i t i o n .  T h i s  s t e n  i s  g e n e r a l l y  

h a n d l e d  by t h e  agency  wk,ich hi111 l a t e r  d e v e l o p  a s n e c i f i c  

p r o j e c t  d e s i g n e d  t o  s o l v e  t h i s  p r o b l e r ? .  The p r o p o s a l  t o  do 

t h i s  w i l l  t h e n  be s u m i t t e d  t o  OEISP. 

The i m p o r t a n c e  of  c l e a r  and  a c c u r a t e  probleni  d e f i n i t i o n  

on t h e  p a r t  o f  t h e  aperlcy ca rmot  be o v e r s t r e s s e d ,  f o r  t h e  

f a i l u r e  t o  a d e q u a t e l y  p e r f o r m  t h i s  t a s k  may r e s u l t  i n  t h e  

" r i g h t  s o l u t i o n  t o  t h e  wronP p r o b l e m " .  

Problem d e f i n i t i o n  map p r o c e e d  a t  e i t h e r  o f  two l e v e l s .  

The agency  may r e c o ~ n i z e  t h a t  a  p r o b l e m  e x i s t s :  h o w e v e r ,  t h e  

a g e n c y  a l s o  r e c o g n i z e s  t h a t  i t  d o e s  n o t  h a v e  a d e o u a t e  know- 

ledge  o r  a b i l i t y  t o  f o r m u l a t e  (arid e v e n t u a l l y  d e v e l o p  a  p r o j e c t  

t o  s o l v e )  t h i s  p r o b l e m .  I n  t h i s  c a s e  t h e  aEency neecis t o  u n d e r -  

t a k e  a  p r o b l e m  d e f i n i t i - o n  s t u d y  t o  d e t e r m i n e  t h e  n a t u r e  and 

e x t e n t  o f  t h e  p r o b l e m .  Such a p r o j e c t  i s  d e s i g n e d  t o  p r o v i d e  



F i g u r e  1 
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i n f o r m a t i o n  u s e f u l  i n  d e v e l o p i n g  f u t u r e  a c t i o n  p r o j e c t s .  I n  

such  a s i t u a t i o n  i t  i s  e s s e n t i a l  f o r  t h e  agency t o  a s s e s s  a s  

comp le t e ly  a s  p o s s i b l e  t h e  n a t u r e  and e x t e n t  o f  i t s  l a c k  o f  

knowledge abou t  t h e  problem a r e a .  I n  t h i s  way t h e  o b j e c t i v e s  

o f  t h e  d e f i n i t i o n a l  s t u d y  may be s p e c i f i e d  p r i o r  t o  t h e  s t a r t  

o f  t h e  s t u d y .  

An example of such  a problem i s  t h a t  f a c e d  by t h e  C i t y  

o f  L i v o n i a  ( C h a p t e r  7 ) .  I n  t h i s  c a s e  t h e  c i t y  w i shes  t o  un- 

c o v e r  ( f o r e c a s t )  t h e  e n v i r o n m e n t a l  problems ( s t r e e t s ,  s i g n s ,  

f l o w s ,  e t c )  which w i l l  o c c u r  o v e r  t h e  n e x t  twenty  y e a r s .  

Here t h e  problem d e f i n i t i o n  shou ld  c o n s i s t  o f  a  d e t a i l e d  con- 

s i d e r a t i o n  o f  t h e  n a t u r e  and e x t e n t  o f  u n c e r t a i n t y  a b o u t  

t h e s e  f u t u r e  e v e n t s .  

On t h e  o t h e r  hand,  t h e  l o c a l  agency may e x p l i c i t y  r e -  

c o g n i z e  t h e  g e n e r a l  n a t u r e  o f  t h e  p rob lem.  I n  t h i s  c a s e  

problem d e f i n i t i o n  w i l l  c o n s i s t  o f  c a r e f u l  and a c c u r a t e  d e t e r -  

m i n a t i o n  o f  t h e  n a t u r e  and e x t e n t  o f  t h e  p rob lem.  I n  t h i s  way 

t h e  agency can  o r g a n i z e  s u b - p r o j e c t s  t o  h a n d l e  a l l  components 

o f  t h e  p rob lem.  

For  example ,  c o n s i d e r  t h e  problem f a c e d  by P o n t i a c  

s c h o o l s  ( C h a p t e r  8 ) .  Here t h e  problem h a s  been r ecogn i zed - -  

t h e  young d r i v e r  i s  a  p rob lem,  a  new h i g h  s c h o o l  i s  unde r  

c o n s t r u c t i o n ;  hence how can  we ( P o n t i a c )  deve lop  a new program 

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

F u r t h e r  e x p l o r a t i o n  o f  t h e  n a t u r e  o f  t h e  problem h a s  r e v e a l e d ,  



f o r  i n s t a n c e ,  t h a t  1 /2  o f  a l l  j u v e n i l e  c o u r t  c a s e s  i n v o l v e  

s t o l e n  c a r s .  Hence t h e  problem i n v o l v e s  more t h a n  improved 

d r i v e r  t r a i n i n g  a l o n e .  S i m i l a r l y  t h e  problem i n v o l v e s  a 

l a r g e r  s e t  of  you th s  t h a n  t h o s e  t a k i n g  d r i v e r  e d u c a t i o n  t o  

g e t  a l i c e n s e .  F u r t h e r  e x p l o r a t i o n  o f  t h e  e x t e n t  o f  t h e  

problem h a s  r e v e a l e d  t h a t  a comprehensive  program f o r  a l l  

school -aged  c h i l d r e n  i s  d e s i r a b l e .  

PROJECT DEVELOPKENT 

A f t e r  a  problem has  been d e f i n e d ,  t h e  l o c a l  agency w i l l  

d eve lop  a  p r o j e c t  t o  s o l v e  ( o r  a l l e v i a t e )  t h i s  p r cb l em.  I n  

o r d e r  t o  do t h i s  i t  i s  e s s e n t i a l  f o r  t h e  l o c a l  agency t o  

deve lop  an e x p l i c i t  s e t  of  p r o j e c t  o b j e c t i v e s .  T h i s  s e t  o f  

o b j e c t i v e s  s h o u l d  c o n s i s t  o f  o v e r a l l  g e n e r a l  o b j e c t i v e s  as 

w e l l  a s  s p e c i f i c  i n t e r m e d i a t e  o b j e c t i v e s  which r e l a t e  '50 

t h e s e  o v e r a l l  o b j e c t i v e s .  S p e c i f i c  p r o j e c t s  can  t h e n  be 

t h o u g h t  o f  a s  means o f  r e a c h i n g  t h e s e  i n t e r m e d i a t e  o b j e c t i v e s .  

12 o r d e r  f o r  t h e  l o c a l  agency t o  c o r r e c t l y  s e l e c t  a 

s p e c i f i c  p r o j e c t ,  i t  shou ld  f i r s t  c o n s i d e r  whe ther  t h e r e  a r e  

r e a s o n a b l e  a l t e r n a t i v e  p r o j e c t s  which might  a c h i e v e  t h e  

o b j e c t i v e s  d e l i n e a t e d  above .  A l t e r n a t i v e  p r o j e c t s  can  t h e n  

be compared by a s k i n g  t h e  f o l l o w i n g  q u e s t i o n s :  

(1) What s u b s e t  o f  t h e  o j e c t i v e s  does  each  p r o j e c t  
a f f e c t ?  Wh2.t i s  t h e  l i k e l i h o o d  t h a t  t h e  p r o j e c t  
w i l l  a c h i e v e  t h o s e  o b j e c t i v e s  t h a t  i t  a f f e c t s ?  

( 2 )  What p o r t i o n  o f  t h e  problem p o p u l a t i o n  i s  a f f e c t e d  



by e a c h  p r o j e c t ?  I n  o t h e r  words ,  what  i s  t h e  e x t e n t  
o f  t h e  p r o j e c t ?  

( 3 )  What a r e  t h e  c o s t s ,  l a b o r ,  and t i m e  i n v o l v e d  i n  
c a r r y i n g  o u t  a l t e r n a t i v e  p r o j e c t s ?  Are t h e s e  
f e a s i b l e  w l t h  c u r r e n t  community r e s o u r c e s  a n d  
community s u p p o r t  ? %  

T h i s  p r locedure  r e s u l t s  i n  t h e  s e l e c t i o n  o f  a p r o j e c t  

which  b e s t  s a t i s f i e s  t h e  a g e n c y  o b s e c t i v e s  w i t h i n  t h e  g i v e n  

c o n s t r a i n t s .  The a . c c e p t e d  p r o . j e c t  i s  t h e n  d e v e l o p e d  by 

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

The r e j e c t e d  p r o j e c t s  a r e  o b v i o u s l y  l e f t  u n d e v e l o p e d .  

A l t h o u g h  t h e  deve lopment  o f  a p r o j e c t  i s  p r i m a r i l y  an 

agency  f u n c t i o n ;  t h e r e  a r e  o b v i o u s  i n ~ p o r t a n t  i r ~ p l i c a t i o n s  

f rom t h e  p o i n t  o f  v iew o f  OiiEP. By c a r e f u l l y  and  e x p l i c i t l y  

c o n s i d e r i n q  o b j e c t i v e s  and a l t e r n a t i v e  means o f  a c h i e v i n g  

t h e s e  o b j e c t i v e s ,  t h e  a g e n c y  i s  much more l i k e l y  t o  d e v e l o p  

a  s u c c e s s f u l  p r o j e c t .  T h e r e f o r e ,  i t  seems r e a s o n a b l e  f o r  

OHSP t o  examine  methods  f o r  e n c o u r a p i n p  s u c h  p l a n n i n q .  One 

way t o  do t h i s  i s  t o  i s s u e  a  d i r e c t i v e  t o  r e l e v a n t  a g e n c i e s  

expand i r lp  upon t h e s e  i d e a . s .  A s econd  i s  t o  r e q u i r e  I n  t h e  

p r o p o s a l  a s p e c i f i c  and d e t a i l e d  l i s t i n g  o f  t h o s e  o b j e c t i v e s :  

s u b - o b j e c t i v e s ,  and  any a l t e r n a t i v e s  which have  b e e n  a n a l y z e d  

by t h e  l o c a l  a g e n c y .  T h i s  i n f o r m a t i o n  would o b v i o u s l y  d i f f e r  

f o r  d i f f e r e n t  p r o j e c t s ,  e v e n  f o r  p r o , j e c t s  w i t h i n  t h e  same 

- - - - - - 
%The i m p o r t a n c e  o f  s u c h  cotr,munity s u p n o r t  i s  s t r e s s e d  

i n  R e f e r e n c e s  1 a n d  2, Ir1 a d d i t i o n ,  t h e s e  r e f e r e n c e s  p r o v i d e  
a good o v e r v i e w  o f  t h e  highway s a f e t y  p rogram planninc p r o c e s s .  



f u n c t i o n a l  a r e a .  I.iowever, a  framework f o r  such a p r e s e n t a t i o n  

can be developed.  One such o u t l i n e  i s  p resen ted  a s  F igure  2 .  

This  o u t l i n e  can se rve  a s  one p o r t i o n  of t h e  in fo rma t ion  

r e q u i r e d  t o  be submit ted wi th  each p r o j e c t  p roposa l .  This 

o u t l i n e  w i l l  he lp  guide agency development and i n  a d d i t i o n ,  

it p rov ides  OHSP wi th  a  s h o r t  summary of t h e  agency ' s  per -  

c e p t i o n  and a n a l y s i s  of  t h e  problem. As such t h e  o u t l i n e  

i s  one source  of informat ion  f o r  t h e  subsequent e v a l u a t i o n .  

A P R I O R 1  EVALUATION 

A t  t h i s  s t a g e  t h e  b a s i c  d e c i s i o n  i s  whether t o  conduct 

t h e  p r o j e c t  o r  n o t .  We view t h i s  p r i m a r i l y  a s  a f u n c t i o n  

of OHSP . 
Four b a s i c  s e t s  of q u e s t i o n s  must be answered i n  making 

t h i s  d e c i s i o n :  

(1) Has t h e  agency c a r e f u l l y  de f ined  i t s  problem and 
developed a  p r o j e c t  wi th  s p e c i f i c  o b j e c t i v e s ?  
Is  t h e  s t a t e d  o b j e c t i v e  of va lue  i n  improving 
highway s a f e t y ?  

( 2 )  Is t h e  p r o j e c t  concep tua l ly  e f f e c t i v e ?  ( i . e . ,  i s  t h e  
p r o j e c t  capable  of r each ing  i t s  o b j e c t i v e s  i f  
implemented c o r r e c t l y ? )  

( 3 )  Can t h e  agency e f f e c t i v e l y  implement t h e  p r o j e c t ?  

( 4 )  Can t h e  p r o j e c t  be s u c c e s s f u l l y  completed i n  a 
c o s t - e f f e c t i v e  manner? 

Although t h e s e  q u e s t i o n s  a r e  s imple t o  ask  we a l l  ag ree  

t h a t  t hey  a r e  d i f f i c u l t  t o  answer. Therefore  we s h a l l  spend 

cons ide rab le  t ime i n  developing  sys t emat i c  ways t o  ana lyze  

t h e i r  r a m i f i c a t i o n s .  



FIGURE 2 

EXAMPLE OF A PLANNING SHEET FOR 
FORMULATION & DEVELOPMENT 

I .  Problem D e f i n i t i o n  
A .  Gene ra l  s t a t e m e n t  a s  t o  n a t u r e  of  problem 

B .  Genera l  s t a t e m e n t  a s  t o  e x t e n t  ( i n  t e rms  o f  s e v e r i t y )  
p o p u l a t i o n s  a f f e c t e d .  

11. P r o j e c t  Development 
A .  Genera l  s t a t e m e n t  of agency o b j e c t i v e s  i n  a t t a c k i n g  problem 

B. S t a t emen t  of s p e c i f i c  i n t e r m e d i a t e  o b j e c t i v e s  t o  be  ach i eved  
i n  r e a c h i n g  IIA 

C. A l t e r n a t i v e  p r o j e c t s  c o n s i d e r e d  f o r  a c h i e v i n g  IIA and I I B  

(1) P r o j e c t  1 

a )  S p e c i f i c  i n t e r m e d i a t e  o b j e c t i v e s  a f f e c t e d  
b)  L ike l ihood/magni tude  of change i n  t h e s e  a s s o c i a t e d  

w i t h  p r o j e c t  
c )  % of  each  problem p o p u l a t i o n  a f f e c t e d  by p r o j e c t  
d) Cos t ,  l a b o r ,  t ime  a n a l y s i s  
e )  P o t e n t i a l  problems i n  implementa t ion  
f )  Sp in-of f  e f f e c t s  on community sub-groups ( b e n e f i t s / c o s i  ) 

(2) P r o j e c t  2 

(a-f )  above 

D. Ana lys i s - r ea son ing  f o r  s e l e c t i o n  of s p e c i f i c  p r o j e c t  

E. D e t a i l e d  development of s p e c i f i c  p r o j e c t  chosen  i n  IID 



Throughout t h i s  s t u d y ,  HSRI h a s  a rgued  t h a t  sy s t ems  

a n a l y s i s  t e c h n i q u e s  can be a p p l i e d  t o  d e v e l o ~  c o n c e p t u a l  

models o f  t h e  p r o j e c t s  OHSP i s  t r y i n g  t o  e v a l u a t e .  By 

" c o n c e p t u a l  mode ls" ,  we have meant a  h i e r a r c h i c a l  s e t  o f  

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

e f f e c t s  on t h e  highway s a f e t y  sys tem.  

We now propose  t o  deve lop  a n o t h e r  mode l - - th i s  t i m e  o f  

t h e  a  p r i o r 1  e v a l u a t i o n  s t a g e  o f  F i g u r e  1. Our i n t e n t  i n  

d e v e l o p i n g  t h i s  model of  an  i d e a l  e v a l u a t i o n  i s  t o  o r g a n i z e  

t h i s  p r o c e s s  a s  much a s  p o s s i b l e  and t o  p r o v i d e  a  s y s t e m a t i c  

way of  u t i l i z i n g  a l l  r e l e v a n t  i n f o r m a t i o n  i n  making a  d . e c i s i on ,  

The model i s  p r e s e n t e d  i n  F i g u r e  3 .  Observe t h a t  t h e  s t r u c t u r e  

i s  no more t h a n  an  o r d e r e d  s e t  o f  '%oxesi '  i n d i c a t i n g  e x p l i c i t  

i n f o r m a t i o n  u s a g e ,  c o m p a r i s i o n s ,  and a c t i o n s .  

An e s s e n t i a l  f i r s t  s t e p  i n  p r o j e c t  e v a l u a t i o n  is tihe 

c l a s s i f i c a t i o n  o f  e ach  p r o j e c t  w i t h i n  a  f u n c t j o n a l  a r e a  i n t o  

a  s e t  o f  mean ing fu l  c a t e g o r i e s .  The development of  such  a 

c l a s s i f i c a t i o n  sys tem i s  c o n s i d e r e d  i n  d e t a i l  i n  Chap t e r  2 .  

By u t i l i z i n g  t h i s  sys tem t h e  s t a f f  o f  OHSP can q u i c k l y  a s c e r t a i n  

t h e  r e l e v a n t  components and p h a s e s  o f  t h e  o v e r a l l  highway 

s a f e t y  problem which a r e  a f f e c t e d  by t h e  p r o j e c t .  I n  a d d i t i o n  

t h e  t y p e  o f  a c t i o n  p roposed  by t h e  p r o j e c t  w i l l  a l s o  be d e t e r -  

mined by such  an  a n a l y s i s .  

A t  t h i s  s t a g e  a model o f  t h e  p o t e n t i a , l  p r o j e c t  e f f e c t s  

can  be deve loped .  Such a  model w i l l  c o n s i s t  o f  l o y i c s l l y  
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r e l a t i n g  changes  t o  a  seauerice o f  p o s s i b l e  r e s u l t s .  Chap te r  

3 i s  devo t ed  t o  t h e  d e t a i l e d  c o n s i d e r a t i o n  o f  t h i s  model ing 

p r o c e s s .  

The model t h a t  r e s u l t s  fron- t h i s  p r o c e s s  can t h e n  

be u sed  f o r :  

( a )  D e t e r n i n i n g  whe ther  p a s t  r e s e a r c h  and o t h e r  " a c t i o n "  
p r o j e c t s  have f i l l e d  i n  gans  i n  o u r  kncwle~ige  o f  
p r o j e c t  e f f e c t i v e n e s s .  

Deterni in ing what e x t r a n e o u s :  u n c o ~ t r o l l . e c 1  cl-,anqes 
may e x a ~ g e r a t e  o r  c o n f l i c t  w i t h  a chosen  e f f e c t i v e -  
n e s s  c r i t e r i o n .  

( c )  S e l e c t i r i p  measures  of  p r o j e c t  e f f e c t i v e n e s s  which 
a r e  r e a s o n a b l e  i n  t h e  l l r h t  o f  ( a )  and ( b )  above .  

( d )  Dec id ing  whether  a  c o ~ t r o l l e d  exper iment  i s  
n e c e s s a r y  t o  measure c e r t a i n  changes .  

A t  t h i s  s t a g e  o f  t h e  a  p r i o r ?  e v a l u a t i o n  p r o c e s s ,  OESP 

h a s  deve loped  a  s e t  o f  p r o - j e c t  o b j e c t i v e s  a ~ d  e f f e c t j . v e n e s s  

c r i t e r i a .  These can t h e n  be compared and i n t e p r a t e d  w i t h  

y o b j e c t i v e s  which a r e  s t a t e d  i n  t h e  p r o n o s a l .  

OHSP i s  now i n  a  c o s i t i o n  t o  e v a l u 3 t e  t b e  b e n e f i t s  o f  

t h e  p r o j e c t ,  T h i s  b e n e f i t  e v a l u a t i o n  shou ld  c o n s i s t  o f  two 

s t a g e s :  

( a )  E v a l u a t i o n  o f  t h e  v a l u e  of r e a c h i n g  t h e  chosen  
measures  o f  e f f e c t i v e n e s s  and e v a l u a t i o n  o f  t h e  
t e c h n i c a l  l i k e l i h o o d  of  r e a c h i n g  t h e s e  under  i d e a l  
imp lemen ta t i on .  

( b )  E v a l u a t i o n  o f  t h e  agency c a p a b i l . i t y  o f  implement ing  
t h e  p r o j  e c t - - . t he  p e r s o n n e l ,  a d m l n i s t r a t i v e  s u p p o r t ,  
and community s u p p o r t .  

These s e p a r a t e  e v a l u a t i o n s  shou ld  t h e n  be combined t o  

o b t a i n  an o v e r a l l  b e n e f i t  measure .  Because o f  t h e  l a c k  o f  



e x p l i c i t  knowledge on r e l e v a n t  c a u s a t i v e  r e l a t i o n s ,  t h i s  

measure  w i l l  i n  g e n e r a l  be n o n - q u a n t i t a t i v e .  However, 

f o r  making s u b s e q u e n t  c o s t - e f f e c t i v e n e s s  compa r i sons  i t  may 

be  d e s i r a b l e  t o  a t t a c h  a  number t o  t h i s  measure  o f  b e n e f i t .  

A h y p o t h e t i c a l  example w i l l  i l l u s t r a t e  one way o f  d o i n g  t h i s .  

F i r s t  a s s i g n  a  r a t i n g  between 1 and 1 0  t o  e a c h  chosen  

i n t e r m e d i a t e  measure  o f  e f f e c t i v e n e s s ,  where h i q h e r  r a t i n g s  

r e f l e c t  t h e  s u b j e c t i v e  e s t i m a t e s  o f  t h e  impor t ance  o f  t h e  

measu re .  Fo r  example ,  i n  a  d r i v e r  t r a i n i n g  p r o j e c t ,  we 

migh t  a s s i g n  4 t o  t h e  measure  " i n c r e a s e  i n  z t t i t u d e  t e s t  

s c o r e "  and 6 t o  t h e  measure  " o b t a i n  f ewe r  v i o l a t i o n s  i n  t h e  

f i r s t  y e a r  o f  d r i v i n g " .  

Second,  a s s i g n  f r a c t i o n a l   number^ betwcen z e r o  and one t o  

e a c h  measure  r e f l e c t i n g  t h e  l i k e l i h o o d  o f  o b t a i n i n g  t h e s e  

i n t e r m e d i a t e  o b j e c t i v e s .  I n  t h e  above example ,  we migh t  

a s s i g n  7/10 t o  t h e  f i r s t  and 1 / 1 0  t o  t h e  s e c o n d .  We t h e n  

m u l t i p l y  t h e s e  two numbers and add .  I n  t h e  example we 

o b t a i n  4 x  7 /10  + 6 x  1 / 1 0  = 34/10 = 3 . 4 .  

T h i r d ,  a s s i g n  numbers be tween  1 and 1 0  i n d i c a t i n g  a n  

e v a l u a t i o n  o f  t h e  agency p e r s o n n e l  and community s u p p o r t .  

I n  t h e  d r i v e r  e d u c a t i o n  p r o j e c t  l e t  u s  assume t h i s  v a l u e  i s  

9. We t h e n  we igh t  t h e s e  l a t t e r  two v a l u e s  by t h e i r  r e l a t i v e  

i m p o r t a n c e .  I n  t h i s  example assume e a c h  a r e  o f  e q u a l  impor- 

t a n c e ,  o b t a i n i n g  a b e n e f i t  v a l u e  o f  -.--- 9 ' 3 b 4  = 6 . 2 .  

2 



The c h o i c e  o f  a l l  such  w e i g h t s  and r a t i n g s  i s  based  

e n t i r e l y  upon t h e  d e c i s j o n  m a k e r ' s  knowledge and s u b j e c t L v e  

o p i n i o n s .  I n  g e n e r a l  we f e e l  t h a t  p o t e n t i a l  p r o j e c t  b e n e f i t  

c r i t e r i a  need n o t  be q u a n t i f i e d  f o r  a p r i o r i  e v a l u a t i o n .  

However, i f  t h e y  must f o r  some r e a s o n ,  t h e  above method pro-  

v i d e s  one way of  q u a n t i t a t i v e l y  i n t e g r a t i n g  t h e s e  op in io l i s  

t o  form one numer i ca l  eva lua t i . on  c r i t e r i o n ,  It i s  i m p o r t a n t  

t o  r e c o g n i z e  t h a t  t h e r e  a r e  many p o s s i b l e  ways t o  deve lop  

such  numer i ca l  c r i t e r i a .  I n  a d d i t i o n  i t  i s  i n p o r t a n t  t o  

u se  such  a c r i t e r i o n  w i t h  ca r e . ,  f o r  i t  i s  a  o n l y  t o o l  and 

n o t  a f i n a l  answer t o  t h e  e v a l u a t i o n  problem.  

A t  t h i s  t i m e  a c o s t  a n a l y s i s  o f  t h e  ~ r o J e c t  can  be 

conduc t ed .  The b i g  q u e s t i o n  h e r e  i s  whe ther  t t ie  agency can  

implement i t s  p r o j e c t  under  t h e  g i v e n  r e s o u r c e s .  

B e n e f i t s  and c o s ~ s  can  t h e n  be compared t o  e s t i m a t e  

whe ther  t h e  p r o j e c t  a c h i e v e s  i t s  b e n e f i t s  i n  a c o s t - e f f e c t i v e  

manner.  Chap t e r  6 summarizes t h e  b a s i c  t h e o r e t i c a l  s e s u l t s  

i n  t h i s  a r e a ,  and recorrlmends that  t h e  c l a s s i c  c o s t - b e n e f i t  

r a t i o  n o t  be used i n  p r o j e c t  e v a l u a t i o n .  I n s t e a d  a more 

e x p l i c i t  p r o c e d u r e  might c o n s i s t  o f  s u b j e c t i v e  compar i scn  

o f  a l l  q u a l i t a t i v e  p o t e n t i a l  b e n e f i t s  ( o r  q u a n t i t a t i v e  b e n e f i t  

c r i t e r i a )  w i t h  c o s t s .  The c e n t r a l  q u e s t i o n s  a r c  whe ther  

a l t e r n a t i v e  p r o , j e c t s  c an  accompl i sh  t h e s e  o b j e c t i v e s  w i t h  

l e s s  r e s o u r c e  e x p e n d i t u r e s  o r  whe ther  such  p r o j e c t s  can 

accompl i sh  more e x t e n s i v e  o b j e c t i v e s  f o r  t h e  same e x p e n d i t u r e s .  



These can  be answered by making t h e  c o s t - e f f e c t i v e n e s s  

compar i sons  s u g g e s t e d  i n  F i g u r e  3 .  These i n c l u d e :  

(1) Comparison w i t h  a l t e r n a t i v e  s o l u t i o n s  f o r  t h e  same 
problem.  

( 2 )  Comparison w i t h  compet ing  p r o j e c t s  i n  t h e  same 
f u n c t i o n a l  a r e a .  

( 3 )  Comparison w i t h  compet ing  p r o j e c t s  i n  o t h e r  
f u n c t i o n a l  a r e a s .  

I n  t h i s  way a r a n k i n g  o f  p r o j e c t  p r o p o s a l s  may be 

deve loped .  P o s s i b l y  each  p e r s o n  on t h e  s t a f f  o f  OHSP can  

deve lop  s e p a r a t e  r a n k i n g s .  R e s o l u t i o n  o f  t h e  d i f f e r e n c e s  

i n  t h e s e  may y i e l d  p r o f i t a b l e  a l t e r n a t i v e s  and i d e a s .  

U l t i m a t e l y  l i s t  o f  p r o j e c t s  f o r  f u n d i n g  may 

deve loped  by s e l e c t i n g  p r o j e c t s  u n t i l  f u n d s  a r e  e x h a u s t e d .  

T h i s  s e l e c t i o n  can  be accompl i shed  w i t h i n  t h o s e  b u d g e t a r y ,  

g e o g r a p h i c  and o t h e r  c o n s t r a i n t s  which may p r e s e n t .  

by-product  o f  t h e  s e l e c t i o n  w i l l  be a  s e t  o f  p r o j e c t s  which 

a r e  r e t u r n e d  f o r  re-development  o r  more i n f o r n a t i o n .  These  

w i l l  t h e n  r anked  r e s u b m i s s i o n .  

Throughout t h i s  s e c t i o n  t h e r e  h a s  been a n o t i c a b l e  l a c k  

o f  d e f i n i t e  and e x p l i c i t  d e c i s i o n  r u l e s  and p r o c e d u r e s .  I n -  

s t e a d  t h e  emphasis  ha s  been  what have c a l l e d  q u a l i t a t i v e  

measures  and s u b j e c t i v e  compar i sons ,  As we have s e p e a t e d l y  

I n d i c a t e d ,  more d e t a i l e d  p r o c e d u r e s  do n o t  a p p e a r  r e a s o n a b l e  

a t  t h e  p r e s e n t  s t a g e  o f  knowledge i n  t h i s  a r e a .  Consequent ly  

we f e e l  t h a t  OHSP s h o u l d  do e v e r y t h i n g  p o s s i b l e  t o  maximize 

t h e  amount and u sage  o f  i n f o r m a t i o n  a v a i l a b l e  at e a c h  s t e p  o f  



our  "a p r i o r i  e v a l u a t i o n  modelt1. By c o n s i d e r i n g  t h i s  i n f o r -  

mation i n  t h e  sys t emat i c  f a s h i o n  i n d i c a t e d  h e r e ,  b e t t e r  and 

more p r e c i s e  d e c i s i o n s  can be made i n  under t ak ing  t h e s e  very 

d i f f i c u l t  comparis ions.  

DECISION TO CONDUCT EXPERIMENTAL EVALUATION 

There a r e  many p r o j e c t s  where i t  i s  imposs ib le  t o  make 

p r i o r  e s t i m a t e s  of e f f e c t i v e n e s s  wi thout  i n c o r p o r a t i n g  l a r g e  

amounts of u n c e r t a i n t y .  I n  many of  t h e s e  c a s e s ,  OHSP o r  t h e  

agency involved  should c o n s i d e r  t h e  m e r i t s  of i n c o r p o r a t i n g  

a  c o n t r o l l e d  experiment i n t o  t h e  p r o j e c t  t o  de termine  t h e s e .  

An example of  such a  p r o j e c t  i s  ASMD (Analog Speed 

Measuring Device) .  I n  t h i s  p r o j e c t  t h e  e f f e c t  of t h e  dev ice  

and/or  p u b l i c  in fo rma t ion  on speeding  behavior  i s  l a r g e l y  

unknown. Hence an experiment t o  de termine  t h i s  may be very 

u s e f u l .  

The d e c i s i o n  t o  conduct an experiment must be made by 

c o n s i d e r i n g  t h e  o v e r a l l  g o a l s  of  OHSP and t h e  s t a t e  highway 

s a f e t y  program. Experimental  e v a l u a t i o n  of  agency p r o j e c t s  

should  be made only i f  it i s  expected  t h a t  t h e  r e s u l t s  of 

t h e  e v a l u a t i o n  w i l l  h e l p  t o  guide  f u t u r e  p r o j e c t s  o r  ' to h e l p  

t h e  agency which i s  conduct ing  t h e  p r o j e c t ,  Thus t h e  d e c i s i o n  

t o  conduct an experiment must be c o n s i s t e n t  w i t h  t h e  o v e r a l l  

g o a l s .  I n  p a r t i c u l a r  t h e  fo l lowing  q u e s t i o n s  w i l l  gu ide  

t h i s  d e c i s i o n :  



(1) What is the value in relation to the overall highway 
safety program to OHSP and/or the agency sf each 
possible experimental conclusion? 

(2) What is the possibility of obtaining experimental 
control over other factors that might influence 
the results? -- Can we conduct a good experiment 
to obtain the desired answers? 

( 3 )  What is the cost of this good experiment? 

(4) Are the potential answers worth this cost? 

Since the development of a good experiment is not an 

easy task in this area, OHSP and the agency may find it 

desirable to obtain a consultant's he,lp in answering the 

above questions--especially question 2. 

CONDUCT OF EXPERIMENT 

If the decision is made make an experiment part 

the project, then an experimental plan must be developed and 

implemented. Figure 4 shows the relevant steps of this plan. 

The design of the experiment is a cruci.al part of this 

plan. Chapters 4 & 5 address themselves to this topic. In 

general, it is very difficult to obtain control over con- 

taminating sources of variation in highway safety projects. 

In addition, the subsequent experimental data gathering and 

analysis may involve rather complex mathematical and compu- 

tational procedures. In such situations a research agency 

may be able to provide such service on a  contractual bas is .  

However, OHSP staff members will profit by understanding the 

techniques and significance of experimentation in highway 

safety project evaluation. 





CONDUCT OF PROJECT 

The s u c c e s s f u l  i m p l e m e n t a t i o n  o f  a p r o j e c t  depends  on 

( a )  agency c a p a b i l i t y  and i n t e r e s t ,  ( b )  agency p l a n ,  and 

( c )  agency  c o n t r o l .  

I n  g e n e r a l  t h e  agency c a p a b i l i t y  and i n t e r e s t  w i l l  be 

f a v o r a b l y  e v a l u a t e d  b e f o r e  a  c o n t r a c t  i s  awarded .  Hence 

we s h a l l  n o t  d i s c u s s  t h i s  a s p e c t  f u r t h e r  h e r e .  

C a r e f u l  and c o n c i s e  p r o j e c t  p l a n n i n g  i n  t h e  e a r l y  s t a g e s  

i s  e s s e n t i a l  f o r  s e v e r a l  obv ious  r e a s o n s :  

( 1 )  To i n s u r e  t h a t  p r o j e c t  e f f e c t s  a ~ d  p o t e n t i a l  
p rob lems  i n  i m p l e m e n t a t i o n  a r e  u n d e r s t o o d .  

( 2 )  To i n s u r e  t h a t  s u b - p r o j e c t s  t a k e  p l a c e  i n  a n  
i n t e g r a t e d ,  smooth f a s h i o n .  

( 3 )  To i n s u r e  t h a t  n e c e s s a r y  e x p e r i m e n t a l  d a t a  i s  
t a k e n  ( i f  an  expe r imen t  i s  p a r t  o f  t h e  p r o j e c t ) .  

(4) To i n s u r e  t h a t  n e c e s s a r y  ' ' s t a t u s "  d a t a  i s  m a i n t a i n e d .  
BY " s t a t u s '  d a t a  we mean i n f o r m a t i o n  on t h e  number 
o f  p e r s o n s  a f f e c t e d  by t h e  p r o j  e c t s  , g e n e r a l  r e a c t i o n s ,  
and g e n e r a l  changes  b e i n p  o b s e r v e d .  

Because  o f  t h e  i m p o r t a n c e  o f  s u c h  p l a n n i n g  we f e e l  t h a t  

OXSP s h o u l d  m o n i t o r  tne p r o g r e s s  o f  thls p l e n n i n g  f u n c t i o n .  

T h i s  may be  done i n  s e v e r a l  ways:  

(1) Meet ing  w i t h  agency s t a f f  t o  e s t a b l i s h  t h e  p r o j e c t  p l a n .  

( 2 )  R e q u i r i n g  p l a n n i n g  r e p o r t s  f rom t h e  agency e a r l y  
i n  t h e  c o n t r r a t  p e r i o d  and  b r i e f i n ~ s  a t  r e g u l a r  
i n t e r v a l s  t h e r e a f t e r .  

( 3 )  Encou rag ing  a g e n c i e s  t o  o b t a i n  p l a n n l r g  h e l p  f rom 
any of s e v e r a l  h i ~ h w a y  s a f e t y  c o n s u l t i n y  s e r v i c e s  
i n  t h e  s t a t e ,  

The s e l e c t i o n  o f  t h e  s p e c i f i c  way t o  m a i n t a i n  c o n t r o l  



over  t h e  p l a n n i n g  p r o c e s s  i s  a p o l i c y  d e c i s i o n  which must be 

made by OHSP. Various p r o j e c t s  may r e q u i r e  more e x t e n s i v e  

p l a n n i n g  t h a n  o t h e r s  and consequent ly  some b lend  of  t h e  t h r e e  

s u g g e s t i o n s  above may be d e s i r a b l e .  

I n  o r d e r  t o  ma in ta in  c o n t r o l  ove r  a  p r o j e c t  t h e  agency 

must develop some o r g a n i z a t i o n a l  s t r u c t u r e  t o  i n s u r e  t h a t  

r e s p o n s i b i l i t i e s  f o r  t a s k s  w i t h i n  a  p r o j e c t  have proper1.y 

been d e l e g a t e d  and main ta ined .  OHSP should  e v a l u a t e  t h e  

c a p a b i l i t y  of  agency o r g a n i z a t i o n  t o  ma in ta in  such c o n t r o l .  

If t h i s  i s  weak, c l o s e r  guidance from t h e  s taff  of  OHSP i s  

d e s i r a b l e .  I n  any c a s e ,  i t  seems r e a s o n a b l e  f o r  OHSP t o  

moni tor  o v e r a l l  p r o g r e s s  and p rov ide  g e n e r a l  guidance by r e q u i r -  

i n g  and r ev iewing  w r i t t e n  p r o g r e s s  r e p o r t s  from t h e  agency 

a t  v a r i o u s  t i m e s .  In fo rma t ion  t o  be inc luded  i n  t h e s e  should  

be:  

( a )  P rogress  d u r i n g  r e p o r t i n g  p e r i o d .  

( b )  Problems encountered  d u r i n g  r e p o r t i n g  p e r i o d .  

( c )  F i n a n c i a l  cha rges  i n c u r r e d  d u r i n g  r e p o r t i n g  p e r i o d .  

EX POST FACT0 EVALUATION 

As a p r o j e c t  i s  completed i t  i s  a  n a t u r a l  q u e s t i o n  t o  

a s k  "what was accomplished?" Such in fo rma t ion  i s  u s e f u l  i n  

avo id ing  f u t u r e  problems and i n  p l ann ing  f u t u r e  programs, 

I f  t h e  early s t e p s  of  a p r o j e c t  a r e  c a r e f u l l y  and 

c o r r e c t l y  under taken  t h e n  t h e  ex p o s t  f a c t o  e v a l u a t i o n  can  be 

made by comparing t h e  p r o j e c t  c o s t s  and o b j e c t i v e s  w i t h  t h o s e  



which a r e  a c t u a l l y  a c h i e v e d  and o b s e r v e d .  Any d e f i c i e n c i e s  

i n  t h e s e  s h o u l d  t h e n  be examined t o  d e t e r m i n e  whe the r  t h e s e  

a r e  due t o  t h e  n a t u r e  o f  t h e  p r o j e c t ,  t h e  p e r s o n n e l ,  o r  

o t h e r  u n f o r e s e e n  f a c t o r s .  I f  p o s s i b l e  t h e  s t a f f  a t  OHSP 

s h o u l d  c o n s i d e r  s o l u t i o n s  which would have a l l e v i a t e d  such  

d e f i c i e n c i e s  had t h e y  been  implemented.  I n  t h i s  way similar 

problems w i l l  be avo ided  i n  t h e  f u t u r e .  

On t h e  o t h e r  hand,  obse rved  b e n e f i t s  o f  t h e  p r o j e c t  

which were n o t  a n t i c i p a t e d  i n  t h e  e a r l y  s t a t e m e n t  o f  o b j e c t i v e s  

s h o u l d  be r e c o r d e d  f o r  f u t u r e  p l a n n i n g .  N o t i c e  however ,  t h a t  

t h e  p r o j e c t  cannot  be e v a l u a t e d  e x  p o s t  f a c t o  by d e t e r m i n i n g  

i t s  s u c c e s s  i n  a c h i e v i n g  o b j e c t i v e s  which were f i r s t  c o n s i d e r e d  

a f t e r  t h e  p r o j e c t  p l a n n i n g  was comple t ed .  For  i n s t a n c e ,  if 

a  p r o j e c t  o b j e c t i v e  i s  s t a t e d  a s  " i n s t a l l i n g  compu te r i zed  

c o n t r o l  t o  r e d u c e  t h e  c o s t  o f  r oad  s i p n a l  ma in t enance" ,  and 

i f  a p r o j e c t  i s  p l anned  t o  implement t h i s ,  t h e n  t h e  p r o j e c t  

s h o u l d  n o t  be e v a l u a t e d  by l o o k i n g  a t  "changes  i n  t r a f f i c  

f l o w " .  If a f a v o r a b l e  change i n  t h i s  l a t t e r  measure  o c c u r s ,  

it s h o u l d  be viewed a s  an e x t r a  b e n e f i t .  T h i s  a g a i n  p o i n t s  

o u t  t h e  impor t ance  o f  c l e a r  p r i o r  f o r m u l a t i o n ,  deve lopment ,  

and p l a n n i n g .  

With t h i s  overv iew i n  mind,  we now t u r n  t o  a d e t a i l e d  

d i s c u s s i o n  o f  t h e  t e c h n i c a l  m a t e r i a l  t h e  s t a f f  o f  OliSP 

s h o u l d  be familiar w i t h  t o  implement t h e  c o n c e p t s  o f  t h i s  

s e c t i o n .  



2 APPLICATION OF SYSTEMS ANALYSIS TO PROJECT CLASSIFICATION 
AND EVALUATION 

t h i s  c h a p t e r  s h a l l  expand upon t h e  e a r l y  s t e p s  

i n  o u r  a p r i o r i  e v a l u a t i o n  p l a n  ( F i g u r e  3 ) .  S p e c i f i c a l l y  

we s h a l l  d i s c u s s :  

(1) The p r o j e c t  c l a s s i f i c a t i o n  p l a n .  

( 2 )  The c o n c e p t s  u n d e r l y i n g  a  sub-sys tem model .  

( 3 )  The u s e  o f  t h i s  sub-system model i n  d e l i n e a t i n g  
p o t e n t i a l  p r o j e c t  e f f e c t s  and i n  f o r m u l a t i n g  eva.lua- 
t i o n  c r i t e r i a .  

I n  o r d e r  t o  do t h i s  we f i r s t  must d e v e l o p  a  b r i e f  sys tems  

c o n c e p t u a l i z a t i o n  o f  t h e  highway s a f e t y  problem.  T h i s  concep- 

t u a l i z a t i o n  p o i n t s  o u t  t h e  need f o r  o u r  s y s t e m a t i c  e v a l u a t i i o n  

p l a n  and s e r v e s  t o  g u i d e  p r o j e c t  a n a l y s i s .  

SYSTEM CONCEPTUALIZATION 

The p rob lems  o f  highway s a f e t y  improvement a r e  f a r  

more complex t h a n  many e a r l y  i n v e s t i g a t o r s  r e c o g n i z e d .  T h i s  

c o m p l e x i t y  i s  due t o  a t  l e a s t  t h r e e  ma jo r  f a c t o r s :  

(1) The l a r g e  number o f  v a r i a b l e s  i n f l u e n c i n g  highway 
s a f e t y .  

( 2 )  The complex and i n  most c a s e s  unknown r e l a t i o n s h i p s  
among t h e s e  v a r i a b l e s  and between t h e s e  v a r i a b l e s  
and " s a f e  pe r fo rmance" .  

( 3 )  The f a c t  t h a t  b o t h  t h e s e  v a r i a b l e s  and f u n c t i 0 n . s  v a r y  
p r o b a b i l i s t i c a l l y  o v e r  t i m e .  

Because o f  t h i s  c o m p l e x i t y ,  i t  h a s  become n e c e s s a r y  

t o  s t r u c t u r e  highway s a f e t y  r e s e a r c h  and program e v a l u a t i o n  

w i t h i n  t h e  c o n t e x t  o f  a  " sys tems  a n a l y s i s "  framework.  Such 

a  framework p r o v i d e s :  



(1) A b a s i s  f o r  b r e a k i n g  down t h e  complex sy s t em i n t o  
components which a r e  more amenable  t o  s c i e n t i f i c  
r e s e a r c h .  

( 2 )  A b a s i s  f o r  i n v e s t i g a t i n g  t h e  i n t e r r e l a t i o n s h i p s  
t h a t  e x i s t  between t h e s e  components .  

( 3 )  A basis f o r  a l l o c a t i n g  r e s e a r c h  e f f o r t  t o  t h e  highway 
s a f e t y  problem.  

I n  t h i s  s e c t i o n  we s h a l l  e x p l o r e  t h i s  sys tems  c o n c e p t u a l -  

i z a t i o n  a s  i t  p e r t a i n s  t o  program e v a l u a t i o n .  S p e c i f i c a l l y  

we have deve loped  a  three-way c l a s s i f i c a t i o n  p l a n  f o r  p r o j e c t s .  

T h i s  p l a n  h i g h l i g h t s  t h e  ma jo r  sys tem components and p r o j e c t  

o b j e c t i v e s  i n v o l v e d ,  and s e r v e s  t o  g u i d e  t h e  subseq ,uen t  

e v a l u a t i o n  p l a n .  The e v a l u a t i o n  p l a n  l o g i c a l l y  o r g a n i z e s  

t h e  s t e p s  o f  a  p r o j e c t  a n a l y s i s .  

MULTIVARIATE STRUCTURE OF PROBLEP 

As we s t u d y  an  i n d i v i d u a l  c o l l i s i o n ,  we can i d e n t i f y  

many f a c t o r s  s u r r o u n d i n g  t h e  e v e n t ,  "an a c c i d e n t " .  ){any 

o f  t h e s e  f a l l  i n t o  t h e  group o f  p o t e n t i a l  c a u s a l  f a c t o r s .  

As H, H. J a c o b s  h a s  s t a t e d  ( 7 ) :  

"Remedies which would have p r e v e n t e d  a n  i n d i v i d u a l  
a c c i d e n t  a r e  a lmos t  a lways  a p p a r e n t  from even c a s u a l  
i n v e s t i g a t i o n " .  

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

has caused  many p e r s o n s  t o  deve lop  t h e i r  own " o p t i m a l  s o l u t i o n r '  

t o  t h e  problem o f  a c c i d e n t  r e d u c t i o n .  T h i s  a p p a r e n t  e a s e  

i s  a l s o  a ma jo r  sho r t coming .  Many p o t e n t i a l  s o l u t i o n s  have 

been p roposed  bu t  t h e r e  i s  n o t  a  s o l i d  ba se  o f  e v i d e n c e  

t o  s u p p o r t  a s e t  o f  " b e s t i '  s o l u t i o n s .  We f e e l  t h a t  t h e r e  a r e  



many v a r i a b l e s  which c o n t r i b u t e  t o  a c c i d e n t  o c c u r r e n c e ,  

I n  f a c t ,  i t  i s  r e a s o n a b l e  a t  t h i s  p o i n t  t o  assume t h a t  most 

o f  t h e  f a c t o r s  i n d i c a t e d  a s  c a u s a l  f a c t o r s  do c o n t r i b u t e  

t o  t h e  c r e a t i o n  of a p o t e n t i a l  c o l l i s i o n  s i t u a t i o n .  A c r a s h  

o c c u r s  whenever t h e  combined c o n t r i b u t i o n  o f  t h e s e  f a c t o r s  

exceeds  some c r i t i c a l  l e v e l .  Thus ,  i t  i s  t h e  combina t i on  

o f  f a c t o r s  t h a t  f i n a l l y  c a u s e  t h e  even t - -a  c r a s h .  The r e -  

s e a r c h  t o  d a t e  h a s  n o t  r e v e a l e d  a  s i n g l e  f a c t o r  o r  a  un ique  

combina t i on  of' f a c t o r s  which are  i n v o l v e d  i n  most o f  t h e  

a c c i d e n t s .  S e v e r a l  c a r e f u l l y  d e s i g n e d  s t u d i e s  have i n d i c a t e d  

t h e  ove r invo lvemen t  o f  c e r t a i n  f a c t o r s .  ( e . g . ,  a l c o h o l  

by B o r k e n s t e i n  ( 3 ) ,  e t  a l . )  Iiowever, much r e s e a r c h  rema.ins 

t o  be done i n  t h i s  a r e a .  

The above d i s c u s s i o n  p o i n t s  up t h e  dange r  i n  a t t e m p t i n g  

t o  e v a l u a t e  t h e  e f f e c t  o f  mod i fy ing  a  s i n g l e  f a c t o r  which 

c o n t r i b u t e s  t o  t h e  even t - - -a  c r a s h .  I n  p a r t i c u l a r ,  t h e  F e d e r a l  

program i s  d e s i g n e d  t o  d e a l  w i t h  s p e c i f i c  f a c t o r s .  Ther8efore ,  

d e v e l o p i n g  a  p r o j e c t  e v a l u a t i o n  p l a n  i n v o l v e s  t h e  above 

p rob l ems .  T h i s  does  n o t  mean t h a t  we s h o u l d  w a i t  f o r  more 

knowledge,  However, i t  d o e s  mean t h a t  an  e v a l u a t i o n  p l a n  

must r e s p o n d  t o  t h e s e  p rob l ems .  

I n  o r d e r  t o  measure  t h e  e f f e c t  of  a  p a r t i c u l a r  p r o d e c t ,  

t h e r e  must be knowledge c o n c e r n i n g  t h e  i n f l u e n c e  o f  o t h e r  f a c t o r s  

which a r e  n o t  b e i n g  m o d i f i e d .  I d e a l l y ,  we would l i k e  t o  

f i x  a l l  o t h e r  f a c t o r s  and t h u s  e l i m i n a t e  t h e i r  e f f e c t  s o  



t h a t  t h e  p roposed  p r o j e c t s  can  be e v a l u a t e d  d i r e c t l y .  I n  

some c a s e s ,  ( e . g . ,  mod i fy ing  a dange rous  i n t e r s e c t i o n )  i t  

may be  p o s s i b l e  t o  c o n t r o l  enough f a c t o r s  s o  t h a t  a  d i r e c t  

measure  o f  l o s s  due t o  sy s t em breakdown can  be made. T h i s  

d i r e c t  measure  i s ,  o f  c o u r s e ,  t h e  b e s t  app roach  s i nce .  i t  

i s  t h e  u l t i m a t e  o b j e c t i v e .  However, i n  most s i t u a t i o n s  

( e . g . ,  d r i v e r  t r a i n i n g ,  law e n f o r c e m e n t ,  e t c . ) ,  i t  w i l l  

o n l y  be p o s s i b l e  t o  e v a l u a t e  some i n t e r m e d i a t e  o b j e c t i v e .  

The s e l e c t i o n  o f  t h i s  i n t e r m e d i a t e  o b j e c t i v e  i s  r e l a t e d  

t o  t h e  p a r t i c u l a r  p rob lem.  For  example ,  t h e  e v a l u a , t i o n  

o f  a  d r i v e s  t r a i n i n g  p r o j e c t  might  measure  one o f  t h e  

f o l l o w i n g :  

1. The amount of  knowledge t r a n s f e r r e d  by  means o f  a  
w r i t t e n  t e s t .  

2 ,  The e f f e c t  o f  t h i s  knowledge on a c o n t r o l l e d  d r i v i n g  
s i t u a t i o n .  

3 .  The change o f  a t t i t u d e  a s  measured by  a p s y c h o l o g i c a l  
t e s t .  

4 .  The d r i v i n g  r e c o r d s  o f  p e r s o n s  who have ta.ken t h e  
c o u r s e .  

5 .  The e f f e c t  on number of  c o l l i s i o n s  f a r  a l l  p e r s o n s  i n  
t h e  community i n  t h e  age  g roup  g i v e n  d r i v e r  t r a i n i n g .  

The e a r l y  i t e m s  on t h e  l i s t  a r e  more d i r e c t l y  r e l a t e d  

t o  t h e  s p e c i f i c  program and c o n s e q u e n t l y  p r o v i d e  measures  

o f  p r o j e c t  e f f e c t i v e n e s s  which a r e  l e s s  a f f e c t e d  by i n t e r v e n i n g  

v a r i a b l e s .  However, t h e  q u e s t i o n  o f  how t h i s  measured e f f e c t  

r e l a t e s  t o  t h e  f i n a l  o b j e c t i v e  i s  l e s s  a p p a r e n t .  I f  i t e m  



f i v e  i s  measured a c c u r a t e l y ,  we do have knowledge on t h e  

u l t i m a t e  e f f e c t .  S t i l l ,  t h e  number of  u n c o n t r o l l e d  v a r i a b l e s  

o p e r a t i n g  a t  t h a t  l e v e l  w i l l  r educe  c o n s i d e r a b l y  t h e  accu:racy 

o f  i n t e r p r e t i n g  t h e  t r u e  cause  and e f f e c t  r e l a t i o n s h i p .  

An e v a l u a t i o n  o f  t h e  advan t ages  and shor tcoming  a t  e ach  

e v a l u a t i o n  l e v e l  must be per fo rmed .  S u b j e c t i v e  knowledge 

w i l l ,  o f  c o u r s e ,  i n f l u e n c e  t h e  f i n a l  d e c i s i o n .  

CLASSIFICATION PLAN 

The t r a f f i c  c o l l i s i o n  p r o c e s s  may u s e f u l l y  be s p l i t  

i n t o  t h r e e  t i m e - o r i e n t e d  p h a s e s  a s  shown below:  

The p r e - c r a s h  phase  i n c l u d e s  t h o s e  f a c t o r s  l e a d i n g  

up t o  and i n f l u e n c i n g  t h e  o c c u r r e n c e  o f  t h e  c r a s h .  The 

c r a s h  phase  i n c l u d e s  t h e  r e s p o n s e  o f  t h e  v e h i c l e / o p e r a t o r  

t o  t h e  c o l l i s i o n .  The p o s t - c r a s h  phase  i n c l u d e s  r e c o v e r y ,  

c lean-up  and r e l a t e d  p r o c e d u r e s .  S p e c i f i c  e v e n t s  i n  t h e s e  

p h a s e s  a r e  i n t e r r e l a t e d .  For  i n s t a n c e  h i g h  speed i n  t h e  

p r e - c r a s h  phase  g e n e r a l l y  c a u s e s  a  much more v i o l e n t  v e h i c l e /  

o p e r a t o r  r e s p o n s e  i n  t h e  c r a s h  phase .  Althouqh i t  i s  u s e f u l  

t o  c o n s i d e r  t h e  phase s  s e p a r a t e l y ,  t h e i r  j o i n t  e f f e c t s  must 

a l s o  be c o n s i d e r e d .  

The o v e r a l l  o b j e c t i v e  o f  highway s a f e t y  e f f o r t  i s  t o  

r educe  t h e  l o s s  due t o  sys tem breakdown. The accornplishrnent 

o f  t h i s  o b j e c t i v e  might be i n i t i a , t e d  by a l l o c a t i n g  a l l  e f f o r t  

t o  one o f  t h e  phase s  i n d i c a t e d  above .  For  i n s t a n c e ,  one 
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might  conc lude  t h a t  c o l l i s i o n s  a r e  u n a v o i d a b l e .  Then a l l  

e f f o r t  c o u l d  be s p e n t  making s u p e r - s t r e n g t h  v e h i c l e s  and 

padd ing  t h e  d r i v e r  t o  a v o i d  i n j u r y .  Most r e s e a r c h e r s  t o d a y  

a r g u e  t h a t  such  an  a l l o c a t i o n  would be sub -op t ima l .  I n s t e a d  

t h e  common f e e l i n g  i s  t h a t  e f f o r t  shou ld  be a l l o c a t e d  t o  

a l l  t h r e e  p h a s e s ,  a l t h o u g h  t h e  r e l a t i v e  e f f o r t s  t o  be ex t ended  

on e a c h  phase  a r e  s t i l l  a  s u b j e c t  o f  d e b a t e .  

Thus t h e  o v e r a l l  o b j e c t i v e  o f  highway s a f e t y  e f f o r t  

i n v o l v e s  t h r e e  i n t e r m e d i a t e  o b j e c t i v e s ,  I n  t h e  p r e - - c r a s h  

phase  we wish  t o  r e d u c e  t h e  " p o t e n t i a l "  f o r  sy s t em breakdown. 

Given t h a t  t h e  sy s t em does  b r e a k  down, i n  t h e  c r a s h  phase  

we wish  t o  r e d u c e  t h e  s e v e r i t y  o f  t h i s  breakdown. F i n a l l y  

i n  t h e  p o s t - c r a s h  phase  we wish  t o  r e d u c e  t h e  t i m e  u n t i l  

t h e  sy s t em r e t u r n s  t o  normal  and upprade  e f f e c t i v e n e s s  o f  

c a r e  i n  t h i s  t ime  i n t e r v a l .  

Wi th in  each  p h a s e ,  t h e  sy s t em may be  s u b d i v i d e d  i n t o  

t h r e e  i n t e r a c t i v e  components:  t h e  v e h i c l e ,  t h e  o p e r a t o r ,  

and t h e  env i ronmen t .  Th i s  s u b d i v i s i o n  i s  o u t l i n e d  f o r  t h e  

p r e - c r a s h  phase  i n  F i g u r e  5 . *  The model r e l a t e s  p o t e n t i a l  

f o r  sy s t em breakdown t o  t h e  t h r e e  components ,  which i n t e r a c t  

t h r o u g h  per formance  and c o n t r o l  c h a r a c t e r i s t i c s .  S i m i l a r  

models can  be evo lved  for t h e  c r a s h  and p o s t - c r a s h  p h a s e s .  

*Based on a conceptualization by Howard Dugoff o f  
Highway S a f e t y  Research  I n s t i t u t e ,  The U n i v e r s i t y  o f  Mich igan ,  
Ann Arbor ,  Mich igan .  





The i m p o r t a n t  p o i n t  t o  be o b t a i n e d  from t h i s  component- 

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

between sys t em v a r i a b l e s  and t h e  i n t e r m e d i a t e  w i th in -phase  

o b j e c t i v e s .  Consequent ly  t h e  e f f e c t  o f  changes  i n  sy s t em 

v a r i a b l e s  on sys tem per formance  may n o t  be d i r e c t l y  measur-  

a b l e .  Fo r  i n s t a n c e ,  i n  t h e  p r e - c r a s h  p h a s e ,  t h e  e f f e c t  

o f  a new d r i v i n g  s i m u l a t o r  on r e d u c i n g  p o t e n t i a l  f o r  sy s t em breakdown 

may be masked by t h e  e f f e c t s  o f  d i f f e r e n c e s  i n  o p e r a t o r  

soc ioeconomic  c h a r a c t e r i s t i c s ,  v e h i c l e  d e s i g n  c h a r a c t e r i s t i c s ,  

and o t h e r  e x t r a n e o u s  changes  i n  t h e  sy s t em.  T h e r e f o r e  t h e  

c h o i c e  o f  i n t e r m e i i a t e  l e v e l s  o f  e f f e c t i v e n e s s  and c a r e f u l  

c o n t r o l  o f  i n t e r v e n i n g  v a r i a b l e s  a r e  e s s e n t i a l  f o r  a c c u r a t e  

p r o j e c t  e v a l u a t i o n .  

I n  a d d i t i o n  t o  c l a s s i f y i n g  p r o j e c t s  by sy s t em phase  

and sys t em components ,  i t  i s  u s e f u l  t o  i n c o r p o r a t e  a  t h i r d  

c a t e g o r i z a t i o n - - t h e  a c t i o n  r e s u l t i n g  from a p r o j e c t .  I n  

t h i s  s e c t i o n  we s h a l l  o u t l i n e  o u r  app roach  t o  t h i s  c l a s s i f i -  

c a t i o n .  S p e c i f i c a l l y  we s u g g e s t  t h a t  highway s a f e t y  p r o j e c t s  

i n v o l v e  t h r e e  t y p e s  o f  a c t i o n :  i n f o r m a t i o n a l ,  d i r e c t  component 

change ,  and i n d i r e c t  component change .  

INFORMATIONAL PROJECTS. P r o j e c t s  i n  t h i s  c a t e g o r y  

p r o v i d e  i n c r e a s e d  knowledge on t h e  highway s a f e t y  s y s t e m  

by o b t a i n i n g  data f rom t h e  sy s t em and by p r e s e n t i n g  i t  i n  

u s e a b l e  form. Examples o f  such  p r o j e c t s  i n c l u d e  t h e  Depar tment  

of S t a t e  d r i v e r  r e c o r d  sy s t em and t h e  S t a t e  P o l i c e  a c c i d e n t  

r e p o r t  system. 



I n f o r m a t i o n a l  p r o j e c t s  a r e  d e s i g n e d  t o  p r o v i d e  i n f o r m a t i o n  

d e s c r i b i n g  sys tem p a r a m e t e r s  and o p e r a t i o n .  I n c l u d e d  i n  

t h i s  c a t e g o r y  a r e  " s t a t e  of t h e  a r t "  s u r v e y s ,  i n f o r m a t i o n  

r e t r i e v a l  p r o j e c t s ,  and i n f o r m a t i o n  s e e k i n g  p r o j e c t s  (e .g . ,  

e n g i n e e r i n g  s t u d i e s  f o r  p l a n n i n g  p u r p o s e s . )  The i n f o r m a t i o n  

from t h e s e  i s  u t i l i z e d  f o r  dec i s ion-making  pu rposes  abou t  

t h e  o p e r a t i o n a l  a s p e c t s  of  t h e  sys tem.  Two b a s i c  u s e s  o f  

such  i n f o r m a t i o n  a r e  ( a )  d e v e l o p i n g  a n  o v e r a l l  sy s t em d e s c r i p -  

t i o n  (number o f  m i l e s  t r a v e l e d ,  number of c o l l i s i o n s ,  number 

o f  d e a t h s ,  e t c . )  and ( b )  i d e n t i f y i n g  s p e c i f i c  problem a r e a s  

( h i g h  a c c i d e n t  roadways,  h i g h  v i o l a t i o n  ope ra . t o r s ,  e t c . )  

Under ( b )  two s p e c i f i c  t y p e s  o f  i n f o r m a t i o n  may be made 

r o u t i n e l y  a v a i l a b l e  by a p r o j e c t .  One t y p e  i d e n t i f i e s  t h o s e  

problem a r e a s  t h a t  a r e  " o u t  of  c o n t r o l . "  For  i n s t a n c e  one 

nay need t o  know which i n t e r s e c t i o n s  have t h e  l a r g e s t  number 

o f  c o l l i s i o n s l  A second  t y p e  p r o v i d e s  r a p i d  a c c e s s  t o  i n f o r m a t i o n  

on s p e c i f i c  p a r a m e t e r s .  For  i n s t a n c e  one may need t o  know 

t h e  c o l l i s i o n  r a t z s  on a  s e r i e s  o f  s p e c i f i e d  i n t e r s e c t i o n s .  

The s p e c i f i c  o b j e c t i v e s  o f  i n f o r m a t i o n a l  p r o j e c t s  g e n e r a l l y  

w i l l  be framed i n  t e rms  o f  t h e  q u a l i t y  and q u a n t i t y  o f  i n f o r m a t i o n  

o b t a i n e d .  Q u a l i t y  may be f u r t h e r  sub -d iv ided  by c o n s i d e r i n g  

a c c u r a c y  and r e t r i e v a l  speed .  

COMPONENT CHANGE PROJECTS. The second a c t i o n  c a t e g o r 9 z a -  

t i o n  i n c l u d e s  t h o s e  p r o j e c t s  which propose  t o  make some 

change on t h e  sys tem.  G e n e r a l l y  t h e  i n v e s t i g a t o r  hopes  



t h a t  t h i s  change w i l l  improve sy s t em p e r f o r m a n c e .  W i t h i n  

t h i s  c a t e g o r y  t h e r e  a r e  two ma jo r  p r o j e c t  g r o u p i n g s  -- d i r e c t  

component change and i n d i r e c t  component change .  These  two 

t y p e s  o f  p r o j e c t s  a f f e c t  t h e  sy s t em d i f f e r e n t l y  and  c o n s e q u e n t l y  

must be  e v a l u a t e d  d i f f e r e n t l y .  

F i g u r e  6 i n d i c a t e s  t h e  g e n e r a l  r e l a t i o n s h i p s  between 

t h e s e  p r o j e c t  c a t e g o r i e s  and t h e  u l t i m a t e  p r e - " c r a s h  o b j e c t i v e - -  

r e d u c t i o n  i n  p o t e n t i a l  f o r  sy s t em breakdown. The deve lopment  

o f  t h e  c h a i n  o f  e v e n t s  r e l a t i n g  a component change t o  sy s t em 

o b j e c t i v e  i s  b a s i c  t o  t h e  e v a l u a t i o n  o f  p r o j e c t s  i n v o l v i n g  

p r o j e c t  change .  We s h a l l  d e n o t e  t h i s  c h a i n  o f  e v e n t s  t h e  

' ' c a u s a l  c h a i n .  ' '  The " l e n g t h "  o f  t h i s  c h a i n  depends  on t h e  

number o f  i n t e r m e d i a t e  changes  t h a t  t a k e  p l a c e  a s  a  r e s u l t  

of  p r o j e c t  i m p l e m e n t a t i o n  and on t h e  number o f  i n t e r v e n i n g ,  

u n c o n t r o l l e d  v a r i a b l e s  affect in^ t h e  s u b - s y s t e m  o f  i n t e r e s t .  

The l e n g t h  o f  t h e  c h a i n  and t h e  d e g r e e  o f  knowledge r e l a t i n g  

a  sy s t em change t o  sy s t em o b j e c t i v e  d e t e r m i n e  whe the r  a 

p r o j e c t  i n v o l v e s  a d i r e c t  o r  i n d i r e c t  component chanqe .  

D i r e c t  Component Chanrre P r o j e c t s .  P r o . j e c t s  i n  t h i s  -- - *- "- - 

c a t e g o r y  can  be e x n e c t e d  t o  have a d i r e c t  e f f e c t  on sy s t em 

pe r fo rmance  if t h e y  s u c c e s s f u l l y  a c c o m p l i s h  t h e  p roposed  

change.  For  example ,  knowledge on v e h i c l e  dynamics  and 

o p e r a t o r  h a n d l i n g  c a p a b i l i t y  may i n d i c a t e  an  u n n e r  l i m i t  

on s a f e  t u r n i n g  speed  a t  a p a r t i c u l a , ~  s h a r p  t u r n  i n  t h e  

roadwey. C o l l i s i o n  e x p e r i e n c e  a t  t h i s  t u r n  i n d i c a t e s  a n  



" o v e r r e p r e s e n t a t i o n "  of c r a s h e s  i n v o l v i n g  l o s s  o f  c o n t r o l .  

Suppose ,  a s p e c i f i c  p r o , j e c t  lnroposes t o  modify t h e  r o a d  

( t h e  e n v i r o n m e n t a l  component)  i n  o r d e r  t o  c o r r e c t  t h i s  p rob lem.  

I n d e e d ,  s e v e r a l  a l t e r n a t i v e  m o d i f i c a t i o n s  might be r e l e v a n t .  

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

m e a s u r a b l y  improved,  we a n t i c i p a t e  w i t h  h i g h  " p r o b a b i l l i t y "  

t h a t  t h e  f r e q u e n c y  o f  t h i s  c l a s s  o f  c r a s h e s  w i l l  be r e d u c e d .  

D i r e c t  Component Change p r o j e c t s  t a k e  a d v a n t a g e  o f  

p r i o r  knowledge and a  s h o r t e r  " c a u s a l "  c h a i n .  C o n s e q ~ e n t ~ l y  

t h e  change i n  s y s t e m  per fo rmance  can  be i n f e r r e d  from t h e  

known r e l a t i o n s h i p s  w i t h i n  t h e  c h a i n .  The e v a l u a t i o n  o f  

s u c h  p r o j e c t s  may be made u s i n g  o v e r a l l  s y s t e m  p e r f o r m a n c e  

a s  a  d i r e c t ,  m e a s u r a b l e  o b j e c t i v e .  T h i s  d o e s  n o t  imply  

t h a t  a d d i t i o n a l  s y s t e m  v a r i a b l e s  can  be i g n o r e d  i n  t h e  p r o -  

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

may mask t h e  s y s t e m  measure  o f  p e r f o r m a n c e .  

R e t u r n i n g  t o  t h e  example on roadway m o d i f i c a t i o n :  

suppose  t h e  i n v e s t i q a t o r  d e c i d e s  t o  add warn ing  s i q n s  t o  

make o p e r a t o r s  a n t i c i p a t e  t h e  t u r n .  A t  t h e  same t i m e  t h e  

p o p u l a t i o n  o f  o p e r a t o r s  p a s s i n g  t h r o u ~ h  t h e  t u r n  c h a n ~ e s ,  

w i t h  t h e  new d r i v e r s  h a v i n q  more c a r e f u l  d r i v i n g  h ~ . b i t s .  

Then t h e  s u b s e q u e n t  r e d u c t i o n  i n  c r a s h e s  may be  due  t o :  ( a )  

t h e  s i g n s ,  ( b )  t h e  more c a r e f u l  o p e r a t o r s ,  o r  ( c )  b o t h .  

I f ,  on t h e  o t h e r  hand ,  t h e  p o p u l a t i o n  chanpes  s o  that d r i v e r s  

have  l e s s  p e r c e p t i o n  and a w a r e n e s s ,  t h e  c o l l i s i o n  r a t e  clay 



g o  up -- n o t  b e c a u s e  o f  t h e  s i g n s  b u t  b e c a u s e  o f  t h e  o p e r a t o r s .  

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

change l e a d s  t o  i n c o n c l u s i v e  o r  e r r o n e o u s  r e s u l t s  i n  t h e  

e v a l u a t i o n .  

I n d i r e c t  Component Change .-.b P r o j e c t s .  P r o j e c t s  i n  t h i s  

c a t e g o r y  p r o p o s e  s y s t e m  c h a n g e s  whose e f f e c t s  a r e  r e l a t e d  

t o  t h e  s y s t e m  o b j e c t i v e  t h r o u g h  a  l o n g ,  c o m p l i c a t e d  and 

l o o s e l y  d e f i n e d  c h a i n  o f  e v e n t s .  Thus c h a n g e s  i n  i n t e r m e d i a t e  

l e v e l s  o f  p e r f o r m a n c e  ( s p e c i f i c  p r o j e c t  o b j e c t i v e s )  --- even  

i f  s ~ n c c e s s f u l  -- do n o t  n e c e s s a r i l y  r e l a t e  t o  t h e  o v e r a l l  

s y s t e m  o b j e c t i v e .  F i g u r e  6 p o i n t s  o u t  t h i s  p rob lem.  For  

example ,  c o n s i d e r  a  s p e c i f i c  d r i v e r  e d u c a t i o n  p r o j e c t  which 

p r o p o s e s  t o  add d r i v e r  s i m u l a t o r s  t o  a  c u r r i c u l u m .  The immedia te  

o b j e c t i v e  i s  i n c r e a s e d  knowledge and s k i l l  i n  t h e  s t u d e n t .  

The u l t i m a t e  o b j e c t i v e  i s  a  r e d u c t i o n  i n  l o s s  due  t o  s y s t e m  

breakdown which c a n  be a t t r i b u t e d  t o  t h i s  c h a n g e .  Thus ,  

by c o n s i d e r i n g  t h e  c a u s a l  cha , in ,  t h e  p r o j e c t  might  be e v a l u a t e d  

i n  t e r m s  o f  t h e  i n c r e a s e  i n  s t u d e n t  knowledge and s k i l l  

as measured o v e r  t i m e  by v a r i o u s  t e s t i n g  d e v i c e s .  C a r e f u l  

methodology i s  e s s e n t i a l  f o r  a t t r i b u t i n g  c h a n g e s  i n  t h e s e  

r e s p o n s e s  t o  c h a n g e s  i n  t h e  c u r r i c u l u m .  However e v e n  t h o u g h  

t h e s e  c h a n g e s  a r e  found  t o  be ' r e a l "  we a r e  u n s u r e  t h a t  

t h e y  w i l l  a i r e c t l y  a f f e c t  ( r e d u c e )  p o t e n t i a l  f o r  s y s t e m s  

breakdown. T h i s  i s  t r u e  b e c a u s e  o f  t h e  l a r g e  number and 

u n c e r t a i n  e f f e c t  o f  i n t e r v e n i n g  e v e n t s  be tween a n  i n c r e a s e  

i n  knowledge and t h i s  o b j e c t i v e .  





I n  summary, we have deve loped  a c l a s s i f i c a t i o n  p l a n  

f o r  p r o j e c t s  u t i l i z i n g  t h e  c o n c e p t s  o f  sy s t ems  a n a l y s i s .  

T h i s  p l a n  p l a c e s  p r o j e c t s  i n t o  t h r e e  c a t e g o r i e s :  phase  

o f  t h e  c r a s h  p r o c e s s ,  component o f  t h e  sys tem e f f e c t e d ,  

and a c t i o n  d i c t a t e d  by t h e  p r o j e c t .  The e s s e n t i a l s  o f  t h e  

p l a n  a r e  shown i n  F i g u r e  7 .  Wi th in  each  o f  t h e  t h r e e  c a t e -  

g o r i e s  p r o j e c t s  may be c l a s s i f i e d  i n t o  one o f  t h r e e  l e v e l s ,  

r e s u l t i n g  i n  27(3x3x3)  p o s s i b l e  c l a s s i f i c a t i o n s .  

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

s t e p s  o f  an  e v a l u a t i o n  by o b j e c t i v e l y  r e d u c i n g  t h e  sy s t em 

t o  mean ing fu l  subsys tems  and showing i n  g r o s s  t e rms  t h e  

i n t e r v e n i n g  and e x t r a n e o u s  v a r i a b l e s  which must be c o n t r o l l e d  

f o r  mean ing fu l  e v a l u a t i o n .  The " a c t i o n "  c l a s s i f i c a t i o n  

i n t r o d u c e s  t h e  i d e a  o f  a  ' i c a u s a l t '  c h a i n  o f  e v e n t s  and con- 

s i d e r s  t h e  problem of  " l e n g t h "  w i t h i n  t h i s  c h a i n .  These 

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

which must be dependent  upon t h i s  p r o j e c t  c l a s s i f i c a t i o n  

i n  o r d e r  t o  m e a n i n g f u l l y  respond  t o  t h e s e  p rob lems .  

CONCEPTS UNDERLYING A SUB-SYSTEP4 MODEL 

As we i n d i c a t e d  i n  t h e  introduction, t h e  o b j e c t i v e s  

o f  p r o j e c t  e v a l u a t i o n  a r e  t h r e e - f o l d :  

( a )  To i n s u r e  t h a t  t h e  i n t e r n a l  s t r u c t u r e  and d e s i g n  o f  
p r o j e c t s  i s  such  t h a t  mean ingfu l  c o n c l u s i o n s  can  be o b t a i n e d  i f  
t h e  i n v e s t i g a t o r  c a r r i e s  o u t  h i s  p l a n  a s  s t a t e d .  

( b )  To make compar i s i ons  between p r o j e c t s  i n  r e l a t e d  func-  
t i o n a l  a r e a s  w i t h i n  a  v a l i d  c o s t - e f f e c t i v e n e s s  frameviork. 



F i g u r e  7 .  THE CLASSIFICATION PLAN 

ACTION 

1. I n f o r m a t i o n a l  
a .  Resea r ch  
b .  O p e r a t i o n a l  

(1) Problem i d e n t i f i c a t i o n  
( 2 )  " S t a t e  of  System" 

2 .  D i r e c t  Component Change 

3 .  I n d i r e c t  Component Change 

SYSTEM COMPONENT PHASE 

V e h i c l e  Pre -Crash  
Env i r  onment C r a s h  
O p e r a t i o n  Pos t -Crash  

I PHASE OBJECTI'YES - 
Reduce p o t e n t i a l  f o r  
s y s  tem br e a  kd'own 

I Reduce s e v e r i t y  of 
s y s  tern breakdown 

Reduce i n c r e m e n t a l  
l o s s  a s  f u n c t i o n  of  
p o s t - c r a s h  time. 



( c )  To make compar i sons  and a l l o c a t e  f u n d s  t o  f u n c t i o n a l  
a r e a s  w i t h i n  a v a l i d  c o s t - e f f e c t i v e n e s s  framework. 

I n  Chap te r  1 we o u t l i n e d  a  g e n e r a l  a  p r i o r i  e v a l u a t i o n  

p l a n  which i s  d i r e c t e d  a t  t h e s e  o b j e c t i v e s .  F i g u r e  3 o u t -  

l i n e s  t h e  r e l e v a n t  s t e p s  i n  t h i s  p l a n .  Our o b j e c t i v e  i n  

t h i s  s e c t i o n  i s  t o  expand upon s t e p s  two and t h r e e  of t h i s  p lan--  

t h e  development  and u se  o f  a  sub-system model.  

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

sub-system "model '' d e l i n e a t f n g  t h e  p e r t i n e n t  var i .ab1es  and 

r e l a t i o n s h i p s  which r e l a t e  t o  t h e  phase  o b j e c t i v e .  The 

c l a s s i f i c a t i o n  p l a n  w i l l  a i d  i n  i d e n t i f y i n g  t h e  major  f a c t o r s  

i n v o l v e d .  The a p p r o p r i a t e  sub-system f o r  model ing may be 

a  f u n c t i o n a l  a r e a  o r  some d e f i n e d  s u b s e t  of  a f u n c t i o n a l  

a r e a .  For  i n s t a n c e ,  f o r  a  d r i v e r  e d u c a t i o n  p r o j e c t  we may 

deve lop  a  c o n c e p t u a l i z a t i o n  of' t h e  f u n c t i o n a l  a r e a  " d r i v e r  

e d u c a t i o n " .  On t h e  o t h e r  hand,  f o r  a highway improvement 

p r o j e c t  we may deve lop  a model o n l y  f o r  t h e  s p e c i f i c  p h y s i c a l  

environment  i n v o l v e d .  

The development of such  a  model r e q u i r e s  e x t e n s i v e  

u s e  o f  p r i o r  " s t a t e  o f  t h e  a r t ' '  knowledge,  t h e  c o n s t r u c t i o n  

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

a11 p o t e n t i a l  v a r i a b l e s .  Consequent ly ,  t h e  p r o c e s s  i s  

i t e r a t i v e ,  f o r  a t  any t ime  o u r  knowledge of  t h e s e  complex 

p r o c e s s e s  i s  i n c o m p l e t e .  H o p e f u l l y ,  r e s e a r c h  work w i l l  

c o n t i n u e  t o  f i l l  i n  t h e s e  g a p s .  C a r e f u l  model ing may i n  

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



The s p e c i f i c  c o n s i d e r a t i o n s  and t e c h n i q u e s  which a r e  

o f  u s e  i n  a b s t r a c t i n g  and c o n s t r u c t i n g  t h i s  sub-system model 

a r e  d i s c u s s e d  i n  Chapte r  3.  A t  t h i s  t ime  i t  i s  necessisry 

on ly  t o  r e c o g n i z e  t h e  impor tance  and p r i o r i t y  of  under ta :king 

t h i s  s t e p .  

USE OF THE SUB-SYSTEM MODEL 

A f t e r  a  model c o n c e p t u a l i z a t i o n  o f  t h e  r e l e v a n t  sub- 

sys tem has  been deve loped  we proceed  t o  examine t h e  p o t e n t i a l  

e f f e c t  of  t h e  p r o j e c t  of  i n t e r e s t  on t h i s  sub-system ( s t e p  

t h r e e ) .  we f i r s t  de t e rmine  where i n  t h e  c a u s a l  c h a i n  th ,e  p r o j e c t  

a c t s .  Then we de t e rmine  how t h e  p r o j e c t  a c t s :  which v a r i a b l e s  

and r e l a t i o n s h i p s  a r e  a f f e c t e d  and how t h e s e  a r e  a f f e c t e d .  

The q u a n t i t a t i v e  a s p e c t s  of  t h i s  second q u e s t i o n  a r e  d i s c u s s e d  

i n  Chapte r  3.  

We t h e n  examine f a c t o r s  i n  t h e  c a u s a l  c h a i n  which a r e  

"dependent"  o r  r e l a t e d  t o  t h o s e  manipu la ted  by t h e  p r o j e c t .  

I n  most c a s e s  t h e r e  i s  a  h i e r a r c h y  of such e v e n t s  which 

a r e  l o g i c a l l y  o r d e r e d .  It i s  impor t an t  t o  obse rve  t h a t  changes  

r e s u l t i n g  from a p r o j e c t  should  r e s u l t  i n  changes  i n  each  

" e v e n t "  f o l l o w i n g  t h e  p r o j e c t  i n  t h e  c a u s a l  c h a i n .  When 

t h e s e  i n t e r m e d i a t e  changes  c o n t r i b u t e  t o  t h e  system o b j e c t i v e ,  

we accompl i sh  " s u b - o b j e c t i v e s "  o f  t h e  p r o j e c t ,  Because 

of  t h e  l o g i c a l  r e l a t i o n s ,  a l l  s u b - o b j e c t i v e s  must be met 

b e f o r e  t h e  sub-system o b j e c t i v e  can be n e t .  

A t  t h i s  s t a g e  we must s e l e c t  some s t e p  i n  t h e  causa.1 

c h a i n  upon which t o  b u i l d  o u r  e v a l u a t i o n .  The d e t e r m i n a t i o n  



of t h i s  l e v e l  i s  a  f a c t o r  o f :  

(1) The number and hypothes ized  e f f e c t s  of  u n c o n t r o l l e d ,  
i n t e r v e n i n g  v a r i a b l e s  and r e l a t i o n s .  If we can adopt  a  r e s e a r c h  
s t r a t e g y  t o  c o n t r o l  o r  e l i m i n a t e  some of  t h e s e  our  e v a l u a t i o n  
l e v e l  may g e n e r a l l y  be c l o s e r  t o  t h e  u l t i m a t e  subsystem 
o b j e c t i v e .  

( 2 )  The a b i l i t y  t o  measure response  a t  each l e v e l ,  

( 3 )  The a b i l i t y  t o  g e n e r a t e  a  s u f f i c i e n t  sample f o r  
meaningful  e v a l u a t i o n  a t  each  l e v e l .  

( 4 )  The l e n g t h  and degree  o f  knowledge r e l a t i n g  p r o j e c t  
o b j e c t i v e s  t o  t h e  system o b j e c t i v e .  

Within t h e  chosen l e v e l  of response  we t h e n  s e l e c t  

p a r t i c u l a r  v a r i a b l e s  which w i l l  s e r v e  a s  e v a l u a t i o n  c r i t e r i a .  

The p r o j e c t  w i l l  t hen  be i n t e r n a l l y  e v a l u a t e d  i n  te rms o f  

t h e  change i n  t h e s e  c r i t e r i a .  Subsequent comparisons w i l l  

be made by comparing t h e  magnitude of  t h i s  change f o r  v a r i o u s  

p r o j e c t s  i n  t h e  same f u n c t i o n a l  a r e a .  For comparisons between 

f u n c t i o n a l  a r e a s  d i f f e r e n t  v a r i a b l e s  must be equated  i n t o  

common t e rms .  This  l a t t e r  problem w i l l  be d i s c u s s e d  l a t e r  

i n  t h i s  r e p o r t .  



3 - DEVELOPING A SUB-SYSTEM MODEL FOR PROJECT ANALYSIS 

I n  t h i s  c h a p t e r  we s h a l l  examine s t e p  two o f  t h e  a  

p r i o r i  e v a l u a t i o n  p l a n  i n  g r e a t e r  d e t a i l ,  f o r  t h e  development  

o f  an  adequa t e  sub-system c o n c e p t u a l i z a t i o n  i s  t h e  key t o  

s u c c e s s f u l  p r o j e c t  e v a l u a t i o n .  S p e c i f i c a l l y  we c o n s i d e r  

t e c h n i q u e s  f o r  a b s t r a c t i n g  t h e  e s s e n t i a l  sub-system components 

and p a r a m e t e r s  i n  a way s o  t h a t  p r o j e c t  e f f e c t s  on t h e  sutbsystem 

can  be r e p r e s e n t e d  i n  a  l o g i c a l  s equence .  A n a l y s i s  and 

e x p e r i m e n t a t i o n  can t h e n  be performed u s i n g  t h e  r e l a t i o n s h i p s  

d e f i n e d  by t h i s  s equence .  I n  t h i s  s e c t i o n  we p r e s e n t  t h e  

g e n e r a l  b a s i s  o f  t h i s  model ing p r o c e s s  and i n d i c a t e  a l t e r a n a t i v e  

l e v e l s  o f  d e t a i l  which can  be i n c o r p o r a t e d  i n t o  such  a  model.  

Th i s  d e t a i l  depends upon t h e  i n v e s t i g a t o r ' s  p r i o r  knowledge,  

t h e  l e v e l  o f  d e t a i l  n e c e s s a r y  f o r  making adequa t e  d e c i s i o n s ,  

and t h e  economic and t e c h n i c a l  a b i l i t y  t o  a p ~ l y  i n c r e a s i n g l y  

s o p h i s t i c a t e d  model ing t o o l s .  

Although we p r e s e n t  a  su rvey  o f  c o n c e p t s  u s e f u l  i n  

model b u i l d i n g ,  we r e c o g n i z e  t h a t  t h i s  s e c t i o n  g i v e s  o n l y  

nominal  gu idance  on "how" t o  model s p e c i f i c  sub-sys tems .  

T h i s  l a t t e r  q u e s t i o n  can  b e s t  be answered by d e v e l o p i n g  

sample models ,  and we propose  t o  answer  i t  i n  t h i s  way i n  

t h e  a p p l i c a t i o n  s e c t i o n  o f  o u r  work. 

GENERAL CONSIDERATIONS I N  THE MODELING PROCESS 

The g e n e r a l  c o n c e p t s  i n  d e v e l o p i n g  a model o f  some 

sys tem a r e  o u t l i n e d  i n  F i g u r e  8 .  
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The b a s i c  g o a l  i n  a b s t r a c t i n g  a r e a l  p r o c e s s  i s  t o  

o b t a i n  a s i m p l i f i e d  r e p r e s e n t a t i o n  o f  t h e  p r o c e s s  which 

i s  r e a l i s t i c ,  g e n e r a l ,  e conomica l ,  and t r a c t a b l e .  I n  p a . r t i -  

c u l a r ,  we d e s i r e  a r e p r e s e n t a t i o n  w i t h  t h e  s m a l l e s t  number 

o f  p a r a m e t e r s  which s t i l l  s a t i s f i e s  t h e s e  f o u r  g o a l s .  Observe  

t h a t  t h e s e  g o a l s  a r e  i n c o m p a t i b l e .  For  i n s t a n c e  i n c r e a s e d  

r e a l i s m  must be s a c r i f i c e d  f o r  i n c r e a s e d  g e n e r a l i t y .  S i m i l a r l y  

economic c o n s i d e r a t i o n s  may d i c t a t e  d e c r e a s e d  a t t a i nmen t ;  

i n  t h e  t h r e e  o t h e r  g o a l s .  The n e c e s s a r y  compromises i n  

t h i s  mode l ing  p r o c e s s  shou ld  be based on t h e  p r o j e c t e d  u s e  

o f  t h e  model,  t h e  a b i l i t y  t o  e s t i m a t e  and m a n i p u l a t e  t h e  

chosen  p a r a m e t e r s ,  and t h e  " s t a t e  o f  t h e  a r t "  knowledge 

on t h e  r e l e v a n t  sub-sys tem,  These t r a d e - o f f s  shou ld  be 

c o n s i d e r e d  e a r l y  enough i n  t h e  model b u i l d i n g  p r o c e s s  t o  

p r e v e n t  o v e r - z e a l o u s  p u r s u i t  o f  any s u b s e t  o f  t h e  o b j e c t i v e s .  

COMPONENTS OF THE SUB-SYSTEM MODEL 

We r e t u r n  now t o  t h e  s p e c i f i c  problem o f  d e v e l o p i n g  

a sub-system model u s e f u l  i n  highway safe ty  p r o j e c t  e v a l u a t i o n .  

I n  t h i s  s e c t i o n  we s h a l l  o u t l i n e  i n  g e n e r a l  t h e  components 

o f  t h i s  model.  R e c a l l  t h a t  we have c o n c e p t u a l i z e d  t h e  subsys tem 

i n  t e r m s  o f  a  l o g i c a l l y  o r d e r e d  sequence  o f  components,  

where t h e  o r d e r i n g  i s  i n  t e r m s  o f  t h e  u l t i m a t e  phase  o b j e c t i v e .  

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

Here we have a c o u r s e  t r a n s m i t t i n g  i n f o r m a t i o n  t o  a s t u d e n t  

who may r e spond  t h r o u g h  an  immediate  i n t e r n a l  change .  T h i s  



i n  t u r n  may i n d u c e  e x t e r n a l  changes  which may i n d u c e  s u b s e q u e n t  

changes  i n  t h e  p r e - c r a s h  phase  g o a l  -- t h e  p o t e n t i a l  f o r  

s y s t e m s  breakdown. Each o f  t h e s e  ma jo r  components c a n  be 

c o n c e i v e d  as a " b l a c k  box",  a c c e p t i n g  i n p u t s ,  t r a n s f o r m i n g  

them, and y i e l d i n g  o u t p u t s .  I n  t h e  c a s e  o f  t h e  c o u r s e  and 

s t u d e n t ,  t h e s e  ' ' b l a ck  boxes"  have p h y s i c a l  r e p r e s e n t a t i o n s .  

However i n  t h e  c a s e  o f  i n t e r n a l  and e x t e r n a l  change and  

p o t e n t i a l  f o r  sy s t ems  breakdown, no s u c h  p h y s i c a l  a n a l o g s  

e x i s t .  

A component may be r e p r e s e n t e d  as i n  t h e  dia.gram below:  

Fo r  i n s t a n c e ,  c o n s i d e r  t h e  " c o u r s e t '  component o f  t h e  d r i v e r  

Sub-Syst  em 
Component 

e d u c a t i o n  f u n c t i o n a l  a r e a .  I n p u t s  t o  t h i s  i n c l u d e  t h e  i n -  

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

b O u t p u t s  
I 

w h i l e  o u t p u t s  i n c l u d e  c o u r s e  s t r u c t u r e ,  d a t a ,  and p r e s e n t a t i o n .  

I n p u t s  4 

I n  g e n e r a l  t h e  i n p u t s  t o  a component a r e  c a l l e d  dependen t  

R e l a t i o n  

o r  r e s p o n s e  v a r i a b l e s .  O f  c o u r s e  t h e s e  dependen t  v a r i a b l e s  

may be t h e  i n d e p e n d e n t  v a r i a b l e s  f o r  t h e  n e x t  component 

i n  t h e  c a u s a l  c h a i n .  T h i s  c h a i n  may t h e n  be r e p r e s e n t e d  

as shown i n  t h e  f o l l o w i n g  d i ag ram:  



Each sub-system component t r a n s f o r m s  t h e  i n p u t  v a r i a b l e s  

i n t o  o u t p u t  v a r i a b l e s .  Thus,  we might conce ive  o f  a component 

as a s e t  o f  f u n c t i o n a l  r e l a t i o n s h i p s ~ x p r e s s i n g  t h e  r e l a t i o n s h i p  

between c e r t a i n  i n p u t  independent  v a r i a b l e s  xl ,  ..., x  and r 9  
o u t p u t  dependent  v a r i a b l e s  yl ,  . . . , y s .  I n  ma thma t i ca l  n o t a t i o n  

t h e s e  f u n c t i o n a l  r e l a t i o n s h i p s  might be e x p r e s s e d  as 

That  i s  t h e  i t h  o u t p u t  v a r i a b l e  yi i s  a f u n c t i o n  o f  r i n p u t  

v a r i a b l e s  xl,.,x . Here r and s a r e  a p a i r  of  i n t e g e r s  r 
i n d i c a t i n g  t h e  number of  i n p u t s  and o u t p u t s  r e s p e c t i v e l y .  

R e t u r n i n g  a g a i n  t o  t h e  f 'course! '  components o f  d r i v e r  

e d u c a t i o n ,  w r i t e  

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

Our a b i l i t y  t o  i d e n t i f y  and e x a c t l y  de t e rmine  t h e  s e t  

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

sub-system component depends a g a i n  on t h e  l e v e l  o f  p r i o r  

knowledge a v a i l a b l e .  I n  many c a s e s  we can  do n o t h i n g  more 

t h a n  i n d i c a t e  ou r  b e s t  as t o  t h e  i n p u t  and o u t p u t  

v a r i a b l e s .  With more knowledge we may be a b l e  t o  make s t a t e m e n t s  

abou t  t h e  d i r e c t i o n  o f  change i n  a p a r t i c u l a r  yi t h a t  comes 

*The r e a d e r  shou ld  t a k e  c a r e  t o  d i s t i n g u i s h  between 
" f u n c t i o n a l  p r o j e c t  a r e a " ,  as i m p l i e d  by t h e  S t a t e  Manuals 
and " f u n c t i o n a l  r e l a t i o n s h i p n ,  a ma thema t i ca l  c o n c e p t .  



from a change i n  c e r t a i n  o f  t h e  x l , , . . , x  r '  I n  t e rms  of  

t h e  d r i v e r  e d u c a t i o n  example,  we may be a b l e  t o  i n f e r  t h a t  

a  s i m u l a t o r  i n c r e a s e s  c o u r s e  i n f o r m a t i o n  o u t p u t  o r  i n f o r m a t i o n  

c l a r i t y .  More s o p h i s t i c a t e d  knowledge may a l l o w  one t o  

make s t a t e m e n t s  abou t  t h e  magni tude o f  such  a change as 

w e l l  as t h e  d i r e c t i o n .  

A t  e ach  s t a g e  o f  t h e  i t e r a t i v e  model b u i l d i n g  p r o c e s s ,  

t h e  f u n c t i o n a l  r e l a t i o n s  (1) may be w r i t t e n  i n  more d e t a i l  

' X yi = f i  by e * Jrn, m t l '  ... , x r )  t E i = 1, ..., s 

where 

Y i  = i t h  o u t p u t ,  dependent  v a r i a b l e  from t h e  subsys tem 
component.  

f i  = i t h  f u n c t i o n a l  r e l a t i o n  r e l a t i n g  sub-system i n p u t s  
t o  sub-system o u t p u t s .  

x l . . . , xm = t h o s e  i n p u t  v a r i a b l e s  which a r e  s p e c i f i e d  and 
a r e  c a p a b l e  o f  measurement.  

X m t 1 9  ..., x  = t h o s e  i n p u t  v a r i a b l e s  which a r e  n o t  r s p e c i f i e d  i n  t h e  model o r  a r e  n o t  
c a p a b l e  o f  measurement i n  t h e  p r o c e s s .  

E = t h e  r e s i d u a l  e r r o r  n o t  e x p l a i n e d  by t h e  f u n c t i o n a l  
r e l a t i o n .  Th i s  may be due t o  ( a )  measurement e r r o r  
and /o r  ( b )  inadequacy  o f  t h e  f u n c t i o n a l  r e l a t i o n -  
s h i p  i n  d e s c r i b i n g  t h e  t r u e  r e s p o n s e  o f  yi t o  t h e  
i n p u t  v a r i a b l e s .  

We s h a l l  now p roceed  t o  examine t h e  c o n c e p t s  of  v a r i a b l e s ,  

f u n c t i o n a l  r e l a t i o n s ,  and r e s i d u a l  e r r o r  i n  more d e t a i l .  

VARIABLES. We have s e e n  t h a t  a subsys tem can  be d e s c r i b e d  

by  a s e r i e s  o f  i n p u t - o u t p u t  r e l a t i o n s ,  where w i t h i n  e a c h  



component i n p u t  v a r i a b l e s  a r e  r e l a t e d  t o  o u t p u t  v a r i a b l e s .  

These v a r i a b l e s  c a n  be measured i n  d i f f e r e n t  ways. These  

i n c l u d e  nomina l ,  o r d i n a l ,  and i n t e r v a l  measurements  d e f i n e d  

as f o l l o w s :  

Nominal - A c a t e g o r i z a t i o n  i n t o  g roups  t h a t  a r e  d i f f e r e n t  i n  

some way. For  example ,  s e x  i s  a nominal  v a r i a b l e  

t a k i n g  on two q u a l i t a t i v e  v a l u e s :  male o r  f e m a l e .  

Such a  v a r i a b l e  may be q u a n t i f i e d  by l e t t i n g  t h e  

v a r i a b l e  t a k e  t h e  v a l u e  1 i f  male and 0 i f  female .  

O r d i n a l  - A c a t e g o r i z a t i o n  i n t o  g roups  t h a t  d i f f e r  i n  a n  

o r d e r e d  way. For  example ,  e d u c a t i o n a l  l e v e l  i s  a  

o r d i n a l  v a r i a b l e  t a k i n g  on v a l u e s  f o r  e l e m e n t a r y  

s c h o o l ,  s econda ry  s c h o o l ,  and c o l l e g e .  Here we 

may q u a n t i f y  t h e  v a r i a b l e  i n  an  o r d i n a l  way by 

l e t t i n g  1 = e l e m e n t a r y ,  2 = s e c o n d a r y ,  3 = c o l l e g e .  

I n t e r v a l  - An o r d e r i n g  where t h e  r e l a t i v e  v a l u e s  a s s i g n e d  t o  

e ach  group i n d i c a t e  t h e  d e g r e e  o f  d i f f e r e n c e .  For  

example ,  c o n s i d e r  t h e  v a r i a , b l e  " speed .  I f  A v e h i c l e  

t r a v e l i n g  a t  60 m i l e s  p e r  hou r  i s  moving t w i c e  a s  

f a s t  a s  a v e h i c l e  t r a v e l i n g  a t  30 m i l e s  p e r  h o u r .  

I n t e r v a l  v a r i a b l e s  may be f u r t h e r  sub -d iv ided  i n t o  

d i s c r e t e  v a r i a b l e s  and c o n t i n u o u s  v a r i a b l e s .  Con t i nous  

v a r i a b l e s  e x i s t  a t  any p o i n t  o v e r  some r a n g e .  For  example ,  

t e m p e r a t u r e  and p r e s s u r e  a r e  c o n t i n u o u s  i n t e r v a l  v a r i a b l e s .  

D i s c r e t e  v a r i a b l e s  o c c u r  o n l y  a t  p r e - a s s i g n e d  v a l u e s  o v e r  



some r a n g e ,  For  example "number o f  c r a s h e s  i s  a d i s c r e t e  

i n t e r v a l  v a r i a b l e  t a k i n g  on t h e  v a l u e s  0, 1, 2 ,  ..,, N, 
where N r e p r e s e n t s  a n  u p p e r  l i m i t .  

The way i n  which a v a r i a b l e  i s  measured depends  b o t h  

upon t h e  c o n c i s e n e s s  o f  d e f i n i t i o n  and upon t h e  measurement 

t e c h n i q u e .  C o n s i d e r  t h e  dependen t  v a r i a b l e  " p o t e n t i a l  f o r  

sy s t em breakdownf t .  We might  d e f i n e  t h i s  v a r i a b l e  as t h e  

" p r o b a b i l i t y "  t h a t  a s p e c i f i c  man-veh ic le -env i ronment  w i l l  

have a c r a s h  i n  t h e  n e x t  y e a r .  Then t h e  v a r i a b l e  i s  a c o n t i n o u s  

i n t e r v a l  v a r i a b l e  o v e r  t h e  r a n g e  z e r o  t o  one .  A l t e r n a t i v e l y  

we migh t  d e f i n e  t h e  v a r i a b l e  as t h e  number o f  c r a s h e s  i n  

a y e a r :  t h e n  we ha.ve a d i s c r e t e  i n t e r v a l  v a r i a b l e .  

I n  s t u d i e s  i n v o l v i n g  human p o p u l a t i o n s ,  we a r e  o f t e n  

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

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

socio-economic s t a t u s .  We a l s o  have l i m i t e d  measurement 

c a p a b i l i t y  i n  d e t e r m i n i n g  t h e s e  once  t h e y  a r e  d e f i n e d .  Con- 

s e q u e n t l y  we a r e  g e n e r a l l y  f o r c e d  t o  d e a l  w i t h  nomina l  o r  

a t  b e s t  o r d i n a l  measurements .  

FUNCTIONAL RELATIONSHIPS. We t u r n  now t o  a d i s c u s s i o n  

o f  t h e  f u n c t i o n a l  r e l a t i o n s h i p s  r e l a t i n g  i n p u t s  t o  o u t p u t s .  

These  r e l a t i o n s h i p s  s e r v e  a s  c o n v e n i e n t  and u s e f u l  ways 

of abs t r ac t ing  knowledge of  t h e  " r e a l  w o r l d .  'I However, 

f o r  many sub-sys tems  o f  i n t e r e s t  o u r  knowledge i s  s o  l i m i t e d  

t h a t  p o s t u l a t i n g  e x a c t  r e l a t i o n s h i p s  i s  i m p o s s i b l e .  I n s t e a d  



we must be c o n t e n t  w i t h  some knowledge o f  t h e  d i r e c t i o n  

and magni tude o f  change i n  an  o u t p u t  due t o  change i n  some 

s u b s e t  o f  t h e  i n p u t s .  

Because o f  t h i s  t h e  u t i l i z a t i o n  o f  f u n c t i o n a l  r e l a t i o n s h i p s  

i n  model ing " c a u s e - e f f e c t i '  phenomena must be based  on t h e i r  

p r e d i c t i v e  power r a t h e r  t h a n  t h e i r  c l o s e n e s s  t o  r e a l i t y .  

That  i s ,  we must ba se  o u r  s e l e c t i o n  o f  a f u n c t i o n a l  r e l a t i o n  

on t h e  s i z e  o f  t h e  d e v i a t i o n  o f  t h e  a c t u a l  r e s p o n s e  from 

t h e  p r e d i c t e d  r e s p o n s e .  As r e s e a r c h  i n  highway s a f e t y  p : rog re s se s  

we hope t o  be a b l e  t o  i n c r e a s e  o u r  model ing s o p h i s t i c a t i o n  -- 

moving from p r e d i c t i v e  models toward models which more a c c u r a t e l y  

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

Wi th in  t h i s  s e t  of  p r e d i c t i v e  r e l a t i o n s  t h e  c h o i c e  

o f  a s p e c i f i c  f u n c t i o n a l  r e l a t i o n s h i p  t o  model some phenomena 

can s t i l l  be made a t  one of  s e v e r a l  l e v e l s  o f  d e t a i l .  When 

l i t t l e  p r i o r  knowledge i s  a v a i l a b l e ,  e m p i r i c a l  d a t a  a n a l y s i s  

t e c h n i q u e s  may be u t i l i z e d  t o  s e a r c h  o u t  an  adequa t e  p r e d i c t i v e  

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

i s  r a p i d l y  expanding  and t h e i r  p o t e n t i a l  f o r  highway s a f e t y  

r e s e a r c h  i s  j u s t  b e g i n n i n g  t o  be uncovered .  I n  u s i n g  t h e s e  

t o o l s  one must keep i n  mind t h a t  any s e t  of  d a t a  can be 

f i t t e d  e x a c t l y  w i t h  some model.  For  i n s t a n c e ,  c o n s i d e r  

t h e  " s c a t t e r  p l o t "  i l l u s t r a t e d  i n  F i g u r e  9 .  Two f u n c t i o n a l  

r e l a t i o n s  f l ( x i )  and f 2 ( x i )  a r e  i l l u s t r a t e d  which " f i t "  

t h e  d a t a  e x a c t l y .  N o t i c e ,  t h a t  i f  a n o t h e r  d a t a  p o i n t  x* 
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i s  t a k e n ,  n e i t h e r  model p r e d i c t s  y \  t h e  r e s p o n s e  t o  t h i s  

v a l u e .  

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

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

a minimal  number o f  p a r a m e t e r s .  Using t h e  t e rmino logy  o f  

D r .  John  Tukey, we a r e  i n t e r e s t e d  i n  "pars imony" i n  o u r  

s e l e c t i o n  o f  a model. The f u n c t i o n a l  r e l a t i o n s  f l  and f 2  

above are h i g h e r  d e g r e e  po lynomia l s  i n  t h e  i ndependen t  v a r i a b l e  

x ;  t h u s  t h e y  have s e v e r a l  p a r a m e t e r s  which must be  e s t i m a t e d .  

On t h e  o t h e r  hand a l i n e a r  r e l a t i o n  yl = a + bxl h a s  o n l y  

two p a r a m e t e r s  ( a  and b )  and seems t o  p r e d i c t  a 1 1  v a l u e s  

w i t h  r e a s o n a b l e  a c c u r a c y .  

Most o f  t h e  f u n c t i o n a l  models used  i n  e x p e r i m e n t a l  

d e s i g n  have t h i s  l i n e a r  s t r u c t u r e .  The s imp le  l i n e a r  model 

i n  one i ndependen t  v a r i a b l e  can  e a s i l y  be ex t ended  t o  a 

model i n  m v a r i a b l e s :  

Here m p a r a m e t e r s  (a l ,  . . . ,  a m )  must be e s t i m a t e d  i n  o r d e r  

t o  u s e  t h e  model.  

The u s e  o f  a  l i n e a r  model may be a c c e p t a b l e  because  

i t  a d e q u a t e l y  ' i app rox ima te s l r  t h e  t r u e  r e s p o n s e .  Fu r the rmore  

c e r t a i n  n o n l i n e a r  f u n c t i o n a l  r e l a t i o n s  can  be t r a n s f o r m e d  

i n t o  l i n e a r  r e l a t i o n s ,  and complex r e l a t i o n s  may be a p p r o x i m a t e l y  

l i n e a r  f o r  s m a l l  changes  i n  t h e  i ndependen t  v a r i a b l e s .  Conse- 

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



p u r p o s e s  a d e q u a t e l y ,  even though  we r e c o g n i z e  i t s  l i m i t a t i o n s  

and app rox ima te  n a t u r e .  I n  t e rms  o f  t h e  g o a l s  o f  a b s t r a c t i o n  

ment ioned e a r l i e r ,  we may s a c r i f i c e  r e a l i t y  and g e n e r a l i t y  

f o r  i n c r e a s e d  t r a c t a b i l i t y  i n  v i s u a l i z i n g  and e s t i m a t i n g  

and f o r  i n c r e a s e d  economy i n  development and u t i l i z a t . i o n ,  

R e t u r n i n g  t o  t h e  g e n e r a l  s i t u a t i o n ,  we have s e e n  t h a t  

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

of  c e r t a i n  v a r i a b l e s  and t h e  app rox ima t ion  of  c e r t a i n  r e l a t i o n s .  

Then, i n  t h e  g e n e r a l  c a s e  we may w r i t e  

where 

g i (x l ,  ..., xm) i s  t h e  assumed r e l a t i o n s h i p  f o r  t h e s e  v a r i a b l e s  

which a r e  s p e c i f i c a l l y  i n c l u d e d  and measured.  

I n  t h e  c a s e  o f  a  l i n e a r  model g i ( x 1 . ,  x,) = 

h i (x  l ' . . . ,xm)  i s  t h e  s e c o n d a r y ,  unmeasured r e l a t i o n s h i p  f o r  

t h e  measured v a r i a b l e s  xl ,  ..., X .  Fo r  i n s t a n c e ,  

i f  t h e  " t r u e "  r e l a t i o n s h i p  among t h e  v a r i a b l e s  

i s  q u a d r a t i c  ( p r o p o r t i o n a l  t o  x 2 ) ,  t h e n  

where ( b l ,  ..., b,) a r e  t h e  unknown c o e f f i c i e n t s )  

K i ( X m + l  ..., x,) i s  t h e  unmeasured r e l a t i o n s h i p  f o r  t h o s e  

v a r i a b l e s  t h a t  a re  n o t  i n c l u d e d  i n  t h e  model. 

I n  r e a l i t y  h i (x l ,  . . . ,  x,) and ki(mmt1,.. x )  a r e  lumped 

t o g e t h e r  a s  " e q u a t i o n  e r r o r " .  One obJ e c t i v e  o f  e x p e r i m e n t a l  



d e s i g n  i s  t o  keep s u c h  e q u a t i o n  e r r o r s  w i t h i n  t h e  bounds 

n e c e s s a r y  t o  make v a l i d  p r e d i c t i o n s  from t h e  assumed r e l a t i o n -  

s h i p .  

ERROR. I n  a d d i t i o n  t o  t h e  " e q u a t i o n  e r r o r "  i n  s p e c i f y -  

i n g  a f u n c t i o n a l  r e l a t i o n s h i p ,  measurement e r r o r  a l s o  may 

d i s t o r t  t h e  i ndependen t  and dependen t  v a r i a b l e s .  Measurement 

e r r o r  i s  d i r e c t l y  r e l a t e d  t o  t h e  p r e c i s i o n  o f  a v a r i a b l e ' l s  

d e f i n i t i o n  and t h e  d e g r e e  t o  which t h i s  d e f i n i t i o n  i s  obse rved  

i n  g a t h e r i n g  d a t a .  En t y p i c a l  p h y s i c a l  sys tems  ( a  chemica l  

r e a c t i o n  p r o c e s s ,  f o r  i n s t a n c e )  v a r i a b l e s  a r e  i n  g e n e r a l  

p r e c i s e l y  d e f i n e d  and measurement e r r o r  i s  a lmos t  who l ly  

dependen t  on i n s t r u m e n t a t i o n  a c c u r a c y .  As we have s e e n ,  

human v a r i a b l e s  s u f f e r  f rom b o t h  d e f i n i t i o n a l  and o b s e r v a t i o n a l  

p rob lems .  S p e c i f i c a l l y ,  we a r e  u n a b l e  t o  a c c u r a t e l y  and 

q u a n t i t a t i v e l y  d e f i n e  v a r i a b l e s  such  a s  a t t i t u d e ,  i n t e l l i g e n c e ,  

and  b e h a v i o r .  T h e r e f o r e  we s e l e c t  e i t h e r  nominal  o r  o r d i n a l  

v a r i a b l e s .  T h i s  app rox ima te  n a t u r e  i n t r o d u c e s  c e r t a i n  measure-. 

ment e r r o r .  I n  a d d i t i o n ,  r e s p o n s e  e r r o r  and b i a s  may be 

u n d e t e c t e d  by t h e  measu r ing  d e v i c e  ( f o r  i n s t a n c e :  a w r i t t e n  

t e s t ) .  Fu r the rmore ,  i n a c c u r a c y  i n  r e c o r d i n g  r e s p o n s e s  may 

be p r e s e n t ,  as i n  t h e  c a s e  o f  i n t e r v i e w i n g .  

Thus s e v e r a l  s o u r c e s  o f  e r r o r  may combine t o  g i v e  a n  

i n a c c u r a t e  " r e a d i n g "  o f  t h e  v a r i a b l e  : 



measured - 
' L a r i a b l J  - 

d e f i n i t i o n  + r e sponse  t r e c o r d i n g  
v a r i a b l e  e r r o r  / -- l e r r o r / b i a s  1 - 1  e r r o r l b i a s  
L .-I L A L 

L 
J 

J 

v a r i a b l e  e r r o r  

I n  many c a s e s  we lump t h e s e  e r r o r  s o u r c e s  t o g e t h e r  a s  v a r i a b l e  

e r r o r ,  A f u n c t i o n a l  r e l a t i o n  can then  be w r i t t e n  a s :  

t r u e  r e sponse  t response  I + 
l a r i a b l e  ] - C r i a b l e  e r r o r  = 

- 

independent  ] ? ~ ~ ~ a ~ ~ o r j  
v a r i a b l e  e r r o r s  

I n  f u n c t i o n a l  n o t a t i o n  

We may f u r t h e r  lump response  v a r i a b l e  e r r o r s ,  independent  

v a r i a b l e  e r r o r s ,  and e q u a t i o n  e r r o r s  t o g e t h e r  o b t a i n i n g  
- t r u e  respons.] = ~ s s u m e d  ] r n d e ; e n d e n j  t b o m b i n e j  

v a r i a b l e  f u n c t i o n  of  v a r i a b l e s  e r r o r  - 
o r  i n  f u n c t i o n a l  n o t a t i o n  yi = gi (x l ,  . . . ,  x  ) + E m 

The t e c h n i q u e s  of expe r imen ta l  d e s i g n  and d a t a  a n a l y s i s  

a r e  des igned  t o  c o n t r o l  o r  compensate f o r  t h e s e  combined 

s o u r c e s  o f  e r r o r  i n  o r d e r  t o  o b t a i n  meaningful  c o n c l u s i o n s ,  

These t e c h n i q u e s  w i l l  be exp la ined  f u r t h e r  i n  Chapters  

and 5 .  



4. OVERVIEW OF EXPERIMENTAL DESIGN 

I n  many p r o j e c t s  t h e  l a r g e  gaps  of knowledge i n  under -  

s t a n d i n g  and a c c u r a t e l y  measur ing  counte rmeasure  e f f e c t i v e -  

n e s s  s u g g e s t  t h a t  an  e x p e r i m e n t a l  e v a l u a t i o n  shou ld  be p a r t  

of  t h e  p r o j e c t .  As we have i n d i c a t e d  i n  Chap te r  1, t h e  

d e c i s i o n  t o  conduct  such  an exper iment  can be made by answer- 

i n g  f o u r  q u e s t i o n s :  

( 1 )  What i s  t h e  v a l u e  t o  t h e  o v e r a l l  highway 
s a f e t y  program of OBSP and /o r  t h e  agency 
o f  each  p o s s i b l e  e x p e r i m e n t a l  c o n c l u s i o n ?  

( 2 )  What i s  t h e  p o s s i b i l i t y  o f  o b t a i n i n g  e x p e r i m e n t a l  
c o n t r o l  o v e r  o t h e r  f a c t o r s  t h a t  might i n f l u e n c e  
t h e  r e s u l t s ?  

( 3 )  What i s  t h e  c o s t  o f  a  good expe r imen t?  

(4) Are t h e  p o t e n t i a l  answers  worth  t h i s  c o s t ?  

If an  e x p e r i m e n t a l  e v a l u a t i o n  i s  dec ided  upon, a v a l i d  

e x p e r i m e n t a l  p l a n  ( d e s i g n )  shou ld  be deve loped  b e f o r e  t h e  

p r o j e c t  i s  i n i t i a t e d ,  T h i s  development i s  a d i f f i c u l t  t a s k ,  

f o r  i t  r e q u i r e s  c o n s i d e r a t i o n  o f  p o t e n t i a l  p r o j e c t  e f f e c t s ,  

t h e  e f f e c t s  o f  u n c o n t r o l l e d  f a c t o r s ,  and t h e  problems induced  

by u s i n g  a !!sampletf  f o r  e v a l u a t i o n .  Our o b j e c t i v e  i n  t h i s  

s e c t i o n  i s  t o  p r o v i d e  an i n t r o d u c t o r y  overv iew of t h i s  p r o c e s s .  

The o b j e c t i v e  o f  e x p e r i m e n t a l  d e s i g n  i s  t o  o b t a i n  u s e f u l  

i n f o r m a t i o n  w i t h  minimal e f f o r t .  As s u c h ,  e x p e r i m e n t a l  

d e s i g n  i s  c l o s e l y  r e l a t e d  t o  t h e  s c i e n t i f i c  method -- p r o p o s i n g  

a h y p o t h e s i s  and t h e  e v a l u a t i o n  of  t h i s  h y n o t h e s i s  b y  means 



o f  e x p e r i m e n t a t i o n .  Def in ing  and s t r u c t u r i n g  p r o j e c t  o b j e c t i v e s  -- 
u s i n g  t h e  concep t s  o f  Chapters  2 and 3 -- a rc  necessa ry  

p r e - c o n d i t i o n s  t o  expe r imen ta l  d e s i g n .  These l e a d  t o  t h e  

s e l e c t i o n  of p a r t i c u l a r  o b s e r v a t i o n a l  and a n a l y t i c  t e c h n i q u e s  

b e f o r e  exper iments  a r e  conducted.  C o l l e c t i n g  d a t a  w i t h  

t h e  "hopet'  of doing  something u s u a l l y  l imi ts  t h e  p o t e n t i a l  

u s e f u l n e s s  of  an exper iment .  

We have seen  t h a t  expe r imen ta t ion  i s  u s e f u l  i n  v e r i f y i n g  

models a b s t r a c t e d  from t h e  r e a l  world and i n  e s t i m a t i n g  

t h e  pa ramete r s  of  such models.  While we s h a l l  no t  e x p l o r e  

t h e  t e c h n i c a l  t o o l s  f o r  per forming t h e s e ,  we s h a l l  c o n s i d e r  

problems i n  d e s i g n i n g  an experiment  t o  o b t a i n  t h e  r e l e v a n t  

d a t a .  I n  t h i s  s e c t i o n  we s h a l l  b r i e f l y  e x p l o r e  t h e  c l a s s i c a l  

components o f  d e s i g n  -- r e p l i c a t i o n ,  randomiza t ion ,  l o c a l  

c o n t r o l ,  and e s t i m a t i o n  of  i n t e r a c t i o n  -- a s  they  r e l a t e  

t o  t r a f f i c  s a f e t y .  I n  Chapter  4 we s h a l l  d e t a i l  o t h e r  

s p e c i f i c  t e c h n i q u e s  and t o o l s  of p a r t i c u l a r  u s e f u l n e s s  i n  

t r a f f i c  s a f e t y .  

REPLICATION 

R e p l i c a t i o n  i s  synonomous wi th  r e p e t i t i o n .  By "ho ld ing i '  

independent  v a r i a b l e s  a t  f i x e d  p r e - s e l e c t e d  v a l u e s  and r e p e a t e d l y  

measuring t h e  r e sponse  v a r i a b l e s ,  one i s  a b l e  t o  o b t a i n  

some e s t i m a t e  o f  t h e  e r r o r  te rm a s s o c i a t e d  w i t h  t h e  r e l a t i o n -  

s h i p  under  c o n s i d e r a t i o n .  For  i n s t a n c e ,  c o n s i d e r  s imple  

model p r e d i c t i n g  c o l l i s i o n  r a t e  a t  an i n t e r s e c t i o n  ( y )  as 



a  f u n c t i o n  o f  t ime  o f  day ( x l )  and t r a f f i c  d e n s i t y  ( x 2 ) .  

The model i s  t h e n  

where f i s  some f u n c t i o n a l  r e l a t i o n s h i p  ( f o r  i n s t a n c e ,  a  

l i n e a r  r e l a t i o n  a lxl  + a 2 x 2 )  and E i s  t h e  combined e q u a t i o n  

and measurement e r r o r .  

I f  we c o u l d  f i x  t h e  t ime  o f  day and t r a f f i c  d e n s i t y  

and measure c o l l i s i o n  r a t e  f o r  some p e r i o d  o f  t i m e ,  t h e  

v a r i a t i o n  i n  t h i s  r a t e  would be an  e s t i m a t e  o f  t h e  e r r o r  

U n f o r t u n a t e l y  r e p l i c a t e d  e x p e r i m e n t s  a r e  o f t e n  i m p o s s i b l e  

i n  highway s a f e t y  work, f o r  many t i m e s  i t  i s  i m p o s s i b l e  

t o  f i x  i ndependen t  v a r i a b l e s  a t  p r e - s p e c i f i e d  l e v e l s .  I n  

c o n t e x t  o f  t h e  above example,  we may f i x  t h e  t ime  o f  day 

by o b s e r v i n g  t h e  a c c i d e n t  p r o c e s s  o n l y  w i t h i n  s p e c i f i e d  

t ime  i n t e r v a l s .  However, t r a f f i c  d e n s i t y  w i t h i n  t h e s e  t i m e  

i n t e r v a l s  w i l l  v a r y  from day t o  day .  Hence we cannot  e x a c t l y  

r e p e a t  t h e  expe r imen t .  I n s t e a d ,  we must c o n s i d e r  t h e  j o i n t  

v a r i a t i o n  of  c o l l i s i o n  r a t e  and t r s t f i c  d e n s i t y .  T h i s  i n v o l v e s  

t h e  u s e  o f  t e c h n i q u e s  of  m u l t i v a r i a t e  s t a t i s t i c a l  ana1ys:Ls 

and i n  g e n e r a l  c o m p l i c a t e s  t h e  problem.  

R A N D O M I Z A T I O N  

Throughout t h i s  d i s c u s s i o n  we have s t r e s s e d  t h e  complex, 

m u l t i v a r i a t e  n a t u r e  o f  t h e  highway s a f e t y  problem.  I n  a  

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

which t h e  i n v e s t i g a t o r  i s  e x p l i c i t l y  c o n s i d e r i n g  and a much 



l a r g e r  s e t  of v a r i a b l e s  which he i s  no t  c o n s i d e r i n g .  The 

e f f e c t s  of  t h i s  s e t  w i l l  b i a s  o r  dec rease  t h e  p r e c i s i o n  

of t h e  d e s i r e d  measure of p r o j e c t  e f f e c t i v e n e s s .  

One method of i n c r e a s i n g  " c o n t r 0 1 ' ~  over  t h i s  s e t  wi thout  

s p e c i f i c a l l y  measuring it i s  t o  use randomiza t ion  i n  a s s i g n i n g  

p r o j e c t  l e v e l s  t o  t h e  "exper imenta l  u n i t s  ."  Randomization 

i s  a  p r o c e s s  which i n s u r e s  t h a t  a l l  measured v a r i a b l e s  have 

an "equal  l i k e l i h o o d "  of be ing  a f f e c t e d  by unmeasured c a u s e s .  

For example, c o n s i d e r  a  s i m u l a t o r  i n  d r i v e r  e d u c a t i o n .  T h i s  

p r o j e c t  has  two l e v e l s  - no s i m u l a t o r  o r  s i m u l a t o r .  I n  

t h i s  case  t h e  a p p r o p r i a t e  expe r imen ta l  u n i t  i s  a  s t u d e n t .  

We wish t o  u t i l i z e  s i m u l a t o r s  i n  t r a i n i n g  some s t u d e n t s  

and a t  t h e  same t ime t r a i n  o t h e r  s t u d e n t s  wi thou t  t h i s  d e v i c e .  

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

s i m u l a t o r  t r a i n i n g  may b i a s  t h e  r e s u l t s .  For  i n s t a n c e ,  

suppose t h a t  boys a r e  given t h e  s i m u l a t o r  and g i r l s  a r e  

n o t .  Then t h e  response  ( e v a l u a t i o n  c r i t e r i a )  r e f l e c t s  bo th  

a  " s i m u l a t o r  e f f e c t f 1  and a "sex  e f f e c t f '  i f  t h e y  e x i s t .  I f ,  

on t h e  o t h e r  hand, t h e  s i m u l a t o r  was "randomly" a p p l i e d  

50 a  p o p u l a t i o n  of s t u d e n t s ,  t h e  b i a s  due t o  ex t r aneous  

f a c t o r s  t e n d s  t o  average  ou t  when t h e  s i m u l a t o r  e f f e c t  i s  

e s t i m a t e d  from t h e  d a t a .  

A second use of randomiza t ion  a r i s e s  i n  a s s i g n i n g  i n t e r -  

v iewers  t o  p o p u l a t i o n s .  For i n s t a n c e ,  i f  d a t a  concern ing  

a  group of a l c o h o l i c  and a  group of non-a lcohol ic  o p e r a t o r s  



were be ing  c o l l e c t e d ,  t h e  assignment of one person  t o  each  

of t h e  p o p u l a t i o n s  might i n  f a c t  i n t r o d u c e  an i n t e r v i e w e r  

bias i n t o  t h e  r e s u l t s .  On t h e  o t h e r  hand, a s s i g n i n g  members 

of t h e  two p o p u l a t i o n s  t o  t h e  i n t e r v i e w e r s  on a  random b a s i s  

e l i m i n a t e s  t h i s  source  of e r r o r .  

Randomization may a l s o  be used t o  c o n t r o l  t h e  e f f e c t  

of  v a r i a b l e s  which can be d e f i n e d  but  which a r e  not  mea.sured 

due t o  e x c e s s i v e  c o s t .  One example of t h i s  type  of v a r i a b l e  

a r i s e s  i n  c l a s s i f y i n g  d r i v e r s .  ( 9 )  It seems t h a t  knowledge 

concern ing  mileage d r i v e n  under d i f f e r e n t  c o n d i t i o n s  i s  

of a s s i s t a n c e  i n  p r e d i c t i n g  c r a s h  involvement .  However, 

t h e  c o s t  of  a c c u r a t e l y  measuring t h i s  v a r i a b l e  i s  very  h igh .  

I n  t h e  s tudy  r e f e r e n c e d ,  an a t t empt  was made t o  control .  

t h i s  e f f e c t  by randomly s e l e c t i n g  d r i v e r  r e c o r d s .  Thus, 

t h e  e f f e c t  of  t h i s  v a r i a b l e  i s  t r e a t e d  t h e  same a s  unexpla ined  

e r r o r .  It i s  impor tant  t o  i d e n t i f y  a s  many of t h e s e  e r r o r  

components a s  p o s s i b l e  i n  o r d e r  t o  make a  judgement concern ing  

b i a s e s  t h a t  might be i n t r o d u c e d  by non-random t r e a t m e n t  

of t h e s e  v a r i a b l e s .  

LOCAL CONTROL 

I n  s i t u a t i o n s  where t h e  i n v e s t i g a t o r  s t r o n g l y  s u s p e c t s  

s p e c i f i c  i n t e r v e n i n g  v a r i a b l e s  t o  b i a s  p r o j e c t  e f f e c t i v e n e s s ,  

he may compensate by u s i n g  l o c a l  c o n t r o l  i n  a s s i g n i n g  t h e  

l e v e l s  of t h e  p r o j e c t  t o  t h e  expe r imen ta l  u n i t s .  T h i s  pro-  

cedure ,  which i s  commonly c a l l e d  ' sb lock ing , "  i n v o l v e s  t h e  



random ass ignment  o f  t h e  t r e a t m e n t  ( p r o j e c t )  l e v e l s  t o  each  

l e v e l  o f  t h e  i n t e r v e n i n g  v a r i a b l e s .  For i n s t a n c e ,  i f  we 

s u s p e c t  t h a t  t h e  v a r i a b l e  "IQ" a f f e c t s  t h e  u s e  o f  s i m u l a t o r s  

o r  t h e  d r i v e r  e d u c a t i o n  e f f e c t i v e n e s s  c r i t e r i a ,  we cou ld  

b reak  o u r  sampled p o p u l a t i o n s  i n t o  sub-groups based on l e v e l s  

of t h i s  v a r i a b l e ,  and randomly a s s i g n  t h e  s i m u l a t o r  t o  5 0 %  

o f  each  of t h e s e  sub-groups.  I n  t h i s  way we c o n t r o l  t h e  

b i a s  and v a r i a b i l i t y  which would be i n t r o d u c e d  i f  I.Q. were 

no t  c o n t r o l l e d .  

MEASUREMENT OF INTERACTIONS 

It i s  impor t an t  t o  r e c o g n i z e  t h a t  t h e r e  a r e  many i n t e r -  

a c t i v e  r e l a t i o n s h i p s  among v a r i a b l e s  which r e l a t e  t o  subsys tem 

e f f e c t i v e n e s s .  T h e r e f o r e  t h e  e f f e c t  o f  a  combina t ion  i s  

o f t e n  very  d i f f e r e n t  from t h e  combina t ion  of  i n d i v i d u a l  

v a r i a b l e  e f f e c t s .  Th i s  may be due t o  t h e  i n t e r a c t i v e  n a t u r e  

of t h e  measured v a r i a b l e s  t hemse lves  o r  t h e  f a c t  t h a t  t h e s e  

measured v a r i a b l e s  a r e  f u n c t i o n s  of  more fundamental  unmeasured 

v a r i a b l e s .  

It i s  p o s s i b l e  t o  e s t i m a t e  i n t e r a c t i o n s  by s e l e c t i n g  

a p p r o p r i a t e  combina t ions  o f  independent  v a r i a b l e s  a t  f i x e d  

l e v e l s  and a v e r a g i n g  t h e  r e s p o n s e  ove r  t h e s e .  The d e t a i l s  

of t h i s  approach  a r e  o u t l i n e d  i n  any o f  s e v e r a l  r e f e r e n c e s  

on e x p e r i m e n t a l  d e s i g n .  (See  f o r  i n s t a n c e  4 ,  5 ,  6 ) .  

As we have i n d i c a t e d ,  because of o u r  i n a b i l i t y  t o  ho ld  

independent  v a r i a b l e s  a t  f i x e d  l e v e l s ,  t h e  a c c u r a t e  e s t i m a t i o n  



of such i n t e r a c t i o n s  i s  i n  g e n e r a l  much more complex, Mul t i -  

v a r i a t e  s t a t i s t i c a l  t o o l s  a r e  necessa ry  t o  u n r a v e l  t h e s e  

more complex r e l a t i o n s h i p s .  





5 .  EXPERIMENTAL CONSIDERATIONS PARTICULAR TO HIGHWAY SAFETY 
PROJECT EVALUATION 

We t u r n  now t o  a more d e t a i l e d  e x a m i n a t i o n  o f  t h o s e  

e x p e r i m e n t a l  p rob lems  which f r e q u e n t l y  a r i s e  i n  highway 

s a f e t y  p r o j e c t  e v a l u a t i o n .  An u n d e r s t a n d i n g  o f  t h e s e  problems 

and p r o c e d u r e s  w i l l  p r o v i d e  OHSP w i t h  i n c r e a s e d  a b i l i t y  

t o :  

1. Unders tand  d e f i c i e n c i e s  i n  r e s e a r c h  s t u d i e s  which 

were d e s i g n e d  t o  measure  t h e  e f f e c t i v e n e s s  o f  

p a r t i c u l a r  coun t e rmeasu re  p rograms .  

2 .  E v a l u a t e  p r o p o s a l s  f o r  e x p e r i m e n t a l  e v a l u a t i o n  

which have been s u b m i t t e d  t o  OHSP. 

3 .  Guide a g e n c i e s  i n  t h e  development  o f  e x p e r i m e n t a l  

e v a l u a t i o n  p r o c e d u r e s  f o r  t h e i r  s p e c i f i c  p r o j e c t s .  

RESEARCH STRATEGY 

The i n a b i l i t y  t o  a c h i e v e  c o n t r o l  on i n t e r v e n i n g  v a r i a b l e s  

by p r e s e t t i n g  them a t  s p e c i f i e d  l e v e l s  c a u s e s  s e v e r e  p rob lems  

i n  a t t e m p t i n g  t o  a t t r i b u t e  changes  i n  a r e s p o n s e  v a r i a b l e  

t o  changes  i n  s p e c i f i c  i ndependen t  v a r i a b l e s .  I n  t h i s  c h a p t e r  

we examine r e s e a r c h  s t r a t e g i e s  d e s i g n e d  t o  r e g a i n  some o f  

t h i s  c o n t r o l .  S p e c i f i c a l l y  we c o n c e i v e  t h r e e  b a s i c  t y p e s  

o f  p r o j e c t  e v a l u a t i o n  s t u d y .  

TYPES OF STUDY. 

B e f o r e - A f t e r  S t u d y .  --- I n  t h i s  t y p e  o f  s t u d y  t h e  i n v e s t i g a t o r  

pe r fo rms  a n a l y s i s  on t h e  same p o p u l a t i o n  b e f o r e  and a f t e r  

t h e  change i n  a n  i ndependen t  v a r i a b l e  i s  i n i t i a t e d .  Fo r  



i n s t a n c e ,  we o b s e r v e  a p o p u l a t i o n  o f  p rob lem d r i v e r s  b e f o r e  

and a f t e r  a r e m e d i a l  t r a i n i n g  c o u r s e .  S i n c e  t h e  b a s i c  popu- 

l a t i o n  c h a r a c t e r i s t i c s  a r e  t h e  same i n  b o t h  p o p u l a t i o n s ,  

c o n c l u s i o n s  a r e  n o t  masked by t h e s e  i n t e r v e n i n g  v a r i a b l e s .  

However, t h o s e  c h a r a c t e r i s t i c s  which v a r y  o v e r  t i m e  

may i n t r o d u c e  enough b i a s  and v a r i a b i l i t y  t o  mask o r  e x a g g e r a t e  

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

o f  a  s t o p l i g h t  a t  a problem i n t e r s e c t i o n ,  T h i s  i s  a  d i r e c t  

component change o p e r a t i n g  on t h e  p r e - c r a s h  env i ronmen t .  

As s u c h ,  an  a p p r o p r i a t e  measure  o f  e f f e c t i v e n e s s  might  be 

number o f  c r a s h e s  i n  a f i x e d  t ime  p e r i o d  b e f o r e  and a f t e r  

t h e  c o u n t e r m e a s u r e .  Al though t h e  p h y s i c a l  env i ronment  i s  

m a i n t a i n e d  d u r i n g  t h e  s t u d y ,  t h e  o p e r a t o r  and v e h i c l e  compon- 

e n t s  may v a r y .  If i n  f a c t  t h e  s i g n a l  d i v e r t s  c e r t a i n  "problem 

o p e r a t o r s f r  t o  o t h e r  i n t e r s e c t i o n s ,  t h e  measured r e d u c t i o n  

i n  c o l l i s i o n  r a t e  d o e s  n o t  r e f l e c t  t h e  t r u e  p r o j e c t  b e n e f i t .  

Another  problem i s  i n t r o d u c e d  i f  t h e  change c a u s e s  

a s h o r t - t e r m  t r a n s i e n t  r e s p o n s e  and t h e  e v a l u a t i o n  t a k e s  

p l a c e  i n  t h i s  p e r i o d .  For  i n s t a n c e ,  i n  t h e  above example ,  

i f  due t o  h a b i t u a l  p r a c t i c e  o p e r a t o r s  a r e  unaware o f  t h e  

l i g h t  i n i t i a l l y ,  t h e  c o l l i s i o n  r a t e  may go ua due t o  p a n i c  

s t o p s ,  f a i l u r e  t o  y i e l d ,  e t c .  T h i s  s h o r t - t e r m  i n c r e a s e  

d o e s  n o t  r e f l e c t  t h e  t r u e  p r o j e c t  b e n e f i t ,  

P a r a l l e l  - -----.-- Study .  - The p a r a l l e l  s t u d y  i n v o l v e s  t h e  s e l e c t i o n  

o f  c o n t r o l  p o p u l a t i o n s  and a c t i v e  p o p u l a t i o n s  s u b j e c t e d  



t o  some change. The dependent v a r i a b l e s  a r e  them compared 

i n  t h e s e  p o p u l a t i o n s  t o  de termine  p r o j e c t  e f f e c t .  Here 

one must a t t empt  t o  c o n t r o l  p o p u l a t i o n  d i f f e r e n c e s  i n  such 

a way t h a t  any observed d i f f e r e n c e s  i n  t h e  dependent vajf lable  

can  be a t t r i b u t e d  t o  t h e  independent  v a r i a b l e  of i n t e r e s t .  

I n  g e n e r a l  t h e  improper s e l e c t i o n  o f  v a r i a b l e s  t o  be 

c o n t r o l l e d  limits t h e  u s e f u l n e s s  of  such a  s t u d y .  Suppose 

we wish t o  e v a l u a t e  a s t o p l i g h t  by comparing c r a s h e s  a t  

two i n t e r s e c t i o n s .  We tlmatch" i n t e r s e c t i o n s  on t r a f f i c  

f low,  environment ,  e t c .  However, i f  t h e  o p e r a t o r s  u s i n g  

each  i n t e r s e c t i o n  d i f f e r  i n  t h e i r  r i s k - t a k i n g  b e h a v i o r ,  

t h e  t r u e  e f f e c t  of  t h e  s i g n a l  may be t iconfounded.u  

A P o s t e r i o r i  S tudy.  Th i s  t y p e  of  s tudy i s  aimed -- 
at  i n f e r r i n g  t h e  c a u s a l  s t r u c t u r e  of some event  o r  change 

t h a t  has  a l r e a d y  t a k e n  p l a c e .  For i n s t a n c e ,  one might t r y  

t o  de termine  i f  t h e  d e c r e a s e  iL. 1 9 6 7  Michigan f a t a l i t i e s  

can  be a t t r i b u t e d  t o  s p e c i f i c  causes  o t h e r  t h a n  chance ,  

I n  t h i s  s i t u a t i o n  t h e  i n v e s t i g a t o r  i s  f r e e  t o  examine 

a wide range  o f  c a u s a l  hypotheses  and t o  e x e r c i s e  c o n t r o l  

by s e l e c t i n g  sub-popula t ions  and v a r i a b l e s  of  i n t e r e s t ,  

However, because of  t h e  h i s t o r i c a l  n a t u r e  of t h e  d a t a ,  t h e  

q u a l i t y  and q u a n t i t y  o f  t h e  d a t a  may be d e f i c i e n t .  

The cho ice  of  type  of  s tudy  i n v o l v e s  a p r i o r i  c o n s i d e r a t i o n  

a s  t o  t h e  t y p e s  o f  v a r i a t i o n  which may confound exper imen ta l  

r e s u l t s .  I n  a d d i t i o n ,  a d m i n i s t r a t i v e  and c o s t  c o n s i d e r a t i o n s  



i n f l u e n c e  t h e  d e c i s i o n .  I n  c e r t a i n  i n s t a n c e s  s p e c i f i c  s t r a t e g i e s  

a r e  i m p o s s i b l e .  Fo r  i n s t a n c e ,  a b e f o r e - a f t e r  s t u d y  o f  t e e n -  

age  d r i v e r  e d u c a t i o n  canno t  u s e  number o f  c r a s h e s  as a 

c r i t e r i o n ,  f o r  t h o s e  who h a v e n ' t  t a k e n  d r i v e r  e d u c a t i o n  

may n o t  d r i v e .  

ELICITING CAUSE-EFFECT RE1,ATIONS. We wi sh  t o  e v a l u a t e  

p r o j e c t  e f f e c t i v e n e s s  i n  t e r m s  o f  a c a u s a l - c h a i n  r e l a t i n g  

t h e  p r o j e c t  t o  sy s t em o b j e c t i v e .  T h i s  i n d u c e s  a s e v e r e  

m e t h o d o l o g i c a l  p rob lem,  f o r  t h e  o v e r r e p r e s e n t a t i o n  o f  some 

v a r i a b l e  i n  a  p o p u l a t i o n  does  n o t  n e c e s s a r i l y  imply t h a t  

i t  i s  c a u s a t i v e .  For  i n s t a n c e ,  t h e  o v e r r e p r e s e n t a t i o n  

o f  t h e  v a r i a b l e  " speed"  i n  f reeway  c r a s h e s  may be  s imp ly  

due t o  t h e  f a c t  t h a t  " speed"  i s  common t o  f reeway  d r i v i n g ,  

The o v e r r e p r e s e n t a t i o n  o f  "women1' i n  c e r t a i n  c r a s h  s i t u a t i o n s  

may be due t o  t h e  f a c t  t h a t  women a r e  more f r e q u e n t l y  exposed  

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

T h i s  p rob lem may be b e t t e r  u n d e r s t o o d  by u s i n g  some 

s i m p l e  c o n c e p t s  o f  p r o b a b i l i t y  t h e o r y .  We u s e  t h e  f o l l o w i n g  

n o t a t i o n :  

L e t  

P ( A )  d e n o t e  t h e  p r o b a b i l i t y  o f  some e v e n t  A. If A i s  t h e  
e v e n t  ' : a cc iden t1 ' ,  P ( A )  i s  t h e  p r o b a b i l i t y  o f  a n  a c c i d e n t .  

P ( A ~ B )  d e n o t e  t h e  p r o b a b i l i t y  o f  A c o n d i t i o n a l  on t h e  
o c c u r r e n c e  of  t h e  e v e n t  B .  If A i s  t h e  e v e n t  
" a c c i d e n t "  and B i s  t h e  e v e n t  " speed  g r e a t e r  
t h a n  70 mph", t h e  P ( A [ B )  i s  t h e  probab%.l-i ty o f  
a n  a c c i d e n t  g i v e n  t h a t  speed  i s  g r e a t e r  t h a n  
70 mph. 



Suppose we a r e  i n t e r e s t e d  i n  d e t e r m i n i n g  t h e  p r o b a b i l i t y  

o f  a n  a c c i d e n t  g i v e n  t h a t  speed  i s  g r e a t e r  t h a n  7 0  mph, 

Then i n  t h e  a c c i d e n t  p o p u l a t i o n  we might  measure  t h e  " f r e q ~ e n c y ~ ~  

o f  s p e e d s  g r e a t e r  t h a n  70 mph. Tha t  i s  we might  measure  

P ( speed  g r e a t e r  t h a n  70 m p h l a c c i d e n t ) .  A h i g h  v a l u e  o f  

t h i s  p r o b a b i l i t y  d o e s  n o t  n e c e s s a r i l y  mean t h a t  speed  i s  

c a u s a t i v e ,  f o r  P ( a c c i d e n t  [ s p e e d  70 mph) may s t i l l  n o t  be 

l a r g e .  T h i s  c an  be  s e e n  f rom t h e  f o l l o w i n g  r e l a t i o n s h i p :  

Thus ,  i n  o r d e r  t o  examine speed  as a c a u s a t i v e  f a c t o r ,  we 

must l o o k  a t  t h e  f r e q u e n c i e s  o f  speed  i n  b o t h  t h e  a c c i d e n t  

and non a c c i d e n t  p o p u l a t i o n s .  For  example ,  suppose  t h a t  

95% o f  a l l  v e h i c l e s  i n  a c e r t a i n  a c c i d e n t  c l a s s  were d r i v i n g  

f a s t e r  t h a n  70 m.p .h .  Then P(Speed >70 IAcc) = .35 .  However 

i f  P(Speed >70 INot Acc) = - 9 5  and  P(Acc)  = . 05  

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

g o i n g  g r e a t e r  t h a n  70 mph i s  unchanged f rom t h e  u n c o n d i t i o n a l  

p r o b a b i l i t y .  T h i s  i s  t r u e  because  t h e  ' !occur rence"  o f  speed  

i s  t h e  same i n  b o t h  a c c i d e n t  and non -acc iden t  p o p u l a t i o n s ,  



Suppose t h a t  e v e r y t h i n g  i s  t h e  same, e x c e p t  t h a t  P(Speed 

> ' 7 0 I ~ o t  Acc) i s  s m a l l e r  - say  ( . S O ) .  Now ~ ( ~ I s ~ e e d  > T O )  

i s  i n c r e a s e d  t o  ,0909, Again,  n o t i c e  t h a t  t h i s  i s  s t i l l  

much l e s s  t h a n  P(Speed > ~ O I A )  = .95. 

Er roneous  u s e  o f  t h e  l a t t e r  measure  r e s u l t s  i n  c o n c l u s i o n s  

t h a t  may be c o m p l e t e l y  u n r e a l i s t i c .  Measurement i n  a  c o n t r o l  

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

i n t e r e s t  i s  e s s e n t i a l  i n  e l i c i t i n g  " c a u s a t i v e i 1  i n f o r m a t i o n  

on t h i s  c h a r a c t e r i s t i c .  Summarizing,  t h i s  s e c t i o n  p o i n t s  

o u t  t h e  d a n g e r s  i n  i n f e r r i n g  c a u s e  f rom t h e  wrong da ta ,  

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

t o  a t t r i b u t e  a c c i d e n t s  t o  s i m p l e ,  s i n g u l a r  c a u s a t i v e  f a c t o r s .  

THE PROBLEM OF TIME. As we have s e e n ,  v a r i a t i o n  o f  

some p r o c e s s  o v e r  t i m e  may confound t h e  v a r i a b l e  o f  i n t e r e s t ,  

e s p e c i a l l y  i n  a " b e f o r e - a f t e r "  s t u d y .  I n  a d d i t i o n ,  t h e  

p a r a m e t e r  " t ime"  may s e r v e  t o  h i n d e r  r e s e a r c h  i n  o t h e r  manners .  

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

any i n f e r e n t i a l  p r o c e d u r e  deve loped  t o  s t u d y  them must be 

d e s i g n e d  t o  o b t a i n  d a t a  o v e r  a s u b s t a n t i a l  p e r i o d  i n  o r d e r  

t o  a ccumula t e  a s u f f i c i e n t  sample .  U n f o r t u n a t e l y ,  o t h e r  

v a r i a b l e s  change s i m u l t a n e o u s l y  e i t h e r  i n  d e t e r m i n i s t i c  

f a s h i o n  (age)  o r  i n  a p r o b a b i l i s t i c  f a s h i o n  ( g e n e r a l  t r a f f i c  

p a t t e r n s ) .  I n  a d d i t i o n ,  p e r s o n n e l  and a d m i n i s t r a t i v e  p o l i c i e s  

may v a r y  d u r i n g  t h e  data c o l l e c t i o n  p r o c e s s e s .  These  may 

i n t r o d u c e  u n d e s i r a b l e  b i a s e s  o r  v a r i a b i l i t y .  F u r t h e r m o r e ,  



s u b j e c t s  unde r  s t u d y  may d r o p  o u t  o f  t h e  p o p u l a t i o n  t h e r e b y  

d e c r e a s i n g  t h e  sample s i z e .  

EXPOSURE. The problem o f  e x p o s u r e - - " i d e n t i f y i n g  t h o s e  

c i r c u m s t a n c e s  p r e s e n t  i n  a c c i d e n t  c a s e s  i n  l a l a g e r  measure  

o r  more f r e q u e n t  d e g r e e  t h a n  i n  t h e  u n e v e n t f u l  p o p u l a t i o n  

of  r i s k  ~ i t u a t i o n s ~ ~ ~ s  a key f a c t o r  i n  enhanc ing  t h e  meaning- 

f u l n e s s  o f  a c c i d e n t - o r i e n t e d  r e s e a r c h .  For  example,  i t  

seems obv ious  t h a t  " t e e n a g e r s "  a r e  o v e r r e p r e s e n t e d  i n  t h e  

c r a s h  p o p u l a t i o n ;  however,  i s  i t  p o s s i b l e  t h a t  t h i s  i s  

because  t h e y  a r e  exposed i n  l a r g e r  numbers o r  t o  g r e a t e r  

" d o s a g e s ' h f  n i g h t  d r i v i n g ,  random d r i v i n g ,  e t c ?  The answer  

t o  such  a  q u e s t i o n  i s  c l e a r l y  o f  r e l e v a n c e  i n  s e l e c t i o n  

o f  p r o p e r  coun te rmeasu re s  t o  r educe  t h i s  ove r invo lvemen t .  

Again,  q u o t i n g  from J a c o b s  ( 7 ) :  

F a i l u r e  t o  r e c o g n i z e  and d e a l  w i t h  t h i s  problem h a s  
r e s u l t e d  i n  an u n f o r t u n a t e  r e s e a r c h  s i t u a t i o n .  An- 
a l y t i c a l  r e s u l t s  which p o s s e s s  no more t h a n  s p e c u l a -  
t i v e  v a l u e  a r e  b e i n g  c o n s t a n t l y  g e n e r a t e d .  D e s p i t e  
t h e  seeming s i m p l i c i t y  o f  t h e s e  r e s e a r c h  p rob l ems ,  we 
s t i l l  do n o t  know whether  men a r e  s a f e r  d r i v e r s  t h a n  
women, whe ther  i t  i s  more dangerous  t o  c r o s s  t h e  
s t r e e t  w i t h  t h e  l i g h t  o r  a g a i n s t  i t ,  whether  g i r l s  
a r e  s t r o n g e r  swimmers t h a n  boys ,  o r  whe ther  a s p i r i n  
i s  more d e a d l y  t h a n  l y e .  We do n o t  know whether  
e x c e s s i v e  speed  i s  a f a c t o r  common t o  t u r n p i k e  
a c c i d e n t s  o r  common t o  t u r n p i k e  d r i v i n g .  I n  s h o r t ,  
t h e r e  i s  a  ma jo r  problem i n  s e p a r a t i n g  t h o s e  c l rcum- 
s t a n c e s  which a r e  a s s o c i a t e d  w i t h  t h e  o c c u r r e n c e  o f  
r i s k  s i t u a t i o n s ,  

T h i s  problem i s  i n h e r e n t l y  r e l a t e d  t o  t h e  c h o i c e  of 

a c o n t r o l  g roup ,  whereby exposu re  i s  measured and c o n t r o l l e d ,  
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*Jacobs  ( 7 ) ,  page 332. 



But we do n o t  know what f a c t o r s  combine t o  measure e x p o s u r e .  

Some i n v e s t i g a t o r s  have assumed i t  i s  r e l a t e d  t o  m i l e s  d r i v e n  

p e r  y e a r ,  o r  p e r h a p s  m i l e s  d r i v e n  unde r  c e r t a i n  env i ronmen ta l  

c o n d i t i o n s .  However, i t  i s  e a s y  t o  make s p e c i f i c  c r i t i c i s m s  

o f  such  measures .  We do n o t  even  know what " u n i t s "  exposu re  

i s  measured i n ,  a l t h o u g h  some r e c e n t  r e s e a r c h  s u g g e s t s  t h a t  

o r d i n a l  measures  a r e  more a p p r o p r i a t e  t h a n  i n t e r v a l  ( 8 ) .  

I n  a d d i t i o n  exposu re  i s  a p r o b a b i l i s t i c ,  n o t  d e t e r m i n i s t i c ,  

phenomena. Thus,  even i f  we can p r e d i c t  i t s  e x p e c t e d  v a l u e s  

f o r  a d r i v e r  o r  s e c t i o n  o f  roadway, f o r  a c c u r a t e  e v a l u a t i o n ,  

we must c o n s i d e r  v a r i a t i o n  abou t  t h i s  e x p e c t e d  v a l u e .  

CONSIDERATION OF COMPLEX ALTERNATIVES. It i s  o u r  o p i n i o n  

t h a t ,  a t  t h e  p r e s e n t  l e v e l  o f  knowledge,  s o p h i s t i c a t e d  metho- 

do logy  and a n a l y s i s  can on ly  r e d u c e ,  n o t  e l i m i n a t e  t h e  number 

o f  p o s s i b l e  e x p l a n a t i o n s  f o r  a c r a s h  r e l a t e d  phenomenon. 

C a r e f u l  a b s t r a c t i o n  o f  sub-systems t o  more manageable p a r t s  

and c o n s i d e r a t i o n  o f  i n t e r m e d i a t e  l e v e l s  o f  per formance  

may e a s e  t h i s  problem,  b u t  we a r e  s u r e  t h e y  w i l l  n o t  e l i m i n a t e  

i t .  Hence, t h e  i n v e s t i g a t i o n  must be cha rged  w i t h  t h e  r e spon -  

s i b i l i t y  t o  e x p l a i n  o t h e r  f a c t o r s  which might combine t o  

y i e l d  t h e  obse rved  r e s u l t s .  C a r e f u l  c o n s i d e r a t i o n  of  a 

number and v a r i e t y  o f  complex c a u s a l  e f f e c t s  l e a d i n g  t o  

t h e  same data s t r u c t u r e  w i l l  n o t  o n l y  enhance a s p e c i f i c  

p r o p o s a l ,  b u t  w i l l  do much t o  improve t h e  body o f  knowledge 

on t h e  phenomenon by a i d i n g  and encou rag ing  o t h e r  r e s e a r c h  



s t u d i e s  t o  e x p l o r e  and r e i n f o r c e  o r  e l i m i n a t e  t h e s e  a l t e r n a -  

t i v e  e x p l a n a t i o n s .  

GETTING THE DATA 

We have s e e n  t h a t  v e r i f i c a t i o n  and imp lemen ta t i on  o f  

a n a l y t i c a l  models and development  o f  o b s e r v a t i o n a l  h y p o t h e s e s  

r e q u i r e  o b t a i n i n g  and a n a l y z i n g  d a t a .  A t  t h i s  t i m e ,  we 

s h a l l  d i s c u s s  t h e  fo rmer  problem i n  g r e a t e r  d e t a i l .  

CHOOSING THE POPULATION. I d e a l l y ,  t h e  p o p u l a t i o n  we 

s e l e c t  t o  o b t a i n  data from s h o u l d  c o r r e s p o n d  e x a c t l y  t o  

t h e  p o p u l a t i o n  o f  i n t e r e s t - - t a r g e t  p o p u l a t i o n  ( F i g u r e  1 0 ) .  

For  i n s t a n c e ,  i f  we wish  t o  e s t i m a t e  d r i v e r  c h a r a c t e r i s t i c s  

i n  t h e  S t a t e  o f  Michigan,  we c e r t a i n l y  would n o t  w i sh  t o  

g e t  o u r  data o n l y  on Wayne County d r i v e r s .  A l t e r n a t i v e l y ,  

i f  we wish  t o  measure  c o l l i s i o ~  r a t e s  on 1-94  i n  1968 ,  we 

would n o t  n e c e s s a r i l y  make t h i s  i n f e r e n c e  on t h e  b a s i s  o f  

h i s t o r i c a l  r a t e s .  I n  t h e  f i r s t  c a s e ,  t h e  sampled p o p u l a t i o n  

d i f f e r s  from t h e  t a r g e t  g e o g r a p h i c a l l y "  w h i l e  i n  t h e  s econd ,  

t h i s  d i f f e r e n c e  i s  i n  t i m e .  C l e a r l y ,  such  d i f f e r e n c e s  wleaken 

i n f e r e n c e s ,  due t o  d i s t u r b i n g  v a r i a b l e s  t h a t  a r e  n o t  measured 

and due t o  v a r i a b i l i t y  i n  t h e  v a r i a b l e s  o f  i n t e r e s t  t h a t  

may e x i s t  between t h e  sampled and t a r g e t  p o p u l a t i o n s .  

However, i n  many s t u d i e s ,  non -ove r l app ing  sampled and  

t a r g e t  p o p u l a t i o n s  may be chosen  w i t h  f u l l  knowledge o f  

n~nd-probably  i n  demography,  economic s t a t u s ,  and  i n  
many o t h e r  c h a r a c t e r i s t i c s .  



d i f f e r e n c e s  and d e f i c i e n c i e s .  T h i s  may be due t o  s e v e r a l  

r e a s o n s  : 

(1) Convenience and e a s e  o f  o b t a i n i n g  and v e r i f y i n g  

i n f o r m a t i o n  i n  a  s p e c i f i c  p o p u l a t i o n  ove r  trhich t h e  i n v e s t i g a t o r  

ha s  f a m i l i a r i t y ,  " l o g i s t i c "  c o n t r o l ,  and l i a s i o n  w i t h  o f f i c i a l s  

who can  p r o v i d e  a i d .  

( 2 )  P r i o r  knowledge t h a t  t h e  sampled p o p u l a t i o n ,  a l t h o u g h  

d e v i a n t  i n  geog raph i c  l o c a t i o n  and /or  t i m e ,  does  no t  d i f f e r  

s i g n i f i c a n t l y  i n  c h a r a c t e r i s t i c s  of  i n t e r e s t .  

( 3 )  C o n s i d e r a t i o n  of  t h e  c o s t s  i n  e s t a b l i s h i n :  a  wide- 

r a n g i n g  d a t a  c o l l e c t i o n  program. 

U n f o r t u n a t e l y ,  many p o p u l a t i o n s  a r e  s e l e c t e d  and sampled 

w i t h  l i t t l e  c o n s i d e r a t i o n  of  t h e  problems mentioned above.  

The f a i l u r e  t o  account  ( e i t h e r  e x p l i c i t l y  o r  i m p l i c i t l y )  

f o r  t h e s e  h a s  r e s u l t e d  i n  many r e s e a r c h  s t u d i e s  which a r e  

i n t e r n a l l y  sound b u t  which have ve ry  l i m i t e d  ' ' e x t e n d a b i l i t y "  

ove r  t ime  and /or  p l a c e .  

CONCEPTS OF SAMPLING. Once t h e  sampled p o p u l a t i o n  

i s  s e l e c t e d ,  t h e  i n v e s t i g a t o r  must deve lop  a p rocedu re  f o r  

o b t a i n i n g  d a t a  from t h e  p o p u l a t i o n .  I n  many c a s e s ,  he can  

sample e x h a u s t i v e l y - - a l l  u n i t s  can be measured.  For  i n s t a n c e ,  

all 1968 Michigan f a t a l  c r a s h e s  may be  analyzed" A l t e r n a -  

t i v e l y ,  i f  t h e  p o p u l a t i o n  i s  l a r g e  o r  i f  c o s t s  of  sampl ing  

-- - 
T ~ o t i c e  a g a i n  t h a t  u s i n g  t h e s e  a s  a  r e p r e s e n t a t i v e  sample 

of  a l l  1968 U.S. f a t a l s  i n d u c e s  t h e  problems r a i s e d  e a r l i e r .  



are high, the investigator may wish to select some subset of 

the sampled population, measure the characteristics of t,he 

subset, and from these, infer the characteristics of the 

larger sampled population. In this section, we shall briefly 

indicate alternative ways of selecting this subset or sa.mple. 

In simple random sampling, (10, Ch. 2), we choose a. 

sample such that every sample of size n has an equal cha,nce 

of being selected. In practice, the sample may be constructed 

by drawing n. random numbers between 1 and N(sanp1ed population 

size) and selecting units corresponding to these. If' ea.ch 

unit can be selected at most once, we are sampling without 

replacement. If, on the other hand, each unit can appear 

more than once, we are samplinc with replacement. The choice 

of a procedure influences our sa.mple "estimates" of the 

population parameters. 

Random sampling is probably the nost widely discussed 

procedure for generating data. This is because the procedure: 

(a) offers a relatively simple way of getting data,. 

(b) is the basis of almost all statistical models 
used in the analysis of data. 

(c) generates population estimates which are "unbiased" 
and simple in structure (10, Ch. 2). 

In practice, however, there are many data sets which 

are acclaimed to be or 're analyzed as random samples from 

some population when they are in fact not. Although the 

effects of using such procedures on data analysis are not 

very well known, it appears that dependencies and deficiencies 



i nduced  by c a r e l e s s  non-randomness may c o n f u s e  t h o s e  i n t e r -  

p r e t a t i o n s  t h e  i n v e s t i g a t o r  d e s i r e s  t o  make. 

One a l t e r n a t i v e  t o  random sampl ing  i s  s y s t e m a t i c  s amp l ing .  

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

e v e r y  r t h  u n i t  i s  p i c k e d  u n t i l  a  sarnple o f  s i z e  n  i s  g e n e r a t e d .  

For  i n s t a n c e ,  we might i n v e s t i g a t e  owner c h a r a c t e r i s t i c s  

o f  e v e r y  r t h  c a r  t h r o u g h  an i n t e r s e c t i o n .  The two major  

a d v a n t a g e s  o f  t h i s  p rocedu re  a r e  t h e  e a s e  i n  g e t t i n q  a  sample 

and t h e  p o s s i b l e  g a i n  i n  p r e c i s i o n  due t o   spreadi in^" t h e  

sample o v e r  t h e  p o p u l a t i o n  o f  i n t e r e s t . *  The major  d i s a d v a n t a g e s  

a r e  t h e  i n a b i l i t y  t o  e s t i m a t e  t h i s  p r e c i s i o n  w i t h  c o n f i d e n c e  

and t h e  i n a b i l i t y  t o  d e t e c t  p e r i o d i c  phenomena, p r e s e n t  i n  

t h e  p o p u l a t i o n .  F u r t h e r m o r e ,  t h e r e  i s  l i t t l e  work done 

on u s i n g  ma thema t i ca l  models t c  a n a l y z e  s y s t e m a t i c  d a t a - -  

t ime  s e r i e s  a n a l y s i s  i s  one n o t a b l e  e x c e n t i o n .  

A second a l t e r n a t i v e  i s  c l u s t e r  sampl ing  o r  some v a r i a n t  

t h e r e o f .  I n  c l u s t e r  s amp l ing ,  we choose  a s  a  s amp l ing  u n i t  

some group of  e l emen t s  ( a  c l u s t e r ) .  The s e l e c t i o n  of c l u s t e r s  

f o r  a sample may be made s y s t e m a t i c a l l y  o r  randomly:  and 

c l u s t e r s  may be o f  e q u a l  o r  uneoua l  s i z e .  Reasons f o r  c l u s t e ~  

sampl ing  i n c l u d e  f a i l u r e  t o  have l i s t s  of  t h e  p o p u l a t i o n  

e l e m e n t s  i n d i v i d u a l l y  b u t  on ly  i n  c l u s t e r s ,  ( h o u s e h o l d s ,  

p e r s o n s  i n  v e h i c l e ,  e t c . )  and economic ~ a . i n s  from t h e  conven ience  

o f  g e t t i n g  d a t a  on l a r g e r  g rouns  a t  once .  I n  c l u s t e r  s amp l ing ,  

-- -- - - - -- 
* I n  random samp l ing ,  t h e r e  i s  some f i n i t e  p r n b a . b i l i t y  

t h a t  a l l  sampled u n i t s  come from a s m a l l  s e c t o r  of  t h e  
sampled p o p u l a t i o n .  



t h e  u n i t s  w i t h i n  a c l u s t e r  may e x h i b i t  d e p e n d e n c i e s ,  and 

t h e s e  must be c o n s i d e r e d  i n  t h e  a n a l y s i s .  I n  g e n e r a l ,  t h e  

d a t a  a n a l y s i s  i s  more c o m p l i c a t e d  and a g a i n ,  ma thema t i ca l  

s t a t i s t i c a l  models a r e  n o t  a v a i l a b l e  t o  t h e  e x t e n t  of' random 

sampl ing .  

VARIABILITY. We have used  t h e  t e r m  v a r i a b i l i t y  w i t h o u t  

c a r e f u l l y  d e f i n i n g  and d e s c r i b i n g  i t s  meaning,  For  t h e  

p u r p o s e s  o f  t h i s  d i s c u s s i o n ,  we s h a l l  c o n s % d e r  t h r e e  t y p e s  

o f  v a r i a b i l i t y :  ( a )  V a r i a b i l i t y  between t h e  t a r g e t  and 

sampled p o p u l a t i o n  ( b )  between t h e  obse rved  sample and t h e  

sampled p o p u l a t i o n ,  and ( c )  w i t h i n  t h e  sampled p o p u l a t i o n  

i t s e l f .  

Be fo re  p r o c e e d i n g ,  however,  we must d e f i n e  what 1 s  

meant by v a r i a b i l i t y  and c e n t r a l  t endency .  I n  any c o l l e c t i o n  

o f  u n i t s  where t h e  c h a r a c t e r i s t i c ( s )  o f  i n t e r e s t  i s  n o t  

un i fo rm ,  one i s  i n t e r e s t e d  i n  t h e  v a l u e  which seems t o  be 

most r e p r e s e n t a t i v e  o f  t h e  c o l l e c t i o n .  T h i s  s e a r c h  f o r  

c e n t r a l  t endency  may be made by i n s p e c t i n g  a f r e q u e n c y  p l o t  

o f  t h e  d a t a  o r  by u s i n g  a p p r o p r i a t e  summary s t a t i s t f c s  (mean, 

median,  mode).  I n  a d d i t i o n ,  one i s  i n t e r e s t e d  i n  t h e  s p r e a d  

o f  t h e  data abou t  t h i s  c e n t r a l  p o i n t .  T h i s  s p r e a d  o r  v a r i a b i l i t y  

may be obse rved  o r  e s t i m a t e d  by  a p p r o p r i a t e  s t a t i s t i c s  (maximum 

d e v i a t i o n ,  s t a n d a r d  d e v i a t i o n ,  e t c . )  

"Non-over lapping ' '  t a r g e t  and sampled p o p u l a t i o n s  may 

i nduce  d i f f e r e n c e s  i n  b o t h  t h e  c e n t r a l  t endency  and v a r i a b i l i t y  



of t h e  d a t a  ( s e e  f i g u r e  1 0 ) .  The e x t e n t  o f  t h e s e  d i f f e r e n c e s  

i s  n o t  o b s e r v a b l e  however; t h e y  must be based on t h e  i n v e s t i -  

g a t o r ' s  s u b j e c t i v e  o p i n i o n s - - e i t h e r  q u a n t i f i e d  o r  q u a l i f i e d .  

R e i t e r a t i n g  an  e a r l i e r  o p i n i o n - - i t  i s  t h e s e  d i f f e r e n c e s  

which may most s e r i o u s l y  b i a s  and r educe  " e x t e n d a b i l i t y "  

o f  a r e s e a r c h  s t u d y .  

The second s o u r c e  o f  v a r i a b i l i t y - - - t h e  d i f f e r e n c e  between 

t h e  obse rved  sample and t h e  sampled p o p u l a t i o n - - i s  l a r g e l y  

c o n t r o l l e d  by t h e  sampl ing  scheme. Again ,  a  random sample 

seems t o  be t h e  most g e n e r a l  method of  c o n t r o l l i n g  such  

v a r i a b i l i t y  a l t h o u g h  o t h e r  s c h e n e s ,  e i t h e r  s t a n d a r d  ones  

o r  ad hoc p r o c e d u r e s ,  may be more a ~ n r o p r i a t e  i n  s n e c i f i c  

a n a l y s e s .  Again ,  t h e  c h o i c e  i s  dependent  upon t h e  i n v e s t i -  

g a t o r ' s  p r i o r  n o t i o n s .  P o s s i b l y  p i l o t  s t u d i e s  may be conducted 

t o  supplement  t h e s e .  

F i n a l l y ,  we have w i t h i n  s a m ~ l e  v a r i a b i l i t y .  T h i s  i s  

t h e  o n l y  obse rved  v a r i a b i l i t y  o f  t h e  t h r e e  t y p e s  we have 

i n d i c a t e d .  I n  most s i t u a t i o n s ,  we use  t h i s  v a r i a b i l i t y :  

a p p r o p r i a t e l y  m o d i f i e d ,  a s  an ' e s t i m a t e "  of  t h e  v a r i . a b i l i t y  

of t h e  s a n p l e d  p o p u l a t i o n .  The p r o p e r  summaries and mod i f i -  

c a t i o n s  of t h i s  v a r i a b i l i t y  depend on t h e  sarnnling scheme, 

and a  p r i o r i  c o n s i d e r a t i o n s  a s  t o  t h e  samnled p n p u l a t l o n .  

PROBLEYS I N  GETTING D A T A .  A l a r p  v a r i e t y  of  p rob lems  

a r i se  i n  p r a c t i c a l  imp lemen ta t i on  o f  any of t h e  above p roce -  

d u r e s .  I n  t h i s  s e c t i o n ,  we s h a l l  summarize t h e s e  b r l e t l y .  
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F i g u r e  10. "NON-OVERLAPPING" TARGET AND SAMPLED POPULATIONS 



S i n c e  each  s t u d y  c o n t a i n s  un ique  p rob lems ,  it i s  i m p o s s i b l e  

t o  make g e n e r a l  s t a t e m e n t s  abou t  t h e  s e r i o u s n e s s  o f  e ach  

problem a r e a  and abou t  a p p r o p r i a t e  p r o c e d u r e s  f o r  t h e i r  

s o l u t i o n .  However, f a i l u r e  t o  cope w i t h  t h e s e  may e a s i l y  

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

Two r e l a t e d  problems which commonly a r i s e  i n  o b t a i n i n g  

i n f o r m a t i o n  from p e r s o n s  a r e  t h o s e  o f  r e s p o n s e  b i a s  and 

non-response .  The f a i l u r e  t o  respond  a c c u r a t e l y  and h o n e s t l y  

o r  t o  respond  a t  a l l  ( because  o f  r e f u s a l ,  a b s e n c e ,  e t c . )  

may s e r i o u s l y  h i n d e r  a c c u r a t e  c o n c l u s i o n s .  If t h e s e  p e r s o n s  

have c h a r a c t e r i s t i c s  which d e v i a t e  from t h e  remainder  o f  

t h e  p o p u l a t i o n ,  a  b i a s  i n  c e n t r a l  t endency  a r i s e s .  F u r t h e r -  

more, t h e  e s t i m a t e d  sample v a r i a b i l i t y  may be e i t h e r  r educed  

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

Some p o s i t i v e  s t e p s  a r e  a v a i l a b l e  t o  r educe  t h e  e f f e c t s  

o f  t h i s  problem.  Other  d a t a  s o u r c e s  ( n e i g h b o r s ,  p u b l i c  

a g e n c i e s ,  e t c . )  may be probed t o  e s t i m a t e  t h e  magni tude 

of t h e  b i a s .  Th i s  i n f o r m a t i o n  may t h e n  be combined w i t h  

t h e  i n v e s t i g a t o r ' s  p r i o r  o p i n i o n  t o  e s t i m a t e  and c o r r e c t  

f o r  t h e  t o t a l  e f f e c t .  Non-response may be reduced  by " c a l l b a c k s "  

and by u s i n g  o t h e r  d a t a  s o u r c e s .  However, t h i s  i s  f r e q u e n t l y  

expens ive  and i n c o n v e n i e n t .  

A second problem i s  induced  by t h e  i n v e s t i a a t o r ' s  " e n t r y "  

i n t o  t h e  sys tem under  s t u d y .  Peop le  may d r i v e  d i f f e r e n t l y  

i f  an o b s e r v e r  i s  i n  t h e  c a r :  o r  if t h e y  know a r e s e a r c h  



s t u d y  i s  b e i n g  conduc ted  i n  c e r t a i n  l o c a t i o n s .  I n  c o u n t e r -  

measure  r e s e a r c h ,  t h e r e  i s  some e v i d e n c e  t h a t  mere ly  a s k i n g  

p e r s o n s  q u e s t i o n s  d u r i n g  t h e  s t u d y  may a l t e r  t h e i r  b e h a v i o r  

t h e r e b y  t r con found ing"  any coun te rmeasu re  e f f e c t .  Cochran 

(10-11)  h a s  s t a t e d  t h a t  any coun te rmeasu re  t h a t  c anno t  change 

t h e  sys tem more t h a n  a q u e s t i o n n a i r e  i s  p r o b a b l y  o f  dub ious  

w o r t h .  When t h e  magni tude o f  t h e  d e s i r e d  change i s  s m a l l  

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

e f f e c t s  d e c r e a s e s .  

A t h i r d  s e t  o f  problems f a l l  i n t o  t h e  c a t e g o r y  o f  mis- 

c e l l a n e o u s  e r r o r s .  Fo r  example ,  i f  r e s p o n s e s  r e q u i r e  i n t e r v i e w e r  

( d a t a  g a t h e r e r )  judgment a s  t o  c a t e g o r i z a t i o n ;  i n t e r p r e t a t i o n  

e r r o r s  may e a s i l y  r e s u l t .  A t ho rough  t r a i n i n g  program and 

good communication between t h e  i n v e s t i g a t o r  and t h e  i n t e r v i e w e r s  

can  minimize t h e s e  e r r o r s .  A d d i t i o n a l  b i a s  and v a r i a b i l i t y  

may be i n t r o d u c e d  t h r o u g h  r e s p o n d e n t  e r r o r  i n  r e c a l l i n g  

o r  d e s c r i b i n g  c e r t a i n  v a r i a b l e s .  For  i n s t a n c e ,  m i l e a g e  

d r i v e n  i n  t h e  las t  y e a r ,  d i s t a n c e  c r a s h  o c c u r r e d  from 

i n t e r s e c t i o n ,  e t c .  a r e  ha rd  t o  e s t i m a t e .  Well  d e s i ~ n e d ,  

unambiguous q u e s t i o n s  can r educe  r e s p o n d e n t  c o n f u s i o n  and 

t h u s  p r o v i d e  more c o n c i s e  r e s u l t s .  

As we have i n d i c a t e d ,  g e n e r a l ,  comple te  app roaches  

t o  t h e s e  problems do n o t  e x i s t .  O the r  t h a n  t h e  r e f e r e n c e s  

i n d i c a t e d  i n  t h e  t e x t ,  i t  a p p e a r s  t h a t  ad hoc p r o c e d u r e s  

have been deve loped  t o  s o l v e  p r a c t i c a l  problems as t h e y  



a r i s e .  U n f o r t u n a t e l y ,  t h e s e  p r o c e d u r e s  have n o t  a lways  

been a d e q u a t e l y  c o n s i d e r e d  i n  t h e  highway s a f e t y  l i t e r a t u r e ,  

THE PROBLEM OF CONTROL. We have s e e n  t h a t  f a i l u r e  

t o  measure  and c o r r e c t  f o r  c e r t a i n  t y p e s  o f  v a r i a t i o n  ( s u c h  

as e x p o s u r e )  h a s  r e s u l t e d  i n  s e r i o u s  d e f i c i e n c i e s  i n  many 

s t u d i e s .  The d e c i s i o n  as t o  which v a r i a b l e s  t o  c o n t r o l  

i n  a  p a r t i c u l a r  s t u d y  depends  upon a p r i o r i  c o n s i d e r a t i o n  

as t o  t h e  e x t e n t  and magni tude  o f  t h e i r  e f f e c t  on t h e  r e l a t i o n s h i p  

o f  i n t e r e s t .  Cochran ( 1 1 )  c l a s s i f i e s  such  v a r i a b l e s  a s  

( a )  ma jo r  v a r i a b l e s  f o r  which a d j u s t m e n t  i s  e s s e n t i a l ,  ( b )  

v a r i a b l e s  whose e f f e c t s  we would l i k e  t o  c o n t r o l  b u t  do 

n o t ,  ( c )  minor  v a r i a b l e s  which a r e  d i s r e g a r d e d .  Our d i s -  

c u s s i o n  h e r e  h i n g e s  on methodology f o r  i n i t i a t i n ~  c o n t r o l  

o v e r  ma jo r  v a r i a b l e s .  

E s s e n t i a l l y ,  t h e r e  a r e  two ways t o  i n i t i a t e  t h i s  c o n t r o l  

o f  v a r i a b i l i t y :  o b t a i n  t h e  d a t a  f rom v a r i o u s  ( p r e - s p e c i f i e d )  

s t r a t a  o r  s t r a t i f y  t h e  sample  by ma tch ing  on c e r t a i n  v a r i a b l e s  

a f t e r  t h e  d a t a  i s  c o l l e c t e d .  

I n  s t r a t i f i e d  s a m p l i n g ,  c e r t a i n  v a r i a b l e s  o r  c a t e g o r i e s  

a r e  p r e s p e c i f i e d  and t h e  sample  i s  o b t a i n e d  by s e l e c t i n g  

d a t a  f rom e a c h  o f  t h e s e  c a t e g o r i e s .  Two q u e s t i o n s  a r e  o f  

i n t e r e s t :  a )  what c a t e g o r i e s  s h o u l d  be s e l e c t e d ?  and b )  

what sample  s i z e  ( w i t h i n  a  c a t e g o r y )  i s  necessa . ry?  Answers 

t o  b o t h  r e q u i r e  p r i o r  knowledge as t o  t h e  w i t h i n  and between 

s t r a t u m  v a r i a b i l i t y  a s  w e l l  a s  c o s t s  and e a s e  i n  s t r a t i f i c a t i o n .  



I n  s a f e t y  r e s e a r c h  an  i n v e s t i g a t o r  might s t r a t i f y  h i s  sample  

on a g e .  He would t h e n  s e l e c t  c a t e g o r i e s  o f  t h i s  v a r i a b l e  

( s a y  16-25,  26-34,  e t c . )  and draw sub-samples  o f  s i z e  ni 

f rom each  s t r a t a .  If t h e  v a r i a b l e  o f  i n t e r e s t  (number of 

a c c i d e n t s  f o r  i n s t a n c e )  e x h i b i t s  h i g h  between s t r a t a  v a r i a t i o n  

( a s  i t  seems t o )  t h e n  p r e c i s i o n  i s  i n c r e a s e d  t h r o u q h  t h i s  

p r o c e d u r e ,  

Pos t - sampl ing  c o n t r o l  may be e x e r t e d  by c a t e g o r i z i n g  

a sample o f  s i z e  n  i n t o  s u b - c e l l s  which a r e  de t e rmined  by 

t h o s e  c h a r a c t e r i s t i c s  o f  i n t e r e s t .  [ e . g . ,  Age group c a t e g o r i e s  

might  be s e l e c t e d  and w i t h i n  each  group t h e  number o f  p e r s o n s  

w i t h  0, 1, 2 , . . ,  c r a s h e s  might be de t e rmined ]  The r e s u l t a n t  

c a t e g o r i z a t i o n  i s  c a l l e d  a  c o n t i n g e n c y  t a b l e .  The i n v e s t i g a t o r  

may s u b s e q u e n t l y  be i n t e r e s t e d  i n  compar i sons  o f  t h e  i n d i v i d u a l  

c e l l s - - e i t h e r  i n  e s t i m a t i n g  t h e  p a r a m e t e r s  o r  i n  e s t i m a t i n g  

t h e  between c e l l  a s s o c i a t i o n .  More l i k e l y ,  however,  he may 

be i n t e r e s t e d  i n  f u r t h e r  examina t i on  o f  o t h e r  c h a r a c t e r i s t i c s  

a s  measured w i t h i n  a  c e l l .  Again,  he h a s  c o n t r o l l e d  u n d e s i r a b l e  

v a r i a b i l i t y  by "matching"  o n l y  t h o s e  o b j e c t s  w i t h  s i m i l a r ,  

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

i s  t h a t  t h e r e  i s  no p r i o r  c o n t r o l  o v e r  t h e  w i t h i n  c e l l  sample  

s i z e s  as i n  s t r a t i f i c a t i o n .  Consequen t l y ,  c e r t a i n  c e l l s  

o f  i n t e r e s t  may be empty o r  c o n t a i n  i n s u f f i c i e n t  sample  

s i z e s .  F u r t h e r ,  i t  seems obv ious  t h a t  t h e  more v a r i a b l e s  

we p a r t i t i o n  o u r  sample  i n t o ,  t h e  more l i k e l y  t h i s  e v e n t  

w i l l  o c c u r .  T h e r e f o r e ,  r e s u l t i n g  s u b - p o p u l a t i o n s  may become 



t o o  s m a l l  f o r  m e a n i n g f u l  a n a l y s i s .  A g r a p h i c  example  of  

t h i s  comes f rom Rapopor t  ( 1 2 ) :  

L e t  u s  s a y  t h a t  a n  i n s u r a n c e  company w a n t s  t o  i n s u r e  
a g a i n s t  t h e  r i s k  o f  a bank t e l l e r  a b s c o n d i n g  w i t h  t h e  
c a s h .  What odds  s h o u l d  be g i v e n - - t h a t  i s ,  what premium 
s h o u l d  be c h a r g e d  f o r  i n s u r i n g  a g a i n s t  a  c e r t a i n  amount? 
To answer  t h e  q u e s t i o n  one c a n  t a k e  a  sample  o f  bank 
t e l l e r s  t h a t  abscond  w i t h  t h e  c a s h ,  one  ca.n g r a d e  t h a t  
sample  i n  a c c o r d a n c e  w i t h  how much t h e y  abscond  w i t h ,  
one c a n  d i f f e r e n t i a t e  be tween m a r r i e d  men and s i n e l e  
men ( t h e s e  a r e  r e a s o n a b l e  d i f f e r e n t i a t i o n s .  p o s s i b l y  
m a r r i e d  men would n o t  abscond  q u i t e  a s  e a s i l y  as s i n g l e  
men; o r  v i c e  v e r s a ) .  One c o u l d  d i f f e r e n t i a t e  be tween 
v a r i o u s  e t h n i c  background ,  v a r i o u s  a y e s -  and s o  f o r t h .  
So,  g i v e n  a  p a r t i c u l a r  bank t e l l e r - - l e t ' s  s a y  he i s  
30 y e a r s  o l d ,  p l a y s  t h e  f l u t e ,  h a s  2 d a u g h t e r s  a g e s  
1 4  and 11, named Susan  and Mary. i s  m a r r i e d  t o  a  woman 
4 y e a r s  h i s  j u n i o r :  e t c ;  what i s  t h e  p r o b a b i l i t y  he 
w i l l  abscond  w l t h  t h e  c a s h ?  If you p u t  i n  e n o u ~ h  o f  
t h e s e  v a r i a b l e s ,  you can  f i n a l l y  na r row t h e  r e l e v a n t  
u n i v e r s e  down t o  a  s i n ~ l e  i n d i v i d u a l .  But i n  t h i s  
' u n i v e r s e ' '  t h e r e  i s  no a b s c o n d i n g  r a t e ,  and hence  
n o t h i n g  on which t o  b a s e  a n  e s t i m a t e  o f  a p r o b a b i l i t y .  
T h i s  i s  t r u e  o f  any a c t u a r i a l  c a l c u l a t i o n .  One i s  
f o r c e d  t o  c h o o s e  between what t o  t a k e  i n t o  a c c o u n t  and  
what t o  i g n o r e ,  and t h e s e  c h o i c e s  a r e  made l a s g e l y  on 
a p r i o r i  g r o u n d s .  T h e r e  i s  no a s s u r a n c e  t h a t  t h e y  
a r e  t h e  r i g h t  o n e s ,  and t h i s  i s  ~ r h y  p r a c t i c a l l y  any  
s t a t i s t i c a l  f i n d i n g  can  be d i s p u t e d .  

However, as we have  i n d i c a t e d ,  t h e r e  a r e  o t h e r  v a r i a b l e s - -  

t h o s e  t h a t  a r e  known b u t  n o t  measured and t h o s e  which a r e  

unknown--which i n f l u e n c e  t h e  v a r i a b l e  o f  i n t e r e s t .  A d d i t i o n a l  

r e s e a r c h  Is  n e c e s s a r y  i n  o r d e r  t o  d e t e r m i n e  t h e s e  ( o r  e s t i m a t e s  

o f  them)  and t o  c o n t r o l  t h e i r  e f f e c t s .  A t  t h e  p r e s e n t  s t a t e ,  

such r e s e a r c h  i s  i n  i t s  i n f a n c y .  

F o r  example ,  suppose  we wish  t o  i n v e s t i p a t e  

c h a r a c t e r i s t i c s  o f  d r i v e r s  who a.re s l r n i l a r  " r i s k - t a k e r s " .  

We migh t  f e e l  t h a t  a g e  and m e n t a l  a b i l i t y  a .re  m e a s u r e s  o f  



" r i s k - t a k i n g t i  t h a t  must be c o n t r o l l e d .  hence ,  we "match" 

o u r  sample  on t h e s e  measured c h a r a c t e r i s t i c s .  IIowever, 

we may s u s p e c t  t h a t  t h e  s o c i a l  env i ronmen t ,  b a s i c  b e h a v i o r  

p a t t e r n s ,  and o t h e r  " i n t a n g i b l e t t  v a r i a b l e s  a r e  b e t t e r  measures  

of  t h e  v a r i a b l e  " r i s k - t a k i n g " .  It t h e n  becomes n e c e s s a r y  

t o  q u a n t i t y  ( o r  e s t i m a t e )  t h e s e  and match o u r  sample on 

t h e  b a s i s  o f  t h e s e  e s t i m a t e s .  

SAPqPLE SIZE. The d e c i s i o n  o f  what g o r t i o n  n  o f  t h e  

sampled p o p u l a t i o n  ( s i z e  N) t o  s e l e c t  i n v o l v e s  c o n s i d e r a t i o n  

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

sampled p o p u l a t i o n  and ( b )  t h e  i n c r e m e n t a l  c o s t  i m p l i c i t  

i n  o b t a i n i n g  a  u n i t  o f  d a t a .  I t  seens i n t u i t i v e l y  obv ious  

t h a t  t h e  sample  s i z e  n  shou ld  be i n c r e a s e d  as t h e  v a r i a b i l i t y  

i n h e r e n t  i n  t h e  sampled p o p u l a t i o r  i n c r e a s e s ,  f o r  we w i sh  

t o  o b t a i n  enough e v i d e n c e  t o  measure  t h i s  v a r i a b i l i t y  and 

t o  c o n t r o l  i t s  e f f e c t  on s t a b i l i t y  o f  o u r  e s t i m a t e s .  On 

t h e  o t h e r  hand,  t h e  o p t i m a l  sample s i z e  shou ld  decrbease 

w i t h  i n c r e a s i n g  c o s t  p e r  u n i t  o f  d a t a .  Thus ,  t h e  0 2 t i m a l  

sample  i n v o l v e s  a " t r a d e o f f "  between t h e s e  two c r i t e r i a .  

I n  o r d e r  t o  deve lop  a  more e x p l i c i t  d e c i s i o n  r u l e  f o r  

sample s i z e ,  we must i n t r o d u c e  q u a n t i t a t i v e  p r i o r  i n f o r m a t i o n  

on b o t h  t h e  p o p u l a t i o n  and on t h e  c o s t  f u n c t i o n .  The i n f o r -  

ma t i on  on t h e  p o p u l a t i o n  can  be q u a n t i f i e d  i n  t e rms  of' " l o s s "  

f u n c t i o n - - a  f u n c t i o n  t h a t  e x p r e s s e s  t h e  l o s s  ( i n  d o l l a . r s ,  

t i m e ,  o r  some o t h e r  v a r i a b l e )  when a n  e s t i m a t e  based  on 



F i g u r e  

I n 
n* 
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t h e  d a t a  deno t ed  by 2 i s  u sed  f o r  some t r u e  v a l u e  x .  We 

d e n o t e  such  a  f u n c t i o n  a s  L = f ( 2 , x ) .  We t h e n  a v e r a g e  L 

o v e r  a l l  p o s s i b l e  e x p e r i m e n t a l  outcomes ( i?:x) ,  o b t a i n i n g  

an  ' e x p e c t e d 1 '  l o s s  EL(n)  which i s  a  f u n c t i o n  o f  t h e  sample 

s i z e  n .  If C ( n )  i s  t h e  c o s t  o f  o b t a i n i n g  a  sample o f  s i z e  

n ,  we t h e n  p ropose  t o  choose  n t o  minimize  ~ ( n )  4- EL(n)  

a s  i n  t h e  F i g u r e  11. Here n-s t h e  " o p t i m a l "  samnle s i z e ,  

Again ,  s p e c i f i c  s e l e c t i o n s  o f  L ( n )  and C ( n )  can be made 

by u t i l i z i n g  more e x p l i c i t  p r i o r  knowledge.  

DATA ANALYSIS 

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

i n t o  t h e  problems of  a n a l y z i n g  d a t a  f o r  mean ing fu l  c o n c l u s i o n s .  

The complex m u l t i v a r i a t e  s i t u a t i o n  r e l a t i n g  i ndependen t  

v a r i a b l e s  t o  measures  o f  highway s a f e t y  subsys tem e f f e c t i v e n e s s  

may r e q u i r e  t h e  u t i l i z a t i o n  o f  advanced m u l t i v a r i a t e  s t a t i s t i c a l  

t o o l s  i n  o r d e r  t o  make a c c u r a t e  i n f e r e n c e s .  These t o o l s  

w i l l  n o t  be examined h e r e .  I n s t e a d  we b r i e f l y  examine some 

b a s i c  f o u n d a t i o n s .  

UNIVARIATE ANALYSIS. Suppose we have a  s i n g l e  measure  

o f  subsys tem e f f e c t i v e n e s s  deno t ed  y .  I n  a d d i t i o n  suppose  

t h a t  o u r  sample  h a s  been s e l e c t e d  and p r o p e r l y  matched s o  

t h a t  changes  i n  y can  be a t t r i b u t e d  t o  some p r o j e c t .  We 

now wi sh  t o  measure  t h e  p r o j e c t  e f f e c t i v e n e s s .  To do t h i s  

we sample  t h e  measure  o f  e f f e c t i v e n e s s  y i n  p o p u l a t i o n s  

s u b j e c t e d  t o  t h e  p r o j e c t  and i n  p o p u l a t i o n s  n o t  s u b j e c t e d  



t o  t h e  p r o j e c t x .  Denote  y l ,  ~ ~ ~ . . . , y ~  t h e  sample  f r o m  t h e  
JC 1C * 

p o p u l a t i o n  s u b j e c t e d  t o  t h e  p r o j e c t  and y l ,  y 2 ,  . . . , y m  t h e  

sample  f rom t h e  p o p u l a t i o n  n o t  s u b j e c t e d  t o  t h e  p r o j e c t .  

I f  t h e  p r o j e c t  h a s  i n c r e a s e d  s u b s y s t e m  e f f e c t i v e n e s s ,  t h e  

y ' s  s h o u l d  be ' ' l a r g e r ' '  t h a n  t h e  ( y 8 ) ' s .  Because  o f  s a m p l i n g  

v a r i a b i l i t y  t h e  p r o j e c t  may i n  f a c t  be " e f f e c t i v e '  e v e n  

i f  some y ' s  a r e  s m a l l e r  t h a n  some y * " s .  We a r e  p r i m a r i l y  

i n t e r e s t e d  i n  t h e  p r o j e c t ' s  e f f e c t  on t h e  ' a v e r a g e '  o r  ' c e n -  

t r a l - t e n d e n c y  ' o f  t h e  v a r i a b l e  y .  

PIULTIVARIATE ANALYSIS. Under m u l t i v a r i a t e  a n a l y s i s  

a more complex and  more t y p i c a l  s i t u a t i o n  w i l l  be c o n s i d e r e d ,  

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

c r i t e r i o n  h a s  been  d e f i n e d  and t h e  change  i n  e f f e c t i v e n e s s  

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

i n g  f a c t o r s .  F o r  example  t h e  r e d u c t i o n  i n  c r a s h e s  a t  a n  

i n t e r s e c t i o n  migh t  be a t t r i b u t e d  t o  a  new t y n e  o f  t r a f f i c  

l i g h t .  I n  a d d i t i o n  t h e  r e d u c t i o n  nay be due  t o  c h a n q e s  

i n  w e a t h e r ,  t r a f f i c  f l o w .  and t h e  p o p u l a t i o n  o n e r a t o r s .  

I n  t h i s  c a s e  t h e  a n a l y s i s  c a n n o t  be made by s i m n l y  compar- 

i n g  t h e  number o f  c r a s h e s  b e f o r e  t h e  c h a . n ~ e  and a f t e r  t h e  

c h a n g e .  I n s t e a d  t h e  e f f e c t s  o f  o t h e r  v a r i a b l e s  must be  a c c o u n t e d  

f o r  by us in^ m u l t i v a r i a t e  t e c h n i q u e .  

M u l t i v a r i a t e  a n a l y s i s  i s  a  ~ r o c e d u r c  which  d e f i n e s  

- - - - - - -- 
*In  a  b e f o r e - a f t e r  s t u d y  t h e s e  p o p u l a t i o n s  are t h e  same 

p h y s i c a l  g r o u p  a f t e r  and b e f o r e  t h e  p r o j e c t .  



a number of  s t a t e s  and o b t a i n s  a  measure  o f  e f f e c t i v e n e s s  

f o r  e ach  s t a t e .  Each s t a t e  i s  d e s c r i b e d  bv l e v e l s  o f  t h e  

i ndependen t  o r  p r e d i c t o r  v a r i a b l e s .  Cons ide r  t h e  follow in^ 

s t a t e s  : 

S t a t e  --.-- -- .--- T r a f f i c  S i g n a l  A- T r a f f i c  Flow V a r i a b l e  -- 
Old 
Old 

Old 
Old 
New 
New 
New 
New 

Winte r  
Win te r  

Summer 
Summer 
Win te r  
k i i n t e r  
Summer 
Summex. 

f a c t o r y  workers  g o i n g  home 
housewives  g o i n g  t o  supe r -  
market  
f a c t o r y  workers  
housewives  
f a c t o r y  workers  
housewives  
f a c t o r y  workers  
housewives  

Many o t h e r  p o s s i b l e  s t a t e  l e v e l s  mipht be d e s c r i b e d  depend ing  

upon t h e  s p e c i f i c  p rob lem.  These l e v e l s  a r e  deve loped  by 

an a n a l y s i s  o f  t h e  subsys tem which t h e  p r o j e c t  a f f e c t s .  

It  may be e x t r e m e l y  n a i v e  t o  e v a l u a t e  t h e  e f f e c t  o f  a  new 

t r a f f i c  s i g n a l  by comparing t h e  subsys tem r e s n o n s e  ( a c c i d e n t  

r a t e )  a t  s t a t e s  1 and 6 ,  f o r  t h e  e f f e c t  o f  d i f f e r e n t  t r a f f i c  

f l ows  and d i f f e r e n t  d r i v e r  ?opu l a . t l ons  ma.y i n  f a c t  confound 

t h e  measure  o f  t h e  s i g n a l ' s  e f f e c t i v e n e s s .  However, compar ing 

s t a t e s  1 and 5 p r o v i d e s  an e s t i m a t e  o f  t h e  s i g n a l ' s  e f f e c t  

on f a c t o r y  workers  i n  a  w i n t e r  t r a f f i c  f low p a t t e r n .  Kany 

o t h e r  examples  can be e a s i l y  c o n s t r u c t e d  by t h e  r e a d e r .  

A measure  o f  t o t a l  p r o j e c t  e f f e c t i v e n e s s  might  be e s t a b l i s h e d  

by compar ing s t a t e s  1 t h r o u g h  4 w i t h  s t a t e s  5 t h rough  8, 

Another  i m p o r t a n t  c o n s i d e r a t i o n  i n  m u l t i v a r i a t e  a n a l y s i s  

i s  t h e  form o f  t h e  r e l a t i o n s h i p  between t h e  v a r i a b l - e s  and 



t h e  measure of  p r o j e c t  e f f e c t i v e n e s s .  The s i m p l e s t  form 

i s  an " a d d i t i ~ e ' ~  model i n  which t h e  change i n  e f f e c t i v e n e s s  

i s  t h e  same f o r  changes i n  s p e c i f i c  independent  v a r i a b l e s ,  

r e g a r d l e s s  o f  t h e  l e v e l s  o f  t h e  o t h e r  independent  v a r i a b l e s .  

A more s o p h i s t i c a t e d  r e l a t i o n s h i p  c o n s i d e r s  t h e  i n t e r a c t i o n s  

between two o r  more of  t h e  independent  v a r i a b l e s .  For  example 

a  new t r a f f i c  s i g n a l  may reduce  c r a s h e s  more f o r  housewifes  

t h a n  f o r  f a c t o r y  workers .  The key p o i n t  he re  i s  t h e  importance 

c a r e f u l l y  d e f i n i n g  t h e  l e v e l s  of  t h e  independent  v a r i a b l e s ,  

C o n s i s t e n t  d e f i n i t i o n  of t h e  measure of  e f f e c t i v e n e s s  i s  

of  course  mandatory f o r  any a n a l y s i s .  

We a n t i c i p a t e  t h a t  most p r o j e c t  e v a l u a t i o n s  w i l l  f a l l  

i n t o  t h e  a r e a  of  m u l t i v a r i a t e  a n a l y s i s  f o r  t h e  f o l l o w i n g  

reasons  : 

1, It i s  not  p o s s i b l e  t o  c o n t r o l  t h e  system comple te ly  
enough t o  o b t a i n  a u n i v a r i a t e  measure of  e f f e c t i v e n e s s .  

2 .  The highway s a f e t y  problem i s  a  m u l t i v a r i a t e  problem. 
It i s  d e s i r a b l e  t h a t  p r o j e c t s  des igned t o  improve e f f e c t -  
i v e n e s s  be ' ' robus t1 '  w i th  r e s p e c t  t o  o t h e r  independent  
v a r i a b l e s  e x i s t i n g  i n  t h e  system. 

Many t e c h n i q u e s  have been developed f o r  a n a l y z i n g  d a t a  

from m u l t i v a r i a t e  s i t u a t i o n s .  The cho ice  of a  p r o p e r  t echn ique  

i s  d i r e c t l y  r e l a t e d  t o  t h e  p a r t i c u l a r  problem. It i s  impor tan t  

t h a t  t h e  assumpt ions  made by each  t echn ique  a r e  unders tood 

s o  t h a t  a  c o r ~ e c t  i n t e r p r e t a t i o n  of  t h e  r e s u l t s  can be made. 

We recommend t h a t  t h e  a s s i s t a n c e  of  a  q u a l i f i e d  pe r son  be  

o b t a i n e d  i f  t h e s e  assumptions a r e  not  r e a d i l y  under s tood .  



It i s  i m p o r t a n t  t o  keep i n  mind t h a t  t h e s e  s t a t i s t i c a l  

t e c h n i q u e s  a r e  t o o l s  which a i d  t h e  a n a l y s t  i n  uncove r ing  

and summariz ing r e l a t i o n s h i p s .  As s u c h ,  r e s u l t s  from t h e i r  

a p p l i c a t i o n  shou ld  be tempered by a c r i t i c a l  r ev i ew  o f  t h e i r  

a s sumpt ions  and a p p l i c a b i l i t y .  

For  example ,  c o n s i d e r  m u l t i p l e  r e g r e s s i o n  a n a l y s i s .  

I f  o u r  r e s p o n s e  i s  a  l i n e a r  f u n c t i o n  o f  p  i ndependen t  v a r i a b l e s ,  

y = alxl + . . .  + a x  t h i s  t e c h n i q u e  e s t i m a t e s  t h e  c o e f f i c i e n t s  
P P~ 

a l , * - > a p  from a sample o f  t h e  d a t a .  Suppose t h a t  y i s  

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

i n s p e c t i o n .  I n  t h i s  c a s e  a s t a t i s t i c a l l y  " s i g n i f i c a n t "  e s t i m a t e  

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

r e d u c e s  c r a s h e s .  M u l t i p l e  r e g r e s s i o n  o n l y  e s t a b l i s h e s  

a l i n e a r  r e l a t i o n s h i p  between two s e t s  o f  v a r i a b l e .  The 

e x t e n s i o n  of t h i s  e m p i r i c a l  r e l a t i o n s h i p  t o  e s t a b l i s h  c a u s a l  

h y p o t h e s e s  i s  s t r i c t l y  t h e  r e s p o n s i b i l i t y  o f  t h e  a n a l y s t .  





6. CONSIDERATIONS I N  COST-EFFECTIVENESS ANALYSIS 

I n  t h e  a  p r i o r i  e v a l u a t i o n  p l a n  o f  Chap t e r  1 , m e a s u r e s  

o f  coun t e rmeasu re  and agency e f f e c t i v e n e s s  a r e  combined 

w i t h  c o s t  i n f o r m a t i o n  t o  deve lop  a c o s t - e f f e c t i v e n e s s  ( c o s t -  

b e n e f i t )  a n a l y s i s  o f  t h e  p r o j e c t ,  The e s s e n t i a l  o b j e c t i v e  

o f  c o s t - e f f e c t i v e n e s s  a n a l y s i s  i s  t o  compare a l l  p o t e n t i a l  

p r o j e c t  b e n e f i t s  w i t h  a l l  p r o j e c t  c o s t s  t o  d e t e r m i n e  t h e  

p r o j e c t  v a l u e  i f  i t  i s  implemented.  

Cost  e f f e c t i v e n e s s  a n a l y s i s  h a s  been s u c c e s s f u l l y  a p p l i e d  

t o  t h e  e v a l u a t i o n  o f  l a r g e  s c a l e  p r o j e c t s  i n  t h e  p u b l i c  

s e c t o r .  I n  t h i s  c h a p t e r ,  we s h a l l  s u r v e y  some o f  t h e  ma jo r  

t e c h n i q u e s  and p r i n c i p l e s  o f  such  a n a l y s i s .  The p o t e n t i a l i t y  

and l i m i t a t i o n s  o f  a p p l y i n g  t h e s e  t e c h n i a u e s  t o  highway 

s a f e t y  p r o j e c t s  w i l l  t h e n  be d i s c u s s e d .  F i n a l l y ,  we s h a l l  

examine t h e  s p e c i f i c  p rob lems  i n v o l v e d  i n  a p p l y i n g  t h e s e  

t e c h n i q u e s  t o  e a c h  o f  t h e  t h r e e  l e v e l s  o f  e v a l u a t i o n :  e v a l u a t i n g  

i n d i v i d u a l  p r o j e c t s ,  compar ing p r o j e c t s  i n  t h e  same functional 

a r e a ,  and comparing p r o j e c t s  i n  d i f f e r e n t  f u n c t i o n a l  a r e a s .  

OVERVIEW OF COST EFFECTIVENESS ANALYSIS I N  TRAFFIC SAFETY 

THE COMPONENTS. P r e s t  and Turvey ,  i n  t h e i r  e x c e l l e n t ;  

s u r v e y  o f  c o s t - b e n e f i t  a n a l y s i s  (13), pose  f o u r  b a s i c  compon- 

e n t s  of  t h e  ana . l y s i s :  enumera t i on  o f  c o s t  and b e n e f i t s ,  

v a l u a t i o n  o f  c o s t s  and b e n e f i t s ,  d i s c o u n t i n ?  o f  c o s t s  and 

b e n e f i t s  o v e r  t i m e ,  and c o n s i d e r a t i o n  o f  r e l e v a n t  c o n s t r a i n t s ,  



Enumerat ion o f  C o s t s  and B e n e f i t s .  -.-- 

( 1 )  B e n e f i t s :  We have a rgued  t h a t  t h e  u l t i m a t e  

b e n e f i t s  f rom a p r o j e c t  a r e  t h e  improvement i n  sy s t em 

per formance  t h a t  can  be a t t r i b u t e d  t o  t h e  p r o j e c t .  

U n f o r t u n a t e l y ,  t h i s  g e n e r a l  e v a l u a t i o n  c r i t e r i o n  i s  

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

t i o n  when t h e  p r o j e c t  i n v o l v e s  a n  i n d i r e c t  component 

change.  

I n  measu r ing  t h e  i n c r e a s e  i n  phase  o b j e c t i v e  a t t r i -  

b u t a b l e  t o  a d i r e c t  component change p r o j e c t  we f a c e  

t h e  m u l t i v a r i a t e  n a t u r e  o f  e ach  phase  o b j e c t i v e .  Cons ide r  

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

sy s t em breakdown. System breakdown i s  synonymous w i t h  

c r a s h .  However, c r a s h e s  a r e  " r a r e  e v e n t s " ,  and a t t e m p t s  

t o  measure  p r o j e c t  e f f e c t i v e n e s s  i n  t e rms  o f  such  e v e n t s  

may i n d u c e  s e v e r e  s amp l ing  p rob lems .  Hence we might  

s e l e c t  ' ' nea r  m i s s e s "  a s  o u r  c r i t e r i a  o f  e f f e c t i v e n e s s ,  

s i n c e  t h e  p o t e n t i a l  f o r  sys tem breakdown i n c r e a s e s  

w i t h  t h e s e  e v e n t s .  I n  t h i s  c a s e  s e v e r e  d e f i n i t i o n a l  

and measurement problems a r e  a l s o  i nduced .  O t h e r  measures  

might i n c l u d e  changes  i n  t h o s e  v a r i a b l e s  t h a t  ' ' c o r r e l a t e "  

w i t h  c r a s h e s - - f o r  i n s t a n c e ,  d e c r e a s e  i n  moving v i o l a t i o n s .  

It seems t h a t  t h e  a p p r o p r i a , t e  measure  nay be some m i x t u r e  

of t h e s e  w i t h  o t h e r  y e t  t o  be d e f i n e d  v a r i a b l e s .  The 

a p p r o p r i a t e  mix may i n  f a c t  v a r y  from p r o j e c t  t o  p r o j e c t  



depending upon measurement and exper imen ta l  problems,  

Our c r a s h  phase o b j e c t i v e  i s  t o  reduce t h e  s e v e r i t y  

of  c r a s h e s .  However, s e v e r i t y  can be measured by s e v e r a l  

v a r i a b l e s ,  i n c l u d i n g  human i n j u r y  o r  d e a t h ,  v e h i c l e  

d e s t r u c t i o n ,  o r  envi ronmenta l  d e g r a d a t i o n .  The a p p r o p r i a t e  

mixture  of  t h e s e  should  be cons ide red  f o r  an e v a l u a t i o n .  

The p o s t - c r a s h  o b j e c t i v e  has  been s t a t e d  a s  maximizing 

t h e  a p p r o p r i a t e  t r e a t m e n t  (medica l  and o t h e r w i s e )  a t  

each d e f i n e d  pos t - c rash  t ime i n t e r v a l  i n  minimum t ime .  

Here a g a i n  " t r e a t m e n t "  i s  a  m u l t i v a r i a t e  r e sponse  and 

i s  h i g h l y  dependent upon c o l l i s i o n  s e v e r i t y  and t h e  

h i g h l y - v a r i a b l e  c o n d i t i o n  of  t h e  p o s t - c r a s h  system. 

On t h e  o t h e r  hand, a t t e m p t i n g  t o  op t imize  t h i s  phase 

by minimizing r e sponse  and r ecovery  t ime can y i e l d  

sub-opt imal  r e s u l t s ,  f o r  r e c e n t  i n v e s t i g a t o r s  have 

uncovered t h e  importance o f  t i m e l y  and e f f e c t i v e  medica l  

t r e a t m e n t ,  

Two c a t e g o r i e s  of  p r o j e c t s  w i t h i n  t h e  " a c t i o n t r  

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 l  and i n d i r e c t  component 

change p r o j e c t s - - a f f e c t  t h e  phase o b j e c t i v e  i n  such 

a  remote o r  i n t a n g i b l e  way t h a t  e v a l u a t i o n  i n  te rms 

o f  t h i s  u l t i m a t e  o b j e c t i v e  i s  meaningless  a t  t h e  c u r r e n t  

s t a t e  of  knowledge. Hence t h e  ' c a u s a l "  cha in  r e l a t i n g  

a  p r o j e c t e d  change t o  system o b j e c t i v e  must be "cut1' 

a t  some i n t e r m e d i a t e  s t a t e  f o r  e v a l u a t i o n .  The s p e c i f i c  



s t a g e  f o r  e v a l u a t i o n  d e p e n d s  upon knowledge  o f  t h e  

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

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

be c o n d u c t e d  a s  " c l o s e "  a s  p o s s i b l e  t o  t h e  p h a s e  o b , j e c t i v e  

i n  o r d e r  t o  make s u b j e c t i v e  a s s e s s m e ~ t  o f  t h e  u l t i m a t e  

c h a n g e  as a c c u r a t e  as p o s s i b l e .  

I t  i s  o f  u t m o s t  i m p o r t a n c e  t o  r e c o q n i z e  t h a t  i f  

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

c r i t e r i a ,  ( p r o v i d e d  t h e s e  a r e  c o r r e c t ) ,  i t  w i l l  n o t  

a f f e c t  t h e  u l t i m a t e  s v s t e m  o b j e c t i v e .  T h i s  r e s u l t s  

f r o n  t h e  " c a u s a l "  n a t u r e  o f  i n t e r n e d i a t e  c r i t e r i a  we 

h a v e  a d o p t e d .  Hence f e i l u r e  t o  o b t a i n  a n  i n t e r n e d i a t e  

o b j e c t i v e  p r o v i d e s  s t r o n ~  e v i d e ~ c e  f o r  r e j e c t i n a  a 

p r o j e c t  a s  a  m e a r A i r n f u l  c o u n t e r n e a s u r e .  On t h e  o t h e r  

h a n d ,  i f  t h e  p r o 2 e c t  d o e s  ~ o s i t i v e l y  a f f e c t  t h e  i n t e r m e d i a t e  

c r i t e r i a .  i t  s t i l l  may n o t  a f f e c t  t h e  u l t i m a t e  o b j e c t i v e .  

F u r t h e r  a n a l y s i s  may be n e c e s s a r y  t o  move down t h e  

c a u s a l  c h a i n  f rom i n t e r m e d i a t e  o b j e c t i v e s  t o  t h e  u l t i m a t e  

o b j  e c  t i v e  . 
It  i s  o u r  b e l i e f  t h a t  v a r i o u s  c o s t - b e n e f i t  a n a l y s e s  

c o n d u c t e d  i n  h i ~ h w a v  s a f e t v  f a i l  t o  a d e q - u a t e l y  c o n s i d e r  

t h e  q u e s t i o n s  r a i s e d  % l o v e .  F c c n t  ( 1 4 ) :  

i n  a p n l y l n e  C/B a n a l y s i s  t o  p r e - c r a s h  c o u r i t e r n e a s u r e s ,  

c h o o s e s  r e d u c t i o n  i n  number o f  d e a t h s .  d i s 2 b l i n s  i n j u r i e s ,  

and pro pert;^ d a m a . ~ e  c r a s h e s  a s  h i s  ob,j e c t j  ve  . However,  



t h e  f i r s t  two v a r i a b l e s ,  d e a t h s  and i n j u r i e s ,  a r e  f u n c t i o n - -  

a l l y  d e p e n d e n t  upon a l l  t h r e e  p h a s e s  -- p r e - " c r a s h ,  

c r a s h ,  and p o s t c r a s h .  Hence,  c h a n g e s  i n  t h e s e  a r e  

d e p e n d e n t  on much more t h a n  s p e c i f i c  p r e - c r a s h  c o u n t e r -  

m e a s u r e s .  The Depar tment  o f  H e a l t h ,  E d u c a t i o n ,  and 

W e l f a r e  (HE\/) Motor V e h i c l e  I n j u r y  Program ( 1 5 )  a d o p t s  

t h e  same i n a d e q u a t e  c r i t e r i a .  

The second  m a j o r  d e f i c i e n c y  i n  c u r r e n t  C/B a n a l y s e s ,  

which  t h e  above  s t u d i e s  a l s o  i l l u s t r a t e ,  i s  t h e  f a i l u r e  

t o  measure  t h e  e f f e c t  o f  a p r o j e c t  on a sub-sys tem 

o b j e c t i v e  b u t  I n s t e a d  t o  assume a  c e r t a i n  e f f e c t .  Pleasur- 

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

o f  a n  a n a l y s i s .  However, f a i l u r e  t o  do t h i s  f o r c e s  

r e l i a n c e  on " e x p e r t  o p i n i o n " .  The l a t t e r  phenomenon 

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

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

d r i v e r  e d u c a . t i o n .  Recht  a s sumes  t h a t  a  1% r e d u c t i o n  

in c r a s h e s  o c c u r s  f o r  t h o s e  who t a k e  t h e  

c o u r s e .  IIEW ( 1 5 )  assumes  a 0 - 2 0 %  r e d u c t i o n  i n  i n j u r i e s  

and d e a t h s  f rom 1968-72 b a s e d  upon a  m a s s i v e  e f f o r t  

t o  improve d r i v e r  t r a i n i n g .  Y e t ,  t h e  HEW S e c r e t a r y ' s  

Advi so ry  Committee on T r a f f i c  S a f e t y  ( 1 6 )  ha.s c o n c l u d e d  

' ' t h e  p r e s e n t  s t a t e  o f  knowledge a s  t o  t h e  e f f e c t i v e n e s s  

of  d r i v e r  e d u c a t i o n  ~ r o v i d e s  no c e r t a i n t y  and much 

d o u b t ,  t h a t  t h e  r e t u r n  on t h i s  enormous p r o s p e c t i v e  



e f f o r t s  w i l l  b e  c o m m e n s u ~ ~ a t e  w i t h  t h e  i n v e s t m r ; ~ t " .  

( 2 )  C o s t s :  The a n p r o p r i a t e  p r o J e c t  c o s t s  t o  c o n s i d e r  

i n  a C/B  a n a l y s i s  a r e  t h e  " o p n o r t u n i t y  c o s t s "  a s s o c i a t e d  

w i t h  t h e  p r o j e c t .  T h e s e  a r e  t h e  c o s t s  o f  a l t e r a n a , t i v e s - - o t h e r  

p r o j e c t s - - t h a t  a r e  f o r e v o n e  i n  a l l o c a t i n g  r e s o u r c e s  

t o  a p r o j e c t .  Most c u r r e n t  C/E a n a l y s e s  a s s o c i a t e  

t h e  d i r e c t  c o s t s  o f  a p r o j e c t  w i t h  t h e  o p r o r t u n i - t y  

c o s t .  The d i r e c t  c o s t s  a r e  t h o s e  r e s o u r c e s  e x n e n d e d  

i n  p r o j e c t  i m p l e m e c t a t i o n  and m a i n t e n a n c e .  T h e s e  may 

b e  f u r t h e r  s w b - d i v i d e d  i n t o  f i x e d  c o x t s  a n d  v a r i a b l e  

c o s t s - e . g . ,  t h o s e  t h a t  v a r y  7;fith t h e  i n t e n s i t y  o f  

p r o , j c c t  a c t i v i t y .  I n  many c a s e s  t h e s e  d i r e c t  c o s t s  

a r e  a p n r o ~ r i a t e ;  however :  t h e i r  b l a n k e t  usape may l e a d  

t o  e r r o n e o u s  c o n c l u s i o n s .  C o n s i d e r  f o r  e x a m p l e  two 

p r o j e c t s  y i e l d i n g  i d e n t i c a l  b e n e f i t s  b u t  have d i f f e r e n t  

d i r e c t  c o s t  s t r u c t u r e s .  S a s e d  on d i r e c t  c o s t ,  i f  a  

s e l e c t i o n  n u s t  be  made we ~ i c k  t h e  c h e a ~ e s t  p r o j e c t .  

S u p c o s e  h o w e v e r ,  t h a t  t h i s  p r c . j e c t  t i e s  up t h e  t a l e n t  

o f  a p a r t i c u l a r l y  a b l e  t e a r )  o f  7 e r s c n n e l  f o r  s e v e r a l  

y e a r s .  A l t h o u r b  t h e  d 5 r e c t  c o s t  o f  t h e  n r o , j e c t  ( a s  

m e a s u r e d  i n  s a l a r y )  i s  1o::er. t h e  hl .yh onportunity 

c o s t  o f  n o t  u s i n y  t h i s  t e a m  f o r  o t h e r  ~ r o j e c t s  ane 

p r o g r a m s  may make t k i s  a l t e r n a t i v e  l e s s  preferred. 

* E s t i m a t e d  by t h e  C o m c i t t e e  a t  $142 F i l l i o n  i n  1965 
i n c r e a s i n g  t o  $330  m i l l i o n  i n  1372 i f  1CC% n a t i o n a l  e n r o l l -  
ment i s  a c h i e v e d .  



V a l u a t i o n  o f  C o s t s  and  B e n e f i t s .  I n  g e n e r a l  c o s t s  
-.--- - - ---- - -- - -- - - - -- - 

c a n  be v a l u e d  i n  m o n e t a r y  t e r m s .  O p n o r t u n i t y  c o s t s  do  

n o t  a u t o m a t i c a l l y  h a v e  t h i s  p r o p e r t y :  h o w e v e r .  i f  t h e  a l t e r -  

n a t i v e  u s e s  o f  t h e  r e s o u r c e  c a n  be p r i c e d ,  t h e s e  t o o  c a n  

be v a l u e d  i n  d o l l e r  t e r n s .  T h e r e f o r e  ir. t h i s  s e c t i o n  we 

s h a l l  b r i e f l y  c o n s i d e r  t h e  more d i f f i c u l t  2 r o b l e m  o f  v a l u i n q  

b e n e f i t s .  

Over  t h e  p a s t  few y e a r s  a y r e a t  d e a l  o f  e f f o r t  h a s  

b e e n  s p e n t  i n  attempt in^ t o  m e a s u r e  t h e  c o s t  ' o f  h i ~ h w a y  

c o l l i s i o n s .  ( S e e  f o r  i n s t r n c e  17, 1 8 ) .  T h i s  c8n  be u n d e r -  

t a k e n  by one  o f  t h - e e  m e t h o d s .  F i r s t  one  miqh t  c o r - s i d e r  

t h e  d i r e c t  c o s t s  n e c e s s z r v  t o  r e t u r ~  tl-c s l r s tem t o  nor r ra l  

c a p a b i l i t y .  T h e s e  i n c l u d e  h o s n i t a l  c o s t s  v e h i c l e  r e p a i r >  

c o s t s ,  a n d  e n v i r o n n e n t a l  r e n a i r  c o s t s .  S e c o n d ,  one  m i g h t  

add t o  t h e s e  t h e  o n u o r t u n i t y  c o s t s  o f  l o s t  i n c o n c  d ~ r i n p  

r e c o v e r y  l o s t  o u t p u t  t o  s o c i e t y  d u r i n ~  r e c g v e r y ,  l o s t  income 

due t o  d e a t h ,  and  o t h e r  i m p u t e d  l o s s e s .  F i n a l l y  one  m i ~ l i t  

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

l o s s e s  d u e  t o  d e a t h  and  i n , j u r ~ r  e t c .  D i f f e r e n t  c r i t e r i a  

h a v e  b e e n  d e v e l o p e d  f o r  r n e a s u r i n ~  t h e s e  l a t t e r  two l o s s e s  

by R e c h t ,  XE'tJ, and  o t h e r s .  (14,15) 

A s imilar  p r o b l e m  a r i s e s  i n  v a l u i n q  i n t e r ~ e r i i ? t n  b e n e f i t s  

f rom i n f o r m a t  i o n a  1 o r  i n d i r e c t  c o n r o n e n t  ch?nve  n r o j  e c t s  . 
F o r  i n s t a n c e ,  how d o e s  o n e  v a l u e  i n c r e a s e  i n  knowledge  ' 

o r  ' i n c r e a s e d  i n f o r m a t i o n  r e t r i e v a l  s p e e d " ?  I t  i s  o u r  o p i n i o n  



t h a t  t h e s e  c a n  b e s t  be v a l u e d  i n  t h e  u n i t s  t h e y  a r e  m e a s u r e d  

i n .  I n  t h e  a b o v e  e x a m p l e s ,  " c h e n g e  i n  t e s t  s c o r e s "  a n d  

" d e c r e a s e  i n  clocl': t i m e '  may be a n n r o p r i a t e  c r i t e r i a .  

T r a d i t i o n a l  C/B ma1:rses a t t e m p t  t o  c o n v e r t  a l l  b e n e f i t s  

t o  n o n e t a r y  t e r m s  s o  t h a t  t h e  c o s t  b e n e f i t  r a t i o  i s  d i m e n s i o n -  

l e s s .  Then ,  a c o s t - b e n e f i t  r a t i o  g r e a t e r  t h a c  o n e  s u ~ : p e s t s  

p r o j e c t  r e j e c t i o n ,  w h i l e  a r a t i o  l e s s  t h a t  one  s u w e s t s  

a c c e p t a n c e .  

It  i s  o u r  o p i r - i o n  t h a t  s u c h  d i r ; i e n s i o n l e s s  q u a n t i t i e s  

a d d  l i t t l e  t o  t h e  c o s t - b e n e f i t  a n a l y s i s  o f  hiqhr4:a.y s a f e t y  

>rejects. T h i s  i s  t r u e  b e c a u s e  t h e  i n t e r m e d i a t e  b e n e f i t s  

which  must  be u s e d  t o  e v a l u a t e  c e r t a i n  c l a . s s e s  o f  p r o j e c t s  

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

o f  u l t i m a t e  b e n e f i t s  i n  ~ . o n e t a r y  t e r m s  is a t  b e s t  s u b J e c t i v e .  

The e f f e c t  o f  t h e s e  d i r r e n s i o n a l  C/E3 r a t i o s  on p r o J e c t  e v a l u a t i o n  

w i l l  be c o n s i d e r e d   late^. 

D i s c o u n t i n g  F u t u r e  C o s t s  a n d  B e n e f i t s .  I t  s e e ? s  r e a s o n -  - - ---- - - - -  - 

a b l e  t h a t  a p r o j e c t  b e n e f i t  ' t o d a y '  i s  w o r t h  mor7e t h a n  t h e  

same b e n e f i t  a t  some l a t e r  d a t e .  S i m i l a r l y  a p r o j e c t  c o s t  

t o d a y  i s  w o r s e '  t h a n  t h e  same c o s t  l a t e r  i n  t h e ,  3 e c a u s e  

o f  t h i s ,  f u t u r e  b e n e f i t s  a n d  c o s t s  s h o u l d  be d i s c o u n t e d  

t o  r e f l e c t  t h e i r  ? r e s e n t  v a l u e .  A l t h o u p h  t h - i s  d i s c o u n t i n g  

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

a s u b , j e c t  o f  much c o n t r o v e r s y  i n  e c o n o m i c s .  T h e o r e t i c a l l y  

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



s o c i e t y  of r e o r d e r i n g  b e n e f i t s  and c o s t s .  However, measure-  

ment p rob lems  a s s o c i a t e d  w i t h  t h i s  a r e  enormous,  f o r  we 

do n o t  know t h e  components o f  such  an  o p p o r t u n i t y  c o s t  and 

f u r t h e r ,  t h e s e  a r e  n o t  un i fo rm  t h r o u g h o u t  s o c i e t y .  P r e s t  

and Turvey p r e s e ~ t  an  a d e q u a t e  summary o f  t h i s  problem.  

C o n s i d e r a t i o n  o f  C o n s t r a i n t s .  ---- I n  c o n d u c t i n g  any C / B  

a n a l y s i s ,  t h e  d e c i s i o n  r a k e r  f a c e s  a number of  c o n s t r a i n t s  

which l i m i t  h i s  a b i l i t y  t o  a c h i e v e  v e r y  l a r g e  b e n e f i t s  and /o r  

v e r y  low c o s t s .  These i n c l u d e  p h y s i c a l  c o n s t r z i n t s  bounding 

p r o j e c t  e f f e c t i v e n e s s  l e g a l  c o n s t r z i n t s ,  a c h i n i s t r a t i v e  

c o n s t r a i n t s ,  and budge t a ry  c o n s t r a i n t s .  I n  sedition, 

u n c e r t a i n t y  a s  t o  c o s t s  and /o r  b e c e f i t s  c o n s t r a i n s  t h e  

e v a l u a t i o n  by d e f i n i n g  a ' s a f e t y  f a c t o r ' '  by  w!lich b e n e f i t s  

must exceed  c o s t s  t o  be a c c e p t a b l e .  

The highway s a f e t y  p r o b l e z  r e s u l t s  f rom a e f i c i e n c i e s  

i n  t h e  ground t r a n s o o r t a t  i o n  s:!sten. 'Op ' i i~na l '  so lut ; ions  

t o  t h e  hiqhbrzy s a f e t y  yroblem n a y  i n  f a c t  be sub -opt i r r ,a l  

i n  t h e  l a r g e r  s y s t e n .  These  b r o a d e r  o b j e c t i v e s  c o n s t r a i n  

p r o j e c t  e f f e c t i v e n e s s .  For  I n s t a n c e ,  If we a r g u e  t h e t  speed  

i s  a  c a u s e  o f  sys tem b r e a k d o ~ ~ r n ,  a  blan!:et  maxirr,um c o u l d  

be p l a c e d  on s p e e d .  However, such  a  maxirrum might i n c r e a s e  

c o n g e s t i o n  and h i n d e r  t h e  f l ow  o f  t r a f f i c  t o  t h e  e x t e n t  

t h a t  t h e  o v e r a l l  t r a n s p o r t a t i o n  s y s t e v  i s  i m p a i r e d .  Conse- 

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

o b j e c t i v e s  o f  t h e  t r a n s p o r t a t i o n  sy s t cm i n  e v a l u a t i n g  p r o j e c t  



e f f e c t i v e n e s s .  (Some o f  t h e s e  l a r g e r  o b j e c t i v e s  a r e  l i s t e d  

We s h a l l  n o t  d i s c u s s  t h e s e  c o n s t r a i n t s  f u r t h e r .  o u r  

p o i n t  i s  t h a t  t h e y  s h o u l d  be r e c o g n i z e d  and c o n s i d e r e d .  when 

t h e i r  e f f e c t  i s  t o  l i m i t  p r o , j e c t  i m p l e m e n t a t l o n  and e v a l u a -  

t i o n  i n  some tray. 

APPLICATIONS TO PROJECT ZVALUATIO?!. 

I n t e r n a l  E v a l u a t i o n .  1:le have  e m h a s i z e d  t h r o u c h o u t  - - -- - - - - - -- - -- - - 

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

n e s s  may i n  f a c t  be i n t e r m e d i z t e  m e a s u r e s .  F o r  s u c h  a p r o j e c t  

we recommend t h a t  a  " d i m e n s i o n a l "  c o s t - b e n e f i t  a n a l y s i s  

be u n d e r t a k e n  f o r  t h e  r e a s o n s  c i t e d  e a r l i e r .  T h i s  a n a l y s i s  

r e s u l t s  i n  a  s e t  o f  e s t i m a t e d  o r  i n f e r r e d  b e n e f i t s  and c o s t s .  

I n  c e r t a i n  c a s e s  t h e  c o s t - b e n e f i t  r a t i o  mav be a n  a n ~ r o p r i a t e  

summary o f  t h i s  s e t ,  a l t l l o u q h  C r u m l i s h  ( 2 0 )  s u r ? v a r i z e s  some 

a r g u m e n t s  a ~ a i n s t  t h i s .  

S i n c e  c o s t s  and b e n e f i t s  a r e  o f t e n  n o t  i n  t h e  s a n e  

d i m e n s i o n s .  no s t r i c t  " r e j e c t - ~ c c e p t "  d e c i s i o n  r u l e s  c a n  

be d e r i v e d ,  T h i s  i s  g o o d ,  i n  o u r  o p i n i o n  f o r  i t  e x n l i c i t l y  

r e q u i r e s  t h e  f u n d i n g  agency  t o  e v a l u a t e  s u b j e c t i v e ,  i n t a n g i b l e  

a s p e c t s  o f  t h e  p r o j e c t .  These  i n c l u d e  " s t a t e  of ' t the a r t v  

knowledge a b o u t  e f f e c t i v e n e s s ,  e v a l u a t i o n  o f  t h e  p r o j e c t  

i n v e s t i g a t o r :  m e t h o d o l o g y ,  e t c .  

Compar isons  w i t h i n  a Funct inna .1  A r e e .  It i s  a u i t e  -.___ - _ _  __ _ _  

l i k e l y  t h a t  p r o j e c t s  w i t h i n  a  f u ~ c t i o n a l  a r e ?  have  t h e  same 



i n t e r m e d i a t e  e v a 1 u a t i o . n  c r i t e r i a .  T h i s  may o c c u r  b e c a u s e  

o f  s i m i l a r i t i e s  i n  t h e  " c a u s a l "  c h a i n ,  m e t h o d o l o g i e s ,  e t c .  

T h e r e f o r e  b e n e f i t s  w i l l  be i n  s i m i l a r  " u n i t s ' !  f o r  t h e  p r o j e c t s ,  

and d i r e c t  c o m p a r i s o n s  may be a t t e m p t e d .  However, i n t a n g i b l e  

c o s t s  and b e n e f i t s ,  a s  w e l l  a s  s u b , j e c t i v e  f e e l i n g s  a b o u t  

u l t i m a t e  p r o j e c t  e f f e c t ,  s t i l l  form a  v e r y  i m p o r t a n t  p a r t  

o f  t h e  a n a l y s i s .  

Compar isons  be tween  F u n c t i o n a l  A r e a s .  .- T h i s  seems t o  

be t h e  u l t i m a t e  g o a l  o f  p r o < j e c t  e v a l u a t i o n ,  f o r  we wish  

t o  a l l o c a t e  r e s o u c e s  t o  t h o s e  f u n c t i o n 2 , l  a r e a s  w i t h  t h e  

h i g h e s t  p a y o f f s .  U n f o . r t u n a t e l v  knowledge o f  t h e  r e l a t i v e  

p a y o f f s  be tween s u c h  f u n c t i o n a l  a r e a s  i s  i n  g e n e r a l  non- 

e x i s t e n t .  I n  f a c t ,  some r e s e a r c h e r s  arrr;ue t h a . t  t h e s e  do 

n o t  e x i s t  i n  t h e  highway s a f e t y  f i e l d .  I n s t e a d  a c o o r d i n a t e d ,  

m u l t i - f a c t e d  approa.ch nay be n e c e s s a r y .  quo tin^ frorn ( 1 3 ) ,  

" t h e  f u n d a m e n t a i  d i f f i c u l t y  (in ~ c a l t h  p r o j e c t s ) ,  . . i s  t h a t  

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

i n f l u e n c e s  a t  work on l i f e - e x n e c t a n c y ,  p r o d u c t i v i t y  and 

t h e  l i k e ,  how c a n  one hope t o  s o r t  o u t  t h e  u n a m b i ~ u o u s  i n -  

f l u e n c e  o f  a  p a r t i c u l a r  h e a l t h  programme o r  any o t h e r  s i n g l e  

c a u s a t i v e  f a c t o r ? "  

I n  making c o m p a r i s o n s  be tween  f u n c t i o n a l  a r e a s  on t h e  

b a s i s  o f  r e a s o n a b l e ,  m e a s u r a b l e  i n t e r m e d i a t e  b e n e f i t s ,  one  

must compare b e n e f i t s  h a v i n g  d i f f e r e n t  measurement  u n i t s .  

F o r  i n s t a n c e  i n  c o m p a r i n e  d r i v e r  e d u c a t i o n  and motor  v e h i c l e  



i n s p e c t i o n ,  o n e  m i g h t  be  f o r c e d  t o  compare ,  " i n c r e a s e  i n  

knowledge  o f  d r i v i n g  p r i n c i p l e s "  w i t h  " d e c r e a s e  i n  t h e  number 

o f  d e f e c t i v e  v e h i c l e s . ' '  H e r e ?  a ~ a i n :  s u b j e c t i v e  c o m p a r i s o n s  

a r e  t h e  o n l y  way t o  r e s o l v e  t h i s  p r o b l e m  a t  t h e  p r e s e n t  

t i m e  . 
SUPC4ARY. The c o n c l u s i o n s  i n  t h i s  s e c t i o n  a r e  m o s t l y  

n e r r a t i v e ,  f o r  i n  t h e  e n d ,  wc b e l i e v e  t h a t  '  s u b ; i e c t i v e 7 '  p r o j e c t  

e v a l u a t i o n  i s  n e e d e d .  However s u b , j e c t i v e  e v a l u a t i o n  i s  

n o t  " r a n d o n '  e v a l u a t i o n :  i n s t e a d  i t  u t i l . i z e s  t h e  b e s t  a s s e s s -  

m e n t s  a v a i l a b l e  o f  i n t a n c i b l e  c o s t s  and b e n e f i t s .  I n  a d d i t i o n ,  

u t i l i z a t i o n  o f  a  c a r e f u l  c o s t - b e n e f i t  c o n c e n t u a l i z a t i o n  

p l a c e s  s u c h  a n  a n a l y s i s  i n t o  a l o ~ i c a l  f r a n e t : o r k  a n d  f o r c e s  

t h e  d e c i s i o n  maker  t o  c o n s i d e r  a \ r i d e r  FaRae o f  a l t e r n a t i v e s .  

The f a c t  i s  t h a t  t r a f f i c  s a f e t y  p r o j e c t  e v a l u a t i o n  

x u s t  d i f f e r  f r o m  t h e  e v a l u a t i o n  o f  many o t h e r  h e e l t h  p r o g r a m s .  

I n  most  h e a l t h  p r o g r e m s  t h e  c a u s a t i v e  a g e n t ' '  i s  known o r  

s t r o n g l y  s u s p e c t e d  and o f t e n  i n v o l v e s  a s i n n l e  a g e n t J  e . g .  

p o l i o  v i r u s ,  I n  t h e  hir;hv:ay s a f e t y  f i e l d .  s u c h  c a u s a t i v e  

a g e n t s  a r e  n o t  a d e q u a t e l y  known o r  ur,ders",oa,anc? i t  i s  

c e r t a i n  t h a t  t h e v  a r e  m u l t i p l e  i n  n a t u r e .  F u r t h e r n o r e ,  t h e  

s e v e r i t y  o f  t h e  l o s s  i s  a l s o  a f u n c t i o n  o f  t h e s e  a,-rents 

a n d  o f  t h e  p o s t  c r a s h  phenomena.  'Fhus. a t t e m p t i n g  t o  

a t t r i b u t e  r e d u c t i o n  i n  s y s t e m  l o s s  t o  i n d i v i d u a l  p r o j e c t s  

i s  an e x t r e m e l y  d i f f i c u l t  t a s k .  



Consequen t ly  we must d e t e r m i n e  what i n t e r m e d i a t e  b e n e f i t s  

r e s u l t  from a p r o j e c t .  I f  we can  o b j e c t i v e l y  d e t e c t  t h e s e ,  

s u b j e c t i v e  e v a l u a t i o n  can l e a d  t o  i n f e r e n c e s  on the  u l t i m a t e  

p r o j e c t  e f f e c t i v e n e s s .  I t  i s  u n f o r t u n a t e  t h a t  many o f  

t h e  s u b j e c t i v e  e s t i m a t e s  made by r e s e a r c h e r s  a r e  b i a s e d  

w i t h  u n v e r i f i e d  op t imism,  f o r  i t  seems t o  u s  t h a t  under -  

e s t i m a t i o n  of u l t i m a t e  p r o j e c t  b e n e f i t  i s  a l e s s  s e r i o u s  

e r r o r  t h a n  o v e r e s t i m a t i o n .  

As r e s e a r c h  i n  t h i s  f i e l d  p r o g r e s s e s ,  we shou ld  be 

a b l e  t o  move from such  s u b j e c t i v e  a u a l i t a t l v e  c o s t - e f f e c t i ' v e -  

n e s s  compar i sons  t o  o b j e c t i v e ,  q u a n t i t a t i v e  compa r i sons .  

T h i s  r e s e a r c h  w i l l  c o n s i s t  o f  f i l l i n g  i n  t h e  ' m i s s i n g  l ink i s i t  

of  t h e  c a u s a l  c h a i n  model we have used  t h r o u q h o u t  t h i s  r e p o r t .  

H o p e f u l l y ,  o r g a n i z a t i o n s  such  a s  OHSP can d i r e c t  r e s e a r c h  

i n  t h i s  d i r e c t i o n  by i n d i c a t i n ~  a r e a s  where q u a n t i t a t i v e  

l i n k s  a r e  m i s s i n g  and by e n c o u r a g i n ~  r e s e a r c h  i n  t h e s e  a r e a s .  





INTRODUCTION TO APPLICATIONS 

I n  t h e  n e x t  f o u r  c h a p t e r s  we s h a l l  a p p l y  t h e  t e c h n i q u e s  

o f  C h a p t e r s  1-6 t o  t h e  a n a l y s i s  and e v a l u a t i o n  o f  f o u r  pro--  

j e c t s  s e l e c t e d  by OHSP. 

These p r c j e c t s  f a l l  i n t o  v a r i o u s  s t a q e s  o f  t h e  p r o j e c t  

chrono logy  o f  F i z u r e  1. C o n s e q u e n t l y .  we s h a l l  u se  t h e  p r o -  

j e c t s  t o  d e m o n s t r a t e  p r i n c i p l e s  s p e c i f i c  t o  t h e s e  s t a g e s  a s  

w e l l  as more g e n e r a l  p r i n c i p l e s  o f  e v s l u a t i o n .  

The L i v o n i a  S t r e e t s  and T r a f f i c  P r o j e c t  (Ch.  7 )  i s  one 

which i s  b e i n g  c o n s i d e r e d  bv OIiSP f o r  f u n d i n g .  Thus ,  t h i s  

p r o j e c t  w i l l  be a n a l y z e d  by c o n s i d e r i n g  agency prob lem de- 

f i n i t i o n ,  agency p r o j e c t  f o r m u l a t i o n ,  and t h e  a p r i o r i  e v a l -  

u a t i o n  o f  t h e s e  t a s k s  b y  OESP. 

The P o n t i a c  D r i v e r  E d u c a t i o n  P r o j e c t  (Ch.  8 )  w i l l  be  

a n a l y z e d  by examin ing  t h e  p rob lem d e f i n i t i o n  an6 f o r m u l a t i o n .  

I n  a a d i t i o n ,  we w i l l  a r , a l y z e  t h e  d e c i s i o n - m a k i n g  p r o c e s s  con- 

c e r n i n g  whe the r  o r  n o t  t o  conduc t  an  e x ~ e r i m e n t a l  e v a l u a t i o n .  

Subsequen t  e x p e r i m e n t a l  d e s i g n  p r o b l e n s  w i l l  a l s o  be c o n s i -  

a e r e d .  

The K ich igan  S t a t e  P o l i c e  ASMD Pro , j e c t  ( C i l .  9 )  p r i m a r i l y  

i n v o l v e s  an  a n a l y s i s  of' t h e  e x p e r i m e n t a l  e v a l u a t i o n  n e c e s s a r y  

t o  measure  t h e  e f f e c t i v e n e s s  o f  t h i s  coun t e rmeasu re .  A de-  

t a i l e d  e x p e r i m e n t a l  d e s i g n  i s  deve loped  which w i l l  p r o v i d e  

answer s  t o  t h e  s e t  o f  i n t e r m e d i a t e  o b , i e c t i v e s  unde r  c o n s i d e r -  

a t  i o n .  



The Mich igan  Depar tment  o f  S t a t e  D r i v e r  Records  

C o n v e r s i o n  P r o j e c t  (Ch.  1 0 )  g i v e s  a n  example  o f  t h e  

ex p o s t  f a c t o  e v a l u a t i o n  o f  a  p r o j e c t .  Hence,  i n  a  

s y s t e m a t i c  way we comDare p l a n n e d  o b j e c t i v e s  and c o s t s  

w i t h  t h o s e  which were a c t u a l l y  a t t a i n e d .  A d d i t i o n a l  

b e n e f i t s  r e s u l t i n g  f rom t h i s  p r o j e c t  a r e  a l s o  p r e s e n t e d  

and  a n a l y z e d .  



7 LIVONIA STREETS AND TRAFFIC PROJECT 

INTRODUCTION 

I n  t h i s  c h a p t e r  we c o n s i d e r  t h e  L ivon ia  p r o , j e c t .  T h i s  

p r o j e c t  i s  an  i n f o r m a t i o n  s e e k i n e  p r o j e c t - - a  s n e c i a l  c a s e  of 

a n  i n f o r m a t i o n a l  p r o j e c t  ( F i ~ u r e  7) - -which p r o p o s e s  a s t u d y  

t o  d e f i n e  h i ~ h w a y  s a f e t y  p r o b l e m s  and t o  d e v e l o p  p o t e n t i a l .  

s o l u t i o n s  t o  t h e s e  p r o b l e m s .  

We f e e l  t h a t  t h i s  p r o j e c t  e m p h a s i z e s  t h e  n e c d  f o r  good 

p r o j e c t  deve lopment  two o f  t h e  p r o j e c t  fornula+uic ,n  c h r o n -  

o l o g y  o f  F i g u r e  l), I n  a d d i t i o n ,  t h e  p r o j e c t  n r o v i d e s  i n f o r -  

m a t i o n  on how OIiSP s h o ~ l d  c o n d u c t  2n a p r i o r i  e v a l u a t i o n  of  

i n f o r m a t i o n  s e e l ~ . i n ~  p r o j e c t s .  C o n s e n u e n t l v ,  o u r  d i s c u s s i o n  

o f  t h i s  p r o , j e c t  w l l l  b e  c o n c e r n e d  w i t h  t h e s e  two s t a g e s  of' 

t h e  c h r o n o l o g y .  We w i l l  f i r s t  p r e s e n t  a p r o c e d u r e  t o  be 

f o l l o w e d  by  a g e n c i e s  i n  d e v e l o p i n g  a s o l u t i o n  t o  t h e i r  p r o b l e m .  

T h i s  p r o c e d u r e  w i l l  i n d i c a t e  t h e  s t e p s  which l e a d  t o  t h e  

d e c i s i o n  t o  c o n d u c t  a n  i ~ f o r m a t i o n  seek in^ p r o , i e c t .  The CIHSP 

a  p r i o r i  e v a l u a t i o n  wi1.l t h e n  be d i s c u s s e d .  T h i s  e v a l u a t i o n  

w i l l  c o n s i d e r  i n  p a r t i c u l a r  l ~ h e t k e r  o r  n o t  t h e  ayency  h a s  

f o l l o w e d  t h e  recommended p r o c e d u r e .  

PROJECT FORJ4ULATIOY BY TIIE AGENCY 

I n  t h i s  s e c t i o n ,  we s h a l l  d e v e l o p  a n  agency  p r o b l e m  

s o l v i n q  a p p r o a c h  which w l l l  r e s u l t  i n  good p r o t j e c t  f o r m u l a -  

t i o n .  T h i s  a p p r o a c h  c a n  b e  d e s c r i b e d  a s  shown i n  F i c u r e  1 2 .  

I n i t i a l l y ,  we have  p rob lem r e c o g n i t i o n  f o l l o w e d  by t h e  per -  
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f o r m a n c e  o f  a p r e l i m i n a r y  a n a l y s j  s .  From t h i s  a n a . l y s i s  may 

come e i t h e r  a p r o p o s e d  s o l u t i o n  o r  t h e  r e a l i z a t i o n  t h a t  f u r t h e r  

i n f o r m a t i o n  i s  r e q u i r e d  b e f o r e  a s o l u t l o n  c a n  be  d e v e l o p e d .  

The L i v o n i a  p r o j e c t  i n v o l v e s  t h e  l a t t e r  c a s e .  I n  t h i s  s i t u a -  

t i o n ,  o n c e  t h e  a g e n c y  : r e a l i z e s  t h e  need  f o r  f u r t h e r  i n f o r m a t i o n ,  

i t  b e g i n s  a n  i n f o r m a t i o n  s e e l c i n ~  p r o c e s s .  T h i s  i n f o r m a t i o n  

s e e k i n g  p r o c e s s  c o u l d  r e s u l t  i n  a g r o n o s a l  t o  OXSP f o r  ma tch -  

i n g  f u n d s  t o  h e l p  s u ~ n o r t  a n  i n f o r n a t i o n - s e e k l n p  p r o , j e c t  . I n  

t h i s  s e c t i o n ,  we w i l l  i n d i c a t e  t h e  s t e n s  t h a t  s h o u l d  be  

f o l l o w e d  by t h e  a g e n c v  p r i o r  t o  d e c i d i n ~  t o  make s u c h  a r e -  

q u e s t .  

The i n f o r m a t i o n  s e e k i n n  p r o c e s s  s h o u l d  be q u i d e d  b y  t h e  

p r i n c i p l e s  o f  expe r i . rnen ta1  d e s i r n .  T h i s  d i s c u . s s i o n  w i l l  be 

d e v e l o p e d  f rom t h a t  pojn'c o f  v i e w .  T h u s ;  i t  would be v a l u a b l e  

t o  r e v i e w  t h e  e x p e r i n e i ? t a . l  d e s i ~ n  n r i n c i p l e s  d e v e l o p e d  i n  

C h a p t e r s  4 a n d  5 .  As s t a t e d  p r e v i o u s l ; ~  ( C h & p t e r  4 ) :  

"The o b j e c t i v e  o f  e x p e r i m e n t a l  d e s j  en i s  t o  o b t a i n  
u s e f u l  i n f o r m a t i o i i  w i t h  m i n i m a l  effort. As s u c h ,  
e x p e r i m e n t a l  a e s i ) ~ n  i s  c l o s e l y  r e l a t e d  t o  t h e  
s c i e n t i f i c  m e t h o d - - p r o p o s i n g  - -- - - - - a hvr\o?k.es: s ar,d t h e  - - - - - - -. - - - - - - - - -- - - - - - 
e v a l u a t i o n  o f  t h i s  h y n o t h e s j s  by means o f  e x r e r i -  - - - - - -. - - - -- - - - - -- - - - -- - - - - - - - - - - - - - - - - - - - - -- 
m e n t a t i o n " .  

E x p e r i m e n t a l  d e s i ~ n  a e v e l o p s  a l o r i c a l  s t r u c t u r e  which d e f i n e s  

how m e a s u r e m e n t s  c a n  be rnade t o  n r o v l d e  a n s t r e r s  t o  a s e t  o f  

q u e s t i o n s .  S i m i l a r l y  i n  t h i s  s i t u a t ?  o n .  a n  ec;c!?cv s h o u l t i  

d e v e l o p  a s e t  o f  a u e s t i o n s  wh ich  c a n  be ans i :e rcd  bv s t u d i e s  

p e r f o r m e d  e i t h e r  by a c o n s u l t a n t  o r  i n  h o u s e .  Thus  t h e  

s t u d i e s  p e r f o r m e d  are a n a l o ~ o u s  t o  m e a s u r e m e n t s  made bv  a n  



e x p e r i m e n t e r .  I n v e s t i g a t i o n s  wh ich  g a t h e r  1a.ry;e amoun t s  o f  

d a t a  on  t h e  b a s i s  t h a t  i t  w i l l  be  p o s s i b l e  t o  a n a l y z e  

t h i s  by some method and  e x t r a c t  u s e f u l  c o n c l u s i o n s  a r e  gen -  

e r a l l y  doomed t o  f a i l u r e .  By t h e  same p r i n c i p l e  s t u d i e s  

wh ich  g a t h e r  i n f o r m a t i o n  must  be w e l l  d e f i n e d  b e f o r e  t h e  

s t u d y  i s  s t a r t e d .  

The f i r s t  s t e p  i n  t h e  a c e n c y i s  ' e x p e r i m e n t a l  d e s i g n :  o r  

p r o b l e m  s o l v i n g  a c t i v i t y  i s  a c o n p l e t e  a n d  c o n c i s e  s t a . t e rnen t  

o f  t h e  m a j o r  o b j e c t i v e s .  I n  s h o r t ,  wha t  n r o b l e m s  n e e d  t o  be 

s o l v e d ?  S t a . t e m e n t s  s u c h  a s :  ' Improverr ,ent  o f  h l s h ~ ~ i v  s a f e t y '  

a r e  n o t  d e f i n i t i v e  enough t o  p r o v i d e  g u i d a n c e  f o r  c o n s t r u c t -  

i n g  q u e s t i o n s  t h a t  c a n  be a n s w e r e d  b:: a s t u d y .  Hovrever, a n  

o b j e c t i v e  s u c h  a s :  ' R e d u c i n ~  t k e  nu.nt,er o f  i r . t e r s e c t i o n  

c r a s h e s ' ,  o r  " I n p r o v i n r  t h e  e f f e c t i v e n e s s  o f  t r a f f L c  s i g n s '  

p r o v i d e  a  b a s i s  upon wh ich  t o  d e v e l o p  n s e t  o f  r e a s o c a b l e  

q u e s t i o n s .  

Once t h e  n s J o r  o b j e c t i v e s  h a v e  keen  e s t a b l i s i - . e d ,  i t  i s  

n e c e s s a r y  t o  d e f i n e  t h e  c o n p o n e n t s  o f  t h e  probler-.  a n d  tb.e 

p o t e n t i a l  r e s t r i c t i o n s  wh ich  ma,y l i ~ . i t  a s o l u t i o n .  

The p r i n c i p l e s  i n v o l v e d  i r i  d o i n g  t h i s  heve  b e e n  p r e v i o u s -  

l y  d i s c u s s e d  i n  C h a p t e r  3 .  I n  p a r t i c u l a r :  t h e  a p e n c y  i s :  

". . . a b s t r a c t  in? t h e  e s s e n t i a l  s u b  - s y s t e m  c o n n o n e n t s  
a n d  p a r a m e t e r s  i n  a way s o  t h a t  p r o j e c t  e f f e c t s  on  
t h e  sub-  s y s t e m  can be r e n r e s e r i t e d  i n  a l c ~ i c n l  s e q u e n c e . "  

T h i s  p r o c e s s  s h o u l d  d e f i n e  ?vhat r e s o u r c c s  a r c  n v r ? l a , b l e  t o  

t h e  Egency ana What l i ! ! ! i c a t i o n s  a r c  p r e s e n t  in d e v e l o p i n g  a 

s o l u t i o n .  



F o r  example ,  i n  t h e  c a s e  o f  t h e  t r a f f i c  s t u d y  p r o p o s e d  

by L i v o n i a ,  i s  i m p o r t a n t  t o  d e f i n e  t h e  p r e s e n t  r o a d  

n e t w o r l ~ ,  s o u r c e s  o f  t r a f f i c ,  and p r e s e n t  t r a f f i c  p a t t e r n s .  

P o t e n t i a l  r e s t r i c t i o n s  on a s o l u t i o n  i n c l u d e :  (1) a n t i c i p a t e d  

mone ta ry  r e s o u r c e s  a v a i l a b l e  f o r  i m p l e m e n t i n q  s o l u t i o n s ,  

( 2 )  e x t e n t  o f  agency J u r i s d i c t i o n  t h e  g e o g r a p h i c  

b o u n d a r i e s  o f  L i v o n i a ) ,  ( 3 )  o t h e r  changes  b e i n g  implemented 

t h a t  might  i n f l u e n c e  t h e  s o l u t i o n  t o  t h e  p r e s e n t  p rob lem 

t h e  e f f e c t  o f  a n  e x p r e s s w a y  e x t e n s i o n  t h r o u g h  

L i v o n i a  on e x i s t i n g  t r a f f i c  p a t t e r n s ) .  

A t  t h i s  p o i n t ,  a  c a u s a l  c h a i n  which c o n t a i n s  a  number 

o f  s u b - g o a l s  s e q u e n t i a l l y  l i k e d  t o  t h e  m a j o r  o b j e c t i v e s  

s h o u l d  be d e v e l o p e d .  F o r  example ,  i n  t h e  p r o c e s s  o f  r e d u c i n g  

t h e  number o f  i n t e r s e c t i o n  c r a s h e s ,  t h e  follow in^ might  

be e s t a b l i s h e d  a s  s u b - g o a l s :  

1. I n v e n t o r y  o f  t h e  p r e s e n t  i n t e r s e c t i o n s  by u s a g e ,  
l o c a t i o n ,  d e s i g n :  and c o l l i s i o n  r a t e .  

2 .  E s t a b l i s h m e n t  o f  a n  e f f e c t i v e n e s s  c r j t e r i o n  f o r  
v a r i o u s  i n t e r s e c t i o n s .  T h i s  i n v o l v e s  d e f i n i t i o n  
o f  t h e  s t a n d a r d s  f o r  d e t e r m i n i n ~  t h e  s e r i o u s n e s s  
o f  i n t e r s e c t i o n  p rob lems  ( e . g . ,  number o f  p e r s o n a l  
i n j u r y  c r a s h e s ;  t o t a l  t r a t f l  c  f l o w .  ) 

3 .  S tudy  o f  t h e  most  c r i t i c a l  i n t e r s e c t i o n s :  u s i n g  
t h e  p r i n c i p l e s  o f  t r a f f i c  e n g i n e e r i n ? ,  f o l l o w e d  
by r ecommenda t ions  f o r  i n t e r s e c t i o n  improvement .  

A s e t  o f  q u e s t i o n s  r e l a t e d  t o  t h e  a l t e r n a t i v e  means f o r  

a c h i e v i n g  t h e s e  s u b - r o a l s  can  t h e n  be d e v e l o p e d .  The a n s w e r s  

t o  t h e s e  q u e s t i o n s ,  w i l l  p r o v i d e  a s o l u t i o n  o r  s o l u t i o n s  t o  

t h e  l a r g e r  p r o b l e m .  By t h i s  p r o c e d u r e ,  t h e  agency c a n  s e p a r -  



a t e  i t s  p rob lem i n t o  a number o f  small p r o b l e m s  o r  q u e s t i o n s .  

The agency  must t h e n  d e c i d e  how i t  i s  g o i n s  t o  a n s w e r  

e a c h  of  t h e s e  q u e s t i o n s .  These  a n s w e r s  c a n  e i t h e r  be o b t a i n -  

e d  by members o f  t h e  agency  s t a f f  o r  by a  c o n s u l t a n t  h i r e d  

f o r  t h i s  p u r p o s e .  By c o n s i d e r i n g  t h e  c a p a b i l i t i e s  and t i m e  

a v a i l a b i l i t y  o f  i t s  s t a f f ,  t h e  agency  s h o u l d  q u i c k l y  be  a b l e  

t o  d e t e r m i n e  which c h o i c e  t o  make. Once t h i s  d e c i s i o n  i s  

made, t h e  p rob lem s o l v e r  ( c o n s u l t a n t  o r  in- .-house s t a f f )  can  

be g i v e n  a  w e l l - s t r u c t u r e d  p rob lem i n  t h e  fo rm of' a  number o f  

q u e s t i o n s ,  a l o n g  w i t h  t h e  m a j o r  agency  o b j e c t i v e s ,  t h e  compon- 

e n t  d e f i n i t i o n ,  and t h e  a p p r o p r i a t e  r e s t r i c t i o r i s .  

The e x t e n t  and q u a l i t y  o f  p rob lem d e f i n i t i o n  by t h e  agency  

w i l l  be s t r o n g l y  i n f l u e n c e d  b y :  

1, The i n f o r m a t i o n  a v a i l a b l e  t o  agency  o f f i c i a l s .  

2 ,  The c a p a b i l i t i e s  o f  t h e  agency  o f f i c i a l s .  

3.  The t i m e  agency  o f f i c i a l s  have  a v a i l a b l e  f o r  
p rob lem d e f i n i t i o n .  

I n  c e r t a i n  c a s e s ,  i t  may n o t  be p o s s i b l e  f o r  t h e  agency  

t o  p e r f o r m  a n  a d e q u a t e  " e x p e r i m e n t a l  d e s i g n ' !  o r  p r o b l e m  de- 

f i n i t i o n .  I n  t h i s  c a s e ,  a  c o n s u l t a n t  s h o u l d  be engaged  t o  

p e r f o r m  a p rob lem d e f i n i t i o n  s t u d y  ( F i g u r e  1 2 ) .  A s l i g h t  

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

o b j e c t i v e s  and  p rob lems  f o r  e a c h  o f  s e v e r a l  l o c a l  a g e n c i e s .  

Because  o f  t h e  i m p o r t a n c e  o f  good p r o b l e ~  d e f i n i t i o n ,  OHSP 

s h o u l d  c o n s i d e r  f u n d i n g  p rob lem d e f i n i t i o n  s t u d i e s  e v e n  

t h o u g h  t h e s e  a r e  "one s t e p '  removed f rom p r o , j e c t s  p r o p o s i n g  



d i r e c t  improvements  t o  t h e  t r a f f i c  sy s t em.  Such prob lem 

d e f i n i t i o n  s t u d i e s  will p r o v i d e  a b a s i s  f o r  s p e c i f i c  highway 

s a f e t y  recommendat ions .  

The above p r o c e d u r e  f o r  agency prob lem s o l v i n g  i s  r e -  

commended by HSRI f o r  t h e  f o l l o w i n g  r e a s o n s :  

It p r o v i d e s  a  l o g i c a l  - d e f i n i t  -- - . . 

and i t s  proposed  s o l u t i o n s .  -.--- 
app roach  o p e r a t e  unde r  a  d i s c  

i o n  o f  t h e  p rob lem - - - -- - -- -- 
Agenc ies  u s i n g  t h i s  
i g l i n e  in .  d e f i n i n g  

t h e i r  p rob lem.  For  t h i s  r e a s o n ,  t h e  agency can  
p e r f o r m  a  b e t t e r  j ob  o f  e v a l u a t i n g  t h e  i n fo rma-  
t i o n  r e c e i v e d  f rom a  c o n s u l t a ~ t .  

2 .  It p r o v i d e s  f o r  a b e t t e r  u t i l i z a t i o n  o f  i n f o r m a t i o n  -- - -- --- .---- 
s e e k i n g  r e s o u r c e s .  Agency p e r s o n n e l  shoulc!  have a n  
u n d e r s t a n d i n g  of' t h e  agency s t r u c t u r e ,  i t s  g o a l s ,  
and i t s  p rob l ems .  Thus ,  t h e y  have i m e d i a t e  a c c e s s  
t o  t h e  i n f o r m a t i o n  needed t o  s t r u c t u r e  t h e i r  p rob lem.  
C o n v e r s e l y ,  c o n s u l t a n t s  g e n e r a l l y  have e x p e r t i s e  
s u i t a b l e  f o r  s o l v i n g  p a r t i c u l a r  p rob l ems .  These  
a r e  s k i l l s  t h a t  would n o t  g e n e r a l l y  be  a v a i l a b l e  
t o  agency p e r s o n n e l .  Through t h i s  p rob lem s t ~ u c t u r -  
i n g ,  t h e  c o n s u l t a n t ' s  e x p e r t i s e  c an  be a p n l i e d  t o  
t h e  p ~ o b l e m s  i t  i s  b e s t  eq.uipped t o  h a n d l e .  

3 .  I t  e q u i ~ s  t h e  agency s t a f f  t o  implement t h e  p roposed  
_ _ A  _ __-_.. _I- _I 

s o l u t i o n s .  A f undamen ta l  r e c u i r e m e n t  i n  t h i s  p ro -  - - 
c e d u r e  i s  t h e  a c t i v e  i nvo lvemen t  o f  agency o f f i c i a l s  
and s t a f f .  As a  r e s u l t  o f  t h i s  i n v o l v e m e n t ,  t h e y  
w i l l  u n d e r s t a n d  t h e  develonment  o f  t h e  s o l u t i o n s .  
I n  a d d i t i o n ,  agency p e r s o n n e l  w i l l  have p a r t i c i p a t e d  i n  
t h e  development  o f  t h e  s o l u t i o n s .  Thus i t  can be 
e x p e c t e d  t h a t  t h e y  w i l l  have a much g r e a t e r  i n c e n -  
t i v e  f o r  i m ~ l e m e ~ t i n g  t h e  r e s u l t i n g  s o l u t i o n s .  

EVALUATION BY OHSP 

HSRI b e l i e v e s  t h a t  t h e  e v a l u a t i o n  o f  i n f o r m a t i o n  s e e k i n g  

p r o j e c t s  by OHSP s h o u l d  c o n s i s t  f i r s t  o f  d e t e r m i n i n g  how 

w e l l  t h e  agency h a s  adhe red  t o  t h e  p l a n n i n g  p r o c e d u r e  recom- 

mended i n  t h e  p r e v i o u s  s e c t i o n .  T h i s  e v a l u a t i o n  can  be 

d i v i d e d  i n t o  two ma jo r  c a t e g o r i e s :  



1. A p r i o r i  e v a l u a t i o n  o f  t h e  p r o p o s a l  t o  d e t e r m i n e  
w h e t h e r  o r  n o t  t h e  p r o j e c t  s h o u l d  be  f u n d e d .  

2 .  Ex p o s t  f a c t o  e v a l u a , t i o n  t o  d e t e r m i n e  w h e t h e r  t h e  
p r o j e c t  h a s  b e e n  s u c c e s s f u l  a n d  t o  o b t a i n  knowledge  
t h a t  w i l l  b e  u s e f u l  f o r  e v a l u a t i o n  o f  f ~ t u r e  p r o j e c t s .  

The p r i n c i p l e s  o f  e v a l u a t i o n  a r e  t h e  s a n e  i n  b o t h  c a s e s  ex-- 

c e p t  t h a t  i n  t h e  c a s e  o f  p r i o r  e v a l u a t i o n ,  OHSP w i l l  b e  

a t t e m p t i n g  t o  p r e d i c t  w h e t h e r  p a r t i c u l a r  g o a l s  c a n  be m e t .  

On t h e  o t h e r  h a n d ,  i n  t h e  e x  p o s t  f a c t o  e v a l u a t i o n  a n  a c t u a l  

d e t e r m i n a t i o n  o f  s u c c e s s  i~ m e e t i n g  g o a l s  c a n  be  made .  

I n  C h a p t e r  2 we showed t h a t  i n f o r n a t i o n a l  p r o J e c t s  must  

be  e v a l u a t e d  on t h e  b a s i s  o f  t h e  q u a l i t y  a n d  q u a n t i t y  o f  

i n f o r m a t i o n  p r o d u c e d .  BSRI b e l i e v e s  t h z t  t h e  c h a n c e s  of? 

o b t a i n i n g  u s e f u l  i n f o r m a t i o n  a r e  g r e a t l y  i n c r e a s e d  if t h e  

i n f o r m a t i o n  s e e k i n g  p r o j e c t  i s  w e l l  a e s i q n e d .  R w e l l  de -  

s i g n e d  p r o j e c t  w i l l  r e s u l t  i f  t h e  a g e n c y  a p p l i e s  t h e  p r o b l e m  

s o l v i n g  p r o c e d u r e  developec?  e a r l i e r  ir, t l l is  c h a p t e r .  

S n e c i f i c a l l y  ? OIiSP must  ask t h e  f o l l o w i n g  q u e s t i o n s *  : 

1. Has t h e  p r o j e c t  o b j e c t i v e  b e e n  s t a t e d  c l e a r l y  
a n d  c o n c i s e l y ?  

---- 
* A n o t h e r  g e n e r a l  q u e s t i o n  t h a t  m i ~ h t  be a s k e d  i n  t h e  c a s e  

o f  e n g i n e e r i n g  o r  p l a n n i n e  s t u d i e s  i s :  

What i s  t h e  l i k e l i h o o d  t h a t  t h e  r econmenda . t i o rLs  recommended 
by t h e  s t u d y  w i l l  be i m p l e n e n t e d ?  

I f  OHSP were  c e r t a i n  t h a t  t h e r e  was n o t  a.ny l r i t e r l t i o n  o f  i m p l e -  
m e n t i n g  t h e  r e c o m r n e n d a t i o ~ s ,  i t  ~ ;?ou ld  seer?, r e e s o n a B l e  n o t  t o  
f u n d  t h e  p r o j e c t ,  I iowever ,  i t  i s  u n l i k e l y  t h a t  t h e  ar!s7der t o  
t h i s  q u e s t i o n  would be  a v a i l a b l e .  T h u s .  some e v a l u a t i o n  o f  
t h e  p r o p o s e r ' s  m o t i v e s  i s  n e c e s s a r y .  I n  addition, i t  would 
b e  r e a s o n a b l e  f o r  OWSP t o  d e v e l o o  a g e n e r a l  p o l i c y  i n  t h i s  
r e g a r d .  



2 .  Are t h e  components and r e s t r i c t i o n s  w e l l  
d e s c r i b e d ?  

3 .  Does t h e  p r o p o s a l  c o n t a i n  l o g i c a l l y  r e l a t e d  sub- 
g o a l s  and a  s e t  o f  q u e s t i o n s  t o  be answered? 

4. What i s  t h e  l i k e l i h o o d  t h a t  u s e f u l  answers  can  be 
o b t a i n e d  f o r  t h e  q u e s t i o n s  a sked?  

5. I s  t h e  i n f o r m a t i o n  sought  g o i n g  t o  be u s e f u l  i n  
t h e  s o l u t i o n  o f  t h e  a g e n c y ' s  problem? 

Q u e s t i o n s  1 t h r o u g h  3 d e a l  w i t h  t h e  s t r u c t u r e  o f  t h e  p r o p o s a l  

and i n d i c a t e  how w e l l  t h e  agency ha s  a s s e s s e d  t h e i r  p rob lem.  

Q u e s t i o n  4 d e a i s  w i t h  an e v a l u a t i o n  o f  whe ther  o r  n o t  

t h e  agency can o b t a i n  t h e  i n f o r m a t i o n  t h a t  i t  b e l i e v e s  i s  

needed t o  s o l v e  t h e  p r o b l e c .  

Q u e s t i o n  5 d e a l s  w i t h  t h e  expec t ed  l o n g - t e r m  b e n e f i t s  

of  o b t a i n i n g  t h e  i n f o r m a t i o n  sought  by t h e  agency .  Thus?  

t h e  answer  r e p r e s e n t s  an  e s t i m a t e  o f  t h e  u l t i m a t e  s u c c e s s  o f  

t h e  p r o j e c t .  

I n  sumaary,  HSRI recommends t h a t  OHSP1s e v a l u a t i o n  o f  

i n f o r m a t i o n  s e e k i n g  p r o j e c t s  c o n c e n t r a t e  on t h r e e  c r i t e r i a :  

1, Has t h e  r e q u e s t i n g  agency c a r e f u l l y  a n a l y z e d  i t s  
p r o b l e n ?  

2 .  Can t h e  d e s i r e d  i n f o r m a t i o n  be o b t a i n e d  by t h e  
p roposed  p r o j e c t ?  

3.  W i l l  t h e  i n f o r m a t i o n  sough t  p rove  t o  be u s e f u l ?  

As i n d i c a t e d  i n  Chap t e r  2 ,  a s c o r i n g  scheme c o u l d  be 

e s t a b l i s h e d  t o  a i d  i n  e v a l u a t i n g  t h e  t r a d e - o f f s  between t h e s e  

c o n c e n t r a t i o n s .  For  example ,  OHSP might  d e c i d e  t h a t  e a c h  

o f  t h e s e  c r i t e r i a  shou ld  be g i v e n  eaua.1 v a l u e .  I n  t h i s  c a s e ,  



a  maximum o f  10  p o i n t s  c o u l d  be a s s i g n e d  t o  e a c h c r i t e r i o n .  

If a p a r t i c u l a r  i s  s a t i s f i e d  c o m p l e t e l y  by t h e  

a g e n c y ' s  p r o p o s a l ,  a  s c o r e  of  1 0  would be a s s i g n e d .  L e s s e r  

s c o r e s  would be a s s i g n e d  depend ing  upon t h e  amount o f  d e v i a -  

t i o n  from t h e  c r i t e r i a .  By t h i s  p r o c e d u r e ,  a " t o t a l  s c o r e "  

c o u l d  be a s s i g n e d  t o  e ach  p roposed  i n f o r m a t i o n  s e e k i n g  p ro -  

j e c t .  These  s c o r e s  c o u l d  t h e n  be u sed  t o  r a n k  i n f o r m a t i o n  

p r o j e c t s .  

A l t e r n a t i v e l y ,  a minimum c u t - o f f  s c o r e  c o u l d  be e s t a b l i s h -  

ed  by OHSP t h a t  would i n d i c a t e  t h e  minimum q u a l i t y  o f  p roposed  

p r o j e c t s  t h a t  i s  a c c e p t a b l e .  

As a n  a l t e r n a t i v e ,  unequa l  w e i g h t s  c o u l d  a l s o  be g i v e n  

t o  t h e  t h r e e  c r i t e r i a  by a  d i f f e r e n t  a s s i ynmen t  o f  maximum 

number of  p o i n t s .  For  example ,  c r i t e r i z  1 c o u l d  be g i v e n  a 

maximum o f  1 0  p o i n t s ,  c r i t e r i a  2 a  maximm o f  20 p o i n t s .  and 

c r i t e r i a  3 a maximum o f  1 0  p c i n t s .  I n  t h i s  example .  more 

v a l u e  would be g i v e n  t o  t h e  p o t e n t i a l  u s e f u l n e s s  o f  t h e  

i n f o r m a t i o n .  S c o r i n g  s c h e n e s  o f  t h i s  t y r e  a r e  me re ly  t o o l s  

t o  h e l p  g u i d e  t k e  e v a l u e t i o n  2 r o c e s s .  The:! a r e  n o t  o b j e c t i v e  

enough t o  p r o v i d e  f i n a l  c o n c l u s i v e  s o l u t i o n s .  

T h i s  recomiended  e v a l u a t i o n  p r o c e d u r e  assun!es t h a t  

a g e n c i e s  do i n  f a c t  f o l l o w  t h e  recommended p - o b l c n  s o l v i n g  

app roach .  Thus ,  i t  r e p r e s e n t s  a d e s i r a b l e  g c a l .  I1SF:I be- 

l i e v e s  t h a t  t h e  u s e  of a  l o g i c a l  problem s o l v l n ~  a n c r o a c h ,  

such  a s  t h e  one recommended, w i l l  s r e a t l y  i r ,p rove  t h e  v a l u e  

o f  i n f o r m a t i o n - s e e k i n g  p r o j e c t s .  T h u s .  i t  i s  recommended 



t h a t  OHSP t a k e  s t e p s  t o  encourage  a g e n c i e s  t o  u se  t h i s  app roach .  

T h i s  can be accompl i shed  by:  

1. The p r e p a r a t i o n  and d i s t r i b u t i o n  by OHSP o f  a  s e t  
o f  r e q u i r e m e n t s  t h a t  must be met by a g e n c i e s  who 
a r e  s u b m i t t i n g  p r o p o s a l s  f o r  i n f o r m a t i o n - s e e k i n g  
p r o j e c t s .  These r e q u i r e m e n t s  would be ba sed  upon 
t h e  agency problem s o l v i n g  app roach  p r e s e n t e d  i n  
t h i s  c h a p t e r .  

2 .  Working w i t h  a g e n c i e s  t o  a s s i s t  them i n  d e f i n i n g  
t h e i r  needs  t h r o u g h  t h e  p rob lem s o l v i n g  a p p r o a c h .  

3.  Encourag ing  t h e  u s e  o f  c o n s u l t a n t s  f o r  problem 
d e f i n i t i o n  s t u d i e s  when i t  i s  c l e a r  t h a t  t h e s e  a r e  
n e c e s s a r y .  

EX POST FACT0 EVALUATION 

As we i n d i c a t e d  p r e v i o u s l y ,  ex  p o s t  f a c t o  e v a l u a t i o n  o f  

i n f o r m a t i o n  s e e k i n g  p r o j e c t s  f o l l o w s  t h e  same b a s i c  p r o c e d u r e  

a s  p r e l i m i n a r y  e v a l u a t i o n .  The same t h r e e  c r i t e r i a  shou ld  

be used  a f t e r  t h e  p r o j e c t  i s  comple ted  t o  d e t e r m i n e  t h e  a c t u a l  

p r o j e c t  s u c c e s s  i n  r e l a t i o n  t o  t h e s e  c r i t e r i a .  I n  p a r t i c u l a r ,  

c r i t e r i a  2--Has t h e  d e s i r e d  i n f o r m a t i o n  been  ob ta ined?- -and  

c r i t e r i a  3-1s t h e  i n f o r m a t i o n  u s e f u l ? - - c a n  be e v a l u a t e d  

d i r e c t l y  a f t e r  t h e  p r o j e c t  i s  comple t ed .  



PONTIAC DRIVER EDUCATION PROJECT 

T h i s  c h a p t e r  w i l l  be devo t ed  t o  a d i s c u s s i o n  o f  how t h e  

p r o j e c t  e v a l u a t i o n  p r i n c i p l e s  HSRI h a s  deve loped  a p p l y  t o  a n  

i n d i r e c t  component change p r o j e c t - - i n  t h i s  c a s e  t h e  P o n t i a c  

D r l v e r  Educa t i on  p r o j e c t .  I n  p a r t i c u l a r ,  t h e  f i r s t  t h r e e  

s t e p s  o f  t h e  e v a l u a t i o n  ch rono logy - " -~ rob l e r c  d e f i n i t i o n ,  p ro -  

J e c t  developmerit and a  p r i o r i  e v a l u a t i o n - . - , v ; i l l  be p r e s e n t e d  

t o g e t h e r  w i t h  a  d i s c u s s i o n  o f  some exyerirr,el-itzl d e s i a ~ !  p r i n -  

c i p l e s  a p p l i c a b l e  t o  c e r t a i n  s u b - p r o J e c t s  w i t h i n  t h e  t o t a l  

p ro J  e c t  . 
PROBLEI'9EEFIIJITION 

The f i r s t  s t e p  i n  t h e  c h r o r i o l o ~ y  i s  problem r e c o g n i t i o n  

and d e f i n i t i o n .  As we i n d i c a t e d  i n  C h a n t ~ r  1, t h i s  s t e p  

d e f i n e s  t h e  d i r e c t i o n  o f  t h e  rernairider o f  t 3 e  p r o 2 e c t .  I f  

t h e  p rob lem i s  no+, w e l l  d e f i n e d ,  i t  i s  ? i l : e l y  tb?.at t h e  v;ronq 

problem w i l l  b e  s o l v e d .  T h e r e f o r e ,  i n  t h e  a  p r i o r i  e v a l u a t i o n  

OHSP s h o u l d  c o n s i d e r  whe ther  o r  n c t  t h e  acency  h a s  a d e q u a t e l y  

d e f i n e d  i t s  problem.  The P o n t i a c  p r o ? o s a l  ( I t e rn  6 .  1 b  & c )  

i n d i c a t e s  a  need f o r  a n  imnroved d ~ i v e r  e d u c a t i o n  proErarn, 

I n  p a r t i c u l a r ,  t h e  f o l l o w i n g  d e f i c i e n c i e s ,  n o t e d  i n  a 1965 

s t u d y  o f  Oakland Coun tg ! s  t r a f f i c  n e e d s .  2 r e  p r e s e n t e d :  

1. D r i v e r  e d u c a t i o n  shou ld  be r e q u i r e d  one full s e m e s t e r .  

2 .  Improved d r i v e r  e d u c a t i o n  p r a c t i c e s  a r e  neeciea ( s u c h  
a s  t h e  u se  o f  d r i v e r  s i r n u l a t o r s ) .  

3 .  C r e d i t  f o r  h i g h  s c h o o l  d r i v e r  e s u c a t i o ~  cou-ses  
shou ld  be ~ i v e n .  



4. Iis?ore a d u l t  p rograms  s h o u l d  b e  o f f e r e d ,  

5 .  D r i v e r  s a f e t y  s c h o o l s  s h o u l d  be  e s t a b l i s h e d .  

6 Q u a l i f i e d  o n e r a t o r s  o f  s c h o o l  b u s e s  s h o u l d  be 
t r a i n e d  and  p e r i o d i c a l l y  t e s t e d .  

It i s  i m p o r t a n t  f o r  OIlSP t o  n o t e  t h a t  : 

1. The p rob lem d e f i n i t i o n  h a s  r e s u l t e d  f rom a  s t u d y  
c o n d u c t e d  u n d e r  t h e  g u i d a n c e  o f  r e n u t a b l e  o r g a n i z a -  
t i o n s .  

2. S p e c i f i c  p rob lems  have  been  n o t e d  a s  opposed  t o  
g e n e r a l i t i e s .  

From t h i s  p rob lem d e f i n i t i o n  a  s e t  o f  o v e r a l l  o b , j e c t i v e s  o r  

g o a l s  have  been  d e v i s e d .  These  a r e  l i s t e d  be low:  

a .  To i n s u r e  t h a t  e v e r y  e l i g i b l e  h i g h  s c h o o l  s t u d e n t  
and a d u l t  h a s  an  o s n o r t u n i t y  t o  e n r o l i  i n  a c o u r s e  
of i n s t r u c t i o n  d e s i p e d  t o  t r a i n  him t o  d r i v e  s k i l l -  
f u l l y  and a s  s a f e l y  a s  p o s s i b l e  u n d e r  a l l  t r a f f i c  
and roadway c c n d i t i o n s .  

b .  To p r o v i d e  a s n e c i a l i z e d  p rogram f o r  S p e c i a l  Educa- 
t i o n  s t u d e n t s ,  p h y s i c a l l y  h a n d i c a p n e d  s t u d e n t s  and  
a d u l t s ,  e d u c a t i o n a l l y  d e p r i v e d  s t u d e n t s .  and v i o l a - -  
t o r s .  

c .  To d e s i g n  a program t h a t  w i l l  n o t  o n l y  d e v e l o p  t h e  
s k i l l s  and kno7:ledge r e q u i r e d ,  b u t  a l s o  t o  d e v e l o p  
i~ e a c h  p a r t i c i ~ a n t  a p o s i t i v e  a t t i t u ~ . e  t o x a r d  h i s  
o b l i g a t i o n s  t o  a l l  o t h e r  u s e r s  o f  p u b l i c  h ighways .  

PLANNING 

The n e x t  p h a s e  o f  t h e  c h r o n o l o g y  i s  t h e  deve lopment  o f  

a s o l u t i o n .  I n  C h a p t e r  1, we have  s t r e s s e d  t h e  i m p o r t a n c e  

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

The P o n t i a c  p r o p o s a l  c o n t a i n s  a w e l l - d e t a i l e d  p l a n  which 

i n c l u d e s  s p e c i f i c  a r e a s  f o r  e m p h s s i ~  i n  P o n t i a c ' s  p r o p o s e d  

p i l o t  p rogram.  The p l a n  i n c l u d e s  a  t i m e  s c h e d u l e  w i t h  



s p e c i f i c  g o a l s  and i t  i n c l u d e s  t h e  a s s ignmen t  of  r e s p o n s i -  

b i l i t i e s .  

The ma jo r  sho r t coming  o f  t h e  p r o p o s a l  i s  t h e  l a c k  o f  

well d e f i n e d  a l t e r n a t i v e  s o l u t i o n s .  Reasonab l e  a l t e r n a t i v e s  

may n o t  have been r e a d i l y  a p p a r e n t  and t h e r e f o r e  were n o t  i n -  

c l u d e d .  I m p l i c i t  i r i  t h e  p r o p o s a l  a r e  two p o s s i b l e  a l t e r n a -  

t i v e s :  

(1) N a i n t a i n  t h e  p r e s e n t  d r i v e r  e d u c a t i o n  program.  

( 2 )  Make some minor  improvements  u s i n g  l o c a l l y  
g e n e r a t e d  f u n d s .  

E v i d e n t l y  t h e  P o n t i a c  p e r s o n n e l  f e e l  t h a t  t h i s  p ro -  

posed  p r o j e c t  w i l l  do a b e t t e r  ,job i n  s o l v i n g  t h e  p rob lem 

t h a n  w i l l  t h e  i m p l i c i t  a l t e r n a t i v e s  ~ ~ i e r l t l ~ r , e i ,  above .  O t h e r  

a l t e r n a t i v e s  t o  t h e  P o n t i a c  p r o j e c t  w i l l  have t o  come f rom 

o t h e r  a g e n c i e s ,  and t h e  compar i son  o f  a l t e r n a t i v e s  w i l l  have  

t o  be pe r fo rmed  by OHSP a t  t h e  s t a t e  l e v e l .  S i n c e  t h i s  p ro -  

j e c t  i s  a  p i l o t  p r o j e c t  d e s i q n e d  t o  u p y r a l e  t h e  d r i v e r  educa-  

t i o n  c o u r s e ,  i t  might  be compared w i t h  p r o j e c t s  f rom o t h e r  

a g e n c i e s  which have s i m i l a r  o b j e c t i v e s .  

From t h e  p r o j e c t  p l a n  it s h o u l d  be p o s s i b l e  t o  e x t r a c t  

a s e t  o f  g u i d e l i n e s  f o r  c o n d u c t i c g  t h e  p r o j e c t .  For  example ,  

t h e  P o n t i a c  p r o p o s a l  c o n t a i n s  a  t i m e  t a b l e  which i n d i c a t e s  

when p a r t i c u l a r  p h a s e s  a r e  t o  be comple t ed .  I n  a d d i t i o n ,  

s p e c i f i c  sub--obj  e c t i v e s  a r e  d e f i n e d .  Pg r  example : ( f r o m  

t h e  P o n t i a c  p r o p o s a l ,  p a r a g r a p h  6 . 3 )  

"Development o f  p o s i t i v e  a t t i t u d e s  i n  r e , ~ a r d  t o  
t h e  r e s p o n s i b i l i t y  o f  d r i v i n g  a motor  vehicle." 

Upon c o m p l e t i o n  o f  t h e  p r o j e c t  a  compar i son  c a n  be made 



be tween  t h e  g u i d e l i n e s  f o r  p r o j e c t  c o n d u c t  s e t  f o r t h  i n  t h e  

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

A P R I O R 1  EVALUATION 

A t  t h i s  s t a g e  a  d e c i s i o n  c o n c e r n i n g  w h e t h e r  o r  n o t  t o  

i rcplernent  t h i s  p r o j e c t  must  be made by OHSP. The f i r s t  s t e p  

i n  t h i s  p r o c e s s  i s  t h e  d e t e r m i n a t i o n - - - - b y  s t u d y i n g  t h e  p r o -  

p o s a l  a n d / o r  by p e r s o n a l  c o n t a c t - - . o f  w h e t h e r  o r  n o t  t h e  

agency  h a s  e f f e c t i v e l y  p e r f o r m e d  s t e p s  1 and 2 o f  t h e  c h r o n -  

o l o g y  p r e s e n t e d  i n  C h a p t e r  1. Namely, has t h e  a z e n c y  i d e n t i -  

f i e d  t h e  p r o b l e m  and d e v e l o p e d  a plar .  f o r  i t s  s o l u t i o n .  I f  

t h i s  h a s  n o t  been  done f u r t h e r  i n f o r m a t i o n  s h o u l d  be o b t a i n e d  

f rom t n e  a g e n c y .  As we have  i n d i c a t e d ,  s t u d y  o f  t h e  P o n t i a c  

p r o p o s a l  shows t h a t  t n e s e  t a s k s  have  been  a c c o m ~ l i s l ~ e d .  

A p p l y i n g  t h e  c l a s s i f i c a t i o n  p l a n  d e v e l o p e d  i n  C h a p t e r  2 ,  we 

c a n  c l a s s i f y  t h i s  p r o j e c t  as  an i n d i r e c t  component change  

p r o j e c t  d e a l i n g  w i t h  t h e  o p e r a t o r ,  rnaicl:? i n  t h e  p r e - c r a s h  

p h a s e .  S i n c e  i t  i s  a n  i n d i r e c t  corrLpone!!t change  p r o $  e c t  , we 

know t h a t  i t  w i l l  o n e r a t e  on t h e  u l t i m a t e  o b j e c t i v e -  - r e d u c t i o n  

o f  number and s e v e r i t y  o f  c r a s h e s - - t h r o u g h  a l o n p  c a u s a l  c h a i n .  

A subsys te rn  model  saowir~e;  the r c l a t i o n s h i c  b e t i l e e n  t h e  

v a r i o u s  c h a n g e s  and u l t i ~ . a t e  o b j e c t i v e  i s  shown a s  F i q u r e  

1 3 .  From s u c h  a  model  t h e  p o t e n t i s 1  e f f e c t  o f  t h i s  p r o j e c t  

c a n  be  e v a l u a t e d .  D e c i s i o n s  c o n c e r n i n g  t h e  p o t e n t i a l  v a l u e  

o f  t h e  s u b - - 3 r o j e c t s  s h o u l d  b e  c o n s i d e r e d  by s t u d y i n ?  t h e i r  

r e l a t i o n s h i p s  i n  t h e  c a u s a l  c h a i r ] .  I f  i t  i s  d e c i d e d  t h a t  t h e  
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p roposed  s u b - p r o j e c t s  w i l l  a c compl i sh  t h e  s t a t e d  o b , j e c t i v e s ,  

OHSP s h o u l d  d e c i d e  whe th e r  o r  n o t  t h e s e  s t a t e d  o b j e c t i v e s  

a r e  wor th  t h e  p roposed  c o s t .  T h i s  d e c i s i o n  w i l l  be i n f l u e n c e d  

by t h e  o v e r a l l  o b j e c t i v e s  t h a t  OHSP c o n s i d e r s  most i ~ p o r t a n t .  

I n  t h e  c a s e  o f  t h e  P o n t i a c  p r o j e c t ,  t h e  s u b . p r o , j e c t s  a p p e a r  

t o  be r e l a t e d  t o  t h e  o v e r a l l  o b j e c t i v e  i n  a l o g i c a l  manner .  

For  example ,  t h e  e l e m e n t a r y  and j u n i o r  h i g h  s a f e t y  programs 

a r e  d e s i g n e d  t o  improve t h e  s t u d e n t s  cornin? i n t o  t h e  d r i v e r  

ec iuca t ion  c l a s s , a n d  t h e  i n t r o d u c t i o n  o f  s i m u l a t o r s  i s  d e s i g n e d  

t o  improve t h e  q u a 1 i . t ~  o f  t h e  d r i v e r  e d u c a t i o n  c o u r s e .  

A f i n a l  e v a l u a t i o n  q u e s t i o n  t o  be ansvrered i s  whe the r  

o r  n o t  t h e  agency can  do what i t  p r o ? o s e s  t o  do .  T h i s  

q u e s t i o n  must c o n s i d e r  t h e  r e s o u r c e s  t h a t  t h e  a r e n c v  h a s  

a v a i l a b l e .  I n  p a r t i c u l a r ,  t h e  c a p a k i l i t y  o f  t h e  apency 

p e r s o n n e l  i s  v e r y  i n ~ o r t a n t .  

Based upon t h e  c r i t e r i a  men t i oned ,  t h e  a n p r o v a l  o f  t h e  

P o n t i a c  p r o j e c t  a p p e a r s  t o  have been a yood d e c i s i o n .  The 

one q u e s t i o n  r e m a i n i n g  c o n c e r n s  p o s s i ~ l e  a l t e r n a t i v e s .  A l t e r - -  

n a t i v e s  were n o t  merAtioned w i t h i n  t h e  P o n t i a c  p r o j e c t ,  and i t  

i s  n o t  known whether  a l t e r n a t i v e  p r o j e c t s  from o t h e r  a g e n c i e s  

have been c o n s i d e r e d .  The s e l e c t i o n  o f  t h e  b e s t  p r o J e c t s  r e -  

q u i r e s  t h a t  a l t e r n a t i v e  p r o j e c t s  f o r  a c h i e v i n a  t h e  same 

o b j e c t i v e  be c o n s i d e r e d .  It  i s  recornnended t b ~ t  OHSP make 

such  a  compar i son  o f  a l t e r n a t i v e s  a p a r t  o f  t h e i r  e v a l u a t i o n  

.o rocedure .  



CONSIDERATIONS I N  EXPERIMENTAL EVALUATION 

We view o u r  p r imary  f u n c t i o n  i n  t h i s  s e c t i o n  a s  p r o v i d i n g  

a s s i s t a n c e  i n  an swer ing  t h e  f o l l o w i n g  two q u e s t i o n s  which 

a r e  r a i s e d  i n  F igu re  1: 

a )  Does a l l  ( o r  p a r t )  o f  t h e  p r o j e c t  w a r r a n t  e x p e r i -  
men t a l  s t u d y  and e v a l u a t i o n ?  

b )  I f  s o ,  how can we d e s i g n  an  e x p e r i a e n t  t o  implement 
t h i s  e v a l u a t i o n ?  

S p e c i f i c a l l y ,  we have been i n v o l v e d  i n  cons id - e r i ng  t h e s e  

q u e s t i o n s  w i t h  r e g a r d  t o  t h r e e  s u b - . . r r o j e c t s :  s i m u l a t o r s ,  

e l e m e n t a r y / j u n i o r  h i g h  s a f e t y ,  and r e m e d i a l  r e a d i n g .  These 

w i l l  be c o n s i d e r e d  i~ g r e a t e r  d e t a i l  b e l o s .  

For  e ach  s u b - p r o j e c t  i t  i s  e s s e n t i a l  t o  examir,e t h e  

p o t e n t i a l  changes  on t h e  highway s a f e t y  sys tem i n  some l o g i c a l  

way. C o n s e q u e n t l ~ r ,  we have p r e s e n t e d  a s i m p l i f i e d  " n o d e l "  

o f  t h e  d r i v e r  e d u c a t i o n  p r o c e s s  a s  F i g u r e  1 3 .  It i s  d e s i r a b l e  

t o  t r a c e  t h e  e f f e c t s  of  e ach  s u b - p r o j e c t  t h r o u g h  t h i s  model.  

I n  t h i s  way, r e a s o n a b l e  i r - t e r m e d i a t e  mea.sures of  e f f e c t i v e n e s s  

may be chosen .  I n  s p i t e  o f  t h e  h i g h l y  u n c o n t r o l l e d  n a t u r e  

and i n f l u e n c e  o f  e x t r a n e o u s  f a c t o r s ,  we f e e l  t h a t  t h e  change 

i n  t e s t  s c o r e  b e f o r e  and a f t e r  t h e  sub - . p ro j ec t  r e p r e s e n t s  a  

r e a s o n a b l e  measure o f  changes  i n  knowledge? s k i l l ,  and 

a t t i t u d e .  

We s h a l l  now expand on t h e s e  c o n c e p t s  w i t h  r e p a r d  t o  

t h r e e  s p e c i f i c  s u b - p r o j e c t s .  



1. Simula to r /Range  E v a l u a t i o n  .-.------ - - 

a )  E f f e c t  o f  s i m u l a t o r s  on a t t i t u d e s .  

It  i s  f a i r l y  w e l l  known and documented t h a t  s imu la -  

t o r s  c an  supp lement  t r a d i t i o n a l  means f o r  d e v e l o p i n g  d r i v i n g  

s k i l l s  and knowledge.  On t h e  o t h e r  hand ,  t h e r e  i s  some con- 

t r o v e r s y  a s  t o  t h e  e f f e c t  o f  such  d e v i c e s  on a t t i t u d e s .  It 

h a s  been  p roposed  t h a t  t h i s  e f f e c t  s t u d i e d  t h r o u g h  con- 

t r o l l e d  e x p e r i m e n t a t i o n .  The d e c i s i o n  t o  do t h i s  must be 

ba sed  on t h e  f o l l o w i n g :  

a .  What i n f o r m a t i o n  on a t t i t u d e  changes  and t h e  e f f e c t  
o f  s i m u l a t i o n  on t h e s e  i s  c u r r e n t l y  i n  doub t ?  Has 
o t h e r  r e s e a r c h  answered t h i s  q u e s t i o n ?  

b .  Can an expe r imen t  be des:.gneG t o  measure  t h i s  
change ( i f  i t  e x i s t s ) ?  

c .  Is  t h i s  expe r imen t  wor th  t h e  c o s t ?  

The g e n e r a l  f e e l i n g  t h r o u g h o u t  m e e t i n g s  have 

a t t e n d e d  i s  t h a t  o t h e r  r e s e a r c h  h a s  n o t  a b s o l u t e l y  d e m o n s t r a t e d  

p o s i t i v e  e f f e c t s  o f  s i m u l a t o r s  on a t t i t u d e  change .  F u r t h e r  

t h e  un ique  a s p e c t s  o f  t h e  t h r e e  and f o u r  phase  s i m u l a t o r /  

r a n g e  programs have n o t  been  compared i n  any e x p e r i m e n t a l  

way. Thus ,  a n  e x p e r i m e n t a l  e v a l u a t i o n  of' t h e s e  programs 

seems w o r t h w h i l e ,  

Our c o n c e p t u a l i z a t i o n  o f  t h e  g e n e r a l  e x p e r i x e n t a l  p r o -  

c e s s  i s  shown i n  F i g u r e  4, The e x p l i c i t  q u e s t i o n  i n  t h i s  

c a s e  i s  whe the r  t h e  f o u r  phase  program i s  s u p e r i o r  t o  t h e  

t h r e e  phase  p rogram.  



The proposed  e x p e r i m e n t a l  d e s i g n  c o n s i s t s  o f  a p a r a l l e l  

s t u d y  ( s e e  Chap t e r  5 )  i n  which t h e  f o u r  phase  d r i v e r  educa-  

t i o n  c o u r s e ,  which u s e s  d r i v i n g  s i m u l a t o r s  w i l l  be conduc t ed  

a t  P o n t i a c  Nor the rn  High S c h o o l .  C o n c u r r e n t l y ,  t h e  t h r e e  

phase  c o u r s e  w i l l  be conduc t ed  a t  P o n t i a c  C e n t r a l .  T h i s  

t h r e e  phase  c o u r s e  w i l l  r e p l a c e  s i m u l a t o r  t r a i n i n g  w i t h  

a d d i t i o n a l  d r i v i n g  r a n g e  t r a i n i r . g .  

We wish  t o  a s c e r t a i n  whe the r  t h e  c h a n ~ e  i n  a t t i t u d e  

s c o r e  i s  s i g n i f i c a n t l y  g r e a t e r  f o r  t h o s e  suS,Sected t o  t h e  

f o u r  phase  program.  I n  o r d e r  t o  do t h i s  vrc must d e v e l o p  

c o n t r o l s  f o r  o t h e r  f a c t o r s  which c o u l d  a f f e c t  t h i s  rneesure of  

a t t i t u d e .  These  f a c t o r s  X'nclude t e a c h e r  d i f f e r e n c e s  and  

s t u d e n t  d i f f e r e n c e s .  Teache r  d i f f e r e n c e s  will b e  c o n t r o l l e d  

by comparing o n l y  t h o s e  s t u d e n t s  s u b j e c t e d  t o  t h e  s a n e  

t e a c h e r .  S t u d e n t  d i f f e r e n c e s  a re  u n c o n t r o l l e d  i n  t h e  p r e -  

s e n t  d e s i g n .  C o n s e q u e n t l y ,  b i a s e s  may r e s u l t  because  o f  

d i f f e r e n t  socio-economic f a c t o r s  a t  t h e  two s c h o o l s .  

'tie recommend t h a t  a n  a t j u s t m e n t  be  made t o  c o n n e n s a t e  

f o r  any s t u d e n t  v a r i a b i l j t y  t h a t  e x i s t s  between t h e  two 

s c h o o l s .  T h i s  may be accompl i shed  i n  e i t h e r  o f  two ways.  

F i r s t ,  we might  make an  a d j u s t m e n t  f o r  e a c h  s c h o o l  by 

" s u b t r a c t i n g  o u t "  t h e  a v e r a g e  d i f f e r e n c e  i n  t e s t  s c o r e  f o r  

e a c h  s c h o o l  as measured i n  t h e  p r e - t e s t  p e r i o d .  Fo r  example ,  

suppose  t h e  a v e r a g e  change i n  C e n t r a l  High f o r  t h e  p r e - t e s t  

p e r i o d  i s  5 ,  w h i l e  t h e  a v e r a g e  change i n  Nor the rn  Hiqh  i s  8 :  



Suppose i n  t h e  s i m u l a t o r  e v a l u a t i . o n  we a c h i e v e  an  a v e r a g e  

change a t  C e n t r a l  of 5 and a t  Nor the rn  (where  s i m u l a t o r s  

a r e  u s e d )  o f  11. Then t h e  change o f  11-5 can  be c o r r e c t f e d  

f o r  t h e  i n i t i a l  d i f f e r e n c e s  by f i r s t  s u b t r a c t i n g  3 (8-5)  

f rom t h e  Nor the rn  s c o r e .  

A more s o p h i s t i c a t e d  and a c c u r a t e  c o n t r o l  c an  be o b t a i n -  

ed  by a d j u s t i n g  e a c h  s t u d e n t ' s  s c o r e  by h i s  g r a d e  p o i n t ,  I&, 

o r  some o t h e r  measure .  T h i s  t e c h n i q u e ,  somet imes c a l l e d  t h e  

a n a l y s i s  o f  c o v a r i a n c e * ,  will remove s t u d e n t  d i f f e r e n c e s  

which a r e  measured by t h e s e  e x t r a n e o u s  v a r i a b l e s .  

The s p e c i f i c  t e s t  i n s t r u m e n t s  b e i n g  compared i n  t h e  

p r e e v a l u a t i o n  p e r i o d  a r e  t h e  S i e b r e c h t  A t t i t u d e  S c a l e  and  

t h e  G u i l f o r d  & S c h u s t e r  D r i v e r  A t t i t u d e  Su rvey .  Dr. R o b e r t s o n ' s  

recommendat ion o f  t h e  G u i l f o r d  t e s t ,  b a sed  upon i t s  i n t e r n a l  

c o r r e c t i o n s  and  t h e  q u a l i t y  o f  Dr. G u i l f o r d f s  work i n  human 

measurement ,  seems r e a s o n a b l e .  The t e s t ,  however,  i s  con- 

s t r u c t e d  t o  be  a d m i n i s t e r e d  t o  a p o p u l a t i o n  o f  p e r s o n s  who 

c u r r e n t l y  a r e  d r i v i n g .  S i n c e  i t  w i l l  be u sed  on n o n - d r i v e r s  

i n  t h i s  c a s e ,  we f e e l  t h a t  r e v i s i o n s  i n  e i t h e r  t h e  t e s t  o r  

i n  t h e  t e s t  a d m i n i s t r a t i o n  w i l l  be n e c e s s a r y .  

A sample  s i z e  o f  192 p e r s o n s  i s  t o  be  t a k e n  f rom e a c h  

s c h o o l .  We f e e l  t h a t  t h i s  i s  l a r g e  enough f o r  t h e  p rob lem 

a t  hand.  Comparisons o f  change i n  t e s t  s c o r e  c an  t h e n  be 

-- 
%The a n a l y s i s  o f  c o v a r i a n c e  i s  a l i n e a r  s t a t i s t i c a l  

model l i k e  t h o s e  d i s c u s s e d  i n  Chap t e r  4. 



made f o r  p e r s o n s  o f  t h e  same s e x ,  r a c e ,  socio-economic l e v e l ,  

and h i g h  s c h o o l  program t o  i d e n t i f y  and c o n t r o l  t h e  i n f l u e n c e  

o f  such  f a c t o r s  on t h e  s t u d y  of  s t u d e n t  v a r i a t i o n .  

b )  Use of s i m u l a t o r s  t o  measure Knowledge/Ski l l  

Measurement o f  s t u d e n t  d r i v i n g  s k i l l  i s  c u r r e n t l y  

b e i n g  made by a road  t e s t .  I n  g e n e r a l ,  t h e  P o n t i a c  p e r s o n n e l  

f e e l  t h a t  such  t e s t s  a r e  b i a s e d  by i n s t r u c t o r  v a r i a t i o n  and 

s t u d e n t - i n s t r u c t o r  i n t e r a c t i o n s .  I n  a d d i t i o n ,  t h e  t r a f f i c  

problems p r e s e n t e d  by a road  t e s t  a r e  n o t  c o n s i s t e n t .  The 

s i m u l a t o r  o f f e r s  a p o t e n t i a l  s o u r c e  f o r  removing such  b i a s e s .  

The p o s s i b i l i t y  o f  u s i n g  a  t e s t  f i l m  w i t h  t h e  s i m u l a t o r s  

t o  measure s t u d e n t  pe r fo rmance  was c o n s i d e r e d  i n  t h e  mee t i ng  

w i t h  P o n t i a c  p e r s o n n e l .  A s t u d y  of  E' iqure 1 3  i n d i c a t e s  

p o t e n t i a l  q u e s t i o n s  t h e t  shou ld  be anstyered i n  t h e  p r o c e s s  

making a d e c i s i o n  t o  r e p l a c e  t b e  road  t e s t  w j t h  a s i m u l a t o r  

t e s t .  The d r i v e r  e d u c c t i o n  c o u r s e  9 ~ e s e n t s  t h e  s t u d e n t  w i t h  

p r i n c i p l e s  t h a t  he i n t e ~ r a t e s  i n t o  his d r i v i n g  a s  he becomes 

more p r o f i c i e n t .  I n  u s i n g  a  t e s t  f i lm and t h e  s i m u l a t o r s  

we a r e  measur ing  whe ther  o r  n o t  t h e  p r i n c i p l e s  o f  d r i v i n g  

have been t r a n s f e r r e d  t o  t h e  s t u d e n t .  However, t h r o u q h  a 

road  t e s t  we a r e  measur ing  t h e  p r i n c i o l e s  and t h e  s h o r t  

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

i n t o  h i s  d r i v i n g ,  Thus! t h e  irrimediate o b , j e c t i v e  o f  t h e  

c o u r s e  must be c l e a r l y  d e f i n e d .  

S i n c e  t h e  P o n t i a c  o f f i c i a l s  g e n e r a l l y  a g r e e  t h a t  d r i v i n g  



p r i n c i p l e s  a r e  b e i n g  p r e s e n t e d  as opposed t o  c r e a t i n q  qualified 

d r i v e r s ,  we recommend t h a t  s i m u l a t o r s  be u sed  t o  supnlement  

t h e  c u r r e n t  r o a d  t e s t  by u t i l i z i n g  a  t e s t  f i l m  and by g r a d l n g  

s t u d e n t s  on t h e i r  pe r fo rmance .  T h i s  w i l l  r eq .u i re  c a r e f u l  

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

e r r o r s  r e c o r d e d  by t h e  s i m u l a t o r s .  The p o s s i b i l i t y  o f  o b t a i n -  

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

be i n v e s t i g a t e d .  Another  p o s s i b i l i t y  n i g h t  be t o  s p l i c e  

t o g e t h e r  d r i v i n g  problems e x t r a c t e d  from s e v e r a l  d i f f e r e n t  

f i l m s .  Comparisons s h o u l d  t h e n  be made t o  de t e rmine  t h e  

n a t u r e  o f  d i f f e r e n c e s  between s i m u l a t o r  t e s t  s c o r e s  and r o a d  

t e s t  s c o r e s .  If t h e s e  d i f f e r e n c e s  a r e  s m a l l  ( i n  b o t h  s i z e  

and d i r e c t i o n )  t h e  s i m u l a t o r  may be a b l e  t o  r e p l a c e  t h e  r o a d  

t e s t .  On t h e  o t h e r  hand ,  examina t i on  o f  l a r g e r  d i f f e r e n c e s  

may i n d i c a t e  ways of improving  t h e  s i m u l a t o r  program,  

2 .  E v a l u a t i o n  - of  E l e m e n t a r y / J r .  High Prooram - --.- - -- - - --.LC- - 

T h i s  program w i l l  be i n i t i a t e d  i n  a l l  g r a d e s  b e q i n n i n g  

i n  t h e  f a l l .  S i n c e  such  a  program i s  u n i q u e ,  t h e r e  a r e  v a l i d  

a rguments  f o r  c o n d u c t i n g  an expe r imer l t a l  e v a l u a t i o n  t o  measure  

i t s  e f f e c t  a s  s t u d e n t s  ma.ture. U n f o r t u n a t e l y ,  such  an  e x p e r i -  

ment i s  d i f f i c u l t  ( i f  n o t  i m p o s s i b l e )  t o  conduc t  i n  any con- 

t r o l l e d  f a s h i o n .  T h i s  i s  t r u e  f o r  t h e  fol lowj .ng r e a s o n s :  

(1) The changes  i n  s k i l . l s  knowledpe and a t t i t u d e s  
t h a t  o c c u r  as a r e s u l t  o f  t h e  proyram a r e  con- 
founded (mixed up )  with o t h e r  c h a n ~ e s  which o c c u r  
o v e r  t ime  . 



( 2 )  I n s t r u m e n t s  which a r e  u s e f u l  i n  measu r ing  s u c h  
changes  a r e  c o n s t a n t l y  b e i n g  r e v i s e d ,  t h e r e b y  
making compar i sons  between t i m e  p e r i o d s  weaker .  

( 3 )  The e f f e c t s  o f  t e a c h e r  v a r i a b i l i t y  and change 
i n  socio-economic l e v e l  w i l l  be h a r d  t o  c o n t r o l .  

( 4 )  The program i s  j . ~  i t s  deve lopmen ta l  s t a g e s .  Hence,  
i t  i s  a n t i c i p a t e d  t h a t  many changes  w i l l  be made 
a s  t h e  program p r o g r e s s e s .  These changes  c o u l d  
confound measures o f  e f f e c t i v e n e s s .  

T h e r e f o r e ,  we recommend t h a t  no e x p e r i m e n t a l  s t u d y  be con- 

d u c t e d  on t h i s  s u b - - p r o j e c t .  I n s t e a d ,  we f e e l  t h a t  i n f o r m a t i o n  

shou ld  be m a i n t a i n e d  on t h e  numbers and i n i t i a l  r e s p o n s e s  of' 

t h o s e  s u b J e c t e d  t o  t h e  program,  a s  w e l l  a s  on t h e  g e n e r a l  

d i r e c t i o n  o f  change .  

3 .  E v a l u a t i o n  o f  Remedial  - - Reading - Program 

An i n i t i a l  q u e s t i o n  which must be a sked  w i t h  r e g a r d  t o  

t h i s  program What a r e  t h e  o b j e c t i v e s  

d i a l  r e a d i n g  and d r i v e r  e d u c a t i o n ?  These 

o f  combining rerne- 

shou ld  be e x p l i c i t l y  

s p e l l e d  o u t  b e f o r e  any e v a l u a t i o n  can be conduc t ed .  I n  o u r  

o p i n i o n ,  t h i s  h a s  n o t  been done .  

It seems t h a t  t h e  g e n e r a l  o b j e c t i v e  i s  t o  improve t h e  

young d r i v e r ' s  a b i l i t y  t o  r e a d  and comprehend d r i v e r  e d u c a t i o n  

m a t e r i a l .  I f  t h i s  i s  t r u e ,  t h e n  t h e  program may be e v a l u a t e d  

by a d m i n i s t e r i n g  a  t e s t  d e s i g n e d  t o  measure  such  a  change 

b e f o r e  and a f t e r  t h e  c o u r s e .  A l t e r n a t i v e l y ,  a  group o f  

c o n t r o l s  ( p e r s o n s  n e e d i n g  t h e  c o u r s e  bu t  n o t  a s s i g n e d  t o  i t )  

c o u l d  be u s e d .  Comparison o f  t h e  t e s t  s c o r e s  o f  t h e  g roup  

r e c e i v i n g  r e m e d i a l  r e a d i n g  w i t h  t h e  c o n t r o l  group ( t h o s e  



n o t  r e c e i v i n g  r e m e d i a l  r e a d i n g )  p r o v i d e s  a  measure  o f  t h e  

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

On t h e  o t h e r  hand,  p o s s i b l e  program o b j e c t i v e s  i n c l u d e :  

a )  Change a b i l i t y  t o  r e a d  and u n d e r s t a n d  road  s i g n s  
and s i g n a l s .  

b )  Change d r i v i n g  a t t i t u d e s  o f  pr&oblern r e a d e r s .  

c )  Use o f  d r i v e r  e d u c a t i o n  m a t e r i a l  t o  s t i m u l a t e  
r e a d i n g  improvement i n  problem r e a d e r s .  

S i n c e  d i f f e r e n t  e v a l u a t i o n  i n s t r u m e n t s  and e x p e r i m e n t a l  

t e c h n i q u e s  may be needed f o r  e ach  o f  t h e s e ,  e x p e r i m e n t a l  

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

t h e  o b j e c t i v e s .  





9 .  M I C H I G A N  STATE POLICE ASPID PROJECT 

I n  t h i s  c h a p t e r  we w i l l  a p p l y  t h e  methodology deve loped  

i n  t h i s  s t u d y  t o  t h e  Analog Speed Measur ing Device  (ASMD) 

p r o j e c t  s u b m i t t e d  by t h e  Michigan S t a t e  P o l i c e  (MSP), T h i s  

d i s c u s s i o n  w i l l  emphasize  t h e  r e q u i r e m e n t s  n e c e s s a r y  f o r  a n  

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

b e i n g  conduc t ed .  Thus an  a p p l i c a t i o n  o f  t h e  p r i n c i p l e s  o f  

e x p e r i m e n t a l  d e s i g n  w i l l  be p r e s e n t e d .  

The d e c i s i o n  as t o  whether  o r  n o t  t o  fund t h e  p r o j e c t  

s h o u l d  be made u s i n g  t h e  p r o c e d u r e  p r e s e n t e d  i n  C h a p t e r  1. 

I n  p a r t i c u l a r ,  OHSP shou ld  f i r s t  l o o k  a t  t h e  p r o p o s a l  and 

d e t e r m i n e  i f  t h e  agency ( i n  t h i s  c a s e  t h e  M.S.P.)  h a s  

i d e n t i f i e d  i t s  prob lem,  e s t a b l i s h e d  an o b j e c t i v e  and 

f o r m u l a t e d  a p l a n  f o r  r e a c h i n g  t h i s  o b j e c t i v e .  Once OHSP 

i s  s a t i s f i e d  t h a t  t h e  p r o p o s a l  s t r u c t u r e  mee t s  t h e s e  c r i t e r i a ,  

i t  i s  t h e n  n e c e s s a r y  t o  c o n s i d e r  whe the r  o r  n o t  t h e  o b j e c t i v e  

i s  wor thwh i l e .  

S i n c e  t h e  o b j e c t i v e s  o f  p r o j e c t s  r e c e i v e d  by OHSP a r e  

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

c a t i o n  o f  t h e  p r o j e c t  i n t o  i t s  p r o p e r  subgroup;  u s i n 8  t h e  

p l a n  deve loped  i n  Chap te r  2 .  The ASMD p r o j e c t  i s  d e s i g n e d  t o  

implement-- through p u r c h a s i n g  and t r a i n i n g - - t h e  u sage  o f  an  

improved speed  d e t e c t i o n  d e v i c e  by  t h e  Michigan S t a t e  P o l l c e .  



Thus,  i t  i s  c l a s s i f i e d  a s :  

1. I n d i r e c t  Component Change ( f rom C h a p t e r  2 )  
" - - - e f f e c t s  a r e  r e l a t e d  t o  t h e  sy s t em o b j e c t i v e  
t h r o u g h  a l o n g ,  c o m p l i c a t e d  and  l o o s e l y  d e f i n e d  
c h a i n  o f  even t s - - - "  

2 .  Both  P r e - c r a s h  and Crash  Phase s  

3 .  O p e r a t o r  Behav io r  M o d i f i c a t i o n  

A t  t h i s  p o i n t ,  a sub-sys tem model s h o u l d  be deve loped  i n  

o r d e r  t o  g u i d e  t h e  a n a l y s i s .  F i g u r e  14 p r e s e n t s  such  a  

model.  The e f f e c t  o f  t h i s  p r o j e c t - - i f  one e x i s t s - - i s  e x p e c t e d  

t o  o p e r a t e  on t h e  c a u s a l  c h a i n  by f i r s t  improv ing  law en fo rcemen t  

e f f i c i e n c y ,  f o l l o w e d  by a m o d i f i c a t i o n  o f  t h e  o p e r a t o r ' s  

d e c i s i o n  p r o c e s s .  H o p e f u l l y  t h i s  w i l l  r e d u c e  t h e  number 

and  s e v e r i t y  o f  c r a s h e s .  Each change i n  t h e  c a u s a l  c h a i n  

must a f f e c t  t h e  f o l l o w i n g  s t e p  i f  t h i s  u l t i m a t e  o b j e c t i v e  i s  

t o  be  r e a c h e d .  The c a p a b i l i t y  of' t h i s  d e v i c e  f o r  a c c u r a t e  

speed  measurement unde r  v a r i o u s  c o n d i t i o n s  when u sed  by 

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

s t u d i e s .  ( r e f . ,  2 2  & 2 4 ) .  I n  a d d i t i o n ,  s e v e r a l  s t u d i e s  

have s u g g e s t e d  t h a t  d r i v e r  speed  b e h a v i o r  i s  m o d i f i e d  by 

more i n t e n s i v e  (more u n i t s )  law e n f o r c e m e n t .  ( r e f .  2 0  & 

The laws of p h y s i c s  imply t h a t  h i g h e r  impac t  s p e e d s  

i n c r e a s e  s e v e r i t y  o f  c r a s h e s .  

From t h i s  l i m i t e d  i n f o r m a t i o n  an i n i t i a l  d e c i s i o n  must 

be made c o n c e r n i n g  t h i s  p r o j e c t .  We have e v i d e n c e  t o  i n d i c a t e  

t h a t  t h e  q u a l i t y  o f  law en fo rcemen t  w i l l  b e  i ~ p r o v e d .  We 

c o u l d  ask t h e  q u e s t i o n :  w i l l  improved q u a l i t y  o f  l aw e n f o r c e -  

ment modify t h e  o p e r a t o r s  d e c i s i o n  p r o c e s s  s o  t h a t  he d r i v e s  
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a t  l e g a l  s a f e  s p e e d s ?  The l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  t o  

answer  t h i s  q u e s t i o n  makes i t  u n l i k e l y  t h a t  a  d e f i n i t e  answer  

can  be o b t a i n e d .  Thus t h e  i n i t i a l  e v a l u a t i o n  o f  t h i s  p r o j e c t  

i s  l i m i t e d  t o  a s k i n g  whe the r  o r  n o t  improved law en fo rcemen t  

i s  wor th  t h e  c o s t  o f  t h i s  p r o j e c t .  I f  we b e l i e v e  t h a t  t h i s  

improvement i s  wor th  t h e  e x p e n s e ,  i t  i s  r e a s ~ n a ~ l e  t o ' a p p r o v e  

t h e  p r o j e c t .  

A t  t h i s  p o i n t ,  OHSP c o u l d  d e c i d e  t o :  

1. Approve t h e  p r o j e c t  

2 .  Pe r fo rm f u r t h e r  a n a l y s i s  

3.  R e j e c t  t h e  p r o j e c t  

If OHSP d e c i d e s  t o  approve  i t ,  a  d e c i s i o n  mizh t  a l s o  be  made 

t o  conduc t  a  w e l l  d e s i g n e d  expe r imen t  t o  e v a l u a t e  t h e  r e s u l t s  

o f  t h e  p r o j e c t  a s  i t  i s  implemented .  Without  c a r e f u l  e v a l u a t i o n  

o f  p r o j e c t s ,  p r o g r e s s  toward  t h e  g o a l  o f  h i g h ~ ~ a y  s a f e t y  improve- 

ment w i l l  be s e v e r e l y  hampered.  However, t h e r e  a r e  some impor- 

t a n t  a l t e r n a t i v e s  which must be c o n s i d e r e d .  A t  one e x t r e m e ,  

a l l  a v a i l a b l e  r e s o u r c e s  c o u l d  be d e v o t e d  t o  s a f e t y  p r o j e c t s  

w i t h o u t  any e v a l u a t i o n ,  w h i l e  a t  t h e  o t h e r  ex t r eme  a l l  r e -  

s o u r c e s  c o u l d  be d e v o t e d  t o  a few p r o J e c t s ,  e a c h  o f  which i n -  

c l u d e s  an  e l a b o r a t e  e v a l u a t i o n  p r o c e d u r e .  

We f e e l  t h a t  some b a l a n c e  s h o u l d  be a c h i e v e d  between 

t h e s e  two e x t r e m e s .  Each p r o j e c t  s h o u l d  be a n a l y z e d  

u s i n g  t h e  p r i n c i p l e s  p r e s e n t e d  i n  Chap t e r  1 o f  t h i s  r e p o r t .  

T h i s  i n i t i a l  a n a l y s i s  o r  s c r e e n i n g  c o u l d  be comple ted  w i t h i n  

s e v e r a l  h o u r s  f o r  some p r o j e c t s  w h i l e  o t h e r s  might  t a k e  two 



o r  t h r e e  d a y s .  A d e c i s i a n  t o  a c c e p t ,  r e j e c t ,  o r  p e r f o r m  

f u r t h e r  a n a l y s i s  c an  be made a s  a  r e s u l t  o f  t h i s  f i r s t  a n a l y s i s .  

P r o j e c t s  which a r e  l i k e l y  c a n d i d a t e s  f o r  a d e t a i l e d  e x p e r i -  

m e n t a l  s t u d y  might  a l s o  be i d e n t i f i e d  by t h i s  i n i t i a l  a n a l y s i s .  

The f o l l o w i n g  d i s c u s s i o n  p r e s e n t s  a t ho rough  a n a l y s i s  

o f  t h i s  p r o j e c t ,  i n d i c a t i n g  a n  e x p e r i m e n t a l  d e s i g n  which 

i s  s u i t a b l e  f o r  p e r f o r m i n g  a d e t a i l e d  e x p e r i m e n t a l  

e v a l u a t i o n  o f  t h e  e f f e c t  o f  t h i s  p r o j e c t .  The d e t a i l s  o f  t h e  

d e s i g n  and t h e  i m p l e m e n t a t i o n  o f  t h e  s t u d y  will r e n u i r e  a 

s i g n i f i c a n t  e f f o r t .  However, even  i f  i t  i s  dec ided  n o t  t o  

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

t h e  t h o u g h t  p r o c e s s  n e c e s s a r y  t o  e v a l u a t e  t h e  p o t e n t i a l  v a l u e  

o f  t h i s  p r o j e c t  and t h e  p rob lems  t h a t  must be c o n s i d e r e d  i n  

a t t e m p t i n g  t o  pe r fo rm  even  a  c a s u a l  e v a l u a t i o n  o f  i t s  e f f e c t i v e -  

n e s s .  

As we i n d i c a t e d  p r e v i o u s l y ,  t h i s  p r o j e c t  i s  an  i n d i r e c t  

component change which i s  d e s i g n e d  t o  modify d r i v e r  b e h a v i o r .  

P o t e n t i a l  improvements ( i f  t h e y  e x i s t )  a r e  e x p e c t e d  t o  o c c u r  

i n  t h e  p r e - c r a s h  and c r a s h  phase o f  t h e  highway s a f e t y  p rob lem.  

S i n c e  t h i s  i s  an  i n d i r e c t  component change ,  i t  i s  n e c e s s a r y  

t o  s e l e c t  some i n t e r m e d i a t e  e v a l u a t i o n  p o i n t s  a t  which t o  

measure  change .  The p o i n t s  s e l e c t e d  f o r  t h i s  p r o j e c t  a r e :  

1. The l e v e l  of p u b l i c  awa renes s  o f  t h e  e x i s t e n c e  and 
c a p a b i l i t y  o f  ASFID. 

2 .  The change i n  d i s t r i b u t i o n  of e x c e s s i v e  d r i v e r  s p e e d s .  



ANALYSIS OF PROJECT EFFECTIVENESS 

I n  t h i s  s e c t i o n ,  t h e  ASND w i l l  be  viewed i n  t e r m s  o f  

i t s  e f f e c t  on one p a r t  o f  t h e  highway s a f e t y  p rob lem -- t h e  

r e d u c t i o n  i n  e x c e s s i v e  s p e e d i n g .  To a i d  i n  t h e  a n a l y s i s  

o f  t h i s  e f f e c t ,  a s c h e m a t i c  model o f  t h e  subsys t em t o . b e  

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

i n  c h a p t e r  3.  F i g u r e  1 4  p r e s e n t s  t h i s  model .  The key i t e m  

i n  t h i s  sy s t em i s  t h e  d e c i s i o n  p r o c e s s  o f  t h e  d r i v e r ,  concern-  

i n g ,  i n  t h i s  c a s e ,  t h e  speed  a t  which he  w i l l  t r a v e l .  T h i s  

d e c i s i o n  p r o c e s s  must be m o d i f i e d  if e x c e s s i v e  d r i v i n g  speed  

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

Al though such  a r e d u c t i o n  seems t o  r e p r e s e n t  a  v a l u a b l e  

o b j e c t i v e  i n  t e r m s  o f  highway s a f e t y ,  we r e c o g n i z e  t h a t  t h e  

ASMD i n t r o d u c t i o n  ha s  many o t h e r  p o t e n t i a l  b e n e f i t s .  F i r s t ,  

i t  may a l l o w  t h e  o f f i c e r  t o  c o n t i n u e  w i t h  s p e e d  Law e n f o r c e -  

ment i n  a  more a c c u r a t e ,  e f f i c i e n t ,  s a f e ,  and i n e x p e n s i v e  way. 

Second,  t h e  i n t r o d u c t i o n  may improve o f f i c e r  mora l e  by making 

h i s  t r e f f i c  en fo r cemen t  r o l e  n o r e  c h a l l e n p i n g  and i n t e r e s t i n g .  

T h i r d ,  t h e  u se  o f  ASMD may f r e e  some o f  t h e  o f f i c e r ' s  t i m e  

t o  conduc t  o t h e r  t a s k s  w h i l e  on r o u t i n e  p a t r o l .  F o u r t h ,  i m -  

p roved  a c c u r a c y  i n  speed  measurement may add i n c r e a s e d  

c o n s i s t e n c y  and e f f i c i e n c y  t o  t h e  j u d i c i a l  p r o c e s s ,  The 

e v a l u a t i o n  a t  t h e s e  p e r i p h e r a l  b e n e f i t s  cam be per fo rmed  by 

a c c u m u l a t i n g  and summariz ing d a t a  f rom a p p r o p r i a t e  a g e n c i e s  

t h r o u g h o u t  t h e  r e g i o n s  unde r  s t u d y .  



These  p o t e n t i a l  supp l emen ta ry  b e n e f i t s  can  be c l a s s i f i e d  

unde r  t h e  h e a d i n g  o f  improved law e n f o r c e m e n t .  A s  s t a t e d  

p r e v i o u s l y  t h e s e  shou ld  be c o n s i d e r e d  i n  t h e  i n i t i a l  d e t e r - -  

m i n a t i o n  o f  whe ther  o r  n o t  t o  fund  t h e  ASMD p r o j e c t .  

The r ema inde r  o f  t h i s  d i s c u s s i o n  c o n s i d e r s  t h e  p o t e n t i a l  

e f f e c t  o f  ASMD i n t o d u c t i o n  o f  t h e  d r i v e r ' s  d e c i s i o n  a s  t o  

speed  o f  t r a v e l .  As shown i n  f i g u r e  1 4 ,  some f a c t o r s  i n f l u e n c -  

i n g  t h e s e  d e c i s i o n  a r e  l i s t e d  be low#:  

1. P e r c e p t i o n  o f  d r i v i n g  t a s k  and r e s p o n s e  as 
i n f l u e n c e d  b y :  

a .  w e a t h e r  
b .  r o a d  geometry 
c .  t r a f f i c  f l ow  
d .  t y p e  o f  a r e a  

2 .  Purpose  o f  t r i p  

a .  t r a v e l  t o  work 
b .  r e c r e a t i o n a l  t r a v e l  
c ,  p r o f e s s i o n a l  d r i v i n g  

3 .  P e r s o n a l  c h a r a c t e r i s t i c s  o f  o p e r a t o r  

a .  a t t i t u d e  toward  law enforcement  
b ,  d r i v i n g  s k i l l  
c .  a g g r e s s i v e n e s s  
d .  u s e  o f  v e h i c l e  as means o f  p e r s o n a l  e x p r e s s i o n  

4 .  P e r c e p t i o n  and a n a l y s i s  o f  d e t e c t i o n  r i s k  
c o n d i t i o n a l  upon a v i o l a t i o n  o f  t h e  l aw.  

The r e l a t i o n s h i p  between t h e  i n t r o d u c t i o n  o f  ASMD and 

e x c e s s i v e  s p e e d i n g  can be c o n c e p t u a l i z e d  i n  t e r m s  o f  a  c a u s a l  

c h a i n  l e a d i n g  f rom t h e  i n i t i a l  change t o  t h e  f i n a l  r e s u l t .  

As i s  shown i n  F i g u r e  1 4 ,  t h e  i n t r o d u c t i o n  o f  ASFD must f i r a s t  

%In a d d i t i o n  s e e  r e f e r e n c e s  2 1  and 2 2 .  



have an  e f f e c t  on t h e  o p e r a t o r f s  p e r c e p t i o n  o f  t h e  r i s k  of 

d e t e c t i o n  when he s p e e d s .  Hope fu l l y  t h i s  e f f e c t  w i l l  a l t e r  

h i s  d r i v i n g  b e h a v i o r .  

The i n t i a l  e f f e c t  o f  ASRD i s  e x p e c t e d  t o  be a n  improve- 

ment i n  t h e  e f f i c i e n c y  o f  t h e  e x i s t i n g  l e v e l  o f  law e n f o r c e -  

ment ,  E f f i c i e n c y  r e f e r s  t o  t h e  a b i l i t y  o f  e ach  p a t r o l  u n i t  

t o  d e t e c t  and document v i o l a t i o n s  o f  t h e  law. T h i s  i s  con- 

t r a s t e d  t o  t h e  number o f  p a t r o l  u n i t s ,  which we have d e f i n e d  

a s  t h e  i n t e n s i t y  o f  law en fo rcemen t8 .  The e f f i c i e n c y  o f  ASMD 

h a s  been e s t a b l i s h e d  b o t h  by t h e  Michigan S t a t e  P o l i c e  and 

by t h e  U n i v e r s i t y  o f  Nor th  C a r o l i n a .  ( r e f .  23,  24)  T h i s  

improved e f f i c i e n c y  may i n t r o d u c e  t h e  f o l l o w i n g  changes  i n  

t h e  c a u s a l  c h a i n  o f  F i g u r e  1 4 :  

1. Improved e f f i c i e n c y  o f  speed  d e t e c t i o n .  

2 .  Improvement i n  o v e r a l l  law enforcement  c a p a b i l i t y .  

3.  I n c r e a s e d  p u b l i c  awareness  o f  improved law e n f o r c e -  
ment .  

4. M o d i f i c a t i o n  o f  t h e  o p e r a t o r ' s  a s s e s smen t  o f  h i s  
d e t e c t i o n  r i s k .  

5 .  M o d i f i c a t i o n  o f  t h e  o p e r a t o r ' s  d e c i s i o n  p r o c e s s .  

6 .  Change i n  v e h i c l e  speeds  which a r e  i n  e x c e s s  o f  t h e  
e s t a b l i s h e d  limits. 

7 .  Reduc t i on  i n  number and s e v e r i t y  o f  c r a s h e s .  

-- -- 
" S t u d i e s  t o  measure  t h e  e f f e c t s  o f  i n c r e a s e d  i n t e n s i t y  

of  law enforcement  have been r e p o r t e d  i n  ( 2 1 )  and ( 2 2 ) .  A l -  
t hough  t h e  e x p e r i m e n t a l  p raocedures  f o l l o t r ed  i n  t h e s e  have 
been c a r e f u l l y  p l a n n e d ,  t h e  chosen  measures  o f  e f f e c t i v e n e s s  
may be h i g h l y  b i a s e d  by u n c o n t r o l l e d  f a c t o r s .  



Thus  t h e r e  a r e  a s e r i e s  o f  ---- i n t e r m e d i a t e  -- o b j e c t i v e s  wh ich  

must  be a c h i e v e d  b e f o r e  t h e  u l t i m a t e  o b j e c t i v e  -- r e d u c t i o n  

i n  number a n d  s e v e r i t y  o f  c r a s h e s  -- i s  s a t i s f i e d .  

S i n c e  a n  i m p o r t a n t  l i n k  i n  t h e  c a u s a l  c h a i n  i s  i n c r e , a s e d  

a w a r e n e s s  o f  t h e  improved  law e n f o r c e m e n t ,  HSRI f e e l s  t h a t  t h e  

e f f e c t  o f  a c o n t r o l l e d  p u b l i c  i n f o r m a t i o n  campaign  s h o u l d  a l s o  

be e v a l u a t e d  i n  c o n n e c t i o n  with t h e  s t u d y  o f  ASKD e f f e c t i v e -  

n e s s .  

By s t u d y i n g  t h e  c a u s a l  c h a i n ,  a  c h o i c e  c a n  be made con-  

c e r n i n g  p o s s i b l e  m e a s u r e s  o f  e f f e c t i v e n e s s .  T h i s  d e c i s i o n  

i s  i n f l u e n c e d  by a t r a d e o f f  b e t w e e n  t h r e e  c r i t e r i a :  

1. The m e a s u r e  o f  e f f e c t i v e n e s s  s h o u l d  be  c l o s e l y  

r e l a t e d  t o  a  m e a s u r e  o f  t h e  u l t i m a t e  s y s t e m  ob- 

j e c t i v e  -- r e d u c t i o n  i n  t h e  number and  s e v e r i t y  

o f  c r a s h e s .  U n f o r t u n a t e l y ,  m e a s u r e s  wh ich  a r e  

c l o s e l y  r e l a t e d  t o  t h i s  o b j e c t i v e  g e ~ e r a l l y  a r e  

i n f l u e n c e d  by a l a r g e  number o f  u n c o n t r o l l e d  

f a c t o r s .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  l o n g  c a u s a l .  

c h a i n ,  t h e s e  m e a s u r e s  may be insensitive t o  c h a n g e s  

i n  t h e  c o u n t e r m e a s u r e  u n d e r  s t u d y .  Herice i n t e r m e -  

d i a t  e  m e a s u r e s  where  s u c h  c o n t a m i n a t  i o n  arld i n s e n -  

s i t i v i t y  a r e  a v o i d e d  a r e  d e s i r a b l e .  The m e a s u r e  

o f  e f f e c t i v e n e s s  s h o u l d  be c l o s e l y  a s s o c i a t e d  w i t h  

t h e  c h a n g e  b e i n g  made i n  o r d e r  t o  miriirnize t h e  



e f f e c t  of  i n t e r v e n i n g  v a r i a b l e s .  

2 .  However, an improvement a t  any s t e p  i n  t h e  c a u s a l  

cha in  may not  r e s u l t  i n  an improvement i n  t h e  next  

s t e p .  Thus i t  i s  p o s s i b l e  t o  ach ieve  an in terme-  

d i a t e  o b j e c t i v e  wi thout  subsequent ly  r e a c h i n g  t h e  

u l t i m a t e  system o b j e c t i v e .  

3 .  The measure of  e f f e c t i v e n e s s  should  be capab le  of  

a c c u r a t e  and economical measurement i n  t h e  popu la t ion  

of i n t e r e s t .  

Based on t h e  above c o n s i d e r a t i o n s  we recommend'measure- 

ment a t  two p o i n t s  i n  t h e  c a u s a l  c h a i n .  These a r e :  

1. The p u b l i c  awareness of  improved law enforcement .  

2 ,  The d i s t r i b u t i o n  of  v e h i c l e  speeds - -  i n  p a r t i c u l a r  
t h e  number which exceed t h e  speed l i m i t .  

Thus we a r e  i n t e r e s t e d  i n  whether o r  not  d r i v e r s  a r e  aware 

of ASMD and secondly ,  what a c t i o n  they  t a k e  a s  a  r e s u l t  o f  

t h i s  awareness .  I f  ASMD has  an e f f e c t  on e x c e s s i v e  speeding ,  

d r i v e r s  must f i r s t  be aware of i t s  p r e s e n c e ,  I f  f a c t o r s  

o t h e r  t h a n  t h i s  awareness a r e  c o n t r o l l e d ,  t h e n  i t  i s  reason-  

a b l e  t o  a t t r i b u t e  changes t o  speed t o  t h e  improved law enfo rce -  

ment r e s u l t i n g  from ASMD. On t h e  o t h e r  hand,  a r e d u c t i o n  i n  

e x c e s s i v e  speeding  which i s  no t  preceded by i n c r e a s e d  p u b l i c  

awareness r e p r e s e n t s  a change due t o  o t h e r  s o u r c e s .  Hence, 

measurement of change i n  p u b l i c  awareness s e r v e s  a s  a  v a l u a b l e  

means f o r  p r e v e n t i n g  er roneous  i n f e r e n c e s .  



It i s  recommended t h a t  a  s e r i e s  o f  " b e f o r e - a f t e r "  

s t u d i e s  be c o n d u c t e d  t o  measure  changes  i n  p u b l i c  a w a r e n e s s  

and e x c e s s i v e  s p e e d i n g .  The f o l l o w i n g  t a b l e  summarizes  t h e  

p o s s i b l e  r e s u l t s  o f  t h e  measurements  and t h e  r z e s u l t i n g  con- 

c l u s i o n s  ( a s s u m i n g  o t h e r  f a c t o r s  a r e  a d e q u a t e l y  c o n t r o l l e d ) :  

D i s t r i b u t i o n  
P u b l i c  Awareness .--- o f  E x c e s s i v e  Speed -.--- -------- --- C o ~ c l u s i o n  .---..- 

I n c r e a s e d  

I n c r e a s e d  

No change 

No change 

Reduced D r i v e r s  a r e  aware  o f  
ASND and t h e y  have 
m o d i f i e d  t h e i r  b e h a v i o r ,  

Mo change D r i v e r s  a r e  aware  o f  
RSYD, b u t  t h e y  have 
n o t  m o d i f i e d  t h e i r  
b e h a v i o r  . 

No change D r i v e r s  a r e  n o t  aware  
o f  ASYD, and t h e y  have 
n o t  changed t h e i r  be- 
h a v i o r .  

Reduced Something o t h e r  t h a n  
ASIPYD hhs  c a u s e d  d r i v e r s  
t o  change t h e i r  b e h a v i o r .  

I n  o r d e r  t o  measure  t h e  s i n g l e  and combined e f f e c t s  o f  

ASMD and o f  a p u b l i c  i n f o r m a t i o n  campaign,,  i t  i s  n e c e s s a r y  

t o  s e l e c t  f o u r  r e g i o n s  i n  which t h e  follow in^ changes  w i l l  

be made: 

1. I n s t a l l  ASMD 

2 .  I n s t a l l  ASND 

Conduct p u b l i c  i n f o r m a t i o n  
campaign.  

Do n o t  conduc t  p u b l i c  
i n f o r m a t  i o n  campal gn 

3 .  Do n o t  i n s t a l l  ASFD Conduct p u b l i c  i n f o r m a t i o n  
campaign.  

4 .  Do n o t  i n s t a l l  ASYD Do n o t  conduc t  p u b l i c  
i ~ i ' o r m a t i o n  campaign.  



With in  each  r e g i o n  b e f o r e  and a f t e r  measurements w i l l  be 

made t o  d e t e r m i n e  t h e  magni tude o f  any changes  t h a t  may o c c u r .  

T h i s  f o u r - r e g i o n  s t u d y  w i l l  p r o v i d e  compar i sons  o f  

speed  and p u b l i c  awareness  i n  ASMD and non-ASPID a r e a s ,  b o t h  

w i t h  and w i t h o u t  a p u b l i c  i n f o r m a t i o n  campaign.  Thus., any 

o b s e r v e d  changes  can be a s s o c i a t e d  w i t h  ASMD, w i t h  p u b l i c  

i n f o r m a t i o n ,  o r  w i t h  t h e  combined e f f e c t  o f  t h e s e .  We be- 

l i e v e  t h a t  t h e  combined e f f e c t  o f  b o t h  f a c t o r s  may be 

d i f f e r e n t  from t h e  sum o f  t h e  i n d i v i d u a l  e f f e c t s  o f  e a c h  

f a c t o r .  T h i s  d e s i g n  w i l l  a l l o w  u s  t o  measure such  an  i n t e r -  

a c t i o n ,  I n  each  o f  t h e  r e g i o n s  measurements w i l l  be made 

p r i o r  t o  t h e  i n t r o d u c t i o n  o f  any changes  and a f t e r  t h e  changes  

have t a k e n  e f f e c t .  Thus,  t h e  -.-- chanqe i n  p u b l i c  awarenes s  and 

e x c e s s i v e  s p e e d i n g  w i l l  be measured i n  each  r e g i o n .  Measur ing 

t h e  change w i l l  h e l p  t o  e l i m i n a t e  d i f f e r e n c e s  between l o c a t i o n s  

which cou ld  b i a s  t h e  r e s u l t s .  

Four  l o c a t i o n s  which c o r r e s p o n d  t o  t h e  S t a t e  P l a n n i n g  

and Development Regions  ( 2 5 )  were s e l e c t e d  i n  c o n j u n c t i o n  

w i t h  Mr. John  L o n g s t r e t h  o f  t h e  P l a n n i n g  & Resea rch  U n i t ,  

M.S.P. The l o c a t i o n s  o f  t h e s e  r e g i o n s  are  shown i n  F i g u r e  

1 5 .  These r e g i o n s  a r e :  

P r i n c i p a l  
C i t y  .-.- - -.-- Trea tmen t  ---*. "-- 

I .  Region 5 
Sh i awassee  County 

Genesee County 
Lapeer  County 

F l i n t  ASMD & P u b l i c  
In fo rma t  i o n  



F i g u r e  15. S T A T E  P L A N N I N G  R E G I O N S  



P r i n c i p a l  
C iQ --- -- Trea tment  ----- 

11. Region 2 
J ackson  County 
H i l l s d a l e  County 
Lenawee County 

111. Region 8 
Oceana County 

Muskegon County 
Newago County 

I V .  Region 4 
Van Buren County 
B e r r i e n  County 
Cass County 

J ackson  ASMD o n l y  

Muskegon P u b l i c  I n f o r m a t i o n  
o n l y  

Benton Harbor No change 

These r e g i o n s  were s e l e c t e d  because  o f  t h e i r  n a t u r a l  s e p a r a t i o n  

w i t h  r e g a r d  t o  newspaper c i r c u l a t i o n ,  commuting, and minimum 

t r a f f i c  f low between r e g i o n s .  The o b j e c t i v e  i n  r e g i o n  s e l e c t i o n  

was t o  minimize t h e  i n f l u e n c e  o f  a t r e a t m e n t  i n  one r e g i o n  

on a t r e a t m e n t  i n  a n o t h e r  r e g i o n .  

It i s  recommended t h a t  i n  t h e  two a r e a s  o f  ASMD t r e a t m e n t  

a maximum number o f  v e h i c l e s  be equ ipped  w h i l e  i n  non-ASMD 

a r e a s  no v e h i c l e s  be equ ipped .  I n  t h i s  way, t h e  maximum d i f -  

f e r e n c e  i n  ASMD u t i l i z a t i o n  w i l l  be a c h i e v e d ,  and maximum 

o p p o r t u n i t y  f o r  d e t e c t i n g  measurab le  d i f f e r e n c e s  i s  p r o v i d e d .  

If e x c e s s i v e  s p e e d i n g  can  be c o n t r o l l e d  by ASMD w i t h  t h e  

p r e s e n t  i n t e n s i t y  o f  law en fo rcemen t ,  measurab le  d i f f e r e n c e s  

shou ld  a p p e a r  by f o l l o w i n g  t h i s  p r o c e d u r e .  I n  t h i s  e x p e r i -  

men t a l  d e s i g n  t h e  e f f e c t s  o f  t h e  t r e a t m e n t s  a r e  compared i n  

p a r a l l e l .  That  i s  t h e  t r e a t m e n t s  a r e  s t a r t e d  a t  t h e  same 

t ime  i n  e ach  o f  t h e  f o u r  geog raph i c  a r e a s .  



I n  o r d e r  t o  o b t a i n  v a l i d  r e s u l t s  f rom t h i s  e v a l u a t i o n  

if i s  i m p o r t a n t  t o  c o n t r o l  t h e  o t h e r  f a c t o r s  which i n f l u e n c e  

d r i v e r  speed  and d r i v e r  a w a r e n e s s .  Thus ,  a ma jo r  t a s k  i n  

t h i s  e v a l u a t i o n  i s  t h e  e s t a b l i s h m e n t  o f  a good e x p e r i m e n t a l  

d e s i g n  p r o c e d u r e  f o r  c o n d u c t i n g  measurements  i n  e a c h  o f  t h e  

r e g i o n s .  We w i l l  now i n d i c a t e  how HSRI p r o p o s e s  t o  d e s i g n  

t h i s  c r i t i c a l  p o r t i o n  o f  t h e  e v a l u a t i o n .  

DETAILS OF EXPERIMENTAL DESIGN. We have p r e v i o u s l y  

a r g u e d  t h a t  t h e  c a u s a l  c h a i n  which r e l a t e s  t h e  i n t r o d u c t i o n  

o f  ASMD t o  changes  i n  p r e - c r a s h  and c r a s h  measures  o f  e f f e c t -  

i v e n e s s  i s  h i g h l y  a f f e c t e d  b y  l a r g e  numbers o f  i n t e r v e n i n g  

u n c o n t r o l l e d  f a c t o r s .  Hence,  i n t e r m e d i a t e  e f f e c t i v e n e s s  

measures  must be s e l e c t e d ,  The two measures  we have recom- 

mended a r e :  changes  i n  p u b l i c  awa renes s  o f  ASI4D implementa-  

t i o n  w i t h i n  a r e g i o n  and s u b s e q u e n t  changes  i n  t h e  d i s t r i b u -  

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

s p e e d  l i m l t .  

I n  t h i s  s e c t i o n  we c o n s i d e r  t h e  e x p e r i m e n t a l  p roced ,u r e s  

n e c e s s a r y  t o  o b t a i n  measurements  and t o  compare t h e s e  e f f e c t -  

i v e n e s s  measures  i n  t h e  f o u r  r e g i o n s  unde r  s t u d y .  We w i l l  

draw h e a v i l y  on t h e  p r i n c i p l e s  p r e s e n t e d  i n  c h a p t e r s  4 and 

5. I d e a l l y ,  t h i s  e x p e r i m e n t a l  d e s i g n  must con t ro l ,  t h o s e  

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

mask o r  e x a g g e r a t e  t h e  e f f e c t s  o u r  expe r imen t  i s  a t t e m p t i n g  

t o  measure .  S i n c e  a l l  o f  t h e s e  f a c t o r s  a r e  n o t  known, a:nd 



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

env i ronment  i s  i m p o s s i b l e ,  any e x p e r i m e n t a l  p l a n  must be 

t a i l o r e d  t o  c o n t r o l  enough c a r e f u l l y  chosen  f a c t o r s  t o  i n s u r e  

t h e  v a l i d i t y  o f  c o n c l u s i o n s  we may draw.  

ALTERNATIVE EXPERIMENTAL PROCEDURES 

Three  a l t e r n a t i v e  e x p e r i m e n t a l  p r o c e d u r e s  may be c o n s i -  

d e r e d  t o  accompl i sh  t h e  g o a l  ment ioned above .  I d e a l l y ,  we 

might  s e l e c t  a  sample o f  o p e r a t o r s  i n  each  a r e a  and measure  

t h e  awarenes s  and s p e e d i n g  b e h a v i o r  b e f o r e  and a f t e r  t h e  

i n t r o d u c t i o n  o f  ASMD. T h i s  e x p e r i m e n t a l  p l a n  c o n t r o l s  t h e  

v a r i a b i l i t y  i n  c h a r a c t e r i s t i c s  w i t h i n  e a c h  r e g i o n .  I n  

a d d i t i o n ,  by s e l e c t i n g  o p e r a t o r s  i n  d i f f e r e n t  r e g i o n s  w i t h  

c e r t a i n  ma tch ing  c h a r a c t e r i s t i c s ,  cornparisons between a r e a s  

cou ld  be made. U n f o r t u n a t e l y  such  i n t e r v e n t i o n  i n  t h e  sy s t em 

i s  i m p o s s i b l e  w i t h o u t  g i v i n g  t h e  o p e r a t o r  knowledge of  t h e  

e x p e r i m e n t .  P r o v i d i n g  t h e  o p e r a t o r  with such  knowledge w i l l  

c e r t a i n l y  a l t e r  h i s  b e h a v i o r  and t h e r b y  b i a s  t h e  r e s u l t s .  

Hence, t h i s  p l a n  w i l l  n o t  be c o n s i d e r e d  f u r t h e r .  

A second  e x p e r i m e n t a l  p rocedu re  i n v o l v e s  t h e  s e l e c t i o n  

of f i x e d  r o a d  s i t e s  w i t h i n  each  r e g i o n  and t h e  measurement 

o f  speeds  a t  t h e s e  s i t e s  b e f o r e  and a f t e r  AS?C i s  i n t r o d u c e d .  

I n d e p e n d e n t l y ,  a sample o f  o p e r a t o r s  would be t a k e n  t o  

d e t e r m i n e  t h e  l e v e l  o f  p u b l i c  awarenes s  o f  ASMD w i t h i n  e a c h  

r e g i o n .  Using t h i s  e x p e r i m e n t a l  p l a n  we would s e l e c t  

l o c a t i o n s  t o  c o n t r o l  c e r t a i n  f a c t o r s  ( e . g . ,  r o a d  geomet ry ,  



t r a f f i c  f l o w ,  and pu rp ose  o f  t r i p )  i n f l u e n c i n g  speed .  By 

s e l e c t i n g  l o c a t i o n s  i n  e ach  r e g i o n  w i t h  n e a r l y  e q u i v a l e n t  

c h a r a c t e r i s t i c s ,  compar i sons  between r e g i o n s  would be  

s t r e n g t h e n e d .  The p rob lem w i t h  t h i s  p r o c e d u r e  i s  t h a t  we 

do n o t  have measures  o f  t h e  change -- -- i n  awareness  and subse -  

q u e n t  - change -- i n  b e h a v i o r  f o r  t h e  same s e t  o f  p e r s o n s .  Hence, 

we must i n f e r  t h a t  a  change o f  awa renes s  i n  one g roup  f o l l o w -  

ed by a  f a v o r a b l e  change i n  b e h a v i o r  i n  a n o t h e r  g roup  i n  t h e  

same r e g i o n  does  i n  f a c t  r e p r e s e n t  a r e g i o n a l  change .  The 

f o u r  p roposed  t r e a t m e n t s  may t h e n  be e v a l u a t e d  by comparing 

t h e  magni tude  o f  changes  i n  awareness  and changes  i n  speed  

b e h a v i o r  i n  t h e  f o u r  a r e a s .  As we have p o i n t e d  o u t  e a r l i e r ,  

by compar ing changes  i n  t h e s e  q u a n t i t i e s ,  a p o r t i o n  o f  t h e  

r e g i o n a l  bias i s  removed. 

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

u s i n g  t h e  same c r i t e r i a  as used i n  t h e  second  p r o c e d u r e ,  and 

t h e  measurement o f  speed  a t  t h e s e  s i t e s .  I n  t h i s  p l a n ,  how- 

e v e r ,  t h o s e  v e h i c l e s  whose speeds  have been measured w01~ld 

be i d e n t i f i e d  (by  s t o p p i n g  them on t h e  s c e n e  a f t e r  s p e e d s  

have been measured,  by r e c o r d i n g  t h e  l i c e n s e  numbers and 

c o n t a c t i n g  t h e i r  o p e r a t o r s  a t  a l a t e r  t i m e ,  o r  by some o t h e r  

p r o c e d u r e ) .  I n  t h i s  way we might  d e t e r m i n e  awareness  and 

b e h a v i o r  f o r  t h e  same s e t  o f  o p e r a t o r s .  However, s i n c e  we 

have e x e r c i s e d  no direct c o n t r o l  i n  selecting t h e  d r i v e r s  

to be measured ,  and s i n c e  a  d i f f e r e n t  sample  o f  o p e r a t o r s  



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

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

awareness  and speed  b e h a v i o r .  For  i n s t a n c e ,  t h e  v a r i a b l e  

" e d u c a t i o n a l  a t t a i n m e n t "  may be r e l a t e d  t o  bo th  i n c r e a s e d  

awarenes s  o f  s u b - s y s t e m  changes  (ASbQ) and t o  o p e r a t i o n  a t  

l e g a l  s p e e d s .  I n  t h i s  c a s e ,  i t  would be i n a c c u r a t e  t o  a t t r i -  

b u t e  t h i s  b e h a v i o r  t o  ASTI[D. Because o f  t h i s  p o s s i b l e  b i a s ,  

because  on- the-scene o p e r a t o r  i d e n t i f i c a t i o n  i s  a, d i f f i c u l t  

t a s k ,  and because  c o n t a c t i n g  s ~ e c i f i c  o p e r a t o r s  i s  i n  g e n e r a l  

e x p e n s i v e ,  t h i s  p l a n  a l s o  ha s  some s h o r t c o m i n g s .  On t h e  o t h e r  

hand,  t h e  a b i l i t y  t o  o b t a i n  measures  o f  awareness  and s p e e d i n g  

b e h a v i o r  on t h e  same s e t  o f  p e r s o n s  i s  d e s i r a b l e  i n  e l i c i t i n g  

any c a u s a t i v e  r e l a t i o n s  which may e x i s t .  

Thus a  f i n a l  d e c i s i o n  between p r o c e d u r e s  twc and t h r e e  

w i l l  r e q u i r e  a  more e x t e n s i v e  e v a l u a t i o n  o f  t h e i r  r e l a t i v e  

a d v a n t a g e s  and d i s a d v a n t a g e s .  An i n i t i a l  e f r o r t  i n  t h i s  

s t u d y  w i l l  i n v o l v e  t h e  s e l e c t i o n  o f  one o f  t h e s e  two e x p e r i -  

m e n t a l  p l a n s  f o r  d e t a i l e d  deve lopment .  

THE CHOICE OF VARIABLES TO CONTROL 

Both o f  t h e  p l a n s  unde r  c o n s i d e r a t i o n  i n v o l v e  t h e  s e l e c t i o n  

of  speed  measu r ing  s i t e s  w i t h i n  r e g i o n s .  We wish  t o  s e l e c t  

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

and t o  i n s u r e  t h a t  i n t e r r e g i o n a l  s i t e s  y i e l d  comparable  d a t a .  

I n  g e n e r a l ,  we p ropose  t o  s e l e c t  r o a d s  i n  e ach  a r e a  by c o n t r o l -  

l i n g  p h y s i c a l  c h a r a c t e r i s t i c s ,  such  as number o f  l a n e s ,  f r e -  



quency of c u r v e s ,  and s u r f a c e  t y p e .  T r a f f i c  f l o w  c h a r a c t e r -  

i s t i c s  t o  be c o n s i d e r e d  w i l l  i n c l u d e  a v e r a g e  t r a f f i c  volume, 

d e n s i t y ,  and  t h e  a v e r a g e  n a t u r e  o f  t r a v e l  o v e r  t h e  r o a d .  Be- 

c a u s e  o f  t h e  impor t ance  o f  a c c u r a t e  s i t e  s e l e c t i o n  on t h e  

e x p e r i m e n t a l  c o n c l u s i o n s  a n  e x t e n s i v e  e f f o r t  w i l l  be made t o  

d e t e r m i n e  e x a c t l y  which s i t e  v a r i a b l e s  must be c o n t r o l l e d .  

The s e l e c t i o n  o f  t h e s e  s i t e s  w i l l  r e q u i r e  map s u r v e y s  and 

d i s c u s s i o n s  w i t h  s t a t e  highway depa r tmen t  and  s t a t e  p o l i c e  

p e r s o n n e l  i n  o r d e r  t o  d e t e r m i n e  s p e c i f i c  l o c a t i o n s  which have 

t h e  d e s i r e d  characteristics. F i n a l  s e l e c t i o n  w i l l  p r o b a b l y  

r e q u i r e  d e c i s i o n s  c o n c e r n i n g  t h e  t r a d e o f f s  between i d e a l  v a r i a b l e  

l e v e l s  and t h o s e  which can  b e  measured w i t h  some p r e c i s i o n .  

I n  a d d i t i o n ,  i t  i s  n e c e s s a r y  t o  c o n t r o l  t h e  d i s t u r b i n g  

i n f l u e n c e  o f  changes  on t h e  chosen  r o a d  seqments  o c c u r i n g  

o v e r  t i m e .  For  i n s t a n c e ,  measurements  s h o u l d  be t a k e n  o r , ly  

on t h o s e  days  and d u r i n g  t h o s e  t i m e s  when t h e  c o n t r o l l e d  

c h a r a c t e r i s t i c s  a r e  c l o s e  t o  t h e  a v e r a g e  v a l u e s .  It  i s  a . l so  

n e c e s s a r y  t o  t a k e  d a t a  o n l y  when t r a f f i c  i s  moving f r e e l y  t o  

remove t h e  d e p e n d e n c i e s  i n t r o d u c e d  by v e h i c u l a r  i n t e r a c t i o n .  

The i n f l u e n c e  o f  w e a t h e r  w i l l  b e  c o n t r o l l e d  by making 

speed  compar i sons  o n l y  f o r  similar w e a t h e r  c o n d i t i o n s .  I n  

o r d e r  t o  m a i n t a i n  a  r e a s o n a b l y  s m a l l  sample  s i z e ,  o u r  t e n t a -  

L ive  c o n c l u s i o n s  a r e  t h a t  d a t a  s h o u l d  be t a k e n  o n l y  unde r  

good r o a d  and w e a t h e r  c o n d i t i o n s .  

N e i t h e r  o f  t h e  e x p e r i m e n t a l  p l a n s  we have p r e s e n t e d  



o f f e r s  a  s t r o n g  c o n t r o l  on o p e r a t o r  v a r i a b i l i t y ,  a l t h o u g h  

some c o n t r o l  i s  m a i n t a i n e d  by s e l e c t i n g  s i t e s  h a v i n g  similar 

a v e r a g e  t r a v e l  p a t t e r n s  and m i s s i o n s .  We r e c o g n i z e  t h a t  t h e  

r e g i o n s  s e l e c t e d  f o r  s t u d y  have somewhat d i f f e r e n t  s o c i o -  

economic and e t h n i c  c h a r a c t e r i s t i c s .  Wi th in  each  r e g i o n ,  

i t  i s  a l s o  r e a s o n a b l e  t o  assume t h a t  t h e  c h a r a c t e r i s t i c s  of' 

o p e r a t o r s  may v a r y  f rom s i t e  t o  s i t e .  M o w ~ Q ~ ~ ,  w i t h o u t  t h e  

a b i l i t y  t o  f e a s i b l y  and economica l l y  measure  one s e t  sf 

o p e r a t o r s  t h r o u g h o u t  t h e  p e r i o d ,  i t  seems r e a s o n a b l e  t o  con- 

t r o l  t h i s  v a r i a b l e  o n l y  by o b t a i n i n g  l a r g e  enough s a r n ~ l e s  s o  

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

t o  measure  any change i n  e f f e c t i v e n e s s  w i t h  r e s p e c t  t o  t h i s  

a v e r a g e .  

A d d i t i o n a l  c o n t r o l  must be e x e r c i s e d  o v e r  chanees  i n  

p u b l i c  f a c t o r s  o t h e r  t h a n  AS?#!D. For  i n s t a n c e ,  en fo r cemen t  

l e v e l s  and o f f i c e r  deployment shou ld  be k e p t  c o n s t a n t  a t  

e x i s t i n g  l e v e l s  by a l l  j u r i s d i c t i o n s  whenever p o s s i b l e .  

O the r  s a f e t y  campaigns shou ld  n o t  be i n i t i a t e d .  Proposed 

r o u t e  changes  and c o n s t r u c t i o n  shou ld  be avo ided  by s e l e c t i n g  

measurement s i t e s  where t h e s e  e v e n t s  a r e  n o t  p l anned  d u r i n g  

t h e  s t u d y  p e r i o d .  

EXPERIMENT TIMING AND SAMPLE SIZE 

In b o t h  e x p e r i m e n t a l  p l a n s  we a r e  c o n s i d e r i n g ,  b e f o r e  

and a f t e r  measurements a r e  p roposed  i n  e ach  o f  t h e  f o u r  r e g i o n s .  

S i n c e  we assume no p u b l i c  awareness  o f  ASFD p r i o r  t o  i t s  



i n t r o d u c t i o n ,  o n l y  speed  d i s t r i b u t i o n  must be measured i n  

each  r e g i o n  b e f o r e  ASMD. We a n t i c i p a t e  such  measurements 

w i l l  t a k e  from one t o  two months depending  upon t h e  a v a i l -  

a b i l i t y  o f  S t a t e  Highway Department crews and wea the r  c o ~ i d i -  

tiorms. 

A f t e r  t h e  i n t r o d u c t i o n  o f  ASMD t h e  key q u e s t i o n  i s  

when t o  b e g i n  measur ing ,  f o r  t h e r e  c e r t a i n l y  i s  a t ime  l a g  

between ASMD i n t r o d u c t i o n  and p u b l i c  awarenes s .  (We hope 

t h a t  t h e r e  i s  no l a g  between awareness  and change i n  speed-  

i n g  b e h a v i o r . )  F i g u r e  16  q u a l i t a t i v e l y  d e p i c t s  t h e  

problem.  

It seems r e a s o n a b l e  t o  make measurements a f t e r  t h e  t r a n -  

s i e n t ,  i n i t i a l  changes  have occu red .  That i s ,  we wish t o  

make e v a l u a t i o n s  i n  t h e  " s t e a d y  s t a t e " .  U n f o r t u n a t e l y ,  t h e  

t i m e  t o  r e a c h  t h i s  i s  n o t  w e l l  known, and i t  may be d i f f e r e n t  

when a  p u b l i c  i n f o r m a t i o n  campaign i s  u n d e r t a k e n ,  A two o r  

t h r e e  month p e r i o d  may be adequa t e  t o  a l l o w  t h e s e  t r a n s i e n t  

e f f e c t s  t o  d i s s i p a t e .  I n  a d d i t i o n ,  i t  i s  w e l l  known t h a t  

awareness  b e g i n s  t o  d rop  a t  some l a t e r  t ime  i f  i t  i s  n o t  

r e i n f o r c e d .  Hence, i t  would be i n t e r e s t i n g  ( a l t h o u g h  not; 

e s s e n t i a l  t o  t h e  e v a l u a t i o n )  t o  conduct  a  second s e t  o f  

measurements ( s a y  a f t e r  s i x  months)  t o  s t u d y  t h i s  phenomenon. 

De te rmina t ion  of  t h e  sample s i z e  n e c e s s a r y  t o  a s c e r t a i n  

t h e  d i s t r i b u t i o n  of  v e h i c l e  speeds  and l e v e l s  of p u b l i c  aware- 

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





v a r i a b i l i t y  and c o s t  o f  o b t a i n i n g  d a t a .  I n  o u r  e x p e r i m e n t a l  

p l a n  s e v e r a l  f a c t o r s  are c o n t r o l l e d  i n  making speed  measure-  

ments ;  hence  t h e  a p p r o p r i a t e  sample  s i z e  may be app rox ima ted  

by c o n s i d e r i n g  t h e s e .  

Fo r  i n s t a n c e ,  i f  we measure  speed  d i s t r i b u t i o n  on h i g h  

and low volume, r e s i d e n t i a l  and commercial  s i t e s  w i t h i n  e a c h  

r e g i o n  unde r  good wea the r  c o n d i t i o n s  f o r  non-weekend t r a f f i c ,  

( e . g . ,  f o u r  l o c a t i o n s  p e r  r e g i o n ) ,  and i f  we r e a u i r e  a 1 C l O  

v e h i c l e  sample  a t  e ach  s i t e ,  1600 o b s e r v a t i o n s  a r e  needed 

p e r  e x p e r i m e n t a l  r e p l i c a t i o n .  To c o n t r o l  e x p e r i m e n t a l  e r r o r  

and e r r o r s  due t o  o t h e r  s o u r c e s ,  two o r  t h r e e  r e p l i c a t i o n s  

of t h e  expe r imen t  a r e  n e c e s s a r y .  Assuming t h r e e  r e p l i c a t i o n s ,  

4800 measurements  a r e  n e c e s s a r y  i n  e ach  o f  t h e  b e f o r e  and 

a f t e r  p e r i o d s .  Assuming t h a t  50 v e h i c l e s / h o u r  p a s s  e a c h  

measu r ing  s i t e ,  192 h o u r s  o f  speed  measurement t i m e  a r e  r e -  

q u i r e d .  

S i n c e  we a r e  i n t e r e s t e d  i n  knowing t h e  p r o p o r t i o n  of 

p e r s o n s  aware o f  ASFID, o u r  sample s i z e  f o r  t h i s  sub-exper iment  

s h o u l d  be d e s i g n e d  t o  o b t a i n  an o p t i m a l  e s t i m a t e  o f  t h i s .  

The c o s t  o f  o b t a i n i n g  i n f o r m a t i o n  i s  h i g h l y  dependen t  upon 

t h e  i n t e r v i e w  p r o c e s s  s e l e c t e d ,  s o  t h e  n e c e s s a r y  sample  s i z e  

w i l l  be s e l e c t e d  a f t e r  t h i s  p r o c e s s  i s  chosen .  I n  g e n e r a l  

p r o p o r t i o n s  can  be e s t i m a t e d  w i t h  h i g h  p r e c i s i o n  u s i n g  r ea son -  

a b l y  small random samp le s .  





1 0 .  IYICIXIGAN SECRETARY OF STATE DRIVER RECORDS CONVERSIOI\I 
PROJECT 

The Michigan Department o f  S t a t e  (MDS) D r i v e r  Records  

Convers ion  P r o j e c t  p r o v i d e s  an  a p p l i c a t i o n  o f  o u r  ex  p o s t  

f a c t o  e v a l u a t i o n  p r i n c i p l e s .  S i n c e  t h i s  p r o j e c t  i s  a  sub- 

p r o j e c t  i n  t h e  development o f  a  s t a t e - w i d e  au tomated  d r i v e r  

r e c o r d s  sys tem,  we must c o n s i d e r  t h e  o v e r a l l  sys tem i n  i t s  

e v a l u a t i o n .  

Using t h e  c l a s s i f i c a t i o n  p l a n  o f  Chap t e r  2 we o b s e r v e  

t h a t  t h e  au tomated  d r i v e r  r e c o r d s  sy s t em p r o j e c t  i s  an  i n -  

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

t h e  c r a s h  p r o c e s s .  Consequen t l y ,  t h i s  o v e r a l l  p r o j e c t  s h o u l d  

be e v a l u a t e d  i n  t e rms  o f  t h e  i n c r e a s e d  q u a l i t y  and /or  q u a n t i t y  

o f  i n f o r m a t i o n  p r o v i d e d .  However, i n  e v a l u a t i n g  t h e  conver -  

s i o n  s u b - p r o j e c t  i t  i s  f i r s t  n e c e s s a r y  t o  deve lop  a  sub- 

sys tem model s o  t h a t  r e a s o n a b l e  i n t e r m e d i a t e  measures  o f  

e f f e c t i v e n e s s  can  be s e l e c t e d  f o r  t h i s  s u b - p r o j e c t .  One such  

model i s  p r e s e n t e d  i n  F i g u r e  1 7 .  

From t h i s  f i g u r e  we s e e  t h a t  t h e  c o n v e r s i o n  s u b - p r o j e c t  

i s  o n l y  one p o r t i o n  o f  t h e  au tomated  r e c o r d s  sy s t em p r o j e c t .  

Hence, i t  i s  u n r e a s o n a b l e  t o  e v a l u a t e  t h e  s u b - p r o j e c t  i n  t e rms  

o f  t h e  o v e r a l l  o b j e c t i v e s  ( i n c r e a s e d  i n f o r m a t i o n  q u a l i t y  and 

q u a n t i t y ) ,  s i n c e  many f a c t o r s  i n  a d d i t i o n  t o  c o n v e r s i o n  i n -  

f l u e n c e  t h e s e  o b j e c t i v e s .  A more r e a s o n a b l e  approach  i s  t o  

e v a l u a t e  t h e  s u b - p r o j e c t  by c o n s i d e r i n g  whe ther  i t  c o n t r i b u t e s  

t o  t h e  o v e r a l l  p r o j e c t  o b j e c t i v e s  i n  a c o s t - e f f e c t i v e  waiy. 
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T h i s  i s  e s s e n t i a l l y  t h e  Department o f  S t a t e ' s  O f f i c e  r e a s o n i n g  

i n  s p e c i f y i n g  a n  i n t e r m e d i a t e  s u b - p r o j e c t  o b j e c t i v e - - t o  irnple- 

ment a p o r t i o n  o f  t h e  r e c o r d  c o n v e r s i o n  p r o c e s s  i n  a n  e f f i c i e n t  

manner.  

I n  c o n d u c t i n g  a  c o s t - e f f e c t i v e n e s s  a n a l y s i s  o f  t . h i s  t y p e  

we a r e  f o r c e d  t o  compare a l t e r n a t i v e  c o n v e r s i o n  p r o c e d u r e s .  

Two s u c h  a l t e r n a t i v e s  have been  a n a l y z e d  by t h e  Department o f  

S t a t e ' s  Of f ice - -keypunch ing  o f  r e c o r d s  f o l l o w e d  by machine 

f i l e  c o n s t r u c t i o n  and t y p i n g  fol1owed by o p t i c a l  s c a n n i n g  t o  

c r e a t e  f i l e s .  A comple te  c o s t  a n a l y s i s  o f  t h e s e  by i?DS showed 

t h a t  t h e  second a l t e r n a t i v e  i s  l e s s  e x p e n s i v e  by $220,000.  

T h i s  shows t h e  b e n e f i t s  t h a t  can be o b t a i n e d  by compariing 

a l t e r n a t i v e  s o l u t i o n  p r o c e d u r e s  i n  t h e  p r o j e c t  p l a n n i n g  s t a g e .  

As we i n d i c a t e d  i n  Chap t e r  1, a n  ex  p o s t  f a c t o  e v a l u a t i o n  

by OHSP shou ld  be conduc ted  t o  a s c e r t a i n  whe the r  t h e  agency 

a c h i e v e d  i t s  o b j e c t i v e s  w i t h i n  t h e  p r o j e c t e d  c o s t s .  I n  

a d d i t i o n ,  any d e f i c i e n c i e s  which o c c u r r e d  s h o u l d  be a n a l y z e d .  

The t o t a l  e s t i m a t e d  c o s t  o f  t h e  e n t i r e  c o n v e r s i o n  sub-  

p r o j e c t  i s  2 .73  m i l l i o n  d o l l a r s  o f  which F e d e r a l  f u n d s  p a i d  

$139,999 ( 5 . 1 %  o f  t h e  t o t a l ) .  It was e s t i m a t e d  t h a t  1 7  

m i l l i o n  documents f o r  4 . 5  m i l l i o n  o p e r a t o r s  would be c o n v e r t e d .  

The a v e r a g e  e s t i m a t e d  c o n v e r s i o n  c o s t  i s  t h e n  $.16/document o r  

$ . 6 l / o p e r a t o r .  

Our c o n v e r s a t i o n s  w i t h  p e r s o n n e l  o f  t h e  Department o f  

S t a t e ' s  o f f i c e  r e v e a l e d  t h e  f o l l o w i n g  i n f o r m a t i o n .  The p ro-  



j e c t  i s  on s c h e d u l e  ( 5 3 . 8 %  o f  a l l  f i l e s  have been c o n v e r t e d ) .  

T h i s  i s  t r u e  even though t h e r e  was a  d e l a y  due t o  t h e  F e d e r a l  

l a g  i n  a l l o c a t i n g  f u n d s .  The t o t a l  c o s t  e s t i m a t e  o f  2 .73  

m i l l i o n  d o l l a r s  i s  s t i l l  c u r r e n t  w i t h  seven  months r ema in ing  

i n  t h e  c o n v e r s i o n  p r o j e c t .  

I n  a d d i t i o n ,  MDS p e r s o n n e l  have d i s c o v e r e d  t h a t  t h e r e  

a r e  a c t u a l l y  5 .5  m i l l i o n  o p e r a t o r s  i n  t h e i r  manual sys tem.  

Consequent ly ,  t h e  a t t a i n e d  ave rage  c o n v e r s i o n  c o s t  i s  l i k e l y  

t o  be $ . 5 0 / o p e r a t o r .  

Thus,  we can say  t h a t  t h e  t o t a l  p r o j e c t  i s  mee t ing  i t s  

s t a t e d  o b j e c t i v e s  w i t h i n  t h e  p r o j e c t  c o s t s .  T h e r e f o r e  t h e  

F e d e r a l  f unds  used i n  t h i s  s u b - p r o j e c t  were u t i l i z e d  e f f e c t i v e -  

l y  * 

There  a r e  o t h e r  u n s t a t e d  o b j e c t i v e s  which t h e  p r o j e c t  

has  a t t a i n e d .  OHSP shou ld  a l s o  examine t h e s e  i n  an ex  p o s t  

f a c t o  e v a l u a t i o n .  The number of  p e r s o n n e l  i l ivolved i n  r e c o r d  

look-up has  been reduced  from 98 t o  55 .  The employees a r e  

p l e a s e d  w i t h  t h e  sys tem a s  i t  r e d u c e s  t h e  number c f  l o s t  d r i v e r  

r e c o r d s  and s a v e s  a  three-week w a i t  i n  t h e  f i l i n g  c y c l e .  

Fu r the rmore ,  t h e  e r r o r  check ing  r o u t i n e s  which p r o c e s s  t h e  

t yped  r e c o r d s  p r o v i d e  a way f o r  r a t i n g  t y p i s t s - - a  s u b j e c t  o f  

concern  t o  NDS p e r s o n n e l .  

The b r e v i t y  of  t h i s  ex p a s t  f a c t o  a n a l y s i s  i s  i n d i c a t i v e  

of t h e  e f f o r t  r e q u i r e d  f o r  rnakinlr, such  an eva1ua.ti .cn o f  a  

wel l -p lanned  and wel l -execu ted  p r o j e c t .  T h i s  p r o j e c t  i s  one 



i n  which t h e  ch rono logy  o f  C h a p t e r  1 was f o l l o w e d ,  S p e c i f i c a l -  

l y ,  t h e  agency c a r e f u l l y  examined i t s  problerri and f o r m u l a t e d  

a  p r o j e c t  t o  a t t a i n  s p e c i f i c ,  s t a t e d  o b j e c t i v e s ,  O v e r a l l  

components were d e f i n e d  and r e s t r i c t i o n s  were e s t a b l i s h e d .  

I n  a d d i t i o n ,  s u b - o b j e c t i v e s ,  i n  t h i s  c a s e  t h e  c o n v e r s i o n  

o f  d r i v e r  r e c o r d s ,  were e s t a b l i s h e d .  A l t e r n a t i v e   project;^ 

were c o n s i d e r e d  i n  t h i s  a n a l y s i s ,  and a " b e s t v  p r o j e c t  was 

s e l e c t e d .  The p r o j e c t  was implemented t h r o u g h  a w e l l - d e f i n e d  

p l a n  o f  agency r e s p o n s i b i l i t y  and c o n t r o l .  P r o g r e s s  was 

mon i to r ed  on a monthly  basis and p e r t i n e n t  d a t a  were r e c o r d e d  

(number o f  r e c o r d s  c o n v e r t e d ,  c o s t s  i n c u r r e d ) .  

I n  a s i t u a t i o n  such  as t n i s  e x t e n s i v e  ' ' a f t e r  t h e  f a c t u  

e v a l u a t i o n  and a n a l y s i s  o f  d e f i c i e n c i e s  a r e  u n n e c e s s a r y .  T h i s  

a g a i n  p o i n t s  o u t  t h e  impor t ance  o f  t h e  good agency p l a n n i n g  

and e x e c u t i o n .  

I n  o t h e r  s i t u a t i o n s ,  OIISP may f i n d  t h a t  c o n s i d e r a b l e  

ex  p o s t  f a c t o  e v a l u a t i o n  i s  d e s i r a b l e  t o  d e t e r m i n e  why p ro -  

j e c t e d  and a t t a i n e d  b e n e f i t s  and /o r  c o s t s  d i f f e r .  From 'chese 

e v a l u a t i o n s ,  t h e  agency i n v o l v e d  can be  g i v e n  i n fo rma t i011  

h e l p f u l  i n  a v o i d i n g  t h e s e  p rob lems  i n  t h e  f u t u r e .  I n  a d d i t i o n ,  

OHSP can  u se  t h e  i n f o r m a t i o n  t o  deve lon  f u t u r e  programs which 

min imize  t h e  l i k e l i h o o d  o f  such  p rob l ems ,  
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