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PREFACE 

This document is the first volume of a four-volume report cover- 

ing the results of a one-year study contract to determine a program 

planning methodology for the evaluation of highway safety counter- 

measures. The present volume contains an introduction to the evalua- 

tion of countermeasures and a brief summary of results. Volume I 1  

contains the rationale for program planning; Volume I11 describes the 

detailed program plans for six countermeasure evaluation categories; 

and Volume IV is a report bibliography on documents pertinent to 

countermeasure development, 
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1. INTRODUCTION 

There have been 16 Highway Safe ty  Program Standards promulgated 
by t h e  f e d e r a l  government, along w i t h  sugges t ions  of p a r t i c u l a r  ac- 
t i v i t i e s  which might be undertaken by l o c a l  o r  s t a t e  agencies t o  r e -  
duce t h e  incidence of highway c rashes .  Although few people quest ion 
e i t h e r  the  s p i r i t  of the  Standards,  o r  the  concept t h a t  t h e  recom- 
mended a c t i v i t i e s  a r e  u s e f u l ,  many ques t ion  the  cost-value r e l a t i o n -  
s h i p s .  There is a c l e a r  need f o r  information when some p o t e n t i a l  
program organizer  a sks :  " W i l l  t h i s  a c t i v i t y  be worth a s  much (or  
more) t o  me a s  i t  cos t s?" ;  o r  ''Which of the  many programs which could 
be undertaken w i l l  be the  most useful?"  

Since most of these  a c t i v i t i e s  (o f t en  c a l l e d  accident  counter- 
measures by t h e  people who promote them) must u l t i m a t e l y  be i n s t i -  
t u t e d  by l o c a l  and/or s t a t e  agencies ,  these  agencies and t h e i r  fund- 
ing sources  must be convinced of the  expected value of a  program 
before  i t  begins .  Thus i t  fo l lows t h a t  most o f t e n  the  information 
proving the  value of a  program, o r  i n d i c a t i n g  i ts  p o t e n t i a l  va lue ,  
should be i n  a  form most p a l a t a b l e  t o  the  decision-makers. 

In e a r l y  1970 t h e  s t a f f  of t h e  National  Highway Safe ty  Bureau* 
(NHSB) developed a plan e n t i t l e d  "Safe ty  through Concentrated Opera- 
t i o n a l  Program Effort1 ' --subsequently r e f e r r e d  t o  a s  SCOPE. I t s  pur- 
pose was t o  "implement opera t ion  eva lua t ion  programs and t o  suppor t  
s u s t a i n i n g  programs, i n  order  t o  develop a p r i o r i t y  scheme f o r  use 
i n  t h e  a l l o c a t i o n  of funds t o  var ious  elements of a  t r a f f i c  s a f e t y  
program a t  t h e  F e d e r a l ,  S t a t e ,  and l o c a l  l eve l "  (quoted from an un- 
dated NHSB working document prepared e a r l y  i n  1970).  

The s t a t e -o f - the -a r t  review conducted a t  t h a t  time l e d  t o  the  
conclusion t h a t  t h e r e  was simply a l ack  of v a l i d  da ta  on the  many 
v a r i a b l e s  a s soc ia ted  w i t h  t he  t r a f f i c  s a f e t y  f i e l d ,  and t h a t  t h i s  
l ack  c o n s t i t u t e d  an impediment t o  the  e s t ima t ion  of payoffs  on se-  
l e c t e d  programs. Measures of t h e  e f f e c t i v e n e s s  of t r a f f i c  s a f e t y  
programs t o  t h a t  d a t e  were s t i l l  t o o  fragmented t o  form a b a s i s  f o r  
p r i o r i t y  dec i s ions  a t  t h e  n a t i o n a l  l e v e l .  

The f a c t  t h a t  t h i s  problem s t i l l  e x i s t s ,  a t  l e a s t  a t  t h e  s t a t e  
l e v e l ,  is c l e a r l y  ind ica ted  i n  a  r ecen t  l e t t e r  from a d i r e c t o r  of a  
S t a t e  Of f i ce  of Planning and Programming. The l e t t e r  was i n  response 
t o  a  r a t h e r  genera l  ques t ion  about the  problems of resource  a l loca -  
t i o n  wi th in  t h e  highway s a f e t y  f i e l d  and i n d i c a t e s  t h e  dilemma st i l l  
faced by such p lanners :  

The whole bus iness  of planning is a very d i f f i c u l t  concept t o  
s e l l  o r  promote. People seem t o  have a b u i l t - i n  a f f i n i t y  t o  
a c t i o n .  The c r i s i s  na tu re  of our s o c i e t y  has something t o  do 
w i t h  i t .  There a r e  some problems i n  r e l a t i o n  t o  highway s a f e t y  
planning t h a t  c l e a r l y  need cons ide ra t ion .  The commentary t h a t  
fo l lows desc r ibes  a  l i t t l e  of what we cope w i t h  d a i l y .  

Evaluat ion techniques must be r e l a t i v e l y  simple and r e a d i l y  
adap tab le  t o  t h e  personnel  l e v e l s  a t  s t a t e  and l o c a l  l e v e l s .  
While we have must information on d r i v e r s ,  v e h i c l e s ,  e t c . ,  o f t en  
i t  is not  i n  a  s t a t u s  t o  be manipulated, a s  is our case  now. 
S t a t e s  have been g r e a t  a t  c o l l e c t i n g  information a s  r equ i red  by 
the  codes but have done l i t t l e  i n  terms of management a n a l y s i s .  
We r e a d i l y  assume t h a t  i f  500 people go through a d r i v e r  improve- 

*In January 1971 NHSB became t h e  National  Highway T r a f f i c  Safe ty  
Administrat ion (NHTSA). 



ment program and only 50 have v i o l a t i o n s  i n  the  next  12 months, 
t h a t  450 obviously b e n e f i t t e d .  Few r e a l i z e  t h a t  t h e  same th ing  
could happen i f  we d i d  nothing t o  those  500 d r i v e r s ,  Programs 
l i k e  d r i v e r  education a r e  i n f i n i t e l y  d i f f i c u l t  t o  e v a l u a t e ,  We 
b e l i e v e  Iowa has a top  q u a l i t y  program i n  terms of c o n t e n t ,  
coverage and volume. Yet,  we cannot suppor t  i t  t o  the  Governor 
and L e g i s l a t u r e .  

Take another  i s s u e .  What is t h e  e f f e c t  of adding 100 highway 
patrolmen? What is t h e  e f f e c t  of i n s t a l l i n g  an emergency t e l e -  
phone system on Iowa's I n t e r s t a t e  System? What do we know about 
PhWI? We have noted some evidence t h a t  t h e  a c c i d e n t ,  i n j u r y  and 
f a t a l i t y  r a t e s  o f t e n  go up a f t e r  PMVI is i n i t i a t e d .  I doubt i f  
many s t a t e s  have base d a t a  from which t o  s t a r t  eva lua t ing  PMVI. 
Iowa c e r t a i n l y  d o e s n ' t .  How do you determine t h e  percentage of 
a c c i d e n t s  d e t e r r e d  by inspec t ion  of a  c e r t a i n  number of i tems 
on a s e l e c t e d  popula t ion  of veh ic les?  We have no base da ta  o r  
benchmarks t o  s t a r t  from and w i t h  t h e  p a r t i a l  inspec t ion  program 
l e g i s l a t e d ,  such e f f e c t s  w i l l  be very d i f f i c u l t  t o  s t a t i s t i c a l l y  
determine even a f t e r  5 yea r s .  Vehicle r e g i s t r a t i o n  i n  most s t a t e s  
has been a revenue producer,  not  a  s a f e t y  program. The informa- 
t i o n  has helped c r imina l  law enforcement. 

Our Highway Commission is about t o  l e t  a  c o n t r a c t  f o r  t h e  design 
of an acc iden t  l o c a t o r  system of more d e t a i l  than t h e  e x i s t i n g  
s,cheme. I t  w i l l  be some yea r s  before  we have acc iden t  r ecords  
of g r e a t e r  r e l i a b i l i t y  than those  i n  e x i s t e n c e .  We have had 
occasion t o  t h i n k  about punching up t h e  acc iden t  r ecords  of the  
l a s t  10-12 years  a t  t h e  Iowa S t a t e  Computer Center .  However, 
having some exper ience  i n  t h e  r e l i a b i l i t y  of ques t ionnai re- type  
responses  (and t h a t  is what t h e s e  r e a l l y  a r e )  we simply c o u l d n ' t  
s e e  t h e  chance of r e l i a b l e  r e s u l t s  a t  a  c o s t  of $30,000. 

We have observed t h a t  o f t e n  a program eva lua to r  has aimed too  
high i n  h i s  measurement of a  program. For example, t h e r e  is  the  ob- 
v ious  hope t h a t  a  change i n  t h e  d r i v e r  education program w i l l  r e s u l t  
i n  an immediate decrease  i n  t h e  s t a t e ' s  f a t a l i t y  r a t e ,  but  i t  is more 
l i k e l y  t h a t  the  e f f e c t  of such a change might only cause a smal l  
change f o r  t h e  b e t t e r  over t h e  l i f e t i m e  of the  i n d i v i d u a l  d r i v e r .  
While t h e  e f f e c t  may be r e a l  i t  w i l l  be r a t h e r  d i f f i c u l t  t o  measure. 
Perhaps i t  would be b e t t e r  t o  aim somewhat lower, but  w i t h  t h e  possi-  
b i l i t y  of drawing a f i rm conclusion regarding a program's r e s u l t s .  
I t  might be t h a t  two we l l - con t ro l l ed  groups of s t u d e n t s  could have 
t h e i r  v i o l a t i o n  and acc iden t  r ecords  compared s t a t i s t i c a l l y  leading 
t o  t h e  conclus ion t h a t  t h e r e  was indeed an e f f e c t i v e  change. 

But t o  be a b l e  t o  draw such conclus ions  v a l i d l y  r e q u i r e s  con- 
s i d e r a b l e  a t t e n t i o n  t o  d e t a i l  i n  t h e  design and conduct of t h e  pro- 
gram. Experimentation wi th in  t h e  s o c i a l  system is  dangerous a t  b e s t ,  
because t h e r e  a r e  almost always ext raneous  f a c t o r s  contaminating t h e  
r e s u l t s .  If one wished t o  compare two groups of d r i v i n g  s t u d e n t s ,  t h e  
eva lua t ion  might be contaminated by t h e  dec i s ion  of one school  system 
t o  modify the  s t u d e n t  parking r e g u l a t i o n s  ( i . e . ,  s o  t h a t  more s t u d e n t s  
drove t o  school  i n  t h e  " a f t e r "  p e r i o d ) .  I t  is not  c e r t a i n  t h a t  such 
i n t e r f e r e n c e  cannot be t o l e r a t e d ,  but such d e t a i l s  must be taken i n t o  
cons ide ra t ion  before  drawing conclus ions .  

We have suggested i n  t h i s  r e p o r t  t h a t  a  sys temat ic  approach t o  
t h e  eva lua t ion  of highway acc iden t  countermeasures is  much t o  be 
des i red-- in  f a c t ,  t h a t  i t  is t h e  b e s t  way t o  g a t h e r  the  evidence 



d e s i r e d  i n  t h e  most  u s e f u l  form.  T h i s  i m p l i e s  t h a t  t h e r e  s h o u l d  be  
some p l a n  o r  s t r u c t u r e  f o r  t h e  c o n d u c t  o f  e x p e r i m e n t a l  countermea-  
s u r e s  s o  t h a t  t h e  i n f o r m a t i o n  o b t a i n e d  is b o t h  t h a t  which is needed 
( t o  p r o v e  o r  d i s p r o v e  a p o i n t )  and i n  t h e  form i n  which i t  c a n  b e s t  
be u s e d .  



2 .  QUESTIONS AND ANSWERS ABOUT THE RECOMMENDED 
DEMONSTRATION PROGRAMS 

A s  t h e  i n t r o d u c t i o n  has been somewhat a b s t r a c t ,  i t  should have 
genera ted  i n  t h e  r e a d e r ' s  mind some ques t ions  which we have t r i e d  t o  
a n t i c i p a t e .  We w i l l  proceed w i t h  both some ques t ions  and t h e i r  answers. 

Q .  What is a "systems ( o r  sys temat ic )  approachft and how can i t  he lp  
t o  e v a l u a t e  r e a l  highway s a f e t y  programs? 

A .  The term "systems approach" is perhaps overused,  but  i n  i ts  most 
genera l  sense  i t  simply means th ink ing  about a  problem a b s t r a c t l y  
before  making recommendations f o r  change. The th ink ing  may involve 
a l a r g e  amount of engineer ing  o r  economic a c t i v i t y ,  and i t  may t ake  
a l o t  of time and money; o r  i t  may simply involve t h e  cons idered  
judgement of a  q u a l i f i e d  e x p e r t .  For s imple problems t h e  exper t  may 
appear t o  have a r r i v e d  without  e f f o r t  a t  recommended changes i n  t h e  
p r e s e n t  system; but  you w i l l  f i n d  t h a t  he u s u a l l y  does cons ider  prob- 
lems i n  an a b s t r a c t  sense--although i f  he is f a m i l i a r  enough w i t h  t h e  
problem he may do s o  i n  h i s  head. 

The genuinely  exper t  a u t o  mechanic is a systems eng inee r ;  not  s o  
t h e  pseudo-expert mechanic who i s ,  i n  r e a l i t y ,  a  t i n k e r e r .  I f  you have 
taken your c a r  t o  a  mechanic because i t  sometimes does not  s t a r t ,  t h e  
pseudo-expert may more o r  l e s s  randomly sugges t  a  "cause" and perhaps 
s e l l  you a s e t  of spa rk  p lugs ;  i f  t h a t  does not  seem t o  do t h e  job 
he may t r y ,  a t  your expense,  a  new b a t t e r y ,  an o i l  change, and a 
tune-up. Af ter  a l l  t h e s e  changes have been made, t h e  c a r  may o r  may 
not s t a r t  more e a s i l y .  The r e a l  e x p e r t ,  fo l lowing t h e  systems ap- 
proach,  may begin by asking you whether i t  s t a r t s  poor ly  a l l  of t h e  
time o r  j u s t  under c e r t a i n  c o n d i t i o n s ,  say  i n  wet weather .  He w i l l  
a l s o  make a c a r e f u l  examination of t h e  c a r ;  he w i l l  no te  t h e  o i l  on 
t h e  spa rk  p lugs  and wir ing  harness  and w i l l  c o r r e c t l y  adv i se  you t o  
have t h e  engine steam cleaned and a new rocker arm cover gasket  in-  
s t a l l e d .  

hlost t r u e  e x p e r t s  i n  t h e  f i e l d  of au to  mechanics o r  elsewhere 
w i l l  t ake  t h e  "systems approach" whether they c a l l  i t  t h a t  o r  n o t .  
But when a system becomes very l a rge - - l ike  a c o u n t r y ' s  telephone 
system, o r  t h e  highway system--the p r e d i c t i o n  of the  e f f e c t  of a  
change c a l l s  f o r  s p e c i a l i z e d  techniques .  These inc lude  modeling 
( s e t t i n g  up an a b s t r a c t i o n  of t h e  problem which can be used t o  inves-  
t i g a t e  "what i f "  s o r t s  of ques t ions  on p a p e r ) ,  s imula t ion  ( t h e  same 
s o r t  of method us ing computers) ,  l a b o r a t o r y  t e s t s  ( i n  which t h e r e  i s  
r e l a t i v e l y  good c o n t r o l  of t h e  experiment a l b e i t  under somewhat un- 
r e a l i s t i c  c o n d i t i o n s ) ,  and f i e l d  t e s t s  o r  demonstrat ions (where t h e  
c o n t r o l  is not  a s  good a s  i n  a  l a b o r a t o r y ,  but  t h e  r ea l i sm is l i k e l y  
t o  be b e t t e r ) .  

T h i s  r e p o r t  is p r i m a r i l y  concerned w i t h  t h e  problem of measuring 
t h e  e f f e c t s  of changes i n  t h e  highway t r a f f i c  system. In terms of 
t h e  diagram i n  F igure  1, i t  is concerned w i t h  " t e s t s  and demonstra- 
t ions"  shown a s  p a r t  of t h e  a b s t r a c t  o r  make-believe world--the r e -  
s u l t s  of which w i l l  hopefu l ly  l ead  us  t o  a  b e t t e r  r e a l  world. 

Q .  How w i l l  such t e s t s  and demonstrat ions he lp  t h e  highway acc iden t  
problem? 
A .  A p r i n c i p a l  problem w i t h  r ega rd  t o  t h e  many s t andards  which have 
been proposed is t h a t  they s t i l l  must be " so ld t t  t o  t h e  p o t e n t i a l  
customers--the c i t i e s  and s t a t e s  of t h e  country  who must implement 
t h e  programs. And t h e r e  a r e  s t i l l  a good many people who can be s o l d  
b e s t  i f  they can be shown t h a t  something r e a l l y  works. One way t o  
s e l l  a  s a f e t y  program is t o p r o v e  t h a t  i t  is a good i d e a ;  and t o  
prove i t  i n  terms t h a t  t h e  decision-makers can understand and a p p r e c i a t e .  
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Havelock and Markowitz ( I ) ,  i n  a recen t  s tudy f o r  t he  National 
Highway T r a f f i c  Safe ty  Administration (NHTSA), discussed a t  length 
the  problem of improving communications between researchers  and 
decision-makers; they were concerned w i t h  the  problem of u t i l i z a t i o n  
of research f ind ings .  In questioning decision-makers they found the  
most f requent  need expressed was f o r  the  t r a n s l a t i o n  of research 
f ind ings  i n t o  understandable terms. In t h e i r  s tudy,  decision-makers 
were important people of var ied  but seldom s c i e n t i f i c  backgrounds, 
r epresen t ing  l e g i s l a t o r s ,  indust ry  execut ives ,  publ ic  o f f i c i a l s ,  e t c .  
We suggest  t h a t  demonstration programs have the  p o t e n t i a l  f o r  being 
p a r t i c u l a r l y  e f f e c t i v e  i n  persuading decision-makers t o  a c t ,  but 
only i f  t h e  r e s u l t s  of t he  demonstration can be put i n t o  an e a s i l y  
understood language. That is, i t  w i l l  be most use fu l  i f  the  r e s u l t s  
of an experimental program a r e  supported by s t a t i s t i c a l  considera t ions  
and a r e  made q u i t e  c l e a r  t o  the  reader  unfamil iar  w i t h  such concepts.  - 
Q .  Has anyone ever conducted such demonstrat ions;  i . e . ,  those i n  which 
u se fu l  r e s u l t s  were competently repor ted t o  decision-makers who could 
then a c t  on t h i s  information.  Can you give  some examples of "useful f '  
experiments? 
A ,  I t  i s ,  f o r  a v a r i e t y  of reasons ,  e a s i e r  t o  measure the  r e s u l t s  
of an accident  countermeasure when the  change is r a t h e r  d i r e c t ;  i . e . ,  
when some component of the  system has been changed which is  very 
d i r e c t l y  assoc ia ted  w i t h  the  accident  s i t u a t i o n .  Consequently, i t  is 
e a s i e r  t o  f i n d  examples i n  the  f i e l d  of highway engineering,  w i t h  the  
d i r e c t  e f f e c t  on t he  t r a f f i c  stream, o r  i n  veh ic le  s a f e t y  engineering 
and the  d i r e c t  e f f e c t  i n  in ju ry  reduct ion.  In answer t o  t h i s  quest ion 
we take  s eve ra l  examples from the  highway f i e l d .  

Laboratory Tests  
F i e ld  Tes t s  
Domonstrations 



The San Diego Pedes t r i an  Study. The San Diego, C a l i f o r n i a ,  T r a f f i c  
Engineering Department (2) r e c e n t l y  completed a  program under "402"* 
sponsorship  which i l l u s t r a t e s  one p o s s i b l e  outcome--a change (counter- 
measure) which was expected t o  be b e n e f i c i a l ,  but  i n  f a c t  was no t .  A 
s tudy of pedes t r i an  accident  frequency i n  and out  of pa in ted  cross-  
walks ind ica ted  t h a t  such acc iden t s  occurred more o f t en  than expected 
i n  crosswalks.  Fur the r  observat ion  l e d  t o  t h e  susp ic ion  t h a t  San Diego 
p e d e s t r i a n s  f e l t  s a f e  i n  crosswalks because they knew they had a  l e g a l  
right-of-way but t h a t  automobile d r i v e r s  could not s e e  t h e  crosswalks,  
w i t h  t h e i r  shallow v i s i o n  angle ,  nea r ly  a s  we l l  a s  the  pedes t r i an  
thought they could (or  a s  wel l  a s  he could s e e  i t ) ,  

In t h i s  case  t h e  Standard had sugges ted ,  although not e x p l i c i t l y  
s t a t e d ,  t h a t  more pa in ted  crosswalks were good f o r  people;  and t h e  
a n a l y s i s  r a i s e d  some doubt. The r e s u l t  of t h e  s tudy was a  modifica- 
t i o n  of t h e  warrant f o r  pa in t ing  crosswalks i n  San Diego; new ones 
ev iden t ly  w i l l  not be i n s t a l l e d  ind i sc r iminan t ly .  

Head-On C o l l i s i o n s  on Expressways. Severa l  busy expressways have 
had severe  problems of head-on f a t a l  c o l l i s i o n s .  Before median b a r r i e r s  
were i n s t a l i e d  on C a l i f o r n i a  freeways, 20% of t h e  f a t a l  acc iden t s  were 
head-ons. After  i n s t a l l a t i o n  of a  b a r r i e r  where t h e r e  was a  narrow 
median (over 400 mi les  of b a r r i e r )  t h i s  f i g u r e  dropped t o  4%(3).  Sim- 
i l a r  experience was had i n  New J e r s e y ( 4 ) ;  f a t a l  head-on c o l l i s i o n s  
p r a c t i c a l l y  disappeared.  The p o s i t i v e  r e s u l t s  were wel l  r epor ted  and 
were no doubt r e spons ib le  f o r  t h e  o the r  s t a t e s  taking s i m i l a r  measures.** 

The New Je r sey  Sign Changing Experiment. In 1970 i n  Hew Je r sey  
a  s ign ing  change on Route 1-287 a t  i t s  i n t e r s e c t i o n  w i t h  US-22 was 
in tended- to  reduce t h e  frequency of tu rn ing  e r r o r s  committed by d r i v e r s  
a t  t h a t  p o i n t .  This  i n  t u r n  was expected t o  reduce the  p r o b a b i l i t y  of 
an accident  a t  t h e  same l o c a t i o n .  A c a r e f u l  count revealed  t h a t  t h e  
e r r o r  r a t e  dropped from 5 per  hundred veh ic les  t o  44 per  hundred-- 
s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  t h e  amount of da ta  taken,  but of some- 
what doubtfu l  p r a c t i c a l  value i n  t h i s  p a r t i c u l a r  case .  S t i l l  i t  i n -  
formed t h e  engineers  of a  b e t t e r  choice of s ign ing  i n  t h e i r  cont inuing 
programs . 
2 . 1  THE GENERAL CASE 

But a s  we depar t  from t h e  cases  which have been inf luenced 
d i r e c t l y ,  i t  is  o f t e n  not  a s  c l e a r  t h a t  a  change has been e f f e c t i v e .  
The r e l a t i o n s h i p  between a  change (say a  new s imula tor  f o r  t h e  d r i v e r  
education c l a s s e s  i n  Idaho) and t h e  reduct ion  of acc iden t s  i n  t h a t  
j u r i s d i c t i o n  is o f t e n  d i f f i c u l t  t o  d e f i n e .  In f a c t ,  t he  whole purpose 
of the  s tudy being repor ted  here is t o  g e t  a t  t h a t  kind of problem. 

Q .  Who uses  t h e  r e s u l t s  of such evaluat ion  programs? 

A .  The r e s u l t s  of an eva lua t ion  should be u s e f u l  a t  s e v e r a l  l e v e l s .  
Consider the  diagram shown i n  Figure  2.  

L e t ' s  assume t h a t  p r o j e c t  "A" is being conducted i n  a  s t a t e  
highway department, perhaps t o  develop a  s t a f f  and a  technique t o  
i d e n t i f y  the  most hazardous l o c a t i o n s  i n  each highway d i s t r i c t .  The 
r e s u l t s  of t h i s  program a r e  c e r t a i n l y  of i n t e r e s t  t o  the  p r o j e c t  d i -  
rec tor- -he  should want t o  know on a  day t o  day b a s i s  whether h i s  work 

*"402" p r o j e c t s  a r e  programs conducted wi th in  t h e  s t a t e  us ing matching 
f e d e r a l  and l o c a l  funds.  These a r e  c o l l o q u i a l l y  c a l l e d  "402" programs 
s i n c e  t h e  a u t h o r i t y  t o  conduct them d e r i i e s  frbm Sect ion  402 of t h e  
Highway Safe ty  Act of 1966. 

* * I n c i d e n t a l l y ,  t h e  need f o r  a  "con t ro l l ed"  experiment d isappears  when 
such massive r e s u l t s  a r e  a v a i l a b l e .  But t h i s  is a  r e l a t i v e l y  unusual 
c a s e .  

6  
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i s  s u c c e s s f u l .  But i t  may a l s o  be of i n t e r e s t  t o  t h e  highway depar t -  
ment, which w i l l  be involved i n  t h e  dec i s ion  of whether o r  not t o  fund 
t h i s  a c t i v i t y  i n  t h e  ensuing yea r s .  And t h e  s t a t e  o f f i c e  of highway 
s a f e t y  planning should  have an i n t e r e s t ,  because t h i s  may be a  program 
which could be "sold"  t o  county l e v e l  o r g a n i z a t i o n s  on t h e  b a s i s  of 
success  a t  t h e  s t a t e  l e v e l .  F u r t h e r ,  t h e  l e g i s l a t u r e  may be i n t e r e s t e d  
because i t  approves t h e  highway department budget ,  and t h e  National  
Highway T r a f f i c  Sa fe ty  Adminis t ra t ion  o r  Federa l  Highway Administra- 
t i o n  should have an i n t e r e s t  s o  t h a t  t h e  program could be r e p l i c a t e d  
i n  o t h e r  s t a t e s .  

S i m i l a r l y ,  i f  a  program is conducted a t  a  c i t y  l e v e l  ( say  t o  
improve i t s  ambulance s e r v i c e ) ,  t h e  r e s u l t s  may be of value t o  every- 
one from t h e  p r o j e c t  d i r e c t o r  up. In f a c t ,  t h e  only time i t  is  not 
a p p r o p r i a t e  t o  f i n d  ou t  whether a  program was e f f e c t i v e  would seem t o  
be where t h e r e  was only one p o s s i b l e  outcome--success. This  is  indeed 
t h e  case  i n  some programs, but  more o f t e n  than not  someone w i l l  want 
t o  know t h e  measure of s u c c e s s .  

Q .  This  s c i e n t i f i c  approach t o  eva lua t ion  doesn ' t  seem very u s e f u l .  
I s n ' t  i t  b e t t e r  j u s t  t o  look a t  t h e  u l t i m a t e  outcome; i . e . ,  t o  do a  
' ' p r a c t i c a l "  eva lua t ion?  

A .  There seem t o  be a  l o t  of terms used t o  t a l k  about t h e  eva lua t ion  
p rocess - -p rac t i ca l  v s .  s c i e n t i f i c ,  u l t i m a t e  measures vs .  in t e rmedia te  
o r  proxy measures,  e f f i c i e n c y  v s .  e f f e c t i v e n e s s ,  e t c .  These a l l  de- 
s e r v e  some exp lana t ion  s o  t h a t  we can understand each o t h e r .  

There a r e  two r a t h e r  d i v e r s e  approaches t o  g e t t i n g  a  measure of 
t h e  va lue  of some countermeasure. They a r e  perhaps we l l  r ep resen ted  
by t h e  viewpoints  of Walt Whitman on t h e  one hand and Professor  John 
L. Synge on t h e  o t h e r .  

STATE 
LEGISLATURE 



When I  heard the  l e a r n ' d  astronomer, 
When the  p roofs ,  the  f i g u r e s ,  were ranged i n  columns 

before  me, 
When I was shown the  c h a r t s  and diagrams, t o  add, 

d iv ide ,  and measure them, 
When I  s i t t i n g  heard the  astronomer where he l ec tu red  

w i t h  much applause i n  t h e  lecture-room, 
How soon unaccountable I  became t i r e d  and s i c k ,  
T i l l  r i s i n g  and g l i d i n g  out  I wander'd off  by myself,  
In the  myst ica l  moist n igh t - a i r ,  and from time t o  t ime,  
Look'd up i n  p e r f e c t  s i l e n c e  a t  t h e  s t a r s .  

Walt Whitman, "When I  Heard the  Learn'd A~t ronomer '~  

Were Walt Whitman respons ib le  f o r  making budget a l l oca t i ons  i n  
the  t r a f f i c  s a f e t y  f i e l d  i t  is not c l e a r  what h i s  method might be,  
I t  is cheap t o  look a t  s t a r s ,  o r  perhaps t o  l i s t e n  t o  music, o r  t o  
f e e l  t he  warm wind--but i t  is  expensive t o  pay more policemen, o r  t o  
recons t ruc t  o ld  roads ,  o r  t o  have a  system of veh ic le  inspec t ion .  
And i t  seems unreasonable t h a t  such dec i s ions  should be made primar- 
i l y  on the  b a s i s  of f e e l i n g .  

I t  is a l l  very wel l  t o  say t h a t  the  world of r e a l i t y  
should be kept s epa ra t e  and d i s t i n c t  from the  world 
of mathematics. In t h e  t r i v i a l  opera t ions  of d a i l y  
l i f e ,  you may be ab le  t o  keep c l e a r  of t he  concepts 
of mathematics, but once you begin t o  touch sc ience ,  
the  dangerous con tac t  is e s t ab l i shed .  

John L .  Synge, "Science,  Sense and Nonsense" 

On the  o ther  hand t he  pure s t a t i s t i c i a n  is of ten  a  very r i g i d  
person.  He may i n s i s t  on a  pe r f ec t  experiment w i t h  appropr ia te  con- 
t r o l s  chosen w i t h  a t t e n t i o n  t o  randomization of the  f a c t o r s ,  and 
by h i s  r i g i d i t y  i n su re s  t h a t  t he  experiment cannot r e a l l y  take  p lace .  

So here is the  quandary--shall we j u s t  go out  and "do our thing" 
without any measure o the r  than the  p u b l i c ' s  eye;  o r  s h a l l  we conduct 
a  highly con t ro l l ed  experiment from which we can i n f e r  conclusions 
which a r e  not very u se fu l  t o  anyone? The answer would seem t o  be 
ne i t he r - - i t  would be much more he lp fu l  i f  we could opera te  i n  such a  
way a s  t o  g e t  a  reasonably acceptable  measure of a  program's e f f ec t i ve -  
ness i n  terms understandable t o  t h e  people who make the  dec i s ions  a s  
t o  what t o  do nex t .  

2 . 2  PRACTICAL VS. SCIENTIFIC APPROACH 
When a  program is  undertaken the  sponsor may have two quest ions  

i n  mind: (1) d id  you do what I t o l d  you t o  do?; and (2 )  d id  doing i t  
do anybody ( i . e . ,  the  pub l ic )  any good? The f i r s t  of these  is of ten  
thought of a s  a  p r a c t i c a l  evaluat ion and indeed i t  is  the  b a s i s  f o r  
much of t he  NHTSA's cu r r en t  evaluat ion manual--getting some measure 
of whether t he  s t a t e s  a c t u a l l y  undertook t he  programs requ i red  by t he  
Standards themselves. The second, however, is o f t en  thought of a s  the  
s c i e n t i f i c  eva lua t ion ,  and i t  should be obvious t h a t  both words, prac- 
t i c a l  and s c i e n t i f i c ,  a r e  misnomers. Both kinds of eva lua t ions  can be 
e i t h e r  q u a n t i t a t i v e  o r  p r e c i s e ;  both can be extremely u s e f u l .  The 
second quest ion is p a r t i c u l a r l y  u se fu l  w i t h  r e spec t  t o  innovat ive  
programs where the  outcome is  not obvious. Fu r the r ,  the  second leads  
t o  cons idera t ions  of co s t  e f f ec t i venes s  or  c o s t  b e n e f i t ,  which could 
be he lp fu l  i n  deciding whether t o  continue t he  p a r t i c u l a r  kinds of 
work . 
Q .  What do you mean by cos t - e f f ec t i venes s  and cos t -benef i t ?  

A .  These terms a r e  sometimes used r a t h e r  l oose ly ,  and we w i l l  a t tempt 



t o  de f ine  them f o r  our purposes he re .  Both have t o  do w i t h  t he  second 
type of eva lua t ion  d iscussed i n  the  previous ques t ion ,  i . e . ,  d id  t h i s  
program do any good? However, cos t -e f fec t iveness  o f t e n  cannot be put  
i n  terms of d o l l a r s ,  but must ins t ead  be s t a t e d  i n  terms of some 
accomplishment l e v e l  per  d o l l a r  expended. For example, i t  seems ap- 
p r o p r i a t e  t o  cons ider  t h e  c o s t  of a  new d r i v e r  s imula to r ,  and t o  
compare the  number of s t u d e n t s  taught  (per  d o l l a r  expended) before  
and a f t e r  the  s imula tor  was purchased--perhaps j u s t  assuming t h a t  the  
educa t iona l  value of t h e  s imula tor  was a t  l e a s t  a s  g r e a t  a s  t h e  system 
i t  replaced.  Such measures a r e  sometimes c a l l e d  in termedia te  o r  proxy 
measures a s  they se rve  i n  l i e u  of some u l t i m a t e  acc ident  measure. 

From a  cos t -benef i t  computation po in t  of view, we a r e  b e t t e r  
o f f  i f  we can take  some measure of the  u l t ima te  e f f e c t - - l i v e s  saved 
per  d o l l a r  expended, i n j u r i e s  prevented,  acc iden t s  avoided, e t c .  
S i m i l a r l y ,  from the  po in t  of view of g e t t i n g  some governmental body 
t o  adopt a  program, we would be b e t t e r  of f  t o  have our r e s u l t s  i n  a  
form a s  c l o s e  a s  p o s s i b l e  t o  the  u l t i m a t e  g o a l .  But we a r e  o f t e n  j u s t  
not i n  a  p o s i t i o n  t o  do t h i s .  For example, the  r e l a t i o n s h i p  between 
veh ic le  inspec t ion  and the  number of f a t a l  o r  o the r  acc iden t s  is very 
tenuous. I t  seems l i k e l y  t o  us  t h a t  t h e r e  should be such a  r e l a t i o n -  
s h i p ,  but we j u s t  do not know how yet  t o  g e t  a t  i t  q u a n t i t a t i v e l y .  So 
we a r e  content  w i t h  d iscover ing  whether a  motor veh ic le  inspect ion  
system w i l l  decrease the  number bad brakes ,  broken windshie lds ,  loose 
s t e e r i n g  systems,  e t c . ,  on t h e  premise t h a t  t h e s e  d e f e c t s  may con- 
t r i b u t e  t o  a c c i d e n t s .  

In each highway s a f e t y  f i e l d  t h e r e  is a  sequence of measures 
ranging from t h e  immediate e f f e c t s  of a  countermeasure t o  t h e  u l t i m a t e .  
In d r i v e r  education an immediate e f f e c t  is t h e  communication of know- 
ledge t o  t h e  s t u d e n t ,  and t h i s  can be measured by an examination. We 
make the  assumption t h a t  un less  the  d r i v e r  knows, f o r  example, where 
the  brake pedal  i s ,  he probably w i l l  not be a b l e  t o  s t o p  the  c a r .  A 
measure c l o s e r  t o  the  r e a l  problem would be t o  take  the  d r i v e r  out  on 
the  road and ask h i m  t o  s t o p  the  ca r  and t o  score  h i m  on h i s  a b i l i t y  
t o  do t h i s .  And, from a  s a f e t y  po in t  of view, t h e  u l t ima te  measure 
would be whether o r  not the  d r i v e r  g e t s  i n t o  o r  causes any acc iden t s  
once he e n t e r s  t h e  t r a f f i c  s tream. 

Our t a s k  i n  t he  p resen t  program has been t o  design t h e  data  
t ak ing  and a n a l y t i c a l  methods of each demonstration program t o  obta in  
information which w i l l  be of g r e a t e s t  value t o  the  people who must 
make dec i s ions  regarding implementation of f u t u r e  programs. For those 
countermeasures which a r e  c l o s e  t o  the  acc ident  process ,  what we have 
c a l l e d  d i r e c t  component changes, the  measures a r e  o f t e n  i n  terms of 
acc ident  o r  i n j u r y  reduc t ion .  But f o r  o t h e r  programs, changes i n  t he  
d r i v e r  education curriculum, f o r  example, the  measures may be i n  terms 
of road performance o r  even knowledge and a t t i t u d e  when t h a t  seems 
the  most u s e f u l .  

I t  would be s o  much more advantageous i f  one could compute the  
d o l l a r  value of t h e  d i f f e r e n t  methods of d r i v e r  education ( i n  terms of 
acc iden t s  saved over the  l i f e t i m e  of an i n d i v i d u a l ' s  d r iv ing)  and 
i n  some ins tances  i t  may be p o s s i b l e  t o  do t h i s .  If  one could put  a  
d o l l a r  value on t h e  acc iden t s  prevented,  and compare t h a t  w i t h  t he  
c o s t  of t h e  t r a i n i n g  programs one could a r r i v e  a t  a  pure cos t -benef i t  
r a t i o .  A s  we have noted ,  i t  is e a s i e r  t o  compute the  b e n e f i t s  i f  t he  
program is c l o s e  t o  the  acc ident  process .  

Q .  But in te rmedia te  o r  proxy measures d o n ' t  n e c e s s a r i l y  i n d i c a t e  t h a t  
a  reduct ion  ( i n  a c c i d e n t s ,  i n j u r i e s ,  o r  f a t a l i t i e s )  w i l l  fo l low.  For 
example, you s a i d  t h a t  pa in t ing  more crosswalks i n  San Diego was a  
bad t h i n g ;  i f  I had j u s t  counted pa in ted  crosswalks I would have 



assumed success  when i n  f a c t  th ings  were worse. I s n ' t  t h i s  another 
quandary? 

A .  I t  c e r t a i n l y  is. There is an old  t a l e  about the  horse who l o s t  a  
shoe i n  ba t t l e - - " fo r  want of a  n a i l ,  t h e  shoe was l o s t ,  f o r  want of 
a  shoe t he  horse was l o s t ,  f o r  want of a  horse the  r i d e r  was l o s t ,  f o r  
want of the  r i d e r  the  b a t t l e  was l o s t ,  and f o r  want of the  b a t t l e  the  
kingdom was l o s t . ' '  And i t  seems t h a t  t he r e  is a  f a i r l y  l og i ca l  r e -  
l a t i o n s h i p ,  We could c e r t a i n l y  i n s t i t u t e  a  qua l i t y  con t ro l  program i n  
the  n a i l  f a c to ry  t o  insure  t h a t  we had b e t t e r  n a i l s  f o r  our horse- 
shoes ,  but i t  seems un l ike ly  t h a t  we would i n s i s t  on measuring the  
e f f ec t i venes s  of t h i s  program by counting l o s t  kingdoms. 

Nevertheless i t  would be equal ly  i nva l i d  t o  measure some i n t e r -  
mediate va r i ab l e  which did  not have l og i ca l  r e l a t i o n s h i p  t o  the  
u l t imate  outcome, say the  b i r t h  r a t e  of horses.  But i t  is obvious 
from the  San Diego pedest r ian  case  t h a t  we should be more than care-  
f u l  i n  e s t ab l i sh ing  the  r e l a t i o n s h i p s .  

A poss ib le  problem i n  measuring the  e f f e c t  of some change is  
obta ining a  s u f f i c i e n t  quan t i ty  of da t a .  Lost kingdoms might i n  f a c t  
be appropr ia te  if the r e  were enough of them. But the re  a r e  l i k e l y  
t o  be plenty  of n a i l s ,  and perhaps a l s o  horses and r i d e r s ,  t o  be 
s t a t i s t i c a l l y  u se fu l .  A change i n  r i d e r  l o s se s  then,  might be a t  the  
same time an ind ica t ion  of t he  e f f i c acy  of the  n a i l  q u a l i t y  con t ro l  
problem, and some measure of the  p robab i l i t y  of los ing  the  b a t t l e  
and thence the  kingdom. 

Experience i nd i ca t e s  t h a t  when comparing some observed quan t i ty  
before and a f t e r  a  change has been made, i t  is  important t o  decide 
whether o r  not the  observed d i f fe rence  is too l a rge  t o  have occurred 
by chance. A somewhat conservat ive  t e s t  o f ten  used is c a l l e d  the  chi-  
square ,  which permits  the  observer t o  decide whether a  change i n  the  
number of acc iden t s  o r  o ther  phenomena could have happened by chance, 
o r  whether the re  must have been some causa t ive  f a c t o r .  A s impl i f i ed  
vers ion of t h i s  t e s t  has been p lo t t ed  i n  Figure 3,  adapted from Van 
Vechten's s tudy (5) showing t he  r e l a t i o n s h i p  between the  number of 
events (acc iden t s )  before and a f t e r  some change has been introduced.  
To use the  t a b l e  one e n t e r s  w i t h  the  numbers f o r  the  before and a f t e r  
pe r iods ,  l oca t e s  t h e i r  i n t e r s e c t i o n ,  and concludes t h a t  (1) the re  is  
enough da ta  t o  i nd i ca t e  t h a t  the re  has been an improvement; or  (2 )  
t he r e  is enough da ta  t o  i nd i ca t e  t h a t  condi t ions  a r e  worse; o r  (3)  
t he r e  is  not enough information t o  decide one way or  the  o the r .  

More da ta  may l a t e r  permit decis ion (1) or  (2 )  t o  be reached; 
whether one should take  more da ta  (over a  longer period of time) w i l l  
depend on how badly he wants t o  know whether the  change was e f f e c t i v e .  

Tote t h a t  f a i r l y  l a rge  numbers a r e  required f o r  the  experimenter 
t o  be a t  l e a s t  95% su re  t h a t  the  d i f fe rence  observed is not due t o  
chance but r a t h e r  t o  causa t ive  f a c t o r s .  In the  t r a f f i c  f i e l d  one w i l l  
o f t en  not be ab le  t o  count acc iden t s  f o r  a  long enough period t o  
g e t  the  required da t a .  If a  s i n g l e  i n t e r s ec t i on  is changed, and the  
number of acc iden t s  goes from 30 i n  the  before t o  20 i n  t he  a f t e r  years ,  
no conclusion can be drawn. But i f  one could have measured d r i ve r  e r r o r s  
which a r e  believed t o  con t r ibu te  t o  acc iden t s  (say wrong l e f t  tu rns  
o r  sudden s t o p s ) ,  a  s i g n i f i c a n t  reduction i n  these  might be observed 
i n  a  few days. The a b i l i t y  t o  decide w i t h i n  a  few days whether some 
change has been produced should complement the  u l t imate  measure of 
accident  reduc t ion .  
Q ,  How does one decide whether a  demonstration o r  an experiment has 
been success fu l?  
A .  I t  has been s a i d  t h a t  s t a t i s t i c s  is the  a r t  of drawing conclusions 
i n  the  face  of uncer ta in ty ;  and i t  is f o r  t h i s  reason t h a t  s t a t i s t i c s  
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is c a l l e d  upon i n  the  evaluat ion p rocess ,  In s t a t i s t i c a l  terms we 
o r d i n a r i l y  design an experiment, take  a  s e t  of da t a ,  analyze i t ,  and 
draw some conclusion about t he  outcome. 

B . J .  Campbell(6) has a r t i c u l a t e d  n i ce ly  the  poss ib le  outcomes 
of an experiment, and h i s  comments a r e  paraphased here .  We can look 
c a r e f u l l y  a t  t he  d a t a ,  and then conclude t h a t  the  program was a  
success ,  t h a t  i t  f a i l e d ,  or  t h a t  we do not r e a l l y  have enough i n -  
formation t o  claim e i t h e r  success  or  f a i l u r e .  There is ,  of course ,  
a  p o s s i b i l i t y  of e r r o r  i n  the  judgment--we could conclude t h a t  t he r e  
was a  success  when i n  f a c t  th ings  were not any b e t t e r  ( t h i s  is c a l l e d  
a  type I  e r r o r  i n  s t a t i s t i c a l  t e rms) ;  o r  we could conclude t h a t  t he  
program was not success fu l  when i n  f a c t  i t  was ( t h i s  is c a l l e d  type 
I 1  e r r o r ) .  Campbell po in t s  out  t h a t  s c i e n t i s t s  abhor the  type I  
e r r o r ;  they would hate  t o  announce a  new theory when i t  was i n  f a c t  
i n c o r r e c t .  P r a c t i t i o n e r s , *  on t he  o the r  hand, abhor the  type I 1  
e r r o r ;  they would not l i k e  t o  decide t h a t  a  program was unsuccessful  
when i n  f a c t  i t  was u s e f u l .  And s i n c e  the  p r o b a b i l i t i e s  of each e r r o r  
type a r e  interdependent t he r e  i s  a  problem. 

S t a t i s t i c s ,  however, fu rn i shes  a  language through which the  
s c i e n t i s t  and t he  p r a c t i t i o n e r  can t a l k  w i t h  each o ther  i n  s p i t e  of 
t h e i r  d i f f e r ences .  And hopefully t he  p r ec i s e  language of s t a t i s t i c s  
w i l l  a l low everyone t o  understand the  r e s u l t s  of an experimental o r  
demonstration program. 
Q .  How does the  p r a c t i t i o n e r  l e a rn  t he  language? 
A .  I t  would seem t h a t  the  p r a c t i t i o n e r  should somehow ob ta in  a  prac- 
*For example, medical r esea rchers  h e s i t a t e  t o  dec la re  a  new drug 
i n e f f e c t i v e  i f  t h e r e  is any shred of hope. 



t i c a l  understanding of t he  f i e l d  of s t a t i s t i c s .  This may be a  l i t t l e  
f r i gh t en ing  a t  f i r s t  thought,  but we suggest  t h a t  i t  is the  b e t t e r  
of two choices .  For example, one could ask a  s t a t i s t i c i a n  t o  l ea rn  
enough about t he  f i e l d  under inves t iga t ion  (d r ive r  educat ion,  po l ice  
t r a f f i c  s e r v i c e s ,  highway engineering) t o  conduct the  design and 
evaluat ion of an experiment; o r  one could ask a  p r a c t i t i o n e r  (a high- 
way engineer ,  policeman, teacher)  t o  l ea rn  enough about s t a t i s t i c s  
t o  do t he  same th ing .  The l a t t e r  approach is c e r t a i n l y  being used i n  
the  highway engineering f r a t e r n i t y ,  w i t h  more and more t r a f f i c  engi- 
e e r s  rece iv ing  a  modest amount of t r a i n ing  i n  experimental design.  

One may s t i l l  occas ional ly  w i s h  t o  d iscuss  a  problem w i t h  an 
exper t  i n  the  f i e l d  of s t a t i s t i c s ,  j u s t  a s  occas ional ly  i t  is  use fu l  
t o  c a l l  i n  a  consul tant  on some o ther  aspect  of a  program. But a  
l i t t l e  t r a i n i n g  i n  the  experimental method w i l l  provide a  c a p a b i l i t y  
w i t h i n  an operat ing agency, ( a s  i n  the  t r a f f i c  s a f e t y  f i e l d ) ,  f o r  
both solving problems and f o r  understanding and communicating w i t h  
o t he r s  about the  problems. 

The present  r epo r t  i s ,  of course ,  not a  textbook on the  sub jec t  
of experimental des ign;  but our experience has been t h a t  a  s i n g l e  
t h r ee  hour per week 16-week course i n  s t a t i s t i c s  can ge t  the  average 
p r a c t i t i o n e r  t o  the  des i red  l e v e l  of competence. 
Q .  What a r e  some of the  problems which r equ i r e  an understanding of 
s t a t i s t i c s ?  
A .  There a r e  a  number of s t a t i s t i c a l  dangers confronting those con- 
ducting and evaluat ing an experimental program. We w i l l  d i scuss  here 
only two: (1) the  law of averages,  and (2)  the  need f o r  a  con t ro l  
aga in s t  which t o  compare the  experimental r e s u l t s .  
Q .  What does the  law of averages have t o  do w i t h  evaluat ion? 

A .  The law of averages is given a  much more soph i s t i c a t ed  name by 
s t a t i s t i c i a n s - - t h e  regress ion  t o  the  mean. I t  is such a  simple and 
important concept,  t h a t  i t  seems t o  be worth a  more complete d i s -  
cussion here .  

Figure 4 represen t s  a  sample of d r i v e r s  charac te r ized  along the  
hor izon ta l  a x i s  by how wel l  they behaved during the  pas t  year .  Those 
a t  the  l e f t  of the  p l o t  were the  be s t  d r i v e r s  of a l l ;  they not only 
had no acc iden t s  and no v i o l a t i o n s ,  but they were completely e r ro r -  
f r e e .  They never made wrong l e f t  t u r n s ,  exceeded t he  speed l i m i t ,  
f a i l e d  t o  s t o p  a t  a  s t o p  s i g n ,  e t c . , f o r  an e n t i r e  year .  Of course ,  
t he r e  were not many of these  d r i v e r s  a s  indicated by the  small  shaded 
a rea  a t  the  l e f t .  

On t he  r i g h t  s i d e  of the  f i g u r e  is another shaded a r ea ,  which 
includes  a l l  of those d r i v e r s  who were responsible  f o r  f a t a l  accidents  
during the  pas t  year.  On t h i s  p a r t i c u l a r  s c a l e  they a r e  considered 
the  worst d r i v e r s .  In between a r e  a  small  group of d r i ve r s  w i t h  t h r ee  
v i o l a t i o n s  and one accident  ( they a r e  somewhat worse than average) ,  
and a  group w i t h  some (say 100) e r r o r s ,  but no v io l a t i ons  o r  acc iden t s .  
The peak of t he  curve,  which is symmetrical,  i nd i ca t e s  t he  average 
d r i v e r ,  and most d r i v e r s  i n  t h i s  example a r e  seen t o  be near average. 

I n  t h i s  case  the  expression "regress ion t o  the  mean" means simply 
t h a t  i n  t h e  next year i t  is un l ike ly  t h a t  a l l  of t he  worst d r i v e r s  
( those  respons ib le  f o r  f a t a l  acc iden t s  and s t i l l  l i v i n g )  w i l l  s t a y  
i n  t h a t  group, f o r  some w i l l  move or r eg r e s s  t o  the  mean o r  average. 
They may s t i l l  be bad d r i v e r s ,  but probably very few of them w i l l  be 
involved i n  f a t a l  acc iden t s  again .  So i f  t h i s  group is measured next 
year and t h e i r  pos i t ion  computed on the  goodness-badness s c a l e  they 
might,  on t he  average,  be i n  t h e  same pos i t i on  a s  those people who 
had t h r ee  v io l a t i ons  and one accident  the  year before .  They could thus  
have regressed (moved) toward the  mean or  average ( t he  cen te r  of t h i s  
d i s t r i b u t i o n ) .  
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Drivers  who have been respons ib le  f o r  a  f a t a l  acc ident  and l i v e d  
have had a  r a t h e r  t raumat ic  exper ience;  is i t  t h e r e f o r e  reasonable 
t o  conclude t h a t  t h i s  experience caused them t o  become b e t t e r  d r i v e r s  
the io l lowing pear'? C e r t a i n l y  t h e y  did not  s t a y  where they were a t  
t h e  worst cnd of t h e  . sca le .  Or is i t  , l u s t  t h a t  the  worst d r i v e r s  
w i l l  g e t  b e t t e r  by t h e  law of averages'? Somc of them were t h e r e  be- 
cause they t r u l y  were bad d r i v e r s ,  a n d  t h e y  may con t inue  t o  be bad, 
t )u t  some may h n v c  been good d l - i v e r m s  who had bad l u c k  alld they may 
tje or1 tlle ot,her end of t h ~ ?  s c a l c  next y e a r .  If t h e r e  is any chance 
i * l v o l v c ) d  ir l  t h e i r  pos i t ion  t h i s  g r o u p  w i l l .  on the  average,  ge t  
better. 

!!ow I ~ t ' s  develop t h e  same argument about the  small  group which 
had th ree  movit~g v io l .a t ions  and one acc iden t .  On  the  average a r e  they 
l i k e l y  t o  be b e t t e r  o r  worse next year? O r  a r e  they l i k e l y  t o  s t a y  
t h e  same? O r  how about the  group who made a  few e r r o r s ,  but had no 
v i o l a t i o n s  o r  acc iden t s - - i s  i t  poss ib le  t h a t  they w i l l  have some 
acc iden t s  next year? 

Again, i f  chance has been involved i n  some way i n  g e t t i n g  them 
t o  t h e i r  p resen t  s t a t e ,  i t  is l i k e l y  t h a t  the  good w i l l  g e t  worse, 
and the  bad w i l l  g e t  b e t t e r .  The impl ica t ion  of t h i s  phenomenon t o  
experimental  design is t h a t  i f  we simply take  the  group of d r i v e r s  
who had t h r e e  v i o l a t i o n s  and one a c c i d e n t ,  f o r c e  them t o  t a k e  a  r e -  
medial course  i n  d r i v i n g ,  and then f i n d  t h e i r  performance during the  
followillg year b e t t e r  we w i l l  not r e a l l y  be a b l e  t o  decide whether 
t h e  change was t h e  r e s u l t  of t h e  course  o r  t h e  r e s u l t  of t h e  law of 
averages being app l i ed .  
Q .  What can be done about t h i s ?  

A .  That is where t h e  use of a  c o n t r o l  group comes i n .  O f  course  i f  
we could be s u r e  a t  the  o u t s e t  t h a t  the  experimental  group was 
average ,  a s  they might be i f  they were s e l e c t e d  a t  random from a  



group of employees without  regard  t o  t h e i r  d r i v i n g  r e c o r d ,  then we 
could  conclude t h a t  a  change i n  t h e i r  performance was i n  f a c t  t h e  
r e s u l t  of t h e  course .  But i n  t h e  more usua l  case  i t  w i l l  be appro- 
p r i a t e  t o  have a  second group s i m i l a r  t o  t h e  f i r s t ,  chosen us ing t h e  
same c r i t e r i a ,  but  t o  avoid g i v i n g  the  second group t h e  course .  A t  
t h e  conclus ion of t h e  experiment t h e  performance of t h e  two groups 
could be compared,and any d i f f e r e n c e  a p p r o p r i a t e l y  ass igned t o  t h e  
course  i t s e l f .  

There i s  o f t e n  a  g r e a t  h e s i t a t i o n  t o  c r e a t e  a  c o n t r o l  group, 
u s u a l l y  because t h e  program manager is personaly  convinced a s  t o  
t h e  value of t h e  t rea tment  ( e . g . ,  t h e  course)  and he would not th ink  
of l e t t i n g  anyone not  t a k e  i t .  E . B .  Wilson (7) t e l l s  t h e  s t o r y  of t h e  
Afr ican  pygmy t r i b e  which is convinced t h a t  t h e  bea t ing  of tom-toms 
b r ings  back t h e  sun a f t e r  an e c l i p s e .  They have never run the  c o n t r o l  
experiment and they probably never w i l l .  And while you laugh a t  t h e  
pygmies, t h i n k  a l s o  of t h e  governor who introduced t h e  speed crack- 
down i n  a  high acc iden t  yea r ,  and claimed f u l l  c r e d i t  f o r  t h e  drop 
i n  a c c i d e n t s  t h e  next yea r .  Th i s  is not t o  sugges t  t h a t  t h e r e  may 
not have been an e f f e c t ,  but  merely t h a t  the  combination of the  law 
of averages and t h e  l ack  of a  c o n t r o l  f o r  t h e  experiment p u t s  him i n  
about t h e  same p o s i t i o n  a s  t h e  pygmies. 

Regression t o  t h e  mean and t h e  need f o r  c o n t r o l s  apply t o  l a r g e r  
s c a l e  problems, too .  I f  one s e l e c t s  t h e  10 worst c i t i e s ,  based on t h e  
f a t a l i t y  r a t e ,  f o r  change programs, and then t r e a t s  a l l  of them, i t  
can be expected t h a t  they w i l l ,  j u s t  l i k e  the  very bad d r i v e r s ,  g e t  
b e t t e r .  I t  w i l l  be d i f f i c u l t  t o  a s s i g n  t h e  reason f o r  improvement t o  
the  change program u n l e s s  some comparative c o n t r o l s  a r e  a v a i l a b l e .  

Q. Sixteen s t andards  have been promulgated t o  t h e  s t a t e s  . . .  why d o n ' t  
t h e  s t a t e s  and t h e  s u b s i d i a r y  j u r i s d i c t i o n s  j u s t  go ahead and do what 
they were t o l d ?  

A .  There s t i l l  seem t o  be a  l o t  of people a s  wel l  a s  government agencies  
who insist  on proof--they want t o  be shown t h e  value  of the  recom- 
mended programs. The answer would seem t o  be t o  demonstrate the  
e f f e c t i v e n e s s  of t h e  va r ious  countdrmeasures, measure t h e  r e s u l t s ,  
and p r e s e n t  t h e  evidence t o  t h e  d i s b e l i e v e r s .  

Q .  But i t  is  not p o s s i b l e  t o  measure eve ry th ing ,  is i t ?  

A .  K O .  Someone w i l l  have t o  choose which a r e a s  a r e  most important  and 
do t h e s e  q u i t e  c a r e f u l l y .  

Q. How should t h e s e  program a r e a s  be chosen? 

A .  There d o e s n ' t  seem t o  be any very unique method of making t h e  
c h o i c e ,  but  we sugges t  a  method here  which seems t o  have some l o g i c  
behind i t .  I t  is based on t h e  idea  t h a t  c e r t a i n  groups of change pro- 
grams sugges t  a  common s e t  of measurements, i . e . ,  they o p e r a t e  i n  ways 
which a r e  s i m i l a r  enough t h a t  they could l o g i c a l l y  be combined i n t o  
demonstrat ions of e f f e c t i v e n e s s .  

Table I shows t h e  16 c u r r e n t  Highway Safe ty  Program Standards i n  
t h e i r  usua l  o rde r  a t  t h e  l e f t  of the  diagram. The second column in-  
d i c a t e s  t h a t  t h e r e  a r e  many i n v i d i d u a l  countermeasures inc lud ing  such 
elements a s  "send one p o l i c e  o f f i c e r  t o  a  nine-month t r a i n i n g  course , "  
o r  "begin a  d r i v e r  educat ion  program i n  t h e  r u r a l  a rea  schools" o r  
" i n s t a l l  a  360/50 computer a t  s t a t e  p o l i c e  headquar ters  t o  process  
a c c i d e n t  da ta . ' '  Each of t h e s e  elementary countermeasures is a  p o s s i b l e  
change program i n  any a r e a .  

We have grouped t h e s e  elements i n t o  s i x  program a r e a s  shown i n  
column 3 .  They a r e  not  n e c e s s a r i l y  i n  d i r e c t  correspondence t o  t h e  
Standards  of column 1, but  f o r  t h e  most p a r t  t h e  r e l a t i o n s h i p  is ob- 
v ious .  The arrows show t h e  l i n k s  f o r  an emergency medical program. 





We have viewed t h e  highway t r a f f i c  system a s  c o n s i s t i n g  of two 
loops ,  both proceeding from t h e  occurrence of some event .  The event 
most e a s i l y  considered is an acc iden t ,  although t h e  model can be 
extended t o  permit inc lus ion  of v i o l a t i o n s ,  o r  even a d m i n i s t r a t i v e  
events  such a s  l i c e n s e  renewals.  Consider f i r s t  the  case  of an acc iden t .  

When an accident  occurs t h e  two loops a r e  s e t  i n  motion. The 
s h o r t  term loop involves the  immediate d e t e c t i o n  of the  a c c i d e n t ,  and 
t h e  necessary responses--ambulances, tow t r u c k s ,  d e b r i s  removal equip- 
ment, and the  loop c l o s e s  when order  is  r e s t o r e d  t o  the  s i t e .  The long 
term loop begins w i t h  t he  r e p o r t i n g  of the  acc ident  t o  some information 
s t o r a g e  medium such a s  a  newspaper, a  p in  map, a  computer, o r  by word 
of mouth t o  t h e  ch ie f  of p o l i c e .  But whenever t h e  information is  
s t o r e d  we assume t h a t  sooner o r  l a t e r  t h e r e  is going t o  be some anal -  
y s i s  of the  informat ion .  Again i t  may be formal o r  informal--the 
t r a f f i c  o f f i c e r  may simply note  a  b lack spo t  on t h e  p in  map, o r  a  
l a r g e  computer may s p i t  out  t h e  f a c t  t h a t  the  acc ident  r a t e  a t  t h i s  
i n t e r s e c t i o n  is  double t h a t  of t h e  year before .  

In e i t h e r  case  t h e  r e s u l t s  of the  a n a l y s i s  may induce some agency 
t o  take  a c t i o n ,  perhaps by i n s t a l l i n g  a  t r a f f i c  s i g n a l ,  r e p a i n t i n g  
an o ld  s i g n ,  e t c .  The e f f e c t  of the  a c t i o n ,  then,  is t o  change the  
c h a r a c t e r i s t i c s  of t h e  highway (environment) i n  such a  way t h a t  i ts  
performance is  modified. T r a f f i c  opera t ions  through t h a t  i n t e r s e c t i o n  
a r e  henceforth d i f f e r e n t  than they were; hopeful ly  d i f f e r e n t  i n  a  
d i r e c t i o n  which w i l l  reduce t h e  p r o b a b i l i t y  of an acc iden t  a t  t h a t  
po in t  i n  t h e  environment. Thus the  long term loop c l o s e s  back t o  the  
event . 

By extens ion events  which s e t  t h e  loops i n  motion could inc lude  
o the r  s o r t s  of information producers--violat ions i n  which the  informa- 
t i o n  becomes a  p a r t  of the  d r i v e r  r ecord ,  o r  v e h i c l e  r e g i s t r a t i o n  
( t h e  information becoming a  p a r t  of the  v e h i c l e  r e c o r d ) .  The a n a l y s i s  
could be done by a  v a r i e t y  of agencies (highway, educat ion ,  manu- 
f a c t u r e r )  and a c t i o n  i n  genera l  w i l l  be taken w i t h  r e s p e c t  t o  e i t h e r  
the  environment, t h e  v e h i c l e ,  o r  t h e  people ( d r i v e r s ,  pedes t r i ans )  
i n  t h e  t r a f f i c  system. 

In Figure  5 t h e r e  a r e  dashed l i n e s  drawn around t h e  p a r t s  of the  
highway t r a f f i c  system which r e p r e s e n t  the  s i x  demonstration program 
a r e a s  shown i n  Table I .  They have t h e  p a r t i c u l a r  v i r t u e ,  from an 
experimental  po in t  of view, t h a t  they permit grouping of counter-  
measure (change) programs a t  t h e  same l o c a t i o n  i n  the  t r a f f i c  system, 
implying t h a t  t h e  kinds of measures t o  be made a r e  common wi th in  each 
grouping.  

Q .  There a r e  s i x  program a r e a s ,  but  they obviously could incorpora te  
many, many i n d i v i d u a l  change programs--which should be chosen and how 
should t h e  choice  be made? 
A .  By way of example cons ider  t h e  a r e a  of emergency medical c a r e .  
Poss ib le  a c t i o n s  we could t ake  i n  t h i s  a r e a  a r e  t h a t  we could: (1) 
provide f u r t h e r  t r a i n i n g  t o  t h e  a t t e n d a n t s ;  ( 2 )  ob ta in  new medical 
and v e h i c l e  equipment; and/or (3) enhance the  communication system 
and t h e  o rgan iza t ion  (management) of t h e  emergency medical f o r c e  i n  
t h e  j u r i s d i c t i o n .  In f a c t ,  e s s e n t i a l l y  a l l  of the  i n d i v i d u a l  change 
programs suggested i n  t h e  f e d e r a l  Standard r e l a t i v e  t o  t h i s  a rea  could 
be c l a s s i f i e d  i n t o  one of these  t h r e e  c a t e g o r i e s .  But i t  would a l s o  be 
q u i t e  p o s s i b l e  t o  do more than one of these  t h i n g s  a t  the  same time 
and i n  t h e  same p l a c e ,  o r  i n  f a c t  t o  do a l l  t h r e e .  F u r t h e r ,  any one 
of these  changes could be made a t  any of s e v e r a l  l e v e l s  of i n t e n s i t y  
o r  complexity. For example, one could t r a i n  the  ambulance personnel  
t o  t h e  l e v e l  of a  beginning Red Cross course (perhaps the  lowest 
l e v e l ) ,  t o  the  NHTSA s tandard  course  (perhaps an in termedia te  l e v e l ) ,  
and t o  t h e  l e v e l  of a  m i l i t a r y  corpsman o r  even an i n t e r n  ( t h e  high- 
e s t  l e v e l ) .  
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A l l  of the  poss ib le  combinations of these  ac t ions  a r e  shown i n  
Figure 6 .  There a r e  a t o t a l  of 21 blocks which c o n s t i t u t e  reasonable 
experimental c e l l s ;  t h a t  is ,  they def ine  reasonable a c t i v i t i e s  f o r  
change programs which might be measured ca re fu l ly  t o  f i nd  out how 
much good they r e a l l y  d id .  

Within t he  s p i r i t  of the  SCOPE program the re  is c l e a r l y  not 
enough funding f o r  21 experiments, even i f  they were des i r ab l e .  Each 
program area  w i l l  have i ts own p e c u l i a r i t i e s ,  however, which may 
suggest  which of these  c e l l s  a r e  most important. We suggest  here some 
of t he  sub j ec t i ve  reasoning which goes i n t o  choosing a program--i.e.,  
which experiments should be done f i r s t ;  which have the  highest  p r io r -  
i t y .  

From the j o i n t  point  of view of the  experimental designer and 
the  adminis t ra tor  a t  the  f ede ra l  l e v e l ,  we should seek those programs 
which: 

(1) Can be funded; i . e . ,  w i l l  Congress put up the  money f o r  an 
experiment or demonstration i n  t h i s  area? 

(2) Exhibit  a c l e a r  need f o r  more information. There is not 
much point  i n  demonstrating i n  some area  i n  which everyone 
(or almost everyone) agrees t h a t  i t  is a good idea.  

( 3 )  Have a reasonable chance f o r  a success fu l  demonstration, 
There should be an i d e n t i f i a b l e  goal w i t h  some an t i c ipa t i on  
t h a t  it can be reached and measured. 

( 4 )  Can i n t e r e s t  someone or  some j u r i s d i c t i o n  t o  conduct the  
demonstration or a t  l e a s t  t o  cooperate.  

W i t h  these  considerat ions  i n  mind we might conclude t h a t  there  
is l i t t l e  t o  be gained by an experiment i n  which t r a in ing  alone is 
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v a r i e d .  Fur the r  we might decide  t h a t  i t  would be most a p p r o p r i a t e  i f  
we could enhance a l l  t h r e e  a r e a s  ( t r a i n i n g ,  management, and equip- 
ment) and t r y  t o  measure i n  a  s i n g l e  demonstrat ion t h e  e f f e c t s  of 
each independently and i n  combination. 

The t h r e e  lower b locks  i n  Figure  6 ,  then ,  would r e c e i v e  top  
p r i o r i t y  i n  p lanning;  t h e  18  upper blocks would be cons idered  "n ice  
t o  have,"  but  no t  mandatory. I t  seems l i k e l y ,  however, t h a t  w i t h  t h e  
many s t a t e s  implementing "402" programs t h a t  t h e r e  w i l l  indeed be 
n a t u r a l  experiments occur r ing  and t h a t  we should p lan  t o  monitor t h e  
a p p r o p r i a t e  "402" programs c a r e f u l l y  t o  t a k e  advantage of t h e s e .  

FIGURE 6.  POSSIBLE EXPERIMENTAL CELLS FOR AN EMERGENCY MEDICAL 
COUYTERMEASURE PROGRAM. 

Q .  How does one choose s i t e s  f o r  demonstrat ion programs? 
A .  Genera l ly ,  s i t e s  f o r  experimental  o r  demonstrat ion programs should 
have t h e  fo l lowing p r o p e r t i e s :  

(1)  There should be a problem t o  be so lved ;  e . g . ,  t h e r e  is l i t t l e  
va lue  i n  t r y i n g  t o  improve an adequate ambulance system. 

(2 )  The j u r i s d i c t i o n  must be l a r g e  enough f o r  v a l i d  experimental  
r e s u l t s .  That i s ,  we must be a b l e  t o  c o l l e c t  enough da ta  t o  
be a b l e  t o  say  w i t h  some degree of assurance  t h a t  t h i n g s  
were indeed b e t t e r  a s  a  r e s u l t  of t h e  demonst ra t ion .  

(3)  The j u r i s d i c t i o n  must be h o s p i t a b l e  toward t h e  demonstrat ion 
e f f o r t ,  p a r t i c u l a r l y  toward t h e  experimental  and measure- 
ment a s p e c t s  of i t .  

Q .  How much w i l l  a l l  of t h i s  c o s t ?  
A .  We have sugges ted ,  f o r  each program a r e a ,  a  number of experimental  
c e l l s  which a r e  cons idered  t o  be of f i r s t  p r i o r i t y  i n  t h e  s p i r i t  of 
t h e  SCOPE program; i . e . ,  o b t a i n i n g  demonstrable evidence a s  t o  t h e  
va lue  of countermeasure programs recommended by t h e  Standards them- 
s e l v e s .  We n o t e ,  however, t h a t  e s t a b l i s h i n g  more o r  fewer programs 
of t h i s  kind is a ma t t e r  of judgment and is obvious ly  dependent upon 
t h e  a v a i l a b l e  budget .  W i t h  a l l  of t h e s e  u n c e r t a i n t i e s  we have def ined 
exper imenta l  programs which a r e  d i scussed  i n  l a t e r  s e c t i o n s  of t h i s  
r e p o r t .  We b e l i e v e  t h e s e  w i l l  p rovide  t h e  d e s i r e d  evidence .  



I t  is u s e f u l  t o  ask  t h e  ques t ion  i n  t h e  form: What va lue  does 
t h i s  demonstration program have? The purpose of a  demonstration pro- 
gram is t o  convince someone (a  mayor, a  s t a t e  l e g i s l a t o r ,  e t c . )  t h a t  
he should commit funds t o  make some change i n  a  highway o r  t r a f f i c  
system, And he should be convinced t h a t  t h e  change w i l l  be of some 
value t o  t h e  p u b l i c .  

Deta i led  c o s t  information f o r  each recommended program is given 
i n  t h e  appropr ia t e  s e c t i o n  of Volume I11 of t h i s  r e p o r t .  A b r i e f  
summary is given i n  Table 11, and where a range of c o s t s  is given,  
i n d i c a t e s  t h a t  s e v e r a l  a l t e r n a t i v e  program implementation l e v e l s  a r e  
d i scussed .  I t  seems l i k e l y  t h a t  many of t h e s e  programs w i l l  be funded 
i n  p a r t  by s t a t e  and l o c a l  monies. Costs  shown i n  t h e  t a b l e  a r e  given 
on t h e  b a s i s  t h a t  t h e  programs would be f u l l y  funded by f e d e r a l  
sources ,  and should be modified downward depending on t h e  degree of 
l o c a l  suppor t .  

TABLE 11. ESTIMATED EXPENDITURES FOR 
COUNTERMEASURE DEMONSTRATIOPJ PROGRAMS 

Program Per iod 1 Ins t rumenta t io  
Ya) 

~ o t  a1  ( a )  
Category (Years) and Evaluat ion 

Road User 
Regulat ion 3 1 .35  t o  2.25 1 .35 t o  1.95 2 . 7  t o  4.2 

Information 
F 1 ow 3 0.51 t o  2 - 8 5  0 . 1  0 . 6 1  t o  2.95 

Road User 
P repara t ion  3 0.75 t o  1 . 2  0.42 t o  0 ,54  1 .17 t o  1.74 

Vehicle 
Regulat ion 3-5 5.9 t o  13.1 0 . 1  t o  0 .9  6 . 0  t o  14 .0  

System 
Res to ra t ion  3 . 5  4.0 0.33 4.33 

Highway 
Regulat ion (b)  --- ----------- ----------- ----------- 
( a )  Ind ica ted  program c o s t s  a r e  i n  m i l l i o n s  of d o l l a r s .  

( b )  In t h e  Highway Regulat ion a r e a  no s p e c i f i c  o p e r a t i o n a l  program is 
proposed, al though an example of t h e  design f o r  an experiment is 
given.  No c o s t s  have been presented  f o r  t h i s .  



3.  SUMMARIES OF SIX DEFINED DEMONSTRATION PROGRAMS 

This s ec t i on  of Volume I  p resen t s  summaries of t he  s i x  experi-  
mental programs which have been defined a s  a  r e s u l t  of t h i s  s tudy 
e f f o r t .  These include,  i n  order :  (1) road user r egu l a t i on , (2 )  informa- 
t i on  f low, (3) road user  p repara t ion ,  (4)  veh ic le  r egu l a t i on ,  (5) 
system r e s t o r a t i o n ,  and (6) highway r egu l a t i on .  

Each of these  experimental p lans  is covered i n  g r ea t e r  d e t a i l  i n  
Volume I11 of t h i s  r e p o r t .  Readers w i t h  a  p a r t i c u l a r  i n t e r e s t  a r e  
encouraged t o  r e f e r  t o  t h a t  volume. 

3 . 1  ROAD USER REGULATION DEMOYSTRATION PROGRAM 
Presen t ly  the re  seems t o  be a  need f o r  evidence concerning the  

value of countermeasures i n  t h e  s eve ra l  f i e l d s  assoc ia ted  w i t h  law 
enforcement. This is s t a t e d  a s  an hypothesis ,  and t he r e  a r e  c e r t a i n l y  
those  who would d i sagree .  

In normal operat ions  i n  t he  law enforcement f i e l d  anecdotal  evi- 
dence is widely accepted and indeed many changes a r e  introduced on the  
b a s i s  of such evidence. A c i t y  may buy and operate  t r a f f i c  r ada r s ,  change 
the  cour t  system t o  r e f e r ee s  ins tead  of judges or v ice  ve rsa ,  o r  pass 
new t r a f f i c  laws (such a s  " i f  a  veh ic le  is t r ave l i ng  s o  slowly as  t o  
hold up more than f i v e  o ther  veh ic les  on a  publ ic  highway he must p u l l  
t o  the  r i g h t  and l e t  the  following veh ic les  passv*) .  Not only w i l l  such 
changes be made, but they w i l l  be recommended t o  o the r s  by those who 
adopt them, and they w i l l  propogate. There a r e  few s t a t i s t i c a l l y  
meaningful s t u d i e s  of t he  e f f i c acy  of law enforcement a c t i v i t i e s ;  of 
those done, one of the  most well  known is Ca l i f o rn i a ' s  Operation 101 
which has developed experimental evidence of a  r e l a t i o n s h i p  between 
enforcement and accident  reduct ion.  While t h i s  s tudy found the  di rec-  
t i o n  of the  r e l a t i o n s h i p ,  it was not adequate t o  de f ine  i t  quant i ta-  
t i v e l y .  A more recen t  Ca l i f o rn i a  s tudy ,  Operation 500, is at tempting 
t o  do t h a t .  

Yet, many people remain unconvinced of the  value of s p e c i f i c  
people regu la t ion  countermeasures, p a r t i c u l a r l y  the  c i t y  counci ls  
and s t a t e  l e g i s l a t u r e s  who vote the  d o l l a r s  f o r  suppor t ing the  po l ice  
and t he  cou r t s .  While no one seems t o  doubt t he  need f o r  some degree 
of law enforcement a c t i v i t y ,  t he r e  is of ten  much h e s i t a t i o n  about 
a l l o c a t i n g  money f o r  changes. For example, the  c i t y  of F l i n t ,  Michigan, 
coincident  w i t h  the  operat ion of a  s t rong  f ede ra l l y  supported t r a f f i c  
enforcement program, enjoyed a  reduct ion i n  the  number of f a t a l i t i e s  
from 31 i n  one year t o  13 i n  the  nex t .  The operat ing agencies a r e  
tempted t o  g ive  the  c r e d i t  f o r  the  change e n t i r e l y  t o  the  law enforce- 
ment program, and a t  a  cu r r en t l y  accepted value of $140,000 f o r  a  
l i f e  l o s t  i n  t r a f f i c ,  t he  change should be worth $2,500,000 annually.  
Expenditure, on t he  o the r  hand, f o r  t he  new po l i c e  s e rv i ce  was l e s s  
than $400,000 i n  one year .  But po l ice  admin is t ra to r s  a r e  having a  
d i f f i c u l t  time convincing t he  c i t y  of t he  program's value .  

So here is t he  problem. I f ,  a s  we expect ,  t h e r e  a r e  a  va r i e t y  
of law enforcement p r a c t i c e s  which a r e  worth more than they cos t  we 
would be well  advised t o  c o l l e c t  proof of t h i s  i n  such a  way t h a t  
we can convince the  c i t y  counci ls  and s t a t e  l e g i s l a t u r e s .  T h i s  sec-  
t i o n  of the  r epo r t  addresses the  problem of c o l l e c t i n g  such evidence. 

We have placed most of the  accident  countermeasures having t o  
do w i t h  the  dynamic regu la t ion  of people--primarily d r ive rs - - in to  one 
group f o r  d iscuss ion purposes. T h i s  is both convenient and use fu l  from 

* A  Michigan s t a t u t e .  



the  experimental design and measurement po in t s  of view. Included i n  
t h i s  grouping a r e  change programs suggested under the  federa l  Stand- 
ards  regarding Pol ice  T r a f f i c  Services,  Codes and Laws, Courts, and 
Alcohol, and pa r t  of the  Pedestrian Standard. Many individual  counter- 
measures a r e  poss ib le ,  of course: add one new judge t o  the  court  s y s -  
t i m ,  change the  procedure f o r  sanctioning t r a f f i c  v io la t ions  t o  an 
adminis t ra t ive  f i n e ,  buy a  Vascar fo r  the  l oca l  po l ice  department, 
e t c .  Since someone can be found who w i l l  s t rongly  support any one of 
these ,  they may a l l  be candidates f o r  experimental study. 

We have considered an experimental approach t o  get  data regard- 
ing the  value of such countermeasures i n  a  useful  form. We would l i k e  
t o  a t  l e a s t  aim i n  the  d i rec t ion  of ranking the  payoff of the severa l  
possible  countermeasures i n  t h i s  f i e l d ,  and ul t imately  would l i k e  t o  
ge t  a t  the  problem of comparing t h e i r  value w i t h  t h a t  of counter- 
measures i n  o ther  a reas .  We have noted e a r l i e r  t h a t  t h i s  is  a  d i f f i c u l t  
t a sk ,  but one worth s t r i v i n g  f o r .  

For discussion purposes we have grouped these  individual  counter- 
measures ( things  t o  be done), i n t o  e igh t  areas  which a l s o  a r e  useful  
f o r  experimental implementation. The e igh t  a reas  shown i n  Table I11 
might be implemented s ing ly  or  i n  any number of combinations. Assuming 
t h a t  one could implement each possible  combination a t  th ree  i n t ens i t y  
l e v e l s ,  there  would be 747 c e l l s .  Many c e l l s  may ac tua l ly  come t o  
e x i s t  i n  programs throughout the  country, but we do not believe t h a t  
such a  l a rge  number of experiments would be a  f r u i t f u l  goal i n  a  s e t  
of demonstration programs. We do recommend, however, t h a t  some of the 
combinations be t r i e d  i n  the  context of cur ren t  demonstration programs 
and t h a t ,  a t  a  minimum each countermeasure area  be s ing ly  implemented 
i n  a t  l e a s t  one j u r i sd i c t i on .  Four of the  most of ten used change 
actions--media, t r a in ing ,  manpower, and s o c i a l  handling--are examined 
a t  length,  and a  s p e c i f i c  program involving a l l  four categories  is 
discussed i n  the  context of a  pa r t i cu l a r  c i t y ,  Chattanooga, Tennessee. 

We recommend fu r the r  t h a t  two c i t i e s  o r  count ies  be se lec ted  f o r  
concentrated long-term experimentations. In these locat ions  new 
techniques and devices,  o r  operat ional  changes i n  law enforcement can 
be introduced from time t o  time and t h e i r  e f f e c t s  can be observed 
through a  r a the r  complete s e t  of instrumentation,  These two ju r i s -  
d i c t i ons  would c o n s t i t u t e  a  na t iona l  laboratory,  guided by a  senior  
advisory council  of persons w i t h  nat ional  prominence. 

The change process operating i n  the  na t iona l  laboratory areas  
w i l l  be s imi l a r  t o  t h a t  followed i n  most communities. The d i s t i n c t  
phases of problem i d e n t i f i c a t i o n ,  so lu t ion  formulation,  implementation, 
and evaluation w i l l  be followed, but unl ike  the  t yp i ca l  community 
these a c t i v i t i e s  w i l l  be guided by advisors who a r e  among the most 
capable individuals  ava i l ab l e ,  and each s t e p  w i l l  be ca re fu l ly  meas- 
ured t o  demonstrate i ts influence on problems. Two types of change 
w i l l  be s tudied:  major system a l t e r a t i o n s ,  such a s  a  subs t an t i a l  
increase  i n  manpower, and refinements of s p e c i f i c  techniques such a s  
assess ing the  r e l a t i v e  e f fec t iveness  of r ada r ,  Vascar, and Orbis i n  
de tec t ing  speed v io l a t i ons  under pa r t i cu l a r  condi t ions .  The changes 
w i l l  be implemented sequent ia l ly  a f t e r  ca r e fu l  consideration of which 
a c t i v i t y  w i l l  y ie ld  the  g rea t e s t  incremental bene f i t .  Results  of these 
changes w i l l  be measured and analyzed; the most cos t -e f fec t ive  w i l l  
then be recommended t o  other  communities. 

We suggest t ha t  these two ju r i sd i c t i ons  be Bloomington, Indiana 
and the  surrounding Monroe county, and F l i n t ,  Michigan, perhaps again 
including the  surrounding county. Bloomington has had a  continuing 
s e t  of instrumentation designed t o  unobtrusively sample t r a f f i c  ac- 
t i v i t y  (speeding, e t c , )  i n  Monroe County. This instrumentation has 



TABLE 111. ROAD USER REGULATION 
COUNTERMEASURE GROUPS 

1. Management improvements are overlaid on a ongoing 
Police Traffic Services (PTS) program where techniques 
like manpower allocation and cost-benefit methods are 
implemented. 

2. Training programs where present PTS manpower is trained 
for some selected advanced skills (behavioral science, 
management, etc.) or in the use of a specific tool 
(e.g., radar, etc.) 

3 .  Manpower additions where more manpower, either at or 
above the current training level, is added to a PTS 
force. 

4. Equipment additions where major investments in 
electronic enforcement gear are made along with some 
minimal training effort and implementation scheme. 

5 .  Procedural clarifications in codes and laws where 
streamlining, standardizing, and training occur mainly 
dealing with the optimized usage and administration of 
old laws as well as the implementation of new laws. 

6 .  Logistical improvements in the handling of court 
related problems where procedures and communications 
between PTS units and courts are made more efficient. 

7, Media efforts where increased communication between 
the public and the police agencies are attempted. 

8.  zocial-individua4 problem handling techniques are 
implemented where a system of direct contact actions 
is used to influence problem drivers (alcoholics). 

been developed to a relatively high level by Indiana University 
personnel, and provides a most useful test base, In addition there 
is a small number of separate police forces in this county, and they 
have shown a continuing interest in participating in experimental 
studies. 

Flint has had a strong program of traffic enforcement for several 
years, and has developed a large traffic unit within the police depart- 
ment with specific selective enforcement duties. While their instru- 
mentation at present is not as sophisticated as that of Bloomington, 
they have been collecting a variety of data relevant to the evalua- 
tion process. In addition we believe that instrumentation similar to 
that in Indiana could be installed at modest cost, giving an oppor- 
tunity for continuing unobtrusive monitoring of traffic activities as 
a function of changes in the enforcement system. 

Measures of effectiveness to be taken in connection with these 
programs would include three levels: a comprehensive measure of ac- 
tivity as determined by a continuing recording of personnel perform- 
ance; a set of intermediate measures including changes in speeding, 
changes in the attitudes of the drivers; and ultimate measures (acci- 
dent, injury, and fatality counts). There will be a stress on the 
intermediate variables as the current measures of success or failure 
of parts of the program, but an important part of the national lab- 
oratory effort will be to link these intermediate measures with the 
ultimate goals. 

No detailed cost estimates have been prepared for these programs. 
In the four-activity experiment outlined in Volume I11 evaluation 
expenses will be on the order of $10,000 to $12,500 for examining 
three activities in detail and from $30,000 to $60,000 for recording 



and e v a l u a t i n g  changes i n  v i o l a t i o n s  over t h r e e  years .  The t o t a l  c o s t s  
of t h e  n a t i o n a l  l a b o r a t o r i e s ,  inc lud ing  inc reased  p o l i c e  manpower, 
w i l l  be $500,000 t o  $750,000 per  year .  The n a t i o n a l  l a b o r a t o r y  should 
be planned f o r  f i v e  yea r s  w i t h  p o s s i b l e  i n d i f i n i t e  con t inua t ion  i f  i t  
proves s u c c e s s f u l .  

This  e n t i r e  program is  l a i d  out  on t h e  assumption t h a t  u s e f u l  
informat ion  w i l l  r e s u l t .  We expect  t h a t  t h e r e  w i l l  be more s o l i d  and 
convincing evidence rega rd ing  t h e  va r ious  f a c e t s  of t h e  law enforce-  
ment process- -u l t imate ly  leading t o  b e t t e r  d e c i s i o n s  by t h e  money 
p r o v i d e r s ,  and thence t o  reduced carnage on t h e  highways. We a r e  not 
p a r t i c u l a r l y  hopeful  about developing f u l l  c o s t - b e n e f i t  information 
w i t h i n  t h i s  f i e l d ,  bu t  we do b e l i e v e  t h a t  t h e  approach o u t l i n e d  w i l l  
p rovide  decision-makers w i t h  sound and unders tandable  evidence about 
t h e  va lue  of t h e  many p o s s i b l e  countermeasures d i scussed .  

3 . 2  THE INFORMAT ION FLOW DEMONSTRATION PROGRAM 
While t h e  m a j o r i t y  of a c t i v i t y  concerned w i t h  t h e  flow of informa- 

t i o n  i n  t h e  t r a f f i c  s a f e t y  a r e a  has been i d e n t i f i e d  under t h e  T r a f f i c  
Records Standard ,  t h e r e  have been a  number of a d d i t i o n a l  f e d e r a l - s t a t e  
matching fund programs which involve  t h e  handling of d a t a .  In t h e  f i r s t  
t h r e e  years  of "402" funding approximately $37,000,000 of f e d e r a l  
money was a l l o c a t e d  t o  Standard a rea  10--Traff ic  Records. But i n  a  
s tudy  of a l l  "402" programs, more than $50,000,000 was i d e n t i f i e d  
w i t h  s i m i l a r  work ( e . g . ,  computer r ecord  keeping) ,  inc lud ing  programs 
funded under motor v e h i c l e  r e g u l a t i o n ,  i d e n t i f i c a t i o n  and s u r v e i l l a n c e  
of acc iden t  l o c a t i o n s ,  and p o l i c e  t r a f f i c  s e r v i c e s .  The majo r i ty  of 
t h e s e  funds went t o  c r e a t e  a  c a p a b i l i t y  f o r  t h e  automatic process ing 
of t r a f f i c  informat ion:  a c c i d e n t s ,  d r i v e r  r e c o r d s ,  v e h i c l e  r e c o r d s ,  
highway records .  But t o  d a t e  t h i s  c a p a b i l i t y  seems t o  be much under- 
used. 

I t  is c l e a r  t h a t  t h e  i n t e n t  of t h e  T r a f f i c  Records Standard and 
o t h e r s  i n d i c a t e d  he re  was t o  promote t h e  u l t i m a t e  use  of processed 
informat ion  by both s t a t e  agencies  and l o c a l  j u r i s d i c t i o n s  wi th in  a  
s t a t e .  A r a t h e r  secondary purpose must have been t o  develop da ta  
which would be of s t a t i s t i c a l  va lue  t o  t h e  f e d e r a l  government i n  eval -  
u a t i n g  i t s  e f f o r t s  o r  i n  i d e n t i f y i n g  new problem a r e a s .  We b e l i e v e  
t h a t  a  demonstrat ion program i n  t h i s  f i e l d ,  o r i e n t e d  p a r t i c u l a r l y  t o  
t h e  l o c a l  use  of in fo rmat ion ,  is long overdue. I t  should be en te red  
i n t o  w i t h  g r e a t  expec ta t ions - - tha t  t h e r e  is value  i n  t h e  compiled 
d a t a  and t h a t  i t  must merely be tapped t o  show t h i s  va lue ,  and t h a t  
i f  someone does not  use  t h i s  c a p a b i l i t y  soon i t  may atrophy and be 
l o s t .  A s t r o n g  program t o  encourage such u s e ,  and a t  t h e  same time 
g e t t i n g  some measure of i ts  v a l u e ,  is i n  o r d e r .  

Th i s  demonstrat ion program w i l l  be concerned w i t h  t h e  r e p o r t i n g ,  
accumulat ion,  and u t i l i z a t i o n  of t r a f f i c  s a f e t y  d a t a .  The information 
flow a c t i v i t y  is t h e  f i r s t  s t e p  i n  t h e  long term loop which l i n k s  
t h e  even t s  of t h e  t r a f f i c  system t o  t h e  u l t i m a t e  c o r r e c t i v e  a c t i o n s .  
Changes i n  t h e  informat ion  flow system a r e  made f o r  t h e  purpose of 
e f f e c t i n g  improvements i n  t h e  d e c i s i o n s  made t o  improve cond i t ions  
i n  t h e  t r a f f i c  system. 

While t h e  u l t i m a t e  c r i t e r i o n  f o r  e v a l u a t i n g  countermeasure 
programs is improved s a f e t y  i n  t h e  opera t ing  t r a f f i c  system, an 
informat ion  flow demonstrat ion program must be viewed i n  a  somewhat 
more l i m i t e d  c o n t e x t .  I t  could be cons idered  a s  a  s e p a r a t e  s e l f -  
con ta ined  system, t h e  output  of which d i r e c t l y  a f f e c t s  t h e  dec i s ions  
made i n  most ,  i f  not  a l l ,  of t h e  o t h e r  countermeasure programs. 

The purpose of having a  demonstrat ion program i n  t h i s  f i e l d  is 
t o  show t h a t  changes i n  t he  r ecord ing ,  accumulat ion,  and a n a l y s i s  of 



t r a f f i c  records w i l l  improve the  usefulness  of the  ava i l ab l e  da t a ,  
and w i l l  i n  f a c t  generate  more e f f e c t i v e  decis ions  by the  many ac t ion  
agencies i n  the  f i e l d .  

T h i s  is cons i s ten t  w i t h  the  c r i t e r i a  f o r  evaluat ing t h i s  system's 
e f f ec t i venes s  a s  s t a t e d  i n  Chapter V of T r a f f i c  Records, Highway Safety  
Program Manual, Volume 10: 

"The e f fec t iveness  of the  t r a f f i c  records  program is its a b i l i t y  
t o  produce the  information needed t o  support  decis ions  f o r  ef fec-  
t i v e  management of t he  t o t a l  t r a f f i c  s a f e t y  program." 
The d e t a i l s  of t h i s  demonstration program a r e  developed w i t h  the  

thought t h a t  the  machinery f o r  e f f e c t i v e  use of t r a f f i c  data is ava i l -  
ab l e ,  but t h a t  the  f u l l  use of such machinery is only beginning t o  
f lower.  T h i s  is p a r t i c u l a r l y  t r u e  i n  the  use of state-compiled informa- 
t i o n  f o r  the  l o c a l  u se r .  And the  time seems t o  be r i p e  f o r  a  s o r t  of 
explosion i n  information usage. 

Data s e rv i ce s  might be viewed i n  two d i f f e r e n t  dimensions: the  
f i r s t ,  one of intensity--from minimal ( pa l t r y )  t o  maximal (p lush) ;  
and the  o ther ,  one of type--from a  "pull"  type s e rv i ce  i n  which the  
user  must request  information when he wants i t  t o  a  "push" s e rv i ce  i n  
which the  c e n t r a l  organizat ion goes t o  a  g r ea t  deal  of t rouble  t o  pro- 
vide information which may be use fu l  t o  the  user  even though he did 
not request  i t  d i r e c t l y .  These a l t e r n a t i v e  modes of operat ion each 
have t h e i r  own advantages, and it  may be t h a t  the  u l t imate  system 
should contain the  b e t t e r  aspects  of each. But f o r  experimental pur- 
poses we have designed a  plan f o r  them t o  be appl ied  more or l e s s  
independently. 

We have chosen a  p a r t i c u l a r  s t a t e  which is c a r r i e d  through a s  an 
example i n  t h i s  r epo r t .  But t he r e  a r e  many s t a t e s  which a r e  i n  a  
comparable pos i t ion  both i n  terms of equipment and a c t i v i t y .  The 
u l t imate  choice of a  s i t e  f o r  t h i s  experimental program should depend 
a s  much a s  anything on the  i n t e r e s t  and wi l l ingness  of the  s t a t e  t o  
p a r t i c i p a t e .  

The experimental design c a l l s  f o r  the  s e l e c t i o n  of l o c a l  commu- 
n i t i e s  f o r  t h r ee  l e v e l s  of s e rv i ce :  a  con t ro l ,  a  s ta te-centered s e r -  
v i c e ,  and a  local ly-centered s e rv i ce .  The con t ro l  a reas  w i l l  not be 
changed. State-centered s e rv i ce s  a r e  pr imar i ly  "push" s e rv i ce s ,  t a i l o r -  
made f o r  the  l o c a l  community. Locally-centered s e rv i ce s ,  by c o n t r a s t ,  
a r e  v p u l l w  a c t i v i t i e s ,  and the  l o c a l  community is ba s i ca l l y  respon- 
s i b l e  f o r  querying the  system t o  ge t  information it  d e s i r e s .  

The s ta te -cen te red  program is expected t o  have a  s t a f f  of ana lys t s  
and t r ave l i ng  salesmen whose t ask  i t  is t o  provide a  va r i e t y  of a s s i s -  
tance t o  l o c a l  communities. They should be in t imate ly  f ami l i a r  w i t h  
t h e  ava i l ab l e  da t a ,  and w i t h  the  c a p a b i l i t i e s  of the  computational 
f a c i l i t i e s ,  And the  salemen, who i n  f a c t  a r e  g iving away t h e i r  prod- 
u c t ,  should se rve  i n  a  l i a son  capaci ty  t o  understand t he  l o c a l  pro- 
blems and match t he  c e n t r a l  c a p a b i l i t y  w i t h  them. We es t imate  t h a t  
a  s t a t e  c e n t r a l  ana ly s i s  s t a f f  of s i x  would be necessary i n  the  s t a t e  
exemplif ied,  and t h a t  t h i s  s t a f f ,  w i t h  suppor t ,  w i l l  c o s t  between 
$120,000 and $200,000 per year.  

The t h i r d  l e v e l  of service--the l o c a l l y  o r ien ted  one--will be 
r e a l l y  plush.  There w i l l  be developed a  l o c a l  da ta  base and ana lys i s  
c a p a b i l i t y ,  although i t  may use t he  s t a t e  computational f a c i l i t i e s .  
There should be a  c l o se  i n t e r ac t i on  w i t h  a l l  s t a t e  t r a f f i c  f i l e s ,  
but t he  bas ic  work would be done by l o c a l  l e v e l  people through on-line 
computer terminals  and conversat ional  programs. We have est imated t h a t  
t h i s  program (involving four  c i t i e s )  should cos t  between $400,000 
and $500,000 per year.  



3 . 3  ROAD USER PREPARATION DEMONSTRATION PROGRAM 
The Road User P repara t ion  ca tegory  encompasses those  programs 

concerned w i t h  r a i s i n g  t h e  performance l e v e l  of veh ic le  o p e r a t o r s ,  
passengers and p e d e s t r i a n s  through education and t r a i n i n g .  In terms 
of t h e  Highway Safe ty  Program Standards ,  t h i s  a rea  covers everyth ing 
r e l a t e d  t o  i n s t r u c t i n g  and measuring the  performance of ind iv idua l  
road u s e r s  i n  t h e  motorcycle,  d r i v e r  educat ion ,  d r i v e r  l i c e n s i n g  and 
p e d e s t r i a n  s t andards .  

The major types  of s a f e t y  programs which c a r r y  out  these  func t ions  
may be c l a s s i f i e d  a s  shown i n  Table IV. 

TABLE IV. THE PHASES AND METHODS 
OF ROAD USER PREPARATION 

We have organized a s e l e c t i o n  from a l l  p o s s i b l e  countermeasures 
i n t o  e i g h t  groups ( see  Table V). Each of these  deserve a t t e n t i o n ,  a s  
do some of the  very l a r g e  number of p o s s i b i l i t i e s  f o r  combining two 
o r  more of t h e s e  groups i n  a  s i n g l e  program. We have i d e n t i f i e d  21 
combinations which we consider  t o  be t h e  most u s e f u l  f o r  experimental 
v a l i d a t i o n ,  and t h e s e  a r e  noted i n  Figure  7 toge the r  w i t h  t h e i r  r e l a -  
t i v e  p r i o r i t i e s ,  These p r i o r i t i e s  were der ived s u b j e c t i v e l y ,  consider-  
ing  t h e  s t a t e  of t h e  a r t  and the  information f e d e r a l  and s t a t e  p lanners  
most need concerning program e f f e c t i v e n e s s .  

F i r s t  p r i o r i t y  has been assigned t o  t h r e e  combinations (B+C+G, 
D+E+F+G, and B+C+D+E+F+G). We sugges t  t h a t  t h e s e  t h r e e  be implemented 
i n  a  r e l a t i v e l y  long-term and f u l l y  funded demonstration program. 

Simi lar  matching fund programs might wel l  be encouraged which 
w i l l  have added ins t rumenta t ion  and d e t a i l e d  experimental  design a t -  
tuned t o  t h e  needs of NHTSA f o r  information.  Areas of lower p r i o r i t y  
may be t r e a t e d  i n  t he  same manner. From an a n a l y t i c a l  point  of view, 
t h e  va lue  of conducting both the  m u l t i p l e  and the  s i n g u l a r  experiments 
is t h a t  i t  enables  one t o  s o r t  t h e  e f f e c t s  of i n t e r a c t i o n ;  some evi-  
dence of t h i s  would be u s e f u l  f o r  o p e r a t i o n a l  p lanners ,  We cannot 
judge t h e  value  of such choices  q u a n t i t a t i v e l y  but  toge the r  they ad- 
d r e s s  most of t h e  key i s s u e s  of program e f f e c t i v e n e s s .  

The program we a r e  sugges t ing  is a comprehensive e f f o r t  i n  d r i v e r  
p repara t ion- -d r ive r  educat ion ,  d r i v e r  l i c e n s e  examining and d r i v e r  
improvement. We have considered  i n  d e t a i l  t he  interdependence of t h e s e  
t h r e e  f a c e t s  of d r i v e r  p repara t ion  and t h e  need f o r  t h e i r  coordinat ion  
has become apparent  t o  u s  i n  t h e  course  of t h i s  i n v e s t i g a t i o n .  Despite  
t h e  experimental  d i f f i c u l t i e s  a s soc ia ted  w i t h  combining these  a r e a s  in-  
t o  one demonstration program, we cojlsider t h a t  t h i s  approach bes t  meets 
t h e  o b j e c t i v e s  of SCOPE--namely t o  demonstrate t h e  "bes t  we know" i n  
t r a f f i c  s a f e t y  programs. 

We view t h e  purpose of a  road use r  p repara t ion  demonstration pro- 
gram a s  one of providing information which w i l l  convince a u t h o r i t i e s  
t o  adopt u s e f u l  programs i n  the  f e d e r a l  Standard a r e a s  of d r i v e r  edu- 
c a t i o n ,  l i c e n s i n g  and improvement. The examination processes  have geq- 
e r a l l y  been thought o f ,  even i n  t h e  f e d e r a l  S tandards ,  a s  a  screening 
device  " t o  keep bad d r i v e r s  o f f  t h e  road."  And t h e s e  processes have 
been l a r g e l y  kept  s e p a r a t e  from educat ional  programs. There seems t o  
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TABLE V .  COUNTERMEASURE GROUPINGS FOR 
ROAD USER PREPARATION 

A .  Chi ld  P e d e s t r i a n  and Bicyc le  Safety--Content and Methods 
To provide  schoo l t eache r s  w i t h  updated i n s t r u c t i o n a l  

con ten t  and methods i n  t h e  a r e a  of p e d e s t r i a n  and b i c y c l e  
s a f e t y ,  through t h e  development and d i f f u s i o n  of p r i n t e d  
m a t e r i a l s ,  and through in-  and p r e - s e r v i c e . t r a i n i n g .  
B. Driver  Education--Content and Methods 

To provide  d r i v e r  educa to r s  and i n s t r u c t o r s  w i t h  updated 
i n s t r u c t i o n a l  con ten t  and methods ( inc lud ing  eva lua t ion  
t e c h n i q u e s ) ,  through t h e  development and d i f f u s i o n  of 
p r i n t e d  m a t e r i a l s ,  and through in-  and p re - se rv i ce  t r a i n -  
i n g ,  Th i s  may p e r t a i n  t o  t h e  ope ra t ion  of motorcycles  and 
r e c r e a t i o n a l  v e h i c l e s .  
C.  Driver  Education--Equipment and F a c i l i t i e s  

To provide  improved equipment and f a c i l i t i e s  f o r  t h e  
i n s t r u c t i o n  of novice motor v e h i c l e  o p e r a t o r s .  
D .  Dr iver  Improvement and Licensing--Content and Methods 

To provide  d r i v e r  improvement p r a c t i t i o n e r s  and d r i v e r  
l i c e n s e  examiners w i t h  updated techniques  f o r  diagnosing 
t h e  d i f f i c u l t i e s  of motor v e h i c l e  o p e r a t o r s ,  and f o r  
ame l io ra t ing  those  d i f f i c u l t i e s .  Th i s  is t o  i nc lude  
f a m i l i a r i z a t i o n  wi th  d r i v e r  educa t ion  developments,  and 
is t o  be done through t h e  development and d i f f u s i o n  of 
p r i n t e d  m a t e r i a l s ,  and through in-  and p re - se rv i ce  
t r a i n i n g .  
E .  Driver  Improvement and Licensing--Equipment and F a c i l i t i e s  

To provide  improved equipment and f a c i l i t i e s  f o r  d r i v e r  
improvement and d r i v e r  l i c e n s e  examination a ~ t ~ v i t i e s .  
F .  Dr iver  Improvement and Licensing--Manpower Inc rease  

To provide  a d d i t i o n a l  manpower f o r  d r i v e r  improvement 
and d r i v e r  l i c e n s e  examination a c t i v i t i e s .  
G .  Dr iver  Educat ion,  Improvement and Licensing--Management 

Coordina t ion  
To c o o r d i n a t e  t h e  management of t h e  p a r a l l e l  a c t i v i t i e s  

of d r i v e r  educa t ion  and t r a i n i n g ,  d r i v e r  improvement, and 
d r i v e r  l i c e n s e  examining. 
H.  P u b l i c  Information(Genera1 E f f o r t )  

To make a  comprehensive e f f o r t  t o  a s s i s t  those  who 
c o n t r o l  and p r a c t i c e  t h e  a r t  of t h e  d isseminat ion  of pub l i c  
in format ion  on a l l  types  i n  highway t r a f f i c  s a f e t y .  

be no doubt among s t a t e  l e g i s l a t o r s  of t h e  n e c e s s i t y  f o r  l i c e n s i n g  
d r i v e r s ,  bu t  they  o f t e n  do not  ag ree  on what d e t a i l e d  procedures  t h e  
l i c e n s i n g  a u t h o r i t i e s  should use .  Driver  educa t ion ,  on t h e  o t h e r  hand, 
does not have unanimous suppor t  i n  a l l  s t a t e  l e g i s l a t u r e s ;  and where 
they  do ag ree  t h a t  i t  is  u s e f u l ,  they  may s t i l l  argue over c o n t e n t .  
There a r e  many innova t ions  c u r r e n t l y  proposed i n  t h e  f i e l d s  of edu- 
c a t i o n  and l i c e n s i n g .  I t  is  t h e  purpose of t h i s  s tudy  t o  d iscover  
how some of them may b e s t  be i n t e g r a t e d  i n t o  a  demonstrat ion program 
t o g e t h e r  w i t h  an eva lua t ion  s t r a t e g y  t h a t  is meaningful t o  dec i s ion  
makers.  

Evalua t ion  i n  t h i s  a r e a  h a s  proved extremely d i f f i c u l t ,  and t h e r e  
is a  problem w i t h  r e c o n c i l i n g  t h e  r e a l i s t i c  needs of p l anne r s  f o r  ur- 
gen t  in format ion  w i t h  t h e  f a c t  t h a t  a c c u r a t e  measurement of t h i s  type  
of program r e q u i r e s  c a r e f u l  and r a t h e r  lengthy  exper imenta t ion .  For 
example, a t  a  r e c e n t  d r i v e r  educa t ion  conference ,  a  prolonged d i s -  
cus s ion  had taken p l ace  concerning t h e  philosophy and scope of evalua-  



tion in this field. Suddenly a school teacher who had been patiently 
listening to the harangue for 2i hours came forth with this statement: 
"I have been sent here by my Board of Education to find out how we 
can show why our funds should not be cut off next month." And it was 
evident from the ensuing confusion of the meeting that his question 
could not be answered. 

Evaluation techniques suitable for driver preparation fall into 
three main categories: 

(1) Program evaluation: primarily the auditing of what goes into 
the program, including the characteristics of the practi- 
tioners who execute it, and the biographical posture of road 
users affected; it also involves certain efficiency measures 
(e.g., the public's acceptance of program content and methods). 

(2) Evaluation of individual proficiency against defined objec- 
tives (including instructional objectives); i.e., pencil and 
paper tests, skill tests, road tests, etc. 

(3) Evaluation of individual "real world" performance, through 
unobtrusive direct observation (e.g., TV monitors, surveil- 
lance from following vehicle, etc.), and the judicious use 
of accident and violation records. 

We do not yet have an adequate set of instruments, especially of 
types 2 and 3. A series of federal contracts, culminated by Harman 
et al. (8), led to the recommendation of a long-term plan to identify 
the behaviors essential to the driving task, assess their criticality, 
and develop instructional objectives together with instruments of 
types 1, 2, and 3 above. The present contract program of the NHTSA 
substantially reflects these recommendations, and should eventually 
provide the input we need not only for driver education, but also 
for improvement and licensing countermeasures. The completion of this 
work is much to be desired. But until it is completed, practitioners 
(such as the teacher quoted above) and planners involved in driver 
programs will continue to be overwhelmed by the complexity of evalua- 
tion. 

In Volume I11 of this report we have discussed in more detail the 
countermeasure priorities in road user preparation as a whole. This is 
given as a rationale for the countermeasure groups and combinations 
shown in Table V. Three specific program outlines are presented as 
being appropriate to SCOPE. 

We recommend countermeasure activity in child pedestrian and 
bicycle programs, and in safety information campaigns. For the child 
pedestrian and bicycle programs we suggest that following an effort 
to bring together some of the recent developments in learning activities, 
the teachers from a limited number of nursery and elementary schools 
should be trained and equipped to implement these; an observational 
method is suggested to measure the effect of the teaching on behavior. 
For information campaigns, we recommend that a small organizational 
structure be created in demonstration communities to coordinate media 
in campaigns directed towards changing driver behavior under very 
clearly defined circumstances (such as at specific highway locations). 
Observational measurement is again suggested. 

We recommend a comprehensive demonstration project designed to 
apply the benefits (especially testing and evaluation techniques) of 
the NHTSA driver performance research contract program to the whole 
area of driver preparation. This is a three-year project involving 
three matched pairs of "catchment areas1' of driver licensing stations; 
each pair contains one catchment area in a rural setting, and one in 
an urban environment. During the first year, certain baseline data 
are to be gathered in all three pairs, and a considerable amount of 
effort should be devoted to preparing for important changes to the 



d r i v e r  education and t h e  l i c e n s i n g  and improvement f u n c t i o n s .  In the  
second yea r ,  t h e s e  changes should t a k e  e f f e c t :  t h e  "bes t  we knowt' 
d r i v e r  education program, a s  def ined by t h e  c u r r e n t  curr iculum develop- 
ment r e sea rch  e f f o r t s  implemented i n  a l l  of t h e  high schoo l s ,  i n  the  
f i r s t  p a i r  of catchment a r e a s ;  i n  t h e  second p a i r ,  t he  "bes t  we know" 
d r i v e r  l i c e n s i n g  and improvement program ( t h e  f i n a l  d e t a i l s  of which 
a r e  again dependent on c u r r e n t  r e s e a r c h ) ;  i n  t h e  t h i r d  p a i r ,  both of 
t h e s e  changes a r e  implemented s imul taneously ;  i n  a l l  s i t e s  t h e r e  a r e  
varying amounts of e f f o r t  a t  t h e  management l e v e l  t o  coordinate  t h e  
a c t i v i t i e s  of d r i v e r  educat ion  and l i c e n s i n g  and improvement. In t h e  
t h i r d  yea r ,  no f u r t h e r  changes a r e  made i n  any of t h e  s i t e s ,  but t h e  
r e s u l t i n g  combinations of o l d  and new education and l i c e n s i n g  and i m -  
provement a r e  measured c a r e f u l l y .  The experimental  design c a l l s  f o r  
comparisons between t h e  matched s i t e s  w i t h  d i f f e r e n t  amounts of change, 
and between va r ious  randomly s e l e c t e d  groups of d r i v e r s  wi th in  the  
s i t e s .  Two p r i n c i p a l  types  of measurement a r e  recommended: evaluat ion  
of t h e  q u a l i t y  of coord ina t ion  between t h e  education and l i c e n s i n g  and 
improvement f u n c t i o n s ,  inc lud ing  pub l i c  response;  and ind iv idua l  d r i v e r  
performance measurement us ing a  road t e s t .  The use  of acc ident  and 
v i o l a t i o n  da ta  is  supported only w i t h  major q u a l i f i c a t i o n s  on i ts  
use fu lness .  

F i n a l l y  we recognize  t h a t  t h e r e  w i l l  cont inue  t o  be a  need f o r  
advice  t o  p r a c t i t i o n e r s  who a r e  forced t o  make shor t - te rm eva lua t ion  
i n  o rde r  t o  defend p resen t  d r i v e r  p repara t ion  programs. To t h i s  end, 
we sugges t  ( a )  an approach f o r  decid ing what kind of eva lua t ion  is  
most appropr ia t e  and (b)  a s  an in te r im measure, a  s imple d r i v e r  pro- 
f i c i e n c y  t e s t  model t h a t  w i l l  be more c l o s e l y  r e l a t e d  ( a l b e i t  in tu -  
i t i v e l y )  t o  acc iden t  and v i o l a t i o n  reduct ion  than a r e  t h e  t r a d i t i o n a l  
t e s t s  of knowledge, a t t i t u d e ,  and s k i l l s .  

3 . 4  VEHICLE REGULATION DEMONSTRATION PROGRAM 
The p r i n c i p a l  countermeasure i n  the  a r e a  of v e h i c l e  r e g u l a t i o n  

is motor v e h i c l e  i n s p e c t i o n ;  some method f o r  the  s t a t e  t o  a s su re  it- 
s e l f  t h a t  the  v e h i c l e s  t r a v e l i n g  on i ts  highways a r e  i n  a  proper and 
s a f e  opera t ing  cond i t ion .  The c u r r e n t  program of hTHTSA involves  e f f o r t s  
t o  determine the  r e l a t i v e  e f f e c t i v e n e s s  of p e r i o d i c  inspec t ion  systems 
i n  s t a t e  run o r  p r i v a t e l y  opera ted  ga rages .  This  program might we l l  
provide some guidance a s  t o  choice  wi th in  t h e  p e r i o d i c  motor v e h i c l e  
regime. 

A number of a l t e r n a t i v e  approaches t o  f u l l  p e r i o d i c  inspec t ion  
e x i s t ,  however, and we b e l i e v e  t h a t  i t  would be u s e f u l  ( i n  the  s p i r i t  
of providing convincing arguments f o r  compliance w i t h  t he  Standard) 
t o  cons ider  t h e  a l t e r n a t i v e s  along w i t h  t h e  improved Standards a s  
c u r r e n t l y  planned by NHTSA. A r e sea rch  p r o j e c t  i n  which a  number of 
programs would opera te  i n  p a r a l l e l  is  expected t o  provide u s e f u l  
r e s u l t s  i f  such f a c t o r s  a s  v e h i c l e  age ,  owner c h a r a c t e r i s t i c s ,  mileage 
exposure,  and environment a r e  c o n t r o l l e d .  

Severa l  a l t e r n a t i v e s  e x i s t  f o r  such a  s e r i e s  of programs. These 
inc lude  (1)  do nothing,  ( 2 )  a  l i m i t e d  voluntary  inspec t ion  program 
such a s  has been proposed i n  Wisconsin w i t h  some r igorous  random 
a u d i t i n g  of i n d i v i d u a l  performance,(3)  a  random check l ane  program 
perhaps w i t h  two l e v e l s  of i n t e n s i t y  and/or p r o b a b i l i t y  of being 
checked, (4) a  low i n t e n s i t y  p e r i o d i c  program f o r  a l l  v e h i c l e s  i n  a  
j u r i s d i c t i o n ,  (5) a  high i n t e n s i t y  p e r i o d i c  program, and (6)  the  
f u l l  program a s  c u r r e n t l y  o u t l i n e d  by NHTSA. 

We propose t h a t  t h r e e  experimental  programs which span t h e  range 
of a l t e r n a t i v e s  be c a r r i e d  o u t .  They involve t h r e e  l e v e l s  of motor 
v e h i c l e  inspec t ion :  a  s e l f - i n s p e c t i o n  plan (coupled w i t h  a  random 
check l a n e  sys tem) ,  annual p e r i o d i c  inspec t ion  a s  d i r e c t e d  by S t a t e  
Standard I ,  and a  v a r i a b l e  response d i a g n o s t i c  system. 



The s e l f - i n spec t i on  format w i l l  r equ i r e  veh ic le  owners t o  c e r t i f y  
annual ly  t he  condi t ion of t h e i r  veh ic les  e i t h e r  through t he  veh ic le  
r e g i s t r a t i o n  mechanism o r  independently.  The p a r a l l e l  random check 
lane  program w i l l  d e t ec t  v i o l a t o r s  of the  c e r t i f i c a t i o n  requirements 
and w i l l  induce a  continuous concern w i t h  veh ic le  s a f e t y  q u a l i t y  be- 
tween c e r t i f i c a t i o n  per iods .  The s tandard annual inspect ion w i l l  be 
conducted i n  t he  usual  manner e i t h e r  by s t a t e  operated f a c i l i t i e s  o r  
by p r i v a t e  garages.  The d iagnos t i c  system w i l l  r a t e  veh ic les  on a 
f i ve -  o r  s ix -po in t  s c a l e  and w i l l  r equ i r e  a c t i on  ranging from inspec- 
t i o n  a f t e r  another year t o  immediate removal of the  veh ic le  from the  
road.  

Implementation of t he  experimental program w i l l  t ake  t h r ee  t o  
f i v e  years .  The f i r s t  year w i l l  be devoted t o  d e t a i l e d  system planning,  
t o  pre-adoption da ta  c o l l e c t i o n ,  and t o  pub l ic  education about the  
program. In t he  second and subsequent years ,  the  system w i l l  opera te  
w i t h  the  f i n a l  year emphasizing evaluat ion and recommendations. A 
minimum of two years of inspec t ion  operat ion is needed t o  s epa ra t e  
impact e f f e c t s  from permanent e f f e c t s .  The experiments could occur 
i n  t h r ee  s t a t e s ,  p re fe rab ly  ones cu r r en t l y  not having a  s tandard pro- 
gram. More de s i r ab ly  a  s i n g l e  s t a t e  might adopt the  t h r ee  l e v e l s  i n  
d i f f e r e n t  a r e a s ;  t he  minimum l e v e l  w i l l  be state-wide and t he  higher 
l e v e l s  w i l l  be i n  s epa ra t e  metropol i tan  a r ea s .  T h i s  three-in-one 
approach w i l l  be l e s s  c o s t l y  and w i l l  minimize f o r  evaluat ion the  
e f f e c t s  of d i f f e r ences  i n  popula t ion,  i n  environmental c h a r a c t e r i s t i c s  
and i n  admin i s t ra t ion ,  but  w i l l  e n t a i l  some d i f f i c u l t i e s  i n  i n i t i a l  
planning and i n  enforcement. 

Ult imately veh ic le  r egu l a t i on  programs seek t o  reduce t h e  f r e -  
quency and s e v e r i t y  of acc iden t s  assoc ia ted  w i t h  veh ic le  components 
and de f ec t s .  To accomplish t h e i r  ob j ec t i ve ,  these  programs can manip- 
u l a t e  t h r ee  s e t s  of parameters: veh ic le  design which is u sua l l y  un- 
a v a i l a b l e  t o  the  s t a t e s ,  owner maintenance p r a c t i c e ,  and veh i c l e  in-  
spec t ion .  Direct  measurement of a  program's impact on acc iden t ,  i n j u r y ,  
and f a t a l i t y  r a t e s  has had l i t t l e  undisputed success .  An in termediate  
ob j ec t i ve ,  t h e r e f o r e ,  is  t o  reduce t he  frequency of de f ec t i ve  compon- 
e n t s  both d i r e c t l y  through inspec t ion  and i n d i r e c t l y  through changing 
owner maintenance p r a c t i c e .  The evaluat ion procedures recommended 
p r i n c i p a l l y  measure these  in termediate  e f f e c t s ,  w i t h  only moderate 
e f f o r t  suggested t o  l i n k  t he  programs t o  crash reduc t ion .  

Quite u se fu l  evaluat ion information can be obtained from the  
following t o o l s :  in terviews of d r i v e r s  during inspec t ions ,  two types  
of on-the-road veh ic le  checks,  and ana ly s i s  of admin i s t ra t ive  d a t a .  
Diagnostic sampling of veh i c l e s ,  at-home surveys of owner maintenance 
p r a c t i c e ,  monitoring of automobile replacement p a r t s  s a l e s ,  and anal-  
y s i s  of accident  t r ends  can provide a  more comprehensive eva lua t ion ,  
but only a t  a  much higher c o s t .  

Vehicle populat ion s i z e s ,  length  of experimental pe r iod ,  depth 
of eva lua t ion ,  and degree of pub l ic  cooperation a l l  a f f e c t  program 
c o s t s ,  In a  s t a t e  w i t h  t h r ee  mi l l i on  veh i c l e s ,  expenditures can range 
from $6 .1  mi l l i on  f o r  a  minimum-scope, three-year t r i a l  t o  $14.5 
mi l l i on  f o r  a  fu l l - range ,  f ive-year program. Approximately 40% of 
these  c o s t s  w i l l  vary d i r e c t l y  w i t h  the  number of veh ic les  inspected.  
The degree t o  which t h e  f e d e r a l  government, the  s t a t e  government, o r  
t h e  motoring pub l ic  assumes t h e  cos t  w i l l  i n f luence  s t r ong ly  t he  
program's acceptance.  

Local o f f i c i a l s  w i l l  make opera t iona l  dec i s ions  beyond t he  gen- 
e r a l  o u t l i n e  of t he  program. Only they know condi t ions  wel l  enough t o  
spec i fy  elements such a s  inspec t ion  l oca t i ons ,  personnel  p o l i c i e s  



and d e t a i l e d  o p e r a t i n g  procedures .  Inc luding  t h e s e  o f f i c i a l s  i n  t h e  
p lanning  from t h e  s t a r t  w i l l  g r e a t l y  i n c r e a s e  chances f o r  succes s  both 
by i n s u r i n g  t h e i r  coopera t ion  and by ga in ing  t h e  b e n e f i t s  of p r a c t i c a l  
expe r i ence .  

In  Volume I11 of t h i s  r e p o r t  d e t a i l e d  a t t e n t i o n  is given t o  t h e  
problems of implementation and t o  t h e  eva lua t ion  techniques  t o  be 
used .  Some d i s c u s s i o n  of o p e r a t i n g  c o s t s  and procedures  is a l s o  g iven .  

3 .5  SYSTEM RESTORATION DEhIONSTRATION PROGRAM 
There have been a  number of demonstrat ion programs funded dur ing  

t h e  p a s t  f o u r  years  i n  t h e  f i e l d  of emergency medical  s e r v i c e s .  Some 
have been cen te red  i n  s e v e r a l  l a r g e  c i t i e s  (New York, D e t r o i t ,  Illiami, 
P h i l a d e l p h i a )  and s e v e r a l  have covered l a r g e  open a r e a s  (Nebraska, 
Arizona,  and M i s s i s s i p p i ) .  We b e l i e v e  t h a t  t h e  c i t y  demonstrat ions 
have g e n e r a l l y  shown t h a t  even a  mediocre s e r v i c e ,  i n  terms of t r a i n -  
ing and/or equipment c a p a b i l i t i e s ,  i n  a  l a r g e  c i t y  is l i k e l y  t o  be 
much b e t t e r  than any r u r a l  s e r v i c e  because of t h e  s h o r t  s e r v i c e  t imes ,  
and because of t h e  r e l a t i v e  frequency of emergencies and consequent 
g r e a t e r  exper ience  of t h e  pe r sonne l .  

S ta tewide  programs have been concerned both w i t h  communications 
problems and t h e  use  of h e l i c o p t e r s .  They have demonstrated,  a t  l e a s t  
by example, t h e  u t i l i t y  of a i r b o r n e  t r a n s p o r t a t i o n  t echn iques .  

Often t h e  b a s i c  governmental u n i t  which needs an ambulance s e r v i c e  
and must make t h e  d e c i s i o n  t o  pay f o r  i t  i s  t h e  county.  Fu r the r  i t  is 
t h e  in-between u n i t ,  t o o  sma l l  f o r  a  h e l i c o p t e r  bu t  t oo  l a r g e  t o  be 
adequate ly  se rved  by a  c e n t r a l i z e d  s e r v i c e  a s  might be a p p r o p r i a t e  
f o r  a  c i t y .  We have chosen t o  p lan  an experiment a t  t h e  county l e v e l  
w i t h  t h e  expec ta t ion  t h a t  t h e  d e c i s i o n  t o  upgrade emergency s e r v i c e s  
may be made many t imes  by county a u t h o r i t i e s  over t h e  next  s e v e r a l  
y e a r s .  I t  is t h e s e  decis ion-makers  who must dec ide  whether t o  sub- 
s i d i z e ,  how much t a x  t o  l e v y ,  and what kind of emergency system t o  
suppor t  . 

We have de f ined  "system r e s t o r a t i o n "  a s  t hose  a c t i v i t i e s  i n c i d e n t  
t o  r e s t o r i n g  o r d e r  t o  t h e  scene  of an a c c i d e n t - - e s s e n t i a l l y  t h e  counter -  
measures r e s u l t i n g  from t h e  f e d e r a l  d e b r i s  removal and emergency med- 
i c a l  S t anda rds .  There is a  wide range of s e r v i c e  c a p a b i l i t y  which 
might be provided i n  t h e s e  areas--perhaps r each ing  from a  vo lun tee r  
w i t h  l i t t l e  t r a i n i n g  t o  a  f u l l  ambulance s e r v i c e  w i t h  h igh ly  t r a i n e d  
medical  a s s i s t a n t s  o r  i n t e r n s  and a  h i g h l y  coord ina t ed  d e b r i s  removal 
team w i t h  modern equipment and t r a i n e d  pe r sonne l .  The NHTSA Standard 
has sugges ted  a t  l e a s t  two l e v e l s  of performance--the lower a s  a  
minimum t o  be r e q u i r e d  of a l l  j u r i s d i c t i o n s ,  and t h e  o t h e r  a s  a  d e s i r -  
a b l e  g o a l .  We have added a  t h i r d  i n  t h i s  proposed exper imenta l  program 
which would p rov ide  s e r v i c e s  even beyond those  envis ioned  by t h e  cur -  
r e n t  S tandard .  

A s  i n  many s o c i a l  c o n t e x t s  t h e  g r e a t e s t  improvement might be 
expected by adding some ambulance s e r v i c e  (no ma t t e r  how s l i g h t )  t o  
a  community which had none. We propose ,  however, t o  begin w i t h  a  con- 
t r o l  community which has a marg ina l ly  a c c e p t a b l e  s e r v i c e ,  and t o  
proceed upwards from t h e r e .  We w i l l  look p r i m a r i l y  a t  some of t he  
i n t e r n a l  v a r i a b l e s  of t h e  system, s p e c i f i c a l l y  t ime ( t ime t o  t he  s c e n e ,  
and from t h e  scene  t o  t h e  h o s p i t a l  a s  we l l  a s  t o t a l  s e r v i c e  t i m e ) ,  
q u a l i t y  of medical  a s s i s t a n c e  ( t o  be measured i n  a s  o b j e c t i v e  a manner 
a s  p o s s i b l e ) ,  and d i a g n o s t i c  a b i l i t i e s  of t h e  a t t e n d a n t s .  In t h e  f i e l d  
of d e b r i s  removal an e v a l u a t i o n  w i l l  c o n s i s t  p r i m a r i l y  of judging c a s e  
s t u d i e s  w i t h  some o b j e c t i v e  d a t a  r ega rd ing  time and personnel  a b i l i t i e s ,  

The r e s t o r a t i o n  experiments  a r e  expected t o  t ake  t h r e e  t o  fou r  
yea r s  t o  complete;  t h e  f i r s t  year  f o r  t r a i n i n g  and i n i t i a l  measurement, 



the  second year t o  develop a  smooth opera t ion ,  t he  t h i r d  year f o r  f u l l  
opera t ion  and measurement. The program should be conducted i n  an a rea  
of moderate populat ion density--we have recommended a  county w i t h  an 
a r ea  of 1000 square miles and a  populat ion of about 200,000. This is 
expected t o  provide enough da t a  i n  one year of operat ion t o  a s s e s s  any  
important changes i n  time and t rea tment .  

Measures of morbidity and mor t a l i t y  a r e ,  a s  frequency counts ,  not 
l i k e l y  t o  be very u se fu l .  This  is because t he r e  can be such v a r i a t i o n  
i n  t h e  types of i n j u r i e s ,  t he  age, s ex ,  hea l t h  of the  i n ju r ed ,  and i n  
t h e  kinds of veh ic les  involved i n  acc iden t s  t h a t  the  expected numbers 
of s e r i ous  i n j u r i e s  and f a t a l i t i e s  w i l l  not be l a r g e  enough t o  provide 
s t a t i s t i c a l  v a l i d i t y .  Never theless ,  we propose t h a t  account can be 
taken of these  f a c t o r s  by prepar ing a  number of case  s t u d i e s  and hav- 
ing q u a l i f i e d  medical personnel  determine t he  r e l a t i v e  value of reduced 
time and proper t rea tment  i n  add i t i on  t o  t he  success  o r  f a i l u r e  of t h e  
system on a  case  by case  b a s i s ,  

Program c o s t s  w i l l  vary w i t h  s eve r a l  degrees of implementation. 
I t  is es t imated t h a t  a  f u l l  ambulance and deb r i s  removal system, f u l l y  
paid  by the  sponsor,  would c o s t  more than $300,000 per  s i t e -yea r .  But 
i t  seems l i k e l y  t h a t  both l o c a l  and/or "402" funds might pay much of 
t he  ba s i c  program c o s t s .  Evaluation c o s t s  would not  be g r e a t  s i n c e  
much of the  da t a  taking can be done by opera t iona l  personnel .  I t  is 
recommended, however, t h a t  each s i t e  employ a  q u a l i f i e d  and i n t e r e s t e d  
physician on a  part- t ime b a s i s  t o  a s s i s t  i n  t he  eva lua t ion .  

There is l i t t l e  quest ion i n  most communities of the  need f o r  both 
an emergency medical s e r v i c e  and some c a p a b i l i t y  f o r  t he  r e l a t i v e l y  
r ap id  'removal of deb r i s  from the  highway. Nevertheless,  t he r e  is of ten  
a  considerable  problem i n  deciding how much of those  s e r v i c e s  t o  buy. 
One might t h ink  t h a t  each community would buy what it can a f fo rd ,  and 
i n  a  sense  t h i s  is t r u e .  But t he r e  a r e  competi t ive programs looking 
f o r  d o l l a r s ,  and t h e r e  is a  r e a l  need f o r  information which w i l l  a s s i s t  
the  decision-makers ( c i t y  counc i l s ,  e t c . )  i n  t h e i r  a l l o c a t i o n  of funds 
t o  t h i s  f i e l d .  What is sought i n  t h i s  p a r t i c u l a r  demonstration program 
is a  r e l a t i v e  evaluat ion of s eve ra l  l e v e l s  of emergency service--ranging 
from the  f tFordv t o  t h e  "Cadi l lacw i n  qual i ty-- in  terms t h a t  t he  l o c a l  
decision-makers can use t o  judge t h e i r  worth. The post-experimental 
combining of t h e  measurements i n t o  a  sub j ec t i ve  evaluat ion of t he  
r e l a t i v e  value of time and q u a l i t y  of s e r v i c e  is expected t o  y i e ld  t he  
de s i r ed  r e s u l t s .  

3 . 6  HIGHWAY REGULATION DEMONSTRATION PROGRAM 
Program e f f o r t s  i n  t he  highway r egu l a t i on  category a r e  d i r ec t ed  

toward the  evaluat ion of countermeasures t h a t  a f f e c t  physical  charac te r -  
i s t i c s  of t he  road and i t s  environment. This includes  changes r e l a t e d  
t o  highway geornetrics, t o  t r a f f i c  con t ro l  devices ,  and t o  t h a t  por t ion  
of the  pedestrian-highway i n t e r f a c e  t h a t  dea l s  w i t h  equipment o r  pe- 
d e s t r i a n  con t ro l  devices  ( i . e . ,  crosswalks,  con t ro l  l i g h t s ,  e t c . ) .  

The formulation of an experimental countermeasure evaluat ion pro- 
gram i n  the  highway regu la t ion  category is a f f ec t ed  by f a c t o r s  such 
a s  (1) the  cur ren t  s t a t e  of knowledge i n  countermeasure development; 
( 2 )  t h e  cu r r en t  s t a t e  of countermeasure deployment; (3)  p r a c t i t i o n e r ' s  
acceptance of the  l a t e s t  research f i nd ings ;  (4)  t he  q u a l i t y  of e x i s t -  
ing evaluat ion procedures;  and (5) t he  d i v e r s i t y  of countermeasures 
t h a t  a r e  app l icab le .  From a  review of the  r egu l a t i on  f i e l d ,  i t  appears 
t h a t  the  cu r r en t  s t a t e  of countermeasure development is r e l a t i v e l y  
good. S imi l a r l y ,  the  evaluat ion of e x i s t i n g  techniques is genera l ly  
f a r  b e t t e r  than i n  most o ther  program ca t ego r i e s .  Moreover, t h i s  
evaluat ion information is r ap id ly  disseminated throughout t he  s a f e t y  



community by means of a  v a r i e t y  of j o u r n a l s  and p u b l i c a t i o n s  of high 
s c i e n t i f i c  s t a t u r e .  

The d i v e r s i t y  of s p e c i f i c  countermeasures  a p p l i c a b l e  t o  t h e  high- 
way ca t egory  is a  p r a c t i c a l  problem i n  experiment des ign .  For example, 
t h e  use  of roadway l i g h t i n g ,  s k i d  r e s i s t a n t  pavements, and t r a f f i c  
r e g u l a t i o n  a t  c o n s t r u c t i o n  s i t e s  is c a l l e d  f o r  by t h e  highway des ign  
Standard .  In  terms of t h e  i n t e r a c t i v e  grouping p lan  d i scussed  i n  
d e t a i l  i n  Volume I 1  of t h i s  r e p o r t ,  t h e  exper imenta l  d a t a  m a t r i x  f o r  
such a  program would c o n s i s t  of a  number of i n d i v i d u a l  countermeasure 
groups ( l i g h t i n g ,  pavement, e t c . )  and very few i n t e r a c t i v e  groups .  
That i s ,  t h e  e f f i c a c y  of s k i d  r e s i s t a n t  pavement and b e t t e r  l i g h t i n g  
is l i k e l y  t o  be a d d i t i v e ;  i t  is hard t o  imagine t h a t  b e t t e r  l i g h t i n g  
w i l l  improve t h e  s k i d  r e s i s t a n c e  of pavements o r  t h a t  b e t t e r  t r a c t i o n  
w i l l  h e l p  t h e  d r i v e r  s e e  b e t t e r .  A s  a  f u r t h e r  d e t r a c t i n g  f a c t o r ,  i t  
is h ighly  p o s s i b l e  t h a t  a  s i n g l e  s i t e  l o c a t i o n  t o  c a r r y  ou t  a  s i z e a b l e  
number of t h e s e  s i n g l e  l e v e l  groups s imu l t aneous ly  would be d i f f i c u l t  
t o  f i n d .  A s  a  r e s u l t ,  t h e  demonst ra t ion  programs i n  t h i s  c a t ego ry  
would tend t o  be r a t h e r  s m a l l ,  fragmented e f f o r t s .  

The r e a l  problem i n  t h e  highway r e g u l a t i o n  ca t egory  appears  t o  
be t h e  c u r r e n t  s t a t e  of countermeasure deployment. Many worthwhile 
countermeasures  such a s  breakaway s i g n  s u p p o r t s  and p r o p e r l y  i n s t a l l e d  
b a r r i e r  r a i l i n g s  have been demonstrated t o  be va luab le  means of r e -  
ducing a c c i d e n t s ,  bu t  i t  seems t o  t a k e  an i n o r d i n a t e  amount of t ime 
t o  g e t  t h e s e  concepts  i n t o  widespread usage .  Th i s  a p p l i e s  t o  new 
c o n s t r u c t i o n  p r a c t i c e  a s  w e l l  a s  t o  t h e  more expensive r e t r o f i t t i n g  
of e x i s t i n g  f a c i l i t i e s .  Th i s  t ype  of a t t i t u d e ,  when s u f f i c i e n t l y  
p r e v a l e n t ,  p u t s  a  s e v e r e  damper on t h e  e f f i c a c y  of a  demonstrat ion 
program in tended  t o  show t h e  va lue  of c e r t a i n  techniques  t o  pros-  
p e c t i v e  u s e r s .  In  e f f e c t ,  t h e  people  a r e  a l r e a d y  convinced t h a t  t h e  
measures a r e  worthwhile;  t h e  machinery of government has s imply f a i l e d  
t o  a c t  on t h e  c o n v i c t i o n .  

From an e v a l u a t i o n  of a l l  t h e  f a c t o r s  p re sen ted  above,  we have 
concluded t h a t  a  f u l l  countermeasure demonstrat ion i n  t h e  highway 
r e g u l a t i o n  ca t egory  is no t  f e a s i b l e  a t  t h e  p r e s e n t  t ime .  I t  seems t h a t  
what needs t o  be done s imply cannot  be accomplished i n  a  s i n g l e ,  l a rge -  
s c a l e ,  demonst ra t ion  program. However, t h e  program planning  methodology 
p r e s e n t e d  i n  Volume I1 is s t i l l  f e l t  t o  be a p p l i c a b l e ,  I n s t e a d  of s e rv -  
i ng  a s  a  g u i d e l i n e  f o r  t h e  demonst ra t ion  program, however, i t  is sug- 
g e s t e d  t h a t  t h e  mas ter  b u i l d i n g  block program p lan  be used a s  a  long- 
term p lann ing  guide  f o r  countermeasure e v a l u a t i o n  and implementat ion 
and t h a t  t h e  e f f o r t s  c u r r e n t l y  e x i s t i n g  i n  t h i s  a r e a  be encouraged t o  
combine under t h i s  p l a n  t o  provide  a  needed degree of cohes ion  i n  t h e  
o v e r a l l  a c t i v i t i e s .  

Neve r the l e s s ,  t h e  des ign  of a  beltway s i g n i n g  experiment has been 
d e s c r i b e d  i n  some d e t a i l  t o  f u r t h e r  i l l u s t r a t e  t h e  e v a l u a t i o n  concepts  
t h a t  we hope t o  promote. Th i s  t o p i c  is  t ime ly  s i n c e  much c u r r e n t  e f f o r t  
lias gone i n t o  t h e  de t e rmina t ion  of symbolic s i g n  e f f e c t i v e n e s s  a s  a  
replacement  t o  t h e  conven t ioa l  legend s i g n i n g .  A r e a l i z a b l e  program 
g o a l  f o r  such an e f f o r t  is consequent ly  t h e  de t e rmina t ion  of t h e  
r e l a t i v e  e f f i c a c y  of symbolic  and legend s i g n s  i n  reducing  a c c i d e n t s  
and a c c i d e n t  p o t e n t i a l  a t  t roublesome bel tway e x i t s .  

The b a s i c  program p lan  employs a  m u l t i - e x i t  beltway sur rounding  
a  l a r g e  c i t y  t o  determine t h e  r e l a t i v e  e f f i c a c y  of symbolic s i g n i n g  
i n  informing d r i v e r s  of c r i t i c a l  i n fo rma t ion .  On a  g iven  r o u t e ,  a  
number of t roublesome e x i t s  can be chosen f o r  t r ea tmen t  whi le  t h e  
remaining s i t e s  a r e  l e f t  i n  t h e i r  pre-experiment  s t a t e  s o  a s  t o  o b t a i n  
a  s e l f - c o n t r o l l e d  exper iment .  That i s ,  t h e  e x i t s  no t  used f o r  s i g n  
m o d i f i c a t i o n  can be ins t rumented  t o  permit  b e f o r e ,  du r ing ,  and a f t e r  



measurements of t h e  same parameters  measured a t  t h e  a c t u a l  t e s t  e x i t s .  
The use  of t h e  experimental  s i t e  i t s e l f  a s  a  c o n t r o l  group is very 
d e s i r a b l e  s i n c e  c e r t a i n  c h a r a c t e r i s t i c s  of t h e  a c t u a l  popula t ion  under 
t e s t  a r e  eva lua ted  over a  long per iod  of time t o  provide an i n d i c a t i o n  
of experiment s t a b i l i t y .  For i n s t a n c e ,  l o c a l  s t r i k e s ,  t a x  i n c r e a s e s ,  
and o t h e r  f a c t o r s  of t h i s  n a t u r e  can s t r o n g l y  a f f e c t  t h e  a t t i t u d e  of 
t h e  populace and hence t h e i r  d r i v i n g  h a b i t s .  Control  s i t e  measure- 
ments on t h e  a c t u a l  popula t ion  would provide an i n d i c a t i o n  of the  
importance of such e f f e c t s .  

Because t h e  use of highway s i g n i n g  is a  countermeasure c l o s e l y  
r e l a t e d  t o  t h e  acc iden t  p rocess ,  i t  may be p o s s i b l e  t o  eva lua te  i ts  
e f f i c a c y  i n  terms of u l t i m a t e  c r i t e r i a  ( acc iden t  r e d u c t i o n ) .  Thus, 
t h e  use  of acc iden t  measures w i l l  form an important p a r t  of t h e  evalua- 
t i o n  e f f o r t .  We have suggested a  number of modi f i ca t ions  t o  t h e  normal 
a c c i d e n t  r e p o r t i n g  procedure t o  provide more a c c u r a t e  d a t a  t h a t  is 
responsive  t o  the  problem of determining t h e  inc idence  of s ign-induced 
a c c i d e n t s .  Before and a f t e r  s t a t i s t i c a l  de terminat ions  of acc iden t  
r a t e  w i l l  be used t o  determine i f  t h e  s i g n i n g  modi f i ca t ion  produced 
a  s i g n i f i c a n t  r educ t ion  of t h e  observed acc iden t  r a t e .  Exposure meas- 
u r e s  a r e  a l s o  sugges ted  a s  a  va luab le  means of d e f i n i n g  t h e  popula t ion  
of d r i v e r s  u t i l i z i n g  t h e  expressway. 

A change i n  s i g n i n g  produces a  change i n  t h e  response of t h e  
d r i v e r ,  That is ,  when t h e  s i g n  is observed,  t h e  d r i v e r  r e a c t s  t o  t h e  
message, producing,  i n  t u r n ,  a  modi f i ca t ion  of t h e  v e h i c l e ' s  t r a j e c -  
t o r y .  A d i r e c t  measure of e f f e c t i v e n e s s  can be obta ined by observing 
v e h i c l e  i n t e r a c t i o n s  on t h e  highway by count ing  s p e c i f i c  c o n f l i c t  
s i t u a t i o n s . *  Before and a f t e r  de terminat ions  of t h e  c o n f l i c t  r a t e  a t  
each i n t e r s e c t i o n  under ins t rumenta t ion  can be used t o  determine i f  
a  s i g n i f i c a n t  (again i n  a  s t a t i s t i c a l  sense )  r educ t ion  has occurred .  
An a n a l y s i s  of t h e  acc iden t  and c o n f l i c t  d a t a  f o r  the  beltway may be 
used t o  r e f i n e  t h e  c o n f l i c t  measure and t o  he lp  d e f i n e  t h e  r e l a t i o n -  
s h i p  between c o n f l i c t s  and accidents--an important r e l a t i o n s h i p  f o r  
f u t u r e  experiments.  

F i n a l l y  t h e  e f f e c t i v e n e s s  of t h e  s i g n i n g  should be determined by 
t h e  use  of s imula t ion  techniques .  That is ,  photographs of t h e  a c t u a l  
s i g n s  used on t h e  beltway should be employed w i t h  t e s t  s u b j e c t s  t o  
determine such f a c t o r s  a s  g lance  r e a d i b i l i t y ,  comprehension, e t c .  

In summary, a  c a r e f u l  a n a l y s i s  of a l l  t h e  d a t a  suggested i n  
Volume I11 of t h i s  r e p o r t  should permit  a  de terminat ion  of t h e  r e l a t i v e  
e f f i c a c y  of symbolic and legend s i g n i n g  i n  reducing a c c i d e n t s  and 
a c c i d e n t  p o t e n t i a l .  Bloreover, t h i s  knowledge w i l l  be backed by t h e  
why of t h e  countermeasure opera t ion  ( i . e . ,  why d i d  t h e  s i g n i n g  produce 
t h e  r e s u l t s  t h a t  i t  d id )  s o  t h a t  t h e  exper ience  gained i n  t h i s  exper i -  
ment may be e x t r a p o l a t e d  t o  o t h e r  s i t e s .  

- .. - 

*See f o r  example, S .  R .  Pe rk ins ,  GMR T r a f f i c  C o n f l i c t s  Technique 
Procedures Manual, Research P u b l i c a t i o n  No. GMR-895, August 11, 1969 



4 ,  CONCLUSIONS 

The f a c t  t h a t  t he r e  i s  both a  r e a l  and a  f e l t  need f o r  more infor-  
mation regarding the  value of var ious  s o c i a l  programs aimed a t  accident  
prevention is evident :  both l e g i s l a t i v e  bodies and admin is t ra t ive  u n i t s  
continue t o  ask f o r  proof of e i t h e r  the  absolute  o r  r e l a t i v e  value of 
accident  countermeasures. 

While t he r e  have been numerous at tempts t o  de r ive  such informa- 
t i o n  i n  the  form of cos t -benef i t  r a t i o s ,  these  have been r a the r  un- 
success fu l  except where system changes r e l a t e  d i r e c t l y  t o  the  accident  
o r  i n ju ry  process ( i . e . ,  r e s t r a i n t  systems o r  guard r a i l s ) .  I t  is  use- 
f u l ,  however, t o  demonstrate t h a t  system changes have a  pos i t i ve  ef -  
f e c t  a s  measured a t  some point  o ther  than the  u l t imate  measure of 
i n ju ry  o r  f a t a l i t y .  W i t h  t h i s  i n  mind, we have suggested in termediate  
measures of e f f ec t i venes s  r e l a t e d  d i r e c t l y  enough t o  t he  change t o  be 
i d e n t i f i e d  w i t h  i t ,  but a l s o  r e l a t e d  wel l  enough t o  the  accident  prob- 
a b i l i t y  t o  be considered responsible  f o r  the  reduct ion i n  accidents  o r  
i n j u r i e s .  

Spec i f i c  experimental designs have been prepared based on t h i s  
concept t h a t  t he  measurement of an in termediate  e f f e c t  of a  change is  
most u s e f u l .  We have recommended t h a t  a  program t o  make such measures 
be undertaken, w i t h  the  expecta t ion t h a t  the  measurements w i l l  be 
d i r e c t l y  u se fu l  t o  decision-makers. While the  many suggested counter- 
measures der ive  i n i t i a l l y  from the  cur ren t  s e t  of s i x t een  f ede r a l  
Highway Safety Program Standards,  we have grouped these  i n t o  only 
s i x  programs f o r  t he  purpose of experimental design.  

I t  is c l e a r  t h a t  t he r e  w i l l  continue t o  be opera t iona l  and budg- 
e t a ry  decis ions  made i n  the  f i e l d  of highway s a f e t y ,  and t h a t  f a c t u a l  
information about the  e f fec t iveness  of the  many poss ib le  countermeas- 
u res  w i l l  be sought. We be l i eve  t h a t  the  programs ou t l ined  i n  t h i s  
document w i l l  lead l o g i c a l l y  t o  b e t t e r  decis ions  and thence t o  a  high- 
e r  degree of s a f e t y  on the  count ry ' s  highways. 
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