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Pre face  

Road t r a f f i c  s a f e t y  r e p r e s e n t s  one of  t h e  most pe rp l ex ing  
dilemmas f o r  modern man. On t h e  one hand,  t h e  i n v e n t i o n  of  
t h e  automobi le  has  undoubtedly c o n t r i b u t e d  t o  t h e  e x p o n e n t i a l  
growth of  c i v i l i z a t i o n  achieved i n  t h i s  c e n t u r y .  On t h e  
o t h e r  hand, t h i s  i n v e n t i o n  had i n t roduced  massive u n d e s i r a b l e  
s i d e  e f f e c t s ,  among t h e  most n o t a b l e  o f  which a r e  n o i s e  and 
a i r  p o l l u t i o n .  From t h e  p u b l i c  h e a l t h  v iewpoin t ,  road t r a f f i c  
a c c i d e n t s  a r e  among t h e  l e a d i n g  cause s  of d e a t h s  i n  advanced 
c o u n t r i e s ,  i n  a d d i t i o n  t o  caus ing  v a s t  amounts of  d i s a b i l i t y .  

Recognizing t h e s e  problems, t h e  European Regional  O f f i c e  
o f  t h e  World Hea l th  Organ i za t i on  sought  t o  i n i t i a t e  a  r e s e a r c h  
e f f o r t  aimed a t  a m e l i o r a t i n g  some of  them. The A u s t r i a n  
Government, n o t i n g  t h e  h igh  r a t e  o f  road a c c i d e n t s  i n  ~ u s t r i a ,  
was a l s o  keen ly  i n t e r e s t e d .  I t  was t h u s  agreed  t h a t  t h e  
IIASA Bio-Medical P r o j e c t  and t h e  A u s t r i a n  Kuratorium f u r  
V e r k e h r s s i c h e r h e i t  would c a r r y  o u t  such a  s t udy  i n  coope ra t i on  
w i th  WHO. Th i s  workshop was o rgan ized  i n  o r d e r  t o  d i s c u s s  
t h e  o v e r a l l  t r a f f i c  s a f e t y  e f f o r t s  c u r r e n t l y  underway i n  
Europe and t o  p o i n t  o u t  some open a r e a s  of  r e s e a r c h  i n  which 
t h e  sy s t em-ana ly t i c  approach may be u s e f u l .  I t  i s  a n t i c i -  
pa t ed  t h a t  t h i s  w i l l  h e  t h e  f i r s t  s t e p  i n  a  long-term r e s e a r c h  
e f f o r t ,  p o s s i b l y  funded by WHO. 



List of Participants 

Workshop Coordinator: Professor A. Afifi 

Mr. R. ~ndrgasson 
International Association for 
Accident and Traffic Medicine 

Karlavagen 119 
S-11526 Stockholm 
Sweden 

Mr. K. Auer 
~sterreichisches Statistisches Zentralamt 
Markgraf Rudiger Str. 8 
1150 Vienna 
Austria 

Doz. Dr. H. Knoflacher 
Osterreichisches Kuratorium £fir 
Verkehrssicherheit 

Oelzeltgasse 3 
1030 Vienna 
Austria 

Dr. Miiller 
Buro Prof. Steyrwald 
Trapplgasse 3 
1040 Vienna 
Austria 

Dr. B. Velimirovic 
Bundesministerium fur Gesundheit u. 
Umweltschutz 

Stubenring 1 
1010 Vienna 
Austria 

Dr. 0. Ventruba 
Bundesministerium fur Gesundheit u. 
Umweltschutz 

Stubenring 1 
1010 Vienna 
Austria 



IIASA Staff 

Prof. H. Raiffa 

Prof. A. Afifi 

Dr. J. Bigelow 

Dr. N. Glass 

Dr. H. Knop 

Dr. 0. Kudinov 

Prof. G. Majone 

Dr. A. Murphy 

Mr. J. Page 

Dr. M. Thompson 

Director 

Bio-Medical Project 

Bio-Medical Project 

Bio-Medical Project 

Large organizations project 

Urban Project 

Bio-Medical Project 

Energy Project 

Bio-Medical Project 

Bio-Medical Project 



Agenda 

Workshop on Road T r a f f i c  S a f e t y  i n  Europe 

January  2 4 ,  1975 

IIASA Conference Room 

I n t r o d u c t i o n  

I n t r o d u c t o r y  Remarks by t h e  
I n s t i t u t e  D i r e c t o r  

Overview o f  T r a f f i c  S a f e t y  E f f o r t s  
i n  Europe 

A .  A f i f i  

H .  R a i f f a  

Cof fee  

Road S a f e t y  Research i n  t h e  P e r s p e c t i v e  M.  Thompson 
of  P o l i c y  Ana lys i s  

Comments on Systems Ana ly s i s  Applied t o  J .  Bigelow 
Road S a f e t y  

E x t e r n a l i t i e s  o f  t h e  T r a f f i c  System P .  F l e i s s n e r  

Cos t -Benef i t  Ana ly s i s  and Road T r a f f i c  N .  G lass  
Acc iden t s  

Assessment o f  Con t ro l  Measures f o r  G .  Majone 
T r a f f i c  S a f e t y  

Some Notes on P h y s i o l o g i c a l  Impair-  J .  Page 
ments i n  R e l a t i o n  t o  T r a f f i c  S a f e t y  

Genera l  Discuss ion  

Lunch a t  Erholungszentrum 

Overview o f  Research Conducted by t h e  H .  Knof lacher  
Kuratorium f u r  V e r k e h r s s i c h e r h e i t  

D i r e c t i o n s  f o r  F u t u r e  Research i n  A .  A f i f i  
T r a f f i c  S a f e t y  R. ~ n d r g a s s o n  

M.  Thompson 

Cof fee  

Genera l  Discuss ion  

Close  



I n t r o d u c t o r y  Remarks by t h e  I n s t i t u t e  D i r e c t o r  

H .  R a i f f a  

P r o f .  H .  R a i f f a  gave a  g e n e r a l  i n t r o d u c t i o n  t o  IIASA, 
and i t s  h i s t o r y  and g o a l s .  H e  mentioned t h e  f a c t  t h a t  t h i s  
was one  o f  t h e  f i r s t  workshops t o  be  h e l d  i n  t h e  new Wodak 
Conference  C e n t e r ,  making u s e  o f  t h e  s i m u l t a n e o u s  t r a n s l a -  
t i o n  equipment .  

P r o f .  R a i f f a  spoke a b o u t  IIASA's aim t o  b r i n g  t o g e t h e r  
s c i e n t i s t s  from d i f f e r e n t  d i s c i p l i n e s ,  c u l t u r e s ,  and i d e o l o -  
g i e s  t o  work t o g e t h e r  on problems o f  s i g n i f i c a n c e  t o  mankind 
and t o  e s t a b l i s h  a  network of  r e s e a r c h  i n s t r u m e n t s  w i t h  
c o o r d i n a t e d  r e s e a r c h  o r i e n t a t i o n .  By b e i n g  a  c a t a l y s t ,  
d i s s e m i n a t o r ,  and  c r i t i c  o f  r e s e a r c h  i d e a s  on sys tems 
a n a l y s i s ,  IIASA hopes  t o  r a i s e  t h e  s o p h i s t i c a t i o n  l e v e l  
o f  b o t h  t e c h n i c a l  and p o l i c y  a n a l y s t s  and t o  b r i d g e  t h e  gap  
between t h e  a n a l y s t  and t h e  p r a c t i t i o n e r .  

P r o f .  R a i f f a  t h e n  d e s c r i b e d  IIASA's r e s e a r c h  program. 
H e  s t r e s s e d  t h e  impor tance  of  t h e  work b e i n g  done i n  c l o s e  
c o l l a b o r a t i o n  w i t h  o t h e r  i n s t i t u t i o n s ,  l i k e  t h o s e  i n  t h e  
UN f a m i l y  s u c h  a s  WHO, IAEA i n  Vienna,  UNEP i n  N a i r o b i ,  U N I D O ,  
and ,  o f  c o u r s e ,  t h e  IIASA n a t i o n a l  member o r g a n i z a t i o n s .  
For IIASA t o  f u l f i l l  i t s  m i s s i o n  a s  a n  exchange agency t o  
keep  t h e  s c i e n t i f i c  community informed,  he  e x p l a i n e d  t h a t  t h e  
I n s t i t u t e  convenes c o n f e r e n c e s  and workshops s u c h  a s  t h e  
p r e s e n t  one .  

P r o f .  R a i f f a  n e x t  commented on t h e  background o f  t h i s  
p a r t i c u l a r  workshop. M r .  Bauhofer  of  t h e  European O f f i c e  o f  
WHO f i r s t  mentioned t h e  i d e a  o f  IIASA's hav ing  a  workshop on 
r o a d  t r a f f i c  s a f e t y  a s  a n  a r e a  t o  which sys tems a n a l y s i s  
might  b e  a b l e  t o  c o n t r i b u t e .  The i d e a  was t h e n  s u b s e q u e n t l y  
d i s c u s s e d  i n  a  mee t ing  h e l d  w i t h  Messrs. R a i f f a ,  Bauhofer ,  
Venediktov,  and ~ n d r g a s s o n .  The impetus  f o r  t h i s  workshop 
was f u r t h e r e d  by t h e  e x c e l l e n t  c o o p e r a t i o n  o b t a i n e d  from 
many A u s t r i a n  b o d i e s ,  i n c l u d i n g  t h e  M i n i s t r y  o f  H e a l t h ,  
r e p r e s e n t e d  a t  t h e  workshop by D r s .  Ventruba and V e l i m i r o v i c  
t h e  s t a t i s t i c a l  a u t h o r i t y  r e p r e s e n t e d  by M r .  Auer,  and t h e  
Kuratorium f u r  V e r k e h r s s i c h e r h e i t ,  r e p r e s e n t e d  by D r .  
Knof lacher .  

P r o f .  R a i f f a  s t r e s s e d  t h e  f a c t  t h a t  t h i s  was a  p r e l i m i -  
na ry  workshop t o  v e n t i l a t e  i d e a s .  I t  was n o t  t o  b e  an end 



p r o j e c t  b u t  t h e  beg inn ing  o f  more work t o  come. H e  f e l t  
t h a t  t h i s  s t u d y  was p a r t i c u l a r l y  a p p r o p r i a t e  t o  IIASA s i n c e  
i t  i n v o l v e s  s e v e r a l  of t h e  I n s t i t u t e ' s  p r o j e c t s  i n  t h e  
a r e a s  o f  r oad  t r a f f i c  s a f e t y  a s  a  p r o t o t y p e  problem i n  
s a f e t y  e n g i n e e r i n g ,  and i n  bo th  p r e v e n t i v e  and c u r a t i v e  
medic ine .  

P r o f .  R a i f f a  c l o s e d  h i s  remarks by n o t i n g  some peop le  
i nvo lved  i n  t h e  Bio-Medical Project .  P r o f .  Venediktov,  
Deputy M i n i s t e r  of  Hea l th  o f  t h e  USSR, i s  t h e  Bio-Medical 
P r o j e c t  Leader.  D r .  K i s e l e v  w i l l  s h o r t l y  j o i n  t h e  p r o j e c t  
a s  deputy  p r o j e c t  l e a d e r .  The Bio-Medical Project a l s o  
h a s  s e v e r a l  d i s t i n g u i s h e d  a d v i s o r s ,  i n c l u d i n g  D r .  Rapoport 
from t h e  GDR, D r .  Ba i l ey  o f  WHO i n  Geneva, and Howard H i a t t ,  
Dean o f  t h e  School  of  P u b l i c  Hea l th  a t  Harvard U n i v e r s i t y .  



Overview of T r a f f i c  S a f e t y  E f f o r t s  i n  Europe 

R.  Andreasson 

M r .  Andrgasson presen ted  an overview of t h e  c u r r e n t  
t r a f f i c  s a f e t y  e f f o r t s  i n  Europe. H e  began by s t a t i n g  
t h a t  problems caused by road t r a f f i c  and a c c i d e n t s  and 
t h e i r  p revent ion  have a long h i s t o r y .  I n  a n c i e n t  Rome, 
f o r  example, ho r se  d r iven  wagons w e r e  forbidden du r ing  t h e  
n i g h t  hours because of t h e  n o i s e  t hey  made on t h e  cobble- 
s t o n e  roads .  I n  t hose  days ,  t o o ,  t h e r e  were park ing  
r e s t r i c t i o n s  and r u l e s  f o r  r e g u l a t i n g  t r a f f i c .  H e  went on 
t o  show some s l i d e s  i l l u s t r a t i n g  t r a f f i c  haza rds ,  t h e  
f i r s t  o f  which da t ed  from almost  500 y e a r s  b e f o r e .  

Today, ~ n d r g a s s o n  mentioned, ant i -automobi le  campaigns 
were underway almost  everywhere i n  t h e  i n d u s t r i a l i z e d  world.  
"Get r i d  of  t h e  cars--give  us mass t r a n s p o r t a t i o n  systems" 
i s  t h e  s logan .  He f e l t ,  however, t h a t  f o r  t h e  t ime being 
t h e r e  was no r e a l  p r a c t i c a l  a l t e r n a t i v e  t o  t h e  c a r .  The 
hundreds of  m i l l i o n s  o f  automobiles now on t h e  roads  can 
s t i l l  be used f o r  many yea r s  t o  come; t hose  c a r s  be ing  
planned today by des igne r s  and engineers  w i l l  be i n  produc- 
t i o n  i n  f o u r  t o  f i v e  y e a r s ,  and t h e i r  l i f e t i m e  w i l l  be  a t  
l e a s t  t e n  t o  f i f t e e n  yea r s .  

H i s  conc lus ion  was t h a t  even i f  a l l  f u r t h e r  p roduc t ion  
of c a r s  a s  w e l l  a s  t h e  use  o f  automobiles w e r e  t o  be h a l t e d  
now, t h e  r e s u l t s  would be chaos ,  n o t  on ly  i n  t h e  t r a n s p o r t  
system b u t  i n  t he  economy a s  w e l l .  A program f o r  changing 
t h e  t r a n s p o r t a t i o n  system must be very c a r e f u l l y  planned 
and a l t e r n a t i v e s  t o  t h e  automobile s e t  i n t o  product ion i n  
due t i m e .  He s a i d  t h a t  it  took one gene ra t ion  t o  move from 
t h e  ho r se  t o  t h e  motor age and s o  it i s  r e a l i s t i c  t o  count 
ano the r  gene ra t ion  f o r  changing t o  a new t r a n s p o r t a t i o n  
system on t h e  roads .  

I n  t o d a y ' s  motor age t h e  p a t t e r n  of  road t r a f f i c  
a c c i d e n t s  has  changed, and t h e  high number of v i c t ims  of 
such acc iden t s  i s  shocking.  Throughout t h e  world ,  a t  
l e a s t  a  q u a r t e r  of  a m i l l i o n  people a r e  k i l l e d  and about 
e i g h t  m i l l i o n  i n j u r e d  annual ly .  Europe 's  c o n t r i b u t i o n  
toward t h i s  t o t a l  was about 45 pe rcen t .  

M r .  ~ n d r g a s s o n  brought  up t h e  f a c t ,  however, t h a t  
dur ing  1974 t h e r e  had been a reduc t ion  i n  i n j u r i e s  and 
f a t a l i t i e s  due t o  t h e  g a s o l i n e  s h o r t a g e ,  speed l i m i t a t i o n s ,  



use of s e a t  b e l t s ,  b e t t e r  c o n t r o l  of drunken d r i v e r s ,  etc. 
Many f a c t o r s  had in f luenced  t h e  s i t u a t i o n ,  b u t  t h e r e  was no 
doubt t h a t  t h e  o i l  c r i s i s ,  t o g e t h e r  wi th  t h e  r e s u l t a n t  
lower speed l i m i t s ,  had had t h e  g r e a t e s t  i n f l u e n c e  upon t h e  
s i t u a t i o n .  H e  f e l t  it may be app rop r i a t e  t o  thank t h e  o i l -  
producing c o u n t r i e s  f o r  t h e  5,000 l i v e s  saved i n  Europe 
and t h e  9,000 saved i n  t h e  USA i n  1974. 

Although a l l  t h e  f i g u r e s  w e r e  n o t  y e t  a v a i l a b l e ,  some 
c o u n t r i e s  had r epo r t ed  pre l iminary  s t a t i s t i c s  f o r  t h e  p a s t  
year :  

France 

a c c i d e n t s  - 10,431 fewer than  i n  1973; 

i n j u r i e s  - 21,931 fewer than  i n  1973; 

f a t a l i t i e s  - 2,119 fewer than  i n  1973-- 
a  drop of 13.6%. 

I f  t h e  f i g u r e s  f o r  1974 were compared wi th  t h o s e  f o r  1972-- 
t h e  wors t  y e a r  i n  French t r a f f i c  h i s to ry- - there  were: 

acc iden t s  - 14,289 fewer; 

i n j u r i e s  - 35,337 fewer; 

f a t a l i t i e s  - 3,100 fewer. 

Swi tzer land  (January t o  June on ly)  

a c c i d e n t s  - 31,800 (2,900 fewer t han  i n  1973) ; 

i n j u r i e s  - 14,650 (700 fewer t han  i n  1973) ; 

f a t a l i t i e s  - 564 (67 fewer t han  i n  1973) .  

Belgium (January t o  November) 

a c c i d e n t s  - 4,100; 

i n j u r i e s  - 2,450; 

f a t a l i t i e s  - 675. 

Federa l  Republic of  Germany 

a c c i d e n t s  - 120,000; 

i n j u r i e s  - 52,000; 

f a t a l i t i e s  - 2,000. 

A u s t r i a  

i n j u r i e s  - 4 %  less than  i n  1973; 

f a t a l i t i e s  - 10% less than i n  1973. 



M r .  Andreasson d i s c u s s e d  t h e  c l a s s i c a l  f a c t o r s  c aus ing  
a c c i d e n t s :  t h e  d r i v e r ,  t h e  v e h i c l e ,  and t h e  road ,  o r  be t te r ,  
a  d r ive r -veh ic le -env i ronment  sys tem,  each  o f  t h e  f a c t o r s  
i n t e r a c t i n g  upon one ano the r .  H e  s a i d  he  was becoming more 
and more convinced t h a t  t h e  man behind t h e  wheel  cou ld  no 
l onge r  meet a l l  t h e  demands p r e s s e d  upon him by modern t r a f f i c  
and showed a  s l i d e  i l l u s t r a t i n g  t h e  overabundance o f  informa- 
t i o n  o f t e n  p r e s e n t e d  by t o o  many t r a f f i c  s i g n s .  

Not on ly  a r e  p l ann ing  and r u l e s  n e c e s s a r y  t o  suppo r t  s a f e  
t r a f f i c ,  b u t  a l s o  enforcement i s  an impor tan t  t a s k .  H e  men- 
t i o n e d  speed  l i m i t s  a s  one g r e a t  c o n t r i b u t o r  t o  t h e  d rop  i n  
t h e  number o f  t r a f f i c  f a t a l i t i e s  and i n j u r i e s  i n  1974. For  
example, i n  S w i t z e r l a n d ,  t h e r e  had been a  d rop  o f  16 p e r c e n t  
i n  f a t a l i t i e s  and 8 p e r c e n t  i n  a c c i d e n t s  on roads  upon which speed 
l i m i t s  had been i n t r o d u c e d ,  i n  comparison t o  p r ev ious  y e a r s  
w i t h o u t  such  l i m i t s .  I n  A u s t r i a ,  t h e  d rop  i n  t h e  a c c i d e n t  
r a t e  d u r i n g  1974 was h i g h e s t  on roads  where speed  l i m i t s  had 
been p u t  i n t o  f o r c e  d u r i n g  t h a t  y e a r .  There were thousands  
o f  examples o f  how be t te r  r o a d s ,  l i g h t i n g ,  be t te r  de s ign  o f  
i n t e r s e c t i o n s ,  enforcement ,  e tc .  had improved t r a f f i c  s a f e t y .  
Such improvements u s u a l l y  had a  p r e v e n t a t i v e  e f f e c t  he  s a i d .  

I n  t h e  c r a s h  phase  of  an a c c i d e n t ,  c a r  occupan t s  shou ld  
be p r o t e c t e d  from r e c e i v i n g  s e v e r e  i n j u r i e s .  However, 
Andrgasson p o i n t e d  o u t  t h a t  t h e r e  a r e  many weak p o i n t s  i n  
v e h i c l e s .  These have been d i s cove red  by r e c o n s t r u c t i n g  
a c c i d e n t s  and by f o r e n s i c  medicine i n  c o l l a b o r a t i o n  w i t h  
t e c h n i c i a n s .  The r e s u l t s  o f  such s t u d i e s  have been d i s c u s s e d  
w i t h  c a r  d e s i g n e r s  and o t h e r s  r e s p o n s i b l e  f o r  t h e  s a f e  auto-  
mobile  de s ign  and equipment.  S t u d i e s  o f  t h i s  k i n d  a r e  be ing  
c a r r i e d  o u t  i n  most c o u n t r i e s  i n  t h e  i n d u s t r i a l i z e d  wor ld .  

Andrgasson t h e n  showed some examples o f  r e c o n s t r u c t i o n s  
o f  f a t a l  a c c i d e n t s  done a t  t h e  F o r e n s i c  Medicine I n s t i t u t e  
of  t h e  U n i v e r s i t y  o f  Lund i n  Sweden. I n  none o f  t h e s e  c a s e s  
had s e a t  be l t s  been worn. The r e c o n s t r u c t i o n s  showed t h a t  
i n  a lmost  eve ry  c a s e  t h e  l i v e s  would have been saved  i f  
t h r e e - p o i n t  s e a t  be l t s  had been used p r o p e r l y .  

Based on a c c i d e n t  s t a t i s t i c s ,  it h a s  been e s t i m a t e d  
t h a t  i f  50 p e r c e n t  more o f  t h e  occupan t s  o f  automobi les  had 
worn s e a t  b e l t s ,  t h e  number of  f a t a l i t i e s  would have been 
reduced by 20 p e r c e n t ,  and w i th  100 p e r c e n t  more u s e r s ,  by 
64 p e r c e n t .  The number o f  i n j u r i e s  would have dropped by 
8 p e r c e n t  had 50 p e r c e n t  more peop le  used s e a t  be l t s  and by 
29 p e r c e n t  i f  100 p e r c e n t  more had been s e a t  b e l t  u s e r s .  

Such i n fo rma t ion  and knowledge of  how s e a t  be l t s  can 
s ave  l i v e s  and make i n j u r i e s  less s e v e r e  has  l e d  t o  laws 
which make it mandatory f o r  d r i v e r s  and passengers  i n  t h e  
f r o n t  s e a t s  o f  c a r s  t o  wear s e a t  be l t s .  Such a  law a l r e a d y  



e x i s t s  i n  A u s t r a l i a ,  Pue r to  Rico, Czechoslovakia and France,  
and it was p u t  i n t o  f o r c e  i n  Sweden on January 1 of t h i s  
year .  I n  A u s t r i a ,  such a law could be expected sometime 
dur ing  1975. Many o t h e r  c o u n t r i e s  were p repa r ing  mandatory 
s e a t  b e l t  laws,  a s  recommended by e x p e r t  groups such a s  t h e  
ECE of t h e  United Nations and WHO. 

M r .  Andreasson emphasized a l s o  t h e  importance of  d r i v e r  
f i t n e s s  f o r  s a f e t y .  H e  s t r e s s e d  t h e  importance of  every 
d r i v e r  knowing h i s  p h y s i c a l  and mental  s t a t u s ,  s i n c e  only  
i n  t h i s  way could he compensate f o r  h i s  handicaps .  A t y p i c a l  
example was t h a t  of  d i a b e t i c s  a s  r epo r t ed  by Herner and 
Ysander: t h e s e  d r i v e r s  had a lower frequency of  a c c i d e n t s  
a f t e r  t h e  commencement o f  t h e  d i s e a s e  t han  be fo re  it. 
S t u d i e s  have shown t h a t  d r i v e r s  wi th  o t h e r  handicaps had 
b e t t e r  o r  a t  l e a s t  n o t  worse acc iden t  records  t han  nondis- 
ab led  d r i v e r s  because they  were aware of t h e i r  handicaps 
and compensated f o r  them; they were found t o  be more c a r e f u l  
and t h e r e f o r e  drove on ly  when f i t .  Another s tudy  has  shown 
t h a t  amputee d r i v e r s  w e r e  a s  s a f e  a s  t h o s e  i n  t h e  gene ra l  
c l a s s .  

Andrgasson f e l t  t h a t  a  medical examination f o r  d r i v i n g  
l i c e n s e  cand ida t e s  was an important  p a r t  of  t h e  t r a f f i c  
s a f e t y  program, because it makes p o s s i b l e  s e l e c t i o n  among 
p o t e n t i a l  d r i v e r s .  I t  i s  a l s o  of g r e a t  importance t h a t  
phys i c i ans  warn t h e i r  p a t i e n t s  when t h e i r  d r i v i n g  a b i l i t y  
is  impaired.  The d r i v e r s  a l s o  have t h e  r i g h t  t o  be informed 
by t h e i r  doc to r s  on t h e  impairment, e .g .  which p r e s c r i b e d  
medicines might b r i n g  it about ,  e s p e c i a l l y  i n  i n t e r a c t i o n  
wi th  a l coho l .  This  in format ion  should a l s o  be p r i n t e d  on 
medicine packages,  a s  recommended by t h e  Council  of  Europe. 

The medical  r o l e  i n  p revent ing  acc iden t s  a l s o  concerned 
t h e  e l d e r l y .  With i n c r e a s i n g  age,  r e a c t i o n  t ime becomes 
longe r ,  hea r ing  and v i s i o n  become impaired,  e t c .  I t  i s  
important  t h a t  t h e  doc to r  inform t h e  e l d e r l y  about  t h e i r  
handicaps ,  n o t  t o  p reven t  them from d r i v i n g ,  b u t  t o  adv i se  
them about how t o  compensate f o r  t h i s  d e t e r i o r a t i o n  i n  
d r i v i n g  a b i l i t y .  

Andreasson s t r e s s e d  t h a t  t h e  medical  condi t ion  n o t  only  
inc luded  ch ron ic  c o n d i t i o n s ,  b u t  a l s o  acu te  cond i t i ons  such 
a s  f a t i g u e ,  impairment by a lcohol  and drugs ,  ach t e  i l l n e s s ,  
e t c .  However, doc to r s  could n o t  be r e spons ib l e  f o r  a l l  o f  
t h i s  in format ion .  Most of it should be  t a u g h t  i n  t r a f f i c  
s a f e t y  educa t iona l  programs, and t h i s  should s t a r t  a t  a  
p reschool  age and cont inue  a t  t h e  va r ious  l e v e l s  i n  t h e  
p u b l i c  school ,  ending wi th  d r i v i n g  i n s t r u c t i o n .  Driving 
i n s t r u c t i o n  i n  Europe i s  o f f e r e d  by p r iva t e ly -ope ra t ed  
d r i v i n g  schools .  I n  t h e  USA t h i s  is  a t a s k  f o r  t h e  
secondary schoo l s ,  a l though t h e r e  a r e  a l s o  p r i v a t e  d r i v i n g  
schools .  



A f t e r  h a v i n g  worked on t h e  s u b j e c t  o f  d r i v i n g  i n s t r u c -  
t i o n  f o r  many yea r s - - in  c l o s e  c o l l a b o r a t i o n  w i t h  D r .  Munsch 
i n  Munich--Mr. ~ n d r 6 a s s o n  h a s  been convinced t h a t  such  
t r a i n i n g  i s  n e c e s s a r y  and t h a t  it  must be  o f f e r e d  s y s t e m a t i -  
c a l l y .  H e  f e l t  it s h o u l d  b e  mandatory t o  t a k e  an  approved 
and government -con t ro l l ed  c o u r s e  b e f o r e  p a s s i n g  t h e  t h e o r e t -  
i c a l  and p r a c t i c a l  t e s t  f o r  a  d r i v i n g  l i c e n s e .  T h i s  demands 
t h a t  c o n t r o l l e d  d r i v i n g  s c h o o l s  be a v a i l a b l e  f o r  t r a i n i n g ,  
and t h i s  i s  t h e  case i n  o n l y  a  few of  t h e  European c o u n t r i e s .  
The b e s t  s i t u a t i o n s  now e x i s t  i n  A u s t r i a ,  Sweden, and,  t o  
some e x t e n t ,  i n  t h e  FRG. 

However, he  mentioned t h a t  i n f l a t i o n  has  p u t  t h e  p r i c e s  
f o r  t h e  l e s s o n s  s o  h i g h  t h a t  t h e r e  h a s  been a  g r e a t  d r o p  i n  
t h e  number o f  s t u d e n t s  a t  t h e s e  s c h o o l s .  F o r  economic 
r e a s o n s ,  p o t e n t i a l  d r i v e r s  p r e f e r  t o  b e  e d u c a t e d  p r i v a t e l y .  
S i n c e  t h e r e  was a l m o s t  no c o n t r o l  of  s u c h  p r i v a t e  t r a i n i n g ,  
t h e  a c c i d e n t  r i s k  r o s e  because  t h e  i n s t r u c t o r  was n o t  
t r a i n e d  f o r  h i s  t a s k .  P a s s i n g  t h e  t e s t  f o r  a  l i c e n s e  was no  
g u a r a n t e e  t h a t  t h e  examinee was a  good d r i v e r .  H i s  m o t i v a t i o n ,  
however, i s  i m p o r t a n t  f o r  s a f e  d r i v i n g ,  a s  i s  h i s  knowledge 
o f  how t o  h a n d l e  t h e  c a r  i n  c r i t i c a l  s i t u a t i o n s .  Both must 
be  t a u g h t  p r o f e s s i o n a l l y .  S i n c e  it i s  n e c e s s a r y  t o  d e v e l o p  
c o n t r o l l e d ,  w e l l - t a u g h t  c o u r s e s  i n  o r d e r  t o  c r e a t e  less 
r i s k y  d r i v e r s  i n  t h e  f u t u r e ,  Andrgasson f e l t  it must b e  t h e  
r e s p o n s i b i l i t y  o f  t h e  governments t o  t a k e  a  major  p a r t  i n  
implementing t h i s  develapment .  

H e  t h e n  d e s c r i b e d  t h e  o r g a n i z a t i o n s  f o r  t r a f f i c  s a f e t y  
i n  Europe,  t h e y  a r e :  

I n t e r g o v e r n m e n t a l  
o r g a n i z a t i o n s  i n  
Europe 

Nongovernmental 
o r g a n i z a t i o n s  i n  
o f f i c i a l  r e l a t i o n -  
s h i p  t o  t h e  UN and  WHO 

Economic Commission f o r  I n t e r n a t i o n a l  A s s o c i a t i o n  
Europe o f  The Uni ted  f o r  Acc iden t  and 
Na t ions  (ECE) T r a f f i c  Medicine (IAATM) 

World H e a l t h  O r g a n i z a t i o n  League of  R e d  Cross  
(WHO) S o c i e t i e s  (LRCS) 
Headquar te r s  
Regional  O f f i c e  f o r  P r e v e n t i o n  R o u t i e r e  

Europe I n t e r n a t i o n a l e  ( P R I )  

O r g a n i s a t i o n  f o r  Economic World Tour ing  and Auto- 
Coopera t ion  and Devel- mobi le  O r g a n i z a t i o n  
opment (OECD) (OTA)  

Counc i l  o f  Europe I n t e r n a t i o n a l  F e d e r a t i o n  
o f  P e d e s t r i a n s  ( IFP)  



European Conference o f  I n t e r n a t i o n a l  Road 
M i n i s t e r s  o f  T r a n s p o r t  T r a n s p o r t  Union ( I R U )  
( CEMT) 

I n t e r n a t i o n a l  Counci l  on 
I n t e r n a t i o n a l  Labour Alcohol  and A d d i c t i o n s  

O r g a n i s a t i o n  (ILO) (ICAA) . 
I n t e r n a t i o n a l  O r g a n i z a t i o n  

f o r  S t a n d a r d i z a t i o n  
(IS01 

European Economic 
Community (EEC) 

I n  c o n c l u s i o n ,  M r .  Andreasson e x p r e s s e d  h i s  g r a t i t u d e  
t o  IIASA f o r  i t s  i n t e r e s t  i n  t r a f f i c  s a f e t y ,  s a y i n g  
he  was most impressed  by t h e  s c i e n t i s t s  h e  had m e t  d u r i n g  
t h e  week. Without  hav ing  t h e  burden o f  y e a r s  o f  e x p e r i e n c e  
i n  t r a f f i c  s a f e t y  work upon them, t h e y  had looked a t  t h e  
problems w i t h  open e y e s  and f r e s h  minds. H e  e x p r e s s e d  t h e  
hope t h a t  t h e  p r o c e e d i n g s  from t h i s  symposium and t h e  
e n s u i n g  r e p o r t  t o  t h e  WHO Regional  O f f i c e  f o r  Europe would 
make a c o n t r i b u t i o n  t o  more e f f e c t i v e  measures f o r  t r a f f i c  
s a f e t y  i n  Europe th rough  s u g g e s t e d  r e s e a r c h  programs. 

M r .  A f i f i  t h e n  asked  M r .  Andreasson t o  d e s c r i b e  t h e  
d i f f e r e n t  modes o f  o r g a n i z a t i o n s  f o r  t r a f f i c  s a f e t y  w i t h i n  
t h e  v a r i o u s  c o u n t r i e s .  

M r .  Andreasson answered t h a t  t h e y  w e r e  a b o u t  t h e  same 
i n  a l l  c o u n t r i e s .  Sweden was s p e c i a l  because  it had had 
l e f t - h a n d  t r a f f i c  u n t i l  1967 and t h e n  had changed t o  r i g h t -  
hand t r a f f i c .  There  was an immediate d rop  i n  t h e  number 
o f  a c c i d e n t s .  The p u b l i c  had had t o  b e  m o t i v a t e d  d u r i n g  
t h e  two y e a r s  b e f o r e  t h e  change. I t  had been p o s s i b l e  t o  
f i n d  l i a i s o n s  between t h e  v o l u n t a r y  o r g a n i z a t i o n s  and 
a u t h o r i t i e s  and a s p e c i a l  commission f o r  r igh t -hand  t r a f f i c  
had been founded w i t h  a l l  o r g a n i z a t i o n s  c o l l a b o r a t i n g .  The 
d e c i s i o n s  w e r e  made by governmental  a u t h o r i t i e s ,  b u t  a l l  
v o l u n t a r y  o r g a n i z a t i o n s  w e r e  used a s  l o n g  arms f o r  r e a c h i n g  
peop le  around t h e  c o u n t r y .  

A f t e r  t h e  change t h e  r o a d  s a f e t y  o f f i c e  had been 
founded.  I t  c o n s i s t e d  o f  two p a r t s - - a  p l a n n i n g  committee 
where t h e  a u t h o r i t i e s  d e a l i n g  w i t h  r o a d  s a f e t y  problems w e r e  
r e p r e s e n t e d  and an a d v i s i n g  committee w i t h  members from 
v o l u n t a r y  o r g a n i z a t i o n s .  T h i s  p l a n  e x i s t s  i n  many European 
c o u n t r i e s .  The v o l u n t a r y  o r g a n i z a t i o n s  worked because  when 
t h e y  c a r r i e d  o u t  a program it  would b e  b e t t e r  unders tood  
and r e c e i v e d  by t h e  p u b l i c  t h a n  i f  t h e  a u t h o r i t i e s  had done 
t h e  same. T h e r e f o r e ,  it i s  i m p o r t a n t  t h a t  t h e  governments 
and a u t h o r i t i e s  s u p p o r t  and use  t h e  v o l u n t a r y  b o d i e s .  I n  



most countr ies  the re  i s  a  spec ia l  voluntary na t iona l  board 
fo r  t r a f f i c  s a f e ty .  Here a l l  the organizat ions of motor 
clubs,  organizat ions f o r  ch i ld ren ' s  welfare,  e t c .  can 
col labora te .  These a c t i v i t i e s  should be harmonized and 
backed up by a  nat ional  road-safety o f f i c e  sponsored by 
the government . 



Note: Following a r e  a b s t r a c t s  of  s i x  
p r e s e n t a t i o n s .  The p r e s e n t a t i o n s  
of Bigelow, Glass ,  Majone, and 
Thompson w i l l  be publ i shed  a s  
IIASA Research Memoranda. 



Abstract  

Comments on Systems Analysis Applied t o  Road Safe ty  

J .  H .  Bigelow 

Whenever a  t r a f f i c  accident  occurs ,  t h e r e  a re  present  
a  d r i v e r  and a  vehic le  i n  an environment. Thus people 
dea l ing  with road s a f e t y  have usual ly  t r i e d  t o  analyze 
t h e  problem i n  terms of these  f a c t o r s .  This paper poin ts  
out  a  f a l l a c y  of t h e  usual approach. 

Any pol icy  a n a l y s i s  i s  b e s t  approached i n  terms of 
t h e  f a c t o r s  po l i cy ,  na tu re ,  and impacts. Nature includes 
those f a c t o r s  t h a t  a r e  not  under the  pol icy  makers' con t ro l ,  
e  .g. s t o c h a s t i c  f a c t o r s  such as  t h e  weather. Impacts a r e  
a l l  t h e  consequences by which the  e f fec t iveness  and e f f i c i e n c y  
of t h e  po l i cy  a r e  t o  be judged. Impacts include both the  
d e s i r a b l e  outcomes and poss ib le  undesirable  s i d e  e f f e c t s .  
Thus t r a f f i c  acc idents  represent  only one impact. Others 
a r e  mobil i ty  and independence. 

I t  i s  pointed out  t h a t  pol icy  can reasonably be 
c l a s s i f i e d  i n t o  measures a f f e c t i n g  t h e  d r i v e r ,  t h e  veh ic le ,  
and t h e  environment, p lus  measures t h a t  a re  d i r e c t e d  a t  t h e  
pedes t r ian .  However, t h i s  same c l a s s i f i c a t i o n  f a i l s  com- 
p l e t e l y  when appl ied  t o  impacts, and even when appl ied only 
t o  the  one impact, v i z ,  t r a f f i c  acc idents .  A more reasonable 
approach t o  t h e  c l a s s i f i c a t i o n  of acc idents ,  based upon an 
a c c i d e n t ' s  r e l a t i o n  t o  one o r  more t r a f f i c  s t reams,  i s  
ou t l ined  i n  t h e  paper. 



A b s t r a c t  

E x t e r n a l i t i e s  o f  t h e  T r a f f i c  Svstem 

P .  F l e i s s n e r  

T r a f f i c  a c c i d e n t s  a r e  n o t  t h e  on ly  e x t e r n a l  e f f e c t  o f  
t h e  t r a f f i c  system. An A u s t r i a n  s t udy  o f  Doz. Loetsch and 
Mag. Schoenback ( a s  p a r t  of  a  l a r g e r  p r o j e c t  on "long-term 
sys tems a n a l y s i s  of  Aus t r i an  Hea l th  Care1') ana lyze s  o t h e r  
e f f e c t s  i n  d e t a i l :  

- emis s ions  ( l e a d ,  CO, NOx, c a r c i n o g e n i c  s u b s t a n c e s ) ;  

- n o i s e ;  

- d r i v e r ' s  stress l e a d i n g  t o  c a r d i o v a s c u l a r  d i s e a s e s  ; 

- r e d u c t i o n  o f  f l o r a  and fauna;  

- i n c r e a s i n g  l a n d  use  f o r  t h e  t r a f f i c  subsystem. 

They compare d i f f e r e n t  k i n d s  o f  e x i s t i n g  t y p e s  o f  t r a n s -  
p o r t  w i th  r e s p e c t  t o  t h e i r  energy consumption, a i r  p o l l u t i o n ,  
n o i s e  g e n e r a t i o n ,  a c c i d e n t  p a t t e r n ,  and nece s sa ry  space  p e r  
v e h i c l e  a t  d i f f e r e n t  speeds .  

The s t u d y  h a s  two g u i d e l i n e s :  

1) lower ing  t h e  d e n s i t y ,  and 

2 )  lower ing  p o l l u t i o n .  

They end up w i t h  comprehensive measures t o  make mass t r a n s -  
p o r t a t i o n  more a t t r a c t i v e  f o r  t h e  f i r s t  g u i d e l i n e ,  and w i th  
t h e  recommendation t o  adap t  t h e  i n t e r n a l  combustion eng ine  
f o r  l i q u i d  ga s ,  i n  t h e  s h o r t  r un ,  f o r  t h e  second g u i d e l i n e .  



Abs t r ac t  

Cost-Benef i t  Analysis  and Road T r a f f i c  Accidents 

N .  J .  Glass 

Cos t -benef i t  a n a l y s i s  is  a  t o o l  f o r  examining choices  
among p u b l i c  p o l i c y  o r  expendi ture  p r o j e c t s .  The paper  
o u t l i n e s  some of t h e  t y p i c a l  problems i n  c o s t - b e n e f i t  
ana lyses  and shows how s i m i l a r  problems a r i s e  w i th  r e s p e c t  
t o  p roposa ls  t o  reduce road t r a f f i c  a c c i d e n t s .  

Among t h e  problems l i s t e d  a r e :  

1) d e f i n i t i o n  of  t h e  p r o j e c t ;  

2 )  t r a c i n g  a l l  t h e  r e l e v a n t  e f f e c t s ;  

3 )  v a l u a t i o n  of  i n t a n g i b l e s ;  

4 )  d i s coun t ing  and u n c e r t a i n t y ;  

5) d i s t r i b u t i o n  of  b e n e f i t s .  

Among t h e  v a l u a t i o n  problems e x p l i c i t l y  considered a r e  
t hose  o f  t h e  v a l u a t i o n  of  l i f e  and of t r a v e l  t i m e .  A number 
of  d i f f e r e n t  approaches t o  each a r e  o u t l i n e d .  

The paper a l s o  addresses  i t s e l f  t o  some problems o f  
insurance  i n  r e l a t i o n  t o  t r a f f i c  acc iden t s  and f i n i s h e s  by 
comparing road t r a f f i c  acc iden t  p revent ion  programmes wi th  
convent iona l  p u b l i c  h e a l t h  programmes. 
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Abs t r ac t  

Assessment of Cont ro l  Measures f o r  T r a f f i c  S a f e t y  

G.  Majone 

Any methodology f o r  t h e  e v a l u a t i o n  of  t h e  r e s u l t s  of 
s o c i a l  p o l i c i e s . ( o r  r a t h e r ,  of p o l i c y  changes s i n c e ,  s t r i c t l y  
speaking,  we a r e  never  i n  a  s i t u a t i o n  of "no p o l i c y " )  must 
recognize  t h e  f a c t  t h a t  f o r  many p u b l i c  programs, i n c l u d i n g  
t r a f f i c  c o n t r o l  measures, t h e  p o s s i b i l i t y  of exper imenta t ion  
i s  s e v e r e l y  l i m i t e d  by l e g a l ,  e t h i c a l ,  p o l i t i c a l ,  and some- 
t i m e s  even t e c h n i c a l ,  c o n s t r a i n t s  which cannot  be e a s i l y  
overcome. I am r e f e r r i n g ,  of course ,  t o  exper imenta t ion  i n  
t h e  s c i e n t i f i c a l l y - a c c e p t e d  sense  of t h e  word, where an 
exper imental  and a  c o n t r o l  group a r e  se t  up, wi th  t h e  c o n t r o l  
group a s  s i m i l a r  a s  p o s s i b l e  t o  t h e  exper imenta l  group ( t h e  
equiva lence  be ing  u s u a l l y  assured  by randomization) , except  
t h a t  t h e  c o n t r o l  group does n o t  r e c e i v e  t h e  same exper imenta l  
t r ea tmen t .  Even when exper imentat ion i s  p o s s i b l e ,  t h e  s c a l e  
f a c t o r s  involved i n  ex tending  t h e  p o l i c y  t o  t h e  e n t i r e  t a r g e t  
group may s e r i o u s l y  i n v a l i d a t e  conc lus ions  de r ived  from 
exper ience  wi th  a  l i m i t e d  sample. 

I n  nonexperimental  s i t u a t i o n s ,  a  s t r i c t l y  b e h a v i o r i s t i c  
("black box") a p p r ~ a c h  t o  e v a l u a t i o n  breaks  down, and we 

must r e l y  on a  more s u b t l e  b lend  of t h e o r e t i c a l  a n a l y s i s  and 
r a t h e r  crude assessment  procedures .  This  can be accomplished 
i n  two d i f f e r e n t ,  b u t  c l o s e l y  r e l a t e d ,  ways: 1) by us ing  
weaker forms of  s t a t i s t i c a l  des ign and a n a l y s i s ,  wh i l e  t r y i n g  
t o  compensate t h i s  weakness through more imagina t ive  d a t a  
a n a l y s i s  and t h e  use of a  m u l t i p l i c i t y  of  i n d i c a t o r s  of  
outcome; and 2 )  by c a r e f u l l y  ana lyz ing  t h e  l o g i c a l  models 
and e m p i r i c a l  assumptions embodied i n  t h e  p o l i c y  under 
cons ide ra t ion .  I n  t h i s  paper  I s h a l l  g ive  a  few examples 
of  both methods, g i v i n g  p a r t i c u l a r  emphasis t o  t h e i r  mutual ly  
r e i n f o r c i n g  c h a r a c t e r .  

Consider a  change i n  t r a f f i c  p o l i c y  such a s  t h e  new 
speed l i m i t s  in t roduced  i n  A u s t r i a  i n  November, 1973, o r  
t h e  Connect icut  crackdown on speeding of  1955. A commonly 
used procedure t o  a s s e s s  " t h e  r e s u l t s  of such measures" 
c o n s i s t s  i n  comparing t h e  va lue  of some i n d i c a t o r ,  e .g .  t h e  
number of acc iden t s  p e r  veh ic le -k i lometer ,  i n  t h e  pe r iod  
immediately preceding t h e  change, w i th  t h e  va lue  of t h e  same 
i n d i c a t o r  a t  some l a t e r  moment. I t  i s  easy  t o  see t h a t  a  
conclusion based on t h i s  s imple  b e f o r e - a f t e r  comparison, when 



s o  many expe r imen t a l  c o n d i t i o n s  may be  changing,  can be  
v i t i a t e d  by a  number o f  l o g i c a l  and s t a t i s t i c a l  f a l l a c i e s .  
Some o f  t h e s e  may be  r e v e a l e d  by c a r e f u l  a n a l y s i s  of  a  
l o n g e r  segment o f  t h e  r e l e v a n t  t i m e  series; n o t e ,  i n  p a r t i c -  
u la r . ,  t h a t  a  p o l i c y  change i s  o f t e n  i n t roduced  a f t e r  an  
ext reme v a l u e  h a s  occu r r ed  i n  t h e  series, s a y  a t  t i m e  T  i-1' 
T h i s  ve ry  f a c t  i n t r o d u c e s  a  s o u r c e  o f  e r r o r  known a s  t h e  
r e g r e s s i o n  a r t i f a c t .  Because o f  t h e  s t a t i s t i c a l  n a t u r e  of  
t h e  phenomenon under  o b s e r v a t i o n  ( t r a f f i c  a c c i d e n t s ) ,  t h e  
obse rved  v a l u e s  w i l l  g l u c t u a t e  randomly around some t r e n d  
l i n e .  Whenever a n  ext reme va lue  o c c u r s ,  t h e r e  i s  a  tendency 
f o r  t h e  fo l l owing  o b s e r v a t i o n s  t o  " r e g r e s s "  toward more nor-  
mal v a l u e s ,  i . e .  t o  move c l o s e r  t o  t h e  t r e n d  l i n e .  T h i s  
d e s c r i p t i v e  s t a t e m e n t  can be j u s t i f i e d ,  under s u i t a b l e  hypoth-  
eses, on t h e  b a s i s  o f  t h e  e r g o d i c  theorem. Thus, a  s t a t i s t i -  
c a l l y  s i g n i f i c a n t  r e d u c t i o n  i n  a c c i d e n t  r a t e s  between Ti - 
and Ti may b e  due t o  a  r e g r e s s i o n  a r t i f a c t ,  r a t h e r  t h a n  t o  

t h e  p o l i c y  change. Other  " a r t i f a c t s "  a r e  o f t e n  i n t r o d u c e d  
by t h e  methods used t o  implement t h e  change,  by m o d i f i c a t i o n s  
i n  r e p o r t i n g  p r a c t i c e s  and i n  l e g a l  p rocedu re s ,  n o t  t o  mention 
sudden new developments i n  s o c i a l  and economic c o n d i t i o n s .  
Such concomitant  f a c t o r s  can be c o n t r o l l e d ,  t o  some e x t e n t ,  
by c o n s i d e r i n g  o t h e r  i n d i c a t o r s  i n  a d d i t i o n  t o  a c c i d e n t  r a t e s ,  
f o r  i n s t a n c e ,  speed ing  v i o l a t i o n s ,  a s  a  pe r cen t age  o f  a l l  
t r a f f i c  v i o l a t i o n s ,  and suspens ion  o f  l i c e n s e s  f o r  speed ing ,  
a s  a  pe r cen t age  o f  a l l  s u spens ions .  

But i t  i s  c l e a r  t h a t  even t h e  b e s t  a n a l y s i s  o f  o u t p u t  
measures canno t ,  by i t s e l f ,  c o n c l u s i v e l y  e s t a b l i s h  t h e  e f f e c -  
t i v e n e s s  o f  a  p o l i c y  change. What i s  observed  i s  s t r o n g l y  
i n f l u e n c e d  by t h e  concep tua l  model used,  and p r i o r  o p i n i o n s  
canno t  be  s i g n i f i c a n t l y  modi f i ed  by ambiguous ev idence .  Thus, 
d a t a  a n a l y s i s  must b e  complemented by t h e o r e t i c a l  ( and ,  i n  a  
s e n s e ,  a  p r i o r i )  c o n s i d e r a t i o n s .  For  i n s t a n c e :  a  c o n t r o l  
measure can b e  t o o  s t r o n g  a s  w e l l  a s  t o o  weak, and i t s  t im ing  
i s  a l s o  ve ry  impor t an t .  S e v e r a l  q u e s t i o n s  a r i s e .  A r e  t h e r e  
g e n e r a l  c r i t e r i a  by which w e  can judge whether  t h e  p o l i c y  
change h a s  been i n t r o d u c e d  a t  t h e  r i g h t  t i m e ,  and set a t  t h e  
r i g h t  l e v e l ?  S i n c e  it i s  imposs ib l e  t o  reduce  t h e  number o f  
t r a f f i c  a c c i d e n t s  t o  z e r o ,  how do w e  d e f i n e  an o p t i m a l ,  o r  a t  
l e a s t  an  a c c e p t a b l e ,  l e v e l  o f  r i s k ?  What a r e  t h e  i n t r i n s i c  
l i m i t a t i o n s  o f  d i f f e r e n t  methods o f  r e g u l a t i o n ?  ( I  have i n  
mind some rough upper  bound, o f  t h e  t y p e  sugges t ed  by Ashby's  
"law of  r e q u i s i t e  v a r i e t y .  " )  What a r e  r e a sonab l e  assumpt ions  
abou t  d r i v e r s '  r e a c t i o n s  t o  t h e  sys tem of  i n c e n t i v e s  and d i s -  
i n c e n t i v e s  c r e a t e d  by t h e  p o l i c y ?  How do w e  know t h a t  t h e  
d e c i s i o n  v a r i a b l e s  used a r e  r e l e v a n t ?  (Fo r  i n s t a n c e ,  t h e  
a v a i l a b l e  ev idence  on t h e  s i g n i f i c a n c e  o f  speed  l i m i t s  i s  
r a t h e r  ambiguous.) Would w e  i n t e r p r e t  t h e  d a t a  d i f f e r e n t l y  
i f  w e  assumed a  d i f f e r e n t  concep tua l  model of  t h e  p r o c e s s  
under c o n s i d e r a t i o n ?  



Space does  n o t  pe rmi t  d e t a i l e d  a p p l i c a t i o n s  o f  t h e  k i n d  
o f  a n a l y s i s  sugges t ed  h e r e ;  b u t  I hope t h a t  enough h a s  been 
s a i d  t o  demons t ra te  t h e  need f o r  a  more thorough b l e n d  of  
e m p i r i c a l  and t h e o r e t i c a l  arguments i n  t h e  e v a l u a t i o n  of  
t r a f f i c  p o l i c i e s .  
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A b s t r a c t  

Some Notes on P h y s i o l o g i c a l  Impairments  

i n  R e l a t i o n  t o  T r a f f i c  S a f e t y  

J.  Page 

A 1963 s t u d y  compared a c c i d e n t  r a t e s  p e r  pe r son  s u f f e r e d  
by a  g roup  o f  p h y s i c a l l y  impa i red  d r i v e r s  w i t h  a  s i m i l a r  
group o f  non-disabled:  t h e  d i s a b l e d  d r i v e r s  had a  lower  
a c c i d e n t  r a t e  t h a n  t h e  c o n t r o l  group,  b u t  l i t t l e  can b e  
i n f e r r e d  from t h i s  a s  no i n f o r m a t i o n  was g i v e n  on t h e  
r e l a t i v e  exposure  o f  t h e  two groups  t o  d r i v i n g .  

V i s u a l  impairment  i s  probably  t h e  most i m p o r t a n t  phys io-  
l o g i c a l  hand icap  t o  be  s t u d i e d  s i n c e  a t  l e a s t  90 p e r c e n t  of  
a l l  u s e f u l  i n f o r m a t i o n  i n  d r i v i n g  i s  g a i n e d  th rough  t h e  
v i s u a l  s e n s e .  I n c i d e n c e  o f  v i s u a l  m a l f u n c t i o n  i s  h i g h  ( a s  
much a s  50 p e r c e n t  o f  t h e  p o p u l a t i o n  i n ,  f o r  example,  t h e  
USA), w i t h  3  p e r c e n t  o f ' t h e  US p o p u l a t i o n  b e i n g  v i s u a l l y  
impa i red  t o  t h e  e x t e n t  of  hav ing  t r o u b l e  s e e i n g  even w i t h  
c o r r e c t i v e  l e n s e s .  0 .9  p e r c e n t  a r e  s e v e r e l y  v i s u a l l y  i m -  
p a i r e d ,  i . e .  have  r e s t r i c t e d  m o b i l i t y  o r  a r e  unab le  t o  under- 
t a k e  v i s i o n - r e l a t e d  t a s k s  w i t h o u t  s p e c i a l  a p p a r a t u s .  Defec- 
t i v e  v i s i o n  i s  c l o s e l y  c o r r e l a t e d  w i t h  age: 75 p e r c e n t  o f  t h e  
v i s u a l l y  i m p a i r e d  a r e  i n  t h e  o v e r  f o r t y - f i v e  age  g roup ,  and 
abou t  20 p e r c e n t  a r e  i n  young a d u l t  age  groups .  However, i n  
a  s t u d y  o f  2,000 d r i v e r s  i n  C a l i f o r n i a  who v o l u n t e e r e d  t o  
have  v i s u a l  a c u i t y  measurements c a r r i e d  o u t ,  no c o r r e l a t i o n  
was found between v i s u a l  a c u i t y  and a c c i d e n t s  o r  b a d . d r i v i n g  
r e c o r d s .  From s t u d i e s  o f  low v i s i o n  p a t i e n t s ,  i . e .  t h e  
s e v e r e l y  v i s u a l l y  i m p a i r e d ,  o n l y  a  v e r y  approximate  c o n n e c t i o n  
h a s  been found between v i s u a l  a c u i t y  and v i s u a l  a b i l i t y .  I t  
may b e  t h a t  a t  t h e  h i g h e r  end o f  t h e  v i s u a l  a c u i t y  s c a l e ,  t h e  
same i n d e f i n i t e  r e l a t i o n s h i p  a p p l i e s .  

I t  seems e s s e n t i a l  t o  d e f i n e ,  f o r  r e g u l a t o r y  p u r p o s e s ,  
what a r e  t h e  f u n c t i o n a l  v i s u a l  r equ i rements  f o r  d r i v i n g .  
Adequate c e n t r a l  v i s i o n  is  n e c e s s a r y  t o  p r o v i d e  b a s i c  i n f o r -  
mat ion  i n c l u d i n g  d i s t a n c e  judgment ( n o t  n e c e s s a r i l y  b i n o c u l a r ) :  
t h e  c e n t r a l  f i e l d  s h o u l d  be  uni form i n  r e s p o n s e ,  and w h i l e  
a c u t e  c e n t r a l  v i s i o n  d e f e c t s  w i l l  normal ly  p l a c e  s u b j e c t s  i n  
t h e  v i s u a l l y  i m p a i r e d  group and t h e r e f o r e  w i l l  be  p i c k e d  up 
by r o u t i n e  e x a m i n a t i o n ,  less a c u t e  c a s e s  may n o t  b e .  A 
p a r t i c u l a r l y  i m p o r t a n t  c e n t r a l  f i e l d  problem i s  l i g h t / d a r k  
a d a p t a t i o n ,  a f f e c t i n g  d r i v i n g  a b i l i t y  a t  n i g h t  o r  i-n c o n d i t i o n s  
of  bad v i s i b i l i t y .  T h i s  i s  known t o  be  age-dependent ,  b u t  



measurements of  t h i s  k i n d  a r e  n o t  normal ly  made f o r  d r i v i n g  
tests .  

The impor tance  o f  p e r i p h e r a l  v i s i o n  i n  d r i v i n g  h a s  been 
e s t a b l i s h e d  i n  eye  movement r e s e a r c h  i n  an a c t u a l  d r i v i n g  
environment.  Unconscious movements of  t h e  e y e s ,  w i t h o u t  
f i x a t i o n ,  p rov ide  much d e t a i l  on what i s  happening a t  t h e  
edge o f  t h e  d r i v e r ' s  v i s u a l  f i e l d  and i n  f a c t  c o n s t i t u t e  h i s  
e a r l y  warning system. Reduction o f  such movements a r e  an 
e a r l y  e f f e c t  o f  f a t i g u e  and a l c o h o l .  V i sua l  f i e l d  measure- 
ments a r e ,  however, n o t  normal ly  c a r r i e d  o u t  i n  d r i v i n g  
examina t ions .  Indeed,  two s t a t e s  i n  t h e  USA (Massachuset ts  
and C a l i f o r n i a )  pe rmi t  v i s u a l l y  impa i red  d r i v e r s  t o  use  head- 
worn b i n o c u l a r  t e l e s c o p e s ,  which have t h e  e f f e c t  o f  f i e l d  
r e s t r i c t i o n .  For  known v i s u a l  d e f e c t s ,  such a s  f i e l d  restric- 
t i o n s ,  it seems c l e a r  t h a t  i n d i v i d u a l s  can a d a p t  and s t u d i e s  
of t h i s  p roce s s  i n  low-vision p a t i e n t s  nave been r e p o r t e d .  

With r e g a r d  t o  p r e s e n t  v i s u a l  s t a n d a r d s  f o r  d r i v i n g ,  
e i t h e r  f o r  t h e  i n i t i a l  g r a n t  o f  a  l i c e n s e  o r  f o r  i t s  renewal ,  
p r a c t i c e  seems ve ry  d i v e r s e ,  r ang ing  from complete b i n o c u l a r  
and monocular tests of  v i s u a l  a c u i t y  by c h a r t  r e ad ing ,  t o  
r e a d i n g  a  c a r  number p l a t e  a t  an approximate d i s t a n c e  under 
whatever  ambient  l i g h t  c o n d i t i o n s  e x i s t  a t  t h e  t i m e  of  t h e  
d r i v i n g  t e s t .  Renewal o f  l i c e n s e s  may be s u b j e c t  t o  oph tha lmic  
t e s t i n g  o r  may merely  r e q u i r e  t h e  a p p l i c a n t ' s  s i g n a t u r e  s t a t i n g  
t h a t  he  h a s  no s e v e r e  v i s u a l  mal func t ion .  I n  many c a s e s ,  
n e i t h e r  t h e  a p p l i c a n t  n o r  h i s  d o c t o r  a r e  bound t o  r e p o r t  
d e t e r i o r a t i o n  o f  v i s i o n  d u r i n g  t h e  cur rency  of a  l i c e n s e .  
V i sua l  a c u i t y  s t a n d a r d s  a r e  ve ry  o f t e n  q u i t e  low ( f o r  example, 
2 0 / 7 0  i n  some s k a t e s  i n  t h e  USA). 

I t  i s  sugges t ed  t h a t  more e f f o r t  be  devo ted  t o  t h e  problem 
of  d e f i n i n g  v i s u a l  s t a n d a r d s ,  which might  be  ba sed  on i n f o r -  
mation d e r i v e d  from a  s t u d y  o f  low-vision r e s e a r c h ,  on adapta-  
t i o n  and on age dependence o f  t h e  v a r i o u s  c o n d i t i o n s .  The 
p o s s i b i l i t y  o f  c o n s t r u c t i n g  s imple  tes ts  which g i v e  a  b e t t e r  
measurement o f  f u n c t i o n a l  v i s u a l  d r i v i n g  a b i l i t y  t han  v i s u a l  
a c u i t y  shou ld  a l s o  be i n v e s t i g a t e d .  



A b s t r a c t  

Road S a f e t y  Research i n  t h e  P e r s p e c t i v e  o f  P o l i c y  Ana ly s i s  

M. Thompson 

The d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  o f  p o l i c y  a n a l y s i s  t o  
i t s  p r a c t i t i o n e r s  i s  a  commitment t o  improve t h e  a c t i o n s  and 
o p e r a t i o n s  o f  governments.  I n  l i n e  w i t h  t h i s ,  t h e  v a s t  and 
i l l - d e f  i n e d  a r e a  o f  s c i e n t i f i c  i n q u i r y  known a s  s a f e t y  r e s e a r c h  
s h o u l d  be examined t o  s e e  how it may be b e t t e r  d i r e c t e d  and 
managed t o  reduce  t h e  harm and i n j u r y  i n c u r r e d  d a i l y  i n  road  
t r a f f i c  a c c i d e n t s .  A p r e l i m i n a r y  s t udy  i n  t h i s  v e i n  r e v e a l s  
a  l a r g e  number of  comp l i ca t i ng  f a c t o r s  which must be  c a t e r e d  
t o  o r  p lanned around b e f o r e  a c t u a l  b e n e f i t s  on t h e  highways 
a r e  r e a l i z e d .  These i nc lude :  

1) p i t f a l l s  o f  ana ly s i s - - t he  r a r i t y  o f  a c c i d e n t s ,  
d i f f e r i n g  amounts o f  a c c i d e n t  exposure  a c r o s s  
d r i v e r s ,  and problems o f  d r i v e r  s e l f - s e l e c t i o n  
have l e d  t o  much s t a t i s t i c a l l y  d e f e c t i v e  rea -  
son ing  i n  p o l i c y  forums; 

2 )  problems o f  l a b o r a t o r y  s imula t ion- - the  Hawthorne 
e f f e c t ,  t h e  c a r e f u l  i s o l a t i o n  o f  i n d i v i d u a l  

, a c c i d e n t  f a c t o r s ,  and t h e  b a s i c  p a t h o l o g i c a l  
n a t u r e  o f  a c c i d e n t s  may y i e l d  r e s u l t s  i n  l abo ra -  
t o r y  s i m u l a t i o n s  t h a t  a r e  n o t  r e p r e s e n t a t i v e  o f  
t h e  road ;  

3 )  n e g l e c t  o f  s o c i a l  g o a l s  o t h e r  t h a n  t h a t  o f  
s a f e t y - - f o r  i n s t a n c e ,  speed  o r  r e d u c t i o n  i n  
t h e  need f o r  t r a v e l ;  

4 )  problems o f  e q u i t y  and e x t e r n a l i t y - - f o r  i n s t a n c e ,  
t h e  danger  posed t o  o t h e r s  by t h e  heavy armor of  
t h e  expe r imen t a l  s a f e t y  v e h i c l e ;  and 

5 )  l a c k  o f  e f f e c t i v e  p o l i c y  handles- -s ince  i n d i v i d u a l s  
f r e q u e n t l y  f l o u t  o r  i ngo re  t h e  o rd inances  and 
e x h o r t a t i o n s  a p p l i e d  by governments t o  a ch i eve  
s a f e r  road  behav io r .  



Overview o f  Research Conducted b y  

The Kuratorium f u r  V e r k e h r s s i c h e r h e i t  

H .  Knof lacher  

The Kuratorium f u r  V e r k e h r s s i c h e r h e i t  was e s t a b l i s h e d  i n  
Vienna i n  1959. I t  ha s  two groups o f  sponso r s ,  automobi le  
a s s o c i a t i o n s  and i n s u r a n c e  companies. I n  A u s t r i a  t h e r e  a r e  
two automobile a s s o c i a t i o n s ,  t h e  ARBOE and t h e  OEAMTC. The 
i n s u r a n c e  companies,  t h e  second f i n a n c i n g  group,  have t h i r t y -  
two members c o n t r i b u t i n g  funds  t o  t h e  K ~ r a t o r i u m .  

The Kuratorium f u r  V e r k e h r s s i c h e r h e i t  h a s  an e x e c u t i v e  
board  of  twe lve  members and an e x e c u t i v e  committee t h a t  over -  
s e e s  a  d i r e c t o r .  Subo rd ina t e  t o  t h i s  d i r e c t o r ,  though n o t  
i n  p r o f e s s i o n a l  m a t t e r s ,  a r e  t h e  i n d i v i d u a l  s c i e n t i f i c  i n s t i -  
t u t e s  and depar tments  o f  t h e  Kuratorium. These a r e  t h e  depa r t -  
ment f o r  p u b l i c  r e l a t i o n s  and e d i t o r i a l  work, t h e  I n s t i t u t e  o f  
T r a f f i c  Psychology,  t h e  l i b r a r y  and E l e c t r o n i c  Data  P roce s s ing  
depar tment ,  t h e  Department o f  T r a f f i c  Eng inee r i ng ,  t h e  Depart-  
ment of  T r a f f i c  Educa t ion ,  and t h e  accoun t i ng  depar tment .  
Then t h e r e  a r e  i n d i v i d u a l  s t a f f  depar tments  a f f i l i a t e d  w i t h  
t h e  Kuratorium and t h e  d r i v e r  t r a i n i n g  depar tment .  

I n  t h e  p r o f e s s i o n a l  f i e l d s ,  p e r f e c t i o n  and/or  r e f r e s h e r  
c o u r s e s  a r e  o f f e r e d  by t h e  d r i v e r  t r a i n i n g  depar tment .  A 
series of  s p e c i a l  a c t i v i t i e s  e x i s t s ,  f o r  example, t h e  s o - c a l l e d  
"Caut ion and Cour tesy  Campaign," a  p u b l i c  r e l a t i o n s  a c t i v i t y  
aimed a t  in fo rming  t r u c k  d r i v e r s  and p o s i t i v e l y  i n f l u e n c i n g  
them w i t h  r e g a r d  t o  s a f e  d r i v i n g .  I n  t h e  f i r s t  y e a r s  f o l l owing  
t h e  e s t a b l i s h m e n t  o f  t h e  Kuratorium t h e r e  was c l o s e  c o l l a b o r a -  
t i o n  w i t h  t h e  t e c h n i c a l  s e r v i c e s  d i v i s i o n s  o f  t h e  automobi le  
a s s o c i a t i o n s .  The i n s p e c t i o n  s t a t i o n s  o f  t h e s e  a s s o c i a t i o n s  
w e r e  mainly suppo r t ed  by t h e  Kuratorium. 

T r a f f i c  e d u c a t i o n  i s  concen t r a t ed  a t  t h e  secondary  s choo l  
l e v e l ,  and s p e c i a l  c o u r s e s  a r e  o rgan i zed  f o r  t e a c h e r s  a t  Haus 
Rief  i n  Sa l zbu rg .  U n t i l  r e c e n t l y ,  t h i s  t e a c h e r  t r a i n i n g  was 
e x c l u s i v e l y  o rgan i zed  by t h e  Kuratorium i n  c o l l a b o r a t i o n  w i t h  
t h e  A u s t r i a n  M i n i s t r y  of Educat ion.  The Kuratorium c o n s t a n t l y  
p r e p a r e s  and upda t e s  m a t e r i a l  f o r  t r a f f i c  educa t i on  purposes .  
To d a t e  t h e r e  i s  no  l e g a l  b a s i s  f o r  t r a f f i c  educa t i on  i n  
A u s t r i a n  s c h o o l s ,  b u t  t h e  Kuratorium i s  t r y i n g  t o  a l t e r  t h i s .  
A t  i t s  i n i t i a t i v e ,  a  p i l o t  t e a c h i n g  program f o r  s c h o o l  c h i l d r e n  
was i n t r o d u c e d ,  and it h a s  been s u c c e s s f u l  i n  A u s t r i a ,  though 
it i s  n o t  l e g a l l y  e s t a b l i s h e d .  Research work i n  t h i s  a r e a  
formed t h e  b a s i s  f o r  a  series o f  proposed laws aimed a t  s e c u r i n g  



and improving t r a f f i c  educa t i on  i n  t h e  s c h o o l s .  P r e schoo l  
educa t i on  i s  b e i n g  cons ide r ed ,  b u t  t h e r e  i s  u n c e r t a i n t y  a s  
t o  what age it shou ld  beg in .  

With r e g a r d  t o  T r a f f i c  Eng ineer ing ,  t h e  Kuratorium depa r t -  
ment t o  which I be long ,  t h e r e  a r e  two major  working f i e l d s :  
r e s e a r c h  and a p p l i c a t i o n .  Research can be d i v i d e d  i n t o  in -  
house r e s e a r c h ,  performed and f i nanced  by t h e  Kuratorium, and 
commissioned r e s e a r c h ,  f i nanced  e i t h e r  by m i n i s t r i e s  o r  p r i v a t e  
f i r m s  and a s s o c i a t i o n s .  A p p l i c a t i o n  o f  t r a f f i c  e n g i n e e r i n g  
i n c l u d e s  a r e a s  i n  which w e  o u r s e l v e s  become a c t i v e  because  w e  
know where t h e  danger  p o i n t s  a r e .  Our knowledge h e r e  h a s  been 
con t i nuous ly  improved s i n c e  w e  have been s u c c e s s f u l ,  w i t h  t h e  
coope ra t i on  o f  t h e  S t a t i s t i c a l  O f f i c e ,  i n  improv i s ing  and i n  
c a r e f u l l y  s o r t i n g  o u t  t h e  d a t a  a v a i l a b i e  t o  u s ,  and i n  u s i n g  
s c i e n t i f i c  methods t o  l o c a t e  a c c i d e n t  prone p o i n t s .  

Our e x p e r t s  i n  t r a f f i c  e n g i n e e r i n g  a l s o  p u b l i s h  t e c h n i c a l  
books a s  gu ide s  f o r  a d m i n i s t r a t i o n .  A b rochure  c a l l e d  
"Techn ica l  I n fo rma t ion  S e r v i c e "  i s  p u b l i s h e d  p e r i o d i c a l l y  by 
t h e  Kuratorium and it i n c l u d e s  a  s h o r t  su rvey  o f  t h e  s c i e n t i f -  
i c  a c t i v i t i e s  and n a t i o n a l  and i n t e r n a t i o n a l  a c t i v i t i e s  i n  t h e  
f i e l d  o f  t r a f f i c  s a f e t y .  The i n f l u e n c e  upon t r a f f i c  s a f e t y  i s  
brought  abou t  d i r e c t l y  and i n d i r e c t l y  and,  i n  some d i f f i c u l t  
c a s e s ,  w e  do n o t  h e s i t a t e  t o  approach t h e  p r e s s  f o r  i t s  h e l p .  
The r e s u l t s  o f  t h e  t e c h n i c a l  r e s e a r c h  s e r v e  a s  g u i d e l i n e s  
which a r e  passed  from t h e  Kuratoriurrl and i t s  r e s e a r c h  i n s t i -  
t u t i o n s  t o  t h e  m i n i s t r i e s .  The m i n i s t r i e s  o f t e n  t a k e  co r r ec -  
t i v e  a c t i o n s  based  on o u r  recommendations. Techn i ca l  and 
s c i e n t i f i c  p u b l i c a t i o n s  r e s u l t i n g  from o u r  r e s e a r c h  appea r  
i n  t h e  t r a f f i c  e n g i n e e r i n g  j o u r n a l s .  

The T r a f f i c  Psychology Department d e a l s  mainly w i t h  
a p e i t u d e  tes ts .  I n  A u s t r i a ,  such p s y c h o l o g i c a l  s u i t a b i l i t y  
tes ts  a r e  g iven  t o  c a n d i d a t e s  f o r  l i c e n s e s  f o r  c e r t a i n  c a t e -  
g o r i e s  o f  v e h i c l e s .  Also  d r i v e r s  whose l i c e n s e s  had been 
revoked because  t hey  have caused a  t r a f f i c a c c i d e n t  under t h e  
i n f l u e n c e  o f  a l c o h o l  must undergo a p t i t u d e  t e s t i n g .  I n  
a d d i t i o n ,  some p r o f e s s i o n a l  d r i v e r  groups  such a s  t h o s e  of  
t h e  C i t y  of  Vienna, i n c l u d i n g  bus d r i . v e r s ,  a r e  t e s t e d  by us. 
The T r a f f i c  Psychology Department a l s o  c a r r i e s  o u t  some re- 
s e a r c h  on medica t ion  under commission from t h e  pharmaceu t ica l  
i n d u s t r y  . 

Press work i s  a n o t h e r  a s p e c t  o f  t h e  a c t i v i t i e s  of  t h e  
Kuratorium. W e  keep  t h e  p u b l i c  informed through automobi le  
magazines,  on o u r  own and on i n t e r n a t i o n a l  a c t i v i t y  i n  t h e  
a r e a  o f  t r a f f i c  s a f e t y .  The Kura to r ium's  l i b r a r y  i s  t h e  
o f f i c i a l  A u s t r i a n  r e p r e s e n t a t i v e  f o r  i n t e r n a t i o n a l  documenta- 
t i o n .  

Next ,  I would l i k e  t o  b r i e f l y  r e p o r t  on two r e s e a r c h  
p r o j e . c t s  be ing  c a r r i e d  o u t  i n  T r a f f i c  Eng ineer ing  and which 



f a l l  under t h e  heading of  epidemiology of t r a f f i c  acc iden t s :  
t h e  e f f e c t s  of t h e  use of  s tudded automobile t i r e s  on roads ,  
and t h e  use of  major highways a s  access  roads  t o  p r i v a t e  
r e s idences .  Having f i l t e r e d  down t o  A u s t r i a  from t h e  nor th-  
e r n  c o u n t r i e s  of  Europe, t h e  use  of s tudded t i r e s  has  i n -  
c reased  i n  A u s t r i a  s i n c e  t h e i r  i n t r o d u c t i o n  i n  1962. Use 
v a r i e s  from 20 p e r c e n t  t o  4 0  pe rcen t  of  c a r s  on t h e  road 
depending on t h e  province.  I n  Vienna, t h e  s h a r e  of  s tudded 
t i r e s  i n  use i s  approximately 20 p e r c e n t ,  whi le  t h e  sha re  i n  
T i r o l  i s  about 40 pe rcen t .  This  percentage does n o t  always 
ho ld  t r u e  due t o  t h e  l a r g e  sha re  of t o u r i s t - d r i v e n  v e h i c l e s ,  
p a r t i c u l a r l y  from t h e  BRD, where t h e  s h a r e  of s tudded t i r e s  
sometimes i n c r e a s e s  t o  65 pe rcen t .  

The use of  t h e s e  t i r e s  he re  has  spread  l i k e  a v i r u s ,  t o  
g i v e  it a nega t ive  e v a l u a t i o n .  I n  t h e  beg inn ing ,  t h e i r  
advantages were p r a i s e d  by t h e  p r e s s ,  b u t  a f t e r  a c e r t a i n  t ime 
t h e i r  d isadvantages  become e v i d e n t  a s  we l l .  I n  s p i t e  of  e i g h t  
t o  t e n  y e a r s  o f  usage,  we have n o t  been ab l e  t o  a s s e s s  what i s  
t h e  t r u e  r educ t ion  r a t e  i n  acc iden t s  under w i n t e r  d r i v i n g  
cond i t i ons  a t t r i b u t a b l e  t o  t h e  use of  s tudded t i res ,  i f  any. 
To t h i s  end,  s c i e n t i f i c  r e sea rch  was s t a r t e d  by t h e  Kuratorium, 
and a f t e r  one y e a r  of p r e p a r a t i o n  funds from t h e  Minis t ry  . f o r  
Cons t ruc t ion  and Technology were secured .  

Our s tudy  shows t h a t  i n  one season fou r  t o  f i v e  mi l l ime te r s  
of  s u r f a c e  a r e  worn o f f  roads  d r iven  over  wi th  s tudded t i res ,  
and t h e r e f o r e  t h e  road c o n s t r u c t i o n  e lements ,  e .g .  t h e  s t r e e t  
environment, a r e  i n f luenced  s i g n i f i c a n t l y  by t h e  use of t h e s e  
t ires.  S ince  t h i s  e r o s i o n  can become one t o  two cm deep i n  
on ly  a few y e a r s ,  wate r  remains on t h e  t r a f f i c  l anes  c ~ e a t i n g  
a hazard.  This, i s  one o f  t h e  nega t ive  a s p e c t s  which on ly  
concerns m a t e r i a l  d e s t r u c t i o n .  Accident ana lyses  i nvo lv ing  
s tudded t i r e s ,  a p a r t  from some r a t h e r  gene ra l  arguments, a r e  
no t  a v a i l a b l e  from abroad. We do know, however, t h a t  i n  one 
province of Canada s tudded t i r e s  had been banned because of 
t h e  above nega t ive  consequence. 

Our s t u d i e s  were bo th  of a s t a t i s t i c a l  and engineer ing  
n a t u r e .  W e  analyzed t h e  behavior  of d r i v e r s  w i t h  and wi thout  
s tudded t i r e s  a s  t o  t h e i r  choice  o f  speed.  Dr ive r s  wi th  s tudded 
t ires drove f a s t e r .  on i c y  roads  because they  had been t o l d  t h a t  
a  s tudded t i r e  i s  an important  element of s a f e t y  on such roads .  
On t h e  o t h e r  hand, s tudded t i r e  d r i v e r s  drove s lower  i n  t h e  
h igh  speed zones when.the road was d ry ,  indeed s o  slow t h a t  a 
speed l i m i t  of  100 km/hour would have been p o i n t l e s s .  I t  was 
a l s o  shown t h a t  t h e  acc iden t  r a t e  of  s tudded t i r e  v e h i c l e s  on 
i c y  roads  was j u s t  a s  h igh  a s  t h a t  of nonstudded t i r e  v e h i c l e s .  
On t h e  o t h e r  hand, t h e  acc iden t  r a t e  of s tudded t i r e  v e h i c l e s  
on dry roads  was lower t han  expected i f  we t a k e  t h e  t o t a l  
mileage d r iven  i n t o  account.  However, t h e  s e v e r i t y  of  t h e s e  
dry-road a c c i d e n t s  was twice  a s  h igh  a s  normal. Thus, i f  we 



combine t h e  30 p e r c e n t  r educ t i on  i n  t r a f f i c  a c c i d e n t s  caused 
by t h e  use  o f  s t udded  tires w i t h  t h e  i n c r e a s e  o f  s e v e r i t y  o f  
t h e s e  a c c i d e n t s ,  w e  f i n d  t h a t  s tudded  t ires a r e  by no means 
a s  s a f e  a s  c la imed.  

T h i s  p r e s e n t s  on ly  t h e  e f f e c t  o f  s tudded  t ires d u r i n g  
w i n t e r  t i m e .  When w e  ana lyze  a c c i d e n t  f i g u r e s  on w e t  roads  
and e roded  r o a d s ,  w e  can see f u r t h e r  n e g a t i v e  i n f l u e n c e  on 
t r a f f i c .  The a c t u a l  r a t e  o f  t r a f f i c  a c c i d e n t s  on w e t  roads  
i n c r e a s e d  by 30 p e r c e n t  d u r i n g  t h e  e r a  o f  s t udded  t ires.  
F i n a l l y ,  t h e r e  a r e  o t h e r  n e g a t i v e  i n f l u e n c e s  which have n o t  
been proved w i t h i n  t h e  framework o f  t h i s  s t udy .  The m e r e  
i n c r e a s e d  number o f  r oad - r epa i r  s i tes n a t u r a l l y  c ause s  more 
a c c i d e n t s .  Th i s  i s  an  example o f  t h e  s t u d i e s  c a r r i e d  o u t  
i n  r e c e n t  y e a r s .  

The development o f  road  e r o s i o n  took twelve  t o  t h i r t e e n  
y e a r s ,  and t h i s  shows t h e  long-term e f f e c t s  o f  s t udded  t i r e  
use .  Road s u r f a c e s  i n  A u s t r i a  today a r e  much dense r  t h a n  
e a r l i e r ,  and t h e r e f o r e  by f a r  more dangerous in . t e rms  of 
s k i d d i n g ,  a s  was shown by ano the r  su rvey .  The o l d  roads  had 
more a i r p o c k e t s ,  b u t  now more b ind ing  a g e n t s ,  e . g .  Bitumen, 
a r e  added i n  o r d e r  t o  improve f r i c t i o n  t o  some e x t e n t .  Be-  
cause  o f  t h i s ,  r oad  s u r f a c e s  a r e  now o i l i e r  and s l i p p e r i e r .  
Even i f  s t udded  t ires a r e  banned now, f o r  t h e  n e x t  twenty 
y e a r s  w e  w i l l  have t o  p u t  up w i t h  less f r i c t i o n  on some roads .  
These f i n d i n g s  w i l l  p robably  f i n d  p r a c t i c a l  a p p l i c a t i o n  i n  . 

A u s t r i a ,  Germany, and Swi t ze r l and  i n  t h e  'banning of  s t udded  
t ires.  

R e f e r r i n g  t o  t h e  p r e s e n t a t i o n s  o f  t h i s  morning, I s h a l l  
now p r e s e n t  an example which p o i n t s  o u t , , o n  t h e  one hand,  how 
wrong t h e  i n t e r p r e t a t i o n  o f  a c c i d e n t  s t a t i s t i c s  can be, and,  
on t h e  o t h e r  hand,  how d i f f i c u l t  i t  i s  t o  t e a c h  d r i v e r s  t6  
p r even t  a c c i d e n t s .  On t h e  ave r age ,  i t  t a k e s  approx imate ly  
t h i r t y  y e a r s  o f  normal d r i v i n g  t o  g e t  i nvo lved  i n  an a c c i d e n t  
where peop le  a r e  i n j u r e d .  The re fo r e  many t h e o r e t i c a l  models 
based  on such r a r e  e v e n t s  have t o  be p u t  i n t o  q u e s t i o n .  Here, 
n e a r  Laxenburg, w e  ana lyzed  a s i t e  where a sudden group o f  
s i x t e e n  t r a f f i c  a c c i d e n t s  had occu r r ed  w i t h i n  a p e r i o d  o f  
e i g h t  months. These were caused by t h e  f a c t  t h a t  on t h i s  
s i t e ,  t h e  c o e f f i c i e n t  o f  f r i c t i o n  o f  t h e  road  s u r f a c e  had 
d imin i shed .  Th i s  cou ld  n o t  have been known by t h e  d r i v e r s  
s i n c e  t h e  road  s u r f a c e  d i d  n o t  look any d i f f e r e n t .  T h i s  
cause  does  n o t  appear  anywhere i n  t h e  a c c i d e n t  r e c o r d s  s i n c e  
it i s  n o t  obvious  t o  a policeman. I n a t t e n t i o n  o r  s k i d d i n g  
were given a s  r e a s o n s  ( u n f o r t u n a t e l y ,  speed does  n o t  appear  
on o u r  a c c i d e n t  forms) t o g e t h e r  w i t h  o t h e r  a c c i d e n t  circum- 
s t a n c e s .  But t h e  r e a l  r eason  f o r  t h e  a c c i d e n t s  was t h a t  t h e  
road  s u r f a c e  had l o s t  i t s  g r i p ;  t h i s  was shown by o u r  f i n a l  
measurements. The d r i v e r s  cannot  a d j u s t  t o  t h i s  s i t u a t i o n  
s i n c e  they  do n o t  have t h e  i n fo rma t ion .  T h i s  p o i n t s  o u t  t h e  



thought  t h a t  it i s  p o s s i b l e  t h a t  thorough t r a i n i n g  r e a c t i o n s  
can perhaps be  improved. 

A second survey h a s  been completed which, w e  hope, w i l l  
soon l e a d  t o  g u i d e l i n e s  f o r  p r a c t i c a l  a p p l i c a t i o n ,  namely 
t h e  survey on s a f e t y  and flow of t r a f f i c .  A g r e a t  d e a l  is  
be ing  s a i d  about  t h e  i n f l u e n c e  of  driveways and t h e  f a c t  t h a t  
t r a f f i c  and roads  r e p r e s e n t  an environmental  hazard ( b u t  very 
l i t t l e  i s  be ing  s a i d  about t h e  f a c t  t h a t  t h e  environment has  
an e q u a l l y  d i s t u r b i n g  i n f l u e n c e  on t h e  flow of t r a f f i c ) .  The 
normal Aus t r ian  f e d e r a l  roads a r e  be ing  used a s  p r i v a t e  acces s  
roads  i n  t h e  f i r s t  phase of t h e  p r o j e c t  because l e g a l  regula -  
t i o n s  a r e  l ack ing  and it i s  very inexpensive and s imple  t o  
g e t  t o  o n e ' s  house from a  f e d e r a l  road.  Once a  person has  
a  house he  can a l s o  a f f o r d  a  c a r ,  and then  he is  d i s t u r b e d  by 
t h e  t r a f f i c  pas s ing  nearby,  though when he began it was an 
advantage t o  be  a b l e  t o  b u i l d  a  house cheaply o f f  t h e  f e d e r a l  
road.  

Today about 30 p e r c e n t  of a l l  Aus t r ian  f e d e r a l  roads  have 
houses b u i l t  a longs ide ,  and t h e  consequences of  t h i s  set t le-  
ment p a t t e r n  w i th  regard  t o  t r a f f i c  eng inee r ing  had t o  be 
examined i n  t h e  course  of t h i s  r e sea rch .  I t  tu rned  o u t  t h a t  
one s i n g l e  acces s  t o  a  house causes  t h e  same d i s tu rbance  t o  
t h e  flow of t r a f f i c  a s  an i n c r e a s e  i n  t r a f f i c  by t h i r t y  e x t r a  
c a r s  p e r  hour ,  i . e .  t h e  same reduc t ion  i n  t r a f f i c  speed a s  an 
i n c r e a s e  i n  t r a f f i c  d e n s i t y  i n  t h i s  a r e a .  

The methodology of t h i s  r e s e a r c h  f o r  us  was t o  b u i l d  a  
s imu la t ion  model of t h e  t r a f f i c  flow and t h e  r e s p e c t i v e  d i s -  
t u r b i n g , . f a c t o r s  on t h e  b a s i s  of p r a c t i c a l  measurements and 
f i x  t h e  i n f l u e n c e ,  f o r  example, of t h e  hindrance p r o b a b i l i t y  
on t r a f f i c  a c c i d e n t s  based on examinations of  acc iden t s .  W e  
d i scovered  t h a t  an i n c r e a s e  of '1 p e r c e n c  i n  t h e  hindrance 
p r o b a b i l i t y  causes  an i n c r e a s e  o f .  0 . 4  t r a f f i c  acc iden t s  p e r  
y e a r  p e r  k i lome te r  of road. I f  you i n c r e a s e  house e n t r i e s  
o v e r o n e  k i lome te r  from 0 t o  60,  t h e  speed which had been 
80 km/h w i l l  be  reduced t o  50 km/h. 

With t h i s  q u a n t i f i c a t i o n  of nega t ive  i n f l u e n c e s  it was 
p o s s i b l e  t o  work o u t  g u i d e l i n e s  f o r  t h e  p lanning  eng inee r  
and f o r  t h e  t r a f f i c  t e c h n i c i a n  i n  o r d e r  t o  enable  them t o  
make c l e a r  d e c i s i o n s .  I hope I have given you a  s h o r t  over-  
view of  t h e  a c t i v i t i e s  o f  t h e  i n s t i t u t e  a s  f a r  a s  they  a r e  
be ing  c a r r i e d  o u t  i n  t h e  Kuratorium. 



Discuss ion  

M r .  A. A f i f i  

I have s e v e r a l  q u e s t i o n s  on t h e  p o i n t  o f  o r g a n i z a t i o n .  
From t h e  Kura to r ium's  p o i n t  o f  view o r  you r  p e r s o n a l  p o i n t  
o f  view, what do you t h i n k  o f  t h e  o r g a n i z a t i o n  o f  s a f e t y  
e f f o r t s  i n  g e n e r a l  i n  A u s t r i a ?  

M r .  H .  Knof lacher  

Th i s  i s  an  e a s y  q u e s t i o n ,  b u t  it i s  n o t  s o  e a s y  t o  
answer.  I f  you have been a c t i v e  i n  t h e  f i e l d  o f  t r a f f i c  
s a f e t y  f o r  a  long  t i m e  t h e n  you know very  w e l l  t h e  weak p o i n t s  
o f  t h e  system. I t  i s  d i f f i c u l t  t o  t a k e  an unbiased and ob j ec -  
t i v e  s t a n d  toward you r  own e s t a b l i s h e d  sys tem,  even i f  you a r e  
f a m i l i a r  w i t h  o t h e r  t r a f f i c  and o r g a n i z a t i o n  sys tems.  The 
d i f f i c u l t y ,  which i s  n o t  on ly  l i m i t e d  t o  A u s t r i a ,  i s  t h a t  t h e  
p a t h  from s c i e n t i f i c  f i n d i n g s  t o  t h e  a p p l i c a t i o n  o f  t h e s e  
s c i e n t i f i c  f i n d i n g s  i s  prolonged by a  g r e a t  many o b s t a c l e s  
and h e s i t a t i o n s ,  sometimes o f  a  p u r e l y  formal  and n o t  func- 
t i o n a l  n a t u r e .  T h i s  t i m e  span o f  d e l a y  may amount from two 
t o  t e n  y e a r s  and more. 

One example i s  t h e  q u e s t i o n  o f  s e a t  belts.  T h i s  q u e s t i o n  
was v igo rous ly  pushed by t h e  Kuratorium. W e  ho ld  workshops 
such a s  t h i s  one today  on s p e c i a l  t o p i c s  w i t h  d i f f e r e n t  p a r t i c -  
i p a n t s  eve ry  y e a r  o r  two, and a s  e a r l y  a s  t h e  beg inn ing  of  t h e  
1960 ' s  t h e s e  workshops d e a l t  w i t h  t h e  q u e s t i o n  of  s a f e t y  bel ts .  
You know o u r  s i t u a t i o n  today:  w e  have n o t  reached t h e  p o i n t  
Sweden h a s  reached ,  i .e .  mandatory s e a t  b e l t  wear ing,  which 
a t t e s t s  t o  t h e  d i f f i c u l t i e s  and t h e  u n s a t i s f a c t o r y  s i t u a t i o n  
from a  s c i e n t i f i c  p o i n t  o f  view. 

There i s  a  second d i f f i c u l t y  w i t h  r e q a r d  t o  o r g a n i z a t i o n  
o f  t r a f f i c  p o l i c e .  R e p r e s e n t a t i v e s  o f  e v e r y  coun t ry  complain 
abou t  t h i s ,  b u t  i n  A u s t r i a ,  i f  one compares t h e  s i t u a t i o n  t o  
t h e  FRG, t h e  measuring i n s t rumen t s  o f  o u r  p o l i c e  a r e  by f a r  
worse.  There a r e  on ly  a  few speed measuring j n s t rumen t s ,  and 
even i f  t h e y  a r e  a v a i l a b l e  t h e y  a r e  r a r e l y  used.  Th i s  canno t  
be s t a t e d  g e n e r a l l y ,  a s  t h e r e  a r e  v a r i a t i o n s  among t h e  p rov ince s .  
I n  o u r  a r e a ,  Vienna,  w e  have  problems i n  t r a f f i c  s a f e t y  i n  t h a t  
it i s  d i f f i c u l t  t o  o b t a i n  a  b lood  a l c o h o l  t es t  i f  t h e r e  i s  a  
t r a f f i c  a c c i d e n t  i n v o l v i n g  a  drunken,  i n j u r e d  road u s e r .  It 
i s  t h e r e f o r e  n o t  o n l y  t h e  wish  o f  t r a f f i c  e n g i n e e r s  b u t  a l s o  
t h e  wish  o f  p s y c h o l o g i s t s  and t h e  Kuratorium t o  improve t h e  
c o n t r o l  measures,  f o r  example, by b r e a t h  a n a l y s i s .  The l e g a l  
framework does n o t  e x i s t .  

R e f e r r i n g  t o  t h e  p r e s e n t a t i o n s  o f  t h i s  morning, most o f  
t h e  o t h e r  q u e s t i o n s  a r e  s i m i l a r  t o  t h o s e  i n  o t h e r  c o u n t r i e s .  
W e  have no s t a t i c  t r a f f i c  sys tem b u t  a  sys tem t h a t  i n t e r a c t s  
w i t h  t h e  d a t a  o f  t h e  s t r u c t u r e .  The q u e s t i o n  o f  p u b l i c  



t r a n s p o r t a t i o n  v e r s u s  i n d i v i d u a l  t r a f f i c  i s  s i m i l a r  t o  t h a t  
i n  o t h e r  c o u n t r i e s .  Due t o  t h e  e x i s t e n c e  and usage of  
p r i v a t e  c a r s  t h e  s t r u c t u r e  o f  o u r  c i t i e s  ha s  changed t o  such 
an e x t e n t  t h a t  today it i s  n e a r l y  impossible  t o  c r e a t e  a  
u se fu l  and economic p u b l i c  c i t y  t r a n s p o r t a t i o n  system. Of 
cou r se ,  t h e r e  a r e  t h e  400 t o  500 new improvements be ing  made 
on p u b l i c  t r a n s p o r t a t i o n  sys tems,  b u t  b a s i c a l l y  t h e  improve- 
ment, which would a l s o  be  an improvement i n  t h e  a r e a  of  
t r a f f i c  s a f e t y ,  would have t o  s t a r t  w i th  t h e  b a s i c  concept ion 
of o u r  c i t i e s .  

M r .  A. A f i f i  

I know t h a t  you have a  g r e a t  many a c t i v i t i e s  on an 
i n t e r n a t i o n a l  l e v e l .  Would you c a r e  t o  s ay  a  l i t t l e  more 
about them? 

M r .  H .  Knof lacher  

The Kuratorium f u r  Ve rkeh r s s i che rhe i t  is t h e  i n t e r n a t i o n a l  
r e p r e s e n t a t i v e  w i t h i n  t h e  D I R  documentat ion,  and it sends  
permanent r e p r e s e n t a t i v e s  t o  t h e  r e s e a r c h  groups of  t h e  OECD. 
Almost a l l  r e sea rch  teams of t h e  OECD i nc lude  one member o f  
t h e  Kuratorium who coopera tes  i n  t h e  s e v e r a l  c h a p t e r s  o f  t h e  
r e sea rch  r e p o r t  which t h e  OECD r e s e a r c h  groups a r e  supposed 
t o  produce. I n  a d d i t i o n ,  t h e  Kuratorium has  r e p r e s e n t a t i v e s  
i n  ECE and is  i n  c l o s e  c q n t a c t  w i th  t h e  P R I  and IRF and main- 
t a i n s  permanent c o n t a c t s  w i th  r e sea rch  groups abroad j u s t  l i k e  
any o t h e r  s c i e n t i f i c  body. 



D i r e c t i o n s  f o r  Future  Research i n  

T r a f f i c  S a f e t y  

A.  A f i f i  

The s tudy  of t r a f f i c  s a f e t y ,  w e  b e l i e v e ,  can b e n e f i t  
from t h e  sys tem-ana ly t ic  approach due t o  t h e  complex n a t u r e  
of t h i s  f i e l d .  Previous  a t tempts  i n  t h i s  d i r e c t i o n  have 
tended t o  d e s c r i b e  t r a f f i c  a s  a  driver-vehicle-environment 
system. Some add "organiza t ion"  a s  a  f o u r t h  component. 

Some o f  t h e  f a c t o r s  a f f e c t i n g  t h e  d r i v e r  a r e :  

- educa t ion ,  

- demographic f a c t o r s ,  

- p h y s i c a l  and mental  f i t n e s s ,  

- judgment under stress, 

- l i c e n s i n g  procedures ,  

- age l i m i t s  on d r i v i n g .  

Fac to r s  a f f e c t i n g  t h e  v e h i c l e  inc lude :  

- body des ign ,  

- o p e r a t i o n a l  c o n t r o l s ,  

- s a f e t y  d e v i c e s ,  

- motor power, 

- cond i t i on ,  

- i n s p e c t i o n s .  

Among t h e  environmental  f a c t o r s  a re :  

- road cond i t i on  and des ign ,  

- t r a f f i c  d e n s i t y ,  

- p e d e s t r i a n s ,  

- animals  , 
- weather cond i t i ons ,  

- a i r  and n o i s e  p o l l u t i o n ,  

- t r a f f i c  laws and enforcement. 



It i s  c l e a r  t h a t  t h e s e  a r e a s  a r e  ove r l app ing  and t h a t  many 
f a c t o r s  be long  t o  more t h a n  one a r e a .  

The q u e s t i o n  i s  how t o  d e s c r i b e  t h e  e f f e c t s  o f  each  of  
t h e s e  f a c t o r s  and t h e  i n t e r a c t i o n s  among them. To i l l u s t r a t e  
t h e  complexi ty  o f  t h e  answer t o  t h i s  q u e s t i o n  w e  select a  
f a i r l y  s imple  t a s k ,  namely, s t e e r i n g  a  c a r  i n  a  a r t i c u l a r  
geomet r i c  p a t h  ( a  road)  on a  p l ane .  Hoffmann [14f a t t emp ted  
a  sys tems a n a l y s i s  i n  t h i s  t a s k .  H e  s t a t e s :  

I n  t h i s  sys tem t h e  d r i v e r  views t h e  road  i n  
f r o n t  o f  him and dec ide s  what a c t i o n  is nec- 
e s s a r y  f o r  him t o  fo l l ow  t h e  road  curve .  The 
d r i v e r  may use  h i s  p a s t  expe r i ence  i n  d e c i d i n g  
t h i s  a c t i o n  and t h u s  may reduce  t h e  t i m e  de- 
l a y s  i n  t h e  sys tem due t o  h i s  r e a c t i o n  t i m e ,  
d e c i s i o n  t i m e ,  e tc .  . . . . [H] i s  movements and 
a p p l i e d  f o r c e s  a r e  f e d  v i a  t h e  s t e e r i n g  
sys tem. .  . t o  t h e  f r o n t  wheels  o f  t h e  c a r .  
The t y r e s  deve lop  s i d e  f o r c e s  and a f t e r  a  
s h o r t  i n t e r v a l .  . . t h e  v e h i c l e  responds  t o  
t h e  d r i v e r ' s  s t e e r i n g  wheel i n p u t  .... The 
d r i v e r  o b t a i n s  i n fo rma t ion  abou t  t h e  o u t p u t ,  
o r  r e sponse ,  o f  t h e  c a r ,  from s e v e r a l  s o u r c e s .  
These s o u r c e s  a r e  . . . (  a )  t h e  d r i v e r ' s  view o f  
t h e  road  ahead. .  .. ( b )  Those i n h e r e n t  i n  t h e  
c a r  o n l y .  The d r i v e r ' s  i n fo rma t ion . .  . comes 
from. . . t h e  l a t e r a l  f o r c e  on t h e  d r i v e r  and 
h i s  v i s u a l  s e n s a t i o n s  of  a n g u l a r  v e l o c i t y  ... 
[and] ( c )  comparat ive  measure. .  . i .e. t h e  
r e l a t i v e  b e a r i n g  between t h e  v e h i c l e  ' s  a c t u a l  
p a t h  and i t s  in t ended  pa th .  The d r i v e r  u se s  
t h i s  feedback in fo rmat ion  t o  compare t h e  s t a t e  

' o f  t h e  sys tem wi th  t h a t  which he  d e s i r e s .  I f  
a  d i f f e r e n c e  e x i s t s ,  t h e  d r i v e r  can make f u r t h e r  
c o r r e c t i o n s  s o  t h a t  t h e  e r r o r  between h i s  de- 
s i r e d  p a t h  ... and t h e  p a t h  o f  t h e  v e h i c l e  i s  
minimised. 

H e  t h en  proceeds  t o  d e s c r i b e  t h e  many v a r i a b l e s  which 
a f f e c t  t h e  components o f  t h e  sys tem and t h e  i n t e r a c t i o n s  ( o f  
v a r i o u s  o r d e r s )  among them. 

I f  w e  m u l t i p l y  t h i s  t a s k  many f o l d ,  w e  beg in  t o  r e a l i z e  
t h e  magnitude o f  t h e  problem w e  have chosen t o  s t u d y  h e r e .  
Indeed ,  some sys tems a n a l y s t s  doubt  t h a t  conven t i ona l  t ech-  
n iques  a r e  a p p l i c a b l e ,  w i t h o u t  m o d i f i c a t i o n ,  t o  t r a f f i c  
s a f e t y .  Exper ienced r e s e a r c h e r s  i n  t h i s  f i e l d  a r e  convinced 
t h a t  no s i n g l e  f a c t o r  can be s t u d i e d  i n  i s o l a t i o n .  Each i s  
a f f e c t e d  by and i n t e r a c t s  w i t h  some o t h e r  f a c t o r s .  

Aga ins t  t h i s  background,  w e  s h a l l  p o i n t  o u t  s e l e c t e d  
a r e a s  i n  which f u t u r e  sys tems r e s e a r c h  may be promis ing 



and r e f e r  t o  some prev ious  r e sea rch  e f f o r t s .  The s e l e c t i o n  
of  t h e  a r e a s  i s  based on t h e  s p e c i a l  importance we a t t a c h  
t o  them. 

Dr ive r s  T r a i n i n s  and Education 

There is consensus t h a t  much a t t e n t i o n  must be given 
t o  r e sea rch  i n t o  d r i v e r s  t r a i n i n g  programs. For example, 
t h e  OECD [23] r e p o r t  e n t i t l e d  "Driver  Behaviour" sugges t s  
t h r e e  major r e sea rch  programs, wi th  one e x c l u s i v e l y  devoted 
t o  " t a s k s  and methods of  d r i v e r  educa t ion .  I' Marek and 

, Goldste in  19, 101 , A.D. L i t t l e  1171 , Forbes [8] , 
McGuire Sten C20i 181 and numerous o t h e r  a d m i n i s t r a t o r  and r e s e a r c h e r s  
a l l  concur. However, t h e r e  i s  no consens& ; a s  t o  t h e  
e f f e c t i v e n e s s  of  d r i v e r s  educa t ion  programs. 

S k e l l y  [25] compared t h e  a c c i d e n t  r eco rds  of  t h r e e  
c l a s s e s  of f i r s t  y e a r  d r i v e r s :  t h o s e  t r a i n e d  i n  d r i v i n g  
schoo l s  on ly ,  t h o s e  t r a i n e d  by f r i e n d s  and r e l a t i v e s  on ly ,  
and t h o s e  t r a i n e d  by a  combination of t h e  two methods. H e  
found t h a t  t h e  lowes t  average number of  mi les  d r iven  p e r  
acc iden t  occu r s  w i th  t h e  group t r a i n e d  by d r i v i n g  schools .  
McGuire [18], a f t e r  long s tudy  of  acc iden t  r eco rds ,  no ted  
t h a t  whi le  o f f i c i a l  r eco rds  i n d i c a t e  t h e  s u p e r i o r i t y  of fo r -  
mal t r a i n i n g ,  examination of  c o n f i d e n t i a l  i n t e rv i ews  r e v e a l s  
no s i g n i f i c a n t  d i f f e r e n c e  between formal and p r i v a t e  t r a i n i n g .  
Golds te in  [9], on t h e  o t h e r  hand, c r i t i c i z e d  McGuire's,  and 
o t h e r s  ' , work f o r  be ing  nonexperimental  and,  sometimes, quas i -  
s c i e n t i f i c .  Thus, he concludes t h a t  t h e r e  i s  no "case"  a g a i n s t  
d r i v e r s  educa t ion  b u t  recommends t h a t  more r e sea rch  work be  
c a r r i e d  ou t .  

Seve ra l  p roposa l s  have been pu t  forward t o  upda te -and  
improve e x i s t i n g  e d u c a t i o n a l  programs. For '  example, Marek 
and Sten [20] sugges ted  a  program which s t r e s s e s  t h e  systems 
n a t u r e  of t r a f f i c .  Golds te in  [lo] , a f t e r  reviewing t h e  
l i t e r a t u r e ,  urged t a i l o r i n g  educa t iona l  programs t o  i n d i v i d -  
u a l  needs and concen t r a t i ng  on f a c t o r s  p r o b a b i l i s t i c a l l y  
r e l a t e d  t o  s a f e t y .  A d i f f e r e n t  approach t o  d r i v e r s  educa t ion  
i s  motivated by t h e  f a c t  t h a t  t h e  r a t e  of  occurrence of  acc i -  
d e n t s ,  a s  a  func t ion  of  yea r s  of  d r i v i n g ,  i s  very h igh  i n  t h e  
f i r s t  f o u r  y e a r s ,  t a p e r i n g  o f f  around t h e  s i x t h  o r  seventh  
yea r s .  Munsch [21, 221 argues  t h a t  it may be p o s s i b l e  t o  by- 
pass  t h e s e  e a r l y  h igh - r i sk  y e a r s  by adopt ing  a  b u i l t - u p  
(Aufbau) program, commencing i n  t h e  preschool  yea r s  and con- 
t i n u i n g  throughout t h e  l i f e  of t h e  d r i v e r .  Two o t h e r  a s p e c t s  
of  d r i v e r s  t r a i n i n g  a r e  t h e  adopt ion of  p r o v i s i o n a l  l i c e n s e s  
and t h e  q u e s t i o n  of  f  i r s t - a i d  educa t ion .  

The foregoing  d i s c u s s i o n  i n d i c a t e s  t h a t  many of  t h e  
i s s u e s  r e l a t e d  t o  d r i v e r s  educa t ion  a r e  by no means s e t t l e d .  



Furthermore ,  promis ing i n n o v a t i v e  programs must be s u b j e c t e d  
t o  s c i e n t i f i c  t e s t i n g  b e f o r e  any b e n e f i t s  may be  a s c e r t a i n e d .  

D r i v e r  L i cens ing  

P o l i c i e s  r e g a r d i n g  i s s u i n g  and renewing d r i v i n g  l i c e n s e s  
va ry  wide ly  i n  d i f f e r e n t  c o u n t r i e s .  For  example, w h i l e  most 
US s t a t e s  and some c o u n t r i e s  r e q u i r e  a  reexaminat ion t o  renew 
t h e  l i c e n s e ,  none i s  r e q u i r e d  i n  most European c o u n t r i e s .  I n  
s p i t e  o f  t h e  u r g e n t  need t o  e v a l u a t e  t h e  e f f e c t s  o f  t h e s e  pol -  
ic ies ,  ve ry  l i t t l e ,  i f  any,  r i g o r o u s  s c i e n t i f i c  examina t ion ,  
comparat ive  o r  o t h e r w i s e ,  e x i s t s .  However, t r a f f i c  s a f e t y  
a d m i n i s t r a t o r s  a r e  compelled t o  make d e c i s i o n s  u s i n g  whatever  
i n fo rma t ion  t h a t  i s  a v a i l a b l e  t o  them. An a t t emp t  t o  system- 
a t i z e  t h e  d e c i s i o n  p r o c e s s  r ega rd ing  l i c e n s i n g  p o l i c i e s  was 
d e s c r i b e d  by Chapman [3]. H e  r e p o r t e d  t h e  f i n d i n g s  o f  a  
seven-man committee which c o n s i s t e d  o f  s c i e n t i s t s  and prac-  
t i t i o n e r s  r e p r e s e n t i n g  law, sys tems a n a l y s i s ,  psychology,  
s o c i o l o g y ,  e d u c a t i o n ,  and d r i v e r  l i c e n s i n g  a d m i n i s t r a t i o n .  
The s t u d y  group 

... recommends, f o r  c o n t i n u i n g  e v a l u a t i o n  o f  
d r i v e r - l i c e n s i n g  programs, a  p lanning-feed-  
back-change (PFC) p l a n ,  t h a t  resembles  t h e  
planning-programming-budgeting sys tems (PPBS) 
now b e i n g  used by many f e d e r a l  and s t a t e  
agenc i e s .  

The PFC approach i s  by no means an ea sy  cure-  
a l l  b u t ,  a s  a  management t e chn ique ,  it pro-  
v i d e s  t h e  p o t e n t i a l  f o r  s e v e r a l  v i t a l  accom- 
p l i shmen t s  : 

' o .Focusing programs on s p e c i f i c  p u b l i c  g o a l s ,  

o  R e o r i e n t i n g  everyone ' s viewpoint  ( i n c l u d i n g  
t h e  p u b l i c  a t  l a r g e )  toward t h e  p u b l i c  g o a l s ,  

o  I n t e g r a t i n g  t h e  f u n c t i o n s  o f  a l l  agenc i e s  
concerned , 

o Cont inu ing  feedback t o  show program e f f e c -  
t i v e n e s s  and c o s t s ,  

o  Exposing t h e  c o s t / e f f e c t i v e n e s s  charac -  
t e r i s t i c s  o f  a l t e r n a t i v e  p r a c t i c e s  by 
means o f  t e c h n i c a l  a n a l y s i s .  

Moreover, PFC methods can p rov ide  t h e  d e c i s i o n  
maker w i t h  a  wider  range o f  meaningful  a l t e r n a -  
t i v e s  from which t o  choose: 

o  By expanding t h e  t i m e  frame i n  which he  
can a c t ,  

o  By b u i l d i n g  an  e x p l i c i t  framework i n  



which i s s u e s  can be argued on a  pro- 
g r e s s i v e l y  more f a c t u a l  b a s i s .  

The committee a rgues  t h a t  

1. The NHSB1s [US Na t iona l  Highway S a f e t y  
~ u r e a u ]  need f o r  g e t t i n g  answers of imrnedi- 
a t e  va lue  t o  h e l p  s o l v e  t h e  growing t r a f f i c  
s a f e t y  program is  recognized,  b u t  ready 
answers a r e  j u s t  n o t  a v a i l a b l e .  

2 .  Research f i n d i n g s  t o  d a t e  show: t h a t  
improving t r a f f i c  s a f e t y  i s  a  system prob- 
l e m ;  t h a t  t h e r e  i s  a  l ack  o f  d e f i n i t i v e  
r e sea rch  r e s u l t s  f o r  d e f i n i n g  v a r i a b l e s  
of  d r i v e r  p r o f i c i e n c y  and f o r  i n f l u e n c i n g  
and c o n t r o l l i n g  d r i v i n g  behavia r ;  and t h a t  
t h e r e  i s  a  need f o r  p o s i t i v e  methods f o r  
improving d r i v i n g  behavior .  

3 .  The c u r r e n t  s t a t u s  of  d r i v e r - l i c e n s i n g  
programs i n d i c a t e s :  t h a t  t h e r e  a r e  many 
troublesome p r a c t i c a l  problems ( l a c k  o f  
conformance t o  t r a f f i c  laws; a  s i g n i f i c a n t  
f r a c t i o n  o f  t h e  p u b l i c  d r i v e s  w i thou t  
l i c e n s e s ,  w i th  i l l e g a l  l i c e n s e s ,  o r  w i th  
l i c e n s e s  suspended o r  revoked; almost  h a l f  
t h e  a c c i d e n t s  in.volve d r i v e r s  w i th  l e g a l  
l i c e n s e s  and no v i o l a t i o n s  on . t h e i r  r e c e n t  
d r i v e r  r e c o r d )  ; t h a t  t h e  p u b l i c  expec t s  
government agenc ies  t o  admin i s t e r  neces- 
s a r y  s o c i a l  c o n t r o l s  w i th  a  minimum ,o f  
i n t e r f e r e n c e  wi th  i n d i v i d u a l  freedom; 
and t h a t  t h e r e  a r e  many d i v e r s e  s t r a t e g i e s  
f o r  improving d r i v i n g  behavior .  

4 .  Among t h e  cons ide ra t ions  i n  s e l e c t i n g  
an e v a l u a t i o n  p l an  a r e :  it must be diag-  
n o s t i c  i n  t h e  con tex t  of t h e  t o t a l . t r a f f i c  
s a f e t y  program; it must d e a l  w i th  compart- 
mental ized,  s t a t i c  programs t h a t  do n o t  
s u f f i c i e n t l y  emphasize t r a f f i c  s a f e t y :  it 
must r e c o n c i l e  d i f f e r e n c e s  between p r a c t i -  
t i o n e r s  and s c i e n t i s t s ;  it must improve 
programs by gradua l  development; it must 
f i n d  more e f f e c t i v e  ways of i n f l u e n c i n g  
and c o n t r o l l i n g  d r i v i n g  behavior ;  it  must 
make t h e  problem of  c o n t r o l l i n g  d r i v i n g  
behavior  more r e sea rchab le ;  and it must 
have s u f f i c i e n t  impact on management t o  
i n i t i a t e  a  sys t ema t i c ,  r a t i o n a l  p rocess  
o f  change. 



5 .  The r ea sons  f o r  s e l e c t i n g  t h e  PFC 
approach t o  e v a l u a t i o n  i n c l u d e :  t h a t  
it d e a l s  w i t h  t h e  c o n s i d e r a t i o n s  i n  4 
above; t h a t  it has  p o t e n t i a l  f o r  i n i t i -  
a t i n g  and ma in t a in ing  a  p roce s s  of  
s o c i a l  change; and t h a t  it t a k e s  a  p rac -  
t i c a l  approach t o  overcoming, p o l i t i c a l ,  
l e g a l ,  and s o c i a l  o b s t a c l e s  t o  improve- 
ment. 

6 .  The sho r t - t e rm  i m p l i c a t i o n s  o f  u s i n g  
t h e  PFC approach t o  e v a l u a t i o n  a r e :  t h a t  
i t  o f f e r s  t h e  p o s s i b i l i t y  f o r  g r e a t e r  
p a r t i c i p a t i o n  of  p r o f e s s i o n s  and d i s c i -  
p l i n e s  i n  t h e  development p r o c e s s ;  t h a t  it 
o r i e n t s  e v a l u a t i o n  l o c a l l y ;  and t h a t  it 
p rov ide s  a  b e t t e r  b a s i s  f o r  f e d e r a l  s t a t e  
r e l a t i o n s .  

7. The long-term i m p l i c a t i o n s  of u s ing  PFC 
methods a r e :  t h a t  t h e  PFC approach encour-  
ages  t h e  use  o f  t e c h n i c a l  a n a l y s i s ;  t h a t  it 
makes p o s s i b l e  r a t i o n a l  p l ann ing  f o r  t h e  
f u t u r e ;  and t h a t  it can  enhance t h e  q u a l i t y  
o f  l i f e  p rov ided  t o  t h e  d r i v i n g  p u b l i c .  

8.  I n  o r d e r  t o  mob i l i z e  human r e s o u r c e s  f o r  
improving d r i v e r - l i c e n s i n g  programs,  it i s  
neces sa ry  t o  : r e o r i e n t  d r i v e r - l i c e n s i n g  
pe r sonne l  and upgrade t h e i r  q u a l i f i c a t i o n s ;  
make an R & D program an i n t e g r a l  p a r t  o f  
d r i v i n g  l i c e n s i n g ;  e s t a b l i s h  a  p l ann ing  
board  f o r  e f f e c t i v e  c o o r d i n a t i o n  t o  t h e  
a c t i v i t i e s  o f  s t a t e  agenc i e s  concerned w i t h  
t r a f f i c  s a f e t y  and o t h e r  p r o f e s s i o n s  and 
d i s c i p l i n e s  ; and p rov ide  e x p l i c i t  and 
v i s i b l e  . i n fo rma t ion  feedback t o  o t h e r  
a g e n c i e s ,  p r o f e s s i o n s ,  and change agen t s  
i n  s o c i e t y .  

W e  a g r e e  w i t h  t h e  committee abou t  t h e  need f o r  b a s i n g  
d e c i s i o n s  on s c i e n t i f i c  e v a l u a t i o n  and feedback.  Unfo r tuna t e ly ,  
t h e  committee l e a v e s  t h e  q u e s t i o n  of  "how" unanswered. 

One o f  t h e  r e l a t e d ,  and much deba ted ,  q u e s t i o n s  i s  
whether  t o  b a s e  l i c e n s i n g  p o l i c i e s  on t h e  d r i v e r s '  a c c i d e n t  
r e c o r d s .  A s t u d y  of " a c c i d e n t  proneness  and d r i v e r  l i c e n s e  
programs" was r e p o r t e d  by Campbell and Levine [2] . They 
emphasize t h a t  t h e  p a s t  d r i v e r s '  a c c i d e n t  r e c o r d  is  of  ve ry  
l i t t l e  use  i n  i d e n t i f y i n g  d r i v e r s  i nvo lved  i n  f u t u r e  a c c i d e n t s .  
For  example, i n  t h e  s t a t e  o f  North C a r o l i n a ,  d r i v e r s  i nvo lved  
i n  an a c c i d e n t  d u r i n g  t h e  y e a r s  1969-70 c o n s t i t u t e d  11 p e r c e n t  
of  a l l  l i c e n s e d  d r i v e r s .  Those 11 p e r c e n t  accounted f o r  on ly  



19 p e r c e n t  of t h e  acc iden t s  occu r r ing  i n  t h e  nex t  two y e a r s ;  
s t i l l  81 pe rcen t  o f  t h e  acc iden t s  w e r e  n o t  accounted f o r  by 
t h e  p a s t  a c c i d e n t  record .  More e l a b o r a t e  " acc iden t  proneness" 
p r o f i l e s  y i e l d  s i m i l a r l y  i n e f f e c t i v e  p r e d i c t i o n s .  They 
conclude,  a s  many o t h e r s  have done, t h a t  

... some people have more than  t h e i r  s h a r e  
of a c c i d e n t s  i n  consecut ive  t ime p e r i o d s .  
However, t h e s e  people a r e  a  smal l  p a r t  of 
t h e  t o t a l  problem, and cannot be i d e n t i f i e d  
wi th  enough accuracy.  Desp i te  t h e  appea l  
i n  s ea rch ing  f o r  a  r e l a t i v e l y  few d r i v e r s  
whom w e  might e r roneous ly  assume a r e  
caus ing  a  l a r g e  p a r t  of o u r  problem, we 
must con t inue  t h e  sys t ema t i c  programs 
aimed a t  t h e  road,  t h e  c a r ,  and above a l l  
t h e  normal b u t  f a l l i b l e  d r i v e r .  

I n  t h i s  s p i r i t ,  t h e  OECD r e p o r t  [23] recommends s e v e r a l  
behav io ra l  s t u d i e s  aimed a t  a  t a s k  a n a l y s i s  of t h e  t r a f f i c  
system i n  o r d e r  t o  poss ib ly  i d e n t i f y  c e r t a i n  p a t t e r n s  i n  need 
of mod i f i ca t ion .  Another t o p i c  r e l a t e d  t o  l i c e n s i n g  i s  t h a t  
of i n i t i a l  and p e r i o d i c  medical  examinat ions  of d r i v e r s .  
Many r e s e a r c h e r s  have s t u d i e d  t h e  e f f e c t s  o f  c e r t a i n  medical 
cond i t i ons  on t h e  d r i v e r s '  f i t n e s s  ( c f .  Haddon e t  a l .  [12] . 
However, l i t t l e  s y s t e m a t i c  e v a l u a t i o n  of  t h e  r e l a t i o n s h i p  
between medical  f i t n e s s  and t r a f f i c  s a f e t y  has  been c a r r i e d  
o u t .  This  a r e a  should  b e  s u b j e c t  t o  f u r t h e r  r e s e a r c h ,  i n -  
c lud ing  t h e  procedure  f o r  s t a t i n g  t h e  l i c e n s e  a p p l i c a n t ' s  
p h y s i c a l  and mental  h e a l t h  s t a t u s .  

T r a f f i c  S a f e t y  Campaigns 

Propaganda i s  an obvious p o s s i b l e  means of i n f l u e n c i n g  
d r i v i n g  behavior .  S a f e t y  campaigns r e l y i n g  on mass media of  
communication have been employed o c c a s i o n a l l y  w i th  t h e  hope 
of e f f e c t i n g  s p e c i f i c  o r  gene ra l  changes i n  d r i v e r s '  behav- 
i o r .  For example, a  "Safe Driving Campaign" was launched i n  
1955 on t h e  i n i t i a t i v e  of t h e  then  US P r e s i d e n t  Eisenhower 
( s e e  Blumenthal [l 1 .  The campaign appealed t o  t h e  moral 2 and s o c i a l  du ty  o  road u s e r s  t o  ensure  s a f e  d r i v i n g  behav- 
i o r .  The high p o i n t  of t h e  campaign was a  " s a f e t y  Driving 
Day." Griep [11] ~ j r o t e ,  

For a  month b e f o r e  t h e  Sa fe ty  Driving Day 
and du r ing  t h e  month t h a t  fol lowed,  no 
expense o r  e f f o r t  was spa red  t o  b r i n g  t h e  
message of  ' a  day wi th  no a c c i d e n t s '  home 
t o  every road-user through t h e  media of 
p r e s s ,  r a d i o ,  TV,  p o s t e r s ,  s t i c k e r s ,  match 
boxes,  b u t t o n s ,  b r a c e l e t s  and even ' S a f e t y  
Day' ba l loons .  



The r e s u l t s  a l l  ove r  t h e  country  were 
r a t h e r  d i s appo in t ing .  On S a f e t y  Day 
i t s e l f  t h e r e  was one road dea th  more 
than  on t h e  corresponding day i n  t h e  
prev ious  yea r ;  and over  t h e  whole 
campaign p e r i o d  (November and December) 
t h e  number of  dea ths  was 10-12% up t o  
t h e  same months of  t h e  preceding yea r .  

The d i f f i c u l t y  w i th  t h i s  campaign was 
t h a t  t h e  theme i n  f a c t  t o l d  t h e  d r i v e r  
no th ing .  The message t h a t  was be ing  p u t  
over  d i d  n o t  remove u n c e r t a i n t y  i n  h i s  
mind ( i n  t h e  sense  t h a t  t h e  person 
hea r ing  it now ended up knowing whether 
he was a c t i n g  ' f o r '  o r  ' a g a i n s t '  s a f e t y  
on t h e  r o a d ) .  

Even i f  t h i s  were s o ,  t h e  message--which 
was appea l ing  s o l e l y  t o  t h e  motivation--  
gave no in format ion  on what t h e  d e s i r a b l e  
l i n e  of behaviour was. 

On t h e  o t h e r  hand, a  s i m i l a r  mass campaign was launched 
i n  Sweden du r ing  t h e  p e r i o d  of changing t r a f f i c  from a  l e f t -  
handed t o  a  r ight-handed system (1966-1967). A dramat ic  drop 
i n  a c c i d e n t  r a t e s  was observed i n  t h e  y e a r  fo l lowing  t h e  
change. However, t o o  many f a c t o r s  were i n t e r a c t i n g  wi th  
d r i v e r  behavior  t o  a l low t h e  conclusion t h a t  t h e  drop was 
due t o  t h e  s a f e t y  campaign. 

Evidence of t h e  e f f e c t i v e n e s s  of  " h o r r o r  appea ls"  i n  
specia l -purpose campaigns i s  s i m i l a r l y  i nconc lus ive .  Ea r ly  
r e p o r t s ,  e. g. J a n i s  and Feshbach [15] , suggested t h a t  t h i s  
t a c t i c  a c t u a l l y  reduced t h e  e f f e c t i v e n e s s  of t h e  campaign. 
More r e c e n t  s t u d i e s  ( e .g .  F i s c h e r  e t  a l .  [7] ) i n d i c a t e d  a  
f avo rab le  e f f e c t ,  wh i l e  o t h e r s  ( e .g .  Higbee El31 found no 
compell ing evidence e i t h e r  f o r  o r  a g a i n s t  t h i s  technique.  
Mackie and Va len t ine  [19], i n  an a t t empt  t o  r e s o l v e  t h e  , 

q u e s t i o n ,  conducted a  c o n t r o l l e d  experiment i n  which i n t e r -  
views and obse rva t ions  w e r e  c a r r i e d  o u t .  They s t a t e :  

I n  conc lus ion  then it has  been shown t h a t  
a l though s u b j e c t s  t h i n k  t h a t  t h e  more 
h o r r i f y i n g  m a t e r i a l  would be more e f f e c t i v e ,  
obse rva t ion  s t u d i e s  of a c t u a l  behaviour have 
shown t h a t  t h i s  i s  n o t  t h e  c a s e ,  t h a t  i n  
f a c t  a  s t r a i g h t f o r w a r d  p r e s e n t a t i o n  of  t h e  
f a c t s ,  a t  l e a s t  i n  t h e  con tex t  of  road 
s a f e t y ,  can be e q u a l l y  and p o s s i b l y  more 
s u c c e s s f u l  i n  b r ing ing  about  a  behaviour  
change. 



On t h e  more g e n e r a l  ques t ion  o f  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  campaigns, Griep [11] makes t h e  fo l lowing  
remarks : 

1. Knowledge o f  t h e  psychology of  
d r i v i n g  behaviour  i s  incomplete and 
does n o t  i n  f a c t  deserve  t h e  name i f  
it i s  t o  be  l i m i t e d  t o  cond i t i ons  
e x i s t i n g  ' i n s i d e '  t h e  d r i v e r .  

2. Compared t o  o t h e r  o p p o r t u n i t i e s  f o r  
i n f l u e n c i n g  d r i v i n g  behaviour ,  i n  p a r t i c -  
u l a r  t h o s e  i nvo lv ing  ' e x t e r n a l '  circum- 
s t a n c e s ,  present-day road s a f e t y  propa- 

' ganda o f f e r s  l i t t l e  hope of  b r ing ing  
about  any app rec i ab l e  r educ t ion  i n  
t r a f f i c  a c c i d e n t s .  

3 .  I t  i s  assumed t h a t  s a f e t y  propaganda 
can be e f f e c t i v e  wi th  road-users i n  i n -  
c r e a s i n g  t h e i r  knowledge and a p p r e c i a t i o n  
of  t h e  c i rcumstance t h a t  a f f e c t  d r i v i n g  
behaviour (and t h u s  road s a f e t y )  . 
4 .  The c i rcumstances  t h a t  have an e f f e c t  
on t h i s  behaviour  a r e  n o t ,  however, ex- 
c l u s i v e l y  under c o n t r o l  by t h e  road-user;  
i f  road s a f e t y  propaganda i s  t o  be 
c a r r i e d  o u t ,  it must n o t  be d i r e c t e d  
( s o l e l y )  towards t h e  road-user . 
5 .  Where t h e r e  i s  lack  o f  adequate 
knowledge a s  t o  d r i v i n g  behaviour and 
t h e  c i rcumstances  t h a t  i n f l u e n c e  it, 
then  propaganda should c r e a t e  oppor- 
t u n i t i e s  f o r  i n c r e a s i n g  t h i s  knowledge. 

6 .  Knowledge on road behaviour  and 
t h e  c i rcumstances  t h a t  i n f l u e n c e  it 
can be gained from s c i e n t i f i c  r e sea rch .  

Road-user E r r o r s  

A promising a r e a  o f  r e sea rch  i s  t h e  a n a l y s i s  of common 
road-user e r r o r s .  An i n t e r e s t i n g  s tudy  i s  r e p o r t e d  by 
Clayton [4 ] .  A team con ta in ing  a medical  eng inee r ,  a  surgeon,  
a t r a f f i c  eng ineer  and a psychologis t  i n v e s t i g a t e d  210 
a c c i d e n t s  sampled from t h o s e  which occur red  between 8 a.m. 
and 12 midnight i n  Worces te rsh i re ,  U . K .  T h e i r  on-the-scene 
i n v e s t i g a t i o n s  u s u a l l y  took p l a c e  w i t h i n  twenty minutes of 
t h e  occurrence o f  an a c c i d e n t  and concent ra ted  on f i n d i n g  
those  road-user e r r o r s  which most l i k e l y  c o n t r i b u t e d  t o  
caus ing  t h e  a c c i d e n t .  They c l a s s i f i e d  t h e  main e r r o r s  and 
t h e i r  frequency a s  fol lows:  



Although more s e n s i t i v e  techniques  could  have been used 
f o r  d a t a  a n a l y s i s ,  t h i s  approach seems t o  be a good opening 
f o r  a promising r e s e a r c h  a r e a .  Furthermore, s tudy  o f  "near-  
a c c i d e n t s "  may a l s o  be h igh ly  in format ive .  

Accident R e ~ o r t i n s  

Average 
Age 

36 

3 6 

25 

25 

36 

32 

36 

Type of E r r o r  

F a i l u r e  t o  look 

Misperception 

Excess ive  Speed 

Panic  Reaction 

Other  

T o t a l  E r r o r  

No E r r o r  

I n  most c o u n t r i e s  of  t h e  world ,  a c c i d e n t  d a t a ,  when they  
e x i s t ,  a r e  s c a t t e r e d  among p o l i c e  a u t h o r i t i e s ,  h o s p i t a l ,  and 
in su rance  companies. Even i n  a t i g h t l y  organized  country  
such a s  Sweden, E r l ande r  [5] observes  marked d i s a r r a y  of 
s t a t i s t i c a l  d a t a ,  w i th  on ly  h a l f  o f  t h e  i n j u r e d  persons  
recorded by h o s p i t a l s  be ing  r e p o r t e d  t o  t h e  p o l i c e  (Thorson 
[26]) and on ly  20 p e r c e n t  of  t h e  a c c i d e n t s  r e p o r t e d  t o  
i n su rance  companies be ing  r epo r t ed  t o  t h e  p o l i c e  (Larusson 
and Rempler 1161 ) . Simi l a r ,  and o f t e n  worse,  s i t u a t i o n s  
e x i s t  i n  o t h e r  c o u n t r i e s  ( s e e ,  e . g .  S c o t t  and C a r r o l l  L24] ) . 

Percen t  of  Occurrence 

15 

10 

1 4  

5 

10 

5 4  

46 

There a r e  a l s o  v a r i a t i o n s  among c o u n t r i e s  i n  t h e  d a t a  
source  used f o r  compiling s t a t i s t i c a l  r e p o r t s .  While most 
c o u n t r i e s  u t i l i z e  t h e  p o l i c e  r e p o r t s  f o r  s t a t i s t i c a l  pur- 
poses ,  I t a l y  relies on d a t a  compiled by t h e  r e g i o n a l  
s t a t i s t i c a l  a u t h o r i t i e s .  The p o l i c e  r e p o r t s ,  i n  t u r n ,  a r e  
sometimes based on t h e i r  own i n v e s t i g a t i o n  on ly  and some- 
t i m e s  i n c o r p o r a t e  h o s p i t a l  i n v e s t i g a t i o n s  a s  w e l l  (see 
Table 1) .  

Glar ing  i n c o n s i s t e n c i e s  i n  b a s i c  d e f i n i t i o n s  a l s o  e x i s t .  
For i n s t a n c e ,  Belgium d e f i n e s  a t r a f f i c  f a t a l i t y  a s  one 
occu r r ing  on t h e  scene o f  t h e  a c c i d e n t  and Canada a l lows  a 
f u l l  y e a r ,  whi le  most European c o u n t r i e s  use  a 30 day c u t -  
o f f  p e r i o d  (see Table 2 ) .  
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Table  2 

I t  i s  i n  t h i s  a r e a  t h a t  c o n s t r u c t i v e  s u g g e s t i o n s  t o  r e m -  
edy t h e  confus ion  may b e  e a s i e s t  t o  f o r m u l a t e .  F o r  example,  
a  c o n f e r e n c e  on uni form d e f i n i t i o n s  r e l a t i n g  t o  t r a f f i c  
a c c i d e n t s ,  i n  t h e  manner i n  which r o a d  s i g n s  w e r e  s t a n d a r d i z e d ,  
may be  f r u i t f u l .  An amalgamation of p o l i c e ,  h o s p i t a l ,  and 
i n s u r a n c e  r e c o r d s  may b e  e f f e c t e d .  The use  of p r o b a b i l i t y  
sampl ing  may a l s o  b e  adop ted  t o  g a i n  a  more r e p r e s e n t a t i v e  
p i c t u r e  of  t h e  a c c i d e n t  p o p u l a t i o n  (see, e. g. E r l a n d e r  [5] ) . 
However, t h e  d i £ f i c u l t y  l ies  i n  implementing such t h e o r e t i -  
c a l l y  u s e f u l  p l a n s .  I t  may w e l l  b e  t h a t  b e t t e r  o r g a n i z a t i o n  
o f  t r a f f i c  s a f e t y  e f f o r t s  is  t h e  f i r s t  c o n s t r u c t i v e  s t e p  
toward  t r a f f i c  s a f e t y .  

Country 

A u s t r i a  

Belgium 

Canada 

France  

I t a l y  

P o r t u g a l  

Spain  

S w i t z e r l a n d  

9 O t h e r s  

T r a f f i c  F a t a l i t y  i f  Death 
w i t h i n  (days)  

3 

0  

36 5 

6 

7 
a 

1 

0 -03 

30 
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R.  Andreasson 

M r .  Andreasson d i scussed  some o t h e r  a r e a s  i n  need of 
a d d i t i o n a l  a c t i o n  and research .  On t h e  s u b j e c t  of f i r s t  a i d ,  
he s a i d  t h a t  many a c c i d e n t  v i c t ims  a r e  dead on a r r i v a l  a t  t h e  
h o s p i t a l ,  perhaps because elementary f i r s t  a i d  procedures  
were n o t  adminis te red  t o  them i n  t ime a t  t h e  scene  of  t h e  
acc iden t .  He r e p o r t e d  t h a t  it had beerL e s t ima ted  by WHO 
t h a t  2 0  p e r c e n t  o f  t h e  l i v e s  of  t r a f f i c  a c c i d e n t  v i c t ims  
can be saved i f  p roper  f i r s t  a i d  is  given on t h e  s p o t .  He 
mentioned t h e  r e s u l t s  of a  s tudy  showing t h a t  a  lower percen t -  
age of d r i v e r s  i n  Sweden c a r r y  f i r s t  a i d  k i t s  i n  t h e i r  c a r s  
t han  i n  Germany, presumably because i n  Germany t h e r e  i s  a  
law r e q u i r i n g  t h i s ,  b u t  n o t  i n  Sweden. Furthermore,  he s a i d  
t h a t  p u b l i c  op in ion  p o l l s  i n d i c a t e d  acceptance of t h i s  law 
i n  Germany and acceptance of  t h e  i d e a  of i n t roduc ing  such a  
law i n  Sweden. However, M r .  Andreasson no ted  t h a t  a  ma jo r i t y  
of t h e  d r i v e r s  f e l t  t h a t  they have inadequate  knowledge of  
t h e  use of f i r s t  a i d  procedures  and t h a t  they would welcome 
f u r t h e r  educa t ion  on t h e  s u b j e c t .  He t h u s  suggested t h a t  
f i r s t  a i d  should  be a  s t a n d a r d  p a r t  of d r i v e r  educa t ion  and 
examination.  

M r .  Andreasson then  moved t o  t h e  s u b j e c t  of  medical  
cond i t i ons .  He mentioned t h a t  i l l n e s s e s  a r e  seldom repor t ed  
a s  t h e  cause  of an acc iden t .  I n  s p i t e  of  some o b j e c t i o n s ,  
h e  f e e l s  t h a t  medical  examinations should be adminis te red  t o  
p rospec t ive  d r i v e r s  i n  o r d e r  t o  i d e n t i f y  p o s s i b l e  hazardous 
cond i t i ons .  For example, i n  most European c o u n t r i e s ,  d i a -  
b e t i c s  a r e  a l lowed t o  d r i v e  p r i v a t e  c a r s  b u t  n o t  t r u c k s  o r  
buses s i n c e  they  must adhere t o  a  t r ea tmen t  and d i e t  schedule .  
However, it  was found t h a t  d i a b e t i c  d r i v e r s ,  once informed 
of t h i s  cond i t i on ,  tended t o  d r i v e  on ly  when they f e l t  f i t .  
M r .  Andrgasson s a i d  t h a t  t h i s  warning t o  t h e  d r i v e r s  can be 
extended t o  s e v e r a l  medical  cond i t i ons  and should be t h e  
r e s p o n s i b i l i t y  of t h e  phys ic ians .  He s t a t e d  t h a t  g u i d e l i n e s  
a s  t o  p o l i c i e s  regard ing  medical  cond i t i ons  should be 
i nco rpo ra t ed  i n t o  new r u l e s  and what t h e  medical  cond i t i on  
means from t h e  p o i n t  of  s a f e  d r i v i n g  must be s u b j e c t e d  t o  
sys tem-ana ly t ic  r e sea rch  because t h e  knowledge on t h i s  
s u b j e c t  i s  very l i m i t e d .  

The t h i r d  s u b j e c t  d i s cus sed  by M r .  Andreasson was t h a t  
of t h e  p r o v i s i o n a l  d r i v e r s  l i c e n s e .  He mentioned t h e  f a c t  
t h a t  some European c o u n t r i e s  g r a n t  a  temporary l i c e n s e  t o  



d r i v e  f o r  a  c e r t a i n  pe r iod  of t ime,  a f t e r  completion of 
which a  permanent l i c e n s e  i s  gran ted  i f  t h e  d r i v e r ' s  i n t e r i m  
record  i s  s a t i s f a c t o r y .  M r .  Andrgasson f e l t  t h a t  t h i s  can 
be a  h e l p f u l  mechanism f o r  a s s e s s i n g  t h e  d r i v e r s '  behavior  
e a r l y  enough t o  remedy p o s s i b l e  accident-causing t endenc ie s ,  
a  s t e p  which may s i g n i f i c a n t l y  reduce t h e  number of acc iden t s  
occu r r ing  e a r l y  i n  t h e  d r i v e r s '  c a r e e r s .  He a l s o  mentioned 
t h e  i d e a  of  making it mandatory f o r  t h e  d r i v e r  t o  d r i v e  
c e r t a i n  d i s t a n c e s  and pas s  a  f i n a l  t e s t  b e f o r e  t h e  permanent 
l i c e n s e  i s  g ran ted .  M r .  Andreasson emphasized t h a t  t h i s  
q u e s t i o n  i s  p a r t  of t h e  l a r g e r  ques t ion  of l i c e n s i n g  proce- 
dures  i n  gene ra l  and t h a t  t h e  systems approach should  be 
app l i ed  t o  s e t t l e  t h e  ques t ion  and come up wi th  uniform 
procedures  t o  be adopted i n  Europe, because t r a f f i c  s a f e t y  
i s  no longer  a  n a t i o n a l  concern a s  t h e  road t r a f f i c  has  become 
i n c r e a s i n g l y  more i n t e r n a t i o n a l .  



M. Thompson 

The fol lowing is a  c l a s s i f i c a t i o n  of s a f e t y  r e sea rch  
w i t h i n  t h e  p o l i c y  con tex t .  I t  i s  designed t o  s t r u c t u r e  t h e  
open a r e a s  of  road s a f e t y  r e sea rch  wi th  r e s p e c t  t o  i t s  u l t i -  
mate g o a l s  of  reducing t h e  inc idence  and s e v e r i t y  of a c c i d e n t s .  
The var ious  open a r e a s  i d e n t i f i e d  by prev ious  speakers  may 
be gauged a g a i n s t  t h e  c r i t e r i a  under lying t h i s  c l a s s i f i c a t i o n  
scheme. 

1. Hypothesis gene ra t ion .  W e  have s t r e s s e d  t h e  need 
f o r  an i n v e n t i v e ,  uncons t ra ined  sea rch  f o r  p o s s i b l e  p o l i c y  
remedies t o  t h e  causes  of a c c i d e n t s .  Imagination h e r e  i s  
e s s e n t i a l  and i s  u s e f u l l y  a b e t t e d  by planned and s t r u c t u r e d  
i n q u i r y  i n t o  t h e  f a c t o r s  involved o r  i n t e r connec ted  i n  a c c i -  
d e n t s .  Such sea rches  might comprise s t a t i s t i c a l  demographic 
e x p l o r a t i o n s  focus ing  on acc iden t  involvement o r  non-involve- 
ment. A l t e r n a t i v e l y ,  in-depth in t e rv i ews  w i t h  a c c i d e n t  
p a r t i c i p a n t s  might provide va luab le  c l u e s  f o r  p o t e n t i a l  
p o l i c y  guidance.  The immediate o b j e c t  of  t h e  s ea rches  
cannot  be  f i rm  unders tanding of acc iden t  causa t ion  b u t  w i l l  
i n s t e a d  be i d e n t i f i c a t i o n  of p l a u s i b l e  hypotheses concerning 
t h a t  causa t ion .  The types  of  hypotheses t h a t  might be  gen- 
e r a t e d  would cover:  suggested o u t l i n e s  of  p e r s o n a l i t y  pro- 
f i l e s  prone t o  a c c i d e n t s ;  i n d i c a t i o n s  t h a t  c e r t a i n  d r i v e r  
h a b i t s ,  p r e -d r iv ing  a c t i v i t i e s ,  o r  momentary a c t i o n s  du r ing  
d r i v i n g  l e a d  t o  a c c i d e n t s  ; p o s s i b l e  c a r  mod i f i ca t ions  t h a t  
might reduce acc iden t  damage; and h i n t s  t h a t  common environ- 
mental  f e a t u r e s  a r e  l i n k e d  t o  p a t t e r n s  of  acc iden t  occurrence 
o r  s e v e r i t y .  

2 .  Hypothesis  conf i rmat ion.  The gene ra t ion  of hypoth- 
eses should be fol lowed by t e s t i n q  t o  determine t h e i r  v a l i d i t y .  
Optimal t e s t i n g  b r i n g s  i n t o  play a b a t t e r y  o f  procedures  which 
a r e  s e q u e n t i a l l y  employed u n t i l  adequate in format ion  f o r  
acceptance o r  r e j e c t i o n  of t h e  hypotheses i s  ob ta ined .  The 
choice  of a p p r o p r i a t e  tes t  a t  a  given t i m e  depends on t h e  
c u r r e n t  s t a t e  of knowledge and upon t h e  c o s t s  of  a l t e r n a t i v e  
methods. One should never  spend more upon any r e sea rch  
t r i a l  than  t h e  expec ted  in fo rma t iona l  b e n e f i t  i n  p o l i c y  t e r m s  
t a k i n g  i n t o  account t h e  p r o b a b i l i t y  t h a t  t h e  hypothes i s  i s  
t r u e  and t h e  p r o b a b i l i t y  t h a t  e f f e c t i v e  p o l i c y  a c t i o n s  can 
t a k e  advantage of t h i s  knowledge. Genera l ly ,  t h e  i n i t i a l  
t e s t  should comprise assessment of a l r e a d y  a v a i l a b l e  knowledge 



and d a t a  upon t h e  hypo thes i s .  When a  f i r m e r  unders tand ing  i s  
r e q u i r e d  b e f o r e  a c t i o n  can be t aken  o r  t h e  h y p o t h e s i s  i s  
r e j e c t e d ,  t h e  s a f e t y  r e s e a r c h e r  must choose among a l t e r n a t i v e  
ways of  o b t a i n i n g  f u r t h e r  in format ion .  Laboratory  e x p e r t s ,  
d r i v i n g  s i m u l a t i o n s ,  an i n t e r v i e w  series, o r  t a r g e t e d  da ta -  
g a t h e r i n g  e f f o r t s  may each i n  v a r i o u s  c i rcumstances  r e p r e s e n t  
t h e  most c o s t - e f f e c t i v e  way t o  v e r i f y  t h e  hypo thes i s .  

3 .  P o l i c y  exper imenta t ion .  Even b e f o r e  a  hypo thes i s  i s  
f i n a l l y  confirmed o r  r e j e c t e d ,  p o l i c y  expe r imen ta t i on  may be  
under taken t o  determine whether i t s  p o s s i b l e  v a l i d i t y  can be  
t h e  b a s i s  f o r  c o r r e c t i v e  p o l i c y  meas i res .  I f ,  f o r  example, 
it i s  suspec t ed  t h a t  f a t i g u e  i s  a  f a c t o r  i n  a c c i d e n t s ,  r e s e a r c h  
might i n v e s t i g a t e  whether v a r i o u s  ways o f  combat t ing fa t igue- -  
perhaps  e a t i n g  candy, t o  i n c r e a s e  b lood s u g a r  o r  l i s t e n i n g  t o  
a n t i - s o p o r i f i c  music o r  i n s u r i n g  a  f low of  f r e s h  a i r - - a r e  
e f f e c t i v e .  Other  i n s t a n c e s  o f  p o l i c y  expe r imen ta t i on  a r e  
t h e  a c t u a l  c a r  c r a s h e s  w i th  dummy occupants  des igned  t o  tes t  
whether  s e a t  b e l t s  o r  a i r  bags  can reduce t h e  i n j u r i e s  i n c u r r e d .  
I n  t h e  ca se  of  a l c o h o l ,  t h e  b a s i c  hypo thes i s  o f  i t s  con t r i bu -  
t i o n  t o  a c c i d e n t s  h a s  been s o  s o l i d l y  confirmed t h a t  f u r t h e r  
s t u d i e s  upon t h e  hypo thes i s  a r e  no l onge r  u s e f u l .  I n s t e a d  
emphasis shou ld  be  p l aced  upon i n v e n t i n g  and t e s t i n g  o u t  ways 
f o r  c o n t r o l l i n g  t h e  t r a f f i c  hazard  it poses .  

4 .  P o l i c y  e v a l u a t i o n .  The on ly  l e v e l  a t  which conc lu s ive  
v e r i f i c a t i o n  t h a t  a  p o l i c y  i s  b e n e f i c i a l  may be  o b t a i n e d  i s  t h e  
assessment  o f  i t s  a c t u a l  implementat ion.  ~ h u s  even i f  it i s  
shown t h a t  candy reduces  f a t i g u e  o r  t h a t  s e a t  b e l t s  l i m i t  
i n j u r y ,  p o l i c i e s  b u i l t  around t h e s e  f a c t s  a r e  no t  a u t o m a t i c a l l y  
e f f e c t i v e .  The candy may n o t  be e a t e n  o r  t h e  s e a t  b e l t s  n o t  
f a s t e n e d .  Even i f  m o t o r i s t s  do comply w i t h  t h e  p o l i c i e s ,  t hey  
may be  s u f f i c i e n t l y  emboldened by knowledge o f  t h e i r  g r e a t e r  
s e c u r i t y  t o  d r i v e  j u s t  enough f a s t e r  t h a t  no r e d u c t i o n  of  
a c c i d e n t  i n j u r y  i s  ach ieved .  The s t a t i s t i c a l l y  i d e a l  test  
i s  through random s e p a r a t i o n  o f  t h e  popula t ion--perhaps  by 
i n d i v i d u a l ,  perhaps  by local i ty--whereupon a l t e r n a t i v e  p o l i c i e s  
a r e  implemented and t h e i r  e f f e c t s  measured. Unfor tuna te ly ,  t h e  
expense o f  t h i s  procedure-- in terms of money, t i m e  and procedur-  
a l  compl ica t ion- -of ten  r ende r s  it i n f e a s i b l e .  When one p o l i c y  
i s  b e l i e v e d  s a f e r ,  s o c i a l  d e c i s i o n  makers a r e  unders tandab ly  
a v e r s e  t o  t e s t i n g  o u t  t h e  a p p a r e n t l y  less s a f e  a l t e r n a t i v e .  
Th i s  s i t u a t i o n  r e q u i r e s  t h a t  a n a l y s t s  make t h e  most of  i n f o r -  
mation becoming n a t u r a l l y  a v a i l a b l e .  Changes i n  p o l i c y  shou ld  
be  s c r u t i n i z e d  ove r  t i m e  t o  see whether  t h e y  e f f e c t  improve- 
ments i n  v a r i o u s  t y p e s  o f  a c c i d e n t s .  M u n i c i p a l i t i e s  va ry  i n  
t h e i r  t r a f f i c  codes ,  automobi les  a r e  d i f f e r e n t l y  eng inee red ,  
and t h e  t r a f f i c  environments a r e  n o t  homogeneous. Met iculous  
examinat ion of  t h e s e  d i f f e r e n c e s  may o f t e n  r e v e a l  t h e  e f f e c t s  
o f  v a r i o u s  laws,  automobile c o n s t r u c t i o n ,  and road planning.  




