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ALCOHOL AND ROAD ACCIDENTS 

A discussion of the Grand Rapids study 

A B S T R A C T  

In an I n d i a n a  U n i v e r s i t y  s t u d y  led  by P r o f e s s o r  R. F .  B o r k e n s t e i n ,  
d r i v e r s  i n v o l v e d  in a c c i d e n t s  in G r a n d  R a p i d s ,  M i c h i g a n  f r o m  J u l y ,  1962 
to June ,  19S3 w e r e  c o m p a r e d  wi th  a c o n t r o l  g r o u p  of  d r i v e r s .  O b s e r v a -  
t ions  w e r e  a n a l y s e d  wi th  r e s p e c t  to n ine  v a r i a b l e s ,  one  of w h i c h  w a s  the  
b lood  a l c o h o l  l eve l .  A c c i d e n t  r i s k  w a s  found  to v a r y  s i g n i f i c a n t l y  w i t h  
e a c h  v a r i a b l e ;  in p a r t i c u l a r  i t  w a s  s i g n i f i c a n t l y  h i g h e r  f o r  d r i v e r s  w i t h  
b lood  a l c o h o l  l e v e l s  of 80 m g / 1 0 0  m l  and  a b o v e  t h a n  fo r  t h o s e  w i t h  b l o o d  
a l coho l  l e v e l s  l o w e r  than  10 m g / 1 0 0  ml .  I n f o r m a t i o n  w a s  a l s o  o b t a i n e d  
abou t  m a n y  a s p e c t s  of d r i v e r s '  c o n s u m p t i o n  of a l c o h o l .  

T h e  R e p o r t  c o m p r i s e s  a s u m m a r y  of the  B o r k e n s t e i n  r e p o r t  a n d  
d i s c u s s i o n  of s o m e  of the  m e t h o d s  and r e s u l t s .  D a t a  c o n c e r n i n g  d r i v e r s  
wi th  b lood  a l coho l  l e v e l s  of 10-49 m g / 1 0 0  ml  s u g g e s t ,  g e n e r a l l y  a t  a low 

l e v e l  of s t a t i s t i c a l  s i g n i f i c a n c e ,  t ha t  a c c i d e n t  r i s k  r i s e s  s t e a d i l y  w i t h  
a l coho l  c o n s u m p t i o n ,  but  at  the  s a m e  t i m e  s h o w s  m o r e  c e r t a i n l y  t h a t  
m o r e  f r e q u e n t  d r i n k e r s  have  s i g n i f i c a n t l y  l o w e r  a c c i d e n t  r i s k  t h a n  n o n -  
o r  i n f r e q u e n t  d r i n k e r s .  If the  r i s k  of a c c i d e n t  i n v o l v e m e n t  d u e  to  a l c o h o l  
i n t ake  i s  i g n o r e d  be low  80 m g / 1 0 0  ml ,  a s  a b a s i s  f o r  e s t i m a t i n g  t h e  m i n i -  
m u m  n u m b e r  of a c c i d e n t s  due  to a l c o h o l ,  i t  i s  c a l c u l a t e d  on t h e  b a s i s  of  
the  Gr a nd  R a p i d s  s t u d y  that  t he  n u m b e r  of  d r i v e r s  i n v o l v e d  in a c c i d e n t s  
wou ld  h a v e  b e e n  r e d u c e d  by s ix  p e r  cen t .  F u r t h e r  a n a l y s i s  of  t h e  d a t a  i s  
s u g g e s t e d .  

1. I N T R O D U C T I O N  

In a s tudy  led by  P r o f e s s o r  R. F.  B o r k e n s t e i n ,  t he  D e p a r t m e n t  of  P o l i c e  A d m i n i s t r a -  
t ion of Ind iana  U n i v e r s i t y  e x a m i n e d  the  e f f ec t  of a n u m b e r  of f a c t o r s  on  d r i v e r s '  i n -  
v o l v e m e n t  in r o a d  a c c i d e n t s  in the  c i t y  of G r a n d  R a p i d s ,  M i c h i g a n ,  in  1 9 5 2 - 6 3 .  T h e  
m e t h o d s  and r e s u l t s  a r e  d e s c r i b e d  in an  e x t e n s i v e  p r e l i m i n a r y  r e p o r t .  1 

T h e  R e p o r t  p r o v i d e s  a s u m m a r y  of B o r k e n s t e i n ' s  r e p o r t ,  f o l l o w e d  by  a d i s -  
c u s s i o n  of s o m e  of the  m e t h o d s  and r e s u l t s ,  b a s e d  on a n a l y s i s  c a r r i e d  ou t  a t  t he  
Road  R e s e a r c h  L a b o r a t o r y .  



2. SUMMARY OF THE REPORT ON THE GRAND .RAPIDS STUDY 

2.1  Backg round  

The  r e p o r t  b r i e f l y  r e v i e w s  e a r l i e r  inves t iga t ions  of the effects of alcohol,  in- 
c lud ing  i ts  e f fec t s  on d r iv ing  ski l l  and acc ident  involvement ,  using both l abora to ry  
and s u r v e y  t echn iques .  T h e s e  inves t iga t ions  r evea l ed  the need for an extensive  su r -  
vey  to d e t e r m i n e  the s ign i f i cance  of a lcohol  in r e l a t ion  to all  kinds of road accidents .  

A y e a r ' s  a c c i d e n t s  w e r e  s tudied in the ci ty of Grand Rapids,  Michigan, which 
was  chosen  b e c a u s e  i t  has  a ba lanced  and s teady population (201 000), is d is t inc t  
f r o m  any l a r g e r  conurba t ion ,  and is  la rge  enough to have s eve ra l  thousand accidents  
annual ly .  The c i ty  po l i ce  and a d m i n i s t r a t i o n  w e r e  ready  to co -ope ra t e  in the study 
and m a d e  de t a i l ed  r e c o r d s  of pas t  acc iden t s  avai lable .  

2 .2  Des ign  of the s u r v e y  

Two g roups  of dr i~;ers  w e r e  s e l ec t ed  and compared ;  the acc ident  group cons is t -  
ed of d r i v e r s  involved  in acc iden t s  dur ing  the study year~ and the control  group was 
s e l e c t e d  f r o m  the c i t y ' s  t raf f ic .  

I n f o r m a t i o n  about  e ach  d r i v e r  was obtained by roads ide  in te rv iew and brea th  
s ampl ing .  I n t e r v i e w s  w e r e  conducted  in formal ly ,  but we re  based on ca re fu l ly  des ign-  
ed q u e s t i o n n a i r e s  which  w e r e  sub jec ted  to thorough field t r i a l s  in Bloomington,  
Indiana ,  and f inal  t e s t s  in Grand Rapids .  The cont ro l  group ques t ionna i re  cove red  
t ime ,  p lace ,  road  and t ra f f i c  condi t ions ,  soc ia l  and pe r sona l  information,  purpose  of 
j ou rney ,  and d r i n k i n g  hab i t s .  Fo r  d r i v e r s  involved in acc idents ,  a sho r t e r  ques t ion-  
n a i r e  was  u sed  b e c a u s e  s o m e  of the in format ion  could be obtained f rom police acc i -  
den t  r e c o r d s ;  the s u r v e y  i n t e r v i e w  usua l ly  followed police invest igat ions  at the 
s c e n e  of the acc iden t .  D r i v e r s  w e r e  a s s u r e d  in wr i t ing  that a l l  informat ion given 
would be t r e a t e d  as  conf iden t ia l ,  and w e r e  told that a re fusa l  to co -ope ra t e  was p re -  
f e r r e d  to m i s l e a d i n g  a n s w e r s .  Rapid quest ioning made  sys temat ic  lying difficult .  
BeCause  s o m e  of the ques t i ons  w e r e  pe r sona l ,  i n t e r v i e w e r s  were  t ra ined to adopt a 
pos i t ive ,  s i n c e r e ,  adap tab le  a t t i tude,  avoiding any suggest ion of mora l  judgment of 
d r i v e r s '  a n s w e r s .  

The  i n t e r v i e w e r  was  f r e e  to dec ide  when to ask for  the b rea th  sample ,  which the 
d r i v e r  gave by b r e a t h i n g  out as  deep ly  as  poss ib le  through a dr inking s t r aw into a 
p las t i c  bag. A M y l a r - p o l y e t h y l e n e  bag was  used,  with a capaci ty  cons ide rab ly  g rea t -  
e r  than the v o l u m e  of a i r  r e q u i r e d  to ope ra t e  the b r e a t h a l y s e r .  Brea th  s amples  
w e r e  r e - h e a t e d  to mouth  t e m p e r a t u r e  be fo re  being passed  through the ins t rument ,  
which  was  d e s i g n e d  to give blood a lcoho l  leve ls  c o r r e c t  to 1 mg/100 ml on the bas is  
of the  re la t ion :  

Weight  of a l coho l  p e r  uni t  v o l u m e  of blood _ 2100 
Weight  of a l coho l  p e r  uni t  v o l u m e  of breath--  

The  i n t e r v i e w  and b r e a t h  s a m p l e  toge ther  provided  sufficient  informat ion  for  
the two g roups  o f  d r i v e r s  to be c o m p a r e d  with r e s p e c t  to nine m a j o r  va r i ab l e s ,  
na m e ly :  

2 



Blood a l c o h o l  l eve l  
Age 
E s t i m a t e d  annua l  m i l e a g e  
E duc a t i on  l e ve l  
Race  o r  n a t i o n a l i t y  
M a r i t a l  s t a t u s  
Occupa t ion  s t a t u s  
R e p o r t e d  d r i n k i n g  f r e q u e n c y  
Sex 

The  s u r v e y  was  p r e c e d e d  and a c c o m p a n i e d  by e x t e n s i v e  p u b l i c i t y  in  G r a n d  
Rap ids ,  i n f o r m i n g  and r e a s s u r i n g  the  publ ic ,  and  a p p e a l i n g  f o r  t h e i r  c o - o p e r a t i o n  in  
the  i n t e r e s t s  of r o a d  sa fe ty .  

2 . 3  Se lec t ion  of  the a c c i d e n t  and c o n t r o l  g r o u p s  

Each  r o a d  a c c i d e n t  o c c u r r i n g  in G r a n d  R a P i d s  m u s t  be  r e p o r t e d  to  t he  p o l i c e  a t  
once;  u s u a l l y  the  po l i ce  go s t r a i g h t  to the  s c e n e  of the  a c c i d e n t  to m a k e  a r o u t i n e  
i n v e s t i g a t i o n ,  bu t  if the a c c i d e n t  i s  only  s l igh t ,  the  d r i v e r s  m a y  i n s t e a d  b e  a l l o w e d  to 
m a k e  a ful l  r e p o r t  l a t e r  a t  a p o l i c e  s t a t i on .  Such  a c c i d e n t s  a r e  known  a s  l a t e - r e -  
p o r t e d .  The  a c c i d e n t  g r o u p  c o n s i s t e d  of a l l  d r i v e r s  i n v o l v e d  in  o t h e r  t h a n  l a t e - r e -  
p o r t e d  a c c i d e n t s  in G r a n d  R a p i d s  b e t w e e n  1s t  Ju ly ,  1962 and  30 th  J u n e ,  1963.  P e d e s -  
t r i a n s  i nvo lved  in a c c i d e n t s  w e r e  no t  i n c l u d e d  in the  s t u d y .  

In s e l e c t i n g  the  c o n t r o l  g r o u p  the  a i m  w a s  to o b t a i n  a g r o u p  s i m i l a r  in  s i z e  to  
the  a c c i d e n t  g r o u p ,  and c o n s i s t i n g  of d r i v e r s  w h o s e  e x p o s u r e  to  a c c i d e n t  r i s k  w a s  
s i m i l a r  to tha t  of d r i v e r s  in the  a c c i d e n t  g r o u p .  To  a c h i e v e  t h i s  t h e  r o a d  s y s t e m  of 
the  c i ty  wa s  d i v i d e d  in to  s m a l l  s e c t i o n s  c a l l e d  b l o c k s  (a b l o c k  u s u a l l y  c o m p r i s e d  an  
i n t e r s e c t i o n ,  o r  a l eng th  of r o a d  jo in ing  two i n t e r s e c t i o n s ) .  A p u n c h e d  c a r d  w a s  p r e -  
p a r e d  fo r  e a c h  of the  27000  a c c i d e n t s  o c c u r r i n g  in G r a n d  R a p i d s  b e t w e e n  1 s t  M a y ,  
1959 and 30th A p r i l ,  1962, r e c o r d i n g  the  t i m e ,  d a t e  and  d a y  of w e e k  t h a t  t h e  a c c i d e n t  
o c c u r r e d ,  and  the  b lock  in w h i c h  i t  o c c u r r e d .  T h e  c o n t r o l  g r o u p  w a s  s e l e c t e d  by 

• s topp ing  d r i v e r s  on the r o a d  a t  t i m e s  and  p l a c e s  d e t e r m i n e d  by  d r a w i n g  a c c i d e n t  
c a r d s  f r o m  the  pack  of 27 000. C a r d s  c o r r e s p o n d i n g  to a c c i d e n t s  i n v o l v i n g  b u s e s  
and e m e r g e n c y  v e h i c l e s ,  w h i c h  would  be  d i f f i cu l t  to s t o p  w e r e  r e m o v e d  f i r s t .  

Two t h o u s a n d  c a r d s  w e r e  d r a w n  at  r a n d o m ,  t o g e t h e r  w i t h  a r e s e r v e  of 200, t h e  
u s e  of wh ich  is  d e s c r i b e d  in 2 .4 .  E a c h  c a r d  d e t e r m i n e d  a s a m p l e  s i t e  ( t he  b l o c k  in  
wh ich  the  a c c i d e n t  had o c c u r r e d )  and  a t i m e  of s a m p l i n g  ( the  h o u r  in  w h i c h  the  a c c i -  
den t  had o c c u r r e d ,  on the s a m e  day  of the  w e e k ,  and  a s  n e a r l y  a s  p o s s i b l e  t he  s a m e  
da t e  in the s u r v e y  yea r ) .  Wi th in  t h i s  b l o c k  and  h o u r ,  f o u r  v e h i c l e s  w o u l d  b e  s t o p p e d  
a t  r a n d o m  and t h e i r  d r i v e r s  wou ld  f o r m  the  c o n t r o l  g r o u p ,  g i v i n g  a t o t a l  of  8000 
d r i v e r s .  T h e  d i s t r i b u t i o n  of c o n t r o l  d r i v e r  s e l e c t i o n  in t i m e  a n d  s p a c e  w o u l d  t h e r e -  
f o r e  be s i m i l a r  to that  of a c c i d e n t  r i s k ,  m e a s u r e d  by  t he  o c c u r r e n c e  of a c c i d e n t s  in  
the  t h r e e - y e a r  p e r i o d  May,  1959 to A p r i l ,  1962. 

2 . 4  C o l l e c t i o n  of da ta  

The  s u r v e y  t e a m  cou ld  v i s i t  on ly  two c o n t r o l  s i t e s  in  any  o n e  h o u r ,  b u t  t h e r e  
w e r e  68 h o u r s  in  which  the  s c h e d u l e  d e t e r m i n e d  by t he  2000 a c c i d e n t  c a r d s  r e q u i r e d  

3 



m o r e  t h a n  two s i t e s  to be v i s i t e d .  T h e  t h i r d  and s u b s e q u e n t  c a r d s  f o r  s u c h  h o u r s  
w e r e  r e p l a c e d  f r o m  the  r e s e r v e .  A b o u t  t en  o t h e r  s i t e s  w e r e  r e p l a c e d  f r o m  the  r e -  
s e r v e  b e c a u s e  t r a f f i c  c o n d i t i o n s  m a d e  i t  d a n g e r o u s  to a t t e m p t  to s top  v e h i c l e s .  

O c c a s i o n a l l y  s a m p l i n g  a t  a c o n t r o l  s i t e  w a s  p r e v e n t e d  b e c a u s e  no p o l i c e  o f f i c e r  
w a s  a v a i l a b l e  to  s t o p  the  t r a f f i c ,  o r  b e c a u s e  w e a t h e r  w a s  too s e v e r e ;  in s u c h  c a s e s ,  
s a m p l i n g  w a s  p o s t p o n e d  by one  w e e k  e x a c t l y ,  to the  h o u r .  

If o n e  of t h e  d r i v e r s  s t o p p e d  w a s  w i l l i n g  to c o - o p e r a t e ,  bu t  had  u r g e n t  b u s i n e s s ,  
t h e  i n t e r v i e w e r  t o o k  the  b r e a t h  s a m p l e  and a r r a n g e d  to c o m p l e t e  the  i n t e r v i e w  l a t e r .  
A f e w  s u c h  i n t e r v i e w s  w e r e  no t  c o m p l e t e d ,  and  o t h e r  c o n t r o l  d r i v e r s  ( l e s s  than  one 
p e r  c e n t  of  the  t o t a l )  w e r e  l o s t  b e c a u s e  l e s s  than f o u r  v e h i c l e s  a p p e a r e d  a t  t he  s i t e  
d u r i n g  t h e  h o u r  of  s a m p l i n g .  C o - o p e r a t i o n  w a s  g iven  by m o r e  than  97 p e r  c e n t  of the  
d r i v e r s  in  the  c o n t r o l  g r o u p .  

D u r i n g  the  s u r v e y  y e a r ,  9353 d r i v e r s  w e r e  i n v o l v e d  in a c c i d e n t s  ( o t h e r  than  
l a t e - r e p o r t e d  o n e s ) .  T h e  f i r s t  i n t e n t i o n  w a s  tha t  m o s t  i n t e r v i e w s  of a c c i d e n t - i n -  
v o l v e d  d r i v e r s  w o u l d  be  c a r r i e d  ou t  by  p o l i c e  o f f i c e r s ,  bu t  m o r e  p r e s s i n g  d u t i e s  
o f t e n  p r e v e n t e d  o f f i c e r s  f r o m  c o m p l e t i n g  the  i n t e r v i e w s ;  m o r e o v e r ,  d r i v e r s  w e r e  
u n d e r s t a n d a b l y  m o r e  r e a d y  to c o - o p e r a t e  w h e n  i n t e r v i e w e d  by r e s e a r c h  w o r k e r s .  It 
w a s  t h e r e f o r e  d e c i d e d  t h a t  t he  r e s e a r c h  t e a m  shou ld  c o v e r  a s  m a n y  a c c i d e n t s  a s  
p o s s i b l e ,  bu t  e v e n  t h e n  2764 a c c i d e n t - i n v o l v e d  d r i v e r s  w e r e  not  i n t e r v i e w e d ,  and  a r e  
d e s c r i b e d  a s  m i s s e d .  T h e  a g e  a n d  s e x  d i s t r i b u t i o n s  of the  m i s s e d  d r i v e r s  w e r e  ob-  
t a i n e d  f r o m  p o l i c e  a c c i d e n t  r e p o r t s ,  and  t h e s e  d i s t r i b u t i o n s  d id  not  d i f f e r  s i g n i f i c a n t -  
ly  (a t  t h e  f i ve  p e r  c e n t  l e v e l )  f r o m  t h o s e  of d r i v e r s  who w e r e  i n t e r v i e w e d .  In ana ly -  
s e s  by  v a r i a b l e s  o t h e r  t h a n  a g e  and  s ex ,  m i s s e d  d r i v e r s  h a v e  to be  o m i t t e d  f r o m  the 
a c c i d e n t  g r o u p ,  C o - o p e r a t i o n  w a s  g i v e n  by m o r e  t h a n  95 p e r  c e n t  of t hose  who w e r e  
i n t e r v i e w e d  in t h e  a c c i d e n t  g r o u p .  

T h e  d e s i g n  of the  c o n t r o l  g r o u p  w a s  e x a m i n e d  by  c o m p a r i n g  the  d i s t r i b u t i o n s  of 
t h e  s c h e d u l e d  c o n t r o l  s i t e s  by  h o u r  of day ,  by  day  of w e e k ,  and  by  m o n t h  w i t h  the  c o r -  
r e s p o n d i n g  d i s t r i b u t i o n s  of  a c c i d e n t s  o c c u r r i n g  in t h e s u r v e y  y e a r .  T h e  e f fec t iveness_  
of  t h e  d e s i g n  in  p r a c t i c e  w a s  e x a m i n e d  by c o m p a r i n g  the  c o r r e s p o n d i n g  d i s t r i b u t i o n s  
of c o m p l e t e d  o b s e r v a t i o n s  in  t h e  a c c i d e n t  and  c o n t r o l  g r o u p s .  T h e  d i f f e r e n c e s  b e -  
t w e e n  t he  d i s t r i b u t i o n s  w e r e  c o n s i d e r e d  s m a l l  enough  fo r  the  da t a  to  be a c c e p t e d  
w i t h o u [  a t t e m p t i n g  to c o r r e c t  f o r  t h e m .  j 

2 . 5  S i n g l e - f a c t o r  a n a l y s i s  

F o r  e a c h  of t h e  n i n e  m a j o r  v a r i a b l e s  s e p a r a t e l y , t h e  d i s t r i b u t i o n s  of the  a c c i d e n t  
a n d  c o n t r o l  g r o u p s  w e r e  c o m p a r e d  u s i n g  the  ×2 t e s t .  In  e v e r y  c a s e  the  d i f f e r e n c e  
b e t w e e n  t h e  two d i s t r i b u t i o n s  w a s  s i g n i f i c a n t  at  the  f ive  p e r  c e n t  l eve l ,  s h o w i n g  that  
e a c h  of t h e  n i n e  m a j o r  v a r i a b l e s  i s  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  d i s c r i m i n a t o r  of a c c i -  
d e n t  r i s k .  

O v e r - r e p r e s e n t a t i o n  of  a p a r t i c u l a r  c l a s s  of d r i v e r s  in the  a c c i d e n t  g r o u p ,  c o m -  
p a r e d  w i t h  the  c o n t r o l  g r o u p ,  i n d i c a t e s  tha t  d r i v e r s  in th i s  c l a s s  a r e  s u b j e c t  to a 
h i g h e r  t h a n  a v e r a g e  a c c i d e n t  r i s k .  As  a c o n s e r v a t i v e  m e a s u r e  of such  u n d e r -  o r  
o v e r - r e p r e s e n t a t i o n  t h e  a c c i d e n t  i n v o l v e m e n t  index  Was d e f i n e d  a s  fo l lows :  



Let a i -- number  of accident  d r i v e r s  in c l a s s  i 

c i - number  of control  d r i v e r s  in c l a s s  i 

A - ~ a  i C -- ~ c  i 
i i 

I f  the two groups  we re  s imi l a r l y  d i s t r ibu ted  with r e s p e c t  to the v a r i a b l e  of c l a s -  
sification, the expected number  e i of acc iden t  d r i v e r s  in c l a s s  i would be  

A (a i ÷ ci ) e i - A ÷  C 

Then the acc iden t  involvement  index for  c l a s s  i was  def ined as  

100 (a i - e i) 
I i = 

ei  

i .e .  the number  of acc ident  d r i v e r s  in e x c e s s  (or o the rwi se )  of the e x p e c t e d  n u m b e r ,  
expressed  as a pe rcen tage  of the expected n u m b e r .  The index and i t s  i n t e r p r e t a t i o n  
are  d i scussed  in 3.2.  

The nine p a i r s  of d is t r ibut ions  with va lues  of the acc iden t  i n v o l v e m e n t  index  
a r e  given in Tab les  19 and 21-28 of B o r k e n s t e i n ' s  r epo r t ,  which  p rov ide  the b a s i s  
for  Tables  1-9 of this  Report .  Calcula t ion  of the invo lvement  index r e q u i r e s  g r o u p -  
ing of the h igher  alcohol levels ,  but comple te  d i s t r ibu t ions  of the a c c i d e n t  and con -  
t rol  groups with r e s p e c t  to blood alcohol leve l  in i n t e r v a l s  of 10 m g / 1 0 0  ml  a r e  
given in Table 17 of the Borkens te in  r e p o r t  and Table  10 of th i s  Repo r t .  The  l owes t  
alcohol level  c l a s s  includes  all d r i v e r s  whose blood a lcohol  leve l ,  i n d i c a t e d  by t h e  
b rea tha lyse r ,  was  l e s s  than 10 m g / 1 0 0  m l .  D r i v e r s  with a lcohol  l e v e l s  0-39 m g / 1 0 0  
ml a re  u n d e r - r e p r e s e n t e d  in the acc ident  group,  but o v e r - r e p r e s e n t a t i o n  beg ins  _in 
the 40-49 mg/100 ml  c lass ,  and i n c r e a s e s  r ap id ly  as  the high a lcohol  l e v e l s  a r e  
reached .  By compar ing  each alcohol level  c l a s s  in t u rn  with the 0-9 m g / 1 0 0  m l  c l a s s ,  
the o v e r - r e p r e s e n t a t i o n  of the acc ident  group was  found to be  s ign i f i can t  in the  80-89 
mg/100 ml and higher  c l a s s e s .  

With r e s p e c t  to the other  va r i ab le s ,  the c l a s s e s  o v e r - r e p r e s e n t e d  in the a c c i d e n t  
group were  gene ra l l y  those that had been expected;  the young and the aged,  t hose  
whose annual mi l eage  is low, and those with l i t t le  educa t ion  o r  low occupa t i on  s t a tus .  
However,  the d i s t r ibu t ions  by r e p o r t e d  dr ink ing  f r e q u e n c y  (Table 8) show that  f r e -  
quent and infrequent  d r i n k e r s  a r e  r e spec t i ve ly  unde r  and o v e r - r e p r e s e n t e d  in the 
accident  group.  This  r e su l t  is  d i s cus sed  in 3 .5 .  

Although the analys is  in Borkens t e in ' s  r e p o r t  is  c o n c e r n e d  m a i n l y  wi th  the 
effect of alcohol,  the data provide  equally va luable  i n f o r m a t i o n  about the e f fec t  of 
other va r i ab l e s  on accident  involvement .  

2.6 Two-fac tor  analys is  

The di f ference  between the acc ident  r i s k s  for  d r i v e r s  found in d i f f e r en t  a l coho l  l eve l  
c l a s s e s  may be par t ly  a t t r ibutable  to o ther  v a r i a b l e s ,  b e c a u s e  the g r o u p s  of d r i v e r s  
in different  a lcohol  level  in t e rva l s  wil l  not be m a t c h e d  with  r e s p e c t  to o t h e r  v a r i a b l e s  

5 



Q; 

Q; 

0 

0 

0 
0 

I--,.4 

ul 

0 

b~ 

.< 

4 ~  

°F,.~ 

O 

O 
• ~.,.I 

o ~ . 4  

-~  

0 

~ . ~  
. ~ . . I  

• F=I  . ~...I 

°w..4 

O 

O 

I ~ t o  c~1 ~'~ L"-- ~1 ~ ~lff t ~  CO ~ L'.- ~ ~l~ 
~i~ C'~ ~ ~ L ~" ~ ~'~ O ~ LO 0 ~ ~-~ 

~ ~ M ~ ~ M c,i M M c~ c~ c,i ~ 

L'-, L'-- LO L"- CO O~ ~ ,,-4 C'Q I ~  ~ O0 CO 
. . . . .  ,.~ ,.~ ~ ~ ,~ ,_; 

• • " e  • • • • 

c~1 0 ,-4 0 ¢o  c o  c~ L"- ~-~ " c~1 LO c~  CO 0 
co  ~ ~ LO ~ 0"= 0'~ ~ 0 0 CO 0 ~ C'~ 

Q; 

0 

v-4 ~t~ L "  GO 



T A B L E  2 

D i s t r i b u t i o n  of a c c i d e n t  and  c o n t r o l  g r o u p s  by  age  

Age 

15 

16 

17 

18-19  

20-24 

25-34 

35-44  

45-54  

55-64 

65-69  

70-74  

75 o r  o l d e r  

T o t a l  

N u m b e r  of d r i v e r s  

Accident 
group 

18 

221 

343 

900 

1612 

1910 

1708 

1192 

855 

246 

179 

125 

9309 

C o n t r o l  
g r o u p  

17 

82 

105 

485 

950 

1608 

1682 

1317 

767 

216 

76 

49 

7354 

T o t a l  

35 

303 

448 

1385 

2562 

3518 

3 3 9 0  

2509 

1622 

462 

255 

174 

A c c i d e n t  
i n v o l v e m e n t  

16 663 

i n d e x  

--  7 . 9 7  

3 0 . 5 5  

3 7 . 0 4  

1 6 . 3 2  

1 2 . 6 3  

- -  2 . 8 2  

- -  9 . 8 1  

- - 1 4 . 9 6  

--  5 . 6 4  

--  4 . 6 9  

2 5 . 6 5  

28.59 

T A B L E  3 

D i s t r i b u t i o n  of a c c i d e n t  and  c o n t r o l  g r o u p s  by e s t i m a t e d  a n n u a l  m i l e a g e  

E s t i m a t e d  
annua l  
m i l e a g e  

Up to I000 

1001-5000 

5001-15 000 

More than l5 000 

Tota l  

N u m b e r  of d r i v e r s  

A c c i d e n t  
g r o u p •  

1 8 9  

609 

1145 

685 

2 6 2 8  

C o n t r o l  
group 

303 

1178 

3589 

2228 

7298 

T o t a l  

492 

1787 

4734 

2913 

9 9 2 6  

A c c i d e n t  
i n v o l v e m e n t  
i n d e x  

4 5 . 0 9  

2 8 . 7 2  

- -  8 . 6 5  

- - 1 1 . 1 8  



TABLE 4 

Di s t r i bu t ion  of acc iden t  and  con t ro l  groups by educat ion  level  

Years  of 
educat ion 

L e s s  than 8 

N u m b e r  of d r i v e r s  

Acc iden t  
g roup  

363 

Cont ro l  
group 

303 

Total  

6 6 6  

Accident  
involvement  
index 

18.32 

8 

9 - 1 1  

12 

13-15 

16 

More  t h a n l 6  

Total  

670 

1688 

2011 

1002 

334 

169 

6237 

756 

1654 

2440 

1256 

563 

331 

7303 

1426 

3342 

4451 

2258 

897 

500 

13540 

2.00 

9.65 

- -  1.92 

- -  3.66 

--19.17 

" 2 6 . 6 2  

TABLE 5 

D i s t r i bu t ion  of a c c i d e n t  and con t ro l  groups  by r a c e  or  nationali ty 

Race or  
nat ional i ty  
c l a s s  

N u m b e r  of d r i v e r s  

A c c i d e n t  
g roup  

Cont ro l  
g roup  Total  

White 6220 7272 13492 -- 1.50 

Non-whi te  6 3 3  517 1150 17.60 

Total  . 6853 7789 14642 

Accident  
involvement  
index 



TABLE 6 

Dis t r ibu t ion  of acc ident  and control  g roups  by m a r i t a l  s t a tus  

Marital 
status  

Single 

M a r r i e d  

Widowed 

Separa ted  

Divorced  

Number  of d r i v e r s  

Accident 
group 

1868 

3898 

204 

108 

234 

Control  
group 

1592 

5198 

218 

115 

250 

Total  

3460 

9096 

422 

223 

484 

Total 6312 7373 13685 

Acc iden t  
i nvo lvemen t  
index  

17.05 

7 .09  

4.81 

5.00 

4 .82  

TABLE 7 

Dis t r ibut ion of acc ident  and control  g roups  by occupa t ion  s ta tus  

Occupation 
status 

Lower 

Skilled 

Lower white co l l a r  

Upper white co l l a r  

Total 

Number  of d r i v e r s  

Accident 
group 

2625 

1354 

1366 

844 

6189 

Cont ro l  
group 

2380 

1719 

1646 

1569 

7314 

Tota l  

5005 

3073 

3012 

2413 

13503 

Accident 
involvement 
index 

14.43 

3 .87 

1 .05  

- -23 .69  



TABLE 8 

D i s t r i b u t i o n  of acc iden t  and con t ro l  g roups  by r e p o r t e d  dr inking f requency  

R e p o r t e d  
d r ink ing  
f r e q u e n c y  

L e s s  than  y e a r l y  

Y e a r l y  

Monthly  

Weekly  

T h r e e  t i m e s  weekly  

Dai ly  

T o t a l  

Number  of d r i v e r s  

Accident  
group 

1815 

• 983 

1107 

-1417 

565 

379  

6266 

Control  
group 

1874 

1078 

I I01  

1665 

815 

755 

7288 

Total  

3689 

2061 

2208 

3082 

1380 

1134 

13554 

Accident  
involvement  
index 

6.43 

3.17 

8.45 

-- 0.55 

--11.44 

--27.71 

TABLE 9 

D i s t r i bu t i on  of acc iden t  and con t ro l  groups by sex 

Sex 

Male 

Female 

Tota l  

N u m b e r  of d r i v e r s  

Acc iden t  
group 

7235 

2087 

9322 

Cont ro l  
group 

6213 

1630 

7843 

Total 

13448 

3717 

17165 

Accident  
involvement  
index 

-- 0 .94 

3 . 3 9  

10 



TABLE 10 

Complete  d is t r ibut ion  of acc iden t  and cont ro l  
groups by blood alcohol  leve l  

Blood alcohol 
leve l  
(mg/lO0 ml) 

'. 0-9 
10-19 
20-29 
30-39 

40-49 
50-59 
60-69 
70-79 

80-89 
90-99 

100-109 
110-119 

120-129 
130-139 
140-149 
150-159 

160-169 
170-179 
180-189 
190-199 

200-209 
210-219 

Number  of d r i v e r s  

220-229 
230-239 

240-249 
250-259 
260-269 
270-279 

280-289 
290-299 
300-309 
310-319 

320-329 
330-339 
340-349 
350-359 

360-369 
370-379 

Accident  
group 

4992 
188 

95 
57 

66 
5O 
46 
36 

39 
39 
54 
38 

43 
30 
21 
33 

27 
3 0  
21 
14 

14 
12 

6 
9 

6 
3 
3 
3 

2 
0 
1 
1 

0 
0 
1 
1 

2 
2 

Cont ro l  
group 

6756 
276 
134 

96 

83 
56 
44 
32 

28 
27 
14 

7 

16 
4 
3 
4 

2 
1 
2 
1 

2 
0 
0 
1 

0 
1 
0 
0 

0 
0 
0 

.0  

0 
0 
0 
0 

0 
0 

Tota l  

11748 
464 
229 
153 

149 
106 

90 
68 

67 
66 
68 
45 

59 
34 
24 
37 

29 
31 
23 
15 

16 
12 

6 
10 

6 
4 
3 
3 

2 
0 
1 
1 

0 
0 
1 
1 

2 
2 

Total  5985 7590 13575 

11 



a f f e c t i n g  a c c i d e n t  r i s k .  T h e  i d e a l  w o u l d  b e  to  c l a s s i f y  b y  a l l  n ine  v a r i a b l e s  s i m u l t a -  
n e o u s l y ,  a n d  c o n s i d e r  t h e  v a r i a t i o n  of  a c c i d e n t  r i s k  w i t h  a l c o h o l  l e v e l ,  k e e p i n g  the  
o t h e r  e i g h t  v a r i a b l e s  f i x e d .  E v e n  in  s u c h  a l a r g e  s u r v e y  a s  t h i s  t h e r e  a r e  f a r  t oo  
f e w  o b s e r v a t i o n s  to  p e r m i t  s u c h  d e t a i l e d  a n a l y s i s ,  b u t  B o r k e n s t e i n  d id  f i nd  i t  p o s -  
s i b l e  t o  s t u d y  t h e  v a r i a t i o n  w i t h  a l c o h o l  l e v e l  w h e n  a n y  one  of t he  o t h e r  v a r i a b l e s  
w a s  k e p t  f i x e d .  F o r  t h i s  p u r p o s e ,  a l c o h o l  l e v e l s  w e r e  c o m b i n e d  in to  f i v e  c l a s s e s ,  
a s  in  T a b l e  11 .  

T A B L E  11 

A l c o h o l  l e v e l  c l a s s e s  u s e d  in t w o - f a c t o r  a n a l y s e s  

C l a s s  n u m b e r  
( j )  

0 

1 

2 

3 

4 

B l o o d  a l c o h o l  l e v e l s  
( m g / 1 0 0  m l )  

0 - 9  

1 0 - 4 9  

5 0 - 7 9  

8 0 - 1 0 9  

110 and  o v e r  

S u p p o s e  t h a t  t he  v a r i a b l e  to b e  k e p t  f i x e d  i s  v.  T o  a v o i d  s m a l l  c l a s s  f r e q u e n -  
c i e s  v c l a s s e s  w e r e  c o m b i n e d  w h e r e  p o s s i b l e .  A s  the  a i m  w a s  to s t u d y  the  d i s t r i b u -  
t i o n s  of  t h e  a c c i d e n t  a n d  c o n t r o l  g r o u p s  w i t h  r e s p e c t  to a l c o h o l  l e v e l  w i t h i n  e a c h  
v c l a s s ,  B o r k e n s t e i n  u s e d  t h e  f o l l o w i n g  t e s t  to  d e c i d e  w h e t h e r  i t  w a s  a p p r o p r i a t e  to 
c o m b i n e  t w o  v c l a s s e s .  In t he  f i r s t  v c l a s s ,  

l e t  a ' j  = n u m b e r  of  a c c i d e n t  d r i v e r s  ( 
• in  a l c o h o l  l e v e l  c l a s s  j (j -- 0, 1 , . . .  4) 

l e t  c ' j  = n u m b e r  of  c o n t r o l  d r i v e r s  

a n d  l e t  a " j ,  c,-] b e  t h e  c o r r e s p o n d i n g  n u m b e r s  of d r i v e r s  in the  s e c o n d  v c l a s s .  
d i s t r i b u t i o n s  

The  

( , , , , ( , ,  , ,  , ,  , ,  , , )  
a 0, a I , a 2, a s , a a n d  a 0 '  a 1 , a 2, a s ,  a 4 

w e r e  c o m p a r e d  u s i n g  t h e  X 2 t e s t ,  a n d  d i s t r i b u t i o n s  

' ' ' ' ~) " " " " ")  w e r e  a l s o  c o m p a r e d  in  t h i s  w a y .  {C0, Cl ,  C2, C3, C a n d  (Co, Cl,  C2, C3, C 4 

T h e  t w o  v c l a s s e s  w e r e  c o m b i n e d  o n l y  i f  e a c h  X 2 v a l u e  w a s  not  s i g n i f i c a n t  a t  the  
f i v e  p e r  c e n t  l e v e l .  

L e t  Pv = n u m b e r  of  v c l a s s e s  r e m a i n i n g  a f t e r  a p p r o p r i a t e  c o m b i n a t i o n s  had 
b e e n  m a d e ;  t h e n  the  b a s i s  o f  the  t w o - f a c t o r  a n a l y s i s  b y  a l c o h o l  l e v e l  and  v a r i a b l e  v 
i s  a Pv × 5 t a b l e  of  t he  n u m b e r s  of  a c c i d e n t  and  c o n t r o l  d r i v e r s .  
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Let  aij -- n u m b e r  of a c c i d e n t  d r i v e r s  

cij  = n u m b e r  of c o n t r o l  d r i v e r s  

l in v c l a s s  i and a l c o h o l  l e v e l  c l a s s  j 
( i = l , 2 , . . . , p v ; j  = 0 , 1 , - . . , 4 )  

A l i s t  of v a r i a b l e s  v, c o r r e s p o n d i n g  va lue s  of Pv and r e l e v a n t  t ab l e  n u m b e r s  in  
B o r k e n s t e i n ' s  r e p o r t  and this  R e p o r t  a r e  g iven in T a b l e  12. 

T A B L E  12 

Key  to t w o - f a c t o r  a n a l y s e s  

Second 
V a r i a b l e  v 

Age 

N u m b e r  of 
v c l a s s e s  

T a b l e  n u m b e r  
in B o r k e n -  
s t e i n ' s  r e p o r t  

30-33 

T a b l e  n u m b e r  
in  th i s  
R e p o r t  

13 

E s t i m a t e d  annua l  m i l e a g e  

Educa t ion  l eve l  

Race  o r  na t iona l i ty  

M a r i t a l  s t a tus  

Occupat ion  s t a tu s  

R e p o r t e d  d r i n k i n g  f r e q u e n c y  

Sex 

32 

4 36 

8 37 

2 38 

5 39 

4 40 

5 41 

2 42 

14 

15 

16 

17 

18 

19 

20 

Within each  v c l a s s ,  an a c c i d e n t  i n v o l v e m e n t  i ndex  w a s  c a l c u l a t e d  ju s t  a s  f o r  t h e  
the s i n g l e - f a c t o r  a n a l y s i s ,  and to t e s t  the s i g n i f i c a n c e  of the v a r i a t i o n  in  a c c i d e n t  
r i s k  with  a lcohol  l eve l  wi th in  v c l a s s e s  the d i s t r i b u t i o n s  

(ako , a k l  , ak2,  ak3 , ak4) and (Cko , Ckl , Ck2  , Ck3 , Ck4) 

for  each  k in tu rn  w e r e  c o m p a r e d  us ing  the X 2 t e s t .  In e v e r y  c a s e  the v a l u e  of )<2 
was  s ign i f i can t  at  the f ive  pe r  cen t  l eve l ,  i nd ica t ing  tha t  w i th in  e v e r y  v c l a s s ,  a l c o -  
hol l eve l  i s  a s ign i f i can t  d i s c r i m i n a t o r  of a c c i d e n t  r i s k .  

To d e t e r m i n e ,  wi th in  the kth v c l a s s ,  the a l c o h o l  l e v e l  c l a s s e s  in w h i c h  the  r e -  
p r e s e n t a t i o n  of the a c c i d e n t  g roup  i s  s i gn i f i can t ly  d i f f e r e n t  f r o m  tha t  in  the 
0-9 mg/100 ml  c l a s s ,  the X 2 t e s t  w a s  app l i ed  to the  2 × 2 m a t r i c e s  

ako akj ) 

Cko Ckj 
( j - -  1 , 2 , 3 , 4 )  

The  c a s e s  in which  the va lue  of X 2 was  s ign i f i can t  at  t h e  f ive  p e r  c e n t  l e v e l  a r e  i n -  
d ica ted  in T a b l e s  13-20 of th is  R e p o r t  by m a r k i n g  the c o r r e s p o n d i n g  aki  wi th  an  
a s t e r i s k .  Not a l l  of t he se  s ign i f i can t  d i f f e r e n c e s  a r e  m e n t i o n e d  in  the  d i s c u s s i o n  on 
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pp. 141':162 of B o r k e n s t e i n ' s  r epo r t .  O v e r - r e p r e s e n t a t i o n  of the acc ident  group is 
a l w a y s  s ign i f i can t  a t  a lcohol  l eve l s  110 mg/100 ml  and above, and often in the 
80-109 mg /100  ml  and 50-79 mg/100  ml  c l a s se s .  However ,  u n d e r - r e p r e s e n t a t i o n  of 
the a c c i d e n t  group in the 10-49 mg/100  ml  c lass  is s ignif icant  in only two of the 17 
c a s e s  in which  it o c c u r s .  

F ina l ly ,  to t e s t  whe the r  o ther  v a r i a b l e s  a re  s t i l l  s ignif icant  d i s c r i m i n a t o r s  of 
a c c i d e n t  r i s k  at high a lcohol  l eve l s ,  l e t  

j=4 j=4 ( h  -- 0, 1, 2 . . . 4  

Akh = akj Ckh=  ckj 
j=h j=h k -- 1 , 2 , . .  Pv 

Akh and Ckh w e r e  ca l cu l a t ed  and for  each  h in tu rn  the d is t r ibut ions  

(Alh , A2h , .... , Apv h) and (Clh , C2h , .... Cpv h) 

were tested for proportionality using the X 2 test. A value of ×2 not significant at the 
five per cent level indicated that in the alcohol level class h and above, any variation 
of accident risk between v classes could have arisen by chance. At least one non- 
significant value of ×2 was obtained with each variable except occupation status. The 
alcohol level classes for which non-significant values were obtained are marked with 
double asterisks in Tables 13-20 of this Report. This analysis reveals that at high 
alcohol levels, accident experience does not vary significantly with any of the other 
major variables except occupation status and sex, but care is needed in interpreting 
this lack of significance (see 3.6). The variation with sex is the only one that is sig- 
nificant at high alcohol levels but not at low alcohol levels; women had a significantly 
h i g h e r  acc iden t  r a t e  than men  at  a lcohol  levels  80 mg/100 ml  and above. Cont ra ry  to 
page 161 of B o r k e n s t e i n ' s  r e p o r t ,  the va r i a t ion  of acc ident  r i sk  with dr inking f r e -  
quency  is  not s ign i f ican t  at  a lcohol  l eve l s  above 110 mg/100 ml.  

2 .7  Re la t ion  be tween  a lcohol  l eve l  and the probabi l i ty  of caus ing 'an  accident  

No a t t emp t  was  made  by judging evidence  about any pa r t i cu l a r  acc iden t  to iden-  
tify the d r i v e r  caus ing  it. However ,  an e s t ima ted  d is t r ibut ion  of acc iden t -caus ing  
d r i v e r s  by a lcohol  l eve l  was  obta ined us ing  the following somewhat  a r b i t r a r y  pro-  
cess. 

It was assumed that all single-vehicle accidents were caused by the driver in- 
volved. The distribution of these drivers (622 in number) by alcohol level is known. 

It was also assumed that of the 5366 drivers involved in multiple-vehicle acci- 
dents, exactly half were accident-causing drivers and the other half were innocently 
involved, and were typical of the drivers of vehicles passing the scenes of the acci- 
dents at the times at which the accidents occurred. 

Then  the p r o c e s s  of s e l e c t i o n  of the innocent  d r i v e r s  would have been s i m i l a r  
to that  of the con t ro l  d r i v e r s ,  so the d i s t r ibu t ion  of the 2683 innocent d r i v e r s  by 
a lcohol  l eve l  was a s s u m e d  to be p ropor t iona l  to that of the cont ro l  group. Since the 
d i s t r i b u t i o n  of a l l  5366 d r i v e r s  involved  in mul t ip l e -veh ic l e  acc iden t s  is known, that 
of the 2683 d r i v e r s  a s s u m e d  to have  caused  such a~cidents  may be obtained b y s u b -  
t r a c t i on .  
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Addition of the known distr ibut ion of 622 d r i v e r s  a s s u m e d  to have caused  s ing le -  
vehicle accidents  gives the dis t r ibut ion of al l  3305 d r i v e r s  a s s u m e d  to have caused  
accidents.  This dis t r ibut ion is given in Table 43 of B o r k e n s t e i n ' s  r e p o r t  and s ince  
it has already been shown that overal l  acc ident  r a t e  r i s e s  with a lcohol  leve l  we a r e  
bound to find that the r i sk  of causing an accident  r i s e s  even fa s t e r  as high a lcohol  
levels a re  reached  than does the r isk  of being involved in one.  However ,  in v iew of 
the assumptions on which the calculat ion is based,  the ac tual  va lues  in the d i s t r i bu -  
tion must  be t rea ted  with cons iderable  caution. 

2.8 Alcohol and accident  cha rac t e r i s t i c s  

The alcohol level  dis t r ibut ion of d r i v e r s  in s i n g l e - v e h i c l e  acc iden t s  was  c o m -  
pared with that of d r i ve r s  in mul t ip le -veh ic le  acc idents ,  showing  that  at high a lcohol  
levels  a significantly higher proport ion of d r i v e r s  was involved in s i n g l e - v e h i c l e  
acc iden ts .  Accidents  were  c lass i f ied  according  to e s t i m a t e d  value of p r o p e r t y  d a m -  
age, and sever i ty  of injury caused; both w e r e  found to be s igni f icant ly  g r e a t e r  in 
accidents  involving d r ive r s  with high alcohol l eve l s  (Tables  44-46 of B o r k e n s t e i n ' s  
report) .  

2.9 Cha rac t e r i s t i c s  of dr inking d r i ve r s  

To find out what type of d r ive r  d r i v e s  af ter  dr inking,  the joint  d i s t r i bu t i ons  of 
the control  group with r e spec t  to alcohol level  and each of the o ther  e igh t  m a j o r  
var iables  were  examined.  High alcohol l eve ls  w e r e  o v e r - r e p r e s e n t e d  in the  midd le  
age groups, the 5001-1.5 000 m i l e / y e a r  c lass ,  the middle  educa t ion  l eve l s ,  the non-  
white c lass ,  the separa ted  and d ivorced  c Iasses ,  the lowes t  occupat ion s ta tus  c l a s s e s  
and the higher  dr inking f requency c lasses .  A lmos t  all d r i v e r s  with high a lcohol  
levels  were  male (Tab.les 47-54 of Borkens t e in ' s  repor t ) .  

To show which drinking habits  are  a s soc ia ted  with d r iv ing  af te r  d r ink ing ,  the 
control  group was analysed jointly with r e spec t  to alcohol  l eve l  and c e r t a i n  a spec t s  
of the use of alcohol. High alcohol l eve ls  were  o v e r - r e p r e s e n t e d  among  those  who 
drink at home and in public houses,  dr ink  in the evening and at the weekend ,  d r ink  
alone or with bus iness  contacts,  p re fe r  to dr ink bee r ,  s o m e t i m e s  but not a lways  have 
drink available in the i r  homes,  take many dr inks  at a t ime ,  think they can  take  many 
drinks and sti l l  dr ive  safely, often dr ive af ter  dr inking,  have had an a lcohol  p r o b l e m ,  
most  frequently 'get  high',  or suffer  f rom blackouts  or  hangover s  (Tables  56, 58, 60, 
and 62-73 of Borkens te in ' s  report) .  

To show which drinking habits are  a s soc ia ted  with h igher  than a v e r a g e  acc iden t  
r isk,  the  accident and control  groups were  compared  with r e s p e c t  to t i m e  and p lace  
of drinking, dr inking companions,  and type of dr ink  p r e f e r r e d .  Each c o m p a r i s o n  r e -  
vealed s ta t i s t i ca l ly  s ignif icant  d i f fe rences  between the two groups;  high acc iden t  
r i sk  was assoc ia ted  with dr inking in the morning,  at p a r t i e s  and with ca sua l  acqua in-  
tances.  Low accident  r i sk  was assoc ia ted  with dr ink ing  in public houses ,  be fo re  
dinner and with bus iness  contacts  (Tables 55, 57, 59 and 61 of B o r k e n s t e i n ' s  r epor t ) .  
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A g e  

1 6 - 1 7  

1 8 - 2 4  

2 5 - 3 4  

a n d  

5 5 - 6 4  

3 5 - 5 4  

T o t a l s  
~ a  

~ c  

a 

c 

I 

r 

s 

a 

c 

I 

r 

s 

a 

c 

I 

r 

s 

a 

c 

I 

r 

t 

B l o o d  a l c o h o l  l e v e l ( m g / 1 0 0 m l )  
I 

0 - 9  1 0 - 4 9  ] 5 0 - 7 9 * *  80 -109  

352 

181 

t - 1 . 1 2  

1 
I 

2 . 3 4  

1426 

1276 

- - 2 . 0 8  

1 

1 . 3 5  

1400 

2034 

- -5 .86 

1 

0.83 

1483 

2519 

- - 5 . 2 9  

1 

0 . 7 1  

4661 
6010 

18 

3 

1 2 8 . 3 3  

3 . 0 9  

7:23 

108 

93 

- - 0 . 3 1  

1 . 0 4  

1 . 4 0  

126 

181 

- - 5 . 2 2  

1 .01  

0 . 8 4  

138 

247 

- - 8 . 3 9  

O. 95 

O. 67 

390 
524 

32 

25 

4 . 1 6  

1 . 1 5  

I .  54 

42 

43  

1 4 . 0 9  

• 1 . 4 2  

1 . 1 8  

49* 

53 

2 2 . 7 7  

1 .57  

I .  i i  

123 
121 

26* 

5 

55 .61  

4 . 6 5  

6 . 2 6  

58* 

27 

5 7 . 5 6  

3 .12  

2 . 5 9  

44* 

31 

4 9 . 9 3  

2 .41  

1 .71  

128 
63 

** T h e  m e a n i n g  o f  the  a s t e r i s k s  i s  e x p l a i n e d  in 2 . 6  

110 and o v e r * *  

47* 

3 

7 4 . 4 0  

14 .02  

18 .87  

130" 

14 

108 .47  

13 .49  

I I .  18 

! 3 4 "  

25 

115 . 38  

9 .10  

6 . 4 6  

311 
42 

All  
a l c o h o l  
l e v e l s  

370 

184 

2 . 4 2  

1639 

1402 

1 .41  

1756 

2299 

0 . 9 2  

1848 

2875 

O. 77 

5613 
6760 

T A B L E  13 

D i s t r i b u t i o n  b y  a l c o h o l  l e v e l  wi th in  a g e  g r o u p s  

a = n u m b e r  of  d r i v e r s  in  the  a c c i d e n t  g r o u p  
c = n u m b e r  of  d r i v e r s  in  the  c o n t r o l  g r o u p  
I = a c c i d e n t  i n v o l v e m e n t  index  
r = r e l a t i v e  a c c i d e n t  r a t e  
s = a c c i d e n t  r a t e  

T h e  p r e s e n c e  of an  e m p t y  c e l l  in any  r o w  of T a b l e s  13-20  i n d i c a t e s  tha t  the l a s t  
c o m p l e t e d  c e l l  in the  s a m e  r o w  m a y  inc lude  a few d r i v e r s  a t  h ighe r  a l coh o l  l e v e l s  
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TABLE 14 

Dis t r ibut ion  by a lcohol  level  within e s t ima ted  annual  m i l eage  c l a s s e s  

Est imated 
annual mileage 

at 

C 

Up to 
1000 I 

r 

s 

a 

c 

100I- 
I 

5000 
r 

s 

a 

c 

5001- 
I 15000 
r 

s 

a 

c more  
than I 
15000 

r 

s 

Totals  

Blood a lcohol  level  (mg/100 ml) 

0-9 10-49 

160 6 

276 12 

--4.43 --13.19 

1 0 . 8 6  

1.62 1.40 

498 36 

1035 70 

- 4 . 0 5  0 . 3 0  

1 1.07 

i .  35 i .  44 

905 84 

3091 274 

--6.18 --2.80 

50-79 

16" 

4 

108.35 

6.90 

11.19 

13 

21 

12.91 

1.29 

1.73 

21 

57 

11.53 

80-109 

34* 

9 

133.53 

7.85 

10.56 

31" 

28 

117.66 

110 and over**  

66* 

29 

187.81 

All  
a lcohol  
l eve l s  

182 

292 

1.74 

581 

1135 

1 .43  

1 1 0 7  

3479 

~ a  

~c 

1 

0.82 

550 

1878 

--2.88 

1 

0.82 

2113 

6280 

. 

0. 

46 

201 

--20. 

0. 

0. 

188 

561 

05 i .  26 

86 1.03 

24* 

47 

16 44.92 

78 i .  74 

64 i .  43 

58 

125 

3.78 

3.10 

9 

28 

4 .27  

I.  i0  

0 .90  

74 

65 

7 .77 

6. 36 

29* 

9 

227 .16  

I I . 0 0  

9.01 

95 

38 

O. 89 

658 

2163 

0 .85  

2528 

7069 

t See footnote to Table 13 
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T A B L E  15 

Distribution by alcohol level within education level classes 

Educa t ion  
l e ve l  

L e s s  than 
8 y e a r s  

8 years 

9-11 
years 

1 2  y e a r s  

13-15 
y e a r s  

16 y e a r s  
or  m o r e  

T o t a l s  

a t  
C 

I 
r 

s 

a 

c 

I 
r 

s 

a 

c 

I 
r 

s 

a 

c 

I 
r 

s 

a 

c 

I 
r 

s 

a 

c 

I 
r 

s 

~ a  

Zc 

Blood a lcohol  l eve l  (mg/100 ml) 

0-9 

238 
257 

--9.54 
1 

I. 14 

508 
625 

--3.40 
1 

1.00 

1283 
1418 
--2.50 

1 
1.11 

1573 
2105 
--2.95 

1 
0 . 9 2  

825 
1095 
- -0 .58  

1 
0 . 9 3  

415 
789 

--1.84 
1 

0.65 

~10-49 50'79 - 

06 
02 
00 

52 
48 
48 

48 
17 
30  

55 
27 
17 

24 
80 
74 

80-109"* 

52* 
16 
64.76 

4 .00  
4 .00  

97* 
38 
47.49 

2 .8 2  
3.14 

110" 
25 
84.90 
5.89 
5.42 

45* 
13 
79.51 
4 .60  
4 .26  

/ 

4842 
6289 

t See footnote  to Tab le  13 

26 65* 
23 i0 

--0.17 63. 
1 .22  7. 
1.39 8. 

43 18 
61 15 

--10.92 17. 
0 . 8 7  1. 
0 . 8 7  1. 

122 37 
129 35 
--0.23 5. 

1.05 I. 
1.16 i. 

129 38 
178 40 
--4.65 i0. 

0 .97  1. 
0.89 1. 

52* 12 
99 20 

--20. 32 --13. 
0 . 7 0  O. 
0 . 65  O. 

27 lO 
56 12 
- -7 .36  29. 

0 . 92  i .  
0 . 5 9  i .  

399 180 
546 132 

45 
58 
03 

15" 
6 

103.43 
4 .75  
3.08 

319 
98 

110 and ove r  

All 
a lcohol  
l eve l s  

329 
290 

1 .40 

621 
717 

1 .07  

1539 
1 6 2 0  

1.17 

1850 
2348 

0 .97  

934 
1227 

0 .94  

467 
863 

O. 67 

5740 
7065 
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TABLE 16 

Distr ibut ion by alcohol  level within r a c e  or  nat ional i ty  c l a s s e s  

Race 
class  

White 

Non- 
~hite 

Total 

a t  

c 

I 

r 

s 

~ a  

~c 

Blood alcohol  leveI (mg/100 ml) 

0-9 

4618 

5919 

- -2 .  

1 

0. 

344 

370 

- - I i .  

1 

i .  

4962 

6289 

56 

93 

39 

I0 

10-49 

350 

508 

--9. 30 

0 .88 

0.82 

56 

40 

7.29 

1.51 

I. 66 

406 

548 

50-79** 

104 

108 

9.07 

1.23 

1.14 

26 

18 

8.68 

1.55 

1.72 

130 

126 

80-109"* 

i00"  

48 

50.23 

2 .67  

2 .48 

31" 

16 

21.31 

2 .08  

2 .30  

131 

64 

110 and over** 

236* 

33 

95.06 

9 .17 

8. 50 

84* 

I0 

64.35 

9 .03  

9 . 9 8  

320 

43 

All  
a lcohol  
l eve l s  

5408 

6616 

O. 97 

541 

454 

1 .42  

5949 

7070 

See footnote to Table 13 
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TABLE 17 

Dis t r ibu t ion  by a lcohol  leve l  within mar i t a l  s ta tus  c l a s s e s  

M a r i t a l  
s t a tus  

Single 

Married 

Widowed 

Sepa ra t ed  

Divorced 

t o t a l s  

Blood a lcohol  l eve l  (rag/100 ml) 

0-9 

at 
C 

I 

r 

s 

a 2973 

c 4448 

I - -3 .55 

r 1 

s 0 .82  

a 170 

c 185 

I I. I0 

r 1 

s 1.13 

a 57 

c 81 

I - -12 .28 

r 1 

s 0 .86  

a 142 

c 192 

I - -9 .10  

r 1 

s 0.91 

~ a  4853 

~c l  6300 

1511 

1394 

- - ! .  64 

1 

1 .33 

10-49 

I I I  

105 

- -2 .82 

0 .98  

1 .30 

251 

380 

- -4 .23  

O. 99 

O. 81 

5* 

20 

- -57.78 

0 .27  

0 . 3 1  

7 

17 

- -38.06 

O. 59 

0 .51  

24 

26 

2 .63  

1 . 2 5  

1 .13  

398 

548 

50-79** 

34 

26 

7 .16  

1.21 

1.61 

80* 

87 

15.34 

I.  38 

1 .13  

14" 

5 

55.56 
3.05 

3.44 

33* 

I I  

59 .28  

4 .26  

3. 69 

44* 

21 

44 .73  

2 .83  

2 .57  

205 

150 

80-109"* 

70* 

13 

59.49 

4 .97 

6.62 

236* 

68 

86.91 

5.19 

4 .26 

306 

81 

l l 0 a n d  over  

All 
alcohol 
levels  

1726 

1538 

1.38 

3540 

4983 

O. 87 

189 

210 

I .  I I  

97 

109 

1.09 

210 

239 

1.08 

5762 

7079 

~f See foo tno te  to Table  13 
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TABLE 18 

Dis t r ibut ion  by a lcohol  level  within occupat ion s ta tus  c l a s s e s  

OccUp~du. 
status 

Lower  

Skilled 

Lower  
white-  
co l l a r  

Upper 
white- 
co l la r  

Totals 

at 

c 

I 

r 

s 

a 

c 

I 

Blood alcohol  leve l  (mg/100 ml) 

0-9 

1896 

2006 

--4.51 

1 

1.17 

1064 

1464 

--I. 76 

10-49 50-79 

189 72* 

187 51 

- - i .  22 i 5 . 0 3  

I.  07 1.49 

1 .26  1.75 

87 27 

142 32 

- -11.32 6.82 

80-109 

6 7 *  

34 

30.36 

2 .08  

2 .45  

29* 

13 

61 .17  

110 and o v e r  

157" 

20 

74.31 

8. 31 

9 .76  

41" 

14 

74.00 

All 
alcohol 
levels 

2381 

2298 

1 .29  

1248 

1665 

a 

c 

I 

r 

s 

l 

0 .90 

1117 

1439 

--1.67 

1 

0.96 

704 

1374 

0 .84  

0 .76  

72 

III 

--11.48 

0.84 

0.81 

45 

106 

1.16 

1.05 

16 

22 

--5.26 

0.94 

0 .90 

13 

20 

3 .07 

2 .77  

21" 

9 

57.50 

3.01 

2 .90  

4 . 0 3  

3. 64 

42* 

4 

105.40 

13 .53  

13.05 

16" 

5 

0 .93  

1268 

1585 

0 .99  

783 

1511 

~ a  

~c 

--0.74 

1 

0; 64 

4781 

6283 

--12.69 

0. 83 

0.53 

393 

546 

15.41 

1.27 

.0 .81 

128 

125 

33. 17 

1 .63  

1 .04 

122 

62 

123.22 

6 .25  

3. 98 

256 

43 

0 .64  

5680 

7059 

t See footnote to Table 13 
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TABLE 19 

Distribution by alcohol level within reported drinking frequency classes 

Reported 
drinking f r e q u e n c y  

at 

C 

Yearly  I 
or l ess  

r 

S 

a 

c 

Monthly I 

r 

s 

a 

c 

Weekly I 

r 

s 

a 

Three  c 
t imes  I 
weekly r 

S 

a 

c 

Daily I 

r 

s 

Tota ls  

Blood a lcohol  l e v e l ( m g / 1 0 0 m l )  

0-9 10-49 50-79 80-109 I I 0  and over** 

2485 

2778 

--0. 

1 

1. 

934 

1010 

--2. 

1 

1. 

959 

1374 

--7. 

1 

O .  

94 34* 

5 

82.97 

7. 60 

8. 30 

49* 

I0 

69.14 

5.30 

5.98 

50* 

39 

26.55 

1.84 

1.57 

29 

32 

20.34 

1 . 6 4  

1.11 

51" 

17 

68.94 

4.30 

3. 66 

25* 

17 

5 0 . 6 8  

2.66 

1.80 

27* 

27 

57. 23 

97* 

12 

I00.46 

I I .  58 

9.87 

52* 

13 

102.51 

7.25 

4 .88  

67* 

16 

153.84 

All 
alcohol 
level  

261~ 

2871 

1.11 

1038 

1076 

1.18 

1279 

1602 

0.97 

510 

781 

340 

616 

--"9. 

1 

O. 

160 

505 

--24. 

88 

91 8.40 

1.19 

09 1 .30  

55 

56 

15 0.91 

1.06 

13 1.20 

122 

160 

41 --2.55 

1 . 0 9  

85 0 .93  

64 

103 

97 --2.99 

1.13 

67 O. 76 

63* 

136 

34 --0.45 

22 

43 

6 .43 

O. 80 

~ a  

~c 

1 

0. 

4878 

6283 

39 

1 .46 

0. 57 

398 

543 

I.  61 

O. 62 

184 

129 

3.16 

I .  22 

103 

61 

13. 22 

5.11 

216 

41 

339 

327 

0.57 

5779 

7057 

~f See footnote to Table 13 
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T A B L E  20 

Dis t r ibu t ion  by a lcohol  l eve l  wi thin  s e x e s  

~ex 

Male 

Female  

t o t a l s  

a t  

C 

I 

r 

s 

a 

c 

I 

r 

s 

~a  

Blood a lcohol  leve l  (mg/100  ml)  

0-9** 10-49"* 

3785 349 

4889 478 

- -4 .05 --7.21 

1 0 .94  

0 .92  0 .87  

1204 58 

1422 76 

- -1 .80  - -7 .30  

1 0 .90  

1 .00 0 .91 

4989 407 

6311 554 

50-79** 

121" 

114 

13. 22 

1 .37  

1 .26  

11 

11 

7 .09  

1 .18  

1 .19  

132 

125 

80-109 

120" 

59 

47 .41  

2 .63  

2 .41  

53* 

5 

95.71 

12.52 

12 .57  

173 

64 

II0 and o~;er 

282* 

43 

90.79 

8 .47  

7 .78  

282 

43 

All  
a l coho l  
l e v e l s  

4657 

5583 

0 . 9 9  

1 3 2 6  

1514 

1 .04  

5983 

7097 

See footnote to Tab le  13 
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2 .10  Conc lus ions  r e a c h e d  by the Grand Rapids inves t iga to r s  

O n t h e  b a s i s  of the s i n g l e - f a c t o r  a n a l y s i s  the r e p o r t  concludes  (p. 136) 'The 
nine v a r i a b l e s  of c l a s s i f i c a t i o n  a r e  al l  s t a t i s t i ca l ly  s ignif icant  d i s c r i m i n a t o r s  of 
acc iden t  e x p e r i e n c e . '  Fol lowing the two- f ac to r  ana lys i s  it concludes  (p. 162). 'In 
e v e r y  c a s e ,  the h igher  a lcohol  l eve l s  a r e  a s soc i a t ed  with more  f requent  acc ident  
e x p e r i e n c e  . . . . . .  This  a s soc i a t i on  is so s t rong  that any o ther  explanat ion of the 
f r e q u e n c y  of the acc iden t  e x p e r i e n c e  of d r i v e r s  in the h igher  alcohol r a n g e s  is 
subs t an t i a l l y  r u l e d  out . '  

C o n c e r n i n g  the acc iden t  e x p e r i e n c e  of d r i v e r s  at blood alcohol l eve l s  10-49 m g /  
100 ml  the r e p o r t  conc ludes  (p. 163) ' E i t h e r  in point of fact  d r i v e r s  p e r f o r m  b e t t e r  
at  th is  a lcohol  leve l  than they do on the ave rage  in the comple te  absence  of alcohol, 
o r  d r i v e r s  who dr ink  only enough to a t ta in  the 0 .01 -0 .049  pe r  cent  [i.e. 10-49 rhg] 
a lcohol  l eve l  a r e  for  s o m e  u n c o n s i d e r e d  r e a s o n  be t t e r  than average  d r i v e r s . '  This 
c o n c l u s i o n  is  d i s c u s s e d  in 3.4,  and it is  not found to be en t i r e ly  suppor ted  by the 
da ta .  

O n t h e  e s t i m a t e  of t h e  effect  of a lcohol  on the r i s k  of caus ing  an acc iden t  the 
r e p o r t  conc ludes  (p. 167) 'The r e s u l t s  ind ica te  that the mode ra t e  use  of alcohol  is 
not  i nc ons i s t en t  with t r a f f i c  safety  . . . . .  At h igher  a lcohol  leve ls  the p i c tu re  quickly 
changes .  Even  be fo re  a lcohol  l eve l s  a r e  r e a c h e d  which a r e  legal ly  r ecogn ized  as a 
public  h a z a r d  in d r iv ing  [in the U.S.A.] the probabi l i ty  of caus ing  an acc iden t  has 
mu l t i p l i ed  s e v e r a l  fo ld . '  

The s tud i e s  of the type of acc iden t  in which dr inking d r i v e r s  a re  involved, and 
the d r i v e r s '  d r ink ing  habi ts ,  lead  to the  following• conc lus ions  (pp. 177 and 197). 'A 
s u c c e s s f u l  p r o g r a m m e  to r e d u c e  the a m o u n t  of dr iv ing by d r i v e r s  with r e l a t ive ly  
high blood a lcohol  l eve l s  would not only r e d u c e  the number  of acc idents  but also the 
a v e r a g e  cos t  and s e v e r i t y  of a c c i d e n t s ' ,  and 'Many people do not know or  do not ad- 
mi t  the e f fec t  of a lcohol  on the i r  d r iv ing  behaviour ' .  

• " 3. DISCUSSION 

3.1 Des ign  and method  of su rvey  

The  a{m in s e l ec t i ng  the con t ro l  s ample  was to obtain a group of d r i v e r s  match-  
ing the a c c i d e n t  group with r e s p e c t  to exposu re  to acc ident  r i sk ,  to the extent  that 
th is  v a r i e s  in t i m e  and f r o m  one s t r e t c h  of road  to another .  Accident  r e c o r d s  for a 
r e c e n t  t h r e e  y e a r  pe r iod  w e r e  used  to d e t e r m i n e  the cont ro l  sample  s i tes .  In the 
Toron to  s tudy of 1951-522 in which the a im was the s ame ,  the control  group was 
obta ined  by going to the s cene  of each  acc iden t  f rom which a d r i v e r  was included 
in the acc iden t  group and stopping d r i v e r s  pass ing  as soon as poss ible  a f t e r  the 
acc iden t .  It is  not c l e a r  how fa r  the two g roups  of d r i v e r s  in the Bra t i s l ava  study 
of 1956-573 w e r e  ma tched .  

T h e r e  a r e  two i m p o r t a n t  d i f f e r e n c e s  be tween the Toronto  and Grand Rapids 
s tud ies ;  in Toron to  only a s e l ec t i on  of the acc iden ts  o c c u r r i n g  between 6 .30 p.m. 
and 10.30 p .m.  w e r e  s tudied ,  but in Grand  Rapids all  acc iden t s  occu r r ing  dur ing  
the s u r v e y  y e a r  w e r e  inc luded .  Acc iden t  and control  d r i v e r s  in Toronto we re  
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matched by type and age of vehic le ,  but cont ro l  d r i v e r s  in Grand  Rap ids  w e r e  s e l e c -  
ted at random subjec t  to the t ime and p lace  schedule ,  so that if the a c c i d e n t  and con-  
t rol  groups in the Grand Rapids study dif fer  s ign i f ican t ly  with r e s p e c t  to any v a r i -  
able except t ime and place of se lec t ion ,  t he re  is ev idence  of an a s s o c i a t i o n  b e t w e e n  
that var iab le  and acc ident  exper ience .  It should be r e m e m b e r e d ,  h o w e v e r ,  that  two 
dis t inct  groups of d r i v e r s  a re  being compared ;  no a t t empt  was made  to e x a m i n e  the 
behaviour  of the same  d r i v e r s  with and without a lcohol .  

There  appear  to be s eve ra l  poss ib le  s o u r c e s  of s m a l l  e r r o r s  in con t ro l  s a m p l e  
select ion.  Each of the 2000 accident  r e c o r d  c a r d s  s e l e c t s  four  d r i v e r s  for  the con-  
t ro l  group, wha tever  the number  of d r i v e r s  involved in the c o r r e s p o n d i n g  acc iden t .  
D r i v e r s  who a r e  r e l a t ive ly  highly exposed  to the r i s k  of s i n g l e - v e h i c l e  a c c i d e n t s  
will  t he re fo re  be o v e r - r e p r e s e n t e d  in the con t ro l  group;  this  would  c a u s e  e r r o r  if 
the t ime and space d is t r ibut ion  of s i n g l e - v e h i c l e  a c c i d e n t s  d i f f e r ed  f r o m  that  of 
mul t ip le -veh ic le  acc idents .  Examina t ion  of acc iden t  r e c o r d s  would show w h e t h e r  
these d is t r ibut ions  differ  widely, and any e r r o r  could  be avoided by mak ing  the 
number  of d r i v e r s  se lec ted  at a con t ro l  s i te  p r o p o r t i o n a l  to the n u m b e r  of d r i v e r s  
involved in the co r re spond ing  accident .  In a s tudy of fa ta l  a c c i d e n t s  in t h r e e  Eng l i sh  
police d i s t r i c t s  Jeffcoate  4 found that  the p ropor t ion  of s i n g l e - v e h i c l e  a c c i d e n t s  was  
h igher  in the night hours  f rom 10 p .m.  to 4 a .m.  than du r ing  the r e s t  of the day.  If 
we a s sume  that high alcohol leve ls  a r e  m o r e  c o m m o n  in the night  hou r s ,  it fo l lows  
that in England such alcohol leve ls  wil l  be m o r e  c o m m o n  among d r i v e r s  who a r e  
re la t ive ly  highly exposed to the r i s k  of s i n g l e - v e h i c l e  a c c i d e n t s  than  among  d r i v e r s  
g e n e r a l l y .  Bo rkens t e in ' s  compa r i son  of a lcohol  leve l  d i s t r i b u t i o n s  of d r i v e r s  i n -  
volved in s i n g l e - d r i v e r  and t w o - d r i v e r  acc iden t s  (see  Table  21) s u g g e s t s  that  the 

TABLE 21 

Relat ive acc ident  ra tes  for  s i n g l e - d r i v e r  and t w o - d r i v e r  a c c i d e n t s  

Control  d r i ve r s  

Dr ive r s  involved in two- 
d r i ve r  and pedes t r i an  
accidents* 

Relat ive ra te  for  two-d r ive r  
and pedes t r i an  accidentsT 

Dr ive r s  involved in s ingle-  
d r i v e r  acc idents  

Relat ive ra te  v i for s ingle-  
d r i v e r  acc idents  (see 3.8) 

Blood alcohol, l eve l  (mg/100  ml)  

0-9 

6756 

4699 

260 

10- 49 

589 

378 

0. 92 

29 

1.28 

50- 79 

132 

111 

1.21 

20 

3. 94 

80- 109 

69 

105 

2. 19 

24 

9. 04 

110 and 
o v e r  

44 

211 

6.90 

110 

64.  96  

:Tota l  

7590 

5504 

443 

* The dis t r ibut ion of these  d r i ve r s  is s i m i l a r  to that  of d r i v e r s  involved  in two- 
d r ive r  acc idents  only 

an approximat ion to the re la t ive  r a t e  ui (see 3.8) 
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s a m e  m a y  be  t r u e  in  G r a n d  R a p i d s .  If so ,  t he  above  e r r o r  s h o u l d  t ake  the  f o r m  of 
a s l i g h t  o v e r - r e p r e s e n t a t i o n  of h i g h  a l c o h o l  l e v e l s  in  t he  c o n t r o l  g r o u p ,  a n d  c o n s e -  
q u e n t  s l i g h t  u n d e r e s t i m a t i o n  of t he  i n c r e a s e  in  a c c i d e n t  r i s k  a s  the  a l c o h o l  l eve l  
r i s e s .  

R e c o r d  c a r d s  c o r r e s p o n d i n g  to l a t e - r e p o r t e d  a c c i d e n t s  w e r e  u s e d  to s e l e c t  
c o n t r o l  s i t e s ,  bu t  d r i v e r s  i n v o l v e d  in  l a t e - r e p o r t e d  a c c i d e n t s  w e r e  not  i n c l u d e d  in 
t he  a c c i d e n t  g r o u p .  S i n c e  a b o u t  o n e - t h i r d  of  the  a c c i d e n t s  in G r a n d  R a p i d s  a r e  l a t e -  
r e p o r t e d ,  e r r o r  c o u l d  a r i s e  if t he  t i m e  and  s p a c e  d i s t r i b u t i o n  of l a t e - r e p o r t e d  a c c i -  
d e n t s  d i f f e r s  f r o m  t h a t  of  a c c i d e n t s  i n v e s t i g a t e d  on t he  spo t ,  a s  s e e m s  q u i t e  l ike ly  
b e c a u s e  _ l a t e - r e p o r t e d  a c c i d e n t s  a r e  u s u a ! l y  s l i gh t .  T h i s  d i f f i cu l ty  cou ld  h a v e  been  
a v o i d e d  by  r e m o v i n g  r e c o r d  c a r d s  c o r r e s p o n d i n g  to  l a t e - r e p o r t e d  a c c i d e n t s  f r o m  
the  p a c k  of 27 000 b e f o r e  d r a w i n g  the  2000 c a r d s  u s e d  to  s e l e c t  the  c o n t r o l  s i t e s ,  
t h u s  u s i n g  t h e  s a m e  t y p e  of  a c c i d e n t  to s e l e c t  bo th  the  a c c i d e n t  g r o u p  and  t he  con -  
t r o l  s i t e s .  

D i f f i c u l t i e s  in  k e e p i n g  to  the  c o n t r o l  s i t e  s c h e d u l e  c o m b i n e  to  r e d u c e  t he  n u m -  
b e r  of  c o n t r o l  d r i v e r s  s e l e c t e d  at  t i m e s  w h e n  a c c i d e n t s  a r e  f r e q u e n t .  Such  d i f f i cu l -  
t i e s  w e r e  d e a l t  w i t h  in  tw o  w ays ;  r e p l a c e m e n t  s i t e s  w e r e  c h o s e n  f r o m  the  r e s e r v e ,  
o r  s a m p l i n g  w a s  p o s t p o n e d  by  e x a c t l y  one  w e e k .  T h e  l a t t e r  p r o c e d u r e  s e e m s  p r e -  
f e r a b l e  s i n c e  i t  p r e s e r v e s  r a n d o m n e s s  w i t h  r e s p e c t  to  t i m e  of day,  day  of week ,  and  
p l a c e ;  t h i s  r a n d o m n e s s  i s  l o s t  w h e n  s i t e s  a r e  r e p l a c e d  f r o m  the  r e s e r v e ,  and  no th ing  
s e e m s  to be  g a i n e d  in  r e t u r n .  

T h e  r e p o r t  m e n t i o n s  t h a t  a n e w  m o t o r w a y  had  b e e n  o p e n e d  s h o r t l y  b e f o r e  the  
s u r v e y  b e g a n ;  c o n t r o l  s a m p l e  s e l e c t i o n  w a s  b a s e d  m a i n l y  on the  a c c i d e n t  p a t t e r n  
b e f o r e  t h e  m o t o r w a y  w a s  o p e n e d ,  w h e r e a s  t he  a c c i d e n t  g r o u p  was  s e l e c t e d  by  a c c i -  
d e n t s  o c c u r r i n g  w h e n  t h e  m o t o r w a y  w a s  o p e n  ( e x c l u d i n g  a c c i d e n t s  o c c u r r i n g  on the  
m o t o r w a y ) .  T h e  m a t c h i n g  of  t he  t w o  g r o u p s  wi l l  h a v e  b e e n  a f f e c t e d  to the  e x t e n t  
t h a t  t h e  a c c i d e n t  p a t t e r n  on  the  c i t y ' s  s t r e e t s  h a s  b e e n  a l t e r e d  by the  o p e n i n g  of the  
m o t o r w a y .  

In  g e n e r a l ,  h o w e v e r ,  t h e  d e s i g n  of  the  s u r v e y  a p p e a r s  to u s  to be  s a t i s f a c t o r y ,  
and  c o r r e c t i o n  of  the  a b o v e  e r r o r s  s h o u l d  no t  s u b s t a n t i a l l y  a f fec t  the  c o n c l u s i o n s .  

3 . 2  M e a s u r e s  of  d i f f e r e n c e s  in  a c c i d e n t  r i s k  

T h e  s i g n  of  t h e  a c c i d e n t  i n v o l v e m e n t  i n d e x  d e s c r i b e d  in 2 . 5  i s  i n t e r p r e t e d  a s  
f o l l o w s :  

I i > 0 m o r e ~  a c c i d e n t  d r i v e r s  in  c l a s s  i t h a n  if t he  d i s t r i b u t i o n  of the  a c c i d e n t  
I i < 0 l e s s  ~ g r o u p  w e r e  p r o p o r t i o n a l  to  t h a t  of t he  c o n t r o l  g r o u p .  

H o w e v e r ,  t he  m a g n i t u d e  of  I i i s  d i f f i c u l t  to  i n t e r p r e t ;  t h e r e  s e e m s  to be a n e e d  f o r  a 
n u m e r i c a l  m e a s u r e  of  t h e  a c c i d e n t  r i s k  of  one  c l a s s  of d r i v e r s  r e l a t i v e  to  tha t  of 
a n o t h e r  c l a s s .  W i t h  t h e  n o t a t i o n  g i v e n  in  2 . 5 ,  s u p p o s e  t h a t  the  v a r i a b l e  of c l a s s i f i c a -  
t i o n  i s  b l o o d  a l c o h o l  l e v e l ,  a n d  t h a t  i = 0 r e f e r s  to  t he  0 -9  m g / 1 0 0  m l  a l c o h o l  l eve l  
i n t e r v a l .  

L e t  t he  r e l a t i v e  a c c i d e n t  r a t e  r i -- - -  
a i c  o 

Ciao 
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i . e .  the  r a t i o  of t he  n u m b e r  of a c c i d e n t  d r i v e r s  to  t h e  n u m b e r  of  c o n t r o l  d r i v e r s  i n  
c l a s s  i d iv ided  by the  c o r r e s p o n d i n g  r a t i o  f o r  t he  0 - 9  mg/100 ml c l a s s .  

r i p r o v i d e s  a m e a s u r e  of t he  a c c i d e n t  r i s k  in  t he  a l c o h o l  l e v e l  i c o m p a r e d  w i t h  
tha t  in the  0 -9  m g / 1 0 0  m l  i n t e r v a l .  V a l u e s  of r i  a r e  g iven  in T a b l e  1 ( the  r e l a t i v e  
a c c i d e n t  r a t e  i s  r e f e r r e d  to b r i e f l y  in  B o r k e n s t e i n ' s  r e p o r t ,  in  w h i c h  i t  i s  c a l l e d  t h e  
a l coho l  l eve l  f a c t o r ) .  

Wi th  the n o t a t i o n  g iven  in 2 . 5 ,  t he  r e l a t i v e  a c c i d e n t  r a t e  c a n  be  r e l a t e d  to  t h e  
a c c i d e n t  i n v o l v e m e n t  index:  

100 (a i -- e i) 
I i = 

e i  

= I00{ (A+ C)ai--A(ai + ci)} 
A(a i + c i) 

C (A + C)c 0 

= I O 0 ( ~ - - A ( c  ° + aori)) 

1: i s  t hus  a m o n o t o n i c  i n c r e a s i n g  f u n c t i o n  of r i  
lOOC 

r i c an  t ake  any p o s i t i v e  r a t i o n a l  v a l u e :  a s  r i  -~ 0% Ii  ~ A 

as  r i -~ 0, I i  ~ - -100 

A g r a p h  of I a g a i n s t  r w h e n  A = 5985, C = 7590,  a o = 4992,  c o = 6756 (the v a l u e s  
in  T ab l e  1) i s  g i v e n  in F i g u r e  1. 

The  s t a t i s t i c a l  s i g n i f i c a n c e  of t he  d i f f e r e n c e  b e t w e e n  r e l a t i v e  a c c i d e n t  r a t e s  
r i  and  r j  f o r  two d i f f e r e n t  c l a s s e s  m a y  be t e s t e d  by  a p p l y i n g  t h e  X 2 t e s t  o f  p r o p o r -  
t i o n a l i t y  to  the  2 x 2 m a t r i x  ( c,) ai 

aj cj 

With  the  n o t a t i o n  g iven  in 2 . 6 ,  t he  r e l a t i v e  a c c i d e n t  r a t e  f o r  t h e  a l c o h o l  l e v e l  
c l a s s  j w i th in  v c l a s s  i i s  

aijCio 

r i j  - c i j a io  

V a l u e s  of r i j  a r e  g i v e n  in T a b l e s  13 -20  of t h i s  R e p o r t .  R e l a t i v e  a c c i d e n t  r a t e s  m a y  
only  be  c o m p a r e d  w i t h i n  any one  v c l a s s ;  to  p e r m i t  d i r e c t  c o m p a r i s o n  b e t w e e n  any  
two c e l l s  in the  s a m e  t w o - f a c t o r  a n a l y s i s  t ab le ,  l e t  t he  a c c i d e n t  r a t e  f o r  v c l a s s  i 
and  a l coho l  l e v e l  c l a s s  j be 

a i jCv  
si j  -- c i jA v 
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P v  4 Pv 4 

w h e r e  A v =  ~ ~, a i j  and  C v  .~, ~, c i j  
i = i  j = o  i = i  j = o  

( B e c a u s e  of i n c o m p l e t e  o b s e r v a t i o n s ,  A v and  C v a r e  no t  t he  s a m e  fo r  a l l  v a r i a b l e s  v) 
-sij  i s  a m e a s u r e  of t h e  a c c i d e n t  r i s k  in v c l a s s  i and  a l c o h o l  l eve l  c l a s s  j c o m p a r e d  
w i t h  the  a v e r a g e  r i s k  f o r  a l l  d r i v e r s  o b s e r v e d .  

3 . 3  C o n f i d e n c e  l i m i t s  f o r  t he  r e l a t i v e  a c c i d e n t  r a t e  

T h e  r e l a t i v e  a c c i d e n t  r a t e s  g i v e n  in T a b l e s  1, and  1.3-20 a r e  c a l c u l a t e d  f r o m  
n u m b e r s  of  d r i v e r s  in  t h e  a c c i d e n t  and  c o n t r o l  g r o u p s ,  and  a r e  t h e r e f o r e  s u b j e c t  
to  s a m p l i n g  e r r o r ;  t h e  r a t e  r i in  the  i th  a l c o h o l  l e v e l  i n t e r v a l  was  o b t a i n e d  f r o m  
t h e  2 x 2 m a t r i x  

A n y  

( c,) ai  

a 0 Co  

2 x 2 m a t r i x  w i t h  t h e  s a m e  r o w -  and  c o l u m n - s u m s  i s  of the  f o r m  

(i) 

/a+xc ) x 
a 0 ~ x c o + x 

( a  i + x) (c o ~: x) 
L e t p i =  (c i _ x )  (a o - x )  

(2) 

(3) 

T h e n  t h e r e  w i l l  b e  j u s t  one  v a l u e  of  x (not in  g e n e r a l  a who le  n u m b e r )  such  
t h a t  Pi  r e p r e s e n t s  t h e  t r u e  a c c i d e n t  r i s k  of t h o s e  who d r i v e  in  G r a n d  R a p i d s  wi th  
a l c o h o l  l e v e l s  in  t h e  i th  i n t e r v a l ,  c o m p a r e d  wi th  the  r i s k  of t h o s e  who d r i v e  wi th  
a l c o h o l  l e v e l s  l e s s  t h a n  10 m g / 1 0 0  ml ,  a l l o w i n g  f o r  d i f f e r e n c e s  b e t w e e n  t i m e s  of 
d r i v i n g ,  d i s t a n c e  d r i v e n ,  a n d  r o u t e s  t a k e n .  T h i s  p a r t i c u l a r  va lue  of x i s  d e t e r m i n e d  
a s  a f u n c t i o n  of ai ,  c i ,  a o and  c o by  e q u a t i o n  (3), and w i th  t h i s  va lue  of x, l e t  

" " ( 1  + 1 + 1 + 1 ) 
o~ (ai, c i ,  ao,  c o) = x 2 a i  +------~ c i -- x a o -- x c o +------~ (4) 

In  a . l o n g  s e r i e s  of  e x p e r i m e n t s  e a c h  y i e l d i n g  a 2 x 2 m a t r i x  a s  in (1) wi th  the  
2 s a m e  s e t  of r o w -  and  c o l u m n - s u m s ,  ~ s h o u l d  be d i s t r i b u t e d  a p p r o x i m a t e l y  a s  X 

w i t h  one  d e g r e e  of f r e e d o m .  T h i s  f a c t  m a y  be  u s e d  to o b t a i n  f r o m  the  s u r v e y  da ta  
95 p e r  c e n t  c o n f i d e n c e  l i m i t s  f o r  the  r e l a t i v e  a c c i d e n t  r a t e  in  the  i th  a l c o h o l  l eve l  
i n t e r v a l ,  a s  f o l l o w s .  If  ~ i s  g i v e n  the  f ive  p e r  c e n t  v a l u e  of X 2 (1 d . f . ) , a n d  a i , c i ,  ao ,  
a n d  c o a r e  g i v e n  t h e  v a l u e s  o b t a i n e d  in  t h e  s u r v e y ,  e q u a t i o n  (4) b e c o m e s  an  equa t i on  
in  x h a v i n g  j u s t  two  r o o t s  s u c h  t h a t  a l l  f o u r  e n t r i e s  in the  2 x 2 m a t r i x  in  (2) a r e  
p o s i t i v e .  T h e s e  two v a l u e s  of  x, w h e n  s u b s t i t u t e d  in  e q u a t i o n  (3) g ive  two v a l u e s  Pi '  
a n d  Pi"  s u c h  t h a t  if  t h e  t r u e  r e l a t i v e  r i s k  d id  no t  l i e  b e t w e e n  Pi '  and  P i" ,  t h e r e  would  
be  a l e s s  t h a n  f i ve  p e r  c e n t  p r o b a b i l i t y  of  c h a n c e  v a r i a t i o n  p r o d u c i n g  a d i f f e r e n c e  
b e t w e e n  r i  and  t he  t r u e  r e l a t i v e  r i s k  a t  l e a s t  a s  l a r g e  a s  t h a t  ob t a ined  in  the  s u r v e y .  
P i '  and  P i "  ~ r e  t h u s  95 p e r  c e n t  c o n f i d e n c e  l i m i t s  f o r  t h e  a c c i d e n t  r i s k  in  the  i th 
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alcohol level in te rva l  c o m p a r e d  with that in the 0-9 mg/100 ml  in te rva l ,  and  t h e i r  
values are  included in Table 1. 

3.4 Accident expe r i ence  at blood alcohol  levels  10-49 mg/100  ml  

The data in B o r k e n s t e i n ' s  r epor t  wa r r an t  c a r e f u l  examina t i on  in o r d e r  to a s s e s s  
whether  or not they provide evidence that  d r i v e r s  p e r f o r m  be t t e r  at  a lcohol  l e v e l s  
10-49 mg/100 ml  than at alcohol leve ls  l e s s  than 10 m g / 1 0 0  ml.  

When the acc iden t  and control  g roups  are  d i s t r i b u t e d  with r e s p e c t  to a lcohol  
level  only, the r e l a t i ve  acc ident  r a te  is l e s s  than uni ty  for  a lcohol  l eve l s  10-39 m g /  
100 ml; Table 22 is based  on the f i r s t  four  rows of Table  1. 

TABLE 22 

Dis t r ibu t ions  by alcohol  level  in the r ange  0-39 mg /100  ml 

Blood alcohol  
level 
(mg/100 ml) 

0-9 

10-19 

20-29 

30-39 

Numbers  of d r i v e r s  

Accident 

4992 

188 

95 

57 

Control  

6756 

276 

134 

96 

Re la t ive  
a c c i d e n t  
r a t e  

1 

0 .92  

0.96  

0 .80  

2 
X 
(1 d e g r e e  
of f r e e d o m ) *  

O. 74 

0 .10  

1 .70  

* These  va lues  of: × 2 a r e  obtained by c o m p a r i n g  each  a lcohol  l eve l  
in te rva l  in turn  with the 0-9 mg/100 ml  i n t e rva l .  The f ive  pe r  
cent value of X 2 with one degree  of f r e e d o m  is  3 .84 

When the accident  and control  f r equenc i e s  in Table  22 a r e  t e s t ed  fo r  p ropo r t i ona l i t y ,  
the value of × 2 is 2.44 with th ree  d e g r e e s  of f r e e d o m .  The c o r r e s p o n d i n g  five p e r  
cent s ignif icance leve l  is 7.82. 

Hence any d i f fe rence  r e v e a l e d  by the s i n g l e - f a c t o r  a n a l y s i s  be tween  the a c c i d e n t  
exper ience  of d r i v e r s  with alcohol l eve l s  in the 10-39 m g / 1 0 0  ml  i n t e r v a l  and tha t  of 
d r i v e r s  with alcohol leve ls  l e s s  than 10 mg/100 ml  is too s m a l l  to be s t a t i s t i c a l l y  
significant  at the five pe r  cent  level  in a survey  of th is  s i ze .  

The two-fac tor  ana lyses  of the acc ident  and con t ro l  g roups  with  r e s p e c t  to a l c o -  
hol level  and each  of the other  v a r i a b l e s  ( s ee  Table  13-20) give d i s t r i b u t i o n s  with  
r e s pec t  to alcohol level  within a total  of 32 c l a s s e s ,  and fo r  e ach  c l a s s  a 2 x 2 m a t r i x  
of the form 

(: ::) 
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m a y  be  e x t r a c t e d ,  w h e r e  a and  c a r e  t he  n u m b e r s  of a c c i d e n t  and c o n t r o l  d r i v e r s  in 
the  c l a s s  and  h a v i n g  a l c o h o l  l e v e l s  in  t he  i n t e r v a l  10-49 m g / 1 0 0  mI ,  a o and  c o a r e  
the  c o r r e s p o n d i n g  n u m b e r s  of d r i v e r s  in  the  0-9 m g / 1 0 0  ml  i n t e rva l .  

L e t  5 = a c  o - a 0 c  

s = a + c + a o + C  o 

y ----A :as A + c s  + A + aoS + A + COS-- 

A c c o r d i n g  to  t h e  × 2 t e s t  of p r o p o r t i o n a l i t y ,  on the nul l  hypo the s i s  tha t  a c c i d e n t  r i s k s  
in  the  a l c o h o l  •level i n t e r v a l s  0 -9  and  10 -49  rag /100  m I  a r e  equal ,  y2 shou ld  be d i s '  
t r i b u t e d  a p p r o x i m a t e l y  l i ke  × 2 wi th  one  d e g r e e  of f r e e d o m ,  so  tha t  y shou ld  be 
a p p r o x i m a t e l y  a s t a n d a r d  n o r m a l  v a r i a t e .  

L e t  w be  t he  a r e a  u n d e r  the  n o r m a l  c u r v e  to t h e  lef t  of y. 

T h e n  on the  above  nu l l  h y p o t h e s i s ,  w s h o u l d  be a p p r o x i m a t e l y  u n i f o r m l y  d i s t r i b u t e d  
in t he  i n t e r v a l  (0, 1). A b i a s  t o w a r d s  o r  a w a y  f r o m  z e r o  would  ind ica te  r e s p e c t i v e l y  lower  
o r  h i g h e r  a c c i d e n t  r i s k  in  the  10-49  m g / 1 0 0  ml i n t e r v a l  than  in the 0-9  m g / 1 0 0  ml  
i n t e r v a l .  

V a l u e s  of w f o r  the  32 c l a s s e s ,  t o g e t h e r  with c o r r e s p o n d i n g  r e l a t i v e  a c c i d e n t  
r a t e s  f o r  the  10-49  m g / 1 0 0  m l  a l c o h o l  l e v e l  i n t e r v a l  a r e  g iven  in Tab le  23 and the 
d i s t r i b u t i o n  f o r  the  32 v a l u e s  of w is  s h o w n  in F i g u r e  2. The  dev ia t i on  of the  o b s e r v e d  
d i s t r i b u t i o n  f r o m  u n i f o r m i t y  w a s  t e s t e d  f o r  s t a t i s t i c a l  s i gn i f i c ance  by m e a n s  of the 
s t a t i s t i c  U 2 d e v e l o p e d  by  W a t s o n .  5 If N po in t s  a r e  d i s t r i b u t e d  in the  i n t e r v a l  
0 -.< x --< 1 w i th  d i s t r i b u t i o n  f u n c t i o n  Fo(x) , and the hypo the t i c a l  d i s t r i b u t i o n  is  F(x), 
t h e n  

s / o  {Fo!X)- FCx)- /o ¢Fo¢y - d y}2 dx 
In  the  p r e s e n t  c a s e  F(x)  = x and  N = 32~it  may  be shown that  if the  32 va lue s  of w 
a r e  d e n o t e d  by  w i (1 ~< i --< 32), and  t h e i r  a r i t h m e t i c  m e a n  by ~ ,  then  

U 2 2 =  ~ 2 ( w  i 2 i - -  1 / 2  - -  32 ('~ - -  1/2)2 ÷ 1/384 

i = l '  

T h i s  g i v e s  t h e  v a l u e  0 . 0 3 4 ,  w h i c h  is  not  s ign i f i can t  a c c o r d i n g  to the t ab le  of p e r c e n -  
t a g e  poi 'nts  f o r  U~ g ive  by  S t e p h e n s .  6 

T h e  C o n c l u s i o n  i s  t ha t  the  t w o - f a c t o r  a n a l y s e s  do not  r e v e a l  a s i g n i f i c a n t  dif-  
f e r e n c e  a t  t he  f ive  p e r  c e n t  l e v e l  b e t w e e n  the  a c c i d e n t  e x p e r i e n c e  of d r i v e r s  i n  the  
0 - 9  and  1 0 - 4 9  m g / 1 0 0  m l  a l c o h o l  l e v e l  i n t e r v a l s .  

3. 5 T w o - f a c t o r  i n t e r a c t i o n :  the  d a n g e r  of c o m p a r i n g  i l l - m a t c h e d  g roups  

It  w a s  m e n t i o n e d  in 2. 6 t ha t  a d i f f e r e n c e  be tween  the a c c i d e n t  r i s k s  f o r  d r i v e r s  
f o u n d  in d i f f e r e n t  a l c o h o l  l e v e l  i n t e r v a l s  c a n  a r i s e  f r o m  the fac t  tha t  the g roups  of 
d r i v e r s  in t he  d i f f e r e n t  i n t e r v a l s  a r e  no t  m a t c h e d  wi th  r e s p e c t  to o t h e r  v a r i a b l e s .  
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TABLE 23 

Relative accident ra tes  at blood alcohol 
levels 10-49 mg/100 ml compared with 
0-9 mg/100 mlwhen d r ive r s  a re  c l a s s i -  

fied by one other var iable  

Second variable of 
classification 

Age 

Estimated l 
annual 
mileage 

Education i 
level 

Race or { 
nationality 

Marital 
status 

Occupation { 
status 

Reported 
drinking 
frequency 

Sex 

16-17 
18-24 
25-34 & 55-64 
35-54 

1000 & under 
1001-5000 
5001-15 000 
over 15 000 

less  than 8 yea r s  
8 yea r s  
9-11 years 
12 years 
13-15 years 
16 years or more 

White 
non-white 

single 
mar r i ed  
widowed 
separated 
divorced 

lower 
skilled 
lower white-collar  
upper white-col lar  

i year ly  or less  
-monthly 
weekly 
3 t imes weekly 
daily 

male 
:female 

Relative 
accident 
ra te  

3.09 
1.04 
1.01 
0..95 

0.86 
1.07 
1.05 
0.78 

1 . 2 2  
O.87 
1.05 
O. 97 
O. 70 
O. 92 

0 . 8 8  
1.51 

0.98 
0.99 
0.27 
O. 59 
1.25 

1.07 
O. 84 
O. 84 
0.83 

1.19 
1. O6 
1.09 
1.13 
1.46 

0.94 
0.90 

Value of w 

0 .97 
O. 60 
O. 54 
O. 32 

O. 38 
0.63 
0 .64 
0 .07 

0 .75 
0 .25 
0.63 
0 .40 
0 .02  
0 . 3 6  

0 .04 
0 .97 

0 .43 
0 .44 
0.003 
0.13 
0 .77 

0 .73 
0 .12 
0 .13 
0.15 
0.88 
0.62 
0.75 
0 .75 
O. 98 

0.21 
0 . 2 8  
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The dange r  of r e a c h i n g  f a l se  conc lus ions  when compar ing  two i l l -ma tched  groups 
of ind iv iduals  is  c l e a r l y  exp la ined  in a n o n - m a t h e m a t i c a l  way by Bradfo rd  Hill 7, 
and a f u r t h e r  apt i l l u s t r a t i on  is p rov ided  by Table 24, which is an ex t rac t  f rom Table 
19. 

TABLE 24 

C o m p a r i s o n  of the 0-9 and 10-49 mg/100 ml 
a lcohol  l eve l  i n t e rva l s  within r e p o r t e d  drinking f requency  c l a s s e s  

R e p o r t e d  
d r ink ing  
f r e q u e n c y  

Y e a r l y  or  l e s s  

Monthly 

Weekly  

3 t i m e s  week ly  

Daily 

Blood a lcohol  l eve l s  (mg/100 ml) 

0-9 10-49 

N u m b e r  of d r i v e r s  Number  of d r i v e r s  

Acc iden t  

2485 

934 

959 

340 

160 

Cont ro l  

2778 

1010 

1374 

616 

505 

Accident  
r a t e  

1.09 

1.13 

0 .85  

0.67 

0. 39 

Accident  

94 

55 

122 

64 

63 

Control  

88 

56 

160 

103 

136 

Accident  
ra te  

I. 30 

i. 20 

0. 93 

0. 76 

0. 57 

Relative 
accident  
ra te  

1.19  

1.06 

1.09 

1.13 

1.46 

Total  4878 6283 0. 95 398 543 0. 90 0. 94 

The l a s t  co lumn  shows that within each  dr inking f requency  c lass  the acc ident  
r a t e  a p p e a r e d  h i g h e r  in the h igher  a lcohol  level  interval ,  whe reas  when al l  drinking 
f r e q u e n c y  c l a s s e s  a r e  combined,  the r e v e r s e  r e su l t  occurs .  The paradox a r i s e s  
f r o m  the fact  that  the p ropor t ion  of inf requent  d r inke r s  is much higher  in the 0-9 
mg/100  ml  i n t e r v a l  than in the 10-49 mg /100  ml  interval ,  and in both in te rva l s  the 
acc iden t  r a t e  i s  s ign i f i can t ly  h igher  at the five per  cent level  for  infrequent  d r inke r s  
than fo r  f r e q u e n t  d r i n k e r s .  It should be noted that it is  only for  the daily d r i n k e r s  
that  the d i f f e r e n c e  be tween  the acc iden t  r a t e s  in the two alcohol  level  in t e rva l s  in 
Table  24 is  by i t se l f  s t a t i s t i c a l l y  s igni f icant  at the five pe r  cent level  but the last  
co lumn s u g g e s t s  tha t  a l though g r e a t e r  d r ink ing  f requency  is assoc ia ted  with a low 
acc iden t  r a t e ,  f o r  e ach  d r ink ing  f r e q u e n c y  c l a s s  the lowest  acc ident  ra te  may  well  
o c c u r  in . the 0-9 mg/100  ml  a lcohol  level  in terval ,  i .e.  even the f requent  d r i nke r  
should keep his  d r ink ing  and d r iv ing  s e p a r a t e  in o rde r  to min imise  his acc ident  r i sk .  

B o r k e n s t e i n ' s  r e p o r t  does  not give de ta i l s  of two-fac tor  ana lyses  by dr inking 
f r e q u e n c y  and the  o the r  s e v e n  v a r i a b l e s ,  but it does state (p. 135) that age -g r0ups  
having the bes t  and w o r s t  a c c i d e n t  e x p e r i e n c e  a r e  r e spec t ive ly  over-  and under-  
r e p r e s e n t e d  a m o n g  the f r e q u e n t  d r i n k e r s  compared  with the infrequent  d r inkers ,  
and that  the s a m e  is  t r ue  when  age is  r e p l a c e d  by any o ther  ma jo r  va r iab le  except 
a lcohol  leve l .  It thus  a p p e a r s  that  pa r t  of the d i f fe rence  between the acc ident  r i sks  
of f r equen t  and in f r equen t  d r i n k e r s  may  be a t t r ibutable  to the effect of o the r  v a r i -  
ab les .  
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The  way in w h i c h  the  p a r a d o x  in  T a b l e  24 a r i s e s  i s  e x a m i n e d  a l g e b r a i c a l l y  
in the  Appendix .  

3 .6  Ef fec t  of a l c o h o l  on d r i v e r s  of d i f f e r e n t  a g e s  

In Tab le  13, w h i c h  g ives  the  d i s t r i b u t i o n s  of a c c i d e n t  a n d  c o n t r o l  d r i v e r s  w i t h  
r e s p e c t  to a l coho l  l eve l  wi th in  v a r i o u s  age  g r o u p s  i t  c a n  be  s e e n  t h a t  t he  r e l a t i v e  
a c c i d e n t  r a t e  r i s e s  f a s t e r  as  a l c o h o l  l e v e l  r i s e s  a b o v e  80 m g / 1 0 0  m l  f o r  d r i v e r s  
a g e d  25 to 34 and  55 to 64 than f o r  t h o s e  a g e d  35 to 54, and  a l i t t l e  f a s t e r  s t i l l  f o r  
t h o s e  aged  18 to 24. T h e s e  d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  f i ve  p e r  
cen t  l eve l  and  it  a p p e a r s  that  in G r a n d  R a p i d s  the  i n c r e a s e  in a c c i d e n t  r i s k  r e s u l -  
t ing  f r o m  high a l c o h o l  l e v e l s  is  a b o u t  ha l f  as  g r e a t  a g a i n  f o r  t he  y o u n g  a n d  e l d e r l y  
d r i v e r s  a s  fo r  the  m i d d l e - a g e d  d r i v e r s .  

T h i s  r e s u l t  c o n t r a d i c t s  the  c o n c l u s i o n  r e a c h e d  by  the  G r a n d  R a p i d s  i n v e s t i g a -  
t o r s  tha t  a c c i d e n t  r i s k  does  not  v a r y  s i g n i f i c a n t l y  w i t h  age  a t  h i g h  a l c o h o l  l e v e l s  
( see  the  l a s t  p a r a g r a p h  of 2.6) .  I t  s h o u l d  be n o t e d  t h a t  s u c h  a l a c k  of s i g n i f i c a n c e  
m a y  a r i s e  s i m p l y  b e c a u s e  the n u m b e r s  of d r i v e r s  f o u n d  at  t h e  h i g h  a l c o h o l  l e v e l s  
a r e  s m a l i ,  even  when  the  v a r i a t i o n  of r i s k  wi th  the  s e c o n d  v a r i a b l e  i s  n u m e r i c a l l y  
g r e a t e r  a t  high a l c o h o l  l e v e l s  t han  a t  low a l c o h o l  l e v e l s  w h e r e  i t  i s  s t a t i s t i c a l l y  s i g -  
n i f i c an t  (as it i s  w h e n  the  s e c o n d  v a r i a b l e  is  age) .  In  s u c h  a c a s e ,  i t  i s  h a r d l y  
a p p r o p r i a t e  to i n t e r p r e t  t he  l a c k  of s i g n i f i c a n c e  a s  i n d i c a t i n g  t h a t  t h e r e  i s  no r e a l  
v a r i a t i o n  of r i s k  w i th  the  s e c o n d  v a r i a b l e .  

3. 7 E s t i m a t i o n  of the  p r o p o r t i o n  of d r i v e r s  w h o s e  i n v o l v e m e n t  in  a c c i d e n t s  in  
G r a n d  R a p i d s  w a s  a t t r i b u t a b l e  to  a l c o h o l  

The  s i n g l e - f a c t o r  a n a l y s i s  w i t h  r e s p e c t  to a l c o h o l  l e v e l  c a n  be  u s e d  to e s t i m a t e  
the  n u m b e r  and a l c o h o l  l eve l  d i s t r i b u t i o n  of d r i v e r s  in the  a c c i d e n t  g r o u p w h o s e  
i n v o l v e m e n t  in a c c i d e n t s  could  be r e g a r d e d  a s  a t t r i b u t a b l e  to  a l c o h o l .  

In the  ith a l c o h o l  l eve l  t h e r e  w e r e ,  in the  n o t a t i o n  of 2. 5 a n d  3 . 2 ,  a i  a c c i d e n t -  
invo lved  d r i v e r s  a nd  c i c o n t r o l  d r i v e r s .  If the  a c c i d e n t  r i s k  f o r  d r i v e r s  in t he  i t h  
i n t e r v a l  had been  the  s a m e  as  f o r  d r i v e r s  o b s e r v e d  to have  a l c o h o l  l e v e l s  l e s s  t h a n  
10 m g / 1 0 0  ml ,  t he  e x p e c t e d  r a t i o  o f  the  n u m b e r  of a c c i d e n t  d r i v e r s  to  t h e  n u m b e r  

of c o n t r o l  d r i v e r s  would  be ~-~° o. T h u s  the  e x p e c t e d  n u m b e r  of a c c i d e n t  d r i v e r s  w o u l d  

c i ao  ai a i  be c---o- - r i ; ai  -- r-- T t h e r e f o r e  p r o v i d e s  an e s t i m a t e  of t he  n u m b e r s  of d r i v e r s  in 

the  i th i n t e rva l  w h o s e  i n v o l v e m e n t  in a c c i d e n t s  w a s  a t t r i b u t a b l e  to  a l c o h o l .  T h i s  ca l -  
cu l a t i on  is  m a d e  f o r  e a c h  a l coho l  l e v e l  in Tab l e  25 (a). 

The  a s s u m p t i o n  i m p l i c i t  in the  above  c a l c u l a t i o n  i s  t h a t  d r i v e r s  o b s e r v e d  to 
have  a l coho l  l e v e l s  above  10 m g / 1 0 0  m l  would ,  if t h e y  k e p t  b e l o w  10 m g / 1 0 0  ml ,  e x -  
p e r i e n c e  an a c c i d e n t  r a t e  s i m i l a r  to  t h a t  of d r i v e r s  o b s e r v e d  to  h a v e  a l c o h o l  l e v e l  
be lo w  10 m g / 1 0 0  ml .  B e c a u s e  d r i v e r s  found  at d i f f e r e n t  a l c o h o l  l e v e l s  d i f f e r e d  w i t h  
r e s p e c t  to o t h e r  v a r i a b l e s ,  t h i s  a s s u m p t i o n  i s  no  m o r e  t h a n  a u s e f u l  a p p r o x i m a t i o n ;  
it  shou ld  be no ted  f o r  i n s t a n c e ,  t h a t  s o m e  n e g a t i v e  e n t r i e s  o c c u r  a t  m e d i u m  a l c o h o l  
l e v e l s  i n d i c a t i n g  an  i n c r e a s e  of a c c i d e n t  r i s k  if d r i v e r s  w i t h  t h e s e  c o n c e n t r a t i o n s  
had t h e i r  a l coho l  c o n t e n t  r e d u c e d  to 0 -9  m g / 1 0 0  m l  ( s e e  3 . 4  a n d  3 . 5 ) .  T h e  g e n e r a l  
c o n c l u s i o n  of T a b l e  25 ( a ) i s  c o n f i r m e d  by the  f o l l o w i n g  c a l c u l a t i o n .  
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TABLE 25 (a) 

An e s t i m a t i o n  of the  p r o p o r t i o n  a n d  a l coho l  l e v e l  d i s t r i b u t i o n  of d r i v e r s  
w h o s e  i n v o l v e m e n t  in  a c c i d e n t s  in  G r a n d  R a p i d s  w a s  a t t r i b u t a b l e  to 

a l c o h o l  

B lood  
a l c o h o l  
l e v e l  
( m g / 1 0 0  ml )  

0 - 9  

10-19 

20 -29  

30- 39 

40- 49 

50- 59 

60 -69  

70- 79 

80- 89 

9 0 - 9 9  

100- 119 

R e l a t i v e  
a c c i d e n t  
r a t e  
(h) 

I.  O0 

O. 92 

O. 96 

O. 80 

I. 0 8  

1 .21  

1 .41  

I. 52 

I .  88 

1 . 9 5  

5. 93 

120-139  4. 

140- 159 10. 

160 a n d  o v e r  21. 
! 

Tota l s  

94 

44 

38 

N u m b e r  of 
d r i v e r s  in 
a c c i d e n t  g r o u p  
(ai) 

4992  

188 

95 

57 

66 

50 

46 

36 

39 

39 

92 

73 

54 

1 5 8  

5985 

D r i v e r s  w h o s e  i n v o l v e m e n t  
in a c c i d e n t s  was  
a t t r i b u t a b l e  to a l coho l  

E s t i m a t e d  
n u m b e r  

a i  
ai  r i 

0 

- -16 .  3 

--4. 0 

--14. 3 

4 . 9  

8 . 7  

13. 4 

12. 3 

1 8 .  3 

19. 0 

76. 5 

58. 2 

48. 8 

150. 6 

376. 1 

Percentage of 
a c c i d e n t  group 
100 [ a  ai  

0 

--0. 27 

--0. 07 

--0. 23 

O. 08 

0 .15  

0 .22  

O. 20 

O. 30 

O. 32 

I. 27 

0 .97  

0.82 
2. 52 

6 . 2 8  
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F o r  a lcohol  l e v e l s  be low 80 m g / 1 0 0  ml ,  t he  d i f f e r e n c e  b e t w e e n  t h e  a l c o h o l  l e v e l  
d i s t r i b u t i o n s  of the  a c c i d e n t  and  c o n t r o l  g r o u p s  i s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  
f ive  p e r  cen t  l eve l ,  a nd  t h e r e f o r e  i t  i s  no t  v e r y  c e r t a i n  w h a t  e f f e c t  a r e d u c t i o n  of 
t h e s e  a l coho l  l e v e l s  to  be low 10 m g / 1 0 0  m l  wou ld  h a v e  on a c c i d e n t  i n v o l v e m e n t .  In  
Tab le  25 (b) t h e r e f o r e ,  in o r d e r  to  o b t a i n  a m i n i m u m  e s t i m a t e  of t he  p r o p o r t i o n  of 
d r i v e r s  whos e  i n v o l v e m e n t  in a c c i d e n t s  w a s  a t t r i b u t a b l e  to  a l c o h o l ,  t h e  l e v e l s  up  to  
80 m g / 1 0 0  m l  a r e  c o m b i n e d  in t he  f i r s t  r o w  of the  t ab le ;  t h u s  a s s u m i n g  f o r  t h i s  one  
c a l c u l a t i o n  tha t  l e v e l s  up  to 80 m g / 1 0 0  m l  would  n o t  a f f e c t  a c c i d e n t  i n v o l v e m e n t ,  t h e  
r a t i o  of the  n u m b e r s  of a c c i d e n t  and  c o n t r o l  d r i v e r s  w h i c h  w o u l d  b e  e x p e c t e d  in  t h e  
h i g h e r  a l coho l  l e ve l  i n t e r v a l s  if no  a c c i d e n t s  w e r e  a t t r i b u t a b l e  to  a l c o h o l  i s  t a k e n  to  
be  the  r a t i o  o b s e r v e d  in the  0 -79  m g / 1 0 0  m l  i n t e r v a l .  T h e  c a l c u l a t i o n  p r o c e e d s  a s  in  
the  n in th  and s u b s e q u e n t  r o w s  of T a b l e  25 (a) e x c e p t  t ha t  r i i s  r e p l a c e d  by  

' a i c ° '  a '  r i _- , ,  w h e r e  and c o' a r e  the  n u m b e r s  of a c c i d e n t  and  c o n t r o l  d r i v e r s  w i t h  

Ciao 
a l coho l  l e v e l s  l e s s  t h a n  80 r a g / 1 0 0  m l .  I t  so h a p p e n s  t ha t  in  t h i s  s u r v e y  r i and  r i '  do 
not  d i f f e r  un t i l  the  f o u r t h  s i g n i f i c a n t  f i g u r e .  

T A B L E  25(b) 

E s t i m a t i o n  of t he  p r o p o r t i o n  of d r i v e r s  w h o s e  i n v o l v e m e n t  in  a c c i d e n t s  
in Grand  R a p i d s  was  a t t r i b u t a b l e  to a l coho l ,  i g n o r i n g  a n y  s u c h  d r i v e r s  

who m a y  have  had  a l c o h o l  l e v e l s  of l e s s  t h a n  80 m g / 1 0 0  m l  

Blood 
a l coho l  l eve l  
( m g / 1 0 0  ml)  

0-79 

80-89 

90-99 

100-119 

120-139 

140-159 

1 6 0 a n d  o v e r  

T o t a l s  

Re l a t i ve  
r a t e  
r i ' 

1 .00  

1 .88  

i .  95 

5 . 9 2  

4 . 9 4  

10 .43  

21 .36  

N u m b e r  of 
d r i v e r s  in 
a c c i d e n t  g r o u p  

5530 

39 

39 

92 

73 

54 

158 

5985 

D r i v e r s  w h o s e  i n v o l v e m e n t  
in a c c i d e n t s  w a s  
a t t r i b u t a b l e  to a l c o h o l  

E s t i m a t e d  
n u m b e r  

0 . 0  

1 8 . 3  

1 9 . 0  

7 6 . 5  

5 8 . 2  

4 8 . 8  

1 5 0 . 6  

3 7 1 . 4  

P e r c e n t a g e  of 
a c c i d e n t  g r o u p  

0 . 0 0  

0 . 3 1  

0. 32 

1 . 2 8  

0. 97 

0. 82 

2. 52 

6 . 2 1  

T h e  c o n c l u s i o n  f r o m  t h e s e  two e s t i m a t e s  is  t h a t  if t he  s a m e  j o u r n e y s  h a d  b e e n  
m a d e ,  but a l l  d r i v e r s  had k e p t  t h e i r  a l c o h o l  l e v e l s  b e l o w  80 r a g / 1 0 0  m l ,  t he  n u m b e r  
i nvo lved  in a c c i d e n t s  would  have  b e e n  r e d u c e d  by  abou t  s i x  p e r  c en t .  I t  s h o u l d  be  
no t ed  tha t  th i s  e s t i m a t e  is  b a s e d  u p o n  c o m p a r i s o n  of the  a c c i d e n t  a n d  c o n t r o l  g r o u p s  
a s  a whole;  no a t t e m p t  was  m a d e  to d e c i d e  by a s s e s s i n g  e v i d e n c e  w h i c h  p a r t i c u l a r  
a c c i d e n t s  w e r e  a t t r i b u t a b l e  to a l c o h o l .  The  e s t i m a t e  i s  l i k e l y  to  be  a c o n s e r v a t i v e  
one b e c a u s e  it t a k e s  no a c c o u n t  of d r i v e r s  wi th  low a l c o h o l  l e v e l s  w h o  m a y  h a v e  
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been  innocent ly  involved in acc iden t s  with drunken d r i v e r s .  The es t imat ion  in Table 
25 (b) could  be r e p e a t e d  with  a d i f fe ren t  b a s e - l e v e l  in p lace  of 80 mg/100  ml, and 
the r e s u l t  of taking h igher  l eve l s  is shown in Fig. 3; fo r  the reasons  d i scussed  above, 
the ef fect  of taking b a s e - l e v e l s  below 80 mg/100  ml  is unce r t a in .  

The above ca l cu la t ions  a r e  based  on s ing l e - f ac to r  ana lys i s  only, us ing  two-fac- 
to r  a n a l y s e s  and mak ing  the above ca lcu la t ions  for  each  level  of the second  variable,  
e ight  f u r t h e r  p a i r s  of e s t i m a t e s  a r e  obtained, each  of which allows for  the effect of 
one o ther  va r i ab l e .  These  e s t i m a t e s ,  given in Table 26, show compara t ive ly  li t t le 
va r i a t ion ,  and f u r t h e r  suppor t  the above conclusion.  

TABLE 26 

E s t i m a t e s ,  b a s e s  on two- f ac to r  ana lyses ,  of the pe rcen t age  of the accident  
group whose  invo lvement  in acc idents  was  a t t r ibutable  to alcohol  

Va r i ab l e  the ef fec t  of 
which  is a l lowed  fo r  

Age 

E s t i m a t e d  annual  m i l e a g e  

Educa t ion  l eve l  

Race  

M a r i t a l  s t a tus  

Occupat ion s t a tus  

Repor t ed  d r ink ing  f r e q u e n c y  

Sex 

E s t i m a t e d  pe r cen t age  of acc ident  group 

By method used 
in Table 25(a) 

7 . 3  

6 . 4  

5 .1  

6 . 2  

5 .5  

5 .3  

7 , 5  

6 . 4  

By method used  
in Table 25(b) 

6 .9  

6 .4  

5 .2  

6 .1  

5 .8  

5 .5  

6 .7  

6 .8  

3. 8 E s t i m a t i o n  of the p r o p o r t i o n  of acc iden t s  a t t r ibu table  to alcohol 

E i t h e r  of the me thods  of the p r e c e d i n g  sec t ion  can be extended to e s t ima te  the 
p ropo r t i on  of a c c i d e n t s  which  may  in the s ame  way be r e g a r d e d  a s  a t t r ibutable  to 
a lcohol .  Only s i n g l e - d r i v e r  and t w o - d r i v e r  acc iden ts  a r e  considered,  because  it 
a p p e a r s  that  few a c c i d e n t s  in Grand  Rapids  involve m o r e  than two d r i v e r s .  Suppose 
that  d r i v e r s  a r e  d i s t r i b u t e d  o v e r  n + 1 a lcohol  leve l  in te rva l s  denoted bY suffixes 
0, 1, 2 . . . .  n, the suffix 0 denot ing  the in te rva l  the lower  l imi t  of which is zeroi this 
wi l l  be c a l l e d  the z e r o  in t e rva l .  

Let  Pii --- 

2Pij = 

p r o p o r t i o n  of a c c i d e n t s  which involved two d r ive r s ,  both having alcohol 
l eve l s  in the ith i n t e r v a l  

epji ~= p r o p o r t i o n  o f  acc iden t s  which involved two d r ive r s ,  having alcohol 
ve l s  one in the  i th and the o ther  in the jth in te rva l  
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qi  
= p r o p o r t i o n  of a c c i d e n t s  w h i c h  i nvo lved  one  d r i v e r  h a v i n g - a n  a l c o h o l  l e v e l  

in the  i th  i n t e r v a l  

n n 

i = o  j = o  

n 

q = ~ qi  
i = o  

Note: The  da ta  s u g g e s t  tha t  w i th  the  a l c o h o l  l e v e l  i n t e r v a l s  in T a b l e s  25(a) a n d  1, 
Poo ~ 1, Pio N 10-2 (i ~ 0), and  Pij ~ 10-4 i, j ~ o 
Also,  s i n c e  f e w  a c c i d e n t s  i n v o l v e  m o r e  t h a n  two d r i v e r s ,  p + q -- 1 

S e p a r a t e  r e l a t i v e  a c c i d e n t  r a t e s  c an  be d e f i n e d  f o r  i n v o l v e m e n t  in a c c i d e n t s  
of p a r t i c u l a r  k inds .  In the  i th a l c o h o l  l e v e l  i n t e r v a l ,  l e t  

u i = r e l a t i v e  r a t e  of i n v o l v e m e n t  in t w o - d r i v e r  a c c i d e n t s  in w h i c h  t h e  o t h e r  
d r i v e r  had  an a l coho l  l e v e l  in the  z e r o  i n t e r v a l  

v i = r e l a t i v e  r a t e  of i n v o l v e m e n t  in s i n g l e  d r i v e r  a c c i d e n t s  

T h e n  u o -- v o --- 1 

Suppose  t h e r e  w e r e  o r i g i n a l l y  N a c c i d e n t s ;  Nq of  t h e s e  w o u l d  be  s i n g l e - d r i v e r  
and  Np would  be t w o - d r i v e r .  Now c o n s i d e r  new c o n d i t i o n s  in w h i c h  the  s a m e  j o u r -  
n e y s  a r e  made ,  bu t  a l l  d r i v e r s  have  a l c o h o l  l e v e l s  in t he  z e r o  i n t e r v a l .  T h e  e x p e c t e d  
r a t e  of i n v o l v e m e n t  in s i ng l e  d r i v e r  a c c i d e n t s  f o r  d r i v e r s  o r i g i n a l l y  in t h e  i t h  a l c o -  
hol  l e v e l  i n t e r v a l  w i l l  have  been  d i v i d e d  b y  v i, so  t h a t  i n s t e a d  of t h e  o r i g i n a l  Nq i 

s i n g l e - d r i v e r  a c c i d e n t s  i nvo lv ing  s u c h  d r i v e r s , ~  Nqi  w o u l d  now be  e x p e c t e d .  T h e  
v i 

e x p e c t e d  tota l  n u m b e r  of s i n g l e - d r i v e r  a c c i d e n t s  in t he  n e w  c o n d i t i o n s  w o u l d  t h e r e -  

f o r e  be 

n qi = Nq 1 (say) 
N ~ vi  

i = 0  

F o r  t w o - d r i v e r  a c c i d e n t s  invo lv ing  one  d r i v e r  in the  i th  a l c o h o l  l e v e l  i n t e r v a l  a n d  
one in the  z e r o  i n t e r v a l ,  the  only  c h a n g e  b e t w e e n  t he  o r i g i n a l  and  t h e  new  c o n d i t i o n s  
is in the  a l coho l  l e v e l  of the  f o r m e r  d r i v e r ,  w h o s e  e x p e c t e d  r a t e  of i n v o l v e m e n t  in 
a c c i d e n t s  of th i s  k i n d  wi l l  have  b e e n  d i v i d e d  by ui ;  t h e r e  w e r e  o r i g i n a l l y  N(P io  + Po i  ) 

N of t h e s e  a c c i d e n t s ,  s o  tha t  T i  (Pio + P0i ) would  be  e x p e c t e d  in t h e  n e w  c o n d i t i o n s .  

N (  Pio  + P i o )  I t  r e m a i n s  
Since  u o = 1, the  e x p e c t e d  n u m b e r  m a y  be r e w r i t t e n  \uiu--- ~ UoU-----~l. • 

to c o n s i d e r  t w o - d r i v e r  a c c i d e n t s  i nvo lv ing  d r i v e r s  in t h e  i t h  and  j t h  a l c o h o l  l e v e l  
i n t e r v a l s ;  f o r  s u c h  a c c i d e n t s ,  the  a l c o h o l  l eve l s ,  of b o t h  d r i v e r s  w i l l  be  d i f f e r e n t  in 
the  new cond i t ions ,  and  t h e i r  r e s p e c t i v e  e x p e c t e d  r a t e s  of i n v o l v e m e n t  in a c c i d e n t s  
wi th  d r i v e r s  w h o s e  a l coho l  l e v e l s  r e m a i n  u n c h a n g e d  w i l l  h a v e  b e e n  d i v i d e d  by u i 
a n d  uj .  It t h e r e f o r e  s e e m s  r e a s o n a b l e  to e x p e c t  t h a t  t he  o r i g i n a l  n u m b e r  N(Pij  + Pji)  
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of a c c i d e n t s  involving one d r i v e r  in the ith and one in the  jth alcohol leve l  interval 
wil l  be d iv ided  by uiuj*, so that  the expected  number  in the new condit ions Will be 
N(Pi__t + Pji 

\u iu j  ujui  / 

The expec t ed  total n u m b e r s  of t w o - d r i v e r  accidents  in the new condit ions would 
t h e r e f o r e  be 

n n 
N ~ ~ Pij  = Np! (say) 

i = 0 j = 0 uiuj 

The expec ted  r educ t ion  in acc iden t s  would the re fo re  be 

N [ ( p - -  p l )  + ( q _  ql)]  

and the p e r c e n t a g e  reduc t ion  in acc iden t s  would be 

Ra = 100[(p--  p l )  + ( q _  ql)]  
(p + q) 

The p e r c e n t a g e  reduc t ion  in the number  of d r ive r s  involved would be 

10012(p--  p l )  + ( q _  ql)]  
R d = 

2 p +  q 

It a p p e a r s  f r o m  Table 21 that  u i <  v i f rom which it follows that p _ p l  < q _  q l  
P q 

Hence R d <  R a 

However  
Rd . -  2 ( p _ p l ) + ( q _ q l )  \ p _ ~ :  < 2 

R a 
Hence 1 < < 2 

Rd 

The  da ta  publ i shed  in B o r k e n s t e i n ' s  repor t  a re  insufficient for the above cal- 
culat ion to be made.  The r e p o r t  does, however,  give sufficient information to enable 
the r e l a t i v e  acc iden t  r a t e s  v i to be ca lcula ted  for wide alcohol level  in tervals  to- 
g e t h e r  wi th  app rox ima t ions  to the r e l a t i ve  ra tes  u i. The resu l t s  a re  given in Table 
21 (p. 25). 

* The a s s u m p t i o n  h e r e  is that  the e f fec ts  of the changes in the two c l a s ses  of d r ivers  
on the n u m b e r  of acc iden t s  involving one dr iver  f rom each class  a re  independent. 
This  does  not  mean  that  the  a lcohol  l eve l s  of two d r i ve r s  involved in an accident 
a r e  independent ;  any c o r r e l a t i o n  be tween these  leve ls  (which might a r i se ,  for  ex- 
ample ,  if d r i v e r s  wi th  high a lcohol  l eve l s  tended to  be concentra ted  at par t icular  
t i m e s  and p laces)  wi l l  be r e f l e c t e d  in the values of Pij 
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It has not been found poss ible  to e s t ima te  f r o m  B o r k e n s t e i n ' s  pub l i shed  data  
the proport ion of casua l t i e s  a t t r ibutable  to alcohol .  

3. 9 An es t imate  of the effect  of a change in the p ropor t ion  of d r i v e r s  d r ink ing  

It will  be convenient  to d e s c r i b e  in the f o r m  

(P0, PI ,  P2, P3, P4 ) 

the percen tage  dis t r ibut ion of  a group of d r i v e r s  ove r  the f ive  a lcohol  l eve l  i n t e r -  
vals  0-9 rag, 10-49 mg, 50-79 rag, 80-109 mg, and 110 mg and above,  w h e r e  Po is  the  
percentage  of d r i v e r s  in the 0-9 mg in terval ,  etc.  

The pe rcen tage  dis t r ibut ion of Borkens t e in ' s  con t ro l  g roup  was 

(89.04, 7. 76, I. 74, 0. 91, 0. 58) 

and that of his acc ident  group was 

(83.42, 6. 78, 2. 21, 2. 21, 5. 40) 
Suppose that the propor t ion of d r i v e r s  on the roads  of Grand  Rapids  in e a c h  

alcohol level  i n t e r v a l  except  the f i r s t  is mul t ip l i ed  by x. The expec ted  d i s t r i bu t ion  
of the control  group would then be 

(100 -- 10.99x, 7. 76x, 1.74x, 0. 91x, 0. 58x) 

Assuming that the acc ident  ra te  within each  a lcohol  l eve l  i n t e r v a l  r e m a i n e d  un-  
changed, the expected d is t r ibut ion  of the acc iden t  group,  e x p r e s s e d  in p e r c e n t a g e s  of 
the or ig inal  acc ident  group, would be 

(8342 100- 1099x  678x, 221x, 2 21 ,s40x) 
89.04 

The sum of these pe rcen tages  is 100 + p~where  p is the expec t ed  p e r c e n t a g e  in-  
c r e a s e  in acc idents  resu l t ing  f r o m  the change in the a lcohol  l eve l  d i s t r i b u t i o n  of 
d r i v e r s  on the road.  This  gives  the equation 

p = 6 . 3 ( x - -  1) 

Note: When x = 0 ,p  = --6.3,  which a g r e e s  with the e s t i m a t e  in Table  25(a), b e c a u s e  
x = 0 co r r e sponds  to all  d r i v e r s  having a lcohol  l e v e l s  below 10 m g / i 0 0  ml  

3. 10 Effect  of o ther  va r i ab les  upon acc iden t  r i s k  

The discussion in this Report has been concerned with the effect of alcohol upon 
accident risk, but the data in the report provide similar information about the effect 
of other variables; further work of this kind has not yet been done here but the ob- 

servations below are relevant. 
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The r e l a t i v e  acc iden t  r a t e  def ined in 3.2 depends upon the choice of a base c l a s s  
to which to r e l a t e  the acc ident  r a t e s  in o ther  c lasses .  When cons ider ing  the var iat ion 
of acc iden t  r i s k  with alcohol  level ,  it is  na tura l  to choose the lower alcohol  level in- 
t e r v a l  a s  the  base  c lass ,  but with other  va r i ab le s  the choice of a base c lass  will be 
m o r e  a r b i t r a r y ,  and the r e l a t i ve  accident  r a t e  may the re fo re  be l ess  useful.  

The dange r s  of compar ing  i l l - m a t c h e d  groups, d i scussed  in 3. 5, is, however,  
v e r y  r e l e v a n t  to the examina t ion  of the effect  of o ther  var iab les  upon accident  r isk;  
because  the va r i a t ion  with o the r  va r i ab l e s  is much s m a l l e r  than with alcohol level,  
the  danger  of a t t r ibu t ing  an o b s e r v e d  var ia t ion  to the wrong var iable  is cor respon-  
dingly g r e a t e r .  

3. 11 Sugges t ions  fo r  fu r the r  ana lys i s  of the data 

T h e r e  appea r  to be s e v e r a l  ways in which the wide range of ana lyses  in the 
r e p o r t  could be u s e f u l l y  complemen ted .  

It would be i n t e r e s t i n g  to have two-fac tor  analyses  by drinking f requency and 
each  of the o the r  m a j o r  va r i ab les ,  so that the associa t ion  between accident  r i sk  and 
d r ink ing  f r e q u e n c y  could be examined  m o r e  closely.  It should also be possible  to 
obtain f r o m  the bas ic  su rvey  data va lues  of the Pij of 3.8 corresponding,  for example,  
to the f ive wide a lcohol  leve l  i n t e rva l s  used  in  the two-factor  analyses~ the es t ima-  
t ion p r o p o s e d  in 3. 8 could then be c a r r i e d  out. 

Even the abundant  data co l l ec t ed  in Grand Rapids a re  only par t ly  sufficient for  
two- fac to r  ana ly s i s  and ce r t a in ly  inst~fficient for deta i led th ree - f ac t0 r  analys is ,  but 
s o m e  such  a n a l y s e s  would be mos t  useful  in studying accident  exper ience  in t he  
a lcohol  l eve l  i n t e rva l  10-49 mg/100  ml, whe re  t h e r e  a re  re la t ive ly  many d r ive r s ,  
even  if the n u m b e r s  of d r i v e r s  at h igher  alcohol  l eve ls  were  too smal l  to support: 
usefu l  conc lus ions .  The v a r i a b l e s  mos t  l ikely  to lead to useful  t h r ee - f ac to r  analyses  
a r e  those  that  s e p a r a t e  the acc iden t  and contro l  groups meaningfully into a smal l  
n u m b e r  of c l a s s e s  of s i m i l a r  s ize.  Age, education level,  and occupation status satisfy 
th is  condi t ion  well ,  and e s t i m a t e d  annual mi leage  and repor t ed  dr inking f requency 
sa t i s fy  it f t i r ly  wel l ,  but race ,  m a t e r i a l  s ta tus  and sex give c la s ses  varying widely 
in s ize.  

4. CONCLUSIONS 

The Grand Rapids  s tudy shows pos i t ive ly  that:-- 

(i) at b lood a lcohol  l eve l s  above 80 mg/100  ml, the r i s k  of being involved in an 
acc iden t  is h ighe r  than at a lcohol  l eve l s  below 10 rag/100 ml, and the r i sk  inc reases  
m o r e  and m o r e  r ap id ly  as the h ighes t  a lcohol  l eve ls  a re  reached.  

(ii) the i n c r e a s e  in acc iden  t r i sk  resu l t ing  f rom high alcohol leve ls  is  g r e a t e r  
fo r  young and e l d e r l y  d r i v e r s  than for m i d d l e - a g e d  dr ivers .  
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(iii) a s s u m i n g  d r i v e r s  c o r r e c t l y  s t a t e d  how f r e q u e n t l y  t h e y  d r a n k  a l c o h o l ,  t h o s e  
who d r an k  at l e a s t  o n c e  a w e e k  had  a l o w e r  a c c i d e n t  r i s k ,  w h e n  t h e i r  a l c o h o l  l e v e l s  
w e r e  low, than  t h o s e  who r a r e l y  o r  n e v e r  d r a n k  a l c o h o l .  

The  da ta  a r e  i n s u f f i c i e n t  to s h o w  p o s i t i v e l y  w h e t h e r  t he  a c c i d e n t  r i s k  at  a l c o h o l  
l e v e l s  of be tween  10 and  50 m g / 1 0 0  m l  d i f f e r s  f r o m  tha t  a t  a l c o h o l  l e v e l s  b e l o w  
10 m g / 1 0 0  ml .  

5. A C K N O W L E D G E M E N T  

The  w o r k  in th is  R e p o r t  is  p u b l i s h e d  w i th  the  a g r e e m e n t  of P r o f e s s o r  R. F.  B o r k e n -  
s t e in .  
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( rows  and c o l u m n s  r e s p e c t i v e l y  in the t ab l e s  of r e su l t s ) .  The acc iden t  and control  
g roup  f r e q u e n c i e s  f o r m  2 × 2 m a t r i c e s  

A =  (aij)  and  C = (cij)  

and  t h e a c c i d e n t  r a t e s  si j  (as de f ined  in 3.2) f o r m  a 2 x 2 m a t r i x  

aij 
S = (s i j )  w h e r e  s i j  cc 

ci j  

Suppose  tha t  (i) wi th in  e a c h  R - c l a s s  the f i r s t  K - c l a s s  has  the lower  acc iden t  ra te  i.e. 

Sil ~ Si2 (i = 1, 2) 

SO that  a i l c i 2  ( a i 2 c i l  (i = 1, 2) (1) 

(ii) W h e n  the two R - c l a s s e s  a r e  combined ,  the s e c o n d  K - c l a s s  has a lower  a c c i -  
den t  r a te ,  i. e. 

all + a 21 ~ a12 + a22 

Cli -b c21 c12 -b c22 

T h i s  cond i t ion  can be  r e w r i t t e n  

(a l lC22--  a22c11 ) + (a21c12 a12c21) > (a12c11-- a11c12) 

-b (a22c21 -- a21c22) (2) 

It fo l lows  f r o m  (1) tha t  both  b r a c k e t s  on the r igh t  hand s ide  of (2) a r e  pos i t ive  and 
tha t  the  b r a c k e t s  on the  l e f t  have  oppos i t e  s igns .  Fo r  (2) to hold it is  n e c e s s a r y  that 
the  p o s i t i v e  t e r m  on the  le f t  shou ld  be dominant .  

E x a m p l e  

A _ _ ( l l 0  1 2 )  C = [ 1 0 0  1 0 )  S = ( 1 : 0 5  1 .14~ 
100 \ 10 100 86 0 .95]  

R - c l a s s e s  c o m b i n e d  (119 112) (110 110) (1.03 0 . 9 7 )  

In th is  e x a m p l e  the  d i agona l  e l e m e n t s  domina t e  the f r e q u e n c y  m a t r i c e s ,  i.e. the f i r s t  
R - c l a s s '  is o v e r - r e p r e s e n t e d  in the f i r s t  K - c l a s s  and u n d e r - r e p r e s e n t e d  in the s ec -  
ond c l a s s .  If c o r r e s p o n d i n g  c o l u m n s  of A and C a r e  mu l t i p l i ed  by the s a m e  constant ,  
(1) and (2) wi l l  s t i l l  hold.  

It i s  i n t e r e s t i n g  to no te  tha t  (1) and  (2) can hold s imu l t aneous ly  even  in Certain 
c a s e s  w h e r e  the  e f f e c t s  of v a r i a b l e s  R and K on a c c i d e n t s  r i s k  a re  independent .  
If a and/3  a r e  p o s i t i v e  n u m b e r s  r e p r e s e n t i n g  the e f fec t s  of R and K, and if 

C c(x 
/3y 

t hen  A = a ( l x  ~/3z) 
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In this case (I) becomes fl > 1 
and (2) becomes 

z( l  -- otfl) + xy(oL -- fl) > y(jg-- 1) + xzol(fl -- 1) 

In cons ide r ing  w h e t h e r  (3) can hold t h e r e  a r e  t h r e e  c a s e s :  

(i) 
1 

- -  < ~ </3; both terms on the left are negative so that (3) cannot hold. 

(ii) a > fl; t h e n  fo r  suf f ic ien t ly  l a r g e  x 

x y ( a -  6) > y(fl - 1) 

and, a l though (1 -- a f t ) .<  0 and fl -- 1 > O, (3) wil l  ho ld  fo r  s u f f i c i e n t l y  s m a l l  z 

1 (iii) a < -~- ; then  fo r  su f f ic ien t ly  s m a l l  x 

z (1 - -  c~fl) > x z a ( f l - -  1) 

and, although (~-- fl < 0 and fl -- 1 > O, (3) will hold for sufficiently small  y. 

E x a m p l e s  

(i) (~> fl; ( a =  3, f l =  2, x---- 10, y = l , z  = 0 .2 )  

A = (  100 200~ C = (  100 100~ 

\3000  120/  klO00 2 0 /  

S =  36 0. 

07 2 . 1 4  

R - c l a s s e s  combined  (3100 320) (1100 120) 

1 
(ii) a < - ~ - ;  ( a = 0 . 2 5 ,  f l = 2 ,  x =  1, y = 0 . 0 5 ,  z =  1) 

R- c l a s s e s  combined  

(1. O 1 0 .  95) 

 /,00 
\ 25 50 \100  100 41 0 . 8 2  

(125 60) (200 105) (1 .03  0. 94) 

It is thus p o s s i b l e  for  two v a r i a b l e s  to affect  the a c c i d e n t  r a t e  q u i t e  i n d e p e n -  
dently,  whi le  the compo s i t i on  of the a c c i d e n t  and c o n t r o l  g r o u p s  is s u c h  tha t  one  
va r i ab le  causes  s i n g l e - f a c t o r  a n a l y s i s  to give a c o m p l e t e l y  f a l s e  p i c t u r e  of t he  e f f e c t  
of the o the r  v a r i a b l e  on acc iden t  r i sk .  T e s t s  of s t a t i s t i c a l  s i g n i f i c a n c e  wi l l  no t  d e t e c t  
an e r r o r  of this kind, so  that  caut ion is  n e e d e d  in i n t e r p r e t i n g  e v e n  s t a t i s t i c a l l y  s i g -  
n i f icant  d i f f e r e n c e s  b e t w e e n  d i s t r i bu t i ons  of the a c c i d e n t  and  c o n t r o l  g r o u p s .  
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8. LIST OF SYMBOLS 

( O m i t t i n g  s o m e  s y m b o l s  u s e d  only  in the s e c t i o n s  w h e r e  they a r e  def ined)  

a 0 ,  c O 

ai ,  c i  

A =  ~a i 

C = ~c i 

ai j ,  c i j  

Ii  

J 

n + l  

Pv 

Pi i  

Pij 

n n 

p=Z. 
i = 0  j-- 0 

qi. 

n 

q =  ~ qi  
i = o  

r i 

r i j  

Ra 
R d 

Pi',Pi" 
s i j  

u i 

N u m b e r s  of a c c i d e n t  a n d  c o n t r o l  d r i v e r s  with b lood a l coho l  l eve l s  o f  
I e s s  t h a n  10 m g / 1 0 0  m l  

N u m b e r s  of a c c i d e n t  a n d  con t ro l  d r i v e r s  in c l a s s  i 

N u m b e r s  of a c c i d e n t  and  con t ro l  d r i v e r s  in v - c l a s s  i and  a lcohol  
l e v e l  i n t e r v a l  j 

A c c i d e n t  i n v o l v e m e n t  i n d e x  fo r  c l a s s  i 

N u m b e r  a s s i g n e d  to an a l coho l  l e v e l  c l a s s  in t w o - f a c t o r  ana ly s i s  

N u m b e r  of a l c o h o l  l e v e l  i n t e r v a l s  in e s t i m a t i o n  of n u m b e r  of acc i -  
den t s  a t t r i b u t a b l e  to a l c o h o l  

N u m b e r  of v - c l a s s e s  r e m a i n i n g  a f t e r  a p p r o p r i a t e  c o m b i n a t i o n s  have 
been  m a d e  

P r o p o r t i o n  of a c c i d e n t s  w h i c h  invo lved  two d r i v e r s  both having a lcohol  
l e v e l s  in the  i th  i n t e r v a l  

Half  of t h e  p r o p o r t i o n  of a c c i d e n t s  wh ich  invo lved  two d r i v e r s  having 
a l c o h o l  l e v e l s  one  in the  i th and one in the j th  i n t e r v a l  

Pij 

P r o p o r t i o n  of a c c i d e n t s  w h i c h  invo lved  one d r i v e r  hav ing  an a lcohol  
l e v e l  in the  i th  i n t e r v a l  

R e l a t i v e  a c c i d e n t  r a t e  f o r  ith a l coho l  l e v e l  i n t e r v a l  

R e l a t i v e  a c c i d e n t  r a t e  f o r  a lcohol  l e v e l  c l a s s  j wi th in  v - c l a s s  i 

P e r c e n t a g e  r e d u c t i o n  in n u m b e r  of a c c i d e n t s  

P e r c e n t a g e  r e d u c t i o n  in n u m b e r  of d r i v e r s  involved  

9.5 p e r  c e n t  co r f f idence  l i m i t s  fo r  r i 

A c c i d e n t  r a t e  f o r  a l c o h o l  l e v e l  c l a s s  j wi th in  v - c l a s s  i 

R e l a t i v e  r a t e  of i n v o l v e m e n t  for  d r i v e r s  in the ith a l coho l  leve l  i n t e r -  
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v i 

V 

W 

val  in t w o - d r i v e r  a c c i d e n t s  in w h i c h  the o t h e r  d r i v e r  had  an  a l c o h o l  
l eve l  in the z e r o  i n t e r v a l  

Re la t ive  r a t e  of i n v o l v e m e n t  in s i n g l e - d r i v e r  a c c i d e n t s  f o r  d r i v e r s  
wi th  a lcohol  l e v e l s  in the ith i n t e r v a l  

V a r i a b l e  o t h e r  than a l coho l  l e v e l  in t w o - f a c t o r  a n a l y s i s  

S ta t i s t i c  u s e d  in c o m p a r i n g  a c c i d e n t  r i s k  a t  a l coho l  l e v e l s  0 -9  and  
10-49 m g / 1 0 0  ml  

45 



t50  

126.8 Asymptote l =100~,. _. 

100 

X 

.¢_ 
50 

E 

0 

.~_ 

. I  
U 

"~ 0 • 

-50 

-100 
0 5 10 15 20 25 

Retative occident rate r 

Fig. 1. RELATIONBETWEEN ACCIDENT INVOLVEMENT INOEX ANO RELATIVE 
ACCIDENT, RATE WHEN THE ACCIOENT GROUP CONTAINS A=5985 DRIVERS 
OF WHICH ~992 HAVE ALCOHOL LEVELS BELOW IOMG/IOOML ANO THE 
CONTROL CROUPCONTAINS C=7590 DRIVERS OF WHICH 6756 HAVE 

ALCOHOL LEVELS iBELOW 10MG/100,ML 
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