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O B J E C T I V E  

The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  o b t a i n  an improved 

unders tanding of t h e  e f f e c t s  of a l coho l  upon s k i l l s  r e q u i r e d  

i n  t h e  d r i v i n g  t a s k .  Concommitant with t h a t  requirement  i s  a  

need t o  b e t t e r  understand t h e  n a t u r e  of t h a t  t a s k  s i n c e  it i s  

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

environment i f  t h e  f e a t u r e s  of t h a t  environment a r e  n o t  under- 

s tood .  The s t u d i e s  t h a t  a r e  desc r ibed  a r e  concerned wi th  v i s u a l ,  

c o g n i t i v e  and pe rcep tua l  f a c t o r s  used i n  d r i v i n g  and wi th  t h e  

d r i v e r ' s  manual c o n t r o l  of t h e  v e h i c l e ,  

The d r i v e r  i s  viewed a s  one component i n  a  closed-loop 

system which a l s o  c o n s i s t s  of t h e  v e h i c l e ,  t h e  road and t h e  

environment. Conventional d a t a  a n a l y s i s  techniques  w i l l  be 

supplemented by those  of c o n t r o l  t h e o r y ,  s o  t h a t  a  more d e t a i l e d  

unders tanding of t h e  d r i v e r  a s  an input -output  element i n  t h i s  

system can be ob ta ined .  By t h e  same l o g i c  t h e  e f f e c t s  of 

a l coho l  should become more c l e a r l y  p e r c e p t i b l e  i n  terms of t h e i r  

s p e c i f i c i t y  upon t h e  behavior  of t h e  d r i v e r .  

BACKGROUND 

The r o l e  of a l coho l  i n  degrading highway s a f e t y  has  been 

c l e a r l y  documented i n  many previous  s t u d i e s  (McCarrol & Haddon, 

1963; Wal ler ,  1968; HSRI, 1969; F i l k i n s  e t  a l . ,  1970; e t c . ) .  

These f i n d i n g s  show t h a t  about 50% of d r i v e r s  involved i n  f a t a l  

c o l l i s i o n s  have s i g n i f i c a n t  l e v e l s  of a l c o h o l  i n  t h e i r  b lood ,  

and t h e  same i s  t r u e  of p e d e s t r i a n  f a t a l i t i e s  (Huelke, 1970) .  

The involvement of a l coho l  i n  severe  t r a f f i c  c o l l i s i o n s  has  

a l s o  been documented i n  o t h e r  c o u n t r i e s  (Schmidt & Smart,  1959 ;  

Gr iep ,  1968; Newsweek, 1970; Road Research Laboratory,  1963) .  

Therefore ,  t h e r e  i s  no longer  any doubt t h a t  t h e  presence 



of  a l c o h o l  i n  t h e  b lood  of  d r i v e r s  and p e d e s t r i a n s  r e n d e r s  them 

h i g h l y  s u s c e p t i b l e  t o  highway c o l l i s i o n s .  

O the r  s t u d i e s  have  s o u g h t  t o  d e t e r m i n e  t h e  n a t u r e  of  t h e  

impai rment  o f  a l c o h o l  upon human b e h a v i o r ,  S t u d i e s  have  been  

conduc ted  t o  e v a l u a t e  t h e  e f f e c t s  o f  a l c o h o l  upon s e n s o r y  a b i l i -  

t i e s  such  a s  v i s i o n ,  a u d i t i o n  and b a l a n c e .  The e f f e c t s  upon 

c o g n i t i v e  a b i l i t y  (Rabin  & B l a i r ,  1953;  Forney & Hughes, 1961; 

K a l i n ,  1964)  and upon s i m p l e  pe rcep tua l -mo to r  s k i l l s  (Forney  e t  

a l . ,  1964)  have  been  measured.  O the r  s t u d i e s  have  been  con- 

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

more ana logous  t o  t h e  t r a c k i n g  t a s k  i n  d r i v i n g .  D r e w  e t  a l .  

(1958)  found t h a t  per formance  d e t e r i o r a t e d  a t  q u i t e  low l e v e l s  

o f  b l o o d  a l c o h o l  c o n c e n t r a t i o n s ,  o f  t h e  o r d e r  o f  30 mg/100 m l  

( 0 . 0 3 % )  . Another  s t u d y  (Mor t imer ,  1963)  was conce rned  s p e c i -  

f i c a l l y  w i t h  t h e  e f f e c t s  o f  a l c o h o l  i n  a  p e r c e p t u a l - m o t o r  t a s k  

c a r r i e d  o u t  unde r  s i m u l a t i o n s  of  day and n i g h t  d r i v i n g  i l l u m i n a -  

t i o n  and h e a d l i g h t  g l a r e  c o n d i t i o n s .  Th i s  s t u d y  a l s o  found 

t h a t  decrements  i n  t r a c k i n g  per formance  o c c u r r e d  a t  q u i t e  low 

l e v e l s  o f  a l c o h o l ,  below 0 . 0 2 % ,  and t h a t  t h i s  decrement  was 

i n c r e a s e d ,  r e l a t i v e  t o  t h e  p l a c e b o  c o n d i t i o n ,  unde r  t h e  n i g h t  

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

l a t e d  h e a d l i g h t s  o f  app roach ing  v e h i c l e s ,  These s t u d i e s ,  and 

numerous o t h e r s ,  c l e a r l y  show t h a t  pe rcep tua l -mo to r  t a s k s  a r e  

i m p a i r e d  a t  v e r y  low b lood  a l c o h o l  l e v e l s .  

O the r  s t u d i e s  have  u sed  au tomob i l e  d r i v i n g  t a s k s ,  such  a s  

a r e  employed i n  some phases  of  d r i v e r  l i c e n s e  t e s t i n g  and i n  

s p o r t s  c a r  gymkhanas. S t u d i e s  such  a s  t h o s e  c a r r i e d  o u t  by 

B j e r v e r  & Goldberg ( 1 9 5 0 ) ,  Forney e t  a l .  ( 1 9 6 1 ) ,  and Coldwel l  

(1958)  have found t h a t  t a s k s  i n v o l v i n g  t h e  conduc t  o f  c e r t a i n  

d r i v i n g  maneuvers ,  such  a s  b a c k i n g  o r  p a r a l l e l  p a r k i n g ,  a r e  

i m p a i r e d  a t  b l o o d  a l c o h o l  l e v e l s  o f  less t h a n  0 .05%.  



Some of t h e s e  f i n d i n g s  have been confirmed i n  r e c e n t  s t u d i e s  

us ing  an ins t rumented  c a r  by P e r r i n e  and Huntley ( 1 9 7 1 ) ,  who 

found i n c r e a s e d  f r e q u e n c i e s  of a c c e l e r a t o r  peda l  movement r eve r -  

s a l s  and c o a r s e  s t e e r i n g  r e v e r s a l s  due t o  a l c o h o l .  

I n  t e s t s  of r i s k  acceptance  (Cohen e t  a l . ,  1958) and pass-  

i n g  d e c i s i o n  making (L igh t  & Keiper ,  1969) i t  was found t h a t  

a l c o h o l  impa i r s  t h e s e  behav io r s .  A r e c e n t  s tudy  by Snapper and 

Edwards (1972) impl ies  t h a t  a l c o h o l  impa i r s  t h e  v e h i c l e  c o n t r o l  

t a s k ,  b u t  n o t  t h e  judgment a s  t o  t h e  l i k e l i h o o d  of success  i n  a  

s e v e r e  hand l ing  maneuver. 

There i s ,  t h e r e f o r e ,  a  r a t h e r  c l e a r  r e l a t i o n s h i p  between 

t h e  p resence  of a l c o h o l  and b e h a v i o r a l  performance as  measured 

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

formance of d r i v e r s  on t h e  road a s  measured by t h e  u l t i m a t e  

c r i t e r i o n  o f  c o l l i s i o n  frequency and s e v e r i t y .  

S t u d i e s  t h a t  have been conducted t o  d a t e ,  however, shed 

l i t t l e  s y s t e m a t i c  in fo rmat ion  upon t h o s e  s p e c i f i c  a s p e c t s  of 

d r i v i n g  behavior  which a r e  impaired by a l c o h o l  (Carpen te r ,  1958) .  

Ra the r ,  t a s k s  have been used i n  va r ious  s t u d i e s  whose d i r e c t  

r e l a t i o n s h i p  t o  t h e  d r i v i n g  t a s k  were n o t  measured. Although 

impairment has  been found a t  low l e v e l s  i n  c e r t a i n  s t r u c t u r e d  

d r i v i n g  s i t u a t i o n s  such a s  t h o s e  a l r e a d y  mentioned, t h e r e  i s  a  

gap i n  knowledge of t h e  r e l a t i o n s h i p  between t h e  s k i l l s  t h a t  a r e  

a f f e c t e d  by a l c o h o l  and c o l l i s i o n  occur rence ,  For example, it 

i s  d i f f i c u l t  t o  s t a t e  t h e  e f f e c t  of a l c o h o l  upon t h e  h igh f r e -  

quency of f a t a l ,  s i n g l e - v e h i c l e ,  of f - the- road c o l l i s i o n s .  These 

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

of t h e  d r i v e r ,  However, t h e r e  i s  no unders tand ing ,  a t  t h e  moment, 

concerning where t h e  d e t r i m e n t a l  e f f e c t s  occur red  i n  t h e  sequence 

of inpu t -ou tpu t  r e l a t i o n s h i p s  e x i s t i n g  i n  t h e  t r a f f i c  system. 

The c o r r e l a t i o n s  between sensory ,  p e r c e p t u a l  and motor 

s k i l l s  and a c c i d e n t s  have been found t o  be low ( G o l d s t e i n ,  1961; 



Burg ,  1 9 6 8 ) .  However, t h i s  may b e  due t o  t h e  poo r  r e l i a b i l i t y  

o f  a c c i d e n t s  a s  a  c r i t e r i o n  measure .  T h e r e f o r e ,  an  i n t e r m e d i a t e  

c r i t e r i o n  o f  d r i v i n g  per formance  needs  t o  b e  deve loped  t o  r e p l a c e  

an u l t i m a t e  c r i t e r i o n ,  such  a s  c o l l i s i o n s .  I t  w i l l  t h e n  b e  

p o s s i b l e  t o  o b t a i n  a  b e t t e r  i n s i g h t  i n t o  t h e  c o r r e l a t i o n s  between 

v a r i o u s  s k i l l s  u sed  i n  d r i v i n g  w i t h  such  an  i n t e r m e d i a t e  c r i t e r -  

i o n  measure .  P r e v i o u s  a t t e m p t s  have  focused  upon t h e  u s e  o f  pe r -  

formance i n  s i m u l a t o r s  o f  one t y p e  o r  a n o t h e r  a s  an i n t e r m e d i a t e  

measure  of d r i v i n g  per formance .  Because t h e  d r i v i n g  t a s k  i s  a  

c l o s e d - l o o p  t a s k ,  it i s  e s s e n t i a l  t h a t  a  s i m u l a t i o n  o f  t h e  t a s k  

s h o u l d ,  m in ima l ly ,  b e  based  upon t h a t  same p r i n c i p l e .  

Measurements o f  v i s u a l  a c u i t y ,  s t e r e o s c o p i c  a c u i t y ,  b r i g h t -  

n e s s  d i s c r i m i n a t i o n ,  and s i m p l e  pe rcep tua l -mo to r  t a s k s ,  e t c . ,  

can  a l s o  b e  r e l a t e d  t o  a s p e c t s  o f  d r i v i n g  pe r fo rmance ,  s o  t h a t  

it can  b e  f r u i t f u l  t o  s t u d y  t h e  e f f e c t s  o f  a l c o h o l  upon them. 

Most p r e v i o u s  s t u d i e s  concerned  w i t h  t h e  e v a l u a t i o n  o f  

a l c o h o l  e f f e c t s  have n o t  s h e d  much l i g h t  on t h e  manner i n  which 

t h e  d r i v e r ' s  a b i l i t y  t o  g a t h e r  i n f o r m a t i o n  h a s  been  a l t e r e d .  

A r e c e n t  s t u d y  ( B e l t ,  1969)  h a s  r e p o r t e d  f i n d i n g s  f o r  two sub-  

j e c t s ,  of  t h e  e f f e c t s  o f  b lood  a l c o h o l  l e v e l s  up t o  0.075% upon 

e y e  f i x a t i o n s  i n  d r i v i n g .  Th i s  s t u d y  i n d i c a t e d  t h a t  t h e r e  was 

an i n c r e a s e  o f  mean eye  f i x a t i o n  d u r a t i o n  and a  na r rowing  o f  

t h e  eye  movements w i t h i n  t h e  v i s u a l  f i e l d .  A s t u d y  o f  eye  f i x a -  

t i o n s  of  d r i v e r s  under  a l c o h o l  up t o  0 .10% BAC (Mort imer  & 

Jo rgeson ,  1 9 7 2 ) ,  c a r r i e d  o u t  a s  p a r t  o f  t h i s  program, showed 

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

ahead  o f  t h e  v e h i c l e .  

I n  t h i s  s t u d y ,  l a b o r a t o r y ,  d r i v i n g  s i m u l a t i o n  and d r i v i n g  

t e s t s  were  used  s o  t h a t  t h e  s p e c i f i c  impai rments  caused  by 

a l c o h o l  might  b e  b e t t e r  unde r s tood .  



SIl1ULATOR STUIIY OF STEERING PERFOWIAFIICE 

OBJECTIVES 

One of  t h e  o b j e c t i v e s  of  t h i s  s t u d y  was t o  o b t a i n  informa-  

t i o n  o f  t h e  e f f e c t s  o f  moderate  doses  of  a l c o h o l  ( 0 . 0 7 % ,  0.10%) 

on s e l e c t e d  s e n s o r y ,  motor and p e r c e p t u a l  t a s k s .  

Tile major  o b j e c t i v e  was t o  t r y  t o  d i s c e r n  t h e  e f f e c t s  o f  

t h e s e  a l c o h o l  dose  levels  upon t h e  components o f  v e h i c l e  steer- 

i n g  c o n t r o l  b e h a v i o r .  

METHOD 

SUBJECTS 

Twenty pe r sons  (12 male and 8 female)  who responded t o  an 

a d v e r t i s e m e n t  i n  a l o c a l  newspaper r e q u e s t i n g  "pe r sons  e x p e r i -  

enced w i t h  a l c o h o l  t o  p a r t i c i p a t e  i n  an exper iment  conce rn ing  

s i m u l a t e d  d r i v i n g , "  s e r v e d  a s  p a i d  s u b j e c t s .  They were admin- 

i s t e r e d  t h e  Mor t imer-Fi lk ins  problem d r i n k e r  q u e s t i o n n a i r e  and 

i n t e r v i e w  p r o t o c o l  (Ker lan  e t  a l . ,  1971; Mortimer e t  a l . ,  1971) 

and a d r i v i n g  e x p e r i e n c e  q u e s t i o n n a i r e  p r i o r  t o  t e s t i n g ,  t o  

e n a b l e  q u a n t i f i c a t i o n  of  d r i n k i n g  b e h a v i o r  and d r i v i n g  h i s t o r i e s .  

The s u b j e c t s  were randomly a s s i g n e d  ( w i t h i n  s e x )  t o  e i t h e r  

p l acebo  o r  a l c o h o l  t r e a t m e n t  g roups ,  Analyses  of  v a r i a n c e  pe r -  

formed on s u b j e c t s '  a g e s ,  y e a r s  of d r i v i n g  e x p e r i e n c e  and 

Mor t imer-Fi lk ins  t e s t  s c o r e s  showed no s i g n i f i c a n t  d i f f e r e n c e s  

between t r e a t m e n t  groups  (Tab le  1 ) .  Three s u b j e c t s  i n  each 

group were d iagnosed  a s  problem d r i n k e r s  o r  p resumpt ive  problem 

d r i n k e r s ,  a r a t e  h i g h e r  t h a n  e s t i m a t e d  t o  be  i n  t h e  d r i v i n g  

p o p u l a t i o n .  

APPARATUS 

Nine p i e c e s  of a p p a r a t u s  were used  i n  t h e  expe r imen t .  



TABLE 1. DISTRIBUTION OF AGE, SEX, D R I V I N G  EXPERIENCE, AND 
MORTIMER-FILKINS TEST SCORES BY SUBJECT GROUP I N  
THE D R I V I N G  SIMULATOR TEST. 

They were : 

1. Foot -peda l  Force Buck. Th i s  d e v i c e  ( F i g u r e  1) c o n s i s t e d  

t 

Group 

P l acebo  

Alcohol  

A l l  Ss  - 

of a  v e r t i c a l l y  a d j u s t a b l e ,  wooden c h a i r  28 i n c h e s  wide and 1 6  

' scores  o f  85+ a r e  c o n s i d e r e d  i n d i c a t i v e  of  problem d r i n k i n g ;  
s c o r e s  o f  60-84 i n d i c a t i v e  of  p r e sumpt ive  problem d r i n k i n g ;  s c o r e s  
of less t h a n  60 i n d i c a t e  no o v e r t  d r i n k i n g  problems.  

b 

i n c h e s  deep ,  w i t h  a 17- inch h i g h  back mounted a t  an a n g l e  o f  25O 

Age (Yea r s )  Sex 

from t h e  v e r t i c a l ;  and a  f o o t  p e d a l  which c o u l d  be  a d j u s t e d  

25.7 

29.4  

27.6 

Iq(f)  

6 

l o n g i t u d i n a l l y  and v e r t i c a l l y .  Tile c i r c u l a r ,  h a r d  r u b b e r  p e d a l  

S .  D. 

3.52 

8 .38 

6 .69 

- 
F ( f )  

4 

D r i v i n g  Exper- 
i e n c e  (Yea r s )  

was t h r e e  i n c h e s  i n  d i a m e t e r  and was mounted a t  an a n g l e  of 35" 

11 .7  8.79 50.6 28.61 

10.6 / 6.83 1 48 .1  / 26.15 

6 4 

1 2  1 8  

T 

Mor t imer -F i lk in s  
S c o r e  1 

9 .5  

from t h e  h o r i z o n t a l .  The p e d a l  i n c o r p o r a t e d  a  s t r a i n  gauge t o  

- 
X 

45.5 

S ,  D, 

3.72 

measure t h e  f o r c e  a p p l i e d  t o  i t .  A l l  p e d a l  f o r c e  measurements 

S .  D .  

25.77 

were  made w i t n  t h e  a p p a r a t u s  a d j u s t e d  s o  a s  t o  y i e l d  t h i g h  a n g l e s  

o f  0 ° ,  knee a n g l e s  o f  160° ,  and a n k l e  a n g l e s  o f  9 0 ° ,  a s  recom- 

mended by MacFarland e t  a l .  ( 1 9 4 2 ) ,  f o r  maximum p e d a l  f o r c e .  

Peda l  f o r c e  was i n d i c a t e d  on a meter  c a l i b r a t e d  from 0 t o  300  

pounds.  A t r i a l  c o n s i s t e d  of f o u r  measurements:  one r e a d i n g  

w i t h  each  f o o t  w i t h  s u b j e c t  i n s t r u c t e d  t o  p r e s s  " a s  h a r d  a s  

p o s s i b l e "  ( s t a n d a r d  m o t i v a t i o n ) ;  and one r e a d i n g  w i t h  each  f o o t  

w i t h  s u b j e c t  i n s t r u c t e d  t o  " r e a l l y  p r e s s  t h i s  t ime  - a s  though 

your  l i f e  depends on i t "  ( i n d u c e d  m o t i v a t i o n ) .  



2. Hand Dynamometer. A L a f a y e t t e  Ins t rument  Company 

model 78010 hand dynamometer, c a l i b r a t e d  from 0 t o  1 0 0  k i l o -  

grams, was used t o  measure hand g r i p  s t r e n g t h  ( F i g u r e  2 ) .  Again, 

one " t r i a l "  r e s u l t e d  i n  f o u r  r ead ings ;  r i g h t  and l e f t  hands 

w i t h  s t a n d a r d  and induced mot iva t ion .  

3. Pe r imete r ,  A L a f a y e t t e  Ins t rument  Company s t a n d a r d  

p e r i m e t e r  (F igure  3 )  was used t o  map c o l o r  s e n s i t i v e  a r e a s  of 

t h e  r e t i n a  of t h e  r i g h t  eye.  The pe r imete r  was mounted on a  

t a b l e  wi th  uniform overhead f l u o r e s c e n t  l i g h t i n g ,  two f e e t  from 

a  f l a t  b l a c k  v e r t i c a l  s u r f a c e .  S t i m u l i  used were 1/8 inch  square  

c h i p s  of t h e  c o l o r s  r e d ,  b l u e ,  w h i t e ,  green and yel low p a i n t e d  

on 1 / 2  inch  d iamete r  n e u t r a l  c a r d s .  The s t i m u l i  were k e p t  a t  a  

c o n s t a n t  d i s t a n c e  of  74 inches  from t h e  eye dur ing  t e s t i n g ,  and 

t h u s  subtended a  v i s u a l  ang le  of approximately 30 seconds.  The 

c o n s t r u c t i o n  of t h e  appara tus  enabled  movement of t h e  s t i m u l i  

from 90" t o  10" o f f  t h e  l o n g i t u d i n a l  a x i s  of t h e  eye .  One p e r i -  

meter  t r i a l  provided f o u r  t h r e s h o l d s  f o r  each c o l o r ,  made by 

moving each s t i m u l u s  inward and outward on each s i d e  of t h e  head. 

S u b j e c t s  responded v e r b a l l y  when they  could  d e f i n i t e l y  r e p o r t  

t h e  c o l o r ,  o r  when t h e  c o l o r  d i sappeared  on outward moving t r i a l s .  

4 .  P o r t a b l e  Rod-and-Frame T e s t  (PRFT) . Measurements of 

p e r c e p t u a l  f i e l d  dependence were made wi th  a  Darrow S c i e n t i f i c  

model RF-3 PRFT ( F i g u r e  4 ) .  This  dev ice  i s  i d e n t i c a l  t o  t h a t  

d e s c r i b e d  by Oltman ( 1 9 6 8 ) .  The appara tus  c o n s i s t s  of a  r ec -  

t a n g u l a r  t r a n s l u c e n t  p l a s t i c  e n c l o s u r e  2 4  inches  long  and 1 2  

i n c h e s  h igh  and wide,  which can be  t i l t e d  t o  t h e  l e f t  o r  r i g h t  

a t  an ang le  of 28". The ends of t h e  e n c l o s u r e  a r e  aluminum 

d i s c s ,  2 2  inches  i n  d iamete r ,  wi th  square  h o l e s  a f f o r d i n g  an 

o the rwise  unobs t ruc ted  view through t h e  enc losure .  The end 

o p p o s i t e  t h e  s u b j e c t  i s  covered by a  s o l i d ,  whi te  22-inch d i s c ,  

w i t h  a  3/8 x  11-inch b lack  p l a s t i c  s t r i p  g lued t o  t h e  c e n t e r  o f  



Figure 1. Foot pedal force buck. 

Figure 2. Hand dynamometer. 
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Figure 3. Perimeter. 

Figure 4. Portable rod and .frame. test. 
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t h e  s u r f a c e .  This  d i s c  can be  r o t a t e d  independent ly  of t h e  

e n c l o s u r e  and i s  equipped w i t h  a  p o i n t e r  and p r o t r a c t o r  which 

e n a b l e  measurement of t h e  d e v i a t i o n  of t h e  rod  ( t h e  b lack  

p l a s t i c  s t r i p )  from t h e  v e r t i c a l  ( 0 ' ) .  During t e s t i n g  t h e  

s u b j e c t  s i t s  a t  t h e  end of t h e  e n c l o s u r e  o p p o s i t e  t h e  rod  wi th  

h i s  head i n  an a d j u s t a b l e  h e a d r e s t ,  h i s  v i s i o n  l i m i t e d  t o  t h e  

i n t e r i o r  of t h e  e n c l o s u r e  and t h e  rod  a t  t h e  o p p o s i t e  end. 

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

obscure  h i s  v i s i o n  of  t h e  r o d .  A t r i a l  i s  begun whi le  t h e  

s u b j e c t ' s  view of t h e  rod  i s  obscured .  The rod  and frame a r e  

each r o t a t e d  28' t o  t h e  r i g h t  o r  l e f t ,  i n  t h e  same o r  o p p o s i t e  

d i r e c t i o n s .  When t h e  c u r t a i n  i s  lowered,  s u b j e c t  must t e l l  

t h e  exper imenter  how t o  r o t a t e  t h e  rod  t o  make i t  p e r f e c t l y  

v e r t i c a l  w i t h  r e s p e c t  t o  t h e  r e a l  world.  The d e v i a t i o n  from 

v e r t i c a l  i s  no ted  i n  d e g r e e s ,  t h e  c u r t a i n  r a i s e d ,  and t h e  rod 

and frame r e s e t  f o r  a n o t h e r  t r i a l .  A complete t r i a l  c o n s i s t e d  

of e i g h t  measurements; two r e p l i c a t i o n s  of each of t h e  f o u r  

p o s s i b l e  rod-frame d i r e c t i o n  combinat ions.  

5 .  Titmus I n d u s t r i a l - O c c u p a t i o n a l  Vis ion  Tester. This  

d e v i c e  ( ~ i g u r e  5 )  was used t o  measure (1) v i s u a l  a c u i t y  (by 

Landol t  r i n g s )  f o r  t h e  l e f t  e y e ,  r i g h t  e y e ,  and bo th  eyes  

t o g e t h e r  a t  e f f e c t i v e  " f a r "  ( 2 0  f t . )  and "near"  ( 1 4  i n . )  d i s -  

t a n c e s ;  ( 2 )  v e r t i c a l  p h o r i a  a t  a  20-foot  d i s t a n c e ;  ( 3 )  l a t e r a l  

p h o r i a  a t  20-foot  and 14-inch d i s t a n c e s ;  ( 4 )  s t e r e o  dep th  a t  

a  20-foot  d i s t a n c e ;  and ( 5 )  c o l o r  v i s i o n  (by I s h i h a r a  p l a t e s )  

a t  a 20-foot d i s t a n c e .  One measurement of each parameter  was 

made i n  each t r i a l .  

6 .  AAA Glarometer .  Measures of t a r g e t  i l l u m i n a t i o n  

t l l r e sho lds  wi th-  and w i t h o u t - g l a r e ,  and g l a r e  r ecovery  t i m e  

were made w i t h  t h i s  d e v i c e  ( F i g u r e  6), which c o n s i s t s  of a  

wooden box, 36" x 12" x 1 2 "  p a i n t e d  f l a t  b l a c k  on t h e  i n s i d e  



F i g u r e  5 .  Ti tmus v i s i o n  tes te r .  

F i g u r e  6 .  G la rome te r .  



w i t h  a  v iewing  p o r t  a t  one end .  A t  t h e  o p p o s i t e  end ,  t a r g e t s  

c o n s i s t i n g  o f  a  s e r i e s  o f  15  Lando l t  r i n g s  o r i e n t e d  i n  f o u r  

d i r e c t i o n s  p a s s  an a p e r a t u r e  a t  a  r a t e  of 45/minute.  I l l u m i n a -  

t i o n  o f  t h e  t a r g e t s  i s  c o n t r o l l e d  by t h e  e x p e r i m e n t e r  who can  

a l s o  i n d e p e n d e n t l y  o p e r a t e  two 6w l l O v  lamps which s h i n e  i n  

s u b j e c t ' s  e y e s  t h rough  a  10% t r a n s m i s s i o n  f i l t e r .  

I n  each  t e s t ,  s u b j e c t  i s  r e q u i r e d  t o  r e p o r t  t h e  o r i e n t a -  

t i o n  o f  e a c h  t a r g e t  p a s s i n g  t h e  a p e r a t u r e .  "G la re  v i s i o n "  and 

" n i g h t  v i s i o n "  t e s t s  a r e  made by d e c r e a s i n g  i l l u m i n a t i o n  on t h e  

t a r g e t s  u n t i l  t h e i r  o r i e n t a t i o n  c a n n o t  be  de t e rmined  w i t h  and 

w i t h o u t  t h e  g l a r e  l i g h t s  on ,  r e s p e c t i v e l y .  G l a r e  r e c o v e r y  time 

i s  o b t a i n e d  by measur ing  t h e  t i m e  it t a k e s  s u b j e c t  t o  b e g i n  

r e p o r t i n g  t h e  o r i e n t a t i o n  of  t h e  t a r g e t s  a t  t h r e s h o l d  i l l u m i n a -  

t i o n  immedia te ly  a f t e r  o b s e r v i n g  them under  f u l l  i l l u m i n a t i o n  

w i t h  t h e  g l a r e  l i g h t s  on.  I n  each  t r i a l ,  f o u r  n i g h t - v i s i o n ,  

t h r e e  g l a r e - v i s i o n  and f i v e  g l a r e - r e c o v e r y  t e s t s  were made. 

7 .  Reac t ion  Time. Simple  RT and complex RT w i t h  two 

l e v e l s  o f  s t i m u l u s - r e s p o n s e  c o m p a t i b i l i t y  were measured w i t h  

t h e  d e v i c e  p i c t u r e d  i n  F i g u r e  7 .  I n  each  t a s k ,  s u b j e c t  was 

r e q u i r e d  t o  d e p r e s s  t h e  c e n t r a l  s w i t c h  u n t i l  one  of  t h e  s t i m u l u s  

lampa was lit. Measurements o f  s i n p i e  R?' r e q u i r e d  s u b j e c t  t o  

remove h i s  f i n g e r  from t h e  c e n t r a l  s w i t c h  o n l y ,  when t h e  l e f t -  

most lamp was l it ,  w i t h  l a t e n c y  of  r e s p o n s e  a s  t h e  dependent  

v a r i a b l e .  (Twenty t e s t s  were made p e r  t r i a l .  ) The complex RT 

t a s k  r e q u i r e d  s u b j e c t  t o  r e spond  t o  t h e  o n s e t  of any of  t h e  s i x  

lamps by r e l e a s i n g  t h e  c e n t r a l  s w i t c h  and p r e s s i n g  t h e  appro-  

p r i a t e l y  numbered r e s p o n s e  s w i t c h .  S-R i n c o m p a t i b i l i t y  i n  t h e  

complex RT t a s k  was i n t r o d u c e d  by i n v e r t i n g  t h e  a r r a y  of s t i m u l u s  

lamps s o  t h a t  lamp No. 1 was s i t u a t e d  above s w i t c h  No. 6 .  I n  

b o t h  complex KT t a s k s ,  d e c i s i o n  t i m e  ( t i m e  from t h e  o n s e t  of a  

s t i m u l u s  lamp t o  removal o f  t h e  f i n g e r  from t h e  c e n t r a l  s w i t c h )  

and movement t i m e  ( t i m e  from removal  o f  t h e  f i n g e r  from t h e  



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

were measured. Twenty tes ts  were made i n  each  S-R c o m p a t i b i l i t y  

mode p e r  t r i a l ,  w i t h  random p r e s e n t a t i o n  o f  t h e  s t i m u l u s  numbers. 

8.  D i g i t  Memory. A d e v i c e  r e q u i r i n g  s h o r t - t e r m  memory f o r  

d i g i t s  and manual encod ing ,  such  a s  employed i n  t h e  " P h y s t e s t e r "  

( J o n e s ,  1972) was used ,  A s t i m u l u s  c o n s i s t e d  o f  a  5 - d i g i t  

numeral  shown by 1- inch  N i x i e  t u b e s  spaced  on 1 . 5  i n c h  c e n t e r s  

( F i g u r e  8 ) .  T i m e  d e l a y  r e l a y s  s e t  b o t h  s t i m u l u s  p r e s e n t a t i o n  

t i m e  ( 2  sec.) and t h e  w a i t i n g  i n t e r v a l  ( 5  sec.) . Responses were 

made by p r e s s i n g  numbered pushbut ton  s w i t c h e s  mounted on 1 . 5  i n c h  

c e n t e r s ,  2 i n c h e s  benea th  t h e  N i x i e  t u b e s .  A lamp f i t t e d  w i t h  a 

g r e e n  l e n s ,  1 i n c h  i n  d i a m e t e r ,  was mounted 2 i n c h e s  above t h e  

N i x i e  t u b e s  and was l i g h t e d  t o  s i g n a l  s u b j e c t  t o  s t a r t  respond-  

i n g .  Response t i m e  from t h e  o n s e t  o f  t h e  lamp t o  t h e  l a s t  

c o r r e c t  b u t t o n  p r e s s  and t h e  t o t a l  number o f  r e s p o n s e  e r r o r s  p e r  

s e s s i o n  were dependent  v a r i a b l e s .  One t r i a l  c o n s i s t e d  o f  30 

s t i m u l u s  p r e s e n t a t i o n s  o f  randomly s e l e c t e d ,  non- repea t ing ,  

5 - d i g i t  s t i m u l i .  S u b j e c t s  were i n s t r u c t e d  t o  respond a s  r a p i d l y  

a s  p o s s i b l e  f o l l o w i n g  t h e  o n s e t  of  t h e  g reen  lamp. 

9 .  S t y l u s  Track inq .  I n  t h e  s t y l u s  t r a c k i n g  t a s k ,  a  curv-  

i n g  0.5 i n c h  wide s l o t  i n  a  m e t a l  p l a t e  was t r a c k e d  w i t h  a  

0.125 i n c h  d i a m e t e r  s t y l u s ,  1 2  i n c h e s  i n  l e n g t h ,  t e r m i n a t i n g  

i n  a wooden hand le .  A lamp, f i t t e d  w i t h  a  g reen  l e n s  1 i n c h  i n  

d i a m e t e r  was l i g h t e d  t o  s i g n a l  s u b j e c t  t o  b e g i n  t r a c k i n g ,  w h i l e  

a  mic roswi t ch  mounted a c r o s s  t h e  end o f  t h e  t r a c k i n g  s l o t  ter-  

mina ted  t h e  t r i a l  when c o n t a c t e d .  Dependent v a r i a b l e s  were 

t o t a l  t r a c k i n g  time and t r a c k i n g  e r r o r  time, t i m e  d u r i n g  which 

t h e  s t y l u s  touched  t h e  edge of  t h e  s l o t .  One t r i a l  c o n s i s t e d  

o f  e i g h t  t r a c k i n g  t e s t s  w i t h  s u b j e c t  i n s t r u c t e d  t o  complete  

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

s t y l u s  t o  touch  t h e  edge of  t h e  s l o t .  



F i g u r e  7 .  R e a c t i o n  t i m e  t e s t .  

F i g u r e  8: Digit-memory and s t y l u s  
t r a c k i n g  tes t s .  
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10 ,  TV Display  Driv ing S imula to r .  This  H S R I  d r i v i n g  simu- 

l a t o r  p rov ides  a  v ideo  d i s p l a y  of t h e  l a t e r a l  and l o n g i t u d i n a l  

motions of a  s i m u l a t e d  v e h i c l e  which a r e  c o n t r o l l e d  by s t e e r i n g  

i n p u t s  from a  s u b j e c t - d r i v e r .  A s t r a i g h t ,  two-lane roadway i s  

d e l i n e a t e d  on a  40-foot long ,  4-foot  wide cont inuous  b e l t ,  

suppor ted  by a  wooden t a b l e .  The b e l t  i s  r o l l e r  d r i v e n  by a  

v a r i a b l e  speed motor.  Although v e l o c i t y  of t h e  s imula ted  v e h i c l e  

can b e  c o n t r o l l e d  w i t h  b rake  and a c c e l e r a t o r  peda l s  mounted a t  

t h e  d r i v e r ' s  p o s i t i o n ,  a l l  s i m u l a t o r  tests i n  t h i s  experiment  

were run a t  a  f i x e d  speed of 4 0  mph. An Ampex video camera 

mounted on a  g a n t r y  a t  one end of t h e  b e l t  ( F i g u r e  9 )  h a s  two 

degrees  of freedom (abou t  t h e  yaw c e n t e r  of motion of t h e  camera, 

and p e r p e n d i c u l a r  t o  movement of  t h e  b e l t ) ,  and p rov ides  an 

image of t h e  roadway t o  t h e  d r i v e r  on a  2 5  inch  TV moni tor  

( F i g u r e  1 0 ) .  

Dr ive r  s t e e r i n g  i n p u t s  a r e  t r a n s l a t e d  through an e l e c t r o n i c  

c o n t r o l  package which o u t p u t s  a p p r o p r i a t e  s i g n a l s  t o  t h e  camera- 

g a n t r y  sys tem,  r e s u l t i n g  i n  r e a l i s t i c  yaw and l a t e r a l  movement 

of t h e  s imula ted  v e h i c l e .  

Analog performance d a t a  ( s t e e r  a n g l e ,  heading a n g l e ,  and 

l a t e r a l  p o s i t i o n )  a r e  r ecorded  on an FM t a p e  r e c o r d e r  f o r  sub- 

sequen t  d i g i t i z a t i o n  and computer a n a l y s i s .  Rates a s s o c i a t e d  

w i t h  t h e  t h r e e  measures a r e  d i g i t a l l y  produced a t  t h e  t ime of 

a n a l y s i s .  I n  a d d i t i o n ,  RMS v a l u e s  of a b s o l u t e  heading a n g l e ,  

a b s o l u t e  l a t e r a l  d e v i a t i o n ,  and a b s o l u t e  s t e e r  a n g l e  can be  

immediately r e a d  o u t  f o r  any s e l e c t e d  t ime i n t e r v a l  ( F i g u r e  11). 

The use  of e l e c t r o n i c  c i r c u i t r y  t o  c o n t r o l  yaw and t h u s  

l a t e r a l  p o s i t i o n  of  t h e  v ideo  camera ( t h e  s i m u l a t e d  v e h i c l e )  

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

e r r o r s  which produce heading ang le  and l a t e r a l  p o s i t i o n  e r r o r s  

t o  b e  c o n t r o l l e d  by t h e  d r i v e r .  I n  t h i s  exper iment ,  d i s t u r -  



Figure 9. Simulator-camera and road belt. 

Figure 10. Subject's position in the video 
display driving simulator. 
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F i g u r e  11. Data r e c o r d i n g  equipment ,  



bances  i n  head ing  a n g l e  were i n t r o d u c e d  i n  two ways: ( a )  e l e c -  

t r o n i c  s t e p - s t e e r  a n g l e  i n p u t s  which s i m u l a t e d  sudden,  c o n s t a n t  

c rosswinds  and ( b )  c o n t i n u o u s ,  pseudo-randomly v a r y i n g  elec- 

t r o n i c  s t e e r  a n g l e  d i s t u r b a n c e s  which s i m u l a t e d  c rosswinds  of 

v a r y i n g  magnitude,  f r equency ,  and d i r e c t i o n .  Three magnitudes 

of  s t e p - s t e e r  d i s t u r b a n c e s  co r re spond ing  t o  2 0 ° ,  40° and 60° 

of  i n s t a n t a n e o u s  s t e e r  a n g l e  and two l e v e l s  of c o n t i n u o u s ,  

randomly v a r y i n g  n o i s e  o f  40 s e c .  d u r a t i o n  were used i n  t h i s  

exper iment .  Examples of each d i s t u r b a n c e  t y p e  and l e v e l  were 

demonst ra ted  t o  a l l  s u b j e c t s  p r i o r  t o  t h e i r  f i r s t  s i m u l a t o r  

t r i a l .  They were i n s t r u c t e d  t o  m a i n t a i n  a c o n s t a n t  l a t e r a l  

p o s i t i o n  th roughou t  each s i m u l a t o r  t r i a l .  

Dependent v a r i a b l e s  measured i n  t h e  s t u d y  were:  

1. The d r i v e r s '  r e sponse  t imes  t o  t h e  o n s e t  and o f f s e t  1 

of  t i le s t e p  d i s t u r b a n c e s .  

2 .  Values o f  s t e e r  a n g l e ,  l a t e r a l  p o s i t i o n  e r r o r ,  head ing  

a n g l e  and yaw r a t e  and t h e i r  a s s o c i a t e d  r a t e s  a t  t h e  r e sponse  

t i m e s  d e s c r i b e d  above.  

3 .  Absolu te  mean v a l u e s  of  each of  t h e  above s i x  p e r f o r -  

mance measures d u r i n g  f i v e  two-second i n t e r v a l s  f o l l o w i n g  each 

s t e p  o n s e t - o f f s e t .  

4 .  Analog measures o f  s t e e r i n g  a n g l e ,  l a t e r a l  p o s i t i o n  

e r r o r  and heading  a n g l e  th roughou t  t h e  40 s e c .  cont inuous-  

d i s t u r b a n c e  t r i a l s .  

EXPERIMENTAL DESIGN 

Since  l a r g e  l e a r n i n g  e f f e c t s  were known t o  e x i s t  f o r  t a s k s  

i n v o l v i n g  KT and/or  c o o r d i n a t e d  motor r e sponse  ( i . e . ,  complex 

R T ,  t h e  d i g i t  memory, t r a c k i n g ,  and s i m u l a t e d  d r i v i n g )  s u b j e c t s  

were g iven  two p r a c t i c e  s e s s i o n s  on each  of  t h e s e  t a s k s  p r i o r  

t o  r e c e i v i n g  t r e a t m e n t  doses .  One p r a c t i c e  s e s s i o n  was g iven  on 

'onset  of  t h e  s t e p  d i s t u r b a n c e  r e f e r s  t o  i t s  a p p l i c a t i o n ,  

whereas o f f s e t  r e f e r s  t o  i t s  removal .  
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each  of  t h e  remain ing  t a s k s  t o  f a m i l i a r i z e  s u b j e c t s  w i t h  t h e  

t e s t i n g  p rocedure  and p r o v i d e  c o n t r o l  d a t a  ( p r e - t r e a t m e n t )  f o r  

l a t e r  s t a t i s t i c a l  comparisons.  

The s t u d y  i n c o r p o r a t e d  a  between groups  d e s i g n  i n  t h a t  

s u b j e c t s  were a s s i g n e d  t o  e i t h e r  a  p l acebo  o r  a l c o h o l  t r e a t m e n t  

group ,  S t a t i s t i c a l  a n a l y s e s  of  t r e a t m e n t  e f f e c t s ,  however,  were 

made th rough  b o t h  between and w i t h i n  groups  t es t s  o f  t h e  i n t e r -  

a c t i o n  o f  t e s t  s e s s i o n  ( p r a c t i c e  and t r e a t m e n t )  and t r e a t m e n t  

group ( p l a c e b o  v s ,  a l c o h o l ) .  S t a t i s t i c a l  t es t s  performed on 

s i m u l a t e d  d r i v i n g  d a t a  were made i n  t h e  same manner, a l t h o u g h  

f i v e  t e s t  s e s s i o n s  were used (two p r a c t i c e  and t h r e e  t r e a t m e n t ) .  

PROCEDURE 

TASK ADMINISTRATION. S u b j e c t s  were t e s t e d  i n  p a i r s  o v e r  

p e r i o d s  of  two d a y s ,  w i t h  t h e  f i r s t  day s p e n t  i n  a d m i n i s t e r i n g  

q u e s t i o n n a i r e s  and i n t e r v i e w s  and c o l l e c t i n g  c o n t r o l / p r a c t i c e  

d a t a  on each  o f  t h e  t a s k s .  The second day was s p e n t  t e s t i n g  

under  t r e a t m e n t  c o n d i t i o n s  w i t h  each of t h e  p a i r e d  s u b j e c t s  

a s s i g n e d  t o  an a l c o h o l  o r  p l acebo  t r e a t m e n t  c o n d i t i o n .  Tab le  2  

o u t l i n e s  t h e  t e s t i n g  sequence and shows t h a t  a  t o t a l  of  f i v e  

s i m u l a t o r  t r i a l s ,  t h r e e  digit-memory, s t y l u s  t r a c k i n g ,  and 

complex RT t r i a l s ,  and two t r i a l s  on each of  t h e  remain ing  t e s t s  

were made by each  s u b j e c t .  Task o r d e r  was randomized w i t h i n  

each  t e s t i n g  p e r i o d  of  each  s u b j e c t .  

DOSE ADMINISTRATION. The p rocedure  fo l lowed  on bo th  days  

o f  t h e  exper iment  was i d e n t i c a l  f o r  p l a c e b o  and a l coho l  s u b j e c t s .  

Only t h e  c o n t e n t s  of t h e  d r i n k s  a d m i n i s t e r e d  on day-2 d i f f e r e d .  

On bo th  d a y s ,  s u b j e c t s  were t e s t e d  d u r i n g  t h e  a f t e r n o o n .  On 

day-2,  a f t e r  hav ing  r e c e i v e d  i n s t r u c t i o n s  t o  f a s t  f o r  a t  l e a s t  

an hour  and a  h a l f  p r i o r  t o  r e p o r t i n g  t o  t h e  l a b o r a t o r y ,  sub- 

j e c t s  were g iven  15 minutes  t o  consume a  d r i n k  c o n t a i n i n g  e i t h e r  

o range  j u i c e  and 2 0 0 "  a l c o h o l  o r  o range  j u i c e  w i t h  a  s m a l l  amount 



TABLE 2 .  TESTING PROCEDURE BY TASK AND TEST DAY. 

o f  a l c o h o l  f l o a t e d  on t o p  t o  s i m u l a t e  t h e  a l c o h o l  dose  f l a v o r .  

The f i r s t  a l c o h o l  dose  was formula ted  t o  p rov ide  B A C ' s  of 

= 0 . 0 7 %  ( w / v ) ,  t h e  l e g a l  c u t - o f f  f o r  impaired  d r i v i n g  i n  t h e  

S t a t e  of  Michigan. S p e c i f i c  amounts of a l c o h o l  c o n t a i n e d  i n  

t h e  dose  were based on both  body weight  and an e s t i m a t e  of t h e  

s u b j e c t ' s  body b u i l d ,  b u t  averaged 0 . 7  g a l coho l /kg  body we igh t ,  

mixed 1: 6 w i t h  a  low c a l o r i e ,  ca rbona ted  s o f t  d r i n k .  

r 
Day-1 

Tests Made 

Gr ip  S t r e n g t h  
Peda l  Force 
Per imete r  
Compex RT 
Simple RT 
P h y s t e s t e r  
Tracking 
PRFT 
Titmus T e s t e r  
Glarometer  
S imula to r  

Res t  Pe r iod  

- 

Body b u i l d  has  been found t o  be  an impor tan t  parameter  i n  

de te rmin ing  a l c o h o l  d o s e s ,  a s  s u b j e c t s , o f  t h e  same t o t a l  body 

Day-2 

T e s t s  Made 

Drink Administered 

SESSION 3 .t Simula to r*  

Drink Administered 

Grip S t r e n g t h *  
Pedal  Force  
Per imete r  
Complex RT 
Simple RT* 

SESSION 4 ( P h y s t e s t e r  
/ Tracking 

PRFT 
{ Titmus T e s t e r  

Glarometer  
, Simula to r  

Rest  Per iod* 

SESSION 5 S imula to r*  

. 

Breath  t e s t  made 
t 

Alcohol group i n  p e r i o d  3 t a r g e t e d  f o r  BAC of 0 . 0 7 % ,  
i n  p e r i o d  4 f o r  BAC of 0 .10%,  i n  p e r i o d  5 f o r  BAC of 0 .07%.  

a 



weight  b u t  wi th  d i f f e r e n t  amounts of body f a t  w i l l  t y p i c a l l y  

reach d i f f e r e n t  B A C ' s ,  This  i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  f a t t y  

t i s s u e  i s  i n s o l u b l e  t o  a l c o h o l ,  r e s u l t i n g  i n  overes t ima tes  of 

t o t a l  s o l u b l e  body volume when body weight a lone  i s  used 

(Appendix 1) . 
For ty - f ive  minutes a f t e r  f i n i s h i n g  t h e  d r i n k ,  each s u b j e c t  

was given a  b r e a t h  t e s t ,  fol lowed by one s e s s i o n  of d r i v i n g  i n  

t h e  s i m u l a t o r .  Another b r e a t h  t e s t  was then g iven ,  and a  second 

d r i n k  adminis tered .  The second d r ink  conta ined - 0.5g a lcoho l /  

kg body weight  and was formulated t o  enable  s u b j e c t s '  BAC t o  

peak a t  = 0 . 1 1 %  BAC (mean BAC = 0 . 1 0 % ,  t h e  l e g a l  cu t -o f f  f o r  

drunk d r i v i n g  i n  Michigan) by t h e  middle of t h e  second t e s t i n g  

pe r iod ,  Twenty minutes a f t e r  consuming t h e  second d r i n k ,  s u b j e c t  

was t e s t e d  on a l l  t a s k s ,  adminis tered  i n  a  random o r d e r .  Breath 

t e s t s  were made a t  t h e  middle and end of t h i s  t e s t i n g  per iod .  

Approximately two hours a f t e r  t h e  second t e s t i n g  pe r iod  ( o r  

when t h e  BAC of t h e  s u b j e c t s  i n  t h e  a lcoho l  group had dec l ined  

t o  0.07%) t h e  t h i r d  s imula to r  t e s t  of t h e  day was made. During 

t h e  two hour r e s t  p e r i o d ,  s u b j e c t s  were allowed t o  e a t  a  l a t e  

lunch and r e l a x  i n  a  sec luded room wi th  c a s u a l  r ead ing  m a t e r i a l  

a v a i l a b l e .  A t  t h e  conclus ion  of t h e  experiment ,  s u b j e c t s  were 

t r a n s p o r t e d  home and caut ioned a g a i n s t  d r i v i n g  o r  o t h e r  poten- 

t i a l l y  hazardous a c t i v i t i e s .  

INCENTIVE STRUCTURE. A s  an i n c e n t i v e  f o r  a c c u r a t e  simu- 

l a t o r  performance, each s u b j e c t  was t o l d  t h a t  h i s  performance 

would be  compared wi th  t h a t  of t h e  o t h e r  s u b j e c t  who was par-  

t i c i p a t i n g  on t h e  same days ,  and t h a t  t h e  s u b j e c t  who obta ined 

t h e  lowest  cumulative l a t e r a l  p o s i t i o n  e r r o r  s c o r e  i n  d r i v i n g  
I 

t h e  s i m u l a t o r  would r e c e i v e  a n  e x t r a  payment of $10.00. 

SUBJECTIVE EVALUATION OF DOSE EFFECTS. I t  was cons idered  

of  i n t e r e s t  t o  determine t h e  s u b j e c t i v e  e f f e c t  of t h e  doses 



given .  P r i o r  t o  t h e  second s i m u l a t o r  t r i a l  on day-2, a l l  

s u b j e c t s  were asked t o  r a t e  t h e i r  l e v e l  of i n t o x i c a t i o n  on a 

10-po in t  s c a l e  which ranged from 1, "completely sober"  t o  1 0 ,  

"comple te ly  i n t o x i c a t e d  - on t h e  ve rge  of c o l l a p s e . "  

RESULTS 

B A C ' s  AND I N T O X I C A T I O N  RATINGS 

Table 3 summarizes B A C ' s  a t t a i n e d  and i n t o x i c a t i o n  r a t i n g s  

r e p o r t e d  f o r  each t r e a t m e n t  group i n  each of t h e  t e s t i n g  p e r i o d s .  

TABLE 3. B A C ' s  AND INTOXICATION RATINGS 

B A C 1 s  shown a r e  means of r e a d i n g s  t aken  a t  t h e  s t a r t  ( o r  middle 

i n  t h e  c a s e  of p e r i o d  4 )  and end of each of  t h e  t e s t i n g  p e r i o d s .  

Although B A C ' s  of a l l  p lacebo s u b j e c t s  were l e s s  than  0 . 0 1 %  i n  

a l l  p e r i o d s ,  many s u b j e c t s  r e p o r t e d  themselves a s  moderately 

Treatment/Session 

Placebo 3 

Placebo 4 

Placebo 5 

Alcohol 3 

Alcohol 4 

Alcohol 5 

* 1 = Completely sober  

1 0  = Completely i n t o x i c a t e d  
b 

S u b j e c t s '  I n t o x i c a -  
t i o n  Rat ings*  

B A C 

Me an 

- 
2 . 5 7  

- 

- 

5.75 
- 

Mean 

< 0 . 0 1 %  

( 0 . 0 1 %  

< 0 . 0 1 %  

0 . 0 7 6 %  

0.098% 

0.067% 

S. D.  

- 
1 .18  

- 

- 
1.85 

- 

r. 
- 
- 
- 

0.013% 

0.005% 

0 . 0 0 4 %  



i n t o x i c a t e d ,  showing t h a t  t h e  p l acebos  had a  meaningfu l  e f f e c t .  

B A C 1 s  of  i n d i v i d u a l  a l c o h o l  s u b j e c t s  v a r i e d  s l i g h t l y  from t h e  

BkC's d e s i r e d ,  b u t  mean B A C ' s  were q u i t e  c l o s e  t o  t h e  t a r g e t  

v a l u e s .  

LABORATORY TESTS CONCERNING V I S I O N  AND/OR PERCEPTION 

Because t h e  p rocedure  fo l lowed on t h e s e  l a b o r a t o r y  t e s t s  

by f o u r  male p i l o t  s t u d y  s u b j e c t s  was i d e n t i c a l  t o  t h a t  f o l l owed  

by t h e  20 s u b j e c t s  of t h i s  s t u d y ,  t h e i r  d a t a  were i n c l u d e d  i n  

t h e  f o l l o w i n g  a n a l y s e s ,  so  t h a t  t h e  r e s u l t s  a r e  based  on a  t o t a l  

o f  24 s u b j e c t s .  

PORTABLE ROD AND F W E  TEST. Sums of t h e  a b s o l u t e  dev i a -  

t i o n s  i n  t h e  e i g h t  t r i a l s  made i n  each  s e s s i o n  ( c o n t r o l  and 

t r e a t m e n t )  were found f o r  each  of  t h e  2 4  s u b j e c t s .  A t h r e e -  

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

and t r e a t m e n t  c o n d i t i o n s  was performed.  No s i g n i f i c a n t  e f f e c t s  

were found.  Decrements due t o  a l c o h o l  were r e p o r t e d  i n  a s t u d y  

by K r i s t o f f e r s o n  (1968)  i n  a  n o n - a l c o h o l i c  sample .  

Our t o t a l  s u b j e c t  sample  was s l i g h t l y  l e s s  f i e l d  depen- 

d e n t  (y  = 3 3 . 9 "  i n  t h e  c o n t r o l  s e s s i o n )  t h a n  Ol tman ' s  (1968)  

PRFT v a l i d a t i o n  sample  (y  = 49 .2" )  when s e x  i s  d i s r e g a r d e d .  

When s e x  i s  t a k e n  i n t o  a c c o u n t ,  t h e  female  s u b j e c t s  i n  t h i s  

sample  were s l i g l i t l y  more f i e l d  dependent  t h a n  O l t m a n l s  (60.5' 

v s  5 2 . 4 ' ) ,  and t h e  males  c o n s i d e r a b l y  l e s s  f i e l d  dependent  

(20 .5"  v s .  4 5 . 8 ' ) .  

GLAROMETER. Means of  t h e  s e v e r a l  t r i a l s  o f  each  dependent  

v a r i a b l e  were found f o r  each  s u b j e c t  i n  each  s e s s i o n ,  and each  

dependent  v a r i a b l e  was ana lyzed  i n  a  t h r e e - f a c t o r  a n a l y s i s  o f  

v a r i a n c e  w i t h  t e s t  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s  

a s  f a c t o r s .  

The a n a l y s i s  of t h e  g l a r e  v i s i o n  d a t a  showed no s i g n i f i c a n t  



e f f e c t s  a l t h o u g h  t h e r e  was an i n c r e a s e  i n  mean t a r g e t  luminance 

r e q u i r e d  by a l c o h o l  s u b j e c t s  i n  t h e  a l c o h o l  c o n d i t i o n .  A n a l y s i s  

o f  t h e  n i g h t  v i s i o n  d a t a  showed a  s i g n i f i c a n t  S e s s i o n  x Trea tment  

c o n d i t i o n  i n t e r a c t i o n  (pC.05) which was n o t  d e t e c t e d  by Tukey ( b )  

t es t s  performed b o t h  on s e s s i o n  means w i t h i n  dose  t r e a t m e n t s  and 

dose  t r e a t m e n t  means w i t h i n  s e s s i o n .  A n a l y s i s  o f  t h e  g l a r e  

r ecove ry  time d a t a  showed a  s i g n i f i c a n t  s e s s i o n  e f f e c t  o n l y ,  

w i t h  more time r e q u i r e d  f o r  r ecove ry  by b o t h  t r e a t m e n t  g roups  

i n  s e s s i o n  f o u r  ( p < .  05)  . 
VISUAL ACUITY. The a n a l y s e s  used t h e  numer i ca l  v a l u e  o f  

t h e  v i s u a l  a c u i t y  ( V . A . )  of  t h e  most d i f f i c u l t  t a r g e t  i d e n t i f i e d  

by each  s u b j e c t .  Analyses  of v a r i a n c e  were made on t h e  d a t a  

from each  t e s t  w i t h  f a c t o r s  of s e s s i o n s ,  s u b j e c t s ,  and t r e a t m e n t  

c o n d i t i o n s .  No s i g n i f i c a n t  d i f f e r e n c e s  were found i n  a n a l y s e s  

o f  f a r  V . A . ,  b o t h  e y e s ;  n e a r  V . A . ,  bo th  e y e s ;  f a r  V . A . ,  l e f t  

e y e ;  n e a r  V . A . ,  l e f t  eye ;  o r  f a r  V . A . ,  r i g h t  eye .  A s i g n i f i c a n t  

s e s s i o n s  main e f f e c t ,  snowing decrements  i n  r i g h t  e y e  n e a r  V . A . ,  

was found f o r  bo th  t r e a t m e n t  c o n d i t i o n s  i n  s e s s i o n  f o u r  ( p c . 0 5 ) .  

Thus,  no s i g n i f i c a n t  e f f e c t s  a t t r i b u t a b l e  t o  a l c o h o l  were found. 

PHORIA. Data from measurements of l a t e r a l  and v e r t i c a l  

p h o r i a  a t  a  20- foo t  d i s t a n c e  and l a t e r a l  p h o r i a  a t  a  14- inch 

d i s t a n c e  were reduced  t o  d e v i a t i o n s  from o r t h o p h o r i a  i n  u n i t s  

of one d i o p t e r  s t e p s ,  and a n a l y s e s  o f  v a r i a n c e  performed w i t h  

f a c t o r s  of  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s .  S ig-  

n i f i c a n t  s e s s i o n s  main e f f e c t s  were found i n  b o t h  l a t e r a l  p h o r i a  

a n a l y s e s  w i t h  s u b j e c t s  i n  b o t h  t r e a t m e n t  c o n d i t i o n s  demons t ra t -  

i n g  less e x o p h o r i a  a t  b o t h  20- foo t  ( p < . 0 1 )  and 14- inch (pc .05 )  

d i s t a n c e s  i n  s e s s i o n  f o u r .  No o t h e r  s i g n i f i c a n t  d i f f e r e n c e s  

were found. A s i m i l a r  a n a l y s i s  of v e r t i c a l  p h o r i a  d a t a  a t  a  

20 - foo t  d i s t a n c e  showed no s i g n i f i c a n t  e f f e c t s .  

STEREO DEPTH. Data from t h e  20- foo t  s t e r e o  d e p t h  t e s t  

were  e x p r e s s e d  a s  p e r c e n t a g e s  of  t h e o r e t i c a l  maximum s t e r e o p s i s  



according t o  t h e  Shepard-Fry formula a s  desc r ibed  i n  t h e  Titmus 

t e s t e r  manual. An a n a l y s i s  of v a r i a n c e  wi th  f a c t o r s  of s e s s i o n s ,  

s u b j e c t s  and t r e a t m e n t  cond i t ions  showed no s i g n i f i c a n t  d i f f e r -  

ences .  However, a  s l i g h t  dec rease  i n  s t e r e o p s i s  was demonstrated 

by t h e  a l c o h o l  s u b j e c t s  under a l c o h o l .  

COLOR V I S I O N .  No d i f f e r e n c e s  i n  c o l o r  v i s i o n ,  a s  measured 

by I s h i h a r a  p l a t e s ,  were found i n  a  t h r e e - f a c t o r  a n a l y s i s  of 

v a r i a n c e  wi th  f a c t o r s  of s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  condi- 

t i o n s .  

PERIMETER, Mean t h r e s h o l d  va lues  were found f o r  each d i r e c -  

t i o n  of s t imulus  movement f o r  each c o l o r  s t imulus  on each s i d e  

of t h e  head i n  each s e s s i o n .  Analyses of va r i ance  wi th  f a c t o r s  

of s e s s i o n s ,  s u b j e c t s  and t r ea tment  c o n d i t i o n s  were then per- 

formed f o r  each s t imulus  c o l o r  on each s i d e  of t h e  head. 

S i g n i f i c a n t  Sess ion  x Treatment Condit ion i n t e r a c t i o n s  were 

f w d  f o r  r e d  s t i m u l i  on both  s i d e s  of t h e  head (p< .05 ,  F igure  1 2 )  . 
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Figure  12.  Mean p e r i p h e r a l  h o r i z o n t a l  t h r e s h o l d s  
of r e d  s t i m u l i ,  



Tukey (b) t e s t s  performed on s e s s i o n  means w i t h i n  t r ~ a t m e n t  

c o n d i t i o n s  and t r e a t m e n t  c o n d i t i o n  means w i t h i n  s e s s i o n s  f o r  

t h e  r i g h t  s i d e  d a t a  showed t h a t  i n t e r a c t i o n  t o  be  due t o  an 

i n c r e a s e  i n  t h r e s h o l d  a n g l e  by t h e  p l acebo  s u b j e c t s  i n  t h e  

t r e a t m e n t  c o n d i t i o n s .  S i m i l a r  Tukey ( b )  t es t s  performed on t h e  

l e f t  s i d e  d a t a  showed a  d e c r e a s e  i n  t h r e s h o l d  a n g l e  o f  t h e  

a l c o h o l  s u b j e c t s  i n  t h e  a l c o h o l  c o n d i t i o n .  Thus,  a l c o h o l  p ro-  

duced a  r e d u c t i o n  o f  t h e  l e f t  and r i g h t  h o r i z o n t a l  v i s u a l  f i e l d  

f o r  r e d .  

No d i f f e r e n c e s  were found i n  a n a l y s e s  o f  y e l l o w ,  g r e e n  and 

b l u e  s t i m u l i  on t h e  r i g h t  s i d e ,  o r  w h i t e  s t i m u l i  on t h e  r i g h t  

and l e f t  s i d e .  S i g n i f i c a n t  s e s s i o n  main e f f e c t s  were found f o r  

ye l l ow  and g reen  s t i m u l i  on t h e  l e f t  s i d e ,  w i t h  t h r e s h o l d  

a n g l e s  s m a l l e r  f o r  b o t h  t r e a t m e n t  g roups  i n  t h e  second t e s t  

s e s s i o n ,  i n d i c a t i n g  a p r a c t i c e  e f f e c t .  

LABORATORY TESTS CONCERNING STRJ3NGTH 

The p rocedure  fo l l owed  by t h e  f o u r  male p i l o t  s t u d y  s u b j e c t s  

was i n c o m p a t i b l e  w i t h  t h a t  fo l l owed  by t h e  2 0  s u b j e c t s  o f  t h i s  

expe r imen t .  Data  from t h e  p i l o t  s t u d y  were t h u s  n o t  i n c l u d e d  i n  

t h e  f o l l o w i n g  a n a l y s e s .  

HAND G R I P  STRENGTH. The maximum g r i p  s t r e n g t h  f o r  each  

nand was found f o r  each  s u b j e c t  and a n a l y s e s  o f  v a r i a n c e  w i t h  

f a c t o r s  o f  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s  performed.  

No s i g n i f i c a n t  d i f f e r e n c e s  were found f o r  maximum g r i p  s t r e n g t h  

of  e i t h e r  t h e  r i g h t  o r  l e f t  hands .  

MAXIMUM PEDAL FORCE. Maximum p e d a l  f o r c e s  f o r  each  f o o t  

of each s u b j e c t  were found ,  and a n a l y s e s  of v a r i a n c e  w i t h  fac- 

t o r s  of  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s  performed.  

No s i g n i f i c a n t  d i f f e r e n c e s  were found f o r  e i t h e r  r i g h t  o r  l e f t  

f o o t  maximum p e d a l  f o r c e .  



LABORATORY TESTS CONCERNING REACTION TIME (RT)  

A l l  a n a l y s e s  i n  t h i s  s e c t i o n  i n c l u d e  d a t a  from t h e  2 0  

s u b j e c t s  o f  t h i s  exper iment  o n l y .  

SIMPLE RT. A l l  s imp le  R T ' s  were t r ans fo rmed  t o  Loge t o  

c o n t r o l  f o r  skewness i n  t h e i r  d i s t r i b u t i o n s .  An a n a l y s i s  o f  

v a r i a n c e  w i t h  f a c t o r s  of  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  con- 

d i t i o n s  w i t h  20 s c o r e s  p e r  c e l l  was t h e n  performed.  No s i g n i f i -  

c a n t  d i f f e r e n c e s  were found. 

COMPLEX RT - COMPATIBLE STIMULUS-RESPONSE ORDER. S e p a r a t e  

a n a l y s e s  o f  v a r i a n c e  were performed on d e c i s i o n  t i m e ,  movement 

t i m e  and t o t a l  t ime  d a t a  from b o t h  s t imu lus - r e sponse  compat i -  

b i l i t y  modes. Analyses  of v a r i a n c e  w i t h  f a c t o r s  of  s t i m u l u s  

number, s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n  (wi th  t h r e e  

s c o r e s  p e r  c e l l )  were t h e n  performed.  

Dec i s ion  Time. Ana lys i s  o f  t h e  d e c i s i o n  t ime  d a t a  i n  t h e  

h i g h  s t i m u l u s -  r e s p o n s e  c o m p a t i b i l i t y  mode showed a  s i g n i f i -  

c a n t  s t i m u l u s  number. main e f f e c t  o n l y  ( p < , 0 1 ) ,  A Tukey ( b )  

t e s t  showed t h a t  t h e  mean time t o  i n i t i a t e  r e sponses  t o  s t i m u l u s  

lamp 3 ,  i n  t h e  c e n t e r  of t h e  d i s p l a y ,  were s i g n i f i c a n t l y  l o n g e r  

t h a n  mean times a s s o c i a t e d  w i t h  s t i m u l u s  lamps 1, 5 and 6 .  No 

o t h e r  s i g n i f i c a n t  e f f e c t s  on d e c i s i o n  time were found.  

Movement T i m e .  S i g n i f i c a n t  main e f f e c t s  of  s t i m u l u s  num- 

b e r  (p< .01 )  and s e s s i o n  (p<.05)  and a  s i g n i f i c a n t  s t i m u l u s  

Number x  S e s s i o n  (pC.01) i n t e r a c t i o n  were found i n  t h e  a n a l y s i s  

o f  movement time i n  t h e  h i g h  s t imu lus - r e sponse  c o m p a t i b i l i t y  

c o n d i t i o n .  The s i g n i f i c a n t  i n t e r a c t i o n  showed t h a t  t h e  mean 

times t o  comple te  r e s p o n s e s  t o  t h e  v a r i o u s  s t i m u l u s  numbers 

v a r i e d  differ en ti all,^, b o t h  a c r o s s  and w i t h i n  s e s s i o n s .  

T o t a l  T i m e .  The a n a l y s i s  o f  t h e  t o t a l  RT d a t a  i n  t h e  h i g h  

s t i m u l u s - r e s p o n s e  c o m p a t i b i l i t y  mode showed a  s i g n i f i c a n t  s t imu-  



l u s  Number x S e s s i o n  i n t e r a c t i o n  (p< .01 )  and s i g n i f i c a n t  t r e a t -  

ment g roups  ( p < . 0 5 )  and s t i m u l u s  number ( p < . 0 1 )  main e f f e c t s .  

While t h e  s i g n i f i c a n t  i n t e r a c t i o n  i s  due t o  g r e a t l y  v a r y i n g  

RT's t o  t h e  d i f f e r e n t  s t i m u l u s  numbers a c r o s s  s e s s i o n s ,  t h e  mean 

s e s s i o n  R T ' s  were n e a r l y  e q u i v a l e n t  a c r o s s  t r e a t m e n t s ,  b u t  uni-  

formly 2 0 . 1  s e c .  lower  i n  t h e  p l acebo  c o n d i t i o n .  

COMPLEX RT-LOW STIMULUS-RESPONSE COMPATIBILITY. 

Dec i s ion  Time. A n a l y s i s  of d e c i s i o n  time d a t a  i n  t h e  low 

s t i m u l u s - r e s p o n s e  c o m p a t i b i l i t y  mode, i n  which t h e  s t i m u l u s  

d i s p l a y  was r e v e r s e d ,  showed a  s i g n i f i c a n t  s e s s i o n  main e f f e c t  

( p < .  0 1 )  and a  s i g n i f i c a n t  S e s s i o n  x Trea tment  i n t e r a c t i o n  ( P C .  05) . 
Tukey (b )  tes ts  performed on s e s s i o n  means w i t h i n  t r e a t m e n t s  and 

t r e a t m e n t  means w i t h i n  s e s s i o n s  showed d e c i s i o n  time i n  t h e  

f i n a l  s e s s i o n  of t h e  p l acebo  t r e a t m e n t  t o  b e  s i g n i f i c a n t l y  lower  

t h a n  b o t h  t h e  f i r s t  two p l acebo  s e s s i o n s  and t h e  0.10% a l c o h o l  

s e s s i o n  ( F i g u r e  1 3 ) .  

Movement Time. There  was a  s i g n i f i c a n t  main e f f e c t  of  

s t i m u l u s  number (pc .01)  i n  t h e  a n a l y s i s  o f  mean movement times. 

Mean movement t ime  t o  s t i m u l u s  number 2 was s i g n i f i c a n t l y  g r e a t e r  

t h a n  mean movement t imes  t o  s t i m u l u s  numbers 1, 4 ,  5  and 6 .  

T o t a l  Time. Pa i d e n t i c a l  s i g n i f i c a n t  s t i m u l u s  number main 
-. 

e f f e c t  was found i n  t h e  a n a l y s i s  of t h e  t o t a l  RT d a t a  ( p < .  0 1 )  . 
S i g n i f i c a n t  main e f f e c t s  o f  s e s s i o n  (p< .05 )  and t r e a t m e n t  condi -  

t i o n  and a  s i g n i f i c a n t  S e s s i o n  x Treatment  c o n d i t i o n  

( p < . 0 1 )  were a l s o  found.  Tukey ( b )  t e s t s  performed on s e s s i o n  

means w i t h i n  s e s s i o n s  showed t o t a l  R T ' s  i n  p l acebo  s e s s i o n  4 

t o  be  s i g n i f i c a n t l y  lower  t h a n  i n  a l c o h o l  s e s s i o n  4 and t h e  

f i r s t  two p l acebo  s e s s i o n s  ( F i g u r e  1 3 ) ,  due t o  t h e  g r e a t e r  

d e c i s i o n  t i m e .  

DIGIT-MERIORY RESPONSE TIME. Median r e s p c n s e  times were 

found f o r  each of  t h e  f i v e  b l o c k s  of s i x  digit-memory t r i a l s  



@-a ALCOHOL 

0-0 PLACEBO 

TOTAL TIME 

MOVEMENT TIME 
& 

PRACTICE (0 .10%)  

0 * - . 
1 2 4 

SESSION 

F i g u r e  13 .  Mean d e c i s i o n ,  movement and t o t a l  t ime  
i n  t h e  low s t i m u l u s - r e s p o n s e  compat i -  
b i l i t y  r e a c t i o n  t i m e  t e s t .  

made i n  each  s e s s i o n .  These d a t a  were t h e n  t r ans fo rmed  t o  Loge 

t o  r educe  skewness .  A f o u r - f a c t o r  a n a l y s i s  o f  v a r i a n c e  w i t h  

f a c t o r s  o f  t r i a l  b l o c k s ,  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  condi -  

t i o n s  was t h e n  performed.  Main e f f e c t s  of t r i a l  b l o c k s  and 

s e s s i o n s ,  and t h e  T r i a l  Blocks  x S e s s i o n s  i n t e r a c t i o n  were s i g -  

n i f i c a n t  ( p < . 0 1 ) .  Thus, t h e r e  was no e f f e c t  a t t r i b u t a b l e  t o  

a l c o h o l .  

E r r o r  Frequency. Frequency o f  r e s p o n s e  e r r o r s  was examined 

i n  a  three-way a n a l y s i s  o f  v a r i a n c e  w i t h  f a c t o r s  o f  s e s s i o n s ,  

s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s .  An a r c - s i n e  t r a n s f o r m a t i o n  

was performed on t h e  e r r o r  f r equency  d a t a  t o  r educe  skewness .  



Figure  1 4  i l l u s t r a t e s  t h e  s i g n i f i c a n t  ( p < . 0 5 )  S e s s i o n  x Treatment 
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Figure  1 4 .  Flean pe rcen tage  of  encoding e r r o r s  i n  t h e  
digit-memory t e s t .  

c o n d i t i o n  i n t e r a c t i o n  i n  terms of p e r c e n t  e r r o r s .  Tukey ( b )  

t e s t s  performed on s e s s i o n  means w i t h i n  t r e a t m e n t  c o n d i t i o n s  

showed no s i g n i f i c a n t  d i f f e r e n c e s .  However, Tukey (b )  t e s t s  

performed on t r e a t m e n t  c o n d i t i o n  means w i t h i n  s e s s i o n s  showed 

t h e  a l c o h o l  group mean i n  s e s s i o n  4 t o  be s i g n i f i c a n t l y  l a r g e r  



( p  <. 05) t han  t h e  co r r e spond ing  p l acebo  group mean. No o t h e r  

s i g n i f i c a n t  e f f e c t s  were found. 

LABORATORY TEST CONCERNING COORDINATED MOTOR RESPONSE 

STYLUS TRACKING TEST. Median t r a c k i n g  e r r o r  times were 

found f o r  each  o f  t h e  two b l o c k s  o f  f o u r  t r i a l s  a d m i n i s t e r e d  

i n  each  s e s s i o n ,  These d a t a  were then  t ransformed t o  squa re  

r o o t s  t o  r educe  t h e  c o r r e l a t i o n  between t h e  s e s s i o n  means and 

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

t r i a l  b l o c k s ,  s e s s i o n s ,  s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s  was 

t h e n  performed.  The o n l y  s i g n i f i c a n t  e f f e c t  was t h e  S e s s i o n  x 

Trea tment  i n t e r a c t i o n ,  i l l u s t r a t e d  i n  F i g u r e  15.  A Tukey ( b )  
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F i g u r e  15. Mean s t y l u s  t r a c k i n g  e r r o r  t i m e .  



t e s t  performed on s e s s i o n  means w i t h i n  t r e a t m e n t s  showed no d i f -  

f e r e n c e s  among t h e  t h r e e  p l acebo  group means, b u t  s i g n i f i c a n t l y  

more t r a c k i n g  e r r o r  t i m e  i n  t h e  0.10% a l c o h o l  s e s s i o n ,  compared 

w i t h  t h e  f i r s t  two s e s s i o n s .  A Tukey (b )  t e s t  per formed on 

t r e a t m e n t  c o n d i t i o n  means w i t h i n  s e s s i o n s  showed no d i f f e r e n c e  

between t r e a t m e n t  c o n d i t i o n s  i n  t h e  f i r s t  two s e s s i o n s ,  b u t  

s i g n i f i c a n t l y  g r e a t e r  t r a c k i n g  e r r o r  times i n  t h e  a l c o h o l  t r e a t -  

ment s e s s i o n  (BAC ". 1 0 % )  . 
SUMMARY OF RESULTS OF LABORATORY TESTS 

1. PORTABLE ROD AND F W  TEST. No s i g n i f i c a n t  r e s u l t s .  

2 . GLAROME TE R 

A .  G l a r e  V i s ion  - no s i g n i f i c a n t  e f f e c t s .  

B. Nigh t  V i s i o n  - s i g n i f i c a n t  s e s s i o n  x dose  

t r e a t m e n t  i n t e r a c t i o n ,  n o t  conf i rmed by Tukey (b )  t e s t .  ( ~ i g h e r  

i n t e n s i t y  needed under  a l c o h o l . )  

C .  G l a r e  Recovery T i m e  - S i g n i f i c a n t  s e s s i o n  e f f e c t  

o n l y .  

3 .  TITMUS TESTER 

A .  20-Foot V i s u a l  Acu i ty  - Both Eyes - no s i g n i f i -  

c a n t  e f f e c t s .  

B .  20-Foot V i s u a l  Acu i ty  - Righ t  Eye - no s i g n i f i -  

c a n t  e f f e c t s .  

C .  20-Foot V i s u a l  Acu i ty  - L e f t  Eye - no s i g n i f i -  

c a n t  e f f e c t s .  

D .  14-Inch V i s u a l  Acu i ty  - Both Eyes - no s i g n i f i -  

c a n t  e f f e c t s .  

E. 14-Inch V i s u a l  Acu i ty  - Right  Eye - s i g n i f i c a n t  

s e s s i o n  e f f e c t  o n l y .  

F. 14-Inch V i s u a l  Acu i ty  - L e f t  Eye - no s i g n i f i -  

c a n t  e f f e c t s .  



G. 20-Foot S t e r e o  Depth - no s i g n i f i c a n t  e f f e c t s .  

H ,  20-Foot Color  Vis ion  - no s i g n i f i c a n t  e f f e c t s .  

I. 20-Foot V e r t i c a l  P h o r i a  - no s i g n i f i c a n t  e f f e c t s .  

J. 20-Foot L a t e r a l  P h o r i a  - s i g n i f i c a n t  s e s s i o n  

e f f e c t  o n l y .  

K.  14-Inch L a t e r a l  P h o r i a  - s i g n i f i c a n t  s e s s i o n  

e f f e c t  o n l y .  

4 .  PERIMETER ( R I G H T  EYE) 

A. R ight  L a t e r a l  P l a n e  

(1) Red S t imu lus  - s e s s i o n  x dose  t r e a t m e n t  

i n t e r a c t i o n  due t o  i n c r e a s e  i n  v i s u a l  f i e l d  o f  p l acebo  s u b j e c t s  

compared t o  a l c o h o l  group.  

( 2 )  Yellow S t imu lus  - no s i g n i f i c a n t  e f f e c t s .  

( 3 )  Green S t imu lus  - no s i g n i f i c a n t  e f f e c t s .  

( 4 )  Blue S t imu lus  - no s i g n i f i c a n t  e f f e c t s .  

( 5 )  White S t imu lus  - no s i g n i f i c a n t  e f f e c t s .  

B. L e f t  L a t e r a l  P l ane  
7- 

(1) Red S t imu lus  - s e s s i o n  x dose  t r e a t m e n t  

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

under  a l c o h o l .  

( 2 )  Yellow S t imu lus  - s i g n i f i c a n t  s e s s i o n  

e f f e c t  o n l y .  

( 3 )  Green S t imu lus  - s i g n i f i c a n t  s e s s i o n  e f f e c t .  

( 4 )  Blue S t i m u l u s  - no s i g n i f i c a n t  e f f e c t s .  

( 5 )  White S t imu lus  - no s i g n i f i c a n t  e f f e c t s .  

5. MAXIMUM HAND GRIP STRENGTH. R igh t  and l e f t  hand - no 

s i g n i f i c a n t  e f f e c t s .  

6 .  MAXIMUM FOOT PEDAL FORCE. Right  and l e f t  f o o t  - no 

s i g n i f i c a n t  e f f e c t s .  



7 .  REACTION TIME 

Simple  RT - no s i g n i f i c a n t  e f f e c t s .  

B .  Complex RT - normal  s t i m u l u s  o r d e r .  

(1) Dec i s ion  T i m e  - s i g n i f i c a n t  s t i m u l u s  number 

e f f e c t  o n l y .  

( 2 )  Response Time - s i g n i f i c a n t  number x s e s s i o n  - -- 

e f f e c t s .  No a l c o h o l  e f f e c t .  

( 3 )  T o t a l  Time - s i g n i f i c a n t  dose  t r e a t m e n t  and 

number x s e s s i o n  e f f e c t s ,  No a l c o h o l  e f f e c t .  

C.  Complex RT - r e v e r s e d  s t i m u l u s  o r d e r ,  

(1) Dec i s ion  Time - s i g n i f i c a n t  s e s s i o n  x d o s e  

t r e a t m e n t  e f f e c t ,  due t o  d e c r e a s e  i n  time i n  s e s s i o n  4 by 

p l a c e b o  s u b j e c t s .  

( 2 )  Response Time - s i g n i f i c a n t  s t i m u l u s  number 

e f f e c t  o n l y .  

( 3 )  T o t a l  Time - s i g n i f i c a n t  s e s s i o n  x  dose  

t r e a t m e n t  e f f e c t  due t o  d e c r e a s e  i n  t o t a l  time i n  s e s s i o n  4 by 

p l acebo  s u b j e c t s .  

8 .  DIGIT-MEMORY 

A.  Response Time - s i g n i f i c a n t  t r i a l ,  s e s s i o n ,  and 

t r i a l  x s e s s i o n  e f f e c t s .  No a l c o h o l  e f f e c t .  

B. E r r o r  F r e q u e n c l  - S i g n i f i c a n t  s e s s i o n  x  d o s e  

t r e a t m e n t  i n t e r a c t i o n .  (More e r r o r s  under  a l c o h o l . )  

9. STYLUS TRACKING ERROR TIME - s i g n i f i c a n t  s e s s i o n  x  

dose  t r e a t m e n t  i n t e r a c t i o n  due t o  i n c r e a s e  i n  e r r o r  t i m e  

demons t r a t ed  by a l c o h o l  s u b j e c t s  under  a l c o h o l .  

D R I V I N G  SIMULATOR CONTINUOUS DISTURBANCE ANALYSES 

The h i g h  l e v e l  c o n t i n u o u s  d i s t u r b a n c e  was u sed  t o  s i m u l a t e  



t h e  s i d e  f o r c e s  a c t i n g  on an au tomobi le  due t o  s e v e r e ,  random 

wind b u f f e t i n g .  The low l e v e l  con t inuous  d i s t u r b a n c e  was 

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

t h e  road  due t o  minor road  r u t s  o r  mi ld  wind g u s t s .  

The d a t a  from one male s u b j e c t  i n  each  t r e a t m e n t  group was 

u n a v a i l a b l e ,  due t o  problems encoun te red  i n  d a t a  r e c o r d i n g .  

Thus,  d a t a  a n a l y s e s  were made f o r  18  s u b j e c t s  i n  a l l  d r i v i n g  

s i m u l a t o r  con t inuous  d i s t u r b a n c e  tests.  

~ l l  con t inuous  d i s t u r b a n c e  mean and v a r i a n c e  d a t a  were 

ana lyzed  i n  t h r e e - f a c t o r  unweighted means a n a l y s e s  of  v a r i a n c e  

w i t h  f a c t o r s  o f  s e s s i o n s ,  s u b j ' e c t s  and t r e a t m e n t  c o n d i t i o n s ,  

w i t h  s u b j e c t s  n e s t e d  under  t r e a t m e n t  c o n d i t i o n .  Because t h e  

n igh  l e v e l  con t inuous  d i s tu rba .nce  was q u a l i t a t i v e l y  d i f f e r e n t  

from t h e  low l e v e l  d i s t u r b a n c e ,  s e p a r a t e  a n a l y s e s  were performed 

on d a t a  from each  d i s t u r b a n c e  t y p e .  Although c e l l  f r e q u e n c i e s  

were unequal  i n  a l l  a n a l y s e s  ( h i g h  l e v e l  d i s t u r b a n c e  assumed 

c e l l  f requency  = 3 .93 ;  low l e v e l  d i s t u r b a n c e  assumed c e l l  f r e -  

quency = 2 . 6 7 ,  m i s s ing  d a t a  were randomly d i s t r i b u t e d  a c r o s s  a l l  

f a c t o r s .  

LATERAL POSITION JENJ AND VARIANCE ANALYSIS - HIGH LEVEL 
DISTURBANCE. S i g n i f i c a n t  (p<.l05) S e s s i o n  x Treatment  Condi- 

t i o n  i n t e r a c t i o n s  were found i n  bo th  l a t e r a l  p o s i t i o n  mean and 

v a r i a n c e  a n a l y s e s .  A s i g n i f i c a n t  ( p < . 0 5 )  s e s s i o n s  main e f f e c t  

was a l s o  found i n  t h e  mean l a t e r a l  p o s i t i o n  a n a l y s i s .  Tukey 

( b )  t e s t s  performed on s e s s i o n  means w i t h i n  t r e a t m e n t s  showed 

bo th  mean l a t e r a l  p o s i t i o n  and l a t e r a l  p o s i t i o n  v a r i a n c e  t o  

be  s i g n i f i c a n t l y  (pc.01)  g r e a t e r  i n  s e s s i o n  4 (0 .10% BAC) t han  

s e s s i o n  2 (0% BAC) i n  t h e  a l c o h o l  c o n d i t i o n  on ly .  No d i f f e r -  

ences  i n  p l acebo  c o n d i t i o n  s e s s i o n  means were found i n  e i t h e r  

a n a l y s i s .  F u r t h e r  Tukey ( b )  t es t s  performed on t r e a t m e n t  con- 

d i t i o n  means w i t h i n  s e s s i o n s  showed t h e  means o f  t h e  a l c o h o l  
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LATERAL POSITION MEAN AND VARIANCE ANALYSES - LOW LEVEL 

DISTURBANCE. Ana lys i s  of t h e  mean l a t e r a l  p o s i t i o n  d a t a  showed 

a s i g n i f i c a n t  (p< .05 )  t r e a t m e n t  main e f f e c t  o n l y ,  w i t h  more 

l a t e r a l  p o s i t i o n  e r r o r  accumulated by t h e  a l c o h o l  group a c r o s s  

s e s s i o n s ,  

Analys i  

n i f i c a n t  (p< 

t i o n s  and a 

i n t e r a c t i o n  

means wi th in  

F igu re  

s of  t h e  l a t e r a l  s o s i t i o n  v a r i a n c e  d a t a  showed s i g -  

.01) main e f f e c t s  of  s e s s i o n s  and t r e a t m e n t  condi-  

s i g n i f i c a n t  ( p < .  05) Ses s ion  x Treatment  Condi t ion 

(F igu re  18 )  . Tukey ( b )  tes ts  performed on s e s s i o n  

. t r e a t m e n t s  and t r e a t m e n t  means w i t h i n  s e s s i o n s  
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L8. Mean v a r i a n c e  of  l a t e r a l  p o s i t i o n  e r r o r  i n  t h e  low 
l e v e l  random d i s t u r b a n c e  s i m u l a t o r  t e s t .  



showed mean v a r i a n c e  i n  a l c o h o l  c o n d i t i o n  s e s s i o n s  4 and 5 t o  

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

s e s s i o n s  and t h e  c o r r e s p o n d i n g  p l a c e b o  c o n d i t i o n  s e s s i o n s  ( p < . 0 1 ) .  

LATERAL POSITION RATE MEAN AND VARIANCE ANALYSES - H I G H  AND 
LOW LEVEL DISTURBANCES. No s i g n i f i c a n t  e f f e c t s  were found i n  any 

a n a l y s i s .  

HEADING ANGLE MEAN AND VARIANCE ANALYSIS - H I G H  LEVEL 

DISTUFBANCE, A s i g n i f i c a n t  ( p < . 0 1 )  S e s s i o n  x Trea tment  cond i -  

t i o n  i n t e r a c t i o n  was found i n  t h e  mean h e a d i n g  a n g l e  a n a l y s i s .  

A Tukey (b )  t e s t  per formed on s e s s i o n  means w i t h i n  t r e a t m e n t  

c o n d i t i o n s  showed t h e  means o f  s e s s i o n s  1, 2 and 3 t o  be  s i g -  

n i f i c a n t l y  l a r g e r  ( p < . 0 5 )  t h a n  t h e  mean o f  s e s s i o n  5 ,  i n  t h e  

p l a c e b o  group.  No d i f f e r e n c e s  were found among s e s s i o n  means 

o f  t h e  a l c o h o l  group .  A Tukey ( b )  t e s t  per formed on t r e a t m e n t  

c o n d i t i o n  means w i t h i n  s e s s i o n s  showed no  s i g n i f i c a n t  d i f f e r -  

e n c e s .  

The a n a l y s i s  of  head ing  a n g l e  v a r i a n c e s  showed a s i g n i f i -  

c a n t  ( p < . 0 5 )  s e s s i o n s  main e f f e c t  on ly .  Mean v a r i a n c e  i n  

s e s s i o n  1 was found by Tukey ( b )  t e s t  t o  b e  g r e a t e r  ( p < . 0 5 )  

t h a n  t h a t  i n  s e s s i o n  5.  

Thus,  t h e r e  were no  s i g n i f i c a n t  e f f e c t s  due t o  a l c o h o l  i n  

e i t h e r  a n a l y s i s .  

H E A D I N G  ANGLE MEAN AND VARIANCE ANALYSES - LOW LEVEL 

DISTUmANCE. A n a l y s i s  o f  t h e  mean head ing  a n g l e  d a t a  showed 

a  s i g n i f i c a n t  S e s s i o n s  x Trea tment  Cond i t i on  i n t e r a c t i o n  o n l y .  

No s i g n i f i c a n t  d i f f e r e n c e s  were found,  however,  i n  subsequen t  

Tukey ( b )  t e s t s  of s e s s i o n  means w i t h i n  t r e a t m e n t s  and t rea t -  

ment means w i t h i n  s e s s i o n s .  

No s i g n i f i c a n t  d i f f e r e n c e s  were found i n  t h e  head ing  a n g l e  

v a r i a n c e  a n a l y s i s .  



YAW RATE MEAN AND VARIANCE ANALYSES - H I G H  LEVEL DIS- 

TUWANCE. Analyses  of  bo th  m.ean and v a r i a n c e  d a t a  showed s i g -  

n i f i c a n t  (p< .01 )  s e s s i o n s  main e f f e c t s  o n l y .  Tukey ( b )  t e s t s  

performed on s e s s i o n  means showed mean yaw r a t e  t o  be  g r e a t e r  

i n  s e s s i o n s  1 and 2 t h a n  i n  s e s s i o n s  3 ,  4 and 5 and yaw r a t e  

v a r i a n c e  t o  be g r e a t e r  i n  s e s s i o n  1 than  i n  s e s s i o n s  3 ,  4 and 5. 

YAW RATE MEAN AND VARIANCE ANALYSES - LOW LEVEL DIS- 

TURBANCE. No s i g n i f i c a n t  e f f e c t s  were found i n  e i t h e r  a n a l y s i s .  

STEERING SflIEEL DISPLACEMENT MEAN AND VARIANCE ANALYSES - 
H I G H  LEVEL DISTURBANCE. The o n l y  s i g n i f i c a n t  e f f e c t  found i n  

e i t h e r  a n a l y s i s  was a  s e s s i o n s  main e f f e c t  i n  t h e  s t e e r i n g  

wheel d i sp l acemen t  v a r i a n c e  amalys i s .  Comparisons of s e s s i o n  

means made by Tukey ( b )  t e s t  showed mean v a r i a n c e  i n  s e s s i o n  1 

t o  b e  s i g n i f i c a n t l y  g r e a t e r  t han  v a r i a n c e  i n  s e s s i o n s  4 (p< .05)  

and 5 ( p < - 0 1 ) .  The S e s s i o n  x Treatment Cond i t i on  was n o t  s i g -  

n i f i c a n t  i n  e i t h e r  mean o r  v a r i a n c e  a n a l y s i s .  

STEERING WHEEL DISPLACEIENT MEAN AND VARIANCE ANALYSES - 
LOW LEVEL DISTURBANCE. Although no s i g n i f i c a n t  e f f e c t s  were 

found i n  t h e  a n a l y s i s  of  t h e  v a r i a n c e  d a t a ,  a  s i g n i f i c a n t  

(p< .05 )  S e s s i o n  x Treatment Condi t ion  i n t e r a c t i o n  ( F i g u r e  19 )  

was found i n  t h e  a n a l y s i s  of t-he mean s t e e r i n g  wheel d i s p l a c e -  

ment. S e s s i o n  means w i t h i n  t r e a t m e n t  c o n d i t i o n s  and t r e a t -  

ment c o n d i t i o n  means w i t h i n  s e s s i o n s  were s u b j e c t e d  t o  Tukey 

( B )  t es t s  which showed sess ion .  5 o f  t h e  p l acebo  group t o  be 

s i g n i f i c a n t l y  s m a l l e r  t han  a l l  o t h e r  p l acebo  group means 

( P C .  05) and s i g n i f i c a n t l y  (p< .  01) s m a l l e r  t han  t h e  correspond-  

i n g  a l c o h o l  group mean. 

STEERING WHEEL DISPLACEMENT RATE MEAN AND VARIANCE 

ANALYSES - H I G H  LEVEL DISTURBANCE. S i g n i f i c a n t  s e s s i o n s  main 

e f f e c t s  (p< .05)  were t h e  o n l y  s i g n i f i c a n t  e f f e c t s  found i n  

e i t h e r  a n a l y s i s .  The mean of s e s s i o n  1 was s i g n i f i c a n t l y  
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F i g u r e  19. Mean s t e e r i n g  wheel d i s p l a c e m e n t  i n  low l e v e l  
random d i s t u r b a n c e  s i m u l a t o r  t e s t .  

l a r g e r  ( p < . 0 1 )  t h a n  means i n  s e s s i o n s  3 ,  4 and 5 i n  b o t h  mean 

and v a r i a n c e  a n a l y s e s .  In a d d i t i o n ,  t h e  mean o f  s e s s i o n  2 i n  

t h e  mean s t e e r i n g  r a t e  a n a l y s i s  was s i g n i f i c a n t l y  l a r g e r  ( p < . 0 5 )  

t h a n  t h a t  o f  s e s s i o n  5 .  

S T E E R I N G  WHEEL DISPLACE1,ENT RATE FEAT AND VARIANCE ANALYSES - 
LOW LEVEL DISTURBANCE. No s i g n i f i c a n t  e f f e c t s  were found i n  

e i t h e r  a n a l y s i s .  

DRIVING SIMULATOR S T E P  DISTURBATJCE RESPONSE TIME COMPONENT 
ANALYSES 

The t i m e  t o  respond t o  t h e  o n s e t  and o f f s e t  o f  t h e  s t e p  d i s -  

t u r b a n c e s  was measured i n  terms o f  t h e  e s t i m a t e d  t i m e  r e q u i r e d  t o  

d e t e c t  t h e  e r r o r  i n  p a t h  keep ing  ( d e t e c t i o n  t i m e ) ,  t h e  t i m e  t o  

d e c i d e  on t h e  d i r e c t i o n  o f  t h e  d i s t u r b a n c e  and t h e  l a g  t o  i n i -  

t i a t e  a  muscular  r e s p o n s e  ( r e a c t i o n  t i m e ) ,  and t o  accompl ish  a 



s u f f i c i e n t l y  l a r g e  r e sponse  by movement of  t h e  s t e e r i n g  wheel 

t o  c o u n t e r a c t  t h e  d i s t u r b a n c e  (movement time) . 
The t o t a l  r e sponse  t ime (TT) c o n s i s t e d  of  t h e  f o l l o w i n g  

v a r i a b l e s  : 

where,  

DT i s  t h e  d e t e c t i o n  t ime  

RT i s  t h e  d e c i s i o n  t ime and t h e  neuromuscular  l a g  t i m e  

MT i s  t h e  time t o  move t h e  s t e e r i n g  wheel t h e  a n g u l a r  
d i s t a n c e  e q u a l  t o  t h e  e f f e c t  of t h e  wind g u s t  d i s -  
t u r b a n c e  ( 4 0 ° ,  6 0 " ) .  

Thus,  TT was t h e  amount o f  time fo l lowing  t h e  a p p l i c a t i o n  

o r  removal of  t h e  wind g u s t  d i s t u r b a n c e ,  which t h e  s u b j e c t  

r e q u i r e d  t o  respond w i t h  a  s t e e r i n g  wheel movement equa l  t o  t h e  

e f f e c t i v e  magnitude of  t h e  d i s t u r b a n c e  and i n  t h e  o p p o s i t e  

d i r e c t i o n  t o  it. The movement time was c a l c u l a t e d  by d i v i d i n g  

t h e  s t e p  magnitude by t h e  mean s t e e r i n g  wheel r a t e  a t  "10 '  of  

h a l f  t h e  magnitude.  The r e a c t i o n  t ime ( R T )  was t aken  a s  0.2 

s e c .  f o r  on-s teps  and 0 . 1  s e c .  f o r  o f f - s t e p s .  De tec t ion  t ime 

was o b t a i n e d  by s u b t r a c t i o n  of RT and MT from T o t a l  Time, TT. 

These v a r i a b l e s  (DT and TT)  were computed f o r  s t e p  i n p u t s  

e q u i v a l e n t  t o  40 '  and 60' o f  s t e e r i n g  wheel d i sp l acemen t .  The 

20° tes ts  were o m i t t e d  from t h i s  a n a l y s i s  because o f  d i f f i c u l t y  

i n  c o n s i s t e n t l y  s e p a r a t i n g  s t e e r i n g  r e sponses  t o  t h e  con t inu -  

ous  low l e v e l  random i n p u t s  from t h o s e  t o  t h e  20" s t e p  d i s -  

t u r b a n c e s  which were superimposed upon t h e  con t inuous  i n p u t .  

S t e e r i n g  r e sponses  t o  t h e  40° and 60' s t e p s  cou ld  be  d e t e c t e d  

c l e a r l y .  

Data r e c o r d i n g  problems made it n e c e s s a r y  t o  omi t  d a t a  

from two male s u b j e c t s  i n  each  t r e a t m e n t  group,  making a  t o t a l  

o f  16 s u b j e c t s  f o r  t h e  f o l l o w i n g  a n a l y s e s .  



Analyses of both  d e c i s i o n  and t o t a l  r e sponse  time d a t a  

were made i n  f i v e - f a c t o r  unweighted means a n a l y s e s  of v a r i a n c e  

w i t h  f a c t o r s  o f  s t e p  i n i t i a t i o n  (on v s ,  o f f ) ,  s t e p  magnitude 

(40" vs .  60" s t e p  s t e e r  d i s t u r b a n c e  i n p u t ) ,  s e s s i o n ,  s u b j e c t  

and t r e a t m e n t  c o n d i t i o n  w i t h  s u b j e c t s  n e s t e d  under t r e a t m e n t  

c o n d i t i o n .  Assumed c e l l  f r e q u e n c i e s  were 5.7 i n  each a n a l y s i s .  

Missing d a t a  were randomly d i s t r i b u t e d  a c r o s s  c e l l s .  C e l l  R T 1 s  

were t ransformed t o  loge  p r i o r  t o  a n a l y s i s  t o  c o r r e c t  f o r  

skewness. 

DETECTION TIME TO STEP DISTURBANCES. S i g n i f i c a n t  (pc.01)  

main e f f e c t s  of s t e p  i n i t i a t i o n  and s e s s i o n s ,  and a s i g n i f i c a n t  

( p  <. 0 1 )  S e s s i o n  x Treatment  Condi t ion  ( F i g u r e  2 0 )  i n t e r a c t i o n ,  
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Figure  20. De tec t ion  t ime t o  s t e p  d i s t u r b a n c e s  
by a l c o h o l  and p lacebo groups .  



were found. De tec t ion  times t o  o f f - s t e p s  were found t o  be 

approximately 0 . 1  seconds lower than  t h o s e  t o  on-s teps  (0.323 

s e c .  v s .  0.437 s e c . )  a c r o s s  a l l  o t h e r  f a c t o r s .  The s i g n i f i -  

c a n t  i n t e r a c t i o n  was examined by performing Tukey (b )  t e s t s  

on s e s s i o n  means w i t h i n  s e s s i o n s .  D i f f e r e n c e s  i n  s e s s i o n  means 

were found i n  bo th  t r e a t m e n t  c o n d i t i o n s :  t h e  mean of  s e s s i o n  1 

was s i g n i f i c a n t l y  (p< .05 )  s m a l l e r  than  means of s e s s i o n s  2 and 

4 i n  t h e  p lacebo  c o n d i t i o n ,  wh i l e  t h e  mean of s e s s i o n  2  was 

s i g n i f i c a n t l y  (p< .01)  s m a l l e r  than  means of  s e s s i o n s  4 and 5 ,  

and t h e  mean of s e s s i o n  1 s i g n i f i c a n t l y  ( p < .  05) s m a l l e r  t han  

s e s s i o n  5 ,  i n  t h e  a l c o h o l  c o n d i t i o n .  Placebo c o n d i t i o n  means 

were found s i g n i f i c a n t l y  ( P C .  05)  s m a l l e r  than  cor responding  

a l c o h o l  means i n  s e s s i o n s  1, 3 and 5 ,  i n d i c a t i n g  g r e a t e r  mean 

d e t e c t i o n  t imes  a t  a  BAC o f  0.078 than  w i t h o u t  a l coho l .  While 

d e t e c t i o n  t i m e  was a l s o  g r e a t e r  w i t h  a  BAC of  0.10% than  t h e  

cor responding  p lacebo  c o n d i t i o n  ( s e s s i o n  4 ,  F igu re  2 0 ) ,  t h e  d i f -  

f e r e n c e  was n o 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 .  

TOTAL RT TO STEP DISTURBIWCES. S i g n i f i c a n t  s t e p  i n i t i a -  

t i o n  ( p <  .01) , magnitude ( p <  . 0 1 )  , and t r e a t m e n t  c o n d i t i o n  (p<  .05) 

main e f f e c t s  and Sess ion  x Treatment  Condi t ions  (p< .01)  and 

S t e p  I n i t i a t i o n  x Magnitude x Ses s ion  I n t e r a c t i o n s  (p< .05 )  were 

a found. S i n c e  a l l  main e f f e c t  d i f f e r e n c e s  were con ta ined  i n  

i n t e r a c t i o n s ,  o n l y  t h e  i n t e r a c t i o n s  were ana lyzed  f u r t h e r .  

D i f f e r e n c e s  i n  t r e a t m e n t  c o n d i t i o n  means w i t h i n  s e s s i o n s  

and s e s s i o n  means w i t h i n  t r e a t m e n t  c o n d i t i o n s  were ana lyzed  by 

Tukey (b )  tes ts .  No d i f f e r e n c e s  i n  s e s s i o n  means were found 

i n  t h e  p lacebo  c o n d i t i o n ,  wh i l e  t h e  mean of s e s s i o n  5 was s i g -  

n i f i c a n t l y  (pC.05) g r e a t e r  t han  means of s e s s i o n s  1, 2 and 3 ,  

and t h e  mean of s e s s i o n  4 s i g n i f i c a n t l y  (p< .05)  g r e a t e r  than  

t h e  mean of s e s s i o n  2 i n  t h e  a l c o h o l  c o n d i t i o n .  Means of t h e  

a l c o h o l  group were s i g n i f i c a n t l y  l a r g e r  t han  cor responding  

p l acebo  group means i n  s e s s i o n s  3 ( p < .  05) , 4 ( p < .  01) , and 5  

( p < . 0 1 ) ,  a s  shown i n  F igu re  21. 
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Figure  2 1 .  Response t ime t o  s t e p  d i s t u r b a n c e s  

by a l c o h o l  and p lacebo groups.  

The s i g n i f i c a n t  S t e p  I n i t i a t i o n  x Magnitude x Sess ion  

i n t e r a c t i o n  was examined by performing Tukey (b )  t e s t s  on s t e p  

i n i t i a t i o n  means and magnitude means w i t h i n  l e v e l s  of t h e  o t h e r  

i n t e r a c t i n g  f a c t o r s .  S i g n i f i c a n t l y  g r e a t e r  mean R T ' s  t o  on- 

than  o f f - s t e p s  were found i n  s e s s i o n s  2 ,  3 and 4 a t  t h e  60° 

magnitude and s e s s i o n  5 a t  t h e  40 '  magnitude ( p < . 0 5 ) .  G r e a t e r  

mean RT's were found t o  40 '  t han  60' d i s t u r b a n c e s  i n  a l l  s e s s i o n s  

and s t e p  i n i t i a t i o n  modes excep t  s e s s i o n s  1 and 2 ,  on-s tep ,  and 

s e s s i o n  5 ,  o f f - s t e p .  

DRIVING SIMULATOR STEP DISTURBANCE SETTLING TIME ANALYSES 

Means and v a r i a n c e s  of t h e  dependent  measures were found 

i n  f i v e ,  two-second, i n t e r v a l s  fo l lowing  t h e  o n s e t  and o f f s e t  

o f  each s t e p  d i s t u r b a n c e  p resen ted .  These d a t a  were then 

analyzed i n  s i x - f a c t o r  unweighted means a n a l y s e s  of v a r i a n c e  

with f a c t o r s  of t ime i n t e r v a l s  ( f i v e  l e v e l s ) ,  s t e p  i n i t i a t i o n  



(on- and o f f - s t e p s )  , magnitudes  ( 2 0 ° ,  40' and 60') , s e s s i o n s ,  

s u b j e c t s  and t r e a t m e n t  c o n d i t i o n s ,  w i t h  s u b j e c t s  n e s t e d  under  

t r e a t m e n t  c o n d i t i o n s .  Data from two male s u b j e c t s  were unava i l -  

a b l e ,  s o  t h a t  t h e  a n a l y s e s  a r e  f o r  18 s u b j e c t s .  The s t e e r i n g  

wheel d i sp l acemen t  v a r i a n c e  d a t a  were n o t  ana lyzed  because a  

d i s p r o p o r t i o n a t e  amount of t h e  d a t a  were mi s s ing  due t o  prob- 

lems i n  d a t a  r e c o r d i n g .  

I n  each  a n a l y s i s ,  t h e  e f f e c t s  of major i n t e r e s t  a r e  t h e  

I n t e r v a l  x S e s s i o n  x Treatment  Condi t ion  and S e s s i o n  x Treatment  

Cond i t i on  i n t e r a c t i o n s  which r e f l e c t  d i f f e r e n c e s  i n  s e t t l i n g  

t imes  w i t h i n  s e s s i o n s  between t r e a t m e n t s  o r  d i f f e r e n c e s  a c r o s s  

s e s s i o n s  between t r e a t m e n t s ,  r e s p e c t i v e l y .  Although a  con- 

s i d e r a b l e  number of o t h e r  i n t e r a c t i o n s  were found s i g n i f i c a n t  

i n  many of t h e  above a n a l y s e s ,  o n l y  t h e  two mentioned were 

ana lyzed  f u r t h e r .  

LATERAL POSITION MEAN AND VARIANCE SETTLING TIME ANALYSES. 

Ana lys i s  of t h e  mean d a t a  showed a  s i g n i f i c a n t  S e s s i o n  x T r e a t -  

ment Cond i t i on  i n t e r a c t i o n .  Tukey ( b )  tes ts  performed on t r e a t -  

ment means w i t h i n  s e s s i o n s  showed l a t e r a l  p o s i t i o n  means of  t h e  

a l c o h o l  group t o  be s i g n i f i c a n t l y  l a r g e r  a c r o s s  i n t e r v a l s  i n  

s e s s i o n s  4 and 5 ( F i g u r e  2 2 ) ,  i n d i c a t i n g  a  g r e a t e r  mean l a t e r a l  

p o s i t i o n  e r r o r  a t  0 . 1 0 %  BAC, and 0.07% BAC d u r i n g  a l c o h o l  e l i -  

mina t ion .  

A s i g n i f i c a n t  I n t e r v a l  x S e s s i o n  x Treatment  Condi t ion  

i n t e r a c t i o n  was found i n  t h e  a n a l y s i s  of t h e  l a t e r a l  p o s i t i o n  

v a r i a n c e  s e t t l i n g  t i m e  d a t a .  Tukey ( b )  t e s t s  showed v a r i a n c e s  

i n  t h e  a l c o h o l  c o n d i t i o n  t o  be s i g n i f i c a n t l y  g r e a t e r  i n  i n t e r -  

v a l  1, s e s s i o n s  3 ,  4 and 5 and i n t e r v a l  2 ,  s e s s i o n  5 o n l y  

( F i g u r e  2 3 ) .  The s t e p  magnitude f a c t o r  a l s o  i n t e r a c t e d  w i t h  

i n t e r v a l s ,  s e s s i o n s  and t r e a t m e n t  c o n d i t i o n s ,  i n d i c a t i n g  t h a t  

t h e  above r e s u l t s  may n o t  ho ld  t r u e  f o r  a l l  magni tudes  employed. 
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LATERAL POSITION RATE MEAN AND VARIANCE SETTLING TIME 

ANALYSES. N e i t h e r  t h e  I n t e r v a l  x S e s s i o n  x Treatment Condi- 

t i o n  o r  S e s s i o n  x Treatment Condi t ion  i n t e r a c t i o n s  were found 

s i g n i f i c a n t  i n  e i t h e r  a n a l y s i s .  

HEADING ANGLE MEAN AND VARIANCE SETTLING TIME ANALYSES. 

Both a n a l y s e s  showed s i g n i f i c a n t  I n t e r v a l  x Sess ion  x Trea t -  

ment Condi t ion  i n t e r a c t i o n s .  These i n t e r a c t i o n s  were examined 

a s  between groups e f f e c t s  o n l y ,  by performing Tukey ( b )  tests  

on t r e a t m e n t  means w i t h i n  i n t e r v a l  and s e s s i o n .  No d i f f e r -  

ences  between groups were found i n  e i t h e r  mean o r  v a r i a n c e  

a n a l y s i s  i n  i n t e r v a l s  i n  s e s s i o n s  1 and 2 .  The mean heading 

ang le  of t h e  a l c o h o l  group was g r e a t e r  than  t h e  p lacebo  group 

(pC.01) i n  i n t e r v a l  1, s e s s i o n s  3 ,  4 and 5 :  i n t e r v a l  2 ,  

s e s s i o n s  4 and 5 ;  and i n t e r v a l  3 ,  s e s s i o n  5.  No d i f f e r e n c e s  

i n  group means were found i n  i n t e r v a l s  4 and 5 i n  any s e s s i o n s  

( F i g u r e  2 4 )  . 
S i g n i f i c a n t l y  g r e a t e r  (p<.01)  v a r i a n c e s  were found i n  t h e  

a l c o h o l  group i n  i n t e r v a l  1, s e s s i o n s  3 ,  4 and 5 ;  and i n t e r v a l  

2 ,  s e s s i o n  5 .  No d i f f e r e n c e s  i n  v a r i a n c e s  were found i n  

i n t e r v a l s  3,  4 and 5 i n  any s e s s i o n  ( F i g u r e  2 5 ) .  

t o  

Ses 

ana 

ab 1 

f  a c  

I t  should  be noted  t h a t  t h e  above e f f e c t  was a l s o  found 

i n t e r a c t  wi th  t h e  magnitude f a c t o r  ( I n t e r v a l  x  Magnitude x 

s i o n  x Treatment  C o n d i t i o n ) ,  i n  b o t h  mean and v a r i a n c e  

l y s e s ,  i n d i c a t i n g  t h a t  t h e  above r e s u l t s  may n o t  be a p p l i c -  

e t o  a l l  s t e p  magnitudes employed. Ana lys i s  of t h e  four-  

t o r  i n t e r a c t i o n  was n o t  pursued.  

YAW RATE MEAN AND VARIANCE S E T T L I N G  TIME ANALYSES. N o  

i n t e r a c t i o n s  were found i n v o l v i n g  t r e a t m e n t  c o n d i t i o n s ,  s e s s i o n s ,  

and/or  i n t e r v a l s .  S i g n i f i c a n t  e f f e c t s  invo lved  i n t e r a c t i o n s  

of  i n t e r v a l s ,  s t e p  i n i t i a t i o n ,  and magnitude which were n o t  

f u r t h e r  examined. 
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STEERING WHEEL DISPLACEMENT MEAN SETTLING TIME ANALYSIS. 

Ne i the r  i n t e r a c t i o n  of i n t e r e s t  was s i g n i f i c a n t .  

STEERING WHEEL DISPLACEMENT RATE MEAN AND VARIANCE SETTLING 

TIME ANALYSES. Analyses of both  sets of d a t a  showed s i g n i f i -  

c a n t  I n t e r v a l  x Sess ion  x Treatment Condit ion i n t e r a c t i o n s .  I n  

t h e  a n a l y s i s  of  means, t r ea tment  cond i t ions  d i f f e r e d  i n  i n t e r -  

v a l  1, s e s s i o n  5 o n l y ,  wi th  a  g r e a t e r  s t e e r i n g  r a t e  mean i n  t h e  

placebo cond i t ion  (F igure  2 6 ) .  

Analys is  of t h e  va r i ance  d a t a  showed placebo cond i t ion  

va r i ance  means of s t e e r i n g  r a t e s  t o  be s i g n i f i c a n t l y  l a r g e r  

i n  i n t e r v a l  1, s e s s i o n s  2 ,  4 and 5 only  (Figure  2 7 ) .  A s  t h e  

I n t e r v a l  x Magnitude x Sess ion  x Treatment Condition i n t e r -  

a c t i o n  was a l s o  s i g n i f i c a n t  i n  t h e  va r i ance  a n a l y s i s ,  t h e  above 

r e s u l t s  may n o t  be v a l i d  f o r  a l l  s t e p  magnitudes employed. 

D R I V I N G  SIMULATOR SPECTRAL ANALYSES 

S t e e r i n g  c o n t r o l  performance i n  t h e  cont inuous ,  high- 

l e v e l  d i s t u r b a n c e  cond i t ion  was analyzed by means of time- 

s e r i e s  ana lyses  f o r  18  s u b j e c t s ,  9 i n  each of t h e  placebo and 

a l c o h o l  groups. 

For l a t e r a l  p o s i t i o n  e r r o r ,  heading angle  (same a s  t h e  
1 pa th  ang le  i n  t h e  s imula to r  ) ,  yaw r a t e  and s t e e r i n g  wheel d i s -  

placement,  t h e  power spectrum of each s i g n a l  was ob ta ined  i n  

each t r i a l .  The power spectrum of t h e  s i g n a l  i s  t h e  f o u r i e r  

t ransform of t h e  a u t o c o r r e l a t i o n  of t h e  s i g n a l .  From t h e  power 

s p e c t r a  t h e  frequency bandwidths of t h e s e  s i g n a l s  and t h e  RMS 

va lues  were de r ived  f o r  t h e  t e s t  t r i a l s  t o  which t h e  placebo and 

a lcoho l  group s u b j e c t s  were exposed. 

'since heading ang le  i s  t h e  d i f f e r e n c e  between pa th  angle  

and s l i p  ang le ,  wi th  s l i p  angle  ignored i n  t h e  s imula to r .  
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F i g u r e  2 8  shows an example o f  t h e  s t e e r i n g  wheel d i s p l a c e -  

ment power s p e c t r a  o f  a  s u b j e c t  i n  t h e  p l acebo  group and i n  

t h e  a l c o h o l  group i n  t e s t  s e s s i o n s  2  and 4 .  S e s s i o n  2 i n d i -  

c a t e s  t h e  performance on t h e  l a s t  p r a c t i c e  s e r i e s  o f  t r i a l s  

on t h e  f i r s t  day ,  and s e s s i o n  4 shows performance on t h e  second 

day under  0.10% mean BAC f o r  t h e  s u b j e c t  i n  t h e  a l c o h o l  group 

and t h e  e q u i v a l e n t  t r i a l ,  w i t h o u t  a l c o h o l ,  f o r  t h e  p l acebo  

s u b j e c t .  I t  w i l l  be  n o t e d  t h a t  t h e  s t e e r i n g  wheel d i s p l a c e -  

ment s p e c t r a l  d e n s i t y  of t h e  p l a c e b o  group s u b j e c t  peaked a t  

abou t  t h e  same v a l u e  (i. e .  , 0 .3  Hz) i n  b o t h  s e s s i o n s ,  and t h a t  

t h e  bandwidths  i n  b o t h  t r i a l s  a r e  abou t  t h e  same. A l so ,  t h e  

c u r v e s  show t h a t  t h e  RMS o f  s t e e r i n g  wheel d i s p l a c e m e n t  ( t h e  

s q u a r e  r o o t  of  t h e  a r e a  under  t h e  c u r v e ) ,  was less i n  s e s s i o n  4 

t h a n  s e s s i o n  2 ,  showing a  r e d u c t i o n  i n  s t e e r i n g  wheel a c t i v i t y  

a t t r i b u t a b l e  t o  p r a c t i c e  between s e s s i o n s  2 and 4 .  

The s u b j e c t  i n  t h e  a l c o h o l  group  used  a  peak s t e e r i n g  

wheel f r equency  o f  abou t  0 . 2 8  Hz i n  p r a c t i c e  s e s s i o n  2. I n  

s e s s i o n  4 ,  s u b j e c t  F  c a r r i e d  o u t  t h e  same t a s k  a t  0 .10% BAC, 

r e s u l t i n g  i n  a  r e d u c t i o n  o f  t h e  peak s t e e r i n g  wheel f r equency  

t o  abou t  0.20 H z ,  a s  w e l l  a s  a  r e d u c t i o n  i n  t h e  s t e e r i n g  wheel 

f requency  bandwidth compared t o  s e s s i o n  2.  

There  was a l s o  a change i n  t h e  RMS o f  t h e  s t e e r i n g  wheel 

d i s p l a c e m e n t ,  w i t h  an i n c r e a s e  i n  s t e e r i n g  wheel d i sp l acemen t  

used by t h e  s u b j e c t  under  a l c o h o l .  

T h i s  example shows t h a t  t h e  b e h a v i o r  of t h e  p l acebo  and 

a l c o h o l  s u b j e c t s  was changed by a l c o h o l ,  which reduced  t h e  

s t e e r i n g  wheel r e s p o n s e  peak f requency  and t h e  f r equency  band- 

w i d t h ,  w h i l e  i n c r e a s i n g  t h e  t o t a l  e x t e n t  o f  s t e e r i n g  wheel 

movement r e l a t i v e  t o  performance w i t h o u t  a l c o h o l .  

F i g u r e s  2 9 ,  30 and 31 show s i m i l a r  compar i sons ,  f o r  t h e s e  

two s u b j e c t s ,  f o r  t h e  l a t e r a l  p o s i t i o n  e r r o r ,  head ing  a n g l e  and 



SUBJECT n (PLncceq G Q ~ I T P )  

SUEJCCT F (ALCOI13L GP,QUP) 

I , 0 . 1 0 4  BAC 

Figure  28 .  S t e e r i n g  wheel d isp lacement  power 
s p e c t r a  of a  p lacebo and a l c o h o l  
group s u b j e c t  i n  s e s s i o n s  2 and 4 .  
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Figure 29 .  L a t e r a l  p o s i t i o n  e r r o r  power 
s p e c t r a  of a placebo and a lcohol  
group s u b j e c t  i n  s e s s ions  2 and 4 .  
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Figure  30.  Heading ang le  power s p e c t r a  of 
a  p lacebo and a l c ~ h o l  group 
s u b j e c t  i n  s e s s i o n s  2 and 4 .  
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yaw r a t e  power s p e c t r a ,  r e s p e c t i v e l y .  I n  g e n e r a l ,  t h e  dominant 

f requency  and bandwidth of  t h e  s u b j e c t  i n  t h e  p l a c e b o  group i s  

n o t  changed betweer  s e s s i o n s ,  b u t  t h e r e  i s  a  r e d u c t i o n  i n  t h e  

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

ment,  l a t e r a l  p o s i t i o n  e r r o r ,  head ing  a n g l e  and yaw r a t e  dev i a -  

t i o n s ,  showing t h a t  performance i n  v e h i c l e  c o n t r o l  improved a s  

a  f u n c t i o n  o f  p r a c t i c e  between s e s s i o n s  2 and 4 .  The a l c o h o l  

group s u b j e c t  performed s i m i l a r l y  t o  t h e  p l a c e b o  s u b j e c t  i n  

t h e  p r a c t i c e  s e s s i o n  2 ,  b u t  showed a  r e d u c t i o n  i n  t h e  dominant 

f r equency  and bandwidth of  a l l  s i g n a l s  under  a l c o h o l .  T h i s  

was accompanied by an i n c r e a s e  i n  t h e  RMS i n  a l l  s i g n a l s ,  show- 

i n g  t h a t  a l t h o u g h  t h e  s u b j e c t  i n c r e a s e d  t h e  ampl i t ude  o f  s t e e r -  

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

formance.  

These examples a r e  f o r  two s p e c i f i c  s u b j e c t s ,  one belong-  

i n g  t o  t h e  c o n t r o l  group and t h e  o t h e r  t o  t h e  a l c o h o l  g roup .  

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

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

Analyses  of t h i s  t y p e  were made f o r  t h e  d a t a  of t h e  o t h e r  

s u b j e c t s .  

FREQUENCY BXqDil72DTII. The f requency  bandwidth was computed 

a s  t h e  bandwidth of  a h y p o t h e t i c a l  r e c t a n g u l a r  f i l t e r  which 

would p a s s  a  s i g n a l  w i t h  t h e  same mean s q u a r e  v a l u e  a s  t h e  

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

The means of the f r equency  bandwidths  of t h e  s i g n a l s  f o r  

8 p l acebo  and a l c o h o l  group s u b j e c t s  a r e  shown i n  F i g u r e  3 2 ,  

o v e r  t h e  f i v e  t e s t  s e s s i o n s .  Analyses  o f  v a r i a n c e  of  t h e  

v a l u e s  o f  t h e  f r equency  bandwidths  showed t h a t  t h e r e  were s i g -  

n i f i c a n t  T rea tmen t  Group x S e s s i o n  i n t e r a c t i o n s  f o r  s t e e r i n g  

wheel d i s p l a c e m e n t ,  head ing  a n g l e  and yaw r a t e .  I n d i v i d u a l  

comparisons  of  means, by Tukey ( b )  t e s t s ,  between t r e a t m e n t  

g r o u p s ,  w i t h i n  s e s s i o n s ,  showed: 
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(1) Mean s t e e r i n g  wheel displacement  frequency bandwidth 

was reduced a t  0 . 1 0 %  BAC and a t  0.07% BAC i n  t h e  e l i m i n a t i o n  

phase. 

( 2 )  The mean heading angle  frequency bandwidth was reduced 

a t  a l l  a l c o h o l  dose l e v e l s .  

( 3 )  The mean yaw frequency bandwidth was reduced a t  a l l  

a l c o h o l  dose l e v e l s .  

The means of t h e  MIS va lues  of t h e  performance measures 

a r e  shown i n  Figure  3 3 .  Analyses of va r i ance  of t h e  RMS va lues  

were made. I n d i v i d u a l  comparisons among means of t h e s e  s i g n a l s  

showed t h a t :  

(1) Mean l a t e r a l  p o s i t i o n  e r r o r  RMS was i n c r e a s e d  a t  

0.10% BAC and a t  0 . 0 7 %  BAC dur ing  a l c o h o l  e l i m i n a t i o n .  

(2) Mean heading ang le  RMS was i n c r e a s e d  a t  0 . 1 0 %  BAC 

and a t  0 . 0 7 %  dur ing  a l c o h o l  e l i m i n a t i o n .  

SUMMARY OF RESULTS OF D R I V I N G  SIMULATOR 
STUDY OF STEERING PERFORMANCE 

1. CONTIilUOUS DISTURBANCE ANALYSES 

( a )  High l e v e l  d i s t u r b a n c e :  mean and va r i ance  of l a t e r a l  

p o s i t i o n  e r r o r  s i g n i f i c a n t l y  g r e a t e r  a t  0 . 1 0 %  BAC than 0 . 0 %  BAC. 

(b )  Low l e v e l  d i s t u r b a n c e :  v a r i a n c e  of  l a t e r a l  p o s i t i o n  

e r r o r  s i g n i f i c a n t l y  g r e a t e r  a t  0 . 1 0 %  BAC and 0.07% BAC i n  t h e  

e l i m i n a t i o n  phase,  than  0 . 0 %  BAC. 

( c )  Heading ang le  means and v a r i a n c e s  were n o t  s i g n i f i -  

c a n t l y  a f f e c t e d  by t h e  a l c o h o l  c o n d i t i o n s ,  i n  h igh  o r  low l e v e l  

d i s t u r b a n c e s  . 
(d )  Yaw r a t e  means and v a r i a n c e s  were n o t  s i g n i f i c a n t l y  

a f f e c t e d  by t h e  a l c o h o l  c o n d i t i o n ,  i n  h igh  o r  low l e v e l  d i s -  

tu rbances .  

( e )  Steering-wheel  displacement  mean was s i g n i f i c a n t l y  

greater a t  0 . 0 7 %  BAC i n  t h e  a l c o h o l  e l i m i n a t i o n  phase than 
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f o r  p lacebo and a l coho l  group s u b j e c t s .  



a t  0 . 0 %  BAC, i n  t h e  low l e v e l  d i s t u r b a n c e  c o n d i t i o n .  There 

were no o t h e r  s i g n i f i c a n t  a l c o h o l  e f f e c t s  on means o r  v a r i -  

ances of s t e e r i n g  d isplacement  i n  t h e  high and low d i s t u r b a n c e  

c o n d i t i o n s .  

( f )  Steering-wheel  d isp lacement  r a t e  means and v a r i a n c e s  

were n o t  s i g n i f i c a n t l y  a f f e c t e d  by t h e  a l c o h o l  t r e a t m e n t s  i n  

e i t h e r  h igh  o r  low d i s t u r b a n c e  c o n d i t i o n s .  

STEP INPUT DISTURBANCE ANALYSES 

( a )  Mean d e c i s i o n  time t o  d e t e c t  t h e  d i r e c t i o n  of  a  s t e p  

i n p u t  d i s t u r b a n c e  was s i g n i f i c a n t l y  g r e a t e r  a t  0.07% BAC i n  

t h e  a l c o h o l  uptake and e l i m i n a t i o n  phases than  a t  0 . 0 %  BAC. 

( b )  Mean t o t a l  t ime ( d e c i s i o n  and s t e e r i n g  response  

time) t o  s t e p  d i s t u r b a n c e s  was s i g n i f i c a n t l y  g r e a t e r  a t  0.07% 

uptake ,  0 . 1 0 %  and 0.07% e l i m i n a t i o n ,  than  a t  0 . 0 %  BAC. 

( c )  L a t e r a l  p o s i t i o n  mean e r r o r  dur ing  1 0  seconds a f t e r  

a  s t e p  d i s t u r b a n c e  was s i g n i f i c a n t l y  g r e a t e r  a t  0 . 1 0 %  BAC 

and 0.07% BAC i n  e l i m i n a t i o n  than a t  0 . 0 %  BAC. 

(dl L a t e r a l  p o s i t i o n  mean va r i ance  dur ing  1 0  seconds 

a f t e r  a  s t e p  d i s t u r b a n c e  was s i g n i f i c a n t l y  g r e a t e r  dur ing  t h e  

f i r s t  two seconds a t  B A C ' s  of 0.07% uptake ,  0 . 1 0 %  and 0.07% 

e l i m i n a t i o n ,  and dur ing  2 - 4  seconds a t  a  BAC of  0.07% el imina-  

t i o n ,  than  a t  0.0% BAC. 

( e )  Heading ang le  mean e r r o r  was s i g n i f i c a n t l y  g r e a t e r  

fo l lowing  o n s e t  of a s t e p  d i s t u r b a n c e  dur ing  t h e  f i r s t  two 

seconds a t  B A C ' s  of 0.07% uptake ,  0 . 1 0 %  and 0.07% el imina-  

t i o n ,  dur ing  2-4  seconds a t  B A C ' s  of 0.10% and 0.07% el imina-  

t i o n ,  and dur ing  4-6 seconds a t  BAC of 0.07% e l i m i n a t i o n ,  

than  a t  0 . 0 %  BAC. 

( f )  Heading ang le  v a r i a n c e  was s i g n i f i c a n t l y  g r e a t e r  

fo l lowing o n s e t  of a  s t e p  d i s t u r b a n c e  dur ing  t h e  f i r s t  two 

seconds a t  0.07% uptake ,  0 . 1 0 %  and 0.07% e l i m i n a t i o n ;  and 



dur ing  2 - 4  seconds a t  BAC of 0.07% e l i m i n a t i o n ,  than  a t  0 . 0 %  

BAC . 
( g )  The yaw r a t e  means o r  v a r i a n c e s  were unaf fec ted  by 

t h e  a lcoho l  t r ea tment  dur ing  s e t t l i n g  time fo l lowing s t e p  

d i s t u r b a n c e s .  

( h )  The s teer ing-wheel  displacement  means o r  v a r i a n c e s  

were unaf fec ted  by t h e  a l c o h o l  t r ea tments  dur ing  s e t t l i n g  time 

fo l lowing s t e p  d i s t u r b a n c e s .  

( i)  There were minor e f f e c t s  on s teer ing-wheel  d i s p l a c e -  

ment r a t e  means and v a r i a n c e s  a t t r i b u t a b l e  t o  t h e  a l c o h o l  t r e a t -  

ments,  wi th  lower v a l u e s  of means and v a r i a n c e s  of r a t e s  dur ing  

t h e  f i r s t  two seconds a f t e r  t h e  o n s e t  of a s t e p  d i s t u r b a n c e  

found i n  some c o n d i t i o n s  where a l c o h o l  had been adminis tered .  

3 .  SPECTRAL ANALYSES 

( a )  Mean frequency bandwidths,  i n  responding t o  t h e  con- 

t i n u o u s ,  h igh- leve l  d i s t u r b a n c e  were reduced f o r :  

(1) steer ing-wheel  d isp lacement  a t  0 . 1 0 %  BAC and 0.07% 

BAC e l i m i n a t i o n ,  

( 2 )  heading ang le  a t  a l l  a l c o h o l  doses ,  and 

( 3 )  yaw r a t e  a t  a l l  a l coho l  doses .  

( b )  Mean RMS v a l u e s ,  i n  responding t o  t h e  cont inuous ,  

h igh- leve l  d i s t u r b a n c e  were inc reased  f o r :  

(1) l a t e r a l  p o s i t i o n  e r r o r  a t  0.10% BAC and 0.07% BAC 

e l i m i n a t i o n ,  and 

( 2 )  heading ang le  a t  0 . 1 0 %  BAC and 0.07% BAC e l i m i n a t i o n .  



L IR IV I i iG  SI IWLATOR STUDY OF CAR-FOLLOW ING PERFORMANCE 

OBJECTIVES 

The o b j e c t i v e s  of t h i s  s tudy  were t o  o b t a i n  some i n i t i a l  

informat ion  on t h e  e f f e c t s  of  moderate doses  of a l c o h o l  on c a r -  

fo l lowing behavior  i n  a  d r i v i n g  s imula to r .  While car - fo l lowing 

i s  a  t a s k  which i s  c a r r i e d  o u t  f r e q u e n t l y  by d r i v e r s  due t o  t h e  

d e n s i t y  of  t r a f f i c  found i n  most p a r t s  of t h e  coun t ry ,  t h e r e  

appear  t o  have been no s t u d i e s  r e p o r t e d  on t h e  e f f e c t s  of a lco-  

h o l  on t h i s  demanding, though common t a s k .  

METHOD 

SUBJECTS 

S i x  d r i v e r s  were used i n  t h i s  t e s t ,  2 females and 4 males.  

They were aged 21-30 yea r s .  

APPARATUS 

The HSRI car - fo l lowing s imula to r  was used i n  t h e s e  t e s t s .  

The s imula t ion  i s  i n  1 / 1 2  s c a l e .  The d r i v e r  s i t s  a t  one end 

of a  moving b e l t  which i s  d e l i n e a t e d  t o  s imula te  a  two-lane, 

s t r a i g h t  road and o b t a i n s  a  view of 600 f e e t  of roadway i n  

f r o n t  of  him. The s u b j e c t  i s  p o s i t i o n e d  i n  an automobile s e a t  

and has conven t iona l  a c c e l e r a t o r  and brake c o n t r o l s ,  and holds  

a  box c o n t a i n i n g  push-button swi tches .  A speedometer i s  v i s i -  

b l e  t o  him, a s  he looks  through t h e  windshie ld ,  p o s i t i o n e d  

s l i g h t l y  t o  t h e  r i g h t  of t h e  view d i r e c t l y  ahead. I n  a d d i t i o n ,  

t h e r e  a r e  two lamps mounted a t  an ang le  of  2 5 O  t o  t h e  r i g h t  

and l e f t  o f  t h e  s t r a i g h t  ahead p o s i t i o n ,  on e i t h e r  s i d e  of t h e  

b e l t .  These lamps provide  t h e  s i d e - t a s k ,  i n  which one o r  t h e  

o t h e r  o f  t h e  lamps i s  l i g h t e d  f o r  a  pe r iod  o f  4 seconds, i n  a  



random o r d e r .  The s u b j e c t  responds t o  t h e  s i d e - t a s k  s i g n a l s  

by d e p r e s s i n g  t h e  l e f t  o r  r i g h t  push-button swi tch  wi th  t h e  

thumb of t h e  l e f t  o r  r i g h t  hand, a s  he ho lds  t h e  swi tch  box. 

When t h e  s u b j e c t  d e p r e s s e s  t h e  a c c e l e r a t o r ,  t h e  roadway b e l t  

beg ins  t o  move towards him, t h e r e b y  s imula t ing  movement o f  

h i s  v e h i c l e  over  t h e  road.  He c o n t r o l s  t h e  speed o f  h i s  

v e h i c l e  by a c t u a t i o n  of  t h e  a c c e l e r a t o r  t o  i n c r e a s e  speed,  

o r  t o  c o a s t  down, o r  by a p p l i c a t i o n  of  t h e  brake  t o  ach ieve  

g r e a t e r  d e c e l e r a t i o n s .  The response  of t h e  roadway b e l t  t o  

a c c e l e r a t o r  and brake  i n p u t s  p r o p e r l y  s i m u l a t e s  t h e  dynamic 

c h a r a c t e r i s t i c s  o f  an automobile .  

Riding on t h e  roadway b e l t  i s  a n o t h e r  v e h i c l e ,  whose 

speed i s  c o n t r o l l e d  by a  s e p a r a t e  se rvo  system. This  v e h i c l e  

has  t h e  c a p a b i l i t y  of  showing r e a r  lamps l i g h t e d ,  such a s  t a i l  

lamps i n  n i g h t  d r i v i n g ,  a s  w e l l  a s  showing s t o p  s i g n a l s  when 

t h e  l e a d  v e h i c l e  beg ins  braking.  The s u b j e c t  r e s t s  h i s  l e f t  

f o o t  on a  swi tch  and responds t o  t h e  occurrence  of  s t o p  s i g n a l s  

by d e p r e s s i n g  t h e  swi tch  a s  soon a s  p o s s i b l e ,  s o  t h a t  response  

t imes  t o  s t o p  s i g n a l s  can be measured. The speed o f  t h e  l e a d  

c a r  and t h e  occur rence  of s t o p  s i g n a l s  i s  d e r i v e d  from a  mag- 

n e t i c  t a p e ,  which was produced by record ing  t h e  speed-time 

h i s t o r y  of an a c t u a l  v e h i c l e  d r i v e n  on t h e  road.  S i x  such 

speed-time h i s t o r y  p r o f i l e s  were genera ted  f o r  use  i n  t h i s  

t e s t  i n  t h e  s i m u l a t o r .  

The view ob ta ined  by t h e  s u b j e c t  of t h e  roadway and t h e  

l e a d  v e h i c l e  i s  shown i n  F igure  3 4 .  The o p e r a t i o n  of  t h e  s i m -  

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

(Campbell and Mortimer, 1 9 7 2 ) ,  which a l s o  shows t h e  r e s u l t s  of 

p rev ious  v a l i d a t i o n  s t u d i e s  which show c l o s e  correspondence i n  

car - fo l lowing t e s t s  made i n  t h e  s imula to r  and on t h e  road.  

EXPERIMENTAL DESIGN 

Each s u b j e c t  a c t e d  a s  h i s  own c o n t r o l  i n  a complete 

f a c t o r i a l  experiment .  



Figure 34. Driver's view in the car-following simulator. 



The independent  v a r i a b l e s  were: 

1) Side- task ,  w i t h  and wi thou t  t h e  s i d e - t a s k .  

2) Alcohol t r e a t m e n t ,  0 .0%,  0.05%, 0 . 1 0 %  blood a l c o h o l  

c o n c e n t r a t i o n s  (BAC) . 
There were t h e r e f o r e  6 combinat ions o f  t r e a t m e n t  c o n d i t i o n s  

i n  t h e  f a c t o r i a l  d e s i g n .  Each s u b j e c t  served on 4 days ,  w i t h  

one day i n t e r v e n i n g  between each s e s s i o n .  The f i r s t  day was 

devoted  t o  p r a c t i c e  i n  t h e  ca r - fo l lowing  s i m u l a t o r ,  with-and 

wi thout- the  s i d e - t a s k  be ing used.  About 30 minutes  was s p e n t  

i n  ca r - fo l lowing  wi thou t  t h e  s i d e - t a s k  and t h e  same t i m e  w i t h  

t h e  s i d e - t a s k  t o  which t h e  s u b j e c t  had t o  respond,  a s  w e l l  a s  

c a r r y i n g  o u t  t h e  ca r - fo l lowing  t a s k  and t h e  d e t e c t i o n  o f  s t o p  

s i g n a l s .  Data were c o l l e c t e d  on days  2-4.  On each o f  t h e s e  

days  t h e  s u b j e c t  made 2 t e s t  r u n s ,  each l a s t i n g  about  1 0  min- 

u t e s .  There were 6 combinat ions  o f  o r d e r i n g  of  t h e  t es t  con- 

d i t i o n s ,  and each s u b j e c t  r e c e i v e d  one o f  t h e s e  o r d e r s .  The 

c o n s t r a i n t  on t h i s  o r d e r i n g  scheme was t h a t  on each day t h e  

s u b j e c t  performed a t  one of  t h e  a l c o h o l  dose  t r e a t m e n t  l e v e l s ,  

b u t  c a r r i e d  o u t  t h e  t a s k  on one t r i a l  w i t h  t h e  s i d e - t a s k  and 

on t h e  o t h e r  t r i a l  wi thou t  t h e  s i d e - t a s k .  Each s u b j e c t  c a r r i e d  

o u t  t h e  t a s k  w i t h  t h e  l e a d  c a r  i n p u t  be ing each of one of  

s i x  l e a d  c a r  speed-time h i s t o r y  t a p e s .  

PROCEDURE 

The s u b j e c t s  were i n i t i a l l y  g iven some p r a c t i c e  on t h e  

f i r s t  day i n  t h e  ca r - fo l lowing  t a s k .  On each succeeding day 

t h e  s u b j e c t s  r e c e i v e d  a  beverage c o n t a i n i n g  a  carbonated  low- 

c a l o r i e  s o f t  d r i n k  and 2 0 0 °  a l c o h o l  a s  a l r e a d y  d e s c r i b e d  f o r  

t h e  p r e v i o u s  exper iment .  S u b j e c t s  r e c e i v i n g  a  p lacebo dose  

had a  d r i n k  which con ta ined  a  smal l  amount of a l c o h o l  f l o a t e d  

on t o p  t o  s i m u l a t e  t h e  a l c o h o l  f l a v o r .  S u b j e c t s  were al lowed 

15  minutes  i n  which t o  consume t h e  d r i n k ,  a f t e r  which a n o t h e r  

45 minutes  e l a p s e d  b e f o r e  t e s t i n g  began. 



On each trial the lead car was initially positioned at a 

s in1111 n tccl distance? of: 150 fect ahead of tllc? subject' a vohicle. 

The subjects were instructed to try to maintain a constant 

headway of this distance throughout the test. However, they 

were not given any further feedback concerning the actual 

headway which they maintained at any time. They were also 

told that the hierarchy of importance they should attach to the 

three tasks which they had to carry out was: 1) responding to 

the side-task signals, 2) maintaining a constant headway of 150 

feet, and 3) responding to stop signals by depressing the foot 

switch as soon as possible. 

Each simulation was carried out with the overhead lights 

in the simulator extinguished, to simulate a night driving 

condition. The roadway belt was illuminated in front of the 

subject's vehicle to simulate the effect of headlamps providing 

illumination of the road. 

The dependent variables used in the test consisted of the 

following: 

1) Response time to side-task signals. 

2) Analog data samples, taken 30 times/second of the instan- 

taneous headway, following (subjects') car velocity, relative 

velocity, following-car acceleration and relative acceleration. 

3) Response time in milliseconds, to stop signals given 

on the lead vehicle. 

Each of these signals was acquired by a PDP 11/45 digital 

computer and stored on magnetic tape for subsequent statistical 

analyses. 

RESULTS 

NSPONSE TIME TO SIGNALS OF THE SIDE-TASK 

The times required to respond to each onset of a signal 

given by the side-task lamps formed the data submitted to an 



a n a l y s i s  of  v a r i a n c e ,  t o  e v a l u a t e  t h e  e f f e c t  of t h e  3 l e v e l s  

of t h e  a l c o h o l  t r e a t m e n t .  The mean response  t imes  a r e  shown 

i n  Table 4 f o r  each  l e v e l  of t h e  a l c o h o l  t r e a t m e n t .  There 

were no s i g n i f i c a n t  d i f f e r e n c e s  between t h e s e  means. 

CAR-FOLLOWING TASK 

The v a r i a b l e s  t h a t  were used t o  measure ca r - fo l lowing  pe r -  

formance c o n s i s t e d  of means and s t a n d a r d  d e v i a t i o n s  d u r i n g  t h e  

v a r i o u s  t r i a l s ,  of  t h e  v e l o c i t y  and a c c e l e r a t i o n  of  t h e  lead- and 

fo l lowing-veh ic les ,  and t h e  i n s t a n t a n e o u s  d i f f e r e n c e  between 

t h e s e  v a l u e s  ( i . e . ,  r e l a t i v e  v e l o c i t y ) .  Each v a r i a b l e  was sub- 

j e c t e d  t o  an a n a l y s i s  of v a r i a n c e  w i t h  f a c t o r s  of  s i d e - t a s k  

p resence  ( w i t h  and wi thou t  t h e  s i d e - t a s k ) ,  t r e a t m e n t  c o n d i t i o n s  

(p lacebo ,  0.05% BAC, and 0 . 1 0 %  B A C ) ,  and s u b j e c t s .  S p e c t r a l  

a n a l y s e s  of  t h e s e  d a t a  were a l s o  c a r r i e d  o u t .  

Table 4 shows t h e  s i g n i f i c a n t  e f f e c t s  found. Mean s t a n d a r d  

d e v i a t i o n s  o f  t h e  a c c e l e r a t i o n  of t h e  fo l lowing  c a r  and t h e  r e l a -  

t i v e  a c c e l e r a t i o n  were s i g n i f i c a n t l y  g r e a t e r  when t h e  s i d e - t a s k  

was n o t  used.  I n  a d d i t i o n ,  t h e  mean s t andard  d e v i a t i o n  of  r e l a -  

t i v e  a c c e l e r a t i o n  was s i g n i f i c a n t l y  g r e a t e r  when t h e  BAC of  sub- 

j e c t s  was a t  0 . 1 0 %  t h a n  a t  0.05% o r  wi thou t  a l c o h o l .  

I t  would have been expected  t h a t  t h e  fo l lowing  c a r  a c c e l e r -  

a t i o n  s t a n d a r d  d e v i a t i o n  would be l e s s  wi thou t  t h e  s i d e - t a s k  

than  wi th  t h e  s i d e - t a s k ,  because t h e  d r i v e r ' s  s e n s i t i v i t y  t o  

changes i n  l e a d  v e h i c l e  speed would be expected  t o  be g r e a t e r  

when t h e  s i d e - t a s k  i s  n o t  p r e s e n t .  That  t h e  s t a n d a r d  d e v i a t i o n  

of  r e l a t i v e  a c c e l e r a t i o n  was g r e a t e r  a t  0 . 1 0 %  BAC i s  r a t i o n a l ,  

and i n d i c a t e s  t h a t  t h e  d r i v e r s  were compensating f o r  t h e  l a g ,  

caused by a l c o h o l ,  i n  t h e  p e r c e p t i o n  of i n c r e a s i n g  o r  d e c r e a s i n g  

speed of  t h e  l e a d  v e h i c l e .  Th i s  r e s u l t e d  i n  i n c r e a s e d  use  o f  

a c c e l e r a t i o n  o r  d e c e l e r a t i o n  o f  t h e  v e h i c l e  t h e y  were c o n t r o l -  

l i n g ,  i n  o r d e r  t o  ma in ta in  a  c o n s t a n t  headway d i s t a n c e .  



Table 4 .  Summary of Means of s i g n i f  i c a n t l  E f f e c t s  Found 
i n  t h e  Car-Following Simulator Tes t s .  

SIDE-TASK 
BAC 

0.05% 

Geometric Mean Response ~ i m e  
t o  S igna l s  of Side-Task(sec) (no t  sig,) .75 -75 .78 

CAR-FOLLOWING 
SIDE-TASK 

WITH WITHOUT 

Mean Standard Deviation of 
Following Car Acce le ra t ion  ( f t / s e c )  2 . 6 1  2.79 - 

Mean Standard Deviation of 
Re la t ive  Acce le ra t ion  ( f t / s e c )  2 . 9 9  3.15 - 

Mean Standard Deviation of 
Re la t ive  Acce le ra t ion  ( f t / s e c )  

Mean Re la t ive  Veloc i ty  Bandwidth (Hz) 

RESPONSE STOP SIGNALS 

BAC 
0.05% 

Mean Response Time ( s ec )  . 7 7  --- 

* Means underl ined d i f f e r  s i g n i f i c a n t l y  from those  no t  
under l ined but  no t  from those  underscored with  a dashed l i n e .  



The power s p e c t r a  of  r e l a t i v e  v e l o c i t y  showed t h a t  t h e  

mean bandwidth f o r  t h e  s u b j e c t s  c a r r y i n g  o u t  t h e  car - fo l lowing 

t a s k  wi thout  a l c o h o l  ( 0 . 0 % )  was s i g n i f i c a n t l y  l e s s  than  a t  

B A C ' s  of 0.05% and 0 . 1 0 % .  The inc reased  r e l a t i v e  v e l o c i t y  

bandwidth i n  t h e  presence  of  a l c o h o l  can be a t t r i b u t e d  t o  t h e  

fo l lowing c a r  d r i v e r  o c c a s s i o n a l l y  applying s t e p  i n p u t s  of 

a c c e l e r a t i o n  o r  d e c e l e r a t i o n  t o  compensate f o r  an i n t e r v a l  of 

i n a t t e n t i v e n e s s  (open-loop d r i v i n g )  o r  r e d u c t i o n s  i n  s e n s i -  

t i v i t y  t o  headway and r e l a t i v e  v e l o c i t y  cues .  The sudden s t e p  

i n p u t s  c o n t a i n  t h e  h igher  frequency components of r e l a t i v e  

v e l o c i t y .  

PEAK HEADWAY ERROR RESPONSE FUNCTION. A measure was 

de r ived  of peak headway e r r o r  i n c u r r e d  by t h e  d r i v e r  of  t h e  

fo l lowing v e h i c l e  i n  responding t o  s i n u s o i d a l  changes i n  l e a d  

car v e l o c i t y  a t  d i s c r e t e  f r e q u e n c i e s  w i t h i n  t h e  range of  £ r e -  

quenc ies  encountered i n  t h i s  s tudy.  

The Headway e r r o r  a t  t ime t ,   AH^, i n  terms of t h e  

l ead  and fo l lowing c a r  v e l o c i t y  p r o f i l e s ,  

i s  given by 

I f  t h e  i n p u t ,  l e a d  c a r  v e l o c i t y  i s  a  co-s inusoid  of frequency W, 

---+--- 
v ~ v , c o s w t  

and t h e  system f reauency ampli tude and phase response  f u n c t i o n s  

Response 
f u n c t i o n  
g  ( w )  1 4 w  

-4- 
vf=gvocos ( w t t m )  



a r e  g(w) and $ ( w ) ,  r e s p e c t i v e l y ,  t h e n  t h e  o u t p u t ,  fo l lowing  

c a r  v e l o c i t y ,  v f ,  i s :  

S u b s t i t u t i n g  e x p r e s s i o n  2)  and 3 )  f o r  l ead-  and fo l lowing-car  

v e l o c i t i e s  i n t o  e q u a t i o n  1) r e s u l t s  i n :  

AH =v aoswrdr-gvo c o s  (wr+$)dr  t 0 

AH =v s i n  o'r - gVo 
t o  w - s i n ( w t + $ )  

W 

S i n c e  bo th  s i n u s o i d s  i n  e x p r e s s i o n  4 )  a r e  va ry ing  a t  

t h e  same f r e q u e n c y , ~  , t h e  r e s u l t a n t  r e sponse  can  be expressed  

a s  a  s imple  s i n u s o i d  a t  f requency u whose ampl i tude  and phase 

can be determined from t h e  i n d i v i d u a l  ampl i tudes  and phases  

from a  phasor  diagram, a s  shown below. 

RESULTANT 
PEAK ERROR 

The peak ampl i tude  of  t h e  r e s u l t a n t  s i n u s o i d  i s  g iven  by: 

I A H ~ / = v ~  J-i--- i t g  -2g C O S ~  

where g i s  t h e  ampl i tude  response ,  and 

4 i s  t h e  phase response  



The normalized peak ampl i tude  ob ta ined  i n  t h i s  way 

d e s c r i b e s  t h e  maximum headway e r r o r  i n  f e e t  o c c u r r i n g  w i t h i n  

one c y c l e  of  t h e  l e a d  c a r  v e l o c i t y  o s c i l l a t i o n  of u n i t  ampli- 

tude  (1 f t / s e c )  a t  t h e  g iven frequency.  

F i g u r e s  35-40 show t h e  r e l a t i o n s h i p  between peak head- 

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

l e a d  c a r  v e l o c i t y  f requency,  f o r  each s u b j e c t  i n  t h e  0 %  and 

0 . 1 0 %  BAC c o n d i t i o n s ,  w i t h  t h e  s ide - t a sk .  

S ince  t h e s e  curves  a r e  f o r  i n d i v i d u a l  s u b j e c t s  it would 

be expected  t h a t  t h e y  e x h i b i t  v a r i a b i l i t y .  However, it i s  

reasonab ly  a p p a r e n t  t h a t  t h e r e  a r e  no d i f f e r e n c e s  due t o  

a l c o h o l  a t  l e a d  c a r  v e l o c i t y  f r e q u e n c i e s  of  l e s s  t h a n  about  

0.06 Hz. A t  h i g h e r  f r e q u e n c i e s  a  d ive rgence  i n  t h e  c u r v e s  

can be noted ,  i n d i c a t i n g  g r e a t e r  e r r o r  i n  t h e  headway when 

car- fo l lowing w i t h  0 . 1 0 %  BAC than  wi thou t  a l c o h o l .  

This  behavior  may be a t t r i b u t a b l e  t o  t h e  d r i v e r s '  response  

t o  low f r e q u e n c i e s  of l e a d  c a r  v e l o c i t y  being i n a p p r o p r i a t e  

when he i s  o p e r a t i n g  wi thou t  a l c o h o l .  I f  it i s  assumed, t h a t  

wi thou t  a l c o h o l ,  t h e  d r i v e r  i s  more s e n s i t i v e  t o  changes i n  

l e a d  v e h i c l e  behav io r ,  t h e n  t h e s e  d a t a  sugges t  t h a t  h i s  

r e sponses  i n c r e a s e  t h e  r e s u l t a n t  e r r o r  a t  low f r e q u e n c i e s ,  

whereas under a l c o h o l  t h e  d r i v e r  t e n d s  n o t  t o , r e s p o n d , . w h i c h  

i s  a  more a p p r o p r i a t e  form of behavior  t o  low frequency i n p u t s .  

On t h e  o t h e r  hand, a t  t h e  h igher  l e a d  c a r  v e l o c i t y  f r e -  

quenc ies ,  t h e  d r i v e r  under a l c o h o l  c o n t i n u e s  t o  l a g  i n  h i s  

r e sponses  due t o  reduced a b i l i t y  t o  p e r c e i v e  changes i n  l e a d  

c a r  v e l o c i t i e s  o r  i n  t h e  headway between t h e  v e h i c l e s ,  and 

because h i s  response  behavior  may n o t  be a s  a c c u r a t e  a s  with-  

o u t  a l c o h o l ,  once t h e  e r r o r  has  been pe rce ived .  The d r i v e r  

who i s  o p e r a t i n g  wi thou t  a l c o h o l  responds e a r l i e r  because of 

h i s  a b i l i t y  t o  d e t e c t  smal le r  changes i n  r e l a t i v e  v e l o c i t y  
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Figure 35. Estimated peak headway error at 
0.0% and 0.10% BAC for subject 1. 
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Figure 36. Estimated peak headway error at 
0.0% and 0.10% BAC for subject 2. 
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F i g u r e  37.  E s t i m a t e d  peak  headway e r r o r  a t  
0 .0% and 0.10% BAC f o r  s u b j e c t  3 .  
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F i g u r e  38.  E s t i m a t e d  peak  headway e r r o r  a t  
0 . 0 %  and 0.10% BAC f o r  s u b j e c t  4 .  
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Figure 39. Estimated peak headway error at 
0.0% and 0.10% BAC for subject 5. 
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Figure 40. Estimated peak headway error at 
0.0% and 0.10% BAC for subject 6. 



and headway and because t h e  c o n t r o l  modulat ion which he i n s e r t s  

i s  more a p p r o p r i a t e l y  matched t o  t h e  e x t e n t  of  t h e  e r r o r  pe r -  

c e i v e d .  

Thus, t h e  a n a l y s i s  i n d i c a t e d  t h a t  a l c o h o l  d i d  n o t  degrade  

performance when d r i v e r s  were responding t o  low f requency l e a d  

v e h i c l e  v e l o c i t y  i n p u t s ,  b u t  t h a t  t h e  impairment o f  a l c o h o l  

was noted  a t  t h e  h i g h e r  f r e q u e n c i e s ,  above about  0.06% Hz. 

RESPONSE TIME TO STOP SIGNALS 

The responses  o f  t h e  s u b j e c t s  t o  s t o p  s i g n a l s  g iven by 

t h e  l e a d  v e h i c l e  were recorded and s u b j e c t e d  t o  an  a n a l y s i s  of  

v a r i a n c e  w i t h  f i x e d  f a c t o r s  of a l c o h o l  t r e a t m e n t s  and t h e  

s i d e - t a s k .  A s i g n i f i c a n t  a l c o h o l  t r e a t m e n t  main e f f e c t  was 

o b t a i n e d .  

The mean response  times t o  s t o p  s i g n a l s  a t  e a c h  l e v e l  of 

t h e  a l c o h o l  dose  c o n d i t i o n ,  i s  shown i n  Table 4 .  I n d i v i d u a l  

comparisons between t h e s e  means i n d i c a t e d  t h a t  t h e  mean 

response  t ime a t  0 . 1 0 %  BAC was s i g n i f i c a n t l y  g r e a t e r  t h a n  

t h a t  a t  0.05% ( P C  . 0 5 % ) ,  b u t  n o t  from t h a t  a t  0 . 0 %  BAC. 

The main e f f e c t  of t h e  s i d e - t a s k  was n o t  s i g n i f i c a n t ,  

a l though  mean response  t imes  t o  s t o p  s i g n a l s  were g r e a t e r  w i t h  

t h e  s i d e - t a s k  (0.82 s e c )  than  wi thou t  t h e  s i d e - t a s k  (0.73 s e c ) .  



SUMMARY OF RESULTS OF D R I V I N G  SIMULATOR CAR-FOLLOWING TEST 

1. Response T ime  t o  S i g n a l s  of  t h e  Side-Task. 

No s i g n i f i c a n t  d i f f e r e n c e s  were found due t o  a l c o h o l .  

Car-Following. 

( a )  Mean s t a n d a r d  d e v i a t i o n  of  fo l lowing-car  a c c e l e r a t i o n  

was s i g n i f i c a n t l y  g r e a t e r  wi th- than wi thout-  t h e  s i d e - t a s k .  

( b )  Mean s t a n d a r d  d e v i a t i o n  o f  r e l a t i v e  a c c e l e r a t i o n  was 

s i g n i f i c a n t l y  g r e a t e r  w i t h  t h e  s i d e - t a s k  than  wi thou t ;  

and a t  0.10% BAC t h a n  a t  0.0% o r  0.05%. 

( c )  Mean r e l a t i v e  v e l o c i t y  bandwidths were s i g n i f i c a n t l y  

g r e a t e r  a t  0.10% and 0.05% t h a n  0.0% BAC. 

( d )  Peak Headway E r r o r  p e r  u n i t  of l ead-ca r  v e l o c i t y  

change was g r e a t e r  a t  0.10% than  0.0% BAC a t  l ead-ca r  

v e l o c i t y  f r e q u e n c i e s  above 0.06 H z ,  w i th  no e f f e c t s  o f  

a l c o h o l  a t  lower f r e q u e n c i e s .  (The e f f e c t  of  0.05% BAC 

was n o t  e v a l u a t e d  on t h i s  c r i t e r i o n ) .  

3. Response Time t o  Stop S i g n a l s .  

Mean RT1s t o  s t o p  s i g n a l s  were s i g n i f i c a n t l y  g r e a t e r  a t  

0.10% t h a n  0.05% BAC, b u t  n o t  a t  0.0% BAC. 





CAR DRIVIMG STUDY 

OBJECTIVES 

The purpose  o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  e f f e c t  

o f  modera te  d o s e s  o f  a l c o h o l  on a  number o f  d r i v i n g - r e l a t e d  

s k i l l s ,  c o n s i s t i n g  o f  l a t e r a l  ( s t e e r i n g )  and l o n g i t u d i n a l  

( speed)  c o n t r o l ,  c a r - f o l l o w i n g  and p a s s i n g  d e c i s i o n s .  

METHOD 

SUBJECTS 

A t o t a l  o f  40 d r i v e r s  p a r t i c i p a t e d  i n  t h e  s t u d y .  Eleven  

s u b j e c t s  were randomly a s s i g n e d  t o  t h e  p l acebo  and a l c o h o l  

g roups  f o r  t e s t i n g  i n  day t ime ,  w h i l e - n i n e  s u b j e c t s  were 

a s s i g n e d  t o  e a c h  group f o r  t h e  n i g h t  t es ts .  The median age  

o f  t h e  s u b j e c t s  was 30 y e a r s ,  and t h e  r ange  19 t o  56 y e a r s .  

There were 17 f ema les  and 23 males .  

TABLE 5. DISTRIBUTIONS OF AGE, SEX, D R I V I N G  EXPERIENCE, AND 
MORTIMER-FILKINS TEST SCORES BY SUBJECT GROUP 
I N  THE CAR D R I V I N G  TEST. 

Tab le  5  shows t h e  a g e ,  s e x ,  d r i v i n g  e x p e r i e n c e ,  and Idort i -  

mer -F i lk ins  t e s t  s c o r e s  o f  t h e  s u b j e c t s .  Four ( 2 0 % )  o f  t h e  

' s c o r e s  o f  85+ a r e  c o n s i d e r e d  i n d i c a t i v e  o f  problem d r i n k -  
i n g ;  s c o r e s  o f  60-84 i n d i c a t i v e  o f  presumpt ive  problem d r i n k i n g ;  
s c o r e s  o f  less  t h a n  60  i n d i c a t e  no o v e r t  d r i n k i n g  problems. 

GROUP 

PLACEBO 

ALCOHOL 

MORTIMER-FIL- NUMBER OF D R I V I N G  EXPERI- 
(YE-JLU&SIU - CIF! ( Y E W )  

X 

45.7 

38.3 

AGE 
X 

29.4 

30.6 

M 

11 

12  

S.D. 

27.9 

24.6 

S.D. 

10 .0  

8.6 

F 

9 

8 

X 

12.9 

14 .5  

S.D. 

9.6 

9.9 



s u b j e c t s  scored  s u f f i c i e n t l y  h igh  t o  be diagnosed a s  problem 

d r i n k e r s ,  which i s  more than  would be expected  by a  random 

sampling of  d r i v e r s .  

TEST VEHICLE 

A s t a t i o n  wagon ( F i g u r e  4 1 )  equipped w i t h  d u a l  s t e e r i n g ,  

brake and t h r o t t l e ,  was used a s  t h e  t e s t  v e h i c l e .  I t  was 

equipped w i t h  a  c r u i s e  c o n t r o l  system which could  be s e t  and 

d e a c t i v a t e d  from an e x p e r i m e n t e r ' s  s t a t i o n  i n  t h e  r e a r  s e a t .  

Speed was measured w i t h  a  f i f t h  wheel f o r  d i s p l a y  on a  meter 

and r e c o r d i n g  on a  s t r i p - c h a r t  r e c o r d e r .  The v e h i c l e  a l s o  

c a r r i e d  a  TV camera and v ideo  r e c o r d e r .  The camera was nor-  

mal ly  mounted on a  t r i p o d  i n s i d e  t h e  c a r  and aimed through 

t h e  f r o n t  o r  r e a r  window of  t h e  t e s t  v e h i c l e .  I n  t h e  l a t e r a l  

c o n t r o l  t e s t  it was mounted on t h e  r o o f ,  p o i n t i n g  downward 

t o  scan t h e  pavement. Speed and a c c e l e r a t i o n  in fo rmat ion  

were recorded  on a  s t r i p  c h a r t  r e c o r d e r .  

ROADS 

T e s t s  were conducted on two roads  which were p a r a l l e l  t o  

one a n o t h e r  and r e a d i l y  a c c e s s i b l e  one from t h e  o t h e r .  One 

road was a  l i m i t e d - a c c e s s  freeway, which was s t r a i g h t  and f l a t  

over  most o f  t h e  seven mi le  t e s t  s e c t i o n .  The o t h e r  road was 

a  two-lane highway, which had one s l i g h t l y  curved s e c t i o n .  

The speed l i m i t  on t h e  two-lane road was 45 mph o v e r  most of  

i t s  l e n g t h ,  and 7 0  mph o n  t h e  freeway. 

INDEPENDENT VARIABLES 

Two independent  v a r i a b l e s  were i n v e s t i g a t e d :  ( a )  blood 

a l c o h o l  c o n c e n t r a t i o n  ( 0 % ,  and 0.085%) and, (b) ambient 

l i g h t i n g  c o n d i t i o n s  (day ,  n i g h t ) ,  

THE TESTS AND DEPENDENT VARIABLES 

Seven d i f f e r e n t  t e s t s  were conducted w i t h  each s u b j e c t ,  

and a r e  d e s c r i b e d  h e r e .  



TAPE AND & - -  I 

Figure 41. The test car. 

A. TV camera, monitor and recording equipment 
in rear compartment; 

B. roof-mounted TV camera to measure lateral 
position; 

C. dual controls, in test car. 



1. Pass ing  Gap Time Judgments. This  t e s t  was conducted 

on both  t h e  two-lane road and freeway. S u b j e c t s  were asked 

t o  fo l low a l e a d  c a r  opera ted  by an exper imenter  a t  a d i s -  

t a n c e  they  would e l e c t  i f  t h e y  were p repar ing  t o  p a s s  i t ,  

The l e a d  c a r  was d r i v e n  a t  a c o n s t a n t  4 0  mph on t h e  two-lane 

road and a t  50 mph on t h e  freeway. The s u b j e c t s  observed 

oncoming t r a f f i c  on t h e  two-lane road,  and o v e r t a k i n g  vehi-  

c l e s  on t h e  freeway, i n  t h e  rearview m i r r o r s ,  and i n d i c a t e d  

t h e i r  judgment of  t h e  l a s t  moment t h e y  f e l t  t h e y  could  s a f e l y  

p u l l  o u t  and begin a p a s s i n g  maneuver. They d i d  n o t  a c t u a l l y  

perform such a maneuver, however. Time was measured wi th  a 

s topwatch from t h e  s u b j e c t ' s  v e r b a l  response  u n t i l  t h e  gap 

c l o s e d .  I n  t h e  c a s e  of  o v e r t a k i n g  t r a f f i c  t h e  gap was cons id-  

e red  c losed  when t h e  f r o n t  bumper o f  t h e  over tak ing  v e h i c l e  

came even w i t h  t h e  r e a r  bumper of  t h e  s u b j e c t ' s  v e h i c l e .  I n  

t h e  c a s e  of oncoming t r a f f i c  t h e  gap was cons idered  c l o s e d  

when t h e  f r o n t  bumper of  t h e  oncoming c a r  was a d j a c e n t  t o  t h e  

f r o n t  bumper of t h e  l e a d  c a r .  Each s u b j e c t  made about  30 

such judgments. 

2 .  Car Following w i t h  Speed of  Lead Car Constant .  These 

d a t a  were t aken  wi thout  t h e  s u b j e c t ' s  knowledge a t  t h e  same 

t ime a s  t h e  gap time judgments, The image o f  t h e  l e a d  c a r  was 

con t inuous ly  recorded us ing  t h e  v ideo equipment. The image 

s i z e  was l a t e r  measured on a video sc reen  and conver ted  t o  

headway d i s t a n c e  between t h e  c a r s  wi th  measures made a t  two- 

second i n t e r v a l s .  These d a t a  were t aken  f o r  about  seven miles 

on each of  t h e  two-lane and freeway r o u t e s  used i n  t h e  tests ,  

and i n d i c a t e d  t h e  v a r i a b i l i t y  i n  t h e  d i s t a n c e  which t h e  sub- 

j e c t s  mainta ined between t h e  l ead  v e h i c l e  and t h e i r  own. 

3 .  Car Following w i t h  Speed o f  Lead Car Varying. I n  t h i s  

t e s t  t h e  exper imenter  o p e r a t i n g  t h e  l e a d  c a r  fol lowed a s p e c i f i e d  



speed p r o f i l e  i n  a  range  from 50-65 mph, on t h e  freeway. 

A c c e l e r a t i o n s  were moderate (approximate ly  5  f t / s e c 2 )  and 

d e c e l e r a t i o n s  were made wi thou t  use  o f  t h e  b rakes .  Steady- 

s t a t e  c o n d i t i o n s  were he ld  f o r  a  minimum of  15  s e c s ,  o r  

l o n g e r ,  i f  r e q u i r e d  f o r  t h e  s u b j e c t  t o  s t a b i l i z e  h i s  p o s i -  

t i o n .  Data were t aken  u s i n g  t h e  TV equipment a s  i n  Test-2. 

The aud io  channel  of t h e  TV system was used t o  i n d i c a t e  t h e  

t i m e  of  o n s e t  o f  v a r i o u s  maneuvers by t h e  l e a d  c a r .  

4 .  Speed Judgments. I n  t h i s  t e s t  t h e  s u b j e c t s  were 

r e q u i r e d  t o  judge t h e  speed,  i n  miles p e r  hour,  of c a r s  which 

were o v e r t a k i n g  them on a  freeway. Using a  c r u i s e  c o n t r o l ,  

t h e  s u b j e c t  drove  a t  50 mph. The exper imenter  d i r e c t e d  t h e  

s u b j e c t s  t o  look a t  o v e r t a k i n g  v e h i c l e s  i n  t h e  rea rv iew m i r r o r s ,  

and when t h e y  were about  1 0 0  f e e t  behind asked t h e  s u b j e c t s  t o  

judge t h e  speed of  t h e  o v e r t a k i n g  v e h i c l e s .  A minimum o f  2 0  

such judgments were made by each s u b j e c t .  Actual  v e l o c i t i e s  

were de termined by t a k i n g  v ideo  r e c o r d i n g s  o f  t h e  p a s s i n g  veh i -  

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

5 .  L a t e r a l  Path  E r r o r .  Th i s  tes t  measured t h e  a b i l i t y  of 

s u b j e c t s  t o  d r i v e  a  l i n e  p a r a l l e l  t o  t h e  edge o f  t h e  roadway. 

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

b e l i e v e  t h a t  t h e i r  a b i l i t y  t o  hold a  s p e c i f i e d  speed was be ing 

measured. They were s imply t o l d  t o  d r i v e  i n  t h e  r i g h t  hand 

l a n e  and t o  main ta in  a  c o n s t a n t  speed of 55 mph a s  w e l l  a s  

p o s s i b l e .  The v ideo  r e c o r d i n g  system was used,  w i t h  t h e  v ideo  

camera f i x e d  t o  a roof  b r a c k e t  on t h e  c a r  (F igure  4 1 ) .  T h i s  

a f f o r d e d  a  l a t e r a l  view of  about  s i x  f e e t  o u t  from t h e  s i d e  

of  t h e  c a r .  The d i s t a n c e  from t h e  t i r e  t r a c k  t o  t h e  l a n e  edge 

l i n e  was l a t e r  measured t o  compute p a t h  e r r o r  v a r i a n c e ,  

6 .  Speed Product ion .  T h i s  tes t  measured t h e  a b i l i t y  of 

t h e  s u b j e c t s  t o  d r i v e  a t  v a r i o u s  speeds wi thou t  be ing a b l e  t o  



s e e  t h e  speedometer. The t e s t  began from a  s t and ing  s t a r t  

wi th  t h e  speedometer covered. The s u b j e c t  was reques ted  t o  

a t t a i n  some des igna ted  speed (between 50 and 65 mph, i n  5 mph 

increments)  and v e r b a l l y  i n d i c a t e  when t h e  command speed had 

been reached.  The a c t u a l  speed was read  from t h e  f i f t h  wheel 

o u t p u t  a t  t h a t  t ime,  and ano the r  command speed g iven t o  t h e  

s u b j e c t .  Each of t h e  four  p o s s i b l e  speeds were r e p l i c a t e d  

seven t imes  i n  a  random o r d e r ,  

7 .  Speed Maintenance. This  t e s t  measured t h e  a b i l i t y  of 

t h e  s u b j e c t s  t o  hold a  des igna ted  command speed f o r  a  d i s t a n c e  

of s e v e r a l  mi les .  The s u b j e c t  a c c e l e r a t e d  t h e  c a r  up t o  50 

mph and maintained t h a t  speed f o r  s e v e r a l  seconds. The speed- 

ometer was then  covered and t h e  s u b j e c t ' s  t a s k  was t o  t r y  t o  

mainta in  50 mph f o r  t h e  next  seven mi les .  Actual  speeds were 

recorded from t h e  ou tpu t  of  t h e  f i f t h  wheel a t  15 s e c  i n t e r v a l s  

dur ing  t h i s  t e s t .  

PROCEDURE 

The s u b j e c t s  were c o l l e c t e d  a t  t h e i r  r e s i d e n c e s  and d e l i v -  

e r e d  t o  t h e  l a b o r a t o r y  about  one hour b e f o r e  t h e  t e s t  was due 

t o  s t a r t .  They were immediately given a  d r i n k  designed t o  

b r i n g  them t o  t h e  t a r g e t  BAC (0 .085%) .  The d r i n k  c o n s i s t e d  of 

equa l  p a r t s  of 2 0 0  proof a l c o h o l ,  g i n g e r  a l e  o r  a  non-carbon- 

a t e d  orange d r i n k .  Contro l  s u b j e c t s  r ece ived  t h e  g i n g e r  a l e  

o r  t h e  orange d r i n k  wi th  about  a  t easpoonfu l  of a l coho l .  I n  

a d d i t i o n ,  t h e  r i m  of t h e  g l a s s  was moistened wi th  a l c o h o l  t o  

provide  a p p r o p r i a t e  t a s t e  and odor.  The amount of a l coho l  was 

determined by body weight  and judged body b u i l d .  While t h e  

s u b j e c t s  consumed t h e  d r i n k  t h e  g e n e r a l  i n s t r u c t i o n s  were 

r e a d  t o  them. When t h e  a r i n k  had been f i n i s h e d ,  t h e  s u b j e c t ,  

exper imenter ,  and d r i v e r  of t h e  l e a d  c a r  employed i n  t h e  

f i r s t  few t a s k s  l e f t  f o r  t h e  tes t  s i te .  The s u b j e c t  drove 



t h e  exper imenta l  v e h i c l e  and was t o l d  t o  fo l low t h e  o t h e r  tes t  

v e h i c l e .  A f t e r  about  one mile t h e  two c a r s  merged on to  a  f r e e -  

way. The l e a d  c a r  drove a t  50 mph and t h e  s u b j e c t  was i n s t r u c t e d  

t o  fo l low it a t  a  r easonab le  d i s t a n c e  and, when p r a c t i c a l ,  t o  

pass  t h e  l e a d  c a r  t o  " g e t  a  f e e l  f o r  t h e  a c c e l e r a t i o n  pe r fo r -  

mance c h a r a c t e r i s t i c s  of  t h e  test  c a r . "  When he had done so 

and p u l l e d  back i n t o  t h e  r i g h t  l a n e  he slowed t o  50 mph and t h e  

l e a d  c a r  passed t o  s e t  up ano the r  pass ing  oppor tun i ty .  A f t e r  

t h e  second p r a c t i c e  p a s s  t h e  l e a d  c a r  once aga in  passed and 

t h e n  l e d  t h e  way t o  t h e  test  s i te ,  

The t e s t  s i t e  cen te red  on a  s e r v i c e  s t a t i o n  where permiss ion  

had been secured t o  park a  c a r  and use  110 vac power t o  run  

t h e  Brea tha lyze r  i n  t h a t  c a r .  Immediately on a r r i v a l  a t  t h i s  

s i t e  t h e  s u b j e c t  was g iven a  b r e a t h  t e s t .  Addi t iona l  b r e a t h  

tests  were g iven a t  45 minute i n t e r v a l s  t h e r e a f t e r .  Whenever 

t h e  s u b j e c t ' s  BAC f e l l  below 0.07% a  boos te r  dose was adminis- 

t e r e d  from a  supply  c a r r i e d  f o r  t h a t  purpose. Contro l  s u b j e c t s  

were g iven b o o s t e r  doses  a l s o  a t  about  90 minute i n t e r v a l s .  

A s  soon a s  t h e  b r e a t h  t e s t  had been given t h e  i n s t r u c t i o n s  

f o r  t h e  f i r s t  t e s t  were r e a d  and t h e  t e s t  begun. Two exper i -  

menters rode wi th  t h e  s u b j e c t  a t  a l l  times, One rode i n  t h e  

f r o n t  s e a t  on t h e  passenger  s i d e ,  H i s  primary f u n c t i o n  was 

s a f e t y ,  t o  be s u r e  t h a t  t h e  s u b j e c t s  maintained adequate c o n t r o l  

of t h e  c a r  a t  a l l  times. He was prepared  t o  t a k e  c o n t r o l  of  

t h e  c a r  from t h e  s u b j e c t  i f  needed. I n  a d d i t i o n ,  he monitored 

t h e  s u b j e c t ' s  performance and a s s i s t e d  i n  coaching and c o r r e c t i n g  

where necessary .  The o t h e r  exper imenter  s a t  i n  t h e  r i g h t  r e a r  

s e a t ,  admin i s t e r ing  t h e  i n s t r u c t i o n s  and record ing  d a t a ,  

T e s t i n g  cont inued u n t i l  a l l  measures p rev ious ly  d e s c r i b e d  

were completed, This  took up t o  f o u r  hours .  The s u b j e c t  was 

then  r e t u r n e d  t o  t h e  l a b o r a t o r y .  After about  one hour t h e  



s u b j e c t  was p a i d  and d r i v e n  t o  h i s  r e s i d e n c e .  

RESULTS 

S i g n i f i c a n t  d i f f e r e n c e s  were found i n  t h e  v a r i a n c e  i n  

judging p a s s i n g  gap times on t h e  secondary road (Task l ) ,  i n  

ca r - fo l lowing  performance wi th  t h e  l e a d  c a r ' s  speed c o n s t a n t  

(Task 2 ) ,  and va ry ing  (Task 3 ) ,  and i n  speed maintenance capa- 

b i l i t y  (Task 7 ) .  These f i n d i n g s  a r e  summarized i n  Table 6 .  

TASK 1. PASSING GAP TIMES 

The a n a l y s i s  of  v a r i a n c e  (ANOVA) of  t h e  v a r i a n c e s  i n  

judging p a s s i n g  gap times t o  oncoming v e h i c l e s  on t h e  secondary 

road showed t h a t  t h e  v a r i a n c e  i n  t h e  day group was smal le r  than  

i n  t h e  n i g h t  group ( 7 . 7  v s  1 8 . 1  seconds ) .  The d i f f e r e n c e s  

a s s o c i a t e d  w i t h  a l c o h o l  were n o t  s i g n i f i c a n t ,  a l though  t h e  mean 

v a r i a n c e  of t h e  a l c o h o l  group (14.6 s e c )  was g r e a t e r  than  t h e  

p lacebo group (11.3 s e c )  . 
TASK 2 .  CAR-FOLLOWING WITH SPEED OF LEAD CAR CONSTANT 

The a n a l y s i s  of  v a r i a n c e  of  t h e  mean headways measured on 

t h e  secondary road showed t h a t  d i f f e r e n c e s  a s s o c i a t e d  wi th  

l e v e l s  of  a l c o h o l  and t h e  i n t e r a c t i o n  of  a l c o h o l  wi th  t h e  

ambient l i g h t i n g  c o n d i t i o n  (day,  n i g h t )  were s i g n i f i c a n t .  

Newman-Keuls t e s t s  showed t h a t  t h e r e  were no d i f f e r e n c e s  due 

t o  a l c o h o l  a t  n i g h t ,  b u t  i n  daytime t h e  a l c o h o l  group main- 

t a i n e d  a g r e a t e r  mean headway than  t h e  placebo group (133 v s  

9 2  f e e t ,  r e s p e c t i v e l y ) .  The mean v a r i a n c e s  i n  headway were 

s i g n i f i c a n t l y  ( p < .  0 1 )  g r e a t e r  f o r  t h e  a l c o h o l  s u b j e c t s  on 

bo th  t h e  secondary road and t h e  freeway (Table 6)  . 
TASK 3. CAR-FOLLOWING WITH SPEED OF LEAD CAR VARYING 

The a n a l y s i s  of  means on t h i s  t a s k  f o r  t h e  seventeen s t eady-  

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



TABLE 6. SUMMARY OF MEANS OF SIGNIFICANT (p< .05) EFFECTS 
FOUND IN THE DRIVING TESTS. 

Passing Gap Judgment 

Variance in time (sec), 
on secondary road (oncoming vehicles) 

DAY NIGHT 
73 
- 
18.1 

Car-Following with Lead Car's Speed Constant PLACEBO ALCOHOL 
Mean Headway (feet) , GROUP GROUP 

on secondary road in the day 9 2 133 

Variance in Headway (feet) , 
on secondary road 
on freeway 

Car-Following with Lead Car's Speed Varying 

Mean Headway (feet) , 
in six conditions 

Variance in Headway (feet) , 
in two conditions 

in one condition 

S~eed Maintenance 

DAY NIGHT 
mr' 166 

PLACEBO ALCOHOL 
GROUP GROUP 

--- - - 

Variance in speed (mph) 

effects associated with the ambient lighting condition, with 

greater headways maintained during the day sessions. In only 

one set of conditions was there a significantly greater vari- 

ance in headway attributable to alcohol. 

TASK 7. SPEED MAINTAENANCE 

The analysis of variance of speed variance showed that 

differences associated with alcohol were significant (pc.05). 

The mean variance for the alcohol group was 8 mph versus 5 

mph for the placebo group. 



SUMMARY OF RESULTS OF CAR DRIVING STUDY 

Passing Gap Time Judgments. 

There was a significantly greater mean variance in passing 

gap times to oncoming vehicles accepted at night than in 

the day, on the secondary road. There was no alcohol effect. 

Car-Following with Speed of Lead Car Constant. 

On the two-lane road in daytime, drivers at 0.085% BAC 

maintained significantly greater mean headway than at 0.0% 

BAC. The variance in headways maintained on both roads 

was greater at 0.085% BAC than 0.0% BAC. 

Car-Following with Speed of Lead Car Varying. 

Greater headways were maintained in the daytime, but there 

were no significant effects due to the alcohol treatment. 

In two conditions of lead car maneuvers variance in head- 

way was significantly greater in the day than at night. 

And in one condition the variance in headway was signifi- 

cantly greater at 0.085% than 0.0% BAC. 

Speed Judgments of Overtaking Vehicles. 

No significant effects were found. 

Lateral Path Error. 

No significant effects were found. 

Speed Production. 

No significant effects were found. 

Speed Maintenance. 

The variance in the ability to hold a constant speed of 

drivers at 0.085% BAC was significantly greater than those 

at 0.0% BAC. 



DISCUSSION 

The r e s u l t s  of  t h e  s t u d i e s  which have been c a r r i e d  o u t  i n  

t h i s  program of r e s e a r c h  have i n d i c a t e d  t h a t  t h e r e  a r e  a  number 

of  s k i l l s  which a r e  impaired by a l c o h o l ,  and t h a t  many of  t h e s e  

a r e  r e l a t e d  t o  d r i v i n g  performance and,  presumably t h e r e b y ,  t o  

t r a f f i c  s a f e t y .  

SENSORY, PERCEPTUAL-MOTOR AND INFORMATION-PROCESSING SKILLS 

The i n d i c a t i o n  t h a t  g r e a t e r  i l l u m i n a t i o n  was needed t o  

i d e n t i f y  t h e  o r i e n t a t i o n  o f  Landol t  Rings under a l c o h o l  t h a n  

wi thou t  a l c o h o l ,  has  some importance f o r  n i g h t  d r i v i n g .  While 

t h e r e  have been some r e p o r t s  of  impairments i n  v i s u a l  a c u i t y  

due t o  a l c o h o l  ( e .g . ,  Mortimer, 1 9 6 3 ) ,  t h e  measurements were 

u s u a l l y  t aken  under r e l a t i v e l y  h igh  l e v e l s  of  i l l u m i n a t i o n ,  

o r  v i s u a l  a d a p t a t i o n .  

It  was a l s o  found t h a t  t h e  c o l o r  d i s c r i m i n a t i o n  t h r e s h o l d s  

of  r e d  s t i m u l i  i n  t h e  r i g h t  and l e f t  l a t e r a l  p l a n e  were dec reased  

f o r  t h e  s u b j e c t s  a t  0 . 1 0 %  BAC, compared t o  t h o s e  wi thou t  a l c o h o l .  

T h i s  e f f e c t  was n o t  found f o r  t h e  o t h e r  c o l o r s  used i n  t h i s  

experiment .  P e t e r s  (1942) found a  s i m i l a r  c o l o r  f i e l d  c o n t r a c -  

t i o n  i n  one s u b j e c t  who had consumed 84 ounces of  b e e r  over  a  

t h r e e  hour p e r i o d .  However, Pe te r s '  s u b j e c t  a l s o  demonstrated 

c o n t r a c t i o n s  of  c o l o r  f i e l d s  f o r  b l u e  and g reen  s t i m u l i ,  a  

r e s u l t  n o t  r e p l i c a t e d  he re .  F u r t h e r  t e s t i n g  should be c a r r i e d  

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

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

l a t e r a l  v i s u a l  f i e l d  of r e d  s t i m u l i .  For  example, many of 

t h e  most impor tan t  t r a f f i c  s i g n s  and s i g n a l s  use  red  back- 

grounds o r  r e d  lamps. Also ,  t a i l  and s t o p  lamps of v e h i c l e s  

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

t o  a l c o h o l ,  of r ed  s t i m u l i  r educes  t h e  l i k e l i h o o d  t h a t  such 

s i g n s  and s i g n a l s  w i l l  be n o t i c e d  o r  t h e  time a v a i l a b l e  f o r  



t h e  d r i v e r ,  a f t e r  d e t e c t i n g  them, t o  t a k e  a p p r o p r i a t e  a c t i o n .  

The complex r e a c t i o n  t ime  test  showed t h a t  t h e r e  was a n  

i n c r e a s e  i n  t h e  time r e q u i r e d  t o  p r o c e s s  i n f o r m a t i o n  due t o  

a l c o h o l  a t  0.10% BAC. S i m i l a r l y ,  a  d e t r i m e n t a l  e f f e c t  o f  

a l c o h o l  on s h o r t - t e r m  memory and s imp le  motor s k i l l  was 

found i n  t h e  digit-memory t a s k ,  i n  which more e r r o r s  were 

made a t  0.10% BAC t h a n  w i t h o u t  a l c o h o l .  Thus, a l c o h o l  a p p e a r s  

t o  have an e f f e c t  upon i n f o r m a t i o n  s t o r a g e  and r e c a l l  and on 

t h e  d e c i s i o n  t i m e  r e q u i r e d  t o  s e l e c t  a  c o r r e c t  r e s p o n s e  i n  

r e l a t i v e l y  s imp le  t a s k s .  

Tha t  a l c o h o l  h a s  an e f f e c t  upon s imp le  pe rcep tua l -moto r  

t a s k s  h a s  been found i n  a  number o f  p r e v i o u s  s t u d i e s  ( e . g . ,  

D r e w  e t  a l . ,  1958;  S t u r g i s  and Mort imer ,  1 9 7 3 ) ,  and was shown 

h e r e  by t h e  s i g n i f i c a n t  i n c r e a s e  i n  t r a c k i n g  e r r o r  time i n  

t h e  s t y l u s  t r a c k i n g  t a s k  a t  0.10% BAC compared t o  per formance  

w i t h o u t  a l c o h o l .  

STEERING SKILLS 

While t h e  f o r e g o i n g  t a s k s  have r e l e v a n c e  f o r  a s p e c t s  o f  

s a f e  d r i v i n g  b e h a v i o r ,  t h e i r  s p e c i f i c  e f f e c t s  on t h e  d r i v i n g  

t a s k  c a n n o t  be d i r e c t l y  de t e rmined .  However, t h e  d r i v i n g  

s i m u l a t o r  s t u d i e s  o f  l a t e r a l  c o n t r o l  per formance  d i d  show 

some q u i t e  s p e c i f i c  e f f e c t s  o f  a l c o h o l  on t h i s  major  a s p e c t  

o f  t h e  v e h i c l e  c o n t r o l  t a s k .  Ample ev idence  i s  p rov ided  i n  

t h e s e  s t u d i e s  t h a t  s t e e r i n g  per formance  i s  c o n s i d e r a b l y  degraded  

by modera te  d o s e s  o f  a l c o h o l ,  and a l s o  t h a t  t h e r e  appea r  t o  

be d i f f e r e n c e s  i n  t h e  e f f e c t s  of  a l c o h o l  d u r i n g  t h e  up take  

and e l i m i n a t i o n  p h a s e s .  

When c o n t r o l l i n g  a g a i n s t  a  s i m u l a t e d  c o n t i n u o u s  d i s t u r b a n c e ,  

such  a s  might  be  posed by wind g u s t s  o f  v a r y i n g  a m p l i t u d e s  and 

f r e q u e n c i e s ,  g e n e r a l l y  s i m i l a r  f i n d i n g s  were o b t a i n e d  f o r  t h e  

h i g h  and t h e  low l e v e l  d i s t u r b a n c e s .  These r e s u l t s  i n d i c a t e d  



t h a t  t h e  mean l a t e r a l  p o s i t i o n  e r r o r  i n  t r a c k i n g  t h e  roadway 

l a n e  was i n c r e a s e d  a t  0.10% BAC and 0.07% BAC i n  t h e  e l imina-  

t i o n  phase,  compared t o  performance wi thout  a l coho l .  S i m i l a r l y ,  

t h e r e  was an i n c r e a s e  i n  t h e  va r i ance  of t r a c k i n g  about t h e  

l a n e  due t o  t h e s e  same a lcoho l  cond i t ions .  I n  another  r e c e n t  

s tudy  us ing  a  closed-loop d r i v i n g  s i m u l a t o r ,  i n c r e a s i n g  BAC 

l e v e l s  of up t o  0 . 1 2 %  produced t r a c k i n g  p o s i t i o n  e r r o r  t h a t  

were c o r r e l a t e d  ( r=0.57)  wi th  BAC (Sugarman e t  a l . ,  1973) .  

While t h e r e  was no s i g n i f i c a n t  e f f e c t  a t t r i b u t a b l e  t o  a l c o h o l  

on t h e  means and va r i ances  of t h e  heading ang le  and i t s  d e r i -  

v a t i v e ,  yaw r a t e ,  s p e c t r a l  ana lyses  showed t h a t  t h e r e  were 

i n c r e a s e s  i n  t h e  RMS of l a t e r a l  p o s i t i o n  e r r o r  and heading 

ang le  a t  0.10% BAC and 0.07% BAC i n  t h e  e l i m i n a t i o n  phase. 

There fo re ,  t h e r e  was an a b s o l u t e  i n c r e a s e  i n  t h e  mean devi-  

a t i o n  from t h e  c e n t e r  of t h e  l a n e  a t t r i b u t a b l e  t o  t h e s e  two 

a lcoho l  c o n d i t i o n s ,  a s  w e l l  a s  i n c r e a s e s  i n  t h e  v a r i a t i o n  of 

both  t h e  l a t e r a l  p o s i t i o n  and heading ang les .  

F u r t h e r ,  t h e  s p e c t r a l  ana lyses  a l s o  showed t h a t  t h e  band- 

widths  of heading angIe  and yaw r a t e  were reduced i n  a l l  t h e  

a l c o h o l  t r e a t m e n t s ,  compared t o  placebo c o n d i t i o n s .  These 

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

ang le  and yaw r a t e  s t i m u l i  was reduced by t h e  a l c o h o l  c o n d i t i o n s .  

The p rev ious ly  c i t e d  d a t a  showed t h a t  t h i s  r e s u l t e d  i n  an i n c r e a s e  

i n  l a t e r a l  p o s i t i o n  and heading ang le  e r r o r s ,  which would r e s u l t  

i n  an o f f s e t  of t h e  v e h i c l e  about  t h e  c e n t e r  of  t h e  l a n e  and 

an i n c r e a s e  i n  t h e  v a r i a t i o n  about  t h e  c e n t e r  of t h e  l a n e ,  such 

t h a t  t h e  v e h i c l e  would appear  t o  wander about  t h e  roadlane  more 

when t h e  d r i v e r  had consumed a l c o h o l  than  wi thou t  a l coho l .  

The f i n d i n g s  a l s o  showed t h a t  t h e  mean s t e e r i n g  wheel d i s -  

placement was s i g n i f i c a n t l y  g r e a t e r  a t  0.07% BAC i n  t h e  e l imina-  

t i o n  phase than wi thou t  a l c o h o l  ( i n  t h e  low l e v e l  d i s t u r b a n c e  



condition only), showing that drivers tended to apply greater 

amplitudes of inappropriate steering wheel motions than those 

drivers without alcohol. Thus, the greater Orrors associated 

with tracking of the vehicle were not due to a reduction in 

the extent of steering wheel movement used by the drivers 

under alcohol. However, the spectral analyses also showed 

that tile bandwidth of steering wheel displacement was reduced 

at 0.10% BAC and 0.07% BAC in the elimination phase compared 

to the performance without alcohol. A similar result was 

obtained by Reed et. a1 (1973). This means that drivers were 

using more coarse, i.e., low frequency, steering wheel move- 

ments under alcohol. Without alcohol they were more responsive 

in the manner in which they utilized the steering wheel as a 

means of controlling the vehicle. 

Fundamentally, these findings indicate a reduction in 

sensitivity of drivers to those cues which are subtle but 

important for vehicle lateral control, namely heading angle 

and yaw rate. The drivers relied more on lateral position cues 

when operating under alcohol than without alcohol. In addition, 

their responsivity with the steering wheel was reduced, with 

emphasis being placed on lower frequency responses. 

When the drivers were exposed to step input disturbances, 

simulating the sudden onset of a wind gust which remained 

present at the same force for a sufficient time for the driver 

to stabilize his performance; or, the opposite case where the 

gust is suddenly removed, it was found that about 6-8 seconds 

was required for drivers to regain the same level of lateral 

control performance as they had attained prior to the step 

disturbance being applied. The analysis showed that there 

were significant effects on steering performance attributable 

to alcohol. The analyses were made during the first 10 seconds 



fo l lowing t h e  a p p l i c a t i o n  o r  removal of t h e  s imula ted  wind 

g u s t ,  wi th  t h i s  pe r iod  of 1 0  seconds being eva lua ted  dur ing  

f i v e  i n t e r v a l s  of 2 seconds each,  

A s  found f o r  t h e  cont inuous  d i s t u r b a n c e  a n a l y s e s ,  t h e  

l a t e r a l  p o s i t i o n  mean e r r o r  was s i g n i f i c a n t l y  g r e a t e r  a t  0 . 1 0 %  

BAC and 0.07% BAC e l i m i n a t i o n  than  wi thou t  a l c o h o l  dur ing  a l l  

of  t h e  1 0  seconds which were e v a l u a t e d .  The mean v a r i a n c e  i n  

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

dur ing  t h e  f i r s t  2 seconds,  and d u r i n g  2-4 seconds a f t e r  t h e  

s t e p  d i s t u r b a n c e  a t  0.07% BAC i n  t h e  e l i m i n a t i o n  phase. Gener- 

a l l y ,  s i m i l a r  f i n d i n g s  were ob ta ined  f o r  t h e  mean heading 

ang le  and heading ang le  v a r i a n c e ,  Yaw r a t e  means and v a r i a n c e s  

were u n a f f e c t e d  by t h e  a l c o h o l  doses .  

There fo re ,  t h e  e f f e c t  of  t h e  a l c o h o l  doses  was t o  produce 

an i n c r e a s e  i n  l a t e r a l  p o s i t o n  mean e r r o r ,  a s  was a l s o  found 

i n  t h e  a n a l y s i s  of  t h e  cont inuous  d i s t u r b a n c e  t e s t s .  I n ,  add i -  

t i o n ,  t h e  l a t e r a l  p o s i t i o n  mean v a r i a n c e  was a f f e c t e d  by a l l  

a l c o h o l  doses  d u r i n g  t h e  f i r s t  2 seconds a f t e r  t h e  a p p l i c a t i o n  

of t h e  s t e p  d i s t u r b a n c e ,  and t h e  same was found f o r  t h e  heading 

ang le  mean and mean va r i ance .  F u r t h e r  e f f e c t s  were found up 

t o  t h e  t h i r d  i n t e r v a l  fo l lowing t h e  s t e p  d i s t u r b a n c e ,  i . e . ,  

4-6 seconds,  p r i m a r i l y  i n d i c a t i n g  t h a t  t h e  l a t e r a l  p o s i t i o n  

mean v a r i a n c e  and t h e  heading ang le  mean and mean v a r i a n c e  

were a f f e c t e d  a t  0.07% BAC dur ing  t h e  e l i m i n a t i o n  phase. 

I t  w i l l  have been noted t h a t ,  i n  t h e  a n a l y s i s  of  t h e  con- 

t i n u o u s  d i s t u r b a n c e  t e s t s ,  t h e  e f f e c t  of  0.07% BAC i n  t h e  e l i m i -  

n a t i o n  phase was g r e a t e r  than  a t  t h e  same BAC dur ing  t h e  uptake 

phase. Data from t h e  s t e p  d i s t u r b a n c e  t e s t s  conf i rm t h a t  t h e  

e f f e c t  of  a l c o h o l  on s t e e r i n g  c o n t r o l  s k i l l s  appears  t o  be 

grea ter  dur ing  t h e  a l c o h o l  e l i m i n a t i o n  phase than  a t  an e q u i v a l e n t  



BAC dur ing  uptake.  This  e f f e c t  was a l s o  shown by t h e  e x p e r i -  

ment of Sugarman e t  a l .  (1973) .  

The a n a l y s i s  r e v e a l e d  on ly  minor e f f e c t s  of a l c o h o l  upon 

t h e  manner i n  which t h e  s t e e r i n g  wheel was moved i n  response  

t o  t h e  s t e p  d i s t u r b a n c e s  a c r o s s  t h e  i n t e r v a l s  fo l lowing  t h e  

d i s t u r b a n c e ,  e i t h e r  i n  te rms of d isp lacement  o r  r a t e .  Where 

any s i g n i f i c a n t  e f f e c t s  were found, t h e y  i n d i c a t e d  t h a t  t h e r e  

was some r e d u c t i o n  i n  t h e  r a t e  of  s t e e r i n g  wheel movement 

dur ing  t h e  f i r s t  2 seconds a f t e r  t h e  a p p l i c a t i o n  of a  s t e p  

d i s t u r b a n c e  i n  some of t h e  a l c o h o l  c o n d i t i o n s .  S ince  t h e s e  

e f f e c t s  were found i n  h igher-order  i n t e r a c t i o n s  t h e y  a r e  q u i t e  

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

s t a b l e  f i n d i n g s .  

I t  should be noted t h a t  t h e  a n a l y s i s  of  t h e  cont inuous  d i s -  

tu rbance  t e s t s  found on ly  minor e f f e c t s  of a l c o h o l  on s t e e r i n g  

wheel d isp lacement  o r  r a t e  of d isp lacement .  

Some i n s i g h t  i n t o  t h e  under ly ing reasons  f o r  t h e  i n c r e a s e d  

e r r o r s  i n  t h e  l a t e r a l  p o s i t o n  and heading ang le  found i n  t h e  

s t e p  d i s t u r b a n c e  t e s t s  was ob ta ined  by e v a l u a t i o n  of  t h e  t ime 

r e q u i r e d  by t h e  d r i v e r  t o  d e t e c t  and t o  de termine  t h e  d i r e c t i o n  

of t h e  s t e p  i n p u t  i n  o r d e r  t o  apply  a  c o u n t e r a c t i n g  s t e e r i n g  

wheel movement. The a n a l y s i s  showed t h a t  t h e  mean d e t e c t i o n  

t i m e  t o  apply  a  s t e e r i n g  c o r r e c t i o n  was s i g n i f i c a n t l y  g r e a t e r  

a t  0.07% BAC i n  both  t h e  uptake and e l i m i n a t i o n  phases.  While 

t h e  e f f e c t  of 0 . 1 0 %  BAC was n o t  s t a t i s t i c a l l y  (pc.05) s i g n i f i -  

c a n t ,  F igure  2 0  c l e a r l y  shows t h a t  t h e r e  was a s u b s t a n t i a l  

d i f f e r e n c e  which could have been expected t o  be s i g n i f i c a n t ,  

had more d a t a  been c o l l e c t e d .  Therefore ,  t h e  a b i l i t y  t o  d e t e c t  

and determine  t h e  d i r e c t i o n  of a  s t e p  i n p u t  was impaired by 

t h e s e  a l c o h o l  dose l e v e l s .  I n  a d d i t i o n ,  t h e r e  was a l s o  a  

s i g n i f i c a n t  e f f e c t ,  a t  a l l  a l c o h o l  dose l e v e l s ,  on t h e  t o t a l  



t ime r e q u i r e d  t o  r each  a  d e c i s i o n  concerning t h e  d i r e c t i o n  

of movement of  t h e  s t e e r i n g  wheel t o  c o u n t e r a c t  t h e  d i s t u r -  

bance and t o  accomplish t h e  i n i t i a l  s t e e r i n g  wheel movement. - - 
While much of  t h e  e f f e c t  of t h e  a l c o h o l  on t h e  t o t a l  t ime t o  

respond was due t o  t h e  d e t e c t i o n  time being inc reased  (F igure  

2 0 ) ,  t h e r e  was a l s o  an i n c r e a s e  i n  t h e  mean movement t ime i n  

a l l  of  t h e  a l c o h o l  c o n d i t i o n s .  This  i s  shown i n  Table 7, which 

i n d i c a t e s  t h e  mean d e t e c t i o n  t imes  i n  t h e  t h r e e  a l c o h o l  t r e a t -  

ment c o n d i t i o n s  f o r  both t h e  placebo and t h e  a l c o h o l  group sub- 

j e c t s ;  and a l s o  shows t h e  mean t o t a l  t i m e  f o r  both  groups i n  

TABLE 7. INCREMENT I N  llEAN STEERING WHEEL MOVEMENT TIME I N  
EACH ALCOHOL DOSE I N  INITIAL RESPONSE TO STEP 
DISTURBAIJCES , I N  SECONDS. 

I 

Mean 
T i m e  

T o t a l  

De tec t ion  

Movement 

T o t a l  

De tec t ion  

Movement 

Group 

Placebo 

Placebo 

Placebo 

Alcohol 

Alcohol 

Alcohol 
L 

, 

Increment i n  movement 
t ime due t o  a l c o h o l  

4 

- 
BAC 

0.7% 
(Uptake) 

0.645 

0.342 

0.245 

0.720 

0.400 

0.320 

0.075 

0 . 1 0 %  

0.645 

0.367 

0.225 

0 . 7 4 0  

0.420 

0.320 

0 . 0 7 %  
(E l imina t ion)  

0.642 

0,361 

0 . 2 1 1  

0.777 

0.431 

0.346 

0.095 0.135 



t h e  same t r e a t m e n t  c o n d i t i o n s .  The movement t ime i s  computed 

by s u b t r a c t i n g  t h e  mean d e t e c t i o n  time from t h e  mean t o t a l  

t ime w i t h i n  a  t r e a t m e n t  l e v e l ,  and s u b j e c t  grouping,  and t h e s e  

a r e  shown a s  mean movement t imes  f o r  t h e  p lacebo and a l c o h o l  

groups.  I t  w i l l  be noted t h a t  t h e  mean movement time f o r  t h e  

p lacebo s u b j e c t s  was between . 2 1 1  seconds and .245  seconds ,  

whi le  t h a t  f o r  t h e  a l c o h o l  groups was between .320 seconds 

and , 3 4 6  seconds.  The d i f f e r e n c e s  between corresponding v a l u e s  

o f  t h e  mean movement t imes  o f  t h e  p lacebo and a l c o h o l  groups  

i n d i c a t e s  t h e  increment  i n  movement t ime a t t r i b u t a b l e  t o  

a l c o h o l .  T h i s  i s  shown t o  be .075, . 0 9 5  and 0.135 seconds 

due t o  BAC l e v e l s  of  0.07% i n  up take ,  0.10%, and 0.07% i n  

e l i m i n a t i o n ,  r e s p e c t i v e l y .  

There fo re ,  t h e  i n i t i a l ,  l a r g e  ampl i tude ,  s t e e r i n g  wheel 

movement t h a t  t h e  d r i v e r s  made i n  r esponse  t o  t h e  s t e p  d i s t u r -  

bances were made a t  a  lower r a t e  than  t h o s e  by s u b j e c t s  c a r r y i n g  

o u t  t h i s  t a s k  wi thou t  a l c o h o l .  Th i s  r e s u l t  i s  p a r t l y  corrobo- 

r a t e d  by t h e  a n a l y s e s  made d i r e c t l y  on t h e  s t e e r i n g  wheel r a t e  

means and v a r i a n c e s  i n  t h e  f i v e  two-second i n t e r v a l s  a f t e r  t h e  

s t e p  d i s t u r b a n c e .  A s  mentioned p r e v i o u s l y ,  some combinat ions  

o f  t r e a t m e n t s  produced lower s t e e r i n g  wheel mean r a t e s  i n  t h e  

a l c o h o l  c o n d i t i o n s  t h a n  wi thou t  a l c o h o l .  However, t h e  i n i t i a l  

s t e e r i n g  wheel movement t ime i s  a  r e l a t i v e l y  smal l  p a r t ,  i . e . ,  

abou t  0.3 seconds (Table 7 ) ,  of  a  two-second i n t e r v a l ,  such 

t h a t  a  measure which i n t e g r a t e s  s t e e r i n g  wheel r a t e s  over  a 

t ime a s  long  a s  2 seconds would be i n s e n s i t i v e  t o  t h e  i n i t i a l  

s t e e r i n g  wheel movement. 

There fo re ,  f u r t h e r  evidence  i s  d e r i v e d  t h a t  b o t h  e r r o r  

d e t e c t i o n  t i m e ,  which i n v o l v e s  t h e  p e r c e p t i o n  of an  e r r o r  i n  

t r a c k i n g  and i t s  d i r e c t i o n ,  and t h e  t i m e  r e q u i r e d  t o  move t h e  

s t e e r i n g  wheel a  d i s t a n c e  e q u i v a l e n t  t o  t h a t  imposed by t h e  



simulated wind g u s t ,  were s i g n i f i c a n t l y  inc reased .  Therefore,  

both  t h e  pe rcep tua l  and motor response behavior  o f  t h e  d r i v e r s  

was impaired by t h e  a lcoho l  dose l e v e l s  t h a t  were used. The 

e f f e c t s  o f  t h e s e  pe rcep tua l  and motor d e f i e c i e n c i e s ,  due t o  

a l c o h o l ,  were shown i n  i n c r e a s e s  i n  l a t e r a l  p o s i t i o n  and head- 

i n g  ang le  e r r o r s .  

I t  w i l l  be noted t h a t  yaw r a t e  means and v a r i a n c e s  were 

no t  a f f e c t e d  by t h e  a lcoho l  t r ea tments  i n  t h e s e  ana lyses  of 

t h e  s e t t l i n g  t imes.  This  i s  t o  be expected,  s i n c e  t h e  l a r g e s t  

c o n t r i b u t i o n  t o  t h e  yaw r a t e  v a l u e s  would be t h a t  a t t r i b u t a b l e  

d i r e c t l y  t o  t h e  s t e p  d i s tu rbance  i t s e l f ,  w i th  d i f f e r e n c e s  i n  a  

two-second i n t e r v a l  between t h e  a lcoho l  t rea tment  groups being 

q u i t e  n e g l i g i b l e ,  by comparison. 

CAR-FOLLOWING SKILLS 

There has been no previous  s tudy repor ted  concerned wi th  

t h e  e f f e c t s  of a l coho l  on a  car - fo l lowing t a s k .  The tes t  con- 

ducted i n  t h i s  s tudy used a  d r i v i n g  s imula to r .  However, pre-  

v ious  comparisons (Campbell & Mortimer, 1972) between r e s u l t s  

ob ta ined  i n  t h e  s imula to r  and i n  automobile d r i v i n g  t e s t s  have 

found a  good degree of correspondence. 

The response t imes  t o  t h e  s ide - t a sk  were unaf fec ted  by 

a l c o h o l ,  showing t h a t  s u b j e c t s  maintained v i g i l a n c e  on t h i s  

t a s k ,  a s  they  had been i n s t r u c t e d  t o  do. On t h e  o t h e r  hand, 

t h e r e  was an i n c r e a s e  i n  response t imes  t o  s t o p  s i g n a l s  of t h e  

lead  v e h i c l e  a t  0 . 1 0 %  BAC compared t o  0.05% BAC, but  no t  compared 

with t h e  mean response t imes  of s u b j e c t s  without  a lcohol .  There- 

f o r e ,  t h e  a c t i o n  of a l c o h o l  i n  a f f e c t i n g  response t imes  t o  s t o p  

s i g n a l s  of t h e  l ead  v e h i c l e  i s  somewhat inconclus ive .  No e f f e c t  

of a l coho l  was noted i n  a  previous  s tudy ( p o s t ,  1 9 7 2 )  i n  which 

response times were obta ined t o  s t o p  and t u r n  s i g n a l s  presented  



by a  l e a d  v e h i c l e ,  when s u b j e c t s  were a t  0.06% BAC o r  wi thout  

a l c o h o l .  

lowin 

mean 

l e a d  

0.05% 

There were some 

.g performance . 
s tandard  d e v i a t  

v e h i c l e  and t h e  

BAC o r  wi thou t  

i n d i c a t i o n s  t h a t  a l c o h o l  impaired c a r - f o l -  

For example, t h e r e  was an i n c r e a s e  i n  t h e  

.on of  r e l a t i v e  a c c e l e r a t i o n  between t h e  

fo l lowing  v e h i c l e  a t  0 . 1 0 %  BAC compared t o  

a l c o h o l .  

I n  a d d i t i o n ,  a  computed v a l u e ,  peak headway e r r o r ,  was 

g r e a t e r  f o r  s u b j e c t s  a t  0 . 1 0 %  BAC than  wi thou t  a l c o h o l  a t  l e a d  

v e h i c l e  v e l o c i t y  f r e q u e n c i e s  above 0.06 Hz. This  f i n d i n g  sug- 

g e s t s  t h a t ,  a t  t h e  h igher  f r e q u e n c i e s  o f  changes i n  l ead-veh ic le  

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

of v e l o c i t y  changes of  t h e  v e h i c l e  they  a r e  fo l lowing ,  r e s u l t i n g  

i n  g r e a t e r  headway e r r o r s  being produced. I t  was suggested t h a t  

t h e  reason  f o r  no d i f f e r e n c e  be ing found a t  f r e q u e n c i e s  below 

about  0 . 0 6  Hz ,  w i t h  o r  wi thou t  a l c o h o l ,  was t h a t  t h e  d r i v e r s  

under a l c o h o l  were a l s o  l e s s  s e n s i t i v e  t o  d e t e c t i o n  of t h e  l ead-  

v e h i c l e  v e l o c i t y  changes,  bu t  a l s o  l e s s  r e spons ive .  I t  i s  assumed 

t h a t  t h i s  r e d u c t i o n  i n  s e n s i t i v i t y  t o  d e t e c t i o n  of low f requency 

l ead-ca r  v e l o c i t y  changes and r e d u c t i o n  i n  r e spons iveness  of t h e  

d r i v e r s  under a l c o h o l ,  was g e n e r a l l y  b e n e f i c i a l  t o  performance 

by reducing t h e  n o i s e  i n  t h e  f o l l o w i n g - d r i v e r ' s  o u t p u t .  

That t h e  mean r e l a t i v e  v e l o c i t y  bandwidths were g r e a t e r  a t  

both  a l c o h o l  doses  than  wi thou t  a l c o h o l  i s  i n t e r p r e t e d  t o  mean 

t h a t  t h e  d r i v e r s  under a l c o h o l  were l e s s  s e n s i t i v e  t o  changes 

i n  r e l a t i v e  v e l o c i t y  and produced h igh frequency fo l lowing-car  

v e l o c i t y  r e sponses  i n  an open-loop manner t o  reduce l a r g e  d i s c r e -  

p a n c i e s  i n  t h e  headway, when t h e s e  were no t i ced .  

The s tudy  of car - fo l lowing performance, t h e r e f o r e ,  s u g g e s t s  

t h a t  d r i v e r s  were less s e n s i t i v e  t o  h igher  frequency components 

o f  l ead-veh ic le  v e l o c i t y  e x c u r s i o n s  above about  0.06 Hz. Below 



t h i s  frequency t h e r e  were no d e t r i m e n t a l  e f f e c t s  noted due t o  

a l coho l .  The r e d u c t i o n  i n  s e n s i t i v i t y  t o  h igher  frequency 

changes i n  l ead-veh ic le  v e l o c i t y  produced g r e a t e r  r e l a t i v e  ve lo-  

c i t y  f r e q u e n c i e s  under a l c o h o l ,  which may have a l s o  been ob ta ined  

due t o  open-loop responses  t o  noted e r r o r s  i n  r e l a t i v e  v e l o c i t y  

o r  headway. This  type  of response  may have been p a r t l y  respon- 

s i b l e  a l s o  f o r  t h e  i n c r e a s e  i n  t h e  mean s tandard  d e v i a t i o n  of 

r e l a t i v e  a c c e l e r a t i o n  ob ta ined  a t  t h e  0 . 1 0 %  BAC than t h e  o t h e r  

a l coho l  t r e a t m e n t  c o n d i t i o n s .  

C e r t a i n l y ,  t h e s e  f i n d i n g s  on t h e  e f f e c t  of a l c o h o l  on c a r -  

fo l lwing  performance a r e  complex and a r e  p re l iminary  i n  na tu re .  

They a r e ,  however, t o  some e x t e n t  i n  correspondence wi th  t h e  

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

which a l s o  i n d i c a t e d  a  r educ t ion  i n  s e n s i t i v i t y  of d r i v e r s  t o  

h igher  frequency components of yaw r a t e  and heading ang le  cues  

f o r  s t e e r i n g  c o n t r o l .  

CAR-DRIVING SKILLS 

Measurements were a l s o  taken i n  a  ca r -d r iv ing  s tudy ,  c a r r i e d  

o u t  on two-lane and l imi ted-access  roads ,  on a  number of a s p e c t s  

of t h e  d r i v i n g  t a s k .  The on ly  measure r e l a t e d  t o  s t e e r i n g  per-  

formance was t h e  p a t h  e r r o r ,  i n  which no s i g n i f i c a n t  e f f e c t s  

were found due t o  a l coho l .  This  was probably due t o  t h e  l i m i t e d  

amount of such d a t a  t h a t  were ga thered  i n  t h i s  t e s t .  The s t an -  

dard  d e v i a t i o n  of p a t h  e r r o r  was about  1 0  inches ,  i n  t h e  day 

o r  n i g h t  d r i v i n g  c o n d i t i o n s ,  This  i s  g r e a t e r  than  found i n  t h e  

cont inuous  d i s t u r b a n c e  tests  i n  t h e  s i m u l a t o r ,  and a l s o  than  

repu ted  by So l iday  (1974) f o r  t e n  s u b j e c t s  d r i v i n g  on a  l i m i t e d -  

a c c e s s  road.  He repor ted  l a t e r a l  p o s i t i o n  s tandard  d e v i a t i o n s  

of about  5.0 inches ,  b u t  d i d  n o t  e v a l u a t e  t h e  e f f e c t s  of a l coho l .  

Measures r e l a t e d  t o  car - fo l lowing performance inc luded t h e  

a b i l i t y  t o  mainta in  a  f i x e d  speed and car - fo l lowing when t h e  



speed of  t h e  l e a d  c a r  was e i t h e r  c o n s t a n t  o r  varying.  I t  was 

found t h a t  t h e r e  was an  i n c r e a s e  i n  v a r i a n c e  i n  t h e  a b i l i t y  t o  

hold  a  c o n s t a n t  speed due t o  a l c o h o l .  I n  a d d i t i o n ,  when c a r -  

fo l lowing  w i t h  t h e  speed of t h e  l e a d  c a r  he ld  c o n s t a n t ,  t h e  

v a r i a n c e  i n  headways was g r e a t e r  due t o  a l c o h o l .  Th i s  e f f e c t  

was l e s s  pronounced when t h e  l e a d  c a r  was va ry ing  speed.  

These d a t a  s u g g e s t  t h a t  d r i v e r s  who have consumed a l c o h o l  

t o  a t t a i n  l e v e l s  of  about  0 .085% BAC a r e  l i k e l y  t o  be more 

v a r i a b l e  i n  t h e  speed t h e y  main ta in  a s  w e l l  a s  i n  t h e  headways 

t h a t  t h e y  main ta in  w i t h  r e s p e c t  t o  a  v e h i c l e  ahead of them, 

These f i n d i n g s  would m a n i f e s t  themselves  i n  t h e  t r a f f i c  stream 

by an i n t r o d u c t i o n  o f  v a r i a t i o n  i n  speed a t t r i b u t a b l e  t o  a d r i -  

v e r  under  a l c o h o l  which w i l l  have an  a f f e c t  upon t h e  o v e r a l l  

smoothness of  t h e  f low of t r a f f i c ,  and i n c r e a s e  t h e  p r o p e n s i t y  

f o r  rear -end c o l l i s i o n s  (Solomon, 1964) .  

The d r i v i n g  s i m u l a t o r  s t u d i e s  of ca r - fo l lowing  were analo-  

gous t o  t h o s e  c a r r i e d  o u t  on t h e  road i n  t h e  c o n d i t i o n  where 

t h e  speed of t h e  l e a d  c a r  was va ry ing .  The s i m u l a t o r  s t u d y  

i n d i c a t e d  t h a t  g r e a t e r  e r r o r s  i n  t h e  headway would acc rue  due 

t o  h i g h e r  f requency changes i n  l ead-ca r  v e l o c i t y ,  which would 

have t h e  n e t  e f f e c t  of i n c r e a s i n g  t h e  v a r i a n c e  i n  headway, a s  

found i n  a t  l e a s t  one c o n d i t i o n  i n  t h e  f i e l d  tes t .  



COPiCLUS I ONS 

Because of t h e  d i f f i c u l t y  i n  ins t rument ing  an a c t u a l  vehi -  

c l e  t o  measure t h e  s p e c i f i c  components of  t h e  cue s t r u c t u r e  

which may be u t i l i z e d  by a  d r i v e r  f o r  s t e e r i n g  c o n t r o l ,  a s  well 

a s  t h e  d i f f i c u l t y  i n  c a r r y i n g  o u t  s t u d i e s  concerned wi th  t h e  

e f f e c t s  of a l c o h o l  on a  road network, t h e  emphasis on t h e  s t e e r -  

i n g  tests was p laced  on d r i v i n g  s i m u l a t o r  measurements. These 

have c l e a r l y  shown t h a t  t h e r e  a r e  r e d u c t i o n s  i n  t h e  a b i . l i t y  of 

d r i v e r s  a t  moderate l e v e l s  of a l c o h o l  t o  have adequate l a t e r a l  

c o n t r o l  of t h e  v e h i c l e .  I n  a  previous  d i s c u s s i o n  of some of 

t h e s e  r e s u l t s  (Mortimer & S t u r g i s ,  1974) it was i n d i c a t e d  t h a t  

a l c o h o l  has  t h e  e f f e c t  of reducing t h e  a b i l i t y  of d r i v e r s  t o  

a t t e n d  t o  yaw r a t e  and heading ang le  cues ,  and produces an 

emphasis upon l a t e r a l  p o s i t i o n  cues f o r  s t e e r i n g  t h e  v e h i c l e .  

This  i s  accompanied by c o a r s e r  manipula t ion  of t h e  s t e e r i n g  

wheel,  c h a r a c t e r i z e d  by a  r e d u c t i o n  i n  h igh  frequency s t e e r i n g  

wheel movements, u s u a l l y  of smal l  ampli tude.  This  g e n e r a l  

behavior  i s  analogous t o  t h a t  of  a  beginning d r i v e r ,  who uses  

l a r g e  s t e e r i n g  wheel excurs ions ,  a t  low f r e q u e n c i e s ,  and who 

i s  mainly concerned wi th  reducing t h e  l a t e r a l  p o s i t i o n  e r r o r  of 

t h e  v e h i c l e  i n  t h e  l a n e .  

This  a n a l y s i s  of t h e  e f f e c t  of a l coho l  on changes i n  

s t e e r i n g  behavior  i s  a l s o  confirmed by t h e  eye-marker s t u d y  

 orti timer & Jorgeson,  1972) which was a l s o  c a r r i e d  o u t  a s  p a r t  

of t h i s  program. That  s tudy  found t h a t  d r i v e r s  tended t o  reduce 

t h e  l a t e r a l  excurs ions  of eye f i x a t i o n s ,  i n c r e a s e  t h e  dwel l  

t ime of eye f i x a t i o n s ,  and b r i n g  t h e i r  eye f i x a t i o n s  c l o s e r  t o  

t h e  v e h i c l e .  Some of t h e s e  same e f f e c t s  were a l s o  found i n  a  

s i m i l a r  s tudy  by B e l t  (1969) .  I t  fo l lows  t h a t ,  i f  d r i v e r s  

i n c r e a s e d  t h e  dwell  t ime of eye  f i x a t i o n s ,  they  would have l e s s  



t ime a v a i l a b l e  f o r  scanning t h e  environment,  which was a l s o  

shown by t h e s e  s t u d i e s .  That eye f i x a t i o n s  were brought i n  

c l o s e r  t o  t h e  v e h i c l e  a l s o  emphasizes a  change from t h e  u t i l i -  

z a t i o n  of  yaw r a t e  and heading angle  cues  t o  l a t e r a l  p o s i t i o n  

cues.  Other s t u d i e s  ( e . g . ,  Mortimer, 1967) have shown t h a t  a  

r e l i a n c e  upon t h e  l a t e r a l  p o s i t i o n  cues  a lone  f o r  v e h i c l e  

d r i v i n g  i s  inadequate  and l e a d s  t o  i n s t a b i l i t y  of  c o n t r o l .  

It i s  be l i eved  t h a t  t h e  s t u d i e s  t h a t  have been completed 

i n  t h i s  program provide  cons ide rab le  i n s i g h t  i n t o  problems 

a s s o c i a t e d  wi th  t h e  l a t e r a l  v e h i c l e  c o n t r o l  t a s k  which can be 

a f f e c t e d  by moderate doses  of a l c o h o l .  S ince  about  4 %  of  

randomly sampled d r i v e r s  (Carlson e t  a l . ,  1 9 7 3 ) ,  whose BAC 

l e v e l s  were measured a t  roadblocks ,  exceeded 0 . 1 0 %  - t h e  max- 

imum l e v e l  used i n  t h e s e  t e s t s  - it can be i n f e r r e d  t h a t  a  

s u b s t a n t i a l  p ropor t ion  of d r i v e r s  on t h e  roads  a r e  s i g n i f i -  

c a n t l y  impaired i n  t h e  b a s i c  s t e e r i n g  c o n t r o l  t a s k .  The 

f i n d i n g s  of t h i s  s tudy  h e l p  t o  e x p l a i n  t h e  more l i k e l y  involve-  

ment of d r i n k i n g  d r i v e r s  i n  s i n g l e - v e h i c l e ,  run-off-the-road 

c r a s h e s  (Voas, 1973) . 
The s tudy a l s o  has shown t h a t  simple information-proces-  

s i n g  t a s k s  a r e  impaired a t  t h e s e  l e v e l s  of  a l c o h o l ,  a s  a l s o  

r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  (Moskowitz & DePry, 1968; 

Moskowitz & Burns, 1971; Moskowitz & Sharma, 1974) .  This  

means t h a t  a  d r i v e r ,  who has been us ing  a lcoho l  and i s  con- 

f r o n t e d  wi th  a  complex t r a f f i c  environment,  may f a i l  t o  ade- 

q u a t e l y  s e l e c t  t h e  most e f f e c t i v e  course  of  a c t i o n .  

I n  a d d i t i o n ,  t h e  s tudy i n d i c a t e d  t h a t  a l coho l  a f f e c t s  

v i s u a l  a c u i t y  a t  mesopic l e v e l s  of  a d a p t a t i o n ,  which has  an 

i n f l u e n c e  upon s a f e t y  i n  n i g h t  d r i v i n g .  A r educ t ion  i n  t h e  

l a t e r a l  h o r i z o n t a l  f i e l d s  of  r ed  s t i m u l i  under a l coho l  was 

a l s o  found, wi th  i m p l i c a t i o n s  f o r  i t s  e f f e c t s  upon t h e  



v i s i b i l i t y  o f  impor tan t  t r a f f i c  s i g n s  and c o n t r o l s  and v e h i c l e  

r e a r  s i g n a l s ,  which a r e  normally coded by t h a t  c o l o r ,  

The in fo rmat ion  on ca r - fo l lowing ,  ob ta ined  i n  t h i s  s tudy ,  

i s  p re l iminary .  However, it does  sugges t  t h a t  t h e r e  a r e  impair-  

ments due t o  t h e  moderate a l c o h o l  l e v e l s  t h a t  were used. These 

f i n d i n g s ,  coupled w i t h  those  ob ta ined  i n  t h e  d r i v i n g  s tudy ,  

sugges t  t h a t  d r i v e r s  under a l c o h o l  have g r e a t e r  v a r i a b i l i t y  i n  

speed-holding and car - fo l lowing t a s k s  which reduces  smoothness 

of t h e  f low of  t r a f f i c ,  and i n c r e a s e s  t h e  l i k e l i h o o d  of r e a r -  

end c o l l i s i o n s .  More e x t e n s i v e  s t u d i e s  should be conducted 

upon t h e  e f f e c t s  of  a l c o h o l  on car - fo l lowing t a s k s  so  t h a t  t h e  

more s p e c i f i c  e f f e c t s  of t h e  drug can be determined.  

F i n a l l y ,  t h e  BAC l e v e l  dur ing  a l c o h o l  a b s o r p t i o n  (up take)  

had l e s s  e f f e c t  on performance than  t h e  same l e v e l  d u r i n g  

e l i m i n a t i o n ,  sugges t ing  t h a t  t h e  d e t r i m e n t a l  e f f e c t s  of  a l c o h o l  

a r e  i n c r e a s e d  by temporal  f a c t o r s ,  such a s  f a t i g u e ,  



APPEND I >: 

ALCOHOL DOSE ADMINISTRATION 

Body b u i l d  has  been found t o  be an  impor tant  parameter  

i n  de termining a l c o h o l  d o s e s ,  a s  s u b j e c t s  of  t h e  same t o t a l  

body weight  b u t  w i t h  d i f f e r e n t  amounts o f  body f a t  w i l l  

t y p i c a l l y  r e a c h  d i f f e r e n t  peak B A C ' s .  S t u r g i s  (1972) admin- 

i s t e r e d  a l c o h o l  t o  16 s u b j e c t s  i n  a  s t u d y  concerning t h e  

e f f e c t s  of  a l c o h o l  on psycho-motor s k i l l s  and found g r e a t  

v a r i a t i o n  i n  peak B A C 1 s  when a  s t r i c t  body weight  formula 

was used. Peak BAC was o s t e n s i b l y  p o s i t i v e l y  c o r r e l a t e d  

w i t h  amount of  body f a t .  With a  t a r g e t  peak BAC of 0.10% 

(g/100 m l ) ,  a c t u a l  v a l u e s  of  0.075 t o  0.13 were a t t a i n e d .  

Wallgren and Barry (1970) r e p o r t  t h a t  a l c o h o l  i s  o n l y  

s l i g h t l y  s o l u b l e  i n  t i s s u e  l i p i d s .  A t  body t empera tu re ,  

l i p i d s  absorb  o n l y  about  4 %  of  t h e  q u a n t i t y  of  a l c o h o l  

d i s s o l v e d  i n  a  corresponding volume of  t i s s u e  water .  T o t a l  

body weight  i s  t h u s  n o t  always an a c c u r a t e  e s t i m a t o r  of 

s o l u b l e  body mass. Widmark (1932) d e s c r i b e d  t h e  f a c t o r  - r 

t o  r e p r e s e n t  "reduced body mass" which s i g n i f i e s  " t h e  

f r a c t i o n  of t h e  body volume i n  which a l c o h o l  would be 

p r e s e n t  i f  i t  were d i s t r i b u t e d  a t  a  uniform c o n c e n t r a t i o n  

e q u a l  t o  t h a t  observed i n  t h e  blood." Widmark e m p i r i c a l l y  

determined - r f o r  2 0  male s u b j e c t s  and found a  mean of 0.68 

and s t a n d a r d  d e v i a t i o n  of  0 .085.  C l e a r l y ,  - r must be t aken  

i n t o  account  f o r  a c c u r a t e  c a l c u l a t i o n  of  doses .  

Snapper (1972) employed a  dosage formula which r e q u i r e d  

v i s u a l  e s t i m a t e s  of  s u b j e c t s '  body f a t ,  and had c o n s i d e r a b l e  

s u c c e s s  i n  reducing t h e  v a r i a n c e  i n  r e s u l t a n t  peak B A C ' s .  

An a d a p t a t i o n  of t h i s  formula i s  shown i n  F i g u r e  A . l .  The 
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Figure A.1. Alcohol doses required for peak 
BAC of 0.10% (100 mg/100 ml) by 
total body weight and experimenter's 
estimate of body fat in standard 
deviation units. 



formula incorpora ted  i n  Figure  A . 1 .  i s  based on e m p i r i c a l  

f i n d i n g s  t h a t  a dose  of 0.455 m l  of a b s o l u t e  a l c o h o l  pe r  

pound o f  body weight  (1 ml/kg o r  0.78 g/kg) r e s u l t s  i n  an 

average peak BAC of 0.10%. A d d i t i o n a l l y ,  it e n a b l e s  co r -  

r e c t i o n  f o r  d i f f e r e n t  amounts of body f a t  by e s t i m a t e s  i n  

s t andard  d e v i a t i o n  u n i t s  of  t h e  d ivergence  of t h e  s u b j e c t s  

body b u i l d  from "average ."  One s t andard  d e v i a t i o n  u n i t  i s  

equa l  t o  approximately 4 . 4 %  of  t h e  "average" d o s e ,  Thus, a 

s u b j e c t  weighing 160 l b s  could  r e c e i v e  a dose of from 66 t o  

79 m l  (t 2 SDs) of  a b s o l u t e  a l c o h o l  depending upon h i s  

e s t i m a t e d  body b u i l d ,  

I n  t h i s  s tudy ,  a s i m i l a r  formula was used,  b u t  t h e  

average f i r s t  a l c o h o l  dose was 0.32 m l  of a b s o l u t e  a l co-  

h o l  pe r  pound of  body weight  (0.54 g / k g ) ,  mixed 1:6 wi th  

a low-calor ie  carbonated  s o f t  d r i n k .  The second dose  con- 

t a i n e d  a mean of  0.23 m l  a b s o l u t e  a l c o h o l  per  pound (0.39 

g/kg) mixed i n  t h e  same r a t i o .  
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