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SYNOPSIS

A p p r o x im a t e l y  100 v o l u n t e e r  m a le  m a r i ju a n a  and a l c o h o l  
u s e r s  r e c e i v e d  1 o f  4 e x p e r im e n t a l  t r e a t m e n t s :  (1 )
m a r i ju a n a ;  (2 ) a l c o h o l ;  (3 )  m a r i ju a n a  and a l c o h o l ;  o r  (4 ) 
d o u b le  p l a c e b o .  A f t e r  c o n s u m p t io n ,  e a c h  s u b j e c t  d r o v e  a 
v e h i c l e  o v e r  a t e s t  c o u r s e  w h ic h  s im u la t e d  a number o f  
r e a l - w o r l d  d r i v i n g  c o n d i t i o n s .  F o u r  p o s t - d r u g  runs w ere  
i n v o l v e d ,  s e p a r a t e d  b y  1 -h ou r  i n t e r v a l s .  The s u b j e c t ' s  
p e r fo rm a n c e  was r a t e d  b y  an i n - c a r  e x a m in e r ,  o u t s i d e  
o b s e r v e r s ,  and c o m p u t e r i z e d  v e h i c l e  m easu rem en ts .  B lo o d  and 
u r in e  sp e c im en s  w e re  e x t r a c t e d  a f t e r  ea ch  run t o  e s t a b l i s h  
l e v e l s  o f  THC and a l c o h o l .  A v a r i e t y  o f  m u l t i v a r i a t e  
s t a t i s t i c a l  t e c h n iq u e s  w e r e  a p p l i e d  i n  e v a l u a t i n g  t r e a t m e n t  
e f f e c t s .  B o th  m a r i ju a n a  and a l c o h o l  had s i g n i f i c a n t  e f f e c t s  
on d r i v i n g  p e r f o r m a n c e ;  t h e  e f f e c t s  w e r e  p a r t i c u l a r l y  
d e t r i m e n t a l  u nd er  th e  b o t h - d r u g s  t r e a t m e n t .

INTRODUCTION

T h i s  a l c o h o l  and m a r i ju a n a  d r i v i n g  p e r fo r m a n c e  s tu d y  
u t i l i z e d  a 3 - f a c t o r  in d e p e n d e n t  g r o u p s  d e s i g n  w i t h  r e p e a t e d  
m easures  o v e r  1 v a r i a b l e  (R e e v e  e t  a l . ,  1 9 8 1 ) .  S u b je c t s  
w e re  ran d om ly  a s s i g n e d  t o  1 o f  4 t r e a t m e n t  c o n d i t i o n s :  (1 )
d o u b le  p l a c e b o ;  (2 )  a c t i v e  a l c o h o l / p l a c e b o  m a r i ju a n a ;  (3 ) 
p l a c e b o  a l c o h o l / a c t i v e  m a r i ju a n a ;  (4 )  a c t i v e  a l c o h o l  and 
a c t i v e  m a r i ju a n a .  U s e a b le  d a t a  w e r e  c o l l e c t e d  on a t o t a l  o f  
84 s u b j e c t s ,  21 s u b j e c t s  p e r  g r o u p .  The d e s i g n  u t i l i z e d  
m u l t i p l e  p e r fo r m a n c e  m easu res  f r om  6 m easurem ent c a t e g o r i e s .  
T h ese  w e r e :  (1 )  s u b j e c t i v e  m easu res  made b y  r a t e r s  and
o b s e r v e r s ;  (2 )  o b j e c t i v e  v i d e o  t a p e  s e n s o r  m e a s u re s ;  (3 ) 
C a l i f o r n i a  H ighw ay P a t r o l  (CHP) o b s e r v e r  m e a s u re s ;  (4 ) 
C r i t i c a l  T r a c k in g  T ask  (CTT) and b r i e f  i n t e r v a l  t im e  
e s t i m a t i o n  (B ITE ) m e a s u re s ;  (5 )  c l i n i c a l  m e a s u re s ;  and (6 ) 
s u b j e c t  s e l f  r a t i n g s .

*
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T h i s  s tu d y  was d e s i g n e d  t o  d e t e r m in e :

1) The s i n g u l a r  and com b in ed  e f f e c t s  o f  m a r i ju a n a  and 
a l c o h o l  on a number o f  m easu res  o f  d r i v i n g  
p e r f o r m a n c e ;

2) The r e l a t i o n s h i p  b e tw e e n  t h e  r a n g e s  o f  d e l t a -  
9-THC ( t e t r a h y d r o c a n n a b i n o l )  i n  b l o o d  an d / or  
a l c o h o l  i n  b r e a t h  and m easu res  o f  d r i v i n g
p e r f o r m a n c e ;

3) The r e l a t i o n s h i p s  b e tw e e n  v a r i o u s  d r i v i n g
p e r fo r m a n c e  m e a s u re s ,  t h e i r  d i f f e r e n t i a l  
s u s c e p t i b i l i t y  t o  m a r i ju a n a ,  and a l c o h o l
i n g e s t i o n ;  and

4) The r e l a t i o n s h i p  b e tw e e n  th e  t im e  f o l l o w i n g  
a l c o h o l  a n d / o r  m a r i ju a n a  i n g e s t i o n  and d r i v i n g  
p e r fo r m a n c e  im p a ir m e n t .

T h i s  s tu d y  i s  u n iq u e  in  c o m b in in g  th e  f e a t u r e s  o f  
v a r i o u s  p r e v i o u s  e x p e r im e n t s  c o n c e r n in g  a l c o h o l ,  m a r i ju a n a ,  
and d r i v i n g  p e r fo r m a n c e  i n t o  a s i n g l e  i n v e s t i g a t i o n .  The 
s e p a r a t e  e f f e c t s  o f  a l c o h o l  and m a r i ju a n a  h ave  b een  m easured  
i n  th e  p a s t ,  u s in g  a v a r i e t y  o f  l a b o r a t o r y  and f i e l d  
p e r fo r m a n c e  t a s k s  (R e e v e  e t  a l . ,  1 9 8 1 ) .  S e v e r a l
i n v e s t i g a t o r s  h a v e  s t u d i e d  a c o m b in a t io n  o f  THC and a l c o h o l ,  
u s in g  l a b o r a t o r y  ( i n c l u d i n g  s im u l a t o r )  p e r fo r m a n c e
m easu rem en ts ,  and 2 s t u d i e s  i n v o l v e d , a c t u a l  d r i v i n g  a f t e r  
i n g e s t i o n  o f  b o th  d r u g s .  The p r e s e n t  s t u d y ,  h o w e v e r ,  i s  t h e  
f i r s t  i n  w h ic h  a c t u a l  d r i v i n g  p e r fo r m a n c e  and l a b o r a t o r y  
m easu res  h ave  b een  c o r r e l a t e d  w i t h  c h e m ic a l  m o n i t o r i n g  o f  
b o th  THC and a l c o h o l  i n  t h e  b l o o d ,  o v e r  a s e r i e s  o f  r e p e a t e d  
t r i a l s .

METHODS

D ata  R e d u c t i o n

T h rou gh  a s e r i e s  o f  f a c t o r  a n a l y s e s ,  t h e  th o u sa n d s  o f  
d a t a  p o i n t s  w e r e  r e d u c e d  t o  27 v a r i a b l e s  r e p r e s e n t i n g  5 
m easurem ent d om a in s :  I .  15 f a c t o r s  from  t h e  l i c e n s e
r e g i s t r a t i o n  e x a m in e r s '  s h e e t s ;  I I .  2 f a c t o r s  f r om  th e
o u t s i d e  r a t e r s '  s h e e t s ;  I I I .  3 s i g n i f i c a n t  f a c t o r s  f r om  th e  
s e n s o r  d a t a ;  IV .  3 d im e n s io n s  from  t h e  9 f i e l d  s o b r i e t y  
t e s t s ;  and V . m i s c e l l a n e o u s  v a r i a b l e s  c o n s i s t i n g  o f  t h e  
C H P -ca r  f o l l o w i n g  r a t i n g ,  t h e  CTT, and t h e  B IT E .  P e r f o r m 
a n c e s  on  t h e s e  27 v a r i a b l e s  f o l l o w i n g  a d m i n i s t r a t i o n  o f  th e  
t r e a t m e n t s  w e r e  e v a l u a t e d  th r o u g h  a v a r i e t y  o f  m u l t i v a r i a t e  
t e c h n i q u e s .
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S t a t i s t i c a l  A n a ly s e s

The e s t i m a t i o n  and s i g n i f i c a n c e  t e s t i n g  o f  th e  
e x p e r im e n t a l  t r e a t m e n t  e f f e c t s  on p e r fo r m a n c e  w e re  e v a lu a t e d  
th r o u g h  a s e r i e s  o f  d i s c r i m i n a n t  f u n c t i o n  a n a l y s e s  and
r e l a t e d  m u l t i v a r i a t e  m e th o d s .  I n  a d d i t i o n ,  u n i v a r i a t e  
f a c t o r i a l  a n a l y s e s  o f  v a r i a n c e  (ANO VA 's ) , m u l t i p l e
r e g r e s s i o n s ,  and a n a l y s e s  o f  c o - v a r i a n c e  (ANCOVA's) w e r e  run 
on s e l e c t e d  m e a s u re s .  T im e - r e s p o n s e  g r a d i e n t s  w e re  
e v a l u a t e d  th r o u g h  a s e r i e s  o f  a n a l y s e s  i n  w h ic h  a 
d i s c r i m i n a n t  f u n c t i o n  p ro g ra m  was a d a p te d  t o  e v a l u a t e  
t r e a t m e n t  d i f f e r e n c e s  i n  th e  p a t t e r n s  o f  r a t e s  o f  ch ange  on 
s e l e c t e d  p e r fo r m a n c e  m e a s u re s .

To t e s t  f o r  b i a s  i n  t r e a t m e n t  g r o u p  c o m p o s i t i o n ,  we 
e v a l u a t e d  th e  27 f a c t o r s  a t  b a s e l i n e  (Run 2) w e r e  e v a l u a t e d  
th r o u g h  a m u l t i p l e  d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s .

The p o s t - t r e a t m e n t  d i f f e r e n c e s  b e tw e e n  t h e  g r o u p s  on
t h e  same 27 v a r i a b l e s  w e r e  th e n  e v a l u a t e d  w i t h i n  ea ch  run 
(Runs 3 -6 )  and on th e  c o m p o s i t e  o f  t h e s e  runs  th r o u g h  a 
s t e p w i s e  d i s c r i m i n a n t  f u n c t i o n  p r o c e d u r e .  U s in g  a
s i g n i f i c a n c e  l e v e l  o f  p i s  l e s s  th a n  .25  and a r e q u i r e m e n t  
t h a t  a p e r fo r m a n c e  v a r i a b l e  d i s c r i m i n a t e  on a t  l e a s t  2 ru n s ,  
we i n c lu d e d  a t o t a l  o f  12 v a r i a b l e s  i n  t h e  f i n a l  p o o l  o f  
d i s c r i m i n a t o r s .  The d i s c r i m i n a n t  a n a l y s e s  w e r e  th e n  r e ru n  
t o  d e r i v e  o p t im a l  f u n c t i o n s  on t h i s  common p o o l  o f  12 
v a r i a b l e s .

RESULTS

The m u l t i v a r i a t e  t e s t  f o r  b i a s  a t  Run 2 was 
n o n s i g n i f i c a n t ,  i n d i c a t i n g  t h a t  t h e  4 g r o u p s  w ere  
e s s e n t i a l l y  e q u i v a l e n t  p r i o r  t o  t r e a t m e n t .

O f  t h e  d i s c r i m i n a n t  f u n c t i o n s  r e s u l t i n g  from  th e  12 
v a r i a b l e  on t o t a l  c o m p o s i t e  run p e r f o r m a n c e ,  t h e  f i r s t  2 
f u n c t i o n s  w e r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  £  l e s s  th an  .01 
and £  l e s s  th a n  .0 7 ,  a c c o u n t in g  f o r  64.3% and 22.3% o f  t h e  
e x p l a i n e d  v a r i a n c e ,  r e s p e c t i v e l y  ( T a b l e  1 ) .
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Standarized Discriminant Functions--Tota1 Composite Runs

Table 1

Variable Function I Function II

Stanchions Touched -0.72 0.81

Estimated Chicane (Deviation) -0.87 0.41

S MPH (Speed Covered) 0.68 -0.28

Attempts (Risk Task) 0.62 -0.19

Cognit 0.46 0.03

Urban Failures 0.41 -0.10

Stanchions Down -0.28 .02

Position Stop 0.16 0.93

Stopping Errors 0.15 0.59

Bipolar Skill 0.21 0.17

CTT -0.15 -0.19

Bipolar Speed -0.09 0.45

Variance Explained (%) 64.3% 22.3%

Canonical Correlation .69 .49

Significance Level jj3) greater than .01 greater than .07

A 2 - d im e n s i o n a l  p l o t  o f  t h e  g r o u p  c e n t r o i d s  ( T a b l e  2) 
shows t h a t  t h e  f i r s t  f u n c t i o n  s e p a r a t e d  th e  p l a c e b o  (P ) from  
th e  b o t h - d r u g  g rou p  ( B ) , w i t h  th e  m a r i ju a n a  (M) and a l c o h o l  
(A) g r o u p s  sh ow in g  i n t e r m e d i a t e  v a l u e s .  The s e c on d  f u n c t i o n  
s e p a r a t e d  t h e  p l a c e b o  fr om  th e  3 d ru g  g r o u p s .  I n s p e c t i o n  o f  
t h e  means and s t r u c t u r e  m a t r i x  c o n f i r m e d  t h a t  on m ost 
v a r i a b l e s ,  t h e  p l a c e b o  was a s s o c i a t e d  w i t h  g o o d  p e r fo r m a n c e  
and th e  d ru g s  w i t h  p o o r e r  p e r fo r m a n c e .

1120



The s t r u c t u r e  m a t r i x  f o r  t h e  f i r s t  2 f u n c t i o n s  f o r  a l l  
v a r i a b l e s  y i e l d i n g  c o r r e l a t i o n s  o f  .30  o r  h i g h e r  (many o t h e r  
v a r i a b l e s  y i e l d e d  l o w e r ,  b u t  s i g n i f i c a n t  c o r r e l a t i o n s  and 
a r e  n o t  shown f o r  r e a s o n s  o f  p a r s im o n y )  p r o v i d e d  
c o m p r e h e n s iv e  i n f o r m a t i o n  on w ha t e a c h  f u n c t i o n  i s  r e a l l y  
m e a s u r in g  ( T a b le  3) ; t h e  s t r u c t u r e  m a t r i x  r e p r e s e n t s  th e  
c o r r e l a t i o n  b e tw e e n  th e  d i s c r i m i n a n t  f u n c t i o n  s c o r e s  o f  th e  
s u b j e c t s  and t h e i r  s c o r e s  on a l l  o f  t h e  v a r i a b l e s  m easured  
i n  th e  s t u d y .  N o t e ,  i n c i d e n t a l l y ,  t h a t  t h e s e  c o r r e l a t i o n s  
h av e  m ore p o w e r f u l  c a u s a l  i m p l i c a t i o n s  th a n  o r d i n a r y  
c o r r e l a t i o n  c o e f f i c i e n t s  b e c a u s e  t h e y  r e p r e s e n t  c o r r e l a t i o n s  
w i t h  t h a t  p a r t  o f  t h e  t o t a l  s c o r e  v a r i a n c e  w h ic h  has b een  
c a u s a l l y  a f f e c t e d  by  th e  t r e a t m e n t s  ( t h e  b e tw e e n  t r e a t m e n t  
v a r i a n c e ) . N o t e ,  a l s o ,  t h a t  t h e  s i g n s  f o r  some v a r i a b l e s  in  
t h e  s t r u c t u r e  m a t r i x  a r e  d i f f e r e n t  f r om  t h e i r  s i g n s  in  th e  
d i s c r i m i n a n t  f u n c t i o n  e q u a t i o n  ( e . g . ,  c h i c a n e  s p e e d ) .  T h is  
i n d i c a t e s  t h a t  t h e  d i r e c t i o n  o f  a v a r i a b l e ' s  "u n iq u e "  
i n f l u e n c e  i n  th e  c o n t e x t  o f  o t h e r  v a r i a b l e s  d i f f e r s  f r om  i t s  
s im p le  d i r e c t  r e s p o n s e  t o  t h e  t r e a t m e n t s .  Such " s u p p r e s s o r "  
r e l a t i o n s h i p s  must b e  e v a l u a t e d  c a r e f u l l y  t o  a v o i d  
m i s i n t e r p r e t i n g  th e  r e s u l t s .

The t o t a l  t r e a t m e n t  e f f e c t s  a c r o s s  th e  4 runs w ere  
h i g h l y  s i g n i f i c a n t .  As e x p e c t e d ,  t h e  e f f e c t s  w e r e  l a r g e s t  
a t  Run 3 ( T a b l e  3) b u t ,  s u r p r i s i n g l y ,  w e r e  a lm o s t  as  l a r g e  
a t  Run 6 ( T a b l e  4 ) .

Structure Matrix for First Two Discriminant Functions--Composite 
Runs (correlations less than .30; p greater than .003)

Table 3

Function I Function II

Chicane Deviation Score .52 Stop Position = .69

.45 Stop Position (Bipolar) = .37

-.42 Stopping Errors = .36

= .69

Speed (MPH)

Bipolar Speed Control .36
(Speedometer Covered) 

Detours Errors -.41 Speed Control (Bipolar) = .31

-.40Chicane Speed (E.T.)

Overall LRE Rating -.38
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Accelerator Changes (E.D.) = +.34

Steering Control (Bipolar) = -.32

Speed Match (Speedometer 
Covered) = -.32

Lane Position (Speedometer 
Covered) = -.31

U-Drive Instruction 
Failures = -.31

Bite Run 4 = .31

Total Errors (Except
Stopping) = -.30

Urban Speed (E.T.) = -.30

Urban Stops (Bipolar) = .30

Bite-Run 5 = .30

FST Finger Count -.30 

Table 4

Percent of Variance Explained by Treatments for Each 
Post Treatment Trial

Percent of Variance

Trial Explained--Al1 Three Functions*

3 ......  71.1

4 ......  62.4

5 ......  63.5

6 ....... 69.4

Total Trials .. 66.5

* - Wilk's Lambda.
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The percentages of variance attributed to marijuana, 
alcohol, and their interaction on the composite total run 
multivariate analysis indicate that all main effects were 
highly significant, but not their interaction (Table 5) . 
Thus, the drugs were largely additive in their effects on 
performance.

Table 5

Percent of Variance Due to Treatment Factors - All Post Treatment
Runs Combined

Effect
Percent of 
Variance 
(Explained)

Significance

Marijuana ........... 33.2 greater than .001

Alcohol ............. 24.2 greater than .001

Alcohol & Marijuana 
Interaction ..... 9.1 N.S.

Total ............... 66.5 greater than .001

The multivariate main effects and interactions across runs 
show a gradual declining effect for marijuana but a relatively 
flat gradient for alcohol (Table 6) . Again, the effects are 
primarily additive, with a suggestion of an interaction at Run 6. 
In contrast to the total composite run results (Table 4) , these 
data show a larger main effect for alcohol than for marijuana. 
This reversal implies a significant treatment x trial interaction 
with respect to alcohol. That is, the pattern of relationships 
for alcohol varied over time, which was obscured somewhat by 
collapsing the runs into a composite measure. The average
effects across runs, therefore, provide a better index of the 
effect magnitudes.
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Treatment Effects by Run 
(Percent of Variance Explained)

Table 6

RUN

TREATMENT
3 4 5 6 X

Alcohol (A) 29.5 32.0 31.5 32.5 31.4

Marijuana (M) 29.5 25.0 23.5 24.5 25.6

A x M Interaction 7.0 7.0 7.0 13.0 9.5

F i g u r e s  1 th r o u g h  8 p r e s e n t  p l o t s  o f  t r e a t m e n t  g rou p  
p e r fo rm a n c e  on a s m a l l  number o f  s e l e c t e d  v a r i a b l e s .  U n le s s  
o t h e r w i s e  n o t e d ,  t h e  p e r fo rm a n c e  m easu res  a r e  on th e  t o t a l  
c o m p o s i t e  ru n s .  In  a l l  c a s e s ,  t h e  b a s e l i n e  p e r fo rm a n c e  (Run
2) i s  shown as  a s i n g l e  p o i n t  b a s e d  on th e  a v e r a g e  o f  t h e  4 
t r e a t m e n t  g r o u p s  c o m b in ed .  T h is  p r o c e d u r e  was a d o p t e d  t o  
s i m p l i f y  t h e  p l o t s  and can  be  j u s t i f i e d  by  th e  f a c t  t h a t  th e  
g rou p s  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  on t h e  b a s e l i n e  
m e a s u r e s .

No a t t e m p t  i s  made h e r e  t o  i n t e r p r e t  e a ch  o f  th e  
f i g u r e s ,  o t h e r  th a n  t o  p o i n t  o u t  t h a t  t h e y  r e f l e c t  some o f  
th e  f i n d i n g s  shown i n  th e  p r e c e d i n g  t a b l e s .  In  m ost 
i n s t a n c e s ,  t h e  p l a c e b o  p e r fo r m e d  b e s t ,  and th e  b o t h - d r u g  
g ro u p  p e r fo r m e d  p o o r e s t .  M ost  o f  t h e  f i g u r e s  show a d d i t i v e  
e f f e c t s  a l t h o u g h  t h e r e  a r e  some in s t a n c e s  s u g g e s t i n g  
p o s i t i v e  and n e g a t i v e  i n t e r a c t i o n s .  Some o f  t h e s e  d a t a  must 
be  i n t e r p r e t e d  w i t h  c a u t i o n  due t o  th e  f u n c t i o n a l  
i n t e r d e p e n d e n c y  o f  t h e  p e r fo r m a n c e  m easu rem en ts .  F o r  
e x a m p le ,  F i g u r e  1 i n d i c a t e s  t h a t  m a r i ju a n a  r e s u l t e d  i n  a 
s u b s t a n t i a l  im p rovem en t  on th e  s t a n c h io n s - t o u c h e d  v a r i a b l e .  
H o w e v e r ,  t h e  r e s u l t s  a l s o  i n d i c a t e  t h a t  m a r i ju a n a  cau sed  
s u b j e c t s  t o  d r i v e  m ore s l o w l y  th r o u g h  th e  c h i c a n e ,  w h ich  
w ou ld  t e n d  t o  d e c r e a s e  th e  d i f f i c u l t y  o f  t h e  t a s k .  I t  i s ,  
t h e r e f o r e ,  d i f f i c u l t  t o  i n t e r p r e t  t h e  s u b s t a n t i v e  
i m p l i c a t i o n s  o f  such  e f f e c t s  b eyon d  c o n c lu d in g  t h a t  
m a r i ju a n a  i n t o x i c a t i o n  c a u s e s  one t o  d r i v e  more s l o w l y  and 
t o  make f e w e r  e r r o r s  i n  r e s p o n s e  t o  a d i f f i c u l t  d r i v e  t a s k .
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F i g u r e  9 shows th e  d e g r e e  o f  im p a irm e n t  as  ju d g e d  by 
t h e  s u b j e c t ,  t h e  l i c e n s e  e x a m in e r ,  and t h e  CHP o f f i c e r  who 
a d m in i s t e r e d  t h e  F i e l d  S o b r i e t y  T e s t  (FST) . The 3 s e t s  o f  
r e s u l t s  p a r a l l e l  ea ch  o t h e r  q u i t e  c l o s e l y  w i t h  n o t a b l e  
im p a irm e n t  e v id e n c e d  o n l y  by  t h e  b o th  g r o u p .

T h is  s tu d y  a l s o  in c lu d e d  a m easurem ent i n  w h ic h  a CHP 
p a t r o l  c a r  f o l l o w e d  th e  s u b j e c t s  d u r in g  th e  e x t e n d e d  d r i v e  
p o r t i o n  o f  t h e  c o u r s e  and i n d i c a t e d  w h e th e r  o r  n o t  t h e  
s u b j e c t ' s  d r i v i n g  a p p e a r e d  t o  b e  s i g n i f i c a n t l y  im p a i r e d .  
A l l  t r e a t m e n t s  w e re  ju d g e d  t o  be  s i g n i f i c a n t l y  more im p a i r e d  
th a n  t h e  p l a c e b o ,  and th e  s i z e  o f  t h e  e f f e c t s  a r e  q u i t e  
e x t r a o r d i n a r y  ( F i g u r e  10) .

F i g u r e  11 (A th r o u g h  I )  i l l u s t r a t e s  t h e  a v e r a g e  
b lo o d / s e ru m  l e v e l s  a c h i e v e d  b y  t h e  s u b j e c t s  o v e r  t h e  4 
t r e a t m e n t  r u n s ,  a l o n g  w i t h  p e r fo r m a n c e  on f a c t o r s  
s t a t i s t i c a l l y  r e l a t e d  t o  t r e a t m e n t .  S e v e r a l  o f  t h e  
t r i a l - p e r f o r m a n c e  g r a d i e n t s  t e n d  t o  c o r r e l a t e  w i t h  t h e i r  
r e s p e c t i v e  serum g r a d i e n t s .  F o r  e x a m p le ,  F i g u r e  11B shows 
p e r fo rm a n c e  o v e r  t r i a l s  on t h e  p r im a r y  f a c t o r  u n d e r l y i n g  th e  
f i e l d  s o b r i e t y  t e s t  ( l a b e l l e d  " c o g n i t " )  . We f i n d  t h a t  t h e  
m a r i ju a n a  and a l c o h o l  t r e a t m e n t  means on t h i s  f a c t o r  
a p p r o x im a te  t h e  t r e n d s  o f  t h e  serum l e v e l s ,  w h e re a s  th e  
p l a c e b o  g r a d i e n t  i s  much f l a t t e r ;  n o t e  t h a t  b o th  g rou p s  
p ro d u c e d  an u n e x p e c t e d  i n c r e a s e  i n  p e r fo r m a n c e  d e c re m e n t  a t
Run 6. The f u l l  i m p l i c a t i o n s  o f  t h e s e  d a t a  w i l l  r e q u i r e
f u r t h e r  s tu d y  and t h e  c o m p le t e  s e t  i s  i n c lu d e d  w i t h o u t  
f u r t h e r  comment.

DISCUSSION AND CONCLUSION

I t  must be  em p h a s iz e d  t h a t  t h e  a b o v e  r e s u l t s  r e p r e s e n t
o n l y  a s m a l l  p r o p o r t i o n  o f  t h e  d a t a  and t h e  a n a l y s i s  o f  th e
f i n d i n g s .  The f i n a l  r e p o r t  w i l l  e xam in e  t h e s e  d a t a  i n  more 
d e t a i l  a l o n g  w i t h  t h e  t o t a l  r a n g e  o f  h y p o th e s e s  a d d r e s s e d  by 
th e  s t u d y .  I t  a p p e a r s  s a f e ,  h o w e v e r ,  t o  c o n c lu d e  from  t h e s e  
p r e l i m i n a r y  a n a l y s e s  t h a t  m a r i ju a n a  a f f e c t s  d r i v i n g
p e r fo rm a n c e  and t h a t  t h e  e f f e c t s  a r e  p a r t i c u l a r l y
d e t r i m e n t a l  i n  c o m b in a t io n  w i t h  a l c o h o l .

A l th o u g h  t h e r e  w e r e  a number o f  s i g n i f i c a n t  
d i f f e r e n c e s ,  t h e r e  w e re  a l s o  s u b s t a n t i a l  s i m i l a r i t i e s  i n  th e  
im p a c t  o f  m a r i ju a n a  and a l c o h o l  on d r i v i n g  p e r fo r m a n c e .  
H o w e ve r ,  m a r i ju a n a  was more l i k e l y  t o  ca u se  e x c e s s i v e  
c a u t i o u s n e s s  on c e r t a i n  t a s k s  th a n  was a l c o h o l .  A
s i g n i f i c a n t  a s s o c i a t i o n  was fou nd  t o  e x i s t  b e tw een
b lo o d / s e ru m  l e v e l s  o f  t h e  d ru g s  and p e r f o r m a n c e ,  i n  t h a t  
r e d u c t i o n s  i n  s e ru m / b lo od  l e v e l s  a c r o s s  t r i a l s  t e n d e d  t o  be
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a s s o c i a t e d  w i t h  im p ro v e d  p e r f o r m a n c e .  D r i v i n g  p e r fo rm a n c e  
was a f f e c t e d  f o r  up t o  4 h ou rs  f o l l o w i n g  th e  use  o f  
m a r i ju a n a ,  a l c o h o l ,  o r  t h e i r  c o m b in a t i o n .  A l th o u g h  th e  
e f f e c t s  d e c l i n e d  w i t h  t im e ,  a l c o h o l  d e c r e m e n ts  e x i s t e d  
l o n g e r  th an  t h o s e  o f  m a r i ju a n a .  P r i o r  d r i v i n g  e x p e r i e n c e  
and d ru g  u se  d i d  n o t  h ave  an i n f l u e n c e  on t r e a t m e n t  e f f e c t s .  
Serum THC l e v e l s  a l o n e  w e r e  n o t  as  g o o d  a p r e d i c t o r  as th e  
t r e a t m e n t  c o n d i t i o n .  H o w e ve r ,  t h e  c o m b in a t io n  o f  serum THC 
and c a r b o x y  m e t a b o l i t e  l e v e l s  a c c o u n te d  f o r  s l i g h t l y  more o f  
t h e  m a r i ju a n a - in d u c e d  v a r i a t i o n  i n  p e r fo r m a n c e  th a n  c o u ld  be 
e x p l a i n e d  b y  th e  t r e a t m e n t  c o n d i t i o n  a l o n e .

W h i l e  c l o s e d  c o u r s e  d r i v i n g  i s  n o t  n e c e s s a r i l y  
i n d i c a t i v e  o f  sp o n ta n eo u s  d r i v i n g  p e r fo r m a n c e  on th e  
h ig h w a y ,  t h e  d r i v e  r a n g e  d i d  m easure  th e  im p o r t a n t  v e h i c l e  
c o n t r o l  and p e r c e p t u a l/ m o t o r  i n t e g r a t i o n  com ponents  o f  th e  
d r i v e  t a s k .  The m a jo r  l i m i t a t i o n s  i n v o l v e d  i n  a c l o s e d  
d r i v e  r a n g e  a r e  th e  a b s e n c e  o f  dynam ic  t r a f f i c  i n t e r a c t i o n  
r e s p o n s e s  and t a s k  s i t u a t i o n s  i n v o l v i n g  a d r i v e r ' s  
a s s e s s m e n t  and r e s p o n s e  t o  a c c i d e n t  r i s k .  S in c e  th e  
m easurem ents  w e r e  o b t a in e d  u n d er  d a y t im e  c o n d i t i o n s ,  i t  i s  
im p o r t a n t  t o  r e c o g n i z e  t h a t  none o f  t h e  r e s u l t s  can  be 
g e n e r a l i z e d  t o  r e d u c e d  v i s i b i l i t y  d r i v i n g  o r  n i g h t  d r i v i n g .  
We b e l i e v e  t h a t  im p a irm e n t  w ou ld  p r o b a b l y  b e  g r e a t e r  i f  
m easured  u n d e r  n i g h t - t i m e  c o n d i t i o n s .  E v e n t u a l l y ,
n a t u r a l i s t i c  b e h a v i o r  must b e  e x a m in e d ,  u s in g  m e thods  t h a t  
a r e  m in im a l l y  c o n s t r a i n i n g  and g e n e r a l l y  u n o b t r u s i v e .  
R i g o r o u s  e p i d e m i o l o g i c a l  s t u d i e s  on t h e  r e l a t i v e  f r e q u e n c y  
o f  m a r i ju a n a  and m a r i j u a n a - p l u s - a l c o h o l  i n  t h e  b l o o d  and 
serum o f  f a t a l  a c c i d e n t  d r i v e r s  a r e  a l s o  e s s e n t i a l .

The c u r r e n t  s tu d y  o f f e r s  t h e  o p p o r t u n i t y  t o  make a 
f i r s t  a p p r o x im a t io n  o f  t h e  d r i v i n g  h a z a rd s  i n h e r e n t  i n  
m a r i ju a n a  i n t o x i c a t i o n ,  b o th  a l o n e  and in  c o m b in a t io n  w i t h  
m o d e ra te  amounts o f  a l c o h o l .  H o p e f u l l y ,  i t  w i l l  p o i n t  t h e  
way t o  f u t u r e  e f f o r t s  w i t h  r e s p e c t  t o  d ru g s  and d r i v i n g .
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Figure 4. Speed and time measurements on the chicane.
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Figure 7. Overall time on extended drive.
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Figure 8
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IMPAIRMENT RATING BY SUBJECT

Figure 9. Subjective impairment ratings.
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Figure 11. Performance Factors, by levels.
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Figure 11. Performance Factors, by levels.
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Figure 11. Performance Factors, by levels.
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TABLE 1
STANDARDIZED DISCRIMINANT 

FUNCTIONS— TOTAL COMPOSITE RUNS

Va r i a b l e Function I Fu n c t i o n

St a n c h i o n s t o u c h e d -0.72 U.81

Est i m a t e d c h i c a n e (d e v i a t i o n ) -0.87 0.1)1

S MPH (sp e e d c o v e r e d) 0.68 -0.28

At t e m p t s (ri s k t a s k ) 0.62 -U.19

Cog n i t 0.46 0.03

Urb a n fail u r e s O.ill -0.10

St a n c h i o n s do w n -0.28 .02

Po s i t i o n stop 0.16 0.93

St o p p i n g errors 0.15 0.59

B ipolar ski l l 0.21 0.17

cn -0.15 -0.19

B ipolar speed -0.09 0.1(5

Va r i a n c e ex p l a i n e d (Z) 611.32 22.31

Ca n o n i c a l c o r r e l a t i o n .69 .49

Significance Level (p ) < .01 < .07

TABLE 2 
Ov e r a l l D iscri m i n a n t 

Fu n c t i o n s 
By Gr o u p Centro i d s

Fu n c t i o n II

-1 - Fu n c t i o n I
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TABLE 3

STRUCTURE MATRIX FOR FIRST TWO DISCRIMINANT 

FUNCTIONS— COMPOSITE RUNS (CORRELATIONS > .30, P 5 .003)

Fu n c t i o n  I

Ch i c a n e de v i a t i o n score » .52
Sp e ed (MPH) .45
B ipolar sp ee d c o n t r o l -.42(s p ee do me te r c o v e r e d)
De t ou rs erro rs - -.41
Ch i c a n e sp e e d (E.T.) * -.(t0

Ov e r a l l LRE r a ti ng - -.38

Ac c e l e r a t o r c h a n g e s (E.D.) - +.34
St e e r i n g c o n t r o l (b i p o l o r) = -.32
Sp e ed m a t c h (s p ee do me te r -.32c o v e r e d)
Lan e p o s i t i o n (sp e e d -.31o m e t e r c o v e r e d)
U-Dr i v e inst ru ct io n f a il -.31

ures

BITE-Run 4 - .31
To t a l e r ro rs (e x c e p t s t op

p i n g) -.30

Ur b an s p e e d (E.T.) - -.30

Ur b a n  s t o p s  (b i p o l a r ) .30

BITE-Run 5 - .30

FST f i n g e r c o un t - -.30

Fu n c t i o n  II

St o p  p o s i t i o n  = .69

St o p  p o s i t i o n  (b i p o l a r ) = .37 

St o p p i n g  e r r o r s  » ,3b

Sp e e d  c o n t r o l  (b i p o l a r ) ■ .31

TABLE H

Pe r c e n t  o f Va r i a n c e  Ex p l a i n e d  

b t Tr e a t m e n t s  f o r Ea c h  

Po s t  Tr e a t m e n t  Tr i a l

Tr i a l

1 Pe r c e n t  o f  v a r i a n c e  

e x p l a i n e d  a l l  t h r e e

3... 71-1

4 ....... 62.4

b... 63-5

6....... 69-i|

To t a l  t r i a l s .• 66-5

*1 * W i l k 's La m b d a -

1142



TABLE 5

Pe r c e n t  o f  Va r i a n c e  Du e  t u  T r e a t m e n t  F a c t o r s  - 

A l l  P o s t  T r e a t m e n t  Ku n s  C o m b i n e d

E f f e c t

1 P e r c e n t  o f 

v a r i a n c e  

e x p l a i n e d

SlGNIFICANCE

M a r i j u a n a . . . . . . . . . a .  2 <•001

A l c o h o l . . . . . . . . . . . 24.2 <•001

A l c o h o l  x  m a r i j u a n a

i n t e r a c t i o n . .... 9-1 N.s.

To t a l ............ 66-5 <•001

TABLE 6

TREATMENT EFFECTS BY RUN 
(Percent of variance explained)

Run
Tr e a t m e n t

3 4 5 6 X

Alcohol (A) 29.5 32.0 31.5 32.5 31.4

Ma r i j u a n a  (M) 29.5 25.0 23.5 24.5 25.6

A x M In t e r a c t i o n 7.0 7.0 7.0 13.0 9.5
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