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- I hope it hasn't been too qreat an Inconvenience.

Have a very good summer.

WAONVIOWAW 321440 o ALISYIAINN QUOINVIS o WNANVIOWIW 301440 o ALISYIAINN QUOANVLIS o WNONVIOWIW 3D1d40 e ALISYIAINN QYOANVILS e



A PILOT STUDY
CF
THE EFFECTS CF MARIHUANA
CN

DRIVING ABILITY

by

Robert Hunter

for

Drug Use, Users, and Society



T4BLE OF CONTENTS
Page
INTRCDUCTICN _ 1
5CCPE 2
PART I - ANALYSIS CF THE DRIVING PRCCESS 3
CRITICAL T4SKS 3
CRITICAL FACULTIES 3
PART II ~ THE EFFECTS OF MARIHUANA CN THE CRITICAL
FACULTIES INVCLVED IN DRIVING 4
COKPARISON OF EFFECTS 5
TABLE OF EFFECTS 10
DISCUSSICN OF EFFECTS 11
PART III - D3ZSIGN CF EXPERIMENTAL PRCCEDURE 1s
SUBJZECTS 15
ADFINISTRATION CF THE DRUG 16
TESTING PROCEDURE 17
FAAT IV - BRECCMMENDATIONS 19
COFFENTS ON THE WASHINGTON STATE INVESTIGATICN 20
REFERENCES 23

ATPENDIX 25



INTRCDUCTICN
Wwhy investigate the effects of marihusna on driving ability?

Despite the incredibly harsh penalties for marihuana use,
more and more Americans are accepting "grass" 2s a pleasant
and seemingly harmless means of intoxicatinn, The mushrooming
use of marihuana by students, blue collar workers, and many
professional people suggests that President Nixon's "silent

ma jority", the great middle class, is »eginning to "turn on",.

M/Wf

7 ©
acceptance has forced many humane law-enforcement officer tQZkid

This interesting phenomenon has several implicatinons, The

first is that the combinatlion »f harsh penslties and social

"look the other way" when they discover its being used, T
marihuana use does adversely affect driving ability, then are
not the haersh laws indirectly endangering lives?
Another implication of this phenomenon is that the break é;ﬁzid9¢k7
down of the myths of the "evils" of marihuana could possibl
lead to its legalization., This possibility alone should be
ensugh to stimulate research on the effects of marlhuana on
driving abllity by those professions involved in traffic safety,
namely engineering and medicine, Yet znother implication is B
that hundreds and mayhe even thousands of users are very
possibly driving "under the influence" in America right now,

Should not the facts of the effects of marihuana use on driving

ability be made known at least to them?



The scope of this investigatinon will be severely limited
in that no actual experimentation will be done, Cne definite
aim, however, is to stimulate such research, This report
consists of four parts, The first is a fairly simplified,
theoretical analysis of the process of driving, It attempts
to snswer the questions: What are the criticzl tasks of
driving? What are the critical faculties needed to perform
these tasks? The second part of the report lists and dliscusses
the effects of marihuana on these isolated faculties, To
clarify some of these effects and to give the reader a fairly
well established frame of reference, the effects of marihuana
will be compared to those of our national drug, alcohol.

The third part consists of the design ~»f an experimental oro-
cedure to test the effects »f marihuane on driving ability,
The fourth part contains recommendations concerning the

medico-lezal problem of marihuena intoxication and driving,



PART I - ANALYSIS OF THE DRIVING PROCESS

To study the process of driving is to he aware that it
is a beautifqlly complicated phenomennn, The 2bility to drive
consists of much more than accomplishing certain tas¥%s: the
whole consists of parts in relationship, Some simplication,
nowever, is necessary for description, if not for understanding,
To this end the following idealized model sf the driving

process was developed,

CRITICAL TASKS
The successful completion of the driving process invnlves
perception of stimull relevent to driving, decisions concerning

these perceptions, and actions on these decisions, These are

the critical tasks of driving, jg/éyQqu /i'1h¢o4¢£n o[@h,
: ach ﬁeﬂV /S AQAA/ v
Jir uZa/ -

CRITICAL FACULTIES §W’

Some of the measurable faculties involved in perceptinn
re the following: attention, depth perceotion (distsnce
judgment), glare tolerance, visual acuity, hearing, eguili-
bration, and sense of time,

Some of the measurable faculties involved in decisinn
making are the following: cognitive function (concentration),
memory, Jjudgment (risk taking), and mood.

Some of the measurable faculties involved in action are
the following: conordination, strength, and simple and complex

reaction times,



PART II - 5 EFFECTS OF MARIHUANA ON THE CRITICAL FACULTIES
INVOLVED IN DRIVING

The following is a very qualitative discussion of the
specific effects of both aleohol and marihuana on what this
author feels are the critical faculties involved in driving,
Since the effects of both of the drugs are highly dependent
on dosage, an attempt was made to standardize the dosage
of each drug at normally accepted values,

The effects of alcohol mentioned are those observed in
drivers whose hblood contains 2z concentration of ,15 per cent
(sometimes expressed as 150 mg. per cent). At this point
2 driver is "presumed to be under the influence of alcohnl
in those states that have chemical-test laws which are
generally modeled after Sec, 11-902 of the Uniform Vehicle
Code."(2) It is interesting to note that some investigators
feel that a driver whose blood contains this concentration
of alcohol has a 150 per cent greater chance of accident
involvement than one whose blood is alcohol free or below
the ,05 per cent level,(3)

The dosages used to produce the effects of marihuana in
the severzl studies mentioned in this report were much less
consistent. The dosages ranged from two grams smoked (4)

To five grams ingested (5), but all dosages caused "common
marihuana intoxication" in regular users as it is described

in Goodman and Gilman's textbook of vharmacology,(5)



CCY¥PARISCN CF EFFECTS

Perception

1, Attention

Alcohol tends to make the driver oblivious to many important
features of his environment, by narrowing the scope of
attention and by increasing the time for the shift of
attention from one thing to annther., (7)
Marihuana seems not to affect a subject's capacity for
sustained attention as measured by the continuous per-
formance test (4), though the phenomenon of "grooving",
that 1s, allowing oneself to become fascinated by a par-
ticular stimulus, has been repnrted. (4,5)
2, Depth Perception
Alcohol often adversely affects distance judgment as
evidenced by decreased ability in the Keystone Depth
Perception Test and the Army Rod Test, (8)
Depth perception measurements after marihuane ingestion
were highly variable and showed no consistent trend. (5)
3. Glare Tolerance
Alcohol causes about a 20% loss in glare tolerance, (7)
The effect of marihuana has not been directly tested. The
myth that marihuana causes pupil dilation, which might
cause a loss 1in glare tolerance, was dispelled by Weil,
Zinberg, and Nelsen., (4) Ares' finding that many subjects
seemed to experience a greater intensity and duration of
after-images, especially when objects such as windows

had been loocked at just before eye-closure, suggests that



e lessening of glare tolerance might result from marihuana
intoxication, (9)

Visual Acuity

Alcohol has been shown to cause a significant loss of vision
(greater than 5%) in more than three-fourths of intoxicated
subjects as measured with both the Keystone Telebinocular
and the Snellen chart, (8) Alcohol had the same effect

on vision as the setting of a gray glass in front of the
eyes, or driving with sun glasses in twilight or darkness:
a stronger illumination’'is needed for distinguishing objects.
Dimly 1lit objects will not be distinguished at all. (10)
The effect of marihuana on visual aculty has not heen
tested, However, the fact that sn effect has not been
mentioned in the literature suggests that the effect is

not significant enough to perceive,

Hearing

Alcohol's effect on hearing is not noticeable,

Marihuana does not affect the accuracy of perception of
auditory frequencies, (5)

Equilibration

Alcohol usually causes a2 considerable loss in static
equilibrium,

Static equilibrium may be adversely affected to a consider-
able degree by marihuana, (11)

Sense of Time

Alcohol seems to, in general, decrease awareness of

external stimull and, therefore, to ‘“compress" time,



Loomis and West found that all subjects whose hlond
alcohol concentrations were .05% or higher were aware of
an apparent compression of time during the driving period,
This observation is best described by typical remarks at
the completion of a test run: "Am I done alreadyt" or

"I barely got started!™ (2)

DCuring merihuana intoxication, however, time appears to
be maerkedly lengthened, (12) Weil found that more then

nne third of his naive subjects overestimated the length

of a five minute verbal sample by more than 1004, (&)

Decisinn

1,

Cognitive Function

Alcohol caused a 13% loss in performance nn g test of
concentration by Lauver., (7)

With marihuana, Weil found thet regular users started
with good base line performance and irproved slightly on
the digit-symbol substitution test, while performance of
first time users was grossly impaired. (4) @

lemory

Alcohol mekes remembering the details of the driving
procedure increasingly difficult. (2)

Loss of recent memory or rather a difficulty in recall is
one of the more striking effects of marihuana, QOne
experimenter commented: "Because of this, conversation
bDecame bizarrely disconnected, If = subject was asked a
question about a statement he had made a few seconds
earlier, he was often unable to answer bscause he hag

forgotten what he had just said.” (9)



Judgment-Risk Taking

Alcohol's effect on critical judgment, considered more
dengerous than 1its effect on perception and motor skills,
is obvious. Drivers indulge in excessive speed, take
chances, and allow themselves to bhe preoccuplied with
events other than those on the roazd, (8)

Well found that after smoking marihuana many of the regu-
lar users expressed anxiety at the start of their first
battery of tests. They expressed surprise during and
after the tests when they judged (correctly) that their
performence was as good or better than it had been befnre
taxing the drug. He asserted that this is very much the

opposite of the false sense of improvement felt while

under the influence of some psychoactive drugs that actually

impair performance, (4)

Mood

Alcohol usually results in increased talkativeness and
release of inhliblitlons, Loomis found. =~ - that about
half of the subjects showed a tendency to become argu-
mentative over minor topics of discussion, (2)

The effect of marihuana on mood 1s less consistent,

Well found that many, if not most, people do not hecome
"high" on their first exposure to marihuana even if they
smoke it correctly. (4) With regular users, marihusna

is a mild euphoriant, although sometimes subjects become

"susplcious" (9) with a "paranoid distrustful attitude". (12)
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Action

1, Coordination

Alcohol caused a 15% loss in muscular coordinstion as
measured by a driving simulator. (8) CE)

Farihuana caused a significant decrement in performance

of naive subjects on the pursuit rotor, Regular users

did not seem to have experienced as great a decrement, (4) qs
Strength

Alcohol caused a 6,5% loss in grip strength in Leuer's
studies, (7)

Marihuana causes a similar slight loss in strength, (11)
Hollister, Richards, and Gillespie found that after ingesting
fairly large doses of THC subjects exhibited strength loss

as evidenced by a 36% increase in ergograph decrement

scores after two hours, (21)

Reaction Time

Alcchol caused a 31% increase in the simple foot resction
time of one of Loomis' subjects (2) and a 19% increase in
Lauer's subjects., (7)

Marihuana caused a 9% increase in simple reaction time in
one of Clark's subjects, but a 44% increase in complex

(choice) reaction time, (5)



TABLE CF EFFECTS

Faculty

Attention

Depth Ferception
Glare Tolerance

Visual Acuity

Hearing

Bguilibration

Sense of Time

Cngnitive Function
Memory

Judgment-Risk Taking

¥ood

Coordination
Strength

Reaction Time
Simple (foot)

Complex (choice)

rTU = first time users
RU = regular users

Alcohol

narrows scope
slows shifting

adversely
20% loss

significant loss

none

consideratvle
loss

compresses time

13% loss
forget detalls

take more chances
preoccupied

sense of improvement
increase taking

release of inhibitions
argumentative

15% loss

6.5% loss

2pprox, 25% increase

10

Marihuana
none, exceot
"gronving®

no trend
possible loss

not mentioned
in litersture

none

adversely to a
considerable degre=e

extends time

FTU-¢grossly impaired
RU-improve slishtly

loss of recent
memory

loss in confidence

no sense of

improvement

FTU-no effect

RU=-mild euphoriant
suspicious

FTU-significant loss
RU=possibly no effect

similar slight
loss

9% incresse

LL4% increase



DISCUSSION OF EFFECTS

Timothy Leary and Richard Alpert, in the foreword of

The Joyous Cosmology by Alan Watts, commenting on the

"effects"” of the more powerful psychedelics wrote

Fror our observations, from interviews and
reports, from analysis of guestionnaire data, and
from pre- and post-experimentzl differences in
personality test results, certain conclusions
have emerged, (1) These substences do alter con-
sciousness, There is no dispute on that score.
(2) It is meaningless %6 talk more specﬁacally
about the "effect of the drug.” Set and setting,
expectation and atmosphere, account for all
specificlity of reaction, There is no "drug
reaction” hut always setting-plus-drug. (13)

There 1is evidence that marihuana a2lso has this important
characteristic,

Well, Zinberg, and Nelsen in their report, "Clinicel
and Psychologlcal Effects of Marihuana in Man," emphasized
over and over again "the apparently enormous influence of
set and setting on the form of the marihusna response™, (4)
The cautious reader would do welllto keep these warnings in
mind during any discussion of the "effects of marihuana",
Well and his associates also pointed out another important
factor in marihuana intoxication, that of suppressibility:

OCne impetus for reporting the finding of
differences between chronic and naive subjects

on some of the tests, despite the fact that
the experimental designs were not the same,
is that this finding agrees with the statements V
of many users, They say that the effects of
marihuena are e2sily suppressed--much more so
than those of alcohol,
Cur observation, that the chronic users
after smoking marihuana performed on some
tests as well as or better than they did before

11



taking the drug, reinforced the argument advanced

by chronic users that maintaining effective levels

of performance for mgny tasks--driving, for example--
is much easier under the influence of marihuana

than under that of other psychoactive drugs. (4)

Interestingly, in apparent contradiction to this,
¥ecGlothin and West in "The Marihuana Problem: An Cverview,”
reported on 32 respondents who used marihuana ten or more
times during the period 1955-61:

Inquiry was made concerning the effect of marihuans
on driving competence, Cf the 32 respondents, elght
stated that they never drove under the influence of
marihuana, Twenty of the remaining 24 felt that their
driving competence was impaired, The reasons given

. were: perceptual distortion, speed distortion,

slower reaction time, less alert, disoriented, poor

judgment, and less careful, (14)

In a study of the driving records of persons arrested
for illegel drug use in King County, Washington, Crancer
end Quiring found that suspected marihuana users had 39%

more accidsnts than a corresponding group in King County

of the same age and sex composition, Four types of violations

on the records of each illegal drug users were found in a
higher proportion than on the records of all King County
drivers. They were the following: reckless driving,
negligent driving, hit and run, and defective equipment,

The following three types of violations were underrepre-
sented on the records of each illegal drug group: speeding,
failure to stop, and failure to yield., The marihuana group
had the lowest percentage of both drunken driving violaticns
and injury sccidents, compared to other suspected drug users,

In fact, thlis group was the only illegal drug group to have

12
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& percentage for drunken driving lower than the ¥ing County
population, (15)

What, then, does this rather fragmented descrivtion of
the effects of marihuana on the various faculties necessary
for driving suggest about the effect of marihuana on driving
ebllity? The following is a somewhat speculative answer to
this question based on this author's interpretation of the
evallable data and on personal observation, as limited as
they both are,

It is the hypothesis of this author, which he hopes will
soon be tested by experiment, that the effect of marihuans
on the driving ability of regular users is slightly adverse,
out much less so than the effect of alcohol, (An investigza-
tion of the effect of marihuana on simulated driving ability
oy the Washington Department of Motor Vehicles, unavailable
to the author at the time of this writing, seems to support
this idea.,) This hypothesis is bas=d on the following
characteristics of marihusna intoxicstion:

1., The apparent suppressibility of the effect. Conscious
effort 1s required here, however, and distractions,
such 2s conversation and music, make it more difficult,

2, The effect seems to be concentrated nn the higher, more
conscious part of the mind. (4) Driving, to a large
degree, seems to be controlléd by subconscious hahit'
vatterns., If driving does indeed consist of few conscinsus
choices, then the considerable increase in complex

reactlon time 1s less important than it might seem, QD

@M;_.,’ A-u.b-&-hs.(-;— et 4
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If the mind measures time by the "amount" of stimuli it re-
celves during a certain "length of existence”, then the time
extension effect of marihuana suggests that "more" stimuli
are received, If this "more" is quantitative (ie., breadth,
number), rather than, or at least in addition to, being
qualitative (ie., depth, suchness), then the "stoned” driver L////
can perceive quantitatively more stimuli in his environment,
This presumedly would allow him to meke better decisions:
first, in that more data is availeble, and second, in that
there is more "time" to decide. This argument taken to the
extreme, however, also suggests that an observer might be
"swamped” with stimuli, an effect which could cause confusion
and lnaction, Fortunately, this is not what happens in
“common marihuana intoxication”, The time extension effect
also helps to explain why "stoned" drivers find themselves
driving more slowly,

The loss of immediate memory, that is, memory over the past
few seconds (19), seems to have no effect on performance,
Well and Zinberg quoted two subjects:

I'1l come to a stop light and have a moment of
panic because I can't remember whether or not I've
Just put my foot on the brake, Of course, when I
look down, 1it's there, but in the second or two
afterwards I can't remember having done it....

I would keep forgetting what I was doing,
especlally on the continuous performsnce test, but
somehow every time an "X" (the critical letter)
came up, I found myself pushing the button. (19)

Strange as it may seemn, although a driver might momentarily

Torget his destination, the evidence seems to suggest that

he would get there,
T
The loss in self-confidence and the suspicion of other /4%&?2?00
: i :
drivers encourages careful, defensive driving, /bbaﬂ*” 47 wf

it



15

FPART III - DESIGN OF EXPERIMENTAL PRCCEDURE

The previous discussion has helped to point out some of
the characteristics of marihuana that could possi»ly jeopardize
the internal and external validity of an experimental deter-
mination of the effect of intoxicstion on driving ahility,

The problems of experimental design will be discussed under
the headings: subjects, administration of the drug, and
testing procedure, This discussion will concentrate on the
oroblems specific to marihuana, although the experiment should
compare normal ability, ability during marihusna intoxication,
and ability during alcohol intoxication., The aspects of the
procedure concerning alcohnl have been well investigated by
Lauer (7), Loomis and West (2), Newman, Fletcher, =nd

Abramson (8), and many others,

SUBJECTS

Weil concluded that "it is feasi»le and safe to study the
effects of marihuana on human volunteers who smoke it in 2
laboratory.” (4) Since the subjects' set, or psychological
expectations, are very important, pre-test interviews should
determine esch subject's outlook, TExperimenters should also
take cars to present a neutral attitude to the subjects,
Because of the differences in effect on marihuana naive versus
regular users, this variable should te controlled, Two groups
of marihuane intoxicated subjects, a marihuana naive group,
and a regular user group, would probahly reveal interesting

differences, Subjects that have an acute reaction to nicotine



0
should be eliminated, if tabacco is used to plug the ends of

all the cigarettes to disguise the placebos,

ADMINISTRATICN CF THE DRUG

It is important that the marihueana be sdministered by
smoking, as this 1s the way nearly all Americans use it., (4)
The amount of tetrahydrocannabinol (THC), thought to be the
active part of the resin, can be found by assaying samples
spectrophotometrically, As Weil pointed out, however, since
"THC has not been established 2s the sole determinant of
rarihuana's activity" (4), it would be prudent to have regu-
lar users sample and rate the marihuana used, Placebo
cigarettes should contain "the chopped outer covering of
mature hemp plants" (4), devoid of THC, to control for the
characteristic smell of marihuana smoke, Marihuana and
placebos should be administed in a double-blind fashion, that
is, neither the experimenters nor the subjects should know
which kind of cigarette is being smoked, This will help
to neutralize the effect of any expectations either the sub-
Ject or the experimenter might have, The method of smoking,

"such as the amount of each cigarette that is to be smoked and

the amount of time the smoke is to be held in the lungs, should

be standardized and controlled, A normal dose of marihuazna of

16

average strength would be one or two cigarettes, The effects

of an lnhaled dose of marihuana appear to reach maximum intensity

with”in one- half hour of inhalation, so testing sh~uld start

about one half hour after smoking,
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THSTING PROCEDURE

Probably the most difficult factor to control that might
Jeopardize the external validity, or representativeness, of
the experiment will be the effect of the testing procedure
on the outcome, (16) The all important contribution of the
settlng to the effects of marihuana has been mentioned
several times in this report.,

There are two methods currently in use for measuring
driving abllity: driving simulation and practical road
tests, The advantages of using driving simulation for our
purposes are safety, relative 1ow'cost, and the possibility
of high internal validity, that is, the possibility of highly
accurate, quantitative measurement of errors., The advantage
of practlcal road tests is a closer approximation of a real
driving situation, and, therefore, greater external validity.

Due to safety considerations, this author favqrs the
use of a simulation apparatus similar to that used »y Loonis
and West for testing the effects of alcohol, a barbiturate,
and some tranquilizers on driving ability for preliminary
investigations, (2,17) This apparatus is described in the
appendix, If the effects of marihuana on this task are zs
minor as this analysis seems to suggest, pfactical road tests
shoﬁld then be attempted to increase external validity. The
"Oval-Eight DriverITest Course”™ that will probably be built
at Pennsylvania State University's transportation and traffic

seems ide=lly suited to this problem,
safety center this summerA (18) Under this system, instead of
examiners riding with the driver, electronic devices will

analyze the driver's performance and 2utomatically record scores,
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Just how these "electronic devices" would "analyze" the driver's
performance, which determines the internal validity of the

test, has not appeared in the literzture,

DIAGRANM OF A SIMULATED DRIVING EXPERINENT

R C o
B C Xa 0
FTU C Am 0
R
RU C Xm o

DIAGRAM CF A RCAD DRIVING EXPERIMENT

R C
R Xa 0
FTU Xm 0
R
RU Xm C
where

X = exposure of group to experimental variable

a = alcohol
m = marihuana
C = process of observation or measurement
R = random assignment to separate treatment group

In later experiments it would be interesting to increase
the sophisticaetion of the tests by adding distractlons, such as
music or conversation, by introducing emergency situations, or

by inducing anxiety or stress in the subjects before driving,



19

FART IV - RECOMMENDATICNS

TC USERS

1.

™
®

TO

3.

If at 211 possible, do not drive while "stoned"., Let

someone else do the driving. !
L~

£ @

If driving is unavoidable, let a regular user do the

driving, and keep distrasctions to a minimum,

TRAFFIC ENGINEERS

Transcénd the o0ld taboos that surround drug use and
establish the facts about the effects of marihuana on
driving ability,

Use simulation technliques in preliminsry investigations,

and, if possible, practical road tests later,

THE MEDICO-LEGAL PROFESSICNS

Encourage research to flnd out the facts about marihuana,
eand work for laws that reflect these realities,

If marihuané is dangerous, find ways to prove a driver is

experiencing marihuana intoxication.

GD 9.'W’* “~“~“' P ﬂdﬁu- o %ﬂaﬂu~
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CCMMENTS ON THE WASHINGTON STATE INVESTIGATION

Because Crancer's study, "The Effects of Marihuasna and
Alcohol on Simulated Driving Performance" (20), arrived after
this report was written, and, perhaps more significantly, after
it was typed, hls study waes mentioned only in passing (see
page 13)., Some comment on this very important and very well
designed study 1is necessary and, therefore, follows, This
discussion will be limited to pointing out some of the weak=
nesses in the design that might jeopardize the internal or
externzl validity of this essentially very well done experi-

ment, The report 1s included in the appendix,

SUBJECTS

Since all Crencer's subjects in his mein study were
experienced marihuana smokers, it 1s probably safe to assume
that they were "set" to perform as well as possible while
"stoned", The fact that they did not perform hetter immedi-
ately before they were given the marihuana (p. 7) does not
imply that there was no subject bias, Interviews to deter-
rine biases right have revezled correlations between biases
and individual results,

Interestingly, the four additional marihuana naive sub-
jects became "subjectively ‘'high'" (p. 8). To this author
that fact suggests that even the naive subjects were niased
toward marihusna. The lack of change in their scores is less
surprising if they actually did want to do better after

marihuana,
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Crancer stated that "the environmental setting was con-
ducive to good performance of all treatments" (p. 7). If

marihuane helghtens suggestibility, as some authors indicate (11),

then a setting conducive to good performence normally,might qf'*
be conducive to better performance after marihuana, (’,H”

ADMINISTRATION OF THE DRUG

Crancer decided that using placebos in a2 double-blind
procedure was "not applicable” because in Well's study even
"inexperienced subjects correctly aporaised the presence or
ahsence of a placebo in 21 of 27 trails" (p. 7). This author
thinks that not using a placebo was a mistalte for two reasons,
First, the number of subjects "fooled" by the placebo proce-
dure in Weil's study was about 22%. Since the largest difference
in errors in Crancer's experiment was only 15,44 (for alcohol),
tne effect of the placebos on 20% of the subjects might have
been significant, Second, a double-bHlind procedure helps to
control experimenter as well as subject blas, An important
part of the "all important setting", that is, the experimenter's
effect on the subject, was not sufficiently controlled in
Crancer's study. He also seems to have failed to control how
the cigarettes were smoked, an important factor in determining qrﬂy

how much THC reaches the brain,

TESTING PROCEDURE
Crancer's study, on the whole, was a very good investi-

gation of the effects of marihuena and alcohol on simulated

driving performance, The external validity, or representativeness,



of this kind of experiment 1s impossible to prove. It cen,
‘however, be logically implied and, at best, statistically
cor;elated. Crancer had previously correlated performance

on his driving simulator to five-year driving records of
normal drivers, He points out, however, that since "the
simulator task is a less complex but related task™ (p, 6)

it would be unsafe "to assume that nondeterioration in simu-
lator performance implies nondeterioraticn in actual driving"
(p. 7). This is especially true with marihuesna Hecause of
the large increase of complex over simple reaction time, (5)
It suggests that either the simulator task should be compli-
cated or else some means of correlating simulator performance
to actual performance after marihuana should be found, Unfor-
tunately, the latter alternative necessitates rnowing what we

want to find out,
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SIMULATED AUTCMOBILE DRIVING 4APPARATUS (LOOKIS AND WEST)

. v

APPARATUS AND METHODS. The apparatus &———==z7=="="hconsisted of a conve-n'

tional automobile steering wheel, and the brake and accelerator pedals which could be

" operated in a manner similar to that of driving a standard automobile. The steering appa-

ratus was arranged to operate a model auto as it passed over a transparent, moving nylon
belt which was 150 feet long and 30 inches wide. On the surface of the entire length of the
belt was a continuous, inch wide, opaque strip which simulated a road bed. As the belt
moved beneath the auto, the road bed moved randomly but smoothly from side to side.
Movement of the belt at a pre-set speed was actuated by foot pressure on the accelerator
pedal. In order to stop the movement of the belt, it Wwas necessary for the subject to apply
foot pressure to the brake pedal. In this manner the subject could start the belt moving,
steer the auto over the road as the road moved beneath the auto and stop the belt by con-
ventional automobile driving procedures.

A photoelectric cell which was mounted beneath the auto was in the direct beam of a
light source located beneath the belt so that the light source moved with the auto. The
photo cell actuated a cumulative interval timer and a signal light. When the auto was not
centered over the road the “time off the road’” was aceurately recorded and the signal light
above the auto was illuminated, indicating to the subject that the auto was off the road.
Located 14 inches above and centered over the belt was a bluck box with a translucent plas-

~ tic surface facing the subject. Within the box were three colored lights (green, red and am- .

ber). Timed illumination of the lights was controlled automatically from a synchronous
cam-switching mechanism. Cumulative interval timers were arranged to record the time
interval between the appearance of the red light and application of pressure on-the micro-
switch attached to the brake pedal, and between the dppearance of the amber light and the

_release of pressure on the micro-switch attached to the accelerator pedal. .
A test was performed in the following manner. The road belt was placed at the starting

position with the subject seated at the driving apparatus. The operator closed the “start

“ test”’ switeh which actuated the entire mechanism for a period of exactly four minutes.
When the green light appeared the subject depressed the accelerator pedal and the road-

started moving. When the light turned to an amber color, the accelerator pedal was to be
released. When the light turned red the brake pedal was to be depressed which.also stopped
movement of the road. The auto could be steered whether the road was stationary or mov-
ing, and the subject attempted to keep the auto centered over the road at all times. The
amber, red and green lights were automatically illuminated 'in the following sequence:
green 12 seconds, amber 3 seconds, green 12 seconds, red 3 seconds, which was repeated so
that each amber and red light was illuminated 8 times of 3 seconds’ duration during the four-
minute test period. The following data were obtained from each test period. 1) The amber
light reaction time in milliseconds. Since the amber light always followed a green light this
represents the interval of time between the appearance of the amber light and the release of
foot pressure on the accelerator pedal. 2) The red light reaction time in milliseconds. Since
the red light also always followed a green light this is the interval of time between the ap-
pearance of the red light and the application of pressure to the brake pedal. 3) The accumu-
lated time during which the auto was not centered over the road bed. 4) The time that the
road was in motion was also recorded but was not used in the final calculations of the data
because of mechanical failure of this timer late in the course of the experiments. This is an
index of how efficiently and rapidly the subject reapplied foot pressure to the accelerator
pedal when the green light reappeared after each red light. Each subject was acquainted
with the measurements which were being recorded.

All subjeets were trained before starting the study. Each subject was repeatedly tested

“at two-day to weekly intervals until his control ability reached a plateau of over-all effi-

ciency so that repeated tests gave scores which did not wary more than 20 per cent. This

. usually required a set of 5 to 10 training tests.

R -
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PRACTICAL ROAD TEST CCUASE

A

OVAL-EIGHT driver test course has central coniroi tower (1) from which exam-
iners direct and score drivers through residential area (2), major traffic intersection
(3), steep hill (4), meandering rural roads (35) and freeway ramps (6).

Drivers Tested bv Remote Conirel

Pennsylvania State University’s trans- -

portation and traffic safety certer hopes
this summer to start building a $1-mil-
lion vehicle-driver test track that de-

~ signers believe may be the prototype for

future test sites.

The entire course, consisting of a
1-mile oval and 2.6-mile figure-eight
roadway, will be supervised from a
central control tower atop the adminis-
tration building. Instead of examiners
riding with the driver, they will com-
municate with vehicles by walkie-talkie
from the tower. Electronic devices will
then analyze the driver’s performance
and automatically record scores.

The test track’s primary function will
be (o help testing examiners determine
whether more sophisticated testing tech-
niques can lead to improved traffic
safety. It is designed to raise the qual-
ifications of drivers by helping them
spot deficiencies before being licensed.

Safety cc- - engineers designed the
experimenta: :aciiity under a $30,000
state grant. They are now awaiting a
U.S. Department of Transportation
grant to get the project started, with a
completion date scheduled for the fall.
The track will be built on a 72-acre
site on the main campus at University
Park. The state will pay construction
costs not covered by the federal grant.

The course includes a four-lane, four-~
way intersection with. traffic’ lights, a
six-block residential area complete with
curbs, entrance and exit ramps similar
to those on freeways, meandering rural
roads and a hill with 6% grade.

Other features include T and Y inter-
sections, an area where the operator
will drive through 6 to 8 in. of water
to learn how water affects a vehicle’s
braking system and a skid pad to
demonstrate what happens when a car
goes out of control.

The administration building will also.
include a small theater for driving in-

' struction and a vision screening area to

test the driver’s lateral vision.

Called the Oval-Eight, the track is
designed to test up to 10 vehicles at
once over a 15-minute period, with
autos reaching top speeds of 40 mph at
various stages in the course. There will
be separate areas for testing operators

of trucks, buses and motorcycles.

.
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ABSTRACT

The effects of marihuana, alcchol, and control treatments on simulated
driving performance were determined for experienced marihuana smokers. Sub-
jects experiencing a ''social marihuana high'' accumuiated significantly more
speedometer errors on the simulator than under normal control conditions,
while there were no significant differences in accelerator, brake, signal,
steering, and total errors. '

The same subjects Intoxicated from alcohol accumulated significantly
more accelerator, brake, signal, specedometer, and total errors than under
normal conditions, while there was no significant difference in steering
errors. :

The study also suggests that impairment in simulated driving perform-
ance is not a function of increased marihuana dosage or inexperience with

the drug. -
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A COMPARISON OF THE EFFECTS OF MARIHUANA
AND ALCOHOL ON SIMULATED DRIVING PERFORMANCE

INTRODUCTION

The maéor objective of this study was to determine the effect of a
‘normal social marihuana high" on simulated driving performance among
experienced marihuana smokers.

Anticipating.an impairment due to smoking marihuana, we compared
the degree of impairment to the effect on driving of a recognized
standard--legal intoxication at the presumptive limit of 0.i0 percent
alcohol concentration in the blood. The effect on simulated driving
performance of an alcohol intoxication was used only as a reference
point of impairment. We were comparing the effects of two very differ-
ent drugs--not the drugs themselves. One drug (alcohol) is commonly
used in social environments, while the other drug (marihuana) is fast
approaching common use in some social environments.

This Stu?l focused attention on the effect of smoking marihuana
containing AZTHC (the principal active ingredient) rather than on the
effect of ingesting AZTHC. The primary reason was that the new social
phencmenon sweeping the country is smoking marihuana and not ''dropping"
A9THC. Further, we felt that initial ‘research should be directed to-
ward investigating this phencmenon in as natural a setting as possible
so that the results could be easily understood and related.

PERTINENT RESEARCH

Research on the physical and psychological effects of marihuana is
scarce. Perhaps the most pertinent study is the research recently com-
pleted by Weil (1), who studied she clinical and psychological effects
of smoking marihuana on both experienced and inexperienced subjects.
This research is especially pertinent to our study because it concludes
that it is feasible and safe to study the effects of smoking marihuana.
Weil also suggests that experienced smokers "high'' on marihuana show no
significant impairment when taking selected performance tests and also
establishes the existence of physiological changes that are useful in
determining if a subject smoking marihuana is high''. Further, Weil
suggests that the effect of smoking marihuana on driving performance is
of high medico-legal priority. Another study, the 'LaGuardia Report"
(2), concluded in part that "Jnder the influence of marihuana, changes
in personality as shown by alterations in test performance are slight."
In reviewing the literature, we found no report of studies relating
driving performance to marihuana intoxication.

A review of research literature relating alcohol to fatal accidents,
Haddon (3), McCarroll (&), Birrell (5), Neilson (6), shows that nearly
half of the drivers fatally injured in an accident were found to have an
alcohol concentration in the blood of 0.05 percent or more. We have no
report of experimental research which studied driving impairment as a
function of specific blood alcohol concentration.



The ability of a driving simulator to distinguish among levels of
driving performance has been studied by Crancer (7). Findings indicate
that the simulator test studied Is valid using a five-year driving record
as the criterion.

The simulator test was chosen because current research by Wallace (8),
indicates that a behind-the-wheel road test (used in driver licensing
examination) Is not significantly correlated to driving performance. The
di fference between these driver testing procedures is probably due to the .
simulator's ability to present a programmed series of emergency situations,
which is impractical and dangerous in actual road tests.

SUBJECTS

Initial selection of subjects was carried out on the basis of three
criteria. Subjects were required to be (1) experienced marihuana smokers
who had been smoking marihuana at least twice a month for the past six
months, (2) licensed as a motor vehicle cperator, (3) engaged in a gener-
ally accepted educational or vocational persuit, and (4) familiar with
the effects of alcohol--there were no teetotalers or chronic alcoholics
in the study.

Qualified subjects were further screened in the following manner: (1)
a physical examination was given to exclude persons currently in poor health
or under medication; (2) a written personality inventory (Minnesota Multi-
phasic Personality Inventory) was administered to exclude persons showing
a combination of psychological stress and inflexible defense patterns.
Seven of the 36 subjects were females and 29 males, with a mean age of 22.9.

EXPERIMENTAL DESIGN

This experiment was designed to compare the effects of three treatments
on simulated driving performance: marihuana high, alcohol intoxication, and
no treatment. We investigated the time response effects of each condition.

A Latin square analysis of variance design (Edwards (9)) was chosen
in order to account for the effects of treatments, subjects, days, and
the order in which the treatments were given. In order to measure the
time response effects of each treatment, simulator scores were obtained
at three constant points in the course of each experimental period. A
sample of 36 subjects was determined to be sufficient in size to meet
the demands of this experimental design.

The three treatments were given to each subject and defined in the
following manner:

1. Treatment M (Normal social marihuana high) - subjective evalu-
ation by an experimental subject that he was experiencing the
physical and psychological effects of smoking marihuana in a
social environment comparable to his previous experiences. This
subjective evaluation of "high'' was confirmed by requiring a mini=
mum consumption of marihuana established with a separate test
group, and by identifying an increase in pulse rate. (Weil (1),
Page 1239, reported a significant pulse rate increase when
subjects became high on marihuana.)
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The treatment consisted of consuming two marihuana cigarettes
of approximately equal weight and totaling 1.7 grams. Subjects
completed smoking in about 30 minutes and were gliven their first
simulator test 30 minutes later.

The marihuana cigarettes were prepared by using a standard gram
scale and a '""Top'" brand hand rolling machine.

The marlhuana was an assayed batch (1.3122A9THC) from the
National Institute of Mental Health through the cooperation of

Dr. John A. Scigliano, Executive Secretary of the Ad Hoc Marihuana
Review Committee.

Some confirmation that the amount of marihuana smoked was suffi-
cient to produce a high Is found in Weil's (1) study. His subjects
smoked about 0.5 grams of marihuana of 0.9 percent A-THC.

2. Treatment A (Alcohol intoxication) =~ evaluation by means of a Breath-
alyzer establishing approximately a 0.10 percent concentration of
alcohol in the blood.

Treatment A consisted of consuming two drinks containing equal
amounts of 95 percent laboratory alcohol, mixed with either orange
or tomato juice according to the subject's preference. Dosage was
requlated according to the subject's weight with the intended re-
sult of a 0.10 percent bliood alcochol! concentration determined by
a Breathalyzer reading (Kelner (10)). A Breathalyzer reading was
obtained for each subject about one hour after drinking began
with most subjects completing their drinking in 30 minutes. The
earliest readings were obtained after 45 minutes for those sub-
jects that completed drinking in 15 minutes.

A subject weighing 120 pounds received 84 ml. of 95 percent
laboratory alcohol equally divided between two drinks. This was
equivalent to about 6 oz. of 86 proof liquor. The dosage was
increased 14 ml. or 1/2 ounce for each additlional 15 pounds of
body weight.

A standard Breathalyzer was used to determine the percent level
of alcohol in the blood.

3. Treatment C (Control/no treatment) - subjective evaluation by an
experimental subject that his physiological and psychological
condition was normal. Subjects were requested to refrain from
all drug or alcohol use during the time they were participating
in the experiment. ;

Treatment C consisted of waiting in the lounge with no treatment
for the same period of time required for Treatments M and A.
DRIVER SIMULATOR
A driver training simulator was specially modified to obtain data on

the effect of the treatments. The car unit itself was a console mock-up
of a recent model car containing all the control and instrument equipment
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relevant to the driving task. The car unit faczd a 6 foot x 18 foot screen
upon which the test film was projccted. The test film gave the subject

a driver's-eye view of the road as it led him through normal and emergency
driving situations on freeways, urban, and suburban streets. From the
logic unit, located to the rear of the driver, the examiner started the
automated test, observed the subject driving, and recorded the final scores.

A series of checks was placed on the twenty-three minute driving
film which monltored driver reactions to a programmed series of driving
stimuli. The test variables monltored were: Accelerator (164 checks),
brake (106 checks), turn signals (59 checks), steering (53 checks), and
speedometer (23 checks). There was a total of 405 checks, allowing driver
scores to range from a low of zero to a maximum of 405 errors per test.
Errors were accumlated for each test varlable as follows:

Speedometer errors. Speecdometer readings outside the range of 15 to
35 m.p.h. for city portion of film and 45 to 65 m.p.h. for freeways.
Example, speedometer readings below the range for freeway driving.
Note: The speed of the filmsd presentation is not under the control ]
of the driver. Therefore, specedometer errors are not an indication |
of speeding errors, but of the amount of time spent monitoring the !
speedcmeter.

Steering errors. Steering position in other than the appropriate
position. Example, steering right when the appropriate response is
to steer left or center.

Brake errors. Not braking when the appropriate response is to brake
or braking at an inappropriate time.

Accelerator errors. Acceleration when the approprate response is to
decelerate or deceleration when it is appropriate to accelerate.

Signal errors. Turn signal in an inapproprate position. Example,
no turn signal response when preparing to turn left.

Total errors. An accumulation of the total number of errors on the
five test variables.

SETTING

Two rooms in the Department of Pharmacology, University of Washington,
were used for the experiment.. One room, which we call the lounge, was
designed to provide a familiar and comfortable environment for the subjects.
The lounge was approximately 12 feet square and contained six casual chairs,
a refrigerator, a desk, and several small movable tables. The room was
lighted by a red lava lamp and one indirect red light. Colorful posters
were placed on the walls, snacks and soft drinks were available, and con-
temporary rock music was played on a stereo tape recorder. Ash trays, waste
baskets, and a supply of cigarettes were readily available to the subjects.
Subjects remained in this room except during simulator test.

The driving simulator was located in a larger room about 50 feet from
the lounge. The simulator room was approximately 20 feet x 30 feet and was
kept in almost total darkness to minimize external distractions.
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EXPERIMENTAL PROCEDURE

In addition to the physical and psycoloyical screening procedures
described above, each subject took three preliminary tests on the dri-
ving simulator. This was to familiarize the subject with the equipment
and to minimize the effect of learning through practice during the ex-
periment. Subjects whose error scores varied by more than 10 percent ¢
between the second and third tests were given subsequent tests until
the stability criterion was met.

The experiment was conducted over a six-week period. Six subjects
were tested each week. One week's procedure is outlined below:

Day 1. A group of six subjects reported to the laboratory at
noon. Each took one test on the driving simulator to assure
recent familiarity with the equipment. A '"normal'' pulse rate
was recorded, and each was given two marihuana cigarettes of
approximately 0.9 grams each., Subjects smoked the marihuana
in the lounge in order to become acquainted with the surround-
ings and other test subjects, and with the potency of the
marihuana. A second pulse reading was recorded for each sub-
ject when he reported that he was high in order to obtain an
indication of the expected rate increase during the experiment
proper. They remained in the lounge for approximately four
hours after they had stared smoking. .

Days 2 through 7. Three of the subjects were scheduled for
testing in the early evening on days 2, 4, and 6; the remain-
ing three subjects for Days 3, 5, and 7. A single treatment
was given each evening. Within a given week, all subjects
received treatments in the same order. Treatment order was
changed from week to week to meet the requirements of a Latin
square design. Procedure for each evening was identical, ex-
cept for the specific treatment.

Subject 1 arrived at the lab and took the simulator warm-up
test. Treatment A, M, or C was begun at zero hour and finished
about one~half hour later. One hour after treatment began,
Subject 1 took simulator Test 1, returning to the lounge when
he was finished. He took Test 2 two and one-half hours after
treatment began, and Test 3 four hours after treatment began.
Pulse or Breathalyzer readings, depending on the treatment,
were taken before each simulator test.

Subject 2 followed the same schedule, beginning one-haif hour
after subject 1; Subject 3 began one-half hour after Subject 2.
Time used in testing one subject each evening was four and one-
half hours, with a total elapsed time of five and one-half hours
to test three subjects. '

RESULTS

Analysis of Total Errors by Time Periods

The three simulator tests taken after each treatment established a
time response effect for the treatment. For each treatment the total er-
ror scores for each time periocd were subjected to an analysis of variance.
Table 1 presents the analysls of variance for Period 1 scores. Results
comparable to these were obtained for scores in Periods 2 and 3.

-5-
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The results of the znalysis of variance listed in Table 1 indicate
no significant difference in simulated driving scores for subjects ex-
periencing a normal social marihuana 'high' and the same subjects under
control conditions. However, there are significantly more errors (P <.01)
for subjects intoxicated at about the 0.10 percent level of blood alcohol
concentration than for those subjects under control conditions (difference
of 15.4 percent). This finding is consistent with the mean error scores

of the three treatments: Control = 84.46 errors; marihuana = 84.49 errors; |

alcohol = 97.44 errors.

As indicated in Figure 1, the time response effect of marihuana and
control is comparable. In contrast, subjects accumulated significantiy
more total errors (P <.01) when under the influence of alcohol. These
higher error scores for alcohol persist across all three time periods
with little evidence of the improvement shown under the other two treat-
ments . :

Analysis of Errors by Test Variables

A separate Latin square analysis of variance was compieted for each
test variable to supplement the analysis of total errors and is summarized
in Table 2.

For the comparison of alcohol versus control, significant di fferences
(P <.05) were found for accelerator errors in Periods 1 and 2; signal er-
rors in Periods 1, 2, and 3; braking errors in Periods 2 and 3; and speed-
ometer errors in Period 1. For the comparison of marihuana versus control,

a significant difference (P <.05) was found for speedometer errors in Period

1. in all of these cases, the number of errors for the drug treatments ex-
ceeded the errors for the control treatment.

Other Sources of Variation

The above analysis has concentrated on the significance of treatment
effects. Other main effects are Latin squares, subjects, and days. In
all of the analyses, the effect of subjects and Latin squares (representing
groups of subject) were significant at the 0.05 level. In contrast, the
effect of days were not significant, indicating that no significant amount
of learning was associated with repeated exposure to the test material.

DISCUSSION

Generalization of Results

For normal drivers, Crancer (7) found a significant correlation i
(P <.05) between three simulator test variables (signals, accelerator,
and total errors) and driving performance. An fncrease in error scores
was associated with an increase in number of accidents and violations
on 2 driving record. In the szme study error scores for brake, speedo-
meter, and steering were not correlated with driving performance.

We must exercise caution in directly relating the above results to
the findings reported here. It may not be valid to assume the same rela-
tionship for persons under the influence of alcohol or marihuana until
this has been established. However, we feel that since the simu!ator
task is a less complex but related task, that deterioration in simulator
performance implies deterioration in actual driving performance. We are

3
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less willing to assume that nondeterioration In simulator performance implies '
nondeterioration in actual driving. - ff

We therefore conclude that significantly more accelerator, signal, and
total errors by intoxicated subjects imply a deterioration in actual driv-
ing performance. -

Relating speedometer errors to actual driving performance is highly
speculative since Crancer (7) found no correlation for normal drivers.
This may be due in part to the fact that the speed of the fiimed presenta-
tion is not under the control of the driver. However, speedometer errors
are related to the amount of time spent monitoring the speedometer. The
increase of speedometer errors by subjects intoxicated or high probably
indicates that the subject spent less time monitoring the speedometer than
under control conditions. :

This study could not determine if the drugs would alter the speed at
which subjects normally drive. However, comments by marihuana users may
be pertinent. They often report alteration of time and space perceptions,
leading to a different sense of speed which generally results in driving |
more slowly. In addition, they report that acceleration is often associ-|
ated with a feeling of anxiety. :

Subject Bias

Weil (1) emphasizes the importance and influence of both subject bias
(set) and the experimental environment (setting). For this study, the en- )
vironmental setting was conducive to good performance of all treatments. 1.

Traditional methods for controlling potential subject bias by using
placebos to disguise the form or effect of the marihuana treatment were
not applicable. This is conflirmed by Weil (1)--1nexperienced subjects cor-
rectly appraised the presence or absence of a placebo in 21 of 27 trials. ,

The nature of selection probably resulted In subjects who preferred
marihuana to alcohol, and therefore, had a set to perform better with mari=- ¢
huana. The main safeguard against blas was that subjects were not told how ~
well they did on any of their drive tests, nor were they acquainted with
the speciflc methods used to determine errors. Thus, it would have been
very difficult to Intentionally and effectively manipulate error scores on
a given test or sequence of tests.

A further check on subject bias was made by comparing error scores on
the warm-up tests given prior to each treatment. We found no significant
difference in the mean error scores preceding the treatments of marihuana,
alcohol, and control. This suggests that subjects were not ''set'' to per-
form better or worse on the day of a particular treatment.

in addition, an inspection of chance variation of individual error
scores for Treatment M shows about half the subjects doing worse and half
better than under control conditions. This variability in direction is
consistent wish findings reviewed earlier, and we feel reasonably certain
that a bias in favor of marihuana did not influence the results of. this

experinment.
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Dose Response

A cursory investigation of the dose response issue was made by re-
testing four subjects after they had smoked approximately three times the
amount of marihuana used in the main experiment. None of the subjects
showed a significant change in performance.

Four additional subjects who had never smoked marihuana before were
pretested to obtain control scores, then given marihuana to smoke until
they were subjectively '"high'" with an associated increase in pulse rate.
All subjects smoked at least the minimum quantity established for the
experiment. "All subjects showed either no change or negligible improve-
ment in their scores. These results suggest that impairment in simulated
driving performance is not a function of increased marihuana dosage or
inexperience with the drug.

ey e e

Other Variation

A significant difference (P <.01) was found between pulse rates before
and after the marihuana treatment. Similar results were reported by Weil
(1) in research with both experienced and inexperienced marihuana subjects.
There was no significant difference in pulse rates before and after drink-
ing.

SUMMARY

Marihuana wise subjects experiencing a social marihuana high accumu-
lated significantly more speedometer errors on the simulator than under
control conditions, while there was no significant difference in acceler-
ator, brake, signal, steering, and total errors.

The same subject intoxicated from alcohol, accumulated significantly
more accelerator, brake, signal, speedometer, and total errors than under
control conditions, while there was no significant difference in steering
errors.

The study also suggests that impairment in simulated driving perfor-
mance is not a function of increased marihuana dosage or inexperience with
the drug.

Further study is needed to determine the applicability of these re-
sults to actual driving.
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FIGURE 1.

TIME RESPONSE EFFECT ON
SIMULATED DRIVING ERROR SCORES
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TABLE 1

ANALYSIS OF VARIANCE:

TOTAL DRIVING SIMULATOR

ERROR SCORES FOR THREE TREATMENTS

SOURCE OF SUM OF

VARIATION SQUARES DF MEAN SQUARE F

Treatments® 2,595.1 2 1,297.5 6.7
M versus C (11.7) (1) 5 & Iy | 0.1
A versus M, C (2,583.4) ) 2,583.4 13.33

Days 738.5 2 369.3 1.9

Subjects 40,872.5 24 1,703.0 9.73

Squares 13,708.5 11 1,247.2 6.4

Pooled Error 13,253.8 68 194.9

TOTAL 71,168.4 107

L4, ¢, A: Treatments for marihuana, control and alcohol.

25ignificant F, P <.05

3Significant F, P <.01
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