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PREFACE 

This is the final report of the MARIJUANA and ALCOHOL DRIVER PERFORMANCE S~UDY 
conducted as part of the Project (#087902), funded by the Office of Traffic 
Safety, entitled: FORENSIC PROCEDURES FOR THE PR.b:SENCE OF MARIJUANA I N BLOOD. 
This performance study was conducted between June and September 1981. 

The reason that publication of this report was delayed well beyond the end of 
the project in June 1984 was because of the loss of critical staff, and 
consultants, who were primarily responsible for the monume nta l task of analyzing 
the large amount of data generated, and preparing the final results a nd 
conclusions of this publication. 

Publication of this report would not have been possible without the dedicated 
efforts of Raymond Peck, of the Department of Motor Vehicles, who is singly 
responsible for completing the detailed and complex statistical analyses and 
preparing the final results, conclusions and discussion for publication. The 
computerized data reduction and computer runs were performed by Dr. Neal Grossen 
of the Research Consulting Corporation. Dr. Grossen was also responsible for 
devising the factor analysis strategy used to identify the relevant performance 
dimensions. 
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UKCUTIVE smawtY 

This paper sunnnarizes Phase II of an effort to characterize and quantify the 
effects of marij~ana use, alone and in combination with alcohol, on driving 
performance. An earlier study (Department of Justice (DOJ] Incidence Study), 
funded by the Office of Traffic Safety, indicated that Delta 9-THC was present 
in a significant proportion of the submitted blood samples drawn from California 
drivers detained by Highway Patrol Officers because of ostensibly impaired 
driving performance (Zimmerman, Bager, Soares, Hollister and Reeve, 1983). 
Phase I of this grant suggested that volunteers given ad lib doses of marijuana 
by inhalation were subsequently considered impaired when required to perform the 
standard field sobriety tests (Reeve, Grant Robertson, Gillespie and Hollister, 
1983). These impairment ratings persisted for up to three hours after smoking 
and were associated with mean hemolyzed blood concentrations of Delta 9-THC 
measure from the subjects . One limitation of the Phase t study was the absence 
of experimental controls for placebo bias. Phase II is designed to extend this 
research to include actual driving performance within the confines of a 
rigorously controlled experimental design. Subjects received a standard dose of 
marijuana by inhalation, and a double blind control condition was included to 
minimize experimenter and subject bias. In addition, since alcohol was observed 
in a large number of cases in association with Delta 9-THC during the DOJ 
Incidence Study, the present study included alcohol and marijuana plus alcohol 
as additional experimental conditions. 

The specific objectives of the study are listed below: 

1. To determine the singular and combined effects of marijuana and alcohol 
on driving performance on a closed-course drive range. 

2 . To determine if there is a relationship between the ranges of Delta 9-
THC in blood and / or alcohol in breath and measures of driving 
performance. 

3. To determine if the various driving performance measures are 
differently affected by marijuana and alcohol ingestion. 

4. To determine the relationship between the time following marijuana 
and / or alcohol i agestion and driving performance. 

5 . To determine the interrelationship among the performance factors 
affected by the marijuana and alcohol ingestion. 

6. To determine whether marijuana, alone or in combination with alcohol, 
results in impairment that can be reliably detected through external 
observation of the driving and standard field sobriety tests. 

It was beyond the scope of this study to establish a definitive relationship 
be tween performance decrements on the various driving range maneuvers and 
impaired driving ability on public streets. Instead, the study measured 
pe r fo rmance of various driving range maneuvers related to "real world" driving. 
One limitation of using a closed-course drive range is that some behavioral 
domains that are known to be critical to accident avoidance, such as risk taking 
a nd response to other vehicles, are not tapped. In spite of these limitations, 

-iv(l)-



the impairment of any skill component of a drive task has potential safety 
implica tions and is therefore deserving of serious scrutiny. ln addition, some 
dr iver-behavior inves tigators, s uch as McPhe rson and McKnight (1981), sugges t 
that deficie ncies on the skill and moto r componen t s of the drive task may 
indirectly deg r ade accident avoidance components . Such an effect would be 
mediated by a r eduction in the "spare capacity" for hand ling emergency 
situations that could occur in drive rs whose low skill level requires use of 
l a rge portions of their perceptual a nd a tt ent ional capacity to maneuver a 
vehi cle through traff i c . 

Research Design 

Subjects were randoml y assigned to the four treatment combinations c reated by 
the following 2 x 2 fac t o rial design: 

1) alco hol plus marijuana placebo; 
2) marijuana pluo alcohol placebo; 
3) mar ij uana and alcohol; and 
4) double placebo . 

Following treatment, each subject completed four performance trials at one-hour 
intervals . Thus, the design can be characterized as a 2 x 2 x 4 factorial with 
repeated mea s ures on the trial factor. The subjects a lso completed a practice 
(non-scored) and a pretreatment baseline run. The assignment procedures a nd 
independent variables are de scribed below: 

1. Alcohol and placebo treatments. Subjects received either ac tive or 
placebo a l coholic drinks. Ac tive drinks consisted of I. OS ml of ethyl 
alcohol per kg of body weight administered us 80 proof (40% ethanol) 
vodka mixed with 3 parts of orange juice. The total dosage was 
dispe nsed in 3 drinks, consumed at 10-mlnute intervals. With 
elimination and absorption consideration, this dosage was calculated to 
produce a peak blood-alcohol concentrati on of approximately . 08% mg . 
The placebo drinks consisted of plain orange juice with a very small 
amount of vodka floated on the drink surface to disg uise the a bsence of 
ethanol. 

2 . Ma rijuana and placebo treatments . Subjects we r e administered either an 
active marijuana cigarette or a placebo c igarette. The active 
mar i j uana was standardized materia l rolled into a 1.0 g cigarette 
issued by the National Institute on Drug Abuse (NIDA) containing 1.9% 
Delta 9-THC. The placebo marijuana cigarettes were comprised of 
ma riJ ua na in which all act ive cannabinoids had been removed . 

The subjects smoked the cigarette in an ad lib fas hion, but were 
e ncouraged to finish th~ entire cigarette within a IO-minute period . 

3. Assignment of treatments. Each subject was ra ndomly assigned to one 
treatment condition ti r,til a minimum of 20 s ubjects had comple t ed the 
s tudy within c~c11 of the fourt:=eii"tment conditions. The randomization 
was accomplished through use of a table of random digits. Four 
partic ipants were removed from the data because of chemical indications 
o f drug use within the prescri bed "no use" pe riod prior to driving. 
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Performance Meas ures 

Seven types of dependent variables were used to evaluate posttreatment 
performance, as described below: 

1. Rating of vehicle handling and skill by in-car license examiners and 
outside raters. 

2 . Comput e rized vehicle measures (speed, accelerator reversals, brake 
presses, steering control, and lateral placement). 

3. Standard field sobriety test ratings by CHP officers . 

4. Impairment ratings by officers in a following car~ 

5. Self assessment ratings b~ subjects . 

6. Risk assessment task, 

7. Performance on two psychomotor tasks (critical tracking task and brief 
interval time estimation task). 

Measures were obtained at baseline and at each of the four posttreatment 
trials. In addition to t he above measures, blood samples were taken following 
each trial and assayed for blood alcohol concentration, Delta 9-THC and serum 
carboxy THC-7. 

STATISTICAL ANALYSES AND FINDINGS 

The several hundred vari~bles were reduced t o a manageable number of dimensions 
through a series of factor analyses. Multiple discriminant function analysis, 
canonical correlation analysis, and analysis of variance we re used to evaluate 
the effects of treatment on the performance dimensions. The objective of these 
analyses was to determine how each performance measure, singly and in combi­
nation with the entire set of measures, was affected by the drug conditions. A 
~robability level of Pi -05 was usually required for making significance claims, 
~eaning that differences which would be expected to occur by chance more than 
five times in 100 were not regarded as true effects. 

1he posttreatment differences between the groups on the reduced set of variables 
wer~ evaluated within each run and on the composite of all runs (3-6 combine d) 
through a stepwise multiple discriminant function (MDF) procedure. The 29 
variables or composites from the factor analysis compri sed the discriminators 
and the four treatments formed the grouping dimension. 

Using a significance level of p(.25 and a requirement that a performance 
variable discriminate on at least 2 runs, the following 12 variables were 
selected for retention: 

l. STOPS 
2 . COGNIT 
3. STOUCH 
4. ATTEMPTS 

errors made in stopping 
The cognitive factor from the field sobriety test. 
Total cones and stanchions touched. 
Total risk task attempts. 
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s. 
6 . 
7 . 
8. 
9. 

10 . 
I I • 

12 • 

SDOWN 
BSPEED 
BISKILLS 
UFAILED 
cSTCHlC 
POSTOP 
SMPH 

CTT 

Total cones and stanchions knocked down. 
Speed con tro l rating from inside rater. 
Skill performance ratlng from inside rater. 
Failure to follow directions on urban drive. 
Time est imated by driver to traverse chicane. 
Numbe r of errors in s top position . 
Miles per hour in the extended drive (speedome ter 

covered). 
Critical tracking t ask. 

The discriminant ana l yses were then rerun on each trial t o derive optimal 
f unc tions for this common pool of 12 variables. Table 13* shows the resulting 
discriminant func tions for each run and the total composite (runs 3-6 comb­
ined ). Since four groups were being discr iminated , a maximum of three functions 
combined were ~valuated per each analysis . The test for all three functions was 
significant at the p( . 0 1 level on each of the runs. The second function was 
s ignificant in runs 3 (p( .01) and S (p(.05). The third function was not 
significant on any of the runs and is ,-therefore , not shown. The Wilks Lambda's 
assoc iated with all three functions combined ranged from .29 (run 3) to .38 (run 
4). Since these Lambda's represent t he percentage of unexplained variance , a 
lower value indi cat e s grea ter discrimination (explained variance) and hence a 
larger treatment e ff ect . The results in Table 13 there fo r e indicate that, as 
expected, the t•ffec ts of treatmt' nt were largest at run 3 . Somewhat unexpected, 
however, was the Inc rease in treatment effect from run S to run 6 . 

The final two col umns of Table 13 show the significant discriminant functions 
for the composite runs analysis (runs 3-6 combined). The two significant 
functions accounted for 64.3% a nd 22 .3% of the explai ned variance, respect­
ively. The Wilk's Lambda va lue indicates that the func tions explained 67% (1 
minus .33 ) of the betwee n group variance on the composite runs (pi. 001) . 

Figure I shows a two-dimensional plot of the group ce11troids for functions l and 
2 of the composite-runs analysis. Looking first at function I, note that the 
maximum separation is betwee n the double placebo (P) and the both-drugs (B) 
g r oup . Since the placebo group's ce ntroid was on the positive end of the scale, 
increasing scores on function l were associated with non-drugged performance and 
decreasing scores with drugged performance. Th~ marijuana group (M) and alcohol 
g roup (A) centroids fell between the two extremes, with marijuana c loser to the 
both-drugs g r oup. 

Separation on the second function is less clear, with the double placebo group 
(P) having a negative centroid, the M a nd A groups having positive cent r oids , 
and the both-drugs group fa lling almos t a t the O plane . 

*The tables and f igures referenced in this section appear at the end of the full 
report . 
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Canonical Analysis of Treatment Effects 

A series of canonical co rrelations was computed to determine the amount of 
variance accounted for by each treatment combination. These analyses provided 
multivariate tests o f the ma in and interactive effects of marijuana and alcohol 
on the above 12 variables. Details of the analyses are described in Biasotti et 
al (1986) but , stated briefly, involved creating dummy variables for the treat­
ment group vector and computing the contribution of each ef fect t e rm to the size 
of the canonical correlation. 

The results are shown in Table 16 for each run and fo r the four posttreatment 
runs combined. The m,lin effects of marijuana and alcohol were highly signi ­
fica nt fo r all trial s . Although significant non-additivity (interaction) 
occurred at runs 3 and 6, the interact ion variance was mu cl1 lower than the main 
effec ts and was non-significant at runs 4 and 5 and for runs 3-6 combined . It 
can, therefore , he concluded that the effects of the two drugs were l a r ge ly 
additive . 

Looking at the mai n e ffects within trial, note that the alcohol effect is 
consistently the l arger of the two, although the diffe r ences are modest, There 
are also differences in the time gradients, with alcohol e xerting its largest 
effect at run 4 and marij uana at run 3, Probably the most surprising finding is 
the signifi cant increase in the interaction at the last trial. Inspection of 
the treatment group means 10 for the individual variables, along with the multi­
variate centroids, indicated that this interaction was due to a deterioration in 
the performance of the both-drugs group during Tri.al 6 . 

The res ults s hown in the last two columns o f Table 16 warrant further comment . 
The fl r st of these s ummary columns is simply the average of the four individual 
trial effects . The last co lumn is based on the canonical analysi s of the compo­
site performance scores (runs 3- 6 combined). Thus, the first s ummary preserves 
any differential effect of treatment across trials, whereas the latter ignores 
tri a l interactions by collaps ing the trials into a single composi te. 

It is important tci understand the above distinction because the relative size of 
the alcohol and marijua na effects depends on which summary ls used . Using the 
mean-percent-var iance-explained across the four trails as a c riterion, the 
marijuana effect i s s maller than the alcohol effect (25 . 1% vs . 31.4%). However, 
the re verse is true fo r the composite-runs s ummary. This seeming conflict 
indicates the presence of a trial x alcohol interaction. In ot her wo rds, the 
structure of the performance decrements for alcohol varied across trials and 
these effects were obscured when the trials were collapsed into a single compo­
site . Under these conditions, t he average of the individual trials provides a 
more accurate r ef lection t han does the composite analysis . As indicated above, 
this average indicates that a l cohol had a larger effect on performance than did 
marijuana. 

• 
Ancillary Measures 

The results for some of the ancillary measures and other variables of special 
interest are summarized be low. 
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Following car, field sobriety tests, and overall LRE and self-ratings . Ftgures 
15, 16 and 17 display plots of mea ns on selected rattnR variabl s . The most 
outstandi ng feature of these data l s the poorer perfo rmance of the both-dru~s 
group on every varlahle. Note a lso the remarkable slmi lartty of the i nstd 
rater (LRE), self a nd officer rntings (Ftgure 16). l.1 general, the impairm nt 
associated with e ither marijuana or alcohol alone was perceived os mlnim&l and 
slightl y greater for alcohol. However, since these results are ln terms of th 
composlte runs, they tend to underestlmate the lmme<liate effe ts of the dr:,~:;. 

The results on the following-car measure (FALLCAR) produ ed clear- ut evldcn e 
of a treatmen t effect (Figure 17). ubject s re elvinR b th drugs ...,ould h1w 
been " stopped" or " pu lled over" about 60% of the tlm by th CHP off i r, 
compa red to ahout LS % o f the placebo subjects . Al ollol alone and marlJuana 
alone resulted ln stopped scores of 50% and 2% , r specti ve l v. 

Impairment Questionnaire . Subjects ompleted an lmpatrmen: ~1 estlonnaire aft r 
the thlrd and f ifth drives for the purpose of assessing subJ ~ lve perceptl n of 
change resulting from drugs . The scores on the 10 lmpairm I t items w r summed 
and tabulat ed by tre atment and trial (run 'i nnd ). The results are pr s nted 
he l ow: 

Tre11tm nt Run Rtin 'i 

Pl acebo 10 . 0 .57 
larljua1111 22 . 7 . 26 

Al cohol 2t. 2 7 . 20 
Both 29 . 1 18.0 

These findings are ve r y consistent with the sub_iec tive self- ss ssmt'nt rRtings 
presented earlier , particularly wlth respect to t he ten<len y for the both-drugs 
condit i on to lengthe n the duration of impai rment. 

BITE and CTT . The mean BITE and CTT Rcores by tre tment Rroups and run are 
presented in Tab l e 3 . On each measure, higher s·or s indicate better 
performance . 

Although there was a definite trend on the BITE task for the placebo group to 
perform best, and the both-drugs iroup poorest, none of the analysis of variance 
tests produced a significant difference at p(.05. The results are nevertheless 
s uggest ive of impa ired tlme estimation, particularly when both drugs are 
combined. 

The results on the CTT measure show that the alcohol and both-drugs groups did 
significantly wo rse (lower means) than did the placebo and marijuana groups, 
indi cating a c lear-cut alcohol effect. The differences reached statistical 
significance (p( , 05 ) at runs 4 and 5 and on the total composite (runs 3-6 
combined). Some what surprisingly, there is not tiven a directional trend to...,ard 
marijuana impairment on the CTT . The scores for the placebo do not change 
mate rially from run-to-run, whereas ~lJ three dr ug g r oups tended to improve. 
Thus, there is no evidence of residual practice effects , but there is c lear 
indica tion of reductions in impairment on the CTT over time . 
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Blood Leve l s 

One of the objectives of the study was to determine if variations in blood 
levels wer e assoc i ated with var i at i ons in driving performance . To evaluate the 
stat i st i ca l r e l a tions hip be tween the dr ugs and 12 pe rf ormance measures, the 
actual blood lev~ls o f t he s ubstances (THC , carboxy , and RAC) wer e reco rded for 
each of t he runs for a canonical anal ysis with the 12 per fo rmance measures . 

The mean blood levelA by trial are presented in Table 44 , The results conform 
fairly well with what was expected based on the amounts consumed and time from 
dosage , The alcohol group peaked at Tri al 4 ( , 08%) and declined t o a BAC of 
, 04% at Trial 6. The marijuana and both-drugs g r oup achieved peak THC l e vels (i° 
• 69.6 & 54 , 3) at Tria l 3, and the levels had dissipat ed prec ipitously by the 
nex t trial (x • 13 , 1 & 13 , 4), Th 0 difference be twee n the marij ua na and both 
groups on serum carboxy levels was not expe ted and, at fi rst g lance , suggest s 
that alcohol interferes with the creation of serum carboxy . Although the 
difference persisted throughout t he trials, the authors are Inclined t o dismiss 
thi s flndtng due t o varia tions i n serum carboxy among the s ubjects prior t o 
treatme nt . 

The only other notable finding in Table 44 is the variat i on in BAC leve ls 
between the alcohol-only a nd both- drugs groups. The results suggest that the 
presence of THC/ serum a rboxy delayed the absorption of al cohol. At Tri a l 3, 
t he al cohol - onl y group achieved a BAC of ,07% ompared t o . OS% for both groups . 
Howe ve r, the 2 groups were at parit y at trials 5 and 6. 

Sin e there wa · some varia t i on in the blood levels actually attained by the 
subjects within a g ive n t t·eatment and trial, i.t was poss ible t o explor e whether 
these variation - were o rr lated with di ff r · n es in drivi ng performance . In 
ot h r words , did subj cts who attained higher-than-average l evels t e nd to 
exhibit m r performance detriment than t hose who at tained l owe r leve ls? This 
question was punw d hy th pr viousl, mentioned canoni ca l co rre lation a nalys is 
tn whi ·h scores on the 12-variable perfo rmance vec to r were orrelated with the 
three quantitative blood 1 v ls and dummy-coded treatme nt vector . 

Table 5 s hows t he c\)ntrihution of the blood leve ls to explai ning variation on 
the performan ve tor . ote that in al l ases the inc lusion of blood al cohol 
leve l i n reoMed t he siz• f th alcohol effe t a nd that the increase was statis­
ti al l v SiKni f l ant 0 11 runs and 4 (p .OS) and appr oached significance on runs 
'i and 6. In ntra t , t he contribution of se rum THC o r se rum carboxy a l one was 
a lwa • 1 s· than the contribution of treatm nt group designat ion . However, when 
both serum arhoxy a nd serum THC wer inc luded , there was an inc rease in the 

t11Hrij u1rna •ffe t n runs 4-6 . The increase on run 4 was statis tically signi-
fi ant (p , 05) . At run 4 , then t effect ( explained var iance ) increased f rom 
62% to 72% (p_. o ). 

In ~e n r al , these r~sults indicate that knowl edge o f a pe r son's exac t blood 
lcv l · on a ll th ree measures slightly inc reas ed the ability to predict 
pe r for rna n e n t he driving tasks during runs 4 and 5 , In addition , t he r esults 
indica ted that th mari j uana effe c t is mediated by the joint operation of serum 
THC and scrum carboxy . Either substance alone does poorly as a pr edi ctor of 
performance . 
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The above analysis has limited sensitivity due t o the restricted range of vari­
ability of the blood levels. This stems from the fact that the experimental 
design was intended to minimize variability by administeri ng a constant dosage 
to each s ubject and then t esti ng each subject at fixed intervals from dosage . 

CONCLUSIONS 

The Main and Interactive Effects of Alcohol and Marijuana - General 
Characteristic 

The results of the univariate and multivariate analyses i ndicate that both 
substances affect ed driving performance. The MDF a na lyses result ed in two 
signif i cant linear composite (functions) of the 12 pe r fo rmance measures whi ch 
were most cons istently and uniquely impacted by the treatments. These two 
functions explained between 62% to 70% of the between-gr oup va r iance on the 12 
measures across the 4 posttreatment trials. Approxima tely 60% of the explai ned 
variance was a ttributed to the f irst function compare d to 20% for the second 
function. The first fu nc tion produced maximum discrimina tion be tween placebo 
and the both-drugs group, w! th marijuana a lone and a l cohol alone occupying 
inte rmediate pos itions between these two performance extremes. I nspection of 
t he group means on the 12 variables which defined the function indicated the 
both-drug polarity was generally indicative of impaired performance . 

The second f unct i on tended to sepa rate the marijuana a nd alcohol groups from the 
placebo group, with the both-drugs group occupying an inte rmed ia t e pos ition . 

An a tt empt was made to inte rpret the "meaning" of t he two f unct ions by 
inspection of the standardized discriminant f unction coeff i cient s a nd struc ture 
loadi ngs (Table 14) . Pe rsons scoring higher (bette r) on the first function 
produced highe r estimates of the speed at which they could drive the chicane and 
drove more quickly through it; drove at lowe r a nd more appr o pria t e speeds when 
the speedometer was covered , as we ll as on most o ther parts of the course ; drove 
more cautiously; made more accelerator reversals on the exte nded drive; 
performed better on t he detour task; performed better on the field sobriety 
tests; were judged to be l ess impaired by the of f i ce r; rated theit driving and 
f i e ld sobriety performa nce higher (less impaired); r eceived highe r overall 
rating f r om the driver's license examiner (LRE) and made fewer driving errors on 
the drive course . This f unction c l early reflects between-group variation and 
performance decrement on a wide variety of measures: (I) subjective self 
ratings; ( 2) LRE r a tings of speed control, overall performa nce , cauti ous nes s and 
number of driving errors; (3) officer fie ld sobriety and vehi c le cont ro l 
ratings ; (4) objective mea sures of performance (number of stanchions knocked 
down , accel e r a tor reversals, urban d rive speed); and ( 5) number of attempts on 
the risks task. Since this function produced ma ximum separation between the 
both-<!rugs and placebo group, with the latter falling at the pos itive end of the 
f irst func t ion , highe r scores on mos t of the preceding variables were associated 
wi th not bei ng drugged , and lowe r scores with being exposed to alcohol a nd 
marijuana combi ned . The nature and range of variables affec ted indicate that 
expos ure to the combined marijuana / alcohol condition resulted in impaired 
vehicula r control and an accurate subjective awareness of the impaired 
performance . 
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Inspection of the second fu nction indicated that highe r scores on the fu nction 
were associa ted with the marijuana and alcohol condition, and the st r ucture 
loadings indicated that it is primarily a measure of impa ired s t opping . By far , 
the highest loading on the function was on the variable POSTOP, which corr elated 
+ .69 with the func tion. This variable represents the LRE's rating of pr ope r 
stopping position on all stopping maneuvers throughout the drive range . Since 
the variable was scaled so that low sco r es indicate proper stopping position 
(!=smooth stop, 2= abrupt or misjudged stop, and )=rolling or not stop), the 
high positive corre lation between the function a nd va r iable is indicative of a 
highe r proportion of improper stop ratings among marijuana a nd alcohol 
subjects. Unfortunately, the method of scaling did not disti nguish between 
stopping too soon or t oo late relative to the sign. 

Four o ther stopping measures also had s ignificant positive loadings on the 
second function: (1) SSTOP (stopping e rrors on the speedome t er cove red segment 
of the course); ( 2) ESTOP (stopping errors on the ext e nded drive); (3) STOPS 
(total number of stopping errors on all segments of the course) ; a nd (4) BIPOST 
(bipola r rating of s top position cautiousness). A fifth stopping measure , 
BISTOP, yielded a nega tive loading (- . 31), indicating that stopping position 
caution on the speedometer-covered port ion of the course was negatively 
associated with the function . 

Taken toget he r, the above results indicate t hat marij uana and alcohol affected 
s t opping behavi or, but that the negative effects were reduced when both drugs 
were combined. The mechani sm underlying wha t appears t o be a suppressive 
interaction is not c l ear, a nd interpretation is furt her complicated by the 
above-mentioned scali ng problems . One possibi lity is that the separate drugs 
produced diffe re nt t ypes of stopping errors ( e .g., delayed vs . ea rly stops) , 
which cancelled out when both were combined. 

The main a nd interactive multivariate effects of marij uana and alcohol on t he 
12-variable disc riminant functions were evaluate~ through a series of canonical 
a nal yses , a nd a n a na l ysis of variance procedure was used to evaluate univariate 
effec t s . The canonical analyses indicated that both substances had highly 
significant multiva riate ma in effects on all four posttreatment runs. The 
marijuana condition explained between 23 .1 % to 29. 2% of the va riance on the 12 
most discriminating perfo rma nce measures, averaging 25 .1 % fo r all 4 t rials . The 
alcohol condition produced a somewhat larger effect, accounting fo r 29. 9% to 
32 . 3% of the performance va riance , and yielding a n average effect of 31.4% fo r 
all 4 trials . The multivariate effects were largely additive , although smal l, 
but signif i cant, interactions did occur on Trials 3 a nd 6 where the respec tive 
explained-varia nce t otals for the marijuana by alcohol interac tions we r e 12 . 0% 
and 12 .9% respectivel y . 

The Main and Interactive Effects of Marijuana - Detailed Charac teristics of 
Effects Within Trials 

The above discussion has primarily focused on the effects on all posttreatment 
trials combined into sin~le composite measures . It has also been limited to the 
12-variable core se l ec ted through the multiple discriminate function analysis 
(MDF). 

A comple te understanding of the resul ts of the exper iment r equire interpretation 
of effects within and across trial and consideration of the many variables not 
included in the f inal MDF analyses. 
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The evaluation of treatment x trial interaction was achieved through a test of 
slope differences on the trial factor . Since the trials occurred at fixed 
points in time from the single drug ingestion, the trial slopes represent the 
effec t s of time, a nd the slope differences reflect temporal differences in each 
treatment g roup's performance grad i ent. These tests indicated sign i fican t 
slope differe nce on each of the 12 measures selec ted from the MDF analysis . A 
major source of the difference was marijuana's tendency to result in maximum 
impairment in the first posttreatment trial, while alcohol's effec t maximized at 
trial 4 and did not decline as rapidly as the ma rijuana effec t . The both-drugs 
group tended to s how the impairment g radie nt that woul d be expected from the 
component drugs, evidencing maximum impairment at botl1 trials 3 and 4 and 
consi s t ently showing greater impairment than either ma r ij uana or alcohol alone . 
In addition, the combinati on of the two s ubstances significantly l e ngthe ned the 
duration of effects, resulting in a rather remarkable increase in impairment 
from trial 5 to 6 . The emergence of a synergistic marijuana-alcohol interac tion 
at trial 6 suggests an effect mediated by some residual mechanism occurring when 
the two substances are combined . An obvious intuitive explana tion would be that 
marijuana a nd a l cohol interact t o produce greater fat i gue and "hang-over" 
effects. 

Other results of interest are the findi ngs on various peripheral measures, such 
as FALLCAR, field sobriety tests, self-rating and the CTT. In general, the 
subject self-rating of impairme nt was among the more sensitive indica tors of 
treatment and tended t o pa rallel the objective measures. The fact that the 
self-rating impa irment indices closely mirror both the objective indicators and 
the overall LRE and officer rating provides confirmation for the rellabllity a nd 
validit y of the results . 

That the officers in the following-car (FALLCAR) were able to de tec t driving 
impairment with a significant degree of accuracy is notable, The FALLCAR 
results also clearly reveal the different time gradients for marijuana a nd 
alcohol . The mari j uana subjects were detectable only a t run 3, whe r eas alcohol 
peaked at run 4, and the both-drugs group was detec ted as impairment on a ll r uns 
except 6 . 

The results on the CTT variable are surprising in that marijuana alone did not 
produce evidence of impairment , which is in conflict with prior research 
findings. This complex psychomotor t.:isk was originally devised to detect 
alcohol impairme nt , The fact that alcohol and marijuana plus alcohol combined 
did produce impa irment would seem sufficient to dispel the hypothesis that 
marijuana f inding can be attributed to same type of error or procedural 
artifact . 

Surprisingly, the marij uana-only condition resulted in fewer stanchions being 
knocked down a t trial 3, where the level of intoxication was actually g reatest. 
However, lt is important to note that persons receiving marijuana or marijuana 
and alcohol tended to drive more slowly through the chicane than did the placebo 
and alcohol-alone subjects . Speed through the chicane was measured by t he 
vehicle line sensor, which produced the following elapsed times for the placebo, 
alcohol, marijuana, and both-drugs treatments, respectively: 16.7, 16.3, 17.3, 
and 18.4. Although the differences were not statistically significant (p= .22), 
it is instructive to note that other researchers have fo und that mar ijuana tends 
t o cause persons to compensate for subjective impairment by r educing t ask 
difficulty through reduced vehicle speed . 
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Blood Level 

One of the objectives of the study was to assess the feasibility of developing 
an objec tive chemical index of marijuana impairment . Although the results did 
show that the quantitative levels of THC and carboxy ~omhined resulted in some 
increase in the ability to explain performance variations, the practical a nd 
theoretical implication of the fi nding are not entirely c l ear . Experimental 
replication of the study and use of a wider range of marijuana-dose levels is 
need ed before the feasibility of establishing a quantita tive threshold can be 
f ully evaluated . We are not optimistic about the prospects for development of 
quantitative thresholds for marijuana impairment. 

Traffic Safety Implications 

There is a vast amount of empirical evidence documenting the effects of 
marijuana on a wide array of human performance measures - cognitive , psychomotor 
and affective. Although the literature has clearly established that marijuana 
affects all three domains and results in detriments in the ability to perform 
many psychomotor and cognitive tasks, the evidence is somewhat more equivocal on 
the question of actual driving skill and even more equivocal on the question of 
those as pects of driving skill that are related to safety and accident 
avoidance. 

Authorities are therefore not in agreement on the traffic safety threat posed by 
marijuana use (Warren and Simpson, 1980). In a recent series of papers, McBay 
and Owens (1980) and Mason and McBay (1984, 1985) concluded that marijuana is a 
relatively minor factor in traffic accidents and they questioned the feasibility 
of relating impairment to specific levels of THC. Although many of their 
criticisms of past studies are both astute and pertinent, we believe these same 
limitations prevent forming unqualified opinions in any direction about the role 
of marij uana in traffic accidents. Many of the concl us ions formed by McBay a nd 
his associates are based on the failure to find a substantial incidence of THC 
in the blood or plasma levels of drivers killed in single vehicle accidents in 
North Carolina. Cons iderable caution is necessary in generalizing incidence 
data from North Carolina to a state li~e California. Not only are there likely 
to be large differences in marijuana usage, there may be also differences in 
drive task complexity between such states and in the use of cannabis in 
conjunction with vehicle travel. 

In addition, Moskowitz (1985) has recently pointed out that behavioral 
impairment and subjective intoxication are still manifest after THC has 
dissipated from blood. This factor results in an unknown proportion of false 
negative findings from an analysis of accident victim blood specimens. 
Nevertheless, the point remains that the traffic safety implication of marijuana 
use must ultimately be based on direct evidence of its causal role in increasing 
accident risk. This necessitates establishing accurate "population-at-risk'' 
baselines for: (1) the incidence at which persons drive under various levels of 
THC alone; (2) the same incidence in combination with alcohol; and (3) the same 
incidence in combination with other drugs. The fact that marijuana is so often 
detected in conjunction with alcohol makes it difficult to establish a case 
against marijuana since any increase in relative risk could be due to alcohol 
alone. Establishing incident rates for the above risk groups would facilitate 
interpretation of the respective incident rates among acc i dent- i nvolved drivers. 

-iv(ll)-



Probably the most consistent and important finding of this study was the 
demonstration of an additive marijuana/alcohol effect on a wide array of 
pe r fo rmance measures. If one accepts the thesis that marijuana in conjunction 
with alcohol makes people "drunker", then it follows that marijuana in this 
context increases accident risk. A public policy implication of s uch a thesis 
might be t o reduce the illegal, per se, BAC leve l for persons detected with both 
substances in the i r blood. 

The question of the traffic safety risk posed by marijuana alone is not as c lear 
cut as the risk presented by marijuana and alcohol in combinat ion. Although 
evidence of impairment was identified in both the present and numerous past 
s tudies, the translation of this evidence into inferences about accident 
causat ion presents nume rous difficulties. Before explaining why, we o ffer a 
dis senting opinion from a recent comprehensive review of the literature by 
Moskowitz (1985): 

"It s hould be c l ear from the above review that there is more 
than s ufficient experimental evidence to conclude that 
marijuana seriously impairs psychomotor performance required 
for driving. Among the areas which exhibit ed overwhe lming 
evidence for i mpairment were: A. Coordination •• • ; B. 
Tracking; C. Perception; D. Vigilance ; E. Driving a nd f lying 
performance measured by simulators; F. Driving performance 
on the road ••• 

Clearly, marijuana is a substance which produces serious 
behaviora l toxicological effects . Any sttuation in which 
safety both for self a nd othe rs depends upon alertness and 
capability of control of man- machine interaction precludes 
the use of mari j uana . " 

Based on the prese nt study and past evidence, we agree that marijuana 
undoubtedly impairs psychomotor abilities that are functionally related to 
skillful driving and that driving s kill itself may be impaired, particularly at 
high dose levels or among naive s ubjects. Given t hese facts alone, Moskowitz 's 
implicit recomme ndation that people not drive after consuming marijuana should 
obviously be heeded. However, the extent to which marijuana- impaired driving 
caus es accidents cannot be deduced from the present study , nor any of the 
studies cited by Mos kowitz . Our more conservative posture to this question is 
based on the following rationale: 

l . In their multidisciplinary investigation of traffi c accide nts, Treat et 
al (1979) identified "improper l ookout" and excessive speed as the t wo 
most frequent human factor causes of accident s . Although improper 
lookout may involve some of the perceptual and information-processing 
components affected by marijuana, it is more closely related to the 
search and scan strategies utilized by drivers in anticipating and 
detecting potential conflicts . In the only study of marij uana's impact 
on traffic visual sear ch behavior, Moskowi tz et al ( 1976) found no 
evidence of a negative effect on search and scan behavior . Excessi ve 
speed can be best viewed as a reflection of atti tude toward risk, risk 
assessme nt and aggressiveness . Several investigators have reported 
that mari juana reduces risk taking propensity and driving speed. 
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Because of these compensating tendencies, it is presently not possible 
to assess the net impact of marijuana as a causal agent in traffic 
accidents. Although some increased accident risk appears likely, the 
magnitude of t he risk remains obscure . 

2. Most of the laboratory marijuana studies which have shown the greatest 
psychomotor impairment have utilized tasks that are only abstractly 
related to driving. Although divided attention and tracking are 
required for driving, it does not necessarily follow that performance 
on a highly novel and complex laboratory task designed to magnify 
performance decrements are correlated with actual "real-world" perform­
ance in a vehicle. Harano, Peck and McBride (1975) evaluated a large 
array of psychomotor measures, including divided attention, and 
concluded that none were important predictors of a driver's accident 
propensity. The fact that attempts to measure response to simulated 
accident situations has not consistently detected a marijuana-induced 
decrement, even at high dose levels, underscores the need for more 
research (Stein et al, 1983). 

Future Research Needs 

In addition to the need for improved epidemiological studies mentioned earlier, 
the relationship between marijuana consumption and driving behavior can be 
clarified by a research design possessing the following characteristics: 

l. A multi-method/multi-criterion approach in which subjects perform 
relevant psychomotor, driving si.1nulator, and actual driving tasks. The 
utilization of di fferent measurement domains will permit an assessment 
of the multivariate effects across domain, leading to more general­
izable characterizations of the extent and locus of marijuana-induced 
impairment. 

2. At least three dose levels of marijuana should be used (none, moderate, 
and high) in order to obtain a greater range of THC variation for 
investigating dose-response relationships. 

3 . Frequency of prior marijuana usage s hould be treated as an experimental 
factor by selecting subjects who s ubstantially vary on use rate. At 
least three levels should be employed--light user, moderate user , and 
heavy users. Such a design would permit an evaluation of treatment x 
use frequency interaction, resulting in a better understanding of 
whether acquired tolerance a nd accommodation are important factors in 
influencing impairment. 

4. An independent groups design with repeated measurement trials should be 
employed in preference to latin square-design in which each s ubject 
receives all treatments . Individual differences in drug response and 
e~~- -!mental error could be reduced through matching and analysis of 
covariance procedures. 

S. The design should include some tasks under reduced-illumination to 
simulate night driving conditions. Serious accidents more often occur 
at night, and there is reason to suspect that marijuana-induced 
impairment would be greater under night driving conditions. 
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Further research is also needed to validate the relations hip between tasks (or 
simulators) designed to detect drug impairment and actual driving behavior, as 
measured by driving performance tests and accident involvement rates . 
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INTRODUCTION 

This report represents Phase II of an effort to characterize and quantify the 
effects of marijuana use, alone and in combination with alcohol, on dr iving 
performance. An earlier study (DOJ Incidence Study), funded by the Office of 
Traffic Safety, indicated that Delta 9-THC was present in a significant 
proportion of the submitted blood samples drawn from California drivers detained 
by highway patrol officers because of ostensibly impaired driving performance 
(Zimmerman et al 1983). Phase I of this grant also suggested that volunteers 
given ad lib doses of marijuana by inhalation were subsequently considered 
impaired when required to perform the standard field sobriety test (Reeve et al 
1983). These impairment ratings persisted for up to three hours after smoking 
and were associated with hemolyzed blood concentrations of Delta 9-THC measured 
from the subjects. Ore limitation of the Phase I study was the absence of 
experimental controls for placebo bias. Phase II is designed to extend this 
research to include actual driving performance within the confines of a 
rigorously controlled experimental design. Subjects received a standard dose of 
marijuana by inhalation, and a double blind control condition was included to 
minimize e xperimenter and subject bias. In addition, since alcohol was observed 
in a larger number of cases in association with Delta 9-THC during the DOJ . 
Incidence Study, the present study included alcohol and marijuana plus alcohol 
combined as additional experimental conditions. 

The specific objectives of the present study were: 

A. To determine t he singular and combined effects of marijuana and alcohol 
on a number of measures of driving performance . 

B. To determine if there is a relationship between the range of Delta 9-
THC in blood and/ or alcohol in breath and measures of driving 
performance. 

C To determine if the various driving performance measures are 
differently affected by marijuana and alcohol ingestion. 

u. To determine the relationship between the time following marijuana 
and/or alcohol ingestion and driving performance impairment. 

E. To determine the interrelationship among the performance factors 
affected by t he marijuana and alcohol ingestion. 

F. To determine whether marijuana, alone or in combination with alcohol, 
results in impairment that can be reliably detected through external 
observation of the driving and standard field sobriety tests. 

It wa s beyond the scope of this study to establish a definitive relationship 
between subject ' s performance decrements on the various driving range maneuvers 
and impaired driving ability on public streets . Instead, the study focused on 
performance decrements of various driving maneuvers on a c losed-driving course 
that are related to "real world" driving. One limitation of us i ng a closed­
course for driving trials is that some behavioral domains that are known to be 
critical to accident avoidance are not tapped. For example, search and scanning 
s trategies , hazard detection, and risk taking are not likely to arise for a 
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driver involved in repeated trials over a closed-course driving range and in the 
absence of other vehicles. In spite of these limitations, the impairment of any 
skill component of the above task has potential safety implications and is 
therefore deserving of serious scrutiny. In addition, some driver-behavior 
investigators, such as McPherson and McKnight (1981), suggest that deficiencies 
in skill and motor component s of the driver task may indirectly degrade accident 
avoidance components. Such ar. effect would be mediated by a reduction in the 
"spare capacity" for handling emergency situations that could occur in drivers 
whose low skill level requires use of large portions of their perceptua l and 
attentional capacity to maneuver a vehicle through traffic. 

The following sections present an overview of past studies on an effect of 
marijuana and marijuana and aclohol combined on human performance variables 
related to driving behavior. Because the detrimental effects of alcohol on 
human performance have been so well documented, the numerous alcohol studies 
reviewed are not summarized here. Suffice it to say that accident investigation 
studies are virtually unanious in showing that alcohol is present in over 50% of 
all fatal accidents. The reader interested in more rletailed information can 
reference Carpenter (1962) and Perrine (1974,1975). 

The Effects of Marijuana on Driving 

Until the identification and synthesis of Delta 9-THC as the main active 
substance of canna bi s (Mechoulam, 1973) and subsequent forensic tests to 
quantify it, evidence about marijuana and driving was largely based on anecdotal 
evidence and self report surveys. In a survey of 246 college students licensed 
to drive in Wes t e rn Ontario, Smart (1974) found that 10% of those who r e ported 
having had an acc ident in the previous year indicat ed that their accidents had 
occurred a ft e r using marijuana. Smart does not clearly specify whether these 
drive rs had been s imultaneously using alcohol or othe r psychoactive drugs. 
Respondents to a survey contuc ted by Grilly (1981) revealed that alcohol was 
perceived to be more detrimental than marijuana in driving. 

Actual performance studies concerning marijuana use have largely involved 
simulate driving tasks or, less frequently, closed- course driving procedures 
(Crancer et al 1969, Rafaelsen et al 1973; and Tinklenberg 1972). Simulator 
studies provide a way of measuring specific sub-sets of the drive task, such as 
risk- taking, tracking, car control, and sensory perceptual skill. These 
s imulator studies have often failed to find detriment in performance after THC 
treatment. Moskowit z e t al (1972) did not find significant impairment in car 
control and tracking aspects of a driving simulator after doses of 50-200 ug/ kg 
smoke- delivered THC. They did, however, find dose- related decrements in 
detection responses for the marijuana treatment groups. Likewise, Rafaelsen 
(1973) found little e f fect on simulated driving except at oral doses of 12 or 
16mg. At these levels, Rafaelsen demonstrated that cannabis (as well as 
alcohol) increased the time required to brake and then start from a stopped 
position. Concurrently, while the alcohol treatment resulted in an increase, 
marijuana decre as ed the number of gear changes compared to baseline 
performance . In s imulated instrument flying by experienced pilots, Janowsky et 
al (1976) found definite deterioration only after very large doses of 90 ug/kg 
of smoke- delivered THC. 
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Crancer (1969) found speedometer and steering errors afte r subjec t s s moked about 
22 mg in a simulated driving task. However, since improvement occurred in half 
the subjects on some scores, and insufficie nt controls were imposed, these 
results may be attributable to practice effects. Further criticisms of t he 
experimental design and drug treatments and the lack of c larity of response 
scores have been made in regard to thi s s tudy (Moskowit z , 1972 ). 

In a s tudy of marijuana and driving performance, Dott ( 1972) used a closed-loop 
simulator with two independent lanes to allow assessment of a passing task. 
Subjects receiving THC displayed decreased risk- taking behavior and greater 
hes itancy except when confronted by an emergency situat ion where in decision t ime 
pe r se was not impaired. Dott conc luded that THC did not appear to affect 
"decis ion time" (re sponse t o an emergency), but altered t he subject's percept ion 
of wha t cons tituted an acceptable passing gap. Ellingstad et al (1973 ) 
replicated the Dott study and obtained similar results, 

Kielhol z et al (1973) conducted a simulated driving study ut i lizing an 
informa tion density-cha nging task which included a steering wheel and pedal 
depression device . Marijuana-impai red subjects showed unchanged simple reaction 
time and lengthened comple x reaction time. Subjects had di fficulty attending t o 
multiple sets of object s and demonstrated "tunnel-vision". Dose-related 
increases i n risk - taking were also fo und in the marijuana-impaired subjects. 
Some effects were reported lasting up to 10 hours after marijuana ingestion. 

While these studies provide evidence t hat driving performance is likely to be 
altered by marijua na, they do not demons trate the i mpact of marijuana use on 
actual driving performance . ln order to make this assessment, closer 
approximations , s uch as c losed-course driving and actual traffic involvement 
s tudies , are necessary. 

Moskowitz (1976) reports t ha t t he earliest c losed-course drivi ng study examini ng 
marijuana effects was conducted by North Carolina Highway Safety Research 
Center. In this study, s ubjects drove t hrough seven vari ed cone patterns, ·No 
difference was found between marijuana treatments and non- treatment groups. 
Hansteen et al (1976) conducted a closed-course study a nd observed decrement s in 
car handling performance followi ng marijuana use. In t his experiment doses of 
21 and 88 ug Delta 9-THC/kg alone or in after drug treatment on six laps of a 
1,1 , - mile course and then again t h ree hours later on t hree laps of the cour s e . 
Increases were reported in t he number of cones overturned in a slalom, bu t 
outside observers we re una ble to detect an increase i n " rough- handl i ng" be havior 
caused by marijuana alone; whereas, a l cohol adversely affect ed both of these 
performance measures. No differences in speed were found , with the exception of 
the high marijuana group which drove 7% slower than the other groups. Hingson 
(1982) urges cautious interpretation of these results, however, because of the 
artificial driv ing circumstances employed . 

I n the first study in which s ubjects were allowed to dr i ve on unrestric ted city 
streets under the influence of marij uana, Klonoff ( 1974) gave modes t doses of 
THC via smoked marij uana to 43 male and 21 female student volunteers and 
measured driving performa nce on t he c i ty streets of Vancouver, British 
Columbia. Further driving performance on a closed-course containing tunnels, 
subjective ra tings provided by DMV examiner s who accompa nied the drivers th~ough 
all drivi ng portions of the study. El e ven behavioral compone nts were rated to 
provide furt her evidence of impairment. They included genera l driving habits, 
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cooperation, judgment, speed, and concentration. Results from this study 
indicated that even low doses of marijuana impaired driving with greater 
accompanying heart rate elevation on the closed-course where driving tasks were 
more exacting. On the closed-course, marijuana subj ects showed some impairment 
in recalling the proper order of tasks t o be followed on the track as well as a 
loss of discrimination of internal and external course markers. Even greater 
performance decrements wer ' found in the actual street traffic setting. These 
decrements in actual street driving included 1uissing traffic lights or stop 
signs, passing without sufficient caution, not adjusting to changes in traffic 
flow, lack of awareness of pedestrians or stationary vehicles, preoccupation 
with traffi c signals and slowed response to green light signals (Klonoff, 
1974), Considerable variation among individual drivers was observed, with some 
actually showing improvement after mari juana, particularly in the street-driving 
task. 1n a general review of the literature, Moskowitz (1976) credited 
Klonoff's study as having greatest "face validity", but commented t hat the 
subjective variables rated by the instructors provide little insight into the 
specific pharmacological actions of the drug. 

Casswell (1979) examined the effects of marijuana in an actual driving situation 
and found that the number of steering corrections made by subjects decreased, as 
did their average vehicle speed . Casswell suggested that marijuana- impaired 
drivers tended to compensate for the drug effect by decreasing overall speed, 
thus reducing the rate of information processing required. 

A number of studies have been conducted on the effects of marijuana upon 
specific psychomotor tasks believed to be related to accident avoidance. Sharma 
and Moskowit z (1973) tested reaction time to a light signal detection tack 
designed to simulate traffic light detection. They found that light signal 
detection er r ors inc reased significantly between each of three levels of 
marijuana (50, 100, or 200 ug Delta 9- THC/kg body weight condition). The numbe r 
of false alarms was not affected by any of the marijuana conditions. Dogoloff 
( 1981) cited s tudies showing similar delays in reaction time to " stop" and "go" 
signals under mari j uana conditions. Dogoloff also found that after s moking 
marijuana, drivers had a consistently lower performance than non- marijuana 
smokers when required to divide attention between concentrating on following a 
car at a safe speed and identifying a danger signal. 

Reduced tracking performance has been s hown for rotary pursuit tracking by Roth 
et al (1973), Cl ark e t al (1974), and Manno et al (1970) for varied levels of 
marij uana use . Casswell and Marks (1973) required subjects to per fo rm a divide 
attention compensatory tracking t ask while under the influence of extracted THC 
or placebo cigarettes in high or low dosage (500 ug/kg and 250 ug/kg active 
material respectively). Absorption was indicated by s ignificant increases in 
pulse ra te. Significantly more central and peripheral light s ignals were missed 
for both THC levels. 

Bech et al (197J) showed that 300 ug/kg of cannabis had the effect of delaying 
braking-time by 16% t o 23%. Afte r 500 ug/kg of cannabis, the braking-time delay 
was increased by 66% above baseline braking-time. In a separate condition, 
subjects were given 70 mg/kg of alcohol and demonstrated braking-time delay 
inc reases of 44% baseline performance . 
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( Effects of Marijuana and Alcohol in Combination on Driving Performance 

Examining the influence of marijuana and alcohol in combination on the 
performance of tasks related directly to driving is an involved task. 
Correlation between blood concentration and behavioral performance has not been 
clearly es tablished for marijuana. The complexity of defining safe levels of 
THC in combination with alcohol becomes more apparent when the effect of various 
pharmacological parameters are examined. For example, although alcohol and THC 
are able to produce dose-related decrements in both individual ~.~ •lng skills 
and actual driving performance, it cannot be assumed that thei ~ >mb1ned effect 
will be additive. Adams e t a l (1975), for example, reported th~c g la~e-recovery 
was slowed by each substance individually and produced a sub- additive effect for 
combined use . Belgrave et al (1979) used a battery of cognitive and psychomotor 
tasks to obtain four driving-skill factors, each of which was s ignificantly 
impaired by a lcohol in moderate dosage and further augme nted by modest doses of 
THC. 

Macavoy and Marks (1975) studied the effects of alcohol and ma rijuana on a task 
requiring subjects to monitor and report visual events occurring in both central 
and peripheral visual field - a task related to the requirements of actual 
driving. Low doses of THC were found to cause definite impairment, as did 
moderate doses of alcohol, with a tendency for the drug in combi nation to cause 
an antagonistic effect . The effect was such that alcohol offset the decrement 
in divided attention brought about by THC in the responses of e xperienced 
users. An extension of this study, however, showed no evidence for s uch an 
i nte raction effect. 

Belgrave et al ( 1979) also performed a n extensive study into the effects of 
combi ned ma rijuana and alcohol use. The treatment conditions were marij uana 
alone, a l cohol a l one , combined marijuana/ alcohol and a placebo. The performance 
variables included: l) standing steadiness; 2) simple a nd complex reaction 
time; 3) the Vienna Discrimination Apparatus; 4) a purs uit mot or task ; 5) an 
arithmetic task to measure concentration and attention; and 6) a word 
construction tes t. A factor analysis resulted in four r otated fac tors: 1) 
reaction and s peed; 2) cognitive functioning; 3) standing steadiness; and 4) 
psychomotor coordination. Both THC and ethanol produced s ignificant decreme nts 
on the first factor , while alcohol produced decrements in the standing 
steadiness and psychomotor coordination factors . THC caused a significant 
deterioration in perfo rmance on all four rotated factors. The combined 
treatment g roup showed no more than an additive since the re was no evidence of 
interaction. 

The findings of Belgrave et al (1979) indicate that the effects of combined 
marijuana/alcohol tend t o be additive. Some authors have disputed this claim 
and s uggest that, depending on the measurement task, some performance variables 
s how synergistic and antagonistic effects. Macavoy (1975) found, for example, 
that in a divided attention performance task, marijuana caused significant 
decrements in performance, while produced no effect. The double-dose subjects 
s howed interactive effects depending on whether they were users or non-users of 
cannabis . The non- users showed a synergistic effect, while the users showed 
antagonistic effects. One of the first attempt s to demonstrate the effects of 
moderate levels of marijuana and alcohol alone and in combination with a closed-
driving course was ~ade by Casswell (1979). Casswell found that vehicle · 
velocity tended t o increase under alcohol and under alcohol and marijuana 

-5-



combined. Furthermore , lateral positioning of the veh i cle in the roadway tended 
to become more va rlable under the combined condition. Conversely, given 
marijuana alone, the numbe r of steering corrections decrea ed as did average 
vehicular speed. However , there were problems in the procedures for 
administe ring drug doses, resulting in great variability in the time lapses 
be twee n administering drugs. 

Smiley et al (19 74 ) conduct ed a c losed-course investigation in an attempt to 
gauge some of the required skills ~nvo lved in the driving ta"!k . Th se 
investigators found t hat the accuracy wi th which dr i vers we re ab l e to stop t 
t raf f i c s ignal det e riorated after alcohol treatment. Less advers effe·ts w~re 
obse rved on each of t he driving performance m asures than with al ohol al nc . 
The only exception to this was a signi ficant reduct i n ln r~spons• tlm a 
light signal whi ch flashed at rand0m intervals throughou t • h trl t . oh l 
and marij uana t ogethe r appeared to improve p rf rman·e over that obtaln d und r 
the alcohol a l one . Stopping accuracy varied gre tty for s ubj• ts in the al ohol 
a nd marijuana combined ~roup wlth s om• subjects obtHin lng their w rst - ·or s , 
wh i l e othe r s , th,de best scores on this task . Measures of ·te ring movem nt 
were based on a power spectral density f unction of st• ring wh •l angle whi .h 
was ca l culated for each s ubj ect fo r each drug condition . The al ·ohol ,1nd 
ma r ij ua na-combined group demonstrated the greatest a rea und~r the power sp ctral 
de nsit y curve , t hus s howing t he greatest amplitud in ste ring hange. No clear 
spePd variation trend o·curred . However , subj ects l n the pla e bo ond ltion 
drove at s i gnif i cantly •r e t•r speeds than did subjects in any of the active 
drug conditions (alphas rangJag from p .10 t op . Ol). Subjects glven onl 
alcohol drove faster t ha n s ubjects ln the combined roup (p . O ) . 

I n the more re ent c losed- ours e s tudy nducted by ttwood et l 1981), 
driving pe rforma nce was observed under marijuana an,I ,t l oho l ·ombined , marijuana 
alone , alcohol a lone and a place bo ont rol. Two levels of a I coho l and tw0 
l evels of marij ua na wer e used. Ki ght s ubjects were ass lgned to the treatment 
conditions using a r e pe,'\ted measu res des i gn, and varioui, drivlng parameters were 
measured e l ectrvnic1tlly . Multlvariate techniques himonstrated signiflcant 
discrimination between each trea tment on a number of variables, but un ivariate 
comparisons did not produce results which exceeded chan e signi ficance . Since 
multivariate me thods capitalize on chance relationships, espec lally when 

. employed on s mal l samples, the At t wood fi ndings must be rev i ewed wi th caution 
until r ep li cated. 

Sutton (1983) evaluate~ the effects of marijuana , alcohol, a nd marijuana- alcohol 
combined on the a bility of subjects to drive on a n experimental driving range. 
Using a double-blind, repeated-measures des ign and nine subjects, he found that 
only the comblned marijuana-alcohol condi t i on resulted in significant 
i mpairme nt . The signi flca nt syne rgist i c inte ract i on was evident in both ratings 
of in-car raters and a fo llowing patrol officer. The patrol ~ff icer was able t o 
identify every trlal involving the combined-drug group. ln commenting on the 
fi ndings , Sutton expressed s urprise t hat t he marijuana- alone condition did no t 
resul t in i mpairment, in view of earlier s tudies and in view of "the e laborate 
efforts made in this s tudy t o maximize marijuana lntoxlcation''. (The marijuana 
condition was compri sed of a 2% De lta 9 cigarette and the alcohol condition was 
ca libra ted to produce a BAC of . 06% . ) 
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In two separate but related experiments, Allen et al (1982), and Stein et al 
(1983) used a simulator to investigate the separate and combined effects of 
alcohol and marijuana. The first study employed two alcohol levels (0 and .10%) 
and three marijuana levels (0, 50, and 100 ug Delta 9-THC/kg body weight). The 
alcohol condition was found to consistently impair most of the measured 
functions, including increased stmulated accidentg ;;.nd violations. The 
marijuana conditions, however, did not result in con81stent impairment, nor was 
there evidence of an interactive effect. 

The second experiment was essentially a replication of the first, except with 
higher mari j uana concentrations (0 , 100, and 200 ug Delta 9/ kg). The only 
reliable effect due to marijuana alone was a tendency to drive more slowly. 
However, there was a significant interaction betwee n alcohol and marijuana on 
simulated accidents, with the alcohol and high- ma rij uana-dose group involved in 
significantly more accidents t han other conditions. 

Althougl1 t he mechanism of the alcohol-marijuana interaction is unknown, and the 
function is highly complex, there can be little doubt that the substances are at 
least additive in their effects on a number of driving-re lated tasks. 

Epidemological Accident Investigations 

Several r esearchers have done both s urvey studies of the incidence of marijuana 
in the body f luids of fatal ac ident victims in an attempt to document the 
accid nt risk from driving und r the influence of marijuana. Grilly (1981) 
found tl1at th maj orit of s urveyed r spondents viewed ma rijuana as detrimental 
to driving skills. Thes r spondents also viewed marijuana not to be as 
detrl,uental as oth r mmonl - us d substances such as, alcohol, barbiturates, 
narcoti s, and LSD. ln a survey of 2 6 coll ge students licensed to drive in 
Western Ontari , Smart (1974 ) found that 10% of those respondents who reported 
having an a id nt in the pasty ar also indi ated that the accident occurred 
aft r using marijuana. St rling- Smith (197) con luded that mari j uana use 
occurred mor frequ ntl (16%) prior to fatal vehicular accidents than in 
mat hed ·ontrols who had no ac id nts. Sterling-Smith (1976) also found that of 
mat h d fata t - a dd n t drlv rs and non- ac id nt drivers, the fa tal- accident 
driv r wa· m r lik ly to us marijuana (45%) t han were t he control drivers 

34%). T al t al ( 1977) , u ing radloinununoassay (RIA) to identi fy 
' nnabinoids, found th ~. % of the injured drivers in England and Wales 
·011tai ned D•lta 9-Tll • W odhouse (1974) found of 710 fatally-inj ured drivers, 

% had b n "in onta t" with annabis. Cimbura et al (1982) found 
cu11nablnoids to be pre·~nt in 12% of 484 drivers and pedestrians fatally injured 
in Ontario . Using a large sample of 1,792 people arrested for driving under the 
influen'P, a study ondu ted by the C lifornia Department of J ustice indicated 
th t marij uana was pres nt in 12% to 15% of the samples tested (Zimmerman et al 
198. ) • 

t Ba • and Owns , 1980, and Mason and Mc8ay, 1985, justifiably criticize most 
studies on the grounds that the low blood levels of marijuana found, and the low 
ln iden rat observed, indicate a relatively insignificant f actor in 
automobil a ·id nts. Owens (1981) found detectable levels (3 ug/L) of THC in 
the blood of 5.9% of a sample of drivers killed in single-vehicle fatal 
a ident· in North Carolina . I n contrast, 67% of the sample had ethanol level 
of .09% or higher. Terhune and Fell (1982) evaluated blood specimens from 497 
drivers i1~ured in accidents in the vicinity of Rochester, New York. THC was 
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detected in 10% of the sample, and alcohol was det ected in 25%. Among the 
positive THC specimens, 51% als o had detectable e thanol levels . The alcohol and 
THC subjects were more often judged responsible for the acc ident than drug-free 
and other drug groups. More important, they point out that no study to date has 
included the necessary controls for establishing the "population-at-risk" 
base line necessary to make epidemiologically sound estimates of mari j uana 's 
casual role in traffic accidents. Never theless, the apparent frequent use of 
marijuana in conjunction with driving, particula rly among drivers in the young, 
high-risk age groups and in frequent combination with alcohol, is s ufficient 
cause for concern. 

Ove rview and Impli ca tions 

Although mos t of the s tudies reviewed ind icate that ma r i juana impairs driving­
related psychomoto r and perceptual skills, there is s till a notable amount of 
variability a nd conf lic t in the results of these prior investigations. 
Moreover, t he question of the combined effect of alcohol and marijuana has not 
been as ext ensively evaluat ed . The preponderance of e vidence indicates that the 
effect s of the t wo drugs are primarily additive , but some investigators have 
reported both antagonist i c and synergistic interactions . Some of t he 
conflicting res ult s can be potentia l l y exp la ined by: (l) di ffe r ences in t he 
perfo rma nce tasks, (2) differences in ma r ij uana dosage, (3) s ubj ect differences 
in the prior use frequency of marijuana and alcoho l (tolerance and adaptation) , 
(4) di fferences in the measurement sensit i vity and re lia bi l i t y of t he 
pe r fo rmance measures , (5) di ffere nces in research design, particularly with 
respect to r epeated measures vs. Jnde pende nt group designs , and (6) experiment al 
a rt ifacts. 

Mos t of the s tudies reviewed have no t tested for other drugs o r established the 
qua ntitat ive Level of THC attained by their s ubjects. The research design of 
t he present study was developed t o answer t he objectives listed at the outse t of 
this paper . These objectives, in par t, emanated from t he aforeme ntioned 
ambiguities in the existing s t a t e of knowledge r ega rding ma rijuana's impact on 
driving behavior. The r esearch design, which i s detailed i n the next section of 
thi s re port , has the following salient characte ri s ti cs : 

l. Included a closed-course driving range a nd a wide ra nge of ot he r 
perf0rmance modalities in order to permit a bett er unders t anding of the 
underlying drive per forma nce dimens i ons and tu provide a n assessme n t of 
the multivariate impact of marijuana and alcoho l on d r iving 
performance; 

2 . Utilized i ndependent groups design in ass i gning s ubjects to treatment 
conditions because of concern over t he mathemat i cal assumption required 
fo r repeated measures de sign, and pot ential confoundi ng due t o memory 
and carry-over effects (Gaito, 1958 and 1961); 

3 , Screen for presenc~ of other drugs; 

4 . Meas ured performance ove r several spaced t r i a ls fo l lowing drug 
administ r ation in order t o establis h trea tment effec t time gradient, 
and; 

S . Tested blood spec imens prior t o each trial t o es t ablis h the obtained 
level of alcohol and cannabinoids for each subject . 
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It is believed that his combination of refinements has not been employed in any 
prior s tudy and would clarify some of the ambiguities surround ing the s ingle and 
combined effects of marijuana and alcohol on driving . 
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METHOD 

Research Design 

Subjects were randomly assigned to the four treatment combi nations created by 
the following 2 x 2 factorial design: 

(l) Alcohol plus marijuana placebo; 

(2) Marijuana plus alcohol plac~bo; 

(3) Marijuana and alcohol and; 

(4) Double place bo , 

Fo llowing treatment, each subj ect completed four driving performance trials , 
spaced approximately one hour apart. Thus, the design can be characterized as a 
2 x 2 x 4 factorial with repeated measures on the trial factor . The assignment 
procedures and independent variables are desc r i bed below. 

1. Alcohol and Place bo Treatments. Subjects received either active or 
placebo alcoholic drinks. Active drinks consisted of 1 . 05 ml of et hyl 
alcohol per kg of body weight administered as 80 proof (40% ethano l) 
vodka mixed with 3 parts of orange juice. The total dosage was 
dispensed in 3 drinks, consumed at 10-minute i ntervals. With 
elimination and absorption considerations, t his dosage is calcu lated to 
produce a peak blood-alcohol concentration of approximately . 08% mg. 
The placebo drinks consisted of pl ain orange juice with a very small 
amount of vodka floated on the drink surface t o disguise the absence of 
et hanol. 

2 . Marijuana and Placebo Treatments. Subjects were administered e ither an 
active marijuana cigare tte or a placebo cigarette. The ac tive 
marijuana was standardized material r olled into a 1.0 g cigarette 
iss ued by the National Institute on Drug Abuse ( NIDA) containing 1.9% 
Delta 9-THC. The placebo marij uana cigarettes were similar to active 
marij uana in overall appearance but were free of a ll cannabinoids. 

The subjects s moked the cigarette i n an ad- lib fashion but were 
encouraged to finis h the entire cigarette wi thin a 10-mi nute period. 

3 . Assignment of Treatments. Each s ubject was randomly assigned to one 
treatment condition unt il a minimum of 20 s ubj ects had completed the 
study within each of the four treatment conditions . The randomization 
was accomplished through use of a table of random dig its, Data was 
actually collected for 102 subjects to assure an adequate region for 
error (subj ect dele tion, etc .). 

Four participants were removed from the data because of indications of 
drug use within the prescribed "no use" period prior to driving. This 
is discussed further in the Results section . 

Subject Selection 

Subjects in the experiment we r e primarily recrui ted from college campuses 
t hroughout the Sacramento area . They consisted of 102 males selected from 
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approximately 300 volunteers. These males were U.S. citizens between 21 and 35 
years of age, having no felony convictions and possessing a relatively good 
driving record, Each subject's California driving record was examined to verify 
that none had a two-point offense over the prior three-year period. In 
addition, their driving records were screened for one-point offenses not to 
exceed four accumulated in one year, six in two years, or eight in three years 
(Grossen et al 1981). 

Selection criteria required moderate use of both alcohol and marijuana (not 
necessarily used in combination). This assured that each subject was well 
acquainted with the effects of the drugs, but were not heavy users of either 
drug. Moderate alcohol use was defined as a consumption of no less than 6 oz . 
and no more the 35 oz. of 40% ethyl alcohol or its equivalent per week. 
Moderate marijuana use was determined by a personal questionnaire and a 
psychiatric-medical interview, and had to conform to the following criteria: 

1. First use at least two years prior to testing. 

2. Sufficient use to produce familiarity with the sensations and effects 
on perfo rmance which are characteristic of marijuana intoxication, and 
some experience in the use of these drugs while driving an automobile. 

3. Evidence of ability to smoke moderately large amounts (comparable to or 
higher than those to be issued in the exp~riment) without severe 
discomfort, i.e., "bad trips" or grossly aberrant behavior, 

4. Recent use consisting of l - to-7 average potency (5-20 mg THC content) 
"joints" weekly for the past 3 months (not more than 1 daily, nor less 
than I weekly). 

5 . Evidence from laboratory analysis of urine samples taken prior to and 
during testing that subject has not used significant amounts of other 
psychoactive drugs in the period i111Dediate ly prior to administration of 
alcohol and/or marijuana. 

6. Evidence from laboratory RIA assay of blood drawn prior to smoking 
marijuana that subject has not recently s moked or ingested significant 
quantities of marijuana. 

Necessarily, considerable reliance had to be placed upon subject's own testimony 
in judging the degree to which they had been "regularly using" marijuana and 
alcohol . This was evaluated critically in a psychiatric interview. A 
psychiatrist specializing in both psychopharmacology and clinical aspects of 
substance abuse conducted these interviews. 

The Minnesota Multiphasic Personality Inventory (MMPI) was administered to each 
subject in an attempt to minimize any adverse psychological reactions during 
drug-treatment tes ting. Only subjects scoring under 80 on each of the standard 
clinical scales of the MMPI were included in the study. A few subjects scored 
between 70 and 79 and were only included based on satisfactory psychiatric 
interview results. These criteria have been adopted by the U.S. Army Medical 
Research Laboratories at Edgewood Arsenal, Maryland, in the selection of 
military voluntee rs for studies with psychoactive drugs. This application of 
the MMPI has also been employed by Burns and Moskowitz (1980), Sharma (1975), 
and Crancer et al (1969) to "exclude persons showing a combination of 
psychological stress and inflexible defense patterns". All subjects were 
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considered physically healthy based on medical information obtained in the 
psychiatric interview and personal history questionnaire. Each s ubject 
completed a two-page questionnaire (Gr ossen et al 1981) providing basic 
demographic and general health information, driving experience, and information 
regarding experiences with alcohol, marijuana and other drugs. Other 
requirements for participation included the absence of significant amounts of 
other psychoactive drugs in the period immediately prior to participation. Four 
subjects who qualified for the study in all other aspects were not used in the 
final analysis because significant levels of cocaine and/or amphetamines were 
detected in urine samples collected just prior to driving on the course. 

All of the subjects were informed as to the nature and requirements of the study 
and provided with an informed consent document. The Informed Consent Document 
( Grossen et al 1981) outlined all possible risks involved in participating in 
this study. All potential participa nts were assured confidentiality and freedom 
from prosecution for any activities required of them during their participation 
in the study. Upon satisfactory completion of their participation, they were 
paid $SO plus-or-minus funds accrued from the risk task. 

Subject's Safety 

The risk to al l participants was minimized by the following measures: 

1. Careful attention to selection of physically and psychologically 
healthy subjects known to have good driving records. 

2 . Seat belt and shoulder harness were required for each vehicle occupant. 

3. Limitation of ~0sage to l evels normally used socially and demonstrated 
by pre viously published studies to produce only moderate impairment of 
cognitive , psy chomotor and physical performance abilities . 

4. Presence of a physician on location throughout al l sessions in which 
drugs were administered . 

S. Housing of s ubj ec ts tn air-conditioned recreational vehicles equipped 
with lavatory and running water and stocked with emergencv medical 
s upplies and equipment adequate to provide emergency treatment. 

6. Availability of emergency transportation (including police helicopter) 
to assist in the movement of any injured or seriously-ill volunteer to 
a nearby medical facility. 

7. Limitation of subj ect's exposure to only one day a t the driving range. 

8 . Minimum number of outside observers utilized on the driving range. 

Pe rformance Assessme nt 

Driving performance was assessed on a closed-driving course. The course 
configuration was designed to sample a subset of critical elements of the 
driving task. Based on systems analyses of the drive task, human-factor 
theorists ordinarily di fferentiate driving into four subtasks: 
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a. Search-and-scan subtasks--processes in which information from the 
environment impinges upon the driver through the driver's 
conscious manipulations of sensory receptors. 

b. Perceptual subtask--processes related to the driver 's 
identification and recognition of relevant clues within the 
driving environment. 

c, Decision-making subtask--decision making and judgemental processes 
involved in translating perceived cues i nto motor responses. 

d. Physical-responses s ubtask--motor response processes involved in 
the lateral and vertical maintenance of vehicle in the driving 
environment. 

While marijuana and/or alcohol may affect all four components, this study 
principally provided indices of impairment within the realm of physical 
response. However, detection of impairment within any o f the activities 
constituting the physical response subtask may represent impacts on motor 
activities through indirect impacts on some of the higher level tasks (e.g., 
impaired decision- making, increased risk- taking, impaired time-sharing between 
information sources, impaired time-percertion, etc.). 

Driving Course 

The driving course utilized during the experiment was l ocated at the California 
Highway Patrol Academy in Bryte, California. Appendix II presents schematics of 
the driving course. (Grossen et al 1981) A portio~ of the course consisted of a 
skills and urban complex a nd was located in the northeast corner of the 
academy. The "extended driving area" is located at the west end. 

A typical drive through the complete course required a pproximately 12 minutes. 
The order of progression was through the chicane, left turn and stop. Then into 
the forced lane change and recovery stop and detour. The course then led to the 
urban driving area and, upon completion, to the extended drive where one lap was 
completed. The extended drive ended at the risk task exercise which l ed back to 
the skills driving complex . 

The skills driving complex measured specialized skill functions: the ability to 
react swiftly and appropriately to emergency situations and to assess potential 
danger. The driving tasks consisted of (1) chicane, (2) forced lane change, (3) 
urban drive, and (4) risk task. Each individual task was separated either by 
right- and left-hand turns, stop signs, straightaways, or various combinations 
of each. 

The chicane was a S00 foo t (15S.4 m) meandering channel 9-10 feet (3 m) in 
width . Bordering each side of the chicane were 40, 3 . S foot (1.1 m) stanchions 
placed an a verage of 12 feet (3.6 m) apart. Subj~cts were encouraged to 
negotiate the chicane as rapidly as safe driving permitted, touching or hitting 
the fewest numbe r of stanchions possible. 

The forced lane change was analogous to an accident or obstacle avoidance 
situation. Decisions were required to correctly react in a forced choice 
driving situation. The simulation consisted of three, 12 foot (3.S m) wide 
lanes set apart by traffic cones. At the beginning of each lane were 3 overhead 
light traffic signals (19 ft. (S.8 m) above the pavement) set on "green". The 
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vehicle was driven towards the center lane when approaching the simu lator . 
Sixty fee t (18 m) from the signals , the vehicles crossed over a pneumatic 
activating hose which electronically switched two of the green lane signals to 
red or all light s ignal s to red. The drivers we r e re quired to respond to the 
remaining green light o r rapidly come to a smooth , safe stop in the case where 
all lights were red. The light combinations used throughout the experiment were 
randow.ly se lected. Subj ects were required to ma intain the speed of the vehi cles 
be tween 30 mph (48 kph) and 34 mph (54 .4 kph). Failure to do so was t ant a mount 
t o failure of the e xe rci se . The speed of the vehi c l e was e l ect ronically timed 
at the c rit ica l decision point by automatic timers . The subj ect was instructed 
t o r e peat the tas k upon failure. Only one repeat was a llowed for any given 
run . The rationale for tight control of vehicular speed through the forced lane 
change procedure was twofold. First, correctly performing the exercise at 
speeds gr eater than 34 mph was extreme l y dif f i cult, even for the practiced and 
unimpa ired drivers . Second, performance of the task at speeds be low 30 mph was 
r e lative ly easy . Thus, for the forced lane ~hange to have potential 
discriminating power, it was necessary to impose a minimum speed requi rement . 

Upon completion of the forced lane change, the vehicles were maneuve r ed bac k 
into the center l a ne and were s t opped a t a stanchion loca t ed in the center lane , 
142 ft, (43.3 m) beyond the overhead lights, The automobiles we re then backed 
out o f the chute, s t opped a nd "detoured" through a l ef t curve of two rows of 
cones p laced 9-10 ft , ( 3 m) apa rt and stopped at a stop sign. The car s entered 
the urban drive , a va r ying course de termined by one of s ix written instructions 
presented t o the subj ec t to direct him through a ser i es of street grids 
cons isting of 7 , north-south streets a nd 4, east-west streets . This exercise 
simulat ed an urban drive over unfami lia r and varying routes. Drivers were 
ins tructed to obey all street signs and to exercise t he prope r rules of the 
road . The s ubj ects were directed upon comple tion of t his drive (duration two­
t o- three minutes) to the extended drive portion of the course. 

The second portion, or extended driving course, consisted of a 2-mile (3.2 km) 
track designed primari l y to simulate open- road t ravel, with problems s imilar t o 
those e ncountered in t hi s type of driving. Included were a road detour and a 
s top, At two points along the course , 25 and 35 mph speed limit signs were 
posted. Af ter coming t o a stop at t he stop sign located approximate l y three ­
quar t e rs - of-a-mi l e from the e nd of the ext ended drive, t he car's speedometer was 
covered , and t he subject was asked to accelerate to 35 mph and maintain that 
speed . The speed of the vehic l e at this point was monitored by the inside rater 
(LRE) with a driver obscured-view, digital speed indicator . The speed was also 
continuously recorded on the spli t image videotape from t he speed sensor. 

Exiti ng the e xte nded drive, the vehi c l e was stopped and the speedometer was 
uncovered prior to entering the risk task. 

The ris k task was designed to measure the subj ect's willingness to gamble on the 
accuracy of his perception of road objects and his driv i ng ability (Grossen e t 
a l 198 1, Appendix 3A) . The driver waged a sum of money on his ability to 
tra verse a series of variable- width gates , one which was impossible t o clear 
without hitting the de linea ting stanchions. In another closed-course driving 
study, Casswe ll, 1979, employed a similar risk-task in whi ch s ubjec ts were 
required to use their judgement in deciding if they could negotiate a gap 
varying in wid th from . Oto . 5 m wider than the vehicle. I n the present study, 
the gap varied in width f rom 2 . 02 to 1 . 71 m and the subject was required to 
maintain a s peed of 30 mph. (The width of the vehicles was 1.71 m.) Upon 
completion of the risk task , subj ect s had negotiated one complete circuit of the 
course and returned to t he starting, parked position. 
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The driving course was designed to sample the following driving functions and 
sub-tasks: (1) steering, (2) braking, (3) lateral road placement, (4) risk, (5) 
speed and (6) reaction to forced lane changes. Various measures of performance 
were derived from these tasks. They included various reaction time and quality 
measures, decision making s kills and vehicle cont rol, cognitive and coordination ) 
skills. The specific driving skills included stopping and speed control, 
s t eering errors and control , a nd eye/hand coordination. The operational 
definition of each va riable a t its mos t molecular leve l of measurement can be 
deduced by reference to the appropriate exhibit or appendix of the protocol 
(Grossen et a l 1981). 

Use of Vehicles 

The two vehicles utilized on the driving course we r e 1978 Mercury Zephyrs 
powered by 302 cu inch V-8 engines. The cars we re equipped with radial tires, 
power brakes , power s teer ing , air conditioning , and automatic t rans missions . 
Dual brake systems we r e added to each vehicle to e nable front seat passengers to 
slow or s top the cars independently of the drivers. Each s ubj ect was assigned 
to one-of-the-two vehicles for use on the driving course a nd drove al l tria l s i n 
that ca r. 

Automated Recording Procedures 

Some measures of driving pe r formance we re collected by electronic sensors and 
video tape record ing equipme nt . The complete data recording system was housed 
in the trunk of t he test vehicles . It consisted of six components: (1) a video 
cassette recorder; (2) a video screen splitter; (3) A recorder charger-adapter; 
(4) an AC/DC power inverter; (5) a power supply filter; and (6) a 12V 550A 
auxi lia ry powe r s upply . 

Each vehicle was equi pped with two video cameras and four sensors: speed , brake , 
accelerator, a nd steering . One camera was mounted on t op of the vehicle and 
provided a wide-angle , black-and- white i mage of the roadway i n front of the 
vehicle. The o the r camera was located in the trunk and was focused on a 20 cm x 
1. 5 cm LED bar containing the sensors' light emitt i ng diodes (LEDs). The two 
came ra i mages were me rged together to fo rm a single picture . 

The LED bar contained, f rom left-to-rig ht, diode for the s peed sensor , 10 
diodes for the brake sensor , 10 diodes for the accelerator sensor, and 20 diodes 
for the steering sensor. The speed sensor LED, by pulsing with each wheel 
rotation, provided a measure of velocity , Brake and accelerat or pedal movement 
was indicated by an increase in the number of lit LEDs from Oto a level 
proportioned to the amount the pedal was depressed, The steering sensor, when 
centered , lit 10 of its 20 LEDs . Ninety degrees of steering wheel rotation t o 
the left would linearly decrease the numher of lit LEDs from ten to zer o . 
Similarly, rotation to the right would linearly increase the number of lit LEDs 
from 10 to 20 . 

The video cassette recorder ( VCR) captured 5 measurements per frame at a rate of 
30 frames per second, After the video recording had been completed , the video 
cassette tapes were processed using a digita l g raphics circuit board (32 
Kilobyte random access memory) mounted in a Northstar microcomputer chassis (64 
kilobyte random access memory), The video signal transmitted to t he digital 
graphic (OG) printed circuit board was an analog signal . The OG board converted 
the analog signal to a digital s ignal a t a threshold leve l adjusted by contras t 
control . The digitized video signal was sent simultaneously to a video monitor 
and to the circuit boards ' 32K RAM. 
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To measure the number of LEDs lit by each vehicle-mounted sensor, a program was 
written to check the value of the bit at that location in the computer memory 
associated with a speci. fie LED or set of LEDs . The line "sensor", on the other 
hand, was a computer-generated measure of the position of the vehicle in the 
lane . This was achieved by measuring the vehicle's distance from the white-fog 
line on t he side of the road, which was eas ily distinguished from the asphalt 
once the image had been digitized a nd read into the compute r memory (RAM) . To 
determine the value t o be assigned t o the line sensor, a sc r een location (i.e., 
memory address) several fee t in front of the vehicle was chosen as a reference 
point. Under the control of the computer program, the numbe r of zero bits 
(black) betwee n the reference point and the white-fog line were tallied. When a 
one bit (white ) was found, the tally ceased . This measured value, the number of 
zero bits, r ep resents the distance in arbitrary uni ts of the vehicle from the 
fog line. Thi s sensitive measu re was a ble to det<>ct change as small as one cm . 
The measurement procedure was repeated at a rate of 30 frames/second. When the 
digitization of a sect l on of t he course was completed, the contents o f the 64K 
RAM was written onto a 5-1/4 inch diskette. The first four moments of the 
digitized signals were computed for each of the four sensor variables. 

Following digitization, it was found t hat sensor malfunct ion had introduced a 
considerable number of errors. A series of programs we re written to process the 
sensor data; identifying and removing errors where possible . The data 
reconstruction process utilized algorithms similar to those commonly used in the 
filtering a nd smoot hing of continuous data. The r econstru tion pro ess and 
result s are des cribed in detail by Kerslake (1983), Although the first four 
moments of the score distributions were computed for each s ubject, and 
"d ifference scores" wen~ ·omputed to r e present continuous and discrete changes 
in the score values over the course of each trial, only th first moment of the 
non-differenced scores was used for this analysis. 

Other drug studies which have employed .tnalog recording procedures include 
Attwood et al (1981), Casswe ll (1979) and Smiley et al (1974) , 

Subj ective Depe ndent Variables 

Outsider Kater Proced11res - Observations of specific task performance were made 
by specially-trained raters stationed at strategic locations on the course. 

a . Chicane - Two or more rate rs w re stationed along the chicane . The 
l ead rater r ecorded the time through the chicane and the total number 
of stanchions touched or knocked over as observed by all of the 
raters, The scoring sheet and instructions are in Appendix 3B, page 
96, of the Pro tocol, (Grossen et al 1981). The raters we re responsible 
for observing touched or downed stanchions along a particular span of 
the chicane and for reporting this to the lead rat e r . After each 
drive, the chicane raters were responsible for repositioning any 
stanchions that had been knocked out of place, 

b, Forced lane cha nge - At least one rater was s tationed at the forced 
lane change :rnd was r equired to control the seque nce of light changes 
and score the vehicular performa nce . Instruc tions, including 
randomized light changes , and scoring sheets are in Appendix 3C, page 
99, of the Protocol, This rater also monitored time to complete the 
task and directed a repeat of the exercise if the task was completed at 
either an excessive or reduced speed. 
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c. Risk task - A rat e r was responsible for setting stanchions and "dollar­
value" signs at the three gates of the risk task. Each rater was 
respons ible for a ll settings a nd scoring r ela t ed t o hi s gate . 
Instructions a nd scori ng shee ts for the risk task are in Appendix 3A, 
page 67, of the Protoco l. 

License Registration Examine r s Procedures 

Four specifically-trained California OMV License Regist r a t ion Examiners (LREs) 
provided f urthe r measures of driving performance . The LRE s co ring form is shown 
in Appendix 11. It included both subj ective judgements of driving performance 
on specific items throughout the course as we ll as objective speed a nd elapsed­
time measures . De tailed i nstruc tions fo r using the rat ing fo rm and assessi ng 
the sco res are contained i n Appendi x 6H a nd 6C of the 1981 Protocol. During 
each t ria l, an LRE accompanied the drive r and had access to a dual braking 
system. They were required to a void reference to performance ratings whe n in 
t he presence of the s ubjects . The LREs were required to review a comprehensive 
set of instructions . They included precise techniques for reducing experimenter 
bias a nd variance in t he LRE ratings . Specific i nstructions presented item- by­
item directions for scoring each individual task specified on the scoring 
s heets . Each LRE rat e r was ass igned to one cat and rated t he performance of all 
s ubjects driving that vehic le . Subjects and LREs we r e randomly assigned to t he 
ve hic l es and remai ned with t hat vehic l e throughout t he day. The LREs were never 
in fo rmed of what treatments the s ubj ects had received. At no time were t he LREs 
a llowed to communicate with subjects other than in rhe course of the driving 
task . 

To prevent any systematic rater-bias from confounding the treatments, an attempt 
was made to assign the same proportio11 of each treatment conditi on t o the LREs. 
A chi -square test of independe11ce between LRRs 11nd treatment did not approach 
significance . 

The LREs were trained until interrater consistency was high and in conf ormance 
with the intent of ea h measurement dimension. Tn some cases, dime nsions and 
criteria were alte red to el iminate ambigui ty . A small-scale, pilot s tudy was 
conducted prior to runni ng subjects in whi ch one of t he research staff drove the 
course and was rated by the LREs . The reliabilities were high, and t he r e were 
no significant differences between the raters . 

The assignment of the same LRE to all trials of a given subject was a logistical 
requirement . It would have been desirable t o have different LREs rate each 
trial, o r at Least eve ry ot her trial pe r subject. Such a procedure would have 
assured independence between trials and minimi zed the potential for halo 
effects . 

California Hi hwa Patrol Followin Car 

California Highway Patrol (CHP) Officers observed and evaluated vehicular 1notion 
on the e xt ended drive and made assessments of impairme nt compara ble to actual 
highway evaluations . The CHP officer followed the s ubject's vehicle in an 
unmarked car . Ut IL i z ing a cassette recorder, the officer ve rbally r ecorded all 
of his/her observations a nd judgeme nts of the subjec t 's driving performance, 
just as he/she would have non- verbally assessed the subject's driving abilities 
if he/she were following on the highway. Each off i cer was ins truc t ed to 
verbally record his/her " stream of thought" while observing the subject's 
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vehi c l e . He /she was also as ked to es timate t he dis t a nce from t he s ubject's car 
and any landmarks which might s e rve as conven ient points of refe r en~e during 
his / he r monologue. The o ffice r s we r e unaware of wha t treatment the sui,j<><'ts 
rece ived, in orde r to pre ve nt bias and crite rion contami nat i on . 

Fie ld Sohrie ty Test 

To P.::.:: !~ s ubject, upon comple tion o f each expe riment a l drive , a second CHP 
Oft' i. cP r ~xplained a nd demons tra ted the tas ks invo lved i n t he field sob r i ety te~t 
O'ST). ~:1.8ht s e pa rate t a s ks we r e included. They we r e : (I) Rombe rg body sway ; 
(l) finge r t o nose ; (3) heel- t >- t oe; ( 4 ) sta nding on one foo t ; (5 ) finger coun t; 
(6) hand 11at; (7) counting backwa rds ; and ( 8) r ec iting the a l phabe t. Scor i ng 
fo rms and instruc tions t o the admini s t e ring offi ce r a r e in Appendix 8 of t he 
L98l Protocol. The admini s t e ring offi cer used a sca l e of eit her l - 4 or l, 2 , 
and 4 t o r a te pe r forma nce on each task with the sca l e he ing a nchored on 
sati s f 3ct o r y perfo rmance o f the tas k. Us ing body sway as an example , t he 
f o llowing scale would apply : (l) s light sway , ( 2 ) mi ssed, (J) pronounced s way , 
and (4) fa iled pe r fo rmanct> . Precise ins t r uctions fo r a ppl y i ng th i s scale we re 
inc luded f o r the off i ce rs· r e view. Afte r comple ting the i ndivi dua l rat i ngs fo r 
each tas k, the off i ce r as s essed the subj ec t ' s ove rall impa irme nt on a scale of 0 
- 9, whe re O re present ed no noticeable impa irme nt and 9 r epresent ed extreme l y 
impai r ed pe r fo rma nce . The off ice r then asked the s ubject to assess his own 
ove r a ll driving and PST pe rfo rmance on a simi l a r O - 9 point s cal e . Fo r this 
s cale, 0 r e pre s ent ed no not i ceabl e impa irment and 9 r e presented "the grea.:es t 
impa irme nt tha t the s ubject had e ve r e xpe rienced while s moki ng marij uana, 
drinki ng a l cohol, or bo th" . All s ubj ec t, LRE, Rnd off i cer ratings we r e <lo utle ­
hiind. Tha t i s , ne i t he r the s ubj ec t no r r a t e r we r e in fo rmed o( the treatme nt 
the s ubj ec t received. In addition, the FST and ca r - f o llowing t asks always 
utilized dif fe r e nt of fi ~e r s to pre vent cross cont amina tion. 

Miscellaneous Measures 

Although driving skill s we r e centra l to the curre nt i nvest i gation, time on the 
course WRS l ess than 20-minutes-pe r - hour a nd it was the r efnre poss ible t o 
sched,,le o the r observations during the Inte rve ning pe riods. Seve ral additional 
variables we r e chosen on the basis of the ir medical a nd psychologi cal 
s i gnif i cance , as we ll as the ir use by other invest i ga t o r s in pr evious s tudie s 
( e . g ., We il a nd Zinbe r g 1968; Tinklenbe rg e t al 1972; Renault e t a l 1974; Peter 
e t a l 1975; Milste in e t a l 197 5 ; Manno et al 1979; Kiplinger 1971; Galanter e t 
al 1972 ; Be l g rave e t al 1979). 

a . Blood Pressure (BP) and Heart Ra t e (HR) - These physiolog i cal mea s ures are 
t raditionally monitor ed when drugs having signi.ficant autonomic effects are 
~ed in human subj ec t s . Heart rate characte ristically increases following 

the i nges tion of al coho l and i s e ve n more noticeable afte r smoking 
marijua na . Blood pressure some times declines prec ipitously after marijuana 
inges tion, and occas ionally lightheadedness or even syncope may result . 
During the study, each subject's blood pressure was re corded by a registered 
nurse a t hourly inte rva ls while the subject was seated in a relaxed position 
a f t e r a period of minimal activity. HR was counted for JO seconds at these 
times. 

b. Symptom/Sign Ra ting Scale (SRS) - Because the symptoms (subjective 
obse rvations) a nd signs (objective observations) accompanying use of alcohol 
and marijuana we re potentially valuable predictors of driving performance 
a nd correlates of intoxication, the SRS was developed for tapping a variety 
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of these meas ures . A psychiatri s t o r registered nurse sys t ematically 
observed subjects for signs of intoxication (e.g ., e uphoria , verbosity , 
irritability, incoordination, slurred speech, suffused conjucti va, paranoid 
suspiciousness , hyperactivity, etc . ) and reco rded the degree t o which each 
was present on a simple scale (0 = not at all; l = slightly or to a mild 
deg ree; 2 = considerably o r to a marked degree). Subjects, likewi se , r ated 
the degree to which ce rtain characteris tic sympt oms we re pres e nt (e.g ., 
feeling "high" o r "stoned", con f ide nt, sleepy, dull, irritable , e t c .). 
Observations we r e recorded on a special fo rm (Pro t ocol , Grossen e t al 1981, 
Appendix l OC , 1{182) at hourly inte rvals . 

c . Critical Tracking Task (CTT) - The CTT was developed specifica lly t o de t ect 
a l cohol impairment and has been f o und to be sensitive to re lative ly low­
a lcohol closes if adminis t ered after s table base line performance has bee n 
establis hed (Klein and Jex, 1975). Although ev ide nce of sensitivity to 
mar ijuana is l ess c l ea r cut , some inves tigators have reported e vidence of a 
dose-re l ated, negatlve effec t (Sharma, 1975). The detai l ed opera tions 
invo lved in the CTT are cont a ined in Appendix 5 of the 198 1 Protoca l. 

Summarized brief ly, the CTT prese nts an e l ectroni call y controlled 
int e rac tive visual disp l ay (cat hode- ray tube ), whi ch mus t be contro lled 
through manua l o pe ra t ion of a Joy s tick or dia l. The -;timulus task involves 
keep ing a randomly osc illating needle with in the l ate ra l boundary of t he 
display by appropriate manipulation of t he response dial. The t ask 
increases in d i ff i cul ty in r esponse to a s ubj ect's performance until the 
s ubjec t is no l ,rnger a ble to contro l the osc illati ng 11<iedle . Each s ubjec t 
completed a s e ri es o f GTT trials until a learning plateau was achieved. The 
task automa tica lly t e rminates when the subj ect i s no longer a bl e to control 
the st imulus a nd the score is then recorded . Highe r scores indicate that a 
s ubjec t was ab l e to contro l t he s timulus fo r a tonger pe ri od and achieve a 
highe r l e ve l of difficu lty . 

d . Brief Interval Time Estlmation (BITE) - This tas k measured t ime distortion 
effec t s of Jrug treatme nt by r eq ulring the s ubj ec t t o r e produce a brief 
inte rva l of time upon presentation. The BITE involved re peated produc tlon 
of a cons tant brie f int e rva l (5 seconds). The s ubj ec t attempted t o stop a 
timepiece as c lose to f ive seconds as he was able . He was a llowed t o 
verbally coun t or tap out the five-second int e rval and was then required to 
stop the counte r a t prec ise l y fi ve seconds. A digital wa tch/time r by Casio 
Compute r Co ., LTD. was used to per f orm this t ask. De tails and scoring 
s hee t s for the BITE task are fo und in Appe ndix 4 , page 110, of the Pro tocol. 

Subj ects were given 50 practice tria l s prior t o driving , a t which t im0 the 
average ~r ror was less than 0 .1 of a second. Simila r tasks were utilized by 
Sidell and Pl ess (1970 ), who used a va riable time a nalyzer , a nd Walker 
(1960) , who us ed a ze r o input tracking analyze r. 

e . Impairment Questionnai re - The purpose of this ques tionnaire was t o assess 
the subj ect's pe rceptions of a ny cha nges that may ha ve occurred as a result 
of the ir drug-alcohol treatment. lt was import a nt t o inve stigate the 
rela t ion ,;; h i p be tween pe rce ived cha nge in abiliti es and ac tua l change in 
driving perfo rma nce as measured by obj ect i ve c rite ria . The ques t ionnaire 
was given t o the subject s after the third and f i ft h driving trials . The 
comple t e impairme nt ques tionnaire, devised by Tart (1977), i s fo und in the 
Pro t oco l. 
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f. Exit Qucs tlo nnait"e - This ques tio nnait"e was gi ve n to the s u bjects upon 
comp let ion o f a ll o the r t e st lng p t" oc e dures . l ts pt"i mary fo c us was to 
de t e t"mine the e ff e ct of learning o n pe t"fot"ma nce. I t con tai ned questions to 
asses s and compat"e the s ubject 's pt"i. Ot" expe rie nce with driving wh ile 
impa ire d t o tht' e xpe r ie nce o f dr iving In t he e xperl,nl:'nt;il condltinn . Clthcr 
ques tions asses •; e d l e11 rn1ng stra t eg i e s e mp l oyed du r i ng the experiment . lt 
was be lieved that subj ects with g r e ate r e xperience i n d r ug- impaired driving 
wo uld poss ibly pe r f unn the driving tas k s d iffe r e n t l y than s ubjec ts with less 
compa r.-ib l t• e xpe ri e nce . 

Gene ral Procedure 

Pre liminary l ea rning sessions fo r performi ng the CTT and IHT~~ were c o nd 11 'tt>d 
dut"ing a n e ve ning of t he wt•e k pri o r t o the s ubject's drlvir\g s ssion 
ass i g nmt:>nt. Thi s lnitla l le arning s'sslon consi s t ed of O t"epctlt i ons of th ' 
IHTE dis tt"ibute d o ver 5 se t s of 10 t"c pet l tions ea h. ln t<'rspenPd b t w, n s•ts , 
the CTT was prac ti ced in se ts of S fot" a t o t a l of 25 r petitions . Subje ts were 
e xa mine d fo t" co l o t" hlindness, he i g h t a nd we i g h t , a nd t h >n r e mi nd d that the 
we t"e not to cons 11me .-iny drugs 24 ho urs pt" i Ot" to t hei r d riv ing day . 

Ac tual dt"lving fo r the study was do ne on weekends t h ro11g ho 11 t t h 
1981. Twe lve s ubj ec t s we r e a ss i gne d to d r ive on e a h e xper ime n t 
o n Sa turday, a nd s i x o n Sunday ). 

summer o f 
l weekend (s ix 

On e a c h day of dri v ing , t he si x de slg1rnted subject' w r e pick d u p at t heir 
homes . Whe n the s ix t h s ubj t! ' t wa s in the limo usine-van, a t ape re orded set of 
compre he nsi ve instruc tio ns was play d e n route to tl l dri v i ng lHlt"Se . These 
ins tt"uc tio ns appt>A r in Appt! nd i x 28 of the Pro t o o l. U1wn a t" t"i va l, s ubje ts 
we n .! a s s i g ne d an ide nt i fy ing l et t e r wh ich was worn t h ro ug hout th day . The 
s ubj ect s dt"o ve in t he st!q11e 11tia l ot"de r uf t hese lettt!rs cons i sti ng of "A" 
t h t"o ug h "F". Subj ,!c t s A, C, a nd E wl"re a s s igne d to one of t he c1H s a nd s ubjects 
8, D, a nd F we t"e a s s i g ned t o t he o thet" . Tn t hel t" Hssigned c t" , subjects were 
d rive n tngethe t" t h ro ug h th • e nti re cout"s • to familiar i zt> th'm with t he d riv ing 
t"Ol1te a nd the t ask s t o be pe r formed. The dri. vet"s fo r t his famili a r iza tio n r un 
we t"e e x:pe t"ime nte r s who could a ns wer a ny r e ma ining questions the s ubjects may 
have had. 

Subject s were the n g i ven a s tanda t"d b re11 k fas t. Break fast a nd lunc h were 
p r ovide d i n o rde t" to contro l the calo rie inta ke of e a c h s ubjt!ct. 

The fit"st s ubj ec t (s11hj 'Ct A) the n began a prac t i ce ddve inte nde d t o allow him 
t o a d.jus t t o the a ss i g ne d ca t" and the course. This drive was no t sco r e d in a ny 
way . Te n minute s lnto the f irs t subject " s initia l dri ve , the second s ubject 
( s ubj ect 8) began his pt"ac tlce drive . This LO- minute l ag a s s ure d tha t the two 
cat"s wo11ld ne ve t" b t! in the same sectio n o f the c o urse at the same time . This 
pt"ogress i o n c o ntinue d until all of the s ubj e ct s c omple t e d the pt"actice drive . 
Although the dt"ive was not scot"ed, a lice nse t"egistt"atio n e xa mine t" t"ode with the 
s ubject t o a s s ure s afety a nd t o familiarize the subjec t s with the accompanying 
o bse t"ve t". Afte t" comple ting the prac tice drive, each subj ec t pe rfo rmed 25 
t"e pe titions of the BlTE and at least 25 repetitions of the CTT. Again, this was 
conside t"e d pt"actice and wa s not scot"e d. Each subject, in turn, pt"oceeded to the 
c linica l s t a tion, a t which time his blood pres s ure was me asut"ed and ca 27 ml 
blood and ca 20 ml ut"ine we re collected. During this pe riod, a battery of 
c lini cal ques tions pet"talning to the gene t"al health and me ntal status of the 
s ubj ec t was a s sessed and recot"ded. 
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Upon completion of t his pre limina ry round , t he s ubjects , in turn, per fo rmed the 
first sco red drive of the day . These drives we r e again s t aggered at JO-minut e 
intervals . Thls pre impairment t:la l prov ided base line me asure s of pe rformance 
on the driving course a nd on the ot he r measure s. Fo r t hi s tr Lal, each subj ect 
progressed through the driving course in the same order as pre vious l y 
descri bed. Comple ting the skil l s, urban and e xte nded dr i v ing por tio ns of the 
course , the s ubject pa rke d t he car a nd was l ed to the fi eld sobriety t es t a r ea 
whe r e he was inst ruc ted in the e i g ht separate coordination a nd/or cognit ive 
skills tasks presently use d by l a w e nforcement agencies to de t ec t signs of 
alcoho l impaire d performance . The fie ld sob -:- i e t y t es t s were conduc ted by a 
California Highway Patrol Off icer, ,rnd the e ntire t est was vi.deotaped . 

Afte r comp l e ting t he f i e l d so b ri e ty, test t he subject e ntered the BITE and CTT 
station t o pe r form a no the r 20-mi. nute block of t es ts. 

Completing thi s block of tasks , the s ubject re turned to the clinical station to 
begin the i mpH i rme nt session. Du ring this time , he was given 30 mi ~utes in 
whic h to drink t hree drinks con tHi nlng e i t he r a comb i nat i o n of a l coho l a nd 
orange j ui ce 1n proportion t o hi he i g h t und we i g h t ,>r a ombinati.0 11 ,>f ora nge 
Juice with a ·ma lt amo un t nf al cohol f loat•d un top lo mask t he placebo 
condition . Ttw s ubject was :1sked to cons ume t he e 11t lrl• amount nf each drink . 

Fo llowi ng t h e adm1nistn1tlon of al o ho l , t he subjec t wHs g ive n a marijuana 
cigarette a nd ask e d to s moke AS mu h nr it as he was a hl e . The 1.0 g (NIDA ) 
c igarett s ontaine d eithe r 1.9% 0° l t <1 IJ- TIIC or marljunna wi t h D lt a 9- THC 
>xtract eci . The subjL' t w,1s allowed 10 minut sin whi c h to smoke ad l i b, 
con · t1111ing as 111u·h of t he ci.gar,tte ash 011ld. Tht' ,•ntire cigarette was 
consumed in a lmost all install es . This W.'.IS succl.!ed'd by a not her 20-mi nute-
ltni •,11 hlo k which ·ons ist d of drawin_g ll sp•ond blood sample , monitoring 

blood pres · 11 re <111d taking a bre,'lth s ample wi t h irn l TOX l LYZER Kreath- Al coh o l 
testi ng devi l' . Thl' breath - al o ho l r'adi ng was t·once,-. l l'd from the s ubjec t, a nd 
0111 the admini.st •rit, "b., rtL•nd•r" bservecl n nd doc 111nL•n t ed th > rC'.1di ng. 

The subje·t t h e n lw~all In,- fi.t·st lmpairmell t driv <c' . This , as we ll as the t hree 
remainlt, drives , was s·,lred in th• s.-, m, manl\l't" as t h • basel ine d r ive . All 
t;t•ks al\ll routes Wl' l'' i.dt>n li c al t,1 t ho,;p nf tht' baseline drive, with t he sing l e 
ex cer tion t hll t tlwre was .-1 d if eret1t urban route for eac h drive. The s ubject, 
th•rl:!tore, drov• ,1 t0tal ot ·l. difft>r nt r<lllt~s t hro ug h the u rban dri.ve a r e a. 
Ouring •ver , drlvi1\g ·esslon, t.>a ·h s ubj e t was instruc t <>d, by the accompanyi ng 
Lt\c, to f ttow all normal d ri ving r ul e~ and prl:! autions . 

l)a•h rc111ni11.in~ <lrlvi1tg s•ssion was s u ceedcd b a field sobrie ty tes t, a 20-
mlllutl' RlTK at1<l c1·r · ssi.1,11 , an I A :.O-mi n11 te c linic.IL s1•ssion. The r e fore, each 
r •mai,ling ell' d upll cat d th first i.m1rninne11t r un wi th the fo llowing 

ptlons: After the thirl <'Ind t i f th drives a nd following the BI'rn a nd CTT 
s>ssions, tlw ~ubje·ts ·ompleted a modif ied v e rsion of t h0 define- i mpai rment 
qul)stiu,tnaire dcvelup d by Tart ( 1977) . After c0mple tlng the KITE a nd CTT on 
th tifth drtv , , thl! ' ubje twas given a standard lunch consisting of a 
h.imbm·gt>r at1d a nun- affinat •d soft drink. Duri ng t he c linical e xaminat ion 
p riod to llowing tlw st ·th !riving run, t h • s ubject provid e d a second urine 
sumpl' a nd Cl)mpl'tt>d the e · it questionnaire, 

ti, h subje ·t wa · ,1ccompanied by the same LRE during each s ubseq uent drive, and 
lnstructi.olls and precaution· were read to him by the LRE . All conve r sa tions in 
the ·ar .ind at the field sobriety test statio n were a udi o-tape r eco rde d . 

-2 1-



Between driving tasks, the subjects we re not allowed t o talk with experiment e r s 
u r r a ters a nd we re continuously observed . They were allowed t o talk a mong 
themselves. All subj ects were ide ntically instructed and monito red . 

Prizt!s 

As part of the tape-re corded set of instructions, it was explained to the 
subjects that prizes wou ld be awarded to the subject achie ving the highes t a nd 
second-highest performance scores of the day. The pe rson with the highes t 
Rccumulatio11 of point s r ece ived his choice of e ither a c hill ed bottle of wine o r 
two, s ix-packs of beer. The pe rson witl1 the second highest point accumula t i on 
received a six-pack of beer. 

Subjects we r e told that tn accumulate points, their best strategy would be t o 
drive us ing all normal driving pr ecauti ons and procedur~s a s would be used in 
othe r no rmal drlvlng situr1 1 i.ons . 

The prizes were awarded in a n e ffort to keep the driving day interes ting for the 
subj ec ts and to mo ti vate them to drive and perform the tasks as well as they 
could. 

Aft e r t he sixth a nd fina l driving session, subj ec t s completed a ques ti onnai re 
a ssl!ssment of the ir pe r ce ived performance and con t ribution t o the study . When 
the s ixth and f ina l s11hjec t had comple t e d a ll t asks, the pri zes we r e awarded, 
and s ubjects we re de briefed and driven home . 

Qua lity Contro l 

Expe rime, tal quality contro l was divided into two areas of re sponsibility . One 
individua l ins 11red tlrnt s ubj ects moved from station-to-station at 10-minute 
i nterval s . The same individual was r es ponsible for t he double- blind 
adminis tration of treatme nts, a nd proper collections a nd r eco rding of bio l og i ca l 
spec imens. 

A diff prent individual 1~.1s on-s ite to monitor t he quality HIid comple t e ness of 
data entries. This individual ins11red that rate r s and e l ectronic equipment we r e 
in pos ition and ope rational . The monitors also had t he res ponsibility for all 
data -'lcq11is ition and reco rding t echniques , unde r the s upe rvision of the quality 
control manage r . 

fi nal Data Reduc tion 

The se l ec tion of the fi na l r educed set of performance measures was based on a 
series of factor ana lyses . The f irst s t e p in this process was t o pe rform 
separdte factor analyses withi n ea ch of the fou r basic measurement domains : (l) 
li ce nse regist r ation examine r (ins ide rate r) meas ures; ( 2 ) vehic l e senso r 
measures; (3) out s ide rate r measures; a nd (4) fie ld sobriety t est meas ures . The 
ri sk task measures we re inc luded as par t of the LKE f ac t or analys i s . Three risk 
var iab l t•s we re e va luated: ( l) numbe r of attempts o n the Ris k Task; ( 2 ) quality 
of pe rformance as judged by the LRE ; and (1) t he monetary value of the 
s uccessfu l attempt s o r risk cho ice . A principal component a na lys is (Harmon, 
1960) was employed t o fact,,r each of the domains using the SPSS computer program 
(version 7) . Eigenval ues of one or more we r e r e quired for r e taining factors, 
and the va rimax r ot at ional procedure was used t o achieve s imple o rthogonal 
st ructure . 
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The second phase of the data re duct.ion consisted of a "g l o ba l ana lys i s " in which 
the factors and the ir de fining va riables f r om the domatn a na l yses we r e combi ned 
into one analys is a nd fact o red a s econd time . 

The within-domain fac tor sco r es used as input f o r thi s glo ba l ana l ys i s were 
c reated by simply s umming the vari ab l es possess ing the highest-fact o r loading-.; 
fo r a g iven va ria ble , usually a ft e r converting to s t a nda rdi zed fo rm. Thi s 
technique f o r computing compos it e s co r es was e l ec t ed over t he more conventional 
multiple r egress i on weight i ng procedu re because of i t s computa tional 
s implicity. For add i tional r a tiona l e , sl'!e Tryon and Ba iley (1960). 

The primary purpuse of the g l oba l fac t o r analys i s was not t o furthe r reduce 
dimensionality but, r a the r, t o provide ins ights on t he natu r e and s t r ucture o f 
the t o t a l array of pe r fo rmance measures . As s uch, the pr ima r y output of 
interes t was the f ac t o r - loading ma tr i x por t ray ing the correla t ion be tween the 
res ultant fac t o rs a nd each var i a ble . It should be no t ed t hat o the r outputs of 
this a na l ys i s , s uch as the communa lity a nd va ria nce al l ocations , cont a in 
s purious e l eme nt s , due t o t he s ubstan tia l r edundanc i es among some var i a bles 
(i. e ., the inc lus i on of bo th fac t ors a nd thei r composi t e var i a bles from the 
pre vious domai n ana l yses ). 

Summa ri zed below a r e additional me thodo l ,)g i c.:t l de ta il s perta in i ng to each of t he 
fac t o r analyses : 

l . LRE Oomai n - lt wil l be recal l ed t hat t he Urba n Or i ve po rt ion of each r u n 
was var i ed slightly to mi ni mize fami lia rit y etfecls . Thi s s t rategy cre~ted 
a pote nt i a l sllurce of va r iance withi n ;rnd across runs , s ince the Urba n Dri ve 
LRE rati ngs were no l onger based on i den t i ca l task e l ements . This 
complication was ha nd le<I by fi r st factor i ng t he clati\ without t he Ur ban Drive 
sca l es and then performing se parate factor ana l yse s on these omi tted sca l es . 

Befo r e pe r tormi ng t he preceding facto r analyses , t he 76 items on t he scor ing 
s heet we re r educed to 61 var i a bles by de leting items with i nadequa t e 
va riabi l ity and extreme s ke wness . A 61-variab le correlation matr i x was 
produced wi t hi n each nm a nd f,>r r uns 2-6 comh i ned. Run l was a trai ni ng 
t r ial and ls not i ncluded i n t he a nalysis . These matr i ces were facto r 
a na l yzed, ,rnd a similar a na l ysis wa s re peated for t he 11 r h a 11 d ri ve sca l es . 
Based on t he simi l ar i ty of the factor st ructu re across r uns and a des ire to 
maximize the r e l iabi lity of t he s ubjec t ive I.RI~ sca l es , it was dec ided to 
select t he factor so lution whi c h res ul ted from t he total composite run 
cor r e l ation matrix . 

Although t he se l ec t ion of t he number of factors was based on ins pection of 
t he to t a l composite r un ana l yses , i n mos t ins t a nces only the base line ( Run 
2) scores were used i n determining the e xact va r iables to be used i n fo rming 
t he factor composite scores . Sca l e differences resulting f r om t he 
par t icular 11 rlMn route ass igned to t he s ubj ects were removed through simple 
norma l ization (averagi ng) procedu res. 

2 . Outside Rater Domain - Seven varia bles we r e facto r a na l yzed , and the f a c t o r 
scores were based only on the run 2 ana lys i s . 

3 . Sensor Measur e Oomai n - Af t er recons truction of these da t a in accordance 
with previously desc ribed procedures , s epa r a t e fac t or analys es we re run on 
the 18 vehic l e sensor var i a bles fo r each of the 6 runs . The fac tor solution 
for r un 2 was used to comput e composi t e sco res . 
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4. Field Sobriety Test Domain - Performance on the nine variables at baseline 
(run 2) were factor analyzed and the factor scores computed based on that 
result. 

5. Global Analysis - The factor scores and the defining variables from the 
preceding analyses were subjected to another factor analysis, along with 
certain other variables of a prior interest (the BITE, CTT , and car­
following ratings). As described previously, the primary purpose of this 
global analysis was to obtain information on the structural relationship 
be tween the various <lomai ns. Based on an eva luation of the within-domain 
and global-factor analyses, 21 measures were selected as criterion measures 
for evaluating treatment effects. Six additional variables were included 
due to their substantial importantance, producing a total of 27 measures. 
(This set was increased to 29 and 30 for some analyses.) 

Reliability Analysis 

The stability of the measureme nt s was determined by computing test-re t est 
correlations across the separate runs for the factor composites and variables 
identified from the various factor analyses. The following between-run 
cor r e l ations we re computed for each measure : (I) average of al l pair-wise 
con·elations between runs, i ncluding run 2; (2) average of all pair- wise 
correlations betwlie n runs, exc luding run 2; (3) average pair-wise correlations 
between run 2 and each of the post-treatment runs--that is, 

( R23, + R24 , + R25, + R26 ) 
4 

The systematic manipulation of run 2 in computing the a bove averages was due to 
the base line f unction of this run . lt was hypothes i zed thHt t he post treatment 
t rials would be influenced by both drug- and learning-effects. 

lf so , the n tlw inclusion or exclusion of run 2 s hould have a substantial effect 
on the t est-retest corn~latlons. This logic also r eveals a limitat ion of these 
test - retest co rrelati ons as mea s ures of r e liability. Since mos t of the s ubj ects 
were treat ed after run 2 and each s ubjec t repeated the route severa l times , one 
would expect nonrandom var i ations in the perfo rmance scores across trials . Such 
~ffec ts wou ld t end to att nuate the intrinsic test-retest reliability of the 
measures. The alternati ve of using on ly the placebo group to est imate 
reliability was rejected bt:?causc of the small sample size. 

Evaluation of Treatment Group Equivalency 

Although tht:? random assignment procedures would be expected to preclude bias in 
the composition of the four treatment g r oups , a mall number of subjects had t o 
be deleted for a variety of reasons (instrument malfunction, presence of o ther 
drugs in blood, etc .). 

Three se ts of analyses we re conducted to verify the equivalency of the final 
groups 011 pretrea tm~nt variables. First, the groups were compared on some of 
the biographical and interview variables through chi-square and F tests . 
Second , the groups were compared on the final 27 performance factors, as 
measured at baseline (run 2). this was done through 27 separate one-way 
ANOVAS. Finally, a multiple-discriminant-function analysis (MDF) was run on the 
base line scores for the 12 mos t significant discriminators of postdrug 
performance. This latter analysis was considered the most important because it 
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meas ure s whether the groups were biased on the measures s howi ng the s trongest 
treatment e ff ects. The Wi l ks' Lambda s tatis tic was used t o e va lua t e the 
statistical significance of the discr iminant funct i ons . A non-s i gni fi ca nt 
outcome at run 2 would be inte rpre t ed as evide nce of t reatment g r oup 
equivale ncy . 

Tes t for Potenti a l Cova riates 

In order to increase the se ns itivity o f the expe rime nt, a compr ehe nsive sea rc h 
wa s made fo r po t e nt i a l cova riat e s -- tha t i s , va riable s which were s ubstan tially 
co rre lated with pos t-treatme nt pe r forma nce . 

Two poo ls of va r iables we re e valuated . The fi r s t se t consisted of five 
backg round items f r om the screening inte rview fo rm. The matrix of correlations 
be tween t hese va r iables and the pos t - t reat ment performa nce measures on r uns 3-6 , 
combined , we r e ins pec t ed fo r the prese nce of sta t ist i ca lly meani ng fu l 
co r r e l a t ions . 

The 12 bes t discrimi na t o r s of treatment effects comprised t he second pool of 
va r iables . Pe r fo rmance on each of t he s e measures at baseline (run 2) was 
r eg r essed aga inst t he ir res pective pos t - t rea tme nt coun t e rparts at r un 3 a nd r uns 
3-6 combi ned. 

The above analysis , i n essence , re prese nt s t he re lations hip be tween pre-test a nd 
pos t - t est pe r formance and was expec t ed t o y i eld h igh corre l ations . As s uch , t he 
base l ine measures we r e considered to be l i ke l y covariat es . However , t he 
s t a ndard ana l ys is of covariance model requires 11se of a common reg ress ion slope , 
t here by assumi ng that t h\:! re lationship betwee n co variatt?s and t he depe nden t 
va r iab l e is t he same t o r each treaLme n t . 

This assumpt ion of paralle l s l opes was eva luated by tt?sting the signif i cancl:! of 
t he i ncrease in mul t i ple R whi ch occurred whe n using separate rtg res sions for 
each treatment (Ke r linger and Ped haz11r, l 971) . 

Eva luation of Treatment Effec t s 

The methods used t o eva l uate t he i mpact of treatment on d r i ving perfo rmance ca n 
be di vided in t o five cat ego r ies : ( 1 ) mult ivariate e va luation of mai n a nd 
int e rac ti ve effects; (2 ) un i variate eva luation of mode rator effec t s ( treatme nt 
by c;ubjl:!ct variable i nte r actions ) ; (3) univa riat e eva luation of treatme nt ef f ect 
time gradients; (4) the med iating effects of ca nnablnoid and a l coho l blood 
l e ve ls; and ( 5) misce llaneous cor re l ationa l ana l yse s uf se l ected variables . 
These analyses are described i n detai l below: 

I . Mul tivariate Evalua t ion of Mai n and Intera c t i ve Effects - Trea tme nt effec ts 
were e valuated t hrough a se ries of s t epwise mul t iple-disc riminant-func t ion 
analyses ( MOf) i n which t he 4 treatments compr ised t he g r oupings , a nd the 27 
pe rformance dime nsions , identified above , comprised the c l ass ificat ion 
variables . Separat e MDFs were r un fo r each of the 4 pos t-treatme nt t ria l s 
and for the 4 tria l s combined. Alpha l eve l of P < . 25 was used t o ent e r a nd 
retain variables in t he disc rimi nan t f unc tions , and va r i ables whi ch we r e not 
significant a l this l evel on 2 or more t ria l s were de le t ed . Af t e r dt? l e tion, 
the MOfs were recomputed on the remaining var i a bl~s . The requireme nt of 
s ignificance on two o r mo re tria l s was imposed to inc r ease the s t a bility of 
the discriminant f unctions ; the r ecomput a tion of the MDFs on a common core 
of variables fac il i t a t ed compa r ison ac r oss t rials. 
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The Wilks' Lambda statis tic was used as the signi ficance c riterion for 
e xtracting (unctions, with P < .05 required fo r significance. Since 4 
treatment groups (k) were involved, a maximum of 3 functions (k-1) we re 
ex tracted in each discriminant analysis. All analyses were computed using 
the SPSS step-wise MDF routine (vers i on 7). 

Interpretation of t he f unctions was based on inspection ,,f t he s tandardized 
discriminant f unction weight s and, more importantly, the structure l oading 
matrices (Tabachnick & Fidell, 1983). This latter s tati s tic represents the 
s imple correlation between the linear compos ite scores from each function 
and a gi ven variable. These loadings were produced for both the variables 
included in the MDF analyses and for the entire pool of available variables . 

The contributions of marij uana, alcohol and thei r interact ion t o explaining 
variations in performance were e valuated through a s er i es of canonical 
cor relations in which the i ndepe ndent variable vector was comprised of the 
treatment group dummy codes, a nd the dependent variable vector consisted of 
the significant discriminators ide ntified from the MDF analyses. The 
following sequences of effects we r e evaluated by comparing the increments in 
the percent of variance explained by the successive canonical models: ( l) 
alcohol dummy code; (2) alcohol and marijuana dummy code; (3) alcohol, 
marijuana and the a lcohol x ma rijua na i nteraction dummy codes . A second 
sequence was a l so run in which the entry sequence of marijuana and alcohol 
was reve rsed. All ana lyses we re run separately for runs 3-6 and 3-6 
combined. 

The percent of variance exp lained by the models was calculated as the 
comp l ement of t he Wilks' Lambda statistic (l - X) . To avoid seq 11ence bias in 
the main effect ,istimates, the re s u lts from the two seque nces for ente ring 
marijuana and a l ..:oho l wPr~ av • raged. 

2 . Univariate Evaluation of Main and Interactive Effects - The fina l set of 
significant discriminators was evaluated univaria tely through a ser ies of 2 
x 2 x 2 a na lyses of variance in whi c h the three factors were : (l) 
performance on a baseline task (run 2) or demographic variable; (2) the 
alcoho l treatment condition; a nd (3) the marijuana condition. The 
signifi cant dis c riminators from the MDF analyses comprised the dependent 
vadab l es . 

The primary focus of t his analysis was on the t wo- and three-way interaction 
terms involving the background a nd baseline variables -- t hat is, on 
variables which might moderate, or i nteract wit h , response to treatment. 
The fo llowing five background variables, in addition to the performance 
measures at base line , were evaluated: (l) weekly a l coho l use; (2) weekly 
marijuana use; (3) l~Xperience driving under alcohol; (4) experience driving 
under marijuana; and (5) years of driving experience. 

]. Univariate Evaluation of Treatment Effect Time Gradients - A usable number, 
repeated measures program was not available to the computing facility whicl1 
perfo rmed the majori t y of the computer data analysis . lt was , t herefore , 
nec~ssary to e valuate differences in treat ment duration and time gradients 
through use ut discr iminant function (MDF) and regression p~ograms. For the 
MDF analyses , the treatment groups compri sed the grouping dimension, and 
performance on each variable by trial provided the discriminators for a 
given HOF. Separate analyses were done for each of the performance measures 
found to be significant ln t he MDF analyses described earlier. One set of 
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analyses was done with run 2 included and another set with the baseline run 
excluded. Although not an exp licit test of slope dif ference hypotheses 
(treatment x trial interaction), cer tain patterns of nonlinearity a nd 
interaction can be inferred from the numbe r of significant functions 
extracted. The e)(t ract ion of more than one significant function woulrl 
s uggest that t he pattern of means over trials differed as a function of 
treatme nt. 

A more explicit test nf slope di flerences was achieved by testing the 
homogeneity uf the within-trea tme nt regress i ons of tria l s 011 performance. 
This test i s the same test used to test for cqui.valency o( regression s lopes 
in many s t andard analysis of covariance programs and is described in 
s t andard references, such as Kerlinger a nd Pedha zur (1973). 

4 . Mediating Effects of Cannabinoid and Alcohol Bloo~ Levels - Three sets of 
analyses were pe rformed to evaluate the significancP of the alcohol and 
cannabinoid blood/serum l evels . The first consisted of an analysis of mean 
levels by tria l and treatment to establish the peak blood/serum levels 
attai ned by the trea tment s a nd the blood/serum nuc> tabol i zation rate of the 
active chem i ca l constituents . 

The last two analyses sought to evalute the correlation be tween the act ua l 
blood or serum l eve ls and performance decrements, This was done through a 
se ries of within-trial and between-trial analyses. The within-tria l s 
a nalysis consisted of a <;erics of canonical :111:ilyses in which the 
quantitative blood l evel s were included as additional quantitative factors , 
and the various post-t reatme nt performance ~~erved as r esponse 
variables. The magnitude and significance of tl1e increases in the explained 
variance of the models was evaluated for each additiona l quantitative facto r 
(blood alcohol, serum THC, and serum THC-carboxy). These analyses were done 
for each of the post-treatment runs , separately, and for the r uns 3-6 
combined . 

The be twee n-tria ls ana lyses e valua ted the extent to which performance 
variations across trials (tri al effects) cou ld be e xplained by individua l 
variations in blood leve ls across trials . This was done in two stages: ( l) 
Canonical analyses were run within each trial using the s ignificant 
discriminators from the Ml>F as the Y vector and the thret• blood level 
variables as t he X vector; ( 2) The resultant pairs of canonical scores were 
computed for each subject wi thin runs and then stored as new variables for a 
between-runs canonical analysts. In this latter analysis, the four 
canonica l scores from t he previous Y vector ( i.e ., trial performance 
measures) comprised a new Y vector, and t he canonical scores from previous X 
vec t o r (trial blood l eve ls) compri sed a ne w X vector . Conceived in this 
way, the output from the second canonical analysis represents the 
multivariat e relationship between varia tions in hlood levels and performance 
ac ross trials. Two complete sets of these two-stage, canoni ca l analyses 
were generatl:!d - one with run 2 included and the other excluding run 2 . 

5. Mi sce llaneous Co rrelational Analyses - The relationship between certain 
s ubsets of variabll:!s was evaluated through an analysis of the appropriate 
correlation and disc riminant f unc tion structure (loading) matrices. The 
variable sets involved in these analyses were the FST, CTT, BIT~ , ri s k task, 
forced lanl:! change, car-fol l owing observation, s ubjective self ratings , and 
biographical variables . 
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Several limitations of the statistical analysis warrant mention at t his 
juncture. Most of the statistical techniques used ass ume a linear parametric 
model of normally distributed performance scores and homogenous within-group 
variances. These assumptions were not satisfied by many of the criterion 
meas ures obtained in this study. Although MDF and analysis of variance have 
been found to be relatively robust against violations of the standa rd parametric 
assumptions, the obtained significance levels a re best viewed as approximations 
of the true values . Another problem relates to the tendency for MDF analysi s to 
capitalize on chance relationships, particularly when a s tepwise variable 
se l ection procedure is used. As a result, the discriminating power ot the 
functions are inflated and the accuracy of the tunctions i n discriminating 
be tween groups will shrink when applied to an independent sample . For these 
reasons, we have e lected not to report the discriminant function classification 
ma trices . 

Analytical Methods for the Detection of Alcohol 

The reliability, accuracy, and specificity of methods a pplied t o the 
quantitation of alcohol in blood, breath, and urine as a measure of impairment 
of driving skills have been universally established as evide nced by the many 
chemi ca l t est laws now in effect both nationally and inte rnationally (Mason & 
Dubowski, 1974). 

Brea th alcohol analysis utilizing the CMI Intoxilyzer Model 4011AW was the 
method selected for det e rmining all blood alcohol concentrations (BAC) reported 
in this study. The lntoxilyzer instrument is capable of measuring the alcohol 
concentration in vapor samples gene rated by a Breath Alcohol Simulator with a 
preci s ion and accuracy of 5% of the true alcohol concentration. The alcohol 
concentra tion determined from a breath sample is expressed i n terms of an 
equivalent blood alcohol concentratlon based on the establls hed, average, 
conversion ra tio of 2100 ml Breath to 1 ml Blood. 

The 2 100:1 alveolar brea th / blood conversion ratio has, since 1950, been the 
accepted standard for the calibration of all evidential breath testers (EBT) 
des igned to analyze alveolar breath samples to dete rmine an equivale nt BAC. 
This ratio is based on Harger e t al, comprehensive studies of the partition of 
ethanol between a ir and wate r, blood and urine over a range of temperatures. 
Many hundreds of breath-to-blood ratio case studies a nd controlled correlation 
studies conducted since 1950 with EBT calibrated on the 2100:1 ratio have 
clearly s hown the true average to be closer to 2300:1 , Because the intoxilyzers 
are calibrated using t he 2100:1 ratio , we expect that the r esults obtained 
underestimate t he true BAC in most cases by about 8-to- 10% of the BAC value and 
seldom, if ever, overes timate the BAC by more than .01% (Dubowski, 1974; Jones, 
1981) . 

Methods Applied t o the Analys is of Cannabinoids in Body Fluids 

The me thods for cannabinoid analysis used in this study were selected to fulfill 
two main obj ectives : (1) to determine if a corre lation could be established 
between quantitat i ve leve ls of Delta 9 THC and/or other THC metabolites in blood 
and/or serum samples; and (2) to determine to what degree the methods applied to 
the cannabinoid analysis in blood and/or serum would meet the requirements of 
accuracy and speci f icity required for eventual i mplementat ion in a forensic DUI 
Program . 
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When this study was being planned in early 1981, it appear ed f rom the literature 
a nd consultation with other resea rche r s that some combination of r adio­
immunoassay (RlA) and GC/MS techniques, as applied to who l e blood or serum 
samples obtained from s us pected DUI drivers , would provide t he requisite 
accuracy and spec ific ity needed for es tablishing a cor r e l a tion be tween 
quantitative leve l s of De lta 9-THC and/or THC metabo l i.tes an<l obse rved symptoms 
of DUI. 

Base d on the information ava ilable a t t he time , t he following methods fo r 
cannabinoid analyo:;is we re used fo r the a nalysis of blood a nd se rum collect ed 
from the s ubj ects in this st udy : 

l. A commercia l RIA reagent ki t ut ilizing 3H labe lle d Hapte n fo r the 
qua ntitative de t e rmination of Delta 9 THC and total cannabinoids in 
b l ood a nd se rum samples . These kits we re obtai ned f rom Immuna nalysis 
Cor p ., Gl e nda l e , Ca li fo rn ia , 91 204. 

2 . A non-comme rcial kit, uti li z ing 125 1 l a be lll'd Ha pte n for t he 
quantitat ive de termination of Delt a 9 THC and COOH-THC i n blood and 
se rum samples . These kit s were made availa ble for r esear ch purposes by 
NIDA through the Resea r ch Tria ng l e Ins titute , Research Tria ngle Park, 
North Caro lina, 27702 . 

3 , Quantitative determination of Delta 9- THC in blood and serum by GC/MS 
,1s r e ported by A. Wong, e t al, (NIDA Monog raph 42) . 

Blood And Urine Sampling Protocol - Blood spec ime ns were collect ed by 
venipunc tnre from the a rm of each of six subjects for each drive day by the 
following sched ule : 

l, A spec imen prior to consuming a l coho l or s1noking m:i rijuana was drawn 
i mmediately prior to the s t a rt of the base l ine drive , 

2 , Four additiona l spec imens we r e taken at hourly i nte rvals afte r 
treatme nt a nd immed i.tte l y befo r e each of the four s ubsequent 
performanc~ drives . 

1 . Urine samples were co l lected from all subj ec ts prior to recei vi ng their 
prescribed treatment , and a second urine sample was co llected afte r the 
l ast driving sess ion to be used to scree n for drugs no t inc lncied in the 
treatment , 

Each of the five hour l y s ample withdrawals consisted of whole blood and se rum as 
fo llows : 

l . One 7 ml Vacutainer containing EDTA and NAF yie lding, on average , about 
6 ml o f whole blood per s ubj ect drawn. 

2 , Two 10 ml Vacutaine r s contai ning no anticoagulant or preservative. 
These tubes we re centri f uged i mmed i a t e ly afte r drawing and yie lded 
about 8 ml of serum pe r s ubject drawn . 

The 6 s ubject s per day x S sample draws pe r s ubjec t gave a total of 30 whole 
blood and 30 serum samples per drive day. The 17-drive days, conduc ted between 
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June 27 and September 23, L981, yielded approximately 500 blood and 500 serum 
samples . Each of the 500 blood and 500 serum samples we re a l iquoted into 4 s ub­
samples: I for each of the 2 RIA labs, the GC/MS lab, a nd a reserve sample . 

Each of these 30 blood and s e rum samples wen'.! aliquoted within l -or-2 hours 
aft e r withdrawal into e ithe r 2 ml or 4 ml Tef lon stoppe red glass vial s according 
tu the Protocol shown in Table I. 

These vial s we r e as s i gned blind-code numbers , p laced in special s t yrofoam 
holders, froze n on t he day of withdrawal, a nd maintained f rozen until needed fo r 
analysis by each of the following me thods and l aboratories. 

l. Tri.tiated (3H) RAIHOIMMUNOASSAY (RlA) for Delt a 9-THC and total 
Cannahinuids by Dr. R. Baselt a t Unive rsity of California at Davis ,with 
kits a nd directions s upplied under contract with Immunana lysis Co rp., 
Glenda le, Ca li fo rnia, 91204. 

2 . lUDlNE l 25 ( 125 l) RIA fo r De lta 9-THC and Carbuxy-Delta 9 THC at t he 
Califo rnia Department of Justice, Bureau of Forensic Servi ces , 
Toxicology Unit , wi th exper imental kits and directions s upp lied by 
Re s earch Triang l ~ Institute (RTI) unde r contract to NIDA. 

3 . Gas Chromatograhy/Mass Spectrometry (GC/MS) of al l samp le r e ported as 
positive by eithe r of the RIA methods , a nd se l ected negative RIA 
resul ts were analyzed fo r Delta 9 THC by the California Ana l ytical 
La bo rato ries , Sacramento, Ca li fo rnia, by the method described by Dr . A. 
Wong (Wong e t al 1982). 

Ta ble l a lso present s a s ummary of how the sampl es we re divided a nd distr ibuted 
among the three laborator i es . The samples given t o the two RIA labs consisted 
of l ml aliquots of blood and serum conta ined in 2 ml g l ass vials . The samples 
for GC/MS a nalysis cons isted of 2 ml a liquots of blood a nd serum contained in 4 
ml vials . Any reserve remaining , i.e ., 2 t o 3 ml , was placed in 4 ml vials. 
The heads pace a llowed 111 each sample vial was t o prevent the g lass vial from 
breaking whe n frozen . 

With each set of 30 s ubject vials of blood and s c rum sampl es fo r each drive day , 
b l ind cocted control sample s ln ld t?nt i ca l vi.a ls at 7 l evel· of Delta 9- THC (0, 3, 
5 , 7 , 10, 15, a nd 30 ng/ml) wen:! inc luded with each se t of s ubject vi-1ls at the 
rate of 2 bli nd contro ls for every 8 randomly ordered subj ect samples . No blind 
carboxy-THC cont ro l s we r e used. 

A I- ti.me batch of 25 ng / ml De lta 9 THC secondary standard was prepa r ed by DOJ 
project personne l us ing a pure (98.6%) GC/MS validated s t a ndard (by RTI) sample 
of Delta 9-THC in e thano l and maintai ned at (4 C) . This secondary standard of 
Delta 9 1'HC was utilized by DOJ to sp ike the "blind" control specime ns for RIA 
and GC/MS analysis . Equal 25 ml aliquots of t hi s secondary standard we r e 
prov ided t o the 3 a na ly tical labs to prepare known calibration standards whi ch 
were run with each set of subject samples along wi t h ca libra tion standards 
s upplied with the RIA kits . 

The blind contro l and subject samp l es we r e mainta i.nect froze n until comple tion of 
the analyses , (one-to-four weeks for the RIA analyses , and up t u six months fo r 
the GC/MS analyses ). These analyses were performed on pos itive samples only . 
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Pre- and post-urine samples we r e screened with the ROCHE-D[AGNOSTICS Abuscreen 
RlA kits for the fol lowing drugs: Morphine /Codeine ; Amphetamines ; Barbiturates; 
Cocaine; PCP; Me thaqua lone; Be nzodiozepines; and Cannabinoids. ALL of the 
analyses perfo rmed f o r all s ubj ects' blood, breath, and urine samples are 
summarized in Appendix [, Ta ble 1. 
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RESULTS 

Sample Description 

Data for the experiment was collected from a total of 100 subjects. After 
extensive editing of the data, a total of 83 subjects were retained for 
a nalysis . The first 11 subjects were used as pilot subjects leaving 89 subjects 
in the expe rimental pool. In 6 cases blood and urine samples collected prior t o 
drug treatments were found t o contain high levels of other drugs indicating 
proba ble drug use just prior to participation. Consequently, these s ubjects 
were exc luded from the final statistical analysis. (See Appendix I, table l). 

Table 2 summarizes several background and demographic characteristics by 
treatment group. The overall average consumption was 4 . 15 "joints" per week. 
The average number of times subjects reported driving under the influence of 
alcohol ranged from 18.5 times for the alcohol only group to 28.8 times for the 
ma r ijuana only group. The average number of times subjects reported driving 
unde r the effects of marijuana was quite similar to the numbe r of times they 
reported driving under the influence of alcohol, averaging 21.20 times and 21.58 
times, respectively. 

The signi ficance of the diff e rences between the groups on each of the variables 
in table 2 was eva luated thro,~h Chi- SquAre and F Tests. None of the 
di ffere nces were statistically s ignificant (p > .05), .indicating that the four 
groups can be conside red random samples from a common population. 

Tabl e 3 presents the total number of subjects for which data was collec t ed, 
total subj ects removed, total number of subjects analyzed a nj percent of 
s ubjects removed by each treatment condition. The percentage removed ranged 
from 8% for the marijuana and alcohol groups to 20% f or each of the other three 
gr oups. Although this vari a tion in deletion rate was not statistically 
significant (p > .05), the more c ritical question is whether or not it 
introduced a bias on the comparability of the groups with res pect to the driving 
performa nce measures. This question is evaluated in a subsequent section of the 
re port . 

Domain Dat a Reduction Analysis 

As descr ibed in the me thods section, separate factor analyses were conduct ed on 
the performance measures within each of the four primary measurement domains. 
The majo r objective of this strategy was to reduce the large number of variables 
to a s malle r a nd more manageable number of t~liable dimensions. 

The r esults of the analyses are summarized in table 4. R~sed on the 1.0 
eigenvalue criterion, the inside rater domain reduced to 21 facto r s , the outside 
rater domain to l factor, the field sobriety test t o 4 factors, and the vehicle 
sensor domain to 6 factors. The first 10 factors for the inside rater (LRE) 
domain accounted for 38.4% of the total variable score variance. The small 
amount of variance extracted by each factor, particularly after the first two 
factors, indicates that many of the LRE measures have limited generality. It 
was ther~fore decided to retain on ly the first l0 LRE factors for further 
analy.c; is. 
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The outside rater domain produced only one factor, which accounted for 61 .4% of 
the total score variance . Since these dimension consisted of simp l e counts of 
the number of cones touched or knocked down during the skill tasks, a comple x 
factor structure was not anticipated, and the factor whi ch -emerged was 
essentially a count of the number of touched stanchlnn-;. 

The first thrt!e factors of the FST domain and the first two of the sensor domain 
were retained for further analyses. The percent of t<>tal variance t!xplained by 
these factors was 56.7t and 43 . 8%, respectively. 

In addition to selecting measures for fu rthe r analyses based on the preceding 
factor analyses, several variables were included on the basis of substantive 
apr i ori considerations. These we re : number of stanchions knocked down, 
critical tracking task (CTT), brief interval time es timation (BlT~), CHP 
officers a nd subjects overall impairment rating of subjects~ impairment (OFF 
RATE and SELF RAT~). Finally, the e lapsed time/on various segments of the 
course was included as a measure of vehicle spe~d. This measure was chosen 
lnstead of the speed sensor because t he latter failed to form a clear-cut 
interpretable factor in the vehicle sensor factor analysis. 

One final variable, CHP car fo llowing rating (FALLCAR), was not included in the 
global analysls b,1 t was retained as a performance measure in subseque nt analyses 
of treatment effec ts . 

The final set of variables and the results of the g l obal factor analysis are 
desc ribed be l ow . 

Global Factor Analysis 

Based on the preceding analyses, a total of 73 factors or variables were 
selected for furthe r facto ring . The major purpose of this final "global" 
a na lysis was t o obtain facto r l oad ings across the var io,1s measureme nt domains, 
thereby providing information on the total structure of the measurement s and on 
the co rre lation between the domain factors and variables. The 73 varia bles 
consisted of 16 composite scores or factors from the domain analyses and 57 raw 
var iables . As described in the the me thods section, the composites were not 
based on regress i on-derived factor scores, but rather on the simpler procedure 
of summing the standardi zed defining variables (Tryon & Bailey, 1970). It 
s hou ld be emphasi zed that the inclusion of both factors and some of their 
component variable -. in the same a nalysis (part-whole relations) inflated the 
extracted factor variance allocations and commonalities, requiring an additional 
adjus tment, described below. 

The factor loading matrix, after varimax rotation, is shown in t a ble 5 and the 
percent of variance (after rotation) explained by each o f the 21 extracted 
fac t ors is summarized in table 6. Only loadings of .20 or greater are included 
in the loading matrix. The perce ntage variance allocations after removal of the 
spur ious part / whole components are shown in table 7. These adjustments were 
computed by dele ting the loading for the factor composite whenever the variable 
compone nts were also included. 

The 21 factors e xplained 81.75% of the total variance in the 73 var1 ~· es . Keep 
in mind that since most of these 73 variables are the product of prev~vus domain 
factor analyses, the 81.75% does not refer to the varlance in the entire pool of 
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origina l measures . This percentage would be lower a nd would also contain more 
meas ureme nt e rror and idiosyncrati c variance . ) After the eighth f ctor, t he 
inc r emental percent of variance begins t o f latten, indicating t he extraction of 
l ess use ful facto rs. 

The fi rst factor can be best charac terized as a coordination factor with hlgh 
l oadi ngs on three t1tsks from the field sobrie ty test including the right - and 
left -foot balance and the f inger coun t tasks . The officers' over1tll impairment 
rat ing l oadc-d most highly on this factor . Factor 2 app •:u-s to be a stoppln,~ 
factor with the extended drive stop , bipola r extended, and urban drlve stops 
among the high-loading variables . High l oad ings on the B[STOP comp)site 
varl.'lble provide further s ubstantiRt i on. Factor ) was haracteri zed b several 
forc ed l a ne cha nge melisures . F1tctor 4 was -hara ' teriz d by the thrc me1ts11t'es 
o t speed assessed by LREs during the s1> edometer- over d portion of the e · tended 
drive . Fac t or 5 was charac t e ri zed by measu re of steerin• a nd asso lated lan•­
pos ition measures during t urns 1tnd on the s peedom ter- overed portion of the 
exte nded dri ve . Facto r 6 ppears to beam asure of overal l e rrors in speed and 
la1w - p0s ition contro l. Factor 7 was characterized by a high lo1tdin on th LRR­
assessed backi ng-up t ask , a nd factor 8 had a high l oading on t he bipolar speed 
measure f r om the e xte nded drive. Fa tnr 9 was characterized by stopping 
posi tion of measures, a nd factor tO was defined by attempts on th risk task 
(attempting the risk task and the total numbe r of attempts made). 

The above fac t ors 1tnd t he remaining l l . re descr ibed in tAble 7 . The s nsor 
facto r f r om the vehi c l e ,;e nsor domain, which was a meas ure of ovor.-tl l steeri1, ~ , 
accelerator cha nges And brake presses , ll id not load very highly on any of the 
factors . It s highest l oading ( . 41) was on factor 3, and it also had lo ding s o f 
ovei:- . 30 on severa l ot her fac t ors . Th ~ t lme and line measures of the vehi l e 
sensor domain characterized factors 13 a nd 19, respe tlve l y . Factor 13 i s , 
the r efore, a meas ure of drlving s peed, nd factor t9 represents l atera l 
deviation from the rll!ht border of t he road. The fact that t he bipolar s peed 
rati ng durlng t he urb1tn drlve (BUSPEED) also loaded ht>avlly on factor 13 
provides further lndicatlon of a speed interpretation. The BITK and CTT loaded 
most highly on facto r 18, indicat ing significant shared v.,riance betwee n complex 
reaction/ motor contro l and tlme es timat l on. Factor 15 l s clearly a measure of 
the quality o f response to the r isk task. Factor 12 i :; charact e ri zed by the 
degree of recklessness on s t ee ring through the turns of the urban drive. The 
final two factors represent the outside rate r domain. 

Test / Retes t Corre lat ions 

The consistency (tempora l s t ability) of the performance sco res were e valua ted by 
computing var i ous set s of pair- wise correlations be tween trials as desc ribed in 
the me thods section . T~ble 8 presents these result s for each of 28 variables of 
inte res t including the 27 de rived from the domain and globa l factor analyses. 
The fi rst 4 columns in t able 4 present run- by- run pair- wise correlations be tween 
driving trials 3, 4, 5, and 6 and the basellne trial (run 2). Averages o f s e ts 
of pair-wise correlations between runs a re s hown in columns 5- 7. Column 5 
conta ins the grand ave rage of all pairwise co rrelations across driving trials 
inc luding run 2. The average pair-wise corre lation betwee n post-treatment runs, 
and is s hown in column 6 and the average corre l a tion be tween the post-treatment 
runs a nd run 2 i s presented in column 7. 
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Looking at the overall average row at the bottom of the t able 8, not e that the 
average pair-wise corre lation betwee n runs for all variables was .61 (runs 2-
6). The average using just runs 3-6 was slightly higher (.66), and the average 
between runs 2 and 3-6 slightly lower. Although somewhat lower than the 
conventional psychome tric standard for "high" reliability in test construction 
(r ~ .80), these test/retest correlations must be lnte rpreted within the conte xt 
of the present experimental design. Three-fourths of the subjects were treated 
between the second and third trial, a nd each subject was "tes ted" five times . 
~ny intrinsic reliability of the measures would be att enuated by diffe rential 
response to treatme nt, learning effects, and diff e r ential- fatigue factors . 

Several of the specific measures produced very low test / retest correlations. 
Mos t notable in this regard were time (sensor domain), COGNIT, and eye-hand 
coordination (FST domain), both of the outside rater variables, ris k, BSPEED, 
BST~ER, BISKlLL, UFAILED, FLRESPONSE, FLRERUN, OVERALL, and FALLCAR. 

In general, the se nsor domain produced the most stable m•asurements . This 
conc lusion i s furt her supported by the r esults for the 5 st.!nsor variables pri0r 
to t o rmi ng comp slte factors ( see f inal five variables ln tabl e 8 ). The average 
of all pair - wi st.! corre lations (runs 2-6 ) range<l from . 48 (speed) to . 72 
(ac..:elerator) . The l ow reliability of the time foct,H is s urprising since the 
line se nsor measure d the e lapsed time r equired t o travers e various parts of the 
course . It, tht.!refore , s hould be highly related to t he speed sensot· and equally 
re liable . Ye t, tl1e orre lation between the s peed and e l a psed time across the 
variou,; t rials was low. Although the r,as0n fo r this are not c l ear, t he speed 
senso r was potentia lly distorted by t he aforem ntioned signal l oss and e rro r in 
recons truct ing t h missing val u s. Anoth •r differen e ls t hat e l a psed time 
includes stopping time , whe r as the sp•~d s nsor monitor d mile~ 1>e r hour while 
t he vehicl was moving. 

The ov rall LRR ratln.g is t he on ly I.RE variable s howi ng a marked a lteration in 
re l i bili ~y du • to trentment. Not•, for e xample, the dramati reduction in 
t st / , ~:::-·st ~ rr latlon whi h o· urred when the base llne tr lal i s inc luded in 
t h •orre l ation (runs 3-6 wl t h 2 nd runs 2- 6 vs. r uns 3- 6) . 

1'o ma.s ure pot entl.'-ll btas among t h v riabl s, a series of one- way univa riate 
ANO As wer perf H ' 111~d on each of 27 p rfo rmimcc v,<tri.ab l es at base line ( run 2). 
1'abl 9 pr sent;; th v. riable s i n conjunc tion wi t h their associat ed F va lues and 
signifi ar\•e l e v ts . Onl , t wo of th an lyses we re stAtb, ti ca lly significant. 
The driver"s position during stops (POSTOP) was significant in run 2 (F " 3.25, 
I . O ). I nsp tlon f th mens for this varia ble indicate that the group 
t hat was tor ·eiv t h marij uana treatm nt genera lly made mo re stop pos ition 
•n ·o r s t han di i t h other groups ; ·onve rse ly, the group designated to be the 
pla e b t•nd d to mak few r stop posit i on e rrors than the other groups. The 
other significant variable was the drlver"s speed (SMPH) on the extended portion 
uf the driv ing ourse (F • 3.33, p < .05). lns pectlon of the mea ns for this 
varl bl · indi at th t t he g roup desig nated to receive alcohol and marijuana 
trav rs d th xte nd •d portion of t he course about two miles per hour faster 
than t h uthe r groups. 
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Although these res ult s appear to suggest some degree of bias in tre atmen t 
assignment, it would be expected that 1.5 variables would be statistically 
significant by chance alone based on 27 variables tested at significance l e ve l p 
< .OS. Since the observed results were very close to chance expectations, it is 
likely that the significance observed on two variables reflects random vari ation 
within a common population. It was therefore concluded that there was no 
compelling evidence of bias. 

The a bove conclusion was further evaluated through a single multivariate test. 
As described in the methods section, a multiple discriminant function analys i s 
(MDF) was performed using the four treatments as the grouping factor and 12 
performance measures at baseline as discriminators. The 12 discriminators were 
those subsequently found to be the most significant discriminators of 
posttreatment perfo rmance, including the two variable s described above (POSTOP 
and SMPH). As would be expected if groups were drawn at random from a common 
population, the disc rimination at base line did not approach significance as 
t es t e d by the Wilk' s Lambda criterion (p > . 2S). Thus, t he conclusion of 
treatment group equivalence at base line was confirmed. 

Covariate Search 

To s uppleme nt the assessme nt of bias among the measures and t o increase the 
powe r of s ubseque nt analysis, an attempt was made to de t e rmine if the r e were a ny 
measure s tha t could be util1.zed as cova riates. te ems f rom the backg round 
ques tionnaire a nd varia bles from the baseline run were correlated with those of 
the t otal (composite) run. 

Base line Pe r fo rma nce Meas ure s. Although the re was no comple lling evidence of 
bias with respect to pe rformance at base line , inc lusion of the base line measures 
as covariates in analyses of posttreatment pe rfo rmance might be warranted if 
these measures proved t o be significant predictors of scores on t he subseque nt 
tr i als . Normally, sco r es on pre- and pos t - tes ts are highly correlated, a fact 
which was conf irrned by some of the preceding test / r e test corre lations . 

The re lat ions hips between runs 2 and 1 were evalua ted through a ser i es of 
regress i on a nalyses on each of the 12 most significant disc riminato rs of 
pos ttreatme nt perfonnance . On each measure , the base line (run 2) scor es fo r 
each tre.:ttment gr oup comprised the predi c tor va ria ble a nd perfo rmance on r un 3 
was used as the de pendent criterion vari able . Significant relationships we r e 
found on seven of the measures; the R2s i d 1 t bl 10 I 1 are summar ze n a e • n severa 
instances, the correlations we r e very substantial and would normally justify the 
use ,if the base line measures as covariates. However, the analyses also 
i ndicated tha t the relationships be tween pre- and pos ttreatme nt performance 
varied significantly among the four treatment groups on all measures except one 
-- BISKILl,S . ln some cases, the het~rogeneity of slopes was substantial. Note, 
for example , the di ffere nce in the R between a common- and separate-slopes 
model for the CTT measure (.S3 vs •• 66). 

Although the re are methods for perfo rming an analysis of covariance utilizing 
different within- treatme nt - regress i on slopes, they are very complex to execute 
a nd difficult to inte rpret . tt was there fore decided not to include base line 
meas ures as covariates eve n though in some ins tances the increase in precision 
might have j us ti fied the dls t ortion produced by violating the homogeneity of 
s lopes assumption. The fact that the groups were essentially equivalent on the 
baseline measures weighed heavily in this decision. 
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It is inst r uctive to consider the substantive meaning of the slope di ffe r e nceR 
in their own right. The fact that the relationship between pre- and pos t-
treatment performance differed as a function of treatment indicates the presence ) 
of significant treatment x baseii.ne score interaction. ln the context of the 
present study, these interactions mean that the magnitude of a treat1i1ent's 
effect on performance was influenced by the subject's performance levels at 
baseline . The nature and direction of some of these interactions are explored 
in a subsequent section of the report . 

Background Questionnaire Items. Data from the background questionnaire offered 
some additional variables which could potentially be used as covariates. The 
background questionnaire contained questions a bout the subject's drug use , 
experience driving under the influence of drugs , and overa ll years of driving 
experience. 

The simple corre lation coefficients between the 5 background variables and each 
of the 29 performance measures (runs 3-6 combined) selected following the global 
factor analysis are shown in table ll. Years of driving experience and 
experience driving under alcohol provided the largest number of significant 
correlations -- 7 and 10, respectively. However, none of the co rre lations were 
e ven moderately high, and the overall results suggest that post-treatment 
performance was largely independent of the five backgr ound charac teristics. lt 
was therefore decided not t o include any of the background variables a s 
covariates. 

Discriminant Fu11ction Analysis of Treatment Effects Within Run 

The post-treatme nt differences between the groups on the reduced set of 
variables we r e evaluated within each run (3-6) a nd on the composite of all runs 
through a step-wise discriminant function procedure. The 29 vari ables or 
composites from the factor analyses comprised the discr iminators and the four 
treatments formed the grouping dimension. 

Table 12 presents the significant variables. Four variables were consistently 
significant discriminators for every run. They were STOPS, POSTOP, ESTCHLC, and 
CTT. Several other variables were significant on two or more runs. Although 
the Wilk's Lambdas seem to indicate that treatment effec ts actually increased 
over time, this is more likely the result of a greater capitalization on chance 
in the latter trials, which conta ined a larger number of marginally significant 
discriminators. 

Using a significance level of p < .25 and a requirement that a performance 
variable discrimina te on at leasI 2 runs, the following 12 variables were 
selected for retention: 

1. STOPS 
2 . COGNil' 
) . STOUCH 
4 . ATTRMPTS 
:; . SDOWN 
6. BSPEEl> 
7. IHSKILLS 
8. UFAlLEO 
9. POSTOP 

Errors made in stopping. 
The cognitive factor from the Sobriety Te~~. 
Total cones and stanchions t ouched. 
ToLal risk task attempts. 
Total cones and stanchions knocked down. 
Speed control from inside rat~r. 
Skills portion of driver's performanc~. 
Failure to follow directions on urban drive. 
Number of errors in stop position. 
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10. 
11. 
12. 

ESTCHIC 
SMPH 
CTT 

Ttme estimated by driver to traverse Chicane. 
Miles per hour in the extended drive. 
Critical tracking task 

The discriminant analyses were then rerun on each trial to derive optimal 
functions on this common pool of the 12 bes t variables . Table 13 shows the 
discriminant functions resulting from these variables for each run and for the 
composite of the runs. The test for all three functions combined was 
significant at p < .01 on each of the runs. The second function was significant 
on runs 3 (p < .OT) and 5 (p < .OS). The third function was not significant on 
any of the runs and is, therefore, not shown. The Wilk's Lambda statistic 
associated with all three functions ranged f r om .29 (run 3) t o .38 (run 4). 
Since these Lambdas represent the percentage of unexplained variance, a lower 
value indicates greater discrimination (explained variance) and he nce a larger 
treatment effect. The pe rcentage explained variance can be obtained by 
subtracting the Lambdas from one. (The reader should note, howeve r, that th is 
value is not the same as the variance-explained percentage shown in Table 13. 
This latte r percentage is the re lative percentage of the total explained 
variance att ributed to each function. Since the Wilk's Lambda s tatistic is a 
measure of t otal variance, it provides a better index of the absolute magnitude 
of the treatment effects .) The results in table 13 indicate that, as expected , 
the effects of treatme nt were largest at run 3. Somewhat unexpected, however , 
was the increase in treatment effect from run 5 to run 6. 

The final two columns nf table 13 show the significant discriminant f unctions 
for the composite runs analysis (runs 3-6 combined). The functions accounted 
for 64.3% and 22.3% of the expl a ined variance, respectively. The Wilk's Lambda 
value indicates that the f unctions exp l ai ned 67% (1 minus .33) of the betwee n 
group variance on the composite runs (pi .001). 

Figure 1 s hows a two-dimensional plot of the gronp centroids for functions 1 and 
2 of the composite runs analysis. Looking first at functil)n 1, note that the 
maximum separation is between the double placebo (P) and the both drugs (B) 
group. Since the placebo group's centroid was on the positive end of the scale, 
i ncreasing scores on function 1 were associated with nondrugged performance and 
decreasing scores with drugged performance. The marijuana group (M) and alcohol 
g roup (A) centroids fall between the two extremes, with marijuana closer to the 
both-drugs group. 

Separation on the second function is a bit less clear, with the double placebo 
group (P) having a negative centroid, the Mand A groups having positive 
centroids, a nd the both-drugs group falling almost along the O plane. 

Although the centroid pl ots provide information on how the functions separate 
the groups, they provide no information on what the functions are measuring; nor 
can we e ven infer from the value of the centroid plots whether a positive or 
negative score indicates a pe rformance detriment. To some extent, the 
characteristics of the functions can be inferred from the standardized 
discriminant f unction weights associated with the discriminators (table 13). 
However, a better procedure is to base interpretation of the functions on the 
structure loading matrix, as described below. 



Table 14 shows the structure or "loading" matri>C for the first two f unctions for 
all variables yielding correlations of .26 highe r (p ~ . 01) fo r the composite ( ) 
run. 

Since the structure loading are simple co rrelation between the discriminant 
function scores of the subjects and their scores on each variable, they provide 
valuable information on what each function is really measi.:ring. It should he 
noted that these correlations have more powe rful causal implications than 
ordinary correlation coefficients hecause they represent correlations with that 
portion of the total score variance w i ch has been causally affected by the 
treatments (the be tween trea tment var ~nee). Although the loading matrix is 
usually limited to the variables contained in the discriminant f ,1nctions , the 
procedure he re was to calculate the correlations for the e ntire pool of 73 
variables. 

The variable loading highest on function 1 was ESTCHlC - the subject's est imate 
of the speed at which he could traverse the chicane . The positive correlation 
of .52 indicat es that increasing scores on the first func tion were substantially 
associated with i.ncreasing subjective speed estimates. Since the centroid 
plots, above, indicated that high positive scores on f unction 1 we r e associa ted 
with the placebo condition and high negative scores with the double drug 
condition, the posi tive correlation wit\1 ESTCHIC suggests that drugged s ubject s 
perceived themse lves as l ess skillful. The subject's speed, when the 
s peedomete r was covered (SMPH and SMPH l -1 ), was also substantially co rre l ated 
with the first function. The negative coeff i c i e nts indica te that persons with 
higher scores on this function t e nded to drive more slowly when the speedometer 
was covered compared to persons with lower scores. The f unction was also 
i nverse ly associated with most other measures of vehic l e speed. Taken together, 
these results indicate that the drugged groups drove faster than the placebo 
even though they perceived themselves as les s skillful. Two exceptions to this 
trend were on elapsed time through the c hicane and urban drive (CLI6 and ULI6). 
The respective correlations of -.40 and - .30 indicate that higher scoring 
subjects took less time and hence drove more qui ckly on these po rtions of the 
course. 

The LRE bipolar measures showed a t e ndency fo r higher scores on the function to 
be associated with g reater- than-average cautiousness. Among other relationships 
of interest, the structure l oadings indicate that high scores on the function 
we r e associated with bet ter performance on the detour task, more frequ~nt 
accelerator reversals on the extended drive (EACI), less impairment on the fleld 
sobriety tes ts (fST), higher se lf -rati ngs, and a highe r overall LRE rating 
(OVERALL). The co rrela tions for the variables ERROR and ATTb:MPTS indicate that 
persons scoring higher on f unc tlon I tended to make fewer total errors (LRE 
rating) on the course and fewer attempts a t the risk task. 

The second f unction is primarily a measure of stopping pe rformance, as indicated 
by POSTOP, BIPOST, STOPS, SSTOP, and ESTOP. These meas ures are a ll from the LRE 
rating form and represent various e rrors or deviations in stopping. By far the 
most important was POSTOP, which corre lated .b9 with the second function. 
Pe rsons scoring high on this function t e nded to stop too soon or too late 
relative to the signs. As shown by the centroid plots, this function tended to 
separate the marij uana and alcohol groups from the placebo, with the latter 
rece iving lower (better) scores. The both drugs group fell in between these 
e xtremes , suggesting a suppressive interaction on stopping performance. 
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In comparing the signs of the standardized discriminant function coef f lcle nt s in 
table 13 with the structure loadings in table 14, it will be noted that some of 
the signs have reversed (ESTCHIC, SHPH, ATTEMPTS, COGNIT, UFAILED, and SOOWN). 
This phenomenon , which is analogous to the concept of a suppressor effect in 
multiple regression analysis (Cohen & Cohen, 1975) means tha t a variable' s 
inf l111~11ce when adjusted for multicollinearity with other varia bles ls different 
from its simple direct relationship with the treatment groups. Considerable 
caution must therefore be used in interpreting the discriminant f unction 
coefficients . Interpretation of such effects is further complicated whe n more 
than one significant function is extracted, because each function is 
orthogonally adjusted for the other and separates the groups in dif ferent ways. 
It is, therefore, necessary to examine each function with respect to the group 
centroids, the structure loadings, and the discriminant function coefficients in 
order t o fully comprehend the nature of the treatment effects. Inspection of 
the within group means for each discriminating variable is also informative . 

The group means for the 12 final outcome va riables are presented in table 15. 
Inspection of the means indicates that the group receiving both mari juana and 
alcohol pe rformed wo rse on STOPS, STOUCH, ATTEMPTS, BSPEEO, UFAILEO, ESTCHIC, 
SMPH, and CTT. Specifically, the both-drugs group tended t o make more stopping 
errors, touch more cones o r stanchions, make more attempts a t the risk t ask, 
drive more recklessly on the course, not follow directions as well on the urban 
route , estimate their chicane speed t o be s lower, drive the extended course 
faster, and have l ower scores on the CTT measures. 

The group receiving a l cohol only tended to do worse on the driving performance 
measures than the group receiving marijuana only , and the mari j uana-only group 
t ended t o perfo rm worse than the place bo group wi t h the exception of the SDOWN 
v~ria ble . Surprisingly, t he mar ijuana-only group knocked down the fewest numbe r 
of s tanchions and did not e xhibit e ven a trend toward a negative effect on the 
CT'l'. 

The reader i s cautioned that the above portrayal of means is merely a 
desc ription of direc tional trends which have not been t ested for statistical 
significance . An inferential analysis of the overall and pa ir- wise differences 
appears in a later section. 

Canonica l Analysis of Treatme nt Ef fec t s 

To dett!rmine the amount of variance accounted fo r by each treatment combination, 
a se ries of canonica l corre l at i ons were pe rformed. These analyses provided 
1nult i varlate tests of the main and interactive effects of mari j uana and alcohol 
on perf<>rmance . 

The two variable sets consis ted of the treat,nents (alcohol, marijuana, or 
alcoh<>l a nd ma rijuana) designated as dummy variables and the 12 final 
discriminators obtained in the discriminant function analyses described above. 
The canonical corre l a tions be tween the two variable sets we r e computed 
hie rarchically using two step-wise sequences for representing the treatment 
set: sequence A- (1) marijuana alone, (2) marijuana alone+ a lcohol alone, (3) 
marijuana alone+ alcohol alone+ both drugs; sequence B- (1) alcohol alone, (2) 
alcohol alone + marijuana alone, (3) alcohol alone+ marijuana alone+ both 
drugs. By comparing the incre mental increase in the percentage variance 
explained (1.0 minus Wilk's Lambda) at each step, the main and interactive 
multivariate effects of the treatments were assessed. 
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As explained in the me thods section, the two entry sequences were necessitated 
by the small nonorthogonality introduced through subject deletion. The unequal 
samples rendered the main effect estimates sensitive to the entry sequence, a nd 
this bias was removed by averaging the two solutions. 

The results are shown in table L6 for each run and for the four posttreatment 
runs combined. The main effects of marijuana and alcohol we re highly 
significant for all trials. Although significant nonndditivlty (interaction) 
occurred at runs 3 and 6, the interaction variance was much smaller than the 
main effects a nd was non-significant at runs 4 and 5 .:1,1d for runs 3-6 combined. 
It can, therefore , l--P concluded that the effects of the two drugs wert:! largely 
additive. 

Looking at the main effects within trial, note that the alcnhol effect ls 
consistently the larger of the two, althuugh the differences are modest. There 
are also differences in the time gradients, with a l cohol e -certing lts largest 
effect at run 4 and m,Hijuana at run 3. Probably the 1nost surprising fi nding is 
the s ignificant increase ln the interaction at the last trial. Inspection of 
the treatment gr oup means for individual variables, along with the multivariate 
centroids, indica t es that tl1ls Interaction was due to a comparative increase in 
the impairment of the both-drugs gronp during trial 6. 

The results shown in the last two columns of table 16 warrant discussion. The 
first of these s nmmary columns ls simply the average of the four treatment 
effects acr oss the fnur trials. The last column ls based on the canonical 
a nalys is of the compos ite performance scores (runs 3-6 combined). Thus, the 
first summary preserves any differential effect of treatment within trials, 
~,~reas the latter ignores trial interactions by co llapsing the trials into a 
s ingle composite. 

It is Important to understand the above distinction because the relative s i ze of 
the a lcohol and marijuana effects depends on whi ch summary is used. Using the 
mean percent variance eKplained across the four trlals as a criterion, the 
marijuana effect is s ma ller than the alcohol effect (25.1% vs. 11.4%). However, 
the reverse is true for the composite runs s ummary . Thls seeming conflict 
i ndicates the presence of a significant trial x alcohol i11teraction. I n other 
words , the struct11re of the perfo rmance decrements for a lcohol varied across 
trials and these effects were obscured when the trials were collapsed to fo rm a 
composite. Under these conditions, the average of the individual t rials 
provides a more accurate reflection than does the composite analysis. As 
indicated above, this average indicate~ t hat a lcohol had a larger effect on 
perfo rmance than did marijuana. 

Detailed Analysis of the Effects over Time 

Since the research design involved multiple trials for each subject (repeated 
measures), the effects of time and time x treatment interaction were of central 
importance to the study. ln other words, to what eKtent did performance vary 
a c ross trial and dld t he time gradients vary among the treatments? Recall from 
the methods section that these questions correspond t o the test of the trial 
effec t a nd trials K treatment interaction in a re peated measures ANOVA, but that 
the nonavailability of a repeated measures program required a combination of two 
different approaches. 
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The firs t consisted of separate multiple discriminant function (HOF) analyses on 
each of the 12 significant discriminators; mean performance on each trial for a 
give n measure comprised the discriminators a nd the four treatments comprised the 
groups. The second approach was a t es t of the significance of the di fference 
between the within-group-trials slope. This latter t est i s essentially a test 
of difference in ra tes of change across trial, whereas the forme r is a te»t for 
overall diff e rences in the e levation and patte rn of the vector of trial means. 

Discriminant Function Ana lysis . The major obj ec tive of the di sc riminant 
function analysis described above was to de t e rmine the number of s ignificant 
functions which resulted when the individual trials were used as 
disc rimina tors. As was t he case in the previ ous MDF analyses of t reatment 
effects , a maximum uf three functions were e xtractable since four groups were 
bei ng discriminated. Two sets of analyses were pe rformed -- one using all five 
trials ( including r un 2) as discriminato r s and the other using only the four 
pos t -t rea tment trials. Since each of the 12 multivariate discriminators were 
eva luated, a total of 24 discriminant functions were required. 

The r ationa l e behind viewing the number of sign i ficant functions as a measure of 
treatment x trial inte ract i on warrants further comment a nd qualification. If 
the r e l a tions hip between tr i al and performance we re approximately linear and 
identical fo r each treatment group, one would expect a maximum of one 
significant function or eigenvalue for a given performance measure . The 
existence of two o r three significant e igenvalues woul d imply t hat the 
dispersion patte rn in group means across trials differed among t he treatme1\t 
groups in a complex way. lt should be noted that t his t~st ls not an explicit 
test of s l ope diffe rences si nce it is sensitive to both the elevation and 
profile of t he trial means. The r e ade r is referred to O'lirien and Kaise r (9185) 
f,lr a d iscuss l on on the fo rmula t i on of repeated measures problems as 
mul t i.variate (MANOVA) mode l s . 

The results of the analyses are summarized in tables 17 and 18. Plots of 
treatment means across tria l s are shown in figures 2-13. tn neither of the 
analyses (tables 17 a nd 1~) did more than one significant fiinction emerge . The 
analyses with the baseline run exc luded produced statistically signi ficant 
single fu nctions on f ive measures -- STOUCH, SOOWN, ESTCH[C, SMPH, and CTT. The 
inclusion of the bas~line run reduced the significant disc riminators to the 
latter three. 

St.nee lt was not t he m;ij,>r purpose of these analyses to evaluate univar i ate 
treatment effects, pe r se, the interpretation of the signi fica nt f unc tions will 
not be examined in any detail. The major t hrust nf these results is that 
performance within eacl1 trial adds very little to the ability t o discriminat e 
the treatme nt groups . The fact that no s igni f i cant discrimination occurred for 
most of t he measures may seem paradoxical in view of the highly significant 
treatment effects identified in the previous sec tions. However , these effec t s 
were based on mul tivariate linear compos ites of the 12 performance measures , 
which take i1lto account t he covariance a mong the measures . As is f requently the 
case in HOF analysis , variables which a re not significant by themselves becomes 
signif icant ln conjunction with othe r correlated measures . There would al s o be 
some loss in power i n using the trials as discriminators in situations where . 
trial effects were minimal. 
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Although there are s ome exceptions, analysis of flgures 2-13 indica te that the 
largest performanc,! dif fe re nce across the pos t-treatme nt tr i a l s (3-6) was 
be tween the double placebo and both-d rugs group, with the latter almost always J 
showing poorer per fo rmance . Perhaps the mos t inte restl,,g a nd ,:;igni f l cant 
finding occurred on the crltical tracking task (Figure 13). This measure 
produced the larges t eigenvalue on both uf t he HOF analyses and s howed very 
clear- cut diffe re nces across the post-treatme nt trials. Looking at fi~ ure 13, 
note that the double placebo and marijuana groups have very s imilar mc?ans acros s 
each tria l and almost flat trial g radients . Thus, t here ls no ev l<lerce th.it 
marljuana impaired this functi on o r that per forma nce veri ed across th~ tr i als . 
In contrast, the a l coho l a nd bot h- drugs group show marked detriment. The slope 
of thei r gradients ls quadrati c , beginning at trial 3, asymptoting at trial 4 
and begi nning to dissipate at trla l 5 . Howe ve r, e ven at tria l 6 perf0rmance had 
not re turned t o the base line l e ve l. 

The results fo r ESTCHIC are also clear-cut, with 011 ly the both- drugs groups 
showing an effect throughout all t rials . The effect is particularly no table at 
run 3, then gradually declining . Since ESTCHIC is t he s ubjects' estimates of 
how fast they could drlve through the chicane , this ~ffec t is a measure of 
s ubjective intoxica tion and indicates that subj ects receiving hnth drugs 
perce ived thems e l ves as s i gnificantly impaired. In contrast , marijuana a nd 
alcohol alone were not perceived l:IS affecting performa 11c,~ 011 this t1tsk , 

Figure 12 di splays the r esult s on speed mai ntena nce (at 35 mph) wlth the 
<;pecdomete r covered . The double-p l acebo gro11p was a ble to maintain s peed at 35 
mph on a ll trials, whe reas t he t hree drug groups drove at a bove 35 mph on •~ach 
run. The both-drugs group was aga in t he poo rest, approaching 40 mph at trial /1, 

The means across tr i a l s fo r STOUCH a nd SDOWN are s hown in f i gures 4 and 5, 
These effec ts are complex and diffi cul t to lnte r pr e t. Figure 4 suggests that 
mari j uana i mproved perfcJrmance on the first post -treatmt:! nt t rial ( run 3) , a nci 
that the combination of marij ua na and alcohol produced an increasing decline at 
trials 4 and 5. Since t he s ubjective and objective effects of marijuana we r e 
generally l argest at run 3 , the fac t t ha t t he marijua na group touched fewer 
stanchions at run 3 ts s urprising, However, result s on one speed through t he 
chicane measure (CLI6) i ndicates that t he marijuana grnup also drove s l ower than 
t he other groups during run 3, This cou ld exp l ai,1 t he be tte r perfo rmance on 
STOUCH, 

The results for SDOWN (figure 5) s how a markedly different prof lle which, in 
some respects , comp lementR the effects s hown on ::iTOllCH , That l s , the r e is a 
tendency for l arge effects for a gi ven treat men t-trla l on one measu r to be 
associated wlth a small er effect on t he n th~r. Thus , lf t he t wo pe rf ormance 
sets we re added to create a " s um of c,>nes touched or knocked down" measu r e , t he 
compos ite would show less e vidence of a treatment effect . 

In interpreting the preceding figures, some may be tempted to conceptua lize the 
results in terms of " cha nge " or "dl fference" sco r e s in whl ch t he pos t- trea tment 
means are s ubtrac ted f r om t heir base line leve l s (run 2). It ,hould be recalled, 
however, that the base line dif fere nces did not e xceed cha nce expec t a ti on. As a 
result, a ny betw,?en-group dif fere nces at run 2 co11ld represent measurement e rror 
rather than "true score" di ffe r enc<?s . Under these c ircumstancP.s , difference 
~co res are subject to distortions . 
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Analysis of Slope Diffe re nces . A multiple-regression proced11re was used to 
e valuate the homogeneity of the within group trials slopes (Tabachnick & Fldell, 
1983, page 192) . This technique provides an expliclt test of differences in 
rates ot change across trials. It was applied to each of the 12 performance 
measures, both wi th and wi t hout run 2 included . 

All 24 analyses indicated statistically significant slope differences (p < 
. 05). The nature of these differences can he deduced from inspection of the 
figures and several have already been disc ussed in connection with the above 
analy-,es. In most instances, the major source of the slope differences related 
to differences between the placebo and the three drug groups, particularly the 
both-drugs group . The both-drugs group was atypical in showing an increasing 
performance decrement at trial 6 on several measures . Another consiste nt 
difference was between the marijuana and alcohol groups. Marijuana tended to 
have a peak effect at trial 3, whereas , alcohol more often peaked at trial 4. 

Detailed Interaction Analysis 

This section presents results of the analyses of the interaction effects between 
marlj11ana, alcohol, various bas e line and background variables , and driving 
performance. As s uch, the major focus is on whether the univariate effects <>f 
alcohol and marijuana are additive with each other and with selected s ubject 
char~cter istics . The ear lier multlvariat e ana l yses of treatment effects 
indicated that marij1mna and a lcohol were largely additive in their effects but 
that s igni f i cant interactions did occur on runs 3 and 6 . 

The subject cha racteristics which formed the pool of potential moderator 
variables were selected frf)m the base line (run 2) performance factors and the 
background questionnaire. Twenty variables were included from the performance 
domain and five from the q11estionnair,?. 

A. 2 x 2 x 2 factoria l a11,1lys i s llf varianc~• program was 11s •d t o test the maln and 
interac tive effects of the treatment and moderator variab l es on each of the 12 
post-treatment measur es ide11tified in the previous discriminant function 
analysis. The first factor was alcohol, the second marij uana, and the third 
co,1sisted of a moderator variable dichotomized into low or high scores . The 
split was made as c l nse as possible to the median in o rder to approximately 
equali.:>.e the marg inal distributions and cell sizes. 

ttecause of the large number of separate ANOVAs (1 2 x 25 • 300), it was necessary 
to limit t he analysis to effects on the post-treatment composit e scores (runs 3-
6 combined) . 

Baseline Measures. The 240 (12 x 20) ANOVAs which inc luded a base line measure 
are summarized in Tables 19- 38. Rllch table represents inclusion of l of the 20 
base line perfor111ance measures. The entries in the table r.epresent the obta ined 
..e_- value fo r each source of variat i on . Seven sources of va riance were tested per 
analyses: (I) main effect of alcohol; ( 2) main effec t of marijuana; (3) main 
effect of the moderator; (4) marijnana x alcohol interaction; (5) marijuana x 
moder.'ttor interaction; (6) alcohol x moderator interRction; and (7) marijuana x 
alcohol x moderator interaction. 
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Although the primary objective of these a nalyses wast •> assess two and three-way 
interactions involving the base line measure , we will first briefly touch on (1) 
main effects and (2) two and three-way moderator interactions before proceeding ) 
to the main r esults of interest. 

l. Marijuana and Alcohol. Alcohol generally yielded a significant effect (p < 
. 05) on four measures -- BSPEl-:0, STOUCH, CTT, and SMPH . Ufects approaching 
or exceeding significance on some of the analyses were also noted for 
ATTEMPTS (risk task) , COGNlT, and ttlSKlLL. 

Since the same 12 dependent variables were used in eva luating the 
inter;ic tions with subj ect characteristics (moderators) , the question arises 
as t:.> why the main effec ts of alcohol (and 111ar.ijuana) we re not t he same i.n 
each table. The variation is due to the dlff e ri.nt amounts of 
nonort hogonality in combination with the differing main e ffe c ts of the 
moderato r v -:i;: iables . Although an attempt was made to sp lit each moderator 
variable as close ly to the median as possible, some of the moderators still 
deviated s ubstantially f rom a 50/50 split . ln addition, the treatment 
groups did not have equal samples due to s ubj ect de let ion. Since each main 
effect is statistically adjusted for the ot her main ~ffects in the mode l , 
the main effects of a l cohol and marijuana vary (slightly) as a function of 
which moderator variable was included . In ge neral, a main effect which is 
significant only ln the presence of. only or a few of t he moderator-; ls open 
to question. 

With the above caveat ln mind, inspec tion of tables 19- 38 indicate a 
consistent main effect of marijuana on 3 m•asures--COGNtT, SMPII, dnd 
ESTCHIC. A s11ggest ive main effec ts also oc ·urr t! <l 1111 ATn:MPTS (risk task) in 
several o( the a :1:,lyscs . 

The only consistent evidence of a signifi cant marijuana x alc,1hol 
lnteraction occurred on PO.STOP . This interac tion was signif icant ,rn ,'Ill 
analyses except the one whi ch employed baseline POSTOP performance as a 
moderator (tab le 22). However, e ven in this lnstance, the £ - value was 
s uggest ive (p • .124). Since there was some evide nce that t he treatme nt 
groups we re no t equivale nt on POSTOP at bas , line, the reduction in 
significance of the interaction when POSTOP-2 was inc luded could lndicate a 
removal or reduction in bias through operation of t he POSTOP- 2 m,tin effect . 
Ne verthele-,s , the fact that the lnter.-\ctlon was sta tlstically significant •lll 

19 of the 20 analyses and at l east suggestive on the other , l e nds some 
credence to its reality . Inspect.ion of treatment ir,iup means (table 15) 
indicates th.>tt the interaction was s uppress tv,~ ln nature . That is, the two 
drugs toge the r (x • 4:-95) resulted in better ·Lo pping performance than 
e .lther marijuana (x • 3.59) or alcohol- (x • 5 . 52 ) a lone . 

Only two other marijuana x alcohol inte r.>tctions were stat istically 
significant. One was on t:STCHIC when RISK-2 was a moderator a nd the second 
was for STOPS with CTT-2 a s the moderator. Given the large number of 
interact ions which were tested and the lack of significant M x A interaction 
on thesu measures in the other ANOVAs, it is llkely that these represent 
" chance significance. " 
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2. Two and Three-way Moderator Interactions. The analyses of variance produced 
lO significant two-way marijuana x moderato r interactions, 11 significant 
alcohol x moderator interactions, and 12 significant three-way 
interactions. Since a total of 240 tests of each of the above two-way and 
three-way hypotheses were made, one would expect to obtain by chance alone 
approximately 12 significant results at the . OS level for each of the 
interaction tests (240 x .OS • 12). The obtained results are , therefore 
consistent with the hypothesis of no true two-way and three- way interactions 
involving the base line perf,1rmance measures. This inference leads t o the 
conclusion that the effec ts of marijuana and alcohol did not vary as a 
function of a subject 's baseline performance. Although this conclusion 
seems t o conflict with the previous analyses of slope differences , the 
regression s lopes were based only on trial 3, whereas the present 
interactions are based on runs 3-6 combined. Given the lack of sufficient 
evidence of nonaddltivity , no attempt will be made to describe or interpret 
any of the specific interactions that reached signi ficance , with one 
exception . Note from table 34 that the marij uana x SMPH-2 interaction on 
SMPH was significant at .e_ < .02. Since this was the only one of the 33 
significant interactions in which the dependent variable and moderator 
involved the same measure, there is a somewhat strongt.'!r substantive basis 
for describing i ts structur e . Inspection of the cell means indicates that 
marijuana-posit i vc subjt:?cts 1o1ho drove be low the median speed during base line 
( s peedometer cove re~) drove very close to the target speed of 35 m!)h after 
being drugge d (x • 35.3 mph), while higher-s.e_eed-marijuanc\ subjects showed 
a n increase in speed after consumption (x • 39.5). I n contrast, marijuana­
negative subj ects who drove more quickly at baseline showed no increase in 
speed cforing the post-treatment trials. 

Bio6raphical Measurns . The 60 ANOVAs (5 x 12) using the five biographical 
measures are summarlzed in tables 39-44. Since the main effects of marijuana 
and alcohol and the M x A interaction we re already presented in connection with 
the preceding analyses, they will not be discussed further. The novel aspects 
of the present ANOVAs relate to main effects and interact i ons involving the 
biographical measures. 

It is readily a pparent from inspection of tables 39-43 that very few of tlie 
ef fect terms were statistically significant. The analyses resulted in four 
slgnlficant main effects for the biographical measures, three significant 
alcohol x biographical int e ractions, no significant marijua na x biographical 
lnter~ctions, and one significant three-way interaction. As was the case 1o1lth 
the baseUne-lnterS1ction analysis, these numbers do not exceed chance 
expectation (60 x .05 a 3). Therefore, there ls no compelling basis for 
concluding that response to the treatment was influenced by subject's prior 
driving expe rie nce, frequency of marijuana/alcohol usage, or experience driving 
while l 11paired. 

The fact that so few of the main effects of the biographical variables were 
significant is s urprising since data was presented earlier showing that these 
measures ha d modes t, but ~ignificant, correlatlons with several of the 
performance meas ures (ta ble ll). This difference is probably due to the 
attenuation and information loss caused by collapsing the measures into simple 
dichotomies . 
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Miscellaneous Univariate Analyses. One limitatlon to the a bove analyses ls that 
only the 12 performance variables selected from the multivariate analyses were 
used in evaluating the treatment effects and interactions. As was the case with 
tile evaluation of treatment effec ts over time, relatlvely few of the measures 
were significantly affected by tniatmel\t when conside red lndividually. Howeve r , 
these analyses have not addressed the questlon o f treatment e ffects on the many 
performance measure s not selected through the multlvarlate an.1lyse s . 

To explore this issue, the means on the 73 varlab l e s and factors identified from 
the within-domain analyses we re tabulated by treatment g r o11p and t rials. The 
results for all variables which yielded one-way ANOVAs significant at p < .10 
are shown in Appendix III , tables l-5. Although detailed conslderatlon ~f these 
results ls reserved for the discussion section of t he r'e port, a few comments are 
t n o rde r here. First, the number of sign i ficant (p < .05) univariate F ratios 
i s subs t a ntial . The maximum numbe r of signiflcant effects occurred at runs 3 
and 4, where there were, respec tively, 19 and 14 signlf.tcant dlff e r e nc . . s . At 
rnn 6, the numb<:!r declined to 7, but the composite (runs 1-6 ) yielded 
significant effec ts on LS variables. Given the dt.ffore nc,is in the signlficant 
varia bles and the dec lining magnitude of effects across trials, i.t ls c lear that 
performance on runs 3- 6 combined has provided a consPrv~tive est imate of the 
treatment effects. 

Blood Levels Analysis 

Analytical Results for the Detectl.on of Alcohol and Cannahino1.ds in Body 
Fluids. The peak blood alcohol concentration (BAC) valu~s for all posi tive 
alcohol subjects 11sed in the performance analyses t.1e r e close ly distributed 
aro und the target BAC value of . 08Z, as indicated ln Appendix [, t able I. With 
the exception •>f 2 out of 42 s ubj ects , the remaining subj ects fe ll within . 02% 
of the target value nf .08%, whic h is an expec ted varlant·e whe 1\ ca l culating 
alcohol dose based nn body we ight and dri nking period. 

The use of two diff e rent RlA methods and a GC/ MS confirmation method might 
appea r redundant but proved to be a fortunate decision because of the many 
unanticipated problems t.1hlch occurred with the RIA methods as well a,; the 
confirmat ory GC / MS analysis (Hanson et a l, 1981). Based on the comparlson of 
methods, the 125 !.-RIA analys is of the s ubject serum sainples for De lta 9-TIIC and 
COOH-THC WE:re the only methods suffic i e ntly accurate a nd reliable for a 
statistical correlation with the driving perfonoancc measures. 

The results of the RIA ana lysis performed on each subject's serum, pre- and 
post-urine, and concurrent percent BAC are summarized ln Appendl.x I, table l. 

Basa l Levels of Cannabinoids in Se rum (Plasma) of Chronic Marijuana Users. 
There were 12 test subjec t s for whom the analysis of serum (plasma) indicated 
"basal" l e ve l s of canna binoids in the 2-to- 10 ng/ml l eve l r a nge. Of the 
s ubj ects , five of the 12 were in the placebo marijuana group, and 7 were in the 
marijuana treatm<.:nt group. The initlal se rum ca1rna blnoid results for these 12 
subjects are suin1Mrlzed in table B of the Appendix L. 

The relatively high and constant Delta 9-THC leve l s found in a ll samples from 
the f ive placebo marij uana subjects, shown Ln table B, strongly suggests that 
basal l evels of cannablnoids may persist at significant levels as a result of 
chronic marijuana use . 
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\ The re l atively high Delta 9-THC leve ls found in the pretreatment samples of the 
s even subjects shown in Table B who rece ived the marijuana treatment would 
indic.~te that some of these subjects may have used marijua1, a on the s ame dAy the 
samp l es were taken. 

Where the re was sufficient reserve -,ample , f ur the r confirmatory 1H1lyse -. we1 I.! 
condnc t ed by the NIDA research g r oup at RTI AS i.ndicated i.a table C of App nH K 
l. This limited analysis conducted by Nll)A/ RTI confirmed the l nitlal Rt 
results from the l 125 RIA analyses (table B). 

To furt her e xamine the above hypot .i •s ls, 4 of t he same 12 subj e ts we r • r , , lled 
in June 1982 fo r a fn llow- up study. These four suhje ts gave four s,~rum samples 
spaced about two ho11rs apart while under constant o b ervatlnn of proje t ~t ff 
wltho11t rece i.vl1,g a ny marijuana treatment. The s ubjects w•r ' asked to abstain 
from any marijuana 11s P. f o r at l east 48 hcurs as had been done during the l r lve 
sturJy . These sampl es w• r e analyzed by t he Center of Human ToKicology , 
UnivP.r-;ity of Utah, Salt La ke City. The results report ed for th s e ser11n, 
samples a re s111nmari ?.ed in table D, of Appe ndix I. These results further 
sup ported the cnnt ~~ nt i on that s lgni f l 1mt hAsul l e ve l s of ' nnabinoids , exist 
for many hou r s in '\:hrvnl c" mar l ~uana users . The gene ral h•havior and t ht:! 
ex treme l y l,igh l e ve ls found ln s ubj ect 8/ 8/ 81 - F s tron ~l y s uggest t hat he did not 
abstain from mari j ua na use for 48 hours as requested. 

Further wo rk is necessary with respe t t doc um ntlng THC le ve ls in bod• f luids 
(s,!rum) of chroni c mar1.j11ana users . 

A compar i son a nd e valuRtlon of t he nc ut·dcy , sens1.tivity, and r e lia bility of the 
two R l A and GC/MS methods used fo r a nna hlno1.d a nalysis for this study Are 
discussed by Hanson et al , 1983 . The significant concl usions are s ummarized as 
fo llows: Elthe r of the RlA methods a plh:Hl rs capable o f m"asuring THC and COOH­
THC conce1,trations for up tv three hours a fter usage in persons smoking 
marijuana . Se rum l s a be tter specime n than blood in terms of a curacy , 
detectability, r e pro<luclbll1.ty, and specif i city . A paralle l determina tion of 
COOH- THC concentra tions ls desirable for fore nsic purposes . The l e vel of t his 
me t abo li t e provides ii 11se tul confirmati on of the pres<.?1\ce ,)f THC and i ndicates 
elapsed ti•ne sinct' inhalat i on of marij uana . Accurat e mt>thod ca libration is 
essentia l , and r e f e rence standa rds ln a bio l ogica l matrl x s hould be a vailable t o 
al l ow a nalysts to gauMe the 1.r accuracy while perfo rming THC and COOH-THC 
dt:! t erminat i ons . 

Co rreldtlo n with Performance Measure s . One o f the objectives of the study was 
to det e rmine if variations ln blood l eve l we re assoc i a t ed with va riations i n 
driving pe r fo rmance . To evaluate the mag nitude of the statistical relatio nship 
be twee n the drugs a nd 12 pt:!rformanc t~ measures, the actual blood l eve l s of t he 
subs tances (THC, carboxy, and alcohol) were r eco rded fo r each of the runs for 
co rre l a tion with the 12 pe rfo rmance measures. 

The mea n blood levels by trial are pr~sented in t a ble 44 . The result s co nform 
fairly we ll with what was e,cpec ted based on tht! amount s consumed and time fro,u 
d,,sage . The alcoho l g roup peaked at tria l 4 ( .08%) and dec lined to a BAC of 
.04% at trial 6. The m.'lrij11ana and both drugs group achie ved peak THC l eve ls (x 
= 69 .6 & 54 .3) at trial 1, and the l evels had dis sipated prec ipitously by t he 
next trial (x • 13.l & 13.4). The difference between the marijuana and bo t h-
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drug gr0ups on serum carboxy levels was not expected and at f irst glance 
sugges t s that a l cohol interferes wi t h the creation of se rum carboxy . Although 
the difference persisted thro ughout the trials, the authors are inc lined t,1 
dismiss this finding due to variations in serum ca rboxy amo ng the subjects prior 
to trea tme nt. 

The o nly other notable finding in table 44 i s the variation i n SAC l e ve ls 
be tween the alcohol-only and both-drugs groups . The r e sults s uggest t hat the 
presence of THC/ serum carboxy delays the absorpllo n of alcohol. At Trial 3 , the 
alcohol-only group achieved a BAC •>f . 07% c ompared to .05% for the h,1th-drug 
gr,)ups . Howe ve r, t he two groups we r e at part ly a l t rl ,ds 5 and 6 . 

Sinc e the r e was some varia tion in the blood l e vels a tua l ly attained by the 
s ubj ect s within a give n treatment and trial, lt was possible t o e xplore whethe r 
t hese variations "'7e re corre lated with di f f~rence s in dri ving pe r fo rmance . In 
other words, did subj ects who attained h igher- than-av 0 rasl~ leve l s t e nd to 
e xhibit more pe r f ,1rmance detriment than t hose wh,, .-\tt a lned lowe r l e vels? This 
ques tion was pursued by the pre viously me ntioned an~mi Il l co rrelatio n anal ys is 
in "'7hich scores on the 12 variable 1>erfor111ance vector "'7e r e ·o rre late d with the 
three quantitative bloo d l»v • l s and dummy- cod•d treatm •nl ve tor. The 
inte rac tion terms w re c reatmd by formi1~ th• appropriate t wo-way c r os s - produc t 
terms mnong the ind'p nd1.mt variAbles. The r tisults are sununariit!d ln table 45 . 

Table 45 s hows th ' ·01\tri.bution of the blood t~vl'l'> toe plAining va r iation o n 
t he p ,rforman e ve· t or . Notu t hat 11\ a ll c asl!s lhl:' ln·l11s ion of blo,)d al ohol 
level in r•ased th, s i i: l>f the ,l lcohol t:fe t and t h in r •ns w:rn 
stati.stl·a lly si.gn i.tl a n t o n runs and 4 (p < . 05); the lncr~Hs a pproache d 
slgni fi·an c ,,n runs and fl . ln o nt n .l t, th untrl butlo n of serum THC 11 nd 
s•r11m carb,> ·y Jl,rne w:\s a lWc\ s les· than the ·untrlh11 t i o 11 uf the treatme11t group 
d-slgn tion. II w •v r , whe11 bot~n1m ·rho. , a nd ,;,rum THC we r e included, 
there was un Ln t''llS ' ln the ma rij uurn ,,ff · t n n runs 11 - o. The in r t!ase o n r un 

w,'l'> st t tisti ttll • slgni fi.cH1\ t (p , . O 

ln al l 
b lood t 

sl 7. of t he i nteraction •ftt!cls ti e llntid by incl11s i on o f the 
th tntnl c ·1 L'lined V,'lrian e (marlj 111rnu + alcoho l) still 

at n ms ,rnd At r un 4 , fo r c. •nmpl', tht> net effec t ( e xplained 
ln re~sed fr Ill ~2% to 7~% p .O ). 

ln ij'1\l:'rlll, t ht>S\.' res11lts lndl t thlt knowl dg' nf a p0rson ' s exact blood 
\ e v >ls on ll thr,'l' m•asu r,s s \lg htl l.n · r used tlw ,qhlllt , to predic t 
p,r r1\\l'.\1\ e 01\ th,, <lr lvlng t s ks d11 r ing r uns 4 and'"> . ln addi. t l o n, the re s ul t s 
indl' t , th L tlw 111.'l rij u,rna cff c t wa · media ted by the Jni.nt o pe ra t ion of s e rum 
THC a nd serum -~11'1 i-t • . Eit her s ubs tan ·e u l l111 ' do s poorl y ds a pre dict,>r of 
p rf ruurn e . 

The , b1 v anal i,; has llrnit d ~ •nsitivity due tn the re,;tri.cted rnnge of 
vuia bllll • of t lw bl1 od l v l • This stt?ms from the fact thRt the expe rimental 
Je,· i g1' w,ts lntt•l\d\.,.t tn 1nini.mi. · •~ varillbility by admi nist e ring a t:ol\stant dosage 
to •a•h subj,•'t ,11\d th•n t•sting 'H h subject ll t f iK,•d lntervllls from dosage . 

n nal st,; ap1 \i,:_,d to vnri<1tlons 1~ithin tri a ls nece,;sarlly i gnor•! '> variatlon 
a ross trials . The hll t\gl' l n blood l e vels over tri a l s is o bviously much greater 
th n subje t v;t rLltluns wi thin trlals due to the passage o f time . 
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The above recognition led to the following question: To what exte nt are cl1anges 
in Jlood levels over trials associated with between-tria l varia tions in 
performance? 

This question was evaluated through a two-stage, canonical analysis procedur e . 
Recall from the me tl1ods section that canonical ana l ysis produces l i near 
composites of two sets of variables (vec t ors) whi ch are we i ght ed so as t ,1 
maximize the corre lation between the sets. Each trial was s ubj ect e d to a 
canonical correlation analysis in which the 3 blood l e vels comprised the X 
vector and the 12 performance measures comprised the Y vec tor. The weights for 
each set of variables were then used t o compute two scores fo r each s ubj ect 
one from the optimally-weighted- blood-level vector and the othe r from the 
optimally-weighted-performance-variable vecto r. These pa irs of computed scores 
can be viewed as representing the relationship between blood l eve l s and 
perfo rmance witl1in trial. To dete rmine the structure of the relationships 
across trials, these computed s cores were subjected t o a second canonical 
analysis in which the two variable se ts were comprised of the canonical scores 
for each trial. Tha t i s , each subject rece ived a canonical blood l e vel score 
and a canonical perfo rmance s core for trials 2, 3 , 4, 5, a nd 6 , and these pairs 
of scores we re subjected to a second commical analysis. The a nalyses we r e done 
with and without trial 2 included. 

The r esults fo r the a na l ysis including run 2 are shown in tables 46 and 47, and 
those excluding run 2 are s ummari zed in tables 48 and 49, Attention is directed 
to t a bles 46 and 48 since t hey are the results of pr i mary interest . 

The ana l ysis which i nc luded the base line run (tabl~ 46) result ed in three 
s ignificant f unct i ons , whe reas the a nalysis of post-treatment runs produced two 
sLgnl flcNnt f unctions (table 48) . The pe r cent of variance expl ained by the 2 
sets we re, r espect ive l y , 88, a nd 83, Thus, optimum linear composites of t he 
blood levels a nd perfo rmance f unctions can be const ruc t ed which explain a l a r ge 
portion of the systematic variat i on in perfo rmance over trials, However , the 
meani ng of the canonica l var i ates is unc l ear and does not provide unequivoca l 
evide 11ce of a temporally isomorphic relationship. For example , the l argest 
coeff i c ients on the first f unction t end t o occur at different trials , and there 
are some i nexplicable sign reversals (table 47 and 49). These types of 
interpretative ambigu i ties freque nt l y occur with canonical co rre lation analysis 
due to the crnnplex partialling of intercor re late d variat es and capitalization on 
chance re l ationships (Cohen and Cohen, 1983). Nevertheless , there are s ome 
interesting st r uctural simi larities , such as the we i ght s for runs 4 and 5 on the 
second f unction in table 49. 

Figures 14A •nd 140 po rtray covar i at ion in mean perfo rmance and mean blood 
l e vels over the four post-treatme nt tria ls. These dat a a r e presented for their 
descripti ve and he uri s ll c interest a nd mus t be interpreted wi t h caution because 
of the ir aggregat e form a nd lack of tests o f significance. They do show 
instances of i ntuitively plausible concordance be tween performance and blood 
levels , but they also s how instances of improved group perfo rmance in the 
presence of eleva t ed blood levels. 



Specia 1 Issues 

A number of auxi l lary measures were incorporated to ,nonitor parametors of { J 
special interest. C:HP Office rs in a "FALi.CAR" and a fl e l<l sobriety test were 
used to assess the ,,fflcers' abllity detect drug impalrme nt. Queqt(onnaires 
we re developed to provided subjective ratings of lmpalr,nent. The BITE anrl CTT 
were incorporated to assess drug effect on more standarrll~ed psychomotor 
measures. Finally , the forced lane change maneuve r and ri.-.k task were included 
as measures of relevant cognitive- and emergency-res ponse modalities. 

CHP Following Car and Field Sobriety Tests. The correlatlon between these tests 
and the scores for the first two disc riminant functions are pre sented in table 
50. Recall that the multivariate analysis of treatment effec.:s resulted in two 
statistically s ignifica11t functions containing 12 performance measures . Simple 
corre lations between these function scores a nd individual variables provide 
information on the character istics and structure o f the treatment effects . 

Six of the variables were significantly correlated with the first function, but 
only one was correlated wlth the s econd function. (The fir~t f unction is by far 
the most imp,>rt.rn t and r e flects di ffe r e nces between al I. •>f the treatme nts, 
pa rticularly between the both-drugs group and placebo.) 

The subject's rat .ing of his performance 011 the FST and drive range produced the 
highest cor re l ation (- .40) , and the direction of the re lationship indicates 
that increased performance <lecr,-,1nent fo l lowing treatment was associate <l with a 
percept ion of poorer performance. That is, subjects whose overall perfo rmance 
was indicative of treatment l"~airment tended t o rate their per formance as more 
impaired. All of th!:! othe r significant correlations show a similar direction . 
The finger count, counting backward and officer's rating 11roduce<l the highest 
corrt•latit>ns among t he FST measures; the following c.u measure was also highly 
slgniflcant in the expected direc ti,rn. Figures L5-17 display plots of mea ns •>n 
selected rating variables. The most outstandf.ng feature o f these da ta is the 
poorer performance t>f the both- drugs group on every varia ble. Note also the 
remarkab l e similarity of the LRE, self and officer r at ings (figure 16). In 
general, the impairment associated with either marijuana c>r alcohol a l one was 
perceived as minimal a nd slightly greater for alcohol. However, since the s e 
results are in terms of the composite runs, they tend to underestimate the 
immediate effects of the drugs. 

The r esults on the fo llowing car measure produced c l ear-cut ev ide nce of a 
trea tment effect ( f igure 17). Subjects receiving both drugs would have been 
"stopped" or "pulled over" about 601. of the time by the following CHP officers, 
compared to about 15% of the placebo subjects . Alcoho l alone and marijuana 
alone resulted in stopped scores of SU% and 321, respectively. The analysis of 
v~riance of these diffe rences was highly signi ficant (p < .01, Appendix Ill, 
table S). 

Table 51 indicates that the FST and following car measures were significantly 
correlated with several of the performance measures . The means for the FST and 
following car are shown by individual trials in Tables 52-55. The di ffe rent 
ti ,oe g r.:idients for the marijuana and alcohol effect i'> evident on the following 
c-'lr measure. At Run 3, the marijuana a11d both groups would have bee11 "stopped" 
59% of the time compared to 42% of the alcohol subj ects . By the next run (4), 
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the marijuana group's stopped percentage dropped dramatlcally (29%) while the 
alcohol group increased to 56%. The both-drug group above 50% at all runs 
except run 6. The differences were statistically significant at runs 4 and S (p 
< .05) and almost signiflcant at rnn 3 (p < .10). 

Curiou,c;ly, the other subjective ratings do not show a corresponding differential 
in the marijuana and Alcohol ti111e gradients. The subjects in a ll three drug 
groups rated themselves most impaired at run 1. The same was true of the 
officer's overall FST rating. Howeve r, bo th drugs in combination resul ted in 
significantly greater impairment and much longer lasting impairment on the FST 
ratings. Even at trial 6, the both-drug group showed c l ear lmpairment on the 
officer's and self-ratings, while the other groups have returned to bnseline or 
placeho l evels . 

Impairment Questionnaire . Subjects completed an impairment questionnaire after 
the third and flfth drives for the purpose of assessing t heir s ubj ective 
perception of change as a result of treatment. The complete questionnaire is 
reproduced in the 1981 Protocol (Grossen et al). Table 56 presents the 
correlatlon between the items from the impairment questionnaire at run 3 and the 
two scores from the signlfica nt discriminant f unctions. Al l of the 
questionnaire items were significantly corre l ated (p < .05) with t he first 
function, and three items were significantly corre lated (p < . OS) with the 
scores from tl•e second functi,>n. The three items were -,e lf-contro l, speed, and 
time estim11tion. Al 1 cCJrrelations wlth the first f unction 1Jere negativ~. Al l 
correlations with the second fu nction were positive. The single highest 
cor relAtion on the first f unc tion was on speed estimation (r • - .43). The 
direction of this and the othe r relationships indicate that increased subject lve 
impairment was always assoc lated with increased impairment on t he performance 
functions. 

Table 57 presents t l1e impairment questionnaire ite ms obtained after run S 
correla ted with t he scores from the two significant disc riminant f unctions . All 
but one item (self-control) was significantly correlated (p < . OS) wi t h the 
first function. Tlme and speed estimation were the only items that correlated 
significantly with the second functlon. The structure l oadings between runs 3 
and Sare very slmi l 11r , indicating a temporal robustness to the structure of the 
impairment mechanisms. 

The simple correlations between each of the 10 impairment items and the 27 
perfo rmance factors at runs 3 and 5 are presented in tables 57 and 58. These 
corre lations are conce ptually distinct from t he previous structur e coefficient s 
in that they do not represent relationships with treatment effects. Rather, 
thes e correlatlons indicate the extent t o which a give n pair of variables covary 
f o r the entire sample of subjects . As s uch, they a re o f less interest than the 
struc tu r e coe fflcients . Although a substantlal number of the corre lat ions are 
s tatistically significant, there ls conside rable variation between the two 
runs . T.1ken to~ethe r, the LREs rating of the s ubj ec t 's t otal performance 
(OVERALL) yielded the highest corre lation with the 10 impairment ratings on both 
runs, with several c,>rrelations in the .30 to .40 range . ESTCHIC also produced 
consis tently moderate correlations on most of the variables , particularly item 6 
(coordination) and item 7 (reaction time) on r un 3. Bot h co rre lations were .43, 
indicating that greater perceived i,upairment on these attributes was associated 
wlth slower estimates of chicane speed. UFAIL was moderately correlated with 
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most of the run 5 impairment items but not with many of the items on run 3. tn 
general, the ove rall results indicate a moderate relationship between poorer 
performance and lower self-ratings. J 
To further explore the relationship between treatment and perceived impairment, 
the scores on the 10 impairment items were summed and tabulated by treatment anrl 
trlal (runs 3 a nd 5) . The result s a re presented below: 

TREATMENT RUN 3 RUN 5 -----
Placebo 10.0 5.57 
Marijuana 22 .7 5. 26 
Alcohol 21. 2 7. 20 
Both 29 .3 18.05 

These findings are very conslstent with the subj ec tive ~elf-assessment ratings 
presented earlie r , particularly with respect to the t e ndency for the both-drugs 
condition to l engthen the duration of impairment. An analysts by individual 
item at run 3 inrlicated significant treatment dlff,ire nces on all items except 
reaction time (117), spatial abillties (#3), and audlt•>ry abili t y (l/2) . The 
i11tercorrelatinn among items was substatlal and the largest treatment 
differences occurred on ite ms l (visual), 4 (memory), 5 (self control), and 9 
(time estimation). 

A better understanding of the mean ratings can be gained by dlvlding each mean 
by the number of items ( 10) on the impairment quest i onnaire and comparing the 
per item means tu the scaled values on the questlonnai r~ . Recalling that O • 
normal and 9 • s e ve re impairment, it can be s een that all t reatments were 
associated with relatively mode rat e impairment ratings . Even the both drugs 
group r ece ived an ave rage score of only 2 .9 per ltem. lt ls interesting to no te 
that the placebo ave raged 1. 0 , indic:H lng that a substantial numbe r 1) f subj ec t-. 
in the control group be lie ved they had recelved an a c tive subs t ance . 

E>tit Questionnalre . In an attempt t o gain f urther comprehe11sion of the 
s ubjective expe ri ence under the drug tre atments, eac l1 subject completed an exit 
ques tionnaire upon conc lusion of all other driving and pe riphera l tasks. This 
que stionnaire consis ted of 25 ltems covering pre vious drug expe riences and the 
subjects ' reactions t o the expe rime ntal drive tasks. The questlonnaire ite ms 
a re de fined in tabl e 59 , The comple t e questionna ire appears in the 1981 
Pro tocol ( Gros sen e t a l) . 

Each item from the questionnaire was correlated with the two discriminant 
function scores to assess the relationship between the objective func tions and 
subjective experie nce . The correlations are pres ented i n table 60 , The 
s ubject ' s rating of "produced high" correlated positively with both functions (p 
< .055). Thus, the degre e o f the "high" was assoc iated with greater performance 
impairment (r ,. . 45) . Driving freque ncy under a similar "high" was negatively 
correlated with both functions (p < . OS) suggestlng that s ubj ects felt that they 
would not no rma lly d r ive given a similar drug reaction . Pe r ce i ved drug 
impairment on va rious segments o f the course al s o produced s,1bstant Lt l 
co rre lations i n the e xpected direction, 
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Since the exit questionnaire asked each subject to guess what treatment he 
received, it is possible to assess the adequacy of the placebo condi tlon . The 
77 s ubjects produced the following distribution: No drug=6, marijuana alone" 
10; alcohol alone = 16; both drugs = 49 . Clearly, the maj ority of the do11hl e 
placeho subjects were fooled by the placebo, and there was a strong t e ndency for 
subjects to erroneously believe they had received both alcohol and marajuana. 

Background Variables. The correlations between five background characteristics 
and scores on the first two discrlminant functions are s ummari~ed in table 61 . 
None of the correlations are statistically significant, indi -:: i1ting that 
treatment response was not associated with any of the five backgrv~nd factors. 
This result is consistent with the previous analysis of interaction effects . 

lilTK and CTT. Table 62 presents the correlations hetween the KITE and CTT 
measures and the two significant discriminant functions. BITE scores for Runs 4 
and 5 were s ignifica11tly cor related (p < .Ol) with the first func ti on as was the 
BITE composite . RITE scores on Run 3 were negatively correlated (p < . Ol) with 
the second function, as was the BITE composite (p < .05). 

The mea ns presented by treatment groups for each run for the BITE are presented 
in table 63. Although the re was a definite trend on the KITE task f o r the 
placebo group to perform bt?st , and the both-drugs group to pe rform most poorly, 
none of the analysis of variance tests produced a s i gnificant difference at (p < 
.05). The results a r e nevertheless suggestive of impaired time est imation, 
particularly when hoth Jrugs are combined. 

The results in table 62 indicAte that the CTT correlated pos itively (p < . 05) 
with the first func tion at run 4 and negatively with the second function for 
runs 4 and 5 (p < .05). The CTT means by treatment for each run (table 63). 
The CTT dlffe rences clear ly indicate impairment due to alcohol since the 
alcr>hol-alone and both- drugs groups were notably inferior to the marijuana and 
place bo groups . The diffe rences reached statistical significance on runs 4 and 
5 a nd on the total composite (run 3-6 combined) . Somewhat surprisingly, t here 
is not even a directional trend towa rd marijuana impairment on the CTT . The 
scores for the placebo do not change materially from run to run, whereas all 
three drug groups tended to improve. Thus, there is no evidence of residual 
pract ice effects but there is clear indication of reductions in impairment on 
the CTT over time. 

Table 64 presents correlations between performances on the BITE and CTT with 27 
dependent variables. Both tests provided significant correlations with several 
of the pe rformancE> measures, and the corre l ations tended to be higher at run 3. 

Forced Lane Change and Risk Task. Two special driving maneuvers were 
incorporated to e><:amtne specif i c emergency-response and cognitive-risk 
assessment under t he drug treatments. Performance on the forced lane change 
maneuve r was assessed for five different parameters. Correlations between these 
measures and the two significant discriminant f unctions are presented in table 
65 . The overall composlte factor for the forced lane change J>rovided the only 
s igni fica nt correlation (p < . 05), which occurred on the second function. 
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The means for each measur~ on the forced lane change :ire presenteci in table 66 . 
The results in section 3 of the table show that all groups performed the task 
using a great deal of caution. Slight deviations from over-cautiousness 
occurred only in the drug gD>ups but did not come close to approaching 
recklessness. During the initial drug-treatment runs, the alcohol-only group 
and the group receiving both drugs more frequently repeated the task due t o 
failure to maintain the required speed . This was particularly true of the both­
drugs group at run 3. However, large differenceR among treatments were not 
evident. 

Table 67 presents correlations between the risk task measures andh the two 
significant discriminant function scores . The choice to perfor,n the task was 
significantly correlated with the first f unction (p < . 05) and quality of 
performance was significantly correlated (p < .OL) wlth the second function. 
The number of attempts required to traverse. The channel in the rlsk task was 
positively correlated with the first function (p < .Ol). The composite-risk 
factor was positively correlated (p < .05) with the second function. The 
correlation pattern suggests that the placebo condition may have led to more 
attempts to perform the risk task and with greater success. The means for t l1e 
risk task measures (table 68) show that the placebo group tended to perfo rm the 
task more cautious ly t han dld the othe r g roups, and 11 1.ong with the alcnhol only 
group, tended to attempt the task 1nore frequently . 
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DISCUSSION AND CONCLUSIONS 

The present study was designed to measure thl ef fects on driving performance of 
a fixed "normative" dose (1 cigarette) of marijuana, hoth a l one and in 
comb ination with alcoho l. ln the Introduction Section of t ~e re port, thi s 
general ,ihjective was subdivided into the following spec i fic obj ectives : 

l. To determine the singula r and combined effects of ma rijuana and alcohol on a 
numbe r ,if measures ur dr .iving performance . 

2. To de t e rmine if the re ls a rela tions hip betwee n the ranges of De lta 9-THC in 
blond and/ o r a lcohol in breath and meas ures of driving performance . 

3 . T0 determine if the various driving pe r forma nce measures are diffe r entl y 
affec ted by marijuana a nd alcohol ingestion. 

4 . To de t e rmine the r e l at i onship be tween t he time following marijuana and /or 
a l coho l ingestion a nd driving pe rformance impairment . 

5 . To de termi ne the int e rre lationship among the performance facto rs affected by 
thd ma ri j ua na a nd a lcohol ingestion . 

6 . To de t e rmine whe the r mar ijuana, alone o r in combination with a l cohol, 
r esult s in impairme nt that can be r e liab ly de tected through external 
observat i on uf the driving and standard f i e ld sobrie ty t es t s . 

These objec ti ves , as restated he luw provide the framework for s umm.<1rizing a nd 
i nte rpreti ng the preced ing results. The conc lusions formulated from thi s 
ove rview are then discusst>d in rel.<ttion t o previous research f indings and theory 
relating t o marij ua na ' s e ff ec t on driving perfo rmance and t raffic safety . The 
discussion conc ludes with a cons ide r a tion of pol icy i mpli ca tions , study 
limitations and f 11ture research needs. Since the primary f,icus of the study was 
on the effec ts of mdrijua,rn, a nd marijuana in combination with a l cohol , t he 
a l cohol fi ndings are dis c ussed on l y brief ly, serving mor e as a refe r en t f o r 
interpreting the ma rijua na effects. 

The Main and Interactive Effects of Alcohol and MariJuana - General 
Characteristics 

The r esults of the univariate a nd multivariate analyses indicate that both 
s ubstances affected driving perfo rmance . The Multiple Discriminant Function 
( MOF) analysis r esult e <l in two signi ficant linea r composites (function) of the 
12 pe rfo rmance measure s which we r e most consis t ent ly a nd uniquely affected by 
the trea tments. These t wo f unct ions explained be tween 62% and 70% of the 
he t we~n-group vari a nce on the 12 measures across the 4 post treatme nt trials. 
Approximate ly 60% of t he explained va riance was a t t ributed to the fi r s t function 
compared to 20% for the s e cond f unction. The firs t f unction produced maximum 
disc rimination between the placebo and both- drugs group, with marijuana alone 
a nd alcoho l a l one occupy ing intermediate positions he tween these two p,~ rfo rmance 
extremes . lnspect i on uf the gruup means on the 12 va riab l es which defil\ed the 
f unction indicated the ho th-drugs pola rity was generally indicative of impaired 
pertormance . 
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The second function, tended to separate the marijua na and alcohol g r oups from 
the placebo group, with the both drugs groups occupy ing an in termediate 
pos ltion. 

An attempt was made to interpret the 1neanint of the two funct l ons by inspectlon 
,if the standardized discriminant func tion coefficie nts and structure loadings. 
Persons scoring highe r (better) on the first function produced higher est imates 
of the speed at which they could drive the chicane; a nd drove more qui ckly 
through it; drove at lower and more appropria t e speeds whe n the s peedometer was 
cove red, as well as on most o ther parts of the course; drove mor e cautiously; 
made more accelerator reve rsals on the extended drlve; perfo rmed bette r on the 
detour task, pe rfo rmed bette r on the fie ld sobriety tests ; we re j udged to be 
les s impaired by the off ice r; rated the ir ~ i ving a nd fie ld sobriety performance 
higher (less impaired); r ece ived higher ove rall r atings from the driver's 
1 i cense examiner ( Ll{E) and made fewer driving errors on the drive course. This 
function c l ear l y reflects between-group va riat i on a nd performance decrement on a 
wide varlet y of measures: l) subjective self-rating; 2 ) LRE ratings of speed 
cont ro l, overall perf0rmance , cautious ness and number of dr iving er rors; 3) 
officer field s obriety and ve hic l e contro l rati ng; 4) objective measures of 
performance (number of stanchions knocke d down, accelerator reversa l s, urban 
drive s peed; and 5) numbe r of attempts on the risks task) . Since this f unction 
produced maximum separat i on between the both-drugs and placebo g r oups , with the 
l atter fa lling at t he posit ive e nd of the first function, higher scores on most 
of the preceding v:uiables we re associated with not bt.ii ng drugged, and lowe r 
scores with being exposed to alcohol and mari j uana co1nbin •d . The nature and 
range of var i ab l es affected indicate that exposure to the combined marijuana/ 
a l cohol condition resulted in impaired vehicular co11trol and an accurate 
subject ive awareness of the i mpaired performance. 

inspection of t he second function indicated tl~t higher scores on the function 
were associated with the mar i jLHrna a nd alcoho l conditions, and the st r ucture 
loadings indicated t hat lt i s primaril y a measure of impaired stopping . By fa r 
the highest loadi ng on the f unction was on the variable POSTOP, which correlated 
+ . 69 with the f unct i on. This variable represents tha LR~s rating of proper 
stopping position on all stopping ma ne uvers t hroughout the drive rang~ . Since 
the variable was sca l ed so that low scores indicate prope r stopping position (1 
• smoot h stop, 2 .. a brupt or misjudged stop , and 3 • ro ll l1\g or not stop), the 
high positive correlation between t he f unction a nd variable is lndica ti.ve of a 
higher proport ion of improper stop ratings among mari j uana and alcohol 
subjects . Unfortunately, t he method of scaling did not distinguish between 
stopping too soon or too late relative to the sign . 

Four other stopping measures also had signi ficant positive l oad ings on the 
second f unction: 1) SSTOP (stopping er r ors on the speedometer covered s egment 
of the course; 2) ESTOP (stopping e rrors on the extended drive ); 3) STOPS (total 
number of stopping errors on a ll segments of the cou rse), and 4) lilPOST (bipolar 
rating of stop position cautiousness) , A fift h stopping measure , BlSTOP , 
yielded a negat ive loading (- .31), indi cating that stopping position caut ion on 
the speedometer-covered portion of the cour se was nega tively associated wi th t he 
fu nct ion. 
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l Taken toge the r, the a bove results indica t e t hat ma rijuana a nd a lcohol affec t e d 
stopping pe r f orma nce but, that the nega tive effects we r e red uced whe n both druP,s 
we re combined. The mechanism underlying what appears t o be a of s uppressi ve 
int e raction is not c lear and lnterpretation is furthe r compl icated by the above 
me ntioned s ca ling problem. One possibility is that the separate drugs produced 
different types ot s t opping e rrors (delayed vs . l';!arly stops), which cancel l ed 
out whe n both we re combined. 

The main and inte ract ive multiva riate e f fec ts of marijuana and a l cohol on the 
12-variab l e discriminant functi ons were evalua t ed through a series of canoni cal 
ana lyses , and an analys is o f variance procedure was used t o eva luat e univariate 
effects . The canoni ca l analyse s indicated that both s ubstances had highly 
s i gni f i ca nt mul tivariate main effec ts on a ll f our posttreatment runs, The 
marij ua na condltion e>tpLlined between 21 .1 % t o 29 . 2% of the va r iance on the 12 
mus t discr iminating pe rfo rmance measures , a veragi ng 25 .l t for all 4 trials , The 
alcoho l condition produced a somewha t larger effect , accounting for 29 . 9% to 
12 .1% of the pe rformance va ri ance , and yielding an average effect of 31 . 4% f o r 
a ll 4 trials . The multivariate effec t s were largely additive , al t hough small 
but signif i cant int e r act i ons did occur o n tria ls ) and 6 , whe r e the respective 
exp lained-variance totals for the ma rijuana by a l coho l interact ions we re 12 . 0% 
and l 2 . 9Z, r e8 pec tive l y . 

The fac t or i a l ana l y-;es of va riancP of univariate effects on each of the l 2 
disc riminat ing va riabl es prov ided additiona l confirmation on the l ocus of 
treatment f:!ffec ~s ;i nd on t heir internct i ons with variabl e s t hat were considered 
t o he potent ial mode rators of t r eatment effects (base l i,w per f o rmance on the l 2 
disc riminating va riab l es a nd ~ background characteristics re presenting prior 
alcohol/drug use a nd drivi ng experienc<;!) , These analyse s indicated that 
mar i j uana had a signiflcH nt mai n e ffect on three measures: I ) COGNIT, 2) SMPH, 
and 3) ~STCij l1, , A suggestive ma in effect also occurred on attempts (risk 
task ). Inspec t ion of t he m0a11R lndlcat ed tha t t he marij uan,i resulted ln poo r er 
performance on the cogni t ive fac to r of the f i e ld sobriety test; highe r speed 
while the speedomete r was cove r e d; a l owe r self-assessme nt o f t he fastest speed 
thr subject could drive through t he ch l cane , and mor e at t empts required to 
complete the ri s k task . The a l coho l cond ition prod uced a signlflcant ma i n 
effec t on fou r measures: l) liSPEEI), 2) STOUCH, 3) CTT, and 4) SMPH, Suggestive 
main e ffects were alRo noted on attempt s (risk t ask ) , COGNlT, and BISKILL. 
Inspection o f the means fo r t hese var i a bles indicated that a ll of the effects 
were s uggestive of lmpairment . No consi s tent evlde nce for a marijuana/ alcohol 
interaction eme rged from t he s,1 ana l yses , nor of an interac tlon with any of the 
baseline and background factors . Thus, these a na l yses s upport the conclusion 
t hat the effects of ~•rl j ua na a nd alcoho l are l argely additive wi t h each o the r 
and with the background and base line perfo rmance characteristics of t he s ubjec t 
sample , 

The ahove conclusion of genera l addi t i vity requires some qualiflcatlon and 
fur the r discuss t on. Recall tlrnt the detailed interaction analysis wa s limit ed 
to the 12 variabl e s identified from t he discriminant f unction a nalysis and was 
furt he r limited t ,1 the total runs-composi t e (tria ls 3-6 combi ned), Si nce t he 
e ffe~ts of m:u-i.Juana were most acute at r un 3 , and dec lined thereafte r, the use 
of t he compo -; lte measure c,)uld have masked some of the effec t s . In addition, 
int e ract ion effects on var iables o ther t han "the best 12" were not eva luated. 
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There was, in fact, evidence uf a small, hut statistically significant, 
interaction between marijuana and alcohol at run '3, c lt ed above in connection J 
with the canonical analyses of treatment effects. Further evidence of non-
additivity also emerged in connection with the homoge1w tty of stores test for 
the regression of baseline (run 2) performance on posttrea tme nt perfo rmance 
(runs 3-6 combined). The slope differences were particularly dramatic for the 
CTT and KSTCHIC variables, suggesting that response t u tre atment varied as a 
function of a subject's baseline l e vel on these measures . The structure and 
substantive meaning of these interac tions is not c l ear and seem in confli c t with 
the failure to find Rignificant treatment x baseline interactions in the 
analyses of variance. Two reasons can be advanced to explain the above 
paradox. First, the baseline measure,- were collapsed into dichotomous 
categorical factors for the a nalysis of variance tests, whereas the slopes test 
t reated each variable as a continuous measure. lf relationships and inter-
actions among the measures we re approximately Linear, the categorical approach 
would significant Ly reduce the sens Lt iv.ity for detect ing i nteractions . Second, 
the slopes tes t was based on a slightly small,?r samrle size (N • 63) due to the 
deletion of cases with missing values on some of the measures . 

The Maio and Interactive Effects of Mari uana Detailed Characteristics of 
Kffects Within Trials 

The above disc uss ion has primarily focused 011 the effects 011 all pos t - trea tment 
Lrials combined into si,1gll' composite measures. lt has also h,ie n limited to th,, 
12-variable cnr,, selected through the multiple dis,: riml1rnnt function a nnlysis . 
A complete understanding of the results of the expe riment requires inte r­
pretat i on of effects within and across trial and II cnn;;ld ration of the many 
vRriables not included in the final MOF analyse-;. 

The evaluation of treatme nt x trial lnterac tlun was achieved through a te,-t of 
slope differences on the trial factor. Since the trials occurred 11t fixed 
points in time from the single drug ingestion, the trial slopes represent the 
effects of time, and the s t ore dif fe rences ref lect temporal differences in each 
treatme nt grQup's pe rformance gradient. These tests indicAted signifi cant s tore 
differences on each of the 12 measures selected from the MDF analyqis. A major 
source ut the difference was mari j uana's tendency t,, result in maximim 
impairment in the first post- treatment trial while alcohol's effect maximized at 
trial 4 and dicl not decline as rapidly as the marlj11ana ,,ffect. The both- drugs 
group tended tu s how the impairment gradient that would he expected from the 
component drugs, evidencing maximum impairment at h0th trials 3 and 4 and 
consistently showi ng g reater impairmt!nt than either ,n,lrljuana or alcoho l a lone. 
In addition, the combination of the two s ubstances significantly lengthe ned the 
duration of effects, resulting in a rather remarkable increase i,, iinpairment 
from trials 5 t o 6 . The emergence of a synergist ic marijuana by alcohol 
interaction at trial 6 suggests an effect mediated by some residual mechanism 
occurring when the two s ubstances a re combined . An obvious intuitive 
explanation would be that marijuana and alcohol interact to produce greater 
fatigue and "hang-over" effects . 

Further lnsight lnto the effects of maijuana and alcohol can be gained by 
reference t o the analyses of variance within trial on each of the 73 variables 
that were create,! prior to the data reduction. All variables significant at P < 
.10 are summari?.ed in Aprendix III, tables 1-5. The m.:tximum number of effects 
occurred on runs 3 and 4, which yielded 29 and 24 significant F ratlos, 
respectively , at the .10 level of signiflcan~e. These numbers reduce to 19 and 
14 at P < . 05 . 
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lndi\· idual t-tests and Ronferroni contrasts be twee n each treatment ,rnd the 
control conditlon indicate that the majority of the both-drugs versus placebo 
dlffe r e nces are statistically significant (P < . 05) . A much smaller proportlon 
of the place bo contrast .-; involving marijuana and alcohol separately reached 
significance, which would be e xpected based on the r esult s of the MDF analys is . 

The alcohol effect ls large r than the mari juana effect on most of the variables 
from each domain -- subject ive s e lf- ratings, office r ratings , LRE ratings and 
objective measures . Among the exceptions to this rule was performance on 
sto pping maneuvers at run 3, whi ch was discussed previousl y . This finding 
sup,gests that marl_iua na may degrade the ability to _judge distanct> and/or s peed , 
resulting e lther in stopping t o soon o r t oo late. 

Othe r resul ts •>f lntt! rest are the findings on various pe riphe ral measures , su ch 
as FALLCAK, f i e ld sobrie t y t ests, self-rating a nd the CTT . l n genera l, the 
subject s e l f- ra ting of impa irme nt was among the more sensitive indica t ors of 
treatme nt a nd t e nded to parallel the objective measure '>. Thi s was also true of 
othe r se lf ratings n,>t shown in these tables, but presented in t he re <;ul ts 
sec tion. The fact t hat the self-rating impairment indic s closely mirrore d both 
the objective indicat1>rs and the overall LRE and officer rating provides 
confirmation for the re liability and va lidity of the r es u ts. 

That t he o f f i cers in the fo llowing ca r (FALLCAR) were able t o detect drivi ng 
impairme11t with a signi f i cant degree of accuracy i s no t~bl ~ . The FALLCAR 
result s also c l early r evea l ed t he di ffere nt time g radie nt s fo r marijuana a nd 
alcohol. The ma rijuana s ubj ects were de t ectab l e only at run 3, whereas a l coho l 
pea ked at run 4, and the both- drugs group was de t ec ted as lmpalred on a ll runs, 
except run f-i . The impairment cue s a re evidently differe nt t ha n produced by the 
f i eld sobriety t est, si nci> the la tte r <.lid no t produce consistently signif i cant 
disc riminlltion. 

The rt!SU lts 0 11 the CTT variable are surprising in that marijua na alone did not 
product~ impairment 011 a ny trial, 1~hi ch is in conf li c t with prio r resea rch 
fi11dings. This complex psychomotor task was originally devised to det ect 
alcohol impairme ~~. The fact that alcohol and marijua na plus alcohol combined 
did produce impairment would seem s uf f icie nt to dispel the hypothesis that the 
marijuana find ing can bt> a ttributed to some type of er r or o r procedural 
art i fact . Some possible reasons for the finding a re dis cussed below in 
connec tion with the r eview of re l e vant literature. 

Surpris ingly, the ma rijua na-only condition result ed in fewer s tanchions being 
knocked down a t tria l )--where the level of intoxication was actually greatest. 
Howe ver, it is important to note tha t persons r ece iving marijuana o r mari j uana 
and alcoho l tended t ,1 drive more slowly through the chicane than did the placebo 
and nlcohol-a l one s ubj ec ts. Speed through the chicane w~s measured by the 
ve hicle- line-sensor (CL16), which and produced the foll owing elapsed times for 
the placebo, alcohol, marijuana, and both-drugs treatments, res pectively: 16.7, 
16.3, 17.1, and 18.4. Although the differences were no t statistically 
significant (p=. 22) , it ls instruc tive to note that other researchers have found 
that marijuana t e nds to cause persons to compensate for s ubjective impairment by 
reducing t ask dif ( i c11lty through reduced vehicle speed. 
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Blood Levels 

One of the objectives of the s t udy was to assess the feasibility of developing 
an objective chemical index of marijuana impairment . Although the results did 
s how that the quantitative levels of THC and ca rboxy combi ned resulted in some 
increase i n the ability to explain performance varlations, the practical and 
theoretical imp l ication of the fi nding are not entire ly c l ear . Expe rimental 
replication of thi c; finding; using a wider r a nge ,if marij uana- dose l evels is 
needed befo r e the feas ibility of es tablishing a qua nti tative threshold can be 
fully evaluated . We are not optimistic, however, over the prospects f o r 
deve loping a scientifically defensible "illega l per se" threshold . 

Relation to Prior Studies 

As indicated by the extensive literature review summat· ized in the fi rst section 
of the present study , there i s a vas t amount nf empiri ca l evidence documenting 
the effec ts of marijuana on a wide a rray of huma n pe r fo rma nce measures - ­
cognitive, psyc homot or and affective . Although the lite rature has clearly 
established that ma rijuana affects all three domains ancl results in detriments 
in the ability t o pe rfo rm many psychomot or a nd cognitive tasks, the evide nce is 
somewhat more e quivocal on the question of ac tual driving skill and e ven more 
equivocal on the ques ti on of those aspects of driving skill that are re lat ed to 
safety and accidl>nt avoidance . Any attempt at formulat lng a comprehe nsiv<? ancl 
cohcr,, nt t heory 11n the effects of c1rnnabls on drivin>~ pe rformance , or recon­
ci ling the vari.,1<1s empirlcal outcomes of dlfft!rl~nt stu<lh~s are cnmpl lcitted by 
the differ ing circumstances unique to each investiga tion. Among the variables 
to be considered are: ( l) the specific per fo rmance task; (2) the frequency of 
prior marijuana usage a nd the st rt:?ngth of the typ1. ca l THC conc,.rnt r a tion of the 
marijuana; (3) previous experie nce driving after cons uming marijuana; (4) the 
amount and strt:!ngth of the experimental dosage; (5) mode of inges tion (oral o r 
smoke); and the type of research des i g n employed in each study. The demon­
stra tion of be ha vioral change following ingestion, a nd the magnitude o f the 
pt:!rformance change, can obviously be affected by each of the above varlahl es . 
Finally, there ls the problem of equating c hange with detriment and then 
ge neralizing the inferred detriment tn real wor ld acc ldent a voidance be havior . 
~ lt h the above cautions in mind, we will attempt to reach some conclusions as t o 
how the present findings articulate with the findings of other inves tigators . 

Studies of marijuana's impact on dr1.ving p<:!rfnrmance ca n he g rouped lnto four 
general categor i es: 

l. Laboratory Studies - These st udies employ as performance criteria s pecific 
psychomotor t asks tha t are considered to be re le vant to dr1.vi11g . M11ch of 
the wo rk of Moskowitz and his associates using divided a ttention and visual 
tracking tas ks fall into this categor y (Moskowitz, 1976). Similar l y , 
studies by Belgrave et al (1979), Chesher (1976), and Sharma (1975) employed 
"task r e levant" psychomotor variables in evalnatlng tht:! effects of marijuana 
or marijuana in combination with alcohol. 
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2 . Simulation Studies - These studie s use re sponse to simulated driving displa • 
tas ks as performance measures. The simulators that have been Pmployed vary 
g reatly in the fidelity and complexity of the simulated tasks , but all 
involve response to dynamic traffic displays by manipulating vehi le control 
panels (steering wheel, accelerator, and brake ). Examples of such studi s 
are those of Rafaelsen et al (1973), Stein et al ( 1983), Datt (1972), and 
Crancer (1969). 

3. Closed-Course Drive Range Studies - These studies meas,,re the ability to 
drive a vehicle over a course des igned to tap typical vehi 1 control 
response to actual driving s ituations. Examples of such studie re thos • 
of Klonoff (1974), Sutton (1983), Attwood et al (1981), and Cassw 11 (1979) . 

4 . On-Stree t Urive Studies - These s tudies attempt t o measur impairment of the 
ability to drive in ac tual traffic situations such as might be ncountered 
on a typical driver 's license t es t. Th~ ~tudy by Kl 1noff (1974 ) , ited 
above, used on-s treet driving performance as its primary cv l11 tion Ill ' sur • 

5. Epidemiological Studi es of Accident - Involved Drive rs and Victi1ns - These 
studies attempt to det e rmine the presence of cannabis o r its metabolites in 
the ti s sue fluids of accident cases and establi h cause/ effe t relationships 
by reference to an assumed or measured "population-at-risk" base line . 
Although a number of studies have attempted to me 1s u re the prcsen e of 
cannabis in the body fluids of fatal and injured a c ident victims (Owens et 
al 1983; Williams e t a l 1985; Warren e t al 1981; Te rhune et a l 1982; Cimbura 
e t al 1982.), none of these studi es have develop d the normative base line or 
"population-at- risk" indices ne ssary t o es tablish cause/ ffect relation­
s hi::>s . (As a proxy to conventional "population-at -r isk" measurement, som 
did provide r e lative-risk estimates based on indirect statistical mode ls, 
such as induced expos ure and accident culpability indices) . 

With the few except i ons di scussed below, we bel ieve that the measurement domains 
and r esearch design o f the present study are too dissimilar to warrant detailed 
comparison with the results of studies from Areas I and 2 . (The lmpliLations of 
Study Area 5 are discussed later in connect ion with traffic safety ramifications 
of mari j ua na a nd drlv lng) . One area of conf lict between the pre ent and prior 
studies ls the failure of marijuana alone t o exhibi r e ve n a s uggestive de tri­
mental impact on the CTT measure. The cri tical tracking task was originally 
designed t o detect alcohol impairment, and has been shown to be sensitive to 
rela tive ly moderate l e ve ls of alcohol. Sharma and moskowit z ( 1975), r epo rt ed 
that a dose of 200 mcg THC resulted in significant impa irment l as ting throughout 
the 4 hours of a repeated measures test session. Remarkably, the impairment was 
almost as great in the fourth hour as in the first hour after ingestion. More 
recently, Barnett e t al (1985), using data from the above Sharma study, 
investigated in more detail the effect3 of the three-dose levels of marijuat.a 
(100 , 200 , and 250 mcg / kg) on divided attention, visual search and CTT 
performance. All three measures exhibited dose-related marijuana effects which, 
in the case of the CTT, lasted roughly 7.1 hours. 

Given this evidence, we would be inc lined to dismiss the present result as -:1n 
artifac t were it not fo r the fact that both the alcohol and both-drugs groups 
did s how the expected dec rement. Any e rror or procedural artifact would be 
e xpec t e d tu have affected all groups, since assignment to the experimental 
conditions was random and was rigoronsly monitored. 
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Two explanations a re proposed here for consideration: The first is the 
dif fe rences in expe rimental design between this and the -'lbove two s tudies . Tt.e 
present study utili?.ed an independent-groups des i gn and tre-'l t ed the trials 
condition as a collapsed factor for most of the analyses. In contrast, the 
Sharma and Barne tt et al, s tudies used repeated-meas ures designs in which each 
s ubj ect received all e xperimental conditions. Re pe~ted-measures designs have 
greater sensitivity than independent-group des igns 1Jhe n the ve ry s trong 
Mathematical ass umptions on which the des igns are based are satis fied; these 
assumptions are o ft e n not satisfied in experiments on human subjects. Although 
i t ls clear from the inspection o f pre- and post-treatme nt means that creation 
of pre- vs. post-difference scores or use of analys i s of covariance wou ld not 
have altered the results, one can always posit that the randomization did not 
completely control for idiosyncratic differences in drug res ponse. However, 
there is absolut e ly no evidence from the present study to substantiate this 
thesis , and it s e ems unlikely that this would have occurred with the sizabl e 
samples used to randomize subject differences. 

A more reasonable hypothesis is that the subjects were no t equivalent in t e rms 
of their prior marijuana use (frequency and potency). The re i s evidence to . 
believe that persons -'lccommodate, at least partially, to th~ effects of 
marijuana through acquired tolerance and/or experience in performing tasks while 
intoxicated. Even though learning new tasks is generally impeded by marijuana 
use, there is e vidence that recall of material originally learned while 
intoxicated ls g reatest during subsequent periods of intoxication, i.e., "state 
dt;>endent learni ,,g" (Darley et al 1974). If one accepts the preceding e vidence 
and line of reasoning, it seems clear that investigations of marijuana-induced 
performance decrement can produce conflicting re sults lf based on s ubject s with 
diff e rent levels of tolerance and experience. 

It appears that the subjects in the present study were, ln fact, heavier use rs 
than subjects in the Sharma et al, and Barnett et al, studies . The latter 
s tudies required that subjects current use frequency not exceed three cigarettes 
per week and imposed a minimum lifetime use of only 10 e pisodes. The present 
study required s ubject s to be current users of one to seven "joints' ' per week, 
t o have been users for at least two years, and to have experience with marijuana 
that was "at least" as potent a s that used in the study. 

It is instructive to note that the average impairment/intoxication rating given 
at trial 3 by s ubjects in the marijuana-alone group was only 3.41 on a scale of 
1-9. This, combined 1Jith the extremely high serum carboxy levels of some of the 
s ubj ects at base line, suggests a chronic use of high-potency marijuana that in 
some cases exceeded the self-reported use frequency. In any event it seems 
clear that the subj ects of this study were heavier users then than used in the 
Sharma et al, and Barnett et al, studies and many of the other studies cited in 
the literature. This speculation is also consistent 1Jith the prevalent 
availabili ty and use of high potency ''sinsemilla" variety of mari j uana grown in 
,mcthern California. 

Variations in acqui r ed tolerance and accomodation could also explain con­
fl i cting results of other investigators. For example, most studies, including 
the present , have not produced psychomotor decrements of the magnitude, 
consistency, a nd duration of those reported by Belgrave et al (1979). These 
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investigators used orally-ingested THC on s ubjects whose use history appeared 
qui te moderate . In addition , the oral ingestion of THC-- a mode not normally 
encounte red and which pr oduces slower but more enduring e ffect--further 
confounds interpre t a t ion and any generalization t o what wou ld be expected from 
s moking normative-dose levels . 

Several of the other result s obtained here articulate well with 
by other inves tigators . The ability of the police observe rs in 
car to detect impairment , particularly in s ubjects who r eceived 
a nd alcohol, is consistent which the r esults of Sutton (1981). 
alcohol or marijuana alone could be detected in Sutton' s s tudy, 
conflict with the present r esults. 

those reported 
the following 
both mari j uan.a 
However, neither 
which i s in 

The fac t that marijuana a nd alcohol exerted a relatively additi ve effect on many 
driving behaviors is also consis t ent with prior research fi ndings . The 
consis t ency of thi s effec t and the range of the affected behavio r s i s notable . 
The eme rgence of a s ignificant synergistic interaction be tween marijuana and 
alcohol in the fou rth hour after ingestion is a novel finding. T~~ ~echanism 
underlying such an effec t requires further study . 

One limitation of the s ttJdy was the lack of emergency response and accident 
avoidance tas ks . A fo rced lane change (FLC) maneuve r was included t o tap some 
of the same psychomoto r components require d t o avoid acci<lent s ; it was not 
consis t ently af f ect ed by any of the drug conditions (other than a tendency for 
the drugged s ubj ect s t o mor e of ten drive below the minimum s peed threshold) . 
Although across-s tudy compari sons are tenuous, the failure to find a marijua na 
main effect on thi s tas k i s consistent with Stein et al (1983), f inding that 
e ven a s ubstantial ~osage of marijuana (200 mg/kg) had no effect on the ability 
t o avoid accidents on a s imulated drive task. However, Stein did find evidence 
of a marijuana by alcoho l interac tion on a ccident avoidance, with l owe r doses 
(200 mg/kg) of marijuana dec reas ing the negative effect of alcohol and large r 
doses (200 mg/kg) accentuating alcohol's negative effects. 

An important limita tion of the forced lane change maneuve r as a proxy f o r 
accident avoidance is tha t it was introduced as a disc rete "off-line" task 
rather than integrated into the drive course. It therefore does not rea lly 
measure vigilance and divided a ttention, which are critical components of 
acc ident a voidance behavior and attributes which are more likely to be affecte d 
by marijuana (Sharma a nd Moskowitz, 1973; Moskowitz, 1976). 

Since this s tudy utilized a closed-course-drive range, detailed compari son with 
prior r esearch using a s imilar task mode is in or<ler (one such study by Sutto n 
was already alluded to above ). Several other such studies have been reported in 
the literature (Klonoff , 1974; Attwood, 1980; Smiley et al 1974; Casswell, 1977; 
and Hanstee n e t al 1976). 

Hans t een found that marij uana (88 mg/kg THC) resulted in a significant inc rease 
in the numbe r o f cones overturned on the s lalom portion of the course but did 
not lead to increased e rrat i c ve hicle handling as judged by r a ters , whe reas 
alcohol i mpai red both measuces . In contrast, the present study found that 
marijuana i, ignificantly reduced the number of cones knocked over in the chicane 
task , but that the marijuana s ubj ects also drove more slowly through the 
chicane. The both-drug group a l s o reduced thei r s peed compared to the placebo , 
but hit the same number of cones as the placebo. The alcohol-alone group tended 
to drive t he fastest and a l so tended to hit the mos t cones . 
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Casswell found that ma r ijuana alone dec r eased vehicle Rpeed and course s teering 
co rrections . Tn cont rast, alcohol a nd ma r ijuana plus alcnhol decreased fine 
s teering rever~a ls and i ncreaRed varia t ion i n la t e ral placeme nt of the vehicle. 
Casswell concluded tha t ma r i juana subject s t e nded to compe nsate for t heir 
perceived impairment by reduc i ng vehicle s peed, the r e by reducing task difficulty 
and information processing demand s . This concl us i on in consistent with our 
f inding , c ited above , concerning mari j uana' s a ffect on the chicane task. 
Howeve r , ma r ijuana did not resul t ln r educed s peed on mos t pa r ts 1>f t he course 
and was associated wi th inc reased s pee d when the s peedome t e r was cove red. Th i s 
can easily be a ttribut ed t o the fac t that mos t part s of the course were of 
minima l dif ficu lty and did not require compe nsation. Although t her e was little 
evidence f r om the pres ent s tudy t o show impac t on s t ee ring r e ve r s a ls , marij uana 
and alcohol did a ffec t s tee ring cont co l a s rated by the i n-car obse rv~r . The 
failure of the vehic l e s t ee ring se nsor t o de tec t change in the pres ent s tudy 
could be due to the s enso r defect s and s i gnal loss alluded to in the Me thod s 
Section. 

The s tudy by Smi l ey (i974) i s one of the few e xa mples of a mari j uana by alcohol 
interaction i n whi ch marijua~a appeared to r educe the negative e f fects of 
alcohol . Such an interaction occurred on s topping accuracy . In contras t, t he 
present research s howed tha t marijuana was associated with more s t opping er ro r s 
t han a lcohol, but the r e was evidence of s ignific.:int negative interaction 
(int e rfe re nce ) in wh ich the combination of alcohol and marijua na resulted in 
be tter s t opping pos ition than marijuana a lone . 

Attwood ( 1981) fo und no evidence of any univariate effects of ma r ijuana and 
alc0hol on dri ve-range perfo rmance as measured by ... 1 ins trumented vehic le. 
However, he did fi nd s ignificant multivariate effec t s . The strong t e ndency of 
mult ivaria t e me thods to capitalize on chance relations hips in small samples 
requi res that Attwoods re sults be interpreted with caution until replicated. 

The drive range po rtion of the s tudy by Klonoff (1974) mos t resembles the 
present s tudy in method and scope . With respect to the drive course tasks, 
Klonoff found that the higher marijuana dose (one cigare tte of l. ?.% THC) 
resulted in an increa s e in the number of cones hit on a s lalom tas~, risk t ask, 
a f unnel task, two tunnel ma neuvers, and t ntal composite score . No e ffects 
occ urred on the back-up and corner tasks. The low-dose condition resulted in 
det riment on one of the tunnel tasks, the co rnering t ask, and the t otal 
composite s core . Ef f ects on braking di s tance were suggestive ~1t equivocal. 
Klonoff also found e vidence of marijuana-induced improvement on various in-car 
observer ratings of on-stree t performance. The largest effects occurred on 
rating of j udgmen t, ca re , a nd conce ntration (since these are highly subject ive 
r ati ngs , the poss ibi lity of s ome obse rver-hal0 bias should be noted , 
par ticu la r ly if the ra te r s we re able t o acc urately guess the trea tment 
cond i t ion). 

Klonoff also cuncl.11ded t hat while the majority of the s ubj ects showed 
i mpai rment , t hat a s ubs tantial minority actually improved. Several variables 
were a na l yz ed as pot e nt i al mode rat o r s of treatment re sponse , inc luding prior 
experience d r iving whi le under the infl uence of mar i juana , and none produced 
e vidence of interaction. (The present study also found no e vidence of 
interaction on simi lar background vartables .) 
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The pres ent study was not analyzed i n a way which would pe rmit direct comparhon 
wi t h Klonof f 's conclusion that some subject8 i mproved following marijuana 
i nges tion . However, we do know from the discriminant func tion c lassificat i on 
matrices (which were not presented) that a s mall number (nz2) of marijuana 
s ubj e c t s could not be differentiated from placebo 8ubj ects at trial 3 based on 
their discrimlnant-function scores. This finding implies that Rome users drive 
as well after consuming marijuana a s doe s the typlcal us er when not under the 
Lnf luence of marijuana. This, of course , does no t necess arlly mean that the 
mi sclassified subj ects were not impaired, becau;;--the ~e analys es did not take 
into account pe rfo rmance at baseline. It is therefore posslble that the 
misclasslfied ma rijuana s ubjects represent persons who possess an extra­
ordinarily high degree of ski ll s , which was reduced to an ave ~age level by the 
marijuana treatment. This hypothesis and it s articula tion wi th Klonoff' s 
findings will require a more in-depth analyses of the preseu i. t:lata. 

Traffic Safety Iaplications 

Authori ties a re no t in agreement on the traffic safety threat posed by mar ij uana 
use (Warren and Simpson, 1980). In a recent series of papers , McBay and Owe ns 
(1 980) and Mason and McBay (1984/1985) concluded that marijuana i s a relatively 
minor factor in traffic acc ident s and they questioned the f easibility of 
re lat i ng impa irment to s pecific levels of THC. Although many of their criti­
cisms of past s tudies are both astute and pertinent, we believe these same 
limitations preve nt forming unqualified opinions in any direction about the role 
of marijuana in traffic accidents. Many of the conclusions formed by McBay and 
his associates are based on the failure to find a substantial incidence of THC 
in the blood or plasma levels of drivers killed in single vehicle accidents in 
No rth Carolina. Conside rable caution is necessary in generalizing incidence 
data from a s tate like North Carolina to California . Not only are there likely 
to be large differences in marijuana usage, there may also be large differences 
in drive task complexity and the likeiy use of cannabis in conjunction with 
vehicle trave l. 

In add i tion, Moskowitz (1985) has recently pointed out that hehavioral 
impairment and subjective intoxication are still manifes t after THC has 
dissipated f rom the blood. This factor results in an unknown proportion of 
fal s e negative fi ndings from an analyses of accident vic tims blood specimens. 
Neve rtheless , the po int remains that the traffic safety implications of 
marijuana use must ultimately be based on direct evidence of its causal role in 
increasing accident risk. This necessitates establishing accurate "population­
at-risk" baselines for (1) the incide nce at which persons drive under various 
l e vels of THC alone; (2) the same incidence in combination with alcohol; and (3) 
the s ame incidence in combination with other drugs. The fact that marijuana is 
so often de tected in conjunction with alcohol makes it difficult t o establish a 
case agains t marijuana since any increase in relative risk could be due to 
alcohol alone. Es tablishing incident rates for the above risk groups would 
facilitate interpretation of the r espective incident rates among ac c i dent­
involved driver8. 

Probably the most consistent and important finding of this study was the demo n­
~tration o f an additive ma rijuana/alcohol effect on a wide array of performance 
meas ures . If one accepts the thesis that marijuana in conjunction with alcohol 
makes people "drunke r", t hen it follows that marijuana in this context increases 
accident risk . A publ ic policy implication of such a thesis might be to re duce 
t he i llegal , per se , BAC l e vel for persons dete cted with both substances in 
their s ystem. 
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The question of the t raff i c ~a fe t y r iRk posed by ma r ij uana alone i R not aR 
clear-cu~ a s the r isk presen ted by mari j uana a nd a l coho l i n combinat ion . 
Although evidence of impairme nt was i denti f l ed in bo th the pres e nt a nd nu~erous 
past s t udies , t he translation of t h i s e vide nce into lnfe re nce s about accident 
causa tion presents nume r ous dif f icult ~es . Be fore e xp l ain i ng why , we of f e r a 
dissent i ng opinlon f rom a recent compre hPns ive re view of the literature by 
Moskowi tz ( 1985): 

" I t s hould be c l ear from the above review tha t the re 
i s more than s ufficient experimental evidence to 
concludde that marijuana serlo usly impairs 
ps ychomo t or perfo rmance required fo r driving . Among 
t he are as whi ch exhibited overwhe lming evide nce for 
impai rment we r~ : A. coo rdination •••• ; B. tracking; 
C. per cept i,rn ; D. vig ilance ; E. driving and f ly i ng 
pe rfo rmance meas ured by simula tors; F. driving 
perfo rmance on the road •••• Clearly, marijuana i s a 
substance which produces serious behavioral 
toxico l og ical effects . Any situation in which 
safety both for self and others depends upon 
a l e rtness and capability of control of man-machine 
interac tion prec ludes the use of marijuana." 

Base d on the present study and past ev idence, we agree that marijuana 
undoubtedly impairs psychomotor abilities that are functionally related t o 
dr iv ing and that driving skill itse l f may be impaired , particularly at high dose 
leve ls or among nai ve subjects . Given these fact s alone, Moskowitz's implicit 
recommendati on that people not <lrive a f t e r consuming marijuana should 0bvious l y 
be heeded . Howe ve r, the extent t o whic h m.3rij11ana-impaired drivlng causes 
accide nts cannot be deduced from the present study , nor any of the studies cited 
by Mos kowitz. Our more gua rded posture to this question is based on the 
following ra tional e : 

1. In their multidisciplinary investigation of traffic accidents, .Joscelyn and 
Treat (1976) identified "improper lookout" and excessive s peed as the two 
most frequent human f act o r causes of accidents. 

Although imprope r l ookout involves some of the attentional and information­
process ing elements affects by marijuana, it i s more close ly related to the 
search a nd scan strateg le s utilized by drivers in anticipating and detecting 
potentia l confl i c t s . In the onl y study of marijuana's impact on traffic 
vi sua l search behavior, Moskowit~ et al (1976) f ound 110 evidence of a 
negat ive ~ffec t on thi s skill. Excessive speed can be best viewed as a 
re f lec tion of attitude toward ris k, risk assessment and aggressiveness . 
Seve r a l invest igators have r e ported that marljuana red uc~s risk taking 
prope ns ity a nd d riving s peed. Because of these compensating tendencies, it 
l s presently no t poss ible to assess the net impact of marijuana as a causal 
agen t in tra f fic a ccident s . Although some increased accident risk appears 
likely, the magnl t ude of the ri s k r e mains obscure. 
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2 . Many of the laboratory marijuana s tudies which ha ve ~hown the greatest 
psychomotor impairment have utilized tas ks that are only abs tractly related 
to driving. Although divided attention and tracking are r equired f o r 
driving , it does not necessarily follow that performance decrement on a 
laboratory tas k des igned to maximize task demands in order t o identify 
individual differences and impairment are co rrelated with actual real-world 
performance in a vehicle. Correlational s tudies have cons i s tently f ound 
ve ry low or non-significant relationships between the recorded accident 
tes ts, including divided attention (Harano, et al 197r,). The fact that 
attempt s to measure res ponse to simulated accidents have no t cons i stently 
detec ted a marijuana-induced decrement, even at high dose levels, 
undersco res the need for more research (Stein et al 1983). 

Future Research Needs 

I n addition to the need for improved P. pidemiological studies mentioned earlier, 
the relationship be tween marijuana consumption and driving behavior can be 
clarified by a research design possessing the following characteris tics : 

l. A multi-method/multi-crite rion approach in which subjects perform relevant 
psychomotor, driving simulator, and drive r a nge tasks . The utilization of 
different measurement doma ins will permit an assessment of the multivariate 
effects across domain, leading to more generalizable characterizations of 
t he extent and locus of marijuana-induced impairment. 

2 . At least three dose levels of marijuana should be used (none, moderate , and 
high) in order to obta in a greater range of THC variation and t o better 
evaluate dose-response re lationships. 

3. Frequency of prior marijuana usage should be treated as an experiment~! 
factor by selecting subj ec ts who vary substantially on use rate . At least 
three levels should be employed--light users , moderate users, and heavy 
users . Such a design would permit an evaluation of treatment x use 
frequency interaction resulting in a better understanding of whether 
acquire d tolerance and accommodation are important factors in influencing 
impairme~t. 

4. An independent group design with repeated measurement trials should be 
employed in preference to latin square and repeated measures designs in 
which each subject receives all treatments . Individual differences could be 
controlled through matching and analysis of covariance procedures. 

S. The design should include some tasks under reduced-illumination to simulate 
night driving conditions. Serious accidents more often occur at night, and 
there i s reason to suspect that marijuana-induced impairment would be 
accentuated by reduced visibility and night driving conditio~s. 

Further research i s also needed to validate the relationship between tasks (or 
s imulators) designed to detect drug impairment and real-world drivi~g. 
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Fig. 148 - PERFORMANCE FACTORS BY BLOOD LEVELS* 
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Fig. 14C - PERFORMANCE FACTORS BY BLOOD LEVELS * 
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Fig. 140 - PERFORMANCE FACTORS BY BLOOD LEVELS* 
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Table 1 Blood and Serum Subsampling Procedures 

Fo r Serum: B-D #6441 Vacutainer, 10 ml sterile 
(2 tubes/subject) (No perservative o r coat ing) 

Fo r Blood: B-D #6472 Vacutainer, 7 ml s teril e 
(1 tube/ sub j e ct) (EDTA 7 mg+ 17.5 mg Na F ) 

To tal subjects samples= 100 
6 subjects/ day X 5 blood+ 5 serum/subject's= 30 blood+ 30 s erum/ da y 

vacutaine r subsampling into glass/Teflon capped vials 
(Blind code numbered) 

-
Type Distribution of Subsamp l e Vial s 

Sample - --- -
Two RIA Labs GC/ MS Lab Reserve 

--· 

1 ml samples 2 ml samples 2 to 3 ml 
into into samples 

i nto 
Bloo d 2 X 2 ml vials 4 ml v ia l 4 ml v i al 

! = 2 ml = 2 ml : 
I 

Se rum s ame same same 

To t al 
Vi a ls/ Day 120 X 2 ml 60 X 4 ml 60 X 4 ml 
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Table 3 Number of Subjects By Treatment Condition 

Double Placebo 

Total Run - - - - - - - -
Total Removed For: 

Pilot Data - - - - 3 
Drug Contamination 2 
Total 

Total Analyzed 
Percent Removed 

25 

5 
20 
20% 

Alcohol Only 

Total Run - -
Total Removed For: 

Pilot Data - - - -
Drug Contamination 
Total 

Total Analyzed 
Percent Removed 

4 
1 

.,, 

25 

5 
20 
20% 

Marijuana Only Alcohol and Marijuana 

Total Run - -
Total Removed For: 

Pilot Data - - - -
Drug Contamination 
Total 

Total Analyzed 
Percent Removed 

2 
3 

26 

5 
21 
19% 

Total Run - - - - - -
Total Removed For: 

Pilot Data - - - -
Drug Contamination 
Total 

Total Analyzed 
Percent Removed 

Table 4 Summar y of Withi n-Domain Factor Analyses 

-· 
Domain Number of Number of Percent o f 

variables factors total 
correlated extracted* variance 

explained 

Inside Rater (LRE) 60 21 61. 7 
Outside Rater 7 l 61.4 
Field Sobriety Te~t 9 4 68.8 
Veh i cle Sensor 18 6 74.1 

* Based of number of eigenvalues greater than 1.0. 

-95-

2 
0 

24 

2 
22 

.08% 

Percent of 
variance 
explained by 
first principal 
component 
(unrotated) 

-

8.3 
61. 4 
29.9 
32.0 
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TabJP 5 Rotated Factor Loading Matri x - Global Analysi s (Var !max Rot at ion) 

Factor 

var lahles 2 3 ~ 5 6 7 8 9 10 

Us peed .2 4 
.26 -.21 - . 31 

Uturn5 . 21 . 21 • 31 

Us t ops .75 
-.20 

Ufalletl . 21 .29 - . 20 
. 4 2 

Chicane 
Forlane - . 86 

Backup - .26 • 72 

Postop -.21 
.87 

Elanepos 
. 85 

Esteer 
. 27 . 39 . 49 .23 

-.51 -.46 
Espeed 
Estop .69 
Det.our .25 . 25 .65 

Sspeed . 34 .23 -. 44 

Slanepos 
.85 
. 85 .25 

Ssteer 
Sstop .27 - . 9 3 
Riskch 
Riskqu 
Estchic .28 • 31 -.33 .20 

Fl remind .81 

Flr,,ph .90 

Fl resp .60 
Fl rerun 

.21 - .22 

Smphl .78 
. 2l 

Smph 2 
.93 

Smph3 
.94 

Romb .43 
.30 -.26 

Pi.ngnose 
Keel toe . 73 
Ri.ghfoot .84 
Left foot .61 
Fingcout .68 
Kandcoun .43 - .20 . 20 

Countbac 
Alph . 37 

-.33 

Of f rate . 68 . 2 3 
Self rate 
Bi.chic 
Bforl .88 - .20 

Biback .27 -.70 

Bi.post - . 21 
. 87 

Bi e lane 
.28 .76 

Biesteer . 20 -.20 .28 .4 2 
. 84 

!lie~peed 
Bie:;top .82 
Bidet . 31 .62 

Bisspeed .49 .52 

B1slane 
• 77 

Bissteer 
.85 .25 

Bisstop .30 
Buspeed 
Buspeer 
Bustops .78 
CTT -.42 - .26 .27 

BITE 
Smph .97 
Sensor -.21 . 29 .40 - . 22 
Lines 
Time - . 28 
Stops .20 .78 
Errors -.30 .26 .51 .57 __ q 

Risk 
Coord . 90 
Cognlt • 77 
Eyehand .21 . 21 
Stouch 
Sdown .20 -.20 

_q2 
Attempts 
Bspeed . 26 . 88 

Bateer .20 . 61 . 60 
Bistop . 91 
Biskille .62 -. 32 
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Table s Rotated Factor Loading Matrix - Global Analys is (continued) 

Factor - --

variables 11 12 13 14 15 16 17 18 19 20 21 

USPEED . 20 .63 

UTURNS .72 
- . 20 

USTOPS 
.23 

UFAILED . 49 .46 .20 -.27 

CHICANE 
-.69 

Forlane .20 
Backup 
Postop 
Elanepos 
Bsteer 

- . 28 

£speed .25 
. 25 .24 

Es top • 32 
.22 

Detour 
- .32 .2 3 

Sspeed .36 .21 
-.21 

Slanepos 
ssteer . 32 • 71 
Sstop 
Riskch 
Riskqu . 26 .84 

Estch i c .26 
- . 28 

Fl r<!mind 
Flmph 
Flresp -.30 - .40 

Flrerun 
- .60 

- . 21 

Smphl 
Smph2 
Smph3 - • )C, 

Romb .24 
F1ngnose .90 
Heel toe 
Righfoot 
Leftfoot .24 - . 31 .H 

l'ingcout 
.25 -.25 -.33 

Handcout 
.22 - . 23 • JS .32 

count bac 
.81 .23 

Alph .23 - • 41 
. 25 

Off ra te .20 
• 34 

Self rate -.35 .21 .32 • 29 . so 
Bich,c .79 

Bfor l 
Bibac k 

.22 

Bipost 
e,elane 
Siesteer .20 .35 

Biespeed 
Bie,no p 
Oulet . 29 -.21 

. 24 • 30 
Biss~ed 
B1slane 
Bissteer • 74 
Bisstop 
Bu speed - . 79 
eusp<!er -.78 
Bustops -.46 .25 .25 
CTT -.74 
BITE 
Smph 
Sensor - • J2 -. 33 -. 30 

Line s . 26 .65 

Time -.21 .68 
Stops .30 • 23 

Errors - • 27 
Risk .23 .67 

Cooed 
Cognit 

. 25 . 25 

Byehand . 89 
Stouch .28 - • 20 - • 72 

. 70 
Sdown 
Atte .. pts 
Bspeed - • 22 
este"r .25 
B1stop 
Bisklll5 ,52 
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Tahir G 

Factor 

-
l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

Tnta l Pe r cen t Of Vari a nc e Explainr<l ny Eac h Of 
21 Final Fac tors Fr om Global Factor Analysis 
Ad jus t ed Fo r Redun<lant Variance 

Percent of Variance 
Cumulative 

Percent of Variance 

Prior To I Prior To 
Eigenvalue Adjustment Adjusted Adjustmen t Adj us ted 

I 

I 8.73850 12 .0 11. 74 12.0 11. 74 
6.64960 9. l 8.99 21. 0 20 .73 
5.81619 8 . 0 7.90 I 29.0 28.63 
4.84857 6.6 5 .13 

I 
35.7 33.76 

4.36177 6.0 6.30 41.7 40.06 
3.87837 i;. 3 5.29 47.0 45 .35 
3.3 1530 4.5 4.52 51.5 49. 87 
2 . 90219 4.0 4.14 55 . 5 54. 01 
2.30981 3 . 2 3. 33 58.7 57. 34 
2.03114 2.8 2.55 61.4 59. 89 
2.02750 2.8 2.49 64.2 62.38 
l.85514 2.5 2.61 66.8 64.99 
1.76940 2.4 2.20 69 .2 67 .60 
l.72179 2.4 2.31 71.5 69 .9 1 
1.56006 2. 1 2.08 73.7 71.99 
l.51540 2.1 2.06 75 . 8 74. 05 
l. 39449 1. 9 2.05 77.7 76 .10 
l. 30013 1.8 1. 62 79.4 77. 72 
1. 18239 1.6 1.22 81.l 78.94 
1. 13260 1.6 1.43 82.6 80. 37 
l.02419 1. 4 1. 38 84.0 81. 75 
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Table 8 

Variable 
(By Domain) 

Between-Run Correlations For 28 Variables 
From Global Factor Analysis 

I WITH RUN 2 -
I AVERA-n OF: 

Run 3 

I 
Run -;r- Run °5 RU!l/;° . - --Runs I Runs , Run s 

2-6 3-6 3-6 
with 

:Sl>NSOR DOMAIN: 
SENSOR .85 .47 .46 .46 .67 . 74 . 56 
LINES . 75 • 74 .67 .56 . 71 .74 .68 
TIME . 4 3 . 2 3 -.03 .15 . 19 . 19 . 19 

,, 

-- . 

2 

- -- --- ---------FIELD SOBRIETY TEST DOMAIN: 
COORD . 41 
COGNIT . 26 
EYE-HAND I .25 

OUTSIDE RATER DOMAIN: 
s TOUCH 
s DOWN 

INSIDE RATER 
STOPS 
ERRORS 
RISK 
ATTEMPTS 
8 SPEED 
B STEER 
BI STOPS 
B 
u 
p 

I SKILL 
FAILED 

.o. STOP 
st. CHIC 
. L. RF.MIND 
.L.RESPONSE 
.L.RERUN 

F 
F 
F 
F 
s 
0 

MPH 
VERALL 

.20 I -. 2s 

·-DOMAIN: 
.65 
.53 
. 31 
• 31 
.16 
.52 
.57 
.35 

-.02 
.62 
. 52 

-.02 
. 31 

I .10 
I .65 
I 

I .24 

.55 

.14 

.42 

-.11 
-.00 

,___ 

.63 

. 4 7 

. 22 

.52 

.16 

. 3 2 

.50 

.23 

. 20 

.65 

.57 
-.03 

• 34 
.15 
.57 
.18 

s 
F 
0 
C 
B 

PECIAL VARIAB' ES DOMAIN: 

• 
s 

ALL CAR 
FF RATE 
TT 
ITE 

ACCELERATOR 
PEED 

*STEERING 
LINES 
*BRAKING 

.34 
• 34 
.40 
.63 

.79 

.16 

.77 

.75 

.79 

.02 

. 29 

. 69 

. 7 3 

.6 r 

. 51 
• 2 3 
. 74 
.65 

' 

.63 
• 36 
. 43 

-.15 
.08 

.60 

.39 

.38 

.54 

.20 

.12 

. 41 
.20 
.17 
.52 
.47 

-.02 
.10 
.19 
.57 
.26 

.35 

.so 

.74 

.58 

.67 

.33 

.28 

.66 

.51 

.55 

. 05 

.06 

.01 

.12 

.so 

.29 

.09 
• 27 
.32 
. 17 
.44 
.20 

-.04 
. 4 5 
. 51 
.01 
.36 

-.07 
.46 
.24 

---
.21 
.47 
.68 
.49 

.68 

.41 

.32 

.55 

.40 

.57 .59 

. 31 . 34 

.26 .24 

.10 .18 
-.01 -.01 

. 57 . 56 

.56 .66 

.21 . 18 

.38 .36 

. 42 .56 

. 35 I . 39 

. 41 I . 36 

. 30 
I 

.J) 
.06 05 
.59 .62 

I 
. 61 I .67 

-.01 I .oo 
.26 

I 
.25 

.15 . 19 

.65 . 71 I 

. 51 I .71 

L-
.25 I . 26 
.48 . 5 3 
.61 .66 
.65 .68 

-:i'L--_,3 
. 48 
. 58 
.71 
.58 

.57 

.69 

.74 

.58 

I 

I 

I 
I 

I 
I 

. 53 

.26 

.29 

---
-.01 
-.01 

---- -

. 59 

. 42 

.25 

. 41 

. 21 

.29 

.48 

. 24 

. 07 

. 56 

. 51 
-.01 

. 27 

.09 

. 56 

.23 

. 22 

.40 

.62 

.60 

.69 

.35 

.40 

.6 7 

.59 

OVERALL AVERAGE .61 -- .-66 .54 
*Prior to being combined with other variables forming the "SENSOR" factor. 
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Table 9 

Variable 

SENSOR 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORD 
COGNIT 
EYEHAND 
STOUCHED 
SDOWN 
ATTEMPTS 
BSPEED 
BSTEER 

Table 10 

Variable* 

STOPS 
ATTEMPTS 
BISKILLS 
POSTOP 
ESTCHIC 
SMPH 
CTT 

Dias For Baseline Measures (run 2) 
From Univariate Analyses of variance 

F value Variable 

0.30 BISKILLS 
0.95 CLI 6 
0.51 UFAILED 
0.66 POSTOP 
0.4 '- ESTCHIC 
1. 5 7 FLRFJ-IIND 
0.50 FLRESPONSE 
0.12 FLRERUN 
0.66 SMPH 
0.75 OVERALL 
0.91 FALLCAR 
0.59 OFFRATE 
1.51 CTT 
1. 58 BITE 

F value 

0.12 
0 . 1 0 
0 . 61 
3 .2 5* 
0. 22 
0.10 
1.41 
0.51 
3. 33* 
0 .69 
0 . 17 
1. 0 9 
1. 3 3 
0 . 04 

Test For Homogeneity of the Within Treatmen t Regression 
Slopes Between Baseline (run 2) and Post-Treatment 
Performance (runs 3-6, combined) On Each Measure 

2 2 
R R F Ratio S ignificance 

Using Using of 
Combined Separate Differences 

Slopes 

-
.49 .53 2.92 .OS 
.37 .40 4.24 .01 
.12 .18 0.01 NS 
.49 .51 9.36 . 01 
. 36 .54 12.25 .01 
.41 .50 7 .19 

_J__ 
.01 

.53 .66 18.54 . 0 1 

* Include s only variables with correlations equal to 
or greater than . 30. 

(12) 
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Table 11 

Performance 
variables 
(Runs 3-6) 

SENSOR 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORD 
COGNIT 
EYEHAND 
STOUCH 
SDOWN 
ATTEMPT 
BSPEED 
BSTEER 
BISTOP 
BISKILS 
CLI 7 
UFAILED 
POSTOP 
ESTCHIC 
FLREMIND 
FLRESP 
FLRERUN 
SMPH 
OVERALL 
FALLCAR 
OFFRATE 
CTT 
BITE 

* P < • 05 

Subject Background Variables Correlated With 
29 Composite Performance Variables 

Subject Background Variables 

1 Driving Average Driving Aver a g e 
Expei:ience Weekly Expei:ience Weekl y 

-

Alchhol Undei: Mai:i juana 
Intake Alcohol Intake 

.03 .oo .12 .12 
-.15 .18* -.02 .1 2 

.04 .08 -.19* -.09 

.06 -.06 -.27* -.08 

.10 -.12 -.22* - .17 

.05 .35* .25* .10 

.08 - .13 -.13 -.02 

.04 - .13 -.10 .11 

.28* .05 - .14 .05 

.27* -.12 -.19* . 3 3* 
- . 00 .22* .01 .10 

.25* -.15 -.04 . 20* 

.08 -.09 .01 .03 

.19* -.05 -.03 -.10 

.21* .04 -.06 .07 
-.20* -.14 .01 - . 16 

.14 -.oo -.21* .06 

.03 .13 -.10 - .09 

. 07 -.01 .18* .13 
-.07 .09 .17 -.01 
-.03 .06 .08 .08 

.12 -.01 -.02 .29* 
-.05 -.03 - .17 -.03 

.11 -.06 -.18* -.04 
- . 01 -.06 - .14 -.11 

. 1 7 -.12 - . 17 .11 

.11 -.10 -.25* .08 
-.33* .03 .10 -.35* 
-.01 .12 .23* -.oo t 

-104-

-
i Di:1v 1ng 

Expe i: i en,r! 
Undei: 
Mar ijuana 

.19* 
-.07 
-.17 
-.10 
-.07 
-.03 
-.02 

.01 
-.01 

. 10 

.03 
-.03 

.06 
- .11 
-. 02 
- . 10 
- .11 
-.07 

.09 

.04 

.11 

.02 
-.18* 
-.15 
-.10 
-.04 
-.02 
- . 02 

. 20* 



Table 12 Significant Variables For Each Discriminant Function 
Analysis To Establish Best Discriminato r s 

Run 3 Run 4 Run 5 Run 6 I Run Total 

I 

STOPS STOPS STOPS STOPS STOPS 
POSTOP POSTOP POSTOP POSTOP POSTOP 
ESTCHIC ESTCHIC ESTCHIC ESTCHIC ESTCHIC 
CTT CTT CTT CTT CTT 
SMPH SMPH BISKILLS BISKILLS SMPH 
STOUCH SENSOR SDOWN SDOWN STOUCH 
ATTEMPTS PLRERUN UFAILED UFAILED UFAILED 
OVERALL COGNIT BSPEED COGNIT BSPEED 

OFFRATE BISTOP LINES ATTEMPTS 
FALLCAR FLRESP TIME 

FLREMIND ERRORS 
BLANE 

- - - - - - - - - - - - - - - - - - - -
Lambda: . 313* .318* .302* .261* . 265* 
Number of 
Significant 
Functions** 3 2 2 2 2 

• Wilk' s Lambda for all 3 functions. 
** p < .05 
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Table 14 Structure (Load i ng) Ma t rix - First 
Two Discriminant Functions (Runs 3 - 6 Combi nPd) 

(Correlations > . 26, p < .01 ) 

Function 1 

EACl 
CLI6 
ULI6 
USPEED 
UFAILED 
ESTEER 
DETOUR 
SSPEED 
RISKCH 
ESTCHIC 
SMPHl 
SMPH2 
SMPH3 
OVERALL 
FALL CAR 
FING COUNT 
COUNTBAC 
OFFRATE 
SELFRATE 
SDOWN 
ATTEMPTS 
BITE4 
BITES 
BUSTOPS 
BIS SPEED 
BIS STEER 
SMPH 
ERRORS 
COGNIT 
BITE 
BSTEER 
BSPEED 
BISTOP 

.34 
-.40 
-.30 
-.28 
-.31 
-.26 
-.41 
-.32 

.25 

.52 
- . 39 
-.48 
-.37 
-.38 
-.27 
-.30 
-.26 
-.26 
-.40 

.27 
-.30 

.31 

.30 

.30 
-.42 
-.32 
-.45 
-.30 
-.25 

.25 
-.24 
-.25 

.25 

Function 2 

UTURNS 
POSTOP 
ESTOP 
SSTOP 
RISK QU 
SMPH2 
OVERALL 
CTT6 
BITE3 
BI POST 
BIE SPEED 
BIS SPEED 
BIS STOP 
STOPS 
ERRORS 
BSPEED 

.27 

.69 

.33 

.33 

.28 

.27 

.28 
-.28 
-.27 

.37 

.33 

.28 
- . 31 

.36 

.28 

.31 

Table 15 Treatment Group Means On 12 Final Variables 
(Runs 3 - 6 Combined) 

Variable Placebo Marijuana Alcohol Both 

STOPS 1.35 1.76 2.14 1.61 
COGNIT 4.34 4.59 4.66 5.09 
STOUCH 28.10 25.89 28.95 29.21 
SOOWN 32.15 29.05 31. 25 28.04 
ATTEMPTS 5.50 6.37 6.20 7.26 
BSPEED -0.89 -0.26 0.16 0.35 
BSKILLS -0.26 -0. 21 0.49 0.11 
UFAILED o.oo 0.05 0.04 0.10 
POSTOP 4.55 5.59 5.52 4.95 
ESTCHIC 20.38 19.59 20.18 17.67 
SMPH 34.93 36.69 36.32 38.16 
CTT 4.98 5.01 4.49 4.44 
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Table 16 Percent Of Variance Accounted For By Treatments 
On Canonical Functions 

RUN 3 RUN 4 

Effect Percent p Percent p 
of of 
variance Variance 
Explained Explained 

Marijuana 29.2 .001 23.l .001 

Alcohol 29.9 .001 32.3 .001 

Alcohol x Marijuana 
Interaction 12.0 .05 7 .1 N.S. 

Total Explained . 71.1 .001 62.4 1· 001 

RUN 6 x (Trials 3-6) 

Percent p Percent p 
of of 
Variance Variance 
Explained Explained 

- -
Marijuana 24.8 .001 25.1 .00 1 

Alcohol 31.9 .001 31.4 .001 

Alcohol x Mar ij uana 
Interaction . 12.9 .05 10.2 N.S. 

Total Explained 69.6 .001 66.7 .001 
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RUN 5 

--------
Pe rcent p 
of 
variance 
Explained 

--
23. l .001 

31. 5 .001 

8 .9 N.S 

63.5 .001 

ALL POST 
TREATMENT RUNS 
COMBINED 

Percent p 
of 
Var i ance 
Explained 

.. ·-- -
33 . 2 .001 

24.2 .001 

9. l N.S . 

66. 5 .001 
- .. 

l ----



Table 17 

Variable 

STOPS 
COGNIT 
STOUCH 
SDOWN 
ATTEMPTS 
BSPEED 
BISKILLS 
UFAILED 
POSTOP 
ESTCHIC 
SMPH 
CTT 

Eigenvalues For Repeated Measures 
Discriminant Functions On Each Of The 
Twelve Performance Measures (Baseline 
Run Excluded) 

Function I Function 

.14152 .06535 

.18824 .13303 

.29882 * .09546 

. 37807 * .08865 

.22442 .08453 

.21859 .01537 

.15227 .05414 

.13416 .01550 

.20638 .01892 

.34944 • .08319 

.36481 • .03202 

.43620 • .02778 

* p < .05. Based on Wilk's Lambda w th all 
functions included. 

Table 18 Eigenvalues For Repeated Measures 
Discriminant Functions On Each Of The 
Twelve Performance Measures (Baseline 
Run Included) 

II 

Variable Function I Function II 

STOPS .15418 .10587 
COGNIT .30029 .06637 
STOUCH .29627 .11290 
SDOWN .37482 .08603 
ATTEMPTS .20250 .12097 
BSPEED .30147 .05522 
BISKILLS .13544 .12457 
UFAILED .17486 .02365 
POSTOP .31390 .07433 
ESTCHIC .49839 * .10763 
SMPH . 40701 • .13402 
CTT . 67729 •• .05050 

• p < .05; •• p < .01. Significance based on Wilk's 
Lambda with all functions 
included. 
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Table 44 Average Blood Levels Of Drugs For 
Each Pos t -Treatment Run• 

RUN DRUG UNITS CONDITION 

Placebo Marijuana Alcohol Both 

3 Alcohol % BAC 0.00 0.00 0.07 o. oc; 

Serum THC {S-1) ng/ ml 0.80 69.6 3.0 54 . 3 

Serum Carboxy ng/ ml NA 46.1 NA 73 . 6 
{S- 2) 

- ----- - - -- -
4 Alcohol % BAC 0.00 0.00 0.08 0.07 

Serum THC {S-1) ng/ml 0.41 13.1 1.7 13 . 4 

Serum Carboxy ng/ml NA 36 . 0 NA 30 .8 
{S-2) 

-~ 5 Alcohol % BAC 0.00 o.oo 0.06 

Serum THC {S-1) ng/ml 0.00 7. 4 1. 8 , 7.6 
I 
1 Serum Car boxy ng/ ml NA 31. 5 NA 25.9 

{S-2) 

6 Alcohol % BAC 0.00 0.00 0.04 0.04 
I 

Serum THC {S-1) ng/ml 0.00 4 . 8 2.?. 4.9 

! Serum Carboxy ng/ ml NA 27 . 3 NA 23 . 0 
{S-2) i 

' -
NA No analysis 
* See Appendix l, Table A for individual subject resul ts. 
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Table 4', Percent Of Variance Accounted For By Blood 
And Serum Levels 

Run Source of Marijuana Alcohol Interac tion 
Variation Effect Effect Effect 

3 Treatment Group 29 30 
I 

12 

Serum THC and 09 39 13 
Blood Alcohol 

Serum Car boxy and 12 39 09 
Blood Alcohol 

Both Serum Levels and 23 39 03 
Blood Alcohol 

- ----
4 Treatment 24 31 07 

Serum THC Only and 19 41 05 
Blood Alcohol 

Serum Carboxy Only and 22 41 07 
Blood Alcohol 

I Both Serum Levels and 30 41 01 
Blood Alcohol 

I 

I 
-· -

5 Treatment Group 23 37 4 

I 
Serum THC Only and 14 44 1 
Blood Alcohol 

Serum Carboxy Only and 19 44 2 
Blood Alcohol 

Both Serum Levels and 26 44 2 
Blood Alcohol 

- -
I 

6 I Tr •~a tment Group 29 28 13 

I Serum THC Only and 22 34 1 

' Blood Alcohol 
I 

I 
Serum Carboxy Only and 18 34 8 
Blood Alcohol 

' 
Both Serums and 34 34 l 
Blood Alcohol 

-120-

Total 

71 

61 

60 

65 

--
62 

62 

70 

72 

64 

61 

65 

72 

-
70 

I 
57 

I 
I 

60 

I 
I 69 



\ ' 

Table 46 Canon ical Correlation Functio ns For 12 Performanc e 
Measures With 3 Blood Level Measures Including Bas eline 

Canonical Canonical Percent of Variance Signifi c ance 
Function Correlation (1-Wilks Lambda) 

1 . 84 . 88 .000* 
2 .64 .61 . 000* 
3 

! 
. 50 .35 .004* 

4 .36 .13 . 105 
5 .03 .00 . 842 

• canonical variates used n the analysis. 

Table 47 Canonical Variate Weights For Performance And 
Blood Level Measures Across All Runs 
Including Baseline 

Var iable Set Canonical Variate 

Blood Levels 1 2 3 

Run 2 (Baseline) -0 . 079 74 -0.05441 0 .91499 
Run 3 -0.46319 -0 .0733 3 - 0 .37507 
Run 4 -0.52873 -1. 03065 0. 50235 
Run 5 0 .25615 -1. 25032 -0.36365 
Run 6 0.17398 -0.11644 -0. 71117 

-· 

Performance Measures 

- - -- · -· -

Run 2 (Baseline) 0.04569 -0.15488 0 .98776 
Run 3 -0.42309 0.45231 - 0. 37529 
Run 4 -0. 07415 -1.12710 -0. 12963 
Run 5 0.43325 -1.01291 I - 0 . 38507 
Run 6 -0.39157 -0.20942 -0 .13509 
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1.1 1 

Table 4fl 

Canonical 
Function 

1 
2 
3 
4 

Canonical Correlation Funct ions For 12 Performance 
Measures With 3 Blood Level Measures -
Treatment Runs Only 

Canonical Percent of Variance Significance 
Correlation ( 1-Wilks Lambda) 

.83 .84 .000* 

.64 .48 .000* 

.37 . 13 . 080 

.01 .oo • 913 

* Canonical variates used in the analysis . 

Table 49 

variable Set 

Blood Levels 

Run 3 
Run 4 
Run 5 
Run 6 

Canonical Variate Weights For 
Performance And Blood Level Measures 
Across Treatment Runs 

Canonical Variate 

1 2 

0.38488 0.1288 5 
0 . 56728 0.9418 2 

-0.27972 1. 29562 
-0.13785 0.19443 

Performance Measures 

Run 3 0.40824 -0.42152 
Run 4 0.06961 1.16235 
Run 5 -0 .42622 1.05454 
Run 6 0.40491 0.20756 
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. - - - -- -- - - -

Table '.>O Correlations Between the CHP Car Following and 
Field Sobriety Test Variables and the Two 
Significant Discriminant Functions of Post 
Treatment Performance 

Variable 

Following Car 

Romberg Test 
Finger to Nose 
Heel to Toe 
Right Foot Balance 
Left foot Balance 
Finger Count 
Hand Count 
Counting Backwards 
Alphabet 
Officer's Rating 
Subject' s Rating 
FST Total 

* p < .OS 
** p < • 01 

*** p < .001 

Functions 

1 2 

-.27** .12 

.03 -.12 
-.07 -.01 
-.22* -.01 
- .11 . 0 3 

.02 ..: • 03 
-.30** .14 
-.18 .01 
-.26** .01 

.OS -.01 
-.26** . 19* 
-.40*** .08 
-.18 .01 
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Table 51 

Factors 

ACCELERATOR 
BRAKING 
STEERING 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORDINTATION 
COGNITION 
EYEHAND 
STOUCH 
SDOWN 
ATTEMPTS 
BSTEER 
BSPEED 
BLANE 
BISTOP 
BISKILLS 
UFAILED 
POSTOP 
ESTCHIC 
FLREMIND 
FLRESPONSE 
FLRERUN 
SMPH 
OVERALL 

* p < .05 

Correlations For Subject Impairment 
As Rated By Following CHP And 
FST Officers With 27 Experimental 
Factors On Run 3 

Following Car 

-.03 
.12 
.01 
.10 
.05 
.03 
.24* 
.06 
.08 
.07 
.06 

-.01 
.05 

-.13 
.15 
.04 
.29* 
.01 
.14 
.14 
.16 

-.15 
.14 
.25* 
.05 
.19* 
.22* 
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FST 
Officer Rating 

.20* 

.11 

.16 

.05 
-.07 

.30* 

.41* 

.25* 

.69* 

.35* 

.34* 

.06 
-.33* 
-.01 

.31* 
-.12 

.40* 

.01 

.01 
-.07 

.04 
-.17 

.04 
-.10 

.08 

.10 

.29* 



Table '..>2 Standardized Means For CHP Following Car And 
Field Sobriety Test Measures By Treatment For Run 3 

Variable 

Following Car 
Romberg Test 
Finger to Nose 
Heel to Toe 
Right Foot Balance 
Left Foot Balance 
Finger Count 
Hand Count 
Count Backward 
Alphabet 
Officer's Rating 
Subject's Rating 

Placebo 

1.21 
1.47 
1. 42 
1. 26 
1. 32 
1. 37 
1.21 
1.16 
1.16 
1.00 
1.63 
2.26 

Marijuana 

1.59 
1.29 
1.65 
1. 76 
1.35 
1.53 
1.59 
1. 53 
1.18 
1.00 
2.18 
3.41 

Alcohol 

1.42 
1.32 
2.16 
1.58 
1. 74 
1.74 
1.58 
1.42 
1. 26 
1.32 
2.84 
3.95 

Table 53 Standardized Means For CHP Following Car And 

Both 

1.59 
1.23 
1. 73 
2.00 
1.95 
1. 64 
1.95 
1.45 
1. 77 
1.14 
2.95 
4.77 

Field Sobriety Test Measures By Treatment For Run 4 

Variable 

Following Car 
Romberg Test 
Finger to Nose 
Heel to Toe 
Right Foot Balance 
Left Foot Balance 
Finger Count 
Hand Count 
Count Backward 
Alphabet 
Officer's Rating 
Subject's Rating 

Placebo 

1.15 
1. 30 
1.40 
1.50 
1.30 
1.15 
1.00 
1.30 
1.00 
1.15 
1. 35 
1.70 
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Marijuana 

1.29 
1.12 
1. 59 
1. 24 
1.47 
1. 59 
1.35 
1.12 
1.12 
1.18 
1. 82 
2.47 

Alcohol 

1.56 
1.28 
1. 56 
1.50 
1.56 
1.44 
1.33 
1. 44 
1.50 
1.11 
2.11 
2.39 

Both 

1.57 
1.57 
l.62 
1. 90 
1.81 
1.71 
1.43 
1.71 
1.33 
1.29 
2. 81 
4.27 
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Table 54 Standardized Means For CHP Following Car And 
Field Sobriety Test Measures By Treatment For Run 5 

-, - -- . - · . -·; ··· ---- ·· · . -- ------- --- --- - . -· - --
Variable Placebo Marijua na Alcohol Both 

Following Car 1.11 1.17 1.21 1.52 
Romberg Test 1.16 1.17 1.21 1.14 
Finger to Nose 1.11 1.13 1.ll 1.29 
Heel to Toe 1.37 1. 33 1. 21 1.57 
Right Foot Balance 1.32 1.67 1. 37 1. 52 
Left Foot Balance 1.26 1. 56 1. 37 1.24 
Finger Count 1.00 1.17 1.16 1.24 
Hand Count 1.05 1.44 1.16 1.05 
Alphabet 1.00 1.00 1. 21 1.10 
Officer's Rating 0.89 1.22 .84 1. 29 
Subject's Rating 1.05 1.05 1. 42 3.19 

Table ':>5 Standardized Means For CHP Following Car And 
Field Sobriety Test Measures By Treatment For Run 6 

Variable Placebo Marijuana Alcohol Both 

Following Car 1.10 1.21 1.24 1.35 
Romberg Test 1.05 1.00 1.00 1.00 
Finger to Nose 1.25 1. 21 1.12 1.10 
Heel to Toe 1.20 J..29 1. 24 1. 35 
Right Foot Balance 1.05 :L • 21 1. 35 1.20 
Left Foot Balance 1.30 1.21 1.29 1.00 
Finger Count 1.05 1.07 1.12 1.35 
Hand Count 1.05 1.07 1.06 1.15 
Count Backward 1.20 1.29 1.00 1.35 
Alphabet 1.15 1.00 1.00 1.05 
Officer's Rating 0.45 0.57 0.47 0.90 
Subje~t•s Rating 0.45 0.57 0.64 2.:2G 
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Table 56 Impairment Questionaire Items (Runs 3 & 5) 
Correlated With The Two Significant 
Discr iminant Functions 

Run 3 Run 5 

Questionaire Function Function Function Function 
Items 1 2 1 2 

I 
- --·. - - - - - - - - --

Visual Abilities -0.3086 0.1510 -0.2415 0 .1723 
P=0.002 P=0.088 P=0.014 P=0.061 

Auditory Abilities -0.2341 0 .1072 -0.2476 0.0884 
P=O. 017 P=0.169 P=0.012 P=0.215 

Spatial Abilities -0.2714 0.1785 -0.3038 0.0516 
P=0.007 P=0.054 P=0.003 P=0.323 

Memory Abilities -0.3713 0 .1397 -0.3193 0.0130 
P=0.000 P=0.105 P=0.002 P=0.454 

Self Control -o. 3134 0.2948 -0.1353 0 .1100 
P=0.002 P=0.004 P=O .113 P=0.163 

C oordination -0.3015 0.1622 -0.2435 0 . 1349 
P=0.003 P=0.073 P=0.014 P=0.113 

R eaction Time -0.3378 0.0626 -0.2827 I 0 .1327 
P=0.001 P=0.288 P=0.005 I P=0.117 I 

i 

s peed Estimation -0.2661 0.2339 -0.3903 ! 0.0961 
P=0.008 P=0.017 P=0.000 I P=0.049 

T ime Estimation -0.4294 0.1879 -0.4226 I 0.1839 
P=0.000 P=0.045 P=0.000 P=0.049 

D istance Estimation -0.2994 0.0944 -0.2812 0.1013 
, P=0.003 P=0.199 

I 
P=0.005 1 P=0.183 
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Table 57 

Factors 

ACCELERATOR 
BRAKING 
STEERING 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORDINATION 
COGNITION 
EYEHAND 
STOUCH 
SDOWN 
ATTEMPTS 
BSTEER 
BSPEED 
BLANE 
BISTOP 
BI SKILLS 
UFAILED 
POSTOP 
ESTCHIC 
FLREMIND 
FLRESPONSE 
FLRERUN 
SMPH 
OVERALL 

I 

Correlations* For Tart Impai rment Questionaire 
With 27 Experimental Factors On Run 3 

Test Items 
- ·-- ·· --· -- - -·---- ·-· - - · 

l 2 3 4 5 6 7 8 

-.05 -.16 -.22 .00 -.03 . 02 -.06 - . 01 
.00 -.10 -.05 .05 .07 . 06 . 07 .17 

-.04 -.18 -.22 -.07 .00 .06 - .05 -.03 
-.02 -.02 -.Oo -.03 -.05 -.08 -.10 - . 08 

.07 -.09 .14 - .02 -.12 -.05 .04 .04 

.13 -.02 .01 -.08 .21 .09 -.01 . 01 

.21 -.14 .16 .19 .25 .29 .16 . 15 

.21 .02 .15 .18 .30 .15 .27 .07 

.11 .10 .11 .16 .30 .28 .16 .08 

.21 .28 .23 .20 .10 .24 .17 .19 
-.04 .01 -.08 .02 .02 .OS -.02 -.02 

.32 . 15 .11 -.01 .09 .23 .17 . 15 

.02 -.05 -.16 -.19 -.16 - . 23 -.12 -.24 

.03 .14 .01 .16 .04 .09 .10 . 16 

.26 -.13 . 30 .24 .32 .30 .26 • 2 3 

.0 2 .04 .17 • 20 .12 .10 .19 . 24 

.21 .02 .17 .18 .20 .28 .17 .1 3 
-.20 -.07 -.15 .00 -.14 -.15 - .11 -.02 
-.06 -.01 .08 -.03 .07 -.08 .00 .00 

. 02 .04 .02 -.03 .04 .01 - .02 .04 

.13 . 12 .19 .14 .1 4 .16 .16 .23 
-.31 -.()8 -.23 -.22 -.07 -.43 -.43 - . 11 
-.14 .04 -. 21 -.04 -.10 .00 -.09 -.08 

.08 .02 .02 -.08 - .07 -.01 . 03 .01 

.29 .27 .27 .20 .21 .32 .23 .17 

.24 .19 .19 .33 .24 .21 .31 . 30 
• 31 .39 .39 .31 .41 .35 .29 .27 

* Correlations above . 19 significant at p < .05. 
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9 10 

-.05 - .13 
.12 -. 04 

- . 07 -. 18 
-.16 .02 

. 10 . 00 

.04 -.08 

.18 .11 

. 0 4 . 33 

.16 . 17 

.25 .22 
-. 0 5 .04 

.o, .11 
-.24 - .14 

. 15 .05 

. 26 .21 

.28 .11 

.17 .13 
-.11 .02 

.OS -. 13 

.04 -.02 

.17 . 21 
-.23 -.23 

.02 - .04 
-.10 .08 

.15 .25 

.38 .22 

. 22 .25 
I 



Table SH 

Factor 

ACCELERATOR 
BRAKING 
STEERING 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORDINATION 
COGNITION 
EYERAND 
STOUCH 
SDOWN 
/\TTEMPTS 
BSTEER 
BSPEED 
BLANE 
BISTOP 
BISKILLS 
UFAILED 
POSTOP 
ESTCHIC 
FLREMIND 
f'LRESPONSE 

I FLRERUN 
SMPH I 

OVERALL I 

Correlation• For Tart Impairment Questionaire 
With 27 Experimental Factors On Run 5 

Test Items 

1 2 3 4 5 6 7 8 

.23 .15 .27 • 20 .25 .16 .22 .16 

.22 .11 .20 .16 .22 .26 .21 .22 

.09 .08 .0 3 . 14 .07 .17 .13 .07 
-.10 - .13 -.17 .01 -.11 -.02 -.14 .05 
-.28 -.28 -.03 -.22 -.16 -.28 -. 12 -.25 
.oo -.07 -.oo .06 .23 -.23 .oo -.01 
.13 .03 .29 .13 .25 .23 .22 .25 

-.02 .07 .05 .16 -.13 -.07 -.01 .08 
-.06 .17 .04 -.02 .24 .14 .07 .05 
-.10 .05 .07 .01 .16 . 17 .08 .11 
-.12 -.05 -.02 -.08 -.07 -.11 -.06 -.07 
-.03 .05 -.09 .01 .02 .06 .01 -.03 

.03 -.02 .02 -.02 .19 .09 .08 -.04 

.05 .03 .01 -.06 .04 .11 .14 .11 
-.01 .03 .14 . 20 .11 .18 .19 .29 

.01 -.08 .11 .03 -.03 .00 -.03 -.07 
-.04 .03 .05 .04 .09 .13 .07 .19 
-.05 .06 -. 07 .13 -.12 -. 10 -. 04 - .06 

.06 -.03 .13 .15 .05 .09 .10 .11 

.24 • 34 .oo .33 .28 .43 .20 .24 

. 21 .15 .00 .11 .11 .17 .20 .18 
-.23 -.22 -.23 -.25 -.10 -.15 -.11 -.20 
-. 05 - .10 -.11 - .15 -.32 -.20 -.16 -.13 

.06 .04 .02 .02 .00 -.03 .04 .02 

.06 .13 .15 .12 .31 .19 .16 .12 

.23 .oo .24 .19 . 10 .18 .17 .28 

.19 .08 .33 .14 .23 .29 .2 4 . 30 
i 

• Correlations above .19 significant at p < .05 . 
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I 9 10 

.16 .19 
• 2 3 .22 
.06 .04 
.01 -.06 

-.23 -.29 
.oo -.03 
.30 . 40 
.03 -.02 
.04 .12 
.14 .14 

-.01 -.01 
.02 .11 

-.02 .04 
.09 . 10 
.19 .22 
.17 .03 
.14 .16 

-. 08 -.14 
.11 .09 
.2-, .38 
.15 .13 

-.22 - .16 
- .13 -.17 

.06 -.03 

.12 I • 20 

.32 .21 

.30 . 38 



Table ~9 Glossary Description Of Exit Questio naire Items 
As Entered In Analyses 

Item Label 

1. Drug Received 
2. Produced High 
3. Strategy Chicane 

4. Practice Chicane 
5. Drug Chicane 
6. Strategy FLC 

7. Practice FLC 

8. Drug FLC 
9. Strategy Urban 

10. Prac tice Urban 

11. Drug Urban 
12. Drug Extended 

13. Strategy Risk 

14 . Practice Risk 

15. Drug Risk 

16. Feedback 

17. Feed Chicane 

18. Feed FLC 

19. Feed Urban 

20. Feed Extended 

21. Feed Risk 

22 . Compensation 

23. Driving Frequency 

24. Similar high 

25. Real Conditions 

Description 

Drug believed to have been received. 
Rate of "High" produced. 
During which run was strategy for Chicane 
learned. 
Did practice aid in learning Chicane? 
Did drugs interfer with performance? 
During which run was strategy for Forced Lane 
Chaage learned. 
Did practice aid in learning Forced Lane 
Change? 
Di d drugs interfer with performance. 
During which run was strategy for the Urban 
Drive learned. 
Did practice aid in learning the Urban 
Drive? 
Did drugs interfe r with performance? 
Did drugs interfer with performance on 
the Extended Dr ive? 
During which run was strategy for t he Ris k 
task learned. 
Did practice aid in learning the Ri s k 
t ask? 
Did drugs interfer with performance on 
the Risk task? 
Did receiving feedback about pe rformance 
help overall. 
Did receiving feedback about performance 
help on the Chicane? 
Did receiving feedback abou t performance 
help on the Forced Lane Change? 
Did recieving feedback about performance 
help on the Urban drive routes? 
Did recieving feedback about performance 
help on the Extended dr ive? 
Did r ec ievi ng feedback about performance 
help on the Risk task? 
Was compensation for ef fects of alcohol 
or marijuana necessary? 
Frequency with which driving normally 
occured under similar impairment. 
Was the "high" under dr ivi ng simila r to 
state subject normally d rove after drug 
consumption? 
Were drug-alcohol trea tme nts 
representative of actual conditions under 
which people d rive under the inf luence of 
the drugs. 
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Table 60 Correlations Of Exit Questionaire Items 
With The Two Discr i minant Functions 

Item Label 

Drug Rece ve 

Produced High 

Strategy Chicane 

Practice Chicane 

Drug Chicane 

Strategy FLC 

Practice FLC 

Drug FLC 

Strategy Urban 

Practice Urban 

Drug Urban 

Drug Extended 

Strategy Risk 

Pr a c tice Risk 

Drug Risk 

Feedback 

Feedback-Chicane 

Feedback FLC 

Feedback Ur ban 

Feedback Extended 

Feedback Risk 

Compensation 

Driving Frequency 

Similar high 

Real Conditions 

Function 1 

0.1 70 
P•0.131 
0.4492 

P•0.000 
-0.1297 
PaO . 132 

0.0605 
Pm0.302 
-0.3231 
Pc0.002 
-0.1087 
P•0.175 
-0. 1178 
P•0.155 
-0.0109 
P•0.463 
-0.0216 
P=0.427 
-0.0400 
p .. 0.366 
-0.4127 
Pa0.000 
-0.3330 
p .. 0.002 
-0.1002 
P•0.195 
-0.2397 
P=0.019 
-0. 1916 
P=0.049 
-0.0919 
P•0.215 
-0.0762 
P=0.257 
-0.1255 
P=O .140 
-0.1830 
P•0.057 

0.0873 
P•0.227 
-0.4052 
P=0.000 
-0 .1388 
pao .116 
-0.2247 
P=0.025 
0. 3145 

P•0.003 
-0 .2123 
P=0.033 
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Function 2 

0.0570 
P•0.312 

0.2105 
P•0.034 
-0.0030 
P•0.490 

0.0590 
P=0.306 
-0.0633 
P=0.293 

0.1794 
Pa0.060 

0.0128 
P=0.456 
-0.0348 
P=0.383 

0.1345 
P=0.123 
-0.054 5 
Pa0.320 
-0.0455 
P=0.348 
0.0058 

P=0.480 
-0.0801 
P=0.246 

0.0340 
P=0.385 
-0 .020 6 
P=0 .43 0 

0.0624 
P•0.296 
-0.0748 
Pz0.260 
-0.0508 
p .. 0.332 
-0.0242 
P•0.418 

0.0821 
P•0.240 
-0.0746 
P=0.261 
-0.2150 
Pz0.031 
-0.2381 
p .. 0.019 

0.0142 
P=0.452 
-0.-114 
P•0.461 



Table 61 Subject Background Variables Correlated With Two 
Discriminant Functions From Final Variable Set 

Background Variable 

Number of Years Driving 

Average Weekly Intake of 
Alcohol 

Average Experience Driving 
Under the Influence of Alcohol 

Average Weekly Intake of 
Marijuana 

Average Experience Driving 
Under the Influence of 

Marijuana 
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Function I 

0.02 
p=0.426 

-0.04 
p=0.370 

-0.16 
p:s0.089 

-0.06 
p=0.303 

-0.14 
p=0.109 

Function II 

0.02 
p =0.424 

0.01 
p=0.467 

-0.01 
p=0.480 

0.05 
p=0.344 

-0.01 
p=0.450 



Table 62 

Variable 

BITE - Run 1 
BITE - Run 2 
BITE - Run 3 
BITE - Run 4 
BITE - Run 5 
BITE - Run 6 

Correlations Of BITE And CTT Measures 
With The Two Significant Discriminant 
Functions (Run 3 - 6, combined) 

Function 1 Function 2 

-.03 -.05 
.04 .01 
.14 -.27** 
.31** - .14 
.30** -.13 
.13 -.16 

BITE - Composite .25* -.20* 

CTT - Run 1 .07 -.16 
CTT - Run 2 .07 -.10 
CTT - Run 3 .09 -.01 
CTT - Run 4 .22* -.23* 
CTT - Run 5 .13 -.23* 
CTT - Run 6 .17 -.28** 
CTT - Composite .17 -.19* 

* p < .05 
** p < .01 

Table 63 

Run Number 

Run 3 
Run 4 
Run 5 
Run 6 
Total 

Run Number 

Run 3 
Run 4 
Run 5 
Run 6 
Total 

Treatment Means For BITE And CTT Measures 

BITE 

Placebo Marijuana Alcohol Both 

60.63 53.82 56.16 52.55 
62.52 56.47 58.95 53.43 
58. 32 57.58 62.30 49.90 
57.45 53.93 52.33 57.40 
59.89 55,20 57.55 52.89 

CTT 

Placebo Marijuana Alcohol Both 

5.03 4.93 4.34 4.47 
4.89 4.94 4.21 4.16 
4.93 5 .17 4.48 4.45 
5.04 5.20 4.63 4.67 
4.98 5.01 4.49 I 4.45 
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Table 64 

Factors 

ACCELERATOR 
BRAKING 
STEERING 
LINES 
TIME 
STOPS 
ERRORS 
RISK 
COORDINATION 
COGNITION 
EYEHAND 
STOUCH 
SDOWN 
ATTEMPTS 
BSTEER 
BSPEED 
BLANE 
BISTOP 
BISKILLS 
UFAILED 
POSTOP 
ESTCHIC 
FLREMIND 
FLRESPONSE 
FLRERUN 
SMPH 
OVERALL 

* p < .05 

Correlations Between BITE And CTT and 27 
Performance Factors On Run 3 & 5 

BITE 

-.07 
-.17 

.10 

.08 

.oo 
-.18* 
-.32* 
-.15 
-.21* 
-.21* 

• 0 3 
- .14 

.14 

. 14 
-.36* 

.15 
-.36* 
-.01 
-.05 
-.10 
-.10 

.18* 

.02 
-.01 
-.04 
-.07 
-.31* 

Run 3 

CTT 

.06 
-.oo 

.02 
-.08 

.21* 

.24* 
-.16 
-.23* 
-.02 
-.09 
-.17 

• 03 
.08 
• 0 5 

-.04 
-.00 
-.28* 
-.51* 
-.07 
-.09 

.12 

.18* 

.04 
-.07 
-.23* 

.10 
-.13 
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BITE 

.oo 
-.03 

.08 
-.06 

.05 
-.08 

Run 5 

-.25* 
-.18* 
-,20* 
-.18* 
-.01 

• 0 5 
.16 
.18* 

-.09 
-.04 
-.12 
-.oo 

. 15 
-.12 

.04 

.11 
• 0 3 
.16 

-. 17 
-.16 
-.29* 

CTT 

-.10 
-.12 
-.20* 

.07 

.17 
- .11 
- .11 

.02 
-.09 
-.04 

.08 
- .11 
-.06 
- .16 
-.21* 
-.06 
-. 29* 
-.07 
-.06 
- .08 
-.01 

• 14 
. 23* 
.04 

-.12 
.0 1 

- .16 

, . 
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Table 65 

Variable 

Forced Lane 
Composite 

Reminded of 
Response 
Rerun 

Correlations Of Forced Lane Change 
Measures With The Two Significant 
Discriminant Functions 

Function 1 Function 

Change 
.06 .22• 

Speed -.15 .09 
-.07 -.oo 
-.05 -.05 

2 

Bipolar Composite .02 . 12 

* p < • u !> 

Table 66 Treatment Means For Forced Lane Measures Across Runs 

Run Placebo MariJuana Alcohol Both 
Marijuana & 

Alcohol 

A Forced Lane Change Composite Factor 
3 0.95 0.71 1.16 1.05 
4 0.65 0.64 1.11 o. 71 
5 0.68 0.44 1.05 0.61 
6 0.90 0.64 0.71 0.75 

I 
B Forced Lane Change Reminded Of Speed 
3 2.00 2.00 1.95 1.95 
4 1.85 2.00 1.83 1.90 
5 1. 79 2.06 1.95 1.95 
6 2.00 2.00 1.88 2.05 

I 
C Forced Lane Change Quality Of Response 
3 1.00 1.18 1.21 1.09 
4 1.10 1.05 1.00 1.19 
5 0.95 1.06 1.11 1.00 
6 1.00 1.07 1.18 1.05 

I 
D Forced Lane Change Rerun 
3 0.21 0.35 0.37 0. 77 
4 0.20 0.12 0.44 0.48 
5 0.32 0 .11 0.42 0.10 
6 0.40 0.14 o.oo 0.20 

E Bipolar Forced Lane Change 
3 0.53 0.12 0.21 0.41 
4 0.45 0.06 0.11 0.05 
5 -0.26 0.00 0 .11 0.43 
6 0.10 0.07 0.71 0.25 
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Table 67 Correlations For Risk Task Measures 
With 2 Significant Discriminant Functions 

Variable 

Risk Choice 
Risk Quality 
Risk Attempts 
Risk Composite 

* p < .05 
** p < .01 

Function 1 

.:Z5* 
-.13 
-.30** 

.01 

Function 2 

-.00 
.28** 
.08 
.22* 

Table 68 Treatment Means For Risk Task M•~asures Across Runs 

Run Placebo Marijuana Alco'1ol Both 
Marijuana & 

Alcohol 

A Risk Choice 

3 4.58 4.35 4.42 4.27 
4 4.50 4.29 4. 72 4.24 
5 4.32 4.50 4.05 4.10 
6 5.00 3.79 4.24 3.80 

B Risk Quallty 

3 0.32 1.00 1.42 1.14 
4 a.so 1.12 1.50 1.05 
5 0.84 0.83 0.84 1.00 
6 0.95 0.43 0.65 0.55 

C Risk Attempts 

3 1.37 1.52 1.37 1.85 
4 l. 30 1.65 1.28 1.76 
5 1.63 1.50 l.95 1.95 
6 1.25 2.02 1.76 2.15 

D Risk Composite 

3 4.89 5.35 5.84 5.41 
4 5.30 5.41 6.22 5.29 
5 5.16 5.33 4.89 5.10 
6 5.95 4.21 I 4.88 4.35 
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APP[tml X I , "'[!\f3Lr /\ 

JARL__F. OF ALL 1 2 5 J RI /\ /\N/\L YSES Prnrormrn Oil EACH SI lf'l ,l[C_T_' S SEHI Jl1 /\tlD UR Itff 

SAMPLES lflTII CONCURRENT PERCErlT QAC, Ill ORDEH O_F DRIVE DATE 

GLOSSARY FOR TARLE HE/\OINGS (1) TO (13); AND Ann REV IATIOllS USED 

(1) .[lRIVE OAT[: The day and date of Driving lrl)ainnent Study . 

(2) s11nJECT: The code used to identify each test subject on each drive day. 

(1) TRF:/\TMENT: The randomly assignerl treatment conditi on adninistered between 
hase line drive (#2) and first post treatment drive (#3). 

P/P = double placeho 
P/A = Placebo marijuana/active alcohol 
M/P = active marijuana/placebo alc:ohol 
M/ A = active marijuana/active al cohol 

(4) TYf'E ArlAL : Only the serur:i sar.iples results were user! for correlation with 
perfonnance mea sures. The types of analyses applied to t he subject scrum 
samples and abbreviations used: 

S- 1 = 1251-RIAfort.9 -TIIC 
S-? = 1 2 ~ I 11IA 9=COOH- TIIC 
BAC = Breath alcohol Concentration determined. 

with Into xi lyzer Model 4011AW. 
NA = Not analyzed, or analysis was in error. 
NS = !lo salll)le obtained, or availahle for analysis. 

NOT[: The 125 1 RIA kits were made available for research purposes by 
Nil1A through RESEARCH TRIANGLE INSTITUTE, RE SEARCH TRIANGLE, tl.C. 

( 5) RF.SUL TS: Se rum Sanl) l es : in ng/ml and % rlAC by Ori ve #. 
RIA rec,1ilts < 2 n9/r1l are reports as negative (0). Percent BAC results 
are rounded to t1-10 s ignificant figures by truncating the third figure. 

(6) URINE SCREF.N, OTHER ORUGS: PRE and POST treatment uri ne samples were 
collecterl from s ubjects prior to recei vinq their presc ribed treatment and 
after the last rlriving session. These sar.iples were screened for the 
followin g rlrugs usinq ROCHE f)!/\GtlOSTICS 1 25 1 RIA Kits (ABBREVIATIOl6 USED): 

AMPH = AMPHETAHINE/t1ETHAMPHETAt1IrlE PCP = PHrnCYCLIDrnE 
[3AR[3 = BARBITURATES !IETIIQ = METIIAQUALO!IE 
MORP = MORPHitlE/COOEitJE DI/\ZP* = DIAZEPil~ES 
rocA = COC/\mE/t1ET/\BOLITE C/\IHIAB* = CANl~AOrnODS 

(+)=POSITI VE within the es tablished se nsitivity and calibration 
limits of the particular RIA kit applied. 
(-) = NEGATIVE no reaction with sensitivity and calibration limits. 

( *Expe ri ~nta 1 , not comrre rci a 11 y avail ab le when app 1 i ed) 

(7) KF MARKS: as noted. 

(8) SUBJECT fJATA USED OR REJECTED: 
tJ = Subjec t s and rlata used for correlation with perfomance measures analyzed. 
U* = Subject "TIIC" results used for follow-up study of basal levels of 
cannabino ids in plasma of chronic marijuana use rs. 
R = Subjects rejected for correlation with performance measures . 

All the data collected for the 6/27, 28/81 drive dates was considered a "pilot" 
and not used for correlation with perfonnance measures. 
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Dri v. Date 

and Subj. 

Treatment 

( 1) 

7/ 19/Al 

P/A 

( 2) 

8/1/81 

PIA 

( 3) 

8/H/81 

P/A 

(4) 

8/23/81 

P/P 

(5) 

9/6/81 

P/A 

(6) 

6/28/81 

11/A 

( 7) 

7/12/fll 

M/P 

(8) 

7/18/81 

M/P 

APPEIIDIX I T/\UL[ B 

Subject Serum Samples Selected for Follow-Up Study 

on "OASAL" Cannahinoid Level 

Serum RIA (ng/r:il) Reserve Sariples 
Subj.- By DOJ-TOX-LAB 

Selected for 
Reani\lysi s by 

Ori v. # 
6 9 

- THC 9-~QOH-TIIC IHDA/RTI 

0-2 13.8 96 
0-1 7.2 IIA 0-3 Corrbined 
D-'I 7.6 llJ\ with D-4; 

. 0-5 6.3 IIA c:a 3 11L 
D-6 6.5 IIA 

F- 2 10 159 
F-1 11 Bf! 
F-4 7.4 HA 
F- 5 9.3 NA F-5, ca 2 ML 
F-6 8.5 NI\ ~--· 
F-2 9.S 143 
F-3 12 126 

' F-4 11 NI\ F-4 Combin0<l 
F-5 12 NI\ with F-6, 

Remarks 

Subject Rejected 
For Correlation 
with Performance 
Measures. 

Subject Rejected 
For Corre lation 
l-lith Perfonnance 
lleasures. 

Sampl0 Lea~ed In 
Transet., lnsuff. 

F- 6 10 NA ca 2 ML Sample For Analysis 

C-2 7.7 9 . 6 
C- 3 7.7 Ill\ C-3, ca 2 ml. Sample Leaked In 
C-4 6.5 NI\ Transet., Insuff. 
C-5 N.S IIA Sample For 
C-6 ti. s rlA Analysis. 

1)-2 (i. 2 10 
0- 3 8.9 11 
0-4 6.2 NA 
D-5 6.5 I-IA 0-5, ca 1 rnl. 
l}-6 5.7 NA 

D-2 6.4 NA D-2, ca 2 ml. 
1)-1 72 NA 
n-4 16 NA 
0-5 9.8 r1A 
D-6 7.9 llA 

0-2 14 106 n-2, ca 2 ml . 
D-3 111 182 
D-'I 30 109 
D-5 19 99 
0-6 16 92 

A-2 9.8 77 -l~o Rserve Sampl e Subject Rejected 
A-3 33 89 For Correlation 
A-4 17 56 with Perfonnance 
A-5 12 44 measures. 
A-6 11 52 ! 
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APPENOIX I TAOLE B ( continued) 
Ori v. Date Serum RIA ( ng/rnl) 

t<ese rve sa Ill) I es 

and Subj. Subj.- Selected for Rer.ia rks Bv nn.1- -nll-1 AO Reanalysis hy 
Trea trrent 

Ori v. # rHOA/RTI 
t:,, 9 - THC g-COOH-THC 

(9) E-2 7.5 51 -lfo Reserve Salll)le Subject Re.icctod 
E-3 85 54 For Correlation 

F!/1/ R 1 
E-11 11 62 with Perfomancc 
E-5 1?. 50 rreasures. 

11/ A E-6 8.5 53 

( 10) 0-2 2?. 8fi -llo Reserve Safil)le Subject Rejected 
f'l-1 121 85 For Correl ation 

8/21/81 
. 0-4 17 76 with Pc rfo r r,ia nee 

fl-5 25 111 r.ieasures. 

t1/P 0-6 26 103 
' 

( 11) C-2 7.8 43 -l~o Rserve Sa~le 
C-3 51 74 

9/5/81 
C-4 21 58 
C-5 15 42 

~1/ A C-6 12 42 

( 12) E-2 8.5 45 E-2, ca 2 r.il. 
E-3 118 89 

9/13/84 E-4 23 76 
E-5 16 61 

M/P E-6 14 57 

NOTE: ( 1) Treatment Code: ti= Marijuana; A= Alcohol ; P= Placebo 

( 2) Subject Driv. # (Safil)les 2 to 6) taken at one hour 
interval s . Treatrrent given between Oriv. # 2 
(baselin~ and Driv. # 1. 
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Samr,les 
Driv. Date/ 

Subj.-Driv . 

7- lQ-81, 0-3 

1)-4 

8- 1-81, F-5 

8-8-8}, F-4 

F-6 

8-2 :1-81, E-3 

9-6-8), f)-5 

6-28- Sl, n-2 

7-l?.-81 , D-2 

11- 1-81, E-2 

Q-11-Rl, E-2 

APPErlDIX I TABLE C 

Results of Selected Saq,l es fror.i Table 2 Sent 

to IHOA/RTI for Reanalysis, Nov. 19Cl 

(no/r11) ti' - THC : ng/nl) l 1-nor-ti9
- TIIC-9-COOII 

llOJ TOX LAB HTI RTI Dy RTI - ( 12 51 RIA) 

# ( 125 1 RIA) ( 125 1 IUA)- (GC/MS) 

7.2 9.6 5. 2 '17 . !i 

7.6 9.2 3.8 40.2 

9 . . 1 10.6 2.3 90.1 

10.8 14. 6 llA 61.8 

10.4 12.9 3.13 66.9 

7.7 11. 1 9.5 72.6 

6.5 8.8 2.1 14 . 7 

6.4 7.9 1.9 26.7 

13.4 16.4 7.0 93.4 

7. 5 8.8 2.2 48.1 

8.5 10 .4 2.1 31.8 

NOTE: Because of the limited sample size, and loss of sor.ie sample 

in transit, no 9-COOH-THC analysis was perforrred. 
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APPEtHJ IX I T /\OLE '11 

Results fro1n Follow-Up Study of "0/\5/\L" Cannabir,oid Level~ In 

Serum Samples fo Selected Subjects from Table 2, June 1982 

Initia l Fo 11 ow:..Up 
Ori v. flate-Subj. Sample Tirne/ GC/11S nesul ts, ng/ml ( l) 
(Fnllnw-1~ Sample Type /\nal. Remarks 

1st 2nd 3rd 4th 

8/8/81-F Ti l'1e 0850 1040 1240 1435 On Initial 

fl 9 - THC 6.0 5.3 5.5 4.3 Date Subj. 

Driv. 

F 

( 6- 5-82) 11-0H-TIIC 1. 7 1.6 2.3 3.1 Treatment 

9-COOH-TIIC 177 205 13!..i 1117 wa s P/A 

9/6/81-0 Time 0815 1025 1235 1415 On Initial Uriv. 

t,9 - THC 1.2 1.1 1.0 0.9 Date Subj. D 
( 2) 

(6-4-82) 11-0H-THC < 0.1 < 0 .1 0.8 0.1 Trea t~nt 

9-COOlf-THC U.1 10. 7 10 .2 10 .0 was P/A 

::/?1/Hl-ll Time 01140 1030 r10 14 2!i On lntiti ,.al Dri v. 

fl 9 - THC 4.0 3.3 I 2.5 Date Subj . D 
I 

11-0H-THC 1.6 1.4 ~ampl e 0 .4 Trea tr.len t 

9-COOH-THC 43 49 -1 40 \las 11/P 

C')/5/81-C Ti r.ie 0845 1035 235 ~4 30 On Ini tial Oriv. 

fly - THC 1. 3 1.1 1.2 1.1 Date Subj. C 

(G-5-82) 11-0lf- THC <0.1 <O .1 ,0 . 1 0.5 Treatment 

9- COOH-THC 43 I I 
36 30 36 was M/A 

l'tOTES: (1) GC/MS Analyses of these safll) l es conducted by R.L. Foltz Ph.D., 

Center for Human Toxicology, Univer5ity of Utah, Salt Lake City 

(2) Contribution for lntering Peak 
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APPENDIX II 

A. SCHEMATIC OF DRIVING COURSE 

B. LICENSE REGISTRATION EXAMINER'S ( ~'.lE) SCORING FORMS 

RE: GROSSEN ET AL, PERFORMANCE STUDY EXPERIMENTAL PROTOCOL, ors. PROJECT 
089702, SEPTEMBER 28, 1981. 
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6096-1 

-163-

Si ;1n If lc snce 

te ... et <p> • 

. ·:o 

. 021 

.0:61 

.co, 

.020 

,00 

.:?7 

.on 

.cc, 

.c,s 

,0'') 

.::, 

.JC~ 

.JCJ 

.COi 



'· 

Vari able 

STC:PS •••• ••••••• • • •. 

COGNIT •••••••••••••• 

BSPEED ••••• ••• ••• ••• 

POSTCP • • •••• .• •••••• 

ESTCH re ••••••••••••• 

SMPH . •····•·••• ••" • 

CTT •••••••••••• •• ••• 

ERR<JlS •••••••••••••• 

OVERALL ••• • ••• • ••••• 

COOR) ••••••••••••••• 

FALLCAA •• ••••••••••• 

UTURNS •• • •••••• ••••• 

ES TEER • •••• • • •••• ••• 

ESTCP ••••••••••••••• 

DETOUR ••••• ••••••••• 

SLNIEPOS •••••••••••• 

RCMB •• •• •••••••• •••• 

HEELTOE ••••••••••••• 

COUNT8AC •••••••••••• 

CFFRATE • ••••••••• ••. 

SEl.FRATE, ...... , • .,. 

Bl POST ••• • •••••• ••• • 

81S SPEED, •• • •••••••• 

Bl SLANE. ••• • •••• • • •• 

"J!..!. .10; ~ . -2. 
72 

~NOIX ID, TABLE 2 

Slgnltlcant Jnlvorlote Olscrlmlriotors of Post-TreatMent Performance 

(Run 4 - Initial Vorleble Pool • 72) 

Treatment Mans 
Placebo "4or I Juana Alcohol Both F~rat los 

o. 15 0.69 I . J 2 0 .6 J 2. }9 

4.45 4 .16 ,.}9 5.'6t 2.69 

0 .18 0.62 1 .40 2.65t 2.1} 

4 . 45 5 .4 IT 5.}}T 4 . 95 2.5} 

20.}5 19.}5 19.89 17.29T }.65 

}5 ,45 }7.96t }7 .4)1 }9 ,05t 4 .J2 

4.91 4 .94 4.27T 4 . 16T 8. 78 

6. 19 7.7' 9.}5t 12.49t 4 .:o 

o. 70 1.24 1 .61 t 2. 00, }. 25 

} .95 4.29 4.,o 5 .J}t 2.6) 

1." I . 29 1 .56 I . 57 }.}8 

0.20 0.)4 0.26 0 .J l ).Jl 

0 .65 o. 71 I.)) 1.0 2.60 

0 .)5 0 .29 o.8J o. }8 2.n 

o.n 0 .65 0.)9 0.95 2.47 

o." 0.06 0.)) I . 00t 4 .54 

I .)0 I. 12 I .28 I. 5 7 2. }8 

I .50 I .24 I .50 1.90 2.29 

I .00 I. I 2 I .50 I.}} 2.94 

1.)5 I .82 2.11 2.Slt 5. 27 

1, 70 2, 4 7 2.)9 4. 29t 8.1() 

4 .45 5.41t 5.}}t 4.95 2.5} 

o.oo 0,41 0,83t 1.00, ). 78 

o." 0,06 0, II 1 .oor 4.92 

T Treotfllef'lt ·•· p I ocebo con tr est sign I f leant at J!..!. ,05 ( !on f.,·onn I .! test) 
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Sign If lcance 
level (o) • 

. 015 

.05) 

.o,o 

.06• 

.OP 

.oo, 
.ooo 

.009 

.021 

. 057 

.0'1 

.069 

.006 

, 076 

.086 

,0)9 

.002 

.001 

.06J 

.01 J 

,004 



Var i able 

STOUOi • • •• • •. •. • •. • • 

SOOWN ••• • •• • • • • • •• • . 

8SPEED •••••••••••••• 

ESTOi lC , •••••••••••• 

err .........•... .... 

ERRORS,• • , ••• ••,• •• • 

OVERALL ••••• ••••• , •• 

F ALLCAR, •••••••••••• 

81 TE •••• •, • • ••.••••• 

ELNIEPOS,. •• ... , •••• 

ESTEE'R,., •••• , • •• • •. 

ES TCP •• , •••• ,, •••• ,. 

DETOUR,•,••••••,••,• 

SSPEED, .. ••••. •• • ••• 

SEl.FRATE, ••••••••••• 

81 SSPEED, •• , , ••••••• 

·.e..!. .10: ~ . ..1. 
7) 

APPEIOIX ID, TA8LE J 

Significant Univariate Discriminators of Post-Treatment Perforl'llonce 

(Run,• lnltlel Variable Pool • 721 

Treatfflent qans 
Placebo Ma,.. I J uena Alcohol 8ofh F'-rat ios 

1.00 7.06 7.6J 8. JJI 2.n 

0. 19 '·" 9. 16 7 .24 6, 21 

-0.22 0.00 0.71 2.471 ).62 

21.'7 19.781 20.,J 18. 71 I 2. n 

4.9) ,.20 4.,J 4.45 ,. 75 

7. 27 6,)7 7 • .lO 11.J,t ),08 

0.,2 0,83 0.84 1.)81 2,82 

1.11 1, 17 1 ,21 1 .,2 4 . 07 

58.)2 ,1.,0 62 .4 7 49,90 2 , 25 

0.0• 0,61 1 .oo 1.811 2,)9 

o. 79 0.89 0.84 1,621 2.2' 

0.26 0.44 0,68 0.29 2,)6 

0.42 0,56 0,)2 1.101 4. 14 

0.,0 o.,o o.9, 1.J8t 4. 1) 

1.0, 1.06 1 .42 ).191 7,H 

-o.26 0,39 0,63• I .19t 1. :0 

I Treat,,,..nt vs, p 14<:ebo con tr as t s lgnl t leant at .e. .!. .o, <Bon fer~en I .!. test) 
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,., 

S i 1n I f lc ance 
t e ve t c e,. 

.069 

.00 1 

.0 1 7 

.095 

.oo, 

.OJ2 

.0 45 

,001 

.090 

.076 

.092 

.079 

.009 

.009 

.ooo 

.ooo 



Var I able 

CXNIT ,, ,,,,,, .. ,,,, 

ATTEMPTS, , .... .,,, , , 

ES11:HIC, •• ,, , , • •, ••, 

CTT .. ,. , .... , , , .. .. , 

RISK ••• ••••••,•••,• , 

OVERALL • • • ,.,, , ••• ,. 

RISKOi. , .... ....... . 

SELfRATE •• , .... ,. ,., 

Blct:T ••• , . , •• , , • • ••• 

61 SSPEED •••••••• • ,, . 

· .2.~ .10; ~ • ...1, 
67 

APPEICJ IX m, TABLE 4 

Slgrtlflcant Univariat e Otscrl•ltutt-ors of Post-Treatlh9nt Perfol"'ffl.,nce 

(Run 6 • Initial Variable Pool • 72) 

Treatinen t means 
Plocebo Mar I Juana Alcohol Both F•rat los 

, .. , ,. J} ,. 16 4,?0 }, 1 1 

I, 2, 2 ,071 1. 76 
2 . "' 

}. 79 

21.60 20.86 21.2, 19. 00t 2, 84 

'.o, ,.20 ,. 72 4 .67 2 ,J} 

,.9, ,. 2 1 ,.88 ,. }5 2. 71 

O,}, 0.}6 o . 76 I .o, 2 ,86 

,.oo }. 79 ,.2, }.80 4.H 

o .. ,, '·" o.6, 2 . 201 e.20 

o." 0.64 o.47 J . 15 2 , }' 

o.oo 0.}6 o. 76t 0 ,85t }.28 

t Treatment vs . p l oceb\l contrast significant at Jt.!. .o, <Bonferot1nl _!1'estl 
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, , 

Sign If lcdnCe 

leve l ( p , . 

. 0}2 

,OIJ 

.o .. 

.on 

.01i 

,0 4 2 

.ooe 

,000 

.oe1 

.oi1 



Vorl oble 

BSPEED ••••• ,,,,. , • • , 

POSTCP ........... , • , 

ESltHIC ........... ,. 

SMPH,.,,, .......... , 

err ................. 

ERRORS,•••••••, ..... 

BSTEER, ............. 

FI.JlE},111() ,, ,,. ••• •••• 

OVERAI.L. • • •, • • .. , • • • 

Uf\JRNS.,, ........... 

POSTCP., .. , •• , .. .. .. 

ES TEER, ••••• ,,, ..... 

ES TCP ........ ••••••• 

DETOUR .............. 

SSPEED .. • .... . ... • •• 

SlANEPOS. •• •• ••, .... 

OFFRATE •• ••• ........ 

SELFRATE ......... ••• 

err, ................ 

err, ... .......... ... 

crr6,, ••••••• , • • • ••• 

81TE5 .......... , .... 

·~~ .10; ..il . -1 
78 

N'PEIC IX DI, TABLE 5 

SI gn 111 cont Un I var I ote 01 scr '"'Ina tors of Post-Treatment f'er fonnonce 
<Run Totol 3-6 - lnltl o l Varlobl't Pool • 75) 

Treai'Ment meens 
Plocebo Marl (uena Alcohol Both F-ratlos 

-0,89 -0.26 o. 16t 0,35t 2. 32 

'·" ,.,9t 5,53t 4.95 3.,1 

20,38 19,59 20, 18 17 , 67t 3,99 

3,.93 36,61lt 36.'2 38.16t 3.29 

4.98 ,.01 ,.,9 4,45 4,65 

1.90 e.a, 9.59t 12,91t 3.61 

0.97 o.3• 0.'1 2 , 22t 2.0 

1.99 2.00 1.91 1 ,97 2.30 

0.53 1.09 1.29 1, 79t ,.n 
o.85 1.09 1.0, I ,35 2.2) 

4,55 ,.,9t 5.5,t 4. 95 3.4 7 

o.79 0.89 1.09 1 .55t 2,90 

0.28 o.,6 0.65 O.H 2,23 

o.,i 0 .66 0.)6 o. 79 3 ,JI 

0.60 o. 71 0.86 I ,22 2. 74 

O.Jl 0.,2 o.,o 1.00, 3.80 

1.0, 1.37 1.48 I ,88t 3 , 00 

1.33 1.79 1,99 3 , 39t 7.95 

4.91 ,.9) ,.,1 4.19t 8,08 

4.95 ,. 11 '·" 4 .47 3,93 

5,04 ,. 1J ,. 74 4,68 2,H 

,e.20 57.26 61.90t 49. 70 2 ,46 

t Treatment vs. placebo contrast s i 7'ltlcant ot .2..!. .o, < Bon feronn I .!. test) 
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~' 0 

Sign It lcor,ce 

level <2>· 

,OBI 

.020 

,01 1 

,025 

,005 

. 017 

.071 

.09, 

.oo~ 

,09: 

.o:c 

.o, e 

.092 

,0 2-1 

.049 

,01) 

,035 

,000 

.ooo 

,0 11 

. oso 

, 070 
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