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TECHNICAL SUMMARY

Background

It became evident soon after theintroduction of motor vehiclesthat drivers useof acohol increases
the risk of crashing, and laws prohibiting acohol-impaired driving were enacted during the early 1900s.
Enforcement of those laws by police officers was the primary approach to prevention, but roadside
evauations of drivers fitnessto drive proved to be a difficult task. During the 1940's, officers identified
acohoal involvement in only three percent of traffic collisions whereas epidemiologica sudies usng bresth
and blood measurement of acohol levels showed much greater acohol involvement (Borkenstein et d.,
1964, 1974).

The evidence that dcohol was causaly involved in a sgnificant proportion of crashes led to the
enactment of blood acohol concentration (BAC) limitsfor driving. Thefirst such law was passedin 1939
by the State of Indianawith thelimit set at 0.15% BAC. Although thelaws subsequently passed throughout
the United States |owered the limit to 0.10% or 0.08%, scientific sudies of acohol effects on driving skills
demondtrate that impairment also occurs at even lower BACs. This study addressed the question of
acohol imparment at BACs as low as 0.02%.

A broadly representative sample of the driving popul ation served assubjectsinthisstudy. Because
adriver’ sage, gender, or drinking practices may affect hisor her response to acohal, the sampleincluded
awide age range, both genders, and light to heavy drinkers. They weretrained on adriving smulator and
a divided attention test, and were tested on those tasks with and without alcohol under controlled
laboratory conditions.

Objective

Thislaboratory study examined the effects of acohol on driving skillsat BACsof 0.00% to 0.10%
in a sample of 168 subjects assigned to age, gender, and drinking practices groups. The study was
designed to determine the BACs a which impairment of specific experimenta tasks occur and the
interaction of age, gender and drinking practices with BAC on the magnitude of impairment.

Method

The driving smulator (SIM) and divided attention test (DAT) were used to examine the effects of
acohol on driving skillsand to examine whether dcohol effectsdiffer for subjectsof different ages, gender,
and drinking practices. Equa numbers of men and women (n=84 each) were assigned to four age groups
(n=42 each): youthful drivers, young adult drivers, middle age drivers, and older drivers. They were
classfied aslight, moderate, or heavy drinkers (n=56 each) by a Quantity-Frequency-Variability scae of
acohol consumption.

Subjects were trained a two sessions during the week prior to the first trestment session. In
counterbalanced order, they were tested during two sessions, one with a placebo treatment and one with
an acohol trestment. The two sessons were separated by one week.



The dcoholic beverage was 80 proof vodka and orange juice. To insuretesting at a mean BAC
of 0.10% (moderate and heavy drinkers) or 0.08% (light drinkers), subjectswere dosed to BACs0.01%
above thoselevels. Thefirg testing wasinitiated when the measured BA C declined to 0.105% or 0.085%,
repectively. Testing was repeated at 0.02% intervals as BACs decreased to zero. Breath specimensfor
BAC measurement were obtained with an Intoxilyzer 5000 at the beginning and a the end of each of the
five test batteries. The means of those two measurements across subjects were 0.098%, 0.078%,
0.059%, 0.040%, and 0.020%.

The placebo beverage (water, orangejuice, 10 ml vodka) matched thea cohol beverageinvolume,
appearance, and initid tagte. The testing schedule for placebo sessons pardlded the test times of the
acohol sesson.

Results

The data obtained with 168 subjects demongtrate that alcohol impairs driving-related skills at
0.02% BAC, thelowest tested level. Themagnitude of impairment increased consistently at BACsthrough
0.10%, the highest level tested.

Since data obtained at placebo sessions showed performance differences as a function of age,
gender, and drinking practices, it wasconcluded that the SIM and DAT measureswere sufficiently sengitive
to detect between-group performance differences in response to alcohol. Data obtained at acohol
sessions, however, provided no evidence of differentid acohol effects within age, gender, and drinking
practices groups.

Conclusons

While there is partid evidence of impairment at 0.02% BAC, amgor concluson of this study is
that by 0.04% BAC, al measures of impairment that are satisticaly significant are in the direction of
degraded performance. Thedataprovidesno evidence of aBA C bel ow which impairment doesnot occur.
Rather, there was evidence of significant impairment throughout the BAC range of 0.02% to 0.10%, with
increasing percentage of subjectsimpaired and increasing magnitude of impairment at higher BACs. These
conclusions, which are consistent with findings from the analysis of crash data (Allsop, 1966; Hurst, 1973;
Zador et d., in press), are directly relevant to theissue of BAC limitsfor driving. Note that these results
were obtained with subjects whose BACs were declining from 0.10% (or 0.08%) to zero. Greater
impairment would be expected from drivers during acohol consumption and absorption when BACs are

risng.

Although some epidemiologica studies have suggested possible differences in degree of acohol
imparment as afunction of differences in age, gender and drinking practices, this laboratory study failed
to detect such differentia impairments. Withinthelimits of the population represented by the study sample,
imparment differences between subjects were indgnificant and solely determined by BAC. It should be
noted that although the samplereflects possibly 80-90% of dcohol consumerswho drive, it did not include
drivers under age 19 or over 70. Furthermore, no very heavy drinkers or acohol abusers were accepted



as subjects, and the maximum BAC examined was 0.10%. It is possible that drivers not represented in
the sample population would be differentidly affected by acohal, but an examination of thiswould require
separate sudies of those specific populations. It should be noted that epidemiologica studies can produce
correlaions due to uncontrolled co-variates, a problem avoided by controlled |aboratory studies. Findly,
this laboratory study indicates that some important driving skills are impaired when there has been use of
even smdl amounts of acohal.



TABLE OF CONTENTS

AB ST RA CT ..o [
TECHNICAL SUMMARY . . . e e e s i
TABLE OF CONTENTS . . ..o e e e s \Y;
LIST OF TABLES . . .. e Vi
LIST OF FIGURES . . . . e Vi
[. INTRODUCTION . .o e e s 1
[1. STUDY OBIECTIVES . . ... e e s 3
[, METHOD . . .. e 3
A. EXperimenta Desgn . .. ..o 3

B. Regulaiory ComplianCe . . ... ..o 4

C. Blot Uy . ..o 4

L Light DN S . . ottt e 5

2. Smulaor (SIMY MEASUIES . . . . o o e e e e e e e e 5

D. APParatUS . . ..ottt 6

1. Driving Smulaor (SIM) . . ..o 6

2. Divided Attention Test (DAT) . . . o vttt e e e e 7

E. SUD OIS . .o e e 7

L GENAE . . . 8

2. A . 8

3. DhnKINg PraCliCES . . . . o ottt 8

F. Procedures . . . ... 8

1. Subject Recruitment and SCreENiNg . . .« o oo v e e e e e e e e 8

2. TraniNg SESTONS . . . o oo e e 9

A SMTraning . . ..o 9

B, DAT TraninNg . ..ot e e e e 9

C. Practice Te BattarieS . . . ... oot e 9

3. Expaimenta TeE SESHONS . . . . v oo e e e e e 9

a Alcohol and Placebo Beverage Adminidtration . .................... 9

b. ParformanceTesting . ...t e 10

V. RESULTS .. e 11
A. Blood Alcohol Concantration . . . . ... e e e e 11



B. Senstivity of Study Measures . . ... ... 11

C. Ethandl ClearanCe Rate . . ... 11

D. Sequenceand Order Effects . . .. .. ..o 12

1. Sequence EFfect . ... ..o 12

2. Order EFTECtS . . ..o 13

E. Alcohol EffectSANAYSS ... ..o 13

I 1000 1 1010< 0100 &0 (=TT 15

2. Age Gender and Drinking Practice Effects . ........... oo 18

V. DISCUSSION AND CONCLUSIONS . ... i 22
RE I ENCES . . . . o 24
APPENAIX A L 26
APPENAIX | e 28
APPENdiX Il . o 54
APPENdiX [l . 58



LIST OF TABLES

Table 1. Blood Alcohol Concentrations, by TestBattery . ..., 11
Table2. Percent of Subjectsimpairedby BAC ... .. ... 16
Table 3. Test of the Null Hypothesis That 50% of the Subjects Were Impaired, pVaues . . .. .. .. 17
Table4. Imparment Scores (Means), by Age, Drinking Practice,and Gender . ............... 20
Table5. Number of Significant Tests, by factor and Interaction . .............. ... .. ....... 21
APPENDIX |
Table AP-1-1. Testing Schedulesfor Light, Moderate, and Heavy Drinkers . ........... 29
Table AP-I-2. Subjects Characteristics (Means) by Gender, Age, Drinking Practice. . . . .. 30
Table AP-1-3. Test of the Null Hypothesis No Significant Sequence effects, pVaues. . . . . 31
Table AP-I-4. Performance Change From Day 1 to Day 2, p Vdues, t Tests
ANdE TesS .o 33
Table AP-1-5. DAT and SIM Subjects (Number) Testedat EachBAC ............... 34
Table AP-1-6. Scores (Standardized) and p values by BAC for Age, Gender,
andDrinkingPractice . . ... ... 35
Table AP-I-7. Significance Test Results main Effects and Interactions for Age,
Gender, and Drinking Practice ...t 41
LIST OF FIGURES
Figure 1. EXperimenta DeSgN . .. ..ot e 3
Figure 2. DAT RaW SCOIES . . . ..ottt ettt e e e e e et 14
Figure 3. SIM RaW SCOMES . . . ..ottt ittt et e e ettt 14
APPENDIX |
Figure AP-1-1a. DAT Test Score Change From Basdline by Battery on Day 1
andonDay 2. .. ... 32
Figure AP-1-1b. SIM Test Score Change From Basdline by Battery on Day 1
andonDay 2. .. ... 32
Figure AP-1-2a. DAT Raw Scores, Ages19-20. ...ttt 45
Figure AP-1-2b. SIM Raw Scores, Ages19-20. ...ttt 45
Figure AP-1-3a. DAT Raw Scores, AgesS21-24 . ...t 46
Figure AP-1-3b. SIM Raw Scores, Ages21-24. . ... . i 46
Figure AP-1-4a. DAT Raw Scores, Ages25-50. . ...t 47
Figure AP-1-4b. SIM Raw Scores, Ages25-50. ... ..o a7
Figure AP-1-5a. DAT Raw Scores, Ages51-69. ............cciiiiiiiinnnnnnn.. 438
Figure AP-1-5b. SIM Raw Scores, Ages51-69. ............co ... 48
Figure AP-I-6a. DAT Raw Scores, Males ...t 49
Figure AP-1-6b. SIM Raw Scores, Males. ... 49
Figure AP-I-7a. DAT Raw Scores, Females .............. .. ... 50
Figure AP-1-7b. SIM Raw Scores, Females. ............ i 50

Vi



Figure AP-1-8a. DAT Raw Scores, Light Drinkers ... 51

Figure AP-1-8b. SIM Raw Scores, Light Drinkers. ........... ... ... oo, 51
Figure AP-1-9a. DAT Raw Scores, Moderate Drinkers ..., 52
Figure AP-1-9b. SIM Raw Scores, Moderate Drinkers. . .......... ..., 52
Figure AP-I-10a. DAT Raw Scores, Heavy Drinkers . .......... ..., 53
Figure AP-I-10b. SIM Raw Scores, Heavy Drinkers. ..., 53
APPENDIX Il
Figure AP-11-1a. DAT Impairment Scoreshby Age . .. ..o oo 55
Figure AP-11-1b. SIM Impairment Scoresby Age . .. ..o oot 55
Figure AP-11-2a. DAT Impairment Scoresby Gender ............... ... .. ....... 56
Figure AP-11-2b. SIM Impairment Scoresby Gender ........... ... .. ... oo .... 56
Figure AP-11-3a. DAT Impairment Scores by Drinking Practice .. ................... 57
Figure AP-11-3b. SIM Impairment Scores by Drinking Practice .. ................... 57
APPENDIX [l
Figure AP-111-1. DAT-Based Performance Index, Impairment Scores by Age,
Gender,and Drinking Practice ............ ..o 59
Figure AP-111-2. SIM-Based Performance Index, Impairment Scores by Age,
Gender,and Drinking Practice ............ ..o 59
Figure AP-111-3. DAT+SIM-Based Performance Index, Impairment Scores by Age,
Gender,and Drinking Practice ............ ..o 59

viii



. INTRODUCTION

It has been dmost 100 years Since it became gpparent that drivers use of acohol leads to an
increased risk of crash (See Borkengtein, 1985). Traffic codes prohibiting a cohol-impaired driving had
appeared in the United States by 1910, and the mgor approach to prevention then, as now, was
deterrence by legd prohibition and law enforcement. By the 1940's, only three percent of traffic collisons
were reported as being dcohol-reated, due largely to officers difficulties in assessing drivers. In the
1930s, epidemiologica studies, which are studiesexamining thedigtribution of an event inapopulation, had
begun to use breath and bl ood specimensto measure blood a cohol concentration (BAC) in crash-involved
drivers. The measured BACs showed acohol involvement in crashes to be much greater than three
percent, and it was on the basis of those studies that the states began to establish BAC limits for drivers.

Thefirgt law inthe United States establishingaBAC limit wasenacted in 1939in Indiana. Initidly,
the limitsin Indiana and in other states were set at 0.15%", but they now have been lowered nationwide
to ether 0.10% or 0.08%. In other countries they are even lower. Limits defined by BAC assst with
enforcement problems and also aid drivers in assessing their own impairment. There is worldwide
agreement that dcohol-involved driving is curtailed when BAC laws are enacted and enforced.

The reduction of limits from the initid 0.15% BAC was prompted by evidence obtained from
experimental and epidemiologica acohol research. As research continued over several decades, and as
sdentific investigators improved their techniques for examining relevant driving behaviors, evidence of
sgnificant driving impairment was reported a even lower BACs.

Studieshave reported that the degree of impairment produced by a cohol may bemodified by other
variables. For example, the Grand Rapids study, which wasthe largest epidemiologica study, suggested
that the variables, age, gender, and drinking practices, produce differential impairment a smilar acohol
levds (Borkengtein et al., 1964). Firm conclusons about those three variables on the basis of
epidemiologica data are difficult, however, because each is dso associated with other variables which
influence crash rates. For example, young people show a differentialy high crash rate under acohal, but
they are also lessexperienced drivers. Also, when the Grand Rapids study was executed in 1962, women
drove far less frequently and for shorter distances than men, possibly making them more susceptible to
acohal effectson driving. Andysis of the study’s data rdlied primarily on uni-variate statistical methods,
whichcould not isolate the effects of age, gender, and drinking practicesfrom the effects of other variables.

The literature reporting data fromlaboratory research containsonly equivocal evidencefor an age
interaction with acohol (Jones and Neri, 1994; Morrow et d., 1990; Callins and

1 The measurement unit used in this paper for blood alcohol concentrationis “percent” (%). Thismetric
stands for grams of ethanol in 100 milliliters of blood. Although thisistypical usagein the United States, other
measurement units are prevalent in other countries.



Mertens, 1988). These studies, which included no subjects under age 21 and few subjects over age 55,
do not resolve the issue, however, since it was drivers under agel8 and over age 70 for whom the Grand
Rapids study suggested an age and alcohol interaction. The question of whether young drivers are
differentidly sengtive to acohol aso remains unanswered by the current study. Because acohol cannot
be administered in the United States to anyone under age 21, the youngest subjects were ages 19 and 20.
They were tested in Ontario, Canada where the acohol age limit is 19 years.

Inthe Grand Rapids study, a gender and alcohol interaction did not occur until the BACsreached
0.08% and above. At thoselevels, women were more frequently accident-involved than men. Laboratory
studies of the responses by men and women to a cohol, however, provideinconclusiveresults. As Sutker
et d. (1983) noted, most experiments have given men and women the same acohol dosage. Since the
body fat and total body water of men and women differ greetly even when they are the same age, height
and weight, women reach a higher BAC than men for the same dcohol amount. Many early studiesfailed
to take this into account, but more recent studies have used comparable BACs rather than equivaent
doses. These sudies faled to find dgnificant difference between mae and femde subjects (Burns and
Moskowitz, 1978; Mills and Bisgrove, 1983; Oe and Kerschbaumer, 1990).

Morereliableevidenceexigsfor aninteraction between a cohol and drinking practices. The Grand
Rapids study reported that the likelihood of involvement in a collison for drivers at the same BAC was
greatest for the drivers with the lowest daily dcohol consumption. A study by Moskowitz, Dally and
Henderson (1974) supported this finding with a comparison of extremey heavy drinkers (recruited from
bars) and moderate drinkers. They reported that heavy drinkerswerelessimpaired than moderatedrinkers
a equal BACson severd psychomotor tasks. Also, a mean ethanol clearance rate of 0.020% per hour
for the heavy drinkers, in comparison to a rate of 0.017% per hour for the moderate drinkers,
demondtrated a physiologica difference between the heavy and moderate drinkers.

This study examined skills performance of a representative sample of the driving population at
BACs from 0.02% to 0.10%. It aso examined whether variations in drivers age, gender, or drinking
practices interacted with BAC and resulted in variability in the impairment produced by adcohol. One
hundred sixty- eight subjects were classified by four age groups, two genders, and three drinking practice
categories. Thethree variables of age, gender, and drinking practice dictated the assgnment of subjects
to 24 groups of 7 each (Figure 1).

The youngest subjects in the study, who were ages 19 and 20, were tested at Human Factors
North (HFN) in Ontario, Canada. Also, athough evidence of an interaction of gender and acohol isless
subgtantia than the evidence of interactions of age and drinking practices and acohoal, the study included
equa numbers of men and women in order to examine the issue.



[I. STUDY OBJECTIVES

This laboratory experiment had two mgor objectives. The first was to determine the BACs at
which driving-related behaviord impairment appeared for the mgjority of subjects(Ss) inarepresentative
sample of the population. The second objective was to determine whether and to what degree driving-
related impairment by acohol was differentiadly affected by differences in age, gender, and drinking
practices.

Ss ages 21 and older were studied in Los Angeles at the laboratories of the Southern Cdifornia
Research Indtitute. Ssages 19 and 20 were studied in Toronto, Ontario, Canada.  Ontario law permits
the adminigtration of dcohol to Ss at age 19 years and older. The data collected both inthe U.S. and in
Canada were andlyzed by Wedtat, Inc. in Rockville, Maryland.

. METHOD

A. Experimental Design

Ss' driving-related behaviors were examined usng a driving smulator (SIM) and adivided
attention test (DAT). They were administered acohol to produce mean test-time BACs from
0.00% to 0.10% for moderate and heavy drinkers and from 0.00% to 0.08% for light drinkers.

Fgure 1 outlines the 7 Ssper Cell
factorial design of the
experiment with three factors

(age, gender, drinking W g L]
practice). Each S was tested g & L
£S5

Moderate
under a placebo and an

Heavy Femde 0
adcohol treatment a two Mde
OnS $parated by awed(' <21 21-24 25-50 >50
Statistically, the acohol Age Groups (Y ears)
trwment (_:Omparisons were BACs for Post-Dose Tests:
nﬂaj Wlthln %h Of the Cdls Li ght Drinkers 0.08% 0.06% 0.04% 0.02% 0.00%
created by the age X gender Voder at e and
X dn nk| ng pr&CﬂC% fa:tond Heavy Drinkers 0.10% 0.08% 0.06% 0.04% 0.02% 0.00%
design. Figure 1. Experimentd Design

The placebo and
acohol treatments were administered a two sessons in counterbalanced order. Half the Ss
received the placebo treatment first and the alcohol treatment second, and haf the Ssreceived the
acohoal trestment first and the placebo treatment second. Ss in the moderate and heavy drinking
categories were tested on the SIM and DAT prior to receiving alcohol and at mean BACs of
0.10%, 0.08%, 0.06%, 0.04%, and 0.02%, and at afina 0.00% on DAT only (Table AP-I-1).



Light drinkers were tested on the SIM and DAT prior to receiving acohol and at mean BACs of
0.08%, 0.06%, 0.04%, and 0.02%, and at a final 0.00% on DAT only. BACs declined
aoproximately 0.01% during atest battery of dightly morethan 30 minutes. Since the am wasto
test at mean BACs of 0.10%, 0.08%, 0.06%, 0.04%, and 0.02%, Sswere dosed to a BAC
0.01% abovethetesting level. They were examined repetitively with abresth-sampling instrument,
and testing actualy began when BACswere 0.005% above the desired mean level . Aswill be seen
in the results, this procedure produced mean BACs extremely close to the desired levels.

Thefirst post-alcohol testing for moderate and heavy drinkers, who were dosed to 0.11%,
began when their BACs dropped to 0.105% and for light drinkers, who were dosed to 0.09%,
when their BACs dropped to 0.085%. Two consequences should be noted. First, all Ss began
ther trestments at roughly the same time of day with the result that moderate and heavy drinkers
were tested at 0.10% BAC at the same hour that light drinkers were tested at 0.08% BAC.
Secondly, and of greater importance, dl Sswere tested on the descending blood acohol curve,
because it is extremey difficult to pace alcohol consumption and track arisng dcohol curve for
the purpose of behaviora testing at specified BACs (see Moskowitz, Daily, and Henderson, 1974
for such aprocedure). Ashasbeenwell established by theliterature on acute tolerance to acohoal,
however, Ssexhibit |essimpa rment on adescending than on arisng acohol curve. Thismeansthat
during acohol consumption and absorption, onthe ascending limb of the BAC curve, impairment
would be greater than what has been shown by this experiment.

During placebo sessons, Sswere tested at times which pardleled the testing times of the
alcohol sessions. Based on an assumed mean ethanol clearance rate of 0.017% per hour, a
0.020% decrease in BAC would require gpproximately 70 minutes. Therefore, at placebo
sessions Sswere tested at 70-minute intervals.

B. Regulatory Compliance

The study protocol and informed consent documents were reviewed by the NHTSA
HumanUseReview Panel (HURP), the SCRI Ingtitutional Review Board (IRB) andtheHFN IRB.
Conduct of the study was approved by dl panels prior to initiating the study. At regular intervals
during the course of the study, members of the SCRI IRB were informed of the progress of the
study, and they were advised when the study was compl eted.

C. Pilot Study

Beforeinitiating the main sudy, pilot sudieswere performed to clarify two issues. Thefirst
issue concerned the advisability of administering an a cohol dosethat would produce0.11% BACs
to light drinkers. The second issue was the sengtivity of the SIM response measures using the
driving scenarios which had been congtructed for this experiment.



1. Light Drinkers

This sudy was originaly designed asafactorid experiment with equa numbers of
light, moderate, and heavy drinkers to be dosed to a BAC of 0.11% (0.01% above the
desired mean peak BAC). SCRI’sprior acohol experiments have shown repeatedly that
moderate and heavy drinkers can reach that level without ill effects. Note that the
definitions of drinking categories are derived from a scae from Cahdan, Cisn, and
Crosdey (1969), which relieson Ss' statements about the quantity and frequency of their
drinking. It gppeared most unlikely that light drinkers, as defined by their statements,
would be able to reach a0.11% BAC. Although the possible adverse effects of acohol
consumption could have been mitigated somewhat by very dow drinking, the change in
time alowed for drinking would have disrupted the sesson schedule.

A pilot experiment was performed with nine light drinkers (8 femaes, 1 mae) to
determine the BAC that could be achieved. ThreeSsin each of three age groups (21-24
years, 25-50 years, 51 years and above) participated in one session a the SCRI facility.
Based on their height and weight, each was given sufficient dcohol over a 45-minute
drinking period to produce a 0.09% peak BAC. They were advised to cease drinking
if they began to fed uncomfortable. Eight of the nine completed the drinks and reached
0.09%. The peak level of 0.09% BAC was sdlected for light drinkers based on their
comments and the pilot experiment drinking experience.

2. Smulator (SIM) Measures

In view of the low BACsto be examined in the Sudy, it was assumed that skills
performance differences between cdl groups in response to equal BACs might be quite
andl, abeit sgnificant. It was essentid, therefore, that the SIM driving scenarios be
examined prior to beginning the study to determine sengtivity to acohal effects.

To examine the SIM scenarios, Sx femaes and two males attended two training
sessons to learn to drive the Smulator. After training, these pilot Ss, who ranged in age
from 23 to 68 years, were tested on the SIM inasingleday. They werefirst tested prior
to receiving dcohol and then on a declining acohol curve at 0.02% intervals. Five of the
Ss were light drinkers and began post-dose trids at 0.085% BAC. Three moderate
drinkers began post-dose tridls at 0.105% BAC.

Ss in the pilot test exhibited performance impairment at dl active BACs, in
comparison with the initid, pre-acohol test. Therefore, the Smulator scenarios were
conddered sufficiently sensitive to be used in the main study.



D. Apparatus

As previoudy discussed, a smulator and a divided attention task were selected for this
dudy. A literature review by Moskowitz and Fiorentino (2000) identifies these as the most
sengtive of currently-available tasks for the examination of low BAC effects. They were sdlected
not only because they are sendtive to adcohol but dso because of their rlevance to driving.

1. Driving Smulator (SIM)

The driving smulator was congructed by Systems Technology, Inc. of Cdifornia
with scenarios and secondary tasks developed by SCRI personndl. SIM isacomputer-
based system, which uses three video monitorsin ahorizonta arc presenting a110° angle
view of the driving scene.  The image responds to input from the steering whed,
accelerator and brake, and thereisappropriate visua and sound feedback. A concurrent
secondary task requires the detection of visud sgnds in peripherd vison. The driving
scenarios include rural, suburban and urbansegments. Thetota travel distanceis 63,000
feet, and the drive typicaly requires 18 to 20 minutes. The Smulator provides avariety of
response measures from which a representative subset was selected for this experiment.

Therural segment is a straight one-lane road with shallow curves. Periodic cross
traffic tests Ss' perception of speed and distance, and wind gusts increase steering
difficulty. Since this segment lacks confounding variables, speed and lane position can be
measured.

Thesuburban segment markedly increasesdriving demands. Ssdriveathree-lane
expressway a 55 mph, dowing to 45 mph for posted curves. They make frequent lane
changes to pass other vehicles and to avoid crosstraffic, entering traffic, and Sdled cars.

In the urban segment, the driver attempts to maintain the posted 45 mph speed
limit and dowsto 25 mph for curves on atwo-lane roadway through acity with 11 Sgnd-
controlled intersections. Pedestrians enter and crossin wakways at the sgnals.

The secondary task mirrorstheinformati on-process ng demandsand the dual-task
nature of actud driving. Ss monitor the periphery of the visud display and respond to
sgnds which gppear a the extreme right and left. The Sgnas are a left arrow, a right
arrow, and ahorn. Ss respond to aleft or right arrow with the corresponding turn sgnd
and to the horn sound with the horn button. Intota, 72 Sgnals occur at random intervals
during the drive. Measures include response time and number of incorrect responses.

Thefollowing SIM response measures were andyzed:



. Reaction time to peripherd sgnds (sec)

. Incorrect responses to periphera signas (number)
. Speed deviation (mph)
. Lane postion deviation (ft)

. Callisons (number)
. Times over speed limit (number)

2. Divided Attention Test (DAT)

Stephens and Michaels (1963) characterized driving as a time-shared activity
between a visua search-and-recognition task and atracking task. The DAT usad in this
study isconceived asan ana ogue of thetime-sharing and information-processing demands
of driving.

The DAT shares the SIM hardware and requires Ss to alocate atention to
multiple sources of information on threevideo monitors. The concurrent structureand task
demands prevent pardld processing of information, and attention must be dternated
between tracking and visua search.

A one-dimensiond pursuit tracking task appears on the center screen. Asared
bal moves horizontaly in response to aforcing function, Ss use ajoystick to try to keep
a white cross superimposed on the ball. The distance between the bal and cross is
recorded astracking error. AsSs perform the continuoustracking task, they aso monitor
four arrays, each containing Six numbersin a2 X 3 pattern, which appear above and
below center in left and right peripherd vison. The numbers change continudly, and S
task isto detect the appearance of the number “2".  Response requires salection of the
button on a4-button response pad which correspondsto atarget’ sposition. For example,
acorrect response to atarget in the upper left array is made with the upper left button. A
12-minute trid presents two targets at each of 24 positions.

Recorded measures for DAT include:

. Response time (sec) with aMaximum Allowable Response Time of 10 sec
. Incorrect responses (number)

. Tracking error (cm)

E. Subjects

A tota of 168 Ssparticipated in this study. These Sswere divided into 24 cells, defined
by the four categories of age, the two categories of gender, and the three categories of drinking
practices. Thus, there were seven Ssin eech cdl.



1. Gender

Eighty-four men and 84 women participated in the sudy. The average age of the
men was 34 years 11 months, and the average age of the women was 33 years 2 months.
See Table AP-1-2 for other characteristics of the Ss, including mean height, weight, and
age for each of the classfications.

2. Age

Four age groups each contained 21 men and 21 women. These were youthful
drivers (19-20 years), young adult drivers (21-24 years), adult drivers (25-50 years), and
older drivers (51-69 years). The mean age for the four groups were 19 years 8 months,
22 years 5 months, 32 years 8 months, and 61 years 7 months, respectively.

3. Drinking Practices

Ss were classified as light, moderate, and heavy drinkers, with 56 Ssin each
category. They were categorized by the Cahdan, Cisin and Crosdey (1969) Quantity-
Frequency-Variability scde. During the period of S sdlection, it was decided to exclude
any applicant near the borderline of acategory. Thisdecison was based on the fact that
the categorizations rely on self-reports of acohol use, and the literature suggests that sdif-
reports have considerable variability. Since comparisons were to be made between
drinking categories, it was not advisable to include Ss who might be incorrectly
characterized as aresult of the variability of their responses. For that reason, whenever
applicants responses placed them at the border of light and moderate or at the border of
moderate and heavy, they were not included. It should be noted that recruitment of
volunteers for an dcohol experiment does not attract extremely light drinkers.

F. Procedures
The procedures described in the following sections were followed for the experimentsin
Los Angelesand in Toronto.

1. Subject Recruitment and Screening

Applicants responded to newspaper ads and were interviewed first by telephone
and then in-person. They were screened in terms of hedth history, current hedth status,
and use of acohol and other drugs. Pregnancy, chronic disease, or evidence of substance
abuse resulted in exclusion. Those gpplicants who met study criteria were enrolled to fill
age, gender and drinking-practices cdls asillustrated in Figure 1.




2. Training Sessons

To learn to drive the SIM and perform DAT, Ss attended two 4-hour training
sessons during the week prior to thelr firg trestment sesson. Thetraining sessonswere
separated by at least one day. Instructions, demongtrations, practicetrias, and feedback
proceeded by a standard protocol.

a. SIM Training

A Research Assistant (RA) demonstrated basic operation of the SIM and
observed a S'sfirg drive through rurd, suburban, and urban scenarios. The RA
provided ingtruction as needed. Following the introductory drive, the RA
instructed and demonstrated the secondary task. In a second drive, the S both
drove the SIM and performed the secondary task. The RA continued to provide
ingruction.

b. DAT Training

The RA firg ingtructed and demonstrated only the DAT tracking task, and
the S performed a 6-min trid of tracking done. The RA then instructed and
demonstrated the visual search task, and the S performed a 6-min trid of visud
search done. Theinitid training ended with a12-mintrid of the combined task.

c. Practice Test Batteries

After Ss had been trained on both SIM and DAT, they were required to
rest for 30 minutes. They then performed the entire test battery without instruction
or feedback. At the conclusion of the second battery, the RA discussedthe S's
performancewith himor her, providing postivereinforcement for good scoresand
noting areas needing improvemen.

Ssweregiventhree DAT tridsand four SIM driveson both training days.
At the end of the second training day, Ss' scores were reviewed to determine
whether criterion performance levels had been achieved. No S required an
additiond training sesson.

3. Experimental Test Sessions

Each S wastested at two sessions, which were separated by oneweek. Half the
Ssreceived placebo at the first session and acohol at the second session; theother haf of
the Ss received treatments in the reverse order.

a. Alcohol and Placebo Beverage Administration
Ss were tested on the SIM and DAT prior to being given acohal, & the
highest BAC for their drinking classfication, and at 0.02% BAC intervas astheir



alcohol levels decreased. They were tested on DAT when their BACs returned
to zero. Notethat testing occurred only on the descending limb of the BAC curve.

Caculations of acohol doses were based on the amount of body water
into which the acohol would be distributed. Body water was estimated as a
percentage of a S's body weight taking into account gender and age (Frisch,
1988), and the estimate was adjusted for frame sze and body composition. To
insurethat a cohol wasnot administered to pregnant women, urine specimenswere
obtained from women of childbearing age and were tested for pregnancy prior to
trestment adminitretion.

The beverage was one part 80 proof vodka and 1.5 part orange juicefor
moderate and heavy drinkers, who received the beverage asthreeequa drinksat
10-minuteintervals. Thedilution wasone part vodkato two partsorangejuicefor
light drinkers, who received three equa drinks at 15-min intervals. Ss were
ingtructed to pace each drink evenly over the entire drinking period, and they were
monitored by an RA who periodicaly advised them of the time remaining to
complete each drink.

The placebo beverage was identica to the acohol beverage except that
water was subgtituted for vodka. Vodka (10 ml) was floated on top of the
beverage, and the edge of each cup was swabbed with vodkato produce aninitial
odor and taste of acohol. Administration procedures were identical to those
described for the alcohol beverage.

At both acohol and placebo sessions, bresth specimens were obtained
with an Intoxilyzer 5000 for BAC measurements beginning 30 minutes after the
end of drinking. If aninitid BAC waslower than the target, breath sampling was
repeated & 10-minute intervas until the target was reached or until successve
tests showed that the BAC had begun to decline. In the latter case, a booster
dosewasgiven. A breath specimen was obtained at the concluson of thefirst test
battery, and BAC monitoring continued in the manner described above. The
Intoxilyzer display of the measurements was shielded from the S'sview.

b. Performance Testing

Table AP-I-1 displays performance testing schedules. At acohol
sessions, the batteries (SIM and DAT) were initiated within +/- 0.005% of the
target BAC and were repeated at 0.02% intervalswith thefind DAT begnning a
0.00%. Tedting was initiated at placebo sessons after obtaining the first breeth
gpecimen. Timing of subsequent test batteriesalowed sufficient timefor a0.02%
decrease with the interva calculated at 2 0.017% per hour metabolism rate.
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V. RESULTS

A. Blood Alcohol Concentration

Table 1 presentsthe mean BACsmeasured immediately before and after each test battery.
As can be seen in the table, the mean for each battery was within 0.002% BAC of the levels
gpecified in the design of the experiment. The mean of 0.098% measured at battery 2 is for
moderate and heavy drinkersonly. Batteries 3 through 7 include dl Ss.

Tablel

Blood Alcohol Concentrations (BACs), by Test Battery

168 Subjects
Mean BACs (%)
Test Battery Pre-Battery Post-Battery Battery Average
1 0.000 0.000 0.000
2 0.102 0.094 0.098
3 0.082 0.073 0.078
4 0.063 0.055 0.059
5 0.044 0.035 0.040
6 0.024 0.015 0.020
7 0.001 0.000 0.001

B. Sensitivity of Study Measures

It was necessary to determine whether the response measuresfor both SIM and DAT had
proved to be sufficiently sensitive for detection of the differentia effects of acohol asafunction of
age, gender and drinking practice. The placebo scores were examined for this purpose and, in
fact, demondrated that the measures were capable of detecting differences between S
cassfications on these three variables.  Although the results are of considerable interest, their
presentation is deferred to a subsequent publication to avoid distraction from the main thrust of the
experimen.

C. Ethanal Clearance Rate

The ethanol clearance rateisthe BAC decline over time after acohol absorption from the
intestingl tract iscomplete. The rate varies as a function of age, gender, and drinking practices.
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The rate for male Ssin this experiment was 0.0149% and the rate for femade Sswas 0.0184%.
The rates by age group were 0.0156% for Ss ages 19-20, 0.0156% for Ssages 21-24, 0.0168%
for Ss ages 25-50, and 0.0183% for Ssages51-69. The ethanol clearance rates for Ssas a
function of drinking practices varied from 0.0157% for light drinkers to 0.0165% for moderate
drinkers and 0.0176% for heavy drinkers.

The ethanol clearance rate shows an increase with greater frequency of acohol
consumption.  This variability is due to the simulation by alcohol of the production of a liver
enzyme. Although the clearance rate for the moderate drinkersin this experiment was found to be
very close to that which was anticipated, the rate for light drinkers was higher and the rate for
heavy drinkers was lower than expected. The finding strongly suggests an under-representation
of the lighter drinkers of the light-drinking category and of the heavier drinkers of the heavy-
drinking category. The latter result may be the consequence of the SCRI practice of excluding
acoholics from dcohol experiments.

D. Sequenceand Order Effects

Ssin this experiment received a placebo trestment and an acohal treatment on test days
separated by one week. In this repested measures design, it is necessary to examine the datato
determine whether the sequence of treatments affected the results. Was the effect of acohol
different for Ss who received placebo first and acohol second in comparison to Ss who received
treatmentsin the reverse order? A difference would indicate a sequence effect.

Anadditional question askswhether the average performance on test day one differsfrom
the average performance on test day two, perhaps due to the difference in practice on the tests.
A difference would indicate an order effect. It should be noted, however, that given the training
sessions, such differences would be smal, and the number of Ss per cdl would limit the power of
the test to detect such effects.

1. Sequence Effect
Half the Ss received treatments in the sequence placebo-acohol, and

half the Ss received trestments in the sequence a cohol-placebo. The mean scoresfor the
two sequences were examined with statistical tests for each response measure a each
BAC and acrossBACs. Table AP-1-3 presentsthe statistical andlyss. Twelve response
measures for SIM and DAT were examined. None of the tests for overall sequence
effects were sdtidticaly sgnificant. Two of 64 tests at separate BACswere significant at
the .05 level. The finding of only two datigticaly sgnificant tests of 76 totd tests (12
acrossBACsplus 64 at separate BACs) suggeststhat the two were random occurrences,
and it is concluded that there is no evidence of a sequence effect that might influence data
andyss.
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2. Order Effects

All response measureswere examined for an order effect. Thatis, didtheaverage
performance score on test day 1 differ from the average performance score on test day
2? Figures AP-I-1a and AP-I-1b present the mean change in score from basdline for
each measure for the two test days. Each figure has two lines, one representing the
difference scores for each test time for day 1 and one representing the difference scores
for day 2. Recdl that a difference scoresis the post-trestment test score minus the pre-
trestment test score. For each line haf the Ss are under placement trestment, and haf are
under alcohol trestment.

Table AP-1-4 presentsthe results of agtatistical analysis, which controlled for the
variables of acohol, battery and the dcohol X battery interaction, and examined whether
the mean difference scores on days 1 and 2 differed. Five of the nine response variables
were not satigicaly sgnificant, but four were. Three of thefour sgnificant messureswere
worse on day one and one wasworse on day two. These somewhat contradictory results
clearly cannot rule out the possibility of an order effect. Since the trestmentsin the study
were counterbalanced, however, the existence of an order effect would have no influence
on the andyss of the acohol, age, gender and drinking practice variables or their
interactions. Such an effect would only limit satements about the impairment by acohol
of each individud.

E. Alcohol Effects Analysis

One hundred sixty-eight Ss were tested six (or seven) times at two sessons, one with a
placebo treatment and one with an acohol treatment (Table AP-1-5). The DAT provided three
response measures. reaction timeto peripheral sgnas, number of incorrect regponsesto peripherd
sggnas, and error on the tracking task in centra vison. The SIM provided six response measures.
lane deviation variability, speed varigbility, number of collisons, number of times over the speed
limit, reaction time to peripherd signas, and number of incorrect responses to periphera signas.
Additiondly, two performance indices were created by combining al measuresfor the DAT into
one composite score and combining al measuresfor the SIM into another composite score. These
two composites were o combined to create asingle index of overal performance.

Figure 2 presents the average raw scores for the three DAT measures, and Figure 3
presents the average raw scores for the six SIM measures. 1n both figures the scores are shown
by battery (seven for DAT, ax for SIM) and by treatment condition. Battery 1 isthe pre-test or
the pre-treatment test. Battery 2 is the first post-treatment test at 0.10% BAC when only
moderate and heavy drinkers were tested. Light drinkers were first tested post-treatment at
battery 3when dl Ssweretested at 0.08% BAC. The mean BAC for battery 4 was 0.06%. For
battery 5 it was 0.04% and for battery 6 it was 0.02%. The BAC was 0.00% for battery 7 when
the only test was DAT.
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Figure2

DAT Raw Scores, All Subjects (N=168)
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Figure3

SIM Raw Scores, All Subjects (N=168)
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The raw scores, which do not take pre-treatment performance into account, reved
impairment of al DAT and SIM measures a dl postive BACsin comparison to performance in
the placebo condition. If the curves are mentaly adjusted so that the placebo and acohol curves
begin at the same point, it will be seen that the differencesin SIM scores are even greater than they
appear inthefigures. Inal comparisons, the adjustment produces greater separation of the d cohol
and placebo curves. In order to take into account the variability of the pre-test scores on thetwo
test days, the comprehensive statistical analysis used an impairment score, as described below.

Note in the succeeding tables, that the measure “number of incorrect responses to
peripherd sgnas’ for both DAT and SIM appearsin two forms. The measureis tabled both as
number of errors and as percent errors. The percent measure was generated, because there was
adatigica question as to whether the measure, number of errors, would be normally distributed.
A log-odds ratio was used for comparing correct responses under acohol to correct responses
under placebo. For counted variables, many statisticians and researchers prefer log-odds ratios
to smple difference scores. Log-odds lead to more stable variances than do smple difference
scores and often the tatistical distribution of |og-oddsratiosare better gpproximated by thenormal
digtributionthan thedistribution of the untransformed variable (see Appendix A for amoredetailed
descriptionof thisgpproach). Asit developed, theresultsof statistical testswerethe samefor both
number of errors and as percent errors but rather than re-create the tables both are included.
Note, however, that inal subsequent discussions, the response error measureiscounted only once
for DAT and once for SIM.

1. Impairment Scores

An impairment score was cregted for the datistica andyss of the alcohol effect.
Animparment score is defined as the performance score on the acohol trestment day a
a given BAC minus the comparable placebo score minus the differences in the pre-
trestment test scores on thetwo test days. Thus, the impairment score takesinto account
the time-of-day factor at which testing occurred under thetwo treatments, and it al so takes
into account variaionsin aS's overdl performance from day to day.

Ssweretested at BACs from 0.08% to 0.00%. Moderate and heavy drinkers
only (n=112) were also tested at 0.10% BAC (Table AP-I-1). Impairment scores were
created for each S a each BAC for the nine origind single response measures and three
composite scores.  The advantage of the latter is that they take a larger dice of the
performance information into account and, therefore, provide a more stable measure.

Table 2 shows the percent of Ss whose impairment score was poorer under
acohol than under placebo. Table 3 shows the results of the Satistica test of the null
hypothes's, which gates that fifty percent of the Sswould have performed worse under
acohal if dcohol had no effect. To be redundant, the null hypothesis states that there is
no difference between active and placebo treatments, and that by chance haf the scores
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will be poorer on the dcohal treatment day, and haf the scores will be poorer on the
placebo treatment day.

Table?2

Percent of Subjects Impaired by BAC
(DAT and SIM Impairment Scores)

Measurement BAC (%)

.00 .02 .04 .06 .08 10
DAT Reaction Time 50 50 63 70 80 90
DAT Number Incorrect (%) 39 37 45 54 58 71
DAT Number Incorrect (#) 41 38 44 54 58 70
DAT Tracking Error 53 60 68 7 79 83
SIM Reaction Time . 52 58 72 72 78
SIM Number Incorrect (%) . 52 54 63 72 73
SIM Number Incorrect (#) . 53 56 65 73 78
SIM Speed Deviation . 55 55 61 64 66
SIM Lane Deviation . 70 77 88 90 88
SIM Callisions . 43 56 65 72 75
SIM Times Over Speed Limit . 57 65 78 79 86
DAT Performance Index 52 56 67 82 83 91
SIM Performance Index . 68 71 84 88 96
DAT+SIM Performance Index . 68 79 88 92 93

The scores in Table 2 were tested for Satistical significance with a two-tailed
binomial digtribution test. If the null hypothesis were true and acohol and placebo
treatments were equd in effects, haf the impairment scores would be postive and half
would be negetive. Examining the binomid digtribution for 168 Ss reveals that the
probability is less than .05 that as many as 58 percent of the Sswould show a postive
impairment score if the null hypothesis weretrue, or conversdly that as few as 42 percent
would show anegativeimpairment score. For 112Ss(the number tested at 0.10% BAC),
the probability is less than .05 that as many as 60 percent would have an dcohol score
worse than the placebo score. Thus, the null hypothesisisrgected if as many as 58 or 60
percent of the Ss exhibit poorer performance under acohal.
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Table 3 givestheexact probability for testsof thenull hypothesisfor each reponse
measure at each BAC. Beginning with 0.02% BAC, two of the nine single response
measures and two of the three composite measures showed Statistically sgnificant poorer
performance under acohal.

Table3

Tedts of the Null Hypothes's
That 50% of the Subjects Were Impaired

p Vaues

Measurement BAC (%)

.00 .02 .04 .06 .08 10
DAT Reaction Time .938 1.000 .001 .001 .001 .001
DAT Number Incorrect (%) .004 .001 .165 .355 .045 .001
DAT Number Incorrect (#) .016 .001 .123 .355 .031 .031
DAT Tracking Error .395 .014 .001 .001 .001 .001
SIM Reaction Time . .537 .031 .001 .001 .001
SIM Number Incorrect (%) . .643 .280 .001 .001 .001
SIM Number Incorrect (#) . .440 .123 .001 .001 .001
SIM Speed Deviation . 217 .217 .003 .001 .001
SIM Lane Deviation . .001 .001 .001 .001 .001
SIM Caollisions . .064 123 .001 .001 .001
SIM Times Over Speed Limit . .090 .001 .001 .001 .001
DAT Performance Index .588 123 .001 .001 .001 .001
SIM Performance Index . .001 .001 .001 .001 .001
DAT+SIM Performance Index . .001 .001 .00 .001 .001

At 0.04% BAC, five of the single response measures and dl three composite
scores show datigticaly sgnificant dcohol imparment. At 0.06% BAC eght of the nine
measures and al composite scores show Satigticaly significant alcohol impairment. At
0.08% and 0.10% BAC dl sngle and composite scores show datisticaly significant
acohal impairment.
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As suggested by the graphs and supported by the Satisticd andyses, the
overwhdming mgority of Ss were sgnificantly impaired by adcohol on some important
measures beginning at 0.02% BAC, thelowest leve tested. The number of Sswho were
impaired by acohol increased as BACsincreased. Also, in generd the magnitude of the
imparment increased with increasing BAC (Figures 2 and 3).

Severd of the Sngle response variables showed adight deviation from the finding
of maximum impairment at 0.10% BAC inthat the greatest impairment occurred a 0.08%
BAC. To invedigate this phenomenon, which initialy was believed to be due to the light
drinkers being first tested at 0.08% BAC, raw scores were examined separately for light,
moderate, and heavy drinkers. For dl drinking practices groups, grester impairment on
some responses occurred at the second post-treatment testing. That is, for moderate and
heavy drinkers, there was more impairment on a few of the responses at 0.08% than at
0.10%, and for light drinkersthere was moreimpairment on some variablesat 0.06% than
at 0.08%.

It should be noted that Since the behaviora tests began at the sametimefor dl Ss,
the moderate and heavy drinkers were tested at 0.10% at the time of day when light
drinkersweretested at 0.08%. Itispossible, therefore, that atime-linked factor increased
impalrment at the second post-trestment test. Perhaps some source of stimulation offset
impairment at the first post-trestment test, or possibly a circadian interaction produced a
greater decrement at the next test time. The issue cannot be resolved from the data, but
the analyses make it clear that it was the order of testing rather than BAC that caused the
variaion in the magnitude of impairment. For the mgority of measures, the expected
relationship of greater impairment with higher BAC wasfound. Figures AP-1-3ato AP-I-
10b, which present raw DAT and SIM scores separately for light, moderate and heavy
drinkers, illugtrate that for most measures the grestest impairment occurred at the highest
BACs.

Hndly, Ssweretested on DAT only whentheir BACsreturned to 0.00%. Three
of thefour DAT response measures showed no a cohol effect; the percent of Sswith more
impairment after a cohol wasroughly equad to the percent of Sswith moreimparment after
placebo. There was, however, an unusud effect for the remaining measure, number of
errors in detecting peripherd sgnds. In a datisticaly sgnificant deviation, performance
was better than what would be expected. Whether this result reflects some time-linked
factor or arebound effect cannot be determined. Since it was only one of four response
measures, it aso cannot be predicted that it would occur upon retest.

2. Age, Gender and Drinking Practice Effects
As discussed above, these data indicate that alcohol, even at 0.02% BAC,
produces impairment in some important measures in the mgjority of Ss. This section
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consders whether impairment by acohol varies as a function of age, gender or drinking
practices.

The origina design for this study would have supported a complete factorid
andyss of variance with age, gender and drinking practices asthe main effect and with the
acohoal treatments nested within each cell of the factorid desgn. All Ss were to have
received sufficient dcohol to achieve a peak 0.11% BAC. Asdiscussed in an earlier
section, however, it was determined that many light drinkers probably would experience
nausea or more severe effects at that level of acohol. Asaconsequence, the pesk BAC
for light drinkers was set at 0.09%. It was further determined that a tandard anaysis of
variance of main effects, which would sum the effect of a varigble across dl levels might
obscure small effects which occurred at certain BACs and not at others. 1t was decided,
therefore, to Smplify the analysis by examining each dcohol level as a separate fectorid
desgn. This andyss aso removed the problems of the interactions with the different
BACs, which would have required another dimension in the factorial design

Thefivefactorid designsfor gatistical anayssof theimpa rment scores at thefive
BACs from 0.02% to 0.10% are shown in the matrix below. With only heavy and
moderate drinkers at 0.10% BAC, thedesignisa4 (Age) X 2 (Gender) X 2(Drinking
Groups) factorid. With dl Ss and three drinking groups at 0.08%, 0.06%, 0.04%, and
0.02%, the designis4 X 2 X 3.

BAC DESIGN

0.10% Age (4) X Gender (2) X Moderate and Heavy Drinkers (2)
0.08%

0.06% Age (4) X Gender (2) X Light, Moderate and Heavy Drinkers (3)
0.04%

0.02%

Table 4 summarizes the mean impairment score for each response variable within
age, gender, and drinking practice. These data, which are across dl BACs, are not the
bass of thegatigtical dgnificancetests. They merely provide an overview of thevariability
in impairment by acohol withthe three groupings. The scoresarein the origina response
measure dimenson, adjusted for basdline; for example, reaction timeisin seconds. The
figuresin Appendix 11 show the origina impairment scores at each BAC for each of the
angle response variables by each of the categories within age, gender, and drinking
practices. Thefiguresin Appendix 111 show the impairment scores at each BAC for the
three DAT, SIM, and DAT+SIM composite scores.
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Table4

Impairment Scores (Means),
by Age, Gender, and Drinking Practice

Subject Groups

Measurement

Age Drinking Gender All

19-20 21-24 25-50 51-69 Light Mod Heavy Female Male

DAT Reaction Time 0.50 | 0.37 [ 0.53 | 0.33 ] 043 | 0.30 | 0.36 | 0.34 | 0.53 | 0.43
DAT Number Incorrect (%) 165 | 1.72 | 143 | 0.76 | 1.94 | 0.73 | 1.16 | 1.05 | 1.73 | 1.39
DAT Number Incorrect (#) 041 | 041 | 057 | 0.25 1 054 [ 0.29 | 0.29 | 0.24 | 0.58 | 0.41
DAT Tracking Error 042 | 0.37 | 0.29 [ 0.21 1 0.22 [ 0.35 | 0.28 | 0.40 | 0.25 | 0.32
SIM Reaction Time 0.30 | 0.26 | 0.24 | 0.06 | 0.21 | 0.14 | 0.21 | 0.22 | 0.22 | 0.22
SIM Number Incorrect (%) 6.66 | 5.03 | 471 | 1.04 | 442 | 1.61 | 547 | 405 | 4.67 | 4.36
SIM Number Incorrect (#) 0.72 | 0.64 | 0.57 [ 0.08 ] 0.58 | 0.20 | 0.55 | 0.50 | 0.50 | 0.50
SIM Speed Deviation 033 | 0.81 | 042 | 0.22 ] 042 | 0.21 | 0.66 | 0.73 | 0.16 | 0.44
SIM Lane Deviation 035 | 055 | 0.46 | 0.56 | 0.46 | 0.53 | 0.40 | 0.48 | 0.48 | 0.48
SIM Caollisions 273 | 3.74 | 3.15 | 650 | 3.67 | 406 | 3.46 | 4.16 | 3.90 | 4.03
SIM Times Over Speed 368 | 6.30 | 489 | 481 ] 480 (414 | 481 | 488 | 496 | 492
Limit
DAT Performance Index 047 | 0.38 | 042 | 0.28 1 0.31 | 0.33 | 0.32 | 0.38 | 0.39 | 0.39
SIM Performance Index 051 | 0.61 | 0.52 | 0.46 ] 0.51 | 0.47 | 0.48 | 0.53 | 0.53 | 0.53
DAT+SIM Performance 054 | 054 | 0.50 [ 0.40 | 0.46 | 0.43 | 0.43 | 0.49 | 0.50 | 0.50
Index

Table AP-1-6 presents the mean scores for each classification within each of the
three main grouping factors. The scores have been standardized; that is, they have been
transformed in terms of standard errors of the mean so that they have a common metric.
In addition, the probahility level appearing after each mean vaue indicates whether the
mean impairment score within that category, when divided by the standard error of the
mean of that category, isSatitically significant. The tabled probability values are defined
asfollows. zero = probability lessthan .10, 1 = probability lessthan .05, 2 = probability
lessthan .01, and 3 = probability less than .001.

Hndly, Table AP-I-7 givesthe test results for the mean effects of age, gender and
drinking practices and their interactions. At each BAC, for each of the three main effects
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and four interaction terms, there were 48 dtatistical tests. Composite measures were
excluded. Thus, there are nine sngle measure (6 from SIM, 3 from DAT) for five BACs
plusthree DAT measures at zero BAC for atotd of 48 tests.

Table 5 summarizes the number of tests that were sgnificant a the .05 levd for
each factor and the interactions. Six tests are Sgnificant for age, four for gender, five for
drinking practices, two for the age X gender interaction, and five for the age X drinking
practices interaction.

Table5
Number of Significant Tedts,
by Factor and Interaction

Effect Tedts Testsp?.05

(Tota Number) (Number)
Age 48 6
Gender 48 4
Drinking Practice 48 5
Age X Gender 48 2
Age X Drinking Practice 48 5
Gender X Drinking Practice 48 0
Age X Gender Drinking Practice 48 0

Thus, of 336 gatigtica tests performed to evduate differentid dcohol effects as
afunctionof age. gender, or drinking practices, only 22 reached the .05 significance level.
Given random performance variahility, some statistical testswill be sgnificant by chance
even if there were no true underlying performance differences as a function of the
experimentd varigble. An experiment-widejudgement of the number of findings expected
to be sgnificant a the .05 level by chance is difficult, because in the repested measures
desgn the same Ss were used in dl tests.  An gpproximation, however, assuming
independence of datigticad tests and using Fisher’'s exact test, indicates that Sx positive
ggnificant tests out of 48 are required to reech at least a .05 level. Five sgnificant tests
only reach a .18 probability levd.

Only the age variable approaches overadl sgnificance. Even within the age
variable, however, six sgnificant test among four response variables at three BACs
occurred in no consigtent pattern. It is concluded, therefore, that within the limits of the
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populationrepresented by the study sample, thereisno significant evidencethat either age,
gender, or drinking practice produces a differentid response to the impairing effects of
acohol.

As noted earlier, no Sswere younger than 19 years of age nor over 70, nor did
the sample include acohol abstainers, heavy acohal abusers, or dcoholics.  Thus, the
conclusons arelimited by the sample, but the characteristics of the samplelikely represent
the characterigtics of 80 - 90 percent of the driving public who will take adrink.

To re-gtate the finding, for the population represented by the study sample, which
demongtrated impairment in driving skills beginning a 0.02% BAC, differences in age,
gender, and drinking practices provide no mitigation of imparment. Had the experiment
used many more Ssto greetly increase the power of the Satidtica tests, some of the small
differences might have reached datisticad sgnificance. From a socid point of view, that
would beirrdevant to the study findings, becausetheactua differenceswould remain small
in comparison to the overdl effects of acohal.

The tables and figures in the gppendix support these conclusons. In a non-
sgnificant trend, theoldest drivers' responseto a cohol appeared dissmilar totheresponse
of the other three groups. There was, however, no consistent direction since the oldest
driverswere least impaired on four measures and most impaired on two measures. Maes
and fema es split the measures on which they were more impaired with no evidence of any
gender superiority. Among drinking practice groups, light drinkers showed a tendency
toward more impairment, but it was smdl and non-sgnificant. Moderate and heavy
drinkers were indigtinguishable in degree of impairment. Even if these trends had been
datigticaly sgnificant, they were so smdl asto be socidly irrdevant.

V. DISCUSSION AND CONCLUSIONS

The results obtained in this laboratory study demongtrate that mgor driving-related skills were
impaired by BACsaslow as0.02% on someimportant measuresfor amgjority of Sswho wereabroadly
representative sample of thedriving population. Theresultsasoindicate that asBACsrise, the percentage
of individuas exhibiting impairment, aswel| asthe magnitude of theimpairment, grows. Thus, thereisgresat
congstency in the relaionship between the degree of impairment and BAC. Throughout the range of
0.02% - 0.10% BAC there is evidence of dgnificant acohol-rdated impairment. These findings are
consgent with thefindingsfrom epidemiologica crash data, which have been anadlyzed with contemporary
gatistica methods (Allsop, 1966; Hurst, 1973; Zador et a., 2000). Additiondly, Ssin the study were
examined only on a declining BAC curve, and the results, therefore, underestimate the magnitude of
impairment expected to occur during acohol consumption and absorption when BAC isrising.
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Logic suggests that the impairment found at low BACs should be paralleled by crash and fadity
data. Therelationship, however, may be obscured in on-the-road data by uncontrolled variables, which
can be controlled in an experiment. The laboratory data, therefore, yield conclusons about causa
relationships, which frequently cannot be detected in epidemiologica data

This sudy further examined theissue of the universdlity of the conclusion that impairment existsfor
many behaviorsat BACsaslow as0.02%. The study employed adiverse sample of thedriving population
as Ss and found no substantia differences between the S groups either in the BACs at which impairment
appeared or the magnitude of the impairment. Within the satistica power of the sudy and within the
breadth of diversty of the Ss, there is only random variation in the degree of impairment.

Data from epidemiologica studies have suggested that age, gender, and drinking practices do
differentidly affect impairment. Asnoted earlier, however, the presence of other co-variates associated
with each of these three variables may interfere with examination of the relationship of adcohol and traffic
colligons and fatdities. For example, an examination of acohol effects on traffic deaths as a function of
driver ageisconfounded by the fact that the collision force that would moderately injure ayoung driver can
fatdly injure an older driver. Although multivariate statistica andlyss can control for some of the co-
variates, data from controlled laboratory experiments are better able to clarify the underlying relationship
of impairment by acohal.

Althoughtherewereessentidly no significant differencesinacohol impairment between agegroups,
made and femde Ss, or light, moderate, and heavy drinkers, it isimportant to note the restricted range of
S characterigtics. No Ss werel8 years or younger, the age group that showed the greatest increase in
crash rates a low to moderate BACsin the Grand Rapids data. The effects of age and lack of driving
experience are confounded in the epidemiologica data, and due to the legd redtrictions on giving acohol
to youth, these laboratory data permit no conclusion about the relationship.

Conclusions based on the laboratory data are further limited by the lack of Ss ages 70 years and
above. Although not gatistically significant, the Grand Rapids data suggested an increased impairment by
acohoal for these older individuds. Findly, and perhaps most importantly, as demonstrated by an ethanal
clearance rate of 0.0183% per hour for heavy drinkers, the study did not examine acohol imparment in
very heavy drinkers, thet is, coholics or alcohol abusers. Theseindividuals were excluded out of ethica
concern about administering alcohol to problem drinkers.

The mgor conclusion of this study is that a mgority of the driving population isimpaired in some
important measures at BACs aslow as0.02% BAC. Although research at BACsbelow 0.03% hasbeen
limited, the scientific literature contains no evidence of athreshold BAC below which impairment does not
occur. Nor do the datafrom this sudy provide any evidence that the driving skills of aparticular category
of driverswill not be impaired by acohal.
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Sdentific data provide clear evidence that important driving skillsareimpaired at very low BACs.
It falls to society as a whole, and legidative representatives in particular, to assess the costs of and the
remedies for acohol-impaired driving.
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Appendix A

Description of Caculation of Individud Difference Scores
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Individud difference scores for variables representing counts were caculated using logistic- transformed
test results for corresponding batteries under acohol and placebo. The count variableswere DAT
and SIM correct answer counts, and SIM collisions and speed exceedances.

AD_CORR/(50-AD_CORR) isthe odds for correct response under acohol, and
PD_CORR/(50-PD_CORR) isthe odds for correct response under placebo, so that

LOG (OR) =
LOG((0.5+AD_CORR)/(0.5+50-AD_CORR)) - LOG((0.5+PD_CORR)/(0.5+50-PD_CORR))

isthe log odds ratio for comparing correct responses under alcohol to correct responses under placebo.
Note, log(OR) > 0 if the odds for a correct response under acohol exceeds the corresponding
odds under placebo, and log(OR) < 0 in the opposite case. Log(OR) = 0 if the dcohaol has no
effect on correct response frequency.

For counted variables, statisticians, and various researchers, tend to prefer log-odds ratios to smple
difference scoresbecause of itsinterpretation: |og oddsisapproximately equa to percent difference
in correct answers minus percent difference in incorrect answers. In contrast, asmple difference
score of say 7 may represent a huge difference between 1 and 8 or ardatively smdl difference
between 24 and 31.

Also, log-odds lead to more stable variances than do smple difference scores and, often the Satistical
digribution of log-odds ratios are better gpproximated by the norma distribution than the
digtribution of the untransformed variable. Findly, when linear regression is used to

predict, or to estimate, a Smple difference score, the estimated vaue will, on occasion fdl, outsde the
legitimate range (say, one may end up with anegative probability!). Difference estimates based on
logidtic regresson can not yield such meaningless numbers.

The log-odds ratios for the other three count variables were defined in the same spirit as:

LOG((/6+AS_COR)/(U/6+ 72-AS_COR)) - LOG((/6+PS_COR)/(1/6+ 72-PS_COR))

LOG((/6+AS _COLL)/(1/6+ 79-AS_COLL)) - LOG((1/6+PS_COLL)/(1/6+79-PS_COLL))
LOG((V6+AS_SPEX)/(1/6+ 58-AS_SPEX)) - LOG((1/6+TPCB9)/(1/6+ 58-AS_SPEX)).

Note. The authors followed customary practice of adding 0.5 to avoid zero-counts.
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Table AP-1-1
Testing Schedules

Tedting Schedulesfor Light Drinkers
Alcohol and Placebo Sessons

BAC (%)
) Pre-dose Post-dose
Session Test
1 2 3 4 5 6 7
RN ;7/ /
Alcohol | SIM 000% NN\ 008% 0.06% 0.04% 0.02% '/
Session | paT 0.00% k&&&ﬂ 0.08% 0.06% 0.04% 0.02% 0.00%
N w N I

Blacebo | SM 000% | }}}% 000% | 000% | 000% | 000% m

Session(*) | paT 0.00% L\\\ﬁ 00% | 000% | 000% | 000% | 000%
Testing Schedules for Moder ate and Heavy Drinkers
Alcohol and Placebo Sessions
BAC (%)
) Pre-dose Post-dose
Session Test
1 2 3 4 5 6 7
Alcohol | SIM 0.00% 0.10% 0.08% 0.06% 0.04% 0.02% /// A
Session DAT 0.00% 0.10% 0.08% 0.06% 0.04% 0.02% 0.00%
4

Placebo | M 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% // //

Session (*) | paT 000% | 000% | 000% | 000% | 000% | 000% | 000%

(*) = batteries began at time interval s equivalent to a0.02% BA C decrease cal cul ated with metabolism rate of

0.017% per hour.
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Table AP-1-2

Subject Characteristics (Means)
by Age, Gender, and Drinking Practice

No. Age (yr-mo) Height (in) Weight (Ibs)

Maes 84 34-11 69.7 1724

Gender
Femdes 84 33-2 64.5 139.2
19-20 yrs 42 19-8 67.0 143.8
21-24 yrs 42 22-5 67.2 154.0

Age

25-50 yrs 42 32-8 67.1 158.0
51-69 yrs 42 61-7 67.2 167.4
Light 56 33-8 66.8 154.0

Drinking
Practice Moderate 56 34-11 66.8 155.8
Heavy 56 33-7 67.8 157.6
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Table AP-1-3

Tedts of the Null Hypothesis

No Significant Sequence Effects
p Vaues

Messurement BAC (%)

Overall

.00 .02 .04 .06 .08 .10
DAT Reaction Time 0.441 0.953 0.945 0.312 0.614 0.160 0.377
DAT Number Incorrect (%) 0.452 0.489 0.867 0.887 0.894 0.543 0.894
DAT Number Incorrect (#) 0.029 0.077 0.692 0.782 0.819 0.893 0.182
DAT Tracking Error 0.592 0.328 0.879 0.605 374.00 0.020 0.264
0
SIM Reaction Time . 0.503 0.646 0.963 0.670 0.970 0.970
SIM Number Incorrect (%) . 0.415 0.379 0.310 0.893 0.900 0.803
SIM Number Incorrect (#) . 0.176 0.079 0.043 378.00 0.317 0.399
0

SIM Speed Deviation . 0.243 0.890 0.791 0.812 0.085 0.301
SIM Lane Deviation . 0.513 0.438 0.555 0.153 0.254 0.775
SIM Collisions . 0.361 0.106 0.053 0.908 0.901 0.159
SIM Times Over Speed . 0.969 0.803 0.706 0.834 0.093 0.515
Limit
DAT Performance Index 0.305 0.474 0.868 0.758 0.788 0.568 0.782
SIM Performance Index . 0.264 0.267 0.511 0.395 0.796 0.858
DAT+SIM Performance . 0.843 0.453 0.564 0.745 0.838 0.935
Index
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Figure AP-1-1a

DAT Test Score Change From Baseline by Battery on Day 1 and on Day 2
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Figure AP-I-1b
SIM Test Score Change From Basdline by Battery on Day 1 and on Day 2
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Table AP-1-4

Performance Change from Day 1 to Day 2

p Vaues, t Testsand E Tests
Day 2- Day 1 Battery X Day

Estimate p>t p>E
DAT Reaction Time -0.020 0.537 0.371
DAT Number Incorrect (%) 0.050 0.683 0.701
DAT Tracking Error 0.060 0.004 0.550
SIM Reaction Time 0.020 0.100 0.982
SIM Number Incorrect (%) -0.030 0.005 0.903
SIM Speed Deviation 0.100 0.050 0.442
SIM Lane Deviation -0.010 0.485 0.795
SIM Callisions 0.540 0.027 0.372
SIM Times Over Speed -0.190 0431 0.854
Limit
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Table AP-1-5

DAT and SIM Subjects (Number) Tested at Each BAC

M easurement BAC (%)

.00 .10 .08 .06 .04 .02 .00
DAT Reaction Time 168 104 160 167 168 167 166
DAT Number Incorrect (%) 168 104 160 167 168 167 166
DAT Number Incorrect (#) 168 104 160 167 168 167 166
DAT Tracking Error 168 104 160 167 168 167 166
SIM Reaction Time 168 104 160 166 167 167
SIM Number Incorrect (%) 168 104 160 166 167 167
SIM Number Incorrect (#) 168 104 160 166 167 167
SIM Speed Deviation 168 104 160 166 167 167
SIM Lane Deviation 168 104 160 166 167 167
SIM Collisions 168 104 160 166 167 167
SIM Times Over Speed Limit 168 104 160 166 167 167
DAT Performance Index 168 104 160 167 168 167 166
SIM Performance Index 168 104 160 166 167 167
DAT+SIM Performance Index 168 104 160 166 167 167




Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean p Mean p Mean Mean Mean
19-20 | -0.103 0.105 0343 | 1| 0578 0.934 1.095
21-24 | -0.103 0.055 0.099 0.669 0.649 0.791
Age
25-50 | 0.211 0.242 0.486 | 2 | 0.569 0.632 1.136
51-69 | -0.013 0.086 0220 | 0 | 0.319 0.445 1.131
DAT Light | -0.078 0.082 0334 | 1| 079 0.740
Reaction o
Time Drinking | 1oy | .0.032 0.106 0131 | 0 | 0.449 0.632 1.077
Practice
Heavy | 0.105 0.177 0396 | 2 | 0.357 0.623 0.999
Mae | -0.016 0193 | 0| 0394 | 3| 0657 0.763 1.212
Gender Fema | 0.012 0.051 0.180 | 0 | 0.411 0.567 0.864
e
19-20 | 0.049 0.106 0.277 | 0| 0.360 0.729 0.464
21-24 | 0.134 0.218 0.210 0.665 0.536 0.251
Age
25-50 | 0.169 0.106 0299 | 0 | 0.216 0.410 0.892
51-69 | -0.205 -0.045 0.144 0.220 0.225 0.706
DAT
Number Light 0.094 0.168 0361 | 2 | 0.650 0.593
Incorrect C L
%) Drinking | 104 | -0.050 0.005 0.054 0.274 0.330 0.491
Practice
Heavy | 0.067 0.116 0282 | 1| 0172 0.502 0.666
Male 0.047 0.168 0.385 | 3| 0.435 0.501 0.734
Gender Fema | 0.027 0.025 0.080 0.295 0.449 0.423
e
19-20 | -0.001 0.064 0.240 0.361 0.607 0.540
DAT
Number ae 21-24 | 0.002 0.066 0.025 0.627 0.587 0.327
Incorrect (#) 2550 | 0.116 0.077 0485 | 2| 0.363 0.574 0.938
51-69 | -0.090 0.025 0.138 0.281 0.331 0.378
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean p Mean p Mean p Mean Mean Mean
Light 0.020 . 0.126 . 0.329 1 0.669 0.610
Drinking |\ 4 | 0034 | .| -0030| .| 0116| .| 0377 0.478 0.500
Practice
Heavy -0.032 . 0.080 . 0.221 0 0.177 0.485 0.592
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean p Mean p Mean Mean Mean
Male | 0.040 0.123 0421 | 3| 0562 0.595 0.733
Gender | remal | -0.071 -0.006 0.023 0.254 0.454 0.359
e
19-20 | -0.030 0.092 0448 | 2 | 0417 0.946 1.226
21-24 | 0113 0.200 0354 | 1| 0.464 0.841 0.631
Age
25-50 | -0.012 0.136 0335 | 1| 0415 0.517 0.663
51-69 | 0.090 -0.044 0345 | 1| 0.364 0.253 0.525
DAT Light | -0.130 -0.029 0320 | 1| 0413 0.632
Tracking
Error Drinking |\, 0.197 0.143 0514 | 3| 0528 0.562 0.715
Practice
Heavy | 0.054 0.175 0277 | 1| 0.304 0.724 0.807
Male | -0.053 0.012 0327 | 2| 0335 0.574 0.572
Gender | remal | 0.134 0.181 0414 | 3| 0.494 0.705 0.951
e
19-20 0354 | 1| 0349 | 1| 0.764 0.824 0.623
21-24 0.179 0357 | 1| 0.627 0.582 0.827
Age
25-50 0.233 0268 | 0| 0.364 0.614 0.973
51-69 -0.227 0.089 0.080 0.247 0.413
SIM .
. Light 0.047 039 | 2| 0532 0.622
Reaction
Time Drinking |\, 0.051 0.083 0.418 0.525 0.767
Practice
Heavy 0307 | 1| 0320 1| 0427 0.554 0.651
Male 0.103 0222 | 1| 0513 0.594 0.692
Gender Femal 0.167 0310 | 2 | 0.405 0.540 0.726
e
19-20 0429 | 2| 0376 | 1| 0.763 0.707 0.476
Age
SIM Number
 correet 21-24 0.163 0.220 0.560 0.535 0.678

(%)
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Vaidle | e | Level 0 02 o4 06 08 10
Mean Mean p Mean p Mean Mean Mean
25-50 0.176 0.228 0.188 0.648 0.856
51-69 -0.229 0.040 0.021 0.324 0.331
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean p Mean p Mean Mean Mean
Light 0.004 0334 | 1| 0491 0.650
Drinking | Mod -0.073 -0.04 0.241 0.401 0.494
Practice 7
Heavy 0474 | 3| 0362 | 2| 0417 0.608 0.677
Male 0.135 0.173 0.394 0.648 0.664
Gender Femal 0.134 0259 | 1| 0.372 0.459 0.507
e
19-20 0393 | 1| 0318| 1| 0.829 0.703 0.759
21-24 0307 | 1| 0225 0.665 0.616 0.953
Age
25-50 0.232 0390 | 2 | 0.242 0.712 0.909
51-69 -0.131 0.022 0.011 0.246 0.202
SIM Nurmber Light 0.136 0416 | 2 | 0.552 0.790
Incorrect (#) | prinking | Mod 0.002 -0.02 0.239 0.420 0.618
Practice 5
Heavy 0464 | 3| 0326 | 1| 0519 0.497 0.793
Male 0185 | 0 | 0.153 0.468 0.617 0.730
Gender Femal 0216 | 1| 0325 | 2| 0.406 0.521 0.681
e
19-20 0.071 0.129 0.218 0.198 0.168
SIM Speed 21-24 0382 | 1| 0274 | o | 0.470 0.270 0.536
Deviation Age
25-50 -0.010 0.166 0.147 0.518 0.155
51-69 0.205 0.143 0.181 0.111 -0.122
Light 0.021 0.139 0.265 0.407
Drinking |, 0.115 0.070 0.225 0.024 0.100
Practice
Heavy 0350 | 2| 0325 | 1| 0272 0.392 0.268
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Vaidle | e | Level 0 02 o4 06 08 10
Mean Mean p Mean p Mean Mean Mean
Male -0.017 -0.00 0.143 0.218 0.032
Gender >
Femal 0341 | 2 0.362 3 [ 0.365 0.331 0.336
e
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean p Mean p Mean Mean Mean
19-20 0.228 0.414 | 2 | 0.690 0.682 0.586
21-24 0539 | 3| 0725 | 3| 1.049 0.907 0.944
Age
25-50 0507 | 2| 0560 | 3| 0613 0.981 0.830
51-69 0544 | 3| 0794 | 3| 0.779 1.016 1.197
SIM Lane Light 0508 | 3| 0826 | 3| 0.837 0.621
Deviation L
Drinking | ) g 0505 | 3| 0639 | 3| 0.902 1.107 0.927
Practice
Heavy 0351 | 1| 0405 | 2| 0610 0.960 0.852
Male 0492 | 3| 0661 | 3| 0.802 0.904 0.754
Gender Femal 0417 | 3| 058 | 3| 0.764 0.889 1.025
e
19-20 0.036 0.233 0.402 0.462 0.315
21-24 0.120 0338 | 1| 0532 0.489 0.608
Age
25-50 -0.062 0.142 0.315 0.649 0.707
51-69 0.130 0.692 | 3| 0.898 0.871 0.997
SIM Light 0.025 0324 | 1| 0.694 0.486
Collisions L
Drinking | ) 0.139 0379 | 2 | 0.487 0.718 0.565
Practice
Heavy 0.005 0.350 | 2 | 0.430 0.649 0.749
Male -0.029 0.324 | 2 | 0.501 0.629 0.725
Gender Femal 0.142 0378 | 3| 0572 0.607 0.589
e
19-20 0274 | 0| 0332 1| 0442 0.607 0.561
SIM Times 21-24 0261 | o| 0619 3| 0845 1.015 1.034
Over Speed |, i : : : : :
Limit 25-50 0.147 0361 | 1| 0522 0.841 1.199
51-69 0455 | 2 | 0465 | 2| 0639 0.635 0.710

41




Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean p Mean p Mean p Mean p Mean p Mean p
Light | .| 0324| 1| 0454 | 3| 0653 | 3| 0787 | 3
Drinking |\, g | .| 0226 | o| 038 | 2| 0599 | 3| 0692 | 3| 0935 |3
Practice
Heavy | .| 0303| 1| 0499 | 3| 0585 | 3| 0845| 3| 0817 | 3
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean p Mean p Mean Mean Mean
Male 0317 | 2| 0463 | 3| 0.685 0.769 0.714
Gender | romal 0252 | 1| 0425 | 3| 0539 0.780 1.038
e
19-20 | -0.066 0.099 0395 | 2 | 0.497 0.940 1.161
21-24 | 0.005 0.128 0226 | 0| 0.566 0.745 0.711
Age
25-50 | 0.100 0.189 0410 | 3| 0492 0.575 0.899
51-69 | 0.038 0.021 0282 | 1| 0342 0.349 0.828
DAT Light | -0.104 0.027 0327 | 2| 0.604 0.686
Performance
Index Drinking |\, 0.083 0.124 0322 | 2| o488 0.597 0.896
Practice
Heavy | 0.079 0176 | 0| 0337 | 2 | 0.330 0.674 0.903
Male | -0.035 0.102 0360 | 3| 0.496 0.668 0.892
Gender | romal | 0.073 0.116 0297 | 3| 0452 0.636 0.908
e
19-20 0276 | 2| 0359 | 3| 0.663 0.699 0.553
21-24 0300 | 2| 0491 | 3| 0.774 0.723 0.848
Age
25-50 0276 | 2| 0357 | 3| 0.440 0.769 0.908
51-69 0.145 0428 | 3| 0.460 0.624 0.763
SIM .
Light 0224 | 1| 0530 | 3| 0.660 0.628
Performance
Index Drinking | ) 0218 | 1| 0320 | 3| 0587 0.745 0.786
Practice
Heavy 0306 | 3| 0376 | 3| 0505 0.739 0.750
Male 0245 | 3| 0401 | 3| 0614 0.727 0.716
Gender Femal 0253 | 3| 0416 | 3| 0554 0.681 0.821
e
19-20 0188 | 1| 0377 | 3| 0580 0.820 0.857
DAT+SIM | A 21-24 0214 | 1| 0359 | 3| 0670 0.734 0.780
Performance i : : : : :
Index
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Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Vaidle | e | Level 0 02 o4 06 08 10
Mean Mean Mean p Mean Mean Mean
25-50 0.232 0.384 3 [ 0.466 0.672 0.904
51-69 0.083 0.355 3 [ 0.401 0.487 0.795




Table AP-1-6

Scores (Standardized) and p Vdues by BAC
for Age, Gender, and Drinking Practice

BAC (%)
Variable
Effect Level .00 .02 04 .06 .08 10
Mean Mean Mean p Mean Mean Mean
Light 0.125 0429 | 3| 0632 0.657
Drinking | ) g 0171 0321 | 3| 0538 0.671 0.841
Practice
Heavy 0.241 0.356 | 3 | 0.418 0.706 0.827
Male 0.174 0.381 | 3| 0555 0.698 0.804
Gender Femal 0.185 0.357 | 3| 0503 0.659 0.864
e
p values:

. = not significant

0 = 0.05<p<0.10
1=0.05
2=0.01
3=0.001

4 =0.0001
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Table AP-I-7

Sgnificance Test Results

Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaidble .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F

DAT Reaction Time 0.42 0.83 0.32 0.41 0.15 0.52
DAT Number Incorrect (%) 0.30 0.70 0.89 0.12 0.12 0.09
DAT Number Incorrect (#) 0.73 1.00 0.16 0.39 0.54 0.08
DAT Tracking Error 0.89 0.74 0.95 0.97 0.01 0.03
SIM Reaction Time 0.04 0.57 0.01 0.06 0.16
SIM Number Incorrect (%) 0.02 0.47 0.00 0.30 0.22
SIM Number Incorrect (#) 0.09 0.34 0.00 0.10 0.02

Age(A)
SIM Speed Deviation 0.29 0.90 0.45 0.31 0.11
SIM Lane Deviation 0.43 0.31 0.23 0.41 0.15
SIM Collisions 0.80 0.06 0.04 0.22 0.09
SIM Times Over Speed Limit 0.57 0.54 0.30 0.22 0.06
DAT Performance Index 0.71 0.79 0.65 0.59 0.00 0.14
SIM Performance Index 0.69 0.77 0.09 0.83 0.19
DAT+SIM Performance Index 0.62 1.00 0.18 0.08 0.85
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Table AP-I-7

Sgnificance Test Results

Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaidde .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F

DAT Reaction Time 0.85 0.35 0.17 0.11 0.20 0.07
DAT Number Incorrect (%) 0.89 0.36 0.05 0.35 0.73 0.10
DAT Number Incorrect (#) 0.46 0.40 0.01 0.04 0.35 0.04
DAT Tracking Error 0.23 0.29 0.58 0.29 0.38 0.04
SIM Reaction Time 0.67 0.57 0.46 0.72 0.86
SIM Number Incorrect (%) 1.00 0.56 0.88 0.21 0.41
SIM Number Incorrect (#) 0.84 0.25 0.68 0.52 0.79

Gender (G)
SIM Speed Deviation 0.02 0.02 0.16 0.48 0.11
SIM Lane Deviation 0.64 0.63 0.81 0.92 0.16
SIM Collisions 0.26 0.72 0.64 0.89 0.47
SIM Times Over Speed Limit 0.68 0.80 0.35 0.94 0.08
DAT Performance Index 0.29 0.91 0.60 0.71 0.78 0.91
SIM Performance Index 0.94 0.88 0.59 0.68 0.39
DAT+SIM Performance Index 0.90 0.80 0.58 0.68 0.59
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Table AP-I-7

Sgnificance Test Results
Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaiade .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F
DAT Reaction Time 0.60 0.87 0.34 0.05 0.78 0.68
DAT Number Incorrect (%) 0.72 0.68 0.24 0.03 0.35 0.36
DAT Number Incorrect (#) 0.95 0.70 0.50 0.03 0.73 0.62
DAT Tracking Error 0.22 0.53 0.43 0.48 0.68 0.61
SIM Reaction Time . 0.27 0.22 0.78 0.86 0.53
SIM Number Incorrect (%) . 0.01 0.05 0.36 0.36 0.33
Drinking SIM Number Incorrect (#) . 0.05 0.04 0.16 0.11 0.34
Practice(D) | g\ speed Deviation . 0.20 0.37 0.97 0.09 0.37
SIM Lane Deviation . 0.65 0.09 0.29 0.03 0.69
SIM Collisions . 0.74 0.96 0.34 0.46 0.33
SIM Times Over Speed Limit . 0.86 0.81 0.93 0.72 0.51
DAT Performance Index 0.23 0.58 0.99 0.17 0.79 0.96
SIM Performance Index . 0.73 0.24 0.51 0.63 0.77
DAT+SIM Performance Index . 0.55 0.63 0.17 0.91 0.90
DAT Reaction Time 0.17 0.08 0.02 0.22 0.52 0.37
AxG
DAT Number Incorrect (%) 0.15 0.99 0.34 0.29 0.63 0.79
DAT Number Incorrect (#) 0.02 0.69 0.02 0.10 0.09 0.19
DAT Tracking Error 0.38 0.44 0.54 0.10 0.46 0.31
SIM Reaction Time . 0.36 0.17 0.78 0.50 0.07
SIM Number Incorrect (%) . 0.84 0.73 0.88 0.74 0.14
SIM Number Incorrect (#) . 0.99 0.08 0.50 0.53 0.29
SIM Speed Deviation . 0.85 0.31 0.79 0.82 0.45
SIM Lane Deviation . 0.60 0.24 0.98 0.48 0.67
SIM Caollisions . 0.17 0.38 0.50 0.47 0.14
SIM Times Over Speed Limit . 0.06 0.16 0.38 0.40 0.01
DAT Performance Index 0.39 0.35 0.04 0.23 0.70 0.72
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Table AP-I-7

Sgnificance Test Results

Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaiade .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F
SIM Performance Index 0.43 0.17 0.84 0.52 0.04
DAT+SIM Performance Index 0.20 0.15 0.53 0.62 0.16
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Table AP-I-7

Sgnificance Test Results
Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaidde .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F

DAT Reaction Time 0.11 0.15 0.77 0.73 0.29 0.70
DAT Number Incorrect (%) 0.22 0.09 0.13 0.26 0.04 0.90
DAT Number Incorrect (#) 0.09 0.03 0.09 0.55 0.03 0.43
DAT Tracking Error 0.19 0.47 0.74 0.02 0.37 0.16
SIM Reaction Time . 0.18 0.21 0.02 0.07 0.27
SIM Number Incorrect (%) . 0.42 0.19 0.01 0.06 0.65
SIM Number Incorrect (#) . 0.34 0.13 0.16 0.22 0.49

AxD
SIM Speed Deviation . 0.34 0.30 0.22 0.86 0.30
SIM Lane Deviation . 0.39 0.96 0.55 0.17 0.94
SIM Collisions . 0.41 0.86 0.67 0.35 0.54
SIM Times Over Speed Limit . 0.45 0.01 0.90 0.46 0.87
DAT Performance Index 0.02 0.23 0.95 0.20 0.23 0.65
SIM Performance Index . 0.33 0.27 0.11 0.08 0.62
DAT+SIM Performance Index . 0.69 0.78 0.11 0.16 0.76
DAT Reaction Time 0.43 0.24 0.88 0.94 0.72 0.93

GxD
DAT Number Incorrect (%) 0.98 0.97 0.59 0.94 0.55 0.91
DAT Number Incorrect (#) 0.91 0.75 0.76 0.84 0.87 0.91
DAT Tracking Error 0.36 1.00 0.99 0.88 1.00 0.45
SIM Reaction Time . 0.84 0.63 0.33 0.21 0.38
SIM Number Incorrect (%) . 0.61 0.36 0.80 0.41 0.45
SIM Number Incorrect (#) . 0.95 0.47 0.67 0.15 0.31
SIM Speed Deviation . 0.51 0.60 0.81 0.97 0.69
SIM Lane Deviation . 0.64 0.68 0.85 0.34 0.19
SIM Collisions . 0.52 0.20 0.35 0.52 0.62
SIM Times Over Speed Limit . 0.35 0.81 0.40 0.46 0.59
DAT Performance Index 0.64 0.58 0.97 0.90 0.86 0.67
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Table AP-I-7

Sgnificance Test Results

Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaiade .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F
SIM Performance Index 0.88 0.75 0.51 0.69 0.90
DAT+SIM Performance Index 0.65 0.95 0.82 0.84 0.84
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Table AP-I-7

Sgnificance Test Results

Main Effects and Interactions for Age, Gender, and Drinking Practice

BAC (%)
Effect Vaiade .00 .02 .04 .06 .08 10
Pr>F Pr>F Pr>F Pr>F Pr>F Pr>F

DAT Reaction Time 0.54 0.14 0.76 0.51 0.08 0.40
DAT Number Incorrect (%) 0.09 0.54 0.74 0.41 0.32 0.33
DAT Number Incorrect (#) 0.13 0.38 0.91 0.60 0.66 0.26
DAT Tracking Error 0.38 0.99 0.25 0.41 0.24 0.31
SIM Reaction Time 0.24 0.25 0.27 0.21 0.48
SIM Number Incorrect (%) 0.34 0.09 0.28 0.33 0.89
SIM Number Incorrect (#) 0.89 0.67 0.63 0.29 0.44

AxGxD
SIM Speed Deviation 0.70 0.21 0.79 0.95 0.65
SIM Lane Deviation 0.77 0.62 0.85 0.55 0.33
SIM Collisions 0.11 0.19 0.50 0.61 0.75
SIM Times Over Speed Limit 0.80 0.91 0.70 0.95 0.75
DAT Performance Index 0.63 0.76 0.54 0.98 0.30 0.37
SIM Performance Index 0.21 0.18 0.34 0.30 0.35
DAT+SIM Performance Index 0.42 0.30 0.74 0.38 0.35
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Figure AP-1-2a

DAT Raw Scores, Ages 19-20 (N=42)
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SIM Raw Scores, Ages 19-20 (N=42)

Figure AP-1-2b
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Figure AP-1-3a

DAT Raw Scores, Ages 21-24 (N=42)
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Figure AP-1-3b

SIM Raw Scores, Ages 21-24 (N=42)
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Figure AP-1-4a
DAT Raw Scores, Ages 25-50 (N=42)
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Figure AP-1-4b
SIM Raw Scores, Ages 25-50 (N=42)
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Figure AP-1-5a

DAT Raw Scores, Ages 51-69 (N=42)
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Figure AP-I-5b

SIM Raw Scores, Ages 51-69 (N=42)
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Figure AP-1-6a

DAT Raw Scores, Maes (N=84)
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Figure AP-1-6b
SIM Raw Scores, Maes (N=384)
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Figure AP-1-7a

DAT Raw Scores, Femaes (N=84)
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Figure AP-1-7b

SIM Raw Scores, Females (N=384)
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Figure AP-1-8a

DAT Raw Scores, Light Drinkers (N=56)
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Figure AP-1-8b

SIM Raw Scores, Light Drinkers (N=56)
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Figure AP-1-9a

DAT Raw Scores, Moderate Drinkers (N=56)
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Figure AP-1-9b

SIM Raw Scores, Moderate Drinkers (N=56)
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Figure AP-1-10a

DAT Raw Scores, Heavy Drinkers (N=56)
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Figure AP-1-10b

SIM Raw Scores, Heavy Drinkers (N=56)
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Appendix I

Graphs of Impairment Scoresfor DAT and SIM by
Age, Gender, and Drinking Practice
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Figure AP-l1-1a
DAT Imparment Scores by Age
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Figure AP-11-2a

DAT Impairment Scores by Gender
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Figure AP-11-2b

SIM Impairment Scores by Gender
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Figure AP-11-3a

DAT Imparment Scores by Drinking Practice
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Figure AP-11-3b

SIM Impairment Scores by Drinking Practice
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Appendix 1

Graphs of Impairment Scores for DAT- and SIM-Based Performance Indices by
Age, Gender, and Drinking Practice
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Figure AP-l111-1

DAT-Based Performance Index, Impairment Scores by

Age, Gender, and Drinking Practice
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Figure AP-111-2

SIM-Based Performance Index, Impairment Scores by

Age, Gender, and Drinking Practice
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Figure AP-111-3

DAT+SIM-Based Performance Index, Impairment Scores by

Age, Gender, and Drinking Practice
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