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by 

Nason W. Russ 

(ABSTRACT) 

The present study attempted to validate modified 

versions of laboratory measures of behavioral impairment 

from alcohol for use in the field. A total of 195 students 

at various BAC levels, participated during two outdoor 

university sponsored events. In addition to taking non-

behavioral measures of impairment, each subject was asked to 

perform and evaluate a reaction time task, balance test, and 

give a verbal index of impairment. The actual BAC of each 

subject was determined using a breath-alcohol testing 

machine. The results indicated that self-reported measures 

of impairment were the best predictors of BAC. Of the 

behavioral measures, reaction time and body balance 

performance accounted for the highest portion of the 

variance in predicting BAC. Subjects reported that actual 

BAC feedback would most likely result in behavior change, 

followed by performance on the progressive body balance and 

reaction time tasks. It was noted, however, that as BAC 

increased, poor test performance was less likely to result 

in behavior change. The need for continued research into 

behavioral measures of alcohol impairment are discussed as a 

means of promoting third-party intervention and "socially 

responsible drinking". 
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Overview of the Drunk Driving Problem 

Soon after the debut of the automobile in 1910, it was 

discovered that alcohol and driving often proved to be a 

hazardous combination (U.S. Department of Transportation, 

1968). In the United States, the frequency with which 

Americans engage in drinking and driving was determined by a 

nationwide roadside breath testing survey. The results of 

over 3,000 interviews showed that about one eighth of the 

drivers had been consuming alcohol in quantities large 

enough to impair their driving performance, i.e., 

blood-alcohol concentration (BAC) of .05% or higher. Of 

those, one in twenty had BAC's of .10% or greater, i.e., 

they were driving under the influence (DUI). These figures 

can be better understood when put in the larger context of 

the hazards of drinking and driving. 

In 1978, Jones and Joscelyn reported that the number of 

property damage crashes in which some degree of alcohol was 

a factor exceeded 1 million dollars for calendar year 1975. 

In that same year, the number of personal injury and fatal 

crashes exceeded 183,000 and 17,500, respectively. The 

corresponding dollar figures were in excess of eight billion 

dollars for non-pedestrian collisions. Statistics on drivers 

whose intoxication level was equal to or greater than the 

allowable limit in most states (e.g., .10% grams per liter) 

show that almost half (47%) of all fatal crashes involved 

, 
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such individuals. Drunk drivers accounted for 11% of the 

personal injury crashes and 5% of the property damage 

crashes. 

Considering the total cost of alcohol-related 

accidents, including property damage, human injury and 

fatalities and their associated hospital expenses, lost 

wages, and insurance payments, we reach a staggering sum 

exceeding 24 billion dollars annually (Peck, 1982)! Even 

with Zylman's (1974) admonition that drunk driving 

statistics may be inaccurate due to different definitions of 

"alcohol-involved" or "alcohol-related", as well as the 

subjectivity of assigning responsibility for an accident, 

these statistics, however inexact, argue that alcohol-

impaired driving represents a significant social problem in 

urgent need of resolution. 

In Virginia, the state in which the present research 

was conducted, 20% of all accidents were alcohol related in 

1981. In the city of Blacksburg (population 30,000), the 

site of the present research, there were 125 alcohol-related 

accidents in 1981; these comprised over 25% of all motor 

vehicle accidents. Thus, in the city of Blacksburg, VA., 89 

personal injuries and one fatality resulted from 

alcohol-impaired driving in one year (Quick Facts, 1982). 

In all DUI statistics, one group of drivers are 

disproportionately represented, those between 16 and 24 
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years of age. According to a recent U.S. Department of 

Transportation (DOT) publication (Fell, 1984) these drivers 

have the highest rates of accidents per mile traveled and 

per licensed driver. Specifically, 16 through 24 year olds 

comprise 20% of all licensed drivers and account for the 

same relative percent of miles traveled, yet they are 

involved in 42% of the fatal DUI accidents (Fell, 1984). 

Subsequent to the mid-twenties, the proportion of alcohol-

involved drivers in fatal accidents declined slowly, 

reaching 12% for drivers over 64. For example, in 1983, 

drivers aged 45 to 54 constituted 13.3% of all licensed 

drivers and drive about 17.6% of the total vehicle miles, 

while accounting for only 7.5% of the drinking drivers in 

fatal accidents (Fell, 1984). Thus, it appears that attempts 

to decrease the DUI problem should focus on the younger 

drivers. 

Physiological Irnoact of Alcohol 

In order to realize why the mixing of alcohol and 

driving can be tragic, it is important to understand the 

action of alcohol in the body. When ethyl alcohol is 

ingested, 10 to 20% is 

and pores of the skin. 

eliminated by the 

The remainder is 

lungs, kidney's, 

absorbed into the 

blood stream through diffusion 

intestine. Unlike food, alcohol 

f rorn the stomach and small 

can be absorbed directly 



4 

into the blood without the additional process of digestion. 

The rate of absorption is influenced by the amount and 

concentration of alcohol present and the availability, 

absence, or type of other food in the digestive tract. The 

effects of the amount and concentration of alcohol on 

overall absorption are well documented Ce.g., Ferguson & 

Bell, 1955). Regarding food and alcohol absorption, Wallgren 

and Barry (1970) have shown that a large meal, for example, 

can delay the complete absorption of alcohol over a period 

of six hours. Cameron and Hammond Cl981) found that fatty 

foods (e.g., cheese, fried chicken) result in lower peak 

BAC's as compared to low fat meals (e.g., salad, fruit 

juice), while exercise immediately after drinking produced 

inconsistent variations in peak BAC. Thus, the rate of 

absorption is influenced by the physiological state of the 

individual, although Cameron and Hammond also reported 

intra-individual differences in the time it took to reach 

peak BAC, a measure of absorption rate. 

At present, the data is conflicting on whether the type 

of alcohol ingested (e.g., wiskey, beer, or wine) causes 

differential levels of alcohol impairment. Specifically, 

Gardiner and Stewart (1968) suggested greater impairment 

after ingestion of 

beer. Kalant, 

demonstrated no 

distilled spirits compared to wine or 

LeBlanc, Wilson, and Homatidis (1975) 

such effects when looking at the 
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sensorimotor and physiological effects of distilled spirits, 

beer and wine. The different results may be due to the fact 

that Gardiner and Stewart's subjects ingested their alcohol 

very rapidly (i.e., in about 15 minutes) on an empty 

stomach~ whereas subjects in the Kalant et al. study drank 

their alcohol in divided doses, spaced over time, following 

food intake -- a drinking pattern analogous to the real-life 

drinking situation. The similarity of impairment across 

alcoholic beverages has important implications for those who 

contend that they get "less drunk" because they only drink 

beer. 

Regardless of the time or type of alcohol ingested, 

once in the blood, alcohol is transported throughout the 

body via the vascular system. Areas that receive more blood 

(e.g., the brain and liver) are affected first. The 

cognitive, attitudinal, and behavioral changes that result 

have been collectively referred to as "alcohol impairment". 

Behavioral Impairment from Alcohol 

In 1940, Jellinek and McFarland performed a 

comprehensive multi-dimensional analysis of the literature 

on the effect of alcohol on human performance. This was 

subsequently updated by Carpenter (1962> who focused on the 

literature published from 1940 to 1962. The current 

presentation of the literature will merely highlight some of 
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the previous research, while supplementing these references 

with more recent findings. 

Simple Reaction Time 

In simple reaction time tasks, the subject is asked to 

make a specific response to a single stimulus. For example, 

Linnoila, Erwin, Cleveland, Longue, and Gentry Cl978) tested 

simple reaction time by asking their subjects to press an 

on/off switch with their right foot. Within 2 to 5 seconds, 

a flash appeared on a screen in front of the subjects who 

were instructed to press a second switch as quickly as 

possible. Reaction time was calculated as the latency 

between the onset of the flash and the deflection of the 

switch. Other tests of simple reaction time have included 

the presentation of both visual and auditory stimuli, where 

the response necessitated moving a Morse key or a lever 

(e.g., Howells, 1956; Zirkle, King, McAtee, & Van Dyke, 

1959). The results of these studies led Carpenter (1962) to 

conclude that simple reaction time is moderately increased 

by any ingestion of alcohol. 

Based on independent investigations, Moskowitz (1974) 

and Chiles and Jennings (1970) arrived at a different 

conclusion about the effect of alcohol on simple reaction 

time. They reported that performance on reaction time tasks 

do not show detrimental effects at low doses of alcohol 
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(i.e., where BAC is less than .05%). Regardless of the 

actions of alcohol at low doses, Wallgren and Barry (1970) 

estimated a 10% increase in simple reaction time at BAC's of 

.08% to .10%. In addition, Cavett (1938) reported that 

simple reaction time increases with increasing BAC. 

Choice Reaction Time 

Choice reaction time (CRT) incorporates the cognitive 

mediation necessary to encode a stimulus presentation and 

make the correct response decision, in addition to measuring 

the subject's ability to physically execute an 

identification response. Several studies have been conducted 

to examine the time it takes a subject to make a stimulus 

identification and response choice (i.e., CRT). For example, 

Linnoila et al. (1978) used a continuous performance task as 

a measure of choice reaction time. This CRT task consisted 

of random single digits flashing on a screen once every two 

seconds. Subjects were instructed to respond quickly by 

pressing a key when an odd number was preceeded by an odd 

number, or when an even number was preceeded by an even 

number. The score on this test consisted of both the number 

of correct responses and the average CRT. Several authors 

have shown that CRT's in this sort of task increased 

directly with BAC (e.g., Bahnsen & Vedel-Peterson, 1934; 

Jennings, Wood & Lawrence, 1976; Linnoila et al., 1978; 
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Martin, LeBreton, & Roche, 1957, cited in Wallgren & Barry, 

1970). 

When comparisons of the effect of alcohol are made 

between simple and choice 

greater impact on CRT than 

reaction time, alcohol has had a 

SRT (Bahensen et al., 1934). In 

addition, with increasing amounts of alcohol, it takes more 

time to make correct responses, as compared to incorrect 

responses (Jennings et 

choices are still made 

Wallgren & Barry, 1970). 

Standing Steadiness 

al., 1976), yet more 

(Martin et al., 1957, 

incorrect 

cited in 

In 1853, Romberg established a simple 

test that illustrates the neurological 

but important 

condition of a 

subject. He simply looked at the oscillation or swaying of 

one's body as it maintained its balance when a subject stood 

with his/her feet together, eyes closed, and hands at sides. 

Begbie (1966) modified the basic Romberg test by having 

his subjects perform the test while standing on a moveable 

platform. He looked to see what effect a moderate dose of 

alcohol had on the platform movement. In addition, he 

compared the results of having subjects perform the task 

with their eyes open and closed. When a subject's BAC was at 

.06%, s/he swayed more and took longer to regain a secure 

center of gravity than when s/he was sober. In addition, in 
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the sober, but especially under the alcohol condition, 

closing one's eyes significantly increased the amount of 

body sway. 

A more detailed analysis of body sway was conducted by 

Franks, Hensley, Hensley, Starmer, and Teo (1976) who 

administered three doses of alcohol to their subjects and 

tested BAC 40, 100, and 160 minutes after ingestion. 

Standing steadiness was measured with both eyes open and 

closed by having the subjects stand on a stable platform 

attached to pressure sensitive electrodes. The results 

showed that alcohol at any level caused a performance 

decrement (i.e., more body sway) when compared to the 

placebo condition (i.e., BAC=O.O> in both the eyes open and 

closed trials. In addition, as BAC levels increased from .05 

to .08 to .10, there was a trend toward more marked 

deficits, although these differences were not statistically 

significant. 

In a modification 

Collins (1979) looked 

of the Romberg test, Schroder 

at the ability of frequent 

and 

and 

infrequent alcohol users to stand on one foot after drinking 

alcohol. With BAC's that measured as high as .09%, both 

heavy and light alcohol users showed some degree of 

impairment one hour after drinking. In addition, one hour 

after drinking, light drinkers had significantly more 

difficulty standing on their left (i.e., non-dominant) foot 
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than their dominant foot. Progressive improvement was 

observed 3, 5, 7, and 9 hours post-drinking, albeit, more 

slowly for the infrequent drinkers. 

The results of this group of studies showed that, as 

alcohol content increased, simple motor tasks became 

progressively impaired. In addition, such decrement was more 

marked at all levels of intoxication when the subject's eyes 

were closed, rather than open. 

Learning and Memory 

A large body of research has concerned itself with the 

effects of alcohol on learning and memory. Short term memory 

CSTM) research has frequently looked at performance on the 

Digit Span subtest of the Weschsler Adult Intelligence Scale 

(WAIS). In a digit span test, a subject is verbally 

presented with a sequence of numbers and asked to repeat the 

digits either in the same order or backwards. Hutchinson, 

Tuchtie, Gray, and Steinberg (1964) reported no significant 

differences between subjects with BAC's of .10% and controls 

in the number of digits that they could repeat fowards. 

However, intoxicated subjects Ci.e., BAC > .10%) showed 

severe deficits in their ability to recite digits backwards. 

This is not surprising, given the results of Zirkle, McAtee, 

King, and Van Dyke (1960), who found a 16% decrease in the 
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number of digits that could be recited backwards at a BAC of 

.05%. 

In studies of sensory memory, Moskowitz and Murray 

(1975) and Moskowitz and Roth (1971) performed a series of 

studies that found that, as BAC increased, it took more time 

for sensory informatibn to be read into STM. This effect was 

observed by Verhaegen, Vankerr, and Gambert (1975) with 

BAC's as low as .06%. 

The results of studies on the effect of alcohol on long 

term memory have concluded that alcohol leads to memory 

deficits regarding the events that took place while the 

subjects was intoxicated. For example, Diethelm and Barr 

(1962) showed that elements of conversations which took 

place when a subject was intoxicated were forgotten when 

sober. Subsequent studies (e.g., Birnbaum & Parker, 1977) 

which were conducted to investigate whether the observed 

deficit was caused by a decrement in the storage or 

retrieval phase of memory, showed that alcohol aversely 

affects the storage of information, but not the retrieval 

process. 

Verbal Behavior 

Many early studies of verbal behavior (see Jellinek & 

McFarland, 1940) reported that alcohol increased 

superficial, egocentric, and inappropriate associations on a 
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"free association" test. This is a projective psychoanalytic 

test used by psychiatrists, where an evaluation is made of 

the patient's verbal response to a stimulus word. 

Other verbal performance decrements have been observed 

following ingestion of alcohol. For example, Hartocollis and 

Johnson (1956) and Nash (1962) reported that verbal fluency 

(i.e., the number of words said) is impaired with increasing 

BAC. The ability of a subject to select an appropriate word, 

termed 

alcohol. 

"verbal mastery", is apparently also impaired with 

A study by Hartocollis et al. (1956) showed that, 

when given the definition of a word, subjects with higher 

BAC's had more difficulty naming the word than subjects with 

lower BAC's. 

Vision 

Alcohol effects are noted in the visual system through 

a phenomenon called "positional alcohol nystagmus" CPAN) and 

"alcohol gaze nystagmus" CAGN). Both phenomenon are 

characterized by jerking eye movements that occur in reponse 

to alcohol. PAN are upward eye movements when a subject's 

head has been placed to the side, while AGN are movements 

occurring when a subject focuses on something to the left or 

right of the visual field. Both have been shown to increase 

in intensity and duration with increasing BAC (Aschan, 1957; 

Carpenter, 1962). 
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Driving Skill 

While the results from studies cited thus far establish 

that alcohol decreases performance on tests of isolated 

functions, it is important to look at the effect of alcohol 

on the combination of psychomotor skills that are necessary 

to drive a car. In fact, in his review of the effects of 

alcohol on psychomotor performance, Carpenter (1962) 

concluded that "automobile driving skills deteriorate at 

relatively low BAC's - less than .05%" (p. 296). Examples of 

this can be seen in research by Laurell (1979) and Lovibond 

(1979) who induced an emergency traffic situation on an 

experimental test track (e.g., car skidding, the figure of a 

man suddenly appearing in the road). Using average BAC's of 

.04% and .06%, respectively, these researchers reported 

performance decrements in the ability of drivers to regain 

control of vehicles, as measured by stopping distance, the 

number of pylons hit (Laurell, 1979) steering correction 

measures, and yaw noise (i.e., the swerving of the vehicle; 

Lovibond, 1979). 

Thus, given the general performance decrements caused 

by alcohol, as well as the impairment of driving abilities, 

it is not difficult to understand why DUI results in a large 

number of motor vehicle accidents. 
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Field Tests of Alcohol Impairment 

While most of the tests of the effects of alcohol 

impairment are well controlled laboratory studies, some 

research has been conducted on performance screening tests 

that enable police to determine who may be likely to be DUI. 

For example, Burns and Moskowitz (1977) evaluated 16 

potential field tests of alcohol impairment. These included 

psychomotor tests (e.g., Romberg balance test, and the one 

leg stand)~ paper and pencil tests (e.g., cancelling all of 

one given letter in a paragraph)~ and cognitive tasks (e.g., 

tongue twisters). 

After careful evaluation, they determined that three 

tests enabled the police to identify correctly 83% of the 

subjects whose BAC's were greater than or equal to .10. The 

first test required the subjects to stand on one leg for 30 

seconds with the other leg held straight in front of them. 

The second test was a test in which the subject was asked to 

take nine steps, heel-to-toe, turn around, and take nine 

steps back to the starting point. The third test was a 

nystagmus test where the subject was asked to cover one eye 

and follow a light. Burns & Moskowitz reported that this 

latter test should be the test of choice if only one test is 

to be given. Subsequent field evaluation by police officers 

demonstrated that these three tests are easily administered 

in the field and are effective in distinguishing between 
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those drivers with BAC's above and below .10% (Anderson, 

Schweitz, & Snyder, 1983). 

Legal Definition of Alcohol Impairment 

In the 1930's, Scandanavia Ci.e., Norway and Sweden) 

set the precedent for the modern definition of alcohol 

impairment by establishing specific blood-alcohol levels as 

criteria for being considered DUI. They identified a measure 

of the precentage of ethyl alchol by weight in the blood, 

the blood-alcohol concentration CBAC), which is the single 

best measure of alcohol impairment (Beitel, Sharp, & Glauz, 

1975). In the u. S., BAC is usually calculated in gram 

weight per 100 milliliters and is expressed in terms of 

percent alcohol, weight per unit volume Cw/v). So, if a 100 

milliliter blood sample contains 5 grams of alcohol, the BAC 

would be expressed as .05% grams per milliliter (or, .05%). 

With the repeal of prohibition in 1933, each state was 

granted jurisdiction over legislation of the legal drinking 

age and percent BAC at which an individual is considered 

legally drunk. At present, most of the 50 states have 

mandated that the legal limit of intoxication is .10%. Other 

nations (e.g., Sweden and Britian) are more stringent, 

setting their BAC limits at .05% and .08%, respectively. 

In Virginia the legal limit is .10%. However, the 

Virginia Code Commission (1982) states that if a defendant's 
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BAC is at least .05% but less than .10%, s/he may still be 

charged with DUI, but some further evidence of impairment is 

necessary to obtain a conviction (e.g., psychomotor tests, 

motor vehicle accident). 

An epidemiological measure termed "relative probability 

of a crash" (Hurst, 1970: 1974> illustrates why .10% was 

chosen as the legal intoxication limit. Using data from 

several roadside BAC surveys which were reported in his 1974 

Vermont study, Hurst calculated that the probability of 

being involved in a fatal crash increases slowly with 

increasing BAC. With a BAC of .05%, for example, the chances 

are twice as high for being involved in a crash as with a 

BAC of .00% (no alcohol in the blood). Given a BAC of .10%, 

the chance is 6 to 7 times greater than normal. The chances 

increase from 12 times through 28 times with BAC levels in 

excess of .20%. In the same report (Hurst, 1974), the 

results of alcohol-related crashes conducted in Grand 

Rapids, Michigan showed that the probabilities of being 

involved in personal injury crashes at BAC's of .10% and 

.19% was 7.2:1 and 17:1, respectively, as compared to the 

non-drinking drivers. The magnitude of these statistics 

suggest that the danger of being involved in a motor vehicle 

crash start at BAC's of .05% and increase precipitously at 

.10%. 
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Moderating Factors in Alcohol Impairment 

While Beirness and Vogel-Sprott (1982) have 

demonstrated that alcohol impairment occurs, regardless of 

prior skill on the task; it should be noted that, in all 

studies of the effect of alcohol on psychomotor performance, 

five variables should be considered when evaluating the 

results. These are: gender, age, the time since the alcohol 

was ingested, normal drinking habits, and expected effects 

from drinking. 

As a matter of course, most laboratory studies have 

employed male subjects for evaluation. However, in those 

studies where females were used (e.g., in field evaluation 

studies), differences may be seen in the reaction of males 

and females to alcohol. For example, Jones and Jones (1976a) 

reported that when males and females were given the same 

amount of alcohol, females exhibited significantly higher 

peak BAC's. This finding was constant across low, medium, 

and high doses of alcohol. Jones & Jones Cl976a, 1976b) 

attributed this to the day of the menstrual cycle, a 

synergistic effect between alcohol and the oral 

contraceptive, and general differences in physiological 

make-up. Linnoila et al. (1978) also reported some gender 

differences in performance on psychomotor tests, although 

the amount of the difference was dependent on the nature of 

the test. 
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Two studies have shown that the age of the subjects may 

have an effect on their performance on psychmotor tests 

(i.e., Linnoila, Erwin, Ramm, & Cleveland, 1980; Wilson, 

Barboriak, & Kass, 1970). The results of these studies are 

difficult to interpret, given that the "old" group in the 

Linnoila et al. study was 35 to 54 years old, whereas Wilson 

et al. used subjects aged 60 to 85. In addition, these 

studies used different performance measures and different 

doses and types of alcohol in their studies. However, the 

fact that differences have been observed in both gender and 

age studies, suggests that these factors should considered 

in any well-designed research of alcohol impairment. 

Another factor to consider when evaluating behavioral 

impairment from alcohol, is the time since the alcohol was 

ingested. In 1919, Mellanby (cited in Moskowitz, Daily, & 

Henderson, 1979) reported that "the behavioral impairment at 

a given blood alcohol level was greater when blood alcohol 

level was rising than when it was falling" Cp. 184). Thus, 

if behavioral tests (or motor vehicle operation) occur soon 

after alcohol consumption <i.e., when alcohol is being 

absorbed into the blood) the chance 

performance decrement may be greater than 

occur after BAC has reached its peak. 

of observing a 

if the behaviors 

The normal alcohol consumption habits of the subject 

have also been shown to influence results on performance 
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tests. Repeated consumption of alcohol is known to cause a 

pharmacological condition known as "tolerance". Cicero 

(1980) defined alcohol tolerance as "a reduced effect of the 

same dose of alcohol on a specific parameter or as a shift 

in the dose-response curve after a period of chronic 

exposure to alcohol" Cp. 102). In fact, Wilson, Erwin, 

McClearn, Plomin, Johnson, Ahern, and Cole (1984) showed 

that some degree of tolerance occurs even after the first 

drink. In this case, the performance of some of their 

subjects improved above expected practice effects on the 

second trial of a behavioral task, after a second dose of 

alcohol was given. Therefore, subjects who consume alcohol 

frequently and/or in large doses, may be more resistant to 

its effects than infrequent drinkers. In fact, Goldberg 

(1943) and Vogel (1958), among others, have reported that, 

given the same BAC, heavy (i.e., tolerant) drinkers are less 

impaired on performance tasks than light drinkers. 

Finally, it should be noted that a person's level of 

impairment cannot be determined on the basis of BAC alone. 

The expectancy of alcohol effects have been shown to produce 

both behavioral and additudinal changes. The prototype 

design for such experiments involves telling half of the 

subjects that they will be given alcohol to drink, while the 

other half expect a non-alcoholic beverage. Within each 
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group, half are actually given alcohol, while others receive 

a placebo. 

Placebo experiments of this sort have shown that the 

mere belief that one has consumed alcohol is sufficient to 

increase sexual arousal (Wilson & Lawson, 1976), and 

aggression (Lang, Goedkner, Adesso, & Marlatt, 1975), and to 

decrease social anxiety (Higgins & Marlatt, 1975). 

Southwick, Steele, Marlatt, and Lindell (1981) have also 

shown that positive or negative expectancies vary as a 

function of the amount of alcohol consumed and one's normal 

drinking patterns. Thus, subjects expected moderate drinking 

to result in relatively greater stimulation, perceived 

dominance and pleasurable disinhibition (i.e., positive 

outcomes) than heavy drinking, which caused the expectation 

of greater behavioral impairment -- a negative outcome. 

Therefore, it is not merely the pharmacological effects 

of alcohol, but also one's subjective expectancies and 

interpretations about drinking that must be considered when 

attempting to change the behavior of a potential DUI. 

Furthermore, the results of studies that concluded that BAC 

alone does not determine one's level of impairment have led 

some (see Johnson, 1983 for a discussion) to argue that 

blood alcohol level, per se, gives little indication of how 

impaired an individual really is. Instead, the definition of 

impairment for DUI arrest purposes should be made on the 
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basis of the results of actual performance tests, not on an 

arbitrary cut-off point of .10%. Above and beyond testing 

issues (i.e., reliability and validity), the legal 

ramifications of a change in the definition of alcohol 

impaired must be evaluated. 

Measuring the Presence of Alcohol in the Body 

Of the various devices that measure the amount of 

alcohol in the blood, the most accurate devices are those 

which screen blood samples obtained from capillaries or 

arteries (Jones & Joscelyn, 1978; Jones, Wright, & Jones, 

1975). Tests are also available for measuring blood-alcohol 

levels using urine and saliva (Jones, 1981). These methods 

are essentially unsuitable for rapid BAC determination, 

since these measures are relatively expensive and involve a 

time lag between obtaining a sample and subsequent analysis. 

One solution to this time lag was discovered in 1927 

when it was determined that a relationship (2100 : 1) exists 

between the concentration of alcohol in the blood and deep 

lung (alveolar) exhalate (Harger, Forney, & Barnes, 1950). 

Alveolar air is defined as the air collected after at least 

500 ml of breath has been discarded. Thus, by collecting 

breath samples, it became possible to obtain a rapid and 

accurate screening of an individual's BAC. The first breath 
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blood-alcohol testing devices used "wet" chemistry to 

determine BAC (e.g., "Drunkometer" and "Intoximeter"). 

The theory behind these machines was that alcohol would 

oxidize in the presence of the potassium dichromate/sulfuric 

acid mixture contained in the machine (Jones, Jones, & 

Williams, 1979). Unfortunately, these chemical compounds are 

not stable, hence, obtaining accurate results often depended 

upon the skill of the operator as well as the BAC of the 

individual being tested (Forrester, 1979). Different 

oxidizing agents (e.g., iodine pentoxide) were used in later 

machines (e.g., the "Intoximeter" in 1940; "Alcometer" in 

1952), but outcomes still suffered from chemical instability 

and an aberrant reaction to the presence of acetone in the 

sample. Acetone is frequently present in diabetic patients 

and occasionally in individuals on a diet. Therefore, when 

it as alcohol, acetone was 

resulting in 

1979). 

present, the device 

an artificially high 

"read" 

BAC reading (Forrester, 

Another breath analysis unit uses chromic acid as an 

oxidizing agent and, by controlling the catalyst, time of 

reaction, and acid strength, the acetone interference 

problem has been solved. However, this unit was attacked on 

other grounds, namely, defense lawyers were able to disallow 

this breathalyzer evidence because they were not allowed to 

inspect the chemical used to make the alcohol determination. 
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The chemists countered with the argument that the oxidizing 

agents rapidly deteriorate, thus inspection of the chemical 

would serve no purpose (Forrester, 1979). The courts, 

however, were not always receptive to the chemist's 

protestations, and many DUI arrests were overturned on this 

point of law. Clearly, the science of assessing the level 

of intoxication is not purely a scientific determination. 

Two other laboratory methods are used to determine BAC. 

One applies an infrared CIR) principle in which a beam of 

light at 3.39 microns passes through the sample chamber and 

is monitored at the other end. This wavelength is sensitive 

to the hydrocarbon chain of ethyl alcohol CC-H) and 

therefore has utility in determining breath BAC. 

Unfortunately, the hydrocarbon chain is also present in 

other alcohols that may be found in the body (i.e., methyl 

alcohol, CH30H) as well as acetone CCH3COCH3). 

A second and more reliable method of determining BAC is 

that of gas chromatography CG.C.). A gas chromatograph takes 

the blood sample and rapidly heats it, breaking the sample 

into its constituent chemical components. Readings are then 

taken only on the ethyl alcohol component. Forrester Cl979) 

used the G.C. method to test several compounds chemically-

related to ethyl alcohol (e.g., isopropyl, acetaldehyde) and 

found no evidence of interference. The major drawbacks of 

the G.C. are its expense and non-portability. 
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Several experimenters have performed comparisons 

between breath analysis machines and blood, urine, and/or 

saliva testing devices in the determination of BAC (e.g., 

Hoday, 1979; Jones, 1979; Jones et al., 1979; Landauer, 

1972). In an examplary study, Landauer (1972) found 

correlations of .94 and .95 between the results of a breath 

analysis instrument <"Breathalyzer"> and the G.C. of veneous 

blood. 

The literature, then, strongly supports analysis of 

alveolar breath as a measure of BAC. When errors are 

present, breath tests tend to slightly underestimate "true" 

BAC (Cameron & Donkin, 1979; Jones et al., 1979; Landauer, 

1972). 

Issacs, Emerson, Fuller, & Holleyhead (1981) tested 

three breath alcohol testing instruments under both field 

and laboratory conditions. They reported that BAC 

underestimations were more likely to be observed under field 

conditions as opposed to laboratory measurements. Three 

factors may account for this error. One is the presence or 

absence of mouth alcohol. For example, factors such as the 

recent use of mouthwash or residual mouth alcohol may 

increase a BAC reading (Quick Facts, 1982). Dubowski (1984) 

reported that it takes about 10 minutes for the mouth to 

clear itself of alcohol (to BAC of less than .005) or 7 

minutes with a water rinse. 
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Underestimations of BAC may result from taking breath 

samples as soon as exhalation begins. Noordzij Cl975) 

reported that slightly more accurate BAC readings Ci.e., 

those that more closely approximate the actual concentration 

of alcohol in the blood) are obtained from the collection of 

air deeper in the lungs Ci.e., alveolar samples). Under 

field conditions, it is more difficult to determine when the 

subject is exhaling alveloar air. Another factor that has 

been suggested to account for differences between the 

various measures of BAC is that a time allowance is needed 

for the metabolism of alcohol throughout the blood stream 

(Mccallum & Preston, 1979). 

In spite of these potential confounds, a maximum error 

of 4% to 5% (about .01% w/v> may be observed between blood 

and breath analyses. This difference has not been 

consistently observed (Cameron et 

1979: Mccallum et al., 1979). 

al., 1979: Jones et al., 

The conclusion from the 

literature, then, is that breath blood-alcohol analysis is a 

practical and reasonably accurate measure of true BAC. 

Portable BAC Measurement 

One of the problems with conventional BAC machines is 

that most are large, table top models, whose size makes them 

difficult to carry out of the police laboratories. Police 

have found it inconvenient to take suspected drunk drivers 
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in for testing because of the time needed (2 to 3 hours) to 

transport a suspect to and from an arrest scene (Marshak, 

1979). It has therefore been argued that police might be 

more willing to make DUI arrests if there were a decrease in 

the time it took to make such arrests. 

Marshak (1979) equipped several vans with breath 

blood-alcohol testing devices and had the vans travel to 

accident or arrest sites to determine if the suspect was 

DUI. To increase public awareness of the program, each van 

was clealy marked "DWI Testing Van". In the three years that 

the program has been in operation, fatal alcohol-related 

accidents decreased from 50% to 55% to 36%, annually. Prior 

to the mobile DUI units, arrests for alcohol-related driving 

occurred 90% of the time at the scene of a vehicle accident. 

After the units were in operation, 62% of the DUI arrests 

occurred before accidents, with the remaining 38% occurring 

after an accident. This marked drop in the accident rate and 

the 75% increase in the overall DUI arrest rate suggest a 

utility for mobile breath alcohol detection systems. 

Increases in apprehension of alcohol-impaired drivers and 

deceases in DUI accidents using mobile or roadside breath 

blood-alcohol testing devices have also been reported in 

Canada by Hoday (1979) and Picton (1979b). 

Even more important to police and researchers alike in 

identifying the BAC's of individuals suspected of DUI, are 
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which are portable, 

transporting the 

but do not 

units to the 

require a 

test site. 

Since 1969, several devices have been developed for just 

such a purpose (e.g., "A.L.E.R.T."; "Alco-Sensor", and 

"Intoximeter"). These devices are self-contained, 

electrically-powered instruments which use either 

semiconductor alcohol-sensing or electro-chemical oxidation 

as a means of determining BAC. In addition, these devices 

have the ability to draw automatically a measured amount of 

sample, analyze it, display the results, and purge 

themselves for the next reading. 

Rosen, Sielaff, Romslo, Lowery, Mons, 

Kramer, and Schaefer (1974) 

Weckwerth, 

reported the outcome of 

employing the A.L.E.R.T. portable breath testing device for 

screening suspected drunken drivers in one county in 

Minnesota. The devices performed well under field conditions 

and received generally favorable ratings from the police 

officers who used 

experimental design 

them. Unfortunately, flaws 

of the study did not allow the 

in the 

authors 

to make a meaningful analysis of the effect of the devices 

on DUI arrest rates. The conclusion to be drawn from this 

study, however, is that portable breath testing devices 

offer the advantage of being easily adapted to field use, 

while offering the same certainty of BAC measurements as the 

larger machines. 
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Characteristics of the Drinking Driver 

Several studies have yielded information about the 

characteristics of individuals who DUI (e.g., Donovan & 

Marlatt, 1982a, 1982b; Donovan, Marlatt, & Salzberg, 1983; 

Filkins, Clark, Rosenblatt, Carlson, Kerlan, & Manson, 1970; 

Ryan & Salter, 1979; Waller, King, Nielson, & Turkel, 1970). 

For example, in separate U.S. studies, Waller et al. (1970) 

and Filkins et al. (1970) reported that males are 

over-represented in drinking driver populations. Although 

males comprise 81 to 88% of all non-drunk fatally injured 

drivers, 90% of those fatally injured alcohol-impaired in 

these studies were males. This represents a small, but 

significant difference. Statistics of non-fatal crashes also 

support the higher percentage of male involvement. 

Borkenstein, Crowther, Shumate, Ziel, and Zylman (1964) 

reported that 88% of the crash-involved drinking drivers 

were male. Perrine, Waller, and Harris (1971) conducted 

roadside surveys and found that 79% of the vehicle drivers 

they interviewed were male, and 83% of those interviewed who 

were legally drunk (BAC ~ .10%) were male. 

In a series of studies examining psychosocial factors 

of DUI arrestees, Donovan and Marlatt (Donovan & Marlatt, 

1982a, 1982b; Donovan et al., 1983) have reviewed the 

literature on variables contributing to the risk of traffic 

accidents. They looked at demographic characteristics, 
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excessive alcohol use, personality traits, acute states of 

emotional distress, and driving related attitudes. It was 

postulated that an interaction of these factors result in 

alcohol-impaired driving. 

Of import to the present study is the frequency of 

alcohol use among DUI arrestees. This question is important 

when planning DUI intervention programs in that, if the 

predominance of convicted DUI offenders are alcoholics, any 

intervention must necessarily address, if not focus on, 

treatment for alcoholism. If the evidence suggests a larger 

percentage of non-alcoholic DUI offenders, interventions 

should use combinations of education, legislation, and 

primary prevention. If a bimodal distribution of alcoholics 

and non-alcoholics exists, a screening process could be used 

to funnel the individuals into appropriate treatment 

programs. 

Unfortunately, the literature is divided as to the 

relative representation of alcoholics among the drinking 

driver population. For example, Popham (1956) looked at the 

records of drivers charged with impaired or drunken driving 

in Toronto and reported that there were significantly more 

alcoholics among this group than would be expected on the 

basis of the number of alcoholic clinic patients in the 

drinking population. Other authors who reported similarly 

high frequencies of alcoholic representation among DUI 
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offenders include Hirsch (1956), Ryan et al.(1979), and 

Yoder and Moore (1973). 

In contrast to 

performed an extensive 

these 

review 

findings, 

of the 

Vingilis (1983) 

literature to 

investigate the relationship between alcoholics and drinking 

drivers. She observed that the oft cited conclusions that 

alcoholics constitute the large percentage of alcohol 

impaired drivers (e.g., Popham, 1956) are not only outdated, 

but also suffer from intractable methodological confounds. 

Vingilis compared the involvement of drinking drivers and 

alcoholics along several dimensions. These included 

characteristics of drink-driving offenders and alcoholics 

regarding age, race, marital 

history, and driving record. 

status, education, drinking 

Vingilis concluded that 

alcoholics, as a group, seem to be "high risk" drivers, in 

that they are highly represented in alcohol-impaired driving 

statistics. However, even with the paucity of studies 

specifically concerning the individual drinking driver, she 

concluded that the majority are not alcoholics. Depending on 

the preciseness of the definition of "alcoholism", Vingilis 

estimated that only 30 to 50% of the drinking drivers are 

alcoholics. 

Tentative support for Vinglis' conclusions about the 

representation of non-alcoholics in DUI statistics is 

offered by Sharma and Moskowitz (1979) who provided light 
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drinkers with ad libitum access to any type of alcoholic 

beverage they chose. A light drinker was defined as someone 

who drank at least once per month; typically only one or two 

drinks on a single occasion, but rarely more than two on a 

single day. The mean peak BAC of the subjects was .14%, with 

individual BAC ranging from .09% to .17%. These results 

clearly suggest that light (or "social") drinkers can 

consume alcohol in quantities large enough to, at least, 

make them eligible to become alcohol-impaired drivers. 

Youth Involvement and DUI 

The literature is consistent in finding that between 45 

and 60 percent of all fatal crashes involving young drivers 

are alcohol related. In addition, it has been frequently 

reported that for all levels of crash severity, young 

drivers are considerably more likely to have been drinking 

than older drivers (Borkenstein et al., 1964; Farris, Malone 

& Lilliefors, 1976; Filkins et al., 1970; Waller et al., 

1970). 

In California, Waller et al. (1970) found that 50% of 

the fatally injured drivers over 20 were intoxicated, while 

only 18% of those under 20 years of age had BAC's greater 

than or equal to .10%. The findings of Borkenstein et al. 

(1964) and Farris et al. (1976) are significant in that they 

also indicated that for 18 to 19 year olds, the relative 
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probability of a crash is four to nine times higher after 

any alcohol consumption than for other age groups. 

Among the population of young drivers, males are 

considerably more often involved in alcohol-related traffic 

accidents than females. Most frequently, young males become 

involved in night time single vehicle accidents (Carlson, 

1973). A possible explanation for this observation may lie 

in the fact that fewer females are driving after midnight, 

and if they are on the road, they are more likely to be 

passengers than drivers. 

Several factors can be said to contribute to the 

observed over-involvement of youth in alcohol-related 

accidents. Among these are their relative inexperience with 

drinking, driving, and drinking-driving, as well as 

detrimental peer influence and negative reactions to 

parental input. For a review and discussion of these and 

other factors, see Douglass (1982) and Zylman (1973). 

A significant sub-group of youthful drivers and the 

population from which subjects from the current study were 

recruited, are college students. The consumption of beverage 

alcohol is quite prevalent on college campuses. For example, 

in questionnaires of college students from 1968 to 1974, 

anywhere from 71 to 96% of the students reported drinking to 

some degree (U. S. Department of Health, Education, and 

Welfare, 1976). In most cases, the preferred beverage was 
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beer, followed by distilled spirits and wine. In a recent 

survey of over 6,000 college students, Engs and Hanson (in 

press) reported that 82% were drinking once a year and 20% 

were heavy drinkers (defined as six or more drinks at any 

one sitting, once a week or more). On the Virginia Tech 

campus, two self-report surveys (i.e., Altomari, 1984; 

Desjardins, 1975) reported occasional drinking rates of 72% 

and 83%, respectively, for the students completing 

questionnaires. 

Regarding gender differences in the incidence of 

alcohol use among college students, most studies have shown 

that a higher percentage of males than females drink (e.g., 

Kaplan, 1979), although others have not shown a significant 

discrepancy (e.g., Banks & Smith, 1980). When the results of 

earlier surveys are compared with more recent statistics, it 

appears that the incidence of male drinking has remained the 

same or increased, while female drinking has increased CEngs 

& Hanson, in press). Another interesting finding is that 

males, consume alcohol more frequently and/or in greater 

quantities than females who drink (Kaplan, 1979), although 

Engs (1977) reported an increase in the incidence of heavy 

drinking among women college students. 

Although statistics on the incidence of drinking on 

college campuses establish the frequency of alcohol use, 

little objective data exists on consumption patterns by 
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college students during actual drinking bouts. As 

Rosenbluth, Nathan, and Lawson (1978) argued convincingly, 

the reliability and validity of retrospective verbal reports 

can be criticized because they fail to consider the 

environmental context within which the drinking occurs. 

In this regard, a few field studies have yielded 

information important in planning DUI interventions. 

Rosenbluth et al. (1978) and Geller, Altomari, and Russ 

(1984) unobtrusively observed students drinking in college 

pubs to investigate some setting factors related to college 

drinking. Each study looked at the gender of the drinker and 

the size of their drinking group, as well as the rate and 

amount of beer ingested. Males were observed drinking more 

beer at higher rates than were females, and both males and 

females drank more rapidly in groups of drinkers rather than 

with one other person. 

In another field study looking at the drinking behavior 

of students, Geller, Altomari, and Russ (1984) collected 

beer consumption data at a Virginia Tech fraternity party in 

order to examine individual's abilities to report the number 

of cups of beer they consumed and their accuracy in 

estimating their BAC. Cup-by-cup beer consumption was 

collected for each party participant by recording the number 

from a special ID badge each time a subject ordered a cup of 

beer from the bar. At the end of the party, each student was 
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asked to report the number of cups of beer they drank during 

the party and were also asked to estimate their BAC. Their 

actual BAC was determined using a hand-held breath testing 

machine. Later, the student's subjective estimation of the 

number of cups consumed was compared to the actual 

consumption data. The results showed that only 31% of all 

participants were able to report correctly the number of 

cups they drank, while 40% underestimated their true 

consumption. The students 

estimating their BAC: a mere 

state their level of alcohol 

were even less accurate in 

15% were able to correctly 

intoxication (+ .01%). Almost 

60% of the students reported that they were less intoxicated 

than they actually were. 

It can be tentatively concluded from these results that 

students may not be using the number of cups they drank 

and/or a BAC estimate to judge their subjective level of 

impairment. If this is the case, they may be using other 

cues to make decisions about their level of impairment and 

hence, their decision regarding DUI. 

The discussion, thus far, has clearly established the 

depth and scope of the DUI problem as well as presenting a 

means of identifying how to detect the presence of alcohol 

in the body. Given this information, it is important to 

discuss what steps have been taken to decrease DUI. 
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DUI Countermeasures 

The Legal Approach 

The detection, apprehension, arrest, and conviction of 

the drunk driver are the focus of the legal approach, whose 

deterrent effect lies in the perceived certainty, swiftness, 

and severity of punishment (Ross, 1982). Therefore, as a 

first step in the process, a drunk driver must be identified 

and stopped. One of the difficulties, in apprehending a 

drunk driver, however, is discriminating his/her presence 

from among other, non-drunk drivers. Harris (1980) has 

identified several behaviors that police can observe when 

alcohol-impaired individuals are driving. As opposed to the 

numerous laboratory studies on this topic (see Perrine, 1975 

for a review), Harris' study used field tests to validate 

his findings. He identified 23 behaviors for officers to use 

for detecting the drunk driver. These included: "Stopping 

(without cause) in traffic lanes"; "Following too closely"; 

"Weaving"; and "Straddling center or lane marker" Cp. 729). 

Harris reported one application of this detection procedure 

resulted in a 12% increase in the number of DUI arrests. 

Once a suspect has been stopped, the most frequent 

measures used to determine DUI, are based on the so-called 

"Scandanavian laws". As discussed earlier, these laws 

establish a specific blood-alcohol level as the criterion 

for being considered DUI, and they are accompanied by 
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punishments for DUI which often involve imprisonment and 

license suspension. When the laws were first established in 

the 1930's, Norway punished all people equally with BAC's 

greater than or equal to .05%, while Sweden legislated two 

degrees of punishment. For individual's whose BAC ranged 

from .08% to .15% heavy fines were exacted, while BAC's 

greater than .15% resulted in one month's imprisonment. The 

result of such legislation was an increase in the certainty 

of punishment for drinking drivers because defining the 

level of impairment in scientific terms established more 

certain grounds for conviction (Ross, 1982). 

The "Scandanavian laws" were incorporated in the 

British Parliament's Road Safety Act of 1967. A detailed 

analysis of this act was performed by Ross (1973; 1982) who 

concluded that it was highly effective in accomplishing its 

goal -- abating the chronic problem of DUI in Great Britian. 

The evidence for this improvement was in the results of a 

carefully controlled analysis that reported decreases in the 

crash casuality and fatality rates after the law was 

enacted. Unfortunately, the initial impact of the Road 

Safety Act dissipated within a few years (Ross, 1973; 1982). 

After 1967, there was a slower decrease in the number of 

total casualities, which eventually increased in subsequent 

years. This appears to be the pattern when Scandanavian-type 

laws are introduced. The initial success of the initiation 
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of Scandanavian-type laws and subsequent reduction in their 

effectiveness has also been observed in France, Canada, and 

New Zealand (Ross, 1982). In fact, Ross (1975) looked at the 

DUI problem in Norway and Sweden, the countries where 

Scandanavian laws originated, and found that the initial 

success in decreasing DUI that was claimed by these 

countries, was also not maintained. 

Another approach to apprehending the drunk driver can 

be termed the "Blitz", based on the well-known "Chesire 

Blitz" of 1976 (cited in Ross, 1982). The Chief of Police in 

the county of Chesire, England ordered his officers to go as 

far as they could, within the letter of the law, to 

administer breathalyzer tests to as many people as possible 

who were driving between 10 p.m. and 2 a.m. Clater 9 p.m. 

and 4 a.m.). 

The immediate outcomes were an eleven-fold increase in 

the number of tests administered and a doubling of the 

number of people arrested for DUI. Ross (1982) reported that 

other blitzes have met with similar success, often with 

associated decreases in alcohol-related accidents. These 

blitzes, however, were costly in terms of police overtime 

and non-DUI motorist inconvenience, and they often generated 

much negative publicity. Moreover, two respected DUI 

researchers, Larry Ross (1982) and Richard Zylman (1979), 

have concluded that, although large scale blitzes are 
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effective in the short run, their effects do not persist. 

That is, enforcement campaigns have shown no evidence of 

long-term post-termination benefits. 

It appears, then, that although Scandanavian laws and 

blitzes do have a deterrence effect, the effect is of 

limited duration. When the implementation of these 

approaches has been controversial and/or highly publicized, 

a more marked initial reduction in DUI has been observed 

relative to places where the programs drew less attention 

{Ross, 1982). The importance of the controversy/publicity 

factor may be to maintain the initial overestimation of the 

probability of detection and punishment. 

Except for brief periods, however, the actual chances 

of apprehension for DUI are low. Beitel, Sharp, and Glauz 

{1975) estimated that the probability of arrest while 

driving at a blood alcohol level over .10% was 1 in 200 in 

the U.S.~ Santamaria {1974) estimated this probabilty to be 

1 in 1000 in Australia, while Summers and Harris {1978} 

estimated the probabily of DUI arrest to be closer to 1 in 

2000 in the U.S. Therefore, once drivers learn that the 

probability of detection is still low, DUI rates tend to 

increase. 
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Legislation of the drinking aqe 

It was not until the early 1970's that reductions in 

the legal drinking age began to come about in North America. 

The young were taking a more active part in society, paying 

taxes, voting in federal elections, driving cars, and 

serving in the military (Smart, 1980). It was this last 

point, the fact that if young men were old enough to fight 

in Viet Nam, they were old enough to drink, that convinced 

legislators in 29 states to lower the drinking age from 21 

to 18 or 19. Since that time, several studies have been 

performed to evaluate the impact of lowering the drinking 

age. 

For example, in 1972, after the drinking age was 

lowered in Michigan from 21 to 18, Douglass and Filkins 

(1974) found significant increases in 18 to 20 year old 

alcohol-related and night-time single-vehicle-male-driver 

crashes as compared to 21 to 45 year old drivers. The 

increase in alcohol-related collisions was 105% higher for 

youthful drivers than for all other drivers (Hammond, 1973). 

Furthermore, Douglass and Freedman (1977) reported that this 

increase was maintained three years after the law was 

changed. 

Similarly, after the drinking age was lowered in 

Ontario, Canada, Schmidt and Kornaczewski Cl973a; 1973b) 

found significant increases in the relative involvement of 
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drivers 16 to 19 years old in alcohol-related accidents. A 

similar comparison of alcohol-related crashes in Maine, 

another state where the drinking age was lowered, showed 

increases for youthful drivers, but not among drivers ages 

20 to 44 (Douglass & Filkins, 1974). 

The general conclusion from these studies is that 

increases in alcohol-related collisions occurred in young 

drivers ages 18 to 20 when the legal drinking age was 

lowered in their state or province. However, Vingilis and 

DeGenova Cin press) reviewed much of the literature on the 

lowering of the drinking age and concluded that, while the 

collision frequency increased, no concomitant increases were 

observed in the fatality rate. No explanation is given for 

this apparent discrepancy between collision frequency and 

fatality rate. Nevertheless, as a result of these and 

several other studies (e.g., Cucchiaro, Ferreira, & 

Sicherman, 1974; Douglass & Freedman, 1977; Wagenaar, 1981, 

1983), 15 states raised their legal drinking age between 

1976 and 1981. 

To investigate the effect of re-raising the drinking 

age, Wagenaar (1982) performed a quasi-experimental, 

multiple-time-series analysis, comparing motor vehicle crash 

totals month-by-month from 1972 to 1979. Using a multi-level 

matrix analysis on four states (i.e., Maine, 

York, and Pennsylvania), he assessed the 

Michigan, New 

effects of 
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increasing the legal drinking age on alcohol-related 

accidents among young drivers. Michigan and Maine were 

included in the study because they both lowered their legal 

drinking ages in that period. New York and Pennsylvania 

served as control states whose drinking ages remained 

constant at 18 and 21, respectively. Comparison age groups 

in each state Ci.e., those 18 to 20 and those 24 to 45 years 

of age) were evaluated for both alcohol and non-alcohol 

related accidents. After accounting for extraneous variables 

that may have influenced the results (e.g. the economic 

recession of 1979), the results in Michigan and Maine showed 

a 17% to 20% decrease in the number of alcohol-related 

property damage crashes among 18 to 20 year olds. No 

significant decrease was seen for groups aged 24 to 45 as a 

result of raising the legal drinking age. The alcohol-

related personal injury/fatal crashes decreased for the 18 

to 20 year old group only in Michigan, but no significant 

differences were observed in Maine for either the 18 to 20 

year olds or the 24 to 45 year old age group. The comparison 

states, New York and Pennsylvania, evidenced no significant 

changes for any age group in either alcohol related property 

damage or injury/fatality crashes. 

Waganaar's results support 

observed reductions in crashes were 

increase in drinking age. Wagenaar 

the argument that the 

a direct result of the 

Cl982) concluded that 
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"about 20% of all alcohol-related crashes involving young 

drivers can be prevented by raising the legal drinking age 

from 18 to 21 for all alcoholic beverages" Cp. 9). He 

admited, however, that an increase in the legal drinking age 

will not, a priori, result in a 20% reduction in crashes in 

every state. Extraneous factors, such as a lower legal age 

in neighboring states where youth may travel to obtain 

alcohol, may dilute the effect of a rise in the drinking 

age. 

The conclusion that raising the legal drinking age will 

decrease alcohol-related collisions among the youth was 

supported by Vingilis and DeGenova Cin press) following a 

comprehensive review of the literature on changes in the 

legal drinking age in North America. These researchers were 

more cautious than Waganaar, however, in that they pointed 

out that methodological considerations preclude an exact 

estimate of the extent of the impact. 

These findings were used in the 1983 Presidental 

Commission Report on Drunk Driving which recommended raising 

the legal drinking age to 21 throughout the U.S. Recent 

legislation worked out in both houses of Congress determined 

that this increase will be accomplished by providing 

disincentives for those states who do not raise their 

drinking age to 21 within 2 years (i.e., loss of federal 

highway funds) and the provision of incentives Ci.e., 
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increased highway funds) for those states who raise the 

legal drinking age and/or mandate stronger legal sanctions 

for convicted drunk drivers ("Reagan signs", 1984). The 

self-report of individuals who will be affected by an 

increase in the drinking age, suggests that there is much 

resistance to the removal of the right of these individual 

to drink. Indeed, the self-report of 353 students, 98% of 

whom were under-21 years old, said that they would be "Very 

Likely" to violate a law which raised the drinking age to 21 

(Geller, Altomari, & Russ, 1984). This data was collected 

before the recent legislative action, however, and 

therefore, must be considered with caution. 

While the impact of a nationwide increase in the legal 

drinking age remains to be seen, even with Waganaar's 

expected 20% reduction in the accident statistics, drivers 

over the age of 21 will still account for 80% of the 

alcohol-related accidents. Therefore, other methods of 

reducing alcohol-impaired driving are definitely needed. 

Alcohol Safety Action Programs 

The largest organized attempt to rehabilitate drunk 

drivers has been through the formation of Alcohol Safety 

Action Programs CASAPs). Following the establishment of the 

U.S. Department of Transportation CDOT) in 1967, the DOT 

Secretary was charged with launching a special study to look 
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at alcohol and highway safety. The Secretary's 1968 Report 

to Congress on Alcohol and Highway Safety detailed the 

extent of DUI on the nation's highways and resulted in the 

formation of 35 ASAPs in communities across the U.S. (Voas, 

1981). 

As given by Zardor <1976), the major goals of ASAPs are 

threefold: 

l> To demonstrate the feasibility and practicality 
of a systems approach for dealing with the 
drinking-driving problem, and further, to 
demonstrate that this approach can save lives. 

2) To evaluate the individual countermeasures 
within the limits permitted by the simultaneous 
application of a number of different 
countermeasures as the same site. 

3) To catalyze each 
its safety program in 
(p. 51). 

state into action to improve 
the area of alcohol safety 

The method recommended for achieving these goals was 

through a systems approach which included: a) increased law 

enforcement, b) stepped-up court pre-sentence investigations 

to isolate problem drinkers, c) rehabilitation of problem 

drinkers, and d) public information and education (U.S. DOT, 

1974). 

Since their inception, several authors have performed 

analyses regarding the effectiveness of the ASAP program. 

For example, Zador (1976) compared year-to-year variations 

in fatality statistics between groups of areas with and 

without ASAPs. He reported that, since there were no 
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systematic reductions in fatalities in those areas served by 

the ASAPs, the ASAP programs are ineffective. His 

conclusions were contested by Johnson, Levy, and Voas 

(1976), who claimed that Zador's conclusion about the total 

ineffectiveness of the programs was unjustified, given 

certain methodological confounds. Among other areas of 

disagreement, they argued that a change in the number of 

fatalities is but one goal of the ASAP program. Therefore, 

Zador erroneously labeled the entire program as ineffective, 

when, in fact, it may only be deficient in its ability to 

reduce alcohol related fatalities. 

Other authors have also concluded that the 

effectiveness of ASAP programs is limited. For example, 

Nichols (1979) reported on four aspects of the ASAP program: 

a) increased knowledge about the effects of alcohol: b) 

improved attitudes towards drinking and driving: c) 

reductions in alcohol-related violations; and d) changes in 

subsequent crash involvement for persons exposed to such 

programs. Nichols' evaluation of several studies showed that 

the ASAP programs significantly increased knowledge about 

alcohol and driving, and showed improved attitudes toward 

DUI. That attitudes changed in a positive direction is not 

surprising, given that most persons being tested were still 

under the control of the court: hence, it was in their best 

interests to report a positive attitude change. Nichols also 
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reported that, while most of the studies he reviewed showed 

statistically significant decreases in DUI violations for 

ASAP members, none reported significant reductions in 

alcohol-related accidents. 

In a more comprehensive analysis of data from several 

ASAP studies, Nichols, Weinstein, Ellingstad, and Reiss 

(1981> arrived at several conclusions about evaluation 

studies of the ASAP program and about the ASAP programs 

themselves. First, the early studies that showed positive 

effects, as measured by lower re-arrest rates (e.g., U.S. 

DOT, 1974), were not carefully controlled, hence, their 

results must be considered cautiously. In addition, while 

large-scale, quasi-experimental studies supported positive 

treatment effects for social drinkers, they showed no such 

changes for problem drinkers. Nichols et al. <1981) also 

concluded that re-arrest rates of problem and social 

drinkers remained unchanged following education/therapy 

programs. 

Thus, the conclusions of several investigators have not 

supported the effectiveness of ASAPs in reducing DUI 

recidivism. If any positive outcome does occur from ASAP, it 

will most likely increase drinking driving knowledge among 

most participants, and change the behavior of some who are 

social drinkers. 
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Citizen/Community Action Efforts 

The community-based prevention efforts have generally 

evolved from grass roots movements against drunk driving. 

Probably the most publicized movement, Mothers Against Drunk 

Drivers (MADD), was founded by Candy Lightner after her 

child was killed by a drunk driver. Among other tactics, 

MADD places members in courts to monitor the legal treatment 

of DUI offenders and was instrumental in the recent 

Congressional legislation promoting a national drinking age 

of 21. One of its primary prevention strategies was a "drive 

the drunk home" project in which party-goers were given free 

rides home during the Christmas holiday season. 

Unfortunately, free ride programs are often not continued 

after the peak drinking times (e.g., Christmas) and no data 

is available on their effectiveness. 

The success and zeal with which MADD has fought to keep 

the drunk driver off the road, has spawned other grass roots 

and community-based organizations. Among them are Truckers 

Against Drunk Drivers (TADD), Remove Intoxicated Drivers 

(RID), Many Against Drunk Drivers CMADD), Citizens Against 

Impaired Drivers CCAID), and Students Against Drunk Drivers 

CSADD). One component of the SADD program is a contract 

between students and their parents called the "Contract for 

Life". With this contract, both parents and students pledge 

to call the other if either they or their passengers are too 
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impaired to drive. In this way, each participant knows that, 

should they find themselves in a potential DUI situation, 

they can call for a safe ride home. Although the "Contract 

for Life" is ostensibly a DUI deterrent, no hard data yet 

exists regarding its effectiveness (Anastas, 1984). 

One other community-based strategy is worth noting, as 

it illustrates how a multi-faceted intervention may aid in 

combating DUI. Beginning in April of 1982, the community of 

Grand Rapids, Minnesota pooled their efforts to help 

decrease DUI. They attempted to increase public awareness 

and decrease DUI by distributing DUI information flyers and 

bumper stickers (i.e., "I Love Sober Drivers"); broadcasting 

public service announcements; distributing discount coupons 

for taxi rides home for impaired individuals; and 

constructing billboards with the message "Driving at night, 

full of liquor, may make death, come much quicker". Again, 

since these efforts were organized in an ad hoc fashion, 

they were not systematically evaluated. However, in the 

report by the project organizer, Schaefer (1983) stated 

that: 

We need only look at the effect of the 
focused efforts in Grand Rapids during the past 
Christmas-New Year's holiday season (December 15, 
1982-January 15, 1983). During that time, there 
were no traffic fatalaties, no traffic injuries, 
no traffic accidents, no emergency room admissions 
due to drunk driving, no DUI arrests or incidents. 
We recognize that the project played only a small 
role, but the facts speak for themselves. That 
never happened in Grand Rapids before. {p. 7) 
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While these citizen and community action efforts lack 

scientific evaluation to measure their impact, they are 

beneficial in that they maintain the momentum within 

cornrnunties to find ways for decreasing DUI. 

Individual Intervention 

It can be argued that, since it is ultimately an 

individual who becomes intoxicated and then operates a motor 

vehicle, emphasis should be placed on the provision of 

personal information to individuals about their level of 

impairment. This type of intervention could potentially act 

to influence individual decisions to drive. In this regard, 

Geller, Altomari, and Russ (1984) have argued that at least 

some drinkers are unaware of their BAC after they drink, 

hence they unknowingly DUI. If this is the case, then 

feedback can be provided to the individual through a BAC 

chart called a "nomogram", through BAC estimation training, 

or via self-testing of BAC. In addition, the servers of 

alcohol can act to refrain a potential alcohol-impaired 

individual from DUI. 

BAC Nomograms 

Alcohol nomograms were developed in an attempt to 

provide information to help drinkers estimate their BAC. 

Using body weight and the number of drinks consumed within 
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two hours, nomogram tables are used to estimate the 

individual's BAC. Thus, a 120 pound individual who consumed 

4-12 oz. beers in two hours could have a maximum BAC of .10% 

(U.S. DOT, 1979). As a practical, readily available means of 

measuring blood alcohol levels, it was hoped that 

individuals would use the nomogram to guide their drinking/ 

driving behavior (O'Neill, Williams, & Dubowski, 1983). 

Unfortunately, these scales were derived from carefully 

controlled laboratory studies which based their calculations 

on an "average" individual. O'Neill et al. (1983) have 

shown, however, that the actual range of BAC's within a 

given weight and time period varies greatly. Thus, nomograms 

may lead individuals to over or underestimate their BAC's 

substantially. In the case of underestimation, nomograms may 

actually be a menace to DUI prevention. 

has been suggested that nomograms 

circulation until a better index of 

established CDubowski, 1984). 

BAC Estimation Training 

For this reason, it 

be removed from 

impairment can be 

The concept behind BAC training is that, if individuals 

could be taught to estimate and monitor their own BAC, they 

could either stop drinking before their BAC reaches .10%, or 

the awareness that they are legally drunk would lead them to 

find alternative transportation. Studies of BAC estimation 
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training have attempted to teach alcoholics to monitor their 

excessive drinking by maintaining a low BAC. As part of this 

research, investigators studied whether non-alcoholics could 

monitor their own BAC's (e.g., Bois & Vogel-Sprott, 1974; 

Lipscomb & Nathan, 1980; Maisto & Adesso, 1977; Ogurzsoff & 

Vogel-Sprott, 1976). 

A prototypic BAC training experiment consists of three 

phases. In Phase I, subjects are given an unknown amount of 

alcohol to drink and, based on only broad reference points 

(e.g., two martinis might yield a BAC of .05%-.08%), they 

are asked to estimate their BAC. By controlling for taste 

cues from the alcohol by flavoring drinks with a competing 

taste (e.g., a drop of peppermint oil), Phase I established 

subjects' difficulty in estimating their BAC. In Phase II, 

the subjects are again administered alcohol, but are 

provided with actual BAC (i.e., breathalyzer) feedback after 

they make their BAC estimates. In Phase III, the subjects 

are asked to estimate their BAC without obtaining feedback. 

The results of several studies on BAC discrimination 

training with non-alcoholcs are mixed. For example, Maisto 

and Adesso (1977) reported that non-alcoholics were unable 

to learn to discriminate BAC levels, while Bois and 

Vogel-Sprott (1974) reported that their social drinkers did 

learn the task. Ogurzsoff & Vogel-Sprott (1976) concluded 

that drinking habits (i.e., frequency and amount> were not 
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related to one's ability to learn the discrimination task, 

whereas Lipscomb and Nathan (1980) reported that "heavy" 

drinkers were 

discriminating 

less adept 

BAC levels. 

than "light drinkers" 

Although methodological 

at 

and 

subject differences may account for the opposing conclusions 

of this research, it, nonetheless, supports the argument 

that at least some individuals need to obtain external 

feedback regarding their level of intoxication. 

Self-testing Devices 

Picton Cl979a) concluded that minimal user effort is 

required to obtain accurate BAC measurements from the 

recently developed, relatively inexpensive portable BAC 

meters. These devices, then, have the potential of offering 

immediate, individualized BAC feedback, which may influence 

a decision not to DUI. The voluntary self tester can either 

be purchased, borrowed, or made available in drinking 

establishments to help guide individuals in their 

drinking/driving decisions. 

The research assessing the utility of self-testers have 

been inconclusive (e.g., Calvert-Boyanowsky & Boyanowsky, 

1980; Oats, 1976; Picton, 1979a; Vayda & Crespi, 1981). For 

example, in 

information 

reported that 

a field study in 

was provided to 

BAC feedback 

which drinking and driving 

bar partons, Oats (1976) 

and DUI information did not 
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desirably affect drinking and driving. Specifically, the 

subjects who received BAC feedback were no more likely to 

use the public transportation services (i.e., taxi, bus) 

Furthermore, the observation 

drank significantly more beer 

than were non-participants. 

that subjects from test sites 

than did subjects from the same sites during the baseline 

period, suggests that exposure to intoxication information 

may actually have exascerbated rather than moderated 

drinking behavior. More substantative conclusions can not be 

made, however, since all subjects in this study received 

both BAC feedback and DUI information. Therefore, it was 

impossible to determine the relative influence of the BAC 

feedback and the DUI information on the observed drinking 

and driving behaviors. 

Sobell, Vanderspek, and Saltman (1980) incorporated a 

portable SM-9 Mobat BAC tester into a DUI alcohol education 

and prevention program for first and multiple DUI offenders. 

Specifially, the researchers provided subjects with the 

personal BAC meters to use before operating their vehicles. 

The results of questionnaires administered at the conclusion 

of the program showed that 50% of the multiple offenders 

reported using the device to determine if they were legally 

drunk. Further, of the ten subjects whose BAC level exceeded 

.10%, only one reported driving. Finally, a large percentage 

of the subjects indicated a willingness to use the devices 
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if readily available, even if it meant paying $1 for each 

test. 

It is difficult to generalize the results of the Sobell 

et al. study due to the unique characteristics of the 

subject pool. Clearly, convicted DUI offenders have a high 

motivation to avoid future DUI arrests, hence they might be 

more likely than the general public to use a self-testing 

device. In 

from these 

addition, caution must be used in generalizing 

results, given that most of the data was 

collected through self-report questionnaires. 

Calvert-Boyanowsky & Boyanowsky (1980) placed a 

blood-alcohol screening device in several bars in British 

Columbia to determine what effect BAC feedback had on the 

subsequent DUI of bar partons. They administered 

questionnaires analyzing subsequent driving plans of those 

individuals within each tavern who volunteered to take the 

breath test. The patron's decisions about subsequent driving 

were assessed by self report and/or unobtrusive observation 

of the subject's mode of transportation upon leaving the 

tavern. The conclusion from this study was that, although 

breath testing was popular and 

knowledge of impairment did not 

impaired subjects from driving. 

enjoyed frequent use, 

deter the majority of 

A final study that investigated the concept of 

self-testers was conducted by Vayda and Crespi (1981) who 
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argued that even if self-testers are shown to have a 

substantial impact on DUI, public acceptance of these 

machines will be a major determinant of their widespread 

use. In order to assess public acceptance, the authors 

conducted focus groups, administered questionnaires, and 

held meetings with special interest groups. The results of 

this undertaking evidenced general skepticism and a 

non-receptive stance toward self-testers. Many respondents 

judged the concept as a naive deterrent to people who drink 

and drive because self-monitoring requires a high degree of 

rational decision making about DUI. Others felt that the 

self-testing devices would be used primarily by people who 

are already responsible about their drinking and driving. 

Those individuals who actually need the BAC feedback would 

not use the machine, or choose not to heed its information. 

A further concern of BAC monitors which expressed frequently 

was that self-testers could actually exacerbate drinking, 

because drinkers would tend to treat them as drinking games 

rather than DUI prevention devices. Some anecdotal evidence 

of this was observed in a study by Harwood (1984) which was 

conducted at a university fraternity party. However, in the 

Harwood study, the novel availabilty of feedback may have 

accounted for most of the increased drinking. 

Although the results of Vayda and Crespi (1981) and 

Harwood (1984) are rather disheartening from a DUI 
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intervention perspective, they must be tempered by the fact 

that Vayda and Crespi relied solely on responses to 

hypothetical questions, to the exclusion of any behavioral 

measures of acceptance. The results of behavioral 

observations conducted at parties and drinking 

establishments where BAC feedback was available (e.g., 

Calvert-Boyanowsky et al., 1980; Geller et al., 1984; 

Harwood, 1984) suggest at least a high degree of interest in 

BAC feedback and some evidence that it deters at least some 

drivers from DUI. In that regard, Calvert-Boyanowsky et al. 

(1980) argued that drunk driving is a complex social problem 

and, as such, is resistant to any one simple solution. The 

fact that some deterrent effect was observed through the 

provision of BAC feedback, argues that feedback could make a 

positive contribution to the DUI problem. 

Server Intervention 

Server intervention refers to those actions taken by 

servers of alcoholic beverages (e.g., bartenders, party 

hosts/hostesses) which are designed to decrease the chances 

that those being served will harm themselves or others 

(Mosher, 1983). These actions consist of either limiting the 

amount of alcohol served to a particular individual, or 

intervening to see that an already intoxicated patron does 

not operate an automobile after leaving the premisis. 
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The basis for server interventions is rooted in "Dram 

Shop" laws. Originally introduced into American law in the 

mid-1800's to make tavern owners liable for turning a 

'normal citizen' into a 'habitual drunkard', they have 

become associated with the serving of alcohol to obviously 

intoxicated persons (Mosher, 1979). Specifically, Dram Shop 

laws now make tavern owners liable for their patrons should 

they DUI and cause an accident. In addition, employers have 

sometimes been given a special right to sue for the loss of 

a valued employee (Mosher, 1979). Thus, it is important for 

tavern owners and bartenders to intervene to stop potential 

drunk drivers from leaving their establishments. 

Recent research suggests that there is some bartender 

interest in intervening with pote11tial drunk drivers. Waring 

and Sperr <1982} conducted 64 bartender interviews in 43 

bars and restaurants to evaluate bartender knowledge and 

attitudes toward server intervention as a means of deterring 

DUI. Even with a mean of only 3.3 years of bartending 

experience, their bartenders were "experienced 

professionals" who were attentive to both their own and 

their customer's drinking habits. Furthermore, over 

one-third of those responding reported that they prevented 

potentially impaired subjects from driving. In response to a 

question about participating in alcohol education courses, 
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50% were in favor of such involvement, although only 3% had 

actually done so. 

Mosher (1983) discussed three major foci for server 

intervention education programs and cited some existing 

server intervention programs that illustrate the use of his 

format. Mosher's training consists of first educating 

bartenders about the physiological effects of alcohol, 

methods of identifying intoxicated individuals, and tactics 

for "cutting off" service. Next, he identified factors in 

the milieu that may influence drunk driving and server 

intervention, such as the location of the establishment 

relative to other alcohol outlets and the availability of 

alternative forms of transportation. Finally, a bartender 

training program was implemented to teach the state and 

local statutes which determine who may be found liable, what 

actions constitute negligence, who may sue, and other legal 

issues. 

Some existing server intervention programs that 

illustrate the use of Mosher's format include the California 

DUI Project, the Mothers Against Drunk Driving CMADD) Server 

Training Program, and the Massachusetts Server Training and 

Intervention Program. A program in South Carolina called 

Help End Alcohol Related Tragedies (HEART), organized by the 

state Hotel and Motel and Restaurant Association also 

incorporates Mosher's education components. Unfortunately, 
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as Mosher pointed out, there is little written material 

available about these projects and few have undergone even 

modest assessment and evaluation. 

More recently, Dram Shop laws have been extended to 

make hosts of private parties responsible for drunk drivers 

who leave their houses. For example, the New Jersey Supreme 

Court ruled that someone who 'directly serves' liquor to a 

guest and allows him/her to drive away drunk can be held 

liable to others if the guest has an auto accident ("Court", 

1984). Thus, it is now becoming critical for anyone who 

serves liquor to another individual to monitor the level of 

intoxication of their guests. 

In a study conducted before extensive Dram Shop 

legislation, Yoder (1975) illustrated the infrequent 

occurrence of server intervention. He asked several citizens 

remanded to DUI education programs (i.e, ASAP's) to tell him 

about the drinking that occurred prior to their DUI arrest. 

Of the 302 responses, 75% reported that they were drinking 

with someone else. Fifty four percent indicated that the 

drinking occurred with friends, relatives, or other people 

who they knew well. More importantly, of 292 responses (not 

all respondents answered all questions), 89% percent said 

that no attempt had been made to prevent them from driving. 

In addition, 80% thought that they were not alcohol impaired 
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when they got into their cars. Their subsequent arrest for 

DUI illustrates that they were wrong. 

The results of Yoder (1975) suggest that there was 

little in the way of server or host intervention. One 

explanation for these results may be that it is difficult to 

identify who is legally intoxicated. For example, 

Langenbucher and Nathan (1983) conducted a controlled study 

in which they first gave measured doses of alcohol to target 

individuals. Next, they had social drinkers, bartenders, and 

police officers estimate the sobriety of target persons. 

With BAC's ranging from .00 to .11, the three groups of 

subjects were only able to identify correctly a target's 

level of intoxication 25% of the time. In all but two cases, 

when correct identification of a target was made, the target 

was sober. Furthermore, the more intoxicated a target was, 

the less accurate were the BAC ratings -- usually resulting 

in underestimations. Finally, "at no time was a legally 

intoxicated target actually identified as such by a 

significant proportion of the observers" 

Nathan, 1983, p. 1076). Although BAC's 

(Langenbucher & 

of the target 

individuals were not excessively high and the experiment was 

done under controlled conditions, Langenbucher & Nathan 

concluded that it is unreasonable to expect individuals to 

identify "noticeably intoxicated"~ "obviously intoxicated", 
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or "visibly intoxicated" individuals Cp. 1070) as is written 

in Dram Shop laws. 

While the recent public service announcement "Friends 

Don't Let Friends Drive Drunk" attempts to promote personal 

(i.e., third party) intervention with potential drunk 

drivers, Langenbucher & Nathan's results suggest that, since 

it is difficult to identify alcohol-impaired individuals, 

most alcohol-impaired individuals will not be approached. 

And, if drinking individuals are approached, there is no 

guarantee that the outcome will result in the prevention of 

DUI. Perhaps this third-party intervention concept requires 

concomitant programs to increase the awareness and 

receptivity of drinking individuals. An example of this 

latter approach is the "Know When to Say When" program 

sponsored by Anheuser-Busch Companies, which attempts to 

teach and promote "responsible drinking". 

The present research was <lesigned 

increasing an individual's awareness 

to study 

of their 

ways of 

alcohol 

impairment and increasing the frequency and beneficial 

outcome of third-party intervention to prevent DUI. More 

specifically, it attempted to validate modified versions of 

laboratory tests of alcohol impairment for use in the field. 

Subjective measures were included to assess the willingness 

of subjects to use each test for identifying impairment in 

themselves or others. 
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Method 

Subjects and Setting 

The data collection took 

university related events on 

place at two outdoor 

the Virginia Tech campus 

(student population= 22,000). The first, "Derby Day", was 

sponsored by the campus fraternities and sororities, and 

took place on a Saturday in May. It featured competitive 

sports events in the morning and a band party in the 

afternoon. The data collection took place throughout the 

afternoon festivities when beer and food were sold. 

The data collection site was strategically located 

between the band and the beer/food trucks. This location 

increased the chances of recruiting subjects, as the 

majority of the subjects passed by the booth on their way to 

and from the concession stand. Two large orange and black 

signs located near the data collection area announced "BAC 

Feedback Here" and "How Drunk Are You?". This method of 

attracting subjects was augmented by a smaller, two-sided 

picket-type sign which was carried throughout the crowd. One 

side of the sign asked "How Drunk Are You?", while the other 

added "Follow Me". The large BAT 2000 BAC machine and the 

presence of other subjects at the feedback location also 

served to attract subjects. Consequently, there was usually 
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a short line of about 5 or 6 subjects waiting to obtain BAC 

feedback. Specifically, 155 of the approximatly 2500 

participants, 97 males and 58 females, at Derby Day 

volunteered to participate in the study, and 16 of these 

participated more than once. 

Additional data was collected on a Friday afternoon, at 

a university-sponsored alcohol awareness fair called "Take 

A.I.M." (Alcohol In Moderation). It featured several booths 

that presented alcohol awareness information (e.g., the 

effects of alcohol on the body, how to make non-alcoholic 

drinks, facts about alcoholism, etc). In addition, several 

street performers (e.g., jugglers, mimes) and a 

rock-and-roll band performed. While no alcohol was served, 

several of the subjects had consumed beer at local taverns 

or drank as they laid out in the sun watching the 

performers. Individuals were recruited as subjects as they 

strolled from booth to booth around the fair. Approximately 

150 people attended this fair, of which 40 participated in 

the study, 35 males and 5 females. 

Thus, a total of 195 subjects participated in the 

entire study, 132 males and 63 females. Over 91% of the 

subjects were college students. All subjects claimed to be 

between the ages of 18 and 27, with most falling between 19 

and 22 years of age. However, due to the drinking age of 19 
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in Virginia, it is possible that some under-age students 

falsely reported their age. 

Research Assistants 

The research assistants consisted of a total of 16 

Virginia Tech undergraduates, eleven of whom were either 

assisting in this study for class credit or for an hourly 

wage. The remaining five individuals were volunteers from 

the local chapter of Circle K, a campus organization devoted 

to community service. 

Prior to the study, each research assistant was trained 

in the administration and scoring of all tests. Throughout 

both data collection periods, the research assistants were 

allowed to exchange jobs with other research assistants. 

Thus, several research assistants alternated between test 

administrator, reliability observer, and data collector. 

Apparatus 

Four separate equipment items were used. 

a Westcott 18-inch wooden ruler, which 

The first was 

was ruled in 

one-sixteenth units with the numerals 1 through 18 clearly 

printed on both sides. This ruler was used exclusively in 

the reaction time task. 
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Three battery operated micro-cassette tape recorders 

(Dictaphone Model 3240) were used to record the subjects' 

performance on the verbal index of impairment. All tests 

were recorded on Dictaphone MC 60 micro-cassette tapes. 

One of two Alco-sensor devices, Models II or III (cost: 

$390 and $440, respectively: Intoximeter Inc., St. Louis, 

MO.) were used to test the BAC's of each subject. These 

devices are slightly larger than a pack of cigarettes with 

two buttons located on the front with an adjacent LED 

readout. One button Ci.e., "SET"> prepares the machine for 

use by purging any residual alcohol left in the fuel cell. 

When the other button (i.e., "Read") is depressed, it draws 

a .5 cc. sample of air and passes it over the fuel cell. The 

Model II provides a two digit display, while the Model III 

provides a three digit readout of the actual BAC. Readings 

from the Model III were rounded to the next highest 

two-digit BAC. 

As a measure of concurrent validity, a BAT 2000 Ci.e., 

Breath Analysis Tester: Allstate Distributors Ltd.: 

Marietta, Georgia: Cost $2500) was used. The device is 

slightly smaller that a stamp vending machine and is 

designed for commercial use in public establishments. A 

yellow light indicated that it was ready to use and an 

adjacent red "test complete" light indicated when the 
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subject was finished with a test trial. 

located apart from the other panels, 

individual's BAC in a 2-digit, LED readout. 

Another panel, 

displayed the 

To ensure the accuracy of the machines, each was zeroed 

and calibrated at 34 degrees centigrade to .11% BAC using a 

Mark II Simulator 

This device has 

CJ. A. Renaldi & Co. Inc., Chicago, Ill. 

been approved for the calibration of 

evidential breath testing machines by the State of Virginia. 

To ensure sanitary testing conditions, individual, 

sterilized mouthpieces were used on all machines during each 

test trial. 

General Procedure 

Identical procedures were used at both Derby Day and 

Take AIM. Any individual who approached the data collectors 

became a subject if s/he indicated an interest in 

participating in the study. For identification purposes, the 

last four digits of the student's ID number were recorded on 

the data sheet. (See Appendix A for a copy of the data 

sheet). The research assistant then recorded the gender of 

the subject, the time of day, his/her own initials, and made 

an estimate of the subject's body type. This estimate was 

made using a seven point scale where 1 and 2 corresponded to 

a skinny build: 3,4, and 5 to a muscular build: and 6 and 7 
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to a rotund body. Subjects were then asked a series of 

demographic questions which included their age, weight, 

height, year in college and dominant hand (i.e., right or 

left). They were then queried about specific drinking 

events, such as the time since their last drink, the total 

number of cups of beer they had consumed thus far, the 

number of times they had received feedback, and what 

specific food they had eaten in the past hour. 

The subjects were then told that they would take a 

series of tests that could potentially indicate their level 

of alcohol impairment. After providing a subjective estimate 

of their level of impairment, the subjects were asked to 

perform a reaction time task, a balance test, and then give 

a verbal index of impairment. After each task, subjects were 

asked a few questions regarding their perception of that 

specific test as an indicant of alcohol impairment. At the 

completion of all tests, the subjects were given an actual 

BAC measurement on two BAC machines. 

After completing the entire measurement/performance 

session, the subjects were thanked for their participation 

and told that they could return for BAC feedback at any time 

during the day. If a subject returned for feedback, the 

questionnaire and each test was re-administered. The 

specific procedures used for each test are described below. 
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Subjective Index of Impairment Subjective 

estimations of alcohol impairment were measured on two 

indices. The first was a 1 to 10 scale where 1 equaled 

"Totally Sober"; 5-6 equaled "Moderately Drunk"; and 10 

corresponded to "Totally Drunk". After indicating their 

choice, the subjects were read a brief description of how 

blood-alcohol concentration is determined (see data sheet), 

and then asked to estimate their own BAC. They were provided 

with anchors of .00 equals "No Alcohol"; .05-.06 equals 

"Impaired"; and .10 equals "Legally Drunk". The subjects 

were also allowed to indicate BAC's in excess of .10%. 

Ruler Cron/Reaction Time Task For this test, the 

subject was asked to hold his/her hand perpendicular to a 

standard 18-inch, wooden ruler. The experimenter adjusted 

the subject's thumb and forefinger such that the inside 

distance between them was two inches. The experimenter held 

the ruler at the far end (i.e., at the 18 inch mark), and 

positioned it just above the top of the subject's fingers. 

When the subject appeared ready, the experimenter said 

"Ready" and dropped the ruler within three seconds. The 

subject's task was to close his/her thumb and forefinger as 

quickly as possible in order to catch the ruler as it fell. 
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The distance the ruler traveled was recorded to the next 

whole number above the subject's thumb and forefinger. 

This procedure was repeated a total of four times, 

twice with the subject's dominant hand and twice with 

his/her non-dominant hand. The task was initiated such that 

50% of the subjects began the first two trials with their 

dominant hand; while the remaining 50% started with their 

non-dominant hand. 

Progressive Body Balance -- For this task the subject 

was asked to perform five sequential behaviors. An 

experimenter modeled each behavior by telling the subject to 

"Do as I do". In order to standardize the amount of time 

spent at each task, the experimenter counted to three out 

loud while the subject performed. This allowed the subject 

to perform each individual section for approximately three 

seconds. 

This progressive behavioral sequence was attempted two 

times, once with the subject's dominant leg and once with 

his/her non-dominant leg. The task was initiated so that 50% 

of the subjects began the first trial standing on their 

dominant leg while 50% started with their non-dominant leg. 

The sequence of behaviors was as follows: 

1) Stand with heels together and arms at sides, 
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2) Raise leg and bend knee so that lower leg is 

parallel to the floor, 

3) Put both arms out to the side in a "T" formation 

(leg still raised), 

4) Tilt head back so subject can see the ceiling (leg 

and arms still unchanged), 

5) Close eyes (leg, arms, unchanged, head still back). 

Performance on each behavioral component of this task 

was scored as "fail", "falter", or "pass". Fail was defined 

as totally losing one's balance, such that the subject took 

a step in order to keep from falling. Faltering was defined 

as an attempt by the subject to maintain his/her balance 

using corrections in body position; still able to complete 

the task. A subject was considered to have "Passed" a task 

if s/he was able to perform it without either failing or 

faltering. 

As illustrated on the data sheet, subjects received 

either O, 2, 4, 6, or 8 points when they failed at any level 

of the task. Whenever a subject failed, the trial was 

terminated. When a subject faltered, the experimenter noted 

this by circling either 1, 3, 5, 7, or 9, depending on the 

level at which the subject faltered, and allowed the subject 

to continue. No mark was made on the data sheet if a subject 
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passed at each level. When a subject did pass at one level, 

s/he simply advanced to the next level. If a subject passed 

the entire task, s/he was awarded 10 points. 

Verbal Index of Impairment On this task, each 

subject was asked to recite into a tape recorder the last 

six months of the year backwards, i.e., from December to 

June. Research assistants verbalized the subject's ID number 

into the recorder so that the results on this test could 

later be paired with the subject's other data. After the 

party, two independant research assistants listened to the 

tape and attempted to estimate the subject's level of 

impairment on a 1 to 10 scale ("Totally Sober" to "Totally 

Drunk"). 

Actual BAC Determination Before submitting a breath 

sample, subjects were asked to swish about two ounces of 

water in their mouth to remove any mouth alcohol that might 

artificially inflate the BAC reading. After the data 

recorder ensured that each machine was ready, subjects were 

asked to take a deep breath and blow hard into the machine. 

When using the Alco-sensor, the research assistant was 

required to wait until approximately one-half of the 

subject's air was expired before collecting the sample. This 
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was done to ensure that alveolar (i.e., deep lung) air was 

collected. The BAT 2000 machine is automatically set to test 

alveolar air based on changes in the pressure of the breath 

as it passes through a pressure transducer. 

Perceptions of Task -- At the completion of each task, 

subjects were asked three questions regarding their 

opinions/perceptions of the task that they had just 

completed. These questions were only asked after the 

subjects received feedback on the first BAC measure. This 

was done to avoid any response bias that might result from 

different BAC readings on the two machines. 

These questions asked the subjects to report on a 1 to 

10 scale: a) how confident they were that their performance 

showed their level of alcohol impairment; b) the probability 

that they would use this test to determine their own level 

of impairment if the test were a valid index of impairment, 

and c) the liklihood that failing this task would affect 

their subsequent decision to drive. 

Reliability -- Inter-observer reliability was assessed 

on all trials of the reaction time and progressive balance 

tests by having a second research assistant independently 

observe and record each subject's performance. A reliability 
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measure was also taken on the estimate of the subject's body 

type and on the ratings of the verbal index of impairment. 

Results 

Actual Blood-Alcohol Concentration 

In order to choose the criterion BAC reading for each 

subject, a correlation coefficient was calculated for the 

BAC value obtained from both the Alcosensor and the BAT 2000 

breath alcohol testing devices (r = .85). At-test revealed 

that the differences in BAC readings across measurement 

devices were not significant, t (N=l94) = 1.79, E > .05. 

However, visual inspection of the data revealed that, when 

differences in BAC values were observed, the BAT 2000 

machine tended to yield a slightly higher reading. This is 

reflected in the mean BAC reading of .060% (s.d. = .054) for 

the Alcosensor as compared to .064% (s.d. = .065) for the 

BAT 2000. A decision was made to use the results of the 

Alcosensor devices as the criterion BAC, since these 

machines have been approved by the State of Virginia for 

evidential use in BAC screening. 

Based on this criterion, BAC's ranged from .00% to 

.26%. Table 1 presents the frequency of BAC values for all 

subjects across 

Alcohol Consumed 

four levels of alcohol impairment: a) No 

(BAC = .00)~ b) Non Impaired (.00 < BAC < 
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Table 1 

Distribution of Blood-Alcohol Levels and 

Mean Number of Cups of Beer for All Subjects (N = 195) 

BAC n % Cups of Beer 

Mean s.d • 

• 00% 51 26.1 0 0 

.00 < BAC < .05 37 19.0 3.3 2.1 

.05 < BAC < .10 52 26.7 5.4 3.2 

> .10 55 28.2 7.4 3.2 
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.05); c) Impaired (.05 < BAC < .10); and d) Legally 

Intoxicated (BAC > .10). The levels of impairment given in 

this table also reflect the self-reported number of 10 ounce 

cups of beer that the subjects reported drinking. The 

average overall consumption was 4.3 cups (s.d. = 3.7), 

ranging from 0 to 20 cups. Thus, it appeared that the broad 

range of alcohol levels needed to adequately analyze these 

results was present. 

Reliability Measures 

Body Type Determination To assess the consistency 

with which the research assistants judged body type, a 

Pearson correlation was conducted between the independent 

estimations of Raters 1 and 2. This calculation yielded a 

correlation of .69 (£ < .0001). A subsequent t-test revealed 

that significant differences did exist between the two 

ratings, t (194) = 2.96, £ < .003. This finding is 

consistent with the fact that there was only 47% agreement 

between the two raters. 

Subjective Indices of Impairment - The measure which 

asked the subjects to estimate their degree of impairment 

(from "Totally Sober to Totally Drunk") and the subject's 

estimation of their BAC were correlated to investigate the 
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degree of agreement between their two estimations. A 

correlation of .79 was obtained (o < .0001) • .... 

Verbal Index of Impairment - After the data collection 

periods ended, two research assistants, acting 

independently, listened to the tapes of the subjects 

reciting the months of the year backwards. Based on the 

subject's performance (i.e., hesitations, errors, laughter 

when performing the task), the raters were asked to estimate 

the subject's degree of impairment on a 1 to 10 ("Totally 

Sober" to "Totally Drunk"> scale. The correlation between 

their ratings was .70 and a paired t-test revealed that this 

difference was non-significant (t (194) = 1.41, £ > .10). 

Although 80% of the estimations either matched or differed 

by one point, perfect agreement occurred only 38% of the 

time. Furthermore, the small difference in rater estimations 

may be attributed to the rater's tendency to underestimate 

the subject's degree of impairment. Thus, while the overall 

ratings ranged from 1 to 9, the average impairment rating 

was 2.3 Cs.d. = 1.7), which placed most subjects in the 

non-impaired category. Thus, this measure was only able to 

classify about 25% of the subjects correctly. 

Ruler Drop/Reaction Time Task - It was observed that 

several subjects were unable to catch the ruler as it fell. 
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In order to include their performance in the statistical 

analyses, a value of 19 inches (i.e., 1 inch more than the 

actual length of the ruler) was used to represent those 

trials in which the ruler was dropped. 

The results of all four trials of this task were then 

partitioned into four scores, based on whether the subjects 

were using their dominant or non-dominant hand and whether 

it was the first or second trial of the pair. Thus, the 

score from the first trial of the dominant hand was labeled 

DOMl, while the first trial of the non-dominant hand was 

NDOMl. Similarly, the second trials of the dominant and 

non-dominant hand were labeled DOM2 and NDOM2, respectively. 

Table 2 presents the mean reaction time scores and 

inter-correlations between each score and the results of 

paired t-tests. 

As depicted in Table 2, relatively low correlations 

were observed between any two trials, although each 

correlation was significant. The results of the t-tests 

revealed significantly faster reaction times on the second 

versus the first trials of the test, regardless of which 

hand was used. Conversely, no significant differences were 

observed when dominant versus non-dominant comparisons were 

made for Trial 1 and Trial 2. This pattern of results 

suggest that the subject's 

successive trial. That is, 

performance improved with each 

regardless of which hand the 
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Table 2 

Correlation Coefficients, Means, T-tests, and 

Probabilities for Ruler Drop/Reaction Time Taska 

Variables and Meansb r t p level 

DOMl (9.6) vs. DOM2 (8.5) .36 4.34 

DOMl (9.6) vs. NDOMl (9.8) .31 .75 

DOMl (9.6) vs. NDOM2 (8.7) .27 3.18 

DOM2 (8.5) vs. NDOMl (9.8) .37 5.00 

DOM2 (8.5) vs. NDOM2 (8.7) .37 .94 

NDOMl (9.8) vs. NDOM2 (8.7) .53 4.74 

DOMl = First trial of the dominant hand. 
DOM2 = Second trial of the dominant hand. 
NDOMl = First trial of the non-dominant hand. 
NDOM2 = Second trial of the non-dominant hand. 

aThe higher the number, the slower the reaction. 
b The mean for all subjects = 9.2, N=l95 

.0001 

n.s. 

.002 

.0001 

n.s. 

.0001 
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subject was using, their reaction time decreased on the 

second trial. This is reflected in an overall decrease in 

the mean number of inches the ruler dropped from Trial 1 

(M=l0.3> to Trial 4 (M=8.3). 

Progressive Body Balance - All analyses of a subject's 

performance on this measure were based on the highest level 

of proficiency on each of the two trials. Thus, one measure 

of performance simply examined a subject's highest score 

from 0 to 10 on Trials 1 and 2 (termed MAXl and MAX2, 

respectively). As illustrated on the data sheet (See 

Appendix A), the failure of a subject to perform the task at 

a particular level was scored with an even number (i.e., O, 

2, 4, 6, and 8), while falters were scored with odd numbers 

(i.e., 1, 3, 5, 7, and 9). This system allowed for separate 

analyses to be conducted on faltering and/or failing at each 

level. Hence, the maximum even score (EMAXl and EMAX2) 

reflected the level at which the subject failed at the task 

on Trials 1 and 2. Similarly, the highest odd score for each 

trial (OMAXl and OMAX2) indicated the highest level at which 

the subject faltered. In both cases, subjects who passed all 

levels were included in the analyses with a score of 10. 

Table 3 presents correlations and t values between the 

overall maximum performance, fail, and falter performance 

for the subjects in the first and second trials. The size of 
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Table 3 

Correlations, Means, and T Values for Maximum Overall 

Performance, Maximum Failure Level, and Maximum Falter Level 

for Both Trials of the Progressive Body Balance Task 

variables and Means r t p level 

MAXl (5.0) vs. MAX2 (4.9) .21 .30 p > .10 

EMAXl (8.4) vs. EMAX 2 (8.5) .51 .64 p > .10 

OMAXl (9.2) vs. OMAX2 (9.3) .OS .79 p > .10 

MAXl, MAX2 = Maximum overall performance on Trials 1 and 2. 

EMAXl, EMAX2 = Maximum failure level for Trials 1 and 2. 

OMAXl, OMAX2 = Maximum falter level for Trials 1 and 2. 
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the correlations and the failure of the measures to achieve 

statistical significance, suggest that there was little 

systematic variation between the two trials. 

Prediction of BAC 

One of the prime purposes of this study was to 

ascertain which variables could be used to predict BAC. For 

this analysis, the linear regression statistic was chosen 

because, by adding one variable at a time to an equation, it 

orders the variables in such a way as to lead to the highest 

prediction of the dependent measure (i.e., BAC). 

Table 4 lists the 23 factors used in the first linear 

model. Of those 23, nine variables were selected that 

yielded the highest prediction of BAC. These nine variables, 

as well as their relative (i.e., Beta) weights and 

probability of occurrence are listed in Table 5. As depicted 

in the table, the best predictor was the self-reported 

number of cups consumed, followed by the estimated degree of 

impairment, etc. This arrangement of variables accounted for 

56.8% of common variance. 

A second stepwise regression was calculated using only 

the behavioral test variables. These 12 variables are given 

in Table 6, and the significant predictors are marked. Of 

these variables, Table 7 shows that the variables Reaction 

Time Performance/Non-dominant Hand/Trial 1, and Performance 
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Table 4 

Variables Used in the First Linear Regression Model 

* * Age; Weight; Height; Year in College; Time since last 

* drink; Self-reported number of cups consumed; Have you 

* eaten in the past hour?; Estimated degree of impairment; 

* Estimated blood-alcohol level; Performance on Verbal Index/ 

Rater l; Performance on Verbal Index/Rater 2; Body type 

determination/Rater l; Body type determination/Rater 2; 

Reaction time performance/Dominant Hand/Trial l; Reaction 

* time performance/Dominant hand/Trial 2/ Reaction time 

performance/Non-dominant hand/Trial l; Reaction time 

* performance/Non-dominant hand/Trial 2; Maximum overall 

progressive body balance performance/Trial l; Maximum 

overall progressive body balance performance/Trial 2; 

* Maximum failure level on progressive body balance/Trial l; 

Maximum failure level on progressive body balance/Trial 2; 

* Maximum falter level on progressive body balance/Trial l; 

Maximum falter level on progressive body balance/Trial 2 

* Factors which contributed to the highest predictability of 

BAC. 
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Table 5 

Variables, Beta Weights, F-Statistics, and Probabilities 

Yielding the Highest Prediction of BAC, 

Listed in Descending Order of Contribution 

Variables Beta F p level 

Self reported number of .73 50.2 .0001 
cups consumed 

Estimated degree of impairment .35 13.1 .0004 

EMAXl -.34 6.6 .01 

Weight -.02 5.4 .02 

Performance on Verbal Index .32 4.6 .03 
Rater 1 

Time since last drink -.03 4.5 .03 

OMAXl -.33 3.8 .05 

MAXl -.12 2.5 .12 

NDOMl .13 2.9 .09 

MAXl = Maximum overall performance on Trial 1 of balance 
task. 

EMAXl = Maximum failure level for Trial 1 of balance task. 

OMAXl = Maximum falter level for Trial 1 of balance task. 

NDOMl = Reaction time performance/Non-dominant hand/Trial 1. 
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Table 6 

Behavioral Test Variables Used 

in the Second Linear Regression Model 

Performance on Verbal Index/ Rater 1 

Performance on Verbal Index/Rater 2 

Reaction time performance/Dominant Hand/Trial 1 

Reaction time performance/Dominant hand/Trial 2 

Reaction time performance/Non-dominant hand/Trial 1 

Reaction time performance/Non-dominant hand/Trial 2 

Maximum overall progressive body balance performance 
Trial 1 

Maximum overall progressive body balance performance 
Trial 2 

Maximum failure level on progressive body balance 
Trial 1 

Maximum failure level on progressive body balance 
Trial 2 

Maximum falter level on progressive body ba1ance 
Trial 1 

Maximum falter level on progressive body balance 
Trial 2 

Factors which contributed to the highest predictability of 

BAC. 
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Table 7 

Behavioral Variables, Beta Weights, F-Statistics, 

and Probabilities Yielding the Highest Prediction of BAC 

variables 

Reaction Time Performance 
Non-Dominant Hand/Trial 1 

Performance on Verbal Index 
Rater 2 

Beta 

.36 

.54 

F p level 

13.1 .0004 

5.4 .02 
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of Verbal Index/Rater 2 were the best predictors of BAC. 

These variables accounted for 9.8% of the variance. 

It could be argued that enabling an individual to 

predict their relative degree of impairment may be as useful 

in deterring DUI as providing someone with their exact BAC 

level. Therefore, the actual blood-alcohol levels of those 

subjects who consumed alcohol were divided into three 

classes of BAC. Subjects with BAC's greater than .00% but 

less than .05% were considered to be "Non impaired"; those 

with BAC's greater than or equal to .05%, but less than 

.10%, were classified as "Impaired"; and, in accordance with 

the laws in the state of Virginia, a subject was considered 

"Legally Intoxicated" if their BAC was equal to or exceeded 

.10%. 

Two stepwise regressions were conducted on each of 

these three classifications to determine the accuracy with 

which the variables could predict each level of impairment. 

Using the same sets of variables as that of the earlier 

regression calculations, Tables 8 and 9 present the group of 

variables that were found to account for the largest part of 

the variance at each intoxication level. These results show 

that a maximum of 41.9% of the variance could be accounted 

for using all variables. This figure drops only slightly to 

a maximum of 33.4% when using only the behavioral tests. 
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Table 8 

Results of the Multiple Regression of 
23 Variables on Three Levels of Intoxication: 

Listed in Order of Decreasing Contribution 

Non-Impaired .00 < BAC < .05 
Variables Beta 

Estimated Degree of Impairment -3.1 
NDOMl .16 
OMAXl .23 
EMAXl .29 
EMAX2 -.14 

Impaired .05 < BAC < .10 
Variables Beta 

NDOM2 -.22 
Self-reported number of .14 

cups consumed 
DOM2 .13 
Height -.09 

Legally Intoxicated BAC >= .10 
Variables Beta 

OMAXl -.56 
Estimated blood-alcohol level .33 
EMAX2 -.55 
Estimated degree of impairment -.61 

r 

2 r 

2 .419 = 
F 

5.6 
5.2 
4.5 
4.4 
1.8 

= .353 
F 

12.1 
5.3 

5.8 
4.5 

r 2 = 342 . 
F 

6.5 
6.3 
5.9 
4.0 

p level 

.03 

.03 

.04 

.05 

.20 

p level 

.001 

.02 

.02 

.04 

p level 

.01 

.02 

.02 

.OS 

EMAXl = Maximum failure level for Trial 1 of balance task. 
EMAX2 = Maximum failure level for Trial 2 of balance task. 
OMAXl = Maximum falter level for Trial 1 of balance task. 
NDOMl = Reaction time performance/Non-dominant hand/Trial 1. 
NDOM2 = Reaction time performanc/Non-dominant hand/Trial 2. 
DOM2 = Second trial of the dominant hand. 
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Table 9 

Results of the Multiple Regression of Behavioral 
Test Variables on Three Levels of Intoxication: 

Listed in Order of Decreasing Contribution 

Non-Impaired .00 < BAC < .05 2 r = .334 
Variables Beta F 

OMAXl .33 9.2 
NDOMl .17 6.0 
EMAXl .29 4.9 
EMAX2 -.20 3.4 

Impaired .05 < BAC < .10 2 .238 r = 
Variables Beta F 

NDOM2 -.23 13.9 
DOM2 .14 5.5 

Legally Intoxicated BAC >= .10 2 .225 r = 
Variables Beta F 

OMAXl -.53 5. 3 
EMAX2 -.52 5.1 

p level 

.005 

.02 

.03 

.08 

p level 

.0005 

.02 

p level 

.03 

.03 

EMAXl = Maximum failure level for Trial 1 of balance task. 
EMAX2 = Maximum failure level for Trial 2 of balance task. 
OMAXl = Maximum falter level for Trial l of balance task. 
NDOMl = Reaction time performance/Non-dominant hand/Trial 1. 
NDOM2 = Reaction time performanc/Non-dominant hand/Trial 2. 
DOM2 = Second trial of the dominant hand. 
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However, the ability to predict BAC also decreased as actual 

BAC . d d . d . 2 increase as note in a ecrease in r to .225. 

Looking at the tests that appeared most frequently 

across the various regressions, the Maximum Failure and 

Maximum Falter Levels on the Progressive Body Balance 

contributed significantly to four of the six models. Second 

to those variables, performance of both the dominant and 

non-dominant hands on the Reaction Time test was also a 

contributing factor in the prediction of intoxication level. 

The least contributory measures were the overall maximum 

performance on the Progressive Body Balance and performance 

on the Verbal Index of Impairment. 

In terms of non-behavioral variables that increased the 

predictability of the level of intoxication, except for the 

subject's height, subjective indices of impairment appeared 

to account for significant portions of the variance. 

Specifically, the Estimated Degree of Impairment, 

Self-Reported Number of Cups Consumed, and the Estimated BAC 

all appeared to be important variables in the prediction of 

BAC. 

Subjective Evaluations of Behavioral Tests 

Tables 10, 11, and 12 present the mean values of the 

subject's responses to the perception of task questions. In 

all cases, the results from the breath alcohol testing 
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Table 10 

Mean Values of Responses to the Question: 

"How Confident Are You That Your Performance on 

This Test Shows How Alcohol-Impaired You Are?" 

Test 

Actual BAC Determination 

Progressive Body Balance 

Reaction Time 

Verbal Index 

al = Not at all 

a Mean Response 

7.5 

5.7 

5.0 

3.9 

10 = Very much 

s.d. 

2.7 

2.7 

2.5 

2.6 
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Table 11 

Mean Values of Responses to the Question: 

"If This Test Were Shown to be a Valid Test of 

Alcohol Impairment, How Often Would You Use It 

To See How Drunk You Were?" 

Test Mean Responsea 

Actual BAC Determination 7.7 

Progressive Body Balance 5.3 

Reaction Time 4.5 

Verbal Index 4.2 

al = Not at all 10 = Very much 

s.d. 

2.6 

2.8 

3.0 

2.9 
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Table 12 

Mean Values of Responses to the Question: 

"If You Gave This Test to Yourself and Failed, 

How Much Would it Change Your Driving Plans?" 

Test 

Actual BAC Determination 

Progressive Body Balance 

Reaction Time 

Verbal Index 

al = Not at all 

a Mean Response 

7.7 

6.2 

6.0 

5.1 

10 = Very much 

s.d. 

2.7 

2.9 

3.0 

3.1 
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devices were considered more favorably than the other tests. 

Subjects also tended to have more confidence in the 

Progressive Body Balance task, were more likely to use it to 

see how drunk they were, and would be more likely to change 

their driving plans if they failed this test, as compared to 

the Reaction Time Task. Furthermore, the Verbal Index of 

Impairment clearly received the least favorable ratings of 

all measures. 

It is possible that a relationship might exist between 

an individual's perceptions of the tasks and their actual 

BAC. To test this assumption, the subjects were divided into 

four levels of impairment, according to their actual BAC 

(i.e., No Alcohol Consumed, BAC = .00; Non-Impaired, .00 < 

BAC < .05; Impaired, .05 < BAC < .10; and Legally 

Intoxicated, BAC > .10). An analysis of variance CANOVA) was 

conducted between the specific behavioral tests and the mean 

subjective evaluations at each BAC level -- i.e., a separate 

factorial of 4 (Impairment levels) x 4 (Behavioral Indices) 

for each question. 

Table 13 gives the results 

confidence measure of each test. 

of the ANOVA 

It reveals 

for the 

a highly 

significant main effect for each test <!, 3, 761 = 64.58, £ 

< .0001), as well as a significant BAC level by test 

interaction<!, 9, 761 = 2.77, £ < .004). As illustrated in 

Figure 1, subjects expressed more overall confidence in the 
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Table 13 

Anova Table for the Question: 

"How Confident Are You that Your Performance on 

This Test Shows How Alcohol-Impaired You Are?" 

Source 

Actual BAC 

Test 

BAC x TEST 

Error 

Total 

df 

3 

3 

9 

761 

776 

MS F 

8.1 1.19 

437.3 64.6 

18.8 2.8 

6.8 

n.s. 

.0001 

.004 
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Table 14 

Anova Table for the Question: 

"If This Test Were Shown to be a Valid Test of 

Alcohol Impairment, How Often Would You Use It 

To See How Drunk You Were?" 

Source df MS F 0 -
Actual BAC 3 4.9 .62 n.s. 

Test 3 499.8 62.6 .0001 

BAC x TEST 9 5.1 .64 n.s. 

Error 761 8.0 

Total 776 
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breath alcohol testing machines. However, confidence 

decreased significantly as BAC increased. 

The ANOVA summary depicted on Table 14 and in Figure 2 

demonstrate that, regardless of the subject's BAC level, BAC 

meters would be used significantly more often than any other 

test for determining level of impairment. 

Regarding the effect of how failing a test might change 

a subject's driving plans, main effects were observed for 

both the type of test and the BAC level (see Table 15). 

Thus, while subjects were more likely to change their 

driving plans if they failed a BAC test, Figure 3 shows that 

as the level of intoxication rose from Non-Impaired to 

Impaired, there was a decreased willingness to alter driving 

plans. 

The subjective ratings, then, indicate that the 

subjects in this study were least influenced by the Verbal 

Index of Impairment. However, they overwhelmingly favored 

the breath-alcohol testing devices for making decisions 

regarding drinking/driving behavior. In spite of this, as 

BAC increased, there was a general decrease in test 

confidence and in the willingness of subjects to use the 

test feedback to influence their driving plans. 
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Table 15 

Anova Table for the Question: 

"If You Gave This Test To Yourself and Failed, 

How Much Would It Change Your Driving Plans?" 

Source 

Actual BAC 

Test 

BAC x TEST 

Error 

Total 

df 

3 

3 

9 

758 

773 

MS F 

54.3 6.45 

219.0 26.0 

1.5 .17 

8.4 

.0003 

.0001 

n.s. 
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Discussion 

The purpose of the present study was to develop field 

sobriety tests that can be used by hosts/hostesses, 

bartenders, or friends of drinkers to determine an 

individual's level of alcohol impairment. Using modified 

versions of laboratory-based tests of impairment, three 

behavioral tasks were developed that could be easily 

administered and scored in the field. Of the three tests, 

performance on the progressive body balance and reaction 

time tasks accounted for significant portions of the 

variance in predicting BAC. In spite of this, self-report 

measures proved to be the best predictors of BAC. The 

specific findings and their implications for f urture 

research are discussed below. 

Verbal Index of Impairment 

The results obtained from the Verbal Index of 

Impairment suggest that, in its present form, it is not 

useful in distinguishing sober from non-sober individuals. 

This conclusion is based on the fact that the Verbal Index 

figured prominently in the first set of linear models 

those which attempted to predict the entire range of BAC's. 

However, the fact this measure did not appear in the second 

set of linear regressions which only considered BAC's 
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greater than zero. This suggests that a verbal index may not 

be useful in predicting BAC's greater than .00%. 

Several factors could account for these 

factor may be the nature of the task itself. 

results. 

Perhaps 

One 

the 

task demands (i.e., months of the year) are overlearned, in 

spite of their backwards recitation. Thus, regardless of 

their BAC, the subjects may have been able to perform the 

task with little difficulty. 

Another problem may be that the task was relatively 

short and the results were not sensitive to the effects of 

alcohol. For example, anecdotal reports from policeman 

indicate that asking a potential DUI suspect to recite the 

alphabet is a good way to determine if they are impaired. 

The officers claim that the suspect usually begins to have 

difficulty in the middle of the alphabet. While these 

reports need to be empirically validated, intoxicated 

individuals may perform poorly on this overlearned task 

because of its length Ci.e., 26 items). Thus, the current 

Verbal task may prove to be more useful in predicting BAC if 

it was extended to include all 12 months. 

Finally, the scoring system on the task may also need 

to be modified. The system used in this analysis attempted 

to predict the entire range of intoxication (i.e., Totally 

Sober to Totally Drunk). Using the argument that prediction 

of the relative degree of impairment may be useful, the 
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scoring system could be changed to reflect the four levels 

of impairment used in the other analyses. That is, the 

raters could rate the subject's performance on a scale from 

1 to 4, where 1 equals "No Alcohol Consumed", and 4 equals 

"Legally Intoxicated". 

Ruler Drop/Reaction Time Task 

The absence of a statistical difference in the 

comparison of performance on the dominant versus 

non-dominant hands indicates that this was, indeed, a 

reaction time task and not a test of manual dexterity. Thus, 

future work using this test could allow the subject to use 

their preferred hand without aversely affecting the accuracy 

of the test. 

The decrease in reaction time from Trial 1 to Trial 4 

indicates a substantial practice effect. Future studies 

should investigate the number of trials required for 

subjects to reach asymptotic perfo!mance on this task. Even 

peak Reaction Time should be affected by one's level of 

impairment, based on Carpenter's (1962) conclusion that 

reaction time increased with the ingestion of alcohol, and 

Beirness and Vogel-Sprott's (1982) observation that 

regardless of prior skill on a task, reaction time varied 

inversely with level of alcohol impairment. 
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In spite of the potential difficulties presented by 

practice effects, the Reaction Time task figured prominently 

in every regression model except at the highest BAC level 

(i.e., BAC > .10). Its absence at this level may indicate 

that other variables Ci.e., performance on Balance Test) may 

be slightly better predictors of BAC. If this is the case, 

the amount of common variance accounted for by the other 

variables may have masked the influence of the Reaction Time 

task in the regression equation. 

Progressive Body Balance 

The analysis of the Progressive Body Balance Task was 

based on the highest level of performance reached. However, 

because subjects who faltered at one step were allowed to 

continue with the task, many received a score of 10, "Pass 

all". Therefore, important information about the levels at 

which subjects faltered were lost. An alternative approach 

would have been to consider the level at which the subject 

first began to experience difficulty with the task. In any 

case, the present analysis yielded some interesting results. 

The absence of statistical differences between Trials 1 and 

2, indicated that it did not matter which leg the subject 

stood on. The complexities of the task appeared to override 

any effects of lateral pedal dexterity. 
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Furthermore, it appears that the separation of 

performance on the balance task into the categories of Fail, 

Falter, and Maximum Overall Performance was warranted, given 

that these variables, either alone or in combination, 

figured prominantly in the prediction of BAC. These 

findings, then, support those of Begbie (1966), Burns and 

Moskowitz (1977), and Franks et al. (1976), all of whom have 

shown that performance decrements in tests of balance are 

highly correlated with one's BAC. 

Of interest for future research is the effect of 

practice on this task. While no practice effect was observed 

in the two trials of the present study, the improvement in 

Reaction Time performance suggests that the effect of 

repeated testing warrants further investigation due to its 

potential influence upon performance. That is, if these 

simple tests were made available to the public, people may 

learn to compensate for their impairment. This could result 

in a loss of BAC predictability. 

Other Measures 

BAC Meters. The high correlation and insignificant 

differences between the BAC readings obtained by the 

Alcosensors and the BAT 2000, indicate that the BAT 2000 

provides accurate BAC feedback to its users. However, it was 

noted that when incongruent readings were given by the 
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machines, the BAT tended to give a higher reading. This may 

be due, it part, to its 2-digit L.E.D. readout. When 

calibrating the BAT to .11%, it was observed that the same 

reading would be obtained with a BAC of .105% to .114%. 

Thus, a more sensitive means of calibration may enhance the 

accuracy and utility of this device. 

Body Type Determination 

The low frequency of rater agreement, but high 

correlation between the values given for each individual's 

body type, suggest that a Body Type determination based on a 

single 1 to 7 scale is not sensitive enough to be useful in 

the prediction of BAC. However, the high correlation between 

height and weight (i.e., .8), and the fact that they both 

appeared in separate regression models, affirm that 

classifying individuals by body type, may increase the 

prediction of BAC. Thus, further development of techniques 

for reliability classifying body types may be warranted. 

Prediction of BAC 

The results of the multiple regression analyses showed 

that when all variables were used, the self-reported 

measures of impairment were the best predictors of true BAC, 

even though the accuracy with which one assesses their own 

impairment may be diminished under alcohol (Nash, 1962). In 
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the case of third party intervention, however, the self-

report of an individual about their level of impairment may 

not be available or, more likely, will be inaccurate. Thus, 

the observations that the behavioral test, alone, can 

account for 33.4% of common variance, as compared to 41.9% 

for all measures, indicates that the use of behavioral 

measures to estimate BAC may be important contributors to 

assessing alcohol impairment in oneself and in others. 

Looking at only the predictability of the behavioral 

measures, both the Progressive Body Balance and Reaction 

Time Tasks were significant predictors of BAC. Because 

different parameters within each 

contributed to the overall variance 

test differentially 

accounted for, it is 

difficult to decide which of these tasks was the most 

predictive. The results given here, however, imply that a 

composite score, based on several indices, may be the most 

useful index of impairment. 

Regardless of the variables used in the regression 

analysis, it was interesting to note that there was a 

decrease in the predictability of BAC levels greater than 

the legal limit (i.e., greater than .10%). This observation 

provides some empirical support for Lagenbucher & Nathan's 

<1983) observations regarding the difficulty in identifying 

impaired individuals. 
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Subjective Evaluation 

In addition to determining how well behavioral tests 

predict BAC, it was important to evaluate subjective 

opinions of the tests. Such results have implications for 

whether or not the test will be used by potential drunk 

drivers. 

Comparing the subject's reaction to all three survey 

questions per test, differences in the pattern of responses 

indicate that subjects did not establish a response set to 

the questions. Thus, the results may be considered 

representative of the sample's actual subjective responses. 

The analysis of these reactions showed that, as BAC level 

increased, the subjects were less likely to believe their 

BAC reading. Moreover, the subjects with higher BAC levels 

were less willing to alter their driving plans when made 

aware of their BAC. These results support those of Calvert-

Boyanowsky et al. (1980) and Oats (1976), that BAC feedback 

alone did not result in driving plan changes. Taken with 

Vayda and Crespi's (1981) admonition that self-testing 

devices would not be well-received by the public, it will be 

important to investigate the characteristics of individuals 

who will use field sobriety tests to monitor their BAC. It 

may also be worthwhile to study behavioral techniques (such 

as incentive strategies) for promoting the use of BAC 
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indicators and the concomitant involvement of third-party 

interveners in DUI prevention. 

Thus, while further research must focus on finding more 

tests with higher predictive validity, a "good" test should 

not only be defined by its predictability and reliability, 

it must also be evaluated positively by those who may 

benefit from its use. In other words, the usability (or 

practical utility) of behavioral tests for BAC estimation 

are as critical as their BAC predictability when evaluating 

their potential for DUI intervention. 

Limitations of the Present Studv 

In addition to the shortcomings of the study that have 

been cited thus far, certain other factors are worthy of 

mention. Because this was a field investigation rather than 

a laboratory experiment, the time since the subject last 

ingested their alcohol could not be controlled. As observed 

by Mellanby (cited in Moskowitz et al., 1979), those 

subjects whose BAC was rising (i.e., they had recently 

ingested alcohol) would be more likely to evidence 

impairment on a behavioral test. Thus, a subject whose BAC 

was rising may have performed as poorly on a task as a 

subject with a higher measured BAC who had had nothing to 

drink for 

history 

over an hour. 

Cc.f., Vogel, 

Similarly, the subject's drinking 

1958) and the expectancy of 
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intoxication (c.f., Southwick et al., 1981) and their 

effects on performance were not assessed. These factors will 

have to be taken into account as field sobriety tests become 

more sophisticated in predicting actual BAC. 

While the tests used in this study provide some 

easy-to-administer behavioral tasks for estimating alcohol-

impairment, other tests need to be developed that may also 

provide an individual with feedback about their level of 

intoxication. One such test was used in a laboratory study 

by Wilson et al. (1984). It simply asked the subject to 

balance a 1 cm. by 52 cm. wooden dowel on the palm of their 

hand for 30 seconds. This simple test proved to be highly 

reliable and was also sensitive to the effects of ethanol. 

It is noteworthy that the score on these field sobriety 

tests should predict actual driving performance. As Johnson 

(1983) argues, it is the driving performance and not the 

actual BAC that is a true indication of the extent of an 

individual's impairment. Therefore, at some point, 

performance on field sobriety tests should be assessed with 

regard to their prediction of actual driving behavior. For 

example, after test administration, the subject's 

performance could be evaluated on a driving simulator. 
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Implications 

The case has been made that drunk-driving is a national 

tragedy that can and must be stopped. Yet, most approaches 

aimed at reducing DUI exert their impact after a driver has 

had an opportunity to DUI. The "Friends Don't Let Friends 

Drive Drunk" appeal, "socially responsible drinking" 

approaches (e.g., Anheuser-Busch's "Know When to Say When" 

program), and server intervention programs Cc.f., Mosher, 

1983) are all aimed at stopping intoxicated individuals 

before they drive their cars. Yet, little research has 

addressed the issue of just how one is to identify a 

potential drunk driver. As Langenbucher & Nathan Cl983) 

noted, the identification of an impaired individual is no 

easy task. While an extensive body of laboratory-based 

literature exists on behavioral impairment from alcohol, 

little effort has been made to apply these findings to the 

prevention of DUI. As Chapanis (1967) challenged, "If we are 

to have a viable science and a respectable technology we 

must develop and use techniques that are powerful 

alternatives to the typical laboratory experiment" (p. 576). 

Towards this end, the present 

modify laboratory-based assessment 

study has attempted to 

tools of alcohol 

impairment for use in the field. The development of reliable 

and accurate field sobriety tests could result in a decrease 

in DUI by offering individual's the opportunity to practice 
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"socially responsible drinking". 

exists for a third party 

Moreover, if a methodology 

to use for identifying, 

approaching, and dissuading an individual from driving 

drunk, countless lives could be saved each year. 
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DERBY DAY/TAKE AIM DATA SHEET 

Last 4 digits of ID* 
OBSERVER ----' l~ 

Sex: MALE 
Rel __ 

FE.~ALE 

1 2 I 3 4 s I 6 7 
EC MESO EN 

TIME: 

How much do you weigh? ______ ~ 

How tall are you? _________ _ 

RIGHT or LEFT handed? 

COLLEGE STATUS - F s Jr Sr MS ?hO Other ____ _ 

How long has it been since your last drink? MIN ------
How many cups of beer have you had so far? 

How many times have you received feedback today? 

What food have you had to eat in the past hour. Be soecific. 

In your present condition, where would you =ate yourself on 
this scale? 

--1----2-----3-----4------5-----6------7-----8-----9----10 
Totally ~oderately Totally 

Sober Drunk Drunk 

Blood-alcohol measurement goes from .00% CNO ALCOHOL 
CONSUMED) to about .40% CUNCONSCIOUSl .. 05% is considered 
IMPAIRED, .10 is the legal limit in Virginia. What do you 
think your present blood alcohol level is in terms of 
percent blood-alcohol content? 

.oo--.01-.02--.03--.o4--.o5--.06-.01-.08--.09--.10--
No Impaired Legally~? 
Alcohol Drunk 

I am going to give you some tests that may indicate your 
level of alcohol impairment. 

*GIVE RULER DROP TEST: (Randomly start left or right hand> 

Right or Left hand? Score: 

Right or Left hand? Score: 

How confident are you that your performance on the r~ler 
test shows how alcohol-impaired you are? 
--1-----2-----3-----4-----5-----6-----7-----8-----9------10 
Not at 
All 

·very 
Much 

IF this test were shown to be a VALID test of alcohol 
impairment, how often would you use it to see how drunk you 
were? 
--1-----2-----3-----4-----5-----6-----7----8-----9------10--
Never Always 

If you gave this test to yoursel: and :ailed, how much #Ould 
it change your drivina plans? 
--1-----2-----3-----4-----5-----5------7-----8----9------10-
Not at 

Al:. 
Very 
Mucn 
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PROGRESSIVE BODY BALALCE 
*Model for Subjects, "Do What I Do" CCOUNT OUT LOUD TO 3l. 

ll Stand with heels together and arms at sides. 
2l Raise leg and bend knee so that lower leg is parallel to 

the floor. 
3) Put both arms out to the side in a 

still raised>. 
4) Tilt head back so subject can see 

arms unchanged l . 
5 l Close eyes Cleg, arms, unchanged, 

Randomly start with LEFT or RIGHT leg 

I 

II 

III 

IV 

v 

LEFT or RIGHT leg 
Lifted? 

Fail Falter 
0 1 

2 3 

4 5 

6 7 

8 9 

10 
Passed 
All 

"T" formation Cleg 

t.he ceiling Cleg and 

head still back>. 

LEFT or RIGHT leg 
Lifted? 

Fail Falter 
0 1 

2 3 

4 5 

6 7 

8 9 

10 
Passed 
All 

How confident are you that your performance on the r~ler 

test shows how alcohol-impaired you ara? 
--1-----2-----3-----4-----s-----6-----7-----a-----9------10 
Not at 
All 

Very 
:-tuch 

IF this test were shown to be a VALID test of alcohol 
impairment, how often would you use it to see how dr~nk you 
were? 
--1-----2-----3-----4-----s-----6-----7----a-----3------10--
Never Always 

I! you gave this test to yourself and failed, how much would 
it change your driving ?lans? 
--1-----2-----3-----4-----5-----6------7-----8----9------10-
Not at 
All 

Very 
:-tuch 
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*TAPE RECORDER I want you to say the last six months of the 
year into a tape recorder backwards, December to June (~ 
ID number> 

How confident are you that your performance on the ruler 
test shows how alcohol-impaired you are? 
--1-----2-----3-----4-----5-----6-----7-----8-----9------10 
Not at Very 
All Much 

IF this test were shown to be a VALID test of alcohol 
impairment, how often would you use it to see how drunk you 
were? 
--1-----2-----3-----4-----5-----6-----7----8-----9------10--
Never Always 

If you gave this test to yourself and failed, how much would 
it change your drivina plans? 
--1-----2-----3-----4-----5-----6------7-----8----9------10-
Not at 
All 

Very 
Much 

*ALCOSENSOR I'm going to give you an alcosensor test now. 
<Randomly start with BIG or Hand Held machine>. 

BAC LEVEL 
~--=s~I~G,_..o-r--=H~A~N~D=-h~e-.-ld....---m-a-c~h-i_n_e-=-? 

How confident are you that your performance on the ruler 
test shows how alcohol-impaired you are? 
--1-----2-----3-----4-----5-----6-----7-----8-----9------10 
Not at Very 
All Much 

IF this test were shown to be a VALID test of alcohol 
Tiiipairment, how often would you use i~ see how drunk you 
were? --1-----2-----3-----4-----5-----6-----7----8-----9------10--
Never Always 

If you gave this test to yourself and failed, how much would 
it change your drivina plans? --1-----2-----3-----4-----5-----6------7-----8----9------10-
Not at 
All 

<Test Again with ~Machine) 

BAC LEVEL~_,,...,,.,,...-~...,.,.,,...,..,,,,-,...-.,......_,,_,,.,..__,,..,,. 
BIG or HAND held macnine? 

Very 
Much 
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