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Abstract In the literaiure on the effects of alcohol on 
driving-related skills, it is sometimes claimed that vig- 
ilance tasks are insensitive instruments whereas 
divided-attention tasks are extremely sensitive to the 
effects of  alcohol. The results of  the present review, 
based on the analysis of 38 comparisons of alcohol and 
placebo in vigilance tasks, require that these claims be 
restated. Both types of attentional task (concentrated 
and divided) are indispensable in test batteries, 
although not all types of vigilance and divided-atten- 
tion task are equally sensitive, e.g. some types of vigi- 
lance task, using spatial stimuli, were sensitive to BAC 
levels of 0.03 % whereas other types were insensitive to 
levels of 0.10%. In contrast, the usefulness of tasks of 
questionable validity and /o r  low sensitivity (such as 
the DSST, CFF, digit span, simple RT and choice RT) 
is questioned. Apart from issues of validity and sensi- 
tivity of tests, the ways in which alcohol may affect per- 
formance are also discussed. The main effect of 
moderate doses of alcohol is on attention and infor- 
mation processing. The capacity to divide and sustain 
attention is already impaired at BAC levels of 
0.02-0.03%. Further, alcohol effects appear to some 
extent to be time-dependent, and are greatest during 
periods of sleepiness (the early afternoon and after mid- 
night). Some current BAC levels concerning drinking 
and driving are liar too generous. There is sufficient evi- 
dence from the literature on performance indicating 
that the BAC standard for driving should be lowered 
to 0.02% for driving after midnight and for special risk 
groups (young and less experienced drivers). 
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Introduction 

Alcohol is one of the most widely self-administered 
drugs in the world. Wesnes and Warburton (1983) 
report that firm knowledge of its use stems back to 
more than 8000 years ago, but there are indications that 
it was already used in the Palaeolithic Age, about 10 000 
years ago. Moderate drinking for recreational purposes 
is generally considered to be a socially acceptable 
practice and decreases the risk of cardiovascular 
disease. 

Although moderate drinking may contribute to 
longevity and pleasure in life, use of alcohol cannot 
always be encouraged: drinking has a firmly established 
relationship to automobile accidents and even moder- 
ate drinking has effects on the unborn child: several 
longitudinal studies have shown that moderate drink- 
ing during early pregnancy impaired children's IQ and 
attention (performance on a vigilance task) when tested 
at ages 4 and 7. The effects of alcohol are especially 
important  in the area of human attention and perfor- 
mance, the subject of this paper. In the Netherlands it 
has been estimated that almost 40% of all working 
employees, or about 2 000 000 people, take alcohol from 
time to time during working hours, and 6% (about 
300 000) frequently drink on the job. Studies in the UK 
have shown that in about 40% of industrial accidents 
leading to death, alcohol was a factor. Streufert et al. 
(1994) report that alcohol consumption is especially 
extensive among senior level decision making person- 
nel such as managers in the private sector and officers 
in the military. Access to alcohol at the workplace is 
easier at higher job levels and may even be considered 
justified. Working with samples of senior level man- 
agers, Streufert et al. showed that even moderate lev- 
els of alcohol consumption had a considerable impact 
on activities such as planning and strategy, even where 
task demands were not unusual; in particular, the 
capacity to deal with novel problems or emergency 
diminished considerably. 
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The relationship of alcohol to automobile accidents 
is well-documented: in the USA alcohol is involved in 
about 50-55% of fatal vehicle crashes, most  occurring 
at night; alcohol related motor-vehicle accidents are the 
leading cause of mortality in men under 37 years (Leger 
1994). Alcohol related accidents at home have rarely, 
if ever, been the subject of research. The use of alco- 
hol also affects flying. Of the pilots passing time zones, 
50% have sleeping problems, and pilots sometimes take 
alcohol in order to fall asleep. Some 20 years ago, 
Billings et al. (1973) showed that low concentrations 
(roughly equivalent to two pints of beer in an average 
male) caused significant performance decrements in 
flights, were associated with substantial and highly 
significant increases in procedural errors committed by 
both inexperienced and highly experienced pilots; the 
effects of alcohol were assessed in an actual flying sit- 
uation, flights took place with a safety co-pilot and a 
physician was located behind the pilot. Data provided 
by the Federal Aviation Administration and the Air 
Line Pilots Association show that over the period 
1968-1985, one in eight fatally crashed pilots had a 
BAC (blood alcohol concentration) of more than 
0.04% (mg alcohol per 100 ml blood). Approximately 
10-30% of general-aviation pilots involved in fatal air- 
craft accidents due to pilot error had measurable alco- 
hol concentrations on postmortem examination 
(Modell and Mountz 1990), but this figure may under- 
estimate the involvement of alcohol since pilot perfor- 
mance is also impaired when blood alcohol levels are 
near zero and postmortem toxicologic analysis subse- 
quently is negative for alcohol. Yesavage and Leirer 
(1986) investigated pilot pertbrmance 14 h after drink- 
ing when alcohol levels in the body were no longer mea- 
surable, and found significantly impaired performance 
on most  measures as well as a lack of awareness of 
these hangover effects by pilots. 

Many researchers have been intrigued by the ques- 
tion of how and why alcohol affects such behavior. 

Reviews of effects of alcohol on behavioral measures 

The effects of alcohol on behavior have been the object 
of research from the very beginning of experimental 
psychology. Experiments were reported as early as 1851 
(Lichtenfels, cited in Jetlinek and McFarland 1940). 
The effect of alcohol on simple reaction time, for exam- 
ple, has been investigated in the earliest (1870) as well 
as in recent studies (in t 986 Gustafson published seven 
articles on the subject), so this may be a research topic 
as long as there are experimental psychologists or psy- 
chopharmacologists. 

Seminal studies have been carried out by Kraepelin 
(1892), who published a book on the effects of drugs 
on sensory and motor  functions. Kraepelin started his 
investigations in 1882 in Wilhelm Wundt's laboratory, 
where he performed a large number of experiments with 

alcohol, but also with caffeine (tea), morphine, chloral 
hydrate etc. Kraepelin noted that under some circum- 
stances, with low doses of alcohol a facilitation of 
performance (lasting about 20 min) precedes the 
impairment (p. 175), that information processing could 
be impaired at the same time that motor  functions were 
facilitated (p. 181), that under alcohol "false alarms" 
(premature reactions) often occurred (p. 182), and that 
the facilitating and debilitating effects of alcohol may 
cancel each other out (p. 187). He also noted that there 
are large individual differences and that the effects of 
alcohol are task-dependent (p. 176). These observations 
are reiterated because one still encounters them as 
"findings" in more recent literature. 

A large number of reviews of the effects of alcohol 
have appeared, e.g. the extensive review of Jellinek and 
McFarland (1940). These authors discussed several pit- 
falls of experiments with alcohol and indicated main 
factors which may influence the evaluation of effects 
and the comparability of results: crossover vs parallel 
designs, the nature of  subjects (abstinent, social 
drinkers, or alcoholics), the modus and time of alco- 
hol administration etc. The authors state that the data 
are only meaningful when the BAC at the time of the 
test observations is also given. Among the findings 
reported by Jellinek and McFarland is a curious one, 
that subjects are unable to note objects approaching 
from the side when driving ("channel driving", p. 319). 
Sensory acuity is usually not affected, but the ability 
to discriminate between intensities is (p. 315). And 
"there is no question that the effect of alcohol is greater 
in tests which involve active attention" (p. 323). The 
authors state that the effect of alcohol is always one of 
reduced efficiency, such stimulating effects as have been 
reported, are pseudostimulations (p. 362). As the most 
urgent need in psychological experimentation they see 
the exploration of individual differences in inherent (or 
initial) tolerance to alcohol in contrast to acquired tol- 
erance ("habituation"). 

Later reviews, e.g. by Carpenter (1962), Moskowitz 
(1973), and Perrine (1973), concurred in the view that 
the major impairing effects of alcohol are to be found 
on tasks requiring attention and information process- 
ing, whereas psychomotor performance appears to be 
more resistant to alcohol impairment. Levine et al. 
(I975) classified tasks according to ability requirements 
and concluded that psychomotor tasks are least 
impaired and that especially tasks involving selective 
attention are seriously impaired. 

Many authors have expressed the view that vigilance 
tasks (tasks requiring detection of and responding to 
specified changes in the stimulus situation, occurring 
rarely and unpredictably) are insensitive instruments to 
monitor the effects of alcohol. Moskowitz (1973) stated 
that there is considerable evidence that there is no 
impairment of attention conceived as vigilance. 
Linnoila (1974) and Fagan et al. (1987) also reported 
that alcohol does not affect vigilance and Miles et al. 
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(1986) noted that sustained attention tasks "have con- 
sistently failed to reveal alcohol-induced impairments"; 
in contrast, tasks requiring selective attention do reveal 
such impairments. The authors probably mean divided 
rather than selective attention, because alcohol effects 
on selective attention, performing in the presence of 
distracting external stimulation (e.g. of the dichotic lis- 
tening type of tasks), have as yet not been investigated 
(but see Ward and Lewis 1987). Davies and 
Parasuraman (1982 p. 157) concluded that "reliable 
effects of alcohol on vigilance have yet to be demon- 
strated". A recent review (Foltin and Evans 1993) even 
concluded that in some studies alcohol has improved 
auditory vigilance, but, unfortunately, this claim can- 
not be evaluated because the authors failed to indicate 
which particular studies were meant. 

An impressive, large scale, review of the experimen- 
tal literature on alcohol effects on skills related to dri- 
ving, has been published by Moskowitz and Robinson 
(1987). The authors found 557 citations, of which 399 
publications were obtained and of this number, 178 
were used in their report. The evidence reviewed indi- 
cates that alcohol does not uniformly impair all aspects 
of performance. In some areas (divided attention and 
oculomotor function) impairment can occur at BACs 
as low as 0.02%. According to Moskowitz and 
Robinson (1987), divided attention performance is the 
most sensitive area to alcohol impairment, whereas vig- 
ilance performance, or concentrated attention, is the 
least sensitive measure, with all other categories (infor- 
mation processing, tracking, RT, driving, etc.) in 
between. Their conclusion is that "the existing evidence 
does not reliably indicate that BACs below 0.08% 
impair vigilance pertbrmance". 

In contrast, the present author is aware of vigilance 
studies finding effects of low doses of alcohol, and the 
validity of some interpretations of earlier studies is 
also questioned. For example, the seminal study by 
Moskowitz and DePry (1968) showing that divided 
attention was impaired but vigilance not has always 
been cited by later investigators as a demonstration of 
this phenomenon. However, the "vigilance" task was 
not really a vigilance task but a mixture of a selective 
attention and signal detection task: noise bursts 
(hail of which contained a tone at near-threshold level 
which had to be detected) were presented to the left 
ear, and dints. ('which had to be ignored) were simul- 
taneously presented to the right ear, while the subject 
had to report both nonsignals a~d si~a~s verbally. 
Further, the study was flawed in that there was no 
alternation of order of presentation,, the divided 
attention task (responding to the input of both ears) 
ahvays followed the "vigilance" task, always started 
30 min later and thus was carried out in a different 
region of the BAC curve. Moskowitz and DePry 
(1968) have also interpreted the Talland (1966) study, 
employing only two subjects, as evidence that alcohol 
affects divided attention but not vigilance; however, the 

same effect also occurred in the "visual only" (vigi- 
lance) condition. 

Generalizations about the effect of alcohol on vigi- 
lance or divided attention are often the result of con- 
sideration of a very limited portion of the available 
literature, the same situation as encountered in an ear- 
lier review of the effects of benzodiazepines (Koelega 
t989). For example, in the review of Moskowitz and 
Robinson (1987) only three vigilance experiments were 
inclded in their Table 5, although the authors discuss 
three more studies which were not included for vari- 
ous reasons. Most reviews do not discuss more than 
half a dozen vigilance studies, especially those reviews 
attempting to cover "performance" in general, such as 
that by Finnigan and Hammerstey (1992), an adequate 
review for that matter, emphasizing again the many 
methodological defects of most studies including recent 
ones. The review by Foltin and Evans (1993), has an 
even wider scope, viz. to review the effects of all kinds 
of drugs of abuse on perfbrmance. Such reviews often 
end with the conclusion that alcohol sometimes does, 
and sometimes does not, impair performance. Finnigan 
and Hammersley have also stated that "by now it 
should be obvious that it is naive to hypothesize about 
effects on performance as if it were a single, easily mea- 
sured phenomenon". I have suggested before (Koelega 
1989) that reviews of this kind may aim too high and 
that probably more insight can be obtained when 
specific tasks are exhaustively reviewed. Only an exten- 
sive, detailed analysis, covering as much data as possi- 
ble, can produce an accurate picture of the sensitivity 
of vigilance (and other) tasks to alcohol. It is quite pos- 
sible that vigilance tasks are rather insensitive, but then 
the question arises why effects of alcohol would be hard 
to detect with tests which have been shown to be sen- 
sitive to the effects of other drugs including those which 
are daily used such as caffeine and nicotine (Koelega 
1989, 1993). It is also possible that divided attention 
tasks in general are more sensitive than vigilance tasks, 
but there may be some types of vigilance task finding 
alcohol effects at low doses and there certainly also are 
divided attention studies finding no effects at rather 
high doses (Miles et al. 1986; Marks and MacAvoy 
1989; Kuitunen et al. 1990). There are studies where 
both types of task are affected (Erwin et al 1986; Putz- 
Anderson et al. 1981), there are studies showing that 
vigilance performance after alcohol was sensitive to 
time of day but divided attention was not (Roehrs et al. 
1992), and there are  also divided attention studies 
reporting improvement under alcohol (e.g. Pearson 
1968). 

This is not to say that vigilance tasks probably are 
more sensitive instruments to monitor alcohol effects 
than are divided attention tasks or that the latter should 
be replaced by the former in test batteries. Both types 
of task have their place in psychopharmacotogy: both 
sustai~ned concentrated-atten,ti'oa (or vigilance) and 
divided~attention are compo:nertts of the demands of 
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skills situations such as driving, flying or operating 
machinery. Moskowitz (1984) has also emphasized that 
it is not merely the information overload requirement, 
manifest in divided attention, that is important; it is 
advantageous to have both conditions within the same 
experiment, if only because there are drugs (e.g. mar- 
ihuana) which impair vigilance but not  divided- 
attention behavior. From the above it is clear that not  
all divided-attention tasks are of equal sensitivity and 
that the generalization encountered in the literature 
(divided-attention tasks are sensitive and vigilance 
tasks are not) may not  be well founded. Much depends 
probably on the components making up a divided- 
attention task (whether they tax common or separate 
resources etc.) and an exhausive review of experiments 
using this task after ingestion of alcohol could be use- 
ful in constructing test batteries, but it is beyond the 
scope of the present review to do this. The aim is to 
produce a detailed account of the effect of alcohol on 
vigilance performance. 

Of course, alcohol affects a broader range of func- 
tioning than vigilance, and in order to obtain a profile 
of  the effects of alcohol (or of any other drug), inves- 
tigators usually employ a battery of tests encompass- 
ing a wide range of functions (motor, sensory, memory, 
attention etc.). Parrott (1991) has stated that most bat- 
teries comprise an ad hoc collection and that issues of 
sensitivity and validity have been ignored. Various 
authors (e.g. Baker et al. 1985; Tiplady 1991) have 
argued that a particular test should be sensitive to the 
effects of alcohol before it is included in a test battery 
for a w  kind of drug. The present review is an attempt 
to assess the sensitivity of vigilance tasks to the effects 
of alcohol. Is performance impaired and, if so, are some 
types of  task more sensitive than other types, are the 
effects mainly on (overall) level of performance or also 
on the decrement with time, and is impairment possi- 
bly dependent on time of day? Further, can something 
be concluded with respect to the validity of vigilance 
tasks and some other widely employed tasks in the 
study of driving related skills? Finally, are there indi- 
cations in the performance literature that the legal lim- 
its for driving should be adapted? 

Effects of alcohol on vigilance performance 

In essence, the way of searching the literature (a com- 
puter search and following up cross-references), the 
inclusion of test characteristics, the measures of per- 
formance considered etc. are the same as described in 
two earlier reviews of the effects of drugs on vigilance 
(Koelega 1989, 1993). For various reasons some stud- 
ies have not been included in the review: Putz- 
Anderson et al. (1981) used an adaptive version of the 
Mackworth Clock, in which task load was maintained 
at 70% performance accuracy, McClelland and 
Raptopoulos (1985) provided insufficient data, and five 

studies had no placebo condition and /or  employed 
alcoholics as subjects (Colquhoun 1962b; Talland et al. 
1964; Docter et al. 1966; Ludwig and Stark 1975; 
Cohen et al. 1983). One could argue about the exclu- 
sion of studies lacking placebo-treatment. Firstly, there 
does not seem to be a compelling reason to exclude 
placebo-lacking studies when there is no effect of  alco- 
hol compared to a control condition (e.g. Colquhoun 
1962b), unless the lack of an effect is attributed to the 
lack of a placebo. Secondly, to give placebos an alco- 
hol taste, some drops of alcohol are usually sprinkled 
on the top of the beverage, e.g. orange juice. However, 
in a number of studies where experimenters assessed 
the subjective state of intoxication, it appeared that 
subjects often can clearly differentiate between alcohol 
and placebo or between different doses of alcohol (e.g. 
Hamilton et al. 1984; Miller 1984). Mattila et al. (1982) 
mention that every subject in their experiment recog- 
nized alcohol from its effects, so it is rather unlikely 
that a "real" effect of alcohol may in fact have been a 
placebo effect. O'Boyle et al. (1994) have recently shown 
that there is an asymmetrical transfer of placebo 
efficacy. 

Effects on measures of performance 

Table 1 presents 28 sources of alcohol and vigilance, 
providing 38 overalMevel comparisons for the measure 
of hits or "errors". Most studies employed males only 
as subjects, a universal phenomenon in psychophar- 
macology. Details of procedures and results are pre- 
sented in the footnotes. Of the 38 comparisons, 20 
found no effect of alcohol (but two of these measured 
after 6 and 12 h when BAC had reached zero, leaving 
18 "no-effect" comparisons), whereas 18 reported an 
effect, a 50% effect-score, comparable with the effect 
found for benzodiazepines (Koelega 1989). 

Finnigan and Hammersley (1992) have concluded 
that the effects of small doses of alcohol are difficult 
to detect with less than 15 subjects. Studies with a small 
sample size may have low power due to the large vari- 
ance caused by the ingestion of alcohol. In more than 
half of the comparisons of the present review, small- 
sized (< 15) samples were used. In the small-sized sam- 
ples, more studies reported "no effect" than "effect" 
(62% versus 38 %), whereas in the larger-sized samples 
the opposite occurred (41% versus 59%), a 60% effect- 
score which increases to 67% when two studies mea- 
suring at zero BAC levels are removed. Note, however, 
that the picture is more complex than just "effect" or 
"no effect"; sometimes an effect is noted only in 
one session and not in another session, or with one 
dose and not with other doses, etc. (information to be 
found in the footnotes to Table 1). With respect to the 
question of whether alcohol aggravates the normally 
occurring decrement, only nine comparisons are 
available: seven reported no effect of  alcohol on hits, 
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two studies (nos 5 and 22) found a precipitated per- 
fbrmance decline with respect to correct detections and 
two (nos 17 and 22) with respect to sensitivity. One of 
these studies (Rohrbaugh et al. 1988) is noteworthy 
because the task was so short as to preclude marked 
changes in BAC, so that time on task was not likely to 
be confounded with BAC changes. In only two of 15 
comparisons, alcohol affected false alarms. In nine 
cases, the signal detection measures d' or A' ("sensitiv- 
ity") and fl or B" ("response willingness") were 
reported: alcohol impaired sensitivity in four experi- 
ments, but in none of the comparisons response will- 
ingness was affected. The measure of speed, response 
latency to hits or RT, was impaired in 11 out of 22 
comparisons. 

BAC levels at the time of testing 

Expressing sensitivity in terms of "effect" and "no 
effect" is quite meaningless when BAC levels at the 
time of testing are left out of consideration. In the third 
column of Table 1, BAC values at the start of the 
vigilance session are given. Where possible, direct 
measures of BAC provided by the authors were used, 
but in a number of cases BACs had to be estimated. 
The same variety of methods of reporting alcohol 
administration, noted by other reviewers, was encoun- 
tered. Doses expressed in oz/lb and ml /kg  were 
converted into g alcohot/kg body weight. BACs 
were expressed in mg alcohol per 100 ml blood and 
were calculated in the same way as described by 
Moskowitz and Robinson (1987), i.e. divide the total 
dose in grams by the estimated volume of distribution 
(the estimated amount  of water in the body, for males 
58% and for females 49%) and convert this to g alco- 
hol per ml blood by multiplying by 0.806 (80.6% of 
blood is water); rate of metabolism (removal) was 
estimated at 0.015% per hour. Moskowitz and 
Robinson report that this procedure is a conservative 
estimation of BACs; if there is a bias it is one of report- 
ing impairment at higher BACs rather than lower 
levels. Some BACs are rather crude estimates because 
authors sometimes provided insufficient data on body 
weight (the average male was then taken to weigh 75 kg, 
the female 55 kg), gender (e.g. study 21), gender 
subdivision (e.g. study 26) or percentage of alcohol 
in the beverage (e.g. study 26). So, the data in the 
third column of the table should be used with some 
caution. 

Inspection of Table 1 shows that generalizations 
with respect to BACs cannot be made: often perfor- 
mance was impaired at 0.03% but sometimes perfor- 
mance was unimpaired at 0.10%, and this could occur 
in the same experiment where different vigilance tasks 
were used, so perhaps more interesting is the question 
of whether some types of task are more sensitive than 
other types. 

Effects of task parameters 

There are no striking effects of the task parameters: 
duration, modality, and event rate or of type of 
design (crossover versus parallel). Generally, tasks 
employing a high probability of occurrence of targets 
showed somewhat less sensitivity than tasks with 
a low signal probability, but only one study (no. 16) 
manipulated probability within one design. Type of 
stimuli used, not included in Table 1 as a category, 
may have a profound influence, however. In the many 
studies of one particular research group (Linnoila's), 
one type of vigilance task using spatially defined 
critical events (a pair of illuminated dots spaced 
either 48 or 60 m m  apart) was sensitive to the effects 
of low doses of alcohol (BAC 0.03 %) in five different 
studies (nos 6, 8, 9, 10 and 18), whereas another type 
of task, a CPT (continuous performance task) where 
the target was the occurrence of two consecutive num- 
bers or the digit 6 followed by a 4, was insensitive 
to even high doses (BAC 0.10%) in six different stud- 
ies (nos 9, 10, 12, 13, 23 and 28), albeit that some of 
these six studies were of shorter duration. The latter 
task (the CPT 6-4)  is a version of the CPT A-X,  for 
normal adults a very easy task, in which performance 
measures often show ceiling effects. This suggests that 
vigilance tasks can be either sensitive or insensitive 
depending on the type of stimuli being used and the 
associated (difficulty of the) type of processing 
involved. Tasks employing alphanumeric, familiar, 
well-learned stimuli, for which a phonetic-linguistic 
code is available, may be more resistant to the 
effects of alcohol than tasks using more "sensory" stim- 
uli, e.g. spatial stimnli. It has earlier been shown 
that different types of vigilance tasks require different 
skills or abilities in the same subjects (Koelega et al. 
1989). There are indications in the literature that 
spatial ability may be more impaired by alcohol than 
other functions (Frankenhaeuser et al. 1962; Myrsten 
et al. 1970) and Linnoila (1978) has suggested that 
spatial information processing may be more impaired 
than verbal information processing. Apart from 
the studies listed above (nos 6, 8, 9, 10 and 18), some 
other studies from Table 1 containing nonverbal 
stimuli (nos 5, 7, t6, 17, 19 and 20) also showed 
sensitivity to alcohol. So, the question is not so much 
at which dose alcohol degrades vigilance performance 
but rather which types of task are impaired already 
at low doses. 

Time-dose-response characteristics 

Another aspect of the studies from Table 1 concerns 
the time-dose-response characteristics, and the so- 
called "Mellanby effect", formulated more than 70 
years ago (1919), i.e., differential effects of alcohol 
pertaining to the ascending and descending limb of 
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the BAC. There is no simple linear dependence on 
BAC irrespective of dose, time since ingestion, and 
time on task. The level of blood alcohol following 
alcohol ingestion follows a pattern of change known 
as the absorption-elimination curve, in which BACs 
ascend, reach a "plateau", and then descend. Any level 
of BAC occurs twice, once in the ascending (absorp- 
tion) phase, and once in the descending (elimination) 
phase of the curve. One would expect that the effect of 
alcohol on performance would be identical at corre- 
sponding measurement points; however, it is well 
known that the effects in the absorption phase are 
different from those in the eliminination phase, so there 
is no direct relation between BAC and effect on 
performance. Most authors have reported that the 
effect of a given level of blood alcohol is greater in the 
absorption phase, as if there is a "surprise attack" on 
the brain, followed by acute tolerance (a decrease of 
the impairment during the elimination phase), but most 
studies failed to control for a learning effect and 
examined performance first during the rising curve and 
then during the falling curve. However, in lengthy vig- 
ilance tasks there is also an interaction with time on 
the task and several authors have reported that the 
effects of small doses of alcohol increase as a function 
of time, despite the fact thatthe BAC was lower, and 
falling (Colquhoun 1976; Nachreiner et al. 1985; 
Grzech-Sukalo et al. 1988). The latter authors reported 
impairing effects on sensory functions in the early 
elimination phase, and on decision making in a later 
elimination phase. 

Inspection of Table 1 shows that the question of 
whether performance is more impaired during the 
ascending limb cannot be answered. A large majority 
of the studies from Table 1 did not measure perfor- 
mance during the ascending limb. We have an incom- 
plete picture of the effects of alcohol on vigilance 
performance: the time from the last drink to maximal 
BACs usually ranges from 30-90 min, so the effects are 
essentially confined to the descending limb. To get a 
full picture, tasks should be administered closer to the 
time of drinking and the time course of pertbrmance 
should be reported in all investigations. Another strat- 
egy is to use short tasks to preclude changes in BAC, 
so that time on task effects are not confounded with 
changes in BAC, as was done by Rohrbaugh et al. 
(1988). 

Positive, facilitating, effects with low doses of alco- 
hol were not found in the vigilance studies considered 
in the present review, but the doses used may not have 
been low enough. Moskowitz et al. (1985) also failed 
to find support for the so-called biphasic effect of alco- 
hol. Likewise, there was no evidence of residual seda- 
tion when BAC has reached zero, some 4 h after 
ingestion (nos 14, 21, 23, 25, 26, 28) or the next morn- 
ing (nos 12 and 27); but see the note on study 25 in 
Table 1. 

Effects on impulsivity and interaction of alcohol 
with smoking 

Alcohol may also affect vigilance performance in 
another way than by direct action on the CNS during 
experiments with alcohol. There are reports that vigi- 
lance tasks are more poorly pertbrmed by non-alco- 
holics either with a history of family (parents) alcohol 
problems (Miller 1984), or with a DW] (Driving While 
Intoxicated) history of prior arrests (Koch and 
Morguet 1985). Both groups made significantly more 
false alarms than controls without parental alcohol 
problems, or without any alcohol delicts while driving, 
respectively. Note that in these studies alcohol was not 
a factor: in the Miller study the effect also occurred 
in the placebo condition, and Koch and Morguet did 

not use alcohol. The production of more false alarms 
may reflect a somewhat disinhibited, more impulsive, 
behavior, a greater tendency to take chances, or a low 
tolerance for boredom, as has also been described for 
the behavior of attention-deficit hyperactivity disor- 
dered (ADHD) children in vigilance tasks. In fact, there 
is a higher incidence of ADHD in the children of 
alcoholics. 

Finally, in real-life situations, alcohol often increases 
the amount and rate of cigarette smoking in smokers, 
and there are reports that smoking diminishes the alco- 
hol-induced performance deterioration in a subject- 
paced vigilance task (Michel and B~ittig 1989), in 
selective-attention and divided-attention tasks (Leigh 
et al. 1977), in visual discrimination (Tong et al. 1974), 
in choice reaction time (Lyon et al. 1975; Kerr et al. 
1991), and in tracking (Kerr et al. 1991). Myrsten and 
Andersson (1973) also reported that smoking counter- 
acted alcohol-induced impairment in simple-and 
choice- RT tasks, but also that heart rate increased and 
hand steadiness deteriorated. These findings, together 
with factors such as tolerance and effects of prior inges- 
tion of food, illustrate that, at least in smokers, in oper- 
ational circumstances the effects of alcohol on behavior 
are hard to predict. 

In what way may alcohol affect performance? 

The precise mode(s) of action of alcohol on neuro- 
transmitters in the brain is not yet clear, but recent 
evidence supports the premise that in low concentra- 
tions alcohol has selective effects on particular neuro- 
transmitters in specific brain areas. Alcohol inhibits the 
function of the NMDA (N-methyl-D-aspartate) sub- 
type of glutamate receptor-gated ion channels, poten- 
tiates the actions of GABAA agonists under specific 
conditions (e.g. phosphorylation of a subspecies of the 
gamma subunit), and also affects the function of 5-HT3 
receptors and certain voltage sensitive calcium chan- 
nels. Dopamine release in the nucleus accumbens by 
alcohol is probably modulated by potentiation of 
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serotonin at 5-HT~ receptors (Tabakoff and Hoffman 
1993). 

Does the literature provide indications how the 
impairing effects of alcohol on performance are 
brought about? Reviewing the literature, Carpenter 
(1962) noted that "little progress has been made in 
developing a knowledge of how and in what way alco- 
hol affects behavior". This observation recurs 30 years 
later in the recent review by Finnigan and Hammersley 
(1992), who state that there is no theory as to how and 
why alcohol impairs driving or other natural skilled 
performance. 

There is a large amount of  literature on the 
question of whether alcohol affects specific functions 
more than other functions (whether motor, sensory, or 
cognitive). Most early literature reviews indicated that 
basic sensory-perceptual processes (such as visual 
acuity) are minimally or not all affected, but some 
studies report significant effects on saccadic eye move- 
ments, eye tracking, visual field, accommodation and 
convergence (Stapleton et al. 1986; Hill and 1bffolon 
1990) and on precortical (peripheral, retinal) process- 
ing of traffic signs (Avant 1990). Many authors have 
reported that motor functions are more impaired than 
cognitive or intellectual functions (e.g. Carpenter 1962; 
Myrsten et at. 1970; Starmer and Bird 1984), but 
Vogel-Sprott (1979) stated that this only holds for the 
descending limb of the BAC, during rising BAC exactly 
the opposite would occur. Linnoita et al. (1986) 
propose that the primary effect of alcohol centers on 
response organization and that there may be a greater 
effect on right hemisphere functions, associated with 
spatial information processing. Moskowitz (1984) 
stated that it is not merely the overload requirement 
that is important in the effects of alcohol, and 
Moskowitz and Robinson (1987) concluded that 
specific behavioral areas relevant to driving differ con- 
siderably in their susceptibility to impairment, but 
Maylor and Rabbitt (1993) asserted that alcohol has a 
general effect on information processing rather than 
specific effects; the important question is not which 
processes are involved but how much processing is 
required, the deficit is constant, the implication being 
that it is not necessary to know which specific processes 
are required by a task such as driving. However, the 
idea that only the amount of processing required is 
the crucial factor seems to be at odds with results 
showing that there was no effect of level of work load 
and task demand on performance after alcohol intake 
(Chiles and Jennings 1970, Ranney and Gawron 1986). 
Fisk and Schneider (1982) proposed that the mode of 
processing is more important than load per se: auto- 
matic (effortless, highly practiced) processing would be 
rather insensitive to impairing effects of alcohol, but 
controlled (effortful, capacity limited) processing would 
be highly sensitive. However, Linnoila et al. (1983) 
found a disruption of alcohol in automatic but not in 
controlled processes and Maylor and Rabbitt (1988) 

reported identical effects for the two types of 
processing. 

All this serves to illustrate that knowledge about how 
alcohol affects performance is imperfect and that the 
literature does not provide guidelines to understand in 
what way alcohol may exert its impairing effects in vig- 
ilance tasks. Other approaches are necessary to make 
progress. Johnston (1982), having established that a 
causal link exists between alcohol and crash occurrence, 
attempted to enhance understanding of the nature of 
this causal mechanism by studying in detail the cir- 
cumstances of alcohol-related crashes. Noting that 
most crashes occurred on rural roads with certain speed 
limits, it appeared that more alcohol-related crashes 
than "sober" crashes occurred on curves, which forges 
a link with knowledge of the effects of alcohol on skilled 
performance in the laborator): In negotiating a curve 
we have to do with a divided-attention task: tracking 
of the curve path and perception of the degree of cur- 
vature to enable appropriate speed selection. Johnston 
suggests that drivers pay more attention to the steer- 
ing task and that perception of the relevant curvature 
cues suffers, resulting in a curve entry speed that is far 
too high. West et al. (1993) attempted to assess why 
intake of alcohol increases risk of accidents when dri- 
ving and examined the effects of alcohol on driving 
speed and time taken to detect occasional hazards, two 
aspects of driving correlating with accident risk. The 
authors suggested that at least part of the excess risk 
is attributable to an increase in the time taken to detect 
and respond to infrequent traffic hazards, but this still 
leaves open to question whether or not the increase in 
hazard perception latency reflects an increase in time 
to identify targets, in (higher level) processing time, or 
in response organization/execution. 

Analyses of different types of alcohol-related crashes, 
such as performed by Johnston (1982), may enhance 
our understanding of the mechanisms through which 
alcohol impairment causes accidents, but this under- 
standing is, as yet, quite crude. Two major principles 
that seem to have been established are that the ability 
to time-share in a divided-attention task is seriously 
impaired and that information processing is slower, but 
that rate of switching between sources of information 
or retaining information in immediate memory are rel- 
atively unimpaired (Moskowitz 1973). The information 
compiled in Table 1 of the present review can only in 
a very modest way contribute to knowledge about how 
alcohol impairs performance. It appears that length of 
the session (increasing fatigue and boredom), proba- 
bility of occurrence of critical signals, and rate of pre- 
sentation of stimuli (high or low) may not be important 
factors in the impairing effects of alcohol and that the 
visual modality is not more affected than the auditory 
one, suggesting impairment of central factors. 
Response latency to correct detections (RT) is as often 
impaired as is accuracy of performance (sensitivity and 
correct detections) and there is no effect of alcohol on 
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measures of cautiousness of responding (false alarms 
or/~, willingness to respond or response criterion). The 
effects seem to be most pronounced in tasks employ- 
ing nonverbal stimuli. From the lack of effect on mea- 
sures of response decision behavior, a lack which 
alcohol shares with benzodiazepines and stimulant 
drugs, it cannot be concluded that alcohol does not 
affect risk taking behavior. These measures may bear 
no relationship to a possibly lowered ability to assess 
risk in the driving environment. 

Rationales for choosing particular tests in batteries: 
the issues of validity and sensitivity 

It was earlier stated (Koelega 1993), that not every vig- 
ilance task measures the same aspect of attention and 
information processing and if changes due to drugs are 
to be interpreted in terms of "attention", performance 
on a sustained attention task should not be limited by 
perceptual ability, memory, or information-processing 
speed. Tables with detailed data on various versions of 
(vigilance) tasks and their sensitivity may contribute to 
information on utility and quality and thus to deci- 
sions to use a particular (vigilance) test. The evidence 
collected in the present review indicates that some types 
of vigilance task should be included in any test battery 
(besides some types of divided-attention tasks as pre- 
viously mentioned). 

The relevance of laboratory results is, apart from 
low sensitivity and reliability, reduced by limited valid- 
ity of the tests, i.e. limited predictability of the behav- 
ior (e.g. the nature of driving a car) under interest. With 
respect to driving performance there are no truly pre- 
dictive tests, whether laboratory tasks or performance 
in simulators. In the study of driving-related skills very 
few investigators have addressed the question of crite- 
rion and validity of the laboratory tests used, an excep- 
tion being Hfikkinen (1976) who followed the accident 
behavior of drivers over long periods (mean length 17 
years) and reported that accidents correlated highest 
with tests of attention, followed by involuntary control 
of motor function. Earlier reviewers unanimously 
agreed that the main effect of low to moderate doses 
of alcohol is on attention and information processing, 
both rather vague, catchall phrases, permitting a great 
variety of meanings to be associated with them, and 
thus a great variety of tests to measure them. One aspect 
concerns attentional capacity, which may not always 
be sufficiently taxed by performance of a single task, 
although there are vigilance tasks exceeding capacity 
such as those bombarding the subject with rapidly pre- 
sented degraded, barely discriminable stimuli, but these 
tasks are a parody of real-life activities, as in driving. 
Divided-attention tasks, performing several tasks at the 
same time, may exceed capacity but this depends on 
the tasks' demands: e.g. driving and conversation do 
not require full attention, but conversation is usually 

halted in backing and parallel parking or other atten- 
tion demanding situations. Laboratory divided-atten- 
tion tasks are highly sensitive to low doses of alcohol 
(Moskowitz and Robinson 1987), but it was previously 
mentioned that not all types of task are equally sensi- 
tive. However, an advantage of divided-attention tasks 
is that in single-task performance the effects of alcohol 
are often underestimated even if there is a significant 
impairing effect, because diminished capacity is com- 
pensated by focusing attention exclusively on this task 
and this may obscure impairment of other important 
peripheral tasks such as they occur in driving, flying, 
in overall system safety. 

Another aspect of attention related to driving is the 
ability to remain alert in boring, monotonous, deacti- 
vating situations that do not invite concentrated, com- 
pensatory effort. Depressant action of (sedative) drugs 
may manifest itself especially in tasks designed to 
resemble these conditions, i.e. in vigilance tasks. Erwin 
et al. (1978) stated that the serial presentation of an 
endless train of meaningless (neutral) stimuli inter- 
rupted by infrequent and randomly occurring stimuli, 
such as characterizes the vigilance task, has an ana- 
logue in highway driving with neutral stimuli such as 
broken-line lane dividers, expansion strips etc. And 
Linnoila (1978) explained that in his laboratory bor- 
ing (vigilance) tasks under low illumination conditions 
(analogous to night time driving) were used on the basis 
of clues provided by epidemiologicat research con- 
cerning alcohol and traffic accidents. These considera- 
tions suggest that (sensitive types of) vigilance and 
divided-attention tasks should always be included in 
test batteries. 

An additional advantage of having a vigilance task 
in a test battery is that most types of vigilance task do 
no require practice or sophisticated skills to achieve a 
stable baseline. This has tong since been common 
knowledge to vigilance researchers, but it has again 
been shown in a study by McClelland (1987), who 
investigated the effect of practice on a number of tests 
used in batteries. There were exponential learning 
curves for choice RT, simple RT, fusion threshold, a 
manipulative motor task, visual analogue scales and 
especially for digit span which even after ten practice 
sessions showed improvement; the other measures 
required at least four pre-study training sessions. There 
were no practice effects at all on hits and RT of a vig- 
ilance task (rapid visual information processing or 
RVIP), time estimation, and directly measured body 
sway, and McClelland concluded that with respect to 
training and learning, these tests are ideal for use in 
psychopharmacological studies. 

Other drugs than alcohol, and alcohol in high doses, 
may affect other aspects of abilities than merely "atten- 
tion" and information processing, and therefore test 
batteries should address a broader range of function- 
ing. Tiplady (1991) states that the influence of alcohol 
in the choice of tests should be considerable, a 
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comprehensive battery should include tests known to 
be capable of detecting moderate doses of alcohol in 
view of the importance of alcohol in road accidents. 
Baker et al. (1985), giving recommendations for the 
development and use of valid and reliable tests, have 
also concluded that behavioral tests should be able to 
detect the effects of moderate doses of alcohol. The 
latter authors do not recommend the use of (digit span) 
memory tests and flicker fusion. 

No attempt is made to establish the relative sensi- 
tivity of vigilance tasks, as was done in the review of 
stimulant drugs on vigilance (Koelega 1993), the rea- 
son being that not many studies from Table 1 used bat- 
teries and when they did the tasks differed widely from 
study to study, resulting in a meagre database for 
quantification. However, with respect to the issue of 
sensitivity to alcohol, a few points can be made regard- 
ing some widely employed tests other than vigilance. 
Digit span memory/recall should not be included in a 
battery (Baker et al. 1985; McClelland 1987); the lat- 
ter author reports that the test has also been shown to 
be insensitive to the effects of benzodiazepines. Critical 
flicker frequency (CFF) has repeatedly been found to 
be insensitive to effects of alcohol (Moskowitz and 
Robinson 1987). Finnigan and Hammersley (1992) also 
report that during the period 1980-1991, CFF showed 
impairment to alcohol in only 20% of the cases (Table 
4.2). The authors suggest that there may be more stud- 
ies finding no effect, publication is probably biased 
towards studies reporting effects of alcohol. Some stud- 
ies not included by Finnigan and Hammersley also 
reported insensitivity of CFF (Mattila et al. 1982; 
Tedeschi et al. 1984; Aranko et al. 1985; Jansen etal .  
t985). Millar et at. (1992) also mention half a dozen 
of studies finding no effect with CFF. The presence of 
the Digit Symbol Substitution Test (DSST) in a bat- 
tery has earlier been criticized (Koelega 1989, 1993) 
because of its moderate sensitivity and the uncertainty 
which of many mental functions are affected. Whereas 
Foltin and Evans (1993) propose to use the DSST as 
a "benchmark" task because "it is known to be sensi- 
tive to drug effects" and has a large database, the task 
has repeatedly been shown to be insensitive to moder- 
ate doses of alcohol (e.g. Maisto et al. 1981; Bond et al. 
1991) or to show the inverse of visuomotor error scores 
in the same experiment (Streufert et al. 1992). There is 
uncertainty surrounding use of reaction time tests. 
Howat et al. (1991) concluded in their review that tests 
of simple RT are not directly relevant to traffic safety. 
Moskowitz and Sharma (1974) stated that, contrary to 
popular belief, alcohol does not materially affect RT. 
Earlier, Moskowitz (1973) had suggested that reaction 
time experimentation does not define a meaningful 
behavioral segment. In the review of Moskowitz and 
Robinson (1987) it was concluded that for RT impair- 
ment appeared at higher BACs than in other areas. 
Finnigan and Hammersley (1992), however, noted that 
alcohol does affect RT and that there were more effects 

for simple RT than for choice-RT (CRT). Shillito et al. 
(1974) and Tedeschi et al. (1984) concluded that CRT 
is not sensitive to the effects of alcohol. Linnoila (1973) 
and Linnoila and Mattila (1973) even noted that, in 
the same experiment, impairment of divided attention 
went together with improved CRT performance after 
alcohol ingestion. It has already been mentioned that 
McCMland (1987) found learning curves for both sim- 
ple and choice-RT. 

All this is not to suggest that these tests should no 
longer be used. Generalization on the basis of less- 
than-exhaustive reviews should be rejected here as it 
has been done for vigilance in the present study. But 
investigators, having employed a test battery for many 
years without critical evaluation of its constituents, 
should be aware of questions of validity (e.g. DSST), 
learning effects (e.g. digit span memory) and sensitiv- 
ity (e.g. CFF). If tests that are insensitive to alcohol 
show impairment with other drugs or in a combina- 
tion of drugs, the extent of the impact on behavior is 
probably highly underestimated. 

Time-dependent effects of alcohol and legal limits 
for driving 

Some studies from "Fable 1 reported time-dependent 
effects of alcohol. Horne and Gibbons (1991) found 
greater vigilance impairment in the early afternoon 
than in the early evening, the BAC levels being the 
same for afternoon and evening. Roehrs et al. (1992) 
noted the same phenomenon when BAC levels were 
zero (5 h postconsumption). This suggests that the 
effects of alcohol differ with time of day and possibly 
follow a circadian rhythm. This has earlier been claimed 
for other tasks than vigilance. Rutenfranz and Singer 
(1967) had six subjects perform a divided-attention task 
and reported that during the elimination phase of alco- 
hol intake, performance after midnight (between 2400 
and 0630 hours) was much worse than between 1200 
and 1830 hours; in this experiment there was no con- 
trol group to control for fatigue during the night. Jones 
(1974) found more cognitive impairment after alcohol 
ingestion in the afternoon than in the evening, but this 
was established in different experiments with different 
subjects. Lawrence et al. (1983) found greater alcohol- 
induced impairment in the morning than in the early 
evening and Horne and Baumber (1991) showed that 
driving in a car simulator was more impaired in the 
early afternoon than in the early evening, BAC levels 
being the same. 

Circadian variations in the pharmacokinetics of 
alcohol (e.g. in absorption and removal rate) have also 
been reported (Minors and Waterhouse 1980) but the 
circadian variation in susceptibility (chronesthesy), in 
the effects of alcohol, does not seem to be dependent 
on chronokinetics, meaning that the intensity of the 
changes cannot be deduced from the BAC level 



246 

(Reinberg 1992). Reinberg had subjects perform at 
0700, 1100, 1900, and 2300 hours (at weekly intervals) 
and noted that performance was most impaired after 
the late (2300 hours) ingestion; the author suggested 
that the changes in effects may be related to the sleep- 
wake rhythm. 

Such time-of-day phenomena are relevant to car dri- 
ving: in analyses of car accidents, two clear peaks are 
evident, one at about 0300 hours, and the other at 
about 1500 hours, corresponding with the temporal 
structure of sleepiness, the after-midnight and mid- 
afternoon dips in alertness. Zomer and Lavie (1990) 
showed this for the period 1984-1989 in Israel. Leger 
(1994) reaches the same conclusion for the USA: more 
than 54% of all motor-vehicle accidents occurred at 
night, and performance errors in general also showed 
the same two-peak pattern. Johnston (1982) reported 
that in Australia 75% of the alcohol-related crashes 
occurred at night compared with 35% of the "sober" 
crashes. Modell and Mountz (1990) reported that a dis- 
proportionate number of alcohol-related flying acci- 
dents also occurred at night and that the detrimental 
effects of alcohol on oculovestibular function of pilots 
are particularly pronounced at low ambient-light lev- 
els, such as encountered during night flight. That light 
levels are important was shown more than 30 years ag;o 
by Mortimer (1963) who had subjects perform a sim- 
ulated driving task under daylight and night illumina- 
tion. At a BAC level of 0.068% there was a large 
decrement of performance but even at the very low 
peak concentration of 0.012% performance was signifi- 
cantly impaired under night illumination conditions 
combined with glare (sinmlated car head lamps). The 
author suggested that a double standard be instituted: 
separate legal limits for daylight and Nght driving. 

In view of the accident peaks during the endogenous 
nadirs in alertness, the hours of maximum sleepiness, 
it seems obvious that sleepiness enters as a co-factor 
in the great majority ,.of :alcohol-related accidents. 
Horne and Baumber (1991),concluded that early after- 
noon driving performance was so adversely affected by 
alcohol to be at a dangerous level, although BAC lev- 
els were within the UK legal limit; thus, this limit is 
too high for safe driving in the afternoon. The marked 
reduction in alertness and rel~ted performance deficits 
that normally occur at night, and to a smaller extent 
in the early afternoon, are worsened by alcohol. Walsh 
et al. (1991) showed that a moderate dose of alcohol 
ingested at 2130 hours increases physiological sleepi- 
ness from 0100 to 0500 hours, even when the alcohol 
had been eliminated from the blood. Enhanced sleepi- 
ness "potentiates" the normally occurring impairing 
effects of alcohol on performance. The combination of 
alcohol, sleepiness, and night illumination (together 
with conditions of glare and sometimes rain), is an 
extremely dangerous one. 

Although Mitchell (1985) in a review concluded that 
there is an absence of documented impairment of 

behavioral skills at BACs below 0.05%, it is by now 
clear from the literature on human performance that 
low doses of alcohol (between 0.02% and 0.05%) can 
considerably impair level of performance (Moskowitz 
et al. 1985; Moskowitz and Robinson 1987; Modell and 
Mountz 1990; Howat et al. 1991) or can aggravate the 
normally occurring decrement with time-on-task 
(Nachreiner et al. 1985; Rohrbaugh et al. 1988). The 
capacity demands in the latter task were those that are 
needed to encode degraded visual stimuli, the sort of 
demands sometimes needed in "real life", e.g. when dri- 
ving in the dark when it is raining. Grfiner et al. (1964) 
noted the impairment at low BACs already 30 years 
ago and called this the "problem of the small doses". 
Kennedy et al. (1993) reported that on nine tests, 
greater changes in cognitive function occurred between 
placebo and 0.05% than between 0.05% and 0.10%. 
Idealb, the allowable BAC should be reduced to zero 
or 0.01%, but there is a limit on the workload for the 
police when the number of arrests increases consider- 
ably. Because most alcohol is taken in the :evening, the 
implication for legislators is to lower the legal limit for 
driving after midnight to, tbr example, 0.02%, at any 
rate from Friday night till Monday morning because 
alcohol is more frequently involved in fatal accidents 
on weekends than on weekdays. Since young drivers 
are highly overrepresented in accident statistics, one 
should consider to lower the statutory BAC for the 
young (e.g. < 23) to 0.02% at all times. 

The various countries in the European Community 
differ widety with respect to the BAC at which a dri- 
ver commits an offence. Although there is no safe BAC 
for driving or flying, all states should adopt a uniform 
BAC of  at least 0.05%, some current BAC limits (e.g. 
0.08%) concerning drinking and driving are far too 
generous, have been set on the basis of data from older 
studies failing to examine lower BACs. Moskowitz and 
Robinson (1987) explained the recent trends toward the 
universal detection of impairment at much lower BACs 
than in the past (corroborated for vigilance in the pre- 
sent review) to be a result of three factors: a) a more 
sophisticated selection of behavioral tasks, especially 
information processing and attention, b) refined 
methodology, handling, presentation and measurement 
of drug treatments, and c) the inclusion of lower doses 
in experiments. But it should be kept in mind that even 
with BACs of  0.05 %, the probability of being involved 
in a crash increases by 100 % over a zero BAC and for 
young and inexperienced drivers (and drinkers) this 
probability increases several hundred percent (Howat 
et a1.1991). 

Conclusions 

Although it is often stated that vigilance tasks are 
rather insensitive instruments to assess the effects of 
alcohol, it appears that some types of these tasks, 
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especially those requiring some form of nonverbal, spa- 
tial information processing, are very sensitive to low 
doses of alcohol. Most vigilance tasks have been per- 
formed during the descending limb of the BAC curve, 
sometimes even late in the elimination phase. In about 
half of the published experiments (for larger-sized sam- 
ples about 70%), overall level of performance as well 
as response latency (RT) appeared to be impaired. 
Some studies have reported a more rapid decline under 
alcohol. The sensitive types of both vigilance tasks and 
divided-attention tasks should be part of test batteries, 
but the usefulness of some other tasks (DSST, CFF, 
digit span memory etc.) is questioned. The literature 
on human performance provides evidence suggesting 
that current BAC limits for driving should be consid- 
erably lowered for driving after midnight and for young 
and inexperienced drivers. 
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