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Amount of practice and degree of attentional
control have no influence on the adverse
effect. of alcohol in word categorization

and visual search tasks

E. A. MAYLOR and P. M. A. RABBITT
Age and Cognitive Performance Research Centre, University ofManchester, Manchester, England

This study investigated ways in which practice, and the closely related factor of automaticity,
might modify the effects of alcohol (0.8 mllkg body weight) on word categorization and visual
search. There were several possibilities: (1) Alcohol might have less effect on practiced than on
unpracticed tasks, (2) practice with alcohol might allow adaptation to its effects, (3) alcohol might
alter the rate of learning, and (4) alcohol might have less effect on tasks requiring automatic,
as opposed to controlled, processing. Subjects participated in one session each day for either 2
or 5 days. The results revealed that alcohol impaired unpracticed and practiced performance to
the same extent. In addition, those who practiced with alcohol for 4 days improved when switched
to no alcohol on Day 5. Although alcohol impaired performance, there was no evidence that it
reduced the benefit obtained from practice, that is, the rate oflearning. Finally, almost identical
effects of alcohol were observed for consistently mapped and variably mapped conditions (as de
veloped by Schneider & Shiffrin, 1977, to illustrate automatic and controlled processing, respec
tively). The four possibilities can therefore be answered as follows: Several days of practice at
a task does not reduce the impairment caused by alcohol. There is no evidence for either state
specific practice or different rates of learning with and without alcohol. The effect of alcohol is
not influenced by the degree of involvement of attentional control in a task.

Consider the following reasons why performance of a
task may be more or less sensitive to alcohol effects: First,
extended practice may minimize the influence of alcohol.
Second, such practice may be more useful if obtained un
der alcohol-for example, it may be possible to learn to
compensate for its effects-or, alternatively, alcohol may
reduce the benefit obtained from practice so that it may
take longer to attain levels of automaticity at which drug
and stress effects are minimized (Fisk & Schneider, 1982).
Third, task difficulty may be a significant factor such that
attentionally demanding tasks may remain vulnerable to
alcohol effects at levels of practice at which less demand
ing tasks have gained immunity.

The literature on practice effects is inconclusive. Lewis,
Dustman, and Beck (1969) examined the effect of alco
hol on four cognitive and motor tasks by testing subjects
after six weekly sessions without alcohol. On Sessions 7,
8, and 9, subjects received no alcohol, a low dose of al
cohol, or a medium dose in a randomized sequence. Per
formance on most of the tasks was not reliably altered
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by either dose of alcohol, and the authors concluded that
the "extended practice given before administration of al
cohol could have stabilized test performance" (p. 629).
However, few details of data scoring and analysis were
given, and it would certainly be premature to claim that
this study demonstrates the benefit of practice in reduc
ing the influence of alcohol. The tasks and measurements
chosen may have been insensitive to the effects of alco
hol both early and late in practice.

It is not obvious whether or not practice under alcohol
reduces alcohol effects. On the one hand, there may be
a state-specific practice effect such that practice obtained
in a particular state is more effective when the task is sub
sequently performed in that state than when performed
in a different state. Also, the influence of alcohol may
be reduced by practice if this results in learning to com
pensate for its effects or in the development of tolerance
(reduced disruption in performance by a given drug dose
when it is repeatedly administered). On the other hand,
alcohol may decrease the benefit to be derived from prac
tice by slowing the rate of learning. Thus, it would be
advantageous to practice while sober;since a higher level
of performance could be attained prior to the administra
tion of alcohol. The evidence relating to these suggestions
is far from conclusive. As noted by Poulos, Wolff, Zilm,
Kaplan, and Cappell (1981), there are very few investi
gations of tolerance to alcohol in humans, particularly with
respect to effects on cognitive functioning.
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In relation to the third question, Norman (1976) noted
that "automatic, non-eonscious actions" should be "less
susceptible to disruption" (p. 65) by high levels of
arousal. Hasher and Zacks (1979) suggested that if in
creased arousal reduces available cognitive capacity
(Kahneman, 1973), automatic operations, which require
little capacity, should function as normal whereas effort
ful, capacity-demanding processes should be impaired.
Some support for this idea that automatic performance
is relatively resistant to reduction of cognitive capacity
comes from Fisk and Schneider (1982), who examined
the effects of alcohol on automatic and effortful process
ing. Subjects were tested with and without alcohol on two
visual search tasks. For the task involving automatic
processing, alcohol resulted in a drop in detection per
formance of 2.2 %; the impairment for the task involving
effortful processing was 9.6%. Thus, it would appear that
tasks in which it is possible to attain "automatic" per
formance are less sensitive to alcohol than are those in
which attention is subject to control. It should be noted
that automaticity, as an empirical construct, is defined in
two ways. One definition is dependent on level of prac
tice, since automatic performance can be attained only af
ter considerable experience of a task. The other defini
tion is independent of practice, since only tasks in which
attention need never be shifted voluntarily during perfor
mance can become automatic, whereas tasks in which at
tention has to be shifted consciously and refocused by con
tinually changing task demands can never become so. In
investigating the possible interactions of alcohol with
degree of automaticity, these distinct factors of level of
practice and task type must be separated.

The Present Study

These questions were investigated in the present study
by adopting the following design (see Table 1). Two
groups of subjects participated in two sessions and two
further groups participated in five sessions. One of the
two-session groups received no alcohol in the first ses
sion and alcohol in the second (NAJA); this was reversed
for the other two-session group (AJNA). The five-session
groups were similar except that they remained in the same
conditions for the first four sessions and then reversed
conditions on the fifth session (NA - - - IA and
A - - - INA). The subjects performed the same tasks in
the same order in each session. This design allowed
several comparisons to be made. The effect of alcohol on
relatively unpracticed performance could be compared
with that on more practiced performance. From a com
parison of the five-session groups over the first four ses
sions, it would be possible to discover whether or not sub
jects could, in any sense, adapt to, or learn to compensate
for, the effect of alcohol. In other words, is the effect of
alcohol as large in the fourth session as in the first? The
final issue was addressed by comparing the effect of
alcohol on processing tasks well separated along the au
tomatic-effortful continuum. (It should be noted that the

"automatic" tasks may not have involved purely auto
matic processing as defined by strict criteria for automa
ticity; see, e.g., Posner, 1978. Nevertheless, it is certain
that the tasks of interest, while possibly not at the extremes
of the continuum, did involve very different degrees of
attentional control.) The present paper reports two of the
tasks chosen for investigation and these will now be
described.

Word Categorization

Word categorization was based on a task designed by
Schneider and Fisk (1984). Subjects were first presented
with a category name and then asked to respond as quickly
as possible (by pressing one of three keys) according to
the location of the target (a member of that category)
among two distractors (members of other categories).
They distinguished between two conditions based on the
relationship between the target and distractor set and the
amount of practice. According to Schneider and Shiffrin's
(1977) model, performance on a varied mapping (VM)
task can never become automatic, since subjects cannot
consistently attend to the same stimuli on all trials but must
consciously refocus their attention to deal with each new
event. A stimulus that was a target on one trial might be
a distractor on the next trial. Readjustment to these con
tinual changes requires effortful or controlled processing.
Practice can improve overall performance, but cannot alter
this high level of attentional demand. In contrast, for a
consistent mapping (CM) task, the same stimuli always
occur as targets and never as distractors. The initial ad
justment to task demands requires effortful control of at
tention. As practice progresses, performance becomes in
creasingly automatic. Thus, Hasher and Zack's (1979)
hypothesis would predict that reduction of cognitive ca
pacity by alcohol should affect performance on VM and
CM tasks to approximately the same extent early in prac
tice, since, at this stage, both require effortful control of
attention. However, as practice progresses, the effects of
alcohol should become increasingly differentiated between
tasks. VM tasks, in which control has to be exercised,
should be affected more thanCM tasks, in which automa
ticity is increasingly attained. Another interesting point
concerns the effect of alcohol on the rate at which prac
tice shifts performance on the CM task from an effortful
toward an automatic mode of processing. This is indexed
by the rate of divergence of performance in the CM and
VM tasks with practice, and can therefore be compared
with and without alcohol.

Visual Search

This task was adapted from Experiment 2 of Schneider
and Shiffrin (1977). Again, CM and VM conditions were
contrasted, but, unlike word categorization, they were
well separated along the automatic-effortful continuum
from the start of the task. This was achieved by making
use ofan already well-learned categorical difference be
tween targets and distractors in the CM conditions (that



is, letters vs. digits). For example, some subjects were
shown a memory set of either digits (CM) or letters (VM)
and were then required to search for these items among
letters. In this way, any differences in the effect of alco
hol on CM and VM early in practice could be compared
with those observed late in practice.

MEmOD

Subjects

Eighty volunteers (40 male, 40 female) were recruited, through
advertisements placed around the University of Manchester. They
were all light or moderate social drinkers. Half of the subjects agreed
to participate in the 2-<1ay experiment, which required approximately
1 h at the same time on each of2 consecutive days. The remaining
subjects came at the same time for 1 h every day from Monday
to Friday. The 2-day subjects received £5 on completion of the ex
periment; those who participated for a week were given £10 plus
a punctuality bonus of up to £5 (£1 for each day on which they
arrived not more than 10 min late). Further details of the subjects
are summarized in Table 1.

Apparatus and Stimuli

Blood alcohol concentration was estimated to the nearest 5 mg
alcohol/IOO rnl blood using a Lion Alcolmeter S-D2 (Breathalyzer)
obtained from Lion Laboratories, Barry, U.K. A BBC "B" micro
computer was used for both tasks to control stimulus presentation,
record responses (to the nearest centisecond), and store and ana
lyze data.

Word Categorization
Words were presented in white upper case at the center of an

RGB medium-resolution color monitor. Each letter was 5 mm wide
and 6 mm high. When three words were presented simultaneously,
the vertical separation between the rows was 10 mm. The response
keys were "M," "K," and "0" for right-handed subjects, and
"C," "D," and "W" for (approximately 3) left-handed subjects.
These were operated with the first, second, and third fingers of the
dominant hand and corresponded to responses of "bottom," "mid
dle," and "top" lines. The subjects were seated with their eyes
level with, and approximately 400 mm away from, the center of
the screen.

Two sets of four semantic categories were prepared. Set A com
prised animals, body parts, colors, and weather; set B comprised
clothing, weapons, furniture, and trees. For each category, the four
members chosen (I) contained between three and five letters and
(2) ranked in dominance between I and 12 on the Battig and Mon
tague (1969) norms.
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Visual Search
Letters and digits were presented in the center of the screen, each

character measuring 5 x6 mrn, as for word categorization. The
horizontal separation between letters was 5 mm and the vertical sepa
ration between rows was 10 mm. Nine letters (C, D, F, G, H, J,
K, L, and M) and nine digits (I, 2, 3, 4, 5, 6, 7, 8, and 9) were
used as the stimuli. The response keys, operated by the left and
right index fingers, were "Z" for "target present" responses and
"I" for "target absent" responses.

Design and Procedure

Most of the subjects were tested in pairs on identical systems sepa
rated by screens in the same laboratory. The remaining subjects
were tested individually. All were asked not to eat for at least 2 h
before each session (unless they were booked to begin at 0900 h,
in which case they were encouraged to eat breakfast as early as
practically possible). Before the experiment, each subject was
weighed and asked to sign a consent form agreeing to take part in
the study.

Each session began with the subject's drinking 500 rnl of fluid:
150 rnl concentrated orange drink mixed with 0.8 rnl alcohol in the
form of vodka (37.5% alcohol by volume) per kg body weight and
water, for the alcohol sessions, and 150 rnl orange drink mixed with
350 rnl water, with a few drops of vodka floated on the top, for
the no-alcohol sessions. The subject was instructed to finish the drink
within 5 min, and was not provided with any information regard
ing the quantity of alcohol in the drink.

There were 20 subjects in each of the four conditions (NAIA,
NNA, NA - - -lA, and A - - -INA), as summarized in Table I.
(The unequal numbers of male and female subjects in the two 5
day conditions were due to an administrative error.)

The procedure for each session was identical in all conditions.
When the drink was finished, the SUbject threw 60 darts at a tar
get. This was included principally to occupy the subjects for ap
proximately 5 min while some alcohol was absorbed into their blood
before they began the experimental tasks (although the subjects were
not informed of this). Word categorization, which took approxi
mately 15 min, was immediately followed by the first breath read
ing. After the subjects had been occupied for a further 15 min by
a simple computer game (see Maylor & Rabbitt, 1987b), a second
breath reading was taken before the visual search task (15 min) was
carried out. Before the subjects left, a third breath reading was taken.
Each session was completed in approximately 1 h.

Word Categorization
In each session, there were 200 trials of word categorization.

These were divided into eight blocks with an opportunity to pause
between blocks signaled by the screen instruction "Press spacebar
to continue when ready. "

Table 1
Subject Details

Condition

Number of
Subjects

.Males Females

Age (years)

M SD

Weight (kg)

M SD

Number of
Subjects Tested

Before 1300 h After 1300 h

2-Day

NAIA 10 10 21.5 4.5 69.4 10.2 7 13
A/NA 10 10 21.2 4.4 67.0 9.4 6 14

5-Day
NA---/A 11 9 20.5 1.5 69.1 10.7 5 15
A---/NA 9 11 20.6 2.4 65.4 9.8 7 13

Note-NA = no alcohol, A = alcohol.
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On each trial, one of the eight categories (chosen randomly) was
presented in the center of the screen for I sec. The subject was re
quired to make a mental note of the category but to respond in no
other way. There was then a blank interval of0.5 sec before three
words appeared, from three separate categories, one above the other,
with the middle word in the position previously occupied by the
category name. These remained on the screen until the subject had
responded by pressing one of the three response keys. A single target
(that is, a member of the category) appeared on every trial accom
panied by two distractors. The subject's task was to determine the
target's location (top, middle, or bottom line. which was varied
randomly from trial to trial) and to respond as quickly and as ac
curately as possible by pressing the appropriate key. Following the
response, there was a blank interval of I sec before the next trial
was presented.

There were two conditions, with approximately equal numbers
of trials in each condition within a session. Items in four of the
eight categories appeared only as targets and never as distractors.
Thus, for half of the categories, there was a CM (consistent map
ping) between the target and distractor words so that whenever an
item from a CM category appeared, it received a consistent response.
For the other four categories, there was a VM (varied mapping),
so that items in those. categories were targets on some trials and
distractors on others. Therefore, a subject could not consistently
respond to the same stimuli on all trials in which they appeared.
The subjects were not informed of the CMIVM distinction and ap
peared to be unaware of it even after 1,000 trials (although, as will
be seen, it greatly affected their performance).

To control for possible differences between performance across
the eight chosen semantic categories, half of the subjects in each
of the four conditions shown in Table I were given set A as CM
categories and set B as VM categories; the others were given the
reverse (that is, set B for CM and set A for VM).

The data from each session were divided into two blocks of
100 trials. Since the word-categorization task was carried out dur
ing the period when blood alcohol concentration was probably
changing (rising) most rapidly, only the results from the second
block will be reported.

Visual Search
The visual search task was divided into two blocks, CM and VM,

with 100 trials in each block. Half of the subjects in each of the
four conditions shown in Table 1 performed the tasks in the order
CM-VM in every session; the other subjects performed the tasks
in the reverse order.

Each block was divided into four mini-blocks that enabled the
subject to pause between them, at the instruction "Press spacebar
to continue when ready." A trial began with the presentation of
two items (either both letters or both digits, depending on the con
dition) in the center of the screen (the memory set). These remained
on the screen until the subject pressed the spacebar to indicate that
they had been memorized. It was made clear that this part of the
task was not timed. Thememory set was then removed and replaced,
after a blank interval of 1 sec, by the search set of four items. These
appeared immediately above and below the position previously oc
cupied by the memory set and, depending on the condition, were
all digits. all letters, or both digits and letters. The subject's task
was to decide as quickly as possible whether one of the items in
the memory set was present in the search set ("target present")
or not ("target absent") and to respond by pressing the appropri
ate key. (There was never more than one target present.) Follow
ing the response, the screen was cleared and, after an interval of
I sec, the next trial began with a new memory set. There were ap
proximately equal numbers of target-present and target-absent trials.
Every aspect of the procedure was randomized for each subject,
and from trial to trial-for example, the spatial location of the tar
get within the 2 x 2 search set.

The CM and VM conditions were similar in principle to those
of the word-categorization experiment. Thus, half of the SUbjects
in each of the four conditions shown in Table I were required to
search for digits among letters (CM) in one block and for letters
among letters in the other (VM); the other half searched for letters
among digits (CM) and digits among digits (VM).

RESULTS AND DISCUSSION

Blood Alcohol Concentration

For the no-alcohol sessions, all the readings were zero.
The mean blood alcohol concentration (BAC) estimates
for the alcohol sessions were 59.1 mg (SD = 18.0),
63.0 mg (SD = 16.7), and 63.8 mg (SD = 15.6) alco
hol/l00 ml blood, approximately 20, 40, and 60 min,
respectively, after completion of the drink, correspond
ing to the end of the word-categorization task, the begin
ning of the visual search task, and the end of the visual
search task. For the particular dose employed in the
present study, BAC would probably have risen slightly
and fallen again between the second and third readings
(see Drew, Colquhoun, & Long, 1959). Note that the le
gal BAC limit for driving in the U.K. is currently set at
80 mg/IOO ml blood.

Word Categorization

Two-Day Experiment
The data from the 2-day experiment are summarized

in Figure 1. The median reaction times (correct responses
only) and error rates were analyzed in two separate anal
yses of variance, with one between-subjects factor (alco
hol group, either NA/A or A/NA), and two within
subjects factors (day, lor 2, and mapping condition, CM
or VM).

For median reaction times, there was no effect of group
[F(1,38) = 1.10, p > .1], but there were significant ef
fects of day [F(1,38) = 10.99, P < .01] and mapping
[F(1,38) = 40.27, p < .01]. There was also an interac
tion between day and mapping [F(1,38) = 5.83,
p < .05]. The significant effects are all as expected from
the results of Schneider and Fisk (1984). Thus, subjects
responded faster overall on Day 2 (846 msec) than on
Day 1(905 msec), and faster in the CM (836 msec) than
in the VM (916 msec) condition. The day x mapping in
teraction was due to an increase in the difference between
CM and VM from 59 msec on Day I to 101 msec on
Day 2. To summarize, subjects speeded up with practice.
This improvement was greater for CM than for VM. Al
cohol had no effect on reaction time.

There were no main effects in the analysis of errors,
but there were significant interactions between alcohol
group and day of practice [F(1,38) = 6.34, p < .05] and
between day and mapping [F(1,38) = 4.93, p < .05].
The latter interaction suggests that the larger decrease in
reaction time across days for CM than for VM is actu
ally associated with a larger increase in error rate, indicat
ing an element of speed-error tradeoff. The former in
teraction is more important in the present context because
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Figure 1. Overall means for the word categorization task (2-day
experiment).

it indicates that alcohol significantly increased overall er
ror rate by 1.475% (the average across the two groups).
Not surprisingly, the effect of alcohol was similar for CM
(up by 1.45%) and VM (up by 1.5%), as evidenced by
the absence of a three-way interaction (F < 1).

Figure I shows that from Day 1 to Day 2, the increase
in error rate of 2.35 for the NAIA group was larger than
the decrease of 0.60 for the AtNA group. However, these
results should be interpreted in the context of the data for
Days 1 and 2 of the 5-day experiment (Figure 2), that is,
the NA/NA and AIA conditions, in which there was also
a tendency toward an overall increase in error rate of 1.20
from Day 1 to Day 2 (see also Table 2). It seems that
there is a tendency over the first 2 days to adjust the
speed-error tradeoff in the direction of increasing the
number of errors. The effects of changing condition
(NAIA and A/NA) groups) are superimposed on this
trend. Release from alcohol on Day 2 (A/NA) results in
a small overall reduction in errors, counteracting the trend
with practice. Transfer to alcohol (NAtA) results in even
more errors than are observed as a function of practice
alone. It appears that the effects of practice and of alco
hol on errors are independent in this task.
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Figure 2. Overall means for the word categorization task (5-day
experiment).

The results of the 2~y word-eategorization experiment
demonstrate that (I) alcohol has no significant effect on
speed, and (2) alcohol increases error rate equally for CM
and VM.

Five-Day Experiment
The analysis of the data from the 5-day experiment was

divided into Days I to 4 (to investigate learning with and
without alcohol) and Days 4 and 5 (to compare the effect
of alcohol late in practice with that seen early in practice
in the 2-day experiment).

Days 1 to 4. The analysis conducted on the median
reaction times for Days 1-4 was the same as that con-

5 ducted for the 2-day experiment, except that the number
of levels on the day factor was 4 rather than 2. There was
no effect of alcohol group [F(I,38) = 1.98, p > .1], but
there were highly significant effects of day [F(3, 114) =
40.78, p < .01] and mapping [FO,38) = 76.96,
p < .01]. The only interaction was between day and map
ping [F(3,114) = 2.69, p < .05]. These results are very
similar to those from the 2-day experiment, with alcohol
again having no influence on response speed. Reaction
time decreased across the 4 days (the day effect), with
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Table 2
Overall Increases in Error Rate from Day 1 to Day 2

(2-Day and S-Day Experiments)

Visual Search

Day 2

NA A

NA 0.88 1.97
Day 1

A -1.50 0.85

Days 4 and 5. The only significanteffect from the anal
ysis of median reaction times from Days 4 and 5 was that
of mapping condition [F(1,38) = 71.35, p < .01], CM
being 96 msec faster than VM.

For errors, there were significanteffects of day [F(l,38)
= 4.58, p < .05] and mapping [F(I,38) = 12.80,
p < .01]. It can be seen from Figure 2 that more errors
were made on Day 5 than on Day 4 and that CM was
more accurate than VM. In addition, there was a highly
significant interaction between alcohol group and day
[F(1,38) = 7.90, p < .01]. The overall differences in
error rate from Day 4 to Day 5 (2.95 and -0.40 for the
NA---/A and A---/NA groups, respectively)
should be considered in the light of the overall trend from
Days 1 to 4 for error rate to increase across days. The
absence of a three-way interaction indicates that alcohol
has a similar effect on error rate for CM and VM, despite
the fact that, by Days 4 and 5, the two conditions are
highly differentiated, CM being much faster and more ac
curate than VM. It is clear from a comparison of Tables 2
and 3 that the overall effect of alcohol is at least as large
on Days 4 and 5 as on Days 1 and 2. This was confirmed
by a further analysis of variance with length of experi
ment (2 days or 5 days) and alcohol group (NA or A on
Day 1/Day 4, and A or NA on Day 2/Day 5) as between
subjects factors and day (1/4 or 2/5) and mapping condi
tion as within-subjects factors. The alcohol group x day
interaction was, of course, highly significant [F(1, 76) =
14.21, p < .01], but there was no interaction between
length of experiment, alcohol group, and day (F < 1).

Three main conclusions can be drawn from this word
categorization experiment. First, concerning speed, al
cohol has no effect on the rate of learning, in terms of
both the overall improvement across days and the specific
improvement with practice of CM with respect to VM.
Second, alcohol impairs accuracy, and to the same ex
tent in CM and VM conditions. This, of course, was ex
pected early in practice, when performance in both tasks

Word Categorization

Day 2

A

2.35

1.50

NA

0.90

-0.60A

NA
Day 1

the difference between CM and VM increasing across the
4 days from 64 msec on Day 1 to 90 rnsec on Day 4 (the
day x mapping interaction). The absence of a three-way
interaction (F < 1) indicates that alcohol has no influence
on the improvement in speed with practice of CM with
respect to VM, and thus on the rate of change in process
ing for CM from effortful toward automatic.

A similar analysis for error rate revealed an effect of
day that approached significance [F(3,114) = 2.44,
p < .07] and a highly significant effect of mapping
[F(1,38) = 9.91, p < .01]. As can be seen from
Figure 2, error rate increased from Day 1 to Day 4, with
the linear trend reaching significance [F(I, 114) = 5.71,
p < .05]. More errors were made in the VM (5.84%)
than in the CM (4.56%) condition.

There was no overall effect of alcohol, which is sur
prising, since it significantly increased error rate for the
2-day groups. In several previous 2-day studies (e.g.,
Maylor & Rabbitt, 1987a) in which half of the subjects
received no alcohol on Day 1 and alcohol on Day 2 while
the order was reversed for the remaining half, between
subjects analyses on the data from Day 1 alone failed to
reveal significant effects of alcohol. However, when both
days' results were included in analyses similar to that used
for the present 2-day experiment, highly significant ef
fects of alcohol were found, such that the performance
of the NAIA group was worse on Day 2 than on Day 1,
whereas performance for the A/NA group improved. The
problem, of course, is that the effects of such low doses
of alcohol are small relative to the enormous variation
between subjects (see also Huntley, 1973). There are at
least two courses of action available to the investigator
wishing to study alcohol effects (and these are not neces
sarily mutually exclusive). First, a preliminary screen
ing task may be used in an attempt to select only subjects
within a particular range of ability, or to match them ac
cording to ability across the two groups. The second is
the method adopted here, that is, a counterbalanced de
sign in which the emphasis is placed on the change in per
formance when the conditions are reversed; hence, the
analyses of Days 4 and 5. The latter design is obviously
obligatory when, as in this experiment, the aim is to study
practice effects and to compare the effects of the imposi
tion and removal of alcohol early and late in practice. Only
by testing very large groups of volunteers, selecting and
matching in terms of task-relevant criteria (which remain
to be determined), can both suggestions be incorporated
into an experimental design.

To summarize the results of Days 1 to 4, there is no
evidence that the rate of learning (in terms of the overall
change in speed with practice) is altered by alcohol. Fur
thermore, it is clear that considerable learning occurs both
with and without alcohol, such that the difference in speed
between the CM and VM conditions increases with prac
tice. In other words, alcohol does not affect the rate of
acquisition of automaticity in the CM task. With or
without alcohol, subjects are more accurate for CM than
for VM.
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Figure 3. Overall means for the visual search task (2-day ex
periment).

in this experiment, that is, the TP-TA difference was sub
stantially larger for VM (216 msec) than for CM
(55 msec) trials. However, the important result for the
present study is that, as for word categorization, there was
no effect of alcohol group and no interactions involving
alcohol. Thus, alcohol again appears to have no influence
on response speed.

For errors, there were no significant effects of alcohol
group or day (both Fs < 1), but there were highly sig
nificant effects of mapping condition [F(1,38) = 43.81,
P < .01] and target presence [F(1,38) = 62.51,
p < .01]. There were significant interactions between al
cohol group and day [F(1,38) = l2.97,p < .01] and be
tween mapping condition and target presence [F(1,38) =
12.59, p < .01]. Thus, subjects were more accurate for
CM than for VM and more accurate for TP than for TA,
the difference between TP and TA being larger for VM
(2.34) than for CM (1.23). The presence of an alcohol
group X day interaction and the absence of a three-way
interaction between alcohol group, day, and mapping con
dition [F(1,38) = 1.39, P > .05] are most important here
because they indicate that alcohol affects accuracy equally
for eM and VM. Figure 3 shows an almost perfect cross-

Table 3
Overall Increases in Error Rate from Day 4 to Day 's

(5-Day Experiment Only)

Word Categorization

Day 5

NA A

NA 2.95
Day 4

A -0.40

Visual Search

Day 5

NA A

NA 2.20
Day 4

A -1.65

demanded effortful control. It is more surprising (being
inconsistent with Hasher & Zack's, 1979, hypothesis) to
find that late in practice, the effects of alcohol remain
equivalent in the two conditions, since the CM task, in
contrast to the VM task, is performed with an increasing
degree of automaticity. Third, the effect of alcohol on er
ror rate is not reduced by practice at the task.

Visual Search

Two-Day Experiment
The median reaction times (for correct responses only)

were analyzed with alcohol group (NAtA or AtNA) as
the between-subjects factor and day (1 or 2), mapping con
dition (CM or VM), and target presence (target present
[TP] or target absent [TAn as within-subjects factors.
There were highly significant effects of day [F(1,38) =
106.01,p < .01], mapping condition [F(1,38) = 154.65,
P < .01], and target presence [F(I,38) = 99.36,
p < .01]. In addition, there were interactions between
day and mapping condition [F(1,38) = 7.81, p < .01],
day and target presence [F(1,38) = 16.66, p < .01], and
mapping condition and target presence [F(1,38) = 13.56,
P < .01]. The main effects simply indicate that subjects
were faster on Day 2 than on Day 1, faster for CM than
for VM, and faster to respond when a target was present
(608 msec) than when it was absent (743 msec). The day
X mapping interaction can be seen, from Figure 3, to
result from the greater improvement in performance from
Day 1 to Day 2 for VM than for CM. This was to be ex
pected, since the CM condition was probably approach
ing automaticity at the start and therefore was much closer
to the theoretical system asymptote for this task. The
difference between TP and TAwas larger on Day 1
(157 msec) than on Day 2 (114 msec), leading to the day
X target presence interaction. Finally, the mapping con
dition X target presence interaction, which has been well
documented by Schneider and Shiffrin (1977), was found
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Figure 4. Overall means for the visual search task (5-day ex
periment).

A/NA group on Day 1, and vice versa, whereas, as can
be seen from Figure 4, the A - - - INA group was more
accurate on Day 5 than was the NA- - -IA group on
Day 4, and the NA - - -IA group on Day 5 made more
errors than did the A - - -INA group on Day 4. It is
therefore concluded that the absence of an effect of alco
hol on error rate for Days I to 4 is partly attributable to
a group difference such that the subjects given alcohol
in the 5-day experiment were generally more accurate than
those given no alcohol. However, this unfortunate absence
of perfect matching does not affect the important com
parisons of interest (see Tables 2 and 3), and thus the main
conclusions drawn from these data.

The day effect had both a linear [F(l,38) = 10.58,
p < .01] and a cubic component [F(l,38) = 7.33,
p < .05], the means for Days 1 to 4 being 4.44, 5.30,
4.79, and 5.75. Thus, for both visual search and word
categorization, the decrease in reaction time across days
was accompanied by an increase in error rate. This was
less dramatic for the present visual search task and, in
fact, included a reversal for Days 2 and 3 for which there
appears to be no obvious explanation.

The mapping-conditionand target-presence effects were
as expected, and since the former effect did not interact

over from Day 1 to Day 2, the overall effect of alcohol
being to increase error rate by 1.74 (the average differ
ence between the no-alcohol and alcohol conditions).

The first conclusion to be drawn from this 2-day visual
search experiment is that the mapping-condition manipu
lation (making use of the already well-learned letter and
digit categories)was successfulearly in practice in produc
ing faster and more accurate performance for eM than
for VM. Second, alcohol had no effect on response speed.
Third, subjects made more errors with alcohol, the in
crease being almost identical for CM and VM. In rela
tion to this last point, it is interesting to note that the ef
fect of alcohol on error rate was similar for TP and TA
trials despite the fact that TP trials were more automati
cally processed in the empirical sense of being both faster
and more accurate than TA trials.

Five-Day Experiment
Days 1 to 4. The analysis of median reaction times re

vealedeffectsofday [F(3,1l4) = 132.96,p < .01], map
ping condition [F(I,38) = 79.93, p < .01], and target
presence [F(l,38) = 85.87, p < .01], in addition to in
teractions between day and mapping condition [F(3, 114)
= 18.45, P < .01], day and target presence [F(3,1l4)
= 18.97, P < .01], mapping condition and target
presence [F(I,38) = 33.94,p < .01], and day, mapping
condition, and target presence [F(3,1l4) = 16.94,
P < .01]. The main effects and two-way interactions
were all as described for the 2-day experiment. The three
way interaction reflects a larger reduction across days in
the difference between TP and TA for VM (231 and
93 msec on Days 1 and 4, respectively) than for CM (60
and 41 msec), a trend that was present for the 2-day ex
periment but insignificant [F(l,38) = 2.61, P > .05].
Again, alcohol had no influence on reaction time.

For error rates, there was no effect of alcohol group
(F < 1), but there were significant effects of day
[F(3,114) = 5.98, P < .01], mapping condition [F(l,38)
= 42.88, P < .01], and target presence [F(l,38) =
66.58, p < .01]. There was also an interaction between
mapping condition and target presence [F(l,38) = 64.23,
p < .01], which was very similar to that observed in the
2-day experiment.

The absence of an overall alcohol group effect is, at
first, puzzling, since an effect of alcohol on error rate was
clearly present for the 2-day experiment. A similar ob
servation for word categorization led to a discussion of
the problem of between-subjects analyses with respect to
alcohol. In fact, it appears that while the subjects in the
two groups of the 2-day experiment were approximately
equivalent in terms of overall accuracy, the 5-day groups
were not. Thus, for example, in the present task, sub
jects in the NA/A and NA- - -IA groups made approx
imately equal numbers of errors on Day 1, while the
A - - - INA group made rather fewer errors than did the
A/NA group. Also, when the conditions were reversed
on Day 2 of the 2-day experiment, the NA/A group per
formed with approximately the same accuracy as the



with day it appears that, at least in terms ofaccuracy, there
is a stable CMIVM difference that can be used to com
pare the effect of reversing the alcohol conditions after
4 days of practice with that observed after only 1 day of
practice.

Days 4 and 5. The results for median reaction times
were as for Days 1 to 4, except that there were no inter
actions involving day. There were significant effects of
day [F(1,38) = 38.01, p < .01], mapping condition
[F(1,38) = 56.55, p < .01], and target presence [F(I,38)
= 42.15, P < .OIJ, and an interaction between mapping
condition and target presence [F(1,38) = 11.70,
P < .01].

For errors, there were the usual effects of mapping con
dition [F(1,38) = 9.82, p < .01] and target presence
[F(I,38) = 20.02, p < .01], and an interaction between
them [F(I,38) = 32.90,p < .01]. However, the impor
tant result was a highly significant interaction between al
cohol group and day [F(I ,38) = 24.05, p < .01]. There
were no significant three- or four-way interactions (all
Fs < 1), indicating that the effect of alcohol on error rate
was independent of both mapping condition and target
presence. It can be seen from Figure 4 that the overall
error rate increased from Day 4 to Day 5 by 0.28, in line
with the general trend from Days 1 to 4, although the
change was not statistically significant. Tables 2 and 3
show that the average effect of alcohol on error rate is
at least as large late (1.93) as early (1.74) in practice. An
additional analysis of variance was performed on the er
ror rates to compare these effects, with length of experi
ment (2 days or 5 days) and alcohol group (NA or A on
Day lIDay 4 and A or NA on Day 2/Day 5) as between
subjects factors and day (1/4 or 2/5), mapping condition,
and target presence as within-subjects factors. Again, the
alcohol group x day interaction was highly significant
[F(1,76) = 34.68, p < .01] whereas the three-way in
teraction involving length of experiment was not (F < 1).
It is interesting to note that there was no significant ef
fect oflength ofexperiment on error rate [F(1,76) = 2.57,
p > .1]. Since the effect of practice in the 5-day experi
ment was to increase speed but decrease accuracy, it could
have been argued that there was no evidence of improve
ment in visual search performance, but merely a shift in
the tradeoff between speed and accuracy. However, the
5-d.ay subjects on Days 4 and 5 were clearly performing
better than the 2-d.ay subjects, since, as indicated, there
was no difference in error rate, but a large difference of
156 msec in speed.

To summarize the main results of the visual search task,
it is clear that alcohol has no effect on speed, but impairs
accuracy, the degree ofimpairment being unaffected by
practice and task difficulty.

CONCLUSIONS

For both word categorization and visual search, alco
hol had no effect on speed, but significantly impaired ac
curacy. This is consistent with Maylor, Rabbitt, Sahgal,
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and Wright (1987), in which it was argued that a dose
of alcohol similar to that used in the present study ad
versely affects speed but has little influence on error rate
for tasks in which subjects are aware of most of their er
rors (e.g., choice reaction time), whereas the opposite is
true (increased error rate, but little effect on speed) for
tasks (such as visual search) in which subjects tend not
to be aware of making errors (i.e., in terms of both missed
targets and false positives).

From the data, it is possible to answer the questions
raised in the introduction. Although some of the conclu
sions are unexpected, they are all unambiguously sup
ported by the results of the two experiments. First, im
provement in performance with practice does not lead to
a corresponding reduction in the amount of impairment
caused by alcohol. Second, we can find no evidence for
state-specific practice, tolerance, or different rates of
learning with and without alcohol. For example, subjects
who have practiced with alcohol still perform better in
the final session without alcohol. Furthermore, their per
formance when alcohol is removed is at least as good as
the performance of the group that practiced without al
cohol for an equivalent period of time. Third, there is no
empirical support for the suggestion made by Schneider,
Dumais, and Shiffrin (1984) that "any physiological or
psychological effects that reduce capacity should primarily
affect the performance of control processes and have only
a minor effect on automatic processing" (p. 15). Rather,
in the present study, degree of automaticity of perfor
mance, whether defined by type of attentional demand,
level of practice, or the interaction between these two vari
ables, did not modify the amount of impairment caused
by alcohol. That is, the effect of alcohol was similar in
CM and VM conditions, early and late in practice, both
for word categorization (in which practice over the course
of the experiment rendered the CM task increasingly au
tomatic) and visual search (in which prior experience of
letter and digit categories ensured that the CM task could
be performed more automatically than the VM task from
the start of the experiment).

It could be argued that these conclusions are somewhat
limited by the small amounts of practice, or that the eM
and VM conditions did not differ sufficiently in terms of
attentional requirements. On the question of practice, 200
trials per day in the visual search task resulted in a reduc
tion in mean reaction time from approximately 800 msec
to just over 500 msec from Day 1 to Day 5. Regarding
the second point, the CM and VM tasks may not represent
the extreme ends of the automatic-effortful attentional
continuum. But they are sufficiently separated to produce
substantial differences in both speed and accuracy. For
the visual search task, the average mean reaction time for
CM was 550 msec, while that for VM was over
700 msec. And VM was at least 50% more error-prone
than CM. Finally, it may be argued that the particular
dose of alcohol used in the study was too small to produce
much effect on performance. The dose was indeed small,
but the effects on performance (increases in error rate of
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almost 50%) were highly significant. In any case, the use
of a low dose may be regarded as a very sensitive test
of the hypotheses investigated in the present study, that,
for example, practiced or automatic performance is
alcohol-resistant whereas unpracticed or controlled per
formance is not. One would expect a huge dose of alco
hol to produce gross impairments, overwhelming possi
ble differences between tasks and conditions. The
production of identical, small changes with a low dose
is a far more stringent test of the claims.
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