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Abstract Rationale: Model-based assessments of behav-
ioral control have been used to study the acute effects of
alcohol on the ability to execute and inhibit behavioral
responses. Response inhibition appears more vulnerable to
the impairing effects of alcohol than response execution.
Current information processing models have yet to account
for this observation. Objectives: The present study used a
reductionist approach to determine if the particular vulner-
ability of response inhibition to the effects of alcohol occurs
at the level of the action (motor program). The study
examined the effects of alcohol on the ability to execute and
inhibit behavior in a context in which preliminary informa-
tion signaled the likelihood that a response should be
executed or suppressed. The engagement and disengage-
ment of responses were directly compared under alcohol.
Methods: Adults (N=24) performed a cued go/no-go task
that required quick responses to go targets and suppression
of responses to no-go targets. Response requirements were
manipulated by varying the nature of the action required
whereby half of the participants made key press responses
(response engagement) and the other half released on-
going key presses (response disengagement). Performance
was tested under three doses of alcohol: 0.00, 0.45, and
0.65 g/kg. Results: Dose-dependent increases in commis-
sion errors were only observed with response engagement
and not with response disengagement. Reaction times
were faster for response engagement than response disen-
gagement. Conclusions: Response disengagement affords
some protection against alcohol-induced impairment of
inhibition, indicating that not all aspects of motor pro-
cessing requiring inhibition are equally impaired by
alcohol.
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Introduction

Acute alcohol intoxication is associated with myriad
negative outcomes including violent crimes, injuries, and
automobile accidents (Pernanen 1976). Impaired self-
control has long been associated with acute alcohol in-
toxication and is often a significant contributor to such
negative consequences. Understanding impaired self-con-
trol and its behavioral manifestations is of widespread
interest because this is a core concern for varying syn-
dromes such as substance abuse, personality disorders, and
attention deficit hyperactivity disorder (Evenden 1999;
Lyvers 2000). Several theories postulated that two distinct
and independent processes govern behavioral control: one
that activates behavior and one that inhibits behavior
(Fowles 1987; Gray 1976, 1977; Logan and Cowan 1984;
Patterson and Newman 1993; Quay 1997). The two pro-
cesses act in opposition to one another, and the relative
strength of each is assumed to determine behavioral con-
trol. Deficient behavioral inhibition is inferred by observa-
tions of overactive, impulsive behavior (Logan et al. 1984)
and is considered to be a primary mechanism by which
alcohol impairs self-control (Fillmore 2003).
Model-based assessments of behavioral control have
been used to study the acute effects of alcohol in humans
(for review, see Fillmore 2003). These assessments, such as
the cued go/no-go reaction time (RT) task, model behav-
ioral control as the ability to activate a response to a
go-signal quickly and suddenly inhibit a response when a
stop-signal occurs (Logan and Cowan 1984; Miller et al.
1991; Logan 1994). Thus, independent measures of the
countervailing activational and inhibitory aspects of behav-
ioral control are obtained. Task analyses have determined
that cued go/no-go task performance involves three stages
of processing: (1) perception, (2) decision, and (3) action
(Miller et al. 1991). Although relatively independent pro-



cesses, many similarities between activation and inhibition
have been demonstrated. No-go responses (i.e., response
inhibition) depend on an active decision process similar to
that involved in activating an overt response (De Jong et al.
1990; Hackley et al. 1990; Logan et al. 1984). Studies that
have examined the effect of alcohol on subjects’ behavioral
control using the cued go/mo-go task have found that
alcohol produces the stereotypic, dose-dependent impair-
ing effect on both the execution and inhibition of behavior
(Abroms et al. 2003; Fillmore and Van Selst 2002;
Marczinski and Fillmore 2003a,b, 2005).

However, the acute effects of alcohol do not always
similarly impair activation and inhibition, as dissociations
between the two mechanisms have been identified. In some
contexts, inhibitory aspects are more vulnerable than ac-
tivational aspects of behavioral control to the acute effects
of alcohol (Abroms et al. 2003; Fillmore et al. in press;
Marczinski and Fillmore 2003b; Vogel-Sprott et al. 2001).
Neuropsychological accounts have argued that inhibitory
actions (suppressing or delaying responses) are especially
sensitive to the central nervous system (CNS) depressant
effects of alcohol. In particular, the effects of alcohol are
most disruptive when behavioral control relies heavily on
the ability to suppress a sudden action (Conger 1956;
Fowles 1987; Jentsch and Taylor 1999; Quay 1997). Lab-
oratory studies using the cued go/no-go model of be-
havioral control have also highlighted that the complete
suppression of a prepotent (instigated) behavioral response
is impaired by a moderate dose of alcohol, whereas the
activation of an alternative response is not (Abroms et al.
2003).

In summary, there is sufficient empirical evidence that
inhibition appears particularly vulnerable to the acute
effects of alcohol. However, reasons for this vulnerability
are uncertain. Based on the three-stage model of informa-
tion processing (perception, decision, and action), it seems
reasonable to hypothesize that the vulnerability may lie at
the last stage of processing. Previous manipulations of the
perception and decision stages have not differentiated
activation and inhibition in terms of alcohol impairment
(Marczinski and Fillmore 2005; Fillmore 2004), leaving
the action stage as the potential source of the dissociations
between inhibition and activation. Moreover, most studies
of alcohol effects of inhibitory control have modeled re-
sponse inhibition as the ability to briefly suppress a pre-
potent (i.e., instigated) response, often a computer key
press. These models operationalize inhibition as a discrete,
brief process with a clear onset and offset. However, dis-
inhibited behavior may also be manifested as the inability
to maintain a task, such that an ongoing activity is ter-
minated prematurely.

With regard to the effects of alcohol, no research has
examined the degree to which the drug might impair in-
hibitory control over the disengagement of an ongoing
response. To some extent, response disengagement and
response engagement represent opposing motor sequences
and could differ in the degree to which alcohol impairs
inhibitory control over each function. The present study
tested the possibility that alcohol-induced impairment of
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inhibitory control might differ depending on whether in-
hibitory control is required to prevent the premature en-
gagement or the premature disengagement of a response.
The cued go/no-go model was used to examine inhibitory
control over the engagement and disengagement of re-
sponses. One group of participants was required to engage
responses to go targets (press a key), and another group was
required to disengage responses to go targets (release an
ongoing key press). All task stimuli (cues and targets) were
identical in each condition. Thus, the manipulation was
confined to the level of the motor stage. The ability to
engage and disengage responses was examined in response
to three doses of alcohol: 0.0 (placebo), 0.45 and 0.65 g/kg.

Method
Participants

Twenty-four adults (12 women and 12 men) between the
ages of 21 and 30 years (mean age=23.4 years, SD=2.4)
participated in this study. The racial makeup of the sample
was 79% Caucasian, 12.5% African—American, and 8.5%
of participants did not report racial information. Volunteers
completed questionnaires that provided demographic infor-
mation, drinking habits, and physical and mental health
status. Individuals with a self-reported psychiatric disorder,
substance abuse disorder, head trauma, or other CNS injury
were excluded from the study. Volunteers with a score of
5 or higher on the Short-Michigan Alcoholism Screening
Test (S-MAST) (Selzer et al. 1975) were excluded from
the study.

Recent use of amphetamine, barbiturates, benzodiaze-
pines, cocaine, opiates, and tetrahydrocannabinol was as-
sessed by means of urine analysis. Any volunteer who
tested positive for the presence of any of these drugs was
excluded from participation. No female volunteers who
were pregnant or breast-feeding participated in the re-
search, as determined by self-report and urine human
chorionic gonadotrophin levels. Participants were recruited
via notices posted on community bulletin boards and by
classified newspaper advertisements. All volunteers pro-
vided informed consent prior to participating. The Uni-
versity of Kentucky Medical Institutional Review Board
approved the study, and volunteers received $100 for
participation.

Apparatus and materials
Cued go/no-go task

Participants performed a cued go/no-go RT task that has
been used to demonstrate that alcohol can impair inhibitory
and activational aspects of behavioral control (Abroms et
al. 2003; Marczinski and Fillmore 2003a,b, 2005). A trial
involved the following sequence of events: (a) presentation
of a fixation point (+) for 800 ms; (b) a blank, white screen
for 500 ms; (c) a cue displayed for one of five stimulus
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onset asynchronies (SOAs; 100, 200, 300, 400, and
500 ms); (d) a go or no-go target that remained visible
until the participant made a response or 1,000 ms had
elapsed; and (e) an intertrial interval of 700 ms. The task
was operated using E-Prime experiment generation soft-
ware (Schneider et al. 2002) and was performed on a per-
sonal computer.

The cue was a white rectangle (7.522.5 cm) framed in a
0.8-mm black outline that was presented in the center of
the computer monitor against a white background. The
cue was presented in either a horizontal (height=2.5 cm,
width=7.5 cm) or vertical (height=7.5 cm, width=2.5 cm)
orientation. The go and no-go target were green and blue,
respectively. They were displayed on the monitor as a
single hue that filled the interior of the rectangular cue after
the duration of the SOA. Participants were instructed to
press or release the forward slash (/) key on the keyboard as
soon as a go (green) target appeared and to suppress any
action when a no-go (blue) target appeared. Key presses or
releases were made with the index finger of the preferred
hand. The computer displayed how quickly a participant
responded to each go target by presenting the milliseconds
elapsed from target onset until the key press or release.
Participants were encouraged to make fast responses (i.e.,
the fewest milliseconds).

The orientation of the cue (horizontal or vertical)
signaled the probability that a go or no-go target would
be displayed for both groups of participants. Cues pres-
ented horizontally preceded the go target on 80% of the
trails and preceded the no-go target on 20% of the trials.
Cues presented vertically preceded the no-go target on 80%
of'the trials and preceded the go target on 20% of the trials.
Previous research has demonstrated that this level of cue
validity produces highly cue-dependent inhibitory and
activational mechanisms of behavioral control (Marczinski
and Fillmore 2005).

The nature of the response was varied to manipulate
the action level of information processing for the cued
go/no-go task. The following two conditions were iden-
tical except for the response requirement.

Response engagement

In this condition, participants were required to execute a
response by pressing the “/”” key when the green target was
presented and refrain from making a response when the
blue target was presented.

Response disengagement

In this condition, subjects were required to begin each trial
already engaged in a response (i.e., pressing the “/” key)
using the index finger of their dominant hand. When a
green target was presented, the subject was instructed to
release their finger from the key, thus, disengaging the
response. When a blue target was presented, the subject

was required to maintain the ongoing response by keeping
their finger on the “/” key.

The different SOAs (100, 200, 300, 400, and 500 ms)
between cues and targets encouraged participants in both
conditions to pay attention to the cues, and the variability
and randomness of the SOAs prevented the participants
from anticipating the exact onset of the targets. A test
consisted of 500 trials that presented the four possible cue—
target combinations. An equal number of vertical (250) and
horizontal (250) cues were presented before an equal
number of go (250) and no-go (250) target stimuli. Each
cue—target combination was presented at each of the five
SOAs, and an equal number of SOAs separated each cue—
target combination. The presentation of cue—target combi-
nations and SOAs was random. For each trial, the computer
recorded whether or not a response occurred, and if one
occurred, the RT was measured in milliseconds from the
onset of the target until the key was pushed or released. To
encourage fast and accurate responding, we presented
feedback to the participant during the intertrial interval by
displaying the words correct or incorrect along with the RT
in milliseconds. A test required approximately 30 min to
complete.

Personal drinking habits questionnaire

This questionnaire yielded three measures of a subject’s
current typical drinking habits: (a) frequency (the number
of drinking occasions per week), (b) dose (milliliter of
absolute alcohol per kilogram of body weight typically
consumed during a single drinking occasion), and (c)
duration (time span in hours of a typical drinking occasion)
(Vogel-Sprott 1992).

Subjective effects

Participants completed a beverage-rating scale to report
their perceived alcoholic content of the beverages in terms
of bottles of beer containing 5% alcohol. The scale ranged
from 0 to 10 bottles of beer, in 0.5-bottle increments (e.g.,
Fillmore and Vogel-Sprott 2000).

Procedure

Individuals responded to the advertisements by calling the
laboratory to participate in a telephone intake-screening
interview conducted by a research assistant. All sessions
began between 10 a.m. and 6 p.m. Before each test session,
participants were instructed to fast for 4 h and abstain from
alcohol for 24 h. Urine samples were tested for the presence
of drug metabolites in all participants (OnTrak TesTstiks,
Roche Diagnostics Corporation, Indianapolis, IN, USA)
and pregnancy in female participants (Mainline Confirms
HGL, Mainline Technology, Ann Arbor, MI, USA) before
each session. Blood alcohol concentrations (BACs) were



determined from breath samples measured by an Intox-
ilyzer, Model 400 (CMI, Inc., Owensboro, KY, USA). At
the beginning of each testing session, a zero BAC was
verified for each participant. A research assistant who was
unaware of the research hypotheses tested participants
individually.

Equal numbers of participants (N=12) were randomly
assigned to the response-engagement and response-disen-
gagement conditions, with the limitation that the two
groups were required to have equivalent gender ratios. The
two groups each contained six male and six female
participants.

Response requirement training and intake session

The purpose of the initial intake session was to familiarize
participants with the lab environment and procedures, to
obtain necessary intake information required for participa-
tion, and to train the participants in their assigned cued go/
no-go task (response engagement or response disengage-
ment) to ensure that they were familiar with the cued go/no-
go task before the dose-administration sessions. To verify
that the participants could easily distinguish the colors of
the stimuli in the cued go/no-go task, we presented each
participant with a color vision test that required them to
discriminate between the green and blue colors that were
used as go and no-go targets in the task. All of the par-
ticipants easily completed this task requirement. Partici-
pants then performed the 30-min cued go/no-go task.

Alcohol test sessions (1-3)

Cued go/mo-go task performance was tested under three
doses of absolute alcohol: 0.0, 0.45, and 0.65 g/kg. Each
dose was administered on a separate test session, and all
participants received each dose. Dose administration was
double blind, and dose order across the three sessions was
randomized across participants. Sessions were separated
by a minimum of 24 h and maximum of 3 days. Alcohol
doses were calculated on the basis of body weight. On
each session, participants received one of the three doses.
The 0.65-g/kg dose produces an average peak BAC of
75 mg/100 ml and was chosen based on prior research that
showed that response activation and response inhibition
are reliably impaired at this BAC (Abroms et al. 2003;
Fillmore and Vogel-Sprott 1999, 2000; Marczinski and
Fillmore 2003a,b). The 0.45-g/kg dose was chosen be-
cause it produces a peak BAC of 50 mg/100 ml that rep-
resents the minimal threshold BAC that reliably impairs
psychomotor and reaction time performance in laboratory
tasks (Holloway 1995; Marczinski and Fillmore 2003a).
A dose was administered as absolute alcohol divided
equally into two drinks containing one part alcohol and
three parts carbonated mix. Participants had 1 min to
finish each drink, and the second drink was served 5 min
after the first drink. This dosing procedure produces a
mean rate of rise in BAC of 1.0 mg/100 ml/min (Fillmore
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and Vogel-Sprott 1998). Thus, the peak BACs following
0.45 and 0.65 g/kg doses were expected to occur approx-
imately 50 and 75 min, respectively, after drinking began.
Once peak BAC is achieved, it remains at a relatively
steady state for approximately 10 min (Fillmore and Vogel-
Sprott 1998). The placebo dose (0.0 g/kg) consisted of a
volume of carbonated mix that matched the total volume of
the 0.45-g/kg alcohol drink. A small amount (3 ml) of
alcohol was floated on the surface of the beverage. It was
served in two glasses that had been sprayed with an alcohol
mist that resembled condensation and provided a strong
alcoholic scent as the beverages were consumed. Previous
research has shown that individuals report that this
beverage contains alcohol (e.g., Fillmore and Vogel-Sprott
1998).

Participants’ cued go/no-go task performance was tested
at 30 min after drinking began. Thus, testing occurred
during the ascending period of the blood alcohol curve in
the active dose conditions. The beverage rating scale was
completed 60 min postbeverage administration, just after
the test. BACs were measured at 30, 65, and 90 min post-
beverage administration. During the placebo session, par-
ticipants also provided breath samples at those times
ostensibly to measure their BAC. After the test session
concluded, the participants relaxed in a waiting room
within the laboratory. Participants received a meal and re-
mained at leisure to read magazines or watch television
until their BAC fell below 40 mg/100 ml. Transportation
home was provided as needed. Upon completing the final
session, participants were paid and debriefed.

Criterion measures of task performance and data
analyses

The two primary measures of interest were the participants’
commission errors to no-go targets (failures of response
inhibition) and their speed of responding to go targets
(response activation). Omission errors are extremely in-
frequent in cued go/no-go task performance and were not a
primary measure of interest in this study.

Failures of response inhibition

Failures of response inhibition were measured as the
proportion of no-go targets in which a participant failed to
inhibit a response of engagement or disengagement. These
p-commission errors were calculated for each cue condi-
tion (go and no-go) on each test. The hypothesis that the
inhibitory impairing effects of alcohol would differ for the
two groups and the two cue conditions was tested by a 2
(Group, response engagement vs. response disengagement)
x 3 (Dose, 0.0 vs. 0.45 vs. 0.65 g/kg) x 2 (Cue, go cue vs.
no-go cue) mixed design analysis of variance (ANOVA).
Group was considered a between-subjects factor, and Dose
and Cue were considered within-subjects factors. Dose-
dependent increases in p-commission errors for each cue
condition for each group were assessed by a priori planned
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comparisons using dependent ¢ tests comparing each active
dose condition to the placebo condition.

Response activation

Response activation was measured by the RT to engage or
disengage responses to go targets. Shorter RT indicated
greater facilitation of response activation. A mean RT score
for a participant was calculated for each cue condition.
Responses with RT less than 100 ms and greater than
1,000 ms were excluded. These outliers were infrequent,
occurring on average less than one trial per test. Scores
were analyzed by a 2 (Group, response engagement Vvs.
response disengagement) % 3(Dose, 0.0 vs. 0.45 wvs.
0.65 g/kg) x 2 (Cue, go cue vs. no-go cue) mixed-design
ANOVA. Dose-dependent increases in RT for each cue
condition for each group were assessed by a priori planned
comparisons using dependent ¢ tests comparing each
active dose condition to the placebo condition. Omission
errors were infrequent and occurred on less that 2% of go
target trials (~two trials per test) for both the response-
engagement task and the response-disengagement task.

Results
Drinking habits

No group differences were observed by ¢ tests on any
drinking habit measure (ps>.30). The sample reported a
mean drinking frequency of 1.6 (SD=1.0) times per week,
with a mean dose per occasion of 1.0 (SD=0.5) ml/kg. For a
person weighing 70 kg, this dose would approximate four

Fig. 1 Mean commission errors
to no-go targets after invalid go
and valid no-go cues under three
alcohol dose conditions: 0.0
(placebo), 0.45, and 0.65 g/kg
for the response-engagement
and response-disengagement
groups (N=12/group). In the
response-engagement condition,
participants were required to
press a key when a go target was
presented and refrain from
making a response when a no-
go target was presented. In the
response-disengagement condi-
tion, participants were required
to release a key when a go target
was presented and maintain an
ongoing response when a no-go
target was presented. Vertical
bars show standard errors of the
mean (N=12). *Significant dif-
ferences from placebo (p<0.05)

0.35 =
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0.25 —
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Response-Engagement

bottles of beer containing 5% alcohol per volume. The
mean duration of drinking was 3.3 h (SD=0.9). No gender
differences were observed by ¢ tests on the dose and dura-
tion drinking habit measures (ps>.37). A gender difference
was observed on the frequency drinking habit measure,
#22)=2.9, p=0.008, as males reported drinking 2.1 (SD=
0.9) times a week, whereas females reported drinking
1.1 (SD=0.8) times a week.

Blood alcohol concentrations

No detectable BACs were observed in response to placebo.
Higher BACs were obtained under the 0.65-g/kg dose
compared with the 0.45-g/kg dose, F(; 16=301.18, p<.001.
The rise and fall of BACs over the course of the testing
session resulted in a main effect of time, F(;3,=6.50,
p< .0l. The 0.45-g/kg dose produced a mean (SD) BAC
at 30, 65, and 90 min after drinking of 54.5 mg/100 ml
(15.6), 51.6 mg/100 ml (8.6), and 42.6 mg/100 ml (10.7),
respectively. The 0.65-g/kg dose produced a mean (SD)
BAC at 30, 65, and 90 min after drinking of 80.0 mg/100 ml
(17.4), 83.0 mg/100 ml (11.3), and 68.9 mg/100 ml (12.1),
respectively. No main effects or interactions involving
group or gender were observed (ps>.00).

Cued go/no-go task performance

Failures of response inhibition

In both the response-engagement and response-engage-
ment conditions, more errors occurred after invalid go
cues than after valid no-go cues. More importantly, alco-

Response-Disengagement

HB— Gocue
Ok----L0 Nogo cue

0.0 g/kg

0.45 g/kg

0.65g/kg 0.0 g/kg 0.45g/kg 0.65 g/kg

Alcohol Dose



hol increased errors after invalid go cues only in the
response-engagement condition, and not in the response-
disengagement condition, as evidenced by a significant
Group x Dose x Cue interaction, F;44y=3.46, p=0.04.
Figure 1 shows the p-commission errors and illustrates
this three-way interaction. A priori planned comparisons
confirmed that for the response-engagement condition, p-
commission errors following invalid go cues were sig-
nificantly higher under both active doses compared with
placebo (ps<.04). By contrast, in the response-disengage-
ment condition, p-commission errors following invalid go
cues did not differ significantly between either active dose
condition and placebo (ps>.14). Furthermore, p-commis-
sion errors following valid no-go cues did not differ sig-
nificantly between both active dose conditions and placebo
(ps>.17), for both response engagement and response
disengagement.

Response activation

RT was faster in the response-engagement condition com-
pared to the response-disengagement condition, F; 2y~
34.39, p<0.001. Alcohol increased RT following invalid
no-go cues, but not following go cues, as evidenced by a
significant Dose x Cue interaction, F; 44y=3.81, p=0.03.
Figure 2 plots the mean RT scores and illustrates this group
difference and interaction. A priori planned comparisons
revealed that in the response-engagement condition, RT
following invalid no-go cues was significantly higher
under both active doses compared with placebo (ps<.01).
By contrast, in the response-disengagement condition, RT
following no-go cues was significantly higher than placebo

Fig. 2 Mean reaction time (RT)
to respond to go targets after

valid go and invalid no-go cues 350
under three alcohol-dose condi- 340 _
tions: 0.0 (placebo), 0.45, and

0.65 g/kg for the response-en-

gagement and response-disen- 330 —
gagement groups (N=12/group).

In the response-engagement 320 —
condition, participants were re-

quired to press a key when a go @ 310 —
target was presented and refrain = E

from making a response whena = 300 —
no-go target was presented. In o

the response-disengagement 290 —

quired to release a key when a 280 —
go target was presented and
maintain an ongoing response
when a no-go target was pre-
sented. Vertical bars show stan-
dard errors of the mean (N=12).
*Significant differences from 250 —
placebo (p<0.05) y

condition, participants were re- —lc—r et

270 —

260 —

Response-Engagement
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for the 0.65-g/kg dose (p=.01), but not for the 0.45-g/kg
dose (p=.20). RT following valid go cues did not differ
significantly between both active doses and placebo (ps>
.34), for both the response-engagement and response-dis-
engagement conditions.

Subjective effect ratings

Beverage ratings increased as the dose of alcohol in-
creased, F544=59.91, p<0.001. In the placebo, 0.45 and
0.65 g/kg conditions, subjects rated their beverages as
having a mean (SD) alcohol content of 1.2 (SD=1.1), 3.4
(1.6), and 4.9 (2.2) bottles of beer, respectively. No other
effects were significant (ps>0.60).

Discussion

This research utilized a reductionist approach to investigate
whether the particular sensitivity of response inhibition to
the impairing effects of alcohol can be isolated to the action
stage (the motor program) of information processing. We
used a manipulation known to only impact the action stage
(and not perception or decision stages) of processing in the
go/no-go decision. The results from the cued go/no-go task
performance showed that alcohol impaired the ability to
inhibit prepotent-engagement responses and slowed re-
sponse times to engagement responses following invalid
cues in a dose-dependent manner. By contrast, alcohol had
no effect on the ability to inhibit prepotent-disengagement
responses. In addition, alcohol only slowed disengagement
responses following invalid cues in the 0.65-g/kg dose

Response-Disengagement

—nr B— Gocue
O----0O0 Nogo cue

I
0.0 g/kg

0.45 g/kg

I I | [
0.65g/kg 0.0 g/kg 0.45g/kg 0.65 g/kg
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condition. Overall, RTs were faster for response engage-
ment than for response disengagement. Thus, the results
indicated that minor differences in response requirements
had a dramatic impact on whether individuals demonstra-
ted impairment in response inhibition under alcohol.

The differential effect of alcohol on response engage-
ment and response disengagement cannot be attributed to
differences in task stimuli or subject characteristics. The
presentation of task cues and targets was identical in both
of these task conditions so that perceptual demands were
equivalent in both conditions. By using identical cue—target
relationships, the tasks imposed similar perceptual and
central processing demands on subjects with respect to
conflicting cues. In addition, both conditions required 50%
response activation ftrials (i.e., go targets) and 50% re-
sponse inhibition trials (i.e., no-go targets). With regard to
participant characteristics, there were no significant dif-
ferences between task conditions in age, gender makeup,
self-reported drinking habits, blood alcohol concentrations,
or subjective effects obtained during the performance test
period.

The primary implication of these results is that disen-
gagement responses afford some protection against the
impairing effects of alcohol, compared with engagement
responses. Disengagement responses required a longer du-
ration to complete, as evidenced by longer response times
under all conditions compared to engagement responses.
Such a finding coincides with previous observations that
response alternation takes longer to complete than response
inhibition and results in less impairment in inhibitory
control (Abroms et al. 2003). However, the current study
advances our current understanding of why slowing re-
sponse time affords some protection for inhibition. As we
equated the demands of the first two stages of information
processing (perception and decision), the increased dura-
tion to perform the motor stage appears to be beneficial
under alcohol, as evidenced by greater control over pre-
potent responses when the response is to be disengaged.
Therefore, protection against alcohol-induced impairment
of response inhibition can be localized to the final stage of
processing (the level of the action). In addition, greater
protection was afforded when valid cues correctly pre-
dicted the response required, and performance deteriorated
in a dose-dependent manner when cues were invalid in the
response engagement condition.

The results of this study provide a theoretical advance to
current information processing models of alcohol-induced
impairment of behavioral control. Evidence that disen-
gagement responses are less vulnerable than engagement
responses to the acute effects of alcohol is novel and em-
phasizes that motor components of cognition are important
determinants in observed behavioral control. Interestingly,
motor aspects of information processing are often con-
sidered inconsequential in laboratory experiments, as most
tasks require simple key press responses. Since the advent
of computerized cognitive experiments, researchers have
relied heavily on the keyboard to record response times as
this method provides sensitive RT measures that are a sig-
nificant advance from older methods. As a result, a great

deal of research, our own work included, has manipulated
the perceptual and decision stages of information process-
ing to determine the acute effects of alcohol on cognition
(Fillmore 2004; Marczinski and Fillmore 2003a,b, 2005).
However, our natural world has complex motor require-
ments where response engagement is only part of what
must occur to maintain behavioral control. The results of
the current experiment indicate that the action stage of in-
formation processing is not only important, but also is
critically relevant for understanding alcohol-induced im-
pairment of behavioral control.

These findings have practical implications in predicting
when impulsive and inappropriate behaviors should occur
under alcohol. For example, the results suggest that alco-
hol-induced impairment of driving skills should not be
uniform. Driving requires numerous cognitive operations.
For example, braking and accelerating require opposite
motor programs, similar to those tested in this experiment.
Our findings suggest that an engagement response (such as
stepping on the brake pedal) would be more likely to be
impaired under alcohol, whereby the individual might
accidentally brake when not appropriate. By contrast, it is
less likely that a disengagement response (such as releasing
off the gas pedal) would be impaired under alcohol. In-
vestigations with driving simulators are warranted to in-
vestigate this prediction.
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