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Abstract Rationale: Impulsivity is associated with in-
creased risk for acoholism. Alcohol also may increase
impulsive behavior, although little is known about the
processes underlying this effect. Objectives. This study
tested a model proposing that the executive processes of
working memory (WM) and conditional associative
learning (CAL) modulate behavioral inhibition. Subjects
had either a positive (FHP) or a negative (FHN) family
history of acoholism. Hypotheses were that alcohol
would increase Go/No-Go impulsive responding but
only in subjects with low working memory capacity
(low-WM), low-CAL ability, or FHP for alcoholism. The
model also predicted that WM and CAL modul ate inhib-
itory responses to contingency reversal on a Go/No-Go
task. Methods: A Go/No-Go learning task with a mid-
way contingency reversal was administered to 71 FHP
and 78 FHN subjects when sober and after drinking one
of two moderate doses of alcohol. WM (digits backward)
and CAL (conditional spatial association task) were also
assessed when sober. Results: Alcohol resulted in more
false alarms but only in low-WM subjects. Both WM
and CAL modulated learning to inhibit behavior after
contingency reversal, suggesting separate modulation
mechanisms for WM and CAL. Subjects with low-
capacity WM and subjects with low-capacity CAL abili-
ty had more difficulty learning response inhibition after
contingency reversal. FHPs and FHNSs did not differ in
their response to alcohol. Conclusions: The results sup-
port our model of the modulatory role of WM and CAL
in the ongoing regulation of behaviora inhibitory sys-
tems. The results also suggest that individuals with low
capacity WM are more susceptible to alcohol’s effect of
increasing impulsive behavior, suggesting that alcohol
reduces the capacity of working memory to modulate re-
sponse inhibition.
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Introduction

It is well documented that impulsive, under-controlled
behavior predicts alcohol and drug abuse (e.g., Cloninger
et al. 1988; Luengo et al. 1994) and reflects a major por-
tion of the vulnerability to substance abuse in the off-
spring of alcoholics (Sher et al. 1991). Considerable evi-
dence suggests that alcohol promotes impulsive behavior
as well (Steele and Southwick 1985). Less is known
about the processes by which impulsivity promotes, or is
promoted by, substance use/abuse. Factors serving to im-
pede our understanding of the impulsivity-drug abuse re-
lationship are the confusion about how to conceptualize
and measure impulsivity, and the reliance on single
mechanism models of impulsivity (White et al. 1992;
Luengo et al. 1994).

The literature reveals considerable diversity in theory,
definition, and approach to the measurement of impulsi-
vity (cf. Luengo et al. 1994), with little agreement about
how to conceptualize the construct (Parker and Bagby
1997). There are numerous complaints that many mea-
sures of impulsivity do not correlate very highly with
each other (Barratt and Patton 1983; White et al. 1992;
Parker and Bagby 1997). Different schemes to character-
ize the multidimensional nature of impulsivity have been
proposed (Gerbing et al. 1987; White et al. 1992), but
have had little impact on research and theory on mecha-
nisms underlying impulsivity. Nonetheless, recent stud-
ies have identified a range of important potential mecha-
nisms underlying impulsive behavior. For instance, defi-
cient inhibition of prepotent behavior, assessed using
“stop-signal” tasks, has been associated with attention-
deficit hyperactivity disorder (ADHD) and trait impulsi-
vity (Schachar et al. 1993; Logan et al. 1997) and is evi-
dent after moderate doses of alcohol (Mulvihill et al.
1997). Impulsivity in drug abusers has been linked to in-
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creased discounting of delayed large rewards in favor of
immediate but smaller rewards (Kirby et al. 1999). Defi-
cits in executive cognitive processes have been associat-
ed with impulsive, aggressive responses (Lau et al.
1995). Considerable research aso suggests that in-
creased reward responsiveness or reduced responsive-
ness to punishment are associated with impulsive behav-
ior (Newman 1987; Lykken 1995). Although these stud-
ies have contributed to our knowledge of the mecha-
nisms of behavioral regulation and impulsivity, their ma-
jor limitation is that they present only single-mechanism
models of impulsivity. With the exception of Mulvihill et
a. (1997), they rely on bivariate correlations between
the mechanism (e.g., stop-signal performance) and some
manifestation of impulsivity (e.g., a self report scale).

In this paper we test a cognitive-modulation model of
impulsivity by examining the influence of executive pro-
cesses on the effects of alcohol on behavioral inhibition
in a Go/No-Go task with contingency reversal. We con-
ceptualize impulsivity more broadly as dysregulated be-
havior. This term better conveys the complex interplay
of factors underlying the breakdown in behavioral regu-
lation that the construct of impulsivity implies, such as
poorly planned, unreflective, reckless, abrupt, under-
controlled, or inappropriate behavior that |eads to nega-
tive outcomes (Eysenck and Eysenck 1978; Barratt and
Patton 1983). We use a Go/No-Go learning task with
contingency reversal, because this task involves the in-
terplay between behavioral inhibition and activation,
learning, and response perseveration, which captures a
degree of the complexity of behaviora regulation includ-
ing the involvement of executive processes. Our model
holds that low correlations are likely among some of the
processes underlying behavioral regulation for two rea-
sons. First, low correlations are likely because a number
of different mechanisms are involved in the regulation of
behavior, such as foresight, attention, or differential re-
sponses to threat or reward. Second, correlations of zero
also are likely because at least some of these processes
probably operate independently of each other and may
involve separate neural substrates (cf. Petrides et al.
1993). We expect stronger correlations between inter-re-
lated processes when the system (person) is challenged
significantly.

Our model focuses on the interplay between behavior-
a inhibition and the inter-related executive processes of
working memory and conditional associative learning.
Executive cognitive processes are those processes that
are thought to monitor, direct, and organize (regulate)
behavior to effectively achieve desired goals while mini-
mizing negative outcomes (Barkley 1997; Kimberg et al.
1997). Executive functions are thought to include a
range of higher-order processes such as associative
learning, memory, problem solving, and planning (Gian-
cola 1995; Zelazo and Frye 1998). Working memory and
conditional associative learning are thought to play im-
portant roles in the self-regulation of behavior (Petrides
et al. 1993; Lau et a. 1995) and are likely to contribute
to the reflectivity/planning functions underlying behav-

ioral inhibition (Barratt and Patton 1983). Although our
model distinguishes between working memory and other
executive processes (such as conditional associative
learning), others consider executive processes as a subset
of a broader working memory system (Baddeley 1986;
Kimberg et al. 1997).

We propose that working memory is involved in the
ongoing, moment to moment, regulation of behavior and
serves to modulate activity in behavioral inhibition sys-
tems, such as the system described by Gray (1987a).
Rather than simply serving as the comparator, as in
Gray’s (1987a) model, we refer to Baddeley’s (1986)
concept of the “central-executive” aspect of working
memory involved in allocating “attention for processing
and manipulating information in a short-term memory
store” (Stout et al. 1995, p. 1221). In our model a second
executive process, conditional associative learning, sub-
serves behaviora regulation via the reflective/planning,
decision process which is thought to be deficient when
impulsive behavior is manifested (Barratt and Patton
1983). Conditional associative learning involves 1)
bringing into working memory a set of previously
learned stimulus-response associations, 2) then selecting
an appropriate response out of that set of possible re-
sponses in order to 3) adjust or program behavior to
adapt to unexpected, or challenging circumstances. Our
model proposes a threshold function for the modulating
effect of working memory and conditional associative
learning processes on behavioral inhibition, such that the
modulating roles of working memory and conditional as-
sociative processes are more easily disrupted by alcohoal,
or unexpected challenging circumstances in individuals
with low operating capacity in these systems. Consistent
with this hypothesis are data indicating that subjects with
low scores on measures of conditional associative task
learning show heightened aggression under high provo-
cation conditions (Giancola and Zeichner 1994; Lau et
al. 1995). In addition, some work suggests that increased
sensitivity to alcohol in the offspring of alcoholics is as-
sociated with executive deficits (Peterson et al. 1992).
Although some studies report deficits in executive func-
tion in the offspring of alcoholics (Tarter et al. 1989; Pe-
terson et al. 1992), a number of studies do not find this
association (Schuckit et al. 1987; Bates and Pandina
1992).

This experiment tested the hypotheses that: 1) alco-
hol will disinhibit behavior, resulting in more false
alarms in a Go/No-Go learning task, especially in per-
sons at risk for alcoholism, 2) alcohol will cause greater
disruptions in response inhibition (i.e., more fase
alarms) in persons with either low capacity central exec-
utive working memory or low conditional associative
learning ability, and 3) persons low in working memory
or conditional associative learning capacity will develop
inhibitory responses to a contingency reversal less ef-
fectively, resulting in more false alarms, than persons
high in executive cognitive function. Given earlier stud-
ies suggesting that subjects with a positive family histo-
ry of alcoholism (FHP) have deficits in self-regulation,



we hypothesized that alcohol will disinhibit behavior
more in FHP compared with family history negative
(FHN) subjects.

Materials and methods

Subjects

FHP subjects were 34 men and 37 women with a mean age of
23.1+2.9 years and 15.2+1.9 years of education. FHN subjects
were 35 men and 43 women with a mean age of 22.2+1.8 years
and 15.8+1.4 years of education. All subjects were non-alcoholic
and Caucasian. Subjects were recruited using newspaper adver-
tisements asking for inquiries from persons interested in psycho-
logical research, or alcohol research, or the sons and daughters of
heavy drinking fathers (cf. Finn et al. 1997). FHP subjects had al-
coholism in two generations including their father. FHN subjects
had no evidence of alcoholism in any first- or second-degree rela-
tives. FHP/FHN status was ascertained with the Family History
Assessment Module (FHAM: Rice et al. 1995), an interview using
DSM-I1I-R criteria (Diagnostic and Statistical Manual of Mental
Disorders, 3rd Edition, revised; American Psychiatric Association
1987). Non-alcoholic status (no alcohol abuse or dependence) was
ascertained with the Psychiatric Diagnostic Interview (PDI:
Othmer et al. 1981). FHP subjects drank an average of 3.2+2.3
drinks on 2.8+1.8 occasions per week. FHN subjects drank an av-
erage of 2.5+1.7 drinks on 2.4+1.6 occasions per week. Subjects
were excluded if there was evidence of a personal or parental his-
tory of psychosis. Subjects were paid $7 per hour for their timein
addition to any money won on the Go/No-Go task.

Apparatus
Alcohol

Subjects consumed one of two doses of alcohol after having fasted
from food for 3 h: a dose targeting a breath-alcohol level of 0.07%
(19 FHP men, 22 FHP women, 18 FHN men, 25 FHN women) or
a dose targeting 0.09% (15 FHP men, 15 FHP women, 17 FHN
men, 18 FHN women). These two dose levels were used to maxi-
mize the likelihood of detecting FHP: FHN differences in re-
sponse to acohol (cf. Stewart et a. 1992; Cohen et al. 1993 for
dose-response studies of FHP and FHN subjects). Subjects drank
either vodka or rum mixed with decaffeinated coca cola, orange
juice or pineapple-orange juice mix. The 0.07% dose was 1.75 ml
vodka or rum per kg body weight. The 0.09% dose was 2.25 ml
(vodka or rum) per kg body weight. The alcohol was combined
with mixer in aratio of 1:3 parts by volume and divided into two
drinks of equal volume. Breath alcohol was measured with an
AlcoSensor 111 (Intoximeters, Inc.) breathalyzer. Breath alcohol
levels at testing were 0.069+0.006 (FHP=0.069+0.006; FHN=
0.068+0.004) and 0.087+0.007 (FHP=0.087+0.009; FHN=0.087+
0.006) for each respective dosage.

Go/No-Go learning task

The task, adapted from Newman and Kosson (1986), involved the
serial presentation on a computer screen (750 ms duration) of
eight different two-digit numerical stimuli (four Go and four
No/Go), displayed white on black background (1.5 cmx1.5 cm in
size), organized into 20 blocks of eight stimuli, and pseudo-ran-
domly presented with no more than three consecutive trials with
either a Go or No-Go stimulus. Subjects were told that the task in-
volved learning when to Go (bar press) or not to Go (withhold re-
sponse) and that responses after some numbers would result in
winning money ($0.17 per trial) but responses after others would
lose money (loss of $0.17 per response). The response window
was 750 ms and the inter-trial-interval (ITI) was 2.5 s. Reward
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contingencies (green background with +$0.17 in white) or punish-
ment contingencies (red background with —$0.17 in white) were
presented on the computer screen for 2 s immediately after a re-
sponse (within the 2.5 s ITI). The task differed from Newman and
Kosson's (1986) in that the contingencies were reversed after the
end of the tenth block. Responses made after numbers that result-
ed in areward during the first ten blocks (i.e., Go stimuli) resulted
in the loss of money in the last ten blocks (became No-Go stimu-
li). Likewise, responses to the numbers designated as No-Go in
the first ten blocks changed to Go stimuli in the last ten blocks and
resulted in winning money.

There were two separate versions of the task with two different
sets of stimuli, since subjects repeated the task in the alcohol and
no-alcohol sessions. Specific numbers were chosen following
Newman's (1987) suggestion for balancing even/odd and
above/below 50. In version 1 (order 1) the Go stimuli in the first
ten blocks were “08”, “63", “74" and “25"; the No-Go were “58",
“19”, “14” and “79.” In version 2 (order 1), the Go stimuli in the
first ten blocks were “86”, “17”, “61” and “42"; the No/Go were
“38", “117, “97" and “62.” Order 2 for each version simply ex-
changed the designation of Go for No-Go. The order of presenta-
tion for versions 1 and 2 and orders 1 and 2 was completely coun-
terbalanced across groups and alcohol conditions.

Cognitive assessment

Central executive working memory was assessed with the “digits
backward” condition of the Digit Span subtest of the Wechsler
Adult Intelligence Scale, Revised (WAIS-R: Wechsler 1981). In
the digits backward condition, subjects must repeat increasingly
longer strings of numbers in reverse order. The central executive
aspect of working memory directs attentional resources for manip-
ulating objects held in the short-term memory store (Baddeley
1986). Digits backward taps this central executive aspect of work-
ing memory (Stout et a. 1995). The sample mean on digits back-
ward was 8.42+2.5 (FHN=8.2+2.7; FHP=8.6+£2.4, no significant
differences).

The Conditional Association Task (CAT: Petrides 1985) was
used to measure the executive cognitive ability involving the se-
lection of appropriate responses based upon specific learned stim-
ulus-response associations that are brought into working memory
to solve a specific problem. The CAT involves the trial and error
learning of the arbitrary associations between each of six blank
cards and each of six different randomly placed small lamps (on
small box in front of the subject). A tria involves lighting a lamp
and having the subject touch a card, one at a time, until she/he
touches the correct card. Success at the task involves learning and
then keeping in mind each of the six different matches and the ef-
fective utilization of this information to correctly select the appro-
priate response to meet a criterion of 18 correct consecutive trials
(matches). Total trials and errors (square root transformed) were
taken as a measure of executive function capacity (higher scores
reflect less capacity). The sample mean for the raw score was
89.0+51.7 (FHP=94.0+48.4; FHN=84.4+54.1, no significant dif-
ferences).

Procedure

Thefirst testing session included an informed consent and the psy-
chodiagnostic interviews. Subjects meeting the inclusion criteria
came for two sessions, a no-alcohol and an alcohol session (ses-
sion order counterbalanced across subjects). Women were required
to test negative on a pregnancy test administered at the university
health center prior to the alcohol session. In the no alcohol ses-
sion, subjects were administered the Go/No-Go task, digit span,
and the CAT aong with other measures of cognitive function. In
the alcohol session, after having the procedure explained, subjects
were weighed and then consumed the alcohol (see above) in a 15-
min period. Breath alcohol (BAL) was monitored every 5 min and
then every minute as BAL approached the target peak level. Sub-
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jects were then administered the Go/No-Go task. Digit Span was
also administered in the alcohol session after the Go/No-Go task;
however, due to a procedural error, digit span was included in this
session only part way through the study (n=116 subjects).

Results
The effects of alcohol on Go/No-Go learning
False alarmrates

Our first hypothesis that alcohol would increase false
alarms was tested using an ANOVA with Family History
(FHP/FHN) and Dose (0.07/0.09%) as the between-
group factors, and Beverage (no-alcohol/alcohol) and
Task phase (pre-reversal/post-reversal) as the within-
group factors. The ANOVA revealed that alcohol in-
creased false alarm rates [Main effect: F(1,145)=13.7,
P<0.0005]. There were no significant effects involving
family history or dose. The only other significant effect
was a main effect of Phase [F(1,145)=62.5, P<0.0001].
Table 1 lists the means and standard deviations for false
alarm (and hit rates) for each phase and beverage condi-
tion. A preliminary analysis indicated no significant sex
differences in response to acohol.

A post-hoc analysis was conducted to explore wheth-
er alcohol had a specific effect on false alarms after con-
tingency reversal (phase 2) when controlling for its ef-
fect on false aarms in phase 1. ANCOVA (Family histo-
ry by Beverage) on false dlarms in phase 2 was conduct-
ed while covarying out a measure of acohol’s effect
false aarms in phase 1 (false alarms in acohol minus
false alarms in no-alcohol during phase 1). The ANC-
OVA revealed that alcohol still had the effect of increas-
ing false alarms after reversal [F(1,146)=10.1, P<0.005].

Table 1 Mean false dlarm and hit rates for both phases and beve-
raage conditions

Measure No-alcohol Alcohol
False adlarm rates

Phase 1 0.34+0.15 0.39+0.18
Phase 2 0.25+0.17 0.33+0.22
Hit rates

Phase 1 0.78+.015 0.82+0.12
Phase 2 0.77+0.16 0.80+0.12

There was also a significant alcohol by covariate interac-
tion [F(1,146)=48.8, P<0.0001], indicating that there
was a significant alcohol main effect only for those with
alcohol-induced increases in false alarms in phase 1.

Hit rates

ANOVA (same model as above) was also used to investi-
gate the effects of alcohol on hit rates. Alcohol signifi-
cantly increased hit rates [Main effect: F(1,145)=9.7,
P<0.005]. Table 1 displays the mean hit rates for phases
1 and 2 in both beverage sessions. There was also aMain
effect of family history [F(1,145)=4.03, P<0.05]. FHPs
had modestly higher hit rates (mean=0.81+0.08) than
FHNs (mean=0.7810.12). There were no significant
dose-related effects. A preliminary analysis indicated no
significant sex differences in response to acohol.

Working memory, conditional associative learning,
and effects of alcohol on Go/No-Go learning

A general linear models regression equation (SAS GLM
procedure: SAS Institute Inc. 1996) was used to test the
hypothesis that alcohol would cause greater disruptions
in response inhibition in persons with either low capacity
working memory or low conditional associative learning
ability. Predictor variables were the main effects and in-
teractions of CAT, digits backward, and beverage (treat-
ed as awithin-group factor). CAT scores and digits back-
ward (working memory: WM) were centered on their re-
spective means (raw score-mean) for the interaction
terms. Table 2 lists the correlations between the cogni-
tive measures and false alarm and hit rates in both task
phases and beverage conditions.

The GLM analysis of false alarm rates reveded sig-
nificant main effects of CAT scores [F(1,145)=27.3,
P<0.0001], digits backward [F(1,145)=23.0, P<0.0001],
and beverage [F(1,145)=15.6, P<0.0001] and signif-
icant of beverage by digits backward interaction
[F(1,145=9.15, P<0.005]. For simple main effects test-
ing, we divided subjects into those with high-and those
with low-capacity working memory (WM) using a medi-
an split of the digits backward score. In support of our
hypothesis, alcohol increased false alarm rates in low-
WM [Main effect: F(1,76)=21.0, P<0.0001] but not

Table 2 Working memory and executive function while sober and Go/No-Go performance in acohol and no-alcohol conditions

False dlarm rates Hit rates

No-alcohol Alcohol No-alcohol Alcohol

Phase 1 Phase 2 Phase 1 Phase 2 Phase 1 Phase 2 Phase 1 Phase 2
Digits backward -0.15 -0.162 —-0.32¢ -0.37¢ 0.15 0.12 0.12 0.14
CAT 0.162 0.30° 0.31¢ 0.35¢ 0.01 -0.05 -0.04 -0.182

CAT, conditional association test (square root of total trials and errors)

ap<0.05, bP<0.001; cP<0.0001
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high-WM subjects [F(1,69)=0.4, NS]. False alarm rates
were also significantly higher in low-WM subjects than
high-WM subjects in the alcohol session [Main effect:
F(1,147)=19.9, P<0.0001]. Figure 1 displays the false
alarm rates for high- and low-WM groups by block of
eight stimuli during phase 1 (pre-reversal) and phase 2
(post-reversal) of both beverage conditions. The data are
displayed by block to illustrate the learning curves. The
beverage by CAT interaction was not significant
[F(1,145)=3.4, P<0.07].

The GLM analysis of hit rates revealed significant
main effects of digits backward [F(1,145)=4.69, P<0.05]
and beverage [F(1,145)=9.27, P<0.005]. There were no
significant interactions between beverage and either dig-
its backward or CAT scores [F(1,145)=0.22 and 0.82, re-
spectively]. There were no other significant effects.

Alcohol effects on working memory

We conducted a post-hoc analysis with the subset of sub-
jects who were administered the digits backward mea-
sure in both alcohol and no-alcohol sessions to investi-
gate whether: 1) alcohol had a direct effect on working
memory, and 2) whether the effect of acohol on working
memory varied as a function of baseline WM capacity
(i.e., high- versus low-capacity baseline working memo-
ry). Subjects were divided into high- and low-WM
groups (median split) and the data were analyzed using
an ANOVA (Beverage by WM). The results revealed a
significant main effect of beverage [F(1,114)=11.0,
P<0.01] and a significant interaction of baseline working
memory  capacity by beverage [F(1,112)=22.0,
P<0.0001]. Simple effects analyses revealed that a cohol

b6 b7 b8 b9 bi@ bil b12 b13 bi14 b15 b16 b17 b18 b19 b20

TRIAL BLOCK

significantly reduced working memory capacity but only
in high-WM subjects [F(1,52)=25.8, P<0.0001: Digits
backward at baseline=10.7+1.5; after alcohol=9.1+2.3]
and not in low-WM subjects (baseline=6.48+1.0; after
alcohol: 6.76+2.18).

Working memory, conditional associative learning,
and the effects of contingency reversa

A GLM regression equation was used to test our last hy-
pothesis that subjects with low conditional associative
learning ability or low working memory capacity will
develop inhibitory responses after contingency reversal
less effectively (i.e., have higher false alarm rates). The
independent variables were the CAT, digits backward
(WM), and contingency reversal (phase 1 hit rates/phase
2 false alarm rates were treated as a within factor). The
GLM also included the interaction terms for the indepen-
dent variables. Phase 1 false alarm rates served as a co-
variate because false alarms during phase 1 are associat-
ed with the dependent measures (phase 1 hits and phase
2 false darms).

The GLM analysis revealed significant main effects
of Phase [F(1,144)=234.6, P<0.0001] and Digits back-
wards [F(1,144)=5.9, P<0.05]. GLM also reveded sig-
nificant a CAT by Phase interaction [F(1,144)=4.9,
P<0.05] and a significant Digits backward by Phase in-
teraction [F(1,144)=7.5, P<0.01]. Simple effects analysis
of the interaction supported our hypothesis. Subjects
were divided into low- and high-CAT groups using a me-
dian split of CAT scores. Low-CAT subjects had higher
false alarm rates during phase 2 than high-CAT subjects
[Main effect: F(1,147)=9.97, P<0.01, see Fig. 2]. Low-
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WM subjects also had higher false alarms in phase 2
compared with high WM subjects [F(1,147)=14.2,
P<0.001, see Fig. 3].

Discussion

The purpose of this study was to test our cognitive-mod-
ulation model of behavioral inhibition by examining the
effects of alcohol on response inhibition on a Go/No-Go
learning task. The results supported our model of the
modulatory roles of working memory and conditional as-
sociative learning on behavioral inhibition. The data also
suggested an individual-differences mechanism by which
alcohol increases impulsive behavior. Only subjects with
low capacity in the central executive aspect of working
memory (as assessed with digits backward) showed alco-

—T1 T T1 T T 1 1 T T 1. T T T T T 1
h4 hS h6 h7 hg8 hg hie f1 2 3 4 15 f6 7 f8 f9 10

hol-induced increases in false alarm rates. However, in-
consistent with the results of studies reporting risk-relat-
ed differences in EEG and autonomic responses to alco-
hol (e.g., Stewart et al. 1992; Cohen et a. 1993), we
found no differences between FHP and FHN subjects in
the effects of alcohol on Go/No-Go learning. Finally,
lower scores on our measures of central executive work-
ing memory and conditional associative learning were
also associated with greater difficulty learning to inhibit
responses after contingency reversal. We urge some cau-
tion in interpreting these results because the use of only
single measures of working memory and conditional as-
sociative learning limits the generalizability of these
findings.

Our model proposed that behavioral inhibition sys-
tems are modulated by central executive working memo-
ry and conditional associative learning, both of which we



conceptualize as executive cognitive processes. We pos-
tulated that alcohol would disrupt the modulation of be-
havioral inhibition in subjects with either low capacity in
central executive working memory processes or low con-
ditional associative learning ability. The model also pro-
posed that subjects with low functional capacitiesin cen-
tral executive working memory or conditional associa-
tive learning ability would show greater difficulty learn-
ing to inhibit behavior after a reversal of response con-
tingencies. The results partially supported our first set of
hypotheses. Alcohol appeared to disinhibit behavior (i.e.,
led to higher false alarms), but only in subjects with low-
er scores at baseline on the digits backward test. Condi-
tional associative learning or familial acoholism risk did
not modulate responses to alcohol. These results suggest
that low capacity central executive working memory (at
least as assessed by digits backward) modulates alco-
hol’s disinhibiting effect. Our results supported our sec-
ond hypothesis. Low baseline scores on both digits back-
ward and the CAT were both associated with higher false
alarm rates after contingency reversal, suggesting that
both of these measures tap processes which are critical
for the adaptation of behavior to unexpected circum-
stances.

Although our cognitive-modulation model of behav-
ioral inhibition predicts the effects of acohol and contin-
gency reversal on behavioral inhibition on a Go/No-Go
learning task, it is by no means exhaustive. For instance,
it is likely that other factors influence Go/No-Go learn-
ing, such as response to reward or punishment (Newman
1987; Lykken 1995). In addition, our model does not dis-
cuss other mechanisms underlying behavioral regulation,
such as error detection (Scheffers et al. 1996), condition-
ability (Finn et al. 1994), aversive emotional processes
(Patrick 1994; Lykken 1995), individual differences in
activity in behavioral inhibition or behavioral activation
(Gray 1987b), or temperamental traits such as harm
avoidance or novelty seeking (Masse and Tremblay
1997). Finadly, our measures (digits backward and CAT)
are rather simple and imperfect measures of complex,
dynamic processes. Thisis perhaps especially true of the
CAT which we used to assess a very specific and com-
plex, multilevel, multistage executive cognitive process.

Although we cannot determine from our data the
mechanisms by which alcohol increased false alarm rates
in subjects with low working memory capacity, the re-
sults suggest that it was not simply by reducing overall
working memory capacity. Alcohol did not reduce work-
ing memory capacity in those subjects who showed sig-
nificant increases in false aarms (i.e., low-WM sub-
jects). We did not assess alcohol effects on CAT perfor-
mance, although it seems likely that performance on that
test would be compromised by alcohol given its com-
plexity. We speculate that acohol probably: 1). decreases
activity in behavioral inhibition systems, 2) compromis-
es, or slows, complex associative executive functions to
some degree, and 3) interferes with the interfaces be-
tween behavioral inhibition (limbic) systems and work-
ing memory and executive function (Finn 1999). Re-
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search into the precise mechanisms by which alcohol
might lead to impulsive behavior in persons with low ca-
pacity working memory is an important, and potentially
fruitful, direction for this kind of research.
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