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Abstract

Previous ERP studies shown support for the idea that alcohol-related stimuli are particularly salient to individuals who
report low sensitivity (LS) to alcohol’s effects (a known risk factor for alcohol-related problems), leading such stimuli
to spontaneously capture their attention and interfere with self-regulatory goal pursuit. The current study investigated
LS individuals’ use of reactive and proactive cognitive control in response to alcohol-related stimuli. Participants
performed an alcohol Stroop task in which they indicated the font color of alcohol- and nonalcohol-related words
while ERPs were recorded. The probability of alcohol and nonalcohol words was manipulated to test predictions
derived from Dual Mechanisms of Control theory. Among LS individuals, infrequent alcohol-related words elicited
slower responses and larger N2 amplitude, consistent with these stimuli eliciting enhanced reactive control responses.
Amplitude of the frontal slow wave (FSW) component, associated with proactive control, was marginally larger
among LS individuals when alcohol words were more frequent, but response accuracy was lower. These findings
demonstrate that LS individuals experience conflict when presented with task-irrelevant alcohol-related stimuli, even
in a context where conflict arguably should not be present. Findings further suggest that LS individuals can effectively
implement reactive control to deal with this conflict when it is infrequent but have difficulty implementing proactive

control in the context of more frequent conflict.
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Risk for alcohol use disorder (AUD) is influenced by several fac-
tors, including variability in the level of response to alcohol
(Schuckit et al., 2007; Sher & Wood, 2005). Level of response to
alcohol, or alcohol sensitivity, can be characterized as the number
of drinks that must be consumed in order to experience various
effects of alcohol (Schuckit, 1998; Schuckit, Smith, & Tipp, 1997).
The etiologic relevance of alcohol sensitivity for alcohol-related
problems is supported by evidence that low sensitivity (LS) pre-
dicts development of AUD (for reviews, see Morean & Corbin,
2010; Ray, Mackillop, & Monti, 2010), and that risk associated
with LS is dissociable from other known predictors, such as behav-
ioral undercontrol, comorbid psychiatric disorders, and personality
(e.g., Trim, Schuckit, & Smith, 2009).
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Despite evidence linking LS with drinking-related problems,
the mechanism(s) for this association remain poorly understood.
Recently, Fleming and Bartholow (2014) reported impaired inhibi-
tory control in the presence of alcohol-related images among LS
drinkers. They found that alcohol-related stimuli requiring the
withholding of a behavioral response (infrequent no-go targets) eli-
cited heightened response conflict among LS individuals, relative
to their high-sensitivity (HS) counterparts, as seen in the amplitude
of the conflict-related N2 component of the ERP (Folstein & Van
Petten, 2008). This finding demonstrates that when conflict resolu-
tion is necessary, the presence of alcohol cues makes the process
more challenging for LS drinkers, presumably because such cues
have heightened motivational significance for LS individuals (see
also Bartholow, Lust, & Tragresser, 2010; Shin, Hopfiner, Lust,
Henry, & Bartholow, 2010).

But might alcohol-related cues alone have the power to create
conflict for LS drinkers where none otherwise exists? This issue
has potentially important implications for understanding the behav-
ior of at-risk drinkers whose lives can be disrupted by the presence
of cues that compel alcohol seeking and use. Imagine someone
who has a job interview in 2 hours and happens to pass a bar while
walking down the street. Many people would not even notice the
bar, let alone contemplate going inside and having a drink to calm
their nerves, but the heightened motivational significance of alco-
hol cues could capture the LS drinker’s attention and produce
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conflict in this scenario. In other words, the presence of alcohol
cues might contribute to behavioral dysregulation among LS
drinkers by eliciting responses that interfere with pursuit of ongo-
ing goals.

A number of investigators have utilized a modified version of
the Stroop task, known as the alcohol Stroop, to examine how
attentional bias to alcohol stimuli interferes with cognitive control
among individuals at risk for AUD (Cox, Yeates, & Regan, 1999;
Field, Christiansen, Cole, & Goudie, 2007). A traditional color-
word Stroop task, in which respondents must name the ink color of
color names (e.g., “RED” in blue ink), produces conflict for anyone
who routinely reads English words. In contrast, the alcohol Stroop
only produces conflict among individuals for whom alcohol is par-
ticularly motivationally salient. Consistent with this idea, studies
using this task have found that compared to light drinkers and
healthy controls, heavy drinkers and alcohol-dependent individuals
are slower to name the font color of alcohol-related words, indicat-
ing an attentional bias for alcohol that interferes with the ability to
perform the color-naming task (Field et al., 2007; Johnsen, Laberg,
Cox, Vaksdal, & Hugdahl, 1994; Murphy & Garavan, 2011). The
current study used an alcohol Stroop task to determine whether the
mere presence of alcohol-related stimuli creates conflict for LS
individuals.

Cognitive Control and Its Neural Correlates

The Dual Mechanisms of Control (DMC) theory (see Braver, 2012;
De Pisapia & Braver, 2006) proposes that cognitive control consists
of two operating modes, proactive and reactive. Proactive control
serves to bias information processing toward current goals prior to
the occurrence of conflict by maintaining task sets over time; reac-
tive control activates task goals once conflict is detected, marshal-
ing efforts to overcome it (Braver, 2012). Varying the proportion
of congruent (e.g., the word RED in red ink) and incongruent trials
(e.g., the word RED in green ink) in the Stroop task influences the
balance of power between these two modes of control (De Pisapia
& Braver, 2006). When most of the trials are congruent, individuals
may conserve resources by relying on reactive control to handle
infrequent conflict when it arises. Conversely, when most of the tri-
als are incongruent, participants must engage in proactive control
to reduce the influence of conflict-eliciting information. Interfer-
ence effects tend to be smaller when most trials are incongruent
because proactive control focuses attention on task goals (Braver,
2012; West & Bailey, 2012). To the extent that alcohol-related
stimuli capture attention and interfere with ongoing task goals,
manipulating the proportion of alcohol- and nonalcohol-related
words should effectively vary the amount of conflict that LS indi-
viduals encounter in the alcohol Stroop task, and should affect their
performance accordingly. This hypothesis was tested in the current
study.

ERPs can be used to determine the extent to which reactive and
proactive control processes are engaged during cognitive task per-
formance. Specifically, two ERP components—the N2 and frontal
slow wave (FSW)—are thought to index the engagement of reac-
tive and proactive control, respectively. The N2 is a transient nega-
tivity over frontal and frontal-central scalp sites generally peaking
200-350 ms after stimulus onset and believed to reflect the
conflict-monitoring function of the anterior cingulate cortex (ACC;
see Larson, Clayson, & Clawson 2014; van Veen & Carter, 2002).
The N2 is larger on incongruent relative to congruent trials (see
Folstein & Van Petten, 2008), reflecting the ACC’s signaling of
conflict in the moment, believed to direct motor responses in a
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goal-consistent manner (Hoffstaedter et al., 2014). This in-the-
moment adjustment is characteristic of reactive control (Braver,
2012). Previous research also suggests that the N2 is sensitive to
probability, being larger when high-conflict trials are infrequent
(Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof,
2003). Thus, the frequency of trial types (alcohol- and nonalcohol-
related words) was manipulated across blocks in the current study.
To the extent that alcohol-related words produce conflict for LS
drinkers during the alcohol Stroop, the N2 should be most pro-
nounced when such words are less frequent.

The FSW is a relatively low-frequency negative voltage deflec-
tion arising late in stimulus-locked ERP epochs over frontal scalp
locations (West & Bailey, 2012), generally is larger following
incongruent relative to congruent Stroop trials (Bailey, West, &
Anderson, 2010; West, Bailey, Tiernan, Boonsuk, & Gilbert, 2012)
and is thought to reflect activity in the lateral prefrontal cortex
associated with conflict-related control adjustments (West & Bai-
ley, 2012; West et al., 2012). The FSW is correlated with behavior-
al indices of control adjustment (Bailey et al., 2010; Bailey,
Bartholow, Saults, & Lust, 2014) and is sensitive to manipulations
of the proportion of high-conflict trials (West & Bailey, 2012). The
sustained timing of the FSW and its sensitivity to changes in task
difficulty (i.e., amount of control required to maintain perfor-
mance) suggests it indexes engagement of proactive control.

The Current Study

LS and HS individuals performed an alcohol Stroop task while
ERPs were recorded. The task included two trial blocks, a “mostly
neutral” block in which neutral words were more frequent (75%)
than alcohol words (25%), and a “mostly alcohol” block in which
these frequencies were reversed. DMC theory (Braver, 2012; De
Pisapia & Braver, 2000) posits that less frequent conflict leads to a
reliance on reactive control (at the expense of proactive control) to
respond to conflict as it arises, eliciting larger neural conflict
responses (N2 amplitude) and more reaction-time (RT) interference
(see also West & Bailey, 2012). Based on this idea, we predicted
that LS participants (but not their HS counterparts) would experi-
ence larger N2 and greater RT interference from alcohol words
(relative to neutral words) in the mostly neutral block compared to
the mostly alcohol block. When conflict is more frequent, however,
DMC theory predicts that resource-intensive proactive control will
increase, which should reduce the extent to which high-conflict
stimuli elicit interference and reactive control. To the extent LS
individuals experience greater conflict overall when alcohol stimuli
are more prevalent, their FSW amplitude should be larger and
response accuracy should be higher in the mostly alcohol compared
to the mostly neutral block. Alcohol words were not expected to
elicit conflict for HS participants, and therefore no trial type or
block effects were predicted for that group.

Method
Participants

University undergraduates completed the Alcohol Sensitivity Ques-
tionnaire (ASQ; Fleming, Bartholow, Hilgard, McCarthy, & Sher,
2016; O’Neill, Sher, & Bartholow, 2002) as part of a mass testing
survey administered to over 2,000 Introductory Psychology
students. Individuals whose responses represented the upper and
lower quartiles of ASQ scores (stratified by sex) were invited to
participate in a study on reaction time ability and brain activity.
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Table 1. vMeans (and SDs) for Alcohol Use and ASQ Score as
a Function of Alcohol Sensitivity Group

Group
Between-group
Alcohol variables LS HS differences
ASQ Score 7.36 (1.99) 5.24 (1.81) #(78)= —4.99, p <.0001,
Q/F past 3 months 10.85 (9.40) 3.08 (3.89) t(7§)_=1f43\-.83, p <.0001,
Q/F past 30 days  10.71 (9.26) 2.74 (3.34) t(7(é):=1£)g.12, p<.0001,
d=1.16

Note. ASQ = alcohol sensitivity questionnaire; Q/F = alcohol quantity/
frequency, calculated as the number of drinking occasions per week
multiplied by the typical number of drinks consumed per occasion;
HS = high sensitivity; LS = low sensitivity.

Ninety-one individuals (ages 18-27; M =20, SD = 2) completed
the experiment in exchange for partial course credit or $30. Data
from five HS and six LS individuals were excluded due to comput-
er errors during testing (n = 3) or excessive artifact in the EEG
(i.e., greater than 25% of trials exceeded the artifact rejection crite-
ria of +/— 100 pV; n = 8). Therefore, analyses included data from
80 individuals (40 HS and 40 LS; 50% women).

Self-Report Measures

Typical alcohol use. Participants reported the average number of
drinking occasions (e.g., Once; 2-3 times) and average number of
drinks consumed per occasion in both the past 3 months and the
past 30 days using items adapted from the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) Task Force recommen-
dations (NIAAA, 2003). An alcohol quantity/frequency variable
was created by multiplying the number of typical drinking occa-
sions by the estimated number of drinks typically consumed per
occasion (see Table 1).

Alcohol sensitivity. Self-reported sensitivity to the acute effects
of alcohol was measured using the 15-item ASQ. This measure
was developed as a way of assessing variability in sensitivity to a
wider variety of alcohol effects than are queried in the Self-Report
of the Effects of Alcohol (SRE) form (Schuckit et al., 1997), which
focuses mainly on aversive effects associated with relatively large
doses of alcohol (e.g., stumbling gait; passing out) and which
requires respondents to recall effects of alcohol they often experi-
enced many years ago (i.e., their first five drinking experiences).
With the ASQ, respondents indicate whether or not they have ever
experienced each of 15 effects from drinking alcohol (e.g., feeling
more relaxed; feeling more talkative; feeling flirtatious; feeling
nauseous; passing out), and for each effect endorsed indicate the
minimum number of drinks they must consume in order to experi-
ence it (nine items, ostensibly associated with rewarding effects) or
the maximum number of drinks they can consume without experi-
encing it (six items, ostensibly associated with punishing effects).
For purposes of the current study, alcohol sensitivity scores were
calculated by averaging the number of drinks reported for each
item endorsed (i.e., collapsing across ostensibly rewarding and pun-
ishing effects).

Given evidence that patterns of missing data on alcohol survey
responses (i.e., more “missingness” on more severe items) produce
downwardly biased alcohol sensitivity estimates when traditional
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scoring methods are used, ASQ scores were calculated using a
recently developed standardized person mean imputation (SPMI)
approach (see Lee, Bartholow, McCarthy, & Sher, 2015). SPMI
assumes that individuals’ elevation relative to the mean should be
similar across items; therefore, each item on the ASQ was con-
verted into a z score before averaging across all nonmissing items
to create a composite ASQ score. Internal consistency in the cur-
rent sample was excellent (« =.92). The mean number of items
endorsed on the ASQ in this sample was 11.40.'

Construct validity of the ASQ has been demonstrated by
research (Fleming et al., 2016) showing that scores on the ASQ
predict self-reports of subjective alcohol effects during laboratory
alcohol challenge as well as or better than scores on the SRE. Spe-
cifically, higher scores (indicating the need for more drinks to
experience effects) were associated with increased feelings of stim-
ulation (under ascending blood alcohol concentration) and
decreased feelings of sedation, following a 0.80 g/kg dose of alco-
hol, generally consistent with predictions based in the modified
Differentiator Model of alcoholism risk (see King, de Wit, McNa-
mara, & Cao, 2011). Thus, for purposes of this research, higher
ASQ scores (i.e., the LS group) are assumed to reflect lower sensi-
tivity to alcohol’s sedative effects and heightened sensitivity to
alcohol’s stimulating effects.

Alcohol Stroop Task

The alcohol Stroop task was modified from previous work (Cox
et al., 1999; Field et al., 2007) to include a subset of words that
were matched on usage frequency and to manipulate the proportion
of word types across trial blocks. On each trial, participants were
presented with one of four alcohol-related words (WINE, BEER,
PUB, and BAR) or one of four neutral words (LAMP, KEY,
SHOE, and BOX) in the center of a computer monitor, each pre-
sented in one of four colors (red, blue, green, yellow). Their task
was to identify the color of the words as quickly as possible by
pressing one of four response buttons. Alcohol and neutral words
did not differ in length (alcohol: M = 3.5 letters, SD = 0.58; neu-
tral: M = 3.5 letters, SD = 0.57; t< 1, p=0.99) or log frequency
(alcohol: M =10.4, SD =0.86; neutral: M =10.2, SD=1.79;
t<1, p=0.88; Balota et al., 2007). Participants completed two
blocks of 192 trials each. The mostly neutral block consisted of
144 neutral words and 48 alcohol words; the mostly alcohol block
consisted of 144 alcohol words and 48 neutral words. Stimuli were
presented in a random order within a block; block order was coun-
terbalanced across participants. Stimuli remained on the screen
until the participant responded, followed by a blank screen for
1,000 ms.

Electrophysiological Recording and ERP Measurement

EEG was recorded from 32 Ag/AgCl electrodes fixed in a stretch-
lycra cap (Electro-Cap International, Eaton, OH) and placed

1. ASQ data initially were scored using traditional mean imputation
(i.e., items not endorsed by an individual are ignored in determining
her/his ASQ score), and participants were assigned to sensitivity groups
on the basis of those scores. However, subsequent to participant selec-
tion for this study, the improved SPMI scoring method was developed
(Lee et al., 2015), and this method was retroactively applied to the ASQ
data in the current sample. Critically, in the current dataset both
approaches yielded comparable ASQ scores (traditional approach: HS
M=17.09, SD=2.13; LS M=4.22, SD =1.98), and the significance of
reported group differences was comparable across the two scoring
methods.



1754

according to the standard 10-10 system (American Electroenceph-
alographic Society, 1994). Electrodes were referenced online to the
right mastoid; an average mastoid reference was calculated offline.
A ground electrode was placed along the frontal midline (Fpz). Sig-
nals were amplified using a Neuroscan Synamps2 amplifier (Com-
pumedics, Charlotte, NC) and filtered online at .01-40 Hz at a
sampling rate of 1,000 Hz. Impedance was kept below 5 KQ at all
channels. Ocular artifacts were corrected from the EEG signal off-
line using ICA in the EEGLAB toolkit (Delorme & Makeig, 2004).
Trials containing voltage deflections of +/— 100 pV were discarded
(< 2% of all trials). EEG data were segmented into epochs of
—200 to 1,000 ms of poststimulus activity (baseline: —200 to 0
ms) for construction of stimulus-locked ERPs. Separate averages
(low-pass filtered at 20 Hz) were created for each stimulus condi-
tion at each electrode, separately for the LS and HS groups.

Procedure

Upon arrival at the laboratory, participants provided informed con-
sent and completed the alcohol use measure. The electrode cap was
then applied and participants completed the alcohol Stroop task.”
Finally, the electrodes were removed and the participants were
debriefed, compensated, and dismissed.

Analytic Approach

To properly account for the mixed factorial nature of the study
design and apportion individual-level variance appropriately, pri-
mary analyses were carried out with multilevel modeling (MLM)
using SAS proc mixed (SAS Institute, 2008).> MLM has several
advantages over traditional repeated-measures analysis of variance
(ANOVA) for analyzing both psychophysiological data (see Krist-
jansson, Kircher, & Webb, 2007; Page-Gould, in press) and propor-
tion data, both of which frequently violate the assumption of
sphericity (i.e., that the variances of differences between factor lev-
els are equal). This assumption is relaxed in MLM, precluding the
need to apply an angular transform to the accuracy data in order to
normalize residual variance across conditions and minimize ceiling
effects. Other advantages of MLM include the ability to simulta-
neously estimate both within-participant and between-participants
effects (see Bryk & Raudenbush, 1992), the ability to specify sepa-
rate error terms at each level of nesting, and robustness to missing
observations, which in repeated-measures ANOVA leads to rejec-
tion of the individual’s entire record (i.e., list-wise deletion).

Here, data from each dependent variable were subjected to sep-
arate 2 (Group: HS, LS) x 2 (Block: mostly alcohol, mostly neutral)
x 2 (Trial: alcohol, neutral) mixed models with random intercepts
specified for each participant; an additional two-level factor for
electrode location (Fz, FCz) was included in the models examining
the N2 and FSW data. RTs were limited to responses made
between 100-2,000 ms after target onset, to reduce the influence of
a few extremely slow responses (< 1% of trials) and to eliminate
fast “guessing” responses. Initial inspection and analysis of the
ERPs indicated that N2 amplitude was maximal between 300400
ms poststimulus over the midline frontal and frontal-central electro-
des (Fz and FCz). Amplitude of the FSW was maximal over the

2. Participants also completed a color-word Stroop task following the
alcohol Stroop, but those data will not be reported in this manuscript.
We have otherwise reported all measures, conditions, data exclusions,
and sample sizes.

3. Versions of the analyses using more traditional repeated-measures
analyses of variance are reported in the Supporting Information.
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Table 2. Mean Accuracy and RT (ms) as a Function of Group,
Block, and Trial Type

Accuracy RT
Block
Mostly Mostly Mostly Mostly
Group Trial alcohol neutral alcohol neutral
LS
Alcohol 953 961 735 756
0.04 0.03 103 110
Neutral 959 957 743 740
0.03 0.04 108 101
HS
Alcohol 962 956 754 750
0.02 0.03 99 90
Neutral 958 959 755 735
0.03 0.03 102 85

Note. Ttalicized numbers are standard deviations.

same region of the scalp between 800 to 1,000 ms poststimulus.
Thus, these components were scored as the mean voltage within
those time windows at electrodes Fz and FCz.

Results
Behavioral Data

RT. The Block x Trial interaction was significant, F(1,
234) =4.60, p = 0.033, R?>=.019. RTs were slower for alcohol
(M =753 ms, SD=100) than neutral words (M =738 ms,
SD = 93) in the mostly neutral block, #(234) = 2.41, p = 0.017, but
did not differ significantly for alcohol (M =745 ms, SD = 101)
and neutral words (M = 749 ms, SD = 105) in the mostly alcohol
block, r< 1, p=0.534. The Group x Block interaction was also
significant, F(1, 234) = 5.23, p = 0.023, R? = .022. Examination of
the means suggests faster RTs in the mostly alcohol compared to
the mostly neutral block (A = —9 ms) among LS participants but
slower responses in the mostly alcohol compared to the mostly neu-
tral block (A = +12 ms) among HS participants; however, neither
of these block effects was significant, rs(234) < 1.85, ps > .066.
The Group x Block x Trial interaction was not significant (F < 1).

Our hypotheses specify a pattern in the RT data that is only par-
tially correlated with this higher-order interaction and is more
appropriately tested with a set of a priori contrasts (see Rosnow &
Rosenthal, 1995). Specifically, we predicted that LS individuals
would experience greater RT interference from alcohol words (rel-
ative to neutral words) in the mostly neutral block than in the most-
ly alcohol block, whereas no such block difference was anticipated
for the HS participants. To test the magnitude of this hypothesized
pattern, we computed a set of focused contrasts in which the trial
type effect was given larger weights in the mostly neutral block
(=2 and +2 for alcohol and neutral words, respectively) than in
the mostly alcohol block (+1 and —1, respectively) for LS partici-
pants, but equivalent weighting was used across blocks for HS par-
ticipants. This contrast was significant, #(234)=2.28, p =.023,
d = .51, supporting our prediction.

Accuracy. The Group x Block x Trial interaction was significant,
F(1, 234) =420, p=0.042, R> = .018 (see Table 2). To under-
stand this complex interaction, separate Block x Trial MLMs were
computed on the accuracy scores within the two groups. Neither of
these lower-order interactions was significant, Fs(1, 117) =2.57
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Table 3. Mean Amplitude (\V) of the N2 and FSW as a Func-
tion of Group, Block, and Trial Type

N2 FSwW
Block
Mostly Mostly Mostly Mostly
Group Trial alcohol neutral alcohol neutral
LS
Alcohol 1.12 0.42 0.02 0.45
3.89 3.99 1.96 2.38
Neutral 1.25 1.25 0.28 0.33
4.1 4.17 287 1.98
HS
Alcohol 0.64 0.89 0.11 —0.09
3.29 3.98 212 248
Neutral 0.19 0.94 0.14 0.09
3.93 3.58 2.11 2.19

Note. Ttalicized numbers are standard deviations.

and 1.65 for LS and HS, respectively, ps > .11. However, inspec-
tion of the means in Table 2 suggests the patterns of trial type
effects across the blocks were essentially opposite for LS and HS
participants. Of primary interest for our hypotheses was whether
LS individuals’ color-naming of alcohol words was more accurate
in the mostly alcohol compared to the mostly neutral block. Con-
trary to this prediction, LS participants were actually more accurate
on alcohol word trials in the mostly neutral block, #(117) = —2.16,
p = .033. Thus, this prediction was not supported.

Low Sensitivity
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ERP Markers of Reactive and Proactive Control

N2 amplitude. Analysis of mean N2 amplitude (see Table 3 and
Figure 1) revealed a number of significant interactions. First, the
Block x Trial interaction, F(1, 554) = 7.33, p =0.007, R?= .013,
indicated that N2 amplitude was greater (more negative) for alco-
hol (M = .66 uV, SD = 3.97) than for neutral words (M = 1.10 uV,
SD =3.86) in the mostly neutral block, #(554) =2.79, p = 0.005,
but did not differ significantly for alcohol (M = .88 uV, SD = 3.59)
and neutral words (M = .72 puV, SD = 4.03) in the mostly alcohol
block #(554) = —1.04, p = .297. The Group x Trial interaction was
also significant, F(1, 554) =9.28, p = 0.002, R?=.016. For HS
individuals, N2 amplitude did not differ significantly for alcohol
M=.77 pV, SD=350) and neutral words (M =.56 uV,
SD =3.63), F<1, p=0.364. For LS individuals, however, N2
amplitude was significantly greater (more negative) for alcohol
M= .77 uV, SD = 3.84) than neutral words (M =1.25 uV, SD
=4.01), #(554) = —3.05, p=0.002. Finally, the Group x Block
interaction was significant, F(1, 554)=14.57, p<0.001,
R*=.026. For HS individuals, N2 amplitude was larger (more neg-
ative) in the mostly alcohol (M = .42 uV, SD = 3.53) compared to
the mostly neutral block (M = .92 uV, SD = 3.65), t(277) = 3.12,
p = 0.002; in contrast, for LS individuals N2 amplitude was larger
in the mostly neutral block (M = .84 pV, SD =3.99) than in the
mostly alcohol block (M = 1.18 uV, SD =3.91), F(1, 277) =5.13,
p=0.024.

Our primary prediction for the N2 amplitude data was that LS
participants would experience larger N2 contflict effects (alcohol-
>neutral words) in the mostly neutral block compared to the

High Sensitivity
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Figure 1. Stimulus-locked ERP waveforms for LS (left-hand column) and HS (right-hand column) individuals, illustrating the N2 (white arrow) and
FSW (black arrow) components. “S” (time zero) indicates stimulus array onset.
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mostly alcohol block; no such block effect was predicted for the
HS group. These predictions were tested with a set of a priori con-
trasts in which the trial type effect was given larger weights in the
mostly neutral block (—2 and +2 for alcohol and neutral words,
respectively) than in the mostly alcohol block (+1 and —1, respec-
tively) for LS participants, but equivalent weighting was used
across blocks for HS participants. This contrast was significant,
1(554) =345, p < .001, d = .989, supporting our prediction.

Although not predicted, inspection of the means in Table 3 sug-
gests HS participants experienced larger N2 effects to neutral
words in the mostly alcohol block than in the mostly neutral block,
whereas alcohol words seemed to elicit equivalent N2 amplitudes
in both blocks. In theory, this could occur if neutral words (espe-
cially when infrequent) are more salient than alcohol words to HS
individuals. To test the magnitude of this apparent difference, we
constructed a post hoc contrast specifying larger weights for neutral
words across blocks (—2 and +2, respectively) than for alcohol
words (+1 and —1). This contrast was significant, #(554) = 2.53,
p=.012.

FSW amplitude. The analysis of FSW amplitudes (see Table 3
and Figure 1) revealed no significant main effects or interactions,
Fs(1, 554) <2.59, ps >0.108. However, the pattern of means in
Table 3 is generally consistent with the prediction that, among LS
participants, the FSW would be larger (less positive) in the mostly
alcohol block than in the mostly neutral block. We tested this pre-
diction using a set of a priori contrasts in which larger weights
were assigned to the alcohol block (—2 and +2) than the neutral
block (+1 and —1) for the LS group but equal weighting of block
blocks for the HS group. This contrast was marginal, #(554) = 1.68,
p=.093.

Testing the reactive-proactive dissociation. DMC theory pos-
its a dissociation between reactive and proactive forms of con-
trol, which should vary according to the likelihood of conflict
(De Pisapia & Braver, 2006). The pattern of means in Table 3
appears to suggest differential sensitivity among LS participants
of the N2 (reactive control) and FSW (proactive control) to alco-
hol words as a function of their relative frequency: whereas the
N2 was largest to alcohol words in the mostly neutral block, the
FSW was largest to alcohol words in the mostly alcohol block.
To test whether this apparent dissociation was significant, we
applied a set of contrasts to the alcohol word responses across
blocks, differentially weighting the N2 (+2 and —2 for mostly
alcohol and mostly neutral, respectively) and FSW (—2 and +2,
respectively) for LS participants, and assigning equivalent
weights across blocks and components for the HS participants.
This contrast was significant, #(554) = 2.26, p = .024, supporting
the idea that the probability of encountering alcohol-related
stimuli differentially engages reactive and proactive control pro-
cesses in LS drinkers.

Associating Neural and Behavioral Indices of Control

Although not specifically predicted, we explored possible asso-
ciations between our behavioral and ERP measures using a
series of bivariate correlations calculated in conditions of theo-
retical interest. First, our primary prediction that alcohol words
would elicit conflict among the LS participants suggests an asso-
ciation between the N2 amplitude and RT measures for alcohol
words. This correlation was significant for trials in the mostly
neutral block (when conflict was strongest), r = —.320, p = .044,
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but not for trials in the mostly alcohol block (when conflict was
less pronounced), r =—.167, p =.303. The pattern in the mostly
neutral block suggests that individuals who experienced more
conflict (larger [less positive] N2 amplitude) for alcohol words
also tended to respond more slowly to those words. Analogous
correlations between N2 and RT measures on alcohol word trials
among HS participants were small and nonsignificant (rs < .09,
ps > .56).

The other prediction suggesting an association between
behavioral and neural measures was that LS individuals would
be more accurate in color-naming alcohol words in the mostly
alcohol block than in the mostly neutral block, and that this
would be accompanied by larger FSW in the mostly alcohol than
in the mostly neutral block. As already reported, the hypothesis
of greater accuracy for alcohol words in the mostly alcohol
block was not supported, suggesting that LS participants had dif-
ficulty implementing proactive control in the context of frequent
high-conflict stimuli. Examination of the correlation between
accuracy and FSW amplitude in this condition showed a nonsig-
nificant but modest positive association, r = .258, p =.108. The
positive sign on this correlation indicates that increased accura-
cy was associated with smaller (more positive) FSW amplitude,
contrary to what might be expected.

Finally, we examined the associations between the N2 and
FSW across conditions for both groups. In essence, these associa-
tions can be said to reflect the degree of similarity in the sensitivity
of the reactive (N2) and proactive (FSW) cognitive control systems
within each group. Interestingly, whereas the two neural measures
were correlated in all conditions among HS participants, rs = .406
to .559, ps <.009, they did not correlate in any condition among
LS participants, rs = .024 to .095, ps > .557.

Discussion

On the basis of prior research suggesting that alcohol-related
cues capture attention and distract at-risk drinkers from the pur-
suit of larger goals (Cox et al., 1999; Fleming & Bartholow,
2014; Shin et al., 2010), it was predicted here that for LS partici-
pants, the meaning of alcohol-related words would conflict with
the task of naming their color. It was further predicted on the
basis of recent theorizing (Braver, 2012) that the relative fre-
quency of alcohol-related words would determine the conflict
processes they engendered and hence, the control strategies LS
individuals would employ to deal with that conflict. Consistent
with these predictions, among LS (but not HS) participants RTs
were slower and N2 amplitudes greater for alcohol trials than for
neutral trials in the mostly neutral block, relative to the mostly
alcohol block. This pattern suggests that reactive control pro-
cesses were recruited in response to the rather unpredictable
conflict alcohol words created in the mostly neutral block. How-
ever, the current data provide only mixed support for the idea
that alcohol stimuli encountered under conditions of more fre-
quent conflict (i.e., the mostly alcohol block) recruit proactive
control in LS drinkers. On the one hand, LS participants experi-
enced less RT interference from alcohol (relative to neutral)
words in the mostly alcohol block (—8 ms) compared to the
mostly neutral block (16 ms), and there was also no conflict-
related N2 amplitude effect in the mostly alcohol block, consis-
tent with the DMC-based prediction that proactive control domi-
nates when conflict is more frequent (Braver, 2012; De Pisapia
& Braver, 2006), which reduces the experience of conflict “in
the moment.” The fact that the FSW elicited on alcohol word
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trials showed essentially the opposite pattern—Ilarger in the
mostly alcohol block compared to the mostly neutral block—rel-
ative to the N2 also supports this idea and is consistent with pre-
vious work showing a double dissociation among neural
responses linked to reactive and proactive control across condi-
tions of low- versus high-frequency conflict (West & Bailey,
2012).

On the other hand, LS participants were less accurate in identi-
fying the color of alcohol words when they were more frequent, a
pattern inconsistent with what both theory (Braver, 2012) and pre-
vious research (West & Bailey, 2012) have associated with the
influence of proactive control. Thus, more work is needed to deter-
mine the extent to which LS individuals can engage proactive con-
trol in situations saturated with alcohol cues.

At first glance, it can seem somewhat puzzling that the larger
RT interference effects reported under conditions of low-
probability conflict, both here and in previous research (e.g.,
Bugg & Hutchison, 2013; De Pisapia & Braver, 2006; West &
Bailey, 2012), are associated with utilization of a form of control
given that RT interference often has been interpreted as evi-
dence of failure (or at least difficulty) in overcoming some
stimulus-related conflict. However, considering the current
behavioral and ERP data together provides a context in which to
understand this interference effect as reflecting control imple-
mentation. For instance, LS participants’ responses to alcohol
words in the mostly neutral block were both slower and more
accurate, suggesting a more careful (as opposed to quick and
impulsive) response strategy on those trials. When considered
alongside the enhanced N2 experienced by LS participants on
those trials, this pattern points to a process by which conflict
detection (N2 amplitude) prompted a more deliberative activa-
tion of motor responses to ensure accurate color-naming perfor-
mance, consistent with numerous neurocognitive control models
(e.g., Botvinick & Cohen, 2014; Carter & van Veen, 2007) and
the putative role of ACC in guiding goal-directed motor
responses (Hoffstaedter et al., 2014).

In recent years a number of studies have reported findings
consistent with the idea that alcohol-related stimuli are particu-
larly motivationally salient to LS drinkers (Bartholow, Henry, &
Lust, 2007; Bartholow et al., 2010), leading such stimuli to
spontaneously capture their attention (Shin et al., 2010) and
interfere with self-regulatory goal pursuit (Fleming & Bartho-
low, 2014). The current study extends this previous work in
three important ways. First, whereas previous research has
shown that LS individuals are more reactive than their HS peers
to visual alcohol cues, the current work indicates that even
abstract, verbal stimuli associated with alcohol are salient to LS
drinkers, producing conflict that interferes with task goals. Sec-
ond and more broadly, whereas previous work (Fleming & Bar-
tholow, 2014) showed that alcohol-related cues exacerbate the
experience of conflict for LS drinkers in a situation that express-
ly called for conflict resolution (i.e., withholding responses to
infrequent no-go targets), the current findings indicate that
alcohol-related cues can cause conflict even in contexts where
cognitive/inhibitory control is not expressly called for. One
potential implication is that for LS individuals, environments
rich in alcohol-related cues might pose extraordinary challenges
for maintaining goal pursuit and self-regulatory control. Finally,
by specifically linking attention bias, cue-elicited response con-
flict and performance in the alcohol Stroop task to neural and
behavioral markers of reactive and proactive cognitive control
(Braver, 2012), the current research provides a theoretically rich
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context in which to understand problematic cue reactivity
responses in LS drinkers.

A few limitations of the current study should be mentioned.
First, the alcohol sensitivity groups were derived from scores on
the ASQ, and although the construct validity of this measure
recently has been demonstrated (see Fleming et al., 2016), such
self-report measures only partially capture the full scope of dif-
ferences in alcohol sensitivity. Additionally, despite controlling
for the frequency of stimulus words used in the alcohol Stroop
in this study, it could be that LS and HS drinkers have different
exposure histories with alcohol words that could influence their
reactivity to them. This seems unlikely, however, given that all
participants were selected from a university campus where alco-
hol is ubiquitous and where even nondrinkers are routinely
exposed to alcohol cues.

Another limitation of this and all such studies is that the indi-
vidual differences design limits our ability to draw causal infer-
ences concerning alcohol sensitivity and cognitive control.
Although considerable evidence points to genetic factors in
accounting for interindividual variability in alcohol sensitivity
(e.g., Joslyn, Ravindranathan, Brush, Schuckit, & White, 2010;
Viken, Rose, Morzorati, Christian, & Li, 2003), it could be that
both cue-reactivity differences and alcohol sensitivity levels are
rooted in other causes, such as differences in the frequency or
quantity of alcohol consumption, which also influence conflict
and cognitive control. Indeed, given that ASQ scores and alco-
hol consumption (quantity-frequency composite) generally cor-
relate modestly (r = .32, p = .004 in the current dataset; see also
Bartholow et al., 2007, 2010; Fleming & Bartholow, 2014), it
could be that the effects associated with alcohol sensitivity
reported here are simply masking effects associated with con-
sumption levels. To examine this possibility, we conducted a set
of ancillary analyses in which the sample was divided into rela-
tively heavy-drinking and light-drinking groups on the basis of
self-reported alcohol use in the past 30 days (see Table 1). These
analyses produced no significant interactions involving the
group variable.* Although this pattern supports the contention
that alcohol sensitivity and consumption are not identical con-
structs with overlapping associations to other processes (Bartho-
low et al., 2007; Schuckit et al., 2011), distinguishing their
relative contributions to cognitive control and cue-reactivity
remains an important issue for the field.

In conclusion, the current study provides further support for the
idea that alcohol-related cues produce conflict that can interfere
with LS individuals’ goal pursuit. Moreover, further investigating
this and related questions within the DMC model framework
(Braver, 2012), from which hypotheses regarding specific modes
of control operating under varying environmental circumstances
can be tested, may provide an opportunity to increase understand-
ing of cognitive factors that convey greater risk for alcohol abuse
and related problems (Gierski et al., 2013). It would be useful for
future research to continue to examine potential trade-offs between

4. Some might assume that a better approach to addressing this con-
cern would be to include the alcohol quantity-frequency variable as a
covariate in the primary analyses. However, given the association
between alcohol consumption and sensitivity, alcohol consumption
should not be considered an independent, confounding factor in sensitiv-
ity levels, and therefore this approach would be inappropriate on both
conceptual and empirical grounds (see Miller & Chapman, 2001).
Paraphrasing Miller and Chapman, statistical methods cannot remove
the “effect” of one variable from another variable if the two represent
conceptually overlapping constructs.
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reactive and proactive forms of control, their associations with lev-
els of alcohol sensitivity, and their links to alcohol-related negative

Bailey and Bartholow

consequences, which could suggest avenues for intervention with
at-risk drinkers.

References

Bailey, K., Bartholow, B. D., Saults, J. S., & Lust, S. A. (2014). Give me
just a little more time: Effects of alcohol on the failure and recovery of
cognitive control. Journal of Abnormal Psychology, 123, 152-167. doi:
10.1037/e528942014-686

Bailey, K., West, R., & Anderson, C. A. (2010). A negative association
between video game experience and proactive cognitive control. Psy-
chophysiology, 47, 34-42. doi: 10.1111/j.1469-8986.2009.00925.x

Balota, D. A., Yap, M. J., Cortese, M. J., Hutchison, K. A., Kessler, B.,
Loftis, B., et al. (2007). The English Lexicon Project. Behavior
Research Methods, 39, 445-459. doi: 10.3758/BF03193014

Bartholow, B. D., Henry, E. A., & Lust, S. A. (2007). Effects of alcohol
sensitivity on P3 event-related potential reactivity to alcohol cues. Psy-
chology of Addictive Behaviors, 21, 555-563. doi: 10.1037/0893-
164x.21.4.555

Bartholow, B. D., Lust, S. A., & Tragresser, S. L. (2010). Specificity of P3
event-related potential reactivity to alcohol cues in individuals low in
alcohol sensitivity. Psychology of Addictive Behaviors, 24, 220-228.
doi: 10.1037/a0017705

Botvinick, M., & Cohen, J. D. (2014). Computational models of executive
control: Charted territory and new frontiers. Cognitive Science, 38,
1249-1285. doi: 10.1111/cogs.12126

Braver, T. S. (2012). The variable nature of cognitive control: A dual
mechanisms framework. Trends in Cognitive Sciences, 16, 106—113.
doi: 10.1016/j.tics.2011.12.010

Bryk, A. S., & Raudenbush, S. W. (1992). Hierarchical linear models:
Applications and data analysis techniques. Newbury Park, CA: Sage.

Bugg, J. M., & Hutchison, K. A. (2013). Converging evidence for control
of color-word Stroop interference at the item level. Journal of Experi-
mental Psychology: Human Perception & Performance, 39, 433-449.
doi: 10.1037/20029145

Carter, C. S., & van Veen, V. (2007). Anterior cingulate cortex and conflict
detection: An update of theory and data. Cognitive, Affective and
Behavioral Neuroscience, 7, 367-379. doi: 10.3758/cabn.7.4.367

Cox, W. M., Yeates, G. N., & Regan, C. M. (1999). Effects of alcohol cues
on cognitive processing in heavy and light drinkers. Drug and Alcohol
Dependence, 55, 85-89. doi: 10.1016/s0376-8716(98)00186-0

Delorme, A., & Makeig, S. (2004). EEGLAB: An open source toolbox for
analysis of single-trial EEG dynamics including independent compo-
nent analysis. Journal of Neuroscience Methods, 134, 9-21. doi:
10.1016/j.jneumeth.2003.10.009

De Pisapia, N., & Braver, T. S. (2006). A model of dual control mecha-
nisms through anterior cingulate and prefrontal cortex interactions.
Neurocomputing, 69, 1322—1326. doi: 10.1016/j.neucom.2005.12.100

Field, M., Christiansen, P., Cole, J., & Goudie, A. (2007). Delay discount-
ing and the alcohol Stroop in heavy drinking adolescents. Addiction,
102, 579-586. doi: 10.1111/j.1360-0443.2007.01743.x

Fleming, K. A., & Bartholow, B. D. (2014). Alcohol cues, approach bias,
and inhibitory control: Applying a dual process model of addiction to
alcohol sensitivity. Psychology of Addictive Behaviors, 28, 85-96. doi:
10.1037/a0031565

Fleming, K. A., Bartholow, B. D., Hilgard, J., McCarthy, D. M., & Sher,
K. J. (2016). The Alcohol Sensitivity Questionnaire: Evidence for con-
struct validity. Alcoholism: Clinical and Experimental Research, 40,
880-888. doi: 10.1111/acer.13015

Folstein, J. R., & Van Petten, C. (2008). Influence of cognitive control and
mismatch on the N2 component of the ERP: A review. Psychophysiolo-
gy, 45, 152-170. doi: 10.1111/j.1469-8986.2007.00602.x

Gierski, F., Hubsch, B., Stefaniak, N., Benzerouk, F., Cuervo-Lombard, C.,
Bera-Potelle, C., et al. (2013). Executive functions in adult offspring of
alcohol-dependent probands: Toward a cognitive endophenotype? Alco-
holism: Clinical and Experimental Research, 37, E356-E363. doi:
10.1111/5.1530-0277.2012.01903.x

Hoffstaedter, F., Grefkes, C., Caspers, S., Roski, C., Palomero-
Gallagher, N., Laird, A.R., et al. (2014). The role of anterior midcin-
gulate cortex in cognitive motor control: Evidence from functional
connectivity analyses. Human Brain Mapping, 35, 2741-2753. doi:
10.1002/hbm.22363

Johnsen, B. H., Laberg, J. C., Cox, W. M., Vaksdal, A., & Hugdahl, K.
(1994). Alcoholic subjects’ attentional bias in the processing of

alcohol-related words. Psychology of Addictive Behaviors, 8, 111-115.
doi: 10.1037/0893-164X.8.2.111

Joslyn, G., Ravindranathan, A., Brush, G., Schuckit, M., & White, R. L.
(2010). Human variation in alcohol response is influenced by variation
in neuronal signaling genes. Alcoholism: Clinical and Experimental
Research, 34, 800-812. doi: 10.1111/j.1530-0277.2010.01152.x

King, A. C., de Wit, H., McNamara, P. J., & Cao, D. (2011). Rewarding,
stimulant, and sedative alcohol responses and relationship to future
binge drinking. Archives of General Psychiatry, 68, 389-399. doi:
10.1001/archgenpsychiatry.2011.26

Kristjansson, S. D., Kircher, J. C., & Webb, A. K. (2007). Multilevel mod-
els for repeated measures research designs in psychophysiology: An
introduction to growth curve modeling. Psychophysiology, 44, 728—
736. doi: 10.1111/j.1469-8986.2007.00544.x

Larson, M. J., Clayson, P. E., & Clawson, A. (2014). Making sense of all
the conflict: A theoretical review and critique of conflict-related ERPs.
International Journal of Psychophysiology, 93, 283-297. doi: 10.1016/
j-1jpsycho.2014.06.007

Lee, M. R., Bartholow, B. D., McCarthy, D. M., & Sher, K. J. (2015). Two
alternative approaches to conventional person-mean imputation scoring
of the Self-Rating of the Effects of Alcohol scale (SRE). Psychology of
Addictive Behaviors, 29, 231-236. doi: 10.1037/adb0000015

Miller, G. A., & Chapman, J. P. (2001). Misunderstanding analysis of
covariance. Journal of Abnormal Psychology, 110, 40-48. doi:
10.1037/0021-843X.110.1.40

Morean, M. E., & Corbin, W. R. (2010). Subjective response to alcohol: A
critical review of the literature. Alcoholism: Clinical and Experimental
Research, 34, 385-395. doi: 10.1111/5.1530-0277.2009.01103.x

Murphy, P., & Garavan, H. (2011). Cognitive predictors of problem drink-
ing and AUDIT scores among college students. Drug and Alcohol
Dependence, 115, 94-100. doi: 10.1016/j.drugalcdep. 2010.10.011

National Institute on Alcohol Abuse and Alcoholism (NIAA). (2003). Rec-
ommended alcohol questions. Retrieved August 15, 2016, from https://
www.niaaa.nih.gov/research/guidelines-and-resources/recommended-
alcohol-questions

Nieuwenhuis, S., Yeung, N., van den Wildenberg, W., & Ridderinkhof, K.
R. (2003). Electrophysiological correlates of anterior cingulate function
in a go/no-go task: Effects of response conflict and trial type frequency.
Cognitive, Affective, & Behavioral Neuroscience, 3, 17-26. doi:
10.3758/cabn.3.1.17

O’Neill, S. E., Sher, K. J., & Bartholow, B. D. (2002). Alcohol susceptibili-
ty and tolerance in young adults. Alcoholism: Clinical and Experimen-
tal Research, 26, 119A.

Page-Gould, E. (In press). Multilevel modeling. In J. T. Cacioppo, L. Tas-
sinary, & G. Berntson (Eds.), The Handbook of Psychophysiology (4th
ed.). New York: Cambridge University Press.

Ray, L. A., Mackillop, J., & Monti, P. M. (2010). Subjective responses to
alcohol consumption as endophenotypes: Advancing behavioral genet-
ics in etiological and treatment models of alcoholism. Substance Use &
Misuse, 45, 1742—1765. doi: 10.3109/10826084.2010.482427

Rosnow, R. L., & Rosenthal, R. (1995). “Some things you learn aren’t so”:
Cohen’s paradox, Asch’s paradigm, and the interpretation of interaction.
Psychological Science, 6, 3-9. doi: 10.1111/j.1467-9280.1995.tb00297.x

SAS Institute, Inc. (2008). The mixed procedure. SASISTAT® 9.2 User’s
Guide. Cary, NC: SAS Institute.

Schuckit, M. A. (1998). Biological, psychological and environmental pre-
dictors of the alcoholism risk: A longitudinal study. Journal of Studies
on Alcohol, 59, 485-494. doi: 10.15288/jsa.1998.59.485

Schuckit, M. A., Smith, T. L., Danko, G. P., Pierson, J., Hesselbrock, V.,
Bucholz, K. K., et al. (2007). The ability of the Self-Rating of the
Effects of Alcohol (SRE) Scale to predict alcohol-related outcomes five
years later. Journal of Studies on Alcohol and Drugs, 68, 371-378. doi:
10.15288/jsad.2007.68.371

Schuckit, M. A., Smith, T. L., & Tipp, J. E. (1997). The Self-Rating of the
Effects of Alcohol (SRE) form as a retrospective measure of the risk
for alcoholism. Addiction, 92, 979-988. doi: 10.1046/j.1360-
0443.1997.9289797.x

Schuckit, M. A., Smith, T. L., Trim, R. S., Allen, R. C., Fukukura, T.,
Knight, E. E., et al. (2011). A prospective evaluation of how a low level


info:doi/10.1037/e528942014-686
info:doi/10.1111/j.1469-8986.2009.00925.x
info:doi/10.3758/BF03193014
info:doi/10.1037/0893-164x.21.4.555
info:doi/10.1037/0893-164x.21.4.555
info:doi/10.1037/a0017705
info:doi/10.1111/cogs.12126
info:doi/10.1016/j.tics.2011.12.010
info:doi/10.1037/a0029145
info:doi/10.3758/cabn.7.4.367
info:doi/10.1016/s0376-8716(98)00186-0
info:doi/10.1016/j.jneumeth.2003.10.009
info:doi/10.1016/j.neucom.2005.12.100
info:doi/10.1111/j.1360-0443.2007.01743.x
info:doi/10.1037/a0031565
info:doi/10.1111/acer.13015
info:doi/10.1111/j.1469-8986.2007.00602.x
info:doi/10.1111/j.1530-0277.2012.01903.x
info:doi/10.1002/hbm.22363
info:doi/10.1037/0893-164X.8.2.111
info:doi/10.1111/j.1530-0277.2010.01152.x
info:doi/10.1001/archgenpsychiatry.2011.26
info:doi/10.1111/j.1469-8986.2007.00544.x
info:doi/10.1016/j.ijpsycho.2014.06.007
info:doi/10.1016/j.ijpsycho.2014.06.007
info:doi/10.1037/adb0000015
info:doi/10.1037/0021-843X.110.1.40
info:doi/10.1111/j.1530-0277.2009.01103.x
info:doi/10.1016/j.drugalcdep.2010.10.011
http://https://www.niaaa.nih.gov/research/guidelines-and-resources/recommended-alcohol-questions
http://https://www.niaaa.nih.gov/research/guidelines-and-resources/recommended-alcohol-questions
http://https://www.niaaa.nih.gov/research/guidelines-and-resources/recommended-alcohol-questions
info:doi/10.3758/cabn.3.1.17
info:doi/10.3109/10826084.2010.482427
info:doi/10.1111/j.1467-9280.1995.tb00297.x
info:doi/10.15288/jsa.1998.59.485
info:doi/10.15288/jsad.2007.68.371
info:doi/10.1046/j.1360-0443.1997.9289797.x
info:doi/10.1046/j.1360-0443.1997.9289797.x

Alcohol sensitivity and cognitive control

of response to alcohol predicts later heavy drinking and alcohol prob-
lems. The American Journal of Drug and Alcohol Abuse, 37, 479—486.
doi: 10.3109/00952990.2011.598590

Sher, K. J., & Wood, M. D. (2005). Subjective effects of alcohol II: Indi-
vidual differences. In M. Earleywine (Ed.), Mind altering drugs: Scien-
tific evidence for subjective experience (pp. 135-153). New York:
Oxford University Press.

Shin, E., Hopfinger, J. B., Lust, S. A., Henry, E. A., & Bartholow, B. D.
(2010). Electrophysiological evidence of alcohol-related attentional
bias in social drinkers low in alcohol sensitivity. Psychology of Addic-
tive Behaviors, 24, 508-515. doi: 10.1037/a0019663

Trim, R. S., Schuckit, M. A., & Smith, T. L. (2009). The relationship of
the level of response to alcohol and additional characteristics to alcohol
use disorders across adulthood: A discrete-time survival analysis. Alco-
holism: Clinical and Experimental Research, 33, 1562-1570. doi:
10.1111/5.1530-0277.2009.00984.x

Van Veen, V., & Carter, C. S. (2002). The anterior cingulate as a conflict
monitor: fMRI and ERP studies. Physiology & Behavior, 77, 477-482.
doi: 10.1016/S0031-9384(02)00930-7

Viken, R. J., Rose, R. J., Morzorati, S. L., Christian, J. C., & Li, T. K.
(2003). Subjective intoxication in response to alcohol challenge: Herita-

1759

bility and covariation with personality, breath alcohol level, and drink-
ing history. Alcoholism: Clinical and Experimental Research, 27, 795—
803. doi: 10.1097/01.ALC.0000067974.41160.95

West, R., & Bailey, K. (2012). ERP correlates of dual mechanisms of con-
trol in the counting Stroop task. Psychophysiology, 49, 1309-1318. doi:
10.1111/j.1469-8986.2012.01464.x

West, R., Bailey, K., Tiernan, B. N., Boonsuk, W., & Gilbert, S. (2012).
The temporal dynamics of medial and lateral frontal neural activity
related to proactive cognitive control. Neuropsychologia, 50, 3450—
3460. doi: 10.1016/j.neuropsychologia.2012.10.011

(RecevED May 15, 2015; Acceptep July 30, 2016)

Supporting Information

Additional Supporting Information may be found in the online
version of this article:

Appendix S1.


info:doi/10.3109/00952990.2011.598590
info:doi/10.1037/a0019663
info:doi/10.1111/j.1530-0277.2009.00984.x
info:doi/10.1016/S0031-9384(02)00930-7
info:doi/10.1097/01.ALC.0000067974.41160.95
info:doi/10.1111/j.1469-8986.2012.01464.x
info:doi/10.1016/j.neuropsychologia.2012.10.011

