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Abstract Objective: This study evaluated whether alco-
hol attentional bias is an artifact of excessive drinkers'
impaired cognitive functioning, which adversely affects
their performance on the classic Stroop test (a measure of
inhibitory control) and the Shipley Institute of Living
Scale (SILS; a measure of verbal and abstraction ability).
Both tests measure aspects of executive cognitive func-
tioning (ECF). Methods: Social drinkers (N=87) and alcohol-
dependent drinkers (N=47) completed a measure of alcohol
consumption, classic and alcohol-related Stroop tests, and
the SILS. Results: A multivariate analysis of variance
(MANOVA) showed that the dependent drinkers were
poorer on the cognitive measures (SILS scores and classic
Stroop interference) and had greater alcohol attentional
bias than the social drinkers. An analysis of covariance
(ANCOVA) in which the cognitive measures were con-
trolled showed that the dependent drinkers' greater alcohol
attentional bias was not an artifact of their poorer cognitive
performance. Conclusion: The results are discussed in
terms of cognitive–motivational models, which suggest that
excessive drinking sensitizes alcohol abusers' attentional
responsiveness to alcohol-related stimuli to a degree that
exceeds the adverse effects of alcohol on their general
cognitive functioning.

Keywords Alcohol abuse . Attentional bias . Stroop
paradigm . Executive cognitive functioning . Cognitive
bias . Current concern

Introduction

People who abuse alcohol are often unaware of the factors
that influence their decisions to drink (McCusker 2001;
Wiers et al. 2002), leading some authors to conclude that
alcohol abusers have little control over their drinking
(Lyvers 2000; Skutle and Berg 1987). Drinkers' automatic
reactivity to alcohol stimuli is one of the mechanisms
responsible for their lack of control (e.g., Tiffany 1990). It
manifests itself as (a) a persistent preoccupation with
alcohol (McCusker 2001; Roberts and Koob 1997) and (b)
drinking alcohol despite awareness of the negative conse-
quences of doing so (Roberts and Koob 1997).

Automatic reactions to stimuli cannot occur indepen-
dently of a person's attentional system. From the multitude
of stimuli impinging on an individual's sensory–perceptual
system, attentional mechanisms filter in the most salient
stimuli for further cognitive processing (MacLeod and
MacDonald 2000). Attentional bias occurs when the
attentional channeling is directed toward emotionally
valued stimuli despite an individual's efforts to ignore
them (Williams et al. 1996). For example, when passing a
liquor store, an alcohol abuser might be unable to ignore the
alcohol products displayed in the window. Once the
distraction has begun, it can activate mechanisms that
eventuate in the act of drinking (Tiffany 1990). Because of
its theoretical and applied implications, disorder-specific
attentional bias has become an important topic of research
(Williams et al. 1996).

Various paradigms have been used to study alcohol-
related cognitive biases, examples of which include memory
association (e.g., Stacy 1997), implicit association (e.g.,
Wiers et al. 2002), and knowledge acquisition (e.g., Pothos
and Cox 2002) tasks. There are also paradigms that are
specifically used to assess attentional bias for alcohol-related
stimuli. They include dot-probe (Duka and Townshend
2004), flicker (Jones et al. 2003), and dual-task (Waters and
Green 2003) paradigms. A modified version of the classic
Stroop task (Stroop 1935), the emotional Stroop test, is
particularly sensitive to attentional bias (Williams et al.
1996). An emotional Stroop test contains emotionally salient
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(e.g., alcohol-related) words and emotionally neutral words
(e.g., building-related items) that are presented in different
colors; the participant's task is to name the colors while
ignoring the meaning of the words. Attentional bias, or
interference, occurs when participants color name the salient
words more slowly than the neutral ones. Many studies have
used this test to uncover cognitive processes underlying
various kinds of psychopathology (seeWilliams et al. 1996),
including alcohol and other substance abuse (Cox et al.
2005). Individuals with a specific psychopathology take
longer to color name words related to their disorder than
disorder-unrelated words. Disorder-related versions of the
Stroop test are referred to as the emotional Stroop (Williams
et al. 1996) because disorder-related stimuli are emotionally
salient to people with the disorder.

The alcohol Stroop test contains alcohol-related and
neutral words; on it, both alcohol-dependent drinkers and
heavy social drinkers show attentional bias for the alcohol
stimuli (Cox et al. 2005). There have been various ex-
planations to account for interference by alcohol-related
stimuli, including ones related to participants' mood state,
their relative speed of processing ink colors and word
meanings, and their neural sensitization to alcohol-related
stimuli. However, the strongest support is for explanations
based on the emotional salience and concern-relatedness of
the stimuli for individual participants (see Cox et al. 2005).
According to this view, clinical samples process disorder-
related stimuli differently than other individuals because
the stimuli have positive or negative incentive value for
clinical participants (e.g., Williams et al. 1996). Support
comes from the observation that disorder-related attention-
al bias is reduced following successful treatment (e.g.,
Mogg et al. 1995; Watts et al. 1986).

Both animal (e.g., Koob 2003) and human (e.g.,
Robinson and Berridge 2003) models provide evidence
that a history of alcohol abuse is associated with changes in
brain organization and that the brain systems that are altered
include neural circuits involved in incentive motivation and
reactions to reward. Robinson and Berridge argue that
although implicit S–S associations activate this circuitry,
the associations themselves can remain normal, even in
addicted individuals. However, the neural system generates
incentive salience, which is abnormal and leads to path-
ological “wanting” in addicted individuals.

Robinson and Berridge further argue that reactions to
alcohol-related cues, which contribute to alcohol wanting,
are mediated by alcohol-induced dysfunctions in the
prefrontal cortical systems that are involved in emotional
regulation, decision-making, judgment, and inhibitory
processes. These processes are part of a network of
executive cognitive functions (ECF; Bunge et al. 2000;
Moselhy et al. 2001; Mantere et al. 2002). ECF is important
in situations requiring error recognition and correction
(Allman et al. 2001; Bush et al. 2000) and conflict moni-
toring and correction (van Veen et al. 2001).

The adverse effects of excessive alcohol consumption on
the prefrontal lobes (e.g., Grant and Mohns 1975) are often
related to functions such as planning, set shifting, and
continuous performance (Marksteiner et al. 2002) and

problem solving and abstract thinking (Lawton-Craddock
et al. 2003). For example, it has been reported that alcohol
abusers show poorer performance on the Shipley Institute
of Living Scale Vocabulary (SILS-V) and Abstraction
(SILS-A) scales than nonabusers (e.g., Nixon et al. 1995).
The adverse effects are exacerbated by a long history of
alcohol abuse.

Similarly, acute doses of alcohol impair information-
processing abilities, including (a) stimulus detection,
stimulus recognition, response selection, and response
execution (Maylor and Rabbitt 1993) and (b) planning,
inhibition, rule detection, coordination on dual tasks, and
speed of processing (see Ciesielski et al. 1995; Deckel et al.
1995; Noel et al. 2001, 2002). Alcohol-dependent drinkers
perform more poorly on incongruent trials (the word red in
green ink) on the classic Stroop test than do control
participants (e.g., Stetter et al. 1995; Stormark et al. 2000).
Alcohol-related cognitive impairments are not limited to
heavy and prolonged drinking (Brown et al. 2000); even
small doses of alcohol can impair ECF and inhibitory
processes (Vogel-Sprott et al. 2001).

Wells and Matthews (1999) suggested that distraction
for disorder-specific stimuli is not isolated from the rest of
cognitive system, including the ECF. ECF plays an
important role in situations in which automatic cognitive
processes are insufficient for task performance, and
individuals need to use consciously their cognitive abilities
for selective attention and task management. Selective
attention and task management are processed in the
dorsolateral prefrontal cortex (DLPFC; Smith and Jonides
1999), the anterior cingulate cortex (ACC; e.g., Cabeza and
Nyberg 2000), and the thalamus (e.g., Fuentes 2001; Mega
and Cummings 1994). Subdivisions of the DLPFC and the
ACC are also involved in emotional (e.g., Davidson 1998;
Davidson and Irwin 1999) and cognitive (Bush et al. 1999,
2000; Vogt et al. 1992; Whalen et al. 1998) processing of
stimuli. Despite their spatial separation, the cognitive and
emotional parts of the brain involved in executive
processes interact with each other, such that increases in
activity in one region are associated with reductions in
activity in the other (Bantick et al. 2002).

Evidence also shows that overlapping brain regions (e.g.,
ACC) are involved in dual-attention tasks that require ECF
and inhibitory processes (see MacLeod and MacDonald
2000) and in the processing of emotionally salient stimuli
(e.g., Childress et al. 1999; George et al. 1997, 2001; Grant
et al. 1996; Kilts et al. 2001; Serra-Mestres and Ring 2002).
From this evidence, it was concluded that individuals'
sensitivity to disorder-related stimuli might involve specific
brain regions, such as the ACC, in both selective attention
and emotional regulation. The suggested overlap has led
some researchers to believe that performance on the classic
and emotional Stroop tests taps a common process (e.g.,
Pardo et al. 1990; Zack et al. 2001); hence, they question
the validity of attentional distraction for disorder-specific
stimuli on emotional Stroop tests, including the alcohol
Stroop.

There is also evidence that casts doubt on the alleged
overlap. Ravnkilde et al. (2002) reported that although
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interference on the classic Stroop is associated with
activation of the left ACC, it is not associated with
activation of regions specifically involved in performance
on the emotional Stroop test, viz., the prefrontal cortex,
supplementary motor cortex, thalamus, and cerebellum.
Some authors (Derbyshire et al. 1998; Paulus et al. 2002;
Salgado-Pineda et al. 2002) have suggested that the alleged
regional overlap in the processing of classic and emotional
Stroop stimuli is limited to analyses at the group level.
They argued that variation at the individual level in the
selection of an optimal response strategy could be
attributed to participants' different cognitive styles.

To conclude, there are doubts about whether attentional
bias for alcohol-related stimuli reported in previous studies is
genuine or whether it is an artifact of participants' general
cognitive ability, which may have been impaired by
excessive drinking. That is, differences in alcohol attentional
bias among individuals with different levels of alcohol
consumption could be due to variations in their cognitive and
inhibitory processes, rather than to their differential distract-
ibility for salient vs neutral stimuli. To evaluate the validity
of alcohol attentional bias, the present study assessed
whether the stronger distraction of alcohol-dependent than
social drinkers by alcohol-related stimuli is an artifact of
dependent drinkers' impaired cognitive functioning.

Hypotheses

The following hypotheses were tested:

(a) Dependent drinkers perform more poorly than social
drinkers on measures of cognitive performance (i.e.,
SILS and the classic Stroop).

(b) Excessive drinking is associated with poorer cognitive
flexibility and inhibitory processes, as measured by
SILS and interference on the classic Stroop test.

(c) Dependent drinkers show greater attentional bias for
alcohol-related stimuli than social drinkers.

(d) Differences in dependent drinkers' and social drinkers'
alcohol attentional bias are not an artifact of differences
in their general cognitive functioning.

The last hypothesis is based on the theory of current
concerns (Klinger 1975, 1977, 1987, 1996; Klinger and Cox
2004), which states that people are distracted by stimuli
related to their current concerns. According to the theory,
drinking alcohol can become a person's overriding current
concern; having this concern corresponds to a motivational
state through which the person's cognitive processes are
altered, causing increased attentional sensitivity to alcohol-
related stimuli. The theory challenges the view that general
cognitive impairment is responsible for disorder-specific
attentional bias. Because alcohol-related attentional bias on
the alcohol Stroop test has previously been observed among
both social and dependent drinkers, the present hypotheses
were tested with both types of drinkers.

Method

Participants

The social drinkers were 128 university undergraduate
students from the University of Wales, Bangor, who were
recruited from the School of Psychology Student Participant
Panel (N=99) or other academic departments (N=29); the
latter students were paid for their participation. The students
were required not to have recently participated in a Stroop
experiment (explained as a task requiring that the color of a
series of words be named while the meaning of the words is
ignored). Participants were told that they should not drink any
alcohol on the day of the experiment prior to it. Participants
who reported drinking more than six standard drinks during
the night prior to the study were rescheduled for a future
appointment. Six participants were not included in the final
analyses because their data were faulty (i.e., incomplete
questionnaires). Only participants who were drinkers and
those who did not meet the Short Michigan Alcoholism
Screening Test (SMAST; Selzer 1971) three-point cutoff for
problem drinkers were included. Nondrinkers were excluded
from the data analyses because personality differences
between drinkers and nondrinkers have been frequently
reported (e.g., King et al. 2003). The final sample included 87
participants (63% females). The mean age of the sample of
social drinkers was 24.13 years (SD 9.35); their mean years
of education was 14.13 (SD 0.75). Males and females did
not differ in age, t(85)=1.09, p>0.05, or years of education,
t(85)=0.028, p>0.05.

The alcohol-dependent participants were recruited from
an inpatient alcohol detoxification and rehabilitation unit; 50
participants were tested, all of whom had a primary diag-
nosis of alcohol dependence. Potential participants whose
medical records suggested that they suffered from neurolog-
ical impairment or comorbid psychopathology were ex-
cluded. The participants were tested after they had recovered
from detoxification or a minimum of 10 days after
admission. Three participants were excluded because of
faulty data. The final sample comprised 47 participants
(28% females), whose mean age was 43.80 years (SD 7.95);
their mean years of education was 11.04 (SD 2.19). Male
and female participants did not differ in age, t(44)=1.63,
p>0.05, or years of education, t(44)=0.23, p>0.05. However,
male dependent drinkers drank more alcohol than female
dependent drinkers, t(45)=2.35, p<0.01.

The composition of gender across the two samples was
not equal, χ2(1)=13.65, p=0.001, such that the student
sample included a greater proportion of females than the
abuser sample. In addition, alcohol abusers were older
(mean 40.57, SD 7.87) than controls (mean 23.41, SD
8.56), t(132)=13.46, p=0.001. Students reported more
years of formal education (mean 14.12, SD 0.86) than
alcohol abusers (mean 11.04, SD 7.87), t(132)=11.70,
p=0.001. Dependent drinkers drank more alcohol than
social drinkers, t(132)=23.13, p<0.001.
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Measures

Classic and alcohol Stroop tests

ECF-related abilities can be measured by tasks that are
sensitive to frontal lobe damage, including the Wisconsin
Card Sorting Test; WAIS Similarities, Digit Symbol, Digit
Span, and Object Assembly; the Halstead–Reitan Categories
Test; and the classic Stroop test (Connor et al. 2000; Dao-
Castellana et al. 1998; Hoaken et al. 1998; Lyvers 2000).
The classic Stroop test has been used to assess selective
attention and task management. Reaction times (RTs) to
incongruent stimuli (e.g., the word red in blue ink) provide a
sensitive measure of inhibitory processes (Ardouin et al.
1999; Carter et al. 2000; Nassauer and Halperin 2003;
Swick and Jovanovic 2002; Wright et al. 2003) and
cognitive flexibility (Fuentes 2001; Steel et al. 2001; Wright
et al. 2003). Adleman et al. (2002), in a developmental
functional magnetic resonance imaging ( fMRI) investiga-
tion of the Stroop interference task, suggested that the
classic Stroop test can be reliably used to detect mal-
functioning of the prefrontal cortex. Another reason for
using the classic Stroop test to assess inhibitory processes
and cognitive flexibility in the present study was that, like
the alcohol Stroop, it is based on cognitive interference
(Pardo et al. 1990).

The classic and alcohol Stroop were combined into one
computerized test; having the words presented in a mixed
randomized fashion reduces the chances that participants
will develop response strategies to use when the stimuli
presented are from a single semantic category (MacLeod
1991). The results of a pilot study showed that having
incongruent and alcohol words intermixed still allowed
alcohol-attentional bias to be observed; this concern arose
because of the higher cognitive demand required to
respond to the color incongruent stimuli.

The classic Stroop color names were red, yellow, blue,
and green; each word was either congruent with the color in
which it was displayed (e.g., red in red) or incongruent
(e.g., red in green). The alcohol-related words and control
words were compiled specifically for the present research.1

Each list comprised a single semantic category (alcohol-
related vs building-related), according to Green and Rogers
(1993) recommendation. Each alcohol and neutral word
was written in each of four colors (blue, green, yellow, and
red), resulting in a total of 28 alcohol words and 28 control
words in each block of stimuli. Each block was equivalent
in terms of mean number of letters, number of syllables per
word, and word frequency. The frequency of each word
was derived from CELEX (Baayen et al. 1993), the most
recently published lexical database that was suitable for

this study. Unlike other databases (e.g., Kucera and Francis
1967), CELEX is based on written and spoken British
rather than American usage of English words. The
equivalence of the blocks (i.e., within and across the four
stimulus blocks) on the matching variables was confirmed
by analysis of variance. In addition to the alcohol and
control words, there were 28 color congruent words and 28
color incongruent words, for a total of 112 words in each
list. The order of presentation of the words within each
block was completely randomized.

Shipley Institute of Living Scale

The Shipley Institute of Living Scale (SILS; Zachary 2000)
measures general intellectual functioning in adults and
adolescents. It is a paper-and-pencil, self-administered test
consisting of vocabulary and abstraction subtests. Wechsler
Adult Intelligence Scale-Revised (WAIS-R) full-scale IQ
scores can be estimated from SILS raw scores. The SILS
Abstraction Quotient (SILS-AQ) detects intellectual dete-
rioration, defined as a markedly lower abstraction than
vocabulary score; this score is adjusted for age and
education.

Parker et al. (1980) found that the amount of alcohol that
social drinkers drank per session was negatively correlated
with their SILS-AQ. Wehr and Bauer (1999) found that the
SILS was a better predictor of alcohol-dependent drinkers'
treatment completion than other tests of cognitive ability or
of depression, anxiety, antisocial personality, or length,
type, and severity of the addiction.

Alcohol Use Questionnaire

The Alcohol Use Questionnaire (AUQ; Cox 2000) assesses
the quantity and frequency of respondents' drinking during
the prior year, including the typical quantity per occasion
and the atypical quantity per occasion and the frequency of
each. The questionnaire covers four types of alcoholic
beverages: beer, wine, spirits, and alcopops.2 It also asks
for the number of days since the last drink and the amount
of alcohol consumed on the last day of drinking. Average
total consumption can be calculated for specific periods,
e.g., weekly, monthly, or yearly. Mean annual alcohol
consumption was calculated by averaging each partici-
pant's typical and atypical consumption for the past year. In
turn, weekly mean consumption was calculated by dividing
mean annual consumption by 52; this was the alcohol-use
measure that was employed in the data analyses.

1 The stimuli in the four blocks were as follows. Block 1: beer,
whisky, scotch, liquor, tequila, bar, rum; gate, shed cupboard, tap,
fence, toilet, ceiling. Block 2: shot, shorts, vodka, pint, liqueur,
alcohol, bourbon; garden, shelf, alcove, carpet, chimney, radiator,
stove. Block 3: wine, bitter, stout, pub, brandy, champagne, mead;
hall, tail, patio, drainpipe, socket, doorknob, roof. Block 4: drink,
sherry, cider, booze, spirit, gin, cocktail; bath, stairs, balcony, porch,
lamp, fireplace, sink.

2 An alcopop is an alcoholic beverage that came on the market in the
United Kingdom in 1995. It is a sweet, effervescent fruit drink,
usually with about 5% of alcohol by volume.
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Apparatus

SuperLab Pro (SKD) software (Cedrus Corporation 1999)
was used to present the Stroop task. The words (Century
School Book, 48-point bold on a black background) were
presented individually in the center of a PC laptop (Toshiba
Satellite 1700-200) with a color display screen (12.1-in.
DSTN). The viewing distance was 36–40 cm. The laptop's
keyboard was used for input. A color dot in either red,
yellow, blue, or green was placed on four of the keys; on
each trial, the participant responded by pressing one of
these keys.

Procedure

After giving informed consent, each participant completed
the tests in the following order: SILS, classic and alcohol
Stroop, SMAST, and AUQ. The AUQ was administered
last to avoid priming participants' responses on the alcohol
Stroop test. Prior to the main Stroop tasks, participants
were asked to name the colors of four assorted dots affixed
to the “/?” (red), “,<” (yellow), “cC ” (green), and “zZ ”
(blue) keys of the keyboard (the input device) and four
colored patches on the display, to insure that they have no
difficulty differentiating the colors used in the task. They
were clearly instructed to ignore the meaning of the words
displayed on the screen and to press as quickly and
accurately as possible the color key that corresponded to
the color in which each stimulus was presented. Although
manual responses often produce somewhat lower interfer-
ence than vocal responses, the degree of interference is still
significant (Brown and Besner 2001; MacLeod 1991;
Monahan 2001). As MacLeod (1991) concluded, the
Stroop effect is not dependent on the response mode or
the interaction between response mode and type of
stimulus. The effect does not originate “at the finish line”
(p. 183).

Prior to the main task, participants were provided with
warm-up trials, during which they responded to 100
colored patches. There is inconsistency in the literature

about the optimal intertrial interval (ITI). Interference has
been observed in Stroop studies using ITIs that range from
very short (e.g., 32 ms) to very long (e.g., 1,500 ms) (e.g.,
Kindt et al. 1997; Sharma and McKenna 2001). In the
present study, the ITI was 800 ms, during which a fixation
cross “+” appeared in the center of the display screen. Each
stimulus remained on the screen until a response was made
or 3 s had elapsed. The order of presentation of the four
blocks of stimuli was counterbalanced across participants.
To counteract fatigue, each participant was invited to rest
for 2 min between each block. At the end of the session, the
participant was debriefed, thanked, and dismissed.

Results

Trials on which an incorrect response or no response was
made were designated as errors. Social drinkers' and
alcohol-dependent participants' mean percentage of errors
on congruent trials of the classic Stroop test was 3.66 and
4.27%, respectively; their mean percentage of errors on
incongruent trials was 3.56 and 8.81%, respectively. On the
alcohol Stroop test, the mean percentage of errors of the two
types of drinkers on the trials with alcohol-related stimuli
was 3.60 and 2.83%, respectively; it was 3.60 and 2.95%,
respectively, on trials with neutral stimuli. The alcohol-
dependent participants made significantly more errors on the
classic than the alcohol Stroop test, t(46)=2.65, p<0.01; they
made more errors on the incongruent color trials than the
students did, t(132)=3.17, p<0.01. RTs only on trials on
which correct responses were made were included in the
subsequent analyses, and very fast (<400 ms) and very slow
RTs (>2,000 ms) were excluded. On average, 4.2% of the
social drinkers' RTs (i.e., errors and out-of-range RTs) and
5.1% dependent-drinkers' RTs on the Stroop tests were
excluded. Each participant's mean RT to the congruent color
words on the classic Stroop test was subtracted from that
participant's mean RT to the incongruent color words; this
yielded interference scores as an index of participants'
cognitive flexibility and inhibitory ability. Alcohol interfer-
ence scores were calculated as participants' mean RT to the

Table 1 Means and standard deviations of demographic, cognitive, and Stroop measures and the results of a MANOVA of them

Measures Demographic characteristics MANOVAa

Social drinkers Alcohol abusers Between-groups effects

Mean SD Mean SD F(1,131) η2

SILS-V 55.36 6.62 44.89 8.86 60.60*** 0.32
SILS-A 59.34 4.53 50.14 8.52 65.98*** 0.34
SILS-AQ 107.63 9.06 103.14 14.27 4.25*** 0.03
Weekly drinking 17.77 22.12 292.23 134.31 530.40* 0.80
Classic Stroop interference 102.66 60.11 195.36 155.54 21.51*** 0.14
Alcohol Stroop interference 0.11 27.31 34.49 40.57 32.84*** 0.20

Weekly drinking is weekly mean drinking (in standard units of alcohol)
SILS-V Shipley Institute of Living Scale Vocabulary, SILS-A Shipley Institute of Living Scale Abstraction, SILS-AQ Shipley Institute of
Living Scale Abstraction Quotient, MANOVA multivariate analysis of variance
*p<0.05; ***p<0.001
aResults of MANOVA for the Group main effect: F(6,126)=96.06, p=0.0001, η2=0.82 (F value is Wilks’ lambda)
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alcohol-related words minus their mean RT to the neutral
words.

Table 1 shows the means and standard deviations of
social drinkers' and alcohol-dependent participants' SILS
scores, drinking indices, and classic and alcohol Stroop
interference scores. To determine if social and dependent
drinkers differed on SILS scores, drinking indices, and
classic and alcohol Stroop interference scores, a multi-
variate analysis of variance (MANOVA) was conducted
with Group as the fixed factor and six dependent variables
as shown in Table 1. Gender was not included in the
analysis because the literature suggests that gender does
not influence participants' responses on the Stroop test
(MacLeod 1991). Results of the MANOVA showed a
main effect for Group, F(6,126)=96.06, p=0.0001, η2=0.82
(F value is Wilks' lambda). The results, as shown in
Table 1, indicate that the two groups of drinkers differed
from each other on each of the dependent variables. The
dependent drinkers drank more alcohol and had larger
classic and alcohol Stroop interference scores than the
social drinkers. The dependent drinkers had lower SILS
vocabulary and abstraction scores and a lower abstraction
quotient than the social drinkers.

Correlations among the variables are shown in Table 2.
SILS scores were negatively correlated with age and
positively correlated with years of education. As expected,
SILS scores were negatively correlated with weekly mean
drinking, which suggests that drinking excessively ad-
versely affected cognitive functioning. There were also
negative relationships between SILS scores and classic and
alcohol-related interference scores, suggesting that the less
cognitively facile drinkers had greater difficulty inhibiting
distracting stimuli. Finally, classic and alcohol Stroop
interference scores were positively correlated with each
other, indicating that drinkers who had difficulty inhibiting
distraction for one category of stimuli also had difficulty
with the other category. In short, the first three hypotheses
were supported. Compared to the social drinkers, the
dependent drinkers drank more alcohol, performed cogni-
tively more poorly, and showed greater attentional bias for
alcohol-related stimuli.

In prior research, alcohol-dependent drinkers' attentional
bias for alcohol-related stimuli has been compared with that
of nondependent drinkers (see Cox et al. 2005). Yet, one
question remains unanswered: Is dependent drinkers' stronger

interference on the alcohol Stroop test due to their poorer
cognitive functioning? An analysis of covariance (ANCOVA)
was used to test the study's fourth hypothesis that dependent
drinkers' stronger alcohol attentional bias is not an artifact of
their impaired cognitive functioning. In the General Linear
Model (GLM), Group (social vs dependent drinkers) was
entered as a fixed-effects factor; SILS-V, SILS-A, SILS-AQ,
and classic Stroop interference as the covariates; and alcohol
interference scores as the dependent variable. The results
showed that after SILS-V [F(1,128)=0.14, p=0.70, η2=0.001],
SILS-A [F(1,128)=0.007, p=0.93, η2=0.0001], SILS-AQ
[F(1,128)=0.14, p=0.74, η2=0.001], and classic interference
scores [F(1,128)=0.57, p=0.57, η2=0.004] had been con-
trolled, the alcohol-dependent drinkers had significantly
larger alcohol interference scores than the social drinkers
[F(1,128)=13.87, p<0.0001, η2=0.10, power=0.96]. The near-
zero effect sizes for the cognitive covariates in the model
support the hypothesis that differences between social and
dependent drinkers' alcohol attentional bias are not an artifact
of the differences in their general cognitive ability, as
measured in this study.3

Discussion

The objectives of the study were as follows:

(a) To test whether excessive alcohol consumption is
associated with impaired ECF (as measured by SILS
indices and the classic Stroop test) and whether social
and dependent drinkers are different in ECF

(b) To determine whether variations of drinkers' ECF are
associated with variations in their alcohol-related
attentional bias

(c) To test whether differences in social and dependent
drinkers' alcohol attentional bias are an artifact of
differences in their ECF.

These goals were based on prior evidence that heavy
alcohol consumption is associated with impairments in
ECF and that performance on the alcohol Stroop test

Table 2 Correlation coefficients showing relationships among participants' demographic characteristics, SILS scores, drinking indices, and
classic and alcohol Stroop interference scores

Variables Age Education SILS-V SILS-A SILS-AQ Weekly drinking Classic Stroop

Education −0.54***
SILS-V −0.41*** 0.47***
SILS-A −0.39*** 0.38*** 0.66***
SILS-AQ −0.15* −0.077 −0.065 0.65***
Weekly drinking 0.62*** −0.72*** −0.50*** −0.48*** −0.11
Classic Stroop 0.41*** −0.38*** −0.31*** −0.35*** −0.14* 0.38***
Alcohol Stroop 0.34*** −0.40*** −0.33*** −0.28** −0.027 0.41*** 0.24**

*p<0.05; **p<0.01; ***p<0.001

3 In Cohen (1992), an f represents the effect size for an ANOVA
model; values of 0.10, 0.25, and 0.40 are defined as small, medium,
and large, respectively.
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appears to involve activation of brain areas that overlap
with the areas involved in performance on the classic
Stroop test.

The results are as follows. First, weekly mean alcohol
consumption was negatively correlated with ECF. More-
over, the dependent drinkers scored lower on all the SILS
indices of cognitive functioning, and they showed greater
interference on the classic Stroop test than the social
drinkers. These results are consistent with the view that
excessive drinking adversely affects drinkers' ECF. De-
pendent drinkers' greater interference on the classic Stroop
test supports the view that they have poorer inhibitory
control and cognitive flexibility than social drinkers (e.g.,
Wright et al. 2003). The results are also consistent with the
evidence that heavy drinking is injurious to the brain (e.g.,
Fadda and Rossetti 1998). The results should be interpreted
in the context of other findings that drinkers' vulnerability
to developing alcohol-related problems depends on many
factors, including their biological predisposition, family
history of drinking, age, gender, and current pattern of
drinking (chronic vs binge) (Cox and Klinger 1988, 1990,
2004; Heather et al. 2001). However, dependent drinkers'
larger ECF impairments than social drinkers do not negate
the evidence that binge or other problematic patterns of
drinking among nondependent drinkers are associated with
poor ECF (e.g., Blume et al. 2000; Zeigler et al. 2005).
Second, consistent with prior results, dependent drinkers
had greater attentional bias for alcohol-related stimuli than
social drinkers. Third, both classic and alcohol Stroop
interference scores were negatively correlated with SILS
vocabulary and abstraction scores. Classic and alcohol
interference scores were positively correlated with each
other, an outcome that might call into question the validity
of the difference between dependent and social drinkers in
alcohol-specific attentional bias. Fourth, however, depen-
dent drinkers' stronger attentional bias for alcohol-related
stimuli than social drinkers remained significant after
scores of the two groups on general cognitive functioning
had been controlled.

The relationship between excessive drinking and poor
ECF does not, of course, necessarily imply causality. Rather,
neuropsychological evidence indicates that problem drink-
ing and ECF impairment contribute reciprocally to each
other (e.g., Ciesielski et al. 1995). Because ECF dysfunction
is associated with self-control problems and alcohol abusers
characteristically have impairments in self-control, it is
plausible that ECF impairment plays a significant role in the
development of uncontrolled drinking (Lyvers 2000). That
is, having poor ECF might cause a person to drink heavily,
and the heavy drinking escalates into an abusive, chronic
pattern. Such a pattern might take different forms, including
regular heavy drinking or episodic drinking. High levels of
blood alcohol concentration in the brain are associated with
reduced frontal lobe glucose utilization and cerebral blood
flow and increased risk of alcohol-related damage to the
frontal lobes (see Moselhy et al. 2001). Therefore, the more
severe the abusive pattern of drinking, the greater is the risk
of ECF impairment, and theoretically, the relationship is
reciprocal.

The present results support Stetter et al. (1995) sugges-
tion that cognitive processing on the alcohol Stroop test is
independent of putative neuropsychological deficits in
alcohol-dependent drinkers. Nevertheless, the present
results showed a significant correlation between classic
and alcohol Stroop interference scores, supporting Zack et
al. (2001) suggestion that classic and emotional Stroop
tests tap a common construct and that a poor general
inhibitory system adversely affects performance on the
emotional Stroop test. However, the present results indicate
that the concern-relatedness of stimuli influences selective
attention of them beyond the influence that general
cognitive functioning and inhibitory ability exert.

Koob (2003) and Robinson and Berridge (1993, 2001)
have suggested that a neural circuit exists for alcohol-
specific attentional bias, which is independent of general
ECF. Recall that the ACC comprises distinct areas for
processing cognitive and emotional appraisals of an event.
There are both top-down and bottom-up relationships
between frontal lobe and subcortical circuits, especially
those in the amygdala. Cortical and subcortical circuits are
involved in rapid preconscious detection of the emotional
significance of stimuli. If there were a general ECF circuit
for all emotionally salient stimuli (including alcohol-
related ones), the inhibitory processes responsible for
performance on the classic Stroop test would overshadow
performance on the alcohol Stroop test. The present results
confirmed that this is not the case.

The argument advanced here is consistent with the
converging evidence that attentional processes are related
to a person's current concerns (Klinger 1975, 1977, 1987,
1996; Cox and Klinger 2004). As described earlier, a
current concern is the cognitive–motivational state corre-
sponding to a particular goal striving. Presumably, each
current concern causes a circuit of specialized executive
functions to be formed that is different from the circuits for
other current concerns. In support of this point of view,
participants have been shown to have greater attentional
distraction for concern-related stimuli than for other kinds
of emotionally significant stimuli (e.g., Bauer and Cox
1998; Crombez et al. 2000; de Ruiter and Brosschot 1994;
Kinderman 1994), and the distraction occurs, regardless of
participants' current mood (e.g., Riemann and McNally
1995; Spinks and Dalgleish 2001). These results are also
consistent with Algom et al. (2004) experiments showing
that anxious participants' slow RTs in the presence of
threatening stimuli are independent of the lexical char-
acteristics of the stimuli. Algom et al. also showed that
anxious participants react slowly in the presence of
threatening stimuli whether they are required to focus on
or away from these stimuli.

It should be noted that the conclusions drawn from the
present study are based on alcohol and classic Stroop tests
administered to social and abusive drinkers. It is unknown
how nondrinkers' ECF would be related to their perfor-
mance on the alcohol Stroop and other emotional Stroop
tests. In addition, it is impossible to generalize the present
findings to other measures of attentional bias, such as the
flicker or dot-probe paradigms. Although the alcohol
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abusers and social drinkers differed considerably in age and
education, these variables could not be statistically con-
trolled through ANCOVA. That is, because both age and
education were significantly correlated with the classic
Stroop interference scores and SILS indices, age and
education could not be controlled through covariance
analysis because of problems with collinearity. Therefore,
only the classic Stroop interference scores and SILS indices
were entered into the ANCOVA model as covariates.
Doing so indirectly corrected for age- and education-
related influences on participants' ECF (i.e., as measured
by SILS indices and classic Stroop interference) that were
related to the study's fourth hypothesis—that dependent
drinkers' stronger alcohol attentional bias is not an artifact
of their impaired cognitive functioning.

The results of the present study suggest that alcohol-
attentional bias is a reliable phenomenon. It is also a
clinically important component of abusive drinking, and
interventions might be used to control it. In fact, several
research groups have recently developed interventions to
reduce the impact of alcohol attentional bias on excessive
drinking (see Wiers et al. 2005).
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