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bstract

Dual process models of addiction suggest that the influence of alcohol-related cognition might be dependent on the level of executive functioning.
his study investigated if the interaction between implicit and explicit alcohol-related cognitions and working memory capacity predicted alcohol
se after 1 month in at-risk youth. Implicit and explicit alcohol-related cognitions were assessed in 88 Dutch at-risk adolescents ranging in age from
4 to 20 (51 males) with an adapted version of the Implicit Association Test (IAT) and an expectancy questionnaire. Working memory capacity was
ssessed using the computer-based version of the Self-Ordered Pointing Task (SOPT). Alcohol use and alcohol-related problems were measured at
aseline and after 1 month with self-report questionnaires. The hierarchical regression analysis showed that both the interaction between implicit
ositive-arousal cognitions and working memory capacity and the interaction between explicit positive-arousal cognitions and working memory

apacity predicted unique variance in alcohol use after 1 month. Implicit positive-arousal cognitions predicted alcohol use after 1 month more
trongly in students with lower levels of working memory capacity, whereas explicit positive-arousal cognitions predicted 1-month follow-up
lcohol use more strongly in students with higher levels of working memory capacity. This could imply that different intervention methods could
e effective for different subgroups of at-risk youth.

Adole

p
R
c
i
e

2007 Elsevier Ireland Ltd. All rights reserved.

eywords: Implicit cognition; Explicit cognition; Executive functioning; IAT;

. Introduction

Several dual process models predict that both more reflective
xplicit and more impulsive implicit cognitive processes influ-
nce behavior (e.g. Fazio and Towles-Schwen, 1999; Kahneman,

003; Strack and Deutsch, 2004). Implicit cognitions repre-
ent more automatic underlying motivational processes, whereas
xplicit cognitions are related to more deliberate thought

∗ Corresponding author at: Clinical Psychological Science, University of
aastricht, Universiteitssingel 40, PO Box 616, 6200 MD Maastricht, The
etherlands. Tel.: +31 43 388 1927/1908; fax: +31 43 388 4196.

E-mail address: c.thush@psychology.unimaas.nl (C. Thush).
1 Present address: Radboud University, Nijmegen, The Netherlands; The
utch Addiction Research Institute (IVO), Rotterdam, The Netherlands.

p
i
b
a
s
v
i
K
t
u

376-8716/$ – see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.drugalcdep.2007.10.019
scence; Alcohol use

rocesses (Greenwald and Banaji, 1995; Kahneman, 2003).
ecently, there has been increased interest in the role of implicit
ognitions in the development of addictive behaviors. These
mplicit alcohol-related cognitions represent individual differ-
nces in memory associations between alcohol-related cues (e.g.
resence of alcohol), outcomes (e.g. excitement), and behav-
ors (e.g. drinking). These associations if strengthened over time
ecome motivationally significant and guide behavior relatively
utomatically (Stacy, 1997). The mesolimbic dopamine reward
ystem has been associated with these relatively automatic moti-
ational processes, which are believed to play an important role

n the development of addictive behavior (e.g. Bechara, 2005;
alivas and Volkow, 2005). Implicit cognitions have been shown

o predict unique variance in current and prospective alcohol
se after controlling for explicit cognitions (e.g. Jajodia and
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arleywine, 2003; Palfai and Wood, 2001; Stacy, 1997; Thush
nd Wiers, 2007; Wiers et al., 2002).

A second assumption of several dual process models is that
he influence of implicit processes on subsequent behavior is

oderated by explicit processes if motivation and the opportu-
ity to do so are present (e.g. Fazio and Towles-Schwen, 1999;
ahneman, 2003; Strack and Deutsch, 2004). Indeed, neurobi-
logical addiction research has shown that the prefrontal cortex
nd associated areas are involved in more reflective decision
aking and in the moderation of impulses (e.g. Bechara, 2005;
alivas and Volkow, 2005; Wilson et al., 2004). Dual process
odels of addiction specifically predict that the influence of

mplicit appetitive cognitions on subsequent addictive behavior
ight be dependent on the level of executive functioning (e.g.
tacy et al., 2004; Wiers et al., 2007).

Executive functions can be described as a set of cognitive
kills relevant to goal-directed behavior involving different abil-
ties such as shifting, updating and inhibition (Miyake et al.,
000). Working memory capacity has been proposed to be a
entral construct that possibly binds these different but related
xecutive functions (Kane and Engle, 2002). The relationship
etween executive functions and alcohol use has been shown to
e bidirectional. Poorer executive functioning can be considered
risk factor for developing addictive behaviors such as drinking
lcohol (e.g. Finn and Hall, 2004; Peterson et al., 1992; Tapert et
l., 2002). Additionally, alcohol abuse has been shown to nega-
ively affect the maturation of brain regions (e.g., De Bellis et al.,
000), to impair neuropsychological functioning (e.g., Brown et
l., 2000) and to alter processing on executive functioning tasks
Tapert et al., 2004). During adolescence, when executive func-
ions and associated brain regions are still developing, alcohol
nduced damage in the prefrontal cortex can lead to inhibitory
nd attentional control problems which, in turn, may influence
ontinued alcohol use (Crews et al., 2000; Wiers et al., 2007).
his bidirectional nature might be more apparent in at-risk ado-

escents. It is also possible that these at-risk adolescents may
tart with poorer executive functions and begin drinking at ear-
ier ages, which, in turn, further interferes with their ability to
ontrol their drinking behavior.

Prior research has suggested that the influence of implicit
utomatic processes, on other behaviors, indeed, is moderated
y executive control (e.g. Feldman-Barrett et al., 2004; Payne,
005), as has also been proposed for addictive behaviors (e.g.
tacy et al., 2004; Wiers et al., 2007). Grenard et al. (manuscript
nder review) evaluated the interaction between working mem-
ry capacity and spontaneous memory associations assessed
ith word association tasks (an alternative indirect assessment of

mplicit cognitive processes) among at-risk youth and found evi-
ence that drug-relevant associations were stronger predictors of
lcohol and cigarette use among those with lower working mem-
ry capacity than among those with higher working memory
apacity. Finn and Hall (2004) proposed that two mechanisms
ight be responsible for the moderating influence of execu-
ive functioning on the implicit processes-behavior relationship.
irst, low activating capacity of working memory makes it dif-
cult to shift attention away from highly activated stimuli to
timuli that are less salient. Second, short term positive associa-
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ions with behavior tend to be highly activated (salient), whereas
he long term negative associations with behavior are usually
eakly activated. Consequently, in high-risk situations, such as
eing at a party where alcohol is readily available, an individ-
al needs to be able to switch to less immediately salient goals
nd attend to them – such as the intention to not drink large
mounts of alcohol or binge drink – while distracting salient
nformation in the current high-risk situation is more automat-
cally activated (e.g., the urge to feel intoxicated or to give in
o peer pressure). This relationship between executive function-
ng and behavior suggests that adolescents who are less able
o actively manage less salient but adaptive goals when faced
ith distracting information are more likely to let their behavior
e influenced by distracting salient information that is triggered
n the current situation (e.g. Stacy et al., 2004; Wiers et al.,
007).

Conversely, research suggests that explicit positive expectan-
ies might be moderated by executive functioning in the
pposite direction. In addiction research, alcohol expectancies
ave been shown to be good predictors of concurrent and, to
lesser extent, prospective alcohol use (e.g., Goldman and
arkes, 2004; Jones et al., 2001; Sher et al., 1996; Stacy

t al., 1991). Tapert et al. (2003) showed that explicit posi-
ive alcohol expectancies predicted alcohol use in substance
se disorder adolescents with good verbal skills, but not in
ubstance use disorder adolescents with poor verbal skills.
erbal skills are needed for developing internal language-
ased reasoning skills (Luria, 1961) and predictive of positive
lcohol expectancies (Deckel et al., 1995). Verbal skill tasks
uch as the verbal fluency task are commonly regarded as
easuring frontal-lobe processing (Deckel et al., 1995) and

erbal executive functioning (Tapert et al., 2003). Tapert et
l. (2003) concluded that positive alcohol expectancies require
ncoding and deep processing in order for them to affect
ecision making and thus drinking. However, other studies
ave found that adolescents who show good executive func-
ioning (e.g. good inhibitory neural processing) generally had
ewer positive and more negative outcome alcohol expectan-
ies (Anderson et al., 2005) and that verbal skills sometimes are
lso negatively predictive of positive expectancies (Deckel et
l., 1995). Thus, there are still some questions about whether
ositive alcohol expectancies might be moderated by execu-
ive functioning in the opposite direction than implicit appetitive
ssociations.

Hence, from a dual process perspective we hypothesized that
he influence of implicit appetitive associations (both positive-
rousal and positive-sedation) on subsequent drinking behavior
s stronger in adolescents with low working memory capacity
han in adolescents with high working memory capacity. Con-
ersely, the influence of explicit positive-arousal alcohol-related
rocesses on subsequent drinking behavior is hypothesized to
e stronger in adolescents with high working memory capac-
ty compared with adolescents with low working memory

apacity. The current study investigated these two interactions
etween alcohol-related cognition and working memory capac-
ty in the prediction of alcohol use after 1 month in at-risk
outh.
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. Method

.1. Participants

A total of 88 Dutch adolescents (51 male) in the age range of 14–20 (mean
ge = 16.34, S.D. = 1.34) were recruited from four low-level vocational schools
Thush et al., in press). Based on a Dutch national health survey among high
chool adolescents, low-level vocational schools showed the highest prevalence
f alcohol and drug use as well as behavioral problems. Hence, at the group
evel, these students are considered to be at risk for developing substance-related
roblems. Participants self-reported drinking an average of 10.85 Dutch stan-
ard alcoholic drinks on a weekend day (S.D. = 10.30) and an average of 2.72
utch standard alcoholic drinks on a weekday (S.D. = 6.18). (A standard alco-
ol serving in the Netherlands contains somewhat less alcohol than a standard
merican standard glass: 10 g vs. 14 g.) Of the 88 participants 68 (77.27%) indi-

ated having one or more binge drinking episodes (5 or more Dutch standard
lcoholic drinks on one occasion) in the past 2 weeks.

.2. Measures

.2.1. Alcohol use. Alcohol use was assessed with a Dutch version of the
lcohol use questionnaires as described in Ames et al. (2007). Self-report ques-
ionnaires have been proven to be reliable and valid if participant sobriety and
onfidentiality of data are assured (Sobell and Sobell, 1990). Both require-
ents were fulfilled in this study. Participants were asked how many times they

sed various drugs in the last month and in their lifetime on an 11-item rating
cale (ranging from ‘never used’ to ‘91–100+ times’). Participants respond to
list of specific drugs (i.e. alcohol, marijuana, ecstasy, etc.) or more general

rug categories (i.e. hallucinogens, stimulants, other club drugs, etc.). Addition-
lly, participants indicated how many Dutch standard glasses of alcohol they
onsumed at the last weekend day and weekday they drank. In addition, they
ndicated on a 3-point Likert scale how many standard glasses of alcohol they
onsumed on each day of the past week (ranging from ‘no drinks’ to ‘more than 5
rinks’), and they indicated on a 6-point Likert scale on how many occasions they
rank five Dutch standard glasses of alcohol or more in the past 2 weeks (ranging
rom ‘I do not drink’ to ‘seven times or more’). Lastly, participants indicated on
5-point Likert scale (ranging from ‘I do not drink’ to ‘very intoxicated’) how

ntoxicated they were the last time they drank in the past 12 months.

.2.2. Alcohol-related problems. An index of alcohol-related problems was
ssessed using an adapted version of the Rutgers Alcohol Problems Index (RAPI;

hite and Labouvie, 1989). We used the 18-item version of the RAPI which
orrelated .99 with the original 23-items version (White and Labouvie, 2000).
articipants were asked to indicate on a 5-point Likert scale (ranging from ‘never’

o ‘daily’) how many times they experienced certain problems within the last
onths because of their alcohol use. An example of an item is: “Not able to do

our homework or study for a test”. The items were summed to create an index
f alcohol-related problems (Cronbach’s alpha = .87).

.2.3. Implicit Association Test. In the IAT, participants categorize stimuli into
our categories as quickly as possible while only using a left or right response
ey (see Greenwald et al., 1998). Since prior studies have shown that people can
e ambivalent toward alcohol (Houben and Wiers, 2006), we decided to use three
nipolar IATs to obtain the association between alcohol and a single attribute
ig. 1. One IAT assessed the association between ‘active’ positive arousal words
ersus ‘neutral’ words with photos of objects related to alcohol or objects not
elated to alcohol. Another IAT assessed the association between ‘relaxed’ pos-
tive sedation words versus neutral words with objects related or not related to
lcohol. Lastly, one IAT assessed the association between ‘miserable’ negative
ords versus neutral words with objects related or not related to alcohol. These

ttribute categories were chosen because they represent the three main cate-
ories of alcohol expectancies (Goldman and Darkes, 2004). Stimulus pictures,

n addition to stimulus words, were used in order to be able to have a neutral con-
rast category next to the alcohol target category. The perceptual features of the
timulus pictures were matched by using pictures of objects with approximately
he same background, color, size and shape (see Appendix A). The words used
see Appendix B) were matched on number of letters, syllables, familiarity, and
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n valence and arousal values. The valence and arousal values of stimulus words
ere matched on group level (positive-arousal, positive-sedation, negative and
eutral words) by using student word ratings (for exact procedure see Ames et
l., 2007). In this study the three IATs were used in partially balanced order
nd programmed in ERTS 3.18 (Beringer, 1996). Each attribute discrimination
lock consisted of 20 trials and each combination block consisted of 40 trials.
he D-2SD penalty score for practice and test was chosen as the main reaction

ime measure (see Greenwald et al., 2003). The internal consistency between
ractice (10) and test items (30) was acceptable (Cronbach’s alpha ranging from
52 to .59) and comparable to most other implicit measures (see Houben and

iers, 2006).

.2.4. Expectancy questionnaire. The direct measure of alcohol-related cog-
itions was an expectancy questionnaire consisting of an 18 unipolar item
epresenting an explicit version of the implicit test words (see Appendix B;
s in Wiers et al., 2002). Each item consisted of a statement on drinking alcohol
for example: ‘drinking alcohol makes me feel energetic’). Participants indicated
he extent to which they (dis)agreed with each item on a 6-point Likert scale. The
uestionnaire consisted of three scales: a positive-arousal, a positive-sedation
nd a negative outcome scale. The internal consistency of all three scales was
ood (Cronbach’s alphas ranging from .73 to .84)

.2.5. Self-Ordered Pointing Task. The Self-Ordered Pointing Task (SOPT)
sed in the current study was a computer-based version (Peterson et al., 2002)
f the assessment developed by Petrides and Milner (1982) to measure working
emory capacity. Participants were instructed to select pictures from a 3 × 4
atrix of 12 pictures. Each time a participant selected one picture, the arrange-
ent of pictures in the matrix changed. The participant had to select a picture

n a different location that had not been selected previously. The participant
ontinued to select a different picture on each of 12 screen displays. The task
as administered in three repetitions of the task using pictures of concrete items

e.g., a calculator, bus, stopwatch). Each task consisted of 12 trials and thus
here were 36 trials in total. The number of correct responses is summed across
he three tasks, with higher scores indicative of good working memory capacity.
he internal consistency between the number of correct pictures across the three

rials was good (Cronbach’s alpha = .74).

.3. Procedure

Participants were recruited through 5-min classroom enrollment talks. After
btaining active consent from both the participants and parents, participants
ere tested in small groups of four at school in a separate test room during

chool time. The IAT was administered on a laptop with a separate response
evice. The order of the IAT was partially counterbalanced. The instructions
ere given on the computer screen preceding the task. Throughout the trials of
oth tasks, participants received feedback in red letters on their screen (incor-
ect response = ‘ERROR’, >3000 ms = ‘TOO SLOW’, <150 ms = ‘TOO FAST’).
ext, the computer-based SOPT was administered. The instructions were given
erbally by the experimenter. Throughout the trials of the tasks, participants
eceived limited feedback on their screen; participants only received an error
essage indicating they had to select another picture when they had selected a

icture on the same picture location as in the preceding turn. Subsequently, the
articipants filled out the expectancy questionnaire. The alcohol use question-
aire was administered last, in order to avoid any interference between having to
eport ones alcohol use and the measures of implicit and explicit alcohol-related
ognitions. One month later, the participants were asked to fill out the alcohol
se and alcohol-related problems questionnaire. All 88 participants were present
t follow-up.

.4. Data reduction

In order to obtain a normally distributed dependent index variable and to

educe the chances of a Type-I error by multiple testing, we computed a log
ransformed standardized alcohol use index score in three consecutive steps.
irst, z-scores were calculated for eight different correlated outcome measures,
amely number of times alcohol used in lifetime, number of times alcohol used
n the past month, the number of standard drinks on a weekend day, the number of
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Table 1
Pearson correlations for explicit and implicit cognition and working memory
capacity

1 2 3 4 5 6 7

1. Expl. Active –
2. Expl. Relaxed .01 –
3. Expl. Miserable −.11 −.45** –
4. IAT Active −.12 −.02 .13 –
5. IAT Relaxed −.03 .13 −.06 .21 –
6. IAT Miserable −.05 −.09 .06 .27* −.11 –
7. WMC .06 −.08 .03 .02 −.01 .21 –

Note. Expl. Active = explicit positive-arousal alcohol cognitions; Expl.
Relaxed = explicit positive-sedation alcohol cognitions; Expl. Miser-
able = explicit negative alcohol cognitions; IAT Active = D-2SD score for the
positive-arousal IAT; IAT Relaxed = D-2SD score for the positive-sedation IAT;
IAT Miserable = D-2SD score for the negative IAT; WMC = working memory
capacity expressed in total number of correct responses on three consecutive
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elf Order Pointing Tasks.
* p < .05, two-tailed.

** p < .01, two-tailed.

tandard drinks on a weekday, number of times drunk in the last year, frequency
f binges per 2 weeks, the number of binges in the last week, and the total sum
core on the RAPI. Subsequently, the alcohol use index score was computed by
alculating the mean of these eight z-scores. Finally, the alcohol use index was
og transformed to obtain a normally distributed dependent variable.

. Results

.1. Outliers

Analyses included only those participants reporting that
hey had consumed alcohol in their lifetime. Two partici-
ants reported that they had never consumed alcohol and were
herefore eliminated from further analyses. In addition, five
articipants were excluded from further analysis because they
xceeded the mean error scores in the reaction time task by more
han 3 standard deviations. The SOPT scores of participants that
xceeded the mean by more than 3 standard deviations were
ecoded to the lowest value after removal of the outliers minus 1
a method referred to as winsorizing). The analytic sample was
1.

.2. Bivariate analyses

As is shown in Table 1, the IAT measures and the alcohol
xpectancy measures were not correlated with each other (all
> .20). Furthermore, both the IAT measures and the alcohol
xpectancy measures were not correlated with the SOPT (except
or the positive correlation between the negative IAT and SOPT
f r = .21, p = .06, all p-values > .40) (also see Table 4). Addi-
ionally, although prior research has shown that poor working

emory has been reliably associated with alcohol problems, the
API did not correlate with the SOPT (r = .07, p = .52).
.3. Multiple regression analyses

To assess whether there was a significant interaction between
orking memory capacity and alcohol-related cognition in the
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rediction of alcohol use, three hierarchical regression mod-
ls for alcohol use were evaluated. One model tested the
ypothesis that implicit and explicit positive-arousal cognitions
nteracted with working memory capacity. Another model tested
he hypothesis that implicit and explicit positive-sedation cog-
itions interacted with working memory capacity. Lastly, one
odel tested the hypothesis that implicit and explicit negative

ognitions interacted with working memory capacity. In each of
hese models the variables were centered before calculating the
nteraction term and a setwise hierarchical procedure was used.
n Step 1 gender, age, and school attended were entered into
he regression equation as background variables. In Step 2 the
OPT total sum score, the relevant (positive arousal, positive
edation or negative) IAT D-measure and the relevant (positive
rousal, positive sedation or negative) expectancy sum score
ere added to the regression equation. In Step 3 the interaction
etween the relevant (positive-arousal, positive sedation or neg-
tive) expectancy sum score and the SOPT total sum score was
dded to the model. In Step 4 the interaction between the relevant
positive arousal, positive sedation or negative) IAT D-measure
nd the SOPT total sum score was added to the model. The alpha
evel was set at .05 for all analyses to ensure an optimal trade-
ff between completeness (not leaving out possibly interesting
ffects) and the correctness (restricting Type-II error) given the
xploratory nature of the data. The term borderline significant
as used when the p-value exceeded .05 but was less than .10.
Only the model, in which the interactions between explicit

nd implicit alcohol-related cognitions and working memory
apacity reached borderline significance in the prediction of
lcohol use, was subjected to further analysis. Both interactions
dded significantly to the prediction of 1-month follow-up alco-
ol use (Step 3 �R2 = .06, p = .02, Step 4 �R2 = .05, p = .02)
bove and beyond the background variables and main effects
see Table 2). Overall, the full model explained 31% of all vari-
nce (R2 adjusted = .21, F(10, 70) = 3.08, p < .01). A trimmed
odel was obtained by removing all variables that were not

borderline) significant from the regression equation. The final
rimmed model shows that both the interaction between work-
ng memory capacity and explicit positive-arousal cognitions
nd the interaction between working memory capacity and
mplicit positive-arousal cognitions predicted alcohol use after

month controlling for gender (see Table 3). Fig. 2 shows
hat in participants with low working memory capacity, the
mplicit positive-arousal associations positively predicted 1-

onth follow-up alcohol use. However, in the participants with
igh working memory capacity the opposite appeared to be true.
n contrast Fig. 3 shows that in participants with high working
emory capacity, stronger explicit positive-arousal cognitions

redicted greater alcohol use. In those with low working mem-
ry, there was no such relation between explicit positive arousal
xpectancies and subsequent alcohol use. Overall, the final
rimmed model explained 27% of all variance (R2 adjusted = .21,
(6, 74) = 4.55, p < .001).
Additionally, the analysis was repeated controlling for base-
ine drinking. In this analysis the interaction between implicit
ositive-arousal cognitions and working memory capacity was
o longer significant (�R2 = .02, p = .44). This is not surprising,
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Fig. 1. Schematic overview of the block sequence in the three Implicit Association Tests. TD = target discrimination, AD = attribute discrimination, C = combination,
RAD = reversed attribute discrimination, and RC = reversed combination.

Table 2
Summary of hierarchical regression analysis for variables predicting alcohol use
after 1 month (N = 81)

Variable B S.E. B β

Step 1
Gender .29 .17 .19
Age −.05 .08 −.09
School 1 −.16 .36 −.05
School 3 .46 .28 .27
School 4 −.15 .21 −.10

Step 2
Gender .39 .17 .25*
Age −.05 .08 −.08
School 1 −.03 .36 −.01
School 3 .40 .27 .23*
School 4 −.19 .20 −.12
Expl. Active .21 .09 .27*
IAT Active .02 .12 .02
WMC .00 .03 .02

Step 3
Gender .38 .17 .25*
Age −.06 .08 −.11
School 1 −.14 .35 −.04
School 3 .31 .27 .18
School 4 −.22 .20 −.14
Expl. Active .16 .09 .20
IAT Active .06 .12 .06
WMC .00 .03 .01
WMC × Expl. Active .09 .04 .28*

Step 4
Gender .37 .16 .24*
Age −.03 .08 −.05
School 1 −.16 .34 −.05
School 3 .14 .27 .08
School 4 −.25 .19 −.16
Expl. Active .12 .09 .15
IAT Active .02 .12 .02
WMC .02 .03 .07
WMC × Expl. Active .09 .04 .28*
WMC × IAT Active −.09 .04 −.25*

Note. R2 = .12 (p = .07) for Step 1; �R2 = .07 (p = .13) for Step 2; �R2 = .06
(p < .05) for Step 3; �R2 = .05 (p < .05) for Step 4. Expl. Active = explicit
positive-arousal alcohol expectancies; IAT Active = Implicit Association Test
D-2SD score expressing the strength of the positive-arousal association
with alcohol; WMC = working memory capacity expressed in total num-
ber of correct responses on three consecutive Self Order Pointing Tasks.
*p < .05.

Table 3
Summary of simultaneous regression analysis for variables predicting alcohol
use after 1 month (N = 81)

Variable B S.E. B β

Gender .37 .16 .24*

Expl. Active .11 .09 .14
IAT Active .02 .11 .02
WMC .02 .03 .09
WMC × Expl. Active .10 .04 .28**

WMC × IAT Active −.10 .04 −.29**

Note. Expl. Active = explicit positive-arousal alcohol-related cognitions; IAT
Active = Implicit Association Test D-2SD score expressing the strength of the
positive arousal association with alcohol; WMC = working memory capacity
expressed in total number of correct responses on three consecutive Self Order
Pointing Tasks.

* p < .05.
** p < .01.

Table 4
Means and standard deviations of explicit cognition, implicit cognition and
working memory capacity

Low WMC (N = 48) High WMC (N = 33)

Expl. Active 4.18 (0.88) 4.43 (1.07)
Expl. Relaxed 4.11 (1.01) 3.94 (0.76)
Expl. Miserable 2.19 (0.96) 2.29 (0.93)
IAT Active 346.48 (229.57) 387.13 (244.97)
IAT Relaxed 303.12 (229.37) 351.04 (232.50)
IAT Miserable 397.68 (260.30) 466.55 (286.44)
WMC 27.94 (2.25) 32.00 (1.15)

Note. Expl. Active = explicit positive-arousal alcohol cognitions on a 6-point
Likert scale; Expl. Relaxed = explicit positive-sedation alcohol cognitions on
a 6-point Likert scale; Expl. Miserable = explicit negative alcohol cognitions
on a 6-point Likert scale; IAT Active = positive-arousal IAT score in ms; IAT
Relaxed = positive-sedation IAT score in ms; IAT Miserable = negative IAT
score in ms; WMC = working memory capacity expressed in total number
of correct responses on three consecutive Self Order Pointing Tasks; Low
W
a
c

g
q
d
i
i
w
r

MC = participants who scored low on working memory capacity based on
median split; High WMC = participants who scored low on working memory

apacity based on a median split.

iven the limited power of this analysis. Note that it is a different
uestion whether change in drinking overtime can be pre-
icted by an interaction between working memory capacity and

mplicit or explicit alcohol-related cognitions, or whether drink-
ng behavior itself can be predicted by an interaction between
orking memory capacity and implicit or explicit alcohol-

elated cognitions. This study primarily evaluated implicit and
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Fig. 2. Interaction between working memory capacity and implicit positive-
arousal cognitions in the prediction of alcohol use (β = −.29, p < .01). Alcohol
use index = log transformed standardized sum score of eight outcome vari-
ables, implicit positive-arousal cognitions = Implicit Association Test D-2SD
score expressing the strength of the positive arousal association with alco-
hol, WMC = working memory capacity expressed in total number of correct
responses on three consecutive Self Order Pointing Tasks.

Fig. 3. Interaction between working memory capacity and explicit positive-
arousal cognitions in the prediction of alcohol use (β = .28, p < .01). Alcohol
use index = log transformed standardized sum score of eight outcome variables,
explicit positive-arousal cognitions = explicit positive-arousal alcohol expectan-
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ies score, WMC = working memory capacity score expressed in total number
f correct responses on three consecutive Self Order Pointing Tasks.

xplicit cognitive processes and interactions between specific
ognitive processes and working memory in the prediction of
-month follow-up drinking.

. Discussion

This study showed that the interaction between implicit and
xplicit positive-arousal cognitions and working memory capac-
ty predicted 1-month follow-up alcohol use in our sample of
t-risk adolescents. Results from a hierarchical regression anal-
sis showed that both interactions predicted unique variance
n 1-month follow-up alcohol use after controlling for the main
ffects and background variables. Interestingly, the signs of these
nteractions were in the opposite direction. That is, implicit
ositive-arousal cognitions predicted 1-month follow-up alco-
ol use more strongly in students with lower levels of working
emory capacity, whereas explicit positive-arousal cognitions

redicted 1-month follow-up alcohol use more strongly in stu-

ents with higher levels of working memory capacity.

These results are in line with prior research on moderating
ffects of executive functions on implicit cognitive processes.
mplicit cognition has been shown to be predictive of behav-

e
a
a
t
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or in individuals with relatively low working memory capacity
r attentional control (Grenard et al., manuscript under review;
ayne, 2005). In addition, our findings are consistent with the
ndings of Tapert et al. (2003) that explicit positive alcohol
xpectancies predicted alcohol use in substance use disorder
dolescents with good verbal skills, whereas they did not in
ubstance use disorder adolescents with poor verbal skills. Both
ndings indicate that alcohol expectancies may require deep
rocessing in order for them to affect decision making and thus
rinking. Finally, our results are in agreement with research that
ound dissociations between implicit and explicit cognitions.
or instance, prior studies have shown that explicit cognitions
redicted more deliberative behavior whereas implicit cogni-
ion predicted more spontaneous behavior (Asendorpf et al.,
002; Perugini, 2005). Our results are also congruent with
he idea that implicit and explicit cognitions influence behav-
or through different pathways (e.g. Fazio and Towles-Schwen,
999; Kahneman, 2003; Strack and Deutsch, 2004), which
learly has relevance for addictive behaviors (see Wiers and
tacy, 2006).

Given some limitations, these results should be interpreted
ith some caution. First, although we screened for schools with
high proportion of at-risk adolescents, we did not use a prob-

bility sampling strategy at an individual level and therefore
e might not be able to generalize these results to other at-risk

dolescent populations. In addition, we did not have the sta-
istical power to adequately look at possible interactions with
ther background variables such as gender. It could be that for
pecific subgroups of at-risk adolescents the results would have
een different.

Second, some authors question the validity of the IAT (e.g.
othermund and Wentura, 2004; De Houwer, 2001). It has been
roposed that participants performing the IAT may recode the
timuli based on other features than the associations the IAT
ntends to measure. Participants may sometimes select one ‘yes’-
r ‘figure’-category and one ‘no’- or ‘ground’-category based on
alience. This is referred to as the so-called figure-ground asym-
etry (Rothermund and Wentura, 2004). This figure-ground

symmetry has been shown to sometimes influence IAT effects.
owever, in alcohol-IATs similar to the ones used here, this
gure-ground asymmetry could only partly explain the results
ound for the negative associations and not at all for the positive
nd arousal associations (Houben and Wiers, 2006). Moreover,
ince we mixed conceptual and perceptual task characteris-
ics within one test, we may have been able to provide some
efense against possible recoding given the fact that not just
ne simple recoding strategy can be used. Since participants
o not react just to one dimension of interest, the task may be
ess prone to response strategies the participants might want
o employ (cf. De Houwer, 2003; Rinck and Becker, 2007).
ne could further argue that executive functions directly influ-

nce the estimates of associations provided by the IAT, for
xample through switch costs (Mierke and Klauer, 2003). How-

ver, we used the new scoring algorithm here (Greenwald et
l., 2003), which provides an estimate of associations, while
ccounting for individual differences in switching capabili-
ies (Greenwald et al., 2003; Mierke and Klauer, 2003). The
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ypothesis that the IAT results here are strongly influenced
y the level of executive functions in this study is further
nlikely given the lack of correlation between the IAT esti-
ates of positive-arousal associations and working memory

apacity. In addition, a similar pattern of results was found
y Grenard et al. (manuscript under review) when using a
ifferent (not a reaction time task) and uncorrelated indirect
easure of implicit alcohol-related cognitions (see Ames et al.,

007 for a direct comparison). Additionally, there is converging
vidence from other research domains: Payne (2005) found a
imilar interaction between the IAT and executive control pre-
icting the stereotyping behavior, and Hofmann et al. (2007)
ound a similar interaction between appetitive associations
ssessed with a different variety of the IAT and experimentally
anipulated levels of self regulatory control predicting eating

ehavior.
Third, since the IAT, SOPT and alcohol expectancy ques-

ionnaire were performed in a fixed sequence, it is possible
hat order effects may have played a role in the current
esults. However, this fixed sequence was chosen as the most
ptimal procedure to minimize method-related variance in a
tudy focusing on individual differences (cf. Asendorpf et al.,
002).

Fourth, a possible limitation is that the follow-up period
as relatively short. This places some restrictions on the
rospective nature of this data. Further research is necessary to
etermine whether these interactions between alcohol-related
ognition and working memory capacity are capable of pre-
icting alcohol use in at-risk adolescents over longer time
eriods.

Finally, it must be noted that since the relationship between
xecutive functions and alcohol use has been shown to be
idirectional it may be hard to disentangle the precise causal
nfluences in the current pattern of results. For instance, it could
ell be that, due to prior drinking, working memory capacity

s lowered and causes positive-arousal associations with alco-
ol to influence drinking behavior to a greater extent. This, in
urn, could lead to heavier drinking and more alcohol-related
roblems. Yet, although prior research has shown that that poor
xecutive functioning has been associated with more alcohol-
elated problems (e.g. Finn and Hall, 2004; Peterson et al.,
992; Tapert et al., 2002), in our sample the SOPT did not
orrelate significantly with the RAPI. This could be due to the
act that the average item score on the RAPI of .30 was not
hat high compared to a clinical sample (White and Labouvie,
989). This is in line with prior studies that have shown that
dolescents may experience the negative sedative effects of alco-
ol, which may serve to limit intake, less. Nevertheless these
dolescents seem to be more sensitive than adults to alcohol-
nduced damage in structures that should restrict, e.g. binge
rinking (Spear, 2004). Additional research with longitudinal
esigns or more experimental designs are necessary to sepa-
ate the bidirectional effects between executive functioning and

lcohol use.

In sum, although these limitations should be taken into
onsideration when interpreting these results, this study does
rovide additional information for the role of alcohol-related

b
o

s

ependence 94 (2008) 116–124

ognitions in the development of (hazardous) drinking behavior.
hese results suggest that implicit and explicit alcohol-related
ognitions influence drinking behavior through different path-
ays: adolescents with relatively good working memory

apacity appear to make more “reasoned” drinking decisions,
hile adolescents with relatively poor working memory capac-

ty appear to make more impulsive drinking decisions (cf.
track and Deutsch, 2004). The obtained interaction effects, and
specially the obtained dissociation in these effects, should be
onsidered important given that interaction effects of continuous
ariables in field studies are often difficult to detect (McClelland
nd Judd, 1993). Because effect sizes are often attenuated in such
nalyses and thus notoriously difficult to uncover, McClelland
nd Judd (1993) concluded that it is more important to deter-
ine if an interaction effect exists than to focus on its effect

ize.
Thus, both the interaction between working memory capac-

ty and implicit positive-arousal cognitions with alcohol and
he interaction between working memory capacity and explicit
ositive-arousal cognitions could be taken into account when
revention and intervention methods are being developed. Dif-
erent intervention methods might be effective for different
ubgroups of at-risk adolescents. On the one hand, at-risk ado-
escents with good working memory capacity might benefit
rom interventions that try to strengthen protective negative
lcohol cognitions, such as a motivational interview, which
ppears feasible in at-risk adolescents (Grenard et al., 2007).
n the other hand, at-risk adolescents with poor working mem-
ry capacity might benefit from interventions that attempt
o directly interfere with their automatic reactions, such as
n attentional retraining (e.g. Wiers et al., 2006) or with
nterventions that aim at increasing their capacity to regu-
ate impulses, such as a working memory training, as has
een successfully used in children with ADHD (Klingberg
t al., 2005). However, it should be noted that even if an
ncrease in working memory capacity could also be achieved
n high-risk adolescents, this does not replace the importance
f motivation and goals: the adolescent still needs to be moti-
ated or have a goal in mind to apply this executive control
Feldman-Barrett et al., 2004; Wiers et al., 2007). Future
esearch is needed to indicate if and which methods can be
ncluded as proven effective components in intervention pro-
rams.
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ppendix A

.1. IAT picture stimuli
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ppendix B

.1. IAT word stimuli (translated from Dutch)

ositive arousal stimuli (active word) Neutral stimuli (neutral word)
Excited Historical
Energetic Apart
Busy Steep
Lively Wide
Wild Compact

ositive sedation stimuli (relaxed word) Neutral stimuli (neutral word)
Relaxed Normal
Calm Blue
Chill Flat
Tranquil Central
Comfortable Digital

egative stimuli (miserable word) Neutral stimuli (neutral word)
Sad Daily
Pain Square
Sick Narrow
Nauseous Common
Miserable Totally
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