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Reaction Time
Measures of Substance-
Related Associations

KATRIJN HOUBEN, REINOUT W. WIERS,
AND ANNE ROEFS

Abstract: This chapter provides an overview of indirect RT measures of implicit associations, including
the IAT, the EAST, and priming paradigms. Each indirect measure is described on a conceptual level
and is illustrated with recent findings from addiction research. For each measure, a critical evaluation
of its strengths and weaknesses is given including a discussion of its psychometric properties, the
relativity of measured associations, its suitability for assessing ambivalence, and alternative accounts
of effects found by nonassociative processes. Recent modifications, such as the Single Target IAT, the
GNAT, the Modified EAST and the Single Valence EAST that have been developed in response to some
of the limitations of the measures described here are also discussed.

INTRODUCTION

Addiction research is currently exploring
the value of implicit measures for assessing
cognitions believed to be involved in the etiol-
ogy and maintenance of addictive behaviors.
Traditionally, addiction-related cognitions
have been examined with self-report measures

that ask respondents for introspection (see
Wiers et al., Chapter 22). Self-report mea-
sures, however, have been criticized because
of their susceptibility to self-presentation
biases and the possibility that cognitive-moti-
vational processes mediating addiction are
not accessible through conscious introspec-
tion (e.g., Nisbett & Wilson, 1977; Stacy,
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1997). These two key problems of self-report
measures have encouraged researchers to
develop implicit measures that assess cogni-
tions indirectly from behavior such as reac-
tion time (RT).

Despite the increased use and popular-
ity of implicit measures, the denotation of
the term “implicit” remains confusing. Some
have argued that the term refers to the mea-
surement procedure (Fazio & Olson, 2003),
whereas others believe that implicit measures
have privileged access to automatically acti-
vated cognitions and tap different underly-
ing processes than self-report measures
(e.g., Cunningham et al., 2001; Stacy, 1997;
Wilson et al., 2000). According to De
Houwer (Chapter 2), these two views of
implicit measures actually refer to different
things, namely to the measurement procedure
and the outcome of the measurement proce-
dure, respectively. Following De Houwer, the
terms “indirect” and “direct” are used here
to denote measurement procedures, whereas
the term “implicit” is used for cognitions
assessed with indirect measures.

This chapter discusses the merits of a subset
of indirect measures, namely indirect RT-based
association measures. Several RT association
measures, including the Implicit Association
Test (IAT; Greenwald et al., 1998), the
Extrinsic Affective Simon Task (EAST; De
Houwer, 2003), and priming paradigms are
described conceptually and illustrated with
examples from addiction research. A critical
review of strengths and weaknesses is given for
each measure and recently developed modifi-
cations are discussed. For an extended over-
view of indirect measurement procedures see
Wiers et al. (2004).

THE IMPLICIT ASSOCIATION TEST

The IAT (Greenwald et al., 1998) is a double
categorization task that requires the classifi-
cation of stimuli into four different categories

with two response keys. Typically, two
categories represent the target concepts
(e.g., alcohol vs. soft drinks) and two
categories correspond to the poles of an
attribute dimension (e.g., positive vs. nega-
tive). During the critical trials of the IAT, the
target and attribute categories are assigned to
two response keys in two different combi-
nations. During one combination task, for
example, participants have to classify both
alcohol and negative words with one
response key and soft drinks and positive
words with the other. During the reversed
combination task, alcohol and positive are
assigned to the same key and soft drinks and
negative to the other. Because performance
will be better when concepts that are associ-
ated in memory are classified with the same
response key (compatible), than when con-
cepts sharing a response key are not or only
weakly associated (incompatible), one of
these combinations typically leads to faster
and more accurate performance compared
with the other. This performance difference
is referred to as the IAT effect and is assumed
to reflect the strength of implicit associations
between the target and attribute categories
(Greenwald et al., 1998).

Application to Addictive Behaviors

The IAT has already been used in numer-
ous studies examining substance-related cog-
nitions. For example, Swanson et al. (2001)
and Huijding et al. (2005) compared smok-
ers and nonsmokers’ implicit smoking associ-
ations with valence. In both studies, both
smokers and nonsmokers were found to have
stronger negative implicit smoking associa-
tions compared with a number of different
contrast categories such as sweets, exercise,
and writing. Likewise, Field et al. (2004)
used the IAT to examine cannabis users
and nonusers’ implicit cannabis associations
compared with features of the natural
environment. Nonusers showed stronger
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negative implicit cannabis associations
compared to cannabis users. Wiers et al.
(2002) measured heavy and light drinkers’
implicit alcohol associations with the IAT in
two dimensions: valence and arousal. Both
heavy and light drinkers implicitly associ-
ated alcohol with negative valence compared
with soft drinks, whereas only heavy
drinkers demonstrated alcohol-arousal asso-
ciations. These findings have been replicated
in a sample of heavy drinkers (Wiers et al.,
2005) and in a sample of patient drinkers (De
Houwer et al., 2004). Palfai and Ostafin
(2003a) recently modified the IAT by replac-
ing the valence categories with approach and
avoidance attributes. Results demonstrated
that alcohol is associated with approach
motivations (or action tendencies) in haz-
ardous drinkers. Further, stronger alcohol-
approach associations significantly correlated
with urge to drink and arousal-reactivity in
anticipation of alcohol consumption. Both
the implicit arousal and the approach associ-
ations in heavy drinkers have been linked to
the incentive-sensitization theory (Robinson
& Berridge, 1993, 2003; see also Wiers et al.,
Chapter 22), which states that activation
of a sensitized “wanting” system automatically
increases attention, arousal, and approach
responses, in the absence of “liking.”
Moreover, these findings underscore the use-
fulness of assessing substance-related associa-
tions in other dimensions than valence alone
(e.g., arousal-sedation, approach-avoid), as has
been demonstrated in other areas of psy-
chopathology (e.g., Teachman et al., 2001;
Teachman & Woody, 2003). Furthermore,
the IAT can also be used with pictorial instead
of verbal stimuli and has been shown to be
robust against influence from such stimulus-
related variations (Hofmann et al., 2004). To
illustrate, Swanson et al. (2001) contrasted
smoking pictures with nonsmoking pictures
in an IAT and found both smokers and
nonsmokers to have an implicit preference
for nonsmoking pictures.

Strengths and Weaknesses

The IAT shows good internal consistency,
in the region of .80. Stability over time is typ-
ically lower with an average test-retest value
of .60 (e.g., Bosson et al., 2000; Cunningham
et al., 2001; Greenwald & Nosek, 2001;
around .70 for the alcohol IAT; Wiers et al.,
2005). Promising results were also found
regarding the convergent validity of the IAT
(Cunningham et al., 2001; Greenwald &
Nosek, 2001), though most studies have
found correlations between indirect mea-
sures to be inconsistent, weak, and/or nonex-
istent (e.g., Bosson et al., 2000; Olson &
Fazio, 2003). A large range of positive corre-
lations between the IAT and direct measures
have been found with a low but positive
average of .24 (Hofmann et al., 2004).

The IAT, however, is not without limi-
tations and recent research has uncovered
problems that may compromise the interpre-
tation of IAT effects. First, it is unclear which
associations are assessed with the IAT. The
IAT primarily measures associations between
concepts at category level rather than at the
level of individual exemplars (De Houwer,
2001, 2002). Exemplars can influence IAT
effects by determining the target category
context or supporting a category re-definition
(Govan & Williams, 2004; Mitchell et al.,
2003), but ultimately the categories deter-
mine IAT effects. This implies that category
labels are important and that the IAT is vul-
nerable to influences of label associations
(i.e., the “label effect”). In addition, IAT
effects appear to be susceptible to contami-
nation by culturally shared associative
knowledge that is not necessarily personally
endorsed (Karpinski & Hilton, 2001; Olson
& Fazio, 2004).

Second, the IAT only provides a measure
of the relative strength of implicit associa-
tions because the IAT requires two categories
and two attribute categories (De Houwer,
2002). The bipolarity of the target dimension
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carries the implication that the IAT measures
the strength of the association between one
target concept and the attributes relative to
the contrast target category. Therefore, con-
clusions about implicit associations of a sin-
gle target category are unwarranted because
the possibility always exists that the contrast
category influenced IAT effects. Moreover,
the bipolarity of the attribute categories pre-
vents assessment of ambivalence, because
it is impossible to find associations between
a target category and both poles of the
attribute dimension. This may be especially
problematic for addictive behaviors, where
ambivalence is typically quite strong (Conner
& Sparks, 2002) and even at the core of some
of its definitions (e.g., Orford, 2001).

Third, IAT effects are assumed to reflect
the strength of implicit associations in mem-
ory (Greenwald et al., 1998) and, according to
the analysis of De Houwer (2001), stimulus-
response compatibility effects underlie IAT
effects. Presumably, compatibility between the
short-term associations of the response keys
created by instructions and the intrinsic, long-
term associations of the stimuli facilitates
performance. Because IAT effects are based on
the comparison of performance between two
tasks, however, nonassociative processes can
also influence IAT effects. Such an account of
IAT effects is provided by Rothermund and
Wentura (2001, 2004). They propose that
salience or figure-ground asymmetries can
cause IAT effects, independent of implicit
associations. When one of the categories of an
IAT dimension is more salient than the other,
the most salient category will attract attention.
This salient category becomes the so-called
figure, whereas the other category constitutes
the (back)ground. Subsequently, when both
the target and attribute figure are mapped
onto the same response, performance will be
better compared with when one figure and
one ground category are assigned to the
same response. Similarly, the task-switching
account (Mierke & Klauer, 2001, 2003) also

explains part of the IAT effects in terms of
nonassociative processes: the IAT involves a
switch between two different tasks (typically
an easy and a difficult combination) and IAT
effects are larger for people who have difficul-
ties with task-switching, irrespective of their
associations. This task-switching is thought to
involve executive control processes and comes
with a performance cost, causing slower and
less accurate responding. This aspect of the
IAT measurement procedure may be particu-
larly worrying for comparisons of groups that
differ in their task-switching abilities, such as
young versus older or addicted versus nonad-
dicted participants.

Recent Developments

IAT Developments

Jajodia and Earleywine (2003) modified
the IAT by eliminating attribute bipolarity
to enable assessment of ambivalence toward
alcohol. Attribute categories were presented
in a unipolar format, by contrasting both
positive and negative attributes with attri-
bute categories made up of unrelated neutral
words (e.g., basic, intermediate). Results
showed implicit alcohol associations with
both positive and negative valence relative to
mammals, implying that implicit alcohol atti-
tudes are in fact ambivalent. Furthermore,
Houben and Wiers (2004) examined the
extent to which the label effect, target and
attribute bipolarity, and figure-ground asym-
metries influence findings with alcohol IATs.
In a first study, the influence of using the
label “alcohol” versus the label “beer” was
examined as well as the effect of using
the contrast category “animals” instead of
“soft drinks.” Moreover, attribute bipolarity
was eliminated by testing positive, negative,
arousal, and sedation attributes relative to
(different) neutral attribute categories. Results
showed only minor effects of the labels
and contrast categories and both alcohol
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and beer were very strongly associated with
negative affect, strongly with positive affect
and arousal, and moderately with sedation.
These findings provide additional support for
the existence of ambivalent implicit alcohol
associations and underscore the need to assess
implicit alcohol associations in a unipolar for-
mat with respect to the attributes. In a second
study, participants performed visual search
tasks (Rothermund & Wentura, 2004) to
examine figure-ground asymmetries between
categories that made up an IAT dimension
in the first study. Results showed that the
neutral categories were more salient than the
positive, negative, and sedation categories,
but showed no figure-ground asymmetries
for the target dimensions or for the arousal-
neutral dimension, suggesting that figure-
ground effects cannot explain the IAT results
of the first study.

According to Olson and Fazio (2004),
some IAT properties might promote the
use of extrapersonal (cultural) associations
(cf. Karpinski & Hilton, 2001) by increasing
the accessibility of normative information.
Therefore, they introduced the personalized
IAT (see also Fadardi et al., Chapter 9),
which reduces this contamination by extrap-
ersonal associations. First, it eliminates nor-
mative implications associated with the
labels “positive” and “negative” through the
use of the labels “I like” and “I dislike.”
Second, it uses attribute stimuli that are not
normatively associated with valence but that
have little evaluative consensus (large vari-
ability) while still being attitude-evoking
(e.g., football, coffee). Finally, no error feed-
back is given to participants to avoid sug-
gesting that there is a normative correct
response. The personalized IAT was found to
reveal less racial prejudice and was more
strongly correlated with direct measures, sug-
gesting a reduced influence of extrapersonal
associations (Olson & Fazio, 2004). Nosek
and Hansen (2004), in contrast, argue that
the original and the personalized IAT both

capture unique attitude-relevant aspects,
reflecting the multidimensionality of atti-
tudes. In a series of studies, evidence for the
multidimensionality of attitudes was found
and results suggested that both IAT versions
were capturing different aspects of these
attitude constructs.

IAT Variants

Wigboldus et al. (2004) developed the
Single Target IAT (ST-IAT), which is struc-
turally similar to the IAT, with the difference
that only one target category is used. Partici-
pants are instructed to classify both this target
and one attribute category (e.g., alcohol and
negative) with one response key and the other
attribute category (e.g., positive) with the sec-
ond response key. Unlike the IAT, the ST-IAT
measures associations between only one tar-
get concept and the attributes without a sec-
ond contrasting target category.

The GNAT (Go/No-Go Association Task;
Nosek & Banaji, 2001) is another IAT vari-
ant designed to assess associations between
a single target category and two poles of an
attribute dimension. In this task, partici-
pants press one response key for targets and
attributes (Go) and are instructed to ignore
other stimuli (No-Go). The strength of asso-
ciations is assessed by determining the extent
to which stimuli belonging to the target cate-
gory and one pole of the attribute dimension
can be discriminated from distracter stimuli.
As it is in the case of the ST-IAT, the target
is first paired with one pole of the attribute
dimension and subsequently with the other
in two combination tasks. Differences in
sensitivity between these two combinations
reflect the association between the target and
the attributes (Nosek & Banaji, 2001). One
major advantage of the GNAT is that the
task is very flexible with respect to the choice
of the distracter set, allowing assessment
of single associations with a target category
(Nosek & Banaji, 2001). Dabbs et al. (2003)
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used a portable version of the GNAT to assess
smokers and nonsmokers’ smoking attitudes.
Preliminary results showed smokers to have
a more favorable implicit attitude toward
smoking compared with nonsmokers.

Both the ST-IAT and the GNAT are
unipolar with respect to the target category
and offer a way to assess associations with
targets that do not have a natural opposing
contrast, such as smoking. Both IAT variants,
however, compare performance between two
tasks, making nonassociative alternative
accounts of effects possible. Also, since cate-
gories are labeled in both tasks, label effects
may still influence results. Finally, attribute
bipolarity remains a problem for both tasks
when assessing associations that are possibly
ambivalent.

THE EXTRINSIC
AFFECTIVE SIMON TASK

The EAST (De Houwer, 2003) is a categoriza-
tion task that allows measurement of single
target associations within one task. In the
EAST, attribute words (e.g., positive and
negative) are typically classified by meaning
with two response keys. Because of these task
instructions, the response keys become extrin-
sically associated with the meaning of the attri-
butes assigned to them, creating, for example,
an extrinsically positive and an extrinsically
negative response key. In contrast, target
words (e.g., alcohol, soda) are classified with
respect to an irrelevant stimulus property (e.g.,
color, shape) with the same two response
keys. Participants, for example, may be
instructed to respond with one key to positive
words and to alcohol and soda stimuli that
are presented in blue and to respond with
the other key to negative words and to alcohol
or soda targets that are presented in green.
Subsequently, implicit associations between
alcohol and valence are defined as the
performance difference between giving an

extrinsically positive response to a (blue)
alcohol target and giving an extrinsically neg-
ative response to a (green) alcohol target.

Application to Addictive Behaviors

In a recent study, De Houwer et al. (2004)
assessed implicit alcohol associations with
an EAST in a sample of patients. Alcoholics
were more accurate in responding to soft
drink stimuli with an extrinsically positive
response than with an extrinsically negative
response, but showed no performance differ-
ence for alcohol stimuli. These results sug-
gest that participants had a favorable
attitude toward soft drinks and a neutral or
ambivalent attitude toward alcohol. Wiers
et al. (2003) assessed implicit alcohol associ-
ations with a valence-EAST and an arousal-
EAST in drinking students and found that
participants held implicit alcohol-arousal
associations, replicating IAT findings (e.g.,
Wiers et al., 2002).

Strengths and Weaknesses

Until now, few studies have examined the
reliability and validity of the EAST, although
promising results have been obtained when
assessing attitudes for which meaningful
interindividual differences exist (De Houwer,
2003). Typically, EAST effect sizes are some-
what smaller than IAT effect sizes (De
Houwer, 2003). Unlike the IAT, EAST
effects are based on comparison of perfor-
mance within one task, which makes non-
associative accounts of EAST effects (e.g.,
salience asymmetries, task-switching) less
likely. Also, the EAST allows assessment of
single associations between one target and
the attributes, even when multiple target cat-
egories are used. Not only are target dimen-
sions presented in a unipolar format, they
are also presented without labels, making
label effects less likely. The attribute dimen-
sion, however, is still presented in a bipolar
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format, making the EAST, like the IAT,
unsuitable to assess ambivalent associations.

Recent Developments

Wiers, et al. (2003) tested a Modified-
EAST (M-EAST) for assessing multiple and
ambivalent alcohol associations within one
task. The M-EAST is structurally similar to
the EAST, with the modification that target
words now have to be classified by meaning
and attributes by an irrelevant property. The
M-EAST has the advantage that attribute
dimensions are no longer bipolar. Because
the targets are now bipolar again, however,
only relative associations can be assessed.
Using the M-EAST, Wiers et al. (2003) cre-
ated an extrinsic alcohol and an extrinsic soft
drink response key while positive, negative,
arousal, and sedation attributes were pre-
sented in blue and green. Performance of
heavy-drinking men was found to be better
when making an extrinsically alcohol-related
response compared to an extrinsically soft
drink-related response to both arousal and
sedation attributes. These results demonstrate
implicit alcohol associations with both arousal
and sedation. No reliable performance differ-
ences were found for positive and negative
attributes.

De Liver et al. (2003) developed the Single
Valence-EAST (SV-EAST) to enable the
assessment of ambivalent attitudes. The
SV-EAST is structurally similar to the EAST
with attributes being classified by meaning
and targets by an irrelevant property. Unlike
the EAST, however, only one classification
response is used (as in the GNAT). For
example, attribute words require a response
when they possess valence whereas attributes
without valence have to be ignored. During
one block, only positive and neutral attri-
butes are presented or only negative and neu-
tral attributes. Ambivalent (e.g., alcohol) and
neutral targets are presented that require
a classification response when presented in

blue but have to be ignored when presented
in green. The assumption is that responding
to ambivalent targets will be superior com-
pared with responding to neutral targets. The
SV-EAST has the advantage that it presents
both the target and attribute dimension in a
unipolar format and without category labels.

PRIMING MEASURES

Sequential priming techniques are particu-
larly useful for studying the associative struc-
ture of memory representations (Bargh &
Chartrand, 2000). In semantic priming, asso-
ciations are assessed between two different
concepts and in affective priming, associa-
tions are assessed between a concept and its
evaluation.

In semantic priming procedures, the pre-
sentation of a prime word or phrase, assumed
to provide a semantic context, is followed by
the presentation of a target word to which a
response has to be generated. This response
typically involves pronunciation of the target
word (pronunciation task) or a word/non-
word decision (lexical decision task). Targets
can be semantically related or unrelated to
the prime, and priming effects are demon-
strated when response latencies or the per-
centage of errors for targets following
unrelated primes are larger than for targets
following a related prime (Bargh &
Chartrand, 2000; Neely, 1991).

Affective or evaluative priming techniques
involve the presentation of a prime that is
evaluatively consistent or inconsistent with
a subsequently presented target. The presen-
tation of an attitude object as a prime is
thought to activate any associated evalua-
tions and hence facilitate the processing of
and responding to evaluative consistent tar-
gets (Fazio, 2001; Klauer, 1998; Klauer &
Musch, 2003). Most often, participants are
asked to decide whether the target is “good”
or “bad” (evaluative categorization task);
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however, affective priming effects have also
been found with the lexical decision task
(e.g., Wentura, 2000) and the pronunciation
task (under certain conditions; e.g., Hermans
et al., 1994, 2001; Spruyt et al., 2002).

For both semantic and affective priming
procedures, priming effects are indicated by
an interaction between prime and target
valence or meaning, showing faster perfor-
mance when prime and target are congruent
than when they are incongruent. Several
accounts of priming effects have been pro-
posed, including spreading activation (Fazio
et al., 1986), response competition/facilitation
(Klinger et al., 2000), affective-matching
(Klauer, 1998; Klauer & Musch, 2003), and
compound cue theory (Ratcliff & McKoon,
1988), but also more controlled processes
like target expectancies (Neely, 1991).

Application to Addictive Behaviors

Using a semantic priming task, Hill and
Paynter (1992) demonstrated faster respond-
ing to alcohol targets that were preceded by
alcohol-related primes than to alcohol targets
that were preceded by unrelated primes for
alcohol-dependent drinkers. No such prim-
ing effect was found for the nondependent
drinkers. Moreover, Weingardt et al. (1996)
examined the association between alcohol
and outcome states using a semantic priming
task and were able to show that the presen-
tation of positive outcomes of drinking
alcohol facilitated the naming of subsequent
alcohol-related words. Furthermore, results
showed that more drinking experiences were
accompanied by an increased priming effect.
Zack and colleagues used semantic priming
to assess associations between possible
antecedents of drinking and alcohol. In line
with this idea, Zack et al. (1999) showed that
problem drinkers with high psychiatric dis-
tress displayed significant activation of alcohol
concepts by negative affective primes. The
opposite was also found in these problem

drinkers: Negative concepts were primed
by alcohol primes. Problem drinkers with
low psychiatric distress showed inhibition
in both these conditions. Zack et al. (2003)
examined the association between alcohol
and antecedent mood states and demon-
strated faster pronunciation of alcohol tar-
gets following negative mood phrases in
young drinkers with high- and low-anxiety
sensitivity.

Palfai and Ostafin (2003b) used an affec-
tive priming task to examine the influence
of alcohol consumption on the activation of
alcohol outcome expectancies. Results indi-
cated that, regardless of whether expectancy
words were preceded by a neutral or an alco-
hol prime, participants responded faster to
positive expectancies after consuming alco-
hol than after consuming a placebo beverage.
Apparently, alcohol consumption increased
the activation of positive expectancies but
not associative memory links between alco-
hol and expectancies. Ostafin et al. (2003)
modified the affective priming task by replac-
ing positive and negative target words with
targets related to approach and avoidance
behavior. Results showed that alcohol-binge
episodes and alcohol-related problems were
correlated with weak associations between
alcohol and avoidance tendencies, however,
not with strong associations between alcohol
and approach tendencies (see also Wiers
et al., Chapter 22).

Strengths and Weaknesses

Priming has been proven to be useful,
but effect sizes are typically small and relia-
bility of individual differences is typically low
(e.g., Bosson et al., 2000) to moderate (e.g.,
Cunningham et al., 2001). Priming measures
are, however, only explained in terms of
associative relationships and priming effects
necessitate no comparison of different sets
of words since the same stimulus words are
used to make up both the congruent and the
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incongruent prime-target pairs. This avoids
uncontrollable influences on priming effects
such as effects of familiarity and salience
(Klauer, 1998).

OTHER INDIRECT RT
ASSOCIATION MEASURES

We will now briefly discuss two other mea-
sures that have been used in addiction
research. A full review of these measures is
unfeasible because of limited space and there-
fore, only the main task properties will be
described for these measures and only some
points of criticism will be given. First, the
primed emotional Stroop task can be used
to assess implicit associations by examining
color-naming latencies for target words that
are preceded by prime words. Participants are
instructed to ignore the meaning of target
words and only name the color of the words.
Unlike in other indirect association measures,
implicit associations are indicated in the
primed emotional Stroop task by slower per-
formance on trials where target words are pre-
ceded by a congruent prime. Both Kramer and
Goldman (2003) and Stewart et al. (2002)
have recently used the primed emotional
Stroop to examine alcohol-related associa-
tions. In both studies, however, primes were
presented for an unusually long period (2 sec-
onds, stimulus onset asynchrony (SOA) = 5
seconds and 500 ms, SOA = 1300 ms, respec-
tively) when compared with priming studies
where priming effects have been found to
dissipate at SOAs longer than 300 ms (e.g.,
Hermans et al., 2003). This makes the indirect
nature of the test somewhat questionable.

Second, accessibility measures provide
another way for measuring implicit associa-
tions. For example, participants can be
instructed to respond to a series of expectancy
words that are preceded by a prompt (e.g.,
“Alcohol makes me”) by pressing one of two
response keys (yes or no). The accessibility of

expectancies is assessed by examining the
time necessary to endorse expectancy items
(e.g., Palfai, 2002; Palfai et al., 1997; Palfai
et al., 2000). These accessibility measures are
probably the closest to the direct self-report
measures of all measures reviewed here,
because they ask respondents to self-report on
their cognitions while the accessibility of these
cognitions is indirectly determined from
response times.

DISCUSSION

Assessment of substance-related cognitions
with indirect measures has provided new
insights into the cognitions involved in addic-
tive behaviors. There are at least two reasons
for supplementing traditional direct self-
report measures with indirect measures: self-
presentation biases and limited cognitive
accessibility. In this chapter, an overview was
provided of indirect RT measures of implicit
associations. When comparing these mea-
sures, it is obvious that the largest effects can
be obtained with the IAT. Several problems
have been attributed to this test, however,
and IAT effects can be explained by both
associative and nonassociative accounts.
Therefore, IAT effects probably do not only
reflect implicit associations in memory, but
also reflect artifacts of the measurement
procedure. In response to these problems, sev-
eral other indirect association measures
have been developed, such as the ST-IAT, the
EAST, and the GNAT, which overcome some,
but not all of the problems associated with
the IAT measurement procedure. Priming
procedures, on the other hand, appear to be
less susceptible to nonassociative factors.
Accounts of priming effects are primarily in
terms of semantic or affective relationships
between concepts and none explain priming
effects in terms of artifacts of the measure-
ment procedure. Typically, priming effects
are also smaller than, for example, IAT
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effects, possibly because effects are not
enlarged by nonassociative effects and reflect
only the associations of interest.

One general limitation that applies to
most indirect measures reviewed here is that
these measures do not fully capture the direc-
tionality of implicit associations. Because
targets typically both precede and follow
attributes, an association between alcohol
and an attribute can reflect both an associa-
tion with an expected outcome (e.g., alcohol-
positive: Drinking alcohol causes a positive
mood) or with an antecedent (e.g., positive-
alcohol: When in a positive mood, one should
drink alcohol). This temporal sequence of
associations is not addressed by current RT-
based indirect measures. For example, it
remains puzzling that people continue to
use addictive substances while IAT research
continues to find evidence that these sub-
stances are implicitly associated with nega-
tive valence. One possible explanation is that

associations with addictive substances are
typically ambivalent and this conclusion
seems to be supported by recent research.
Alternatively, it is possible that negative stim-
uli act as a cue for using addictive substances
while addictive substances activate positive
expectancies (see Wiers et al., Chapter 22).
This directionality issue as well as the mean-
ing of implicit negative substance associa-
tions should be addressed by future research
on implicit drug associations.

We hope this review of RT measures
of implicit associations will stimulate further
research on the processes underlying the effects
of these measures. We trust this will lead to
further improvements of indirect association
measures that can be applied in addiction
research as a supplement to direct self-report
measures. Ultimately, such an approach
could lead to a better understanding of auto-
matic processes in addictive behaviors and
their treatment.
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