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CHAPTER 7

A Practical Guide to
Implicit Association Tests and Related Tasks

Sarah Teige-Mocigemba, Karl Christoph Klauer,
and Jeffrey W. Sherman

he story of the Implicit Association Test (IAT;

Greenwald, McGhee, & Schwartz, 1998) is
one of an incredible boom. Eleven years after its
first publication, more than 450 articles have been
published that either applied the method to the
assessment of various “implicit” constructs (for a
definition of the term implicit and its different uses,
see De Houwer, 2006; De Houwer & Moors, 2007;
De Houwer, Teige-Mocigemba, Spruyt, & Moors,
2009) or investigated the underlying processes and
possible confounds of IAT effects. In the present
chapter, we trace this story of the IAT by review-
ing research on the IAT and related tasks. In par-
ticular, we initially identify factors that contrib-
uted to the explosion of IAT research. We then
introduce the IAT methodology, review findings
of its psychometric properties, and present process
models that have been proposed to account for
IAT effects. In the course of discussing research
on contaminations of AT effects, we finally intro-
duce [AT-related tasks, most of which have been
developed as possible solutions to IAT confounds.
Other possible remedies for the respective con-
founds are also presented.

ON A NEW APPROACH
TO AN OLD PROBLEM

Since researchers aim at assessing core psychologi-
cal processes, they are faced with two key problems
of direct measures (e.g., self-reports), namely intro-
spective limits (e.g., Nisbett & Wilson, 1977) and
susceptibility to self-presentation or socially desir-
able responding (e.g., Paulhus, 1984). The idea
that there might be more about ourselves than we
can tell or want to tell promoted the development
of several indirect measures. Such measures were
developed in the hope of obtaining diagnostic in-
ferences about a person’s dispositions without hav-
ing to ask the person directly. This hope, however,
was soon dampened as findings of unacceptable
reliability and validity questioned the usefulness
of early indirect measures such as projective tests
(e.g., Lilienfeld, Wood, & Garb, 2000).

With technological progress making it pos-
sible to present stimuli and record response times
with highly accurate computer-based methods, a
new class of indirect measures emerged, namely
response time measures (also termed “implicit”
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measures).! Assuming that response time patterns
may reflect the associative processes of interest
appropriately (see Strack & Deutsch, 2004), such
measures are expected to offer straightforward ac-
cess to cognitive structures or processes. Research-
ers applied experimental paradigms of cognitive
psychology such as sequential priming (Neely,
1977) or response interference tasks (Kornblum,
Hasbroucq, & Osman, 1990) to the assessment of
artitudes, stereotypes, self-esteem, and personality
traits (for reviews, see Fazio & Olson, 2003; Schna-
bel, Asendorpf, & Greenwald, 2008; Wittenbrink
& Schwarz, 2007, for similarities of and differences
between response time measures, see De Houwer,
2001, 2003b, 2008). For the new computer-based
measures, the known problems of early indirect
measures initially seemed to recur: The new mea-
sures proved to be useful tools to examine differ-
ences at the group level, but scarcely any of them
met the test-theoretical criteria required for the
assessment of differences at the individual level.
Thus, like for the early indirect measures, most im-
plicit response time measures suffered from low to,
at best, moderate reliability. In 1995, Greenwald
and Banaji argued that because such unreliable
measures fail to detect interindividual differences,
their application to the assessment of implicit con-
structs at the individual level is highly problematic.
Three years later, the IAT was introduced as the
first implicit response time measure that proved to
be reliable, at least in terms of internal consistency
(see later discussion). Thus, the great demand for
reliable indirect measures helped to make the IAT
widely accepted. The IAT’s easy applicability and
effective promotion might also have contributed

to its popularity and widespread use in diverse
subdisciplines of psychological research. In the fol-
lowing section, we give more detailed information
about the general procedure, implementation de-
tails, and different scoring procedures of the IAT.
We then turn to the IAT’s psychometric proper-
ties.

THE IAT
Procedure

The IAT is thought to assess the strength of as-
sociations between target categories (e.g., black
persons vs. white persons) and attribute carego-
ries (e.g., negative vs. positive), both arranged on
bipolar dimensions, by comparing the response
latencies for rwo differently combined categoriza-
tion rasks. Participants are instructed to categorize
stimuli that represent the four categories (e.g.,
names typical for blacks vs. whites and negative
vs. positive words) with the help of two response
keys, each assigned to two of the four categories.
The IAT's basic assumption is that if two concepts
are highly associated, categorization will be easier
when the two associated categories share the same
response (in the so-called compatible block: De
Houwer, 2003b) than when they require different
responses (in the so-called incompatible block; De
Houwer, 2003h).

Table 7.1 presents a typical task sequence of
the IAT (here, a racial attitude IAT) consisting of
seven blocks, some of which are practice blocks to
acquaint participants with the stimulus material
and categorization rules. In a racial attitude IAT,

TABLE 7.1. Example of a Racial Attitude Implicit Association Test (IAT):

Task Sequence

Response key assignment

Block N trials Task Left key Right key

| 20 Target discrimination Black White

2 20 Attribute discrimination Negative Positive

3 20 Initial combined task Black, negative White, positive
4 40 Initial combined rask Black, negarive White, positive
5 200r40  Reversed target discrimination White Black

6 20 Reversed combined rask White, negarive Black, positive
7 40 Reversed combined task White, negative Black, positive

Note. Nosek, Greenwald, and Banaji (2005) recommend increasing the number of trials in the fifth block as
an effective means to reduce comparihility-order effects (see Confounding Factors of the IAT Effect section).
Therefore, some IAT procedures present 40 instead of 20 trials in chis black, in which participants practice the
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for instance, participants are trained to press a left
key for “black” stimuli and a right key for “white”
stimuli in the first block of 20 trials (target dis-
crimination). In the second block of 20 trials, they
are trained to press the same left key for “negative”
stimuli and the same right key for “positive” stimuli
(attribute discrimination). The diagnostically rel-
evant third block (20 trials) and fourth block (40
trials) combine the attribute and target discrimi-
nation. Participants now are to respond left to neg-
ative and black stimuli and right to positive and
white stimuli. In the fifth block (20 or 40 trials; see
later discussion), target discrimination is reversed:
Participants are trained to press the left key for
white stimuli and the right key for black stimuli.
The diagnostically relevant sixth block (20 trials)
and seventh block (40 trials) again combine the
attribute and the previously reversed rarget dis-
crimination. Participants now are to respond left
to negative and white stimuli, and right to positive
and black stimuli. The difference in performance
between the initial combined blocks (third and
fourth blocks) and the reversed combined blocks
(sixth and seventh blocks) is called the IAT effect.
Subdivision of the initial combined and reversed
combined categorization tasks into two blocks of
different lengths (20 vs. 40 trials), respectively, has
mainly historical reasons: In contrast to current
scoring procedures (see later discussion) that in-
clude data from both the shorter combined blocks
(third and sixth blocks) and the longer combined
blocks (fourth and seventh blocks) in the algo-
rithms (Greenwald, Nosek, & Banaji, 2003), early
scoring procedures denoted the third and the sixth
blocks as practice blocks and excluded them from
the analyses (Greenwald et al., 1998).

The IAT effect is interpreted in its size and
direction as revealing the relative association
strength between the target and attribute cac
egories. Accordingly, individuals with implicit
prejudices against blacks are expected to respond
faster and more accurately when black stimuli
and negative attributes are assigned to the same
response key (and white stimuli and positive attri-
butes to the other key) compared with the reverse
configuration (black and positive are assigned to
one key, white and negative to the other key). It
is important to note that [AT effects always have
to be interpreted in a relative manner (for more
details, see Relative Measure section): A racial
artitude [AT effect, for instance, does not permit
any conclusions about an individual’s evaluation
of blacks but provides only informarion abour an
individual’s preference for blacks over whites (or
whites over blacks).

Implementation Details

IATs as well as other response time—based mea-
sures can be easily implemented using software
packages such as Inquisit, E-Prime, Direct-RT, and
SuperLab to name just a few (see Stahl, 2006, for
a comparison of these four software packages).
Sample programs can be downloaded from several
websites (e.g., faculty.washington.edu/agg).

Different procedural details have been used in
IAT implementations. In most instances, proce-
dural variations did not considerably affect IAT ef
fects or their correlations (see Nosek, Greenwald,
& Banaji, 2007). Those procedural variations that
have been shown to have an impact on IAT ef-
fects are discussed later (see Confounding Factors
of IAT Effects section). Implementation details of
current standard IAT procedures comprise (1) the
instruction to respond as quickly and accurately
as possible, (2) correction of erroneous responses
as indicated by an error cue (e.g., presentation
of a red X or the word error below the stimulus),
(3) display of category labels assigned to the left
or right response key in the corresponding upper
screen corners throughout all blocks, (4) intertrial
interval of 150 msec—750 msec (250 msec may be
most often used), (5) five to six stimuli per cate-
gory (at least two), (6) alternation between target
and attribute stimuli in the combined blocks, (7)
otherwise randomized trial order if group differ-
ences are the main focus of the experiment, but
(8) a fixed random trial order for all participants in
correlational studies in order to reduce confounds
of procedural and interindividual variance (e.g,
Banse, Seise, & Zerbes, 2001).

Scoring Procedures

Different scoring procedures have been proposed
for calculating IAT effects (see Greenwald et al,
2003). All scoring procedures compare the perfor
mance between the initial combined blocks (see
Table 7.1, third and fourth blocks) and the reverse
combined blocks (see Table 7.1, sixth and seventh
blocks). Because of the variety of available IAT
score calculations and different recommendations
about which score should be used, most research-
ers report analyses based on both the so-called
conventional IAT score and the so-called D mea-
sures. According to the conventional algorithm
(see Greenwald et al., 2003), the performance dif-
ference between the two combined rasks is based
on log-transformed response latencies, with laten-
cies smaller than 300 msec or greater than 3,000
msec being recoded to 300 msec and 3,000 msec,
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respectively. For descriptive staristics, however,
IAT scores based on raw response latencies are
often reported.

Greenwald and colleagues (2003) suggested
improved scoring procedures for the IAT, the D
measures, which were optimized with regard to the
IAT’s psychometric criteria (e.g., increased internal
consistency, higher correlations with explicit mea-
sures, resistance to some extraneous procedural in-
fluences). D measures differ from the conventional
algorithm in several aspects, including modified
upper and lower tail treatment of latencies, inclu-
sion of both correct and incorrect responses, with
incorrect response latencies being increased by an
error penalty, and an individual standardization
similar to that in Cohen’s effect size measure d (see
Greenwald et al., 2003: Nosek et al., 2007). SPSS
syntaxes for different D measures can be down-
loaded from Greenwald’s website (faculty.washing-
ton.edu/aggfiar_materials.htm). It should be noted
that although D measures are widely used by now,
there is ongoing debate regarding the adequacy of
the criteria according to which the algorithms of
D measures have been developed (e.g., Wentura
& Rothermund, 2007). In particular, researchers
have criticized that D measures have been selected
by maximizing the IAT’s correlations with explicit
measures. This might make the measure more di-
rect on an indirect-direct dimension, which con-
travenes the basic idea of developing implicit mea-
sures. Clearly, more research is needed to evaluate
strengths and weaknesses of the D measures com-
pared with the conventional scores.

Regardless of the particular chosen algorithm,
the practice of reducing eight distinct response
latencies or error rates (for two targets and two
attributes in both comparible and incompatible
blocks) to a single number representing an [AT
effect may have significant shortcomings. Differ-
ence scores may conceal important informartion
about which particular trials are responsible for
differences across conditions. Likewise, when re-

duced to a single index, it is impossible to examine’

whether different IAT scores in different experi-
mental conditions, for example, reflect differences
in responses to target trials, attribute trials, or
both. Similarly, it is impossible o tell whether
the effects are driven by responses on compatible
trials, incompatible trials, or both. Important em-
pirical and theoretical questions may be addressed
by examining response latencies and ErTor rates
for each of the conditions separately (e.g., Brendl,
Markman, & Messner, 2001).

Finally, recent research has suggested the use of
more complex mathematical procedures such as

diffusion model analysis (Klauer, Voss, Schmitz,
& Teige-Mocigemba, 2007) or multinomial model-
ing (Conrey, Sherman, Gawronski, Hugenberg, &
Groom, 2005) to analyze IAT data. Such math-
ematical models acknowledge that hardly any
measure used in psychology is process pure in the
sense that its outcome covaries only with differ-
ences in the construct that is to be measured.
Thus, the modeling approach attempts to quantify
the relative contributions of qualitacively different
processes within a given measure (for a review, see
Sherman, Klauer, & Allen, Chapter 9, this vol-
ume). To what extent the modeling approach will
become accepted as a standard rool for analyzing
the outcome of response time measures such as the
IAT will probably depend on (1) accessibility of
manageable software applications (e.g., Stahl &
Klauer, 2007; Voss & Voss, 2007), (2) superiority
to the conventional and/or D) measures (e.g, re-
garding confounds), and (3) psychometric proper-
ties of the process components.

PSYCHOMETRIC PROPERTIES
OF THE IAT

Reliability

Much of the IAT’s popularity may be attributable to
its comparatively satisfactory reliability estimates.
In particular, internal consistencies (split-half cor-
relations or Cronbach’s alpha) have been shown to
be satisfactory, with scores ranging from .70 to .90
(Nosek et al,, 2007), differing slightly depending
on the method of calculation (see Schnabel et al,,
2008). By conctrast, test—retest reliability has been
found to be less satisfactory, ranging from .25 to
69 with mean and median estimates of abour .50
(Lane, Banaji, Nosek, & Greenwald, 2007), varying
lictle with retest interval ( Egloff, Schwerdtfeger, &
Schmukle, 2005). Explaining the discrepancy be-
tween the IAT's satisfactory internal consistency
on the one hand and its lower test—retest reliability
on the other is still an unresolved puzzle regard-
ing the IAT’ ability to capture temporally stable
implicit constructs (e.g., personality traits or stable
attitudes). Researchers have put forward different
explanations for this discrepancy.

First, it has been argued that the IAT might
measure states rather than traits, as suggested by
studies showing the IAT’s sensitivity to context ef-
fects and experimental manipulations (for reviews,
see Blair, 2002; Gawronski & Bodenhausen,
2006). Drawing on such findings, some researchers
have even questioned the existence of invariant,
trait-like cognitive structures (e.g., Schwarz, 2007).
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Second, it has been hypothesized that additional
sources of construct-unrelated variance might
lower test—retest reliability. For instance, the two
measurement occasions may exert different influ-
ences on the processes underlying the IAT (not on
the to-be-measured construct itself!) and thus lead
to changes in the extent to which the construct
in question causes variation in the IAT outcome
(e.g, De Houwer, 2008; Gawronski, Deutsch,
LeBel, & Peters, 2008). Such processing differ-
ences may comprise differences in (1) tesctaking
strategies (Egloff et al., 2005), (2) attentional foci
when completing IATs (Gawronski et al., 2008),
(3) learning effects (Schmukle & Egloff, 2004), or
(4) other component response processes that do
not reflect associations per se (e.g., Sherman et al.,
2008).

Context effects may thus rely on (1) the [AT’s
sensitivity to changes in the construct of interest
(i.e., IAT as a stare measure), (2) its susceptibil-
ity to changes in additional sources of construct-
unrelated variance (ie., IAT as an insufficiently
reliable trait measure), or (3) both (ie., IAT as
capturing both state- and traitspecific variation;
Schmukle & Egloff, 2005; Sherman et al., 2008).
In this regard, Gschwendner, Hofmann, and
Schmitt (2008) recently emphasized the impact of
construct accessibility on the IAT's temporal sta-
bility. They showed that (1) the IAT’s test—retest
reliability was enhanced in situations in which
contextual background features activated specific
construct-relevant concepts and that (2) this ef-
fect was particularly pronounced for individuals
with chronically high accessibility for the relevant
concept. These findings suggest that the IAT’s
ability to assess traits is enhanced by acrivating
more specific representations via context informa-
tion. Such representarions may be assumed to re-
flect interindividually different, temporally stable
patterns of associative activation (see also Conrey

& Smith, 2007).

Validity
Group Level
UNIVERSAL ATTITUDES

At the group level, a priori assumptions have been
used to examine the IAT’s validity. For example,
normative studies and a priori arguments suggest
that there are objects toward which most people
have relatively uniform attitudes (e.g, most peo-
ple prefer flowers over insects). Accordingly, such
universal actitudes should be reflected in the IAT
effect. Indeed, flower-insect IATs have repeatedly

been found to show more positive attitudes toward
flowers than toward insects (for the first demon-
stration of this effect, see Greenwald er al., 1998)
indicating validity of the IAT.

KNOWN-GROUP APPROACH

The so-called known-group approach contrasts
groups that are assumed a priori to differ regard-
ing the construct of interest. For some domains,
the IAT proved to be valid as it revealed such
differences (see Greenwald & Nosek, 2001). For
instance, white and black individuals differed in
their racial attitude [AT effects (Nosek, Banaji, &
Greenwald, 2002), and a homosexuality attitude
IAT distinguished between homosexuals and het-
erosexuals (Banse et al., 2001). In other domains,
particularly those related to addictive behavior,
the IAT did not consistently differentiate between
groups (such as smaokers vs. nonsmokers; Swanson,
Rudman, & Greenwald, 2001; but see Perugini,
2005). The strength of the known-group approach,
of course, hinges on the certainty with which the
groups (e.g., smokers and nonsmokers) can be as-
sumed to differ on a priori grounds.

EXPERIMENTALLY MANIPULATED
ATTITUDES

Assuming that the IAT effect reflects the con-
struct in question, experimental manipulation of
this construct should influence the IAT effect in
the expected manner. Olson and Fazio (2001), for
instance, drew on this assumption and found evi-
dence for the [AT’s validity. Novel attitudes were
formed by pairing previously unknown stimuli
with other, clearly positive or negative stimuli. Re-
sults showed that IAT effects reflected these new
attitudes, even when participants were unaware of
its origins.

CRITICISM OF VALIDATION APPROACHES
AT THE GROUP LEVEL

Importantly, the experimental validation approach
has its limits when constructs are to be assessed
thar are expected to be stable over time. Per defi-
nition, such stable constructs (e.g., the personal-
ity trait of anxiousness) should not be affected by
short-term manipulations. For instance, Schmukle
and Egloff (2004) experimentally induced state
anxiety by a public speaking task and found no ef-
fects on anxiety IATs. They interpreted their find-
ings not in terms of the IATs invalidity, bur rather
in terms of the [AT's validity as a measure of trait
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anxiety (see state—trait issue discussed previously).
Similarly, the conclusiveness of the validation ap-
proaches by universal attitudes and known groups
is limited: It cannot be ruled out that there are
other, uncontrolled variables confounded with
universal attitudes (e.g., stimulus selection) or
group membership (e.g., cognitive abilities) that
also account for the findings.

Individual Level

Most research on the IAT's validity adopted the
correlational approach. Specifically, the IAT’s
validity has been investigated in terms of its cor-
relations with (1) explicit measures and (2) other
implicit measures and (3) by its predictive validity
for behavioral measures.

CORRELATIONS WITH EXPLICIT MEASURES

Most studies have concentrated on implicit—
explicit consistency. A meta-analysis over various
content domains (including attitudes, stereotypes,
and self-concept) revealed a somewhar low corre-
lation of .24 between IATs and explicit measures
(Hofmann, Gawronski, Gschwendner, Le, &
Schmitt, 2005), whereas a large-scale analysis of
Internet data from the IAT website yielded a higher
implicit—explicit correlation of .37 (Nosek, 2005).
Nosek’s analysis might reveal somewhat higher
correlations because, first, his data refer ro attitude
domains for which higher implicit—explicit consis-
tency is expected. Second, Nosek exclusively used
relative thermometer scales as explicit measures,
which may better correspond to the IAT in that
they are relative measures and more directly tap
into an affective component. Third, greater vari-
ability in Nosek’s Internet data might also have
contributed to the higher implicit—explicit corre-
lations.

There is still considerable controversy, however,
as to whether such low to moderate correlations
between the IAT and explicit measures should be
interpreted as indices of discriminant validity or
convergent validity (Payne, Burkley, & Stokes,
2008; see also Nosek & Smyth, 2007). The core
of this debate traces back to the question of differ-
ences and similarities of the cognitive structures
that underlie implicit and explicit measures. Some
researchers postulate independent representations
of implicit versus explicit constructs and thus in-
terpret implicic-explicit correlations as indices
of discriminant validity (e.g., Wilson, Lindsey, &
Schooler, 2000). Other researchers postulate only
one representation that can be tapped differently

(i.e., using implicit or explicit measures) and, con-
sequently, interpret implicit—explicit correlations
as indices of convergent validity (e.g., Fazio, 1990;
Nier, 2005).

It is to be noted, however, that recent research
advised caution in interpreting implicit—explicit
correlations as evidence for underlying cognitive
structures. For instance, Payne and colleagues
(2008) argued that measures differ with regard to
several (structural) features and showed that struc-
tural fit has a strong impact on implicit—explicit
correlations: The more similar the task demands
of implicit and explicit measures, the higher the
correlation between them, even when controlling
for common method-specific variance. Implicit—
explicit correlations might, therefore, reflect
(structural) fit, or misfit, of the underlying mea-
sures rather than of the underlying cognitive struc-
tures (see also Hofmann, Gschwendner, Nosek, &
Schmitt, 2005).

CORRELATIONS WITH OTHER
IMPLICIT MEASURES

Considering the interpretation problems of
implicit—explicit correlations, it has been sug-
gested to focus on implicit—implicit correlations.
Assuming that implicit measures capture the
same (i.e., implicit) construct, the IATs correla-
tions with other implicit measures should reflect
the IAT’s convergent validity (e.g., Banaji, 2001).
Interestingly, correlations between IATs and
other implicit measures have typically been found
to be weak (e.g., Olson & Fazio, 2003; Rudolph,
Schréder-Abé, Schiirz, Gregg, & Sedikides, 2008;
Sherman, Presson, Chassin, Rose, & Koch, 2003;
Teige, Schnabel, Banse, & Asendorpf, 2004). Low
implicit—implicit consistency, however, is often not
attributed to the IAT’s invalidity but rather to two
other factors. First, implicit measures other than
the IAT often show unacceptable reliability esti-
mates (Nosek et al., 2007). Because reliahility sets
upper limits on the rto-be-expected correlation,
implicit-implicit relations might necessarily be
underestimated (Teige er al., 2004; see Cunning-
ham, Preacher, & Banaji, 2001, for an approach to
correct for such measurement error through latent
variable analysis).

Second, not only implicit—explicit consistency
but also implicit-implicit consistency might be
influenced by the structural fit of the measures
(Payne et al.,, 2008; see also De Houwer, 2008).
Empirical evidence for this assumption is provided
by studies that approximated formerly dissimilar
features of implicit measures and indeed found
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higher implicit—implicit correlations. For example,
Olson and Fazio (2003) argued that, as a result of
different task demands of the IAT and affective
priming, the IAT reveals evaluations of superordi-
nate categories, whereas affective priming reveals
evaluations of specific category exemplars used as
stimuli. When affective priming was made more
similar to the IAT by encouraging the primes’
categorization in terms of the superordinate cat-
egory, the correlation between affective priming
and [AT was increased. In a similar vein, Steffens,
Kirschbaum, and Glados (2008) equated the IAT
and a response-window priming task with regard
to stimulus selection (i.e., both tasks used only the
concept categories as stimuli). Again, 1AT effects
and priming effects correlated significantly. Taken
together, the IAT's low correlations with other
implicit measures do not necessarily indicate the
[AT’s invalidity but can be accounted for by (1)
low reliability estimates of implicit measures other
than the [AT and (2) structural differences among
the measures (Rudolph et al., 2008).

PREDICTIVE VALIDITY
FOR BEHAVIORAL MEASURES

Most convincing in light of these discussions are
correlational studies thar have demonstrated the
IAT's ability to predict behavior over and above
explicit measures. Perugini (2005) distinguished
between three different models of predictive valid-
ity of implicit and explicit measures: the additive,
the multiplicative, and the double-dissociation
model. Research on the IAT found evidence for
all three models. As proposed by the additive
model, the IAT and explicit measures explained
separate portions of relevant criterion variance
(e.g, Schnabel, Banse, & Asendorpf, 2006a). As
suggested by the multiplicative model, the IAT
and explicit measures interacted in predicting rel-
evant behavior (e.g., Schréder-Abé, Rudolph, &
Schiitz, 2007). Finally, as proposed by the double-
dissociation model, only the IAT predicted spon-
taneous behavior, whereas only explicit measures
predicted controlled behavior (eg, Asendorpf,
Banse, & Miicke, 2002).

Evidence for the predictive validity of 1ATs
across various behavioral domains is also provided
by a recent meta-analysis by Greenwald, Poehlman,
Uhlmann, and Banaji (2009). In socially sensitive
domains such as stereotyping and prejudice, the
IAT showed better predictive validity than ex-
plicit measures. This might have been expected,
given that, parricularly in these domains, socially
desirable responding may bias explicit measures. In

contrast, the meta-analysis revealed lower predic-
tive validity for IATs than for explicit measures
in studies that explored brand preferences or po-
litical attitudes. Importantly, in domains related
to health behavior, the [AT has been shown to
have weaker predictive validity: An IAT designed
to assess preferences for apples versus candy bars
did not predict the subsequent choice between an
apple and a candy bar (e.g, Karpinski & Hilton,
2001; Spruyt, Hermans, De Houwer, Vandeker-
ckhove, & Eelen, 2007). The AT’ insufficiency
in such domains has been argued to be due to its
sensitivity to so-called “extrapersonal” knowledge
(Olson & Fazio, 2004), that is, societal views that
do not necessarily correspond to the personal view
(see later discussion).

CRITICISM OF VALIDATION APPROACHES
ATTHEINDIVIDUAL LEVEL

As with the validation approach at the group
level, the conclusiveness of the validation ap-
proach at the individual level is also limired (see
Borsboom, Mellenbergh, & van Heerden, 2004).
Correlations berween IAT effects (e.g., an aggres-
siveness IAT effect) and criterion variables (e.g.,
aggressive behavior) might emerge because of a
third variable (e.g., impaired cognitive skills) that
influences both the IAT effect and the criterion
variable. For example, the finding that the AT
predicts aggressive behavior does not necessarily
attest to the IATs validity as a measure of implicit
aggressiveness. This correlation might also result
from individual differences in cognitive skills such
as the ability to inhibit impulsive responses that
may impact on both aggressive behavior and the
IAT effect (see the IAT's confound by cognitive
abilities as discussed later). All in all, however, the
evidence provided by correlational studies is, to a
large extent, in line with the assumption that IAT
effects can capture meaningful construct-related
variance.

CRITICISM OF THE IAT

In summary, the [AT has been shown to capture
valid constructrelated variance with regard to
both the group and individual levels. Although
these findings are encouraging and indicate the
[AT's validity, several studies have seriously chal-
lenged the assumption that IAT effects are driven
primarily by the to-be-measured associations (for
general criticism of the IAT, see Fiedler, Messner,
& Bluemke, 2006). First and foremost, research-
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ers criticized that, in contrast to the explosion of
IAT applications in diverse psychological areas,
the processes underlying the IAT are still unclear
(e.g., Fazio & Olson, 2003). For most if not all im-
plicit measures (including the IAT), it is not yet
sufficiently understood how the to-be-measured
construct translates into observed responses (De
Houwer et al., 2009). Identifying the underlying
processes of the IAT is particularly important be-
cause several factors have been found to contrib-
ute to the AT effect independent of the ro-be-
measured construct and thus cause additional, but
construct-unrelated, variance in the IAT effect
(e.g, Sherman et al., 2008: Wentura & Rother-
mund, 2007). Hence, although the construct in
question may be sufficient to cause an [AT effect,
other factors might also lead to IAT effects inde-
pendently of this construct, thereby affecting not
only the absolute size but possibly also the rank
order of [AT effects.

Unfortunately, there is no comprehensive, test-
able process model that takes all confounding fac-
tors into account and allows their relative influ-
ences on the IAT effect to be disentangled. Not
even modeling approaches (see Scoring Procedures
section) permit the integration of all such factors.
However, process models have been proposed that
account for ar least some, albeit not all, factors
that can cause systematic variance in IAT effects.
A brief averview of these models is given next.

Process Models of the IAT
Stimulus—Response Compatibilities

According to De Houwer (2001, 2003b), the IAT
effect is based on stimulus—response compatibility.
The basic assumption in this model is that re-
sponse keys acquire the meaning of the stimulus
category to which they are assigned. Compatibility
between the meaning of a response key and stimu-
lus features then facilitates responses. This mecha-
nism can explain the IAT effect because compat-
ibility between stimulus features and responses is
consistently given in the compatible, but not the
incompatible, block.

To illustrate this process, consider the racial at-
titude IAT introduced previously. By asking par-
ticipants to press one key for negative words and
another key for positive words, the a priori neutral
keys are assumed to become associated with nega-
tive and positive valence, respectively (see also
Eder & Rothermund, 2008). Hence, for prejudiced
individuals who like white persons bur dislike black
persons, stimuli and responses are compatible

(ie., associated with the same valence) when the
“negative” key has to be pressed for black names
and the “positive” key for white names (black/
negative—white/positive block). When the same
individuals are asked to press the “negarive” key
for white names and the “positive” key for black
names  (white/negarive-black/positive - block),
stimuli and responses are incompatible. Because
stimulus—response compatibility varies between
the compatible and incompatible blocks of an IAT,
De Houwer (2001, 2003b, 2008) hypothesized that
IAT effects are due to the activation of responses
by the presented stimuli.

It is important to note that not only relevant
stimulus features (such as category membership)
but also irrelevant stimulus features (such as per-
ceptual form) might activate responses in an IAT
(De Houwer, 2008; De Houwer, Geldof, & De
Bruycker, 2005). Thus, the feature according to
which stimulus and response in an IAT are com-
patible might not necessarily (and exclusively)
be construct related and thus relevant (such as
valence in the prior example), but could also be
construct unrelated and thus irrelevant (i.e., fea-
tures other than valence in attitude IATs such as,
e.g., perceptual form; De Houwer et al., 2005). The
stimulus—response compatibility account thereby
predicts that both construct-related and construct-
unrelated variance can contribute to the IAT ef
fect.

Random-Walk Model

Brendl and colleagues (2001) proposed that the
IAT effect reflects the result of a random-walk pro-
cess in which evidence is accumulated on a joint
response-related decision dimension. The time
required before a response criterion is reached de-
pends on whether all incoming information push-
es an internal counter in the same direction. It is
hypothesized that both information of the target
categories (i.e., category membership such as black
vs. white) and information of the attribute catego-
ries (e.g,, valence) drive the counter. Therefore,
stimuli of the target categories (e.g., black vs. white
names) should have a lower net accumulation rate
in the incompatible than in the compatible IAT
condition because information of the caregory
membership (i.e., black vs. white) and valence of a
stimulus (i.e., negative vs. positive) disagree in the
former, but not in the latter, condition.

Again, let us take the example of the racial at-
titude IAT. For individuals wich implicit prejudices
against blacks, black stimuli do not only belong to
the category black but are also negatively evalu-
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ated. If a black stimulus has to be categorized in
the compatible block (here, black/negative vs.
white/positive), both sources of information (ie.,
the membership of the category black as well as
the negative valence) push the accumulation pro-
cess toward the same response (i.e., the common
response for black names and negative words). In
contrast, in the incompatible block (here, white/
negative vs. black/positive), the two sources of
information move the accumulation process in
opposite directions because now black names and
negative words are to be mapped onto different
responses. Usually category membership will have
the stronger impact resulting in correct responses
in most trials. All in all, however, the net evidence
accumulation rate for black stimuli should be lower
in the incompatible block than in the compatible
block, thus leading to slower responses in the for-
mer than in the latter task.

Brend! and colleagues (2001) predicted that dif-
ferences in net accumulation rate are accompanied
by a shift in response criteria in the incompatible
block of an IAT. The authors assume that because
the incompatible block is perceived as more dif-
ficult, participants adopt a more conservative re-
sponse criterion, leading to slower responses in the
incompatible block compared with the compatible
block. Accordingly, Brendl and colleagues suggest
two mechanisms by which IAT effects are pro-
duced, namely, different rates of information accu-
mulation and different response criteria. Whereas
Brendl and colleagues did not mathematically for-
malize their conceptualization of a random-walk
model for the IAT, Klauer and colleagues (2007)
applied diffusion model analyses to AT data and
found evidence for the two proposed mechanisms.
They also confirmed Brendl and colleagues’ as-
sumption that the first mechanism, different rates
of information accumulation, produces construct-
related variance in the IAT effect, whereas the
second mechanism, different response criteria,
produces construct-unrelated variance of strategic,
situational, and/or traicrelated influences on the
IAT effect.

Task Switchin g

According to Mierke and Klauer (2001, 2003;
Klaver & Mierke, 2005), rtask-switching costs
contribute to the IAT effect because they affect
the two crucial blocks of the IAT asymmetrically.
Thus, the central assumption of the task-switching
account is that the IAT involves executive control
processes (i.e., identifying and switching to the
appropriate rask set). It is argued that in the com-

patible block of an IAT the structure of the task
provides participants with an overlapping feature.
Again, think of prejudiced individuals who like
white persons bur dislike black persons. For these
individuals, negative words and black names share
the feature negativity, whereas positivity is shared
by positive words and white names. In the black/
negative—white/positive block (here the compat-
ible block) of the racial attitude AT, categories
that share a feature, namely valence, are thus
mapped onto one response key. Categorizing a
black or white stimulus according to valence (neg-
ative or positive) or category membership (black
or white) should thus lead to the same response
(Mierke & Klauer, 2001, 2003). Consequently, the
task-switching account assumes that participants
derive their responses from an arbitrary feature
(not necessarily valence) shared by the attribute
and target category in the compatible block (see
also De Houwer et al., 2005). Because the process
of deriving responses is thereby simplified, re-
sponses should be fast in this condition.

In contrast, responses cannot be derived from
an overlapping feature in the incompatible IAT
block. For instance, if the same prejudiced indi-
viduals complete the white/negative—black/posi-
tive block of an IAT, responding to a black name
on the basis of its valence (here negative) would
lead to an incorrect response. In the incompatible
block, artribute-related information thus needs
to be ignored for stimuli of the target categories
but has to be processed for stimuli of the attribute
categories. Hence, in the incompatible block,
participants are required to perform every switch
between attribute and target discrimination tasks,
whereas the compatible block can be completed
without performing all such task switches. Because
task switching is associated with performance costs
(Rogers & Monsell, 1995) and affects both blocks
asymmetrically, task-switching ability should con-
tribute to the IAT effect (see Klauer, Schmitz,
Teige-Mocigemba, & Voss, in press, for evidence).

The task-switching account thereby pre-
dicts that both constructrelated and construct
unrelated variance contribute to the IAT ef
fect: An attitude IAT effect, for instance, should
comprise construct-related variance inasmuch
as participants derive their responses from va-
lence as the arbitrary feature shared by the attri-
bute and target category in the compatible block.
Construct-unrelated variance should constitute
the IAT effect inasmuch as participants derive
their responses from an arbitrary feature other
than valence. Also, construct-unrelated influences
of taskeswirching ability should be larger the more
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participants tend to save costly task switches in
the compatible block by simplifying the task via
deriving responses from some overlapping feature.

Figure—Ground Asymmetry

According to Rothermund and Wentura (2001,
2004), the IAT measures differences in the salience
of stimulus categories. Figure—ground asymmetries
within the target (e.g,, black vs. white) and attri-
bute (e.g., negative vs. positive) dimensions are the
central explanatory concept of this account. The
authors assume that participants simplify, either
spontaneously or strategically (Rothermund, Wen-
tura, & De Houwer, 2005), the compatible block,
in which the salient categories are mapped onto
one response key, by recoding both categorization
tasks as figure~ground discriminations. This way,
all salient (i.e., figure) stimuli are assigned to one
key and all nonsalient (i.e., ground) stimuli to the
other, so that the salient stimuli constitute the
figure against the background of the less salient
stimuli. Importantly, such a recoding is impossible
in the incompatible block in which the salient cat-
egories are mapped onto different response keys.
Hence, performance differences between the two
blocks are argued to be the result of salience asym-
metries.

Applying the figure—ground asymmetry account
to the racial artitude [AT, it may be assumed that
black names are more salient than white names
because they are unfamiliar. Simultaneously, nega-
tive words are more salient than positive words be-
cause of the attention-grabbing power of negative
information (Pratro & John, 1991). Hence, partici-
pants should respond faster and more accurately if
the salient categories black and negative share one
response (blackfm:gative—whitc,’positive block)
than if the salient categories black and negative
are mapped onto different responses (white/nega-
tive-black/positive block). This is because in the
former, but not in the latter, case participants can
reduce the complex four-to-two categorization task
to a single binary decision of whether the stimulus
belongs to the salient (i.e., figure) or the nonsalient
(i.e., ground) category. As in Mierke and Klauer's
(2001, 2003) task-switching account, the figure—
ground asymmetry account thus assumes that the
compatible, but not the incompatible, block of an
IAT provides participants with an overlapping
feature shared by the target and attribute category
that directly contributes to the IAT effect (see
also De Houwer er al., 2005). In conrtrast to the
task-switching model, however, it is assumed that
the feature used for recoding the IAT task must be

salience. Hence, associations between categories
are argued to play a subordinate role in the IAT ef.
fect compared with salience asymmetries (but see
Kinoshita & Peek-O’Leary, 2006).

Note, however, that the figure—ground asymme-
try account still allows for an influence of valence
associations inasmuch as they may serve as deter
minants of salience asymmetries. For instance, fora
prejudiced individual, stimuli of the category black
such as names typical for blacks might be salient
not only because they are unfamiliar bur also be-
cause they are negatively valenced (remember that
negative stimuli are assumed to be salient). This
should lead to better performance when black and
negative (i.e., figure) stimuli share one response.
Thus, inasmuch as valence is one determinant
of salience, salience may serve as a mediator be-
tween valence and AT scores. Consequently, ac-
cording to the figure—ground asymmetry account,
LAT effects might comprise both constructrelated
variance (if valence of the target categories is a
determinant of salience) and construct-unrelated
variance (if factors other than valence determine
salience).

Summary

Despite the absence of a comprehensive process
model, fruitful proposals have been made about
the processes by which variables may cause varia-
tions in [AT effects. As discussed later, research
has confirmed some, albeit not all, predictions of
the respective process models. We do not evaluate
strengths and weaknesses of every account here.
Instead, we focus on a shared assumption under-
lying all process models, namely that IAT effects
are influenced not only by the to-be-measured as-
sociations between categories but also by other
construct-unrelated factors.

Confounding Factors of the IAT Effect

Unfortunately, in the absence of a comprehen-
sive process model, the relative contribution of
construct-related and constructunrelated influ-
ences on the [AT effect cannot be determined and
thus cannot be controlled for statistically. Con-
founding factors, therefore, exert an uncontrolla-
ble influence on the absolute size and possibly also
on the rank order of IAT effects. Accordingly, the
interpretation of IAT effects in an absolure man-
ner is compromised: An IAT effect of zero can-
not be interpreted as reflecting a neutral atticude,
nor does a positive (negarive) IAT effect neces-
sarily reflect a positive (negarive) attitude, Thus,
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descriptive statements such as “72% of test takers
show anti-black bias” cannot be derived from IAT
effects.

Given that some confounding factors (e.g., cog-
nitive abilities) differ between individuals, they
do not exert the same influence on IAT effects for
all individuals but rather exert interindividually
different influences. Accordingly, such interindi-
vidually differing contaminants should distort not
only the size but also the rank order of IAT effects,
thereby restricting the IAT’s predictive power and,
hence, affect conclusions about validity. In the ab-
sence of empirical evidence, it is difficult to predict
whether or not a specific contaminant will affect
the rank order of IAT effects. In principle, all of
the confounding factors discussed next might dis-
tort the rank order, at least to the extent to which
participants systematically differ in being subject
to the respective contaminant. Confounding fac-
tors thus pose a problem for both the interpreta-
tion of absolute IAT effects and the interpretation
of the IAT effect as a measure of interindividual
differences.

In the following, we discuss the different factors
that have been shown to contaminate the IAT ef-
fect. If available, we also present possible remedies
for the respective confounds, some of which in-
volve procedural changes to the IAT. Remarkably,
research on IAT contaminants has promoted the
development of several implicit measures (for an
overview, see Table 7.2) that are conceptually simi-
lar to the IAT but aim for overcoming one or more
of its confounds. We start the section with a more
general (structural) problem of the 1AT, before we
concentrate on specific confounding factors.

Recoding

Many of the confounding influences on the IAT
effect may be argued to have their roots in so-
called recoding processes (see Rothermund, Teige-
Mocigemba, Gast, & Wentura, 2009). As just
elaborated, recoding in the IAT means that partic-
ipants simplify—spontaneously or strategically—
one of the double-discrimination tasks of an IAT.
Instead of following the instructions to categorize
all stimuli according to their category member-
ship, participants may recode the four categories
of an IAT into two. Such a simplification may rely
on any feature that helps to distinguish berween
the two groups of stimuli that are assigned ro dif-
ferent response keys (Mierke & Klauer, 2003). Par-
ticipants might even draw on societal views (i.e.,
extrapersonal knowledge; Olson & Fazio, 2004) to
simplify the task (Rothermund & Wentura, 2004).

Hence, the IAT effect might, in part, reflect those
overlapping features that participants (decided to)
use for categorization (e.g., valence, meaning, sa-
lience, perceptual form; De Houwer et al., 2005).

Recently, it has been argued that recoding
processes tely heavily on the IAT's block struc-
ture (Rothermund et al., 2009; Teige-Mocigemba,
Klauer, & Rothermund, 2008; see also De Houwer,
2003a). It is assumed that the different mappings
of categories onto response keys that are imple-
mented in the compatible versus incompatible
black of the IAT promote different processes in
the two blocks. Because the IAT effect is based
on a comparison of performance in the two sepa-
rate IAT blocks, such processing differences have
a direct impact on the [AT effect. A straightfor-
ward remedy thus seems to be the elimination of
the IAT’s block structure, as has been realized in
two paradigms called Single Block IAT (SB-IAT;
Teige-Mocigemba et al., 2008) and Recoding Free
IAT (IAT-RF; Rothermund et al., 2009). The basic
principle of both the SB-IAT and the IAT-RF is
that the mapping of categories onto response keys
may randomly change from trial to trial instead of
blockwise.

THESB-IAT

The SB-IAT provides participants with a struc-
tural feature, namely word position, which signals
the mapping of categories onto response keys (i.e.,
compatible vs. incompatible) for each trial. All
stimuli are randomly presented above or below a
dashed line that divides the screen into an upper
and a lower half. If, for instance, a stimulus appears
in the upper half, the compatible mapping is valid
(i.e., compatible categories share one response). If
a stimulus appears in the lower half, the incompat-
ible mapping is valid (i.e., incompatible categories
share one response).

To illustrate the procedure, let us consider a
racial arritude SB-IAT: For attribute stimuli (e.g.,
positive and negative words), word position is ir-
relevant because attribure stimuli always have to
be assigned to the same response keys irrespec-
tive of word position (e.g., positive words to the
right key, negative words to the left key). For target
stimuli (e.g., names typical for whites vs. blacks),
however, word position is highly relevant. For in-
stance, if target stimuli appear above the dashed
line, names of whites have to be assigned to the
right (positive) key, whereas names of blacks have
to be assigned ro the left (negative) key. Con-
versely, if target stimuli appear below the dashed
line, names of whites have to be assigned to the
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7. IAT and Related Tasks

left (negative) key and names of blacks have to be

assigned to the right (positive) key. As in the [AT,

the performance difference between the two kinds
of mappings is interpreted as reflecting the rela-
rive association strength between the targer and
artribure caregories. For individuals with implicit
prejudices against blacks, responses to stimuli that
appear in the upper half of the screen (white/posi-
tive and black/negative share one response) should
thus be faster and more accurate than responses to
stimuli appearing in the lower half (black/positive
and white/negative share one response).

THEIAT-RF

In the IAT-RE a structural feature such as word
position that signals the mapping of categories
onto response keys for each trial is absent. In-
stead, response assignments are indicated at the
beginning of each trial by presenting the category
labels in the respective left and right corners of
the screen (e.g, black/negative left, white/posi-
tive right) thar correspond to the response keys to
which the categories are assigned in the upcoming
trial. For each trial, participants are thus required
to read the category labels that indicate the map-
ping for the respective trial.
The main difference between the SB-IAT and
the IAT-RF on the one hand and the standard
IAT on the other is that both the SB-IAT and
the IAT-RF compare performance on compatible
versus incompatible trials within the same (ie., a
single) block, whereas the standard TAT compares
performance on compatible versus incompatible
trials between two different (ie., compatible vs.
incompatible) blocks. Thus, in the SB-IAT and
the IAT-RF, the response mapping (compatible
vs. incompatible) may randomly change from trial
to trial and is not consistently blocked anymore.
This should impede any kind of recoding strategies
because recoding processes are assumed to rely on
a consistent mapping of categories onto response
keys (Strayer & Kramer, 1994).

The SB-IAT and the IAT-RF indeed showed
reduced susceptibility to markers of recoding pro-
cesses (see later discussion): Confounding influ-
ences on the IAT such as those of method-specific
variance, task-switching costs, and biased selection
of stimuli were clearly diminished (Rothermund
et al, 2009; Teige-Mocigemba et al., 2008), sug-
gesting usefulness and effectiveness of eliminating
r_ﬁe IAT’s block structure. At the same time, first
findings indicated satisfactory reliability and valid-
ity estimates at both the group (e.g., known group
approach) and the individual (implici—explicit

-
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consistency) level. It should be noted, however,
that effect sizes of both the SB-IAT and the IAT-
RF were clearly reduced compared with the IAT,
thereby leaving less room for markers of recoding
processes to appear. Definitely, more research is
needed to evaluate the potential of both the SB-
IAT and the IAT-RE

Cognitive Abilities
Maybe best documenred and acknowledged is the
confounding influence of cognitive abilities on the
IAT effect. For instance, overall response speed
and the size of IAT effects have been found to be
correlated (McFarland & Crouch, 2002). Because
overall response speed is associated with cognitive
abilities, these results suggest that IAT effects are
at least partially determined by the participants’
cognitive skills. Indirect evidence comes from
studies showing larger IAT effects for older indi-
viduals compared with younger individuals (e.g.,
Hummert, Garstka, O'Brien, Greenwald, & Mel-
lott, 2002). Given that cognitive abilities tend to
decline with age, such findings also suggest that
IAT effects are influenced by cognitive abilities
(see also Gonsalkorale, Sherman, & Klauer, 2009;
Sherman et al., 2008). Further indirect evidence
for a cognitive skill confound on the IAT is pro-
vided by studies showing correlations between
different IATs that were supposed to capture dif
ferent, unrelated constructs and, therefore, should
not be intercorrelated (e.g., Back, Schmukle, &
Egloff, 2005; McFarland & Crouch, 2002; Mierke
& Klauer, 2003). Such findings indicate that some
of the systematic variance in IAT effects is due
to factors that affect different 1ATs similarly, i
respective of contents, reflecting so-called method
variance. Method-specific variance in the IAT has
been accounted for by speed-accuracy trade-offs
(Klauer et al., 2007) and by cognitive abilities, in
particular task-switching ability (Klauer et al, in
press), as is to be expected following Mierke and
Klauer's (2003) task-switching model.

Different techniques have been proposed to
decrease the cognitive skill confound on the IAT
effect. First, D measures (Greenwald et al., 2003)
have proven to be less susceptible to cognitive
skills than the conventional score. Second, mod-
eling approaches (e.g., the Quad model; Conrey et
al., 2005) may help to dissociate constructrelated
and construct-unrelared components of the AT
effect (see also Klauer er al, 2007), including,
for instance, a component for cognitive abilities
(Sherman et al., 2008). Finally, the SB-IAT effect
and the [AT-RF effect have been found to be less
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contaminated by method variance (see prior dis-
cussion).

Salience

In support of their figure—ground asymmetry ac-
count, Rothermund and Wentura (2001, 2004)
reported experimental data (i.e., manipulations of
salience influence IAT effects) and correlational
data (i.e., IAT effects are related to measures of
salience). These findings corroborate the assump-
tion that salience asymmetries have the potential
to contribute to IAT effects as acknowledged by
the developers of the IAT (see Greenwald, Nosek,
Banaji, & Klauer, 2005). It is still controversial,
however, how pervasive the impact of salience
asymmetries is (see Rothermund er al., 2005). Re-
cent studies indicate that only part of the IAT ef
fect can be accounted for by construct-unrelated
salience asymmetries because constructrelated
compatibilities between the nominal categories
have been shown to simultaneously contribute to
IAT effects (e.g., Kinoshita & Peek-O’Leary, 2006).
Moreover, there is still uncertainty at the concep-
tual level about how salience should be measured
(e-g., Greenwald et al., 2005) and how it is related
to other constructs such as familiarity and polarity
(e.g, Kinoshita & Peek-O'Leary, 2006; Proctor &
Cho, 2006).

Given that recoding processes have been ar-
gued to form the basis of contaminations by sa-
lience asymmetries (e.g., Wentura & Rothermund,
2007), prevention of recoding processes should
also prevent confounding influences of salience
on the IAT effect (see Rothermund et al., 2009).
Also, measuring salience asymmetries using a vi-
sual search task might enable one to estimate its
impact on the IAT effect (Rothermund & Wen-
tura, 2004).

Stimul;

The AT effect has been found to be determined
both by the superordinate nominal categories ac-
cording to which the stimuli have to be categorized
(i.e., the category labels such as black vs. white)
(De Houwer, 2001, 2008:; Olson & Fazio, 2003)
and by the stimuli used to represent the categories
(e.g., a particular black or white face) (Bluemke &
Friese, 2006; Govan & Williams, 2004 Mitchell,
Nosek, & Banaji, 2003; Steffens & Plewe, 2001).
Influences at the level of the category labels are
desired. They ensure the experimenters control
over the nominal categories according to which

participants categorize and process the stimuli
(see the relevant feature account by De Houwer,
2008). This allows for determining the construct
that the IAT effect should reflect, and also adds
to the IAT’s easy applicability to various domains,

Influences at the level of the stimuli, however,
are often unintended. For example, several studies
indicated that stimulus selection may force partici-
pants to categorize stimuli according to other than
the specified category labels (see the irrelevant fea-
ture account by De Houwer, 2008). As Govan and
Williams (2004) proposed, participants may rede-
fine the category labels in order to reconcile mean-
ing and/or valence of category labels with mean-
ing and/or valence of stimuli. Biased selections of
stimuli can thus dramarically influence magnitude
and even direction of IAT effects (Bluemke & Fri-
ese, 2006; Govan & Williams, 2004; Rothermund
et al, 2009), which poses a threat to the IAT’s va-
lidity.

Careful stimulus selection is thus required o
exert as much control as possible over the nominal
categories according to which participants catego-
rize stimuli. First and foremost, stimuli should be
representative for the respective category, and any
confounds of stimulus features of the attribute ver-
sus target categories should be avoided (Steffens &
Plewe, 2001). In an attitude AT, for instance, both
positively and negatively valenced stimuli should
be selected for the target categories (De Houwer,
2001). Furthermore, the distinctiveness of the at-
tribute versus target stimuli may be enhanced by
distinct colors, fonts, or other stimulus modalities
(Nosek et al., 2007). Finally, recent findings indi-
cated that elimination of the IAT’s block structure
may be an effective means to reduce stimulus in-
fluences (Rothermund et al, 2009), and an IAT
variant that uses the category labels (or synonyms
of them) as stimuli also provided promising results
(Steffens er al., 2008).

Strategic Effects

Evidence for strategic effects on the IAT comes
from studies that investigated the fakeability of the
IAT. These studies revealed that the IAT outcome
can be strategically controlled (1) if participants
are told how to fake (Fiedler & Bluemke, 2005),
(2) if participants are high on selfmonitoring and
highly motivated to fake (Czellar, 2006), or (3) if
participants had experience with ar least one prior
IAT (Fiedler & Bluemke, 2005: Steffens, 2004).
If, however, participants were exposed to an IAT
for the very first time (Banse et al., 2001; but see
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De Houwer, Beckers, & Moors, 2007) or were not
advised on how to fake (Asendorpf et al., 2002;
Egloff & Schmukle, 2002; but see Experiment 3 of
Lowery, Hardin, & Sinclair, 2001), there was lictle
evidence for strategic control over the IAT out
come. Accordingly, under certain circumstances,
participants might strategically influence the IAT
effect. It is, however, probably much easier to exert
strategic control over self-reports than over an IAT
(Steffens, 2004).

To the best of our knowledge, no straightforward
solution to control for faking attempts in IATs has
been proposed so far. Promising approaches may
comprise the development of algorithms that
allow for distinguishing fakers from nonfakers or
the use of modeling approaches as discussed pre-
viously. Furthermore, procedural changes might
reduce the risk of strategically altered IAT effects.
For instance, modifying the Evaluarive Movement
Assessment (EMA; Brendl, Markman, & Messner,
2005),* Schnabel, Banse, and Asendorpf (2006b)
used what they called the Implicit Association
Procedure (IAP).

THEIAP

The IAP is methodologically very similar to the
IAT, the main difference being the use of a dif
ferent response modality (i.e., joystick movement
instead of key press) that is thought to trigger ap-
proach (pulling the joystick toward oneself) and
avoidance (pushing the joystick away from one-
self) behavior. In an initial combined block of a
racial attitude IAP, for instance, participants have
to pull the joystick to themselves when white or
positive stimuli are presented and to push it away
from themselves when black or negative stimuli
are presented. In the reverse combined block, par-
ticipants have to pull the joystick to themselves
when black or positive stimuli are presented and to
push it away from themselves when white or nega-
tive stimuli are presented.

As in the [AT, the difference in performance
between the two kinds of pairings is interpreted as
revealing the relative association strength berween
the target and arttribute categories. Accordingly,
individuals with implicit prejudices against blacks
are expected to respond faster and more accurately
when black and negative stimuli require avoidance
behavior ( pushing the joystick away from oneself)
and white and positive stimuli require approach
behavior (pulling the joystick toward oneself)
compared with the reverse configuration. The AP
showed satisfactory psychometric properties, and

unlike the IAT, it was not susceptible to faking
(Schnabel et al., 2006b). This might indicate that
it is more difficult to exert strategic control over
the outcome of a procedure that uses approach—
avoidance responses.

Extrapersonal Associations

Olson and Fazio (2004) identified another con-
founding influence on the IAT effect: so-called
“extrapersonal” assaciations (see also Karpinski &
Hilton, 2001). The term extrapersonal knowledge
refers to culturally shared assumptions (e.g., apples
are healthy and thus are positive) that do not nec-
essarily correspond to personal evaluations (e.g., 1
don’t like apples). To the extent that the measure-
ment purpose is to reveal personal rather than so-
cietal views, the IAT’s sensitivity to extrapersonal
associations poses a threat to its validity (Olson &
Fazio, 2004; but see Nosek & Hansen, 2008a).
Evidence for the IAT's contamination by extrap-
ersonal associations is provided by experiments in
which the manipulation of extrapersonal views
changed IAT effects (Han, Olson, & Fazio, 2006).
Furthermore, when groups with diverging personal
and societal views completed [ATs, IAT effects at
least sometimes seemed to be in line with societal
views (e.g., Olson & Fazio, 2004; Spruyt et al,
2007). Finally, the assumption that extrapersonal
associations contaminate IAT effects is consistent
with studies showing the [AT’s weakness to predict
behavior in health-related domains (e.g., Spruyt et
al.,, 2007), where sacietal views are prevalent. To
prevent a confounding influence of extrapersonal
associations, Olson and Fazio (2003) suggested
procedural changes to the IAT. In their personal-
ized IAT variant, error feedback is removed, more
personalized attribute category labels are used (i.ce.,
“T like” vs. “I don't like” instead of “positive” vs.
“negative”), and participants are asked to catego-
rize attribute stimuli according to their (explicit)
personal preference (instead of normative va-
lence). Although the personalized IAT was less af-
tected by societal views (Han et al., 2006; Olson &
Fazio, 2004), recent research seriously questioned
the usefulness of this IAT variant as an implicit
measure: Nosek and Hansen (2008b) showed thar
personalized IATs foster participants to evaluate
not only attribute stimuli but also target stimuli ex-
plicitly, thereby basically making the measurement
more direct on an indirect—direcr dimension.
Moreover, doubts have been raised about the
validity and theoretical significance of the extrap-
ersonal account of [AT effects. At the empirical
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level, recent correlational studies provided little
evidence for a link between 1AT effects and mea-
sures of societal views (Nosek & Hansen, 2008a).
At the conceptual level, it has been argued that
the distinction between personal and extraper-
sonal views actually makes little sense, especially
when considering the automatic effects of per-
sonal and extrapersonal associations (Gawronski
& Bodenhausen, 2006; Nosek & Hansen, 2008a).
Furthermore, there is still uncertainty about how
extrapersonal associations can be conceptualized
(see Gawronski, Peters, & LeBel, 2008). Finally,
the processes via which extrapersonal associations
may contaminate [AT effects are not yet identi-
fied (but see Rothermund & Wentura, 2004, for a

strategic recoding account).

Compatibility Order

The IAT effect is also known to be confounded by
compatibility order: IAT effects tend to be larger
if the compatible block precedes the incompatible
block than vice versa (see Nosek et al., 2007). A
theoretical account for comparibiliry-order effects
was provided by Klauerand Mierke (2005). Drawing
on their task-switching model, the authors suggest-
ed that differences in the accessibility of attribute
information in the compatible versus incomparible
block of the IAT may account for compatibility-
order effects. Such effects are difficult to control
for, given that comparibility is a function of inter-
individual differences in the construct of interest
and cannot a priori be determined in many applied
contexts. First attempts to reduce the confound-
ing impact of compatibility order have focused
on slight changes to the IAT procedure (Nosek,
Greenwald, & Banaji, 2005), namely by increasing
numbers of trials in the reversed target discrimina-
tion rask (fifth block of Table 7.1). Also, implicit
measures that abandon the IAT's block structure
such as the SB-IAT, the IAT-RF, ar the Extrinsic
Affective Simon Task (EAST; De Houwer, 2003a)
should not be subject to compatibility-order effects
(Teige-Mocigemba et al., 2008).

THE EAST

In the EAST, participants are asked to respond
to attribute words that are colored white and to
target words colored blue or green by pressing one
of two keys. For the white attribute words (e.g.,
positive, negative), participants have to respond
based on valence. As a result, one key is assumed
to become associared with positive valence (posi-

tive key) and the other key with negative valence

‘(negative key). For the colored target words (e.g,

blacks), participants need ro select one of those
same valenced responses but this time based on
word color while ignoring valence of the word. Re-
sults typically show that participants perform bet-
ter when the irrelevant valence of a colored target
word corresponds to the valence of the response
than when stimulus and response have a different
valence (De Houwer, 2003a).

To illustrate the procedure, let us consider a ra-
cial attitude EAST: In such an EAST application,
attribute words might comprise positive and nega-
tive words (e.g., happy, sad) that are presented in
white color, and target words might comprise names
typical for blacks versus whites thar are presented
in blue color on some trials and in green color on
others, respectively. Participants are to press a left
key when they see a white word of negative valence
(e.g., sad) or a word printed in blue (i.e., black or
white name) and to press a right key when they see
a white word of positive valence (e.g., happy) or a
word printed in green (i.e., black or white name).
To the degree that participants show faster or
more accurate responses to a colored (target) word
(e.g., black name) when the required response is
combined with a negative compared with a posi-
tive response, it is inferred that participants have
negative associations with the object depicred by
the colored word. Accordingly, individuals with
implicit prejudices against blacks are expected to
respond faster and more accurately when the word
color of black stimuli requires them to press the
negative key compared with the positive key.

Although in some domains the EAST pro-
vided promising results (e.g., De Houwer & De
Bruycker, 2007c), several studies questioned its
usefulness as a measure of interindividual differ-
ences and showed clearly inferior psychometric
properties compared with the IAT (e.g., De Hou-
wer & De Bruycker, 2007b; Teige et al., 2004). In
part, the EAST's unsatisfactory reliability could be
improved by some procedural variations: The so-
called identification-EAST (ID-EAST: De Houwer
& De Bruycker, 2007a), for instance, differs from
the EAST in that it requires participants to pro-
cess the target categories in order to perform the
task. The few studies thar used the [D-EAST so far
(De Houwer & De Bruycker, 2007a; Rudolph et al.,
2008} indeed found thar the psychometric prop-
erties for this variant were superior to the EAST,
although still inferior to the IAT. Given the sparse
empirical dara on the ID-EAST, however, it ap-
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pears to be premature to evaluate the usefulness of
this EAST variant at present.

Relative Measure

Last but not least, it has been criticized thar the
IAT is restricted to the assessment of relative asso-
ciation strengths between nominal categories. For
instance, a positive score in a racial attitude IAT
does not indicate that one evaluates blacks nega-
tively and whites positively. It rather reflects that
blacks are evaluated more negatively than whires.
Thus, an IAT effect does not permit conclusions
about a person’s evaluation of the single categories,
nor does the same [AT effect of different persons
necessarily reflect the same artitude (e.g., Blanton,
Jaceard, Gonzales, & Christie, 2006). As a second
problem, the [AT’s applicability is limited to con-
structs that have a natural counterpart. Several
constructs of interest, however, do not meet this
requirement. For example, if researchers are inter
ested in a person’s fear of spiders (e.g., Teachman,
2007), it is difficult to think of a suitable coun-
terpart that could serve as a contrast category.
Research has, therefore, suggested different solu-
tions such as contrasting the target category with
a neutral category (e.g., Sherman et al.,, 2003) or
using other implicit measures that allow for the
assessment of associations between a single-target
category and attribute categories. Among these
measures are the Single Category IAT (SC-IAT;
Karpinski & Steinman, 2006), the Go/No-Go As-
sociation Test (GNAT; Nosek & Banaji, 2001),
the Sorting Paired Features Task (SPF; Bar-Anan,
Nosek, & Vianello, 2009), and the EAST (De
Houwer, 2003a).

THE SC-TIAT

The SC-IAT is very similar to the IAT, except that
it uses three categories instead of four (one target,
two attribute categories): The combined blocks
involve assigning two categories to one response
and one category to the other response (e.g., black/
negative left, positive right or negative left, black/
positive right). Although reliability of the SC-IAT
has been shown to be somewhat lower than that of
the IAT (see Schnabel et al., 2008), validity esti-
mates are encouraging (Bluemke & Friese, 2008;
Friese, Hofmann, & Schmitt, 2008). However, be-
cause of its high methodological similarity to the
[AT, many of the confounding influences on the
IAT may also affect SC-IATs (Karpinski & Stein-
man, 2006).

THE GNAT

The GNAT uses a go/no-go task in which partici-
pants are first asked to show a “go” response (e.g.,
key press) to stimuli of a target and an attribute
category (e.g, blacks and negarive in a racial at-
titude GNAT) and a “no-go” response (i.e., no key
press) to distracter stimuli, some of which belong
to the opposed attribute category (here positive).
In a second block, the responses for the attribure
categories are reversed such that the former go cat-
egory (here negative) becomes the no-go category
and the former no-go category (here positive) be-
comes the go category. Accordingly, in the second
block of a racial attitude GNAT, participants are
to show a go response to black and positive stimuli
and a no-go response to distracter stimuli, includ-
ing negative stimuli. Go responses typically have
to be made within a given response deadline (e.g.,
600 msec).

The performance difference between the two
pairings of go trials (here black/negative vs. black/
positive) is then interpreted as reflecting the as-
sociation between the target category and the at-
tribute categories. Note that, in contrast to the
other implicit measures discussed in the present
chapter, GNAT scores are based on signal detec-
tion analyses of error rates rather than response
latencies (for details, see Nosek & Banaji, 2001).
Thus, individuals with implicit prejudices against
blacks are expected to perform better in terms of
sensitivity scores (d”) when black and negative
stimuli require a go response compared with when
black and positive stimuli require a go response. As
with the SC-IAT, the GNAT’s reliability has been
found to be lower than the IAT’s (e.g, Nosek &
Banaji, 2001). However, some studies have artested
to the GNAT's validity (e.g., Boldero, Rawlings, &
Haslam, 2007; Gonsalkorale, von Hippel, Sher-
man, & Klauer, 2009; Teachman, 2007).

THE SPF

Similar to the SB-IAT and the IAT-RF, the SPF
eliminates the IAT's block structure. Unlike the
former two tasks, the SPF uses four response op-
tions instead of two: Each trial requires partici-
pants to categorize two stimuli (one target, one
attribute) at once to one of four possible rarget—
attribute category pairs, thereby forcing the simul-
raneous processing of both (i.e., target and attri-
bute) association components. In a racial attitude
SPF, for instance, the category pairs whites—good,
whites—bad, blacks—good, and blacks—bad are each
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mapped onto one response key. If, for example, a
name typical for whites (target stimulus) and the
word wonderful (attribute stimulus) are simulra-
neously presented, participants are to press the
“whites—good” key. If a stimulus pair consists of a
name typical for whites and the word awful, par-
ticipants are to press the “whites—bad” key and so
on.

According to Bar-Anan and colleagues (2009),
the SPF has the unique feature of allowing for sep-
arable assessments of the four association strengths
involved (e.g., whites—good, whites—bad, blacks—
good, blacks—bad). Although the authors present
some evidence for differential predictive validity
of the four specific scores, they acknowledge the
interdependence of the four scores: Each associa-
tion strength can only be interpreted relative to
the other three but not in isolation. Initial stud-
ies showed that reliability estimates of the SPF are
considerably lower than for the IAT but indicated
its validity, borh at the group level (known-group
approach) and at the individual level (implicit—
explicit and implicit—implicit consistency; Bar-
Anan et al.,, 2009). Note that the SPF has been
shown to be sensitive to both focal, atrended
concepts (e.g., race in a racial attitude SPF) and
nonfocal, unattended stimulus features (e.g., gen-
der of race stimuli in a racial atticude SPF). Future
research will have to clarify the extent to which
the sensitivity to nonfocal stimulus features is ad-
vantageous or disadvantageous (cf. confounding
influence of stimulus effects in the [AT).

THE BRIEF IAT

Finally, Sriram and Greenwald (2009) recently
introduced the Brief Implicit Association Test
(BIAT). The BIAT differs from the IAT in that
it uses substantially fewer trials (about one-third
the number of IAT trials) and requires partici-
pants to focus on just two, so-called focal, of the
four categories in each four-category test block. In
the initial combined test block of a racial attitude
BIAT, for instance, participants have to press one
response key when a stimulus matches either the
“whites” or the “good” category and have to press
the other response key for “anything else” (here
blacks and negative stimuli). In the reverse com-
bined test block, the other target category becomes
one of the focal caregories: Parricipants thus have
to press one response key when a stimulus march-
es either the “blacks” or the “good” caregory and
have to press the other response key for “anything
else” (here whires and negative stimuli). As in the

IAT, the performance difference between the inj-
tial and the reverse combined blocks is interpreted
as reflecting the association “between the target
categories and the attribute category.

First findings indicate the crucial role of deter-
mining which category is focal: Reliability and va-
lidity estimates were satisfactory only when “cood”
(but not “bad”) was a focal category in artitude
BIATs and when “self” (but not “others”) was a
focal category in identity BIATs (Sriram & Green-
wald, 2009). Note that, in principle, the BIAT
may be adapted to allow for the assessment of asso-
ciations between a single targer category and two
attribute categories. In the initial combined block
of a racial attitude BIAT, for instance, “blacks”
and “positive” could serve as the focal categories,
whereas “blacks” and “negative” could be focal in
the reverse combined block. Clearly, more research
is needed to evaluate potentials and limits of the
newly developed BIAT, particularly regarding the
impact of determining the focal categories on the
BIAT’s psychometric properties.

CONCLUSION

Since its publication, the IAT has stimulated an
enormous amount of fruitful research, revealing its
strengths as well as its shortcomings. In the pres-
ent chapter, we have reviewed this research on the
IAT and related tasks. Although many findings re-
garding the IAT’s psychometric properties appear
to be promising, the IAT effect has been shown
to be contaminated by several variables operating
via different processes. We considered different
remedies for the respective contaminants, some of
which involve procedural changes to the IAT. The
review reveals that, after 11 years of IAT research,
many questions are still open, obliging one to show
scientific responsibility in using the IAT (and any
of its derivates) for individual diagnosis (e.g., for
employee selection). Nevertheless, IAT research
has clearly contributed to a deeper understanding
of human experience and behavior and will cer
tainly continue to do so in the future.
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NOTES

1. Note that there is some ambiguity in the use of
the terms implicit and explicit. In the literature,
the term implicit measure is commonly used o
refer to indirect measures such as response-time
measures. The term explicit measure is commonly
used to refer to direct measures such as question-
naires or other kinds of selfreports. It has been
argued that this terminology makes it difficult to
disentangle the empirical measurement level and
the construct level. As a result, the outcome of di-
rect and indirect measures might be inadmissibly
equated with the underlying implicit and explicit
constructs (De Houwer & Moors, 2007; Fazio &
Olson, 2003). Furthermore, it is rarely defined
what the term implicit measure actually means,
which leads to a somewhar arbitrary use of the
term (for an attempt to contribute to definitional
clarity, see De Houwer et al., 2009). For these and
other reasons, De Houwer (2006) regarded the
terms direct measure and indirect measure as more
appropriate.

Although we acknowledge the problems
posed by the wording, we decided to stick to the
more commonly used terminology of implicit
and explicit measures in the present chapter
(see Fazio & Olson, 2003). We use these terms,
however, without making specific assumptions
about their exact relations to automaticity and/
or unconsciousness. In line with the literature,
we reserve the term implicit measure for indirect
computer-based measures (such as the IAT),
whereas other indirect measures not necessarily
relying on highly accurate computer-based meth-
ods (such as projecrive tests) will be denoted as
indirect measures.

2. In the EMA, participants are presented with dis-
tracter words (i.e., positive and negative words)
and rarget words (i.e., words describing rhe at-
titude objects of interest, e.g., “flower”) thar are
displayed to the right or to the left of the partici-
pants’ name. Using a joystick, participants have to
horizontally move the stimuli either toward their
own name, which is assumed 1o trigger approach
behavior, or away from it, which is assumed to
trigger avoidance behavior. There are two criti-
cal blocks in the EMA: In one block targer words
have to be moved toward the participant’s name,
whereas in the other block, target words have
to be moved away from the participant’s name.
For distracter words, parricipants always have to
move positive words toward their own name and
negative words away from it independent of the
block condition. Valence of each target word can
thus be estimated as the difference between the
response times for moving the respective targer
word away from the participant’s name (avoid-
ance) versus toward the participant’s name (ap-

i

proach). Thus, it is assumed thar for positively
evaluated objects (such as “flower”), it is easier to
show approach behavior compared with avoidance
behavior. The EMA has been shown ro measure
rank orders of preferences for different objects
within the same individual: It allows for assigning
mulriple attitude objects to a single scale, rerain-
ing their rank order on a good-bad dimension,
and meaningfully centering this scale around a
neutral point (Brendl et al., 2005). Importantly,
the EMA thereby differs from the other implicit
measures discussed in the present chapter thar
aim ar assessing differences between individuals
in their evaluation of the same objecr.
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