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Abstract

Three experiments tested whether the Implicit Association Test (IAT) is sensitive to the perceived accuracy of newly learned asso-
ciations. In experiment 1, participants learned to associate positive or negative attributes with two novel groups. Participants in
one condition were told that the attributes accurately described the groups; in a second condition, prior to learning, they were
made aware that the attributes were randomly assigned to the groups. Participants were given an IAT and an explicit measure
testing attitudes towards the two groups. When the participants were told that the attributes were accurate, their IAT perfor-
mance and explicit measure responses indicated a preference for the more positively described group but when the attributes
were known to be arbitrary, preferences were reduced according to both measures. Experiment 2 replicated these results and
demonstrated that the associations were learned even in the random condition. Experiment 3 included a condition that placed
“not” before each attribute, which demonstrated that people can incorporate a negative modifier into a learned association. Ex-
plicit attitudes and the IAT showed reversed preferences in this negation condition. These experiments imply that the IAT is sen-
sitive to the perceived accuracy of learned associations. Copyright © 2011 John Wiley & Sons, Ltd.
The study of attitudes is one of the central concerns of
social psychology. An attitude is defined as an evaluative
expression of an object or person. Attitudes have tradition-
ally been thought of as consciously recognized constructs
characterized by beliefs, behavioral intentions, and evalua-
tions of attitude objects (Eagly & Chaiken, 1998). In recent
years, researchers have developed dual attitude models.
These models suggest that there is a sharp separation
between the conscious and unconscious components of atti-
tude. According to these theories, there are two distinct
types of attitudes: Implicit attitudes, which exist outside of
awareness, are activated automatically, require conscious
effort to suppress, and are difficult to change. In contrast,
explicit attitudes are constructed on the spot using whatever
relevant information is consciously available and therefore
require psychological effort to be activated and maintained
(e.g., Wilson, Lindsey, & Schooler, 2000).

Implicit attitude theories have led to the development of
implicit measures. These measures are useful assessment tools
because people are less able to hide their attitudes on an im-
plicit measurement task. One of the most widely used implicit
measures is the Implicit Association Test (IAT) introduced by
Greenwald, McGhee, and Schwartz (1998). Demonstrating the
popularity of the IAT, a recent meta-analysis by Greenwald,
Poehlman, Uhlmann, and Banaji (2009) assessed the predic-
tive validity of the IAT across 122 research reports. The IAT
compares attitudes towards two groups by measuring the
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association between the groups and positive and negative eva-
luations. When taking the IAT, participants must categorize
four groups of items: positive adjectives, negative adjectives,
and two distinct groups (e.g., Black faces and White faces).
The IAT measures the attitude preferences towards the two
groups by comparing reaction times between two blocks of
trials. In one block, called the compatible block, the response
to the preferred group uses the same response key as responses
to positive adjectives. In the incompatible block, the response
to the preferred group uses the same response key as responses
to negative adjectives. People tend to respond more slowly in
the incompatible block compared with the compatible block.
This slowdown is called the IAT effect, and it can be measured
by subtracting the average reaction time of the compatible
block from the average reaction time of the incompatible
block. This difference is used to determine the relative evalu-
ation of the two groups (i.e., which group is preferred or,
alternatively, disliked the least), although researchers have
developed more advanced scoring algorithms designed to filter
out extraneous factors that might influence a simple difference
score (e.g., Greenwald, Nosek, & Banaji, 2003).

It has been proposed that the IAT effect results from greater
response conflict in the incompatible block compared with the
compatible block, resulting in slower reaction times during the
incompatible block to avoid errors (Greenwald et al., 2003).
Response conflict arises from the associations held by the
participants. In the incompatible block, the favored group
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shares a response key with the negative adjectives, and thus a
stimulus from the favored group lends itself to two competing
responses: one reflecting the group membership response
and the other reflecting the association between that group
and a positive evaluation response. In contrast, for the
compatible block, the two responses elicited by a stimulus
from the favored group indicate the same response key,
and so there is no response conflict. A number of alterna-
tive explanations have been proposed for the process un-
derlying the IAT effect. For instance, researchers have
found that IAT performance is affected by the salience of
the tested groups, indicating that the IAT effect partially
reflects different degrees of familiarity for each group
rather than associations between the groups and valence
(Brendl, Markman, & Messner, 2001; Rothermund &
Wentura, 2004). Other studies have found evidence that
the IAT is sensitive to the associations between groups
and cultural, rather than personal, constructs (Fazio, Han,
& Olson, 2006; Olson & Fazio, 2004). Beyond these
studies that question the type of association underlying
the IAT, other studies have found that the magnitude
of an individual’s IAT score is partially determined by
individual differences in cognitive ability (e.g., Blanton &
Jaccard, 2006; Klauer, Schmitz, Teige-Mocigemba, &
Voss, 2010).

Although these alternative explanations are disputed (e.g.,
Greenwald, Nosek, & Sriram, 2006), proponents on both sides
of the debate agree that the direction of the IAT effect (i.e.,
whether the difference score is positive or negative, indicating
a preference for one group or the other) is due to differences in
the latent associations attached to each group, regardless of
whether these associations are cultural, personal, or a sense
of familiarity. Critically, it is now understood that these asso-
ciations must be activated during the IAT to produce response
conflict, and it has been found that mindset manipulations can
change the IAT effect (Han, Czellar, Olson, & Fazio, 2010).
Putting aside the manner in which these associations relate to
attitudes, we seek to gain a better understanding of the associa-
tions that underlie an IAT effect. Because the IAT is typically
used to assess previously learned associations (i.e., partici-
pants enter the lab with a lifetime of experience regarding
the groups tested in the IAT), little is known about the types
of learning that do or do not create the associations necessary
to produce response conflict while taking the IAT. In the
current study, we ask whether newly learned associations give
rise to an IAT effect even if those associations are known to be
inaccurate or arbitrary. In other words, we ask whether the IAT
is sensitive to the perceived accuracy of newly learned
associations.

Karpinski and Hilton (2001) performed one of the earliest
studies examining the influence of newly learned associations
on the IAT. They argued that the IAT reflects the information
people are exposed to rather than how they feel about that
information:

According to the environmental association model of the IAT, a
high score on a White/Black IAT, for example, should not be seen
as indicating that the individual has more favorable evaluations of
Whites compared with Blacks. Instead, the score may simply indi-
cate that the individual has been exposed to a larger number of
Copyright © 2011 John Wiley & Sons, Ltd.
positive-White and negative-Black associations than negative-
White and positive-Black associations (Karpinski & Hilton,
2001, p.776).

To test this assertion, Karpinski and Hilton had participants
learn word pairs for a later memory test. These word pairs con-
sistently paired the elderly with positive adjectives and young
people with negative adjectives, and the instructions were
simply to memorize the word pairs. After this learning proce-
dure, Karpinski and Hilton gave participants an elderly/youth
IAT and found that the IAT was influenced by the word pairs,
reversing the negative bias towards the elderly normally found
by the IAT. These findings demonstrated that information can
influence IAT results merely through exposure to associations.
This suggests that the IAT reflects learned associations regard-
less of the respondents’ beliefs about those associations. How-
ever, because Karpinski and Hilton used pre-existing groups, it
is likely that the participants had both positive and negative
associations about the groups prior to entering the lab, in
which case the effect of the word pairs may have been to prime
(i.e., activate) previously learned associations rather than to be
a direct implantation of new associations. To prevent latent
associations from influencing the results, it is necessary to
use novel groups and create new positive or negative associa-
tions with those groups.

To address these issues without contamination from latent
associations, Gregg, Seibt, and Banaji (2006) examined
whether the IAT effect depends on the test taker’s beliefs
regarding novel fictional groups. They noted conflicting
evidence within the literature; some studies found that the
IAT was immune to respondents’ beliefs (e.g., Banse, Seise,
& Zerbes, 2001; Gawronski & Strack, 2004), whereas others
found that IAT effects are changed by new information (e.g.,
Blair, Ma, & Lenton, 2001; Dasgupta & Greenwald, 2001).
Gregg et al. addressed this inconsistency by exploring the
processes giving rise to IAT effects and change in IAT effects.
Participants learned the attributes of novel fictional groups in a
concrete manner (e.g., adjective–name word pairs) or abstract
manner (by supposition). Regardless of the method, these
newly learned associations produced an IAT effect. In their
third experiment, they repeated the concrete learning proce-
dure, and after completion of an initial IAT, participants were
told that a computer error had reversed the adjectives associ-
ated with each group during the learning task. Thus, after the
fact, they were told that the associations were inaccurate. A
second IAT was found to reflect the initially learned associa-
tions even though measures of explicit attitude showed a
preference change in light of the “computer error.” In a fourth
experiment, they gave participants the concrete learning proce-
dure and then gave them an entirely new version of that proce-
dure designed to reverse the initial associations. Once again,
the IAT reflected the initially learned associations.

Gregg et al. (2006) argued that these results demonstrate
that implicit attitudes, once formed, are resistant to change,
whereas explicit attitudes can be changed in the face of new
information. However, there are certain elements of their
methodology that make interpretation of these results difficult.
More specifically, in the experiments that produced a dissoci-
ation between the IAT and explicit measures of attitude, parti-
cipants were given two competing sources of information.
Eur. J. Soc. Psychol. 42, 189–199 (2012)
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This occurred because participants were first taught the asso-
ciations (once source of information) and subsequently learned
that the original associations were incorrect (a second source
of information). These results suggest that the IAT is insensi-
tive to the perceived accuracy of newly learned associations,
but this conclusion has only been demonstrated when the ac-
curacy of the associations is questioned after the fact. With
two sources of information, it may simply be that there was
a primacy effect (Anderson & Barrios, 1961) such that the first
set of associations (e.g., the initial word pairs) had a larger in-
fluence on the IAT than the second set of associations (e.g.,
knowledge of the computer error or learning of reversed asso-
ciations).1 In addition to using two sources of information,
their Experiment 3 used two separate IATs, and it is possible
that performance on the second test was heavily affected by
the first IAT (e.g., perhaps the first test served to “consolidate”
IAT performance, making it resistant to other influences). In
the current study, we avoided these complications by using
just one IAT and just one set of associations to re-examine
the issue of whether the IAT is sensitive to the perceived
accuracy of newly learned associations; this was done by
manipulating the accuracy of the associations before they were
learned.

De Houwer (2006) advocated a different interpretation of
the Gregg et al. (2006) results. He noted that there was an
equally large IAT effect for both the concrete word-pair learn-
ing condition and the abstract supposition condition in which
participants were asked to suppose that the groups had certain
characteristics without actually viewing word pairs. He argued
that these IAT effects reflected participants’ conscious inten-
tions (what De Houwer termed “propositional processes”)
rather than unconscious associations. Using the paradigm of
Gregg et al., he taught participants about novel fictional groups
by instructing them that these groups would be predictive (at
some later time) of positive (or negative) pictures:

In this experiment, you will see pleasant, positive photos (e.g.,
of flowers) and unpleasant, negative photos (e.g., of mutilated
bodies). Each photo will be preceded by a fictional group that indi-
cates which type of photo (positive or negative) will be presented.
It is very important that you remember which group goes together
with which kind of photo. You need this information to complete
the task successfully. This information will not be presented again
later on, so remember well which group goes together with which
kind of photo. (De Houwer, 2006, p. 181)

Participants never saw the photos, and yet there was an
IAT effect after receiving these instructions. Critically,
unlike the Gregg et al. study, De Houwer did not tell parti-
cipants that the photos described the associated groups but
merely that they were to remember which group would be
paired with positive versus negative photos. Because this
pairing was simply something to memorize, this result
implies that IAT effects can occur regardless of the
perceived accuracy of an association. However, there are
two problems with this conclusion. First, it is unclear what
1It is important to note that even if a primacy effect explains the failure to
change IAT scores with subsequent information in the Gregg et al. (2006)
study, this implies that the explicit ratings were not subject to the same pri-
macy effect. Thus, the Gregg et al. results could still be viewed as supporting
a dual attitude model under this alternative explanation.

Copyright © 2011 John Wiley & Sons, Ltd.
participants thought of these associations and whether they
used them to develop attitudes towards the groups. This
could have been assessed with an explicit measure of atti-
tude. Second, because De Hower’s study only included
one condition, it is unclear whether the IAT effect would
have been substantially larger if participants were instructed
that the associations were true attributes of the fictional
groups. By including two conditions, the current study
assessed the effect of perceived accuracy.

The current research determined whether the IAT is
sensitive to the perceived accuracy of newly learned associa-
tions. Previous attempts to answer this empirical question
had methodological limitations that we believe are resolved
with the current paradigm. We taught participants about
the fictional groups created by Gregg et al. (2006). How-
ever, unlike their study, we manipulated the accuracy of
the associations before they were learned so that there was
one source of information, and we used only one IAT to
avoid contamination from prior tests. As in De Houwer’s
(2006) experiment, one of our conditions made it clear that
the associations were completely arbitrary. This was rein-
forced by letting participants flip their own coin to deter-
mine which group would be paired with positive versus
negative adjectives. However, unlike De Houwer’s study,
we also included a condition in which the associations were
thought to be valid, and we collected explicit measures of
attitude for both conditions. Although the primary concern
of this research is methodological, the results have important
theoretical implications. However, these implications depend
on whether one subscribes to a single or dual model of
attitudes—whether the IAT is an implicit measure of atti-
tudes or whether it is a measure of implicit attitudes. In
the general discussion, we consider the results in light of
these theoretical alternatives.
EXPERIMENT 1
Participants were taught to associate members of two novel
groups with either positive or negative adjectives. In the
random condition, participants flipped a coin to determine
which set of adjectives was associated with each group. In
the accurate condition, participants were told that the adjec-
tives accurately described the groups. In both cases, partici-
pants were instructed to learn the pairings of adjectives and
group members and that they would be tested on these
associations.

Besides the accuracy manipulation, the strength of the asso-
ciations was manipulated to test Karpinski and Hilton’s (2001)
assertion that the IAT reflects the degree of exposure to infor-
mation. We manipulated the strength of the associations by
exposing participants either to 120 or 240 trials during initial
learning. The choice of 240 trials for the high exposure condi-
tion was based on the procedure of Gregg et al. (2006), which
likewise used 240 trials. The low exposure condition was then
set at half this number of trials. Following initial learning, we
gave participants an IAT and an explicit attitude measure
featuring the two novel groups.
Eur. J. Soc. Psychol. 42, 189–199 (2012)
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Participants

Forty-five University of Maryland undergraduates, 31 women
and 14 men, participated in the experiment. They received
extra credit for their participation.

Procedure

Participants were seated in a small room containing a com-
puter and given oral instructions complemented by on-screen
text. They were told that the purpose of the experiment was
to test how knowledge about a group affects one’s ability to
identify and categorize group members. The experimenter
explained that the experiment used groups that the participant
had never heard of before in order to prevent the influence of
prior knowledge and/or bias. The two groups were called the
Luupites and the Niffites.

Participants were told that they would learn about the
groups through an exercise in which each group would be
paired with a set of adjectives. The IAT was described as the
“testing phase” of the experiment in which the participants
were tested to see if they had learned which adjectives were
associated with each of the groups. After receiving these
instructions, the participants began the learning task. After
completing the learning phase, the participants completed an
IAT featuring the two groups. Lastly, they completed a short
explicit measure that tested attitudes towards the two groups.
Besides the general instructions, specific instructions
concerning the accuracy manipulation and how to respond in
the various sections of the IAT were provided and are
described below.

There were two independent variables included in the
study. The first was the accuracy manipulation, whether the
participants were told the adjectives described the groups.
The second was the strength of the learned associations, repre-
sented by the number of trials included in the learning task. In
addition to the main independent variables of accuracy and
associative strength, the order of the compatible and incompat-
ible blocks in the IAT was counterbalanced, as were the
specific pairings of groups and adjectives. The type of measure
(IAT vs. explicit) was also treated as an independent variable.
The experimental design was mixed, with type of measure as a
within-subject variable and accuracy (accurate vs. random
pairings), associative strength (long vs. short task), IAT block
order, and the pairing of the adjective/group associations
(Luupite-positive vs. Niffite-positive) as between-subject
variables. Because the IAT block order and adjective group
associations variables were included for methodological and
not theoretical reasons, they were not included in the final
analysis once it was determined that they did not have a signif-
icant effect on the results.

The Learning Task

The learning task introduced participants to the Luupites and
the Niffites and formed the associations tested by the
measures. We utilized the fictional groups designed by Gregg
et al. (2006) to eliminate the possibility that pre-existing
attitudes would influence the experimental results. In pre-tests,
Gregg et al. found that initial attitudes towards these groups
Copyright © 2011 John Wiley & Sons, Ltd.
and their members were neutral. There were eight members
of each group, with group membership easily identifiable by
the structure of the names: Luupite names all contained double
vowels and ended in -lup (e.g., Neenalup, Maasolup), whereas
Niffite names all contained double consonants and ended
in-nif (e.g., Eskannif, Lebbunif). Participants were told that
in reality these were ancient historical groups but that the
groups’ names and the names of the group members had been
changed so that they could not be recognized.

The learning task consisted of a series of random trials,
similar in format to the IAT, of which half featured Luupite
names and the other Niffite names. Participants classified the
names on the basis of their group by pressing the appropriate
key on a response box with millisecond precision. If the parti-
cipants classified a name incorrectly, a red “X” appeared at the
bottom of the screen, and participants could not proceed until
they correctly classified the name. The names of the two
groups were displayed in the upper corners of the screen,
and their location (right or left corner) corresponded to the
answer key assignments, which were randomly changed on
each trial to prevent association of the groups with a specific
answer key.

To familiarize the participants with the format of the task,
they were given 20 practice trials to categorize just the names.
After this practice phase, the main learning task began, during
which each name was immediately preceded by an adjective
which was flashed on the screen for 200milliseconds.
Throughout the entire learning phase, the adjectives from
one set (positive or negative) were consistently paired with
names from one group (Niffite or Luupite). Half of the trials
were Niffite trials, and half were Luupite trials, in random
order. There were eight positive adjectives and eight negative
adjectives that preceded the paired group names. On every
trial, an adjective was randomly selected, with replacement,
and a name was randomly selected, with replacement. The
learning task consisted of 120 trials in the short condition or
240 trials in the long condition.

In the accurate condition, participants were instructed,
prior to learning, that the adjective sets accurately described
the groups they were paired with in the learning task and
that the adjectives could be used to form an accurate impres-
sion of the two groups. Because they had no knowledge to
the contrary, we assumed that the participants in this condi-
tion would believe the adjectives accurately described the
groups.

In the random condition, the participants were instructed
prior to learning that even though each adjective set was paired
with a specific group, they did not necessarily accurately
describe the associated group. In order to convince participants
that the adjective pairings were arbitrary, participants were
asked to flip a coin to determine which adjective set was to
be associated with which group during the learning task.
The Implicit Association Test

The participants’ implicit attitudes were assessed using a
Luupite/Niffite, good/bad IAT using adjectives similar to the
ones featured in the learning task. The format of the IAT
was identical to the seven-block procedure recommended by
Eur. J. Soc. Psychol. 42, 189–199 (2012)



Table 1a. Experiment 1 IAT response times

Block

Compatible Incompatible
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Greenwald et al. (2003), featuring Luupites and Niffites as the
category groups.

For 22 participants, the compatible block was presented in
block 3 of the IAT, and the incompatible block was presented
in block 5, whereas for 23 participants the reverse was true.
Accurate
condition

Mean
(milliseconds)

Standard
deviation

(milliseconds)
Mean

(milliseconds)

Standard
deviation

(milliseconds)

Accurate 888 316 1084 400
Random 832 233 884 236

Table 1b. Experiment 1 untransformed differences

Measure

IAT Explicit
Explicit Measure of Attitudes

Using the number pad on the keyboard rather than the
response box, participants rated how they felt about the two
groups. They were first asked to complete the statement “I
think the [Luupites/Niffites] are. . .” on a seven-point scale
ranging from “very bad” (1) to “very good” (7). Additionally
they were asked to complete “I like the [Luupites/Niffites]. . .”
on a seven-point scale ranging from “not at all” (1) to “very
much.” (7). Participants gave answers to both of these
questions in regard to each group separately.
Accurate
condition

Mean
(milliseconds)

Standard deviation
(milliseconds) Mean

Standard
deviation

Accurate 196 240 4.50 1.87
RESULTS

Random 52 199 0.31 0.99

Table 1c. Experiment 1 standardized differences

Measure

IAT Explicit

Accurate
condition Mean

Standard
deviation Mean

Standard
deviation

Accurate 0.56 0.56 0.96 0.74
Random 0.24 0.49 �0.70 0.39
Data Reduction

The Cronbach’s alpha between the two explicit measure ques-
tions was sufficiently high (a = .82) to combine the two mea-
sures, so the scores on the two explicit measures were
averaged together.

Standardized IAT scores were calculated using the D1 algo-
rithm recommended by Greenwald et al. (2003). For the
reported IAT scores, a positive number indicates a greater
preference for the group paired with positive adjective over
the group paired with negative adjectives. The D1 transforma-
tion takes the difference in average reaction time between the
mixed blocks and divides this difference by the standard devi-
ation pooled across these blocks. Therefore, the IAT scores are
on a z-scale with 0 representing no difference and positive or
negative values representing relative differences expressed in
units of standard deviation. For the explicit ratings, a separate
average score was calculated for the positive and negative
groups for each participant. The score for the group paired
with negative adjectives was subtracted from the score for
the group paired with positive adjectives. This difference
was used for most analyses but for correlations between the
IAT and explicit ratings, this difference was z-transformed
across participants and conditions to place IAT scores and
explicit rating on a common scale.
Analysis

Table 1a reports average IAT reaction times for each block,
Table 1b reports the untransformed difference scores for both
the IAT and explicit measures, and Table 1c reports the
standardized versions of these difference scores.

Preliminary analyses showed that neither IAT block order
nor adjective–group pairing had an effect on IAT performance,
and these nuisance variables were ignored in subsequent anal-
yses. Preliminary analyses of associative strength did not find
any main effects or interactions that involved associative
Copyright © 2011 John Wiley & Sons, Ltd. Eur. J. Soc. Psychol. 42, 189–199 (2012
strength, and associative strength was ignored in subsequent
analyses.

As seen in Tables 1b for the explicit measure, participants
demonstrated a greater preference for the positive group in
the accurate condition than in the random condition
[t(43) = 9.73, p< .01]. A one-sample t-test indicated that the
average in the random condition was not significantly different
from zero [t(25) = 1.59, p = .12]. In contrast, the accurate condi-
tion was significantly greater than zero [t(18) = 10.49, p< .01].

The IAT also revealed a greater preference for the positive
group in the accurate condition compared with the random
condition [t(43) = 2.08, p< .05]. Unlike the explicit measure,
a one-sample t-test indicated that the average IAT effect in
the random condition was significantly different from zero
[t(26) = 2.45, p< .05]. The accurate condition mean was also
significantly different from zero [t(18) = 4.40, p< .01].

In summary, the pattern of results was similar for the
explicit measure and the IAT: both measures revealed a larger
preference effect in the accurate condition than the random
condition. Although the scores on the two measures were in
the same direction on average for each condition, there was
no significant correlation between the two scores after collaps-
ing across the accuracy conditions [r(45) = .26, p = .09] or for
)
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each accuracy condition considered separately [accurate:
r(19) = .04 p = .86; random: r(26) =�.03, p = .90].
DISCUSSION
In experiment 1, the IAT reflected more than just exposure
to associations; it was also sensitive to whether those asso-
ciations were perceived as accurate. When participants knew
in advance that the adjectives associated with the groups
were arbitrary, as indicated by a coin flip, the relative pref-
erence for the group paired with positive adjectives was sig-
nificantly reduced compared to when participants were
instructed that the adjectives accurately described the groups.
Furthermore, IAT scores were not affected by the number of
association trials that the participants were exposed to, sug-
gesting that association strength is not an important factor
or at least a factor that diminishes in importance beyond
120 trials.

Even though both the implicit and explicit measures were
affected in a similar way by the accuracy manipulation,
there was no correlation between the implicit and explicit
measures. However, this is not surprising given recent
results demonstrating that individual IAT scores are contam-
inated by individual difference in executive functioning
(Klauer et al., 2010). Perhaps because of this contamination,
the magnitude of an individual’s IAT effect was not
predicted by the magnitude of an individual’s responses on
the explicit ratings. In other words, the covariance between
the measures was weak even though perceived accuracy
affected them similarly.

It is not surprising that the accuracy manipulation affected
the explicit measures of attitude, but its effect on the IAT
was unexpected. There was, however, one difference between
the explicit and implicit measures: unlike the explicit ratings,
there was a small preference effect for the IAT even in the
random condition. Furthermore, there is a clear alternative
interpretation of these results: participants in the random
condition knew that the learned associations were arbitrary,
and it is possible that they put less effort into the initial learn-
ing of the associations for this condition. If this occurred, the
pattern of results merely reflects inattention in the random con-
dition. To address this alternative interpretation, experiment 2
ensured that participants learned the associations even in the
random condition.
EXPERIMENT 2
Experiment 2 was a replication of experiment 1 but with a
memory test to ensure that participants paid attention and
learned the associations during the learning task. The length
of the learning task was not varied in this experiment
because length had no effect for experiment 1. Similarly,
IAT block order and the adjective/group associations were
not included as nuisance variables because they produced
no significant effects for experiment 1. This resulted in a 2
Copyright © 2011 John Wiley & Sons, Ltd.
(accurate vs. random)� 2 (implicit measure vs. explicit mea-
sure) mixed design.

Participants

Forty-nine University of Maryland undergraduates, 35 women
and 14 men, participated in the experiment. They received
extra credit for their participation.

Procedure

The procedure of the second experiment was similar to that of
the first experiment, with a few modifications. During the
learning task, each Luupite and Niffite name was paired with
a specific adjective from the appropriate list. For example, if
the positive words were associated with the Luupites, the
adjective “wonderful” might be specifically paired with the
name “Neenolup.” In the learning phase, each name was
preceded only by the adjective with which it was paired.

Memory testing was embedded in the learning task by
presenting a test question after every ninth trial of the learning
task. Interleaved testing served two purposes. First, because
testing was interleaved with the learning task, participants
were made aware of which associations they had or had not
learned, which motivated them to focus their attention on
associations that required additional learning. Second, this
interleaved method is commonly used in the memory experi-
ments to study the “testing effect” (Karpicke & Roediger,
2008; Roediger & Karpicke, 2006b), which is the finding that
retrieval practice promotes greater long-term retention as
compared with additional study without testing. In testing
effect experiments, repeated successful retrievals of the same
information has been shown to promote accurate retention of
the associations between novel word pairs with delays of days
or weeks, particularly if the test trials include feedback as was
the case in this experiment (see Roediger & Karpicke, 2006a
for a review). Finally, we note that a post-IAT memory test
would not necessarily demonstrate memory equivalent during
the IAT. More specifically, the IAT may itself serve as an
additional opportunity to rehearse the associations, and this
would be particularly true for the accurate condition if there
is more automatic evaluation of the groups in that condition.

The test questions were similar in format to the regular trials
of the learning task. One of the adjectives from the sets was pre-
sented in the middle of the screen, and two names, both belong-
ing to the appropriate group, appeared in the upper corners of
the screen. One of the names was the name that was consis-
tently paired with the adjective on the screen. Just as for a nor-
mal learning phase trial, the location of the names corresponded
to the buttons assigned on the answer box. Participants
attempted to identify which specific name the adjective was
paired with by pushing the appropriate button. As with the reg-
ular learning trials, participants received accuracy feedback for
these test trials. They were instructed that these trials were “test
trials” to make sure they were learning the associations.

After completing the learning task, participants completed
the explicit measure and then the Luupite/Niffite IAT. The
adjective/group associations were fixed so that the Luupites
were always associated with the positive words and the
Niffites were always associated with the negative words for
Eur. J. Soc. Psychol. 42, 189–199 (2012)



Table 2b. Experiment 2 untransformed differences

Measure

IAT Explicit
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all participants. The block order was fixed for all participants
such that the compatible block was always the first of the
mixed blocks. Other than these changes, the procedures and
instructions were identical to those of the previous experiment.
Accurate
condition

Mean
(milliseconds)

Standard deviation
(milliseconds) Mean

Standard
deviation

Accurate 167 209 3.76 1.57
RESULTS

Random 18 98 0.30 1.59

Table 2c. Experiment 2 standardized differences

Measure

IAT Explicit

Accurate
condition Mean

Standard
deviation Mean

Standard
deviation

Accurate 0.55 0.67 0.85 0.67
Random 0.15 0.47 �0.64 0.68
Participants in the random condition learned the associations
as effectively as the participants in the accurate condition, as
revealed by an independent samples t-test comparing accuracy
between these conditions [t(49) = .08, p = .93]. One-sample
t-tests were conducted separately for each condition; learning
was compared against the chance test value of 0.5 (50%
accuracy). Participants in both the accurate and random condi-
tion performed above chance; accurate condition, precision:
71% [t(21) = 27.32, p< .01]; random condition, precision:
71% [t(28) = 22.32, p< .01]. Only four participants performed
below 50% precision on the test questions. There was no qual-
itative difference in the results when these participants were
excluded, and so all of the participants’ data were used in the
reported analyses. Demonstrating that participants progres-
sively learned the associations, test accuracy was lower for
the first two tests. This long-term learning trend rules out an
explanation of memory performance based on short-term
memory (Atkinson & Shiffrin, 1968; Peterson & Peterson,
1959). Average accuracy across both conditions was 80%
when these first two trials were not included, demonstrating
a high degree of learning.

Cronbach’s alpha indicated that it was appropriate to com-
bine the two questions of the explicit measure (a = .90). The
methods used to calculate the participants’ explicit and IAT
scores were identical to the methods used for experiment 1.
Table 2a reports average IAT reaction times for each block,
Table 2b reports the untransformed difference scores for both
the IAT and explicit measures, and Table 2c reports the
standardized versions of these difference scores.

As seen in Table 2b for the explicit measure, there was a
greater preference for the positive group in the accurate condi-
tion than in the random condition [t(47) = 7.56 p< .01]. Simi-
larly, for the IAT there was a greater preference for the
positive group in the accurate condition than in the random
condition [t(47) = 2.50, p< .01]. A one-sample t-test indicated
that the average IAT effect in the random condition was not
significantly different from zero [t(27) = 1.65, p= .11]. The
average score on the explicit measure in the random condition
Table 2a. Experiment 2 IAT response times

Block

Compatible Incompatible

Accurate
condition

Mean
(milliseconds)

Standard
deviation

(milliseconds)
Mean

(milliseconds)

Standard
deviation

(milliseconds)

Accurate 818 203 986 282
Random 749 132 767 91
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was also not significantly different from zero [t(27) = 1.01,
p = .32]. In the accurate condition, the average IAT effect
was significantly different from zero [t(20) = 3.82, p< .01].
The average score on the explicit measure was also signifi-
cantly different from zero [t(20) = 10.98, p< .01].

In summary, these results offer no evidence that the accu-
racy manipulation affected the two measures differently even
though the degree of associative learning between adjectives
and names was equal as demonstrated by the adjective–name
memory test questions. Furthermore, unlike Experiment 1,
there was no relative preference for the group paired with pos-
itive adjectives in the random condition according to both the
explicit and implicit measures. Similar to experiment 1, there
were no significant correlations between the two explicit and
implicit measures after collapsing across accuracy [r(49) = .19,
p= .20] or for each accuracy condition considered separately
[accurate: r(21) =�.19, p= .41; random: r(28) =�.02, p= .90].
DISCUSSION
The results of this experiment were almost identical to those in
the first experiment. Furthermore, the memory test demon-
strated that the results cannot be explained by inattention to
the associations during learning in the random condition.
These findings provide additional evidence that IAT perfor-
mance is sensitive to the perceived accuracy of newly learned
associations.

Experiments 1 and 2 found evidence that although parti-
cipants learned the associations in the random condition,
they did not form an explicitly acknowledged attitude on
the basis of these associations. This may have occurred if
they encoded the adjective–name pairings as specific se-
mantic associations without evaluating the groups on the
)
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basis of these associations. To test this idea, experiment 3
manipulated accuracy in a different manner. The coin flip
manipulation in experiments 1 and 2 made it clear that
the adjective–name associations were arbitrary. However,
an arbitrary association is not the same as an inaccurate
association. To call something inaccurate implies that the
opposite is true (i.e., negation). Indeed, in the accuracy
manipulation of Gregg et al. (2006), after learning the
adjective–name associations, participants were instructed
that a computer error had reversed the adjective–name pair-
ings (i.e., they were told that what they learned was inaccu-
rate). In their study, this negation manipulation reversed the
explicit measure but did not change the IAT effect. Thus,
negated associations, rather than random associations,
might be necessary to produce dissociations between the
IAT and the explicit measures of attitude.

To test whether the IAT is sensitive to negated associations,
experiment 3 used the modifier “not” before each adjective
during the initial learning. On the basis of prior research, we
had reason to expect that people would not automatically
reverse the meanings of words when presented with the
modifier “not.” For instance, Gawronski and Bodenhausen
(2006) proposed that implicit attitudes are insensitive to
accuracy beliefs because the associations they are based on
are immune to negation. Deutsch, Gawronski, and Strack
(2006) found support for this claim, observing that simulta-
neous presentation of an affirming (“a”) or negating (“no”)
word with a valenced word (e.g., “a party” or “no disease”)
produced a large effect for an explicit evaluation task of the
valenced words but failed to affect the implicit evaluative
priming produced by the valenced words for a subsequent
target. A study by Mayo, Schul, and Burnstein (2004) pro-
vides another example in which people failed to incorporate
negation into their implicit evaluation. They had people read
character descriptions such as “Tom is a tidy person” (affirma-
tion) or “Tom is not a tidy person” (semantic negation). Fol-
lowing these descriptions, they indicated whether statements
such as “Tom’s clothes are folded neatly in his closet” where
congruent with the description. Mayo et al. found that people
were faster to correctly respond to congruent than incongru-
ent statements in the affirmation condition, but the opposite
was true in the semantic negation condition. In other words,
they were able to appreciate the explicit meaning of the
negation manipulation and respond accurately, but their
automatic evaluation of situation did not incorporate the ne-
gation, which produced response conflict that slowed down
responses. This result is strikingly similar to the results of
Gregg et al. (2006); even though participants in the Mayo
et al. study explicitly knew the negated meaning (analogous
to explicit attitudes in the Gregg et al. study), their reaction
times indicated the opposite association (analogous to the
IAT effect in the Gregg et al. study).
EXPERIMENT 3
In experiment 3, the accurate condition was identical to the
accurate condition in the first two experiments. In the other
condition, which we term the “negation” condition, the
Copyright © 2011 John Wiley & Sons, Ltd.
adjectives were presented with the negative modifier “not”
during the learning task. We hypothesized that participants
exposed to the negated adjectives might still form associa-
tions between the groups and those adjectives. If these
associations were captured by the IAT, the IAT would
show a preference for the group associated with positive
adjectives, regardless of whether the adjectives were modi-
fied by “not.” However, the participants’ explicit attitudes
should be reversed by the negations in the negation
condition. Thus, the implicit and explicit measures should
dissociate, with the negation manipulation only affecting
performance on the explicit attitude measure. Alternatively,
if the IAT is sensitive to the accuracy of associations at
the time of learning as suggested by experiments 1 and 2,
then both measures should reverse in the negation
condition.

Participants

The participants were 29 University of Maryland undergradu-
ates. Twenty-one women and eight men participated and
received extra credit for their participation.

Procedure

The procedure of the experiment was identical to that of the
first experiment except as noted.

The Learning Task

In the negation condition, all the adjectives in the learning
task were preceded by the word “not.” For example, if the
Luupites were paired with the list of positive adjectives, a
Luupite name might be preceded by “not wonderful” or
“not fantastic,” whereas a Niffite name might be preceded
by “not horrible” or “not awful.” In the accurate condition,
the adjectives were presented unmodified. For example, if
the Luupites were paired with the positive adjectives, a
Luupite name might be preceded by the adjectives
“wonderful” or “fantastic,” whereas the Niffite names
might be preceded by “horrible” or “awful.” In both condi-
tions, the participants were told that the descriptions of the
groups were true.

Measures

The measures used in the third experiment were the same
as in the previous experiments. It is important to note that
the “nots” were omitted in the presentation of the IAT, and
the data were scored according to adjectives’ valences.
Thus, if the “nots” reversed the valence of the adjectives,
this would result in a negative IAT score. For example,
when Luupite names were paired with “not fantastic” in
the learning phase, the block of the IAT in which Luupite
names and positive words (e.g., fantastic) were assigned
to the same response key was designated the compatible
block. The explicit measure was scored the same way: in
the negation condition, the group paired with the negative
adjectives was considered the negative group. Conversely,
even if those adjectives were preceded by the word “not,”
Eur. J. Soc. Psychol. 42, 189–199 (2012)



Table 3c. Experiment 3 standardized differences

Measure
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the group paired with the positive adjectives was consid-
ered the positive group.
IAT Explicit

Accurate Standard Standard
RESULTS

condition Mean deviation Mean deviation

Accurate 0.36 0.35 0.89 0.75
Negation �0.24 0.23 �0.72 0.43
A Cronbach’s alpha indicated that it was acceptable to
combine the two explicit questions (a= .89). Table 3a
reports average IAT reaction times for each block, Table 3b
reports the untransformed difference scores for both the
IAT and explicit measures, and Table 3c reports the stan-
dardized versions of these difference scores.

In the accurate condition, participants had a greater pref-
erence for the group associated with the positive adjectives,
for the explicit measure, t(12) = 3.10, p< .01, but in the
negation condition, when the adjectives were preceded by
the negative modifiers, they showed a preference for the
group associated with the (negated) negative adjectives.
The difference in preference between these two conditions
was significant [t(27) = 7.24, p< .01].

For the IAT, there was a greater preference for the
group associated with the positive adjectives in the accurate
condition. [t(12) = 3.75, p< .01]. This preference reversed
in the negation condition such that there was a stronger
preference for the group associated with the negative adjec-
tives [t(15) = 4.32, p< .01].

In summary, both the implicit and explicit measures
were sensitive to the reversed meaning of the adjectives
(when they were negated), and the pattern of responses
was similar on the two measures. Unlike experiments 1
and 2, there was a significant correlation between the
explicit and implicit measures after collapsing across accu-
racy [r(29) = .55, p< .01]. However, this correlation was
likely due to the accuracy manipulation (i.e., a two-point
Table 3a. Experiment 3 IAT response times

Block

Compatible Incompatible

Accurate
condition

Mean
(milliseconds)

Standard
deviation

(milliseconds)
Mean

(milliseconds)

Standard
deviation

(milliseconds)

Accurate 782 163 940 220
Negation 771 129 690 88

Table 3b. Experiment 3 untransformed differences

Measure

IAT Explicit

Accurate
condition

Mean
(milliseconds)

Standard deviation
(milliseconds) Mean

Standard
deviation

Accurate 159 167 3.04 3.54
Negation �80 87 �4.56 2.05

Copyright © 2011 John Wiley & Sons, Ltd. Eur. J. Soc. Psychol. 42, 189–199 (2012
correlation depending on accuracy condition), and, similar
to experiments 1 and 2, there was no correlation when each
accuracy condition was considered separately [accurate condi-
tion: r(13) =�.18, p= .57; negation condition: r(16) =�.04,
p= .87].
DISCUSSION
The explicit measures of attitude demonstrated that partici-
pants reversed their attitudes with negated associations.
However, this was also true for the IAT. When the Luupites
were paired with the negated positive adjectives in the
learning phase, the IAT revealed a preference for the
Niffites. These results were surprising in light of past re-
search demonstrating that people have a difficult time negat-
ing associations on the basis of the modifier “not.” This
experiment expanded on the results of experiments 1 and 2
by demonstrating that, whereas newly learned arbitrary
(random) associations produced small or absent IAT effects,
newly learned inaccurate (negated) associations produced a
reversed IAT effect.
GENERAL DISCUSSION
In a series of three experiments, we tested whether the IAT
is sensitive to the perceived accuracy of newly learned
associations. Prior research with newly learned associations
found that accuracy manipulations can affect explicit atti-
tude measures while leaving IAT effects unchanged (Gregg
et al., 2006). However, unlike that study, our study pre-
sented the accuracy manipulation in advance of learning
to rule out the possibility that this difference is due to a
primacy effect. Furthermore, unlike that study, our study
only used a single IAT test to eliminate possible contami-
nation from learning during prior IAT performance. Other
research with newly learned associations found that the
mere supposition of an arbitrary association can create an
IAT effect (De Houwer, 2006). However, unlike that study,
our study included two conditions of perceived accuracy to
assess whether IAT effects are greater when associations
are supposedly accurate. Across all three experiments, we
found clear evidence that the IAT is sensitive to the per-
ceived accuracy of newly learned associations.

In experiment 1, participants learned to associate novel
groups with sets of positive or negative adjectives. Some
)
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participants were told that the adjectives accurately de-
scribed the groups, whereas for other participants the adjec-
tives were randomly assigned as indicated by a coin flip.
After participants learned the associations, they completed
an IAT and gave explicit ratings of their attitudes towards
the groups. When they were instructed that the associations
were accurate, both the IAT and their explicit ratings indi-
cated a preference for the group that was paired with pos-
itive adjectives. However, when these pairings were
determined by a coin flip, this preference was reduced for
both measures. One possible explanation of smaller prefer-
ences for the coin flip condition was that participants did
not attend to the associations. To address this possibility,
experiment 2 replicated the results of experiment 1 while
including a memory test of the newly learned associations.
This memory test was interleaved with learning to promote
greater attention during learning and strong long-lasting
memories based on retrieval practice (i.e., the “testing ef-
fect”). Performance on this memory test was the same for
both conditions, demonstrating equivalent learning, but
nevertheless the IAT and explicit measures were nearly
identical to the results of experiment 1. However, a ran-
domly determined association is not necessarily the same
as learning that an association is inaccurate (i.e., reversed).
Therefore, in experiment 3, the adjectives were presented
with the negative modifier “not” for one of the conditions.
As with experiments 1 and 2, both the IAT and the explicit
attitude ratings were similarly affected by the accuracy
manipulation, although in this case, the negation condition
fully reversed preferences. Thus, across all three experi-
ments, the IAT reflected the perceived accuracy of the
newly learned associations.

Implications for Attitude Models

These findings have important theoretical implications
depending on whether one subscribes to the theory that
implicit attitudes are separate from explicit attitudes (i.e., a
dual attitude model) and whether the IAT is considered to be
a valid measure of attitude.

First, we consider implications of our results under a
classic single attitude model. From this perspective, the
observed consistency between IAT results and explicit
ratings is sensible, particularly if the IAT is deemed a valid
attitude measure. Fazio and Olson (2003) make a distinc-
tion between implicit and explicit measures of attitude,
which can be distinguished even if one subscribes to a
single attitude model; the IAT is an implicit measure of
attitude, which means that the method by which it assesses
attitude is not immediately obvious. Implicit measures of
attitude are relatively free from presentation issues (i.e.,
the desire to be socially acceptable, such as not appearing
racist in modern society). More generally, if respondents
withhold their true attitude when giving an explicit rating
because of self-presentation concerns, this can explain
why the IAT and explicit attitude measures produce differ-
ent results in certain circumstances. However, in the current
situation, there was no reason for participants to withhold
their true attitude during the explicit rating task because
the IAT was testing attitudes for novel groups. Therefore,
Copyright © 2011 John Wiley & Sons, Ltd.
if the IAT is a valid measure of attitude and if there is just
one kind of attitude, our accuracy manipulations should
have affected both measures in a similar manner, as was
observed.

Next, we consider dual attitude models (e.g., Wilson
et al., 2000). According to this perspective, explicit atti-
tudes are separate from implicit attitudes, and measurement
of implicit attitudes requires an implicit measure such as
the IAT. Gawronski and Bodenhausen (2006) argued that
explicit attitudes are “evaluative judgments that are based
on syllogistic inferences derived from any kind of proposi-
tional information that is considered relevant for a given
judgment,” (Gawronski & Bodenhausen, 2006, p. 694)
whereas implicit attitudes are associative and consist of au-
tomatic affective reactions tied to the relevant groups. This
implies that the associative processes underlying implicit
attitudes cannot be altered by propositional processes.
Gawronski and Bodenhausen proposed that implicit atti-
tudes are immune to “truth values,” which means that they
cannot be reversed or neutralized by the respondents’
explicit beliefs. From this perspective, the sensitivity of
the IAT to the perceived accuracy of the newly learned
associations is unexpected, particularly so for experiment
3, which was designed to test the role of propositional pro-
cesses. Alternatively, it could be that the current findings
highlight an exception to implicit attitudes’ immunity to
propositional information; it may be that the initial forma-
tion of associations can be influenced by propositional
processes, but these associations become immune to propo-
sitional information thereafter.
Conclusions

Putting aside the single versus dual attitude debate, these
experiments demonstrate that the IAT does not merely
reflect learned associations. If learned associations are
known to be random or inaccurate at the time of learning,
then the associations will not produce an IAT effect and
might even produce a reversed IAT effect. Thus, in contrast
to the claims of Karpinski and Hilton (2001), the IAT does
not just reflect environmental associations; it is also neces-
sary that the environmental associations are believed to be
valid at the time that they are learned. By analogy, if an in-
dividual is only exposed to a racial stereotype in situations
where the stereotype is presented as inaccurate, then this
environmental association should not produce an IAT
effect. However, considering the results of Gregg et al.
(2006), the same cannot be said if the accuracy of a stereo-
type is questioned after it has been learned. When consider-
ing whether to use the IAT, our results indicate the
importance of initial exposure to associations and the
manner in which those associations are learned.
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