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Abstract. It is argued that a model of goal-independent spreading activation in a social or semantic knowledge structure
is insufficient to explain implicit association effects in the IAT (Greenwald, McGhec, & Schwartz, 1998). An alternative
account is proposed, which attributes IAT effects to differential costs for switching between task sets. Two experiments
were conduced to test this account. In Experiment 1, specific task-set switching cost was a knction of TAT condition:
switching between tasks was associated with significantly more cost in the incompatible IAT phase, In a second experiment
the magnitude of the IAT effect was reduced when task-set reconfiguration was possible in advance of or simultaneously
with the upcoming stimulus. The results are discussed with respect to recently suggested accounts of the effect.
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Implizite Assoziationsmessung mit dem IAT: Evidenz f i r Effekte exekutiver Kantrollprozesse
Zusammenfassung: Es wird argumentiert, dass ein Modell zielunabhangiger Aktivierungsausbrcitung in einem sozialen
oder semantischen Netzwerk nicht ausreicht, unl Assoziationseffekte im IAT (Greenwald, McGhee, & Schwartz, 1998) zu
erklaren. Ein alternatives Ansatz wird vorgeschlagen, der IAT Effekte auf bedingungsanhlngige Aufgabenwechselkosten
z~uiickK~hrt.
Zwei Experimente priifen diesen Ansatz. Im ersten Experiment zeigte sich, dass spezifische Aufgabenwechselkosten eine Funktion der TAT-Bedingung sind: Aufgabenwechsel waren in der inkowpatiblcn TAT-Bedingung nlit bcdcutsaln
hohcren Kosten verbunden. In e i m n zweiten Experiment war das Ausliiafl des IAT-Effekts reduziert, wena die Moglichkeit
zu vorbereitender oder simultaner Einslellung auT den Aufgabenwechsel gegeben wurde. Die Ergebnisse werden im I-Iinblick
auC akluelle Erkllrungsn~odelledes Effekts diskutiert.
Schlfisselwortcr:In~plizitesMessen, IAT, Aufgabcnwechsel, cxekutive Konholle

Since its introduction in 1998, the Implicit Association Test (Greenwald e t al., 1998) has been discussed
controversially, maii~lydue to a lack of a theoretical
fundament. The purpose of the present study is to
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gain f i i r t l ~ e rinsight into the mechanisms that underlie this effect. We aim at a closer ~ i n d e r s t a n d i n g
of how conceptilal relations between concepts affect
IAT performance. It is argued that an account based
on concept~~al
spreading activation alone is not sufficient to e x p l a i n the effect. We will fi~rthermorediscuss alternative accounts that have been proposed reccntly and finally suggest a model that attributes the
IAT effect to differences in cost related to task-set
switching (Allport, Styles, & I-Isieh, 1994; Rogers &
Monsell, 1995).
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Basic Design of the IAT
The IAT is typically composed of two independent
binary choice tasks that have to be performed in an
alternating or random sequence. Each task demands
the discrimination of two conceptually defined sets
of stimuli. One of the tasks requires the discrimination of two target categories or concepts, the other
judgments about an attribute. Each of the four response categories is instantiated by a distinct set of
typical stimuli.
Two types of blocks are constructed, differing in
the response assignment for the target discrimination
task. A block is termed compatible, if the "instructions oblige highly associated categories (e.g., flower
+ pleasant) to share a response key", and incomnpatible "when less associated categories (e.g., insect +
pleasant) share a key" (Greenwald et al., 1998,
p. 1464). The typical finding is that perforlnance is
better in compatible than in incompatible blocks.
These experimental conditions are preceded by a
training phase in which the attribute discrimination
task is practiced, and two training phases for the
target discrimination task, in which the response
mapping for the upcoming alternation blocks is
trained (see Greenwald et al. 1998, for details).

Can Spreading Activation Account
for the IAT Effect?
Spreading activation in semantic (Collins & Loftus,
1975; Collins & Quillian, 1969) or social network
structures (Greenwald et al., 2000) is a powerful
theoretical concept that is capable of explaining a
host of different phenomena such as semantic and
associative priming effects in a variety of paradigms.
The essential mechanism is a distribution or spreading of activation between interconnected nodes that
represent conceptual knowledge. The spreading activation metaphor is capable of representing a large
variety of mental stmctures or processes in the form
of nodes and interconnections.
Spreading activation accounts have been tested by
means of semantic and associative priming paradigms (see Neely, 1991, for a review) as well as by
appropriate variants of the affective priming paradigm (Bargh, Chaikea, Raymond, & Hymes, 1996;
K l a ~ ~&
e rMusch, in press). A compelling difference
between the IAT and these paradigms has to be
noted: The compatible and inconlpatible IAT conditions do not differ with respect to stimulus composition. This fact, although it may seem trivial, amounts
to the conclusion that exclusively stimulus-triggered
spread of activation should lead to identical activa-

tion patterns in both conditions, and thus cannot by
itself explain the IAT effect. After considering some
general issues concerning the interpretation of IAT
effects in the following section, we will portray some
alternative accounts that have been proposed recently.

Category vs. Stimulus Feature Basis
of the IAT
De Houwer (in press) and Neumann, Totzke,
Popp, & Fernandez (2000) provide enipirical evidence for the generally held claim that the IAT effect
reflects relations between properties of the target
categories and the attribute, but not between properties of individual stim~iliand the attribute.
Neumann et al. (2000) report an attitude-IAT effect with pictures of Caucasians vs, black persons, if
and only if the labels used as response categories
were meaningful to the participants. The effect occurred, if the pictures had to be classified as "Germans" vs. "Foreigners", but was absent if the pictures had to be categorized as "white persons" vs.
"black persons", the latter being a less meaningful
dichotonly to German participants. This indicates
that the IAT effect is based on properties of the target
categories.

De Houwer (in press) disentangled category evaluation and stimulus evaluation by using target stimuli
that are evaluatively incongruent to the category they
instantiate in half of the cases and evaluatively congruent in the other half. If the IAT effect is indeed
based on target-category evaluatioa, a compatibility
effect should emerge with respect to category valence, but not stinlulus valence. In fact, contrasting
famous (positive and negative) British citizens with
famous (positive and negative) citizens from foreign
coiultrics prod~~ced
an IAT effect based on category
evaluation, but no effect of stiniulus evaluation. Steffens & Plewe (2001), however, report effects at stimulus level. In their study, the valence of stin~uliexemplifying the attribute dimension was confounded
with the target category. The manipulated direction
of stimnulus-level association was clearly reflected in
the IAT measure.

A plausible explanation for these findings might
be that stinluli are perceived in terms of their category membership, as soon as they are processed with
respect to a strong social category. Research on person categorization in the "Who said what?" paradigm, for example, demonstrates that memory for
the behavior of persons in a group discussion is
fi-equently encoded with respect to group membership, almost ignoring individual sti~nulusfeatures
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(Klauer & Wegener, 1998). Furthermore, there is reliable evidence fsom cross-categorization research,
indicating that some social categories are applied
more readily than others (Ehrenberg, Klauer, & Wegener, 2000; Stangor, Lynch, Duan, & Glass, 1992).
Similar categorization processes may occur in the
IAT, if the target categories are instantiated by stereotypical names (c.g. Greenwald et al., 1998; Neumann
et al., 1998).

Figure-Ground Asymmetry Model by
Rothermund and Wentura (2001)
The model proposed by Rothermund and Wentura
(2001) is based on the assumption that, for both
discrimination tasks, participants perceive one response category as a figure on the ground of the
opposing response category. The performance difference between differently mapped IAT conditions is
accounted for by the assumption that participants can
base their responses on figure-ground information
alone in the cornpatiblc condition, where "figure
stimuli" are consistently mapped to one response key
and "ground stimnuli" to the other. See Rothermund & Wentura (2001) for details.

Acquired Meaning of Response Keys
(De Houwer, in press)
The model proposed by De Houwer (in press) is
based on the assumption that response keys become
temporarily associated wit11 evaluative meaning
based on tlie task instructions'. It is argued that the
meaning of responses in the compatible condition of
the IAT is less ambiguous with respect to valcnce
than in the incompatible condition, because stimulusresponse pairs are inorc homogenous in this respect.
Thc IAT effect itself is elegantly explained by a stimulus-response compatibility mechanism, similar to
those proposed to undcrlie the Simon eflccl (Simon,
1990; see Kornbluin, 1992, for a review): Higher
similarity of stiinulus features and response features
are assu~nedto underlie faster responses in the compatible condition.

'

See also Neumann et al. (1998) who assume that response-keys acq~~ire
a meaning based on a learning process.
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Random Walk Model by Brendl, Markman,
and Messner (2000)
Brendl et al. (2000) account for the IAT effect by
combining a simple random walk model of information processing with the assumption of a criterion
shift in the incompatible IAT condition. The authors
assume that incoming attribute and identity information, i.e. information on the target category of the
presented stimulus, is accumulated in a random walk
process on a response-related decision dimension.
The net accumulation rate of evidencc for stinluli
from the target categories sl~ouldbe lower in the incompatible condition, as information co~lcerningthe
identity of a stinl~lusand information concerning the
attribute push the counter towards different responses
here.
Brendl et al. (2000) hrtber assume that because
of the slowel- net accumulation-rate the actual and
perceived difficulty of the incolnpatible IAT condition is higher, leading participants to enlploy a more
conservative response critesion in inconlpatible IAT
blocks. This sl~ouldresult in a longer accumulation
interval for both target and attribute stimuli in the
incompatible coiidition2.
While the properties of the random walk model
were not explicitly tested, a hypothesis derived from
the assumption of a shift in response criterion was
confirmed in three experiments, i.e. that responses
to instances of the attribute concepts should be
slower in the incompatible than in the coillpatible
TAT condition. A randonz-walk model without criterion shift does not predict this, as the lower net accuinulation rate in the inco~npatiblcIAT condition is
restricted to target-concept stimuli.

A Task-Set Switching Account o f the
IAT Effect
Imaginc a Stroop experiment (Stroop, 1935; see
MacLeod, 1991, for a review) in which you have to
judge a stimulus composed of a letter and a digit. On
some of the trials you are required to j~tdgcwlxtlm
the digit is odd or even, while on other trials, you
have to decide whetller the letter is a vowcl or a consonant. Now imagine there were blocks in which
digit and letter consistently trigger thc same responsc
(the co-occurring stimulus aspects are mapped to the
same response ley) and other blocks, in which digit
and letter always require difrerent responses (co-ocAlthough not explicitly tnentioned by the authors,
this should also lead to a higher contrast between attribute
and target discrimination in this condition.

curring stimulus aspects are rnapped to different response keys). Presunlably, perfornlance would be
better when the co-occurring stimulus aspects trigger
the same response, i.e. when performing accurately
does not depend on switching between the tasks as
instructed.
The analogy between the experiment described
above and the IAT is obvious: The irrelevant attribute
information of instances of the target categories triggers the same response as does their categorical identity in the compatible condition. In the incompatible
condition, however, different responses are mapped
to these co-occurring stimulus aspects.
To explain IAT effects it is necessary to analyze
how the described design properties influence performance. The model we propose assumes that switching between different task sets might provide this
causal link. A task set is assumed to be a complex
of numerous settings, required for performing a
given task. These settings include "which attribute of
the stimulus to attend to, which response mode and
value to get ready, what classification of the relevant
stimulus attribute to perfom, how to map those
classes to response values, with what degree of caution to set one's criterion for response etc." (Monsell,
Yeung, & Azuma, 2000, p. 252). Processes of taskset switching are generally attributed to a combination of endogenously initiated and exogenously triggered processes (Meiran, 1996; Rogers & Monsell,
1995; Monsell et al. 2000), and are typically associated with perfornlance cost.
The model we propose may be called a probabilistic task-switch-neglect model. The model states
that participants neglect the instruction to switch between task sets in the compatible IAT condition on a
substantial proportion of experimental trials. Neglecting task switches is possible in this condition,
because basing the responses on attribute-related information alone allows fast and accurate responding.
As there is no necessity to switch between tasks,
switching costs can be evaded. The IAT effect, according to this model, reflects general costs for
switching between two different task sets that specifically affect the incompatible IAT condition.
An ongoing debate in the literature on task
switching concerns the question whether the performance cost typically found in task switching experiments directly reflect the operation of a stage-Iike
executive control function that is responsible for implementing an appropriate taslc set on task-switch trials. Allport et al. (1994; cf. Wylie & Allport, 2000)
argue that task-switching costs might be due to
proactive interference from the preceding trial. In
this model, task-switching costs do not reflect the
operation of an extra process specific to task-switch

trials, but rather differential time costs for the same
set of processes for switch vs. non-switch trials. This
claim does neither challenge nor replace the assumption that control processes take place in this type
of experiments (Monsell et al., 2000). It questions
whether task-switching costs reflect the duration of
these coatsol processes.
Although the model we proposed above is compatible with both accounts of task-switching costs,
we briefly discuss how a proactive taslc-set interference model might explain IAT effects, The major difference between such a model and the probabilistic
task-switch-neglect model is that taslc switchcs are
assumed to occur in both IAT conditions. Task-set
switching, however, is associated with less cost in
the compatible condition. The rationale for this is as
follows: In order to perform a given task appropriately, response-incongruent task-sets have to be inhibited. Besides the cost directly associated with response incongruence on the current trial, this should
result in an increased difficulty to retrieve the inhibited task set on an upcoming trial, i.e. a negative
priming of task set (Wylie & Allport, 2000), adding
to performance costs in the incompatible IAT phase.
Note that task-switch trials in the incompatible condition arc preceded cither by neutral stimuli without
an irrelevant feature (attribute-set stimuli) or by stimuli with a response-incongruent irrelevant feature
(target-set stimuli). In the compatible IAT condition,
on the contrary, all trials are response congruent or
neutral and thus are preceded by response-congruent
or neutral trials, i.e, the antecedent for negative priming is not given. We will discuss these issues in more
detail in the general discussion.
Some non-trivial predictions may be derived from
both mechanisms. First, besides general pcrformance
cost for alternating between two tasks on a blocked
scale, an additional component of switching task set
should emerge on a sequential level, i s . a performance difference between trials that are preceded by
the same vs. a different task (Meiran, 1996; Rogers & Monsell, 1995). This sequential effect will
be referred to as specijk task-sct switching cost
(Kray & Lindenberger, 2000). If the task-switching
account is correct, specific cost should be more pronounced in the incoinpatible IAT phase.
Distinguishing between specific and general taskswitching costs empirically requires the incorporation of task-repetition trials in the design. Task-repetition tsials emerge if the order of stimuli in a block
is completely randomized. Some authors have used
this completely randomized procedure (e.g. Kiihnen
et al., 2001; Rothermund & Wentura, 2001), while
others used strictly alternating task sequences (e.g.
Greenwald et al, 1998). Banse, Seise, & Zerbes

(2001) compared both types of stin~ulusordering and
found little difference in the IAT effects.

IAT condition, task switching and response repetition).

A second prediction concerns effects of response
and Monse1'
found that a facilitative effect of response repetition
was disrupted if the presently required task switched
from the psevious trial, while it occurred when the
Although the ex~lallatiOnfor this
task was
effect is still under debate, the effect itself seems to
be a reliable property of task-set switching (Meisan,
'996; Rogers & Monsell, 1995). Based On "le
described above, we expect effects
repetition for all trials in the compatible condition,
but for non-switch trials only in the incompatible
condition. Note that neither of these predictions is
On the basis
the
with or without criterion shift (Brendl, et al., in
press), which predicts response-repetition effects on
all trials.

Trial sequences were coded with respect to the
repetition of feabres from the directly precedillg trial
(Pashler & Baylis, 1991). One repetition factor conthe
cerned the repetition of responses, i.e.
alld the preceding trial required the
re,p,,s,,
The second sequential factor concerned
the discrimination task to be perforllled. If moving
from the preceding to tile achwl trial required a
switch ill the discrilnillation task (an evaluative decision followed by a flower-illsect c~iscrimillationor
vice versa) the trial was coded as a task-switch trial.
If both trials of a seqLlellcerequired the same type
of decisioll, tile trial was coded as a taslc-repelition
trial, The relations between sequence facton are depicted in Table

Experiment 1
Experiment 1 was designed to test some of the predictions derived above. The Hypotheses for Experiment 1 were
The IAT effect is replicable with German material selected on the basis of word norms.
Specific costs for task-set switching are more
pronounced in the incompatible condition of the
IAT (performance on trials preceded by the
same vs. other task interacts with IAT condition).
Effects of response repetition are disr~~pted
on
task-switch trials in the incoinpatible IAT condition, but occur irrespective of task switches
in the compatible condition (interaction of

The coding of trial sequences results in two orthogonal within-participants factors. These factors
are orthogonal to other factors manipulated in the
IAT. The response-stimulus interval (RSI)was varied
between participants (100 ms vs. 1000 ms) to test
whether the specific sequence effects wc expected
would generalize over different time constraints. An
interaction of specific task-switching cost with the
RSI would indi&e a dissipation of
It cannot, howevel; be attributed to an intentional switch
of task set, which is initiated before stimul~lspresentation, as the task-set appropriate for the upcoming trial is unpredictable.

over.

Method

Following Greenwald et al. (1998, Experinlent l), we
used insect and flower names in conjunction with
positive and negative words. The experiment is based
on a 2 x 2 x 2 design with the
within-participants factor mapping
c o n ~ p a ~ b i l i t ~ , ~thc
a nbetween-partid
Table I. Relations between mapping compatibility, response-repeticipants factors response-stimulus intion, and task-switching
terval (100 nm vs. 1000 ms), and
order of mapping conditions (coinValence repetition
Valence switch
patible vs. incompatible mappingcondition first). A between-particiComnpatible
pants
counterbalancing-factor perResponse repetition
Response switch
Task repetition
muted
rcsponse
assignments to conResponse repetition
Response switch
Task switch
trol for any unwanted systematic
Incompatible
variance c a ~ ~ s ebyd differences in the
Response repetition
Responsc switch
Task repetition
treatment of response keys. FurtherResponse switch Response repetition
Task switch
more,
two witliiri-participatlts factors
emerged as a prod~icto r the randoin
Note: Response repetition and valence repetition are confounded in the comsampling of stinuili. Unless noted
patible condition, which follows from the contingency of valence and reotherwise, design and procedure folsponses. Task switcl~ingmoderates this relation in the it~conipatiblecondilow Greenwald et al. (1998).
tion.
-

-

Participants

Procedure

Participants were 32 students (22 females, 10 males)
recruited from different faculties of the University of
Bonn. They received either partial course credit or a
monetary gratification of DM10 for their participation.

All blocks consisted of the sequential presentation of
48 single words. The words were sampled without
replacement from the stimulus lists for each block
such that words from each list appeared eq~~ally
frequently. The ordering of words within each block
was randomized. The words were presented in a 20
mn x 120 n m rectangle on the computer screen,
and written in black on light gray background. The
presentation of a new word began either 100 ms or
1000 ms after the participants' response to a previous
item, depending on the between-participants RSIcondition. Responding was allowed as soon as the
stimulus was visible. In total, 14 blocks were presented, thus each participant underwent 672 separate
trials. Performance data were recorded for every trial.

Material

The material consisted of 96 words referring to insects, flowers, positive objects, and negative objects.
To minimize material effects, words were matched
in quadruples that were maxiinally similar on t h e e
criteria, i.e. the number of characters, an estimation
of the word's frequency of use based on the CELEX
lexical database (Celex, 1995), and a rating of the
word's valence. In particular, the stimulus words
were thereby matched for frequency of occurrence to
rule out a familiarity-based explanation of the effect
(Dasgupta, McGhee, Greenwald, & Banaji, 2000).
800 positive and negative words were selected
from a rating study of German substantives by
Schwibbe, Rader, Schwibbe, Borchhardt, and Geiken-Pophanken (1994). Based on the 200 most positive and the 200 most negative words, three independent raters excluded those words that were either
judged outdated or were unknown to them. The raters also eliminated all words describing plants or animals, to prevent semantic overlap between the categories. 132 positive and 143 negative stimuli remained in the sample.
The same raters also rated the initial 186 words
referring to insects or flowers that were collected
from different sources with respect to the same criteria. Based 011 the judgments, 46 flower words and
62 insect words were chosen. Ten participants then
rated the valence of these 108 words in a pilot sh~dy,
using the same question and response format as in
the Schwibbe et al. (1994) studies. An esti~nationof
the word's frequency of use was taken from the
CELEX lexical database (Celex, 1995).
All words were represented as points in a 3-dimensional space defined by the z-transformed valence rating, frequency estimate, and word length.
The matching process was based on an algorithm
that sequentially extracted word quadruples including a word from each of the four sets such that the
mean Euclidean distance between them was minimal.
The 24 quadruples with the smallest distance were
selected for the main experiments and are listed in
Appendix A.

Participants were explicitly instructed to make
an evaluative decision, if the presented stilnulus was
a positive or negative word, and a flower-insect
discrimination, if it was a flower or insect name.
Participants were told to respond to each word as
rapidly as possible while avoiding errors. They
started the upcoming block by sequentially pressing
the two response keys. After a short countdown, the
block was initiated.
The experiment started with two training phases
consisting of two blocks each. In the first of these
phases, only insect and flower names were presented,
and participants practiccd the insect-flower discrimination task. In the second phase, the evaluative decision task was practiced. The four training bloclts
were followed by four combined bloclts, in which
both tasks were mixed and were mapped either compatibly or incompatibly, depending on the order-balancing condition. The remaining six blocks consisted
of two simple and four compound blocks, for which
the compatibility of response mapping was switched.
At the beginning of each phase, participants were
informed abo~ltthe word categories that were to appear in the upcoming block and their assignment to
the response keys.

Results
All trials with latencies below 300 ms (0.5%) and
above 3000 ms (0.5 %) were excluded from the
analyses. Another 8.7% of the trials were excluded
from analyses of latency data, since responses were
incorrect on these trials. Mean latencies and error
proportions were calculated for each participant in
each of the 2 x 2 x 2 within-participants conditions.
Mean latencies and error proportions were examined by repeated-measures ANOVAS with order

Table 2. Mean latencies in inilliseconds as a function of mapping
compatibility, response-stimulus interval, and the trial-sequence factors in Experiment I

Task Switch
Response Response
Switch Repetition
RSI 100 ms
Compatible
Inconlpatible
RSI 1000 ms
Compatible
Incompatible

No Task Switch
Response Response
Switch Repetition

798
1030

772
1037

775
919

713
80 1

675
819

675
798

690
75 8

633
715

of mapping conditions (compatible vs. incompatible
condition first) and response-stimnulus interval
(100 ms vs. 1000 ms) as between-participants factors.
Within-participants factors were mapping condition
(compatible vs, incompatible), response repetition
(sepetition of response vs. switch of response between trial n and trial n-1), and task repetition (repetition of task vs. switch of task between trial n and
trial n-1). The mean untransfomed latencies are depicted in Table 2.
As predicted by Hypothesis 1, mean response latencies were significantly longer in the incompatible
than in the compatible IAT condition, F(1, 28) =
49.39, p < -01, indicating a relative preference for
flowers compared to insects. The mean aggregated
latencies for the compatible and incompatible conditions were 716 ms (SD 26 1ns) and 859 111s (SD
26 ms) respectively, resulting in an IAT effect of
143 ms.

-c

-*Task Switch

No Task Switch

The performance cost associated
with switch and non-switch trials differed significantly between the two
IAT conditions, F(1, 28) = 42.53, p
< .O1 as predicted by Hypothesis 2:
Task switching had a stronger impact
on performance in the incompatible
than in the conlpatible IAT condition. This effect is depicted in Figure
1. Additionally, a main effect of task
switching, F(1, 28) = 62.52,p ': .01,
reached significance. Planiled contrasts revealed, that specific taskswitch cost was present in the incompatible condition, F(1, 28) = 81.88,
p < -01, as well as in the compatible
condition, F(1, 28) = 7.24, p < .05.

The three-way interaction between compatibility,
task switcl~ingand response repetition predicted by
Hypothesis 3, did not reach significance, F ( l , 28) =
1.38, n s . The two-way interaction of taslc switching
and response repetition was highly significant,
F(l, 28) = 17.23, p < -01, and is displayed in Figure 2. Furthelmore, a significant main effect of response repetition emerged, F(l, 28) = 3 6 . 6 9 , ~< .01.
A planned contrast revealed, however, that performance on response-repetition trials was not increased
when the task had to be switched, F(1, 28) = 1.09,
n.s., in line with Hypothesis 3.
A main effect of response-stimulus interval, F(1,
28) = 6.03, p < .05, reveals that responses were faster

with Long than with short RSI. The two-way interaction between taslc switcl~ingand response-stiin~~lus
interval, F(1, 28) = 11.59, y < .O1, shows that this
effect was more pronou~lcedfor the task-swikh trials. In other words, specific task-switch costs were
reduced under long RSI.

Compallble
IAT Phase
lncompalible
IAT Phase

Figure I . Average response latencies in Experiment
1 as a function of compatibility condition and taskswitching. The implicit association lnay be defined
by the differences between coinpatible and incoll~patible phases in these conditions.

rn

Task Switch

No Task Switch

+ Response

Switch
.-r-. Response
Repelillon

Fig~lre2. Mean response latencies in Experiment 1
as a fimction of task-switching and thc repetition vs.
switch of response. Note that no effect of responserepetition occurs on task-switch trials.

Discussion

Experiment 2

Testing the hypotheses derived from the task-set
switching account of the IAT produced a number of
informative results. First and most notably, the prediction of higher cost for specific task switching in
the incompatible IAT condition than in the compatible condition was confirmed. This results is not only
in line with the idea that the IAT effect represents
general task-set switching costs, but directly confirms that a specific component of these costs is
more pronounced in the incompatible IAT condition.
It is also noteworthy that this interaction is neither
predicted by nor compatible with any of the alternative accounts presented earlier, with the exception of
the figure-ground asymmetry model in its recent
form (Rothermund & Wentura, 2001) that also poshlates task-switching costs. Furthermore, it challenges
a model that is exclusively based on goal-independent spreading activation between conceptual nodes,
as task-related effects cannot be explained in such a
network.

The results of Experiment 1 imply that the IAT effect
reflects higher costs of switching between discrimination tasks in the incompatible IAT condition than
in the compatible condition. They are, however, not
al
of this
conclusive with respect to the c a ~ ~ sdirection
effect. Experiment 2 was designed to address this
question directly, by manipulating the cost associated
with task switching by experimental means. The advantage of this strategy is that it enables us to demonstrate a reduced IAT effect cazised by smaller
cost for task-set switching. The hypothesis for this
experiment was therefore that, besides a replication
of the effects found in Experiment 1,

The finding that facilitative effects of response
repetition disappear if the task has to be switched
between two trials supports our assumption that performance in the IAT paradigm is affected by task-set
reconfiguration processes. The effect, however, did
not interact with mapping compatibility. In combination with the finding of generally higher specific
task-switch cost in the incompatible mapping condition, this result is somewhat surprising. It seems to
indicate that reconfiguration processes take place in
the con~patiblecondition, but that these processes are
not accompanied by any specific performance cost.
This, together with the observation that specific taskswitching costs were smaller when the RSI was
increased, favors the task-set interference account we
outlined earlier, rather than the task-switch neglect
model: The longer RSI might have allowed a passive
dissipation of task-set activation and inhibition,
thereby differentially reducing carryover effects. This
interpretation is not limited by the absence of
generally accepted standards of how activation and
inhibition should dissipate in time (e.g. Los, 1996),
since this is critical only if such effects do not
emerge.
Note that the disruption of response-repetition effects on task-switch trials is incompatible with both
variants of the random-walk model proposed by
Brendl et al. (2000). According to this model, evidence for one response alternative is accumulated
without respect to the source of this evidence. The
only moderator for response-repetition effects should
be the state of the hypothetic evidence counter.

H4) the IAT effect is reduced, if the costs for taskset switching are reduced.
Task-switch costs should be generally reduced, if
participants are allowed (or even encouraged) to reconfigure processing mode in advance of the stimulus. Several experimental manipulations can be expected to achieve this, e.g. explicitly announced predictable runs of trials (Rogers & Monsell, 1995;
Wylie & Allport, 2000) or instructed switches in
small stimulus lists (Gopher, 1996; Ksamer, Hahn, &
Gopher, 1999). Applying these methods to the IAT
would require more or less dramatic changes in procedural structure, which we wanted to avoid. Instead,
we attempted to make sure that the compatibility
effects we investigate are indeed the same type of
effects found in IAT studies with a more applied focus.
We therefore preferred a paradignz that makes use
of task cues (Meiran, 1996), which are presented in
advance of the stimulus, but do not require special
instsuctions or changes in the randomized nature of'
the stinlulus seqllences presented. Several other
properties of this procedure are noteworthy. First, effects of advance reconfiguration are not confounded
with effects of response-stimulus interval, as the cueing paradigm allows the comparison of a cued vs.
uncued condition with constant RSI. Second, the
cues may be presented without any further instruction to use them. Instructions could result in different
processing strategies and tllus reduce the gcneralizability of the cueing effect. Third, the inforlnalion
contained in task cues is not confo~mdedwith any
property of the upcoming task that would be expected to have an effect on the basis of other IAT
models. That is, neither the valence of the presented
stimulus, nor the required response can be predicted
on the basis of the cue. Fourth, the cues can be administered in the compatible and incompatible IAT
condition without fkrther changes in the design.

IAT: Effects of Executive Control Processes

Method
The design of Experiment 2 is a 2 x 4 x 2-design
with mapping condition (coinpatible vs. incomnpatible) as a within-participants factor, and cue condition, and order of mapping conditions (compatible
vs. incompatible mapping condition as first compound block) as between-participants factors. The
con~plete response-key assignment was again
switched for one half of the participants. Two additional sequencc factors emerge from the coding of
trial sequences.
Participants

Sixty students (42 females, 18 males) recruited from
different faculties of the University of Bonn participated in the experiment. They received either pastial course credit or a monetary gratification of
DM 10 for their participation.
Material

The material for Experiment 2 was based on the selection of words for Experiment 1, except for minor
changes. The changes were motivated by poor
discrimination performance on some of the German
words, i.e. "Beteuerungen", "Eigennlachtiglteit", and
"Eigensinn", which probably result from a change in
affective connotation for these words. In order to uphold similarity between the stiinulus lists, the quadruples containing these words were excluded and
replaced by the most hoinogenous unused quadruples. The additional stimuli can be found in Appendix B.
In addition to the stiinulus words, task cues were
presented in two co~lditionsof the experilment. The
task cues were realized by using simple symbols that
represent the word categories used in the task. These
symbols can be found in Appendix C.
Procedure

The presentation of task cues was varied in four conditions between pasticipants, Task cues consisted of
synibols that represent the concepts used in the task,
i.e, a flower and an insect symbol for the flowesinsect discriinination task, and two pictures of symbolized t h ~ ~ n pointing
~ b s upwards and downwards for
the evaluative decision task. The symbols were presented sinlultaneously to the left and right side of the
stiinulus word such that the position of each symbol
also specified the appropriate response key, Al-

though the cues specified the (constant) stimulus-response mapping, they were uninformative with respect to the correct response or the valence or category of the stimulus word.
Task cues were either presented 600 ms in advance of the imperative stimulus or simultaneously.
Two control conditions were realized, one without
task cues (Control I), and the other one with all synlbols presented siinultaneously (Control 2). Thc latter
symbol constellation contained inforillation on the
stimulus-response niappings, but did not predict the
appropriate task set. In these two conditions, an unmitigated iinplicit association efYect was expected, as
temporal information and information on stimulusresponse mappings was not assumed to have an impact on this effect. In contrast, a task-cueing effect
on the IAT measure and the more specific indicator
of task-switch cost was expected for both cueing
conditions. The effect of advance reconfiguration is
expected to be higher for the cue presented 600 ms
before the stimulus.
The response-stimulus interval was fixed at
800 nls for all trials. Moreover, an asterisk ("*") was
presented 600 ms before the stimulus in all conditions. This provided all participants with the same
temporal information to predict stiinulus onset. A
mere tenlporal warning fi~nctionof the advance cues
is thereby ruled out. Experiment 2 was identical to
Experiment 1 in all other respects.

Results
Trials with latencies below 300 111s (0.9 %) and above
3000 111s (1 %) were excluded from the analyses. Oil
7.2 % of the remaining trials, participants made response errors. These trials were also excludcd from
the analyses of response latencies.
Perforillance data were exanlined by repeatcd
measures analysis of variance with order of mapping
conditions (compatible vs. incompatible condition
first) and cueing condition (advance task-cue vs.
simultaneous task-cue vs. Control 1 vs. Control 2)
as between-participants factors, Within-participant
factors included mapping compatibility and the two
repetition factors. Mcan untransformed latencies are
given in Table 3.
The analysis of response latencies revealed a
main effect of inapping coinpatibilily, F(l, 52) =
75.54,p < .01, i.e, a large IAT effect in the expected
direction. The mean aggregated latencies for compatible and incompiltible condition werc 685 111s (SD
18 ms) and 806 ins (SD 21 ms) respectively, resulting
in an IAT effect of 121 ins,

Table 3. Means latencies in milliseconds as a function of mapping
compatibility, cueing condition, and the trial-sequence
factors in Experiment 2

Task Switch
Response Response
Switch Repetition

No Task Switch
Response Response
Switch Repetition

Advance Task-Cue
Compatible
700
Incompatible
795
Simultaneous Task-Cue
Compatible
652
Incompatible
773
Control 1
Compatible
700
94 1
Incompatible
Control 2
Compatible
750
Incompatible
876

As predicted by Hypothesis 4, there was a significant interaction of task cueing and IAT condition,
F(3, 52) = 3.63, p < .05. This indicates that the size
of the implicit association effect was reduced by presenting task cues and is depicted in Figure 3. The
effect, however, did not interact with sequential-level
task-switching, F(3, 52) = 0.64, n.s., which would
have demonstrated that the effect of the cueing manipulation was mediated by specz$ic task-switch cost.
A planned contrast reveals that the effect of cueing
condition was due to a smaller IAT effect in the two
conditions with a task cue, compared to those without task cueing, F(1, 52) = 5 . 3 4 , <
~ .05. Testing the
magnitude of the implicit association effect with

-

Adv. Task-Cue

Sim. Task-Cue

Control I

Control 2

Figure 3. The IAT effect as a function of task-cueing
condition. Bars display the difference between incompatible minus compatible IAT condition in terms
of mean response latencies.

advance task-cueing against the other
three conditions does not reveal an
effect.
The interaction of task switching
and IAT condition predicted in Ilypothesis 2 was replicated, F(l, 52) =
41.69, p < .01, i.e. a larger IAT effect
for task-switch trials. An overall performance difference between switch
and no-switch trials also reached significance, F ( l , 52) = 1 2 8 . 2 5 , ~< .01.
Thus, the interesting pattern of results from Experiment 1 could be
replicated: The implicit association
effect was moderated by differences
in specific task switching. In addition, the moderating role of task
switching seems to be so dominant
that it could not be eliminated by our
cueing manipulation.

As predicted by Hypothesis 3, the
three-way interaction of response
repetition, task switching, and IAT
condition was significant, F(1, 52) = 4.16, p < .05.
Response-repetition effects were more strongly disrupted by task switches in the incompatible than in
the compatible condition. Like in Experiment 1,
overall performance was better, if the required response to thc achlal stimulus was the same as on the
previous trial, F(l, 52) = 8.59, p < .01. This effect
was also moderated by the task-switch factol; iadependently of IAT condition, F(1, 52) = 29.3 1, p <
.01, i.e. thcre were generally smaller facilitative effects, if the task had to be switched.

Discussion
The results of Experiinent 2 demonstrated a direct
effect of task cues on an IAT measure: The performance difference between the compatible and incornpatible phase was snlaller wlien task cues were presented than when no cues were presented. As this
manipulation was neither confounded wit11 foreperiod, nor attributable to the priming of stimulus or
response featuses for thc upcoming trial, this effect
is most probably duc to a facilitation of task-appropriate advance-reconfiguration of processing mode,
but not to passive dissipation of activation. This effect provides support for the assumption that the IAT
effect reflects diffcrential costs associated wit11 taskset switching.
Further support for this account. arises from the
fact that the specific prediction on effects of response repetition was confirmed in Experiment 2:

Response-repetition effects were disrupted more
strongly by task switches in the incompatible IAT
condition than in the compatible condition. Moreover, the interaction of IAT condition and specific
task-switching costs, already found in the first experiment, could be replicated. Task switching had
highly specific differential costs and effects on the
two IAT conditions. These findings are incompatible
with any other current account of the IAT effect.
The question remains why task-switching costs
werc not fully eliminated by the presentation of taslc
cues. The two-way interaction of task-switch cost
and compatibility condition reflects a large component of variance that was independent of the cueing
condition. It has to be noted that the task-cueing effect we found is an incidental effect, i.e. participants
were neither encouraged nor instructed to make use
of the task cues. Indeed, residual cost for taslc
switches was found in various studies even when advance reconfiguration would have been possible (e.g.
Rogers and Monsell, 1995). Rogers and Monsell suggest that "completion of the reconfiguration is triggered only by, and must wait upon, the presentation
of a task-associated stimulus" (Rogers & Monsell,
1995, p. 224). Because there was no significant difference between advance and simultaneous cues, it
seems possible that the task cues used in the present
experiment were most helpful in this latter, stimulustriggered reconfigmation phase.
Furthennore, task cues in the present experiments
did not contain information that was r~ecessaryfor
task execution, since the appropriate decision could
always be inferred from the current stimulus alone.
It was therefore possible be to direct attention exclusively to the imperative stimuli, and to ignore the
taslc cues. If so, a more dramatic reduction - or even
elimination - of the IAT effect might be achieved
by incorporating other ineans of reducing task-switch
cost. Doing so, however, would require a more fundamental change in the IAT structure.

General Discussion
As discussed in the introd~~ction,
there is some evidence suggesting that IAT effects are based on properties of the target categories to a largcr degree than
on properties of the specific stisnuli used to instantiate these categories, Steffeas and Plewe (2001) on
the other I~andhave provided cl~allengil~g
evidence
for an effect of stimulus features. Providing a model
of the mechanisms and struct~rresunderlying the perceptual processes that lead to the activation of irrelevant attribute information is beyond the scope of the
current paper. Based on the evidence by De Houwer
(in press) and Neuinann et al. (2000), it seeins plau-

sible to assume that these processes are not completely stimulus-driven.
The results presented here do not challenge the
internal validity of the IAT as such, but the assunlption that the magnitude of the IAT effect is monotonically related to associative strength. Both mechanisms we have proposed are based on the assumption
that attribute-related inforn~ationbecomes available
upon processing a stimulus from the target categories. Perforlnance costs in the incompatible IAT
condition, however, may not directly depend on the
amount of activation of irrelevant attribute information, but rather on the duration of executive control
processes responsible for task-set organization or the
passive dissipation of residual task-set activation.
Distinguishing empiricaEly between specific and
general costs of task-set switching requires trials in
which the task is repeated. The relative contribution
of specific and general cost factors cannot be disentangled when taslts always alternate from trial to trial
(e,g. Banse et al., 2001; Greenwald et al., 1998).
Using alternating tasks may have two distinct consequences. First, it allows the participants to prepare
for the upconling task, if the response-stimulus interval is sufficiently long. This might lead to a reduction of task-switching cost, and thereby a reduction
of the IAT effect. This is not very probable, however,
as the response-stirnulus interval used in IAT studies
is typically much lower than the 600 ms Rogers and
Monsell (1995) found to be optimal for advance reconfiguration. Second, the use o f strictly alternating
tasks maximizes the number of task-switch trials in
a block. Banse et al. (2001) report a significant correlation of the randomized, but not the alternating
variant of their Ho~nosexuality-IATwith an explicit
measure. The mean IAT-score was, howevcr, smaller
for the randon~izedversion, which points to the possibility that the IAT-score variance caused by differential task-switching costs is not content related.
Some wider implications of the present findings
concern the discriininant validity of the IAT, as costs
Sor task-set switching are known to correlate with a
i~unmberof other variables. Kray and Lindenberger
(2000) report substantial correlations of general taskset switching costs with fluid, ~necl~anical
aspects of
intelligence. Furthcr, a substantial age-related decreinent in peribrnlance with alternating taslts was observed (Kramer et al,, 1999; Kray & Linclenberger,
2000), even though Kramer et a1. (1999) also found
a significant reduction of specific task-sct switching
cost for oldcr adults after a substantial amount of
practice. With respect to the IAT, these findings indicate possible contalninations of the measure, mediated by the influence of executive control knctions
on performance. Onc practical implication of such
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findings is that the IAT should be interpreted with
special care in quasi-experimental designs, if the
contribution of the factors mentioned above cannot
be controlled. A recent experiment from our own
labs has shown a substantial correlation of IAT effects and a pure measure of task-set switching, if
the incompatible IAT phase was performed first.
Whether the validity of IAT results is improved by
using such a measure as a covariate, however, is an
open question at present.
Based on the model we presented, we may deduce
that associations in social or conceptual knowledge
structures may be a sufficient, but by no means necessary condition for IAT effects. This is underlined
by Rothermund and Wentura's (2001) results dernonstrating IAT-like effects when attribute and target
categories are related indirectly by a third variable.
The task-switching model presented here may be extended to account for such related effects as well.
Effects mediated by a specific third variable, however, may not reflect a typical IAT-effect.
In sum, the findings we presented make a step
toward a psychological model of the processes and
structures underlying the IAT effect. In line with the
above-mentioned theoretical arguments against a
straightforward explanation in terms of spreading activation, our data demonstrate several effects that are
inconsistent with such an explanation. The expected
effect of higher specific task-switching costs for the
incompatible IAT condition was reliably demonstrated in two experiments: Task switching contributed to the implicit association measure's magnitude.
Experiment 2 directly tested the hypothesis that the
IAT effect can be reduced by reducing task-switching
costs. The effect of task cues cannot be attributed to
a mere lengthening of the foreperiod, as the foreperiod was fixed to 800 ins in all experimental conditions.
The effect of response-stiinulus interval on specific task-switch cost might be interpreted as evidence for a passive dissipation of carryover from one
trial to another (Allport et al., 1994). Contrasting the
RSI related findings (indicating passive dissipation
of carryover) with the effect of task cues there is
evidence that both passive dissipation as well as endogenously controlled processes affect task-switching costs. It seems plausible that the function of an
endogenous control process could be to override
such carryover from previous action (Monsell et al.,
2000). In addition, some other results indicate that
task switching occurred in both IAT conditions, but
is associated with higher cost in the incompatible
condition. These findings are in line with the taskset interference model we sketched in the introduction. We will outline how such a model can account

for the various effects that we reported, and discuss
its assumptions, in the following sections.
The task-interference model is based on a goaloriented mechanism that prevents the system from
engaging in two actions at the same time if they are
physically incompatible. This may be a key feature
of attentional processes, as Neuniann points out in
his elegant functional analysis of selective attention
(e.g. Neumann, 1996), but quite plausibly is a major
function of executive control processes, too. The operative repertoire of this mechanism may consist of
two basic operations, i.e. activation of now-appropriate task-sets or task-set coinponents and inhibition
of now-inappropriate task-sets or task-set comnponents (cf. Norman & Shallice, 1986). How may IAT
effects be explained on this basis?
As already pointed out, the only stiinuli that may
induce processing conflicts are target-set stimuli in
the incompatible condition. This is due to the fact
that attribute-set stiinuli are neutral with respect to
the target-discrimination task (at least if positive
stimuli are not assumed to be more "flower-like") in
both IAT conditions, while the relevant and irrelevant
features of target-set stimuli require physically compatible responses in the compatible IAT condition.
To respond correctly to target-set stimuli in the incompatible condition, task-sets that specify a response based on the irrelevant attribute information
need to be inhibited, in order to avoid physically incompatible action.
Based on the above assumptions, t h e e consequences of such inhibitory processes may be distinguished:
1) When switching to a target-set stirnulus in the
incompatible condition, response-selection is slowed
down, until the now-inappropriate attribute task-set
is inhibited sufficiently. No such effect is expected
in the compatible IAT condition, as the now-inappropriate attribute task-set does not interfere with response-selection.

2) When switching to an attribute-set stimulus in
the incompatible condition, response are slowed
down, because the now-appropriate task-set has been
inhibited on the preceding trial, i.e. a negative taskset priming (Wylie & Allport, 2000; cf. Monsell et
al., 2000). No such effect is expected in the conipatible IAT condition, as the now-appropriate task-set
has not been inl~ibitecl on the preceding trial.
Whether release from inhibition indeed operates on
the global level of task-sets, or on more specific
component processes (cf. Tipper, 1985; Tipper,
MacQueen, & Brehaut, 1988), has to be addressed
in future research.

3) Performance is relatively faster when the processing system has already been configured optimally on the preceding trial, i.e. on task-repetition
trials.
Taken together, 1) and 2) can explain the TAT effect, as they predict additional cost that are specific
to the incompatible IAT condition. The basic idea is
that both, the need to inhibit the attribute task-set
when it is irrelevant and the need to release this inhibition when it is relevant are the source of the IAT
effect. Considering Prediction 3), it becomes clear
that this effect should be specific to task-switching
trials, which was confirmed empirically in both reported experiments. Note that based on prediction 2)
slower performance would be expected for attributeset stimuli in the incompatible compared to the
compatible condition. This was indeed reported by
Brendl et al. (in press) and was explained by a criterion shift in the incompatible condition. From our
point of view, this is due to a carryover of inhibition
from the previous trials. Moreover, the finding of
disrupted response-repetition effects when the task
had to be switched in the incompatible IAT phase
matches well with the discontinuity of processing
that is expected under these specific conditions.
The model furthermore predicts the finding that
cost for specific task-switching are more pronounced
when the RSI is short. The RSI quite plausibly moderates the degree of carryover from one trial to another, i.e, carryover should be smaller, when there is
more time for a passive decay of activation and release from inhibition. The finding of a reduced IAT
effect when task cues were presented points to the
possibility that task-set activation can not only be
affected by passive decay, but also by control processes that can operate in advance of the stimulus.
Activation of the now-inappropriate task-sets
should procluce more interference on a given trial, if
the residually activated task set is applicable to the
processing of the current sti~nulus.As we pointed
out, this should be the case for switches to the targetdiscrimination task, but not for switches to the
attribute-discrimination task. Inhibition of the aowinappropriate task set on the preceding trial, on the
contrary, should affect perfotmance for the attributediscrimination task more strongly. The relative contribution of these distinct factors in IAT effects
seems to be an interesting field for f ~ ~ t ~research.
ire
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endix A

- Stimu

Positive words

Negative words

Flower

Insects

Leclterbissen
Echtlleit
Erlosung
Freundlichlteit
Lebhaftiglteit
Nektar
Geiniit
Diamant
Weise
Saugling
Photographie
Humor
Duft
Leichtiglteit
Musikinstrument
Eingebung
Bucherei
Frohlicldteit
Busen
Aufnahmefahiglteit
Flexibilitat
Charme
Redlichlceit
Herzlichlceit

Miflbilligung
Torheit
Nasse
Verlleimlich~~ng
Mutmaflungen
EinbuBe
StoB
Ermiidung
Eigensinn
Notfall
Beteuerungen
Phrase
Maltel
Hirngespinst
Untauglicllleit
Bettler
Zwielicht
Riickschritt
Meineid
Eigenmachtiglteit
Trugschlulj
Orkan
Banalitat
Dumpflleit

Scllwertlilie
Flieder
Lilie
Maiglockchen
Butterblume
Primel
Nellce
Edelweilj
Feuerlilie
Orchidee
Chrysantheme
Rose
Iris
Gansebliimchen
VergiBnIeinnicht
Veilchen
Krokus
Sonnenblume
Tulpe
Stiefn~iitterchen
Pusteblume
Molm
Klatschmolm
Seerose

Springspinne
Moskito
Wespe
Wcspenspinne
Borltenkafer
Miiclte
Fliege
Termite
Mistlclifer
Spinne
Fruchtfliege
Laus
Made
Stubenfliege
ICartoffelltafer
Schabe
I-Iomisse
Kiichenschabe
Wailze
Blatthoixkafer
Blattlaus
Floh
Blattwanze
Kakerlale

Positive words

Negative words

Flowers

I~~sects

dclicacy
authenticity
redemption
friendliness
liveliness
nectar
miilcl
diamond
sage
baby
photography
huinor
scent
easiness
musical instruinent
intuition
library
gladness
bosoin
receptivity

disapproval
foolishness
moistness
concealinent
speculation
forfeit
stroke
fatigue
stubbornness
emergency
reaffirmation
phrase

yellow iris
lilac
lily
lily of the valley
buttercup
primrose
clove
edelweiss
orange lily
orchid
chrysanthemum
rose
iris
daisy
forget-me-not
violet
crocus
sunflower
tulip
viola

jumping spider
mosq~~ito
wasp
wasp-spider
bark-beetle
gnat
fly
termite
dung beetle
spider
drosophilae
louse
inaggo t
housefly
potato beetle
scraper
hornet
houseinartin
bug
(Blattllornkiifer)

English Translation

flaw
phantasm
incompetency
beggar
twilight
regress
perj~~ry
arbitrary act
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Positive words

Negative words

Flowers

Insects

fallacy
hurricane
banality
dullness

blowball
POPPY seed
corn POPPY
water lily

plant louse
flea
(BlaMvalzze)
cockroach

-

flexibility
charm
fidelity
cordiality
- -

Note: The translations provided here may only approximately reflect evaluation, meaning, and frequency of occurrence of

the German words used in the original studies.

Appendix B

- Additional

Stimuli for Experiment 2

Positive words

Negative words

Flowers

Grundrecht
Gelassenheit
Barmherzigkeit

Abrechnung
Einbildung
Fragwiirdigkeit

Narzisse
Pfingstrose
Alpenveilchen

Anleise
Riisselkiifer
Nachtfalter

Positive words

Negative words

Flowers

Insects

basic right
calnmess
charity

reckoning
conceit
dubiousness

narcissus
Peony
cyclamen

ant
weevil
moth

English Translation

Note: The translations provided here may only approximately reflect evaluation, meaning, and freq~~ency
of occurrence of
the German words used in the original studies.

Appendix C - Symbols Used as Task-Cues in Experiment 2
Positive Words

Negative Words

Flower Names

Insect Names

