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Abstract Botvinick, Cognitive, Affective, & Behavioral
Neuroscience 7:356-366 (2007) recently suggested that
competing theories of the monitoring function of the anteri-
or cingulate cortex (ACC) for cognitive control might con-
verge on the detection of aversive signals in general,
implying that response conflicts, a known trigger of ACC
activation, are aversive, too. Recent evidence showing con-
flict priming (i.e., faster responses to negative targets after
conflict primes) directly supports this notion but remains
inconclusive with regard to possible confounds with pro-
cessing fluency. To this end, two experiments were con-
ducted to offer more compelling evidence for the negative
valence of conflicts. Participants were primed by (conflict
and nonconflict) Stroop stimuli and subsequently had to
judge the valence of neutral German words (Experiment 1a)
or Chinese pictographs (Experiment 1b). Results showed that
conflict, as compared with nonconflict, primes led to more
negative judgments of subsequently presented neutral target
stimuli. The findings will be discussed in the light of existing
theories of action control highlighting the role of aversive
signals for sequential processing adjustments.

Keywords Cognitive control - Conflict - Priming - Anterior
cingulate cortex

Cognitive control describes the human ability to flexibly
adapt goals and actions in accordance with internal and
external needs (Miller & Cohen, 2001). One of the main
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mechanisms underlying such cognitive flexibility is a mon-
itoring function that supervises the ongoing processing
stream for significant information—such as, for example,
error feedback or coactivation of conflicting response ten-
dencies. Once an error or conflict signal is detected, cogni-
tive control is increased in order to solve the conflict or
increase accuracy, respectively (e.g., Botvinick, Braver,
Barch, Carter, & Cohen, 2001; Holroyd & Cole, 2002;
Yeung, Botvinick, & Cohen, 2004). From brain imaging
studies, there exists broad empirical evidence that the ante-
rior cingulate cortex (ACC) plays a major role in this mon-
itoring process. For example, Botvinick and colleagues
(2001), in their influential conflict monitoring theory, sug-
gest that the ACC is activated by response conflicts and then
signals the need for additional control to the dorsolateral
prefrontal cortex (Kerns et al., 2004; MacDonald, Cohen,
Stenger, & Carter, 2000). Behaviorally, this sequential con-
trol adaptation is reflected in a reduced response conflict on
trial N after a response conflict on trial N — 1 (Botvinick,
Nystrom, Fissell, Carter, & Cohen, 1999; Gratton, Coles, &
Donchin, 1992; Notebaert, Soetens, & Melis, 2001;
Stiirmer, Leuthold, Soetens, Schroter, & Sommer, 2002;
Wiihr & Ansorge, 2005; for a review, see Egner, 2007).
However, this ACC model of conflict adaptation was re-
cently challenged by several studies showing that the ACC
is activated not only by response conflicts, but also by social
rejection/exclusion (Eisenberger, Lieberman, & Williams,
2003), monetary losses (Nieuwenhuis, Yeung, Holroyd,
Schurger, & Cohen, 2004), and experienced and witnessed
pain (Rainville, 2002; Singer et al., 2004; for a review, see
Shackman et al., 2011). Therefore, Botvinick (2007) pre-
sented an integrative account of ACC function, suggesting
that the ACC might monitor and detect just any aversive
signal in the ongoing processing stream. The significance of
this assumption should not be underestimated, since it
would make the ACC monitoring theory applicable to a
much wider range of tasks and situations. However, since
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most of the evidence in favor of the monitoring theory of
ACC function stems from response conflict paradigms, it is
essential to show that response conflicts themselves actually
serve as an aversive signal.

The notion of conflict as an aversive signal so far has
mostly been supported by indirect evidence. Using an Eriksen
flanker paradigm, van Steenbergen, Band, and Hommel
(2009) provided the first indirect evidence for the aversive
nature of conflicts. They showed that reward stimuli randomly
(and not conditional on the actual performance) following
conflict trials eliminated conflict adaptation effects. This was
taken as evidence that the positive affect induced by the
reward signal counteracted the negative valence of the con-
flict, thereby eliminating the signal for control adjustments
(but see Braem, Verguts, Roggeman, & Notebaert, 2012, who
found enhanced conflict adaptation following action-
contingent reward). Furthermore, Dreisbach and Fischer
(2011) provided support that the negative valence of conflicts,
and not the response conflict itself, triggers sequential pro-
cessing adjustments. In a magnitude comparison task with no
response conflict involved, participants had to decide whether
a presented number word was smaller or larger than five. The
number words were written in either an easy-to-read (fluent)
or a hard-to-read (nonfluent) font. It is well-documented that
stimuli that are processed fluently induce positive affect,
whereas stimuli that are processed nonfluently induce
negative affect (e.g., Reber et al., 2004; Winkielman &
Cacioppo, 2001). Importantly, the results presented by
Dreisbach and Fischer (2011) show that nonfluent and, thus,
aversive number words induced sequential processing adjust-
ments resembling conflict adaptation effects: The fluency
effect (faster responses for fluent than for nonfluent trials)
was smaller following nonfluent trials than following fluent
trials. This was taken as evidence that even in the absence of
conflict, cognitive effort increased after nonfluent stimuli.
Combining literature that highlights the aversiveness of non-
fluent stimuli with the observation that they induce conflict-
like sequential adaptation effects, it can thus be reasoned that
it is the aversiveness inherited in both types of stimuli that
triggers the control adjustments. Further evidence for the
aversiveness of conflict comes from Schouppe, De Houwer,
Ridderinkhof, and Notebaert (2012), who recently showed
that Stroop conflict stimuli promote avoidance behavior. Prob-
ably the most direct approach to studying the affective valence
of conflicts was taken by Dreisbach and Fischer (2012a), who
administered a conflict priming task, inspired by the affective
priming paradigm first introduced by Fazio, Sanbonmatsu,
Powell, and Kardes (1986). In a typical affective priming
paradigm, participants encounter a prime stimulus of a certain
valence (e.g., a positive or negative picture), followed by a
target stimulus of a certain valence (e.g., a positive or negative
word), with the instruction to evaluate the valence of the target
stimulus as quickly and accurately as possible. The typical

@ Springer

finding is that positive primes facilitate responses to positive
targets, whereas negative primes facilitate responses to nega-
tive targets. Now Dreisbach and Fischer (2012a) used congru-
ent and incongruent Stroop color words as (presumably)
affective primes and positive and negative words/pictures as
targets. As was predicted, they found shorter reaction times
(RTs) for negative targets following incongruent Stroop
primes and longer RTs following congruent Stroop primes.
This was taken as the first direct evidence for the negative
valence of conflicts. However, and alternatively, the results
might also be interpreted in terms of a match of processing
fluency between the prime and target, as will be further out-
lined below. Therefore, the aim of the study presented here
was to provide more unequivocal evidence for the aversive
nature of conflicts.

Affective priming effects are commonly referred to as
effects of valence compatibility (Fazio, 2001; Fazio et al.,
1986): Responses are slow whenever the valences of the
prime and target are incompatible and fast whenever both
valences are compatible. However, it is conceivable that con-
flict primes and negative targets in the study by Dreisbach and
Fischer (2012a, b) matched in more than just the valence
dimension. The numerous variants of priming paradigms sug-
gest that the possibilities for an overlap in dimensions and,
thus, compatibility effects between the prime and target stim-
uli are abundant (see Kornblum, Hasbroucq, & Osman, 1990).
For instance, the prime and target can overlap semantically,
such as dog priming cat instead of sun, or orthographically,
such as house priming mouse instead of rose (for a review, see
Gulan & Valerjev, 2010). Importantly, findings by Chang
and Mitchell (2009) suggest that results in compatibility-
dependent tasks with more than one dimensional overlap
between the prime and target can be confounded with unno-
ticed prime—target relations. More specifically, the authors
report that findings in the implicit association task (Greenwald,
McGhee, & Schwartz, 1998), an associative task closely relat-
ed to affective priming paradigms, can be confounded with
artifacts due to underlying compatibility in terms of processing
fluency. Perhaps, then, faster responses in nonconflict-prime/
positive-target and conflict-prime/negative-target combina-
tions (Dreisbach & Fischer, 2012a) were not the result of
valence associations but were caused by matching processing
characteristics: In particular, positive targets and nonconflict
primes might be processed more easily, and negative targets
and conflict primes might be processed less easily (see Scott,
O’Donnell, Leuthold, & Sereno, 2009; Unkelbach, Fiedler,
Bayer, Stegmiiller, & Danner, 2008). One theoretical account,
the so-called density hypothesis, proposes that the speed ad-
vantage in the processing of positive information, as compared
with negative information, is caused by the higher densitiy of
positive information in memory (i.e., positive concepts such as
“happy” and “content’ are more similar than negative concepts
such as “angry” and “sad,” for example; Unkelbach et al.,
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2008). Because of this alleged density, processing of a positive
stimulus (in comparison with processing of a negative stimu-
lus) immediately triggers an entire network of equally valenced
information. This fast and widespread activation manifests in
higher processing fluency for positive information, whereas
the processing of negative information triggers a rather uncom-
pressed network, manifesting in lower processing fluency for
negative information. Applied to the conflict paradigm used
previously, this means that priming effects between non-
fluently processed negative targets and nonfluently processed
incongruent Stroop stimuli (as compared with congruent
Stroop stimuli) might rest on similar processing characteristics
instead of valence congruency. That is, even though affect and
processing fluency may represent two sides of the same coin
(Reber et al., 2004; Winkielman & Cacioppo, 2001), it cannot
be ruled out that the priming effects observed by Dreisbach and
Fischer (2012a) were mediated mainly by an overlap in pro-
cessing fluency between the conflict prime and target. To this
end, in the experiments presented here, we again administered
a conflict priming task, but this time used only neutral targets
to deconfound possible fluency characteristics from target
valence. Participants’ task this time was to spontaneously
judge the affective valence of the neutral target stimuli. The
rationale is that conflict primes should modulate the affective
judgment according to the prime’s valence (e.g., Murphy,
Monahan & Zajonc, 1995; Payne, Cheng, Govorun, &
Stewart, 2005). Whereas RTs for categorizing affective target
stimuli according to their valence served as the dependent
measure in the conflict priming paradigm used by Dreisbach
and Fischer (2012a), we now measured valence judgments of
affectively neutral target stimuli (i.e., German words in Exper-
iment la and neutral Chinese characters in Experiment 1b)
following congruent and incongruent Stroop primes. That is,
neutral target stimuli ensured equivalent processing fluency of
targets and, thus, ruled out the possibility of fluency compat-
ibility confounds. If conflicts are truly aversive in nature, their
negative valence should spread to the otherwise neutral targets
when presented shortly after them. We thus expected to find
more negative judgments after conflict primes than after non-
conflict primes.

Experiments 1a and 1b
Method
Participants

In Experiment la, 21 right-handed students (13 female, eight
male; mean age = 25.6 years, SD = 5.2) and, in Experiment 1b,
a separate sample of 24 right-handed students (19 female, five
male; mean age = 22.2 years, SD = 1.8) from the University of
Regensburg participated in exchange for a chocolate bar or 2

Euros. All 45 participants signed informed consent and were
debriefed after the session. The data of 1 participant who
showed a strong trend toward positive judgment (more than
75 % of target words were evaluated as positive; Experiment
la), 1 participant who was color blind (Experiment 1b), and 1
participant who misunderstood instructions (Experiment 1b)
were excluded from analysis, leaving final samples of 20
(Experiment 1a) and 22 (Experiment 1b).

Apparatus and stimuli

Primes were the German color words for BLUE, GREEN,
YELLOW, RED, and PURPLE printed in blue, green, yel-
low, red, and purple. The print color could either match
(nonconflict stimuli) or mismatch (conflict stimuli) the color
denoted by the word. Primes and target words were written
in Courier New bold, 26 point, each letter subtending a
visual angle of approximately 0.7° x 0.7° at a viewing
distance of 55 cm. In Experiment la, targets were 112
German words (94 nouns, 12 verbs, and 6 adjectives select-
ed on the basis of neutral affective ratings from the Berlin
affective word-list reloaded BAWL-R (mean valence rat-
ings: —001, running on a scale from —3 [very negative]
through 0 [neutral | to 3 [very positive], SD = .000; range
of ratings: .109; V& et al., 2009). In Experiment 1b, targets
were 144 Chinese pictographs that subtended a visual angle
of approximately 8° x 8° and were chosen randomly from an
online English-Chinese dictionary' (cf. Murphy et al., 1995;
Murphy & Zajonc, 1993; Zajonc, 1968). The pictographs
represented nouns, such as wall, verbs, such as fo go, and
adjectives, such as new. Primes and targets appeared at the
center of the screen on a light gray background.

Procedure

Participants had to judge the valence of targets (i.e., German
words [Experiment 1a] or Chinese characters [Experiment 1b])
that were preceded by Stroop primes. They had to press a right
response key to judge the target as positive and a left response
key to judge the target as negative (“-*“ and “y” keys on a
QWERTZ keyboard, respectively). This assignment was held
constant, since people have a natural tendency to associate
positive concepts with their dominant body side—that is, the
right hand (Casasanto, 2009). Participants were asked to
choose each option at approximately the same rate to minimize
potential biases in favor of one response key. To ensure pro-
cessing of the primes, catch trials were interspersed: Whenever
the prime word was the German word for PURPLE or the
primes BLUE, GREEN, YELLOW, or RED were printed in
purple, participants had to press the space bar instead of

! Online English—Chinese dictionary available at http:/www.mdbg.net/
chindict/chindict.php.
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evaluating the following target. Since both color and word
dimension could denote a potential catch trial, proper encoding
of Stroop primes and, thus, the experience of conflict should be
warranted.

Each trial started with the presentation of the Stroop
prime for 400 ms, since electrophysiological studies have
shown a peak in conflict-associated negativity at around
400 ms after Stroop stimulus onset (Hanslmayr et al.,
2008; Liotti, Woldorff, Perez, & Mayberg, 2000). After the
prime, the target appeared and remained on the screen until a
response was given. Intertrial intervals were of 1,000-ms
length. On erroneous catch-trials, the German word for
ERROR appeared on the screen.

After a short test to exclude color blindness, the conflict
priming task started with two short practice blocks to famil-
iarize participants with the task.? Experiment 1a consisted of
two experimental blocks of 112 trials, separated by a self-
paced break. In a given block, each target word was pre-
sented once. More precisely, 48 words were preceded by a
congruent prime, 48 by an incongruent prime, and 16 by a
catch prime in a given block. Prime congruency was thus
manipulated trial-wise and was random. Moreover, target
words that were preceded by a conflict prime in one block
were preceded by a nonconflict prime in the second block
(order counterbalanced across participants). Experiment 1b,
using 144 different Chinese characters, consisted of only
one experimental block of 144 trials length, composed of
120 target trials intermixed with 24 catch trials. Sixty targets
were thus preceded by a congruent prime, 60 targets by an
incongruent prime, and 24 by a catch prime. Again, the
combination of prime congruence and target was random
and varied between participants. In both experiments, there
was a minimum distance of 2 and a maximum distance of
8 target trials between catch trials. Experiment la lasted
about 15 min, Experiment 1b about 8§ min.

Results

Mean error rate on catch trials was low in both experiments
(la, M = 4.08 %, SD = 3.68; 1b, 491 %, SD = 7.41),
suggesting that participants encoded both word and color
dimension properly. For each experiment, proportions of
negative/positive judgments as a function of prime (con-
flict/nonconflict) in the experimental blocks were computed.
To test for a general bias in judgment, we conducted two
one-sample t-tests (two-sided) against the null hypothesis of

% In Experiment 1a, as in the previous study by Dreisbach and Fischer
(2012a), the experiment started with a short block of 24 Stroop stimuli,
where participants had to name the color of the words to make them-
selves familiar with the (aversive character) of the Stroop primes.
However, because the error rate for catch trials in Experiment la was
very low, the short Stroop block was dropped in Experiment 1b, since
catch trials successfully ensured the processing of the Stroop primes.
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50 %. In both experiments, judgment was unbiased [la,
frequency of positive judgments, M = 52.37 %, SD = 8.56,
1(19) = 1.239, p = .231, d = 0.281; 1b, M = 48.58 %, SD =
8.13, 121) < 1, p = 423, d = 0.183].°

To test for affective priming effects by conflict primes,
we compared mean frequencies of negatively judged targets
depending on prime condition. In both experiments, paired
t-tests (one-sided) revealed a significant difference between
prime conditions [la, #(19) = 2.125, p = .024, d = 0.475; 1b,
t(21) = 2.256, p = .018, d = 0.481]. Neutral target stimuli
were judged more frequently as negative after conflict than
after nonconflict primes (la, M = 48.54 %, SD = 9.30, vs.
M =46.32 %, SD = 8.95; 1b, M = 53.52 %, SD = 9.35, vs.
M =49.31 %, SD =9.11; see Fig. 1).

Discussion

The results presented here clearly support the notion of
conflicts as aversive signals as implied by the integrative
account of ACC function recently suggested by Botvinick
(2007). The negative valence of conflicts, just like the
negative affect induced by frowning faces (Murphy &
Zajonc, 1993) or negative pictures (Payne, Shimizu, &
Jacoby, 2005), spreads to neutral target stimuli that are then
evaluated accordingly: Neutral German words (Experiment
la) and Chinese pictographs (Experiment 1b) were more
often judged as negative after conflict than after nonconflict
primes. Whereas findings of conflict priming in paradigms
relying on prime—target compatibility (Dreisbach & Fischer,
2012a) were ambiguous with regard to their origin (i.e.,
match vs. mismatch of either valence or processing fluency
between the prime and target), the two experiments pre-
sented here provide unequivocal evidence for the aversive
nature of conflicts.

However, and for the sake of completeness, it should be
noted that there exist at least two studies that were not able
to find any evidence in favor of the affective valence of
conflict stimuli. Schacht and colleagues (Schacht, Dimigen,
& Sommer, 2010; Schacht, Nigbur, & Sommer, 2009) reg-
istered physiological markers of arousal and emotion in a
go/no-go paradigm and found reduced startle blink and skin
conductance responses in (conflict) no-go trials, as com-
pared with (nonconflict) go trials, denoting, if anything,
rather reduced arousal and less negative valence for no-go
trials. However, go and no-go trials differ not only with
respect to their (presumed) affective valence, but also, ob-
viously so, with respect to other processing characteristics
(like motor affordances). In contrast, Renaud and Blondin

? For the sake of completeness, mean RTs for each prime—target combi-
nation were entered into a 2 (prime congruence: conflict/nonconflict) x 2
(judgment: positive/negative) ANOVA with repeated measures. No main
effect or interaction reached significance (all Fs < 2.3, all ps > 1.3). For
mean RTs, see the Appendix, Table 1.
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(1997) let participants perform a variation of the Stroop task
with equal motor affordances for high- and low-conflict
stimuli while recording their heart rates. More precisely,
conflict was manipulated block-wise: Participants per-
formed blocks of either only incongruent or only neutral
(colored XXX) trials. The authors found increased heart
rates in the conflict (incongruent stimuli), as compared with
nonconflict (neutral stimuli), blocks. In the same line,
Kobayashi, Yoshino, Takahashi, and Nomura (2007) reported
enhanced skin conductance responses (SCRs) associated with
incongruent trials in a Stroop task. Taken together, the find-
ings of Renaud and Blondin and Kobayashi et al. can be taken
as evidence for the increased effort associated with conflict
stimuli. Higher effort, in turn, is considered to be experienced
as aversive (Song & Schwarz, 2008). This is also in line with
Hajcak, McDonald, and Simons (2004), who reported an
association of enhanced heart rate and SCRs with negative
affect in response to error conduction. In sum, there is now
physiological, as well as psychological, evidence for the aver-
sive nature of conflicts.

One limitation of the present study rests on the working
principle of the affective priming paradigm. In this para-
digm, participants do not have to react overtly to the primes.
Since we used conflict and nonconflict Stroop primes as
affective primes in our study, this raises the question of
whether passive viewing of conflict primes indeed induced
(response) conflict in the present paradigm. In fact, in the
original conflict model as proposed by Botvinick and col-
leagues, conflict was measured over the response (i.e., output)
layer (Botvinick et al., 2001), suggesting that response con-
flict is actually a mandatory precondition for control adjust-
ments to occur. However, the authors also admitted that, in
principle, such conflict could occur at any other representa-
tional level. More precisely, they stated that conflict might be
triggered by any “simultaneous activation of incompatible
representations” (p. 680). Furthermore, van Veen et al.
(2004) pointed out that conflict monitoring has repeatedly
been found not to be restricted to the response level. For
example, there is evidence for ACC activation for response
as well as perceptual and semantic conflict in a global/local

D Non-conflict prime

. Conflict prime

Chinese pictographs
(Experiment 1b)

task (Weissman et al., 2003) and in the nonresponse condition
of a Stroop task (Milham, Banich, & Barad, 2003). And
finally, in our study, it can be assumed that at least preparatory
motor processes were present in both experiments. Note that
participants had to monitor for events that required motor
reactions to Stroop primes (i.e., catch trials). These events
were denoted by both the word and color dimension of the
primes; that is, together with the finding of a very low number
of catch trial omissions, it is very likely that the Stroop primes
induced not only stimulus, but probably also response con-
flict. As a side note, the functional boundaries of response and
stimulus conflict are still not drawn clearly in the literature;
Notebaert and Verguts (2006), for example, found enhanced
conflict adaptation effects for stimulus conflict, but not for
response conflict.

The notion of the ACC as a detector of both cognitive
and affective conflict has been proposed earlier (Bush, Luu,
& Posner, 2000). Interestingly, while Bush et al. ascribed the
cognitive and affective monitoring functions to separate
regions of the ACC (dorsal and ventral ACC, respectively),
Shackman et al. (2011) argued against this segregated view
of ACC function in a recent review. Indeed, the authors
presented strong evidence for conjoint anterior midcingulate
cortex (mACC) activation by cognitive control, negative
affect, and pain. This fits perfectly with the idea that this
region of the ACC serves the function of an aversive signal
detector, as has been suggested by Botvinick (2007), whose
integrative account of ACC function was the starting point
for our investigation. The author proposed that two long-
standing theories of ACC function—namely, the conflict
monitoring theory (Botvinick et al., 2001) and the outcome
evaluation account (Holroyd & Coles, 2002)—might con-
verge on the detection of aversive signals in general. The
present results strongly support the notion of the ACC as a
detector and indicator of aversive signals. However, given
that our conclusions are based entirely on behavioral data, it
will be vital to investigate the neural mechanisms underly-
ing the conflict priming effect in future studies. More pre-
cisely, a consequential assumption that could be tested using
functional MRI is whether and how valence judgments of
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targets actually covary with the strength of prime-induced
ACC activation. Furthermore, assuming that the ACC only
detects the aversive signal conveyed by a conflict, future
studies should elucidate the role of brain regions other than
the ACC that are involved in the further processing and
generation of the negative judgments after the (aversive)
conflict is detected. For instance, it is conceivable that
functional connectivity between the ACC and affect-
related regions (e.g., amygdala, striatum, or ventromedial
prefrontal cortex) varies as a function of conflict priming.
To conclude, the results of the conflict priming paradigm
presented here, together with previous more or less direct
evidence, show that conflict indeed is registered as an aver-
sive signal (Dreisbach & Fischer, 2012a; Schouppe et al.,

Appendix

2012; van Steenbergen et al., 2009, 2010). Given the further
evidence that aversive stimuli have been shown to induce
sequential processing adjustments even in the absence of
any response conflict (Dreisbach & Fischer, 2011), it can be
assumed that the conflict monitoring theory might actually
be applicable to any aversive signal in the ongoing process-
ing stream. Our results thus add to the growing literature
showing that affective signals play an important role in
sequential action control (see Dreisbach & Fischer, 2012b,
for a review).

Author Notes This research was supported by a grant to the second
author from Deutsche Forschungsgemeinschaft (DFG: DR 392/6-1).

Table 1 Mean reaction times for target judgments in Experiments la and 1b as a function of judgment (negative, positive) and prime congruency

(conflict, nonconflict)

Stroop primes

Conflict Nonconflict Total
Judgment la 1b la 1b la 1b
Negative 914.3 796.8 912.8 798.3 913.5 797.6
(306) (175.2) (287.6) (190.1) (295.9) (178.9)
Positive 897.7 783.7 898.8 771.9 898.2 777.8
(294.2) (179.1) (294.2) (148.7) (285.9) (161.3)
Total 905.8 790.2 906.0 785.1
(282.0) (173.5) (297.1) (165.3)

(with standard deviations in parentheses)
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