
Over the past several decades, significant progress has 
been made in understanding the processes that support 
cognitive control, the goal-oriented coordination of cogni-
tive resources. One major arena in which cognitive control 
has been investigated is in conflict paradigms, wherein a 
target response is competing with an opposing response 
that is habitual or experimentally primed but is incorrect. 
Of interest in the present article is the reduction in the 
magnitude of compatibility effects (i.e., the difference in 
reaction time [RT] between compatible [C] trials, wherein 
the to-be-attended information elicits the same response 
as the to-be-ignored information, and incompatible [I] tri-
als, wherein competing responses are elicited by the to-
be-attended and to-be-ignored information) that occurs 
following trials involving processing conflicts.

One interpretation of this reduction, the conflict moni-
toring account, centers on the notion that control is height-
ened when response conflict is detected on trial n21, 
thereby helping participants adapt to such conflict on the 
ensuing trial (i.e., conflict adaptation) (Botvinick, Braver, 
Barch, Carter, & Cohen, 2001). Supportive of this account 
is the RT advantage that is observed on incompatible trials 
that are preceded by incompatible (II) as opposed to com-
patible (CI) trials. This interpretation has been challenged, 
however, by findings that appear to favor a basic priming 
mechanism over a control mechanism. Current evidence 
favors the priming mechanism particularly for conflict ad-
aptation effects in the Eriksen flanker task. In this article, 
we review this evidence and consider both conflict moni-
toring and priming accounts (see also Egner, 2007, for a 
review). We then offer an alternative theoretical analysis 
that proposes an interplay between basic priming and cog-
nitive control mechanisms, and we report two experiments 
to test this framework.

The Eriksen Flanker Task 
and Conflict Adaptation

During the Eriksen flanker task, participants are asked 
to respond to a target stimulus that is surrounded by flanker 
stimuli on each side. In a variant of the task, a right- or 
left-pointing central arrow is surrounded by right- or left-
pointing distractor arrows (Eriksen & Eriksen, 1974). 
In the incompatible condition (e.g., ,,,.,,,), the 
flanker stimuli point in a direction opposite to the target 
stimulus; thus, the participant must resolve the conflict 
between the two potential responses. RTs and error rates 
tend to be inflated in the incompatible condition relative 
to a compatible condition (e.g., ,,,,,,,) in which 
only one response is elicited. Such findings suggest that 
response conflict is detrimental to performance. Interest-
ingly, though, when performance is examined as a func-
tion of both current trial type and previous trial type, it 
appears that response conflict can, under certain condi-
tions, facilitate performance. Specifically, Gratton, Coles, 
and Donchin (1992) showed that the speed of respond-
ing on incompatible (conflict) trials that immediately fol-
lowed another incompatible (conflict) trial (i.e., II trials) 
was faster than on incompatible trials that followed a 
compatible trial (i.e., CI trials). Subsequent research has 
confirmed this so-called “conflict adaptation effect” (Bot-
vinick, Nystrom, Fissell, Carter, & Cohen, 1999; Kerns 
et al., 2004) and further demonstrated that postincompat-
ible trial adjustments may include decreased error rates 
(Ullsperger, Bylsma, & Botvinick, 2005).

Theoretical Interpretations 
of the Conflict Adaptation Effect

One account of the conflict adaptation effect is based on 
the neurobiologically oriented conflict monitoring model 
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this hypothesis is the single report of a conflict adaptation 
effect on nonrepetition trials of the Eriksen flanker task 
(Ullsperger et al., 2005). Also disfavoring this hypothesis, 
two reports show evidence of conflict adaptation using a 
numerical version of the Eriksen flanker task, even when 
repetition trials were eliminated from the analyses (Note-
baert & Verguts, 2006; Ullsperger et al., 2005).

A second, more viable, hypothesis is that task param-
eters may preclude obtainment of conflict adaptation ef-
fects. In particular, the limited size of the stimulus and re-
sponse set in standard versions of the Eriksen flanker task 
may be related to the elimination of the conflict adaptation 
effect. In support of this hypothesis, when the flanker task 
is modified such that the stimulus set is expanded beyond 
two stimuli and responses (e.g., the numerical flanker task 
with nine stimuli/responses, Notebaert & Verguts, 2006; 
Ullsperger et al., 2005; a colored bar flanker task with 
six stimuli and three responses, Verbruggen, Notebaert, 
Liefooghe, & Vandierendonck, 2006), conflict-driven ad-
aptation effects are observed (but see Wendt, Heldmann, 
Munte, & Kluwe, 2007, for an exception).

Why might the size of the stimulus and response set be 
a critical determinant of the presence or absence of con-
flict adaptation? The size of these sets may influence the 
degree to which a negative-priming-like mechanism slows 
performance on certain trial sequences in the Eriksen 
flanker task (for similar arguments, see, e.g., Notebaert & 
Verguts, 2006; Ullsperger et al., 2005). Consider, for ex-
ample, an II nonrepetition trial on which “,,,.,,,” is 
presented on trial n21. If processing of the central arrow 
is accompanied by inhibition of the flankers and the as-
sociated left keypress response, then the left keypress re-
sponse to “...,...” on trial n may be disproportion-
ately slowed because the participant must overcome the 
inhibition from the preceding trial in order to produce the 
correct response. Stadler and Hogan (1996) established 
that such slowing, which they referred to as negative prim-
ing (Neill, 1977; Tipper, 1985), is particularly apparent 
on complete reversal nonrepetition trials in the Eriksen 
flanker task. In Stadler and Hogan’s version of the task, 
trials consisted of and were analyzed as prime/probe pairs. 
On complete reversal nonrepetition trials, the attended 
(target) information in the prime stimulus became the 
ignored (flanker) information in the probe stimulus, and 
the ignored information in the prime became the attended 
information in the probe.

Importantly, 100% of the transitions on II nonrepeti-
tion trials are complete reversals when the flanker task 
involves just two stimuli and responses, as in prior studies 
finding no evidence of conflict-driven adaptation (Mayr 
et al., 2003; Nieuwenhuis et al., 2006). In contrast, when 
the size of the stimulus and response set is increased, the 
percentage of nonrepetition trials that are complete rever-
sals is reduced. Correspondingly, negative priming may 
also be attenuated, thereby maximizing one’s ability to 
observe conflict-driven adaptation.

In this article, we expand on these theoretical dynamics 
and report two experiments that explore whether opposing 
processes such as negative priming may mask the con-
flict adaptation effect when particular task parameters are 

(Botvinick et al., 2001). According to this model, the ante-
rior cingulate cortex elicits a conflict monitoring signal on 
trial n21, particularly for cases in which response conflict is 
present, as in an incompatible trial. This signal is purported 
to trigger the dorsolateral prefrontal cortex to increase cog-
nitive control and, thereby, reduce one’s susceptibility to 
conflict. Thus, performance on the immediately following 
incompatible trial (trial n) benefits from this increase in 
cognitive control. The work of Kerns et al. (2004) provides 
direct support for the conflict monitoring account, showing 
that performance on II trials during a Stroop task not only is 
faster than on CI trials, but also is associated with signifi-
cantly less activity in the anterior cingulate. Furthermore, 
Kerns et al. found that the degree of postconflict adjust-
ment (i.e., adaptation) was directly and positively related to 
the activation of the dorsolateral prefrontal cortex, support-
ing the idea that the anterior cingulate’s signal modulates 
control regions’ influence on performance.

An alternative account attributes the conflict adaptation 
effect to stimulus-specific repetition priming. Mayr, Awh, 
and Laurey (2003) provided initial evidence favoring this 
account, showing that the pattern of means representative 
of conflict adaptation (II trials faster than CI trials) was 
found only for II repetition trials in which the stimulus and 
response on trial n21 (e.g., ,,,.,,,) matched those 
on trial n (e.g., ,,,.,,,), but not on II nonrepetition 
trials in which both the stimulus and response on trial n21 
(e.g., ,,,.,,,) differed from those presented on 
trial n (e.g., ...,...). The conflict adaptation pat-
tern was again absent on nonrepetition trials in a second 
experiment in which complete repetitions of stimuli and 
responses were eliminated by alternating between a left–
right and up–down flanker task (Mayr et al., 2003). Other 
labs have also failed to observe the conflict adaptation 
pattern in the Eriksen flanker task when the facilitative 
effects of priming have been taken into account. In fact, in 
spite of considerable efforts to induce greater conflict, to 
use a range of stimulus materials, and to maximize statisti-
cal power, Nieuwenhuis et al. (2006) found no evidence 
of conflict-driven adaptation effects in the flanker task 
across five experiments.

The strong implication of these findings is that speeded 
responding on II trials and, relatedly, conflict adaptation 
effects are governed by a priming mechanism, not conflict-
 driven shifts in cognitive control. However, a closer con-
sideration of the literature reveals that conflict adaptation 
is reliably observed in several other conflict paradigms, 
consistent with the conflict monitoring account. For in-
stance, conflict adaptation has been observed, irrespec-
tive of priming, in Stroop (Egner & Hirsch, 2005; Kerns 
et al., 2004; Notebaert, Gevers, Verbruggen, & Liefooghe, 
2006) and Simon tasks (Sohn & Carter, 2003, as cited by 
Ullsperger et al., 2005; Wuhr & Ansorge, 2005). Collec-
tively, these studies dispute the repetition priming account. 
In spite of this, these studies do not offer a complete ex-
planation of why the conflict adaptation effect is generally 
absent on nonrepetition trials of the Eriksen flanker task.

One hypothesis is that a conflict-driven control process 
simply does not benefit performance above and beyond 
repetition priming in the flanker paradigm. Disfavoring 
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pattern is due solely to priming dynamics, then speeded 
responding should be observed on II repetition trials 
(e.g., ...,..., ...,...) relative to baseline 
CI repetition trials (e.g., ,,,,,,,, ...,...), 
but not on II nonrepetition trials relative to CI nonrepeti-
tion trials. The idea here is that a complete repetition of 
both stimuli and responses from trial n21 to trial n, as in 
the II repetition case, should result in substantial positive 
priming relative to a trial-to-trial transition in which only 
the response repeats, as in the CI repetition case. Alter-
natively, if conflict adaptation is due to cognitive control 
adjustments in response to conflict monitoring, then the 
conflict adaptation pattern should be observed on both II 
repetition and II nonrepetition trials relative to baseline 
CI trials. This is because conflict is present on trial n21 
in both cases.

Our account assumes that priming dynamics will also 
include negative priming. Prior work by Stadler and 
Hogan (1996) is especially informative with regard to 
the predicted slowing that is expected to take place on 
particular trial types because of negative priming. As de-
scribed above, they found that performance on the Eriksen 
flanker task was especially slowed for complete reversal 
nonrepetition II trials (e.g., ,,,.,,,, ...,...). 
They also observed slowing on trials in which the to-be-
inhibited response was recently activated, as in the case of 
CI nonrepetition trials (e.g., ......., ...,...) 
(see also Neumann & DeSchepper, 1991, Experiment 3, 
for a similar result in a more typical negative priming par-
adigm). Stadler and Hogan used the term “negative prim-
ing” to refer to both instances of slowing, although the 
two instances differed appreciably in magnitude, with the 
former leading to greater slowing than the latter, relative 
to neutral trials.1 Accordingly, in the present experiment, 
we expected that negative priming dynamics alone would 
produce slower performance on II nonrepetition trials than 
on CI nonrepetition trials, a reversal or elimination of the 
conflict adaptation pattern.

pres ent. In Experiment 1, we first demonstrate a negative-
priming-like slowing and the absence of conflict adapta-
tion during II nonrepetition trials in the flanker task using 
the methodology of Mayr et al. (2003). In Experiment 2, 
we introduce a version of the flanker task in which the in-
fluence of negative priming is attenuated by increasing the 
size of the stimulus set such that complete nonrepetition 
trials are eliminated, and demonstrate the return of the 
conflict adaptation effect on II nonrepetition trials.

ExpErimEnt 1

The purpose of Experiment 1 was twofold. First, we 
sought to examine whether the finding of the conflict ad-
aptation pattern on repetition but not nonrepetition trials 
(Mayr et al., 2003; Nieuwenhuis et al., 2006) was replica-
ble, and if it was, to examine the extent to which negative 
priming may be differentially slowing performance on 
nonrepetition trial sequences. Therefore, the major meth-
odological features from Experiment 1 of Mayr et al. were 
replicated in the present experiment. To gain evidence for 
the negative priming explanation, the primary modifica-
tion to Mayr et al.’s method was the introduction of neutral 
trials. Neutral trials were composed of a central right- or 
left-facing arrow surrounded by asterisks. As such, the 
neutral trials were similar to incompatible trials with re-
gard to the presence of perceptual conflict. The key differ-
ence between neutral and incompatible trials relates to the 
presence of response conflict. Because the asterisks were 
not assigned a response key, we expected that response 
conflict and any corresponding inhibition of the flanker-
induced response would not be present on neutral trials. 
Thus, including neutral trials provided a baseline against 
which to estimate the lingering effects of inhibiting the 
flanker-induced response on incompatible trials.

The primary set of predictions concerns the conflict ad-
aptation pattern. Table 1 shows the theoretical processes 
underlying these predictions. If the conflict adaptation 

table 1 
theoretical processes Underlying predictions Concerning Conflict 

Adaptation Effects for Key trial-to-trial transitions

Trial-to-Trial Transitions Presumed Theoretical Processes

    Previous Trial  Current Trial  Priming  Adaptation  NP

Repetition NI * * * , * * * ...,...
CI ,,,,,,, ...,...
II ...,... ...,... 1 1 

Nonrepetition NI * * * . * * * ...,...
CI ....... ...,... 2
II ,,,.,,, ...,... 1 2

Note—NI, a trial sequence in which an incompatible trial follows a neutral trial; CI, a trial se-
quence in which an incompatible trial follows a compatible trial; II, a trial sequence in which an 
incompatible trial follows an incompatible trial. For repetition trials, either the response alone 
(e.g., NI, CI) or both the stimulus and response repeated (e.g., II). A “1” in the priming column 
indicates that speeded responding is expected on a given trial type (e.g., II repetition) relative 
to a baseline condition (e.g., CI or NI repetition) on account of positive priming. A “1” in the 
adaptation column indicates an expected speeding of RTs on a given trial type (e.g., II repeti-
tion or II nonrepetition) relative to a baseline condition (e.g., CI repetition or nonrepetition, 
respectively) on account of conflict adaptation. A “2” in the negative priming (NP) column 
represents an expected slowing of RTs on a given trial type (e.g., II nonrepetition) relative to a 
baseline condition (e.g., NI nonrepetition). The thicker “2” implies greater slowing.
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(“j”) response key on a keyboard, using left and right index fingers, 
respectively, depending on the direction that the central arrow in 
the stimulus display was pointing. Participants were instructed to 
respond as quickly and accurately as possible. Twenty-four practice 
trials were presented, during which each of the trial types (C, I, N) 
appeared equally often.

Following practice, the test phase began. The test consisted of 
eight blocks of 72 trials with equal numbers of C, I, and N trials 
within each block. Eight CC, CN, CI, NC, NN, NI, IC, IN, and II 
trials were presented in each block. During the task, the stimulus 
remained on-screen until a response was made, and the response-to-
stimulus interval (RSI) was set at 1,000 msec, replicating Mayr et al. 
(2003; U. Mayr, personal communication, March 31, 2004). Also 
following Mayr et al., a fixation cross was presented beneath the 
central arrow on stimulus screens and remained during the otherwise 
blank RSI. Participants were reminded of the instructions following 
the completion of each block and were debriefed following comple-
tion of the task. The dependent measures of interest were RT (in 
milliseconds) and error rate.

results
Following Mayr et al. (2003), trials following errors 

and error trials were excluded from the RT analyses, and 
trials following errors were excluded from the error rate 
analyses. Because the primary predictions in this study 
dealt with a contrast between repetition and nonrepeti-
tion trials, we coded transition type (target repetition vs. 
target nonrepetition) and treated it as a separate factor in 
a three-way within-subjects ANOVA for both dependent 
measures. The additional factors were previous trial type 
(compatible vs. neutral vs. incompatible) and current trial 
type (compatible vs. neutral vs. incompatible). The alpha 
level was set at .05 for this and all subsequent analyses 
presented in this article.

reaction time. The three-way interaction of transition 
type, previous trial type, and current trial type was signifi-
cant [F(4,244) 5 14.59, MSe 5 1,687.01]. The standard 
flanker (i.e., compatibility) effect was evident, because 
incompatible trials (M 5 582) were slower than neutral 
trials (M 5 467), which were slower than compatible trials 
(M 5 462) (ts $ 3.08). Because the primary predictions 
involved a differentiation between repetition and nonrepe-
tition trials, separate two-way ANOVAs were conducted 
to explore the critical interaction between previous and 
current trial type. For repetition trials, this interaction was 
significant [F(4,244) 5 22.28, MSe 5 2,408.71]. Repli-
cating Mayr et al. (2003), the pattern of means consistent 
with the conflict adaptation effect was observed (see Fig-
ure 1). RT on the II trials (M 5 543) was significantly 
faster than RT on the CI trials (M 5 593) [F(4,244) 5 
32.54, MSe 5 2,408.71]. The compatibility effect was 
reduced from 160 msec following compatible trials to 
63 msec following incompatible trials.

In contrast, for nonrepetition trials, the two-way in-
teraction of current and previous trial type was not sig-
nificant [F(4,244) 5 1.86, p 5 .12; see Figure 1], fur-
ther replicating Mayr et al. (2003). Of particular interest 
was examining whether negative priming emerged during 
performance of II nonrepetition trials, because the pres-
ent account posits that negative priming may be masking 
conflict adaptation on these trials. In line with the ob-
served null interaction, there was a significant negative 

Our account, however, assumes that the conflict adapta-
tion pattern is dependent not only on priming dynamics, 
but also on conflict monitoring. Our account assumes that 
the speeded responding on II relative to CI repetition trials 
reflects both positive priming and conflict monitoring. The 
critical departure point distinguishing our account from 
the priming-only account hinges on nonrepetition trials. 
Whereas the priming-only account predicts that conflict 
adaptation will never be observed on nonrepetition trials, 
our account suggests that conflict adaptation will be ob-
served on these trials under particular task conditions (as 
revealed in Experiment 2). That is, our account anticipates 
that observation of the conflict adaptation effect on non-
repetition trials is dependent on the dynamic interplay of 
the theoretical processes depicted in Table 1. To develop 
the fruitfulness of this account, Experiment 1 first reveals 
these theoretical processes. One process, negative prim-
ing, is expected to slow performance on trials of both the 
II and CI nonrepetition types, with greater slowing for 
the former trial type (Stadler & Hogan, 1996). A second 
process, conflict adaptation, is expected to speed perfor-
mance, but only on the II trials. Thus, for trial-to-trial tran-
sitions of the II nonrepetition type, negative priming and 
conflict adaptation are acting in opposition to one another. 
Two important consequences are anticipated. Because the 
conflict adaptation process does not completely mitigate 
the negative priming process, a first prediction is that a 
negative priming effect for II nonrepetition trials should 
remain. A second consequence is that the magnitude of 
slowing on II nonrepetition trials is not as extreme as it 
would be if negative priming alone were operative. There-
fore, our second prediction is that RTs on II nonrepeti-
tion trials will be similar to those exhibited on CI trials 
(trials on which negative priming is less robust, as noted 
above).

Method
participants. Seventy-five Colorado State University undergrad-

uates participated, in partial fulfillment of course credit. Informed 
consent was obtained and participants were screened for handed-
ness, neurological and/or psychiatric illnesses (such as ADHD), and 
history of significant head trauma. Data from 13 participants who 
were left-handed or who reported the presence of either illness or 
head trauma were excluded from further analysis.

Design. The study employed a 3 3 3 within-subjects design 
within an Eriksen flanker task. Previous trial type (compatible [C] 
vs. neutral [N] vs. incompatible [I]) and current trial type (compat-
ible [C] vs. neutral [N] vs. incompatible [I]) represented the factors. 
Compatible trials were composed of a central display with seven 
right-facing or seven left-facing arrows in a row. Incompatible trials 
were composed of a central display of seven arrows, wherein the 
central-facing arrow (left or right) pointed in the opposite direction 
to the flanker arrows (right or left, respectively). Neutral trials were 
composed of a central right- or left-facing arrow, surrounded by 
three asterisks on each side. Given that the asterisks were never as-
sociated with a response key, the neutral condition was not expected 
to elicit response conflict. The central arrow faced left on 50% of 
the C, N, and I trials and faced right on the other half of the trials. 
The stimulus display was 15º wide, and individual stimuli were 1º 
high and wide.

procedure. The experiment was conducted using E-Prime (Psy-
chology Software Tools, Inc., Pittsburgh, PA). During the practice 
phase, participants were instructed to press the left (“h”) or right 
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adaptation should have been observed for both types of II 
trials since conflict is present on trial n 21 in each case. 
As predicted by the present account, the RT on II non-
repetition trials was significantly slower than the RT on 
NI nonrepetition trials. This demonstration of a negative 
priming effect lends support to the notion that negative 
priming may be working in opposition to conflict adapta-
tion during II nonrepetition trials. We acknowledge that 
caution is warranted in interpreting the slowing on II trials 
as negative priming, per se, because a similar magnitude 
of slowing was also observed on IN and IC nonrepetition 
trials relative to NN and NC trials (see Figure 1), respec-
tively. It is uncertain whether other unanticipated factors 
are contributing to the slowing on these trials or possibly 
on II trials. The key point for present purposes, however, 
is that a particular dynamic whereby one process acts to 
slow performance while a second simultaneously acts to 
speed performance exists on II nonrepetition trials but 
does not exist on II repetition trials.

We suggest that this dynamic underlies two results. 
First, as is typical in the flanker paradigm, the conflict 
adaptation pattern was not observed on II nonrepetition 
trials. Second, the RT on II and CI nonrepetition trials 
did not differ. Negative priming dynamics alone would 
not predict this equivalence (Neumann & DeSchepper, 
1991; Stadler & Hogan, 1996). This equivalence is ex-
pected, however, if one assumes that conflict monitoring 
speeded performance to some degree on the II (but not 
the CI) trials.

This pattern of findings has important implications for 
existing knowledge and theoretical interpretations of con-
flict adaptation effects. First, it indicates that opposing 

priming effect such that II nonrepetition trials (M 5 595) 
were 18 msec slower than NI nonrepetition trials (M 5 
577), a difference confirmed by a planned comparison 
[F(4,244) 5 8.39, MSe 5 1,270.07]. As anticipated, the 
CI nonrepetition trials (M 5 594) were also significantly 
slower than the NI nonrepetition trials [F(4,244) 5 6.82, 
MSe 5 1,270.07]. Note that similar RTs were observed for 
II and CI nonrepetition trials (F , 1), consistent with the 
present account (as discussed below).

Error rate. Error rates are presented in Table 2. The 
three-way interaction of transition type, previous trial 
type, and current trial type was also significant for error 
rate [F(4,244) 5 3.75, MSe 5 .001]. Consistent with the 
RT analyses, the follow-up two-way ANOVAs indicated 
that the previous trial type 3 current trial type interac-
tion was significant for repetition trials [F(4,244) 5 4.66, 
MSe 5 .001] but not for nonrepetition trials [F(4,244) 5 
1.23, p 5 .30]. For repetition trials, the error rate was sig-
nificantly lower on II trials (M 5 .05) than on CI trials 
(M 5 .07), mirroring the results for RT [F(4,244) 5 8.24, 
MSe 5 .001]. For the nonrepetition trials used to test for 
negative priming (II, NI, and CI), only the error rates for 
II (M 5 .05) and CI (M 5 .04) trials differed [F(4,244) 5 
3.10, MSe 5 .001].

Discussion
In line with the repetition priming account, the pattern 

of means reflective of the conflict adaptation effect was 
observed on repetition, but not on nonrepetition trials, 
replicating Mayr et al. (2003). The lack of the conflict ad-
aptation pattern on nonrepetition trials is unanticipated by 
the conflict monitoring account. By this account, conflict 
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the manipulation was effective in revealing conflict ad-
aptation on repetition and nonrepetition trials. This result 
motivated a subsequent set of analyses in which we com-
pared the magnitude of the conflict adaptation effect for 
high- conflict nonrepetition trials (involving horizontally 
oriented flankers; e.g., ,,,.,,,) and low-conflict 
nonrepetition trials (involving vertically oriented flankers; 
e.g., ∧∧∧.∧∧∧). Some past studies have found a positive 
relationship between the degree of conflict on trial n21 
and the magnitude of adaptation on trial n (e.g., Kerns 
et al., 2004). Others, however, have not (Nieuwenhuis 
et al., 2006). Theoretically, conflict monitoring theory 
would anticipate an effect of the degree of conflict. Thus, 
this issue warrants further evaluation.

Method
participants. Forty-seven Colorado State University under-

graduates participated, in partial fulfillment of course credit. In-
formed consent was obtained from each participant. Participants 
were screened as in Experiment 1, and data from 10 participants 
who were left-handed or who reported the presence of either illness 
or head trauma were excluded from further analysis.

Design. The study employed a 2 3 2 within-subjects design 
within an Eriksen flanker task. Previous trial type (compatible [C] 
vs. incompatible [I]) and current trial type (compatible [C] vs. in-
compatible [I]) represented the factors. Compatible trials were com-
posed of a central display with seven arrows facing the same direc-
tion, whereas incompatible trials were composed of seven arrows in 
a row, with the central arrow corresponding to the response that was 
opposite the flanker arrows.

Because the left- and up-facing arrows were both assigned to the 
left response key, and the right- and down-facing arrows were both 
assigned to the right response key, incompatible trials were com-
posed of either a left- or up-facing arrow surrounded by right- or 
down-facing arrows, or a right- or down-facing arrow surrounded by 
left- or up-facing arrows. Each incompatible stimulus arrangement 
was presented seven times within a block of trials. There were four 
stimulus arrangements used on compatible trials, one each pertain-
ing to right-, left-, up-, and down-facing arrows. In order to avoid 
the potential for stimulus-based conflict (see, e.g., Verbruggen et al., 
2006), all arrows pointed in exactly the same direction on compat-
ible trials. Each compatible stimulus arrangement was used 14 times 
within a block. Therefore, 50% of the trials were compatible and 
50% of the trials were incompatible. Also, 50% of the compatible 
and incompatible trials required a left keypress in response to the 
central target and 50% required a right keypress response. Of inter-
est was the interaction of the two independent variables, previous 
and current trial type. Within each experimental block, a sequence 
of trial types was pseudorandomly generated such that an equivalent 

processes may underlie performance on II trials in the Er-
iksen flanker task, particularly complete reversal nonrepe-
tition II trials. Both Mayr et al. (2003) and Nieuwenhuis 
et al. (2006), who failed to observe conflict adaptation on 
nonrepetition trials, used paradigms in which the II non-
repetition trials were of this type. Our results suggest that 
negative priming may have masked conflict adaptation in 
these studies. Second, the size of the conflict adaptation 
effect is often small, and in some cases smaller than the 
18-msec negative priming effect observed in Experiment 1 
(see, e.g., Ullsperger et al., 2005). Therefore, an important 
implication of the present view is that stronger evidence of 
conflict adaptation would be more consistently observed 
on nonrepetition trials under conditions that reduce the in-
fluence of negative priming. We conducted Experiment 2 
to test this possibility.

ExpErIMEnT 2

A stimulus set consisting of left, right, up, and down ar-
rows was used, and each of two stimuli (e.g., a right arrow 
and a down-facing arrow) was assigned to one response 
key (e.g., the right key). The inclusion of just two addi-
tional stimuli greatly expands the space of possible trial-
to-trial transitions that can occur on nonrepetition trials. Of 
the transitions on nonrepetition trials, 100% are complete 
reversals when the flanker task involves just two stimuli, as 
in Experiment 1 (see also Mayr et al., 2003, Experiment 1; 
Nieuwenhuis et al., 2006). With this larger stimulus set, 
only 25% of the possible transitions on nonrepetition trials 
are complete reversals. Thus, in Experiment 2, we were 
able to use a version of the flanker task that excluded com-
plete reversal nonrepetition trials (which have previously 
been associated with the strongest degree of negative prim-
ing) and still have II nonrepetition trial transitions to evalu-
ate the presence of conflict adaptation.

As in Experiment 1, the repetition priming account pre-
dicts that the conflict adaptation effect should be observed 
on repetition but not on nonrepetition trials. In contrast, 
because negative priming is expected to be attenuated by 
the expanded stimulus set and the elimination of com-
plete nonrepetition trials, the present account predicts 
that the conflict adaptation effect will be observed on 
both repetition and nonrepetition trials. To foreshadow, 

Table 2 
Mean Error rates, With Standard Deviations, for repetition and nonrepetition Trials As a Function 

of Trial Sequence in Experiment 1 and Experiment 2

Trial Sequence

CC CN CI NC NN NI IC IN II

Study  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD  M  SD

Experiment 1
 Repetition .01 .02 .01 .03 .07 .06 .01 .02 .01 .02 .08 .07 .01 .01 .01 .03 .05 .06
 Nonrepetition .02 .03 .02 .03 .04 .06 .01 .02 .02 .03 .05 .07 .02 .03 .02 .03 .05 .07

Experiment 2
 Repetition .01 .01 2 .06 .05 2 2 2 .01 .03 2 .04 .05
 Nonrepetition .07 .05 2 .05 .03 2 2 2 .04 .03 2 .07 .04

Note—CC, congruent, congruent; CN, congruent, neutral; CI, congruent, incongruent; NC, neutral, congruent; NN, neutral, neutral; NI, 
neutral, incongruent; IC, incongruent, congruent; IN, incongruent, neutral; II, incongruent, incongruent.
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vs. incompatible), and current trial type (compatible vs. 
incompatible).

reaction time. The three-way interaction of transition 
type, previous trial type, and current trial type was sig-
nificant [F(1,36) 5 6.71, MSe 5 2,163.85]. The standard 
flanker (i.e., compatibility) effect was evident, because in-
compatible trials (M 5 698) were slower than compatible 
trials (M 5 570) [F(1,36) 5 40.70, MSe 5 29,389.29]. To 
examine the conflict adaptation pattern on repetition and 
nonrepetition trials, separate follow-up two-way ANOVAs 
were conducted. The previous trial type 3 current trial 
type interaction was significant for the repetition trials 
[F(1,36) 5 29.84, MSe 5 5,518.39; see Figure 2]. RT was 
significantly faster on II trials (M 5 630) in compari-
son with CI trials (M 5 716) [F(1,36) 5 24.73, MSe 5 
5,518.39]. The magnitude of the compatibility effect was 
reduced from 217 msec following compatible trials to 
84 msec following incompatible trials.

Most notably, the two-way interaction of previous trial 
type and current trial type was also significant for non-
repetition trials [F(1,36) 5 21.20, MSe 5 2,611.96; see 
Figure 2]. Consistent with the conflict monitoring ac-
count, and in line with the predictions of the present ac-
count, a strong conflict adaptation effect was observed. 
II trials were 50 msec faster than CI trials, a difference 
confirmed by planned comparison [F(1,36) 5 18.26, 
MSe 5 2,611.96]. The magnitude of the compatibility ef-
fect was reduced from 143 msec following compatible tri-
als to 65 msec following incompatible trials. Importantly, 
this finding implies that conflict adaptation can be ob-
served on nonrepetition trials in the flanker task. Although 
this finding additionally demonstrates that such adapta-
tion cannot be accounted for by stimulus-specific repeti-

number (28) of CC, CI, II, and IC trials were presented. To attenu-
ate the influence of negative priming on II trials, complete reversal 
nonrepetition sequences (e.g., ,,,.,,,, ...,...) were not 
permitted to occur.

procedure. A training phase was used to familiarize participants 
with the appropriate stimulus–response key assignments. Partici-
pants responded to individual arrows presented one at a time in the 
center of the screen. Twelve right-, left-, up-, and down-facing ar-
rows were randomly presented, for a total of 48 trials. Participants 
were instructed to press the left key using their left index finger if 
the arrow pointed left or up, and to press the right key using their 
right index finger if the arrow pointed right or down. Trials did not 
advance until the correct response was provided.

Following the training phase, a practice phase began. Participants 
read self-paced instructions paralleling those provided in Experi-
ment 1, with the exception that participants were now instructed to 
press the left key if the central arrow pointed left or up and the right 
key if the arrow pointed right or down. Twenty-four practice trials 
were presented.

Following practice, the test component consisted of five blocks 
of 112 trials, emphasizing both speed and accuracy. Blocks were 
self-paced. During the task, the stimulus remained on-screen until 
a response was made and the RSI was set at 1,000 msec, replicat-
ing Mayr et al. (2003) and Experiment 1. Similarly, a fixation cross 
was presented beneath the central arrow on stimulus screens and re-
mained on-screen during the otherwise blank RSI. Participants were 
debriefed following completion of the task. The dependent measures 
of interest were RT (in milliseconds) and error rate.

results
As in Experiment 1, we excluded trials following er-

rors from both the RT and error rate analyses, and error 
trials from the RT analyses. A three-way within-subjects 
ANOVA was conducted for both dependent measures. 
The factors were transition type (target repetition vs. 
target nonrepetition), previous trial type (compatible 
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Figure 2. Mean reaction time (in milliseconds) for repetition and nonrepetition trials in Experi-
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the mean.
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.04) [F(1,36) 5 5.83, MSe 5 .002]. Because this finding 
raises concern regarding a speed–accuracy trade-off, the 
analysis was conducted again after identifying and elimi-
nating 3 participants with the most discrepant error rates 
in the CI and II conditions. This resulted in a sample for 
which error rates were matched in the CI (M 5 .95) and 
II (M 5 .94) conditions [t(33) 5 1.63, p 5 .11]. The two-
way ANOVA indicated that both the previous trial type 3 
current trial type interaction [F(1,33) 5 6.40, MSe 5 
2,476.86] and the RT advantage for II (M 5 704) over 
CI trials (M 5 743) [F(1,33) 5 10.17, MSe 5 2,476.86] 
remained significant.

As for the effect of the degree of conflict on error rates 
on the nonrepetition trials, the three-way ANOVA indi-
cated that the previous trial type 3 current trial type in-
teraction was significant [F(4,144) 5 2.91, MSe 5 .008]. 
However, the magnitude of the compatibility effect was 
larger following incompatible high-conflict (M 5 .07) 
relative to incompatible low-conflict (M 5 .01) or com-
patible (M 5 .003) trials. The pattern of reduced compat-
ibility effects in RT but increased compatibility effects 
in error rates following incompatible high-conflict trials 
remained when the analyses were restricted to the sample 
for which error rates on CI and II trials were matched.

Discussion
The purpose of Experiment 2 was to examine the con-

flict adaptation pattern on repetition and nonrepetition 
trials using a larger stimulus set that eliminated the occur-
rence of complete reversal nonrepetition trials, and any 
resultant negative priming. Unlike in Experiment 1, the 
conflict adaptation pattern was observed on both repeti-
tion and nonrepetition trials. Importantly, this pattern held 
when feature integration effects were taken into account 
on nonrepetition trials. That is, II trials were significantly 
faster than CI trials even when trial-to-trial transitions did 
not involve target, flanker, target-to-flanker, or flanker-
to-target repetitions. This finding is problematic for the 
repetition priming account and, more broadly, the feature 
integration account, but is completely in line with the pres- 
ent account. Specifically, the observed conflict adapta-
tion pattern on nonrepetition trials that excluded feature 
repetitions strongly supports the notion that speeded re-
sponding on II trials reflects processes such as heightened 
cognitive control triggered by conflict monitoring (Bot-
vinick et al., 2001).

The obtainment of conflict adaptation for RT on non-
repetition trials during an Eriksen flanker task is of theo-
retical significance. Ullsperger et al. (2005) also showed 
that conflict adaptation effects occur even when repetition 
trials are completely eliminated during both a standard 
Eriksen flanker task and a digit flanker task involving a 
larger stimulus and response set (i.e., digits 1 through 9 on 
a keypad). What is novel about the present finding is the 
obtainment of conflict adaptation using a methodology 
that almost entirely preserves the procedure implemented 
by Mayr et al. (2003, Experiment 1), a procedure that 
eliminated adaptation effects on nonrepetition trials. For 
example, in both studies, the stimulus remained on-screen 
until a response was made, the RSI was 1,000 msec, and 

tion priming, an important question concerns the degree 
to which feature integration effects more broadly (e.g., 
flanker repetitions, target-to-flanker repetitions, flanker-
to-target repetitions) might account for the adaptation 
effect observed here (see, e.g., Hommel, Proctor, & Vu, 
2004).2 For instance, May, Kane, and Hasher (1995) have 
shown that RT is speeded when the target on trial n21 
becomes the flanker on trial n. Likewise, distractor (e.g., 
flanker) repetitions have been shown to speed responding 
(e.g., Neumann & DeSchepper, 1991). Thus, to evaluate 
this question, the previous trial type 3 current trial type 
interaction was examined for nonrepetition trials after ex-
cluding trial-to-trial transitions involving feature repeti-
tions. When the analysis was limited in the strictest pos-
sible fashion to such trials (e.g., ...,..., ∧∧∧∨∧∧∧), 
the interaction remained significant [F(1,36) 5 6.77, 
MSe 5 3,297.90]. Most critically, RT was significantly 
faster on II trials (M 5 713) than on CI trials (M 5 748) 
[F(1,36) 5 6.91, MSe 5 3,297.90]. This finding further 
confirms that the adaptation effect on nonrepetition trials 
involves mechanisms (e.g., cognitive control) other than 
the facilitative effects of bottom-up priming.

To evaluate whether the degree of conflict affected the 
degree of adaptation, as revealed by the magnitude of the 
compatibility effect, a two-way within-subjects ANOVA 
was conducted for the nonrepetition trials, again exclud-
ing trial-to-trial transitions involving feature repetitions. 
The factors were previous trial type (compatible vs. in-
compatible high conflict vs. incompatible low conflict) 
and current trial type (compatible vs. incompatible high 
conflict vs. incompatible low conflict). The main effect 
of current trial type [F(2,72) 5 25.16, MSe 5 32,055.05] 
was significant, with dependent t tests confirming that 
incompatible high-conflict (M 5 771) trials were slower 
than incompatible low-conflict trials (M 5 677), which 
were slower than compatible trials (M 5 601; ts $ 4.04). 
The two-way interaction was also significant [F(4,144) 5 
13.56, MSe 5 22,137.11]. Most critically, the magnitude 
of the compatibility effect (the average RT for high- and 
low-conflict incompatible trials minus the RT for com-
patible trials) was 156 msec following compatible trials, 
59 msec following incompatible high-conflict trials, and 
154 msec following incompatible low-conflict trials. The 
size of the compatibility effect was significantly smaller 
following incompatible high-conflict relative to incompat-
ible low-conflict trials or compatible trials (ts $ 3.70).

Error rate. Error rates are presented in Table 2. Mirror-
ing the RT analysis, the three-way ANOVA was significant 
for error rate [F(1,36) 5 20.60, MSe 5 .001]. The follow-
  up two-way ANOVA approached significance for the rep-
etition trials [F(1,36) 5 3.53, p 5 .07]. For nonrepetition 
trials, the two-way interaction of previous and current trial 
type was significant [F(1,36) 5 20.77, MSe 5 .001]. The 
error rates were higher on II trials (M 5 .07) than on CI 
trials (M 5 .05) [F(1,36) 5 4.74, MSe 5 .001].

When the nonrepetition trial analysis was limited to tri-
als on which feature repetitions were not present, a similar 
pattern was obtained. The two-way interaction was sig-
nificant [F(1,36) 5 10.62, MSe 5 .002], and error rates 
were higher on II trials (M 5 .07) than on CI trials (M 5 
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adjustment led generally to speeded responding, then 
performance on subsequent incompatible trials in which 
the target was an up or down arrow may have suffered, 
because more time may have been needed to translate the 
stimulus into the appropriate left–right response. This ex-
planation remains preliminary. For now, the moderating 
effect of the degree of conflict on the adaptation effect in 
RT should be viewed with caution until it can be shown to 
occur without the concomitant change in error rate.

GEnErAl DISCUSSIOn

The present study established several theoretically im-
portant points. Experiment 1 indicated that a negative-
 priming-like slowing influences performance on II 
nonrepetition trials in a standard Eriksen flanker task. 
Theoretically, this finding suggests an alternative to the 
repetition priming account’s explanation regarding why 
conflict adaptation effects are not consistently observed 
on these trials. The alternative view developed in this arti-
cle (see also Notebaert & Verguts, 2006; Ullsperger et al., 
2005) is that conflict adaptation is occurring, but nega-
tive priming is at least partially masking the effect. On the 
basis of this interpretation, we anticipated that a minor 
alteration in method would significantly alter the pattern 
of findings on nonrepetition trials by effectively minimiz-
ing the impact of negative priming. This idea was tested 
in Experiment 2 by enlarging the size of the stimulus set 
from two to four stimuli. The increased size of the stimulus 
set was implemented so as to eliminate the occurrence of 
complete reversals on II nonrepetition trials (i.e., the only 
type of II nonrepetition trial in the present Experiment 1, 
in Experiment 1 of Mayr et al., 2003, and in the work of 
Nieuwenhuis et al., 2006), thereby attenuating negative 
priming. In line with these predictions, strong evidence of 
conflict adaptation was observed for RT on nonrepetition 
trials under these conditions. As in Experiment 1, the con-
flict adaptation pattern also persisted on repetition trials. 
Most critically, for nonrepetition trials, the compatibility 
effect was reduced by 55% when the preceding trial type 
was incompatible as opposed to compatible.

Although this pattern is entirely consistent with the as-
sumptions of the conflict monitoring theory, it strongly 
questions the repetition priming account and feature in-
tegration account more broadly. In particular, the find-
ings of Experiment 2 substantiate the notion that conflict 
adaptation effects do indeed involve top-down control 
adjustments, adjustments that are most likely to be ob-
served under conditions that minimize negative priming. 
This conclusion echoes that of Ullsperger et al. (2005), 
who argued that the unique methodological features they 
implemented (reviewed above) may have served to avoid 
the potential masking effect produced by inflated RTs on 
II nonrepetition trials.

In addition to observing the basic conflict adaptation 
effect on nonrepetition trials, we also observed adapta-
tion in the form of reduced compatibility effects in RT 
following high- relative to low-conflict or compatible tri-
als. This finding is consistent with the conflict monitoring 
account’s notion that the magnitude of conflict adapta-

both speed and accuracy were emphasized. In contrast, the 
procedure used by Ullsperger et al. differed on several di-
mensions from Mayr et al. Targets were briefly presented 
for 100 msec or less, the intertrial intervals (ITIs) were of 
a longer duration (3,500 msec, minimum), and a speeded 
task was used (see also Gratton et al., 1992). Addition-
ally, the flanker onset preceded target onset in the standard 
flanker task experiment (Ullsperger et al., 2005). These 
dissimilarities make it difficult to infer why conflict ad-
aptation has not been ubiquitously observed on nonrepe-
tition trials in previous studies that utilized flanker tasks. 
The factor that distinguishes the present experiment from 
that of Mayr et al. is the size of the stimulus set, which 
allowed for the elimination of complete nonrepetition II 
trials, a factor that we believe, in part on the basis of the 
results of Experiment 1, has an impact on the obtainment 
of conflict adaptation by way of its influence on the mag-
nitude of negative priming.

At odds with the interpretation that conflict-triggered 
control adjustments underlie the RT pattern, however, 
were the error rates on the nonrepetition trials. Height-
ened cognitive control might be expected to lead not only 
to speeded but also to more accurate responding. Yet the 
error rate was 2% higher on II trials than on CI trials. This 
finding raises the question of whether the RT effect reflects 
a speed–accuracy trade-off rather than conflict adaptation. 
To address this interpretive concern, we conducted an ad-
ditional analysis that indicated that the RT advantage for II 
nonrepetition trials over CI nonrepetition trials remained 
significant even when accuracy was matched on II and CI 
trials for a subset of the sample. Although this result al-
leviates concern about the RT advantage for II trials being 
simply a speed–accuracy trade-off rather than adaptation 
per se, this concern remains viable with regard to the anal-
ysis of the degree of conflict, as discussed next.

A secondary issue explored in the present experiment 
was whether the degree of conflict moderated the degree 
of adaptation, as revealed by the magnitude of the com-
patibility effect. After accounting for feature integration 
effects, the magnitude of the compatibility effect for RT 
was significantly smaller on nonrepetition trials follow-
ing high-conflict incompatible trials in comparison with 
low-conflict or no-conflict (compatible) trials. This find-
ing is consistent with tenets of the conflict monitoring 
theory.3 However, compatibility effects in error rates were 
increased following high-conflict trials, and this differ-
ence persisted in the sample matched on II and CI accu-
racy. Ullsperger et al. (2005) also observed adaptation in 
the form of a speed–accuracy trade-off using a modified 
flanker task. They interpreted this pattern as indicating 
that task context might have an impact on the particular 
cognitive control adjustments that are made in response 
to conflict. In the present paradigm, half of the II trials 
required participants to respond to up or down central ar-
rows. These stimuli were not naturally mapped to up and 
down response keys, but rather were associated with the 
left and right keys during a training phase. If participants 
implemented a global tightening of cognitive control fol-
lowing the occurrence of a high degree of response con-
flict (i.e., an incompatible high-conflict trial), and this 
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adaptation is observed following a 200-msec RSI, but not 
following a brief 50-msec RSI, suggesting that there is a 
minimum amount of time that is needed to successfully 
implement control adjustments.

To summarize, few effects are process pure (e.g., Lind-
say & Jacoby, 1994), and the conflict adaptation effect 
appears to be no exception. We contend that the conflict 
adaptation effect reflects the dynamic interplay among at 
least three processes: repetition priming, cognitive control 
adjustments, and negative priming. The present study has 
provided initial support for this account by demonstrat-
ing the presence of negative priming on critical trial types 
(e.g., II nonrepetition trials) used to evaluate conflict ad-
aptation (Experiment 1) and by considering all three pro-
cesses in explaining and predicting the conflict adaptation 
effect in a second experiment designed to minimize the 
influence of negative priming. Only an account that em-
phasizes the notion that negative priming may be working 
in opposition to conflict monitoring on nonrepetition trials 
successfully predicts the outcomes of both Experiment 1 
and Experiment 2. From a broader perspective, such an 
account appears fruitful for reconciling the extant litera-
ture on conflict adaptation effects in the Eriksen flanker 
task and other conflict paradigms.
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