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Abstract
The congruency sequence effect (CSE) describes the performance difference of congruent trials (in which target and distractor
stimuli are associatedwith the same response) compared to incongruent trials (in which target and distractor stimuli are associated
with different responses) as a function of the preceding congruency level (congruent trials relative to incongruent trials). The CSE
is commonly interpreted as a measure of conflict-induced attentional adjustment. Although previous research has made substan-
tial progress aiming at controlling for alternative explanations of the CSE, both task-specific and fundamental confounds have
remained. In the current study, we used a temporal flanker task, in which two stimuli (i.e., distractor and target) are presented in
rapid succession, and extended previous demonstrations of a CSE in flanker tasks by deconfounding target-distractor congruency
from perceptual similarity. Using a four-choice task, we could also control for the reversal of distractor-response priming after
incongruent trials (which is only feasible in two-choice tasks). Furthermore, we controlled for all confounds based on the
sequence (i.e., repetition versus alternation) of the congruency level – such as feature sequence effects, distractor-response
contingency switch costs, or temporal learning – by probing the allocation of attention to the points in time of presentation of
the first and the second stimulus of a trial. This was achieved by intermixing trials of a temporal search task. The performance
accuracy results in this task were consistent with a stronger attentional bias in favor of the target stimulus’ temporal position after
incongruent than after congruent trials.

Keywords Response conflict . Attentional adjustment . Cognitive and attentional control . Adaptive control . Congruency
sequence effect

Introduction

Goal-directed behavior is thought to be supported by a class of
cognitive processes, collectively referred to as attentional con-
trol. In the laboratory, attentional control is frequently inves-
tigated, employing conflict task protocols. These protocols,
such as the Eriksen flanker task (Eriksen & Eriksen, 1974),
require the participants to respond to task-relevant stimulus
features while ignoring task-irrelevant stimulus features. In

this task, the participants are instructed to respond to a stimu-
lus presented centrally (i.e., target) surrounded by peripheral
stimuli (i.e., distractors)which are either assigned to the same
response as the target (i.e., congruent trials) or are assigned to
a different response (i.e., incongruent trials). Analyzing per-
formance in these protocols typically reveals that responding
in congruent trials is, on average, faster and less error-prone
than responding in incongruent trials. The Congruency Effect
(i.e., the performance difference in congruent and incongruent
trials) is broadly considered a measure of the influence of task-
irrelevant stimulus features on performance. Specifically, it
has been attributed to the co-activation of the distractor-
related response in addition to the target-related response.
Assuming that target- and distractor-related responses com-
pete for response selection and execution, such co-activation
should result in a (response) conflict in incongruent trials
(Eriksen & Eriksen, 1974; for an overview, see Eriksen,
1995). Evidence for distractor-induced response activation
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has, for instance, been found in reach tracking studies in
which participants are instructed to make choice responses
by moving their hand to one of several target locations. In
such studies, prolonged reach curvatures (diverted trajectories
towards the distractor-related response’s target position) in
incongruent relative to congruent trials have frequently been
observed (e.g., Erb et al., 2016; Erb & Marcovitch, 2018;
Scherbaum et al., 2010; Scherbaum & Dshemuchadse, 2019).

Analyzing trial sequences in conflict tasks, a large number
of studies found that the congruency level of the predecessor
trial modulates the congruency effect. Typically, the congru-
ency effect decreases following an incongruent trial relative to
following a congruent trial (i.e., congruency sequence effect,
CSE; e.g., Gratton et al., 1992; Schmidt & Weissman, 2014;
Weissman et al., 2014; Weissman et al., 2015). Consistent
with the notion that the congruency effect is mainly brought
about by conflict in incongruent trials, these findings suggest
that the degree of conflict in incongruent trials is lower after
incongruent than after congruent predecessor trials. This mod-
ulation of the degree of conflict is commonly interpreted as
evidence for enhanced attentional focusing induced by con-
flict. According to the conflict monitoring account (Botvinick
et al., 2001; Botvinick et al., 2004), a monitoring unit com-
putes each trial's conflict level. A higher level of conflict is
supposed to lead to a higher degree of processing selectivity
via attentional adjustment (i.e., increasing or decreasing the
bias in attentional weights regarding processing the target or
distractor) compared to a low level of conflict.

Over the years, it has become increasingly clear that the
CSE is subject to various confounding factors, which motivat-
ed alternative, non-attentional interpretations of the CSE.
Although some of these confounds have been thoroughly
discussed in the literature, and efficient methods of controlling
them have been proposed (see Braem et al., 2019, for an
overview), other confounds are still widely neglected in cur-
rent experimental studies. In the following, we will first pres-
ent a brief overview of the former and their remedies and then
address two less prominent confounds, one of them being
confined to a particular (albeit widely used) kind of experi-
mental task, the other one being inherent in all CSE
procedures.

In standard conflict-task protocols, congruency level repe-
titions tend to involve a larger proportion of trials associated
with a complete repetition or a complete alternation of all
discriminative stimulus and response features than congruen-
cy level alternations, which, in turn, tend to involve a larger
proportion of partial repetitions (i.e., repetition of one stimulus
or response feature and alternation of another one). Given that
partial repetitions are likely to induce interference with mem-
ory episodes of previous trials – as laid out in detail in
Hommel’s feature integration account (e.g., Hommel et al.,
2004) – obtaining a CSE in such conditions may be unrelated
to attentional adjustment. This confound has frequently been

controlled by a minimum set of four stimulus objects, used as
targets and distractors, mapped to four different responses and
excluding all trials involving any repetition of a discriminative
stimulus or response feature from the analyses. Although the
application of this procedure usually failed to eliminate the
CSE (e.g., Akçay & Hazeltine, 2011; Bugg, 2008; Hazeltine
et al., 2011; Kunde & Wühr, 2006; Purmann et al., 2009;
Tomat et al., 2020; Ullsperger, Bylsma, & Botvinick, 2005),
using a larger set of stimuli and responses than in the initial
CSE studies (e.g., Gratton et al., 1992; Botvinick et al., 1999)
raised another problem. As unconstrained (random) stimulus
selection might produce only small amounts of congruent tri-
als (i.e., an expected value of 25% in a task involving a 4:4 S-
R mapping), researchers tended to bias stimulus selection in
favor of congruent trials to produce a more balanced distribu-
tion of congruency levels (and of congruency level se-
quences). Biasing stimulus selection, however, introduces dif-
ferent distractor-related contingencies for congruent and in-
congruent stimuli. Precisely, individual distractors, occurring
more frequently in congruent than in incongruent trials, coin-
cide more often with the “congruent response” (i.e., the re-
sponse required if the distractor stimulus was presented as
target) than with the other (“incongruent”) responses
(Schmidt & de Houwer, 2011). Consequently, distractors pre-
sented in congruent trials are more predictive of the correct
response compared to distractors presented in incongruent tri-
als. Associative learning of these contingencies should facili-
tate high contingent/congruent trials relative to low
contingent/incongruent trials. This assumption has been sup-
ported by a corresponding contingency effect obtained with
neutral distractors (i.e., stimuli used as distractors that are not
assigned a response and never occur as targets). Specifically,
Schmidt et al. (2007) administered a variant of the Stroop task,
using four different colors as targets and four neutral words,
such as move, each of which was predominantly presented
with one of the colors (i.e., high contingency) and only rarely
with each of the other colors (i.e., low contingency). Of im-
portance for the interpretation of the CSE, Schmidt et al.
(2007) not only observed faster responses for the high-
contingency stimuli than for the low-contingency stimuli but
also a reduction of this contingency effect after low-
contingency trials compared to after high-contingency trials.
Given the confound of contingency levels and congruency
levels in studies using non-neutral distractors and biased stim-
ulus selection laid out above, this contingency switch cost
allows accounting for the CSE under such circumstances as
a modulation of associative priming.

To achieve a 50%/50% ratio of congruent and incongruent
trials while controlling for feature sequence and distractor
contingency effects, one might use a recently established pro-
cedure, which we refer to as the split-task method. For this
purpose, a four-choice task is divided into two two-choice
tasks involving distinct sets of targets and distractors. With
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this arrangement, contingencies are unbiased when congruent
and incongruent trials are administered with a frequency ratio
of 50%/50%.Moreover, trial-to-trial feature repetitions can be
controlled for by preventing the presentation of the same task
in consecutive trials or by confining the analysis to task alter-
nation trials. Several studies reported a CSE with such a task
protocol (e.g., Kim & Cho, 2014; Schmidt & Weissman,
2014; Weissman et al., 2014; Weissman et al., 2015). Yet,
some experiments using the split-task method failed to obtain
a significant CSE (e.g., Weissman et al., 2014), suggesting
that at least part of the CSE observed under less controlled
conditions is based on confounding factors, leaving only a
small effect when these factors are removed.

Despite this progress made in controlling confounds, sig-
nificant problems have remained. First, we note that the ap-
plication of the split-task method – as of two-choice tasks in
general – might allow for a particular processing strategy that
could explain the CSE without reference to attentional adjust-
ment. Specifically, it is conceivable that participants use the
distractor to prepare the opposite response than the one the
distractor is associated with by instruction (i.e., the response
the distractor would require if it were presented as target) after
incongruent trials. We refer to this strategy as reversed
distractor-response priming (see Wühr & Kunde, 2008, for
a discussion of this idea in the context of anticipatory conflict
control). Preventing this strategy by using four-choice tasks
with random stimulus selection has yielded mixed results.
Whereas two studies failed to observe a CSE when data from
trials associated with repetitions were excluded from the anal-
yses (Mordkoff, 2012; Schmidt & De Houwer, 2011), Tomat
et al. (2020) observed a CSE under such conditions in a tem-
poral flanker task, which involves the consecutive presenta-
tion of a distractor and a target (Hazeltine et al., 2011).
Noteworthy, however, resembling the vast majority of studies
using spatial flanker tasks to investigate the CSE (e.g., Gratton
et al., 1992; Schmidt & De Houwer, 2011), their stimulus
material consisted of perceptually identical objects (i.e., the
letters A, B, C, and D) used as targets and flankers. This
property of the procedure results in yet another ambiguity
regarding the CSE interpretation, namely a confound of con-
gruency level and perceptual target-distractor identity. Under
such conditions, it is conceivable that the CSE is brought
about by advantageous perceptual segregation of the target
and the distractor after a trial involving the same congruency
level, hence the same perceptual requirement. This argument
might not be confined to the case of target-distractor conjunc-
tions involving identical elements but generalize to cases in
which the targets and distractors are perceptually more similar
in congruent than in incongruent trials, a frequent property of
priming protocols used to investigate the CSE (e.g., Schmidt
& Weissman, 2014; Weissman et al., 2014).

Congruency level and perceptual stimulus identity of
target-distractor pairs are naturally deconfounded in Stroop-

like tasks, that is, in tasks, in which targets and distractors
belong to perceptually different stimulus categories such as
colors and words for which no systematic relationship of
perceptual similarity has been established. Although Blais
et al. (2014) reported a CSE in a Stroop task while controlling
for stimulus feature sequences and distractor-response contin-
gencies (using a 4:4 S-R mapping and varying the Proportion
Congruency conditions), Schmidt (2014) criticized account-
ing for these results in terms of attentional adjustment based
on concerns regarding statistical power and transfer of biased
contingencies between blocks of trials. (This criticism might
also apply to the study of Tomat et al., 2020.) Moreover, it has
recently been suggested that the CSE in the Stroop task is
brought about by a different (priming) mechanism than in
other conflict protocols, such as flanker and Simon tasks
(Aschenbrenner & Balota, 2017), raising doubts about reli-
ance on Stroop task data as the sole source of CSE theorizing.

In light of these developments, further investigation of the
CSE, deconfounding congruency, and target-distractor simi-
larity in Stroop tasks or non-Stroop tasks, seems a valuable
endeavor. Prime-probe procedures like the temporal flanker
task may play a prominent role in this for at least two reasons.
First, the availability of distractor information before target
information might be a relevant precondition for obtaining a
robust CSE in confound-minimized procedures (Weissman
et al., 2014). Second, manipulating the length of the
distractor-target stimulus-onset asynchrony (SOA) may yield
results of theoretical interest. In this connection, the finding of
a CSE with a prime-probe (i.e., distractor-target) interval of
1000 ms (Weissman et al., 2015) deserves attention.
Intriguingly, in this condition, the congruency effect as such
was no longer significant, yielding a CSE in the form of a
regular congruency effect after congruent trials and a reversed
congruency effect after incongruent trials. As the latter cannot
be accounted for in terms of attentional focusing (which
would result in the absence of a congruency effect, at most),
this finding raises new doubts about the attentional adjustment
interpretation of the CSE. In fact, the authors favored a (non-
attentional) response modulation account, which attributes the
CSE to inhibition of response(s) activated by the distractor,
assuming that this inhibition is more efficient if it was in-
volved in the preceding trial. Consequently, the response ac-
tivated by the distracter is assumed to be inhibited more effi-
ciently if the preceding trial was incongruent compared to if
the preceding trial was congruent (cf. Ridderinkhof, 2002).
However, the reversal of the congruency effect after incongru-
ent trials might also reflect reversed distractor-response prim-
ing after conflict or perceptual facilitation in congruency level
repetition trials, as it occurred under conditions of a two-
choice task and higher perceptual target-distractor similarity
in congruent than in incongruent trials. Nevertheless, the pos-
sibility of investigating the CSE in the absence of a congru-
ency main effect offers the possibility of critically testing the
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attentional adjustment account. Considering the fact that the
congruency effect in the temporal flanker task tends to de-
crease strongly even in four-choice tasks when the prime-
probe interval increases (Gillich et al., 2019), this procedure
could likely provide such a condition.

At this point, we would like to point out that all the CSE-
related confounds hitherto mentioned are a consequence of the
fact that the presumed attentional adjustment is assessed in
terms of a congruency level repetition advantage. This might
allow for more non-attentional explanations than currently
identified. In Experiment 3 of the current study, we turn to a
new method of assessing conflict-induced attentional adjust-
ment, which arguably controls for all confounds associated
with the sequence of congruency levels (cf. Tomat et al.,
2020; Wendt et al., 2012; Wendt et al., 2014). As this method
has its difficulties – which we discuss in the introduction of
Experiment 3 – we first present two conventional CSE exper-
iments in which we examined the CSE in the temporal flanker
task under conditions of control of feature sequences,
distractor-related contingencies, and perceptual target-
distractor similarity. This was achieved by applying an 8:4
S-R mapping in a temporal flanker task. More precisely, the
digits 1, 2, 3, and 4, as well as the letters A, B, C, and D were
used as stimuli, and digit-letter pairs (i.e., 1-A, 2-B, 3-C, and
4-D) were assigned to four different response keys. Because
on each trial, the target and the distractor were drawn from
different stimulus categories (i.e., letters vs. digits), congruent
trials never involved perceptually identical stimuli.

While preventing perceptually identical target-distractor
pairs, drawing targets and distractors from separate stimulus
categories also introduced a new possibility of conflict adjust-
ment. Specifically, rather thanmodulation of the processing of
stimulus information presented at a particular point in time,
processing adjustment might also be targeted at the stimulus
categories (i.e., amplification of the stimulus category from
which the target was drawn and/or inhibition of the stimulus
category from which the distractor was drawn). Although
such adjustment should reveal itself in a CSE if the assign-
ment of target and distractor to the stimulus categories re-
peats from the preceding trial (e.g., target: digit/distractor:
letter ➔ target: digit/distractor: letter), in case the assign-
ment is switched (e.g., target: letter/distractor: digit ➔ tar-
get: digit/distractor: letter), performance should be gener-
ally impaired after conflict by inhibited processing of the
target or increased competition from the distractor. This
hypothesized pattern of results is reminiscent of findings
observed in task-switching experiments. Task-switching
experiments (for an overview, see, e.g., Kiesel et al.,
2010; Monsell et al. 2003; Vandierendonck et al., 2010)
require participants to execute different tasks in varying
sequences, allowing the classification of a given trial as a
task repetition (i.e., the same task was executed on the
directly preceding trial) or a task switch (i.e., a different

task was executed in the directly preceding trial).1 In addi-
tion to task-switch costs (i.e., impaired performance in task
switch trials relative to task repetition trials), task switching
experiments have also demonstrated competition between the
currently relevant stimulus-response rules and the currently
irrelevant task. Specifically, using the same set of motor re-
sponses for both tasks, performance tends to be better in trials,
in which the same response is called for by both tasks (i.e.,
congruent trials), than in trials, in which the tasks call for
different responses (i.e., incongruent trials). Consistent with
the notion of conflict-induced biasing of task readiness (i.e.,
amplification of the relevant task’s mental set and/or inhibi-
tion of the competitor task’s mental set in incongruent trials),
analyzing task performance as a function of the congruency
level of the preceding trial demonstrated a CSE when the task
repeated but not when the task alternated (Brown et al., 2007;
Kiesel et al., 2006; Schneider, 2015; Wendt et al., 2013), as
well as larger task switch costs after incongruent, compared to
congruent trials (Brown et al., 2007; Goschke, 2000; Kiesel
et al., 2006; Schneider, 2015; Wendt et al., 2013).

In light of these previously observed effects in task-switching
studies and our considerations concerning the conflict-induced
adjustment of target and distractor categories, it seems useful to
analyze the CSE as a function of repetition versus alternation of
the sequence of stimulus categories (i.e., digit first/letter second
or letter first/digit second) or, if conceived of as distinct (digit
and letter identification) tasks, of task repetition versus alterna-
tion. Whereas adjustment concerning the processing of stimuli
presented at particular points in time within a trial (temporal
attentional adjustment; i.e., amplification of processing the sec-
ond [target] stimulus and/or inhibition of processing of the first
[distractor] stimulus after conflict) should be effective for both
repetition and alternation trials, thus eliciting a CSE in both
cases, adjustment concerning the processing of category-
specific stimuli (i.e., digits, letters) or task-sets (digit identifica-
tion, letter identification) should not. More precisely, inhibition
of the distractor category or amplification of the target category
should only reduce the distractor's influence on performance
(thus producing a CSE) if the assignment of stimulus categories
to the target and the distractor is maintained in the subsequent
trial. By contrast, switching this assignment would require
responding to a stimulus of the previously inhibited category
and/or suffering interference from a stimulus or the previously
amplified category. Thus, we would expect a CSE in repetition
trials and performance decrement in alternation trials after an
incongruent compared to after a congruent stimulus.

In summary, despite almost three decades of research on
the CSE in flanker tasks, unequivocal evidence for increased

1 In fact, asking participants to alternate between executing a digit identifica-
tion task and a letter identification task while presenting digit-letter pairs is a
frequently used procedure in task switching experiments (e.g., Brown et al.,
2007; Rogers & Monsell, 1995).
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attentional focusing on target-related information, evoked by
response conflict, is still lacking. In Experiments 1 and 2 of
the current study, we controlled for previously identified con-
founds with stimulus and response feature sequences,
distractor-response contingencies, and perceptual target-
distractor similarity, preventing a strategy of conflict-
induced reversal of distractor-response priming, by use of a
temporal flanker task protocol including eight stimuli (four
digits and four letters), mapped onto four responses.

Experiment 1

Method

Participants Sixteen healthy students (seven females and nine
males) ranging in age from 22 to 46 years of the University of
Hamburg gave informed consent to participate in a single-
session study in exchange for partial fulfillment of course
requirements.

Stimuli The stimulus material for the temporal flanker task was
the letter-digit pairs. Each of the letters A, B, C, and D, and the
digits 1, 2, 3, and 4, could occur as a target or distractor stimulus.
The characters measures were horizontally 8 mm × 13 mm ver-
tically., All stimuli were presented in the center of the screen, in
white color on a grey background in the center of a white frame
(41 mm × 43 mm). The frame was presented continuously.

Procedure Participants viewed the screen (refresh rate of 60
Hz) from a distance of about 70 cm. The temporal flanker task
trials consisted of a blank screen for 1000 ms, followed by a
distractor for 250ms, then a blank screen for 100 ms, followed
by the target for 250 ms, and a blank screen until response.
Following an incorrect response, a message “falsch” (German
for incorrect) was presented for 800 ms right below the stim-
ulus frame. The target-distractor pair of the trial with the
wrong response was repeated but was not recorded as a trial.
For every trial, distractor and target were chosen randomly
with the constrain that distractor and target were a digit and
a letter or vice versa. Responses were collected using a
purpose-built keyboard (response-time resolution < 1 ms).
The letters were mapped onto the response keys in alphabet-
ical order from left to right, and the digits were mapped onto
the response keys in numerical order from left to right.
Participants pressed the four lateral keys with the middle and
index fingers of their left and right hands and were instructed
to rest their fingers on the keys between trials. Blocks of 99
trials were presented, starting with a practice block followed
by overall 24 experimental blocks with 99 trials per block.
After the first 13 blocks, the participants took a break for about
15 min. For a schematic diagram of a temporal flanker task
trial, see Fig. 1.

Data analysis We excluded data from trials associated with
reaction times (RTs) below 200 ms or above 2500 ms in the
following analyses. Only data from trials involving a correct
response were subjected to the RT analyses. Finally, the anal-
yses were confined to data from trials devoid of feature repe-
titions and repetitions of the assigned response. On average,
we excluded 51% of trials per subject for the RT analyses of
Experiment 1. We also excluded data from the first three trials
per block, from the practice block, and from trials following
an error. Thereof one congruent trial was excluded due to the
RT restriction criteria. (for the results, including feature repe-
titions and repetitions of the assigned response, see Appendix
A). We filtered the data with the tidyr (Wickham & Henry,
2019) and dplyr (Wickham et al., 2020) package, and ana-
lyzed it with the ez package (Lawrence & Lawrence, 2016)
implemented in R (R Core Team, 2019).

Analyses of Variance (ANOVAs) with repeated measures
on the factors Congruency Level of Current Trial (congruent
vs. incongruent), Congruency Level of Preceding Trial
(congruentn-1 vs. incongruentn-1), and Sequence of Target/
Distractor Category (repetition vs. alternation) were conduct-
ed on the RTs and error proportions. Note that we report the
results of one-tailed significance tests due to our directional
hypotheses.

Results

RT The ANOVA overall revealed a significant main effect of
Congruency Level of Current Trial (F(1, 15) = 16.36, p < .001,
ηp

2 = .52), reflecting larger RTs in incongruent than in congru-
ent trials. The analysis also revealed that both main effects
reached significance (Congruency Level of Preceding Trial
(F(1, 15) = 5.74, p = .015, ηp

2 = .28), reflecting larger RTs after
incongruent than after congruent trials; Sequence of Target/
Distractor Category (F(1, 15) = 7.85, p = .0067, ηp

2 = .34,
indicating larger RTs when the target and distractor category
alternated from the preceding trials than when they repeated. Of
most importance, the analysis revealed a significant CSE (F(1,
15) = 3.37, p = .043, ηp

2 = .18) which was not modulated by
Sequence of Target/Distractor Category (F(1, 15) = 0.08, p =
.39, ηp

2 = .0051) (see Fig. 2). The analysis of the trials only
involving target/distractor category repetitions did not reveal a
significant CSE (F(1, 15) = 2.87, p = .055, ηp

2 = .16).

Error proportion The ANOVA revealed no significant effects
(all Fs <1; see Fig. 2).

Discussion

The results of Experiment 1 extended previous findings of a
CSE in a temporal flanker task (Hazeltine et al., 2011; Tomat
et al., 2020) by deconfounding congruency and target-distractor
identity. As a consequence of using an 8:4 mapping, selecting a
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a b

Fig. 1 Schematic diagram of two (congruent) consecutive temporal
flanker task trials involving the successive presentation of a distractor
letter and a target digit with a repetition of the stimulus category

assignment of target and distractor (A) and an alternation of the stimulus
category assignment of target and distractor (B) of Experiment 1

a b

Fig. 2 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal flanker task trials in Experiment 1. Data are shown as a function
of Congruency Level of Current Trial (congruent vs. incongruent),

Congruency Level of Preceding Trial (congruentn-1 vs. incongruentn-1),
and Sequence of Target/Distractor Category (alternation vs. repetition)

2536 Atten Percept Psychophys (2021) 83:2531–2550



target and distractor stimulus randomly (from different catego-
ries) on each trial, and excluding all data from trials associated
with a feature repetition from the analyses, the CSE observed in
Experiment 1 can neither be attributed to biased stimulus feature
sequences, biased distractor-related contingency sequences, or
reversed distractor-response priming after conflict, nor can it be
accounted for in terms of stimulus-conflict-evoked attentional
adjustment. Notably, the CSE was entirely driven by RT differ-
ences in congruent trials, whereas RTs in incongruent trials did
seem affected by the preceding trial's congruency level (see Fig.
2). This pattern of the CSE – referred to as post-conflict slowing
(Verguts et al., 2011) – is not unusual (e.g., Gratton et al., 1992;
Lamers & Roelofs, 2011; Ullsperger et al., 2005; Wendt,
Kluwe, & Peters, 2006; see also Tomat et al., 2020) and has
been suggested to reflect an additional adjustmentmechanism of
increased response caution after experiencing conflict.

Although the experiment yielded a general cost of switching
target and distractor categories, resembling the task switch cost
usually observed in task-switching studies, the CSE was not
affected by the sequence of the assignment of digit and letter
stimuli to the target and the distractor stimulus. As laid out above,
this result pattern deviates from previous findings in task-
switching studies, in which the CSE was confined to task repe-
tition trials (Brown et al., 2007; Kiesel et al., 2006; Schneider,
2015; Wendt et al., 2013) and suggests an adjustment of tempo-
ral attention (i.e., the strength of processing stimuli presented at
first vs. second temporal position of stimulus onset in a trial)
rather than control operations targeted at task-specific represen-
tations, such as digit/letter stimuli categories, as the underlying
mechanism of the CSE. Corroborating this view, there was no
increase in switch costs after incongruent trials as found in pre-
vious task-switching studies, commonly attributed to conflict
evoked priming of task-set (Brown et al., 2007; Goschke,
2000; Kiesel et al., 2006; Schneider, 2015; Wendt et al., 2013).

Due to the small sample size in Experiment 1, the test power
was low. A post hoc power analysis using R (R Core Team,
2019) with the package pwr (Champely et al., 2015) for one-
sample one-tailed t-tests revealed with n = 16, a medium effect
size (d = .43) and an alpha = .05, a power of .50. Given the
comparably small sample size of Experiment 1, we decided to
replicate the experiment with increased statistical power2.

Experiment 2

Method

Participants An a priori power analysis was conducted using
R (R Core Team, 2019) with the package pwr (Champely

et al., 2015) to test the difference between (the Congruency
Effect after congruent and the Congruency Effect after incon-
gruent trials) two dependent group means, using a two-tailed
t-test, a medium effect size (d = .5), and an alpha of .05. The
result showed that a total sample of 32 participants was re-
quired to achieve a power of approximately .80. Therefore,
according to a priori power analysis results, 32 healthy stu-
dents (17 female and 15 male) ranging in age from 19 to 30
years of the Helmut-Schmidt-University/University of the
Federal Armed Forces Hamburg gave informed consent to
participate in a single-session study in exchange for partial
fulfillment of course requirements.

Stimuli Stimulus material was the same as in Experiment 1.

Procedure The procedure was equal to Experiment 1 with a
few deviants. In Experiment 2, there was no break of 15 min
after the first half of the experimental session. Experiment 2
involved 18 experimental blocks that consisted of 96 trials
each, and there was no white frame presented surrounding
the stimuli.

Data analysis Data analysis was equal to Experiment 1. On
average, we excluded 35% of trials per subject for the RT
analyses of Experiment 2. Thereof 57 trials were excluded
due to the RT restriction criteria (27 congruent and 30 incon-
gruent trials). For the results, including all feature repetitions,
see Appendix B. Note that, in the course of consistency, as in
Experiment 1, we report the results of one-tailed significance
tests due to our directional hypotheses.

Results

RT The ANOVA overall revealed a significant main effect of
Congruency Level of Current Trial (F(1, 31) = 7.27, p = .006,
ηp

2 = .19), reflecting larger RTs in incongruent than in congru-
ent trials. The analysis also revealed a significant main effect of
Congruency Level of Preceding Trial (F(1, 31) = 4.21, p =
.025, ηp

2 = .12), reflecting larger RTs after incongruent than
after congruent trials and it also revealed a significant main
effect of Sequence of Target/Distractor Category (F(1, 31) =
35.02, p < .001, ηp

2 = .53), indicating larger RTs when the
target and distractor category switched from the preceding tri-
als. Of most importance, the analysis revealed a significant
overall CSE (F(1, 31) = 20.03, p < .001, ηp

2 = .39). This inter-
action, however, was modulated by Sequence of Target/
Distractor Category (F(1, 31) = 4.49, p = .021, ηp

2 = .13) (see
Fig. 3). To clarify this three-way interaction, we conducted
additional ANOVAs separately for trials only involving
target/distractor category repetitions (which revealed a signifi-
cant CSE (F(1, 31) = 25.85, p < .001, ηp

2 = .45), and for trials
only involving target/distractor category alternations did not
reveal a significant CSE (F(1, 31) = 2.68, p = .055, ηp

2 = .079).
2 We thank an anonymous reviewer for encouraging us to run a replication
experiment.
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Error proportion The ANOVA revealed no significant effects
(all Fs <1; illustrated in Fig. 3).

Discussion

The results of Experiment 2 corroborated the most important
result of Experiment 1, namely the occurrence of a CSE not-
withstanding the deconfounding of congruency and perceptu-
al target-distractor identity. Despite the use of a similar proce-
dure, however, an interesting discrepancy with the results of
Experiment 1 could be observed. Specifically, the CSE was
larger in target/distractor category repetition trials than in
target/distractor category alternation trials (in which it failed
to reach statistical significance). Although it is conceivable
that this three-way interaction went undetected in
Experiment 1 because of the lower statistical power, it must
also be considered that different strategies of adjustment (i.e.,
attentional weights assigned to the time of target and distractor
occurrence vs. to task-specific representations, such as digit/
letter stimulus categories) may take place, depending on not
yet understood contextual factors or individual preferences.
We will come back to this issue in the Discussion of
Experiment 3.

Although our Experiments 1 and 2 added new evidence for
trial-by-trial attentional adjustment to response conflict, which
has so far only been found for the Stroop task (Blais et al.,

2014), a more general problem pertaining to the dismissal of
non-attentional accounts of the CSE deserves discussion. This
problem lies in the fact that controlling for any set of con-
founds conceivable to facilitate the processing of congruency
level repetitions compared to congruency level alternations for
reasons other than attentional adjustment might not be suffi-
cient to rule out facilitated processing brought about by the
repetition of yet another – not yet identified – abstract feature
associated with congruent versus incongruent trials. To illus-
trate this point, we would like to consider two specific possi-
bilities. First, it is conceivable that the CSE is brought about
by enhanced efficiency of conflict resolution after an incon-
gruent trial, rather than by reduced conflict accrual as a result
of adjustment of attentional weights. The responsemodulation
account (Ridderinkhof, 2002), mentioned in the Introduction,
can be considered an instance of this idea. Contrasting with
the reversal of response priming idea, accounts of conflict-
induced strengthening of conflict resolution would predict a
CSE not only in two-choice tasks.

Second, another powerful account regarding the CSE, not
discussed in this article so far, has been referred to as temporal
learning (Schmidt, 2013). According to the temporal learning
account, the cognitive system learns not only how but also
when to respond to a given stimulus. Therefore, performance
is facilitated if the preceding trial's response timing matches
the current trial's response timing. Given that responding is

Fig. 3 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal flanker task trials of Experiment 2. Data are shown as a function
of Congruency Level of Current Trial (congruent vs. incongruent),

Congruency Level of Preceding Trial (congruentn-1 vs. incongruentn-1),
and Sequence of Target/Distractor Category (alternation vs. repetition)
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generally faster in congruent relative to incongruent trials, the
CSE might reflect facilitated processing brought about by a
closer match of the current trial’s response timing characteris-
tics with expectations based on the previous trial's experience
the congruency level repeats.3

Given the fact that neither conflict-induced strengthening
of conflict resolution nor temporal learning – nor facilitated
processing brought about by the repetition of a hitherto un-
identified feature which co-varies with the congruency level –
can be ruled out through the control measures applied so far,
extending the methodological repertoire to assess attentional
adjustment beyond CSE examination procedures might con-
stitute a significant improvement. Noteworthy, in this connec-
tion, some previous studies involved attempts tomanipulate or
assess the strength of conflict in a more fine-grained manner.
For instance, Forster et al. (2011) varied the number of flanker
stimuli that were associated with an incorrect response (and,
inversely, the number which was identical with the target) and
examined the congruency effect as a function of the, such
defined, three different levels of incongruency of the prede-
cessor trial. Similarly, Hubbard et al. (2017), using a conflict
task in which a distractor appeared at uncertain locations,
assessed the congruency effect in trials following incongruent
trials associated with overt fixation of the distractor (assumed
to yield larger conflict) versus without such fixation.

Whereas these latter methods extend standard CSE meth-
odology by subdividing incongruent trials used to elicit con-
flict, there have also been attempts of applying other measures
of attentional adjustment than the CSE by administering trials
of a probe task, requiring the processing of stimulus informa-
tion which elicited conflict in the preceding trial. Specifically,
Wendt et al. (Wendt et al., 2012, cf. Verguts et al., 2011)
investigated attentional adjustment in a spatial flanker task
(i.e., a target presented at a central location flanked by two
instances of a distractor stimulus, one on each side). Trials
could be congruent or incongruent, and the ratio of congruent
to incongruent trials was manipulated between different parts
of the experimental session. To probe the allocation of visual
attention to the locations of the target and the distractors in
conditions associated with high and low congruent/
incongruent ratios, as well as following a congruent and fol-
lowing an incongruent predecessor trial, trials of a visual
search task occurred with the equal likelihood in the to be
compared conditions. In a search task trial, three different

digits were presented at the same locations as the letters of
the flanker task. Participants had to search for a target digit,
randomly presented at any of the three locations. Consistent
with the notion that frequent conflict, evoked by the flanker
stimuli, results in increased narrowing of the focus of visual
attention to the central stimulus location, search times
displayed a more pronounced center-to-periphery gradient un-
der conditions of a lower congruent/incongruent ratio. By
contrast, however, the search time pattern did not differ sig-
nificantly after congruent and incongruent predecessor trials.

Tomat et al. (2020) modified the search task to investigate
attentional adjustment in the temporal flanker task. In this
“temporal search task,” two stimuli were presented in close
succession (associated with the same timing characteristics as
the stimulus presentation in temporal flanker task trials). One
of these stimuli presented randomly at the first or the second
temporal position acted as the target while the other stimulus
did not afford any response (i.e., neutral distractor).
Contrasting with the results of the search task obtained in
the context of the spatial flanker task employed by Wendt
et al. (2012), responding to targets presented at the first versus
at the second temporal position was neither significantly af-
fected by the congruency level of the directly preceding flank-
er task trial nor by the congruent/incongruent ratio in the tem-
poral flanker task. Despite these null findings, we deem fur-
ther investigations with this methodological approach neces-
sary given the principal problems inherent in inferring atten-
tional adjustments from observing a CSE. Experiment 2 was
conducted for this purpose.

Experiment 3

Experiment 3 involved a combination of trials of a temporal
flanker task and trials of a “temporal search task,” replicating
the experiment reported in Tomat et al. (2020) with two mod-
ifications. First, to alleviate the confound of congruency and
perceptual target-distractor similarity, we mapped the same
eight stimuli onto the same four responses as in Experiments
1 and 2 of the current study. Second, rather than choosing
target and distractor stimuli randomly in each trial, we applied
the above-mentioned split-task method, creating two subsets
of stimuli with one stimulus set including the characters 1, A,
2, and B, and the other one including the characters 3, C, 4,
and D. The letters were mapped onto the response keys in
alphabetical order from left to right. The digits were mapped
onto the response keys in numerical order from left to right.
Consecutive flanker task trials always involved stimuli from
different subsets, precluding all stimulus and response repeti-
tions during task administration while allowing us to present a
50:50 ratio of congruent and incongruent trials.

For the temporal search task, the targets and distractors
were composed of Landoltrings in different colors, presented

3 It must even be considered that different types of repetition effects pertain to
first- and higher-order repetitions of the congruency level. Noteworthy in this
connection, Erb and Aschenbrenner (2019), using the split-task method, found
the CSE selectively in sequences in which the congruency level of trial N-1
matched the level of trial N-2. The authors accounted for this result pattern
assuming expectation of a repetition of the previous congruency level as well
as of repetition of the previous congruency level sequence (i.e., repetition vs.
alternation), acknowledging, however, that “N-2-to-N” feature sequences
might provide an alternative explanation.
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at respectively either of the two consecutive temporal posi-
tions. Targets and distractors were defined by specific con-
junctions of the position of the gap in the ring and stimulus
color. Each trial involved a target and a distractor, presented at
randomly chosen temporal positions. Attentional adjustment
to conflict in the temporal flanker task (i.e., increased [re-
duced] deployment of temporal attention to the time of
target [distractor] presentation) should evidence itself in
relatively improved performance for search task targets
presented at the second temporal position, compared to
search task targets presented at the first temporal position,
after incongruent compared to after congruent flanker task
trials. We thus predict an interaction of the search task
target's temporal position and the congruency level of a
directly preceding temporal flanker task trial.

Method

Participants The sample size was determined by a compa-
rable experiment (main differences to Experiments 1 and
2: four-choice task, confound with perceptual target flank-
er identity; see Tomat et al., 2020) for which the RT
analysis yielded a substantial PCE with 23 participants
(ηp

2 = .33). Twenty-four healthy students (15 females
and nine males) ranging in age from 21 to 29 years of
the Helmut-Schmidt-University/University of the Federal
Armed Forces Hamburg gave informed consent to partic-
ipate in a single-session study in exchange for partial ful-
fillment of course requirements.

Stimuli Stimulus material for the temporal flanker split-
task was again the letter-digit combinations A, 1; B, 2;
C, 3; and D, 4. All these stimuli were presented in the
screen center, in white color on a grey background. For
the temporal search task, Landoltrings of the colors red,
yellow, green, and blue were used and presented in the
center of the screen on a grey background. The gaps were
rotated to the 45°, 135°, 225°, and 315° positions to make
them correspond roughly with the positions of the keys on
the response keyboard.

Procedure The S-R mapping was identical to that in
Experiments 1 and 2. Each temporal flanker split-task trial
(temporal flanker task; Hazeltine et al., 2011) involved the
consecutive presentation of a distractor letter/digit and a target
letter/digit, each shown for 250 ms and separated by a 100 ms
blank screen. Participants were instructed to respond exclu-
sively to the stimulus on the second temporal position.
Consecutive trials always involved alternation of the stimulus
subsets described above. The temporal search task had an
occurrence probability of 50% following a temporal flanker
task trial and of 0% following a temporal search task trial,
resulting in an overall 33% probability of occurrence. On each

trial of the temporal search task, two rings were presented
consecutively with the same temporal presentation character-
istics as in the temporal flanker task. The temporal position of
the target was chosen randomly. Targets and distractors were
defined by the conjunction of the ring’s aperture position and
color. The conjunctions “top-left/red,” “top-right/blue,” “bot-
tom-left/yellow,” and “bottom-right/green” acted as targets,
requiring the response that corresponded spatially with the
location of the ring’s gap. The other twelve possible conjunc-
tions of the four colors and the four gap locations were used as
distractors. The target and the distractor were chosen random-
ly from the respective sets of stimuli on each temporal search
task trial. Participants were instructed to respond exclusively
to the target. Response device and stimulus-response assign-
ment for the temporal flanker task was identical to
Experiments 1 and 2. The targets Landoltring aperture and
color combinations were mapped onto the response keys in
the order upper-left: red, upper-right: blue, lower-left: yellow,
and lower-right: green. Participants pressed the four lateral
keys with the middle and index fingers of their left and right
hands and were instructed to rest their fingers on the keys
between trials. The trial structure was identical to
Experiments 1 and 2. The same structure held for the temporal
search task, except the target/distractor, could occur at the first
or the second temporal position. Blocks of 99 trials were pre-
sented, starting with a practice block for each task separately
and a practice block with both tasks mixed, followed by 12
experimental blocks with 99 trials per block. Figure 4 depicts
a schematic diagram of a temporal flanker task trial followed
by a temporal search task trial.

Data analysis The criteria for trial exclusion were identical to
Experiments 1 and 2. On average, we excluded 32% of trials
per subject for Experiment 2. Thereof no trial was excluded
due to the RT restriction criteria. Only data from trials in
which the correct response was given were subjected to the
RT analyses. We filtered the data with the tidyr (Wickham &
Henry, 2019) and dplyr (Wickham et al., 2020) package, and
analyzed it with the ez package (Lawrence & Lawrence, 2016)
implemented in R (RCore Team, 2019).We excluded the data
of one participant due to a lack of valid data in one condition
for all analyses.

For the temporal flanker task, the analyses were identical to
Experiments 1 and 2. These analyses were confined to trials
preceded by another temporal flanker task trial. Additional
ANOVAs were conducted on repetition and alternation of
Sequence of Target/Distractor Category trials mean RTs and
error proportions separately. In light of the fact mentioned in
Footnote 2, that Erb and Aschenbrenner (2019) observed a
CSE selectively in sequences in which the congruency level
of trial N-1 matched the level of trial N-2, we conducted ad-
ditional analyses including the factor Preceding Trial’s
Congruency Level Sequence (repetition vs. alternation).
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These analyses are reported in Appendix C. For the temporal
search task, ANOVAs with repeated measures on the factors
Congruency Level of Preceding Trial (congruentn-1 vs.
incongruentn-1) and Temporal Target Position (first vs. sec-
ond) were conducted on the RTs and error proportions.
Again, we report the results of one-tailed significance tests
due to our directional hypotheses.

Results

Temporal flanker task

RT The ANOVA overall revealed a significant main effect of
Congruency Level of Current Trial (F(1, 22) = 43.83, p <
.001, ηp

2 = .7), and a marginally significant main effect of
Sequence of Target/Distractor Category (F(1, 22) = 2.0, p =
.08, ηp

2 = .08). Furthermore, the results showed a significant
CSE (F(1, 22) = 14.18, p < .001, ηp

2 = .4) which was also
modulated by Sequence of Target/Distractor Category (F(1,
22) = 3.48, p = .037, ηp

2 = .1) (see Fig. 5). No other effects
reached significance. The analysis for the trials only involving
target/distractor category repetitions revealed a significant

main effect for Congruency Level of Current Trial (F(1, 22)
= 28.29, p < .001, ηp

2 = .6), reflecting larger RTs in incongru-
ent than in congruent trials. More importantly, it also revealed
a significant CSE (F(1, 22) = 16.27, p < .001, ηp

2 = .4 ). The
analysis for the trials only involving target/distractor category
alternations revealed a significant Congruency Effect (F(1,
22) = 41.14, p < .001, ηp

2 = .7), and a significant CSE (F(1,
22) = 3.98, p = .03, ηp

2 = .2).

Error proportion The ANOVA overall revealed a significant
main effect of Congruency Level of Current Trial (F(1, 22) =
18.88, p < .001, ηp

2 = .5) and a significant CSE (F(1, 22) =
3.01, p = .045, ηp

2 = .1). We also found a marginally significant
two-way interaction of Congruency Level of Current Trial and
Sequence of Target/Distractor Category (F(1, 22) = 2.26, p =
.07, ηp

2 = .1) (see Fig. 5). No other effects reached significance.
The analysis for the trials only involving target/distractor cate-
gory repetitions only revealed a significant main effect for
Congruency Level of Current Trial (F(1, 22) = 25.66, p <
.001, ηp

2 = .5). The analysis of the trials only involving
target/distractor category alternations revealed a significant
Congruency Effect (F(1, 22) = 9.08, p = .003, ηp

2 = .3).

Fig. 4 Schematic diagram of a trial sequence of a preceding (congruent) temporal flanker task trial succeeded by a temporal search task trial involving the
successive presentation of a distractor (a Landoltring) on first and a target (a Landoltring) on second temporal position of Experiment 3

2541Atten Percept Psychophys (2021) 83:2531–2550



Temporal search task

RT The ANOVA revealed a significant main effect of
Temporal Target Position (F(1, 22) = 7.68, p = .005,
ηp

2 = .3), reflecting larger RTs for responses to targets
presented on the first compared to the second temporal
position. There was a marginally significant interaction
of Temporal Target Position and Congruency Level of
Previous Trial (F(1, 22) = 2.1, p = .08, ηp

2 = .1), but
no significant main effect of Congruency Level of
Previous Trial (F(1, 22) = .002, p = .48, ηp

2 < .001)
(see Fig. 6).

Error proportion The ANOVA revealed a significant main
effect of Temporal Target Position (F(1, 22) = 21.31, p <
.001, ηp

2 = .5), reflecting that more errors were made to targets
presented on the first compared to the second temporal posi-
tion. Most importantly, error proportions of responses to tar-
gets presented on the first temporal position but not
concerning responses made to targets presented on the second
temporal position were increased after incongruent compared
to after congruent flanker task trials, yielding the predicted
significant two-way interaction of Temporal Target Position
and Congruency Level of Previous Trial (F(1, 22) = 8.28, p =
.004, ηp

2 = .3, see Fig. 5). The main effect of Congruency

Level of Previous Trial was only marginally significant (F(1,
22) = 2.62, p = .06, ηp

2 = .1).4

Discussion

Similar to the results of Experiment 2, the CSE was less pro-
nounced in target/distractor category alternation trials than in
target/distractor category repetition trials. The most important
novel aspect of Experiment 3, however, pertains to the occa-
sional occurrence of the temporal search task, in which the
target randomly occurred in the first or in the second temporal
position. Performance in the temporal search task was charac-
terized by the predicted interaction, that is, by relatively im-
proved responding to targets presented at the second temporal
position (relative to targets presented at the first temporal posi-
tion) after incongruent compared to after congruent predecessor
trials, albeit the effect was significant only in the error analysis.
A possible way to reconcile this evidence for adjustment of
temporal attention with the lack thereof in the temporal flanker

4 Additional analyses, including the factor “Preceding Sequence of Target/
Distractor Category (repetition vs. alternation)” of the preceding temporal
flanker task trial yielded no indication that the search task effect differed after
repetition trials compared to alternation trials (F(1, 22) = .25, p = .31, ηp

2 = .01;
F(1, 22) = .74, p = .20, ηp

2 = .04) for RTs and errors respectively. See
Appendix D for a detailed description of the results of these analyses.

a b

Fig. 5 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal flanker task trials in Experiment 3. Data are shown as a function
of Congruency Level of Current Trial (congruent vs. incongruent),

Congruency Level of Preceding Trial (congruentn-1 vs. incongruentn-1),
and Sequence of Target/Distractor Category (alternation vs. repetition)
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task (and in the search task results of Tomat et al., 2020) lies in
the assumption of context-dependency of the adjustment mech-
anism. Evidence for such context-dependency has been found
by varying a task-irrelevant context feature and observing the
CSE only in trials associated with a repetition of that feature
(Spapé & Hommel, 2008). Although an interpretation of the
CSE, in that case, is difficult as no confound-minimized proce-
dure was applied, assuming that the perception of specific con-
textual changes between consecutive trials substantially re-
duces the likelihood of attentional adjustment to occur,
intermixed trials of another task involving a distinct set of stim-
uli are liable to lack such adjustment.

General discussion

The current study aimed at controlling widespread confounds
in investigations of conflict-induced attentional adjustment. In
a series of three experiments, in which target and distractor
were drawn from different stimulus categories in each trial and
the trial-to-trial sequence of congruency levels was
deconfounded from the sequences of basic stimulus and re-
sponse features and distractor-related contingencies, we con-
sistently observed a CSE (less pronounced when target/
distractor category alternated relative to when it repeated),
ruling out explanations in terms of conflict at the level of
stimulus representations rather than responses as the cause
of the CSE. Moreover, intermixing trials of a temporal search
task yielded a significant interaction of the temporal position

of the search task target and the congruency level of a preced-
ing temporal flanker task trial, that is, a larger advantage of
response accuracy for targets presented at the second position,
compared to targets presented at the first position, after incon-
gruent than after congruent trials. To our knowledge, this is
the first piece of behavioral evidence for trial-to-trial conflict-
induced attentional adjustment beyond the observation of a
CSE. The fact that the latter effect was only marginally sig-
nificant in the RT analysis far from significance in the study of
Tomat et al. (2020), which involved a very similar procedure
to that in Experiment 3 of the current study, suggests that
deriving useful probe task measures for the assessment of
attentional deployment depends on meeting constraints not
well understood so far. Although the development of more
sensitive probe task techniques may be a tedious endeavor, it
seems a valuable if not required route to take not only for the
sake of corroborating our preliminary evidence extending
CSE measures but also concerning achieving a better under-
standing of the role of the sequence of contextual factors of the
task environment in conflict-induced attentional adjustment.

Regarding the temporal flanker task, it is noteworthy that
apart from a robust CSE in trials associated with a repetition
of the assignment of stimulus categories to the target and the
distractor, effects of relevance concerning the adjustment mech-
anism appeared remarkably variable. First, consistent with oc-
casional occurrence in previous studies investigating the CSE,
post-conflict slowing, that is, slower responding in trials follow-
ing an incongruent compared to a congruent predecessor trial,
was observed in Experiment 1 but not in Experiments 2 and 3.

a b

Fig. 6 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal search task trials with preceding temporal flanker task trials in
Experiment 2. Data are shown as a function of Temporal Target Position

(first vs. second) and Congruency Level of Preceding Trial (congruentn-1
vs. incongruentn-1)
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Reach tracking studies investigating cognitive control might
offer a potential explanation for the elusive occurrence of this
effect. Recent studies attempted to measure two processes un-
derlying cognitive control separately – a response threshold
adjustment process and a response selection process – by track-
ing motor response initiation times and reach curvatures (e.g.,
Erb et al., 2016). They found post-conflict slowing only in
response initiation times but not in reach curvatures (Erb
et al., 2016; Erb & Marcovitch, 2018). It is conceivable that
standard protocols relying on RTs of key-press responses tend
to mask the slowing of response initiation times.

Second, the CSE in trials associated with a switch of the
assignment of stimulus categories to the target and the
distractor seemed less pronounced, yielding significant
three-way interactions of congruency in the current and in
the previous trial and the sequence of the assignment in
Experiments 2 and 3. This pattern of findings is consistent
with either context-dependency of adjustment of temporal at-
tention (assuming that the order of presenting digit and letter
stimuli constitutes an effective context) or with (additional)

adjustment operations applied to the processing of individual
stimulus categories or category-specific S-R translation pro-
cesses. In this connection, the possibility of multiple adjust-
ment strategies, depending on the specific task demands or on
individual representations of the task environment, must be
considered. Future research of conflict-related attentional ad-
justment might proceed in identifying such strategies in more
detail. Although including target/distractor category sequence
in the analyses of the experiments reported in the current arti-
cle was but a by-product of the experimental set-up we used to
achieve an 8:4 stimulus-response mapping of stimuli to re-
sponses – resulting from an attempt to minimize memory load
by employing well-known stimulus categories involving for
items each in familiar left-to-right order – a more systematic
investigation of factors associated with different patterns of
the CSE in trials associated with repetition and alternation
might be a helpful tool in this process.

Appendix A

Results of Experiment 1 including all feature
repetitions

a b

Fig. 7 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal flanker task trials in Experiment 1 involving all feature repeti-
tions. Data are shown as a function of Congruency Level of Current Trial,

Congruency Level of Preceding Trial, and Sequence of Target/Distractor
Category (alternation, repetition)
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Appendix B

Results of Experiment 2 including all feature
repetitions

Table 1 ANOVA results (one-tailed) for the mean reaction times (RTs; and for the mean error proportions in parentheses) of Experiment 1 involving
all feature repetitions and repetitions of the assigned response

Predictor dfNum dfDen F p ηp
2

Congruency Level of Current Trial (C) 1 15 20.04
(0.07)

< .001
(.20)

.57
(.00)

Congruency Level of Preceding Trial (Cn-1) 1 15 8.86
(5.66)

< .001
(.025)

.37
(.27)

Sequence of Target/Distractor Category (S) 1 15 53.06
(2.73)

< .001
(.040)

.78
(.15)

C × Cn-1 1 15 4.45
(0.33)

.009
(.17)

.23
(.02)

C × S 1 15 3.71
(.013)

.015
(.25)

.20
(.00)

Cn-1 × S 1 15 1.95
(3.12)

.024
(.013)

.12
(.17)

C × Cn-1 × S 1 15 1.16
(0.02)

.065
(.23)

.07
(.01)

a b

Fig. 8 Mean reaction times (RTs) (A) and mean error proportions (B) of
temporal flanker task trials of Experiment 2 involving all feature repeti-
tions. Data are shown as a function of Congruency Level of Current Trial,

Congruency Level of Preceding Trial, and Sequence of Target/Distractor
Category (alternation, repetition)
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Appendix C

Figures and a table of the results of Experiment 3 only involv-
ing temporal flanker task trials with the added factor
Preceding Trial’s Congruency Level Repetition Type (repeti-
tion vs. alternation) for reaction times and error proportions

Table 2 ANOVA results (one-tailed) for the mean reaction times (RTs; and for the mean error proportions in parentheses) of Experiment 2 involving
all feature repetitions and repetitions of the assigned response

Predictor dfNum dfDen F p ηp
2

Congruency Level of Current Trial (C) 1 31 7.29
(0.99)

.055
(.017)

.19
(.031)

Congruency Level of Preceding Trial (Cn-1) 1 31 13.80
(1.15)

< .001
(.15)

.31
(.036)

Sequence of Target/Distractor Category (S) 1 31 47.69
(0.96)

< .001
(.17)

.61
(.030)

C × Cn-1 1 31 17.53
(0.27)

< .001
(.31)

.36
(.01)

C × S 1 31 3.4
(0.067)

.075
(.4)

.099
(.00)

Cn-1 × S 1 31 0.48
(0.34)

.50
(.56)

.015
(.01)

C × Cn-1 × S 1 31 6.65
(0.086)

.015
(.77)

.18
(.00)

Fig. 9 Mean reaction times (RTs) of temporal flanker task trials in
Experiment 3 only involving temporal flanker task trials. Data are shown
as a function of Congruency Level of Current Trial, Congruency Level of

Preceding Trial, Sequence of Target/Distractor Category (alternation, rep-
etition), and Preceding Trial’s Congruency Level Repetition Type (alter-
nation, repetition)
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Fig. 10 Mean error proportions of temporal flanker task trials in
Experiment 3 only involving temporal flanker task trials. Data are
shown as a function of Congruency Level of Current Trial, Congruency

Level of Preceding Trial, Sequence of Target/Distractor Category (alter-
nation, repetition), and Preceding Trial’s Congruency Level Repetition
Type (alternation, repetition)

Table 3 ANOVA results (one-tailed) for the mean reaction times (RTs; and for the mean error proportions in parentheses) of Experiment 3 only
involving temporal flanker task trials with the added factor Preceding Trial’s Congruency Level Repetition Type

Predictor dfNum dfDen F p η2p

Congruency Level of Current Trial (C) 1 22 41.73
(19.56)

< .001
(< .001)

.65
(.47)

Congruency Level of Preceding Trial (Cn-1) 1 22 .65
(2.24)

.21
(.07)

.02
(.09)

Sequence of Target/Distractor Category (S) 1 22 3.71
(.25)

.03
(.31)

.14
(.01)

Preceding Trial’s Congruency Level Repetition Type (P) 1 22 .25
(.00)

.31
(.49)

.01
(.00)

C × Cn-1 1 22 6.00
(1.78)

.011
(.10)

.21
(.08)

C × S 1 22 .41
(4.55)

.26
(.02)

.01
(.17)

Cn-1 × S 1 22 1.12
(4.10)

.15
(.03)

.05
(.16)

C × P 1 22 .95
(1.88)

.17
(.09)

.04
(.08)

Cn-1 × P 1 22 2.95
(.37)

.05
(.27)

.12
(.02)

S × P 1 22 .95
(.65)

.17
(.21)

.04
(.03)

C × Cn-1 × S 1 22 2.18
(1.00)

.07
(.16)

.09
(.04)

C × Cn-1 × P 1 22 .011
(1.64)

.46
(.11)

.00
(.07)

C × S × P 1 22 .36
(1.25)

.28
(.14)

.02
(.05)

Cn-1 × S × P 1 22 .048
(1.49)

.41
(.11)

.00
(.06)

C × Cn-1 × S × P 1 22 .21
(.54)

.32
(.24)

.01
(.02)
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Discussion of the above results
As neither the three-way interaction of Congruency Level

of Current Trial, Congruency Level of Preceding Trial, and
Preceding Trial’s Congruency Level Repetition Type, nor the
four-way interaction involving all factors reached statistical
significance, our results provide no further support for Erb
and Aschenbrenner’s (2019) conjecture that expectations are
formed concerning the repetition of the preceding sequence of

congruency levels. Although statistical power may have been
insufficient to detect such subtle effects, it is also conceivable
that procedural differences like the uncertainty regarding tar-
get and distractor categories (digit, letter) or the intermixed
trials of the search task interfered with such expectancy for-
mation in our experiment.

Appendix D

Figure and table of the results of Experiment 3 for the search
task trials with the added factor Preceding Sequence of Target/
Distractor Category (repetition, alternation) for reaction times
and error proportions

Table 4 ANOVA results (one-tailed) for the mean reaction times (RTs; and for the mean error proportions in parentheses) of Experiment 3 for search
task trials with the added factor Preceding Sequence of Target/Distractor Category

Predictor dfNum dfDen F p η2p

Temporal Target Position (T) 1 22 7.99 (18.34) .005 (< .001) .27 (.46)

Congruency Level of Preceding Trial (Cn-1) 1 22 .0001 (.55) .50 (.23) .00 (.02)

Preceding Sequence of Target/Distractor Category (Sn-1) 1 22 .51 (.03) .24 (.43) .02 (.00)

T × Cn-1 1 22 .90 (4.16) .18 (.03) .04 (.16)

T × Sn-1 1 22 1.04 (2.85) .16 (.05) .05 (.11)

Cn-1 × Sn-1 1 22 .83 (.59) .19 (.22) .04 (.03)

T × Cn-1 × Sn-1 1 22 .25 (.74) .31 (.20) .01 (.03)

a b

Fig. 11 Reaction times (RTs) (A) and mean error proportions (B) of search task trials in Experiment 3. Data are shown as a function of Temporal Target
Position, Congruency Level of Preceding Trial, and Preceding Sequence of Target/Distractor Category (alternation, repetition)

2548 Atten Percept Psychophys (2021) 83:2531–2550



Funding Open Access funding enabled and organized by Projekt DEAL.

Declarations

Ethical standards All procedures performed in studies involving human
participants were in accordance with the institutional and/or national re-
search committee's ethical standards and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Conflict of interest None of the authors have any conflicts of interest to
declare.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Akçay, Ç., & Hazeltine, E. (2011). Domain-specific conflict adaptation
without feature repetitions. Psychonomic Bulletin & Review, 18(3),
505–511. https://doi.org/10.3758/s13423-011-0084-y

Aschenbrenner, A. J., & Balota, D. A. (2017). Dynamic adjustments of
attentional control in healthy aging. Psychology and Aging, 32(1), 1.
https://doi.org/10.1037/pag0000148

Blais, C., Stefanidi, A., & Brewer, G. A. (2014). The Gratton effect
remains after controlling for contingencies and stimulus repetitions.
Frontiers in Psychology, 5, 1207. https://doi.org/10.3389/fpsyg.
2014.01207

Botvinick, M., Nystrom, L. E., Fissell, K., Carter, C. S., & Cohen, J. D.
(1999). Conflict monitoring versus selection-for-action in anterior
cingulate cortex. Nature, 402(6758), 179-181. https://doi.org/10.
1038/46035

Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J.
D. (2001). Conflict monitoring and cognitive control. Psychological
Review, 108(3), 624–652. https://doi.org/10.1037/0033-295X.108.
3.624

Botvinick, M. M., Cohen, J. D., & Carter, C. S. (2004). Conflict moni-
toring and anterior cingulate cortex: an update. Trends in Cognitive
Sciences, 8(12), 539-546. https://doi.org/10.1016/j.tics.2004.10.003

Braem, S., Bugg, J. M., Schmidt, J. R., Crump, M. J., Weissman, D. H.,
Notebaert, W., & Egner, T. (2019). Measuring adaptive control in
conflict tasks. Trends in Cognitive Sciences. https://doi.org/10.1016/
j.tics.2019.07.002

Brown, J. W., Reynolds, J. R., & Braver, T. S. (2007). A computational
model of fractionated conflict-control mechanisms in task-
switching. Cognitive Psychology, 55(1), 37-85. https://doi.org/10.
1016/j.cogpsych.2006.09.005

Bugg, J.M., (2008). Opposing influences on conflict-driven adaptation in
the Eriksen flanker task. Memory & Cognition 36(7), 1217-1227.
https://doi.org/10.3758/MC.36.7.1217

Champely, S., Ekstrom, C., Dalgaard, P., & Gill, J. (2015). pwr: Basic
functions for power analysis. R package version, 1(1), 665.

Erb, C. D., & Aschenbrenner, A. J. (2019). Multiple expectancies under-
lie the congruency sequence effect in confound-minimized tasks.
Acta Psychologica, 198, 102869-102869. https://doi.org/10.1016/j.
actpsy.2019.102869

Erb, C. D., Moher, J., Sobel, D. M., & Song, J. H. (2016). Reach tracking
reveals dissociable processes underlying cognitive control.
Cognition, 152, 114-126. https://doi.org/10.1016/j.cognition.2016.
03.015

Eriksen, C.W. (1995). The flankers task and response competition: A
useful tool for investigating a variety of cognitive problems. Visual
Cogni t ion 2 (2-3) , 101-118. ht tps : / /doi .org/10 .1080/
13506289508401726

Eriksen, B. A., and Eriksen, C. W. (1974). Effects of noise letters upon
the identification of a target letter in a nonsearch task. Perception &
Psychophysics 16, 143–149. https://doi.org/10.3758/BF03203267

Gillich, I.M., Jacobsen, T., Tomat, M., &Wendt,M. (2019). Independent
control processes? Evidence for concurrent distractor inhibition and
attentional usage of distractor information. Acta Psychologica, 198,
102879. https://doi.org/10.1016/j.actpsy.2019.102879

Goschke, T. (2000). Intentional Reconfiguration and Involuntary
Persistence in Task Set Switching. Control of cognitive processes:
Attention and Performance XVIII, 18, 331. https://doi.org/10.7551/
mitpress/1481.003.0023

Gratton, G., Coles, M. G. H., & Donchin, E. (1992). Optimizing the use
of information: Strategic control of activation of responses. Journal
of Experimental Psychology: General, 121(4), 480–506. https://doi.
org/10.1037/0096-3445.121.4.480

Hazeltine, E., Lightman, E., Schwarb, H., & Schumacher, E. H. (2011).
The boundaries of sequential modulations: evidence for set-level
control. Journal of Experimental Psychology. Human Perception
and Performance, 37(6), 1898–1914. https://doi.org/10.1037/
a0024662

Hommel, B., Proctor, R.W., & Vu, K.-P. L. (2004). A feature-integration
account of sequential effects in the Simon task. Psychological
Research, 68(1), 1–17. https://doi.org/10.1007/s00426-003-0132-y

Hubbard, J., Kuhns, D., Schäfer, T. A. J., Mayr, U. (2017). Is conflict
adaptation due to active regulation or passive carry-over? Evidence
from eye movements. Journal of Experimental Psychology:
Learning, Memory, and Cognition 43(3), 385-393. https://doi.org/
10.1037/xlm0000306

Kiesel, A., Kunde,W., & Hoffmann, J. (2006). Evidence for task-specific
resolution of response conflict. Psychonomic Bulletin & Review,
13(5), 800–806. https://doi.org/10.3758/BF03194000

Kiesel, A., Steinhauser, M.,Wendt, M., Falkenstein,M., Jost, K., Philipp,
A. M., & Koch, I. (2010). Control and interference in task
switching—A review. Psychological Bulletin, 136(5), 849. https://
doi.org/10.1037/a0019842

Kim, S., & Cho, Y. S. (2014). Congruency sequence effect without fea-
ture integration and contingency learning. Acta Psychologica, 149,
60–68. https://doi.org/10.1016/j.actpsy.2014.03.004

Kunde, W., & Wühr, P. (2006). Sequential modulations of correspon-
dence effects across spatial dimensions and tasks. Memory &
Cognition, 34(2), 356–367. https://doi.org/10.3758/BF03193413

Lamers, M. J., & Roelofs, A. (2011). Attentional control adjustments in
Eriksen and Stroop task performance can be independent of re-
sponse conflict. The Quarterly Journal of Experimental
Psychology, 64(6), 1056-1081. https://doi.org/10.1080/17470218.
2010.523792

Lawrence, M. A., & Lawrence, M. M. A. (2016). Package ‘ez’. R pack-
age version, 4-4. https://doi.org/10.1037/h0076103

Monsell, S., Sumner, P., & Waters, H. (2003). Task-set reconfiguration
with predictable and unpredictable task switches. Memory &
Cognition, 31(3), 327-342. https://doi.org/10.3758/BF03194391

2549Atten Percept Psychophys (2021) 83:2531–2550

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3758/s13423-011-0084-y
https://doi.org/10.1037/pag0000148
https://doi.org/10.3389/fpsyg.2014.01207
https://doi.org/10.3389/fpsyg.2014.01207
https://doi.org/10.1038/46035
https://doi.org/10.1038/46035
https://doi.org/10.1037/0033-295X.108.3.624
https://doi.org/10.1037/0033-295X.108.3.624
https://doi.org/10.1016/j.tics.2004.10.003
https://doi.org/10.1016/j.tics.2019.07.002
https://doi.org/10.1016/j.tics.2019.07.002
https://doi.org/10.1016/j.cogpsych.2006.09.005
https://doi.org/10.1016/j.cogpsych.2006.09.005
https://doi.org/10.3758/MC.36.7.1217
https://doi.org/10.1016/j.actpsy.2019.102869
https://doi.org/10.1016/j.actpsy.2019.102869
https://doi.org/10.1016/j.cognition.2016.03.015
https://doi.org/10.1016/j.cognition.2016.03.015
https://doi.org/10.1080/13506289508401726
https://doi.org/10.1080/13506289508401726
https://doi.org/10.3758/BF03203267
https://doi.org/10.1016/j.actpsy.2019.102879
https://doi.org/10.7551/mitpress/1481.003.0023
https://doi.org/10.7551/mitpress/1481.003.0023
https://doi.org/10.1037/0096-3445.121.4.480
https://doi.org/10.1037/0096-3445.121.4.480
https://doi.org/10.1037/a0024662
https://doi.org/10.1037/a0024662
https://doi.org/10.1007/s00426-003-0132-y
https://doi.org/10.1037/xlm0000306
https://doi.org/10.1037/xlm0000306
https://doi.org/10.3758/BF03194000
https://doi.org/10.1037/a0019842
https://doi.org/10.1037/a0019842
https://doi.org/10.1016/j.actpsy.2014.03.004
https://doi.org/10.3758/BF03193413
https://doi.org/10.1080/17470218.2010.523792
https://doi.org/10.1080/17470218.2010.523792
https://doi.org/10.1037/h0076103
https://doi.org/10.3758/BF03194391


Mordkoff, J. T. (2012). Observation: Three reasons to avoid having half
of the trials be congruent in a four-alternative forced-choice exper-
iment on sequential modulation. Psychonomic Bulletin & Review,
19(4), 750-757. https://doi.org/10.3758/s13423-012-0257-3

Purmann, S., Badde, S., & Wendt, M. (2009). Adjustments to recent and
frequent conflict reflect two distinguishable mechanisms.
Psychonomic Bulletin & Review, 16(2), 350–355. https://doi.org/
10.3758/PBR.16.2.350

R Core Team (2019). R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, Austria.
https://www.R-project.org.

Ridderinkhof, R. K. (2002). Micro-and macro-adjustments of task set:
activation and suppression in conflict tasks. Psychological
Research, 66(4), 312-323. https://doi.org/10.1007/s00426-002-
0104-7

Rogers, R. D., & Monsell, S. (1995). Costs of a predictible switch be-
tween simple cognitive tasks. Journal of Experimental Psychology:
General, 124(2), 207. https://doi.org/10.1037/0096-3445.124.2.207

Scherbaum, S., Dshemuchadse, M., Fischer, R., & Goschke, T. (2010).
How decisions evolve: The temporal dynamics of action selection.
Cognition, 115(3), 407-416. https://doi.org/10.1016/j.cognition.
2010.02.004

Scherbaum, S., & Dshemuchadse, M. (2019). Psychometrics of the con-
tinuous mind: Measuring cognitive sub-processes via mouse track-
ing. Memory & Cognition, 1-19. https://doi.org/10.3758/s13421-
019-00981-x

Schmidt, J. R. (2013). Questioning conflict adaptation: Proportion con-
gruent and Gratton effects reconsidered. Psychonomic Bulletin &
Review, 20(4), 615–630. https://doi.org/10.3758/s13423-012-0373-
0

Schmidt, J. R. (2014). Contingency and congruency switch in the con-
gruency sequence effect: a reply to Blais, Stefanidi, and Brewer
(2014). Frontiers in Psychology, 5, 1405. https://doi.org/10.3389/
fpsyg.2014.01207

Schmidt, J. R., Crump, M. J. C., Cheesman, J., & Besner, D. (2007).
Contingency learning without awareness: evidence for implicit con-
trol. Consciousness and Cognition, 16(2), 421–435. https://doi.org/
10.1016/j.concog.2006.06.010

Schmidt, J. R., & De Houwer, J. (2011). Now you see it, now you don’t:
controlling for contingencies and stimulus repetitions eliminates the
Gratton effect. Acta Psychologica, 138(1), 176–186. https://doi.org/
10.1016/j.actpsy.2011.06.002

Schmidt, J. R., & Weissman, D. H. (2014). Congruency sequence effects
without feature integration or contingency learning confounds. PloS
ONE, 9(7), e102337. https://doi.org/10.1371/journal.pone.0102337

Schneider, D. W. (2015). Attentional control of response selection in task
switching. Journal of Experimental Psychology: Human Perception
and Performance, 41(5), 1315. https://doi.org/10.1037/xhp0000091

Spapé,M.M., &Hommel, B. (2008). He said, she said: Episodic retrieval
induces conflict adaptation in an auditory Stroop task. Psychonomic
Bulletin & Review, 15(6), 1117-1121. https://doi.org/10.3758/PBR.
15.6.1117

Tomat, M., Wendt, M., Luna-Rodriguez, A., Sprengel, M., & Jacobsen,
T. (2020). Target–distractor congruency: sequential effects in a

temporal flanker task. Psychological Research, 84(2), 292-301.
https://doi.org/10.1007/s00426-018-1061-0

Ullsperger, M., Bylsma, L. M., & Botvinick, M. M. (2005). The conflict
adaptation effect: It’s not just priming. Cognitive, Affective, &
Behavioral Neuroscience, 5(4), 467-472. https://doi.org/10.3758/
cabn.5.4.467

Vandierendonck, A., Liefooghe, B., & Verbruggen, F. (2010). Task
switching: interplay of reconfiguration and interference control.
Psychological Bulletin, 136(4), 601. https://doi.org/10.1037/
a0019791

Verguts, T., Notebaert, W., Kunde, W., & Wühr, P. (2011). Post-conflict
slowing: Cognitive adaptation after conflict processing.
Psychonomic Bulletin & Review, 18, 76–82. https://doi.org/10.
3758/s13423-010-0016-2

Wickham, H. & Henry, L. (2019). tidyr: Tidy Messy Data. R package
version 1.0.0. https://CRAN.R-project.org/package=tidyr

Wickham, H., François, R., Henry, L., & Müller, K. (2020). dplyr: A
Grammar of Data Manipulation. R package version 1.0.0. https://
CRAN.R-project.org/package=dplyr

Weissman, D. H., Jiang, J., & Egner, T. (2014). Determinants of congru-
ency sequence effects without learning and memory confounds.
Journal of Experimental Psychology. Human Perception and
Performance, 40(5), 2022–2037. https://doi.org/10.1037/a0037454

Weissman, D. H., Egner, T., Hawks, Z., & Link, J. (2015). The congru-
ency sequence effect emerges when the distracter precedes the tar-
get. Acta Psychologica, 156, 8–21. https://doi.org/10.1016/j.actpsy.
2015.01.003

Wendt, M., Kluwe, R. H., & Peters, A. (2006). Sequential modulations of
interference evoked by processing task-irrelevant stimulus features.
Journal of Experimental Psychology: Human Perception and
Performance, 32(3), 644. https://doi.org/10.1037/0096-1523.32.3.
644

Wendt, M., Luna-Rodriguez, A., & Jacobsen, T. (2012). Conflict-
induced perceptual filtering. Journal of Experimental Psychology:
Human Perception and Performance, 38(3), 675. https://doi.org/10.
1037/a0025902

Wendt, M., Luna-Rodriguez, A., Kiesel, A., & Jacobsen, T. (2013).
Conflict adjustment devoid of perceptual selection. Acta
Psychologica, 144(1), 31-39. https://doi.org/10.1016/j.actpsy.2013.
04.019

Wendt, M., Garling, M., Luna-Rodriguez, A., & Jacobsen, T. (2014).
Exploring conflict-and target-related movement of visual attention.
Quarterly Journal of Experimental Psychology, 67(6), 1053-1073.
https://doi.org/10.1080/17470218.2013.840005

Wühr, P., & Kunde, W. (2008). Precueing spatial SR correspondence: Is
there regulation of expected response conflict?. Journal of
Experimental Psychology: Human Perception and Performance,
34(4), 872. https://doi.org/10.1037/0096-1523.34.4.872

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

2550 Atten Percept Psychophys (2021) 83:2531–2550

https://doi.org/10.3758/s13423-012-0257-3
https://doi.org/10.3758/PBR.16.2.350
https://doi.org/10.3758/PBR.16.2.350
https://www.R-project.org
https://doi.org/10.1007/s00426-002-0104-7
https://doi.org/10.1007/s00426-002-0104-7
https://doi.org/10.1037/0096-3445.124.2.207
https://doi.org/10.1016/j.cognition.2010.02.004
https://doi.org/10.1016/j.cognition.2010.02.004
https://doi.org/10.3758/s13421-019-00981-x
https://doi.org/10.3758/s13421-019-00981-x
https://doi.org/10.3758/s13423-012-0373-0
https://doi.org/10.3758/s13423-012-0373-0
https://doi.org/10.3389/fpsyg.2014.01207
https://doi.org/10.3389/fpsyg.2014.01207
https://doi.org/10.1016/j.concog.2006.06.010
https://doi.org/10.1016/j.concog.2006.06.010
https://doi.org/10.1016/j.actpsy.2011.06.002
https://doi.org/10.1016/j.actpsy.2011.06.002
https://doi.org/10.1371/journal.pone.0102337
https://doi.org/10.1037/xhp0000091
https://doi.org/10.3758/PBR.15.6.1117
https://doi.org/10.3758/PBR.15.6.1117
https://doi.org/10.1007/s00426-018-1061-0
https://doi.org/10.3758/cabn.5.4.467
https://doi.org/10.3758/cabn.5.4.467
https://doi.org/10.1037/a0019791
https://doi.org/10.1037/a0019791
https://doi.org/10.3758/s13423-010-0016-2
https://doi.org/10.3758/s13423-010-0016-2
https://cran.r-project.org/package=tidyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://doi.org/10.1037/a0037454
https://doi.org/10.1016/j.actpsy.2015.01.003
https://doi.org/10.1016/j.actpsy.2015.01.003
https://doi.org/10.1037/009632.3.644
https://doi.org/10.1037/009632.3.644
https://doi.org/10.1037/a0025902
https://doi.org/10.1037/a0025902
https://doi.org/10.1016/j.actpsy.2013.04.019
https://doi.org/10.1016/j.actpsy.2013.04.019
https://doi.org/10.1080/17470218.2013.840005
https://doi.org/10.1037/0096-1523.34.4.872

	Adjustments...
	Abstract
	Introduction
	Experiment 1
	Method
	Results
	Discussion

	Experiment 2
	Method
	Results
	Discussion

	Experiment 3
	Method
	Results
	Temporal flanker task
	Temporal search task

	Discussion

	General discussion
	Appendix A�
	Results of Experiment 1 including all feature repetitions

	Appendix B
	Results of Experiment 2 including all feature repetitions

	Appendix C
	Appendix D
	References


