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Abstract Encountering a cognitive conflict not only
slows current performance, but it can also affect subse-
quent performance, in particular when the conflict is
induced with bivalent stimuli (i.e., stimuli with relevant
features for two different tasks) or with incongruent trials
(i.e., stimuli with relevant features for two response alter-
natives). The post-conflict slowing following bivalent
stimuli, called “bivalency effect”, affects all subsequent
stimuli, irrespective of whether the subsequent stimuli
share relevant features with the conflict stimuli. To date, it
is unknown whether the conflict induced by incongruent
stimuli results in a similar post-conflict slowing. To
investigate this, we performed six experiments in which
participants switched between two tasks. In one task,
incongruent stimuli appeared occasionally; in the other
task, stimuli shared no feature with the incongruent trials.
The results showed an initial performance slowing that
affected all tasks after incongruent trials. On further trials,
however, the slowing only affected the task sharing fea-
tures with the conflict stimuli. Therefore, the post-conflict
slowing following incongruent stimuli is first general and
then becomes conflict-specific across trials. These findings
are discussed within current task switching and cognitive
control accounts.
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Introduction

Cognitive control is invoked when facing a conflict (Bot-
vinick, Braver, Barch, Carter, & Cohen, 2001; Egner,
2007). It allows us to activate task-relevant features while
inhibiting irrelevant features. In laboratory situations,
conflict is typically induced either by incongruent stimuli
or by bivalent stimuli. Incongruent stimuli are stimuli with
relevant features for two different responses, such as the
word “red” printed in blue. Bivalent stimuli are stimuli
with relevant features for two different tasks, such as red or
blue letters, when participants are asked to switch between
a red/blue decision and an uppercase/lowercase decision.
Responding to conflict stimuli not only slows performance
on these stimuli, but also on subsequent (non-conflict)
stimuli (Botvinick et al., 2001; Duthoo, Abrahamse,
Braem, Boehler, & Notebaert, 2014; Loft, Kearney, &
Remington, 2008; Verguts, Notebaert, Kunde, & Waiihr,
2011; Woodward, Meier, Tipper, & Graf, 2003). Interest-
ingly, the post-conflict slowing following bivalent stimuli
occurs irrespective of whether the subsequent trials share
relevant features with the conflict (see Meier & Rey-Mer-
met, 2012a, for an overview). Therefore, this post-conflict
slowing is not specific to the conflict. To date, the conflict-
specificity of the slowing following incongruent stimuli has
not yet been investigated. The purpose of the present study
was to fill this gap.

Post-conflict slowing following bivalent stimuli has
been termed the bivalency effect (Woodward et al., 2003;
see Meier & Rey-Mermet, 2012a, for a recent review). The
paradigm typically used to investigate the bivalency effect
involves three blocks with regular switches between three
tasks, such as a parity decision (odd vs. even), a colour
decision (red vs. blue), and a case decision (uppercase vs.
lowercase). In the first and third blocks, all stimuli are
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univalent (i.e., black numerals for the parity decision,
coloured symbols for the colour decision, and black letters
for the case decision). In the second block, some letters for
the case decisions are printed in red or blue colour, which
turn them into bivalent stimuli. The bivalency effect is the
performance slowing that occurs on all univalent trials
following bivalent stimuli, including those sharing no
features with bivalent stimuli (i.e., the parity-decision
trials).

Previous research has shown that the bivalency effect
occurs with different types of tasks, different types of
bivalent stimuli, across different modalities, as well as with
overlapping and non-overlapping response sets (Meier,
Woodward, Rey-Mermet, & Graf, 2009; Metzak, Meier,
Graf, & Woodward, 2013; Rey-Mermet & Meier, 2012,
2014). It is not affected by a manipulation of the interval
between task triplets (i.e., 1000, 2000, 3000, or 5000 ms),
and it is still significant after many subsequent univalent
trials, up to more than 20 s after the conflict (Meier, Rey-
Mermet, & Rothen, 2015; Meier et al., 2009; Rey-Mermet
& Meier, 2013). The bivalency effect is also associated
with activation in the dorsal anterior cingulate cortex, a
brain area recruited for the adjustment of cognitive control,
and with an ERP component reflecting interference in
cognitive control (Grundy et al., 2013; Rey-Mermet,
Koenig, & Meier, 2013; Woodward, Metzak, Meier, &
Holroyd, 2008). Furthermore, it draws on memory
resources because amnesic patients and older adults fail to
show the typical pattern of a long-lasting performance
slowing (Meier, Rey-Mermet, Woodward, Miiri, & Gut-
brod, 2013; Rey-Mermet & Meier, 2015).

To account for the bivalency effect, we have put forward
an episodic context binding account (Meier et al., 2013,
2009; Rey-Mermet & Meier, 2015). In line with the
adaptation-by-binding account in which the occurrence of a
conflict strengthens all memory representations (Verguts &
Notebaert, 2008, 2009), we have proposed that responding
to a bivalent stimulus results in a memory representation
that binds the conflict induced by the bivalent stimulus to
its proximate context (e.g., the particular task triplet in the
case of the paradigm used to investigate the bivalency
effect). Thus, when a bivalent stimulus occurs within a task
triplet, the whole context becomes conflict-loaded and thus
on subsequent trials, the retrieval of this representation
causes interference. As this memory representation
includes the whole task triplet, performance is generally
slowed for all subsequent univalent trials, irrespective of
whether these share relevant features with the bivalent
stimulus. Moreover, as the representation is updated each
time a task is performed on univalent stimuli, the conflict-
loaded memory representation may be attenuated gradually
across the series of conflict-free trials. This can explain the
reduction of the bivalency effect across univalent trials.

@ Springer

Post-conflict slowing has also been found in prospective
memory research (Einstein & McDaniel, 2010; Smith,
2003). Prospective memory refers to the ability to
remember to perform a particular task at some designated
point in the future (McDaniel & Einstein, 2000). In a
typical prospective memory experiment, participants are
instructed to execute a particular action when a target event
occurs in the course of an ongoing activity. Prospective
memory targets induce a conflict because they have rele-
vant features for both the ongoing task and the prospective
memory task. In prospective memory research, the focus is
on the performance cost when the prospective memory task
is introduced compared to when no prospective memory
task is introduced (Einstein & McDaniel, 2010; Smith,
2010, 2011). Interestingly, in addition to this monitoring
cost, a performance slowing was found after prospective
memory targets (Loft et al., 2008). To investigate more
specifically the trajectory of this post-conflict slowing, we
have included a prospective memory task in the typical
bivalency effect paradigm by asking participants to press a
different key (i.e., the key “h” instead of “b” or “n”’) when
encountering a bivalent stimulus (Meier & Rey-Mermet,
2012b). The results showed a performance slowing for the
first three trials that immediately followed these targets.
This slowing lasted up to 6 s, and it was interpreted as the
result of an orienting response. As prospective memory
targets occur infrequently, they capture attention. This
results in an orienting response, which slows performance
on subsequent trials (c.f., Notebaert et al., 2009; Notebaert
& Verguts, 2011; Nufiez Castellar, Kiihn, Fias, & Note-
baert, 2010). Ongoing task performance was also slowed
on subsequent trials but only for those trials, which shared
relevant features with the prospective memory targets.
Moreover, this slowing was sporadic because it affected
only some of these trials. Together, this indicates that the
post-conflict slowing following prospective memory tar-
gets becomes more sporadic and conflict-specific across
trials (see Meier & Rey-Mermet, 2012b).

In a different line of research, post-conflict slowing has
been investigated with incongruent stimuli. Incongruent
trials are presented predominantly within three tasks: the
Stroop task (MacLeod, 1991; Stroop, 1935), the Simon task
(Simon & Small, 1969) and the Flanker task (Eriksen &
Eriksen, 1974). In the Stroop task, participants are asked to
indicate the colour in which the colour word is displayed
while ignoring the meaning of the word (e.g., the word
“red” printed in blue, with “blue” as correct response).
Stimuli are incongruent when the meaning of the word
does not correspond to the print colour; in contrast, they are
congruent when the meaning of the word corresponds to
the print colour (e.g., the word “red” printed in red). In the
Simon task, participants are asked to classify stimuli pre-
sented on the left and right side of the screen by pressing
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left and right keys. Stimuli are incongruent when the
stimulus location is different from the response location
(e.g., a stimulus presented on the right side requiring a left
key press); in contrast, they are congruent when the stim-
ulus location is the same as the response location (e.g., a
stimulus presented on the left side, requiring a left key
press). In the Flanker task, participants encounter a row of
stimuli and they are asked to classify the central stimulus
while ignoring the flanking stimuli. Trials are incongruent
when the central stimulus is different from the flanking
stimulus (e.g., HSH); in contrast, they are congruent when
the central stimulus requires the same response as the
flanking stimuli (e.g., HHH).

In all three tasks, a congruency effect is observed
because participants are slower and more prone to errors on
incongruent trials than on congruent trials (Eriksen &
Eriksen, 1974; MacLeod, 1991; Simon & Small, 1969;
Stroop, 1935). Interestingly, this congruency effect is
reduced when incongruent trials are presented more fre-
quently than congruent trials, which results in a proportion
congruency effect (Gratton, Coles, & Donchin, 1992;
Hommel, 1994; Logan & Zbrodoff, 1979; Lowe & Mit-
terer, 1982). Moreover, the congruency effect is reduced
after incongruent trials compared to after congruent trials
(Duthoo, Abrahamse, Braem, Boehler, et al., 2014; Egner,
2007). More precisely, when trial N is incongruent (relative
to when it is congruent), performance on trial N + 1 is
faster if this trial is also incongruent; in contrast, perfor-
mance is slower if trial N + 1 is congruent. This congru-
ency sequence effect reflects a combination of two effects:
a performance acceleration observed on an incongruent
trial following an incongruent trial, and a performance
slowing observed on a congruent trial following an
incongruent trial.

In most studies (e.g., Akcay & Hazeltine, 2011; Egner,
Delano, & Hirsch, 2007; Funes, Lupianez, & Humphreys,
2010a; Kunde, Augst, & Kleinsorge, 2012; Kunde &
Stocker, 2002; Mayr, Awh, & Laurey, 2003; Schlaghecken,
Refaat, & Maylor, 2011; Spapé, Band, & Hommel, 2011;
Verbruggen, Liefooghe, Notebaert, & Vandierendonck,
2005; Wendt, Kluwe, & Peters, 2006), the congruency
sequence effect has been found to be conflict-specific (but
see Fernandez-Duque & Knight, 2008; Freitas, Bahar,
Yang, & Banai, 2007; Kan et al., 2013; Kleiman, Hassin, &
Trope, 2014, for some exceptions). When Stroop and
Simon tasks are for example combined, a congruency
sequence effect occurs within a conflict type (either Stroop
or Simon), but not across conflict types. This was inter-
preted as the result of conflict-specific cognitive control
processes (e.g., Egner, 2008; see Braem, Abrahamse,
Duthoo, & Notebaert, 2014, for a review of the literature).

Only a few studies have focussed on the post-conflict
slowing following incongruent trials (Chang, Chen, Li, &

Li, 2014; Verguts et al., 2011). In particular, Verguts et al.
(2011) showed a post-conflict slowing after incongruent
trials when the subsequent trials are neutral (i.e., involving
only one relevant response feature), but not when they are
congruent. This pattern was interpreted as the fact that
different processes counteract on another in congruent tri-
als. More precisely, the conflict induced by incongruent
trials leads to an increased focusing on the relevant features
for congruent trials. Thus, the task-focusing process masks
the post-conflict slowing, and congruent trials seem not
affected by the previously encountered conflict.

Together, these findings indicate that the post-conflict
slowing can be conflict-specific (such as with prospective
memory targets) or not (such as with bivalent stimuli).
Moreover, although the congruency sequence effect was
mainly found to be conflict-specific, it is still unknown
whether the post-conflict slowing following incongruent
stimuli is conflict-specific. The purpose of the present study
was to investigate the conflict-specificity of the slowing
following incongruent trials. To this end, we conducted six
experiments with a paradigm similar to the one that was
successfully used to investigate the conflict-specificity of
the post-conflict slowing triggered by bivalent stimuli and
prospective memory targets. That is, we explored the tra-
jectory of the performance slowing following incongruent
stimuli across two different tasks, namely a task whose
stimuli share features with the conflict and a task whose
stimuli share no features with the conflict.

More precisely, in Experiments la and 1b, participants
were asked to switch between a digit identification (i.e., a
task sharing no features with the conflict stimulus) and a
Stroop task (i.e., a task sharing features with the conflict
stimulus). For the digit identification, participants were
asked to identify the digit, while for the Stroop task they
were asked to indicate the ink colour of the colour words.
All participants performed three blocks. In the first and
third blocks, stimuli were univalent for the digit identifi-
cation (i.e., black numerals) and congruent for the Stroop
task (coloured words printed in their corresponding col-
ours). In the second block, some colour words appeared in
a non-corresponding colour (e.g., the word “red” printed in
blue), which turn them into incongruent stimuli. In the
subsequent experiments, we extended this paradigm by
replacing the Stroop task with the Simon task (Experiments
2a and 2b) and the Flanker task (Experiment 3a and 3b).

In addition, we manipulated the interval between
sequences of four trials so that the interval was 1000 ms in
the Experiments la, 2a and 3a and 2000 ms in the Exper-
iments 1b, 2b, and 3b. Previous research has revealed that
the post-conflict slowing following bivalent stimuli is the
same for both time intervals (see Meier et al., 2009; Rey-
Mermet & Meier, 2013). However, the congruency
sequence effect diminished across time (Duthoo,
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Abrahamse, Braem, & Notebaert, 2014; Egner, Ely, &
Grinband, 2010). Therefore, it remains an open question
whether or not the post-conflict slowing following incon-
gruent trials persists across time.

In each experiment, we thus manipulated three variables
within-subject (block, task, and trial sequence). The vari-
able block takes into account the three blocks (block 1,
block 2, block 3). The variable task takes into account the
task sharing no features with the conflict stimulus (i.e., the
digit identification) and the task sharing features with the
conflict stimulus (i.e., the colour decision for the Stroop
and Simon conflict types, and the letter decision for the
Flanker conflict). The variable trial sequence takes into
account the number of trials following an incongruent
stimulus (i.e., N+ 1, N+ 2, N+ 3, and N + 4, with
N referring to the trials containing an incongruent stimu-
lus). For the sake of parsimony, we present the analyses
across all experiments by adding conflict type (Stroop,
Simon, Flanker) and interval (1000, 2000 ms) as additional
(between-subjects) variables.

We hypothesized that if the post-conflict slowing fol-
lowing incongruent trials is not conflict-specific and thus
similar to the post-conflict slowing following bivalent
stimuli (Woodward et al., 2003; see Meier & Rey-Mermet,
2012a, for a review), performance after incongruent trials
would be slowed for both tasks. Thus, in this case, similar
to the bivalency effect, the post-conflict slowing following
incongruent trials would result from episodic context
binding (Meier et al., 2013, 2009; Rey-Mermet & Meier,
2015). Alternatively, if the post-conflict slowing following
incongruent stimuli is specific to the conflict (Braem et al.,
2014; Meier & Rey-Mermet, 2012b), performance after
incongruent trials would be slowed for the task sharing
features with the conflict stimulus (i.e., colour/letter deci-
sions), but not for the task sharing no features with the
conflict stimulus (i.e., digit identification). In this case, it is
also possible that no post-conflict slowing occurs because
the post-conflict slowing and the task-focusing process may
counteract on congruent trials (Verguts et al., 2011).

General method
Participants

Participants were 156 volunteers (26 in each experiment)
from the University of Bern. We replaced three participants
because their accuracy level for incongruent trials was less
than 50 %. Demographic characteristics of the sample are
described in the left part of Table 1. The study was
approved by the local ethical committee of the University
of Bern, and all participants gave written consent.

Materials

All stimuli were presented on a grey background in
60-point Times New Roman. In all experiments, the task
sharing no features with the conflict stimulus was a digit
identification on the numerals 1, 2, 3, and 4. These stimuli
were displayed in black at the center of the screen. Par-
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ticipants used the response keys “v n”, “m” in
Experiments la, 1b, 3a and 3b, and the response keys “g”,
“b”, “n”, “j” in Experiments 2a and 2b, with their left and
right index and middle fingers. These keys were mapped to
the digits 1, 2, 3, and 4, respectively. The task sharing
features with the conflict stimulus differed across experi-
ments and is described in the following sections. An
overview of the differences between the experiments is

presented in the right part of Table 1.
Experiments la and 1b (Stroop conflict)

The task sharing relevant features with the conflict stimulus
was a colour decision on colour words. The stimuli were
displayed at the center of the computer screen. Stimuli
were congruent when the four German words blue, red,
green, and yellow (i.e., “blau”, “rot”, “griin”, and “gelb”)
were displayed in blue, red, green, and yellow, respec-
tively. Stimuli were incongruent when the colour words

were printed in a non-corresponding colour (e.g., the colour

Table 1 Characteristics of the

sample (left part) and overview Experiment no. N Men/women Mean age Conflict Type Interval (ms)
of the experiments (right part) la 26 11/15 225 (3.8) Stroop 1000

1b 26 15/11 23.3 (3.8) Stroop 2000

2a 26 10/16 23.2 (3.5) Simon 1000

2b 26 7/19 232 (3.9) Simon 2000

3a 26 13/13 24.0 (6.0) Flanker 1000

3b 26 11/15 22.2 (2.6) Flanker 2000

Standard deviations (SD) are presented in parentheses
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word “red” printed in blue). For each participant, six
incongruent stimuli were determined randomly and without
replacement. The response keys (i.e., “v”, “b”, “n”, “m”
were mapped to the colours blue, red, green, and yellow,
respectively.

Experiments 2a and 2b (Simon conflict)

The task sharing relevant features with the conflict stimulus
was a colour decision on the symbols $, #, §, %, displayed
either in blue, red, green, or yellow. These stimuli were
presented in one of the four corners of a centred, non-
displayed 4 cm x 4 cm square. The response keys (i.e.,
“g”, “b”, “n”, “j”) were mapped to the colours blue, red,
green, and yellow, respectively. Stimuli were congruent
when the position of the symbol on the computer screen
corresponded to the location of the response key. In con-
trast, they were incongruent when the position of the
symbol on the computer screen did not correspond to the
location of the response key required by the colour deci-
sion. For each participant, six incongruent stimuli were
determined randomly and without replacement.

Experiments 3a and 3b (Flanker conflict)

The task sharing relevant features with the conflict stimulus
was a letter decision on letter triplicates. Stimuli were
displayed in black at the center of the computer screen. The
congruent stimuli were the four letters H, P, R, S, displayed
as triplicates with the same letters (e.g., HHH). Incongruent
stimuli were the same four letters, but the central letter was
different from the flanking letters (e.g., SHS). For each
participant, six incongruent stimuli were determined ran-
domly and without replacement. The response keys (i.e.,
“v7,“b”, “n”, “m”) were mapped to the letters H, P, R,
and S, respectively.

Procedure

In each experiment, participants were tested individually.
They were informed to switch between two tasks: a digit
identification task on numerals and either a colour decision
on colour words for the Stroop conflict (Experiments la
and 1b), a colour decision on coloured symbols for the
Simon conflict (Experiments 2a and 2b), or a letter decision
on letter triplicates for the Flanker conflict (Experiments 3a
and 3b). Participants were instructed to press one of the
four computer keys with their index and middle fingers of
their left and right hands for each of the two tasks. The
mapping information, printed on paper, was presented
below the computer screen throughout the experiment. For
the Stroop conflict, participants were informed that occa-
sionally, the colour word would not correspond to the

colour in which it was printed (e.g., the word “red” printed
in blue), and that they had to proceed as usual by
responding to the colour of the colour word. For the Simon
conflict, they were informed that occasionally, the position
of the stimulus would not correspond to the location of the
response key (e.g., a red symbol requiring a lower left key
press, but presented on the upper right corner), and that
they had to proceed as usual by responding to the colour of
the symbol. For the Flanker conflict, they were informed
that occasionally, the central letter would not correspond to
the flanking letters (e.g., HSH), and that they had to pro-
ceed as usual by responding to the central letter.

After the instructions, a block of 30 trial sequences was
presented for practice. Each trial sequence included two
digit identification tasks and two colour/letter decisions, as
illustrated in Fig. 1. Within the trial sequence, the first task
of each pair was a switch trial and the second task of each
pair was a repetition trial. Within each pair, the particular
stimulus was determined randomly and did not repeat. Task
order followed an AABB design (i.e., two digit identifi-
cation tasks were followed by two colour/letter decisions,
which, in turn, were followed by two digit identification
tasks, and so on). The stimulus for each trial was displayed
until the participant responded. Then, the screen blanked
for 500 ms before the next stimulus appeared. After each
trial sequence, an additional blank interval was included so
that the screen blanked either for 1000 ms (Experiments
la, 2a, and 3a) or for 2000 ms (Experiments 1b, 2b, and
3b). After the practice block and a brief break, each par-
ticipant completed three experimental blocks without break
between blocks. The first block included 32 trial sequences,
with the first two trial sequences serving as “warm-up”
sequences which were discarded from the analyses. The
second and third blocks had 30 trial sequences each.

In the first and third blocks, all stimuli were univalent
for the digit identifications and congruent for the colour/
letter decisions. In the second block, all stimuli were also
univalent for the digit identifications. In contrast, for the
colour/letter decisions, stimuli were congruent except for
six trials in which they were incongruent. Incongruent
stimuli were evenly interspersed among the 30 trial
sequences of the block, thus occurring in every fifth trial
sequence (specifically, the 3rd, 8th, 13th, 18th, 23rd, and
28th sequences contained an incongruent stimulus).
Incongruent stimuli always appeared on the fourth trial of
this trial sequence. The entire experiment lasted about
15 min.

Data preparation and analysis
For each participant in each experiment, the accuracy and

the median reaction times (RTs) for correct responses were
computed for each trial type (switch and repetition), each
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Fig. 1 Example of one trial sequence with 1000 ms as interval.
a Stroop conflict. b Simon conflict. ¢ Flanker conflict. On each trial
sequence, participants carried out two digit identifications (task
sharing no relevant features with the conflict stimulus), followed by
two colour/letter decisions (task sharing relevant features with the
conflict stimulus). On an incongruent trial sequence (not pictured

task (digit identification, colour/letter decision), and each
trial sequence following an incongruent stimulus in block
2. The same was then applied for each corresponding trial
sequence in the blocks 1 and 3. Specifically, the trial
sequence containing an incongruent stimulus in block 2
was designated as trial sequence N. The successive trial
sequences were then labelled as N + 1, N + 2, N + 3, and
N + 4. Mean accuracies and median RTs were then aver-
aged across switch and repetition trials for each task, each
trial sequence, each block, and each participant.'

We used these mean RTs for each participant to test for
differences between the three blocks. To account for
baseline RT differences between Stroop, Simon and Flan-
ker conflict types, we also computed proportional scores.
That is, for each trial sequence (i.e., N + 1,N + 2, N + 3,
and N + 4), mean RT for block 2 was subtracted from the
mean RT averaged across blocks 1 and 3; then, this dif-
ference was divided by the mean RT averaged across all
blocks. Statistical analyses were performed on both
dependent measures (i.e., mean RTs and proportional
scores).

We first investigated the congruency effect by compar-
ing performance on incongruent trials from block 2 with
performance on the corresponding congruent trials from
blocks 1 and 3 (i.e., those trials occurring on the same trial
position as incongruent trials but in the blocks 1 and 3). To
this end, we analysed the RTs with a three-way analysis of
variance (ANOVA), with congruency (congruent-block 1,
incongruent-block 2, congruent-block 3) as a within-sub-
ject factor, and conflict type (Stroop, Simon, Flanker) and
interval (1000, 2000 ms) as between-subjects factors. For

! In the present study, participants were instructed to perform each
task twice in succession (see Fig. 1). This results in switch and
repetition trials which allows to examine whether responding to
incongruent stimuli affects switch and repetition trials differentially,
and thus contributes to switch costs (i.e., the slower performance on
switch compared to repetition trials). We carried out all the analyses
including switch vs. repetition as an additional independent variable.
Overall, this resulted in the same pattern of findings.
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here), the fourth trial involved a colour word printed in a non-
corresponding colour for the Stroop conflict, a symbol whose position
on the computer screen did not correspond to the location of the
response key for the Simon conflict or a letter triplicate in which the
central letter was different from the flanking letters for the Flanker
conflict

proportional scores, the equivalent analysis was a two-way
ANOVA with the between-subjects factors conflict type
(Stroop, Simon, Flanker) and interval (1000, 2000 ms).

The main objective of the present study was to deter-
mine the persistence of the impact of incongruent trials on
tasks sharing relevant features with the conflict and on
tasks sharing no features with the conflict. For RTs, we
carried out a five-way ANOVA with block (block 1, block
2, block 3), task (digit identification, colour/letter decision)
and trial sequence (N + 1, N+ 2, N+ 3, N+ 4) as
within-subject factors, and conflict type (Stroop, Simon,
Flanker) and interval (1000 ms, 2000 ms) as between-
subjects factors. On average, 9.8 valid trials per cell
(range = 5-10) were available. We then disentangled the
critical interactions by performing the follow-up ANOVAs.
We also conducted follow-up one-way repeated-measures
ANOVAs with the factor block (block 1, block 2, block 3)
to assess more specifically performance difference between
the different blocks. In these one-way ANOVAs, we
focused on the quadratic component of the block effect
because this is informative about a difference in block 2
compared to blocks 1 and 3. For the proportional scores,
the equivalent analysis was a four-way ANOVA with task
(digit identification, colour/letter decision) and trial
sequence (N + 1, N + 2, N + 3, N + 4) as within-subject
factors, and conflict type (Stroop, Simon, Flanker) and
interval (1000, 2000 ms) as between-subjects factors.
Again, the critical interactions were then disentangled by
follow-up ANOVAs and one-sample # tests.

Means and standard errors for each experiment are
presented in the “Appendix”.* As our focus was mainly on
RTs, proportional scores results are referred to only when
diverging from RTs results. An alpha level of 0.05 was
used for all statistical tests. Greenhouse-Geisser corrections

2 In the analyses of the impact of incongruent trials on subsequent
congruent trials, we focussed on reaction times data because accuracy
on univalent and congruent trials was close to ceiling (mean accuracy
98 %) and even at ceiling in some conditions (see “Appendix”).
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Table 2 Congruency effect: Performance on incongruent trials is compared to performance on the corresponding congruent trials (i.e., those occurring on the same position as incongruent trials

in block 2 but in the blocks 1 and 3). Accuracy and reaction times: Three-way analysis of variance (ANOVA) with congruency (block 1-congruent, block 2—incongruent, block 3—congruent) as

a within-subjects factor and conflict type (Stroop, Simon, Flanker) and interval (1000 ms, 2000 ms) as between-subjects factors. Proportional scores: Two-way ANOVA with the between-
subjects factors conflict type (Stroop, Simon, Flanker) and interval (1000 ms, 2000 ms). For the sake of comparison between accuracy, RTs and proportional scores, equivalent effects were

aligned

Proportional scores

Reaction times

df

Accuracy
df

Effect

df

Effect

’12

0.66
0.37
<0.01

1.30, 195.23 289.36 <0.001

0.16
0.01
0.03

29.65 <0.001
0.
<0.01

1.39, 208.61

2, 150
1, 150

Congruency

4333 <0.001

2, 150
1, 150

0.65
<0.05

43

Conflict type

0.65
11.96 <0.001
0.03
0.68

0.21
0.15

1

4.0

Interval

0.28
<0.001

2,150 28.69 <0.001

0.14  Conflict type

<0.01

2.60, 195.23
1.30, 195.23

0.84
0.15

0.26
2.03

2.78, 208.61
1.39, 208.61

2, 150

Congruency x Conflict type

1,150  0.06 0.81

Interval

0.92
0.51

0.91

0.01

Congruency x Interval

0.01
<0.01

0.05 2,150

3.82 <0.05

Conflict type x Interval

0.74 0.48 0.01

2, 150

Conflict type x Interval

0.02 2.60, 195.23

0.22

1.49

2.78, 208.61

Congruency x Conflict

type x Interval

Effect sizes are expressed as partial 7> values

are reported where appropriate and effect sizes are
expressed as partial #> values.

Results
Congruency effect

For the congruency effect, the results of the ANOVAs are
presented in Table 2, and the descriptive results are shown in
Table 3. Critically, the RT analysis revealed a significant
main effect of block, with a significant quadratic component,
F(1, 150) = 334.09, p <0.001, #*>=0.69. Thus, as
expected, performance was slower on incongruent trials than
on the corresponding congruent trials, which confirms the
presence of the congruency effect (see Table 3). Moreover,
the interaction between block and conflict type was signifi-
cant. This results from a larger congruency effect in the
Stroop conflict than in the Simon and Flanker conflict types
(see Tables 2, 3). Importantly, however, the congruency
effect was significant in all conflict types (Stroop: quadratic
component of the block effect for RTs: F(1, 51) = 110,
p < 0.001, #* = 0.68 and one sample 7 test for proportional
scores: #(51) = 15.39, p < 0.001; Simon: quadratic com-
ponent of the block effect for RTs: F(1, 51) = 132.08,
p < 0.001, #* = 0.72 and one sample ¢ test for proportional
scores: #(51) = 13.83, p < 0.001; and Flanker: quadratic
component of the block effect for RTs: F(1, 51) = 163.72,
p < 0.001, n#” = 0.76 and one sample ¢ test for proportional
scores: #(51) = 14.50, p < 0.001).

For accuracy, the three-way ANOVA revealed a sig-
nificant main effect of congruency, with a significant
quadratic component, F(1, 150) = 35.64, p < 0.001,
;12 = 0.19 (see Table 2). Thus, responses were less accu-
rate on incongruent trials than on the corresponding con-
gruent trials. This confirms the presence of the congruency
effect in accuracy rates (see Table 3).

Impact of incongruent trials on subsequent
univalent and congruent trials

Our main objective was to examine whether the perfor-
mance slowing following incongruent trials persists across
tasks (i.e., digit identification as well as colour/letter
decisions). The most relevant results are thus the RTs from
both tasks in blocks 1 and 3 compared to those in block 2.
The descriptive results are depicted in Fig. 2.

The results of the ANOVAs are shown in Table 4. The
most relevant interactions are those involving block.
Table 4 reveals three interactions of interest: the interac-
tion between block and task, between block and trial
sequence, and between block, task and trial sequence. To
disentangle these interactions, we carried out follow-up
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Table 3 Congruency effect for Exp. no.

Congruent block 1

Incongruent block 2 Congruent block 3

each experiment: mean reaction
times and mean accuracy rates
(standard errors in parentheses).

Reaction times

Performance on incongruent la 740 21)
trials is compared to 1b 757 (33)
performance on the 2a 616 (25)
corresponding congruent trials b 604 (18)
(i.e., those occurring on the
same position as incongruent 3a 838 (31)
trials in block 2 but in the 3b 883 (33)
blocks 1 and 3) Accuracy
la 0.98 (0.01)
1b 0.99 (0.01)
2a 0.98 (0.01)
2b 0.97 (0.01)
3a 0.98 (0.01)
3b 0.97 (0.01)

1305 91) 711 (18)
1276 (84) 707 (24)
908 (42) 616 (19)
907 (35) 590 (13)
1177 (43) 840 (30)
1235 (45) 894 (35)
0.85 (0.04) 0.97 (0.02)
0.96 (0.02) 1 (0)
0.91 (0.03) 0.97 (0.02)
0.89 (0.03) 0.99 (0.01)
0.91 (0.02) 0.98 (0.01)
0.94 (0.02) 0.99 (0.01)

Reaction times are given in milliseconds

two-way repeated-measures ANOVAs with the factors
block (block 1, block 2, block 3) and task (digit identifi-
cation, colour/letter decision) for each trial sequence. The
statistical values of this analysis as well as those of the
corresponding quadratic components of the block effect are
summarized in Table 5. This reveals that the performance
slowing was larger for the digit identifications than for the
colour/letter decisions in the trial sequence N + 1, similar
for both tasks in N + 2, and smaller for the digit identifi-
cations than for the colour/letter decisions in N + 3. In the
last trial sequence (i.e., N + 4), the performance slowing
was not significant for the digit identifications but still
significant for the colour/letter decisions (see Fig. 2).

Furthermore, the interaction between block and interval
was significant (see Table 4). Thus, although performance
after incongruent trials was significantly slowed in both
intervals [1000 ms: quadratic component of the block
effect for RTs: F(1,77) = 58.92, p < 0.001, 172 = 0.43 and
one sample ¢ test for proportional scores: #(77) = 7.82,
p < 0.001; as well as 2000 ms: quadratic component of the
block effect for RTs F(1, 77) =51.16, p < 0.001,
n* = 0.40 and one sample ¢ test for proportional scores:
t(77) = 5.91, p < 0.001], performance was more slowed in
the 1000 ms interval than in the 2000 ms interval. Thus,
the post-conflict slowing was larger in the 1000 ms interval
than in the 2000 interval, but its trajectory across trials and
tasks did not differ for both intervals.

Finally, the interactions between block and conflict type
as well as between block, task and conflict type were also
significant (see Table 4). However, the equivalent effects—
that is, the main effect of conflict type and the interaction
between task and conflict type—were not significant when
proportional scores were considered. This suggests that
these significant interactions in RTs arose because of

@ Springer

baseline RT differences between Stroop, Simon and Flanker
conflict types. Together, this indicates that the trajectory of
the post-conflict slowing was similar across conflict types.

General discussion

The purpose of the present study was to determine whether
the post-conflict slowing following incongruent trials is
conflict-specific so that it only affects the task sharing fea-
tures with the conflict stimulus. To this end, we occasionally
presented incongruent stimuli while participants switched
between two tasks. One task was a digit identification and
thus its stimuli shared no features with the conflict induced
by incongruent stimuli. The other task included incongruent
stimuli and thus its stimuli shared relevant features with the
conflict. More specifically, this task was a colour decision on
colour words in Experiments la and 1b (Stroop conflict), a
colour decision on coloured symbols in Experiments 2a and
2b (Simon conflict), and a letter decision on letter triplicates
in Experiments 3a and 3b (Flanker conflict). The goal was
then to determine the trajectory of the performance slowing
following incongruent trials across the task sharing relevant
features with the conflict stimulus and the task sharing no
features with the conflict stimulus.

The results showed a performance slowing on both tasks
up to the third trial sequence after incongruent stimuli. In
this trial sequence, however, the slowing was larger on
colour/letter decisions than on digit identifications. This
pattern was even more pronounced on the last trial
sequence (i.e., N 4+ 4) in which performance was still
significantly slowed in the colour/letter decisions, but not
anymore in the digit identifications. Together, this indicates
that the conflict induced by incongruent trials results in a
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Fig. 2 Mean reaction times on the digit identifications and the
colour/letter decisions from block 1 (empty squares), block 2 (filled
circles), and block 3 (empty diamonds). Trial sequence N refers to the
trial sequence containing an incongruent trial. Subsequent trial
sequences (represented here) are labeled N + 1, N + 2, N + 3, and
N + 4, respectively. Error bars represent standard errors. a Stroop
conflict. b Simon conflict. ¢ Flanker conflict

post-conflict slowing that is not conflict-specific initially.
However, across subsequent trials, it becomes more con-
flict-specific.

First, it is interesting to note that we found a post-conflict
slowing on congruent trials. Therefore, a task-focusing
process does not always mask the post-conflict slowing
following incongruent trials (Verguts et al., 2011). Another
interesting point is that the post-conflict slowing occurs on
several univalent trials, which indicates that it is not con-
flict-specific on several trials following incongruent trials.
This contrasts with studies showing a conflict-specific
congruency sequence effect (e.g., Akcay & Hazeltine,
2011; Egner, 2007; Kunde et al., 2012; Kunde & Stocker,
2002; Mayr et al., 2003; Schlaghecken et al., 2011; Spapé
etal., 2011; Verbruggen et al., 2005; Wendt et al., 2006; see
also Egner, 2008). Rather, these results are in line with

those studies in which the congruency sequence effect was
found to generalize across conflict types (e.g., Fernandez-
Duque & Knight, 2008; Freitas et al., 2007; Kan et al., 2013;
Kleiman et al., 2014). Moreover, the long-lasting effect
observed in the present study extends those studies because
their focus was on the immediate subsequent trial only.

Can the post-conflict slowing following incongruent
stimuli be explained with current task switching
and cognitive control accounts?

Explanations from task switching and cognitive control
research are based either on transient cognitive processes,
which are assumed to be implemented trial by trial, or on
sustained processes, which are assumed to affect perfor-
mance across a series of several trials (see Braver, 2012;
Braver, Gray, & Burgess, 2008). In the subsequent sec-
tions, we present these different explanations and we
determine whether these explanations can account for the
findings observed in the present study.

Transient cognitive processes

To account for the post-conflict slowing observed in the
present study, one may put forward different transient
processes, such as task-set inertia, task-set reconfiguration,
conflict adaptation, or stimulus-task binding (Botvinick
et al.,, 2001; Egner et al., 2007; Kiesel et al., 2010;
Vandierendonck, Liefooghe, & Verbruggen, 2010; Was-
zak, Hommel, & Allport, 2003). For example, according to
a task-set inertia account (Allport & Wylie, 1999, 2000;
Wylie & Allport, 2000), when an incongruent stimulus
occurs on a given trial, the task-set for the task-relevant
feature (e.g., the colour of the colour word in the Stroop
task) is activated while the task-set for the task-irrelevant
feature is inhibited (i.e., the meaning of the word). This
inhibition process is assumed to remain constant across the
subsequent trials. Therefore, a task-set inertia process can
explain the slowing on subsequent congruent trials because
on these trials, the task-set for the task-irrelevant feature
(i.e., the meaning of the word) can be further inhibited
(even if it is not necessary anymore). However, this
account cannot explain the slowing on univalent trials
because these trials share no relevant or irrelevant features
with the incongruent trials.

According to a task-reconfiguration account (e.g.,
Goschke, 2000; Rogers & Monsell, 1995; Sohn & Carlson,
2000), when incongruent stimuli are processed, an addi-
tional decision is required to determine the relevant task-
set. Therefore, in the present study, congruent trials can
activate this additional task-decision process because they
share features with incongruent trials. In contrast, for uni-
valent trials sharing no relevant trials with incongruent
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Table 4 continued

Proportional scores

Reaction times

df

Effect

n 2

df

Effect

0.42 0.01

1.00

5.32, 398.61

Trial sequence x Conflict type x Interval

0.76
0.34
0.75

0.68

10.78, 808.85

6, 450

Block x Trial sequence x Conflict type x Interval

0.01
0.01

1.13

0.70

Task x Trial sequence x Conflict type x Interval

0.84 <0.01

0.45

6, 450

Task x Trial sequence x Conflict

12, 900

Block x Task x Trial sequence x Conflict

type x Interval

type x Interval

Effect sizes are expressed as partial r]2 values

trials, no additional, time-consuming task-decision process
would be required. Thus, this account can explain the
slowing on congruent trials, but not on univalent trials.

Moreover, task-set inertia and task-set reconfiguration
are assumed to be involved in switch costs (i.e., the
slowing occurring on switch trials compared to repetition
trials) and restart costs (i.e., the slowing occurring in the
first trial in a run compared to later trials of the run).
However, even if these costs—in particular switch costs on
either univalent or bivalent stimuli—were found to be
affected by the presence of incongruent trials (Braem,
Verguts, Roggeman, & Notebaert, 2012; Goschke, 2000),
both costs have been found to last only for one subsequent
trial (e.g., Allport & Wylie, 2000). It follows that if a task-
set inertia or reconfiguration process occurred in the pre-
sent study, it could explain the slowing on the first trial
immediately following incongruent trials, but not the
slowing on later (congruent and univalent) trials.

According to the conflict adaptation framework (Bot-
vinick et al., 2001; Egner, 2007), processing task-relevant
and -irrelevant features depends on whether the previous
trial is congruent or incongruent. That is, when two
congruent trials are presented consecutively, the pro-
cessing of task-relevant and -irrelevant features (i.e., the
colour and the meaning of the word in the Stroop task)
are enhanced because both features are associated to the
correct response. This results in fast performance. In
contrast, when a congruent trial follows an incongruent
trial, responding to the incongruent trial reduces the
processing of task-irrelevant features and thus only the
processing of task-relevant feature (i.e., the colour) is
enhanced on the subsequent congruent trial. Therefore,
performance on congruent trials is slower after incon-
gruent trials than after congruent trials, which results in
the post-conflict slowing. This account can explain the
slowing on congruent trials because task-relevant and
task-irrelevant features are similar across congruent and
incongruent trials. However, it cannot explain the slow-
ing on univalent trials in which task-relevant features
(i.e., the numerical value of the digit) are different from
the features of incongruent trials (namely, the colour and
the meaning of the colour word for the Stroop conflict
type, for example).

In a stimulus-task binding account (Waszak et al., 2003;
Waszak, Hommel, & Allport, 2004), when a stimulus is
presented within task, the stimulus features are bound to
the task, and this stimulus-task binding can affect perfor-
mance even after more than 100 intervening trials.
Accordingly, when an incongruent stimulus is presented in
the present study, the relevant and irrelevant features of the
incongruent trials are bound to the task in which the
incongruent stimulus is presented (i.e., the colour decision
for the Stroop conflict type, for example). This stimulus-
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Table 5 Impact of incongruent trials on the following congruent
trials: follow-up analyses. Reaction times (RTs): statistical values for
the two-way repeated-measures analysis of variance (ANOVA) with
the factors block (block 1, block 2, block 3) and task (digit
identification, colour/letter decision) in each trial sequence as well
as for the quadratic component of the block effect for each task in

each trial sequence. Proportional scores: Statistical values for the one-
way repeated-measures ANOVA with the factor task (digit identifi-
cation, colour/letter decision) in each trial sequence as well as one-
sample t-test for each task in each trial sequence. For the sake of
comparison between both dependent variables (RTs vs. proportional
scores), equivalent effects were aligned

Condition  Reaction times Proportional scores

Effect daf F p 112 Effect daf F P 112
ANOVA

N+1 Block 2,310 50.70  <0.001 0.25

Task 1, 155 18.84 <0.001 0.11

Block x Task 2,310 3.19 <0.05 0.02  Task 1, 155 745 <0.01 0.05
N+2 Block 1.82,282.36 16.02 <0.001 0.09

Task 1, 155 17.60 <0.001 0.10

Block x Task 2, 310 2.25 0.11 0.01 Task 1, 155 0.35 0.56 <0.01
N+3 Block 2,310 30.30 <0.001 0.16

Task 1, 155 4775 <0.001 0.24

Block x Task 2,310 571 <0.01 0.04  Task 1, 155 6.54 <0.05 0.04
N+ 4 Block 2,310 2095 <0.001 0.12

Task 1, 155 21.02  <0.001 0.12

Block x Task 1.88,291.30 12.56 <0.001 0.06 Task 1,155 1474 <0.001 0.09
Quadratic component of the block effect/one-sample ¢ test
N+1 Digit identification 1, 155 67.48 <0.001 0.30 Digit identification 155 870 <0.001 -

Colour/letter decision 1, 155 48.83 <0.001 0.24 Colour/letter decision 155 742 <0.001 -
N+2 Digit identification 1, 155 10.26  <0.01 0.06  Digit identification 155 320 <0.01 -

Colour/letter decision 1, 155 20.31 <0.001 0.12 Colour/letter decision 155 427 <0.001 -
N+3 Digit identification 1, 155 17.00 <0.001 0.10  Digit identification 155 390 <0.001 -

Colour/letter decision 1, 155 4388 <0.001 0.22 Colour/letter decision 155 730 <0.001 -
N+ 4 Digit identification 1, 155 0.39 0.53 0.01  Digit identification 155 0.06 0.95 -

Colour/letter decision 1, 155 2480 <0.001 0.14 Colour/letter decision 155 5.19 <0.001 -

Effect sizes are expressed as partial 7> values

task binding can affect performance on this task for several
trials, which may explain the performance slowing on the
task sharing relevant features with the incongruent trials, as
well as the long-lasting nature of this slowing. However, it
cannot explain the slowing on the univalent trials because
these stimuli share no features with the incongruent trials
and thus are not bound to the task in which incongruent
trials are presented.

Sustained cognitive processes

It is possible that the post-conflict slowing results from
more sustained cognitive processes, such as a shift in
response criterion (e.g., Woodward et al., 2003). According
to such an explanation, participants would adopt a more
cautious response style, which would result in a similar
post-conflict slowing for univalent and congruent trials.
However, the present results showed a larger slowing for
congruent trials than for univalent trials (see Fig. 2), ruling
out this account.

@ Springer

A further explanation can be derived from accounts
explaining the proportion congruency effect (Lindsay &
Jacoby, 1994; Logan & Zbrodoff, 1979; Lowe & Mitterer,
1982; West & Baylis, 1998). In these accounts, a high
proportion of congruent trials (and thus a low proportion
of incongruent trials) biases the cognitive system so that
the processing of task-relevant features is enhanced. This
leads to fast responses on congruent trials and slow
responses to incongruent trials, which results in a large
congruency effect. In contrast, a low proportion of con-
gruent trials (and thus a high proportion of incongruent
trials) biases the cognitive system so that the processing
of task-irrelevant features is reduced. Therefore, in com-
parison with a high proportion of congruent trials,
responses to congruent trials are slower while responses to
incongruent trials are faster, and the congruency effect is
thus smaller. In the present study, we also manipulated the
proportion of congruent trials so that in the first and third
blocks, 50 % of the trials were congruent and 50 % uni-
valent, while in the second block, 40 % of the trials were



Psychological Research

congruent, 10 % incongruent and 50 % univalent.
Therefore, it is possible that the processing of task-rele-
vant features (i.e., the colour of colour word in the Stroop
task) is particularly enhanced in the first and third blocks,
which results in fast responses for congruent trials. In
contrast, in the second block, the processing of task-rel-
evant features is reduced because of the occasional
occurrence of incongruent stimuli. Thus, performance on
congruent trials would be slower after incongruent trials
than after congruent trials, which explains the post-con-
flict slowing on congruent trials. However, this does not
explain why performance is slowed on univalent trials
because univalent trials have different task-relevant fea-
tures (i.e., the numerical value of the digit) than congruent
trials (i.e., the colour of the colour word).

It is noteworthy that similar to the congruency sequence
effect, the proportion congruency effect was found to be
conflict-specific in most studies (e.g., Crump, Gong, &
Milliken, 2006; Crump, Vaquero, & Milliken, 2008; Fer-
nandez-Duque & Knight, 2008; Jacoby, Lindsay, & Hes-
sels, 2003). Nevertheless, when it was found to generalize
across conflict types (see Funes, Lupidiiez, & Humphreys,
2010b), this was explained by assuming that the task-rele-
vant features were so similar across conflict types that when
the processing of task-relevant features was enhanced in
one conflict type, it was also enhanced in the other conflict
type. However, this cannot account for the post-conflict
slowing observed in the present study, because task-rele-
vant features for univalent and incongruent/congruent trials
are dissimilar (i.e., the numerical value of the digit, and the
colour of the colour word for the Stroop task, the colour of
the symbol for the Simon task, and the central letter of the
letter row for the Flanker task, respectively).

Finally, according to a contingency learning account
(e.g., Schmidt, 2013a; Schmidt & De Houwer, 2011), when
a stimulus and a response co-occur in time, then stimulus
and response features are integrated into a common episodic
memory representation, and this episodic memory repre-
sentation is assumed to be strengthened by each new
stimulus presentation. Therefore, as the congruent stimuli
appeared in the present study less frequently in block 2 than
in blocks 1 and 3 (50 vs. 40 %, respectively), their episodic
memory representations could have been less strengthened
in block 2 than in blocks 1 and 3, which could explain the
slowing on congruent trials in block 2. Thus, contingency
learning can account for the post-conflict slowing on con-
gruent trials. However, it cannot account for the post-con-
flict slowing observed on univalent trials as these trials were
presented in 50 % of the trials in all three blocks.

Together, this emphasizes that the post-conflict slowing
following incongruent trials can only be explained to some
extent by the current task switching and cognitive control
accounts (e.g., Allport & Wylie, 2000; Botvinick et al.,

2001; Egner, 2007; Funes et al., 2010b; Goschke, 2000;
Logan & Zbrodoff, 1979; Schmidt, 2013b; Woodward
et al., 2003). However, these accounts were put forward to
explain the impact of incongruent trials within switch costs,
restart cots, congruency sequence effects or proportion
congruency effects, but not to explain the post-conflict
slowing following incongruent trials. Therefore, it is pos-
sible that the accounts used to explain the post-conflict
slowing following bivalent stimuli or prospective memory
targets can be useful to explain the post-conflict slowing
following incongruent trials.

Similar or dissimilar to the post-conflict slowing
following other conflict stimuli?

Post-conflict slowing following prospective memory targets

At first sight, the post-conflict slowing following incongru-
ent trials may seem similar to the post-conflict slowing fol-
lowing prospective memory targets (Meier & Rey-Mermet,
2012b). After both incongruent trials and prospective
memory targets, the slowing is first general and then
becomes more conflict-specific across trials. Therefore, in
both cases, the slowing observed on the first few trials could
be explained with an orienting response account (Notebaert
et al., 2009; Notebaert & Verguts, 2011; Nufiez Castellar
et al., 2010; Rey-Mermet & Meier, 2013). In the case of
incongruent trials, this suggests that these trials capture
attention because they occur infrequently, and the orienting
response persists across a few subsequent trials, irrespective
of whether the trials share relevant or irrelevant features with
the conflict. As the impact of the orienting response is rather
short-lived (about six trials; see Rey-Mermet & Meier,
2013), this process may explain the slowing on incongruent
trials® and on the first few trials following incongruent trials,
but it may not explain the slowing on later trials.

However, there is a crucial difference between the post-
conflict slowing following incongruent trials and prospec-
tive memory targets. That is, on later trials, the post-con-
flict slowing following incongruent trials occurs on most
trials, whereas the post-conflict slowing following
prospective memory targets is sporadic, affecting only
some of the trials. Thus, in contrast to prospective memory
targets, the post-conflict slowing following incongruent
trials cannot be explained by an expectancy-based moni-
toring process (Meier & Rey-Mermet, 2012b; Meier,
Zimmermann, & Perrig, 2006).

3 This may explain why the congruency effects were so large in the
present study. It is possible that participants were slower on
incongruent trials than on congruent trials not only because incon-
gruent trials induced a conflict between two response alternatives but
also because they induced an orienting response due to their
infrequent occurrence.

@ Springer



Psychological Research

The post-conflict slowing following bivalent stimuli (i.e.,
the bivalency effect)

Apparently, the trajectory of the post-conflict slowing
following incongruent stimuli and the trajectory following
bivalent stimuli seem different. While the bivalency effect
is long-lasting and general (e.g., Meier et al., 2009), the
post-conflict slowing following incongruent trials is also
long-lasting, but it becomes more conflict-specific across
trials. However, the trajectory of the bivalency effect was
assessed up to 12 trials (Meier et al., 2013, 2009; Rey-
Mermet & Meier, 2013, 2015), whereas the trajectory of
the post-conflict slowing following incongruent trials was
assessed in the present study up to 16 trials. When only the
first 12 trials are considered, the post-conflict slowing
following incongruent trials is as general as the bivalency
effect. That is, performance was slowed for both tasks, the
task sharing relevant features with incongruent trials as
well as the task sharing no relevant features with incon-
gruent trials.

Similar to the bivalency effect, the post-conflict slowing
may therefore be explained with an episodic context
binding account (Meier et al., 2013, 2009; Rey-Mermet &
Meier, 2015). It is possible that responding to the conflict
induced by an incongruent stimulus results in a memory
representation which binds the conflict with its proximate
context (i.e., the task in which the conflict occurs and the
task with univalent stimuli). Thus, a combined represen-
tation of the task sharing relevant features with the conflict
stimuli and the task sharing no relevant features with the
conflict stimuli is formed when a conflict is processed. On
subsequent trials, the retrieval of this conflict-loaded rep-
resentation causes interference and slows down perfor-
mance. Critically, as the memory representation includes
both tasks, performance is slowed for all trials, which
results in the general post-conflict slowing observed after
incongruent trials. However, as a new, conflict-unloaded
memory representation is retrieved and updated each time a
task is performed on a congruent or a univalent trial, these
new memory representations may gradually overwrite the
conflict-loaded memory representation across the series of
conflict-free trials. This could explain the reduction of the
post-conflict slowing across univalent and congruent trials.
The present findings suggest that the conflict-loaded
memory representation is no more effective after 12 trials.
Moreover, to explain the specific slowing on the last trial
sequence (N + 4) for the task whose stimuli shared the
relevant features with the incongruent trials, one may
assume that the stimulus-task binding occurring on the task
in which incongruent trials are presented is longer-lasting
than the episodic context binding. Thus, this stimulus-task
binding still interferes with processing of the latest trials,
which could explain this late specific slowing.

@ Springer

Together, the present results showed that the post-
conflict slowing following incongruent trials was more
general and longer-lasting than previously thought. This
can be explained with the episodic context binding
account, although this explanation is so far somewhat
speculative. Therefore, further research would be neces-
sary to determine exactly which cognitive processes are
responsible for the pattern of results found in the present
study. To this end, it would be interesting, for example, to
test the post-conflict slowing following all three conflict
stimuli—that is, incongruent stimuli, bivalent stimuli, and
prospective memory targets—in the same experiment
under the same exact experimental conditions. It would be
also interesting to determine the impact of the instructions
on the post-conflict slowing following bivalent and
incongruent stimuli as the instructions seem critical for
the post-conflict slowing following prospective memory
targets. More generally, the present findings also suggest
that to determine the conflict-specificity of cognitive
processes, it would be interesting to disentangle the
congruency sequence effect into its two effects (i.e., the
performance acceleration on incongruent trials following
incongruent trials and the slowing on congruent trials
following incongruent trials) and to consider the propor-
tion congruency effect in a trial-by-trial analysis.

Conclusion

To summarize, the findings of the present study show that
the conflict induced by incongruent trials results in a post-
conflict slowing which can persist across trials sharing
features with the conflict as well as sharing no relevant
features with the conflict. More specifically, the post-con-
flict slowing changes across trials so that it is first general
and then becomes more conflict-specific. This effect
occurred for the Stroop, the Simon as well as the Flanker
task, demonstrating that the post-conflict slowing is a
robust phenomenon. More generally, the present results
highlight that different types of conflict (incongruent trials,
bivalent stimuli or prospective memory targets) result in
different trajectories of post-conflict slowing.
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Table 6 continued
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Block 2 Block 3

Block 2 Block 3 Block 1 Block 2 Block 3 Block 1

Block 3 Block 1

Block 2

Block 1

N+3

0.99 (0.01)
0.98 (0.01)

0.99 (0.01)
0.98 (0.01)

0.96 (0.01)
0.98 (0.01)

0.97 (0.01)
0.97 (0.01)

0.95 (0.01)
0.97 (0.01)

0.98 (0.01)
0.98 (0.01)

656 (28)
864 (32)

709 (35)
981 (33)

723 (33)
933 (36)

649 (27)
835 (33)

702 (26)
947 (47)

701 (28)
884 (35)

Digit
Letter

N+4

0.98 (0.01)
0.98 (0.01)

0.97 (0.01)

0.95 (0.01)
0.98 (0.01)

0.95 (0.01)
0.98 (0.01)

0.96 (0.01)
0.98 (0.01)

0.94 (0.01)
0.99 (0.01)

655 (23) 766 (40) 723 (30) 682 (29)
895 (29) 917 37) 877 (32)

820 (34)

711 (34)
885 (39)

724 (31)

Digit

1 (0)

873 (41)

Letter

Standard errors are presented in parentheses

Trial sequence N refers to the sequence trial containing an incongruent stimulus in block 2. Subsequent trial sequences, represented here, are labeled N + 1, N + 2, N + 3, and N + 4,

respectively
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