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ABSTRACT

Cognitive control is a set of mechanisms that help us process conflicting stimuli and
maintain goal-relevant behaviour. According to the Affective Signalling Hypothesis,
conflicting stimuli are aversive and thus elicit (negative) affect, moreover - to avoid
aversive signals - affective and cognitive systems work together by increasing
control and thus, drive conflict adaptation. Several studies have found that
affective stimuli can indeed modulate conflict adaptation, however, there is
currently no evidence that phasic affective states not triggered by conflict also
trigger improved cognitive control. To investigate this possibility, we intermixed
trials of a conflict task and trials involving the passive viewing of emotional words.
We tested whether affective states induced by affective words in a given trial
trigger improved cognitive control in a subsequent conflict trial. Applying Bayesian
analysis, the results of four experiments supported the lack of adaptation to
aversive signals, both in terms of valence and arousal. These results suggest that
phasic affective states by themselves are not sufficient to elicit an increase in control.
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To succeed in everyday life, we often need to control
our habitual reactions to environmental stimuli. This
cognitive control (J. D. Cohen, 2017) is typically
studied in experimental designs, where the habitual
and instructed responses are in conflict in some of
the trials. In the Stroop task (Stroop, 1935), for
example, colour words are presented in either match-
ing or non-matching colours (congruent and incongru-
ent trials, respectively) to the participants, whose task
is to correctly identify these colours as quickly as poss-
ible. People’s tendency to respond less quickly and less
accurately to incongruent compared to congruent
stimuli is commonly referred to as the congruency
effect. While conflict reduces accuracy and speed, cog-
nitive control is thought to be able to adapt to conflict
on the next trial. This can be investigated using
sequential analysis that have revealed that people

tend to respond faster and more accurately on incon-
gruent trials that were preceded by another incongru-
ent trial compared to when preceded by a congruent
trial. The performance on current congruent trials
however are impaired when preceded by incongruent
trials. Because it reflects flexible adaptation, the expla-
nation of this so-called congruency sequence effect
(CSE, also known as the Gratton effect, Gratton et al.,
1992) became an important focus of research in cogni-
tive psychology and neuroscience (see e.g. Duthoo
et al., 2014; Egner, 2007; Erb & Aschenbrenner, 2019).

The Conflict Monitoring Theory (Botvinick et al.,
2001), arguably the most classic theory on conflict
adaptation, identifies two components in conflict res-
olution: (1) a conflict monitoring component which
assesses the level of conflict, and (2) a control adap-
tation component that increases the level of cognitive
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control in the next trial after conflict has been
detected by this conflict monitor. According to this
theory, when conflict occurs between stimulus and
response, a conflict monitoring unit in the anterior
cingulate cortex (ACC) detects it, and then signals to
the control unit to upregulate control by selectively
focusing on task-relevant information. As such, this
model defines control adaptation as a function of
the level of perceived conflict. There are, however,
several competing hypotheses that aim to identify
the driving force of control adaptation. In this
article, we present a sequence of experiments to
explore the empirical support of the Affective Signal-
ling Hypothesis of control adaptation.

Conflicts as affective signals

Botvinick (2007) argued that conflict works as a teach-
ing signal that motivates avoidance. Van Steenbergen
et al. (2009) suggested that sequential control adap-
tation (i.e. the CSE) might be triggered by stimulus
aversiveness, rather than response conflict. They also
argue that conflict stimuli in stimulus-response
tasks, such as incongruent trials on the flanker task
(Eriksen & Eriksen, 1974), are aversive by nature and
they elicit negative affect which motivates individuals
to downregulate conflict or prevent it from occurring
again. Sequential control modulation is thus motiv-
ated by the aversiveness of conflict stimuli. Several
behavioural studies show the aversive nature of
conflict trials: Morsella et al. (2009) have found that
incongruent trials are more aversive than congruent
trials, while in a different study (Dreisbach & Fischer,
2012) conflicting Stroop trials facilitated negative
stimulus evaluation. A facial EMG experiment
(Berger et al., 2020) showed that incongruent trials
in conflict tasks were followed by increased activation
of the corrugator supercilii, a muscle involved in the
expression of negative emotions (Dimberg, 1990;
Larsen et al., 2003). A recent neuroimaging study (Ver-
meylen et al., 2020) has also shown that different
conflict and affective tasks share neural pattern
responses in the medial frontal cortex.

Affective modulation of control adaptation

Dreisbach and Fischer (2015) proposed that while the
conflict-control loop is adaptive, it is not clear why the
occurrence of conflict should lead to upregulated
control by itself, while the conflict level of the next
stimulus is unknown. The authors suggested that
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adaptation is motivated by the aversive nature of
conflict. By introducing affective signals into sequen-
tial conflict designs, this link between affect regu-
lation and conflict adaptation can be investigated
further: a wide body of evidence indeed showed
that tonic (long-term, such as mood) affect has a
clear effect on control adaptation (e.g.: van Steenber-
gen et al,, 2010; Wang et al., 2014; Yang & Pourtois,
2018). Most of the studies showed that negative
valence or high arousal tonic manipulations increased
control adaptations. Previous findings also showed
that phasic (short-termed) manipulations of affect as
well can lead to modulated control processes. van
Steenbergen et al. (2009) conducted a study where
unexpected monetary gain, loss or neutral signals
were inserted in flanker task sequences. The authors
found the conflict adaptation effect only in the loss
and neutral conditions, but not in the gain condition.
They explained this finding as a result of the cancella-
tion of the aversive conflict signal following incongru-
ent flanker trials by the positive affect elicited by the
gain signal. In a study of Kanske and Kotz (2011)
emotional words were used as the part of colour
flanker stimuli which led to decreased congruency
effect on emotional stimuli compared to neutral
stimuli. In a similar design with affective word
flanker stimuli, increased conflict adaptation was
also found, but it was related to the arousal of the
words, regardless of the valence (Zeng et al.,, 2017).
These findings support the notion that affective
signals have a modulating effect on the adaptation
to conflict. Based on recent findings and theoretical
works (Dignath et al, 2020; Dreisbach & Fischer,
2015; van Steenbergen, 2015) a framework was pro-
posed called Affective Signalling Hypothesis, a
system that describes the control adaptation mechan-
ism as a process from conflict to control with affective
regulation as a link between them. According to this
theory conflict between responses elicits a short
negative affective reaction which then motivates the
regulation of control.

Adaptation without conflict?

Dreisbach and Fischer (2011) have found that evoking
negative affect with low perceptual fluency stimuli
lead to elevated mobilisation of cognitive effort. In
this study they have found sequential modulation of
the fluency effect which was similar to the CSE. This
result shows that sequential modulation of cognitive
effort can indeed be triggered not only by response
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conflicts, but by disfluent stimuli as well. The authors
proposed that this similarity between CSE and the
sequential fluency effect is due to the aversive
nature of both response conflict and disfluency.

Although the above findings and reviews support
the notion that affective signals have a modulating
effect on control adaptation, they do not provide a
conclusive answer to the question whether aversive
signals are sufficient to elicit control adaptation by
themselves, even in the absence of conflict.

In this work, we hypothesise that the causal
relation between conflict and adaptation of control
is not dependent on conflict, but solely on affect.
Notably, this is the strongest possible formulation of
the Affective Signalling Hypothesis, and thus, needs
to be confirmed or disconfirmed first. To investigate
this notion, affective signals need to be separated
from traditional control trials so that we can observe
the effect of these signals in isolation. To see if
signal aversiveness can trigger adaptation effects,
we have to separate it from all kinds of cognitive
effort, be it triggered by response conflict, or disfl-
uency. In a study by Dignath et al. (2017), a design
was used that was in line with the above-mentioned
intentions: affective pictures of different valence and
arousal dimensions were intermixed with a traditional
Simon task. They found that valence and arousal have
no influence on control adaptation. Several studies
(Aczel et al, 2021; Funes et al, 2010; Lee & Cho,
2013), however, showed that switching between cog-
nitive domains might inhibit the CSE. It is possible that
switching between the processing of complex images
and responding to the Simon trials might constitute a
drastic change in cognitive domains that could
weaken cross-trial effects. In contrast to the above
results, Frober et al. (2017) have found a typical sup-
pressed lateralised readiness potential (LRP) after
trials rated as unpleasant which is in line with
conflict adaptation effects, however, this suppression
was relaxed after pleasant trials, regardless of the pre-
vious conflict. This suggested that negative affect
even in the absence of conflict, triggers control
adaptation.

If we aim to separate affective and control-related
stimuli, we have to tackle several of the above-men-
tioned issues. We have to make sure these affective
signals are irrelevant to the primary task goal, so
they do not have any direct motivational effects.
This way we can rule out other motivational expla-
nations of enhanced performance. We also have to
make sure that the domain switching effect

between affective and cognitive trials are as small as
possible. In line with the current approaches of CSE
studies, we have to rule out contingency learning
and feature integration effects that might affect per-
formance across trials and dwarf the effect of the
affective signals. In this study we created a design
that addresses these prerequisites: We chose words
as affective signals on the basis of the notion that
affective words (Larsen et al., 2003) elicit similar objec-
tive emotional responses as conflict signals (Berger
et al.,, 2020). These words were goal-irrelevant, and
their affective dimensions were measured prior to
using them as stimuli in the design. We chose words
as affective signals on the basis of the assumption
that the switch between verbal affective and verbal
cognitive trials is the smallest possible domain-shift
we can implement in a design like this. Affective
words were used in several studies investigating
their influence on cognitive control (e.g.. Kanske &
Kotz, 2011; Li et al., 2014), however in these exper-
iments affective words and flanker stimulus infor-
mation overlapped. According to the conflict
monitoring model (Botvinick et al., 2001), adaptation
of control occurs when conflict is detected on a
given trial and control is increased in a way that it
affects performance on the next trial. Here, we
propose that if we assume the affective component
of said conflict trial to be responsible for the increase
in control (like a strong interpretation of the affective
signalling hypothesis would suggest), the most direct
way to test it is to separate the affective content (the
“inducer” of adaptive control [see in Braem et al,
2014]) from conflict stimuli. In this study, we separ-
ated the two stimuli (affective vs. cognitive) into
different trials. To make sure we are controlling for
feature integration and contingency learning con-
founds, we used a modified version of Weissman
et al. (2014) design. To address the question
whether it is the valence or the arousal of affective
signals that is relevant for control (see e.g. Zeng
et al., 2017), we manipulated the valence and the
arousal of the affective words used. In summary,
with this study we aimed to investigate if aversive
signals by themselves are able to drive control
adaptation.

Experiments

In this online study, we aimed to create a design that
allows us to elicit phasic affect that can be intermixed
with classic stimulus-response incompatibility tasks



such as the flanker task and the prime-probe task. As a
first step, we created a Hungarian wordset of affective
words that can be used as affective stimuli in such an
intermixed design. Then, we measured the usefulness
of the available stimulus-response incompatibility tests
by running two control experiments, one for the unmo-
dified prime-probe task, and one for the flanker task.
Followed by this, we then created four different exper-
iments, where we used the previously created valence
and arousal wordlists in combination with the prime-
probe and the flanker tasks respectively. We created
designs where affective stimuli and stimulus-response
incompatibility trials were separated in time to investi-
gate whether the affective words have any effect on
the congruency effect, and thus be responsible for
sequential control adaptation by themselves, without
any conflict content and regardless of the effect of pre-
vious congruency. Instead of using only stimulus-
response incompatibility trials, we added affective
words and blank screens into the trial sequence. By
this, stimulus-response incompatibility trials were
further separated from each other and were always
preceded by an affective word. A blank-screen/
affective word/stimulus-response incompatibility trial
sequence was repeated throughout the whole
experiment.

General method

Before data analysis, we preregistered the study in
three preregistration documents on the Open Science
Framework website (Affective wordset analysis:
https://osf.io/rpcw7/;  Prime-probe  experiments:
https://osf.io/jzpOw/; Flanker experiments: https://osf.
io/z7w5c/). All deviations from the preregistrations
are indicated in the section where the deviation occurs.

During the experiments, we used the participant
pool made available by a university course called “Par-
ticipation in Psychological Experiments”. In this course
undergraduate students received course credit for
participating in various experiments. All participants
in the below detailed experiments were recruited
through this course and were native Hungarian
undergraduate students.

We followed the sequential stopping rule in
defining the sample size of our data analyses that
allows additional data collection if the Bayesian analy-
sis is inconclusive (see e.g. Schénbrodt et al., 2017).
For every data collection, we recruited the greatest
sample size we could reach through the participation
course. If the results were not conclusive, we recruited
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an additional number of participants from the course
pool at the next available time.

In every data analysis wave, we calculated the Bayes
factor (B) that is a measure of relative evidence pro-
vided by the data for the alternative hypothesis over
the null hypothesis. This way we can distinguish
between insensitive evidence and evidence for the
null. We used the B values of 3 and ¥5 as cut-offs to dis-
tinguish between evidence for H1 and HO, respectively.
In all of the analyses, we used the R script of Dienes and
Mclatchie (2018) to calculate the Bayes factor of the
effects estimated by the regression models (to be
described below). As priors for our Bayes factor calcu-
lations, we used the original results of Weissman
et al. (2014) on the same tasks. In analyses for the inter-
action between affective words and conflict trials in the
critical experiments we kept these priors as we
expected a similar adaptation effect as in a regular
conflict-conflict interaction. We modelled the predic-
tions of all alternative hypotheses with a half-normal
distribution with a mode of zero as smaller effects
are more probable than large ones. We specified the
SD of the H1 models in the Result sections of the exper-
iments. We report Bayes factors as By, sp) where B is
the Bayes factor in favour of the alternative hypothesis
(B1o) for a half-normal prior distribution , with , mean
and sp standard deviation.

We also reported the Bayesian Robustness Regions
(RR) notated as RR[SDsmaliests SDiargest] that covers all
priors that result in the same conclusion (B>3, or
B<Y43) as the original prior SD. For instance, if the
Bayes Factor is higher than 3 with our original prior
SD, we also report the highest and the lowest SD
that results in a B of 3 or higher.

In all of our hypothesis testing analyses we
implemented mixed effect linear regression models
to predict trial reaction time. In all our models, we
specified random intercepts for participants, and
random slopes for current trial congruency, on the
theoretical basis that both general reaction time,
and the magnitude of the congruency effect is likely
to differ across individuals. More complex random
effects structures would have likely led to conver-
gence problems for our models.

In control experiments, we tested the flanker and
prime-probe tasks without any affective signals, and
we hypothesised that the CSE will occur in both two
tasks. To test it, we used a model where reaction
time was predicted by the previous trial congruency,
current congruency, and their interaction (rt ~ pre-
vious congruency * current congruency).
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In the critical experiments we implemented affective
words and blank screens to the trial sequences which
led to flanker (or prime - probe) trials to be separated
from each other by a blank screen and an affective
word trial. We hypothesised a decreased congruency
effect on flanker (or prime-probe) trials, after negative
valence (or high arousal) words compared to after
neutral (or low arousal) words. To test this, we used a
model where flanker (or prime - probe) reaction time
was predicted by the interaction between the flanker
(or prime - probe) congruency and affective word
valence (or arousal) (rt ~ word valence * current con-
gruency), and their corresponding main effects.

Creating the affective word set

Since no set of Hungarian affective words were avail-
able, candidate words were selected from an English
language collection then, to adjust our collection to
our local Hungarian population, their affective dimen-
sions were measured in our participant pool.

After all exclusions we obtained two wordlists in
their categories:

Valence wordlist.

e negative valence - 66 words (Valence M =2.14, SD
=0.38; Arousal M=4.86, SD=0.57)

e neutral valence - 51 words (Valence M=4.97, SD =
0.54; Arousal M =3.90, SD=0.82)

e positive valence - 55 words (Valence M=7.47, SD
=0.30; Arousal M=3.98, SD =0.80)

Arousal wordlist.

e low arousal - 105 words (Valence M=5.18, SD=
0.91; Arousal M=2.93, SD=0.53)

¢ high arousal - 85 words (Valence M=3.94, SD =
2.11; Arousal M=5.91, SD=0.51)

In the test experiments (see below) we used nega-
tive and neutral sets from the valence wordlist and
low and high sets from the arousal wordlist. The posi-
tive valence wordset was not used in the experiments.

For details about the creation of the Hungarian
word set, see the supplementary materials.

Control experiments

For our flanker and prime-probe tasks, we used the
unmodified design of Weissman et al. (2014) who
used a confound-free online experiment.

Participants

Both prime-probe and flanker data was collected in
two separate waves from the local university partici-
pant pool. Every participant was a native Hungarian
speaker. A total of 538 participants took part in the
prime-probe and 635 in the flanker experiment.
After all exclusions (for details see the results
section), data from 502 (median age=21 years;
80.5% female) participants was analysed for the
prime-probe experiment and from 616 (median age
=21; 80.9% female) in the flanker experiment.

Apparatus and stimuli

To collect data, we used a self-hosted online tool
using the code based on Gyurkovics et al. (2020)
which can be found on our OSF page for the study.

In the prime-probe test (Figure 1), two stimuli (a
prime and a probe stimulus) follow each other in a
short period of time on each trial. First, a prime stimu-
lus is shown with 3 identical direction words (e.g.
“LEFT") stacked on top of each other (presentation
duration 133 ms). Then after a short blank screen
(33 ms) the probe, or target, stimulus is shown with
only one direction word (presentation duration
133 ms). The prime and the probe stimuli together
constitute a prime-probe trial which can be congruent
(the prime and the probe stimulus directions are the
same) or incongruent (prime and probe stimulus
directions are different). Then a fixation cross is
shown for another 1,701 ms. The participants are
instructed to press one of the 4 response buttons
(“f" - left; “g” - right; “n” — down; “}” — up) correspond-
ing to the current probe stimulus. Participants have
1,834 ms in total to respond to the current trial
(probe duration + fixation cross duration) before the
next trial starts.

In the flanker task (Figure 2), an array of 7 letters (1
target letter and six flanker letters, 3 on each side) is
shown to the participants for a short period of time
(250 ms) on each trial, then a fixation cross is shown
until the participant presses any key. The participants
are instructed to respond to the stimulus with a given
keypress that corresponds to the middle letter of the
stimulus array. The target or flanker stimulus letters
could be “M”, “T", “H", or “S". Flanking letters may be
the same (congruent trial), or different (incongruent
trial) as the target letter. In the flanker task, keyboard
mapping of the task was randomised for every partici-
pant. The potential keys for the randomised mapping
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Figure 1. The figure shows the experimental sequence in the prime-probe task. Each panel shows a trial and each smaller panel shows a
stimulus screen, where the three word screen is a prime stimulus and the one word screen is the probe stimulus.

/NS TN )

were “x”, “c”, “n", and “m”. Each of these keys was
assigned to one of the stimulus letters described
above.

Procedure

In the prime-probe task vertical (up - down) and the
horizontal (left - right) dimensions alternated on
every trial, as such, every vertical trial was followed
by a horizontal trial and vice versa. Prime stimuli
and probe stimuli could only contain directions from
the given trial dimension; there were no incongruent
trials that had, for instance, left and down in them.
Similarly in the flanker trials “M” and “T" stimuli
belonged to one dimension, “H” and “S” to another
and these dimensions alternated throughout the
whole experiment.

After the instructions, participants performed a
practice block with 24 trials. In the practice block
after every response a “correct”, an “incorrect”, or a
“too late” feedback was shown to inform participants
about their performance.

After the practice block participants performed 4
separate test blocks with 96 trials in each in the
prime-probe experiment. In the flanker experiment
the 4 test blocks contained 80 trials each. No perform-
ance feedback was shown in the test blocks. Between
every block there was an information screen which
allowed the participants to take a break.

Prime probe task
Data preprocessing

36 participants were excluded due to their accuracy
being below 70% or a mean RT more than 2.5SDs
from the group mean. After participant level exclu-
sion, 4% of trials were dropped for being incorrect,
4% o for being post error trials, 2% for being outliers
(2.5SDs from the conditional mean of the participant)
and 2% for being subsequent to outliers. We then
analysed the remaining trials of 502 participants.

Results

As described in General methods, a linear mixed-
effect model was run to determine the effect of
current trial congruency, previous trial congruency,
and their interaction on performance. We found evi-
dence that RT was influenced by the congruency of
the current trial. The estimated RT difference
between congruent and incongruent trials was
61.94 ms (SE=1.59), t(685.8) =—38.48, By,73=1.11
*10'°, RRg» 3 = [0.07, 24306].

We also found evidence that RT was influenced by
the interaction between previous and current trial
congruency (i.e. the CSE was present). Estimated
effect was 23.33ms (SE=1.21), t(1.695 *10°) =
—19.29, Byo365=272%10"°, RRg.3=[0.07, 9248]
Figure 3.

—>

HHHSHHH

S85HSSS

—>

INCONGRUENT

CONGRUENT

INCONGRUENT

Figure 2. The figure shows the experimental sequence in the flanker task. Each panel shows a trial where the middle letter is the target stimu-

lus, and the flanking letters are the distractors.



656 M. BOGNAR ET AL.
8001
7501
700

650

Reaction time

600

550

Congruency of
the current trial

x Congruent
® |ncongruent

B ——

K’////——X

Congruent

Incongruent

Congruency of the previous trial

Figure 3. The figure shows the mean reaction time broken down by the congruency of the current and the previous trials for the prime - probe
control experiment. The Y-axis shows the mean RTs in ms. The X axis shows the congruency of the previous trial. The legend shows the con-

gruency of the current trial. Error bars represent the standard error.

Flanker task
Data preprocessing

While the data collection programme in the flanker
task allowed the participants longer response times,
we excluded from the analysis every trial that exceeded
the 2000 ms threshold to make sure that extreme out-
liers do not influence the group mean. This threshold
exclusion was not preregistered. 26 participants were
excluded due to accuracy below 70% or a mean RT
more than 2.5SDs from the group mean. 3.5% of
trials were removed for their reaction time being
longer than 2000ms. 4.1% of trials were removed for
being preceded by an erroneous trial. 4.1% of trials
were removed for being error trials. 2.6% of trials
were removed for being outliers (2.55Ds from the con-
ditional mean of the participant) and 2.6% of trials were
dropped for being preceded by an outlier. We then
analysed the remaining trials of 607 participants.

Results

We found evidence that RT was influenced by the con-
gruency of the current trial. The estimated RT differ-
ence between congruent and incongruent trials was
4049 ms (SE=1.9), t(1351.28)=-21.390, Bys3) =
2.3*10%*, RRg 3=[0.13, 16036].

We found evidence that RT was influenced by the
interaction between previous and current trial

congruency. Estimated effect is 11.5 ms (SE=2.19), t
(165864.84) = —5.25, By0,265 =141134.6, RRg.3=
[0.46, 3955] Figure 4.

Test experiments

To test the effect of affective signals on control adap-
tation, we intermixed the two cognitive tasks and the
two word lists described in the supplementary
materials. Through this procedure, we got 4
different experimental paradigms.

Participants

Every participant was a native Hungarian speaker.
Prime-probe data collections were conducted before
preregistering the study, but the preregistration was
completed before data was analysed.

In both flanker experiments we preregistered the
study after data collection, but before analysing the
data. With the flanker valence experiment, first we col-
lected data from 110 participants. As stated before,
this data collection was conducted before preregister-
ing the study, but the preregistration was completed
before data was analysed. The first analysis showed
inconclusive results, therefore we proceeded with an
additional data collection wave in line with the
sequential stopping rule and collected data from
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Figure 4. The figure shows the mean reaction time broken down by the congruency of the current and the previous trials for the flanker control
experiment. The Y-axis shows the mean RTs in ms. The X axis shows the congruency of the previous trial. The legend shows the congruency of

the current trial. Error bars represent the standard error.

264 more participants adding up to a total of 374. See
the participant details in Table 1.

Apparatus and stimuli

The above-described self-hosted tool was used to
collect data in this case as well. Two kinds of stimuli
were used: the above described prime-probe or
flanker stimuli with the exact same time and stimulus
specifications as in the control experiments; and the
affective word stimuli (from the arousal and valence
wordlists). Affective word stimuli were shown for
1967ms (target duration) on a grey background with
light blue font colour. The participants were
instructed to passively read the words but to not
respond to them with any keypresses.

Procedure

After the instructions participants performed a prac-
tice block with 24 prime-probe or flanker trials. In

Table 1. Total participant number before and after exclusions
median age and female percentage in the critical experiment.

N N (after Median %
Experiment (total) exclusion) age female
Prime-probe 265 245 21 77.5
valence
Prime-probe 421 379 21 79.5
arousal
Flanker valence 374 352 21 72.7
Flanker arousal 133 126 21 80.2

the practice block after every response a “correct”,
an “incorrect”, or a “too late” feedback was shown
to inform participants about their performance.
After the practice trial, participants were informed
that not only prime-probe or flanker trials, but
words will appear on the screen as well.

In the prime-probe experiments 4 separate test
blocks were shown to participants with 96 trials
each. In the flanker experiments test blocks had 80
trials in each. The trial sequence was the following
(Figures 5 and 8): A blank screen (1,967 ms in dur-
ation); an affective word (high arousal/ low arousal ||
negative valence / neutral valence, depending on
the experiment; 1,967 ms presentation duration); a
prime-probe or a flanker stimulus (congruent or
incongruent). This meant that only every third trial
was a prime-probe or a flanker trial (please note that
the newly added blank screens are included in the
trial number totals). After every block there was an
information screen which allowed the participants
to take a break Figure 5.

Experiments 1 and 2 - prime-probe with
affective words

Arousal and valence words

The only difference between Experiments 1 and 2 was
the affective words used for the affective
manipulation.
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Figure 5. The figure shows the experimental sequence in the affective prime-probe task. First a blank screen, then an affective word trial, and
finally a prime-probe trial. Each panel shows a trial and each smaller panel shows a stimulus screen, where the three word screen is a prime

stimulus and the one word screen is the probe stimulus.

Prime-probe with valence words

Data preprocessing

20 participants were excluded due to accuracy below
70% or a mean RT more than 2.5SDs from the group
mean. 3.1% of trials were removed for being incorrect
and 2.5% for being outliers (2.5SDs from the con-
ditional mean of the participant). We then analysed
the remaining trials of 245 participants.

Results

The models used to test our predictions were identical
to the ones used in the control experiments, with the
exception that previous word valence replaced pre-
vious trial congruency as a predictor. We found evi-
dence that RT is influenced by the congruency of
the current trial. Estimated RT difference between
congruent and incongruent trials were 70.31 ms

800

750 A

ol

(SE=2.49), t(29020)=-20.47,
RRg - 3=1[0.35, 27692].

In the sequential control adaptation analysis we
found evidence supporting the null hypothesis — RT
was not influenced by the interaction between pre-
vious word valence and current trial congruency.
The estimated effect was —5.58 ms (the direction of
the interaction is the opposite as in the alternative
hypothesis) (SE=3.52), £(29024.17) =1.587, By(036.5)
=0.04, RRg < 1,3 =[3.8, infinite] Figure 6.

BH(0,73) = 1 44*1 063,

Prime-probe with arousal words

Data preprocessing

45 participants were excluded due to accuracy below
70% or a mean RT more than 2.55Ds from the group
mean. 3.6% of trials were dropped for being incorrect

Congruency of
the current trial

x Congruent
® |ncongruent
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Valence of the previous word

Figure 6. The figure shows the mean reaction time broken down by the congruency of the current trial and the valence of the previous word
stimulus for the prime - probe valence experiment. The Y-axis shows the mean RTs in ms. The X axis shows the valence of the previous word.
The legend shows the congruency of the current trial. Error bars represent the standard error.



and 2.4% for being outliers (2.5SDs from the con-
ditional mean of the participant). Error and post
error trials were also removed. We then analysed the
remaining trials of 379 participants.

Results

We found evidence that RT was influenced by the con-
gruency of the current trial. Estimated RT difference
between congruent and incongruent trials was
68.28 ms (SE=2.74), t(745.53)=—24.88, By73=
4.55%*10%° RRg . 3= [0.22, 270009].

In the sequential control adaptation analysis, we
found evidence supporting the null hypothesis - RT
was not influenced by the interaction between pre-
vious word arousal and the current trial congruency.
Estimated effect was —3.12 ms (the direction of the
interaction is the opposite as in the alternative
hypothesis) (SE =2.88), t(44685.71)=1.083, By,36.5)
=0.04, RRg . 1,3 =[3.95, infinite] Figure 7.

Experiment 3 and 4 - flanker with affective
words

Flanker with valence words

Data preprocessing

6.2% of trials were excluded for being over 2000 ms
long in reaction times. 20 participants were
excluded due to accuracy below 70% or a mean RT
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more than 2.5SDs from the group mean. 4.5% of
trials were removed for being incorrect and 1.5%
of trials were removed for being outliers (2.55Ds
from the conditional mean of the participant).
Error and post error trials were also removed. We
then analysed the remaining trials of 352 participants
Figure 8.

Results

We found evidence that RT was influenced by the con-
gruency of the current trial. Estimated RT difference
between congruent and incongruent trials was
50.66 ms (SE=4.55), t(895.86)=—11.14, Byos3 =
2.05*10%%, RRg > 5 = [0.50, 19636].

In the sequential control adaptation analysis we
found evidence for the null hypothesis in the analysis
on the RT: the estimated effect was —4 ms (the inter-
action’s direction was the opposite as in the alternative
hypothesis) (SE=5.66), t(33141.3)=0.704, By 265 =
0.13, RRg < 1,3 =[9.9, infinite] Figure 9.

Flanker with arousal words

Data preprocessing

5.1% of trials were removed for exceeding a reaction
time of 2000ms. 7 participants were excluded due to
accuracy below 70% or a mean RT more than 2.55Ds
from the group mean. 4.8% of trials were dropped
for being incorrect, and 4.3% of trials were removed
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©
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Congruency of
the current trial
600 1 % Congruent
® Incongruent
550
Low Alrousal High Arousal

Arousal of the previous word

Figure 7. The figure shows the mean reaction time broken down by the congruency of the current trial and the arousal of the previous word
stimulus for the prime — probe arousal experiment. The Y-axis shows the mean RTs in ms. The X axis shows the arousal of the previous word.
The legend shows the congruency of the current trial. Error bars represent the standard error.
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Figure 8. The figure shows the experimental sequence in the affective flanker task. First a blank screen, then an affective word trial, and finally

a flanker trial. Each panel shows a trial.

for being outliers (2.55Ds from the conditional mean
of the participant). Error and post error trials were
also removed. We then analysed the remaining trials
of 126 participants.

Results

We found evidence that RT was influenced by the con-
gruency of the current trial. Estimated RT difference
between congruent and incongruent trials was
61.5ms (SE=7.82), 1(292.7)=-7.87,
2.63*10"", RRg> 3= [1.29, 22969].

In the sequential control adaptation analysis we
found evidence supporting the null hypothesis — RT
was not influenced by the interaction between pre-
vious word arousal and current trial congruency. Esti-
mated effect was —16.41 ms (the interaction’s
direction was the opposite as in the alternative
hypothesis) (SE =9.36), t(11926.87) = 1.75, By(o,26.5 =
0.13, RRg < 1,3 =1[9.29, infinite] Figure 10.

Bho,53 =

Additional exploratory analyses

Although the affective experimental procedures were
constructed with an attempt to avoid sequential
control modulations between consecutive conflict
trials, we conducted non-preregistered analyses to
determine whether such modulations occurred none-
theless, and whether they interacted with the
affective content of stimuli between adjacent
conflict trials. We found conflict adaptation effects
between consecutive flanker (or prime-probe) trials
in three of the four crucial experiments, regardless
of the blank and affective word stimuli between
them. This finding is in line with the recent findings
of Schiltenwolf et al. (2022), where the CSE was
found to be robust to temporal decay.

We have also found effects that suggest affective
modulation of the sequential adaptation of control.
These results are somewhat in line with several
studies related to the affective signalling theory
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Figure 9. The figure shows the mean reaction time broken down by the congruency of the current trial and the valence of the previous word
stimulus for the flanker valence experiment. The Y-axis shows the mean RTs in ms. The X axis shows the valence of the previous word. The
legend shows the congruency of the current trial. Error bars represent the standard error.
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Figure 10. The figure shows the mean reaction time broken down by the congruency of the current trial and the arousal of the previous word
stimulus for the flanker valence experiment. The Y-axis shows the mean RTs in ms. The X axis shows the arousal of the previous word. The
legend shows the congruency of the current trial. Error bars represent the standard error.

(N. Cohen et al,, 2011; van Steenbergen et al., 2009;
Zeng et al, 2017). For more details, see the sup-
plementary materials.

Discussion

The Affective Signalling Hypothesis (Dignath et al.,
2020; Dreisbach & Fischer, 2012; van Steenbergen,
2015) implies that signal aversiveness can activate
an affect monitoring system and as a consequence,
lead to control adaptation. There are several studies
(Dignath et al., 2020; van Steenbergen, 2015) that
show a connection between affect regulation and
conflict adaptation, but they did not explore the
main implication of the strongest form of the hypoth-
esis: that stimulus aversiveness could drive conflict
adaptation in and of itself. The present study investi-
gated the effect of affective signals on control adap-
tation. By conducting the above experiments, based
on recent findings, we expected aversive signals to
lead to an increase in cognitive control levels, mimick-
ing the effect of conflicting stimuli, and lending
support to the idea that affective regulation mediates
conflict-related adaptations.

We collected data among university students with
an online experimenting tool specifically designed for
this task. In Experiments 1 and 2, prime-probe tasks
were interspersed by affective words that were
manipulated on the valence dimension in Experiment

1 and arousal dimension in Experiment 2. In Exper-
iments 3 and 4, we intermixed flanker tasks and
affective words that were manipulated on the
valence or arousal dimension, respectively. Our Baye-
sian analysis approach let us differentiate between
inconclusive evidence for the alternative hypothesis
and evidence for the null effect. While the control
tasks (i.e. conflict tasks with no affective material)
resulted in evidence for the CSE which showed that
the design is capable of measuring conflict adap-
tation, the affective experiments yielded evidence
for no effect between affective words and conflict
tasks.

Our results provide evidence that suggests that
affective signals without response or stimulus
conflict cannot trigger control adaptation on their
own. This finding is novel and is in contrast to
recent theories regarding affective signals.

Dreisbach and Fischer (2011) found that sequential
fluency manipulations can lead to elevated control.
The pattern of this effect is in line with the conflict
adaptation effect but without response conflict. The
authors proposed that the aversiveness of disfluent
signals is responsible for these performance adjust-
ments. It is to be noted, however, that this can also
indicate that the underlying mechanism behind the
CSE is more general than we thought before and it
is not exclusive to response conflicts. It is possible
that fluency was confounded by factors other than
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aversiveness, for instance the elevated effort on
disfluent trials that could sequentially modulate sub-
sequent performance.

A viable explanation to the above results is that
the affective signal effect is present, however, the
noise caused by task switching masks it. Braem
et al. (2014) suggest that differences in task relevant
information between two tasks reduces cross-task
adaptation effects. By using verbal stimuli in both
the affective word reading tasks and the conflict
tasks we aimed to reduce the possibility of
domain-switching effects. However, reading pas-
sively a task-irrelevant word and responding to a
conflict task still engage different task sets. A replica-
tion of an influential study (Kan et al., 2013) showed
that conflict adaptation may not transfer between
different tasks, therefore it is possible that conflict
adaptation effects are task-specific despite the
recent assumption of domain-general control (Aczel
et al., 2021). It is also worth noting that the negative
results may be due to the lack of self-relevance:
Landman and van Steenbergen (2020) have found
that self-related affective stimuli increase conflict
adaptation, however, when it is not self-related the
increase is not observable. By implementing
affective signals without any relevance to the task
or the participant, the effect of those signals might
be reduced. Furthermore, the informational role of
affective stimuli also needs to be considered: Accord-
ing to Schwarz (1990) negative affective states
inform the individual about a threat, or a possibility
of negative outcomes and thus might motivate the
individual to heighten cognitive efforts. This
however can only be observed in situations where
the affective states and goals of an individual (e.g.
solve an experimental task) are related. In our case
it is possible that affective stimuli were not inter-
preted as information related to the situation and
thus did not elicit increased cognitive effort.
Another parallel effect might be the unrelated
arousal of affective stimuli: Zeng et al. (2017) have
found increased control adaptation in high arousal
affective tasks, however, they did not separate
affective cues from the task stimuli. Contradicting
this, Pessoa (2009) provides a framework in which
high arousal stimuli are suggested to impair execu-
tive control by expending or diverting needed
resources. A later study (Padmala et al., 2011) has
indeed shown results that suggested that phasic
high arousal negative emotions impair, rather than
increase conflict adaptation.

The exploratory investigations (see in the sup-
plementary materials) we conducted, however, pro-
vided results similar to recent findings that suggest
the modulating effects of affective signals on sequen-
tial control adaptation. We found CSE between con-
secutive flanker and prime-probe trials in 3 of 4
experiments, regardless of the long gap (approxi-
mately 4 s) between them. This CSE was twice as big
after a negative word than after a neutral word in
the flanker task. In the flanker with arousal words
experiment, we have also found a pattern similar to
recent findings (N. Cohen et al., 2011) where preced-
ing incongruent flankers impaired the effect of
emotion on subsequent task performance. Notably,
these findings are based on complex, exploratory
interactions, as such they provide no conclusive evi-
dence for any hypothesis, however, paired with the
null-findings on the original analyses, they suggest a
pattern where phasic affective states indeed have a
modulating role in conflict adaptation, however,
they are not sufficient to elicit it by themselves.

An important limitation of this study is that
affective words were measured on the relevant
affective dimensions, however, there is no data on
how the subjective, perceived valence or arousal
differed between subjects in the experimental
sample. The above-mentioned self-relevance domain
has not been addressed by the design either. The pas-
sively observed words might elicit affect, but the lack
of task might reduce the relevance of the words, and
also break the flow of attention during the exper-
iment. It is possible that consciously, or unconsciously
realising that there is no challenge, or any relevant
benefit in reading the words, participants used word
trials as a break in attentional effort, thus their
affective effects were smaller than hypothesised.
Additionally, not only the irrelevance, but the aver-
siveness of the words could also drive participants
to avoid reading them which possibility was not
accounted for in this study. The usage of affective
words also introduced a minor limitation to our
design because we could not fully control for
valence or arousal in the arousal and valence
arousal wordlists, respectively, due to the closely
intertwined nature of these two dimensions in
verbal stimuli. These dimensions however often co-
occur in any real-word aversive stimuli; hence we
find it unlikely that this lack of separation has
affected our findings.

The above limitations could be addressed by a
design, where participants are more involved in the



processing of affective words (albeit this could
increase the chance of task switching effects
between affective words and conflict trials), and pres-
entation length could also be shortened for more
immediate phasic effects.

Our hypothesis was that phasic affective signals by
themselves can trigger adaptive control, in this study
we now have found evidence against it. A wide range
of recent studies report, however, the modulating
effect of affective signals in conflict tasks suggesting
an important role of such signals in the adaptation
of control. In fact, aversive signals may still play a
causal role in control dynamics, but if they do, they
likely need to stem from the control demands relevant
to the task at hand. Further investigations are needed
to uncover the mechanisms of affective signals’ mod-
ulating effect on cognitive control.
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