COGNITION AND EMOTION
https://doi.org/10.1080/02699931.2020.1722615
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ABSTRACT

ARTICLE HISTORY

Conﬂict adaptation reﬂects the increase in cognitive control after previous conﬂict
between task-relevant and task-irrelevant information. Tonic (sustained) arousal elicited
by emotional words embedded in a conﬂict task has previously been shown to
increase conﬂict adaptation. However, the role of phasic (transient) emotional arousal
remains unclear. In Experiment 1 (N = 55), we therefore investigated the eﬀect of
phasic arousal using a colour ﬂanker task with negative, positive, and neutral words as
stimuli. We hypothesised that phasic arousal elicited in this context will increase
conﬂict adaptation in the subsequent trial. Indeed, when the words were positive or
negative as compared to neutral, we observed increased conﬂict adaptation. In
Experiment 2 (N = 54), we examined the role of the self-relevance by presenting words
with a self-related pronoun (“my”) or sender-related pronoun (“his”/“her”). We expected
that emotional words with high self-relevance would lead to stronger eﬀects of
emotional arousal on conﬂict adaptation. Conﬁrming this hypothesis, results showed
that emotional words within a self-related context again increased conﬂict adaptation,
whereas this eﬀect was not observed in the sender-related context. Taken together,
these results are the ﬁrst to show that phasic arousal elicited by emotional words
increases conﬂict adaptation, in particular when these words have high self-relevance.
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In modern society, people are constantly confronted
with many streams of information competing for our
attention. Being able to ignore irrelevant information
while focusing on the relevant parts is essential for
goal-directed behaviour. When goal-relevant and distracter information is conﬂicting, it becomes more
diﬃcult to select the appropriate action. Cognitive
control helps to resolve conﬂict in these situations,
serving goal-relevant action. In the lab, conﬂict is
usually created by presenting participants simultaneously with target and distracter information
while measuring changes in performance. Famous
examples of conﬂict tasks are the Stroop, Simon, and
ﬂanker tasks (Eriksen & Eriksen, 1974; Simon &
Rudell, 1967; Stroop, 1935). For example, in the
arrow ﬂanker task, participants have to indicate the

KEYWORDS

Cognitive control; conﬂict
adaptation; emotion; arousal;
self-relevance; empathy

direction of a centrally presented arrow that is ﬂanked
by arrows facing in a direction that is either the same
(congruent) or diﬀerent (incongruent) from the central
arrow. It has consistently been observed that this task
is more diﬃcult for incongruent trials than for congruent trials due to the interference of the distracting
arrows during incongruent conditions. This eﬀect is
called the congruency eﬀect and is reﬂected by slower
reaction times and more errors on incongruent as compared to congruent trials. Interestingly, the interference
of the conﬂicting information becomes smaller when a
trial is preceded by another incongruent trial. This
sequential eﬀect is commonly referred to as the congruency-sequence eﬀect or conﬂict-adaptation eﬀect
(Botvinick, Braver, Barch, Carter, & Cohen, 2001;
Gratton, Coles, & Donchin, 1992).
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One of the most inﬂuential theories that explains
why conﬂict adaptation occurs is the conﬂict monitoring theory (Botvinick et al., 2001). This theory assumes
that the occurrence of conﬂict will trigger increased
cognitive control. Accordingly, when conﬂict is
detected during an incongruent trial, a neural
conﬂict monitoring system signals to prefrontal areas
that more cognitive control is needed to respond adequately to the situation. Consequently, the conﬂict is
resolved by an increase in cognitive control, leading
to the facilitation of attentional selection of the
target during the next trial. This adaptive increase in
cognitive control is thought to produce the conﬂictadaptation eﬀect. Although previous research has
shown that congruency sequence eﬀects can also be
driven partly by alternative mechanisms, including
feature integration (Hommel, Proctor, & Vu, 2004)
and contingency learning (Schmidt & De Houwer,
2011), conﬂict adaptation can still be observed when
carefully controlling for these factors (Braem et al.,
2019; Duthoo, Abrahamse, Braem, Boehler, & Notebaert, 2014; Schmidt & Weissman, 2014).
Research from the last decade has started to focus
on studying aﬀective (van Steenbergen, 2015) and
motivational factors (Braem, Verguts, Roggeman, &
Notebaert, 2012; Stürmer, Nigbur, Schacht, &
Sommer, 2011) that inﬂuence adaptive cognitive
control. For example, recent ﬁndings have emphasised the role of integral emotions in conﬂict tasks,
suggesting that conﬂict itself is aversive and that
negative valence and/or increased arousal drives
conﬂict adaptation (Botvinick, 2007; Dreisbach &
Fischer, 2015; Inzlicht, Bartholow, & Hirsh, 2015; van
Steenbergen, 2015). Conﬁrming this idea, conﬂict
has been shown to induce physiological arousal (e.g.
Brown et al., 1999; Laeng, Ørbo, Holmlund, & Miozzo,
2011; van der Wel & van Steenbergen, 2018; van
Steenbergen & Band, 2013), primes negative aﬀect
(e.g. Dreisbach & Fischer, 2012), and the presumed
negative valence of conﬂict can be counteracted by
positive valence induced by performance non-contingent reward, reducing the conﬂict-adaptation eﬀect
(van Steenbergen, Band, & Hommel, 2009; but also
see Dignath, Janczyk, & Eder, 2017; Padmala, Bauer,
& Pessoa, 2011; Yamaguchi & Nishimura, 2019, Exp. 2
& 3). In addition, aﬀective manipulations incidental
to the task at hand modulate conﬂict adaptation,
such that negative relative to positive aﬀect increases
conﬂict adaptation (Kuhbandner & Zehetleitner, 2011;
Schuch & Koch, 2015; Schuch, Zweerings, Hirsch, &
Koch, 2017; van Steenbergen, Band, & Hommel,

2010; van Steenbergen, Band, Hommel, Rombouts, &
Nieuwenhuis, 2015; but see also Dreisbach, Fröber,
Berger, & Fischer, 2019), suggesting that when the
valence of aﬀective states and the conﬂict itself are
congruent, the aversive conﬂict signal is boosted
which consequently increases conﬂict adaptation.
In contrast to the relatively consistent literature on
valence, reported ﬁndings on the eﬀects of experimentally induced emotional arousal on conﬂict adaptation are rather mixed. Although phasic (transient)
arousal has been predicted to drive conﬂict adaptation (Verguts & Notebaert, 2009), studies that manipulate phasic arousal using a stimulus that is not
embedded in the main task typically do not alter
conﬂict adaptation (Brown, van Steenbergen, Kedar,
& Nieuwenhuis, 2014; Dignath et al., 2017), or only
impair task switching (Demanet, Liefooghe, & Verbruggen, 2011). Studies using tonic (sustained) manipulations of emotional arousal via mood induction have
reported null-eﬀects (Kuhbandner & Zehetleitner,
2011; van Steenbergen et al., 2010) or only impairments of top-down control of distractors (Kuhbandner
& Zehetleitner, 2011). A pharmacological manipulation of the noradrenergic system using propranolol
also did not impact conﬂict adaptation (de Rover
et al., 2015). However, a recent study employing transcutaneous vagus nerve stimulation, which is assumed
to activate the locus coeruleus-norepineprine (LC-NE)
system, did result in increased conﬂict adaptation
(Fischer, Ventura-Bort, Hamm, & Weymar, 2018; but
also see van Bochove et al., 2018), although the
exact contribution of phasic and tonic arousal to this
stimulation is not clear yet (Warren et al., 2019).
In the present study, we investigate the role of
emotional valence and arousal following a diﬀerent
approach that was originally developed by Kanske
and Kotz (2010, 2011a, 2011b, 2011c). In their experiments, these authors used conﬂict tasks that
embedded the emotional stimuli in the primary task.
For example, using a colour ﬂanker task, the stimulus
involved an array of the same emotional word while
manipulating the colour of the central target and
the distractors (see Figure 1 for an example). Although
the emotional words were irrelevant to the primary
task, emotional versus neutral words increased cognitive control (reduced conﬂict eﬀect) in the colour
ﬂanker task, an eﬀect observed for both positive
(Kanske & Kotz, 2011b, 2011c) and negative stimuli
(Kanske & Kotz, 2010, 2011a). These ﬁndings clearly
suggest that phasic arousal, but not valence, increases
cognitive control provided that the emotional
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stimulus is embedded in the task itself (for reviews, see
Cohen & Henik, 2012; Kanske, 2012). Following up on
this line of research, Zeng et al. (2017) recently used
the same colour ﬂanker task to investigate the eﬀect
of valence and arousal on conﬂict adaptation in the
same study. Consistent with a role of arousal on
conﬂict adaptation, they observed increased conﬂict
adaptation when stimuli were emotional as opposed
to neutral. This increased conﬂict adaptation was
observed for both the positive and negative conditions, suggesting that the valence of emotional
words do not modulate conﬂict adaptation. Critically,
in the study of Zeng and colleagues phasic and
tonic eﬀects of arousal could not be dissociated
because positive, negative, and neutral emotional
words were presented in diﬀerent blocks. So it is yet
unknown whether the eﬀect they reported is due to
a phasic arousal eﬀect, a tonic arousal eﬀect, or a combination of both. Therefore, the present study aimed
to further investigate the eﬀect of phasic arousal, by
using a trial-wise manipulation of emotional words.
In Experiment 1, we used an adapted version of the
task developed by Zeng et al. (2017). We manipulated
valence and arousal by randomly presenting colour
ﬂanker stimuli with emotional (negative or positive)
and neutral content within blocks. Given previous
ﬁndings, we predicted that irrespective of valence,
emotional versus neutral stimuli in the current trial will
increase conﬂict adaptation in the next trial. In Experiment 2, we further investigated whether the self-relevance of the emotional words alters the eﬀect of
emotion on control processes, by adding a self-related
or sender-related pronoun to the words. Task designs
in both experiments experimentally controlled for
priming, repetition, and contingency learning eﬀects
which otherwise could invalidate the interpretation of
conﬂict-adaptation eﬀects (Schmidt & Weissman, 2014).
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Experiment 1
Method
Participants
We aimed to collect data for 60 participants so that our
analysis would have suﬃcient power (>80%) to detect
small-to-medium within-subject eﬀects with Cohen’s
d ≥ .41, which has been described to reﬂect the
average eﬀect size in psychology (Lakens & Evers,
2014). Following this calculation, 61 right-handed participants (22 men) with a mean age of 21.54 (SD = 2.03)
took part in the study. All participants were native
Dutch speakers with no self-reported history of
trauma or psychiatric illness. Participants were compensated for taking part in the study using either
course credits or money. The study was approved by
the local ethics committee at Leiden University. As
done in our earlier work (e.g. van Steenbergen, Weissman, Stein, Malcolm-Smith, & van Honk, 2017), we ﬁrst
did an initial screening of the data on individual aggregated accuracy rates using boxplots. This revealed participants that were outliers on either (or both)
congruent or incongruent conditions (i.e. more than
1.5 interquartile ranges below/above the 25th/75th
percentile). Removing these outliers resulted in the
exclusion of six participants, which were outliers due
to making errors in over 20% of (in)congruent trials.
When we include the data of these subjects (ignoring
those with empty cells due to missing observations)
the direction and signiﬁcance of the key eﬀects
reported below did not change.

Flanker task

We adapted the colour ﬂanker task that was developed by Kanske and Kotz (2010), see Figure 1. Participants had to indicate the colour of a target word.
Before the participants had to respond to the target

Figure 1. Overview of a congruent trial (left) and an incongruent trial (right) in Experiment 1.
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stimulus, a distractor display was shown in which the
target word was ﬂanked by the same word both above
and underneath it. The words on the distractor display
could be in either the same colour (congruent) or a
diﬀerent colour (incongruent) from the target stimulus. There were two possible colour combinations of
the ﬂankers and target stimuli, which were yellow/
blue and red/green, following the design of Zeng
et al. (2017). On congruent trials, only one of the
colours was used. Critically, in order to prevent
priming, repetition, and contingency learning eﬀects,
the two combinations were presented in alternating
order, such that no current-trial colour or response
was repeated on the subsequent trial (for a similar
design, see Schmidt & Weissman, 2014).
Participants had to indicate the colour of the target
word with a key press. Each of the four colours was
assigned to a key. This colour-key mapping was counterbalanced across participants. The participants had
to press the “D” and “F” keys with the left middle
and index ﬁngers and the “J” and “K” keys with their
right middle and index ﬁngers, respectively. Throughout the experiment, as a reminder, the order of the
colours were displayed on the bottom of the screen
in the corresponding order of the keys on the
keyboard.
Each trial lasted exactly 2000 ms. The distractor was
displayed for 133 ms, followed by a blank screen of 33
ms. The target word was displayed for 133 ms followed by a window to respond that lasted for a
maximum of 1374 ms. A blank time ﬁll screen was presented for the remaining time, to make sure that there
was exactly 2000 ms between each distractor display.
The target words could be either emotional or
neutral. Words of each of these categories were presented equally often in each block in random order.
The valence of emotional words was counterbalanced
between subjects, with half of the participants being
presented with positive emotional and neutral
words, and the other half being presented with negative emotional and neutral words. The stimuli were
Dutch words taken from the dataset of Moors et al.
(2013). For each word type, 30 nouns were chosen.

Each word was presented 8 times during the experiment. All positive, negative, and neutral words were
compared on valence, arousal, number of letters, frequency (Moors et al., 2013), and concreteness (Brysbaert, Stevens, De Deyne, Voorspoels, & Storms,
2014). See Table 1 for an overview and the supplementary material for the stimuli used.

Procedure
After giving informed consent, participants started the
experiment with a practice block, which consisted of
32 trials using another set of words. Participants
were instructed to respond as fast as possible while
avoiding mistakes. During the practice trials, textual
feedback was shown for 200 ms after each trial,
informing the participant whether their response
was correct, incorrect or too slow. Aside from the feedback, practice trials were the same as experimental
trials. Participants had to achieve an overall accuracy
of at least 90% to advance to the experimental
blocks. When participants had lower accuracy, they
were instructed to inform the experimenter and had
to redo the practice block. During the experiment,
17 out of 61 participants had to redo the practice
block one or more times (M = 1.34, range = 1-4).
After having completed the practice block, participants performed two experimental blocks. Both
blocks consisted of 240 trials, each block taking
eight minutes to complete. Between the two blocks,
there was a break as well as a reminder of the instructions. After completing the ﬂanker task, participants
ﬁlled out the State-Trait Anxiety Inventory (Spielberger, Gorsuch, & Lushene, 1970). This questionnaire
was added for a student project and not included in
the analyses reported here.

Data analyses
We analysed both reaction times and error rates. We
used the following trial-level exclusions that are standard in conﬂict adaptation studies. For the RT analysis,
we excluded the ﬁrst trials of each block (0.4% of all
trials), inaccurate trials (4.2%), as well as trials following
errors (4.2%). Furthermore, the data was inspected for

Table 1. Mean scores and standard deviations of valence, arousal, concreteness, frequency and number of letters of each word group.
Word type

Example word

Neutral
Positive
Negative

Code
Humor
Crisis

Valence
M
4.23
5.67
2.13

Arousal
SD
.39
.39
.29

M
3.85
4.82
4.77

Concreteness
SD
.51
.68
.61

M
2.52
2.31
2.43

SD
.88
.79
.65

Frequency
M
33.26
31.96
27.60

SD
30.7
33.2
27.6

Number of
letters
M
6.26
6.67
6.53

SD
1.9
2.3
1.6
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normality. Subsequently, all trials per subject were split
for all factors involved for the subsequent ANOVA (e.g.
previous-trial emotion, previous-trial congruency, and
current-trial congruency for the main analysis). Trials
with a RT deviating more than 2.5 standard deviations
from the individual condition-speciﬁc mean were
excluded from the analyses (2.0%). For the accuracy
analyses, we excluded the ﬁrst trial of a block, trials following errors, and trials with no responses from the
analysis. Analyses on the RT data were used to test
our hypotheses whereas analyses on accuracy were
used to conﬁrm that observed eﬀects in RT were not
driven by shifts in speed-accuracy trade-oﬀ.
Repeated measures ANOVAs were used on reaction
times and error rates of the current trial using the
within-subject factors previous-trial emotion (neutral
vs. emotional), previous-trial congruency (congruent
vs. incongruent), and current-trial congruency (congruent vs. incongruent). The valence of the emotions
(positive or negative) was added as a betweensubject factor.
Greenhouse-Geisser correction was used when the
assumption of sphericity was violated. All main and
interaction eﬀects with p-values < .1 are reported.

Results
Reaction times
Table 2 provides an overview of all reaction times per
combination of conditions, as well as the congruency
and conﬂict-adaptation eﬀects separate for both levels
of previous-trial emotion. Analyses revealed a

5

signiﬁcant main eﬀect of current congruency, which
showed that incongruent trials resulted in slower RTs
than congruent trials (F(1,53) = 689.54, p < .001, MSE
= 1126.9, eta²p = .929). In addition, there was an
eﬀect of previous congruency on RT, showing that
trials following previous incongruent trials were
slower than trials that followed congruent trials (F
(1,53) = 4.06, p = .049, MSE = 190.2, eta²p = .071).
Importantly, there was also a signiﬁcant interaction
between current-trial and previous-trial congruency,
indicating our task produced the conﬂict-adaptation
eﬀect (F(1,53) = 69.24, p < .001, MSE = 177.0, eta²p
= .566).
Most importantly, we observed the predicted interaction between previous-trial emotion, previous-trial
congruency and current-trial congruency (F(1,53) =
6.86, p = .011, MSE = 96.1, eta²p = .115). As shown in
Figure 2, conﬂict adaptation was stronger for
emotional words (26 ms, SE = 3.2) than for neutral
words (16 ms, SE = 3.3). Post-hoc tests did not clearly
reveal whether the diﬀerence was driven by the
eﬀect of previous conﬂict, previous no-conﬂict or
their combination, as the interference eﬀect after congruent trials did not diﬀer between the previous
neutral trials versus emotional trials (t(54) = −1.870,
p = .067) and the interference eﬀect after incongruent
trials was also not signiﬁcantly diﬀerent between previous neutral versus emotional trials (t(54) = 1.209, p
= .232).
Additionally, we observed faster reaction times
after previous neutral trials as compared to previous
emotional trials (F(1,53) = 4.63, p = .036, MSE = 134.5,

Table 2. Behavioral data of Experiment 1 (N = 55).
Previous-trial valence
Neutral
Trial type
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)

RT (ms)
379
462
374
464
385
460
83
16
Error rate (%)
3.6
4.7
4.1
5.3
2.9
3.9
1.1
.18

SD
69
69
69
71
69
69
26
25
SD
2.5
3.6
3.8
4.4
2.5
3.7
3.2
5.6

Emotional
CI (95%)
[361, 398]
[443, 481]
[355, 392]
[445, 483]
[367, 404]
[441, 479]
[76, 89]
[9, 23]
CI (95%)
[2.9, 4.3]
[3.7, 5.6]
[3.1, 5.2]
[4.1, 6.5]
[2.2, 3.6]
[2.9, 4.9]
[.2, 1.9]
[−1.3, 1.7]

RT (ms)
381
465
373
470
388
459
84
26
Error rate (%)
3.5
4.3
4.0
4.5
2.9
4.0
.81
−.56

SD
67
73
69
76
66
71
26
25
SD
3.0
2.9
4.3
3.7
2.7
3.4
3.2
5.6

CI (95%)
[363, 399]
[445, 484]
[355, 392]
[450, 491]
[371, 406]
[440, 478]
[77, 91]
[20, 33]
CI (95%)
[2.7, 4.3]
[3.7, 5.6]
[2.8, 5.1]
[3.5, 5.5]
[2.1, 3.6]
[3.0, 4.9]
[-.04, 1.7]
[−2.1, .97]
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Figure 2. Reaction times as a function of previous congruency (x-axis) and current congruency (lines) for neutral (left) and emotional (right)
previous-trial words. The error bars indicate the 95% conﬁdence intervals of the between-subject standard errors.

eta²p = .080). We also observed a non-signiﬁcant interaction between the between-subject factor valence
and conﬂict adaptation, (F(1,53) = 3.49, p = .067, MSE
= 117.0, eta²p = .062), in the direction suggesting that
a context of mixed negative and neutral relative to
mixed positive and neutral words numerically
increases conﬂict adaptation. There were no overall
between-subject eﬀects of the valence of the
emotion (positive or negative), (F(1,53) = .03, p = .871,
MSE = 38783.1, eta2p < .001), nor any other signiﬁcant
interactions between valence and any other (combinations of) conditions. This indicates that there was
no evidence that the valence of the emotional
words inﬂuenced the eﬀect of previous-trial emotion
on conﬂict adaptation.

Error rates
An overview of the mean error rates per condition can
be found in Table 2. A repeated-measures ANOVA on
accuracy showed that participants made more errors
on incongruent trials than on congruent trials (F
(1,53) = 7.984, p = .007, MSE < .1, eta2p = .131). After previously incongruent trials error rates reduced (F(1,53)
= 13.47, p = .001, MSE < .1, eta2p = .203). Critically,
there was no interaction between emotion and
conﬂict adaptation (F(1,53) = .241, p = .626, MSE < .1,
eta2p = .005), indicating that the diﬀerences in reaction
time cannot be explained by a speed-accuracy tradeoﬀ. No other eﬀects were observed (ps > .206).

Discussion
The aim of Experiment 1 was to test whether
emotional versus neutral words embedded in a

colour ﬂanker task increase conﬂict-driven upregulations of cognitive control when they are presented
in random order. Consistent with the hypothesis,
conﬂict adaptation was increased by positive and
negative emotional words compared to neutral
words, irrespective of the between-subject factor
valence. These ﬁndings extend the ﬁndings of Zeng
et al. (2017) that revealed increased conﬂict adaptation for emotional words in a blocked design that
did not allow the disentanglement of the phasic and
tonic eﬀects of arousal. The present results show for
the ﬁrst time that phasic arousal elicited by emotional
words increases conﬂict adaptation in the subsequent
trial.

Experiment 2
When participants read emotional words in experimental settings, it is important to realise that
emotions could simply label the emotion expressed
by the sender, rather than that they reﬂect one’s
own emotions. In order to make emotional words
self-related, Herbert and colleagues (2011a) therefore
developed a new paradigm in which the aﬀective
noun was preceded by the pronoun my (“e.g. my
despair”); compared to sender-related pronoun (“e.g.
his despair”). Emotional nouns preceded by selfrelated pronouns have been shown to facilitate
deeper emotional processing and accompany larger
physiological responses in several studies, suggesting
that they change the level of experienced arousal (e.g.
Bayer, Ruthmann, & Schacht, 2017; Herbert, Herbert,
Ethofer, & Pauli, 2011a; Herbert, Pauli, & Herbert,
2011b). Building on this work, in Experiment 2 we
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combined this approach with the emotional ﬂanker
task used in Experiment 1 to test whether self-relevance is associated with stronger eﬀects of
emotional arousal on conﬂict adaptation.

Method
Participants
The sample consisted of 60 new participants (21 male)
with a mean age of 21.72 (SD = 2.53). The exact same
exclusion criteria from the ﬁrst experiment were used.
Initial screening of the data on individual aggregated
accuracy rates using boxplots showed participants
that were outliers on either (or both) congruent or
incongruent conditions (i.e. more than 1.5 interquartile ranges below/above the 25th/75th percentile).
Removing these outliers resulted in the exclusion of
six participants, which were outliers due to making
errors in over 22% of (in)congruent trials. When we
include the data of these subjects (ignoring those
with empty cells due to missing observations) the
direction and signiﬁcance of the key eﬀects reported
below did not change.

Flanker task
Experiment 2 used the same paradigm as Experiment
1, but we now manipulated relevance by adding a selfrelated pronoun (“my”) or a sender-related pronoun
(either “his” or “her”, matched to participant’s
gender) to the nouns, following up on the earlier
work by Herbert and colleagues (2011b).

Procedure
Additional practice trials were added to the experiment, so that the practice consisted of a self-related
block and sender-related block with 16 trials each.
During the experiment, 23 out of 60 participants had
to redo the practice block (M = 1.6, range = 1-8) one
or more times until they received an overall accuracy
of at least 90%. The order of the experimental blocks
was counterbalanced between participants using an
ABBA design (A = Self, B = Sender, or vice versa).
Because we manipulated relevance within participants, the amount of trials was doubled from 480 to
960, again with 240 trials per block. After completing
the ﬂanker task, participants ﬁlled out the State-Trait
Anxiety Inventory (Spielberger et al., 1970) and the
Empathy Quotient (Baron-Cohen & Wheelwright,
2004) questionnaire. Both questionnaires were
added for a student project. Following a reviewer’s
suggestion, we performed an exploratory analysis
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that correlated the Empathy Quotient with the eﬀect
of self-relevance on the interaction of previous
emotion and conﬂict adaptation (Herbert, Sfärlea, &
Blumenthal, 2013; Meixner & Herbert, 2018). No signiﬁcant eﬀect was observed (r = -.077; p = .580).

Data analyses
Data analyses were identical to Experiment 1, except
that personal relevance was added as an additional
within-subject factor. For the RT analysis, we excluded
the ﬁrst trials of each block (0.4% of all trials), inaccurate trials (4.5%), as well as trials following errors (4.5%),
and trials with a RT deviating more than 2.5 standard
deviations from the individual condition-speciﬁc
mean were excluded from the analyses (2.1%).

Results
Reaction times
Tables 3 and 4 provide an overview of all reaction
times per combination of conditions. As in Experiment
1, analyses revealed a signiﬁcant main eﬀect of current
congruency, which showed that incongruent trials
resulted in slower RTs than congruent trials (F(1,52)
= 1007.86, p < .001, MSE = 1531.6, eta²p = .951). In
addition, there was an eﬀect of previous congruency
on RT, showing that trials following previous incongruent trials were slower than trials that followed congruent trials (F(1,52) = 4.92, p = .031, MSE = 253.2, eta²p
= .086). Again, there was also a signiﬁcant interaction
between current-trial and previous-trial congruency,
again indicating that our task produced the standard
conﬂict-adaptation eﬀect (F(1,52) = 77.91, p < .001,
MSE = 274.6, eta²p = .600). The interaction between
previous-trial emotion and current-trial congruency
(F(1,52) = 2.98, p = .090, MSE = 234.6, eta²p = .054) was
not signiﬁcant. However, we did observe a signiﬁcant
interaction between the between-subject factor
valence and current-trial congruency (F(1,52) = 4.74,
p = .034, MSE = 1531.6, eta²p = .084), suggesting that
the congruency eﬀect – but not the conﬂict-adaptation eﬀect, F(1,52) = 2.19, p = .145, MSE = 274.6,
eta²p = .040 – was larger in the a context of mixed
negative and neutral relative to mixed positive and
neutral words.
Most importantly, in contrast to Experiment 1,
there was no overall interaction between previous
emotion, previous congruency and current congruency (F(1,52) = 1.92, p = .172, MSE = 209.8, eta²p
= .036). Instead, this interaction was moderated by
the relevance indicated by the pronoun, as indicated

8

L. L. LANDMAN AND H. VAN STEENBERGEN

Table 3. Behavioral data of Experiment 2 of self-related blocks (N = 54).
Previous-trial valence
Trial type
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)

RT (ms)
403
490
398
492
406
488
87
12
Error rate (%)
3.7
4.4
4.0
4.7
3.1
4.0
.74
−.18

Neutral
SD
73
75
77
75
71
77
24
27
SD
2.5
3.4
3.9
4.4
2.4
4.0
3.0
6.0

by a signiﬁcant four-way interaction between relevance, previous emotion, previous congruency, and
current congruency (F(1,52) = 5.55, p = .022, MSE =
213.9, eta²p = .096). Relevance did not signiﬁcantly
modulate overall conﬂict adaptation (F(1,52) = .19, p
= .667, MSE = 215.9, eta²p = .004). Furthermore, there
were no between-subject eﬀects of the valence of
the emotion (positive or negative) (F(1,52) = .30, p
= .586, MSE = 81514.8, eta²p = .006) nor any signiﬁcant
interactions between the valence and the interaction
between the relevance, emotion, and conﬂict adaptation (F(1,52) = .10, p = .753, MSE = 213.9, eta²p
= .002), indicating that the valence of the emotions

CI (95%)
[382, 423]
[469, 510]
[377, 419]
[471, 512]
[387, 426]
[467, 509]
[81, 94]
[5, 20]
CI (95%)
[3.0, 4.3]
[3.5, 5.3]
[3.0, 5.2]
[3.6, 5.9]
[2.5, 3.7]
[2.9, 5.1]
[-.07, 1.6]
[−1.8, 1.4]

RT (ms)
406
486
398
491
414
481
80
26
Error rate (%)
3.6
4.1
3.9
4.3
3.4
3.9
.56
−.06

Emotional
SD
71
74
74
74
71
75
24
27
SD
3.1
2.6
3.8
3.1
3.1
3.1
3.1
4.2

CI (95%)
[386, 426]
[466, 506]
[378, 418]
[471, 511]
[395, 433]
[461, 502]
[75, 86]
[18, 34]
CI (95%)
[2.7, 4.4]
[3.4, 4.8]
[2.8, 4.9]
[3.4, 5.1]
[2.6, 4.3]
[3.0, 4.7]
[-.28, 1.4]
[−1.2, 1.1]

did not inﬂuence the eﬀects of the relevance and
emotion on the conﬂict-adaptation eﬀect.
To further investigate the interaction between relevance, previous emotion, and conﬂict adaptation,
ANOVAs were run separately for the self-related and
sender-related blocks. Analysis on the self-related
blocks again showed eﬀect of current congruency (F
(1,52) = 833.52, p < .001, MSE = 957.0, eta²p = .941), previous congruency (F(1,52) = 4.10, p = .048, MSE = 202.1,
eta²p = .073), and their interaction (F(1,52) = 42.99, p
< .001, MSE = 227.7, eta²p = .453). Additionally, we
observed faster reaction times after previous neutral
trials as compared to previous emotional trials (F

Table 4. Behavioral data of Experiment 2 of sender-related blocks (N = 54).
Previous-trial valence
Neutral
Trial type
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)
Congruent
Incongruent
cC
cI
iC
iI
Congruency eﬀect
Conﬂict-adaptation eﬀect (cI -cC) - (iI - iC)

RT (ms)
402
485
396
489
409
481
83
21
Error rate (%)
3.6
4.4
3.9
4.6
3.4
4.3
.81
−.20

SD
68
70
71
70
67
72
24
31
SD
2.7
3.1
3.4
3.7
2.9
3.7
2.6
5.3

Emotional
CI (95%)
[384, 421]
[466, 504]
[377, 416]
[470, 508]
[391, 427]
[462, 501]
[76, 89]
[12, 29]
CI (95%)
[2.9, 4.3]
[3.6, 5.3]
[3.0, 4.8]
[3.6, 5.6]
[2.6, 4]
[3.3, 5.3]
[.10, 1.5]
[−1.6, 1.2]

RT (ms)
405
487
399
491
411
483
82
20
Error rate (%)
3.6
4.1
3.9
4.0
3.1
4.0
.50
−.74

SD
68
68
71
70
67
68
24
31
SD
2.5
3.3
3.3
3.9
2.7
3.7
3.2
4.3

CI (95%)
[386, 423]
[468, 505]
[380, 418]
[472, 510]
[392, 429]
[464, 501]
[75, 89]
[12, 27]
CI (95%)
[2.9, 4.3]
[3.2, 5.0]
[3.0, 4.8]
[3.0, 5.1]
[2.4, 3.9]
[3.0, 5.0]
[-.38, 1.4]
[−1.9, .42]
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(1,52) = 9.67, p = .003, MSE = 137.8, eta²p = .157). Most
importantly, self-related blocks did show a signiﬁcant
interaction between emotion and conﬂict adaptation
(F(1,52) = 6.82, p = .012, MSE = 218.1, eta²p = .116),
which replicates the eﬀects observed in Experiment
1; as shown in Figure 3 (top panels), we observed
increased conﬂict adaptation after emotional words
(26 ms, SE = 4.0) compared to neutral words (12 ms,
SE = 3.7), t(53) = 2.630, p = .011. Post-hoc tests
showed that interference after congruent trials did
not diﬀer between the neutral trials and emotional
trials (t(53) = .154, p = .878). However, the interference
eﬀect after incongruent trials was lower for previous
emotional trials as opposed to neutral trials (t(53) =
4.180, p < .001).
On the other hand, analyses on the sender-related
blocks did not show a signiﬁcant interaction between
previous emotion and conﬂict adaptation (F(1,52)
= .50, p = .482, MSE = 205.7, eta²p = .010), see Figure 3
(bottom panels). This analysis also conﬁrmed the
eﬀect of current congruency (F(1,52) = 876.82, p
< .001, MSE = 851.2, eta²p = .944), the interaction
between previous and current congruency (F(1,52) =
44.33, p < .001, MSE = 262.8, eta²p = .460), and the
eﬀect of the between-subject factor valence on the
congruency eﬀect (F(1,52) = 6.00, p = .018, MSE =
851.2, eta²p = .103).

Error rates
An overview of the mean error rates per condition can
be found in Tables 3 and 4. A repeated-measures
ANOVA on accuracy showed that the amount of
errors on incongruent trials and congruent trials
diﬀered, with more errors on incongruent trials (F
(1,52) = 7.34, p = .009, MSE < .1, eta2p = .124). After previously incongruent trials error rates reduced (F(1,52)
= 7.85, p = .007, MSE < .1, eta2p = .131). Critically, there
were no interactions between emotion and conﬂict
adaptation (F(1,52) < .01, p = .974, MSE < .1, eta2p
< .001), nor did relevance modulate the eﬀect (F
(1,52) = .16, p = .692, MSE < .1, eta2p = .003), indicating
that the diﬀerences in reaction time cannot be
explained by a speed/accuracy trade-oﬀ. No other
eﬀects were observed (ps > .121).

Discussion
In line with predictions, the ﬁndings of Experiment 2
show that the pronouns added before the words in
our ﬂanker task tended to inﬂuence the interaction
between previous-trial emotion and conﬂict
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adaptation. Irrespective of valence, emotional words
that were preceded by the self-related pronoun “my”
increased conﬂict adaptation relative to neutral
words, replicating the ﬁndings from Experiment 1 in
a self-related context. Interestingly, when words
were sender-related by using the pronoun “his” or
“her” (matched to the participant’s gender), emotional
content no longer modulated conﬂict adaptation.

General discussion
The goal of the present study was to investigate the
eﬀect of phasic arousal on cognitive control, by investigating the eﬀect of emotional versus neutral words
that are embedded in a colour ﬂanker task. As predicted, Experiment 1 showed that emotional stimuli,
irrespective of being positive or negative, increase
conﬂict adaptation in comparison to neutral words.
Replicating and extending these ﬁndings, Experiment
2 showed the same eﬀect in a self-related context
when words were preceded by the pronoun “my”,
whereas this eﬀect was not observed in a senderrelated context when words were preceded by the
pronoun “his” or “her”.
Our results replicate and extend the ﬁndings of
Zeng et al. (2017) who demonstrated that emotional
arousal manipulated at a block-level increases
conﬂict adaptation. Our results clearly show that this
eﬀect of arousal also occurred when emotion is
manipulated at the trial-level, thus demonstrating
that the induction of phasic emotional arousal is
suﬃcient to increase conﬂict adaptation. The adaptation-by-binding account of Verguts and Notebaert
(2009) provides a mechanistic explanation for our
ﬁndings. According to this theory, phasic arousal
increases the binding between the representations
of stimuli and task-relevant goals via Hebbian learning
triggered by the locus-coeruleus norepinephrine
system. This binding serves to improve cognitive
control in the next trial, reﬂected by increased
conﬂict adaptation. However, at the same time
several previous studies have not provided consistent
evidence for arousal-related increases in conﬂict adaptation (Brown et al., 2014; Dignath et al., 2017), or
observed reduced adaptation after threat-related
images (Padmala et al., 2011). Based on these
ﬁndings, it could be speculated that phasic arousal
enhances conﬂict adaptation only when it has strong
overlap in terms of both temporal and spatial features,
as our paradigm used emotional words that were
embedded in the task itself. Note that the eﬀects
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Figure 3. Reaction times as a function of previous congruency (x-axis) and current congruency (lines) for neutral (left panels) and emotional (right
panels) previous-trial words, separate for self-related blocks (top panels) and sender-related blocks (bottom panels). The error bars indicate the
95% conﬁdence intervals of the between-subject standard errors.

observed in the present study could also reﬂect eﬀects
of emotional intensity rather than phasic arousal
because we did not use a low-arousal control condition that was matched on valence. However,
because emotional stimuli typically show a boomerang-shaped distribution in the two-dimensional
space deﬁned by arousal and valence, it is challenging
to dissociate phasic arousal from emotional intensity
in experimental studies.
Our control analyses (see supplementary material)
showed that the emotion-induced increase in conﬂict
adaptation did not accompany overall increases in cognitive control (reduced interference eﬀect) in the trial of
the emotional stimulus itself. At ﬁrst sight, these
ﬁndings seem to contradict the original ﬁndings by
Kanske and Kotz (2010, 2011a, 2011b, 2011c) that
have repeatedly shown that emotional words, irrespective of valence, improve cognitive control (i.e. reduce

the congruency eﬀect) in the trial of the emotional
word itself. However, this apparent contradiction can
be reconciled by assuming that conﬂict adaptation
reﬂects a carry-over of an enhanced cognitive control
state that started at the previous trial, a suggestion
that has been supported by earlier work that has dynamically tracked target and distracter processing over
time (Scherbaum, Fischer, Dshemuchadse, & Goschke,
2011). Because our paradigm used four response
options (to control for common confounds in the
conﬂict-adaptation eﬀects) and quite short inter-trial
intervals, it was likely more diﬃcult than the slower
two-response paradigms originally employed by
Kanske and Kotz. Task diﬀerences like these could
make it such that participants relied more on reactive
cognitive control mechanisms that do not impact
behaviour immediately while it does improve performance in a subsequent trial.

COGNITION AND EMOTION

The self-relevance manipulation introduced in
Experiment 2 demonstrated that the context in
which emotional words are processed inﬂuences
control processes. As illustrated in Figure 4, emotion
only increased conﬂict adaptation when words were
self-related (mirroring the ﬁndings in Experiment 1)
but not when they were sender-related. These
results dovetail earlier work that focused on neural
and physiological indices of language processing.
These studies have consistently shown deeper processing of words when they are presented in self-related
in comparison to sender-related contexts (Herbert
et al., 2011a; Herbert et al., 2011b; Fields & Kuperberg,
2012, 2015; Bayer et al., 2017; Weis & Herbert, 2017).
When sender-related, emotional words did not reliably
inﬂuence control processes in our study, a ﬁnding consistent with literature on perspective taking and
empathy showing that humans have an egocentric
bias, which is stronger under time pressure (Epley,
Keysar, Van Boven, & Gilovich, 2004), and which is
costly to override (Cameron et al., 2019; Hutcherson,
Bushong, & Rangel, 2015; Lockwood et al., 2017).
However, a closer investigation of the ﬁndings in
Experiment 2 suggest that this account cannot completely explain the entire pattern of results observed.
As illustrated in Figure 4, participants in the senderrelated context actually also showed a general
increase in conﬂict adaptation irrespective of
emotion. This pattern was not predicted. One could
speculate that cognitively taxing process of perspective taking renders the primary conﬂict task more
diﬃcult at a subjective level, which in turn modulates
reactive control processes (van Steenbergen, Band, &
Hommel, 2015). However this speculation remains to
be tested in future studies. Either way, our results
highlight the potential of adding a self-relevance
manipulation in the context of a cognitive control
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task with emotional stimuli. This further extends
earlier literature that has studied the inﬂuence of
other person’s errors (Koban & Pourtois, 2014) and
conﬂict (e.g. Liepelt, Wenke, Fischer, & Prinz, 2011,
2013; Spapé & Ravaja, 2016; Winkel et al., 2009) on
cognitive control outside the context of an emotional
manipulation.
There are a few limitations of the present study we
mention here. First, although the stimuli were selected
on norm scores providing measures of valence and
arousal, we did not independently measure word-elicited changes in valence and arousal levels in our
sample of participants. Second, we did not give particular instructions about how to interpret the
diﬀerent pronouns in our task, following earlier work
(Herbert et al., 2011b). Future studies could investigate
the eﬀect of framing, for example by instructing participants to imagine a stranger versus a close other
when reading sender-related pronoun-noun combinations (Bayer et al., 2017).
To conclude, our study revealed for the ﬁrst time
that phasic arousal increases conﬂict adaptation
when using positive and negative emotional versus
neutral words embedded in the cognitive control
task itself. This eﬀect was observed in Experiment 1
and was replicated in a self-relevant context in Experiment 2. In contrast, when emotional words were not
self-relevant, conﬂict adaptation was no longer modulated by emotional content. These ﬁndings not only
show how phasic emotional arousal inﬂuences
control processes, they also demonstrate that selfreferential processing can modulate it. This work provides interesting avenues for future research, for
example to test independent and interactive eﬀects
of empathy, emotional processing, and cognitive
control. The paradigm we developed here might
also be used to identify aberrations of these functions
in a wide range of psychiatric disorders including
depression, autism, and sociopathy (e.g. Brazil, van
Dongen, Maes, Mars, & Baskin-Sommers, 2018; McTeague, Goodkind, & Etkin, 2016; Nuske, Vivanti, & Dissanayake, 2013).
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RUNNNG TITLE: Emotion and conflict adaptation
Supplementary Material
Emotional words
Table S1 presents the words used in the experiments. Neutral words had significantly
lower arousal than both positive and negative words (p < .001), while the arousal of the positive
and negative words did not differ significantly from each other (p = .75). Furthermore, all three
word groups did not differ significantly on number of letters (ps >= .43), concreteness (ps > =
.35), and frequency (ps > = .46). An overview of all stimuli and scores can be found in the
supplementary materials.
Control analyses Experiment 1 and 2
Data analyses
In addition, we performed a control analysis to analyze possible effects of current-trial
emotion on cognitive control in line with the approach used by Kanske and Kotz (2010, 2011a,
2011b, 2011c) that only focused on the effect of current-trial emotion on current-trial
congruency. Our control analysis used the within-subject factors previous-trial congruency
(congruent vs. incongruent), current-trial emotion (neutral vs. emotional), and current-trial
congruency (congruent vs. incongruent). The valence of the emotions (positive or negative)
was again added as a between-subject factor.
Results Experiment 1
We performed a control analysis to test whether current-trial emotion influenced the
congruency effect in reaction times. Results again revealed a main effect of current congruency
(F(1,53) = 653.59, p < .001, MSE = 1188.5, eta²p = .925), no significant effect of previous
congruency (F(1,53) = 4.02, p = .050, MSE = 168.5, eta²p = .070), but a significant interaction
of both (F(1,53) = 64.59, p < .001, MSE = 169.0, eta²p = .549). Critically however, current
emotion did not significantly influence the effect of current congruency (F(1,53) = .02, p =
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.875, MSE = 187.2, eta²p < .001), nor did previous-conflict modulate the effect (F(1,53) = 1.08,
p = .303, MSE = 221.6, eta²p = .020). In this analysis the interaction between the betweensubject factor valence and conflict adaptation was significant, (F(1,53) = 4.86, p = .032, MSE
= 169.0, eta²p = .084). No other effects were observed (ps > .115).
For reasons of completeness, we also performed the control analysis on error rates.
Participants made more errors on incongruent trials than on congruent trials (F(1,53) = 7.32, p
= .009, MSE < .1, eta²p = .121). After previously incongruent trials error rates reduced (F(1,53)
= 13.16, p < .001, MSE < .1, eta²p = .199). Additionally, we observed an interaction between
current-trial emotion and previous congruency (F(1,53) = 4.38, p = .041, MSE < .1, eta²p =
.076). This effect also interacted with valence (F(1,53) = 6.61, p = .013, MSE < .1, eta²p = .111).
Furthermore, current-trial emotion interacted with conflict adaptation (F(1,53) = 5.86, p = .019,
MSE < .1, eta²p = .100). Given that these interaction effects were not mirrored in the reaction
time data, we do not further interpret these effects.
Results Experiment 2
As in Experiment 1, we again performed a control analysis to test whether current-trial
emotion influenced the congruency effect in reaction times. Results revealed a main effect of
current congruency (F(1,52) = 1099.20, p < .001, MSE = 1397.4, eta²p = .955), previous
congruency (F(1,52) = 6.03, p = .017, MSE = 239.1, eta²p = .104), and the interaction between
previous and current congruency (F(1,52) = 78.94, p < .001, MSE = 273.5, eta²p = .603).
Critically however, current emotion did not significantly influence the effect of current
congruency (F(1,52) = .10, p = .751, MSE = 117.4, eta²p = .002), nor did previous-conflict
significantly modulate the effect (F(1,52) = 3.05, p = .087, MSE = 266.9, eta²p = .055). In
addition, we again observed a significant interaction between current congruency and the
between-subject factor valence (F(1,52) = 5.91, p = .019, MSE = 1397.4, eta²p = .102), showing
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that the congruency effect was larger in a negative in comparison to a positive context. This
interaction was not significantly moderated by previous congruency (F(1,52) = 3.15, p = .082,
MSE = 273.5, eta²p = .057). Because we did not observe these effects in Experiment 1, we
hesitate to further interpret this. No other effects were observed (ps > .210).
For reasons of completeness, we also performed the control analysis on error rates.
Participants made more errors on incongruent trials than on congruent trials (F(1,52) = 7.24, p
= .010, MSE < .1, eta²p = .122). After previously incongruent trials error rates reduced (F(1,52)
= 9.51, p = .003, MSE < .1, eta²p = .155). Additionally, we observed an interaction between
relevance, current-trial emotion and valence (F(1,52) = 4.24, p = .045, MSE < .1, eta²p = .075).
This effect did not interact significantly with conflict adaptation (F(1,52) = 3.82, p = .056, MSE
< .1, eta²p = .068). Furthermore, we found an effect of relevance, current congruency, and
valence (F(1,52) = 4.22, p = .045, MSE < .1, eta²p = .075), and a non-significant interaction of
this effect with current-trial emotion (F(1,52) = 4.03, p = .050, MSE < .1, eta²p = .072). We
additionally observed an interaction between current-trial emotion, current congruency, and
valence, (F(1,52) = 5.12, p = .028, MSE < .1, eta²p = .090), as well as an interaction between
relevance, current-trial emotion, and current-trial congruency (F(1,52) = 4.03, p = .050, MSE <
.1, eta²p = .072). Given that these interaction effects were not mirrored in the reaction time data,
we do not further interpret these effects.
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Table S1. Overview of stimuli and scores on valence, arousal, concreteness, frequency, and
number of letters.
Experimental list
Word
Translation
afstand
distance
bezorgdheid
concern
bladzijde
page
boodschap
message
budget
budget
code
code
controle
control
daad
deed
ernst
seriousness
excuus
excuse
geest
spirit
geheim
secret
geur
odor
geweten
conscience
gezag
authority
heden
today
humeur
mood
invloed
influence
minuut
minute
overgave
surrender
pensioen
pension
punt
point
raad
council
reeks
series
romp
trunk
script
script
structuur
structure
systeem
system
voorkeur
preference
ziel
soul
aanzien
respect
ambitie
ambition
dans
dance
doel
goal
doorbraak
breakthrough
droom
dream
durf
courage
eerlijkheid
honesty
enthousiasme enthusiasm
fatsoen
decency
feest
feast

Valence
Category M
SD
Neutral
3.45 0.66
Neutral
3.97 1.32
Neutral
4.22 0.63
Neutral
4.48 0.64
Neutral
4.23 1.03
Neutral
4.17 0.58
Neutral
4.27 1.25
Neutral
4.25 0.84
Neutral
3.47 1.18
Neutral
3.52 1.13
Neutral
3.81 1.11
Neutral
3.84 0.89
Neutral
4.42 0.83
Neutral
4.63 1.18
Neutral
3.94 1.10
Neutral
4.69 0.85
Neutral
3.91 1.16
Neutral
4.36 0.95
Neutral
4.03 0.50
Neutral
3.95 1.31
Neutral
4.52 1.08
Neutral
4.05 0.63
Neutral
4.80 0.84
Neutral
4.13 0.42
Neutral
3.97 0.40
Neutral
4.30 0.52
Neutral
4.77 0.79
Neutral
4.28 0.65
Neutral
4.97 0.69
Neutral
4.72 1.03
Positive
5.09 0.85
Positive
5.66 1.01
Positive
5.41 0.99
Positive
5.09 0.89
Positive
5.53 0.67
Positive
5.61 0.85
Positive
5.16 0.76
Positive
6.31 0.73
Positive
6.13 0.75
Positive
5.20 0.80
Positive
6.17 0.75

Arousal
M
SD
3.38 1.16
4.63 1.19
3.05 1.10
4.05 1.16
3.73 1.25
3.64 1.23
4.36 1.29
4.98 0.95
3.98 1.24
3.98 1.12
3.89 1.53
4.03 1.53
3.81 1.11
3.94 1.07
4.64 1.15
3.91 1.00
4.42 1.02
4.63 0.93
3.73 1.20
3.64 1.67
2.65 1.18
3.09 1.41
3.88 0.98
3.59 1.11
3.53 1.21
3.72 1.19
3.33 1.27
3.69 1.17
3.94 1.08
3.50 1.51
4.11 1.21
5.45 1.04
5.44 0.91
4.56 1.38
5.31 1.07
3.77 1.66
5.09 0.99
4.03 1.13
5.89 0.91
3.70 1.19
5.98 0.79

Concret.
Freq. NoL
M
SD
2.47 1.30 39.97
7
1.73 0.88
5.40
11
4.33 0.72
4.25
9
3.33 0.98 58.20
9
2.67 1.23
6.47
6
3.60 1.24 46.70
4
2.33 1.18 71.92
8
2.47 1.13 16.65
4
1.67 0.98
5.83
5
1.80 1.08 23.85
6
1.87 1.19 94.97
5
2.33 0.98 101.76
6
4.07 0.70 23.51
4
1.53 0.92 49.92
7
1.80 0.86 11.66
5
1.73 0.96 10.66
5
2.07 1.10
4.92
6
1.73 0.88 20.83
7
3.33 1.18 42.69
6
2.33 1.18
4.14
8
2.33 1.35 25.02
8
3.60 1.45 73.77
4
2.33 1.35 83.01
4
2.20 1.15
6.65
5
4.57 0.51
6.47
4
3.73 1.10 15.02
6
2.47 1.13
5.58
9
1.60 0.74 45.83
7
2.07 1.03
9.35
8
1.53 0.99 82.67
4
1.80 0.86
7.87
7
1.33 0.49
5.85
7
4.20 0.86 37.82
4
2.13 1.13 77.45
4
1.80 0.68
6.79
9
2.67 1.59 109.42
5
1.93 1.10 47.41
4
1.60 0.83
8.19
11
2.53 0.64
4.41
12
1.53 0.74
5.08
7
3.93 0.96 98.26
5
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humor
interesse
lied
lust
medeleven
moed
opluchting
plezier
redding
respect
trouw
uitdaging
verlangen
voordeel
vreugde
warmte
winst
wonder
zege
angst
bedrog
crisis
gevaar
griep
hebzucht
jaloezie
leed
marteling
misbruik
misdaad
nood
ongeluk
ontrouw
rotzooi
schade
schandaal
schande
schijt
schrik
shit
straf
troep
verdriet
vernedering
verraad
virus
waanzin

humor
interest
song
lust
compassion
courage
relief
fun
rescue
respect
faith
challenge
desire
advantage
joy
heat
profit
miracle
victory
fear
deception
crisis
danger
flu
greed
jealousy
grief
torture
abuse
crime
distress
accident
infidelity
rubbish
damage
scandal
shame
shit
terror
shit
punishment
troop
grief
degradation
betrayal
virus
frenzy

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
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6.11
5.67
5.20
5.13
5.36
5.70
5.67
6.22
5.70
6.11
6.00
5.50
5.30
5.63
6.30
5.77
5.77
6.13
5.63
2.22
1.91
2.20
2.13
2.20
2.20
2.08
2.11
1.53
1.59
2.08
2.55
1.94
1.80
2.33
2.48
2.11
2.27
2.03
2.59
2.38
2.36
2.72
2.02
1.84
2.00
2.08
2.59

0.69
0.74
0.88
0.97
0.90
0.89
0.76
0.84
0.68
0.82
0.94
0.82
1.09
0.68
0.71
0.87
0.85
0.83
0.70
0.79
0.77
0.89
0.85
0.88
0.72
0.74
0.91
0.71
0.66
0.91
0.87
0.83
0.76
0.74
0.82
0.72
0.72
0.87
0.81
0.79
0.82
0.81
0.83
0.76
1.23
0.93
1.08

5.17
4.88
4.36
5.63
3.75
5.19
4.17
5.39
5.55
4.00
4.42
5.45
5.13
4.31
5.39
3.98
4.83
5.03
4.59
5.36
4.97
5.31
5.50
3.78
4.92
5.22
4.33
5.83
5.16
5.59
5.19
5.06
5.00
4.31
4.41
5.23
4.14
3.81
5.48
4.28
4.78
4.03
3.86
4.36
5.00
4.75
5.40

0.98
1.08
1.24
1.11
1.30
0.96
1.48
1.16
0.92
1.17
1.48
0.92
1.21
1.11
1.26
1.29
1.19
1.41
1.57
1.29
1.13
1.39
1.17
1.53
0.83
1.16
1.45
1.25
1.35
0.92
1.28
1.31
1.21
1.40
1.40
1.02
1.37
1.37
0.99
1.37
1.09
1.39
1.51
1.67
1.15
1.41
1.49

2.13
1.67
4.47
2.07
1.53
1.73
2.20
2.13
2.73
1.80
2.67
2.20
2.00
1.87
2.60
3.60
2.27
1.87
2.53
2.33
1.87
1.93
2.73
3.67
1.80
1.53
2.07
3.57
2.20
2.27
2.13
2.27
1.67
2.73
3.40
2.27
2.27
3.87
2.27
2.07
2.93
3.20
2.33
2.00
1.67
2.93
2.07

1.06 19.60
1.05 28.93
0.64 21.27
0.88 18.41
0.64
7.23
0.70 41.05
1.01
7.52
1.06 125.20
1.16 11.09
0.68 70.02
1.50 52.34
1.01 15.66
0.65 15.66
1.19 21.04
1.18 13.56
1.30 10.50
0.88 21.63
0.99 44.91
1.06
4.67
1.35 69.34
1.13
9.60
0.96 11.89
0.96 91.54
1.18
7.13
0.86
6.06
0.74
6.06
0.88 12.21
1.02
4.46
1.01 10.93
1.33 43.22
1.36 15.48
1.33 100.96
0.62
4.53
1.28 36.36
1.12 31.83
1.28
7.02
1.22 23.42
1.19
8.46
1.10 13.79
1.16 94.90
1.16 35.45
0.94 40.48
1.18 26.48
0.93
5.21
0.82 19.07
1.44 28.91
0.88 17.95

5
9
4
4
9
4
10
7
7
7
5
9
9
8
7
6
5
6
4
5
6
6
6
5
8
8
4
9
8
7
4
7
7
7
6
9
7
6
6
4
5
5
8
11
7
5
7

Emotion and conflict adaptation

wanhoop
ziekte
Practice List
antwoord
controle
hint
taak
charme
energie
genot
vrede
arrest
misdrijf
stress
vloek

5

despair
disease

Negative
Negative

1.88 0.75 3.97 1.77 1.67 0.98
1.78 0.70 3.92 1.39 3.33 0.72

answer
control
hint
task
charm
energy
enjoyment
peace
arrest
crime
stress
curse

Neutral
Neutral
Neutral
Neutral
Positive
Positive
Positive
Positive
Negative
Negative
Negative
Negative

4.56
4.27
4.95
3.77
5.64
5.66
6.13
6.42
2.45
1.91
2.36
2.28

0.71
1.25
0.60
0.73
0.80
0.88
0.83
0.77
0.83
0.79
0.91
0.86

4.05
4.36
4.19
4.55
4.44
6.06
4.91
2.83
4.77
5.63
5.97
4.84

1.00
1.29
1.11
1.08
1.03
0.94
1.40
1.74
1.27
0.98
1.04
1.18

2.67
2.33
2.13
2.47
1.87
2.47
2.33
1.80
2.60
2.67
2.47
2.13

8.00
37.14

7
6

1.05 140.11
1.18 71.92
1.25
7.04
1.36 42.63
0.92
6.56
1.25 38.81
0.82
8.12
0.86 65.01
1.18 11.55
0.72 11.41
0.92 13.86
1.19 18.77

8
8
4
4
6
7
5
5
6
8
6
5

